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NMpepucnosune

VYyeOHOe MmocoOKe npeaHa3HaueHO, TJIaBHBIM 00pa3oM, Ui IOJI-
TOTOBKH MarucTpOB, Ybel CIIEUAIBHOCTHIO ABISAIOTCS HAyKH O 3eMIIE,
K c/adye K3aMeHa [0 aHIJIMHCKOMY S3bIKYy. TemaTHka moJoO0paHHOro
TEKCTOBOI'0 MaTepHajia, OXBaThIBAIOIIAS IIMPOKUN KPYT JUCLUIUIUH O
3emile, a TaKKe METOAMUYECKHE PEKOMEHAALUM IO IepeBOAY M Iepe-
CKa3y aHIIOA3BIYHBIX HAYYHO-TEXHMUYECKUX TEKCTOB, TpaMMaTHYECKUI
CIPAaBOYHMK, 3aTparvBarOIlUii OCHOBHBIE JIEKCHKO-TPaMMaTHYECKUE
MpoOJIeMbl aHITMHCKOrO $3bIKa, W IPYyrue MaTepuabl CHPaBOYHOTO
XapakTepa AaloT BO3MOXHOCTH HCIIONB30BaTh IpeiiaraeMoe mocobue
Uil 00yUeHHS CTYJCHTOB M MarCTPOB CMEXHBIX crenuanbHocTel. [1o
3TOH XK€ IPUYMHE 10COOKEe MOXKET NPEACTaBIATh HHTEPEC U ISl IINUPO-
KOro Kpyra 4yuTaTelield, UMEIOIINUX JEJI0 ¢ HAay4YHOH JUTEepaTypod Ha
AHTJIUICKOM SI3BIKE.

[Tocobue paccunTaHo Ha CpeTHUN YPOBEHB BIAICHUS aHTITMHCKUM
S3BIKOM.

[TocoOue cocToUT U3 BOCBMH OCHOBHBIX Pa3/EioB, OTPaKAIOLINX
pa3IuyYHble Hay4yHbIE AHUCLUIUIMHBL, COAEPXAIIUX TEKCTHl A MHCh-
MEHHOTO MEpeBOJa, IMOAPOOHOTO0 M KpaTKOro IIepecKa3a TEeKCTOB,
IrpaMMaTHYECKOr0 CIPAaBOYHUKA U NMPWIOKEHUN. Bee pasaens! gomon-
HCHBI YIIPAXHCHUAMM, HAIIPABJICHHBIMU Ha 3aKPCIIJICHUEC ITOJIYYCHHBIX
HaBBIKOB.



bnok 1
SOLAR RADIATION AND GLOBAL ENERGY BUDGET

Lesson 1

Ynpaosicnenue 1.

[IpounTaiiTe 3aroJioBOK MPUBOJUMOIO HUXKE TekcTa. Ilogymaiire,
0 4eM B HEM MoeT UATH peub. [Ipuseaure 10-15 cnoB, KoTOpBIE MO-
ryT, ¢ Bamel Touku 3peHusi, BCTPETUTHCS B TEKCTE.

[IpounTaiiTe U mepeBeIUTE TEKCT.

Solar radiation

The prime source of the energy injected into our atmosphere is the
sun, which is continually shedding part of its mass by radiating waves
of electromagnetic energy and high-energy particles into space. This
constant emission is important because it represents in the long run al-
most all the energy available to the earth (except for a small amount
emanating from the radioactive decay of earth minerals). The amount of
energy received by the earth, assuming for the moment that there is no
interference from the atmosphere, is affected by four factors: solar out-
put, the sun-earth distance, the altitude of the sun, and day length.

1 Solar output

Solar energy, which originates from nuclear reactions within the
sun's hot core (16 - 10° K), is transmitted to the sun's surface by radia-
tion and hydrogen convection. Visible solar radiation (light) comes
from a 'cool' (~6,000 K) outer surface layer called the photosphere.
Temperatures rise again in the outer chromosphere (10,000 K) and co-
rona (10° K), which is continually expanding into space. The outflow-
ing hot gases (plasma) from the sun, referred to as the solar wind (with
a speed of 1.5 - 10° km hr"), interact with the earth's magnetic field
and upper atmosphere. The earth intercepts both the normal electro-
magnetic radiation and energetic particles emitted by the sun during
solar flares.

The sun behaves virtually as a black body, meaning that it both ab-
sorbs all energy received and in turn radiates energy at the maximum
rate possible for a given temperature. The energy emitted at a particular
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wavelength by a perfect radiator of given temperature is described by
a relationship due to Max Planck. The total energy emitted by a black
body is found by integration of Planck's equation, known as Stefan's
Law:
F=6T

where 6 = 5.67 - 10° W m™ K7 (the Stefan-Boltzmann constant), i.e.
the energy emitted (F) is proportional to the fourth power of the abso-
lute temperature of the body (T).

The total solar output to space, assuming a temperature of 5,760 K
for the sun, is 3.84 - 10°* W, but only a tiny fraction of this is intercept-
ed by the earth, because the energy received is inversely proportional to
the square of the solar distance (150 million km).

The energy received at the top of the atmosphere on a surface per-
pendicular to the solar beam for mean solar distance is termed the solar
constant. The most recent satellite measurements indicate a value of
about 1,368 Wm™. For solar radiation, 8 per cent is ultraviolet and
shorter wavelength emission, 39 per cent visible light (0.4-0.7 gm) and
53 per cent near-infrared (>0.7 gum). The mean temperature of the
earth's surface is about 288 K (15 °C) and of the atmosphere about 250
K (=23 °C). Gases do not behave as black bodies, the absorption bands
in the atmosphere cause its emission to be much less than that from an
equivalent black body. The wavelength of maximum emission varies
inversely with the absolute temperature of the radiating body.

Thus solar radiation is very intense and is mainly short-wave be-
tween about 0.2 and 4.0 pm, with a maximum (per unit wavelength) at
0.5 um, whereas the much weaker 'terrestrial radiation has a peak inten-
sity at about 10 pm and a range of about 4 to 100 pm (1 pm = 1 mi-
crometre = 10™° m).

Satellite data show that the solar constant undergoes small periodic
variations of about 0.1 per cent, related to sunspot activity. Sunspots are
dark (i.e. cooler) areas visible on the sun's surface. Their number and
positions change in a regular manner, known as the sunspot cycles.
These cycles have wavelengths averaging 11 years (varying in length
between 8 and 13 years), the 22-year (Hale) magnetic cycle, much less
importantly 37.2 years (18.6 years — the luni-solar oscillation) and pos-
sibly 80-90 years. Between the thirteenth and eighteenth centuries, sun-
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spot activity was generally low, except for the periods AD 1350-1400,
and 1600-1645. Output within the ultraviolet part of the spectrum
shows considerable variability, with up to twenty times more ultraviolet
radiation emitted at certain wavelengths during a sunspot maximum
than during a sunspot minimum. The relation between sunspot activity
and terrestrial temperatures is a matter of some dispute. However, some
authorities believe that prolonged time- spans of sunspot minima (e.g.
AD 1645-1705, the Maunder Minimum) and maxima (e.g. 1895-1940
and post 1970) can produce significant global cooling and warming,
respectively.

Shorter-term relationships are more difficult to support, but mean
annual temperatures have been correlated with the combined 10-11 and
18.6-year solar cycles. Satellite measurements during the 1980s, the
latest solar cycle, show a small decrease in solar output as sunspot
number approaches its minimum, and a subsequent recovery. Although
sunspot areas are cool spots, they are surrounded by bright areas of ac-
tivity known as faculae, which have higher temperatures; the net effect
is for solar output to vary in parallel with the number of sunspots. Thus,
the solar ‘irradiance’ decreases by about 1.5 Wm™ from sunspot maxi-
mum to minimum. In the long term, assuming that the earth behaves as
a black body, a long-continued difference of 2 per cent in the solar con-
stant could change the effective mean temperature of the earth's surface
by as much as 1.2 °C; however, the observed fluctuations of about 0.1
per cent would change the mean global temperature by <0.06 °C, based
on calculations of radiative equilibrium.

Ynpascuenue 2.

[IpounTaiiTe cnenyromue ClIOBa U ONPEIEIUTE X COOTBETCTBHS
B PYCCKOM S3BIKE:
Radiation, mass, electromagnetic, moment, solar, photosphere, chromo-
sphere, corona, plasma, fraction, proportional, perpendicular, constant,
ultraviolet, infrared, peak, intensity, periodical, regular, manner.

Ynpaoicnenue 3.
Haiigute B Tekcte u3 ympaxHeHus 1 cioBa ¢ cyddurcom ~ly.
Omnpenenure, KAKUMHU YacTSIMHU PEUU OHH SBIISIFOTCA.



Ynpaosrxcnenue 4.
B npaBoli konoHKe HaWAUTE PYCCKUE SKBUBAJICHTHI CIEAYIOLIUX
AHTIIMHACKUX CIIOBOCOYETAHHI:

1.inthe long run a. 00paTHO MPOIOPITHOHATBHBIN
2. the fourth power b. nBanmuate pas

3. much less C. Om>XHUH MHppaKpacHBIN

4. in a regular manner d. ATHHHOBOIHOBAS PaIUALIAS
5. twenty times €. paANoaKTUBHBIN paclaj

6. inversely proportional f. veTBepTas cremneHb

7. long-wave radiation g. B 001IeM

8. near-infrared h. HamHOTO MeHbIIe

9. radioactive decay i. perynsspHbIM 00pa3oM

Ynpaoicnenue 5.

3amnoaHuTe Ta6J'II/IHy, BCTAaBMB HCJOCTAIOINEC YaCTHU PCUU.

V. n. adj. adv.
radiation
originate
particular
importantly
emit
oscillation
respectively

Ynpascuenue 6.
BcTaBbTe B MPOMYCKH B TEKCTE COOTBETCTBYIOILIME Npeaioru: at,
with, of, to, by, throughout, between, in, per, through

Altitude of the sun

The altitude of the sun (i.e. the angle between its rays and a tan-
gent to the earth's surface at the point of observation) also affects the
amount ... solar radiation received ...the surface ... the earth. The
greater the sun's altitude, the more concentrated is the radiation intensi-
ty ... unit area ... the earth's surface and the longer is the path length
...the beam... the atmosphere, which increases the atmospheric absorp-
tion. There are, in addition, important variations ... solar altitude ...the
proportion... radiation reflected ... the surface, particularly ... the
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case... a water surface. The principal factors that determine the sun's
altitude are, ... course, the latitude ... the site, the time ... day and the
season. ... the June solstice, the sun's altitude is a constant 23 /,°... the
day ... the North Pole and the sun is directly overhead ... noon ...the
Tropic ... Cancer (23 '/, °N).

Ynpaoicnenue 7.
[IpounTaiiTe TEKCT M HallIUTE B HEM OTBETHI Ha CIEIYIOIIHUE BO-
MIPOCHL:
1. Yto siBNsieTCS MPUUMHON CE30HHBIX U3MEHEHUM B MOCTYILJICHUU COJI-
HEYHOU dHeprun?
2. Korpma 3emus momydaet 6osbie sHeprun oT CoNlHIa — B THBAPE WITH
B utose?
3. B xakoM nojymapuu 3uMa J0JKHA OBITh Teriee, a B KaKOM — JIeT0?
4. Ilouemy B peanmbHOCTH HaOIIOMaeTCsl OOpaTHAs KapTHHA?
5. B kakoM mosymapuy Temioe noiayroaue oojee NpoaoLKUTeNbHOE?
(KonTponbHOe Bpemst — 7 MUHYT)

Distance from the sun

The annually changing distance of the earth from the sun produces
seasonal variations in our receipt of solar energy. Owing to the eccen-
tricity of the earth's orbit around the sun, the receipt of solar energy on
a surface normal to the beam is 7 per cent more on 3 January at the per-
ihelion than on 4 July at the aphelion. In theory (that is, discounting the
interposition of the atmosphere and the difference in degree of conduc-
tivity between large land and sea masses), this difference should pro-
duce an increase in the effective January world surface temperatures of
about 4 °C, over those of July. It should also make northern winters
warmer than those in the southern hemisphere, and southern summers
warmer than those in the northern hemisphere. In practice, atmospheric
heat circulation and the effects of continentality substantially mask this
global tendency, and the actual seasonal contrast between the hemi-
spheres is reversed. Moreover, the northern summer half-year (21
March-22 September) is five days longer than the southern hemisphere
summer (22 September-21 March). This difference slowly changes;
about 10,000 years ago the aphelion occurred in the northern hemisphere
winter, and northern summers received 3-4 per cent more radiation than
today. This same pattern will return about 10,000 years from now.



Ynpaosrcnenue 8.

Beibepure u3 texcra Distance from the sun 10-15 ocHoBHBIX,
C TOYKH 3PCHHS CMBICIIOBOM HArpy3KH, cIIOB (KiItoueBEIe cioBa). Ompe-
JIeTUTE, K KAKMM YacTsIM PEYH OHH OTHOCSITCSL.

Ynpaoicnenue 9.
B kaxxmom npemnoxenuu tekcra Distance from the sun maiinure
noJyIeKaniee u ckazyemoe. OnpeaenuTe BpeMst U 3aJI0T CKa3yeMoro.

Ynpaoicnenue 10.
[TepeBeauTe TEKCT MUCHMEHHO.
(KoHTpoabHOE BpeMst — 25 MHHYT)

Length of day

The length of daylight also affects the amount of radiation that is
received. Obviously, the longer the time that the sun shines the greater
is the quantity of radiation that a given portion of the earth will receive.
At the equator; for example, the day length is close to 12 hours in all
months, whereas at the poles it varies between 0 and 24 hours from
winter (polar night) to summer. The polar regions receive their maxi-
mum amounts of solar radiation during their summer solstices, which is
the period of continuous day. The amount received during the Decem-
ber solstice in the southern hemisphere is theoretically greater than that
received by the northern hemisphere during the June solstice, due to the
previously mentioned elliptical path of the earth around the sun. The
equator has two radiation maxima at the equinoxes and two minima at
the solstices, due to the apparent passage of the sun during its double
annual movement between the northern and southern hemispheres.

Ynpaoicnenue 11.
CocraBbTe 5 001IHX BOmpocoB k Tekcty Length of day.

Ynpaoscnenue 12.
(ITapnast padoTta) OTBEThTE Ha BOMPOCHI, COCTABJICHHBIC B yIpax-
HeHuu 11.
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Lesson 2

Ynpaoicnenue 1.

INonymaiite u npuseaure 10—15 cia0B, KOTOpEIE MOTYT BCTPETUTh-
Csl B TEKCTE.

[IpounTaiiTe 1 epeBeIUTE TEKCT.

Energy transfer within the earth-atmosphere system

The distribution of solar radiation is often described as if it were
all available at the earth's surface. This is, of course, an unreal view
because of the effect of the atmosphere on energy transfer. Heat energy
can be transferred by the three following mechanisms:

1 Radiation: Electromagnetic waves transfer energy (both heat and
light) between two bodies, without the necessary aid of an intervening
material medium, at a speed of 300 - 10° ms™' (i.e. the speed of light).
This is so with solar energy through space, whereas the earth's atmos-
phere allows the passage of radiation only at certain wavelengths and
restricts that at others.

Radiation entering the atmosphere may be absorbed by atmospher-
ic gases in certain wavelengths but most shortwave radiation is trans-
mitted without absorption. Scattering occurs if the direction of a photon
of radiation is changed by interaction with atmospheric gases and aero-
sols. Two types of scattering are distinguished. For gas molecules
smaller than the radiation wavelength (1), Rayleigh scattering occurs in
all directions and is proportional to (1/A*). As a result, the scattering of
blue light (A=0.4 um) is an order of magnitude (i.e. x10) greater than
that of red light (A =0.7 um), thus creating the daytime blue sky. How-
ever, when water droplets or aerosol particles, with similar sizes (0.1—
0.5 um radius) to the radiation wavelength, are present, most of the
light is scattered forward. This Mie scattering gives the greyish appear-
ance of polluted atmospheres.

Within a cloud, or between low clouds and a snow-covered sur-
face, radiation undergoes multiple scattering. In the latter case, the
'white out' conditions typical of polar regions in summer (and mid-
latitude snowstorms) are experienced, when surface features and the
horizon become indistinguishable.
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2 Conduction: By this mechanism, the heat passes through a sub-
stance from point to point by means of the transfer of adjacent molecu-
lar motions. Since air is a poor conductor, this type of heat transfer can
be virtually neglected in the atmosphere, but it is important in the
ground.

3 Convection: This occurs in fluids (including gases), which are
able to circulate internally and distribute heated parts of the mass. The
low viscosity of air and its consequent ease or motion makes this the
chief method of atmospheric heat transfer. It should be noted that
forced convection (mechanical turbulence) occurs due to the develop-
ment of eddies as air flows over uneven surfaces, even when there is no
surface heating to set up free (thermal) convection.

Convection transfers energy in two forms. The first is the sensible
heat content of the air (called enthalpy by physicists), which is trans-
ferred directly by the rising and mixing of warmed air. It is defined as
¢, T, where T is the temperature and ¢, (= 1,004 J kg™ K™') is the specif-
ic heat at constant pressure (the heat absorbed by unit mass for unit
temperature increase). Sensible heat is also transferred by conduction.
The second form of energy transfer by convection is indirect, involving
latent heat. Here, there is a phase change but no temperature change.
Whenever water is converted into water vapour by evaporation (or boil-
ing), heat is required. This is referred to as the latent heat of vaporiza-
tion (L). At 0 °C, Lis 2.50 - 10° J kg™ of water. More generally,

L(10°Jkg") ~ (2.5-0.00235)

where T is in °C. When water condenses in the atmosphere, the same
amount of latent heat is given off as is used for evaporation at the same
temperature. Similarly, for melting ice at 0 °C, the latent heat of fusion
is required, which is 0.335 - 10° J kg™'. If ice evaporates without melt-
ing, the latent heat of this sublimation process is 2.83 - 10° J kg™ at
0 °C (i.e. the sum of the latent heats of melting and vaporization). In all
of these phase changes of water there is an energy transfer.

Ynpaoscnenue 2.
HaiinuTe B TekcTe TEpMHUHBI, COOTBETCTBYIOIME CIEAYIOIINM BbI-
PaKESHHSIM.
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limit (v) indiscernible pierce matter
look (n) transfer (v) inner incoming (pres.)
common for (conj) rough

Ynpaoicnenue 3.
CrnoBaMm B JICBOH KOJIOHKE ITOJIOEPUTE AaHTOHUMBI B ITPABOM KOJIOHKE.

1. smaller a. former

2 poor b. optional

3. free c. different
4. directly e greater

5. same f. should

6. necessary g. forced

7. may h. good

8. latter i. indirectly

Ynpaoscnenue 4.
[IepeBenuTe cienyromue caoBa Ha pyCCKUM S3bIK.

Without whenever ) by both ... and ...
by means of  uneven forward most of  smaller than
more generally similarly internally or as a result

Ynpascuenue 5.
W3 cinoB B mpaBoii M JICBOW KOJIOHKE OOpasyiTe IICTOYKH CyIile-
CTBUTEILHBIX.

heat change
energy feature
radiation development
water interaction
surface energy
phase transfer
eddy droplet

gas wavelength

Ynpaosicnenue 6.

OO0pa3yiite npuuactud 1 u 2 poaa U3 CIEAYIOIIUX IJarojoB.
Haiigure mpuMeps! TakuX MpUYacTUi B TEKCTE U3 yIPaKHEHUS 1.
Restrict, occur, undergo, circulate, distribute, flow, transfer, condense.
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Ynpaosicnenue 7.
[pouwnraiite Texct. (KoHTpobHOE BpeMs — 5 MUHYT)

Effect of the atmosphere

Solar radiation is virtually all in the short-wavelength range, less
than 4 um. About 18 per cent of the incoming energy is absorbed by
ozone and water vapour. Ozone absorption is concentrated in three so-
lar spectral bands (0.20-0.31, 0.31-0.35 and 0.45-0.85 um) while water
vapour absorbs to a lesser degree in several bands between 0.9 and 2.1
um. Solar wavelengths shorter than 0.285 um scarcely penetrate below
20 km altitude, whereas those >0.295 um reach the surface. Thus, the 3
mm (equivalent) column of stratospheric ozone attenuates ultraviolet
radiation almost entirely except for a partial window around 0.20 pm,
where radiation reaches the lower stratosphere. About 30 per cent is
immediately reflected back into space from the atmosphere, clouds and
the earth's surface, leaving about 70 per cent to heat the earth and its
atmosphere. Of this, the greater part eventually heats the atmosphere,
but much of this heat is received by the atmosphere via the earth's sur-
face. The ultimate retention of this energy by the atmosphere is of
prime importance, because if it did not occur the average temperature
of the earth's surface would fall by some 40°C, obviously making most
life impossible. The surface absorbs almost half of the incoming energy
available at the top of the atmosphere and reradiates it outwards as in-
frared waves of greater than 3 pm. Much of this reradiated long-wave
energy can be absorbed by the water vapour, carbon dioxide and ozone
in the atmosphere, the rest escaping through atmospheric windows back
into outer space, mainly between 8 and 13 pm.

Ynpaoscnenue 8.
OTBeThTE Ha CIEMYIOIIHAE BOIMPOCHL, HCXOMA W3 WHGOpMAIUN
B TEKCTE!
1. Kakwue razpl Hau0Oojiee MHTEHCHUBHO IMOTIJIOMIAIOT MPHUXOJAIICE COJI-
HEYHOE M3ITydeHHE?
2. UznyueHne B KakoM JAWara3oHE JUIMH BOJH HE TMPOHUKAET HIKE
20 KM BBICOTHI?
3. Kakas yacTh NPUXOMAIIETO COJIHEYHOTO H3JIYUYCHHUS OTPaKACTCS
atMocdepoi, 00JIakaMU U TIOBEPXHOCTHIO 3€MITH?
4. Uro Ha3bIBa€TCSl BTOPUYHBIM TETUIOBBIM U3TYYSHHEM 3€MITH?
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Ynpaosicnenue 9.
BrinumuTe 10 KI10YEBBIX CIOB U3 TEKCTA B YIPAXKHEHUH .

Ynpaoscuenue 10
[MucemenHo nepesenute TekcT. (Konrpomabaoe Bpemst — 30 MUHYT)

Almost all energy affecting the earth is derived from solar radia-
tion, which is of shortwave-length (<4 um) due to the high temperature
of the sun (~6,000 K) (i.e. Wien's Law). The solar constant has a value
of approximately 1,370 W m™2. The sun and the earth radiate almost as
black bodies (Stefan's Law, F = 6T*), whereas the atmospheric gases do
not. Terrestrial radiation, from an equivalent black body, amounts to
only about 270 W m™ due to its low radiating temperature (263 K), and
it is infrared (longwave) radiation between 4 and 100 gm. Water vapour
and carbon dioxide are the major absorbing gases for infrared radiation,
whereas the atmosphere is largely transparent to solar radiation (the
greenhouse effect). Trace gas increases are now augmenting the 'natu-
ral' greenhouse effect (33 K). Solar radiation is lost by reflection, main-
ly from clouds, and by absorption (largely by water vapour). The plane-
tary albedo is 31 per cent; 48 per cent of the extraterrestrial radiation
reaches the surface. The atmosphere is heated primarily from the sur-
face by the absorption of terrestrial infrared radiation and by turbulent
heat transfer. Temperature usually decreases with height at an average
rate of about 6.5 °C/km in the troposphere. In the stratosphere and
thermosphere, it increases with height due to the presence of radiation
absorbing gases.

The excess of net radiation in lower latitudes leads to a poleward
energy transport from tropical latitudes by ocean currents and by the
atmosphere. This is in the form of sensible heat (warm air masses/ocean
water) and latent heat (atmospheric water vapour). Air temperature at
any point is affected by the incoming solar radiation and other vertical
energy exchanges, surface properties (slope, albedo, heat capacity),
land and sea distribution and elevation, and also by horizontal advec-
tion due to air mass movements and ocean currents.
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bnok 2
ATMOSPHERIC COMPOSITION, STRUCTURE
AND CIRCULATION

Lesson 1

Ynpaoicnenue 1.

[IpounTaiiTe 3aroi0BOK MPUBOJUMOrO HUXE Tekcta. [logymaiire,
0 9YeM B HEM MOXET uaTu pedb. [IpuBemure 10—15 coB, KOTOpBIE MO-
ryT, ¢ Bamel Touku 3peHusi, BCTPETUTHCS B TEKCTE.

[IpounraiiTe 1 epeBeIUTE TEKCT.

Composition of the atmosphere

Air is a mechanical mixture of gases, not a chemical compound.
Nitrogen, oxygen and argon account for 99.9 per cent of the air by vol-
ume. Moreover, rocket observations show that these gases are mixed in
remarkably constant proportions up to about 80 km (50 miles).

Of especial significance, despite their relative scarcity, are the so-
called greenhouse gases, which play an important role in the thermody-
namics of the atmosphere by trapping long-wave terrestrial reradiation,
producing the greenhouse effect. The concentrations of these gases are
particularly susceptible to human (i.e. anthropogenic) activities.

1. Carbon dioxide (CO,) is involved in a complex global cycle. It
is released from the interior of the earth and produced by respiration of
biota, soil processes, combustion and oceanic evaporation. Conversely,
it is dissolved in the oceans and consumed by the process of plant pho-
tosynthesis.

2. Methane (CH,) is produced primarily through anaerobic (i.e.
oxygen-deficient) processes by natural wetlands and rice paddies (to-
gether about 40 per cent of the total), as well as by enteric fermentation
in animals, by termites, through coal and oil extraction, biomass burn-
ing, and from landfills.

CO,+ 4H, — CH4 + 2H,0

Almost two-thirds of the total is related to anthropogenic activity.
Methane is oxidized to CO, and H,O by a complex photochemical reac-
tion system.

CH4 + 02 +2x —>C02 +2x Hz
16



where x denotes any specific methane destroying species (such as H,
OH, NO, Cl or Br).

3 Nitrous oxide (N,O) is produced by biological mechanisms in
the oceans and soils, by industrial combustion, automobiles, aircraft,
biomass burning, and as a result of the use of chemical fertilizers. It is
destroyed by photochemical reactions in the stratosphere involving the
production of nitrogen oxides (NOy).

4 Ozone (O;) is produced by the high-level breakup of oxygen
molecules by solar ultraviolet radiation and destroyed by reactions in-
volving nitrogen oxides and chlorine (Cl) (the latter generated by CFCs,
volcanic eruptions and vegetation burning) in the middle and upper
stratosphere.

5 Chlorofluorocarbons (CFCs: chiefly CFCl5(F-11) and
CF,C15(F-12)) are entirely anthropogenically produced by aerosol pro-
pellants, refrigerator coolants (e.g. 'freon'), cleansers and air condi-
tioners, and were not present in the atmosphere until the 1930s. CFC
molecules rise slowly into the stratosphere and then move poleward,
being decomposed by photochemical processes into chlorine after an
estimated average lifetime of some 65-130 years.

6 Hydrogenated halocarbons (HFCs and HCFCs) are also entirely
anthropogenic gases. They have increased sharply in the atmosphere
over the last few decades, following their use as substitutes for CFCs.
Trichloroethane (C,H;C1;), for example, which is used in dry-cleaning
and degreasing agents, increased fourfold in the 1980s and has a seven-
year residence time in the atmosphere. They generally have lifetimes of
a few years, but still have substantial greenhouse effects.

Water vapour (H,0), the primary greenhouse gas, is a vital atmos-
pheric constituent. It averages about 1 per cent by volume but is very
variable both in space and time, being involved in a complex global
hydrological cycle.

In addition to the greenhouse gases, important reactive gas species
are produced by the cycles of sulphur, nitrogen and chlorine. These
play key roles in acid precipitation and in ozone destruction. Sources of
these species are as follows:

Nitrogen species. The reactive species of nitrogen are nitric oxide
(NO) and nitrogen dioxide (NO,).
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NO refers to these and other odd nitrogen species with oxygen.
Fossil fuel combustion (approximately two-thirds for heating, one-third
for cars and other transport) is the primary source of NO, (mainly NO)
accounting for 15-25-10° kg N/year. Biomass burning and lightning
activity are other important sources. NO, emissions increased by some
200 per cent between 1940 and 1980. The total source of NO, is about
40-10° kg N/year. About 25 per cent of this goes into the stratosphere,
where it undergoes photochemical dissociation. It is also removed as
nitric acid (HNOs) in snowfall. Odd nitrogen is also released as NH, by
ammonia oxidation in fertilizers and by domestic animals (6—10-10° kg
N/year).

Sulphur species. Reactive species are sulphur dioxide (SO,) and
reduced sulphur (H,S, DMS). Atmospheric sulphur is almost entirely
anthropogenic in origin: 90 per cent from coal and oil combustion, and
much of the remainder from copper smelting. The major sources are
sulphur dioxide (80-100-10° kg S/year), hydrogen sulphide (H,S) (20-
40-10° g Slyear) and dimethyl sulphide (DMS) (35-55-10° kg S/year).
DMS is primarily produced by biological productivity near the ocean
surface. SO, emissions increased by about 50 per cent between 1940
and 1980. Volcanic activity releases approximately 10° kg S/year as
sulphur dioxide. Because the lifetime of SO, and H,S in the atmosphere
is only about one day, atmospheric sulphur occurs largely as carbonyl
sulphur (COS), which has a lifetime of about one year. The conversion
of H,S gas to sulphur particles is an important source of atmospheric
aerosols.

Despite its short lifetime, sulphur dioxide is readily transported
over long distances. It is removed from the atmosphere when condensa-
tion nuclei of SO, are precipitated as acid rain containing sulphuric acid
(H2SOy4). The acidity of fog deposition can be more serious because up
to 90 per cent of the fog droplets may be deposited. In Californian
coastal fogs, pH values of only 2.0-2.5 are not uncommon. Peak pH
readings in the eastern United States and Europe are < 4.3 (pH =7 is
neutral). In these areas and central southern China, rainfall deposits
>1 g m2of SO, annually.
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There are also significant quantities of aerosols in the atmosphere.
These are suspended particles of sea salt, mineral dust (particularly sili-
cates), organic matter and smoke. Aerosols enter the atmosphere from a
variety of natural and anthropogenic sources. Some originate as parti-
cles - soil grains and mineral dust from dry surfaces, carbon soot from
coal fires and biomass burning, and volcanic dust. Others are converted
into particles from inorganic gases (sulphur from anthropogenic SO,
and natural H,S; ammonium salts from NHys; nitrogen from NO,). Sul-
phate aerosols, two-thirds of which come from coal-fired power station
emissions, are now playing an important role in countering global
warming effects by reflecting incoming solar radiation. Other aerosol
sources are sea salts and organic matter (plant hydrocarbons and an-
thropogenically derived). Natural sources are about eight times larger
than anthropogenic ones on a global scale, but the estimates are wide-
ranging. Moreover, there is considerable spatial variability. For exam-
ple, some 1,500 Tg (10" g) of crustal material is picked up by the air
annually, about one-half from the Sahara and the Arabian Peninsula.
Most of this is deposited downwind over the Atlantic. Large particles
originate from mineral dust, sea salt spray, fires and plant spores; these
sink rapidly back to the surface or are washed out (scavenged) by rain
after a few days. Small (Aitken) particles form by the condensation of
gas-phase reaction products and from organic molecules and polymers,
including natural and synthetic fibres, plastics, rubber, and vinyl. Fine
particles from volcanic eruptions may reside in the stratosphere above
the level of weather processes for 1-3 years. Intermediate-sized parti-
cles originate from natural sources, such as soil surfaces, from combus-
tion, or they accumulate by random coagulation and by repeated cycles
of condensation and evaporation. Particles with diameters of 0.1-1.0
um are highly effective in scattering solar radiation, and those of about
0.1 um diameter are important in cloud condensation.

Ynpaoicnenue 2.

[IpounTaiiTe cneayroue cioBa U ONPEIAEIUTE UX COOTBETCTBUS
B PYCCKOM SA3BIKE.
Chemical, concentration, fermentation, anthropogenic, specific, reac-
tion, molecule, gas, role, distance, condensation, central, mineral, spore,
process, aerosol, 0zone, methane, conversion, effect.
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Ynpaosrxcnenue 3.

Haiinure B Tekcre w3 ympaxkHeHus | crmoBa ¢ cybdurcamu
~al/~ial, ~able, ~ive, ~le,~ant, ~ic. Onpenenure, K KaKOil YacTH peUn
OHH OTHOCSITCSI.

Ynpasxcnenue 4.
Haiinute B TeKCTE MpUMEPHI CIEAYIONIUX YacTeN pedH.

\2 n. adj. adv. num. prep. part.

Ynpaoicnenue 5.
B mpaBoii KonoOHKe HaliUTE PYyCCKUE 3KBUBAJIECHTHI CIEIYIOIINX
AHTTIMICKUX CIOBOCOYETaHUI:

1. oxyden molecule a. MOpCKasi COJIb

2. residence time b. snexTpocTantms

3. coal combustion C. YaCTHUI[A [TI0YBEI

4. condensation nuclei d. morojHbIe TPOLIECCHI
5. fog droplets €. MOJIEKYJ1a KUCI0pOoia
6. sea salt f. xarm TymaHa

7. soil grain g. CKUTaHUe yriis

8. power station h. sapa koHaeHCAIUH
9. weather processes i. BpeMsl )KU3HH

Ynpaocnenue 6.

[IepeBenute crenyronye cioBa Ha pyCCKUN S3bIK:
Moreover, particularly, complex, conversely, primarily, through, al-
most, after, entirely, sharply, in addition to, despite, others.

Ynpaoicnenue 7.
[IpounTaiiTe TEKCT U HAAUTE B HEM OTBETHI Ha CIEAYIOLIHUE BO-
MIPOCHL:
1. ITouemy BOASIHOM map W O30H BIHSIOT HA TEIUIOBOW OanaHC aTMO-
chepnr?
2. KakoBbI OCHOBHBIE HCTOYHUKHU BOISHOTO mmapa?
3. Ha kakoii BbicoTe riaBHBIM 00pa3oM popmupyercst 030H?
4. Ha xaxkoii BBICOTE B HU3KUX M BBICOKHMX LIMPOTaxX HaXOIUTCS O30HO-
BBIIf coi?
(KouTposbHoe Bpemst — 15 MUHYT)
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Variation with height

The light gases (hydrogen and helium especially) might be ex-
pected to become more abundant in the upper atmosphere, but large-
scale turbulent mixing of the atmosphere prevents such diffusive sepa-
ration even at heights of many tens of kilometres above the surface. The
height variations that do occur are related to the source-locations of the
two major non-permanent gases — water vapour and ozone. Since both
absorb some solar and terrestrial radiation, the heat budget and vertical
temperature structure of the atmosphere are considerably affected by
the distribution of these two gases.

Water vapour comprises up to 4 per cent of the atmosphere by
volume (about 3 per cent by weight) near the surface, but only 3-6
ppmv (parts per million by volume) above 10 to 12 km. It is supplied to
the atmosphere by evaporation from surface water or by transpiration
from plants and is transferred upwards by atmospheric turbulence. Tur-
bulence is most effective below about 10 km and as the maximum pos-
sible water vapour density of cold air is anyway very low, there is little
water vapour in the upper layers of the atmosphere.

Ozone (O3) is concentrated mainly between 15 and 35 km. The
upper layers of the atmosphere are irradiated by ultraviolet radiation
from the sun, which causes the break-up of oxygen molecules at alti-
tudes above 30 km (i.e. O, — O + Q). These separated atoms (O + O)
may then combine individually with other oxygen molecules to create
ozone, as illustrated by the simple photochemical scheme:

0;+ 0+ M—0;+M

where M represents the energy and momentum balance provided by
collision with a third atom or molecule. Such three-body collisions are
rare at 80 to 100 km because of the very low density of the atmosphere,
while below about 35 km most of the incoming ultraviolet radiation has
already been absorbed at higher levels. Therefore ozone is mainly
formed between 30 and 60 km, where collisions between O and O, are
more likely. Ozone itself is unstable; its abundance is determined by
three distinctly different photochemical interactions. Above 40 km odd
oxygen is destroyed primarily by a cycle involving molecular oxygen;
between 20 and 40 km NO, cycles are dominant; while below 20 km a
hydrogen-oxygen radical (HO,) is responsible. Additional important
cycles involve chlorine (CIO) and bromine (BrO) chains at various alti-
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tudes. Collisions with monatomic oxygen may recreate oxygen, but
ozone is mainly destroyed through cycles involving catalytic reactions,
some of which are photochemical associated with longer wavelength
ultraviolet radiation (2.3-2.9 um). The destruction of ozone involves a
recombination with atomic oxygen, causing a net loss of the odd oxy-
gen. This takes place through the catalytic effect of a radical such as
OH (hydroxyl):

H + 0, - HO,
HO, + 0 - OH + O,

OH+0 > H+ 0, } gt 3030

The odd hydrogen atoms and OH result from the dissociation of
water vapour, molecular hydrogen and methane (CHy).

Stratospheric ozone is similarly destroyed in the presence of nitro-
gen oxides (NO,, i.e. NO, and NO) and chlorine radicals (Cl, CIO). The
source gas of the NOy is nitrous oxide (N,O), which is produced by
combustion and fertilizer use, while chlorofluoro-carbons (CFCs),
manufactured for 'freon’, give rise to the chlorines. These source gases
are transported into the stratosphere from the surface and are converted
by oxidation into NO,, and by UV photodecomposition into chlorine
radicals, respectively.

The chlorine chain involves:

2 (Cl + 05 —CIO + 0)
ClO + CIO —C1,0,
and
CI + 03 —>C|O + 02
OH + O3 -HO; + 20,

Both reactions result in a conversion of O3 to O, and the removal
of all odd oxygens. Another cycle may involve an interaction of the
oxides of chlorine and bromine. It appears that the increases of CR and
Br species during the decades 1970-90 are sufficient to explain the ob-
served decrease of stratospheric ozone over Antarctica. A mechanism
that may enhance the catalytic process involves polar stratospheric
clouds. These can form readily during the austral spring (October),
when temperatures decrease to 185-195 K, permitting the formation of
particles of nitric acid (HNO;) ice and water ice. It is apparent, howev-
er, that anthropogenic sources of the trace gases are a primary factor in
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the ozone decline. Conditions in the Arctic are somewhat different as
the stratosphere is warmer and there is more mixing of air from lower
latitudes.

The constant metamorphosis of oxygen to ozone and from ozone
back to oxygen involves a very complex set of photochemical process-
es, which tend to maintain an approximate equilibrium above about 40
km. However, the ozone mixing ratio is at its maximum at about 35 km,
whereas maximum ozone concentration occurs lower down, between 20
and 25 km in low latitudes and between 10 and 20 km in high latitudes.
This is the result of some circulation mechanism transporting ozone
downwards to levels where its destruction is less likely, allowing an
accumulation of the gas to occur. Despite the importance of the ozone
layer, it is essential to realize that if the atmosphere were compressed to
sea level (at normal sea-level temperature and pressure) ozone would
contribute only about 3 mm to the total atmospheric thickness of 8 km.

Ynpaoicnenue 8.

Beibepure u3 Tekcra Variation with height 10-15 ocHOBHBIX,
C TOYKHU 3pEHHSI CMBICIIOBOW HArpy3KH, CJIOB (KJIt04YeBbIe ciioBa). Onpe-
JIeTATE, K KAKMM YacTsIM PEYH OHH OTHOCSITCSL.

Ynpaoscnenue 9.
ITepeBeaute Teket nucbMenHo. (Kontponabaoe Bpemst — 30 MUHYT)

Variations with latitude and season

Variations of atmospheric composition with latitude and season
are particularly important in the case of water vapour and ozone.

Ozone content is low over the equator and high in subpolar lati-
tudes in spring. If the distribution were solely the result of photochemi-
cal processes, the maximum would occur in June near the equator, and
the anomalous pattern must be due to a poleward transport of ozone.
The movement is apparently from higher levels (30-40 km) in low lat-
itudes towards lower levels (20-25 km) in high latitudes during winter
months. Here the ozone is stored during the polar night, giving rise to
an ozone-rich layer in early spring under natural conditions. It is this
springtime feature that has been disrupted by the Antarctic ozone 'hole".
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The type of circulation responsible for this transfer is not yet known
with certainty, although it does not seem to be a simple direct one.

The water vapour content of the atmosphere is closely related to
air temperature and is therefore greatest in summer and in low latitudes.
There are, however, obvious exceptions to this generalization, such as
the tropical desert areas of the world.

The carbon dioxide content of the air (averaging almost 360 parts
per million (ppm)) has a large seasonal range in higher latitudes in the
northern hemisphere associated with photosynthesis and decay of the
biosphere. At 50 °N, the concentration ranges from 351 ppm in late
summer to 363 ppm in spring. The low summer values are related to the
assimilation of CO, by the cold polar seas. Over the year, a small net
transfer of CO, from low to high altitudes takes place to maintain an
equilibrium content in the air.

Ynpaxcuenue 10.
CocraBbTe 5 00mux BOmpocoB K Tekcty Variations with latitude
and season.

Ynpaoscuenue 11.

(ITapnas paborta) OTBeThTE Ha BOIPOCHI, COCTABIICHHBIE B yIPaXK-
Henuu 11.
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Lesson 2

Ynpaoicnenue 1.

ITonbITaliTech BCIIOMHUTH, 4YTO BaM HM3BECTHO O CTPYKType aTMO-
cdepsl 3eMIH.

[Togymatite n mpuBeanute 10—15 c0B, KOTOPEIE MOTYT BCTPETUTh-
Csl B TEKCTE.

[IpounraiiTe 1 epeBeIUTE TEKCT.

The layering of the atmosphere
The atmosphere can be divided conveniently into a number of ra-
ther well-marked horizontal layers, mainly on the basis of temperature.
The evidence for this structure comes from regular rawinsonde (radar
wind-sounding) balloons, radio-wave investigations, and, more recent-
ly, from rocket flights and satellite sounding systems. Broadly, the pat-
tern consists of three relatively warm layers (near the surface; between
50 and 60 km; and above about 120 km) separated by two relatively
cold layers (between 10 and 30 km; and 80-100 km).

1 Troposphere

The lowest layer of the atmosphere is called the troposphere. It is
the zone where weather phenomena and atmospheric turbulence are
most marked, and it contains 75 per cent of the total molecular or gase-
ous mass of the atmosphere and virtually all the water vapour and aero-
sols. Throughout this layer, there is a general decrease of temperature
with height at a mean rate of about 6.5 °C/km. The decrease occurs be-
cause air is compressible and its density decreases with height, allowing
rising air to expand and thereby cool. Additionally, the atmosphere is
heated mainly by turbulent heat transfer from the surface, not by ab-
sorption of radiation. The troposphere is capped in most places by a
temperature inversion level (i.e. a layer of relatively warm air above a
colder one) and in others by a zone that is isothermal with height. The
troposphere thus remains to a large extent self-contained, because the
inversion acts as a 'lid' that effectively limits convection. This inversion
level or weather ceiling is called the tropopause. Its height is not con-
stant in either space or time. It seems that the height of the tropopause
at any point is correlated with sea level temperature and pressure,
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which are in turn related to the factors of latitude, season and daily
changes in surface pressure. There are marked variations in the altitude
of the tropopause with latitude, from about 16 km at the equator, where
there is great heating and vertical convective turbulence, to only 8 km
at the poles.

The meridional temperature gradients in the troposphere in sum-
mer and winter are roughly parallel, as are the tropopauses, and the
strong lower mid-latitude temperature gradient in the troposphere is
reflected in the tropopause breaks. In these zones, important inter-
changes can occur between the troposphere and stratosphere, and vice
versa. Traces of water vapour probably penetrate into the stratosphere
by this means, while dry, ozone-rich stratospheric air may be brought
down into the mid-latitude troposphere. For example, above-average
concentrations of ozone are observed in the rear of mid-latitude low-
pressure systems, where the tropopause elevation tends to be low. Both
facts are probably the result of stratospheric subsidence, which warms
the lower stratosphere and causes downward transfer of the ozone.

2 Stratosphere

The second major atmospheric layer is the stratosphere, which ex-
tends upwards from the tropopause to about 50 km. Although the strat-
osphere contains much of the total atmospheric ozone (it reaches a
peak density at approximately 22 km), the maximum temperatures as-
sociated with the absorption of the sun's ultraviolet radiation by ozone
occur at the stratopause, where temperature may exceed 0 °C. The air
density is much less here, so even limited absorption produces a large
temperature increase. Temperatures increase fairly generally with
height in summer, with the coldest air at the equatorial tropopause. In
winter, the structure is more complex with very low temperatures, av-
eraging -80 °C, at the equatorial tropopause, which is highest at this
season. Similar low temperatures are found in the middle stratosphere
at high latitudes, whereas over 50-60 °N there is a marked warm region
with nearly isothermal conditions at about -45 to -50 °C. Marked sea-
sonal changes of temperature affect the stratosphere. The cold ‘polar
night' winter stratosphere often undergoes dramatic sudden warmings
associated with subsidence due to circulation changes in late winter or
early spring, when temperatures at about 25 km may jump from -80 to
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-40°C over a two-day period. The autumn cooling is a more gradual
process. In the tropical stratosphere, there is a quasi-biennial (26-
month) wind regime, with easterlies in the layer 18 to 30 km for 12 to
13 months, followed by westerlies for a similar period. The reversal
begins first at high levels and takes approximately 12 months to de-
scend from 30 to 18 km (10 to 60 mb).

How far these events in the stratosphere are linked with tempera-
ture and circulation changes in the troposphere, remains a topic of me-
teorological research. Any interactions that do exist, however, are likely
to be complex, otherwise they would already have become evident.

3 Mesosphere

Above the stratopause, average temperatures decrease to a mini-
mum of about -133 °C (140 K) or around 90 km. This layer is common-
ly termed the mesosphere, although it must be noted that as yet there is
no universal acceptance of terminology for the upper atmospheric lay-
ers. The layers between the tropopause and the lower thermosphere are
now commonly referred to as the middle atmosphere, with the upper
atmosphere designating the regions above about 100 km altitude.
Above 80 km, temperatures again begin rising with height and this in-
version is referred to as the 'mesopause’. Molecular oxygen and ozone
absorption bands contribute to heating around 85 km altitude. It is in
this region that 'noctilucent clouds' are observed over high latitudes in
summer. Their presence appears to be due to meteoric dust particles,
which act as ice crystal nuclei when traces of water vapour are carried
upwards by high-level convection caused by the vertical decrease of
temperature in the mesosphere. However, their formation is also
thought to be related to the production of water vapour through the oxi-
dation of atmospheric methane, since apparently they were not ob-
served prior to the Industrial Revolution.

Pressure is very low in the mesosphere, decreasing from about 1
mb at 50 km to 0.01 mb at 90 km.

4 Thermosphere

Above the mesopause, atmospheric densities are extremely low,
although the tenuous atmosphere still effects drag on space vehicles
above 250 km. The lower portion of the thermosphere is composed
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mainly of nitrogen (N,) and oxygen in molecular (O,) and atomic (O),
forms, whereas above 200 km atomic oxygen predominates over nitro-
gen (N, and N). Temperatures rise with height, owing to the absorption
of extreme ultraviolet radiation (0.125-0.205 um) by molecular and
atomic oxygen, probably approaching 800-1,200 K at 350 km, but these
temperatures are essentially theoretical. For example, artificial satellites
do not acquire such temperatures because of the rarefied air. "'Tempera-
tures' in the upper thermosphere and exosphere undergo wide diurnal
and seasonal variations. They are higher by day and are also higher dur-
ing a sunspot maximum, although the changes are only represented in
varying velocities of the sparse air molecules.

Above 100 km, the atmosphere is increasingly affected by cosmic
radiation, solar X-rays and ultraviolet radiation, which cause ionization,
or electrical charging, by separating negatively charged electrons from
neutral oxygen atoms and nitrogen molecules, leaving the atom or mol-
ecule with a net positive charge (an ion). The Aurora Borealis and Au-
rora Australis are produced by the penetration of ionizing particles
through the atmosphere from about 300 km to 80 km, particularly in
zones about 10-20 ° latitude from the earth's magnetic poles. On occa-
sion, however, the aurorae may appear at heights up to 1,000 km,
demonstrating the immense extension of a rarefied atmosphere. The
term ionosphere is commonly applied to the layers above 80 km.

5 Exosphere and magnetosphere

The base of the exosphere is between about 500 km and 750 km.
Here atoms of oxygen, hydrogen and helium (about 1 per cent of which
are ionized) form the tenuous atmosphere, and the gas laws cease to be
valid. Neutral helium and hydrogen atoms, which have low atomic
weights, can escape into space since the chance of molecular collisions
deflecting them downwards becomes less with increasing height. Hy-
drogen is replaced by the breakdown of water vapour and methane
(CH,) near the mesopause, while helium is produced by the action of
cosmic radiation on nitrogen and from the slow but steady breakdown
of radioactive elements in the earth's crust.

lonized particles increase in frequency through the exosphere and,
beyond about 200 km, in the magnetosphere there are only electrons
(negative) and protons (positive) derived from the solar wind - a plasma
of electrically conducting gas.
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Ynpaoscnuenue 2.
OTBETHTE Ha CIICIYIONIUE BOMPOCHL:
Kakoii ciioit atMocdeps! SBISETCS CaMbIM HUKHUM?
Kax B Tpomocdepe Temneparypa U3MEHSIETCS C BRICOTOM?
Kakyro wacTh Bceld Macchl aTMOC(EphI BKIIFOUaET Tporocdepa?
C 4geM CcBs3aH MaKCHUMYM TeMIEpaTypsl B cTpatochepe?
Kaxk MeHseTcs TemriepaTtypa B cTparochepe?
. Kakoii cioit atMmocdepsl HaXOAUThCS HaJI cTpaTocdepoit?
K kakomy citoro0 0OTHOCHTCS TepMHUH HOHOC(hepa?
8. Ha kakotli BeIcOTE pacnonaraetcs sk3ochepa?
9. Mexay KaKuMU 4acTSIMH aTMOC(Ephl PacIoyiararoTcs TPOToIay3a,
cTpaTonaysa u Me3omay3a’?

NogkrwdE

Ynpasicnenue 3.
Haiigure B TEKCTE TEPMHHBI, COOTBETCTBYIOIIUE CIICIYIOIIAM BbI-

paxeHusM.
prevail for instant result in man-made
actually be exposed notable rare
warming probably changes

on the contrary meanwhile involve

Ynpaoicnenue 4.
JlobGaBbTe 0HO WK O0Jee CIIOB B KAXKIYIO TPYIIILY.

troposphere low divide
thermosphere great expand
exosphere cool remain

VYnpaosxcnenue 5.
[IepeBenuTe cienyromue caoBa Ha pyCCKUU S3bIK.

throughout roughly since beyond mainly
thereby often still fairly thus
additionally ~ otherwise  while generally in turn

Ynpaoicnenue 6.
W3 crnoB B mpaBoii U JeBOW KOJIOHKE 00pa3yiTe METOoYKH CyIIe-
CTBUTENBHBIX!
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rocket transfer

temperature regime
weather inversion
heat molecule
tropopause flight

wind atom

air phenomena
helium elevation

Ynpaosxcnenue 7.
O0pa3yiite npuyactus 1 1 2 poja OT CIACAYIOIIUX IIIaroJoB:
Come, consist, separate, occur, expend, remain, act, penetrate, warm.

Ynpaoicnenue 8.
[IpounTaiiTe CleayIONINE BEIPAKCHHUS:
6.5° C/km, 12 months, 140 K, 60 mb, 0.125 pm.

Ynpaoscuenue 9.
BcTaBpTe B IpOITyCKU B TEKCTE MOAXOASIINE TPEAJIOTH:
by, on ,of, for, to, in, from, about, by, over, due to.

