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Ienu ocBoeHNS AU CHUIITHHBI

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 OTHOIIECHUH.

Hucnunnuna uzydaercs Ha 4 Kkypce B 7 ceMecTpe.

OcHosnble HAGbIKU, KOTOPBIMM JOJDKEH 00JanaTh CTYJEHT: 3HaTh OCHOBHBIE CBOMCTBa
MPOTSKEHHBIX CHUCTEM, OOYCIIOBJIECHHBbIE KBAHTOBBIM XapaKTEpOM B3aMMOJEHCTBHM, 00ianarh
HaBBIKAMHU PabOThI C 0OBEKTaMH, KOTOpPBIE XapaKTepHBI JUIsl pacCCMaTPUBAEMBIX CHCTEM, BKJIIOYAs
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- KOMIETEHIIUU KOMITETEHIINH JTUCIUIUIMHBI 00yYarouics
105041 (3aKpenniennblil 3a OUCYUNTUHOLL) JNOJIKCH:
YK-2. Criocoben YK-2.1. Onpezaensier Kpyr 3aj1a4 | 3HACT BHIBI PECYPCOB 1
OIPENENIATh KPYyT B paMKax [TOCTaBJIeH OTPaHHYCHUN JULS peIICHUS
. po¢eCCHOHATIBHBIX 33134,
3a/1a4 B paMKax HOW 1€, OTIPEIEINISICT CBSA3H
o OCHOBHBIC METObI OLICHKU PAa3HBIX
HOCTABJICHHOH MEXKIy HUMH, CII0CO6OB PelICHNs 3a/1a4;
I[eJIU U BEIOUPATh VK-2.2. Tlpennaraer criocoObl JeHCTBYIOIIEE 3aKOHOAATENHCTBO
ONTUMAJIbHBIC pellIeHus TOCTaBICHHBIX 3aa4 U | 1 HPaBOBbIC HOPMBI,
CHOCOOBI UX O’KU/Ia€MBbIE PE3YJIbTAThI; PerypyIoLe
npodeccroHaNbHY IO
pelleHus, UICXO/s U3 | OLEHUBAET MPEJIOKEHHBIE
o JCATCIBbHOCTD.
JEHCTBYIOIINX CIIOCOOBI C TOUKH 3PCHHUS VMeeT MPOBOIHTS AHATHS
MIPABOBBIX COOTBETCTBHUS 1I€JIU MTPOEKTA; IIOCTABJICHHON NN 1
HOPM, VK-2.3. [Inanupyer peanusanuto| bopMy MpoBarh 3a1ati, KOTOPbIC
UMEIOIUXCS 3aJ1a4 B 30HE CBOCH HEOOXOMMO PEIIHTL JUIA e
JOCTUIKCHUSA; aHAJIU3UPOBATH
pecypcoB u OTBETCTBEHHOCTH C yUETOM
o AJIBTCPHATUBHBIC BapHUAHTBI AJIs
OrpaHquHHH I/IMeIOH‘IHXCﬂ pecprOB u JOCTHXKECHUSI HAMCUYCHHBIX
OrpaHU4YC€HHU, JCUCTBYIOIUX PE3yJIbTATOB; UCIOJIb30BATh
IIPaBOBBIX HOPM; HOpPMAaTHUBHO-TIPABOBYIO
VK-2.4. BoinosHseT 3a/1a4u B ZIOKyMEHTaIHIO B chepe
) HpO(beCCI/IOHaJ'ILHOI/I ACATCIBHOCTH
30HE CBOEW OTBETCTBEHHOCTH B
Brnageer meroamkamu pazpaboTku
COOTBCTCTBHH C Leny U 3a7a4 IPOeKTa; METOAaMu
3aHJ'IaHI/IpOBaHHBIMI/I OLCHKU HOTpC6HOCTI/I B pecypcax,
pe?’}’J'II)TaTaMI/I U TOYKaMUu OPOAOJIKUTCIIBHOCTH U CTOUMOCTH
KOHTPOJISI, TPH HEOOXoauMocTy | [IPOCKTA; HABBIKAMH paGorsl ¢
HOpPMAaTHUBHO-TIPABOBOU
KOPPEKTUPYET CIIOCOOBI PEIIeHUS .
JOKYMEHTaluCH
3ajady;
VYK-2.5. Tllpencrasnsier
pe3yNbTaThl IPOEKTA, MPeIaracT
BO3MOXXHOCTH HX HICTIOJIH30BaHUS
W/WJIM COBEPIICHCTBOBAHMUSI.
OIIK-1.  |Cnoco6en nmpumenarts [OIIK-1.1. 3naer ocHOBHBIE
0a30BbIC 3HAHUS B MOHSTHS U 3aKOHBI PU3UKU U
o0nactu (husmKo- NPYTUX €CTECTBEHHBIX HayK,
MaTEeMaTHYeCKUX U [METOJIbl MATeMaTUYECKOTO
CCTECTBCHHBIX HAyK B [@HAJIN3a, aJIreOpbl K TEOMETPHH.
cdepe cBoeit OI1K-1.2. YMeer pemathb
npodeccnoHabHOM  [cTaHAapTHBIE MpodeccuoHaNbHbIE
eI TeIbHOCTH. Bajiayu ¢ MPUMEHEHUEeM (DU3HKO-
MaTeMaTHYCCKUX U
ECTECTBEHHOHAYUYHBIX 3HAHUH,
METOJIOB HAYYHOT'O aHAJIH3a
MOJICTTUPOBAHUSI.
OIIK-1.3. Bnaneet HaBBIKAaMH
TEOPETUYECKHUX U
AKCIIEPUMEHTAIBHBIX
UCcleI0BaHmii B chepe
npo¢eCCHOHATBHON
JIESITEIIbHOCTH.
T1K-3. CriocoOHOCTB TIK-3.1. Bimageer Bo3MokHOCTSIMU| Bianers: MeTomaMu
MCIIOJIb30BaTh )COBpeMeHHHx HAy4YHBIX METOJIOB| HAXOXKIEHUS, 0TOOpa U




CTeIIHATU3UPOBAHHBIE
3HAHUA B 00J1aCTH
(bU3HUKY 17151 OCBOCHHS
PO UIBHBIX
(bu3HUECKUX
TTMCIIUTUTAH

Ha ypOBHE, HEOOXOAMMOM st
MMOCTAHOBKM W pEIIEHHUS 3a4ady,

MMEIOIUX EeCTECTBEHHO-HAYYHOE
CoJlepKaHuE.
IK-3.2. YwMmeer BEIOHpATH|

HanOosiee 3(P(HEKTUBHBIC METOJIbI

peIIeHUs] OCHOBHBIX THIIOB 3aJad,

BCTPEYAIOIIUXCS B PHU3UKE.
ITK-3.3. 3HaeT cnocoObl
OIIpEICIICHNs] BUJIOB M TUIIOB
npodecCHOHATBHBIX 33/ad,
CTPYKTYPHPOBAHUS 33134
Pa3IMYHBIX TPy,

00BbETUHEHUS PA3TUIHBIX
METO/IOB TIPOBEICHHS
(U3NYECKUX HCCIIeTOBAHUM.
YMeTh: OCMBICICHHO
BBIOMpATh HAYYHBIH METOJ
NPOBEICHUS PU3UIECKUX
UCCIIEI0BAHUM.

3HAaTh: CIIOCOOBI
OIIpEICTICHUS BHIOB Y TUIIOB
npodecCHOHATBHBIX 33]1a4, a
TaK)KE METObI UX PELICHUS
IIPY TIPOBEICHUH
(hM3HUECKUX HCCIETOBaHUN

4. CTpyKTypa H coJep:KkaHue

AMCUHMILIMHBI (MOLYJIs1)

4.1. CTpyKTypa AUCHUILIMHBI (MOXYJIA)
OO0mmast TpyZ0EMKOCTh AUCIUILINHBI COCTAaBISET 5 3aueTHhIX equnani, 180 waca.

Ne Buabi yueOHoit pa6oTsl, BKIOYAs PopMbl  TeKyllero  KOHTPOJIA
H/H CaMOCTOATECJIbHYIO paﬁoTy CTYACHTOB HyCII€EBAEMOCTH (no Heoenam
TPY0eMKOCTh (B 4acax) cemecmpa)
K 5 C ®opma NPOMEXKYTOYHOM
OHTAKTHasi paooTa aMoOCTOATEe/Ib-HasdA aTTecTaluu (no cemecmpa./n)
padora
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1 Bsenenue. OcHoBHblE 7 | 8 | 4 | 2 | 2 1 1
TOHSITHUS.
2 |OcHOBHBIE monoxkenus, 7 |10 4 | 2 | 2 1 1 |+ +
(U3HUKHN TBEPAOTO TeNa.
3 |KBanroBas 3amaua mHorux [ |12 | 4 | 2 | 2 1 1 + + +
Tell.
4 Amnabatnyeckoe 71121 4|2 | 2 1 1 + +
pUOIIHKEHUE.
5 |OHOAIEKTPOHHOE 711414 1 44 2 11 + +
npuOIMKEeHNE
6 |AHTHCUMMETPHU30BaHHBIE 711414 1 44 1 1 +
BOJIHOBBIE (DYHKITHH.
7 [Teopus Oynkuvonana 7/ (14| 4 4 | 4 1 1 +
[lmoTHOCTH




