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BBEOEHWUE

YuebHoe mocobue MmoaAroTOBICHO JiJIT 00YUECHHS aHTJIMUCKOMY SI3bI-
Ky 110 Kypcy «Kpuomorusi».

[Tocobue cocTouT M3 TpeX pasjaeiioB, BKIOYAOMIUX B ce0sa 18 ypo-
koB (Units), colepxalux ciIoBapb, TEKCT, JIEKCUUECKHUE U rpaMMaTh4e-
ckue ynpaxueHus. Kaxaplii pa3aen BKIOYaeT B ce0s 1IeCTh YPOKOB U 3a-
KaHYMBACTCS KOHTPOJBHBIM 3aJaHEM, HaIlpaBJICHHBIM Ha BBHISBIICHHE OC-
TATOYHBIX 3HAHUM Yy CTYJEHTOB U 3aKpeIvieHUue MPONUJEHHOTO MaTepuaa.
KonTpoabsHoe 3amanue coctout u3 Tpex vacrei (Comprehension, Speak-
ing, Writing), B KOTOPBIX NpEJCTaBICHBI YIIPAKHEHHUS, OTBEUYAIOIINE CO-
BPEMEHHBIM CTaHJapTaM OOy4YeHHUS WHOCTPAHHOMY SI3bIKY. BwimonHeHue
JaHHBIX YIPaKHEHUN CMOCOOCTBYET Kak OoJiee TIIyOOKOMY MOHUMAaHUIO
mpeaMeTa, TaK ¥ pa3BUTHIO TBOPUYECKOTO BOOOPaKCHHUSI.

TexkcTbl 7151 YPOKOB MOJ00paHbl TaKUM 00pa3oM, 4TOOBI MO BO3-
MOXHOCTH OTPa3UTh BCE HCTOPUUICCKUE ACTICKTHI CTAHOBJICHUS KPUOJIOTHUN
KaK HAyKW U COBPEMEHHBIC TCHICHIINH €€ Pa3BUTHA.

[Tepen TEKCTOM KaXKIOTO ypoKa TPHUBEICH CIHCOK JIGKCHYCCKUX
€ANHUI], KOTOPBIC SBIAIOTCS CHEUPUUESCKUMU JJIs1 TAHHOTO paszelia, Mo-
T'YT BBI3BIBATh TPYAHOCTH MPHU MEPEBO/IE U 00IIEeM MTOHUMAaHUH TEKCTa.

Jlexcuueckue ympaKHEHUS TOCTPOEHBI TaKUM oOO0pa3oM, YTOOBI
PaCIIMPHUTh CJIOBAPHBINA 3amac CTyACHTa, aKTUBU3UPOBATH YK€ UMEOIITHE-
Csl 3HAHMS, a TaK)Ke HAYYUTh MOPQPOIOTHUECKOMY UJICHEHHUIO CIIOB U3Y-
4aeMOoT0 SI3bIKa.

['pamMmmaTideckue ympakKHEHHS OTPaKarOT BCE CTPYKTYpPHI, 3HAHUE
KOTOPBIX HEOOXOAMMO JIJIsI TIPABUIILHOTO TIEPEBOIA TEXHUUCCKUX TEKCTOB
B paMKax JaHHOTO MOCOOHWS M MOCIEIYIOIIEr0 CaMOCTOSITEIbHOTO YTEHUS
TEXHUYECKON JTUTEPATYPHI.

B xoHIIe yuye6HOTro mocoOus mpeacTaBjieH CIOBaph TPYAHOM M CIIe-
U (UIECKON JIEKCHKH, COJICPIKAIICHCS B TEKCTaX U YIPAKHECHHSIX.

[Ipu pabote ¢ JaHHBIM MMOCOOMEM PEKOMEHAYETCS HCIOJIb30BaTh
CJICYIOIIHNE CIIOBAPU:

1. Mromiep B.K. bonbiioit aHrio-pycckuit cioBapb (B HOBOU
penakiun). — M.: [lutanen-Tpeiia, Punon knaccuk, 2005.

2. PozenGepr M.B. AHTI0-pyCcCKuii CIIOBaph MO XOJIOIMIBHON M KPHO-
TeHHOM TexHUKe. — M.: Pycckuii s3bIK, 1978.

3. DnextponnbIi cioBaps ABBY'Y Lingvo 12.
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UNIT 1
achieve — nocturars
agriculture — cenbckoe X03sIMCTBO
application — npumeHeHue
be aware of — oco3HaBathb, OBITH B Kypce
benign — 1oOpokayecTBEHHBIM
blood — xpoBb
cancer — pak
cell — xnerka
depend on — 3aBucets oT
lesion — moBpexenue, mopaxxeHue
malignant — 3;10xa4ecTBEHHBIIH
meet requirements — y1oBI€TBOPHUTh TOTPEOHOCTH
missile — pakera, KocMUYeCKHi KOpaOJIb
obtain — moy4ars
Preserve — coxpaHsTh, KOHCEPBUPOBATh
propel — nBuraTh, IPUBOIUTH B IBHIKCHHE
refer t0 — ccbuTaThCS HA, OTHOCHTBHCS K
rely on — mosararbcst Ha
specimen — o6pas3elr, 3K3eMILTSP
steel mill — cranenurelinplii 3aB01
surgery — Xupyprusi
treat — neuurtp
vehicle — TpancnopTHOE CpeaCTBO

CRYOGENICS

The word «kryos» is known to be used by the ancient Greeks to

mean icy cold.

To these people living in a land with mild sunny winters, «kryos»
could scarcely have meant very low temperatures. It might have been used
to describe their summer drinks which the rich cooled with carefully
stored ice or snow. It might also have been used to describe early Greek
attempts at food preservation. But however «kryos» was used in ancient
times, it was in 1880 that scientists working on ways of obtaining lower
and lower temperatures used it in forming the word «cryogenics». They
used cryogenics to refer to the field of extremely low temperatures, a field
of science which is now becoming very important to us.
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But just what is this low temperature region? What are its uses?
How do we cool things to these low temperatures and what happens to
them when we do? What strange effects are found which do not exist at
room temperature? And how does cryogenics affect us and our way of life
now and in the future? These are some of the questions to be answered.

Although cryogenics is more than a hundred years old, it is in the
past few decades that it has grown from a field in which scientists were
working in the laboratory to learn more about the laws of nature at low
temperature to include many areas outside the laboratory. While some in-
dustrial applications of cryogenics were found many years ago, most of
their work was pure scientific research. Practical applications are now
growing very rapidly.

In the world that we know and see around us, where are these low
temperatures used? For example, low temperatures are used in space ex-
periments, for most large missiles and space vehicles depend on cryogenic
products to propel them.

Industry relies on cryogenics to meet certain gas requirements; steel
mills, for example, use hundreds of tons a day of liquid oxygen (obtained
from the air through the use of cryogenics). New electronic devices such
as lasers are cooled by cryogenics. Cryogenics is used in agriculture and in
medicine during surgery and to preserve blood and biological specimens.
It is surprising to realize not only how rapidly and widely the application
of this field of science has grown, but also how much every one of us de-
pends on cryogenics without even being aware of it.

There are a lot of branches of chemistry and engineering that in-
volve the study of very low temperatures, how to produce them, and how
materials behave at those temperatures. For example, cryobiology is the
branch of biology involving the study of the effects of low temperatures
on organisms (most often for the purpose of achieving cryopreservation);
cryosurgery and cryotherapy are branches of medicine applying very low
temperatures (down to —196 °C) to destroy malignant tissue, €.g. cancer
cells, or to treat benign lesions; cryoelectronics is the field of research re-
garding superconductivity at low temperatures; cryotronics is the practical
application of cryoelectronics, etc.


http://en.wikipedia.org/wiki/Biology
http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Cryopreservation
http://en.wikipedia.org/wiki/Cryosurgery
http://en.wikipedia.org/wiki/Superconductivity

EXERCISES

1. Translate the words of the same root:
cool — coolant — cooler — coolness; extreme — extremely; pure — impure —
purely — purify — purifier — purity — impurity; predict — prediction —
unpredictable — predictably; apply — application — applicable -
applicability; practice — practical — practicable.

2. What part of speech do these words belong to?
carefully, scarcely, rapidly, early, particularly, extremely, widely.

3. Translate into English:

MepBbIE MOMBITKH, 00JIACTh YPE3BBIUAMHO HU3KUX TEMIIEpATyp, KOMHATHAS
TeMIiepaTypa, o0pa3 *U3HH, 3aKOHbI IPHUPOJbI, MPOMBIILIEHHOE pUMe-
HEHHE, KOCMHUYECKHEe KOpaliu, CTaJCIUTEHHbBIC 3aBOJIBI, YKUIKHN KHCIIO-
poXa, XUpyprus.

4. Translate into Russian:
icy cold, food preservation, low temperature region, pure scientific
research, space experiments, large missiles, to meet gas requirements,
electronic devices, biological specimens.

5. Mind the emphatic construction IT IS ... THAT (WHO,

WHEN, WHICH). Translate into Russian the following sentences,
paying attention to the pronoun IT:
a) It is necessary to know what happens when things are cooled to low
temperatures. b) It was Greeks who made first attempts to preserve food.
c¢) It was nature of things at low temperatures that the scientists wanted to
know. d) What did the word «kryos» mean? It meant «icy cold». e) It is
interesting to note that every one of us depends very much on cryogenics.
f) It is cryogenics that is now widely used in all spheres of our life. g) It
was in 1911 when Heike Kamerlingh Onnes was experimenting with
metals at low temperatures. h) It was atomic nature of matter which was
not well understood at that time.

6. Mind the functions of the word TO MEAN, MEAN,
MEANING, BY MEANS OF:

a) Cryogenics means the field of extremely low temperature. b) Cryogenic
fluids are produced by means of lowering the temperature of gas. ¢) Main-
taining low temperatures is one of the means of preserving blood. d) To
speak of cryogenics means to speak of very low temperatures. e) The
mean temperature of the gas can be taken from the table. f) The work
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of Kamerlingh Onnes provided convenient means for investigating differ-
ent cryogenic problems. g) It is seen that the method of geometric means
may lead to more satisfactory results than that of arithmetic means. h) The
term «heat» has more than one meaning. j) The temperature can be lowered
by means of a liquefied gas. k) What does the word «cryogen» mean?
I) This term meaning «radiant heat» may be employed with regard to the
action of rays upon an absorbing substance. m) One should clearly under-
stand the concept of «mean temperature», when using it in the calcula-
tions.



UNIT 2

acquire — mosy4ars, IpHOOpPETaTh

boil — kunersb

breathe — nprmarse

condense — KOH/IGHCUPOBATh, CTYIIATh
consider — paccMaTpuBaTh, CYMTATh
dangerous — onacHbIit

encounter — BCTpevaThesi, CTAIKUBATHCS
evaporate — ucnapsarscs

eventually — B koHeuHOM HTOTE

explosion — B3pkIB

explosive — B3pbIBYATHII

EXPO0Se — 1moABEpraTb BO3AEUCTBUIO

fluid — Texyuas cpena (KMIKOCTh MU ra3)
handle — oGpamarscsi, ynpaBisTbes
(in)expensive — (ue)xoporoi

In reverse — Ha0OOPOT

insulate — u3omupoBaTh

lower — nonrxath

lubricating oil — cma3ouHoe macio, cma3ka
OCCUI — MPOMCXOIUTh

reach — mocTurarh

refrigerant — ximagareHt

scale — mkana

self-contradicting — mpotuBopeuamnuii cam cebe
store — XxpaHuTh, HAKAILIMBATh

take on — mpuoGperaTh

temperature range — nuamna3oH TeMneparyp
tint — oTTeHOK

weigh — Becuth

CRYOGENIC LIQUIDS

We know gas to be a state of matter as the liquid state and the solid
state.

When the temperature of a substance which is normally considered
to be a gas is lowered, the substance will become a liquid or if it is
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lowered even further it may enter the solid state. This is true for all gases,
except helium, and so includes oxygen, hydrogen, neon and even the air
we breathe. (Helium will become a liquid, but will not become a solid at
atmospheric pressure no matter how low the temperature goes.)

The substances which are liquid in the cryogenic temperature range
are often called cryogenic fluids. Since we are most familiar with these in
the gaseous state at room temperature, we often use the self-contradicting
term «liquid gas». A large cryogenic industry has grown up around these
fluids and their cryostats, which is the name given to the insulated con-
tainers they are stored in.

The various cryogenic fluids, which become gases long before they
reach room temperature, and their properties are of great interest. Here we
shall be able to consider only two of them.

Liquid oxygen, or LOX, is at the high end of the cryogenic
temperature scale, its boiling point being 90.1 K. It has a light blue
colour, but otherwise looks much like water. As it is still chemically active
liquid oxygen can be dangerous to handle. Several serious explosions are
known to have occurred when liquid oxygen came in contact with lubri-
cating oils. Therefore liquid nitrogen is used instead of it when possible
for laboratory practice. Liquid oxygen is encountered chiefly in the process
of obtaining oxygen gas from air, as an oxidizer for rockets, and for
storing and transporting oxygen for use as a gas.

Liquid nitrogen is the workhorse of the cryogenic fluids, used widely
because it is inexpensive, chemically inert, and a good refrigerant. It is
a clear colourless liquid which weighs about eight tenths as much as water.
One litre of it will make almost seven hundred litres of nitrogen gas at
atmospheric pressure and room temperature. As we know, both liquid
nitrogen and liquid oxygen are normally obtained from air. They can be
separated by means of their different boiling temperatures. This, however,
can also work in reverse. Nitrogen boils at a lower temperature than oxy-
gen, and a nitrogen-filled container, particularly one with a wide top,
should never be left directly exposed to the atmosphere for very long. The
air above the nitrogen will be cooled until some of the oxygen in the air
itself becomes a liquid. It will then mix with the liquid nitrogen. As the
nitrogen constantly evaporates and the oxygen condenses, the liquid in the
container will eventually acquire the blue tint characteristic of liquid oxy-
gen, and can even reach the point where a large part of the fluid is liquid
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oxygen. In this way, the formerly inert liquid takes on the dangerous
properties of liquid oxygen and can become explosive.

EXERCISES

1. Define what parts of speech the following words are:
frost — froster — frostproof; heavy — heavily — heaviness; advantage —
advantageous — disadvantage; combustion — combustible — combustibility;
explosive — explosion.

2. Translate these words into Russian:

Noun Verb
frost to frost
burn to burn
load to load
waste to waste
term to term
trap to trap

3. Translate into English:
AKUJIKOE UM TBEPJIOE COCTOSTHUE, aTMOC(epHOe aBjieHUE, ra3000pa3Hoe
COCTOSIHME, KPUOCTAT, XpaHUTh B 4eM-IH00, MOJBEpraTh aTMoCHEepHOMY
BO3/EHUCTBHUIO, TEMIIEpATypHas LKA, CMa3Ka.

4. Translate into Russian:
state of matter, cryogenic temperature range, cryogenic fluid, self-
contradicting term, insulated container, LOX, oxidizer, dangerous proper-
ties, become explosive.

5. Mind the different meanings of the word ONLY
a) Cryogenics is used not only in industry but in agriculture and medicine
as well. b) Not long ago ice and snow were the only means of cooling
food. ¢) In ancient Greece the word «kryos» meant icy cold only but not
low temperatures. d) Rocketry is not the only field where cryogenics is
applied. e) The only way of solving this problem is to correlate experi-
mental data with theoretical ones.

6. Remember the ways of translating FOR:
a) For many years cryogenics was a pure scientific research. b) Space
vehicles depend on cryogenics for cryogenics products propel them.
c¢) Cryogenics is of great importance both for industry and agriculture.
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d) For the problem to be solved many experiments should be carried out.
e) Cryogenics is a young science for it appeared in 1880. f) It is necessary
to know what cryogenic fluid is for it is very widely used now. g) In this
experiment the state of matter is remained unchanged for 2 hours. h) And
still he continued his search for a solution, as he was not a man who
would accept a defeat. j) The tendency was for the gas to become lique-
fied. k) It follows that this is not a satisfactory method for attaining low
temperatures. I) It is not possible for a liquid to be compressed nearly as
much as a gas. m) The data obtained cannot be regarded as accurate for
the system is greatly complicated by other reactions. n) For that reason
exact determinations are difficult. 0) As for the arrangement of layers, the
insulation may contain one, two, or more than two layers. p) For the reac-
tion to take place you must substitute chlorine for hydrogen. q) Cryogenic
insulation calls for a high degree of effectiveness. u) The temperature
falls 0.25 °C for 1 atm.
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UNIT 3

account for — oObsICHATD

alloy — cninas

brittle — momkuit, Xpynkuii

cease — npekpaniaTth(cs)

Cite — HUTUPOBATh, CCHUIATHCS HA YTO-JTHOO
collapse — pa3pymatscs

contract — cxxumarbcs

copper — Mezb

crack — TpeckaThCs, pacKabIBaThCsI
crumble — pa3pymaTbcs

happen — npoucXouTh, CIIy4aThCs
mention — ymoMuHaTh

notion — ues, IpeacTaBICHUE

pUrpoSe — 1emb

rubber — pe3una

shatter — pazouBatbcs BapeOesru
stainless steel — mepxkaBeroras craib
strain — HampspKEeHUE, HAarpy3Ka
strengthen — ycunuBaTth

UNdergo — UCIBITHIBATE, IIEPEHOCUTH; MIOABEPraThCs YEMY-JIH00
untempered glass — He3akajileHHOE CTEKJIO
valuable — neunnsblit

visualize — MpICIIEHHO TTPEICTaBIATh

CERTAIN CHANGES IN PROPERTIES OF MATTER
AT LOW TEMPERATURES

Many people, before they understand cryogenics, think that as tem-
perature goes down, everything becomes brittle and breaks. So, they con-
sider, when absolute zero is reached, or nearly reached, all motion of
atoms and electrons ceases and everything crumbles.

