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He.]'ll/l OCBOCHHUSA JUCHUIIJINHBI

[lenp Kypca

«Pu3uka KOHACHCUPOBAHHOI'O COCTOSAHHUA BCIICCTBA»

COCTOUT B

CHCTEMATUYECKOM H3JI0KEHHU CIOCO00B U MCTOJOB NPUMCHCHHA OCHOBHBIX IPHUHIMIIOB
KBAHTOBOM TEOpHUHU K HCCIICIOBAHUIO CBOIICTB KpUCTAJUIMYECKUX TBEPABIX TEJI, HAYYHUTh
CTYACHTOB NPHUMCHATH IIOJYUYCHHBIC 3HAHUSA TIPpHU PCUHICHHUH 3a1a4 B 06HaCTI/I, 1€ OHH

CIICIHUAIU3UPYIOTCA.

CTy,Z[eHT JOJDKCH ITO3HAKOMHUTBCA C HEKOTOPBIMH METOAaMH, IMPHUMCHIACMBIMHU K
OITMCaHHIO Ha6HIOIIaeMBIX (bl/ISI/I‘IGCKI/IX SIBIICHHI 1 HpHOGpeCTI/I HaBBIKHM CaMOCTOATCIbHBIX

Hay4YHBIX HCCHCHOB&HHﬁ,

(bU3HYECKOI TUTEPATYPHI.

BKIIOYas (OpMHpOBaHHE HABBIKOB HU3YYEHHUS HaydHOI

Ne
n/n

Kon
podeCcCHOHANBEHOTO
CTaHmapra

Haumenosanue obnactu HpO(i)eCCI/IOHaHI)HOﬁ JCATCIBHOCTU.
HaumenoBanue HpO(l)eCCI/IOHaJ'H)HOFO cTaHgapTa

01 OGpa3oBaHue U HayKa

1. 01.001

[MpodeccuonansHelii cranaapt «llenaror (megarornyeckas AesTeIbHOCTh B cdepe
JIOIIKOJIFHOTO, HAYaJIbHOT'O 00IIET0, OCHOBHOTO OOIIETO, CPEIHETO 00IIero
00pa3oBaHys) (BOCIIUTATEND, YIUTEIb)», YTBEPKICHHBII TPHKa3oM MUHHUCTEPCTBA
TpyZAa U colMaIbHO 3ammThl Poccuiickoit @eneparnun ot 18 oktsadps 2013 r. Ne
544u(3apeructpupoBad MuHHCTEpCTBOM IocTHINU Poccuiickoit @enepanuu 6
nexabps 2013 r., peructpanuonssiii Ne30550), ¢ m3MeHeHHEM, BHECEHHBIM
IpuKa3oM MuHHCTEPCTBA Tpya U coluanbHOi 3amutel PO ot 5 aBrycra
2016r.Ne4221 (3apeructpupoBad MunncrepctsoM roctunuu PO 23 aprycra2016r.,
peructpanoHHbIN Ne 43326 )

2. 01.003

[Ipodeccronanbublii ctangapt «Ilegaror J0MOJHUTEILHOTO 00pPa30BaHUs qeTeH U
B3POCIIbIX», YTBEPKACHHbIN pUKa30M MHUHHCTEpCTBA TPyAa U COLUAIBLHOMN 3a1lIUThI
P® ot 5 masg 2018r. Ne 298H (3apeructpupoBad MuHUCTEPCTBOM 1ocTUIMK PO 28
asrycta 2018r., peructpannonssrii Ne 52016

CDOpMI/IpyeMBIG I[I/ICHPIHJ'IPIHOﬁ 3HaHUA W YMCHHA TOTOBAT BBITYCKHHKA I[aHHOfI
O6paBOBaTeJIBHOI>’I nporpaMmMbl K BBIIIOJIHCHUIO CJIICAYHOIINUX O606H.[CHHBIX TPYHAOBBIX

GyHKIMI:

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

70

01.001 ITegaror Tlemarormueckas O6wenenarornyec/A/01.6
(memarornueckas NEATEIIbHOCTD 10 Kasi QyHKITHS. 6
NMesaTeIbHOCTD B MPOSKTUPOBAHUIO U OOyueHue
ITOIITKOJTBHOM, [pean3anuu Bocnuratensuas A/02.6
HayaIbHOM 00IIeM, 00pa30BaTENBLHOIO NesITeIbHOCTD 6
OCHOBHOM OOIIIEM, 4 rporecca
cpeaHeM o01IeM 00pa30BaTENbHBIX 6
06pa3oBaHNN) OpTaHU3aIHAX Paspupatomas  1A/03.6
(BocmMTaTENb, ITOIIKOJILHOTO, ACATEIBHOCTD
YUUTEINb) Ha4yaJbHOTO 00ILEro, 6

OCHOBHOT'O 0011IETO,

CpEeITHEro OOIIETO

00Opa3oBaHMs




Tlemarornueckas ITlemarornueckas
NEeSTeNbHOCTh 110 e TeNIbHOCTh 10
MPOEKTUPOBAHUIO U peanu3anuu
B peanu3anuu 0OCHOBHBIX 6 [porpamMmm B/03.6 6
00111e00pa30BaTEIbHBIX OCHOBHOTO U
MporpamMm CpeaHero o0IIero
00pazoBaHMs
IMepeyennb 3a1a4 npogeccuoHATbHOI 1eITeIbHOCTH BBIMYCKHUKOB:

O06acte Tumne! 3amay 3amauyn OOBEKTHI

npodeccHoHaNbHOW  |TTpodeccnoHaTbHON npodeccrnoHaIbHOM po¢eCCHOHAIBHOM

JeSITeTbHOCTH JesITeIbHOCTH JesITeTbHOCTH JesITeNbHOCTH (WK

(o Peectpy o0acTv 3HaHUS)

MuHTpyna)

01 Ob6pazoBanue [legarornueckuit Pa3paborka u O6pa3oBarenbHble
peanuzanus IPOrpaMMBbI U
00pa3zoBaTeIbHBIX 00pasoBareNbHbBIN IpoLece
nporpamm CIIO u B cucreme CIIO u 10
nporpamm 10

06 Css3sb, Hayuno- Hccnenosanue, HNudopmanmonHbie
MH()OPMAIIMOHHBIC U | HCCIICIOBATEIbCKUI paspaboTka, IpoOneCChl, TCXHOJIOI'NH,
KOMMYHHKAIJHOHHbI BHEJ[pEHUE U CUCTEMBI U CETH, UX
o TexXHOTOIIIH COIIPOBOXKICHHE UHCTPYMCHTAIILHOE
WH(pOPMaITMOHHBIX (mporpammHoe,
TEXHOJIOTHI M CUCTEM | TEXHHYECKOE,
OpPTraHHU3aI[IOHHOE)
o0OecIieyeHune, CrIoco0k! 6
U METOJIbI
MPOSKTUPOBAHHSI,
OTIA/IKH, POU3BOJICTBA U
IKCILTyaTaIluu
UH(GOPMaIIMOHHBIX
TEXHOJIOTHI U CUCTEM B
pa3IMYHBIX 00JaCTIX U
chepax muppoBoit
SKOHOMHKU

2. Mecrto mucuuminnbl B cTpykrype OITOII 6akanaspuara

Huctunnuna «®u3nka KOHACHCUPOBAHHOTO COCTOSHUSI BEIIECTBAa» OTHOCHUTCS K
o0s3arensHOM yacTu. JlucuuminHa u3ydaetcst Ha 3 Kypce B 6 cemecTpe.

OcHosnble HagvlKu, KOTOPHIMHU JIOJDKEH O00JIafaTh CTYJCHT: 3HaThb OCHOBHBIE CBOICTBa
MPOTSKEHHBIX CHUCTEM, OOYCIOBJIEHHbIE KBAHTOBBIM XapaKTepOM B3aUMOJICHCTBUH,
o0aaTh HaBBIKAMU PabOTHI ¢ OOBEKTAMHU, KOTOPBIE XapaKTepHBI Il paccMaTpUBaeMbIX
CHUCTEM, BKJIOYas TMpsMOe M 00paTHOE WPOCTPAHCTBO, OMNEPALUU CHUMMETPHUH,
MHOT'OJIEKTPOHHBIE BOJIHOBBIE (DYHKIIMM, MMETh HPEICTABICHHE O METOAAaX pelICHHS
MHOTO2JIEKTPOHHBIX ~3a/ad, TaKuX, Kak Merox Xaprpu, Xaptpu-Poka, Teopus
OyuknuoHana [moTHOCTH, a Takke CHEeLUAIbHBIX METOJAX pPELIEeHUs 3aJayd O pacuere
AIIEKTPOHHOM CTPYKTYpPbl KPUCTAJJIOB, BKJIOYas, B TOM 4YHCIEe, U WX MPHUOIMKEHHbIE
BapUaHThl — METOJl CHUJIBHOW CBSI3M, METOA MOYTH CBOOOJHBIX AJIEKTPOHOB, METOJ
3¢ (dexTUBHON Macchl. YKa3aHHbIE HaBBIKM JOJDKHBI CIYXKMTb OCHOBOW Ui NOHHUMAaHMS
(¢U3MUEeCKUX OCHOB TaKHX SBJICHUH, KaK dJICKTPOH-(OHOHHOE B3aMMOJCHCTBHE,


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

a TaKXeE

KOHJICHCUPOBAHHOM COCTOSIHUU.
Jns ocBoeHus qucuMIUIMHBL «PHU3MKa KOHJICHCUPOBAHHOIO COCTOSIHUS BELIECTBA»

IIHUPOKOro CIIEKTpa OINTHYCCKU

X TPOIECCOB B

HCIIOJIB3YIOTCA 3HAHUA, YMCHHUA W BUABI JCATCIBHOCTH, C(bOpMI/IpOBaHHbIG B Iponecce

nu3ydeHus: npeametoB «OO0mas ¢usznka», «Bpicmias mMaTeMaTHKay, «DJIEKTPOJIUHAMHKA.
OcBoeHHEe JaHHOW AMCIMIUIMHBI SBJISICTCS HEOOXOIMMOW OCHOBOM ISl M3YYCHHS TaKHX
aucuuIinH, kKak «Cratuctuueckas ¢usnka», «®Duszmka TBepaoro Ttenay, «Ddusuka

IMOJIUMEPOB».

3. Pe3yabTaThl 0CBOEHHUS JUCHUILIHHBI (MOYJIs1) - PU3NKA KOHIEHCHPOBAHHOTO
COCTOSIHHSA BelIeCTBA

ITponecc

HU3y4YCHUA AUCHUIIIIMHBI

HampaBlieH Ha (OPMUPOBAHHE DJIEMEHTOB

cienyromux komrereHuuit B coorBerctBur ¢ ®I'OC BO no nanHomy HanpaplieHUIO:

Kon HaumenoBanue WNHpukaTop noCTHKEHU B pesynbrare ocBoeHUA
KOMIIETEHIIUU KOMIIETEHIINH KOMIIETEeHIIUU JUCLUIUIMHBI 00y4aromuncs
(3aKpenyieHHblIL 3a OUCYUNTIUHOTL) JMOJIKEH:

YK-6. Crniocoben VYK-6.1. Ucnonb3yer 3HaTh: AHanu3upoBaTh|
YIIPaBJIATh CBOUM | MHCTPYMEHTBI U METO/IbI 3ajgady, BbIIENsAsA ee Oa30Bble
BpPEMEHEM, yIpaBJICHUS BPEMEHEM TIpU COCTaBJISIOLINE
BBICTPaUBATh U BBINOJIHEHUHM KOHKPETHBIX 3a/1a4, YMmers: Ocy1ecTBATH
peajin30BbIBaTh [IPOEKTOB, IIPU JOCTUKEHUU NOUCK  MHQOpPMALUK s
TPAEKTOPUIO [IOCTaBJIEHHBIX LIEJCH; [peIeHus IIOCTaBJIEHHOH
CaMOpa3BUTHUA HA VK-6.2. Omnpeanenser NpuopyUTETHI3a1a4i 110 Pa3IUYHbIM THUIIaM
OCHOBE IIPUHIIUIIOB | COOCTBEHHOM J1€ATEILHOCTH, 3arpocoB
o0Opa3oBaHUsI B JIMYHOCTHOTO Pa3BUTHUS U Bnagers: Ilpu o6pabotke]
TEYECHHE po(eCCHOHATIBHOTO POCTA; MH(pOPMALIUU OTJINYAET (aKThl
BCEU JKU3HU VYK-6.3. OuenuBaer TpeOOBaHUSI |0T MHEHUH, HHTEpPIIPETALINA,

PBIHKA TPyJa U MPEUI0KEHUS OLICHOK, bopmupyeT
00pa30BaTeNbHbIX YCIYyT AJIs COOCTBEHHBIE ~ MHEHMS U
BBICTPaMBaHUS TPACKTOPHH CYXKJIEHUS,  apryMEHTHpYeET
COOCTBEHHOTO CBOM BBIBOJIbI M TOUKY 3pEHUS
npoeccroHaIbHOTO POCTa;
YK -6.4. Crpour
poeCCHOHATIBHYIO Kapbepy
U OTIpesieNIsieT CTPATET U0
po(eCCHOHAIILHOTO PAa3BUTHSL.
OIIK-2. CriocobeH OIIK-2.1 3HaeT OCHOBHBIE HAYYHBIE

[POBOJNUTH HAyYHBIE METO]Ibl TEOPETUUECKOIO U

1ICCIIEJOBAHUS AKCIIEPUMEHTAJILHOTO

(br3mueckux UCCIIEIOBaHHSI OOBEKTOB,

OOBEKTOB, CUCTEM M IIPOLIECCOB U SIBICHUN

[POLIECCOB, OIIK-2.2. YMmeeT ucnoab30BaTh

0OpabaThIBaTh U ¢bu3nKo-MaTeMaTUYECKUH anmnapar

pEeICTaBIATh JUIs pa3paboTKU MaTeMaTUYeCKUX

HKCIIEPUMEHTAIbHBIE MOJIEJIeH SIBJIEHUH, IPOIIECCOB U

[TaHHBIE. 00BEKTOB NP PEIICHUH 3a/1a4 B

PO eCCHOHATBHON JEATENHHOCTH
OIIK-2.3. HNmeet HaBBIKH
MPOBEJCHUS  SKCIICPUMEHTOB  TIO




3aJaHHON METOIMKE U aHallu3a HX

pe3yJIbTaTOB

[1IK-4 C110COOHOCTH

TEXHOJIOTHI C
y4eTOM

MpuOOpPHOIL 6a3bl U
ITH()OPMALIMOHHBIX

OTCUYCCTBCHHOI'O 1
Sap}/'6e)KHOI‘O OIIbITa

IIK-4.1. 3HaeT OCHOBHEIE METOMEI

MPOBOJIUTH HAYYHBIC [TPOBEICHUS  TCOPETHYECKOTO U
liCCJIEIOBAHMS B HKCIIEPUMEHTATLHOTO

30paHHOM 00JIACTH  [MCCIICIOBAHMUS B chepe
DKCIIEPUMEHTAIBHBIX [TPO(ECCHOHAIBHON ACATEIHBHOCTH.
i (V1) [1K-4.2 Ymeer BbIOMpaTh Hamboiee
TCOPETUUCCKUX b HEeKTUBHBIE METOIbI IS
(buznyecKux POBEACHHUS Hay4YHBIX
JICCIICIOBAHUH C FICCIICIOBAHUH.

