MHEHECTEPCTBO HAYKH H BhIcmero obpazosanus Poccriickoil Pepepauny

(deaepaasioe rocyaperaeHnoe GI0ReTHOR YPeAICHHE HAYKH
DeacpanbHbiii HCCIEI0BATEILCKNH UeHTP
«Hucruryr obmeit dusnxu ny. AM. Ilpoxoposa Poccriickoil aKaieMun HAyR»
(HO® PAH)

PaGouas nporpaMma AHCUMILTHHBI
GH3HKA MOJIYITPOBOJIHHKOB

Crenmanstocts: 1.3,11 Pdu3sxa nonynpoBojHHKOB

r. Mocksa
2022 roa



PaGouass mnporpamma mucuuruimHbl «®DU3MKa TOJYIPOBOJHUKOBY» COCTaBJICHA B
cooTBeTcTBUU ¢ DenepaibHBIMH T'OCYIapCTBEHHBIMU TPEOOBAHUSIMH K CTPYKType Mporpamm
MOATOTOBKA HAYYHBIX M HAyYHO-TIEAarOrMYECKUX KaJapoB B aCIHUPAHTYpPE, YCIOBHUSIM HX
pealu3aluy, CpPOKaM OCBOEHHUS JITHUX MPOrpaMM C Y4YETOM pa3iIuyHbBIX (opM 0OydeHus,
00pa3oBaTe/IbHBIX TEXHOJOTUA UM OCOOEHHOCTEH OTAENbHBIX KaTeropuid aclUpPaAHTOB,
YTBEP)KJICHHBIMHA TIPHKa3oM MuHHCTEpCcTBa 00pa3oBaHus W Hayku Poccuiickoit deneparuu oT
20 oktsa6ps 2021 r. Ne 951.

[Iporpammy cocraBmiu: ['mymkos B.B., a.¢.-M.H., 1011., 3aMeCTUTENh TUPEKTOPA MO HAYIHOH
pabore.
Hemumes C.B., n.¢.-M.H., npod., 3aMeCTHTENIb TUPEKTOPA 110 HAYIHON
pabore.

[Tporpamma oOcyxeHa B 0100peHa Ha 3acelaHuy acupaHTCKor komuccueir MOD PAH
30.06.2022, npotokon Ne2206-30

[Tporpamma ytBepxaeHa pemeHuemM YueHoro cosera MO® PAH 05.07.2022 npotokon Nel3



AHHOTaNUA

Vuebnas aucuummHa «®DPU3MKa MOJNYNPOBOJHUKOBY» SBISETCS BAXKHOW COCTaBHOU
4acThl0 Y4eOHOro IiiaHa MpOrpaMMBbl MOATOTOBKY HAYYHBIX U HAyYHO-TIEAarOrMYECKUX KaJIpOB
B acnupantype HWO® PAH. B pamkax aucuuniaunsl «®dusuka M0IynpoBOIHUKOBY
oOydaromuecs: jJajiee — AacHUpPaHThI) IMOJIydaT 0a30BbIE 3HAHUS O COBPEMEHHOW (u3mke
IIOJIYIIPOBOJIHUKOB, BKJIIOYas OCHOBBI 30HHOW TEOpUU TBEPAOrO TEJa, NOBEAECHHUE HOCUTENIEH
3apsja BO BHEIIHMUX IOJSAX, CTATUCTUKY 3JEKTPOHOB U JBIPOK B IOJIYIPOBOJHUKAX, IIPOLECCHI
pEKOMOMHALMM HEPAaBHOBECHBIX HOCHUTENIEH 3apsizia, SIBIEHHUS B KOHTAKTaX, p-n IEpexof,
NOBEPXHOCTHBIE SIBJICHUSA. B Kypce Takke 3aTparuBarOTCd HEKOTOPbIE BONPOCH (U3UKU
IIOJIYTIPOBOJIHUKOBBIX CHUCTEM IIOHM)KEHHOM pa3MEPHOCTH, BKIIOYAs TIETEPOCTPYKTYpPbl U
KBAHTOBBIC SIMBI, U (PM3UKU HEYIIOPAJOUYCHHBIX TOTYIPOBOTHHKOB.

HucuunnuHa  «®Pu3Mka  MOJYNPOBOJHUKOB»  SIBISIETCS  BaXHBIM  (PaKkTOpoM
dbopMUpOBaHUS Yy acMUpaHTa IEJIOCTHOIO HAy4YHOTO MHPOBO33PEHHUS, PA3BUTUA (PUINYECKOTO
MBIIUICHHSI, YMEHUSI UCIIOJIb30BaTh 0a30Bble (PM3MUYECKUE 3aKOHBI, BKIIFOUAsi 3aKOHBI KBAaHTOBOM
busuky, I aHalu3a pa3jMyYHbIX SBJICHUN B IOJYIPOBOJHUKOBBIX Marepuanax. OcBoeHue
JTUCIUIUIMHBL TO3BOJHMT BHIPA0OTAaTh y aCHUPAHTOB MPAKTHUECKHUE MOIXOIbl K PEIICHUIO
COBpPEMEHHBIX MpodiaeM B ob0nmactu (U3UKK TOJYMPOBOAHUKOB M CMEXHBIX 00JacTsIX
ecTeCTBEHHbIX HayK. [lucuuninuna «Pu3nka» Takke HanpaBjieHa HAa MOJATOTOBKY aClUPAHTOB K
claue KaHAUJaTCKOro 3K3aMeHa 1o crenuanbHoctd 1.3.11 dusnka nomynpoBOAHUKOB.

OO6mas TpyA0eMKOCTh Y4eOHON AUCUUTUINHBI «DU3HKa TOTYIPOBOJHUKOB)» COCTABIISET
5 3avetHbIx eaunmIl (180 gacos).

KoHTponb ypoBHS OCBOCHUS AUCHUILTMHBI aCIUPAHTAMH ITPOBOAUTCS B (popMax TEKyIIe
U UTOroBOM arrecrauuu. Tekyiuas arrecTalus MpeArnoiaraeT OUEHKY 3HAaHMM M YMEHHUM Ha
JEKUMOHHBIX 3aHATUSX C T[IOMOIIBIO YCTHBIX OIPOCOB, OLEHKUM Ppa3JIMYHBIX BHUJOB
CaMOCTOSITENbHOM paboThl aciupaHToB. [IpoMexyTouHas aTTecTanus aCIUPaHTOB MPOBOIUTCS B
dopme 3aueroB (B 3, 4 u 5 cemecrpax). MroroBas arrectanus MPOBOIUTCS B paMKax
KaHJIUAATCKOTO SK3aMeHa M0 crenuanbHoCTH «DPU3KKa MOITYIPOBOJAHUKOBY (6 cemecTp).

1. Ieab u3yvyeHust JMCHUTIMHBI

Henb n3ydeHust JUCHMILIMHBI COCTOMT B OCBOEHUM 00ydaromuMucs (pyHIaMeHTalIbHbIX
3HaHUH B 00JacTM (U3UKU TOJYIPOBOJAHUKOB, OBJIQJACHUHM METOJaMH M  BbIpabOTKe
IPAKTUYECKUX HAaBBIKOB pEIIeHMs 3aJad 10 (U3MKE MOJYIPOBOJHUKOB, (OPMUPOBAHUU
YMEHUH, HEOOXOAUMBIX Uil YCIEUIHOTO OCYIIECTBJICHUS HAayYHO-HCCIIEIOBATENbCKOM
JESITEIbBHOCTH B 00J1aCTH (PU3UKHU MOJIYTIPOBOIHUKOB.

2. 3apauu JUCHUILINHBI

1) ocBoeHHe acnupaHTaMy 0a30BBIX 3HAHUI B 00JaCTH (PM3HMKH MOJYMPOBOIHUKOB KaK
JUCLUIUIMHBI, HHTErpupyromeil oOmepu3nyeckylo U OOLIETEOPETUYECKYI0 MOJATOTOBKY
¢u3uKoB M obecneynBaronlel HayYHO-TEXHHUUECKHE OCHOBBI COBPEMEHHBIX HMHHOBALMOHHBIX
cdep nesTeNbHOCTH;

2) oOydeHue acNMpPaHTOB OCHOBHBIM NPHUHLMIAM pEIIEHUS 3aJad B 00JacTH (U3MKU
MOJIYIIPOBOTHUKOB U OCBOCHUE OCHOBHBIX TEOPETUYECKHX METOJIOB, IPUMEHUMBIX K OIMUCAHUIO
SBJICHU B 3TOM 007acTu PU3UKY;

3) ¢dbopmMupoBaHHE MPABHIBHBIX TEOPETHUECKUX ITOJXOJOB K BBIMOJHEHHIO HAYYHBIX
UCCIIEIOBaHUN B 00J1aCTH (PU3HMKH MOTYITPOBOHUKOB.

3. MecTo AUCHHUILUINHBI B CTPYKTYpe NPOrpaMMbl aCIIHPAHTYPbI

JucuunnuHa «®Pu3KKa MOJYIPOBOJHUKOB» OTHOCUTCS K 3JIEKTUBHBIM JUCHUILIMHAM
OO0pa3oBaTenbHOTO KOMIIOHEHTA «JIMCUMIUIMHBL (MOJYJHM)» TNPOTPaMMBbl aCHUPAHTYPHI IO
cnenuanpHOCTH 1.3.11 ®OH3HKa MOIYyIPOBOTHUKOB.



Jucuunnuza «Pu3nka noJaylnpoBOJHUKOBY peanusyercs B coorBercteuu ¢ ®I'T, OIIOII
BO u VYuyebnoro mmana acnupantypel MO® PAH mno cnemumanpHocTH 1.3.11 ®usuka
MIOJIYTIPOBOTHUKOB.

N3yuenne mucumniansbl «PU3MKa MOIYIPOBOJHUKOBY ONUPAETCS HAa 3HAHUSA 0Oa30BbIX
pa3zenoB MaTeMaTH4ecKoro aHanusa, auddepeHnnanbHBIX ypaBHeHHMH, oOmen ¢usukw,
KBAHTOBOM MEXaHHUKH, a TAKXKE€ HAYaJIbHBIX 3HAHUH 110 TEOPETUUECKON (PU3HKe, TPUOOPETEHHBIX
acMpaHTaMd B paMKaXx OCBOGHHMSI MPOTpaMM MarucTparypbl WJIH CIEHUAINTETa I10
€CTECTBEHHOHAYYHbIM U TEXHUYECKUM CIIELUAIBHOCTSIM.

