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AHHOTANMA

Kypc mo3BossieT HayduThCSl CaMOCTOSTENBHO BHIOMPATh W pealln30BbIBaTh Hambosee 3(peKTUBHBIE METObI
aTOMHUCTUYECKOTO MOJCITHPOBAHHS PA3IMYHBIX CBOMCTB BEIIECTB B TBEpAOH (haze, yuuThIBas mpu BBIOOpE
MeToJja 0COOEHHOCTH KOHKPETHOH 3aa4H, a TaKKe MPaBUIbHO HHTEPIPETUPOBATH PE3YIbTaThl PaCUETOB.

B pesynbrare ocBoeHMs Kypca MPOU30HAET 03HAKOMIICHHE O0YyYaIOIIMXCS C pa3InYHBIMU METOJIaMH pacyeTa
CBOMCTB HJICIbHBIX KPHUCTAIUIMYECKHX PEUICTOK, TOYCYHBIX M MPOTSHKEHHBIX JE(PEKTOB, MOBEPXHOCTEH Ha
OCHOBE aTOMUCTHYECKOTO MOJEINPOBaHUA. BripaboTka MOHMMaHUS MPEUMYILECTB, HEIOCTATKOB M 00IaCTH
MPUMEHUMOCTH Ka)XJI0TO METO/I.

1. leau u 3apa4u

eap AUCUMNIMHBI
[To pesynpraram Kypca oOydaromiuecs JOJDKHBI YMETh CaMOCTOSTEIHHO BEIOMpATh U PEAIM30BHIBATH
Haubonee dPEKTUBHBIE METOABI ATOMHCTUYECKOTO MOJICIMPOBAHUS PA3IMYHBIX CBOWCTB BEIIECTB B
TBepAOH ¢aze, yUUTHIBAs MIPU BHIOOPE METO/Na OCOOCHHOCTH KOHKPETHOM 3a/1aud, a TaKXKe MPaBHUIBHO
WHTEPIPETUPOBATH PE3YJIbTaThl PACUETOB.

3agauu AU CHUILIHHBI

OsHakomiieHHe  OOy4aloNMXCSd C  pasMYHBIMH  METOAAMH  pacueTa CBOMCTB  HEAIbHBIX
KPUCTAJUIMYECKUX PEHIETOK, TOYEYHBIX W MPOTSDKEHHBIX Je(EKTOB, IMOBEPXHOCTEH Ha OCHOBE
aTOMHCTHUYECKOT0 MOJeNNpoBaHus. BeipaGoTka MOHMMaHMS NPEUMYILECTB, HEIOCTATKOB U 00JIacTh
MPUMEHUMOCTH KayKJJOTO METO/a.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

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

YK-1 Cnocoben ocymectBnsaTs kputnueckuid | YK-1.1 Ananusupyer npoOieMHy0 CUTYaIHIO KaK CUCTEMY,
aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000INATH
nHpOpMANHIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
[MK-1 CriocobeH craBuTh, GopMann3oBbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CnocoGeH  BbIABUTATH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAENM M ONMCAHHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUI M MPOIIECCOB, OLICHUBATh KAYE€CTBO pa3paboTaHHOM
aHaJIM3MPOBATh HAy4YHbIE MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH NpUMEHSTh TeOpeTHYecKHe U (WiIH)
OKCTIEPUMEHTAIBHBIC METOJIbI MCCICAOBAHUN K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pe3yabTaThl

[IK-3.1 IloHumaer mnpuHOMUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB

IMK-3 Cniocoben npodeccnonaabHO paboTarh ¢ NPUKITAHBIX TIPOTPAMM)

MCCIIEIOBATEIbCKAM H UCTIBITATEIbHBIM
o0opynoBaHueM (MprubOpamMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TTAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
AKCIEPUMEHTANIbHBIX (YMCIEHHBIX) PE3yIbTaToOB

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbI
3HAThb!



