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Ienu ocBoeHNSA AUCHUILIMHBI

Ilenv Kypca «®Pu3nka TBEPIOro TelIa» COCTOUT B CUCTEMAaTHUYECKOM H3JI0KEHUH CIIOCOOOB U
METOJOB IPUMEHEHHs] OCHOBHBIX IIPUHIUIIOB KBAaHTOBOM TEOPUM K HCCIEJOBAaHUIO CBONCTB
KPUCTAJUIMYECKUX TBEPIBIX TEIL.

CTyeHT NOJKEH MO3HAKOMUTBHCS C HEKOTOPBIMU METOAAMM, INPUMEHSEMBIMH K OIMCAHUIO
HaOIroAaeMbIX  (PU3MYECKUX SBJIEHMM M NpUOOPECTH HABBIKM CAMOCTOSITENIbHBIX Hay4HbIX
UCCIICIOBaHMA, BKJII0OYasi (POPMUPOBAHNE HABBIKOB U3YUCHHUSI HAYYHOH (PU3HUECKON JTUTEPATYPHI.

Ne Kon HammenoBanwne obnactu npogecCHOHANBHON JesITeTbHOCTH.
n/n | npodeccuonanbHoro | HamMeHoBaHHe Mpo¢heCcCHOHATBFHOTO CTaHAapTa
cTaHjiapra

01 ObGpa3oBanue 1 HayKa

1. 01.001 [Ipodeccuonanshslii cranaapt «Ilenaror (megarornyeckas qesaTeNIbHOCTE B cdepe
JIOIIKOJIHOTO, HAYaJIbHOT'O OOIIEro, OCHOBHOT'O OOLIETr0, CPEAHETO OOIETo
o0pa3oBaHus1) (BOCHHUTATENb, YUUTEIb)», YTBEPKACHHbIH NpruKkazoM MUHUCTEpCTBA
TpyZAa U conMaibHO 3auuThel Poccuiickoit @eneparun ot 18 oktabps 2013 r. Ne
544un(3apeructpupoBad MuHHCTEPCTBOM tocTUlMU Poccuiickoit denepannu 6
nekadpst 2013 r., peructparmonssiit Ne30550), ¢ u3sMeHeHHEM, BHECEHHBIM
puKa3oM MUHHCTEpCTBA Tpyla U couuanbHOM 3amuThl PO ot 5 aBrycra
2016r.Ned4221 (3apeructpupoBad MuHuCTepcTBOM focturmu PO 23 asrycra2016r.,
perucTpannoHHBIA Ne 43326 )

2. 01.003 [podeccnonanpuerii ctanmapt «[legaror qOMOTHATETHHOTO 00pPa30BaHUS IETCH U
B3pOCIIBIX», YTBEPKICHHBIN MMPUKa30M MHHHCTEPCTBA TPYAA M COLMAIBHON 3aIUTHI
P® ot 5 mas 2018r. Ne 298H (3apeructpupoBaH MuHHUCTEPCTBOM rocTuiin PO 28
asrycra 2018r., peructpaunonsslii Ne 52016

q)OpMI/IpyeMLIC ﬂHCHHHHHHOﬁ 3HaHUA n YMCHUA T'OTOBAT BBIITYCKHHKA ﬂaHHOﬁ

00pa30BaTeNbHOM MPOrpaMMbl K BBIMOJIHEHHIO CIEAYIOIUX 0000IIEHHBIX TPYAOBbIX (QYHKINI:

Koa n O06001meHHbIE TPY/AOBbIe GPYHKIIUHN TpynoBbie pyHKINH
HaNMMEHOBaHHUe Kon HanmenoBanue Yposens| HaummenoBanme| Kox| VYposenn
npo¢eccuoHaJIbHO KBaJU (U (moxypoBeHb)
ro cTaHaapTa KAl KBaJTu(UKAIL

0
01.001 Ilemaror Tlemarormueckas O6wenenarornyec/A/01.6
(memaroruyeckas NEATEIIbHOCTD 10 Kasi QyHKIIHSL. 6
NesITeNbHOCTD B MPOEKTUPOBAHUIO U OO6yuenue
ITOIITKOJIBHOM, [peasn3amnuu BocrurarensHas [A/02.6
HAYaJTLHOM 0011IEM, 00pa3oBaTENLHOTO eI TeIbHOCTD 6
OCHOBHOM OOIIIEM, 4 rporecca
cpeaHeM o01eM 00pa30BaTENbHBIX 6
06pa3oBaHNN) OpTaHU3aIHAX Paspupatomas  1A/03.6
(BOoCIIUTATEND, IMOIITKOJIHHOTO, ACATEIBHOCTD
YUUTENb) Ha4yaJbHOTO 00ILEro, 6
OCHOBHOT'O 001IIETO,
CpEeIHEro OOIIEeTo
oOpa3oBaHus
Tlemarornueckas Ilemarornueckas
NesTeNbHOCTD 110 eI TeNIbHOCTD 110
MPOEKTUPOBAHUIO U peanu3anuu
B |peanu3anuu OCHOBHBIX 6 porpamMmm B/03.6 6
00111600pa30BaTEIbHBIX OCHOBHOTO U
MporpaMm CpeIHETO O0IIeTo
00pazoBaHMs




Ilepeyensb 3axa4 npogecCHOHANBHOM AeATeJIbHOCTH BbINYCKHUKOB:

Ob6nacth Tunel 3a1a4 3anaun OOBeKTHI

npodeccuoHanbHOW  |MpodeccnoHanTbHON npodeccuoHaIbHOM po¢eccCHOHAIBHOM

JEeSITeTTHHOCTH JeSITeTbHOCTH JeSITeTbHOCTH JesTeNbHOCTH (WIH

(mo Peectpy 00J1aCcTH 3HAHMS)

MuHTpyza)

01 O6pa3oBanue [Tenarornyeckuit Pazpabotka u OO6pa3zoBaTenbHbIC
peanu3anus POrPaMMBbI U
00pa3oBaTeNbHbIX o0pa3oBaTeNbHBbIH Mpolecc
nporpamMm CIIO n B cucreme CIIO u 10
nporpamm 1O

06 Css3p, Hay4no- UccnenoBanue, NudopmarnmonHsie
MH(POPMAIMOHHBIE M | MCCIICOBATEIbCKUN paspaboTKa, IpoOneCChl, TCXHOJIOI'NH,
KOMMYHHKAIHOHHBI BHEJ[pEHUE U CUCTEMBI U CEeTH, UX
o TeXHOLOIHH COIIPOBOXKIICHHE UHCTPYMEHTAIILHOE
UH(pOPMaITMOHHBIX (mporpammHoe,
TEXHOJIOTHI U CUCTEM | TEXHHYECKOe,
OpraHU3aI[MOHHOE)
obecreyeHue, CrIoco0kl 6
U METOJIBI
MPOEKTUPOBAHMUS,
OTJIAJIKH, IIPOU3BOJICTBA U
JKCILTyaTaluu
UH(POPMALIMOHHBIX

TEXHOJIOTHI U CUCTEM B
pa3IUYHBIX 00JIACTAX U
cdepax udppoBoi
9KOHOMMKH

2. Mecrto mucuuniannbl B cTpykrype OITOII 6akanaBpuara

Juctumimbna «®u3uka TBEPAOro TeNla» OTHOCUTCS K 4YacTH, (GOpMHUPYEMOH ydacTHHUKaMU
00pa3oBaTeNbHBIX OTHOIIECHUI.

Hucnunnuna uzydaercs Ha 4 Kkypce B 7 ceMecTpe.

OcHosnble HAGbIKU, KOTOPHIMM JOJDKEH 00JanaTh CTYIEHT: 3HaTh OCHOBHBIE CBOMCTBa
MPOTSKEHHBIX CHUCTEM, OOYCIIOBJIECHHBbIE KBAHTOBBIM XapaKTEpOM B3aMMOJEHCTBHM, 00ianarh
HaBBIKAMHU PabOThI C 0OBEKTaMH, KOTOpPbIE XapaKTEPHBI JUIsl pAaCCMAaTPUBAEMBIX CHCTEM, BKIIHOYas
npsiMoe U OOpaTHOE MPOCTPAHCTBO, OMNEpPallMd CHUMMETPUH, MHOTOAIEKTPOHHBIE BOJIHOBBIE
(bYHKLINHU, UMETh NPEICTaBIEHHE O METOJaX PEIICHUs MHOTOAJIEKTPOHHBIX 33/1a4, TAKUX, KAK METO]
Xaptpu, Xaptpu-®oka, Teopus Pynkumonana [InoTHOCTH, a Takke CHEHHAIBHBIX METOIAX
pelIeHUs 3aa4d O pacyeTe JJICKTPOHHOW CTPYKTYphbl KPUCTAIUIOB, BKIIIOYas, B TOM YHCIE, U UX
npUOIMKEHHbIE BApUAHTBI — METOJI CHJIBHOM CBSI3U, METOJ] MIOYTH CBOOOIHBIX 3JIEKTPOHOB, METO]T
3(pGEeKTUBHON Macchl. YKa3aHHbIC HAaBBIKM JIOJDKHBI CIYXHUTb OCHOBOW JJIsi TOHUMAaHUS
¢bu3nyecKuX  OCHOB  TaKuUX  SIBIGHMH, KaK  DJIEKTPOH-(POHOHHOE  B3aMMOJEHCTBUE,
CBEPXIPOBOAUMOCTb, & TAK)KE LIMPOKOIO CIIEKTpa ONTUYECKHUX IIPOLECCOB B KOHACHCUPOBAHHOM
COCTOSTHUH.

