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)

o AMCHUIIJIMHE: CHGLIHpaKTI/IKYM 10 (1)I/IBI/IKG TBCPAOIrO TCJIa
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadenpa QU3NKU ¥ XUMHUA HAHOCTPYKTYP

Kypc: 1

KBau(pukanus: MarucTp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (Becennwuil) - luddepeHpoBaHHblii 3a4€T

AynutopHbIX yacoB: 120 Bcero, B TOM 4HCIIE:
nexuun: 0 gac.
cemuHapsl: 0 yac.
nabopatopusle 3anarus: 120 vac.

Camocrostensnas padora: 150 gac.
Bcero gacos: 270, Bcero 3ad. en.: 6

[Iporpammy cocrtaBui: T.II. Copokuna, kaua. ¢pu3.-MaT. HayK, TOLEHT

[Iporpamma obcyxneHa Ha 3acefjanny Kadeapbl GU3UKU U XUMHH HaHOCTPYKTYp 29.05.2020



AHHOTANMA

Kypc "Cneumpaktukym 1o (¢u3nMke TBEpHOro Tena" NpeaycMaTpuBaeT OCBOCHHE SKCIEPUMEHTAIBHBIX
METOJIOB OOBEMHBIX (YNPYI'MX, TEIUIOBBIX, JJIEKTPUYECKNX, XHUMHUYECKMX, MArHUTHbBIX W TJ.) U
[TOBEPXHOCTHBIX CBOICTB TBEPHABIX TEl; W3yueHUs] TBEPAbIX Tesl (METajuloB, JAMAJIEKTPHUKOB,
[OJIyIIPOBOJHUKOB, MarHETUKOB, KOMIIO3UTHBIX MAaTEpUaoOB) C y4€TOM CTPYKTYpbl, CAMMETPUM U TUIIOB
XUMHYECKUX CBSA3EH B HUX, a TAKXKe 0a30BbIe MPHIOKECHUS PA3INYHBIX 3QPEKTOB 1 CBOMCTB TBEPIBIX TEIL.

3anauu Kypca:

*  ($OopMHUpPOBaHHE TPAKTHUYCCKHX HABBIKOB B OIKCIIEPUMEHTAIBbHOW 00OnacTu (pU3MKu TBEpAOro Teia u
(bHU3MUECKOTO MaTepragIOBeICHHS;

. OCBOGHHE PabOThl HAa COBPEMEHHBIX HCCIICAOBATEIbCKUX YCTAHOBKaX Ui CTPYKTYPHOTO aHaiu3a
JJEKTPOHHOM W aTOMHO-CWJIOBOM MUKDPOCKOIIMH, HAHOTBEPIOMETPUM, DSJIEKTPUYECKUX HU3MEPEHUH
MOJTyIIPOBOJHUKOBBIX CTPYKTYp, BU akycTHUEeCKHX HCCIeN0BaHUI TBEPABIX TEM U JIp.;

* MpUOOpETeHHE MPAKTUYECKUX YMEHUN U HABBIKOB B OPraHU3aLMH SKCIEPUMEHTAIBHOTO U TEOPETUUECKOTO
MOZEIMPOBaHUS (PU3MUECKHUX MPOIECCOB B TBEPABIX TENaX.

ITo pe3ynbTaram 0CBOEHHS Kypca CTYJCHT JI0JKEH:
3HaTh:
[J coBpeMeHHbIE IPOOIEeMbl PU3UKHU TBEPIOTO Tela M (PU3MUECKOTO MaTepUaTOBEICHUS;

[l Teopernueckue Mouenu (QpyHIAMEHTAIbHBIX IPOLIECCOB M SBJICHUIl B (M3MKE TBEPAOTO Teaa U ee
MPUIIOKEHUSX;

[ MNPUHOHUIIBI CUMMCETPUHN U 3aKOHBI COXPAHCHU A,
[ MMOCTAaHOBKY HpOGJ’IeM (I)I/IBI/IKO—XI/IMI/I‘ICCKOFO MOACIIUPOBAHUA.

VYMeTs:

(1 5(}eKTHBHO HCIOJIB30BATh HA MPAKTUKE TCOPETHUCCKUE KOMIIOHCHTHI HAYKW: TIOHSATHS, CYXICHUS,
YMO3aKITFOUCHUS, 3aKOHBI;

[J paboTarh HAa COBPEMEHHOM KCIIEPUMEHTAIEHOM 000PY/IOBaHHY;
[l aOcTparupoBarhbcsi OT HECYLIECTBCHHBIX BIMSHHUN MPH MOJCIHPOBAHUH PEANIbHBIX (PU3UUSCKUX CHTYAIINi;

O olLleHMBaTh (hrU3nMYecKHe HapaMmeTpbl MaTepuajioB (MPOBOAMMOCTb, AWAIEKTPUUECKHE W MarHUTHBIC
CBOWCTBA, TEPMOJUHAMUYECKUE (PYyHKINH, 1ePeKTOOOpa3oBaHKE) M0 SKCIEPUMEHTAIBHBIM JaHHBIM ;

[ IJIaHUPOBATh ONITUMAJIBHOC IMPOBCACHUC DKCIICPUMCHTA.