- TEOPETUUECKHE OCHOBAHMS PA3IMYHBIX METONOB: pacueTra (POHOHHBIX CHEKTPOB U JUCIIEPCHOHHBIX
KPHBBIX, pacueTa JHepruil oOpa3oBaHMS W MHrpanUM JeQeKToB, B TOM YHCIE HAa IOBEPXHOCTH,
ko3 punmentos auddysun npumeceit, koadpduuuenra camoguddysun B TBEpABIX TeTax (B TOM YUCIIe
TI0 ITOBEPXHOCTH), pacyeTa SHepPruii 06pa3oBaHus U MOOMIBLHOCTH JUCIOKAIMH, pacyeTa XMMHUYECKOTO
MOTEHIMaja aTOMOB B Ta30BOM M KOHACGHCHUPOBAHHOH (haze, pacyera 3HEPruil 0oOpa3oBaHUS H
MOABMXHOCTH OOBEMHBIX BKJIIOUEHHUH B TBEP/BIX TeJax.

YMETb:
- peaJn30BbIBATh YIOMSIHYTbIE BBIIIE METO/bI PAcUeTa C UCHOIb30BAHUEM SI3BIKOB ITPOTPAMMHUPOBAHHS
WIH CYUIECTBYIOIINX MAKETOB AJI aTOMUCTHYECKOTO MOICTIHPOBAHUS;
- HAXOIUTh TEOPETHUYECKHU WIH IIyTeM TECTOB ONTHUMAJbHbIE ITapaMeTPbl MOACTUPOBAHMS;
- MPaBWJIBHO MHTEPHPETHUPOBATH PE3yJbTaThl PACUC€TOB M HAXOIWUTH MCKOMbIC (DPU3MYECKHE CBOHCTBA
MOZEIMPYEMOTro MaTepHara.

BIIAJICTh!
- IPaKTHYECKUMHU HAaBBIKAMH HUCIIOIb30BAaHUS YIIOMSHYTHIX BBILIE METOAOB;
- TEOPETUYECKUM alIapaToM, MO3BOJISIOMINM IPU HEOOXOANMOCTH BHOCUTH KOPPEKTHBHI B N3yUCHHBIC
METO/BI M0JI KOHKPETHYIO 3a/1a4y.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIHHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 [110THOCTE (POHOHHBIX COCTOSIHUI 1 1 6
2 JlucniepcroHHbIE KPUBBIE 1 1 6
3 Kondurypaunonnas u xomnebarenbHas 1 1 6
SHTPONHS PEIIETKH
4 O0pa3oBaHue TOUEUHBIX JIe(hEKTOB 2 2 6
5 Murpanus TOYeYHbIX 1ePEeKTOB 2 2 6
6 [ToBepXxHOCTH 1 AePEKTHI HA HEH 2 2 6
7 Mertoubl pacuera XUMHYECKOTIO ’ ’ 6
MoTeHI1ana
8 Hucnokaruu 2 2 6
9 [HogBwxHoCTh nucnokanuii. CaBuroBoe 1 1 6
HanpspkeHne. CKopoCTh IBMKCHUS
10 OObemHbIE _ BRIIOYCHHA B 1 1 6
KPUCTAJUIMYECKOM pelIeTKe
Hroro yacos 15 15 60
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

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

1. IlnoTHOCTH POHOHHBIX COCTOSTHUI



lapMoHMueckoe NPUOIIKEHHE KPHCTAUTUYECKOW penieTkd. AHrapMoHu3M. DOHOHBI C TOYKH
3pEHUs] KIACCUYECKOM MEXAaHWKM W KBAHTOBOW MexaHMKH. (DOHOHHBIN crekrp. J[mHamMuueckas
Mmarpuia cucreMbl. OHOHBI, KaK COOCTBEHHbIE BEKTOpa IMHAMHYECKOM Marpuisl. BiusHue
MEPUOIUYECKUX TPAaHUYHBIX YCJIOBUI Ha (JOHOHHBIN crieKTp. OrpaHUveHnss METoa AMHAMUYECKOU
MaTpUIIbI.

AproxoppemnsroHHast QyHKIus ckopocTd (AKDC). @oHoHHBIH criekTp Kak npeodpa3oBanre Dypre
ABTOKOPPEJSIIMOHHON (YHKIIMU CKOpocTH. BnmsHue mnapamerpoB pacdera AKDPC Ha crektp.
Penakcanus cucremsl. Ocobennoctu peanuzauun pacuera AKOC B nakere LAMMPS.