3. Pe3yabTaThbl 0OCBOEHHS TMCUMILIHHBI (MOaYJIs1) - PU3NKa TBEPAOro Tejaa

[Ipouecc wu3ydeHUs [UCHUIUIMHBI HampaBieH Ha (GOPMUPOBAHHUE BJIEMEHTOB CJEIyIONINX
komrereHuuit B coorBerctBru ¢ ®I'OC BO no nanHOMy HampaBIeHUIO:


http://fgosvo.ru/docs/69/0/2/6
http://fgosvo.ru/docs/69/0/2/6
http://fgosvo.ru/docs/69/0/2/6
http://fgosvo.ru/docs/69/0/2/6

Kon HanmenoBanue WNHpukaTop nocTuxkeHus B pesynbrare ocBocHUA

KOMIIETEH- KOMITETEHIINHU KOMIIETEHIIMHU JUCHUILTUHBI 00yYaroImuics

1005051 (3aKpenniennblil 3a OUCYUNTUHOLL) JNOJIKCH:

YK-1 Crniocoben VK-1.1. Ananuzupyer 3agady, 3HaTh: AHaM3MpOBaThH
OCYILECTBIIATh BbI/IETIsIS ee 0a30BbIe 3aravy, BBIICNAS ee 0a30Bble
IIOMCK, KpUTUYECKHUH | cocTaBiisAomue. OCylIECTBISIET |COCTaBISIOLINE
aHaJIU3 U CUHTE3 JIEKOMITO3ULIUIO YMers: Ocy1ecTBIATH
uHpopManuy, 3aJ1a4H. MOUCK  WHPOpPMALUU  JUId
MIPUMEHSTh VYK-1.2. Haxogut u [peLeHUs MOCTaBJICHHOM
CUCTEMHBIN MOJAX0J, | KPUTUYECKH aHATU3ZUPYET 3a/1a4M [0 Pa3IMUHBIM TUIIaM|
JUISL peLeHus nH(pOpMaILIKI0, HEOOXOJUMYIO  [3aIIPOCOB
MOCTABJICHHBIX 3a7a4 | JJIs PELICHUS Bnaners: Ilpu o0pabotke

MOCTaBJICHHOM 3a7auH. nH(pOpMalUK OTINYaeT (aKTh]
VK-1.3. PaccmarpuBaer 0T MHEHMH, HWHTepHpeTanui,
pa3MyHbIe BAPUAHTHI PEIICHUS |OLIEHOK, dbopmupyeT
3aJ1a4uM, OLICHUBAs UX COOCTBEHHBIE ~ MHEHHA U
JIOCTOMHCTBA U CY)KJEHUS,  apryMEHTUPYET
HEJ0CTaTKU. CBOM BBIBOJIbI M TOUKY 3pEHUS
VYK-1.4. I'pamoTHO, JIOTUYHO,

apryMeHTUPOBaHHO (OPMHUPYET

COOCTBEHHBIE CYKJICHUS 1

OLICHKH.

OtnnuaeT GakTel OT MHEHUH,

WHTEPIPETALNI, OLIEHOK U T.J.

B PACCYKJIEHUAX IPYTUX

Y4aCTHUKOB

JESATEIIBHOCTH.

VYK-1.5. Onpenensier u

OLICHUBAET MIPAKTHYECKHE

MOCJIEACTBHS BO3MOXHBIX

pPELIECHUM 3a/1a4H.

IIK -3 COTOBHOCTBIO [TK-3.1. Tlonumaet pusndeckue | Bragers: MeTomamMu
[IPUMEHATH Ha OCHOBBI METO/IOB U CPEICTBA HaXOXXEHHUs, 0TOOpa U
[IPAKTHKE npeoOpazoBanus nHGopMaluu, | oObEAMHEHUS Pa3IMUHBIX
npodeccnoHaIbHbIE oOMmeHa nHpopmanuei Ha METOJI0B MPOBEACHHUS

BHAHUS TeOpI/II/I )41
METOIOB (PU3UIECKUX
FiCCJIETOBAHMI

PACCTOSIHUU C TIOMOIIBIO
PaZIMO’IIEKTPOHHBIX CPEJICTB U
TEXHOJIOTHHA.

[1K-3.2. Bnageet MeTog0a0THEH
MaTeMaTHYECKOTO
MOJIETTUPOBaHUS (PU3HUUECKUX
IpoLEeccoB U 00BEKTOB Ha 0aze
KaK CTaHJapTHBIX TAKETOB
ABTOMATH3UPOBAHHOTO
MPOEKTUPOBAHUS U
HCCIICIOBAHUM, TaK B
CaMOCTOSTENIBHO CO3aBaeMbIX
OPUTHHAJIBHBIX MTPOTPaMM.
[TK-3.3. IIpumeHsieT mudpoByr0
TEXHUKY TTPU 00pabOTKE TaHHBIX
Py COOJTIOICHUU OCHOBHBIX

(GU3UYECKUX HCCIICIOBAaHUH.
YMeTh: OCMBICICHHO
BBIOMpATh HAYIHBIH METOJI
POBEJICHUS (PUINIECKUX
HUCCIIEJOBAHUN.

3HaTh: CIOCOOBI
OTIpesIeNICHUs] BUOB U THUIIOB
npohecCHOHANBHBIX 3a7a4, a
TaK)Ke METOJIBI UX PEIICHUS
IIpU MIPOBEICHUHN
(bU3UYECKUX UCCIIeOBAaHUHN




TpeGoBaHui HHPOPMAITMOHHON
0€30I1aCHOCTH.

I1K-3.4. Ilpumensier
COBpPEMEHHbIE HH(POPMALIMOHHBIE
CpeZCTBa IPU MOJATOTOBKE
JAHHBIX IIPU COCTaBIICHUU
0030pOB, OTUETOB U Hay4HbIX

Ty OJIMKAIUH.

TIK-4 CriocobeH npoBOIUTH
Hay4YHBIC
KMCCIICAOBAHUS B
COOTBETCTBYIOIICH
00J1acTH 3HAHUI U
0(OpMIISATH
[PE3YIbTATHI
HCCIIEIOBAHUN U

pa3paboTok

IMK-4.1. 3HaeT OCHOBHEBIE METOIBI
MPOBEACHHUS TEOPETUYCCKOTO |

PKCIIEPUMEHTAIILHOTO
MCCIIeIOBAHHUS B chepe
npodhecCuOHATLHOM
NeATeILHOCTH.

[1K-4.2 YuactByeT B 0hopMiIeHUN
pe3yIbTaTOB  HCCIENOBAHUH WU
pa3paboTOK, TOJIYYCHHBIX TIPU
MpOBEJICHUU HaYYHBIX|
MCCIIC/IOBAHHIA B chepe

po(heCCHOHATILHOM JeATEIbHOCTH
I1K-4.3 Bnageer HaBBIKAMU
paboThI C COBPEMEHHBIM
npuOOPHBIM 000pPYyIOBaHHEM,
MeToaMH 00pabOTKH M aHAI3a
MOJTyYCHHBIX PE3yJIbTaTOB
HAYYHBIX UCCIIEZIOBaHUN B chepe
npoQeCCHOHAIBHON
JIeITEIIbHOCTH

Buaners: metonamu
HaXOXXJCHHUs, 0TOOpa U
00BbETUHEHUS PA3TUIHBIX
METO/IOB TIPOBEICHHS
(U3NYECKUX HCCIIETOBAHUM.
YMeTh: OCMBICICHHO
BBIOUPATH HAYYHBIH METO/I
NPOBEICHUS PU3UUCCKUX
WCCIIEI0BAHUM.

3HAaTh: CIIOCOOBI
OTIpe/IeIICHUs] BUIOB U TUIIOB
npoQeCCHOHATIBHBIX 33]1a4, a
TaKXKe METOIbl UX PEIICHUS
IIPY TIPOBEICHUH
(UBHYECKUX UCCIICTOBAHUI

4. CTpyKTypa H coJlep:KaHHue

AMCHUIJIMHBI (MOLYJIs1)

4.1. CTpyKTypa TUCHUNIHHBI (MOIYJIA)
OO61mas TpyA0eMKOCTh AUCHUTIIMHBI COCTABISET / 3a4ETHBIX eIUHUI], 252 wdaca.

Ne Buasbi yuyeOHoit padoTsl, BKJAOYAA PopMbl  TeKyllero  KOHTPOJIA
/i CaMOCTOSAATEIbHYI0 PadoTy CTyIeHTOB HYyCIeBAeMOCTH (no Hedenam
TPYA0eMKOCTH (B Yacax) cemecmpa)
K 6 C opma MPOMEKYTOYHOI
OHTaKTHas pabora AMOCTONTENb-HAN o cranun (o cemecmpan)
padora
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1 Bsgexnenue. OcHoBubie 7 | 8 | 4| 2 | 2 1 1

TTOHATHS.




2 OcHOBHBIC mojoxkenus, 7 |10 4 | 2 | 2 1 1 |+ +
(hU3UKH TBEPJOTO TEa.

3 [KBanroBas 3amaua MHorux [ |12 4 | 2 | 2 1 1 + + +
eI

4 |Annabarnyeckoe 711214 |2 | 2 1 1 + +
npuOIMKEeHHUE.

5 |OHOAIEKTPOHHOE 711414 | 4 | 4 2 1 1 + +
MPUOTMKCHHE

6 |AHTHCHMMETPH30BaHHBIC 7141414 4 1 1 +
BOJTHOBBIE (DYHKITHH.

7 [Teopus Oynknuonana 7 (14| 4 | 4 | 4 1 1 +
IInoTHOCTH

8 Meroxa Kona-1lIsma. 71141 4 | 4 | 4 1 1 + +

9 Meromasl pemrenus 7 |14 | 4 | 4 | 4 2 2 +
YpaBHEHU 30HHOW TEOPHUH.

10 JlnHeiiHbIE METOMBI. 711414 | 4 | 4 2 1 1 +

11 [TIpubivxeHHBIC METO/IBI. 711414 | 4 | 4 1 1 +

12 DnextpoH-PoHOHHOE 711414 44 1 1 + +
B3aMMO/ICHCTBHE.

13 DnekTpoH-PpoHOHHOE 7 141414 4 1 1 + +
B3aMMOJICICTBHE B HMOHHBIX
KpHCTaJLIax.

14 |CBepXIpoOBOIUMOCTb. 71144 1 4 4 2 11 + | +

15 CBepXImpoBOAMMOCTE: 711314 144 1 1 + +
MHKPOCKOITIMYECKAsI TEOPHS .

16 |OnTtuueckue cBovictea 7 |12 4 | 4 | 4 2 11 + +
KPHMCTAJLIOB.

