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MNOACHUTEJBHASA 3AIINCKA

Heaun v 3a1aun y4eOHOH TUCHUNJINHbBI

Henblo yueOHON muciuiumnbl «EXperimental methods in micro- and
nanomechanics» sBisieTcss MOBBIMICHHE OOMIETPOPECCUOHATBHOTO  YPOBHS
MOJATOTOBKY MaruCTPaHTOB, TIOJyYCHHE HOBBIX 3HAHUH TI0 CIICIIUATILHBIM pa3iesiaM
COBPEMECHHOW MEXaHWKHA, B TOM YHCIEC METOJaM JKCIIEPUMEHTAIHLHOTO
onpeaeneHus PU3NKO-MEXaHWIECKUX M MHBIX CBOMCTB MAaTEpUAJIOB M M3JICIUN Ha
MHUKpPO- ¥ HAHOYPOBHE.

3agayamu jgucimiummHbl - «Experimental  methods in micro- and
nanomechanicsy sBiIsroTCS:

- (QopMupoBaHHME YCTAaHOBKM Ha TBOPUYECKYID TMpodecCHOHATBHYIO
NeSTEeIbHOCTD;

- 3HAKOMCTBO C IKCMIEPUMEHTAIbHBIMU METO/IaMU MUKPO- 1 HAHOMEXaHUKHU KaK
pa3ienoM MEXaHUKHU;

- pa3BUTHE NPOPECCHOHATBHOIO MBIIUIEHHUS B 00JACTH 3KCIIEPUMEHTAIBHBIX
METOJIOB MHKPO- ¥ HAaHOMEXaHHKH, KOTOPOE 00eCIeuuT OyAyleMy CHELHATUCTY
BO3MOYKHOCTh CBOOOJHO OTEpUPOBATh MPO(ECCHOHATHLHBIME 3HAHUSMU, BUICTH
MPOOJIEMBI M TTyTH UX PEIICHUS B CAMOCTOSITEIIBHON MPAKTHYECCKOW JAESITEIHHOCTH,
BBEIOMPATH ONTUMAJIBHBIC ITYTH UX PEIICHUS M METOTy OCYIIICCTBICHHS PEIICHUH;

- BOCITUTAHNE aKTUBHOH MPOeCCHOHATBHON TIO3UITNH, YMEHHUS BIPa0aThIBATh
1 000CHOBBIBAThH CBOM MOJXO/I B PEIICHUH 3a/1a4.

MecTo y4yeOHOH AUCHUIVIMHBI B CHCTEME IMOATOTOBKU CHEIUAINCTA C
yTITyOJIEHHBIM BBICIITMM 00pa30BaHUeM yueOHas TUCIUILTMHA OTHOCUTCS K MOIYJTIO
«Special problems of modern mechanics» kommnoneHTa yupexaeHus: 00pa3oBaHHs.

CBsi3m ¢ JpyruMd y4eOHBIMU JIUCUUIUIMHAMH, BKJIIOYas ydeOHBIC
JTUCHUIUIMHBL ~ KOMIIOHEHTa  Yy4YpeXKJeHHs  o0pa3oBaHus,  JAUCITUIUIMHBI
CIeIMaIN3alyy 1 Jp.

JlaHHas TUCIUIUIMHA OMMPACTCS W HWCIIONB3YyEeT 3HAHWS paHee H3ydaeMbIX
muctuiuiaH: «Mechanics of nonelastic and nonlinear solid body», «Mechanics of
advanced materialsy.

TpedoBaHus K KOMIIETEHIIMSIM

OcBoenne yueOHOW mucnuiinabl «Experimental methods in micro- and
nanomechanics» momkHO ob0ecrnednTh (HOPMUPOBAHUE CHENUATU3ZMPOBAHHOI
KOMIIETCHIIUN .

SC-9. Apply modern methods of mechanics, mathematical modeling,
experimental methods to the study of mechanical processes and states of micro- and
nanosystems.

