degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: CriennpakTukyM 1o (PU3KKe TBEPAOTO Tea
110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB
Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUAIIBI

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIi 3a4eT

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

AynutopHbIX yacoB: 120 Bcero, B TOM 4ucCIe:
nexuuu: 0 yac.
cemuHapsbl: 0 yac.
naboparopHsle 3anatus: 120 vac.

CamocrositenbHas pabdora: 150 gac.
Bcero gacos: 270, Bcero 3ad. ef.: 6

[Iporpammy cocrasuin: T.I1. Copokuna, kaHa. ¢pu3.-MarT. HayK, TOIEHT

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl GPU3UKU 1 XUMUHA HaHOCTPYKTYp 29.05.2020



AHHOTANMA

Kypc "Cneumpaktukym 1o ¢u3uke TBEpAOro Tteia" MpenycMaTpuBacT OCBOCHHE HKCIEPUMEHTAJIbHBIX
METOJIOB OOBEMHBIX (YNPYIHX, TEIUIOBBIX, OJJIEKTPHUECKUX, XHMHUYECKHUX, MAarHUTHBIX U T.J.) H
MTOBEPXHOCTHBIX CBOMCTB TBEPABIX TEI, W3yuyeHHUsl TBEpPAbIX Tel (METajioB, JIUAJIEKTPUKOB,
MOJTYIPOBOJHUKOB, MAarHETHKOB, KOMIIO3UTHBIX MAaTE€pHalIOB) C Y4€TOM CTPYKTYpBl, CHMMETPUU WU THIIOB
XUMHYECKUX CBSA3EH B HUX, a TAKXKe 0a30BbIe MPHIOKECHUS PA3INYHBIX 3QPEKTOB 1 CBOMCTB TBEPIBIX TEIL.

3anauu Kypca:

*  ($OpMHUpPOBAaHHE TPAKTUYCCKHX HABBIKOB B JIKCIIEPUMEHTAIBHOW 00NacTH (DU3MKM TBEpAOTO Tela M
(bHU3MUECKOTO MaTepragIOBeICHHS;

. OCBOEHHE pabOThl Ha COBPEMEHHBIX MCCIEIOBATEIbCKUX YCTAHOBKAaX JJsl CTPYKTYpHOTO aHaJIn3a
JJEKTPOHHOM W aTOMHO-CWJIOBOM MUKDPOCKOIIMH, HAHOTBEPIOMETPUM, DSJIEKTPUYECKUX HU3MEPEHUH
MOJTyIIPOBOJHUKOBBIX CTPYKTYp, BU akycTHUEeCKHX HCCIeN0BaHUI TBEPABIX TEM U JIp.;

* MpUOOpETeHHE MPAKTUYECKUX YMEHUN U HABBIKOB B OPraHU3alMK SKCIEPUMEHTAILHOTO U TEOPETUIECKOTO
MOZEIMPOBaHUS (PU3MUECKHUX MPOIECCOB B TBEPABIX TENaX.

ITo pe3ynbTaram 0CBOEHHS Kypca CTYJCHT JI0JKEH:
3HaTh:
COBpEMEHHBIE MPOOIIEMBbI (PU3UKU TBEPAOTO TENa U PUIUIESCKOTO MaTEPUAIOBEICHUS;

TEOpeTHUeCKrue Mozean (hyHIAMEHTAJIbHBIX NPOLECCOB M SBICHUH B (M3UKE TBEPAOro Tela U ee
MPUIIOKEHUSX;

MNPUHIUIIBI CUMMCTPUHN U 3aKOHBI COXPAHCHU S,
IMOCTAaHOBKY npo6neM (bHSI/IKO-XPIMI/I‘leCKOFO MOACIIUPOBAHUA.

VYMeTs:

3¢ GEKTUBHO HMCMOJIB30BaTh HAa MPAKTHKE TECOPETHUYCCKUE KOMIIOHCHTHI HAYKU: TOHSATHUS, CYXXICHUS,
YMO3aKITFOUCHUS, 3aKOHBI;

paboTarh Ha COBPEMEHHOM DKCIIEPUMEHTAILHOM 000PY/I0BaHUY;
a0CTparupoBarhbcsi OT HECYLIECTBEHHBIX BIMSHHUN PH MOJCIHPOBAHUH PEANIbHBIX (PU3NUECKUX CHTYaIIUi;

OLIEHMBATh (PU3MYECKHE IMapaMeTpbl MaTrepuasioB (IIPOBOAUMOCTH, IUAJIEKTPUUYECKHE W MarHUTHBIE
CBOWCTBA, TEPMOJUHAMUYECKUE (PYyHKINH, 1ePeKTOOOpa3oBaHKE) M0 SKCIEPUMEHTAIBHBIM JaHHBIM ;

IJIaHUPOBATh ONTUMAJIBHOC MPOBCACHUC DKCIICPUMCHTA.

Branets:
TUTAHUPOBAaHUEM, TIOCTAHOBKOM 1 00pabOTKON pe3yabTaToB (PU3NUECKOTO IKCIIEPUMEHTA;
Hay4YHOW KapTHHON MUDa;
HaBBIKAMU CaMOCTOATENBbHOM paboThl B J1a0OpaTOpUM HAa COBPEMEHHOM OKCIEPHUMEHTaJIbLHOM
00opyaoBaHNY;

OLIEHMBATh (PU3MYECKHE IMapaMeTpbl MaTepuasioB (IIPOBOAUMOCTH, IUAJIEKTPUYECKHE W MarHUTHBIE
CBOWCTBA, TEPMOJUHAMUYECKUE (PYHKIMH) I10 3KCIIEPUMEHTAIBHBIM JaHHbIM;

MCTOAAMHU KBAaHTOBO-MEXAaHUYCCKOI'O OIIMCAaHUA HpOCTeI\/'II_HI/IX KBAaHTOBBIX CHCTCM, BXOAAIIMUX B COCTaB
OJICMCHTOB DJJICKTPOHUKU, crocodamu pacucToB NMPOBOAMMOCTHU, AUIJICKTPUUCCKUX U MATHUTHBIX CBOICTB
TCIIIIOCMKOCTH,

MAaTEMAaTU4CCKUM MOACINPOBAHUCEM (1)I/ISI/IT-IGCKI/IX 3aJaa4.