17 PexomMOWHalMOHHOE  H3IIY- 121 4 | 4 4 2 1] 1
YEHHE B IOJIYIIPOBOJHUKAX.

18 KganroBas Teopusiy 7 (12 4 | 4 | 4 2 11 + +
ONTHYECKUX CBOMCTB
KPHMCTAJLIOB
Kypcosas paboma (npoexm) * 7
OO6mast  TPyJZOEMKOCTh, B 72 | 64 | 64 25 27 [TpomexxyTounas
yacax dopma

3auer
3a4eT ¢ OIeHKOM
DK3aMeH +

4.2. Conep:kanue TeM THCIUIIHHBI «PU3MKA TBEPIOro Tejaa»

Conep:xxaHue TMCUMILTHHBI

1. Coneprxanue yacTei, pa3iesioB U TEM Kypca

Tema Conepxxanue

Jluteparypa

1. Benenue. TpaHcnAlMOHHAsS ~ CUMMETpHs, OCHOBHBbIE  BekTopsI | [1]-[4]
OCHOBHBIE IOHATUS. | TPAHCIISIIIUH,
3eiiTiia, oOpaTHas pelieTka, ImepBas 30HAa bpuimosHa,
cucTeMa eMHUIL (aTOMHAs!, P TUBUCTCKAs)

JJIEMEHTapHas s4yelka, s4deilka Buraepa-




2. OCHOBHBIE
MOJIOKEHUS (PU3UKH

[lepuonunueckuii noreHuuan, TeopeMa broxa, 30HHas
CTPYKTYypa, AUCTIEPCUOHHAS 3aBUCUMOCTH, KiacCU(UKAIUs

[1]-[4]

TBEPJOTO Tela. TBEPBIX TEJl. DneMeHTapHbIe BO30YKJICHHUSL.
KBa3znuactunel

3. KBanroBas 3ajaua | OOmast (opMynupoBKa KBaHTOBOHM 3agauu MHOrHX Teil. | [1]-[4]

MHOTHUX TeJl. MHOro31eKTpOHHOE ypaBHEHUE [penunrepa,
["'aMunibTOHMAH.

4. Annabatuyeckoe | Pa3zmeneHne aTOMHBIX U 9J€KTPOHHBIX KOOPIUHAT. [1]-[4]

PpUOJIIKEHHE.

5. OgHosnekTponHoe |BanentHoe mnpuOnwkeHue. Bapuwanwonnsiii  npunHimn | [1]-[4]

MPUOJIMIKEHHE. Putna.  YpaBnenuss  Xaptpu.  CamocoriacoBaHHBIN
noteHIman. Perenne «caMocoriiacoBaHHbIX» YPaBHEHUH.

6. Omnpenenutens Cidiitepa. Beruncienue cpennux 3nadenuii | [1]-[4]

AHTUCUMMETpPU30BAH |C  JETePMHHAHTHBIMH  (yHKUIUsAMH.  BapuarmoHHBIH

HbIE BOJTHOBBIE npuHUi. YpaBHenus: Xaptpu-doka. OOMeHHast SHEPTHsl.

GbyHKIUH.

7. Teopust DJNeKTpOHHAs  IUIOTHOCTh,  ONpenesieHue,  OocHOBHbIC | [1]-[4]

DyHKIMOHANA cBorictBa. IlepBas Teopema XosuOepra-Kona. Bropas

[TnotHOCTH TeopeMa Xo3HOepra-KoHa, BapuanMOHHBIN HPUHIUN AJIs

AJIIEKTPOHHOM IJIOTHOCTU. DYHKIMOHAI ITOJTHOW SHEPTHH.

8. Metox Kona-

[Toctpoenne (GyHKIIMOHATA SHEPTUU C HCIOJE30BAHUEM

[I>ma. (GUKTUBHON CHCTEMbl HEB3aUMOJEUCTBYIONIMX YaCTHII.
VpaBuenuss  Kona-Illsma.  OOMeHHO-KOppEISLMOHHAS
DHEprus.

[1]-[4]

9. Metoasl penieHus
YpaBHEHUN 30HHON
TEOPUH

O6mas  dopmynupoBka 3amadyd. ba3ucHbie (QyHKIHH.
CekynsipHoe ypaBHeHHE. MeToa IIOCKUX BOJH. MeTon
MPUCOCANHCHHBIX TIJIOCKHUX BOJIH. MCTOH
OpPTOTOHAJIM30BAaHHBIX TNIOCKUX BOJH. [IceBmonoTeHIma.

[1]-[6]

10. JIuueitusie
METOMBL.

JImneapuzanms. JIMHEWHBIH  METOA  NPHUCOEIUHEHHBIX
rwiockux BonH (JITIIB).

[1]-[6]

11. IlpubnuxeHHsle
METO/IBI.

DJIEKTpOH B TYCTOW pemieTke. MeToJ CHIBHOM CBSI3H.
Metox mOYTH CBOOOJHBIX DJIEKTPOHOB. OPQPeKTHBHAS
Macca. Teopema Banbe.

[1]-[6]

11. DnexTpoH-
(dhoHOHHOE
B3aUMO/ICHCTBHUE.

O6mie  cBoOiicTBA  B3aMMOJIEHCTBUA
KoJe0aHUsIMU PELIETKU. Tenzop
JOKaJIbHOCTH. JlepopmMaIrimoHHBIA MOTEHITHAT.

JNMEKTPOHa  C
nedopmanuy,

[1]-6]

12. DnexTpon-
(dhoHOHHOE
B3alMO/JICHCTBHUE.

FapMOHI/I‘-ICCKI/Iﬁ OCHUJIIATOP. BTOpI/I‘{HOe KBAaHTOBAHUC,
OnepaTopul POKACHUA U YHUUTOXCHU. IlonsTHE MONEBBIX
OonepaTropos. I'amuneTOHHaH JJId 4YacTul C 2-x U 4-x

YaCTUYHBIM BSaHMOHeﬁCTBHHMH. T"amunbeToHMaH
HEB3aUMOACHCTBYIOLIUX (hOHOHOB. lNamunbTOHMAH
B3aUMOJICVCTBUSA DJIEKTPOHOB c dboHoHaAMU B
[PEACTABIICHUN  4YMCEJI  3allOJHEHUSA. I'padmueckoe
npeacrabieHue, auarpammbl  @eitamana.  [Ipocteiimue

TUIIBI B3auMoJieiicTBUil. BupTyanbHble QOHOHBI.

[1]-[6]




13. DnexTpon-
(dhoHOHHOE
B3alMOJICVICTBHE B
HMOHHBIX KpUCTAJLIAX.

B3aumoneiicTBue anekTpoHa c¢ aedopmanuedl pemerkd B
ciydae BWJIbHOU CBSI3H. DOneKkTpoH-HOHOHHOE
B3aMMO/JICVCTBHUE B HOHHBIX KpucTauiax. [lonspon. Moneinb
Openuxa.

[1]-[6]

14. Kpurnueckas ~ temmeparypa.  Oddexr  Meiicuepa- | [1]-[6]

CeepxmnpoBoaumocTts | OkceHdenbaa. Teopust JIoHmoHOB. YpaBHeHus JIOHIOHOB.
[IpoHukHOBEHUE MarHuTHOTO OJISt BHYTpPb
cBepxnpoBogHuka. Teopus ['ma3Oypra-Jlannmay. Ilapamerp
nopsiaKa. VYpapaennst ~ ['wn3Oypra-Jlanmay.  [[nwna
KOrepeHTHOCTH. (CBEpXINpPOBOAHUKK 1-T0 W 2-TO poja.
KBanToBaHMe MarHuTHOrO NoToKa. MIIOKCOH.

15. DIEKTPOHHOE  MPUTSHKCHHE. Kyneposckue  mapsl. | [1]-[6]

CeepxmpoBoaumocTs | I3oTonmmueckuii 3G hekr.

MHUKPOCKOIIHYECKast

TEOpHsl.

16. Ontrueckue Bunael  B3ammojeiicTBus cBeta ¢ TBepAbiM  Tenom; | [1]-[6]

CBOMCTBa KpUCTaJlJIOB

OIITHYCCKHNEC KOHCTAHTBI; ITOIIOIICHNEC CBCTA KpUCTAJIJIaMU,

COOCTBEHHOE TIOTJIONICHHE; OSKCHTOHHOE IIOTJIONICHHE;
HOIJIOICHHE  CBOOOMHBIMH ~ HOCHTEJISAIMH;  IIPHUMECHOE
MOTJIONICHUE; PEIIETOYHOE TOTJIONICHHUE.
17. Mexk3oHHass ~ pekomMOuHarus.  PexomOuHanus  yepes | [1]-[6]
PexOMOMHAIIMOHHOE | IOKAJM30BAaHHBIE IIEHTPHL. JKCHUTOHHAS pPEKOMOWMHAIIWSL.
U3JIy4eHUE B TBepaOTENbHEIE Ja3€ephl.
OJTYIIPOBOIHUKAX.

18. KBanToBas Teopust
ONTUYECKUX CBOMCTB
KpHUCTAJIJIOB

OGH.[PIIZ TeOpeTI/I‘leCKI/Iﬁ aHaJIn3 MCXK3O0HHBIX OIITHYCCKUX
Nnepexoa0B;, JUIIOJBHOC HpI/I6J'II/I)KeHI/Ie; BCPTUKAJIBHBIC
Mepexoabl; CBA3b C OIITHYCCKUMHU KOHCTaHTaMH.

[1]-[6]

OnTHyecke cBOMCTBA KPUCTAILIA KPEMHHUS.

5. O6pa3zoBare/ibHbIE TEXHOJIOTHHI

Ne m1.mm. Tema nmporpamMMbl U CHHUILIUHBI [TIpumeHsieMble TEXHOJIOTUU
1 OcHoBHbBIE MTOJIOKCHUS (U3MKY | KJTacCHYECKOe TPAJAUIIMOHHOE;
TBEPJIOTO TeJa. JIEKIIMOHHOE 00yYeHHE

2 KBanToBas 3aga4ya MHOTHX TEJL. KJIACCUYECKOE TPAIUIIMOHHOE;
JIEKIIMOHHOE O0yYeHHE, HATTISITHBIC,
MpOrpaMMHUpPOBaHHBIE

3 Anmabatrueckoe MpUOIMKEHHE. KJIACCUUYECKOE TPaJAUIIMOHHOE;
JIEKIIMOHHOE 00y4eHHe, BepOaTbHbIC
(aynmo)

4 OHOYIEKTPOHHOE TPUOTHMKEHUE KJIACCHYECKOE TPAJUIIMOHHOE;
JIEKIIMOHHOE 00yUYeHUE, CAMOCTOSATEIbHAS
paborta

5 AHTHCUMMETPU30BAHHBIE BOJIHOBBIE KJIACCUUYECKOE TPaJAUIIMOHHOE;

GbyHKIUH. JeKIIMOHHOE 00yUyeHne, caMoo0yueHne

6 CBepXIIpoBOIUMOCTEMUKPOCKOIIMYECKAs | KIACCUUECKOE TPaJAUIIMOHHOE;

TEOpHsI. JIEKIIMOHHOE O0YYEeHHE, TMCTAHIIMOHHBIE

7 Onrtuyeckre CBOMCTBa KPUCTAIIOB KJIACCUUYECKOE TPaJAUIIMOHHOE;
JIEKIIMOHHOE 00yYEeHHE, KOMITBIOTEPHOE
MIPOrpaMMHUPOBAHHOE O0yUEHUE

8 PexomOuHaIMOHHOE M3ITyYCHHUE B KJIaCCUYECKOE TPAIUIIMOHHOE;

MIOJIYIIPOBOIHMKAX.