B pesynbraTe nzydyenusi yueOHON NUCUUIUIMHBI MAaTUCTPAHT JOJIKEH:
3Hamy:
— DKCHEPUMEHTAJIbHBIE METOABl MUKPO- U HAHOMEXAHUKH HCCIIECTOBAaHMS
COBPEMEHHBIX KOHCTPYKIIMOHHBIX MaTepUaJIoB, BKJIFOYAs
HAaHOCTPYKTYPUPOBAHHBIE U C TOHKUMH MOKPBITHAMU,
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— COBpPEMEHHbIE TMOAXOAbl M METOAbl K TMOCTPOCHUID MEXAHHUKO-
MaTeMaTUYECKUX MOJIENEH SKCIEPUMEHTAIbHON MEXAaHUKH Ha MUKPO- U
HaHOYPOBHE;

— CTPYKTYpY, (PHU3MKO-MEXaHUYECKHE CBOMCTBA, O00JacTH MNPUMEHECHUS
COBPEMEHHBIX KOHCTPYKIIMOHHBIX HAHOMATEPHUAJIOB;

ymemu:

— TMPUMEHATH TIOJIydEHHbIE 3HaHUA I O0OOCHOBaHHOTO BbIOOpa
COBPEMEHHBIX KOHCTPYKITMOHHBIX MaTepHuaJioB, BKJIFOYAsT
HAHOCTPYKTYPUPOBAHHBIE U ¢ TOHKMMH MOKPBITHSIMH, a TaKKe pacyeTa
AJIEMEHTOB MAIlIMH U KOHCTPYKIMKM M3 TaKUX MaTEPHAIOB, pabOTAIOIINX
B YCJIOBHUSIX MEPEMEHHBIX HArpy30K, TpEHUs, KOMOMHUPOBAHHBIX
BO3CHUCTBUM,

e1a0ems:

- METOAaMHU HSKCIEPUMEHTATBLHOTO HCCIEAOBAaHUS CBOWCTB MaTepHUasioB
TOHKMMHU METOJIJaMU Ha MUKPO- U1 HAHOYPOBHE.

CrtpykTrypa y4eOHOM QUCHMILIUHbI

Hucrmmuinna wm3ywaetcss B 1 cemectpe. Bcero Ha wu3yudeHue yudeOHOM
mucuuiuinabl «EXperimental methods in micro- and nanomechanics» otseaeHo:

— Ui OYHOU (POPMBI MOJTyUYEHUs! yriyOJeHHOro Bhiciiero oopasosanus — 90
4acoB, B TOM 4ucie 36 ayJAUTOPHBIX YacoB, U3 HHX: JEKIUU (B TOM 4YHUCIE
JUCTAHIIMOHHO) —16 yacoB, 1abopatopHbie 3aHATHS (B TOM YKCIE TUCTAHIIMOHHO) —
16 yacos, yrpaBisiemasi caMOCTOsITENIbHAs paboTa — 4 Jaca.

TpynoeMkocTh y4eOHOM TUCIUTIUHBI COCTABIISICT 3 3a4ETHBIX CIUMHHUIIBI.

dopma MPOMEKYTOUHON aTTECTALIMU — 3a4ET.



CONTENT OF TRAINING MATERIAL

Topic 1. Introduction. Nanomaterials science. Nanoclusters and
nanostructures

Introduction to experimental micro- and nanomechanics. Nanoscale factor in
materials science. Specifics of nanomaterials and nanotechnologies. Nanoclusters:
synthesis methods, structure and properties, theoretical model. Nanostructures:
classification, materials of one-dimensional nanostructures. Carbon nanotubes and
fullerenes. 2D and 3D nanostructures.

Topic 2. Structural nanomaterials

Nanoparticles and nanopowders. Thin film structures. Nanocrystalline
materials. Nanocomposite materials. Functional nanomaterials. Physico-mechanical
properties of nanomaterials.

