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ABTOpBI:
* JlykmanoBa Haraabs BuktopoBHa, CTapmuii npenoaaBarte/ib, HHOCTPAHHBIX
SI3bIKOB M 00pa30BaTeIbLHbIX TEXHOJIOT Uil

1. CTPYKTYPA U OBBEM JUCHUIIJIMHBI Cogpevennbie acnexTbl HAYUHBIX

HccJeI0BaHUuM
1. O0bem AUCHUIIMHBI B|4
3a4eTHBIX eJUHUIAX
2. Buabl ayiuTopHbIX 3aHATHIA [TpakTnyeckue/ceMUHAPCKUE 3aHITHUS
3. IIpome:xxyTouHasi arTecTanus 3auer
4. Texkymas arrecrauus Kountposnbhas padora 1
Jomanrass pabota 1

2. IINIAHUPYEMBIE PE3YJBTATbBI OBYYEHUA MHIUKATOPBI) 11O
JAACHUIITIMHE MOJAYJIA Cogpevennbie aciekThl HAYYHBLIX HCCIe/I0BAHNN

I/IHI[I/IKaTOp — 9TO NPHU3HAK / curnai/ Mapkep, KOTOpBIﬁ IIOKa3bIBACT, HA KAKOM YPOBHC
06}’an0]]le1051 AOJIKCH OCBOUTH PE3YJIbTAThI OGy‘-IGHI/ISI N UX MPEABABIICHUEC JOJIZKHO TOATBEPAUTH

(hakT OCBOCHHSI IPEIMETHOTO COACPKAHMSI JAHHON AMCIUILINHBI, yKa3aHHOTO B Ta0u. 1.3 PTIM-
PIIA.

Tabmumna 1

Koa v HanmeHnoBaHue

ILnanupyembie pe3yJabTaThl

KOHTpOJILHO-OIIeHO‘IHBIe
cpeacTBa 1Jisd OCHUBaAHUA

KOMIIETeHIIUH o0y4eHUs1 (MHIMKATOPHI) AOCTHKEHUsl pe3yJbTaTa
00y4YeHHus 10 JMCUMUILINHE
1 2 3
YK-4 -Cniocoben -1 - TIposBasTe Jlomarnnusst pabora
PUMEHSTh TO0OPOKENATETHHOCTD U 3auer
COBPEMEHHBIE TOJIEPAHTHOCTH 110 OTHOIIEeHUIO K | KoHTpospHas pabora

KOMMYHUKATHUBHBIE
TEXHOJIOTHH, B TOM
4HCIIe Ha
MHOCTPAHHOM(BIX)
s13bIKe(ax), IS
aKaJIeMHUYECKOIo U
npo¢eCCHOHATBHOTO
B3aUMOJEHCTBUS

KOMMYHUKATUBHBIM IIApTHEpaAM
3-1 - Onpenensate cnenuduky,
Pa3SHOBUAHOCTH, MHCTPYMCHTBI U
BO3MO>KHOCTH COBPEMEHHBIX
KOMMYHUKATUBHbBIX TEXHOJIOTUHU
JUISl aKaJIEMUYECKOTO U
nMpopeCcCHOHATBHOTO
B3aUMOJIEUCTBUS

3-2 - M3naratb HOPMBI U NIpaBUIIa
COCTaBJIEHUSI YCTHBIX U
MUCHMEHHBIX TEKCTOB IS
Hay4YHOT'0 U O(ULIHATIEHO-
JIEJIOBOTO OOIIEHUS HA POJAHOM U
WHOCTPAHHOM (-bIX) SI3bIKAX

[IpakTHyeckue/ceMUHApCKUE
3aHATHUSL




I1-1 - CocTaBisiTh yCTHBIE U
MUCHbMEHHbBIE TEKCTHI JUIs
Hay4YHOTO U O(pHUITHaIbLHO-
JIEJIOBOTO OOIIEHUS HA POAHOM U
MHOCTPAHHOM (-bIX) SI3bIKAX B
COOTBETCTBHH C MIPaBUIIaMU U
HOpMaMu

[1-2 - Ocy1iecTBIATh MOUCK
BapUaHTOB UCIIOJb30BaHUs
UHCTPYMEHTOB COBPEMEHHBIX
KOMMYHHMKaTUBHBIX TEXHOJOTUI
JUISL peIIeHUsl TPOOIEMHBIX
CUTyaluil aKaJIeMUYECKOTO U
pohecCuoHaIBLHOTO
B3aUMOJIEUCTBUS

VY-1 - AnanusupoBats 1
OLIEHUBATh NHCbMEHHBIE U
YCTHBIE TEKCThI JJIsl HAYYHOTO U
o(pUIIHATHHO-/IEJIOBOTO OOIIEHUS
Ha POJHOM M UHOCTPAHHOM (-bIX)
A3bIKaX Ha COOTBETCTBUE
IpaBUJiaM ¥ HOpMaM U
KOPpPEKTUPOBAThH UX

V-2 - BocnpuHUMaTh U
aHAJIM3UPOBaTh COJIEP)KAHNE
MUCHbMEHHBIX U YCTHBIX TEKCTOB
Ha POJHOM ¥ MHOCTPAHHOM (bIX)
A3bIKAX C LEJIbI0 ONpeaeTICHUS
3HaYUMOK MH(pOpMaIUU

V-3 - BoibupaTh HHCTPYMEHTHI
COBPEMEHHBIX KOMMYHUKATHBHBIX
TEXHOJIOTHH 151 3 PEeKTUBHOTO
OCYILIECTBIIEHUS aKaJeMHUYECKOTO
U Ipo¢eCCUOHATBHOTIO
B3aMOJIENCTBUS

