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AHHOTALUSA

VYyeOnas mucuurimHa «Du3uKa KOHIEHCUPOBAHHOTO COCTOSHUS» SIBISETCS BaKHOU
COCTaBHOM dYacThl0 Y4YeOHOTrO TIUIaHAa TPOTpaMMbl TOATOTOBKM HAyYHBIX U HAYYHO-
neparorndeckux kaapos B acnupantype MO® PAH. B pamkax pucuuiuivsasl «®Puznka
KOHJCHCHPOBAHHOT'O COCTOSIHHSI» 0OYyJaroIuecs Aajiee — aClUPaHThl) MOJydaT 0a30BbIc 3HAHUS
M0 OCHOBHBIM pasfenaMm (U3UKH KOHJACHCHPOBAHHOTO COCTOSHUS: 00 aTOMHOH CTPYKType
KPUCTAJUIMYECKUX M HEYMOPSJAOYEHHBIX Cpell, MX DJEKTPOHHBIX CBOMCTBAX, PEIIETOYHBIX
CTCTCHSIX CBOOOJBI W OCHOBHBIX (U3WYECKUX SBICHUSAX, HAONIOJaeMbIX B Pa3IMYHBIX
KOHJICHCHPOBAHHBIX CpPE/Iax, BKIIIOYAsI HEYOPSIIOYEHHBIE.

Huctummmaa «Pu3nka KOHJICHCHPOBAHHOTO COCTOSHUS» SIBIISICTCS BaXHBIM (DaKTOPOM
GbopMUPOBaHUS y aCMUpPaHTA IEJIOCTHOTO HAYYHOTO MHUPOBO33PECHHUS, PA3BUTHUS (PUINUIECKOTO
MBIIUICHUS, YMEHHUS HCIIOIh30BaTh 0a30Bble (PM3MYECKUE 3aKOHBI, BKIIFOYAs 3aKOHBI KBAHTOBOM
bu3uKy, IS aHalW3a pa3IMYHBIX SBJICHHH B KOHACHCHUPOBAHHBIX cpenax. OcBocHUE
JTUCHUIIMHBI TIO3BOJIMT BBIPA0OTAaTh Yy aCHUPAHTOB NPAKTUYECKHE IMOAXOABI K PEIICHUIO
COBpPEMEHHBIX IMpoOseM B 00sacTh (U3UKK KOHJACHCHPOBAHHOTO COCTOSIHHSI M CMEKHBIX
o0racTsx ecTecTBeHHBIX HayK. JucuumiuHa «Pu3nka KOHISHCUPOBAHHOTO COCTOSIHHS TaKkKe
HallpaBj€Ha Ha MOATOTOBKY aCIMPAHTOB K cllade KaHJIMJATCKOro 3K3aMeHa IO CIEeLHaIbHOCTU
1.3.8. ®usuka KOHAEHCUPOBAHHOTO COCTOSTHUSI.

OO6mas TpyA0eMKOCTh Y4eOHON AUCUUTUIHHBI «DU3HKa KOHIEHCUPOBAHHOTO COCTOSIHUS
cocTaBisieT 5 3aueTHbIX enuHull (180 yacoB).

KoHTpob YpOBHS OCBOCHHS TUCIUIUIMHBI ACIUPAHTAMHU MTPOBOJAUTCS B (hOpMaxX TEKYIICH
W UTOroBOM arrecrauuu. Tekyias arrecTaluus HPEArnojaraeT OLEHKY 3HAHUW M YMEHUW Ha
JEKIIMOHHBIX 3aHATUSX C TIOMOINBI0 YCTHBIX OMNPOCOB, OICHKA pPa3IUYHBIX BHJIOB
CaMOCTOSITENbHOM paboThl aciupaHToB. [IpoMexyTouHas aTTecTanus aCIUPaAHTOB MMPOBOIUTCS B
dopme 3aueroB (B 3, 4 m 5 cemectpax). Mtoromas arrecTamusi IPOBOJUTCA B paMKax
KaHJIMJIATCKOTO JK3aMeHa I10 CHenUadbHOCTH «Du3nuKa KOHIECHCHPOBAHHOTO COCTOSHHSA» (6
ceMecTp).

1. Hesapb n3y4yeHUus QU CHUTINHbBI

Lenp n3ydeHust TUCHUILTUHBI COCTOMT B OCBOEHUU O0ydaromuMucs (QpyHIaMeHTalIbHbBIX
3HaHUH B 00acTH (U3UKK KOHICHCUPOBAHHOTO COCTOSIHUS, OBJIAICHUH METOJIaMU U BBIPAOOTKE
MPAKTUYECKUX HABBIKOB pEIIeHUs 3adad Mo (u3uKe KOHJIEHCUPOBAHHOTO COCTOSHHUS,
GOpMHUpPOBAHUHM  YMEHUM, HEOOXOJUMBIX JJIi  YCHEIIHOTO  OCYIIECTBJICHHS  HAy4HO-
HCCIIEIOBATENHCKOM 1eATeIbHOCTH B 001acTH (PU3UKU KOHIEHCUPOBAHHOTO COCTOSHUSA.

2. 3agaun JTHCHHUILINHBI

1) ocBoeHue acnupaHTamMu 0a30BBIX 3HAHUH B 00JacTH (U3UKU KOHACHCHUPOBAHHOI'O
COCTOSIHUSL KaK JUCIHMIUIMHBI, UHTErpUpyromel oO0mepu3ndeckylo U OO0IeTeOpEeTHUYECKYIO
HOJArOTOBKY (M3MKOB M oOecneunBarolleld Hay4YHO-TEXHUYECKHE OCHOBBI COBPEMEHHBIX
MHHOBAIIMOHHBIX Cep AesITeNbHOCTH;

2) oOyuyeHue acHUMpPaHTOB OCHOBHBIM IpPHUHIMIIAM pEHIeHMs 3a1ady B o0yiacTd (pU3MKu
KOHJIEHCUPOBAHHOT'O COCTOSIHHSI U OCBOEHHE OCHOBHBIX TEOPETHUYECKUX METO/0B, IPUMEHUMBIX
K ONHMCAHUIO SIBJICHUN B 3TON 001acTu (PU3HKHY;

3) ¢dopmupoBaHHE MPaBUIBHBIX TEOPETHUYECKUX IOJXOJO0B K BBITOJHEHHIO HAYYHBIX
MCCJIeI0BaHMM B 007aCTH (PM3UKH KOHJIEHCHPOBAHHOTO COCTOSHUS

3. MecTO AUCHUILIMHBI B CTPYKTYpe IPOrpaMMbl ACITHPAHTYPHI

HucnuninnHa «@Pu3MKa KOHACHCUPOBAHHOIO COCTOSIHHUS» OTHOCUTCSA K DJIEKTHMBHBIM
muciuminiaM  OOpa3oBaTeNIbHOTO  KOMIOHEHTa  «JlucuuIinHbel  (MOAYJIH)»  MPOrpamMMbl
aCIMpPaHTYpHI 110 criennanbHocTu 1.3.8. du3nKa KOHAEHCUPOBAHHOTO COCTOSIHHUS.



JucuumuimHa «Pu3nka KOHACHCUPOBAHHOTO COCTOSIHUS) PEalIn3yeTcsi B COOTBETCTBUU C
OI'T, OIIOIT BO u VYuebnoro mmana acnupantypsl MO® PAH no cnemmampHOCTH 1.3.8.
Ou3uKa KOHJCHCUPOBAHHOTO COCTOSHUS.

Nzyuenne nuctumianHbl «PHU3MKa KOHAEHCHUPOBAHHOIO COCTOSHHS» ONMpAaeTcs Ha
3HaHUS 0a30BBIX pa3eiiOB MaTEMATUYECKOTO aHAIN3a, TU(PEepeHINaTbHBIX YpaBHEHUH, 001Iei
(Gu3uKy, KBAaHTOBOM MEXaHMKM, a TAaKKE HaydaJbHbIX 3HAHUI 1O TEOpeTHYecKol Qusuke,
IPUOOPETEHHBIX acIMpPaHTaMH B paMKaxX OCBOEHUS IIPOrpaMM MarucTparypbl WIK CHEUAINTETa
10 €CTECTBEHHOHAYYHbBIM U TEXHUYECKUM CIIELUAIBHOCTSIM.

4. TpeOoBaHus K pe3yJibTaTaM OCBOEHHS JUCHHUILIHHbI

I/I3yquHe JUCHUITIINHBI «Du3uka KOHACHCUPOBAHHOI'O COCTOAHHA» HAIPAaBJICHO Ha
dbopMUpOBaHUE y ACHUPAHTOB CJIETYIOMINX KOTHUTUBHBIX YMEHUN U HABBIKOB:

- CHOCOOHOCTh K KPHUTHYECKOMY aHaJIM3y M OLEHKE COBPEMEHHBIX Hay4HBIX
JTOCTHKEHUH, TeHEPUPOBAHUIO HOBBIX MJIEH MPU PEIICHUU HCCIEA0BATEIbCKUX U MPAKTUYECKUX
3ama4 B oOmactd (U3MKM KOHJICHCHPOBAHHOTO COCTOSIHMS, a TAaKXKEe B CMEKHBIX H
MEXIUCHUTUTMHAPHBIX 001ACTSX;

- CIIOCOOHOCTH IMPOCKTUPOBATH M OCYILICCTBJIATH KOMIIJICKCHBIC HCCICOOBAaHHWA, B TOM
qrclie MEXIUCIUIUITMHAPHBIC, HA OCHOBE 1LI€JIOCTHOTO CHCTEMHOI'O HAyYHOTO MHPOBO33pPEHUS C
HCIIOJIL30BAHUEM 3HAHUM B B 00J1aCTH (1)I/ISI/IKI/I KOHACHCHUPOBAHHOI'O COCTOSAHUA.

B pesynbrare u3ydeHus AMCUUILIMHBI aCOIUPAHT JIOJDKEH:

3HaThb:

- MECTO ¥ pOJIb OOIIMX BOMPOCOB HAYKH B HAYYHBIX MCCIIETIOBAHUSIX; €CTECTBCHHOHAYYHYIO
CYIIHOCTB TPOOJIEM, BOSHUKAIOIIHUX B X0OZ€ MPOPECCHOHAIBHOM AeATEIBHOCTH B 00JIACTSX;

- COBpEMEHHBIE MPOOIeMbI (PH3UKU U MaTEMaTHKH;

- B3aUMOCBSI3H ¥ (DyHJAMEHTAIFHOE SJMHCTBO €CTECTBEHHBIX HAYK;

- OCHOBHBI€ 3aKOHBI, SIBIICHUS U 3PPEKThI B (PU3HKE KOHACHCUPOBAHHOTO COCTOSIHHS;

- TEOpeTHMYECKHEe MOJAeNU (YHIAMEHTAIBHBIX IIPOLIECCOB U SBICHHH B (U3MKe
KOHJICHCHPOBAHHOTO COCTOSIHHS U €€ TIPHIIOKEHHSX;

- HOBEWIIHME OTKPHITUS €CTECTBO3HAHHWsA B 00nacTé (U3MKK KOHIACHCHPOBAHHOTO
COCTOSIHUS,

- TIOCTaHOBKY NpOOJIeM MOJEIUPOBAHUS (PU3MUECKUX TMPOLECCOB, TPOTEKAIOMNX B
KOHJICHCHPOBAHHBIX CPEax;

- OCHOBHBI€E pa3zienbl (PU3UKH KOHAEHCUPOBAHHOTO COCTOSHUS: KpUCTAILIOTpad o U GU3UKY
KPUCTAUTMYECKON PEIIeTKH, YIPYTUe, TeIUIOBhIe, OJJIEKTPUYECKHe M ONTHYECKHE CBOWCTBA
METaJUIOB, TOJYIPOBOTHUKOB U JIUAJIEKTPHUKOB,

- OCHOBHBIE (DM3MUECKUE CBOICTBA HEYMOPSJOYECHHBIX HEOPTAaHWYECKHX CHCTEM, BKIFOUAS
KITAaCCUYECKHE M KBAaHTOBBIE KUIKOCTH, CTEKIIA Pa3IMUHON PUPOIBI U IUCTIEPCHBIE CUCTEMBI.