While this is not true, there are some things that do happen at low
temperatures that account for this notion. We know of many substances,
such as plastic and rubber, which become brittle at cold temperatures
(though far above the cryogenic region). Because of this striking change,
they are often cited in describing low temperature effects. The idea
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of mechanical breakdown at absolute zero was strengthened by the
brittleness of steel at low temperatures and the collapse of steel
constructions when used for cryogenic purposes.

The belief that everything falls apart at absolute zero was based on
an early theory for the atomic composition of matter. The realization that
this did not, in fact, occur led scientists to a new and more accurate theory.

It is certainly true that steel, one of the most widely used materials,
becomes brittle at low temperature but it is also one of the few metals
which does. Most metals, including aluminium, copper, and even many
types of stainless steel, do not become brittle at all at low temperature,
and, in fact, even become much stronger.

Why is it that some metals are satisfactory for use at low tempera-
ture and others are not? Scientists have found that there is a direct rela-
tionship between the crystal structure of atoms making up a metal and its
degree of brittleness at low temperature. Metals and alloys whose mole-
cules have a body-centred cubic structure become brittle at low tempera-
ture. Steel is one of these. On the other hand, those whose molecules have
a face-centred cubic structure, such as aluminium, copper, and nickel do
not. It is the type of crystal structure of these metals that makes them valu-
able for cryogenic purposes. These crystal structures are quite easily un-
derstood. Visualize a cube, with an atom in each corner. If there is also a
single atom in the centre of the cube, we have the body-centred cubic
structure we mentioned in relation to the structure of steel. If, instead,
there are six additional atoms, one centred on each of the six surfaces of
the cube, we have the face-centred cubic structure.

Most plastics become brittle at low temperature; others are usable
but will crack or shatter if cooled too rapidly. This rate-of-cooling prob-
lem is often encountered with poor heat-conducting materials when they
undergo rapid temperature change. Take for example, a glass container.
Fill it with boiling water and put it in very cold water. When exposed to
the cold, the outside of the container contracts. Untempered glass being
a poor heat conductor, the inside of the container is still warm and does
not contract. This produces a strain and the glass will probably break. If
we only gradually expose it to the cold, however, this is less likely to
happen. So we have learned that if temperature is lowered slowly, the
temperature is lowered uniformly throughout the material. This explains
the fact that when handled with reasonable care, many plastics have been
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used successfully in building cryogenic equipment at liquid helium tem-
perature.

EXERCISES

1. When you deal with the verbs with postpositions mind the
difference in their meanings:

to make — nenatpb to make up — coCTaBIATH

to fall — mamare to fall apart — pacmamatbcs

to account — cuurarh to account for — 0OBACHATH YTO-JINOO
to build — ctpouTts to build up — mogHUMAaTh, yBEINIMBATD

2. Remember the meaning of the prefix SEMI-. Translate the words:
semicircle, semiconductor, semi-fluid, semiautomatic, semi-axis.

3. Translate into English:
aOCONIOTHBIA HOJb, MEXAHWYECKOE pa3pylIeHHe, MOJOMKa (BBIXOJ U3
CTpOs) CTAJbHBIX KOHCTPYKLUH, Oojiee TOYHAsT TEOpHs, MPOCTPAHCTBEH-
HO—IICHTPUPOBAaHHAS KyOWYecKas CTPYKTypa, TpPaHELEHTPUPOBAaHHASA KY-
Oudeckasi CTpyKTypa, HE3aKaJICHHOE CTEKJIO, TEMIIEpaTypa >KUJIKOTO TeIusl.

4. Translate into Russian:
notion, striking change, low temperature effects, cryogenic purposes,
atomic composition of matter, stainless steel, crystal structure, rate-of-
cooling problem, poor heat-conductor.

5. Mind the functions of the INFINITIVE. Translate the following
sentences:
a) To cool substances to low temperatures is to change their properties.
b) To obtain liquid oxygen from the air we must lower the temperature of
the latter. ¢) Low temperatures are used in medicine to preserve blood.
d) The problems to be discussed here are associated with cryogenics.
e) The scientists hope to obtain lower temperatures than those that are
available. f) We know cryogenic fluids to be used in the field of rocketry.
g) For a gas to become a liquid its temperature should be lowered.
h) Cryogenic fluids appear to be substances which are liquids in the cryo-
genic temperature range. j) The transportation of liquid oxygen is considered
to be very profitable. k) For the rocket to be provided with oxygen for
burning fuel it must have its own oxygen supply. 1) Scientists proved
lightweight container for carrying liquid oxygen to have some advantages.
m) It seems likely at least in theory that these processes will allow
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to obtain very low temperatures. n) More experiments are able to prove
the validity of the postulate. 0) There seems to be no formal body that is
responsible for definition of the Fahrenheit and Rankine scales. p) A simple
empirical relationship has been found to be suitable for carbon resistors.
g) No portion of the pressure tube is likely to be colder than the vapour
bulb. r) The engineers seem happy to leave the task of measuring the abso-
lute values to those who use the Kelvin scale. s) This phenomenon cor-
responds to the usual situation which can be found in thermal equilibrium.
t) The techniques of using semiconductors as thermometers happened
to be improved. v) Nuclear spin entropy begins to appear in this region.
u) The temperatures near absolute zero proved to be obtainable. w) Ther-
mistors are likely to be widely used soon down to temperatures near liquid
helium.
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UNIT 4

appearance — BHEIIHUK BU]I

bind (bound, bound) — cBs3bIBaTH

detect — oOHapyxuBaThH

dirigible — mupmxkabdmn

due to — 6marogapsi, BCIeACTBHE

environment — cpena

ground state — ocHOBHOE (KBaHTOBOE) COCTOSIHHE
latent heat — ckpsiTas Temnora

liquefy — oxrxaTh

pUMpP — HaKaYMBaTh, HATHETATh

recognise — npu3HaBaTh

refraction — mpenomiienue, pedpaxis

release — BbIMycKaTh, BHICBOOOXK1ATh

rise (rose, risen) — moAHMUMATHCS

separate — oTaesnATh, pa3aeisaTh

solar eclipse — conmHeuHoe 3aTMEHHE

solidify — 3aTBepeBaTh, CTAaHOBUTHCS TBEPIbIM
superfluidity — cBepxteky4ectn

support — moaepKuBaTh

upper atmosphere — BepxHue clion aTMochephl
value — uenurs

vaporization — ucrnapenue

LIQUID HELIUM AND ITS PROPERTIES

Helium has some very strange and interesting properties, particularly
as a liquid. In fact, scientists find helium so interesting that in spite of its
rarity and the difficulties encountered in liquefying it, they have studied it

more than any other liquid except water.

Helium is the final gas on our temperature scale to become a liquid
and so it gives us the lowest-temperature liquid environment. In addition,
helium is a safe cryogenic fluid to use. It does not burn like hydrogen, or
support burning like oxygen. It cannot be made into a solid by pumping on
it, no matter how low the temperature gets. Below 2.2 K properties of the
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liquid helium suddenly change, and it does things that do not happen
in any other liquid at any temperature. We will consider these particular
properties, especially one called «superfluidity», later on.

Helium is the second lightest element. Only hydrogen is lighter. Be-
cause it is so light, when it is released it rises to the upper atmosphere.
This means that in the atmosphere within our reach there is almost no he-
lium. Helium forms very few chemical compounds, and is seldom found
with other elements in liquids or solids. In fact, it is very hard to find at
all. Helium was detected first on the sun by analysing the light during
a solar eclipse in 1868. This light was recognised to be due to a new ele-
ment three years later. For many years helium was valued as a safe gas for
dirigibles, but this is no longer an important use.

It has been mentioned that liquid helium does not become a solid at
low temperature. Even at the ground state that atoms have at absolute zero,
these helium atoms still move too much and are too widely separated.
Therefore they cannot be bound together into a solid by the forces that
would hold them in rigid positions. This can only be done through the use
of pressure as well as low temperature, which makes the atoms stay close
enough together for these forces to act. For helium to solidify requires
a pressure of about 20 times that of the atmosphere, and a temperature
of 3 K, or less.

The helium atom has only two electrons. This means that the nucleus
of the atom has two protons. The helium nucleus can have either one or
two neutrons. If it has one neutron it is called the Helium-3 Isotope (1 neutron
plus 2 protons equal three). Similarly, the helium atom with two neutrons
in the nucleus is Helium-4 Isotope.

Helium-3 and Helium-4 boil at different temperatures and this helps
to separate them; Helium-4 becomes a liquid at 4.2 K.

Like most cryogenic fluids, liquid helium has the appearance of wa-
ter and is clear and colourless. However, it is only about one-tenth as
heavy as water. It has a very low index of refraction. Thus, it is hard to tell
where the liquid level is when you look through a transparent strip in a glass
cryostat. Helium’s very low latent heat of vaporization makes it very diffi-
cult to use and to keep.

Helium is the refrigerant that provides the low temperature environ-
ment for all experiments conducted below 5 K, and so it is often used as
an instrument for conducting other research.
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EXERCISES

1. Remember the way of translating the following prepositions:
In spite of; in order to; due to; instead of; because of.
a) In spite of helium rarity it is still a very interesting element to study and
use. b) In order to solidify helium one needs pressure of about 20 times of
the atmosphere. ¢) Foams generally provide a barrier to heat conduction
due to their low density. d) Because of it being so light when it is released
helium rises to the upper atmosphere. f) Instead of using helium one can
use other cryogenic liquids because of their simplicity in use.

2. Give opposites of the following words using the given prefixes:
UN-: necessary, equal, able, altered, balanced, known, limited, usual,
attached, common, prepared;
IN-: correct, definite, dependent, effective, divisible, significant, complete;
IM-: measurable, practicable, movable;
IL-: logical, legal, limitable;
IR-: regular, responsible, removable, relative.

3. Translate into English:
pEOKOCTh, CXKIDKCHUE, TeMIICpaTypHas IIKajla, OTKa4YMBaTh, CBEPXTCKY-
4eCTh, BEPXHUE CJIOM aTMoc(epbl, 00pa3oBaTh XUMHUYECKUE COCAMHEHUSI,
COJTHCYHOC 3aTMECHUC.

4. Translate into Russian:
to support burning, the second lightest element, rigid position, low tem-
perature environment, too widely separated, latent heat of vaporisation.

5. Translate into Russian paying attention to MODAL VERBS and
their equivalents.
a) As nitrogen boils at a temperature even lower than that of liquid
oxygen, a nitrogen-filled container should never be left directly exposed
to the atmosphere for a long time. b) We know that hydrogen is explosive
and must be handled very carefully. c¢) One will be able to separate both
liquid gases making use of their boiling temperatures. d) As steel was
found to become brittle at low temperature, scientists had to look for other
materials for liquid oxygen containers. €) The experiments on investigating
the properties of the new material were to be started by the end of the
year. f) One ought to consider the crystal structure of matter in order to
understand the changes in its properties at cryogenic temperatures. g) No
person was allowed to enter the laboratory till it was properly ventilated.
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6. Pay attention to PARTICIPLE Il. What is the function of this
non-finite form of the verb? Translate the following sentences:
a) Given the volume and the specific gravity, it is easy to calculate the
weight of the body. b) When shown this book, pay attention to the last
table. ¢) Until translated into other languages, this article was not widely
known. d) Seen in this context, the ranges of applicability and reliability
of this method may be determined. €) The temperature of the liquid ob-
tained remained constant. f) The problems associated with the design have
been mentioned above. g) The pressure in this tube constructed by Brown
in 1897 was about 5 millionth of an atmosphere.
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UNIT 5

Heike Kamerlingh Onnes — Xeiike Kamepaunar-Onnec (royuianackuii ¢pu-
3MK ¥ XUMUK)

approach — gocturarh

bismuth — BucmyT

curve — Kkpusas

decrease — ymeHbIIaTHCS

determine — onpenenath

drop — magath

eliminate — uckirOYaTh, YCTPAHITh

flat — mrockwmii

impurity — mpumech

Mercury — pTyThb

permit — mo3BoJIATh

pure — YucThIi, 0e3 npumeceit

purify — ounmaTh

regain — BOCCTaHABJIMBATh

remain — octaBaThbCs

resistance — conpoTuBicHHE

retain — yaep>xuBaTh, COXpPaHSTh

suggest — npeanonararb

support — oropa, OCHOBA, MOJIOKKA

value — 3HauecHue

Wire — mpoBoJIOKa

ELECTRICAL RESISTANCE OF METALS
AT LOW TEMPERATURES

At present we know that liquid helium permitted to reach tempe-
ratures far below any which had ever been achieved before. In 1911 Heike
Kamerlingh Onnes, a Dutch physicist and Nobel laureate, was
experimenting with metals at low temperatures. He was interested in
finding out what happened to the electrical resistance of metals as they
were cooled to near absolute zero. The atomic nature of matter was not
well understood at that time, and a number of theories had been suggested.
One step in determining which was correct was to find out what actually
happened to the electrical resistance of metals near absolute zero.
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We have already seen that electrical and thermal resistance of metals
decrease together as temperature decreases. The electrical resistance
appears to be going to zero at absolute zero. But as scientists experimented
with platinum wires in liquid helium, they found this decrease did not
continue at this low temperature.

The resistance curves became flat and retained resistance even as they
approached absolute zero. Kamerlingh Onnes used different platinum
wires and found that curves became flat at different values of resistance.
He decided this must be due to different amounts of impurities in the
platinum, and to eliminate it he had to use a purer metal.

Mercury is easy to obtain in a pure state. Since it evaporates at very
low temperature, we can purify it like water, by repeated distillation.
Mercury is a liquid at a room temperature. If you put some into a small
glass tube and put it into a cold part of your refrigerator, it will solidify
at —38 °C.

When mercury wire was cooled, scientists discovered a very strange
effect. While the resistance had been decreasing in the expected way as the
temperature became lower, it suddenly dropped to zero, when the
temperature reached 4.2 K. Absolutely no resistance remained in the
mercury wire below this temperature. Since zero resistance means the
metal is perfect conductor, this state was called superconductivity.

This experiment has been repeated many times with different metals
and alloys, and it has been found that at least twenty-two elements and
hundreds of alloys become superconductive. These become superconductive
at different temperatures, the highest being 11 K for an element
and 18.5 K for an alloy. A few of these superconducting alloys are made
up of two elements, neither of them being a superconductor by itself. It is
now thought that if metals can be made very pure, particularly if all the
iron or nickel which they contain can be removed, many more elements
are found to become superconductive.

Other elements, bismuth and iron are both superconductors, if they
are allowed to evaporate and condense, thus forming a film on a support
cooled to liquid helium temperature. Once this support is warmed,
however, the crystal structure of the films changes, the superconductivity
cannot be regained upon recooling and is lost forever.
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EXERCISES

1. Give opposites using the prefix DIS- and translate the words ob-
tained:
a) connect, continue, cover, place;
b) order, qualification, appearance, ability, advantage;
C) connected.

2. Form words with the given prefixes and translate them into
Russian:
OVER-: heat, work, charge, flow, estimate, load, weigh.
UNDER-: estimate, line, ground, graduate, value.

3. Translate into English:
pA TEOpHU, TEIUIOBOE CONPOTUBIICHUE MATEpHUAOB, KpHUBas COMPOTUB-
JICHH:A, IIOBTOPHOC OXJIAKIACHMC.

4. Translate into Russian:
atomic nature of matter, different amounts of impurities, pure state, re-
peated distillation, perfect conductor.

5. Mind the functions of GERUND. Translate the sentences:
a) Scientists were interested in finding out what happened to the electrical
resistance of metals at the temperature near absolute zero. b) He tried
using different platinum wires in his experiment. ¢) Current is able to circu-
late through the wire without requiring the addition of energy or removal
of heat. d) Only in 1961 scientists found a way of making superconductive
magnets with a very high magnetic field. €) Superconductivity can be de-
tected by observing and measuring the current flow. f) Now we know of
the scientists having produced liquid helium. g) Purifying mercury is very
much like distillation of water. h) The first step was analysing what actu-
ally happened to electrical resistance near absolute zero.