OcHOBHOE cofepxaHHue Kypca U3JI0KEHO B CIEAYIOIIUX pa3aesax:

1. UccnenoBanue ONTHYECKUX CBOWCTB TBEPBIX TEI

2. DIEKTPOHHO-MUKPOCKOIIMUECKUE HCCIIEI0OBAHUS Ha IPOCBEYHUBAIOLIEM JIEKTPOHHOM MUKPOCKOIIE

3. HccnenoBaHue akyCTHMUECKHUX CBOMCTB MarepuajoB M IbE303JIEKTPUYECKUX CIIOMCTBIX CTPYKTYpP U MX
3aBUCUMOCTH OT JIaBJIEHHS U TEMIIEpaTyphl

4. MHccnenmoBaHue TPAHCHOPTHBIX, KAJIOPHUMETPUUYECKUX M MEXaHWYECKHX CBOWCTB HAHOCTPYKTYPHBIX
METaJJIOYIVIEPOJHBIX MaT€pPUAJIOB



5. Metonsl crnekaHust OOBbEMHBIX OOpa3LOB KEpaMHUK M H3ydeHHE (a30BBIX IEPEXOAOB IPH BBICOKUX

JaBJICHUAX
6. AToMHO-CcuI0Bas MHKPOCKOIIHA

7. I/ICCJ'IGI[OBaHI/IC CBOICTB HAHOCTPYKTYPp Ha OCHOBC aJiMa3a MCETOAAMU KOMITBIOTCPHOTO MOACIINPOBAHUA.

1. leau u 3apauu

eap AUCUMNIMHBI

¢* OCBOCHHUC DOKCICPUMCHTAJIBHBIX MCTOHAOB 00BEMHEBIX (ynpyrnx, TCIJIOBBIX, JJICKTPUYCCKUX,

XUMHUYECKUX, MAarHUTHBIX U T.J.) U IIOBEPXHOCTHBIX CBONCTB TBEPIBIX TE€J]; U3yUYEHUS TBEPIBIX TEI
(MeTayuIoB, IUAIEKTPUKOB, IOIYNPOBOIHUKOB, MAarHETHUKOB, KOMIIO3UTHBIX MAaTEpUalOB) C YYETOM
CTPYKTYpPbI, CUMMETPUU M THUIIOB XHMHUYECKHX CBA3eH B HHUX, a TaKkKe O0a30Bble NPUIOKCHUS

pa3nuyHbIX 3((EKTOB U CBOWCTB TBEPIABIX TEJI.

33]13‘[1/[ JAUCHUIIINHBI

° (I)OpMI/IpOBaHI/IC MPAaKTUYCCKUX HABBIKOB B 3KCHepI/IM6HTaJ'II:HOI\/’I obmactu (I)I/IBI/IKI/I TBCPAOro TCJia U

(bHU3HMUECKOTO MaTepragOBeICHHS;

* OCBOCHHE pabOTHl HA COBPEMEHHBIX HCCIIEIAOBATEIbCKUX YCTAHOBKAX JJISi CTPYKTYPHOTO aHaiu3a
JNIEKTPOHHOM M aTOMHO-CHJIOBOM MHMKPOCKOIIMM, HAHOTBEPAOMETPHUH, 3IJIEKTPUUYECKUX H3MEPECHHM
MOJTyIIPOBOJHUKOBBIX CTPYKTYp, BU akycTHUEeCKHX HCCIeN0BaHUI TBEPABIX TEM U JIp.;

. npuoOpeTeHne NPAKTHUYECKUX YMEHHH W HaBBIKOB B OpPraHM3aldd AKCIEPUMEHTAIBHOTO MU
TEOPETUYECKOT0 MOAETUPOBAHUS (PU3MUECKUX MPOLIECCOB B TBEPABIX TENAX.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETCHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000INATH
nH(pOpMaIHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHHN

[IK-1.2 CnocoGeH  BbLABHraTb THIIOTE3bl, CTPOUThH
MaTeMaTUYecKue MOAEIM JUIsl OIMCAHUS H3y4aeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbI UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATB!
COBpEMEHHBIE TPOOIeMbl (PU3NKK TBEPAOTO Tea U PU3UIECKOTO MaTepUaIOBEACHNUS;
TEOpPEeTHUECKUEe MOJETH (PyHAAMEHTAJIbHBIX MPOIECCOB U SBICHUN B (U3MKE TBEPIOTO Tela U ee
MPUIIOKEHUSX;
IPUHLUIIBI CUMMETPHUHU U 3aKOHbI COXPaHEHUS;
MOCTAHOBKY MPO0JeM (PU3HKO-XUMHUYECKOTO MOICTHPOBAHUSI.
YMETB:

3(1)(1)6KTI/IBHO HCIIOJIb30BATh HA MPAKTUKE TCOPCTUUCCKUEC KOMIIOHCHTBI HAYKU: TOHATUSA, CYXKICHUS,

YMO3aKITFOUCHUS, 3aKOHBI;

paborars Ha COBPEMEHHOM SKCIIEPUMEHTAILHOM 000PYI0BaHUY;
abcTparnpoBarbCsi OT HECYLIECTBEHHBIX BIMSHUN NPH MOJAENHUPOBAHUU PEATBHBIX (PU3MUECKHX

CUTYALIUii;

OLIEHMBATh (PU3UUYECKHE MTapaMeTPpbl MaTepUalIOB (IIPOBOAUMOCTbD, TUIEKTPUUECKHE U MarHUTHBIE
CBOWCTBA, TEPMOJUHAMUYECKUE PYHKINH, AePEKTOOOpa30BaHKE) IO SKCIEPUMEHTAIBHBIM JaHHBIM;
IUTAHUPOBATh ONTUMAJILHOE IIPOBEACHUE SKCIIEPUMEHTA.