3. HPOLHEAYPBI KOHTPOJISA U OUEHUBAHUSA PE3YJBTATOB OBYYEHUS B
PAMKAX TEKYHIEX M TIPOMEXYTOYHOH ATTECTAIIAM 11O
JANCHUIIVIMHE MOAYJA B  BAJBHO-PEUTUHIOBOM CHUCTEME
(TEXHOJIOTHYECKAS KAPTA BPC)

3.1. [Ipoueayps! Tekyuieii 1 IPOMEKYTOUHOI aTTECTANMU MO TUCHHUIITIHHE

1. Jlekuuu: ko3()GUIHEHT 3HAYMMOCTH COBOKYIHBIX Pe3yJIbTATOB JIEKIMOHHBIX 3aHATHI
— He NMPeayCMOTPEHO

Texkymas arrecTanus Ha JEeKIMUAX Cpoxu — Makcumajnb
ceMecTp, Has OeHKa
yueOHast B O0aJu1ax

Heaeas




BecoBoii K03 GUIHMEHT 3HAYUMOCTH Pe3yJIbTATOB TeKYIeH aTTeCTAlMH 10 JeKUHUAM — He
Ipe1ycCMOTPEHO

IIpome:xxyTouHasi aTTecTANNS MO JEKUUAM — HET
BecoBoii kK03(p)(puIHEeHT 3HAYMMOCTH Pe3YJIbTATOB MPOMEKYTOUYHOM ATTECTAIUM IO JIEKIMAM
— He IPEeIYCMOTPEHO

2. IIpakTH4yeckne/cCeMUHAPCKHE 3aHATHA: KOO(PPUIHEHT 3HAYMMOCTH COBOKYITHBIX
pe3yJibTATOB MPAKTUYECKUX/CEMUHAPCKUX 3ansaTuii — 1.00

Texkymas arrectauyus HA NPAKTHYECKUX/CEMUHAPCKUX Cpokn — | Makcumainb

3aHATHAX ceMecTp, | Has OLleHKa
yueOHast B O0aJju1ax
HeeJIs

domawiHsis paboma 1,18 50

KOHMPOIbHASL pAOOmMa 1,18 50

BecoBoii K03 GUIHMEHT 3HAYUMOCTH Pe3yJIbTATOB TeKYILled aTTecTaluu 110
NPAKTHYECKUM/CeMUHAPCKUM 3aHsATusIM— (.40

IIpome:xxyTouHasi aTTecTALUSA 10 NPAKTUYECKUM/CEMUHAPCKUM 3aHATHAM—324eT
BecoBoii kK03 (punHeHT 3HAYNMOCTH Pe3yJIbTATOB MPOMEKYTOUYHOM ATTECTAIUM T10
NpaKTHYeCKUM/ceMUHapcKuM 3ansitusim— (.60

3. JlabopaTopHble 3aHATHSA: KO3 PUIHEHT 3HAYMMOCTH COBOKYIIHBIX Pe3y/IbTaTOB
JIA0DOPATOPHBIX 3aHATHH —HEe 1PEIYCMOTPEHO

Texyuiasi aTrecTanus Ha JJAG0OPATOPHBIX 3AHATHAX Cpoxn — | Makcumaiab
ceMecTp, | Hasl OLICHKa
yueOHast B 0aJuax

HeeJIst

Becosoii KOI)(l)q)l/IIII/[eHT SHAYUMOCTH pE3yJ/IbTaTOB Telcylueii arrecranmu 1o J'laﬁOpaTole)IM
3AHATHAM -HE IPEeAYCMOTPEHO

HpOMe)KyTO'lHaH arrecranus 1mo naﬁopaTopHMM 3AHATUAM —HET
BecoBoii K03 GHUIHEHT 3HAYUMOCTH Pe3yJIbTATOB IIPOMEKYTOYHOMN aTTECTALHHU 110
JIa0OPATOPHBIM 3aHATHAM — He IIPE/yCMOTPEHO

4. OnjaiiH-3aHATHA: KO3(P(PHUIHEHT 3HAYMMOCTH COBOKYIIHBIX Pe3y/1bTATOB OHJIAH-3aHATHIH
—He NPeyCMOTPEHO

Texkymas arrecTanus HA OHJIAWH-3AHATHAX Cpoku — | Makcumainb
ceMecTp, | Hasl OLlEHKA
yuyeOHas B Oas1ax

Henes

BecoBoii kK03 GUIHEHT 3HAYUMOCTH Pe3yJbTATOB TEKyIIeH ATTeCTAllUM 110 OHJIAWH-
3aHSITHSIM -He 1Pe/IyCMOTPEeHo

IIpome:xxyTouHasi aTTecTalNs 10 OHJIAMH-3aHATHAM —HET
BecoBoii kK03 (puIHEHT 3HAYNMOCTH Pe3YJIbTATOB MPOMEKYTOYHOM ATTECTALUM 110 OHJIANH-
3aHSTHSAM — He PeIyCMOTPeHo

3.2. [lpouenypsl TeKyuieid ¥ NPOMEKYTOYHOM aTTECTALMU KYPCOBOH padoThl/MpoeKTa

Tekymasi arrectauus BbINOJHEHUS KYPCOBOii Cpoku — cemecTp, | MakcumajbHas
padoThI/IpoeKTa yuyeOHasi HeJleJisl | OIleHKA B 0ajliax

BecoBoii k03¢ puumeHT Tekylel aTTecTallui BHIOJHEHUsI KYPCOBOH padoThl/mpoeKTa— He
Npea1ycCMOTPEHO

BecoBoii K03 GUUHMEHT NPOMEKYTOYHON ATTECTANMHU BbINOJIHEHHA KYPCOBOH
PadoThI/MPOEKTA— 3AIMUTHI — He NPEeIYCMOTPEHO




4. KPUTEPUU U YPOBHU OLEHUBAHUSA PE3YJIbTATOB OBYYEHUA 11O
JAUNCHUIVIMHE MOAYJIA

4.1. B pamkax bPC npuMeHsitoTcs yTBepKIeHHbIC Ha Kaeape/MHCTUTYTe KPUTEpUH (TIPU3HAKH )
OIICHUBAHUS JOCTHIKCHHI CTYJICHTOB IO JUCITUIUINHE MOJYJs (Ta0i. 4) B paMKax KOHTPOJIBHO-
OIICHOYHBIX MEpOMPUATUN Ha COOTBETCTBHE YKa3aHHBIM B Ta0m.l pesynpTaTam oOydeHUs
(MHAMKATOpaM).

