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I_Ie.]'II/I OCBOCHHUSA JUCHUIIINHBI

L[CJ'IB KypcCa «Pu3uka KOHACHCUPOBAHHOI'O COCTOSAHHUA BCIICCTBA» COCTOMT B
CHCTEMATUYECKOM H3JI0KEHHU CIOCO00B U MCTOJOB NMPHUMCHCHUS OCHOBHBLIX IMPUHIIUIIOB
KBAHTOBOM TEOpHUHU K HCCIICAOBAHUIO CBOICTB KpUCTAJUIMYECKHUX TBEPABIX TEJI, HAYYHUTh
CTYACHTOB INPHUMCHATH IIOJYUCHHBIC 3HAHUSA TIPpHU PCUHICHHUH 3aJa4 B 06HaCTI/I, 1€ OHH

CIICIHUAIU3UPYIOTCH.

CTy,I[eHT JOJDKCH ITO3HAKOMHUTBCA C HEKOTOPBIMH METOAaMH, INPHUMCHICMBIMHU K
OIITMCaHHIO Ha6HIOIIaeMBIX (bI/IBI/I‘IGCKI/IX SIBIICHHI 1 HpHOGpeCTI/I HaBBIKHM CaMOCTOATCIbHBIX
Hay4YHBIX HCCHCHOB&HHﬁ, BKJIO4Yas (bOpMHpOBaHI/Ie HAaBBIKOB H3Y4YCHUA HaquOﬁ

(bU3HYECKON TUTEPATYPHI.

Ne Kon
n/n | npodeccHOHANBEHOTO
CTaHzapra

HaumenoBanue 00nacTu mpoecCUOHANTBHON eI TCIBHOCTH.
HaunmeHnoBanue npodeccHoHaIbHOTO CTaHaapTa

01 Obpa3zoBaHue U HayKa

1. 01.001

IMpodeccnonanshslii cranaapt «Ilenaror (megarorndeckas JeITENBHOCTD B cepe
JOIIKOJILHOTO, HAYaJIBHOTO OOIIEr0, OCHOBHOTO OOIIET0, CPeHEro 00IIero
00pa3oBaHus) (BOCHHUTATENb, YIUTEIb)», YTBEPKACHHBIN MpruKazoM MUHNCTEpCTBA
TpyZAa U conmaibHO 3anmThl Poccuiickoit @eneparun ot 18 oktsaopst 2013 . Ne
544Hu(3apeructpupoBad MuHICTEpCTBOM FocTHINN Poccmiickoit denepannu 6
nexabpst 2013 r., peructpammonssii Ne30550), ¢ m3MeHEeHHEM, BHECEHHBIM
IpuKa3oM MuHucTEpCTBa Tpyla U conuanbHoi 3amutel PO ot 5 aBrycra
2016r.Ne4221 (3apeructpupoBad MuHuctepctBoM octurmu PO 23 asrycra2016r.,
peructparioHHbIi Ne 43326 )

2. 01.003

IpodeccronanbHblil cTanmapt «Ilegaror qOMOJHUTEIHLHOIO 00pA30BaHUS ACTCH U
B3POCIIBIX», YTBEPKIEHHBIN Npuka3oM MUHHUCTEPCTBA TPYAa U COLMATILHOM 3alllUThI
P® ot 5 mas 2018r. Ne 298H (3apeructpupoBan MuHHCTEPCTBOM rocTuiu PO 28
aprycra 2018r., peructpaunonssiii Ne 52016

dopmupyemble JUCLHUIUIMHOM 3HAHUS W YMEHMs TOTOBST BBIIYCKHUKA JaHHOU
00pa30BaTeNbHON MpPOrpaMMbl K BBIIOJIHEHUIO CJHEAYIOIMMX OOOOLIEHHBIX TPYJOBBIX

byHKUIMA:

Koa n O0001meHHbIe TPY10Bble GYHKINH TpyaoBbie pyHKINH
HaNMEHOBaHHUe Kon HanmenoBanue Yposens| HammenoBanme| Kox| VYposenn
npo¢ecCHOHAIbHO KBaJIUpHU (moxypoBeHb)
ro cranaapra KAl KBaJTu(UKAIL

70

01.001 Ilemaror Tlemarornueckas Oo0wenenarornuec/A/01.6
(memarornueckas NEATEIIbHOCTD 10 Kasi QyHKITHS. 6
NMesITebHOCTD B MPOEKTUPOBAHUIO U OOyueHue
ITOIITKOJTBHOM, [pealn3anuu Bocnuratensuas [A/02.6
HayaIbHOM 00IIeM, 00pa30BaTENHLHOIO eI TeNIbHOCTD 6
OCHOBHOM OOIIIEM, 4 rporecca
cpeaHeM o01IeM 00pa30BaTENbHBIX 6
06pa3oBaHNN) OpTaHU3aIHAX Paspupatomas  1A/03.6
(BoCTIUTATEND, ITOIIKOJILHOTO, ACATCIBHOCTD
YUUTEINb) Ha4yaJbHOTO 00ILEro, 6

OCHOBHOTI'0 OOIIIEro,

CpEeIHEro O0IIeTro

0Opa3oBaHMs




[Temarornueckas [Temarornyeckas
NEesITeNIbHOCTD 110 eI TeNIbHOCTD 110
MIPOSKTUPOBAHUIO U peanu3am
B |peanuzanuu 0CHOBHBIX 6 porpamMm B/03.6 6
00111e00pa30BaTEIHHBIX OCHOBHOTO H
[porpaMm CpeIHEero odIIero
00Opa3oBaHMs
Ilepedensb 3a1a4 npodecCHOHAIBbHOM 1eATeJILHOCTH BINNYCKHUKOB:

O06acte Tumne! 3amay 3amauu OOBEKTHI

npodeccHoHaNbHONW  |TTpodeccnoHaTbHON npodeccrnoHaIbHOI poeCCHOHAIBHOM

JeSITeTbHOCTH JesITeIbHOCTH JesITeIbHOCTH JesITeNbHOCTH (WK

(o Peectpy o0acTv 3HAHUS)

MunTtpyna)

01 O6pa3oBanue [lenarornyeckuii Pa3pabotka u OO6pazoBarenbHbIe
peamr3ars POrpaMMBbI U
00pa3oBaTeNbHbIX 00pa3oBaTeNbHBIH MpoLecc
nporpamm CIIO u B cucreme CIIO u 10
nporpamm J1O

06 Cgs3b, Hayuno- Uccnenosanue, WNudopmannonnsie
MH(POPMAIIMOHHBIC M | MCCIICIOBATEIIbCKUN paspaborka, OpoLECChl, TCXHOJIOI'NH,
KOMMYHHKAIIHOHHBI BHEJIPCHUE U CUCTEMBI M CETH, X
o TeXHOLOLHMI COTPOBOXKICHHE UHCTPYMEHTAILHOE
MH(OPMaLMOHHBIX (mporpammHoe,
TEXHOJIOTHI U CUCTEM | TEXHHYECKOe,
OpraHU3aIMOHHOE)
obecrneueHue, Crocoonl 6
U METOJIBI
MPOEKTUPOBAHMUS,
OTJIQJIKH, IIPOU3BOJICTBA U
JKCIITyaTaluu
MH(}OPMaIMOHHBIX
TEXHOJIOTHI U CUCTEM B
pa3IUYHBIX 00JIACTAX U
cdepax uppoBoi
SKOHOMHKH

2. Mecto nucuunuHbl B cTpykType OIIOII 6akanaBpuara

JucnummHa «DPu3nka KOHJACHCUPOBAHHOTO COCTOSIHUSI BEIIECTBA» OTHOCUTCS K
o0s13aTenpHOM yacTh. JluciuiuinHa u3ydaeTcst Ha 3 Kypce B 6 cemecTpe.

OcHosnble HagblKU, KOTOPBIMH JOJDKEH O0JIafaTh CTYIEHT: 3HaTb OCHOBHBIE CBOICTBa
NOPOTSDKEHHBIX CHCTEM, OOYCIIOBJICHHbIE KBAHTOBBIM XapaKTEPOM B3aUMOJIECHCTBHIA,
00JaaTh HaBbIKAaMU PabOTHI C OOBEKTaMH, KOTOPHIE XapaKTEPHbI AJISl pPacCMaTPUBAEMbIX
cUCTeM, BKIIOYas NpsAMOoe U 00paTHOE NPOCTPAHCTBO, OIEPALUU CUMMETPHH,
MHOT03JIEKTPOHHBIE BOJIHOBbIE (YHKIIMH, UMETh MPEICTaBICHHE O METOJaX pEeLICHUs
MHOTO2JICKTPOHHBIX ~3aJad, TakuX, Kak Meron Xaprpu, Xaprpu-Poka, Teopus
®ynkuyoHana IlnoTHOCTH, a Takke CleNUaNbHBIX METOJAX PEIIEHUS 3aJadd O pacyere
AIIEKTPOHHON CTPYKTYPHI KPHCTAJIOB, BKJIIOYAsi, B TOM 4YHCIE, M HX NPUOIMKECHHBIC
BapUaHThl — METOJl CHUJIBHOM CBSI3M, METOJA IIOYTH CBOOOJHBIX 3JIEKTPOHOB, METOJ
3 PEeKTUBHON Macchl. YKa3aHHbIE HaBBIKU JIOJDKHBI CIYXKUTh OCHOBOW IJIi MOHUMAaHHS


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

buznuecKux

CBEPXIIPOBOANMOCTD,

OCHOB TakKuWX SBJCHHUM, Kak
a TaKXKe M[IHPOKOro

AIIEKTPOH-(POHOHHOE
CIIeKTpa

KOHACHCUPOBAHHOM COCTOSAHUMU.
I[Hﬂ OCBOCHUA OJUCHUIIIIMHBI «Du3mka KOHACHCUPOBAHHOI'O COCTOSAHUSA BCIICCTBA»

UCTIOJIB3YIOTCSl 3HAHUS, YMEHUS M BUABI JEATEIBHOCTH, COPMHUPOBAHHBIE B IpoIecce
u3ydeHus npeameroB «O0mas ¢usuka», «Beicmas maremaTuka», « IEKTPOIUHAMUKAY.

OIITUYCCKUX

4

B3aUMOJICHCTBHE,
MpOIECCOB B

OcBoeHHEe JaHHOW AMCIMIUIMHBI SBJISICTCS HEOOXOIMMOW OCHOBOM JIJISi M3YYCHHS TaKHX

JUCHUIIIIMH, KakK «CraTtucTudeckas (bI/ISI/IKa», «Du3uka TBEPAOro TEiIay, «Pu3uka

IMOJIUMEPOB».

3. Pe3yJ’IbTaTLI OCBOCHHUSA TUCHUIIJINHBI (MO}IyJIH) - dU3uUKa KOHACHCUPOBAHHOI'O
COCTOAHMSA BelleCTBa

[Ipouecc wu3ydeHHs UCIUILIMHBI

HampaBlieH Ha (OPMHUPOBAHHE DJICMCHTOB

cnenyromux kommnerenuuid B coorsercTBuu ¢ ®I'OC BO 1o naHHOMY HanpaBiIeHHIO:

Kon HanmenoBanue WNHaukaTop AOCTHKEHUS B pesynprate ocBoeHMs
KOMIIETEHIIUU KOMIIETEHIIH KOMIIETEHIH JMCLUIUIMHBI 00yJaroImuics
(3axkpeniieHHblIL 3a OUCYUNTIUHOU) JOJIKEH:
YK-6. Criocoben YK-6.1. Hcnons3yer 3HaTh! AHaM3MpOBaTh
YIPaBJIATh CBOUM | MHCTPYMEHTBI U METO/IbI 3ajjady, BbIJENsAsA ee 0a30Bble
BPEMEHEM, yIpaBjeHUS BPEMEHEM IIPU COCTaBJISIIOLINE
BBICTPaNBaTh U BBINOJIHEHUH KOHKPETHBIX 3a/1a4, YMmers: Ocy1ecTBisThH
pean30BbIBaTh IIPOEKTOB, PU JOCTHKEHUU MOMCK  MHpOpMALUH  JUIs]
TPACKTOPHIO IIOCTABJICHHBIX LIEJIEH; peleHus IIOCTABJIEHHON
CaMOpAa3BUTHsI HA VK-6.2. Onpeznenser NpUOpUTETHI 3aauu MO Pa3INYHBIM THUIIAM
OCHOBE IIPUHIIUIIOB | COOCTBEHHOH J1€ATENLHOCTH, 3aIpOCOB
o0pa3oBaHus B JUYHOCTHOTO Pa3BUTHUS U Bnaners: Ilpum o0pabotke
TE€YECHHE npo¢eCcCHOHATBLHOTO POCTa; MHGpOpMaLUU OTINYaeT (haKTh
BCEU JKU3HH VK-6.3. OnienuBaer TpeOOBaHUS |0T MHEHUH, HHTEpIpETaLHi,
pBIHKA TpyJia U IPEIOKEHUS OLICHOK, bopmupyer
00pa30BaTENbHBIX YCIYT A COOCTBEHHBIE ~ MHEHHS W
BBICTPAaWBaHUS TPACKTOPUU CYXKJIEHUs,  apryMEHTHpYeET
COOCTBEHHOTO CBOM BBIBOJIBI M TOUKY 3pEHUS
npo¢eCcCHOHATIBHOTO POCTa;
YK -6.4. Crpour
npoeCCHOHATIBHYIO Kapbepy
U OTIpE/IETISieT CTPATETUIO
1po¢eCCHOHATIBHOTO Pa3BUTHSI.
OIIK-2. CriocobeH OIIK-2.1 3HaeT OCHOBHBIE HAYYHBIE

[IPOBOAMUTH HAYYHBIE METOJIbI TEOPETUYECKOTO U
licCIIeI0BaHMS AKCIIEPUMEHTAILHOTO
(bu3nuecKux UCCleI0BaHUs 0OBEKTOB,
0OBEKTOB, CHCTEM M MIPOLIECCOB U SBJICHUI

[TPOIIECCOB, OIIK-2.2. YMeeT ucnonb30BaTh
0OpabaThIBaTh U (bu3uKo-MaTeMaTHUECKUN anmapar
[PEACTaBIATh U1 pa3pabOTKH MaTEMAaTUYECKUX

HKCIIEPUMEHTAIbHBIE MOJIEJIEH SIBIICHUH, TPOIIECCOB U
[TaHHBIC. O00BEKTOB MPHU PEIICHUH 3a/1a4 B
npodeccnoHalbHO 1eATeNbHOCTH
OIIK-2.3. Nwmeer HaBBIKU




MPOBEACHUSI  HKCIIEPUMEHTOB  TIO|
3aJlaHHOM METOJIMKE W aHalu3a X
pe3yJIbTaTOB

I1K-4 C1IocoOHOCTh
[IPOBOJHUTH HAYYHBIC
MICCIIE/IOBAHMUSI B
M30paHHOM 00sacTu
HKCIIEPUMEHTATbHBIX
1 (1K)
TEOPETHUECKUX
(br3HUECKUX
FIcCIIEJOBAHUH C
[TOMOIIIBIO
COBPEMEHHOM
MpruOOpHOI 0a3bl U
H(bOpPMaIMOHHBIX
TEXHOJIOTUM C
y4ETOM
OTEYECTBCHHOTO U
3apyOEKHOTO OIbITA

IIK-4.1. 3HaeT OCHOBHEIE METOMEI

poBeIcHUsI  TEOPETHYECKOro |
DKCIIEPUMEHTAIBHOTO
IICCIIeIOBAHUS B chepe

MpodhecCHOHANIbHOMN e TETbHOCTH.
[1K-4.2 Ymeer BbIOUMpaTh Hambosee

b HeKTUBHBIE METOBI TUTS
MPOBEACHUS HAYYHBIX
LICCIICIOBAHUH.

IIK-4.3 Bnageer HaBbIKAMU
paboThI C COBPEMEHHBIM
npuOOPHBIM 000pPYIOBAaHHEM,
MeTOoaMH 00pabOTKH M aHAI3a
MOJTyYEHHBIX PE3y/IhbTaTOB
HAy4YHBIX HCCIIEZIOBaHUN B chepe
poeCCHOHAIBHON e TEIHHOCTH

Bnanets: metonamu
HAXO0XJICHUsS, 0TOOpa U
00BETUHEHHUST PA3ITUIHBIX
METOJIOB MPOBEICHUS
(U3NIECKUX UCCIICIOBAHUIA.
YMETh: OCMBICIEHHO
BBIOMPATh HAYYHBIA METOJT
poBeICHUS PU3NIECKUX
HUCCIIEIOBAHUMN.

3HaTh: CIIOCOOBI
OTIpPEICIICHUS BUJIOB M THUIIOB
npodeccHoHaIbHBIX 33J1a4, a
TaKXKe METObI KX PEIICHUS
IIPH [TPOBEICHUHT
(U3NUECKUX UCCIICIOBAHUI

4. CTpyKTypa M coJep:KaHue TUCHHIIMHBI (MOYJIs1)
4.1. CTpyKTypa JUCHUIIHMHBI (MOIYJIA)
OO61mas TpyA0eMKOCTh AUCHHUIUIMHBI COCTABISIeT 2 3a4ETHBIX eIUHUL], /2 daca.

Ne Buabl yueOHoli padothl, BKiawuass Dopmbl TEKYILIEro
n/n CaMOCTOATEIbLHYIO padoTy KOHTPOJSI  yCIeBAeMOCTH
CTYIEHTOB M TPYA0eMKOCTh (B (no nedensm cemecmpa)
KonTakTHas Camocrositesib| PopMa NPOMEKYTOUYHOM
pabora -Has pa6oTa arTecTauuu (no
3 5 %
= S 3
=) ™ = 9 = rm
o A S
= X > o
HaumenoBaHnue pa3iesioB u == e g & K m’ 8
=
TeM TUCHMILIHHBI (MO1YJIA) 5 = o g2 : 3| = = &
) ~ ~
3|8 |k g |2 ’ 28 &loes
m 0] = D) o =
o |8 | HE =4 v =~ E 2 & |9 (9
E |2 | E Q T |s 8|5 | ©{Q
4 jast o < < < = Z Q. <
O |a | = U2 a | 2 Q
O o) — = m o = < < < < -
=y < |2 |& |2 S | O X [8 |2 |2 |2 | 215
= 5 |s | H 2 = |lofo % |2/ a| a8
O o B |BE|le|Eleo |0 |9 |Efjo |© |0 0 |0 |05
2 o =g | = o m| = [ = = 5 = M /M M /M S
=S o |2 |8 |\Q o | & |2 x>y 15 2 (2 |2 |2 1a
b5y Q O (ST I% O >~ | O | & 10 c | & & e e
o mHE R mix B IHO X |B R FEF|EBi&
1 Beenenue. OcuoBuele 6 |4 |1 1 1
MTOHSITHSL.
2. | OcHOBHBIC nmoJioxkenus 6 |8 |2 | 2 1 1 |+ +
(UMK TBEPAOTO TENa.
3 KBanroBas 3amaua Muorumx 6 |8 |1 |1 1 1 + +
TeJ.
4, Annabarnueckoe 6 |8 2 |2 1 1 + +
pUOJIIKEHHE.
5 OHORJIEKTPOHHOE 6 |6 |1 1 1 1 +
npubImKeHne




6 AHTHUCUMMETPHU30BAHHBIE 68 2 |2 1 1 +
BOJIHOBbIE (DYHKIIUU.
7 Teopus Oyukiuonana 6 |8 |2 | 2 1 1 +
[TmoTHOCTH
8 Mertox Kona-1lIsma. 6 |6 |1 1 1 1
9 Metonbt pemenust 6 | 10 2 | 2
ypaBHEHUIN 30HHOU TEOPHUHU.
10 | JIuHeliHble METOMEL. 6 |8 |2 |2 1 1
11 | IIpubnrxeHHBIE METOIBI. 6 |8 2 |2
12 | DnextpoH-poHOHHOE 6 |6 1 |1 1 1
B3aUMOJICHCTBUE.
13 | DnekTpoH-(hOHOHHOE 6 8 |2 |2 1 1
B3aWMO/JICVICTBUE B HOHHBIX
KpHUCTaJIJIax.
14 | CBepxnpoBOAUMOCTb. 6 |8 2 |2 1 1
15 | CBepxnpoBOAUMOCTD: 6 |9 2 |2 + +
MUKPOCKOIIUYECKAS TEOPHS .
16 Onruyeckue cBolictBa 6 |8 |2 |2 + +
KpHUCTAJIJIOB.
17 | KBantoBas Teopuss 6 |8 |2 |2 + +
ONTHYECKUX CBOWCTB
KPHUCTAIJIOB
OOmast  TpylOeMKOCTh, B 72 | 30| 30 12 12 | [IpomexxyTouHas
qacax dopma
3auer +
3aueT ¢ OIEeHKOMN
DK3aMeH

4.2. CopepikaHue JHCHUNIHHBI

BeIECTBA»

«Puzuka KOHICHCUPOBAHHOIO COCTOSIHMSA

Tema

Conepxanue

Jluteparypa

1. Beeneuue. OCHOBHEIE
MOHSATHS.

TpaHCHSIIMOHHAs CUMMETpHUS, OCHOBHBIE BEKTOPBI
TPaHCISILUHI, JEMEHTapHas s4eika, ssueiika Burnepa-
3eiiTia, oOpaTHas peleTka, nepBas 30Ha bpuimiosHa,
cUCTeMa eIUHUI] (ATOMHAsl, PENIATUBUCTCKAS )

[1]-[6]

2. OCHOBHBIE TTOJIOKEHUSA
(U3HUKHN TBEPIOTO TeNa.

MePUOINYECKUI TOTeHIMANI, Teopema bioxa, 30HHas
CTPYKTYpa, JTUCIIEPCUOHHAS 3aBUCHMOCTD,
KIaccupuKamusi  TBEPABIX  TeJI.  DJIEMEHTAapHbIE
BO30ykaeHus. KBazuuacTuipl

[1]-[6]

3. KganrtoBas
MHOTHUX TEJL.

3azada

Ob6mas popmynupoBKa KBAHTOBOM 3aJJaud MHOTHX Tell.
MHOro31eKTpOHHOE yYpaBHEHHE [Ipenunrepa,
["aMuIpTOHMAH.