2. JlucnepcCuoHHbBIEC KPUBBIE

Pacuer yactoTel KoneGaHUK IS OMPEAEIEHHOTO BOJHOBOTO BekTOpa. IIpomonbHbIe U MONEpevHble
¢ononel. Onruueckme U akycTudeckue (oHOHBL. JlucmepcuoHHsle KpuBble. Touku B
k-nmpoctpancree. Meron Konra a1t Hax0oKA€HUS TUHAMHYECKOH MaTpPHUIbI CUCTEMBI U3 PE3yJIbTaToOB
M/I. BiusHue napaMeTpoB pacyeTa Ha TOYHOCTh AMHAMUYECKON MaTPULIbL.

Oco0eHHOCTH peau3aluy pacueTa JUCIIEPCHOHHBIX KpUBBIX B makete LAMMPS.
3. KondurypaimonHas 1 konedaTenbHasi SHTPOIHSI PEIIETKH

Pa3zmemnieHne aToMOB IO y3JlaM pPELIETKH Kak MHUKpococTossHue cucteMbl. Konduryparuonsnas
SHTpONH. BripakeHne KOHQUTypamOHHON SHTPOIIHNH Yepe3 KOHIICHTPAIHIO 1e(heKToB.
Pacnipenenenue sHepruu Mo KojeOarelbHBIM CTEHEHSM CBOOOIBI KaK MHUKPOCOCTOSHHE CHCTEMBI.
KonebarenbHast sHTpormsa. dopmyma anst KoieOaTeNbHOW DHTPONMH KAHOHHUYECKOTO aHcaMOls.
Kunernuecknii cmbicn KoseOaTenbHOH dSHTpormu. YacTora KojeOaHMH Kak 4YacToTa IOIBITOK
npeononeTh O6aprep. CpaBHEHHE M3MEHEHUS! KoleOaTeNbHOW M KOH(MUTYPAIMOHHOW SHTPOMUHN TIPU
co3aHuM Je(eKTa Uit MUKPOCKOIIMYECKHX U MAKPOCKOITUIECKUX CHCTEM.

Pacuer xonebarenbHOW SHTpornmu 4epe3 (GOHOHHBIA criekTp. OCOOCHHOCTH pealn3aliH pacyeTa
KoJnebaTenbHOM 3HTpOoNUU B Ml MOZIeTMpOBaHUH.

4. OOpa3zoBaHHE TOYCUHBIX JIe(HEKTOB

Bakancuu, Mmexxnoy3zius, mapbl @penkens, aedexrst [LIoTku, aroMbl 3aMeNIEHUS, AaHTUCANUT 1e()EKTHI.
CBoOonnHas sHeprusi ['mb0ca kpuctammueckoi pemnierku ¢ aedexramu. KoHnenrpamnus aeQekToB B
3aBUCHMOCTHU OT CBOOOIHOM dHeprun oOpa3zoBanus Aedekra. Konnenrpamus nap OpeHkerns.
Kunernyeckuil moaxox K pacyery KoHLEHTpanmu JedektoB. OOpa3oBaHHE M HCYE3HOBEHHE
BaKaHCUI W MEXJIOy3/Mil, KaKk paBHOBECHE C IMOBEpXHOCThIO. OOpasoBanue map DpeHKes Kak
paBHOBecHe B 00beMe. 3aBUCHMOCTh KOHIIEHTPALMHU 1€(EKTOB OT PACCTOSHUS IO IIOBEPXHOCTH.

OHTanbnus o0pazoBaHus AedeKTa: 3aBUCUMOCTb YIPYTod 3HEpruu aedekTa oT JaBlieHUs U paboTa
110 U3MEHEHUI0 00beMa KpUCTasIa. 3aBUCUMOCTh SHTAJIBIINK 00pa30BaHUs PA3IUUHBIX 1€(EKTOB OT
JaBJICHUS TIPH Pa3IMYHBIX TPAHUYHBIX YCIOBUSX.