YMmern:

- 3(h(heKTUBHO HCTONIK30BaTh HA MPAKTHKE TEOPETHUYECKHUE KOMIIOHEHTHI HAYKH: TIOHSTHS,
CY)KIEHUsI, YMO3AKIIOYECHUs, 3aKOHBbI, a Takxke (yHJAaMEHTAJIbHbIE 3HAHMA JJIsI MTOHUMAaHMS
CYIIHOCTHBIX SIBJICHUI OKPY’KAIOIIEro MHUpa;

- MPEACTaBUTH MAHOPaMy YHHMBEPCAJLHBIX METOJOB M 3aKOHOB COBPEMEHHOTO €CTECTBO-
3HaHU,

- pemaTh MPaKTUUECKHE 3aa49d 110 SKCIIEPUMEHTAIBHBIM U TEOPETHISCKIUM UCCIIETOBAHMSIM
B 00J1aCTH (PU3HKY KOHAEHCUPOBAHHOT'O COCTOSHMUS,

- 000CHOBBIBaTh NPUMEHEHHE MaTeMAaTHYeCKUX M (PU3MUECKHUX MOJeNe HCcCiaeIyeMbIX
TPOIIECCOB, SIBIICHUI W OOBEKTOB, OTHOCSIINXCS K (PH3UKE KOHJICHCHPOBAHHOTO COCTOSTHIS,

- paborate ¢ wuHpopmaimell B oOnacTd (HU3MKA KOHJECHCHPOBAHHOTO COCTOSHMS,
MOJYYEHHOH W3 pa3iNyHbIX MCTOYHHKOB: HAYYHOW NMEPHOAMYECKOH JUTepaTypbl, MOHOTpaduii u
y4eOHHUKOB, IEKTPOHHBIX peCypcoB ceTh HTepHeT;

- aKTUBHO M LEJICHANpPABJIEHHO NMPUMEHSATh MOJTYyYEHHbIC 3HAHWS, HABBIKK U YMEHUS JUIs
BBIOOpAa TEMAaTWUKH  BBITIONHEHUS MHAWBUIYAIFHOH  HAayYHO-HCCIIEHAOBATENHCKOW  pabOTHI,



HJIaHI/IpOBaHI/IH OIITUMAJIBHOI'O HpOBGI[CHI/IH 3KCH€pI/IM€HTa B 06.]IaCTI/I (1)I/I3I/IKI/I KOH,Z[GHCI/IpOBaHHOI‘O
COCTOSIHHS,

- abCTparupoBaThCsl OT HECYIIECTBECHHBIX BIMSHUI NPU MOJCIMPOBAHUN PEATbHBIX (HHU3H-
YEeCKUX CUTYyalli B PU3NKE KOHJICHCHPOBAHHOTO COCTOSHUS;

- BBUIBIATH E€CTECTBEHHOHAYYHYIO CYIIHOCTh MPOOJIEM, BO3HHKAIOIIMX B  XOJIE
poeCCHOHATLHON IEATEIIbHOCTH MPH aHAIN3E JICKTPOHHBIX M AIEKTPOHHO-ONTUYECKUX CBOMCTB
HAHOCTPYKTYP, O0BEKTOB KPUCTALIO(DU3UKH, (PU3NIECKOTO MATEPUATIOBEICHUS;

- MIPUBJICKATh ISl PEIICHUSI OCBOCHHBIN (DU3MKO-MaTeMaTHUECKUH armapar TeOpeTUIeCKOM
(1)I/I3I/IKI/I TBepl[OI‘ O TCJ1a, KBAHTOBO-XUMHUYCCKOI'O MOI[GHI/IpOBaHI/ISI CTpOeHI/IH nu CBOI>'ICTB TBepI[BIX TCII
Y HAHOCTPYKTYP;

- MPUMEHATH Ha MPAKTHUKE YMEHUS M HABBIKM B OPTaHU3AI[UM HCCIIEIOBATEIBCKUX PadOT U
HpOBOI[I/ITB HayLIHbIe HucciacaoBaHuA, rTOTOBHOCTB K yT-IaCTI/IIO B I/IHHOBaI_[I/IOHHOfI JCATCIIBHOCTH.

Baagern:

- TUIAHUPOBAHHMEM, TTOCTAHOBKOW M 00paOOTKOM pe3ysIbTaToOB (PU3NYECKOTO AKCIECPUMEHTA B
o0yacTv pU3MKH KOHJCHCHPOBAHHOTO COCTOSHUS;

- MaTeMaTUYECKUM MOJCIMpOBaHUEM (U3NYECKUX 3a/1a4 B (PU3MKE KOHIESHCUPOBAHHOTO
COCTOsHUNA.

- Hay4YHOM KapTMHOW MHUpa B (M3UKE KOHIACHCHPOBAHHOTO COCTOSIHHUS M CMEKHBIX
00JIaCTAX €CTECTBO3HAHUS,

- TBOp‘-IeCKI/IM IIoaxoa0M B peanmam/n/l Hay‘IHO-TeXHI/ILIeCKI/IX 3ajga4, OCHOBaHHOMy Ha
CHCTEMAaTHYeCKOM OOHOBJIEHUH TMIOJMyYCHHBIX 3HAHWM, HABBIKOB M YMEHHUH M HCHOJIb30BAaHUU
MOCJICTHUX JOCTIKEHUH B 001acTH (PU3UKH KOHJIEHCUPOBAHHOTO COCTOSHUS.

5. O0beM u BuJ yueOHOM padoThI
O6mass Tpyno€MKOCTh TUCHUIUIMHBI «DuU3NKa KOHACHCUPOBAHHOTO COCTOSHUS)

cocraisieT S5 3ad. en. (180 gacoB), ux pacmpeaeneHue Mo BUIaM padoT MPEICTaBICHO B TaOIUIE
1.

Tabmuna 1
Pacnipenesienne Tpya0€MKOCTH JUCHHUILVIMHBI 110 BHAaM padoT
TpynoémkocTh
Bup yueOHoit padoTbl 3a4. B T.4. I10 CeMecTpam
qac.
ell. 3 4 5 6

OO0mas TpyA0éMKOCTb AUCITUIUIMHBI 110

5 180 54 54 36 36
y4eOHOMY IUIaHy

AyauTtopHas padora: 2 72 36 36 - -
aexyuu (J1) 72 36 36 - -
cemunapol (C) 0 - - - -

CamocrosiTesbHasg padora: 3 108 18 18 32 36

camonoozomoska (npopabomka u
nosmopeHue NeKYyuoOHHO20 Mamepuad,
ocgoenue Mmamepuaia y4eOHuUKo8 u 56 14 14 32 -
YuebOHbIX NOCOOUll, N0O20MOBKA K
ceMuHapam u m.o.)

Iloozomoexa k 3auémy 16 4 4 4 -
Iloocomoska x sx3ameny 36 - - - 36
Bun xourpoas (3 — zauem, 3 — 3 3 3 C)

KaAHOUOAMCKULL 9K3AMEH)




6. Coepsxkanue M CHUNTHHBI

Tabmuua 2
TemaTnuyeckuii MJIaH y4e0HO U CHUNIHHBI
AyauTopHas Bueayauro
HaumeHoBaHue pa3/iejioB M TeM IUCHUIIMHBI | Bcero padora pHast
JI C padora CP
Pasznen 1. Kunetnueckue siBjieHUsl B KpUcTajliax
Tewma 1.1. 30HHBIN CHIEKTP KPUCTAIIOB 12 8 0 4
Tewma 1.2. KBazuuactuiisl 12 8 0 4
Tewma 1.3. Hocurenu 3apsijia B MarHUTHOM T10JI€ 15 10 0 5
Tema 1.4. Kunetnueckoe ypaBHeHue boipliMana 15 10 0 )
Bcero 3a 3 cemecTp 54 36 0 18
Paznen 2. Kunernueckue siBjieHUs B
HEYTOPSIIOYEHHBIX Cpeliax
Tema 2.1. Teopust nporekaHust 12 8 0 4
Tema 2.2. IIpbpKKOBasi MPOBOANMOCTD 15 10 0 5
Tewma 2.3. Tlepexor METAII-H30JISATOP. 15 10 0 5
Tema 2.4. 'anbBaHOMarHUTHBIEC U 12 8 0 4
TEPMOIJICKTPUYCCKUE SIBIICHHUS.
Bcero 3a 4 cemecTp 54 36 0 18
Pazgen 3.Bonpock! asisi caMOCTOSITEIBHOTO 36 0 0 36
W3YYEeHHS] TUCITUTUIUHBI
Bcero 3a 5 cemecTp 36 0 0 36
Paznen 4. Borpocs! At caMOCTOSITETLHOTO
M3yUYEHUs TUCIHUILUIMHEI IO TPOrpamMme 36 0 0 36
KaHJIMJATCKOTO SK3aMeHa M0 CIeUaTbHOCTH
Bcero 3a 6 cemecTp 36 0 0 36
HToro mo qucuunjmnHe 180 72 0 108

Paznen 1. Kuneruueckue siBJieHUS] B KPUCTAJLIAX
Tema 1.1. 30HHBII CIIEKTP KPUCTALIOB

Mmuorouactuunoe ypaBHeHue Illpenunrepa ans kpucramia. I[lpubmmxenune bopna-
OnnenreiiMepa. OHOIEKTPOHHOE MPHOIMKEHHE. YpaBHEHHe XapTpu U ypaBHEHHe XapTpu-
®oka. 3onHbI cnekTp. llepuoanueckoe npocrpaHcTBo. KBazummnynbsc, 30Ha bpuinirosHa.
Teopema broxa. 3akoH qucnepcun U 3pdexTrBHas Macca. MeTo/Ibl pacyeTOB 30HHOTO CHEKTpa
MeTOJ TIceBAoNoTeHnrana, k-p — meroa. Tenszop 3¢ dekTuBHONW Macchl, pojib CUMMETPHUYHBIX
TO4YEK B 30He bpmosHa.

