BEJIOPYCCKHWI TOCY IAPCTBEHHBI YHUBEPCUTET

"\ 6 ." (v

LIS AEeGHOM paGoTe 1
3 ARG

GABNBIM HHHOBALUSM
qm

‘ m O.T". Ilpoxoperko

24 T.

e/

AOHHBIH No Y] - 1520/m.

eEHC TP

MODERN EXPERIMENTAL MECHANICS

YueGHasi mporpaMma y4upexJaeHHsl Bbiciero 00pa3oBaHus
Mo y4eOHOo# JUCHUIUIHHE ISl CIeHAIbHOCTH:

7-06-0533-06 Mechanics and Mathematical modeling
Profiling: Theoretical and applied mechanics

2024



Yue6Has nporpaMma COCTaBJIeHa Ha OCHOBe oOpasoBarenbHoro cranaapra OCBO
7-06-0533-06-2023, mpuMepHOro y4eOHOro IjiaHa, perucTpaiuoHHbIi Homep 7-06-
05-017/mp. ot 18.01.2023 r. u yue6Horo rwiana Ne M54a-5.4-114/yuq. or 11.04.2023

i

COCTABUTEJIb:

Borganosuu A B., npodeccop kadeapsl TEOPETUIECKON U MPUKIIAAHON MEXaHUKH
MEXaHMKO-MaTeMaTH4eckoro (axynprera benopycckoro rocyaapCTBEHHOTO
YHMBEPCHUTETA, TOKTOP TEXHUYECKUX HayK, mpodeccop.

PEHHEH3EHT:

Enosoit O.M., 3amecturens resepaibHoro mupekropa I'HY «OObenuHeHHbBIH
uHCTUTYT MammHoctpoenus HAH bemapycm» 1o Hayunod pabore
WHHOBAILMOHHOM JIEATEIPHOCTH, KaHIUAAT TEXHUYECKUX HaAYK.

PEKOMEH/IOBAHA K YTBEPX/JIEHHUIO:
Kadenpoii TeopeTndeckoi U NpUKIaAHON MEXaHUKA

MeXaHMKO-MaremMaTrdeckoro ¢akyasrera bI'Y
(mpotokost Ne 11 ot 26.04.2024);

Hayuno-metoaumueckum coeTom bI'Y
(mpotokoi Ne 8 ot 31.05.2024)

o
3aB. kadenpoit /jﬁ M.A. XypaBkoB




MNOACHUTEJBHASA 3AIINCKA

Heaun v 3a1aun y4eOHOH TUCHUNJINHbBI

Henblo yueOnoit aucuuminael «Modern experimental mechanicsy sBisercs
ITIOBBIIIICHUE 06HI€Hp0(1)CCCI/IOHaJII)HOI‘O YPOBH:A IIOATOTOBKH  MAIrUCTPAHTOB,
IMMOJIYYCHHC HOBBIX 3HAaHUI B 00J1aCTH COBPCMCHHBIX METOIOB 3KCHepHM€HTaHBHOﬁ
MCXaHUKN W HUX IMPHUMCHCHUIO IJISI OIPCACIICHUSA MCXAHHYCCKHX XapPaKTCPUCTHK
MaTepuajoB, 3JEMEHTOB KOHCTPYKIUH, Map TpPeHUs, pabdOoTaloluX B YCIOBUAX
CTAaTUYCCKUX, IICPEMCHHBIX, TMHAMWUYICCKUX HAI'PY30K, TPCHUI, KOM6I/IHI/IpOBaHHBIX
Y SKCTPEMAJIBHBIX BO3JICHCTBUM.

3agavamu mucrumuinabel «Modern experimental mechanicsy siBisirores:

- ¢dopMuUpOBaHHE YCTAaHOBKM Ha TBOPYECKYIO IPOQPECCHOHATBHYIO
ACATCIBbHOCTD,

- 3HAKOMCTBO C BKCHepI/IMCHTaJIBHOﬁ MEXaHUKON KakK pa3aciioMm COBpeMeHHOﬁ
MCXaHHKU,