Branets:

[J TIaHMPOBAaHUEM, TIOCTAHOBKOW M 00pabOTKOI pe3ynbTaToB (PU3MUECKOr0 IKCIIEPUMEHTA;

[l Hay4YHON KapTHMHON MHDA;

O HaBBIKAMU CaMOCTOATENbHOM paboThl B 7a00OpaTopuu Ha COBPEMEHHOM SKCIEPUMEHTAILHOM
00opyaoBaHNY;

O olLleHMBaTh (hrU3nMYecKue mapaMmeTpbl MaTepuajioB (MPOBOAMMOCTB, AWAIEKTPUUYECKHE W MarHUTHBIC
CBOWCTBA, TEPMOJUHAMUYECKUE (PYHKIMH) I10 3KCIIEPUMEHTAIBHBIM JaHHbIM;

0 MCTOAAMH KBAaHTOBO-MCXaHHYCCKOI'O OIIMCaHUsA HpOCTCﬁHIPIX KBAHTOBBIX CHUCTCM, BXOJANINX B COCTaB
OJICMCHTOB JJICKTPOHUKH, crocodamMu pacueToB NPOBOAUMOCTHU, AUIICKTPUUCCKUX W MATHUTHBIX CBOICTB
TCIIIIOCMKOCTH,

[J MareMaTH4ecKHM MOJEeIMpOBaHHEeM (QU3NICCKUX 3a7ad.

OcHOBHOE cofepxaHHue Kypca U3JI0KEHO B CIEAYIOIIUX pa3aesax:

1. UccnenoBanue ONTHYECKUX CBOWCTB TBEPBIX TEI

2. DIEKTPOHHO-MUKPOCKOIIMUECKUE HCCIIEI0OBAHUS Ha IPOCBEYHUBAIOLIEM JIEKTPOHHOM MUKPOCKOIIE

3. UccnenoBaHue aKyCTHYECKHMX CBOMCTB MarepuajioB U INbE30VIEKTPUUECKUX CIOUCTBIX CTPYKTYp U HX
3aBUCUMOCTH OT JIaBJIEHHS U TEMIIEpaTyphl

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



5. Metonel cnekaHusi OOBEMHBIX 00pa3loB KepaMHMK M HU3ydeHHe (DAa30oBBIX MEPEXOl0B IMPH 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

* OCBOCHHE DOKCIEPUMEHTAIBHBIX METOAOB OOBEMHBIX (YHNPYTHX, TEIJIOBBIX, 3JIEKTPUYECKHX,
XUMHUYECKUX, MAarHUTHBIX U T.J.) U IOBEPXHOCTHBIX CBOWCTB TBEPIBIX TE€J; U3Y4EHUS TBEPHBIX TEl
(MeTajIoB, IUAIEKTPUKOB, IOIYNPOBOIHUKOB, MAarHETHKOB, KOMIIO3UTHBIX MAaTEpUaIOB) C YYETOM
CTPYKTYpPbI, CUMMETPUH M THIIOB XHUMHMYECKHX CBsI3e B HHX, a TaKke O0a30BbIe NPHIOKECHUS
pa3nuyHbIX 3((EKTOB U CBOWCTB TBEPIABIX TEJI.

33]13‘[1/[ JAUCHUIIINHBI

° (bOpMI/IpOBaHI/Ie MNPaKTUYCCKUX HABBIKOB B 3KCH€pI/IM6HTaIILHOI\/’I obmacTu (1)I/I3I/IKI/I TBCPAOro TCJia U

(bHU3HMUECKOTO MaTepragOBeICHHS;

* OCBOCHHE pabOTHl HA COBPEMEHHBIX HCCJIEIOBATENILCKUX YCTAHOBKAX Ul CTPYKTYPHOIO aHAIN3a
JNIEKTPOHHOM M aTOMHO-CHJIOBOM MHMKPOCKOIIMM, HAHOTBEPAOMETPHUH, 3IJIEKTPUUYECKUX H3MEPECHHM
MOJTyIIPOBOJHUKOBBIX CTPYKTYp, BU akycTHUEeCKHX HCCIeN0BaHUI TBEPABIX TEM U JIp.;

. NpuOOpETeHNE NPAKTUYECKHMX YMEHHH M HaBBIKOB B OPraHM3aLMU 3KCIIEPHUMEHTAIBHOTO W
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 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalIbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (WIn)
JKCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBAaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3yIbTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

[J coBpeMeHHBIE IPOoOIeMbl PU3UKHU TBEPIOTO Tela M (PU3MUECKOro MaTepruatoBeICHUS;
[l TeopeTHueckue MoAeaH (yHIAaMEHTAIbHBIX MIPOIECCOB U SBICHUI B (PM3UKE TBEPIOTO Tela U ee

MPUITOXKCHUX

[J NIpUHIMIIBI CHMMETPUU U 3aKOHBI COXPAHEHUS;
[J mocTaHOBKY Hpo0ieM (GU3NKO-XHUMUYECKOTO MOJECIINPOBAHHUS.