[TOMOIITBIO IIK-4.3 Bnageer HaBbIKAMH
COBPEMEHHOM paboTHI C COBPEMEHHBIM

pUOOPHBIM 000PYIOBaHHEM,
MeToaaMu 00pabOTKH M aHAJIM3a
MOJIYYEHHBIX PE3yIbTaTOB
HAyYHBIX UCCIICJIOBAHUI B cdepe

npodeccnoOHATEHOM IeATEIIBHOCTH

Bnaners: MeTomamu
HaxO0JICHUs, 0TOOpa U
00BETMHEHHUS Pa3IMYHBIX
METOJIOB MPOBEICHUS
(U3HYECKUX HCCIICTOBAHUM.
VYMeTh: OCMBICIICHHO
BBIOMpATh HAYYHBIH METOJI
MIpOBEICHUS (PU3UIECKUX
HUCCIIEeNOBaHUN.

3HaTh: CIOCOOBI
OIpeJieJICHUS BUIOB U THIIOB
npodecCHOHATBHBIX 33/a4, a
TaK)Ke METOJIbI UX PEIICHHUS
IIPH MIPOBEICHUU
(bHU3HYECKUX HCCIICTOBAHUI

4. CTpyKTYypa H cojiep:KaHue TUCIUILTHHBI (MOTYJIs1)
4.1. CTpyKTypa AUCHUILIMHBI (MOXYJIA)
OO01mast TpyA0eMKOCTh JUCIUTIINHBI COCTABISACT 3 3a4eTHBIX equHul], 108 waca.

Ne Buabl y4yeOHoii padoTbl, BKiIw4ass PopMbl TeKYyLIero
n/n CaMOCTOSITEJILHYIO pabdoTy KOHTPOJS  yCleBaeMOCTH
CTYIEHTOB W TPYA0EMKOCTh (B (no nedenam cemecmpa)
KonTakTHas Camocrositesib| PopMa  NIPOMEKYTOYHOM
padora -Has padora aTTecTauuu (no
s 5 s
— = ¥a)
= = = Q T B
= |9 2> | R S, SN
HaumenoBaHue pa3jie/ioB H == e g & d . 8
= g
TeM QUCHHUILTHHBI (MO1YJIA) 5 = & g2 i 2 | = &
) ~ i ~
= ) 3 S | =
S |9 3 E | ¥ {0 e & & |8u¢E
o | & |E 3 = 5 E & 2148
= A ast O 4 = 9] S A S
2 |- | S S | s s |2 8|2 |8 s
O | o | ¥ Q2 fa |5 = a
O | O | ~ ® | A (o |2 s |8 |8 |8 |
=Y = = = < | © (2 |8/ |2 |®2 |2 | 213
= E =2 le | H A & o jo ¥ 9| 2 |2 | 293
O |o |8 |BE|le|Eleo |0 |0 | E{o S |0 |0 |0 |05
5 = = X o m = Qo = —~ (O = o] M M /M S
= o |2 |8 |9 o | & | H x5 12 |2 |9 |9 1a
s |2 L & s t% O |»>» | O | Qi0 | O | & | & &Sy
o m R B K m i B O x B EEF|EFEi{gi
1 Benenue. OcHoBupie 6 |4 |1 1 1
TTOHSTHS.
2. | OcHOBHBIC nojiokeHus 6 | 8 2 2 1+ +
(U3HUKHN TBEPAOTO TeNa.
3 KBanrtoBas 3amaga wmHorux| 56|10 2 | 2 2 2 + +
TeT.
4, Anmnabatnyeckoe 6 /18 |2 |2 2 1 + +
npUOIHKEHHUE.
5 OHO2JIEKTPOHHOE 6 /18 |2 |2 2 1 +
npubIMKEeHne
6 AHTHCUMMETPU30BaHHbIE 6 8 2 2 2 1 +
BOJTHOBBIC (DYHKITHH.




7 Teopus Oynknuonana 6 |8 |2 | 2 2 1 +
IInoTHOCTH
8 Mertox Kona-IlI»ma. 6 8 |2 2 2 1
9 Mertonsl pemenus 6 | 10 2 | 2 3 1
YpaBHEHUH 30HHOW TEOPHUH.
10 | JIuneiiHble METOIBI. 6 |8 |2 |2 2 1
11 | IIpuGnmkeHHBIC METOIBI. 6 |8 |2 2 2 1
12 | DnexTpoH-GHOHOHHOE 6 8 2 |2 2 1
B3aHUMOJICHICTBHUE.
13 | DnekTpoH-poHOHHOE 6 18 |2 |2 3 1
B3aUMOJICHCTBHE B HOHHEBIX
KpUCTaJIIax.
14 | CBepXmpoOBOIUMOCTb. 6 18 |2 |2 2 1
15 | CBepXnpoBOIUMOCTb: 6 9 2 |2 3 2 + +
MUKPOCKOITHYECKAsI TEOPUS .
16 Onruueckue cBoiictBa 6 |8 |2 |2 2 1 + +
KPHUCTAJIJIOB.
17 | KBanToBas Teopuss 6 |8 |2 |2 3 1 + +
ONTHYECKUX CBOICTB
KPHUCTAJIIIOB
OOmast  TpyoOEMKOCTh, B 108 | 34| 34 40 19 | ITpomesxyTouHas
yacax dopma
3auer +
3ayer ¢ OLIEHKOH
OK3aMeH
4.2. CopepxkaHue JTHCHUIUIHHBI «DU3NMKA KOHAEHCHPOBAHHOIO COCTOSIHUSI
BeIIeCTBA»
Tema Conepxxanue Jlureparypa

1. Beenenune. OcHOBHEIE
TOHSATHS.

TpaHCHsIIMOHHAs CHUMMETpHUS, OCHOBHBIE BEKTOPbI
TPaHCIIALUHI, dJIEMEHTapHas s4elika, ssyerika Burnepa-
3eifTiia, oOpaTHas pemieTka, nmeppas 30Ha bpuuiosHa,
cucTeMa eMHMIL (aTOMHasl, PeISTUBUCTCKAs)

[1]-6]

2. OCHOBHBIE TTOJIOKEHUSA
(U3HUKHN TBEPAOTO TeNA.

MePUOINYECKUI TIOTeHIMANI, Teopema bioxa, 30HHas
CTPYKTYypa, JTUCTIIEpCUOHHAs 3aBHCHMOCTb,
Kiaccuukanust ~ TBEpABIX  TeN.  DJIEMEHTapHBIC
B30y KaeHus. KBaznyacTuiibl

[1]-6]

3. Kganrosas
MHOTHUX TeJl.

3aagada

O6mast opMyIMpOBKa KBAHTOBOM 3aJ]auil MHOTHX TeJ.
MHOr0o331€KTpOHHOE ypaBHEHUE [lIpenunrepa,
I'aMmmiIbTOHMAH.

[1]-[6]

4. AnnabaTruyeckoe
npUOINKEHHUE.

PaSJIGJ'ICHI/Ie ATOMHBIX U 3JICKTPOHHBIX KOOPpAWHAT.

[1]-6]

5. OIHOAIEKTPOHHOE
MPUOJIMKEHNE.

BanentHoe mnpuOmkeHne. BapualMoOHHBIN HpUHIMIT
Putna. VYpaBnenus Xaprtpu. CamocoriacoOBaHHbBIN
MIOTEHIUAL. Pemenue «CaMOCOTJIACOBAHHBIX»
YpaBHEHUU.

[1]-[6]




6.
AHTHCUMMETPHU30BaHHBIE
BOJTHOBBIEC (DYHKITHH.

Onpenenurens Cidiitepa.  Beruucienue  cpemnHux
3HAaYEHUH ¢  JETePMUHAHTHBIMH  (DYHKIHSIMHU.
Bapuanuonsslii npuHuuin. YpaBHeHus Xaptpu-doka.
OOMeHHast SHEprHsl.

[1]-[6]

7. Teopus dyHkuMOHAIA
IImotHOCTH

OJIEeKTPOHHAsA TUJIOTHOCTh, OIPEICICHUE, OCHOBHBIC
cBorictBa. IlepBas teopema XosubOepra-Kona. Bropas
Teopema XosHOepra-Kona, BapHallMOHHBIA MPUHIUI
JUIL BJIEKTPOHHOM IUIOTHOCTU. DYHKIMOHANT TOJTHOMN
SHEPTHUU.

[1]-6]

8. Metox Kouna-I1Isma.

ITocTpoeHue GpyHKIMOHATA SHEPTUU C UCIIOIB30BAaHUEM
(UKTUBHOM CHCTEMBbl HEB3aUMOJCHCTBYIOIINX YACTHILI.
VpaBuenuss Kona-IlIsma. OOMeHHO-KOppEISIIUOHHAS
SHEPrHusl.

[1]-6]

9. MeTto b1 pemienus | O6mass  GopmynupoBka  3agaud.  basucHble

YpPaBHEHUI 30HHON TEOPHUH

¢yukiuu.  CekymnsipHoe  ypaBHeHuHe. Meron
IUIOCKUX BOJIH. MeTo/ NpUCOeINHEHHBIX MI0CKUX
BOJIH. MGTOZ[ OpPTOroHaJIM30BAHHBIX ITJIOCKHX BOJIH.
IIceBonoTeHuuan.

[1]-[6]

10. JIuneituble METOBI.

JInneapuzanus. JInnelHbI METOJ
MIPUCOCTMHEHHBIX TuTockuX BojH (JITITIB).

[1]-6]

11. IIpubnmKkeHHBIE METOBL. | DIIEKTPOH B IIYCTOH pemeTke. MeToJ CHIbHON

CBs3M. MeTol TOYTH CBOOOJHBIX DJIEKTPOHOB.
D¢dexTuBHas macca. Teopema Banse.

[1]-6]

12. OnexTpoH-poHOHHOE | O01IMe CBOWCTBAa B3aUMOJAEHMCTBUS AJIEKTPOHA C

B3aHMMOJICHCTBHE.

KosebaHusMu pemtetkd. Tenzop aedopmarum,
JIOKaJIbHOCTH. [{eopMalimoHHbII MOTEHIHAIL.
I'apmMoHnyeckuii OCIIUJUIATOP. Bropuunoe
KBaHTOBAHUE, OIEePaATOPHI POXKIICHUS 51
yHUYTOXKEHUsA. [loHATHE TOJIEBBIX ONEPATOPOB.
["amunpTOHMAH U1 YacTUIl € 2-X U 4-X YaCTUYHBIM
B3aUMOJCUCTBUSAMH. I'amunpTOHMAH
HEB3aMMOJEHCTBYIOIUX (OHOHOB. ["'aMUIbTOHUAH
B3aUMOJICHICTBUSA DJEKTPOHOB ¢ (OHOHAMHU B
MIpeJICTaBICHUH YHCcelN 3amojiHeHus. ['paduueckoe
[IPE/ICTABIICHHUE, JUarpaMMbl deitHMaHa.
[Tpocreiimue THIIBI B3aUMO/ICVCTBHUIA.
BuptyanbHble OHOHBI.

[1]-6]

13. OnextpoH-poHOHHOE | B3aumoneiictBue snektpoHa ¢ aedopmarueit
B3aUMOJICHICTBUE B HWOHHBIX | PEIIETKHM B CIIy4a€ BWJIBHOW CBS3H. OJIEKTPOH-

Kpucrajuiax.

(OHOHHOE B3aMMOJICHCTBHE B HOHHBIX KPHCTAJUIAX.
[Tonsipon. Moaens ®penuxa.

[1]-[6]

14. CBepXImpoBOAMMOCTh

Kputnueckast temneparypa. Dddexkr MeiicHepa-
Okcendenpaa. Teopuss JloHmoHOB. YpaBHEHUS
JlonnonoB. IIpOHMKHOBEHHME MArHUTHOTO MO
BHYTPbh CBEPXIPOBOJHMKA. Teopus [ 'mH30ypra-
Jlanpay.  Ilapamerp  mopsanka.  YpaBHeHuUs
I'mn36ypra-Jlannay. JlnmHa ~ KOrepeHTHOCTH.

[1]-[6]




CBepxnpoBogHUKH 1-ro u 2-ro poaa. KBantoBanue
MarHUTHOTO MOTOKA. DIIFOKCOH.

15. CBepXITPOBOIUMOCTE: | DIEKTpOHHOE mpuTskeHue. KymepoBckue mapsl. | [1]-[6]
MHUKpOCKonuyeckas Teopusi. | Mizoronnueckuit 3¢ dexr.