8 Merox Kona-IlIsma. 71141 4 | 4 | 4 1 1 + +
9 Meronsl pemwenust 7 (14 3 | 4 | 4 2 2 +
YpPaBHEHUI 30HHOM TEOPHUH.
10 JluHeiHbIC METOIBI. 714134 4 2 11 +
11 TIpubimxeHHBIC METOIBI. 71141 3 |4 | 4 1 1 +
12 DnexktpoH-hOHOHHOE 711413 4 4 1 1 + +
B3aUMOJICHCTBUE.
13 DnexTpoH-PoHOHHOE 7 14134 4 1 1 + +
B3alMO/JICIICTBIE B HOHHBIX
KpHUCTaJIJIaX.
14 CBepXmpoBOIUMOCTD. 71413 4 4 2 1] 1 + | +
15 (CBepXmpoBOIUMOCTS: 711313 4 4 1 1 + +
MUKPOCKOITMYECKAsI TEOPUS .
16 Omnrtuueckue cBoiicta 7 (12| 3 | 4 | 4 2 1] 1 + +
KPUCTAJIJIOB.
17 PexoMOWHAIIMOHHOE  H3ITY- 12/ 3 14 | 4 2 1 1
YEeHHE B MOJIYIIPOBOIHUKAX.
18 KBanToBas Teopusi 7 12| 3 | 4 | 4 2 11 + +
ONITUYECKUX CBOWCTB
KPUCTAJIJIOB
Kypcosas paboma (npoexm) * 7
OOmass TPyAOEMKOCTh, B 180/ 48 | 48 3 27 [TpomexxyTounas
yacax dopma
3auer
3ayer ¢ OLEHKOH
DKk3ameH +
4.2. Conep:kaHue TeM THCIUIIHHBI «PU3MKA TBEPIOro Tejaa»
Conep:xxaHue IMCUMILTUHBI
1. Conep:kaHue yacTeid, pa3/ieJioB U TEM Kypca
JIureparypa
Tema Conepxxanue
1. Benenue. TpaHCnAlMOHHAS ~ CHUMMETpHS, OCHOBHBbIE  BekTopsI | [1]-[4]
OCHOBHBIE IOHATHUSA. | TPAHCIALMM, DSJIEMEHTapHas s4eilka, s4eiika Buraepa-

3eiiTiia, oOpaTHas peleTka, InepBas 30Ha bpuitosHa,
CUCTEeMa €MHUI] (ATOMHAsl, PeJIITUBUCTCKAS)

2. OcHOBHEIE
MOJIOKEHUS (PU3HKU

Ilepuonuueckuii mnoTteHuuan, TeopeMa broxa, 30HHas
CTPYKTYypa, AUCIIEPCHOHHAsI 3aBUCUMOCTb, KIacCHU(pUKAIUs

[1]-[4]

TBEPAOTO Tena. TBEPABIX TEl. DJIeMeHTapHbIe BO30OYXICHUSI.
KBasuuacTuisl

3. KBanroBas 3amaua | OOmas (GopMynupoBKa KBaHTOBO# 3amauu MHOrMx Teil. | [1]-[4]

MHOTHX TEJI. MHOTr031eKTpOHHOE ypaBHEHUE [penunrepa,
I'amMunbpTOHMAH.

4. Annabatuueckoe
MPUOJIMKEHNE.

PaSI[eJIeHI/Ie ATOMHBIX U 3JICKTPOHHBIX KOOPAWHAT.

[1]-[4]

5. OIHO3JIEKTPOHHOE
npUOINKEHHUE.

BanentHoe npuGmmkenue. BapuanuoHHBI — NPUHIAT
Putna.  VpaBuenuss ~ Xaptpu.  CamocoriacoBaHHBIN
noteHuuan. Pemenne «caMocoriacoBaHHbIX» YPaBHEHHIA.

[1]-[4]




6.

Omnpenenurens Cidiitepa. Boruncinenue cpeiHUX 3HAYEHUN

[1]-[4]

AHTHCUMMETPHU30BaH |C  JCTEPMHUHAHTHBIMH  (QyHKIusMUA.  BapuannoHHBIHA

HBIE BOJIHOBBIE npuHun. YpasHeHus Xaprpu-Ooka. OOMeHHast SHeprus.
byHKIIM.

7. Teopus DJNeKTpOHHAsT  IUIOTHOCTh,  ONpeneNeHne,  OocHOBHbIC | [1]-[4]
OyHKIMOHAA cBorictBa. IlepBas Teopema XosuOepra-Kona. Bropas
[InotHoCTH Teopema Xo3HOepra-KoHa, BapHallMOHHBIA MPUHIUN JUIS

BHGKTPOHHOﬁ IIJIOTHOCTH. CI)yHKI_II/IOHa.]'I ITOJIHOM OHCPIruu.

8. Meton Kona-

[Toctpoenue ¢GyHKIIMOHATA SHEPTUU C HCIOJIL30BAHUEM

[1]-[4]

[I>ma. (GUKTUBHOW CHUCTEMBl HEB3aUMOICHCTBYIOIIMX YacCTHII.
VpaBuenuss  Kona-lllsma.  OOMeHHO-KOppESAIHMOHHAS
DHEPTHSL.

9. Metons! pemienust | O6mast  ¢popmynupoBka 3agaud. basucHeie QyHkuw. | [1]-[6]

ypaBHCHHI 30HHOM CekynsipHOe ypaBHEHHE. MeTOJ IUIOCKMX BOJH. Meron

TECOPHH PUCOCTUHEHHBIX IUTOCKUX BOJTH. Merton
OPTOTOHAIM30BAHHBIX IUIOCKHMX BOJIH. [IceBIOMOTEHITHAL.

10. JIuneiinsie Jluneapuzanus. JluHelHwslld  MeTon  mpHcOoeauHEHHBIX | [1]-[6]

MCTOABI.

miockux BosiH (JITITIB).

11. lIpubnmxeHHbIe
METOJIBL.

DJIEKTpOH B TYCTOW pemieTke. MeToJ CHIBHOM CBSI3H.
Meton mo4YTH CBOOOJHBIX AJEKTPOHOB. DPQeKTuBHAsS
Macca. Teopema Banbe.

[1]-[6]

11. Dnektpon-
(dhoHOHHOE
B3aUMOJICIICTBHE.

OO6me  cBOMCTBA  B3aMMOJIEHCTBUSA
KoJ1e0aHUsAMU PELIETKA. Tenzop
JOKaJIBbHOCTH. [{edopMalimoHHbII MOTEHITHAIL.

JIEKTPOHA  C
nedopmarum,

[1]-[6]

12. OnexTpoH-
dhoHOHHOE
B3aUMO/JICHCTBHE.

I'apMoHnyeckuii ocuwiuiATop. BTOpuYHOE KBaHTOBaHHUE,
ONEPATOPBI POKACHUSA U YHUUTOXKEHUA. [IoHATHE IONEeBBIX
onepatopoB. ['amwibToHMaH Ui 4YacTHL C 2-X U 4-X
YaCTUYHBIM B3aUMOJICVICTBUSIMH. lamunbsTOHMAH
HEB3aUMOJCUCTBYOLIUX (OHOHOB. I'amunbTOHMAH
B3aUMO/JICUCTBUS 3JIEKTPOHOB c (dboHOHAMU B
OpeJCTaBIeHUH  uucen  3amonHeHus.  ['paduueckoe
npeacrasieHue, auarpammbl  @eiiamana.  [Ipocreiimue
TUIIBI B3auMoJieiicTBUil. BupTyanbHble QOHOHBI.

[1]-[6]

13. DnekTpoH-
(dhoHOHHOE
B3aUMO/JICVICTBHE B
HMOHHBIX KpUCTAJIIAX.

B3aumopeiictBue snekTpoHa ¢ JedopMmanueil pemeTkud B
ciydae BUJIbHOU CBSI3H. D1eKTpoH-(OHOHHOE
B3aMMO/JICMCTBHUE B HOHHBIX KpucTamuiax. [Tonsipon. Monenb
Ppenuxa.

[1]-6]

14.

Kputnueckass ~ temmneparypa. Opdexr  Melicuepa-

[1]-6]

CaepxmnpoBogumocth | OkceHdenbaa. Teopust JIonnoHoB. YpaBHeHUs: JIOHIOHOB.
[IpoHukHOBEHUE MarHUTHOTO noJis BHYTpb
cBepxnpoBoanuka. Teopus ['muzOypra-Jlangay. [lapametp
nopsiaKa. VpaBuenuss  I'mn3Oypra-Jlanmay.  Jlimna
KorepeHTHocTU. (CBEpXIpOBOAHMKM 1-ro M 2-rO0 poja.
KBaHTOBaHME MarHUTHOIO NMOTOKA. DIIFOKCOH.