[1]-[6]

4. Annabatuueckoe
MPUOJIMIKEHNE.

PaSHGJIGHI/IG ATOMHBIX U 3JICKTPOHHBIX KOOPAWHAT.

[1]-[6]




5. OZIHORNEKTPOHHOE

BanentHoe npubmkeHue. BapuanuoHHBIN TpUHIHIT

[1]-[6]

MPUOJIMIKEHHE. Putna. VYpanenus Xaptpu. CamocoriacoBaHHBIM
MIOTEHLINAJ. Pemienue «CaMOCOTJIACOBAHHBIX»
ypaBHEHUH.

6. Onpenenurens Cmdiitepa. Boruncienune cpennux |[1]-[6]

AHTHCUMMETPU30BaHHbIC
BOJIHOBBIE (DYHKITUH.

3Ha4YeHUH ¢  JETepMUHAHTHBIMH  (YHKLUSAMHU.
Bapuanvonssii npuHnun. YpasHeHus Xaprpu-doxka.
OOMeHHast SHEPTHs.

7. Teopus DyHKIIMOHATA
[lmoTHOCTH

ONEeKTpOHHAs IUIOTHOCTb, OINPEICIICHUE, OCHOBHBIC
coiicTBa. IlepBas Teopema XosuOepra-Kona. Bropas
TeopemMa XosHOepra-KoHa, BapHallMOHHBIM HPUHIUI
JUISL DJIEKTPOHHOM IUIOTHOCTH. (DYHKIHMOHANI INOJIHOU
JHEPIruu.

[1]-[6]

8. Meton Kouna-III»ma.

[Toctpoenue byHKIIMOHATIA SHEPIrUu c
HUCITOJIB30BAHUECM (1)I/IKTI/IBHOI\/JI CHUCTEMBI
HEB3aMMOJCHCTByIOMUX dYacTull. YpaBHeHus Kona-
[IIoma. OOGMEHHO-KOPPEAUOHHAS SHEPTHSI.

[1]-6]

9. MeTto1b1 pemenus | O6mast  ¢opmynupoBka  3amaun.  basucHbIe

ypaBHEHUI 30HHON TEOpUU

¢byakuu.  CekyinsipHoe  ypaBHeHHE. Mertoa
IIJIOCKUX BOJIH. MCTOII HpI/ICOGILI/IHeHHBIX IIJIOCKHUX
BOJH. MeTon OpTOroHaJIM30BaHHBIX —IIOCKHUX
BoiH. IlceBmomoTeHIIHAIT.

[1]-6]

10. JIuneupie METOBI.

JInneapusanus. JInnenHbIin METOJ
npucoeaHeHHbIX mockux BosH (JIIIIIB).

[1]-[6]

11. IIpuOav>keHHbIE METOBI. | DIIEKTPOH B IMYCTOH pemieTke. MeToJ CHIbHOU

CBs3M. MeETOJl TOYTH CBOOOJHBIX DSJICKTPOHOB.
D¢ddexTuBnas macca. Teopema Banbe.

[1]-[6]

12. OnexTpoH-hoHOHHOE | O0IIMe CBOWCTBa B3aMMOJICHCTBHS SJIEKTPOHA C

B3aUMOJIEHCTBHE.

KoJiebaHusiMu  pemeTku. TeHzop nedopmanuu,
JOKAIBHOCTH. J{ehopMalimoOHHBIN MOTEHIHAIL.
I"apmonnueckmit OCLUJIIATOP. Bropuunoe
KBaHTOBaHUE, onepaTopbl POXIAEHUS u
yHUUTOXEHHS. [loHsATHE MOJIEBBIX OINEpPaTOPOB.
l'amuabsTOHMAH OIS YacTHI] € 2-X U 4-X 4aCTUYHBIM
B3aHMOJICHCTBHUSIMH. I'amunsTOHNaH
HEB3aMMOJCHCTBYIOMUX (POHOHOB. ['aMUIbTOHUAH
B3aUMOJICHCTBUS JJIEKTPOHOB ¢ (OHOHAMHU B
MIpe/ICTABJICHUH YHCell 3amoyiHeHus. [ paduueckoe
IIpEJICTaBIICHUE, JIAarpaMMBsl deitHMaHa.
[Ipocreiimue THIIBI B3aUMOJICUCTBUIL.
Bupryansabie poHOHBI.

[1]-[6]

13. OnekTpoH-hoHOHHOE | B3aumopeiicTBue aiekTpoHa ¢ aedopmarueit
B3alMOJICIICTBME B WOHHBIX | PEIIETKH B Cily4dac BUIBHOW CBSI3U. OJEKTPOH-

KpHUCTaax.

(oHOHHOE B3aMMOJECHCTBUE B HMOHHBIX
kpucraiiax. [Homsipon. Monens @penuxa.

[1]-[6]




14. CBepXIpoBOAMMOCTh

Kputnueckast temneparypa. Dddexkr MelicHepa-
Oxkcendenpaa. Teopus JloHmOHOB. YpaBHEHUS
JlonponoB. IIpOHMKHOBEHHE MArHUTHOTO IIOJIS
BHYTpPb CBepxmpoBogHuka. Teopuss ['mH30ypra-
Jlanmay.  Ilapamerp  mopsiaka.  YpaBHEHHs
I'mu30ypra-Jlannay. JlnuHa ~ KOTepeHTHOCTH.
CaepxmnpoBoanuku 1-ro u 2-ro poaa. KBantoBanue
MarHMTHOTO NoToKa. MIIOKCOH.

[1]-[6]

15. CBepX1npoBOIUMOCTD:
MHUKPOCKOIHUYECKAs TEOPHSL.

DneKTpoHHOE MpUTsHKeHHe. KymepoBckue mapel.
N3oronnuecknii 3 dekr.

[1]-6]

16. Onrtuueckue CBOMCTBa

BI/II[BI B3aHMOHeﬁCTBHH CB€Ta C TBEPABIM TCIOM;

[1]-[6]

KPHUCTAJLJIOB ONTUYECKUE KOHCTAHTBI, IIOIJIOIICHUE CBETa
KpUCTaJlIIaMH, COOCTBEHHOE IIOTJIOILICHHUE;
JKCUTOHHOE IIOTJIOUICHHE; IOTJIOLICHHUE
CBOOOTHBIMU HOCUTEIISIMU; IIPUMECHOE
IIOTJIOLIEHUE; pELIETOYHOE IOTJIOLIEHHE.
PexomOuHanmonHoe U3JIy-4CHHE B
MOJIyIIPOBOJIHUKAX. MeX30HHass peKoMOMHALus.
PexomOuHanmst yepe3 JOKaJIM30BaHHBIC IEHTPHI.
OKcuTOHHAas  pekomOuHanus.  TBeproTenbHbIE

Ja3ephl.

17. KsanroBasa
OINTUYECKUX
KpHCTAJIJIOB

Teopust
CBOWCTB

OOt  TeopeTHUeCKUuil aHaau3 MEK30HHBIX | [1]-[6]
OTNITUYECKUX NIEPEX0I0B; JTUTTOJIBHOE
NpUOIMKEHNE; BEPTHKAIbHBIC MEPEXOJIbI; CBA3b C
ONTUYECKUMU KOHCTaHTaMHU. Onrtuueckue

CBOMCTBA KpPHUCTAJUIA KPEMHUSL.

HporpaMMa AUCIHUITJINHBI.

BBenenne. KonaencupoBaHHOE cOCTOSHME BellecTBa. Buabl KOHIEHCHMPOBaHHOIO
cocrosiHus. TBepnble Tena, XKUIAKOCTH W aMmopdubie Tena. CTpyKTypa TBEpABIX Ted,
)kuakocted u amopdHbIXx Ten. Kpucrtamibl, MOHOKpUCTAIIBI U MOTUKPUCTAIUIAYECKHE
BEILIECTBA.

CuMMeTpHYeCcKUe W CTAllMOHAPHBIC COCTOSHUS KPUCTAIIOB. AMua0aTUYeCKUN TPUHIIHIIL.
[IpocTpancTBeHHass pemietka KpuctaiwioB. Hampasinenuss B kpucramie. WHIeKch
Munnepa. OCHOBHBIE THIIBI KPUCTAJNIMYECKHX pemeTok. Sdeiika Burnepa — 3eiTna.
OOpatHas pelnieTka KpUCcTauioB. TpaHCISIIIMOHHAS CHMMETPHUST KPUCTAIIIOB.

OCHOBBI 30HHOM TEOPUU TBEPJIBIX TEL.

OIHO3JIEKTPOHHBIE COCTOSIHUS B KPUCTAIUIE. DJIEKTPOH B MEPUOINYECKOM 1oje. DyHKIUU
broxa. CBolicTBa BOJIHOBOTO BEKTOpa 3JEKTpOHA B KpucTaiuie. KBazummmysnbc. 30HBI
bpunmosna u noBepxnocte @epmu. JHeprust Pepmu DHepreTudecKkue 30Hbl. MeTasuibl,
TUDJICKTPUKA W TOJYnpoBOMHUKH. OddextuBHas wmacca »saekrpoHa. CraTUCTHKA
AJIEKTPOHOB B TBepAbIX  Tenax. DyHkuuu pacnpeneneHus Depmu. Xumuueckuit
MOTEHLHUA.

JledexThl B TBEpABIX TETax.

Knaccudukanust nedexroB. Temmoeie Toueunbie nedextsl. Jedektst mo dpenkento.
Hedexrst o Hlortku. Aucnokarnuu. KpaeBbie 1 BHHTOBBIC JUCIOKAIUH.

DJIEKTPUUYECKUE CBOMCTBA TBEPIBIX TEI.

[Ipumecu. JloHOpHBIE W aKLENTOPHBIE MPUMECH. DHEPreTHUYECKUE YPOBHU MPUMECHBIX
aToMOB B Kpuctamuie. HepaBHOBECHBIE 3JIEKTPOHBI W JAbIPKU. PaccesHuss HocuTenen



3apsiia, MPOBOJAUMOCTh M KHUHETUYECKHE CBOWCTBA METAJJIOB, JMAJIEKTPUKOB U
MIOJIyIIPOBOJTHUKOB.

OnexkTpoH — OHOHHOE B3aUMOJICHCTBUE.

®ononsl. UMnynbe @oHoHa. AKycTuueckue U ontuueckue GpoHoHsl. [1na3meHHbIe BOJIHBI,
ruta3Monbl. Konngencanuu 6030H0B. CBEpXTEKY4eCTb.

[IpocTpaHcTBEHHAs AUCHEPCUs U IPOXOKACHUE CBETA Yepe3 KPUCTAILI.

B3anmopencTeue cBeta ¢ KpUCTAUIMYECKOW peleTKOoM, NmossipoHsl. llomsapon @pennxa.
DddekTrBHas Macca moiaspoHa. Ikcutonbl Openkens U Banwe. [Monsputon. Ontudyeckue
CBOMCTBAa METAJIOB, JMAJIEKTPUKOB MU TMOJYIPOBOJHUKOB. [IOBEpXHOCTHBIE COCTOSIHUS
371eKTpOHOB. COCTOSIHUS 3JIEKTPOHOB B CTPYKTYpax C MOHUKEHHOMN pa3MEPHOCTHIO

Conep:kaHue NPaKTHYECKUX U CEMUHAPCKUX 3aHATHI.

3anamue 1. CTpykTypa u cuMmMeTpusi kpuctaiuioB. Pemerka bpaBs. OCHOBHBIE BEKTOPHI
TPAHCIALUH.

3anamue 2. YnakoBka aroMoB B Kpuctaiiax. Kodd@UIMEHT ynakoBKH ISl PEIIETOK
bpaBs. ATomuble mmockoct. Muaekcer Betica.

3anamue 3. OOpatHas Pemetka. OCHOBHBIE BEKTOPBI TPAHCISALMI OOpaTHOW pPELIETKH.
3ona bpuitosHna.

3anamue 4. OOmue cBoiicTBa ypaBHeHus IllpenuHrepa niasi NepuOIUYECKHX CHCTEM.
Teopema biioxa. bioxoBsckue GpyHKIMH. KP-raMuiibTOHHAH

3anamue 5. Monens Kponura-Ilennu. DHepreTuueckue 30HbI.

3anamue 6. Meroxn miockux BosH. [lepmoanueckuil moreHuuan. 30HHasg CTPYKTypa B
METO/I€ TJIOCKUX BOJIH.

3auamue 7. OCHOBHBIE AJEKTPOHHBIC XapaKTEPUCTUKH: d(PPEeKTUBHAS Macca, CKOPOCTb.
3anamue 8. Meton cunbHOM cBs3u. @DyHkiuu Bannpe. 3amaum Ha BBIYHCICHUE
JTUCTIEPCUOHHON 3aBUCUMOCTH IS IPOCTHIX CTPYKTYP.

5.00pa3oBaTesibHbIEC TEXHOJIOTHH

[Ipu mpoBefeHHU ayJUTOPHBIX 3aHATUN M OpPraHU3aLMM CaMOCTOSITEIbHON pPabOTHI
CTYACHTOB  MCIOJIB3YIOTCS ~ OOpa3oBaTeNbHBIE  TEXHOJNOTMM A pealu3aluu
KOMIIETEHTHOCTHOTO I0/IXOJ]a C MCIIOJIb30BaHHMEM B Y4YeOHOM IpOIECCe AaKTUBHBIX H
MHTEPAKTUBHBIX (POPM MPOBEACHUS 3aHATHI B BUAE KOMIIbIOTEPHBIX CUMYJISLIUH, 1E€TOBBIX
U POJIEBBIX WP, pa300p KOHKPETHBIX CUTyallUd, NMCHUXOJOTMYECKUE W WHBIE TPEHMHIH,
MO3rOBBIE IITYPMBI IPU W3YYEHUHN BIIMSAHUS DJIEKTPOMAarHUTHBIX BOJIH Ha 4YEJIOBEKa C
1eNbI0 (POPMUPOBAHUS U Pa3BUTHUS MPO(ECCHOHAIBHBIX HABBIKOB CTY/ICHTOB.

AKTHBHbIE U HHTEPAKTHUBHbIE GOPMBI NPOBeAeHUs] YUeOHbIX 3aHATHII 110
AUCHHILINHE

6. YueOHo-MeTOAUYECKOE oOecreyeHHe CaMOCTOATEJbHOH padoThbl CTYJAEHTOB.
OuneHo4HBbIEe CcpeIcTBa AJsl TeKYylLIero KOHTPOJS YyCIeBaeMOCTH, NPOME:KYTOUYHOMH
aTTecTallly 110 HTOIaM OCBOCHHS M CIHMIIJIMHBI.

6.1. Il1an camocToATEILHOM PadOTHI CTY/ICHTOB

Ne | Coneprkanue caMOCTOATENBHOM PaboOThI Koi-Bo dopma OtmeTka
qacoB KOHTpOJ'IfI BBITTIOJIHCHUU
1 Cxema mnpuBeneHHbIx 30H. Ilepmommueckas | 10 YcrHOE
30HHAas CXEMa. cobecenoBanue




10

2 [ToBepxnocte ®epmu B  Mmerammax ¢ | 10
rpaHeleHTPUPOBAHHOMN KyOn4ecKoi

CTPYKTYPOM.

3 DOHepreTuYeckuii  CIEeKTp 3JIEKTPOHOB B | 6
kpucraiie. Monens Kponura- I1ennu

4 Hucnoxkarusi. Koutyp u Bekrop broprepca. 6
3) Heynpyroe  paccesnue  ¢otoHoB  Ha | 4 o1poc
aKyCTH4YeCKHX  (poHOHAX, Heynpyroe

paccessHue ~ HEUTPOHOB  Ha  (DOHOHAX,
HEYIPYToe pacCessHUE PEHTICHOBCKUX Jy4en
Ha (OHOHAX

6 Bunapl B3amMopeicTBuii cBeTa ¢ TBEpAbIM | 4
TEJIOM.

6.2. Meroanuyeckue YKa3aHUSl MO OPraHU3AIUN CAMOCTOSITEILHOH PadoThI
CTY/IEeHTOB
[lenpto caMOCTOSITENBHONM pabOTHl SBISETCS CaMOCTOSITENIbHOE MPHUOOPETEHHUE HOBBIC

3HAaHMH ¥  BHIPAOOTKA  CIIOCOOHOCTM K  IIOCTOSSHHOMY  CaMOOOYYEHHIO U
CaMOCOBEPILCHCTBOBAHUIO B TPO(ECCHOHANIBHOW W COIHAIbHO-OOLIECTBEHHBIX cdepax
NEeSITETTHHOCTH.

CamocrosaTenbHass ydyeOHas pabora mpeacTaBiieHa TakMMH (opmamu y4deOHOro
nporiecca, KaK JICKIHS, CEMHHAp, MPAaKTHYECKHe W JabOpaTOpHBIE 3aHSTHS, YKCKYPCHH,
IoAroToBKa K HUM. CTYI[GHT AOJDKCH YMETh BCCTH KPATKHUC 3allMCHU J'ICKIII/II\/JI, COCTaBJIATh
KOHCIIEKTBI, TUTaHbI U T€3HUCHI BHICTYIICHHUH, OJOUPATh IUTEPATypy U T.A.

Hayunas camocTosiTenbHas paboTa CTyJeHTa 3aKJI04aeTcsl B €ro y4acTuu B padote
KPYXXKOB Ha Kaeapax, B HAyUHbIX KOH(PEpeHLUAX pa3HOTO YPOBHS, a TAKXKe B HAIMCAHUU
KOHTPOJIbHBIX, KYPCOBBIX M BBIITYCKHBIX KBATH(DUKALMOHHBIX (JUIJIOMHBIX paboT) paboT.

CamocrosiTeabHast paﬁoTa CTYACHTOB BKJIIOYACT CJIEAYIOIIMEC KOMIIOHCHTBI:

NoNe Kon-Bo dopma
HaumenoBanue paboTsl
n/m 4acoB KOHTPOJISI
[TpopaboTKa JIEKIIMOHHOTO
1 pop 20 3auer
MaTepuaia
Jlomyck K KaxXaou
IToaroroBka x .
3 20 nabopaTtopHO# paboTe U

nabopaTopHBIM paboTam
3amIUTa OT4YeTa.