16. Onruyeckue cBoiicTBa | Bumbl B3aumoeiicTBusi cBeTa ¢ TBepabiM TeioMm; | [1]-[6]

KPUCTAJLIIOB ONTUYECKUE KOHCTAHTBI, IIOIVIOLICHUE CBETa
KpUCTAJIJIAMH, COOCTBEHHOE IIOTJIOLICHHUE;
KCUTOHHOE IOTJIOLLEHHUE; IOTJIOILIEHHE
CBOOOTHBIMHU HOCHUTEIISIMU; IIPUMECHOE
IOTJIOILICHHUE; peneToyHoe IIOTJIOLLICHHUE.
PekoMOuHanonHoe U3JIy-4CHUE B

MMOJIYIIPOBOJHUKAX. Mex3oHHas peKOM6I/IHaI_[I/I$I.
PCKOM6I/IHaHI/I$I 4Cpe3 JIOKAJIM30BAHHBIC LECHTPBHI.
OKCUTOHHAS peKOM6I/IHaI_II/I$I. TBCpI[OTeJ'ILHBIG

Ja3ephl.
17.  KsautoBas  Teopus |OOIMA  TEOPETUYECKUH  aHATU3  MEX30HHBIX | [1]-[6]
OIITHYECKHX CBOMCTB | OIITHYECKUX IEPEXOJIOB; JUTIOIBHOE
KPHCTAIIJIOB NPHUOIIMIKEHNE; BEPTHKAIBHBIE TIEPEXO/BI; CBS3b C

OITHYCCKUMH KOHCTaHTaMu. ONTUYECKHE CBOMCTBA
KpuCTaJllla KpDCMHU:.

IIporpamMmma QM COUUIIHHBI.

Beenenne. KoHAEHCHPOBAHHOE COCTOSIHME BEIllECTBA. BHIbl KOHAEHCHPOBAHHOTO
cocrosiHus. TBepaple Tena, KMIKOCTH M aMmopdubie Tena. CTpyKTypa TBEpHAbIX Tedl,
xunkocted u amopdubeix Ten. Kpucramisl. MoOHOKpUCTAUIBI M MOJUKPUCTAIUIMYECKUE
BEILIECTBA.

CuMMeTpuYecKre U CTAallMOHApHBIE COCTOSHHS KPUCTAIOB. AMabaTHUeCKUil MPUHIUIIL.
IIpoctpancTBeHHas pemerka kpuctaoB. Hanpasienus B kpucramie. Maaexcsr Muepa.
OcCHOBHBIE THIIBI KpHUCTAUIMUECKUX perieTok. Suelika Burnepa — 3eiitua. OOparHas
pemeTka KpUCTauioB. TpaHCISIMOHHAs CUMMETPUS KPUCTAJIIOB.

OCHOBBI 30HHOW TEOPUH TBEPABIX TEIL.

OOHO3IEKTPOHHBIE COCTOSHUS B KpUCTAJLIE. DJIEKTPOH B NeproaudeckoM rnose. OyHkuun
bnoxa. CpolicTBa BOJIHOBOIO BEKTOpa AJIEKTpOHA B KpucTauie. KBazummiynbc. 30HBI
bpunniosna n noepxHoctb @epmu. DHeprust Pepmu DHepreTuyeckrue 30HbI. MeTtaisl,
JTUBJICKTPUKA M TONYNPOBOAHMKH. OddekTuBHas Macca dnekTpoHa. CrTaTHCTHKA
AJIEKTPOHOB B TBEpAbIX Tenax. @yHkunu pacnpeneneus Gepmu. XUMUYECKUHI TOTEHIUA.
JledexThl B TBEpIBIX TETax.

Knaccudukanmst nedexror. Temmoeie Toueunbie nedextol. dedextsr mo dpenkento.
Hedexrsl no [lortku. Aucnokanun. Kpaesble 1 BUHTOBbIE JUCIOKAIINH.

DIIEKTpUYECKHE CBOMCTBA TBEPBIX TEIL.

[Tpumecn. JloHOpHBIE M AKUENTOPHBIE NPUMECH. DHEPreTHUUECKUE YPOBHHM IPUMECHBIX
aTOMOB B KpHcTayyie. HepaBHOBECHBIE JIEKTPOHBI U AbIpKU. PaccessHus Hocutenen 3apsaa,
IIPOBOJMMOCTb Y KMHETUYECKHE CBOMCTBA METAJLIOB, AUAJIEKTPUKOB U MOJIYIIPOBOAHUKOB.
DnekTpoH — DOHOHHOE B3aMMO/ICHCTBHE.

®ononbl. UMnynsc @oHOHA. AKyCTHUYECKHE M onTHYeckre poHOHBI. [11a3MeHHbIe BOJIHBI,
ma3MoHbl. Korpencanuu 6030H0B. CBEpXTEKYJIECTh.

IIpocTpaHCcTBEHHAs IUCIIEPCUS U IPOXOXKACHUE CBETA Yepe3 KPUCTAILIL.



B3anmoneiicTBue cBeTa ¢ KPUCTAUIMYECKOW pEIIETKOM, MojspoHbl. [lonspon dpenuxa.
D¢ dexTuBHas Macca nonsipona. Jxkcutonsl Openkens u Banbe. [lonspuron. Onrtuyeckue
CBOWCTBAa METAJUIOB, AMAJIEKTPUKOB U IOJYNPOBOJHUKOB. IIOBEPXHOCTHBIE COCTOSIHUSA

251eKTPOHOB. COCTOSIHUSA IEKTPOHOB B CTPYKTYpPax C MOHMKEHHOH pa3MEpHOCTHIO

Couepma}me NPAKTUYECKUX U CEMUHAPCKHUX 3aHSATHIA.

3anamue I. CTpykTypa U cCUMMETpUs KpucTauioB. Pemerka bpaBs. OCHOBHBIE BEKTOPBI

TPaHCIIALUN.

3anamue 2. YnakoBka aToMoB B Kpuctauiax. KoadduimeHnTt ynakoBku ajis pemetTok bpasa.

Artomusle utockoctu. Muaekcer Beica.

3anamue 3. OO6parnas Pemerka. OCHOBHBIE BEKTOPHI TPAHCISALMA OOPAaTHON pPEIICTKH.

3oHa bpuitosHa.

3anamue 4. O6mme cBoiicTBa ypaBHeHuUs IllpenwHrepa mis NEPHOIUYCCKUX CHCTEM.

Teopema biioxa. brnoxoBckue ¢pyHkimn. Kp-raMuiibToHnan
3anamue 5. Monenb Kponura-lIlennu. JHepreTuyecKkue 30Hbl.

3anamue 6. Meton miiockux BOiH. Ilepuoanueckuil moreHuuan. 30HHAas CTPYKTypa B

METOAC IINIOCKUX BOJIH.

3anamue 7. OCHOBHBIE IEKTPOHHBIC XapAKTEPUCTUKU: dPPEKTHBHASI MAacCa, CKOPOCTb.
3anamue 8. Merton cunpHON cBA3u. @DyHkuuu Bannbe. 3amaum Ha BBIYKMCIICHUE

JUCIIEPCUOHHON 3aBUCHUMOCTH TSI IPOCTBIX CTPYKTYP.

5.00pa3oBaTesibHbIE TEXHOJIOTHH

[Ipu npoBeneHUM ayJUTOPHBIX 3aHATUA M OpPraHU3allMd CAMOCTOATEIbHOW pabOThI
CTYACHTOB  MCIIOJIB3YIOTCS ~ OOpa3oBaTelbHbIE  TEXHOJOTMM A pealu3aluu
KOMIIETEHTHOCTHOI'O IOJIX0JIa C MHCIIOJIb30BaHMEM B Y4eOHOM IIpOlLlEcCE€ aKTUBHBIX U
MHTEPaKTUBHBIX (JOPM NpOBEIEHUs 3aHATUH B BUAE KOMIBIOTEPHBIX CUMYJISIINMA, J€TOBBIX
U pOJIEBBIX WP, pa300p KOHKPETHBIX CUTYyallUid, MCHUXOJOTHYECKHE U WHbIE TPEHUHTIH,
MO3T'OBBIE IITYPMBI ITPU U3YYEHUH BIUSHUA JJIEKTPOMAarHUTHBIX BOJIH Ha YEJIOBEKA C LENBIO

bopMHUPOBaHUS U Pa3BUTHUS TPOPECCUOHAIBHBIX HABBIKOB CTYJICHTOB.

6. YyeOHO-MeTOIMYeCKOe o0ecreyeHHEe CAMOCTOSITeIbHON pPadoThl CTYJAEHTOB.
OuneHouyHble CpeACTBa I TeKyUIero KOHTPOJISI YCIeBAaeMOCTH, NMPOMeEXKYTOYHOI

aTTeCTAlluM 110 UTOraM OCBOCHUSA JUCHUIIJIUHBI.

6.1. Ilian camocTosATE/ILHOM PadoOTHI CTY/IEHTOB

Ne | Coneprxanue caMOCTOSITEILHOM pabOThHI Kon-so | ®opma OtmeTka
4acoB KOHTPOJISI BBITIOJTHEHUH
1 Cxema mpuBeneHHbIX 30H. [lepmommyeckas | 10 VYcrHOE
30HHAas CXeMa. cobeceoBaHue

2 [ToBepxnocth ®epmu B Mmeramiax ¢ | 10
rpaHeleHTPUPOBAHHOM KyOn4eckoi

CTPYKTYpOIl.

3 OHepreTUYecKuii  CIEeKTp IJIEKTPOHOB B | 6
kpucramie. Moaens Kponwnra- [lennun

4 Hucnokanus. Kontyp u Bektop broprepca. 6

5 Heynpyroe  paccesaue  ¢oroHoB  Ha | 4 onpoc
aKycTHueckux  (poHOHax, HEYyIpyroe




paccesHue  HEHTpPOHOB  Ha  (OHOHAX,
HEYIIPYroe paccessHue PeHTTEHOBCKUX JIydei
Ha (hOHOHAX

6 Buasl B3auMmopeiicTBuii cBera ¢ TBepibM | 4
TEJIOM.

6.2. Meroanuyeckue YKa3aHUsl MO OPraHU3ANUM CAMOCTOSATEIbHOH PadoThI
CTY/J1€HTOB
Ileapto caMOCTOSTEIIBHOW PAOOTHI SBISETCS CaMOCTOSITEIBHOE MPHUOOPETECHUE HOBBIC

3HaHMH ¥  BBIPAOOTKA  CIOCOOHOCTM K  IOCTOSIHHOMY  CaMOOOYYEHHIO H
CaMOCOBEPILICHCTBOBAHUIO B MPO()ECCHOHANBHOW M COIHAIbHO-OOLIECTBEHHBIX cdepax
JeATEIILHOCTH.

CamocrosrenbHas yuyeOHas pabora MpeicTaBieHa TakuMH (opMamMu y4eOHOTO
nporiecca, KaK JICKIHs, CEMHHAp, MPAKTHYECKHE M JIAOOpaTOpPHBIC 3aHSATHS, YKCKYPCHUH,
IoAroToBKa K HUM. CTYIIGHT AOJDKCH YMETh BCCTH KPATKHUC 3allMCHU JIGKIII/II\/JI, COCTaBJIAThb
KOHCIICKTHI, IIJIaHBbI 1 TE€3UCHI BI)ICTYHJIGHI/II;'I, HOI[6I/IpaTI) JUTCPATYpPY U T.AO.

Haydnast camocrosiTenbHas paboTa CTyJEHTa 3aKJII0YaeTCsl B €ro Y4acTHu B padoTe
KPYXKOB Ha Kadeapax, B HAyYHbIX KOH()EPEHIMAX pa3HOTO YPOBHS, a TAKXKE B HATMCAHUU
KOHTPOJIBHBIX, KyPCOBBIX M BBIITYCKHBIX KBAJIM(HUKAMOHHBIX (JUITIOMHBIX paboT) paborT.

CamocrosiTeibHAs padoTa CTYAeHTOB BKJIIOYAET cJIeAyIolHe KOMIOHEHTbI:

NoNe Koun-Bo dopma
HaumenoBanue paboTsl
/1 4acoB KOHTPOJIA

ITpopaboTKa JIEKIIHOHHOTO
MaTepuana

1 20 3a4yeT

Jlomyck Kk Kaxxaou
IloaroroBka k

3 20 nabopaTopHoii pabote u
nabopaTopHBIM paboTam
3alUTa OT4YeTa.

6.3. MarepuaJjbl AJs NPOBEJACHHUS TEKYIIEro M IPOMEKYTOYHOIO KOHTPOJS
3HAHUI CTYJIEeHTOB

KoHTpoJbHbIe 3a1a4n.

1. Crpykrypa anmasa. CKOJIBKO aTOMOB CO/IEPKUTCS B TPaHELIEHTPUPOBAHHBIN KyOn4ecKoi
AJIIEMEHTApHOU stueike?

2. Ocp cummetpust nopsizika. Kpucraamnueckas pemeTka He MOKET UMETh IOBOPOTHYIO OCh
CUMMETpUS MATOro nopsijaka. JlokazaTs 3T0 yTBEpKJIEHUE.

3. Omnpenenuth, Kakue 3JIEMEHTbl CUMMETPUM MMEIOTCS B KyOe, a Takke B KyOe, TpaHu
KOTOpOTr0 3allITPUXOBaHbl TaK, YTO HAMpPABIIEHUS IITPUXOB Ha IMEPECEKAIOUINXCS TpaHsIX
B3aMMHO NEPIIEHIUKYIISPHBI.

4. OmnpenenuTb MEXIUIOCKOCTHBIE PAcCTOSHUS B KyOMYECKOW pelieTke B ceMelcTBax
wiockoctet ¢ uaaexcamu (100), (110), (111) u (112).

5. BeiBectu 3akoH 30H ( 3ak0H Beiicca), KoTOpsIii ritacut: eciau [uvw]- ock 30161, a (hKI) —
rpaHb 3Toi 30HKI, TO hu + kv + lw = 0.