Topic 3. Microhardness and nanoindentation

Methods and equipment for microhardness testing. Nanoindentation methods
and problems solved. Equipment for nanoindentation. Information capabilities of
nanointelligence.

Topic 4. Methods for measuring the mechanical properties of nanostructured
objects

Measuring the mechanical properties of nanotubes. Application of discrete-
continuum models in prototypes of metrological systems.

Topic 5. Scanning probe microscopy

Scanning tunneling microscopy. Atomic force microscopy. Peculiarities of
mechanical behavior of cantilevers of atomic force microscopes. Mechanical model
of contact interaction of the measuring element of an atomic force microscope with
the surface under study.

Topic 6. Field ion and electron microscopy

Field ion microscopy. Methods and capabilities of electron microscopy. Basic
design of a scanning electron microscope and electron sources. Electron beam
interactions: secondary electrons, backscattered electrons, X-rays.

Topic 7. Spectroscopic methods

Nuclear magnetic resonance. Electron paramagnetic resonance. IR and Raman
spectroscopy. X-ray and photoelectron spectroscopy. Mdssbauer spectroscopy.
Diffraction research methods.



Topic 8. Optical microscopy

Basics of the method. Components of an optical microscope. Observation under
a microscope. Preparation of samples. Some typical microstructures of the studied
structural materials. Modern optical microscopes, digital video cameras and
software.

Topic 9. Experimental methods in micro- and nanoelectronics and
nanotribology

Features of the design, production and mechanical testing of microcircuits and
other semiconductor devices. Prospects for quantum and molecular
microelectronics. Production of micro- and nanodevices, machines, apparatus and
materials for them. Nanostructured materials in nuclear energy and aerospace,
features of their testing.

Nanotribology: basic concepts, research methods, instruments, applications.



YYEBHO-METO/IUMYECKAS KAPTA YYEBHOM JJUCITATIINHBI
Ounas dhopma moaydeHus yriyOJeHHOTO BBICIIET0 00pa30BaHUs ¢ TPUMEHEHUEM JUCTAHITMOHHBIX 00Pa30BaTEIbHBIX
texnonorui (JI0T)
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1 | Introduction. Nanomaterials science. Nanoclusters | 2 CobecenoBanme

and nanostructures

2 | Structural nanomaterials 2 2 CobecenoBanue,
OTYCT 110
nabopaTopHOI
pabote

3 | Microhardness and nanoindentation 2 4 CobecenoBanue,
OTYCT 110
nabopaTopHON
paboTte

4 | Methods for measuring the mechanical properties | 2 2 CobOecenoBanue

of nanostructured objects

5 | Scanning probe microscopy 2 2 Koutponbnas padota
mo Temam 1-4

6 | Field ion and electron microscopy 1 CobecenoBanue




Spectroscopic methods

CobecenoBanue
OTYET I10
nabopaTtopHoOi
pabote

Optical microscopy

CoOecenoBanue
OTYET 110
nabopaTopHOI
pabote

Experimental  methods in
nanoelectronics and nanotribology

micro-

and

CoOecenoBanue,
OTYET I10
nabopaTopHON
pabote

Hroro

16
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NHOOPMAILIMOHHO - METOAUYECKASA YACTD
IlepeyeHb OCHOBHOM JIUTEPATYPbI

. Miklashevich, 1. Micromechanics of Fracture in Generalized Spaces / |I.
Miklashevich. - Amsterdam [etc.] : Elsevier : Academic Press, 2008. - 258 p.
. Axelrad, D. R. Micromechanics of Solids / D. R. Axelrad. - Warszawa :
PWN-Polish Scientific Publishers, 1978 ; Amsterdam ; Oxford ; New York :
Elsevier Scientific Publishing Company. - 227 p.