6.3. MarepuaJjbl A8 NPOBEACHHS TEKYIIEro W INPOMEKYTOYHOIO KOHTPOJS
3HAHMH CTYICHTOB

KonTpoabHbie 3agaun.

1. Crpykrypa anmasza. CKOJBKO aTOMOB COJEPKUTCS B TI'pPaHELICHTPUPOBAHHBIN
KyOMYECKOM 2JIEMEHTApHOM sTueiike?

2. Ocp cummMmeTtpus nopsaka. Kpucranmuueckas pemeTka He MOXKET HUMETh MOBOPOTHYIO
0Cb CUMMETpHS IATOrO Nopsiika. JlokazaTh 3TO yTBEPKICHHUE.
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3. Ompenenuth, Kakue 3JIEMEHThl CUMMETPUM MMEIOTCS B KyOe, a Takke B KyOe, rpaHu
KOTOpOTr0 3allITPUXOBaHbl TaK, YTO HAMpPABIICHUS IITPUXOB HA MEPECEKAIOLIUXCS TPaHIX
B3aMMHO NEPIIEHIUKYIISPHBIL.
4. OmnpenenuTb MEXIUIOCKOCTHBIE PAcCTOSHUS B KyOMYECKOW peIeTKe B CceMeHCTBax
miockoctert ¢ unaexkcamu (100), (110), (111) u (112).
5. BeiBectu 3akoH 30H ( 3ak0H Beiicca), KoTopsIii ritacut: eciau [uvw]- ock 30851, a (hKI) —
rpaHb 3Toit 30HbI, TO hu + kv + lw = 0.
6.IIpuBecTy BBIpaKeHMs JIJIsl MApaMETPOB sUEEK NPSIMONM W OOpaTHOW pPEIIETOK BCeX
CHCTEM, UX MEXIUIOCKOCTHBIX PACCTOSHUN W 00BbEMOB JIEMEHTAPHON STUYCHKH.
7. Tloka3atk, uTo B KyOuueckoi cucteme Hanpasienue (hKl) nepneHaukysispHo K rpaHu
(hkl).
8. Jlokasarh, 4TO B KyOMYECKOW CHCTEME Yyroi ¢ Mexay HopMansmu K rpadsm (hikily) u
(h2kolo) onpenensiercs hopmysnoii:

hh, +kk, +11,

JI02 2 +12)(02 + K2 +12)
9. BeiBecTu BbIpakeHHe i 3Heprun depmu Uil MoJend CBOOOJIHBIX 3JIEKTPOHOB
MeTaJuia Ipu aOCOTIOTHOM HYJIE TEMIIEPATYPHI.
10. Cunras cepeOpo OAHOBAIEHTHBIM METAJUIOM €O cheprudeckoil moBepxHocThio Depmu,
BBIYUCITUTH CJICTYIOIINE BETNUNHBL:

1. snepruto ®epmu u remnepatypy Oepmu;

2. ckopocth Depmu;

3. cpeHIo0 UIMHY CBOOOIHOTrO Mpobera 31eKTPOHOB

IpU KOMHATHOW TeMIlepaType u BOJIN3H aOCOIIOTHOTO

HYJIsl TeMIepaTyp;

4. 06beM nepBoit 30HbI bpuiosHa.
Vcrioib30BaTh B pacyeTax cieIyloltye aHubie 1 Ag: wiotHocTh 10,5 r'em’™; aToMHbiii
Bec A=107,87; ynenpbHOE CONPOTUBIIECHUE P= 1,61-10°0Mcm npu 295°K u 0,0038:10°
Om'cM npu 20°K
11. DnekTpoH IBWXKETCS B OAHOMEPHOM TMEPUOAWYECKOM MOTEHIMAJIHLHOM TIOJIE,
CO3/1aBa€MOM aTOMaMH, HaXOJIAIIMMUCS Ha PacCTOSHUM d IpyT OT Apyra.

[MToka3ath, 4TO BOJHOBBIE (DYHKIIMHU DJICKTPOHOB MOTYT UMeTh Buj U (X) exp (ikx),
rae U (X) — GyHKIus TOW jKe NepHOTUYHOCTH, YTO M moTeHuuan. I[Ipemmonaras, 4to B
TPEXMEPHOM Cllydae BOJIHOBas (GyHKIMs uMeeT aHaimormysbiid Bua: U (r) ekx (ekr),
OIPE/ICIUTh 3HAYCHHUS BOJIHOBOIO BeKTOpa K Ul IpaHEIeHTPHPOBAHHON KyOWMYecKoil
pEeIIeTKH.
12. 3ona bpumtosna pomOuueckoi pemerku. [lycTe pomOudeckas pemerka UMeeT Tpu
NPUMHUTUBHBIX OCEBBIX BEKTOpa a=5X, D=2y, €=z, mjiMHA KOTOPBIX BBIPAKAIOTCS B
Onpenenuts pasmepsl U GOpMy ONpPEAETUTh pa3Mepsl U GopMy MepBoii 30HbI bpuittosHa.
13. Tloka3aTh, uYTO Ha TpaHUIAX MEpBOM 30HBI bpuiuo’Ha BOJIHOBBIE (QYHKIHMU
CBOOOJHOTO OJIIEKTPOHAa B OJHOMEPHOW NEpUOAMYECKOW pemeTku ¢ mnepuogom d
BBIpOXKIeHBL. [loKa3aTh, 4TO €CJIM KaXKABIi aTOM BHOCHUT Majloe BO3MYIIIEHHE, TO B IIEPBOM
OpUOJIMKEHUH MO0  BO3MYIIEHUIO  BOJHOBBIE  (DYHKIMM HA  TpaHMIE  30HBI
NPOTIOPIIMOHATIBHBEI.

. NzX NzXx
smT " COST (n — menoe uuco).

Cos ¢ =

14. Tloka3zatp, 4yTO B ciy4ae, KOrja JABMXKEHHE OHJIEKTPOHA B KPUCTAIIE MOXKHO
paccMaTpuBaTh Kak pacIpoCTpaHEHHUE IIJIOCKOM BOJIHBI EXP (ikr), KBaHT 7K COOTBETCTBYET

umnyiscy. [lokazars, yTo eciau Ha KPUCTAUT IEHCTBYET BHEIIHEE 3JIEKTPUUYECKOE I0JIE, TO
CKOPOCTbh U3MEHEHHMS UMITYJIbCA B 3aBUCUMOCTH OT BPEMEHH TaKOBa, YTO JIECKTPOH MOXKET
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paccMaTpuBaThCs KakK 4acTHia, oOpaTHas Macca KOTOPOW SIBISETCS TEH30PHOMU
BEJIUYMHOM, UMEIOIIIeHl KOMIIOHEHTHI:

(7,2
m); h* okok,

15. Bpruucnuth paBHOBECHYHO KoHIeHTparuio a) nedektoB IllorTkm; 0) nedekton
®peHKens B KpUCTAILIE.

CocraB u cojep:kaHue 3aJaHNI, 32124, KOTOPble MPEeAyCMOTPEHbI VIl pPellieHus] WiIn
pa3bopa Ha 3aHATHAX.

3anamue 1.

3amaya 1. M300pa3uth CTPYKTYpYy KpHCTajula, AJii KOTOPOTO BEKTOPHI TPAHCISIHH

(a,,a,,a,) u aromusii 6asuc (A, B) onpenenstores ciemyromum o6pasom:

11
a, =a O,E,E]
a, =a(1,0,0) A=4a(0,0,0) =[000] L1
a) a,=a(010) Bza(l,l,ljz{lll} 6) a,=a E’O’Ej
11 j
a;=a —,-,0
2 2

A=2a(0,0,0) =[000]

(1 1 1j [111}
B=al=,=,=|=|2==

2'2'2) 222
J A=4a(0,0,0) =[000]

1 1
wa,=a 505 5 (111)[111
) 4'4'4) 444

3agaya 2. OnpeaenuTh YKCIO aTOMOB B PACIIMPEHHON 3JIeMeHTapHOi stueiike, Trrna NacCl,
umeronieit popmy kyoa.
3aoaua 3. llycte @,,a,,8; - BEKTOpbl TpaHCIALMNA HEKOTOpPOH pemeTkn bpasa.

Onpenenum Tpu BEKTOpa

u, =ha, +ma, +n,a,

u, =l,a, + m,a, +n,a,

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

TIe |i ,M;, N; - nensle yncina. [lokasaTe, 4T0 ecnu

Il ml n1

I, m, n,|=N,

|3 m3 n3

rire N — memoe umcnao, TO BEKTOpsl U;,U,,U, 00pa3yloT HEKOTOpBI HOBBIM HabOp

OCHOBHBIX TPAHCIISIUN ¥ HAUTH OOBEM AJIEMEHTAPHOW SUYEHKH, MOCTPOSHHOW Ha TaKHX
BEKTOpaXx.

3amauya 4. Iloka3arh, 4TO OOBEMHOIICHTPUPOBAHHAS KyOWUecKas perieTka MOXKET OBITh
pa3zelieHa Ha JBE MPOCThIe KyOWdeckwe pemeTku A u B Tak, 4To HU ojHA mapa
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OnmmKalMx coceneil B MCXOJHOM pelieTke He okaxercs B pemietke A win B. Tlokazats
TaKXe, 4YTO IMpocTasg KyOMueckas pelleTKa MOXKET paccMaTpuBaTbCcs Kak —JIBe
IpaHELEHTPUPOBAHHbIE, a TPAHELEHTPUPOBAHHAS KaK 4 IPOCTHIX.

3anamue 2.

3amava 1. JIns cTpykTypsl anmasa (chanepura) HAMTH BETUYUHY TETPAdIPHUUECKOTO yriia
A-B-A.

3agaua 2. Haiftn ko3pUUIMEHT yMakOBKH JUIS MPOCTOH, OOBEMHOLEHTPUPOBAHHON U
I'PaHEeLIeHTPUPOBAHHON KyOU4eCKOH pereTKy.

3anamue 3.

3amaya 1. [lpsMbBIM pelieHHMEM YypaBHEHUS (ai Dy )= 2710, , MOKa3aTh, YTO BEKTOPBI

TPAHCIIALUN OOPAaTHOHN PEIIETKH ONPEAEIIOTCS POpPMyTIaMu:
[a;.a,]
b, =2r— 1%
(@ [a;,a5])
rae 1,j,K — mukImyeckue nepecTaHoBKy uncen 1, 2, 3.

(27)°

0

3agaya 2. ITokasate, 4To 00BEM NepBOM 30HBI bpriutosHa €2, = , Tae €, - 00beM
3JIEMEHTAapHOH siueliku pemietku bpasa.

3amaya 3. [lokazate, uyTO pemieTka, oOpaTHasi K OOpaTHOHM, COBIAJACT C HCXOJAHOU
peuieTkoit bpasa.

3anamue 4.

3agaya 1. IlomyuuTh nNpaBUIBHO HOPMHUPOBAHHBIE OJHOJETEPMHMHAHTHbIE (YHKIHU
cucteMbl U3 N 4acTHIl C MONTYLIENBIM CIUHOM ((pepMU-UACTHULIBI)

3agauya 2. IlomyuuTh NpaBUIBHO HOPMHUPOBAHHBIE OJHOJETEPMHMHAHTHbIE (YHKIHUU
cuctemsl U3 N 4acTull ¢ eapIM CIUHOM (003€e-4acTHIIbI).

3agaua 3. Ilomyuuthb BbIpakeHHe Ui SHeprum B Merone XapTtpu-doka uyepes
OJIHORJIEKTPOHHbIE (PYHKIMH cucTeMbl N 3JIEKTPOHOB, HaXOJAIIMXCS B IOJIE AJEp 3apsaia
Z,,J=1...M.

3ajaya 4. C mnoMoIIbi0 BapHAIMOHHOTO METO/a, HCIONb3yd (YHKIMOHAJI SHEpruu,
MOJIYYUTh ypaBHEeHUs XapTpu-Doka.
3amaua 5. [lokazate, uto ypaBHenue lllpenunrepa mis mepuoaMUYECKON 4acTH BOJTHOBOM

Gynxun ¥, (F) MOXkHO 3amucaTh B BUJIE

(P + 1k)?
2m

rae y (r) = eikruk (r).

3anamue 5.
3anaya 1. [Tokazath, 4TO AJI1 OTHOATOMHOTO KpHCTasia, GyHKIIHS, TOCTPOCHHAS KaK

®k(r)=%ze‘ka¢(r—a),

+V () u, (1) = &(k)u, (r),

rne  @(r)- (yHKIWM, JTOKAIM30BaHHBIE B OKPECTHOCTH Y3JIOB PELIETKH, SBISETCS
brnoxoBckoil pyHKIHEH.

3agaya 2. PaccMOTpeTh OJHOMEPHYIO MOJIENIb KPUCTaJljIa C TOTEHIIMAIIOM BUA:
U,, O<x<p
U=y °
0, -g<x<0
U TEpUOJOM peleTKH a= p-+(. HalTu BoJIHOBBIE (YHKIMH, CIEKTp DSHEPruil H
paccMoTpeTh npeaenbHbIi caydait p—0,U, — o, Tak ytro U, p =Const .
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3anamue 6.
3agaya 1. Mcnons3yss METOJ IJIOCKMX BOJIH, HAaWTHU CIHEKTP SHEPruidl B OJHOMEPHOM
KpHUCTaJIJIe JUIsl 3HAUEHUI BOJIHOBOI'O BEKTOpA HA IpaHuLe 30HbI bpriitosHa.
3amaya 2. Ilokasarh, 4TO Ha T'paHMIAX NEPBOW 30HBI bpuilIr0sHA BOJHOBBIE (PYHKITUH
CBOOOIHOTO JICKTPOHA B OJTHOMEPHOM PEIIETKE C Mepruo oM d BBIPOXKICHBI.
3agaya 3. PaccMoTpeTh 3aa4y 0 2-X MEPHOM 3JICKTPOHHOM Ta3e U
a) MOoKa3aTh, YTO KHUHETHUYECKas dHEPrusi JIEKTPOHA B «YyIIy» 30HbI bpuiitosna B 2
pa3za Oosibllie, 4YeM Ha CepeIMHE CTOPOHBDI;
0) HalfTH 3TO OTHOIIEHUE JIs1 3-X MEPHOTO CiTyyJasl.
3anamue 7.
3agaua 1. [loka3aTh, 4TO Ui JIIOOOTO COCTOSIHUSL 3JEKTPOHA B KPUCTAJUIE TPYIIOBas
CKOPOCTH B J1Ba pa3a OoJblie (pa3zoBoii ckopocTu. HallT cooTHOIIEHUE MEXTy TPYIIIOBOM

9] 2 4
u (azoBoii ckopocThio, eciu 3akoH mucnepcun umeet Bua £(K)= Ak + BK", a takxke

TI0KAa3aTh, 4TO V,, =V, , €CIH
2A°
E= .
9B
o v 3 QO
3agaua 2. [lokasaTp, 4TO ISl KaXKIOW SHEpreTHYecKod 30HBI cymiectByer 2N W
V4

COCTOSIHMH, MPUXOASILINXCS Ha AMHUILY 00beMa 00paTHOrO MPOCTPAHCTBA.

3anamue 8.

3agaya 1. Jloka3aTh CBOWCTBO «TpaHCIAIMNW» QYHKINN BaHHBE IS OTHOMEPHOTO CIIydast:
@, (X) = @, (X —na), rae N — HOMep y3/1a OTHOMEPHOH PELIETKH C IIEPUOIOM a.

3ayiaua 2. JlokazaTh opToroHanbHOCTh GyHKIMH Banube @, (X) .

3amaya 3. Beruucanth QyHkuuu BaHHbE Ans ciiydas mpocTod KyOMYecKOH pelIeTKH,
korja bioxoBckast pyHKIMS 3a1aeTCs IUIOCKOM BOJTHOW (3JIEKTPOH B MYCTON PEIIETKE).

3amaua 4. I mpocToi KyOUUYeCcKOW PemeTKH ¢ JUTMHOW pebpa 8 BBIYUCIUTH 4 HUKHUX
SHEPrUM CBOOOJHBIX JJIEKTPOHOB, €CIM BOIHOBOM BEKTOP B CXEME MPUBEIEHHBIX 30H

V4
UMeeT AJUHY 2a U TepPIEeHIUKYIISIPEH IpaHu Kyoa.
a

38.23‘{& 5. I/ICHOJ'IIBYSI BBIPAKCHUC IJIA SHEPTHUU B MCTOC CHIILHOM CBS3H

Zh(n)eikn
(k) =gy + =

z S(n)eikn

n
rre n(n,n,n;)=na, +n,a, +N,a,, a Takxe cuntas Bemwunnbl N(N), S(N) napamerpamu,
HONYYUTh B MPUOIMKEHUH OMMKaimmx coceneil siBHblE Bhpaxkenus aus Gpyrkimu &(K)
oanoatomuoro kpuctamia ¢ [IKP, OLK u I'TIK pemetrkoi.
3anaya 6. [Tomyunts BeIpaxkeHue 175 TeH30pa 3()PEKTUBHOM MacChl KpUCTAIIa C IPOCTOM
KyOMUYecKOl penieTKo, eclii CHEKTP SHEPTruil UMEeT BUJT
e(k)=E, - 2A[cos k,a+cosk, a+cos kZaJ

Y HaTH TIpeesibHbIe 3HaUYeHHs 115l Touku K =0.
Bonpoch! 1 3a5aHuA 1J1s1 HHAMBUAYAJBHONH H CAMOCTOATEIbHOI padoThlI.

1. [ars onpenenenue peumerku bpasa.

2. Kakwue cBoiCTBa SBIAIOTCS OOIMIMMH 711 IPUMUTHUBHON SYCHKU U siueliku Burnepa-
3enTa? B uem 3aKkIi04aroTCsa MX OTINYMA?

3. SIBnsieTcs nm npsiMasi pernieTka 00paTHOM MO0 OTHOIICHUIO K CBOEH 00paTHO#?
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10.

11.

12.
13.
14.
15.
16.

17.
18.
19.

20.
21.
22.
23.
24,
25.
26.
217.

28.

29.

30.

31.
32.
33.
34.

35.
36.
37.

38.
39.
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Kak Beramcnsercss 00beM 3JIeMEHTapHOM siueiku?

Kak Beramcnsercst o0bem siueiiku Buraepa-3eiitiia?

YKa3arp 4MCIIO MEPBBIX U BTOPBIX COCEACH ISl MPOCTOM KyOUYECKON PeIIeTKH.
VYkazaTh 4HCIO ONMKAWIIMX COCeNel Il TPaHCEHTPUPOBAHHON KyOMYECKOM
PEILETKH.

VYkazaTh 4uCiI0 OMKaWIuX cocened 1jisi 00beMHO-IICHTPUPOBAHHON KyOHUeCKOM
PELLETKH.

N3o06pazuth mmockoctu [100], [110], [111] ms mpocToit KyOMUeCcKo# pereTKH.

3a cyer KakuX B3aWMOJICHCTBUU CTaOMIM3HMPYETCs KpUCTAJUIMYECKas CTPYKTypa
MOHHBIX KPUCTAJUIOB.

Mosxer nu OBITh CTAaOUIBHBIM KPUCTAILI, aTOMBI KOTOPOTO B3aMMOJEHCTBYIOT
TOJIBKO CO CBOMMHU ONMKaMIIUMU coceasiMU ?

B gem cocTouT npruposa KOBAJICHTHON CBSI3U.

KakoB MexaHu3M BOJIOPOJHOM CBSI3H.

[IpuBecTy MpUMEpPHI «CKETETHBIX)» KPUCTAIUIOB U yKa3aTh TUI XUMUYECKOU CBSI3U.
Onucatp npupony B3aumoaencTsus Ban-ngep-Baanbca.

3anucaTh OCHOBHOE YpaBHEHHUE JWUHAMUKH PEIIETKH B TapMOHHYECKOM
MPUOJIIKEHHUH.