Crarnyeckuii Meron pacuera »dHeprum oOpasoBanusi Jnedexra. PedepencHoe cocrosiHue,
ompejenseMoe 3ajadeld, XUMUYecKHi moreHian. MJ] Merox pacuera KOHIIGHTpamuu AcdexTa.
Oco0eHHOCTH peanu3aliy pacueTa KOHLIEeHTpauuu B M/l MopenupoBaHuuW JUIsl Pa3IMYHBIX 3a/ad.
MopnenupoBaHue ¢ OTKPHITON TOBEPXHOCTHIO, 3aBUCUMOCTb OT pa3Mepa CUCTEMBI.

5. Murpanus TouedHbIX 1e(eKToB

[Iyte murpaunmu, cemjoBas Touka. 3akoH Appenuyca. lIpeasKkcroHeHIMAIbHBINA (GaKTop, 3aKOH
Baiinbspaa, cBsi3b ¢ GOHOHHBIMH CIIEKTpamMH. MeToj ypyroi JeHThl. BiusHue pazMepoB CUCTEMBI
Ha pe3ynbTar.

Koadduuuentr muddysun wu camomudpdysun. Merogpr MJl pacdera wmurpauuu aedexTos.
Yckopennue murparnyu Aedexra B M/l pacdere myTeM H3MEHEHUS MMOTCHIIUAIBHOM SIMBI.

6. [ToBepxHOCTB U 1e(DeKThI HA HEU



DOHeprusi TMOBEPXHOCTH, pPAa3pbIB CBs3eH, KojeOaTenbHas SHTPONUS IOBEPXHOCTH. AJIAaTOMBI,
MTOBEPXHOCTHBIC BAKAHCHUM W TOBEPXHOCTHBIE MEXI0y31us. [OpHU30HTaIBHBIE CBA3M, POBHBIE U
IIepoxoBarhle MoBepxHOCTH. Teppacsl u cryneHu. Teopus pocta Kpuctaiuia. PaBHoBecHast ¢popma
KpHCTajIa.

Oco0eHHOCTH peau3alui pacyeTa SHepruil 00pa3oBaHUsl U MUTPALMH [TOBEPXHOCTHBIX Je(EKTOB.
OpueHTanus pacueTHON SUEHKH, TPAaHUYIHBIE YCIOBUS, pa3Mephl TUYEHKU.

7. Meronbl pacueTa XMMAYECKOIO ITIOTEHIMAA

Mexdasnas rpanuna. MeToa TepMOAMHMUYECKOTO WHTErpupoBaHusi. MeTon 100aBneHus/ yaneHus
gactuipbl. Meron Bumoma. OcoOeHHOCTH peanu3aliuu JaHHBIX MeTo/10B B M /| MonenupoBanmm.

8. Jlucnokanuu

KpaeBbie u BuHTOBBIE nuciokauud. Bektop broprepca. MexaHusMm poKIeHHUS IHUCIOKAIIMA.
MexaHu3M JBMXKEHUS TUCIIOKAMNA. YNIPYTHe HanpspKEHUsl, CO3/1aBaeMble IPOTSKEHHBIM JAC(QEKTOM.
[putskeHne ToueuHBIX J1e(hEKTOB U JIUCITOKAIIH.

9. llonBuwkHOCTH nuciokanmii. CrBuroBoe HamnpspkeHHe. CKOPOCTh TBHKEHUS

[Ipumenenue HepaBHOBecHOro MJ[ pacduera [l MOACIMPOBAHUS JUHAMUKH JUCIIOKALUM.
['panuunbie yCIIOBHS, Mpele/ibHbIE CHIIBL. TepMOCTaTHpOBaHWE IPU HEPABHOBECHOM pacueTe.
Ananmus qucnokanuid B makere OVITO. OcoOeHHOCTH pealln3aliui pacueTa TUHAMUKH JUCIOKAINH B
nakere LAMMPS.