6.IlpuBecTn BBIpakeHMsI JJIsl MApaMETPOB sUEEK NPSIMOM M OOpaTHOW pEIIeTOK BCeX
CHCTEM, UX MEXIUIOCKOCTHBIX PACCTOSHUN U 0OBEMOB 3JI€MEHTApHON STUEHKH.

7. Tlokasate, uTo B KyOnueckoit cucreme Hampasienue (hkl) meprnenaukynspao k rpanu

(hk).



8. JlokasaTh, 4TO B KyOMUECKOW CHCTEME yrol ¢ Mexay HopMaasmu K rpaasm (hikili) u
(h2kol2) onpenensiercs hopmysnoii:
hh, + kk, + 11,

JhZ k2 +12)(02 + k2 +12)

9. BriBecTH BhIpaskeHue 1is SHEprur Pepmu U1 MOAETH CBOOOIHBIX 3JIEKTPOHOB METaslIa
pu a0COJIOTHOM HYJI€ TEMIIEPATYPHI.
10. Cunras cepeOpo OAHOBAIEHTHBIM METAJUIOM CO CepruuecKoil MoBepXHOCThI0O Depmu,
BBIUHCIIUTH CIEAYIOUIUE BEJIUYUHBI:

1. snepruto @epmu u remmneparypy Pepmu;

2. ckopocTh Depmu;

3. cpeAHIo0 UIMHY CBOOOIHOTO MPOoOera IEKTPOHOB

[IpY KOMHATHOM TeMIeparype U BOJINU3H aOCOIIOTHOTO

HYJIsl TEMIEPATYP;

4. o0beM nepBoii 30HBI bpuitrosHa.
Hcnonb3oBath B pacuerax cieAyrooliue qaHHble i AQ: ioTHOCTh 10,5 r'cM™; aTOMHBIM
Bec A=107,87; ynenbHOe CONPOTUBIIEHUE P= 1,61-10%0m cm npu 295%K u 0,0038:10°
Om-cM npu 20°K
11. DnexTpoH [ABMXKETCS B OJHOMEPHOM MEPUOAMYECKOM IOTEHIMAIBLHOM TIOJE,
CO3/1aBa€MOM aTOMaMH, HAXOSIIMMHUCS Ha pacCTOSHUM d IpyT OT Apyra.

[Toka3ath, 4TO BOJHOBbIC (DYHKIIMH DJICKTPOHOB MOTYT uMeTh Bua U (X) exp (ikx),
rae U (X) — GyHKIus TOM K€ MepUOJUYHOCTH, 4TO M noteHuuan. [Ipeamonaras, 4ro B
TPEXMEPHOM Cllydae BOJIHOBas (GYyHKIUS uMeeT aHajmorwdubiid Bua: U (r) ekx (ekr),
OIPEJICTITh 3HAYCHHS BOJIHOBOTO BEKTOpa K Juis IpaHEUEHTPUPOBAHHOW KyOW4ecKOou
PEIIETKH.
12. 3ona bpwintosHa pombuueckoi pemerku. [lycth pomOuueckast pelieTka UMEEeT TpU
NPUMHUTUBHBIX OCEBBIX BEKTOpa a=5X, D=2y, €=z, mjiMHA KOTOPHIX BBIPAXKAIOTCS B
Onpenenuts pazMepsl U GopMy ONPEeNuTh pasMepbl U popmy nepBoit 30Hb bpuiosHa.
13. IToka3atb, 4TO Ha rpaHUIIAX MEPBOM 30HBI bpuiUTI09HA BOJIHOBBIE (DYHKITMHM CBOOOIHOTO
3JIEKTPOHA B OJTHOMEPHOM MEPUOINIESCKOM peHIeTKH ¢ meprooM d BeIpoxkaeHbl. [Tokasars,
YTO €CJIM KaXJbli aTOM BHOCHUT MajiO€ BO3MYILEHHE, TO B MEPBOM NPHUOIMKEHUH IO
BO3MYILIEHUIO BOJTHOBbIE (PYHKIIMM HA TPAHUIIE 30HBI PONOPLIMOHAIBHBI.

. nxX nzXx
sin o " COST (n — wemoe uwncIo).

Cos @ =

3

14. Tlokazath, 4YTO B Ciy4yae, KOTJa JBMIXKEHHE OJJICKTPOHA B KPHUCTAIE MOXHO
paccMaTpuBaTh KaK pacrpOCTPaHEHUE TUIOCKON BOJIHBI exp(ikr), KBaHT /K COOTBETCTBYET
nMITysbCy. [loka3aTe, 4TO €ciii Ha KpUCTAJUI IEHCTBYET BHEIIHEE dJIEKTPUUYECKOE T0JIE, TO
CKOpPOCTb U3MEHEHHUSI UMITYJIbCA B 3aBUCUMOCTH OT BPEMEHHU TaKOBA, YTO JIEKTPOH MOXKET
paccMaTpuBaThCA KaK 4acTHIA, 0OpaTHAs Macca KOTOPOU SIBISIETCS TEH30PHOM BETMYHUHOM,
HMMEIOILEH KOMIIOHEHTBI:

(ij _1.0¢
m);  h® okok,

15. Bpluucnuth paBHOBECHYIO KoHIeHTpauuio a) nedexroB Ilortku; 6) nedexron
®peHKens B KpUCTAILIE.

CocraB u coaep:kaHue 3aJaHUI, 327124, KOTOPbIe MPeAYCMOTPEHbI Il pellleHus] WIN
pa3dopa HA 3aHATHAX.

3anamue 1.

3amaua 1. M300pa3uth CTPYKTYpy KpHUCTauia, JIi KOTOPOTO BEKTOPHI TPAHCISAIUU

(a;,a,,a,) u aromusrii 6asuc (A, B) omnpenenstorcs ciaemyrommm o6pazom:



11
a, =a O,E,Ej
a, =a(1,0,0) A=2a(0,0,0) =[000] o
a) a,=a(010) Bza(l 1 EJZFEE} 6) a,=a 5’05)
a; =a(0,0,) 2'2'2) 222 1
a,=a —,—,Oj
2 2

A=4a(0,0,0) =[000]

111) 111
B=al -, — - |=|z==
2 22) 1222
a, =a 0%%
L1 A=2a(0,0,0)=[000]
a, = _101_
»)a, =8 507 Bza(z,z,szzz}
4 4 4 444
11
a;=a —,—-,0
2 2 j

3agaya 2. OnpeaenuTh YKCIO aTOMOB B PACIIMPEHHON 3JIeMeHTapHOi stueiike, Trrna NacCl,
umerouieit popmy Kyoa.

3adaua 3. Ilycts @,,a,,8, - BEKTOPHI TPAHCIALUN HEKOTOPOIl pemieTku bpasa. Onpenennm
TPHU BEKTOpa

u, =lha, +ma, +n,a,

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

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

rae |, m,, n, - mensie gmcia. [TokaszaTe, 4TO eCIu

L m n
I, m, n,[=N,
|3 m3 n3

rae N — enoe uucio, To BEKTOpsI U, U,, U, 00pa3ytoT HEKOTOPBIH HOBBII HAOOP OCHOBHBIX

TpPaHCIALUUN U HAUTU 00BEM 3JIEMEHTAPHOU SUYEHKHU, TOCTPOEHHON HA TAKUX BEKTOpaXx.
3agaua 4. IlokazaTh, 4T0 OOBEMHOLIEHTPUPOBAHHAS KyOMUYecKasi peleTka MOXeT ObITh
paszeneHa Ha JBe MPOCThie KyOndeckue pemeTku A u B Tak, 4To HM 0/1Ha TTapa OJIKanImx
coceliell B MCXOIHOM pellleTKe He okaxkercs B pemetke A win B. Ilokaszare Taxxke, 4To
npocTasi Kyouueckas perieTka MoXKeT pacCMaTpUBaThCsl KaK JIB€ TPaHELIEHTPUPOBaHHbIE, a
IpaHELEHTPUPOBaHHasI KaK 4 MPOCTHIX.

3anamue 2.

3anaua 1. J[ns cTpyKTyphl anmasa (cdanepura) HAUTH BETUYHHY TETPa3JpuyecKoro yria A-
B-A.

3agava 2. Haiftn ko>pPUIMEHT yHakoBKH JUIs MPOCTOH, OOBbEMHOLEHTPUPOBAHHON H
TPaHEIICHTPUPOBAHHON KyOHMYECKOUN PEIIeTKH.

3anamue 3.

3amaga 1. IIpsAMBIM pemeHueM ypaBHEHUS (ai b, )= 270, TOKa3aTh, YTO BEKTOPHI

TPAHCIISANUN OOPAaTHOMN PEIIECTKH OMPECIIAIOTCS POpPMyIaMu:
[a;.a.]
bi = 272- J— ]
(a;.[a,.2a5])
rae 1,j,K — mukImueckue nepecTaHoBky uncen 1, 2, 3.



(27)°

0

3anaua 2. [loka3ate, 4To 00beM NepBOi 30HBI bpunntosna Q) = , e Q, - oovem
JJIEMEHTApHOU sTYEHKU pelieTku bpass.

3amaya 3. [Toka3arp, 4TO perieTka, 0OpaTHasi K 00paTHOM, COBITAAET C HCXOAHOM PEIIeTKOM
bpago.

3anamue 4.

3agaua 1. IlomyynTh NpPaBUIBHO HOPMHUPOBAHHBIE OJHOJCTEPMHHAHTHBIE (YHKIHUU
cucteMbl u3 N 9acTHI C MOTYIEIBIM COUHOM ((pepMH-4aCTHIIBI)

3agaua 2. I[lonyynTh NpPaBUIBHO HOPMHUPOBAHHBIE OJHOJCTEPMHHAHTHbBIE (YHKIHUU
cucteMbl u3 N 9acTHIL C IIEJIBIM CLIUHOM (003€-4acTHIIbI).

3agaya 3. IlomyuuTh BbIpakeHue Uil dSHeprud B Merone Xaprpu-Doka yepes
OJTHOJIEKTPOHHBIE (YHKIHMU cHUCTeMBbI N 3JIEeKTPOHOB, HaXOSAIIUXCS B IMOJIE siACP 3apsia
Z,,J=1..M.

3agaua 4. C mOMOMIBIO BapUAIMOHHOTO METOJA, HCIOJIb3YS (YHKIIMOHAJ SHEPTHH,
MOJIYy4YUTh ypaBHEHUs XapTpu-Poka.

3anaya 5. [lokasare, yto ypaBHenue lllpenunrepa i nepuoandeckol 4acTH BOJIHOBOM
yuxunn ¥, (F) MOXKHO 3amuMcarh B BUIE

(® +7k)?
———— V() ju (r) = e(ku, (r),
2m

rae v, (r) = eikruk (r).

3anamue 5.

3anaya 1. [Tokaszatb, 4TO AJ11 OIHOATOMHOT'O KpHUCTasia, PYHKIIHS, IOCTPOEHHAsI KaK

®k(r)=%2eika¢(r—a),

rae  @(r)- QyHKOMH, JIOKAIM30BaHHBIE B OKPECTHOCTH Y3JIOB PEIIETKH, SBISETCS
brnoxoBckoil pyHKIMEH.

3anaya 2. PaccMOTpeTh 0IHOMEPHYIO MOJIENb KpUCTalIa C MOTEHIIUAIOM BUAA:

U,, 0<x
U(x) =10 <X<p
0, —g<x<0

U TEepUoAOM peleTku a= p+(. HaiitTu BonHOBBIE (QYHKIMHM, CIEKTp SHEPruil u
paccMOTpeTh MpeneNbHbIi cirydait p— 0,U, — o, tak ytro U, p =Const .

3anamue 6.
3amaya 1. VMcnonb3yss MeToN MJIOCKUX BOJIH, HAaWTH CIEKTP SHEPruil B OJHOMEPHOM
KpHUCTaJJIe JUIsl 3HAYeHUH BOJTHOBOTO BEKTOpPA Ha IrpaHulle 30HbI bpuiuttosHa.
3amaya 2. Iloka3aTh, 4TO Ha rpaHMIIax MepBOM 30HBI bpuiuo’Ha BONHOBBIE (YHKIUU
CBOOOIHOTO JICKTPOHA B OTHOMEPHOH PEIIETKE C Mepruo oM d BBIPOIKICHBI.
3agaya 3. PaccMoTpeTh 3aauy 0 2-X MEPHOM 3JIEKTPOHHOM Ta3e U
a) MOKa3aTh, YTO KUHETHYECKasi SHEPTUs AIEKTPOHA B «YTIy» 30HbI bpuitosna B 2 pa3a
0oJbIIe, YEM Ha CepeHE CTOPOHBI;
0) HalTH 3TO OTHOIIEHUE [T 3-X MEPHOTO CITyYasl.
3anamue 7.
3agaua 1. [lokazaTh, 4TO JuIs J1IOOOTO COCTOSIHUS 3JEKTPOHA B KpUCTaJUIe TPYIHIOBas
CKOPOCTH B JIBa pa3a OoJblie (a3oBoit ckopoctu. HailTi cOOTHOIIEHNE MEX Ty TPYIITOBOM

1 ($a3oBoil cKOpOCTHIO, ecu 3akoH aucrepcuu umeer Buj £(K) = Ak? + Bk*, a Taxxke

IIoKa3aTh, 4TO Vep =V, , ecin

_2A?
9B

¢’

5



Q
Bamaua 2. [Toka3aTh, 4TO s KaIOH SHepreTHueckol 30HBI cymectyer 2N ° ﬁ
V2

COCTOSIHUH, IPUXOJISAIINXCS HA €IMHHUILY 00beMa 0OpaTHOTO MPOCTPAHCTBA.

3anamue 8.

3anaua 1. JlokazaTh CBOWCTBO «TpaHCIALMI» GyHKIUNA BaHHBE UIsI OAHOMEPHOTO CITydast:
@, (X) = @, (X — na), rae N — HOMep y3/1a OAHOMEPHOH PELIETKU C IEPHOAOM a.

