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AHHOTANMA

Kypc "®usndyeckue OCHOBBI NMPOYHOCTH CBEPXTBEPIABIX MaTepuanoB" TpeaycMaTpUBacT O3HAKOMIICHHE
CTYAEHTOB C (pU3MYECKMMHU OCHOBAMHU IPOYHOCTH CBEPXTBEPIBIX MAaTEpUANIOB, B YACTHOCTH, COBPEMEHHBIC
KOHIIETIIIMA IIPOYHOCTH, BIUSHUE HANpPSIKEHHBIX COCTOSHUM HAa MEXaHWYECKHE CBOMCTBA TBEPHABIX TEI, a
TaK)Ke SKCIEPUMEHTAJIbHbIE METO/Ibl UCCIIEA0BAaHMSI MEXaHUUECKUX CBONCTB CBEPXTBEPABIX MaT€pPUAJIOB.

3amaun Kypca:

* (opmupoBanue 06a30BbIX 3HAHHN B 00JaCTH HCCIICOBAHUSI CBEPXTBEPIBIX MaTEpPHANIOB Ha CThIKE (PU3UKU
TBEPAOTO Tella, MEXaHUKH JIe(OPMUPYEMOTO TBEPJOTO TeJla U XUMHUUYECKO# (HU3HKH;

* (QopMHpOBaHUE NPEACTABICHUS 00 OCOOCHHOCTAX MEXaHHMYECKHUX CBOMCTB CBEPXTBEPIBIX MATEPUAIOB C
YY€TOM UX CTPYKTYpBbI, THIIA CBA3€H, YyCTOWIMBOCTH CTPYKTYPbI, MEXaHU3MOB IJIACTUYECKOH J1e(hOopMaIiH;

* mpuoOpeTeHne NPaKTHYECKUX YMEHHUH U HAaBBIKOB B OPTraHM3aLMH 3KCIEPUMEHTAIBHBIX U TEOPETUUECKUX
HCCIEI0OBaHUI MEXaHUYECKUX CBOMCTB CBEPXTBEPIBIX MAaTEpPHAJIOB.

OcHoOBHOE COACPIKAHUC KypCa U3JIOKCHO B CJICAYIOIIUX pa3aciiax:

1. BriusiHYE BBICOKMX JaBJIIEHHH HA MEXaHUYECKHE CBOMCTBA TBEPABIX TEI

2. HexoTopsle 3ajaui HEYIPYTOCTH U MEXaHUKH pa3pyLICHUS

3. OCHOBBIE HKCIIEPUMEHTATIBHBIX METOIOB HCCIEIOBAHUSI MEXaHUYECKUX CBOMCTB CBEPTBEPABIX MaTepPHAIOB
4. IInacTHYHOCTH U YIPYTrOCTh

1. leau u 3apauu

eap AUCUMNIMHBI

* O3HAKOMJICHHME CTYACHTOB C (DM3MYECKUMHU OCHOBAMH IMPOYHOCTH CBEPXTBEPABIX MaTepHajioB, B
YaCTHOCTH, COBPEMEHHbIE KOHLENIMM IIPOYHOCTH, BIMSHUE HANPSIKEHHBIX COCTOSIHMH Ha
MEXaHMYECKHE CBOMCTBA TBEPABIX TeN, a TAaKXKe OKCIEPUMEHTAIBHBIE METOIbl HCCIEIOBAHUSA
MEXaHUYECKHUX CBOICTB CBEPXTBEPABIX MaTepHaoB.