. C. Suryanarayana. Experimental Techniques in Materials and Mechanics.
CRC Press, Taylor & Francis Group, 2011. — 430 p.

IlepeyeHb 10MOJHUTEIBHOM JIUTEPATYPHI

. Bumssv, I1.A. Hanomatepuanosenenue : yue6. nocooue / [1.A. Bumsasw, H.A.
Csuoynosuu, /I.B. Kyuc. — Munck : Beimitias mkona, 2015. — 511 c.

. DkcnepumeHTanbHas Mexanuka: B 2 kH. Ilep. ¢ anrn. nox pea. A. Kobascu.
— M. : Mup, 1990. — Knura 1. — 616 ¢. — Kunra 2. — 552 c.

. Tonvowmeiin, P.B. Mexanuka MHKpPO- u HAaHOCTPYKTYD.
Hanounnentuposanue: y4ued. mocoodue / P.B. ['onvowmenin. — M. : MOTU,
2011. - 160 c.

. Kpusyos, A.M. JlepopmupoBanue ¢ pa3pylieHHUE TBEPAbIX Tel C
MUKpOCTpYKTypoii / A.M. Kpusyos. — M.: ®uzmartaut, 2007. — 304c.

. Hano- u mukpocucremuass texHuka. OT HCCIeIOBaHUN K pa3pabOTKaM.
Cepusi: Mup snextponuku. CO6-x crareit. Pen. [1.11. Manvyes. — M. :
TEXHOC®EPA, 2005., — 592 c.

. Ilonos, B.JI. MexaHnnka KOHTaKTHOTO B3aMMOJICHCTBUS U pusuka TpeHus. Ot
HAHOTPUOOJIOIMKM 10 JUHAMHUKU 3emuerpscenuii /| B.JI. Ilonos. — M.:
OU3SMATIIAT, 2013. — 352 c.

. boeoanosuu, A.B. JlabopaTOpHbI MNPAKTHUKYM [0 SKCHEPUMEHTAIBLHON
MeXaHuke: Yueb.-meToaud. mocodbue s MmaructpantoB MM / A4.B.
boeoanosuu, C.C. ll]epbaxos, /I.E. Mapmeiu. —Munck : BI'Y, 2017. - 107 c.
. Kpueyos, A.M. O MeXaHMYECKHX XapAKTEPUCTUKAX HAHOPA3MEPHBIX
o0bekToB /| A.M. Kpusyos, H.®@. Mopo3zos // ®usuka tBepaoro tena, 2002,
T.44, B.12. — C.2158-2163.

. Kanwvikos, K.b. CxaHupyromas 3J€KTPOHHAs MHUKPOCKOIHMS U PEHTIEHO-
CIEKTPAJIbHBIM aHAIN3 HEOPraHWYECKHX MAaTepHAIOB: METOANYECKOE
nocooue / K.b. Kawmwvixos, HE. /Ilmumpuesa. — M.: MI'Y um. M.B.
Jlomonocosa, 2017. — 59 c.



IlepedyeHb pekoMeHAyeMbIX CPeICTB TUATHOCTUKH U METOAUKA
(opmMupoBaHUs UTOrOBOl OTMETKH

JlnarHoctuka pe3yJabTaTOB Y4YeOHOH JACSATENbHOCTH MO  JUCIUILIAHE
«Experimental methods in micro- and nanomechanics» npoBoauTCs, Kak MpaBuUIIo,
BO BpeMs ayAUTOPHBIX 3aHATUHN. J{J151 AMarHOCTUKU UCIIONIB3YIOTCS:

- IPOBEpKa OTUETOB I10 JIAOOPATOPHBIM padoTaMm;

- cobeceI0BaHNE HA Ay JUTOPHBIX 3aHITHIX;

- KOHTpOJIbHAs padoTa.