6. Translate into Russian, paying attention to the pronouns SOME,
ANY, NO and their derivatives:
a) This discovery may give us some idea of what happens in a supercon-
ductor. b) Absolutely no electrical resistance remains in mercury wire
when the temperature is below 4.2 K. c¢) It is not possible to measure
something that has zero value. d) Even with instruments able to measure
a change with a high degree of accuracy, it is impossible to find any
change in this current. ) Some scientists thought that superconductivity
was the same as perfect conductivity. f) Since the neutron has no electrical
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charge, the different superconductive properties of isotopes must be due to
the different mass, or size of the atoms. g) Liquid helium permitted to
reach temperatures far below any which had ever been achieved before.
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UNIT 6

apply — npuMeHS TS

assume — npu3HaBaTh

attainment — noctmkenue

attribute — otHocHTh, KITacCU(UIUPOBATH
come into one’s OWN — BO3HUKATh

CONCern — 3aHUMaThCs, MHTEPECOBATHCS, OCCIIOKOUTHCS, ONacaThCs
considerable — 3HaunTEILHBIH

constitute — cocraBisATh, OCHOBLIBATH
conventional — oObIYHBIH

deal with — umets nemno ¢

define — onpenensars

develop — pa3BuBaTh, pa3pabaTriBaTh
employ — npuMeHsTh

evidence — noka3aTeibCTBO

exploit — ucmons3oBath

indication — mokazaresnb, MpU3HaK

insulation — uzonsauus

intend — npeaHa3HavaTh

invent — u3o0peTaTh

investigate — nccienoBaTh, U3y4yaTh

means — cpenicTBo(a)

neighbourhood — o6macts

pattern — mozaenn

perform — BeIMOTHATH

polar explorer — monsspHbIiA KccIeI0BaATENb
provide — obecrieunBaTh, CHaOXaTh

realm — cdepa, obmacth

refer t0 — ccputaThCs Ha, 30.. TOBOPHUTH O
regard — paccmarpuBaTh, paclieHUBATh, CYUTATh
result in — mpuBOAUTH K

rule out — uckiroYaTH

significant — 3HaYMTENBHBIN, CYIIIECTBECHHBIN
sophistication — yciioskHeHue, yCOBEPIICHCTBOBAHNE
stubborn gases — ynpsimbie ra3br

terrestrial — 3emuoi1
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THE FIELD OF CRYOGENICS

The word «cryogen» was created by the Dutch physicist Heike
Kamerlingh Onnes, one of the early workers in the field of low tempe-
ratures. He intended the word to refer to the liquids which he and others
were obtaining in their laboratories at the time (ca. 1900) by refrigerating
those gases having low boiling temperatures. The work of these pioneer
scientists in developing techniques of performing low-temperature
refrigeration efficiently and of liquefying gases, has provided convenient
means for investigating much more than just the various aspects of low-
temperature refrigeration. Since then the Greek word «kryos», meaning
simply «cold» has became common. There has been invented a number of
terms to designate the fields of science dealing with equipment, processes
and products of low-temperature refrigeration. The word «cryology» now
commonly refers to everything which relates to very low temperatures (in
principle below 120 K); it is separated into «cryophysics» and
«cryogenicsy, i.e. techniques used to produce and to apply very low tem-
peratures.

The lower limit of the field of cryogenics is fixed by the third law of
thermodynamics, which rules out the attainment of an absolute zero of
temperature. The upper limit, however, must be arbitrarily established,
since it depends upon the point of view. To the organic chemist concerned
with reaction rates, temperatures in the neighbourhood of 0 °C are often
referred to as low enough to stop significant action, and he might therefore
consider this a region of low temperatures. The polar explorer is primarily
concerned with the lowest terrestrial temperatures he is likely to
encounter; hence the range from 0 °F to —100 °F may constitute his low
temperature realm. Among those working in the field of cryogenics at
present, it is common to regard the upper limit of the field in the
neighbourhood of —150 °C, or about 123 K. However, the limit is purely
one of choice, since there is no outstanding evidence that clearly defines
an upper limit. The temperature of —150 °C is chosen to indicate
temperatures below which it is usual to employ methods of refrigeration
and insulation commonly attributed to present day cryogenics rather than
to conventional refrigeration techniques.

The first systematic investigation of low-temperature problems and
of liquefaction of gases was made by the English chemist and physicist,
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Michael Faraday, beginning in 1823. But cryogenics really came into its
own near the turn of the 20th century when the two most stubborn gases of
all the elements were finally liquefied: hydrogen by Sir James Dewar in
1898, and helium by Kamerlingh Onnes in 1908.

The field of cryogenics is now following a familiar pattern of
development. The original curiosity of the low-temperature physicist with
the liquefaction of gases has been replaced by an interest in super-
conductivity, the superfluidity of liquid helium, and other properties
of matter. After the physicist the cryogenic engineer has arrived to develop
perfect, and exploit those activities which are largely academic only
a short time ago. About fifty or sixty years after Dewar's liquefaction of
hydrogen, the need for large quantities of the liquid for a thermonuclear
device, and a few years later for a rocket fuel, resulted in considerable
sophistication of cryogenic techniques. Even superconductivity is now
beginning to see engineering application in computer technology. If all the
interesting discoveries of low temperature physics have not yet been put to
practical ends, it may be safely assumed that this is a strong indication of
the growth potential of the field and not of its limitations.

EXERCISES
1. Mind the shift of the stress in the following words:_
to per'fect — 'perfect to re 'cord — 'record
to con'duct — 'conduct to sub'ject — 'subject
to con'tact — 'contact to in'crease — 'increase

to pre'sent — 'present
How does it change the meaning of the words?
2. Remember the words of the same root:
efficient — efficiently — efficiency — coefficient
apply — application — applicable — applicant
define — definition — definite — definitely — indefinite
continue — continuous — continuation — discontinue
convenient — conveniently — convenience
3. Translate into Russian:
to come to one's own, to be academic, a thermonuclear device, engineering
application, computer technology, arbitrarily, conventional refrigeration
techniques, considerable sophistication.
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4. Translate into English:
npuaymMarb CJIOBO, OCYHICCTBIIATH HU3KOTCMIICPATYPHOC OXIJIAKIACHHC,
HCKIIOYaTb, IIPUBOAUTL K, HA3BIBATLCA, BBISACHATDL, IIPUIIMCBIBATDH (‘ICMy-
7a100), BCTPEeYaThesl, KpUOJIOTHS, (PU3UKA HU3KKMX TeMIepaTyp (Kpruodusnka),
TEXHHKA HU3KUX TeMIeparyp (KpHoreHuKa), yIupsMble rasbl, TeMIeparypa
3emuin, 00J1aCTh TEMIIEPATYP, PUBBIYHBIN TUI Pa3BUTHS, PAKETHOE TOM-
JINBO.

5. Find all the PARTICIPLES AND NAPC. Translate the follow-
ing sentences into Russian:
a) When cooled to low temperatures gas becomes a liquid. b) Cooling
things to low temperatures we change their properties. ¢) Liquid oxygen
obtained from the air is widely used now. d) Cryogenics, being more than
a hundred years old, is now applied in all spheres of our life. €) Having
carried out a number of experiments the researchers found the way of
liquefying gas. f) The methods used will be further developed by the
scientists. g) Having learned how to liquefy gases we solved the problem
of their transportation. h) The temperature being reduced, pure materials
with a well-arranged crystal lattice become even better heat conductors.
j) Liquid argon is a common cryogenic fluid, its boiling point being 87.3 K.
k) All rare gases are chemically inert, their usage being restricted due to
their expensiveness. 1) Ordinary carbon steel becoming too brittle at low
temperature, some special alloys are successfully employed to build cryo-
genic equipment. m) Liquid hydrogen has the second lowest boiling tem-
perature of any element, with only helium having a lower temperature.

6. Remember the ways the verbs SHOULD and WOULD are trans-
lated into Russian. Translate the following sentences:
a) The question of just how much metal should be added to the mixture is
an important one. b) The comparison of the two insulating materials in an
actual installation should be made. ¢) It was decided that the support
members would be made smaller. d) Should any need in precise temperature
measurement arise, the engineer would be concerned about the coincidence
of his own and the absolute scales. €) Sodium has been suggested
as a material that would provide advantages if used in a low-temperature
magnet. f) If the resistance were zero, there would be no power consumed.
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LANGUAGE PRACTICE UNITS 1-6

Comprehension
Revise texts 1-6 and answer the following questions:

1. What is cryogenics?

2. What are most used cryogenic liquids?

3. What are the properties of matter at low temperatures?

4. Why did scientists get interested in helium?

5. What did you know about electrical resistance of metals before
reading the text? What do you know now?

6. Can you name the most prominent scientists in the field of cryo-
genics?
Speaking

Choose a topic and make a short presentation.

1. Properties of liquid oxygen and liquid nitrogen.

2. Properties of metals at low temperatures.

3. The field of cryogenics.
Speaking tips

1. Give clear examples.

2. Make your notes as short as possible.

3. Speak from memory — don’t read.
Writing

Write a short composition on the topic «Why | decided to become

a cryogenisty.
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UNIT 7

ambient — okpyxarommuii

apply for a patent — mogaTth 3asBKy Ha BbIJady IMaTeHTa
appropriate — moaXoAsInNA, COOTBETCTBYFOIIHIH

attempt — nmoneITKa

attractive forces — critbl IpUTSHKEHYS

average — cpeaHumn

COmpression — cxkatue

conservation — coxpaHeHue

counter-current — mpOTUBOTOYHBIN

efficiency — s dexTuBHOCTD

(heat)exchanger — (Temi0)oOMeHHUK

expand — pacmpsaThCs

expansion — pacmmpeHue

external — BHemHu

extract — u3BjaeKaTh, BbIACIISITD

force — 30.: mpomyckatb

give (gave, given) Uup — ocTaBUTh, OPOCHUTH

imply — noxpa3ymeBarh, 3Ha4YNUTh

INSpire — BIOXHOBJISATH

multistage — MHOTOCTYTICHUATBIN

per (hour) — B (uac)

precisely — TouHo

provisional specification — npenBaputensHas cnenudukays (IOKyMEHT,
ONPEICIIAFOLIHIA, HAITPUMEP, COCTAB WIIH COJICPYKaHUE TPOIIECCa MITH U3/ICTIHs)
recover — u3BJjieKaTh, MOJIy4aTh, BbIICISATH, BOCCTAHABINBATH
state — ycranaBiuBarh

submit — npencTaBIATh HA PAaCCMOTPEHUE

transfer — mepenaBaTh

valve — knanan

FROM THE HISTORY OF GAS LIQUEFACTION
The liquefaction of gases is a complicated process that uses various
compressions and expansions to achieve high pressures and very low

temperatures.
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Carl Paul Gottfried Linde (1842-1934) was a German engineer who
developed refrigeration and gas separation technologies. Linde began
work on liquefaction of air in 1894. At first he tried expansion with
external work, recovering heat in appropriate exchangers. There were
attempts to use the same principle before but the scientists had been unable
to get below —92 °C. Linde soon gave up recovering the work of the
expansion and had the fruitful idea of the Joule-Thompson effect. This
thermodynamic effect had been discovered in 1852, but for 40 years had
no application. In thermodynamics, the Joule—Thomson effect describes
the temperature change of a gas or liquid when it is forced through a valve
so that no heat is exchanged with the environment. At room temperature,
all gases except hydrogen, helium and neon cool upon expansion by the
Joule-Thomson process. As a gas expands, the average distance between
molecules grows. Because of intermolecular attractive forces, expansion
causes an increase in the potential energy of the gas. If no external work is
extracted in the process and no heat is transferred, the total energy of the
gas remains the same because of the conservation of energy. The increase
in potential energy thus implies a decrease in kinetic energy and therefore
in temperature.

Using a CO, compressor, a pressure of 65 atm, and expanding
at 25 atm, Carl Linde obtained 3 litres per hour of liquid air on May 29,
1895. He applied for a patent on June 5, 1895. We shall soon see why
these dates are so precisely stated. When the air so liquefied was exposed
to atmospheric pressure, the temperature fell to —190 °C (83 K) and resultant
liquid contained 70 % oxygen. Linde afterwards constructed special
multistage compressors reaching 200 atm and expanding at 40 to 50 atm.
In 1898, a machine produced 50 1/h of liquid air. This was intended for
use in a chemical factory and this liquid air became an industrial product.
This was the birth of «heavy cryogenicsy.

A British physicist, W. Hampson (1854-1926) had the idea of using
Joule—Thompson expansion to liquefy air at the same time as Linde.
Hampson submitted a provisional specification at the Patent Office in
London on May 23, 1895, i.e. several days before Linde obtained 3 1/h of
liquid air. But Hampson’s complete specification was not submitted until
April 1896. His first apparatus was shown only in March, 1896. Thus
priority in liquefaction of air belongs to Linde. Hampson’s apparatus was
simpler, using a counter-current heat exchanger of high efficiency and was
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very convenient for producing small quantities in the laboratory. Dewar,
in liquefying hydrogen, and Kamerlingh Onnes in liquefying helium were
inspired by Hampson’s apparatus.

Liquefaction of helium (*He) with the Hampson—Linde cycle led to
a Nobel Prize for Heike Kamerlingh Onnes in 1913. At ambient pressure
the boiling point of liquefied helium is 4.22 K (—268.93 °C). Below 2.17 K
liquid “He becomes a superfluid. Pyotr Kapitsa got a Nobel Prize for this
discovery in 1978.

EXERCISES

1. Word formation: find the roots in the following chains of words.
What parts of speech do these words belong to?

sufficient — insufficient — sufficiency — sufficiently; attract — attrac-
tive — attraction; additional — add — addition.

2. Form the nouns from the given verbs using suffixes -TION, -MENT:
a) to occupy, to vaporize, to separate, to purify, to liquefy;
b) to accomplish, to require, to develop, to move.

3. Translate into Russian:
liquefaction of gases, to achieve high pressures, give up work, intermole-
cular attractive forces, to be exposed to atmospheric pressure, superfluid,
multistage compressor, counter-current heat exchanger of high efficiency,
ambient pressure, boiling point of liquefied helium, intermolecular attrac-
tive forces.

4. Translate into English:
MTOXOISIIINI TeINTOOOMEHHHK, TEPMOJIUHAMUYECKUH d(PGHEKT, 0XTaKaaTh,
COXpPAaHCHHUEC SHCPIrur, CpCAHCC PaCCTOSAHUC MCKAY MOJICKYJIaMH, YBCJIIH-
YCHUC I10T GHHH&HBHOﬁ OHCPI'MH Ira3a.

5. Remember how the PASSIVE VOICE is translated into Russian.
Translate the following sentences:
a) The result of the experiment is shown in the table. b) Consider an ideal
process by which gas liquefaction can be accomplished. ¢) A similar
explanation was offered by many other researchers. d) It is well known
that particles interact. €) One additional consideration, important in the
liquefaction of hydrogen, is not involved with other gases. f) Satisfactory
handling system for liquid fluorine has been operated also. g) More developed
cryogenic techniques are required to handle hydrogen than oxygen.
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6. Mind the proper translation of the words: TO CAUSE, CAUSE,
BECAUSE, BECAUSE OF. Translate the following sentences:
a) Heat causes all bodies to expand. b) The cause that made the gas to
escape was not clear. ¢) Food products are caused to freeze by spraying
liquid refrigerant. d) Solid fuel rockets are better than those using
cryogenic liquid fuel because of greater «make ready» time of the latter.
e) The temperature drop is caused by the pressure drop. f) The liberated
heat is enough to cause evaporation of about 70 % of hydrogen. g) Certain
types of liquid fuels have an advantage because they can be stored at room
temperature. h) The cause of space exploration is impossible without the
progress of cryogenics.
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UNIT 8

accomplish — BeIOTHATE

air separation — Bo3aymrHas cermapaus

allow — mo3BosATH, pa3peiiaTh

availability — mamuume

carrier — HocuTelb

constituent — cocraBHas 4acTth

exist — cyiecTBoBaTh

flask — 0amion

introduce — BBOAUTH

liquid petroleum gas — cxxmkeHHbIH HePTIHOM Ta3
mitigate — cMsar4ath

pollute — 3arpsi3usTH

POWEr — CITy’>KHTh HCTOYHHKOM DHEPIHH

pressure — naBjacHUe

pressurize — moaaep:KUBaTh, CO3aBaTh MOBBIIICHHOE JaBICHHE
regenerative cooling — pereHepaTUBHOE OXJIAKICHHUEC
remove — OTBOJAUTD, YIaJISATh

renewable — BO300OHOBIIIEMBIi

revert — Bo3Bpamarbes

sufficient — nocratounsIii, 000CHOBAHHBIM
virtually — paktuuecku

LIQUEFACTION OF GASES

Liquefaction of gases is physical conversion of a gas into a liquid
state. The processes are used for scientific, industrial and commercial
purposes. Many gases can be put into a liquid state at normal atmospheric
pressure by simple cooling; a few, such as carbon dioxide, require pressu-
rization as well. Liquefaction is used for analyzing the fundamental prop-
erties of gas molecules (intermolecular forces), for storage of gases, e.g.
liquid petroleum gas (LPG), and in refrigeration and air conditioning.