Carbon dioxide

The major reservoirs ... carbon are ... limestone sediments and
fossil fuels ... land and ... the world’s oceans. The atmosphere contains
... 750-10" kg ... carbon, corresponding ... a CO, concentration ...
358 ppm. The major fluxes ... atmospheric carbon dioxide are a result
... solution/dissolution ... the ocean and photosynthesis/respiration and
decomposition ... biota. The average time ... CO, molecule to be dis-
solved ... the ocean or taken up ... plants is about four years. Photosyn-
thetic activity leading ... primary production ... land involves 50-10"
kg ... carbon annually, representing 7 percent ... atmospheric carbon;
this accounts ... the 14 ppm annual oscillation ... CO, observed ... the
northern hemisphere ...its extensive land biosphere.

Ynpasicnenue 11.
[TepeBeaute Teket nucbMenHo. (KonTponbHoe Bpemst — 45 MUHYT)
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Ozone layer reduction

Ozone (Oy) is distributed very unevenly with height and latitude as
a result of the complex photochemistry involved in its production.
Since the late 1970s, dramatic declines in springtime total ozone have
been detected over high southern latitudes. The normal increase in
stratospheric ozone associated with increasing solar radiation in spring
apparently failed to develop. Observations in Antarctica show a de-
crease in total ozone in September-October from 320 Dobson units
(103cm at standard atmospheric temperature and pressure) in the 1960s
to around 100 in the 1990s. The results from one specific location illus-
trate the presence of an 'ozone hole' over the south polar region. Similar
reductions are also evident in the Arctic and at lower latitudes. Between
1979 and 1986, there was a 30 per cent decrease in ozone at 30—40 km
altitude between latitudes 20 and 50 °N and S; along with this there has
been an increase in ozone in the lowest 10 km as a result of anthropo-
genic activities. These changes in the vertical distribution of ozone con-
centration are likely to lead to changes in atmospheric heating, with
implications for future climate trends. The global mean column total
decreased from 306 Dobson units for 1964-80 to 297 for 1984-93. The
decline over the last 25 years has exceeded 7 per cent in middle and
high latitudes. The effects of reduced stratospheric ozone are particular-
ly important for their potential biological damage to living cells and
human skin. It is estimated that a 1 per cent reduction in total ozone
will increase ultraviolet-B radiation by 2 per cent, for example, and ul-
traviolet radiation at 0.30 um is a thousand times more damaging for
the skin than at 0.33 um. The ozone decrease would also be greater in
higher latitudes. However, it should be noted that the mean latitudinal
and altitudinal gradients of UV-B radiation imply that the effects of a 2
per cent UV-B increase in mid-latitudes could be offset by moving
poleward 20 km or 100 m lower in altitude! Recent polar observations
suggest more dramatic changes. Stratospheric ozone totals in 1990 over
Palmer Station, Antarctica (65°S), were found to have maintained low
levels from September until early December, instead of recovering in
November. Hence, the altitude of the sun was higher and the incoming
radiation much greater than in previous years, especially at wavelengths
<0.30 um. It remains, however, to determine the specific effects of in-
creased UV radiation on marine biota, for instance.
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Lesson 3
Ynpaoicnenue 1.
[IpounraiiTe 1 NepeBeIUTE TEKCT.

The general circulation

The observed patterns of wind and pressure prompt consideration
of the mechanisms maintaining the general circulation of the atmos-
phere — the large — scale patterns of wind and pressure that persist
throughout the year or recur seasonally. Reference has already been
made to one of the primary driving forces, the imbalance of radiation
between lower and higher latitudes, but it is also important to appreci-
ate the significance of energy transfers in the atmosphere. Energy is
continually undergoing changes of form. Unequal heating of the earth
and its atmosphere by solar radiation generates potential energy, some
of which is converted into kinetic energy by the rising of warm air and
the sinking of cold air. Ultimately, the kinetic energy of atmospheric
motion on all scales is dissipated by friction end small-scale turbulent
eddies (i.e. internal viscosity). In order to maintain the general circula-
tion, the rate of generation of kinetic energy must obviously balance its
rate of dissipation. These rates are estimated to be about 2 W m=2,
which amounts to only 1 per cent of the average global solar radiation
absorbed at the surface and in the atmosphere. In other words, the at-
mosphere is a highly inefficient heat engine.

A second controlling factor is the angular momentum of the earth
and its atmosphere. This is the tendency for the earth's atmosphere to
move, with the earth, around the axis of rotation. Angular momentum is
proportional to the rate of spin (that is the angular velocity) and the
square of the distance of the air parcel from the axis of rotation. With a
uniformly rotating earth and atmosphere, the total angular momentum
must remain constant (in other words, there is a conservation of angular
momentum). If, therefore, a large mass of air changes its position on the
earth's surface such that its distance from the axis of rotation also
changes, then its angular velocity must change in a manner so as to al-
low the angular momentum to remain constant. Naturally, absolute an-
gular momentum is high at the equator and decreases with latitude to
become zero at the poles (that is, the axis of rotation), so air moving
polewards tends to acquire progressively higher eastward velocities.
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For example, air travelling from 42 to 46° latitude and conserving its
angular momentum would increase its speed relative to the earth's sur-
face by 29 m s This is the same principle that causes an ice skater to
spin more violently when her arms are progressively drawn into the
body. In practice, this increase of air-mass velocity is countered or
masked by the other forces affecting air movement (particularly fric-
tion), but there is no doubt that many of the important features of the
general atmospheric circulation result from this poleward transfer of
angular momentum.

The necessity for a poleward momentum transport is readily ap-
preciated in terms of the maintenance of the mid-latitude westerlies.
These winds continually impart westerly (eastward) relative momentum
to the earth by friction, and it has been estimated that they would cease
altogether due to this frictional dissipation of energy in little over
a week if their momentum were not continually replenished from else-
where. In low latitudes, the extensive tropical easterlies are gaining
westerly relative momentum by friction as a result of the earth rotating
in a direction opposite to their flow, and this excess is transferred pole-
wards with the maximum poleward transport occurring, significantly, in
the vicinity of the mean subtropical jet stream at about 250 mb at 30°N
and 30°S.

Ynpaoscnenue 2.

[IpounTaiiTe cnenyromue ClIOBa U ONPEIEIUTE X COOTBETCTBHS
B PYCCKOM SI3BIKE:
energy, form, potential, kinetic, turbulent, circulation, generation, mo-
mentum, absolute, equator, progressively, principle, practice, mask,
transport, tropical, subtropical.

Ynpaoicnenue 3.
3anonanTe TaONHITy, 00pa30BaB HEJOCTAIOINE YACTH PEUH.

V. n. adj. adv.

relative
continually
conservation
progressively

extend
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Ynpaosicnenue 4.

B mpaBoii KoMOHKE HaWIUTE PYCCKHE SKBHUBAJICHTHI CIIEIYIOIINX
aHIIMICKUX CIIOBOCOYeTaHmii 3 Tekcra The general circulation:

1. driving force

2. unequal heating
3. angular velocity
4. jet stream

5. large-scale

6. same principle
7. violently

8. altogether

9. over a week

10. ultimately

11. therefore

a. TOT K€ cCaMbIil IPUHITUTT
b. B Teuenue Henenu

C. BCE BMECTE

d. cienoBaresbHO

€. CTpyHHOE TeueHue

f. HepaBHOMEpHOE HarpeBaHue
g. B OCHOBHOM

h. yrioBast ckopocTh

i. KpyITHOMACIITAOHBII

J. ynpaBnsronasi cuia

K. cuipHO

TekcTa The general circulation.

Ynpaoicnenue 5.

CocrtaBbTe 5 BOMPOCOB K MepBOMY ab3airy Tekcta The general cir-
culation.

Ynpaosxcuenue 6.

(IMapuast pabota) OTBETHTE Ha BOMIPOCHI B YIPAKHEHUH 6.

Ynpaosxcnenue 7.

Hatinute mosurexaree B KaXIOM MPEATIOKEHUH BTOPOTO ad3ara

Ynpaoicnenue 8.

BcraBbTe COOTBETCTBYIOINIMI IPEIIOT U TIOJOCPUTE ONpeACIcHUE
K KoMy riiaroiy: about, down, off, into, up, in for.

1. break ... a. Ha4aTh

2. look ... b. pacnipocTpansThCs
3. pick ... C. IepecTaTh

4. leave ... € coKpamarh
5.g0... f. uccnenosars

6. lead ... g. paciemisitTh
7.cut... h. mosyuars

8. get... i. HFHTEPECOBAThHCsI
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Ynpaosrxcnenue 9. Ilpountaiite TEKCT U HAlAUTE OTBETHI HA CIEAY-
torue Borpockl. (KoHTponbHOE BpeMs — 7 MUHYT):
1. Ot 4ero 3aBUCAT U3MEHEHUS aBIEHUS C BEICOTOM?
2. Kakoii Tun 1neHTpoB aeiicTBus atMocdepsl mpeodiamsaet B CyOTpo-
MMUYECKUX, CYOIONSPHBIX U 3KBATOPUATBHBIX 30HAX?
3. Kakwue Berpa npeo0iiagaroT B TPOIUYECKONH H YMEPEHHOU 30HE?
4, Kakoii TUII ITUPKYJIAIAHA Ha3bIBAIOT SMEHKOM Y okepa?

Circulations in the vertical and horizontal planes

The vertical change of pressure with height depends on the tem-
perature structure. High-(low-) pressure systems intensify with altitude
in a warm (cold) air column; thus warm lows and cold highs are shal-
low features. This 'thickness' relationship is illustrated by the upper-
level subtropical anticyclones and polar vortex in both hemispheres.
The intermediate mid-latitude westerly winds thus have a large ‘thermal
wind' component. They become concentrated into upper tropospheric
jet streams above sharp thermal gradients, such as fronts. The upper
flow displays a large-scale long-wave pattern, especially in the northern
hemisphere, related to the influence of mountain barriers and land-sea
differences. The surface pressure field is dominated by semi-permanent
subtropical highs, subpolar lows and, in winter, shallow cold continen-
tal highs in Siberia and north-western Canada. The equatorial zone is
predominantly low pressure. The associated global wind belts are the
easterly trade winds and the mid-latitude westerlies. There are more vari-
able polar easterlies and over land areas in summer a band of equatorial
westerlies representing the monsoon systems. This mean zonal (west-
east) circulation is intermittently interrupted by 'blocking' highs; an ide-
alized sequence is known as the index cycle. The atmospheric general
circulation, which transfers heat and momentum polewards, is predom-
inantly in a vertical meridional plane in low latitudes (the Hadley cell),
but there are also important east-west circulations (Walker cells) be-
tween the major regions of subsidence and convective activity. Heat
and momentum exchanges in middle and high latitudes are accom-
plished by horizontal waves and eddies (cyclones/anticyclones). Sub-
stantial energy is also carried polewards by ocean current systems. Sur-
face currents are mostly wind driven, but the slow deep ocean circula-
tion (global conveyor belt) is due to thermohaline forcing.
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Ynpaosicnenue 10.

Haiimute B kaxaom npeanoxennu tekcra Circulations in the ver-
tical and horizontal planes momnexamee u ckazyemoe. Ompemenure
BpEMs H 3aJI0T CKa3yeMOro.

Ynpaoicnenue 11.
[MucemenHo nepeBenute TekcT. (Kortponabaoe Bpemst — 30 MUHYT)

The trade winds

The trades (or tropical easterlies) are important because of the
great extent of their activity; they blow over nearly half the globe. They
originate at low latitudes on the margins of the subtropical high-
pressure cells, and their constancy of direction and speed (about 7 ms™)
is remarkable. Trade winds, like the westerlies, are strongest during the
winter half-year, which suggests they are both controlled by the same
fundamental mechanism.

The two trade wind systems tend to converge in the Equatorial
Trough (of low pressure). Over the oceans, particularly the central Pa-
cific, the convergence of these air streams is often pronounced and in
this sector the term Intertropical Convergence Zone (ITCZ) is applica-
ble. Generally, however, the convergence is discontinuous in space and
time. Equatorward of the main belts of the trades over the eastern Pacif-
ic and eastern Atlantic are regions of light, variable winds, known tradi-
tionally as the doldrums and much feared in past centuries by the crews
of sailing ships. Their seasonal extent varies considerably: from July to
September they spread westward into the central Pacific while in the
Atlantic they extend to the coast of Brazil. A third major doldrum zone
is located in the Indian Ocean and western Pacific. In March-April it
stretches 16,000 km from East Africa to 180° longitude and it is again
very extensive during October-December.
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bnok 3
OCEAN STRUCTURE AND CIRCULATION

Lesson 1

Ynpasicnenue 1.

[IpounTaiiTe 3aroi0BOK MPUBOJUMOrO HUXE Tekcta. [loaymaiire,
0 4eM B HEM MOXKeT uaTH pedb. [Ipuseaure 10-15 cnoB, koTOpsIE MO-
ryT, ¢ Bamel Touku 3peHusi, BCTPETUTHCS B TEKCTE.

[IpounTaiiTe 1 epeBeIUTE TEKCT.

Ocean vertical structure

The oceans occupy 71 per cent of the earth's surface, with over 60
per cent of the global ocean area in the southern hemisphere. Three-
quarters of the ocean area is between 3,000 and 6,000 m deep, whereas
only 11 per cent of the land area exceeds 2,000 m altitude.

a Vertical

The major atmosphere-ocean interactive processes involve heat
exchanges, evaporation, density changes and wind shear. The effect of
these processes is to produce a major oceanic layering that is of great
climatic significance:

1 At the ocean surface, winds produce a thermally mixed surface
layer averaging a few tens of metres deep poleward of latitude 60°, 400
m at latitude 40° and 100-200 m at the equator.

2 Below the relatively warm mixed layer is the thermocline,
a layer in which temperature decreases and density increases (the pyc-
nocline) markedly with depth. The thermocline layer, within which sta-
ble stratification tends to inhibit vertical mixing, acts as a barrier be-
tween the warmer surface water and the colder deep-layer water. In the
open ocean between latitudes of 60° north and south the thermocline
layer extends from depths of about 200 m to a maximum of 1,000 m (at
the equator from about 200 to 800 m; at 40° latitude from about 400 to
about 1,100 m). Poleward of 60° latitude, the colder deep-layer water
approaches the surface. Within the thermocline layer, the location of
the steepest temperature gradient is termed the permanent thermocline,
which has a dynamically inhibiting effect in the ocean similar to that of
a major inversion in the atmosphere. However, heat exchanges take
place between the oceans and the atmosphere by turbulent mixing
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above the permanent thermocline, as well as by upwelling and down-
welling involving deep-layer water. During spring and summer in the
mid-latitudes, accentuated surface heating leads to the development of a
seasonal thermocline occurring at depths of 50 to 100 m. Surface cool-
ing and wind mixing tend to destroy this layer in autumn and winter.

3 Below the thermocline layer is a deep layer of cold, dense water.
Within this, water movements are mainly driven by density variations,
commonly due to salinity differences (i.e. having a thermohaline mech-
anism).

The ocean may be viewed as consisting of a large number of lay-
ers, the topmost subject to wind stress, the next layer down to frictional
drag by the layer above, and so on; all layers being acted on by the Cor-
iolis force. The surface water tends to be deflected to the right (in the
northern hemisphere) by an angle averaging some 45 ° in the surface
wind direction and to move at about 3 per cent of its velocity. This de-
flection increases with depth as the friction-driven velocity of the cur-
rent decreases exponentially. On the equator, where there is no Coriolis
force, the surface water moves in the same direction as the surface
wind. This theoretical Ekman spiral was developed under assumptions
of idealized ocean depth, wind constancy, uniform water viscosity and
constant water pressure at a given depth. This is seldom the case in re-
ality, and under most oceanic conditions the thickness of the wind-
driven layer is about 100 to 200 m.

Ynpaoicnenue 2.

[IpounTaiiTe cneayromme caoBa U ONPEAEIUTE UX COOTBETCTBUS
B PYCCKOM S3BIKE:
Hemisphere, thermocline, pycnocline, process, temperature, stratification,
vertical, barrier, maximum, location, gradient, dynamically, upwelling,
seasonal, exponentially, theory, spiral, idealize, constant, reality.

Ynpaoicnenue 3.

Onpe/:[enHTe, K KaKMM YacCTAM p€UUd OTHOCATCA CICAYHOIINC CJIOBA;
HAITUIIINUTC COOTBGTCTBYIOHII/IC aHFHHﬁCKHe COKpaHIeHI/ISI JJIL KaXI0ro
u3 Hux (V., adv., n., adj., conj., part., prep., pron.):

Vertical, evaporation, as, with, which, within, colder, has, however,
termed, occurring, mainly, thickness.
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Ynpaosrxcnenue 4.
B mpaBoii KoJIOHKE HaWIWTE PYCCKUE AKBUBAIEHTHI CIETYIOLIUX
AHIVIMACKUX CJIOBOCOYETAHUM:

. heat exchange
. vertical mixing

. density variatio
. wind stress

. wind direction
. ocean depth

. surface layer

OCoO~NO U, WN B

. temperature gradient
. water movement

n

a. rryOMHa oKeaHa

b. nBKEHUE BOIBI

C. HaIpaBJICHHE BETpPa

d. TOBEPXHOCTHBII CITOM

€. TEMIIepaTypPHBIN TPaUEHT

f. TeruiooOMen

g. BEepTUKAIbHOE NIEPEMEIIBAHIE
h. u3MeHeHHs IOTHOCTH

I. BETPOBOE BO3/ICHCTBHE

Ynpaoicnenue 5.
3anonHUTE, TAE 3TO BO3MOXHO, TAOJIHIly, BCTABUB HEIOCTAIOIIUE

YACTH PEYH.
V. n. adj. adv.
significance
produce
stable
dynamically
extend
variation
relatively
Ynpaoicnenue 6.

[IpounTaiiTe crnenyrone BoIpaKEHUS:
206 km; 1-2 m/day; 30°C; 1700; 1,367; 2.68931.

Ynpasxcnenue

7.

BcraBbTe COOTBETCTBYIOIIMI IPEIIOT U TIOJOCPUTE ONpeACcHUE
K Kakomy cioBy:0ff about up away for down on out.

1. pass... a. BBISICHATH

2. make ... b. mpomosmkath
3. bring ... C. pacuIMpsTh

4. clear ... €. HaIpaBJIAThCS
5.cut... f. caumarn

6. do 0. IIOKUIaTh

7. fall h. BEI3BIBATH

8. fill i. COKpaIarhb
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Ynpaosrcnenue 8.
[IpounTtaiiTe TEKCT W HAWAWTE B HEM OTBETHI Ha CIIEIYIOIIUE BO-
MIPOCHL:
1. KakoBa cpemHssi CKOPOCTD arBeJIuHTa?
2. Ot yero oHa 3aBUCUT?
3. I'me pacmofio’keH OCHOBHOM PETHOH aInBeJUInHIa?
(KouTposasHOE BpeMst — 7 MHHYT)

Upwelling

In contrast with the currents on the west sides of the oceans, equa-
torward-flowing eastern currents acquire cyclonic vorticity, which is in
opposition to the anticyclonic wind tendency, leading to relatively
broad flows of low velocity. In addition, the deflection due to the Ek-
man effect causes the surface water to move westwards away from the
coasts, leading to replacement by the upwelling of cold water from
depths of 100-300 m. Average rates of upwelling are low (I-2m/day),
being about the same as the offshore surface current velocities, with
which they are balanced. The rate of upwelling therefore varies with the
surface wind stress. As the latter is proportional to the square of the
wind speed, small changes in wind velocity can lead to marked varia-
tions in rates of upwelling. Although the band of upwelling may be
quite narrow (about 200 km wide for the Benguela Current), the EKman
effect spreads this cold water westwards. On the poleward margins of
these cold-water coasts, the meridional swing of the wind belts imparts
a strong seasonality to the upwelling, the California Current upwelling,
being particularly well marked during the period March-July.

A major region of deep-water upwelling is along the west coast of
South America, which is normally assisted by the offshore airflow as-
sociated with the large-scale convective Walker cell linking South-east
Asia with the eastern South Pacific. Every 2-10 years or so this pres-
sure difference is disturbed, producing an EI Nino event with weaken-
ing trade winds and a pulse of warm surface water spreading eastwards
over the South Pacific, raising average ocean-surface temperatures from
about 24 to 30 °C. Coastal upwelting can also he caused by other less
important mechanisms such as surface current divergence or the effect
of the ocean bottom configuration.
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Ynpaosrxcnenue 9.

Bri6epure u3 texcra Upwelling 10-15 ocHOBHBIX, C TOYKH 3peHUS
CMBICJIOBOH Harpy3KH, CJIOB (KJIIOUEBBIC ciioBa). Ompenenure, K KaKuM
YaCTsIM PEYr OHU OTHOCSTCH.

Yupaoicnenue 10.
[TepeBeaute Tekct nucbMenHo. (Kontponbaoe Bpemst — 30 MUHYT)

El Nino

The ocean is a thin, spherical shell of fluid on a rotating sphere
and, in addition to the waves seen on the ocean surface when the wind
is blowing, there are other waves that have a large amplitude, not at the
surface, but along the subsurface thermocline. Some are confined to the
neighborhood of the equator where they travel exceptionally fast. Be-
cause of those waves, warm surface waters can be redistributed along
the equator far more rapidly than is possible at higher latitudes, which
is why large-scale changes in sea surface temperature patterns, associ-
ated with a horizontal redistribution of upper ocean water, occur more
readily in the tropics than in higher latitudes. Such an occurrence that
leads to high sea surface temperatures in the eastern tropical Pacific is
known as EI Nino. The interval between EI Nino episodes, three years
approximately, depends on the time it takes the waves to propagate
across the basin and hence depends on the width of the Pacific.

EL Nino affects everyone, either directly because of its influence
on climate and weather, or indirectly because of its influence on the
global economy. The impact of this phenomenon can be: devastating
floods in Ecuador and Peru, where a warming of the surface waters of
the eastern tropical Pacific — the signature of El Nino — is associated
with the disappearance of the usually abundant fish; disastrous droughts
in the "maritime" continent of southeastern Asia and northern Australia;
unusual weather patterns over North and South America; poor mon-
soons over India; and low rainfall over southeastern Africa.

Ynpaoicnenue 11.
CocraBbTe 5 00m1IKX BompocoB k Tekcty El Nino.

Ynpaoscnenue 12.
(ITapnast padoTta) OTBEThTE Ha BOMPOCHI, COCTABJICHHBIC B yIpax-
HeHuu 11.
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Lesson 2
Ynpaoicnenue 1.
[Mogymaiite n mpuBeaute 10-15 ciI0B, KOTOPBIE MOT'YT BCTPETUTH-
Csl B TEKCTE.
[IpounraiiTe u NepeBeIUTE TEKCT.

Ocean circulation

(1) General

Comparisons between the structure and dynamics of the oceans
and the atmosphere have long been made, particularly in respect of
their behaviour above the permanent thermocline and below the tropo-
pause — their two most significant stabilizing boundaries. Within these
two zones, fluid-like circulations are maintained by meridional thermal
energy gradients, dominantly directed polewards, and acted upon by the
Coriolis force. Prior to the last quarter of a century, oceanography was
studied in a coarsely averaged spatial-temporal framework similar to
that applied in classical climatology. At the present day, however, its
similarities with modern meteorology are more marked. The major be-
havioural differences between the oceans and the atmosphere derive
from the greater density and viscosity of ocean waters and the much
greater frictional constraints placed on their global movement. Mac-
roscale characteristics of ocean dynamics that invite comparison with
atmospheric features include the general circulation, major oceanic
gyres (similar to atmospheric subtropical high-pressure cells), major
jet-like streams such as sections of the Gulf Stream, large-scale areas of
subsidence and uplift, the stabilizing layer of the permanent thermo-
cline, boundary layer effects, frontal discontinuities created by tempera-
ture and density contrasts, and water mass (‘mode water’) regions.
Mesoscale characteristics inviting atmospheric analogues are oceanic
cyclonic and anticyclonic eddies, current meanders, cast-off ring vorti-
ces, jet filaments, and circulations produced by irregularities in the
North Equatorial Current.

(2) Macroscale

The most obvious feature of the surface oceanic circulation is the
control exercised over it by the low-level planetary wind circulation,
especially by the subtropical oceanic high-pressure circulations and the
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westerlies. The oceanic circulation also displays seasonal reversals of
flow in the monsoonal regions of the northern Indian Ocean, off East
Africa and off northern Australia. As water moves meridionally, the
conservation of angular momentum implies changes in relative vortici-
ty, with poleward-moving currents acquiring anticyclonic vorticity and
equatorward-moving currents acquiring cyclonic vorticity.

The more or less symmetrical atmospheric subtropical high-
pressure cells produce oceanic gyres with centres displaced towards the
west sides of the oceans. The gyres in the southern hemisphere are
more symmetrically located than those in the northern, due possibly to
their connection with the powerful West Wind Drift. This results, for
example, in the Brazil Current being not much stronger than the Ben-
guela Current. The most powerful southern hemisphere current, the
Agulhas, possesses nothing like the jet-like character of its northern
counterparts.

Equatorward of the subtropical high-pressure cells, the persistent
trade winds generate the broad North and South Equatorial Currents.
On the western sides of the oceans, most of this water swings pole-
wards with the airflow and thereafter increasingly comes under the in-
fluence of the Ekman deflection and of the anticyclonic vorticity effect.
However, some water tends to pile up near the equator on the western
sides of oceans, partly because here the Ekman effect is virtually ab-
sent, with little poleward deflection and no reverse current at depth. To
this is added some of the water that is displaced northwards into the
equatorial zone by the especially active subtropical high-pressure circu-
lations of the southern hemisphere. This accumulated water flows back
eastward down the hydraulic gradient as compensating narrow surface
Equatorial Counter-Currents, unimpeded by the weak surface winds.
Near the equator in the Pacific Ocean, upwelling raises the thermocline
to only 50-100 m depth, and within this layer there exist thin, jet-like
Equatorial Undercurrents flowing eastwards (under hydraulic gradients)
at the considerable velocity of 1to 1.5 ms™.

As the circulations swing polewards around the western margins of
the oceanic subtropical high-pressure cells, there is the tendency for
water to pile up against the continents, giving, for example, an appre-
ciably higher sea level in the Gulf of Mexico than that along the Atlan-
tic coast of the United States. This accumulated water cannot escape by
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sinking because of its relatively high temperature and resulting vertical
stability, and it consequently continues polewards in the dominant di-
rection of surface airflow, augmented by the geostrophic force acting at
right angles to the ocean surface slope. As a result of this movement,
the current gains anticyclonic vorticity, which reinforces the similar
tendency imparted by the winds, leading to relatively narrow currents
of high velocity (for example, the Kuroshio, Brazil, Mozambique-
Agulhas and, to a less-marked extent, the East Australian Current). In
the North Atlantic, the configuration of the Caribbean Sea and Gulf of
Mexico especially favours this pile-up of water, which is released pole-
wards through the Florida Straits as the particularly narrow and fast
Gulf Stream. These poleward currents are opposed both by their friction
with the nearby continental margins and by energy losses due to turbu-
lent diffusion, such as those accompanying the formation and cutting
off of meanders in the Gulf Stream. These poleward western boundary
currents (e.g. the Gulf Stream and the Kuroshio Current) are fast, deep
and narrow (i.e. approximately 100 km wide and reaching surface ve-
locities greater than 2 m s%), contrasting with the slower, wider and
more diffuse eastern boundary currents such as the Canary and Califor-
nia (i.e. approximately 1,000 km wide with surface velocities generally
less than 0.25 m s™). The northward-flowing Gulf Stream causes a heat
flux of 1.2 - 10 W, 75 per cent of which is lost to the atmosphere and
25 per cent in heating the Greenland-Norwegian Seas area.

On the poleward sides of the subtropical high-pressure cells, west-
erly currents dominate, and where they are unimpeded by land masses
in the southern hemisphere they form the broad and swift West Wind
Drift. This strong current, driven by unimpeded winds, occurs within
the zone 50 to 65°S and is associated with a southward-sloping ocean
surface generating a geostrophic force, which intensifies the flow.
Within the West Wind Drift, the action of the Coriolis force produces a
convergence zone at about 50°S marked by westerly submarine jet
streams reaching velocities of 0.5 to 1 m s™*. In the northern hemi-
sphere, a great deal of the eastward-moving current in the Atlantic
swings northwards, leading to anomalously very high sea temperatures,
and is compensated for by a southward flow of cold arctic water at
depth. However, more than half of the water mass comprising the North
Atlantic Current, and almost all that of the North Pacific Current,
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swings south around the east sides of the subtropical high-pressure
cells, forming the Canary and California Currents. Their southern-
hemisphere equivalents are the Benguela, Humboldt or Peru, and West
Australian Currents.

(3) Mesoscale

Mesoscale eddies and rings in the upper ocean are generated by a
number of mechanisms, sometimes by atmospheric convergence or di-
vergence or by the casting off of vortices by jet-like currents such as the
Gulf Stream. These vortices are generated by the transfer of warm wa-
ter from low to high latitudes. Oceanographic eddies occur on the scale
of 50-400 km diameter and are analogous to atmospheric low- and
high-pressure systems. Ocean mesoscale systems are much smaller than
atmospheric depressions (which average about 1,000 km diameter),
travel much slower (a few kilometres per day, compared with about
1,000 km per day for a depression) and persist from one to several
months (compared with a depression life of about a week). Their max-
imum rotational velocities occur at a depth of about 150 m, but the vor-
tex circulation may be felt to depths of several thousands of metres.
Some eddies move parallel to the main flow direction, but many move
irregularly equatorwards or polewards. In the North Atlantic, for exam-
ple, this produces a 'synoptic-like' situation in which up to 50 per cent
of the area may be occupied by mesoscale eddies. Cyclonic rings are
commonly three times as numerous as anticyclonic eddies, having
a maximum rotational velocity of about 1.5 m s™.

Ynpaoicnenue 2.
OTBeThTE Ha CIIEIYIOLIIE BOIPOCHL:
1. B yeM mpUYHHA OCHOBHBIX Pa3IMUUil B IOBEACHUHN MEXIYy OKEaHOM
u atMochepoii?
2. Kakue oOmue Makpo- 1 Me30oMaciuTaOHble JeTald XapaKTEePHBI JUIS
UPKYJSIAHA aTMOC(epbl 1 OKeaHa?
B uem 3akirouaercs apdexr Dxmana?
[Touemy ypoBeHb MOPS B MEKCHKAaHCKOM 3ajlBE BBIIIE, YeM Yy AT-
nanTudeckoro nodepexns CIIA?
5. Kakoii HaKJIOH B 10)KHOM TOJIyIIapUH UMEET MOBEPXHOCTh OKeaHa?

Aw
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Ynpaosrxcnenue 3.
Haiinure B TeKCTE TEPMHUHBL, COOTBETCTBYIOIIHNE CIEIYIOIIUM BBI-

paKeHUSAM.
especially apparent because of yet
like show own close
originate shift wide

Ynpaoicnenue 4.
CroBaM B JICBOH KOJIOHKE MOJI0EPUTE aHTOHUMBI B IPABON KOJIOHKE.

1. long a. difference
2. below b. weaker

3. similarity C. raise

4. most e stay

5. stronger f. short

6. sink g. deep

7. shallow h. above

8. move i. least

Ynpasicnenue 5.
[lepeBeauTe clieyroNIKe CI0Ba HA PYCCKUU SI3bIK.

however for example | like towards between
such as consequently | within about over
dominantly | some almost commonly | also

Ynpaoicnenue 6.
W3 crnoB B mpaBoii U JeBOW KOJIOHKE 00pa3yiTe METOYKH CyIie-
CTBUTCJIbHBIX.

ocean layer
energy mass
boundary dynamics
density meander
water contrast
ring gradient
trade vortex
current wind
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Ynpaosicnenue 7.

OO0pasyiite npuyactus 1 u 2 poja W3 CIEAYIOUIMX TJ1aroJioB.
Haiimyure mpuMephl TAKUX MIPUIACTHH B TEKCTE U3 YIPKHEHHS 1.
Derive, invite, display, imply, produce, posses, generate, tend, raise.

Ynpaoicnenue 8.
ITpounTaiite Texct. (KonTpoasHoe Bpems — 10 MUHYT)

Deep ocean circulation

Whereas above the permanent thermocline the ocean circulation is
mainly wind driven, the deep ocean circulation is powered by density
gradients due to salinity and temperature differences. These differences
are mostly produced by surface processes, which feed cold, saline water
to the deep ocean basins in compensation for the deep water delivered
to the surface by upwelling. Although upwelling occurs chiefly in nar-
row coastal locations, subsidence takes place largely in two broad
ocean regions — the northern North Atlantic and the Antarctic Weddell
Sea.

In the North Atlantic, particularly in winter, heating and evapora-
tion produce warm, saline water which flows northwards both in the
near-surface Gulf Stream-North Atlantic Current and at intermediate
depths of around 800 m. In the Norwegian and Greenland Seas, its den-
sity is enhanced by further evaporation due to high winds, by the for-
mation of sea ice, which expells brine during ice growth, and by cool-
ing. Exposed to evaporation and to the chill high-latitude air masses,
the surface water cools from about 10 to 2°C, releasing immense
amounts of heat to the atmosphere, supplementing solar insolation there
by some 25-30 per cent and heating Western Europe. The resulting
dense high-latitude water, equivalent in volume to about twenty times
the combined discharge of all the world's rivers, sinks to the bottom of
the North Atlantic and fuels a southward-flowing density (thermoha-
line) current, which forms part of a global deep-water conveyor belt.
This broad, slow and diffuse flow, occurring at depths of greater than
1,500 m, is augmented in the South Atlantic/circum-Antarctic/ Weddell
Sea region by more cold, saline, dense subsiding water. The conveyor
belt then flows eastwards under the Coriolis influence, turning north
into the Indian and, especially, the Pacific Ocean. The time taken for
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the conveyor belt circulation to move from the North Atlantic to the
North Pacific has been estimated at 500-1,000 years. In the Pacific and
Indian Oceans, a decrease of salinity due to water mixing causes the
conveyor belt to rise and to form a less deep return flow to the Atlantic,
the whole global circulation occupying some 1,500 years or so. An im-
portant aspect of this conveyor belt flow is that the western Pacific
Ocean contains a deep source of warm summer water (29°C). This heat
differential with the eastern Pacific assists the high phase Walker circu-
lation.

The thermal significance of the conveyor belt implies that any
change in it may promote climatic changes, which may be apparent at
time scales of several hundred or thousand years. It has been suggested,
however, that any impediment to the rise of deep conveyor belt water
might cause ocean surface temperatures to drop by 6°C within 30 years
at latitudes of 60°N. Changes to the conveyor belt circulation might be
caused by lowering the salinity of the surface water of the North Atlan-
tic by increased precipitation, ice melting, or fresh water inflow. How-
ever, the complex mechanisms and consequences of the deep ocean
conveyor belt are still only imperfectly understood.

Ynpaosicnenue 9.
OTBeTbTE HA CIEAYIOIIME BONPOCHI, HCXOAM M3 HH(POpPMAIHN
B TEKCTE:
1. Yro sBisieTcsi OCHOBHBIMH (DakTopamu, OOYCIIOBIMBAIOIIUMH TIIy-
OOKOBOJIHYIO IUPKYJIALIUIO B OKeaHe?
2. KaxoBbl OCHOBHBIE KPYITHOMACIITA0OHBIE OCOOEHHOCTH TITyOOKOBO/I-
HOW IUPKYJISIUU B OKeaHe?
3. Uem MoOryT OBITH BBI3BaHbl H3MECHEHHS B TITyOOKOBOJHOW IHUPKYJIS-
UM, ¥ K KaKUM TIOCTIEJICTBHSIM OHH MOT'YT TIPHBECTH?

Ynpaoscnenue 10.
BoinumuTe 10 KI10YEBBIX CIOB U3 TEKCTA B YIPAXKHEHUH §.

Ynpaoicnenue 11.
[MucsmenHo nepesenute TekcT. (Korrpoabaoe Bpemst — 30 MUHYT)
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The Southern Oscillation

The locations of the furnaces, the convective zones of rising air
and low surface pressures, are determined by temperature patterns at
Earth's surface. The air ascends where surface temperatures have max-
ima. The seasonal north-south migrations of the convective zones there-
fore tend to keep those zones in the summer hemisphere. Over Africa
and South America the zones of heavy rainfall are difficult to dislodge
from the continents because surface temperatures can attain higher val-
ues on land than over the oceans. The maritime continent of southeast-
ern Asia is an entirely different matter because its eastern boundary
coincides with that of the pool of warm water that covers the western
tropical Pacific. Should this pool expand eastward, so would the region
of rising air and heavy rainfall, which is exactly what happens interan-
nually during El Nino. On such occasions, the eastern tropical Pacific
experiences an increase in sea surface temperatures and in rainfall, a
decrease in surface pressure, and a relaxation of the trade winds. Be-
cause of this eastward shift, the tropical regions west of the date line,
including India and southeastern Africa, experience decreases in rain-
fall.

In the same way that the seasonal cycle is an oscillation between
winter and summer, so the Southern Oscillation is a fluctuation between
El Nino and a complementary state, which has been given the opposite
name La Nina. Whereas the seasonal cycle is forced by regular varia-
tions in the intensity of sunlight, the Southern Oscillation corresponds
to a natural mode of oscillation of the coupled ocean and atmosphere
and is literally the music of our spheres (the atmosphere and hydro-
sphere).
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bBnok 4
WATER RESOURCES

Lesson 1

Ynpaoicnenue 1.
[IpouuTaiiTe U NepeBeIUTE CIECAYIOUUN TEKCT.

Water — facts and figures

Hydrology is a science dealing with the waters of the earth, their
occurrence, distribution and circulation, their chemical and physical
properties and their interaction with the environment. In this context,
water is viewed in the same way as soil, vegetation, climate or rock, as
an element of the landscape to be investigated and ultimately under-
stood by means of rigorous scientific quantification and analysis. Wa-
ter, the subject of hydrology, is both commonplace and unique. It is
found everywhere in the earth's ecosystem and taken for granted in
much of the developed world. It is, however, the only naturally occur-
ring inorganic liquid and is the only chemical compound that occurs in
normal conditions as a solid, a liquid and a gas. Its distribution over the
globe is amazingly uneven.

Water plays a fundamental part in the distribution of chemicals
through its central role in many chemical reactions, the transport of dis-
solved chemicals and the erosion and deposition of sediments. Its gase-
ous form, water vapour, is the principal greenhouse gas in the earth's
atmosphere, an order of magnitude greater than CO,, which is the sec-
ond most important greenhouse gas.

About 97% occurs as saline water in the seas and oceans. Only the
remaining 3% is fresh water and of this, considerably more than one
half is locked up in ice sheets and glaciers and another substantial vol-
ume occurs as virtually immobile deep groundwater. The really mobile
fresh water, which contributes frequently and actively to rainfall, evap-
oration and streamflow, thus represents only about 0.3% of the global
total. These estimated values of global water storage must be treated
with caution because of the difficulties of monitoring and exact quanti-
fication at the macroscale. For example, the volumes of the ocean ba-
sins and of the major ice sheets depend upon sea bed and sub-ice topog-
raphy which have only recently been mapped with reasonable accuracy.
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Reserves of deep groundwater are difficult to assess and estimates are
periodically revised, usually upwards, like those of fossil fuels. Shallow
groundwater storage is more accessible and mostly easier to estimate,
although the proportion of usable non-saline water is still far from cer-
tain. Atmospheric water vapour content is normally monitored either by
radio-sonde balloons released daily from just 1500 global locations or
from ultra-red spectrometers in weather satellites. Unfortunately, due to
the presence of clouds, IR spectrometry is more difficult to interpret for
the air layers closest to the earth's surface, where water vapour values
are the highest.

In the past, hydrologists focused their attention on the relatively
small amount of fresh water occurring either as rivers, lakes, soil water
and shallow groundwater, or in the vegetation cover and the atmos-
phere. Increasingly, however, it is recognized that the oceans play a
dominant role in the global water and energy budgets and that large-
scale perturbations of the hydrological system may result from changes
in sea surface temperature, such as those associated with El Nino, or
from modifications of the thermo-haline ocean circulation which may
result from the increasingly rapid break-up of major ice sheets in both
the northern and southern hemispheres. It is also important to recognize
that the small volume of mobile fresh water is itself distributed uneven-
ly in both space and time. Wetland and prairie, forest and scrub, snow-
field and desert, each exhibits different regimes of precipitation, evapo-
ration and streamflow, each offers different challenges of understanding
for the hydrologist and of water management for the planner and engi-
neer, and each poses different benefits and threats to human life and
livelihood as between the developed and the developing world.

Ynpascuenue 2.

OTBeThTE Ha BONPOCHI:

What does hydrology deal with?

Where is water found on the planet?

What is unique about water as a chemical compound?

What is the principal greenhouse gas on the earth?

How much saline and fresh water is there on our planet?
Why should global water storage values be treated carefully?
What has been mapped only recently?

Which water reserves are easier to be estimated? Which are more
difficult?

NGO~ wWNE
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9. How is water vapour content monitored?

10. What water did hydrologists study in the past?

11. What plays the main role in the global water and energy budgets?
12. How unevenly is water distributed?

Ynpaosicnenue 3.
CoenuHuTe ciIoBa B KOIOHKax A u B.

A. B.
sea fuel

ice gas
water flow
stream water
greenhouse management
ocean bed
water sheet
earth's storage
fossil surface
soil basin

Ynpaoicnenue 4.

[IepeBenuTe crieayromue BIPAXKEHHSI HA aHTJIMUCKUH SI3bIK:
[TocpeacTBoM (Tpu MOMOIIM), OCTABUINICS, HEPAaBHOMEPHBINA, OTHOCH-
TENhHO, IPUHUMATh KaK JIOJDKHOE, OBICTPHIH, 3aBUCETh OT, WIIH. .. WIH..,
KaK... TaK H..., U3-3a (2), OJHAKO, XOTsI, BCE eIIle, MEXY, CIeT0BaATENb-
HO (2), OJIU3KO, B OCHOBHOM, K COXKQJICHUIO, 3HAYMTEIBHO, TOT )K€ Ca-
MBIii, CBOMCTBO, BCTPEUAThCS, MIPEICTABIATh, OLlcHKa (2).

Ynpasxcnenue 5.

OO6pasyiite npuyactus 1 ¥ 2 poja U3 CIEAYIOUIMX TJ1aroJioB.
Haiinure npuMepbl TAKUX NPUYACTHIA B TEKCTE U3 YIPaKHEHUS 1.
Estimate, develop, investigate, depend, remain, grant, understand,
show, focus, recognize, associate, use, occur, find.

Ynpaorcuenue 6.

O0pa3yiiTe Hapeuus U3 CIASAYIOIIUX CIIOB!
Increase, consider, main, substantial, day, period, frequent, globe, ulti-
mate, nature, science, amaze, virtual, large.
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Ynpaosicnenue 7.

OO0Opa3yiiTe COOTBETCTBYIONIUE YACTH PEYU W3 IPHUBEICHHBIX
B CKOOKax CJIOB:

Glaciers store water over (relate) long timescales compared to riv-
ers and lakes -hundreds to a few thousands of years. Ice sheets store wa-
ter for even (long) - ten thousands of years. But the shorter glacier time-
scales are (compare) to human timescales, so people notice how glaciers
change, and these changes have obvious impacts on the human environ-
ment. Many river systems depend on glacier melt, which (maintain) the
water supply through the summer. As glaciers shrink, so does the (freeze)
water supply they store. This is one of the reasons why it is important to
measure how and understand why glaciers change over time.

Glacier meltwater (event) makes its way to the ocean, where it can
affect global sea level. As terrestrial ice masses grow, sea level (fall);
and as masses shrink, sea level (rise). At the last glacial maximum,
about 18,000 years ago, the growth of ice sheets and glaciers (cause)
sea level to lower by about 120 meters. Most of that change (be) due to
the formation of large ice sheets in northern North America and Eu-
rope, but mountain glaciers, too, had their role.

VYnpaoicnenue 8.

[TocTaBbTe r1aroiibl B CKOOKaxX B (JOPMY CTPaJlaTeIbHOTO 3aJI0Ta.

Approximately 97% of the fresh water available in the world is
underground. Wells provide groundwater for individual domestic needs,
communities, cities, industry, crop irrigation and agriculture. Some wells
tap hot water, or geothermal resources. In other cases, groundwater
(use) solely for its cooling capabilities. Some wells (dig) just to study
water quality or quantity: these (call) monitoring or observation wells.

Regardless of its purpose, a well (define) as an artificial hole in a
land surface created to access a liquid. It normally has a small diameter,
typically less than 3 meters and usually (measure) in centimeters. Wells
may (construct) to seek water, oil or natural gas.

Ynpaoicnenue 9.

CocTaBbTe BOIPOCH! K TEKCTY U3 YIPAKHEHUS 3.
1. Where/ fresh water/ available?

2. What/ groundwater/ provided/ for?

3. Wells/ tap/ solely/ cold water?
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What kind of wells/ dug/study/water quality or quantity?
How/ a well/ defined?

How big/ its diameter?

Why/ wells/ constructed?

No ok

Ynpaoscnenue 10.

B npuBeeHHOM HWXE TEKCTE HCIOJB3YWTE CIEAyIOIIME CJIOBa!
can, providing, however, satellites, due to, cooling, atmospheric, caus-
es, boarded, observers.

Snow and ice account for just over 75% of the Earth's freshwater,
although most of this is held as ice in Antarctica and Greenland, with
a residence time of the order of 10, 000 years. Snow has a great hydro-
logical importance. It has a ... effect on climate by increasing the albe-
do and modifying the surface radiation balance and the near-surface air
temperature, and it ... a great amount of energy to be expended on melt-
ing. Seasonal snow cover changes are known to affect global ... circu-
lation, and may have an important role influencing climatic change. In
arid and semi-arid areas ... by high mountains, including the semi-arid
western United States, northern India and Iran, snowmelt is an im-
portant seasonal source of water. The presence of snow on the ground is
important ... disruption of travel and commerce, and seasonal flood risk
may be increased by snowmelt. In addition to ... a store of water, snow
cover can serve as protective insulation for soil and crops through the
winter. Information on the spatial distribution of snow was traditionally
based on reports from ... at meteorological stations. But it is difficult to
gain a broad picture of the areal extent of snow cover from such local
observations. Due to its high albedo, snow cover can be readily distin-
guished from snow-free ground using visible radiation reflectance. Re-
mote sensing from aircraft or ... enables the rapid mapping of the ex-
tent of snow cover over large areas. It is ,..., often difficult to distin-
guish snow from cloud cover using visible reflectance alone, without
repeated photography over time to filter out the variable cloud pattern.
This ... be overcome by the use of "passive" microwave radiation emit-
ted naturally by the Earth's surface. This can penetrate cloud cover and
allow the mapping of snow extent unobstructed by weather effects.
However, passive microwave data have a low spatial resolution of sev-
eral tens of kilometers.
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Lesson 2
Ynpaoicnenue 1.
[IpounTaiiTe cloBa M CIOBOCOYETAHUS U MOMPOOYHTE AOTagaThCs,
0 4YeM TOUIET peub B CIIECYIONIEM TEKCTE:
Water supply, fresh water, human use, usable supply, natural purifica-
tion, groundwater, surface water, precipitation, runoff.

Ynpaoicnenue 2.
[IpounraiiTe U epeBeIUTE TEKCT.

Supply, renewal and use of water resources

Worldwide Supply and Renewal. The world's fixed supply of wa-
ter in all forms (vapor, liquid, and solid) is enormous. If we could dis-
tribute it equally, there would be enough to provide every person on
earth with 292 trillion liters (77 trillion gallons). However, only about
0.003% of the world's water supply is available as fresh water for hu-
man use, and this supply is unevenly distributed.

About 97% of the earth's total supply of water is found in the
oceans and is too salty for drinking, growing crops, and most industrial
purposes except cooling. The remaining 3% is fresh water, but over
three-fourths of it is unavailable for use by plants, human beings, and
other animals, because it lies too far under the earth's surface or is
locked up in glaciers, polar ice caps, atmosphere, and soil. This leaves
0.5% of the earth's water available as fresh water in rivers, lakes, and
economically recoverable underground deposits (groundwater) to a
depth of 1,000 meters (1.6 miles). However, when we subtract the por-
tion of this water that is highly polluted or too difficult and expensive to
tap, the remaining supply amounts to about 0.003% of the world's wa-
ter. To put this in measurements that we can comprehend, if the world's
water supply were only 100 liters (26 gallons), our usable supply of
fresh water would be only about 0.003 liter (one-half teaspoon).

That tiny fraction of usable fresh water still amounts to an average
of 879,000 liters (232,000 gallons) for each person on earth. The supply
is continually collected, purified, and distributed in the natural hydro-
logic (water) cycle. This natural purification process works as long as
we don't pollute water faster than it is replenished or add chemicals that
cannot be broken down by bacterial action.
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Surface-Water Runoff. The fresh water we use comes from two
sources: groundwater and surface-water runoff. Precipitation that does
not infiltrate into the ground or return to the atmosphere is known as
surface water and becomes runoff — water that flows into nearby
streams, rivers, lakes, wetlands, and reservoirs. This flow of water is
renewed fairly rapidly (12 to 20 days) in areas with average precipita-
tion. The land area that delivers runoff, sediment, and water-soluble
substances to a major river and its tributaries is called a watershed or
drainage basin. Surface water can be withdrawn from streams, rivers,
lakes, and reservoirs for human activities, but only part of the total an-
nual runoff is available for use. Some flows in rivers to the sea too rap-
idly to be captured, and some must be left in streams for wildlife and to
supply downstream areas. In some years the amount of runoff is re-
duced by drought.

Yunpaoicnenue 3.

(ITapHas pabora) Beioepure u3 texcra Supply, renewal and use of
water resources 10-15 kmoueBbix cioB. OnpenenuTe, K KaKoW 4acTd
pEeUYU OHH OTHOCSITCSI.

Ynpaoicnenue 4.
(Tlapuast pabora) Ilepenaiire conepkanue Surface Water Runoff
B 5 NPEIOKEHUSX.

Ynpascuenue 5.
Bcraesre nipemsioru: at, in, for, to, of, with.
1. Although they have normal motor activities, people suffering from
somnambulism are not aware ... their surroundings.
2. Contrary to what most people think, musicians are not particularly
good ... languages.
. The virus responsible ... Ebola fever comes from animal sources.
. What he told the police is incompatible ... the facts.
. Satellite images are capable ... detecting objects less than 15 cm
across.
6. One of the effects of aspirin is to make patients less liable ... heart
attack and thrombosis.
7. They want to recruit a doctor who is qualified ... tropical diseases.
8. Five research students were involved ... industrial espionage.
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Ynpaorcnenue 6. [lpountaiite TEKCT U HAWUTE OTBETHI HA CIELY-
tomme Borpockl. (KoHtponsHoe Bpems — 15 MuHyT):
UTo NpoUCXOIUT C YAaCThIO OCAAKOB?
I'ne HakarmuBaeTcs Bona?
Bbnaronaps xakoMy mporeccy TepsieTcst OoJbIIas 4acTb BOJIBI?
bnaronaps kakoMy Ipolieccy BoJia IpocaunBaeTcs BriIyOb 3eMiIn?
Uro Takoe BOJOHOCHBIN CIIONH?
bnarogaps yeMy nononHsieTca BOAOHOCHBIN CI0M?
Yro Takoe BOJHOE 3epKao?

NogkrwdE

Groundwater

Some precipitation seeps into the ground. Some of this infiltrating
water accumulates as soil moisture and partially fills pores between soil
particles and rocks within the upper soil and rock layers of the earth's
crust. Most of this water is eventually lost to the atmosphere by evapo-
ration from the upper layers of soil and by evapotranspiration from
leaves.