4. TpeOoBaHus K pe3yJibTaTaM OCBOEHHS JUCHHUILIHHbI

N3zyuenne nucuumiuabl «Du3nka moaynpoBOJHUKOBY HANPaBICHO HA (pOpMUpOBaHHE Y
ACIHUPAHTOB CIEAYIOIUX KOTHUTUBHBIX YMEHHI U HaBBIKOB:

- CHOCOOHOCTh K KPHUTHYECKOMY aHajiu3y M OLEHKE COBPEMEHHBIX Hay4YHBIX
JTOCTHKEHUH, TeHEPUPOBAHUIO HOBBIX HJI€H MPU PEIICHUU HCCIEA0BATEIbCKUX U MPAKTUYECKUX
3ama4 B 0o0yacT (M3MKHA TOJYHPOBOJHHKOB, @ TAaKXKE B CMEXHBIX U MEXIUCIHUILIMHAPHBIX
00nacTIX;

- CIOCOOHOCTBH IMPOEKTHPOBATh M OCYLIECTBIIATH KOMIUIEKCHBIE HCCIIEIOBAaHUS, B TOM
qrclie MEXIUCIUIUIMHAPHBIC, HA OCHOBE 1I€JIOCTHOTO CHCTEMHOI'O HAyYHOTO MHPOBO33PEHUS C
MCII0JIb30BaHUEM 3HAHUH B B 001aCTH (PU3UKHU TOTYIPOBOJHUKOB.

B pesynbrare nzyueHus AUCHMIUIMHBI ACTTUPAHT JOJKEH:

3Harh:

- MECTO U POJIb OOIIMX BOMPOCOB HAYKH B HAYYHBIX HCCIICOBAHUAX; €CTECTBEHHOHAYYHYIO
CYIIHOCTB TPOOJIEM, BOSHUKAIOIIHUX B X0OZ€ MPOPECCHOHAIBHOM AeATEIBHOCTH B 00JIACTSX;

- COBpEMEHHBIE MPOOIeMbI (PH3UKU U MaTEMaTHKH;

- B3aUMOCBSI3U U (PyH/IaMEHTAILHOE €JMHCTBO €CTECTBEHHBIX HAYK;

- OCHOBHBI€ 3aKOHBI, SIBJICHUS U PPEKThI B (PU3HKE MOTYITPOBOIHUKOB,;

- TeopeTHyecKue Mojend (QyHIaMEHTAIBHBIX TIPOLIECCOB U SIBICHMA B (pu3uke
MOJTYIIPOBOTHUKOB U €€ MPUIIOKEHUSX;

- HOBEUIIINE OTKPHITUS €CTECTBO3HAHMS B 00JIACTH (DU3HUKH MOTYITPOBOIHUKOB,;

- TIOCTaHOBKY HpoOJieM MOJEIUPOBaHUS (PU3MUECKUX MPOLECCOB, MPOTEKAIOIUX B
TIOJTYIIPOBOTHUKAX

- OCHOBHBIC pa3ienbl (UMK TMOJXYIPOBOJAHHUKOB: KpUcTamwiorpadguio u  (U3MKy
KPUCTAJUIMYECKOW PEIISTKH, TOBEJCHWE HOCUTENeW 3apsjia BO BHEIIHHX [OJSIX, CTATHCTHKY
SIIEKTPOHOB U JIBIPOK B TTOJYMPOBOIHHKAX, TPOIECCH PEKOMOMHAIMN HEPABHOBECHBIX HOCHTEIECH
3apsifia, IBIEHHSI B KOHTAKTaX, p-N MEePEX0/1, TOBEPXHOCTHBIE SBJICHUS B TOTYIPOBOIHUKAX;

- OCHOBHBIE (PM3UYECKHE CBOMCTBA HEYTOPSJOYEHHBIX MTOJTYITPOBOTHUKOB.

YMmersb:

- 3QQEeKTUBHO HCIONH30BaTh HA MPAKTUKE TEOPETUUECKHE KOMITOHEHTHI HAYKU: TOHSATHS,
CYKICHUsI, yMO3AKIIOYCHHUS, 3aKOHBI, a Takke (yHIaMEHTAJIbHBIC 3HAHUS JUIST TTIOHUMAHUS
CYIIHOCTHBIX SIBJICHUI OKPYKAIOIIEro MUpa;

- MPENCTaBUTh MAaHOpPaMy YHUBEPCATBHBIX METOJOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO-
3HAHWS;

- pelIath NPaKTUYECKUE 3a]auH M0 SIKCIIEPUMEHTAIBHBIM | TEOPETHUECKUM UCCIIEIOBAHHSIM
B 00J1aCTH (PU3KKY MOTYIPOBOJHUKOB,;

- 000CHOBBIBaTh TNPUMEHEHHE MaTEeMaTHYECKUX W (PU3MUECKUX MOJENeH HCCIeyeMbIX
HPOLIECCOB, SIBIEHUI U 0OBEKTOB, OTHOCSIIMXCS K (PU3UKE MOIYIIPOBOAHUKOB,

- pabortarb ¢ wuH(poOpMalmer B oOmacTH (U3UKKA TOTYNMPOBOJIHUKOB, TOJYYCHHOW U3
Pa3MUYHBIX MCTOYHHMKOB: HAYYHOW TMEPHOAMYECKONW IUTEpaTypbl, MOHOrpaguii U Y4eOHHKOB,
SNIEKTPOHHBIX PeCypcoB ceTu MHTepHer;

- aKTUBHO W IICJICHANPABIICHHO MPUMEHSTH TOJTYYCHHBIC 3HAHWS, HABBIKA M YMEHUS JUTS
BBIOOpa TEMaTHKU BBIOJIHEHHS WHIUBHIYalbHOW  HAyYHO-HCCIEAOBATENbCKOM  paboThI,
TUTAHUPOBAHHS ONTUMAJIBHOTO MTPOBEICHUSI AKCIIEPUMEHTA B 00J1acTH (PU3UKH TIOTYIPOBOTHHKOB;



- abcTparupoBaThCsl OT HECYIIECTBEHHBIX BIMSAHUM MPU MOJIEIMPOBAHUM pealbHBIX (HU3H-
YECKHX CUTYalli B (PU3KKE MOTYIPOBOIHUKOB,;

- BBUBIIITH €CTECTBEHHOHAYYHYIO CYHIHOCTH MpoOJieM, BO3HUKAIOIMIMX B  XOE
npoheCCHOHATIBHON JEATENIbHOCTH TIPH aHATN3€ 3JIEKTPOHHBIX M 3JIEKTPOHHO-ONTHYECKUX CBOMCTB
MOJTYNPOBOJAHUKOB ¥ IOJYNPOBOAHUKOBBIX HAHOCTPYKTYP, OOBEKTOB  KpPUCTAIOMU3UKHY,
(bu3MUECKOro MaTepraIOBeICHUS;

- TIPUBJIEKATH JUISl PELICHUs] OCBOCHHBIN (PU3NKO-MAaTEeMaTUIECKHA anmapar TeOpeTHYECKON
(bU3UKHN TBEPIOTO Teja, KBAHTOBO-XUMHUUECKOTO MOJICTUPOBAHUS CTPOCHHUS U CBOICTB TBEPABIX TEI
Y HAaHOCTPYKTYD;

- IPUMEHSTH Ha TPAKTUKE YMEHHS M HaBBIKM B OPTaHM3alMU HCCIIEOBATEIBCKUX padoT U
MPOBOAUTH HAYYHbIE UCCIIEJOBAHHSI, TOTOBHOCTh K YUaCTUIO B MUHHOBAIIMOHHOM €S TEIbHOCTH.

Baapers:

- IJTAaHWPOBAHUEM, TIOCTAHOBKOM 1 00pabOTKOM pe3yabTaToB (PU3MYECKOTO SKCIIEPUMEHTA B
o0nacti PU3UKHU TOJTYIIPOBOTHUKOB,

- MaTeMaTUYECKIUM MOJICIIMPOBaHUEM (DU3MUECKUX 3a/1a4 B (PU3HUKE TOTYIPOBOTHUKOB.

- HAY4YHOW KapTMHOM Mupa B (U3MKE MOJYNPOBOJHUKOB U CMEKHBIX 00JIacTsIX
€CTECTBO3HAHHS;

- TBOPYECKUM TIOIXOJIOM B PEATM3ALMH HAYYHO-TEXHUYECKHUX 3a]a4, OCHOBAaHHOMY Ha
CHCTEMAaTHYeCKOM OOHOBJIEHUM TIOJNyYCHHBIX 3HAHWM, HABBIKOB M YMEHHUH M HCHOJIb30BAaHUU
HOCJIEAHUX JOCTHKEHUM B 00J1aCTH (PU3UKH [TOJIYTIPOBOJIHUKOB.

5. O6bem u Buja y4eOHOM padoThI

OO6mas Tpy10EMKOCTh TUCHUILTHHBI «DHU3KKa MOIYIIPOBOIHUKOBY COCTABIISIET 5 3a4. €.
(180 ywacoB), ux pacnpeneiaecHue 0 BUAaM padoT mpeacTaBieHo B Tabmue 1.

Tabmuna 1
Pacnipenesienne Tpya0€MKOCTH JUCHHUILVIMHBI 110 BHAaM padoT
TpyroémMkocTh
Buj yueOHoii padoThl 3a4. B T.4. [10 ceMecTpaM
yac.
ell. 3 4 5 6

OO01mas TpyA0€MKOCTb JUCITUTUTHHBI 110

5 180 54 54 36 36
y4yeOHOMY IIaHy

AyauTtopHas padora: 2 72 36 36 - -
aexyuu (J1) 72 36 36 - -
cemunapwi (C) - - - - -

CamocrosiTejibHAas pa6oTa: 3 108 18 18 32 36

camonodzomoska (npopabomka u
noemopenue N1eKYyuoHH020 Mamepuaid,
0Cc80eHUe Mamepuana y4eOHUKo8 u 56 14 14 32 -
YueOHblX nocobuil, NL0020MoBKa K
ceMunapam u m.o.)