Tabmuma 4
Kpurtepun oueHuBanus y4eOHbIX JOCTHKEHUI 00ydalonIuXcst
Pe3yabTaThl Kpurtepun oueHuBaHUsI y4eOHBIX JTOCTUKEHUI, 00y4aOIIMXCHA HA
o0yueHust COOTBETCTBHE Pe3yJIbTaTaM 00y4eHHsI/MHIUKATOPaM
3HaHus CTyeHT 1eMOHCTpUPYET 3HAHUS ¥ IOHUMaHUE B 00J1aCTH U3YUYEHUS Ha

YpOBHE yKa3aHHBIX WHIUKATOPOB U HEOOXOIUMBIC IS MPOJOIKEHUS
0o0y4YeHUs W/WIM BBITIOJIHEHHUS] TPYIOBBIX (YHKIMA W JICHCTBUH,
CBSI3aHHBIX C IPO(ECCUOHATLHON e TEIbHOCTHIO.

Ymenus CTyneHT MOXKET MPUMEHSTh CBOM 3HAHUS U MMOHMMaHUE B KOHTEKCTaX,
MPEJICTABICHHBIX B OIICHOYHBIX 33JJaHUSX, JEMOHCTPUPYET OCBOCHHUE
YMEHUH Ha ypOBHE yKa3aHHBIX WHAWKATOPOB W HEOOXOIUMBIX LIS
NPOJOJDKEHUsI OOYYEeHHUS! W/WIM BBIOJHEHHUS TPYIOBBIX (YHKUUH U
JIEHCTBUIM, CBSI3aHHBIX ¢ MPOPECCUOHATBHON ESATEeIbHOCTBIO.

OmnbIT /BNaicHNE CTyIeHT JEMOHCTPUPYET OMBIT B OOJACTH H3Y4YEHUS HA YpPOBHE
yKa3aHHBIX WHIUKATOPOB.

Hpyrue pedynbratel | CTYACHT JEMOHCTPHPYET OTBETCTBEHHOCTH B OCBOCHHH PE3YJIHTATOB
00y4YeHHSs Ha YPOBHE 3aIITAHUPOBAHHBIX HHIHUKATOPOB.

CtymeHT CnocoOCH BBIHOCHTH CYXKICHHS, JIenaTh OICHKH |
(hopMyIHpPOBATH BHIBOBI B 00JIACTH U3yUCHHUSI.

CTyseHT MOXKET cOO0MIaTh MPETOAaBATEIIO U KOJUIETaM CBOETO YPOBHS
COOCTBEHHOE TOHUMAHKE U YMEHHS B 00JIACTH U3Y4CHHUSI.

4.2 J1nst olleHUBaHHUS YPOBHS BBIOJIHEHUS KPUTEPUEB (YPOBHS JOCTHKEHUM oOyuaromuxcs npu
IPOBEICHUH KOHTPOJBHO-OLIEHOYHBIX MEPONPUATHH MO AMCLUMUIUIMHE MOJYJIS) MCIOJb3yeTCs
yYHHBEpcalibHasl mKasna (Tadi. 5).

Tabmuma 5

Ixaja oueHUBAHUA JOCTHKEHUS Pe3yJIbTAaTOB 00y4eHHsl (MHANKATOPOB) 110 YPOBHAM

XapakTepucTHKA YPOBHeH J0CTHKEHHS Pe3y1bTATOB 00y4eHusi (MHAMKATOPOB)
Ne Conepxxanue ypoBHsI Illkana oueHUBaHUsA
n/n BbINIOJIHEHUS] KPUTEPHS Tpaguuuonnas KavecTBennasn
OLICHMBAHMS Pe3y/JIbTATOB XapaKTepUCTUKA YPOBHA XapaKkTepucTu
o0y4eHusn Ka YPOBHS
(BBINOJTHEHHOE OLIEHOYHOE
3a/laHue)
l. PesynbTatel o0yueHus OTnan4Ho 3auTeHo Bricokwuii (B)
(MHIMKATOPbI) TOCTUTHYTHI B (80-100 6annoB)
MIOJTHOM 00beMe, 3aMEeYaHUl HeT




3aaHNC HC BBIITOJTHCHO JJI ONCHUBAHUWA

2. PesynbTarel o0yueHus Xoportio Cpennuti (C)
(MHAMKATOPHI) B IIETIOM (60-79 6amoB)
JOCTUTHYTBI, UMEIOTCSI 3aMEYaHMSI,
KOTOpBIC HE TPEOYIOT
00513aTeTLHOTO YCTPaHEHUS

3. Pe3ynbrarel o0ydeHmst Y 10BIETBOPUTETHLHO [Toporogsrii (IT)
(MHIMKATOPbI) JOCTUTHYTHI HE B (40-59 6annos)
MOJIHOM Mepe, €CTh 3aMEUaHUs

4. OcBoeHme pe3yIbTaTOB 00yUYeHUS HeynosnerBopurens He Henocrarounslit
HE COOTBETCTBYET MHAMKATOPAM, 3a4TEHO (H)
MMEIOTCS CYIIEeCTBEHHBIC OmMOKU U | (MeHee 40 6amioB)
3aMevaHus, Tpedyercs 1opaboTka