BJIAJIETD:



IUTAHUPOBAaHUEM, TIOCTAHOBKOH 1 00pabOTKON Pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;

Hay4yHOH KapTUHON MUDA;

HaBBIKAMH CaMOCTOSTCILHOM pa6OTLI B J'Ia60paT0pI/II/I Ha COBPCMCHHOM JSKCIICPUMCHTAJILEHOM

000pyIOBaHUY;

OLICHMBATh (PU3UUECKHE MMapaMeTPbl MaTepHaioB (IPOBOAUMOCTD, JUJICKTPUUECKHE U MAarHUTHBIC
CBOMCTBa, TEPMOANHAMUYECKHE (PYHKIINU) TI0 SKCIEPHUMEHTAIBHBIM JJAHHBIM;
METOJaMH KBAHTOBO-MEXAHMUYECKOTO OINHCAaHHA NMPOCTEUIINX KBAHTOBBIX CHUCTEM, BXOIALINX B

COCTaB 3JJICMCHTOB OJJICKTPOHUKH,
MarHHUTHEIX CBOMCTB TCIINIOCMKOCTH,

croco0aMu  pacyeToB IPOBOIUMOCTH,

MAaTEMAaTU4CCKUM MOACINPOBAHUCEM (1)I/ISI/I‘IGCKI/IX 3aJaa4.

JAUDJICKTPUICCKUX U

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

4.1. Paznenbl tuctMIIMHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3nein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| HccnenoBanne  ONTUYECKUX  CBOWCTB 20 25
TBEPIBIX TEJ
2 IIpocBeunBaromuii MUKPOCKOIT 20 25
UccnenoBanne akyCTHUYECKMX CBOWMCTB
3 MaTepualoB U IIbE303JIEKTPUUYECKUX 20 25
CIIONCTBIX CTPYKTYp M HX 3aBUCHUMOCTHU
OT J1aBJIEHUS U TEMIIEPaTypbl
4 CaoticTBa HaHOCTPYKTYPHBIX 15 19
METaJJIOYIIEPOJHBIX MaTepPHAaIOB
5 Uzyuenne (a3oBbIXx mepexomoB mpu 15 19
BBICOKHX JIaBJICHUAX
6 ATOMHO-CHJIOBass MUKPOCKOTIHS 15 19
Mertoubl KOMIIBIOTEPHOTO
7 MOZECIIUPOBAHUS YITIEPOAHBIX 15 18
MaTepuasoB
Hroro yacos 120 150
Iloaroroska k sKk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 270 gac., 6 3ad.en.

4.2.

Cemectp: 1 (Ocennuii)

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzesiam)

1. I/ICCJIGI[OBaHI/IC OINTHYSCKUX CBOMCTB TBCPABIX TCJI

a) (hOTOMIOMUHHUCLICHIIHS,

6) CIICKTPOCKOIIUSA PE30OHAHCHOTI'O KOM6I/IHaLII/IOHHOFO paccesaHus;

B) ¢ypbe-cnexrpockonusi MK-nornomeHus u oTpaskeHus.

2. IlpocBeunBarOINN MUKPOCKOIT




9JI€KTpOHHO-MI/IKp0CKOHI/I‘-IeCKI/Ie HCCIICOOBaHUA C HCIIOJI30BAHHUEM IIPOCBCUNBAIOLICTO
QJICKTPOHHOT'O MUKPOCKOIIA.

3. I/ICCJ'IC,I[OBaHI/Ie AKyCTUYCCKUX CBOICTB MaTCpHraJIOB U IBC303JICKTPUICCKUX CIOUCTBIX CTPYKTYpP U
HX 3aBUCUMOCTHU OT AABJICHUS U TEMIICPATYPBI

a) METOJl JJIMHHOTO UMITYJIbCA;
0) UMITYJILCHBIN 3X0-METO]I.

Cemecrtp: 2 (Becennuit)
4. CBOWCTBAa HAHOCTPYKTYPHBIX METAIIOYIJICPOHBIX MaTePHAIOB

HccnenoBanue TpaHCHOPTHBIX, KAIOPUMETPUYECKUX M MEXaHHMYECKHUX CBOMCTB HAaHOCTPYKTYPHBIX
METaJUIOYITIEPOIHBIX MaTEpHAJIOB.

5. Uzyuenne (ha3oBBIX MEPEXO0B MPHU BHICOKHUX JTABICHUSIX

MCTO,I[LI CIIEKaHUST O0OBEMHEIX O6pa3LIOB KCpaMUK U H3YyUYCHHUC (1)8.30BLIX MEepexoa0B IMPU BBICOKUX
JaBJICHUAX.

6. ATOMHO-CHJIOBast MUKPOCKOTIHS

a) 30H/10Basi HAHOJIA0OpaTOPHSI;
0) CKaHUPYIOIUI HAHOTBEPIOMED.