3amaya 2. J/loka3ath OpTOroHAILHOCTH (hyHKIMIT BanHbe @, (X).

3amaya 3. Beruucnouts GyHKknu BanHube mu1st cirydast mpocTol KyOMUeCcKoM penieTKy, Koraa
brnoxoBckast (pyHKIUS 3a7aeTCs MIIOCKOW BOJIHOM (JIEKTPOH B ITYCTON PEIIETKE).

3amaya 4. [l mpocToit KyOMYeCcKOW PeleTKH ¢ JUTMHOW pedpa 8 BBIYUCIUTh 4 HUIKHUX
SHEPTUH CBOOOHBIX AIEKTPOHOB, €CIIM BOJTHOBOM BEKTOP B CXEME MPUBEICHHBIX 30H UMEET

V4
JUTUHY 23 U IIEPIIEHAUKYJISIPEH TPaHU KyOa.
a

3amaya 5. Mcrionw3ys BeIpaKeHHUE IJIs1 SHEPTUM B METOJIE CHUIBHOM CBSI3U

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

rae n(n,n,n,)=n,a, +n,a, + n,a,, a Takxe cauras Beamaunsl N(N), S(N) mapamerpamu,

(k) =¢,

IOJIyYUTh B NPUOJIMKEHUH OMrKaiimmx cocezeil siBHble Bhipaxkenus st Gyukmmu £(K)

oanoaromuoro kpucramia ¢ [IKP, OLK u I'lIK pemeTkoii.

3agaua 6. [TonyunTs BelpakeHue A TeH30pa 3(pPEeKTUBHOM Macchl KpUCTallIa ¢ IPOCTON
KyOW4eCKOH peIIeTKOM, €CITU CIIEKTP SHEPTHl UMEET BU/T

e(kK)=E, - 2A[cos k,a+cosk a+cos kzaJ

Y HAWTH TIpeAebHbIe 3Ha4YeHHs 115l TOuku K =0.
Bonpoce! u 3a5aHuA 1J1s1 HHANBUAYAJBHOH M CAMOCTOSATEJIbHOM PadoTHhI.

1. Mlatb onpenenenue pemerku bpasa.

Kakwue cBoiicTBa SBISIOTCS OOLIMMHU JUIsl IPUMUTUBHON siueiiku U stueliku Burnepa-

3eitfta? B yem 3aKiII04arOTCs UX OTINUHS?

SABnsiercst mu npsmMas perieTka oOpaTHOM MO OTHOIIEHHUIO K CBOeH 0OpaTHOM?

Kak Bbruucinsercst 06beM 31eMeHTapHOM ssueiku?

Kak Berumcnsercst o0bem siueiiku Burnepa-3eiitiia?

YKa3aTp 4MCIIO MEPBBIX U BTOPBIX COCEEH /I MPOCTOM KyOUUYEeCKON pEeIIeTKH.

Vkazarh 4yuCiI0 OMMKAMIIMX COCENEeH Il TPaHEIEHTPUPOBAHHON KyOHMYECKOM

PEILLETKH.

8. VYxkazarp uncio Ommkaimmx coceneit sl 00beMHO-TICHTPHPOBAHHOW KyOUYeCKOi
PEILLETKH.

9. WMzoOpaszutk rockoctr [100], [110], [111] mist mpocToit KyOMYIeCKOM PEIIeTKH.

10. 3a cyeT KakWX B3aMMOJICHCTBUI CTAOMIM3UPYETCS KPUCTAIUTHYECKAs CTPYKTypa
MOHHBIX KPHUCTAJJIOB.

11. Moxer nu OBITh CTAOWJIBHBIM KPHUCTAIJ, aTOMBI KOTOPOTO B3aUMOJIEHCTBYIOT
TOJILKO CO CBOMMHM OJIMKAUIITMMU COCEASIMHU ?

12. B 4eM COCTOUT MpHUpO/ia KOBAJICHTHOM CBSI3H.

13. KakoB MexaHH3M BOJOPOAHOI CBS3H.

14. [IpuBecTu npuUMeEpPbI «CKEIETHBIX)» KPUCTAIIOB U yKa3aTh THUI XUMHUYECKON CBS3H.

15. Onucats npupony B3aumoaeicTeust Ban-nep-Baanbca.

16. 3anucath OCHOBHOE ypaBHEHHME JUHAMUKHM pPEIIETKM B TapMOHHYECKOM
IpUOIINKESHUN.

17. TlepeuncanTh OCHOBHBIC CBOMCTBA PEIICHUH YPAaBHCHUIN TUHAMHUKHU PEIICTKH.

N

No ok ow



18.
19.

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

28.

29.

30.

31.
32.
33.
34.

35.
36.
37.

38.
39.
40.

B yem cocTouT oTIMUME aKyCTUUECKUX KOJIEOaHHH OT ONTHYECKUX.

Kakoli Tunm pemerodyHplXx KoJeOaHWW NPUBOAUT K MOJSIPU3AMUA KpPUCTAIIA U
noyemy.

Yka3arh CBOWCTBA BOJIHOBOW (PYHKIIMH JIEKTPOHOB B KPUCTAJLIE.
Cdopmynuposats Teopemy bioxa.

Uro HasbiBaetcs biioxoBckoi GyHKIMEH ?

Kakwue Turipl KBa3u4acTHIl MOTYT CYIIECTBOBATh B KpUcCTayIax ?

B 4yem cocTrout MexaHH3M 00pa30BaHUs YHEPTETHUECKUX 30H B KpUCTAIUIAX ?

Kak 30HHas Teopusi 00BSACHSIET OCHOBHOE Pa3JInyMe METANIOB U IUAJIEKTPUKOB ?
N300pa3uth KaueCTBEHHO CXEMY IHEPIeTUUECKUX 30H MOJIyMETAIIA.

3anucaTth COOTHOIICHHME, CBS3BIBAIOIIEE BEKTOP CKOPOCTH OJJIEKTPOHA M €ro
BOJIHOBOW BEKTOP.

Hate onpenenenue TeHzopa 3¢ ¢dekTuBHONH Macchl. Kakoil Bua MMeeT TEH30p B
KyOM4ecKHux Kpucramiax ?

Bbrancnnts 3¢ ¢GeKkTUBHYIO0 Maccy 3JIEKTPOHA B OJTHOMEPHOM KPHUCTAJLIE C 3aKOHOM

macniepenn E(K) =E, + (E, — E,)sin? a—2k

Beraucnmute  3ddextuBHYyr0  Maccy  dIeKTpoHa Ui 3aKOHA  JHCIEPCUU
E(k) =E, — E,(cos(k,a) + cos(k,a) + cos(k,a) — 3).

JlaTp onpeneneHye MI0THOCTA COCTOSTHUM.

B uem cocTout MexaHu3M paccessHUs 3JIEKTPOHOB Ha KOJICOAHUSIX PELIETKU.
[Tepeuncnuth GpakTopsl, NPUBOIAIINE K PACCESIHUIO JIEKTPOHOB B KpHCTAILIE.

Uem orianuaroTcs BOJHOBas (YHKIUS I[OBEPXHOCTHBIX COCTOSIHUM M BOJIHOBAs
GbyHKLUSA 1715 UealbHOro KprcTania ?

[lepeuncnuth THIBI 1e(EKTOB B TBEPABIX TEJIAX.

B uem coctout oinune aedexra no @penkento ot gedexra no Lorrku?
N300pa3uth YacTOTHYIO 3aBUCUMOCTb JUAJIEKTPUYECKOW IMPOHUIAEMOCTH JJIf
JMBJIEKTPUKA C HIOHHOM MoJisipu3anueit 1 yka3aTh MOJIIPUTOHHYIO 00J1acTb.
VYka3aTb OCHOBHBIE CBOMCTBA CBEPXIIPOBO/SIIETO COCTOSHUS.

JlaTh KaueCTBEHHOE ONMCAHNE MEXaHU3Ma BO3SHUKHOBEHUS CBEPXIIPOBOANMOCTH.
CBepxnpoBOAUMOCTh : Kakue (akTOphl YKa3blBAIOT Ha OIpPENESIOUIyI0 poJib
KoJIeOaHuH pereTku ?

BOl'lpOCBI 0 IMCHHUILIAHE «Du3uKa KOHACHCHPOBAHHOI'0 COCTOSAHUS

1.

o

6
7.
8.
9.

10.

OcHOBHBIE OHATHS (PUZUKU TBEPIOTO TeJa: TPAHCISLIMOHHAS CUMMETPUs, peleTKa
bpaBa, 0OCHOBHBIE BEKTOPBI TPAHCIALNMN, dJIEMEHTapHas sS4eilka, sdelika Burnepa-
3eWrTua.

OcHoBHblE TOHATHS (U3WKH TBEPAOro Teja: oOpaTHas pelieTka, BEKTOPHI
TpaHCIALNN 00paTHOH peleTKy, 30Ha bpuiosHa.

OCHOBHbIE MOHATUS (GU3MKHU TBEPAOIO Tela: MEPUOJUUYECKHI MOTeHIHAN, TeopemMa
bnoxa (popmynupoBka), 30HHasE CTPYKTYypa.

OnemeHTapHbIe BO30YykaeHus. KBaznuuacTuibl.

Obmast (opMyIMpoOBKa KBAaHTOBOW 3aJayll MHOTHX Te€Jl, MHOTORJIEKTPOHHOE
ypaBHenue lpeaunrepa.

Anunabatuyeckoe npubIkeHue. PasieneHne aTOMHBIX U 3JIEKTPOHHBIX KOOP/MHAT.
OpnnosnexTpoHHoe npudImkenne. Meroa XapTpu.

AHTHCUMMeETpUYHbIE BOJIHOBBIE pyHKIMU. MeToa Xaptpu-doxka.

Omnpenenenue u o01ME CBOICTBA IIEKTPOHHOM IJIOTHOCTH.

Teopus @ynkuuonana [TnotHocTu: nepsas Teopema Xosnbepra-Kona.



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.
40.
41.
42.
43.
44,

45.
46.

47.

48.

Teopus @ynknuonana IlmoTHocTH: BTOpass TeopemMa  Xo3HOepra-Kowna,
BapUALIMOHHBIN MPUHIIMII.

Merton Kona-Illama. dynknumonan saeprun. OOMEHHO-KOPPEAIIUOHHAS YHEPTUS.
Meron Kona-1lIsma, ypasaenus Kona-IlIsma.

MeToapl pemieHUsT 30HHBIX ypaBHEHUW: Oa3UCHBbIE (YHKIHMH, CEKYJIsSIpHOE
ypaBHEHUE.

MeToa MII0CKUX BOJIH.

Merop siueexk.

Merton npucoeAMHEHHBIX INIOCKUX BOJIH: M T-noTeHmuan.

Mertoa npucOeIMHEHHBIX IJIOCKUX BOJIH: PEIICHUE 30HHOTO YPAaBHEHHS.

OO61mas cxema JMHEHMHOT0 METO/Ia MPUCOESTUHEHHBIX MIOCKUX BOJH.

MeTo1 OpTOTOHATN30BAaHHBIX MJIOCKUX BOJIH.

[IceBnonorennuan. MozenbHble U IEPBONPUHILIMITHBIE [ICEBIONOTEHIUAIIBI.
DJNEKTPOH B IIyCTOM pelieTke. 30HHAsk CTPYKTYpa.

[TpubimxeHne CUIILHOM CBSI3H: ONPEICIICHHE U 00IIHe cBolicTBa PyHKIMK Banbe.
[TpubnmxkeHrne CUIIbHOM CBSI3U — 3aKOH JIUCIIEPCUU, JHEPTE€TUUECKUE 30HBI B METO/IE
CUJIBHOU CBSI3H.

Mopnenbs nouTH CBOOOHBIX 3JIEKTPOHOB, TEOPUS BO3ZMYILEHUN. 30HHAs CTPYKTYypa B
CXEME PACIIMPEHHBIX U IPUBEAEHHBIX 30H.

[lepuonuueckre TpaHWYHBIE YCJIOBHUS. BbIUHCIIEHHE HMHTETPajIoB 1O 30HE
bpumtosna.

[InotHOCTH cocTosiuui, Berurcienue N(E) miis snexTpona B mycToii pemerke.

CBolicTBa 3JEKTPOHOB B KpucTauiax: 3¢(eKTuBHAs Macca AJIEKTPOHOB U ABIPOK,
TeH30p (P PEeKTUBHOI MaCCHI.

Teopema Bansbe.

CKOpOCTh AJIEKTPOHA. Y paBHEHUS IBUXKCHMUSI.

OnekTpoH-(hOHOHHOE B3auMoJIeiicTBHE: 0OLIMe CBOMCTBA, TEH30p AeopMalu,
nehopMallMOHHBIN MTOTEHITHAIL.

BropuuHoe KBaHTOBaHME W  MPEJACTAaBIECHUWE  YWUCEN  3alOJIHEHHE Ui
nehopMaImoOHHOTO MOTEHIIHANIA.

DOnekTpoH-(QOHOHHOE B3aUMOJICHCTBHE — TaMHJIbTOHMAHA B3aMMOJCHCTBUS,
nuarpaMMbl DeitHMaHa, 3JIEMEHTapHbIE TPOLIECCHI.

BupTtyanbHbie OHOHBI.

B3aumopeiicTBre 31€KTPOHOB ¢ Aedopmaliueit B cirydae CHIIbHOM CBSI3HU.
DOnekTpoH-(OHOHHOE B3aMMOJEHCTBHE B MOHHBIX KpHctamuiax. [lonspon, moaensb
Openuxa.

CBepxmpoBOAMMOCTh:  KpUTHUecKas  TemmepaTypa, d(dexkt  MelicHepa-
Oxkcendenpaa. YpaBaenue JIOHTOHOB.