Under the influence of gravity, some infiltrating water slowly per-
colates through porous materials deeper into the earth and completely
saturates pores and fractures in spongelike or permeable layers of sand,
gravel, and porous rock such as sandstone. These water-bearing layers
of the earth's crust are called aquifers, and the water in them is known
as groundwater. Aquifers are recharged or replenished naturally by pre-
cipitation, which percolates downward through soil and rock in what is
called a recharge area. The recharge process is usually quite slow (dec-
ades to hundreds of years) compared to the rapid replenishment of sur-
face water supplies. If the withdrawal rate of an aquifer exceeds its re-
charge rate, the aquifer is converted from a slowly renewable resource
to a nonrenewable resource on a human time scale.

There are two types of aquifers: confined and unconfined. An un-
confined, or water-table, aquifer forms when groundwater collects
above a layer of relatively impermeable rock or compacted clay. The
top of the water-saturated portion of an unconfined aquifer is called the
water table. Thus groundwater is that part of underground water below
the water table, and soil moisture is that part of underground water
above the water table. Shallow, unconfined aquifers are recharged by
water percolating downward from soils and materials directly above the
aquifer.
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To obtain water from an unconfined aquifer, a water table well
must be drilled below the water table and into the unconfined aquifer.
Because this water is under atmospheric pressure, a pump must be used
to bring it to the surface. The elevation of the water table in a particular
area rises during prolonged wet periods and falls during prolonged
drought. The water table can also fall when water is pumped out by
wells faster than the natural rate of recharge, creating a vacated volume
known as a cone of depression.

A confined, or artesian, aquifer forms when groundwater is sand-
wiched between two layers of relatively impermeable rock, such as clay
or shale. This type of aquifer is completely saturated with water under a
pressure greater than that of the atmosphere. In some cases the pressure
is so great that when a well is drilled into the confined aquifer, water is
pushed to the surface without the use of a pump. Such a well is called a
flowing artesian well. With other confined-aquifer wells, known as
nonflowing artesian wells, pumps must be used, because pressure is
insufficient to force the water to the surface. Confined aquifers cannot
be recharged from directly above them; they receive water from areas
without overlying impermeable rock layers. Thus recharge areas for
confined aquifers can be hundreds of kilometers away from wells
where water is withdrawn, and the rate of natural recharge is not gov-
erned by local precipitation at the point of withdrawal as it is for uncon-
fined aquifers.

Ynpasxcnenue 7.
B mpaBoii KOJIOHKE HaWAUTE PYyCCKUE SKBUBAJICHTHI CIEIYIOLIUX
AHTIIMICKUX CIIOBOCOYeTaHui u3 rekcta Groundwater:

1. to seep a. TpyHTOBas BOJIa

2. to accumulate b. mpocaunBaThCs

3. upper layers C. BOJIOHOCHBIH CJIOM

4. permeable layer d. BogHOE 3epKaiio

5. water-bearing layer | e. o6macts mononMHEHMS

6. groundwater f. BepxHue cion

7. recharge area g. IPOHUILIAEMBIN CIIOU

8. water-table h. HeorpaHUYEHHBIN BOJOHOCHBIN FTOPU30OHT
9. unconfined aquifer | i. 3amac Boas!

10. water supply ] HaKaIIMBaTHCS
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Ynpaosrcnenue 8.
CocraBbTe IUIaH nepeckasa rekcra Groundwater.

Ynpaoicnenue 9.
(ITapHas pabora) Ilepeckaxure comepxanue Tekcta Groundwater
B 10 mpemtokeHISX.

Yupaoicnenue 10.
IMepesenute TekcT mucbMeHHo. (KoHTponbHOE BpeMs — 15 MUHYT)

Water is our most abundant resource, covering about 71% of the
earth's surface. This precious film of water — about 97% salt water and
the remainder fresh — helps maintain the earth's climate and dilutes en-
vironmental pollutants. Essential to all life, water constitutes from 50%
to 97% of the weight of all plants and animals and about 70% of your
body. Water is also essential to agriculture, manufacturing, transporta-
tion, and countless other human activities.

Because of differences in average annual precipitation, some areas
of the world have too little fresh water and others too much. With vary-
ing degrees of success, human beings have corrected these imbalances
by capturing fresh water in reservoirs behind dams, transferring fresh
water in rivers and streams from one area to another, tapping under-
ground supplies, and attempting to reduce water use, waste, and con-
tamination.

Ynpaoicnenue 11.
CocTtaBbTe 5 00X BOIPOCOB K TEKCTY U3 yrpakHeHus 10.

Ynpaoicnenue 12.

(ITapuas paborta) OTBeThTE Ha BOIPOCHI, COCTABIICHHBIE B yIIPaXK-
Henuu 11.
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Lesson 3

Ynpaoicnenue 1.

Hmwxe mpuBomsITCs TEpBBIE MPEMIOKECHHSI TEPBBIX 4-X ab3areB
TekcTta. Kakue BbIBOJbI BrI MokeTe CACJIaTh O COACPKAHUU TekcTa?

A number of experts consider the availability of adequate supplies
of fresh water to be the most serious long-range problem confronting
the world.

In many LDCs, poor people must spend a good part of their work-
ing hours fetching water.

Although reduced average annual precipitation usually triggers a
drought, rapid population growth and poor land use intensify its effects.

Other countries get enough precipitation on an annual basis but re-
ceive most of it at one time of the year.

Yunpaoicnenue 2.
[IpounTaiiTe u nepesenure TekcT. [IpoBepbTe NpaBHILHOCTL Ba-
IIUX TPEIIONI0KEHUH.

Water resource problems

Too Little Water. A number of experts consider the availability of
adequate supplies of fresh water to be the most serious long-range prob-
lem confronting the world. At least 80 arid and semiarid countries, ac-
counting for nearly 40% of the world's population, now experience se-
rious periodic droughts and have considerable difficulty growing
enough food to support their populations. Most of these countries are in
Asia and Africa. During the 1970s, major drought disasters affected an
average of 24.4 million people and killed over 23,000 a year — a trend
continuing in the 1980s. By 1985 more than 154 million people in 21
tropical and subtropical countries in Africa were on the brink of starva-
tion because of the combined effects of rapid population growth, pro-
longed drought, land misuse, war, and ineffective government policies
for water and soil resource management and agricultural development.

In many LDCs, poor people must spend a good part of their wak-
ing hours fetching water, often from polluted streams and rivers. To get
water, many women and children in LDCs walk 16 to 25 kilometers (10
to 15 miles) a day, carrying heavy water-filled jars on their return trip.
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Although reduced average annual precipitation usually triggers
a drought, rapid population growth and poor land use intensify its ef-
fects. In many LDCs, large numbers of poor people have no choice but
to try to survive on drought-prone land by cutting trees, growing crops
at higher, more erosion-prone elevations, cultivating poor soils, and
allowing their livestock to overgraze grasslands. The resulting land
degradation contributes to the severity of long-term drought by reduc-
ing the amount of rainfall absorbed and slowly released by vegetation
and soils. In many cases, the result is desertification.

Too Much Water. Other countries get enough precipitation on an
annual basis but receive most of it at one time of the year. In India, for
example, 90% percent of the annual precipitation falls between June
and September — the monsoon season. This downpour runs off so rapid-
ly that most of it cannot be captured and used. The massive runoff also
leads to periodic flooding.

During the 1970s, major flood disasters affected 15.4 million peo-
ple, killed an average of 4,700 people a year, and caused tens of billions
of dollars in property damages — a trend that continued in the 1980s.
Although floods are classified as natural disasters, human beings have
contributed to the sharp rise in flood deaths and damages since the
1960s by removing water-absorbing vegetation and soil through cul-
tivation of marginal lands, deforestation, overgrazing, and mining. Ur-
banization also increases flooding, even with moderate rainfall, by re-
placing vegetation with highways, parking lots, shopping centers, office
buildings, homes, and numerous other structures.

Death tolls and damages from flooding have also increased be-
cause many poor people in LDCs have little choice but to live on land
subject to severe periodic flooding and because many people in LDCs
believe that the benefits of living in flood-prone areas outweigh the
risks. Many urban areas and croplands in LDCs and MDCs are situated
on floodplains — flat areas along rivers subject to periodic flooding —
and coastlands because these sites are level, have highly fertile topsoil
deposited by rivers, are close to supplies of surface water and water
transportation routes, and provide recreational opportunities.

Since 1925 the U.S. Army Corps of Engineers, the Soil Conserva-
tion Service, and the Bureau of Reclamation have spent more than $8
billion on flood-control projects such as straightening stream channels
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(channelization), dredging streams, and building dams, reservoirs, lev-
ees, and seawalls. Despite these efforts — and because these projects
stimulate development on flood-prone land — property damage from
floods in the United States has increased from about half a billion dol-
lars a year in the 1960s to an average of about $3 billion a year in the
1980s.

A number of effective methods exist for preventing or reducing
flood damage: replanting vegetation in disturbed areas to reduce runoff,
building ponds in urban areas to retain rainwater and release it slowly
to rivers, and diverting rainwater through storm sewers to holding tanks
and ponds for use by industry. Floodplains should also be clearly iden-
tified, and laws or zoning regulations should be used to discourage their
use for certain types of development. Sellers of property in these areas
should be required to provide prospective buyers with information
about average flood frequency.

Ynpasicnenue 3.
Omnpenenute MOMISKAIIEE H CKa3yeMOe B KaKIOM IMPEII0KESHUN
nepBoro ab3ama tekcra Water resource problems.

Ynpaoicnenue 4.
HalinuTe B TekcTe NpUMEPHI 3TUX YacTel peyu.

\2 n. adj. adv. prep.

Ynpaosxcnenue 5.
BcrasbTe B mpemtoxkenust: despite the fact, namely, obviously, ac-
tually, yet, hence, thereby.
1. Symptoms such as pain, fever, and vomiting are not diseases. ... they
are defense mechanisms.
2. "Psychotic" means that a patient has lost touch with reality, ... "neu-
rotic" refers to a less serious state.
3. People have always recognized the waste, brutality, and inhumanity
of war, ... it goes on.
4. The mesosphere is important ... that it contains only about 0.1 per
cent of the total mass of the atmosphere.
5. As a rule, aquatic reptiles use the same means of propulsion as fish
and whales, ... they use powerful beats of the tail.
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6. The heat increases, ... the entropy increases.

7. Cells and antibodies may co-operate, ... destroying invading bacte-
ria.

8. For a person who weighs less, the concentration of alcohol will ... be
proportionally higher.

Ynpaoicnenue 6.

HpO‘IHT&ﬁTC CICOAYIOIIHE CJIOBA U OHNPCACIIUTEC UX COOTBCTCTBUA
B PYCCKOM S3BIKE:
Periodic, experts, population, tropical, combined, agricultural, vegeta-
tion, massive, percent, season, cultivation, center, transportation, recre-
ational.

Ynpaoicnenue 7.
[Mpouwnraiite Texct. (KOHTpONBEHOE BpeMsi — 5 MUHYT)

The U.S. Situation

Overall, the United States has plenty of fresh water, but much of
its annual runoff is not in the desired place, occurs at the wrong time, or
is contaminated from agricultural and industrial activities. Most of the
eastern half of the country usually has ample average annual precipita-
tion, while much of the western half has too little. Many major urban
centers in the United States are located in areas that already have inad-
equate water or are projected to have water shortages.

In the eastern half of the United States, where there is usually no
shortage of water, the major problems are flooding, inability to supply
enough water to some large urban areas, and increasing pollution of
rivers, lakes, and groundwater. For example, 3 million residents of
Long Island, New York, must draw all their water from an underground
aquifer that is becoming severely contaminated by industrial wastes,
leaking septic tanks and landfills, and salt water from the ocean, which
is drawn into the aquifer when fresh water is withdrawn.

The major water problem in arid and semiarid areas in the western
half of the country is a shortage of runoff due to low average precipita-
tion, high rates of evaporation, prolonged periodic drought, and rapidly
declining water tables as farmers and cities deplete groundwater aqui-
fers faster than they are recharged. Present water shortages and con-
flicts over water supplies will get much worse if more industries and
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people migrate west as projected and compete with farmers for scarce
water.

Ynpaoicnenue 8.

Bribepute u3 Tekcta B ynpakHeHuH 7 10—15 OCHOBHBIX, C TOUKH
3pEHHSI CMBICJIOBOM HArpy3KH, CJIOB (KJIIOYeBBIC cioBa). Ompenenure,
K KaK{M 4acTsSM pe4y OHU OTHOCSTCSI.

Ynpaoicnenue 9.
CocraBbTe 5 aJbTEPHATUBHBIX BOIPOCOB K TEKCTY U3 YIPKHEHNUS 7.

Ynpaoicnenue 10.
(ITapuas paborta) OTBeThTE Ha BOIPOCHI, COCTABIICHHBIE B yIPaXK-
HEHHH 8§

Ynpaoicnenue 11.
ITepeBeaute Teket nucbMenHo. (Kontponabaoe Bpemst — 30 MUHYT)

Desertification: a serious and growing problem

The conversion of rangeland (uncultivated land used for animal
grazing), rain-fed cropland, or irrigated cropland to desertlike land with
a drop in agricultural productivity of 10% or more is called desertifica-
tion. Moderate desertification causes a 10% to 25% drop in productivi-
ty; severe desertification causes a 25% to 50% drop; and very severe
desertification causes a drop of 50% or more and usually the formation
of massive gullies and sand dunes.

Prolonged drought and hot temperatures may accelerate the deser-
tification process. But its basic causes are overgrazing of rangeland by
concentrating too many livestock on too little land area; improper soil
and water resource management that leads to increased erosion, sal-
inization, waterlogging, cultivation of marginal land with unsuitable
terrain or soils, and deforestation and strip mining without adequate
replanting.

Each year, the amount of desertified land grows by at least 20 mil-
lion hectares (49 million acres) — an area equal to that of South Dakota.
According to the UN Environmental Programme, one-fifth of the
world's people now live in areas that may become desertified over the
next 20 years.
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The spread of desertification can be halted or sharply reduced by
improved management of rangeland, forest, soil, and water resources,
and much currently desertified land can be reclaimed. The total cost of
such prevention and rehabilitation would be about $141 billion. Alt-
hough this amount may seem staggering, it is only five and one-half
times the estimated $26 billion annual loss in agricultural productivity
from desertified land. Thus once this potential productivity is restored,
the costs of the program could be recouped in five to ten years. Howev-
er, funds now devoted to preventing desertification and restoring deser-
tified lands fall far short of the need.

Ynpaoicnenue 12.

B npaBoii KOJIOHKE HalWAUTE PYyCCKHUE SKBUBAJICHTHI CIEAYIOLIUX
aHTJIMICKHX cioBocodeTanuil u3 Tekcra Desertification: a serious and
growing problem:

1. rangeland a. CIIMIIKOM MHOTO

2. animal grazing b. oporraemas 3emiist

3. irrigated cropland C. JUTUTENbHAS 3acyXa

4. massive gullies d. 3abonaunBanue

5. prolonged drought €. CJIMIIKOM MaJjo

6. desertification process f. MmanorutoopoaHast 3emist
7. waterlogging 0. MaccUBHBIE OBparu

8. marginal land h. mactoue

9. too many I. TIpOIIECC OMYCTHIHUBAHHS
10. too little J. BBITIAC )KUBOTHBIX
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bBnok 5
CLIMATE CHANGE

Lesson 1

Ynpaoicnenue 1.

[IpounTaiiTe 3aroi0BOK MPUBOJUMOrO HUXE Tekcta. [loaymaiire,
0 4eM B HEM MoeT UATH peub. [Ipusenure 10—15 cnoB, KoTOpBIE MO-
ryT, ¢ Bamel Touku 3peHusi, BCTPETUTHCS B TEKCTE.

[IpounTaiiTe 1 epeBeIUTE TEKCT.

Climate forcing and feedbacks

The average state of the climate system is controlled by a combi-
nation of forcings external to the system (solar variability, astronomical
effects, tectonic processes and volcanic eruptions), internal radiative
forcings (atmospheric composition, cloud cover), anthropogenically
induced changes (in atmospheric composition, surface land cover) and
feedback effects (such as changes in atmospheric water vapour content
or cloudiness caused by global temperature changes). It is useful to try
and assess the magnitude of such effects, globally and regionally, and
the time scales over which they operate.

1 External forcing

Solar variability. The sun is a variable star, and it is known that
early in the earth's history (during the Archean three billion years ago)
solar irradiance was about 80 per cent of the modern value. Paradoxi-
cally, however, the effect of this 'faint early sun' was offset, most likely,
by a concentration of carbon dioxide that was perhaps 100 times higher
than now, but also perhaps by the effects of a largely water-covered
earth. The approximately 11-year solar cycle (and 22-year magnetic
field cycle) is well known. Intervals when sunspot and solar flare ac-
tivity were much reduced (especially the Maunder minimum of AD
1650-1700) may have caused cumulative effects leading to temperature
decreases of about 1°C.

Tectonic processes. On geological time scales, there have been
great changes in continental positions and sizes and in the configuration
of ocean basins as a result of crustal processes (known as plate tec-
tonics). These movements have also altered the size and location of
mountain ranges and plateaus. As a result, the global circulation of the
atmosphere and the pattern of ocean circulation and surface currents
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have also been modified. Changes in continental location have contrib-
uted substantially to major ice age episodes (such as the Permo-
Carboniferous glaciation of Gondwanaland) as well as to intervals with
extensive arid (Permo-Triassic) or humid (coal deposits) environments
during other geological periods. Over approximately the last few mil-
lion years, the uplift of the Tibetan Plateau and the Himalayan ranges
has caused the onset, or intensification, of desert conditions in western
China and Central Asia.

Astronomical periodicities. The earth's orbit around the sun is
subject to long-term variations. There are three principal effects on in-
coming solar radiation: the eccentricity (or stretch) of the orbit, with a
period of approximately 95,000 years and 410,000 years; the tilt of the
earth's axis (an approximately 41,000-year period); and a wobble in the
earth's axis of rotation, which causes changes in the timing of perihe-
lion. This precessional effect has a period of about 21,000 years.

Volcanic eruptions. Major explosive eruptions inject dust and
sulphur dioxide aerosols into the stratosphere, where they may circle
the earth for several years causing brilliant sunsets. Equatorial eruption
plumes spread into both hemispheres, whereas plumes from eruptions
in mid to high latitudes are confined to that hemisphere. Records of
such eruptions are preserved in the Antarctic and Greenland ice sheets
for at least the last 150,000 years. Observational evidence from the last
100 years demonstrates that major eruptions cause a hemisphere/global
cooling of 0.5-1.0°C in the year following the event.

Atmospheric composition. There is a large 'natural’ greenhouse,
as a result of the atmospheric composition, distinct from human-
induced changes over the last few centuries. Glacial-interglacial chang-
es in terrestrial vegetation and in the oceanic uptake of trace gases, as a
result of changes in the thermohaline circulation of the global ocean,
have caused major fluctuations in atmospheric carbon dioxide (+50
ppm) and methane (=150 ppb). Negative (positive) excursions are asso-
ciated with cold (warm) intervals. The changes in greenhouse gases
(CO, and CHy) and global temperatures are virtually coincident during
both glacial and interglacial transitions, so that there is no clear causative
agent. Both the long- term and rapid changes in atmospheric CO, seen in
polar ice cores seem to result from the combined effects of ocean and
land biological activity and ocean circulation shifts.
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Rates of change. Obviously, changes in climate resulting from
changes in the earth's geography through geological processes (e.g. po-
sition and size of ocean basins, continents and mountain ranges) are
only perceptible on time scales of millions of years. Although geo-
graphical changes have had immense paleoclimatic significance, they
are of less immediate concern to contemporary climatologists than the
radiative forcing agents. Radiative forcing agents affect the supply and
disposition of solar radiation. Solar radiation changes, like the non-
radiative forcing agents, are external inputs into the atmosphere-earth-
ocean-ice system but occur at a range of time scales from tens to hun-
dreds of thousands and, probably, millions of years. Thus solar radia-
tion is both a long-term and a short-term external forcing agent. Astro-
nomical forcings give rise to global temperature fluctuations of +2—-5°C
per 10,000 years. The timing of orbital forcing is also clearly represent-
ed in glacial-inter-glacial fluctuations with major glacial cycles span-
ning about 100,000 years (or 100 Ka). However, the most striking fact
to emerge from analysis of two recent deep ice cores in central Green-
land is the great rapidity of large changes in atmospheric temperature,
precipitation and aerosol levels, presumably as a result of major read-
justments of atmospheric circulation. The onset and termination of the
Younger Dryas cold episode 12,900-11,600 BP (before present), with a
switch from glacial to interglacial conditions and back again, apparently
occurred within a five-year time interval for both transitions!

Ynpaoicnenue 2.

[IpounTaiiTe cneayromme caoBa U ONPEAEIUTE UX COOTBETCTBUS
B PYCCKOM S3BIKE:
Combination, astronomical, volcanic, history, paradoxically, concentra-
tion, activity, minimum, position, configuration, episode, interval, peri-
od, rotation, aerosol, brilliant, demonstrate, result, negative, virtually.

Ynpaosicnenue 3.

Haiinute B Texcte Climate forcing and feedbacks cmosa ¢ cyd-
¢dukcamu ~tion, ~ment, ~ty, ~ness, ~ance, ~ence, ~sion. Onpexenure,
KaKOH 4acCThIO peYH OHU SBISIOTCS U YTO O3HAYAIOT.

Ynpasxcnenue 4.
B mpaBoii konoHke HaliUTe PYCCKUE DKBHUBAICHTHI CIEIYFOIIAX
AHTIIMHACKUX CIIOBOCOYETAHUI:
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. cloud cover
. time scale

. surface current
. ice age
. coal deposit

OO ~NO U WN P

. climate system

. mountain range

. desert conditions

. water vapour content

a. KJIMMaTHYeCcKask CHCTeMa

b. nenHuKOBBII TIEpHOA

C. YTOJIbHBIC OTJIOKEHHS

d. MOBEpXHOCTHOE TECUCHHUE

€. coJlepyKaHue BOJSHOTO Tapa
f. mycThIHHBIE YCIIOBUS

g. BpeMeHHo#i Macuitab

h. oGmaumsIii TOKPOB

I. TOpHBI XpebeT

Ynpaoicnenue 5.

3amonHATE, T/IE 3TO BO3MOXKHO, TaOJIHIly, BCTABUB HEOCTAIOIIHIE

JaCTH pCUHU.
V. n. adj. adv.
variability
demonstrate
radiative
approximately
cause
intensification
substantially

Ynpaoicnenue 6.

[IpounTaiiTe crnenyrone BoIpaKEHUS:
AD 1650-1700; 410,000 years; +50 ppm; CHy; 80%; 150 times.

Ynpaosxcnenue 7.

[TonGepuTe onpeieieHne K KaK/IOMY CIIOBOCOYETAHHIO.

. give rise

. drive home

. take place

. lie open

. put to the test
. gain ground

. run short

. take part

coO~NOoOO Ok~ WN B

a. IOIBEPraThCsI

b. ucneiTEIBaTHL

C. IPOJIBUTAThLCSI BIEPET

€ UCTOIAThCA

f. BBI3BIBATH

g. IPUHUMATh y94acTHE

h. yoexxaatbes B mpaBuIIbHOCTH (pakTa
i. UIMeTb MecTo

Ynpaoicnenue 8.

IlpounTaiiTe TEKCT U HAWAUTE B HEM OTBETHI Ha CIIEIYIOIIHE BO-

MIPOCBHIL:
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1. KakoBbI BHYTpEHHHUE KIMMAaTOOOpasytomiue (hakTopbl?

2. KakoBblI IOCIEICTBUS pOCTa TII00ATBHON TeMIepaTyphi?

3. KakoBa posb 00Ja9HOTO TIOKPOBa C TOYKH 3PCHHS MEXaHH3Ma 00-
paTHoO# cBs3n?

(KonTtponbHOE BpeMst — 7 MHHYT)

Short-term forcing and feedback

Internal radiative forcing agents are mainly those that involve
changes in atmospheric composition, cloud cover, aerosols and surface
albedo. Although subject to long-term changes, it is their susceptibility
to short-term anthropogenic changes that makes them of particular in-
terest to contemporary climatologists. The interactive relations between
short- term external solar radiative forcing and these internal radiative
forcing agents lie at the heart of the understanding and prediction of
short-term global climatic changes, through a complex set of feedback
mechanisms, which can be either positive (i.e. self-enhancing) or nega-
tive (i.e. self-regulating or damping).

Positive feedback mechanisms affecting global climate appear to
be widespread and to be particularly effective in response to tempera-
ture changes, which is a matter of especial current concern. Increases in
global temperature produce increases in atmospheric water vapour, in-
creases in plant respiration, decreases in CO, dissolved in the oceans,
and an increase in methane emissions from wetlands. All of these, in
turn, tend to increase the global concentration of greenhouse gases and,
hence, to increase global temperature further. Ice and snow cover is
involved in especially important positive feedback effects in that a
more extensive cover creates higher albedo and lower temperatures,
which, in turn, will further extend the ice and snow cover, producing
additional cooling. Conversely, a warming effect, which melts ice and
snow cover, decreases the surface albedo, allows the absorption of
more incoming solar radiation and leads to increased surface heating
and higher temperatures.

Unfortunately, negative feedback mechanisms appear to be much
less important in the face of short-term radiative forcing and it is im-
portant to understand that, for example, they can only reduce the rate of
warming but cannot, of themselves, cause global cooling. Cloud cover
is a particularly complex global feedback mechanism, producing both
positive and negative effects. For example, negative feedback may oper-
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ate when increased global heating leads to greater evaporation and great-
er amounts of high-altitude cloud cover, which will reflect more incom-
ing solar radiation and thus damp down the global temperature rise.

Ynpaoicnenue 9.

Bribepure u3 Texcra Short-term forcing and feedback 10-15 oc-
HOBHBIX, C TOYKH 3PEHHSI CMBICIIOBON HArpy3KH, CIIOB (KITIOUCBBIC CIIO-
Ba). OHpeZ[eJ'II/ITC, K KaKUM YacCTsAM pCUYU OHU OTHOCATCH.

Ynpaoicnenue 10.

[TepeBeaute Tekct nucbMenHo. (KoHTpombHOE Bpemst — 25 MUHYT)

Changes in climate involve factors both external to and within the
climate system. External ones include solar variability, astronomical ef-
fects on the earth's orbit, and volcanic activity. Internal factors include nat-
ural variability within the climate system, and feedbacks between the at-
mosphere, ocean and land surface. During the last century, human-induced
climatic change on local and global scales has become a reality, primarily
through changes in atmospheric composition and surface properties. Cli-
matic changes on geological time scales involve continental drift, vol-
canic activity and possible changes in solar output. Over the last few
million years, glacial-interglacial cycles appear to have been strongly
controlled by astronomical variations in the earth's orbit, although at-
mosphere-ocean-cryosphere feedbacks must also be involved in ampli-
fying the initial changes in solar radiation.

Possible causes of climatic change are examined from the point of
view of the global atmosphere-earth-ocean-ice system and with respect
to forcing and feedback mechanisms. Whereas longer-term changes are
probably due to astronomical forcing mechanisms, short-term changes
(i.e. the last 100 years) appear to be more obviously linked to anthropo-
genic factors. These are mainly changes in atmospheric composition,
including aerosol loading, depletion of ozone and destruction of world
vegetation. Natural and anthropogenic aerosol effects appear to be par-
ticularly important, but their net effect remains uncertain.

Ynpaoicnenue 11.
CocTaBbTe 5 00X BOIPOCOB K TEKCTY.

Ynpaoscnenue 12.
(ITapnas pabora) OTBeTbTE HA BOIPOCHI, COCTABJICHHBIE B yIIPaXK-
Henuu 11.
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Lesson 2
Ynpaoicnenue 1.
[Togymatite u mpuBeaute 10—15 cI0B, KOTOPEIE MOTYT BCTPETUTH-
c4 B Tekcre. [IpounTaiiTe u mepeBeIUTe TEKCT.

Anthropogenic factors of recent climatic change

The growing influence of human activities on the environment is
being increasingly recognized and concern over the potential for global
warming caused by such anthropogenic effects is growing. Four catego-
ries of climatic variable are subject to change and will now be consid-
ered in turn. Changes in atmospheric composition associated with the
explosive growth of world population, industry and technology have
led to drastic increases in the concentration of greenhouse gases. The
tendency of these increases is to increase radiative forcing and global
temperatures; the percentage apportionment of radiative forcing of
these greenhouse gas has increased since the preindustrial era, together
with the associated ranges of uncertainty and levels of confidence as-
signed to each factor. The radiative forcing effect of the minor trace
gases is projected to increase steadily. Up to 1960, the cumulative CO,
contribution since AD 1750 was about 67 per cent of the calculated
1.2W m™? forcing, whereas for 1980-90 the CO, contribution decreased
to 56 per cent, with CFCs contributing 24 per cent and methane 11 per
cent. For the entire period from AD 1765 to 2050, the CO, contribution
is projected to range from 4.15 W m™2, out of a 6.5 W m™ total (65 per
cent), for a 'business-as-usual' scenario to 2.6 Wm2, out of a 4.0 Wm™
total (65 per cent), if emission control policies are implemented rapidly.

The recent increase in global temperature forcing by the release of
CFCs is particularly worrying. Ozone, which at high altitudes absorbs
incoming short-wave radiation, is being dramatically destroyed above
25 km in the stratosphere by emissions of H,O and NOx by jet aircraft
and by surface emissions of N,O by combustion and, especially, of
CFCs. It is estimated that CFCs are now accumulating in the atmos-
phere five times faster than they can be destroyed by ultraviolet radia-
tion. Ozone circulates in the stratosphere from low to high latitudes and
thus the occurrence of ozone in polar regions is particularly diagnostic
of its global concentration. In October 1984, an area of marked ozone
depletion (the so-called 'ozone hole’) was observed in the lower strato-
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sphere (i.e. 12-24 km) centred on, but extending far beyond, the Antarc-
tic continent. Ozone depletion is always greatest in the Antarctic spring,
but in this year the ozone concentration was more than 40 per cent low-
er than that of October 1977. By 1990, Antarctic 0zone concentrations
had fallen to about 200 Dobson units in September-October, compared
with 400 units in the 1970s. In the extreme years (1993-5), record mini-
ma of 116 D.U. have been recorded at South Pole. It has been estimated
that, because of the slowness of the global circulation of CFCs and of its
reaction with ozone, even a cut in CFC emissions to the level of that in
1970 would not eliminate the Antarctic ozone hole for at least fifty years.

The role of tropospheric aerosols in climate forcing and the magni-
tude of such effects are poorly known. There are four key aerosol types
and these have a variety of effects:

1 black carbon — absorbs solar radiation; changes the vertical tem-
perature gradient,

2 water-soluble inorganic species (SO, NO3, NH, - backscatter of
direct beam solar radiation, indirect effect of CCN on cloud albedo and
cloud droplet lifetime.

3 condensed organic species — as (2)

4 mineral dust — as (1), (2) and absorption/ emission of infrared ra-
diation.

The global mean forcing exerted by the principal aerosols is as follows:

sulphate aerosols — 0.6 W m™,

biomass burning aerosols — 0.8 W m™.

mineral dust — 1.0 W m™2

However, it should be emphasized that about 88 per cent of the to-
tal aerosols input is of natural origin. The indirect effects of cloud con-
densation nuclei (CCN) from anthropogenic sources are undetermined.
Nevertheless, a £15 per cent change of CCN within marine stratus
clouds, which cover about 25 per cent of the earth, could change the
global energy balance by + 1 W m™.

Indirect anthropogenic factors, such as increasing population pres-
sures leading to overgrazing and forest clearance, may increase deserti-
fication which also contributes to the increase of wind-blown soil. The
'dust-bow!" years of the 1930s in the United States and the African Sa-
hel drought in the 1970s were observed. Evidence from the Soviet Un-
ion shows a sharp rise in dust-fall on mountain snow-fields from 1930s
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to 1960s, and atmospheric turbidity increased by 57 per cent over
Washington, DC, over the period 1905-64, and by 85 per cent over Da-
vos, Switzerland (1920-58). The presence of particles in the atmosphere
increases the backscateer of short-wave radiation, thereby increasing
the planetary albedo and causing cooling, but the effect on infrared ra-
diation is one of surface warming. The net result is complicated by the
surface albedo. Man-made aerosols cause net warming over snow and
ice and most land surfaces, but cooling over the oceans, which have a
low albedo. Natural aerosols probably cause general cooling. The over-
all effect on global surface temperature remains uncertain.

Changes in surface albedo occur naturally with season, hut climat-
ic forcing is also caused by anthropogenic vegetation changes. Human
effects on vegetation cover have a long history. Deliberate burning of
vegetation by Aborigines in Australia has been practised for perhaps
40,000 years. However, significant deforestation began in Eurasia dur-
ing Neolithic times (c. 5000 BP), as evidenced by the appearance of
agricultural species and weeds. Deforestation expanded in these areas
between about AD 700 and 1700 as populations slowly grew, but it did
not take place in North America until the westward movement of set-
tlement in the eighteenth and nineteenth centuries. During the last half-
century extensive deforestation has occurred in the tropical rainforests
of South-east Asia, Africa and South America. Estimates of current
tropical deforestation suggest losses of 10° km*/year, out of a total trop-
ical forest area of 9 - 10° km? This annual figure is more than half the
total land surface at present under irrigation and twice the annual loss
of marginal land to desertification. Forest destruction causes an in-
crease in albedo of perhaps 10 per cent locally, with consequences for
surface energy and moisture budgets. However, the large-scale effect of
deforestation in temperate and tropical latitudes on global surface albe-
do is estimated to be <0.001. It should also be noted that deforestation
is difficult to define and monitor; it can refer to loss of forest cover with
complete clearance and conversion to a different land use, or species'
impoverishment without major changes in physical structure. The term
desertification, applied in semi-arid regions, creates similar difficulties.
The process of vegetation change and associated soil degradation is not
solely attributable to human-induced changes but is triggered by natural
rainfall fluctuations.
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Ynpaosrxcnenue 2.
OTBeThTE Ha CIEAYIONIUE BOIPOCHL:

Lo

KakoBbI MpUYUHBI pa3pymIeHUsT 030HOBOTO CIIOS 3eMITH?

2. KakoBa posb arMocepHBIX a3po30jieit B U3MEHEHHH TI00aIbHOTO

KiIuMmara?

~ow

TapHOTO aNKoen0?
5. Kakum o0pa3oM BbIpyOKa JIecOB BIHSAET HA KIUMAT?

Ynpaoicnenue 3.
Hatinute B TeKCTEe TEPMUHBI, COOTBETCTBYIOIIUE CICAYIONINM BhI-

KakoBbI KOCBEHHBIE aHTPOIIOTCHHBIC (HaKTOPHI?
C 4eM CBS3aHO aHTPONOTEHHO-OOYCIOBIICHHOE M3MEHEHHE IIIaHe-

AXKCHUSAM.
acknowledge clearly still destruct
possible trend however by changing
make up changeable result in

Ynpaoicnenue 4.
CroBaM B JIeBOH KOJIOHKE MOAOEPUTE aHTOHUMBI B IPABOH KOJIOHKE.

. warming
. rapidly
high

. destroy

. beyond

. presence
. reduce

. without

O~NO A WN R

a. low

b. within
c. expand
e cooling
f. absence
g. with

h. slowly
i. create

Ynpaosxcnenue 5.
[lepeBenuTe ciaenyromuye clioBa HA PYCCKUMN SI3BIK.

increasingly | so-called | should last since
each even indirect twice always
particularly | at least thereby solely perhaps

Ynpaoicnenue 6.
W3 cnoB B mpaBoit U JIEBOM KOJOHKE O0pa3yuTe IEMOYKH CyIIe-

CTBUTCJIbHBIX.
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world forcing

surface budget
ozone fluctuation
climate population
forest cover
vegetation depletion
moisture emission
rainfall clearance

Ynpaoicnenue 7.
HpOQHTaﬁTC CHGZ[yIOHlI/IC BBIpa)KeHI/ISI
1750, 1.2 W m2, the 1970s, 9-10° km 2, 5000BP.

Ynpaosxcuenue 8.
[Mpouwnraiite Tekct. (KOHTpOIBEHOE BpeMsi — 7 MUHYT)

Circulation changes

Tile immediate cause of the recent climatic fluctuations appears to
be the strength of the global wind circulation. The first thirty years of
last century saw a pronounced increase in the vigour of the westerlies
over the North Atlantic, the north-east trades, the summer monsoon of
South Asia and the southern hemisphere westerlies (in summer). Over
the North Atlantic, these changes consisted of an increased pressure
gradient between the Azores high and the Icelandic low, as the latter
deepened, and also between the Icelandic low and the Siberian high,
which spread westwards. These changes were accompanied by more
northerly depression tracks, and this resulted in a significant increase in
the frequency of mild south-westerly airflow over the British Isles be-
tween about 1900 and 1930, as reflected by the average annual fre-
quency of Lamb's westerly airflow type. For 1873-97, 1898-1937,
1938-61 and 1962-95 the figures are 27, 38, 30 and 21 per cent, respec-
tively. Coinciding with the westerly decline, cyclonic and anticyclonic
types increased substantially. The decrease in westerly airflow during
the last thirty-year interval, especially in winter, is linked with greater
continentality in Europe. These regional indicators reflect a general de-
cline in the overall strength of the mid-latitude circumpolar westerlies,
accompanying an apparent expansion of the polar vortex.
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Global climate is closely related to the position and strength of the
subtropical high-pressure cells. It has been estimated that a warming of
the Arctic tropopause (winter +10°C; summer +3°C; annual +7°C),
without changing equatorial or Antarctic temperatures, would cause an
annual shift of the subtropical high-pressure belt from its present aver-
age position of 37°N to 41-43°N (i.e. some 100-200 km in summer but
as much as 800 km in winter). This would bring drought to the Mediter-
ranean, California, the Middle East, Turkestan and the Punjab, as well
as displacing the thermal equator from 6°N to 9-10°N, increasing the
desertification in the belt 0-20°.

Ynpaoicnenue 9.
OTBeTbTe Ha CIEAYIOIIUE BOIPOCH], HCXOAS W3 WHPOPMALUH
B TEKCTE!
1. Yrto sBisieTcs HEMOCPEACTBEHHOW NMPUYMHOW COBPEMEHHBIX KOJe-
Oanuii knmumara?
2. Kak u3MEeHUINCH TPaeKTOPHH [IUKIOHOB?
3. Kaxkwue ueptsl mproOpen kimumar B EBporie?
4. Kakue u3MeHEHMs NPOM3OLLIM B HMUPKYMIOJSPHOM 3aIlaJHOM Iie-
pEeHOCE CPEeHUX LIMPOT U MOJISIPHOM BHXpe?

Ynpaoicnenue 10.
BrinumuTe 10 KIH0YEBBIX CIOB U3 TEKCTA B YIPAXKHEHUH .

Ynpaoicnenue 11.
[MTucsmenHo nepeseanTte Tekct. (KoHTpoiabHOe Bpems — 35 MUHYT)

Energy budgets

The key to these atmospheric variations must be linked to the heat
balance of the earth-atmosphere system and this addresses us to the
fundamental energy considerations.

The evidence for fluctuations greater than 0.1 per cent in the 'solar
constant' is inconclusive, although significant variations apparently do
occur in the emission of high-energy particles and ultraviolet radiation
during brief solar flares. All solar activity follows the well-known cycle
of approximately eleven years, which is usually measured with refer-
ence to the period between sunspot maximum and minimum, but nu-
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merous attempts to establish secure correlations between sunspot activi-
ty and terrestrial climates have produced mostly negative results. Nev-
ertheless, a statistical relationship has been found between the occur-
rence of drought in the western United States over the last 300 years
and the approximately 22-year double (Hale) cycle of the reversal of
the solar magnetic polarity. Drought areas are most extensive in the two
to five years following a Hale sunspot minimum (i.e. alternate eleven-
year sunspot minima).

Changes in atmospheric composition may also have modified the
atmospheric heat budget. The presence of increased amounts of volcan-
ic dust and sulphate aerosols in the stratosphere is one suggested cause
of the 'Little Ice Age'. Major eruptions can result in a surface cooling of
perhaps 0.2°C for a few years after the event. Hence, frequent volcanic
activity would be required for persistently cooler conditions. Converse-
ly, it is suggested that reduced volcanic activity after 1914 may have
contributed in part to the early twentieth-century warming. New interest
in this question has been aroused by eruptions of ElI Chichon (March
1982) and Mount Pinatabo (June 1991). It has been estimated that huge
volcanic eruptions such as these, can, during a decade, produce a forc-
ing effect on global temperature about one-third as great as that exerted
by greenhouse gases - but in the opposite direction (i.e. to produce sur-
face cooling). The role of low-level aerosols is also complex. These
originate naturally, from wind-blown soil and silt for example, as well
as from atmospheric pollution due to human activities (industry, do-
mestic heating and modern transportation).
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bnok 6
ENVIRONMENTAL IMPACTS OF CLIMATE CHANGE

Lesson 1

Ynpaoicnenue 1.

[IpounTaiiTe 3aroJIOBOK MPUBOJUMOI0 HUXKE Tekcta. [lomymaiire,
0 9YeM B HEM MOXET uaTu pedb. [IpuBemure 10—15 coB, KOTOpBIE MO-
ryT, ¢ Baiei Touku 3peHus, BCTPETUTHCS B TEKCTE.

[IpounTaiiTe U mepeBeIUTE TEKCT.

Sea level changes

The mechanisms influencing sea level over the globe are extreme-
ly complex. Present sea level is not easy to define, estimates of sea lev-
els over the past 100 years are difficult to make, and predictions over
the next 100 years are highly speculative. Sea level changes are influ-
enced by the following mechanisms (those of short time scales — i.e.
tens of years-italicized);

1 Changes in ocean water mass — e.g. exchanges with glaciers;
changes in the atmosphere-earth-ocean-ice-water distribution.

2 Changes in ocean water volume — e.g. thermal expansion and
contraction; salinity changes; changes in atmospheric pressure.

3 Changes in earth crustal levels.

(a) Tectonic — e.g. rise of ocean ridges; sea-floor subsidence; plate
movements.

(b) Isostatic — e.g. tectonic loading; ice and water loading.

4 Changes in the global distribution of water

(a) Terrestrial rotation effects.

(c) Global axis changes.

(d) Terrestrial gravity variations.

(e) Changes in the attraction of sun and moon.

(f) Changes in the velocity of ocean currents.

Over the past 100 years, the general global sea level has risen by
10-25 cm or more, accelerating during the century. This rise has been
attributed proportionately to the following causes:

1 Thermal expansion of ocean waters (2—7 cm; i.e. possibly 50 per
cent or more). This is difficult to estimate due to lack of knowledge
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regarding oceanic circulations, such that estimates vary from 30 to 60
per cent.

2 Glacier and small ice cap melting (2-5 cm; i.e. possibly 30 per
cent). Estimates of this contribution to sea level rise go as high as 48
percent.

3 Greenland ice cap melting (very indeterminate). This could be
as great as 25 per cent and as little as 5 per cent.

4 Antarctic ice sheet melting. This is very uncertain; the Antarctic
ice sheet is a large and complex system with its own internal mecha-
nisms and a mass balance that changes slowly. Some workers believe
the balance is positive, which would offset sea level rise. This source
has probably not yet contributed greatly to the global sea level rise but
may do so in the future.

Uncertainties regarding sea level rise are still considerable, mainly
because of our lack of knowledge concerning the behavior of the large
ice sheets, especially Antarctica. There is even the possibility that in-
creased global warming may introduce a tendency for sea level to fall
because of increased snow accumulation rates in high latitudes. Anoth-
er outside possibility is that a rise in sea level might cause the West
Antarctic ice sheet to be buoyed up and melt bodily (not just around the
edges, as in the past) and cause a further catastrophic sea level rise but
spread over several hundred years. Final considerations are the possible
effects of extreme sea level events (such as tides, waves and storm
surges), but these are extremely difficult to predict.

Ynpaosicnenue 2.

[IpouunTaiiTe crenyrouIue CIIOBa U ONPEIACIUTE UX COOTBETCTBUSA
B PYCCKOM S3BIKE:
Mechanism, globe, complex, thermal, crustal, tectonic, effect, gravity,
proportionately, circulation, contribution, sheet, system, balance, posi-
tive, tendency, accumulation, catastrophic, final, extreme, storm.

Ynpaosrcnenue 3.

Kakue yactu peun 0003HAYalOTCS B CIOBAPSAX CICIYIOIIUMHU CO-
KpallleHUSIMM.

v., adv., n., adj., conj., num., part., prep., pron.?
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Ynpaosrxcnenue 4.

Onpe):[eJmTe, K KaKMM 49acCTAM p€UU OTHOCATCA CICAYIOIIHC CJIOBA,
HaAImUImMuTE COOTBETCTBYIOIIUC AHTJINMCKHUE COKpalll€HusA OJIA Ka)XI0Io

13 HUX.

Global, first, distribution, of, behavior, that, to, and, greatly, are, con-

tributed, hundred, vary.

Yunpaoicnenue 5.

HalimuTte B TekcTe mpUMephl 3TUX YacTel peuu.

V. n. adj.

adv. num. prep. part.

Ynpaoicnenue 6.

OO0pasyiite npuyactus 1 ¥ 2 poja U3 CIEAYIOUIMX TJ1aroJioB.
Haiinure npuMepbl TAKUX NPUYACTUNA B TEKCTE U3 YIPaKHEHUS 1.
Define, make, offset, introduce, fall, cause, spread, predict.

Ynpaoicnenue 7.

B npaBoﬁ KOJIOHKEC HaﬁILHTe PYCCKHUC 3KBUBAJICHTHI CJIICAYIOIINX

aHTIIMHACKUX CIIOBOCOYETAHHI:

. sea level rise

. thermal expansion

. mass balance

. global warming

. atmospheric pressure
. complex system

. plate movement

. global axis

. sea-floor subsidence

OCoO~NOUTREWN P

a. JIBIDKCHUE TEKTOHUYECKHUX ILTUT
b. cnoxHas cucrema

C. OITyCKaHHE MOPCKOTO JIHA

d. moxbeM ypoBHs MOps

€. baxaHc Macchl

f. 3emHas och

g. atMocepHOe TaBieHIe

h. reroBoe pacimpenue

i. T7100aJIbHOE MOTETUICHHE

Ynpaoicnenue 8.

HpquTaﬁTe TCKCT U HaﬁHHTe B HCM OTBCTBI Ha CICAYIOMIUC BO-

MIPOCHI:

1. 'me HaxosTCS OCHOBHBIE 3aI1achl yriiepoa?
2. KakoBa pojib OKeaHOB B INI00JILHOM YIJICPOIHOM ITUKIIC?
3. Iloyemy poOCT KOHIIEHTpaLMH YIJIEKHCIOrO ra3a B armocdepe He
00513aTeNTFHO TPUBEIET K YBETHMUSHHIO TPOM3BOJUTENLHOCTH OKeaHa?
(KonTtposbHOE BpeMst — 5 MUHYT)
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The oceans and the global carbon cycle

The oceans play a key role in the global carbon cycle. Photosyn-
thesis by phytoplankton generates organic compounds of aqueous car-
bon dioxide. Eventually, some of the biogenic matter sinks into deeper
water, where it undergoes decomposition and oxidation back into car-
bon dioxide. This process transfers carbon dioxide from the surface
water and sequesters it in the ocean deep water. As a consequence, at-
mospheric concentrations of CO, can be maintained at a lower level
than otherwise. This mechanism is known as a ‘biologic pump'; long-
term changes in its operation may have caused the rise in atmospheric
CO; at the end of the last glaciation. Ocean biomass productivity is lim-
ited by the availability of nutrients and by light. Hence, unlike the land
biosphere, increasing CO, levels will not necessarily affect ocean
productivity; inputs of fertilizers in river runoff may be a more signifi-
cant factor. In the oceans, the carbon dioxide ultimately goes to produce
carbonate of lime, partly in the form of shells and the skeletons of ma-
rine creatures. On land, the dead matter becomes humus, which may
subsequently form a fossil fuel. These transfers within the oceans and
lithosphere involve very long time scales compared with exchanges
involving the atmosphere.

Ynpaosicnenue 9.

Bei6epure u3 tekcra The oceans and the global carbon cycle 10—
15 OCHOBHBIX, C TOYKH 3PEHUS CMBICIIOBOW HATPY3KH, CIIOB (KIFOUYEBHIE
cioBa). Onpenenure, K KaKUM 4acTsSM Pedrd OHU OTHOCSITCSI.

Ynpaoicnenue 10.
[TepeBeaute Teket nucbMenHo. (Kontponbaoe Bpemst — 30 MUHYT)

The oceans and atmospheric regulation

The atmosphere and the surface ocean waters are closely connect-
ed both in temperature and in CO, concentrations. The atmosphere con-
tains less than 1.7 per cent of the CO,, held by the oceans, and the
amount absorbed by the surface ocean water rapidly regulates the con-
centration in the atmosphere. The absorption of CO, by the oceans is
greatest where the water is rich in organic matter or where it is cold.
Thus the oceans are capable of regulating atmospheric CO,, of chang-
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ing the greenhouse effect and of contributing to climate change. The
most important aspect of carbon cycle linking atmosphere and ocean is
the difference between the partial pressure of CO, in the lower atmos-
phere and that in the upper oceanic layer. This results in atmospheric
CO, being dissolved in the oceans and in some of this being subse-
quently converted into particulate carbon, mainly through the agency of
plankton, ultimately sinking to form carbon-rich deposits in the deep
ocean as part of a cycle lasting hundreds of years. Thus two of the ma-
jor effects of ocean surface warming would be to increase its CO, equi-
librium partial pressure and to decrease the abundance of plankton.
Both of these effects would tend to decrease the oceanic uptake of CO,
and therefore to increase its atmospheric concentration, thereby produc-
ing a positive feedback (i.e. enhancing) effect on global warming.
However, the operation of the atmosphere-ocean system is sufficiently
complex that, for example, global warming may so increase oceanic
convective mixing that the resulting imports of cooler water and plank-
ton into the surface layers might exert a break (i.e. negative feedback)
on the system warming.

Ynpaoscuenue 11.
CocraBbTe 5 00IIMX BOMPOCOB K TeKCTy The oceans and atmos-
pheric regulation.

Ynpaoicnenue 12.

(ITapnas paborta) OTBEThTE Ha BOIPOCHI, COCTABJICHHBIC B yIIPaX-
Henuu 11.
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Lesson 2

Ynpaoicnenue 1.

[TonpiTaliTech BCIOMHHUTH, YTO BaM HM3BECTHO O BIMUSHUM TJIO-
0aJILHOTO MOTETIJICHHUS HA CHEYKHBIN U JICOBBINA MMOKPOB 3EMITH.

[Tomgymatite n mpuBeante 10—15 ca0B, KOTOPBIE MOTYT BCTPETUTh-
Csl B TEKCTE.

[IpounraiiTe 1 nepeBeIUTE TEKCT.

Snow and ice

The effects of the twentieth-century climate change on global
snow and ice cover are apparent in many ways, but the responses differ
widely as a result of the different factors and time scales involved.
Snow cover is essentially seasonal, related to storm system precipita-
tion and temperature levels. Sea ice is also seasonal around much of the
Antarctic continent and the marginal seas of the Arctic Ocean, but the
central Arctic has thick multi-year ice. Seasonal (or first-year) ice
grows and decays in response to ocean surface temperature, radiation
balance, snowfall and ice motion due to winds and currents. The loss of
multi-year ice from the Arctic is mainly through ice export. Glacier ice
builds up from the net balance of snow accumulation and summer melt
(ablation), but glacier flow transports ice towards the terminus, where it
may melt or calve into water. In small glaciers the ice may have a resi-
dence time of 10s-100s of years, but in ice caps and ice sheets this in-
creases to 10°-10° years.