3agauu AU CHUILIHHBI

* ¢opmupoBaHue 0a30BBIX 3HAHUH B 00JACTH MCCIEIOBaHUS CBEPXTBEPAbIX MAaTEpUalIOB HA CTHIKE
(U3MKH TBEPAOTo TejIa, MEXaHUKH Je(OPMHUPYEMOTO TBEPAOTO Tela U XUMHUUECKON (PU3UKH;

. (dopMupoBaHUEe TpeACTaBICHUS 00 OCOOCHHOCTSIX MEXaHMYECKHX CBOWCTB CBEPXTBEPIBIX
MarepualioB C YYETOM HX CTPYKTypbl, THIIA CBS3€H, YCTOWYMBOCTH CTPYKTYypBI, MEXaHHU3MOB
TTACTUYECKOH JieopMaIlny;

. NpuoOpeTeHNe MPAKTUYECKUX YMEHHH W HaBBIKOB B OPraHM3alMM SKCIIEPUMEHTAJBbHBIX U
TEOPETUYECKHUX UCCIICIOBAHNA MEXaHUUECKUX CBOMCTB CBEPXTBEPABIX MATEPHAIIOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHH B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON

[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pelarh 3aj1a4u, B ToM uncie pa3padareiBath 1 |[IK-1.2  CriocoOeH  BBIABUTATH  THIOTE3bI, CTPOUTH
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH MaTeMaTH4ecKue MOAETH JUI ONHCAHUS H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHH U MPOLECCOB, OLIEHUBATh Ka4eCTBO pa3pabOTaHHOM
aHaJIM3UPOBaTh HAy4HbIE TPOOIEMBI, [TOJy4YaTh |MOJEIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
PpE3yNbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHUS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI




3HATb:

MECTO U pOJIb OOIIMX BONPOCOB HAyKH B HAYYHBIX HCCIICTOBAHUSIX;
COBpEMEHHBIE MPOOIIEMbI (GPU3UKH, XUMHUH, MATEMAaTHKH;
TEOpeTUIeCcKre MoJeH ()yHAaMEHTaIbHBIX MPOIIECCOB U SBICHUN B (PU3MKE U €€ PUIIOKCHUSX;
NPUHLUITBI CAMMETPUH U 3aKOHBI COXPAHECHUS,
HOBEHIIINE OTKPBITHS €CTECTBO3HAHMS,;
MOCTaHOBKY MPOOIeM (PU3HKO-XMMHUYECKOTO MOJICTTHPOBAHUSI;
0 B3aUMOCBS35X U (yHIaMEHTAJIFHOM €IMHCTBE €CTECTBCHHBIX HayK.
YMETh:

3G dEKTUBHO UCTIONB30BaTh HA MPAKTUKE TEOPETUICCKUE KOMITOHEHTHI HAYKH: TTOHSITHS, CYXKJICHUS,
YMO3AKIIOUECHUS, 3aKOHBI;

MPEeICTaBUTh TAHOPaMy YHHUBEPCAIbHBIX METO/IOB M 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHMUS;

paboTaTh Ha COBPEMEHHOM 3KCTIEPUMEHTAILHOM 000pY/IOBaHHH;

abcTparupoBarbCsi OT HECYIIECTBEHHBIX BIMSIHUN TPU MOJEITHPOBAHUN PEabHBIX (U3NYECCKUX

CUTYALIUii;

TJIaHUPOBATh ONTUMAIBHOE IPOBEIEHIE SKCIIEPUMEHTA.

BJIAJETh:

TUTAHUPOBAHKEM, TIOCTAHOBKOM U 00pabOTKON pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
Hay4YHOW KapTHHON MUDa;
HaBBIKAMM CaMOCTOSATEJIHONH paboThl B J1aOOpaTopuM Ha COBPEMEHHOM HKCIIEPUMEHTAIbHOM
000pyI0BaHNH;
MaTeMaTHYeCKUM MOZAEIUPOBaHUEM (pU3NYEeCKHX 3a1ad.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| BinsHMe  BBICOKMX ~ J@BICHUMM  HaA 10
MEXaHUYECKHE CBOWCTBA TBEPIBIX TEI
) Hekoropele 3amaum  Heynmpyroctu u 6 15
MEXaHUKHU pa3pyleHNs
OCHOBBI 3KCHEPHUMEHTAJIBHBIX METOHOB
3 HCCIICAOBAHUSI MEXaHWYECKUX CBOMCTB 4
CBEPXTBEP/IBIX MAaTEepPHUAIOB
4 [InacTUYHOCTE M YIIPYrocTh 10
Hroro yacos 30 15
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 45 ygac., 1 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)

