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INTERACTIVE SYLLABUS

Author: Baxamyp A. M.

Name: Cumnabyc Mexanoxumusi AHr 2025-2026
Discipline: Materials mechanochemistry
Independent work of the student (IWS): 3

Independent work of a student under the 6

guidance of a teacher IWST):

Education format: Offline

Cycle, Cycle component: I1, KuB

Types of lectures:

Discussion, analytical

Types of practical lessons:

Seminars

Exam format:

onaiin

Form and platform of the final control:

MC UNIVER, ITMICbMEHHBI

Full name Mobile phone number Email
Lecturer-(s): Askar Bakhadur +77783142980 askar.bakhadur@gmail.com
Assistants: Full name Mobile phone number Email
Type of control: [RK1 + RK2 + Exam] (100)
Contributors:

Expected Learning Outcomes (LO)*

Indicators of achievement of LO (IA)

and predict their properties

5. to design mechanochemical synthesis routes for novel materials

1. 5.2 Predicts material properties based on mechanochemical
processing conditions and structural modifications

2. 5.1 Develops mechanochemical pathways for synthesis of
nanostructured and composite materials

assess experimental results

3. to evaluate modern mechanochemical research and critically

1. 3.1 Analyzes current scientific literature on
mechanochemical synthesis and applications

2. 3.2 Critically evaluates experimental methodologies and
provides substantiated conclusions about research findings

and modify materials with desired properties

1. to apply mechanochemical principles and methods to synthesize

1. 1.1 Critically evaluates the role of mechanical energy in
chemical transformations and defect formation

2. 1.2 Selects appropriate mechanochemical methods based on
material type and target properties

processing conditions

4. to operate mechanochemical equipment and select appropriate

1. 4.1 Compares different types of mills and activators for
specific mechanochemical tasks

2. 4.2 Optimizes processing parameters (time, speed, ball-to-
powder ratio) to achieve desired material characteristics

and kinetic approaches

2. to analyze mechanochemical processes using thermodynamic

1. 2.2 Interprets kinetic data to optimize processing parameters
and reaction conditions

2. 2.1 Calculates energy balances and activation energies in
mechanochemical reactions

Prerequisites:

Postrequisites:

Data Analysis in Chemistry[102180], Mechanism of Inorganic Reactions[76070],
Applied Molecular Spectroscopy[85320], Mechanism of Formation of
Macromolecules[41281], Modern Methods of Studying Inorganic

Substances[69002]

Completion of doctoral dissertation[75090], Research seminar[90360], Graduation
seminar[102864], Research[77949]

Type

Educational resources

[N

Research infrastructure

1.
2. 1. West A. R. Solid state chemistry and its applications. —
John Wiley & Sons, 2022.

Literature:basic

1. 1. Colacino E., Garcia F. (ed.). Mechanochemistry and
Emerging Technologies for Sustainable Chemical
Manufacturing. — 2023. 2. Reynes J. F., Leon F., Garcia F.
Mechanochemistry for organic and inorganic synthesis
//ACS Organic & Inorganic Au. —2024. - T. 4. — Ne. 5. - C.
432-470. 3. Martinez V. et al. Advancing mechanochemical
synthesis by combining milling with different energy
sources //Nature Reviews Chemistry. —2023. — T. 7. — Ne. 1.
—C. 51-65. 4. Chetry A. B. Mechanochemistry: A new
frontier in chemical synthesis //Journal of Chemical
Research. —2025. — T. 49. — Ne. 3. - C.
17475198251339299. 5. RSC Mechanochemistry Journal
(2024-2025). Royal Society of Chemistry. ISSN: 2976-
8683.

Professional scientific databases

1. 1. Center for Physical and Chemical Research and Analysis
Methods 2. Laboratories of the Department of General and
Inorganic Chemistry
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Type Educational resources

1.