JICKIIMOHHOC 06yquI/Ie, KOMITBIOTCPHOC




IpOrpaMMHUPOBAaHHOE O0YUYCHHE

9 KBanTOBas Teopusi ONTUYECKUX CBOMCTB | KJIACCHYECKOE TPAJAUIIMOHHOE;
KpHUCTAJIJIOB JICKIIMOHHOE 00yUYeHUE, KOMITBIOTEPHOE
IpPOrpaMMUPOBAaHHOE 00YUYECHHE

6. YueOHO-MeTOoAUUYeCKOe  o0ecliedyeHHE  CAMOCTOSITENIbHOW  padoThl  CTYJAEHTOB.
OueHoYHBIE CPeACTBA /ISl TEKYLIEro KOHTPOJISl yCIIeBAeMOCTH, POMEKYTOUYHOI aTTecTallun
110 UTOraM OCBOCHMS JMCIUILIHHBI.

6.1. Iliian camocTosAITEILHOM PadOTHI CTY/ICHTOB

Jns nonydeHus: riyOOKUX M IPOYHBIX 3HAHHWM, TBEPABIX HABBIKOB M YMEHHUH, HeoOXoauma
cHCTeMaTHYecKasi CaMOCTOSITeIbHAs padoTa CTyICHTA.

B paboueii mnporpamme mpeaycMOTpeHa camocCTosiTelbHAs pabdoTa Uil MOpopabOTKH
JEKLIMOHHOIO (TEOPETUUYECKOr0) MaTepuaja MpU MOATOTOBKE K KOHTPOJIbHBIM MEPOIPHUATHIM (B
YaCTHOCTH K TECTUPOBAHUIO)

CamocrosiTeibHas padoTa CTY/AeHTOB BKJIIOYAET cJIeAyIolHe KOMIIOHEHTbI:

Ne CogepxaHue caMOCTOSATEIbHON PabOThI Kon-Bo | ®opma konTpoas | Ormerka o
9acoB BBITIOJTHCHUH
4.1 | Cxema npuBeneHHbBIX 30H. [leprogndeckas 3 VcerHOE
30HHAsI CXeMa. co0eceloBaHuE

4.2 [ToBepxHocTh @epmu B MeTaLIAX C 2 YcrHoe

rPAHEIICHTPUPOBAHHON KyOHUECKOM cobecenoBanme

CTPYKTYpOIl.

4.3 OHepreTuyecKuil CeKTp JIEKTPOHOB B 2 KOJUIOKBUYM

kpuctaiie. Monens Kponura- Ilennn

4.4 | Jucnokauus. Kontyp u Bektop broprepca. 2 onpoc

4.5 Heympyroe paccesnue poTOHOB Ha 4 orpoc
aKyCTUYEeCKHX (POHOHAX, HEYNPYyroe
paccesiHUe HEHTPOHOB Ha (POHOHAX,

HEYIIPYTOoe paccessHue peHTTEHOBCKHUX

aydyed Ha (oHOHAX

4.6 Bubl B3auMoaencTBuil cBeTa C TBEPABIM 4 onpoc
TEIOM.

KoHnaeHcHupoBaHHOE COCTOSIHUE BELECTBA. BHIbl KOHIEHCUPOBAHHOTO COCTOSIHUSA. TBepible
Tena, XUAKOCTH M amop¢Hbie Tena. CTpyKTypa TBEpIBIX Tel, KUIAKOCTEH M amMOpQHBIX Tel.
Kpucrannsl. MOHOKpHCTaUIBI M TOJIMKPUCTAININYECKUE BELLIECTBA.

CuMMeTpHYecKHe W CTAallMOHApHBIE COCTOSIHUS KPUCTAIIOB. AMuMabaTUYecKUil MPUHIIHII.
[TpocTpancTBeHHas pemierka KpuctauioB. Hampasnenus B kpucramie. Mupexkcst Muiepa.
OCHOBHBIE THIIBI KPUCTAIMYECKUX pemeToK. fdeiika Burnepa — 3eitma. OOpaTHas pemierka
KpUCTAJIIOB. TpaHCIAIMOHHAs CUMMETPUS KPUCTAIIIIOB.

OCHOBBI 30HHOM TEOPUU TBEPJIBIX TEIL.

OOHOAIEKTPOHHBIE COCTOSIHMS B KpUCTaJIE. DJIEKTPOH B NEPUOAMYECKOM Mose. PyHKIUU
biioxa. CBoiicTBa BOJTHOBOI'O BEKTOpA 3JEKTpOHA B KpucTauie. KBazunmiynsc. 30Hb1 bpuiiitosHa u
noBepxHocTh ®epmu. OHeprus @depmu OHeprernyeckue 30HbI. MeTauibl, AUAIEKTPUKU U
NOJyNpOBOAHUKU. DPpdexTuBHas macca 3nekTpoHa. CTaTUCTUKA AJIEKTPOHOB B TBEPHABIX Telax.
Oynkuuu pacupeneneHus Gepmu. XuMUYECKAN TOTEHIUAT.

JledexTsl B TBEpABIX Teax.

Knaccugukarus nepexron. TemnoBbie Toueunslie nedexTsl. Jedexts mo @penkento. Jledexrsr
no lortku. qucnokaunu. KpaeBbie 1 BUHTOBBIE IUCITOKAIUH.




DNIEKTPUUYECKHE CBOMCTBA TBEP/IbIX TEI.

IIpumecu. JIOHOpHBIE U aKLIENTOPHBIE TPUMECH. DHEPIETHUECKUE YPOBHU IIPUMECHBIX aTOMOB
B KpucTaiuie. HepaBHOBECHbIE 3JIEKTPOHBI U AbIpKU. PaccesiHust HocuTenel 3apsiia, MpOBOAUMOCTD
Y KMHETHYECKHUE CBOMCTBA METAJNIOB, AUJIEKTPUKOB U MOJIYIIPOBOJHUKOB.

OnekTpoH — DOHOHHOE B3aUMO/ICICTBHE.

®ononbl. Umnynec DoHOHA. AKycTHYECKHE W omnTHYecKue (OHOHBI. [la3MeHHBIC BOJIHBI,
ruta3Monbl. Kongencanum 6030H0B. CBEpXTEKydeCTb.

[IpocTtpaHcTBEHHAs AUCHIEPCUs U IPOXOKACHUE CBETA Yepe3 KPUCTAILI.

BzaumopeiictBue cBeta ¢ KPUCTAUIMYECKOW pemerkoi, mnonspossl. Ilomapon ®penuxa.
OddexkTuBHas Macca mojspoHa. OJkcuToHbl Dpenkens u Banbe. Ilomsaputon. Onruueckue
CBOMCTBA METAJLJIOB, JUAJIEKTPUKOB U MOTYNPOBOAHUKOB. [[0OBEpXHOCTHBIE COCTOSIHUS SJIEKTPOHOB.
CocTosiHUA 3JIEKTPOHOB B CTPYKTYpPaxX ¢ HOHMKEHHOU Pa3MEPHOCTHIO

6.2. MeToanuyeckne yKa3aHusi 110 OPraHU3alMi CAMOCTOSATEIbHOI PadoThI CTYIEeHTOB

[lenbto caMOCTOSATENBHOM pabOThI ABJISETCS CAMOCTOSATENBHOE IPUOOPETEHNE HOBBIE 3HAHUM U
BBIpa0OTKAa CIOCOOHOCTH K TOCTOSHHOMY CaMOOOYYEHHUI0O W CaMOCOBEPIICHCTBOBAHHIO B
po(heCcCUOHANIBHON U COLIMAIbHO-00IECTBEHHBIX c(pepax AesTEIbHOCTH.

CamocTtosTenbpHas ydeOHas padoTa mpejcTaBieHa TakuMH (popmMamMu y4eOHOTro Impoiiecca, Kak
JEKLUs, CEMHMHAp, NMPAKTUYECKUE M JaOOpAaTOpHBIE 3aHATHS, SKCKYpCUHM, IMOATOTOBKA K HHM.
CTyAeHT JOKEeH yMETh BECTH KPaTKHE 3alHCU JIEKIHI, COCTaBIsATh KOHCIEKTHI, IJIAaHbl U T€3UCHI
BBICTYIJICHHUM, IOAOUPATH INTEPATYPY H T.JI.

Hayunast camocrosiTennbHas paboTa CTyJeHTa 3aKI0YaeTCs B €r0 y4acTUH B padoTe KPY>KKOB
Ha Kadeapax, B HAYYHBIX KOH(EPEHIHUSIX pa3HOTO YPOBHS, a TaKXKe B HANMCAHWUU KOHTPOJBHBIX,
KYPCOBBIX U BBIITYCKHBIX KBAIU(DUKAIIMOHHBIX (IUIIJIOMHBIX paboT) padoT.

NeNe Kon-Bo ®opma
HaumenoBanue paboTsl
/1 4acoB KOHTPOJIA
IIpopaboTka  JIEKIMOHHOTO
1 pop I 27 OK3aMeH
Marepuaia
2 IToaroroBka K 13 PabGora y mocku; KOHTpOJIbHBIE,
MPAKTUYECKUM 3aHATUSIM CaMOCTOSITeNIbHbIE PAOOTHI.
IToaroroBka KYPCOBBIX OYCK K KaXJIOH KypCOBOH
3 12
pabot pabote u 3amuTa.

. Borpocs! n 3axanns UIss MHANBHAYAJIBHOM H CAMOCTOATEIbHON padoThl.

1. Jlate onpenenenue pemetku bpasa.

2. Kakue cBoiicTBa ABISIOTCS OOIIMMH JUIsI IPUMUTHBHOM siueiiku U siueliku Burnepa-3eiitua ?
B yewm 3akitogaroTcst UX oTAMYUA ?