- 3HAKOMCTBO C O3KCIICPUMCHTAJIBHBIMH METOAaAMU ONIPCACIICHUA HaIIPsS>KCHHO-
neOPMUPOBAHHOTO COCTOSIHMSI M OCTaTOYHBIX HANPSXKEHUM 00pa3loB U
KOHCTPYKLIMM, XapaKTEpUCTHUK MEXaHWYECKMX CBOMCTB IIpU CTAaTHYECKOM,
JJIMTCIIbHOM, MNUKIMYCCKOM, AWMHAMHUYCCKOM HAIPY>KCHHHU, TpI/I6OT€XHI/I‘-I€CKI/IX
XapaKTEpUCTHK MAaTCpHAJIOB W Map TPEHHSA, ONPEACICHUS XapaKTEPUCTHK
MEXaHNYECKNX CBOWCTB B OKCTPpCMAJIbHBIX YCJ'IOBI/ISIX;

- pa3BUTHE MPOPECCHOHATHEHOIO MBIIIJIEHUS B 00JIACTH 3KCIIEPUMEHTATBLHOMN
MEXaHHUKH, KOTOPOE O0eCTIeUUT OyaylIeMy CHEIUATUCTy BO3MOKHOCTh CBOOOJIHO
OIICPHUPOBATH HpO(i)GCCI/IOHaJIBHBIMI/I 3HaHUsAMU, BUICTH HpO6JI€MI>I H IIYTH HX
pelIeHUsT B CaMOCTOSITENIbHOM  TPAKTUYECKOM  JICSITENIbHOCTH, BBIOMpAThH
ONTUMAJIbHBIE ITYTHU UX PELICHUS U METOAY OCYILECTBICHUS PELICHU;

- BOCITUTAHUE aKTUBHOM MPOeCcCHOHATBHON TTO3UIIUHU, YMEHHUS BhIPa0aThIBaTh
nu 06OCHOBI>IB21TI> CBOH Ioaxoa B pCHICHNH 3a1a4.

Mecto yqeﬁnoﬁ AUCHUIIJIMHBI B CHUCTEME IIOATIOTOBKH CIICIIHaIMCTa C
yIJIyOJI€HHBIM BBICIIMM 00pa3oBaHHEM. YueOHas IUCHUIUIMHA OTHOCUTCS K
monay.ar «Special problems in Continuum mechanics 1» koMnoHeHTa yuUpexKIcHHS
oOpa3zoBaHus.

CBa3u C JApyrumu y‘l€6HbIMI/I JUCHUIITIMHAMU, BKJIFO4Yas yqe6HHe
JUCHHUIIIINHBI KOMIIOHCHTA YUPCKACHUA 06paBOBaHI/IH, AUCIHUITIIINHBI
cricouain3anuy U JIp.

I[aHHaSI AUCHUILIMHA OIMMPACTCAd W HCIOJB3YCT 3HAHHA CICAYIOIMINX
u3ydaembix gucuuiinea: «Mechanics of nonelastic and nonlinear solid body»,
«Mechanics of advanced materialsy.

TpedoBaHusA K KOMIIETEHIIUSIM

OcBoenne yueoHo# auciumunabl «Modern experimental mechanics» momkHo
obecrieuuTh (HOPMUPOBAHNE CHENMATUIUPOBAHHON KOMIIETEHIIUM:

SC-4. Use devices, equipment, tools and equipment to achieve experimental
verification of the results, the goals set for the problems to be solved in modern
experimental mechanics.



B pe3ynbpTaTe 0ocBOEHUS y4EOHON NUCUUIUIMHBI MAarKCTPAHT JOJDKEH:
3HamMb:

METOJbl ONPEACIEHUS XapaKTEPUCTUK MEXAHWYECKUX CBOMCTB IIpU
CTaTUYECKOM, JUIMTEIbHOM, [IMKJIIMYECKOM, TMHAMUYECKOM Harpy>K€HUH;
METO/IbI ONpeACTICHUsI TPUOOTEXHUUECKUX XapaKTEePUCTUK MaTEPUAJIOB U
rap TPEHHUS;

AKCIIEPUMEHTAJIbHBIE METObI ONpeaCTICHUS HanpsKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHUS M OCTATOUHBIX HANPSKEHUM 00pa3lioB U
KOHCTPYKIIHM;

METOJIbl ONPEAECICHUS] XAPAKTEPUCTUK MEXAHUYECKUX CBOWCTB B
AKCTPEMAIIBHBIX YCIIOBUSIX;