7. MeToipl KOMIIBIOTEPHOI'O MOJIEIMPOBAHUS YIVIEPOAHBIX MaTepuasioB

HccnenoBanue CBOWCTB HAHOCTPYKTYp Ha OCHOBE —ajMasa METOJJaMU  KOMITBIOTEPHOT'O
MOZCTHPOBAHHSI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

Heo0xonuMoe obopynoBaHue Jist Ta0OpaTOPHBIX 3aHATHI: KOMITBIOTEP U MYJIETHMEAHIHOE
o0opynoBaHue (MPOEKTOp, 3BYKOBasi cucreMa), taboparpHoe obopynosanue ®I'BHY TUCHYM.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Bacunesckuit A.C. ®uzuka tBepaoro tena. Yu. nocobue. 2010 roa. 210 ctp. DJVU. 26.8 M6.
2. Bpannr H.B., Kyns6aunuckuit B.A. KBazuyactuiisl B puznke KoHACHCUPOBAaHHOTO cocTostHust. 2006

rox. - 632 c.

3. 3unenko B.U., Copoxun B.I1., Typuusn [LI1. OcHoBbI Gu3uku TBepaoro tena. —M.: Ou3Matiur,
2001.

4. Bepemarun UK., Kokun B.A. [u ap.]. ®uzuka tBepaoro tena. 2-e uza.ucp. - 2001 rox. 240 ctp.
djvu. 7.6 M6.

5. Boponos B.K., [Tonomnenor A.B. CoBpemenHast pusuka. KoHaeHcHpoBaHHBIE COCTOSHUSL. Y.
noco6ue. 2008 rox. - 327 c.

JomnonHutensHas auTeparypa
1. Enudanos I'1., Moma F0.A. TeepnorenbHas snexkTpoHuka. Yueouuk. 1986ron. - 304 c.
2. ITaBnos I1.B., XoxmoB A.I. ®usuka tBepaoro Temna — M: Briciias mkomna, 2000.
3. Karanos M.1.2nexTpoHsl, GOHOHBI, MAarHOHBI. 2-¢ 3. - 2008. - 192 c.
4. Cupora JI.. ®uzuka tBepaoro tena: COOPHUK 3a/1a4 C MOAPOOHBIMH PEIICHUSIMU. 2-€ U3]1., HUCIIP. -
2010. - 184 c.



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

Wudopmanmonnsie pecypesr: XKypHaisl o ¢usnke TBepaoro tena (Gusuka TBEpIoro Tena,
Kpucrannorpagus, KTD, [Tucema B XKTD, Physica Status Solidi b, Physical Review B u np.),
JIOCTyIHbIe yepe3 Internet HayuHbIC H HAYYHO-TEXHHUYESCKHUE )KYPHAIIBI, 3JIEKTPOHHbBIC KOHCTICKTHI
TIEKIUH, yaeOHble TOcoOus U COOPHUKH 33124, pa3padoTaHHbIE JUIsl JAHHOTO Kypca.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUH 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

1) Vienna Ab initio Simulation Package (VASP)
2) Spanish Initiative for Electronic Simulations with Thousands of Atoms (SIESTA)

3) opEn-Source Package for Research in Electronic Structure, Simulation, and Optimization (Quantum
ESPRESSO)opEn-Source Package for Research in Electronic Structure, Simulation, and Optimization
(Quantum ESPRESSO)

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIIAACTh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbIL, JOJAKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrate M3ydeHus TUCHUIUIMHBI CTYAEHT TOJDKEH 3HAaTh OCHOBHBIE ONPEIECICHMS AMCLIMIINHBL,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUA JJIs1 PELICHUS Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

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

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSTENIEHOM PabOoThI CTYy/IEHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

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

— pelueHue 3aaad, MpeAgaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTALUH.

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

BaxHo 10OWTHCS MOHMMAaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAYyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
MIpEeNoAaBaTelio.

Bo3MoxeH nmpoMeKyTOUHBINH KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 331a4 B COOTBETCTBUU C
TEMaTHKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

Pa3paborunk: T.I1. Copokuna, kau. ¢u3.-Mar. HayK, JOICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (W)

HOBBIC HAYTHBIC PE3YJIbTAThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHUN K KOHKPETHON
HayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIbTaThI

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH
B pesynbrare uzydenus qucUIUInHbL « CIIENIPaKTUKYM 110 (PU3HUKE TBEPIOTO TEJay 00YJArOIIHNACS JOIDKEH:

3HAThb:

COBpEMEHHBIE TPOOIeMBbl (PU3NKK TBEPAOTO Tea U PU3UIECKOTO MaTepUaIOBEACHNUS;

TEOpEeTHUECKUEe MOJETH (PyHAAMEHTAIbHBIX MPOIECCOB U SBICHUN B (U3MKE TBEPIOTO Tela U ee
MPUIIOKEHUSX;

IPUHLUIIBI CUMMETPHUHU U 3aKOHBI COXPaHEHUS;

MOCTAHOBKY MPOOJeM (PU3HKO-XMMHUYECKOTO MOICITHUPOBAHUSI.

yMeThb:

3¢ GEKTUBHO UCTIONB30BaTh HA MIPAKTUKE TEOPETUUECCKUE KOMIIOHEHTHI HAYKH: TOHITHSA, CYXKICHUS,
YMO3aKJIFOUEHUs], 3aKOHBI;

paborars Ha COBPEMEHHOM SKCIIEPUMEHTAILHOM 000PYI0BaHUY;

abcTparnpoBarbCsi OT HECYLIECTBEHHBIX BIMSHUN NPH MOJAEIHMPOBAHUYU PEATBHBIX (PU3MUECKHX
CUTYALUii;