The liquefaction of any gas is accomplished by removing sufficient
thermal energy to allow the attractive forces of its molecules (or atoms in
the case of monatomic substances) to become effective. It means that
substances whose constituent particles have least attraction for each other
will have the lowest temperature of condensation. The condensation
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of such hard-to-liquefy gases is one of the major occupations of cryogenic
engineering. The process can be thought of in two steps: 1) removal of
sufficient heat to bring the substance to its condensation temperature, and
2) removal of the latent heat of condensation (heat of vaporisation). Gas
liquefaction therefore requires only the availability of enough refrigeration
to extract heat at sufficiently low temperatures. Only two gases, namely,
air and hydrogen will be considered here.

Liquid air is air that has been cooled to very low temperatures
(cryogenic temperatures), so that it has condensed into a pale blue mobile
liquid. To protect it from room temperature, it must be kept in a vacuum
flask. Liquid air can absorb heat rapidly and revert to its gaseous state. It is
often used for condensing other substances into liquid and/or solidifying
them, and as an industrial source of nitrogen, oxygen, argon, and other in-
ert gases through a process called air separation. The most common
process for the preparation of liquid air is the Hampson—Linde cycle using
the Joule—Thomson effect.

Hydrogen exists naturally in a gaseous form. It liquefies at 20.24 K,
or —252.87 °C. Achieving this low temperature consumes a great deal of
energy, but the Joule—-Thomson effect mitigates this somewhat. Manufac-
turers of liquid hydrogen commonly use regenerative cooling by first
introducing the cooled hydrogen to a concentration of liquid nitrogen,
which lowers its temperature more. When the gas expands, it takes heat
from its surroundings, and passes through a heat exchanger. In the case of
liquid hydrogen, it expands through a valve that contacts the liquid nitrogen.
The hydrogen can then be repressurized and the process can be repeated
until liguefaction. Liquid hydrogen is the fuel that has propelled the space
shuttle and other rockets since the 1970s. Hydrogen fuel cells power the
shuttle’s electrical systems, producing pure water, which is used by the
crew as drinking water. In the future, however, hydrogen will join electricity
as an important energy carrier, since it can be made safely from renewable
energy sources and is virtually non-polluting.

EXERCISES

1. Form the nouns from the given words using proper suffixes;
translate them into Russian:
to convert, to improve, to achieve, to arrange, to insulate, to modify, to
eliminate, to stimulate, to represent.
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2. How do the prefixes PRE-, and COUNTER- change the meaning
of the following words?
prearrange, precondition, precool, preheat, predetermine, counteract,
countercurrent, counterflow, countermove.

3. Translate into Russian:
LPG, monoatomic substance, space shuttle, air separation, constituent par-
ticles, to propel, non-polluting, energy carrier.

4. Translate into English:
XpaHEHUE ra3oB, TEMIIEpaTypa KOHAECHCAIUN, PETEHEPATUBHOE OXJIAX]E-
HUe, OJieHO-ToTyOasi MOJBMXKHAS JKUJIKOCTh, BAKYYMHBIM OaIOH, BOJO-
poAHasA TOILJIMBHAA 6aTape;1, B0306HOBJ'I$I€MI>I€ HCTOYHUKH SHCPIuH, ClIy-
KUTb HCTOYHHUKOM SHCPIUH.

5.Mind the different words: THROUGH, THROUGHOUT,
THOUGH, THOROUGH, THOROUGHLY, THROTTLE, THOUGHT.
Translate into Russian:
a) The refrigerant is first allowed to expand through a throttling device.
b) Losses from friction, turbulence and acceleration of the refrigerant
throughout the cycle have been neglected. ¢) One should thoroughly
check the results of the experiment. d) All aspects of cryogenics are often
thought of as belonging to one science. e) Though the experiment was
carried out successfully, the scientist was not satisfied. f) Without
thorough knowledge of the physical principles involved in the process, it
Is not possible to select a proper material.

6. Translate the sentences paying attention to the forms of the SUB-
JUNCTIVE MOOD:

a) It was important that a safe gas should be used for dirigibles. b) If he-
lium were readily obtainable today, it would find more practical applica-
tions. ¢) Superfluid helium-I1 can leak through such materials where ordinary
liquid helium would be blocked. d) The scientist suggested that special
equipment should be designed to study the properties of the superfluidity.
e) The liquid gas behaves as if it were viscous at all. f) Special safety
measures were taken lest the both gases should be mixed. g) The director
ordered that all the experiments be interrupted immediately.
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UNIT 9

close — 6nm3kuiA, TeCHBIN

demand — cripoc

inherent — HeoTheMIIEMBI#, IPUCYIIUI, CBOMCTBEHHBIN
Initiate — HauaTh

inversion — oOpatHoe nmpeoOpa3oBaHue

precise — TOYHbIN

pronounced — JeTkuii, OnpeeICHHbIHN, IPKO BhIPasKEHHBIMH
raise — o AHUMAaTh, IOBBIIIAThH

reading — mokaszanus nmpubopa

reference — cripaBka

ship — TpaHciopTHpPOBAThH

similar — mo1o00HbIN, TOX0XKHI1

split (split, split) — pacnpenensaTh, ACTUTH HA YaCTH

stream — moTok

substantial — BaxxHbIH, 3HaYNTETLHBINA

surface — moBepxHOCTB

throttle valve — npoccenbHbIil Ki1anaxn

vital — )Ku3HEeHHO BaXKHBIN, HACYIITHBIN, CYIIECCTBEHHBIN, HEOOXOIUMBIH

LIQUEFACTION OF HELIUM

Liquid helium is vital for experiments on superconductivity in many
fields of research and technological innovation, and also for the
functioning of superconducting components. What is more, when helium
Is shipped from around the world, economics dictates that it must be in
liquid form. It is these factors above all that create a demand for helium
liquefaction systems.

The process of liquefying helium involves compression followed by
cooling in countercurrent heat exchangers.

You might think that there is hardly any difference between li-
guefaction of hydrogen and that of helium and probably it is quite similar at
the surface but there are a few inherent differences which differentiate
them.

36



Helium is the only substance which means fluid at temperatures be-
low —259 degrees Celsius, and its inversion point is much lower than that
of hydrogen — namely around —233 degrees Celsius. The boiling point of
helium is just around —267 degrees Celsius which is quite close to absolute
zero on the Kelvin scale. Just for historic reference, helium was discovered
more than a century later than hydrogen, 129 years to be precise.

The reason for more difficulty in liquefaction of helium is that it is
a noble gas, which in turn means that the inter-atomic forces are quite
weak and it has a low atomic mass, thereby bringing it closer to the properties
of an ideal gas as compared with other gases. And we know that the
Joule-Thomson effect is less pronounced on gases which are close to
being ideal (though no gas is fully ideal).

Given below is the process for production of liquid helium. It may
seem a bit similar to producing liquid hydrogen studied earlier, but you
will note the substantial difference in the temperature and pressure
readings along various points of the process.

Initially helium is compressed to a pressure of 20 atmospheres which
raises its temperature to the region of 300 degrees Kelvin. This
compressed high temperature helium is then split into two flows.

The first flow is cooled in a heat exchanger with the help of helium
vapours while the other part passes through another heat exchanger to be
cooled with hydrogen vapours. Both these streams combine to be passed
through the third heat exchanger with liquid hydrogen before finally again
getting cooled in the fourth one by helium vapours.

Finally, the throttle valve is used to initiate the Joule—Thomson
effect, and helium is collected in the liquid state in the helium separator.

Though the process described above is general in nature, in actual
practice there are two main isotopes of Helium used for liquefaction,
namely “He and ®He, and there is a slight difference between the properties
of the two in terms of their boiling point, critical temperature and so forth.
The properties talked about earlier are those of “He, while the boiling point
of *H is even one degree lower.

Liquid helium is used extensively for application in superconducting
magnets which need to be cooled to extremely low temperatures.
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EXERCISES

1. Mind the suffix -OUS forming adjectives in the following words
and form adverbs from them adding the suffix -LY:
various, tremendous, continuous, previous, nervous.

2. Define the meaning of the prefix DIS-:
disuse, disable, disappear, discharge, disadvantage.

3. Translate into Russian:
technological innovation, low atomic mass, inversion point, compressed
high temperature helium, weak inter-atomic forces, throttle valve, in terms
of, superconducting magnets.

4. Translate into English:
MMOKa3aHMs, a UMEHHO, OBbITh OJM3KUM K aOCOJIIOTHOMY HYJIIO IO IITKaJIe
KenbBuHa, O1aropoIHbIN Ta3, B CBOIO 0YEPE/Ib, 10 CPABHEHHUIO C.

5. Mind the different functions of the ING- forms in the following

sentences:
a) When studying the compound we have to know the chemical formulae
of the elements involved. b) Having obtained the necessary compound we
can proceed with our experiment. ¢) This replaces the necessity of making
a temperature measurement with the simpler task of measuring pressure in
the cryostat. d) A vacuum pump is used for lowering the pressure within
the cryostat. e) We account for the incompleteness of a reaction by its
being reversible. f) Can matter change from one state into another without
temperature or pressure changing? g) All cryogens resemble each other in
having low boiling temperatures.

6. Mind the other meanings of the word SINCE:
a) Since the first gas liquefier was designed, all the elements of this device
have been largely improved. b) Since the liguefaction of hydrogen by
James Dewar cryogenics really came into being. ¢) The first systematic
investigation of low-temperature problems was made by Michael Faraday
in 1823, and this branch of science has since been much developed.
d) Since the throttling process is thermodynamically irreversible, only the
coordinates of the initial and final states can be predetermined.
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UNIT 10

absorb — mormouare, BIUTHIBATH

aerogel — asporens

annular — xomnb1eBoi

COMPOSite — KOMITO3UT, KOMIIO3UIIMOHHBIA MaTepUall
efficient — s pexTuBHBIIHI

encourage — moaaep>KuBaTh, MOOMIPSThH

evacuated — BakyyMHBII

exposure — BO3/1ICHCTBUE

fill — nanoHATH

fissure — TpemuHa

foam glass — menoctekI0

foil — ponpra

glass fiber — crek10BOIOKHO

high-performance — Beicoko3ppekTHBHBIIH

humid — BnaxxHbIH

Impact — Bo3aeiicTBue

(per) inch — (ua) mroiim (1 maroiim = 2,5 cm)

Incursion — monajianue, MPOHUKHOBEHUE

inhibit — nogaBnATH

leak — yreuka

low-maintenance — He TpeOyIOMIHIA TIATEIBHOTO YX0/1a, 00CTYKUBAHUS
make demand — npenbsiBiATE TpeOOBaHUS

moisture — Biara

multilayer — MmHOrOCIOMHBII

mylar — maitnap

plant — ycranoBka

prevent — npe0TBpaIIaTh, MPEIyNPEKIATH

radiation barrier — 3amuTHBIN SKpaH OT U3ITyYCHUS
radiation shield — paguanyonnas 3ammura

reflective — orpakarenbHbIit

result from — mpoucxoauTh, MOMyYaTHCS U3-32 YETO-THO0
save — coxpaHsTh, coeperaTh

spacer — mpoKJIaaKa

stack — mrabenupoBath, yKIa1bIBaTh MPABHIBLHBIMHU CIOSAMH
tremendous — orpoMHBIH, TPOMaTHBIN
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withstand — BeigepkUBaTH
wrap — o0epThIBaTh

INSULATION

In today’s world, the use of cryogenics and low-temperature
refrigeration is taking a more and more significant role. From the food
industry, transportation, energy, and medical applications to the space
shuttle, cryogenic liquids must be stored, handled, and transferred from
one point to another. To minimize heat leaks into storage tanks and
transfer lines, high-performance materials are needed to provide high
levels of thermal isolation. Complete knowledge of thermal insulation is
a key part of the development of efficient, low-maintenance cryogenic
systems. It is important to save money and to effectively control a system.

The insulation of a cryogenic plant makes high demands of the
material to be used. Important selection criteria are low evaporation losses,
the lowest possible energy losses during reliquefaction and, of course, safe
storage of the refrigerants. Condensation must be prevented and the risk of
corrosion under the insulation must be minimized. Furthermore, the
insulation must absorb the tremendous vibrations and impact resulting
from the extreme temperature cycles and withstand external mechanical
strain. Apart from the materials used, the technical construction of the
insulation system plays a critical role.

Foam insulation requires no vacuum. Foams generally provide
a barrier to heat conduction due to their low density. In addition, foams
inhibit convective heat transfer by limiting convection to the individual
cells, fissures, or other spaces within the foam structure. Foam insulation
generally includes some form of moisture barrier. When moisture is
allowed to accumulate within the spaces of the foam structure the thermal
conductivity rapidly increases. Typical foam insulation includes polyure-
thane foam, polyamide foam, and foam glass.

Foam insulation has a number of disadvantages in cryogenic
application. Such insulation is likely to crack due to thermal cycling and
environmental exposure. Cracks permit incursions of moisture and humid
air that will form ice and greatly increase the surface area for heat transfer.
Therefore, other insulation systems are preferred for cryogenic purposes.
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One common radiation barrier used in cryogenic applications is
known as Multilayer Insulation (MLI), or Super insulation. The space
program encouraged the development of MLI around 1960. The MLI
generally contains multiple layers of reflective material separated by
spacers with low conductivity. MLI consists of many radiation shields
stacked in parallel as close as possible without touching one another. MLI
will typically contain about 60 layers per inch. Each layer is isolated from
the other by spacer material such as polyester, nylon, or mylar. The
aluminum foil is carefully wrapped around the container so that it covers
the entire surface of the inner vessel. Spacer material is placed between
the layers to completely prevent the separate coverings of foil from
contacting.

Other types of cryogenic insulation systems include those where the
evacuated annular spaces (space between an inner and outer vessel)
contains bulk filled materials i.e. glass fiber, silica aerogel, or composites.

EXERCISES

1. What do prefixes -UNDER and -OVER mean?
a) underestimate, underdeveloped, underload, underpopulated, underdo;
b) overestimate, overload, overpopulated, overdo, overfill.

2. Remember the suffix -ANT which is typical of both nouns and
adjectives:
resultant, propellant, dominant, refrigerant, coolant.

3. Translate into Russian:
foam insulation, low-temperature refrigeration, reliquefaction, heat leaks
into storage tanks and transfer lines, extreme temperature cycles,
important selection criteria, bulk filled materials, space between an inner
and outer vessel, multilayer insulation.

4. Translate into English:
KOCMHYECKHI KOpaljb, IepeMeInaTh U3 OJHOW TOYKH B JIPYTYIO, PSJI HE-
AOCTATKOB, IPCAOTBpaIlaTh, BBICOKO3(1)(1)CKTHBHBII>'I Marcpual, BOBJICfICT-
BHE OKpYXaIoIeh cpeipl, 0€3 COMPUKOCHOBEHHS APYT C IPYTrOM, BBIACP-
JKUBATb MCXAHUYCCKUC HAI'PY3KH.

5. Try not to confuse the words CASE, OF COURSE, CAUSE:
a) This illustrates the principle, but, of course, for accurate measurements
the actual apparatus are considerably more complicated. b) In some cases
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this type of thermometer may be used for high temperatures. ¢) The forma-
tion of ice can cause an abnormal pressure gradient.

6. Remember the different meanings of the word AS. Translate the
sentences:
a) As the temperature became lower and reached 4.2 K, the resistance of
mercury suddenly dropped to zero. b) As long as the electrons can stay
together in pairs the metal acts like a superconductor. ¢) As zero resistance
means the metal is a perfect conductor, this state was called supercon-
ductivity. d) As soon as the ball starts to fall into a coil, the magnetic field
of the coil pushes it back. e) Hundreds of alloys as well as many elements
can become superconductive.
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UNIT 11

approximately — npuOIM3UTEIHHO

barrel — mepa emxocTu (anrmmiickuii — 163,3 n; amepukanckuit — 119 m)

Cap — KPBIIIKa, KOJIa4u0K

capacity — eMKOCTb

design — KOHCTpyHpPOBATH

dispense — pacripeensaTh, IepekaunBaTh

flask — cocyn ([Iproapa)

gallon — mepa emxoctu (anrmuiickuii — 4,54 11; amepukanckuit — 3,78 1)

lid — kpbImka

loose fitting — HeroTHO MpHITETaroIIUiA

mount — yctaHaBJIMBaTh, MOHTUPOBATh

nitrous oxide — 3akuck azora

plug — mpoOka, 3armymika

pressure relief device — ycTpoiicTBO 111 TOHMKEHYSI JABJICHHS, YCTPOWCTBO
JUIs1 cOpoca TaBiIeHUs

range — npenen, Auana3oH

rapid — OeICTpBIi

safety relief valve — npenoxpanuTenbHbIi Ki1anaH

truck chassis — mraccu rpy30Boro aBToMOOHIIs

vacuum-jacketed — ¢ BakyymHoO#1 pyOarikoii

vent — BEHTUJIMPOBATh, BBITYCKATh

wide-mouthed — ¢ MPOKUM TOPIIBIIIIKOM

CRYOGENIC CONTAINERS

Cryogenic gases are needed to be stored in special containers, which
are usually thermally insulated containers, specifically designed to bear
rapid temperature changes and extreme differences in temperature. Some
of the popular storage containers of cryogenic gases are Dewar flasks,
cryogenic liquid cylinders and tanks.