30HHBIA  CHEKTp OAHOMepHOro ypaBHeHus IllpenmHrepa ¢  mepuoanYecKum
noteHuuaioM. OmnepaTopsl KOOPAMHATBl M CKOPOCTH I DJIEKTPOHOB B KpHUCTA/IE. 3aKOH
U3MEHEHHUs KBazuuMmiyibca. Metos a¢dexkTuBHON Macchl. «VckpuBlieHHE» 30H BO BHEIIHEM
nosie. /IuHaMuKa 3JIEKTpOHA B Ciydae OJAHOPOJHOIO JJIEKTpUYECKOro mnous. Pemenue 3agadn o
BOJIOPOIOTIOA00HOM TPUMECH.

Tema 1.2. KBazuuacTuunl

KBasznuactnusl. Onpenenenre, BBEICHHE KBa3UUaCTUIl HA TpUMEpPe uaeanbHoro depmu-
raza. lloBepxnocte ®epmu. IlonmHoe wuwmcio cocrosHul B 30He bpunmrodHa. POyHKIUU



pacmpenenieHuss KBa3MYaCTHI[ W  YaCTHIl, XHUMIIOTCHIHMAN. OIEKTPOHBI W JBIPKH B
MOJTYTIPOBOTHUKAX.

Mogens ®@epmu-raza. IlnotHocTh coctosiHMiA, ocobennoctn Ban-Xoa. DddexruBnas
Macca IUIOTHOCTH cocTossHuil. Muterpansl 3ommepdensaa. TemnepaTypHas 3aBHCHMOCTD
XUMIIOTEHIIMAIA, TEMIIepaTypa BBIPOXKACHUS. DIEKTPOHHAs TEIIOEMKOCTh. KBaznyacTuipl B
uneansHoM bosze-raze. @DyHKIMM pacnpeneneHUs W XMMIOTEHIMal€. bo3e-kKoHaeHcanus.
TemmepaTypa KOHIEHCALUH.

Konebanust kpuctamimieckoi pemeTku. JJuHaMudeckue ypaBHEHHS, CBOMCTBA CHIIOBOM
GbyHKIMH. 3aKOH TUCTIEpCHU. AKYCTHYECKHE B ONTHYecKue kKonebanus. [lepexon Kk KBAaHTOBOMY
onucanuto. DoHOHBIL, GYyHKIUS pacnpeneneHus. QOHOHHAs TEIJI0OEMKOCTb.

Tema 1.3. /IBU:KeHHe B MATHUTHOM I10J1€

JIBu>KeHHE SJIEKTPOHOB B KPHUCTA/IEe BO BHEIIHEM MarHuTHOM Tmojie. Tpaexktopuu u
HUKJIOTpOHHAs Macca. KBasukiiaccnueckoe KBaHTOBaHUE JABUKEHUSI B MATHUTHOM I10Ji€. Y POBHU
Jlannay. [1moTHOCTE cocTossHui. Posb skcTpeManbHbIX ceueHuil moBepxHoctu depmu. [{umunap
Jlannay.

KBanToBble ocummsAiuoHHble sBAeHUA. Oddektel ne [aaza-Ban  AnbdpeHa u
[younukoBa-ae ['aaza. [lepros KBaHTOBBIX OCHMJUIALMNA MO oOpaTHOMY IoJit0. JIBUXKeHue
XUMIIOTEHIIMaJla B MarHuTHOM noje. CIHHOBOE paclleluieHHe. AMIUINTYAa OCLMJUISLIUM.
®opmyna Jludpmuna-Kocesuua, Ttemmeparypa Jluerma. Vcnonb3oBaHWE — KBaHTOBBIX
OCLMJUISIIMOHHBIX 3((EKTOB Ul UCCIIEI0BaHMs TOBEpXHOCTU DepmH.

Tema 1.4. Kunernueckoe ypapuenue boibumana

Mogens  Jlpyne: mpoBoauMocTh, d¢dexkt Xomia, MarHUTOCONPOTHBICHHE U
LUKJIOTPOHHBIM pe3oHaHc. Kunetnueckoe ypaBHeHue bonbimana. BelpaxkeHue s Toka u
noroka sueprun. Teopema Jlmysums. [Ipubnmkenue BpeMeHn penakcanun. Bpems penakcanuu
JUIS. OCHOBHBIX MEXaHU3MOB PAcCEsHUs B TBEPAbIX Telax (MOHBI IPUMECH, KOJICOAHUs PELLETKH,
BaKaHCHUHM MW TOYCYHBIC I[C(i)eKTI)I, AUCIIOKAIMK, TI'paHULbl KPUCTAJIMATOB, MCEKIJIICKTPOHHOC
paccesiHue). 3ajadya O paccessHUM 3JIEKTPOHA Ha MOHM30BaHHOU mpumecu. ®opmyna Konysii-
Baiickonda.

Pemenne kuHeTHUeCKOro ypaBHEHMs bonpiMaHa B BBIDOKACHHOM  Ciydae.
[TpoBOAMMOCTE, YaCTOTHAs 3aBUCUMOCTD ITPOBOJUMOCTH. J[BH)KEHNE B MAarHUTHOM T10JI€, TEH30P
npoBoguMocTH U 3pdexT Xomta. CpaBHeHue ¢ MoJenbto Jpyne.

OO0miee penieHHe KUHETUYECKOTo YypaBHeHMsI boibiMaHa B NpUOIMKEHUH BpEMEHU
penakcauuu. IlpononeHble u nonepeunsie 3pdextsl. Kunernueckune xodpduuumentsr. Caydan
M30TPONHOW M aHM30TpPONHOW 3¢ ¢deKkTuBHON Macchl. Pacder mpoBOAMMOCTH € TOMOIIbIO
KHHeTH4YecKkoro  ypaBHeHMs  bonbimana.  TemmeparypHas — 3aBHCHMOCTh  Jpeii(oBoit
MOJIBUJKHOCTH B CIIy4yae paccesiHUs Ha aKyCTH4ecKuX (oHOHax M MoHax mnpumecH. Ciydaid
MHOTOJIOJJMHHOM HM303HEpreTHYecKol MOBEepXHOCTH. TpaHcmopTHast »¢¢eKTUBHas Macca.
Cry4aif HECKOJIBKUX TPYIIN HOocuTenel 3apsaa. CpaBHeHue ¢ Mojenbio Jpyne.

Pa3nen 2. Kunernuyeckue siBj1eHHs1 B HEYNOPSIA0YEHHBIX Cpeaax
Tema 2.1. Teopust nporexanus

Teopusa mporekanus. 3ajada y3JIOB Ha YNOPSAOYEHHBIX pemrerkax. Kmacrepsl. ITopor
OpoTeKaHMsA. 3aJadd Ha KOHEUHBIX peleTKax. 3ajayd Ha OECKOHEUHBIX pelleTKax.
beckoneunsiii kmacrep. MHBapuanT 3amaum y3ioB. UepHoe u Oenoe mpotekanue. CTpykTypa
OeckoHeuHOro Kiactepa (Ha mpuMepe 3aaa4u y3ioB). Monens IknoBckoro-ne Xenna. Paguyc
KOPPESILUH, KPUTUIECKOE MOBECHUE, PU3UMUYCCKUAN CMBICI IS X>Xe U X<Xc. DyHkius P(X) aus
BEPOSITHOCTH MPUHAUIEKHOCTH K OECKOHEYHOMY KJacTepy. 3ajiauya CBs3€il M ee MHBapHaHT.
Pemerka Bere. Tounoe pemenune mist P(X) u X. Ha pemerke bere. KoHTnHyanbHbIe 3amauu.



WMHBapuaHT KOHTHHYaJIbHOM 3ajaud. 3ajaud Ha CIydyailHBIX y3nax. 3agada cdep, KpuTepuit
CBsI3HOCTU. MIHBapuaHTHI 3afauu chep.

Kunernueckue cBoiicTBa TIeTeporeHHelXx cped. I[IpoBomumocTs i citydas Maiou
KOHLEHTpAalUu BKINOYECHUNA. MeTajulnyecKue BKIIOYEHHS B JIHUIJICKTPUYECKOM MAaTpHULE.
WneanbHO MpoBOASIINE (CBEPXIPOBOIAIINE) BKIIOUSHHS B TUDJIEKTpUIecKoi Marpuie. et
dopmbl  BkItoueHuid. Kputnueckoe moBeleHHE IPOBOAMMOCTH B OKPECTHOCTH IOpora
IPOTEKaHUs M METAUIMYECKUX M CBEPXIIPOBOIAIIMX BKIOYEHUM. MHTepronsnnoHHbIe

dhopMyIBI
Tema 1.2. IIpblkKoBasi NPOBOANMOCTH

[TocTanoBka 3a7auu O MPOBOJMMOCTHU IO JIOKAJU30BAHHBIM COCTOSIHUSAM. lIpbDKKOBast
npoBoauMocTh. CeTka comportuBieHul Muiuiepa-AbGpaxamca. Metoa pemieHdus 3anadvl O
MPBDKKOBOM IPOBOJMMOCTH, OCHOBaHHBIM Ha Teopuu mnporekanus. 3akoH Motra. [IpppkkoBas
MPOBOAUMOCTh C IIEPEMEHHOM JUIMHOW IMPBDKKA, ONTUMAJIBHBIE MPBDKKU. BiusHue
O0COOCHHOCTEH B IJIOTHOCTH COCTOSHUM Ha IPBDKKOBYIO MPOBOAMMOCTh. Cyrepiiokaan3anus
BOJIHOBOH (yHKIMU. Pemenue 3aga4un o0 MpsHKKOBOM nipoBogumocTH 1o Mortty. [IpoBoanMocts
Ha IIOCTOSIHHOM U [TEPEMEHHOM ToKe. ONTUMalIbHbIE TPBIKKH.

[Ipobnema xoppensuuii. KopoTkozaeicTByromue (xabbaproBckue) Koppemsiuu. D™ -
coctosiHUs. BrusHue xa00apAOBCKHX  KOppesIMi Ha MPBDKKOBYIO — MPOBOAMMOCTD.
JanpHOneicTByomue (KyJIOHOBCKHE) Koppensnun. KyrmoHOBCkas 1ienb. DJIeMEHTapHbIE
BO30YKICHHS B MOJIENTU KYJIOHOBCKOH 1ienu. KynoHoBCKas mienb U MpbIKKOBask MPOBOANMOCTb.
OKpaHUPOBKA B MOJIEJIN KYJIOHOBCKOM ILIEJIH.

Tema 2.3. [lepexoa MeTaNI-U30IATOP

Ilepexon wmetami-uzonstop. CiydailHblii MOTeHUMAN, Hopor mnojaBWXHOCTH Depmu-
ctekio. Jlokaln3oBaHHbIE M JAENOKANIM30BaHHbIE cocTOsSiHUA. Teopema AnzaepcoHa. Moxenu
Anpepcona u Morra. Ilepexon MeTauI-u3oyaTop B JIETMPOBAHHOM IMOJIyNpoBoAHMKe. Kputepuii
Mortra. Ckeitnunr. [IpoGiema onucanus nepexoja METalI-u30JsITOP, HOPOr MOJBUKHOCTU Kak
ocobast Touka. Moens AHziepcoHa, 6e3pa3mepHasi IPOBOAMMOCTb Kak Mepa Oecropsika.