OLIEHMBATh (PU3MUYECKHE MapaMeTPpbl MaTepUalIoB (IIPOBOAUMOCTbD, TUIEKTPUUECKHE U MarHUTHBIE
CBOWCTBA, TEPMOJUHAMUYECKUE PYHKINH, AePEKTOOOpa30BaHKE) IO SKCIEPUMEHTAIBHBIM JAHHBIM;
IUTAHUPOBATh ONTUMAJILHOE IIPOBEACHUE KCIIEPUMEHTA.
BJIaJeTh:
TUTAHUPOBAaHUEM, TIOCTAHOBKOH 1 00pabOTKON Pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
Hay4yHOH KapTUHON MUDA;

HABBIKAMH CaMOCTOATENBbHOM paboThl B j1abopaTopuy Ha COBPEMEHHOM JKCIIEPHUMEHTAIbHOM
000pyIOBaHUY;

OLICHMBATh (PU3UUECKHE MMapaMeTPbl MaTepHaioB (IIPOBOAUMOCTD, JUIJIEKTPUUECKHE U MATHUTHBIC
CBOMCTBa, TEPMOANHAMUYECKHE (PYHKIINU) TI0 SKCIEPHUMEHTAIBHBIM JaHHBIM;

METOaMH KBaHTOBO-MEXaHHYECKOTO ONHMCAHUSI MPOCTEHIINX KBAHTOBBIX CHUCTEM, BXOISIIMX B
COCTaB JJIEMEHTOB JJIEKTPOHHMKH, CII0OCOOAMH pPACYETOB IPOBOAMMOCTH, IUIIEKTPUUYECKUX U
MarHUTHBIX CBOMCTB TEIIOEMKOCTH;

MaTeMaTHYeCKUM MOZAEIMPOBaHUEM (PHU3NYEeCcKHX 3a1ad.

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

C 1enplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMK WU B KOHIIE 3aHATHUS IO IPOWIECHHON TeMe.

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

ITepeueHb KOHTPOIBHBIX BOMPOCOB IS cllauu AuddepeHmpoBaHHOTO 3a4eTa B 1-oM cemecTpe:

1.  Meronbl MUKPOCTPYKTYPHBIX HCCIIEAOBAaHUM: 3JIEKTPOHHAs MHUKPOCKONHS, TYHHEIbHBIH U
aTOMHO-CHUJIOBOM MHUKPOCKOTIBI, TU(PPAKIXOHHBIE METOABI




2. DKcrepuMeHTalIbHbIE TU(PPAKIIUOHHBIE METOBI PEHTTCHOCTPYKTYPHOTO aHAIHM3a
3. Ycnosue mudpaknuu U odparHas perierka. [loctpoenune DBanbaa
4. VYpasuenwus qudpaknuu Jlays

5. llpencraBneHue O cCulIax CBA3UM DJIEKTPOCTATUYECKOW M KBAHTOBO-MEXAHUYECKOW IPUPOJBI.
OcHOBHBIE ycTOBHS 00pa30BaHMs KPUCTAIIIIOB

6. DHeprust xumu4deckoi csi3u. Kprcramiel nHepTHBIX Ta30B. [Ipoucxoxnenne cun Ban-nep-Baansca
— JlongoHa

7. Ilpupona cun orrankuBanud. [Ipuanun ITaynu. Ilorennuan Jlenapaa-/>xoHca

8.  NMounble kpucramisl. OHeprus Manenynra. OObeMHBIH MOAYIb YNPYrocTH KyOMYeCKHX
KpPHUCTAJIIOB

9. DHeprus KOBWICHTHOTO KpucTtamia. CTEmeHb HWOHHOCTH CBSI3M B KpHUCTaUIax OWHAPHBIX
COEIMHEHUN

10. Meraminueckue KpUCTAIBL. MeTannudeckas CBsI3b M €€ OCOOCHHOCTH. ODHEprusi CBS3H
METAJJIMYECKOr0 KpucTaia

11. Kpucramibsl ¢ BODOpoAHBIMHE cBs3sIMU. [Ipupona BoOZOpOAHOM CBA3M U €€ 0COOCHHOCTH
12. KBanToBaHue 3Hepruu KojieOaHuii aTOMOB PEIIETKU

13. Heynpyroe paccessHue (OTOHOB ¥ HEUTPOHOB Ha aKycTUdeckux (hoHOHax. KBasummmynbc. 3aKOHBI
COXpaHEeHHUs PHEPTUU U UMITYJIbCa

14. Heynpyroe paccesHue HEHTpOHOB Ha ()OHOHAX KaK METOJ HM3y4eHHUs (POHOHHOIO CIIEKTpa B
TBEPABIX TeIax

15. TemmeparypHast 3aBUCHMOCTb TEIUIOEMKOCTH TBepABIX Tell. 3akoH [rononra-IItu

16. ®ynkums pacnpenenenus [Inanka ams GoHOHOB. Momens DWHINTEHHA TEIIIOEMKOCTH TBEPIBIX TEIl
17. Ilpubmmxenune Jlebast 1u1st aKyCTUYECKUX THUIOB KOJIeOaHH TBEPIOTO TeJa

18. IInotHOCTH hoHOHHBIX MoA. Lukinnueckue rpannynbie ycinoBus bopua-Kapmana

19. Teopus TermoemrocTs TBepAbIX Ten dedas. Temneparypa Jebas

20. AHrapMoHu3M KonebaHuii pemeTky. TermnoBoe pacupesune

21. TennonpoBOAHOCTH TBEPABIX TEIN

22. Omnpenenenue TeH3opa aegopmanuii. beckonedno manble U koHeUHbIe Aeopmanun. OTHOPOIHBIE
Y HEOJHOPOAHKIE AedopMauu

23. Ten3op MexaHUYECKUX HAlPsDKEHUH, €ro BHYTPEHHAS CUMMETPUS

24. 3axoH ['yka 1151 aHM30TPOITHOM CIUIOIIHOM Cpefbl

25. IlocTossHHBIE YIPYTOM MOAATINBOCTH U YIIPYTOH K€CTKOCTH

26. DHeprus ynpyroi nedopmanun

27. TeHzop ynpyrux Momyseu st Kyoudeckoro kpuctaia. OObeMHBIH MOMY/Tb YIIPYTOCTH H YIIPYTHE
MOCTOSIHHBIE KyOUYEeCKOTO KpUCTaJlIa