10. OGbeMHBIE BKIIIOUEHHSI B KPUCTAJUTMYECKON peIIeTKe

JIBmxenne o0beMHBIX aedekToB Kak camoan(p@ysus B pemerke, oObeMHBI W TOBEPXHOCTHBIN
MexaHu3Mbl. DaceToyHble CTPYKTYpbl, MEXaHHW3M HyKJealuu Teppac Ha (aceTkax. Ympyrue
HAaIpsDKeHUs], co3aBaeMble BKIIIOYeHHIMU. OOpa3oBaHHe ra30BbIX MO B OONYyYEHHBIX MaTepHaiax.
MexaHn3M MUrpaius-KoaJIeCHEeHIMs 1 MeXaHu3M «co3peBanus o OctBanbay». Monenu ($ha3zoBoro
nons (phase-field models). OcoGennoctu M/ pacuera napamMeTpoB YIIOMSHYTBHIX MEXaHHU3MOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS IOCKOH, MyJBTUMEIMHHBIM TIPOCKTOPOM U IKPAHOM.
VY Bcex CTyACHTOB JOJKEH OBITh AOCTYI K IEPCOHATBHOMY KOMIIBIOTEPY.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. BBegenue B ¢pusuky tBepaoro tena / Y. Kurrens, [lep. ¢ anm. @usmarrusz, 1963.

2. Crarucruueckas tepmogunamuka / . Kurrens, 1977.

3. Teopernueckas pusuka. Tom V. Cratuctuueckas gusuka, yacteb 1. kaura / JI. J1. Jlanmay, E. M.
Judpmmn, 1976 .

4. IlpyuHIMTIBI KOMIIBIOTEPHOTO MOJIEIMPOBAaHUS MOJIEKYISIpHBIX cucteM / [|. dpenkens, b. Cmut

JomnonHutensHas auTeparypa



1. Noirot L. A method to calculate equilibrium concentrations of gas and defects in the vicinity of an
over-pressured bubble in UO2 // Journal of Nuclear Materials. 2014. Vol. 447, no. 1-3. P. 166-178.

2. Burton W.-K., Cabrera N., Frank F. The growth of crystals and the equilibrium structure of their
surfaces // Philosophical Transactions of the Royal Society of London. Series A, Mathematical and
Physical Sciences. 1951. Vol. 243, no. 866. P. 299-358.

3. Wulff G. Some theorems concerning the growth and dissolution rates of crystals // Z. Kristallogr.
1901. Vol. 34. P. 449-530.

4. Nazarov A., Mikheev A. Diffusion under a stress in fcc and bece metals // Journal of Physics:
Condensed Matter. 2008. Vol. 20, no. 48. P. 485203.

5. Antropov A. S., Fidanyan K. S., Stegailov V. V. "Phonon density of states for solid uranium:
accuracy of the embedded atom model classical interatomic potential". Journal of Physics: Conference
Series 946 (2018): 012094.

6. Shackelford J. F. Introduction to materials science for engineers. — Upper Saddle River : Pearson,
2016. - C. 687.

7. Fultz B. Vibrational thermodynamics of materials //Progress in Materials Science. —2010. — T. 55. —
Ne. 4. - C. 247-352.

8. Tilley R. J. D. Defects in solids. — John Wiley & Sons, 2008.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

LAMMPS Documentation (https://docs.lammps.org/Manual.html)
Hayunas snextponnas 6udnuoreka POOU www.elibrary.ru

EnuHoe okHO nocTyna k oOpa3oBareibHbIM pecypcam DexepanbHoro noprana Poccuiickoe
obpazoBanue http://www.window.edu.ru

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBICHUU 00pPa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

JList 3aHATHIT MOXKET TOTPEOOBAThLCS CIEAYIOIIEe MTPOrpaMMHOE 00ECITEUCHHE:

UnTepuer-6payzep, MS Word, MS Power Point, Adobe Reader, Anaconda Python distribution,
LAMMPS, OVITO.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCSA IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B PE3IYIBTATC UIYUYCHUA AUCHUILIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIIPCACIICHUA NUCHUILIIIMHBIL,
YMETb NPUMCHATDH IMOJYYCHHBIC 3HAHUSA IJIA PCIICHUA pa3IMYHbIX 3a1a4d.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITENIEHOM PaboThI CTY/IEHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, MpeagaraeMblX CTy/IEHTaM Ha 3aHITHAX;

— MOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiaJeHHUs MaTEpUaIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxHo 10oOWTHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
MIpEeNoAaBaTelio.



