Creumansuocth 6-05-0531-01 Xumus / Speciality 6-05-0531-01 Chemistry:
[Mpodunuzaiuu : XMMHKO-aHATUTHUECKAs U SKCIIEPTHAS JEATCIbHOCTh

3ejIeHpIe XUMUYECKUE TEXHOJIOTUN (i)yHKHI/IOHaJ'IBHBIX MaTCpuaJIoB U CI/ICTCM/
Specializations : Chemical-analytical and expert activities

Green chemical technologies of functional materials and systems
3eneHast XuMust, aKoJoruueckuit moaysas/Green chemistry, ecological module

Kpatkoe conepxanne yueOHON TUCITUTUTHHBL,
moxyiist / Brief summary

— «3eneHany XUMUA cpeau
XUMHUYECCKUX JAUCITUIIIINH, COCTaBJIAHOIIIUX
0a3MCHYIO0 OCHOBY TPO(ECCHOHANBHBIX 3HAHUHT
XMUMHKOB, WrpaeT pojb 3TUKO-(PUIOCOPCKOM
HAJCTPOMKH, ©0€3 KOTOpPOM  HEBO3MOXKHO
chopMupoBaTh ~ MHPOBO33PEHHE  OyIyIIEero
CHeIMalliCTa, TOTOBOTO K JEATEIbHOCTH B
paMKax JOCTHKEHHUSI ILeJIed  yCTOWYMBOTO
pa3BuTus.  PaccMarpuBarOTCs  BayKHEUIIME
MPUHLIMIIBI U HAMPABJICHUS Pa3BUTHUS «3EICHON
XUMHH»,  CTpaTeTMYEeCKHe  MOAXOIbl U
METO/I0JIOTUS «3€NIEHOr0»  XHMHUYECKOTO
CHUHTE3a; TMPUHLHUII BbHIOOpAa  HMCXOJHBIX
MaTepuajoB,  PEareHTOB,  PacTBOPUTENEH,
YCIIOBUH  TPOBENEHUS peakUuil, 3elieHbIe
METPUKHU 3¢ deKTUBHOCTU XUMHYECKUX
peaxiuit u MIPOLIECCOB, JOCTHYKCHHUS
PecniyOnuku benapycs B obmactu co3maHus
3€JIEHBIX ~ TEXHOJOTMM M 3KOJOTHYHBIX
MPOJIYKTOB HA UX OCHOBE.

“Green” chemistry among chemical disciplines that
form the basic foundation of professional knowledge
of chemists plays the role of an ethical and
philosophical superstructure, without which it is
impossible to form the worldview of a future
specialist ready to work within the framework of
achieving sustainable development goals. The most
important principles and directions of development
of “green chemistry”, strategic approaches and
methodology of “green” chemical synthesis are
considered; principles of selection of starting
materials, reagents, solvents, reaction conditions,
green metrics of efficiency of chemical reactions and
processes, achievements of the Republic of Belarus
in the field of creation of green technologies and
environmentally friendly products based on them.

dopmupyembie komnerernuu / The formed
competences

Crennanu3upoBaHHas KOMIIETEHIMS:

OnenuBath  3PQPEKTUBHOCTh  XUMUYECKUX
IIPOLIECCOB U MX IKOJIOTUYECKUX MOCIIEICTBUNA Ha
OCHOBE 3HaHUHI 0 CTPYKTYpeE u
(YHKIIMOHAIBHOCT SKOCHUCTEM M TPHHLUIIOB

«3€JIEHON XUMUN)).

Specialized competence:

Evaluate the efficiency of chemical processes and
their environmental impacts based on knowledge of
the structure and functionality of ecosystems and the
principles of “green chemistry”.




Pesynbrarel o0y4denwus (3HaTh, yMeTh, BIAJICTh) /
Learning outcomes (know, can, be able)

3HATh:
— BQXHEUILINE TPUHLIMIIBI

Pa3BUTHUSA «3EIEHON XUMHW»;
— COBPEMEHHBIE CTPATETUU PA3BUTHUS MUPOBOU
IPOMBILITIEHHOCTH u IPOTrpaMMBI
IIPOU3BOJUTENEH XMMHUYECKOM  ITPOJYKIUH,
HaIpaBJICHHbIE HA COXPAaHEHUE OKpPYKaroulen
Cpelpl M JOCTHKEHHE YCTOMYMBOIO pa3BUTHUS
o011ecTBa;