5. PesynbraTt 00ydenus e nocturuyt, | Hemocratouno ceunerensctB | Her pesymnbraTta

5. COIEPXKAHHME KOHTPOJIbHO-OIIEHOYHBIX MEPOIIPUATUN TIO

JAUCHUIVIMHE MOAYJIA

5.1. Onucanue ayAUTOPHBIX KOHTPOJIBHO-OLCHOYHBIX MEpPONPHUATHH IO AWUCHMILIMHE
MOAYJIAA

5.1.1. IlpakTuyeckue/ceMuUHAPCKHE 3aHATHSA

[IpuMepHBII ITIEpeYeHb TEM

0 1 N L AW N —

9.

l

. Introduction

. Getting to know each other

. More contacts

. Translation of technical texts
. Technical papers discussion

. Making presentations

. Participating in a conference
. Participating in negotiations
Revising grammar

0. Paper writing

[IpumepHBbIe 3a1aHus

Before you read

Discuss these questions with your partner.

Can you name any famous chemists?
What are they famous for?

Where do chemists work?

What equipment do they

A Vocabulary

Complete the sentences below with words from the box.

] conservation of mass

combustion
accurate
alchemists




[| matter

] quantity

] breakthrough
U] properties

1. It is a fact that substances cannot change their ....................

2 means that no matter how a substance is changed, what it is made up of will
always stay the same.

3. When scientists make a ................ they succeed after trying very hard.

4. Without oxygen there cannotbe ................ - things cannot burn.

S is what physical objects are made of.

6. All classifications in chemistry needtobe ............................

T e believed that they could turn iron into gold.

8. Mendeleev's table classifies the elements found in nature according to their .................

Reading 1.

Chemistry.

An introduction

Chemistry is often said to be the central science, as it connects all other sciences. While
mathematicians calculate the world, physicists explain it and biologists say what lives in it, chemistry
looks at everything in the world and explains how it is made and what it can do.

Chemistry began with fire. Burning changes things and ancient man must have wondered what
happened to the wood he burnt. It was by burning things that ancient man discovered iron and glass,
combining different substances in the fire and seeing how they combined. Once gold was found, the
false science of alchemy was born. People believed they could change ordinary metals like iron into
gold. Though the idea was wrong, the alchemists discovered many of the chemical processes that are
in use today.

The origin of modern chemistry comes from the work of Antoine Lavoisier, an 18th century
Frenchman who was executed in 1794 during the French Revolution. He formulated the idea of the
conservation of mass: that is, even though substances can be changed, their quantity of mass remains
the same always. Although Lavoisier was the first to publish his ideas, in Russia, Mikhail Vasilyevich
Lomonosov had reached the same conclusions some years earlier. Both men were interested in the
nature of combustion - what happens when things burn - and this was the first breakthrough in our
understanding of chemistry.

The second great development in chemistry came later and concerned the nature of matter itself:
how it was made up and what its parts were. In the early part of the 19t h century, the British scientist,
John Dalton stated that all matter was made up of atoms of different elements and that these could not
be broken down into smaller parts. We know now that atoms exist and that they do have parts which
can be broken down, but at the time his ideas divided chemists into those who accepted his ideas and
those who did not. There was a whole century of research to be done before the work of Marie Curie
on radioactivity and of Ernest Rutherford and Niels Bohr on atomic structure finally proved that
Dalton was correct after all.

Even while chemists were divided on atomism, it became necessary for someone to make sense of
the growing list of elements that were being discovered. That someone was Dmitri Mendeleev. He
took Dalton's theory of atomism and arranged the elements by their atomic weight and by their
chemical properties. So accurate was his classification of the elements, that he was able to predict the



properties of undiscovered ones to fill the gaps in the table. Mendeleev's table is one of the most useful
and important generalisations of chemistry and of all science.

These three developments give us the definition of chemistry. It is the science of the composition,
structure and properties of substances and how they can be transformed.

B Comprehension

Give a title to each paragraph. Read the text again and complete the summary. Use words from the
text.

Chemistry is the science which (1) ..................... all other sciences. Through chemistry, we can
study how things are made and what they can do. Alchemists discovered a lot of chemical (2)
..................... before chemistry developed properly. There are three main areas of study in modern

chemistry. The first is about how (3) .................... change when something happens to them. The
second is about how things are made, and looks at the atomic (4) ..................... of elements. The
third is to look at the (5).................. of elements.

Before you listen

Discuss these questions with your partner.

) What is the difference between an element and a compound?

) What is the difference between a liquid, a solid and a gas? Name as many as you can.

C Listening

Listen to a chemist talking about chemical processes. Then listen again and complete these notes.
Choose from the words in the box. Ther e are mor e words in the box than you need.

* solid

* elements

* liquid

* bond

* materials

 compound

* process

* form

* atoms

* gas

For example, two (1) ................... : hydrogen and oxygen. Hydrogen has the atomic number (2)
.............. and oxygen (3) ....................... .Two molecules of hydrogen and one of oxygen = one
@) . Water can change its (5) ...................... but is still H20. Some chemical
processes appear complicated as they have different (6) ...................... bonding in different
quantities.

Before you read

Discuss these questions with your partner.

] What do chemists produce?

'] Why do doctors need chemists?

1 Do you think chemists can do anything to help pollution?

D Vocabulary
Match these words and phrases with their definitions.



1. preservation A to take out of

2. oil refining B watch carefully to give taste D process that keeps
3. waste C something added to give taste

4. flavouring D process that keeps something in the same condition
5. meet the standard E very small strands

6. monitor F produce

7. cure G making oil purer

8. manufacture H unwanted part of production process

9. fibre I be of the right level

10. extract J make healthy

B Reading 2

Chemistry today

Careers in chemistry: what can you do with a degree in Chemistry?