CBepXnpoBOAUMOCTb, TPOHUKHOBEHWE MarHUTHOTO TOJISL B CBEPXITPOBO/IHUK.
CepxnpoBoauMocThb: Teopus [ ma30ypra-Jlanmay.

CBepX1IpoBOANMOCTb: JIJIMHA KOTEPEHTHOCTH, CBEPXIIPOBOAHUKH 1-T0O U 2-T0 poa.
KBantoBanue MarHuTHOrO 1noToka. MIIOKCOH.

OcCHOBHBIE TIOJIOKEHUS MUKPOCKOIINYECKON TEOPUU CBEPXITPOBOANMOCTH.

Buel B3auMoIeHICTBUS CBETA C TBEP/IBIM TEJIOM; ONTHUYECKHE KOHCTAHTHI.
CoOcTBEeHHOE MOTIIONIEHHE; SKCUTOHHOE MOTJIONIEHHE; MOTJIOMIeHHE CBOOOTHBIMU
HOCHUTEJISIMU; TIPUMECHOE MOTJIOLIEHHE; PEIIETOYHOE MOTJIOIIEHHUE.
PexomOnHaAIIMOHHOE H3ITyYyeHHE B IOJIYIPOBOIHUKAX. MeX30HHAs PEKOMOUHAIIHSL.
PekoMOuHanmsi 4epe3 JOKaJM30BaHHbIE LEHTPbl. OKCUTOHHAs pPEKOMOMHAIIMS.
TBepIOTENbHBIE JTa3€PhI.

OO0muit TEOPETUUECKUN aHAIM3 MEK30HHBIX ONTHYECKUX TMEPEXO0JI0B. JUTMOIHHOE
npulbIIMKeHue.

BeprukanbHble Iepexo/ipl, CBSI3b ¢ ONTUYECKUMH KOHCTAHTAMM.



7. Y4yeO0HO-MeTOAHYEeCKOoe " MaTepUAJIbHO-TeXHHYECKOe o0ecreuenue

AUCHHUILTHHBI

7.1. YueOHas qureparypa:
Ocnognas:
1. ®wusuka tBepumoro cocrosausa bmitkmop Jx.2008
2. Baenenwue B ¢pusuky tBepaoro tena Kurrens Y. 2010

3. OcHoBbl ¢usuku TB. Tena 3unenko B.U., Copokun B.I1., Typuun ILI1. 2008

JlononnumenvHasi.

1. KBaHTOBOXMMHUYECKHE METO/ABI B TEOPUH TBEPI. Tesa DBapecToB P.A. 1982
2. MeTtoapl BBIYMCIUTEIRHON (pU3UMKK B Teopuu TBepaoro Tena bapesxrtap B.I'.,

3apoueniieB E.B., Tpounkas E.I'. 1990

Teopus TBepnoro tena. Jassiio A.C. 2008

IS N

7.2. UnTepHeT-pecypchl

®usuka TBepaoro tena [lasnos I11.B., Xoxiaos A.B. 2000
®usnka nosnynpoBoaHukoB bonu-bpyesuu B.JI., Kanamnukos C.I1. 2009

®usuka tBepaoro Tena [lasnos [1.B., Xoxnos A.B. 2008

Ha3Banue pecypca

Ccebuika/noctyn

OnekTpoHHas OuOIMOTeKa OHJalH «EauMHOE OKHO K
00pa3oBaTeIbLHBIM PECYpPCam»

http://window.edu.ru

«O06pa3zoBartenbHbIi pecypc Poccuny»

http://school-collection.edu.ru

denepanbHbI o0pazoBaTeIbHBIN opTat:
YUPEXKIEHUS, NpOrpammbl, CTaHIapTbl, BY3bI, TecTsl
EI'D, TTA

http://www.edu.ru

DenepanbHbIi LEHTP nHpOpMaIMOHHO-
oOpasoBatenbHbIX pecypcoB (PIIMOP)

http://fcior.edu.ru

Pycckas BuptyanbHas 6ubanorexa

http://rvb.ru

ExxenenenbHUK Hayku U obOpaszoBanus lOra Poccum
«AKazneMus»

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

Hayunas snektpoHHas Oubianoreka «e-Library»

http://elibrary.ru/defaultx.asp

OnekTpoHHO-Onbroreynas cucrema IPRbooks

http://www.iprbookshop.ru

DNEeKTPOHHO-CIIPAaBOYHAsI CHCTEMa JIOKYMEHTOB B
ctepe oopazoBanus «MHGOpMUOY»

http://www.informio.ru

WNudopmannonHo-npaBosas cucrema «I apant»

CereBas Bepcus, JOCTyIHA CO BCEX
KOMITHIOTEPOB B KOPIOPATUBHOU CETH
Nuarl’y

DnekTpoHHO-0nbanoreyHas cucreMa «tOpai»

https://www.biblio-online.ru

7.3. TIporpaMmmHoOe oGecnieueHue

Microsoft Windows server 2003, 2008, 2012, 2016
Microsoft Office 2007, 2010, 2016
AnTusupycnoe I10 Kaspersky endpoint security
CnpaBoyHo-nipaBoBas cucteMa “I'apant”

U":b.‘-*’!\’!—‘

Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10

6 Onepanunonnas cucrema Microsoft Windows XP Professional.
7. Taket nmpuknamabix mporpamm Microsoft Office 2003 Professional.

8. Ilporpammuslii npoaykT «AHTHBHpYC Kacnepckoro».

9. IIporpammusrit mpoaykT FineReader 7.0 Professional Edition.

10. IIporpammuslii npoaykt MATLAB 6.



http://window.edu.ru/
http://school-collection.edu.ru/
http://www.edu.ru/
http://fcior.edu.ru/
http://rvb.ru/
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/
http://www.informio.ru/
https://www.biblio-online.ru/

7.4. MarepuajibHO-TeXHHYeCKOe o0ecriedyeHue

MarepuanbHO-TeXHHUYECKask 0a3a COCTOUT U3 KaOWHEeTa sl MPAKTHYECKUX U CEMHUHAPCKHUX
3aHATHUH, JEKIIMOHHOMN ayAuTOpUH U jabopartopuu. JlabopaTopus ocHalieHa 1adbopaTopHbIM

o0opymoBaHueM /s TabOpaTOPHBIX PaboT.

Aynuropust Ne 306.

386132, Pecybnuka Marymerus, r.0. ropon Ha3pans,
r.Haspanp, Tep. 'aMmyp3ueBckuil aAMUHUCTPATUBHBII
OKpYT, yi1. MaructpanbHas, 1. 39«a» Ayn. Ne306.
[Inomans 71. 6m?

Crenmanm3upoBaHHas yaeOHas MeOelsb s
00y4JalomuXCs 1 TPENoIaBaTeNsl; TEXHHIECKHe
cpencTBa 00y4eHus (KOMIBIOTEpHAs TEXHUKA,
JI0CKa, MyJIETUMEINIHOE 000pYyAOBaHHE:
MHTEPaKTHBHAS JOCKA, IIPOEKTOP); TOCTYI K
WHPOPMALUOHHO-TEIeKOMMYHHKAIIMOHHON
cetn MlHTEpHET; yueOHO-METOANYECKHE
MaTepuabl

Jli1s mabopaTopHbIx 3ausTuid. Ayauropus Ne Ne201
386132, Pecriyonuka Uurymerus, r.0. ropon Haspans,
r.Hazpans, Tep. 'aMyp3ueBCKkUil aIMAHACTPATUBHBIN
OKpYT, Y. MaructpanbHad, A. 39«a» Aya. Ne201.
[nomans 71.2 m2

Crenmanm3upoBaHHas yqaeOHas MeOelsb s
00yyaromuxcs ¥ MpenojaBareis; TEeXHUUECKHe
cpenctBa 00ydeHus (HOyTOyK, T0CKa);
obecriedeH AOCTYI K HHPOPMAIIHOHHO-
TEJIEKOMMYHUKAIIMOHHOM ceTn HTepHET;
yueOHO-MeToAnYecKne MaTepualsl. KoMruiekt
y4e0HO-1a00paTOPHOrO 00OPYIOBAHHS
«Pu3uKa KOHACHCUPOBAHHOT'O COCTOSHUS
BEIICCTBA»

st caMocToSITeNbHOM padOThl 00Y4aIOIIUXCS. AYAUTOPHS
Ne 116

386132, Peciybnuka Muarymerus, r.0. ropox Haspans,
r.Haspauns, Tep. ['amyp3ueBckuii aAMUHUCTPATUBHBIN
OKpYT, yi. MaructpanbHasd, A. 39«a» Ayxa. Nell6.
[Tnomazns 36, 2m?

Paboune mecTa 1i1st 00yqarommxcs,
TEXHUUYECKHE CpeicTBa 00yUueHUs (HOYTOVK,
JI0CKa), AOCTYM K ceTn HTEpHET, yueOHO-
MCETOJUYCCKUC MAaTCpUalibl, JICKTPOHHLIC
o0pa3oBaTenbHBIE PECYPCHI.




®OHJ OUEHOYHbBIX CPEACTB
no aucuuninHe «®u3nKa KOHJIeHCHPOBAHHOI0 COCTOSTHUS BEelIECTBA)
(unoexc oucyuniunvt no yuebHomy niany, HAUMEHOBAHUE OUCYUNIUHBL (MOOYIS))

@DOHJT OIICHOYHBIX CPEIACTB MO AUCHUIUIMHE «DPU3MKAa KOHIEHCHPOBAHHOTO COCTOSHUS»
BKJIFOYAET BCE BUJbI OLIEHOYHBIX CPEJCTB, IMO3BOJISIONIMX MPOKOHTPOJIUPOBATH OCBOCHUE
obyJaronuMucs MpohecCHOHANBHBIX, O00MEnPOPecCHOHATBHBIX M TPOodheCCHOHATBHBIX
KOMIIETCHIINM, TpeycMOTpeHHBIX DeepanibHbiM 00pa30BaTEIbHBIM CTAHIAPTOM BBICIIETO
obpazoBanusi 1o HampapieHuto mnoaroroBku 03.03.02  dwusuka (kBanudukanus
«bakanaBp») u paboueil mnporpamMmMol AUCHUIUIMHBI «PH3UKA KOHICHCHUPOBAHHOTO
COCTOSTHUS».
Ha3navenue (poHIAa OLIEHOYHBIX CPEICTB

®onp oneHouHbIX cpenctB (POC) cocTaBisieTcss B COOTBETCTBUM € TPeOOBaHUSIMU
OI'OC BO piig nmpoBeieHUSI MPOMEKYTOYHOM aTTECTAllMK O0YYAIOIIMXCS M0 TUCHUIUINHE
«®Du3nKa KOHJCHCUPOBAHHOIO COCTOSIHUS» HA COOTBETCTBUE UX YUEOHBIX IOCTHUKCHHIMA
MO3TallHBIM ~ TpeOOBaHUSM  COOTBETCTBYIOLIEH  OCHOBHOM  mpodeccrnoHanibHOI
oOpazoBatensHoil mporpamMmbl (OIIOIT). ®OC sBnsercs cocTaBHOW dYacTbio pabodyeit
MIPOrpamMMbl TUCIUIUIAHEI.

@OoHJ OLICHOYHBIX CPEACTB [JIsi MPOBEACHHUS IPOMEXKYTOYHOM aTTecTaluu
oOyygaronuxcst mo AuciuIuinHe «®du3uka KOHACHCUPOBAHHOTO COCTOSHUS BKJIIOYACT B
celOsi: mepeyeHb KOMIIETEHLHUH C yKa3aHHEM OJTamoB WX (OpPMHUPOBAHHS B TMpoIecce
ocoenusi OIIOII; ommcanue mokazarenell M KpUTEPUEB OIICHUBAHUSI KOMIIETCHIIMI Ha
pa3iMuYHBIX JTanax WX (QOopMHUpPOBaHUS, OMNHMCAHME IIKAJI OLIEHWBAHUS;, THUIIOBBIE
KOHTPOJIbHBIE 33/ IaHUS WJIH WHBIC MaTepUaJIbl, HCOOXOAMMBIE JIUISl OIEHKH 3HAHWUN, YMEHUH,
HAaBBIKOB U (WJIM) ONbITA JEATEIBHOCTH, XapaKTEpU3YIOLIUX ATambl (HOPMHUPOBAHHS
koMmrieteHmii B mpouecce ocsoenus OIIOII; meroanueckue MaTepuabl, ONpeaesIone
NpOLEAYphl OIEHUBAHUS 3HAHWM, yYMEHUW, HAaBBIKOB M (WJIM) ONBITA JEATEIHHOCTH,
XapaKTEePU3YIOUIUX dTarbl ((OPMUPOBAHUS KOMITETEHIIUA.

@OHJ OIEHOYHBIX CpPEeACTB C(HOPMUPOBAH HA OCHOBE KIFOUEBBIX MPUHIIUIIOB
OIICHUBAHMS:

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

- HaJIe)KHOCTH: HCTIOJIb30BaHKUE €IMHOOOPA3HBIX CTAHIAPTOB U KPUTEPUEB AJIsl OLICHUBAHUS
JOCTHKCHHIA,

- OOBEKTHBHOCTHU: DPa3HbIe CTYIACHTHl JOKHBI MMETh PaBHBIE BO3MOXHOCTH JOOHTHCS
ycrexa.

OcHoBHbIMU nTapameTpamu U cBoiicTBamMu POC gBISIOTCA:

- TIpeAMETHAsI HAIPABJICHHOCTh (COOTBETCTBUE MPEIMETY U3YUYCHHSI KOHKPETHOW y4eOHOM
JTACIUILINHBI);

- coJiepkaHue (COCTaB M B3aMMOCBA3b CTPYKTYPHBIX €IMHUI, 00pa3yroIINX COAepXaHHe
TEOPETUYECKON U MPAKTUYECKON COCTABIAIOIMINX YI4eOHOM THUCIUTUIUHEI);

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

- KayecTBO oOlEHOUHbIX cpeAactB U POC B menmom, oOecmedrBaroliee MOTydeHHE
OOBEKTUBHBIX M JOCTOBEPHBIX PE3yJIbTATOB IMPHU MPOBEACHUU KOHTPOJS C Pa3THIHBIMU
LESIMU.