IlepeuncinTh OCHOBHBIE CBOMCTBA PEIICHUN YPABHEHUN JUHAMUKH PEILETKH.

B 4em cocTouT OTIMYME aKyCTHUECKUX KOJIEOaHUH OT ONTHYECKHX.

Kakoli Tun pemerouHblX KojeOaHWN NPUBOAUT K MOJSIPU3ALMK KpUCTAJUIa U
MIOYEMY.

Yka3arh CBOWCTBA BOJIHOBOH (P)YHKIIMH JCKTPOHOB B KPUCTAJLIE.
Cdopmynuposats Teopemy bioxa.

Urto Ha3zwiBaeTcs bioxoBckoii pyHkIuei ?

Kaxkue Tumbl KBa3u4yacTHI] MOTYT CYIIECTBOBATh B KpHCTAJLIaX ?

B uem coctout MexaHu3M 00pa30BaHUs SHEPTETUUECKUX 30H B KpHUCTasuiax ?

Kak 30HHas Teopusi 00BSACHSIET OCHOBHOE Pa3Inyie METAIIOB U TUIIEKTPUKOB 7
N300pa3uth KaueCTBEHHO CXEMY SHEPIeTUYECKUX 30H MOJIyMeTaslIa.

3anucaTe COOTHOLIEHME, CBSI3bIBAIOIIEE BEKTOP CKOPOCTH DJIEKTPOHA M €ro
BOJIHOBOW BEKTOP.

Jatp ompenenenue teHzopa 3¢ dexTuBHONW Macchl. Kakoil BHI mMeeT TeH30p B
KyOMUYeCKUX KpHCTauiax ?

Breraucnnts 3¢ GeKTUBHYIO MacCy 3JIEKTPOHA B OJJHOMEPHOM KPHCTAJUIE ¢ 3aKOHOM

macnepenn E(K) = E, + (E, — E,)sin® a—2k

Boruncnute  3¢ddexTuBHyr0  Maccy  dIeKTpoHa Ui 3aKOHA  JMCIEPCUU
E(k)=E, — E,(cosk,a) +cos(k,a) +cos(k,a) —3).

JaTp onpeneneHue mIOTHOCTH COCTOSIHUM.

B 9YeM COCTOUT MEXaHU3M paCCCSIHI/IH 3J'I€KTpOHOB Ha KOJ'IG63HI/I$IX peH_IeTKI/I.
[Tepeuncnuth (HhakTOPHI, MPUBOASIIINE K PACCESHUIO SIEKTPOHOB B KPUCTAILIE.

YeMm oTiMyaroTcs BOJHOBAs (YHKIMS MOBEPXHOCTHBIX COCTOSHUN W BOJHOBAs
GyHKIMS A7 UAeadbHOro KprucTania ?

[Tepeuncnuth TUIBI JEPEKTOB B TBEPIBIX TEaX.

B uem coctout otnuune nedexra no Openkento ot nedexra no lortku?
N300pa3uTh YacTOTHYIO 3aBUCHUMOCTH JMDJICKTPUUECKOW TMPOHHUIIAEMOCTH IS
JURJICKTPUKA C HIOHHOM MoJisipu3anueii 1 yka3aTh MOJIIPUTOHHYIO 00JIacTb.
YKka3zaTb OCHOBHBIE CBOMCTBA CBEPXMPOBOISIIIETO COCTOSHHUS.

I[aTB KAa4C€CTBCHHOC OITMCAHUEC MCXAaHN3MAa BOSHUKHOBCHU A CBGpXHpOBOI[I/IMOCTI/I.



40.
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CBepXmIpoBOAUMOCTh : Kakue (aKTOphl YKa3bIBAIOT HA OIMPEACISIONIYI0 pOIb
KoJieOaHuil pemeTku ?

Bonpocel no qucuuminne «®u3uKa KOHAEHCHPOBAHHOIO COCTOSIHUSDY

1.

&

12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.

26.

27.
28.

29.
30.
31.

32.

OcHoBHbIE TOHATUS (PU3UKKA TBEPJOro Tejla: TPAHCISIIHUOHHAS CHUMMETpHS,
peuieTka bpaBs, OCHOBHBIE BEKTOPBI TPAHCILALMM, JI€MEHTapHas s4elKa, sderKa
Burnepa-3eiitia.

OcHOBHBIE TOHATUS (U3UKK TBEPAOrO Tela: oOpaTHAs pelIeTKa, BEKTOPHI
TpaHCIAIUK 00paTHOM pemieTku, 30Ha bpuiiosHa.

OCHOBHBIC MOHATHSA (PU3UKH TBEPJOTO Tela: MEPHUOAMUECKUI MOTEHIINAN, TeopeMa
broxa (popmynupoBka), 30HHas CTPYKTYpa.

OnemeHTapHble BO30Yy)kaeHus. KBaznuacTuIbl.

OO6mas ¢GopMynupoBKa KBAaHTOBOW 3aJaud MHOTHUX TEJI, MHOTO3JIEKTPOHHOE
ypaBHenue lllpeaunrepa.

Anunabatnyeckoe npuOmmkenue. PazjeneHue  aTOMHBIX M AJIEKTPOHHBIX
KOOpJMHAT.

OpnnosnexTpoHHoe mpudimkenue. Meroa Xaptpu.

AHTHCHUMMETpPUYHBIE BOIHOBBIE PyHKINU. MeTon Xaptpu-doxka.

Omnpenenenue u o0IIMe CBONCTBA 3JEKTPOHHOM MJIOTHOCTH.

. Teopus @ynkunonana [1noraoctu: nepsas reopema Xosuoepra-Kona.
. Teopuss @®ynkumonana IlmotHocTu: BTOpas Teopema Xod3HOepra-Kona,

BapHallMOHHBIA TPUHIIMIIL

Meron Kona-Illama. @ynkuuonan sneprun. OOMEHHO-KOPPEISLMOHHAs SHEPTUsl.
Meron Kona-1lIsma, ypasaenus Kona-IlIsma.

Metonbl pelleHHs 30HHBIX YpaBHEHMH: Oa3MCHble (QYHKLUUHU, CEKYISIpHOE
YpaBHEHHUE.

MeTo/ MII0OCKUX BOJH.

Merop stueexk.

Meron npucoeAMHEHHBIX INIOCKUX BOJH: MT-nioTeHmnuann.

Meroa npUCOEUHEHHBIX IIJIOCKUX BOJIH: PELICHUE 30HHOTO YPAaBHEHMUS.

OO11ast cxema JIMHEHHOT0 METO0/1a MPUCOEANHEHHBIX IIIIOCKUX BOJIH.

Meroa OpTOroHaNM30BaHHBIX INIOCKUX BOJIH.

IIceBnonorennuan. MozebHble U IEPBONPUHLIMITHBIE IICEBIONIOTCHIHAIIBI.
DJNEeKTPOH B MyCTOM pemieTke. 30HHAsK CTPYKTYpa.

[TpubnnxeHne CUIBLHOM CBA3H: ONpeeNeHre U o01ue cBoiicTBa pyHkuuii Banbe.
[TpubmkeHre CUIBHOM CBA3M — 3aKOH AMCIIEPCHM, SHEPreTUYEeCKHe 30HBI B
METO/I€ CUJIBHOM CBSA3U.

Mopenb moYTH CBOOOTHBIX AJIEKTPOHOB, TEOPHS BO3MYIICHUIH. 30HHAS CTPYKTYypa
B CXEME PACIIUPEHHBIX U IPUBEIECHHBIX 30H.

Ilepnonnueckre TrpaHUYHBIE YCJIOBHS. BbIUKMCIIEHME MHTETpaloB IO 30HE
bpunntosHa.

[TnotHOCTH cocTosuuii, Beruncienne N(E) nns snexkrpona B mycroit pemerxke.

CBolicTBa 3J€KTPOHOB B KpHcTauiax: 3((eKkTrBHasE Macca AJIEKTPOHOB U ABIPOK,
TeH30p 3(PPEeKTUBHOM MacChI.

Teopema Banbe.

CKOpOCTb 3JIEKTpOHA. Y PAaBHEHUS IBUKCHHUS.

DneKTpoH-(OHOHHOE B3aMMOJICHCTBHE: OOIIHME CBOMCTBA, TEH30p AchOpMallu,
neGOpMalMOHHBIN MOTEHITHAI.

BropuuHoe kBaHTOBaHME M  TpEACTAaBICHUE  YHUCEN  3allOJIHEHUE s
nehopMaIMOHHOTO TOTEHIIANA.



33.

34.
35.
36.

37.

38.
30.
40.
41.
42.
43.
44,

45.
46.

47.
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DOneKTpoH-(QOHOHHOE B3aUMOJICHCTBHE — TaMIJIBTOHHMAHA B3aMMOJICHCTBUS,
nuarpammbl OeifHMaHa, 3JIeMeHTapHbIE MPOLIECCHI.

Buptyanbubie GOHOHBI.

B3anMopeiicTBre 2IEKTPOHOB ¢ AehopMaliieii B cirydae CHIIbHOM CBSI3H.
DneKTpoH-()OHOHHOE B3aMMOJICHCTBHE B MOHHBIX KpucTayuiax. lloisipoH, mMoxensb
®penuxa.

CBepXmpoBOIMMOCTh:  KpUTHUYECKas  TemmepaTrypa, 3ddexkr  MelicHepa-
Okcendenbaa. YpaBHeHue JIOHIOHOB.

CBepx1npoBOAUMOCTb, IPOHUKHOBEHNE MarHUTHOTO I0JIS B CBEPXIIPOBOIHUK.
CepxnpoBoauMOCTh: Teopus I ma30ypra-Jlanmay.

CBepXIpoBOAUMOCTb: JITIMHA KOTEPEHTHOCTH, CBEPXIIPOBOAHUKY 1-T0O U 2-T0 poza.
KBantroBanue MarHuTHOTO 1nMoToka. MIIOKCOH.

OcHOBHBIE TIOJIO’KEHUSI MUKPOCKOIINYECKON TEOPUHU CBEPXITPOBOAUMOCTH.

Buel B3auMoIeHiCTBUS CBETA C TBEP/IBIM TEJIOM; ONTHYECKHE KOHCTAHTHI.
CoOcTBEHHOE TOTJIONIEHHE; SKCUTOHHOE TOTJIONICHUE; MOTJIOMEHHE CBOOOIHBIMU
HOCHUTEJISIMU; TIPUMECHOE TMOTJIOLIEHIE; PEIIETOYHOE MOTIIOIIEHHUE.
PexoMOuHaIMOHHOE U3JTydyeHUE B TIOIYNPOBOJHUKAX. MexX30HHAsI peKOMOUHALUS.
PexoMOuHanmsi 4epe3 JIOKalIW30BAaHHBIE LEHTPbI. ODKCUTOHHAS PEKOMOMHAIIMS.
TBepaoTenpHBIE JIa3ephl.

OO0muii TeoOpeTUYeCKUi aHamu3 MEK30HHBIX ONTHUYECKUX MEPEXO/0B. IUMOIBHOE
npuOIKEHUE.

48. BepTHUKaJIbHBIC ITEPEXO/IbI, CBSI3b C ONTHYCCKUMHU KOHCTaHTaMHU.
7. YuyeO0HO-MeTOOMYECKOE u MaTepHAIbHO-TeXHUYECKOe o0ecrneyeHue
AU CHMIITMHBI

7.1. Y4eOnas quTeparypa:

OcnosHas:

1. ®usuka tBepnroro cocrostuusa bimsiikmop x.2008

2. Beenenwme B ¢pusuky tBepaoro tena Kurrens Y. 2010

3. OcHoBbl pu3uku 1B. Tena 3unenko B.U., Copoxun B.I1., Typuun ILII. 2008
Hononnumenvuas:

1. KBaHTOBOXMMHUYECKHE METO/BI B TEOPHH TBEP. Tesa DBapecToB P.A. 1982

2. Meronbl BBIYMCIUTENBHON (QU3MKK B Teopuu TBepaoro tena bapesxtap B.I,

3apouentieB E.B., Tpournkas E.I'. 1990

3. ®wusuka tBepzoro tena [lasnos I1.B., Xoxios A.B. 2000

4. ®usuka nomynpoBogHukoB bonu-bpyesuu B.JI., Kanamnukos C.I1. 2009

5. Teopus tBepaoro Tena. Jassiaos A.C. 2008

6. ®wusuka tBepaoro tena [lasmos I1.B., Xoxmos A.B. 2008

7.2. UuTepHeT-pecypehbl

Ha3zBanue pecypca Ccebliaka/nocryn
DOnekTpoHHas OubnuoTeka oHialiH «EIWHOE OKHO K http://window.edu.ru
00pa3oBaTEILHBIM peCypcam)
«O06pa3oBaTenbHbI pecypc Poccuny» http://school-collection.edu.ru
®denepanbHbIH 00pa3oBaTenbHBII opTa: http://www.edu.ru
YUpEXKIEHUs, NporpamMmsl, cTaHaapTsl, BVY3bl, TecThl
EI'D, THA
DenepanbHbIi LEHTP UH(POPMALIMOHHO- http://fcior.edu.ru

obpazoBarenbHbIX pecypcoB (DIIMOP)



http://window.edu.ru/
http://school-collection.edu.ru/
http://www.edu.ru/
http://fcior.edu.ru/
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Pycckas BuptyanpHas OubInoTeKa

http://rvb.ru

ExenenenbHuk Hayku W oOpaszoBanus FOra Poccum

«AxkaneMus

http://old.rsue.ru/Academy/Archives/
Index.htm

Hayunas snekrponnast Oubnmoreka «e-Library»

http://elibrary.ru/defaultx.asp

DneKTpoHHO-O0nbmoreunas cucrema IPRbooks

http://www.iprbookshop.ru

DNEKTPOHHO-CIIPABOYHAsl CHCTEMa JIOKYMEHTOB
chepe obpazoBanus «MHPOPMUO»

B http://www.informio.ru

HNudopmannonHo-mipaBoBas cucrema «l apant

CereBasi Bepcus, JOCTyIIHA CO BCEX
KOMITBIOTEPOB B KOPIOPAaTUBHOW CETH
Nurl’'y

DNIeKTpOHHO-O0nOIMoTeuHas cucrema «FOpaiTy»

https://www.biblio-online.ru

7.3. IIporpaMmMHoOe o0ecriedeHne

Microsoft Office 2007, 2010, 2016

s E

CnpaBouHo-nipaBoBas cucrema “I'apant”

AnTusupycHoe 110 Kaspersky endpoint security

Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
Microsoft Windows server 2003, 2008, 2012, 2016

6 Onepanuonnas cucrema Microsoft Windows XP Professional.

7. Ilaker npuknanabix nporpamm Microsoft Office 2003 Professional.
8. [Iporpammublil npoaykT «AHTHBUpPYC Kacnepckoroy.

9. IMporpammusrii mpoaykT FineReader 7.0 Professional Edition.

10. ITporpammusiii npogykt MATLAB 6.

7.4. MaTtepuajbHO-TeXHHYECKOe 0O0ecredeHue

MarepuanbHo-TeXHUUYECKask 6a3a COCTOUT U3 KaOWHeTa AJis MPaKTUYECKUX U CEMUHAPCKUX

3aHATUN, JIEKIMOHHOW  ayJUTOpUH U

nabopaTopHuHu.

JlaGopatopusi ~ ocHalieHa

1abopaTOpHBIM 000PYI0BAHUEM JIsI TAOOPATOPHBIX PaOdOT.

Aynurtopus Ne 306.

386132, Peciybnuka Murymerus, r.0. ropox Ha3pans,
r.Haspauns, Tep. ['amyp3ueBckuil aAIMUHUCTPATUBHBIN
OKpYT, yiI. MaructpaneHas, 1. 39«a» Ayn. Ne306.
IImomrane 71. 6M°

Crenmanu3upoBaHHas yueOHass MeOelb s
00y4aroIUXCs U MPENoIaBaTeNis; TEXHUISCKUE
cpencTBa 00ydeHus (KOMIBIOTEpHAsS TEXHHKA,
JTIOCKa, MyJIbTUMEINIHHOE 000pyTOBaHUE:
WHTEePaKTUBHAS JOCKa, IIPOEKTOP); JOCTYII K
MHGOPMAITHOHHO-TEICKOMMYHHUKAIIMOHHON
cetu aTEpHET; Y1eOHO-METOINICCKIE
MaTepHualibl

st mabopaTopHsIx 3aHATHH. AyanTopus Ne Ne201
386132, Pecrrybnuka Uuarymerus, r.o. ropox Hazpans,
r.Haspans, Tep. ['amyp3ueBckuil aIMUHUCTPaTUBHBIN
OKpYT, Y. MaructpanbHad, 1. 39«a» Aya. Ne201.
[Tnomans 71.2 m*

Crennanu3upoBaHHas yueOHass MeOeIb JIs
00y4aroNUXCs U MPEHoaBaTesis; TEXHUISCKUE
cpencTBa o0yueHus (HOyTOYK, 10CKa);
obecrieveH JOCTYI K HHPOPMAIIMOHHO-
TEJIEKOMMYHHUKAIIMOHHOM ceTn HTepHeT;
y4ueOHO-MeTOoAruuecKre MaTepraiibl. Komiuiekt
y4e0HO-1a00paTOPHOr0 00OPYIOBAHHS
«®Pu3rka KOHACHCHPOBAHHOTO COCTOSHHS
BEIIECTBA»

s camocTosITenbHOM padoThl 00y4atoIUXCsL. AYAUTOPHS
Ne 116

386132, Pecny6nmka MurymeTns, r.0. ropox Haspans,
r.Hazpans, Tep. 'aMmyp3ueBckuii aAMUHUCTPATUBHBIN
OKpYT, yiI. MaructpaneHas, 1. 39«a» Aya. Nell6.
IInomans 36, 2m°

Paboune mecTa 1151 00ydarommxcs,
TEXHUYECKUE CPEeICTBa 00yUeHUs (HOYTOYK,
ITOCKa), MOCTYTI K cetn IHTEepHET, yaeOHO-
METOJMYECKIEe MaTepUalIbl, HJICKTPOHHbIE
o0pa3oBaTebHbBIE PECYPCHIL.



http://rvb.ru/
http://old.rsue.ru/Academy/Archives/Index.htm
http://old.rsue.ru/Academy/Archives/Index.htm
http://elibrary.ru/defaultx.asp
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IIpuiaoxenune
®OHJ OUEHOYHbBIX CPEACTB
no aucuuninHe «®u3nKa KOHJIeHCHPOBAHHOIO COCTOSIHUS BelIECTBA)
(unoexc oucyuniumvt no yuebHomy niany, HAUMEHOBAHUE OUCYUNIUHBL (MOOYIIS))

@OHJT OIIEHOYHBIX CPEICTB MO AUCHUIUIMHE «DPU3MKa KOHIEHCHPOBAHHOTO COCTOSHUS»
BKJIFOYAET BCE BUJbI OLIEHOYHBIX CPEJCTB, MO3BOJISIONIMX MPOKOHTPOJIHUPOBATH OCBOCHUE
obyJaronuMucs MpohecCHOHANBHBIX, 00MEnPoPecCHOHATIBHBIX M MPOodheCcCHOHATBHBIX
KOMIIETCHIIMH, TMpeaycCMOTpeHHBIX DeaepanbHbIM  00pa30BaTEIbHBIM  CTAHIAPTOM
BBICIIETO 00Opa3zoBaHMs Mo HampaBiieHuto nmoarotoBku 03.03.02  ®duzuka (kBanmdukamms
«bakanaBp») u paboueil mnporpamMmMol AUCHUIUIMHBI «PH3UKA KOHACHCHUPOBAHHOTO
COCTOSTHUS».
Hasnayenue (poHIAa OLIEHOYHBIX CPEICTB

®onp oneHouHbIX cpencTB (POC) cocTaBisieTcss B COOTBETCTBUM C TPeOOBAaHUSIMU
®OI'OC BO pnig npoBeeHUSI MPOMEKYTOYHOM aTTECTAIIMK OOYYAIOIIMXCS M0 TUCHUILINHE
«Du3nKa KOHJICHCHPOBAHHOTO COCTOSIHUS» HA COOTBETCTBUE UX YUEOHBIX IJOCTHUKCHHIMA
MO3TallHBIM ~ TpeOOBaHUSIM  COOTBETCTBYIOLEH  OCHOBHOM  mpodeccnoHanbHOI
oOpazoBarensHoil mporpamMmbl (OIIOIT). ®OC sBnseTcs coCTaBHOW dYacTbhio padoueit
MIPOrpamMMbl TUCIUILIAHEI.