— 3aKOHO/IaTeJIbHbIE JIOKYMEHTHI,
perjaMeHTHpYIOIIUEe OXpaHy OKpYKarolen
Cpelbl B XUMUYECKOW TPOMBIIIIIEHHOCTH;

— OCHOBHbIE MOAXO/bl U MPUEMbI MPOBEACHUS
«3€JIEHOT0» XMMHYECKOI0 CUHTE3a;

— IPUHLIMIBI BBIOOpA MCXOJHBIX MaTepHalloB,
pEareHTos, pacTBOpHUTEIEH, YCJIOBUI
MPOBEICHHS PEAKIUi ¢ TOYKU 3pEHHS 0Omen
3¢ (HEKTUBHOCTH XMMHUYECKOTO CHHTE3Q,

— TEXHOJIOTMYECKHE AaCIEKThl BHEIPEHUS W
anmapaTHoe odopmiieHne «3EJICHBIX»
XUMHUYECKUX MPOLIECCOB;

— JOCTOMHCTBA U HEAOCTATKU TPAJAULIMOHHBIX U
HETPaJULIMOHHBIX METOJIOB aKTUBALMHU
XUMUYECKUX PEAKIUH;

— DKOJIOTUYECKUE pPEUMYIIECTBA
KATAJIMTUYECKUX XUMUYECKUX MPOLIECCOB;

— cnenudpuKy MIPOBEICHUSA XUMHUYECKUX
peakuuii 6e3 OpraHu4ecKUX pacTBOPHUTENEH;

— IIEPCIIEKTUBBI MCIIOJIb30BAHUSA
BO300HOBJISIEMBIX HMCTOYHMKOB SHEPIMH U HUX
BKJIaJ B 0O0lIee MHUPOBOE DSHEPreTHYECcKOoe
IIPOU3BO/ICTBO;

— HOAXOJbl K IIOJIyYEHUIO MPOAYKTOB U3
BO300HOBJIISIEMBIX UCTOYHUKOB CBIPbS;

— pa3paboTKH GeNOPYCCKUX YUEHBIX B OOJIACTH
«3€JIEHON XUMHUN», B TOM YHCIIE CO3JIaHHBIE B
pe3yipTaTe  COTPYJHHUYECTBA €  TaKUMHU

U HaIllpaBJICHUA

know:

- the most important principles and directions of
development of "green chemistry";

- modern strategies of development of the world
industry and programs of chemical producers aimed
at preserving the environment and achieving
sustainable development of society;

- legislative documents regulating environmental
protection in the chemical industry;

- basic approaches and techniques for conducting
"green™ chemical synthesis;

- principles of selection of starting materials,
reagents, solvents, reaction conditions from the point
of view of the overall efficiency of chemical
synthesis;

- technological aspects of implementation and
hardware design of "green™ chemical processes;

- advantages and disadvantages of traditional and
non-traditional methods of activation of chemical
reactions;

- environmental advantages of catalytic chemical
processes;

- specifics of conducting chemical reactions without
organic solvents;

- prospects for the use of renewable energy sources
and their contribution to the total world energy
production;

- approaches to obtaining products from renewable
sources of raw materials;

— developments of Belarusian scientists in the field
of “green chemistry”, including those created as a
result of cooperation with such countries of the
Shanghai Cooperation Organization (SCO) as
Russia, Uzbekistan, Kazakhstan, Pakistan and
China, and directions for the development of green
chemistry in the Republic of Belarus and the SCO
countries.




CcTpaHaMu [Tanxaiickon OpraHu3anuu
cotpyaauuecta  (IIOC)  xak  Poccus,
V306ekucran, Ka3zaxcran, Ilakucran u Kuraii, u
HAIpaBJICHUsl Pa3BUTHS 3€JIEHOM XUMHU B
Pecniyonuke benapyco u crpanax [IOC.
yMeThb:

— ONEepUpOBaTh  KIIOUEBBIMU  MOHATHIMHU
«3elieHasl XUMUA», «yCTOWYMBOE pPa3BUTHE» U
OPUEHTUPOBATHCS B COBPEMEHHBIX TEHACHIINAX
pa3BUTHUA MHPOBOM XUMUYECKON
MIPOMBIIIIJIEHHOCTH;

— PacCUUTHIBATh KOJIMYECTBEHHBIEC MMOKA3aTENH,
XapaKTepHU3YIOIIHE 3¢ HEeKTUBHOCTH
MPOBEJICHUSI XUMHUYECKMX peakuuid u uX
9KOJIOTMYECKUE MOCIIEACTBHS;