15. DJEeKTpPOHHOE  MPUTSHKECHUE. Kynepockue  mapsl. | [1]-[6]

CeepxmpoBoaumocTh | I3oTonmmueckuii 3G hekr.

MHUKPOCKOIHYECKAs

TEOpHSL.




16. OnTuueckue Bunsl  B3ammoneiicTBus cBeTa ¢ TBepAbiM  Tenom; | [1]-[6]
CBOWCTBA KPUCTA/UIOB | ONITHYECKME KOHCTAHTHI; MOTJIOIIEHUE CBETa KPUCTAJLIaMH,
COOCTBCHHOE TMOTJIOIICHUE, HSKCUTOHHOE IIOTJIONICHHE;
MOTJIOIIEHHE  CBOOOAHBIMH ~ HOCHTEISIMH,  [PHUMECHOE
MOTJIOIIECHHUE; PEIICTOYHOC MOTIIOIICHHUE.

17. Mexk3oHHass ~ pekomMOuHarus.  PexomOuHanus — yepes | [1]-[6]
PexOMOMHAIIMOHHOE | IOKAJIM30BAHHBIE IICHTPHL. JKCHTOHHAs PEKOMOHMHAIIHSL.
U3JIy4CHUE B TBepaOTENbHEBIC JTa3ephl.

MOJTYIIPOBOIHUKAX.

18. KBanToBas Teopust | OOLIUil TEOPETUUECKUN aHATM3 MEXK30HHBIX onTHueckux |[1]-[6]
OINTHYCCKHUX CBOWCTB |IEPEXO/OB; IHUIOJILHOE TMPHUOIMIKCHHE, BEPTUKAIbHBIC
KPHCTAJLIOB Nepexo/bl; CBA3b C  ONTHYCCKMMH  KOHCTAHTaMH.
OnTuvecKkue CBOWCTBA KPUCTAILIA KPEMHHSI.

5. O6pa3oBaTe/bHbIe TEXHOJIOTHHU

Ne .. Tema nporpaMMbl JUCHUILUIMHBI [TpumMeHsiemMble TEXHOJIOTUU
1 OcHoBHbIE IIOJIOKEHUS (GU3MKN | KJIACCUYECKOE TPaIUIIIOHHOE;
TBEPJIOrO TeJa. JEKIIMOHHOE 00y4eHue

2 KBaHTOBas 3a1aua MHOTHX TEJ. KJIACCHUYECKOE TPAJAULIMOHHOE;
JEKIIMOHHOE 00y4eHue, HarJsiIHbIe,
IPOrpaMMHUPOBAHHEIE

3 Anunabaruyeckoe NpuOIKEHUE. KJIACCUYECKOE TPaIULMOHHOE;
JEKIIMOHHOE 00y4eHue, BepOaibHbIe
(aynno)

4 OAHOANEKTPOHHOE TIPUOIHMIKEHNE KJIACCUYECKOE TPAJUIIMOHHOE;
JEKIIMOHHOE 00y4YeHHe, CaMOCTOATENbHAs
paborta

5 AHTI/ICI/IMMCTpI/I?;OBaHHI:vle BOJIHOBBIC KJIIaCCUYCCKOC TPAAUIITMOHHOC,

(GYHKIMH. JEKIIMOHHOE 00yueHue, caMmooOyueHue

6 CBepXIpoBOIUMOCTBMUKPOCKOITNYECKAs | KIIACCHYECKOE TPAJUIIMOHHOE;

TEOpHsL. JEKIIMOHHOE 00y4YeHHUe, TUCTAaHIUOHHbIE

7 OrnTrueckre CBOMCTBA KPUCTAIIOB KJIAaCCUYECKOE TPAIUIIMOHHOE;
JEKIIMOHHOE 00y4YeHHe, KOMIIbIOTEPHOE
IPOrpaMMHUPOBAHHOE 00yUeHHE

8 PexomMOnHaIMOHHOE U3JTyueHHE B KJIACCUYECKOE TPaIUIIIOHHOE;

MOJTYTIPOBOTHUKAX. JEKIIMOHHOE 00y4YEeHHE, KOMIIBIOTEPHOE
IPOrpaMMHUPOBaHHOE O0yUYEHHE
9 KBaHnTOBast TeOpUs ONTUYECKUX CBOMCTB | KJIACCUUYECKOE TPATUIIMOHHOE;
KpPHUCTAJJIOB JEKIIMOHHOE 00y4YeHUe, KOMIIBIOTEPHOE
IPOrpaMMHUPOBAHHOE 00yUeHHE

6. YueOHO-MeTOAUUYECKOe  o0ecledeHHE  CAMOCTOSITEJILHOW  padoThl  CTYJAEHTOB.
OueHo4HbIe CPeICTBA /ISl TEKYIIero KOHTPOJISl yCleBaeMOCTH, MPOMEKYTOYHOI aTTecTauuu
II0 U TOIraM OCBOCHUSA NUCHUIIJIMHBbI.

6.1. Ilnan camocTOATEILHOM PA0OTHI CTYICHTOB

Jnis monmy4yeHus TIyOOKMX M MPOYHBIX 3HAHUM, TBEPIABIX HABBHIKOB M YMEHHI, HE0oOXoauMma
cucTeMaTHyecKasl caMOCTOsITebHAs padoTa CTyIeHTa.

B paloueil mporpamme mpeaycMOTpeHa CaMOCTOATENbHAs paboTa uid MPOpabdOTKU
JEKIIMOHHOTO (TEOPETHUYECKOr0) MaTepuaya IpU MOArOTOBKE K KOHTPOJIBHBIM MEPONpPHUATHAM (B
YaCTHOCTU K TECTHPOBAHUIO)




CamocTtosiTeibHAsi padoTa CTYAeHTOB BKJIIOYAET cJIeAyIolHe KOMIIOHEHThI:

No CogeprkaHre caMOCTOSATEILHON pabOThI Kon-Bo | ®opma kontpossa | OtmeTka o
4acoB BBITIOJTHCHUH
4.1 | Cxema npuBeneHHbIX 30H. [lepuognieckas 1 YcrHOE
30HHAsI CXeMa. cobeceioBaHue

4.2 [ToBepxHocTh PepMu B MeTaNIIaX C 1 VYcerHoe

rpaHelEeHTPUPOBAHHON KyOUYEeCKO co0eceoBaHue

CTPYKTYpOH.

4.3 DHEPreTUYECKU CIIEKTP AIEKTPOHOB B 2 KOJUIOKBUYM

kpucramie. Mozaens Kponura- I1lennu

4.4 | Jlucnokaums. Kontyp u Bekrop broprepca. 1 omnpoc

4.5 Heympyroe paccessnue ¢oTOHOB Ha 2 orpoc
aKyCTHYECKHX (DOHOHAX, HEYIPyroe
paccesitHue HEUTPOHOB Ha OHOHAX,

HEYIPYroe paccessHue PeHTTeHOBCKUX

ayderd Ha (OHOHAX

4.6 Buipl B3auMoIeCTBHUI CBETA C TBEPIBIM 1 ompoc
TEJIOM.

KoHieHCcHpOoBaHHOE COCTOSIHME BEIIECTBA. BHIbl KOHIEHCUPOBAHHOIO COCTOSIHUSA. TBepible
Tesa, )KUAKOCTU U amopdHble Tena. CTpyKTypa TBEpABIX Tell, XKMIKOCTEH W aMOpPQHBIX Tel.
Kpucramnsl. MOHOKpHUCTAILIBI U TOJIMKPUCTAININYECKHE BEILIECTBA.

CuMMmeTpuYecKkne M CTAallMOHAPHBIE COCTOSIHMS KPHCTAIOB. A/nMabaTUYeCKUi MPUHIIMIL.
IIpocTpancTBeHHass pemieTka KpuctawioB. Hampasnenuws B kpucramie. Muuexkcsl Mmunepa.
OCHOBHBIE THIBI KPUCTAJUIMYECKUX perieTok. fueiika Burnepa — 3elitia. OOpaTHas perieTka
KpUCTAJUIOB. TpaHCIISIMOHHAs CUMMETPHUS KPUCTAILIOB.

OCHOBBI 30HHOW TEOPUH TBEPABIX TEI.

OOHOAMEKTPOHHBIE COCTOSIHMSI B KpUCTaijie. DJIEKTPOH B MEPUOAMYECKOM Mose. DyHKIHUU
bnoxa. CBoiicTBa BOJJTHOBOT'O BEKTOpa JEKTPOHA B Kpuctaie. KBazunmiyibsc. 30Hb1 bpuiuitosna n
noBepxHocTh ®epmu. Oueprus depmu Oueprernyeckue 30HbIL. MeTayuibl, AUDIEKTPUKU U
HOJYNPOBOIHUKU. DddexkTuBHas Macca 37MeKTpoHa. CTaTUCTHKA 3JEKTPOHOB B TBEPIBIX Telax.
Oynkunu pacnpeneneHns Pepmu. XuMUYECKAN TOTEHIINAT.

JledexThl B TBEpIBIX TETAX.