'unorte3a MacmTaOHONW HMHBapUaHTHOCTU. BBIBOJ ypaBHEHHUS OJHONAPaMETPUUECKOIO
ckelnuHra. KBaHTOBBIE MONPABKHU K MPOBOAUMOCTH. OTpHUIIATEIbHOE MAarHUTOCOIIPOTUBIICHUE B
TEOpUU KBAHTOBBIX IIOPAaBOK, KBAaHTOBbIE HHTephepeHIHOHHbIE 3((EKTH. ACHUMNTOTHKU
¢bynkuuu I'enn-Manna - Jloy B JByMEepHOM M TpexMepHOM ciydasx. OKpecTHOCTh Iopora
MOABYIKHOCTH. JIOKanmu3anus COCTOSIHUM B JBYMEpHBIX cUcTeMax. KpuTudeckoe moBeneHue
pagvyca JIOKaau3alMd M IPOBOJUMOCTH B MOJCIH OJHOIAPAMETPUYECKOrO CKEHIIMHIA.
TemnepaTypHble 3aBUCUMOCTH B MOJIENIM OJJHOIIAPaMETPUYECKOTO CKEMIIMHT .

JlinHa xorepeHTHOCTH. KBaHTOBBIE MONpaBKM K IPOBOAMMOCTH HAa METaJUIMYECKOU
cTopoHe nepexona. OKpecTHOCTh IOpOra IMOABHIKHOCTH, peHIeHne ApOHOBa-ANbTHIyIEpa.
JlmsnexkTpudeckas CTOpOHa IEpEexXo/a, HEONTHMalbHblE MNPBDKKHA 3BAruHa. CMeHa pexuma
ONTUMAIIGHBIX M HEONTHMAJbHBIX MPBDKKOB. HeonTuManbHblE MPBDKKHM Ha TIOCTOSHHOM U
nepeMeHHoM Toke. Ilepexon metain-usonsarop B @epmu-crexie no Motry.

MurHuManbHAsT MeTaUIM4ecKass MPOBOAUMOCTb. AKTHMBAIMS HA IOPOT IOJABHUKHOCTH.
AHanu3 3KCIEPUMEHTAIbHBIX JaHHBIX C TOUKHM 3PEHUS PA3IMYHBIX MoAened: mojaenu Mortra,
CKEHJIMHIa W KBa3UKIACCHUUECKONM Teopuu mpoTekaHusi. OcCoOEHHOCTH MPOBOJUMOCTH U
KPUTUYECKOIO0  IOBEACHUS B  JBYMEPHBIX CHUCTEMax C TOYKM 3pEHHUS  MOJEIU
oJlHONapaMeTpudeckoro  ckeiiimnra.  IlpoGinema  ompeneneHus — MOJIOKEHHs  TOpora
HOJABMXKHOCTU.  OQQeKT cABUra Mmopora TMOJABMKHOCTH B pe3yjibTaTe  KBAaHTOBBIX
uHTEpPepeHINOHHBIX AP (EKTOB.



Tema 2.4. 'anbBaHOMArHUTHBIE U TEPMOIJIEKTPUYECKHUE ABJICHUS

Mopens  Jlpyae: mnpoBoauMocTb, d3¢dekT Xoila, MarHUTOCOTPOTUBICHHUE |
LUKJIOTPOHHBINA pe3oHaHc. KuHernueckoe ypaBHeHue boisibimana. BeIlpakeHue s Toka U
notoka sHepruu. Teopema JlnyBumns. [Tpubnmkenue Bpemenu penakcauuu. Bpems penakcanuu
JUISL OCHOBHBIX MEXaHU3MOB PACCESHUS B TBEP/BIX TeNax (MOHBI MPUMECH, KOJIeOaHUs PELIeTKH,
BaKaHCUU M TOYEYHbIE AC(PEKThl, IUCIOKALWUU, TPAHULBI KPUCTAIUIUTOB, MEXDJIEKTPOHHOE
paccesiHMe). 3ajaya O pacCesHUU 3JEKTPOHA HAa MOHM30BaHHOW npumecu. @opmyna Konyasii-
Baiickomnda.

Pemenne  kuHeTMyeckoro ypaBHeHus bosbliMaHa B BBIPOXKIACHHOM  Cilyd4ae.
ITpoBOAMMOCTB, 4aCTOTHAS 3aBUCUMOCTD ITPOBOJUMOCTH. J[BU’KEHHNE B MArHUTHOM I10JI€, TEH30D
npoBoaumocTH 1 3 dexT Xomna. CpaBHeHue ¢ Moenbio Jpyne.

OOmiee penieHHe KHUHETHUYECKOTO ypaBHEHHMsS boibliMaHa B MHpUONMKEHUH BpPEMEHU
penakcanmu. IlpononsHble u nonepeunsie 3¢dextsl. Kunernueckue xodppunmenter. Ciaydan
M30TPONHOW M aHU30TpPOnHOW 5¢¢dekTuBHON Macchl. Pacdyer mpoBOAMMOCTH € TOMOIIbIO
KHHETHYeCKOoro  ypaBHeHHs  bonbimana. TemmeparypHass — 3aBHCUMOCTh  Apei(oBoii
MOJBIKHOCTA B CIIy4ae pacCcesiHHs Ha aKyCTH4eckuX (oHOHaXx M MoHax mpumecu. Ciydaii
MHOTOJIOJIMHHON HM309HEPreTHYeCKO ToBepxHOCTH. TpaHcmopTHas > @deKThuBHAs Macca.
Citydail HeCKOJIBKUX TpyIn HocuTenel 3apsaaa. CpaBHeHue ¢ Mozenbio pyne.

Paznen 3.BOHPOCI>I ISl CAMOCTOATEIBHOI0 U3YUYCHHUSA TUCHUIIJIHHBI
PaSI[CJ'IBI, PEKOMCHAYCMBIC IJI1 CaMOCTOATCIIBHOT'O U3YUYCHU:

(mpuBOASATCS pasnenbl, BO3MOXKEH IIEPEHOC CHEIHAIbHBIX BOINPOCOB M3 OCHOBHOM
IpOTrpaMMbl WM IPOrpaMMbl KaHJIUAATCKOTO SK3aMEeHa)

3.1. ludpakuus B KpucTawjiax

PacmipocTpanenue BonH B Kpuctauiax. Jludpakius peHTTeHOBCKUX JIydeid, HEUTPOHOB U
AIIEKTPOHOB B KpUCTAJUIE. YIPYroe W HEYNPYyroe, KOTepEeHTHOE M HEKOTePEHTHOE paccesHue
HEHUTPOHOB, UX OCOOEHHOCTH.

3.2. MarHuTHbIE CBOMCTBA TBePABIX TeJl

JlnaMarseTusM, KJIAaCCHUYECKOe M KBAHTOBO-MeXaHMWyeckoe omnucanue. [lapamarnerusm
Ban ®neka. Kimaccnueckne 1 KBaHTOBbIE MATHUTHBIE AUNIOJN. [[apaMarHeTusm u AuamarHeTusm
JIOKQJIN30BAHHBIX MAarHUTHBIX MOMEHTOB. HamarumuenHocts. 3akoH Kropu. Ilapamarnerusm un
JMaMarHeTu3M 3JIeKTpOHOB MpoBogumoctu. [lpupona geppomarnernsma. @a3oBblil epexo]] B
deppomaruuTHoe cocrostHue. OOMeHHOe B3auMozelcTBUe, ero Buabl. 3akoH Kropu — Beiicca.
®eppomarHuTHble JoMeHbl. JlomeHHble rpanuubl (bnoxa, Heens). Tunmbl MarautHOro
ynopsaoueHuss  (aHTUdeppoOMarHeTHky, (GeppUMarHeTUKU, TeJUMarHeTUKH, KHUpaJbHbIE
MarHeTWKH), MarHuTHas CTPyKTypa. MarHuTHele BHXpH, CKUpMUOHBI. Touka Heemns.
BocnpuumunBocts  anTH(deppomarHeTukoB. CHHHOBBIE BOJIHBI, MAarHoHbl. J[BuxkeHue
MarHUTHOIO MOMEHTa B TIOCTOSIHHOM W TI€PEMEHHOM MAarHUTHBIX TOJSAX. OJIEKTPOHHBIN
napaMarHUTHBIA PEe30HaHC. S IepHBIi MATHUTHBIN PE30HAHC.

3.3. OnTuyecKkue cBOiCTBA TBEPABIX TeJl

KommniekcHast  AudneKkTpuueckass MPOHMIIAEMOCTh UM ONTHYECKHE IOCTOSHHBIE.
Koaddunments! nornomenus u orpaxenus. CoorHomenus Kpamepca-Kponura. Ilornomenue
AIIEKTPOMArHUTHOTO M3NIydyeHHss B MeTauiax. Ilmasmennas wacrota.  HopmanbHblE H
AHOMAIIBHBIA CKUH-3(QexThl. TonmuHa ckuH-cinos. [lormomenust cBeta B MOTYIPOBOJHUKAX
(MeX30HHOE, MPUMECHOE TMOIJIOUIEHHE, MOIJIONIEHHEe CBOOOJHBIMU HOCUTENSIMH, PEIIETKOMH).
OmnpeneneHre OCHOBHBIX XapaKTEPUCTHUK TIOIYIPOBOJHHKA M3 ONTHYECKUX HCCIIETOBAHHIA.
Marnutoontudeckue 3pdexts! (3¢ pexter Papanes, Poxra, u Keppa).

3.4. CBepXnpoBoAUMOCTH



CaepxmpoBonumocTs. Kputnueckass temmneparypa. Oddexr Meiiccaepa. Kputuueckoe
nojie U KPUTUYECKUH TOK. TepMoAMHAMHKa CBEPXIPOBOJHUKOB, TEIUIOEMKOCTb, (opMmyia
Pytrepca. Omnmcanue cBepxmnpoBojgHHKa B Teopu JloHmoHOB. ['nmyOMHA NPOHWKHOBEHHS
MarHuTHOTO TIOJII B CBEPXIIPOBOJHUK. CBEPXMPOBOAHUK B IMEPEMEHHOM 3IIEKTPOMArHUTHOM
none. HMwmmenmanc  cBepxmpoBoaHuka. [[nuHa — korepentHoctn. Teopus  [lunmappa.
Makpockonuueckast BotHOBast ¢pyHKuus. Teopust ['mun3Oypra-Jlanaay, KOMIUIEKCHBIN TTapameTp
nopsika. JKecTkocTh BOJHOBOM (PYHKIIMM M dHepreTudeckas mienb [loBepxHoOcTHas sHEprusl.