YMETB:

[ 3(1)(1)6KTI/IBHO HCMOJIb30BATh HA MPAKTHUKE TCOPCTUICCKHUEC KOMIIOHCHTBI HAYKU: MMOHATUA, CYKACHUS,

YMO3aKITFOUCHUS, 3aKOHBI;

[J paboTarh HAa COBPEMEHHOM 3KCIIEPUMEHTAIBHOM 000pYyIOBaHNU;
[l abcTparnpoBarhCsi OT HECYIIECTBEHHBIX BIMSHUM NPU MOJECITMPOBAHHM PEAbHBIX (PU3NUECKUX

CUTYALUii;

[l omeHuBaTh GU3MUYECKUE NTapaMEeTPbl MaTEpUaNIOB (IPOBOIAUMOCTD, JUNEKTPUIECKUE U MarHUTHbIC
CBOWCTBA, TEPMOJUHAMUYECKUE PYHKINH, AePEKTOOOpa30BaHKe) IO SKCIIEPUMEHTAIBHBIM JaHHBIM;
[J miaHMpOBATh ONTHMAJIBHOE IPOBEIEHUE IKCIIEPUMEHTA.

BJIAJIETD:




[J TUIaHUPOBAHUEM, TIOCTAHOBKOW M 00pabOTKOM pe3ynbTaToB (PU3MUECKOrO IKCIIEPUMEHTA;

[J Hay4YHOU KapTUHOH MUpa;

[ HaBBIKAMH CaMOCTOSTCILHOM pa60TBI B na6opaT0pHH Ha COBPCMCHHOM 3JKCICPUMCHTAJIBHOM

000pyIOBaHUY;

[J oueHuBarh HU3NYECKUE TapaMETPhl MaTepUANOB (IPOBOAUMOCTb, TUIICKTPUUECKIE U MarHUTHBIC
CBOMCTBa, TEPMOANHAMUYECKHE (PYHKIINU) TI0 SKCIEPHUMEHTAIBHBIM JJAHHBIM;
[]  MeTomaMM KBaHTOBO-MEXAHHMYECKOTO OMMCAHMS MPOCTEHIIMX KBAHTOBBIX CHUCTEM, BXOIAIIMX B
COCTaB JJIEMEHTOB OJJIEKTPOHHKH, CIIOCOOAMH pacdeToB HPOBOIUMOCTH, AUDIEKTPHUECKUX

MarHHUTHEIX CBOMCTB TCIINIOCMKOCTH,

[J MareMaTH4ecKHM MOJEeMpOoBaHreM QU3NICCKUX 3a7ad.

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 akyCTHYECKHMX CBOMCTB

3 MaTepualoB U IbE303JIEKTPUUYECKUX 20 25
CIIONCTBIX CTPYKTYp M HX 3aBUCHUMOCTHU
OT J1aBJIEHUS U TEMIIEPaTypbl

4 CaoticTBa HaHOCTPYKTYPHBIX 15 19
METaJJIOYIIEPOJHBIX MaTepPHAaIOB

5 Uzyuenne (a3oBbIXx mepexomgoB mpu 15 19
BBICOKHX JIaBJICHUAX

6 ATOMHO-CHJIOBass MUKPOCKOTIHS 15 19
Mertoubl KOMIIBIOTEPHOTO

7 MOZECIIUPOBAHUS YITIEPOAHBIX 15 18
MaTepuasoB

Hroro yacos 120 150

[ToaroroBka x sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

270 yac., 6 3au.ej.

4.2.

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

Cemectp: 1 (Ocennuii)

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'IG,[[OBaHI/Ie AKyCTUYCCKUX CBOICTB MaTCpUuaJiOB U MbC30IICKTPUICCKUX CIOUCTBIX CTPYKTYP 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, KAJIOPUMETPUYECKUMX M MEXaHUYECKUX 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 aiMasa METOJJaMH  KOMITbIOTEPHOTO
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)

CTyneHT, W3ydYarolmMid JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbIL, JOJAKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrare M3ydeHUs IUCLHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
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 y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSITENBHOTO U3yUEHUS;

— pelueHue 3aaad, MpeAgaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTALUH.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, CleIyeT oOpamiarbcs 3a KOHCYIBTALMSAMU K
MIpEeNoAaBaTelio.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHUM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTHKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO:
Nnpo¢uJIb NOATOTOBKH:

Kypc:
KBaJIU(pUKALMSA:

HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/ISI/IKa

®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa QU3NKU U XUMHHA HAHOCTPYKTYP
1

MarucTp

CemecTpbl, POPMBI TPOMEKYTOUHOM aTTECTAIUH:

Pa3zpatGoTunk:

1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (Becennwuil) - luddepeHpoBaHHblii 3a4€T

T.I1. Copokuna, kaHa. ¢pu3.-MarT. HayK, TOIEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HanmMeHOBaHUE KOMIICTEHIIUH WNHAMKATOPBI JOCTHIKEHHSI KOMIIETCHIIN

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pelath 3a1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CrnocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOMTH
KCCJIeIOBAaTh MaTEMAaTHYECKUE MOICTH MareMaTH4ecKue MOJAETH JUISl  OMUCAHHWS H3y4aeMBIX
M3yYaeMbIX SBJICHUH U MPOILIECCOB, CHCTEMHO  |SIBJICHHI M MPOIIECCOB, OICHUBATH KAUECTBO pa3paboTaHHOU
aHAIIM3UPOBATh HAYYHbIC TPOOJIEMBI, TONyYaTh |MOJEIH

HOBBIC HAayYHBIC PE3YJIbTaThI [MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
IKCIICPUMCHTAJILHBIC METOMbI MCCIICIOBAHUN K KOHKPETHOMN
HAy4YHOW 3aJa4e W HHTEPIPETUPOBATH  IOJyYCHHBIE
pe3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus qucuIuinabl « CIIenIpakTUKyM 110 (PU3HUKE TBEPIOTO TEJay O00yJArOIIHNACS JTOIKEH:

3HATh:
[J coBpeMeHHbIE TPOOIeMbl PU3UKHU TBEPIOTO Tela M (PU3MUECKOro MaTepruaioBeICHUS;
[l TeopeTHueckue MoaeiaH (yHAaMEHTAIbHBIX MIPOIECCOB U SBJICHUI B (PM3UKE TBEPIOTO Tela U ee
MPUIIOKEHUSX;
[J TIpUHIMIIBI CHMMETPUU U 3aKOHBI COXPAHEHUS;
[J mocTaHOBKY Ipo0ieM GU3NKO-XHUMHUYECKOTO MOJECIINPOBAHHUS.

yMeThb:
[0 3¢ ¢exTUBHO UCIIOIB30BaTh HA MIPAKTUKE TEOPETUYECKUE KOMIIOHEHTHI HAYKH: MTOHSTHSA, CYKICHUS,
YMO3aKJIFOUEHUs], 3aKOHBI;
[J paboTarh HAa COBPEMEHHOM 3KCIIEPUMEHTAIBHOM 000pYIOBaHHU;
[l abcTparnpoBarhCsi OT HECYIIECTBEHHBIX BIMSHUM NPU MOJECITMPOBAHHM PEAbHBIX (PU3NUECKUX
CUTYALIUii;
[l omeHuBaTh GU3MUYECKUE NTapaMeTPbl MaTEPUANIOB (IIPOBOAUMOCTbD, JUNEKTPUIECKUE U MarHUTHbIC
CBOWCTBA, TEPMOJUHAMUYECKUE PYHKINH, AePEKTOOOpa30BaHKE) IO SKCIEPUMEHTAIBHBIM JaHHBIM;
[J maHMpOBATh ONTHUMAJIBLHOE IPOBEIEHUE IKCIIEPUMEHTA.

BJIaJeTh:
[J TIaHMpPOBAaHUEM, TIOCTAHOBKOW U 00pabOTKOI pe3ynbTaToB (PU3MUECKOrO IKCIIEPUMEHTA;
[J Hay4YHOU KapTUHOH MUpa;
[J  HaBBIKAMH CaMOCTOSTEILHOH padOTHl B JIAOOPATOPHUHM HAa COBPEMEHHOM 3KCIIEPHUMEHTAIbHOM
000pyIOBaHUY;
[J oueHuBarh HU3NYECKUE TapaMETPhl MaTepUAIOB (IPOBOAUMOCTb, TUIICKTPUUECKIEC U MarHUTHBIC
CBOMCTBa, TEPMOANHAMUYECKHE (PYHKIIUU) TI0 SKCIEPHUMEHTAIBHBIM JJAHHBIM;
[J  MeTojaMu KBaHTOBO-MEXaHHYECKOTO OMHMCAHUS MPOCTEUIIMX KBAHTOBBIX CHCTEM, BXOISILUX B
COCTaB 3JIEMEHTOB JJIEKTPOHHKH, CIIOCOOAMH pacyeToB MPOBOIUMOCTH, [AWUDICKTPHUECKUX U
MarHUTHBIX CBOMCTB TEIIOEMKOCTH;
[l MareMaTHYecKUM MOJIEIMPOBAHHEM (PU3MUECKHX 3a1ad.