Ilooecomoska k 3auémy 16 4 4 4 -
Iloozomoexa k s3K3aMeHy 36 - - - 36
Bun xourpoas (3 — zauem, 3 — 3 3 3 C)

KaAHOUOAMCKUl SK3AMEH)




6. Coepsxkanue M CHUNTHHBI

Tabmuua 2
TemaTnuyeckuii MJIaH y4eOHOM TN CHUNIUHBI
AyauTopHas Bueayauro
HaumeHoBaHue pa3/iejioB M TeM IUCHUIIMHBI | Bcero padora pHast
JI C padora CP
Pa3znen 1. Kunetnueckue siBieHUs B KpUCTAIIIAX
Tewma 1.1. 30HHBIN CIEKTP KPUCTAIIIOB 12 8 0 4
Tewma 1.2. KBazuuactuiisl 12 8 0 4
Tewma 1.3. Hocurenu 3apsiia B MATHUTHOM T10JI€ 15 10 0 5
Tema 1.4. Kunernueckoe ypaBHeHue boibliMana 15 10 0 )
Bcero 3a 3 cemecTp 54 36 0 18
Paznen 2. Kunernueckue siBjieHUS B
HEYTOPSIIOYEHHBIX Cpelax
Tema 2.1. Teopust nporekaHust 12 8 0 4
Tema 2.2. IIpppKKOBasi MPOBOAUMOCTD 15 10 0
Tewma 2.3. Tlepexo MeTaIT-U30ISATOP 5 4 0 1
Pa3znen 3. KoHTakTHBIE ¥ TOBEPXHOCTHBIE
SIBJICHUS B TIOJTYTIPOBOTHUKAX
Tema 3.1. KoHTakTHbIE SIBJICHUS B 6 4 0 5
TIOJTYTTPOBOTHUKAX
Tema 3.2. IloBepXHOCTHBIE CBOMCTBA 8 6 0 5
TIOJTYITPOBOTHUKOB
Tewma 3.3. [TonynpoBOJHUKOBBIE CTPYKTYPhI 8 4 0 4
MTOHVKEHHOUW Pa3MEPHOCTH M CBEPXPEIICTKH.
Bcero 3a 4 cemecTp 54 36 0 18
Paznen 4. Bonpock! ajisi CaMOCTOSITEIIBHOTO 36 0 0 36
W3YYEeHHS] TUCITUTUIUHBI
Bcero 3a 5 cemectp 36 0 0 36
Pazgen 5. Bonpocs! 17151 caMOCTOATENTEHOTO
U3Y4YEHHUs] JUCLUIUIMHBI 10 IPOrpamMme 36 0 0 36
KaHJMJIATCKOT0 DK3aMeHa 10 CIeIHUaTbHOCTH
Bcero 3a 6 cemecTp 36 0 0 36
HToro mo pucuunjmnHe 180 72 0 108

Pa3nes 1. Kunernyeckue siBjaeHHs B KPHCTAJIAX
Tema 1.1. 30HHBIN CNIEKTP KPUCTAJJIOB

Muorovactuunoe ypaBHeHue Ilpenunrepa mns kpuctamia. Ilpubmmwkenue bopha-
OmnmnenreiiMepa. OAHOAIEKTPOHHOE MPUOIMKEHHE. YpaBHEHUE XapTpu U ypaBHEHUE XapTpu-
®oka. 3onHbl cnekTp. llepuoanueckoe mnpoctpancTBo. KBazummmynec, 30Ha bpuiuirosHa.
Teopema bnoxa. 3akon nucniepcuu u d3dpexTuBHasE Macca. METOIbI pacyeTOB 30HHOTO CIIEKTpa
METO/ IceBAonoTeHnmana, k-p — meron. Tenzop >pexkTUBHON Macchl, pojib CUMMETPUYHBIX
TOYEK B 30He bpuiuitosHa.

30HHBII  CHEKTp OxHOMEpHOro ypaBHeHus IllpenuHrepa ¢  NEpUOAMYECKUM
noteHuuaioM. OmnepaTopsl KOOPJAWHATBI M CKOPOCTH Ui 3JIEKTPOHOB B KpHUCTalle. 3aKOH



U3MEHEeHUs KBasuuMIlyabca. Meton 3¢ddextuBHOM Macchl. «VICKpHBIIEHHE» 30H BO BHEIIHEM
noJie. JIMHaMuKa 2JIEKTpOHA B ClIydae OJHOPOIHOIO 3JIEKTPUYECKOro nojs. PemeHnne 3agaun o
BOJI0POJIONIO100HON IPUMECH.

Tema 1.2. KBa3znuacTuIbI

KBaszuuactuupl. Onpesenenne, BBeIEHUE KBa3UYACTHUI] HA TpUMeEpe uaeanbHoro depmu-
raza. lloBepxnocte ®epmu. IlonHoe uwmcio cocrosHuil B 30He bpuimtosHa. DOyHKIUH
pacnpeneneHrs KBa3MYacTUIl M  YaCTUIl, XUMIOTCHIHAI. OJEKTPOHbI U JBIPKA B
MOJTYTIPOBOTHUKAX.

Mogens ®@epmu-raza. IlnotHocTs coctosiHmii, ocobennoctn Ban-Xoa. DddexruBnas
Macca IUIOTHOCTH cocTossHuil. MuTerpansl 3ommepdensaa. TemnepaTypHas 3aBHCHMOCTD
XUMIIOTEHIIMANIA, TEMIIepaTypa BBIPOXKACHUS. DIEKTPOHHAs TEIIOEMKOCTh. KBasnyacTuipl B
uneansHoM bosze-raze. @DyHKIMM pacmpeleneHuss W XMMIOTeHIMald. bose-koHaeHcanus.
TemnepaTypa KOHIEHCALUH.

Konebanust kpuctamimiecko pemeTku. JJuHaMudeckue ypaBHEHHS, CBOMCTBA CHIIOBOM
(GyHKIMHU. 3aKOH Jucnepcuu. AKyCTHUECKHE U onTuyeckue konebanus. [lepexon k KBaHTOBOMY
onucanuto. DoHOHBIL, GyHKIUS paciipeneiacHus. DOHOHHAS TEIIOEMKOCTb.

Tema 1.3. /IBU:keHHe B MATHUTHOM I10J1€

JIBU>KEHHE BJIEKTPOHOB B KPUCTAJIE BO BHEIIHEM MarHuTHOM noje. Tpaekropuu u
LMKJIOTpOHHAs Macca. KBazukinaccnueckoe KBaHTOBAHUE JBM)KCHHSI B MATHUTHOM I10JIE. Y POBHU
Jlanpay. [ImotHOCTH cocTosiHuN. Poib skcTpemManbHbIX ceyenuit nosepxHoctu Oepmu. Hununap
Jlannay.

KBantoBble ocnmuisiiuoHHbie siBIeHUS. OddexTsr nme [aaza-Ban  Anbdena wu
[yonukoBa-ge ['aa3a. Ilepron KBaHTOBBIX OCHMJUIALMNA MO oOpaTHOMY Tot0. JIBHXKeHue
XUMIIOTEHIIMa’da B MarHuTHoOM mnoJje. CHIHUHOBOE pacllelyieHne. AMIUTUTYAAa OCHUJUISIUH.
O®opmyna Jludpmumna-Kocesnua, Temmepatrypa Junrma. Mcnonp3oBaHWe — KBaHTOBBIX
OCHIUTSIITMOHHBIX 3QPEKTOB IS MCCIIEAOBAHUS MTOBepXHOCTH DepMu.

Tema 1.4. Kunernueckoe ypasuenue bosibumana

Mopens  Jlpyae: mnpoBoaumoctb, d3¢dekT Xoia, MarHUTOCONMPOTHUBIICHHE U
LUKJIOTPOHHBIM pe3oHaHc. Kunetnueckoe ypaBHeHHe bonbiimaHa. BelpaxkeHue s Toka u
notoka sHepruu. Teopema JIlnysmns. [Tpubmmkenne BpemeHu penakcauu. Bpemst penakcanuu
JUISL OCHOBHBIX MEXaHU3MOB PacCesHUs B TBEP/AbIX TeNax (MOHBI IPUMECH, KOJIeOaHUs PELIEeTKH,
BaKaHCUHU MW TOYCYHBLIC Ile(l)eKTI)I, AUCIIOKAIMK, T'paHULOblI KPUCTAIIMTOB, MEKIJIICKTPOHHOC
paccesiHue). 3ajauya O paccessHUM SJIEKTPOHA Ha MOHM30BaHHOU mpumecu. ®opmyna Konyaii-
Baiickonda.

Pemenne kuHeTHuecKoro ypaBHEHHMs bonpliMaHa B BBIPDOKICHHOM  CIIydae.
[TpoBOAMMOCTE, YaCTOTHAS 3aBUCUMOCTD ITPOBOJUMOCTH. J[BI)KEHNE B MAarHUTHOM I10JIE, TEH30P
npoBoguMocTH U 3pdexT Xomta. CpaBHeHue ¢ Mojenbto Jpyne.

OOmiee penieHHe KUHETUYECKOTo YypaBHeHMsI boibliMaHa B NpUOIMKEHUH BpEMEHU
penakcanuu. IlpononeHble u nonepeunsie 3pdextsl. Kunernueckue xodpduuments. Ciyyan
M30TPONHOW M aHMU30TpOnHOW »¢¢dekTuBHON Macchl. Pacder mpoBOAMMOCTH € TOMOIIbIO
KUHETHYeCKoro  ypaBHeHHs  bonbimana.  TemmeparypHass — 3aBHCHMOCTh  JpeioBoit
MOJIBJKHOCTH B CIIy4ae paccestHUs Ha aKyCTHUecKuX (oHOHax M MoHax mnpumecu. Crydaii
MHOTOJIOJJMHHOM HM303HEpreTUYecKol MoBepxXHOCTH. TpaHcmopTHas »¢¢exkTuBHas Macca.
Crny4aii HeCKOJIBKUX IpyII HocuTenen 3apsaa. CpaBHeHHe ¢ Mozenbo Jpyne.

Paspnen 2. Kunernueckue siBJIeHHsI B HEYIIOPSIA0OYEHHBIX Cpeaax

Tema 2.1. Teopusi nporekanus



Teopus nporekanus. 3ajada y3JI0OB Ha ymnopsiAoueHHbIX pemierkax. Kmactepsl. [lopor
NpOTEeKaHHsA. 3aJaud Ha KOHEYHBIX pelieTkax. 3aJadd Ha OECKOHEYHBIX pelieTKax.
beckoneunnlii kinacrep. MuBapuant 3amaum y3noB. UepHoe u Oenoe npotexkanue. CTpykTypa
OeckoHEeYHOro KiacTepa (Ha nmpuMmepe 3anauu y3ioB). Mogens [kioBckoro-ae Xenna. Paguyc
KOPPEISAIUH, KPUTHUIECKOE MOBEACHUE, (U3UICSCKUN CMBICH IS X>Xe B X<Xc. Dynkiws P(X) mis
BEPOATHOCTH MPHUHAJUICKHOCTH K OECKOHEUYHOMY KiacTepy. 3ajaua cBs3eil U ee MHBapHUAaHT.
Pemerka Bere. Tounoe pemrenue mins P(X) u X; Ha pemierke bere. KoHTuHyasbHbIC 3ama4m.
MHBapuaHT KOHTUHYaJIbHOW 3adaud. 3a/Jauyd Ha CIy4YalHBIX y3iax. 3amada cdep, KpUTtepui
CBsI3HOCTH. VIHBapuaHThI 3a1a4n cep.