2. 1. 1. Web of Science —
https://www.webofscience.com/wos/woscc/basic-search 2.
Bielefeld Academic Search Engine — https://www.base-
search.net/ 3. PubChem — https://pubchem.ncbi.nlm.nih.gov/
4. Cambridge Structural Database —
https://www.ccdc.cam.ac.uk/structures 5. ChemSpider —
http://www.chemspider.com/

Online resources

[—

2. 1. https://www.mooc-list.com/tags/quantum-chemistry 2.
http :// elibrary . kaznu . kz / ru 3. https://next-
gen.materialsproject.org/

Software

Academic politics of the discipline:

AxajieMuueckas oJIMTHKA TUCIUILTUHEI onpesessieTcs: AkajgeMuueckoi nonutukoi 1 [TonuTrkoil akanemMuyeckon yectnoctu KasHY
umenu anb-Papadu.

JlokyMeHTBI 1oCTynHBI Ha aBHOH cTpanule MC Univer.

HWuTerpauusi Hayku u o0pa3oBanus. HayuHo-nccienoBarenbckas paboTa CTyJIeHTOB, MATHUCTPAHTOB U JIOKTOPAHTOB — ATO YIITyOJIeHHE
yueOHoro npornecca. OHa OpraHu3yeTCsl HEMOCPEICTBEHHO Ha Kadeapax, B 1a00paTopHsX, HAyYHBIX M MPOSKTHBIX MOPa3/IeIICHHUIX
YHHBEPCHUTETA, B CTYIEHYECKHX HAYYHO-TEXHUYECKUX 00beqHEeHUsIX.CaMocTosTeTbHas paboTa 00yJatonixcsl Ha BCEX YPOBHAX
06pa3oBaHus HAMpaBjieHa Ha Pa3BUTHE UCCIIEIOBATEIbCKUX HABBIKOB M KOMIIETEHIINI Ha OCHOBE MOJTYYEHUs HOBOTO 3HAHUS C
MPUMEHEHHEM COBPEMEHHBIX Hay4HO - NCCIIeIOBATEILCKUX M MH(POPMAITMOHHBIX TeXHOoorui. [IpenonaBareb HCCIEI0BaTEIbCKOTO
YHHBEPCUTETA HHTEIPUPYET PE3yIbTAThl HAYYHOH ESTEIFHOCTH B TEMATHUKY JIEKIIUI U CEMHUHAPCKUX (TIPAKTUYECKUX ) 3aHATHIA,
naboparopHeix 3aHsaTuid ¥ B 3aaanust CPOII, CPO, koTopble 0TpaXkaroTcs B CHIUIa0yce U OTBEYAIOT 32 aKTyalbHOCTh TEMATHUK YU4EOHBIX
3aHATUN U 3aJaHUH.

IocemaemocTs. [leanaitn kaxaoro 3ajanus yka3aH B KajeHaape (rpaduke) peainsalnuu coaepxkanus Aucuuiuiniel. Hecobmonenue
JeailHOB IPUBOIUT K HOTEpe OaLIoB.

AxaneMuyecKasi 4eCTHOCTb. [Ipaktuueckue/nadoparopusie 3ausaTus, CPO pa3BuBaroT y 00y4aroerocsi caMoCTOSATEIbHOCTD,
KPUTUYECKOE MBILUICHUE, KpEaTUBHOCTL. Henomy cTUMBI I1aruart, mouIor, NCIOIb30BaHKUE IIIApPraiok, CIIMChIBAHUE HA BCEX dTarax
BbIONHEHU 3a1anuil. CoOmoneHne akaeMHIeCcKOi YeCTHOCTH B IIEPUOJ TEOPETHYECKOTO OOYyUYECHHUS U HA SK3aMEHaX MIOMUMO OCHOBHBIX
MOJINTHK periaMeHTUpyYIoT «lIpaBuia TpoBEACHUS HTOTOBOTO KOHTPOIIY, « MHCTPYKIMKU /I TPOBE/ICHKS UTOTOBOTO KOHTPOJISI OCEHHETO/
BECCHHEI0 CEMECTPa TEKYINEero yueOHoro ronay, «I[ToiokeHne 0 mpoBepKe TEKCTOBBIX JIOKYMEHTOB 00YHYArIIMXCS HA HATUYUE
3aMMCTBOBAHUIY.