Knaccudukanus negexron. TernoBbie Toueunsle e ekTol. Jledextsl no @penkento. JegexTs
no [lortku. J{ncnokauun. Kpaesple 1 BUHTOBBIE UCIOKALUH.

DIIEKTpUYECKHE CBOMCTBA TBEPIBIX TEI.

ITpumecu. JIOHOpHBIE U aKIIENTOPHBIE IPUMECU. DHEPTETUYECKUE YPOBHU IPUMECHBIX aTOMOB
B KpucTajuie. HepaBHOBECHBIE JIEKTPOHBI U ABIPKU. PaccessHus HocuTenen 3apsiaa, IpOBOAUMOCTD
Y KHHETHYECKUE CBOMCTBA METAJIOB, AUJIEKTPUKOB U MOJYIIPOBOJHUKOB.

OnekTpoH — MOHOHHOE B3aUMOJIEHCTBHE.

®ononbl. Umnynec @oHOHA. AKycTHUeckWe W omnTHYeckue (OHOHBI. [lma3mMeHHBIE BOJHBI,
ruta3Monbl. Konaencanuu 6030H0B. CBEpXTEKy4eCTb.

[IpocTpaHcTBEHHAs UCTIEPCHS U TPOXOKACHUE CBETA Yepe3 KPUCTAILI.

B3aumogelictBue cBeTa C KPUCTAJUIMYECKOM PEIIETKOM, moisApoHbl. Ilosmsapon @penuxa.
DddexktuBHas Macca mojspoHa. OkcuToHel Dpenkens u Banbe. I[lomsaputon. Onruueckue
CBOMCTBA METAJIOB, JUIEKTPUKOB U IOJIYIPOBOAHUKOB. [IOBEpXHOCTHBIE COCTOSIHUS DJIEKTPOHOB.
CocTOosAHHS 2IEKTPOHOB B CTPYKTYpPax ¢ MOHWKCHHON Pa3MEPHOCTBIO

6.2. MeToan4yeckne yKa3aHus 10 OPraHU3alMi CAMOCTOSTEIbHOI PadoThI CTYIEHTOB



Llenbi0 caMOCTOATENBHOM PabOTHI SABISETCS CAMOCTOSITEIbHOE PUOOpPETEHNE HOBBIE 3HAHUH U
BBIPaOOTKA CMOCOOHOCTH K TIIOCTOSIHHOMY CaMOOOYYEHHIO W CaMOCOBEPIICHCTBOBAHHUIO B
npo¢eCcCHOHATIBLHON U COLMAIBHO-00IECTBEHHBIX c(hepax AesTeTbHOCTH.

CamocrosTenbpHas ydyeOHasi paboTa MpeacTaBlieHa TaKUMHU GopMaMu y4eOHOTO Tporiecca, Kak
JeKIHsI, CeMHUHApP, MPAKTUYECKHE M J1a0OpaTOpHBIC 3aHATHS, SKCKYPCHH, MOArOTOBKA K HHM.
CTyIeHT JJOJDKEH YMETh BECTH KPAaTKHE 3alliCH JICKIIUN, COCTABIISATh KOHCIIEKTHI, TUIAHBI M TE3UCHI
BBICTYIIJICHU, TOAOUPATH IUTEPATYypy H T.J.

Hay4nasi camocTosiTeNIbHAsI padoTa CTyICHTA 3aKJII0OYaeTCs B €r0 y4acTHU B paboTe KPYKKOB
Ha Kadeapax, B HAYYHBIX KOH(EPEHIHUSIX pa3HOTO YPOBHS, a TaKXKe B HAIMCAHUU KOHTPOJBHBIX,
KYPCOBBIX U BBIITYCKHBIX KBaTU(UKAITMOHHBIX (IUITIOMHBIX paboT) padoT.

NoNe Koui-Bo ®dopma
Haumenosanue paboTsl
n/m 4acoB KOHTPOJIS
[IpopaboTka  JIEKIIMOHHOTO
1 pop H 1 DK3aMeH
Marepuaia
2 [ToaroroBka Ky PabGora y nocku; KOHTpOJIbHBIE,
MIPAKTUYECKUM 3aHATUSIM CaMOCTOSITeNIbHbIE PAOOTHI.
3 [Toaroroska KYPCOBbIX | 4 Jlomyck K KaXIOH KypCOBOH
pabor paboTe U 3amuTa.

. Bonnpocs! 1 3aganus I HHAMBHYAJIbHOH U CAMOCTOSATEIbLHON padoThI.
1. lats onpenenenue pemetku bpasa.
2. Kakue cBoiicTBa SBISAIOTCS OOMIMMH Il MPUMHUTHBHOM siueliku U siueiiku Burnepa-3eiitia ?
B yewm 3akimrodaroTcs ux oty ?
3. SIBnsiercs nu npsAMas perieTka oOpaTHON MO OTHOLIEHHUIO K CBOEH 0OpaTHOM ?

©CoN A

Kak Berumcnsercst 00bemM 3JIeMEHTapHOM sueiiku ?

Kak Berumncnsercs o0bem siueliku Burnepa-3eiitia ?

VYKka3aTb UMCIIO NEPBBIX U BTOPBIX COCEEH JIJIsl MPOCTON KyOUUYECKOM pemeTKH.

VYkazare uyncio Oamkaiimx coceeit s rpaHeleHTPUPOBAHHOM KyOMUYeCKON pEeIIeTKH.
VYkazaTh uncio oamxaiiux coceneit Ay 00beMHO-LIIEHTPUPOBAHHON KyOMUECKOH peleTKH.
. M306pazuts mnockoctu [100], [110], [111] mmst mpocToit KyOUYecKoi peeTKH.

10 3a cueT Kakux B3aMMOJICUCTBHI CTAaOMIIM3HPYETCS KPUCTAJUIMUECKas CTPYKTypa MOHHBIX
KpUCTAJUJIOB.
11. Moxet 11 ObITh CTAOMJIBHBIM KPHUCTAJIJ, aTOMBI KOTOPOTO B3aWMOJEHCTBYIOT TOJBKO CO
CBOMMH OJIKaUIITUMU cocensiMu?

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

B ueMm cocTonuT npupo1a KOBAJIEHTHOM CBSA3H.
KakoB MexaHu3M BOJIOPOJHOM CBSI3H.

IIpuBecTr MpuMeEpBI «CKEIETHBIX» KPUCTAIUIOB U yKa3aTh THI XUMHUYECKOU CBSI3H.

Onucats npupoay B3aumozeiicTsust Ban-nep-Baainbca.

3anucaTth OCHOBHOE YPaBHEHHE JUHAMHUKYU PEUIETKH B TAPMOHUYECKOM MPUOIMKEHUH.
IlepeynCIIUTE OCHOBHBIE CBOMCTBA PEIICHUN YPABHEHUN JUHAMUKH PELLIETKH.

B yem cocTouT OTIMYME aKyCTHYECKHUX KOJIEOaHUHM OT ONTHYECKUX.

Kakoii Tun pereToyHsIx KonebaHUi MPUBOIUT K MOJIIPU3ALIMN KPUCTAIIA U TIOYEMY.
VYka3aTh cBOWCTBA BOJIHOBOW (DYHKIIMU 3JIEKTPOHOB B KPUCTAJLIE.

Cdopmynuposats Teopemy broxa.
Uro Ha3zwiBaeTcst bioxoBckoii GpyHKImein?

Kakue Turbpl KBa3M4acTHIl MOTYT CYLIECTBOBATh B KpUcCTayIax?

B 1yeMm cocTouT MexaHu3M 00pa30BaHUs SHEPTETHUECKUX 30H B KpUCTaLIax?

Kak 30HHast TeopHst 00BSACHIET OCHOBHOE pa3iMyue METAJUIOB M JUIIIEKTPUKOB?
N300pa3uTh Ka4eCTBEHHO CXEMY PHEPI€TUUECKUX 30H MOITyMeTasIa.

3anucaTbh COOTHOILLIEHHWE, CBA3BIBAIOIIEE BEKTOP CKOPOCTH 3JIEKTPOHA U €ro BOJHOBOM

BEKTOP.



28. Jlatb ompenenenue TeH30pa d3PPeKTUBHON Macchl. Kakoil BUJ UMeeT TeH30p B KyOMUYECKHX
KpucTamuiax?
29. Bpruncauth 3((EKTUBHYIO MacCy OJJIEKTpOHAa B OJHOMEPHOM KpUCTaUIE C 3aKOHOM

micnepenn E(K) = E, + (E, — E,)sin? a?k

30. Beruucnuth 3¢ PeKTUBHYIO Maccy UIEKTpOHA  JUIA 3aKOHa  JIUCIIEPCHUU
E(k) = E, — E,(cos(k,a) + cos(k,a) + cos(k,a) — 3).