@oHJ OLICHOYHBIX CPEACTB [JIsi MPOBEACHHUS IPOMEXKYTOYHOM aTTecTaluu
oOyygaronuxcst mo AuciuIuinHe «®du3uka KOHACHCUPOBAHHOTO COCTOSHUS BKJIIOYACT B
celOsi: mepeyeHb KOMIIETEHLMH C yKa3aHHEM JTamoB HMX (OpPMHUPOBaHHS B TMpoIecce
ocoenusi OIIOII; omucanue mokazarenell M KpUTEPUEB OIICHUBAHUSI KOMIICTCHIIMI Ha
pa3iIMuYHBIX JTanax WX (QOopMHUpPOBaHUS, OMNKMCAHHWE IIKAJI OLIEHWBAHUSA;, THUIIOBBIE
KOHTPOJIbHBIEC 3aJlaHUsl WM HWHBIE MaTepHallbl, HEOOXOJUMBbIEC JUISI OLIEHKH 3HAaHWM,
YMEHHM, HaBBIKOB H (WJIHM) OMbITA JEATEIbHOCTH, XapaKTePU3YIOMIMX  ATarbl
dbopmupoBanus koMmriereHuii B nporecce ocoenuss OITOII; Meroanueckue Matepuabl,
OTIpEeICNSAIONINE TPOLEAYPhl OLIGHWBAHUSA 3HAHWN, yYMEHUW, HABBIKOB M (WJIHM) OMbITA
JeATEeTLHOCTH, XapaKTePU3YIOIIUX dTarbl (HOPMUPOBAHUS KOMITETCHIIUM.

@OHJ OIEHOYHBIX CpPEeACTB CGHOPMUPOBAH HA OCHOBE KIFOUEBBIX MPUHIIUAIIOB
OIICHUBAHMS:

- BaJUJHOCTH: OOBEKTHl OLIEHKH JOJKHBI COOTBETCTBOBATH MOCTABIECHHBIM IEJISIM
00y4eHus;

- HaJeXKHOCTH: HCIOIB30BaHHWE EAMHOOOpa3HBIX CTAaHAAPTOB M KPHUTEPUEB IS
OIICHUBAHMUS JIOCTHKEHUH;

- OOBEKTHBHOCTHU: DPa3HbIE CTYIACHTH JOKHBI MMETh PaBHBIE BO3MOXHOCTH JOOHTHCS
ycrexa.

OcHoBHbIMU nTapameTpamu U cBoiicTBamMu POC sBIsSIOTCA:

- TIpeAMETHAsT HAIPABJICHHOCTh (COOTBETCTBUE MPEIMETY M3YUYCHHS KOHKPETHOW y4eOHOM
JTUCIUIIINHBI);

- coepxaHue (COCTaB M B3aMMOCBS3b CTPYKTYPHBIX €IMHUII, OOPa3yIOIIUX COACpKaHUE
TEOPETUYECKON U MPAKTUYECKON COCTABIAIOIMINX YI4eOHOM THUCIUTUIMHEI);

- 00beM (KOJIMUECTBEHHBIN COCTAB OIIEHOYHBIX CpeACTB, BXoasamux B DOC);

- KayecTBO oOlEHOYHbIX cpeAactB U POC B menmom, oOecnedMBaroliee MOTydCHHE
OOBEKTUBHBIX M JOCTOBEPHBIX PE3yJIbTATOB TMPHU MPOBEACHUU KOHTPOJS C Pa3THIHBIMU
LESIMU.

LIOEPEYEHb KOMIETEHIIUA C YKA3SAHUEM J3TAIIOB UX _
OOPMUPOBAHUA B ITPOHECCE OCBOEHHUA OBPA3OBATEJIBHOU
ITPOI'PAMMBI
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1.1 Ilepeyennb ¢popMUpPYEMBIX KOMIIETEH U

VYuusepcanpHbie koMreTeHuu (YK) 1 HHIUKAaTOpbl UX JOCTHXKEHUS:

VK-6.

CriocobeH ynpaBisTh
CBOUM BpPEMEHEM,
BBICTPANBATh U
peann3oBBIBaTh
TPaEKTOPHUIO
caMopa3BUTHUS HA
OCHOBE IIPUHIIAIIOB
00pa3oBaHUs B TCUCHUE
BCEH KU3HU

VYK-6.1. Mcnonb3yeT HHCTPYMEHTHI U METO/IbI YIIPABJICHUS BPEMEHEM
P BBIMOJHEHUH KOHKPETHBIX 3a7a4, IPOCKTOB, MPU TOCTHKECHUHI
MOCTaBJICHHBIX IIeJICH;

YK-6.2. Onpenenser mpuOpUTEThI COOCTBEHHOU JIEATEIHHOCTH,
JIMYHOCTHOTO PAa3BUTHUs M MPO(ECCHOHALHOTO POCTA;

VK-6.3. OnenuBaet TpeOOBaHUS pPbIHKA TPYAA U IPEJIOKEHUS
00pa3oBaTEeNbHBIX YCIIYT AJISl BEICTPAaUBaHUS TPACKTOPHH COOCTBEHHOTO
podecCHOHATBHOTO POCTA;

YK —6.4. Ctpout npodeccHoHaIbHYIO Kapbepy
U OIIPEJEIIsieT CTPATETUI0 MPOPECCHOHATBHOTO PA3BUTHSI.

Oo0menpodeccuonanbubie komnereHnuun (OIIK) m MHAMKATOPBI WX JOCTHKEHUS:

Teopetnueckas | OIIK-2. Cnoco6en | OIIK-2.1 3HaeT ocCHOBHBIE HAyYHBIE METO/IbI
Y TIPaKTUYECKas | MPOBOJUTH TEOPETUUECKOTO U IKCIIEPUMEHTAIIHBHOTO UCCIICIOBAHUS
npodeccuoHans | Hay4HbIE 00BEKTOB, MPOIIECCOB U SIBICHUN
Has MMOATOTOBKA | MCCIEAOBaHUSA OIIK-2.2. YMeeT ucnoab30BaTh GU3UKO-
buznuecKkux MaTeMaTHYeCKUi anmnapar A pa3paboTKu
OOBEKTOB, CUCTEM | MaTeMaTHYECKHX MOJIEJIeH SBICHUH, POIIECCOB U
Y TIPOIIECCOB, 00BEKTOB MPHU PEIICHUH 3a7a49 B MPOHeCcCHOHATHHOM
o0OpabaTeIBaTh U JIeSITeIbHOCTU
MIPECTABIIATh OIIK-2.3. ImeeT HaBBIKM IPOBEICHUS SKCIIEPUMEHTOB
SKCIEPUMEHTAJIbH | 10 33/IaHHOM METOJMKE U aHAJIN3a UX pe3yJIbTaToOB
Bl€ JJaHHEIE.

Hpod)eccuouaﬂbubw KomnemeRnuuu 6blnyCKHUKO6 U uudukamopbl Ux 0ocmudiceHus .

[IK-4 Cnoco6uocts mpoBoauTh | [IK-4.1. 3HaeT oCHOBHBIE METOJBI MPOBEACHUS TEOPETHIECKOTO U

HAayY4YHBIC HCCICIOBaHUA

B | SKCIICPUMCHTAJIBHOT'O MCCJICAOBAHUSA B C(I)epe HpO(I)eCCHOHaHBHOﬁ

n30paHHOMN 00J1acTH | MeATEeTHLHOCTH.

OKCIICPUMCHTAJIBHBIX U

(umm) | [IK-4.2 Ymeer BbiOMpaTh Hambonee >PQPEeKTHBHBIC METOIBI IS

TEOPETUUECKHUX (u3nyecKuX | IPOBEIACHUS HAYYHbIX UCCIETOBAHUM.
uccnenoBannii ¢ momomsio | [IK-4.3 Brnaneer HaBbIkaMu pabOThI ¢ COBPEMEHHBIM NMPHOOPHBIM
COBpPEMEHHOM prOOpHOIA 6a3bl M | 000pyTOBAaHWEM, METOJaMH OOpabOTKM W aHalM3a MOJYYCHHBIX
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MH(POPMAIIMOHHBIX TEXHOJIOTUH C
YY4ETOM  OTEYECTBEHHOTO |
3apyOeKHOTO ONBITA

pe3yJIbTaTOB HAYYHBIX MCCIEOBAHUHN B cepe mpodheccuoHaTbHON
JeATEIbHOCTH

1.2 OTANIbBI ®OPMUPOBAHUS KOMIIETEHIIUI

Ne TeMBI Tema (pa3aes TeOpeTHYECKOro 00y4eHusi) TUCHUILTHHbI

Bsenenne. OCHOBHBIE MOHATHS.

OCHOBHBIE ITOJIOKCHUS (I)I/IBI/IKI/I TBEPAOTO TCa.

KBanToBas 3agaya MHOTHX TEJI.

AnnabaTuyeckoe nIpHOIMKEHHUE.

OnHO31EKTPOHHOE NPUOIMKEHNE

AHTI/ICI/IMMeTpI/I3OBaHHLI€ BOJIHOBBIC Q)YHKHI/II/I

Teopus @ynkimonana [InorHoctu

Meton Kona-I1Isma.

OO NOOOIEIW|IN|F-

Merto/bl pelieHusl ypaBHEHUN 30HHOW TEOPHUH.

JInnelHbIe METOIEL.

e
O

[TpuGmxeHHBIC METOIBI.

[EEN
N

DneKTpOoH-(HOHOHHOE B3aUMOJICHCTBHE.

[HEN
w

SJIGKTpOH-(bOHOHHOG B3aUMOJICHCTBHE B HOHHBIX KpucTajuiax.

[EEN
IS

CBepXMIpoOBOIUMOCTb.

[EEN
a1

CBepXnpoBOIMMOCTh: MUKPOCKOITMYECKAs TEOPHUS .

[EEN
(op}

OnTuyeckue CBOMCTBa KpHUCTAJJIOB.

[EEN
\‘

KBaHTOBast TEOPHUS ONTUYECKUX CBOKMCTB KPUCTAIIIOB

IlepeyeHb KOMIETEHIMIT ¢ yKAa3aHHEM 3TanoB UX (JOPMUPOBAHMS B MpoLecce
OCBOEHHSI 00pa30BaTeILHON MPOrPpaMMBbl

KO/, Jtansl GOPMHPOBAHUA KOMIIETEHIMH (TEMBbI AU CHHUILINH)
KOMIIeTeHIIUH
112|3/4|5(6|7|8[9|10|11 |12 |13 |14 |15 |16 |17
YK-6 4+ [+ [+ [+ [+ ][+ +]+ [+ |+ |+ |+ |+ |+ |+
OI1K-2 +l+ |+ |+ | FH|FH || FH|[+]|+ |+ |+ |+ |+ |+ |+ |+
[1K-4 +l+ [+ |+ |+ |+ |+ F |+ [+ |+ |+ |+ |+ |+ |+

II.OITMCAHUE l'!'OKA3ATEJIEI7I N KPUTEPUEB OIEHUBAHUWSA
KOMIIETEHLIUU HA PA3JIMYHBIX OTAITAX UX ®OPMUPOBAHUAA,
OIIMCAHME HIKAJI OHEHUBAHUA

2.1 CTpykTypa (poHA2 OLEHOYHBIX CPEACTB IS TEKYIero KOHTPOJIsS

NMPOMEKYTOYHOM aTTecTalluu

Ne Templ | KO KOHTpOJIIMpYyEMOU HanmMeHoBaHME OLIEHOYHOTO CpEeJCTBA
KOMIIETEHIINH WU €€ TEKYIUI KOHTPOJIb MIPOMEKYTOUHAs aTTeCTalus
Y4acTu
1 YK-6 -TecToBbIE 3aMaHUS; 3adeTHBIEC BOIPOCHI
OIIK-2 -BOIPOCHI ISl 00CYKICHHUS;
[1K-4 -3a1a4u.
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2 YK-6 -TecToBble 3aaHMs; 3aueTHbIE BOIPOCHI
OIIK-2 -BOTIPOCHI JIJIs1 OOCYKJICHHS;
T1IK-4 -3a74a49U.
3 YK-6 - JJaboparopnas paboTa; 3adeTHBIC BOIPOCHI
OIIK-2 -TecroBrIe 3a7aHu;
[1IK-4 -BOTIPOCHI JIJIs1 OOCYKICHHS;
-3a/1a4M.
4 YK-6 -TecToBBIC 3a1aHNUS; 3a4yeTHbIE BOIIPOCHI
OIIK-2 -BOIIPOCHI JUIs1 OOCYXAECHUS,
[1IK-4 -3a/1a4yu.
5 YK-6 - JJaboparopnas paboTa; 3adeTHBIC BOIPOCHI
OIIK-2 -TecroBrIe 3a7aHu;
[1IK-4 -BOIIPOCHI JIJIs1 OOCYXKACHUS,
-3a/1a4M.
6 YK-6 - JlaboparopHas paboTa; 3adeTHbIE BOIIPOCHI
OIIK-2 -TecToBrIe 3a7aHM;
[1IK-4 -BOIIPOCHI JIJIs1 OOCYXKACHUS,
-3a/1a4M.
7 YK-6 - JlaboparopHas paboTa; 3adeTHbIE BOIIPOCHI
OIIK-2 -TecToBrIe 3a7aHM;
[1IK-4 -BOIIPOCHI JIJIs1 OOCYXKICHUS,
-3a/1a4M.
8 YK-6 - JlaboparopHas paboTa; 3adeTHbIE BOIPOCHI
OIIK-2 -TecToBrIe 3a7aHM;
[1K-4 -BOIIPOCHI JIJIsl OOCYXKACHHUS,
-31a4M.
9 YK-6 - JIaGoparopHas paboTa; 3aueTHbIE BOIPOCHI
OIIK-2 -TecToBEIC 3a7aHM;
[1K-4 -BOIIPOCHI JIJIs1 OOCYXKACHHUS,
-3J1a4M.
10 YK-6 -TecToBble 3ananus; 3aueTHbIE BOIPOCHI
OIIK-2 -BOIIPOCHI JIIsl OOCYXACHUS,
[1K-4 -3aJ1a4U.
11 VK-6 -TecToBEIC 3aMaHNS; 3adeTHbBIE BOIIPOCHI
OIIK-2 -BOIIPOCHI JUIsl 00CYKICHHUS;
[1K-4 -3aJa4u.
12 VK-6 -TecToBbIE 3aMaHUS; 3adeTHBIE BOIIPOCHI
OIIK-2 -BOIIPOCHI JUIsl 00CYKICHHUS;
[1K-4 -3aJa4u.
13 YK-6 - JIaGoparopHas paboTa; 3aueTHbIE BOIPOCHI
OIIK-2 -TecToBEIE 3a7aHM;
T1K-4 -BOIIPOCHI JIJIsl OOCYXKICHHUS,
-3J1a4M.
14 YK-6 -TecToBble 3anaHus; 3aueTHbIE BOIPOCHI
OIIK-2 -BOIIPOCHI JIJIsl OOCYXACHUS,;
T1K-4 -3a1a4U.
15 YK-6 - JJaboparopnas paboTa; 3adeTHBIEC BOIPOCHI
OIIK-2 -TecroBrIe 3a7aHus;
[1K-4 -BOTIPOCHI 7151 OOCYKJICHHS;
-3a/1a4M.
16 YK-6 - JJaboparopnas paboTa; 3adeTHBIC BOIPOCHI
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OIIK-2 -TecroBrIe 3a7aHus;
[1IK-4 -BOTIPOCHI JIJIs1 OOCYKJICHHS;
-3a1a4M.
17 YK-6 - JJaboparopnas paboTa; 3adeTHBIC BOIPOCHI
OIIK-2 -TecroBrIe 3a7aHu;
[1IK-4 -BOTIPOCHI JIJIs1 OOCYKICHHS;
-3aJ]a4H.

2.2 KPUTEPAM OLIEHUBAHUA KOMIIETEHIIUI HA PA3JIMYHBIX DTAIIAX
NX ®OPMHUPOBAHMUS 110 BUJAM OHEHOYHbBIX CPEJACTB

Ne
/o

HaunmenoBanue
OIIEHOYHOTO CPEICTBA

XapakTepHucTuKa OLIEHOYHOTO
cpeicTBa

IIpencraBnenue
OLIEHOYHOI'O CPE/ICTBA B
donme

YCTHBIE OIEHOYHBIE CPEJICTBA

CobecenoBanue, yCTHBIN
orpoc

CpencTBo KOHTPOJIsl, OpPraHU30BAHHOE
Kak cIieluaabHas Oecena
MpernoiaBaresis ¢ 00yJaromuMes Ha
TEMBI, CBA3aHHbBIE C U3y4aeMOU
JUACLIUIIIIMHOM, U PAaCCYUTAHHOE HA
BBIICHCHHE 00beMa 3HAHHI
00ydJaromerocs 1o onpeeJIeHHOMY
paszzeiny, TeMe, npobieme u T.11.

Bormpocsl o
TeMam/paszzenam
JUCLUIUINHBI

Komnoxksnym

CpencTBo KOHTPOJISE YCBOCHUS
yueOHOro MaTepuala TeMbl, pa3ziena
HJIN pa3aciioB JUCHUITINHEIL,

OpTraHHU30BaHHOC KaK yqeGHoe 3aHATHUC

B BUIE coOeceqOBaHUA
MpenoaaBaTens ¢ 00yJaroumMIcs

Bormpocsl o
TeMam/paszzenam
JUCLUTUINHBI

Joxman, coobmenne

[TponyKT caMOCTOSITENHHOM pabOThHI
oOyuJaromierocs, MpeCTaBISIOIINUN
co00i1 myOJIMYHOE BBICTYIUIEHHE 1O
MPEACTABICHUIO MOITYYEHHBIX
PE3yJIbTaTOB PEIICHUS OIPEIEICHHON
yueOHO-TIPaKTUIECKOU, yueOHO-
HCCIIEIOBATENILCKOW WIIM HAYYHOU
TEMBbI

Tems! TOKIIaIOB,
COOOIIIEHUI

ITMCBbMEHHBIE OIIEHOYHBIE CPEJICTBA

Pedepar

[TpoaykT caMocTosATeIbHON PabOTHI
CTYJICHTA, TIPEICTABJISTFONITUI COOO0M
KpaTKO€ U3JI0KEHHUE B TUChMEHHOM
BHUJIC TOJTYYCHHBIX PE3YIIBTATOB
TEOPETUYECKOTO aHATH3a
ornpezeNeHHON HaydyHOU (yuyeOHO-
HCCIIeIOBATENLCKOM ) TEMBI, T/I€ aBTOP
pacKphIBaeT CyTh UCCIIeyeMOi
po0JIeMbl, IPUBOANUT PA3TUUHBIC
TOYKH 3PCHHUS, a TAK)KE COOCTBEHHBIC
B3IJIsIABI HA HEC.

Temsl pedepaToB

Tect

Cucrema cTaHIapTU3UPOBAHHBIX
3aJJaHuM, TTI03BOJISIONIAs

Dol TECTOBBIX 3aJaHUN
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AaBTOMAaTU3UPOBATH MPOLEAYPY
M3MEpPEHUs YPOBHS 3HAHUN U YMEHHI
00yyJaromerocs.