3. SIBnsiercs nu npsAMasi perieTka oOpaTHON MO OTHOLIEHHUIO K CBOEH 00paTHOM ?
Kak Beramcnsercst 00bemM 2JIeMEHTapHOU sueiiku ?
Kak Berumncnsercs o0bem siueriku Burnepa-3eiitia ?
VYka3aTh UMCIIO IEPBBIX U BTOPBIX COCEEH JIJIsl MPOCTON KyOUUYECKOM pemeTKH.
VYkazarp yncio Oamkaiimx coceieit A rpaHelieHTPUPOBAHHOM KyOUUYeCKON peIIeTKH.
VYkazaTh uncio oamxaiiux coceneit Ay 00beMHO-LIIEHTPUPOBAHHON KyOMUECKOH pereTKu.
. M306pazute mnockoctu [100], [110], [111] mmst mpocToit KyOUYeCKO# peleTKH.

lO 3a cyeT KakuxX B3aUMOJICHCTBUHN CTAOMIM3UPYETCS KPUCTAUIMYECKasi CTPYKTypa MOHHBIX
KpHUCTAJIJIOB.

11. MoxeT 11 ObITh CTAOWJIBHBIM KPHCTAJIJI, aTOMBI KOTOPOTO B3aWMOJECHCTBYIOT TOJBKO CO
CBOMMHU OJIMKaNIIMMU COCEIIMU?

12. B 4gem cocTouT Mpupoa KOBAJICHTHON CBSI3H.

13. KakoB MexaHH3M BOJIOPOIHON CBSI3U.

14. TIpuBectu npuMepsl «CKEIETHBIX» KPUCTAJUIOB U YKa3aTh TUIl XUMHUECKON CBS3H.

©CoN A



15. Omnwucars npupoay Bzaumoaelictsusa Ban-nep-Baansca.

16. 3anmcaTh OCHOBHOE ypaBHEHHME AMHAMHMKH PEIIETKH B TApMOHUYECKOM MPUOIMKEHUH.

17. IlepeuncanuTh OCHOBHBIE CBOMCTBA PEIICHUN ypaBHEHNUN AUHAMUKH PEIIETKH.

18. B uem cocToUT OTIAMUYUE aKYCTHUECKUX KOJICOAHNH OT ONTHYECKUX.

19. Kakoii TiI pemeTouHbIxX KojaeOaH!i MPUBOAUT K MOJSIPU3AIMH KPUCTAIIIA U [TOYEMY.

20. Yka3atb cBOMCTBA BOJHOBOM (DYHKIIMH 3JIEKTPOHOB B KPHUCTAJLIE.

21. Coopmynupoats Teopemy bioxa.

22. UYto Ha3zwiBaeTcs bioxoBckoii pyHKImein?

23. Kaxue TUIIBI KBa3MYACTHUI] MOTYT CYIIECTBOBATh B KPUCTAILIAX?

24. B ueM cOCTOMT MeXaHu3M 00pa30BaHUs SHEPreTUYECKUX 30H B KpHcTaiax?

25. Kak 30HHas Teopusi O0OBIICHAET OCHOBHOE PAa3JInYMe METAIIOB U AUIICKTPUKOB?

26. M300pa3uTh KaUECTBEHHO CXEMY 3HEPreTHUECKUX 30H MOJIyMeTala.

27. 3anmcarth COOTHOIICHHE, CBS3BIBAIOLIEE BEKTOP CKOPOCTH 3JIEKTPOHA WU €r0 BOJHOBOH
BEKTOD.

28. Jlatp ompexneneHue TeH30pa 3P GeKkTuBHON Macchl. Kakoi BUI MMEET TCH30p B KYOMYECKHX
KpucTamuiax?

29. Bprumcnuth 3((EeKTUBHYI0O MacCy OJJIEKTpOHAa B OJHOMEPHOM KpHUCTaUIE C 3aKOHOM

macnepenn E(K) =E, + (E, — E,)sin’ a_2k

30. Bpramcnuthb 3¢ eKkTuBHYIO Maccy 3JIEKTpOHA TUTS 3aKOHa JUCIICPCUH
E(k) = E, — E,(cos(k,a) + cos(k,a) + cos(k,a) — 3).

31. Jlath ompeneneHue IUIOTHOCTH COCTOSTHUM.

32. B 4eM COCTOMT MEXaHU3M PACCESHUS JEKTPOHOB Ha KOJICOAHUAX PELIETKH.

33. Tlepeuncnuts GakTOpsl, MPUBOISIINE K PACCESTHUIO DIIEKTPOHOB B KPUCTAJIIE.

34. Yem oTIM4arOTCs BOJHOBAS (DYHKIMSI TOBEPXHOCTHBIX COCTOSHUM U BOJIHOBAsE (DYHKIMS JIs
UJeaTbHOTO KpUCTaILIa?

35. Ilepeuncnuth THUIIBI J€EKTOB B TBEPABIX Teax.

36. B uem coctout oTiimune aedekra no @penkento ot aedexra no Lortkn?

37. N300pa3uTh 4aCTOTHYIO 3aBUCHUMOCTb TUAJIEKTPUUECKON MPOHUIIAEMOCTH ISl TUDJICKTPUKA
C MOHHOM nossipu3anyei U yka3aTh NOJISIPUTOHHYIO 00J1acCTb.

38. Yka3aTb OCHOBHBIE CBOMCTBA CBEPXIIPOBOISIIETO COCTOSHUSI.

39. JlaTh Ka4eCTBEHHOE ONHMCAaHUE MEXaHN3Ma BO3HUKHOBEHUS CBEPXITPOBOIUMOCTH.

40. CBepXImpoBOJUMOCTh: KakHe (aKTOpbl YKa3bIBAIOT Ha OMNPEACISAIONIYI0 pojb KojieOaHWH
pemerku?

6.3. MarepuaJjbl AJsi NPOBEeJIeHUS TEKYILIEro M IPOMEKYTOYHOI0 KOHTPOJISA 3HAHUM
CTY/ICHTOB

KonTpoJsbHblie 3axaun.

1. Crpykrypa anmmaza. CKOJIBKO aTOMOB COACPXKUTCS B TPaHEIICHTPUPOBAHHOW KyOMUECKOU
DIIEMEHTApHOM sS4elKe?

2. Ocbh cummMmeTpus mopsiika. Kpucrammdeckas pemerka He MOKET UMETh MTOBOPOTHYIO OCh
CUMMETpUS IIATOr0 nopsjaka. JlokaszaTs 3T0 yTBEp)KJICHUE.

3. OmpenenuTh, Kakue SJIEMEHTHI CUMMETPHUH HMEIOTCS B KyOe, a Takke B KyOe, TpaHH
KOTOPOI0 3allITPUXOBAHBl TaK, UTO HAIPABJICHUS IITPUXOB Ha MEPECEKAIOLIMUXCS TPAHIX B3aUMHO
MePIEHIUKYIISIPHBI.

4. OnpenenuTb  MEXIUIOCKOCTHBIE PAcCTOSIHMSI B KyOWYEeCKOM pelieTke B ceMeicTBax
mockoctert ¢ uaaekcamu (100), (110), (111) u (112).

5. BeiBecTH 3aKkoH 30H (3akoH Belicca), koTopsiii rnacuT: eciau [uvw]- ock 30HbI, a (hKIl) —
rpaHb 3To# 30HHI, TO hu + kv + Iw = 0.



6.ITpuBecTH BBIpaXEHUS Ul MAPAMETPOB siUEEK MPSAMOM U 0OpaTHOW PELIETOK BCEX CUCTEM,
WX MEXIUIOCKOCTHBIX PACCTOSIHUN M O0BEMOB DJIEMEHTAPHOM STUCHKH.
7. Ilokazatsk, uyTo B Kyonueckoii cucreme Hanpasienue (hkl) mepnennukymnspro x rpanu (hkl).
8. Jloka3aTb, 4TO B KyOMuYEeCKOil cucreme yroin ¢ Mexay Hopmainsmu K rpassm (hikili) u
(h2kol2) onpenensiercs hopmyioi:
hh, + kK, +11,

JhZ k2 +12)(h2 + k2 +12)

9. BeiBecTn BbIpaskeHHe Aisi sHeprun depmu A MOJENM CBOOOIHBIX DJIEKTPOHOB METalia
py abCOJIIOTHOM HyJI€ TEMIIEPATYPBHI.

10. Cuutast cepeOpo OJHOBAICHTHBIM METANIOM €O chepuyeckoll MoBEpXHOCThIO Depmu,
BBIUUCIIUTH CJIEYIOINE BETUUNHBL:

1. snepruto @epmu u remneparypy Pepmu;

2. ckopocTh Depmu;

3. CpPEIHIO0 JUTMHY CBOOOHOTO IpoOera JIEKTPOHOB
IIpU KOMHATHOW TemIiepatype 1 BOJINU3U abCOIIOTHOTO
HYJI TEMIEPaTyp;

4. o0BbeM nepBoii 30HBI bpuitrosHa.

Hcnonb3oBath B pacuerax clieayronue Aanubie g Ag: mioTHocTh 10,5 r'cM™; aTOMHBIN BeC
A=107,87; ynensHoe conpotusienne p=1,61-10%om cm mpu 295°K 1 0,0038:10° omcm mpu 20°K

11. DnexTpoH IBUXKETCS B OAHOMEPHOM MEPUOIMUECKOM MOTEHIIMAIBLHOM I10JI€, CO3/IaBAEMOM
aTOMaMM, HaXOJAIIMMUCS Ha paccTossHUU d Ipyr OT Jpyra.

[Toka3ath, YTO BOJIHOBBIC (PYHKIMHU DIICKTPOHOB MOTYT UMeTh BuI U (X) exp (ikx), rae u (X)
— (GyHKUIMA TOH ke MEepUOAUYHOCTH, YTO M noTeHuual. lIpeanonaras, 4ro B TpEXMEPHOM Cilydae
BOJIHOBAsI PyHKIMsI mMeeT aHanornyuHbiil Bua: U (r) ekx (ekr), ompenenuTts 3Ha4YEHHS BOJIHOBOTO
BeKTOpa K /1715l rpaHelleHTPUPOBAHHOM KyOHUYECKOW PEIIeTKH.

12. 3ona bpumiosna pombOuueckoil pemerku. [lyctb pomOunueckas pemierka MMeEET Tpu
IPUMHUTHUBHBIX OCEBBIX BeKTOpa a=b5X, b=2y, ¢=z, niauHa KOTOpBIX BbIpaxarTcs B . OnpenenuTs
pa3Mepsl U GopMy OIpENIEeIUTh pa3Mepbl U GopMy NepBoii 30HbI bpuitrosHa.