00opyioBaHuE ISl MEXaHUYECKUX UCTIBITAHUH;

ymems:

MPUMEHATH MOJTYYEHHBIC 3HAHUS ISl SKCIEPUMEHTAIIBHOTO OINPEICIICHUS
MEXAHUYECKUX XapaKTEPUCTHUK MATEPHUAIOB, 3JIEMEHTOB KOHCTPYKIIUH,
nap TpeHHus, paldOTaOMUX B YCIOBHUSIX CTaTUYECKHUX, IEPEMEHHBIX,
JTUHAMHYECKUX HArpy30K, TPEHUSI, KOMOMHUPOBAHHBIX U SKCTPEMaTbHbIX
BO3JICUCTBUIA.

énaoemu:

CTaTUCTHYCCKNMHU MCTOAaMH O6pa6OTKI/I PE3YIILTATOB HCIIbITAaHUM.

CrtpykTrypa y4eOHOM QUCHMILIUHbI

HMucuuminuHa wu3ydaetcss B 3 cemectpe. Bcero Ha wusydeHue ydeOHOU
muciumael «Modern experimental mechanics» orseneno:

— JUI OYHOU (POPMBI TMOTYUECHUS YIIIyOJICHHOTO BBICIIET0 oOpa3oBanus — 198
4acoB, B TOM YHCJI€ 72 ayJuTOPHBIX YacOB, U3 HUX: JIGKIUU (B TOM YHUCIE
JMCTAHIIMOHHO) — 36 4acoB, Ja00OpaTOpHbIC 3aHATHUS (B TOM YHUCJIE TUCTAHIIMOHHO )—

36 yacos.

TpynoeMKoCTh y4eOHOM TUCIMIUTMHBI COCTABIISCT 6 3aU€THBIX CIMHMII.
dopMa NPOMEKYTOUYHOM aTTECTALIMHU — YK3aMEH.



CONTENT OF TRAINING MATERIAL

Topic 1. Introduction. Determination of the characteristics of the
mechanical properties of structural materials

Tensile tests. Tension diagram. The concept of hardening. Characteristics of
strength and ductility. Work of deformation. The nature and features of the fracture.
Compression tests. The concept of the mechanism of formation of deformations. The
influence of various factors on the mechanical properties of materials. Creep and
long-term strength.

Topic 2. Methods and equipment for hardness testing. Determination of the
resistance characteristics of structural materials to impact loading.
Technological tests

Hardness during static indentation (ball, cone, pyramid). Scratch hardness.
Hardness under dynamic indentation. Evaluation of various mechanical properties
from hardness test results. Impact tests. Ductile-brittle transition temperature.
Technological tests (for spark, for bending, for upset, for bending, etc.).

Topic 3. Methods and means for experimental determination of the fatigue
resistance characteristics of structural materials

Fatigue testing machines: purpose, classification, general requirements. Basic
diagrams (design features) of mechanical, hydraulic, resonant, servo-hydraulic
testing machines. Samples for fatigue testing. Methods for determining fatigue
resistance characteristics. Processing of fatigue test results. Methods for accelerated
computational and experimental assessment of endurance limits.

Topic 4. Testing materials for friction and wear

Tribotechnical materials science. Tribometry of surfaces. Experimental
determination of tribological characteristics of metal and polymer materials.
Frictional heat resistance. Abrasion resistance of materials. Determination of
tribological properties of lubricants.

Topic 5. Experimental fracture mechanics

General principles of fracture mechanics. Static crack resistance of materials.
Load-displacement diagram. Basic principles of static crack resistance. Kinetic
diagram of fatigue failure. Experimental determination of crack resistance
characteristics under cyclic loading. The influence of various factors on the cyclic
crack resistance of structural alloys.

Topic 6. Strain gauges, strain gauge methods and means, fiber optic sensors

Strain sensitivity. Strain gauges and their characteristics. Strain gauge circuit.
Strain gauge diagram of the Winston bridge. Stick-on foil-shaped strain gauges.
Signal conditioning devices. Strain gauge recording equipment. Extensometers.
Features of strain gauge measurements and processing of their results. Fiber Optic
Sensors.
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Topic 7. Photoelasticity methods and photoelastic coatings

Theory of photoelasticity. Polarization and birefringence. Scattered light
methods. Photoelastic coatings. Dynamic photoelasticity. Photothermoelasticity.
Digital photoelasticity. Digital polariscope. Photoplasticity.