3. IlepeyeHb THNOBBIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

C 1enplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MpOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

[TepeueHb KOHTPOIBHBIX BOMPOCOB IS cliauk AuddepeHmpoBaHHOTO 3a4eTa B 1-oM cemecTpe:



1.  Meronbl MUKPOCTPYKTYPHBIX HCCIICAOBAaHUM: 3JIEKTPOHHAsT MHUKPOCKONHS, TYyHHEIbHBIH U
aTOMHO-CHUJIOBOM MHUKPOCKOTIBI, TU(PPAKLINOHHBIE METOABI

2. DkcnepuMeHTalbHbIe AU(PPAKIMOHHBIE METOIBI PEHTTE€HOCTPYKTYPHOTO aHalIn3a
3. Ycnosue nudpakuuu U odparHas pemerka. [locrpoenue DBanpaa
4. VYpaBuenus qudpakuuu Jlays

5. IlpencraBieHue O cHiax CBSA3M JIIEKTPOCTATHYECKOM W KBAHTOBO-MEXAHWYECKOW MPUPOABI.
OcHoBHBbIE yCIIOBUS 00pa30BaHUS KPUCTAILIOB

6. OHeprusi XuMu4ecKkoi cBa3u. Kpucrannsl nHepTHBIX Ta30B. [Iponcxoxnenue cun Ban-gep-Baansca
— Jlonmona

7. Ilpupona cui orrankusanus. [puamnun [Taynu. Ilorennnan Jlenapna-J>xonca

8. Hounsle xpucramiel. OHeprusi Magenynra. OObeMHBIH MOAYNb YNPYTOCTH KyOMYECKHX
KpHUCTAJUIOB

9. DnHeprus KoBajeHTHOro Kpucramuia. CTerneHb HOHHOCTH CBS3M B KpUCTAIUIaX OWHAPHBIX
COEIMHEHU I

10. Merammndeckue KpUCTAJJIBI. MeTannuyeckas CBI3b U €€ OCOOCHHOCTH. 3Hepr1/151 CBsA3HU
METAJINIMYCCKOro Kpucrajjia

11. Kpucramibl ¢ BOGOPOAHBIMHE CBsA3SIMU. [Ipupoia BOAOPOIHOM CBSA3H U €€ 0COOCHHOCTH
12. KBantoBaHue 3HepPruu KoJieOaHUH aTOMOB PEIICTKA

13. Heynpyroe paccesaue (hOTOHOB U HEHTPOHOB Ha akycTHYeCKUX QoHOHaX. KBazummmynsc. 3akoHbI
COXpaHEHHUsI PHEPTUU U UMITYJIbCa

14. Heynpyroe paccesHne HEUTpOHOB Ha (DOHOHAX KaK METOJ| WM3y4YeHHs] ()OHOHHOTO CIIEKTpa B
TBEpABIX TeJax

15. TemmneparypHasi 3aBUCUMOCTb TEIIOEMKOCTH TBEpABIX Tel. 3akoH [lrononra-IItu

16. ®ynknus pacnpenenenus [lnanka st oHoHOB. Mojens DWHINTEHHA TEMII0EMKOCTH TBEPABIX Tell
17. Tlpubmmxenue JlebGast 1uist aKyCTHYECKUX THUIOB KOJeOaHMiA TBEPJOTO Tea

18. TInotHOCTH hoHOHHBIX MO, [{ukinueckne rpannynbie ycinoBus bopua-Kapmana

19. Teopus TermoemMrocTr TBepAbIX Ten [ebdas. Temneparypa Jlebas

20. AHrapMOHHU3M KosieOaHmii pemeTky. TermoBoe pacumpeHue

21. TennonpoBOAHOCTb TBEPABIX TEI

22. Omnpenenenue Ter3opa Aegopmaiuii. beckoHedHo Manbie U KoHeuHbIe aedopmarnun. OTHOPOHbIE
1 HEOIHOPOAHbIE eopManuu

23. TeH30p MEXaHUYECKUX HAIIPSHKEHUM, €70 BHYTPEHHSS CUMMETPHS

24. 3akoH ['yka a1 aHM30TPOIHOM CIIJIOLTHOM Cpeibl

25. IlocTossHHBIE YIPYTOU MOAATINBOCTH U YIIPYTOM )KECTKOCTH

26. DHeprus ynpyroit nedpopmannu

27. TeH3op ynpyrux Moayaei s Kyondeckoro kpucramia. OObeMHBIA MOIYINb YIPYTOCTH U YIPYTHUeE
MOCTOSHHbIE KyOHMUECKOTO KpHCTalIa