28. YpaBHEHME OIBHKEHUS YIIPYTOM aHU30TPOITHON CIUIOITHON CPEIb

29. VYpaBuenus Kpuctodpdemns. Ckopoctn ynpyrux BOJH M KOHCTAHTBI YIPYTOCTH KyOHWYECKOTO
KpHUcCTaJuia

30. Iuznexrpuieckas BOCIPUUMYUBOCTb. JAUaIeKTpruecKas IpOHULIAEMOCTh

31. Ilone JlopenTtma. CBsi3b Makpo- 1 MUKPOCKOIIUYECKUX CBOMCTB TUAIEKTPUKOB

32. Inanexrpudeckas penakcanus. YpaBaenue Jleoas

33. KomruiekcHas IU3IeKTpruyeckas MpOHUIaEMOCTh

34. TanreHc TUANEKTPUIECKUX MTOTEPh

35. JuznexTpudecKkue NOTEpU IPY Pa3IMYHbIX TUIIAX MOJpU3ALAN

36. Ckanupytomue 30HAOBbIE MHKpockombl (C3M): MeTpojoruyeckue OTrpaHHyYeHHS |
TEXHOJIOTUYECKNE BO3MOKHOCTHU. 30H, KaK cpeacTBO u3MepeHus. Iloucku 3¢GekToB 4yBCTBUTEIBHBIX
K U3MEHEHHIO PACCTOSHUS.

37. YUro Takoe mbe30CKaHep, KaHTuieBep U kakue ObiBarot urbsl y C3M. Ilouemy CTM mnoxo paboraer
Ha Bo3ayxe. BoamoxkHo i atomapHoe paspenieHre B ACM. [Touemy C3M moMemaioT B BaKyyM.

38. OcHOBHBIE IPUHLIUIIBI U [IOTEHLUAIBHbBIE BO3ZMOXHOCTH CKaHUPYIOIIEH 30H10BOM MUKPOCKOIIUH.
39. TynuenbHbid 3¢dext U Bo3MmoxHocTH Cranupytoniero TyHHenbHOro Mukpockona. Cuitel
B3aMMOJICHCTBHS MEXy TBEPAbIMU TeaamMu U AToMHO CHii0Boi MUKPOCKOII.

40. IIpe3okepaMuUecKHe CKaHephl W MaHHUIYISATOpBI, ucnonb3dyemble B C3M. Chnenuduxa
KOHCTPYKTHUBHBIX pelieHui, ucrnonb3dyeMbix B C3M NanoScan.

41. Yro Takoe Nbe30pe30HAHCHBIM JaTUUK U II0YEMY YaCTOTY MEPUTH JIerue, 4eM aMIUIMTydy. 3a4eM B
MbE30CKaHEPhl BCTPAUBAIOT €eMKOCTHBIE JaTYHKH MEPEMELICHHUS.



42. VzyueHune THIMWYHBIX KOHCTPYKTUBHBIX pElIeHHH, Hcnoib3yeMblx B C3M. OcobeHHOCTH cHucTeM
YIPaBJICHUS CKAHUPYIOLIMMH 30HI0BBIMU MUKPOCKOIIAMH.

43. Yto Takoe oOpaTHas CBsA3b MO IMEPEMELICHHIO M IOo4YeMy ObICTpoaeiicTBue Bcex y3moB C3M
IBITAIOTCS CHIENATh KaK MOXKHO BBIIIIE.

44. Muoro¢pyukiuoHansHeie C3M, TEXHOJIOTHYECKOTO Ha3HAUeHHs. 3HAKOMCTBO C CEMEWCTBOM
mukpockoioB  NTEGRA  poccuiickoit  ¢upmer  HT-MJIT. OO030p OCHOBHBIX  3apyOeKHBIX
npomsBoxuteneir C3M u ux crienuann3amnmy.

45. JlopeHuieBa MUKPOCKOIIUSI MATHUTHBIX TOMEHOB

46. OcoOCHHOCTH COBPEMEHHBIX MPOCBEYMBAIONIMX JJICKTPOHHBIX MHUKPOCKOMOB. J{OMOTHHUTEIEHBIE
MPUCTABKH K 3JIEKTPOHHOMY MHUKPOCKOITY.

47. UneanbHble nim rayccoBbl m3o0paxenus. Cuna Jlopenna. JInnzer. @opmyna auH3bl. X0 JTyded B
MHKPOCKOIIE.

48. Abepparuu.

49. Iuddepennnansuoe apdexTuBHOE ceueHue. DPdheKTUBHAS TOIIINHA.
50. TemHoOnONBHAS MUKPOCKOIHUS. CTEPEOMUKPOCKOITUS ¥ aHAJIN3 CIIE0B
51. DddexTs! nBOIHON nUPPaKIHH.