Topic 8. Brittle coating method

Stress-strain state of the coating. Criterion for destruction of brittle coatings.
Ultimate coating strength. Analysis of data obtained using brittle coatings.
Examples. Experimental technique.

Topic 9. Experimental mechanics of composites

Experimental methods for composite materials. Determination of characteristics
of composite materials. Biaxial tests. Effect of stress concentration. Non-destructive
testing.

Topic 10. Scanning electron microscopy

Introduction. Basic design of a scanning electron microscope and electron
sources. Electron beam interactions: secondary electrons, backscattered electrons,
X-rays. Preparation of samples for research. Application: fractography,
microstructural features.

Topic 11. Methods for determining residual stresses

Hole drilling method. Ultrasonic method. Acoustic elasticity. X-ray method.
Optical-mechanical methods.

Topic 12. Experimental determination of the strength of materials of
structural elements under extreme conditions

Strength and ductility of materials at low temperatures. The influence of neutron
irradiation on the mechanical characteristics of structural alloys. Fatigue of metallic
materials at high and low temperatures, high-frequency loading.

Topic 13. Methods and means of wear-fatigue testing

Methods of wear-fatigue tests. Sl series machines. Test center SZ-01.
Standardization and unification during wear-fatigue testing. Wear-fatigue damage
resistance characteristics.

Topic 14. Full-scale bench and field testing of assembly units, units and
complete machines

Organization of testing of automotive and agricultural machinery: types,
program and testing methods, test site. Tests for safety and environmental
friendliness. Bench tests: features, modes, design and principle of operation of
stands, automation. Measuring and information technology. Experiment planning.
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Topic 15. Methods for statistical processing of mechanical test results

Statistical distributions. Confidence intervals of estimates. Comparison of
averages. Statistical safety factor. Statistical data selection. Regression analysis.
Least square method. Chi-square test.



YYEBHO-METOIUYECKASI KAPTA YYEBHOM JUCIUITIJINHBI
Ounas popma mosrydeHus yriayOIeHHOTO BBICIIEro 00pa30oBaHMsl ¢ MPUMEHEHUEM JUCTAHIIMOHHBIX 00pa30BaTEIbHbBIX
texHoJsorui (JIOT)
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1 | Introduction. Determination of the characteristics of | 2 4 CobecenoBaHKe, OTYET
the mechanical properties of structural materials 10 1abOPaTOPHOI

: _ pabote

2 | Methods and equipment for hardness testing.| 2 4 CoGecenobanue, oT4eT
Determination of the resistance characteristics of 10 1ab0PaTOPHOI
structural  materials to impact loading. pabore
Technological tests _

3 | Methods and means for experimental | 2 4 CoGecenobanue, oT4eT
determination of the fatigue resistance H06ﬂa60PaT0PH0H
characteristics of structural materials pabote

4 | Testing materials for friction and wear 4 6 CobecenoBanue, 0T4ET

1o J1a00paTopHOii
pabote

5 | Experimental fracture mechanics 4 4 CobecenoBanue, OTIET

1o 1abopaTopHoOi
pabote

6 | Strain gauges, strain gauge methods and means, | 2 CobecesioBanue
fiber optic sensors




7 | Photoelasticity methods and photoelastic coatings | 2 CoGecenoBauue
8 | Brittle coating method 2 CobecenoBanue
9 | Experimental mechanics of composites 2 2 KonTposbHas pabora
10 | Scanning electron microscopy 2 CoGecenoBanue
11 | Methods for determining residual stresses 2 CobecenoBanue
12 | Experimental determination of the strength of | 2 CoGecenoBanue
materials of structural elements under extreme
conditions
13 | Methods and means of wear-fatigue testing 2 4 Cobecenopanue, OT4ET
110 JTA0OPaTOPHOM
pabote
14 | Full-scale bench and field testing of assembly | 2 2 CobecesioBanue, OT4ET
units, units and complete machines 1o 1a00paTopHO
pabote
15 | Methods for statistical processing of mechanical | 4 6 CobeceioBaHuE, OTIET
test results 1o J1abopaToOpHOi
pabote
Hroro | 36 36
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NHPOPMAIIMOHHO - METOAUYECKASA YACTb

IlepeyeHb OCHOBHOM JIUTEPATYPbI

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

R.G. Bayer. Mechanical Wear Fundamentals and Testing, Revised and
Expanded. CRC Press, New York (2004). — 395 p.