This leaflet has been written to help you decide about your future. You have studied Chemistry at
university and have decided that you want to continue working in the science. What career
opportunities are available? There are two main areas where your knowledge of chemistry will be
called upon: medicine and industry.

Medicine

Many chemists work in medicine. In fact, it is probable that our hospitals and doctors could not
operate without the support they get from chemists. Chemists are the people who carry out the
research and develop new medicines. All over the country, chemists are working on new cures for
diseases. There is always more work to be done on antibiotics. Bacteria develop resistance to these
drugs and biochemists need to be constantly testing how well these medicines are working as well as
looking at new antibiotics to replace the old ones. There are many illnesses which have no cure at the
present time and a great deal of research is going on, looking for new and better treatments for cancer,
HIV/AIDS and malaria.

There are career opportunities within hospitals, too. Doctors need the support of chemists analysing
samples from patients, conducting tests and measuring how well patients are responding to treatment.
One quickly developing area is in the testing and recording of DNA samples.

Industry

Chemists work in the food industry, creating chemical flavourings and preservatives to improve the
quality of what we eat or to help keep it fresher for longer. Other people work in quality 3 2 Macmilla
n Guid e t o Scienc e Unit 10 Chemistry control, sampling and testing the food products to make sure
that they meet the standards we expect them to have. In recent years, the European Union has revised
its standards for quality and health in all food products sold in the EU, including both those made there
and imported. Chemists have their part to play in monitoring these products as well as in developing
new methods of meeting these standards.

Another very important industry that our knowledge of chemistry has created is the oil refining
industry. Oil is taken out of the ground and put through a chemical process which turns it into many
different products. From oil, we can make not only petrol, but also plastics, synthetic fibres, paint and
gases for fuel and other uses. A major concern in the industry today is the pollution resulting from
these processes. Industries are trying to reduce the impact of this by wasting less and by extracting
more from the waste products of the manufacturing process. Chemists are working to filter harmful
waste, preventing it from going into the atmosphere.

Almost all other industries depend in some way on the work of chemists. Chemistry has given us a

10



huge range of plastics and colourings. In fact, there is a chemical process involved in everything we
make. The whole manufacturing process needs to be designed, managed and tested for safety by
chemists.

Other choices

Career opportunities for chemists also exist in journalism, the law and education.

E Comprehension

Read the text and answer the questions in your own words.

1. How do chemists help to treat and cure diseases?

2. How can chemists support doctors working in hospitals?

3. What do chemists do to make sure we have good quality food?
4. What part do chemists play in the production of plastics?

5. How are chemists working to reduce pollution?

Before you listen
Discuss this question with your partner.
"1 How is life today different from life last century when medical drugs weren't available?

F Listening

Listen to a chemist talking about his job. Then answer the questions.
1. What kind of a business does he work for?

2. How long does it take to test a new compound?

3. Where does he spend his time working?

4. Can he usually predict the result of his experiments?

5. What percentage of his experiments fail?

G Speaking

Discuss these questions with your partner.

] What are the main branches of modern chemistry?

] Do you know any recent inventions in the field of chemistry?

1 Would you like to work as a chemist? Why / Why not?

1 Would you say it was one of the best jobs available? Give your reasons.

Task

Working in a group, discuss the opportunities for chemists in today's economy. Use the information
in tex t 2 and any ideas of your own.

Talk about:

* where chemists work

* what they do

» what they are responsible for

First complete these notes. Use them in your discussion.

Career opportunities working in chemistry

Main work areas:

Medicine

Research, development and testing: ................

Offer support to doctors: ...................... sampling and recording (esp. DNA)

Industry

11



Developing new products: food ........................

Designing and organising chemical processes for industry

Monitoring and improving processes (food production, pollution control)

Conclusion

Remember to:

* read the text again

* add any ideas of your own

* explain the general idea and then give details

« allow everybody to speak

Speaking tips

* You could choose a secretary to keep notes of what you discuss and inform you of any points you
forget.

» Make sure everyone is given plenty of opportunity to speak. The secretary could check this too.

H Writing

Write a short essay with the title:'Wha t is chemistry and what does it study?'

Read tex t [ again and use these notes to write four paragraphs.

PARAGRAPH 1

Introduction (how the essay is organised)

* What do chemists do?

* What are they interested in?

» What are the main areas of the science?

Vocabulary: To begin with, chemists, chemistry, etc

PARAGRAPH 2

Chemistry studies matter, how matter is made, what happens when matter changes

Vocabulary: moreover, matter, materials, structure, transform

PARAGRAPH 3

three important areas in chemistry:

» transformation - how chemical changes occur

« atomic structure - how materials are made and how they are different from each other

* elements of matter - what they are and what their properties are, classified by Mendeleev

Vocabulary: furthermore, atom, elements, properties

PARAGRAPH 4

Conclusion (summarise ideas)

Vocabulary: finally, to sum up, generally, science

LMS-mnatdopma — He peycMOTpeHa

5.2. Onucanme BHCAYAUTOPHBIX KOHTPOJBbHO-O0ECHOYHBIX Meponpmle‘fl n CpeacrTs
TEKYIIEro KOHTPOJIA 1Mo TUCIHUILVIMHE MOAYJIAA

PaznoypoBHeBoe (nudhepeHIInPOBAHHOE) 00YUCHHE.
ba3oBbIii

5.2.1. KonrpoJsbHas padora
[TpuMmepHBIil IEpeUeHb TEM
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1. IlepeBoa HAYYHO-IIOMYJISIPHBIX M HAYYHBIX TEKCTOB C aHIVIMHCKOI'O S3bIKa HA PYCCKUM

2. IlepeBoJ HayYHO-IIOMYJISIPHBIX M HAYYHBIX TEKCTOB C PYCCKOTO sI3bIKa Ha aHIVIMHCKHUN

[IpumepHsIe 3ananus

Translate into Russian

I variant

1. The region surrounding a magnet, in which appreciable magnetic forces exist, is referred to
as the magnetic field.

2. The use of metals is affected by the available ore resources, the cost of extraction and
refining, and the way in which they can be employed to practical advantage.