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB LISl cAadu JU(GepeHIIPOBAHHOIO 3a4€Ta BO 2-OM CEMECTpe:

DJNeKTPOHHAs IPOBOAUMOCTb, TEINIOEMKOCTb, TEIIONPOBOJHOCTh METAJIIIOB
HecocrositensHOCTE KiTacCHYECKUX MOAETIEH

TermonpoBogHOCTH MeTasIOB. 3akoH Bunemana-Opanna

OTtpaxeHue 3JIeKTPOMAarHUTHBIX BOJIH OT MeTajuia. [1na3sMeHHble KoseOaHus 3eKTPOHHOTO ra3a
Mertanibl, MOTyMETaNIbl, IUAIEKTPUKH U TOIYIPOBOAHUKH C TOUKU 3PEHHS 3all0JTHEHHUS 30H
[Ipumepsl 30HHBIX CTPYKTYp (anma3s, rpaduT)

NSV e L=

Crpoenne noBepxHoctn PepMu 1 METOIBI €€ UCCIIe0BaHMsl (LMKIOTPOHHBIN Pe30HAHC, 3aTyXaHHue
YIBTpa3ByKa)

8. Dddexr ne 'aza- Ban Anbdena

9. JluHamuKa TBUKEHUS DJIEKTPOHOB. DIEKTPOHBI U ABIPKU

10. ®duznyeckas uateprperaius 3GHekTuBHOM Macchl

11. D¢ddexr Xomna B MeTammax

12. CobGcTBeHHBIEC TIOTYITPOBOHHUKH. HekprcTaminieckue moayrnpoBOTHUKA
13. 3ampemieHHas 30Ha

14. ®oTorpoBOANMOCTH

15. TIpsimble ¥ HENPSIMBIE MTPOIECCHI TOMIONICHUST OTOHOB

16. DKCUTOHBI

17. YpaBuenust MakcBesuia JijIsl MATHETUKOB

18. HanpskeHHOCTD U MHAYKITHSI MATHUTHOTO TOJIS

19. MaruuTHas BOCHpUUMYUBOCTh. HamaruuueHHocTh

20. /lna-, napa- u ¢peppoMarHeTHKU

21. Iunamarnetusm aromoB. [Ipeneccus Jlapmopa

22. Mogens ¢peppomarnetusma [eiizenoepra. OOMeHHOE B3anMoJIeicTBHE
23. CIMHOBBIC BOJIHBI (MarHOHbI)

24. SlnepHbIi MarHUTHBIA pE30HAHC. YpaBHEHHUs MABIXKEHUA M SACPHON HaMarHUYEHHOCTH.
CrimH-peneTovHas pejakcauus

25. YpasHenus bnoxa. llluprHa pe3oHaHCHON JTMHUH

26. @eppOMarHuTHBIN pE30HAHC

27. DneKTpOHHBIN MapaMarHUTHBIN PEe30HAHC

28. NH(dpakpacHasi ClIEKTPOCKONHS TBEPIBIX TEI

29. llornowmenue MUK n3nyueHus Ha KosedaTenbHBIX IePEXoaax

30. UK cnekTpsl 1 MUKPOCKOITMYECKHE TAPAMETPHI ITOJIOCHI MTOTTIOIEHUS

31. KomOunaunonHoe paccesiHue cBeta (KJIacCu4ecKoe OMMCaHue)

32. Pesynsrarsl kBaHTOBOM Teopuu KPC. Tenzop KPC. Ilapamerpsr konebanuii u3 cnexktpos KPC
33. IIpaBuna ordopa ans cumMeTpun Konedanuii, aktuBHbIX B UK n KPC



34. Meronsl kmaccudukanmu koneOanuid. OOmui Mmerton baraBantama. MeToa TO3UIIMOHHOM
CHMMETPUH

35. 3aBUCHMOCTD CIICKTpPa OT MCXAHUYICCKUX HaHpH)KeHI/Iﬁ. FI/II[pOCTaTI/I‘leCKOG JaBJICHHC

36. OmpeneneHue CTPYKTyphl KPUCTAJUIOB MO KOJICOATEIbHBIM CIIEKTpaM. XapaKTePHCTHUECKUE
4acTOThI KoJeOaHuil B CIIEKTpax

37. JloxanbHele kosebanus. Pesonancnoe KPC

38. I'mrantckoe (ycuinennoe nosepxuocteio) KPC (SERS)

39. l'uneprom6OuHanmonnoe paccesaue ceera (I'KP)

40. OcobeHHOCTH ONITHYECKOW CIIEKTPOCKOITMH HAHOCTPYKTYP

41. ®ononbl B HaHOCTPYKTYpax. Kondaiinment hononos. [ToBepxHocTHBIE POHOHBI
42. CBepxpeuieTku

43. CinoxxeHue 30H

44. ®onoH-PoHOHHOE B3anMoieicTBIe. KyOndeckas aHrapMOHUYHOCTb

45. budononsl. depMu-pe3oHanc

46. Hanonmutorpadus. DnexTpoHHO-TTyueBas nutorpadust. [lepbeBas HanonmmuTorpadus.
47. OCHOBHBIE XapaKTEPUCTUKHU JABYMEPHBIX MOITYIPOBOJHUKOBBIX HAHOCTPYKTYP.

48. IlpsmoyronbHasi IMOTEHUMAIbHAs sMa KOHe4YHOW myOuHbl. IlapaGonuueckas u TpeyronbHas
KBaHTOBBIE sIMBI. [lapabonnueckas HoTeHIMAIbHAS SIMa.

49. HanpsoxeHHble ciiod. BiusiHue HanpsoKeHWH Ha BaJICHTHYIO 30HY. 30HHAsI CTPYKTYpa B KBAHTOBBIX
sIMax.

50. CnocoObl THOpUIN3AIIUN ATOMOB YTIIEPOJIA.

51. MHorocreHHble ¥ OIHOCTEHHBIC YIIEPONHBIE HAHOTPYOKH, QymiepeHsl u  (yiepeHoBbIE
MOJMMEpBl, HaHOrpapuT, HaHOAIMa3 M aMop(pHBIE aaMa30mof00HBIC IJICHKH, YIIEPOAHbIE U
a30T-yINIepOJHbIE HAHOBOJIOKHA.