[Tapamerp I'mu30Okpra-Jlanmay. CeepxmpoBomuuku | w1l poma. Hamarnuuenue
CBEPXIIPOBOAHUKOB. CMEIIaHHOE U MPOMEKYTOUHOE cocTosiHus. Kputudeckue monsi. Buxpu
AOpukocoBa. [ToBepxHOCTHAs CBEPXIPOBOJUMOCTb. Mukpockonuieckast TEOPHSI

cBepxnpoBoaumoctu bapnuna-Kynepa-Illpudepa (BKIH). Kyneposckoe cmapuBanue. Hia
KOFCPCHTHOCTH. 9HepreTI/1quI<a>1 menb. CoorBerctBue Teopun BKII m teopum ['mu30ypra-
Jlannay. BO-HTH - Cnabast  CBEpXIpPOBOAUMOCTb.
TyHHEIbHBIN a(b(beKT B CBEpXNPOBOAAIIMX HAHOCTPYKTypax. Odbdexr Jxo3edcona.
CBepXIpoBOASAIIMI KBAHTOBBIN HHTEphepomeTp. BricokoTemmepaTypHbie CBEpXIIPOBOHUKH.

3.5. Cu1bHO KOppeTHPOBAHHBbIE JJICKTPOHHbIEC CHCTEMbI

[TpumecHbie nonbl ¢ d- u f-amexkTpoHamu B Mertayiax. JIOKaauM30BaHHBIC MarHUTHBIC
MOMEHTHI. B3auMojeiicTBie JOKaTU30BaHHBIX MArHUTHBIX MOMEHTOB U  3JEKTPOHOB
npoBoaumocTd. Ocumwuinun PKKW. CnunoBbie momsiponsl. Dddexr Konmo. Pesonanc
AbpuxocoBa-Cyna. Tspkensie (GepMHOHBI, IEKTPOHHAS TEIJIOEMKOCTh U BOCIPUUMYHBOCTH B
TsOKEIODEPMHUOHHBIX crucTeMax. COeIUHEHHS C TMPOMEKYTOYHOW BAJICHTHOCTHIO, KOHJIOBCKHE
u30JITOphl. KBAaHTOBBIE KPUTHYECKHE SIBJICHHUS, KBAHTOBbIE (Pa3oBble MEPEXOJbl, POJb
Oecniopsiika. TOMOIOrM4ECKUE U30ISTOPBI.

JIONOTHUTENBHBIN NIEPEYEHb BOIPOCOB IJIA CAMOCTOSTEIBHOIO U3YYEHHs THUCLIUILIAHBI
«Pu3nKa KOHJEHCUPOBAHHOTO COCTOSHUS (POPMUPYETCS HAYYHBIM PYKOBOJIUTENEM acIIMpaHTa
Y YTBEP)KJIA€TCs aCIIUPAHTCKON KOMHUCCUEH.

Paznen 4. BOl'lpOCbl AJId CAMOCTOATEIBHOI0 U3YyYCHUA JUCHUIVIMHBI 110 IIPpOrpamMmme
KaHINJATCKOI0 3K3aMeEHa 110 CIIeNHAJIbHOCTH

Ilepeyenr BONPOCOB JUIsI CaMOCTOSATENIBHOIO M3Y4EeHMs JuCHUIIMHBL «Dusuka
KOHJICHCUPOBAaHHOTO  COCTOSIHUS» IIPU  IOATOTOBKE K KAaHAMJATCKOMY OK3aMEHY IO
CIIEMAJIBHOCTH COOTBETCTBYET MIPOrpaMME KaHIUIATCKOIO HK3aMEHa II0 CHEHHAIBHOCTH
«®Pu3nKa KOHJIEHCHUPOBAaHHOI'O COCTOSIHMS», YTBEPKICHHOW YueHsIM coBetoM HMOD PAH
(mpotokonm No_ oT «__ » 20 r.).

7. lIpuMepHasi TeMaTHKA:

7.1. KypcoBbIx pador

He mpenycMoTpeHo y4eOHBIM TIIIaHOM

7.2. HayuHo-HCCJIe10BaTEJbCKUX PA0OT U NPOEKTOB
He mpexycMoTpeHo y4eOHBIM TIJIaHOM

7.3. Pepepaton

He mpexycMoTpeHo y4eOHBIM TIIIaHOM

8. PecypcHoe o0ecnieuenme.

8.1. Kagposplii moreHumaJ

Acmupantypa MO® PAH pacnonaraer kaapOBBIMH pecypcaMu, TapaHTHUPYIOIIUMHU
Ka4yeCcTBO MOATOTOBKM acmupaHTa Mo crenuaidbHocth 1.3.8. ®du3nMka KOHJIEHCUPOBAHHOIO
COCTOSIHUS B cOOTBETCTBHU ¢ DI'T.



8.2. MarepnanbHO-TeXHHYECKOE OCHAILLICHHUE.

Jns mpoBeneHUs 3aHATHN MO AMCHUIUIMHE «DU3MKa KOHACHCHPOBAHHOTO COCTOSIHUSY,
MPEIyCMOTPCHHONH YYeOHBIM IUIAHOM TIOJIOTOBKH AaCIUPAHTOB, HUMEETCS HEoO0Xoaumas
MaTepHalibHO-TEXHUUYECKasi  0a3a, COOTBETCTBYIOIIAs  JICHCTBYIOUIMM  CAaHUTAPHBIM U
MPOTUBOMOXAPHEIM TIpaBWJIaM W HOpMaM, oOOecleunBaroIias TMPOBEACHUE BCEX BHJIOB
TEOPETUYCCKON M MPAKTUICCKOHN ITOATOTOBKHU:

— ayJIMTOPUU JUTSI JICKIIMOHHBIX U CEMUHAPCKUX 3aHSITHI, OCHAIICHHBIC TIPE3CHTAIMOHHBIM
obopynoBanueM (HOYTOYK, TPOECKTOP, IKPaH) K MAPKEPHBIMHU JIOCKAMU;

— obopymoBaHue Ui TPOBEACHUS JICKIMOHHBIX ¥ CEMHHAPCKUX 3aHATHH B
JTUCTaHIIMOHHOM (opmare (B ciaydae HEOOXOAMMOCTH);

— JIMLEH3MOHHOE MTPOrpaMMHOE OOecIieueHue s AEMOHCTPALMU Tpe3eHTanuil B hopmate
PowerPoint, OpenOffice uxu Portable Document Format.

— yudeOHas IuTepaTypa U METOJMYECKUE MaTepHalbl JJs MPOBEACHUS CaMOCTOSTEIbHOMN
paboThI 1O TUCIIHUITIIHHE.

8.3. O0pa3oBaresibHbIE TEXHOJIOTHHU

[Ipu peanu3anuu pa3IdyHBIX BUJOB Yy4eOHOH palbOThl  (JIEKLMHM, CEMHUHApBI,
caMoCTOsiTeNIbHAas paboTa) UCHONB3YIOTCS CIEAYIOIUME COBpPEMEHHbIe 00pa3oBaTelIbHbIE
TEXHOJIOTHH:

- JIeKIIMOHHAsI CUCTEMA O0yUYEeHHUS;

- HH(OPMALIMOHHO-KOMMYHUKAIIMOHHBIE TEXHOJIOTHH;

- UCCIIEI0BATEIILCKUE METO bl B O0YUCHHH.

[Tporpamma puctuiuiviabl «®Pu3MKa KOHAEHCHUPOBAHHOIO COCTOSHUS» MPEIyCMaTpUBAET
HIMPOKOE UCIOJIb30BaHUE B yUeOHOM MPOLIECCe aKTUBHBIX U MHTEPAKTUBHBIX (POpM IpoBeACHUs
3aHATUH B COYETAHUU C BHEAYIUTOPHON CaMOCTOSITEIBHON paboToll ¢ 1enbio (OPMHUPOBAHUS U
pa3BUTHs TNPO(ECCHOHAIBHBIX HABBIKOB Yy oOydaromuxca. O((EeKTHBHOCTE NPUMEHEHUs
MHTEPAKTUBHBIX (POPM 00ydeHMs 00ECTIEUNBACTCS pealn3alueil CIeayOIUX YCIOBUM:

- CO3/1aHUE TUAJIOTUYECKOr0 MPOCTPAHCTBA B OPraHU3allul y4eOHOTo MpolLecca;

- WCTOJIB30BAHUE MPHHLIHUIIOB COLMAIBHO-TICUXOJIOTUYECKOTO OOydeHUs B y4eOHOH u
HAy4YHOU JEATEIBHOCTH;

- IPYMEHEHUE UHTEPAKTUBHBIX (JOpM 00YyUEHHUs, HAIIPaBJICHHbIX HAa PAa3BUTHE BHYTPEHHEH
aKTUBHOCTH acClMpaHTa, CTUMYJIHPOBAHHME MOTHBAIMM M MHTEpeca B 00JacTH yriIyOJIE€HHOIO
U3Y4YEeHHUS  (U3MKM  KOHJEHCHUPOBAHHOTO  COCTOSIHMSL B 00IIeoOpa3oBaTeIbHOM U
npo¢eCCHOHATIBPHOM IUIaHE; MOBBIIMIEHUE YPOBHS AaKTHBHOCTU M CaMOCTOSATENBHOCTH HAy4yHO-
MCCJIEIOBATENIbCKON pabOThl; pa3BUTUE HABBIKOB aHAIN3a, KPUTUYHOCTH MBIIUIEHUS, HAYYHON
KOMMYHHKAIUH.

OO0pa3oBarenbHbIe TEXHOJIOTUU MPEANOIaraloT IpoBEAeHUE 3aHATUNH B QopMe JEeKUU C
00BSICHEHUEM TEOPETHUYECKOr0 MaTepuaa, CEMUHApOB C pa300poM JIEKIMOHHOTO MaTepuana u
pelieHueM 3alad M CaMOCTOSITeNbHYI paboTy. CamocTosTenbHass paboTa acHUpaHTOB
OpOBOIUTCS B (hOpME H3YUEHHUS OTIENBHBIX TEOPETHYECKUX BOMPOCOB MO IpeajaraeMoi
JUTEpaType U CaMOCTOSITEIbHOTO peIleHus 3a7ad C JajJbHEHIIMM HUX pa30dopoM wWiu
00CYX/IeHUEM Ha ayJAUTOPHBIX 3aHITHUSAX.

Ha 3aHATHAX MOXET MCNONb30BaThCsl MPOMEKYTOUHBIH KOHTPOJIb B BUJIE PELICHUS 3a/1a4
10 JIEKHIMOHHOMY U CEMHUHAPCKOMY MaTepHuaiy.