Martepuanoseacuue = Materials Science : y4eOHHUK I CTYI. YUPEIKICHHIA
BBICIIIET0 00pa3oBaHus 1o mpoduito oopasoBanus "TexHUKaA U TEXHOJIOTHHU"
/ [aBT.: B. A. Ctpyk u ap.] ; moa pea. H. K. Meimikuna, B. A. I'onsaane ; [mep.
c pyc. JI. M. Cepena]. - Munck : UBI| Munduna, 2023. - 457 c. - TekcT Ha
AaHTJI. A3.

MarepuanoBenenne = Materials Science: yueOHoe mocoOue s
WHOCTPAHHBIX CTYJEHTOB YUPEXIACHHUI BbICIIEro oOpa3zoBanus; noa pex. H.
A. CBunyHoBu4a. - MuHck : Beiumiimas mkona, 2019. - 223 c. - (na
WHOCTPAHHBIX CTYJEHTOB YUYPEXKJEHUU BbICIIEr0 oOpa3oBaHusd). - TekcT Ha
AHTJI. A3.

Sosnovskiy, L. A. Mechanothermodynamics / Leonid Sosnovskiy, Sergei
Sherbakov, [transl. by E. A. Zharkova]. - Cham [etc.] : Springer, 2016. - ix,
155 c.

IlepeyeHb 10MOJHHUTEIBHOM JIUTEPATYPHI

. DkcnepuMmeHTanbHas Mmexanuka: B 2 kH. [lep. ¢ aarn. mox pen. A. Kobascu. —

M. : Mup, 1990. — Knaura 1. — 616 c. — Kuanra 2. — 552 c.

. CnpaBounuk no tpubotexuuke/ [log obmr. pen. M. Xe6owi, A.B. Huuunaose. —

B 3 1. T.1. Teopetnueckue ocHoBbl. — M. : MammHoctpoenue, 1989. — 400 c.

. Cocnosckuii, J1.A. Tpemunoctoiikocth: MoHorpadus /J1.A. Cocnoeckuii, A.B.

bocoanosuy. — I'omens: beal VT, 2011. — 366 c.

. [IpoyHOCTP MaTEepHanoB M BJIEMEHTOB KOHCTPYKUMH B DKCTPEMAIBHBIX

ycnoBusix. B 2-x 1./ 1100 peo. I'.C. Ilucapenxo.— Kues : HaykoBa qymka, 1980.
—T.1.-535¢c.-T.2. =771 c.

. I'pucoposuu, B.K. TBepOCTb U MUKPOTBEPAOCTh MeTAIIOB / B. K. I pucoposuu.

— M. : Hayka, 1976. — 230 c.

. XKyxoeey, .M. MexaHuuecKkue UCTIbITAaHUS MeTaJluioB: Yuel. /1. U. JKykosey.

— M. : Beicur. mik., 1986. — 199 c.

. Kupnuuenxo, FO.E. OcuoBbl Tpubonoruu: Teopus. JlabopatopHbiii

npaktukyM. Ynpaxkuenus / FO.E. Kupnuuenko, A.®. Tpogumenro.—T'omens :
Uudotpubdo, 1995. —224 c.

. Cocnosckuii, J1.A. OcHOBBI TpuOOQaTUKH : YueOHOe TocoOue sl CTYJEHTOB

BTY30B: B 2 4./ JI.A. Cocnosckuii. — I'omens, 2003. -Y.1. — 246 c.
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9. ABTOoMOOMIM: uUCHBITaHUS; yueO. mocobue mns By30oB/ B.M. Benses, M.C.
Buvicoykuui, JI.X. I'unenec u op.; 1100 peo. A.U. I puwuresuua, M.C. Bvicoyxozo.
— MHn.: Beicmn. mk., 1991. — 187 c.

10.5020ano6uy, A.B. JlabopaTOpHBIM NTPAKTHKYM MO HKCIEPUMEHTaIbHOU
MeXaHUKe: Yd4eb.-meToaud. mocodue il maructpanto MMO / A.B.
boecoanosuu, C.C. ll]epbaxos, /|.E. Mapmviu. —Munck : BI'Y, 2017. — 107 c.