Kunernueckue cBOWCTBa reTeporeHHbIx cpen. llpoBoaumMocTs misi ciydass Majou
KOHIIEHTPAlUX BKIIOYEHUN. MeTauInuyecKue BKJIIOUYEHUS B JUAJEKTPUYECKOM MAaTpHIIE.
NneanpHO mpoBoasiye (CBEPXITPOBOASAIINE) BKIFOYCHHS B TUAICKTPUIECKON MaTpuiie. DhdexT
dopMbl  BKITIOYeHHH. KpuThdyeckoe mMOBeIeHUE TMPOBOJAUMOCTH B OKPECTHOCTH TOpOra
NpPOTEKaHUs [JIi METAUIMYECKUX W CBEPXIPOBOJAIIMX BKIOUYEHUN. WHTEpnosasaiuoHHbIE

bopmybl
Tema 2.2. [IpbIkKoBasi IPOBOANMOCTD

[TocTanoBka 3amayu O MPOBOJMMOCTHU IO JIOKAJIM30BAHHBIM COCTOSHHAM. lIpbDKKOBast
npoBogumocTb. CeTka conpoTuBieHui Mmuiepa-AGpaxamca. Metoa pelieHus 3ajadd o
IPBIKKOBOM MPOBOJMMOCTH, OCHOBaHHBI HAa TEOpUM IpoTekaHus. 3akoH Mortra. [IpprkkoBas
IIPOBOAMMOCTh € IIEPEMEHHOM [UIMHOM INPbDKKA, ONTHMAajbHbIE HpPBDKKUA. BiusHue
O0COOEHHOCTE B IJIOTHOCTH COCTOSIHUM Ha IPBDKKOBYIO MPOBOAMMOCTh. Cyrepiiokaan3anus
BOJIHOBOH (yHKIMU. Pemenue 3agaun o npspkKoBOi npoBogumocTy o Morty. IIpoBoaumMocts
Ha MOCTOSIHHOM U IepeMEHHOM ToKe. ONTUMaIbHbIE IPHIKKU.

[Ipobnema xoppemsumii. KopoTtkozaeiictBytomiue (xabbapmoBckue) koppensiuuu. D™ -
cocrosiHUsl. BrmsHMe Xa00apHOBCKMX KOPpPEISIIMA HA  MPBDKKOBYIO — ITPOBOJAMMOCTD.
JanbHopeiicTBytoye (KyJOHOBCKHE) Koppeisiuu. KynoHoBckas 1miens. DJIeMeHTapHbIC
BO30YKICHHS B MOJICITH KYJIOHOBCKOH mienu. KyToHOBCKas mIenb ¥ MPBIKKOBAs TPOBOJUMOCTb.
DKpaHUPOBKA B MOJIEJIN KYJIOHOBCKOM IIEIIH.

Tema 2.3. [lepexon meTa/I-u3019TOP

[lepexon wmetamn-uzonstop. CiydallHbIM MOTEHLMAN, MOpPOr MNOABMKHOCTH Depmu-
crexsio. Jlokanmu3oBaHHbIE M JIENIOKAIM30BaHHbIE cOocTOsHUSA. Teopema Annepcona. Mojenu
Anznepcona u Mortra. [lepexon METayuI-u30JIATOp B JIETHPOBAHHOM ITOYTIPOBOAHKKE. KpuTepuii
Mortra. Ckenunr. [Ipobiaema onucanus nepexoaa MeTaul-u30JsATop, HOPOr MOJIBUKHOCTH Kak
ocobas Touka. Mojiens AHzepcoHa, 6e3pa3zMepHas MPOBOAMMOCTh Kak Mepa Oecropsika.

Pa3nea 3. KoHTaKkTHbIE M IOBEPXHOCTHBIE SIBJICHUS B NOJYNIPOBOAHMKAX
Tema 3.1. KoHTaKkTHBIC SIBJICHUS B MOJTYNPOBOAHHKAX.

Cxema »SHEpreTM4ecKMX 30H B KOHTAaKTE€ METaJuI-MOJYyNpOBOAHUK. (OOoraiieHHsbIe,
o0e/IHEeHHbIE M MHBEPCHOHHBIE CIIOM INPOCTPAHCTBEHHOIO 3apsja BOJM3M KOHTakTa. BoibT-
ammnepHas Xxapaktepuctuka Oappepa IlloTTku. DHepreTuueckas auarpaMMa p-n Hepexoja.
WHxekus HEOCHOBHBIX HOCUTENEH 3apsa/ia B p-h nepexoze. I'ereponepexopl. DHEPreTUUECKUE
JMarpaMMbl T€TepOoINepeX0IoB.

Tema 3.2. [loBepxXHOCTHBIE CBOWCTBA MOJYNIPOBOIHHKOB.

IToBEpXHOCTHBIE COCTOSIHUS U NTOBEPXHOCTHBIE 30HBI. VICKpUBIIEHNE 30H, paclpeesieHue
3apsga M NoTeHUuana BOMM3M moBepXHOCTH. IloBepxHOocTHas pexomOuHanus. DPPeKT mos.
TammoBckue ypoBHH. CKOPOCTH MOBEPXHOCTHOIN peKOMOMHALINY.



Tema 3.3. IloqynpoBOAHHKOBBIE CTPYKTYPbl TOHH:KEHHOW pPa3MEpPHOCTH M
CBEPXPeLIeTKH.

PasmepHoe kBaHTOBaHHWe. [IByMepHble M KBa3WABYMEpPHBIC SJIEKTPOHHBIC CHUCTEMBI H
cTpykTypbl. KBanToBble simbl. KBaHTOBBIE HUTH. KBaHTOBbIE TOUKH. DHEPreTHUECKUN CIEKTP
AIIEKTPOHOB M TNIOTHOCTH COCTOSIHMH B 3TUX cucTeMax. ONTHYECKHe SIBICHUS B CTPYKTypax ¢
KBaHTOBBIMH SIMaMH, MpaBuia OTOOpa AJIi MEXK30HHBIX M BHYTPU3OHHBIX (MEXKIOJI30HHBIX)
nepexonoB. MeX30HHOE TOTJIOUICHHE M W3JIydaTesibHAsh PEKOMOMHALMS B STHX CTPYKTypax.
OKCUTOHBI B KBaHTOBBIX sMaX, KBaHTOBO-pa3MmepHbld 3¢ ekt Illrapka. Dnextpuueckue u
raJbBaHOMArHWTHBIC SBICHUS B JBYMEPHBIX CTpyKTypax. O¢dext LlyOnukoBa-ne ["aaza.
OO6miee npeacTaBiaeHrue 0 KBaHTOBOM Y dexTe Xoa.

Pa3nen 4.Bonpochl 11l CAMOCTOSITEILHOTO U3YUYeHUs TUCITHIIIMHBI
Pazpgenbl, pekoMeHyeMbIe 1711 CAMOCTOSITEIIBHOTO U3YUEHHUS:

(mpuBOIATCS pa3fenbl, BO3MOXKEH II€PEHOC CIELMalIbHBIX BOINPOCOB M3 OCHOBHOM
HpOrpaMMBbI WJIH TIPOTPaMMBbI KaHJIUIATCKOTO K3aMeHa)

4.1. OcHOBBI TEXHOJOTMH TMOJYNPOBOJAHUKOB M METOAbI ONpe/leJeHus MX
napaMeTposn

MeTtos! BeIpaluBaHusi 00bEMHBIX MOHOKPHUCTAIUIOB U3 KUAKOW U ra3oBoi (a3. MeTo sl
BBIpANIMBAHUS JMHUTAKCHANBHBIX IUICHOK (dMHTAKCHsI W3 JKHJIKOH M Ta30BOH a3kl
MounekynspHo-ilydeBasi dnUTaKcus. MeTtamiopranuueckas snuTakcHus. MeTonbl JerupoBaHus
MOJIYITPOBOTHUKOB. OCHOBHBIE METOJIBI OIMPEACIICHUS] TAPAMETPOB MOJTYIIPOBOIHUKOB: IITUPUHBI
3alpelIeHHON 30HbI, TMOABUKHOCTU U KOHIIGHTPAIIMK CBOOOIHBIX HOCHUTEJEH, BPEMEHU >KH3HU
HEOCHOBHBIX HOCHUTEJICH, KOHIICHTPAIIUHU ¥ TTyOHHBI 3aJIeTaHUsl YPOBHEH MpuMece U e eKToB.

4.2. XuMnueckasi CBi3b 1 aTOMHasi CTPYKTYpPa NOJIYNPOBOJHUKOB

DneKkTpoHHasi KOHQUTYpaIs BHEIIHUX 000JI0YEK aTOMOB M THITBI CHJI CBSI3U B TBEPIBIX
Tenax. Ban-nep-BaanbcoBa, HOHHAasg W KOBaJeHTHass CBs3b. CTPYKTypbl Ba)KHEHIIMX
noynpoBoHUKOB — anemeHToB AlIV, AVI u coenunennit Tunos AIIIBV, AIIBVI, AIVBVL
[Ipumecn U CTPYKTYpHbIE NOePEeKThl B KPUCTALIMYECKUX U aMOP(HBIX MNOIYHPOBOJHHKAX.
XuMHu4deckast Ipupoja v 3JIEKTPOHHBIE CBOMCTBA NpuMeceil. TodeuHble, IMHEWHBIC U JBYMEPHBIE
neheKThI.

4.3. Audpakuus B KpucTaLIaAX

Pacnpoctpanenue BonH B kpuctaiax. JAudpaxius peHTreHOBCKHUX JTy4el, HeHTPOHOB U
DIIEKTPOHOB B KpUCTAJUIE. YTPYroe W HEYNpYyroe, KOTEPEeHTHOE M HEKOTePEHTHOE paccesHue
HEUTPOHOB, UX OCOOEHHOCTH.