LIOEPEYEHb KOMIETEHIIUA C YKASAHUEM D3TAIIOB UX _
OOPMUPOBAHUA B TIPOLHECCE OCBOEHHUSA OBPA3OBATEJIBHOU
ITPOI'PAMMBI



1.1 Ilepeyennb popMUpyeMbIX KOMIETEH U

Yuusepcanbubpie kKomrereHnu (YK) 1 HHIUKaTOPhI UX TOCTHIKEHUS:

VK-6.
CriocobeH ynpaBisTh
CBOMM BpEMCHEM,

VYK-6.1. Mcnonb3yeT HHCTPYMEHTHI U METO/IbI YIIPABJICHUS BpEMEHEM
MIPU BBIMIOJHEHWH KOHKPETHBIX 3aja4, IPOCKTOB, MPU TOCTHKECHUU
MOCTaBJICHHBIX IIeJIeH;

BBICTpAanBaTh U
PpE€aIn30BbIBATH

YK-6.2. Onpezaenser mpuopuTeThl COOCTBEHHOM NIEATEILHOCTH,
JTUYHOCTHOTO Pa3BUTHUS U MPOPECCHOHATBHOTO POCTa;

TPAEKTOPUIO
caMOpa3BUTHUs Ha
OCHOBE IIPUHIIUIIOB

YK-6.3. OuenuBaeT TpeOOBaHUS PhIHKA TPYA U MPEII0KESHUS
00pa30BaTeNbHBIX YCIYT JJIs BEICTPAUBAHUS TPACKTOPHH COOCTBEHHOTO
po(ecCHOHANBHOTO POCTa;

00pa3zoBaHus B TEYCHHE
BCEU KU3HU

YK - 6.4. Ctpout npohecCHoHaTbHYIO Kapbepy
U OIIPEJIEIISIET CTPATETUIO TPOPECCHOHATLHOTO Pa3BUTHSI.

Ob6menpodeccnonanbupie KomnereHunu (OIIK) m MHAUKATOPBI MX TOCTHKEHUSA:

00BEKTOB, CHCTEM
Y TIPOIIECCOB,
o0pabaTwIBaTh U
MIPEACTABIATh
AKCIIEPUMEHTAIIbH
bIC JTaHHEBIEC.

Teopernueckas | OIIK-2. Cnoco6en | OIIK-2.1 3HaeT ocHOBHBIE HayUHbIE METO/IbI
Y TIPaKTUYECKas | MPOBOAUTH TEOPETHYECKOTO M KCIIEPUMEHTAIBLHOTO HUCCIICIOBAHUS
npodeccuoHans | Hay4HbIE 00BEKTOB, MPOIECCOB U SBJICHUI
Hasi NOATOTOBKA | MCCIICIOBAHUS OIIK-2.2. YmMmeeT ucnonab30BaTh PU3NKO-
(U3UYIECKUX MaTeMaTUYeCKHUH anmapar Jj1s pa3paboTKu

MaTeMaTUYECKUX MOJIeNel SBJIEHUI, IPOLIECCOB U
00BEKTOB IIPU PELICHUH 3a/1a4 B PO ECCHOHATIbHON
JeSITEIIbBHOCTH

OIIK-2.3. ImeeT HaBBIKM IPOBEJECHUS SKCIIEPUMEHTOB
I10 3a/IaHHOM METO/IMKE U aHAJIN3a UX PE3yJIbTaTOB

Hpod)eccuonaﬂbnbw KomnemeRnuuu 6blnYyCKHUKO6 U uH@uKaIMOPbl Ux 0ocmudiceHus .

[IK-4 CnocoGHOCTh TPOBOAUTH
HCCIEIOBaHUSA B

Hay4YHbIC
n30paHHOI

SKCIICPUMCHTAJIbHBIX

TEOPETUYECKUX

HUCCIIENOBaHUN C

(bU3IIeCKuX

obnactu
u (um)

IIOMOIIIBIO

[1K-4.1. 3HaeT OCHOBHBIE METOJIbI MPOBEACHUSI TEOPETHUECKOTO U
HKCHEPUMEHTAIBHOIO HCCIIE0BaHU B cepe MpodheccCHoHATbHON
NEeSITeTbHOCTH.
I1K-4.2 VYmeer BbIOMpaTh Haumbosiee >PQPeKTHBHbIE METOIbI IS
MPOBE/ICHUST HAYYHBIX HCCIICIOBaHUH.
[1K-4.3 Bnageer HaBbIKaMH pabOTBhl C COBPEMEHHBIM NMPUOOPHBIM

COBpPEMEHHOM TPUOOPHOIA 6a3bl 1
WH(OPMAIIMOHHBIX TEXHOJIOTHIA C
YU4EeTOM  OTEYECTBEHHOTO U
3apy0exKHOTO0 OMbITa

obopynoBaHueM, MeTOJaMU OOpabOTKM W aHalM3a TMOJYYCHHBIX
pE3yNbTaTOB HAYYHBIX MCCIeA0BaHUN B chepe mpodeccrnoHanbHON
NESATSIIEHOCTH




1.2 3TAIIbI ®OPMUPOBAHHUA KOMIIETEHIIAM

Ne TeMbl Tema (pa3ies TeOPeTHYECKOT0 00yYeHHU ) U CHUIITMHBI
1 Beenenue. OCHOBHBIE TOHATHSL.

2 OCHOBHBIE TIOJIOKEHUS (PU3UKU TBEPAOTO TEIA.

3 KBanToBas 3aj1aya MHOTHX Tell.

4 AnmabaTtuyeckoe MPUOINKCHHE.

5 OHO3JIEKTPOHHOE MPUOTMKEHUE

6 AHTHCHUMMETPU30BAaHHbIE BOJIHOBBIE (DYHKITUH.

7 Teopust @ynkimonana [InmotHocTu

8 Mertox Kona-IlI»ma.

9 Meroas! peleHNs] YpaBHEHHUM 30HHOW TEOPHH.

10 JIuHEeHHBIE METOBI.

11 [TpuGnuxeHHbIe METOIBI.

12 DnexTpoH-(hOHOHHOE B3aUMOJICHCTBHE.

13 DneKTpOoH-(QOHOHHOE B3aMMOJICHCTBIE B HOHHBIX KPUCTAJUIAX.
14 CBEpXIPOBOIUMOCTb.

15 CBepXmpoBOJIMMOCTh: MUKPOCKOIHYECKast TEOPHS .

16 OnTruyeckne CBOWCTBA KPUCTAILIIOB.

17 KBaHTOBas TeOpusi ONTUYECKUX CBOWCTB KPUCTAILIOB

IlepeyeHb KOMIETEHIHIA ¢ yKa3aHHEM TANoOB UX (JOPMHUPOBAHUSI B MpoLiecce
OCBOEHHs 00pa30BaTeJIbHOI MPOrpaMMbl

KO/ Jrtanbl GOPpMHUPOBAHMA KOMIIETeHIM I (TeMbl AW CHMIIJIMH)
KOMITeTEHIIUH
112|3|/4/5|/6|7(8]9|10|11 |12 |13 |14 |15 |16 |17
VK-6 o IR I A S U S U A I A S I R I I S I S
OIlK-2 o I O A O S O A S B S I O B I e
[1K-4 o IR I A S U S U A I A S I R I I S I S

I.LOMACAHUE MOKA3ATEJIEM 1 KPUTEPUEB OLIEHUBAHMUS
KOMIIETEHIIUM HA PA3JIMUHBIX DTAITIAX UX ®OPMUPOBAHMUSI,
OIMNCAHME LHIKAJI OHEHUBAHUA

2.1 CTpykTtypa (poHAA OLIEHOUYHBIX CPe/ICTB ISl TeKYIero KOHTPOJIs U
NMPOMEKYTOYHON aTTecTAluH

Ne Tembl | KOJI KOHTPOIHUPYEMOI HaunmeHoBaHME OLIEHOYHOT'O CpeICTBA
KOMIICTEHINH WIIH €€ TEKYIHH KOHTPOIb MPOMEKYTOUHAS aTTECTAIINS
4acTH

1 YK-6 -TecToBble 3a1aHu4; 3a4yeTHbIE BOMTPOCHI
OIIK-2 -BOIIPOCHI 7151 00CYKICHHUS;

T1IK-4 -3a7a4U.

2 YK-6 -TecroBbie 3amaHus; 3ayeTHBIC BOTIPOCHI
OIIK-2 -BOIIPOCHI 7151 00CYKICHHUS;

T1IK-4 -3a7a4U.

3 YK-6 - JIaGoparopHas paboTa; 3a4yeTHbIe BOPOCHI
OIIK-2 -TecToBBIE 3aJaHNA;

IIK-4 -BOTIPOCHI JIJIs1 OOCYKICHHS;




-3a7a4H.

4 YK-6 -TecroBsle 3ananus; 3aueTHbIE BOIPOCHI
OIIK-2 -BOTIPOCHI JIJIs1 OOCYKICHUS;
T1IK-4 -3a7a4U.
5 YK-6 - JJaboparopnas pabota; 3aueTHBIC BOMPOCHI
OIIK-2 -TecToBrIC 3aMaHU;
T1IK-4 -BOIIPOCHI JIJIs1 OOCYKICHHS;
-3a/1a4U.
6 YK-6 - JJaboparopuas pabota; 3aueTHBIC BOMPOCHI
OIIK-2 -TecToBrIC 3aMaHUs;
T1IK-4 -BOIIPOCHI JIJIs1 OOCYKICHHS;
-3a/1a4U.
7 YK-6 - JJaboparopuas pabota; 3aueTHBIC BOMPOCHI
OIIK-2 -TecToBrIC 3aMaHUS;
TIK-4 -BOIIPOCHI JIJIsl OOCYKICHWS;
-3a/1a4U.
8 YK-6 - JJaboparopuas pabota; 3aueTHBIC BOTIPOCHI
OIIK-2 -TecToBrIc 3aMaHUs;
TIK-4 -BOIIPOCHI JIJIsl OOCYKICHWS;
-3a/1a4U.
9 YK-6 - JJaboparopnas pabota; 3aueTHBIC BOTIPOCHI
OIIK-2 -TecToBrIc 3aMaHus;
TIK-4 -BOIIPOCHI JIJIsl OOCYKICHWS;
-3a/1a4U.
10 YK-6 -TectoBbie 3a7aHUS; 3a4yeTHbIC BOTPOCHI
OIIK-2 -BOIIPOCHI JIJI51 OOCYKICHHUS;
I11K-4 -3aJIa4M.
11 YK-6 -TecroBsle 3ananus; 3aueTHbIE BOIPOCHI
OIIK-2 -BOIIPOCHI JIJIs1 OOCYKICHMUS;
[1K-4 -3aJIa4H.
12 YK-6 -TecroBsle 3ananus; 3aueTHbIE BOIPOCHI
OIIK-2 -BOIIPOCHI JIJIs1 OOCYKICHMUS;
[1K-4 -3aJIa4H.
13 YK-6 - JJaboparopHuas paboTa; 3aueTHBIC BOTPOCHI
OIIK-2 -TecToBbIe 3a1aHUS;
TIK-4 -BOTIPOCHI JIJIsl 0OCYXKICHUS;
-3a/1a4u.
14 YK-6 -TecToBble 3ananus; 3adeTHbIE BOIIPOCHI
OIIK-2 -BOIIPOCHI 151 00CYKICHHUS;
T1IK-4 -3a7a4U.
15 YK-6 - JlaGopartopHas paboTa; 3aueTHbIE BOIPOCHI
OIIK-2 -TecToBbie 3amanus;
[1K-4 -BOIIPOCHI JIJIs1 OOCYKICHHUS;
-3a/Ia9H.
16 YK-6 - JlaGopartopHas paboTa; 3aueTHbIE BOIPOCHI
OIIK-2 -TecToBbie 3amanus;
[1K-4 -BOIIPOCHI 7151 OOCYKICHHUS;
-3a/Ia9H.
17 YK-6 - JlaGopatopHas paboTa; 3aueTHbIE BOIPOCHI
OIIK-2 -TecToBBIE 3aJaHNA;
IIK-4 -BOIIPOCHI JIJIs1 OOCYKICHHUS;

-3a7a4H.




2.2 KPUTEPAM OLIEHUBAHUA KOMIIETEHIIMI HA PA3JIMYHBIX DTAITAX
NX ®OPMHUPOBAHMUA 110 BUJAM OHEHOYHbBIX CPEACTB

Ne
n/n

Haumenosanue
OIICHOYHOTI'O CPE/ICTBa

XapakTepuCcTHKa OIEHOYHOTO
cpeacTBa

[IpencraBnenue
OIICHOYHOT'O CPE/ICTBA B
donme

YCTHBIE OIIEHOYHBIE CPEJICTBA

CobecenoBanue, yCTHBIN

orpoc

CpencTBo KOHTPOJIsl, OpPraHU30BaAHHOE
Kak cIielruajabHas Oecena
npernoaaBaTelis ¢ 00yJaronuMcs Ha
TEMBI, CBSI3aHHBIC C U3y4yaeMOu
JIUCLUIIIIMHOM, U PAaCCYUTAHHOE HA
BBIICHCHHE 00beMa 3HAHHI
00ydJaromerocs 1o onpeeIeHHOMY
paszeiny, Teme, mpobiaeme u T.11.