In the twentieth century there was a rapid retreat of most of the
world's glaciers. Glaciers in the North Atlantic area retreated during the
1920s to the mid-1960s and since 1980, due largely to temperature in-
creases, which have the effect of lengthening the ablation season with a
corresponding raising of the snowline. In the last 10-15 years the freez-
ing level in the troposphere has risen in the inner tropics by 100-150m,
contributing to rapid ice loss on equatorial glaciers in East Africa and
the northern Andes. Also in the last decades or so, some glaciers in
maritime climates (western North America and Scandinavia) have
shown advances, due to heavier snowfalls during warmer winters. Ma-
jor alpine glaciers in many areas of the world have lost mass and shrunk
since the late nineteenth century, whereas smaller ones show short-term
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fluctuations in response to climatic variability. Projections for AD 2050
suggest that one quarter of the present glacier mass may disappear.

Another tendency illustrating world warming is the retreat of Arc-
tic sea ice. Ports in the Arctic remained free of ice for longer periods
during the 1920s — 50-s for example. This trend was reversed in the
1960-s~70-s, but since the late 1980-s the summer extent of Arctic ice
has decreased, with large reductions, particularly in the Eurasian Arctic,
in 1990, 1993 and 1995. There appears to be no general trend in Ant-
arctic ice extent, although comprehensive records began only with all-
weather satellite coverage in 1973. Sea ice in both polar regions is ex-
pected to shrink and thin with continued warming, but modelling of
these processes remains rudimentary.

Major iceberg calving events have occurred along the Ross Ice
Shelf and on the Larsen Ice Shelf of the Antarctic Peninsular, but the
causes of such calving are more related to the long history of the ice
shelves and ice dynamics than to recent climate trends.

Snow cover extent shows perhaps the clearest indication of a re-
sponse to recent temperature trends. Northern hemisphere snow cover
has been mapped by visible satellite images since 1966. Compared with
the 1970s—mid-1980s, annual snow cover since 1988 has shrunk by
about 10 per cent. The decrease is most pronounced in spring and is
well-correlated with springtime warming. Winter snow extent shows
little or no change. Nevertheless, annual snowfall in North America
north of 55° increased during 1950-90. Much work remains to be done
to analyse station snowfall and snow depth records for other countries,
particularly since these variables are difficult to measure and the design
of gauges and wind shields has changed through time. Scenarios for
AD 2050 suggest a shorter snow cover period in North America, with a
decrease of 70 per cent over the Great Plains. In alpine areas, snow
lines will rise by 100-400m, depending on precipitation.

Ynpaosrcnenue 2.
OTBeThTE Ha CIEYIONIUE BOMIPOCHI:
1. What does seasonal ice cover depend upon?
2. Have the world's glaciers moved forward or backward during the
last two centuries?
3. How much has the freezing level in the troposphere in the inner
tropics risen by?
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8.
9.

How much of the present glacier mass might have disappeared by

20507

How long were ports in the Arctic free of ice in different periods of

the XX century?

When did records of Antarctic ice extent begin?

What are the trends of sea ice in the polar regions like?

How long has northern hemisphere snow cover been mapped?

Did annual snowfall in North America north of 55° go up or down

in the middle of the XX century?

10. What are the prospects of snow cover in North America for 2050?

Ynpaoicnenue 3.
HaiimuTe B TekcTe TEPMHUHBI, COOTBETCTBYIOIINE CIEAYIOIIAM BbI-

paXkKEeHUsM.
broadly go back quick going up and
rainfall thanks to go up change direction
summer melt become longer  ten years opposite

reduce carry mountain (adj.) every year

Ynpaosxcnuenue 4.
Jlo6aBbTe 0HO MK O0JIee CIIOB B KAKIYIO TPYIIILY.

all-weather satellite  multi-year XX century climate
snow cover snow depth iceberg calving
ocean surface storm system northern hemisphere snow

Ynpaoicnenue 5.
IlepeBenuTe cneayrOMIKe CI0BA HA PYCCKUH S3BIK.

through perhaps also around since
although/though | nevertheless | as well as | about over
particularly whereas which therefore | such/so

Ynpaoicnenue 6.
W3 crnoB B mpaBoii U JeBOW KOJIOHKE 00pa3yiTe IETOoYKH CyIe-

CTBUTCIIbHBIX.
ice images
snow surface
satellite range
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temperature loss

summer cover
springtime flow
glacier melt
ocean advances

Ynpaoicnenue 7.

BCTaBLTe MOPOIMYIICHHBIC 6yKBLI B MNPUBCACHHBIC HUKC CJIOBA U3
TEKCTa.
- - nt- bu- e, r - co~s, -ncr--se, -aus-, c-r-e-t, r- - r- a t, -ar-t-me, -e-gt-en,
s-r-nk, -cc--, -lu--ua--on, re--in, m-a-ur-.

Yunpaoicnenue 8.
[IpounTaiiTe crnenyronue BIpaKEHUS:
1989, 40°S, 107, the 1920s, 75%, IA, Va, 0.25.

Ynpaosxcuenue 9.

BcTaBbTe B MPOIMYCKH B TEKCTE MOAXOIAIINE CIoBa: contributes,
although, those, frozen, a little, level, dissolved, reflecting.

Glaciers and ice sheets both affect and are affected by changes in
Earth's climate.

They are fresh-water reservoirs that change volume in
response to changesin temperature and snowfall. Were the ice sheets in
Greenland and Antarctica to melt entirely, global sea would rise about
75 meters.

__ great polar ice sheets also contribute to the formation of
cold salty sea water that sinks to fill the deep ocean. When the ice
forms, it uses only water; the salts are left behind, increasing the water
salinity. Ice and snow play a role in the global energy balance by

from 60 to 90 per cent of the solar radiation they receive.

On a scale more relevant to peoples' daily lives, the seasonal melt-
ing of mountain glaciers to summertime river flow and to the ongoing
sea level rise.

Today permanent ice covers less than 10 per
cent of Earth's land surface, yet contains almost 87 per cent of its fresh
water. glaciers and ice caps make up less than 1 per cent of
Earth's terrestrial ice volume, their small size allows them to respond
rapidly to climate change.
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Ynpaosicnenue 10.
IIpounraiite Tekcr 3a 10 MUHYT M THepenaiite ero coiepxaHue
MaKCHUMAaJIBHO TTOIPOOHO.

Human influences

Human influences can alter soil water conditions in a large number
of ways, ranging from irrigation schemes, which considerably increase
the amount of water entering the soil, to the construction of large im-
permeable surfaces in urban areas, which prevent water from infiltrat-
ing into the soil. These effects describes in engineering and agricultural
texts. Accordingly, only a brief account of a few examples given below.

Agricultural practices have the most widespread effect on soil wa-
ter conditions. Irrigation and artificial drainage are used throughout the
world as a means to increase crop production. Agricultural drainage
schemes comprise open ditches or surface pipes. These are deeper and
closer together than the natural stream channels, so increasing the hy-
draulic gradient in the soil and lowering the water table more rapidly
between storms than would otherwise occur. A detailed account of the
distribution and purpose of field drainage in England and Wales, the
most intensively drained part of Europe, was given by Robinson and
Armstrong.

Tillage and cultivation operations may also alter the movement
and distribution of soil water. Ploughing increases the pore spaces in
the upper soil and may encourage lateral flow in the topsoil, with less
downflow into the subsoil. It is showed by tracer studies that ploughing
disrupts the vertical continuity with pores in the soil below. Infiltrating
water is found to penetrate to greater depths on land that had not been
ploughed.

A change in agricultural land use from grassland to arable crop-
ping may also affect interception and evaporation losses, especially if
the arable farming leaves the soil bare at times of the year. Heavy rain-
fall on land with little vegetation cover may lead to crusting and sealing
of the soil surface, reducing infiltration. Forestry may have a large ef-
fect on interception and evaporation losses, causing soils under trees to
be much drier than under other types of vegetation. In areas where the
natural water table is close to the ground surface, groundwater abstrac-
tion may lower the water table, causing significant drying of the soil
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and a reduction in plant growth. The most extreme case of human influ-
ence on soil water conditions, however, perhaps is found in areas of
steep topography, where deforestation and bad farming practices lead to
accelerated erosion and may, in severe cases, ultimately result in the
complete destruction of the soil.

Ynpaoicnenue 11.
[MucemenHo nepeBenute TekcT. (KoHTpombHOE Bpemst — 25 MUHYT)

Hydrology

The difficulties of deducing the possible effects of climate change
on hydrological regimes stem from attempts to adapt the essentially
large-scale climatic predictions derived from General Circulation Mod-
els to the smaller catchment scales appropriate to hydrological model-
ling; from errors in the climatic and hydrological data; and from con-
verting climatic inputs into hydrological responses.

The climatic change predicted by current modelling may be ex-
pected to lead to:

1. A more vigorous world hydrological cycle.

2. More severe droughts and/or floods in some places and less severe
ones in others.

3. An increase in precipitation intensities with possibly more extreme
rainfall events.

4. Greater hydrological effects of climate change in drier areas than in

wetter ones.

An increase in overall potential evapotranspiration.

An increase in the variability of river discharges along with that of

rainfall.

7. A shift of runoff peak times from spring to winter in continental
and mountain areas if snowfall decreases.

8. The greatest falls in lake water levels in dry regions with high evap-
oration.

The implication that the hydrological impacts of climate change
will be greatest in currently arid or semi-arid regions may well mean
that the more severe runoff events there will be particularly destructive
in terms of soil erosion.

oo
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Lesson 3
Ynpaoicnenue 1.
[IpounTaiiTe U mepeBeIUTE TEKCT.

Vegetation

An increase in CO,, may he expected to enhance global plant
growth up to a saturation value of possibly around 1,000 ppmv, when a
saturation limit may be reached. However, deforestation could decrease
the biosphere's capacity to act as a carbon sink. A sustained increase of
only 1°C can cause considerable change in tree growth, regeneration
and species extent. Species migrate only slowly but, eventually, exten-
sive forested areas may change to new vegetation types, and it has been
estimated that 33 per cent of the present forest area could be affected,
with as high as 65 per cent of the boreal zone being subject to change.
Alpine tree lines appear to be quite resistant to climatic fluctuations.
However, surveys of plant species on peaks in the European Alps indi-
cate an upward migration of alpine plants by 1-4 m per decade during
this century.

Tropical forests are likely to be affected more by human deforesta-
tion than by climate change. However, decreases of soil moisture are
particularly destructive in hydrologically marginal areas. In the Ama-
zon, climatic predictions support the idea of increased convection, and
therefore of rainfall, in its western equatorial portion, where present
rainfall is most abundant. Because of the particularly high temperature
rises predicted for the high northern latitudes, boreal forests are ex-
pected to be strongly affected by their advance northwards into tundra
regions. This may produce the positive feedback effect of further re-
gional warming because of the lower albedo of forests during the show
season. Climate change over the next 100 years may be expected to
exert the least changes on temperate forests.

Wetlands at present cover 4-6 per cent of the land surface, having
been reduced by human activities by more than half during the past
century. Climate change will affect wetlands mainly by altering their
hydrological regimes. Although general predictions are difficult to
make, it is believed that eastern China, the USA and southern Europe
will suffer a natural decline in the area of wetlands during the next cen-
tury, decreasing the methane flux to the atmosphere.
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Drier regions may be expected to be more profoundly affected
than wet ones. Rangelands (including grasslands, shrublands, savannas,
hot and cold deserts, and tundra) occupy 51 per cent of the terrestrial
land surface, contain 36 per cent of the world's total carbon in their bi-
omass and support half the world's livestock. The lower-latitude range-
lands are most at risk both because an increase in CO, (increasing the
carbon/nitrogen ratio) will decrease the nutrient value of forage and
because the increasing frequency of extreme events will cause environ-
mental degradation. Most deserts are likely to become better and not
significantly wetter, increases in rainfall being generally associated
with increased storm intensity. Greater wind speeds and evaporation
may be expected to increase wind erosion, capillary rise and saliniza-
tion of soils. Central Australia is one of the few places where desert
conditions may improve.

It is obvious from the foregoing that a major effect of climate
change involving global warming is that desiccation and soil erosion
will increase in currently semi-arid regions, rangelands and savannas
adjacent to the world's deserts. This will increase the current rate of
desertification, which is proceeding at six million hectares per year partly
due to high rainfall variability and partly to unsuitable human agricultural
activities such as overgrazing and over-intensive cultivation.

Ynpascuenue 2.

[IpounTaiiTe cnenyromue ClIOBa U ONPENEIUTE X COOTBETCTBHS
B PYCCKOM SI3BIKE:
regeneration, type, extensive, migration, idea, tundra, regional, season,
human, hydrological, regime, natural, biomass, risk, degradation, inten-
sity, erosion, salinization, effect, hectare, agricultural, cultivation.

Ynpaoicnenue 3.

3amnoaHuTe TaGJ’II/II_Iy, o6pa30BaB HCAOCTAOIINEC YaCTHU PCUU.

V. n. adj. adv.
increase
particularly
suggest
response
relate
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Ynpaosicnenue 4.

B npaBoii KoJOHKE HAWAWTE PYCCKUE SKBUBAICHTHI CIEIYIOUIUX
AHIIMIACKUX CIIOBOCOYETAHMIA 3 TekcTa Vegetation:

. saturation value

. considerable changes
. climatic fluctuation

. more then half

. mainly

. semi-arid region
. current rate

. temperate forests
10. however

11. because of

OCoO~NO O WN -

. environmental degradation

. TIONTY3aCYIIJIUBBIA PETHOH
. TIIaBHBIM 00pa3zom
COBpPEMEHHAsI CKOPOCTb
YpOBEHb HACHIIIEHUS
3HAYUTEILHBIC U3MEHCHHS
Jieca yMEPEHHOM 30HbBI
n3-3a

Jlerpaganusi OKpyaromei cpeipl
OJTHAKO

j. KoebaHus KImMara

K. 6ostee OTOBHHBI

—SQ@heoo o

Ynpaosxcnenue 5.

CocraBbTe 5 BOIIPOCOB K MepBOMy ab3airy Tekcta Vegetation.

Ynpaoscuenue 6.

(Iapuast pabora) OTBEThTE Ha BOMPOCHI B YIPAKHEHUH 6.

Ynpaosxcnenue 7.

Hatinute mojiexaiiiee B KaKI0M MPEAJIOKEHUM BTOPOro ad3ara

tekcTa Vegetation.

Ynpascuenue 8.

BcTaBpTe COOTBETCTBYIOLIMI Opeajior U HO,I[66pI/ITe OlpeAecIeHnE
K Kakaomy cioBy: upon off from in out for on over.

1. carry ... a. 3aBHUCETh OT

2 depend ... b. mpomosmkath
3.g0... C. OBITh CJIEJICTBHEM
4. look ... €. IpeoJIoJIeBaTh

5. result ... f. uckarn

6. give g. B3JI€TATh

7. take h. yerynare

8. get i. BBIITOJTHATD
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Ynpaosicnenue 9. llpountaiiTe TEKCT M HaWAWTE OTBETHI Ha CIEAY-
torue Borpockl. (KoHTponbHOE BpeMs — 7 MUHYT):

1. KakoBbl Ba OCHOBHBIX CITOCO0a BO3ACHCTBHUS BBIPYOKH MHPOBBIX
JIECOB Ha KJIMMAT 3eMIH?

2. K xakum U3MeHEHUsIM B cocTaBe aTMOc(epsl MpUBENo Obl YHUUTO-
YKEHHE TPOMTUICCKUX JIECOB?

3. Kakum o0pa3om BbIpyOKa TPOIHMYCCKHX JIECOB CKa3ajlach Obl Ha
CE30HHOM XapaKTepe OCaIKOB, YPOBHE T'PYHTOBBIX BOJ, TOBEpPX-
HOCTHOM CTOKe?

4. MoxeT 1 YHHYTOXXEHHUE JIECOB MPHUBECTH K JErpaJaldy MMOYBEH-
HOT'O TIOKPOBA M U3MEHEHHUIO TEMIIEPaTypHOTIO pexkuMa?

Deforestation

Deforestation affects world climate in two main ways — first, by al-
tering the atmospheric composition and, second, by affecting the hydro-
logical cycle and local soil conditions:

1 Forests store great amounts of carbon dioxide, so buffering the
carbon dioxide cycle in the atmosphere. The carbon retained in the veg-
etation of the Amazon basin is equivalent to at least 20 per cent of the
entire atmospheric CO,. Destruction of the vegetation would release
about four-fifths of this to the atmosphere, about one-half of which
would dissolve in the oceans, but the other half would be added to the
16 per cent increase of atmospheric CO, already observed this century.
The effect of this would be to accelerate the increase of world tempera-
tures. A further effect of tropical forest destruction would be to reduce
the natural production of nitrous oxide. Tropical forests and their soils
produce up to one-half of the world's nitrous oxide, which helps to de-
stroy stratospheric ozone. Any increase in ozone would warm the strat-
osphere, but lower global surface temperatures.

2 Dense tropical forests have a great effect on the hydrological cy-
cle through their high evapotranspiration and their reduction of surface
runoff (about one-third of the rain never reaches the ground, being in-
tercepted and evaporating off the leaves). Forest destruction decreases
evapotranspiration, atmospheric humidity, local rainfall amounts, inter-
ception, effective soil depth, the height of the water table and surface
roughness (and thereby atmospheric turbulence and heat transfer). Con-
versely, deforestation increases the seasonality of rainfall, surface run-
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off, soil erosion, soil temperatures and surface albedo (and therefore
near-surface air temperatures). All these tendencies operate to degrade
existing primary and secondary tropical forests into savanna. Models
designed to simulate the operation of Amazonian forests having a 27°C
air temperature and a mean monthly rainfall of 220 mm (falling in four
showers every third day, each lasting 30 minutes at an intensity of
0.003 mm s) predict that their degradation to savanna conditions
would lead to a decrease of evapotranspiration by up to 40 per cent, an
increase of runoff from 14 per cent of rainfall to 43 per cent, and an
average increase of soil temperature from 27 to 32°C.

Ynpasicnenue 10.
B mpaBoii KomoHKE HaWIUTE PYCCKHE SKBHUBAJICHTHI CJIEIYIOIINX
AHITIUICKUX clIoBOcodeTanuii u3 rexcra Deforestation:

1. soil conditions a. 10 KpaiiHei mepe

2. tropical forests b. oxucek azora

3. evapotranspiration C. BOJJHOE 3epKaJIo

4. at least d. mepeHoC TermIa

5. surface ranoff €. [IIEPOX0BATOCTh MIOBEPXHOCTH
6. water table f. coBOKymHOE HcnapeHue

7. surface roughness g. CTPYKTypa MOYBI

8. heat transfer h. Tponmueckue neca

9. nitrous oxide I. coctaB aTMoc(hepsl

10. atmospheric composition | . MOBEpXHOCTHBII CTOK

Ynpaoscuenue 11.
Haiimute B kakmom mpemioxennu Tekcta Deforestation momme-
xkariee u ckazyemoe. OnpeesiuTe BpeMs | 3aJI0T CKa3yeMoro.

Ynpaoccuenue 12.
[TucemenHo nepeBenute TekcT. (KonTpoabHoe Bpemst — 15 MUHYT)

Forests
Forests have a lower albedo (<0.10 for conifers) than most other
vegetated surfaces (0.20-0.25). Their vertical structure produces
a number of distinct microclimatic layers, particularly in tropical rain-
forests. Wind speeds are characteristically low in forests and trees form
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important shelter belts. Unlike short vegetation, various types of tree
exhibit a variety of rates of evapotranspiration and thereby differential-
ly affect local temperatures and forest humidity. The effect of forests on
precipitation has not yet been resolved but they may have a marginal
topographic effect under convective conditions in temperate regions.
The disposition of forest moisture is very much affected by canopy in-
terception and evaporation, but forested catchments appear to have
greater evapotranspiration losses than ones with a grass cover. Another
major feature of forest microclimates is their lower temperatures and
smaller diurnal ranges, compared with surrounding areas.
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bnok 7
MATTER AND ENERGY CYCLING IN ECOSYSTEMS

Lesson 1

Ynpaoicnenue 1.

[IpounTaiiTe 3aroi0BOK MPUBOJUMOrO HUXE Tekcta. [logymaiire,
0 9YeM B HEM MOXET uaTu pedb. [IpuBemure 10—15 cioB, KOTOpBIE MO-
ryT, ¢ Bamel Touku 3peHusi, BCTPETUTHCS B TEKCTE.

[IpounraiiTe U nepeBeIUTE TEKCT.

Carbon and oxygen cycles

Carbon is the basic building block of the large organic molecules
necessary for life, including simple carbonhydrates or sugars (such as
glucose), complex carbonhydrates, fats, proteins, and nucleic acids such
as DNA. DNA molecules in the cells of plants and animals carry genet-
ic information and chemical instructions for manufacturing various pro-
teins living organisms need.

Most land plants obtain their carbon by absorbing carbon dioxide
gas, which makes up 0,03% of the atmosphere, through pores in leaves.
They obtain the oxygen atoms they need from the oxygen in carbon
dioxide and from water molecules in soil or bodies of water. The
ocean’s microscopic floating plants, known collectively as phytoplank-
ton, get their carbon from atmospheric carbon dioxide that dissolved in
ocean water.

Chlorophyll molecules and some other pigments in the cells of
green plants absorb solar energy and use it to combine carbon dioxide
with water to form glucose along with oxygen gas. This complex pro-
cess in which radiant energy from the sun is converted into chemical
energy stored in plant tissue is called photosynthesis.

Plants and animals transform a portion of glucose and other, more
complex, carbon-containing molecules they synthesise (plants) or eat
(consumers) back into carbon dioxide and water by the process of cellu-
lar respiration. The chemical energy released in this complex process
drives the physical and chemical changes needed for plants and animals
to survive, grow and reproduce.

The carbon dioxide released by cellular respiration in all plants
and animals is returned to the atmosphere and water for reuse by pro-
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ducers. Although the overall chemical reaction involved in cellular res-
piration is the reverse of that for photosynthesis, many of the detailed
chemical reactions involved in the processes are different.

Photosynthesis and cellular respiration are the basis of carbon and
oxygen cycles. Through these two interconnected cycles, plants pro-
duce food and oxygen needed by animals and absorb carbon dioxide
given off by animals.

Some of the earth’s carbon is tied up for long periods in fossil
fuels — coal, petroleum, natural gas, peat, oil shale, tar sands, and lignite
— formed over millions of years in the lithosphere. The carbon in these
mineral deposits remains locked deed in the earth’s crust until it is re-
leased to the atmosphere as carbon dioxide when fossil fuels are ex-
tracted and burned. Some of the earth’s carbon is also locked for mil-
lions of years in deposits of carbonate rocks below the seafloor until
movements of the earth’s crust expose these rocks as part of an island
or a continent. The carbon then reenters the cycle very slowly through
erosion and other physical and chemical weathering processes that re-
lease it as carbon dioxide into the atmosphere.

Human beings intervene in the carbon and oxygen cycles in two
ways that increase the average amount of carbon dioxide in the atmos-
phere. First, we remove forests and other vegetation without sufficient
replanting, so that fewer plants are available worldwide to convert car-
bon dioxide in the atmosphere to organic nutrients. Second, we burn
fossil fuels and wood.

Ynpaosicnenue 2.

[IpounTaiiTe crenyrouue ClIOBa U ONPEIACIUTE UX COOTBETCTBUSA
B PYCCKOM SI3BIKE:
Cycle, organic, molecule, nucleic, genetic, information, chemical, phys-
ical, organism, gas, atom, pore, ocean, atmospheric, microscopic, phy-
toplankton, pigment, form, glucose, energy, photosynthesis, transform,
synthesise, complex, detailed, process, period, mineral, lithosphere,
continent.

Ynpaosrcnenue 3.
Kakue yactu peun 0603Ha‘laIOTCH B CJIOBApsX CIACAYIOHNIMMHU CO-
KpallleHUSIMU.
v., adv., n., adj., conj., num., part., prep., pron.?
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Ynpaosrxcnenue 4.

Onpe):[enHTe, K KaKUM 49aCTIM p€Ur OTHOCATCA CICAYIOIIHUC CJIOBA,
HalmMmuTe COOTBETCTBYIOLIUEC AHTJINICKUE COKpalCeHusA I Ka)Ka0To
N3 HUX.

Animal, first, respiration, for, cellular, they, in, and, widely, is, extract-
ed, million, remove.

Yunpaoicnenue 5.
Haiigute B Texcre Carbon and oxygen cycles mpumeps! 3Tux ya-
CTel peun.

V. n. adj. adv. num. prep. part.

Ynpasicnenue 6.

3anosHUTE TPOIYCKH, HCMoib3ys cyddukcer: ~able, ~al/~ial,
~ful, ~ic, ~ine, ~ish, ~ive, ~less.

Diamond is a form of pure ... (crystal) carbon which has been
formed under great heat and pressure and brought to the surface of the
Earth by ... (volcano) activity. It is the hardest ... (hature) substance in
the world with a very high ... (refract) power giving specific ...(optic)
properties, above all, a particularly clear and brilliant reflection of light.
The most ... (value) diamonds are completely ... (without colour) They
are, however, extremely rare; the majority having a ... (slightly yellow)
or ... (slightly green) colour caused by different mineral impurities and
gases. Diamond feels cold to the touch as it dissipates heat very quick-
ly, hence, checking thermal conductivity is a ... (rely) method of detec-
tion. Cheaper synthetic diamonds are now being made for ... (industry)
applications. These are particularly ... (use) for cutting tools.

Ynpasxcnenue 7.
B mpaBoii KoIOHKE HaWIUTE PYCCKHE SKBHUBAJICHTHI CJIEIYIOIINX
aHIIMIACKUX CIIoOBOcoYeTanmii u3 Tekcra Carbon and oxygen cycles:

1. carbon dioxide a. UCKOIaeMOe TOILTUBO
2. living organism b. mpotiecc BeiBeTpHBaHUSI
3. plant tissues C. KJIETOYHOE JbIXaHHUE

4. radiant energy d. TKaHu pacTeHuii

5. cellular respiration €. YIJICKHCIIbIi Ta3
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6. interconnected cycles f. cpenHee KoaMYECTBO

7. mineral deposits 0. )KUBOH OpTaHU3M

8. fossil fuel h. myamcras sHeprus

9. weathering process i. B3aUMOCBsA3aHHBIE [IUKIIBI
10. average amount J. MEHEpAJIbHBIC OTIOKCHUS

Ynpaoicnenue 8.
[IpounTaiiTe TEKCT M HailIUTE B HEM OTBETHI Ha CIEIYIOIIHUE BO-
TIPOCHI:
1. Ot 4ero 3aBHCHUT BaKHOCTh TOTO HJIM MHOTO JJIEMEHTA JJIsi )KUBBIX
OpraHu3MoB?
2. Yto cnocoOCTBYeT KpyroBOPOTY JIEMEHTOB?
3. Yro npouzornuio Obl 6€3 OMOreOXUMUIESCKHUX ITUKIIOB?
(KouTposabHOE Bpemst — 7 MUHYT)

Biogeochemical cycles

Of the earth’s 92 naturally occurring elements, only 20 to 30 are
constituents of living organisms and thus are cycled through the bio-
sphere. In chemical terms, life can almost be summed up in five words:
carbon, oxygen, hydrogen, nitrogen, and phosphorus. These chemicals
as elements and compounds make up 97% of the mass of your body and
more than 95% of the mass of all living organisms.

The remaining 15 to 25 elements needed in some from for the sur-
vival and good health of plants and animals are required only in rela-
tively small, or trace, amounts. The importance of a particular chemical
to a living organism varies with the physical and chemical from and
location of the chemical. For example, plants obtain most of their car-
bon in the form of carbon dioxide gas from the atmosphere or water,
and most of their nitrogen and phosphorus as nitrate ions and phosphate
ions from soil water in which containing these ions are dissolved.

Only a small portion of the earth’s chemicals exist in forms useful
to plants and animals. Fortunately, the essentially fixed supply of ele-
ments and compounds needed for life is continuously cycled through
the air, water, soil, plants, and animals and converted to useful forms in
biogeochemical cycles (bio meaning “living”, geo for water, rocks, and
soil, and chemical for the matter changing from one form to another).
These cycles, driven directly or indirectly by incoming energy from the
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sun, include the carbon, oxygen, nitrogen, phosphorus, and hydrologic
cycles.

Thus a chemical may be part of an organism at one moment and
part of its nonliving environment at another moment. This means that
one of the oxygen molecules you just inhaled may be one inhaled pre-
viously by you, your grandmother, King Tut thousands of years ago, or
a dinosaur millions of years ago.

Similarly, some of the carbon atoms in the skin converting your
right hand may once have been part of a leaf, a dinosaur hide, or a lime-
stone rock. Without the biogeochemical cycles, the entire world would
soon be knee-deep in plant litter, dead animal bodies, animal wastes,
and garbage.

Ynpaoicnenue 9.

Beibepure u3 tekcra Biogeochemical cycles 10-15 ocHOBHBIX,
C TOYKHU 3pEHHSI CMBICIIOBOW HArpy3KH, CJIOB (KJII04YeBbIe ciioBa). Onpe-
JICTIATE, K KAKMM YacTsIM PEYH OHH OTHOCSITCSL.

Ynpaoicnenue 10.
IMepeBeaute Teket nucbMenHo. (Kontponbaoe Bpemst — 30 MUHYT)

Phosphorus cycle

Phosphorus, mainly in the of phosphate ions, is an essential nutri-
ent of both plants and animals. It is a major constituent of the genetic
material coded in DNA molecules and the main component of bones
and teeth. It is also used in some commercial fertilizers.

Various form of phosphorus are cycled through the lower atmos-
phere, water, soil, and living organisms by the phosphorus cycle. The
major reservoirs of phosphorus are phosphate rock deposits on land and
in shallow ocean sediments. Some phosphates released by the slow
breakdown of phosphate rock deposits are dissolved in soil water and
taken up by plant roots. Animals get their phosphorus by eating plants
or animals that have eaten plants. Animal wastes and the decay prod-
ucts of dead animals and plants return much of this phosphorus to the
soil, rivers, and eventually to the ocean bottom as insoluble forms of
phosphate rock. Large amounts of phosphate are eroded from the land
to the oceans each year by natural processes and human activities.
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People intervene in the phosphorus cycle in several ways. First,
large quantities of phosphate rock are dug up, mostly from shallow
ocean deposits, and used primarily to produce commercial fertilizers
and detergents. Second, discharge from sewage treatment plants and
runoff of commercial fertilizers can overload aquatic ecosystems with
phosphate ions. As in the case of nitrate ions, an excessive supply can
explosive growth of blue-green algae and other aquatic plants that can
disrupt life in aquatic ecosystems.

Ynpaoicnenue 11.
CocraBbTe 5 001mux Bonpocos k Tekcty Phosphorus cycle.

Ynpaoscuenue 12.

(ITapuas pabota) OTBeThTE Ha BOIPOCHI, COCTABIICHHBIE B yIIPaXK-
Henuu 11.
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Lesson 2

Ynpaoicnenue 1.

ITonbITaiiTech BCHOMHUTD, YTO BaM U3BECTHO O KPYrOBOPOTE a30Ta.

INonymaiite u npuBeaute 10—15 cia0B, KOTOpEIE MOTYT BCTPETUTH-
Csl B TEKCTE.

[IpounTaiiTe U mepeBeIUTE TEKCT.

Nitrogen cycle

Living things need nitrogen to manufacture proteins. Thus the
growth of many plants can be limited by a lack of nitrogen available
from the soil. Too little nitrogen can also cause malnutrition in people,
because many of the body’s essential functions require nitrogen-
containing molecules such as proteins, DNA, and some vitamins.

The nitrogen gas that makes up about 78% of the volume of the
earth’s atmosphere is useless to most plants and animals. Fortunately,
nitrogen gas is converted into water-soluble ionic compounds contain-
ing nitrate ions, which are taken up by plant roots as part of the nitrogen
cycle. This nitrogen fixation — that is, the conversation of atmospheric
nitrogen gas into forms useful to plants — is accomplished by (1) soil
bacteria; (2) rhizobium bacteria living in small swellings; (3) blue-
green algae in water and soil; (4) lightning, which converts nitrogen gas
and oxygen gas in the atmosphere to forms that return to the earth as
nitrate ions in rainfall and other types of precipitation.

Plants convert nitrates obtained from soil water into large, nitro-
gen-containing molecules such as the proteins and nucleic acids neces-
sary for life and good health. Animals get most of the proteins and oth-
er nitrogen-containing molecules they need by eating plants or other
animals that have eaten plants. When plants and animals die, decom-
posers break down the nitrogen-containing molecules into ammonia gas
and water-soluble salts containing ammonium ions. Other specialized
groups of bacteria then convert these forms of nitrogen back into nitrate
ions in the soil and into nitrogen gas, which is released to the atmos-
phere to begin the cycle again.

Human beings intervene in the nitrogen cycle in several important
ways. First, large quantities of NO and NO, are added to the atmos-
phere when fossil fuels are burned in power plants and vehicles. These
oxides of nitrogen can react with other chemicals in the atmosphere
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under the influence of sunlight to form photochemical smog and nitric
acid, a major component of acid deposition, commonly known as acid
rain. Second, nitrogen gas and hydrogen gas are converted by an indus-
trial process into ammonia gas, which is then converted to ammonium
compounds used as commercial fertilizer. Third, mineral deposits of
compounds containing nitrate ions are mined and used as commercial
fertilizers. Fourth, excess nitrate ions are added to aquatic ecosystems
via the runoff of animal wastes from livestock feedlots, the runoff of
commercial nitrate fertilizers from cropland, and the discharge of un-
treated and treated municipal sewage. This excess supply of nitrate
plant nutrients can stimulate extremely rapid growth of algae and other
aquatic plants, which can deplete the water of dissolved oxygen gas and
cause massive fish Kills.

Ynpascuenue 2.
CocraBbTe 5 crienuaibHBIX BopocoB K Tekety Nitrogen cycle.

Ynpaoicnenue 3.
(ITapnas paboTta) OTBeThTE Ha BOIPOCHI, COCTABIICHHBIC B yIpaXK-
HEHUU 2.

Ynpaoicnenue 4.
Bei6epure u3 texcra Nitrogen cycle 10-15 wiroueBsix cioB. Ka-
KHe U3 Bammx npeamnosioKeHuit onpaBaaiuch?

Ynpaosxcnenue 5.
Ormnpeaenure, K KaKUM Y9acTIM PEUYH OTHOCSTCS BHIOpaHHBIE Bamu
CcJIoBa.

Ynpaoicnenue 6.
Haiigure B Tekcte Nitrogen cycle mpumepsl 3THX yacTeii peyn.

\2 n. adj. adv. prep.

Ynpaosrxcnenue 7.

Hcnonb3ys cyddukcsl, oOpa3ylTe riaroibl HWIH CYIIECTBUTENb-
HbIC U 3aMOJHUTE MPOIYCKH B MpeuIokeHusx: ~(at)ion , ~sion, ~ise.

ITpumepsrt: to vary — variation; to divide — division; character — to
characterise.
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Verbs

Nouns

1. It is cheaper to regulate the
temperature automatically.

2. If gases ... very rapidly cryo-
genic temperatures are attained.

3. The committee was set up to
standardise civil aviation proce-
dures.

4. People get old because the
body ... genetic damage.

5. The first atomic bomb explod-
ed on August 6, 1945.

6. The astronauts are provided
with a 14-day supply of pressur-
ised oxygen.

7. Solar energy is ... from hy-
drogen.
8. Heat losses can be ... by ther-

mal protection.

9. It was necessary to extend the
research facilities

Automatic temperature ... is more
economical.

Rapid expansion of the gases
produces temperatures of below
120 Kelvin.

His job involves the ... of avia-
tion safety procedures.

Ageing is a result of the accumu-
lation of genetic damage.

80,000 people were killed in the
Hiroshima ...

The oxygen supply is stored un-
der ...

The generation of solar energy
involves the conversion of hy-
drogen.

Efficient insulation reduces heat
losses to a minimum.

Because of the increase in staff,
an ... had to be built

Ynpaosicnenue 8.

B Tekcre Nitrogen cycle naiimure ciosa ¢ cybduxcamu ~(at)ion,

~sion, ~ise.

Ynpaosrcnenue 9.

B HpaBOfI KOJIOHKEC Haﬁ):[PITe PYCCKHUC 3KBUBAJICHTHI CJIICAYIOLIUX

AHTINICKUX CJIIOBOCOYETAHUM:
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1. lack of nitrogen a. paCTBOPHUMBIE B BOJIE COJIH

2. essential functions b. GwICTpBHIIt poCT

3. make up C. a30THas KUCIIOTa

4. plant roots d. cuHe-3eeHBIE BOIOPOCIH

5. rapid growth €. )KU3HCHHO Ba)KHbIEC (DYHKIIUH
6. blue-green algae f. anexTpocTaHN

7. nucleic acids 0. TOPOJICKHE CTOYHBIE BOJIBI

8. water-soluble salts h. oroxumuaeckuii cMor

9. power plants I. IIPOMBIIUICHHBIC (XMMUYECKHE) YI0OpESHUSI
10. nitric acid j. KOpHHU pacTeHHit

11. photochemical smog | k. cocraBasars

12. commercial fertilizers | I. HenocraTok a3ora

13. municipal sewage M. HYKJIEWHOBBIC KHCIIOTHI

Ynpaoicnenue 10.

[Mpouwnraiite TekcT. (KOHTPOIBEHOE BpeMsi — 5 MUHYT)
Ci0Ba, KOTOPBIE BCTPETSATCS B TEKCTE:

conventional removal — cranmapTHOe yaaneHue;
reside in — Bo3iararscs;

replenish — mamonuaTE.

Nitrification is the biological oxidation of ammonia with oxygen
into nitrite followed by the oxidation of these nitrites into nitrates. Deg-
radation of ammonia to nitrite is usually the rate limiting step of nitrifi-
cation. Nitrification is an important step in the nitrogen cycle in soil.
This process was discovered by the Russian microbiologist, Sergei
Winogradsky.

Nitrifying organisms are chemoautotrophs, and use carbon dioxide
as their carbon source for growth.

Nitrification also plays an important role in the removal of nitro-
gen from municipal wastewater. The conventional removal is nitrifica-
tion, followed by denitrification. The cost of this process resides mainly
in aeration (bringing oxygen in the reactor) and the addition of an ex-
ternal carbon source (e.g. methanol) for the denitrification.

Together with ammonification, nitrification forms a mineralisation
process which refers to the complete decomposition of organic materi-
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al, with the release of available nitrogen compounds. This replenishes
the nitrogen cycle.

Ynpaoicnenue 11.
OTBeThTE Ha CICIYIOIIAE BOIPOCHL, HCXOMA W3 WHGOPMAIUH
B TeKcTe U3 yrpakaerus 10:
1. Yro Takoe HUTpUDUKAIIH?
2. T'ne mutpudukanms urpact BaXHYI POJIb?
3. 3adro oTBEYaeT MpOIeCcC MUHEPATH3AINN?

Ynpaoicnenue 12.
BrimumuTe 10 KI1I04YEBBIX CIOB U3 TEKCTa B yrpaxkHeHuu 10.

Ynpaoscuenue 13.
Haiinmute B Tekcte ympaxuenus 10 ciosa ¢ cydduxcamu ~(at)ion,
~sion, ~iSe u mepeBeuTE UX.

Ynpaoicnenue 14.
IMucemenno nepeeaute TekeT. (Kontponbaoe BpeMs — 15 MUHYT)

Wastewater

Onsite sewage facilities such as septic tanks and holding tanks re-
lease large amounts of nitrogen into the environment by discharging
through a drainfield into the ground. Microbial activity consumes the
nitrogen and other contaminants in the wastewater. However, in certain
areas the soil is unsuitable to handle some or all of the wastewater, and
as a result, the wastewater with the contaminants enters the aquifers.
These contaminants accumulate and eventually end up in drinking wa-
ter. One of the contaminants concerned about the most is nitrogen in the
form of nitrates. A nitrate concentration of 10 ppm or 10 milligrams per
liter is the current EPA (Environmental Protection Agency) limit for
drinking water and typical household wastewater can produce a range
of 20-85 ppm (milligrams per liter).
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Lesson 3

Ynpaoicnenue 1.
Hwxe nmpuBoasiTcs nepBble mpeioxkenus 6 ad3ameB Tekcta. Ka-
KH€ BBIBOJIBI BBl MOXeETe cienaTh 0 COACpKaHUU TEKCTa?

The source of the radiant energy that sustains all life on earth is the sun.
The sun is a gigantic gaseous fireball composed mostly of hydrogen
and helium gases.

Each type of radiant or electromagnetic radiation can be viewed as a
wave.

About 34% of incoming solar radiation is reflected back to space.

Most of the incoming radiation not reflected away is degraded into
longer-wavelength heat.

Concern is growing that human activities affect global climate pat-
terns...

Ynpascuenue 2.
[IpounTaiiTe u nepeBenure TekcT. [IpoBepbTe NpaBHILHOCTL Ba-
IIUX TPEAIONI0KEHUH.

Energy flow in the biosphere

The source of the radiant energy that sustains all life on earth is the
sun. It lights and warms the earth and provides energy used by green
plants to synthesise the compounds that keep them alive and serve as
food for almost all other organisms. Solar energy also powers the bio-
geochemical cycles and drives the climate and weather systems that
distribute heat and fresh water over the earth’s surface.

The sun is a gigantic gaseous fireball composed mostly of hydro-
gen and helium gases. Temperatures in its inner core reach 30 million
degrees Fahrenheit, and pressures there are so enormous that the hydro-
gen nuclei are compressed and fused to form helium gas. This thermo-
nuclear or nuclear fusion, reaction taking place at the center of the sun
continually releases massive amounts of energy, which pass through a
thick zone of hot gases surrounding the inner core and eventually reach
the surface. There the energy is radiated into space as a spectrum of
heat, light, and other forms of radiant energy that travel outward in all

107



directions through space at a speed of 300,000 kilometers (186,000
miles) per hour.

Each type of radiant or electromagnetic radiation can be viewed as
a wave with different wavelengths: the distance between the crests of
one wave and the next. The longer the wavelength, the lower the energy
content of a wave of radiant energy. This explains why the lower-
energy, longer-wavelength types of radiant energy are not harmful to
most living organisms, whereas the higher-energy, shorter-wavelength
types are forms of ionizing radiation harmful to most organisms. Fortu-
nately, most of these harmful forms of radiant energy from the sun are
absorbed by molecules of ozone in the upper atmosphere and water va-
pour in the lower atmosphere. Without this screening effect, most life
on earth could not exist.

About 34% of incoming solar radiation is reflected back to space
by clouds, chemicals, and dust in the atmosphere and by the earth’s sur-
face. Most of the remaining 66% warms the atmosphere and land,
evapourates water and cycles it through the biosphere, and generates
winds; a tiny fraction (0.023%) is captured by green plants and used to
make glucose essential to life.

Most of the incoming radiation not reflected away is degraded into
longer-wavelength heat, or far-infrared radiation, in accordance with
the second law of energy, and flows into space. The amount of energy
returning to space as heat is affected by the presence of molecules such
as water, carbon dioxide, methane, and ozone and by some forms of
solid particulate matter in the atmosphere. These substances, acting as
gatekeepers, allow short-wavelength radiant energy from the sun to
pass through the atmosphere and back into space, but they absorb and
reradiate some of the resulting longer-wavelength heat (far-infrared
radiant energy) back toward the earth’s surface.

Concern is growing that human activities affect global climate pat-
terns by disrupting the rate at which incoming solar energy flows
through the biosphere and returns to space as longer-wavelength heat.
For example, according to some scientists, increases in the average lev-
els of carbon dioxide in the earth’s atmosphere, due primarily to the
burning of fossils fuels and land clearing, may trap increasing amounts
of far-infrared radiation that otherwise would escape into space, thus
raising the average temperature of the atmosphere.
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Ynpasxcnenue 3

OHpC,I[CJ'H/ITC noJICKaIeC U CKazyeMOC B KaXJIOM NPCAJIOXKCHUN
nepBoro ab3amna rekcra Energy flow in the biosphere.

Ynpasxcnenue 4.

Haiinute B Texcre Energy flow in the biosphere mpumepsr stux

yacTel peyu.

V.

n.

adj.

adv.

prep.

Ynpasxcnenue 5.

HpO‘IHTaﬁTC CICOayromue CJIOBa U OHNPCACIIUTE UX COOTBETCTBUA

B PYCCKOM SI3BIKE!

gigantic, spectrum, gaseous, helium, solar, reaction, biosphere, dis-
tance, massive, zone, kilometer, portion, substance, electromagnetic,
energy, ozone, effect.

Yupaoicnenue 6.
3arosHKTe MPOITYCKH, MCTIONB3Ys cyddukcel: ~ment, ~th, ~ness, ~en.

Adjectives Nouns Verbs
1. The road is not The main problem is the | Why don't they ...
wide enough. ... of the road. the road?

2. We need better
measuring tech-
niques.

All the ... were wrong.

We require tech-
niques to ... more
accurately.

3. A lack of vita-
mins can have
wide-ranging ef-
fects.

The ... of potential dis-
eases is considerable.

Lack of vitamins
causes illnesses
which ... from goi-
tre to anaemia

4. Cotton is a tex-
tile with short fi-
bres.

It is cheap because of
the ... of the fibres.

Genetically modi-
fied cotton can ...
the growing season.

5. There is a weak
attractive force be-
tween the mole-
cules.

Because of the ... of
attraction the molecules
can be separated.

Raising the temper-
ature ... the molec-
ular attraction.

6. The deluxe mod-
el is well-equipped.

The car has got first
class ... .

It has been ... with
the latest gadgets.
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7. When the eye ... of the eye is a symp- | The eye ... as the
becomes red, itisa | tom of conjunctivitis. bacteria spread.
symptom of bacte-

rial infection.

8. How ... Isa The ... of a horse can A horse can weigh
horse? attain roughly 1,000 kg. | almost 1,000 kg.

Ynpasxcnenue 7.
ITpounTaiiTe TEKCT M HAWIUTE OTBETHI HA CJCIYIONIHE BOMPOCHL:
W3 kakux yacreit coctout ouocdepa?
Uro Takoe skocucTemMa?
Yro BKIIIOYALT B ceOs sKocucTema?
Otkyna Gepercst SHeprHs st KU3HU?
(KonTtposbHOE BpeMst — 7 MHHYT)

el NS

Biosphere

The biosphere, also called the ecosphere, is the natural environ-
ment of living organisms and is the complex biological epidermis of the
Earth whose dimensions are not precisely defined. It consists of the
surficial part of the lithosphere, a lower part of the atmosphere, and the
hydrosphere. Several ecosystems have been developed within the bio-
sphere. Each ecosystem is a fundamental division of the total environ-
ment consisting of living organisms in a given area and having a bal-
anced cycling of chemical elements and energy flow.

Among the principal resources of which man disposes, are terres-
trial ecosystems consisting of soil and water, and associated animal and
plant life. Ecosystems are functional environmental units, having bal-
anced cycles of chemical elements, organic materials and energy flow.
There is a homeostatic interrelationship between the nonliving media
(abiotic compartments) and the living organisms (biotic compartments).

However, a significant part of the ecosystems has already been
considerably modified by humans, and these processes will continue.

The energy for life is derived from the radiant energy of the sun,
which drives the chemical reaction of photosynthesis. The other sources
of energy, e.g., geothermal, gravitation, and electrical, are of negligible
importance in the total energy flow, but may determine specific condi-
tions of some ecosystems.
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Ynpaosrcnenue 8.

Bribepute u3 Tekcta B ynpakHeHuH 7 10—15 OCHOBHBIX, C TOUKH
3pEeHHSI CMBICJIOBOM HArpy3KH, CJIOB (KJIIOYEeBBIC cioBa). Ompemenure,
K KaK{M 4acTsM pe4y OHU OTHOCSTCSI.

Ynpaoicnenue 9.
[MucemenHo nepesenute TekcT. (Konrpomabaoe Bpemst — 30 MUHYT)

Nuclear fusion

In nuclear physics and nuclear chemistry, nuclear fusion is the
process by which multiple like-charged atomic nuclei join together to
form a heavier nucleus. It is accompanied by the release or absorption
of energy, which allows matter to enter a plasma state.

The fusion of two nuclei with lower mass than iron (which, along
with nickel, has the largest binding energy per nucleon) generally re-
leases energy while the fusion of nuclei heavier than iron absorbs ener-
gy; vice-versa for the reverse process, nuclear fission. In the simplest
case of hydrogen fusion, two protons have to be brought close enough
for their mutual electric repulsion to be overcome by the nuclear force
and the subsequent release of energy.

It takes considerable energy to force nuclei to fuse, even those of
the lightest element, hydrogen. This is because all nuclei have a posi-
tive charge (due to their protons), and as like charges repel, nuclei
strongly resist being put too close together. Accelerated to high speeds
(that is, heated to thermonuclear temperatures), they can overcome this
electromagnetic repulsion and get close enough for the attractive nucle-
ar force to be sufficiently strong to achieve fusion. The fusion of lighter
nuclei, which creates a heavier nucleus and a free neutron, generally
releases more energy than it takes to force the nuclei together; this is an
exothermic process that can produce self-sustaining reactions.
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bnok 8
POLLUTION

Lesson 1

Ynpaoicnenue 1.

[IpounTaiiTe cloBa M CIOBOCOYETAHUS U MOMPOOYHTE AOTagaThCs,
0 4YeM TOWET peub B CIIECIYIONIEM TEKCTE:
pollutants, atmosphere, troposphere, air pollution, damage, death, sub-
stance, problem, emission, outdoor, human activity, harmful, chemi-
cals, chemical reactions.

Ynpaoicnenue 2.
[IpounTaiiTe U NEpeBEIUTE TEKCT.

Types and sources of outdoor air pollution

As clean air moves across the earth’s surface, it collects additional
loads of chemicals produced by natural events and human activities.
Once in the troposphere, potential air pollutants mix vertically and hor-
izontally and often react chemically with each other or with natural
components of the atmosphere. When the concentration of a normal
component of air or a new chemical added to or formed in the air builds
up to the point of causing harm to humans, other animals, vegetation, or
materials such as metals and stone, that chemicals is classified as an air
pollutant. Worldwide, each year air pollution causes at least 150,000
premature deaths, causes or aggravates debilitating respiratory diseases
for tens of millions of people, and result in at least $100 billion in dam-
ages to crops, trees, buildings, and other objects.

Although there are hundreds of potential air pollutants, most air
pollution results from six major classes of substances. About 90% of all
air pollution problems are caused by five groups of pollutants: carbon
monoxide, nitrogen oxides, sulfur oxide, volatile organic compounds
(mostly hydrocarbons), and suspended particulate matter. Natural
sources of air pollutants include forest fires started by lightning, pollen
dispersal, wind erosion of soil, volcanic eruptions, evaporation of vola-
tile organic compounds from leaves, bacterial decomposition of organic
matter, sea spray (sulfate particles), and natural radioactivity (radon-
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222 gas from deposits of uranium, phosphate, and granite). But emis-
sions from natural sources are dispersed throughout the world and rare-
ly reach concentrations high enough to cause serious damage. Excep-
tions include massive injections of sulfur dioxide and suspended partic-
ulate matter (SPM) from volcanic eruptions and build up of radon-222
gas inside buildings. Most potential pollutants are added to the tropo-
sphere as result of human activities: mainly the burning of fossil fuels
in power and industrial plants (stationary sources), and in motor vehi-
cles (mobile sources).

Air pollutants can be classified as either primary or secondary. A
primary air pollutant is a harmful chemical that directly enters the air as
result of natural events or human activities. A secondary air pollutant is
a harmful chemical that forms in the air because of a chemical reaction
between two or more air components.

Ynpaoicnenue 3.