3. Almost all materials are affected to some extent when placed in a strong magnetic field.

4. In order to determine whether a given compound is organic it is frequently sufficient
merely to heat it.

5. It is still uncertain whether the variations in energy of electrons can be wholly accounted
for by energy losses during their passage through the material, or whether their initial energies
differ.

6. To summarize the findings of this tremendous work would require many pages.

7. The general problem to be solved is to find the current density distribution across the radius
as a function of time.

8. Cosmic rays have been observed to end their paths from outer space in violent nuclear
collisions, the latter being known to take place high above the earth.

9. The methods of testing are selected in accordance with the purpose for which the given
material is to be used.

10. The larger the number of different elementary operations, the more complicated the design
of the machine and the greater the amount of the equipment needed.

11. Exact knowledge of the state of the system at one time enables one to determine its
behavior in the future.

12. Different forms of magnetic circuits can be employed, depending on material used, results
desired, cost and other factors.

13. As radio waves travel away from their point of origin, they become attenuated as a result
of spreading out due to energy being lost in travel.

14. While discussing electrical conductivity it is of interest to refer to the electronic structures
of silver and copper.

15. It has to be admitted that advance and discovery is accompanied by a certain loss.

Translate into English:
I variant

1 Xumus - 93T0 camasi TJiaBHas HayKa, T. K. CBSI3BIBAET MEXKIy COOO0H BCe APyrue HayKH.

2 AJIXUMUKH OTKPBUTH MHOTHE XUMUYECKHE MTPOIIECCHI, BITAsICh IPEBPATHTH OOBIKHOBEHHBIE
METaJIJIbl B 30J10TO.

3 Hauano coBpeMeHHOH XMMUU TOJIOXKIINA padboThl ¢paHity3ckoro yuéHoro X VIII Beka
AmnTtyana JlaByasbe, KOTOpbIi chOpMyTUPOBaAT 3aKOH COXPAHEHUS MACCHI.

4 CyuiecTByeT MHOTO OTpaciieil HayKH U IPOMBIIIUIEHHOCTH, T/Ie BOCTPEOOBAHO 3HAHUE
XUMUHU.

5 B o6nacTi MeIUIIUHBI XUMHUKHU pa0OTal0T HAJl HOBBIMH JIEKAPCTBAMH OT Pa3INIHBIX
0oJIe3HeH, CO3/1al0T HOBbIE aHTUOMOTHKHU U TIPOBOJISAT JPYTUE BAXKHBIC UCCIIEOBAHUS.
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6 XuMHKH paboTaloT B MUILEBON MPOMBIIIIJICHHOCTH, HAIPUMEP, OHU KOHTPOJIUPYIOT
Ka4yeCTBO MIPOJYKTOB, KOTOPOE JOJKHO OTBEUATh ONPEACIEHHBIM CTaHAApTaM.

7 TepMuH “aToM’ UMEET TPEYECKOE MPOUCXOK/ICHUE U 03HAYAET MEJTbYANIIIYIO YACTHILY
XMMHYECKOI'0 JIEMEHTA.

8 IlepByro Hay4HYIO TUIIOTE3y AaTOMAPHOTO CTPOECHUS MAaTEPUU BbIIBUHYJ OPUTAHCKHIMA
yuénbiil J>kon J{anbToH.

9 JlanbToH paccMaTpUBall aTOM KaK YacTHILY, KOTOpas MOXKET 0ObeTUHATHCS C aTOMaMHU
JIPYTUX XUMUYECKUX JIEMEHTOB U 00Pa30BbIBATH XUMHUECKHUE COCTUHEHUSI.

10 3aKOH COXpaHEHHUsI MAcCChI IVIACUT, YTO MAcCa BCEX BELECTB, BCTYNUBLIMX B XUMHUYECKYIO
peaxkLuIo, paBHa Macce BCEX MPOTYyKTOB PEAKLIUU.

LMS-mnatdopma — He nperycMOTpeHa

5.2.2. lomamnss padora

IIpuMepHBIii IEpeyeHs TeEM

1. BBIOMHUTB NEepeBOI HAYYHOH JIMTEpaTyphl (CTaThU) 1O CIIEHUATLHOCTH B 00111eM 00beMe
50,000 mreyaTHBIX 3HAKOB

2. BoinosiHeHWe Npe3eHTauu: TeMbI 1. XuMus, 2. yueHsle, 3. 9K0JIOTHs, 4. HayYHBIH JJOKJIa]]
(o TeMe MarucTepckoi paboThl)

[IpumepHbIe 3aaHUS

Kax mpumep oTpbIBOK M3 CTaThH, B3sTOM ¢ caiita Elsevier:

Green and sustainable chemistry — The case for a systems-based, interdisciplinary approach
David J.C. Constablel,

SUMMARY

Although the concepts underpinning green chemistry have evolved over the past 30 years, the
practice of green chemistry must move beyond the environmental and human health-related roots
of green chemistry towards a more systems-based, life cycle-informed, and interdisciplinary
practice of chemistry. To make a transition from green to sustainable chemistry, one must learn
to think at a systems level; otherwise, green chemistry-inspired solutions are unlikely to be
sustainable. This perspective provides a brief description of why the current situation needs to
change and is followed by how life cycle thinking helps chemists avoid significant systems-level
impacts. The transition from batch to continuous flow processing and novel approaches to
isolation and purification provide a case for interdisciplinary collaboration. Finally, an example
of end-of-useful-life considerations makes the case that systems and life cycle thinking from an
interdisciplinary perspective needs to inform the design of new chemical entities and their
associated processes.