6 | KonrponbHas pabota CpencTBo nIpoBepKu yMEHUH KoMI1ekT KOHTPOJIBHBIX
MIPUMEHSTD MOJTYYEHHBIC 3HAHUS JUIsl | 3a/laHU 0 BapUaHTaM
pelleHus 3a1a4 ONPEIeIICHHOTO TUIIa
110 TEME WIN pa3aeny

7 | JJabopaTtopHas pabora CpencTBo Asisi 3aKpervieHus U Komriexr
NPAaKTUYECKOr0 OCBOCHUS MaTepuaia | J1abOpaTOPHBIX 3aJaHUN
110 ONPEJICTICHHOMY pa3eny

8 3amaua OTO CpelICTBO PACKPBITUS CBSI3HU 3amaHus 1o 3a7adam
MEXYy JTAaHHBIMU U UCKOMBIM,
3a/laHHbIE YCIIOBUEM 3a/1a4yu, Ha
OCHOBE 4Y€ro HaJl0 BHIOpaTh, a 3aTeM
BBIITOJIHUTH JCHCTBHUS, B TOM UHCJIC
apudMeTuIecKue, U J1aTh OTBET Ha
BOIIPOC 3a7a4u

A) KPUTEPUH U HIKAJIA OHUEHUBAHUA OTBETOB HA YCTHBIE
BOITPOCHI

Ne Kpurepuu onenuBanus KomnyectBo | Onenka/3auer
n/n 6amu10B
1 1) NOHO U apryMEHTUPOBAHO OTBEYAET I10 10 OTIINYHO

COJICPKAHUIO 3aJaHHS;
2) oOHapyXUBaeT MOHUMaHUE MaTepHaa, MOXET
000CHOBATh CBOM CYKJIE€HUS, IPUMEHUTD 3HAHUS
Ha MPaKTHUKe, IPUBECTH HEOOXOAUMBIE TPUMEPHI
HE TOJIBKO 10 Y4EOHUKY, HO U CAMOCTOSITEIILHO
COCTaBIICHHBIE;

3) uznaraet MaTepual mocjieI0BaTeIbLHO U
MPABUIIBLHO.

2 CTYAEHT JAeT OTBET, YAOBJIETBOPSIOUINN TEM K€ 8 XOPOILIO
TpeOOBaHUSAM, UTO U JUIS OIICHKHU «5», HO
JomyckaeT 1-2 ommOKu, KOTOPBIE caM Ke

HCIIPABJISIET.
3 CTYJICHT OOHapyXKMBaeT 3HAHUE M TOHUMaHHUE 5-6 YAOBJIETBOPU-
OCHOBHBIX IIOJIO)KEHUHN JAHHOTO 3aJaHusl, HO: TEJIbHO

1) u3maraer Marepuas HEMOJIHO U JIOITYCKaeT
HETOYHOCTH B OIPEICICHUH MMOHATUIN HITH
(bopMyITUpOBKE MPaBUI;

2) He yMeeT I0CTaTOYHO TIyOOKO M JoKa3aTeabHO
000CHOBATh CBOM CYXJICHUS M IPUBECTH CBOU
pUMEDHI;

3) m3ymaraet Marepuai HermocjaeI0BaTeIbHO H
JOTTYCKAET OIMIHOKHI

4 CTYJICHT OOHapyKMBaeT He3HAHUE OTBETA HA 0 HEy/I0BJIe-
COOTBETCTBYIOIIIEE 3aJaHUE, TOMTYCKAET OLTUOKHU B TBOPUTEIHHO
(bopMyITHPOBKE OTpEICTICHUN U TIPaBHII,
HCKXAIOIINE UX CMBICI, OECIIOPSIIOYHO U
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HEYBEPEHHO MU3J1araeT MaTepua; OTMEYaoTCs
TaKHle HEJOCTAaTKU B MOJITOTOBKE CTYJCHTA,
KOTOPBIE SIBJISIFOTCS] CEPbE3HBIM MPEMSATCTBUEM K
YCIEITHOMY OBJIaJICHUIO TTOCTIEAYIOUTIM
MaTepUaIoM

b) KPUTEPUM U IKAJIA ONEHUBAHUSA PE3YJIBTATOB TECTUPOBAHUSA

Ne i/t

TCCTOBBIC HOPMBI: % ITpaBHUJIBHBIX OTBETOB

KomnuuectBo 6anios

90-100 % 9-10

80-89% 7-8

70-79% 5-6

50-59% 3-4

50-59% 1-2

menee 50% 0

B) KPUTEPUU U LIKAJIA OLIEHUBAHMSI PE3YJIbTATOB PELLIEHUS
3AIAY

No
n/o

Kputepuu onieHnBanus

KomanuectBo
Oaju10B

1

[TonHoe BepHOe pernieHue. B mornueckom paccykKIeHUH U PEIIeHuN
HET OIMOOK, 33/1a4a pelieHa panroHaIbHbIM criocooom. [Tomyyen
MIPaBWJIbHBIN OTBET. SICHO omucaH crocod perieHus

9-10

Bepnoe pelienue, HO UMEIOTCS HEOOJIBILINE HEIOUETHI, B LIEJIOM HE
BIIMSIOIIME HA PELIeHNE, TaKue KaK HeOOJIbIINE JIOTHYeCKHe
IIPOITYCKH, HE CBSI3aHHBIE C OCHOBHOM MJiee pelieHus. Pemenue
o(opMIIeHO HE BIIOJHE aKKYPaTHO, HO 3TO HE MEIIAeT MTOHUMaHUI0
peneHusl.

7-8

Pemrenue B nenom BepHoe. B mornueckoM paccyxX1€HUH U pelIeHUN
HET CYIIECTBEHHBIX OMMOOK, HO 3aj[a4a pelieHa HEONTUMATbHBIM
Croco00OM WK JIOTMYIIIEHO He OoJiee IBYX He3HAUUTENbHBIX OINOOK.
B pabote npucyrcTByIOT aprdMeTnyecKas OnmoKa, MexaHu4ecKas
oIMOKa WM OMKCKA MPU MEePENUChIBAHUN BBIKJIA/IOK WJIH OTBETA, HE
MCKa3UBIINE SKOHOMUYECKOE CO/IepKaHHE OTBETA.

5-6

B noruyeckom paccyx/1€eHUU U PeLIeHUH HEeT OIMOO0K, HO IOMyIleHa
CylLIecTBeHHas olmMOKa B MaTeMaTH4ecKkux pacuetax. [1pu
OO0BSICHEHUH CI0KHOTO SKOHOMUYECKOTO SIBJICHHSI YKa3aHbl HE BCE
CyIIECTBEHHbIE (PaKTOPbI

3-4

HmeroTcs CYHICCTBCHHBIC OIIMOKH B JIOTUYECKOM PacCyKACHUU U B
PEIICHUN. PaccunranHoe 3HaYeHHE HCKOMOM BETMYNHEI HCKAXKaeT
9KOHOMHYCCKOC COACPIKAHUEC OTBCTA. I[OKEB&HLI BCIIOMOT'aTCIIBbHBIC
YTBECPXKACHHA, TIOMOT'alOIMEC B pCHICHUHA 3a/1a4u.

PaccMOTpeHs! OTACNIBHBIE CIIyYau IIPU OTCYTCTBUU PEILICHMUS.
OTCyTCTBYET OKOHUYATENIbHBIN YHCICHHBIN OTBET (€CIN OH
NpeIyCMOTpPEH B 3a1aue). [IpaBuibHbIN OTBET yrasiaH, a BBICTPOCHHOE
0] HETO PelIeHHE - 0€30CHOBATEIbHO

Pemennie HeBepHOE MM OTCYTCTBYET

I') KPUTEPUU U IKAJIA OHEHUBAHUSA PE@EPATOB

Ne
/o

Kputepuu onieHnBanus

KoanuectBo
OaI0B

1

BrimonHeHs! Bce TpeOOBaHMS K HAMMCAHUIO U 3aIuTe pedepara:

9-10
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o0o3HaveHa mpobiieMa U 000CHOBaHa €€ aKTyalbHOCTh, ClICTIaH
KpaTKHUH aHAJIW3 Pa3IUYHBIX TOUCK 3PEHHUsS Ha pacCMaTPUBAEMYIO
po0JIeMy 1 JIOTUYHO U3JI0kKEHA COOCTBEHHAS MTO3UITHS,
c(hOpMyJIMPOBAHBI BBIBOJIbI, TEMa PACKPBITA TOJHOCTHIO, BBIICPIKAH
00BEM, COOMI0ZICHbI TPeOOBaHNUs K BHEIIHEMY O(DOPMIICHHUIO, 1aHbI
IIPABHIJIbHBIC OTBETHI HA JIONOJHUTEIIBHBIC BOITPOCHI

OcHoBHbIe TpeOOBaHUS K pedepary U €ro 3allUTe BBIMOJIHECHEI, HO
IIPH ATOM JIOMYILEHBI HETOUEThI. B 4acTHOCTH, MMEIOTCSI HETOYHOCTH
B M3JIOKEHUHU MaTepuaia; OTCYTCTBYET JIOTHUSCKAsT
MOCJICIOBATEIBHOCTD B CYXJICHUSX; HE BBIZICPKaH 00beM pedepara;
UMEIOTCS YITYIICHUS B 0()OPMIICHHUH; HA JOTIOJIHUTEIHHBIC

BOTIPOCHI ITPH 3aIUTE JAHbI HETIOJIHBIC OTBETHI.

7-8

HmeroTcs cymiecTBeHHBIE OTCTYIUICHUS OT TPEOOBaHMIA K
pedepupoBanuio. B yacTHOCTH: Tema OCBellleHa JIHIb YACTUYHO;
JOMyIIeHbI (PaKTHYECKHe OMUOKH B COJIEpKaHUU pedepaTta Uil MpH
OTBETE HA JONOJHUTEIBHBIE BOIIPOCHI

4-6

Tema ocBOeHa JHILb YACTUYHO; IOMYIIEHBI TPYObIe OMNOKY B
coJiep>kaHuu pedepaTa UM MPU OTBETE HA JIOTIOJTHUTCIILHBIC
BOIPOCHI; BO BPEMsI 3aIlIUTHI OTCYTCTBYET BHIBO/I.

Tema pedepara He packpbiTa, OOHAPYKUBACTCS CYIIECTBCHHOE
HETIOHWMAaHUE MPOOIIEMBI

/D) KPUTEPUU N IKAJIA OHEHUBAHUA KOHTPOJIBHBIX PABOT

Ne Kpurepun onenuBanus KomnnuectBo

n/n 6ayu10B

1 AOGcomoTHOE TOHUMaHKE CYTH BOIIPOCOB, Oe3yKkopu3HeHHoe 3Hanue | 19-20
OCHOBHBIX OHSATHH U MOJ0KEHUH, IOTHYECKU U JTEKCUYECKH
IPaMOTHO U3JI0KEHHBIE, COAEPIKATEbHBIC, ApTYMEHTHPOBAHHBIE U
VCUEPIIBIBAIOIINE OTBETHI

2 I'my6okoe TBep10€ 3HaHWE OCHOBHBIX MOHSATUHN U TIOJIOKEHHH 110 17-18
BOIPOCaM, CTPYKTYpHUPOBaHHbIE, OCIIEI0BATEIbHbIE, TOJTHbIE,
MIPABUIIbHBIE OTBETHI

3 I'my6Gokue 3HaHUS MaTepuana, IpaBUIbHOE IOHUMaHHUE CYTH BO- 15-16
MIPOCOB, 3HAHKE OCHOBHBIX MTOHATHH M TIOJIOKEHUH TI0 BOTIPOCAM,
coJiepKaTeNbHbIe, TIOJIHbIE U KOHKPETHBIE OTBET HA BOIIPOCHI.
Haymgme HecyecTBEHHBIX WIIH TEXHUYECKUX OIHO0K

4 TBepable, JOCTATOYHO MOJTHBIE 3HAHUS, XOPOIlIee TOHUMAHUE CYyTH 13-14
BOIIPOCOB, ITPABUIIbHBIE OTBETHI HA BOIPOCHI, MUHUMAaJIbHOE
KOJIMYECTBO HETOUHOCTEH, HeOpexHoe opopMIIeHHE

5 TBepple, HO HEOCTATOUHO MOJHBIE 3HAHUS, 110 CYyTH BEPHOE 11-12
MTOHWMAaHKE BOTIPOCOB, B I[EJIOM IPABIIILHBIE OTBETHI Ha BOTIPOCHI,
HaJIMYMe HETOYHOCTEH, HeOpexkHOe opopMIIeHHE

6 OOmue 3HaHUs, HEJIOCTATOYHOE TIOHUMAaHUE CYTH BOIPocoB, Hammawe | 9-10
OOJIBIIIOrO YHCIIa HETOYHOCTEH, HeOpexkHOoe oopMIIeHUE

7 OTHOCHTETbHBIC 3HAHUS, HATMYHE OIMNOO0K, HeOpexHoe opopmiieHne | 5-8

8 IToBepXHOCTHBIE 3HAHUS, HAINYHE TPYOBIX OMINOOK, OTCYTCTBHE 1-4
JIOTMKH M3JI0’KEHMsI MaTepuaa

9 OTcyTcTBUE OTBETA, AaH OTBET HA JAPYrHe BONPOCHI, CIUCHIBAHHE B 0

XO07I€ BBIIIOJTHEHHS Pa0OTHI, HATMYME Ha paboyeM MecTe TeXHUUECKIX
CPEACTB, B TOM YHCIIE TeJaedoHa
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III TUITOBBIE KOHTPOJIBHBIE 3AJTAHUA UJIM UTHBIE MATEPHUAJIbBI,
HAOBXOJUMBIE JIJI1 OLIEHKA 3HAHUIA, YMEHUM, HABBIKOB,
XAPAKTEPHU3YIOIINX 3TAIIBI ®OPMHUPOBAHWSA KOMIIETEHIIUHA B
MMPOIECCE OCOBEHMUS OBPA3OBATEJBLHOM ITPOI'PAMMBI

IIkana ouneHUBaHUS, NMOKA3aTeJM W KPUTEPUM OIEHHWBAHUA 00pPa30BaATEJbHbBIX
pe3yJbTaToB 00y4aroLerocs

HIkaJuaa
OLICHUBAaHUSA

IToxka3aTeu U KPUTEPUHU OLlEHNBAHUS

5, «OTIAYHO)

CTyzneHTOM J1aH IOJIHBIN, B JIOTHYECKOH MOCIEI0BATEIIBHOCTH
Pa3BEPHYTHINM OTBET HA ITOCTaBJICHHBIN BOIIPOC, III€ OH
IPOIEMOHCTPUPOBAJ 3HAHUS MPEAMETA B IIOJIHOM 00beMe yueOHOM
IPOrPaMMbI, JOCTATOYHO ITyOOKO OCMBICIMBAET JUCIUILINHY,
CaMOCTOSITENIBHO, ¥ NCYEPIIBIBAIOIIIE OTBEYAET Ha JIOIIOJHUTEIIBHBIE
BOTIPOCHI, IPUBOJIUT COOCTBEHHBIE IIPUMEPHI IO TPOOIEeMATHKE
IIOCTaBJIEHHOT'O BOIIPOCA, PELIMII IIPEUIOKEHHBIE IIPAKTUYECKUE
3a1aHus 0e3 oHIMOOK.

4, «XOpPOILIO»

CryneHTOM naH pa3sBEpHYTBHIM OTBET Ha IIOCTABJIIEHHBIN BOIPOC, I'ZE
CTYIEHT JEMOHCTPUPYET 3HaHUS, NMPUOOPETEHHbIE HA JIEKIIMOHHBIX U
CEeMMHAPCKHX 3aHATHSX, a TAKKE IMOJy4YEHHbIE MOCPEACTBOM H3yUYCHUS
00s3aTeNbHbIX y4EOHBIX MaTepuasioB 1o Kypcy, JaeT
apryMEHTUPOBAaHHBIE  OTBETHI, IPUBOAUT MpPHUMEPbl, B  OTBETE
IPUCYTCTBYET  CBOOOJHOE  BJIAJEHHE  MOHOJOIMYECKOM  pedblo,
JIOTUYHOCTh M IOCJIEOBATEIbHOCTh OTBeTa. OIHAaKo AoImycKaeTcs
HETOYHOCTh B OTBETE. Pemni npeanokeHHble MPaKTUUECKUE 3aJaHus C
HEOOJIBIIIMMH HETOYHOCTSIMHU.

3, «yIOBJIETBO-
PUTEIBHOY

CTyneHTOM JaH OTBET, CBHUJETEIbCTBYIOIIUH B OCHOBHOM O 3HAHHUH
IIPOLIECCOB M3y4aeMON AMCLUIUIMHBI, OTIWYAIOUNUCS HEIOCTAaTOYHON
[JIyOMHOM Y MOJHOTOW PacKphITHS TEMbI, 3HAHUEM OCHOBHBIX BOIPOCOB
TeopuH, ciaabo CcHOPMHUPOBAHHBIMU HAaBBIKAMM aHajIW3a SIBJICHUH,
IIPOLIECCOB, HENOCTAaTOYHBIM YMEHHMEM JaBaTh apryMEHTUPOBAHHBIC
OTBETHl U TPUBOJUTH NMPUMEPHI, HEJJOCTATOYHO CBOOOJHBIM BIIaJIEHUEM
MOHOJIOTHYECKOM DPEYBI0, JIOTHYHOCTBIO M IOCIENOBATEIbHOCTBHIO
oTBera. Jlomyckaercss HECKOJIbKO OLIMOOK B COJIEpKaHMM OTBETa U
peLlIEHUN NPaKTUYECKHUX 33 TaHUM.

2, KHeYJIOBJIE-
TBOPUTEIIBHOY

CTyneHTOM J1aH OTBET, KOTOPBbIM COAEPKHUT psAl  CEPbE3HBIX
HETOYHOCTEH, OOHapY)KMBAIOLINI HE3HAHUE IMPOIECCOB H3ydaeMoit
peIMEeTHON 001acTH, OTIMYAIOIINICS HETTTyOOKUM PAaCKPBITUEM TEMBI,
HE3HAHMEM OCHOBHBIX BOIPOCOB TEOpUH, HECHOPMUPOBAHHBIMU
HaBbIKAMHU aHaJINW3a SIBICHHUH, IIPOLIECCOB, HEYMEHHEM J1aBaTh
apryMEHTUPOBAHHbIE OTBETHI, CJIA0BIM BIIAJIECHUEM MOHOJIOTUYECKOM
pEYbl0, OTCYTCTBUEM JIOTUYHOCTH M IOCIEAO0BATEIBHOCTU. BBIBOJIBI
MOBEPXHOCTHBI. PellleHne mpakTUyecKux 3aJaHUi HE BBINOJHEHO. T.e
CTYAGHT HE CIOCOOEH OTBETHTh Ha BONPOCH  Jlake IpH
JIOTIOJTHUTEJIbHBIX HABOJSIIMX BOMPOCAX MPEINoIaBaTesl.

KonTpoJbHblie 3axaun.