[TonGeprTe COOTBETCTBYIOMINI 3aTOJIOBOK K KaKIOMy ab3airy:
Primary and Secondary Air Pollutants;

Major Types of Outdoor Air Pollutants;

Sources of Outdoor Air Pollutants.

Ynpaosxcnenue 4.

[IpounTaiiTe crenyroue ClIOBa U ONPEIAECIUTE UX COOTBETCTBUSA
B PYCCKOM SI3BIKE:
type, collect, chemical, natural, activity, troposphere, vertically, hori-
zontally, reaction, component, material, classify, respiratory, result,
potential, problem, organic, bacterial, radioactivity, concentration, vol-
canic, motor.

Ynpaoicnenue 5.
HalinuTe B TeKcTe mpUMEphI 3TUX YacTel peuu.

\2 n. adj. adv. prep.

Ynpaorcuenue 6.
CocraBbTe 5 BONpPOCOB K TepBoMy ab3aily Tekcrta Types and
sources of outdoor air pollution.
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Ynpaosrxcnenue 7.

(ITapnast pabota) OTBETBTE Ha BONIPOCHI B YIPAKHEHUH 0.

Ynpaoicnenue 8.

Haﬁl[HTe OOAJICIKAIIICC B KAXKAOM IMPCIIIOKCHUN BTOPOIO a63aua
tekcTa Types and sources of outdoor air pollution.

Ynpaoicnenue 9.

[ToxGepuTe onpeaeacHne K BBIICICHHOMY CIIOBY U 3aTE€M BCTaBbTE
COOTBETCTBYIOIIHKH mpemror: in of up out for on.

1. Each year air pollution result ...
at least $100 billion in damages to
crops, trees, buildings etc.

2. When visibility is reduced, air-
ports rely ... radar control.

3. In 1830, Babbage designed a
machine to carry ... complex
arithmetical calculations.

4. A protein may consist ... several
polypeptide chains held together by
weak molecular bonds.

5. In 1937, four Soviet scientists set
... temporary scientific stations on
drifting icebergs in the Arctic.

6. Chemists can work ... the num-
ber of carbon atoms from the
weight of the object.

7. Testosterone is involved ... the
development of secondary sex
characteristics such as the growth
of body hair, and changes in the
larynx.

8. It is the ability to use the Sun and
the stars to navigate which ac-
counts ... the migration of birds.

9. The level of pH depends ... the
strength of the acid.

a. to do / to perform

b. to be made of/ formed from
c. to be determined by

d. to calculate / find the solu-
tion

e. to create / establish

f. to use because you have con-
fidence

g. to be linked / a necessary
part of

h. to provide an explanation

i. to cause
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Ynpaoicnenue 10. IlpounTaiiTe TEKCT W HAWAWTE OTBETHI Ha Clle-
nytoriue Borpockl. (KoHTponbHOE BpeMs — 5 MUHYT):
1. INouemy BO3AyX B MOMEIIEHUH CETOIHSI HAMHOTO YHIIe?
2. Urto oOHapy KUK yueHbIE?
3. UTo MOTYT BBI3BIBATh BO3YIITHBIC 3aTPSI3HUTEITH?
4. Kaxoii 3arpsi3HUTEIH MPEACTABIICT HAUOOIBIITYI0 YTPo3y?

Indoor air pollution

High concentrations of air pollutants can also build up indoors,
where people spend 85% to 90% of their time, and in other enclosed
spaces such as underground mines, where air is slowly replenished. In-
door air today generally much cleaner than that found decades ago,
when most houses and other buildings were heated with leaky coal-
burning furnaces, but there is still cause for concern. In recent years,
scientists have found that the air inside some homes, schools, and office
buildings is more polluted and dangerous than outdoor air on a smoggy
day. Air pollutants found in buildings produce dizziness, headaches,
coughing, sneezing, burning eyes, and flulike symptoms in many peo-
ple. Air pollutants can accumulate in any buildings. But levels tend to
be higher in energy-efficient, relatively airtight houses that do not use
air-to-air heat exchangers to bring in sufficient fresh air. According to
the EPA and public health officials, the most serious indoor air pollu-
tion threat is from radioactive radon-222.

Ynpaoicnenue 11.
B mpaBoli KOJIOHKE HaWIWUTE PYCCKUE AKBUBAIEHTHI CIEAYIOLINX
AHIIIMICKUX clIOBocoveTanuii u3 texcta Indoor air pollution:

1. burning eyes a. yrOJIbHBIC MICYH
2. coal-burning furnaces | b. cummrroMsr 3a0601eBaHus, TIOX0KETO HA
3. flulike symptoms TPHIIIT
4. according to C. TepMeTHYHBIC (BO3yXOHEIPOHHUIIAEMbIC)
5. airtight houses JoMa
6. high concentrations | d. BeICOKHE KOHIIEHTpALIHH
7. build up €. JMOKEHHE B Ti1a3ax
8. cause for concern f. TerooOMeHHUKH
9. heat exchangers g. OpraHu3aToOPhI 3IPABOOXPAHEHHSI
10. public health offi- | h. mocrenenno HakamTUBaTHCS
cials i. cormacHo
J. npuurHA JUIs OECOKONCTBA
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Ynpaosxcnenue 12.
Haiigute B kaxmoMm mnpeminoxeHun texcra Indoor air pollution
nozsexaniee u ckazyemoe. OnpenenuTe BpeMs 1 3aJI0T CKa3yeMoro.

Yupaoicnenue 13.
[MucemenHo nepeBenute TekcT. (KoHTpoabHOe Bpemst — 25 MUHYT)

Control of indoor air pollution

Despite the seriousness of indoor air pollution, Congress and state
legislatures have been reluctant to establish mandatory indoor air quali-
ty standards. Part of the problem with monitoring and controlling in-
door air pollution is that there are over a hundred million homes and
buildings involved. In addition, many home and buildings owners
would resent having their indoor air tested and being required to reduce
excessive pollution levels, even if their indoor air was making them
sick or threatening them and other family members with premature
death.

One way to control indoor air pollution is to install air-to-air heat
exchangers, which maintain a flow of fresh air without causing major
heating or cooling losses. A study showed that indoor levels of formal-
dehyde and several other toxic gases can also be sharply reduced by
house plants.
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Lesson 2

Ynpaoicnenue 1.

[IpounTaiiTe 3aroJIOBOK MPUBOJUMOI0 HUXKE Tekcta. [lomymaiire,
0 9YeM B HEM MOXET uATu pedb. [IpuBenure 10—15 coB, KOTOpBIE MO-
T'YyT, ¢ Bameit Touku 3peHust, BCTpETUTHCS B TEKCTE.

[IpounraiiTe 1 nepeBeIUTE TEKCT.

Pollution

Any change in the physical, chemical, or biological characteristics
of the air, water, or soil that can affect the health, survival, or activities
of human beings or other forms of life in an undesirable way is called
pollution. Pollution does not have to cause physical harm; pollutants
such as noise and heat may cause injury but more often cause psycho-
logical distress, and aesthetic pollution such as foul odors and unpleas-
ant sights offend the senses. People, however, may differ in what they
consider to be a pollutant, on the basis of their assessment of benefits
and risks to their health and economic well-being. For example, visible
and invisible chemicals spewed into the air or water by an industrial
plant might be harmful to people and other forms of life living nearby.
However, if the installation of expensive pollution controls forced the
plant to shut down, workers who would lose their jobs might feel that
the risks from polluted air and water are minor weighed against the
benefits of profitable employment. The same level of pollution can also
affect two people quite differvently — some forms of air pollution might
be a slight annoyance to a healthy person but life-threatening to some-
one with emphysema. As the philosopher Georg Hegel pointed out, the
nature of tragedy is not the conflict between right and wrong but be-
tween right and right.

As long as they are not overloaded, natural processes or human-
engineered systems (such as sewage treatment plants) can biodegrade,
or break down, some types of pollutants to an acceptable level or form.
Pollutants can be classified as being rapidly biodegradable (such as an-
imal and crop wastes), slowly biodegradable (such as DDT and PCBs),
and nonbiodegradable (such as toxic mercury and lead compounds and
some radioactive substances). Polluting substances can enter the envi-
ronment naturally or through human activities. Most natural pollution is
dispersed over a large area and is often diluted or degraded to harmless
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levels by natural processes. In contrast, the most serious human pol-
lution problems occur in or near urban and industrial areas, where large
amounts of pollutants are concentrated in relatively small volumes of
air, water, and soil. Furthermore, many pollutants from human activities
are synthetic (human-made) chemicals that are slowly biodegradable or
nonbiodegradable.

Determining the amount of a particular pollutant that can cause
a harmful or undesirable effect in human beings or other organisms is
a difficult scientific problem. The amount of a chemical or pollutant in
a given volume of air, water, or other medium is called its concentra-
tion. Concentrations of pollutants are often expressed as parts per mil-
lion (ppm) or parts per billion (ppb) — the number of parts of a chemical
or pollutant found in 1 million or 1 billion parts of air, water, or other
medium. Although 1 ppm and 1 ppb represent very small concentra-
tions for some organisms, with some pollutants they represent danger-
ous levels. During a lifetime an individual is exposed to many different
types and concentrations of potentially harmful pollutants. The scien-
tific evidence correlating a particular harmful effect to a particular pol-
lutant is usually statistical or circumstantial — as is most scientific evi-
dence. For example, so far no one has been able to show which specific
chemicals in cigarette smoke cause lung cancer; however, smoking and
lung cancer are causally linked by an overwhelming amount of statisti-
cal evidence from more than 32,000 studies. Another complication is
that certain pollutants acting together can cause a harmful effect greater
than the sum of their individual effects. This phenomenon is called a
synergistic effect. For example, asbestos workers, already at a higher-
than-average risk of lung cancer, greatly increase that risk if they
smoke, because of an apparent synergistic effect between tobacco
smoke and tiny particles of asbestos inhaled into the lungs. Testing all
the possible synergistic interactions among the thousands of possible
pollutants in the environment is prohibitively expensive and time-
consuming, even for their effects on one type of plant or animal.

Ynpaoicnenue 2.

[TonGeprTe COOTBETCTBYOIINH 3aT0JI0OBOK K KaXI0My ab3airy.
What is Pollution?

Determining Harmful Levels of Pollutants.

Types and Sources of Pollutants.

118



Ynpaoscnenue 3.
Bri6epure u3 tekcra Pollution 1015 ximroueBsix cioB. Kakue u3
Bammx nipenmonoxeHuit onpaBIairuch?

Ynpaoicnenue 4.
Onpenenure, K KAKUM YacTsIM PEYd OTHOCSTCS BhIOpaHHbIC Bamu
CJIOBA.

Yunpaoicnenue 5.

[IpounTaiiTe crneayrouye cioBa U ONPEJEIUTE UX COOTBETCTBUS
B PYCCKOM A3BIKEC:
Physical, biological, characteristics, forms, psychological, basis, risk,
economic, industrial, installation, person, philosopher, process, classify,
urban, effect, concentration, million, organism, statistical, sum, indi-
vidual, type, radioactive.

Ynpaoicnenue 6.
CocraBbTe 5 001UX BompocoB k 1 ab3aiy Tekcra Pollution.

Ynpascuenue 7.
(ITapuas pabota) OTBeThTE Ha BOIPOCHI, COCTABIICHHEIE B yIPaXK-
HEHHH 6.

Ynpaoicnenue 8.
Bri0epuTe npaBUIbHBINA OTBET:

1. The device enables temperatures to be moni- | a. thereby

tored, ... improving the safety margin. b. nevertheless
c. namely
d.e.g.

2. A new technique, ... the infra-red camera, a. whereas
means that dust surrounding new stars can be | b. namely
penetrated. c. besides

d. for instance

3. Superconducting, ... when materials lose all a. thus

resistance, will boost computer performances. | b. obviously
c. besides
d. that is to say
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4. Programmable electronic systems are more a. whereas
reliable ... , they can be used to handle radio- | b. such as
active material. C. moreover

d. in other words

5. Computers can process data extremely fast. ... | a. in spite of

this, they have several serious drawbacks. b. whereas
c. however
d. moreover

6. The new engine is far more efficient. ... more | a. nevertheless

work is required to reduce noise levels. b. whereas
c.l.e.
d. besides

7. The presence of high concentrations of ele- a. on the whole
ments that are rarely found on Earth, ... iridi- | b. moreover
um, suggests there was a meteorite impact at c. such as
that spot. d. that is to say

8. The data is stored on hard disk, ... it is easily | a. actually
accessible. b. whereas

c.e.g.
d. hence
9. Applicants for the job should speak at least a. obviously
one other European language ... French. b. besides
C. moreover
d. actually

10 ..., in the initial stages there were minor a. besides

problems to be overcome, but from then on, the | b. asarule

prototypes were perfectly reliable. c. namely
d. despite

Ynpaoicnenue 9.
IIpounTaiiTe TEKCT U HAWIUTE OTBETHI HA CIEAYIOLIHE BOIPOCHI.
(KontposbHoe Bpemst — 10 MUHYT):
1. Or uero 3aBucHT oOLIee 3arps3HEHNE BHIOpaHHOM 00macT?
2. UYrto 3HAUMT MEepeHACEICHHOCTh?
3. K uemy npuBOIUT NepeHaceIeHHOCTD B CIA00Pa3BUTHIX CTpaHax?
4. T'nme BcTpewaeTcs epeHaceIeHHOCTh 2 THIIA U YTO 3TO Takoe?
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The roots of environmental degradation and pollution

According to one simple model, the total environmental degrada-
tion and pollution or environmental impact of population in a given
area depends on three factors: (1) the number of people; (2) the average
amount of resources each person uses; and (3) the environmental deg-
radation and pollution resulting from each unit of resource used.

In general, overpopulation occurs when the people in a country,
a region, or the world are using nonrenewable and renewable resources
to such an extent that the resulting degradation or depletion of the re-
source base and pollution of the air, water, and soil are impairing their
life-support systems.

The type known as people overpopulation exists where there are
more people than the available supplies of food, water, and other vital
resources can support, or where the rate of population growth so ex-
ceeds the rate of economic growth that an increasing number of people
are too poor to grow or buy sufficient food, fuel, and other vital re-
sources. In this type of overpopulation, population size and the result-
ing environmental degradation of potentially renewable soil, grasslands,
forests, and fisheries tend to be the most important factors determining
the total environmental impact. In the world's poorest LDCs, people
overpopulation results in premature death for 12 million to 20 million
human beings each year and bare subsistence for hundreds of millions
more — a situation that many fear will worsen unless population growth
is brought under control and improved resource management is used to
restore degraded renewable resource bases.

Affluent and technologically advanced countries such as the Unit-
ed States, the Russian Federation, and Japan are said by some to have a
second type of overpopulation, known as consumption overpopulation.
It is based on the fact that without adequate pollution and land use con-
trols, a small number of people using resources at a high rate produces
more pollution and environmental degradation than a much larger num-
ber of people using resources at a much lower rate. With this type of
overpopulation, high rates of resource use per person and the resulting
high levels of pollution per person tend to be the most important factors
determining overall environmental impact.
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Ynpaoscnuenue 10.

B mpaBoii KOJIOHKE HAWIUTEe PYCCKHE DKBHUBAJICHTHI CICIYIOIIMX
AHIIMHACKUX CcJ0BOocoueTaHnil 3 Tekcra The roots of environmental
degradation and pollution:

1. average amount a. HEBO30OHOBIISIEMBIC PECYPCHI
2. environmental degrada- | b. oTHocuTeNBEHAS BaKHOCTH
tion C. POCT HacelleHHS
3. nonrenewable resources | d. KOHTPOJIb 3eMIICTIONH30BAHUS
4. result in €. IPUBOJAUTH K
5. relative importance f. ocHOBBEIBaTBECS Ha
6. supply of food g. BO3ICUCTBHS Ha OKPYXKAIOIILYIO CPEILy
7. population growth h. cpennee konmmuecTBO
8. be based on i. cHaOXeHHUe TPOJOBOIbCTBHEM
9. land use control J. yXy/IIIeHHE COCTOSIHUSI OKPY KAIOIIEH
10. environmental impact | cpeast

Ynpaoicnenue 11.
(TTapuas pabota) Ilepeckakute comepxanue Tekcra The roots of
environmental degradation and pollution B 10 npemnoxeHusIX.

Ynpaoicnenue 12.

[TucemenHo nepeBenute TekcT. (Kontpoabaoe Bpemst — 30 MUHYT)

Pollution and environmental degradation are intensified not only
by population size but also by population distribution. The most severe
air and water pollution problems usually occur when large numbers of
people are concentrated in urban areas. Conversely, spreading people
out can have a devastating effect on potentially renewable soil, forest,
grassland, and recreational resources. War also has a devastating envi-
ronmental impact.

Some scientific and technological developments, such as the au-
tomobile and phosphate detergents, create new environmental problems
or aggravate existing ones. Other scientific and technological develop-
ments can help solve various environmental and resource problems.
Substitutes have been developed for many scarce resources. Light
bulbs, for example, have replaced whale oil in lamps, thus helping pro-
tect the world's rapidly diminishing population of whales from extinc-
tion. Unnecessary resource waste has been reduced. For example, more
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energy is recovered from a ton of coal than in the past, and processes to
control and clean up many forms of pollution have been developed.

One major attempt to use technology wisely is the increased global
emphasis on appropriate technology. Appropriate technology is usually
small, simple, decentralized, and inexpensive to build and maintain, and
it usually utilizes locally available materials and labor. Supporters of
appropriate technology recognize that it is not a cure for all our envi-
ronmental problems but believe that its increasing use is an encourag-
ing trend that should be nurtured.

Economic, political, and ethical factors are also involved. We can
manipulate the economic system to control pollution, environmental
degradation, and resource waste by making such practices unprofitable
(in free-market economies) or illegal (in centrally controlled).
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Lesson 3

Ynpaoicnenue 1.

IlompITaliTech BCHOMHUTE, YTO BaM M3BECTHO O CMOTE.

INonymaiite u npuseaure 10—15 cia0B, KOTOpEIE MOTYT BCTPETUTh-
Csl B TEKCTE.

[IpounTaiiTe 1 epeBeIUTE TEKCT.

Industrial and photichemical smog

Industrial Smog. Various groups of air pollutants found in the air
over cities can be classified as either industrial smog or photochemical
smog. Although both types of smog are found to some degree in most
urban areas, one type often predominates during at least part of the year
as a result of differences in climate and major sources of air pollution.

Industrial smog consists mostly of a mixture of sulfur dioxide and
SPM, including a variety of solid particles and droplets of sulfuric acid
formed from some of the sulfur dioxide. These substances form a grayish
haze, explaining why cities where this type of smog predominates are
sometimes called gray-air cities. This type of air pollution tends to predom-
inate during the winter (especially in the early morning) in older, heavily
industrialized cities like London, Chicago, Philadelphia, St. Louis, and
Pittsburgh, which typically have cold, wet winters and depend heavily on
coal and oil for heating, manufacturing, and producing electric power.

Photochemical Smog: Cars + Sunlight = Tears. A combination of
primary pollutants such as carbon monoxide, nitric oxide, and hydro-
carbons and secondary pollutants such as nitrogen dioxide, nitric acid,
ozone, hydrogen peroxide, peroxacyl nitrates (PANs), and formalde-
hyde, produced when some of the primary pollutants interact under the
influence of sunlight, is called photochemical smog. Cities in which
photochemical smog predominates usually have sunny, warm, dry cli-
mates. They are generally newer cities with few polluting industries and
large numbers of motor vehicles, which are the major source of air pol-
lution. Examples include Los Angeles, Denver, Salt Lake City, the
USA, as well as Sydney, Australia; Mexico City, Mexico; and Buenos
Aires, Argentina. The worst episodes from this type of smog tend to
occur in summer months between noon and 4 p.m.

The first step in the formation of photochemical smog occurs dur-
ing the early morning traffic rush hours, when NO from automobiles
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builds up and reacts with O, to produce NO,, a yellowish-brown gas
with a pungent, choking odor. This gas produces a characteristic
brownish haze, explaining why cities such as Los Angeles, where pho-
tochemical smog predominates, are sometimes called brown-air cities.
Then, as the sun rises, its ultraviolet rays cause a series of complex
chemical reactions that produce the other components of this type of
smog. The mere traces of ozone, PANSs, and aldehydes that build up to
their peak levels around noon and in the early afternoon on a sunny day
can irritate people's eyes and respiratory tracts. During the summer
months most industrial smog cities also experience photochemical smog.

Local Climate, Topography and Smog. The frequency and severity
of industrial and photochemical smog in an urban area depend on local
climate and topography, density of population and industry, and major
fuels used in industry and for heating and transportation. In areas with
high average annual precipitation, rain and snow help cleanse the air of
pollutants. Winds also help sweep pollutants away and bring in fresh
air. However, hills and mountains tend to reduce the flow of air in val-
leys below and allow pollutant levels to build up at ground level. Build-
ings in cities also slow wind speed and impede dilution and removal of
pollutants.

During the day the sun warms the air near the earth's surface.
Normally, this heated air expands and rises during the day, diluting
low-lying pollutants and carrying them higher into the troposphere. Air
from surrounding high-pressure areas then moves down into the low-
pressure area created when the hot air rises. This continual mixing of
the air helps keep pollutants from reaching dangerous levels in the air
near the ground.

But sometimes a layer of dense, cool air is trapped beneath a layer
of less dense, warm air in an urban basin or valley. This is called a tem-
perature or thermal inversion. In effect, a warm-air lid covers the region
and prevents pollutants from escaping in upward-flowing air currents.
Usually these inversions last for only a few hours, but sometimes they
last for several days when a high-pressure air mass stalls over an area.
When this happens, air pollutants at ground level accumulate to harmful
and even lethal levels. Most air pollution disasters—such as those in
London and in Donora, Pennsylvania, occurred during lengthy thermal
inversions during fall or winter in industrial smog areas.
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Thermal inversions occur more often and last longer over towns or
cities located in valleys surrounded by mountains, on the leeward sides
of mountain ranges, and near coasts. A city with several million people
and automobiles in an area with a sunny climate, light winds, mountains
on three sides, and the ocean on the other possesses the ideal conditions
for photochemical smog worsened by frequent thermal inversions. This
describes the Los Angeles basin, which experiences almost daily inver-
sions, many of which are prolonged during the summer months.

Ynpaoicnenue 2.

Haiimute B kaxaoM mpepioskennn 1 ab3ama texcra Industrial and
photichemical smog noanexaiee u ckazyemoe. OnpeaeanuTe BpeMs U
3aJI0T CKa3yeMoro.

Ynpaoicnenue 3.

B mpaBoii KomoHKE HaiIWTE PYCCKHE SKBHUBAJICHTHI CJIEIYIOIINX
aHmIMIACKUX caoBocodeTannii u3 tekcra Industrial and photichemical
smog:

1. air pollutants a. TJIaBHBIN UCTOYHUK

2. industrial smog b. cepoBaThlii TyMaH

3. urban areas C. IPOMBIIIICHHBIH CMOT

4. grayish haze d. ropozckue paiioHbI

5. sulfur dioxide €. ICPBUYHBIC 3arps3HUTEIIN
6. primary pollutants f. amokcua cepbr

7. carbon monoxide g. pOTOXMMUYECKUN CMOT
8. photochemical smog h. gac muk

9. rush hour I. 3arpsI3HUTENN BO3IyXa
10. major source J. yrapHslii ra3

Ynpasxcnenue 4.
(ITapnas pabdora) CocraBbre 10 npemIokeHu ¢ CI0BOCOYETAHUS-
MU U3 YIpaKHEHHS 3.

Ynpaosxcnenue 5.
[Mpounraiite Tekct. (KoHTpombHOE BpeMs — 9 MUHYT)

Acid deposition
One way to decrease ground-level air pollution from sulfur diox-
ide, SPM, and nitrogenoxides when coal and oil are burned in electric
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power plants, metal smelters, and other industrial plants is to discharge
these emissions from smokestacks tall enough to pierce the thermal in-
version layer. Use of tall smokestacks in the United States, Canada, and
western Europe has led to considerable reduction of ground-level pollu-
tion in many urban areas.

This approach, however, leads to increased levels of these pollu-
tants and various secondary pollutants in downwind rural and urban
areas. As emissions of sulfur dioxide and nitric oxide are transported
over long distances by wind currents, they are chemically transformed
into a variety of secondary pollutants such as nitrogen dioxide, droplets
of sulfuric and nitric acids, and solid particles of sulfate and nitrate salts.

These chemicals fall or are washed out of the atmosphere onto
downwind land and bodies of water. Wet deposition occurs when some
of the suspended droplets of sulfuric acid and nitric acid return to the
earth as acid rain or its variants, consisting of these acids and snow,
sleet, hail, fog, or dew. Dry deposition occurs when solid particles of
sulfate and nitrate salts and gases such as sulfur dioxide fall or are
washed out of the atmosphere, usually near the original pollution
sources. These deposited solids can then react with water in soil and
bodies of water to form sulfuric and nitric acids. The combined wet and
dry deposition of acids or acid-forming substances onto the surface of
the earth is known as acid deposition. This phenomenon is commonly
called acid rain, but this is a misleading term because these acids and
acid-forming substances are deposited not only in rain but also in snow,
sleet, fog, and dew and as dry particles and gas.

The relative levels of acidity and basicity of water solutions of
substances are commonly expressed in terms of pH. The lower the pH
value, the higher the acidity, with each whole-number decrease in pH
representing a tenfold increase in acidity. Natural precipitation has an
average pH value of 5.1 (with a range of 5.0 to 5.6 depending on loca-
tion), caused when carbon dioxide and traces of natural sulfur and ni-
trogen compounds and organic acids in the atmosphere dissolve in at-
mospheric water. This slight acidity of natural precipitation helps water
deposited on soil to dissolve minerals for use by plants and animals. It
also deposits some sulfur and nitrogen used as plant nutrients.

However, deposition of acids and acid-forming substances with
higher levels of acidity (pH values of 5.0 and less) than those in natural
precipitation can damage materials; leach certain nutrients from soil;
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and kill fish, aquatic plants, and microorganisms in lakes and streams.
Acid deposition, in combination with other air pollutants such as ozone,
sulfur dioxide, and nitrogen oxides, can damage trees, crops, and other
plants. It can also affect human health.

Ynpaowcnenue 6.
Cocrabre 10 BonpocoB k texcty Acid deposition.

Ynpaoicnenue 7.
(ITapnas pabota) OTBeTbTE Ha BOIPOCH! YIIPAKHEHUS 6.

Ynpaoicnenue 8.
(TTapuast pabora) ITepeckaxkure Tekct Acid deposition B odbeme

10 npenioxeHui.

Ynpaosxcnuenue 9.
[lonGepute onpeenenne MOAUQPUKATOPAM:

1. Typical

2. Efficient

3. Huge

4. Reliable

5. Virtually

6. To a certain
extent

7. Thoroughly

8. Roughly

9. Outstanding

10. Wide-

spread
11. Basically
12. Hardly any

a. Quite exceptional - you just can't class it with the
others

b. Almost

c. A little more than nothing - but not much

d. Could be more, could be less - not much preci-
sion here

e. Within limits

f. Completely, carefully and conscientiously

g. Conforms totally to expectations - zero surprise

h. The capitalist's dream - maximum work, mini-
mum waste

i. All over the place — ubiquitous in fact

j- Not just big — a macro-dimension

k. You can count on this — it will never let you down

i. To start at the beginning or, more accurately, to
go right down to the foundations

Ynpaoscnenue 10.
BcraBbsre MoaudukaTopsl U3 yIpakHEHHS 9 B IPEATIOKCHUS:

1. Farms are most ... when they comprise a thousand hectares or more.
2. Although it has a ... population, China has successfully reduced both
fertility and mortality.
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3. ..., there are four types of language in Europe.

4. Historical records of earthquakes before the middle of the 18th cen-
tury are not ...

5. There is still ... fear that genetically modified viruses might escape
from the laboratory.

6. A human being requires ... 3,000 calories a day.

7. Intra-species fighting can be observed in ... all vertebrates.

8. Osteoporosis (thinning of the bones) is a ... example of an age-
related disease.

9. Military trainee pilots are very ... prepared.

10. From a technological point of view, Concorde has been an ... suc-
Cess.

11. There are ... tigers left - they'll soon be extinct.

12. ..., I agree with you.

Ynpasxcuenue 11.
IMepeBeaute Teket nmucbMenHo. (Kontpomabaoe Bpemst — 20 MUHYT)

Urban Heat Islands

In accordance with the second energy law, when energy is con-
verted from one form to another, low-quality heat is added to the at-
mosphere. In the United States, energy use is so high that the average
continuous heat load per person injected into the atmosphere is equiva-
lent to that from a hundred 100-watt light bulbs.

The effect of all this atmospheric heating is evident in large cities
and urban areas, which are typically like huge islands of heat surround-
ed by cooler suburban and rural areas, a climatic effect known as the
urban heat island. This dome of heat helps trap pollutants, especially
SPM, and creates a dust dome above urban areas. As a result, concen-
trations of SPM over urban-industrial areas may be a thousand times
higher than those over rural areas. If wind speeds increase, this dust
dome elongates downwind to form a dust plume that spreads the city's
pollutants to rural areas and other urban areas tens to hundreds of miles
away. As urban areas grow and merge into vast urban regions, the heat
and dust domes from a number of cities can combine to form regional
heat islands, which affect regional climates and prevent polluted air
from being effectively diluted and cleansed.
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FpaMMaTHUYECKUI CNPaBOYHUK

1. YnorpebaeHnue BpeMeHHBIX (pOPM rjarojia
B AelicTBUTEILHOM 3ajore (Active Form)
(Ha mpuMepe NPaBHILHOTO rJiaroJia to ask — cmpammuBaTh)

Nudunntus |Simple (to ask) Continuous (to be [Perfect (to have
Bpewmst asking) asked)
Present ask am asking have  asked
asks (he, she, it) is has (he, she, it)
are
Past asked was asking had  asked
were
Future shall (I, we) ask shall  beasking [shall have asked
will will will

Ynorpediaenue BpeMeHHBIX (POPM I1aroJjia
B cTpaiarteiibHOM 3ajore (Passive Form) to be + Participle 11
(B COOTBETCTBYIOIIEM BPEMEHH)

Hudunutus|Simple (to be asked)Continuous Perfect (to have

Bpewms been asked)

Present am am have been asked
is asked is  being asked |has
are are

Past was  asked was being asked |had been asked
were were

Future shall (1, we) — Shall have been
will be asked will  asked

TpeHHpOBO'{HbIe YOpPpaAXKHECHUSA

Ynpaosrcnenue 1.
[epeBenuTe npensoxkeHus, oopaiasi BHUIMaHUE HAa BpeMsI M 3aJ10T
CKazyeMoro.
1. Elevation differences are always introducing temperature changes.
2. Closed isotherms separate the city from the general temperature
field, and this condition has become known as the «urban heat is-
landy.
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3. The differences between the urban and the rural area depend on the
synoptic conditions.

4. Radiation is the physical process by which energy is emitted from a
source in the form of electromagnetic waves.

5. The electromagnetic waves travel along straight paths until they hit
objects from which they are partly reflected and partly absorbed.

6. For large-scale processes the pressure can be regarded as a measure
of the weight of the atmosphere above a given level.

7. The temperature distribution is used to classify the various layers of
the atmosphere.

8. The circumstances that produce the charge separation have not been
fully understood.

9. Circulation systems are produced by changes of elevation, differ-
ences between land and water, differences in thermal properties of
the ground.

Ynpaoicnenue 2.
[lepeBenuTe mpennoxeHWs, yYUTHIBas BUIOBPEMEHHYIO (opMy

CKa3yeMmoro.

1. An observer collects snow samples once a day.

2. The field of urban climatology has grown rapidly in recent years.

3. The winds blowing back towards the equator are moving from a re-
gion of slower eastward movement into the region of fastest move-
ment.

4. Temperatures do not vary gradually from the tropics towards the

poles.

. Upon striking the ground, the water froze.

. Positive current will flow from the upper cloud portion to the iono-

sphere.

7. The vast majority of thunderstorms over the tropics produce no rain.

o o1

Ynpaoicnenue 3.
Onpe/:[enHTe BPCM: U 3aJI0T" CKa3yeMOro. HepeBe,[[I/ITe MIPCATIOXKCHUA.
. The radiation from the earth's surface is called terrestrial radiation.
. Many tests have been performed with wind shielding.
3. Certain limited features of global climate can be studied by physical
models.

N -
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4. Synoptic weather observations are done simultaneously everywhere
on earth, in intervals of 3 hours.

5. The extent of snow cover was seen in satellite pictures.

6. Microwaves are reflected by raindrops and ice crystals.

7. If burning of fossil fuels is not limited the atmosphere's carbon diox-
ide will be doubled some time near the middle of the 21st century.

Ynpasxcnenue 4.
Bribepute mpaBwiabHyI0 Gopmy ckazyemoro (Active voice — Pas-
sive voice). [TepeBenTe TpeIOKEHUS.
1. The mechanisms of air-mass modification (treat/are treated) separately.
2. Surface cooling (produces/is produced) a temperature inversion
which greatly (limits/is limited) the vertical extent of the cooling,
. The moisture (supplies/is supplied) from the underlying surface.
. Ascent or descent of air (causes/is caused) adiabatic changes of tem-
perature.
5. One approximate means of indirect measurement (bases/is based) on
the moisture balance equation.
6. The technique (allows/is allowed) the determination of daily evapo-
transpiration amounts.
7. Potential evapotranspiration (calculates/is calculated) as the differ-
ence between precipitation and percolation.
8. The snow-covered source regions of these two air masses (lead/are
led) to marked cooling of lower layers.

A~ w

Ynpaosxcnenue 5.
W3MmeHuTe npenioKeHus U3 ACUCTBUTENIBHOIO B CTPaAaTeNbHBII
3aJ10T.
1. The atmosphere warms or cools the ocean.
2. Stratosphere absorbs energy from the incoming sunlight.
3. Interactions between land, sea, air, and ice affect the workings of the
weather machine.
4. Different groups of scientists developed the General Circulation
Models.
5. These models produce a variety of estimates.
6. Motor vehicles cause the air pollution.
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Ynpaosrcnenue 6.
[lepeBenute, oOparias BHUMaHHE Ha 0COOEHHOCTHU TIepeBOja mac-

CUBHBIX KOHCTPYKIIHH.

1.
2.

3.

o

o1 b~ Ww =

[o2]

The modern scientific forecasts of weather can be fully relied upon.
Heat is radiated by the Sun to the earth, but the land, the sea, and the
air are affected differently by this radiation.

We live at the bottom of an ocean of air, and our lives are influenced
by the change and movement of this gas.

. Single atoms of oxygen are seldom met with.
. We were shown a number of experiments illustrating the presence of

high-energy particles in the cosmic radiation.

. The runoff from such glaciers is being utilized for different purposes,

and as a consequence hydrologic investigations have been made or
are being made in connection with these supplies.

. lllinois was affected by the drought but to a lesser degree than the

neighboring states.

. The infiltration capacity is affected by antecedent precipitation.

Ynpaoicnenue 7.
Ilepesenute cnenyromue IPENI0KEHUS HA PYCCKUN A3bIK.

. Flood hazards are influenced by the terrain in other ways.
. Severe floods are occasionally produced by intense rainstorms in

summer.

. Discharge measurements are made in several ways.
. The downstream flow of a stream is checked by friction.
. Percolation is favored by a slow, steady precipitation, pervious soil,

and flat slopes.

. The arte of percolation is also affected by the initial condition of soil.
. The mean velocity of a stream can only be computed after the dis-

charge itself has been ascertained.

. Little reliance can be placed upon results obtained in this manner

unless the characteristics of the two watersheds are identical.

Ynpaoicnenue 8.
[locTaBbTe rIIaroybl-cKa3yeMble  CIEAYIOUIMX  TPEATIOKCHUH

B opmbel Bpemenu Past, Future Indefinite, a Takxe B dpopmy BpemeHu
Present Perfect.
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1. Evaporation attracts the interest of many scientists.
2. It is difficult to assess the reliability of the method.
3. The discharge is measured twice daily.

2. 3HavyeHus cyioBa it

MecToumMenue it UMeeT pa3Hble 3HAUCHUS W BBIMOJHSACT Pa3jind-
HbIC (QYHKITUHU B TIpeIokeHuH. OHO MOXKET OBITh:

1) MTMYHBIM MECTOMMEHHEM B HMMEHHMTEJBHOM mazexe. B 3Tom
cllyyae Ha PYCCKUH SI3BIK OHO IMEPEBOTUTCS MECTOUMEHHSMH «OH»,
«oHay, «oHOY». Hanpumep:

Many insects use the water surface as if it were solid. Muoecue nacexo-
Mble UCNOTIL3YION B00HYI0 NOBEPXHOCHbL KAK OYOmMO OHA meepoast.

2) yKazaTelbHBIM MECTOMMEHHEM CO 3HAUEHHUEM  <«OTO».
Hanpuwmep:

It is the best option.
Amo ayuwuii cnocoo.

3) dbopmManbHEIM MOMJIEKAIMIMM B OE3IIMYHBIX TMPEIIOKCHHAX; Ha

pycckuii a3bIK He niepeBoauTcs. Hanpumep:

a) Itis cold.

a) Xonoowno.

b) It is necessary to research this phenomenon.

6) Heobxooumo uccaedosams 5mo sigiieHue.

c) Itis desirable that the technology be improved.

8) JKenamenvro, ymobsl mexHono2us ObLIA YCOBEPULEHCMBOBAHA.

4) 4acThiO YCHIIMTENIbHOM KOHCTpYKIMH it is ... that, mepeBos ko-
TOPOI HauMHAaeTcs cIOBOM “UMeHHO”. Hampumep:

It is this method of analysis that yielded best results.
Hmenno smom memoo ananu3a 0an HauIyyuiue pe3yibsmamaol.

3. 3nauyenusn cuaos that u those

Crosa that u those ynotpebisitores:

1. Kak yka3areiapHbIE MECTOMMEHHSI B 3HAUCHUU «TOT», «TE».
Hanpuwmep:
That method is more reliable than the old one.
Tom memoo Haoesicnee, wem cmapbwiii.

2. Kak 3amecTutenu paHee YIOMSHYTBIX CYIICCTBUTCIbHBIX.
B sTOM ciiydae OHHM 9acTo ymoTpeOussioTes ¢ mpeaiorom Of u Ha pyc-
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CKHH SI3BIK NEepeBOAATCA TEMHU CYHICCTBUTCIIBHBIMU, KOTOPBIC that u
those 3amenstror. Hampumep:
The air over the land becomes cooler than that over the water. Bozoyx
HAO cyuteli Cmano8Umcsl Xoio0Hee 8030YXa HAO BOOO.

3. That ynorpeobusiercst a1st MpUCOSTUHEHHS IPUAATOUYHBIX MTPE-
JIOKEHUH Y TIEPEBOJIUTCS COIO3HBIM CJIOBOM KOTOphIi. Hampumep:
The hydrologic problems in irrigation are similar to those in water
supply. Tuoponocuneckue npobremor opowenus anarocuunvl npoodie-

MAM 8000CHAOXMCEHUS.

4. That ynotpeGusieTcst Uit MPUCOSANHEHHS IPUIATOYHBIX MPE-
JIO’KEHHUI U IEPEeBOIUTCA COr030M uto. Hanpumep:
It is well known that climates may be grouped as continental, marine or
coastal. Xopowo uzeecmmuo, umo knumam 6vigaem KOHMUHEHMATLHBIM,
MOPCKUM U NPUOPEHCHBIM.

5. That ymotpe6JisieTcst Kak 4acTh YCHIHTENbHON KOHCTpyKInu It
is ... that. Hanpumep:
It is here, at Greenland Ranch, that a temperature of 134, the highest
record in the United States was recorded. /menno 30ecv, na panuo
I'punneno, ovina 3agurcuposana memnepamypa 134, camas evicoxas
u3 gcex 3apezucmpupogannvix 6 CLIA.

6. That ymorpebisiercst B mpemoxenusix tumna It is necessary ...
that u mepeBoauTCS Cor030M umootwl. Hapumep:
It is necessary that all data be prepared in time. Heobxooumo, umo6ut
6ce Oanmble ObLIU NOO2OMOBIEHbI B0BPEMSI.

4. 3payenus cjioBa One

CnoBo ONe MOXeT OBITh:

1) yucnutenbHBIM «oauH». Hampumep:
One of the most important tasks now is to determine the distribution of
rain throughout the year.
Oona u3 camuix 8adHCHBIX 3a0a4 CeUYdac 3aKnoHaemcs 6 mom, 4ymoovl
onpedenums pacnpeoenetue 0caoko8 8 meueHue 200d.

2) 3aMecTUTENEM paHee YIOMSAHYTOIO  CYIIECTBUTEILHOTO.
B 3TOM ciydae ¢ioBO ONe He MEpEeBOIUTCS MU «BOCCTAHABINBACTCS)
CYIIECTBUTEIBHOE, KOTOpOE ONe 3ameHseT. Hanpumep:
I don't like this method, let's use an other one. Mue ne npasumcs smom
Memo0, dasaiime UCNOIb3YeM OpPy20l (Memoo).

135



3) bopManbHBIM MOUICKAIIIM, SCITH OHO CTOUT MEPE IIIarojioM
B uuHOM (hopme. B 3Tom citydae ciioBo ONe He mepeBoautcs. Hanpu-
mep:
To construct a map one has to follow a number of more or less arbi-
trary rules.
Ymobvl cocmasums Kapmy, HeoOX00UMO UCNHOIb308AMb P30 Ooee Ul
MeHee NPOU3BOIbHBIX NPABUL.

Kak ¢gopmansHOe moiekaniee c1oBo ONE MHUPOKO YIIOTPEOIIIeTCs
C MOJAJIbHBIMH TJIATOJIAMH, TJIE TIEPEBOIUTCS CICIYIOIIMM 00pa3oM:

must
one has to HYKHO,
is to HE00X0IMMO
one should
oughtto  HyxHO, ciemyer
one may MOYHO
Hanpuwmep:

One should know the difference between these two systems.
Heobxooumo nonumams pasHuyy mexcoy smumu 08yMst CUCTIEMAMU.

TpeHUpPOBOYHBIE YIIPAKHEHHUS

Ynpaosicnenue 1.
[IepeBenuTe crenyromuye ynpaxHEHHs! HA PYCCKUH SI3bIK:
1. In humid coastal areas winter temperatures are much higher than
those found in the drier regions of the continental interior.
2. The process of evaporation is complex, and various factors that af-
fect it are difficult to estimate.
3. Itis obvious that the internal circulation of the ocean must be related
to the oceanic structure.
4. Experience has shown that the discharge is seldom as great as that
given by the equation.
It is the oxygen we breathe that keeps us alive.
If one is to make the best use of the land, the crops one grows in the
different regions should be well adapted to the climates of those areas.
7. The one factor whose influence is best known and which comes
nearest to accounting for the known variations of the larger kind is
the one having to do with the changing surface features of the earth.
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8.

One should look at such empirical equation as a mathematical de-
scription of the original chart.

Ynpaoicnenue 2.
[MepeBenuTe mpeIoKeHHs, OOpalas BHUMaHUE Ha MEPEeBOJ YCH-

JTUTENBHBIX (AM(PATHIECKIX ) KOHCTPYKIIHH.

1.

2.

3.

[0

~N o

It was this project that brought this field of scientific inquiry to its
present level.

It is physics that has given us mechanical and electrical inventions of
the modern world;

It was only in 1840 that official records of temperature, rainfall and
so on began to be kept, at the Royal Observatory, Greenwich, in
London.

. Very seldom do these thunderstorms contain hail.
. The results of this study did show the crossover effect on frequent

occasions.

. It is by radiation that the earth receives its heat from the sun.
. It is the weight of air that gives rise to atmospheric pressure.

Ynpaoicnenue 3.
IepeBeanTe MPETOKEHNS, YIUTHIBAS Pa3IHYHBIC 3HAYCHHUA it.

. It is possible to observe sunrise and sunsets on Mars just as on the

Earth.

. It seems quite certain that in the nearest future, man's action will be

able to influence future climate.

. High above the ground this wind blows so strongly that it is called

the jet stream.

. It is seen from the definition of relative humidity that it can be in-

creased either by adding more water vapour or decreasing the «satu-
ration specific humidity».

Ynpaosrxcnenue 4.
[MepeBenute, oOpaiasi BHUMaHKHE Ha pa3inyHble 3HaueHus that.

. Chemists tell us that, out of 100 parts of atmospheric air, 99.5 consist

of oxygen and nitrogen.
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2. The lunar day is 24 hours and 50 minutes. That is, the moon passes a
given location on earth once in that period of time.

3. The weight of the atmosphere is equal to that of a solid globe of lead
sixty miles in diameter.

4. The atmosphere feeds the flame of life exactly as it does that of the
fire.

5. Air density, typically of the order of 1/1000 of that of water near the
ground, is almost never.

Ynpaoicnenue 5.

ITepeBeauTe Ha pyCCKUM SI3bIK CIEAYIONIUE MPEJIOKEHUS, B KOTO-
PBIX UCHOJB3YIOTCA MCCTOMMCHUA that, one B (l)yHKIlI/II/I 3aMeCTHUTeNneH
HNMCHU CYHICCTBUTCIILHOTO.

1. Runoff expressed in inches was not large when compared with that in
the humid eastern regions.

2. The rivers most prone to flooding are those flowing over flat, glacial
lake beds.

3. The greatest flood on record is that of 1881.

4. The friction due to ice cover is very much greater that that due to air.

5. Other large and important artesian wells are those on the eastern
slope of the Appalachian Mountains.

6. This lake and the one mentioned above have been badly polluted by
acid rains.

7. Floats may be classed as surface and subsurface ones.

Ynpaoicnenue 6.
[lepeBenuTe ciemyrolnue NpeAIOKEHUs, oOpaias Ha CHOCOOBI
nepeBoia MECTOMMEHHS it.
1. First of all it was necessary to collect as many precipitation data as
possible.
2. It is clear that flood protection measures should be given due atten-
tion.
3. Water is evaporated from the earth’s surface into the atmosphere
where it is stored from some time.
4. It is difficult to say which one of these three flows is the most im-
portant.
5. Thus it is seen that the limitation by the plants and the soil on the
evaporation often extends the true evaporating surface.
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6.

It seems, in the final analysis, that the evaporation from land surfaces
can become as involved as an investigator wishes to make it.

Ynpasxcnenue 7.
[lepeBenuTe mnpemIOXKEHUS, YOIl BHUMAHUE YCHIUTEIBHOM

KOHCTPYKITHH.

1.
2.
3.

4.

N -

It is this factor that affects surface runoff most of all.

It is by evaporation that moisture is returned to the air.

It appears that it is the flow of heat to the surface rather than the va-
pour flow that is the rate-limiting factor for evaporation.

It is only by changing the moisture entering the air over land that the
total moisture received by the air can be changed, as runoff reaching
the ocean does not essentially affect its evaporating area or rate of
evaporation.

. It was not until the 20-th century that the world network of hydro-

logic observatories was set up.

Ynpaoicnenue 8.
[IepeBenuTe npeanoXKEHUsI HA PYCCKHUM A3BIK.

. New springs may also be created or old ones permanently altered.
. One of the common processes in the weathering of rocks is hydration.
. In connection with what was said above, one may make a few re-

marks regarding the notation of “storage coefficient”.

Ynpaoicnenue 9.
ITepeBeaute, 0Opaiiiasi BHUMaHHE Ha pa3ndHbIe 3HaYeHus that.

. Meteorologists and atmospheric scientists often say that climate is

what you expect; weather is what you get.

. Although dynamical systems, like Earth's climate system, are full of

complicated processes that lead to chaotic variations, changes to ex-
ternal forcing of the system can lead to significant changes.

. Some gases, like carbon dioxide, have molecular structure that al-

lows the absorption of certain wavelengths of light. In the case of
"greenhouse gases," that means absorbing infrared radiation.

. The distinguishing characteristic of a greenhouse gas is that it ab-

sorbs infrared radiation better than it does visible radiation; this al-
lows sunlight to penetrate through the gas (the atmosphere) and
warm Earth's surface.
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5. The ever-increasing tendency away from regular day-night cycles of
work, play and sleep means that at night, the time when our Earth
should be shedding its excess heat, we are still adding to it.

6. That means that most of the energy from the cooling will still end up
where it would during the day: either absorbed in the troposphere or
emitted to space.

7. Also, the argument seems to imply that increased nocturnal activity
by humans makes the cooling less efficient, but it is an extremely
small effect.

8. Physical and computer models built to predict climate change are
based on evidence gathered from glacial geologists and quaternary
geologists, that infer, with varying degrees of precision, the Earth's
climate history.

9. The equations of motion are the same fundamental equations that
govern all classical fluid dynamics, much of energy transfer is based
on well-known principles of radiative transfer and nuclear physics
and spectrometry, and a lot of observations are based on geological,
chemical and biological processes and methods.

10. Much of the interest in studying climate change is motivated by the
idea that human activity has changed and will continue to change
the climate.

11. In the absence of an atmosphere, Earth would look a lot like a black
body radiator; that is to say, the sun would shine on Earth, which
would warm to an equilibrium temperature, and then a balance
would be struck.

12. Mostly due to the fact that Earth is so small and intercepts so little
of the total energy emitted from the sun, that radiative equilibrium
temperature is much lower than the sun's temperature.

13. This process, whereby energy that is emitted from the surface is
absorbed by the atmosphere which then emits energy back toward
the surface, is called the greenhouse effect, and it is one of the basic
feedback processes in the climate system.

14. The energy flux incident at the Earth is the solar constant, but notice
that the solar flux would not fall evenly on the surface of the planet.

15. The light that reaches the sun arrives over a broad range of frequen-
cies, but the peak frequencies are in the visible portion of the elec-
tromagnetic spectrum.

16. Kepler showed that orbits are ellipses, rather than perfect circles.
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9.

Ynpaoscnuenue 10.
[TepeBeaute, oOpalas BHUMaHUE Ha pa3in4HbIe 3HaYeHus that.

. That is to say, where the sun shines has a direct impact on weather

and climate.

. The principle is simply that the curvature of the Earth means that the

same radiance (or photon flux or sunshine) gets spread over a larger
area as the angle between the photons and the normal to the surface
increases from zero to 90 degrees at the poles.

. From everyday experience, we know that the sun appears at different

distances above the horizon over the course of the day.

. Define a new angle, that between Earth's equator and the highest lo-

cal position of the sun (the position at local noon), and call this the
declination angle; it is essentially a measure of the height above the
horizon that the sun will reach each day, and is equal to the latitude
at which the sun is directly overhead at noon.

. This includes not-so-distant climates, like that of the "little ice age,”

and also the global-scale oscillations known as ice ages.

. Note that the science of climate prediction differs fundamentally

from that of weather prediction.

. First of all, we restrict ourselves to numerical models, specifically

those designed to be solved with computers.

. More generally, any equation or set of equations that represents the

climate system is a climate model. Some of these can be solved ana-
Iytically, but those are highly simplified models, which are some-
times incorporated in numerical models.
Those sediments are deposited downstream, and over time they are
compacted and form sedimentary rocks.

10. Those combining planetary science with geologic evidence have

significant findings suggesting that our present inter-glacial period
has not peaked.

11. While the case of Earth's climate is unlikely to be that sensitive, it

does mean that we shouldn't expect a perfect long-term (greater than
2 weeks) weather forecast to be on the local television station any
time soon (or ever).

12. That interaction between photons and molecules increases the tem-

perature of the atmosphere, which then emits at a slightly different
wavelength.
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13. We know that the atmosphere consists primarily of the gaseous en-
velop around Earth, and that pressure decreases with height, accord-
ing to the hydrostatic approximation.

14. The amount that is radiated to space (which differs from that emit-
ted by the surface because of the greenhouse effect) is often called
outgoing longwave radiation (OLR).