INTRODUCTION

For much of the past 30 years, green chemistry has been largely identified with two central
ideas: the reduction or elimination of toxic substances and pollution prevention (U.S. E.P.A,
2021). Much of what has been written and spoken about green chemistry is rooted in
environmentalism, environmental policies, and governmental regulations promulgated since the
1980’s. For the period between 1995 and about 2010, proponents of green chemistry struggled
with being seen as a legitimate part of chemistry within the traditional chemistry community for
many reasons, but three stand out. The first is that green chemistry was seen as being
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environmentally related, applied, and not innovative. The second is that because of the
association with the environment, it was seen as more of an environmental movement and not
science (Breyman and Woodhouse, 2005). The third is that many in industry felt that they had
been doing the pollution prevention aspects incorporated in green chemistry for many years, but
especially through the 1970’s and 1980°s (Murphy, 2018, 2020).

When considering chemistry research from a green chemistry perspective, another challenge
to chemistry researchers in traditional chemistry disciplines is the necessity of drawing from
multiple scientific and engineering disciplines to not only understand the underlying chemical
and physical phenomena, but to better understand why the current approaches to chemistry need
to change (Constable, 2017; Whitesides, 2015; Matlin, et al., 2016). Similar to non-traditional
chemistry fields like biochemistry and nanochemistry, to be successful in green chemistry-
related research, one must draw from many different disciplines.

I would also say that this need for an interdisciplinary approach is amplified as one moves
from a singular focus on green chemistry to one that incorporates a consideration of two related
ideas, sustainability and sustainable development. For the purposes of this article and the current
argument, sustainability will be confined to thinking about environmental sustainability; i.e.,
actions and behaviors one must take to ensure that the chemistry being practiced is not creating
current or generational environmental impacts. It should be understood that the use of the term
sustainability typically envisions a ‘‘triple bottom line’” approach that includes a concurrent
consideration of environmental, societal and economic impacts (Elkington, 2018), but such
considerations are generally not embraced by the chemistry community which fails to see the
point or necessity of connecting molecular-scale chemical phenomena to macro-scale impacts.
The most frequent definition of sustainable development is from ‘‘Our Common Future,’” also
known as the Brundtland Report (World Commission on Environment and Development, 1987),
and is ‘‘Sustainable Development is development that meets the needs of the present without
compromising the needs of future generations to meet their own needs.’” The practice of
chemistry is inherently rooted in the present and by design, on a time scale of less than a second
to perhaps hours. In addition, for many academic

research chemists and the institutions that fund them, ‘‘real’” chemistry is decoupled from any
notion of application or development; it is science to advance the science of chemistry, not to
fulfill the needs of human society.

Therefore, to make a transition from green chemistry to sustainable chemistry, one must learn
to think at a sys-

tems level, otherwise green chemistry-inspired solutions are unlikely to be sustainable.
Although systems thinking is routinely taught in a variety of scientific and engineering
disciplines, it has only recently been introduced to chemistry educators as something that needs
to be included in chemistry education (Mahaffy, et al.,2018, 2019). There are a variety of
definitions for systems thinking in science, engineering, social, and organizational contexts, and
an agreed, or authoritative, or standard definition of a system or systems thinking for the
chemistry context has yet to be established (York and Orgill, 2020). In essence, it is best to
understand a system

as being a logical construct or model of real-world phenomena that contains a collection of
components or parts. These components are coherently organized and interconnected in patterns
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or in a structured and usually hierarchical manner to produce a characteristic set of behaviors,
often classified as the system’s ““function’’ or ‘‘purpose,’” or to answer a question related to
systems outputs and outcomes. The study of changes in the state of a system over time and space
are included in what is known as systems dynamics. Although it is beyond the scope of this
article to discuss the details of systems thinking, one should appreciate that systems are every-

where, of different scales, and usually a part of a system of systems. This connectedness of
system components with and between other systems is generally not explicitly seen as being a
part of chemistry and that is one reason why systems thinking is critical to understanding how to
practice green and sustainable chemistry.

Systems thinking also helps one to manage the complexity that is inherent to sustainability
and the implementation of green and sustainable chemistry (Constable, et al., 2019). Figure 1
shows a systems-level view of chemical evaluation. An important point to be made about
thinking in systems within the chemistry context is that this should be accompanied by life cycle
thinking, i.e., a consideration of environmental safety and health hazards and risks associated
with the constituents of a material or product. Chemical trees may be used to visualize the gate-
to-gate manufacturing processes and an inventory made of the associated inputs, outputs, and
emissions for each step leading to the constituent parts of a material or product, from raw
material extraction to a factory gate. Once the product is made, life cycle thinking considers a
similar input/output inventory for the distribution, use and end-of-life phases of the product. In
recent years, the end-of-life phase is increasingly incorporating a consideration of
recycling/reuse and impacts related to waste management to advance the circular economy
(Kirchherr et al., 2017). In a full life cycle inventory/assessment, there is a detailed, quantitative
accounting for all the impacts and these impacts are combined into discrete categories (e.g.,
greenhouse gas equivalents, etc.) where they may be assessed for their cumulative impacts for
the material or product life cycle. As is hopefully evident, life cycle thinking requires one to
think of the material, process, or product in terms of a system of systems where the output of the
life cycle is limited to the cumulative environmental impacts associated with the material or
product. As important as life cycle thinking is, it should be understood that systems thinking is a
broader, more comprehensive and holistic approach to considering material, process, or product
benefits and impacts.