31. Jlath onpeneneHHe IUIOTHOCTH COCTOSIHUM.

32. B 4eM COCTOMT MEXaHU3M PACCESHHS SJIEKTPOHOB HA KOJICOAHUAX PEIICTKH.

33. Tlepeuncnuts GakTOpsbl, MPUBOISIINAE K PACCESIHUIO JJIEKTPOHOB B KPUCTAJLIE.

34. Yem oTIM4aIOTCS BOJHOBAS (DYHKIIHSI TOBEPXHOCTHBIX COCTOSIHUM U BOJIHOBAsA (DYHKITHS JIS
UIeaTbHOTO KpUcTalia?

35. Ilepeuncnuth THIBI JeEKTOB B TBEPABIX Teax.

36. B yem cocrout otnnuue aedekra nmo @penkento ot nedexra mo [lorrku?

37. HN300pa3uTh 4aCTOTHYIO 3aBHCUMOCTD TUDJICKTPUYECKON MPOHUIIAEMOCTH ISl TUDIICKTPUKA
C MOHHOU MOJIIpU3aliell 1 yKa3aTh MOJIIPUTOHHYIO 00JIaCTb.

38. VYka3aTh OCHOBHBIE CBOMCTBA CBEPXIIPOBOISIIETO COCTOSHUSI.

39. JlaTh Ka4eCTBEHHOE ONKMCAHUE MEXaHW3Ma BO3HUKHOBEHUS CBEPXITPOBOIUMOCTH.

40. CBepxXnpoBOJAMMOCTh: Kakue (aKTOphl YKa3bIBalOT HA OMPEICSISIIONIYI0 POJbh KoJeOaHU
peuieTku?

6.3. MartepuaJjibl A5 NPOBeJIeHUS TEKYLIero M MNPOMEKYTOYHOI0 KOHTPOJIA 3HAHUM
CTYAE€HTOB

KoHnTpoJbHbIe 3a1a4n.

1. Crpykrypa anmaza. CKOJBKO aTOMOB COJEpPXKMTCS B IPaHELIEHTPUPOBAHHOM KyOMUeCKOi
AIIEMEHTapHOM suelke?

2. Ocp cumMmeTpus nopsiaka. Kpucrammdeckas pemerka He MOXKET UMETh ITOBOPOTHYIO OCh
CUMMETpPHS MSATOTO TOopsinKa. JJoka3zaTh 3TO yTBEpP)KIACHHUE.

3. OmpenenuTb, Kakue >JIEMEHThl CUMMETPUM HMEIOTCS B KyOe, a Takke B KyOe, I'paHH
KOTOPOTO 3aIITPUXOBAaHBI TaK, YTO HANPABICHHS IITPUXOB HA MEPECEKAIOIINXCS TPAaHIX B3aUMHO
HEepIEHINKYISIPHBI.

4. OmpenenuTb  MEXIUIOCKOCTHBIE pPACCTOSIHMSI B KyOHMYEeCKOW pelleTKe B CceMeHCcTBax
wiockoctelt ¢ muaexcamu (100), (110), (111) u (112).

5. BeiBecTH 3aKkoH 30H (3akoH Beiicca), koTopsiii rmacut: eciau [uvw]- ochk 30HbI, a (hKIl) —
rpaHb 3Toi 30HKI, TO hu + kv + lw = 0.

6.[IpuBecTu BhIpakeHUs ISl TapaMETPOB sSUeeK MPsIMON U OOpaTHOM PELIETOK BCEX CUCTEM,
UX MEXIIIOCKOCTHBIX PACCTOSIHMM M 0OBEMOB AJIEMEHTAPHOH sTUSHKH.

7. Ilokasatk, uTo B Kyouueckoii cucteme Hanpasienue (hkl) mepnennukyssipro k rpanu (hkl).

8. Jloka3zarb, 4T0 B KyOMUYECKOH cHcTeMe yroi ¢ Mexay HopMmamsmu K rpassm (hikili) m
(h2kol2) onpenensiercst hopmyinoii:

hh, + kk, +11,

JhZ k2 +12)(02 + k2 +12)
9. BeiBecTu BbIpaxeHue i 3Heprun depMu A MOZENU CBOOOJIHBIX 3JIEKTPOHOB MeTaslla
npu abCOIOTHOM HyJIE€ TEMIIEPATYPHI.
10. Cuurast cepeOpo OTHOBAJICHTHBIM METAIOM CO CHEpPUYECKON MOBEPXHOCThIO Depmu,
BBIUNCIIUTD CIEAYIOLIUE BEINYNHBI:
1. snepruro @epmu u remnepatypy Pepmu;
2. ckopocTs DepMmu;
3. cpeaHIO0 IITMHY CBOOOIHOTO MpoOera IJIEKTPOHOB
IIpU KOMHATHOW TeMIiepaType 1 BOINU3HU aOCOIIOTHOTO

CoS ¢ =



HYJISI TEeMIIEPATYD;
4. o6bem mepBoii 30HBI bpuitrosHa.

Hcnons30BaTh B pacueTax clIeaylolue AaHHble 118 AQ: mwiotHocTs 10,5 rem™; aToMHBIH Bec
A=107,87; ynensHoe conpoTuienue p= 1,61-10Com cm mpu 295°K 1 0,0038-10° om-cm mpu 20°K

11. DnexTpoH IBUXKETCS B OAHOMEPHOM IIEPUOAUUECKOM MTOTEHLIMAIBLHOM I10JI€, CO31aBAEMOM
aTOMaMH, HaXOASIIMMUCS Ha paccTosHuU d IpyT OT Apyra.

[Tokasath, YTO BOJIHOBBIC (PYHKIMU DIIEKTPOHOB MOTYT UMeTh BHI U (X) exp (ikx), rae u (X)
— (yHKUUS TOM XK€ MepPUOAMYHOCTH, YTO U MoTeHuuain. [Ipeamnonaras, 4To B TPEXMEPHOM Cilydae
BOJIHOBast PyHKIIMs UMeeT aHanornyHbiil Bua: U (r) ekx (ekr), ompenenuTth 3HaYCHHUS BOJHOBOTO
BekTOpa K /17151 rpaHelieHTPUPOBAHHOM KyOUYECKON PEIIETKH.

12. 3ona Bpummosna pomOuyeckoit pemetku. [lycte pomOumdeckass perieTka HUMeEeT TpH
NPUMHUTUBHBIX OCEBBIX BekTOpa a=b5X, b=2y, c=z, nnuHa KoTOpBIX BBIpaxkarTcs B . OmnpeneinTh
pasmepsl U GOpMy OIPEeTUuTh pa3Mepsl U GopMy IIepBoOii 30HbI bpuiutosHa.

13. Ilokasarh, YTO Ha TpaHUIAX MEPBOW 30HBI bpuiuIr0IHA BOJHOBBIE (QYHKIIMH CBOOOHOTO
9JIEKTPOHA B OJHOMEPHOM MEpHOANYECKON pemeTku ¢ nepuogoM d BeipokaeHbl. [lokaszarsk, 4To
€CJIM KaX]IbIii aTOM BHOCHT Mallo€ BO3MYIIEHHE, TO B MEPBOM NPUOIIKEHUU IO BO3MYIIECHUIO
BOJIHOBbIE (DYHKIIMM HA TPaHMIIE 30HbI IPONIOPLIUOHAIBHBI.

. NzX nNzX
sin—— u Cc0S—— (N — 1eyoe YKucCio).
d d

14. IToka3atp, 4TO B Cllydae, KOT/Ia JABMKEHUE JIEKTPOHA B KPUCTAJLJIE MOKHO pacCMaTpuBaTh

KaK paclnpoCcTpaHEHHE IUIOCKOH BOJIHBI exp(ikr), KBaHT 7K COOTBETCTBYeT MMITysbey. [loka3ats,

YTO €CJIIM Ha KPUCTAJI JEHCTBYET BHEIIHEE JJIEKTPUYECKOE II0JIE, TO CKOPOCTh W3MEHEHMS
HMMITyJIbCA B 3aBUCUMOCTHM OT BPEMEHHU TAaKOBa, YTO AJIEKTPOH MOXET pPACCMaTpUBATBCS Kak
4acTHUIla, oOpaTHasi Macca KOTOPOH SIBJISETCS TEH30PHON BETUYHMHON, UMEIOIIEeH KOMIIOHEHTHI:

(l} _1.o¢
m); h* okok,

15. BeluncauTh paBHOBECHYIO KOHIIeHTpanuto a) AedexroB Lortku; 6) nepexroB dpenkens B
KpHUCTalIe.

CopaepxaHue NPaKTHYECKUX U CEMMHAPCKHUX 3aHATHIA.

2.a. IlepeueHp BONPOCOB, BEBIHOCUMBIX HA CEMUHAPCKUE WM IPAKTUUECKNE 3aHATUS

1. Ctpykrypa u cummetpusi Kpuctayios. Pemerka bpass. OCHOBHbIE BEKTOPbI TPAHCIIALIUH.

2. YnakoBka aTroMoB B Kpuctamuiax. Koadduuuent ynakosku Juist pemeTok bpasi. AToMHBbIe
mockocty. MHnekce! Beiica.

3. Ob6parHas Pemerka. OcHOBHbBIE BEKTOPBI TPAHCISILIUN 00paTHOM perieTku. 3oHa bpumtosna.

4. O6mue cBoiictBa ypaBHenus lllpeaunrepa ans nepuonnyeckux cuctem. Teopema bioxa.
bnoxoBckue ¢pyHkuun. Kp-raMmuisToHaH

5. Mogens Kponura-Ilennu. DHepreTnyeckue 30HbI.

6. Meton mnockux BojH. Ilepuonnueckuit moreHnuan. 30HHasE CTPYKTypa B METO/E TIOCKUX
BOJIH.

/. OCHOBHBI€ 3JIE€KTPOHHBIE XapaKTEPUCTUKH: 3(PPEeKTUBHAS Macca, CKOPOCTb.