11.Koeaes, B.Il. IIpo4HOCTP M M3HOCOCTOMKOCTH JETAJIEd MallUH: Y4eOHOe
nocobue niis By30B / B.I1. Koeaes, FO.H. /[po30o6. — M.: Bricui. mkona, 1991.
-319c.

12.Springer Handbook on Experimental Solid Mechanics. Ed. by Prof. William N.
Sharpe, Springer, LLC New York (2008). — 1099 p.

13.Mexanuka paspyiieHus Ha 0a3e KOMIbIOTEPHBIX TexHosorui. [Ipaktukym /
B.M. Ilecmpukos, E.M. Mopo3zos. — CI16.: BXB-IletepOypr, 2007. — 464 c.

IlepeyeHb pekoOMeHyeMbIX CPEACTB AMATHOCTUKH U METOAUKA
(popmMupoBaHus UTOTOBOIl OTMETKH

JlnarHocTuka pe3yJIbTaTOB YU4E€OHOH JESITEIHbHOCTH MO YUYEOHON AUCIUILIINHE
«Modern experimental mechanics» mnpoBomuTCsA, Kak TNpPaBHIO, BO BpeMs
ayJIMTOPHBIX 3aHATUHN. J[JI1 TMarHOCTUKHU UCTIOJIb3YIOTCS:

- MPOBEPKa OTYETOB IO JAOOPATOPHBIM paboTaM;

- cobeceJoOBaHNE Ha ay JUTOPHBIX 3aHATHIX;

- KOHTpOJIbHAs padoTa.

OTMeTKa 3a OTBETHI Ha JICKIHIX (coOeceI0BaHUE) U BBIMIOJIHEHUE OTYECTOB T10
JabopaTopHbIM paboTaM BKJIIOYAET B CEOs TOJIHOTY OTBETA, HATMYHUE apTyMEHTOB,
IIPUMEPOB U3 MPAKTUKU. KOHTPOIbHBIE MEPONIPUATHS IPOBOISATCSA B COOTBETCTBUU
C Y4eOHO-METOANYECKOM KapTON AUCIUILIMHBI.

KonTponbHas pabota BbIMOdHsEeTCs Mo Temam no temaMm 1-8. IlepeueHn
BOIIPOCOB W 3aJaHUM JjIsi TOATOTOBKU K KOHTPOJIbHOW paboTe mpenojaaBaTelb
pa3MeniaeT 3apanee Ha oOpazoBaTeabHOM nopTasie pakynabrera B Moodle.

dopmoii mpoMekyTOUHOH arTecTanuu o aucuuruimae «Modern experimental
mechanicsy y4eOHbBIM IIAHOM MPEAYCMOTPEH IK3aMeH.

JIns  MarucTpaHTOB, MPONYCTHBIIMX KOHTPOJBHBIE MEPONPUATHS WIH
MOJIYYMBIIMX  HEYJOBJIETBOPUTENIBHYIO OTMETKY, pEIIEHHEe O [OBTOPHOM
IPOBENCHUH KOHTPOJIBHOLO MEPOINPUATHS BBIHOCUTCA B COOTBETCTBHUM C
MOJIO’KEHUEM O PEUTHHIOBOM CHCTEME OLIEHKH 3HAaHUM 00yYarommxcs 1o yueOHou
JUCLUIUIMHE B benopycckoM rocyapCTBEHHOM YHUBEPCUTETE.

[Tpu dhbopmupoBaHUM UTOTOBOW OTMETKH MCTIONB3YETCS PEUTHHTOBAsT CUCTEMA
OLICHKM 3HAaHW MAarucTpaHTa, JArollas BO3MOYKHOCTb NPOCIEAUTh U OLIEHUTh
JUHAMHKY Tpollecca JTOCTIKEHHUS Iened oOydenus. PeiftunroBass cucrema
IpeIyCcMaTpUBaeT MCIOJIb30BaHUE BECOBBIX KOA((UIMEHTOB B XOJ€ MPOBEICHUS
KOHTPOJIBHBIX MEPOIPUATUIN TEKYIIEH aTTECTALUMU.