4.4, MarHuTHbIE CBOMCTBA TBEPABIX TeJ

IlapamarHeTu3M M JuaMarHeTU3M JIOKAJIM30BAHHBIX MArHUTHBIX MOMEHTOB. 3aKOH
Kropu. IlapamarmetusmMm W  JWaMarHeTu3M  JJEKTPOHOB  mpoBoaumoctH.  IIpuponma
deppomarnetusma. @aszoBblii  mepexon B (eppomarHuTHOEe  coctostHMe. OOMeHHOe
B3auMo/eiicTBue, ero Buabl. 3akoH Kropu — Beiicca. @eppomarHuTHbele JOMEHBI. J[oMEeHHbIE
rpanunbl  (brnoxa, Heens). Tumbl MarHuTHOro  ymopsjioueHust (aHTHU(EppOMarHeTHKH,
(beppuMarHeTUky, TeIMMAarHeTHKH, KHUpalbHblE MAarHeTHKH), MarHuUTHas CTpyKTypa. Touka
Heens. BocnpunMunBocTh anTHUdeppoMarHeTHkoB. CIUHOBBIE BOJIHBI, MarHOHbI. JIBHIKeHHE
MarHuTHOTO MOMEHTa B IIOCTOSIHHOM U II€PEMEHHOM MAarHUTHBIX MOJISIX. OJEKTPOHHBIN
IapaMarHUTHBIA pe30HaHC. S 1epHbIii MATHUTHBINA PE30HAHC.

4.5. OnTuyecKkue cBOMCTBA MOJYNPOBOAHUKOB

KoMmiuiekcHass — quanieKTpudeckass IPOHUIAEMOCTh M ONTUYECKUE  ITOCTOSIHHBIE.
Koadduments! nornomenus u orpaxenus. CoorHomenus Kpamepca-Kponura. Ilornomenue



AIIEKTPOMArHUTHOTO H3JIy4YeHHS B Merauax. Ilmasmennas dacrora. [lormomeHue cBera B
MOJYIPOBOJHUKAX  (MEXK30HHOE, TMPHUMECHOE TOTJIONICHHEe, IMOTJIOMIEHHE CBOOOIHBIMU
HOCHUTEJISIMHU, pemeTkoi). OmnpenencHue OCHOBHBIX XapaKTEPUCTUK TOTYIMPOBOJAHHUKA U3
ONTHYECKUX HcclenoBanuid. Marautoontudeckue 3¢hdextor (3hdexter Dapanes, doxra, u

Keppa).
4.6. CHIbHO KOppeJTHPOBAHHbIE YJIEKTPOHHbIE CHCTEMbI

[Mpumechbie nonbl ¢ d- m f-anekrponamm B Mmeramnax. Dddexkr Kowmo. Pesonanc
AopukocoBa-Cyna. Tsokenbie GpepMHOHBI, dJIEKTPOHHAS TEIUIOEMKOCTh M BOCHPHHMYUBOCTDH B
TsoKkenoepMHOHHBIX cucTeMax. CoeaMHEHUs! C MPOMEXYTOYHON BAJIEHTHOCTBIO, KOHJJOBCKHE
U30JATOpbl. KBaHTOBBIE KPUTHUYECKHE SIBJICHHS, KBAaHTOBbIC (a30BbIC IEPEXOIbl, pOJb
Oecriopsiika. Tomonornyeckue H30IATOPBL.

JIOTIOJIHUTENBHBIN TEPEYEHb BOIPOCOB Ul CAMOCTOSTENBHOIO U3YYEHUS AMCLUIIINHBI
«Pu3nKka TOJYNPOBOJHUKOBY» (OPMHUPYETCS HAyYHBIM pPYKOBOIUTENEM acHupaHTa U
YTBEPKAACTCA ACIUPAHTCKON KOMUCCHEH.

Paznen 5. BOl'lpOCbl AJId CAMOCTOATEIBHOI0 H3YyYCHUA TUCHUIVIMHBI 110 IIPpOrpamMmme
KaHINJATCKOI0 3K3aMeEHa 110 CIIeNHaJIbHOCTH

[Iepeuens BOMPOCOB [JIi  CAaMOCTOSITENIBHOTO HM3Y4Y€HUS JUCHUIUIMHBL «Du3nka
MOJIYIPOBOJHUKOB» MpPHU TOATOTOBKE K KAHAWJIATCKOMY O5K3aMEHY [0 CIEHHAIbHOCTH
COOTBETCTBYET IpOrpaMM€ KaHAMJATCKOIO 3K3aMeHa [0 CcHeuuanbHOCcTH — «Pusmka
MOJIYTIPOBOJTHUKOBY, YTBepkAeHHOH VYueHbiM coBetoM MO® PAH (mpotokonr Ne ot
« » 20 1.).

7. IIpuMepHasi TeMaTHKA:

7.1. KypcoBbIxX padoT

He npexycMoTpeHo y4eOHBIM TIJIaHOM

7.2. HayuHo-HcC/Ie10BATEeIbCKUX PA0OT U MPOEKTOB
He mpenycMoTpeHo y4eOHBIM TIIIaHOM

7.3. PedepatoB

He mpenycMoTpeHo y4eOHBIM TIJIaHOM

8. PecypcHoe o0ecnieuenme.

8.1. Kagposblii moTreHumaJ

Acnupantypa MO® PAH pacnonaraer KaapoBBIMH DPECYpCaMH, TapaHTHPYIOIIHUMU
Ka4ecTBO IOJATOTOBKM acmupaHTa 1o crenuambHocTh 1.3.11 ®dusnka moIynpoBOJHHKOB B
coorBercTBuU ¢ OI'T.

8.2. MarepnaibHO-TeXHHYECKOE OCHAILIICHHUE.

Hns  npoBeaeHus  3aHATHM 10  aucHUIuiMHE — «PHU3MKa  TOJIYIMPOBOIHUKOBY,
OPEIYyCMOTPEHHOM Yy4eOHBIM IUIAHOM MOJTrOTOBKM AaCHUPAHTOB, HMEETCs HeoO0Xoanmas
MaTepuaibHO-TEXHUYECKass 0a3a, COOTBETCTBYIOLIas JEHUCTBYIOUIMM  CAaHUTAapHBIM U
IPOTHBONOXApPHBIM MpaBUJIaM W HoOpMaM, oOecreuyuBaromas IpOBEIEHHE BCEX BHUJIOB
TEOPETHYECKON U NMPAKTHYECKON MTOATOTOBKH:

— ayJIUTOPUU JUIsl JIEKIIMOHHBIX U CEMUHAPCKUX 3aHATHI, OCHAIIEHHbIE IIPE3EHTAllMOHHBIM
o0opynoBaHueM (HOYTOYK, IPOEKTOP, SKPaH) U MapKEPHBIMU JJOCKAMH;

— o0opynoBaHMe [uIi TPOBEACHUS JIEKIMOHHBIX M CEMHUHAPCKUX 3aHATHI B
JTUCTaHIIMOHHOM (opmate (B ciaydae HeOOXOIMMOCTH);

— JIMLIEH3MOHHOE MTPOrpaMMHOE oOecrieueHue s AEMOHCTPALMK Ipe3eHTauuil B popmate
PowerPoint, OpenOffice nxu Portable Document Format.



— yudeOHasl IuTepaTypa U METOJUYECKUE MaTepHallbl JJIsi MPOBEIACHUS CaMOCTOSITEIbHON
paboTHI IO TUCIIUTIIINHE.

8.3. O0pa3oBaresibHbIE TEXHOJIOTHHI

[lpu peanu3anuu pa3TUYHBIX BUAOB y4eOHOW pabOThl  (JIGKUIMH, CEMHUHApHI,
camocrosiTeNibHas paboTa) HCHONB3YIOTCS CIEAYIOIIUME COBPEMEHHBIE 00pazoBaTelIbHbIC
TEXHOJIOTUH:

- ICKIIMOHHASI CUCTEMA O0yUYeHUS;

- H(POPMAIMOHHO-KOMMYHHUKAITMOHHBIE TEXHOJIOTHH;

- HCCIIEIOBATENIbCKUE METO/IbI B O0yUEHHH.

[Tporpamma guctuiuinHbl «®PuU3MKa IOJYIPOBOJHUKOBY IPENYCMATPUBAET ILIMPOKOE
HCIIOJIb30BaHUE B y4€OHOM IPOIECCe aKTUBHBIX U MHTEPAKTUBHBIX (DOPM MPOBE/ICHUS 3aHATUN B
COYETaHUH C BHEAYIUTOPHON CAMOCTOSATEIBHOW paboTol C 1enbio (OPMUPOBAHUSA U PA3BUTHS
poecCHOHANBHBIX HAaBBIKOB y oOydaromuxcs. ¢ HeKTUBHOCT, MPUMEHEHUS UHTEPAKTUBHBIX
dbopMm oOyueHust oOecrieunBaeTCs peau3anneil CIeIyOIMNX YCIOBHIA:

- CO3/]aHKe TUATIOTMUYECKOT0 MPOCTPAHCTBA B OPTaHU3AlMK yueOHOr0 Mpoliecca;

- WCTOJIB30BAHUE TPHHIHUIIOB COLMAIBHO-TICUXOJIOTHYECKOTO OOydeHHUs: B Y4eOHOH H
Hay4YHOU JEeSATEIbHOCTH;

- MPUMEHEHUE MHTEPAKTUBHBIX (JOpM 0OyUeHHsI, HANIPABJICHHBIX HA Pa3BUTHE BHYTPEHHEH
AKTUBHOCTH acCIUpPaHTa, CTUMYJIMPOBAHHE MOTHUBALIMM M WHTEpeca B OOJIACTH YriayOJIeHHOTO
u3ydeHusi (PU3MKH MOJYIPOBOJHUKOB B 00MIE00pa30BaTEIbHOM M MPOPECCHOHATIHHOM IUIAHE;
MOBBIIICHHE YPOBHSI aKTUBHOCTH M CaMOCTOSITENIbHOCTH HAay4YHO-HCCIIEAOBATEIbCKON PalbOTHI;
pa3BUTHE HABBIKOB aHANIN3a, KPUTUUHOCTH MBIILIJIEHHS], HAYYHON KOMMYHHUKAIUU.