Life cycle and systems thinking should be practiced as complementary and synergistic lines of
thinking. Merely formalizing a benchtop chemical reaction, or industrial chemical process, as a
system, without consideration of a molecule’s system and life cycle impacts defeats the purpose
of systems thinking for green chemistry. Systems thinking also requires an interdisciplinary
approach if one is to understand sustainability drivers and to correctly define the system, draw
meaningful boundaries, recognize causal and feedback loops, and see the inter-system
interactions that are common to considerations of sustainability. Chemistry impacts, and is
impacted by, human/social systems, economic systems, and environmental systems. Figure 2
contains some, but by no means all, of the professions and skills that might contribute to systems
thinking in chemistry and the system-of-systems supporting chemistry. Sustainable chemistry, to
be successful, requires one to develop disciplinary skills outside of chemistry, and partner
routinely with other scientists, engineers, businesses, and many other non-science-based
professions. If a chemist does not do this, they will never arrive at a sustainable solution to
chemical problems. The remainder of this article highlights a few key considerations and the
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interdisciplinary needs associated with selected aspects of making molecules from a mostly
bioactive molecule perspective e.g., pharmaceuticals or crop protection agents. Green chemistry
in the minds of many has been popularized as a limited number of easily accomplished practices
a chemist needs to do to make a molecule green, greener, or more sustainable. If that was truly
the case, there would be less of a reason to still be discussing the rationale for practicing and
implementing green, greener, and now, more sustainable chemistry. What follows are several
illustrations to show chemists need to employ systems thinking. The first is a high-level
overview of some sustainability pitfalls of modern catalysis and what is needed to make it more
sustainable. The second illustration is the underlying need to move as many batch chemical
operations currently done in

batch to a flow regime as warranted. The third illustration concerns the isolation, work-up and
purification of biologically active molecules and the general need to reduce the impacts
associated with this common operation. Finally, the case is made for chemists to develop a
greater understanding of the life cycle impacts associated with the choices chemists make at the
bench, pilot and process level, and work collaboratively with other scientists and engineers to
make chemistry greener and more sustainable while addressing the world’s grand challenges of
sustainability (National Research Council, 2006).

TpeboBaHMs K CTAaThSIM ISl IEPEBOJIA!

1. CraTbs AOMKHA COOTBETCTBOBATH HAIIPABJICHUIO CIIELMATbHOCTH

2. TekcT 1oiKeH ObITh HanKcaH 3apy0eKHBIMU aBTOPaMH

3. He nomyckaercs nepeBoJi CTaTby U3 HEHAJEKHBIX UCTOYHUKOB THITA BUKUIIEIUS

4. ITpu cnaye paboOThI JOMTyCKAETCs MOIb30BATHCS CIOBAPEM, CAETAHHBIM IIPU OJATOTOBKE
nepeBoJia CTaThbH JJOMa.

Kpurepuu oniennBanus:

Onenka Kpurepun

50 GanoB

(80-100 6amnoB) [lepeBos BHIMOIHEH B TOJIHOM 00bEME, CTUITUCTUIECKU TPAMOTHO C TOUHBIM
0I00POM aJICKBATHBIX JICKCHYECKHUX (TEPMHUHOJIOTHIECKIX ) CPEACTB IePEeBOIa HayYHO-
TEXHHYECKOH JINTEPATypPhI

40 6annoB

(60-79 6annor) IlepeBo/1 BBITIOJIHEH B MOJTHOM 00BbEME, HO ¢ HEOOJBITUMHU CTUITUCTUICCKUMHU
U JIGKCUKO-TPaMMaTHY€CKIMH HETOUHOCTSIMH.

30 6amioB

(45-59 6annoB) [lepeBo/1 BHIMOTHEH HE B IOTHOM 00BEME U CO CTHIIMCTUYCCKIUMH U JICKCHKO-
rpaMMaTHYeCKUMHU HETOYHOCTSIMH, HAPYIIAIOIIMMHU aJIeKBATHOE BOCIIPHUITHE TEKCTA.

15 Gamnos

(30-44 6annos) IlepeBo/1 BEITIOIIHEH HE B MOJTHOM 00BEME U C OOJIBIIIMMH CTHIINCTUYECKIUMH
1 JICKCUKO-TPAaMMAaTHIECKHUMH HETOYHOCTSIMH, BEYIIMMHU K UCK)KEHUIO TTIOHUMAHHUS
COJICpKaHUsI MHOSI3BIYHOTO TEKCTA.

0-7 6annoB

(0-29 6annoB) [TepeBon BIMOTHEH (PparMeHTapHO.

LMS-mnatdopma — He mpeaycMOTpeHa
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5.3. Onucanne KOHTPOJIbHO-OLCHOYHBIX MEPONPUATHII MPOMEKYTOYHOT0 KOHTPOJIS 110
AUCHMILIHHE MOAYJIS

5.3.1. 3auer

CrnuCcOK MPUMEPHBIX BOITPOCOB

1. Educational background: the university, faculty, specialty, field

2. Work, professional duties and responsibilities

3. The reasons for applying for master course

4. The scientific adviser, the sphere of his/her research

5. One’s special interests, what they are caused by (the problem/problems, the achievements
in this field, the remaining problem, possible ways to solve it, perspectives)

6. Possible results of one’s scientific investigation/research

7. Experiments and tests conducted and to be conducted (equipment, facilities to be used,
processes to be studied)

8. The achievements made (both theoretical and practical), results already obtained, methods
used

9. Environmental concerns

10. The proportion of theoretical and practical work

LMS-nnatdopma — He npeaycMoOTpeHa

5.4 CopepxaHue KOHTPOJIbHO-OLCHOYHBIX MEPONIPUATHI 110 HANIPABJICHUAM
BOCNHUTATEIbHOM 1eATeTbHOCTH

HanpasieHnus: BocriuTaTteabHON IESTEIbHOCTH CONPSTAlOTCs CO BCEMU Pe3ysbTaTaMHu 00ydYeHHs
KOMITETEHIIMH MO 00pa30BaTENbHON NpOrpaMMe, UX OCBOCHHE O0ECIedMBACTCS COAEPKaHHEM
BCEX JUCLUIUIMH MOJIYJIEH.
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