13. Iloka3arb, 4TO Ha TpaHMLAX NEPBOM 30HBI BpuilIr0’HAa BOJIHOBBIE (YHKLIHUU CBOOOJHOTO
SJIEKTPOHA B OJHOMEPHOM MEpHOANYECKON pemeTku ¢ nepuogoM d BeIpokaeHbl. [Tokazarsk, 4ToO
€CIIM KaX/blii aTOM BHOCHT Majlo€ BO3MYIIEHHE, TO B NEPBOM MNPHUOIMKEHUH 110 BO3MYIIECHUIO
BOJIHOBbIE (DYHKIIMM Ha TPaHMIIE 30HbI IPOTIOPIIMOHAIBHBI.

. nrxX nzX
smT u COST (n — memnoe uuco).

COS @ =

3

14. [loka3atp, 4TO B Cilyyae, KOI/Ia JABM)KEHUE 3JIEKTPOHA B KPUCTAJJIE MOKHO pacCMaTpuBaTh
KaK paclpoCTpaHEHHE IUIOCKOW BOJIHBI exp(ikr), KBaHT 7K COOTBETCTBYeT MMITyJsbey. llokaszarts,

YTO €CIM Ha KPHUCTAI JEHCTBYET BHEIIHEE JJIEKTPUYECKOE ITI0JIe, TO CKOPOCTh H3MEHEHMS
HMMITyJIbCa B 3aBUCUMOCTM OT BPEMEHHM TAaKOBA, YTO JJIEKTPOH MOXKET pAacCMaTPUBATBCA Kak
4acTHUIla, oOpaTHasi Macca KOTOPOH SIBIISIETCS TCH30PHON BETUYHMHON, UMEIOIIEeH KOMITOHEHTHI:

(1) _1.o¢
m); h* okok,

15. BeruncauTh paBHOBECHYIO KOHIIeHTpanuio a) AedexroB Llortku; 6) nepexroB dpenkens B
KpHCTaIe.

Conep:xkaHue NPAKTHYECKUX H CEMUHAPCKUX 3aHATHH.

2.a. [lepeueHb BOIPOCOB, BBIHOCUMBIX Ha CEMUHAPCKHE WIIM PAKTUYECKUE 3aHATHS

1. CtpykTypa u cuMMeTpus KpucTaiioB. Pemerka bpass. OcHOBHBIC BEKTOPHI TPAHCIISIIHIA.

2. YnakoBka atoMoB B Kpuctamuiax. Koadduuuent ynakoBku st pemetok bpass. AToMHBIE
mwiockoct. Mlanekcel Belica.

3. Obparnas Pemerka. OcHOBHbBIE BEKTOPBI TPAHCISIINN 00paTHOH pemieTku. 3oHa bpumtosHa.



4. O6ume cpoiictBa ypaBHeHus Llpenunrepa mis nepuonndeckux cucreM. Teopema brioxa.
broxoBckue GpyHKInH. Kp-raMuiibToHHaH
9. Mogens Kponura-Ilenuu. DHepreTndeckue 30HbI.

6. Meroxa mnockux BoiH. [leproguueckuii moreHan. 30HHas CTPYKTypa B METOJIE TUIOCKUX
BOJIH.

/. OCHOBHBIE 3JIEKTPOHHBIEC XapaKTEPUCTUKH: 3PPEeKTUBHAS Macca, CKOPOCTb.

8. Meron cunbHON cBsizu. Pynkumu Banube. 3agaun Ha BBIYUCICHHE AWCHEPCHOHHON
3aBUCHUMOCTH JUISl IIPOCTBIX CTPYKTYP.

2.6. CoctaB u copepkaHue 3alaHUM, 3a7ad, KOTOPBIE MPEIyCMOTPEHBI JJIsl PEIICHHS WIH
pa30opa Ha 3aHATHAX.

3anamue 1.
3anaya 1. 306pasuth CTPYKTYpy KPUCTAILIA, sl KOTOPOTO BEKTOPbI TpaHcisiuu (a,,a,,a,)
u atomublii 6asuc (A, B) onpenensrores cneayromum o6pazom:

11
al =a O,E,Ej
a, =a(1,0,00  A=a(0,0,0)=[000] A=2a(0,0,0) =[000]
92-a040 g (11 1) [111] 0ena 305 - 11 1) 11
a, =a(0,0,1) 2'2'2) 222 L1 2'2'2) 222
a;=a —,—,Oj
2'2

11
alza O,E,Ej
A=4a(0,0,0)=[000]

1.1
na-f10l) - 111) 111
4 4 4 444

11 J

a;=a —,—-,0

2 2

3agaya 2. OmnpeaenauTh YHUCIO aTOMOB B PacCHIMPEHHOW 3yeMeHTapHOU sueiike, Tuma NacCl,
uMerotei popmy Kyoda.

3adaua 3. Ilycts @,,a,,a,; - BEKTOpbl TpaHCIALUN HEKOTOopoil pemeTku bpasa. Onpenenum
TpU BEKTOpa

u, =ha, +ma, +na,

u, =la, +m,a, +n,a,

u, =la, + mya, +n,a,

rae l;, m;,n; - nensie uncia. [Tokaszars, 4yTo ecin

Il ml nl
I, m, n, =N,
|3 mS n3

rae N — menoe 4ucio, To BEKTOpsl U;,U,,U,; 00pa3yloT HEKOTOPBII HOBBII Ha0OP OCHOBHBIX

TPAHCISAUN U HAUTH 00BEM JIEMEHTAPHOU SUEHKHU, TOCTPOSHHOM Ha TAaKUX BEKTOpax.

3amaya 4. Ilokazatb, 4TO OOBEMHOLIEHTPHUpPOBaHHAs KyOWyeckash peleTka MOXKeT ObITh
paszeneHa Ha JBE MPOCThle KyOuueckue pemeTkn A ¥ B Tak, 9ro HM ojHA mapa OMMKaMIINX
coceliel B MCXOJHOM pelIeTKe He okaxeTcsa B pemietke A win B. [loka3arh Takxke, 4To mpocras
KyOWdYeckass pemieTKa MOXET pacCMaTpUBaThCsl KaK JBE TPAHCICHTPUPOBAHHBIC, a
rpaHElEeHTPUPOBaHHAs KaK 4 MPOCTHIX.

3anamue 2.

3amaua 1. Jlyist cTpyKTypsl aiMasa (chanepura) HalTH BEIMUYHUHY TETPadIpUIeCcKoro yria A-B-
A.



3agaua 2. Haiitu KO3(pQUIMEHT YyMaKOBKU JUIsI TPOCTOH, OOBEMHOLEHTPUPOBAHHON U
TPaHEIICHTPUPOBAHHON KyOMYECKOM PEIIETKH.

3anamue 3.

3ajaya 1. IlpsMbIM pemieHHeM ypaBHEHUs (ai,bk)=27z5ik, [I0Ka3aTh, YTO BEKTOPHI

TpaHCIALUUN 0OOPAaTHOM pelIeTKH ONpenesitoTes GopMyIaMu:
R N

1 T 1
(as.[a;,a;])
rae 1,j,K — mukImueckue nepecTaHoBKy uncen 1, 2, 3.

5 _(2n)’
3agaya 2. [loka3arp, 4ro 0O0BeM mepBoil 30HBI bpmmmosna Q, = -——

, Tne €, - oovem
0

3JIEMEHTapHOU siueiku peieTku bpaso.

3anaua 3. [Toka3aTh, 4yTO pemieTka, oOpaTHas K OOpaTHOH, COBIANAET C MCXOJHOM PEUIeTKOMH
bpags.

3anamue 4.

3amaya 1. [TomyuuTs MpaBUILHO HOPMHUPOBAHHBIE OHOIETEPMHUHAHTHBIE (DYHKIUU CHCTEMBI
u3 N gacTuIl ¢ mosrynesasM cinHOM ((pepMHU-4acTUIIBI)

3amaya 2. [lomyuuTs MpaBUILHO HOPMHUPOBAHHBIE OJHOJIETEPMHUHAHTHBIE (DYHKIUU CHUCTEMBI
u3 N gactur ¢ nensiM cnuHoM (603€e-4acTHUlIbl).

3amaya 3. IlomyuuTh BbIpaKeHHME Uil OSHeprud B Merone Xaptpu-Doka uyepes
OJTHOYJIEKTpOHHBIE (yHKIMH cucTteMbl N 5JIEKTPOHOB, HAXOAALIMXCS B IOJIe SAEp 3apsjaa
Z,,J=1...M.

3agaua 4. C nOMOIIBIO BapUALMOHHOTO METO/a, UCTOIb3Yys (DYHKIMOHAJ 3HEPruH, MOIyUUTh
ypaBHenus Xaprpu-doka.

3amaua 5. Ilokasarp, uto ypaBHeHue lllpenunrepa misi mepuoAMYECKOM YacTH BOJHOBOM
GyskMn W, () MOXXHO 3anKcaTh B BUIE

(P + hk)?
2m
rae v, (r) =e™"u, (r).

3anamue 5.
3anaya 1. [Tokaszathb, 4TO AJI1 OTHOATOMHOTO KpHCTasia, GyHKIHS, TOCTPOSHHAS KaK

cbk(r)=%zeika¢<r—a>,

+V(r) u, (r)=e(k)u, (r),

Trac (D(r) - (1JYHKI_II/II/I, JIOKAJIM30BAHHBIC B OKPECTHOCTH Y3JIOB PCHICTKH, SABJIACTCA bnoxopckoit

byHKIHEH.
3agaqa 2. PaCCMOTpeTL OIHOMCPHYIO MOACIIb KPpUCTAJLJIa C TIOTCHIHNAJIOM BU/JA:
U,, O<xx<
Um=1"" P
0, —-g<x<0

U TICPHOJIOM PEIIETKH a = P + ( . HaiiTu BomHOBBIE (DYHKIIMH, CIEKTP PHEPTHI U PACCMOTPETH
npenenbHeli caydait p—0,U, — oo, Tak uto U, p =Const .

3anamue 6.

3amaya 1. Mcnone3ys METOM IUIOCKMX BOJIH, HAMTH CIIEKTP HEPTUU B OJTHOMEPHOM KpPHUCTAILIE
JUIs 3HAYE€HUH BOJIHOBOTO BEKTOPA HA I'PAaHUIIE 30HBI bprinitosHa.

3agaua 2. [lokaszaTh, 4TO Ha TpaHMLAX IEPBOH 30HBI bBpuiTiosHa BOJIHOBBIE (QYHKIUH
CBOOOTHOTO DJICKTPOHA B OJTHOMEPHOM pelIeTKe ¢ MepruoaoM d BEIPOXKIICHBL.