11



[IpumepHble BecoBble KOA(P(GULMEHTHI, OINPEACNAIONIMe BKJIaa TEKyIeh
aTTECTAIlMM B OTMETKY MPHU MPOXOKIECHUU TPOMEKYTOUHOHN aTTECTAINHN:

dopMupoBaHUE OTMETKH 3a TEKYIIYIO aTTECTAIHIO:

- OTYETHI 10 JTabopaTopHbIM padbotam — 50 %;

- KOHTpOoJbHast padota — 50%.

HToroBas oTMeTKa MO JUCITUIUIMHE PACCUUTHIBAETCS HA OCHOBE OTMETKH
TEeKyIlel arrectanmu (PEUTHHTOBOM CcHCTeMbl OneHKH 3HaHmid) — 40%,
AK3aMEeHAIMOHHOM O0TMEeTKH — 60%.

IIpumepHasi TeMaTHKA JIA0OPATOPHBIX 3aAHATHI

Jlabopamopnas paboma Nel. Determination of strength and ductility
characteristics during static tensile testing of steel.

Jlabopamopnas paboma Ne2. Experimental determination of the compressive
resistance characteristics of a wood sample.

Jlabopamopnas paboma Ne3. Testing a polymer sample for three-point bending.

Jlabopamopnas paboma No4. Experimental determination of surface
microhardness.

Onucanne HHHOBAIIMOHHBIX MOIX0I0B M METO0B K NMPenoaBaHUI0
Y4eOHOM TUCHMIIIMHBI

[Tpu opranuzanuu 00pa30BaTEIBHOTO IMPOLIECCA HCIONb3YETCS HPAKMUKO-
OpUEHMUPOBGAHHBLIL NOOX00, KOTOPBIN MPENoJiaraeT:

— OCBOEHHE COZiepKaHNe 00pa30BaHus Uepe3 PeLIeHUs MPAKTUYECKUX 3a/1a4;

— TpUOOpETeHHE HAaBBIKOB S(PQPEKTUBHOTO BBINOIHEHUS pa3HbIX BHUIOB
npodeCCUOHATILHON JIEATEIbHOCTH;

— HCHOJb30BaHHME MPOLEAYp, CIOCOOOB OLICHUBAHUS, (PUKCHUPYIOLIUX
(bopmupoBaHre MPOPECCUOHATBHBIX KOMIIETEHIIHM.

MeToauyeckne peKOMEHIAUMHU 110 OPraHU3aAlNH
CAMOCTOSITe/ILHOI Pa00ThI 00y4arOIINXCH

[Ipy wu3yyeHUH AUCHUIUIMHBI OpraHW3alus CaMOCTOATENbHON padoThI
MarucTpaHTOB JOJDKHA MPEICTABIATh €IMHCTBO TPEX B3aMMOCBA3aHHBIX (POPM:

1) BHEAyUTOPHASI CAMOCTOSITeNIbHAS padoTa;

2) ayJIMTOPHAsI CaMOCTOsITENIbHAsI pab0Ta, KOTOPasi OCYIIECTBIISIETCS MO
HEIMOCPEICTBEHHBIM PYKOBOJICTBOM IPETIOIaBaATEIS;

3) TBOpYECKAs, B TOM YMCJIE HAYYHO-HCCIICIOBATENbCKas padoTa.

Ha naGoparopHbix 3aHaTusAX o gucuuminae «Modern experimental
mechanics» pexoMmeHIyeTcs IPUMEHITh BapUaTHBHBIC HHIWBHAyallbHBIE, B TOM
ypciae — HCCIENOBaT€IbCKUE,  3adaHus Il OpUOOpEeTeHHs  HABBIKOB
CaMOCTOSTEIILHOTO PEMICHHS TPAKTHYECKUX 3a7ad.
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B cuity pa3inyHOro ypoBHs rOTOBHOCTU MArMCTPAHTOB K BOCIIPUSTHIO HOBBIX
NOHATUN Ha JTa0OPATOPHBIX 3aHATHUSIX MO JUCHUIUIMHE PEKOMEHAYETCS! MPOBOIUTH
peryJispHble CaMOCTOSATEIbHBIE pPA0OTHI W TpPH HEOOXOAUMOCTH MPOBOJIUTH
JOTIOJTHUTENbHBIE KOHCYJIbTALMKU ISl OOBSICHEHUS W 3aKPEIUICHUS CJIOKHOTO
MaTrepuana.