Dewar flask, named after its inventor Sir James Dewar, is a non-
pressurized, vacuum-jacketed vessel, having a loose fitting plug or cap to
prevent air and moisture from entering. At the same time, such flasks
allow excess pressure to vent. Dewar flasks are also known as vacuum
flasks. Vacuum is used for thermal insulation. The gas inside is not
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in vacuum conditions. These flasks maintain cryogenic gases at a temperature
higher or lower than ambient temperature. Dewar flasks containing hydro-
gen, argon, oxygen, helium, and other low-boiling liquids have an outer
vessel of liquid nitrogen for insulation. Dewar flasks are available in vari-
ous sizes. There are laboratory dewar flasks which do not have lids or
covers but wide-mouthed openings, in small sizes used in laboratories for
temporary storage.

Also known as liquid containers, cryogenic liquid cylinders are
portable vacuum-insulated pressurized containers, specifically designed
for cryogenic liquids. The liquid cylinders are an easy and economical
means of storing, transporting, and dispensing liquefied gases. These
cylinders have valves for filling and dispensing the cryogenic liquid.
There are three main types of cryogenic liquid cylinders which are de-
signed for storing: only liquid; only gas; liquid or gas. Liquid cylinders
have two primary advantages. Firstly, at relatively low pressure compared
to compressed gas cylinders, these cryogenic cylinders can hold a large
volume of gas. Secondly, these cylinders are an easy source of cryogenic
liquid that can be easily handled.

While nitrogen, argon, oxygen, helium, hydrogen are stored in their
liguid states, nitrous oxide and carbon dioxide are kept as refrigerated
liquids, but at higher temperature and pressure. These cylinders are well
insulated but at times the extremely low temperatures of the cryogenic
liquids can lead to constant heat leak and vaporization. The cryogenic
product when not used will lead to pressure in the cylinder and often vent
via the container's pressure relief device. However, this is a normal and
safe function of the cylinder.

Tanks are large double-walled, insulated storage containers,
spherical or cylindrical in shape used for storing cryogenic liquids or gas-
es, their capacities ranging from approximately hundreds of gallons to
thousands of barrels. They are designed in such a way that they can be
easily mounted in fixed locations as stationary vessels or on truck chassis
or railroad car for easy transportation. The pressure inside the tank is kept
normal. The space between inner and outer surface is vacuum and there
are safety relief valves to protect the tanks.
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EXERCISES

1. Group the words into families according to their suffixes. Give
their Russian equivalents:
excess, successive, exceed, successively, process, exceedingly, succeed,
excessive, success, excessively, processing.

2. Some nouns borrowed from Latin form their plural in a special way:

Singular: Plural:
nucleus nuclei
datum data
criterion criteria
thesis theses

Form the plurals of the following words:
phenomenon, medium, radius, basis, analysis.

3. Translate into Russian:
to prevent air and moisture from entering, to allow excess pressure to vent,
vacuum-jacketed vessel, pressure relief device, doubled-walled, wide-
mouthed opening, ambient temperature.

4. Translate into English:
MPOCTPAHCTBO MEXKAY BHEUIHEW M BHYTPEHHEN MOBEPXHOCTSIMH, CTALMO-
HapHBIN COCY/, KPUOIECHHBIN TaHK, )KUAKOCTHBIA KOHTEHHEDP, KPUOTECHHBIN
KUJIKOCTHBIN HUJIMHAP, BPEMEHHOE XPAaHCHUE, KEIEC3HOAOPOKHBIN BaroH.

5. Pay attention to the proper translation of sentences with PAS-
SIVE VOICE:
a) The problem of heat transfer mechanisms is concerned with in the
following chapter. b) Slowing down the transfer of thermal energy into
cryogenic containers is affected by modern techniques. ¢) The process can be
thought of in two steps. d) The presence of hydrogen is looked upon with
some disfavour. €) The Dewar vessel will be referred to in the following
paragraphs. f) The design of a Dewar vessel is dealt with in the text.

6. Mind the difference between the words VOLUME, VALUE,

VALVE. Translate the following sentences:
a) A throttling valve regulates the flow of the refrigerant on its way to the
evaporator. b) It is assumed that the derivative has a constant value. c) In-
formation on the volume of the reservoir is required. d) An expansion
valve is a device in steam engine that improves engine efficiency. e) With
increasing temperature, the volume of liquid expands. f) His research was
of little practical value.
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UNIT 12

arise (arose, arisen) — BO3HUKATh, MOSBIIATHCS

deviation — orkoHeHuE

diamagnet — nnamarauT

distortion — uckaxxenue, aregopmanus

expel — uckiIroYaTh, BHITCCHSTh

fail — morepmers HEYnATY

fascinating — ouapoBaTeabHBIN, IUIEHUTEIbHBIN, 3aXBATHIBAIOIIHIH
inward — BHYyTpb

lattice — pemetka

loop — metis

magnetically-levitated — Ha MarHuTHO# MOABECKE

moderate — ymMmepeHHBI#

notable — npuMeuaTenbHBIN, 3aMETHBIN, BUIHBIN

observe — nabmoaTe

pull — TaHYTH

repulsive force — cuia oTTaakuBaHuUs

revolutionize — npou3BOANTH KOPCHHBIC H3MCHEHUS

OW — psin

scatter — pacceuBatbcsi, pazderaTbcs

translational symmetry — tpaucisimuonHasi cuMMETpus (THIT CHMMETPHH,
IPA KOTOPOW CBOMCTBA PacCMaTPUBAEMOM CUCTEMbI HE U3MEHSIIOTCS MPU
CIBUTE Ha ONPEJIEIEHHBIN BEKTOD)

vibration — konebOanue

SUPERCONDUCTIVITY

The history of superconductivity is fascinating. The phenomenon was
discovered in 1911 and for half a century no notable use was made of it.
From 1955 research intensified, and important applications started in the
beginning of the 1960s. Promise for the future seems to be quite fantastic.

Superconductivity is a quantum phenomenon. This extraordinary
property of electrical conductors was discovered by Kamerlingh Onnes.
Onnes at once thought of an electromagnet exploiting the phenomenon,
but failed to achieve this. The reason was that, with the metals available at
the time, the property disappeared as soon as moderate magnetic field
appeared.
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Superconductivity is a phenomenon observed in several metals and
ceramic materials. When these materials are cooled to temperatures
ranging from near absolute zero, their electrical resistance drops with
a jump down to zero. The temperature at which electrical resistance is zero
is called the critical temperature, and this temperature is a characteristic of
the material. The value of the critical temperature is dependent on the
current density and the magnetic field. The cooling of the materials is
achieved using liquid nitrogen or liquid helium for even lower
temperatures.

Electrical resistance in metals arises because electrons moving
through the metal are scattered due to deviations from translational
symmetry. These are produced either by impurities or by the vibrations of
the lattice in the metal.

In a superconductor below its critical temperature, there is no
resistance because these scattering mechanisms are unable to slow down
the motion of the current carriers. When a negatively charged electron
moves through the space between two rows of positively charged atoms, it
pulls the atoms of the lattice inward. This distortion attracts a second
electron to move in behind it. The two electrons form a weak attraction,
travel together in a pair and encounter less resistance overall. In
a superconductor, electron pairs are constantly forming, breaking and
reforming, but the overall effect is that electrons flow with little or no
resistance. The current is carried then by electrons moving in pairs.

Below the critical temperature these superconducting materials have
no electrical resistance, and so they can carry large amounts of electrical
current for long periods of time without losing energy. For example, loops
of superconducting wire have been shown to carry electrical currents for
several years with no measurable loss. This property offers tremendous
opportunities in the modern world.

Another property of superconducting materials is the Meissner effect.
It was observed that, as a magnet is brought near a superconductor,
the magnet encounters a repulsive force. It can be said that the
superconductor completely expels the magnetic field and behaves as
a perfect diamagnet.

This property can be applied for making high-speed magnetically-
levitated trains, small powerful superconducting magnets, etc.
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The future of superconductivity research is to find materials that can
become superconductors at room temperature. Once this happens, the whole
world of electronics, power and transportation will be revolutionized.

EXERCISES

1. Translate the following words paying attention to the meaning of
the prefix RE-:
remake, reform, retell, re-equip, rebuild, remove, replace, reproduce, re-
construct, remain, retain, re-activate.

2. a) Form nouns from the given words adding the suffix -NESS:

thick, effective, exact, complete, straight.

b) Form adjectives from the given nouns using the suffix -LESS.
Translate into Russian:
motion, purpose, weight, number, end, use, friction.

3. Translate into Russian:
guantum phenomenon, promise for the future, Meissner effect, electrons
moving in pairs, resistance, lattice, electromagnet exploiting, distortion, to
pull inward.

4. Translate into English:
OTKJIOHEHUE, 3HAYCHUE KPUTUYECKOW TEMIIEPATypPhl, MOJIOKHUTEIBHO 3a-
PAKEHHBIC aTOMBbI, OTPHULATCIBbHO 3apsiKCHHBIC 3JICKTPOHBLI, BBICOKOCKO-
POCTHBIC 1I0C31a Ha MarHUTHOU IMOABCCKC, IIPOU3BCCTH KOPCHHBLIC H3MC-
HEHMUSI, TPUMECH, KOJICOaHUSI.

5. Mind a clause of proportion. Translate the following sentences:
a) The thinner the layers of foil and glass-fibre paper, the more layers of
insulation may be used in the vacuum space. b) The higher is the heat ca-
pacity of the copper cylinder, the higher is the equilibrium temperature.
c) The lower the equilibrium temperature of the copper cylinder, the less
heat it will radiate to the cold wall of the vessel. d) The lower the pressure
In the vacuum space, the more gases are desorbed. €) The more gases are
desorbed, the greater is the danger of pressure rise. f) The colder the
charcoal, the more efficient is an absorber. g) The more reflective is the
insulation, the less is the heat transport. h) The more rugged the vessel, the
more reliable is storage for liquefied gases.
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6. Remember the proper translation of the following conjunctions
UNTIL, UNLESS. Translate the following sentences:
a) Thermistors will not be employed for measuring low temperatures until
new polycrystalline compounds are invented which are usable at low
temperatures. b) It is impossible to obtain accurate measurements unless
the engineer uses the calibrated instruments. ¢) The chamber is evacuated
until the very low vacuum is obtained. d) No discoveries are possible
unless the laboratory is equipped with modern apparatus.
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LANGUAGE PRACTICE UNITS 7-12

Comprehension
Revise texts 7—12 and decide which statements are true or false:
1. Linde and Hampson were the first who obtained liquid air in 1895.
2. To liquefy a gas you should cool it to a very low temperature.
3. The process of liquefying helium involves compression followed
by heating in countercurrent heat exchanger.
4. Foam insulation is the best one for cryogenic purposes.
5. Special cryogenic containers are required to store cryogenic fluids.
6. Nowadays scientists are looking for materials which can become
superconductors at room temperature.
Speaking
1. Choose a topic and discuss it with your partner.
2. The history of gas liquefaction.
3. Liquefaction of gases.
4. Types of insulation and cryogenic containers.
Speaking tips
a) Explain things clearly.
b) Use some of your own ideas.
c¢) Consider your partner opinion.
Helpful phrases
To begin with, I would suggest...
Would you go along with that...
No, I rather think that...
Well, you certainly have a point, but...
Don’t you think...?
That’s absolutely right...
May | just cut in here...
Writing
Revise the text 12, collect the information and write an article
explaining what superconductivity is.
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UNIT 13

build (built, built) up — HakamTuBaTH
devise — pa3pabaTrIBaTh, H300pETAThH
distinguish — pasnuyars, oTMEYaThH
fountain effect — ¢honranusbiii d3pdexr
insert — BcTaBUTb, BBECTH

install — ycranoButh

lambda point — nssm61a-Touka

0dd — HeOOBIYHBIH, CTPAHHBIH

POrous — MOPUCTHIN

push through — nporankusath

quantum gravity — KBaHTOBasI IpaBUTALIHSI
restore — BoccTaHaBIIMBATh, BO3BPAIIATh B IIPEIKHEE COCTOSHUEC
squirt — 6uTh cTpyei

tiny — kpore4HsbIit

turn on/off — BKIIOYNTE/BBIKIIIOUNTE
ViSCOsity — BSI3KOCTh

warm up — noiorpeBarhb

SUPERFLUIDITY

For helium 4, cryogenics distinguishes two liquid forms: helium |
and helium I1. Helium 1 is the warmer form; helium Il is the colder one.
The transition temperature, called the «lambda pointy, is 2.17 K. Helium I,
the «warmy form, acts more or less like a conventional liquid.

Helium Il has some strange properties. In some situations, it behaves
as though it had no viscosity. Viscosity is a measure of how «thick»
a liquid is: honey has high viscosity, water has low viscosity. Helium Il can
be pushed through tiny capillaries that would be too narrow for most
liquids to flow through. When this is done, it is found that the liquid
which flows through the capillary is cooler than the liquid that stays
behind. If Helium II’s viscosity is measured, it is found that the viscosity
depends on the method used to measure it.

One of the oddest properties is the fountain effect, in which a he-
lium 11 fountain can be turned on and off by turning a heater on and off.
The fountain effect is one of a number of effects called «thermomechani-
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cal effects». Here’s how to see the fountain effect. Take a tube with a wide
opening at one end and a tiny opening at the other. Install a small heater
inside the tube, then block the wide opening with a porous plug. The
porous plug can be made of small metal particles, of ceramic, or of other
substances, as long as it has tiny pores in it. Insert the tube into the helium I,
with the large blocked end below the surface. Apply a small amount of
heat to the heater. Pressure builds up in the tube until a small fountain of
liquid helium flows from the tiny opening at the top.

To explain the strange behavior of helium Il, scientists devised the
two-fluid model. Helium 11 is pictured as a mixture of two fluids: normal
helium and superfluid helium. At temperatures just below the lambda
point, the mixture is almost entirely normal. As the temperature drops,
more and more of the mixture becomes superfluid.

The superfluid helium 11 has a number of properties: 1) it carries no
thermal energy (no entropy): all of the heat energy is in the normal
component; 2) it has no viscosity: it can flow through tiny holes; 3) it
flows towards areas where the helium Il is heated. Heat causes superfluid
to convert to normal. A flow of superfluid into the heated area cools that
area and restores the uniform mixture of normal and superfluid.

Here is the explanation of the fountain effect. When the heater in the
tube is turned on, the liquid helium in the tube begins to warm up. Since
superfluid helium flows from cool areas to warm ones, it flows into the
tube through the porous plug. Normal fluid is too viscous to flow out
through the porous plug. Therefore, when the tube fills with liquid helium,
the only way out for the normal fluid is to squirt out the hole in the top.

While originally this phenomenon was discovered in liquid helium,
recently it finds applications not only in the theory of liquid helium but
also in astrophysics, high-energy physics and theory of quantum gravity.
In liquid helium the superfluidity effect was discovered by Pyotr Kapitsa
and John F. Allen. This process is similar to the electron pairing in super-
conductivity.

EXERCISES
1. What is the meaning of the prefix SUPER-? Translate the
following words:

supersecret, superhuman, superheat, superconductivity, superfluidity.
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2. Form the nouns with the help of the given suffixes:
-ER/-OR: to radiate, to indicate, to operate, to accelerate, to conduct, to resist;
-ION: to contract, to operate, to lubricate, to accelerate, to transmit,
to instruct, to construct;
-MENT: to attach, to improve, to measure, to manage;
-NESS.: brittle, useful,;
-SHIP: friend, relation.

3. Translate into Russian:
transition temperature, porous plug, electron pairing, astrophysics, a num-
ber of properties, mixture of two liquids, two-fluid model, to squirt out the
hole on the top, theory of quantum gravity.

4. Translate into English:
dbonTaHHBIN P (DEKT, BA3KOCTh, TEPMOMEXAHUUYECKHUI P(DEKT, BKIIOUUTS,
BBIKJIFOYUTD, JISIMOJA-TOYKA, CBEPXMPOBOJAUMOCTD, HAMOJHATH KUIKUM
rejimeM, OObIYHAas KUIKOCTD.