28. YpaBHEHHE JBWKEHUS YIIPYTOH aHU30TPOITHON CIUIONTHON CPE/Ib

29. Vpaeuenust Kpuctodgens. CkopocTH ynpyrux BOJH M KOHCTAHTBHI YNPYTOCTH KyOHUYECKOTO
KpHCTaJlIa

30. JInanektpruyeckas BOCIPUUMYHUBOCTD. JIM3IeKTprUecKas MPOHUIIAEMOCTh

31. one Jlopentua. CBsi3b Makpo- U MUKPOCKOITMYECKIX CBOMCTB IUAIEKTPUKOB

32. Inznexrpuieckas penakcanus. YpaBHenue lebas

33. KoMmIuiekcHas IUIEKTpUYecKas IPOHULIAEMOCTh

34. TaHreHC TUAEKTPUIECKUX ITOTEPH

35. JIuaneKkTpryecKue MOTepH IpH Pa3IMYHbIX TUIIAX MOJIPU3aLUN

36. Ckanupytomme 30HAO0BbIe MHKpockonbl (C3M): MeTponoruueckue OrpaHuueHus U
TEXHOJIOTHYECKHE BO3MOXHOCTH. 30H], KaK cpencTBO n3Mepenus. [loncku aQpexToB 4yBCTBUTEILHBIX
K U3MEHEHUIO PacCTOSHUS.

37. Uro Takoe mbe30CKaHep, KaHTUiIeBep u kKakue ObiBatoT uribl y C3M. [Touemy CTM 1utoxo paboraet
Ha Bo3ayxe. BozmoxHo 1u aromaproe pazpemerne B ACM. Ilouemy C3M momemaioT B BakyyM.

38. OcHOBHBIE IPUHLIUITBI U IOTCHLIUATBHBIC BO3MOXHOCTH CKaHUPYIOIIEH 30HI0BOH MUKPOCKOITHH.
39. Tynuensnbiii 3¢dexkr u BozmoxkuHocTH Ckanupytomero TynHenabHOro Mukpockona. Cuitel
B3aUMOJIEHCTBUS MEXy TBepAbIMU TenaMu U AToMHO CuitoBoii MUKpOCKOII.

40. Tlpe3okepaMuUUecKUe CKaHEpbl W MaHUMYIATOpHL, wHcmoilb3yemble B C3M. Cnenmduka
KOHCTPYKTHBHBIX pelIeHHi, ucronb3yeMbix B C3M NanoScan.



41. Yro Takoe Nbe30pe30HAHCHBIM JaTUUK U II0YEMY YaCTOTY MEPUTH JIerde, 4eM aMIUIMTydy. 3a4eM B
MIbE€30CKaHEPhI BCTPAaNBalOT EMKOCTHBIE JATYMKHU MIEPEMELICHUS.

42. VzyueHne TUNWYHBIX KOHCTPYKTUBHBIX pELICHHUN, Ucnoib3yeMbix B C3M. OcobeHHOCTH cHucTeM
YIPaBJIECHUS CKAHUPYIOLIMMHU 30HI0BBIMU MUKPOCKOIIAMH.

43. Yto Takoe oOparHas CBsi3b MO TEPEMENICHUI0 W TIoueMy ObIcTpojieiicTBUE Bcex y3imoB C3M
MBITAIOTCS CHIENATh KaK MOXKHO BBIIIIE.

44. MuorodynknuoHanbaeie C3M, TEXHONOTMYECKOTO Ha3HaueHHs. 3HAKOMCTBO C CEMEHCTBOM
mukpockonioB  NTEGRA  poccuiickoit  ¢upmber  HT-MIAT. OG630p OCHOBHBIX 3apyOexHBIX
npousBoguTeneil C3M u ux crenuantu3amm.

45. JlopeHiieBa MUKPOCKOTIHS MarHUTHBIX IOMEHOB

46. OcoOEHHOCTH COBPEMEHHBIX IPOCBEUMBAIONINX IEKTPOHHBIX MHKPOCKOIOB. JlOMOIHHUTENbHbIE
MIPUCTABKH K JIEKTPOHHOMY MHUKPOCKOITY.

47. UneanbHble nin rayccoBbl n3oopaxenus. Cwia Jlopenua. JIunzel. @opmyna nunH3bl. X0 Jydel B
MHUKPOCKOIIE.

48. Abeppamuu.

49. Tuddepennmansroe 3¢ dekTuBHOE ceueHre. JhdHeKTUBHAS TONIINHA.
50. TemHononpHas MUKpocKomust. CTEpEOMHUKPOCKOIHS 1 aHAIIU3 CIIE/IOB
51. DddexTsl nBOIHON nUpaAKIHH.

ITepeueHb KOHTPOIBHBIX BOMPOCOB IS clauk AuddepeHIIMpoBaHHOTO 3a4eTa BO 2-0M CeMecTpe:

OJNEeKTPOHHAs IPOBOAUMOCTb, TEINIOEMKOCTb, TEINIONIPOBOJHOCTh METAJLIIOB
HecocToATensHOCTh KIIACCHYECKUX MOJEIIEH

TennonpoBogHOCTh MeTa/IOB. 3aKkoH Bunemana-®Opanima

OtpaskeHne MeKTPOMAarHUTHBIX BOJIH OT MeTasuia. [1na3meHHble KosiebaHust SEeKTPOHHOTO ra3a
Mertanibl, IOJIyMeTalIbl, AUIEKTPUKU U IOITYIPOBOAHUKU C TOUKU 3PEHUS 3all0JHEHUS 30H
[TpumMepsl 30HHBIX CTPYKTYP (anma3s, rpadur)