OO6pa3oBarenbHble TEXHOJIOTUU MPEIIONaraloT MpoBeJAeHHE 3aHIATUIH B GopMe JEKUUN C
00BSICHEHHUEM TEOPETUUYECKOT0 MaTepuaa, CEMUHApOB ¢ pa30opoM JIEKLIMOHHOTO MarepHuaia u
pelieHrneM 3a7ad M caMocCTosTeNbHyI0 pabory. CamocrosiTenbHas paboTa acnupaHTOB
OpoBOIUTCS B (hOpME H3YUEHHS OTHCIBHBIX TEOPETUYECKUX BOIPOCOB MO TpeajaraeMoi
JUTEpaType U CaMOCTOSTENLHOTO pelIeHUs 3a7ad C JaJbHEHIIMM UX pa3dopoM WiIu
00CYyXJIEHUEM Ha ay/IUTOPHBIX 3aHATHUSAX.

Ha 3aHATHAX MOXET HCIOJIB30BAThCSA MIPOMEXYTOUHBIN KOHTPOJIb B BUJE PEIICHUS 33]1a4
0 JIEKUMOHHOMY U CEMHUHApCKOMY MaTepHaiy.

9. YueoHo-MeToAHYeCKOEe M HHPOPMALIMOHHOE O0ecTiedeHHe TUCIUTIINHBI

9.1. OcHoBHasi IMTEpaTypa
9.1.1. DueKTpOHHBIE y4eOHbIe H3AaHus (Y4eOHHKH, ydeOHbIe 0co0ust).

9.1.2. DyieKTpOHHBIE 0a3bl JaHHBIX, K KOTOPbIM 00ecne4eH JOCTYII.
- nTepHeT-pecypebl Hay4YHO-TEXHUYECKOMN O6ubIMoTeKH NO® PAH
https://www.gpi.ru/about/library/education/
- Hayunas snextponnas oubnuoreka elibrary.ru;
- Dnektponnble 6a3p1 Web of Science u SCOPUS;
- XKypHnanbsl o (u3uKe KOHISHCHPOBAHHOTO COCTOSIHHSI M HaHomarepuanam (Pusmka
tBepaoro tena, XOT®, Ilucema B XKOTD, Venexu ¢dusmueckux Hayk, Nanoletters,
Physica Status Solidi b, Physical Review B u ap.);
- Hayunple 1 HayuHO-TeXHHMYECKHE KypHalbl m3aarenscTB American Physical Society,
American Institute of Physics, Institute of Physics, Nature, Springer Verlag, 6a3a nanabix
Web of Science.
9.1.3.YuyeOHuKH

1. bpaumar H.b., Kynsbauunckuii B.A., KBasuwactunst B  ¢usuke

KOHJAEHCUPOBAHHOTO cocTosiHUA. M.: ®uzmatiut, 2007 r., 632 c.
2. Kupees I1.C., ®uzuka nonynpoBoaaukos. M.: Beiciias [lkomna, 1975, 584 c.



3.  WN.A.KBacuukoB. M.: TepmoauHaMuka u craTuctudyeckas (usuka (B 3-X ToMax).
Enuropuan YPCC, 2002.
4. B.®.'antmaxep. DneKTpOHbI B HEYNOPSAOYEHHBIX cpeaax. M.: @uzmatnur, 2003
9.1.4.Y4eOHbIe mocoOus
1. C.B.[demumes, A.A.Ilpouun. ®TT, B. 7 (2006)
9.2. lonoJTHUTEIbHAS JIUTEpaTypa
1. Kurrens Y., Beenenue B ¢pusuky tBepaoro tena. M.: Hayka, 1978, 792 c.

2. Amxpodt H., Mepmun H. ®usuka tBepaoro tena, T1. [ u II. M., Mup, 1979.

3. 3aiiman Jx. [Ipunuuns! Teopun TBepaoro teiaa. M: Mup, 1974.

4. Boncosckuit C.B. Marnerusm. M., Hayka, 1971.

5. B.B.lllmuar «Beenenune B ¢usuky ceepxipoBogumocty. ML HMO, Mockga,
2000.

6. KoceBnu A.M. OCHOBBI MEXaHHUKH KpHCTaIndeckoi pemerku. M.: Hayka, 1972

7. Hxnosckuit b.U., Ddpoc A.JI. DiekTpoHHbBIE CBOMCTBA JIETHPOBAHHBIX
nosynpoBogHukoB. M.: Hayka, 1979 r.

8. Ddpoc A.JI. Dusuka u reomerpus 6ecnopsiika. M.: Hayka, 1982

9. 3arun U.I1. Kunetnueckue sSBICHUS B HEYIIOPSAJOUYCHHBIX TOJTYIPOBOJHUKAX. M.
MI'Y, 1984

10. Mot H., [IpBHC D. DNeKTpOHHBIE POLIECCH B HEKPUCTAIUTMYECKUX BEIIECTBAX, T. |
u T.2. M.: Mup, 1982
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9.2.1.YuebHo-MeTOoAMYeCKHe MOCOOHS (YueOHbIe 3aJaHUA)
HECT

9.2.2. Jluteparypa s yriry0JieHHOT0 U3y4eHusl, NOAroTOBKH pedepaToB
HET

10. Arrecranus mo aucoumuimHe. dopMa MPOMEXKYTOUYHOM aTTECTAllUM IO UTOram
o0ydeHust B 3, 4 u 5 cemecTpax — 3a4eT, NpoIeaypa aTTecTaluu B 3 U 4 ceMecTpax BKIIIOYAET
pellIeHne KOHTPOJIBHBIX 33J]a4 U OTBET Ha BOIPOCHI, B 5 CEMECTPE — OTBET Ha BOIIPOCHI.

WroroBas arrectamuss MmO AMCUMIUIMHE BKJIIOYAET clady KaHIUAATCKOIO HK3aMEHa
HK3aMEHALIMOHHONW KOMHUCCHHM, YTBEPKICHHOM JIOKAIbHBIM HOpMaTUBHBIM akToM 1O® PAH.

11. OmueHouHble cpeacTBA IS TeKYIIEro KOHTPOJISL YCNEeBAeMOCTH H
HpOMe)KyTO‘IHOﬁ arTreCcrtalum 1mo uToraM OCBOCHUA JUCHUIIJIMHDBI

11.1  OueHouHble  cpeacTBa  TeKYIIero  KOHTPOJS  yCHeBaeMOCTH  H
¢opMHPOBAHHOCTH KOMIIETEHNH

JInst  TeKywmero KOHTPOJsi YCIIEBAEMOCTH IPUMEHSAETCS KOMIUIEKC METOAMK U
JAUAarHOCTHYECKOTO HHCTPYMCHTAapUs: yCTHBIﬁ OIpocC, PEICHHUE JOMAIIHUX 3aJad II0 TEMC
3aHATUHN, yUET MOCEIIaeMOCTH 3aHATUI U aKTUBHOCTH aCIIMPAHTOB B XOJI€ 3aHATUM.

11.2 TIpumepHblii NepevyeHb BONPOCOB K 3a4eTy M0 AUCHUIIUHE



1. MuorouactuyHoe ypaBHeHue llpenunrepa mns kpuctamia. [Ipubmmkenue bopha-
OnnenreiMepa.

2. 3onnbiii cnektp. Ksasummmynsc, 3oHa bpmmumosna. Teopema bioxa. 3akon
nucriepcuu U 3G heKTUBHAS Macca.

3. Meronbl pacueToB 30HHOTO CIEKTpa METOJI IceBAonoTeHuana, k-p — meron. Tenzop
3¢ pexTUBHON MacChl, pOJib CHMMETPUUYHBIX TOUYEK B 30HE bpuiuitosHa.

4. 30HHBIA cHEKTp oOXHOMEpHOro ypaBHeHust IlpenuHrepa ¢ NEpPUOIUYECKUM
MOTEHILIUATIOM.

5. Omneparopsl KOOPAUHATHI U CKOPOCTHU ISl JJIIEKTPOHOB B KpHUCTaIUIE. 3aKOH U3MEHEHHUSI
KBa3UUMITYJIbCA.

6. Meton »>¢dexTuBHON Macchl. JlMHaMHKa SJEKTpOHA B Cllydae OJHOPOJIHOTO
AIEKTPUYECKOTO MOJIS.

7. KBaznwactuupl. OrmpeneneHue, BBEICHHE KBa3U4YacTHUIl Ha IMpPUMEpPE HICAIbHOTO
O®epmu-raza. I[loBepxHocte @Depmu. DyHKIUM pacHpelesieHus KBa3u4yacTUIl M YacCTHII,
XUMITOTEHIIUAIT

8. Moaenp ®epmu-raza. [LmoTHOCTh cocTostHUI, ocoOeHHOCTH Ban-XoBa. DddexTuBHas
Macca IJIOTHOCTH COCTOSIHUM. DJIEKTPOHHAs TEMIOEMKOCTb.

9. KBasuuactuupl B uneanbHoM boze-raze. OyHKIUU pacrpenenceHuss ¥ XUMIOTEHIIUAI.
bose-konnencanus. Temneparypa KOHAEHCALIMH.

10.  KonebaHus KpuCTaIMUECKOW pemeTku. JIMHaMUYecKue YpaBHEHUs, CBOMCTBa
CUJIOBOHM (yHKIIMH. 3aKOH JUCHEPCUU. AKYCTUYECKUE U ONTHYECKHUE KOJIeOaHusl.

11.  Ilepexom Kk KBaHTOBOMY onucaHuio. @OOHOHBL, (GYHKLUUSA paclpeaesieHus..
DOHOHHAS TEIUIOEMKOCTb.

12.  JIBuKeHME 3JEKTPOHOB B KpHUCTaJlJie BO BHEIIHEM MarHUTHOM IoJie. TpaeKkTopuu
U IIUKJIOTPOHHAs Macca.

13.  KBasukiaccuueckoe KBAaHTOBAaHUE [BM)KEHUS B MAarHUTHOM II0Jie. YPOBHH

Jlanpay. [ImotHOCTH cocTosiHui. Pomb skcTpemManbHbIX cedeHui nosepxHoctu Pepmu. LHumunap
Jlannay.

14. Mopnens [pyne: mpoBoauMocth, 3¢pdekr Xoia, MarHUTOCONPOTHBIICHHUE U
LIMKJIOTPOHHBIN PE30HAHC.
15. Kunernueckoe ypaBHenune bombimana. [IpuGmimkeHne BpeMEHH pelakCallvu.

BpeMH peirakcaniu ik OCHOBHBIX MCEXAHU3MOB PACCCAHUA B TBEPABIX TCIaX (I/IOHBI npuMmecu,
KOJICOaHMS PEIICTKH, BAKAHCHUU W TOYCYHBIC Heq)eKTBI, AUCIOKAIlMH, T'paHULbl KPUCTAJJINTOB,
MCKIJICKTPOHHOC paCCCHHI/Ie).