8. Meron cunpHOi cBsizu. DyHkuuu Banube. 3amaun Ha BBIYHCICHHE IUCIEPCHOHHOMN
3aBHCUMOCTH JUJISl IPOCTBIX CTPYKTYD.

2.6. CoctaB u cojpepkaHUE 3alaHUM, 3a7ay, KOTOpBIE NMPEIyCMOTPEHBI ISl PEIICHHs WM
paz0opa Ha 3aHATHUIX.

3anamue 1.

3azaua 1. M300pasuth CTpyKTypy KpUCTailIa, Ui KOTOPOTro BEKTOPHI Tpancisinuu (a,,a,,a,)

u atomublii 6asuc (A, B) onpenenstores cnegyromum o6pazom:
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a.l =a O,E,Ej
a, =a(,0,00  A=a(0,0,0)=[000] A=2a(0,0,0) =[000]
98-E0M0) o (111 [111] 00 e s - 11 1)[111]
a, =a(0,0,1) 2'2'2) 222 L1 2'2'2) 222
a;=a —,—,Oj
2'2

A=a(0,0,0) =[000]

1
B) &, =a —,0, 111 111
) 2 2 B:a_l_l_ el
4 4 4 444
11
a;=a —,—,0
2 2

3agaya 2. OnpeAeiuTh YMCIO aTOMOB B PAcUIMPEHHOW AyieMeHTapHOU sueiike, Thuma NacCl,
umeronieit popmy kyoa.

3aoaua 3. Tlycts a,,a,,a,; - BEKTOPbI TpaHCIALUN HekoTopoil pemerku bpass. Onpenenum
TpH BEKTOpa

u, =la, +ma, +n,a,

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

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

rae |;,m,,n, - uensie gncna. [Tokaszare, 4TO €CIu

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

rae N — menoe 4ucio, To BEKTOpel U ,U,,U, 00pa3yroT HEKOTOPBIA HOBBI HA0OP OCHOBHBIX

TPaHCIALUN U HAUTH 00BEM JIEMEHTAPHOU SUEHKHU, TOCTPOSHHOM Ha TAKUX BEKTOpax.

3amaya 4. Iloka3atb, 4TO OOBEMHOLIEHTPUpPOBAaHHAs KyOWYecKkash peleTka MOXKEeT ObITbh
paszenieHa Ha JBe MpocThle KyOuueckue pemeTkn A ¥ B Tak, 4ro HM onHa mapa OmmxKalmImx
coceleil B UCXOJHOU pelieTke He okaxkercs B pemieTke A wiam B. Tlokaszare Takke, yTo mpocrtas
KyOHueckas pelmeTka MOXKeT pacCMaTpuBaThCsl KaK JB€ TPaHELCHTPHUPOBAaHHBIC, a
rpaHeIeHTPUPOBAHHAS KaK 4 TIPOCTHIX.

3anamue 2.

3amaua 1. [lnst cTpykTypsl aiMasa (chanepura) HalTH BEIMYHUHY TETPadIpUIecKoro yria A-B-
A.

3amaya 2. Haiftu koapuuueHT ymakoBKH [UIsl MPOCTOM, OOBEMHOLEHTPUPOBAHHOW H
TpaHEelEeHTPUPOBAHHON KyOUUYECKOM PEIIeTKH.

Janamue 3.

3amaya 1. IlpsAmbIM penieHUEM ypaBHEHUS (ai,bk)= 270;,,, TOKa3aTh, YTO BEKTOPbI

TPaHCIALUN 0OpaTHOM peIIeTKH ONpeaesatoTcs popMyIaMu:
b —op il

i T
(a;.[a,.a;])
rae 1,j,K — mukimueckue nepecTaHoBky uncen 1, 2, 3.
. ~  (2n)°
3amaua 2. IToka3arh, 94T0 00BEM MepBOil 30HBI Bprutosna €2, :Q—’ rie Q, - oobeMm
0
3JIEMEHTapHOU sSYelKu pemieTku bpaso.



3anaua 3. [loka3aTh, 4yTO pemieTka, oOpaTHas K OOpaTHOHM, COBIANACT C MCXOJHOM PELIeTKOM
Bbpas».

3anamue 4.

3amaya 1. [TomyuuTs npaBUIBLHO HOPMHUPOBAHHBIE OJHOIETEPMHUHAHTHBIE (DYHKIUU CHCTEMBI
u3 N 9acTuIl ¢ moayueasiM CHuHOM ((epMHU-YaCTHIIHI )

3amaya 2. [lomyuuTs NpaBUILHO HOPMHUPOBAHHBIE OJHOJIETEPMHUHAHTHBIE (YHKIUU CHCTEMBI
n3 N gacTuir ¢ 1easiM CiuHOM (003€-4acTHIIbI ).

3agaya 3. [IlonyuuTh BbIpaKEHHE [JI1 HSHEpruu B Meroje XapTpu-Poka yepes
OJTHOJIEKTpOHHBIE (yHKIMH cucteMbl N SJIEKTPOHOB, HAXOAALIMXCS B IOJIE SAep 3apsjaa
Z,,J=1..M.

3agaua 4. C NOMOIIBIO BapUALMOHHOIO METO/a, UCTIONb3Yys (DYHKIMOHAI 3HEPTUuH, MOIyUUTh
ypaBHeHus Xaprpu-Doka.

3amaya 5. Ilokasath, uro ypaBHeHue lpenunrepa [uisi nepHOAMYECKON YacTH BOJIHOBOU
byskmn y, () MOXHO 3amucaTh B BUJE

(P +nk)* +V(r) Ju, (r)=eK)u, (r),
2m

rae v, (r) = eikruk (r).
3anamue 5.
3anaya 1. [Tokaszatb, 4TO AJ11 OIHOATOMHOT'O KpHUCTaslia, PYHKIMS, IOCTPOEHHASI KaK

<Dk(r)=%Ze o(r —a),

rae @(r)- QyHKIMH, TOKAIN30BaHHBIE B OKPECTHOCTH Y3JIOB PEIIETKH, ABIAETCS BIoX0BCKOM

ika

byHKIUEH.
3anaga 2. PaccMOTpeTh OTHOMEPHYIO MOJIENb KPUCTAJIA C IOTEHIIUAJIOM BUAA:
U,, O<x<p
Ux)=4’
0, —-gq<x<0

¥l TIEPUOJIOM PEIIeTKH a = P + ¢ . HaliTi BOIHOBBIC (DYHKIHHM, CIIEKTP SHEPTUH U PacCCMOTPETh
npenenbHblii caygail p—0,U, — oo, tak uto U, p = Const .

3anamue 6.

3angaua 1. Mcronb3yst METOA TUTOCKHMX BOJIH, HAMTH CIIEKTpP SHEPTHI B OMTHOMEPHOM KpHCTaILIE
JUTSI 3HAUEHUH BOJTHOBOTO BEKTOPA Ha TpaHUIlE 30HBI bpuiiirosHa.

3amaua 2. [lokaszaTe, 4TO Ha TpaHMIAX IEPBOW 30HBI BpuiuTiosHa BOJTHOBBIE (QYHKITUH
CBOOOHOTO JICKTPOHA B OTHOMEPHOH PEIIETKE C Mepruo oM d BBIPOIKICHBI.

3amada 3. PaccmotpeTs 3a1ady 0 2-X MEPHOM 3JIEKTPOHHOM Ta3e U

a) MoKas3aTh, YTO KHHETHYECKas SHEPrus IJIEKTPOHA B «YIIy» 30HBI bpuirosHa B 2 pasa
OosbIe, YeM Ha cepeIiHe CTOPOHBI,

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

3anamue 7.

3anaua 1. [TokazaTh, 4TO I JTFOOOTO COCTOSIHUS AJIEKTPOHA B KPUCTAJIE TPYIIOBAast CKOPOCTh
B /1Ba pa3a Oombiie ¢a3oBoii ckopocTd. Hailtm cooTHoOIIeHWEe MexAy TpynmnoBod U (a3oBoit

CKOPOCTBIO, ecny 3aKkoH aucnepcuu umeeT Bun £(K) = Ak? + Bk*, a Taxske mokasats, 4To Vv, =V,,

2A°
eclu & =
9B
o v 3 QO
3agaya 2. [loka3aTh, 4TO Al KaXIOH DHEpreTHdeckod 30HBI cymectByer 2N W
V4

COCTOSTHUH, MPUXOSIIUXCS Ha AUHUIY 00beMa 00paTHOTO MPOCTPAHCTBA.
3anamue 8.