52. I'papeHOBBIC HAHORNEKTPOHHBIE YCTPOUCTBA.

OCHOBBI  IKCIIEPUMEHTAIBHBIX METOJOB HCCIECIOBAaHUS MEXaHHYECKUX CBOWCTB CBEPXTBEPIBIX
MarepuaoB

53. TBepnocTh
54. IIpo4HOCTH U YIIpYTHE MOAYIN
55. I3HOCOCTOMKOCTh
56. TpemnHOCTONKOCTh
57. Koapduument u Tenzop ['pronaiizeHa - onpeneneHue mOHITHS
58. Paznuune TUHAMHYECKOTO M CTaTUYECKOTO HarpyKEeHHMA
59. 3aBHUCUMOCTD YIPYTUX MOAYJIEH OT JaBICHUS
IbE30CHEKTPOCKOIIHUS - OCHOBHBIE TIOHATHUS U COOTHOIIECHHS
60. Uto Takoe METOI MOJICTTUPOBAHMS U3 TIEPBBIX IPUHIUIIOB (ab initio)?
61. O6bscauTe Moaenb Tomaca — Depmu.
62. Urto takoe Teopus QyHKIIMOHAIA dJICKTPOHHOU MIIOTHOCTH?
63. Kakue cymecTByIOT OrpaHHUYCHHS B TPUMEHEHHUH TEOPHH (DYHKIIMOHAIIA 3JICKTPOHHOM IIIOTHOCTH?
64. Jloxaxure Teopemy Xodnoepra — Kona.
65. Uto Takoe ypaBHeHus Kona-11lama? BriBenute 3TH ypaBHEHUSI.

66. OObBsICHUTE TPUOIIKEHHE JIOKAJbHOH OJJIEKTPOHHOH TIUIOTHOCTH B TEOpHH (PYHKIMOHAIA
ANEKTPOHHOH IJIOTHOCTH.

Kpurepun oneHuBanus

Onenka ommuno (10 OGamioB) - BBICTABIISIETCSL  CTYACHTY, ITOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUECKH
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.

Onenka ommuyHo (9 ©OamioB) - BBICTABISIETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.



Onenka omauaHo (8 06aioB) - BBICTaBISETCS CTYJIEHTY, II0Ka3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
peIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.

Onenka xopoio (7 6amoB) - BEICTABISETCS CTYJCHTY, €CJIA OH TBEP/IO 3HAET MaTepuall, TPAMOTHO H
[0 CYIIECTBY M3J1araeT ero, yMeeT MPUMEHAThH IOJIyY€HHbIC 3HAHUS Ha MPAKTHKE, HO HEAOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomo (6 0aoB) - BEICTABISIETCA CTYACHTY, €CJIM OH TBEPIO 3HAET MaTepuall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPUMEHSTH MOJTy4YeHHbIE 3HAHHMsS Ha NPAKTHUKE, HO JOIyCKAeT B
OTBETE WJIH B PELLICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.

Omnenka xopomio (5 0a/ioB) - BBICTABISIETCS CTYACHTY, €CId OH B OCHOBHOM 3HAaeT Marepual,
IrPaMOTHO M IO CYWIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHATh MOITYy4YEeHHBIC 3HAHUS Ha NPAKTHUKE, HO
JOIyCKaeT B OTBETE WM B PEILICHUH 3a/1a4 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

OueHka yIOBIETBOPUTENBHO (4 OGayta) - BBICTABISIETCS CTYICHTY, MOKa3aBIleMy (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyLIEHUs JOTHYECKON MOCIeI0BAaTeIbHOCTH B U3JIOKEHUHU IIPOrPaMMHOI0 Marepuasna, HO P 3TOM
OH OCBOMJI OCHOBHBIE pa3lienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE sl AajbHeHmero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Ouenka ynoBieTBOpuTenbHO (3 Oayuia) - BBICTABISIETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWMU, AOMycKaroulemy omHuOku B (popMynupoBKax 0a30BbIX NOHSTH,
HapyLIEHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTSI TadbHEUIIETO 00yYeHHS U
C TPYAOM IIPUMEHSET MOIyYEeHHbIC 3HaHU JJa’Ke B CTAHAAPTHON CUTYalHU.

OueHka HEyJOBIETBOPUTENIBHO (2 6aita) - BBICTABISIETCS CTY/ICHTY, KOTOPBI HE 3HAaeT OOJblIel 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

Onenka HeynosieTBopuTesnbHO (1 Oamt) - BBICTABISIETCS CTYACHTY, KOTOPBIM HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpPMYTUPOBKaX
0a30BbIX MOHATHH AMCUUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHHS THIIOBBIX NMPAKTHUYECKUX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

CryneHT 00s3aH BBIIIOJHUTH BCE NPEAYCMOTPEHHBIE MPOrpaMMoil jabopaTopHbie pabOTBI U CHOATh
BBHITIOJIHEHHBIE pabOThl Ha OLEHKW He Hrbke "ymoBieTBopHTenbHO". MTOroBas oleHka 3a ceMecTp
CKJIaJbIBaCTCSl KaK CpeAHee apu(pMETHYEeCKOe OLCHKH, IMOJYy4YeHHOW Ha 3adeTe M OLEHKH 3a
naboparopHele paboTel. Ompoc CTyaeHTa Ha YCTHOM 3adyeTe He JO0JDKEH IIPEeBBINIATh OJHOIO
ACTPOHOMHYECKOTO Yaca.