15. Various atmospheric constituents absorb infrared energy, then emit
at a wavelength commensurate with the temperature of that part of
the atmosphere.

Ynpaoicnenue 11.
[TepeBenure, 06pama;[ BHUMAaHHE Ha pa3InYHbIC 3HAUCHUS that.

1. Here we discuss several classes of models, with an emphasis on at-
mospheric models. The discussion closely follows that of Hender-
son-Sellers and McGuffie (1987), which is an excellent resource on
the subject (and has an updated edition).

2. One of the most interesting aspects of these simple models is that
they already produce multiple equilibria, having solutions for ice-
free and ice-covered Earths as well as a more temperate solution
(like the current climate).

3. Given constant boundary conditions, the model will equilibrate such
that the energy budget is balanced, giving a model of the vertical
(especially temperature) structure of the atmosphere.

4. Given particular conditions, it is expected that the sea ice in the
North Pole region will completely melt in the summer.

5. The Earth's surface obtains energy from four primary sources: space
(predominantly solar radiation), the molten core of the Earth, an-
thropogenic processes that generate excess heat, and radiation from
the atmosphere.

Ynpaoscnenue 12.
[lepeBenuTe crnemyromme MpenIoXKeHHs, oOpallas BHUMaHHE Ha
CIIOCOOBI nepesoaa MECTOMMCHUS it.
1. Climate is a broad term, but it always describes a long-term average
of a system.
2. All planets with rotational days unequal to their orbital years absorb
their sun's heat during their day and release it at night.
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. This is all to say that climate science is a multi-disciplinary field,

with diverse (even disparate at times) interests and applications. It is
unified only by the end goal: to understand the physical processes
governing our natural world.

. The emission from the atmosphere goes both out to space and

downward, back to the ground where it is absorbed by the surface. It
increases the surface temperature on Earth from the radiative equi-
librium temperature to a much more life-friendly temperature.

. Nearly all the energy impacting Earth's climate comes from the sun,

even if it is sometimes indirectly.

. This section should make it clear that the geometry of the Sun-Earth

system plays a key role in how much sunlight reaches Earth and
where it arrives.

. First consider conservation of energy in an equilibrium system. This

could be a tank of water with a heating lamp above it all enclosed in
a box. It could be a simple blackbody system, or any isolated sys-
tem.

. What happens to incoming solar radiation when it arrives in the at-

mosphere?

. The photon can continue unimpeded, ultimately reaching the surface

and being absorbed or reflected; while the photon is traveling
through a medium without interacting, it is said to be transmitted.

10. It is impossible to enumerate and describe every climate model that

has ever been developed; even doing so for the published literature
would be prohibitively difficult.

Ynpaoicnenue 13.
[lepeBenuTe crnemyromue MpenIoXKeHHs, oOpallas BHUMaHUE Ha

CIOCOOBI MTepeBoOIa MECTOUMEHHH it.

1.

It should also be noted that the shortwave light reflected by the sur-
face does have a chance of being reflected (by clouds or particulate
matter) or absorbed by atmospheric constituents.

. It is the presence of the atmosphere — because of its ability to absorb

the emitted infrared radiation — that the surface temperature is a
much more comfortable temperature.

. What is it that allows the atmosphere to absorb infrared radiation,

and for that matter, why is it so transparent to visible radiation?
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4. When the model is used to approximate the equations of motion on a

5.

sphere, it can be called a general circulation model (GCM).

Before starting to describe the uncertainty associated with climate
models, it is important to emphasize that climate models are the best
tools currently available for studying the climate of Earth and other
planets.

. In fact, in chaotic systems it has been shown that arbitrarily small

errors in the initial conditions can give wildly different results after
some amount of time.

. It has been shown that the globally averaged surface temperature is

now warmer than it has been for at least 150 years.

. Earth is now absorbing 0.85+0.15 W m™2 more energy from the Sun

than it is emitting to space.

. While it is nice to think that changing our energy consumption habits

will stop global warming, it could very well be that climate change
is being driven by processes that we have little control over.

10. Liquid water gets deep into the ice sheet, lubricating and destabiliz-

ing it, and huge discharges of ice spill into the north Atlantic.

5. KonBepcus
KonBepcus — 310 crmocob o0pa3oBaHUs OJHOM 9acTH PEeUH OT JpY-

roii 6e3 mobOaBneHUS cypGUKCOB M MPUCTABOK M 0e3 M3MEHEHUs Oc-
HOBHO (opMbl crioBa. Hanpumep:

['maron CyI1ecTBUTENHHOE
t0 USe — UCIONIB30BaTh USe — UCIOJIb30BaHUE
to increase — yBeJaM4YuBaTh increase — yBenMueHue
to produce — mpoOU3BOAUTH produce — mpoayKThl, H3ICIHs
to effect — BiusiTh effect — Busiaue

TpeanOBqume YOpPpaAKHECHUSA

Ynpaosicnenue 1.
Onpenenure, K KakoW YacTH peYd TPUHAIUICKAT BBIIEICHHBIE

cinosa. [lepesenure npeoxeHus.
1. Aslight rise in the grass-surface temperature can be noted at 20 hr.
2. As the temperature of the air in the bulb rises air expands and the

liquid in the stem falls, whereas it rises as the temperature falls.
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3. Most of the troposphere is filled with west winds which increase with
height.

4. This increase is consistent with the «thermal» wind equation, since
temperatures decrease poleward from the equator.

5. The pressure decreases with height.

6. The decrease with height depends primarily on temperature.

7. The temperature changes caused by radiatively active pollutants re-
main a minor factor in the development of vertical temperature
structure.

8. As the temperature of both glass and mercury changes, their volumes
change.

9. The barometer drops rapidly as the storm approaches.

10. The approach of the storm can be determined by the drops of the
barometer.

11. Weather conditions affect pollutant concentrations and there are
some effects of pollutants on weather.

Ynpascuenue 2.
Ompenennre, K KakOW YacTH PEUYM IPHHAJICKAT BBIICIICHHbIC

CJIOBA. HepeBezu/ITe MMPEIJIOKCHUA.

1. Often 'climate' is used to mean the long-term mean state of the at-
mosphere, including temperature, humidity, and wind.

2. Anthropogenic means "human caused,” form "anthro-", meaning
"human," and "genic," meaning "produced by, origin, cause".

3. Global warming, or anthropogenic global warming, is the difference
in the global mean temperature in a world with artificially elevated
carbon dioxide compared to a reference state (which is usually taken
as a time before the Industrial Revolution).

4. When the trend leads to a change larger than the natural variability,
a statistically significant change most certainly has occurred.

5. More energy leads directly to higher temperature, hence climate
change.

6. The absorption and subsequent emission by greenhouse gases chang-
es the effective emission temperature of Earth (as seen from space).

7. Earth's obliquity slowly changes in time, which has important conse-
guences for very long-term climate change.
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8. Seasons are more extreme with larger obliquity, and high latitudes
(e.g. Antarctica) experience more extreme changes in insolation than
the tropics, leading to more pronounced season.

9. Consider the change in incoming energy in say 6800 km versus the
Earth-sun distance: it is minuscule.

10. Perhaps the most profound influence on the Earth-Sun system is the
geometry involved.

11. This difference does not cause Earth's seasons, but can influence the
severity of seasons (discussed in the paleoclimate section) and does
introduce small variations to the annual incoming solar radiation
("insolation™) as there are very slow variations in the eccentricity.

12. In addition to the findings about the complex interplay between at-
mosphere and ocean, the current climate models from the Max
Planck Institute for Meteorology also include new findings about the
effects of aerosols and the influence of the earth's carbon cycle.

13. In an idealized system, where the orbit is circular and the planet's
spin axis is perpendicular to the ecliptic (i.e. obliquity equal to zero),
the problem becomes nearly trivial because every day is identical.

14. The amount of light absorbed by the surface is not exactly equal to
the transmitted light.

15. Of course, only half the planet faces the sun at any instant in time.
Half the planet faces the sun, half is in darkness.

16. The outgoing longwave radiation balances the net shortwave at the
top of the atmosphere when the system is in equilibrium.

17. The photons (electromagnetic energy) emitted from the sun reach
Earth's orbit in about 8 minutes.

18. Snow and ice reflect up to 80% of incident light, while open ocean
surfaces reflect almost none.

19. The climate system contains important contributions and interac-
tions among the lithosphere (the solid Earth), the biosphere (e.g.,
marine phytoplankton, tropical rainforests), atmospheric and oceanic
chemistry (e.g., stratospheric ozone), and even molecular dynamics
(e.g. radiative transfer).

20. The horizontal transport is typically given by an eddy diffusion
term, which is just a coefficient multiplied by the meridional (north-
south) temperature gradient.

146



21. For the contemporary climate, the precession only matters because
it determines the relative position of the poles to the sun during
Earth's orbit.

22. Extreme weather events in Europe will increase in frequency and
strength.

23. Increases in precipitation over Greenland, combined with other
warming effects there, leads to pools of liquid water that melt into
the ice sheet as moulins.

24. The data and results will be made available, in particular, to re-
search groups that deal with the effects of climate.

25. Different climate models, and here we want to imply sophisticated
numerical models (usually of the whole globle), get different results
for the same experiment.

6. CyulecTBuTe/IbHOE B (PYHKIIMH ONpeIe/IeHUsI

Ecnu moapsin crosat aBa win Gosiee CyIIeCTBUTENbHBIX 03 mpej-
JIOTOB, 00pa3ysi TaKk HA3bIBAEMYIO «IIEMIOYKY CYIIECTBHUTEIBHBIX», TO
BCE OHH SIBIISIIOTCS OTPEACICHUSIMU K TOCIICIHEMY B 3TOH «IETIOYKE»
cymiecTBuTeNbHOMY. [IpH mepeBoe Ha PYCCKU S3BIK CYIICCTBUTEIb-
HOMY B (DYHKITHH OTIPE/ICIICHHS] MOKET COOTBETCTBOBATH!

— nubo mputararenbHoe (Sea salt — mopckast coib, topmost layers
— BEPXHHE CIION);

— 00 CYIIECTBUTEILHOE B POIUTENbHOM Maaesxe (water surface —
MOBEPXHOCTH BOIBI, Climate changes — u3meHeHust Kiumara);

— nmubo cymectBuTensHoe ¢ mpemiorom (rainfall information —
CBe/IeHUsI 00 0ca/IKax).

TpeHUpPOBOYHBIE YIIPAKHEHUSH

Ynpaoicnenue 1.

HepeBeI[I/ITG CJICOAYHOINHE CIIOBOCOYCTAHUA HA pyCCKHffI SA3BIK:
Boundary layer effects, low salinity water surface, regime shifts, acid
rains, insect larvae, water life, sulphur dioxide, evaporation rates, pre-
cipitation data.

Ynpaosrcnenue 2.
[lepeBenuTe cnoBocOYETaHMS, YYUTHIBAS MPABUIIO «IIETIOYKH CY-
IIECTBUTEIBHBIX).
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1. Vapour pressure ..., saturation vapour pressure ...; 2. Water par-
ticles ..., water particles attraction ...; 3. Temperature drop ..., tempera-
ture drop increase ...; 4. Air mass temperature ..., air mass temperature
increase ...; 5. saturation zones; 6. soil layers; 7. city park ponds;
8. stream channels; 9. surface runoff.

Ynpaoicnenue 3.

HepeBCI[I/ITG CJICOAYIOINHEC CIOBOCOYCTAHUA HA pYCCKI/Iﬁ SI3BIK.
radiation components, summer months, heat storage term, preliminary
analysis, spring melt period, melting ice, the mass of ice melted, ice
cover, throughout a winter season, heat flow, the amount of radiation
absorbed.

Ynpaosxcnenue 4.
[lepeBenuTe mpemIoKeHNUS Ha PYCCKUH A3BIK, OOparias BHUMaHHE

Ha OCTIOYKU CYIIECTBUTCIbHBIX.

1. The cold season circulation pattern is clearly stronger than in the an-
nual mean.

2. The warming of the ocean area south of 50 N was associated with a
local increase in the westerly wind speed that generally corresponds
to an increase in oceanic heat loss.

3. Temperature, salinity and pressure work together to determine water
density.

4. When the temperature is sufficiently low, ice crystals occur, and
once they are present in sufficient concentrations, the entire cloud
tends to be transformed into ice crystals.

5. The equilibrium vapour pressure over ice is less than that over liquid
water at temperatures below 0 C.

6. Since ice nuclei occur in much smaller numbers than condensation
nuclei, this process leads to the formation of ice crystals.

7. The size of the cloud particles which form by condensation depends
on the rate and duration of the vertical motion.

8. The explanation is that the process of ice formation, whether by
freezing or liquid drops or the condensation of vapour directly into
ice crystals, also requires nucleation.

9. A working weather modification program can alter the weather sta-
tistics and, therefore, the local ecology.
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10. In the absence of surfaces, the vapour pressure can exceed the satu-
ration value several-fold before condensation begins.

11. If the cooling of air is carried out at constant pressure, the tempera-
ture at which saturation is reached is called the dew point.

12. Recently, attempts have been made to compute the amount of effect
of various treatments to augment warm cloud precipitation from
schematic models of cumulus clouds, using hogh-speed digital com-
puters.

Ynpasxcnenue 5.
[epeBennTe MpeAOKEHUST HA PYCCKUI SA3BbIK, 0Opallas BHUMaHUE

Ha OCTIOYKU CYIIECTBUTCIbHBIX.

1. Flash flood events arise from high to extremely high rainfall rates,
whereas river flood events are associated with rainfall events over
days and perhaps months.

2. The vertical moisture flux can be related to the condensation rate,
which in turn is the ultimate source for precipitation.

3. This means rising air should have a substantial water vapour content
and a rapid ascent rate if a significant precipitation rate is to develop.

4. Precipitation efficiency is defined as the ratio of the mass of water
falling as precipitation to the influx of water vapour mass into the
cloud.

5. Complete oxygen depletion kills all forms of aquatic life except an-
aerobic bacteria, which do not require oxygen to break down organ-
ic material.

6. Plant diversity is low in the northern forests, because few species can
survive the long, cold winters, when soil moisture is frozen.

7. Other abiotic factors, such as soil type, light, and fire can act as limit-
ing factors that cause variations in the plant life of major biomes.

8. Some aspects of groundwater pollution can be controlled by parts of
existing water pollution control laws.

9. Such a strategy will require greatly increased efforts to control soil
erosion through conservation and land-use control for farms, con-
struction sites, and suburban and urban areas.

10. In urban areas most waterborne wastes from homes, businesses,
factories, and storm runoff flow through a network of sewer pipes to
sewage treatment plants.
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11. The science in this early effort is far from the level of climate sci-
ence today, but Marsh does link land use change, including defor-
estation and irrigation, to changes in the local climate.

7. TlpennosxeHus ¢ BBOASIIUM cjioBoM there

B coueranmsx there ¢ rimaromnom to be B pasusix BpeMeHHBIX (Hop-
max (there is, there are, there was, there were, there will be, there has
been u 1.1.) cnoro there caMoCcTOSTETHLHOTO 3HAUCHUS HE UMEET, U BCE
COYCTAHUE MEPEBOTUTCS ICTUKOM CIIOBAMHU €CTh, UMECTCS, CYIIECTBY-
eT, ObLI, cylecTBoBal, Oynet u T.1. Hanmpumep:

There are many types of climates across the Earth.

Ha 3emne ecmv mnoco munog kiumama.

In 2005 there were 12 named storms and 4 hurricanes in the USA.

B 2005 200y ¢ CIIA nabmoodanocey 12 nonyuusuiux umena wmop-
Mo8 u 4 ypazana.

There will be a noticeable increase in the earth's average tempera-
ture in the next decade.

B credyrowem decaimunemuu 6yoem HadOA100amuvcs 3amemnoe yge-
JUYeHue cpeoHel memMnepamypol 3emiu.

CioBo there coueraercst He TONBKO ¢ riaroiom to be, Ho u ¢ mo-
JaJbHBIMH W HEKOTOPBIMH JIpyrumu Tiaromamu: should, must, can,
may; exist, come, live. TIpu 3ToM Ha pyCCKU# A3BIK TIEPEBOIUTCS TOJb-
Ko rnarou. Hampumep:

There must be some available method of estimating net effective
rainfall.

s onpedenenusi 0bwe2o KOAUUECMB8a 0CAOKO8 O0MNCEH Cyuje-
CMB08aMb HeKUli 00CMYNHbIU MEMOO.

There exist different kinds of precipitation.

Cywecmsyiom pasnuuHvie 8udbl 0CAOKO8.

Ecnu B mpeanioxkeHun ¢ BBOSIIIMM CJI0BOM there ectb u Hapeuwne
there, To oHo cTaBuTCs B KOHIle. Hampumep:

There were several fertilizers applied there.

Tam 6HOCUNOCHL HECKOLKO YOOOPeHUIL.

TpeHHpOBO'lHLIe YOpPpaAXKHECHUSA

Ynpaoicnenue 1.
IMepeBenuTe MpeNIOKEHHS HA PYCCKHH A3BIK.
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. There remains to be mentioned only one point known as the "ex-

tended duration” period.

For millions of years there have been repeated advances and retreats
of the sea over many districts.

If there is no relatively impervious stratum above the water table,
there may be no surface runoff, and the flow will be well sustained.
From the geographical point of view there is thus a general and re-
gional oceanography both using statistical and descriptive methods.

Ynpaoicnenue 2.
[lepeBenuTe, oOpaias BHUMaHWE Ha MOPSJIOK CIOB B PYCCKOM

MMPECAJIOKCHUU.
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. There are about 7000 synoptic weather stations on earth.

. There is the formation of a pollutant layer in the city.

. There are many physical models of tornadoes.

. Today there is a lot of information about past climate.

. Through geologic time there has been constant change in springs.

. Representative are the conditions that prevail in the wet southern part

of Iceland. The climate there is decidedly maritime.

Ynpaoicnenue 3.
[lepeBenuTe npennoxKeHUs: HA PyCCKUIl SI3BIK.

. Where there is water, there is life.
. There is not much rainfall in this region in summer.
. There is a great variety of instruments used for measuring the amount

of precipitation.

. The topography varies from morainic to flat but there is very little

swamp land.

. The greatest flood regarding which there is reliable information oc-

curred in 1897.

. Thus there are three major estimates of the extent of flood damage.
. There has been much dispute over the applicability of this method in

agricultural hydrology.

Ynpaosrxcnenue 4.
[lepeBennTe MpeANioXKEHUS HA PYCCKHUH SI3BIK, oOpalas BHUMaHHE

Ha repeBojt 0bopoTa «There + bey.

1.

In the last days of July 2001 there was a big rain event.
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2. In such soils there are also very big pores which are connected to
each other.

3. There is one type of climate over the equatorial Pacific Ocean and
another type at the North Pole.

4. Due to friction there is a progressive loss of energy by the sea waves
with an increase in depth.

5. In deserts there is a great difference between day and night tempera-
tures.

6. In colder districts there will be no need for costly containers to
transport ice, it will be dumped into regular water catchments and
sold in retail outlets.

7. There is a great deal of study to be done.

8. There were many reasons for ocean study.

9. There is much cooperation between the scientists.

10. There will be more understanding between oceanologists.

11. There has been much radioactive waste.

12. If there are clouds the white light will dilute the blue.

13. There are important consequences for long-term climate change.

14. There are many classes of models, and within each class there are
many implementations and variations.

15. For example there are simple equivalent barotropic models of the
atmosphere.

Ynpasxcnenue 5.
[lepeBenuTe mpemIoKEeHNAS Ha PYCCKUH S3BIK, OOpaIrias BHUMaHHE

Ha rrepeBox obopoTa «There + bey.

1. There are also clear connections with the cryosphere (glaciology) and
the biosphere (biology, ecology).

2. When there is an atmosphere, like the one on Earth, some of the gas-
es that make up the atmosphere can absorb infrared radiation.

3. Using the solar constant, we can calculate Earth's temperature if there
were no atmosphere.

4. However, if we allow the solar constant to be constant at the equator
and the poles, there is still an important effect of geometry, namely
the angle between the incoming photons (which we can think of as
parallel rays of light) and the direction normal to the surface (which
can be thought of as the local vertical direction, looking straight up,
the sun is not always overhead).
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5. We know the solar constant (1367Wm ), so if we integrate over the
Earth's surface, we know how much incoming energy there is.

6. There are really just three paths a photon (a "particle™ of light) can
take.

7. We can (to a reasonable approximation) assume that the atmosphere
is transparent to shortwave radiation, meaning there will be no ab-
sorption.

8. Of course, in reality there is some emissivity associated with differ-
ent surface types, but we neglect that here.

9. These time scales are greater than centuries, and there are important
millennial and multi-millennial signals in the so-called paleo record.

10. At time scales even longer than ice ages (105 years), there are large
variations of climate associated more with geological processes than
atmospheric and oceanic.

11. There are many classes of models, and within each class there are
many implementations and variations.

12. In fact, there are entire volumes devoted to the history of numerical
modeling of just the atmosphere.

Ynpaoicnenue 6.
[lepeBenuTe mpemIoKeHNAS HA PYCCKUH S3BIK, OOpaIras BHUMaHHE

Ha rrepeBox obopoTa «There + bey.

1. In the ocean, there are simple box models that are somewhat analo-
gous to the axially symmetric models of the meridional circulation
of the atmosphere.

2. For example there are simple equivalent barotropic models of the
atmosphere.

3. That there is some uncertainty most decidedly does not mean that we
can't trust climate model results, nor does it mean there is built in
"wiggle room" in the models.

4. While there were many skeptical scientists in the past, as the evi-
dence has mounted (especially using satellite-based data), even the
most ardent skeptics have come to the determination that humans
are changing the climate.

5. Increases in precipitation over Greenland, combined with other
warming effects there, leads to pools of liquid water that melt into
the ice sheet as moulins.
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6. We can imagine it is the level at which the downward shortwave ra-
diative flux is negligibly different from the solar constant and where
there is negligible downward longwave flux (that due to the sun,
which is small).

8. I'maroJibl, BhIpaKamuIue T0J:KEeHCTBOBAHHE
JlomKeHCTBOBaHUE BBIPAXKAETCSA PSIOM MOJANBHBIX TIAroJyioB, 3a
KOTOPBIMH HEMOCPEJICTBEHHO clielyeT NHGUHHUTHUB (C YacTuien t0 uiu
0e3 Hee). OcOOCHHOCTH 3HAYEHUS dTUX MOJAIBHBIX TJIAroJIOB TOKa3a-
HEI B CJICAYIONICH TaOIuIIe:

['maron 3HaueHue IlepeBog
Must/have to HEOOXOMMOCTh COBEPILIHTH JICH- JIOJDKEH,
CTBHE B CHJIY 00CTOSITEIBCTB BBIHYK/ICH
be to HEO0OXOAUMOCTh COBEPIINTD JICHi- JIOJIKEH,

CTBHE B CBSI3H C IIPEIBAPUTEIILHON | 00s13aH
JIOTOBOPEHHOCTHIO MJTH UMEIOIIH-
MHUCS IJITAHAMHU

should/ought to | coset, pekomeHaITHsI JIOJDKEH,
ClIeIyeT

Hampumep:

If we are to understand why water has the properties it does, we
must take a look at the atom itself.

Ecnu nam HYJCHO NOHAmMb, novemy 600a umeem ceou C@OZZCI’I’IGCI,
Mbl OONHCHBL 632/IIHYMb HA cam amom.

To ensure a continuous supply of water, a well should penetrate
many meters below the water table.

s becnepeboiinozo 6000cHabICeHUss K000y 00INCeH bbimb HA
MHO20 Mempoe Huaice 8001020 3epKajda.

Cnoxsble (opMbl WHOUHUTHBA IMUPOKO HCIONB3YIOTCS C MO-
JaJIbHBIMU IJ1arojamMu. ITaccuBHBII I/IH(I)I/IHI/ITI/IB o0o3HayaeT HeﬁCTBHQ,
KOTOPOC MOKCT UIIN JOJIZKHO HpOHSOﬁTH C IoJICKaliuMm.

Hampumep:

The importance of climate in the affairs of man cannot be doubted.
Huxmo ne comnesaemcs 6 6adcHOCMU KIUMAMA OJisl HCUSHU YeTl08eKA.
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[TepdexTHbIil MHOUHUTHB MOCIEe MOJAIBHBIX TJIaroJoB YHOTpPEeO-
JSIETCS TI0 OTHOILICHUIO K JICHCTBHSAM B MPOLUIOM U MPUAACT COYeTa-
HUIO MOJIAJIGHOT'O TJIaroja U WHOUHHUTUBA 0cO00E 3HAYCHUE B 3aBUCH-
MOCTH OT MOJJAIILHOTO IJIaroJa:

1. Can/could + mep¢exTHbIi HHOUHUTHB 0003HAYAET NCHCTBHE,
KOTOpOE MOTJIO TIPOU30MTH, HO HE TPOU30NLIO (YIMyIICHHAs BO3MOXK-
HOCTH). Hammpumep:

We can have achieved better results. Muit mocnu noryuume ayuwiue
pe3yrvmamal.

2. May/might + niepdbexTHbIN HHGHHUTHB 0003HAYAET ICHCTBHE,
KOTOpPOE€, BO3MOXKHO, MMEJIO MECTO B MPOHUIOM (HeOOJbIIas CTENeHb
yBepeHHocTH). Hanpumep:

Contraction of the ocean water may have lowered the sea level by
about 10 m. BosmooicHo, cocamue 600bl 6 OKeane NOHUULO YPOBEHD
mops Ha 10 m.

3. Must + nepdexTHbIE HTHPUHUTUB 0003HAYACT JNCHCTBHE, KOTO-
poe, TOIDKHO OBITh, IMETI0 MECTO B TPOIIIOM (OOoIbIasi cTeneHb yBe-
perHoctn). Hampumep:

This submergence must have been caused by a subsidence of the
continent, a rise in the sea level, or a combination of the two.2mo 3a-
monenue, O0JINCHO OblMb, ObLIO BbI36AHO NOSPYHCEHUEM KOHMUHEH-
Mo, NOObLEMOM YPOBHSI MOPSL, UNU COUEeMAaHUeM IMUX 08X (PaKmopos.

4. Should/ought to + mephexTHbI HHOUHUTHB COMEPKUT YIPEK
OTHOCHUTENBLHO JICHCTBUS, MPOU3BEICHHOTO B IMpoIioM. Hanpumep:

The government should have adopted clear agricultural policy
long ago./lpasumenvcmsy ciedosano Ovi NPpUHAMb YEMKYIO ASPAPHYIO
NOAUMUKY ewje HECKONILKO Jlem oMY HA3A0.

TpeanOBqume YOpPpaAKHECHUSA

Ynpaosrcnenue 1.
VKaxkuTe MPeAIoKeHHs, B KOTOPBIX Tiaroi to be Beipakaer moi-
JKECHCTBOBAHHC.
1. Many moisture variables are in meteorological use.
2. The lunar day is 24 hours and 50 minutes in duration.
2. The earth is rotating at great speed (1600 km/hr) relative to the
moon.
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3. The meteorological stations are spaced uniformly.
4. The next step was to introduce an allowance for the difference in
temperature at different levels.

Ynpaoicnenue 2.

[TepeBenuTe TpemIoKeHUs, oOparias BHAUMAaHUE Ia MOJAIbHBIC
TJ1aroJibl.
1. Energy may reach 30 m/s (65 mph) and more in gusts in Africa.
2. The wind shear must be strong to overcome the effect of the stratifi-

cation.

3. Parts of the tropical zone can be very suitable for human occupation.
4. A charge separation must take place inside the thunderstorm cloud.
5. Cloud thickness may be 3 km or more, probably giving some showers.

Ynpasicnenue 3.
HepeBe)lHTe OpEIJIOKCHUA, COACPKAINUEC CKAa3zyeMbIC C MOJAJIb-
HBIMHU TJ1aroJiaMu.
. An air mass may be heated from below.
. Similarly, but in reverse, it can be cooled from below.
. Changes must also occur through increased evaporation.
. Heating from below may be spread rapidly.
. The abstraction of moisture by condensation or precipitation can also
cause changes.
. Large-scale lifting may result from forced ascent by a mountain barrier.
. Horizontal inflow or outflow near the surface has to be compensated.
. Evapotranspiration losses from natural surfaces cannot be measured
directly.
9. The speed has to be corrected because the instrument is not at the
standard height.
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Ynpasxcnenue 4.

[lepeBenute mpemiokeHus, obparias BHHUMaHHE Ha MOJAJbHBIC
TJIaroJibl U X 5KBHUBAJICHTHI.
1. Certain features of global climate can be studied by physical models.
2. A lot of meteorological stations should be set up in the inner city.
3. Both dew-point and wet-bulb temperatures can be easily measured.
4. Generally, compromise solutions have to be found.
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5. Every household should possess several thermometers such as
a room thermometer, an out-of-door thermometer, and a clinic or
«fever» thermometer.

Ynpaoicnenue 5.
ITepeBeauTe Ha PYCCKUM S3BIK CIAEAYIOLINE TTPEIIOKEHHUS.

1. Some of the precipitated water may penetrate into deeper layers. A
return to cold weather may arrest the snowmelt runoff.

2. An extraordinary storm can occur, and yet produce little runoff. In
summer these rates can be as low as 0.1 inch per hour.

3. Acid rains may have been the cause of the death of fish at least in
some of the lakes.

4. The annual flow data will also have to be taken into consideration.

5. Bridge crossings must be wide and high enough to clear the specified
flood without causing backwater.

6. In extremely swift water it may be impracticable to sink the meter far
below the surface.

7. Flood-forecasting services should be recognized as an essential part
of flood management.

8. These insignificant water losses need not be taken into account.

9. The snowmelt measurements should have been made under different
conditions.

10. If we are to find an acceptable solution to this problem, we shall
have to carry out a great many more field studies.

11. The stream velocity values ought to be checked thoroughly.

12. Some of the water may have penetrated into deeper layers.

Ynpaoscnuenue 6.
ITocTaBbTe TJ1aroJibl-CKa3zyeMbI€ B CICAYIOHIUX IPCIJIOKCHUAX
B IIpoIIeiiee u Oyaymiee Bpems.
1. We can use another technique for analyzing the data obtained.
2. The problem must be solved as soon as possible
3. Researchers must find a reliable means of protecting populated areas
from landslides.

Ynpasxcnenue 7.
[lepeBenuTe Ha PyCCKUI SI3BIK CIEIYIOIINE TPEIIOKEHUSI.
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. For better accuracy annual rainfall should be measured at as many

points as possible.

. Fertilizers are to be used very carefully to avoid polluting adjacent

streams.

. River discharge data will also have to be analyzed thoroughly.
. Allowance should be made for the silting of the reservoir.
. Nearly all usable water in deserts is to be found almost exclusively

underground.

Ynpaoicnenue 8.
[lepeBenuTe npeayoxkeHus, oOpaiias BHAMAaHUEC Ha MOJIANBHEIC

IJ1aroJibl 1 UX rjaroJibl-3aMCHUTCIIN.

1.

As a thought experiment, consider all the absorption by greenhouse
gases happening in a thin layer of the atmosphere, which can effec-
tively be thought of as a thin shell around the Earth.

. Modeling studies might compare simulations with different levels of

carbon dioxide, or an observational study might describe a slowly
changing quantity, like sea-ice concentration, over a long period of
time.

. For this exercise, two lengths are crucial, but can be measured quite

well: the distance between the Earth and sun and the sun's radius.

. Combining these distances with the solar constant (®E = 1367

Wm ~?) can provide us with an estimate of the sun's effective surface
temperature.

. All this energy has to pass through the sphere defined by the radius

of the sun as well, which means a shell with surface area 47r® where
r is the sun's radius.

. In the case of Earth (as the "system"), this means that the energy

coming in (the sunlight) must be balanced by outgoing radiation.

. This incoming energy, sometimes called solar insolation or down-

ward shortwave radiation, needs to be balanced. If it is not balanced
by an equal loss of energy, then the temperature of the system must
change (this is the 1st law of thermodynamics).

. The photon can be reflected, which means that the path of the photon

is reversed.

. These are generic models, which can be specialized to simulate the

ocean, atmosphere, or other fluid problems.

158



10. Radiative-convective models can be used to represent the global
average atmosphere, a particular latitude (zone), or a particular loca-
tion. The resolved dimension is vertical, so all the horizontal fluxes
(like winds and advected scalars like temperature and moisture)
must be passed to the column somehow.

11. The global temperature could rise by up to four degrees by the end
of the century.

12. Almost everywhere on earth, the forestry industry will have to hus-
band different types of trees than it has until now.

13. As scientists, we want to provide politicians with a decision paper
that is as understandable as possible, and from which they can de-
cide which measures ought to be politically implemented as urgently
as possible.

9. Ilpuuactue I

[Mpuvactue | — mpruacTre HACTOSIIErO BPEMEHHU IEHCTBUTEIHHO-
ro 3amora — oOpasyercss OoT WH(WHMUTHBA TJaroja NpHOaBICHUEM
K Hemy cyddukca -ing. Hanpumep: read + -ing = reading.

[Mpuvactue | Ha pycckuil S3bIK MEPEBOTUTCS MPUYACTHEM C OKOH-
YaHUeM -wui Uiy neenpudyactueM. Hanpumep:

reading — unTaromuii, ynTas.

B npennoxenun npuyactue I cioyxur:

1) ompenenenueM u ymoTpeOsseTcss MO0 TEpel] ONpeaeIIeMbIM
CIIOBOM (T.e. clieBa), Ju00 IocIiie OmpeAensseMoro ciosa (T.e. CIpaBa).
B nocnenHem ciyyae oHO, BMECTE C YTOUHSIOIIUMHE €ro CIIOBaMH, 00-
pasyet npuyacTHeid 000poT. Hampumep:

Everybody listened to the reading student.

Bce caywanu wumarowezo cmyoenma.

Everybody listened to the student reading the newspaper.

Bce cnywanu cmyoenma, uumaroweco eazemy.

2) 00CTOSTEIBCTBOM M YIOTPEOJSIeTCS B Hadyale WIH B KOHIE
IMPEAJIOKCHUA. Bwmecte ¢ YTOYHAKOIIHUMU €T0 CJI0BaAaMH COOTBETCTBYET
pycckoMy neenpudyacTHoMmy obopoty. Hanmpumep:

Reading the new text the student made no mistakes.

Yumas Ho8wvlll mexcm, cmyoenm He coelan ouudoKx.

3) gacteio ckazyemoro. Bmecte ¢ riarosiom t0 be obpasyer dhop-
MbI BpeMeH rpyrmnsl Continuous. Hampumep:
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The student is reading a newspaper now. Cmydexm cetiuac uuma-
em caszenty.

TpeHUpPOBOYHBIE YNIPAKHEHHH

Ynpaoicnenue 1.
ITepeBeauTe cienyromnue NpeaIoKEHNUs Ha PYCCKUH S3BIK.

1. These trends can vary greatly depending on the period over which
they are calculated.

2. When the beer bottle recycling system was set up, a number of busi-
nesses and unions representing aluminum workers protested rather
vigorously.

3. Globally, October 2005 was the warmest October on record, surpas-
sing that of last year and June 2005 was the warmest June, surpas-
sing that of 1998.

4. This is why winds blowing northwards parallel to the coastline of
Peru "drag" surface water westwards away from the shore.

10. IMpuuactue I1

[Ipuuactue Il — mpuyacTre mpoLIEANIEr0 BpEMEHU CTPadaTeIbHO-
r'0 3aJI0Ta — Yy MPaBHJIBHBIX IJIaroioB oOpa3yeTcs 0T HHOUHUTHBA MPH
nomonu cyddukca -ed, a y HeNpaBUIbHBIX IJIaroJIOB SIBISIETCS TPETh-
et popmoii. Ecriu rmaron okaHurBaeTcst Ha OyKBY e, TO miepen cypQuk-
coM -ed ona omyckaercs. Hanmpumep:

produce + ed -> produced, write -> written.

[Ipuuactue II mepeBoAUTCS Ha PYCCKUU A3BIK MPUYACTUSIMHU
C OKOHYAHUSMH -Hbll, -Mblil, -mbiil. Hampumep:
produced — mpou3BOANMBII, TPOU3BEACHHBIHN, Written — HAITHCAHHBIH.

B npennoxenun npuyactue 11 cnyxut:

1) ompeneneHuem, U TOrJa OHO CTOUT JIHOO MEPE OMPEACISICMbIM
CYIIECTBUTEIBHBIM, JTUOO MOCIe HEero, 00pa3yst BMECTE C YTOUHSIONIH-
MH €T0 CJIOBaMHU NPUUYACTHBIA 000poT. Hanpumep:

The results obtained were very useful.

Tlonyuennvie pezyromamul ObLIU OUEHb NOAE3HBL.

2) 4acThIO CKa3yeMoro B cTpaaarensHoM 3anore (Passive Voice).
Hanpumep:
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Some insolation is reflected into space by the air.

Yacme conneurol paduayuu ompaxicaemcs ammocgepou 8 Koc-
MOC.

3) gacThio cka3zyeMmoro BpeMeH rpynnsl Perfect. Hampumep:

Scientists have not developed a completely satisfactory explana-
tion for the causes of the ice age yet.

Yuenvie ewe ne danu docmamouno y0061emeopumenbHo2o 0ovsc-
HEHUsA OMHOCUMENbHO NPUYUH JEOHUKOB020 nepuoda.

TpeHUpPOBOYHBIE YyNIPAKHEHU

Ynpaoscnenue 1. IlepeBennre mpeasioKeHUs Ha PYCCKUH SI3BIK.

1. The mixed layer is near the surface where the temperature is roughly
that of surface water.

2. Rainfall, considered apart from temperature, gives no clue to cli-
mate.

3. In northern areas thousands of abandoned mines are leaking dis-
solved metals into ground and surface waters.

4. Late in the ninth century aided by a period of climatic warming the
Vikings conquered Iceland.

11. Ipuuyactue || B pyHKkuun npaBoro onpeaeaeHust
K CYIIECTBUTEJIHLHOMY (B MOCTHO3UIIMN)

[Ipuuactue I, He uMmeroLIee YTOUHSIOUIMX CJIOB, TAKXKE MOXET
CTOSITH CIIpaBa OT CYIIECCTBUTEIHHOTO. B 3TOM ciiydae B pycckom mepe-
BOJIC OHO CTOUT TEpe]l CyIecTBUTEIbHBIM. Hanpumep:

When the air is hot and not dusty, the amount absorbed is not
great.

Kozoa 6030yx eopsauuii u He nuvLibHbILL, NO2TOUWEHHOE KOIULECTNBO
HesenuKo.

[Tpuuactue Il B 310l QyHKIIMH chemxyeT oTIMYaTh OT mpudactus 11
B MPHUYACTHOM 00OPOTE, KOTOPOE TOXKE CTOMT CIIpaBa OT CYIIECTBH-
TEJILHOI'0, HO MMEET 3aBUCUMEIE CJIOBA.

12. IIpuyacTus MPOCTHIE U CIOKHBIE
[Tpuuactust ObIBAOT MPOCTHIE, T.€. COCTOSIINE U3 OJHOTO CIIOBA, U
CIIOYKHBIE, COCTOSIINE U3 IBYX-TPEX CIOB (CM. CICAYIONIYIO TaOJIHILy).
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Active Passive
Present Par- producing being produced
ticiple | MPOU3BOIAILIMH, [OyIydH MPOU3BOIUMBIM
IPOU3BOJS KOr/ia / Tak KaK IpOM3BOIUIN
Past produced
Participle 11 — [POM3BOJMMBIi, TPOU3BEICHHBIN
Perfect having produced fhaving been produced
IMPOU3BE I [TOCJIE TOTO KaK / Korga rmpou3BECIn
Hanpumep:

Air passing over water areas is cooled in summer and warmed in
winter.

Bo30yx, npoxoos nao 800Holl nogepxrocmuio, oxnaxcoaemcs Je-
mom u Hacpeeaemcsi 3UMOL.

Having grown up in an industrial town in the 1930s and 40s, Mac-
kay vowed to study the impacts of industrial processes on a community.

Tak kax Maxeil gvipoc 8 npomvluunennom 2opooke ¢ 30—40-e 200w,
OH Oan cebe KJIAmMeEyY u3yuumsv 6J1UsAHUE NPOMbIUIEHHbBIX NPOYeCccos HaA
HaceJsleHue.

The problem being mentioned should be solved.

Ynomunaemas npodnema dondxcua 6uime peutena.

Far more people live on plains than on the plateaus and mountains
combined.

Ha pasnunax srcueem copazoo 6onvute nooel, yem Ha 6036bIULEH-
HOCMAX U 8 copax, emecne 63:nblx.

Having been examined individually, the most important compo-
nents of climate need further investigation.

Tlocne moceo, Kak gadicHeluue KOMROHEHmbl Kiumama ovliu usy-
YEeHbl no om()eﬂbHocmu, Ux uccieoosanue cxzedyem l’lpOdO]lOfCl/lmb.

CI10>XHBIE NpUYacTrd BBINIOJHAIOT B MPCJIOKCHUHN, KaK IIPaBUIIO,
(bYHKI_[I/IIO 00CTOATENLCTBA U 0003HAYAIOT JOIIOJIHUTCIIBHBIC HeﬁCTBHﬂ,
KOTOPBIC COBCPHIAIOTCA C IMOICKAIINM HIIW KOTOPLIC IIOMJICKaAIICC
CaMO COBCpIIACT HapsAdy € HeﬁCTBHHMH, 0003HaYEHHBIMU CKa3yCMbIM.

IMpuuactue I crpamarensHoro 3anora (Participle | Passive) o6o-
3Ha4vYacT I[CflCTBI/IG, KOTOPO€ COBECPHIAIOT C NOAJIC)KAIINM B TO K€ CaMOC
BpeMsi, KOT1a IPOUCXOIUT JICHCTBHE, 0003HAUEHHOE CKa3yEMbIM.
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[lepeBoaUTh Ha PYCCKHH SI3BIK MPUYACTHBIN 000pOT, 00pa3yeMblii
CIIOKHBIMU TPUYACTHSAMH CTPAJATeNbHOTO 3aJ0ra, JIydile MpPUAaToY-
HBIM IIPEJUIOKEHHEM, MIEPBOHAYAIBHO YSICHHB JUISl Ce0sl CBSI3b MEXIY
neictBusmMH. [IpunatoyHoe mpeuioKeHne, Kak MpPaBUlo, HAYMHACTCS
CIIOBaMH KOT/Ia, TaK KaK HJIH TIOCIIE TOro Kak (CM. TabIuiLy).

IepdhextHOE MpruacThe aerictBuTeapHOrO 3aiora (Perfect Active
Participle) o6osmauaer meiicTBHE, KOTOPOE MOIJIEKAIIEES BBITOIHHUIO
paHblIie, YeM JCHCTBHE, BBIPAXKCHHOE CKa3yEMbIM.

[TpuyactHbie 00OPOTHI, 0OpasyeMmbic MEePHEKTHBIM MPUYACTHEM
JeHCTBUTEIBHOTO 3QJ10Ta, TIEPEBOASATCS HA PYCCKHUHN S3BIK JECNPHYACT-
HBIMH 000POTaMU C JICCMPUIACTHEM COBEPILICHHOTO BH/IA.

[TepdexTHOE MpHuacTHe crpaxatenbHoro 3anora (Perfect Passive
Participle) o6o3nauaer nelicTBrE, KOTOPOE COBEPIIMIIN C MOICHKAIIUM
paHbliIe, YeM APYToe JeHUCTBHE, BRIPAKEHHOE CKa3yeMBIM.

TpeHNpoOBOYHBIEC YNIPa’KHEHUS

Yunpaoicnenue 1.
[TepeBeaute cneayromme NpeaAJIOKEHNAS Ha PYCCKUH SA3BIK:

1. Quarts is one of the commonest minerals being present in many
rocks and soils in a wide variety of forms.

2. Having learned the characteristics of the important rocks we can
more easily see how various external and internal earth forces acting
on them have produced our present topography.

3. Being cut by rapids the rivers of the USA serve as immense source
of electric power.

4. The tools and methods employed in underwater surveying vary with
the areas being surveyed and the requirements placed on the ocean-
ographers performing the work.

5. Most of the soils of the Columbia Plateau are very fertile having
been formed originally from lava.

Ynpaosrcnenue 2.
[lepeBenuTe mpeUIOKEHHS, YYUTHIBAS (QYHKIHIO MPUIACTHHA
(onpe/:[eneHI/Ie, OGCTOS[TeIILCTBO, qacCTb CKaSyeMOFO).
1. Convergence occurs when there is a net accumulation of air in a lim-
ited sector.
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2. Vertical motion is extremely slow compared with convective and
downdraught currents.

3. The air within a depression can be regarded as comprising an infinite
number of small air parcels.

4. These are the horizontal flow patterns producing divergence and
convergence.

Ynpaowcnenue 3.
[lepeBemuTe TIPENIOKEHUS, YYUTHIBAS (DYHKITMIO MPUIACTHHA
(ompenenenue, 0OCTOSATEILCTBO, YaCTh CKA3yeMOro).
1. Convergence occurs when there is a net accumulation of air in a net
accumulation of air in a limited sector.
2. Vertical motion is extremely slow compared with convective and
downdraught currents.
3. The air within a depression can he regarded as comprising an infinite
number of small air parcels.
4. These are the horizontal flow patterns producing divergence and
convergence.
5. Anticyclonic vorticity occurs with the corresponding anticyclonic
situation,
6. The tropical sources are maritime, originating in the oceanic subtrop-
ical high-pressure cells.
7. The maritime type is characterized by high temperatures accentuated
by the warming action to which the descending air is subjected.

Ynpaosxcnenue 4.
[IpeoOpasyiiTe cloXHBIE MPETOKEHUS ¢ MPUIATOYHBEIM 00CTOS-

TECIBCTBEHHBIM B ITPOCTOC MPECATTOKEHNUE C IPUIACTHBIM 060pOTOM.

Oopazer: When ice crystals are formed, they grow rapidly. —

When formed ice crystals grow rapidly.

1. When evaporation from oceans, lakes and moisture transpired from
plants are taken together, they are often referred to as evapotranspi-
ration.

2. When the water is converted into ice, its composition is not changed.

3. When these patterns are seen on satellite photographs, they are cellu-
lar, with a typical diameter of 30 km.
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Ynpaosrxcnenue 5.
Onpeaennure QyHKITUIO MOAYCPKHYTOTO TIPHUIACTHS (OTIpE/ICICHIE,
00CTOSATEIHCTBO, YACTH CKA3yEMOT0), TIPEITIOKCHISI TIEPEBEINTE.

1. A volume increase involves work and the consumption of energy,
thus reducing the heat.

2. Prolonged reduction of the temperature produces condensation.

3. Latent heat is liberated, counteracting the dry adiabatic temperature
decrease.

4. The maritime type is characterized by high temperatures accentuated
by the warming action to which the descending air is subjected.

5. There is a temperature inversion — a layer of the atmosphere in which
the temperature is increasing with the layer to have the same con-
densation level.

6. The cloud has an arched top find a flat base.

7. When falling, rain is evaporated into tire air.

8. Stratus is the name given lo layers of clouds which show no internal
structure.

Yupaoicnenue 6.
[lepeBenuTe mpemIoKeHNAS Ha PYCCKUH A3BIK, OOpaIrias BHUMaHHe

Ha iNg-hopMmaiI.

1. Climatology is a young science, with modern climate science only
emerging from meteorology, oceanography, and geology in the late
20th Century.

2. In the case of planet Earth, however, not only are we adding to the
sun's heat in the daytime.

3. The gases are heated by the absorbed radiation, and then radiate iso-
tropically (equally up and down), sending energy back toward the
surface to act as an extra energy source.

4. Using Wien's law, we can calculate that temperature and establish
that Earth is an infrared emitter.

5. At dawn, the sun comes over the eastern horizon, traveling in an arc
across the sky, reaching its maximum height at local noon, and then
descending toward the western horizon.

6. At the south pole, the sun is just at the northward horizon at local
noon, providing essentially no insolation.

7. Absorbtion means that the energy associated with the photon is im-
parted to some atom or molecule, resulting in a higher energy level
in that particle.
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8. The radiative flux from the surface acts approximately according to
the Steffan-Boltzmann and Wien's laws of blackbody radiation.

9. From space, the emission from the planet will be coming from an
elevated level, with a much colder temperature than the surface.

10. In fluid dynamics, some systems are now modeled using "direct
numerical simulation” (DNS), in which nearly all the active scales
are explicitly resolved.

11. The results confirm speculations over recent years that humans are
having a large and unprecedented influence on the climate and are
fuelling global warming.

12. Huge discharges of ice spill into the north Atlantic, chilling and
freshening the surface water, stabilizing the upper ocean.

Ynpaoicnenue 7.
[TepeBenute mpennoxenus. OnpeaenuTe, €CTh JIU B MPEAT0KECHUN

Past Participle.

1. The study of climate — sometimes called climatology or climate sci-
ence — is actually a relatively young field, but has roots in all the
major branches of science.

2. Physical and computer models built to predict climate change are
based on evidence gathered from glacial geologists and quaternary
geologists, that infer, with varying degrees of precision, the Earth's
climate history.

3. The equations of motion are the same fundamental equations that
govern all classical fluid dynamics, much of energy transfer is based
on well-known principles of radiative transfer and nuclear physics
and spectrometry, and a lot of observations are based on geological,
chemical and biological processes and methods.

4. When focused on issues of climate change, the same physical princi-
ples are at work.

5. We investigate the processes involved with climate and climate
change, from the sun's influence, to the natural greenhouse effect, to
observed changes in the composition of the atmosphere.

6. By the time the energy reaches Earth's orbit, the energy flux (energy per
time per area) is only about 1367 W/m?, the so-called solar constant.

7. Luckily, the presence of the atmosphere allows the Earth system to
store somewhat more energy; the observed global average tempera-
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ture is approximately 287 K (14°C), allowing a more comfortable
existence for humans.

8. Precession is the slow variation of direction of the spin axis, and is
affected by both a turning of the spin axis and a slow change in the
shape of Earth's orbit.

9. The insolation is reduced by the cosine of this angle, which is known
as Lambert's cosine law.

10. The distribution of incoming solar radiation with current orbital
parameters, averaged over each day.

11. The net shortwave, which when averaged over suitable time and
over the global, is the source of energy to the climate system, but
not all the solar insolation is absorbed by the earth.

12. The reflectivity of the surface is usually called the albedo, denoted
a, and is simply the fraction of incident light that gets reflected.

13. Climate models come in many forms, from very simple energy-
balance models to fully coupled, three dimensional atmosphere-
ocean-land numerical models.

14. Simpler models have been developed over the years for many reasons.

15. These models are solved for the equilibrium temperature at each
latitude based on the incoming and outgoing radiative fluxes and the
horizontal transport of energy.

16. Scientists at the Max Planck Institute for Meteorology presented on
Thursday, September 29, their first model calculations for the future
of the climate.

Ynpaosicnenue 8.
[TepeBeauTe npeasioxKEHNs HA PYyCCKUH SA3BIK.

1. From their inception, urban parks were not conceived of as having
ecological value or as being ecological restorations in the sense that
we use these terms today.

2. It was constructed at great effort and expense, involving the reloca-
tion of several communities, the movement of six million cubic
yards of dirt and rock, and the planting of thousands of trees.

3. For example, it is a known fact that pollution in the Arctic is caused
by the consumption patterns of people living farther to the south.

4. Groundwater modelling is the only way to integrate the vast amounts
of data involved and to provide the fundamental understanding of
complex groundwater flow systems needed for effective management.
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5. Models can give reliable water balances showing the capacity of the
resource, and they can reveal flow paths showing where the water
comes from, where it is going, and what migration paths contami-
nants will follow.