OTMeTKa 3a OTBETHI Ha JICKIUIX (coOeceIoBaHNE) U BIMOJIHEHHE OTYETOB TI0
71a00paTOpHBIM pabOTaM BKJIIOYAET B C€Os TIOJHOTY OTBETA, HATMYNE apTyMEHTOB,
IPUMEPOB U3 MPAKTUKH. KOHTPOJIbHBIE MEPOTIPUSATHS TPOBOISTCS B COOTBETCTBUH
C y4eOHO-METOAMYECKOMN KapTOi TUCITUTUTHHEI.

KonTponbHas paborta BeimosiHseTcs no temMaMm 1-4. IlepedueHp BOmpocoB M
3aJaHuil U1l MOATOTOBKM K KOHTPOJIBHOM paboTe MpemnojaBaTelb pa3MeIlaeT
3apaHee Ha oOpazoBaTeILHOM MopTane gakyiabrera B Moodle.

dopmoii TTPOMEKYTOUHON arTectanmu 1o aucnuiuimae «Experimental
methods in micro- and nanomechanics» y4eOHbBIM TUIAHOM TIPEYCMOTPEH 3a4eT.

JUis  MarucTpaHTOB, TPOMYCTUBIIUX KOHTPOJIBHBIE MEPONPHUATHS WU
MOJyYMBIIUX HEYJOBICTBOPUTEIBHYIO OTMETKY, pEIICHHE O MOBTOPHOM
NPOBEJCHUH KOHTPOJIBHOTO MEPOMPHUATHUS BBIHOCUTCS B COOTBETCTBUU C
MIOJIO’)KEHUEM O PEUTHHIOBOM CUCTEME OLIEHKH 3HAaHUM 00yYaromuxcs 1o yueOHou
JUCHUILIMHE B benopycckoM rocy1apcTBEHHOM YHUBEPCUTETE.

[TpumepHble BecoBble KOA(PGUIUEHTHI, ONpPENEISAIONIME BKJIAJ TEKyLIEH
aTTeCTalluy B OTMETKY NP MPOX0KIECHUU POMEXYTOUHON aTTECTALUU:

dopmupoBaHUE OTMETKH 32 TEKYIYIO aTTECTALUIO:

- OTYETHI 110 JJabopaTopHbIM padoTam — 50 %;

- KOHTpoJIbHas padoTa — 50%.

IIpuMepHbIH nepevYeHb 3aaHUi /151 YIPABJIAEMOM CAMOCTOATEIbHOMN
padoTHI MATHCTPAHTOB

ITo Temam 1-4 (Topic 1. Introduction. Nanomaterials science. Nanoclusters and
nanostructures. Topic 2. Structural nanomaterials. Topic 3. Microhardness and
nanoindentation. Topic 4. Methods for measuring the mechanical properties of
nanostructured objects) marucTpaHTbI BHIOJTHSIIOT KOHTPOJIbHYIO padoTy. (2 h)

C Ilepeunem 3amaHuii MOKHO O3HAKOMHUTHCS Ha 00pa30BaTeILHOM IMOpTaJe
daxynprera B Moodle.

dopma KOHTPOJIS - KOHTPOJIbHAs paboTa.

Topic 8. Optical microscopy. (2 h)

C Ilepeunem 3amaHuii MOKHO O3HAKOMHUTHLCS Ha 00pa3oBaTEIHLHOM IMOpPTAJe
dakynbreTa B Moodle.
dopma KOHTPOJIS - cobeceqoBaHue.
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IIpumepHasi TeMaTuKA JJa0OPATOPHBIX 3aAHATHI

Jlabopamopnas paboma Nel. Structural nanomaterials.

Jlabopamopnas paboma Ne2. Preparation of samples for microhardness testing.

Jlabopamopnas paboma Ne3. Study of surface microhardness of samples made
of different materials.

Jlabopamopnas paboma Ne4. Study of materials using X-ray spectroscopy.

Jlabopamopnas paboma Ne5. Preparation of samples for examination under an
optical microscope.