16. 3amaya 0 paccessHUM AJIEKTPOHA HA MOHM30BaHHOM mpumecu. @opmyna Konyam-
Baiickonda.
17.  PemieHue KHHETUYECKOTO YypaBHEHHUs boibliMaHa B BBIPOKICHHOM Cllyyae.

ITpoBOAMMOCTB, 4aCTOTHAS 3aBUCUMOCTb ITPOBOJUMOCTH. J[BU’KEHNE B MAarHUTHOM I10JI€, TEH30P
nposoaumMocTH 1 3 dext Xomna. CpaBHeHue ¢ Monenbio pyne.

18.  OOmiee peuieHMEe KHHETHUYECKOro YypaBHeHHMs bonblMaHa B NpUOIMKEHUH
BpeMeHH penakcaiuu. [lpogonsHble u nonepeunsie 3¢ dextsl. Kunernueckue ko3¢pHUINEHTHI.
Crny4yau U30TPOIHON U aHU30TPOMHOM 3(h(HEeKTUBHON MaCChI.

19.  Pacuer mpOBOAMMOCTH C TIOMOIIBI0 KHHETHYECKOTO ypaBHEHHWs boibiMaHa.
TemreparypHasi 3aBUCUMOCTb Ipei(hOBO MOABUKHOCTH B CIydae paccesiHUs Ha aKyCTUYECKUX
¢doHoHax W woHax nmpumecu. TpancnoprtHas 3dexTuBHas Mmacca. Ciaydail HECKOJIBKUX TPy
Hocutenei 3apana. CpaBHeHHe ¢ Mojenbio pyne.

20. Teopust mporekanus. 3azada y3jaoB Ha YNOPSAIOYEHHBIX pemrerkax. Kmactepsl.
[Topor mporekanus. 3agaud Ha KOHEUYHBIX peIIeTKaxX. 3aJadyl Ha OECKOHEYHBIX pelleTKax.
beckoneunsiii kmacrep. CTpykTypa OECKOHEYHOTO KiacTtepa (Ha MpUMEpe 3aaaud y3JIOB).
Mopens IlIxnoBckoro-ae Kenna. Panuyc koppensuuu, KpUTHYECKOe MoBeAeHHE, (HU3NUECKH
CMBICIT JJIsT X>XC U X<XC..



21. Kunerndeckue cBoMCTBa reTeporeHHbIx cped. [IpoBoauMocTs 11 ciaydas Manon
KOHILIGHTpAllUM BKJIIOYEHHI. MeTauMuyeckue BKIIOUEHHS B JUAJIEKTPUYECKOM MaTpuLe.
WneanbHO MpoBOASIIUE (CBEPXIPOBOISIINE) BKIIOUSHHS B TUDJIEKTpUIeCcKOi Marpuie. ekt
(bOpMBbI BKITIOUEHHUH.

22.  IlocraHoBKa 3aauyd O TMPOBOAMMOCTH TIO JIOKAJM30BAHHBIM COCTOSIHUSM.
[TpeokkoBas mpoBoaumocTh. CeTka comnpoTuBiaeHu Muiiepa-AOpaxamca. MeTon perieHus
3ala4 O IPBDKKOBOW IMPOBOJAMMOCTH, OCHOBaHHBIM Ha TEOpPUM IpOTEKaHus. 3akoH Mortra.
IIppKKOBast IPOBOJUMOCTD C IEPEMEHHOU JIIMHOW MPBHKKA, ONITUMAJIBHBIE TIPBIKKH.

23. Pewenne 3amaun 0 HMpBDKKOBOM IpoBoauMocTy 1o Mortry. IIpoBogumMocTts Ha
IIOCTOSIHHOM U NEPEMEHHOM TOKe. ONTUMaIbHBIE IPBLKKU.

24.  Tlpobnema koppensiuii. KopoTkozaeiicTBytomue (xa00apIOBCKUE) KOPPEIISIINU.
D- -coctosinus. Biusnue xab0apIOBCKHUX KOpPpENALUA Ha MPBDKKOBYIO MPOBOJIUMOCTD.
JanbHozelicTBytoME (KyJIOHOBCKUE) Koppensuuu. KynoHoBckas miesnsb.

25. Ilepexon wmeramn-uzonarop. Ciy4dallHbIA MOTEHIMAN, MOPOr IMOJABHKHOCTH
®epmu-cTekno. Jlokalin3oBaHHbIE U JEIOKAJIU30BaHHbIE COCTOsSHUA. Mopaenu AHJEpcoHa U
Mortra. [lepexoa MeTamI-u30a4Top B JIErMPOBaHHOM MoaynpoBoaHuke. Kputepuii Motra.

26.  Onmcanue TaJlbBAaHOMATHUTHBIX J(PQPEKTOB € MOMOIIBI0 KHHETHYECKOTO
ypaBHeHus bonbimana. Oddext Xomna. Yron Xoima, X0I0BCKas MOJBUKHOCT, KOPPHUIHEHT
Xomma. Pacuer addexra Xouta ¢ moMOImBI0 KHHETUYECKOTo ypaBHeHUs bonpumana. Ciyyan
cmaboro u cuiabHOro moins. Ciyyail HECKOJNBKHMX TpYII Hocutedei 3apsna. CpaBHEHHE C
Mozensto pyze.

27.  MaruutoconpotuBienue. Koadduument MarauroconpotuBieHus. Pacuer
MONEPEYHOr0 MarHUTOCONPOTUBJIEHHUS] C MOMOILBIO KHMHETUYECKOTOo ypaBHEHUs bonblimaHa.
Cnyuyan cnaboro u cunpHOro moisi. Haceimenue maruuroconporusieHus. Ponps mons Xommna.
MarauroconpoTuiieHUE B 00pa3lie KOHEUHbIX U OECKOHEUHBIX pa3MEpOB.

28.  (Cxema sHepreTHYecKHX 30H B KOHTAKTE METAUI-NOIyIpoBOIHUK. OOoramieHHsble,
00€THEHHbIE M1 MHBEPCUOHHBIE CJIOM IPOCTPAHCTBEHHOI'O 3apsiia BOJIM3U KOHTAKTA.

29.  Mmxekuus HEOCHOBHBIX HOCHUTENIEH 3apsjia B p-n mepexojne. lereporepexo/sl.
DHepreTuyecKue uarpaMMbl FreTeporepexo/IoB.

30.  IloBepXHOCTHBIE COCTOSHUS M TIOBEPXHOCTHbIE 30HBI. VICKpUBIEHHE 30H,
pacnpenenenne 3apsa U noTeHuuana BOJI3u NoBepXHOCTH. DPPEeKT moJs.

31.  Pa3mepHoe kBaHTOBaHME. [[ByMepHBIE U KBa3UIBYMEPHBIE 3JIEKTPOHHbIE CUCTEMBI

u cTpykTyphl. KBanToBbie siMbl. KBaHTOBbIE HUTH. KBaHTOBBIE TOUKU. DHEPreTUYECKUI CIIEKTP
JJIEKTPOHOB U IJIOTHOCTH COCTOSHUM B 3TUX CUCTEMAX.

32.  OnTuueckue sBJICHUS B CTPYKTypax ¢ KBAaHTOBBIMHU SIMaMH, IpaBHia 0TOOpa JUIs
MEX30HHBIX W BHYTPHU30HHBIX (MEXIIOJ30HHBIX) MEpexoa0B. MeX30HHOE NOIJIOIEHHE U
u3y4yaTelibHas peKOMOMHAIUS B ATUX CTPYKTypax. DKCUTOHBI B KBAHTOBBIX SIMaX.

11.3 IlpumepHbIii epevyeHb 32124 K 3a4eTy N0 JMCHUILJIMHE

1. B equanyHOM 00BEME KpucCTauia COAEPKUTCS N HEB3aMMOJICUCTBYIOMIHNX J1e(DEKTOB,
KXl U3 KOTOPBIX MOKET HAaXOJUTHCS B JIBYX dHEpreTnueckux coctossHusx Ei1 u Ep, mpuuem
E, -E1=D>0. HaiiTu BkJIaJ B TEMJIOEMKOCTh KpPUCTAILIA, 00YCIOBICHHBIN TakuMH Jedektamu. B
Kakoli oOjacTu TeMmmepaTyp CcleAyeT OXHUAATh MaKCHUMaJbHOTO BKJIaJa B TEIJIOEMKOCTH,
CBSI3aHHOTO C edexTamu?

2. DIIEKTpOHBI B KpUCTalUle, Haxonasmuecs B Touke G 30HbI bpuiiiiosHa uccnenyoorcs
METOI0M IUKJIOTpoHHOTO pe3oHanca (L[P). OkcnepumenTtst mo 1P mokasanu, 4To AJIs 4aCTOTHI
anekTpomMarauTHoro manydenus 150 I'T1 B marautHOM nosnie 8 T HaOrOAaeTCs MUKIOTPOHHBIN
pezonanc. Uemy paBHa sdexTuBHas MUKIOTpoHHAsT Macca? OTBET MPEICTaBUTh B €IWHUIIAX
Macchl CBOOOIHOTO AIIEKTPOHA.

3. B nonyMeraiiie KOHUEHTPALMS 3JIEKTPOHOB COCTABJISET n=10" cm>, a s dexTuBHOE
BpEMs PEJIaKCALlUd PaBHO ™=2*10" ¢. Cunras noBepxHocTh depmu chepoit, OLEHUTDH
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depMueBckuii uMNIynbe pr, sHepru0 ®epmu Ep, yaenbHOE CONpPOTUBICHUE P HA MOCTOSHHOM
Toke, U dpdexkTnBHYIO MMHY cBoOOomHOTrO mpobera lg. OtBer mna Ef, p u Ig mpeacraButs B
enununax 5B, MkOmxcm u A coorBercTBeHHo. [l Kakoil 4acTOTHI JeiiCTBUTENbHAs YACTh
IIPOBOJIMMOCTH YMEHBUIUTCS B JBa pa3a’?

12. MeToauyeckne peKOMEHIANH ACTIHPAHTAM 0 OCBOCHHI0 TUCHMILINHBI

AcnupaHTbl JOJDKHBI OBITH 3apaHee O3HaKOMIIEHBI ¢ rpadukoM ydueOHOTo mpoliecca,
CoJIepKaHUEM JMCLUMIUIMHBI U METOAMKOW IpoBeneHus 3aHATui. IlocemaemocTs yueOHBIX
3aHATUN SBJSETCS 00sI3aTENIbHON 171l O0yyaromuxcs, Kak U BeJCHHE KOHCIEKTOB, 3alMCeu.
OTtpaboTKa MPOIMYIIEHHBIX 3aHATHH MpPEaNoiaraeT CaMOCTOSTENbHYI0 padoTy acmupaHTa C
yueOHOM NUTepaTypoil U ocyiecTBisieTcss B (opme cobeceoBaHUS MO TEME MPOITYIIEHHOTO
3aHSTHSL.