9. YuebOHo-MeToqu4ecK0e U MHGOPMALMOHHOE 00ecTeYeHue U CHUTILIMHbBI

9.1. OcHoBHas IUTEpaTypa
9.1.1. DeKTPOHHBbIE yueOHbIe U3aHusl (YUeOHUKH, ydeOHbIe Toco0ust).

9.1.2. DyeKTpOHHbBIE 0a3bl JaHHBIX, K KOTOPbIM o0ecrieyeH J0CTYII.



- NuTepueT-pecypebl HAy4YHO-TEXHUUYECKON O6ubnmoTeKu NO® PAH
https://www.gpi.ru/about/library/education/
- Hayunas snekrponnas Oubnuoreka elibrary.ru;
- Onexkrponnsie 6a3pl Web of Science u SCOPUS;
- XKypnansl o ¢(usrke KOHISHCHUPOBAHHOTO COCTOSIHMSI M HaHomarepuanam (Pusmka
tBepaoro tena, KITD, IMucema B XKXIOTD, Ycenmexu ¢dusmyeckux Hayk, Nanoletters,
Physica Status Solidi b, Physical Review B u ap.);
- Hayunble 1 Hay4HO-TEXHMYCCKHE JKypHAIbI u3gareiapctB American Physical Society,
American Institute of Physics, Institute of Physics, Nature, Springer Verlag, 6a3a nanabix
Web of Science.
9.1.3.YueOHUKH
1. bpanar H.b., Kynsbauumnckuit B.A., Kgasmuactuupli B  ¢usmke
KOHJIGHCUPOBAHHOTO cocTosinust. M.: ®uszmatiur, 2007 r., 632 c.
2. AopuxocoB A.A. OcHOBBI Teopur MeTaJIoB. M.: dusmatiut, 2009 r., 600 c.
3. W.A.KsacuukoB. M.: TepMoanHaMuKa u craTucThdeckas usuka (B 3-x TOMax).
Enuropuan YPCC, 2002.
4. B.®.'antmaxep. DneKTpOHbI B HEYNOPSAOYEHHBIX cpeaax. M.: @uszmarnur, 2003
9.1.4.Y4yeOHbIe mocoOus
1. C.B.[demumes, A.A.Ilporaun. ®TT, B. 7 (2006)
9.2. JlonoiHUTEJIbHAS JJUTEpaTypa
1. Kurrens Y., Beenenue B pusuky tBepaoro tena. M.: Hayka, 1978, 792 c.
Amkpodt H., Mepmun H. ®usuka tBepaoro tena, . [ u II. M., Mup, 1979.
3aiiman JIx. [Tpunuunel Teopun tBEpaoro tena. M: Mup, 1974.
Boncosckuit C.B. Marnerusm. M., Hayka, 1971.
B.B.lllmuar «Beenenune B ¢usuky ceepxmpoBomumoctiy. ML HMO, Mockga,
2000.
Kupees I1.C., ®uzuka nonynpooanukos. M.: Beicias [Ikona, 1975, 584 c.
KoceBnu A.M. OcHOBBI MEXaHUKHU KpUcCTauIM4eckoil pemetku. M.: Hayka, 1972
[en6epr JI. MarauTHbIe OCOWUIAIAA B MeTaimiax. M.: Mup, 1986
HIknosckuii b.1., 3dpoc A.JI. DnekTpoHHbIE CBOMCTBA JIETMPOBAHHBIX
nosynpoBoaHuKoB. M.: Hayka, 1979 r.
10. 3¢ppoc A.JI. dusuka u reomerpus Oecrniopsaka. M.: Hayka, 1982
11. 3Bsarun W.I1. Kunetuueckue siBiieHUsI B HEYIOPSIOUEHHBIX OJTYTIPOBOJHUKAX. M.
MI'V, 1984
12. Mot H., [IpBHC D. DeKTpOHHBIE MPOLECCH B HEKPUCTAJUIMYECKHUX BEIIECTBAX, T. |
u T.2. M.: Mup, 1982
13. bonu-bpyesuu B.J1., 3Bsrun W.I1., Kaitniep P., Muponos A.I"., Dunepnaiin P.,
Occep b. DnekTpoHHas Teopusl HEYNOPSIOUEHHBIX OJIYNpoBOIHUKOB. M.: Hayxka,
1981
14. 3aiiman [Ix. Monenu 6ecriopsiaka. M.: Mup, 1982
15. C.B.[lemumes, }0.B.Kocuukun, H.E.Ciiyuanko, A.I".JIanun “Amop¢Hbie
MOJTYTIPOBOTHUKH, CHHTE3UPOBAaHHBIE 3aKankon o AaBieHuemM”. YOH, 164, No2
(1994)
16. b.JI. Anprirynep, A.I'.Aponos, A.W.Jlapkun, I.E.Xmenpuunkuit. KOTO, 81,
B.2(8) (1981) 768
Crnncok nureparypsl 10 CBEPXIIPOBOAUMOCTH:
1. JI. Q. JTangay, E.M.JIudmmmn. Cratuctudeckas ¢pusuka. Yacts 1. M.: Hayka, 1976.
2. EM.JIn¢pmm, JL.ILIIutaesckuii. Ctatuctuueckas ¢pusuka. Yacts 2. M.: Hayka,
1978.
3. N.A KBacuukos. Tepmonunamuka. M.: YPCC, 2002.
4. N.A.KBacuukoB. Cratuctuueckas pusuka. M.: YPCC, 2002.
5. P. ®eiinman. Cratuctuueckas Mmexanuka. M.: [lnaton, 2000.
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6. M. Tunkxam. Benenue B cBepxnpoBoauMocTs. M.: Atomuszaar, 1980.

7. D.JIuaton. CepxmnpoBoauMocTts. M.: Mup, 1971.

8. A.A.A6pukocoB. OcHOBBI Teopuu MeTaiuioB. M.: Hayka, 1987.

9. A.Poy3-UHc, E.Ponepuk. BBenenue B pusuky cBepxmnpoBoauMoctd. M., Mup, 1972.
10.  B.B.IImunar. Beenenue B pusuky ceepxnpoBoanukos, M.: MITHMO, 2000

11. J.P. Tunnu, Tx. Tumiu. CBepXTeKydecTh U CBEPXIIPOBOAUMOCTh. M.: Mup, 1977.
12. U.A.KBacHukoB. BBeneHue B TEOpHIO 3JIEKTPOIIPOBOTHOCTH H
cBepxnpoBoauMocTH. M.: KamxHbiid 1om «JIubpokony, 2010.

9.2.1.Y4eOHO-MeTOAMYECKHE MTOCOOHS (YUeOHbIe 3aaHus)
HCT

9.2.2. Jluteparypa s yriry0JieHHOT0 U3y4eHusl, NOAroToBKH pedepaToB
HET

10. Arrectauuss mo gucuumniauHe. Gopma NMPOMEKYTOYHOM aTTeCTallMd IO WTOraM
o0ydenust B 3, 4 u 5 cemecTpax — 3a4eT, Npoleaypa aTrrectanuu B 3 u 4 ceMecTpax BKIIOUYAET
pelIeHre KOHTPOJIBHBIX 3a/1a4 U OTBET HA BOIIPOCHL, B 5 CEMECTPE — OTBET HA BOIIPOCHI.

WrtoroBast arrecrauusi Mo JIUCHUIUIMHE BKIIOYAET CIady KaHAMJIATCKOTO 3K3aMeHa
5K3aMEHALIMOHHOM KOMUCCUH, YTBEPKIECHHOM JIOKAJIbHBIM HOpMaTUBHBIM akToM NO® PAH.

11. OueHouHble CcpeAcTBAa VI TeKyLIero KOHTPOJIA  YCHEeBAeMOCTH W
MPOMEKYTOYHOM aTTeCTAIlUM 10 UTOTaM OCBOECHUS TUCHHUILINHBI

111 OneHo4HbIe cpeacTsa TeKyLIero KOHTPOJIA yCIeBaeMOCTH )/ |
copMHPOBAHHOCTH KOMIIETEHM I

JUis  TeKylmiero KOHTPOJS YCIIEBAEMOCTH MPHUMEHSETCS KOMIUIEKC METOAMK U
JOTUATrHOCTHUYCCKOI' O I/IHCTPYMGHTapI/IFII yCTHBII\/JI OHpOC, peHIeHI/IC JOMAIITHUX 3aJa4 II0 TEME
3aHATUHN, YUET MOCEIAeMOCTH 3aHATHI U aKTUBHOCTH aCIIUPAHTOB B XOJ€ 3aHITHA.

11.2 IlpuMepHbIii epedyeHb BONPOCOB K 3a4eTy M0 TUCHHUIINHE

1. Muorouactuunoe ypaBHenue llpenunrepa ans kpucramia. [TpuOnmxenune bopha-
Onnenreiimepa.

2. 3onnbiii crnektp. Ksasummmynec, 3oHa bpmnmroona. Teopema brnoxa. 3akon
nucriepcud U 3¢ (hexkTuBHas Macca.

3. Meronbl pacueToB 30HHOTO CIEKTpa METO/]| IceBAonoTeHImana, k-p — meron. TeHzop
3 PEeKTUBHON MACChI, pOJIb CAMMETPUYHBIX TOUYEK B 30HE bpuiosHa.

4. 3oHHBI cnekTp onxHoMepHoro ypaBHeHus IllpenuHrepa c¢ mnepuoOgUYECKUM
MOTEHLIUAJIOM.

5. Omneparopsl KOOPAMHATHI U CKOPOCTH JIJISl DJIEKTPOHOB B KPUCTAILIE. 3aKOH U3MEHEHHUSI
KBa3UUMITYyJIbCa.

6. Meron »>¢dexTuBHON Macchl. JlMHaMHKa SJEKTpOHA B Cllydae OJHOPOJIHOTO
AIIEKTPUYECKOTO ITOJIA.

7. KBazuuactuupl. OrnpeneneHue, BBEIEHHUE KBa3MYacTHI] Ha IPUMEpPE HJCAIBHOIO
®epmu-raza. IloBepxHocTe @epmu. DyHKIUM pacHpelesieHus KBa3MYacTUL] M YacTHL,
XUMIOTEHIUA

8. Monens ®@epmu-raza. [ImoTHOCTE cocTosiHUM, ocobenHocTH Ban-XoBa. DddexkTuBHas
Macca IIOTHOCTU COCTOSIHUM. DJIEKTPOHHAS TEITUIOEMKOCTb.

9. KBasuuactuiel B uaeansHoM boze-raze. @yHKIMKM pacnipesieleHuss 1 XUMIIOTeHIIUAL.
bose-konnencanus. TemnepaTypa KOHIEHCAINY.

10.  Konebanusi KpucTaIIMUeCKOW pemieTku. JIMHaMUYecKue YpaBHEHUS, CBOMCTBa
CHJIOBOH (yHKIMH. 3aKOH JUCTepCUU. AKYCTUYECKUE U ONTHYECKHE KoJeOaHusl.



11. Tlepexom K KBaHTOBOMY omnucaHuio. DOOHOHBI, (YHKIMS pacHpeesiCHus.
DOHOHHAS TEIIOEMKOCTb.

12.  JIBmxeHHE AJIEKTPOHOB B KPHUCTAJIC BO BHEIIHEM MAarHUTHOM ToJie. TpaeKTopuu
U IIUKJIOTPOHHAs Macca.

13.  KBasuxiaccudyeckoe KBAaHTOBAaHWE JBW)KCHHS B MAarHUTHOM TIOJie. YPOBHH
Jlannay. [1moTHOCTE cocTossHui. Posb skcTpeManbHbIX ceueHuil moBepxHoctu @epmu. [unuuap
Jlannay.

14. Dddextn ae ['aaza-Ban Anbdena u lllyonukosa-ne ['aaza. ®opmyna Jludmmia-
Kocesuua, Temneparypa Junrna. Mcnonb30BaHrne KBAHTOBBIX OCIMJUISIIUOHHBIX Y((HEKTOB s
UCCJIeIOBaHUsI TOBEpXHOCTH DepMu.