3agaua 1. Jloka3aTh CBOMCTBO «TpaHCHSAIMKW» (YHKUMN BaHHBE IS OJHOMEPHOTO Ciydas:
@, (X) = @, (X —Nna), rae N — HoMep y3Jia OTHOMEPHOW PEIIETKH C TIEPHOIOM .
3anaya 2. J/loka3ath OpTOroHAILHOCTH (yHKUMI Banube @, (X) .

3amaya 3. Beruncauts GyHknuu BaHHbe 11 ciydas MpOCTOM KyOMYECKOW peIIeTKH, KOraa
brioxoBckas GyHKIHS 331a€TCsl TUIOCKOM BOTHOM (3JICKTPOH B ITyCTOM pEIIeTKe).

3amaua 4. Jlnsg mpocTtoil KyOWYECKOW pEmIeTKH C JJIMHOW pedpa @ BBIYHCIUTh 4 HUIKHUX
SHEPTUU CBOOOIHBIX JIEKTPOHOB, €CJIM BOJIHOBOW BEKTOP B CXEME MPUBEACHHBIX 30H UMEET JIJTUHY

Zi U IIEPIIEHAUKYJIIPEH TPAHU KyOa.
a

3agaya 5. Mcnonib3ys BhIpa)KEHHE JJISI SHEPTUM B METOE CUIBLHOM CBSI3U

Z h(n)eikn

n

Zs(n)eikn

n

rze n(nn,n,)=n,a, +n,a, +N,a,, a tawke cuuras Beanunnsl N(N), S(N) mapamerpamw,

e(K) =g, +

NOJIy4UuTh B NPUOIMKEHHM OMKAHIIKX cocenedl sBHble Boipaxenus s Qynkoun £(K)

onnoaromHoro kpucramia ¢ [IKP, OLK u I'IIK pemeTkoii.

3agaua 6. [lomyunTh BRIpaKeHHE IUIsI TeH30pa 3((HEKTUBHOW MAacChl KpHCTala C MPOCTOH
KyOHYeCKOH peIlIeTKOM, €ClIu CIIeKTp SHEPIUil UMeeT BUJ

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

Y HalTH TpeIeNbHbIC 3HaYeHUs Ul TOUKH K =0.

Opranu3anus UTOrOBOH aTTeCTAIMM ¢ KPUTEPUSIMU OLlEHHBAHUS:

Ocymectisiercst B popMe dK3aMEHa, Ha KOTOPOM TPOBEPSIOTCS 3HAHUS OCHOBHBIX BOIIPOCOB
1o (TeMaTHKa AUCUUTUIHHBI).

Onenka "OTIMYHO" CTaBUTCS B CIy4yae, €ClIM CTYACHT MOKaXeT INIyOOKOe, HCUepIbIBaIoIIee
NOHMMaHME CYIIHOCTM M  B3aMMOCBSI3M  pacCMaTpUBAaeMbIX  MPOLECCOB U SIBICHUM,
NPOJIEMOHCTPUPYET  YMEHHs  aHAJM3UPOBATh  CHUTYallMH, pEJIEBaHTHBIE  3aJadaM  €ro
npodeccHoHaNTbHON KBATH(PUKAIIUH.

Onenka "xopomo" cTaBUTCS B Cllydae, €ClId CTYACHT BJIJeeT 3HAaHUAMHU TEOPUU U MPAKTUKH,
MOKa3bIBaET JIOCTATOYHOE MOHWMAHHME CYIIHOCTH M B3aWMOCBS3H PACCMAaTPUBAEMBIX TPOIIECCOB H
SBJICHU, HO UIMEET HEKOTOPbIE HEJOCTATKH B OTBETAX.

Onenka "yJIOBJIETBOPUTEIHHO" CTaBUTCS B Clydae, €CIM OTBEYAIOIIMI TOKa3bIBACT TBEPJIOE
3HaHUE U MOHMMaHUE BOMPOCOB MPOrPaMMbl, HO OTBETHI COJEP)KAT HECYIIECTBEHHbIE OLIMOKU U
HETOYHOCTH, TIPH OTBETAX PEKOMEHIOBaHHAs JIUTEpPaTypa UCIIOIb30BaHa HEJJOCTATOYHO.

Ornenka "HEYOBIETBOPUTEIBHO" CTAaBUTCS B ClIydae, €CIIM UMEET MECTO HENPAaBUIIbHBIN OTBET
XOTs1 ObI HAa OJMH W3 OCHOBHBIX BOIIPOCOB, TPyOBIE OMIMOKM B OTBETE, HETMIOHMMAaHHUE CYIIHOCTH
U3JaraeMbIX BOIIPOCOB, HEYBEPEHHbIE HETOYHbBIE OTBETHI HA JONOIHUTEIbHbBIE BOIPOCHI.

3K33MGH3HI/IOHHLIe BOIIPOCHI MO TMCHMIIJINHE «Pusnka TBEPAOIro T€J12»

1. OcHoBHbIE MOHATUS (DU3UKU TBEPAOTO Tea: TPAHCISIIHMOHHAS CHUMMETpHs, pelieTka bpasn,
OCHOBHBIE€ BEKTOPHI TPAHCIIALINM, dJIEMEHTapHas s4eiika, sueiika Burnepa-3eiTna.

2. OcHOBHbBIE TOHATUS (U3UKU TBEPIOTO Teia: OOpaTHas pelIeTka, BEKTOPHI TPAHCISAIUN
oOpaTHoO#1 pemeTku, 30Ha bpuitosHa.

3. OCHOBHBIE TOHSTHS (U3UKH TBEPAOTO Tela: MEPUOAMYSCKHUN TMOTEHIHMal, Teopama bioxa
(dbopmynupoBKa), 30HHAs CTPYKTYypa.

4. DnemeHTapHbIe BO30YyXIeHUs. KBa3rnuacTHIIBL.

5. O6mas (GopMyIMpOBKa KBAaHTOBOM 3aJaud MHOTHX TeJl, MHOTOXJIEKTPOHHOE YpaBHEHHE
[lIpenunrepa.

6. AnnabaTudeckoe mpuOImKeHue. PazieeHne aTOMHBIX U 3JIEKTPOHHBIX KOOPIUHAT.



7. OnHo3neKTpoHHOE pubImkenue. Metox XapTpH.

8. AHTHCHMMETpHUYHBIE BOJIHOBBIE (yHKIHMH. Metoa Xaptpu-Doxka.

9. Ompenenenue u o0UIME CBOWCTBA 3JCKTPOHHOM IIOTHOCTH.

10. Teopus ®ynkuuonana [LnotHocT: neppas Teopema XosnOepra-Kona.

11. Teopus ®Pynkumonana IlmotHocTu: BTOpas Teopema XosHOepra-Kona, BapuarMmOHHBIN
MPUHILIUIIL

12. Meron Kona-Illama. @yukmnuonan suepruu. OOMEeHHO-KOPPETSIIUOHHAS YHEPTHSL.

13. Meton Kona-IlIsma, ypaBaenus Kona-I1llama.

14. Meronb! pelieHns 30HHBIX YpaBHEHUH: 0a3ucHbBIE PYHKIIMH, CEKYJISIPHOE YpaBHEHUE.

15. Meroa miI0CKHUX BOJIH.

16. Meron siueex.

17. Meron nprcOeAMHEHHBIX TUNIOCKUX BoJH: MT-notenuuar.

18. Mero nmprCOEAMHEHHBIX TUIOCKUX BOJIH: PEIICHUE 30HHOTO YPaBHEHUSI.

19. OGmias cxema TUHEHHOTO METO/1a MPUCOEAUHEHHBIX TUIOCKUX BOJIH.

20. Meroa opTOTOHAIM30BAHHBIX TUIOCKUX BOJIH.

21. TlceBmomnoreHuuan. MoienbHbIE U MEPBONPUHLIUITHBIE TICEBIOMOTEHIINAIBI.

22. DNEKTPOH B IyCTOW permieTke. 30HHas CTPYKTYpa.

23. IlpubnuxeHue CUIBLHON CBS3H: ONpeielieHne U o0IIre CBOMCTBa PyHKIHMI Banbe.

24. TlpuOimKeHue CHILHOW CBS3M — 3aKOH JHCIIEPCUH, SHEPTETUICCKHUE 30HBI B METOJIC CHITBHON
CBSI3H.

25. Mogens mo4TH CBOOOMHBIX 3JICKTPOHOB, TECOPHUS BO3MYIICHHN. 30HHAS CTPYKTypa B CXeMe
paCIIMPEHHBIX U MPUBEICHHBIX 30H.