1. BiusiHre BEICOKHX ,E[aBJ'IeHI/Iﬁ Ha MEXaHUYECKUE CBOMCTBA TBCPABIX TCII




3aBHCUMOCTH MOAYJIEH ynpyroctd ot aasieHus U oobema. Koagduuuent u tenzop I'pronaiizena.
Paznuuue nMHAMUYECKOTO M CTaTHYECKOIO HArpyXeHui. TepMOIMHAMUYECKHE CBOMCTBA TBEPABIX
TEJ MPU BBICOKUX AABICHHUAX U Temreparypax. C:kaThe XOJOAHOTO BellecTBa. TernioBoe IBUKEHUE
aroMoOB. YmapHas ajaua0ara KOHJICHCHPOBAHHOTO BELIECTBA. AHAIUTUYECKHE IIPEICTABICHUS
yaapHoii anuabatsl. Beixoa ynapHoil BOJHBI Ha CBOOOIHYIO TOBEPXHOCTH Tena. M3Biedenne KpuBoi
XOJIONHOIO CXKAaTUsl U3 Pe3yJbTaToB OIBITOB IO YIApHOMY CxXKaTulo. BiusHue HampspkeHUMM Ha
(OHOHBI B LIEHTpE 30HBI bpriutoena Kyondeckux kpuctamios. [Isezocnekrpockonus.

2. HexoTopsle 3ajaui HEYIPYTOCTH U MEXaHUKH pa3pyLICHUS

HanpsoxenHo-neopMUpPOBaHHOE COCTOSIHME IPH  YOPYTOM KOHTaKTHPOBAHWU TBEPABIX TEll
Heymnpyroe KOHTakTMpOBaHHE MHICHTOPOB C  IOJYIPOCTPAHCTBOM.  YIPYTOIUIACTUYECKOE
WHACHTUpOBaHUE. Moellb TBEPAOCTH B MEXaHUKE TBEPAOTO Ie(hOpMHUPYEMOro Teja (COOTHOIICHHE
MEXIy TBEPIOCTBIO U TMpelesoM TeKyuecTH). OCHOBHbIE MOHATHA MEXaHUKM pa3pyLLEHUs:
KOHIICHTpAIMsl HaNpsHKEHUH; TOJIS HANpsyKEHUI M MepEMEICHUN Y BEPIINHBI TPEIIVHBI B YIPYTrou
cpene; Kkod(hGUIMEHTHI WHTCHCUBHOCTH HANpsDKEHUH; DJHEPreTUYEeCKHH KPUTEPU XPYIKOTO
paspywenus ['puddurca. Cunosoii kputepuit pBrHa 1 5KBUBaJICHTHOCTh KPUTEPHEB Pa3pyLICHUS.
TpemmHocTOiKOCTh. M3HOCOCTOIKOCTE. COOTHOILIEHHE MEXTY TPEIINHOCTOMKOCTHIO, TBEPIAOCTHIO U
M3HOCOCTOMKOCTBIO. [Ipencrapnenust 0 MacTabHbIX 3 PeKTax IPOUHOCTH U TBEPIOCTH.