Jlabopamopnas paboma Ne6. Experimental study of the microstructure of
samples using an optical microscope.

Jlabopamopnas paboma Ne7. Study of materials using nanotribology methods.

Onucanve HHHOBAIIMOHHBIX MOX0I0B M METOA0B K MPENnoJIaBAHUI0
Y4eOHOM TUCUHMILIMHBI

[Ipun opranuszanuu 00pa3z0BaTEIBHOrO MpOIECCa UCIOIb3YETCS MPAKMUKO-
OPUEHMUPOGAHH LI ROOX00, KOTOPBIW MPEANOJIAracT:

— OCBOEHHME COZIepKaHre 00pa30BaHMs YepE3 PEIICHMS MPAKTUUYECKUX 3a/1a4;

— TpUOOpETeHHE HaBBIKOB A(PPEKTUBHOTO BBITOJIHEHHUS Pa3HBIX BHUIOB
npodeccuoHaNbHOM eI TEIbHOCTH;

— HCHOJB30BaHHE TMPOIEAYp, CIOCOOOB OIICHUBAHUS, (PUKCUPYIOUIUX
dbopmupoBaHre MPOPECCHOHATBHBIX KOMITETCHITHH.

MeToauyeckne peKOMEHIANMHI 110 OPTaHU3AINH CAMOCTOSTEIbHOM
padoThI 00y4aAOIIUXCS

[Ipy wu3ydeHUM AUCHMIUIMHBI OpraHU3alMs CaMOCTOSATEIHLHON padOThI
MarucTpaHTOB JOJDKHA MIPEICTABIIATh IUHCTBO TPEX B3aMMOCBSI3aHHBIX (YOPM:

1) BHEAyJUTOPHAsI CAMOCTOSITENIbHAsI paboTa;

2) ayJIMTOpHAsl CaMOCTOSITEIbHAsI paboTa, KOTOPasi OCYIIECTBIISIETCS MO
HEIOCPEICTBEHHBIM PYKOBOJICTBOM ITPETIOIaBATEIIS;

3) TBOpYECKasi, B TOM YHUCJI€ HAy4YHO-UCCIe0BaTeNIbcKas padoTa.

Ha naGoparopHbIx 3aHATHX 1o AuciumuinHe «Experimental methods in micro-
and nanomechanics» pekoMeHIyeTcs MPUMEHSTh BAPUATUBHBIC WHIUBUIYAJIbHBIC,
B TOM 4YHCIC HCCIEJOBATEIbCKUAEC, 3aJaHus IS NPHOOPETECHHS HABBIKOB
CaMOCTOSITEJIbHOTO PEIICHHS MPAKTHUECKUX 3a/1a4.

B cuity pa3iMyHOro ypoOBHSI TOTOBHOCTH MAarlCTPAHTOB K BOCIPUSITHIO HOBBIX
HOHSATHI Ha Ja0OPaTOPHBIX 3aHATHUSX IO JUCIMIUTMHE PEKOMEHYETCs POBOIUTH
peryJsipHbIC CaMOCTOSITeNIbHBIE pPabOTBI W TMPH HEOOXOTUMOCTH MPOBOIUTH
JIOTIOJTHUTEIIbHBIC KOHCYJBTAIUM JIJISl OOBSICHEHHS M 3aKPEIUICHHS CII0YKHOTO
Marepuana.
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VYcioBust AN CaMOCTOSATENBHOM pabOThl CTYJEHTOB MAarucTparypbl, B
YaCTHOCTH, JJIA Pa3BUTHS  HABBIKOB  CAMOKOHTPOJIS, CIOCOOCTBYIOILIMX
UHTCHCU(PHUKAIIMN y4eOHOro Mpolecca, 00eCIeYnBAIOTCS HATUYMEM U TOJHON
JIOCTYMTHOCTBIO AJIEKTPOHHBIX (M OyMa)KHBIX) BapUaHTOB KypCOB JIEKIU, yueOHO-
METOUYECKIX OCOOUI 1 COOPHUKOB 3a/1a4 110 OCHOBHBIM pa3jieiaM JUCIUILTAHBL.