6. Having been a pioneer in groundwater research for over 30 years,
Emil Frind used the occasion of his address at Environment Canada
to make some observations about the state of groundwater manage-
ment in Canada.

7. Regions of significant warmth were widespread with large areas of
Africa, Australia, Brazil, China and the United States showing sig-
nificantly above-average temperatures.

8. The information given will be useful for the farming, fishery,
transport and tourism sectors.

9. A programme focusing on traditional concepts and methods will be
one of the main features.

10. One oceanic process altered during an El Nino year is upwelling,
which is the rising of deeper colder water to shallower depths.

11. Iceland will benefit from use of the comprehensive satellite data
and images made regularly available by Meteosat-8.

12. Some of the other forecasting methods, such as numerical weather
prediction, lose all their skill for forecasts longer than 10 days.

13. This sinking motion leads to generally fair skies and no precipita-
tion near the high.

14. Having become a Category 5 storm, the central pressure fell to 922
mb and wind gusts were estimated in excess of 175 m.p.h.

15. August 26, Andrew made landfall again, this time in south central
Louisiana, with a central pressure of 956 mb and sustained winds
approaching 120 m.p.h.

16. Mitigation includes any activities that prevent an emergency, reduce
the chance of an emergency happening, or lessen the damaging ef-
fects of unavoidable emergencies.

17. Problem issues include, for example, leaking decommissioned land-
fills, leaking fuel storage facilities, industrial solvents, municipal
wastewater effluents, and road salt application to streets and highways.

Ynpaosrcnenue 9.
[TepeBeauTe Ha PyCCKUM A3BIK CIAEAYIOLINE MTPEIIOKEHHUS.
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. The first physical evidence of flood is usually in the form of water

running over the surface of the ground, collecting in tiny rills, and
eventually flowing into the stream channels.

. The analyses described yield a theoretical maximum flood.
. Knowing the actual vapor pressure, the temperature of the dew point

can be readily determined.

. Flood runoff produced by these storms seldom exceeds 8 to 10 inches.
. The chemicals most commonly used are sodium chloride (common

salt) and calcium chloride.

Ynpaoicnenue 10.
[epeBenuTe HAa PYCCKUI SI3BIK CIICIYIOIINE TPSIOKCHUS.

. He couldn't imagine that the earth would one day have a population

over 6 billion while, at the same time, some food producing markets
would experience large agricultural surpluses.

. Road salts have been used at an increasing rate for the last 50 years,

and as a result, one of the Region's well fields has been showing
steadily increasing chloride concentrations.

. The carrying capacity of the resource should be a primary factor

when deciding where and how much growth should occur. Conse-
guently, the river must assimilate an increasing load of nutrients and
suspended sediment, with the result that water quality in its southern
reaches is impacted.

. It's not surprising that in the last two years, there have been substan-

tial reductions in the global harvest because of heat- and drought-
induced reductions.

. The new rules introduced during the past thirty years include: the

widespread implementation of prior environmental assessment re-
quirements; the introduction of “zero discharge" standards or stand-
ards that drastically reduce certain toxic substances; increased penal-
ties and sanctions for companies that commit environmental infrac-
tions; and rules which recognize the right of citizens to live in a
healthy environment and to have access to environmental infor-
mation.

. This pollution prevention obligation has been taken up in numerous in-

ternational declarations emanating from so-called "soft law" and in many
binding international conventions established in the past thirty years.
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Ynpaosxcnenue 11.
HepeBeI[I/ITG Ha pYCCKHfI SA3BIK CJICOAYIOIINUEC NPCATIOKCHUA.

. North America is a low platform rising above the sea.

. Repeated expansion and contraction tend to develop cracks in rocks.

3. Volcanism includes all phenomena connected with the movement of

heated rock material and gases to the surface of the lithosphere.

. Sea water contains every natural element known.

. Formed as a result of geologic faulting, the basin of the Baltic Sea

was filled with ice during the glacial period.

6. Being attached to the continent by a very narrow isthmus the Crimea
Peninsula is almost entirely bounded by the sea.

7. Having learned the characteristics of the important rocks we can
more easily see how various external and internal earth forces acting
on them have produced our present topography.

8. Covered with steppe grasses the summits of the Crimean mountains
serve as excellent summer pastures.

9. Being cut by rapids the rivers of the USA serve as immense source of
electric power.

10. Being open to navigation throughout the year, the Black Sea offers
an excellent route to the lands of the Mediterranean.

11. Most of the soils of the Columbia Plateau are very fertile having
been formed originally from lava.

12. A river can carry a considerable load depending on the volume and
the velocity of the water and on the size and nature of the solid ma-
terial transported.

13. The tools and methods employed in underwater surveying vary with
the areas being surveyed and the requirements placed on the ocean-
ographers performing the work.

14. The relative importance of air transport is great in areas currently
being developed.

N -
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Ynpaoscnenue 12.
[TepeBeauTe Ha PYCCKUM S3BIK CIAEAYIOLINE MTPEIIOKEHMUS.
1. When working in the mine we secured many interesting specimens.
2. When freezing water expands by about one tenth its volume.
3. The synoptic chart shows conditions as observed at the ground.
4. Peat when compacted by the pressure of layers of sand and clay de-
posited above slowly changes into "brown coal".
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5. Like all substances rock expands when heated and contracts when
cooled.

6. Where cleared, the deciduous forest tends to be replaced by the rich
green grassy meadows.

7. Limestone when mixed with clay may provide good soils.

8. When thawed frozen soil may lose its strength.

9. Most geologic processes are very slow and geologic time is exceed-
ingly long especially when measured by the scale of human history.

10. Ice as deposited by nature is very pure.

11. On the west, Morocco, affected by the Atlantic and the prevailing
westerly winds has a humid climate which towards the east is be-
coming drier.

12. The North and South poles have six months of continuous daylight
followed by six months of darkness each year.

13. The directions followed by the railways are determined very largely
by the mountain chains.

14. The areas influenced by marine climate receive ample precipitation
in all months with the maximum in the autumn and winter.

Ynpaoscuenue 13.
[IepeBenuTe Ha pyCCKUH S3BIK CAEAYIOLIUE IPEIIOKEHUS.

1. Physical oceanography is one of five sub-domains into which ocean-
ography is divided; the other fields being biological, chemical, geo-
logical and meteorologic oceanography.

2. Variations of salinity and temperature with depth change the density
of the seawater, creating the pycnocline.

3. The amount of sunlight absorbed at the surface varies strongly with
latitude, being greater at the equator than at the poles, and this en-
genders fluid motion in both the atmosphere and ocean that acts to
redistribute heat from the equator towards the poles, thereby reduc-
ing the temperature gradients that would exist in the absence of fluid
motion.

4. The oceans large heat capacity moderates the climate of areas adja-
cent to the oceans, leading to a maritime climate at such locations.

5. The western side of the equatorial Pacific is characterized by warm,
wet low pressure weather as the collected moisture is dumped in the
form of typhoons and thunderstorms
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6. An idealised ocean basin, spun up from rest by a cyclonic wind
stress, acquires a gyre circulation with slow steady flows every-
where except in the region of the western boundary, where a thin
fast polewards flow called a western boundary current develops.

7. The Kuroshio Current is an ocean current found in the western Pacif-
ic Ocean off the east coast of Taiwan and flowing northeastward
past Japan, where it merges with the easterly drift of the North Pa-
cific Current.

8. It is analogous to the Gulf Stream in the Atlantic Ocean, transporting
warm, tropical water northward towards the polar region.

9. Oceanic crust is the thin layer of solidified volcanic basalt that covers
the Earth's mantle where there are no continents.

10. The Mediterranean Sea is very nearly its own "ocean", being con-
nected to the World Ocean through the Strait of Gibraltar, and in-
deed several times over the last few million years movement of the
African Continent has closed the strait off entirely, making the Med-
iterranean a fourth "ocean".

11. The Antarctic Circumpolar Current encircles that continent, influ-
encing the area's climate and connecting currents in several oceans.

12. A mediterranean sea, in oceanography, is a mostly enclosed sea that
has limited exchange of deep water with outer oceans and where the
water circulation is dominated by salinity and temperature differ-
ences rather than winds.

13. Unlike mediterranean seas, marginal seas have ocean currents
caused by ocean winds.

14. In a state of rest or absence of external forces, the mean sea level
would coincide with this geoid surface, being an equipotential sur-
face of the Earth's gravity field. In reality, due to currents, air pres-
sure variations, temperature and salinity variations, etc., this does
not occur, not even as a long term average.

15. Waves can be described using a number of standard variables in-
cluding: frequency, wavelength, amplitude and period.

13. He3aBuCHMBIH NPUYACTHBIH 000POT
HezaBucumelii mpudacTHBIE 000POT — 3TO MPUYACTHBIA OOOPOT,
MMEIOLLHUH CBOE «II0JUIEKALIEE.
HeszaBucumblil mpuyacTHBI 000OpOT pacro3HaeTcsi B MpeIioke-
HHUH TI0 CJICAYIOIINM MPU3HAKAM:
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1) npuyacTre CTOMT Ha MECTE CKa3yeMOro W MMEET CBOE «IOojJIe-
xKarieey;

2) OT OCHOBHOM YacTH TPEUIOKEHUS 000POT OTACISICTCS 3aIsATOM.
[IpennoxeHust ¢ HE3aBUCUMBIM MIPHYACTHBIM 00OPOTOM CTPOSITCA CIIe-
nyromum obpazom (11 — moxnexariee):

IT + mpuuactue + BTOpocTeneHHble wieHsl, 11 + ckazyemoe + ...
WA HA00OpOT:

IT + ckazyemoe + ..., I + npuyacTue + BTOpPOCTEIICHHBIE YJICHBI

Ecnu He3aBHCHMMBIA NPUYACTHBIM 0OOPOT MPEIIECTBYET OCHOB-
HOW YacTH TPEIJIOKEHUS, Ha PYCCKUH A3BIK OH MEPEBOAMTCA IpHIa-
TOYHBIM TPEIJIOKEHUEM C COI03aMHM TaK Kak, KOTJa, eCld B 3aBUCHMO-
CTH OT CMBICIIa BCETO MPEIOKEHHS.

Ecnu npudactHbIil 000poT yrmoTpebisieTcst mocie OCHOBHON YacTH
MIPENJIOKEHMS, OH TIEPEBOAUTCS TPEATOKEHHUEM, MPHUCOETUHIEMBIM
CIIOBaMH npuuem, npu 3mom, a, u. [IpudactHeiii 000pOT Mocie OCHOB-
HOI 4acTy MpPeAIOKEHHsT MOXKET HauMHaThesl ClI0BoM With, uro He me-
HSET ero 3HaUeHUs U CIocoba mepeBoaa.

[lpuyactie B HE3aBUCHMMOM MPUYACTHOM 00OpOTE MEPEBOAUTCS
Kak ckaszyemoe. Hanpumep:

Some social indicators (e.g. education, life expectancy, health)
point to improved human well-being, the long-term prospect that these
changes will stabilize or improve environmental and social trends re-
maining uncertain.

Psan commaneHbIx (hakTOpoB (0Opa3oBaHHE, MPOIOKUTEIBHOCTD
KH3HU, SHOpOBLe) YKa3bIBA€T Ha YJIY4YIICHUC KadeCTBa XU3HU, IPHU
9TOM JOJITOBPEMEHHAsA IMEPCIICKTHBA TOr'0, YTO 3TU U3MCHCHUA CTa6I/I-
TU3UPYIOTCS WITM YIIy4dIIaT SKOJIOTUYECKHE W COIHANbHBIE ACIEKTHI,
OCTaeTCs HEOIPEIETIEHHOM.

TpeanOBqume YOpPpAKHECHUSA

Ynpaosrcnenue 1.
[IepeBenute crnenyomue NpeaioKEHUs] Ha PyCCKUH SI3BIK:
1. Polar front being presented as a fact, not as a hypothesis, its exist-
ence is not discussed.
2. Runoff includes the variety of ways by which water moves across
the land, the water infiltrating into the ground, evaporating into the
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air, stored in lakes and reservoirsor extracted for agricultural or oth-
er human uses.

3. These reports are particularly influencial in international talks over
climate treaties, especially the Kyoto Protocol, its binding limits on
emissions expiring in 2012.

4. The survival attitudes caused by desertification having often led to a
decline in agricultural know-how, they have conversely encouraged
the development of technical “know-how” particularly relating to
the environment and conservation.

Yunpaoicnenue 2.
[IpeobOpasyiiTe CIOXKHOMOMYMHECHHBIC MPEIIOKCHUSI, HUCIOIb3YS
HE3aBHCHUMBIM MPUYACTHBI 000poT mo obpasiry. [Ipemmoxxenus mepe-
BEIUTE.
Oobpazer: When the temperature of the air is reduced, condensation
takes place. — The temperature of the air reducing, condensation takes place.
1. When the temperature of the air decreases, the air is cooled to the
dew point.

2. As differences no longer exist between air masses, decay occurs.

3. Since the air temperature at the surface is about 1,5° C, mixed snow
and rain is possible.

4. If there is a net accumulation of air in a limited sector, convergence
takes place.

5. When several cloud layers are present in the atmosphere, natural
seeding may he important.

Ynpaoicnenue 3.

Coenunute Ba MPEMJIOKEHUS B OJHO, HCIOJIb3Ysl HE3aBUCUMBIN
MIPUYACTHBIN 000poT 1o 00pasiy. [Ipeanoxkenus nepeseanTe.

Oobpaserr: Three different lapse-rates can be differentiated. Two are
dynamic and one static. — Three different lapse-rates can be differenti-
ated, two being dynamic and one static.

1. The air can be regarded as an infinite number of small air parcels.
Each rotates cyclonically about an axis.

2. Only six per cent of the annual precipitation of Arizona is of local
origin. The remainder is transported into this area.

3. The pressure gradient force has vertical and horizontal components.
The former is more or less in balance with the force of gravity.
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4. Occlusions are classified as cold or warm. The difference depends on
the relative stales of air masses.

Ynpasxcnenue 4.
HCpCBCI[I/ITG OpCIUIOKCHUA, COACPIKAIINC HE3aBUCHMBIA npuvact-

HBIH 060pOT, YUYUTBIBAs €ro MECTO B IPCAJIOKCHHUU.

1. The air being warm and moist at the surface, stratiform cloud com-
monly develops.

2. In summer warming of the lower layers generates a steep lapse rate,
the low relative and specific humidity preventing the cloud devel-
opment and precipitation.

3. The air moving downslopes into an open valley a «mountain wind»
develops simultaneously along the axis of the valley.

4. There being warm afternoons, the laterallv constricted but vertically
expanding air tends to blow tip the valley axis.

5. The wave form remains more or less stationary relative to the barrier,

the air moving quite rapidly through it.

. The air being colder than the air following it, the occlusion is warm.

. The river being too deep in this place, we could not cross it.

~N o

14. OtraaroasHoe cyliecTBUTEIbHOE U TepyHIMI

B anrnmiickom si3bike ecTh TpU Gopmbl ¢ cyddukcom -ing: mpruya-
ctie I, oTrmaronpHOEe CYIIECTBUTEIBHOE M TepyHIUH. OTH (HopMbl
BOXHO Pa3inyuaTh, YTOOBI CyMETh HAWTH UX DKBUBAJICHTHI B PYCCKOM
SI3BIKE.

Pycckuii SKBUBaJNIEHT PUYACTHS | 3aBHCUT OT TOTO, KaKylo QyHK-
MO BBIMOJHAET 9Ta (hopMa B PEATIOKECHUH.

IIpu mepeBome Ha PYCCKHH SI3BIK OTIVIArOJBHOTO CYLIECTBUTENb-
HOTO TPYAHOCTEH HE BO3HHMKAET, TAK KAaK B PyCCKOM SI3bIKE €My BCeTIa
COOTBETCTBYET TOXE cCyllecTBHTeNbHOE. Kak 1 0OBIYHOE CYIIECTBU-
TEJIBHOE, OHO MOXKET YIOTPEOIATECS C apTHKIIEM, UMETh ONpeAesICHuUE,
BbIpa)KEHHOE TpUIaraTeIbHbIM, UMETh ()OPMY MHOXKECTBEHHOI'O YHCIIA.
UYamie Bcero BcTpedaeTcs cieaylomas GopMa OTIiaroibHOro Cylie-
crButenbpHOro — the planning of, T.e. cieBa crouT omnpenelceHHBIN ap-
THKJIb, cripaBa npeuior of. Hanpumep:

The planning of the research is one of the essential tasks.

IInanuposanue ucciedosamensbckol pabomvl — Mo 00HA U3 OC-
HOBHbIX 3a0aH.
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FCPYHZ[I/Iﬁ o003HaYaeT Ha3BaHUE mnmpomnecca. B otimuuwme ot orrna-
TOJBHOI'O CYHICCTBUTCIIBHOI'O, 3a I'CPYHAUCM YaCTO CJICAYCT IPAMOC
TOTIOJTHEHHE, T.€. MOTOTHEHUE Oe3 MpeaIora, HO IEPEBOIATCS U TePYyH-
JIMI, U OTIJIAr0JIbHOE CYIIIECTBUTEIRHOE OlMHaKoBO. Hanpumep:
Condensation is the cooling of water vapour until it becomes a liquid.
Condensation is cooling water vapour until it becomes a liquid.
Konoencayus — smo oxnadxicoenue 60051020 napa 00 HCUOKO20 COCMO-
AHUA.

BaxxHo ymMeTh OTIMYUMTH TepyHIUN OT mpuyacTs I, Tak kak ux
3HAYCHHUS Pa3INYHBL. B pycckoM si3bike (POPMBI, aHAJIOTUYHON T'epyH-
A0, HET, ITIO3TOMY FepyHILI/Iﬁ MOKHO IIEPCBOAUTH I10-pa3HOMY, B 3aBU-
CUMOCTH OT KOHTCKCTA: CYHICCTBUTCIIbHBIM, HeOHpCI[eJ'ICHHOﬁ (I)OpMOfI
riaroja, JeenpudacTieM U TJIarojioM B JIMYHOU (opme, eciid mepen
HUM HUMECTCA MPUTSKATCIIBHOC MECTOMMCEHHUE HJIN CYHICCTBHUTCIIBHOC
B NIPHUTSDKATEIbHOM masexe (-'s). Hanmpumep:

In areas where more than 10% of the annual precipitation falls as
snow, special methods of measuring snow precipitation and storage are
desirable.

B pecuonax, 20e bonee 10% 20006vix 0cadxkos svinadaem 6 sude
CHez2d, HeoOXO00UMO UCNONIL3068AMb CHEeYUAIbHble Memoobl 0/ usmepe-
Hus / umoobwl usmepums Koaudecnieo evlnasuieco creed.

TpeHUpPOBOYHBIE YIIPAKHEHUSH

Ynpaoicnenue 1.
[IepeBenuTe Ha PyCCKUU S3BIK CAEAYIOLINE IPEATI0KEHUS:

After entering the soil the water particle moves downwards.

2. Before considering the development of the earth's oceans and the
origin of life in those oceans, we should attempt to gain an under-
standing of what is known of the relationship of the earth to the
COSMOS.

3. Human activity, however, has upset the natural way flooding occurs
by walling off rivers and straightening their courses.

4. By increasing the acidity of surface waters acid rain can kill fish and
other fresh water life.

5. Since the water cycle is truly a "cycle" there is no beginning or end.

Lo
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Ynpaosrxcnenue 2.
HepeBeI[I/ITG MNpCAJIOKCHUSA, YUUTHIBAsd pPa3JINYHBIC (l)yHKLII/II/I Ire-
pyHIauA.
1. Theoretical methods for determining evaporation rates have followed
two lines of approach.
2. Fog or low stratus with drizzle result from air mass mixing or warm
advection.
3. This method is generally satisfactory for routine forecasting.
4. Vertical mixing has the effect of averaging these conditions through
the layer affected.
5. Show occurs when the aggregations of ice crystals do not have time
to melt before reaching the ground.

Ynpasicnenue 3.

[IpeobOpasyiiTe CIIOXXKHOMOAYMHEHHBIE MPEUIOKECHUS B TPOCTOC
C repyHauaJibHbIM 060p0TOM. HpCI[HOX(eHI/I}I NepeBCaAUTE.

Oopaszer;: When we convert water into ice we do not change its
composition. — On (in) converting water into ice we do not change its
composition.

1. When minute ice crystals have formed they grow rapidly by deposi-
tion from vapour.

2. When we subject air to very great pressure and cooling it is possible
to transform it to the liquid state.

3. When sea salts burst the air bubbles they enter the atmosphere.

Ynpaosxcnenue 4.

[epeBenuTe cienyrouye NPEATIOKECHUS, YIUTHIBAs, YTO CYPPUKC
-ing cityuT 1711 00pa30BaHMs KaK FepyH/IMs, TaK M CYIIECTBUTEIHHOTO.
1. Hailstones may fall considerable distances without melting.

2. The key to the understanding of condensation lies in the fine balance
between these variables.

3. The depression usually achieves its maximum intensity 12—-24 hours
after the beginning of occlusion.

4. Anabatic winds result from greater heating of the valley sides com-
pared with the valley floor.

5. The sky may clear very abruptly even before the passing of the sur-
face cold front.

6. A drop of 1 mm radius falls 42 km before evaporating.
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7. Typical wind speeds may be increased where low-level temperature
inversion produces a «Venturi effect» in constricting and accelerat-
ing the floor.

8. The freezing of supercooled water drops may also produce ice splinters.

Ynpasxcnenue 5.

OO0pa3yiiTe repyHIuH, BEIOpaB COOTBETCTBEHHO TJIaroi:
to vaporize to burst to overcome to understand to define to express to
heat to move.

IIpenioxxenus nepesenure.

. Sea salts enter the atmosphere by (pa3prsisas) the air bubbles.

. Energy is required in (ast npeogonenus) intermodular attraction.

. The rate of (uciapenwust) depends on a number of factors.

. This is of importance in (mouumanus) the behaviour of upper winds.

. These forces prevent air from (mpoxoxmaernue) directly across the
isobars.

. (Harpesanue) from below acts to increase air-mass instability.

. Penman succeeded in (Beipasuts) evaporation losses in terms of four
meteorological elements.

. For this purpose he suggested (ompeaenuts) a convective condensa-
tion level.

~N o g wNPEF

(o]

Ynpaoicnenue 6.
[lepeBeaute crenyroumue MPEIIOKEHUS, YUUTHIBAsA pPa3IUYHbIE
ynotpebaenus -ing hopm.
1. This energy is generally provided by the removal of heat from the
immediate surroundings causing an apparent heat loss.
2. The mixing of the differing layers within a single air mass can also
produce condensation.
3. The maximum velocity occurs just before sunrise at the time of the
maximum diurnal cooling.
4. The displacement of an air parcel causes an increase in its volume
and a consequent lowering of its temperature.
5. Such a temperature change, involving no subtraction or addition of
heat, is termed adiabatic.
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Ynpaosicnenue 7.

CpaBuaute nepeBon riuaroibHbix Gopm Gerund Indefinite Active,
Gerund Indefinite Passive.
It's worth noting... — it’s worth being noted...; it's provided on removing
... — it's provided on being removed ...; they enter by bursting... — they
enter by being burst ...; it prevents from heating... — it prevents from
being heated ... ; he objected reading ... — he objected to being read ...

Ynpaoicnenue 8.
[TepeBenuTe MpeIOKEHUS, YIUTHIBAS PA3THMYHbBIE YIOTPEOICHIS

-ing popm.

1. It is worth noting that in the middle latitudes the Coriolis deflection
causes turning of a well developed onshore sea breeze.

2. The advancing cool sea air may form a front.

3. The vertical expansion of the air column occurring daily during the
hours of heating, tilts the isobaric surfaces.

4. At night the air over the sea is warmer because of the downslope
winds blowing off the land.

5. A broad grouping can be made according to the mechanism of verti-
cal motion.

6. The stability produced by the effect of surface cooling prevents ver-
tical mixing so that further cooling occurs more slowly.

7. If an air parcel is impelled downwards it will become colder than its
surroundings.

8. A well-marked low-level temperature inversion produces a «Venturi
effect» in constricting and accelerating the flow.

9. Programs aimed at increasing winter snowfall by seeding cyclonic
storms regard the rain- (or snow-) making as routine operations.

10. Eventually the mixing and modification necessarily accompanying
the air mass movement will cause the rate of energy exchange with
surrounding to diminish.

11. This convection is due to the cooling of the fog top by radiation into
space.

Ynpaosrcnenue 9.
[lepeBenuTe mpennoxkeHus, oOpaiias BHUMAaHUE Ha MEPEeBOJ Te-
PYHAHSL.
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1. In recent times, this has been taken as implying mainly the emission
of "greenhouse gases" into the atmosphere, usually by burning fossil
fuels.

2. If humans change the composition of the atmosphere, say by burning
fossil fuels which release carbon dioxide, then more energy goes in-
to the atmosphere than would have otherwise.

3. One author stated that decreased nocturnal cooling may never have
been considered in any debate about global warming.

4. While Earth cools much more efficiently at night at the surface, the
better cooling does not continue into the upper troposphere very well.

5. The more efficient cooling at night is due almost entirely to the ab-
sence of sunlight.

6. During the day, the warming offsets the cooling.

7. Instead of describing the average climate, or even the natural varia-
bility of climate, climate change studies try to quantify differences
or trends.

8. Much of the interest in studying climate change is motivated by the
idea that human activity has changed and will continue to change
the climate.

9. When the composition of the atmosphere changes, for example by
changing the carbon dioxide concentration, the radiative properties
of the atmosphere might also change.

10. We will focus on feedbacks and processes that are thought important
in both stabilizing and amplifying changes to the global climate.

11. Conservation of energy means that the total amount of energy does
not change, which is equivalent to saying that any energy that is in-
put to the system must be balanced by an outward flux of energy.

Ynpaoicnenue 10.
[epeBenuTe mpemoxkeHus, odpaiias BHUMAaHUE Ha MEPEBO]| Te-
pyHOus.
1. Clearing up air pollution is one of the principal environmental tasks
(aims) of a scientist.
2. Cooling may be caused by radiation by contact with cold surfaces, by
mixing masses of air of different temperatures.
3. One method of obtaining salt is allowing water to evaporate.
4. The aim of our expedition was exploring the floor of the Pacific Ocean.
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5. The process of changing iron ore into iron takes place in a blast fur-
nace (IoMeHHas 1eYb).

6. Nobody knew of their having returned from the expedition.

7. When large ice masses reach the warmer lower altitudes they stop
advancing and begin to melt.

8. Going from high to low latitudes involves passing from regions of
minimum to regions of maximum chemical weathering.

9. One of the most important things is providing information for plan-
ning and development of safe arid adequate water supply in loca-
tions that will serve as populated areas.

10. If the weight of the ground is increased by its being saturated with
water during a period of heavy rains or melting snow, it may result
in widespread slides.

11. The size of the crystals in an igneous rock depends on its rate of
cooling.

12. After having studied hundreds of sections of rock we may learn the
extent of the area over which a bed was deposited.

13. One of the major aims of man is providing information for the de-
velopment of adequate water supplies in locations that will serve as
population areas.

14. Estimating the time that has elapsed since the continental glaciers
entirely disappeared from Europe and North America is impossible.

Ynpaoicnenue 11.
[lepeBenuTe mpeanokeHusi, oOpalas BHUIMAaHAE Ha TEPEeBOJ Te-
pyHOus.

1. By analysing the statistical properties of hydroiogic records, such as
rainfall or river flow hydrologists can estimate future hydroiogic
phenomena.

2. With an understanding of how changes in the environment affect the
movement of water, hydrologists can also construct models to pre-
dict how these changes will happen in the future.

3. Natural refilling of deep aquifers is a slow process because ground
water moves slow through the unsaturated zone and the aquifer.

4. Dams are useful in many ways, such as: providing hydro-electric
power; acting as regulator of river flow so as to regulate the occur-
rence of flooding.
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15. Cao:xnbie ¢popMbl HHPUHUTHBA
B anrnmiickoM si3pIKe HMEETCs] HECKOJIBKO (hOpM MH(UHHUTHUBA:

Active Passive
Simple to use to be used
Continuous to be using
Perfect to have used to have been used

Crnoxusble GpopMbl HHPUHATHBA UCHONB3YIOTCSI B HHOUHUTHBHBIX
KOHCTPYKIUAX «CJIOKHOE OOIIOJITHCHHC) M «CJIOXHOC ITOIJICIKAIICE),
a TAKXKE II0CJIC MOJAJIbHBIX I'JIaroJioB. B KOHCTPYKIUAX «CJIOKHOEC I0-
IIOJTHCHUEC» U «CJIIOXHOC ITOAJICKAIICC) ITaCCUBHBIA I/IH(l)I/IHI/ITI/IB ymo-
TpeOseTcs st 0003HAYCHUS ICHCTBHS, HAIIPABJICHHOTO Ha CYIIECTBH-
TebHOE, 00pa3yroliee JaHHYI0 KOHCTpyKuuto. Hampumep:

In some places ground water appears to be partly confined and,
consequently, under some artesian head. Okazviéaemcs, umo 6 nexo-
mopblxX MECMHOCHIAX cPYHMOBblE 8000l 3AKJII0Y€eHbl, omyacmu, 6 8000-
HOCHbIX niacmdax u, Cﬂ€()06am€]lbl-l0, 00 H€K0m0p0ﬁ cmeneHu Haxo-
0sImcst OO apmMe3UaAHCKUM HANOPOM.

[lepdexTHIi THPUHUTHB 0003HAYAET IEHCTBHIE, COBEPIIHB-
eecs paHblilie, YeM JEHCTBUE II1aroja-ckasyemoro. Hanpumep:

The very high levels of air pollution in parts of Eastern Europe
are reported to have caused serious health problems. Coo6waemcs,
Ymo O4Y€Hb 6blCOKUE YPOBHU 603()yWHle 3a2pﬂ3HeHu11 6 pﬂde MeCmHO-
cmeii Bocmounoti Eeponwi evizéanu cepvbesHvle npobiemvl co 300po-
8beM.

[lepdexTHO-TacCcHBHEIN HHPUHUTHB 0003HAYACT ACHCTBHE, KO-
TOPOE€ YK€ COBEPLIMIIM C CYILIECTBUTENBLHBIM, BXOISIIUM B KOHCTPYK-
YN «CIJIOKHOC JOIIOJJHCHUEC» U «CIIOKHOC ITOAJICKAIICE». Haan/IMep:

The earliest determination of the daily discharge of a natural
stream appears to have been made in 1821 for the Rhine River in Swit-
zerland. Okasvisaemcs, camoe pannee onpedenenue cymouno2o pacxo-
0a ecmecmeeHHO20 NOMoKa OwvLIo évinoanero ¢ 1821 2. dns pexu Peiin
6 Llgetiyapuu.

HpO,[[OJ'I)KGHHBIfI I/IH(l)I/IHI/ITI/IB 00o03HayaeT JJINTCIBHOC HE3a-
KOHUEHHOE JIEWCTBHUE, MPOUCXOMASANIEE OJIHOBPEMEHHO C JEHCTBHEM,
BBIpa)KaeMbIM CKa3zyeMbIM. Hanpumep:

Researchers from Hebrew University found The Dead Sea to be
teeming with a type of algae called Dunaliella. Hccreoosamenu uz
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Hepycanumckozo ynusepcumema obuapyscuiu, umo Mepmeoe mope
u3006uYyem 0OHUM BUOOM B000POCEl, HA3LIBACMbIM 3€NEHBIMU 8000~
pocasamu (pumonnankmonom).

16. UuduautnB B QyHKINHU MOIJIEKAIIETO

Ecmu npeanioxxenne HaunHaeTcsi ¢ MHOUHUTHBA, 32 KOTOPBIM Clie-
JIyeT TJIaroj-cKazyeMoe, TO 3TOT HHQUHUTHB SBIISETCS MMOJICKAIUM H
TIEPEBOJIUTCSI HA PYCCKUH S3BIK TJAarojioM B HEOMperesieHHOW (opme
WM CYIECTBUTENbHBIM. Hammpumep:

To assess the total water storage on the Earth reliably is a compli-
cated problem because water is so very dynamic.

1.Touno oyenums 8ce 3anacevl 600bl HA 3emae CLONHCHO, MAK KAK
6004 O4eHb OUHAMUYHA.

2.Tounas oyeHka 6cex 3anacos8 600bl Ha 3emie — MO CLONCHAS
npobdrema, m.x. 600d 04eHb OUHAMUYHA.

Takoit UHPUHUTUB BMECTE C YTOUYHSIONIMMU CJIOBAaMU 00paszyeT
TPy TOJJICKAIETr0, 3aKaHYMBAIONIYIOCS —TJIarojoM-CKa3yeMbIM
(B IpUBEICHHOM TIpUMEpE IS).

17. UnpuantuB B QyHKUHH 00CTOATEIHCTBA 1EJIH U CIeICTBUS

Nuduantie (Mnmm vHOUHUTHBHAS TPYIIA C YTOUYHSIONINMH €€
CIIOBaMHM), HAXOISCh B Hayalle NPEIJIOKEHUS, MOXET BBHIMOJIHATH H
IpyTyio (YHKIHMIO: OH MOXKET OBITh HE MOJIEKAINUM, a 00CTOSTENb-
cTBOM Iiend. Takoil WHQUHUTHB YacTO BBOIHUTCSA COrO30M In order
(4ro0sl1, W1 Toro, uTooOkl). Hanmpumep,

In order to control the flow, store water or extract energy dams
may be built

Jna mozo umodvl KoHmpoauposams NOMOK, HAKANIUBAMb 600
UIU NOIYYamb SHepuio, Mo2ym Oblmb NOCMPOeHbL 0amMobL.

Wrak, nHQUHUTHB B Havaie MPEAJIOKEHHs MEPEeBOANUTCS Ha pycC-
CKuIl 53bIK JINOO HeompeaeneHHoH (opmol rinarona (eciu 310 UHU-
HUTHB B (DYHKIMH IOJJISKAIICT0), JUOO HeompeaeaeHHOH (HopMoii
[JIarojia C COI30M umooObl (ecau 3T0 WHPUHUTHB B QyHKIMH 0OCTOS-
TEILCTBA IIEIIH).

CpaBHure:

To control the flow, store water or extract energy is a difficult
problem.
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To control the flow, store water or extract energy dams may be
built.

CiiemoBaTebHO, OOHAPYKUB B HaYaJIe MPEIIOKCHUS HHOUHUTUB,
HAJI0 CHavalia MOIBITAThCS MEPEBECTH €ro, He N00aBIIsis COr3a umoovl
(B8 mepBoMm mpumepe: «KoHTpoIHpOBaTh MOTOK, HAKAIUIMBATH BOAY H
MOJTy4aTh SHEPTHIO — OTO CIIOKHAA 3aaa4a»). Ecnu aTo He ynaercs (Bo
BTOPOM IIpHMEpE), 3HAYUT, CIeayeT J00aBUTh COI03 umobdwvl. «UToOBI
KOHTPOJIMPOBaTh TMOTOK, HAKalUIMBaTh BOAY M TMOJYy4aTh 3HEPTHIO,
MO>KHO TOCTPOUTH JaMOBD».

NupuHUTHB B GYHKIIUH OOCTOATEIHLCTBA IIEJH MOXKET HAXOUTHCS
HE TOJIBKO B Hauale MPEJIONKEHHs, HO U TOCNe JOMOJIHEHUS WU 00-
CTOSITENILCTBA, MPHYEM COIO3 IN Order u B 3TOM Cllydae OIYCKaeTCsl.
Hanpuwmep:

No definite rule can be given relative to the number of years re-
quired to establish a satisfactory average.

Hem eounoco npasuna omuocumenvro Koauuecmesa aem, Heooxoou-
MbIX 4mobbl Onpedeiums yO081emeopumenbHoe cpeoHee 3HaueHue.

WHQUHNUTHB B TpEASIOKCHUHN TaKKe BBIMOIHSIET QYHKIHIO 00CTO-
SITENbCTBA CJICICTBHUSA U IEPEBOAUTCS HeolpeneleHHol (HopMol pyc-
CKOTO TJIaroJia ¢ CO30M 4TOOBI (11 TOTro, YTOOBI) IMOCie CIIoB enough
(mocraTo4uHo) 1 t00 (CIUIIKOM).

By the early 1980s, some scientists found the risk of climate change
great enough to justify an effort to work out preliminary answers.

K nauany 1980-x 22. nekomopble yyenvie Npuwiiy K 3aK104eHuio, 4mo
PUCKU Om UBMEHEeHUll KIUMama 00CMAmMOYHO 8eIuKU, 4mobbl onpaes-
0amv yCuaus no 8bipabomke npedsapumenvHblx peueHull.

TpeanOBqume YOpPpaAKHECHUSA

Ynpaoicnenue 1. IlepeBeaurte npeasioxKeHUs: HA PyCCKUH SI3bIK.
[IepeBenuTe Ha pycCKUM S3BIK CIEAYIOLIUE IPEII0KEHUS !

1. Through geological ages various factors may combine in various
ways to produce considerable changes in the relative amounts of in-
solation received in different parts of the world.

2. The problem is to find the relationship between the observed data
and the effect of changing stage.

3. To explain the phenomenon on time was very important.
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4. Removal of bogs, swamps and other wetlands in order to produce
farmland has reduced the absorption zones for excess water and
made floods into sudden disasters rather than gradual increases in
water flow.

5. The water in the apple you ate yesterday may have fallen as rain
half-way around the world last year or could have been used 100
million years ago by Mama Dinosaur to give her baby a bath.

18. Uu¢guHuTHBHBIH 000pPOT
for + cymecrBuTesbHOE/MecTONMEHHE + HHPUHATHB

O6opot «for + cymiecTBUTEIbHOE (JINYHOE MECTOUMEHHE B 00b-
SKTHOM TMaJieke) + MHPUHUTUBY SIBISACTCSA B MPEAJIOKECHHH TMOJICKA-
MM, €CJIH yrmoTpebseTcs mocie cioB it is necessary / important / pos-
sible u T.m1. I OOGCTOATENBCTBOM CJIEACTBHS IMOCe caoB t00 (cimm-
KoM), enough (ocTato4yHo) WM 00CTOATEIBLCTBOM IieH. Bo Bcex ciy-
Yasx MHPUHUTUBHBIH 000POT COOTBETCTBYET PYCCKOMY MPHIATOYHOMY
NPEIUIOKEHUIO C COF030M YTOOBI, 3 HHPHUHUTUB B TAKOM TPHIATOYHOM
MPEeUIOKEHUN TIEPEBOAMTCS cKazyeMbIM. Hamprmep:

There must be space between the rock particles for ground water
to occur, and the Earth's material becomes denser with more depth.

s moeo umobsl epyHmMosvle 800bl CYUeCmeosanu, Heobxooumol
nopvL MeAHCOy YaACMUYAMU 20PHLIX NOPOO, U C 2TIYOUHOU 3eMHbLE 20PHbIE
NOpoObL CMAHOBUMCSL MeHee NOPUCbIMU.

TpeHUpPOBOYHBIE YNIPAKHEHUA

Ynpasxcuenue 1. IlepeBennre nmpeanioxKeHNs] HA PYCCKUH SI3BIK.
1. Itis not unusual for the entire summer precipitation to be held in the
upper layers of soil as capillary water, or to run off into the streams
over the surface of the ground.
The information was too scarce for us to rely upon it.
3. Itis important for the society to use its resources effectively.

n

19. UudpunutuB B GyHKINHU onpeaesieHns
WupuanTHB My MHOUHUTUBHAS TPYyIMIa, CIEAYIOIIME 3a CyIle-
CTBUTEIBHBIM, MOTYT SIBISTBHCS ONPEAEICHUEM K JTOMY CYIIECTBH-
TENBHOMY.
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NuduanTiB B QYHKIMU ONpEIEICHUS] TEPEBOJINUTCS HA PYCCKUI
SI3BIK PA3TUYHBIMH CIIOCOOaMU:

1. V'HpuHUTHUB TIEpEeBOAMTCS HEOMPEISICHHON (hOPMOI PyCCKOTO
riarona. Hampumep:

The wish to personally preserve and improve the world, often a
strong motivation for those who chose scientific careers, is not restrict-
ed to supporters of environmental regulations.

Kenanue coxpanumso u yco8epuieHCmMeEo8ams MUp, Yacmas CUIbHAS
nobyoumenvHas npuYUHa 0ist U3OPAGUX HAYYHOe NONpuuje, npucyuje
He MONbKO CMOPOHHUKAM IKOI02UYECKO20 HOPMUPOBAHUSL.

2. lHQUHUTHBY COOTBETCTBYET B PYCCKOM SI3bIKE OINPEEIUTEIh-
HOE MPUAATOYHOE NPEATIOKECHUE, HAYMHAIOIIEECS CIOBAMH KOMOpblil
b6yoem wmu komopwitl Oodicer. CKazyeMoe TaKOro MPHUAATOYHOTO
MpeJIoKeHNs] 0003HaYaeT ACWCTBHE, KOTOPOE MOIHKHO IMPOWU30NTH B
oynymem. UHGUHUTHB, TepeBOIUMBINA TPUIATOYHBIM TIPEAIOKEHUEM,
yare Bcero mMmeer maccuBHyio ¢opmy (to be used, to be developed u
T.11.). Hampumep:

There are several key surface features to be considered when mak-
ing a forecast.

Cywecmgyem HeCKONbKO KAIOYEBBIX XAPAKMEPUCTNUK NOBEPXHO-
cmu, Komopble cledyem NPUHAMb 60 6HUMAHUE NPU COCMABLEHUU NPO-
2HO3a.

3. HQUHUTHBY COOTBETCTBYET B PYCCKOM SI3BIKE OTPEACITUTEIb-
HOE MPUAATOYHOE NPEATIOKCHUE, HAYMHAIOIIEECS CIOBAMH KOMOpbIil
modicem. CrazyemMoe Takoro MPUAATOYHOTO MPEIIOKEHHSI 0003HAYAET
JefCTBHE, KOTOPOE MOYKHO IPOU3BECTU C OIPENESIEeMBIM CYIIECTBH-
TenbHBIM. MHQUHUTHB uMeeT, Kak NpaBWIO, NAcCUBHYIO (opMmy.
Hamnpumep:

Pollution control is largely an engineering problem to be solved
by strict laws.llpobrema xommpons 3acpssnenus — 5mo 60 MHO2OM
npobrema mexHuuecko2o obecneyens, KOmopyo MONCHO peuums npu
NOMOWU CINPORUX 3AKOHOS.

TpeHHpOBO'lHLIe YOpPpaAXKHECHUSA

Ynpaoicnenue 1. llepeBeaure npeayiokKeHUS HA PYCCKUH S3BIK.
1. Snow and strong winds disrupted transportation networks in many
parts of the country on 17 December with a warning of more snow
to come, according to the Meteorological Agency.
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5.

. The effectiveness of upwelling and its ability to support abundant

sea life is greatly dependant upon the depth of the thermocline.

. Sediment is sorted by current and wave action which generally leave

the sand to be transported along the shore to form beach deposits.
For some problems in oceanography and air-sea interaction, the sur-
face area and the average depth of adjacent seas are important fac-
tors to be considered.

A drought is a period of dryness of sufficient length and severity to
cause partial or complete crop failure.

Ynpaoicnenue 2.
[lepeBenuTe mpeaIoKeHUs,, TPUHUMAs BO BHUMAaHUE DPa3INYHBIC

(hyHKIIMT HHOUHUTHBA.

1.

2.

The change in state from liquid to vapour requires energy to be ex-
panded.

To maintain a pure water drop of radius 10~7 cm requires a relative
humidity of 320%.

. The process of growth of water droplets is far from simple and much

remains to be explained.

. The gradual process of condensation is inadequate to explain the

rates of formation of raindrops.

. The faster molecules will generally be the first to escape.
. To evaporate 1 g of water at 0 °C the latent heat of vaporization is

600 calories.

. Essentially the method is to measure the percolation through an en-

closed block of soil with a vegetation cover.

. The simplest way to visualize the manner in which this deflecting

force operates is to picture a rotating disc on which moving objects
are deflected.

Ynpaoicnenue 3.
[lepeBennTe MpeIoKeHNS, YIUThIBAs QYHKIMH HHPUHUTHBA.

. The equator provides the energy supply necessary to drive the plane-

tary atmospheric circulation.

. The conversion of heat energy into kinetic energy to produce motion

must involve rising and descending air.

. The simplest way to begin to visualize the manner in which this de-

flecting force operates is to picture a rotating disc on which moving
objects are defecting.
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. The distribution of the physical properties of air masses has been

shown to be considerably modified.

. A wind vane to indicate direction should be free from friction.
. The higher the wind speed the greater the current generated, and the

meter is marked to show the wind speed in knots.

. Admiral Beaufort devised a scale to describe the effect of various

wind strengths.

. The effect of the wind on the surface of the sea was also used by

sailors to estimate the wind strength.

Ynpaosxcnenue 4.
Onpenenure GyHKIMHA UHOUHUTHBA B CICAYIONINX MPSIIOKCHUIX

1 TIEPEBEIUTE UX HA PYCCKUU SI3BIK.

1.

The earliest attempts to determine the rate of ground-water recharge
were probably those of Perralt and Mariotte in the drainage basin of
the Seine in the 17th century.

. In occasional years the runoff may be sufficient to carry the lake

through the entire season.

. Better management plans to make the best use of the available water

supply.

. To efficiency utilize groundwater we must understand its history,

where it comes from, where it goes, how much there is and what it is
carrying.

. Though the results of this study obviously have to be generalized it

appears that chemical changes in the groundwaters can be related to
changes in the geology.

. In order to determine the maximum yield from a well, results of pro-

gressive development work must be evaluated to plot any improve-
ments being made.

. To provide firm domestic supplies a few 500-gallons tanks were in-

stalled.

Ynpasxcnenue 5.
[lepeBenuTe TpemIoKeHUs, MPUHUMAS BO BHUMAaHHUE DPA3IHMYHBIC

(hyHKIIMM HHOUHUTHBA.

1.

If man has built a dam to hinder a river's flow, the lake that forms is
a reservoir.
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. It is not always accessible, or fresh enough for use without treatment,

and it's sometimes difficult to locate or to measure and describe.

. Since it is more difficult for the water to go any deeper, it tends to

pool in the porous layers and flow in a more horizontal direction
across the aquifer toward an exposed surface-water body, like a river.

. If the aquifers are porous enough to allow water to move freely

through it, people can drill wells into the aquifer and use the water
for their purposes.

. Groundwater is believed to provide lubrication and buoyancy which

allow thrust faults to move.

. The temperature of groundwater averages out climactic fluctuations

to maintain relatively steady temperature.

. In many cases, during hot weather, groundwater is cool enough to be
used as is, say to be simply pumped through radiators in a home,
then returned to the ground in another well.

Ynpaoicnenue 6.
[lepeBenuTe mpeanoxeHusi, NpUHUMAas BO BHMMaHUE DPa3INYHbBIE

($yHKUMY HHOUHUTHUBA.

1

2.

3.

. The term anthropogenic climate change is used to attribute changes

in Earth's climate to activities of humans.

Because greenhouse gases absorb infrared radiation, they act to

warm the planet.

This effect is a useful way to understand the greenhouse effect, and

can be easily applied to changing climates.

. Also, the argument seems to imply that increased nocturnal activity
by humans makes the cooling less efficient, but it is an extremely
small effect.

. To derive the temperature, consider the amount of energy reaching
the distance from the sun to Earth, i.e. the solar constant.

. The equations that govern how fluids move in time and space
(Navier-Stokes Equations) are complicated to solve, and when all
the scales of motion and physical processes (radiative transfer, pre-
cipitation, etc) are incorporated, the resulting problem is impossible
to carry out analytically.

. The ultimate goal of climate models is to represent all physical pro-
cesses that are important for the evolution of the climate system.
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8. Climate modeling is limited to truly modeling the system; simplify-
ing assumptions and empirical laws are used, the resolved motions
are chosen to match the problem and/or the computing resources,
and other processes are parameterized.

9. When the radiative heating of the column brings the lapse rate be-
yong a critical or threshold lapse rate, a “"convective adjustment™ is
used to reduce the instability.

10. To verify their own climate model calculations, the researchers first
simulated the climate of the last century and compared the results
with the real climate.

11. Some people, for a variety of reasons, claim to have found faults
with the hypothesis that humans are affecting Earth's climate.

Ynpaoicnenue 7.
HepeBe)lHTe MMpEAJIOKCHUSA, MPUHUMAsA BO BHUMAHUC PA3JIMYHBIC

($yHKUMY HHOUHUTHUBA.

1. To help them better convey forecasts and warnings in a clear, target-
ed and effective manner, workshop participants have been receiving
guidance in modern presentation techniques used in television, ra-
dio, newspapers and on the Internet. The main objective is to alert
people to weather conditions in Thailand in a timely and easily un-
derstandable fashion.

2. The meeting aims to improve observing systems, data-processing and
forecasting systems, public weather services, telecommunication
systems, and other components of the WWW for efficient and effec-
tive exchange and dissemination of data and information, including
early warnings.

3. On 7 December 2005, Mr Suparerk Tansriratanawong, Director-
General of the Thai Meteorological Department (TMD), signed an
agreement with the national TV channel to provide weather fore-
casts to the public.

4. To be sure, knowledge of aerosols was so uncertain, and the normal
fluctuations in climate were so great, that the volcano "experiment"
could not prove anything for certain.

5. They continued to offer hand-waving models to suggest how the in-
teraction might behave.
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6. Any tiny initial error in the physics or climate data tended to accu-
mulate, adding up through the millions of numerical operations to
give an impossible final result.

7. It was good enough to confirm the long-held assumption that ice and
snow albedo were indeed important for sustaining an ice age.

8. This program was largely overtaken by much more detailed data de-
duced from studies of ocean floor mud, data precise enough to com-
bine with computer models of climate.

9. Monitoring programs are required to detect and measure changes in
biodiversity, to better understand functional linkages in ecosystems
and to evaluate the success or failure of conservation and sustainable
use policies and programs.

10. Effective monitoring programs must be integrated and ecologically-
based in order to determine and implement appropriate management
practices.

11. Environmental protection is an issue of interest to many people with
both converging and diverging interests to uphold.

12. The dynamic that exists between the general public, politics and the
economic community is not easy to coordinate.

13. It must also be flexible enough to be able to respond to new chal-
lenges such as climate change, which could result in changing
groundwater levels and unexpected stresses on the groundwater re-
source.

14. Experts in urban climatology will be meeting in Goteborg, Sweden,
12-16 June 2006, to discuss application of knowledge of the atmos-
phere and urban environments for the better design and operation of
settlements.

Ynpaoicnenue 8.
HepCBCZ[I/ITe MPEIJIOKEHNA, IPUHUMasd BO BHUMAHHE PAa3JIMYHBIC

(hyHKIIMM HHOUHUTHBA.

1. Recent decades could not be called normal by any standard of the
past, and he saw no reason to expect the next decades would be
"normal” either.

2. Hundreds of thousands of earthquake survivors still require shelter and
food to help them endure what has been forecast as a bitter winter.

3. With air moving away from this region, air must sink from above to
replace it.
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4. There are several different methods that can be used to create a fore-
cast.

5. "There is nothing to suggest that an end to the speculation on climat-
ic change is in sight," he sighed. "It seems that we have a long way
to go before the correct answer can be affirmed."”

6. By the mid 1970s, everyone understood that it was hopeless to try to
understand how climate changed by looking at just one or another
feature, or even several features: you had to take into account all the
mutually interacting forces at once.

7. Relying not only on his computer model work but also on elementary
physical arguments, he explained that global warming was liable to
bring more frequent storms and floods as well as life-threatening
heat waves.

8. Although those campaigns had been discredited after a decade or
two, fair-minded people were ready to listen to the global warming
skeptics.