5. Remember the types of subordinate CLAUSES OF CONDITION.
Translate the following sentences:
a) Were oxygen carried in gaseous state, it would require large, thick-
walled and heavy containers. b) If oxygen is carried in liquid state, light-
weight containers are used. ¢) Had the atmosphere provided oxygen
enough for burning fuel, the problem of rocketry would have been solved
much easier. d) If the temperature of a gas is lowered, it will become a liquid.
e) Such complicated investigations would be hardly possible if our scien-
tists didn't work in close collaboration.

6. Remember the different meanings of the word SINCE. Translate

the sentences:
a) The importance of liquid neon in cryogenics increases since its cost de-
creases. b) Since World War 1l cryogenics made its way to industry due to
the use of liquid oxygen. c¢) Since the atmosphere cannot provide the
rocket with oxygen needed, it must have its own oxygen supply. d) Scien-
tists have found the way to liquefy gases, since the transportation of
liguids is more profitable than that of gases. €) Liquid oxygen is used in
rockets since 1945.
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UNIT 14

accurate — TouHbIN

bending effect — addexr uckpusnenus

bimetallic strip thermometer — GumeTamIMYecKuii TEpMOMETP
bond — cBsA3BIBaTH, COCIUHATD

bring (brought, brought) about — BeI3bIBaTH

bulb — kon6a

capillary — kanumsip (TpyOKa ¢ 0YCHb Y3KUM KaHAJIOM)
contraction — cxxatue

durable — nonroBeuHsIil, IPOYHBIN, HaICIKHBIH

inscribe — HaHOCHUTH

inverted glass vessel — nmepeBepHYTHII CTEKISTHHBIN COCY/T
junction — coeguHeHne

long-lasting — monroBeYHbIH, ¢ ATUTEIBHBIM CPOKOM CITYKOBI
make Up — coCTaBIIATh

MEeNiSCUS — MEHHUCK (TPaHMIIa MEXKTY KUIKOCTHIO U BO3TYXOM)
numerical — aucioBoit

span — auamnasoH

succeeding — mocnemy oM

unlike — B ornume

vary — BapbHpOBaThCs, H3MEHATHCS

voltage-measuring device — npubop a1t U3MEPEHUs HAMPSKCHUS

THERMOMETERS

A thermometer (from the Greek thermos, meaning «hot» and me-
tron, «measure») is a device that measures temperature using a variety of
different principles. A thermometer has two important elements: the tem-
perature sensor (e.g. the bulb on a mercury thermometer) in which some
physical change occurs with temperature, plus some means of convert-
ing this physical change into a numerical value (e.g. the scale on
a mercury thermometer).

Temperature measurement is important to a wide range of activities,
including manufacturing, scientific research, and medical practice.

The accurate measurement of temperature developed relatively recently
in human history. The first thermometer was invented by the Italian ma-
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thematician-physicist Galileo Galilei (1564-1642). In his instrument, built
about 1592, the changing temperature of an inverted glass vessel produced
an expansion or contraction of the air within it, which in turn changed the
level of the liquid with which the vessel’s long, openmouthed neck was
partially filled. This general principle was perfected in succeeding years by
experimenting with liquids such as mercury and by providing a scale to
measure the expansion and contraction brought about in such liquids by
rising and falling temperatures.

Any substance that somehow changes with alterations in its
temperature can be used as the basic component in a thermometer. Gas
thermometers work best at very low temperatures. Liquid thermometers
are the most common type in use. They are simple, inexpensive, long-
lasting, and able to measure a wide temperature span. The liquid is almost
always mercury, sealed in a glass tube with nitrogen gas making up the
rest of the volume of the tube.

The alcohol thermometer or spirit thermometer is an alternative to
the mercury-in-glass thermometer, and functions in a similar way. But un-
like the mercury-in-glass thermometer, the contents of an alcohol ther-
mometer are less toxic and will evaporate away fairly quickly. An organic
liquid is contained in a glass bulb which is connected to a capillary of the
same glass and the end is sealed. The space above the liquid is a mixture
of nitrogen and the vapor of the liquid. For the working temperature
range, the meniscus is within the capillary. With increasing temperature,
the volume of liquid expands and the meniscus moves up the capillary.
The position of the meniscus shows the temperature against an inscribed
scale. It is an important need for science experiments.

Electrical-resistance thermometers use platinum and operate on the
principle that electrical resistance varies with changes in temperature.
Thermocouples are among the most widely used industrial thermometers.
They consist of two wires made of different materials joined together
at one end and connected to a voltage-measuring device at the other.
A temperature difference between the two ends creates a voltage that can
be measured and translated into a measure of the temperature of the junction
end. The bimetallic strip thermometer is the most trouble-free and durable
one. It is simply two strips of different metals bonded together and held at
one end. When heated, the two strips expand at different rates, resulting in
a bending effect that is used to measure the temperature change.
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Other thermometers operate by sensing sound waves or magnetic
conditions associated with temperature changes. The lower the tempera-
ture, the more efficient are magnetic thermometers. It makes them ex-
tremely useful in measuring very low temperatures.

EXERCISES

1. Find the common elements in the following words. Translate
them into Russian:
a) equilibrium, equilibrist, equivalent, equation, equality, equal, adequate,
equator;
b) thermal, thermometer, thermostatic, thermometry, thermodynamics,
thermocouple, isotherm, thermostat;
c) describe, subscribe, inscribe.
2. Form adjectives with the help of suffixes -IC, -FUL.:

period, electron, success, power, peace, wonder, use, base, atom, cube,
atmosphere.

3. Translate into Russian:
numerical value, sound wave, temperature difference, voltage-measuring
device, spirit thermometer, working temperature range, inverted glass vessel,
temperature span, trouble-free, two wires made of two different metals.

4. Translate into English:
TEPMOMETpP COMNPOTHUBJICHUS, Ta30BbI TEPMOMETpP, OUMETATUIMYECKUM
TEPMOMETpP, TEPMOIIAPA, KUJIKOCTHBIA TEPMOMETP, PACIIUPEHUE, CHKATHUE,
MOBBINICHHUE U MaJACHUC TEMIIEPATyPhl, COCY/I C IIUPOKUM T'OPJIBIIIKOM.

5. Mind the difficulties in translation:
a) The containers the liquid oxygen is transported are light weighted.
b) Substances we can liquefy to low temperatures are called cryogenic fluids.
c) When scientists solve the problems they are working at now, the
application of cryogenics will be extended. d) The method of research we
are looking for now should meet the following requirements: simplicity,
convenience and reliability. e) Cryostats are containers fluids are stored in.
f) The data the scientists have obtained are of great interest from the point
of view of theory and practice as well.

6. Mind the usage of AS in the following sentences:
a) As temperature increases electrical conductivity decreases. b) They
could not continue the experiment as they had no liquid helium. c) The
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value rose as rapidly as they expected. d) The theory is valid as long as it
agrees with the experiment. €) The mass of an electron is so small as to be
neglected. f) These metals are usually protected by oil so as to exclude air.
g) There was a computer as well as another expensive equipment there.
h) Metal powders are used now as insulation.
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UNIT 15

accuracy — TOYHOCTb, JIOCTOBEPHOCTh

circuit — nens, cxema, KOHTYP

convenience — yno0CcTBO

correspondingly — cooTBeTCTBEHHO

engine — MOToOp, IBUraTeIb

exhaust — BbIxo1, BBIXJION (Ta3a)

exXperience — UCIbITHIBATh

improve — yiydmarb

involve — BoBieKkaTh, BKIIOYATh

Kiln — meus amst oGkwura u Cymku

leg — ruteyo (uernn)

length — ygactok, oTpe3ok

magnitude — BeirunHa

OppOSe — MPOTUBOICHCTBOBATb, IPEISTCTBOBATD
output — MOIITHOCTH

precision — TOYHOCTh, YETKOCTh

predictable — npeacka3yemsrii

reference junction — xosoiHbI cniait (TepMonapk)
repeatable — moBTopsrOIIUICS

resolution — pa3peraromniasi CtocCOOHOCTh, pa3peIIeHUe
sensitivity — 9yBCTBUTEIBHOCTh

temperature gradient — rpangueHT TeMnepaTypsI
thermocouple junction — craii (Tepmomnapsi)
vicinity — 3oHa, paiioH, 0JIM30CTh

THERMOCOUPLE

A thermocouple consists of two conductors of different materials
(usually metal alloys) that produce a voltage in the vicinity of the point
where the two conductors are in contact. The voltage produced is dependent
on, but not necessarily proportional to, the difference of temperature of the
junction to other parts of those conductors. Thermocouples are a widely
used type of temperature sensor for measurement and control and can also
be used to convert a temperature gradient into electricity. Commercial
thermocouples are inexpensive, interchangeable, are supplied with
standard connectors, and can measure a wide range of temperatures.
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Any junction of dissimilar metals will produce an electric potential
related to temperature. Thermocouples for practical measurement of
temperature are junctions of specific alloys which have a predictable and
repeatable relationship between temperature and voltage. Different alloys
are used for different temperature ranges. Properties such as resistance to
corrosion may also be important when choosing a type of thermocouple.
Electronic instruments can compensate for the varying characteristics of
the thermocouple, and so improve the precision and accuracy of
measurements.

Thermocouples are widely used in science and industry; applications
include temperature measurement for kilns, gas turbine exhaust, diesel en-
gines, and other industrial processes

In 1821, the German—Estonian physicist Thomas Johann Seebeck
discovered that when any conductor is subjected to a thermal gradient, it
will generate a voltage. This is now known as the thermoelectric effect or
Seebeck effect. Any attempt to measure this voltage necessarily involves
connecting another conductor to the «hot» end. This additional conductor
will then also experience the temperature gradient, and develop a voltage
of its own which will oppose the original. Fortunately, the magnitude of
the effect depends on the metal in use. Using a dissimilar metal to
complete the circuit creates a circuit in which the two legs generate
different voltages, leaving a small difference in voltage available for mea-
surement.

The voltage is not generated at the junction of the two metals of the
thermocouple but rather along that portion of the length of the two dissi-
milar metals that is subjected to a temperature gradient. Because both
lengths of dissimilar metals experience the same temperature gradient, the
end result is a measurement of the difference in temperature between the
thermocouple junction and the reference junction.

Certain combinations of alloys have become popular as industry
standards. Selection of the combination is driven by cost, availability,
convenience, melting point, chemical properties, stability, and output.
Different types are usually selected for different applications based on the
temperature range and sensitivity needed. Thermocouples with low
sensitivities have correspondingly lower resolutions. Other selection
criteria include the inertness of the thermocouple material, and whether it
IS magnetic or not.
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EXERCISES

1. What is the meaning of the prefix:
a) inter-: intermolecular, interchangeable, international, interaction, inter-
connected;
b) dis-: dissimilar, discharge, disorganize, disorder.

2. Pay attention to how the abbreviations are read:
ca. — (Lat.: circa), Eng.: about, Rus.: okoJio, npuOIN3UTENHHO;
e.g.— (Lat.. exempli gratia), Eng.: for example, Rus.: Hammpumep;
etc.— (Lat.: et cetera), Eng.: [et'setre]; Rus.: uT.1.;
I.e. — (Lat.: id est), Eng.: that is, Rus.: To ecTs;
vs. — (Lat.: versus), Eng.: ['va:ses] «against», Rus.: mpoTuB, B OTJIHYHKE OT,
B CpPaBHCHUH C.

3. Translate into Russian:
sensor, gas turbine exhaust, relationship between temperature and voltage,
to convert a temperature gradient into electricity, circuit, thermocouple
junction.

4. Translate into English:
addekt 3eedeka, criaB, B3aMMO3aMEHSAEMBIN, TU3CIbHBIN JBUTATENb, T10-
CTaBJATBCA CO CTAHAAPTHBIMHU COCAUHUTCIIAAMHU, PASHOPOIHBIC MAaTCPHAJIbI,
TOYHOCTh U3MEPEHUS, YCTOMUYUBOCTD K KOPPO3UH.

5. Mind the different functions of SHOULD and WOULD. Trans-
late into Russian:
a) To liguefy the gas one should use a very low temperature of about 4 K.
b) The professor tried to persuade the young man that he was wrong but
the latter would not listen to him. ¢) The experimenter should have been
more careful while registering the readings of the instrument. d) The labo-
ratory assistant said he would finish the work by the end of the week.

6. Mind the prepositions ending in -ING. Translate the sentences:
a) According to the theory, the reaction rate is easily determined. b) During
the process described below there may be some complexities. ¢) Notwith-
standing the pressure difference the process can be carried out to the end.
d) No information is available concerning the reaction mechanism.
e) A desirable rocket propellant will have exhaust products of low
molecular weight, providing these products are at the highest temperature.
f) Considerations regarding the choice of the storage method are discussed
in detail.
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UNIT 16

adjustment — koppeKTHpOBKa, MOATOHKA
adopt — mpuHUMATH

condition — ycioBHe, COCTOSHUE

latter — mocnenHuii (M3 yHOMSIHYTHIX )
revise — u3MeHSTh, UCIPABIIATh

TEMPERATURE SCALES

There are three main temperature scales in use today: Fahrenheit,
Celsius and Kelvin.

The Fahrenheit temperature scale is a scale based on 32 for the
freezing point of water and 212 for the boiling point of water, the interval
between the two being divided into 180 parts. The 18th century the
German physicist Daniel Gabriel Fahrenheit originally took as the zero of
his scale the temperature of an equal ice-salt mixture and selected the
values of 30 and 90 for the freezing point of water and normal body
temperature, respectively; these later were revised to 32 and 96, but the
final scale required an adjustment to 98.6 for the latter value.

Until the 1970s the Fahrenheit temperature scale was in general
common use in English-speaking countries; the Celsius, or centigrade,
scale was employed in most other countries and for scientific purposes
worldwide. Since that time, however, most English-speaking countries
have officially adopted the Celsius scale. The conversion formula of these
two scales is F = 9/5 °C + 32,

The Celsius temperature scale, also called the centigrade temperature
scale, is the scale based on O for the freezing point of water and 100 for the
boiling point of water. It was invented in 1742 by the Swedish astronomer
Anders Celsius. The Celsius scale is used wherever metric units have
become accepted and in scientific work everywhere.

The Kelvin temperature scale is the base unit of thermodynamic
temperature measurement in the International System (SI) of measurement.
It is defined as 1/273.16 of the triple point (equilibrium among the solid,
liquid, and gaseous phases) of pure water. The Kelvin (symbol K without
the degree sign) is also the fundamental unit of the Kelvin scale, an
absolute temperature scale named for the British physicist William
Thomson, Baron Kelvin. Such a scale has as its zero point absolute zero,
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the theoretical temperature at which the molecules of a substance have the
lowest energy. Many physical laws and formulae can be expressed more
simply when an absolute temperature scale is used. Accordingly, the
Kelvin scale has been adopted as the international standard for scientific
temperature measurement.

Many methods have been developed for measuring temperature.
Most of them rely on measuring some physical property of a working
material that varies with temperature. One of the most common devices
for measuring temperature is the glass thermometer. This consists of
a glass tube filled with mercury or some other liquid, which acts as the
working fluid. Temperature increase causes the fluid to expand, so the
temperature can be determined by measuring the volume of the fluid. Such
thermometers are usually calibrated so that one can read the temperature
simply by observing the level of the fluid in the thermometer.

Under some conditions heat from the measuring instrument can
cause a temperature gradient, so the measured temperature is different
from the actual temperature of the system. In such a case the measured
temperature will vary not only with the temperature of the system, but also
with the heat transfer properties of the system.

EXERCISES

1 What part of speech does the suffix -MENT signify?
equipment, attainment, development.

2. Fill in the missing forms:

Verb: Adjective:

to measure measurable

to apply —

to obtain —

to flame -

to rely —

3. Translate into Russian:_
centigrade scale, conversion formula, International system of measure-
ment, ice-salt mixture, calibrate, heat transfer properties.

4. Translate into English:
TOYKa 3aMCpP3aHKsdA BOIbI, TOYKA KHUIICHUA BO/IbI, (bmnqecxne 3aKOHBbI
51 (I)OpMy.]'IBI, Ha6J'IIO)IaTB, 00beM KUAKOCTH, TpOﬁHaﬂ TOYKa, U3MCPCHUC
(bU3UYECKUX CBOMCTB, CTEKJISIHHAS TPYOKa, 3al0JHEHHAS PTYTHIO.
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5. Translate into Russian paying attention to ONE, THAT, THOSE:
a) This idea suggests that a superconductor has properties similar to those
of super fluid helium. b) There are many explanations of superconductivity,
scientists continuing to study which is the most accurate one. c¢) This
theory is an extremely complicated one and we can follow only a few of
its major points. d) The superconducting electromagnet is much more effi-
cient than an ordinary one. e) It is now thought that metals can be made
very pure, particularly those containing iron and nickel. f) This new the-
ory, which does much to explain superconductivity, was the result of im-
proving on many earlier ones.