IIpuMepHBIN NIEpeYeHb BONMPOCOB K 3a4eTy

1. Introduction to experimental micro- and nanomechanics. Nanoscale factor in

materials science. Specifics of nanomaterials and nanotechnologies.

Nanostructures: classification, materials of one-dimensional nanostructures.

Carbon nanotubes and fullerenes. 2D and 3D nanostructures.

4. Nanoparticles and nanopowders. Thin film structures. Nanocrystalline
materials.

5. Nanocomposite materials. Functional nanomaterials. Physico-mechanical
properties of nanomaterials.

6. Methods and equipment for microhardness testing.

7. Nanoindentation methods and problems solved. Equipment for
nanoindentation. Information capabilities of nanointelligence.

8. Measuring the mechanical properties of nanotubes. Application of discrete-
continuum models in prototypes of metrological systems.

9. Scanning tunneling microscopy.

10.Atomic force microscopy. Peculiarities of mechanical behavior of cantilevers
of atomic force microscopes.

11.Mechanical model of contact interaction of the measuring element of an
atomic force microscope with the surface under study.

12.Field ion microscopy. Methods and capabilities of electron microscopy.

13.Basic design of a scanning electron microscope and electron sources. Electron
beam interactions: secondary electrons, backscattered electrons, X-rays.

14.Nuclear magnetic resonance. Electron paramagnetic resonance.

15.1R and Raman spectroscopy. X-ray and photoelectron spectroscopy.

16.Mossbauer spectroscopy. Diffraction research methods.

17.Basics of the method. Components of an optical microscope. Observation
under a microscope. Preparation of samples.

18.Some typical microstructures of the studied structural materials. Modern
optical microscopes, digital video cameras and software.

19.Features of the design, production and mechanical testing of microcircuits and
other semiconductor devices.

20.Prospects for quantum and molecular microelectronics. Production of micro-
and nanodevices, machines, apparatus and materials for them.

21.Nanostructured materials in nuclear energy and aerospace, features of their
testing.

22.Nanotribology: basic concepts, research methods, instruments, applications.

W N
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IMPOTOKOJI COTJIACOBAHMSI YYEBHOM MPOI'PAMMBbBI YO

Ha3zBanue Haszpanue [Ipennoxenus Pemenue, npuasaToe

yueOHOM kadenpsl 00 U3MEHEHUSAX B kadenpoii,

JUCLUTUTMHBI, coziep)kaHuK yueOHOU | pazpaboTaBiuei

C KOTOpOH MIPOrpaMMBbl y4eOHY0

Tpebyercs yUpexKIAEHHs BHICIIETO | mporpammy (¢

COTJIaCOBaHME o0Opa3oBaHus 110 yKa3aHUEM J1aThl U
y4eOHOM JUCIMILIMHE | HOMepa NPOTOKOJIa)

Modern TeopeTnueckoil U | HET BHOCUTH H3MEHEHUS

experimental MIPUKJIAHOM He TpelyeTcs

mechanics MEXAHUKU (mporoxon Ne 12 ot

17.05.2023)

3aBeayromuit kadeapoit
A-p ¢u3.-MaT. HayK, mpodeccop

17.05.2023

/?/ 7%’ M.A. XypaBkos
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JIOMOJHEHUA U UBMEHEHUSA K YYEBHOHM ITPOT'PAMME

Ha

/

y4eOHBIN TOA

NeNe
mn

JlonoJITHEHUsI ¥ U3MEHEeHMsI OcHoBaHue

VYyebHas nporpaMma rnepecMoTpeHa u 0100peHa Ha 3aceTaHuu Kadeapbl
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