3anaya 3. PaccMoTpeTh 3aauy 0 2-X MEPHOM 3JIEKTPOHHOM Trase U

a) MOKa3aTh, YTO KHUHETHYECKas SHEPrus 3JEKTPOHA B «yIWy» 30HBI bpuiuitosHa B 2 pasa
Oosblie, YeM Ha cepeIuHe CTOPOHBI;



0) HAMTH 3TO OTHOIIEHHUE I 3-X MEPHOTO CIydas.

3anamue 7.

3anmayva 1. [Tokaszarb, 4yToO M1 JIFOOOTO COCTOSHUS SJCKTPOHA B KPUCTAIIE TPYIIIOBAsi CKOPOCTh
B JBa pa3a Oonbiie ¢da3oBol ckopocTd. HailTm cooTHOIIEHHWE MeXAy TpynmnoBod u (Ha3oBOM

CKOPOCTBIO, eciii 3aKkoH aucnepenn umeer Bun (K) = Ak® + Bk*, a taxoke nokasars, uto V,, =V,

2A*
eciu & =
9B
o v 3 QO
3agaua 2. [lokaszarh, 4TO Ui KaXXIOW SHEPreTMdeckoil 30HbI cymectByer 2N W
V2

COCTOSIHUH, MPUXOIAIINXCS HA €AUHHUILY 00beMa 00paTHOTO NMPOCTPAHCTBA.

3anamue 8.

3agaua 1. Jloka3aTh CBOMCTBO «TpaHCHSAIMW» (YHKUMH BaHHBE IS OJHOMEPHOTO CiydYas:
@, (X) = @, (X —Nna), rae N — HoMep y3Jia OJTHOMEPHOW PEIICTKH C TIEPHOIOM .

3anaya 2. Jloka3ath OpTOroHaILHOCTH (hyHKIMIT BanHbe @, (X).

3amava 3. Beruncnute ¢yHKUIuMU BaHHbe A5 ciydas mpoCTO KyOMYecKON pemieTku, Koraa
broxoBckast GyHKIIUS 3a1a€TCsl TIFIOCKOM BOJIHOM (2JIEKTPOH B ITyCTOM pPEIIETKE).

3amaya 4. JIns mpocTtoit KyOMuYecKoil pemeTku ¢ JUIMHONW pedpa @ BBIUMCIUTh 4 HIKHUX
SHEPTrUn CBO6OIIHI>IX OJICKTPOHOB, CCJIN BOJHOBOM BCKTOpP B CXEMC IIPUBCACHHBIX 30H UMCCT AJIMHY

T
2a U TIepIICHANKYIIIPEH IPaHu Kyoa.
a

3amaya 5. Mcrionw3ys BeIpaKeHHUE IJIs1 SHEPTUH B METOJIE CHIIBHOM CBSI3U

z h(n)eikn
+ Z S(n)eikn

rme n(nn,n,)=na, +n,a, +nN,a,, a takke cuuras Beamuunb N(N), S(N) mapamerpamu,

ek)=¢g,

NOJIy49UTh B TNPHOIMKEHHM OMMKAWKX cocenedl  sBHble Boipaxenus s Qynkouu £(K)

onHoaroMHoro kpucramia ¢ [IKP, OLIK u I'lIK pemerkoi.

3amaya 6. [lomyuuth BeIpakeHHE ISl Te€H30pa 3(PPEKTUBHOM Macchl KpUCTaljaa C MPOCTOM
KyOHMYeCKOH pelIeTKOM, eClIu CIIeKTp SHEPTHil UMeeT BUJ

ek)=E, - 2A[cos k,a+cosk,a+cos kZaJ

Y HalTH MpenebHbIe 3HaYeHUs sl TOUKU K =0.

Opranun3anusi ”TOrOBOH ATTECTAIMM ¢ KPUTEPUSIMU OLlCHHBAHUS:

OcymecTBisiercs B popMe 3K3aMeHa, Ha KOTOPOM IPOBEPSIIOTCS 3HaHHS OCHOBHBIX BOIIPOCOB
1o (TeMaTHKa TUCIUILIIHHBI).

Onenka "OTAMYHO" CTaBUTCS B Clydae, €CIM CTYJEHT MOKaKET TIyOOKOe, MCUEPIBIBAIOIICE
NOHMMAaHHWE CYIIHOCTM W  B3aUMOCBSI3M  pacCMaTpUBAaEMBIX IPOLECCOB U  SBICHHI,
MPOJEMOHCTPUPYET  YMEHHS  aHAJM3UpOBaThb  CUTYyallMM, pEJIEBaHTHbIE  3a/JadaM  €ro
npodeccuoHaIbHON KBaTU(UKALINK.

Onenka "xopomo" cTaBUTCA B Caydae, €CIM CTYJEHT BJIaJEeT 3HAHUSMH TEOPHH WU NPAKTHKH,
MIOKAa3bIBAET JOCTATOYHOE [MOHMMAaHHE CYLIHOCTH M B3aHMMOCBSA3M PACCMATPUBAEMBIX IPOLECCOB U
SBJIEHUHN, HO UMEET HEKOTOPhIE HEJOCTATKU B OTBETAX.

Onenka "yJnOBIIETBOPUTENBHO" CTaBUTCS B CIydyae, €CIM OTBEYAIOUIMI MOKa3bIBa€T TBEPAOE
3HAHUE U NOHMMaHHUE BOIPOCOB MPOrpaMMbI, HO OTBETHI COAEP)KAT HECYLIECTBEHHBIE OIINOKU U
HETOYHOCTH, IIPY OTBETAX PEKOMEH0BAHHAA JIUTEpaTypa HCIOJIb30BaHa HEJOCTATOYHO.

Onenka "Hey10BIETBOPUTEILHO" CTABUTCS B CIIy4ae, €CJIM UMEET MECTO HENPABUIIbHBIA OTBET
XOTs1 Obl HAa OAMH U3 OCHOBHBIX BOIIPOCOB, I'pyOble OIIMOKM B OTBETE, HEMOHMMAHHUE CYIIHOCTH
U3JIaraeMbIX BOIIPOCOB, HEYBEPEHHbIE HETOUHBIE OTBETHI HA TOIIOJHUTENIBHBIE BOIIPOCHI.



3K33M€H31[I/IOHHLIC BOIIPOCHI MO TMCHMIIJINHE «Pusnka TBEPAOIro T€JI2»

1. OcHoBHbIe MOHATHSA (U3MKKU TBEPJOrO Tena: TPAHCIALMOHHAs CUMMETpHs, pemierka bpaso,
OCHOBHBIE€ BEKTOPBI TPAHCIISLMMA, STIEMEHTapHas s4uelika, ssiuelika Burnepa-3eiia.

2. OcHOBHBIE TOHATUS (PU3MKM TBEPJOrO Tejia: oOpaTHas peuieTka, BEKTOPHI TPAHCIALUN
oOpaTHO# pemieTky, 30Ha bpuitosHa.

3. OCHOBHBIC TOHATHS (U3UKK TBEPAOTO Teia: MEPHOAMYECKHI MOTeHuuan, Teopama bioxa
(dbopmynupoBKa), 30HHas CTPYKTYypa.

4. DnemeHTapHbIe BO30YyXIeHUs. KBa3nuacTHIIBL.

5. O6mas ¢GopMynupoBKa KBAHTOBOM 3aJaud MHOTUX TeJ, MHOTOJIEKTPOHHOE YypaBHEHHE
[lIpenunrepa.

6. Aauabatuueckoe npudmkenue. Pazaenenue aTOMHBIX U 3J€KTPOHHBIX KOOPAUHAT.

7. OnHo3nekTpoHHOE npubImxenue. Merox XapTpH.

8. AHTHCHMMETpHUYHBIE BOJIHOBBIE (GyHKIMH. Metoa Xaptpu-Doka.

9. Ompenenenue u 00IIME CBOWCTBA 3JICKTPOHHOM IIOTHOCTH.

10. Teopus @yuknuonana [InotHoctu: nepsas Teopema Xosubepra-Kona.

11. Teopus OPynkumonana IlmotHocTu: BTOpas Teopema XosuOepra-Kona, BapuanmoHHBIH
MIPUHIIUIIL.

12. Meron Kona-Illama. @yuknuonan saepruu. OOMEeHHO-KOPPEISIIUOHHAS YHEPTHSL.

13. Meron Kona-Illama, ypaBuenus Kona-IlIama.

14. Mertonpl penieHus 30HHBIX ypaBHEHHIA: Oa3uCHbIe ()YHKIIMH, CEKYIISIPHOE YPaBHEHHE.

15. Mero1 I0CKHUX BOJIH.

16. Meron siueex.

17. Meron nprcOeAMHEHHBIX TUIOCKUX BoJH: MT-notenuuar.

18. Mertoxa npruCOETMHEHHBIX IJIOCKUX BOJIH: PELICHUE 30HHOTO YPaBHEHHUS.

19. OO6mias cxema JIMHEIHOTO METO0/1a MPUCOEANHEHHBIX IUIOCKUX BOJIH.

20. Meroa OpTOTOHAIM30BAHHBIX TUIOCKAX BOJTH.

21. TlceBnonoreHuuan. MojenbHble U IEPBONPUHIHUITHBIE MICEBIONOTEHIIUABI.

22. DJEKTPOH B IyCTOW permieTke. 30HHas CTPYKTypa.

23. TlpubnuxeHue CUILHOMN CBSI3U: ONpeieNieHre U odue cBoiicTBa ¢pyHkumii Banbe.

24. TlpuGmmxeHne CHILHOW CBSI3W — 3aKOH JTUCTIEPCHH, YHEPTETHUECKUE 30HBI B METO/IE CHIIbHOU
CBSI3H.

25. Mopenb modTd CBOOOIHBIX DJIEKTPOHOB, TEOPHsI BO3MYIICHUH. 30HHAs CTPYKTypa B CXeMe
pacUIMpPeHHBIX U TPUBEICHHBIX 30H.

26. Tlepuonnyeckue rpaHUYHBIC YCIOBUS. Bruncienne nHTErpaios mno 3oue bpummosHa.

27. TInornocts cocrosiauii, Brurcnenre N(E) mis snexrpona B mycroit pemerke.

28. CBo#CTBa 3JEKTPOHOB B KpUCTauTax: 3(pQeKTHBHAs Macca 3JIEKTPOHOB W IBIPOK, TEH30D
7¢(heKTUBHON MacChI.

29. Teopema Banbe.

30. CkopocTh JeKTpOHA. Y paBHEHUS ABHKCHHUSL.

31. DnexTpoH-QOHOHHOE  B3aWMOJEHCTBHME:  O0mUEe  CBOicTBa, TeH30p  Aedopmarum,
neGOopMalMOHHBIN MOTEHIIHAI.

32. BropuuyHOe KBAaHTOBaHWE U TIPEACTABICHHWE YHCEN 3aroJHEeHHEe s ae(opMarmoHHOTO
NOTEHIIMANIA.

33. DnekTpoH-QOHOHHOE B3aMMOACUCTBHE — TaMWJIBTOHWAHA B3aWMOJICHCTBUS, IHATPaMMBI
@deliHMaHa, 3JIEMEHTApHbBIE MPOLIECCHI.