JloxyMeHTsI ocTymHBI Ha m1aBHOM cTparuie MC Univer.

OcHOBHbIE NPUHIMIIBI HHKJIIO3MBHOIO 06pa3oBanusi. OOpa3oBarenbHas Cpeia YHHBEPCHTETa 33 JyMaHa Kak 0e30macHoe MecTo, TIe
BCET/Ia MPUCYTCTBYIOT MOACPKKA M PAaBHOE OTHOIICHHE CO CTOPOHBI MPEMOIaBaTelsi KO BCeM 00yJaromMMces i 00yJarouxces IpyT K APYry
HE3aBHUCHMO OT TCHICPHOM, pacoBO¥ / STHHUYCCKOHN MPUHAIICKHOCTH, PEIUTHO3HBIX YOSIKICHHUH, COIMATBHO | |/IKOHOMHYECKOTO CTaTyca,
(bH3UYIECKOTO 3M0POBbS CTYIACHTA U Ip. Bee Moan HyKIarTes B MOAICPIKKE U APYKOS POBECHUKOB U COKYPCHHUKOB. [IJIsl BCEX CTY/ICHTOB
JOCTH)KEHHE TIporpecca CKopee B TOM, YTO OHM MOTYT [eJIaTh, 4eM B TOM, 4TO He MOTyT.PasHO0Opasue yCHUIIHBaeT Bce CTOPOHBI JKH3HU. Bee
obyuJaroruecs, 0COOCHHO ¢ OrpaHMIEHHBIME BO3MOKHOCTSIMH, MOTYT IIOJy4aTh KOHCYIBTaTUBHYIO IOMOLIb 110 Tehedony/ € -

mail gskar.bakhadur@gmail.com mi60 nocpencTBoM Buaeocss3u B MS Teams https.//teams.live.com/l/community/FEABSESin_OngeWygl .

Huterpanus MOOC (massive open online course). B cayuae urTerpammm MOOC B ANCHNIIINHY, BCeM 00yJaIOIIIMCS HEOOXOIMMO
3apeructpuposarscst Ha MOOC.Cpokn mpoxoxaeHus Moayiaeit MOOC nomnkHBI HEYKOCHHTEIBHO COOMIONATHCSA B COOTBETCTBHH C
rpadukoM H3ydeHHUS AUCHUIIINHEL.

BHUMAHMUE! [lennaiia kaxa0ro 3a1aHNs yKa3aH B KaJeHaape (rpaduke) peaansaii CoAep KaHus TUCIUILIIHEL, a Takke B MOOC.
HecoOmonenue nemaifHOB IPUBOINT K IOTepe Oauios.

Evaluation methods:

MeTO}]bl OICHUBAHUSA

|KpnTepna.m>H0e OLEHUBAHUE — ITPOIECC COOTHECEHHUSA PC€aJIbHO JOCTUTHYTBHIX PE3YJIbTaTOB 06y‘ICHI/IH C OKUJAaCMBbIMHU peE3yJIbTaTaMU
o6yqu1/I;1 Ha OCHOBC YCTKO Bblpa60TaHHLIX KpI/ITepI/IeB.OCHOBaHO Ha (I)OpMaTI/IBHOM 1 CYMMAaTUBHOM OIICHHWBAHWH.