YcnoBust sl caMOCTOSATENBHOM palbOThl CTYACHTOB, B YaCTHOCTH, A
Pa3BUTHSI HABBIKOB CAMOKOHTPOJIS, CIIOCOOCTBYIOIMIMX MHTEHCU(DUKAIIUN YIEOHOTO
npoiiecca, 00eCreynBalOTCs HATMYUEM U TIOJIHOM JIOCTYIHOCTBIO 3JEKTPOHHBIX (U
OyMa)KHbIX) BapUAHTOB KypCOB JIEKIIMHA, y4eOHO-METOJAUYECKUX IMOCOOUN U
COOpPHHKOB 3a/1a4 10 OCHOBHBIM pa3jiesiaM TUCIUIUINHBI.

IIpuMepHBIA NIEpeYeHb BONMPOCOB K IK3aMeHY

1. Tensile tests. Tension diagram. The concept of hardening. Characteristics of
strength and ductility. Work of deformation. The nature and features of the
fracture.

2. Compression tests. The concept of the mechanism of formation of
deformations. The influence of various factors on the mechanical properties
of materials. Creep and long-term strength.

3. Hardness during static indentation (ball, cone, pyramid). Scratch hardness.
Hardness under dynamic indentation. Evaluation of various mechanical
properties from hardness test results.

4. Impact tests. Ductile-brittle transition temperature. Technological tests (for
spark, for bending, for upset, for bending, etc.).

5. Fatigue testing machines: purpose, classification, general requirements. Basic
diagrams (design features) of mechanical, hydraulic, resonant, servo-
hydraulic testing machines. Samples for fatigue testing.

6. Methods for determining fatigue resistance characteristics. Processing of
fatigue test results. Methods for accelerated computational and experimental
assessment of endurance limits.

7. Tribotechnical materials science. Tribometry of surfaces. Experimental
determination of tribological characteristics of metal and polymer materials.

8. Frictional heat resistance. Abrasion resistance of materials. Determination of
tribological properties of lubricants.

9. General principles of fracture mechanics. Static crack resistance of materials.
Load-displacement diagram. Basic principles of static crack resistance.

10.Kinetic diagram of fatigue failure. Experimental determination of crack
resistance characteristics under cyclic loading. The influence of various
factors on the cyclic crack resistance of structural alloys.

11.Strain sensitivity. Strain gauges and their characteristics. Strain gauge circuit.
Strain gauge diagram of the Winston bridge. Stick-on foil-shaped strain
gauges. Signal conditioning devices.

12.Strain gauge recording equipment. Extensometers. Features of strain gauge
measurements and processing of their results. Fiber Optic Sensors.
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13.Theory of photoelasticity. Polarization and birefringence. Scattered light
methods. Photoelastic coatings. Dynamic photoelasticity.
Photothermoelasticity. Digital photoelasticity. Digital polariscope.

14.Stress-strain state of the coating. Criterion for destruction of brittle coatings.
Ultimate coating strength. Analysis of data obtained using brittle coatings.

15.Experimental methods for composite materials. Determination of
characteristics of composite materials. Biaxial tests. Effect of stress
concentration. Non-destructive testing.

16.Introduction. Basic design of a scanning electron microscope and electron
sources. Electron beam interactions: secondary electrons, backscattered
electrons, X-rays. Preparation of samples for research. Application:
fractography, microstructural features.

17.Hole drilling method. Ultrasonic method. Acoustic elasticity. X-ray method.
Optical-mechanical methods.

18.Strength and ductility of materials at low temperatures. The influence of
neutron irradiation on the mechanical characteristics of structural alloys.
Fatigue of metallic materials at high and low temperatures, high-frequency
loading.

19.Methods of wear-fatigue tests. SI series machines. Test center SZ-01.
Standardization and unification during wear-fatigue testing. Wear-fatigue
damage resistance characteristics.

20.0rganization of testing of automotive and agricultural machinery: types,
program and testing methods, test site. Tests for safety and environmental
friendliness.

21.Bench tests: features, modes, design and principle of operation of stands,
automation. Measuring and information technology. Experiment planning.

22.Statistical distributions. Confidence intervals of estimates. Comparison of
averages. Statistical safety factor.

23.Statistical data selection. Regression analysis. Least square method. Chi-
square test.
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