26. Tlepuonnyeckue rpaHUYHBIC YCIOBUS. BBIUMCICHIE HHTETPAIOB 110 30HE bpminmosHa.

27. TInornocts cocrosuuii, Berurcinenre N(E) s snextpona B mycroii pemerke.

28. CBoiicTBa 3JIEKTPOHOB B KpHUCTa/ax: d(QexTuBHAs Macca HJIEKTPOHOB M JABIPOK, TEH30D
3¢ pEeKTUBHON MacCCHI.

29. Teopema Banbe.

30. CkopocTb 2JIeKTpOHA. YPaBHEHHUS TBUKCHUS.

31. DnexTpoH-POHOHHOE  B3aUMOJCHCTBHE:  OOIIME  CBOWCTBA, TEH30p  AedopMallud,
neOpMaMOHHBIN TOTEHITHAI.

32. BropuyHOoe KBaHTOBaHME M TPEJCTABICHUWE 4YHUCEN 3arofHeHHe s JedhopMaluoOHHOTO
NOTEHLIKaNa.

33. DnexTpoH-POHOHHOE B3aUMOJAEHCTBHE — TaMHUIBTOHMAHA B3aWMOJCUCTBHUS, JHATPAMMBI
deliHMaHa, 3JIEMEHTapHbBIE MPOLIECCHI.

34. BuprtyanbHble (POHOHBI.

35. BzammojeicTBre AICKTPOHOB ¢ AedopMaIueii B cirydae CHIIbHOM CBSI3H.

36. DaexTpoH-(OHOHHOE B3aMMOJICHCTBHE B MIOHHBIX KpucTasuiax. [lomspon, Moaens Openmxa.

37. CBepXmpoBOJIUMOCTh:  KpUTHUYECKas Temreparypa, 3(dext Melicaepa-OkceHdenpaa.
YpaBHeHue JIOHIOHOB.

38. CBepXmpoBOAMMOCTb, IPOHUKHOBEHHE MarHUTHOTO ITOJISI B CBEPXIIPOBOINHUK.

39. CaepxnpoBoaumocTs: Teopus [ mu3Oypra-Jlanaay.

40. CBepXmpoBOAMMOCTB: JJTHHA KOT€PEHTHOCTH, CBEPXITPOBOIHUKH 1-TO 1 2-TO poja.

41. KBaHTOBaHUE MarHUTHOTO MOTOKA. DIFOKCOH.

42. OCHOBHBIE MTOJIOKEHHSI MUKPOCKOITUECKOW TEOPHH CBEPXITPOBOIMMOCTH.

43. Buasl B3aMMOJEHCTBHS CBETA C TBEPABIM TEJIOM; ONTHUYECKUE KOHCTAHTEHI.

44, CoOCTBEHHOE MOIVIOIIEHHE, DKCUTOHHOE  IIOTJIOLIEHHE, MOIVIOIIEHHE  CBOOOJIHBIMHU
HOCHUTEIISIMHU; IPUMECHOE MOTJIOIIEHHE; PEIIETOYHOE MOTIIOIIEHHE.

45. PexoMOMHAIITMOHHOE M3JIyYCHHUE B TIOJYIPOBOHUKAX. MeK30HHAs PEKOMOMHAITHS.

46. PexomMOWHAIUS Yepe3 JTOKATU30BaHHBIC IICHTPBl. DKCUTOHHASI peKoMOuHaIus. TBepIOTebHbIC
Ja3epsl.

47. OOmuii  TEOPEeTUYECKU  aHAIM3 MEX30HHBIX  ONTHYECKUX  IEPEXOJ0B.  JTUMOJIBHOE
MpUOJIIKEHHE.

48. BepTHKaIbHBIE MIEPEXObI, CBSI3b C ONTUYECKUMHU KOHCTAHTAMHU.



TEMBbI KYPCOBBIX PABOT

1. KBa3ukpucramisl 1 aMop(HbIE BElleCTBa

2. MarauTtHble CBOMCTBA TEJ

3. Hanokpucrayuibl

4. )Kuakue KpucTaylibl U UX IPUMEHEHNE

5. Mero/ibl onpenienenus aTOMHOM CTPYKTYpbl TBEPOTO Tella

6. ITocrositHHBIE MarHUTHI. TE€XHOJIOTUS U3TOTOBJICHUS. XapaKTEPUCTUKU

7. Toukue meHku. [lonydenue u cBolcTBa

8. [ToynmpoBOAHUKOBBIE TPUOOPHI

9. XKuakue KpucTaabl U UX IPUMEHEHHUE

10. CynepnapaMarHeTu3M U MarHUTHBINA PE30HAHC

11. TemioBbie CBOMCTBA TBEPABIX TEI

12. MexxaTOMHBIE CBSI3U

13. CoBpeMeHHbIE MaTepHaibl Ha OCHOBE yriepoja. HanotpyOku, dyiiepeHsl
14. ledeKThl KpUCTAIUTMYECKON CTPYKTYPBI, BIHsHAE Ae(hOpMAIH HA UX CTPYKTYPY
15. BiusiHre Bo1opo/ia Ha CTPYKTYPY METANIMUECKUX CILIaBOB

16. IIpuHIMIIBI MOAETTUPOBAHUS KAPTUH PEHTTEHOBCKOM Tupakiun

17. HaHOCTpYKTYpBl HAa OCHOBE OKCUJA LIUHKA

7. Y4eOHO-MeTOAHYECKOE U MATEPHAILHO-TEXHHMYeCKOe ofecneyeHne THCIUIIHHbI
7.1. YueOHas iuTeparypa:

Ocnosnas tumepamypa

1. ®usuka tBepaoro cocrosiHus bisiikmop 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. ®usuka TBepaoro tena [lasnos I1.B., Xoxnos A.B. 2008

Lononnumenvnasn rtumepamypa

1. KBaHTOBOXMMHYECKHE METOJIBI B TEOPUU TBEP/I. Tena JBapectoB P.A. 1982

2. Merobl BEIUMCIUTENBHONU (U3UKN B Teopuu TBepaoro tena bapesaxrtap B.I'., 3apoueHues
E.B., Tpouukas E.I'. 1990

3. ®usuka tBepaoro tena [Tasnos I1.B., Xoxmos A.B. 2000

4. ®usuka nomynpoogHukoB bonu-bpyesuu B.JI., Kanamuukos C.I1. 2009

5. Teopus tBepaoro Tena. [lassigoB 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 obecrnievyeHue

1. Onepanmonnas cucrema Microsoft Windows XP Professional.

2. TTaker npuknaaubeix mporpamm Microsoft Office 2003 Professional.
3. IIporpammHBIii IpoyKT «AHTUBHpPYC Kacnepckoroy.

4. Ilporpammusiii mpoaykt FineReader 7.0 Professional Edition.


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

5. IIporpammuslii npoagyktr MATLAB 6.

7.4. MaTepuajibHO-TeXHHYECKOe o0ecrieyeHue

VYyeOHast ayauTopus ISl JIGKIIMOHHBIX 3aHITUN
(Ne  306) 386132, PH, r.Ha3pans,
l'amyp3ueBckuii okpyr, yjia. MarucrtpaibHas,
39a, Kopnyc 3E

Cron s mpenosaBarens - 1 mr. (COCTOUT
n3 2-X cexuuil); CTy’a AJis npenojasatens -1
IIT.; 10cKa - |1 mrT.; TpubyHa-1 mr, cron - 28
IIIT.; CKaMbs-56 1T

JlaGoparopus «®Puszuka TBEpPAOro  Teay
(Ne201) 386132, PU, r.Hazpans,
l'amyp3ueBckuii okpyr, yia. MarucrtpaibHasi,
39a, Kopnyc 3E

Cron nns npenojasarens - 1 wT; cTyn i
npenojaasatesns -1 mr.; qocka - 1 mwr.; cTo -
10 mrT.; ckampsa-20 mr, DTA — anamms,
JIKT -8. Ornpenenenue
TEIIOEMKOCTEH U 00BEMHOM IPOBOIUMOCTH
HOJIUMEPOB. YCTaHOBKa MJIsl OINpeAeseHUs
IEKTPUUECKON MPOYHOCTH JUIIEKTPUKOB.
Omnpenenenue JURJIEKTPUYECKON
OPOHMLIAEMOCTH M TaHreHca  aiub(a
IUBJIEKTpUUecKuX notepb. OmnpeneneHue
HoKasareJs pEeIOMIICHUS u ero
UHKPEMEHTBl  PacTBOPOB HOJIUMEPOB.
MasTHUK KOomep JUIsl HCCIIEOBaHUS
npouHocty nonumepos. DHUII-onpenenenue
pesaKkcallMOHHbIX OTEPh B NOJIMMEPAX.




Pabouas mporpamma aucruruinHbl «PU3MKa TBEPAOrO TElla» COCTABICHAa 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 cocTaBuiL: CT. IpenoaaBarensb kadenpsel «Pusnkay M. b. bareixken

[Tporpamma omobpeHa Ha 3aceqanuu kadeapsl «Pu3nka»
[Tporokon Ne 10 ot «20» mas 2024 rona

[Tporpamma ogo0peHa YueOHO-METOAMYECKUM COBETOM (PH3UKO-MAaTEMAaTHIECKOTO (paKyIbpTeTa
[Tpotokois Ne9 ot «22» utons 2024r.

[Tpencenarens Y4eOHO-METOIUISCKOTO COBETa (PaKyIbTeTa /HamerueBa M. A.




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)