34. BupryanbHble (POHOHBI.

35. B3aumogeiicTBue 31€KTPOHOB ¢ Aeopmariueil B cirydyae CUIbHOMN CBSI3H.

36. DnexkTpoH-(hOHOHHOE B3aUMOJCHCTBHE B MIOHHBIX KpucTaiuiax. [lomsipon, monens dpenuxa.

37. CBepxmpoBOAMMOCTb: KpUTHUYECKas Temmeparypa, dhdekr Meiicuepa-Okcendenbaa.
VYpaBHenue JIOHIOHOB.

38. CBepXxmpoBOAMMOCTb, IPOHUKHOBEHHE MarHUTHOTO I10JIsI B CBEPXIIPOBOINHUK.

39. CepxnpoBoaumMocTb: Teopus [ mH30ypra-Jlannay.



40. CBepXmpoBOAMMOCTD: JJIMHA KOT€PEHTHOCTH, CBEPXIIPOBOIHUKH 1-TO 1 2-TO pora.

41. KBaHTOBaHME MarHUTHOIO MOTOKA. DIIOKCOH.

42. OCHOBHBIE MTOJIOKEHHUSI MUKPOCKOITMUECKOM TEOPHH CBEPXITPOBOIUMOCTH.

43. Bunbl B3aMMOJEHCTBHSI CBETA C TBEPABIM TEJIOM; ONITUYECKHNE KOHCTaHTBHI.

44, CoOCTBEHHOE TMOIJIOIIEHHE, DOKCHUTOHHOE IIOIVIOIIEHHE, IMOIVIOIIEHWE  CBOOOIHBIMU
HOCUTEIISIMU; IPUMECHOE MOTJIOIEHHE; PEILIETOYHOE MOTIIOIIEHHE.

45. PexoMOMHAIIMOHHOE U3JTy4YEeHHUE B MOJIYPOBOAHUKAX. MEK30HHAsI peKOMOMHALHSI.

46. PexoMOMHaIMs Yyepe3 JIOKAIN30BaHHbIE LIEHTPbl. DKCUTOHHAs peKkoMOuHanus. TBepaoTenbHble
Ja3epsl.

47. OOmuii  TEOpeTUYECKMH aHalM3 MEX30HHBIX ONTHYECKMX MEPeXOAOB. AMIIOJIBHOE
npUOIIKEHUE.

48. BepTHKaJbHBIE IIEPEXO/IbI, CBA3b C ONTHUECKUMH KOHCTAHTaMH.

TEMBbI KYPCOBBIX PABOT

1. KBasukpucramisl 1 aMop(HbIE BelllecTBa

2. MarautHble CBOMCTBA Tel

3. Hanokpucrtayuibl

4. )Kunkre KpucTaylibl U UX IPUMEHEHHE

5. Metozsl onpezenenus aTOMHOM CTPYKTYpbl TBEPIOTO Tella

6. [TocrositHHBIE MarHUTHI. TE€XHOJIOTUS U3TOTOBJICHUS. XapaKTEPUCTUKU

7. Tonkue mnenku. [loayueHnue u cBoicTBa

8. IlomynpoBoJHUKOBBIE TPUOOPHI

9. XKuzakue KpuCTauibl U UX IPUMEHEHHE

10. CynepnapaMarHeTu3mM U MarHUTHBINA PE30HAHC

11. TennoBsle CBOWCTBA TBEPABIX TEIN

12. MexaToOMHBIE CBSI3U

13. CoBpeMeHHBbIE MaTepHaibl Ha OCHOBE yriepoja. HanoTpyOku, dyiaepeHsl
14. JleeKTbl KpUCTAJUIMYECKOM CTPYKTYpHI, BIUSHUE JeOpMalluu Ha UX CTPYKTYPY
15. Bnustnve Bogopoia Ha CTPYKTYPY METAIUIMYECKHUX CIUIAaBOB

16. IIpuHIMIIBEI MOAETTUPOBAHUS KAPTUH PEHTTEHOBCKOM Tuppakiuun

17. HaHOCTpyKTypbl Ha OCHOBE OKCHA LINHKA

7. YueOHO-MeTOAMYeCKOe U MATEPHATbHO-TEXHHYECKOe ofecrevyeHne TUCHMIIHHBI
7.1. Y4eOnas quTeparypa:

OcHosHas tumepamypa

1. ®usuka tBepaoro cocrossHus bidiikmop Jx.2008

2. Benenue B ¢pusuky tBepnoro tena Kurrens Y. 2010

3. OcHoBbl pusuku TB. Tena 3uaenko B.U., Copokun B.I1., Typuun I1.I1. 2008
4. ®wusuka tBepaoro tena [lasnos I1.B., Xoxmos A.B. 2008

Jlononnumenvnas tumepamypa

1. KBaHTOBOXMMHYECKHE METOJIBI B TEOPUH TBEP/I. Tena DBapectoB P.A. 1982

2. Meronbl BEIUMCIUTENBHONU (U3UKU B Teopuu TBepaoro tena bapesxtap B.I'., 3apoueHues
E.B., Tpouukas E.I'. 1990

3. ®wusuka tBepaoro tena [lasnos I1.B., Xoxmos A.B. 2000

4. ®uzuka nomynpoBogaukoB bonu-bpyesuu B.JI., Kanamuaukos C.I1. 2009

5. Teopus tBepnoro tena. Jaseinos A.C. 2008

7.2. UHTEpHET-pecypchl



1. http://www.ph4s.ru/books/tvtelo/vasilevskiy.rar

2. http://www.ph4s.ru/books/tvtelo/vasilevskiy.hohlov.rar

http://eqworld.ipmnet.ru/ru/library/physics.htm
http://mat.net.ua/mat/index-fizika.htm
http://ph4s.ru/books_phys.html

7.3. IIporpammHoe obecnievyenue

1. Onepannonnas cucrema Microsoft Windows XP Professional.

2. ITaker npuknaaubeix mporpamm Microsoft Office 2003 Professional.
3. IIporpammHBIii TpoykT «AHTUBHPYC Kacnepckoroy.

4. Ilporpammusiii mpoaykt FineReader 7.0 Professional Edition.

5. Ilporpammuslii npogykt MATLAB 6.

7.4. MaTepuajibHO-TeXHHYECKOEe o0ecriedyeHue

Y4eOHast ayIMTOPHS JIJIsl JIEKIIMOHHBIX 3aHSATHIA
(Ne 306) 386132, PU, r.Haspans,
I'amyp3ueBckuii OKpyr, yia. MaructpaibHasi,
39a, Kopniyc 3E

Cron s mpenonasarens - 1 mr. (cocToUT
U3 2-X CEKIUi); CTyJI AJisl mpernogaBaTes -1
IIT.; Jocka - 1 mwT.; TpubyHa-1 wrT, cron - 28
IIT.; CKaMbsI-56 1T

Jlabopatopuss ~«®Pu3MKa TBEPAOro  Teiay
(Ne201) 386132, PU, r.Haspans,
I'amyp3ueBckuii OKpyr, yi. MarucrpaibHasi,
39a, Kopmiyc 3E

Cron nns npenojaBarens - 1 wT; cTyn uis
npenojasarens -1 mrT.; qocka - 1 mrT.; crox -
10 mrt.; ckampa-20 mrT, DTA - anamms,
JIKT -8. Onpenenenue
TETMIOEMKOCTEH U 00BEMHON MPOBOIUMOCTH
MOJTUMEPOB. YCTAHOBKA Uil OIPEEICHUS
IEKTPUUECKON MPOUYHOCTH JUAIIEKTPUKOB.
Omnpenenenue TUAJICKTPUIECKOM
NPOHMIIAEMOCTH M TaHreHca  anb(a
IURJIEKTpUUecKuX moteps. Onpenenenue
HoKasareJs IpeIOMIICHUS U ero
WHKPEMEHTBl  PacTBOPOB MOJTTMEPOB.
MasTHUK Komep JUIsl HCCIEOBaHUS
npouHocty nonumepos. DUII-onpenenenune
pellaKkCallMOHHBIX NTOTEPh B MOJIUMEpax.



http://www.ph4s.ru/books/tvtelo/vasilevskiy.rar
http://www.ph4s.ru/books/tvtelo/vasilevskiy.hohlov.rar

Pabouas nmporpamMma AU CHUILIAHBL «®Du3nKa TBEPAOTrO Tejiay COCTaBJII€Ha B COOTBETCTBHU C

tpeboBanusiMu PI'OC BO mno nampasnenuto moxarotoBku 03.03.02 dusuka, yTBEp:KICHHOTO

npuka3zoM MuHHCTepcTBa 00pa3oBaHust U Hayku Poccuiickoit deneparuun ot « 07 » aBrycra 2020
r. Ne 981.

[TporpamMmmy cocTaBumi: CT. IpernoaaBarenb kadhenpel «Puszukay M. b. bareixken

[Tporpamma onoOpeHa Ha 3acenanuu kadeapsl «PU3nKa»

ITporokon Ne 10 ot «20» urons 2023 roga

[Tporpamma ogo0OpeHa YueOHO-METOAMYECKUM COBETOM (PH3UKO-MAaTEMAaTHIECKOTO (paKyIbpTeTa
[Tpotokon Ne 10 ot «23» utons 2023 rona

[Ipencenarens YueOHO-METOIUYECKOTO COBETa (PaKyIbTeTa /Haneruesa M. A.

[TporpaMma paccMOTpeHa Ha 3acelaHuU Y 4e0HO-METOANIECKOTO COBETA YHHBEPCHTETA
[Tpotokom Nel0 ot «28» mronst 2023r.



CeeeHusi 0 mepeyTBepP:KIeHNH MPOrPaMMbl HA OUYepeTHON y4eOHbI rojl U perucTpauuu
H3MEHEeHU I

VYueOHbli Pemenne BHecenHbie H3MEHEHUS Iloamnmce 3aB.
IO Kadeapsl kadeapoi
(Ne mpoTokoia,
JlaTa)