1. Crpykrypa ammaza. CKOJBKO aTOMOB COJIEPXKHUTCS B T'paHEICHTPUPOBAHHBIN
KyOn4ecKol 3jeMeHTapHON suerike?

2. Ocbp cumMmetpus nopsanka. Kpucraminyeckasi pemierka He MOXET UMETh IMOBOPOTHYIO
0Cbh CHUMMETPHSI IIATOr0 Nopsiaka. J[okazaTe 3TO yTBepKIEHUE.
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3. Ompenenuth, Kakue 3JIEMEHTHl CUMMETPHH UMEIOTCS B KyOe, a Takke B KyOe, TpaHu
KOTOpOTr0 3allITPUXOBaHbl TaK, YTO HAMpPABIICHUS IITPUXOB Ha MEPECEKAIOUINXCSA T'PAHIX
B3aMMHO NEPIIEHIUKYIISPHBIL.
4. OmnpenenuTb MEXIUIOCKOCTHBIE PAcCTOSHUS B KyOMYECKOW peIeTKe B CceMeHCTBax
miockoctert ¢ unaekcamu (100), (110), (111) u (112).
5. BeiBectu 3akoH 30H ( 3ak0H Beiicca), KoTopsIii riacut: eciau [uvw]- ock 30861, a (hKI) —
rpaHb 3Toit 30HbI, TO hu + kv + lw = 0.
6.IIpuBecTy BBIpaKeHMs JIJIsl MApaMETPOB sUEEK NPSIMONM W OOpaTHOW pPEIIETOK BCeX
CUCTEM, UX MEKIIJIOCKOCTHBIX PACCTOSIHUM U 00BEMOB JIEMEHTAPHON SYEHKH.
7. Tloka3atk, uTo B KyOuueckoi cucteme Hanpasienue (hkl) mepneHaukynspHo K rpaHu
(hkl).
8. Jlokasarh, 4TO B KyOMYECKOW CHCTEME Yyroi ¢ Mexay HopMansmu K rpadsm (hikily) u
(h2kolo) onpenensiercs hopmysnoii:

hh, + kk, + 11,

J0Z 412 +12) (02 + k2 +12)
9. BeiBecTu BbIpakeHHe i 3Heprun depmu Ui MoJeNU CBOOOJHBIX 3JIEKTPOHOB
MeTaJuia Ipu aOCOTIOTHOM HYJIE TEMIIEPATYPHI.
10. Cunras cepeOpo OAHOBAIEHTHBIM METAJUIOM €O cheprudeckoil moBepxHocThio Depmu,
BBIYUCITUTH CJICTYIOIINE BETNUNHBL:

1. snepruto ®epmu u remnepatypy Oepmu;

2. ckopocth Depmu;

3. cpeHIo0 UIMHY CBOOOIHOTrO Mpobera 31eKTPOHOB

IpU KOMHATHOW TeMIlepaType U BOJIM3U abCOIIOTHOTO

HYJIsl TeMIepaTyp;

4. 06beM nepBoit 30HbI bpuiosHa.
VCrioib30BaTh B pacyeTax cieIyloltye aHuHbie s AQ: ioTHocTh 10,5 r'em’™; aToMHbIii
Bec A=107,87; ynenbHOE CONPOTHBICHUE pP= 1,61-10 oM cm npu 295°K u 0,0038:10°
OM'CM IIpH 20°K
11. DnekTpoH IBWXKETCS B OAHOMEPHOM TIEPHOAWYECKOM MOTEHIMAIHLHOM TIOJIE,
CO3/1aBa€MOM aTOMaMH, HaXOJIAIIMMUCS Ha PacCTOSHUM d IpyT OT Apyra.

[MToka3ath, 4TO BOJHOBBIE (DYHKIIMHU DJICKTPOHOB MOTYT UMeTh Buj U (X) exp (ikx),
rae U (X) — GyHKOUS TOM K€ MEepHOJMYHOCTH, YTO M MOTeHuuai. llpemmonaras, 4to B
TPEXMEPHOM Cllydae BOJIHOBas (GyHKIMs uMeeT aHaimormysbiid Bua: U (r) ekx (ekr),
OIPE/ICIUTh 3HAYCHUS BOJHOBOTO BeKTOopa K JUIs IpaHEleHTPHPOBAHHON KyOWYecKoil
pEeIIeTKH.
12. 3ona bpumtosna pomOuueckoi pemerku. [lycTe pomOudeckas pemerka UMeeT Tpu
NPUMHUTUBHBIX OCEBBIX BEKTOpa a=5X, D=2y, €=z, mjiMHA KOTOPHIX BBIPAKAIOTCS B
Onpenenuts pasmMepsl U GopMy ONpeAeTUTh pa3Mepsl U popMy NepBoit 30HbI bpuiosHa.
13. Tloka3aTh, uYTO Ha TpaHUIAX MEpBOM 30HBI bpuiuo’Ha BOJIHOBBIE (QYHKIHMU
CBOOOJHOTO OJIIEKTPOHA B OJHOMEPHOW NEpUOAMYECKOH pemerkn ¢ mnepuogom d
BBIpOXKIeHBL. [loKa3aTh, 4TO €CJIM KaXKABIi aTOM BHOCHUT Majloe BO3MYIIIEHHE, TO B IIEPBOM
OpuOJIMKEHUH MO0 BO3MYIIEHUIO  BOJIHOBBIE  (DYHKIMM HA  TpPaHMIE  30HBI
NPOTIOPIIMOHATIBHBEI.

. NzX NzXx
smT " COST (n — menoe uuco).

Cos @ =

14. Tloka3zatp, 4yTO B ciy4ae, KOrja JABMXKEHHE OHJIEKTPOHA B KPUCTAIIE MOXKHO
paccMaTpuBaTh Kak paclpOCTpaHEHUE IIJIOCKOM BOJIHBI EXP (ikr), KBaHT 7K COOTBETCTBYET

umnyinscy. [lokazars, 4To eciau Ha KpUCTAILT ACUCTBYET BHEILIHEE AJIEKTPUUYECKOE MOJIe, TO
CKOPOCTbh U3MEHEHHS UMITYJIbCA B 3aBUCUMOCTH OT BPEMEHH TaKOBa, YTO JEKTPOH MOXKET
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paccMaTpuBaThCs KakK 4acTHia, oOpaTHas Macca KOTOPOW SIBISETCS TEH30PHOMU
BEJIUYMHOM, UMEIOIIIeHl KOMIIOHEHTHI:

(7,2
m); h* okok,

15. Bpruucnuth paBHOBECHYHO KoHIeHTparuio a) nedektoB IllorTkm; 0) nedekton
®peHKens B KpUCTAILIE.

CocraB u cojep:kaHue 3aJaHNI, 32124, KOTOPbIe MPeIyCMOTPEHbI Il pellleHusl WIn
pa3bopa Ha 3aHATHAX.

3anamue 1.

3amaya 1. M300pa3uTh CTPYKTYpy KpHUCTalla, Ui KOTOPOTO BEKTOPHI TPaHCISALUU

(a,,a,,a,) uaromusii 6asuc (A, B) onpenenstrores cienyromum o6pasom:

11
a, =a O,E,E]
a, =a(1,0,0) A =a(0,0,0) =[000] L4
a) a,=a(010) B:a(l 1 EJZFEE} 6) a,=a E’O’Ej
a, =a(0,0,1) 2'2'2) 222 1
a; =4 —,—,Oj
2 2

A=2a(0,0,0) =[000]

(1 1 1j [111}
B=al=,=,=|=|2==

2'2'2) 222
J A=a(0,0,0) =[000]

1 1
w)a,=a 505 p_(111)[111
) 4'4'4) 444

3agaya 2. OnpeaenuTh YKCIO aTOMOB B PACIIMPEHHON 3JIeMeHTapHOi stueiike, Trrna NacCl,
umeronieit popmy kyoa.
3aoaua 3. llycte @,,a,,8; - BEKTOpbl TpaHCIALMNA HEKOTOpPOH pemeTkn bpasa.

Onpenenum TpU BEKTOpa

u, =ha, +ma, +n,a,

u, =l,a, + m,a, +n,a,

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

rae |, m,, n; - mensre uncna. [TokazaTe, 9ToO eciu

Il ml nl

I, m, n,|=N,

|3 m3 n3

rie N — menmoe umcno, To BekTopsl U;,U,,U, 0Opa3ylOT HEKOTOPBI HOBBIA HaOOP

OCHOBHBIX TPAHCJISIUN M HAUTH OOBEM AJIEMEHTAPHOW SUYEHKH, IMMOCTPOSHHOW Ha TaKHX
BEKTOpaXx.

3amauya 4. Iloka3arh, 9TO OOBEMHOIICHTPUPOBAHHAS KyOHMUYEcKash perieTka MOXKET ObITh
pa3zenieHa Ha JBE MPOCThie KyOudeckwe pemetku A u B Tak, 4To HU ogHa mapa
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OnmmKalMx coceneil B MCXOJHOM pelieTke He okaxercs B pemietke A win B. Tlokazats
TaKXe, 4YTO IIpoCTasg KyOMueckas pelleTka MOXKET paccMaTpuBaTbCs Kak —JIBeE
IpaHELEHTPUPOBAHHbIE, a TPAHELEHTPUPOBAHHAS KaK 4 IPOCTHIX.

3anamue 2.

3agaua 1. JIns cTpyKTypsl anmasa (chanepura) HAWTH BETUUYUHY TETPAdIPUUECKOrO yIiia
A-B-A.

3agaua 2. Haiitn xk03pPUUIMEHT YMakOBKH UIS MPOCTOH, OOBEMHOICHTPHPOBAHHOW H
I'PaHEeLIeHTPUPOBAHHON KyOU4eCKOH pereTKy.

3anamue 3.

3amaya 1. [lpsMbBIM pelieHHMEM YypaBHEHUS (ai Dy )= 2710, , MOKa3aTh, YTO BEKTOPBI

TPAHCIIALUN OOPAaTHOHN PEIIETKH ONPEAEIIOTCS POpPMyTIaMu:
[a;.a,]
b, =2r— 1%
(@ [a;,a5])
rae 1,j,K — mukIyeckue nepecTaHoBKy uncen 1, 2, 3.

(27)°

0

3agaya 2. ITokasate, 4To 00BEM NepBOM 30HBI bpriutosHa €2, = , Tae €, - 00beM
3JIEMEHTAapHOH siueliku pemietku bpasa.

3amaya 3. [lokazate, uyTO pemieTka, oOpaTHasi K OOpaTHOHM, COBIAJACT C HCXOJAHOU
peuieTkoit bpasa.

3anamue 4.

3agaya 1. IlomyuuTh nNpaBUIBHO HOPMHUPOBAHHBIE OJHOJETEPMHMHAHTHbIE (YHKIHU
cucteMbl U3 N 4acTHIl C MONTYLIENBIM CIUHOM ((pepMU-UACTHULIBI)

3agauya 2. IlomyuuTh NpaBUIBHO HOPMHUPOBAHHBIE OJHOJETEPMHMHAHTHbIE (YHKIHUU
cuctemsl U3 N 4acTull ¢ eapIM CIUHOM (003€e-4acTHIIbI).

3agaua 3. Ilomyuuthb BbIpakeHHe Ui SHeprum B Merone XapTtpu-doka uyepes
OJIHORJIEKTPOHHbIE (PYHKIMH cucTeMbl N 3JIEKTPOHOB, HaXOJAIIMXCS B IOJIE AJEp 3apaia
Z,,J=1...M.

3ajaya 4. C mnoMoIIbi0 BapHAIMOHHOTO METO/a, HCIONb3yd (YHKIMOHAJI SHEpruu,
MOJIYYUTh ypaBHEeHUs XapTpu-Doka.
3amaua 5. [lokazate, uyto ypaBHenue lllpeaunrepa nmst mepuoaMYECKOM 4acTU BOJHOBOU

Gynxun ¥, (F) MOXkHO 3amucaTh B BUJIE

(P + 7k)?
2m

rae y (r) = eikruk (r).

3anamue 5.
3anaya 1. [Tokazath, 4TO AJI1 OTHOATOMHOTO KpHCTasia, GyHKIIHS, TOCTPOCHHAS KaK

®k(r)=%ze‘ka¢(r—a),

+V(r) Ju, (r) = e(K)u, (r),

rne  @(r)- (yHKIWM, JTOKAIM30BaHHBIE B OKPECTHOCTH Y3JIOB PELIETKH, SBISETCS
brnoxoBckoil pyHKIHEH.

3anaua 2. PaccMOTpeTh 0THOMEPHYIO MOJEIh KPUCTAIUIA C TIOTCHIIMAIOM BHIA!
U,, O<x<p
Ux)=1 ~
0, -g<x<0
U TIEpUOJOM peueTku a= p-+(. HaliTu BoMHOBbIE (YHKIMM, CHEKTp HHEPruil H
paccMoTpeTh npeaenbHbIi caydait p—0,U, — o, Tak ytro U, p =Const .
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3anamue 6.
3agaya 1. Mcnons3yss METOJ IJIOCKMX BOJIH, HAaWTHU CIHEKTP SHEPruidl B OJHOMEPHOM
KpHUCTaJIJIe JUIsl 3HAUEHUI BOJIHOBOI'O BEKTOpA HA IpaHuLe 30HbI bpriitosHa.
3amaya 2. Ilokasarh, 4TO Ha T'paHMIAX NEPBOW 30HBI bpuilIr0sHA BOJHOBBIE (PYHKITUH
CBOOOIHOTO JICKTPOHA B OJTHOMEPHOM PEIIETKE C Mepruo oM d BBIPOXKICHBI.
3agaya 3. PaccMoTpeTh 3aa4y 0 2-X MEPHOM 3JICKTPOHHOM Ta3e U
a) MOoKa3aTh, YTO KHUHETHUYECKas PHEPrusi JIEKTPOHA B «yriay» 30HbI bpuiitosHa B 2
pa3za Oosibllie, 4YeM Ha CepeIMHE CTOPOHBDI;
0) HalfTH 3TO OTHOWLIEHHUE I 3-X MEPHOTO CiTyYasi.
3anamue 7.
3agaua 1. [loka3aTh, 4TO Ui JIIOOOTO COCTOSIHUSL 3JEKTPOHA B KPUCTAJUIE TPYIIOBas
CKOPOCTH B JiBa paza Oobiie (pa3oBoii ckopocTd. HaliTu coOoTHOILIIEHHE MEeXay TPYIIOBOi

9] 2 4
u (azoBoii ckopocThio, eciu 3akoH mucnepcun umeet Bua £(K)= Ak + BK", a takxke

~ _2A?
IIoKasaThb, 4TO Vzp —le, €ClIN &€ = 9B
o v 3 QO
33.221‘13 2. HOKaSaTb, 4dTO AJI KaXAO0U SHEPICTUYCCKOU 30HBI CYHICCTBYCT 2N W
T

COCTOSIHUH, MPUXOJISIINXCS HA €IUHHUILY 00beMa 00paTHOTO MPOCTPAHCTBA.

3anamue 8.

3anaua 1. J/Ioka3zaTh CBOWCTBO «TpaHCIAUUN» (pyHKIUI BaHHbE 1715 OTHOMEPHOTO Cirydas
: ,(X) =, (X —na), roe N — HOMep y371a OJJHOMEPHOHN PELIETKH C IIEPHOIOM a.

3ajiaua 2. JlokazaTh OpTOroHaIbHOCTH QyHKIMH Banube @, (X) .

3amaya 3. Beruucauth QyHkuuu BanHbe ansd ciydas mpocTod KyOMUYeCKOH peleTKH,
korja bioxoBckast pyHKIMS 3a1aeTCs IUIOCKOM BOJTHOW (3JIEKTPOH B MYCTON PEIIETKE).

3amaua 4. I mpocToi KyOWUYeCKOW PemeTKH ¢ JUTMHOW pedpa 8 BBIYUCIUTH 4 HUKHUX
SHEPrUM CBOOOJHBIX JJIEKTPOHOB, €CIIM BOJHOBOM BEKTOpP B CXE€ME€ NPHUBEACHHBIX 30H

V4
MMEET JUIUHY 2 Y TIePIEHANKYIISIPEH TpaHu Ky0a.
a

3amaya 5. Vcrionw3ys BeIpaKeHHUE JJIs1 SHEPTUM B METOJIE CHUIBHOM CBSI3U

Zh(n)eikn
(k) =gy + 2

Z S(n)eikn

rae n(n,n,n,)=n,a, +n,a, + N,a,, a takxke cuntas Beauuunbl N(N), S(N) mapamerpamu,
TOJTy4UTh B MPUOIMKEHHH ONMKallMX coceell sBHbIE BhIpakeHus mis dyukimu &(K)
oanoaromHoro kpucramia ¢ [IKP, OLK u I'lIK pemeTkoii.

3anaya 6. [Tonyunuts BelpaxkeHue s TeH30pa 3P PEeKTUBHOM Macchl KpucTallja ¢ MPOCTOM
KyOM4eCKOH peleTKoM, ecliu CIeKTp SHEPTHil UMeeT BU

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

Y HaTH TIpeeNbHbIe 3HaUYeHMs 115l Touku K =0.
Bomnpocsl 1 3a1aHus 1151 MHAMBUAYAJIBHON H CAMOCTOATEIbHOM PadoThI.

41. lath onpenenenne pemetku bpass.

42. Kakue CBOICTBA SIBJISIOTCS OOIIMMU JJIsI TPUMUTHBHOW STYCHKU U stueiiku Burnepa-
3elita? B yeMm 3akiIr0O4arOTCs UX OTINUUS?

43. SIBnsercs mu npsimast pereTka oOpaTHOM 10 OTHOIIEHHIO K CBOEi 0OpaTHOI?

44, Kak BBIYHCIIAECTCS 00BEM DJIEMEHTAPHOU sSTYeiKn?
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Kak Berumcnsiercs o0bem siueliku Burnepa-3eitia?

Yka3aTh YUCIIO MEePBHIX U BTOPBIX COCEEH 15 MPOCTON KyOUYECKOM pelIeTKH.
VYkazaTh 4YUCIO OMMKAWIIUX coceled i TPaHEHEHTPUPOBAHHONW KyOUUYECKOM
PEILIETKH.

VYkazaTh 4nciIo OMmKalImuX coceneld At 00bEMHO-IIEHTPHUPOBAHHONW KyOHUeCKOi
PEIIETKH.

N306pa3uts maockoctu [100], [110], [111] nns mpocToit KyOU4YecKoi penieTKy.

3a cueT KakuX B3aUMOJICHCTBUI CTaOWMIM3UPYETCS KPUCTAJUIMUECKas CTPYKTypa
MOHHBIX KPUCTAJIIOB.

Mosker 5 ObITh CTAaOMJIBHBIM KPHUCTAJUL, aTOMBI KOTOPOTIO B3aUMOACHCTBYIOT
TOJIEKO CO CBOMMU OJIMKAUIIIUMU COCEISIMU ?

B yem cocTouT npupoia KOBaJIeHTHOH CBS3H.

KakoB mexaHu3M BOJIOPOJTHOM CBSI3H.

[TpuBecTu MpUMephl «CKEIETHBIX» KPUCTAIUIOB U YKa3aTh TUIl XUMHUECKOH CBSI3H.
Onucats npupoay B3aumozeiictsust Ban-nep-Baainbca.

3anucaTh OCHOBHOE ypaBHEHHE [MHAMUKMA pPEIIETKM B TapMOHHUYECKOM
IpUOIMIKEHUU.

[TepeuncnuTh OCHOBHBIE CBOMCTBA PEUICHUI YpaBHEHUI TUHAMUKU PEIIETKU.

B uem cocTout oTIIMUKEe aKyCTHYECKUX KOJIEOAHUH OT ONTHYCCKUX.

Kakoli Tun pemerodHbiX KoJeOaHWW NPUBOAUT K MOJSIPU3ALMU KpUCTAUIa U
oyemy.

VYkazaTh CBOWCTBA BOJIHOBOM (DYHKIIMU DJIEKTPOHOB B KPUCTAJLIE.
Cdopmynuposats Teopemy bioxa.

Uro HazwiBaeTca broxoBckoit GpyHkimeit ?

Kaxkue Tumbl KBa3u4acTHI] MOTYT CYIIIECTBOBATh B KpHUCTAJIIaxX ?

B yem cocTouT MexaHu3M 00pa3oBaHusl YHEPTETUUECKUX 30H B KpUCTaax ?

Kak 30HHas Teopusi 00BACHSIET OCHOBHOE PA3JINYMe METANIOB U TUAJIEKTPUKOB ?
N300pa3uth KaueCTBEHHO CXEMY PHEPreTHUECKUX 30H MOIyMeTalla.

3anucaTth COOTHOIIEHME, CBS3bIBAIOIIEE BEKTOP CKOPOCTH JJIEKTPOHA M €ro
BOJIHOBOM BEKTOP.

Hate omnpenenenue TeHzopa >¢p¢dekTuBHON Macchl. Kakoil BHI uWMeeT TEH30p B
KyOMUYeCcKHUX KpHcTamiax ?

Boruncnuth 3¢ (eKTUBHYIO MacCy 3JIEKTPOHA B OJTHOMEPHOM KPHUCTAJIJIE C 3aKOHOM

micriepern E(K) =E, + (E, — E,)sin? a_2k

Bbruncnuts  3QQexTuBHYI0O Maccy 3JIeKTpOHAa JUIsl  3aKOHa  JIUCIEpCUU
E(k) =E, — E,(cosk,a) +cos(k,a) + cos(k,a) —3).