3. OCHOBBI 3KCHEPUMEHTAIBHBIX METOIOB HCCIEIOBAaHHS MEXaHHYECKUX CBOMCTB CBEPXTBEPIBIX
MarepuaoB

Teepmocts. IIpUHIMIT OTHOCHUTENIBHOM TBEPIOCTH M IKaia Mooca. Pa3inuHble TUIBI UHAECHTOPOB
(unpentopel Bukkepca, Knynma, bepkoBuua) u Bompochl SKBHBAJIEHTHOCTH BEIMYUH TBEPAOCTH,
U3MEPEHHBIX pa3HbIMU MHJIEHTOpamMH. M3mepeHuss MeTomoM CKIEpOMETpUH. AHU30TPONUs
TBepaocTH. TBepmocTb cBepxTBepAbIX MarepuanoB. (OcoOEHHOCTH HAHOMHIEHTHPOBAHUSI.
[IpoyHocTs M ympyrue MOIYJIH: YCIOBHUS WCHBITaHUM, TpeOoBaHMS K oOpaslaM; OmpeaeieHHue
YOpPYIMX  MOAYJEH TpH  HAHOMHJCHTUPOBaHMU. M3HOCOCTOMKOCTh.  TpPEeHmMHOCTOMKOCTB:
CTaHJApTHbIE METOAbl MCIBITAHUH M  METOIMKU M3MEPEHMs] TPELIMHOCTOMKOCTU  IpHU
WHIECHTUPOBaHUH.

4. IInacTHYHOCTH U YIPYTrOCTh

OcCHOBHBIC TOHATHS AMHAMHKH PEIICTKH: TUHAMHUYECKas 3ajada, aauabarndeckoe MpUOIMKEHHE;
paBHOBecue; KolieOaHusi aTOMOB - IMHEHHOE W 00lIee pellieHre; CBOMCTBa HOPMAIBHBIX KOJIeOaHui;
yIOpyrue TIOCTOSIHHBIE ¥ CHJIOBBbIE KOHCTaHTHL. TeH3op aedopmanmu. TeH30p HampsHKEHH.
TepmonuHamuka aedopMHUpOBaHUs: (GyHIAMEHTAIbHBIC OIPENCIICHUS YNPYT'MX KOHCTAHT. 3aKOH
I'yka. OnHoocHas nedopmanms. OgHOOCHOE HampspkeHHe. BeectoponHee ckatwe. UWCTBINA CIOBUT.
[Tpo4HOCTH M TEOpEeTHYECKasi POYHOCTH: TIOHATHE MPOYHOCTH C TOYKH 3PEHHSI MEXaHUKH TBEPIOTO
nepopMupyeMOro Tena; MpeAeNbHO JOCTIKMMAs NPOYHOCTh. MEXaHU3Mbl  IUIACTUYECKOU
nedopmanyu. Mozenu, OMUCHIBAIOIINE COOTHOLICHHE MEX/Y IPOYHOCTBIO M YIPYTHMH MOYJISIMH.
Konnermust Xomna-IIotya um ee OrpaHWYeHUs: CTPOEHHE TPAHHIl 3€pEH, Npenesl TeKy4eCcTH
MOJIMKPUCTAJIOB; MEXaHWYECKOE JIBOWHMKOBAHUE; OSBOJIOLMS JUCIOKAMOHHOW CTPYKTYPBI IIpH
iactTudeckoid  pedopmanyu.  JIOCTHKUMOCTH ~ TEOPETHUECKOTO — Tpefesa  MPOYHOCTH B
HAHOCTPYKTYPUPOBAaHHBIX Marepuanax. CBepXTBepIple MaTepuaibl: OCOOCHHOCTH IPOYHOCTH
KOBQJICHTHBIX KPHUCTAJJIOB; IPOYHOCTHBIC CBOWMCTBA MAaTepUaliOB, OOpPa30BAaHHBIX KOBAJCHTHO
CBSI3aHHBIMHU aTOMaMH YIJIEPOAa; 0COOCHHOCTH JIBU)KCHUS TUCIIOKALMI IPU Pa3HBIX TeMIleparypax B
alMa3e M KPEMHHHU; IOTEepsS yCTOWYMBOCTH pEUIETKH U (ha30BbIC IMEPEXOAbl KaK MEXaHU3MBbI
IUIACTHYECKOW aedOopMalii CBEPXTBEPBIX MAaTEPUAaxOB; KOBAJICHTHBIC MaTepUalibl C YHPYTHMH
MOAYJISIMH, TIPEBHIMIAIOIIUMH aJIMa3.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEOOXOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yueOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIBTUMEAUHHBIM 000py10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI



OcHoBHas nuTeparypa
1. Grimvall G. Thermophysical Properties of Materials. Elsevier, 1999.
2. Tinder R.F. Tensor Properties of Solids. Morgan & Claypool, 2008
3. PabornoB FO.H. Mexanuka TBepioro nedopmupyemoro Tena. —M.: Hayka, 1988.
4. Gilman J. J. CHEMISTRY AND PHYSICS OF MECHANICAL HARDNESS. John Wiley & Sons,

Inc. 2009.
5. Mopo3sos E.M., 3epuun M.B.. KonraktHeie 3aa4i MexaHuKU paspyuienus. M.: MamuHocTpoeHue,

1999.

JlononHuTeNbHAS TUTEPATypa
1. I'puroposuu B.K. «TBepnocts u MukpoTBepnocts MetamioB - M.: Hayka, 1976. - 230 ¢
2. Richard F. Tinder. Tensor Properties of Solids: Phenomenological Development of the Tensor
Properties of Crystals. Morgan & Claypool, 2008
3. Sirdeshmukh D.B., Sirdeshmukh L., Subhadra K.G. Micro- and Macro-Properties of Solids.
Springer, 2006
4. Kypnans! no ¢usuke tBeproro tena (Pusuka teepaoro tena, Kpucramnorpadus, KT, [Tucema B
XKT®, Physical Review B, Journal of Applied Physics, Diamond and Related Materials u ap.).

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTEepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

JoctynHbie yepe3 Internet HayuHbIE 1 HAYYHO-TEXHHUYECKHE )KYPHAIIBI, 3JIEKTPOHHBIC KOHCIICKTHI
JIEKIUH, yaeOHble MocoOus U COOPHUKH 3aJ1a4, pa3padoTaHHble U JaHHOTO Kypca. ObecrnieueHne
CaMOCTOATENBbHOM paboThI - 0a3bl NaHHBIX 10 KypHanaMm Physical Review B, Journal of Applied
Physics, Diamond and Related Materials

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pPa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

HE NPEAYCMOTPEHBI.
9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryaeHT, W3ydalIui JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIAQJETh OONIUM TMOHSTUHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYYUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrate m3yueHus TUCHUIUIMHBI CTYAEHT IOJKEH 3HAaTh OCHOBHBIEC OMpPENEICHUS AUCIUIIIUHBL,
YMETb IPUMEHSITh TOJYUCHHBIC 3HAHUS /ISl PEILICHUS] PAa3JIMUHbBIX 3ajad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BEJICHUA KOHCIIEKTa 3aHATUH;

— HANPSHKEHHON CaMOCTOSTEILHON PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMN JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeAjaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOMPOCHI 110 TEMaM
JACIUTLINHBL.

BaxxHo 10OWTHCS TMOHMMaHMsI U3y4yaeMoOro mMarepualna, a He MEXaHHYeCKOro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHWN W3yYCHUs OTIEIBHBIX TEM, BOIPOCOB, CIEMyeT OOpaIiarhCs 3a KOHCYIbTAIMSAMH K
MIpenoaBaTesio.



Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 337ad B COOTBETCTBUH C
TEMAaTUKOU 3aHATHIL.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1

KBau(pukanus: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHblil 3a4eT

Pa3zpatGoTunk: M.IO. [lonos, 1okTOp HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie paspadareiBath 1 [IK-1.2  CnocobGeH  BBIOABUTaTH  THIOTE3bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIN MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
W3y4YaeMbIX SBJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U MIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesymprate wm3ydeHus IUCHMIUIMHBI «DU3MYECKHE OCHOBBI MPOYHOCTH CBEPXTBEPIBIX MaTEPHATIOBY
00yJaromuiicst JOmKeH:

3HATh:
MECTO U pOJIb OOIIMX BONPOCOB HAYKH B HAYYHBIX HCCIICTOBAHUSIX;
COBpEMEHHBIE MTPOOIIEMbI (GU3UKH, XUMHUH, MATEMAaTHUKH;
TEOpeTUYeCKue MoK (DyHIaMEHTaIbHBIX MPOIIECCOB U SBICHUN B (PU3MKE U €€ PUIIOKCHUSX;
HPUHINIBI CHMMETPHH U 3aKOHBI COXPAHEHHMS;
HOBEHIIINE OTKPBITHS €CTECTBO3HAHMS,;
MOCTaHOBKY MPOOIeM (PU3HKO-XMMHUYECKOTO MOJICTTHPOBAHUSI;
0 B3aUMOCBS35X U (yHIaMEHTAJIFHOM €IMHCTBE €CTECTBEHHBIX HayK.
yMeThb:
3 (EKTUBHO HCIIOIH30BaTh Ha MIPAKTUKE TEOPETUUECKUE KOMIIOHEHThI HAyKH: TIOHATHS, CYXKJICHHUS,
YMO3AKITIOUCHUS, 3aKOHBI;
IPE/ICTaBUTh MTAHOPAMy YHHBEPCAIbHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
paboTarh Ha COBPEMEHHOM IKCIIEPUMEHTAILHOM 000pYI0BaHHH;
abcTparnpoBarhCsi OT HECYLIECTBEHHBIX BIMSHUN NPHU MOJAENHMPOBAHUYU PEATBHBIX (PU3MUECKHX
CUTYALUii;
IUIAHUPOBATh ONTHMAJIEHOE TIPOBEACHUE IKCIIEPUMEHTA.
BJIA/1eTh:
TUTAHUPOBAHKEM, TIOCTAHOBKOM U 00pabOTKON pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
Hay4YHOW KapTHHON MUDa;
HaBBIKAMM CaMOCTOSATEJILHONH paboThl B J1aOOpaTopuM Ha COBPEMEHHOM AKCIIEPUMEHTAIbHOM
000pyI0BaHNH;
MaTeMaTHYeCKUM MOZAEIMPOBaHUEM (PHU3NYEeCcKHX 3a1ad.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

C nenpro KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOTo Marepuasia IpPOBOIUTCS YCTHBIH OHpOC B
Havaje 3aHsATHUsl.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

Bonpocs k quddepeHnmpoBaHHOMY 3a4eTy:

[1nacTu4HOCTH U YIIPYrOCTh

1. OcCHOBHBIC MOHATHS JUHAMHKH PEIICTKA -CHJIOBBIC KOHCTAHTBI M COOTHOIICHHE JUIS MOMIYJIS
00BEMHOTO CXKATUS




IIpouHoCTb U TEOpETUUECKAs. IPOUYHOCTD - OIPEAEICHNSI U OCHOBHBIE MOAEIH

MexaHHu3MBI IIACTHYECKOH JlehopMmaruu

Mopnenu, onUChIBAIOLIUE COOTHOLIEHUE MEKIY IIPOUYHOCTBIO U YIIPYTUMHU MOAY/ISIMU
Konnenuus Xomna-I1sTua u ee orpanndeHus

JoCTHXUMOCTb TEOPETUUECKOIO NPeieia IPOYHOCTH B HAHOCTPYKTYPUPOBAHHBIX MaTepuanax

Nk

CaepxTBepable MaTepUallbl - IIapaMeTPhl, 10 KOTOPBIM OIPEAEISAETCS ITOT KJIACC MaTepUaIoB

BinsiHME BBICOKMX JaBJIICHUH HA MEXaHUYECKHE CBOMCTBA TBEPABIX TEI
8. JlaBneHue u HaNpsHKEHUA