9. Further speculations came from amateur meteorologists, who were
not yet easy to distinguish from professionals.

10. It is usual to estimate the quantity of water found in the so-called
hydrosphere.

11. Based on water exchange characteristics, two concepts are often
used in hydrology and water management to assess the water re-
sources in a region: the static storage component and the renewable
waters.

12. In practice, it is the value of river runoff that is used to estimate wa-
ter availability and/or deficit in water resources for this or that re-
gion.

13. Infiltration constitutes the sole source of water to sustain the growth
of vegetation and it helps to sustain the ground water supply to
wells, springs and streams.

14. Observations of hydrologic processes are used to make predictions
of future water movement and quantity.

20. UHpuHUTHBHAS KOHCTPYKIHUS «CJI0KHOE T0TOTHEHHE
[Ipeanoxxenue ¢ 3TOM KOHCTPYKUMEH CTPOUTCS MO CIEAYIOIIEH
cxeme:
ITomnexaree + Ckazyemoe + ClioxHOE JOTIOTHEHHE,
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IIPH 3TOM CJIOKHOE JOTOJIHEHUE TPEACTABISET COOOU CYIECTBUTEINb-
HOC WJIM MECTOMMEHHUE B OOBEKTHOM MaJIeKe + NHPUHHUTHUB,

KoHCTpyKITHs: «CII0KHOE TOTIOTHEHNE) YITOTPEOIAETCS TOCIe CKa-
3yeMOro, BhIpaKeHHOro ciexyrommmMu riaroigamu: would like, to want
— XOTeTh, 10 KNow — 3uarts, to think — qymars, to believe — cuurats, mo-
narath, t0 consider — cuurats, t0 SUPPOSE — mojIaraTh, CUMTaTh, tO pre-
sume — mojararth, JOIyCKaTh, 10 €XPect — oxkuaaTh, mpeanoarars, to
find — HaXOAUTH U HEKOTOPHIMHU IPYTUMH B JCHCTBUTEIHHOM 3aJI0T¢.

Ha pycckuii s3bIK «CI0XHOE JOMOJHEHHE» MEePEBOIUTCS TPHIa-
TOYHBIM TMPEIOKEHUEM C COI03aMH YTO, YTOOBI, PH STOM HHPHUHUTUB
AHTJIUICKOTO TPEUIOKCHUS MepelaeTcs CKa3yeMbIM PYCCKOTO Tpe/l-
noxxenust. Hanpumep:

We at first do not consider water to be an unusual substance, since
it seems the most common one that exists on the earth. Ha nepswui
63271510 HAM He KAXNCemcs, Ymo 6004 — Mo Heumo HeoObluHoe, M.K. OHA
SA8/5eMCsL CaMbIM PACHPOCMPAHEHHbIM 8eUeCMBOM HA 3eMle.

KoHCTpyKIns «Ccia0X)HOe TOTOHEHNEY YIOTPeOIsieTcs, KpoMe TO-
ro, mocje raarojios let — mo3BossATh, paspemars U Make — 3aCTaBIATh.
B sToM ciiyyae nHGUHUTHB cTOUT O€3 YacTHIIHI {O.

21. UHpUHUTUBHAS KOHCTPYKIIUS «CJI0KHOE MOJJIeKaIee)
MpH CKa3yeMoM B CTPaJaTeILHOM 3aJI0Te
OTa KOHCTPYKITUS CTPOUTCS 1O CIACAYIOMIEH MOICIIH:
[Moanexamee + Ckazyemoe + MHpUHUTHB.
B kauectBe ckazyeMoro B 3TOH KOHCTPYKIHH HCIONB3YIOTCS Ta-
KHe TJaroiisl, kak to kKnow — 3uath, t0 say — rooputh, to think — my-
Martb, to believe — momarars, to consider — cuuraTh, monararh, paccMmar-
puBath, t0 expect — oxxunaTh, npeanonarath, t0 report — cooodmiars, to
suppose — mpeamnoiaratk, to find — HaxoauTs, t0 assume — mpearmosa-
raTh, I0IIycKaTh, t0 presume — noxiarate, Aonyckars. Hanpumep:
Great temperature ranges are assumed to be characteristic of broad
plateaus except near the equator.
a) Bosblime auama3oHsl TEMIIEPATyp, Kak MOJIaraiT, XapaKTePHbI
JUTSL OOLITUPHBIX TUIATO, 332 UCKIIIOUEHUEM 00J1acTel BOJIM3H IKBATOpA.
b) Ipeamonaraercs, 4yTo OOJBIIME JUANA30HBI TEMIIEPATYP Xa-
paKTepHbI U1 OOIIMPHBIX TUIATO, 32 UCKIFOYEHHWEM oOiacTeld BOIW3U
3KBaTOpA.
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CrnepnoBarenbHO, WHOUHUTUB B aHTIIMHACKOM TPEIJIOKEHUHU, CO-
JepoKalluM 3Ty KOHCTPYKIUIO, CIeAyeT NEPEBOIUTH CKa3yeMbIM, a CKa-
3yeMO€ aHTJINHACKOTO TPEUIOKEHHs OO0 BBOJHBIMH CIIOBaMH (Kak
M3BECTHO, KaK CUUTAIOT), OO HEOIPEaeSICHHO-TTMYHBIM TPEITIOKECHIEM
C MOCIEAYIOLIIM COI030M umo (M3BECTHO, YTO, CUUTAIOT, YTO... U T.1.).

TpeHUpPOBOYHBIE YyNIPAKHEHU

Ynpaoscnenue 1.
ITepeBeauTe MpeAJIOAKEHNS HA PYCCKUH S3BIK.

1. Subsurface water on Mars is believed to have given rise to some of
the landforms observed there.

2. Local thunderstorms of marine origin are known to be most frequent
in early morning hours.

3. The prediction is believed to be the more accurate the nearer the two
gages are together.

4. High energy conditions will significantly change coast lines that are
predominantly depositional and may be expected to cause consider-
able erosion along the coastal region where this process is dominant.

5. The very high levels of air pollution in parts of Eastern Europe are
reported to have caused serious health problems.

22. NHpUHUTHBHAS KOHCTPYKIHUSI «CJI0KHOE MO/IJIEKAIIIEE)
IIPU CKa3yeMOM B IeiiCTBHUTeIbHOM 3aJI0re

KOHCTpYKIUS «CIIOXKHOE TOJyIeXkAIeey YIOTPEOISIeTCS ¢ PSIIoM
[JIar0JIOB W BBIPAXEHHH, BKIFOYAIOIINX TJaroil B JeHCTBUTEIHHOM 3a-
jore, a IMeHHO: 10 seem, t0 appear — ka3aThCs (MX MOYKHO TaKXKe Iie-
PEBOIUTH BBOAHBIM CIIOBOM no-68uoumomy), to prove, to turn out — oxa-
3athes, 10 happen — ciay4datbes, to be likely — BepositHo, to be unlikely —
MaJIOBEpOSITHO, Bpsia i, t0 be certain, to be sure — HecoMHEHHO,
HaBepHsKa, 0e3ycinoBHO. Hanmpumep:

These temperature changes appear to be in general accordance
with accompanying changes in pressure distribution and winds.

To-suoumomy, smu usmeHeHUss MeMnepamypsbl Haxo0sAMcs 8 NoJi-
HOM COOMBEMCMBUU C CONPOBOHCOAIOWUMYU UX USMEHEHUAMU 8 pac-
npeodenenuy 0agieHus U 6empa.

194



TpeHNpPpOBOYHBIC YNIPa’KHEHUS

Ynpaoicnenue 1.
[NepeBenuTe MpeANOKEHUs, coiepKailue 0O0beKTHBIA U CyOBEKT-

HBIA HHQUHUTHBHBIE 00OPOTEHI.

1.
2.

o O

We know condensation to occur with great difficulty in clean air.
These particles are known to be dust, smoke, salts, etc.

3. Cloud droplets are likely to be the immediate sources of raindrops.
4.

Cooling takes place because adiabatic expansion causes energy to be
consumed through work.

. The air in advance of the depression is most likely to be the coldest.
. The distribution of the physical properties of air masses has been

shown to be considerably modified.

Ynpascuenue 2.
[epeBennTe HA pyCCKUIl A3BIK CIIEIYIONINE TPEATOKECHHUS.

. The humidity on the east side of the valley is believed to be higher

than on the west side.

. The earth was believed to be too impervious to permit penetration of

the rain water far below the surface.

. Certain valleys that had contained glaciers several miles in length

proved to be unglaciated at their heads, the latter being too shallow,
only 100 feet or less deep.

. The cutting of the timber is believed to have had the general effect in

many parts of the country.

. Artesian wells are likely to have fluctuations that are due to pressure

effects.

. The origin of springs is always appeared to be mysterious.
. The water of the Warm Springs in Georgia is believed to come from

surface sources.

. In some places ground water appears to be partly confined and, con-

sequently, under some artesian head.

Ynpaoicnenue 3.
IepeBenuTe MpemIOKEHNS, MPUHUMAs BO BHUMAaHHE Pa3HYHBIC

(hyHKIIMM HHOUHUTHBA.

1.

The ocean is heated from above, which tends to suppress convection.
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1

1

. At one time, it was believed that evaporation/precipitation was a major
driver of ocean currents; it is now known to be only a very minor factor.

. The ocean body surrounding the Antarctic is currently the only contin-
uous body of water to circumnavigate the globe about the polar axis.

. Tidal resonance occurs in the Bay of Fundy since the time it takes for
a large wave to travel from the mouth of the bay to the opposite end,
then reflect and travel back to the mouth of the bay coincides with
the timing between this repeating wave that is also reinforced by the
tidal rhythm producing the world's highest tides.

. Liquid water is thought to be present under the surface of several
natural satellites, particularly the Galilean moons of Europa, and,
with less certainty, Callisto and Ganymede. Geysers have been
found on Enceladus.

. Liquid hydrocarbons were thought to be present on the surface of
Titan, though it may be more accurate to describe them as "lakes"
rather than an "ocean".

. During the Egyptian conquest it is said that Queen Cleopatra ob-
tained exclusive rights to build cosmetic and pharmaceutical facto-
ries in the area.

. Because it is not realistic to cease using the Jordan River for human
needs, one idea to save the Dead Sea is to bring in water from the
Mediterranean or Red Sea, either through tunnels or canals.

. On May 9th, 2005, Jordan, Israel, and the Palestinian Authority
signed an agreement to begin feasibility studies on the project—to
be officially known as the 'Two Seas Canal".

0. To extend this definition far from land means comparing the local
height of the mean sea surface with a "level" reference surface, or
datum, called the geoid.

1. A surface wave, in this sense, has a wavelength that is too short to
propagate freely in the less dense medium.

23. HenoJsiHble NPpUIATOYHBIE MPENJI0KEHUS

I'pynma ciioB, cocrosiias u3 coro3oB When, while, if, until, unless u

T.J. U TPUYACTHS, NPUIATaTeIFHOTO U (PEAKO) CYIIECTBUTEIHHOTO,
paccMaTpuBaIOTCS KaK HEIMOJIHbIE TPHUAATOYHBIE MPEIIOKESHHUS.
Hanpumep:
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When carried out last year, the experiment showed good results.
3,[[60]: OITyHICHO MOJICKaIlee (TO JKC, YTO U B I'NIaBHOM MPECIJIOKCHUN —
the experiment m BcromoraTenbpHBIA Tiiaron was). IIpu mepeBome Ha
PYCCKHI A3BIK MOAJIexalee BocctaHapinrpaeTcs: «Korma skcnepumMeHT
OPOBOJUJICA B ITPOLLJIOM roly, OH IMOKa3aJl XOPpOIIUC pE3yIbTaThbI».

TpeHUupOBOYHOE YN pakHeHHUE

Ynpaoicnenue 1.

ITepeBeauTe Ha PYCCKUM S3BIK CIEAYIOUINE TTPEIIOKEHHUS.
1. Where cleared, the deciduous forest tends to be replaced by rich

green grassy meadows.

2. Most geological processes are very slow and geologic time is exceed-
ingly long especially when measured by the scale of human history.
When freezing water expands by about one tenth its volume.
Limestone when mixed with clay may provide good soils.

Aw

24. YcaoBHbIE NPENIOKEHUS

YcnoBHbBIE OpCIJIOKCHUSA B aHTJIMHCKOM SI3BIKE BBOJATCs COIO3aMU
if — eciu, provided — ecnu, mpu ycioBuu, 4uto, Unless — eciu we. Iocie
3THUX CORKO30B 6yz[y1uee BpeMsA TJIarojioB 3aMEHACTCA HaCTOALIUM.
Hamnpumep:

If a given mass of air is heated to a higher temperature than the
surrounding air, it expands and becomes less dense.

Ecnu oannas macca s6o30yxa uacpesaemcs 00 6onee 6biCOKOU
memnepamypbl, 4em OKpYICArowuil 6030yX, OHA PACUWUPSAEMC U CMa-
HOBUMCS MeHee NIIOMHOIL.

Ecnmu ke B THaBHOM TpPEeNyIOKEHUH YIOTPEOISTIOTCSA TIIaroJibl
should wimu would, a B yCJIOBHOM MpeIIORKEHHU CKazyeMoe YIoTpeo-
JICHO B IPOCTOM IpOIICAIIEM BPpEMCHU, TO Ha pyCCKI/Iﬁ A3BIK U I'JIABHOC
U TOPpUAATOYHOC IMPCIJIOKCHUA TMEPEBOAATCA C qaCTHHCﬁ Ob1. Takwne
MPEIOKEHU OTHOCITCA K HAcTOSIIEeMy WIH OyAylleMy BpeMEHH.
Hanpumep:

If there were no greenhouse gases in the atmosphere, the Earth
would be a cold and lifeless planet with an average atmospheric tem-
perature of —/8 °C.
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Ecnu 6v1 6 ammocgepe ne 6vin0 napruxosvix 2asos, 3emns oviia
Obl X00OHOU U OE3JCUZHEHHOU NIAHEMOU CO CPEOHEl MeMnepamypou
-18 °C.

Ecnu B cocTaB cka3zyemMoro yclIOBHOTO MPUIATOYHOTO MPEAJIONKE-
HUS BXOIAT rinarojibHbie ¢hopmber were, had, could, should, onu moryt
3aHUMAaTb MECTO IMEPEA MOATIC)KAIIUM, U COIO3bl B TaKUX MNPCIATIOKECHU-
SIX HE YIIOTPEOJISIOTCS:

Had the continents at one time been united, this should be indicat-
ed in the rocks that were formed prior to the breakup.

Ecnu 6wl mamepuxku K020a-mo cocmaeisiiu eoOuHoe yenoe, smo
Hauiio Obl OMpadicerue 8 20PHLIX NOPOOAx, KOMopbvie CHOPMUPOSATIUCD
00 ux pacnaoa.

Should the salinity within the cells of an organism be less than that
of the external medium, water from the cells would pass through the
cell membranes into the external medium.

Ecau 6v1 conenocmo 6 knemkax opeanusma Ovlna MeEeHbUE, YEM CO-
JIeHOCMb BHeulHel cpedvl, 800d U3 KIEMOK Npoxoouna 6wl yepe3 Kie-
MOYHbIE MEMOPAHBL 80 GHEULHION CPed).

KOFILa CJIOKHOC NPCAJIOKCHUE C YCIOBHBIM NPUAATOYHBIM IIPEI-
JIOX)KEHHUEM OTHOCHUTCA K IIPOLIJIOMY, TO B I''TaBHOM NPEIJIOKECHUU ITOCIIE
rnarosioB should, would wiu could crout nepdexTHbIH HHPUHUTHB,
a B YCJIOBHOM IIPEUIOKCHHUU CKazyeMoe yrnoTpeoiisercs B Past Perfect.
Hanpuwmep:

If the earth's primitive atmosphere had resulted from volcanic gas-
es, it couldn't have contained free oxygen because free oxygen is not
emitted during this process.

Ecnu 6v1 nepeuunas ammocgepa 3emau npouzowina om 8yaKaHu-
YeCKUx 2az08, OHA He Mo2na Obl cooepicamv C80OOOHBLU KUCIOPOO,
M.K. 80 8peMsi 3M020 NPoYeccd c80O0OHBLI KUCIOPOO He GbLOENSeMCSL.

TpeHHpOBO'lHLIe YOpPpaAXKHECHUSA

Ynpaosrcnenue 1.
[TepeBeauTe Ha PYyCCKUM S3BIK CIAEAYIOLINE MTPEIIOKEHHUS.
1. If present day glaciers were to melt and release their storage of wa-
ter, sea level would rise by several tens of meters and submerge
many heavily populated coastal areas.
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. If it were not for beach drift and long shore currents, many beaches
would be nearly sandless.

. Without carbon dioxide and methane current temperatures in north-
ern parts of North America and Europe would be cooler by 3 or 4
degrees Celsius and incipient ice age would have begun several
thousand years ago.

. If we could provide seasonal or longer climate outlooks with 100%
reliability, there would be little need for the use of past weather and
climate data.

. Were the Earth a colder object like Pluto, it would not matter how
much water there was on the planet, it would all be frozen. On the
other hand, were we on a very hot planet, all of the water would be
in a gaseous state.

Ynpascuenue 2.

[TepeBeauTe npeaIOKEHNS HA PYCCKUH S3BIK.

. In many places, if you looked at a vertical cross-section of the earth
you would see that rock is laid down in layers, especially in areas of
sedimentary rocks.

. If you stopped adding water, the top sponge would dry up and, as the
water dripped out of the bottom sponge, it would dry up too.

. If all bedrock consisted of a dense material like solid granite, then
even gravity would have a hard time pulling water downward.

. If only man could suddenly stop contaminating rivers, then with time
water could return to its natural purity.

. If the aquifer that underlies the High Plains of Texas and New Mexi-
co — an area of slight precipitation — was emptied, it would take cen-
turies to refill the aquifer at the present small rate of replenishment.

. Even if we take the total energy from the solar constant spread over
the full surface area of Earth, the emission must be in the infrared.

Ynpaoicnenue 3.
[TepeBeaute cienyronme NpeaIoKEHNUs Ha PYCCKUH S3BIK.
1. If no attempt is made to measure the velocity in the low-velocity

layer directly, depth calculations should be made by the critical distance
method.

2. If the problem is complex, it is wise to analyze the data by sev-

eral different methods as one method may complement another and
bring out points that would not be noticed in a single approach.
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3. If a given mass of water could be pulled away from a given
mass of soil, a certain amount of work would be required.

4. If frost is present at a high moisture content, it will reduce infil-
tration and increase surface runoff.

5. If the stream rises rapidly its surface may temporarily be above
the adjacent water table.

6. If the weather turns cold there is no surface storage of snow.

7. If there were no intake or recharge the ground-water systems
would gradually run down.

8. If the river storage had fallen below the intake, a secondary in-
take could have been used, but the city would have only a 24-hr supply
unless emergency actions were taken.

9. Spring pools that do not have enough head to discharge water at
the surface, are, strictly, not springs at all. If they are associated with
pools that discharge they are commonly regarded as springs; if they are
not near true springs, are deep and deep-sided, they may be called natu-
ral wells, if their sides are less precipitous and they have relatively large
water surfaces they are regarded merely as ponds or lakes.

Ynpaosxcnenue 4.
[TepeBeauTe npeasIoxKEHNS HA PYCCKUH S3BIK.
1. If we know the rate at which oxygen is used up in the water it would
be possible to estimate the flow speed.
2. At first sight it might seem appropriate to liken these two gyres.
3. It should be noted that the ranges of salinity and temperature found
are much less.
4. As the waves move inshore and slow down, not only does the wave-
length decrease but also the wave height changes.

25. 3nauenusn caos would/should

Would ucrionb3yercs B aHITHIACKOM SI3BIKE:

1) B npemioxeHusx OyayIIero BpeMeHH KOCBEHHOM pedH, Koraa
CJIOBa aBTOpa CTOSIT B MPOIIEANIEM BpeMeHH (IO MPaBUITy COriacoBa-
HUS BPEMEH):

We decided that this question would have to await further re-
search.

Mul pewunu, ymo smomy 8onpocy HeoOXo0umo oOanvheliuiee Uc-
cnedosatue.
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2) B cocnaraTensHOM HakJIOHEHHH (OBI):

The disappearance of Earth's ice cover would significantly alter
the global climates.

Hcuesnosenue neosnozo noxkposa 3emau npuseio Obl K 3HAYU-
MenbHOMY UBMEHEHUIO MUPOBO20 KIUMAMA.

B sTux ABYX 3Ha4YeHHSX Hapsay ¢ WOuld MOXeT HCIOJIb30BaThCs
should, B wactHOCTH, eciy MmOIEXKAIEe BHIPAKEHO MECTOMMEHHEM |
nvna (I, we).

3) Jlns mepedaud BEXKIMBBIX MPOCHO, MPEITOKCHUM, MPUTIIAIIIe-
Huit: Would you mind putting it in writing?

Hanwummure 310, noxkanyiicra.

I'd like (would like) an orange, please.

Mooswcrno mue anenvcun?

4) Jlnst mepefadn MOBTOPSIEMOCTH JACHCTBUS B TIPOIILIIOM, KOTOPOE
y’Ke He UMeeT MecTo ceituac (mpu 3tom would mepeBoaurcst panvute,
6b18a110):

About 8,000 years ago the greenhouse gases stopped following the
pattern that would be predicted from their long-term behavior.

Oxono 8000 nem Haz3a0 napHukosvle 2azvl NEPecman cile008ams
mou cxeme, KOMopas pamvuie NPeOCKA3bl8ALACh NO UX 00A208DEMEH-
HOMY HOBEOCHUI).

Should simsieTcss Taxke OAHHM M3 MOJAIBHBIX TJIarojoB M YIIO-
TpeOsieTcs B 3HAYCHUH C1e0yem, 00IHCEH.

Carbon dioxide is an important heat-absorbing gas, and an in-
crease of its content should lead to higher atmospheric temperatures.

Yenexucnwoiii 2az aenaemca 8axcHuiM 2a30M, NO2IOWAIOWUM MeN-
710, U YeluyeHUue e20 CO0epI’CaHUsl OOJIHCHO npusecmu K 6olee 8blco-
KUM memnepamypam.

TpeHUpPOBOYHBIE YIIPAKHEHUSH

Ynpaoicnenue 1.
[TepeBenuTe Ha pycCKUi SA3bIK CACAYIOLINE IPEATIOKEHUS.
1. At some time in the future the hydrogen supply of the sun will begin to
run low, then a new ice age would be another catastrophe of slow kind.
2. The temperature equilibrium established between surface seawater
and the air above it should mean that changes in the climate should
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be reflected in the changes in organisms living near the surface of
the deep sea.

An extensive glaciation of the planet would cause considerable low-
ering of the sea level which in turn would uncover millions of
square miles of new land in nonglaciated areas.

Milder winters in the middle of high latitudes means greater snow-
fall while cooler summers would bring a reduction in snowmelt.

And it was clear long ago that the part of carbon dioxide that went into
the ocean would fundamentally alter the chemistry of the seawater.

Yunpaoicnenue 2.
[epeBenuTe MpeIOKCHHS, YIUTHIBAs Pa3IMYHbIC 3HAUCHUS TJia-

rosios should, would.

1.

2.

7.

8.

9.

If the same meteorological event happened this winter, the smog
would contain "only” 210 tons of smoke.

Suppose we have a roomful of very bad London fog as a specimen,
this room would contain the combustion products: carbon monox-
ide, smoke, sulphur dioxide, hydrochloric acid and fluorine.

. To pump in fresh air would require a pumping rate of 200,000 tons

per minute.

. To raise the air temperature in London by 1°C an hour would require

3 million megawatts.

. It should be noted that wind speed is usually recorded in knots or as a

Beaufort force.

. Had a wave cloud been supercooled and become frozen the ice crys-

tals would not have evaporated.

It should be borne in mind that condensation occurs with utmost dif-
ficulty in clean air.

It was originally thought that atmospheric turbulence by making cloud
particles collide would cause a significant proportion to coalesce.
Had the air been cooled at constant pressure without addition or re-
moval of vapour saturation would occur.

10. It was also suggested that large drops would grow at the expense of

small ones.

11. In the absence of an atmosphere, the longwave radiation emitted to

space would be exactly equal to the shortwave absorbed, and the
surface temperature would be a chilly 255 K.

202



12. In the absence of an atmosphere, Earth would look a lot like a black
body radiator; that is to say, the sun would shine on Earth, which
would warm to an equilibrium temperature, and then a balance
would be struck.

13. We cannot possible represent every atom in the climate system, it
would essentially take the same number of electrons in the computer.

Ynpaoicnenue 3.
[lepeBenuTe creayromue MPEIJIOKEHUS Ha PYCCKUHM S3BIK, 00pa-
11as BHUMaHKe Ha yroTpebienue riaronos should, would, might.
1. In many instances it would be desirable to determine the most im-
portant characteristics of an aquifer.
2. Aquifer analysis should be based on as many methods available, that
are applicable to the test data.
3. This procedure should be routine in the western Canadian plains be-
cause there is generally some dip.
4. The period required to eliminate the holdover effect of extremely wet
and extremely dry years should also be studied.
5. It might be thought that the regional snow line would coincide with
the highest level to which the snow cover retreats at the end of the
melting season.

Ynpaosxcnenue 4.
[epeBennTe Ha PYCCKUil S3BIK, 0Opalias BHUMaHUE Ha HCIOJIb30-

Banue would.

1. But 300 million years ago the land-masses that would later turn into
North and South America, Africa and Eurasia first came together to
form the supercontinent and then broke up.

2. It was obvious to us that even through a single leaf or plant made
only tiny amounts of methane, these small bits would add up quickly
because plants cover a substantial part of the globe.

3. If the temperature were the sole factor to determine whether or not a
rock melts, the earth would be a molten ball covered with only a thin
solid outer shell.

4. Without carbon dioxide and methane in the atmosphere current tem-
peratures in the Northern parts of North America ad Europe would
be cooler by 3 or 4 degrees Celsius.
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5.

A buildup of one or several gases in the atmosphere would slow
down in the escape of heat into space and lead to an increase in the
average temperature of the earth’s atmosphere.

. A doubling of the preindustrial CO, level of around 273 ppm to 550

ppm would raise the average atmospheric temperature by about 4
degrees Celsius.

. The annual cost of electricity could increase by at least 1 billion dol-

lars if the accuracy of weather forecasts improved by one degree.

. On one hand, the presence of thick clouds should inhibit diabatic

cooling and mitigate against downward motion. On the other hand,
precipitation from decaying tropospheric anvils would cause dia-
batic cooling due to evaporation below the clouds.

Ynpaosxcnenue 5.
[lepeBenuTe Ha pycckuil sA3bIK, oOpailas BHUMaHHE Ha coclara-

TCJIBbHOC HAKJIOHCHHUC.

1.

2.

It’s likely that fewer stars would have formed and a higher fraction
of our universe’s mass would still be in a gaseous state.

In 2001 no scientist would have factored in direct emissions of me-
thane by plants because no one suspected that biological production
of methane was possible.

. The methane emissions by the plants have contributed to the natural

greenhouse effect without which life wouldn’t be possible.

. As we can expect methane emissions from vegetations to increase

with temperature, this would lead to even more warming.

. We would expect that in an area of the ocean/atmosphere interface

the average temperature of the surface water of the ocean would ap-
proximate that of the contiguous atmosphere.

. The importance of CO, lies in the fact that it traps the portion of the

radiation emitted by the earth and thereby keeps the air near the
earth’s surface warmer than it would be without CO,.

7. It wouldn’t be amiss if we mention another version of the Caspian birth.

8.

The advancing Indian plate, acting as what physicists would call a
rigid indentor, has continually forced part of the Eurasian litho-
sphere out of its way.
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Tecm 1

3aoanue 1.

HaiimuTe B TekcTe M3 3a1aHus 2 IPUMEPHI TUX YacTeH peyn.
\2 n. adj. adv. prep.

3aoanue 2.

[MepeBenute Tekct. (KonTponsHoe Bpems — 15 MuHYT)

Snow melt is exactly analogous to rainfall with respect to supply
of water for infiltration and runoff, except for the relatively small stor-
age and lag of the melted snow in the snow cover. During periods of no
precipitation, successive differences in a series of daily measurements
of water equivalent of a melting snow cover are practically analogous
to daily increments of rainfall. Ordinary measurements of incremental
changes in water equivalent of the snow cover are not satisfactory
measurements of snowmelt, largely because of the inherent observa-
tional and sampling errors. Taking cores from successive locations at a
site confounds variation in time with variation in space. Two additional
and compelling reasons exist for estimating, instead of observing,
snowmelt. One is in forecasting streamflow, where it is advantageous to
forecast the causes of melt instead of merely waiting for the resulting
melt. The other reason, particularly for design and planning, is the need
to extrapolate extreme melting rates on the basis of physical process.

3aoanue 3.
HalinuTe Bce moiexaniye U CKa3yeMble B CICAYIOLIUX MpEeasio-

KCHUAX:

a) In many heavily populated coastal areas human activities are increas-
ingly threatening the abundance of plant and animal life in estuaries
and coastal wetlands and destroying some of the important services
these ecosystems provide.

b) Generally these correlations are made between snowmelt and aspects
of air temperature, although it is clear from the preceding discussion
that due to the variation in the various heat transfer processes no
single index or method of estimating snowmelt will be applicable to
all areas and for all weather conditions.

205



) moyexariee
CKazyemoe

b) momexarree
cKazyemoe

3aoanue 4.

Haiinute B TekcTe U BHINMUIIUTE BCE MpuiiarareibHbie. Hanummre
BCE 3 CTEMEHU CPaBHEHHUS BCTPETUBIIUXCS BaM IpUiIarateiabHbIX. Bee
JIY TpUiIaraTeNbHbIe UMEIOT CPABHUTEIBHYIO U IPEBOCXOAHYIO CTETICHB?

3aoanue 5.
Beinummre U3 TekcTa Bee Hapeuus ¢ okonuanueM -ly. O6pasyiite
MpUIaraTeIbHbIC OT JaHHBIX HAPCUHIA.

3aoanue 6.

HepeBeI{I/ITe CIICAYIOIME CIIOBOCOYCTAHUA.
Temperature profile changes, sound speed minimum, water storage ca-
pacity, world precipitation maps, fossil fuel combustion, total sediment
weight per unit time, water vapour density, excess nutrients, pollution
control equipment, water resource assessment problems, sediment par-
ticle size, narrow beam infrared sensor.

3aoanue 7.
Hcnonp3yiiTe moaxosInyo BUIOBPEMEHHYIO (JOpPMY TJIaroia.

a) Flood measurements on large rivers (make) best from bridges, ca-
bleways or boats.

b) Beginning in 1700, societal changes brought by the Industrial Revo-
lution (increase) the amount of carbon dioxide entering the atmos-
phere.

¢) This year some indications (find) of the southward flow to about lat.
23 N, but no clear evidence for a boundary current flow (be) availa-
ble between there and the equator.

d) The final result of this process (depend) on the conditions under
which it (take) place.

e) The quality of surface water and air partially (improve) after the in-
dependence of the country, but the quality of some ground waters
(continue) to deteriorate.
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f) Since early times seamen (watch) the changes in sea and sky.

g) Density (affect) by the temperature and with most substances we
observe that a decreased temperature (produce) an increase in the
density of the substance.

3aoanue 8.
OT 11aroJioB B CKoOKax oOpasyiire mpudactre 1 uimum 2 pona.

a) The amount of heat energy (add) to the atmosphere by the green-
house effect is (control) by the concentration of greenhouse gases in
the Earth's atmosphere.

b) It is no wonder that a flood can have such a far (reach) impact with
the enormous power of water (run) wild in nature.

c) Recent events must be (view) in the context of long-term, natural
processes as well as the relatively short-term body of data (collect)
since the Industrial Revolution.

d) Total fresh water (consume) increased to 100 billion gallons per day,
with irrigation in the western states (account) for about 80% of the
total (consume).

e) This simple general pattern is modified by a number of other factors
(include) (unexplain) or random variations in the global atmospheric
circulation.

3aoanue 9.
[TepeBeaute cneayronme NpeaioKEHUS.

f) Given the increasing usage and pollution of water sources by puman
activities, it may be argued that the problems of water quality are
now often more difficult and demanding than those of water quality.

g) Whatever the reason for the transposition, there is no indication of
this boundary current on transatlantic sections at and north of this
latitude.

h) There are many pathways the water may take in its continuous cycle
of falling as rainfall or snowfall and returning to the atmosphere.

i) One should know the difference between these two systems.

j) Ocean currents are the result of thermohaline motions as well as
wind-driven ones.

k) Note that the resultant direction of motion in the open sea is not the
same as that of the wind.
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3aoanue 10.
OHpC,Z[CJ'H/ITC, B KaKuXx npezmoxceHI/mx:
a) HITO B Havane mpemioKeHus;
b) HITO He B Havaje MPEIIOKECHHS,
c¢) HITO otcyrcTByer.
1. Convection refers to the transformation of air in a vertical direction,
the warm air rising and the cold air falling.
2. Isobars crossing fronts should be drawn with sharp bends, with kinks
pointing to higher pressures.
3. The fog having vanished for some moments, it proved possible to
determine the position of the ship.
4. Ice was sighted floating at sea having been formed either upon the
salt water itself or upon the land.
5. The velocity of the tidal current decreases from the surface to the
bottom, the velocity-near the bottom being about two thirds that at
the surface.

3aoanue 11.

HepeBeI{I/ITG CJICOyIo1mure CjioBa
Annual, tiny, hence, aid, supply, to regard, frequently, obtain, occur,
several, expect, to fill, nevertheless, glacier, exist, although, duration,
either...or, exchange, result from, since, assist, temporary, less, to esti-
mate, approach, spread, vary, mean (adj.), to reach, according to, waste,
prevail, offer, to cause, main, to include, by means of, benefit, even, to
refer to, the same, few, to be available, for instance, to carry out, rela-
tionship, quantity, to distribute, to evaporate, therefore, to lead, lead, in
turn.
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Tecm 2

3aoanue 1.

HaiimuTe B TekcTe U3 3a1aHus 2 MPUMEPHI dTUX JacTei peun.
V. n. adj. adv. prep.

3aoanue 2.

IMepesenute Tekct. (KouTpomasHoe Bpems — 15 MuHYT)

Most of water's usefulness results from its unique physical proper-
ties compared to those of other molecules of similar weight. Liquid wa-
ter has a high boiling point of 100°C (212°F) and solid water has a high
melting point of 0°C (32°F). Otherwise, water at normal temperatures
would be a gas rather than a liquid and the earth would have no oceans,
lakes, rivers, plants, and animals. Liquid water has a very high heat of
vaporization. This means that water molecules absorb large quantities
of heat when they are evaporated by solar energy from bodies of water
and release large amounts of heat when atmospheric water vapor con-
denses and falls back to the earth as precipitation. This ability to store
and release large amounts of heat during physical changes is a major
factor in distributing heat throughout the world. This property also
means that evaporation of water is an effective cooling process for
plants and animals—explaining why you feel cooler when perspiration
evaporates from your skin.

3aoanue 3.
HalinuTe Bce mozuiexaniye U CKa3yeMbl€ B CICAYIOLIUX Mpeasio-

KCHUAX:

a) This property also means that evaporation of water is an effective
cooling process for plants and animals — explaining why you feel
cooler when perspiration evaporates from your skin.

b) These properties along with water's solvent ability allow plants to
receive nutrients from the soil, thus supporting the growth of plants
and the animals that feed on them.

a) mouIeKaree
CKa3zyeMocC
b) momexamiee
CKa3zyeMocC
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3aoanue 4.

Vkaxunure OPpCIJIOKCHUS, HC COACPKAINUC YCIIOBU.

Had the altimeter been accurate, it would have measured the pres-
sure correctly.

Were the wind stronger, the instruments would be destroyed.

Wind velocity would increase rapidly under these conditions.

It is necessary that the new equipment should be tested thoroughly
Should temperature drop, condensation would result.

Lo

agblrwn

3aoanue 5.
Ykaxure MMpEAJIOKCHUA, B KOTOPBIX CKa3yeMOC BBIPAXKCHO IJIaro-
JIOM B (I)OpMC cocjaraTeJabHOIO HAaKJIOHCHUS.
1. Itis important to find the exact mechanism of the heat balance.
2. Toensure uniform water temperature the liquid should be stirred.
3. But for the turbulent diffusion, the air near the ground would be-
come saturated and evaporation would stop.
4. If the earth were a uniform land surface without an atmosphere, the
temperature of the surface at any given place would be governed di-
rectly by the amount of insulation received there.

3aoanue 6.
YKaxxute npaBUIbHBIA IEPEBOJ MPEATIOKECHHUS.
1. Should the raindrops pass through zones of temperature below
freezing, hail would result:
a) Ecnm moxaeBple Karuin MpoIyT dyepes 30HBI C TEMIIepaTypol HIKe
HYJIsl, MOKET 00pa30BaThCs Ipajl
0) Ecnu Obl mokAeBble KaIuld MPOLLIM 4Yepe3 30HBI C TEeMIIepaTypou
HIKe HYIIA, TO 00pa3oBaics Obl rpaj.
B) JloxaeBble Karumd JTOJDKHBI MIPOWTH Yepe3 30HBI C TeMIIepaTypoi
HIDKE HyIIs. B aTOM ciydyae oOpasyercs rpa.
r) B ciyuae, ecnu moxaeBble Kamiid MPOLLIM Yepe3 30HBI ¢ TeMIlepa-
TypOH HIXe HyJIs1, 00pa3oBaJics Tpaj.
2. Were there no particles of this kind in the air, there would be no
natural condensation:
a) Ecnu B Bozayxe OyoyT HAXOOUTHCS YaCTHLBI TOJAOOHOTO BUAA, IPO-
M30HUIET €CTECTBEHHAS! KOHACHCAIIHS.
0) Ecnu Obl B BO3IyXe He OBUIO 4acTHI] MOJOOHOIO BHJA, €CTECTBEH-
HOW KOHJIGHCAIIMX HE MPOHU30IILIO ObI.
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B) Ecnu B Bo3ayxe He OyneT vacTul] moJloOHOTO BUJA, €CTECTBEHHAS
KOHJICHCAIIUS HE IPOU30H/ICT.

r) Eciu OpI B BO3MyXe OBUIM YaCTHUITHI MTOJOO0HOTO BHIA, TPOH30ILIA
OBl €CTECTBEHHAST KOHICHCAITHSL.

3. But for the combination of warm weather and rain there would

be no severe floods on this stream:

a) Ecmu O He codeTanne TEIIION MOTOABI ¢ TOXKIEM, Ha ITOH peKe He
OBLI0 OBl CHIILHBIX HABOJHEHHM.

0) Hecmotps Ha codeTaHue TEIUIOHN MOTOIBI C JIOXKIEM Ha STOU PEeKe HEe
OyJeT CUIIbHBIX HABOIHCHHM.

B) Ecnu Obl Termias moroma coderanach ¢ JAOXKIEM, HAa 3TOM peke He
OBLI0 OBl CHIIBLHBIX HABOJHEHHUM.

r) Ecam Obl moXIOp HE coyeTancsl ¢ TEeIUIOW MOTOA0H, Ha JTOW peke
ObLIM OBbI CUJIbHBIE HABOTHEHHS.

3aoanue 1.
VYKaxuTte NpeasiokeHUe, B KOTOPOM YCIOBHUE PEANIBHOE.
1. If the earth were all uniform the isotherms would be similar to the
parallels or latitude
2. If the wind were favorable, the ship would reach the port of destina-
tion early in the morning.
3. If several rains passed a serious flood would result.
4. If several rains had passed, a serious flood would result.
5. If several rains pass, a serious flood will result.

3aoanue 8.
VYkaxure NpEAJIOKCHHUC, B KOTOPOM CKa3zyE€MO€ BLIPAXKCHO TIJ1aro-
J0M B (hOpME U3BSIBUTEIHLHOIO HAKJIOHCHUS.
1. Were it not for the protective ozone layer life upon the earth might
have been impossible.
2. Nine bergs were sighted; several more would have been seen if the
greater part of this run had not been made at night.
3. If the ground were saturated with water, there could be no further
infiltration.
4. The explorers were terrified lest the ice-floe should break.
5. It is advisable that rainfall observations should be received from sev-
eral stations.
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3aoanue 9.
OHpC,Z[eJ'H/ITe, KaKUM YJICHOM IPCIJIOKCHUA WK €T0 YaCTbhbIO ABJIA-
eTcsl MHOUHUTHB.
a) 00CTOSTEIIBCTBOM;
0) UMEHHOH YacThIO CKa3yeMOTO;
B) OTIpEJICIICHUEM;
F) YaCThIO CJIOKHOT'O I'JIaroJIbHOT'O c1<a3yeM0r0;
JT) TTOJITCKAIIHM.
1. To prevent the overflow of the river is an urgent task.
2. One way of obtaining hydrogen is to pass electric current through
water.
3. To ensure uniform water temperature, the liquid should be stirred.
4. To give a true picture of the surrounding matter is the task of natural
science.
5. The methods to be described are used in our laboratory.
6. Water is to be purified to meet our needs.
7. We'll employ this computer to get reliable data.

3aoanue 10.
VYKaXuTe aHINMICKOE MPENI0KEHHE, COOTBETCTBYIOLIEE TAHHOMY
pycCKOMY.
1. OKaSaJIOCB, YTO IUKIIOH ABHUIAJICA C 3allala Ha BOCTOK.
a) The cyclone seems to move from west to east.
b) The cyclone was moving from west to east.
¢) The cyclone seemed to be moving from west to east.
2. YuéHrle IojiararoT, 4YTO COJTHCYHBIC IIATHA BJIMAIOT HA IIOTrOAYy
a) Scientists believed that sunspots affected weather
b) Scientists believe weather to affect sunspots,
c) Scientists believe weather to be affected by sunspots,
3. Okazanoch, 4TO TeUYCHHE U3MEHIIIO CBOE HAIpaBJICHHUE.
a) The current has changed its direction.
b) The current was seen to have changed its direction.
¢) He saw the current to have changed its direction.

3aoanue 11.

VYKaxuTe MpeioKeHNs, Coep Kallue:
a) 00BEKTHBIN 000POT;

0) cyObeKTHBIH 000POT.
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1. The information is used to study the distribution of rainfall over the
country.

2. In this case the wind is said to have hurricane force.

3. The professor wanted the students to repeat the experiment under
field conditions.

4. The hydrologic cycle is known to include several phases.

5. The diagram shows the current to have changed its direction.

3aoanue 12.

IlepeBenuTe npeIoXKeHNs, oOpalias BHUMAaHHE Ha IIEPEBOJ] CIIOBA for

1. A datum for the level of the present and future floodings was fixed.

2. We had watched our barometer falling gradually for several days, but
we did not expect rain to reach us, imagining that we were too far
north.

3. Icebergs often move in the opposite direction to the pack ice, for they
are carried by currents and are less influenced by the wind.
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be
bear
become
begin
blow
break
bring
build
burn
buy
catch
choose
come
cost
cut
dig
do
draw
dream
drink
drive
eat
fall
feed
feel
fight
find
fly
forget
get

MpunoxxeHue A

Tabauna HENPaBUJILHBIX IV1arojoB

Past Simple
was, were
bore
became
began
blew
broke
brought
built
burnt
bought
caught
chose
came
cost
cut
dug
did
drew
dreamt
drank
drove
ate

fell

fed

felt
fought
found
flew
forgot

got

Participle 11

been OBITh, ABIATHCA
bom POIHTH

become CeNaThCs, CTaTh
begun HAYNHATh

blown IyTh

broken JOMaTh
brought  npunoCHTH

built CTPOHUTH

burnt rOpeTh, KEUb
bought HOKYIIaTh

caught JIOBUTH

chosen BBIOMPATH

come HIPHUXOIUTh

cost CTOUTH

cut pe3aTb

dug PBITh, KONIATh
done JeTaTh

drawn Tall[Th; PUCOBATH
dreamt Me4TaTh; BUIETh BO CHE
drunk [IUTh

driven BOJIMTH MAIlIUHY
eaten €CTb, KyIlIaTh
fallen najath

fed KOPMHTb

felt YyBCTBOBATh
fought 0G0POTHCS, CpaKaThCs
found HaXOIUThb

flown JeTaTh

forgotten  3abwIBaThH

got [10J1y4aTh
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41
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47
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49
50
51
52
53
54
55
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57
58
59
60
61
62
63
64

give
go
grow
have
hear
hide
hold
keep
know
lead
learn
leave
lend
let
lose
make
mean
meet
put
read
ride
rise
run
say
see
sell
send
set
shine
sing
sink
sit
sleep
smell

gave
went
grew
had
heard
hid
held
kept
knew
led
learnt
left
lent
let
lost
made
meant
met
put
read
rode
rose
ran
said
saw
sold
sent
set
shone
sang
sank
sat
slept
smelt

given
gone
grown
had
heard
hidden
held
kept
known
led
learnt
left
lent
let
lost
made
meant
met
put
read
ridden
risen
run
said
seen
sold
sent
set
shone
sung
sunk
sat
slept
smelt

JlaBaTh
UJTH, XOIHUTh

pacTH, CTaHOBHUTHLCS
HMETh

CIIBIIIATH

psITaTh

JepKaTh

JIepKaTh, XPAaHUTh
3HATH

BECTH

YYUTh

OCTaBJIATh, IOKUIATh
JaBaTh B3aMBbI
IIO3BOJIATh

TEPSITh, IPOUTPHIBATH
JienaTh

3HAYUTh

BCTpEYAThH

KJIacTh

YUTATh

€3/IUTh BEPXOM
IMOJJHUMAThCS
OexaTh

CcKasaTh

BHUJIETH

MpOJIaBaTh
MOChLIATh
MOMEIIATh;, YCTAaHABIUBATH
CHSTh, OJIECTETh
IeTh

MOTPYKAThCS
CHJIETH

craTh

HIOXaTh, TAXHYTh
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69
70
71
72
73
74
75
76
77
78
79
80
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speak
spend
spoil
spread
stand
swim
take
teach
tear
tell
think
throw
understand
wear
win
write

spoke
spent
spoilt
spread
stood
swam
took
taught
tore
told
thought
threw
understood
wore
won
wrote

spoken
spent
spoilt
spread
stood
swum
taken
taught
torn
told
thought
thrown
understood
worn
won
written

TOBOPHUTH
TPaTUTh, TIPOBOJANTH
MOPTHUTh
pacmnpocTpaHsTh
CTOATh

I1aBaTh

Opath

o0yuaTh

pBath

CKa3aTh

JyMaTh

Opocarb

MOHUMATh

HOCHTbH, U3HANITUBATD
BBIMTPBIBATH

MUCATh



MpunoxxeHue b
HauboJ1ee pacnpocTpaHeHHbIE CJIYKeOHbIE C10Ba
although — XOTs

as — TaK KaK; Korja, Imo Mepe TOro Kak; Kak
as well as — TaK e, Kak U

as soon as — KaK TOJIBKO

as long as — JIO TeX TIOp ITOKa

as ... as — TaK XK€ ... KakK; TAKOH K€ ... KaK

as ... as possible — xak MOXHO ...
not so (as) ... as — He TakK ... KaK, He TaKoH ... KaK

as to/ for — YTO Kacaercst
SO as + HHPUHUTUB — TaK YTOOBI
the sameas  — Takoii xe, kak
after — TI0CIIe TOTO KaK (kax mpeyior after o3navaer nocre)
because — IIOTOMY 4TO
because of —u3-3a
before — 1o Toro kak (kax mpemyor before oznauaer 00)
for — Tak Kak; oo (kax npemor for o3navaet dis, 3a,
6 meyenue)
if — eCIu; JIn
provided, providing (that) — mpu ycnosuu (4to0)
since — 1) Tak xax
—2) ¢ Tex Mmop Kak (kax Mpetor SiNCe 03HaYaeT ¢)
though — XOTA
unless — €CIIH ... HE
until — JIO TEX TIOp IOKa ... HE
when — Korjaa
whether — I
while — B TO BpeMs Kak, Koria
both ... and —KAK ... TAK U, U ... U
either ... or — WM ... Wik, 1100 ... 1100

neither ...nor —Hu ... HU
the + cpaBHHTENIbHAS CTENEHD ..., the + cpaBHUTENbHAS CTENICHD
—YEeM ..., TEM

217



MpunoxxeHue B
Hau6omnee ynorpeduteinbHbie cyppuKcbl H MPUCTABKH
Cyddukcsl cymecTBUTETbHBIX

-er, -or- — seller (mponmase), constructor (koHCTPYKTOp)
-tion (-ation) — connection (coeanuenwue), consumption (morpebiaecHmue)
organization (opranusanms), indexation (numexcarys)

-ing — accounting (oruetnocts), handling (o6pamienmue)
-ment- — development (paseutre), government (paBUTEIBCTBO)
(tyure — future (6ymymiee), expenditure (pacxom)

-ance (-ence) — importance (BaxxxocTts), dependence (3aBHCHMOCTB)
-ness — effectiveness (3¢ dexTrBHOCTE), accurateness (TOYHOCTE)
-ity — activity (mesrrensrOCTS), Utility (ose3HOCTD)

-th — strength (cua), growth (pocr)

-ship — friendship (mpy»x0a), relationship (B3aumocBs3b)

-ism — mechanism (mexanu3sm), materialism (marepuanuzm)
-ics — economics (3xoHoMuKa), physics (pusnka)

-ist — economist (3xoHOMHCT), artist (Xy10KHHUK)

Cy¢dukcsl npuinaratebHbIX

-al — national (naronaneHbIit), industrial (mpoMbIICHHBII)

-able (-ible) — changeable (n3menuuBeIit), extensible (pacTsoxumbIif),
convertible (o6paTumprit)

-ant (-ent) — resistant (ycroituusebiii), different (pasnudmbrii)

-ive — active (mesTenbHbIi), cOMpetitive (KOHKYpHUPYFOLIHIA)

-ful — peaceful (mupHbrit), useful (mosesHbrit)

-ic — basic (ocunoBHoI1), historic (rcTopudeckwuii)

-0us — famous (3HamenuThIit), dangerous (onacHbIit)

-less — useless (becrionesHsiit), careless (HeOpexHbIi)
Cypdukcnl 11aros1os

-en —to weaken (ocabnsars), to shorten (ykopaumnsars(-cs))

-fy — to intensify (ycunusats), to simplify (ynpormars)

-ize —to realize (ocymectsiats), to stabilize (crabunmsuposars)

Cy¢pdukchl Hapeuni
-ly — practically (mpaktuuecku), entirely (monHocTsr0)
-ward(s) - forward(s) (smepen), backward(s) (nazax)
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HpI/ICTaBKH C OTpUMUIATECJAbHBIM 3HAYCHUEM

un- — unlimited (reorpannyennsiit), to unfold (pa3BeprbiBaTh)

dis- — disability (mecrioco6HOCTB), t0 disapprove (xe omoopsTh)

in- — incapable (recmocoOHbIiH)

il- — illegal (neneranbHsIii)

ir- — irrational (meparmoHanbHEIH)

im- — impossible (HeBo3MOXKHBII)

non- — non-economic (BHe’KOHOMHYECKHi), Nnon-essential
(HecymecTBEHHBII)

mis- — to miscalculate (ommuburscs B pacuere), to misinform
(me3urdopMUpOBATH)

under- — to underestimate (aemoonenuts), underdeveloped (cia-
O0pa3BHUTHIIA)

IIpucraBku ¢ pa3HbIMH 3HAYEHHSIMH

over- (ceepx) — to overestimate (mepeorienuts), to overpay (meperuia-

YHBATh)
post- (nocie) — postwar (mocneBoennbIit), postgraduate (acoupanT)
pre- (0o) — prewar (zoBoeHHBIN), prehistoric (moucropuyueckuii)
re- (snoep)  — to redistribute (mepepacnpenensats), to resell (mepempo-
JaBaTh)
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Vuebnoe uzoanue
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