MdopMaTHBHOE OLleHUBAHUE — BU]] OIICHUBAHUS, KOTOPBIA MPOBOJMUTCS B XOJI€ TIOBCEIHEBHOM yUeOHOH IEATEILHOCTHU. SIBISIETCS TEKYIIUM
mokazareyeM ycreBaeMocTH.O0ecneurBaeT OnepaTHBHYI0 B3aUMOCBS3bh MEX/Ty 00yJaroninmMcs U nperno/iaBareieM.[103BosieT onpenenTh
BO3MOKHOCTH 00YYaroIlerocs, BEIIBUTh TPYAHOCTH, TOMOYB B TOCTHKCHUN HAWJIYUIIIUX PE3YJIbTaTOB, CBOEBPEMEHHO KOPPEKTHPOBATh
mperogaBarento 00pa3oBaTenbHbIi npouecc.OleHUBaeTCs BBITIOJIHEHHE 3aJaHH, aKTHBHOCTH Pa0OTHI B ayTUTOPUU BO BPEeMs JICKIIHH,
CEMUHAPOB, IPAKTUYECKUX 3aHATUN(ANCKYCCUN, BUKTOPUHBI, 1e0aThI, KPYTJIbIE CTOJBI, 1a00paTopHbIe paOboTH U T. 1.). OLIEHUBAIOTCS
MPUOOPETEHHBIC 3HAHUS U KOMIICTCHIIHH.

CyMMaTHBHOE OlICHHBAHHE—BU] OLICHUBAHU, KOTOPBII IPOBOAUTCA 110 3aBEPLICHUIO U3yY€HUs pa3Aena B COOTBETCTBUHU C IIPOrpaMMOM
inucnumuHeL[IpoBoauTes 3 - 4 pasa 3a cemectp npu BemonHeHHH CPO. 310 oneHrBaHNE OCBOCHUS 0XKHIAEMBIX PE3YyNBTATOB 00y4EHHUS B
COOTHECEHHOCTH ¢ AeCKpunTopaMu. [103BoseT onpenenaTs U (PUKCHPOBATh YPOBEHb OCBOCHUS AUCIUILINHEI 32 OIPEICICHHBIIH IEPHO,.
OLeHUBAIOTCA PE3YIBTAThl O0yUCHUS.

(DopmaTuBﬂoe H CYMMATUBHOC OLICHUBAHUE Il;a.]'lﬂl:l % coaepkaHue

[IperioaBaresb BHOCUT CBOM BHIBI OLIEHUBaHUS JINOO ucronbiyeT [[IpernonaBaresib BHOCUT CBOIO pa30aJuIOBKY B ITYHKTHI B COOTBETCTBUH
[TpE/UI0KEHHBIN BapHaHT c kanengapeM(rpadurom). He M3MEHSIIOTCS 9K3aMEH M UTOTOBBIN 0alt
[0 AUCLUIUINHE.

Implementation of the IWS 24
Activity at seminars 36
Final control (exam) 40
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TOTAL

100

A point-rating letter-based assessment system
for accounting for academic achievements:

https://univer.kaznu.kz/teacher/interactive/syllabus/print/6588/6

banibHO-peliTHHIOBasA OyKBEeHHAsl CHCTeMa OIEHKH Y4eTa YU4eOHBIX J0CTHKCHUM
Onenka udposoii 5xkBUBaTEHT 02J1J10B IBamel, % coaep:xanue OueHka o TpaaMIUOHHOI
cHcTeMe
A 4,0 95-100 OTmaHO
A- 3,67 90-94
B+ 3,33 85-89 Xoporo
B 3,0 80-84
B- 2,67 75-79
C+ 2,33 70-74
C 2,0 65-69 'YIOBIIETBOPUTEIHHO
C- 1,67 60-64
D+ 1,33 55-59
D 1,0 50-54
FX 0,5 25-49 HeynoBneTBopuTEIBHO
F 0 0-24
The
Week | Type of lesson Subject maximum
score
lecture: L 1. Introduction to mechanochemistry. Historical 0
lecture 1 development, definitions, classification of processes
1
seminar: S 1. Analysis of mechanochemical processes examples in 0
seminar 1 nature and technology
lecture: L 2. Physicochemical fundamentals of mechanochemistry. 0
lecture 2 Defects in solids
seminar: S 2. Calculation of defect energies and their influence on 0
2 seminar 2 reactivity
IWS/TWST: IWST 1. Consultations on the implementation of the TWS . 0
IWST 1
Criteria assessment rubricator [show]
lecture: L 3. Thermodynamics and kinetics of mechanochemical 0
lecture 3 processes
3 . o
seminar: S 3. Problem solving in mechanoactivation kinetics and 0
seminar 3 energy balance
lecture: L 4. Mechanical activation. Types of activation and their 0
lecture 4 characteristics
4 : : o
seminar: S 4. Analysis of factors affecting mechanoactivation 12
seminar 4 efficiency
lecture: L 5. Mechanochemical synthesis of inorganic materials ‘ 0
lecture 5
seminar: S 5. Planning synthesis of ceramic and composite materials ‘ 12
5 seminar 5
IWS/TWST: IWST 2. Consultations on the implementation of the IWST 0
IWST 2
Criteria assessment rubricator [show]
6 lecture: L 6. Mechanochemistry of organic compounds and 0
lecture 6 polymers
seminar: ‘ ‘ 12
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The
Week | Type of lesson Subject maximum
score
seminar 6 S 6. Study of polymer mechanodegradation and property
modification
IWS/TWST: IWS 1. Literature review on mechanochemical polymer 20
IWS 1 processing methods
Criteria assessment rubricator [show]
lecture: L 7. Equipment for mechanochemical processing 0
lecture 7
seminar: S 7. Comparative analysis of different mill types and 12
7 seminar 7 activators
IWS/IWST: IWST 3. Consultations on the implementation of the IWS 0
IWST 3
Criteria assessment rubricator [show]
lecture: L 8. Tribochemistry and friction-induced reactions 0
lecture 8
seminar: S 8. Analysis of tribochemical processes in material 12
3 seminar 8 processing
IWS/IWST: IWS 2. Design and optimization of milling parameters for 20
IWST 2 specific material synthesis
Criteria assessment rubricator [show]
8 Midterm Control 1 (100) The maximum score: 100 Overall
score: 100
lecture: L 9. Mechanochemical synthesis of nanomaterials 0
lecture 9
seminar: S 9. Analysis of nanoparticle and nanostructure preparation 8
9 seminar 9 methods
IWS/TWST: IWST 4. Consultations on the implementation of the IWST 0
IWST 4
Criteria assessment rubricator [show]
lecture: L 10. Mechanochemistry in construction materials 0
lecture 10 technology
1 0 . . . .
seminar: S 10. Study of cement activation and composite material 8
seminar 10 preparation
lecture: L 11. Analytical methods in mechanochemistry research 0
lecture 11
seminar: LZ 11. Interpretation of XRD, IR spectroscopy, and thermal 8
1 seminar 11 analysis data
IWS/TWST: IWST 5. Consultations on the implementation of the IWST 0
IWST 5
Criteria assessment rubricator [show]
lecture: L12. Environmental aspects of mechanochemistry 0
lecture 12
seminar: S 12. Design of "green" mechanochemical processes 8
seminar 12
12
IWS/TWST: IWS 3. Environmental impact assessment and life cycle 40
WS 3 analysis of mechanochemical vs conventional synthesis
routes
Criteria assessment rubricator [show]
lecture: L 13. Industrial applications of mechanochemistry 0
lecture 13
seminar: S 13. Analysis of industrial processes and their economic 8
13 seminar 13 efficiency
IWS/IWST: IWST 6. Consultations on the implementation of the IWST 0
IWST 6
Criteria assessment rubricator [show]
lecture: L 14. Modern trends and future perspectives in 0
lecture 14 mechanochemistry
14 . . .
seminar: S 14. Student project presentations on mechanochemical 10
seminar 14 technologies
15 lecture: L 15. Mechanochemistry in pharmaceutical and biomedical 0
lecture 15 applications
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The
Week | Type of lesson Subject maximum
score
seminar: S 15. Case studies of drug synthesis and bioactive material 10
seminar 15 preparation through mechanochemistry
IWS/TWST: IWST 7. Consultations on topics covered ‘ 0
IWST 7
Criteria assessment rubricator [show]
15 Midterm Control 2 (100) The maximum score: 100 OVCI‘E}H
score: 100
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