9. Koaddumment u TeHzop [proHaiizena - onpeneneHne NOHITUS

10. Paznuune TUHAMHUYECKOTO M CTATUYECKOTO HArpy>KeHUI

11. 3aBUCUMOCTB YIIPYTHUX MOJYJIE€H OT NaBIEHUS

12. IIpe30CeKTPOCKOIUS - OCHOBHBIE MOHSATHS M COOTHOIICHUS

Hexotopsle 3a1aun HEYIPYTOCTH U MEXAHUKH Pa3pyIICHUS

13. Monenb TBEpAOCTH B MEXaHUKE TBEPAOrO JAcPOPMHUPYEMOTrO Teiia (COOTHOIICHUE MEXTY
TBEPAOCTHIO H MIPENETIOM TEKYIECTH)

14. TpelHOCTONKOCTD - ONPEACICHUE TOHITHUS

15. I3HOCOCTOMKOCTB - ONpPEAEICHUE TTOHATHSA

16. CooTHOIIIEHHE MEXTY TPEUTUHOCTONKOCTHIO, TBEPAOCTHIO H U3HOCOCTOUKOCTHIO

OCHOBBI  IKCIIEPUMEHTAIBHBIX METOJOB HCCIECIOBAaHUS MEXaHHYECKUX CBOWCTB CBEPXTBEPIBIX
MarepuaoB

17. TBepnocTh

18. IIpodHOCTH M YIIpyTHE MOAYIN
19. N3H0COCTOMKOCTD

20. TpemmnHOCTONKOCTh

Kpurepun onennBanus

Onenka ommuyHo 10 OanoB - BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOH MNpOorpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELLICHUAMN.

Ouenka omm4yHO 9 0amoB -  BBICTABISETCS  CTYAEHTY, IOKa3aBIIEMY BCECTOPOHHHE,
CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO 8§  GasoB - BBICTaBISIETCS CTYHAEHTY, IIOKa3aBUIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.

Onenka xopomio 7 0ajoB - BBICTABIAETCS CTYACHTY, €CJIM OH TBEPAO 3HAET MaTepuall, TPaMOTHO U IO
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHSTH II0JyuYCHHbIC 3HaHMsS HA IPAKTUKE, HO HEJOCTATOYHO
IrpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIE PE3YIIBTATHI.

Ouenka xopoio 6 6aj0B - BHICTABIISETCS CTYAEHTY, €CIIM OH TBEPIO 3HAET MaTepuall, 'paMOTHO U TI0
CYILLECTBY M3JaraeT €ro, yMeeT MPUMEHATh MTOJyYeHHbIE 3HAHNS Ha MPAaKTHKE, HO JOIYCKAeT B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPblE HETOYHOCTH.

Onenka xopomo 5 6anoB - BBICTABISIETCS CTYIEHTY, €CJIM OH B OCHOBHOM 3HA€T MaTepuall, TPaMOTHO
U IO CyLIECTBY W3JIaraeT €ro, yMeeT INPUMEHSThH I10JyYCHHbIC 3HaHUs Ha IIPAKTHKE, HO JOIyCKAaeT B
OTBETE WJIH B PELICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OneHka ynoBIETBOPHUTEIbHO 4 Oana - BBICTABISIETCS CTYACHTY, IMOKa3aBHIeMY (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapylLIeHHs JJOTUYECKOW MOCIIEA0BATENBHOCTH B U3JI0KEHUH ITPOrPaMMHOIO MaTepHaa, HO MPU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MPOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.



OueHka y/IOBIETBOPUTENHEHO 3 0ajla - BBICTABISICTCS CTY/IEHTY, IOKa3aBIIEeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX NOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBATEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ci1abo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMH IS TalbHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OueHka HEyJOBJIECTBOPUTEIILHO 2 0alia - BBICTABISICTCS CTYACHTY, KOTOPBIH He 3HaeT Ooublieil YyacTu
OCHOBHOTO COJep)XaHUsl y4eOHOW MpOrpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEyIOBICTBOPUTENHHO | Oam - BBICTABIACTCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiie omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

ITpu nposenenun yctHoro auddepeHnuanbHoro 3auera odydaroniemycs npeaoctasisercs 30 MUHYT
Ha noArotoBky. Omnpoc oOyyaromierocs no 6miery Ha yctHoM auddepeHnanbHOM 3a4eTe He TOJKEH
IIPEBBIIIATH OJIHOTO aCTPOHOMMYECKOI'O yaca.