15. Mogens [lpyne: mpoBomumocTs, 3¢¢ext Xomaa, MarHUTOCONPOTHUBICHUE U
UKIJIOTPOHHBII pe3oHaHC.

16.  Kunermueckoe ypaBHeHue bonbnmana. [IpubnrokeHne BpeMEHH pelakcaluu.
Bpems penakcanuu Juis OCHOBHBIX MEXaHHU3MOB PAacCEsiHUsI B TBEPJBIX Telax (MOHBI MPUMECH,
KoJeOaHUsl PEIICTKH, BAKAHCUU W TOYCYHBIC JC(PEKTHI, AUCIOKAIMH, TPAHUIBI KPUCTALIUTOB,
MEXIJIEKTPOHHOE PACCESTHUE).

17. 3amaya 0 paccesHUM IJIEKTPOHA HAa MOHMU30BaHHOM mpumecu. @opmyna Konyaim-
Baiickonda.
18.  PemieHue KHHETHYECKOTO YypaBHEHHUs boibllMaHa B BBIPOKICHHOM Cllydae.

[TpoBOAMMOCTH, YaCTOTHAS 3aBUCUMOCTD IIPOBOJUMOCTH. J[BI)KEHHE B MArHUTHOM TOJIE, TEH30P
npoBoguMocTH 1 3P dexT Xomta. CpaBHeHue ¢ Mojenbio pyne.

19. OOmee penieHne KUHETHMYECKOTO YypaBHeHUs bonbiimMana B HpuUOIMKEHUU
BpeMeHH pernakcanuu. [IpononsHeie n nonepeunsie d3QpdexTsl. Knnernyeckne kod3hOUITMEHTEI.
Crnyyau U30TPOMHON M aHU30TPOITHOM d(H(PEKTUBHON MACCHI.

20.  Pacuer mpoBOIMMOCTH C MOMOINBIO KHHETHYECKOTO ypaBHEHHsS boibIMaHa.
TemnepaTypHasi 3aBUCUMOCTD Apei(hoBOM MOJABMKHOCTU B CIIydae PacCEsSHUS Ha aKyCTHUECKUX
¢oHOHAX WM MOHax mpumecu. TpancnoptHas >¢dekrTuBHas macca. Ciaydail HECKOJIBKUX TPYIII
Hocuteneil 3apana. CpaBHeHHe ¢ MoJenbio Jpyne.

21. Teopust mpoTekaHus. 3agadya y3j0B Ha YINOPSAOUYEHHBIX pemrerkax. Kiacreps.
[Topor mporekanus. 3aJaud Ha KOHEUYHBIX peIIeTKaxX. 3aJayd Ha OECKOHEYHBIX pelleTKax.
beckoneunsiii kmacrep. CTpykTypa OECKOHEYHOTO KiacTtepa (Ha TMpUMeEpe 3aJaud Y3JIOB).
Mogens IlknoBckoro-ae Kenna. Paguyc koppensiuu, KpUTHUYECKOe MOBeAeHUE, GU3NUIECKUi
CMBICII OJIST X>XC U X<XC..

22.  Kunernueckue CBOWCTBa reTeporeHHsIx cpell. [IpoBogumocTs i cityyast Manoi
KOHIEHTpAallul BKJIOYEHUH. MeTrauinyeckue BKIIOYEHHUS B JIUAJIEKTPUUYECKOM MaTpHlle.
WneanbHO npoBoAsIue (CBEPXIPOBOIAIINE) BKIIOUEHHS B TUIEKTpUdYecKoi Marpuie. ekt
(GhOopMBI BKITFOUEHUH.

23. IlocraHoBka 3agauyd O MPOBOAMMOCTH TIO JIOKAJIM30BAaHHBIM COCTOSIHUSM.
[TpsrxkoBas mpoBoaumocTs. CeTka compoTuBieHu Muiiepa-AOpaxamca. MeTton perieHus
3aJa4d O MPBDKKOBOM IMPOBOJMMOCTH, OCHOBAaHHBIM Ha TEOpUU MpoTeKaHUs. 3akoH MortTa.
[TpbpKKOBast MPOBOAMMOCTD C TIEPEMEHHOM UTMHON MPBDKKA, ONTHMAaIbHBIE TPBIKKH.

24.  Pemenue 3agaud o NPBDKKOBOM mpoBogumocTH nmo Mortty. IlpoBogumocTts Ha
MOCTOSTHHOM W TIEpEMEHHOM Toke. ONTHMaIbHbBIE TPBDKKH.
25.  IIpobnema xoppemsuuii. KopoTkoneiicTByromue (xab0apiIoBCKUE) KOPPENIALUU.

D- -cocrosinus. BnusHue xab0apIOBCKUX KOpPpENALMA Ha MPBDKKOBYIO MPOBOJUMOCTD.
JanpHoaeicTByomue (KyJIOHOBCKKE) Koppenauuu. KynoHoBckas 1miesb.

26.  Tlepexon weramr-uzonsatop. CiydallHbId TOTEHIHAT, IOPOT IOJBMKHOCTH
®epmu-crexno. Jlokann3oBaHHBIE U JETOKATU30BaHHBIE COCTOSIHHMS. Monenun AHJepcoHa U
Morra. Ilepexon MeTamuI-U30JIATOP B JIETHPOBAHHOM MOJynpoBoaHuke. Kpurepuit Morra.

27.  Ckeiimuar. IIpoGnema  omucaHuss mepexoja  MeTalI-M30JsATOp,  MOpor
MOJIBUJKHOCTU Kak ocobas Touka. Mojnenb AHepcoHa, Oe3pa3MepHasi MpoOBOJUMOCTh Kak Mepa



Oecriopsiaka. I'mnotresa MacimTaOHOU MHBAapUaHTHOCTH. BeiBog YpaBHEHUS
OJIHOTIApPaMEeTPUUYECKOTO CKEIINHTA.

28.  Acwmnrotuku ¢yHkiuu [emn-Manna - Jloy B ABYMEpHOM M TPEXMEPHOM
ciaydasix. OKpecTHOCTb MOpora NOJABWXKHOCTU. Jlokanmu3amusi COCTOSHUH B JBYMEPHBIX
cucremax. Kpuruueckoe mOBeNeHHME paauyca JOKaIM3alMd W MPOBOJUMOCTH B MOICTH
OJIHOTIAPaMETPUUYECKOTO CKEIINHTA.

29.  Ilepexox wmetamr-uzonsatop B Depmu-crekine no Morry. MuHuManbHas
MeTaJlJIM4ecKas ~ MPOBOAMMOCTh.  AKTHMBalUig HAa  MOPOr  MOJABIKHOCTH.  AHamu3
HKCIEPUMEHTAIBHBIX JAHHBIX C TOYKU 3PEHUs Pa3IUYHBIX MoJeNei: Mmojaenu MoTTa, CKeiIuHra
Y KBa3UKJIACCUYECKOM TeOpUU MPOTEKAHUS.

30.  Omnwmcanue TadbBAaHOMATHUTHBIX J(PPEKTOB € MOMOIIBI0 KHHETUYECKOTO
ypaBHeHus boneiiMana. D¢ ekt Xosmna. Yron Xosia, X0JIIIOBCKAasl MOBKHOCTh, KOG GHUITHEHT
Xomna. Pacuer addexra Xomma ¢ mOMOIIBIO KHHETHYECKOTO ypaBHeHUs bombiimana. Cirydan
cmaboro u cuibHoro moisa. Ciy4ail HECKOJIBKHMX TpymHm HocutTenei 3apsga. CpaBHeHHE C
Mozensto pyze.

31.  MarnurtoconporuBienue. Koaddumument wmarauroconmporuBiieHus. Pacder
MOTIEPEYHOT0 MAarHUTOCONPOTHUBICHHS C MOMOIIBI0 KHHETHYECKOTO ypaBHEHHs boibiiMana.
Cnyuan cnaboro u cunpHOro moisi. Haceimenue maruurocomnporusieHus. Ponps nons Xommia.
MarHuTOCONPOTUBIIEHUE B 00pa3iie KOHEUHBIX U OECKOHEUHBIX Pa3MEpPOB.

11.3 IlpuMepHblii nepeyeHb 32124 K 3a4eTy 10 AMCHUIIIHHE

1. B equHUYHOM 00BeMe KpUCTAJUIa COAEPKHUTCS N HEB3aMMOACHUCTBYIOMUX Je(EKTOB,
KKIBIA U3 KOTOPBIX MOKET HAXOAUTHCS B JIBYX DHEPreTHUECKUX COCTOsAHUAX E1 u Ep, mpuuem
E, -E1=D>0. Haiitu BKJIag B TETJIOEMKOCTh KPHCTaJIA, O0YCIOBICHHBIH TaKUMHU JedekTamu. B
Kakoil oOjacTu TeMmmepaTyp CledyeT OXHIaTb MaKCHUMajbHOIO BKJIaJa B TEIJIOEMKOCTb,
CBSI3aHHOTO C JieexTamu?

2. DneKTpoHBl B KpHUCTajule, Haxonxdmuecs B Touke G 30HbI bpuinosHa nccienyrorcs
METO/JIOM  IHUKIOTpOHHOrO pe3oHaHca ([IP) u KBaHTOBBIX OCHWJUISILIMN  yIETBHOTO
comnpotuBienus (3¢ ¢exr [llyonukosa-ne I'aza, 11Ial).

a) OkcniepumenTsl 1o [P mokazanu, 4To A 4acTOTHI JIEKTPOMArHUTHOTO M3IyYEHUS
150 I'Tu B marautHOM mone 8 Tn HabmromaeTcst LUMKIOTPOHHBIM pe3oHaHC. Yemy paBHa
sbdexTuBHas HUKIOTpoHHAsT Macca? OTBET NPEACTaBUTh B EAMHHUIIAX MAacChl CBOOOJIHOTO
JIIEKTPOHA.

06) Uemy paBHO OTHOIIEHHWE aMIUIUTyA 1-i u 2-ii rapMoHuk B 3¢dexre Ial" B
marHuTHOM nose 5 Tu npu temneparype 2 K, ecnu remneparypa [lunrna pasna 1 K, a g-paxrop
COBIMAJAET C g-(haKTOPOM IJisI CBOOOHOTO JIEKTPOHA?

3. B MeTauie KOHIIEHTpaLKs JIEKTPOHOB COCTABIISAET n=10% cm3, a 3 PEeKTUBHOE BpeMs
pemakcarmn paBuo T*=10"2 ¢. Cunras moBepxHocTs PepMu cepoil, OLEHHTH (EPMHEBCKHIA
uMnyiasc pr, 3Hepruro @depmu Ef, ynenbHoe cONpOTHBIEHHWE P Ha IOCTOSHHOM TOKE, U
s dekTuBHyI0 IMHY cBOOOoaHOTO mpobera lg. OtBetr ansa Er, p u g npeactaBuTh B equHUIAX
5B, MKkOMXcM 1 A cooTBeTcTBEHHO. st Kakoil 4aCTOThI AEMCTBUTENbHAS YaCTh MPOBOJIUMOCTH
YMEHBILINTCS B ABa paza?