6. Mind different ways of expressing negation in English and Rus-
sian sentences. Translate the following sentences:
a) There is no certainty that molecules in a gas must behave in the same
way as in a liquid. b) The frost that forms act as an insulator, but with no-
where near effectiveness necessary for most cryogenic devices. ¢) Since
there can exist no voltage drop along a superconductor, there can be no
thermoelectric effect. d) This type of measurement does not present diffi-
culties. e) This type of measurement presents no difficulties. f) One has
never known where the limit for the human knowledge is. g) No one has
ever been able to obtain the temperature of absolute zero. h) No informa-
tion is available concerning the mechanism of this reaction.
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UNIT 17

analgesia — o6e300BanKe

blood vessel — kpoBeHOCHBII coCy/T
cellular — xierounbIi

cryogenic chamber — kpuorennast kamepa
cytosol — 1uTo30J1b (BHYTPUKIICTOYHAS YKUIKOCTD )
damage — noBpexaeHne

destroy — pa3pymaThb

disorder — paccrpoticTBoO

endorphin — sunop¢uH (ropMoH)

goal — uenp

Immersion — morpysxeHue

inflammation — Bocnanenue

Insomnia — 6ecconHmma

joint — cycras

metabolism — oOMen BerecTB

mole — poxumoe mATHO

muscle — mpima

pain — 6ok

promote — cnocoOCTBOBATH

release — BeIIEISTh, BEICBOOOKIATh

relief — oGeruenue

skin tag — marnmumioma

socks — Hocku

SUPPress — moIaBisATh, CACPKUBATh
survival — BeDKHMBaHueE, JOJITOBEYHOCTh
tear (tore, torn) apart — pa3peiBaTh
treatment — neuenue

underwear — HumxHee Oelbe
vasoconstriction — cy>xeHrne KpOBEHOCHBIX COCYJIOB
wart — 6opomaBka

CRYOTHERAPY

What is known about cryotherapy nowdays? Cryotherapy is the lo-
cal or general use of extremely low temperatures in medical therapy. Cryo-
therapy is used to treat a variety of diseases. The term «cryotherapy»
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comes from the Greek cryo (kpvo) meaning cold, and therapy (fepameia)
meaning cure. Cryotherapy has been used as early as since the seventeenth
century.

Its goal is to decrease cellular metabolism, inflammation, reduce
pain and spasm, increase cellular survival, promote vasoconstriction,
destroy cells by crystallizing the cytosol, using extreme low temperatures
(below —160 °C). General cryotherapy is usually referred to using
cryogenic chambers, group and individual ones (cryosaunas). Local cryo-
therapy can be used in some kinds of therapy or in surgery (cryosurgery).
General cryotherapy is sometimes called Whole Body Cryotherapy (WBC)
as it consists of whole body immersion into a cold space. WBC is a treatment
where a patient is placed in a cryogenic chamber for a short time, around
5 minutes. WBT originated in Japan in 1978, but later engineers from
Poland and Russia started to investigate this sphere and advanced the
technology and equipment.

The chamber is cooled typically with liquid nitrogen, usually to
a temperature from —120 °C to —160 °C. The patient is protected from cold
with socks, special shoes and underwear. During treatment the average
skin temperature drops to 12 °C, while the coldest skin temperature can be
5 °C. Therapy triggers the release of endorphins which induce analgesia
(immediate pain relief). The immediate effect of skin cooling and analgesia
lasts for 5 minutes, but the release of endorphins can have a lasting effect,
where the pains and signs of inflammation as found in blood tests remain
suppressed for weeks. The effects of extreme cold and endorphin release
are scientifically studied. It is reported that using cryotherapy successfully
helps in treating of psychological stress, insomnia, rheumatism, muscle
and joint pain, psoriasis, neurodermatitis, eczema, increases metabolism.
Nowadays some other researches have appeared in successful using cryo-
therapy in sport medicine, sport training process and cosmetology.

Cryosurgery is the application of extreme cold to destroy abnormal
or diseased tissue. Cryosurgery is used to treat a number of diseases and
disorders, especially skin conditions like warts, moles, skin tags, etc.
Liquid nitrogen is usually used to freeze the tissues at the cellular level.
The procedure is applied often because of its efficiency and low rates of
side effects. Cryosurgery works by taking advantage of the destructive
force of freezing temperatures on cells. At low temperatures, ice crystals
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form inside the cells, which can tear them apart. More damage occurs
when blood vessels supplying the diseased tissue freeze.

EXERCISES

1. What does the prefix INTER- signify?

interaction, interatomic, interchange, intergovernmental, intermediate.

2. Remember the three most productive suffixes to form verbs: -1ZE,
-FY, -ATE:

a) simplify, liquefy, solidify, signify;
b) maximize, minimize, vaporize, mechanize;
¢) insulate, evaporate, calculate, penetrate.

3. Translate the following word combinations into Russian:_
cryotherapy, destructive force, insomnia, lasting effect, cryosauna, analge-
sia, release of endorphins, psychological stress, sport training process.

4. Translate the following word combinations into English:
oOmras Tepanusi, 0OMEH BEIIECTB, KPUOTEHHAs KaMmepa, Cy>KeHHUE COCY/IOB,
ObICTpOE CHATHE 00JIM, CHOPTUBHAS MEAUIIMHA, KPUOXUPYPTHUs, JICUCHHE.

5. Mind the various meanings of the words: APPEAR, SEEM,

HAPPEN, TURN OUT, FIND, LIKELY, ALLOW. Translate the sen-
tences:
a) Some metal surfaces which appear dull are better reflectors in the in-
frared than some which appear shiny. b) It may seem at first glance that
the perfect conductor should be a perfect reflector. ¢) It turns out that su-
perconductors are not suited to the purpose. d) A nuclear reactor turned
out to be the best method of heating hydrogen. e) It has been found that
the addition of certain protective agents to some organisms will allow
them to survive the freezing cycle. f) What happens in some cases is that
the glycerol lowers the temperature at which ice begins to form. g) Expan-
sion has taken place too fast to allow any vaporisation. h) This idea seems
a bit advanced. 1) It is likely that the method will find its greatest applica-
tion. j) Germanium has been found to be the best of the likely candidates
for temperature measurements for reasons of stability.

6. Mind the translation of the following words: (N)EITHER...
(N)OR; THE FORMER, THE LATTER:

a) Heat is conducted along whatever solids touch both inner and outer
container, either as supports for the inner container or as components
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of the insulating material. b) Neither rocketry nor computer electronics can
develop without cryogenics. ¢) Rocketry and cryogenics were joined to-
gether when cryogens were used in the first rocket. Since then either
science depends on the other. d) Both hydrogen and helium are used as
thermometric substances in vapour pressure thermometry, but neither can
be used for measuring temperatures above 40 K. e) The metal can exist in
either the normally conducting or the superconducting state depending on
whether or not it is in a magnetic field. f) The rates and molecular weights
are affected by lowering the temperature, the former being decreased and
the latter increased. g) Both glass and stainless steel are used for manufac-
turing dewars, but the former has the tendency for low-temperature
embrittlement, while the latter has considerably greater heat conduction.
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UNIT 18

behavior — nosenenue

Cryonics — KpuoHHUKa

emergency medicine — HEOTI0KHAsA MEAMIMHCKAS ITOMOIINb, MEIMIIMHA
KaTacTpod

intention — HamepeHue

magnetic resonance imaging — marautope3onancHas Tomorpadust (MPT)

novel — HOBBII, HOBaTOPCKUI

preservation — coxpaneHnue

propellant — pakeTHOE TOIIIMBO

radio-frequency pulse — BEICOKOYACTOTHBIN UMITYJIbC

rare — peaKui

refer to as — Ha3bIBaTH

relaxation of protons — penakcarus MpOTOHOB

revival — oxxuBiieHHe

rheology — peostorus

seek (sought, sought) — uckatb

throughput — npousBoaUTENBHOCTD

waste of power — norepu 3Hepruu

APPLICATIONS OF CRYOGENICS

As it was mentioned earlier, cryogenics is the study of the produc-
tion of very low temperatures (below —150 °C, —238 °F or 123 K) and the
behavior of materials at those temperatures. A person who studies ele-
ments under extremely cold temperature is called a cryogenicist or an ex-
tremely low temperatures region physicist.

Among the fields of cryogenics application it is possible to define
the following ones. Cryobiology is the branch of biology involving the
study of the effects of low temperatures on organisms (most often for the
purpose of achieving cryopreservation). Cryosurgery is the branch of sur-
gery applying very low temperatures (down to —196 °C) to destroy malig-
nant tissue, e.g. cancer cells. Cryotherapy, a branch of physiotherapy, ap-
plies very low temperatures for treatment the range of diseases, such as
psychological stress, insomnia, rheumatism, muscle and joint pain, psoria-
sis, neurodermatitis, eczema etc. Cryonics is the novel medical technology
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of cryopreserving humans and animals with the intention of future revival.
Researchers in the field seek to apply the results of many sciences, includ-
ing cryobiology, cryogenics, rheology, emergency medicine, blood bank-
ing (storage of rare blood groups) etc. Cryoelectronics is the field of re-
search on superconductivity at low temperatures. Cryotronics is the prac-
tical application of cryoelectronics.

Another important use of cryogenics is cryogenic fuels. Cryogenic
fuels, mainly liquid hydrogen, have been used as rocket fuels. Liquid oxy-
gen is used as an oxidizer of hydrogen, but oxygen is not, strictly speak-
ing, a fuel. For example, NASA's space shuttles used cryogenic hydro-
gen/oxygen propellant as its primary means of getting into orbit, and all of
the rockets built for the Soviet space program by Sergei Korolev used
liquid oxygen as their oxidizer.

The Russian aircraft manufacturer Tupolev developed a version of
its popular design Tu-154 with a cryogenic fuel system, known as Tu-155.
The plane used a fuel referred to as liquefied natural gas or LNG, and
made its first flight in 1989.

Magnetic resonance imaging (MRI) is a method of imaging objects
that uses a strong magnetic field to detect the relaxation of protons that
have been influenced by a radio-frequency pulse. This magnetic field is
generated by electromagnets, and high field strengths can be achieved by
using superconducting magnets. Traditionally, liquid helium is used as a
cooling agent because it has a boiling point of around 4 K at ambient pres-
sure, and cheap metallic superconductors can be used.

Also it is necessary to mention electric power transmission in big ci-
ties. It is difficult to transmit power by overhead cables in big cities, so
underground cables are used. But underground cables get heated, and the
increased resistance of the wire leads to waste of power. Superconductors
could be used to increase power throughput, although they would require
cryogenic liquids such as nitrogen or helium to cool special alloy-
containing cables to increase power transmission.

EXERCISES

1. Give all the words containing the Greek morpheme CRYO, which
you come across in the book.

2. Remember some of the words often used in scientific literature to
connect sentences:
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for (coro3) — nbo, Tak Kak — IMOKa3bIBAET, UTO CKa3aHHOE €CTh MPH-
4yHa TOTO, 4TO YIIOMAHYTO BBIIIC,

the former ... the latter — miepBbIii (M3 ABYX YIOMSIHYTBIX) ... IOCICAHHIMA
(U3 ABYX YNOMSIHYTBIX) — CPEACTBO BBIACIUTH OJHY WIH JIPYTYIO TPYIILY
CYILECTBUTEIILHOTO B MIPEABIAYIIEM IIPEATI0KEHNH,

hence — OTCr0Id, B PC3YJIbTAaTC — O3HAYACT 3aKOHOMCPHOCTD ITOCJIC-
IYIOIIETO YTBEPKICHNUS,

however — omHako, TeEM HE MEHEE — O3HAYaeT HEOKUIAHHBIA ITOBO-
pOT B XOZI€ PACCYKIACHUA,

therefore — mosToMy, cileTOBaTEIbHO — yKa3bIBAET, YTO MOCICAYIO-
miee MpeaJIOKCHHUE €CTh PE3yIbTaT TOTO, YTO CKA3aHO BBIIIIC,

thus — Takum 00pa3oM — OOBIYHO YKa3bIBAaCT HA CBS3b MEXKY IMpe/-
JJOKCHHMSAMU HUJIN €10 YJICHAMU,

in addition — kpoMe TOTO — CITYXKHT JiJIs BBEJACHHS JTOMOJHUTEIBHBIX
CBEJICHUM.

3. Translate into Russian:
cryogenicist, rheology, cryotronics, cryopreservation, extremely low tem-
peratures region physicist, refer to as, magnetic resonance imaging, rare
blood group, blood banking, primary means.

4. Translate into English:

HOBEWINasgs MEIUIIUHCKAs TEXHOJIOTHS, CKUKCHHBIA MPUPOIHBIN ra3, Hal-
3eMHBIN Kalelb, MOA3EMHBIN Kabeab, KOCMHUUYECKUM Kopadib, mepeaaya
DJIEKTPOIHEPTUH, IOTEPHU DHEPTUN, OKUCIIUTEIIL, aBUAKOHCTPYKTOP.

5. Remember how NAPC is translated into Russian:

a) Both metallic and non-metallic materials are used, the major considera-
tion being to provide sufficient strength for the structure. b) Another ad-
vantage of the thermocouple is that no power supply is necessary, the ele-
ment generating its own signal. ¢) The temperature being not too high, the
superheated conditions can be maintained for an indefinite time.

6. Mind that sometimes the NAPC may be preceded by the pre-
position WITH which is not translated into Russian:

a) With the reaction rate between salts and the cell walls retarded,
dehydration is not catastrophic. b) The vacuum jacket of some cryogenic
vessels is filled with many layers of aluminium foil separated by thin
glass fibre paper, with the resultant insulation having an extremely low
conductivity. ¢) With cryogenic techniques applied, blood can be stored
for years.
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LANGUAGE PRACTICE UNITS 13-18

Comprehension
Revise texts 13-18 and chose the correct answer:
Helium II is...
a) ...the warmer form of Helium 4.
b) ...the colder form of Helium 4.
C) ... a conventional liquid.
Speaking
Choose a topic and discuss it in a group.
1. Superfluidity.
2. Temperature scales.
3. Thermometers.
Speaking tips
a) Take everyone’s point of view into account.
b) Don’t speak about too many things.

c¢) Choose one or two facts you know well and give examples.

d) Use your own ideas.
Helpful phrases

As far as | know...

Don’t you know...?

| would like to add...

Well, | totally agree with you...

Don’t you think...?

Have you heard...?

May | just cut in here...
Writing

Revise the texts 17-18 and write a letter to your scientific supervisor
telling him/her which areas of cryogenics you would like to specialize in

and why.
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VOCABULARY

absorb — moriomare, BIUTHIBATH

accomplish — BeIOTHATE

account for — o0OBsICHATD

accuracy — TOYHOCTb, JIOCTOBEPHOCTh
accurate — TouHbIN

achieve — mocturartb

acquire — moyry4ats, mpuoOpeTaTh

adjustment — koppekTHpOBKa, MOATOHKA
adopt — npuHUMATH

aerogel — asporenn

agriculture — cenbckoe X03sICTBO

air separation — Bo3ayIiHas cernaparus

allow — mo3BousATh, pa3peniath

alloy — crunaB

ambient — okpyxarommuii

analgesia — o6e300MBaHMEe

annular — xospIIeBOi

appearance — BHEIIHUMN BHU]

application — mpumeHeHue

apply — npuMeHsITh

apply for a patent — mojgaTh 3asBKy Ha BbIJauy IMaTeHTa
approach — mocrurarp

appropriate — moaXoAsIIKHA, COOTBETCTBYIOIIHI
approximately — npuGIu3UTENBHO

arise (arose, arisen) — BO3HUKATD, MTOSABIIATHCS
assume — npu3HaBaTh

attainment — noctuxenue

attempt — nonbITKa

attractive forces — cuitbl IPUTSHKEHUS
attribute — otHocuTh, KITaccUUIIIPOBATH
availability — namuume

average — cpeaHumn

barrel — mepa emkoctu (anrauiickuii — 163,3 1; amepukanckuid — 119 1)
be aware of — oco3HaBatb, OBITH B Kypce
behavior — nosenenue

bending effect — a¢dexT nckpupieHns
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benign — moOpokayecTBEHHBIH

bimetallic strip thermometer — 6Gumeranmuueckuii TepMOMETP
bind (bound) — cBs3bIBaTH

bismuth — BucmyT

blood — kpoBb

blood vessel — kpoBeHoCHBII cocyn

boil — kunersb

bond — cBs3BIBaTH, COENUHATH

breathe — nprmarse

bring (brought) about — BeI3BIBaTH

brittle — momkuii, Xpynkwuii

build up — HakamIMBaTH

bulb — xonba

cancer — pak

Cap — KPBIIIKA, KOJIMAa40K

capacity — eMKOCTb

capillary — kanuisp (TpyOKa ¢ O4eHb y3KUM KaHAJIOM)
carrier — HocuTelb

cease — npekpamarh(cs)