Jatp onpeneneHue mIOTHOCTH COCTOSIHUM.

B ueM cocTouT MeXaHW3M pacCesTHUS JIEKTPOHOB Ha KOJICOAHHIX PEIICTKH.
[Tepeuncnuth (HhakTOPHI, MPUBOASIIINE K PACCESHUIO SIEKTPOHOB B KPUCTAILIE.

Yem oTimuaroTcsi BOJTHOBas (PYHKIMS TMOBEPXHOCTHBIX COCTOSIHUM W BOJIHOBAS
GbyHKIMS A7 uAeaabHOro KpucTania ?

[Tepeuncnuth TUIBI AeEKTOB B TBEPIBIX TEaX.

B uem coctout otnuune nedexra no Openkento ot nedexra mo lortku?
N300pa3uTh YacTOTHYIO 3aBUCHUMOCTH AMDJICKTPUUECKOW TMPOHUIIAEMOCTH IS
JTURIIEKTPUKA C HOHHOW MOJIIpU3alliei ¥ yKa3aTh MOJISIPUTOHHYIO 00J1acTh.
YKka3zaTb OCHOBHbBIE CBOMCTBA CBEPXMPOBOISIIETO COCTOSHUS.

JlaTh KaueCTBEHHOE OMUCAaHUE MEXaHU3Ma BO3HUKHOBEHUS CBEPXIPOBOJUMOCTH.
CBepXmpoBOAUMOCTh : Kakue (aKTOphl YKa3bIBAIOT Ha OMPEICISIONIYI0 POJIb
KOJIeOaHUH perieTky ?
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Bonpocel no qucuuminne «®u3uKa KOHAEHCHPOBAHHOIO COCTOSIHUSDY
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OcHoBHbIE TOHATUS (PU3UKKA TBEPJOro Tejla: TPAHCISIIHOHHAS CHUMMETpHS,
peuieTka bpaBs, OCHOBHBIE BEKTOPBI TPAHCIIALIMM, 3JI€MEHTapHas s4elKa, sderka
Burnepa-3eiitia.

OcHOBHBIE TOHATUS (U3UKK TBEPAOrO Tela: oOpaTHAas pelIeTKa, BEKTOPHI
TpaHCIAIUK 00paTHOM pemieTku, 30Ha bpuiosHa.

OCHOBHBIC MOHATHA (PU3UKU TBEPJOTO Tela: MEPHOAMYECKUI MOTEHINAN, Teopama
broxa (popmynupoBka), 30HHas CTPYKTypa.

DnemeHTapHbIe BO30yKaeHus. KBaznyacTuiip.

OO6mass ¢GopMynIMpoBKa KBAaHTOBOW 3aJaud MHOTHUX TeJ, MHOTO3JIEKTPOHHOE
ypaBHenue llpeaunrepa.

Anunabatnyeckoe npuOmmkeHue. PasjeneHue  aTOMHBIX M AJIEKTPOHHBIX
KOOpPJMHAT.

OpnnHosnexTpoHHOe mpubImkeHue. Meroa XapTpu.

AHTHCHUMMETpUYHBIE BOIIHOBBIE PyHKINU. MeTox Xaptpu-Doxka.

Omnpenenenue u o0IIMe CBONCTBA 3JEKTPOHHOM MJIOTHOCTH.

Teopus @ynkuronana [1norHoctu : nepBas Teopema Xosnoepra-Kona.

Teopuss @ynkumonana IlnotHoctu : Bropas Teopema Xod3HOepra-Kona,
BapHallMOHHBIA TPUHIIMIIL

Meton Kona-Illsma. ®ynkunonan sneprur. OOMEHHO-KOPPEISILIHOHHAS SJHEPTHSL.
Meron Kona-1lIsma, ypasaenus Kona-IlIsma.

MeToapl pemieHUsT 30HHBIX YpaBHEHUW: Oa3UCHBbIE (YHKIHH, CEKYIsSIpHOE
YpaBHEHHUE.

MeToz MII0OCKUX BOJH.

Merop siueexk.

MeTtoa nprucoeIMHEHHBIX TUIOCKUX BOJIH: MT-noreHnuman.

Meroa npUCOEUHEHHBIX IIJIOCKUX BOJIH: PELICHUE 30HHOTO YPAaBHEHHS.

OO11ast cxema JIMHEHHOT0 METO0/1a MPUCOEANHEHHBIX MIIIOCKUX BOJIH.

Meroa OpTOroHaNM30BaHHBIX INIOCKUX BOJIH.

[IceBnonorenuman. MozaenpHble U NEPBONPUHLIMITHBIE IICEBIONOTEHIIUAIIBI.
DJNEeKTPOH B MyCTOM pemieTke. 30HHasK CTPYKTYpa.

[TpubnnxeHne CUILHOM CBSI3U: ONpeeNeHre U oolue cBoiicTBa pyHkuuii Banbe.
[TpuOmkeHre CUIBHOM CBA3M — 3aKOH JAMCIIEPCHM, SHEPreTUYECKHE 30HBI B
METO/I€ CUJIBHOM CBSA3U.

Mopenb moyYTH CBOOOTHBIX AJEKTPOHOB, TEOPHUS BO3MYIIICHUN. 30HHAS CTPYKTypa
B CXEME PACIIMPEHHBIX U IPUBEICHHBIX 30H.

Ilepnonnueckue TpaHWYHBIE YCJIOBHMS. BbIUKMCIIEHME WHTETpajioB IO 30HE
bpunntosHa.

[TnotHOCTH cocTosuuii, Beruncienne N(E) nns snexkrpona B mycroit pemerxke.

CBolicTBa 3J€KTPOHOB B KpHcTauiax: 3((eKkTrBHasE Macca AJIEKTPOHOB U ABIPOK,
TeH30p 3(PPEeKTUBHOM MacChI.

Teopema Banse.

CKOpOCTb 371EKTpOHA. Y PaBHEHMSI IBUKEHUS.

OnekTpoH-(OHOHHOE B3aWMOJEWCTBHE: OOIIME CBOWCTBA, TEH30p Aedopmarui,
nepOpMalMOHHBIM MOTEHITHAIL.

BropuuHoe  KBaHTOBaHME W  MpPEACTaBIEHUE  YHUCENl  3allOJHEHHE IS
nehopMaIMOHHOTO TTOTEHIIANA.

DNeKTpoH-(QOHOHHOE B3aWMOJCHCTBUE — TaMWIbTOHHMAHA B3aMMOJCUCTBHUS,
auarpaMmbl DelfHMaHa, 3JIEMEHTapHbIE ITPOLIECCHI.
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Buptyanbubie GOHOHBI.

B3anMopeicTBre 2IEKTPOHOB ¢ AehopMaliieii B cirydae CHIIbHOM CBSI3H.
DneKTpOoH-()OHOHHOE B3aMMOJICHCTBHE B MOHHBIX KpucTayuiax. Iloisipon, mMoxaensb
®penuxa.

CBepXmpoBOIMMOCTh:  KpUTHUYECKas  TemmepaTrypa, 3ddexkr  MelicHepa-
Okcendenbaa. YpaBaenue JIOHIOHOB.

CBepX1IpoBOAUMOCTb, IPOHUKHOBEHNE MarHUTHOTO I0JI B CBEPXIIPOBOIUHHUK.
CepxnpoBoauMOCTh: Teopus I ma30ypra-Jlanmay.

CBepXnpoBOAUMOCTb: JIJIMHA KOTEPEHTHOCTH, CBEPXIIPOBOAHUKH 1-T0O U 2-T0 poja.
KBantoBanue MarHuTHOTO 1MoToKa. MIIOKCOH.

OcCHOBHBIE TIOJIOKEHUS MUKPOCKOIINYECKON TEOPUHU CBEPXIIPOBOAUMOCTH.

Buel B3auMOIeHiCTBUS CBETA C TBEP/IBIM TEJIOM; ONTHYECKHE KOHCTAHTHI.
CoOcTBEeHHOE TOTIIONIEHHE; SKCUTOHHOE TIOTJIONICHUE; MOTIIOMIEHNE CBOOOTHBIMHU
HOCHUTEJISIMU; TIPUMECHOE TMOTJIOLIEHHE; PEIIETOYHOE MOTIIOIIECHHUE.
PexoMOuHaIMOHHOE U3JTydyeHUE B TIOIYNPOBOJHUKAX. Mex30HHAsI peKOMOWHALUS.
PekoMOuHanusi yepe3 JIOKAlIM30BAaHHBIE IEHTPbl. DKCUTOHHAs PEKOMOWHAIHS.
TBepaoTenpHBIE JIa3ephl.

OO0muii TeOpeTUYeCKUi aHaTu3 MEK30HHBIX ONTHYECKUX MEPEXO0JI0B. TUMOIHHOE
npuOIIKEHUE.

BepTukanbHble epexo/ibl, CBA3b C ONTUYECKUMU KOHCTAHTAMHU.

4. IlepeyeHb OCHOBHOI 1 /IOTIOJHUTEJIbHOH y4eOHOM JIUTEpaTypbl, HEOOX0AMMOM A5

OCBOCHHUS IMCUMILIUHBI (MOLYJIs1)

Ocnosnas:

4.

®usznka TBEpAoro cocrosiHus bisiikmop Jx.2008

5. Bgeapenue B pusuky tBepaoro tena Kurrens Y. 2010

6. OcHoBbl pusuku TB. Tena 3unenko B.M., Copokun B.I1., Typuusn I1.I1. 2008
Hononnumenvnas:

7. KBaHTOBOXMMHYECKHE METOBI B TEOPUH TBEP. Tesa DBapecToB P.A. 1982

8. Meronbl BBIYMCIUTENBHON (GU3MKK B Teopuu TBepaoro tena bapesxtap B.I,

3apouenteB E.B., Tpournkas E.I'. 1990

9. ®usuka tBepaoro tena [laenos I1.B., Xoxnos A.B. 2000

10. ®usuka nomynpoBoaankoB bond-bpyesnu B.JI., Kanamaukos C.I1. 2009

11. Teopus TBepaoro tena. asbioB A.C. 2008

12. ®usuka tBeproro tena [asmos I1.B., Xoxmos A.B. 2008

5. Ilepeyenb pecypcoB HH(POPMAIMOHHO-TEJIEKOMMYHUKAIIMOHHOM ceTH
«HTEepHET», HEOOXOAMMBIX /IJISI OCBOCHUS JUCHHUILINHBI (MOYJIs1)

HurepHer-pecypcesl

1. http://eqworld.ipmnet.ru/ru/library/physics.htm
2. http://mat.net.ua/mat/index-fizika.htm

3. http://ph4s.ru/books_phys.html

JuekTpoHHbIe pecypebl UHITY

No
/m

Ccblika Ha HaumeHoBaHnmne pa3padoTKu JoctynHocTh
HHG(popMaNMOHHBIN B JJIEKTPOHHOM opMe

pecypc
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DnexTpoHHas OuOIMoTeKa
EastView

http://www.dlib.eastview.com

JlocTym BO3MOXKEH ¢ JTF0O0TO
KOMIThIOTEPA, BKIIIOYEHHOTO B
YHUBEPCHUTETCKYIO CETh
Nurl'y

CrnipaBouHO-TIpaBOBast
cucrema «["apanT»

http://www.consultant.ru

JlocTym BO3MOXKEH ¢ JTF0O0TO
KOMIThIOTEPA, BKIIIOYEHHOTO B
YHUBEPCHUTETCKYIO CETh
Nurl'y

baza nannbix «Ilonmpen»

http://www.polpred.com

JlocTym BO3MOXKEH ¢ JTF0O0T0
KOMIThIOTEPA, BKIIIOYEHHOTO B
YHUBEPCHUTETCKYIO CETh
Nurl'y

HNudopmanmronHas http://www.window.edu.ru CBOOOIHBIN JOCTYII 110 CETH
cucreMa «EnnuHOE OKHO HHutepHer.

JOCTyIa K

o0pa3oBaTeIbHBIM

pecypcamy

Wudopmannonnas http://www.ecsosman.ru CBOOOAHBIN JOCTYI 11O CETH
cucreMa « JKOHOMUKA. WuTepHer.

Couuonorusi.

MeneKkMeHT»

Caiit Bricieit http://www.vak.ed.gov.ru CBOOOTHBIN TOCTYII IO CETH
aTTEeCTAIlMOHHOMN WuTepHer.

KOMHCCHHU

B nomomp aCIIMpaHTaM

http://www.dis.finansy.ru

CB00OOAHBIN JOCTYH 1O CETH
HuTepher.

Elsevier

http://www.sciencedirect.com;

http://www.scopus.com

JlocTym BO3MOXKEH ¢ JTF000T0
KOMIIBIOTEPA, BKIFOYEHHOTO B
YHUBEPCUTETCKYIO CETh
Nuarl'y

KoHcynbTaHT cTyaeHTa

http://www.studmedlib.ru

JlocTyn o MHIUBUAYaATbHBIM
CKpeTU-KapTam.

«DJIEKTpOHHAs
OubmoTeuHas cucrema
YHuBepcurerckas
ouobmmorexa ONLINE

http://www.biblioclub.ru

JlocTym BO3MOXKEH ¢ JTF000T0
KOMIIBIOTEPA, BKIFOYEHHOTO B
YHUBEPCUTETCKYIO CETh
Nurl'y

6. IIporpammHoe o0ecnieueHne
YHuBepcurer obecrieueH HEOOXOAUMBIM KOMIUJIEKTOM JIUIIEH3UOHHOTO W CBOOOIHO

pacnpocTpaHseMoro MpPOrpaMMHOr0 0OecredeHus,

MMPONU3BOJACTBA.

Kaxnprit  oOyvaromuiics

TEUCHHUEC BCCro Imne€puoaa

B TOM 4YHCJIEC OTCYCCTBCHHOI'O

o0ydyeHus: obOecrnedeH

WHAWBUAYAIbHBIM HEOTPAHUYECHHBIM JIOCTYIIOM K JJIGKTPOHHOW HWH(POPMAIMOHHO-
00pa3oBaTeNbHOI cpe/ie YHUBEpCUTETa U3 JHOO0W TOYKH, B KOTOPOM HMEETCs AOCTYI K

UH(POPMALIMOHHO-TEIEKOMMYHUKAITUOHHON

YHHUBEpPCUTETA, TaK U BHE €€.

CCTHU

«HTepueT»

KaKk Ha TeppUTOPHU

YHuBepcuteTr obecredeH CIeAyIOUMM KOMIUIEKTOM JIMLIEH3MOHHOTO MPOTrpaMMHOIO

obecrneueHus.

1. Jlunen3moHHOE MporpaMMHOE obecreueHue, ucnoib3dyemoe B Uarl'Y

1.1.Microsoft Windows 7



http://www.dlib.eastview.com/
http://www.consultant.ru/
http://www.polpred.com/
http://www.window.edu.ru/
http://www.ecsosman.ru/
http://www.vak.ed.gov.ru/
http://www.dis.finansy.ru/
http://www.sciencedirect.com/
http://www.scopus.com/
http://www.studmedlib.ru/
http://www.biblioclub.ru/

1.2.Microsoft Office 2007
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1.3.IIporpammusiii kommiekc MMUC “Busyansnas Ctyaus TectupoBanus™

1.4.AatuBupycnoe I10 Eset Nod32
1.5.CnpaBouHo-nipaBoBasi cucrema “I'apant”

Hapsiny ¢ TpaJlULMOHHBIMH HW3JAHUSIMU CTYACHTBI W COTPYJHUKH UMEIOT
BO3MOXXHOCTbH MOJIb30BaTHCS 3JIEKTPOHHBIMH ITOJIHOTEKCTOBBIMU 0a3aMH JITaHHBIX
Tabauya 9.1.
Ha3Banmue pecypca CcbLika/noctyn

OnekTpoHHass OubnmoTeka oHiaiH «EauHOE OKHO K

00pa3oBaTeNIbHBIM pecypcamy

http://window.edu.ru

«O06pazoBaTenbHbIN pecypc Poccun»

http://school-collection.edu.ru

@OenepalibHbIl  00pa30BaTeNbHBIA MOPTAL:  YUPEKICHUS,
nporpammel, craiaapTsl, BY3b1, rectol EI'D, THA

http://www.edu.ru —

denepanbHblil  EHTP HH(DOPMAIMOHHO-00Pa30BaTEILHBIX
pecypcoB (OILINOP)

http://fcior.edu.ru -

OBC "KOHCVYJIbTAHT CTYIEHTA".
OnOIMOTEKa TEXHUYECKOTO By3a

DJIeKTpOHHAs

http://polpred.com/news

HN3narenncTBO «JIaHby. DneKTpoHHO-O0nbImoTeuHas | http://www.studentlibrary.ru -
cHCcTEMA

Pycckas BupTyanbHast Oubinorexa http://rvb.ru —
H3parenscTBO «JlagbYy. DneKTpoHHO-O0nbIMoTeuHas | http://e.lanbook.com -
cucrema

ExenenenbHuk Hayku u oOpasoBanus IOra Poccun
«AxaneMus»

http://old.rsue.ru/Academy/Archives/
Index.htm

Hayunas anekrponnast 6ubnnoteka «e-Library»

http://elibrary.ru/defaultx.asp -

OnekTpoHHO-0nbaroTeuHas cuctema IPRbooks

http://www.iprbookshop.ru -

DJEeKTPOHHO-CIIPABOYHAsl CHUCTEMa JOKYMEHTOB B cdepe
oOpa3zoBanus «MHpopMuo»

http://www.informio.ru

HNudopmannoHHo-nipaBoBas cucrema «l apanT»

CereBas BepcHsi, TOCTYIIHA CO BCEX
KOMIBIOTEPOB B  KOPIIOPATUBHOMN
cetn Uarl'y

OneKTpoHHO-0nbnoreyHas cucrema «fOpai»

https://www.biblio-online.ru

PabGouass mnporpamma mucummuiuHbl — «Du3nka

KOHACHCHUPOBAHHOI'O

COCTOSIHHUA

BEIIIECTBA» COCTaBJIeHAa B cOOTBeTCTBUU C TpeboBanusamMu OI'OC BO mno HampaBieHHIO



http://window.edu.ru/
http://school-collection.edu.ru/
http://www.edu.ru/
http://fcior.edu.ru/
http://polpred.com/news
http://www.studentlibrary.ru/
http://rvb.ru/
http://e.lanbook.com/
http://old.rsue.ru/Academy/Archives/Index.htm
http://old.rsue.ru/Academy/Archives/Index.htm
http://elibrary.ru/defaultx.asp
http://www.iprbookshop.ru/
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noarotoBku 03.03.02 dwusuka, yTBEpKICHHOTO NMPUKa3oM MUHUCTEPCTBA 0Opa30BaHUs U
Hayku Poccutickoii @eneparuu ot « 07 » aBrycra 2020 1. Ne 981.

[IporpamMmy cocTaBuIIH:
1. Maromanos P. M., mpodeccop kadenpsr «Duznukar
(®.1.0., nomKHOCTS)

(®.1.0., nomKHOCTB)

[Tporpamma onobpeHa Ha 3acenanuu Kadeapsl «Puznka

ITpoTokon Ne 11 ot «27» anpens 2026 rona.

[Tporpamma orobpeHa Y4ueOHO-METOAMIECKON KOMUCCHEH (PU3UKO-MAaTEeMaTHIECKOTO
¢akynprera

[Tporoxoin Ne 6 ot «28» anpenst 2026 rona.

CBeleHnsi 0 mepeyTBep:KIeHHHM MNMPOrpaMMbl Ha O4YepelHOil y4yeOHBbIH rox W
perucTpanuu u3MeHeHui
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Y4eOHbIit Pemenue BHeceHnHble H3MEHEHUS [Tonnuce 3as.
roJl Kadeapsl Kadeapou
(Ne mpoTtoxkoma, gata)
2026-2027yr| IIpotokoa Nell ot [Tponrcanbl HHIUKATOPBI

27.04.26r.

JOCTUKEHHS KOMITETEHITUH (3HATH,
YMETh, BIAJICTh).

@DOoH/T OIIEHOYHBIX CPEJCTB YKa3aH
KaK MPUII0KCHUE