13. MeToauueckue peKOMeHIAlHH TPeNoAaBaTe/IAM 110 OPraHu3aluu 00y4YeHus 1o
AMCIHUILIHHE

13.1 Ilopsinoxk npoBegeHNs JeKIHU

Bsoonas uacmv BKIO4aeT (GOpPMYIHPOBKY TEMBI JIEKIMH C KpPaTKOH aHHOTalUen
IpeUIaraéMbIX Ui U3YyYEHHsI BOTIPOCOB, XapaKTEPUCTHKY MECTa M 3HAYEHHUS JaHHOW TEMBI B
Kypce.

OcHnognas uyacms TEKIMA MMEET CBOEH IIEIbI0 PACKPBITHE COAEP)KaHMUS OCHOBHBIX
BOIIPOCOB H OIIPEEISAETCS JIOTHYECKOI CTPYKTYpOH TIJIaHa JICKIHUH.

B saxmouumenvnou uwacmu n€KTOp TPOBOIUT 0000mIeHHE Haubojee BAXHBIX H
CYIIECTBEHHBIX BOIPOCOB, J€TaeT BBIBOJIBI, OTBEYACT HA BOIPOCHI ciymiareneii, popmynupyer
3aJaud ISl CAMOCTOSITENIbHOHW pPa0OThl aCMHUPAHTOB M PEKOMEHAYET COOTBETCTBYIOIIYIO

JUTEpaTypy.

13.2 Ilopsiok mpoBeaeHUs1 ceMUHAPA

Bo BBOI{HOﬁ YaCTh pCHIaAlOTCA OpraHu3allMOHHBIC 3aJa4u CCMHUHAPCKOI'0 3aHATHA:
MIPOBEpPKa TOTOBHOCTHU ayIUTOPUU U MOJTOTOBICHHOCTH aCIUPAHTOB K 3aHATHUIO, (HOPMYIHPOBKA
TEMBI, LICJIN U 3a1a4 3aHATHUA.

OcHOBHasl 4YacTh 3aHATHS NPEANOJAaraeT OpraHu3aldi0 JHUCKYCCHUH: IOCTaHOBKY
HpO6J’I€MI>I, BBIZACIICHUE OCHOBHBIX HaHpaBHeHHfI. BI)ICTYHJ'IGHI/IG JOKJIAAYUKOB, PACKPBLIBAIOIIUX
OCHOBHBIE ITOJIO)KEHHS 10 BOIIPOCY. BBICTYIUIEHHS ONMOHEHTOB, PACKPHIBAIOLIUX CBOE BHJIEHUE
po0JIEMBI, TUCKYCCHSI 110 TOKJIaay.

B 3akimrounTeNbHON 4acTU MOABOJATCS WTOTH 3aHSATHS, NAETCsl OLIEHKa pPEe3yJIbTaToOB
pabOThl aCHUPAHTOB.

13.3 Opranu3anusi CaMoCTOATEJIbHON padoThl ACIUPAHTOB

OcHoBHBIMU (hOpMaMU CAMOCTOSITENEHON PaOOThI U KOHTPOJIS ACTUPAHTOB SBIISIOTCS:

BrinonHenne MHAMBUAYATbHBIX 3aJaHUN (KaK PENpOAyKTHBHOTO, TaK W TBOPUYECKOTO
XapakTepa), MO3BOJISIONIUX JAWArHOCTUPOBATH YpPOBEHb CPOPMHUPOBAHHOCTH Yy aCIUPAHTOB
3HAaHWUM, YMEHUH Y HaBBIKOB IO JUCHUILIMHE.

CobecenoBanne — hopMa yueOHON AeSITENbHOCTH, CIIEIalIbHAs Oecela IpernoaaBaTens ¢
acrMpaHTOM, PAacCUMTAaHHAs Ha BBIICHEHHWE OO0beMa 3HAHWUN aclHUpaHTa MO OINPEIACICHHOMY
pa3neny, Teme, mpobiemMe H T.M., MO3BOJSIONIAS OIEHUTh WX YMEHHE apryMEHTHPOBATh
COOCTBEHHYIO TOYKY 3pEHHsA, MPEANOJararmIlee BCECTOPOHHEE OOCYXKIEHHE KaKOTO-TH00
BOIPOCA, MPOOJIEMBI HIIM COTIOCTABICHUN HHPOPMAIUH, UIeH, MHEHHUN, TIPEUIOKECHHIA.

14. Onucanue KpuTepueB OLIEHUBAHMS 3HAHU 00y4aeMbIX, HIKAJ UX OLlEHUBAHUS

14.1. Kpurepun oneHMBaHus 3HAHUI 00y4aeMbIX HA 3a4yeTe M0 AUCHUILIHHE:
Onenka «3auteHo»: OOydvaromuiics OOHApYX W 3HAaHHE OCHOBHOIO  Yy4eOHO-
IIPOrpaMMHOT0 MaTepuaia B o0bemMe, HeOOXOAUMOM sl JaibHeHell yuedbl U mpencTosimen



pa6OTI>I no CrneuuajabHOCTHU, CIIPAaBUJICSA C BbIIIOJIHCHUCM 3a,[[aHPII>'I U KOHTPOJIBHBIX pa60T,
IPETyCMOTPEHHBIX IPOTPAaMMON AUCIUITIIHHBL.

Onenka «He 3auteno»: OOyuaronuiics oOHapyXUI 3HAYUTEIbHBIE TPOOEINbI B 3HAHUAX
OCHOBHOTO y4eOHO-IPOrpaMMHOTO MaTepHajia, MAOMYCTWI HpPUHIWIHNAJIbHBIE OLIMOKH B
BBITIOJIHEHUH TMIPETyCMOTPEHHBIX MPOTPaMMOil 3a/laHUil U HE CIOCOOEH MPOJOKUTH 00ydYeHue
WIM TPUCTYNUTh 1O OKOHYAHWUHM AaCIHPAaHTYPbl K MPOQecCHOHATBHON NesTelbHOCTH 0e3
JOITOJIHUTCIIbHBIX 3aHATHH I10 COOTBCTCTBYIOH_[eﬁ JUCHUITIINHC.

14.2. Kputepun oneHuBaHHMs 3HAHMII 00y4yaeMbIX Ha KAaHAMIATCKOM JK3aMeHe IO
CIEeNHATbHOCTH:

OneHka CTaBUTCS 10 KaXJIOMY U3 BOIPOCOB KaHAWJATCKOTLO 3K3aMeHa 110
CHELMaNTbHOCTH, OLIEHKA 33 9K3aMEH ONpeessieTcsl Kak cpefiHee apu(MeTHUECKOe U3 OLEHOK 10
TPEM BOIIPOCAM 3K3aMEHa ¢ COOTBETCTBYIOIIMM OKPYIJIEHUEM 0 LEIOYUCICHHOM 10 IIPABUIaAM
apupmeTnueckux onepauuil. IIpy HaJIMYMKM OLEHKH «HEYIOBIETBOPUTEIBHO» IO OJHOMY M3
BOIIPOCOB CTABUTCS 0OIIast OI[CHKA «HEYIOBIECTBOPUTEIHLHOY.

Onenka «Otau4HO»: B OTBETE KaueCTBEHHO pPAaCKpBITO coacpxkaHue TeMbl. OTBer
XOpOILIO CTPYKTypupoBaH. I[IpekpacHO OCBOEH MNOHATHUHHBIM anmapar. IIpomemoHcTpupoBaH
BBICOKMM YPOBEHb IOHMMaHus Martepuana. [IponeMOHCTpUpPOBAHO NPEBOCXOJHOE YMEHUE
(dopMyIHpOBaTH CBOM MBICIIH, O0CYK/IaTh AUCKYCCHOHHBIE TIoJ0XeHus. [IpencraBieHs! noaHbIe
OTBETHI Ha JONOJIHUTEIbHBIE BOIIPOCHI 110 TEME.

Onenka «Xopouio»: OCHOBHBIE BOIIPOCHI TeMbI pacKpbIThl. CTPyKTypa OTBETa B IIEJIOM
aZekBaTHa TeMe. XOpOUIO OCBOEH IOHATUHHBINA anmapaT. I[IponemoHcTpupoBaH Xopoluni
yYpOBEHb TNOHMMaHHs Marepuaia. [IpogeMoHCTpHpOBaHO Xopoliee yMmMeHHe (OPMYIHPOBATH
CBOU MBICIIH, 00CYXJaTh JUCKYCCHOHHBIE MOJIOKeHus. [IpencTaBieHbl 4acTHUHbIE OTBETHI HA
JIOTIOJIHUTEIIbHBIE BOIIPOCHI 110 TEME.

Onenka «YOoBieTBOpUTENbHO»: TeMa packpbiTa 4acTUUHO. OTBET CTPYKTYpHUPOBaH
HenocTaTtoyHO. [IOHATHMIHBIA anmapaT OCBOEH 4YacTU4YHO. IIpoaeMOHCTpHpOBaHO NOHMMaHUE
OTJIENbHBIX IOJIOKEHUM M3 Marepuana 1o teme. [IponeMoHCTpUpOBaHbI YIOBIETBOPUTEIBHOE
yMeHue (hopMyIupoBaTh CBOU MBICIH, OOCYKIIaTh JUCKYCCHOHHBIE MOJIoXKeHH. [IpeacraBieHs
(parMeHTapHble OTBETHI Ha JIOTIOJIHUTENIBHBIE BOIIPOCHI IO TEME.

Onenka «HeynosnerBoputenbHO»: Tema He packpbita. OTBET HE CTPYKTYpPHpPOBaH.
[TonaTuitHbIl anmapaT oCBOEH B  HeJAOCTaTouHoM oObeMme. IloHumanue MaTepuana
¢parmeHTapHoe Wi OTCYyTCTBYeT. lIpomemoHcTpupoBaHO HeymeHHE (OpPMyYIHpPOBaTH CBOU
MBICIH, OOCYXJaThb JHUCKYCCHUOHHblEe TMoJIo)keHMs. He mpeacraBieHbl OTBETHl  Ha
JIOTIOJIHUTEIIbHBIE BOIIPOCHI 110 TEME.
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