— MIPEVIOKUTh HOBBIE 0€30TaCHBIE CIOCOOBI
NPOBEACHUS  XMUMHYECKUX  IPOLECCOB U
BHEJIPSITh nux B 1abopaToOpHBIX u
IIPOU3BOJICTBEHHBIX YCIIOBUSIX;

— IPUMEHSATh COBPEMEHHbIE MH(POPMAIIUOHHBIE
TEXHOJIOT'MH TP PELICHUH TPAKTUYECKUX 3a/1a4
0 pealu3alui  <«3EJIEHbIX» XHUMHUYECKUX
IIPOLIECCOB;

— TOTOBUTh HMH(OPMAIMIO U PACIPOCTPAHSTH
UJIEH «3EJICHOW XUMHUW» CPEIIU CIEUUATUCTOB U
OOIIIECTBEHHOCTH JJsl  JIOCTHIKEHUS — Iesel
ycroiunBoro pa3sutus B Pecnydnuke benapych
u crpanax [IOC.

HMETh HaBbIK:

—  BIAQJACHHUA  METOJAOJIOTHMEH  IOJIy4EHUs
XMMHMUYECKUX BEIIECTB C TOYKU 3PEHHUS MX
0€30MaCHOCTH JUIl OKpYKalollel cpeasl |
4eJI0BEKA;

— OLIEHKM M IIPOrHO3MPOBAHMS YMEHbBILIECHUS
BO3JCHCTBUS  XMMMUYECKHX  BEUIECTB  Ha
OKPY)KAIOIYI0 Cpeay U ueloBeka s
JOCTHKECHMS LIEJIEW YCTOMYHUBOIO Pa3BUTHS;

be able to:

- operate with the key concepts of "green chemistry",
"sustainable development” and navigate modern
trends in the development of the global chemical
industry;

- calculate quantitative indicators characterizing the
efficiency of chemical reactions and their
environmental consequences;

- propose new safe methods of conducting chemical
processes and implement them in laboratory and
production conditions;

- apply modern information technologies in solving

practical problems of implementing “green"
chemical processes;
- prepare information and disseminate ideas of

"green chemistry” among specialists and the public
to achieve sustainable development goals in the
Republic of Belarus and the SCO countries.

have the skills:

- knowledge of the methodology for obtaining
chemicals from the point of view of their safety for
the environment and humans;

- assessment and forecasting of reducing the impact
of chemicals on the environment and humans to
achieve sustainable development goals;

- presentation of the achievements of the Republic of
Belarus in the field of creating green technologies
and environmentally friendly products based on
them in accordance with the principles of "green
chemistry” and national socio-economic, cultural
and environmental priorities.




—TNpe3eHTallMi  JOCTIKeHud  PecrnyOnuku
benapyce B oOsactu co3laHMS  3€JECHBIX
TEXHOJIOTMI M 3KOJIOTMYHBIX MPOAYKTOB Ha MX
OCHOBE B COOTBETCTBUM C IPUHLUIIAMU
«3€IEHOM  XMMHW» W HAlMOHAJIBHBIMU
COLMAIbHO-OKOHOMUYECKUMH, KYJIbTYPHBIMU U
9KOJIOTMYECKMMU IPHOPUTETAMMU.

CemecTp u3y4eHUs yueOHOW AUCIMIUIHHBI, 5 5

moryiist / Semester of study

ITpepexBusutsl / Prerequisites dusnueckas XUMUS; Cospemennnie | Physical Chemistry; Modern Technologies and
TEXHOJIOTUHU U OKPY)KAIOIas cpena Environment

TpynoeMKoCTh B 3a4€THBIX €AMHULIAX (KPEAUTAX) 3 3

/ Credit units

KonmyecTBo aymuTOPHBIX 9YacOB M YaCOB 36 u 54 36 and 54

caMmocTosTeNbHOM paboTer / Academic hour of
students' class work,
hours of self-directed learning

TpeboBanust 1 GOpMBI TEKYILIECH U
POMEKyTOUHO# aTTectaruu / Requirements and
forms of current and interim certification

Tekyiast aTTecTanus:

AKCIIPECC- U YCTHBIE OTMPOCHI; IBPUCTHICCKUE
JIHAJIOTH 110 OTAECILHBIM TEMaM; 3CCe;
BBICTYIUICHUE C MTPE3CHTAIINCH.
IIpomexxyToUHast aTTeCcTalMs: DK3aMEH

Current assessment:

express and oral surveys; heuristic dialogues on
individual topics; essay;

presentation. Midterm assessment: exam