NSk L=

Crpoenue nosepxHoctu PepMu U METOIbI €€ UCCiIeN0BaHus (LIMKJIOTPOHHBIA PE30HAHC, 3aTyXaHUE
YABTpPa3ByKa)

8. Dddexr ne 'aza- Ban Anbdpena

9. JluHamuKa JBM>KEHUS SIEKTPOHOB. DIEKTPOHBI M JBIPKU

10. ®uznveckas uaTepnperanus 3hpHekTuBHOM Macchl

11. O¢ddexr Xomna B meTasax

12. CobcTBeHHBIE OTYTPOBOAHUKH. HekprcTaminyeckue moaymnpoBOIHUKI
13. 3anpemeHHas 30Ha

14. ®oTonpoBOoANMOCTH

15. TIpsimble 1 HEnpsAMBIE MTPOLECCHI OMIOMIEHUS (JOTOHOB

16. DKcUTOHBI

17. YpaBHeHus MakcBeiia AJisi MAarHETUKOB

18. HanpsiskeHHOCTh W MHAYKIMS MAarHUTHOTO TTOJIS

19. MarauTHas BOCIpUAMYNBOCTh. HamarnnueHHOCTh

20. Ina-, napa- u ¢peppoMarHeTHKU

21. Iuamarnerusm aromoB. [Ipeneccus Jlapmopa

22. Mogens ¢peppomarnetusma I eiizenbepra. OOMeHHOE B3auMoJieicTBHE
23. CnHOBBIE BOJHBI (MarHOHBI)

24. SInepHbII MarHUTHBIA pE30HAHC. YPABHEHUS JABWKEHHA M SAEPHOM HaMarHMYEHHOCTH.
CnuH-penieToyHas pejaxcarus

25. Ypasaenus bnoxa. lllupuna pezoHaHCHON TMHUH

26. @eppoMarHUTHBIN pe30HAHC

277. DAEKTPOHHBIN MapaMarHUTHBIN pe30HAHC

28. NHdpakpacHas ClIeKTPOCKOMHS TBEPIBIX TEI

29. Tlormomenue MK n3nyueHust Ha KosebaTenbHBIX Tepexoaax

30. UK cniexTpsl 1 MUKPOCKOITUYECKHE TAPaMETPHI MTOJIOCHI ITOTIIOIICHHUS

31. KomOuHannonHoe paccesiHue cBeta (KiIacCu4ecKoe ONMMcanue)

32. Pezynwrarsl kBanTOBOM Teopuu KPC. Tenzop KPC. ITapamerps! konebanwmii u3 cnekrpos KPC



33. IIpaBuna ordopa anst cuMMeTpun KoneOanwuii, aktuBHbIX B UK 1 KPC

34. Meronsl knmaccubukanuu konebanuid. OOmui Merox baraBantama. MeTtoa TO3HIIMOHHOM
CHMMETPUH

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

36. OmpeneneHue CTPYKTyphl KPUCTAJUIOB MO KOJIICOATEIbHBIM CIIEKTpaM. XapaKTePHUCTHUECKUE
4acTOThI KoJieOaHuil B CIIEKTpax

37. JloxanbHble kosebanus. Pesonancnoe KPC

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

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

40. OcobeHHOCTH ONITHYECKOW CIIEKTPOCKOITMH HAHOCTPYKTYP

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

43. CrnoxxeHue 30H

44. ®onoH-PoHOHHOE B3anMoeicTBre. KyOndeckas aHrapMOHUYHOCTb

45. budononsl. DepMu-pe3oHanc

46. Hanonmutorpadus. DnexTpoHHO-TTy4ueBas nutorpadust. [lepbeBas HanonmuTorpadus.
47. OCHOBHBIE XapaKTEPUCTUKHU JABYMEPHBIX MOITYIPOBOJHUKOBBIX HAHOCTPYKTYP.

48. IlpsmoyronbHasi IMOTEHUMAIbHAs sMa KOHe4YHOW mImyOuHbl. IlapaGonuueckas u TpeyronbHas
KBaHTOBbIE sIMBI. [lapabonnueckas HoTeHIMAIbHAS SIMa.

49. HanpsoxeHHble cnod. BrnusiHue HanpspkeHUH Ha BaJIGHTHYIO 30HY. 30HHAsI CTPYKTYPa B KBaHTOBBIX
sIMax.

50. CnocoObl THOpUIN3AIIUN ATOMOB YTIIEPOJIA.

51. MHorocreHHblE M OIHOCTEHHBIC YIIEPONHBIE HAHOTPYOKH, QymiepeHsl u  (yiepeHoBbIE
MOJMMEpBl, HaHOrpaduT, HaHOaIMa3 M aMop(HbIe aJMa30MOAOOHBIE IUICHKH, YIVIEPOAHBIE WU
a30T-yINIepOJHbIE HAHOBOJIOKHA.