cell — kietka

cellular — xiaerounbIi

circuit — nenb, cxema, KOHTYP

Cite — MTHPOBATh, CCHUIATLCS HA YTO-JTHO0

close — Onm3kuiA, TECHBIH

collapse — pa3pymiatbcs

come into one’s OWn — BO3HHUKATh

COMpOSite — KOMITO3UT, KOMIIO3UIIMOHHBIA MaTepUall
compression — cxkarue

CONCern — 3aHUMaThCs, KHTEPECOBAThLCS, OCCIIOKOUTRCS, ONacaThes
condense — KOHIEHCUPOBaTh, CTYIIAaTh

condition — ycioBue, COCTOSIHHE

conservation — coxpaHeHue

consider — paccMarpuBarth, CYMTATh

considerable — 3HaunTEILHBIHI

constituent — cocraBHas 9acTh

constitute — cocraBisTh, OCHOBLIBATH

contract — cxxumarbcs
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contraction — cxxatue

convenience — yno0CTBO

conventional — oObIYHBIM, TPATUITHOHHBIN
copper — MeJb

correspondingly — cooTBeTCTBEHHO
counter-current — IpOTUBOTOYHBIN

crack — TpeckaThCsi, pacKabIBaThCsI
crumble — paspymrarscs

cryogenic chamber — kprorennast kamepa
Cryonics — KpuoHHKa

curve — kpusas

cytosol — 1uT0301b (BHYTPHKIIETOUHAS KUIKOCTD )
damage — noBpexeHue

dangerous — onacHbIit

deal with — umeTs nemno ¢

decrease — ymeHbIIaTHCS

define — onpenensarey

demand — cripoc

depend on/upon — 3aBuceTh OT

design — koHCTpYyHpOBATH

destroy — paspymarb

detect — oOHapyxuBaTh

determine — onpenensate

develop — pa3BuBaTh, pazpadaThiBaTh
deviation — oTk;IOHCHHE

devise — pa3pabaTbIBaTh, H300peTATh
dirigible — mupmxabdan

disorder — paccrpoiicTBO

dispense — pacrpeaensTh, nepeKaurBaTh
distinguish — paznuyars, oTMEYaTh
distortion — nuckaxxenue, nedopmarus
drop — magath

due to — Garomaps, BCJICICTBHE

durable — nonroBeuHsIi, IPOYHBIN, HAICHKHBIH
efficiency — appexruBHOCTD

efficient — sappexTuBHbBIN

eliminate — uckrO4aTh, yCTPAHATH
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emergency medicine — HEOTIOKHAsA MEAUIIMHCKAS ITOMOIIb, MEIUIMHA
KaTacTpod

employ — npuMeHsTh

gncounter — BcTpedaTbCsl, CTAIIKUBATHCS
encourage — moaep)KuBaTh, MOOIIPSTH
endorphin — sunopduH (ropMoH)

engine — MOToOp, IBUraTeIb

environment — cpena

evacuated — BakyyMHBII

evaporate — ucnapsarscs

eventually — B koHeuHOM HTOTE

evidence — noka3areabCTBO

exhaust — BeIxo/1, BBIXJION (Ta3a)

exist — cyiecTBoBaTh

expand — pactmpsaThCs

expansion — pacimpeHue

expel — uckroUaTh, BHITCCHSTh
eXperience — UCIbITHIBATh

exploit — npuMeHsTh, UCIIOJIB30BaATh
explosion — B3pkIB

explosive — B3pbIBYATHII

€XPOSe — 1moABEpraTh BO3AEUCTBUIO
EXposure — BO3ACUCTBUE

external — BHeHUH

extract — u3BnekaTh, BbIACIATh

fail — morepmers Heynauy

fascinating — ouapoBaTenbHBIN, NICHUTEILHBIN, 3aXBaThIBAOIIIHIA
fill — HamoHSATH

fissure — TpemuHa

flask — 6ainon, cocyn (Iproapa)

flat — mockwmii

fluid — Texyuas cpena (KHIKOCTh HITH ra3)
foam glass — nmenocrekio

foil — ponpra

force — 30. nmpomyckaTh

fountain effect — ¢ponranubiii 23 e
gallon — mepa emxoctu (anrnutickuii — 4,54 71; amepukanckuii — 3,78 1)
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give (gave, given) up — ocTaBUTh, OPOCHUTh
glass fiber — crexioBoTOKHO

goal — nenn

ground state — ocHOBHOE (KBAHTOBOE) COCTOSIHHE
handle — oGpamatecs, yrpaBiasThCs
happen — npoucxoauTh, CIy4aThes
high-performance — Beicoko3peKTUBHBII
humid — BnaxxubI#

Immersion — morpyskeHue

Impact — Bo3aciicTBre

imply — nmompa3ymeBarh, 3HaUNUTh

improve — yiydmarb

impurity — mpumech

In reverse — Ha0OOPOT

Incursion — momnajianue, MPOHUKHOBEHUE
indication — mokazartesnb, IpU3HaK
inflammation — Bocnanenue

inherent — HEOTHEMIIEMBIH, IPUCYIIHIA, CBOMCTBEHHBIH
inhibit — nonaBnATH

initiate — HauaTh

inscribe — HanoCHTH

Insert — BCTaBUTb, BBECTH

Insomnia — 6ecconHua

INSpire — BIOXHOBJIATH

install — ycranoBuTh

insulate — u3omupoBaTh

insulation — uzonsuus

intend — npenHa3zHavaTh

intention — HamepeHue

introduce — BBOAUTH

invent — u300peTaTh

inversion — oOpatHoe nmpeoOpa3oBaHue
inverted glass vessel — nepeBepHyTHIN CTCKISTHHBINA COCY/
investigate — nccienoBaTh, M3y4aTh
Involve — BoBIeKaTh, BKIIFOYATH

inward — BHyTpb

joint — cycraB
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junction — coeguHeHHUE

Kiln — meus amst oGkwura u Cymku

lambda point — nssm61a-Touka

latent heat — ckpsiTas Ternora

latter — mocnenHuii (M3 YIIOMSHYTHIX )

lattice — pemeTka

leak — yreuka

leg — mteuo (uemnm)

length — yuactok, oTpe3ok

lesion — moBpexenune, mopaxeHue

lid — kpbImka

liquefy — cxxmxathb

liquid petroleum gas — cxxrxeHHBIA HEPTSIHOM Ta3
long-lasting — monroBeYHbIH, ¢ TUTEIEHBIM CPOKOM CITYKOBI
loop — meTus

loose fitting — HeroTHO MpHITETraroIUii

lower — monmxarh

low-maintenance — e TpeOyIOLUI TIIATEIBHOTO YX0/a, 00CITY KHBaAHHS
lubricating oil — cmazouHoe macio, cma3ka

magnetic resonance imaging — marautope3onancHas Tomorpadus (MPT)
magnetically-levitated — na MarHuTHO# MOABECKE

magnitude — BeanurHa

make demand — npeabsIBIATH TpeOOBaHHUS

make Up — coCcTaBIISATh

malignant — 3;10kayecTBEHHBIH

means — cpencTBo(a)

meet requirements — y10BJI€TBOPHUTH OTPEOHOCTH

MEeNiSCUS — MEHKCK (FPaHMIIA MEX Y YKHJIKOCTBIO M BO3IyXOM)
mention — ynoMuHaTh

Mercury — pTyThb

metabolism — oOmeH BemecTB

missile — pakera, kocMu4eckuit KOpadJIb

mitigate — cMar4athb

moderate — ymepeHHbIi

moisture — Biara

mole — poxumoe nATHO

mount — yctaHaBJIMBaTh, MOHTHPOBATh
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multilayer — MmHOrOCIOMHBII

multistage — MHOTOCTYTIEHUATHIN

muscle — mpima

mylar — maiimap

neighbourhood — ob6nacTs

nitrous oxide — 3akuchk a3ora

notable — npuMeuaTenbHBIN, 3aMETHBIN, BUIHBIN

notion — uyes, npeacTaBIeHUE

novel — HOBBII, HOBaTOPCKUI

numerical — ancioBoit

observe — yabnronare

obtain — moy4ars

OCCUI — MPOMCXOTUTh

0dd — HeOOBIYHBIH, CTPAHHBIH

OpPPOSEe — MPOTHUBOACHCTBOBATh, IIPEISITCTBOBATh

output — MOIITHOCTH

pain — 6oJb

pattern — mozaenn

per (hour) — B (uac)

perform — BBIMOJIHATE

permit — mo3BoJIATh

plant — ycranoBka

plug — mpo0Oka, 3armyIika

polar explorer — mossspHbIiA KCcIeI0BATENb

pollute — 3arps3usThH

POrous — MOpUCTHIN

POWer — CITy>KHTh HCTOYHHUKOM SHEPTUH

precise — TOYHbIN

precisely — Touno

precision — TO4HOCTh, YETKOCTh

predictable — mpenckazyemsrii

preservation — coxpaHeHue

preserve — coxpaHsth, KOHCEPBUPOBATh

pressure — naBjacHUe

pressure relief device — ycTpoiicTBO 1)1 TOHMKEHUS JaBJICHHS, YCTPONCTBO
JU1sl cOpoca TaBJeHUs

pressurize — moaaep>KUBaTh, CO3/1aBaTh MOBBIIICHHOE IaBJICHHE
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prevent — mpeaoTBpaInaTh, MPeaynpexkaaTh

promote — cmocoO6CTBOBATH

pronounced — JeTkuii, OnpeaeIeHHbIH, IPKO BhIPasKEHHBIH

propel — nBuraTh, IPUBOIUTH B IBHIKCHHE

propellant — pakeTHoe TOILIMBO

provide — o0OecreunBaTh, CHaOKaTh

provisional specification — npenBapurenbHast cnenuduKaius (T0KyMeHT, OIl-
PEACIISIONINI, HATIPUMED, COCTAB MIIU COJICPIKAHUE TIPOIIECCA WITH H3/ICITHS)

pull — TaHYTH

pPUMP — HaKaYMBaTh, HATHETATh

pure — 9uCTHIi, 0e3 mpuMeceit

purify — ounmars

purpose — renb

push through — npoTankuBats

quantum gravity — kBaHTOBasi FpaBUTAIUsS

radiation barrier — 3anmuTHBII SKpaH OT U3ITYYCHUS

radiation shield — paguannonunas 3amura

radio-frequency pulse — BEICOKOYACTOTHBIN UMITYJIbC

raise — Mo AHUMAaTh, MMOBBIIIAThH

range — npejaen, quamna3oH, 00y1acTh, chepa

rapid — OeICTpBIi

rare — peaKui

reach — mocTurarh

reading — mokazanus

realm — cepa, obacTh

recognise — nmpu3HaBaTh

recover — u3BJIeKaTh, OJy4aTh, BBIICISATh, BOCCTAHABIMBATD

refer t0 — cchuTaThCS HAa, OTHOCHTHCS K; 30.. TOBOPUTH O

refer to as — Ha3wIBaThH

reference — cripaBka

reference junction — xonoaHbI craii (TepMonapb)

reflective — orpakarenbHbIit

refraction — npenomienue, pedpaxius

refrigerant — xymagareHnr

regain — BOCCTaHABJIMBAaTh

regard — paccmarpuBaTh, paclieHUBATh, CYUTATh

regenerative cooling — pereHepaTUBHOE OXJIAKICHHUEC
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relaxation of protons — penakcariysi IpOTOHOB
release — BbIIEISTh, BEICBOOOKIATH

relief — o6neruenue

rely on — moytararbcst Ha

remain — octaBaThbCs

remove — OTBOJUT, YAAJIATh

renewable — B0300HOBIIIEMbIiA

repeatable — moBTopstroIIUIACS

repulsive force — cuna orraaKkuBaHus

resistance — conpoTuBicHHE

resolution — pasperiraroras CrrocoOHOCTh, pa3pelleHue
restore — BoccTaHaBIMBATh, BO3BPAIIAThH B IPEIKHEE COCTOSIHUE
result from — npoucxoauTh, MOJYYaTHCS U3-3a YETO-TH00
result in — mpuBOIUTH K

retain — yaep>xuBaTh, COXpPaHSTh

revert — so3Bpararbcs

revise — u3MeHsTh, UCIIPABIIATh

revival — oxxuBieHue

revolutionize — npou3BOANTH KOPEHHBIC H3MEHEHUS
rheology — peostorus

rise (rose, risen) — moAHUMAaTHCSI

OW — psif

rubber — pe3una

rule out — uckirOUaTH

safety relief valve — npeoxpaHuTenbHBIN KiTanaH
save — coxpaHsTh, coeperaTh

scale — mkana

scatter — pacceuBatbcsi, paz0eraTbcs

seek — uckartp

self-contradicting — mpotuBopeuamnuii cam cebe
sensitivity — 9yBCTBUTEIBHOCTh

separate — oTaeATh, pa3aeiisaTh

shatter — pazouBaThcs BapeOes3ru

ship — TparcopTHpoBaTh

shuttle — xocMuueckwuit Kopadib

significant — 3HaunTENBHBIN, CYIIECTBCHHBIN
similar — mogoOHBIN, TOX0KHUI
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skin tag — manumioma

socks — Hockun

solar eclipse — comneuHoe 3aTMeHue

solidify — 3aTBepeBaTh, MpeBpaniaThcs B TBEPIOEC COCTOSHUE
sophistication — yciaoKHeHHE, YCOBEPIICHCTBOBAHHUE
Spacer — mpoKIaaKka

span — uanason

specimen — oOpas3elt, K3eMILIP

split (split, split) — pacnpenensiTh, ACIUTh HA YaCTH
squirt — 6utk cTpyeit

stack — mtabenupoBaTh, yKJIaIbIBaTh MPABHILHBIMU CIIOSIMH
stainless steel — HeprkaBeroras crajb

state — ycranaBiuBarh

steel mill — cranenurelinplii 3801

store — coXpaHsAThb, HAKAIIUBATh

strain — HampspKeHUE, HAarpy3Ka

stream — noToK

strengthen — ycunuBath

stubbornly gases — ynpsimbie ra3si

submit — npencTaBIATL HA pAaCCMOTPEHUE
substantial — BaxHBIN, 3HAYNTETLHBINA

succeeding — mociemy oM

sufficient — mocraTouHbIii, 000CHOBAHHBIN

suggest — npeamnonararh

superfluidity — cBepxTekydecTb

support — onopa, OCHOBA, MOJIOXKKA

support — moaepKuBaTh

SUPPress — moaBisTh, CACPKUBATH

surface — moBepXxHOCTh

SUrgery — Xupyprust

survival — BEDKMBaHKE, TOJTOBEYHOCTD

take on — mpuoOperaTh

tear (tore, torn) apart — pa3peiBaTh

temperature gradient — rpamueHT TeMnepaTypsI
terrestrial — 3emnoii

thermocouple junction — craii (Tepmomapsi)
throttle valve — npoccenbHbIit KiTaman
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throughput — Ipou3BOUTEIBHOCTh

tint — orTeHOK

tiny — kpoleuHbIi

transfer — nepenaBarp

translational symmetry — tpancisimonsass cuMMeTpusi (THUII CHMMETPHH,
IIpA KOTOPOM CBOMCTBA paCCMAaTPUBAEMON CUCTEMBI HE U3MEHSIOTCS IIPU
CIIBUT'C HA ONPEICIEHHBIN BEKTOP)

treat — ieyurtp

treatment — ieyenue

tremendous — orpoMHbIH, TPOMaTHBIH

truck chassis — mraccu rpy30Boro aBToMOOMIIS

turn on/off — BKIIIOYNTE/BBIKITIOUNTH

UNdergo — UCTIBITHIBATH, IIEPEHOCUTH; TIOBEPraThCs YEMY-JTHO0

underwear — HmKHEe Oembe

unlike — B oTinume

untempered glass — He3akalleHHOE CTEKIIO

upper atmosphere — BepxHHe CJIOHM aTMOC(EPHI

vacuum-jacketed — ¢ BakyymHo#1 pyOarikoii

valuable — nenuspIit

value — 3HaueHue

value — uenurs

valve — xianan

vaporization — ucnapenue

vary — BapbHpOBaThCs, H3MCHATHCS

vasoconstriction — cy»eHre KpOBEHOCHBIX COCY/IOB

vehicle — TpancnioptHOE CpeacTBO

vent — BEHTUJIMPOBATh, BBITYCKATh

vibration — konebanue

vicinity — 30Ha, paiioH, 6JIM30CTh

virtually — pakruueckn

ViSCOsity — BSI3KOCTh

visualize — MbICTIEHHO TIPEICTABIIATH

vital — >ku3HEeHHO Ba)KHBIN, HACYIIHBIN, CYIICCTBEHHBIN, HEOOX O UMBIi

voltage-measuring device — mpuGop 1 ©3MEpEHUS HAITPSHKCHUS

warm up — moIorpeBarhb

wart — 6opomaBka

waste of power — nmorepu 3HEprUH

82



weigh — Becutn

wide-mouthed — ¢ IMPOKUM TOPIIBIIIIKOM
wire — mpoBoJIoKa

withstand — Beriep>xuBaTh

wrap — o6epThIBaTh
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