12. MeToauyecKue peKOMEeHAANUH ACTHPAHTAM M0 0CBOECHHIO TN CHHUILIMHBI

AcnupaHThl JODKHBI OBITH 3apaHee O3HAKOMIICHBI ¢ TpadukoM ydeOHOro mporiecca,
coJlep>)KaHWeM AWCIHMILUIMHBI U METOJUKOW TMpoBeneHUs 3aHATUH. [locemaemMocTs yueOHBIX
3aHATUN SBISETCS 00s3aTEIBHON NI 00yJaromIuXxcsi, Kak W BEJICHHE KOHCIIEKTOB, 3aIMCeH.
OtpaboTKka MPOMYIICHHBIX 3aHATHHA MPEANoJiiaraeT CaMOCTOSITENbHYI0 paboTy acmupaHTa C
y4eOHOM JTUTEepaTypoll W OCYIIECTBIsAeTCS B (popMe coOecenoBaHUs MO TEME MPOMYIIEHHOTO
3aHSATHSL.



13. MeToan4yeckne peKOMEHIAIUM NPENoJaBaTe/IsIM 110 OPraHU3aluu 00y4YeHHs 110
AUCHHUILINHE

13.1 Iopsinok NpoBeaeHus JeKIIUH

Beoonas uacms Bximouaer (OPMYIMPOBKY TEMbl JICKIUMM C KpaTKOM aHHOTanuen
[peJlaraéMblX JJIsl U3y4eHUsl BOIPOCOB, XapaKTEPUCTUKY MECTa M 3HAUYEHHUs JAaHHOM TEMBI B
Kypce.

OcHo6nas yacmb JIEKIIMM HMMEET CBOEH ILEJIbI0 PACKPBITHE COAEPIKAHUSI OCHOBHBIX
BOIIPOCOB U ONPENEISIETCS JIOTHYECKOI CTPYKTYpPOH IIaHa JISKIUH.

B saxnmouumenvuoti uacmu neKTop TPOBOAUT 000OIIeHWME Hambonee BAXKHBIX U
CYLIECTBEHHBIX BOIIPOCOB, J€JIAET BBIBOJbI, OTBEYAET Ha BOIPOCH! Ciyllarenel, GopMyIupyer
3a/a4d s CaMOCTOSITENIbHOM pabOThl acHMpPaHTOB M PEKOMEHIYET COOTBETCTBYIOLIYIO

JUTEpaTypy.

13.2 Ilopsiiok mpoBeeHUsA ceMUHAapa

Bo BBO#HON 4acTu pelaroTcs OpPraHU3aLUOHHBIE 33JaYd CEMMHAPCKOIO 3aHATHUSA:
MIPOBEpPKa TOTOBHOCTHU ayIUTOPUU U MOJTOTOBICHHOCTH aCIUPAHTOB K 3aHATHUIO, (HOPMYJIHPOBKA
TEMBI, LICJINX U 3aJa4 3aHATHUA.

OcHOBHasi 4YacTh 3aHATHS MPEANojiaraeT OpraHU3aldi0 JUCKYCCHH: MOCTaHOBKY
HpO6JI€MBI, BBIACJICHUEC OCHOBHBIX HaHpaBHCHHfI. BBICTyHJIeHHe JOKJIAAYUKOB, PACKPBLIBAIOIIUX
OCHOBHBIE TMOJIOKEHUS TI0 BOIPOCY. BBICTYIUIEHHS OMMOHEHTOB, PACKPHIBAIOLIUX CBOE BHUJICHUE
po0JIEMBI, TUCKYCCHS 10 TOKJIaay.

B 3akmounTenbHO 4acTH MOABOISATCS WTOTH 3aHATHUS, JAETCs OLIEHKA pPe3ysibTaToB
pabOThl aCHUPAHTOB.

13.3 Opranu3anusi CaMoCTOATEIbHON padoThl ACIUPAHTOB

OcHoBHBIMU (hOpMaMU CAaMOCTOSITENIEHOM PaObOThI U KOHTPOJIS ACTUPAHTOB SBISIOTCS:

BrimonHenne MHIUBUAYaTbHBIX 3aaHUi (KaK PEMpOIYKTUBHOTO, TaK U TBOPYECKOTO
XapakTepa), MO3BOJISIIOIIUX JAUAarHOCTUPOBATH YPOBEHb CPOPMHUPOBAHHOCTH Yy aCIHPAHTOB
3HAaHUM, YMEHUH U HABBIKOB 110 JUCHUILIMHE.

CobecenoBanne — popMa yueOHOU AesITENbHOCTH, CIIEIMalIbHAs Oecela IpernoaaBarens ¢
aCIMPaHTOM, pPACCUMTAHHAs HAa BBISICHCHHE O0beMa 3HAHHWM aclHUpaHTa IO ONPEACICHHOMY
pa3neny, TeMe, mpobiemMe H T.N., MO3BOJSIONIAS OIEHUTh WX YMEHHE apryMEHTHPOBATh
COOCTBEHHYIO TOYKY 3pEHHUsA, MPEANOJararmIlee BCECTOPOHHEE OOCYXKIEHHE KaKOTo-Iu00
BOMPOCA, MPOOJIEMBI HIIM COTIOCTABICHUU WH(GOPMAIINH, UIeH, MHEHHIA, TPEIOKECHHH.

14. Onucanne KpUTEpUEB OLEHMBAHUSI 3HAHUI 00yYaeMbIX, IKAJ UX OLeHMBAHUS

14.1. Kpurepuu oueHnBaHusi 3HaHUH 00yuyaeMbIX Ha 3a4eTe 10 AUCHHUILIMHE:

Onenka «3auteHo»: OOydvaromuiics OOHApYX W 3HaHHE OCHOBHOIO Y4eOHO-
IPOrpaMMHOT0 MaTepuaia B o0beme, HEOOXOAUMOM sl JaibHeHell yuedbl U mpencTosimen
paboThl MO CHENMAIbHOCTH, CIPABWICS C BBHIMOJIHEHHUEM 33aJaHMA M KOHTPOJIBHBIX paloT,
IPElyCMOTPEHHBIX TPOrPaMMO TUCIUIUIUHBI.

Onenka «He 3auteno»: O0yudaromuiicss 0OHapyXUJ1 3HAUUTENbHbIE IPOOENbl B 3HAHUIX
OCHOBHOTO y4€0OHO-IPOrpaMMHOr0 MaTepuana, JOMYCTHJ MPUHIUIHAIbHbIE OLIMOKU B
BBITTOJIHEHUH TPETyCMOTPEHHBIX MPOrpaMMOil 3a/laHuil 1 He CIOCOOEH MPOJOKUTh 00ydeHue
WIM TPUCTYNUTh MO OKOHYAHUM aCHUPAHTYpbl K MpodeccHoHaNbHOM [esaTenbHOCTH 0€3
JIOTIOJTHUTEIIBHBIX 3aHATHH 110 COOTBETCTBYIOLIEH TUCLIUIUIMHE.

14.2. Kputepuu oueHUBaHUSl 3HAHMH 00y4yaeMbIX HA KAHIAMJATCKOM JK3aMeHe IO
cnenuaJIbLHOCTH:

OueHka cCTaBUTCA MO KaXKIOMY M3 BONPOCOB KaHAMAATCKOTO JK3aMeHa 10
CIIENUATLHOCTH, OIICHKA 3a YK3aMEH OIpEAeAeTCs KaK cpeHee apupMETHIECKOE U3 OIEHOK 10
TPEM BOINPOCAM 3K3aMEHa ¢ COOTBETCTBYIOIIMM OKPYTJIEHUEM JI0 IEJIOYUCICHHON MO MpaBuUiiaM



apupmeTnueckux omnepanuil. [Ipu HaIMYUK OIEHKH «HEYIOBJIETBOPUTEIBHO» IO OJHOMY M3
BOIIPOCOB CTABUTCSI 001Iast OLIEHKA «HEYI0BIETBOPUTEIBHOY.

Onenka «OtauuHO»: B 0TBETE KaueCTBEHHO pacKpbITO coiepxaHue TeMbl. OTBeT
XOpowo CcTpykrypupoBaH. IIpekpacHO ocBOeH NOHATMHHBIA annapar. [IpomeMoHCTpupOBaH
BBICOKMM YPOBEHb IIOHMMaHMs Marepuana. IIpoaeMOHCTpUpOBAaHO IPEBOCXOJHOE YyMEHUE
(GbopMynHupoBaTh CBOM MBICIIH, 00CYXJ1aTh AUCKYCCHOHHbIE NOJ0kKeHUs. [IpeacTaBieHb! noaHbIe
OTBETHI HA JJOTIOJHUTEIIBLHBIE BOIIPOCHI 110 TEME.

Onenka «Xopouo»: OCHOBHBIE BOIIPOCHI TEMBI PacKphIThl. CTPyKTypa OTBETA B LIEJIOM
aJicKkBaTHa TeMe. XOpOLIO OCBOEH MOHATHIHBIA amnmapar. [IpogemMoHCTpUpOBaH XOpPOIIUH
ypOBEHb NOHMMaHMs Marepuana. IIpomeMoHcTpupoBaHO Xopouiee yMeHHe (HOpMyIUpPOBaTh
CBOU MBICIIH, 00CYXJaTh JUCKYCCHOHHBIE IMOJIOKeHUs. [IpencraBieHsl yacTUYHBIE OTBETHI Ha
JIOTIOJTHUTEIIbHBIE BOIIPOCHI 110 TEME.

Onenka «YOoBieTBOpUTEIbHO»: Tema packpbiTa yacTUYHO. OTBET CTPYKTYpPHUPOBaH
HenocTaToyHO. [loHATHIHBIN anmapaT OcBO€H 4YacTU4HO. lIpopeMOHCTpHpOBaHO IOHMMAaHHE
OTZEIBHBIX IOJOKEHUM M3 MaTepuasia 1o teme. I1IpoaeMOoHCTpUpOBaHbl yIOBIETBOPUTEIBHOE
yMeHue (hopMyIupoBaTh CBOU MBICIHU, 00CYX/JaTh JUCKYCCHOHHBbIE MoJIoxkeHUs. [IpeacraBiensl
(¢parMeHTapHbIE OTBETHI Ha JONOJHUTEIIbHBIE BOIIPOCHI 110 TEME.

Onenka «HeynosnerBoputenbHo»: Tema He packpeita. OTBET HE CTPYKTYpPUPOBaH.
[lonATHitHBII ammapaT oOCBOGH B HEJNOCTaTodHoM oObeMme. IlloHmmanume Matepuana
(dparmeHTapHOe WIM OTCyTCTBYeT. lIpoieMoHCTpUpOBaHO HeyMeHHe (OpMyIupoBaTb CBOU
MBICIIH, OOCYXJaTb JHUCKYCCHOHHbIE TOJIo)keHUs. He mpencraBieHbl  OTBETHl  Ha
JIOTIOJTHUTEIIbHBIE BOIIPOCHI 110 TEME.

[Tporpammy pazpaboranu:

Hemumes C.B., a.¢.-M.H., mpodeccop

(moamnuce)

['mymkoB B.B., 1.¢.-M.H., momeHT

(moamuch)