52. I'papeHOBBIC HAHORNIEKTPOHHBIE YCTPOMCTBA.

OCHOBBI  IKCIIEPUMEHTAIBHBIX METOJOB HCCICIOBAaHUS MEXaHHYSCKUX CBOWCTB CBEPXTBEPIBIX
MarepuaoB

53. TBepnocTh
54. IIpo4HOCTH U YIIpYTHE MOAYIN
55. I3HOCOCTOMKOCTH
56. TpemnHOCTONKOCTh
57. Koadpdunment u Tenzop [pronaiizeHa - onpeneneHue MOHITHS
58. Paznuune TUHAMHYECKOTO M CTaTUYECKOTO HarpyKEeHHM
59. 3aBHUCUMOCTD YIPYTUX MOAYJIEH OT JaBICHUS
IbE30CHEKTPOCKOIIHUS - OCHOBHBIE TIOHATHUS U COOTHOIIECHHS
60. Uto Takoe METO/ MOJICTTUPOBAHMS U3 TIEPBBIX IPUHIUIOB (ab initio)?
61. O6bsacauTe Moaenb Tomaca — Depmu.
62. Urto takoe Teopus QyHKIIMOHAIA JICKTPOHHOU MIIOTHOCTH?
63. Kakue cymecTByIOT OTpaHHUYCHHS B TPUMEHEHHUH TEOPHH (DYHKIIMOHAIIA 3JICKTPOHHOM IIIOTHOCTH?
64. Jloxaxute Teopemy Xosnoepra — Kona.
65. Uto Takoe ypaBHeHus Kona-11lama? BriBenute 3TH ypaBHEHUSI.

66. OObsicHUTE TPUOIDKECHUE JOKATbHOW DIEKTPOHHONH TUIOTHOCTH B TEOpWUH (YHKIMOHATA
ANIEKTPOHHOM IJIOTHOCTH.

Kpurepun oneHuBaHus

Onenka ommyao (10 OamnoB) - BBICTABJISIETCSl  CTYAECHTY, II0Ka3aBIIeMy BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpamMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JTaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
INPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.

Onenka ommyHo (9 OamioB) - BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON IMPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NMPH PElICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.



Onenka omauaHo (8 06aioB) - BBICTaBISETCS CTYJIEHTY, II0Ka3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
IPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
peIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.

Ouenka xopouio (7 6aIoB) - BBICTABISETCS CTYICHTY, €CIM OH TBEPJO 3HAET MaTepHaj, TPaMOTHO M
MO CYIIECTBY HM3JIaraeT €ro, yMeeT NMPHMEHSITH MOMYYCHHBIC 3HAHHUS Ha MPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomuro (6 6ayuIoB) - BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[0 CYIIECTBY H3JIaraeT €ro, yMeeT NMPUMEHATH IOJy4YCHHBbIC 3HAHMS HA MpPAKTHKE, HO JOMYCKAaeT B
OTBETE WJIH B PELLICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.

Omnenka xopomio (5 0aiIoB) - BBICTABISETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
TPAaMOTHO ¥ IO CYIIECTBY HM3JIaraeT €ro, yMeeT NMPHMEHITH IOJyYeHHbIC 3HAHMS Ha IpPAKTHKE, HO
JOIyCKaeT B OTBETE WM B PEILICHUH 3a/1a4 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

Onenka ynoBIeTBOpUTENBHO (4 06ajna) - BBICTABISIETCS CTYACHTY, IMOKaszaBlleMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUH TIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka ynoBieTBoputTesibHO (3 0ana) - BBICTABISIETCS CTYACHTY, IMOKaszaBlleMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIyYEeHHbIC 3HaHU JJa’Ke B CTAHAAPTHON CUTYalHU.

OueHka HEy10BIETBOPHUTENBHO (2 Oaa) - BEICTABIISETCS CTYJCHTY, KOTOPBIi He 3HaeT OoJbIIeH JacTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMUOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHHS NP PEIICHUN
THUIIOBBIX 33]1a4.

Onenka HeynosieTBopuTesnbHO (1 Oamt) - BBICTABISIETCS CTYACHTY, KOTOPBIM HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

CryneHT 00s3aH BBIIOJHUTH BCE MPEAYCMOTPEHHBIE HpOrpamMMmoil jabopaTopHble pabOThl U CHAThH
BBHITIOJIHEHHBIE pa0OTHl Ha OIEHKH He HWXe "yJoBIeTBOpHUTENbHO". MTOroBas oleHka 3a ceMecTp
CKJIaJbIBACTCSl KaK cpeaHee apu(METHYECKOE OLECHKH, IOJIYYCHHOM Ha 3adeTe W OLECHKH 3a
naboparopuele paboTel. Ompoc CTyaeHTa Ha YCTHOM 3adeTe He JO/DKeH MPEBbIATh OIHOTO
ACTPOHOMHYECKOTO Yaca.