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 BHICOKOTEMIIEPATYPHBIX MPOIIECCOB

Kypc: 1

KBaJIMpUKALUS: MarucTp

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

B.B. Creraiinos, n-p ¢u3.-mMar. HayK, JOLEHT
A.C. AHTpPOIIOB, aCCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CACTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

IIK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
pamMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTh  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU

HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl
[MK-3.1 TloHumaeT NpPUHOUIBI PabOTHI HCIOIBE3YEMOTO
K3 C 5 5 00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB
-3 Cniocob6en npodeccuoHanbHO paboTars ¢ MPUKITAHBIX TPOTPAMM)
UCCIIeI0BATEIbCKUM U UCTIBITATEIbHBIM
IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHEIHAaTN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

(MonenMpoBaHUe) ¢ MCHONBb30BAHUEM HCCIIEIOBATEIbCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIBTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUCHUA JUCHUIIIINHBI «BrraucnurenbHbIe MCTOABI I/ICCJ'IG,I[OBaHI/Iﬁ MUKPOCTPYKTYPbI TBCPABIX

Ten» 00yJarOIUICs TOIKEH:

3HATb:

- TEOPETUYECKHE OCHOBAHHUS Pa3IMYHBIX METOMOB: pacuera (POHOHHBIX CHEKTPOB U AMCIICPCHOHHBIX
KPHBBIX, pacueTa JHepruil oOpa3oBaHMS W MHrpanuM Je(QeKToB, B TOM YHCIE HAa IOBEPXHOCTH,
ko3 punmentos auddysun npumeceit, koadpduuuenra camoauddys3run B TBEpABIX TeTax (B TOM YUCIIe
TI0 TTOBEPXHOCTH), pacyeTa SHepruil 06pa3oBaHus U MOOMIBHOCTH JUCIOKAIMH, pacyeTa XMMHUYECKOTO
MOTEHIMaja aTOMOB B Ta30BOM M KOHAGHCHUPOBAHHOH (hasze, pacyera 3HEPruil oOpa3oBaHUS H
MOABMXHOCTH OOBEMHBIX BKJIIOUEHHH B TBEP/BIX TeJax.

yMeThb:

- p€aJIM30BbIBATh YIIOMAHYTBIC BbIIIC METOAbI pacucTa C UCIIOJIb30BAHNUEM A3BIKOB IIPOTPAMMUPOBAHHS
HJIN CYHICCTBYIONIUX MAKCTOB JIA aTOMUCTUYICCKOI'O MOACIINPOBAHUS,

- HaXOAUTh TCOPCTUICCKHU WJIN ITYTEM TCCTOB OINITUMAJIbHBIC I[TAPAMETPbl MOACIINPOBAHUAA,

- IIPAaBUJIBbHO HHTCPIIPCTUPOBATL PC3YyJIbTAThl PACUYCTOB U HAXOJAUTH HCKOMBIC (1)I/ISI/I‘-IGCKI/IG CBOICTBA

MOZEIMPYEMOTro MaTepHaia.
BJIA/IeTh:

- IPAaKTUYCCKUMHU HABbIKAMHU HCITIOJIB30BAHUSA YIIOMAHYTHIX BBIIIC MCTOO0B,
- TCOPETUICCKUM alIapaToM, IMO3BOJIAIOIINM IIPHU HCO6XO,Z[I/IMOCTI/I BHOCUTB KOPPCKTUBBLI B U3YUCHHBIC

MCTOJABI ITIOJ] KOHKPCTHYIO 3aaa4y.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marcpuajia mpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHsATUA 1I0 TCMC ITPOULJIIOTO 3aHATUA.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. Paccunrtarb (POHOHHBIA CHEKTP OIHOKOMIIOHEHTHOTO MeETallla METOJOM aBTOKOPPEIIALIMOHHOM
(YHKIIUU CKOPOCTH

2. Paccunrarbh ()OHOHHBIH CIIEKTP OJHOKOMIIOHEHTHOTO MeTaslia MeTooM KoHra ¢ oMOIIbI0 MOy
PHONON B LAMMPS

3. TlocTpouTh AMCIIEPCHOHHBIE KPUBBIE OJHOKOMIIOHEHTHOTO MeTailia MeTogoM KoHra ¢ moMomsio
monynast PHONON B LAMMPS

4. Paccunrtarh MOTEHIMAIbHBIE YHEPTUN 00pa30BaHMs BaKaHCUH U MEKAOY3/IMi B JAHHOM Marepuaie
pu HyNeBoi Temneparype. IlocTpouTs 3aBUCUMOCTD 3TON YHEPTUU OT JABJICHUS.

5. Paccuurarp KoHUeHTpauuu nedexroB B MJ] MopenupoBaHMM TIpH KOHEYHOM TeMIeparype,
COOTBETCTBYIOIINE 3a/JaHHOMY THITy KHHETHYECKOTO paBHOBECHs (B 00BbEME HIIH C TIOBEPXHOCTHIO)

6. Paccunrtarh kKonebaTenbHYI0 SHTPONUIO JedekTa Mo GOHOHHOMY CHEKTPY WUACATbHONW CTPYKTYPHI U
CTPYKTYPHI € AePEeKTOM

7. PaccumTtaTh SHEPTUIO MUTPALIUHU JAHHOTO Je(EKTa METOJIOM YIPYTOM JICHTHI

8. Paccunrars ko3 dunuent auddysuu nedexra u3 KoHeyHO-TeMIieparypaoro M/ pacyera.

9. Paccunrarh sHEpru0 00pa3oBaHKUs MOBEPXHOCTH

10. PaccunTarh CKOPOCTH IBM)KEHHS AUCIOKAINY IIPH CIBUTOBOM HAIPSKCHUU

Kputepun onennBanus

Onenka ommmuHo 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM MpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATh UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka ommyHO 8§ 06amios - BBICTaBJIIETCSl CTYAEHTY, II0Ka3aBLIEMY BCECTOPOHHMUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopo1o 7 6ajioB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyYCHHBIC 3HAHHA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

OHGHKa XOopouro 6 0aIoB - BEICTABIISCTCS CTYACHTY, €CJIM OH TBCPAO 3HACT MATCPUAJI, TPAMOTHO H I10
CylI€CTBY U3JIarac€t €ro, yMeCT IPUMCEHATD MOJTYUYCHHBIC 3HAHNA Ha IMPAKTUKE, HO JOITYCKACT B OTBCTC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

Ouenka Xopo1o 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U IO CYLIECTBY M3JIAaraeT €ro, yMeeT NPUMEHTh MOJIyYEHHbIE 3HaHHUS Ha NPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ymOBIETBOPUTENbHO 4 Oaiia - BBICTABIAETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUs JOIrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3lieNbl yueOHOH MporpamMmbl, HEOOXOAUMBIE ISl AajbHeimero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka ymOBIETBOPUTENbHO 3 Oaja - BBICTABIAETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWU, AOMycKaroulemy omHOku B (popMynupoBKax 0a30BbIX HOHSATH,
HapyLICHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM MporpaMMbl, HEOOXOAUMBIMHU LTSI ajbHENUIIETO 00yUeHHS U
C TPYZIOM IIPUMEHSET [10JIyUYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.

OueHka HEyIOBIECTBOPUTENHHO 2 Oajia - BBICTABISCTCS CTYIEHTY, KOTOPBII He 3HAaeT OojiblIel yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOIYyUYEHHbIC 3HAHUS NPH PEIICHUN
TUTIOBBIX 3a]a4.



OrneHka HEYJIOBJIETBOPUTENBHO | 0ajm - BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HAET OCHOBHOIO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue ommOK B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3a/1ad.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNne MPoueIypPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

Onenka (qudQepeHIMpPOBaHHBINA 3a4eT) BHICTABISICTCS 32 BBINOJHEHHE M CIady BCEX JIOMAITHHX
3aJlaHuil 10 yKa3aHHBIM BOIIpOCcaM (CpeaHee apuMeTHIECKoe).