Bomnpocs o
TeMaM/pazjesiam
JIUCIIUILINHBI

Komnoksrnym

CpencTBo KOHTPOJIsS YCBOECHHUS
y4eOHOr0 MaTepuaia TeMbl, pazaena
HJIN pa3aciioB JUCHUIIINHEIL,
OpraHM30BaHHOE KaK y4eOHOE 3aHsATHE
B BUJIe cCOOECEeI0BaHMUS
IpenoAaBaTessi ¢ 00y4atoIIUMUCS

Bomnpocs! o
TemMam/paszzenam
JUCLUTIIIMHBI

Hoxman, coobmenne

[IponykT caMOCTOSITENHHOM pabOThHI
oOyuJaromierocs, mpeaCTaBISIOIIHIA
co00i1 myObIMYHOE BBICTYIUIEHUE 1O
MPEJICTABICHUIO MTOTYYSHHBIX
PE3yJIbTaTOB PEIICHUS OIIPEEICHHON
yueOHO-TIPaKTUIECKOU, yueOHO-
HCCIIEIOBATENILCKOW WIIM HAYYHOU
TEMBI

TeMbI TOKITaI0B,
COOOIIEHU I

I[TMCBbMEHHBIE OLIEHOYHBIE CPEJICTBA

Pedepar

[TpoaykT caMocTOsTELHON pabOTHI
CTYJICHTa, TIPEACTABIISIIOIINNA COO0M
KpaTKoe M3JI0)KEHUE B TUCbMEHHOM
BHUJIC TOJTYYCHHBIX PE3YJILTATOB
TEOPETUYECKOT0 aHaIN3a
onpezeeHHON HaydyHOU (yueOHO-
HCCIIE/I0BATEIbCKON) TEMBI, TJIE€ aBTOP
PacKpBIBAaET CYTh UCCIIETYEMON
po0JIeMbl, TPUBOAUT PA3ITUYHBIE
TOYKH 3pCHHI, a TAKKE COOCTBEHHbBIE
B3IJISA/IbI HA HEe.

Temsl pedepaToB

Tect

Cucrema CTaHIAPTU3UPOBAHHBIX
3aJJaHuH, T03BOJIAIOLIAs
aBTOMAaTU3UPOBATH MPOLEAYPY
U3MEPEHMS YPOBHS 3HAHUN U YMEHUU
00ydJaromerocs.

DoHI TECTOBLIX 3aJaHUN

KonrponbHas pabora

CpencTBo nIpoBepKH yMEHUM
MPUMCHATH ITOJYUCHHBIC 3HAHUSA JJI
peleHHs 3a1a4 ONpeIeJIEHHOTO THIIA
110 TEME WM Pa3Jeny

KommiekT KOHTpOABHBIX
3aJlaHUi 110 BapHaHTaM




7 | JJaboparopnas pabota CpencTBo a1 3aKperyieHus 1 Komruiekt
MPAKTUYECKOTO OCBOCHUS MaTepuana | JIA0OpaTOPHBIX 3aJaHUMA
110 OTIPE/ICTICHHOMY pa3zieny

8 3amaua DTO CPEACTBO PACKPHITHS CBA3U 3ajanus Mo 3ajadam
MEX/y JaHHBIMU U HCKOMBIM,
3aJJaHHbIC YCJIOBUEM 3a/1a4H, Ha
OCHOBE Yero HaJI0 BHIOPATh, a 3aTeM
BBITIOJIHUTH I[CI\/JICTBI/ISI, B TOM YHUCJIC
apu(MeTHYECKHUE, U 1aTh OTBET Ha
BOIIPOC 337a4

A) KPUTEPUH U LIKAJIA OHEHUBAHUA OTBETOB HA YCTHBIE
BOITPOCHI

Ne Kpurepun onienuBanus KomngectBo | Onenka/3auer
n/m 6amioB
1 1) NoMHO ¥ apryMEHTUPOBAHO OTBEYAET 10 10 OTJINYHO

COJIEPKaHUIO 3a/IaHus;
2) oOHapy»KUBaeT MOHUMaHUE MaTepuaa,
MOKET 000CHOBATh CBOM CYXKACHUS, IPUMEHUTH
3HAHUS Ha IPAKTHKE, IPUBECTH HEOOXOAUMBIE
MIPUMEPHI HE TOJIBKO MO y4eOHUKY, HO U
CaMOCTOSITENTLHO COCTABIICHHBIE;

3) uznaraet MaTepual Mocjie10BaTeIbHO 1
MIPABIJIBHO.

2 CTY/ICHT JIa€T OTBET, YJOBIETBOPSIOIINI TeM 8 XOpOLIO
e TpeOOBaHUAM, YTO U JUIS OLIEHKU «5», HO
nornyckaeT 1-2 omubKu, KOTOpPBIE CaM ke

HCIPABJISET.
3 CTYJIEHT OOHApY>KMBAET 3HAHHUE W IOHUMAaHHE 5-6 YAOBJIETBOPH-
OCHOBHBIX IIOJIO)KEHUHN JAHHOTO 3aJaHusl, HO: TEJIbHO

1) u3naraer Marepuas HEMOJIHO U JIOITYCKaeT
HETOYHOCTH B OTIPEICIEHUH MTOHATUN WU
(hopMyIIMpPOBKE MPaBUI;

2) He yMeeT I0CTaTOYHO TITyO0KO U
JI0Ka3aTeIbHO 000CHOBATh CBOM CYXKICHUS U
MIPUBECTH CBOM NPUMEPHI;

3) m3maraet Marepuai HerocaeI0BaTeIbHO U
JIOTTYCKAET OIIMOKHU

4 CTYJEHT OOHapy>KMBaeT HE3HaHUE OTBETA Ha 0 HEY/I0BJIE-
COOTBETCTBYIOIIIEE 3aJaHHE, JOMYCKAET OINOKU TBOPUTEIHHO
B (DOPMYJTHPOBKE ONPEICIICHUH U TIPABUIL,
HCKa)KAIOIIME UX CMBICT, OECTIOPSI0YHO U
HEYBEPEHHO M3JIaraeT MaTepualr; OTMEYal0TCs
TaKye HEJJOCTAaTKH B MTOJIrOTOBKE CTY/ICHTA,
KOTOPBIE SIBIISTFOTCS] CEPHE3HBIM TPETISITCTBUEM K
YCIIEIIHOMY OBJIa/IEHUIO TOCIIEAYIOIINM
MaTepHaIOM

b) KPUTEPUH U IIIKAJIA OIIEHUBAHMUSA PE3YJIBTATOB TECTUPOBAHUSA

‘ Ne n/mt ‘ TECTOBBIE HOPMBI: % NPABMIBHBIX OTBETOB ‘ KonngectBo 6ajioB ‘




90-100 % 9-10

80-89% 7-8

70-79% 5-6

50-59% 3-4

50-59% 1-2

OO IWIN|F-

menee 50% 0

B) KPUTEPUH U IIIKAJIA OLIEHUBAHUS PE3YJIbTATOB PELIEHUS
3AJIAY

Ne
n/n

Kputepuu onienuBanus

KonnuectBo
OayIoB

1

ITonHoe BepHOE pelieHne. B 10rnueckoM pacCyKJIeHUH U PELLICHUU
HeT OIMOO0K, 33/1a4a peleHa paluoHaIbHbIM criocoboM. [lomyuen
NPaBUJILHBIN OTBET. SICHO onucaH crnocod penieHus

9-10

Bepnoe pemienue, HO UMEIOTCSI HEOOJIBIIINE HEIOUETHI, B [IEJIOM HE
BIIMAIOIINE HA PEIICHUE, TAKME KaK HEOOJIbIINE JIOTHIECKUE
MIPOITYCKH, HE CBA3aHHBIC C OCHOBHOU ueeil pemieHus. Pemenue
oopmMIIeHO HE BIIOJTHE aKKYpaTHO, HO ATO HE MEIIAET MOHUMAaHHUIO
pelIeHuS.

7-8

Pemenne B nenom BepHoe. B 1OrnueckoM pacCyx1€HUU U
pELIEHUH HEeT CYLIECTBEHHBIX OIIMOOK, HO 3ajjaya peleHa
HEONTHMAJIbHBIM CIIOCOOOM MM JAOMYIIEHO He 0oJiee ABYyX
HEe3HAYUTEJIbHBIX OMKOOK. B pabore npucyrcTByror
apudmeTnueckas omuoOKa, MEXaHU9IeCKas OIMOKa UITH OIUCKA TIPH
NePEeNUChIBAHUM BBIKJIAJJOK UM OTBETA, HE UCKA3UBIINE
9KOHOMHUYECKOE COJEPKAHNUE OTBETA.

5-6

B noruyeckoM paccyx1eHUU U PelICHUH HEeT OIUO0K, HO
JIOTyIII€HA CYLIECTBEHHAs OIIMOKa B MaTeMaTHUYECKUX pacyeTax.
ITpu 00BSICHEHUH CIIOAKHOTO S3KOHOMUYECKOT'O SIBICHUS YKa3aHbl HE
BCE CYIIECTBEHHbIE (PaKTOPbI

HmMmeroTcs CYHICCTBCHHBIC OIIMOKH B JIOTHUECKOM pPacCyKACHUU U B
PEIICHUN. Paccuurannoe 3HaUYCHHE HCKOMOM BEIMYUHEI NCKAXKaeT
9KOHOMHYCCKOC COACPIKAHUC OTBECTA. I[OKaSaHLI BCIIOMOT'aTCIbHBIC
YTBCPKACHHA, TOMOT'alOIIMEC B pCHICHUHA 3a/1a4H.

PaccmoTpensl oTenbHbIE Cilydau IIPU OTCYTCTBUM PEILICHUS.
OTCcyTCTBYET OKOHYATEIHHBIN YNCICHHBIN OTBET (€C/IN OH
MpeIyCMOTpPEeH B 3a/1a4e). [IpaBuIbHBIN OTBET yrauaH, a
BBICTPOEHHOE T0J] HETO pelIeHne - 0€30CHOBATEIBHO

7

Pemenue HCBCPHOC UJIM OTCYTCTBYCT

I') KPUTEPUU U IKAJIA OHEHUBAHUSA PEQEPATOB

No

/1

Kputepun orieHuBaHus

KonnuectBo
OaJUIOB

1

Brinonnens! Bce TpeOOBaHMS K HAIMCAHUIO M 3a1uTe pedepara:
o0o3HaveHa nmpobiiemMa 1 000CHOBaHa €€ aKTyalbHOCTh, ClIeIaH
KpaTKHUI aHAJIN3 Pa3IMYHbIX TOUYEK 3pEHHs Ha pacCMaTPUBAEMYIO
npo0IeMy ¥ JJOTHYHO HM3JI0KeHa COOCTBEHHAS TO3UIIHS,
c(OpMyIHPOBaHBI BEIBOJIbI, TEMA PACKPHITA MOTHOCTHIO, BBIIEPIKAH
00BEM, co0II0IeHBI TPEOOBaHUS K BHEIIHEMY O()OPMIIEHUIO, JaHbI
MPaBHUJILHBIC OTBCTHI HA JOTIOJHUTCIBHBIC BOIIPOCHL

9-10

OcHoBHble TpeOoBaHUA K pedepaTy U €ro 3alluTe BHIOJIHEHbI, HO
MIPU ATOM JTIOMYIIEHbI HEI0YEThl. B yacTHOCTH, MMEIOTCA

7-8




HETOYHOCTHU B U3JIOKEHUU MaTepuaia; OTCYTCTBYET JOrHuecKas
MOCTIeIOBATEIbHOCTD B CYXK/ICHUIX; HE BBIZEpKaH 00beM pedepara;
HUMEIOTCS yIYIIEHUs B 0OPMIICHUH; Ha AOMOJIHUTEIbHbBIE

BOIIPOCHI ITPU 3aIIUTE AAHBI HETIOIHBIE OTBETHI.

Nmerotes cyiecTBEHHBIE OTCTYIUICHUS OT TpeOOBaHUM K
pedepupoBannio. B yacTHOCTH: TeMa OCBelIeHa JHIIb YaCTHYHO;
JIOTyIIEeHbl (paKTHYeCKHe OMUOKU B co/iep KaHuu pedepaTa umm
IIPU OTBETE HA JIONOJIHUTEIbHBIE BOIIPOCHI

4-6

Tema ocBOeHa JIMIIH YACTUYHO; JIOIMYILIEHBI TPYObIe OIMOKU B
coJiepkaHuu pedeparta UK IPU OTBETE HA JONOJHUTEIbHbIE
BOIIPOCHI; BO BPEMsI 3aILIUTHI OTCYTCTBYET BBIBOI.

1-3

Tema pedepara He packpbiTa, 0OHAPY)KUBACTCS CYILIECTBEHHOE
HEMOHUMAaHUE POOIIEMBI

J) KPUTEPUU U NIKAJIA OHEHUBAHUA KOHTPOJIBHBIX PABOT

XO/JI€ BBIIOJIHEHUS paboThl, HATM4YKE Ha padouyeM MecTe
TEXHUYECKHUX CPEJICTB, B TOM 4Hce TesnedoHa

Ne Kpurepuu oniennBanus KonnuecTBo

/1 OansoB

1 AOGCOIIOTHOE TOHUMAaHKE CYTHU BOIPOCOB, O€3YKOPU3HEHHOE 19-20
3HaHUE OCHOBHBIX IMOHITUHN ¥ MOJIOKEHHIA, JIOTHIECKU U
JIEKCUYECKHU IPAMOTHO M3JI0’KEHHbIE, COJIepKaTebHbIE,
apryMEHTHPOBAaHHBIC M HCUEPIIBIBAIOIINE OTBETHI

2 I'myGokoe TBepA0e 3HaHWE OCHOBHBIX MOHSTUM U TIOJIOKEHUH 110 17-18
BOIMIPOCaM, CTPYKTYPHUPOBAHHEIE, TOCIIEI0BATEIbHEIE, TOJTHBIE,
IIPABUJIbHBIE OTBETHI

3 I'myOokue 3HaHus MaTepuana, IpaBUJIbHOE IOHUMAaHKUE CYTH BO- 15-16
IIPOCOB, 3HAHHE OCHOBHBIX MTOHATUI U MOJOXKEHUH 10 BOIIpocam,
coJiep KaTeNbHbIC, TIOJTHBIE U KOHKPETHBIE OTBET Ha BOIIPOCHI.
Haynyne HecylecTBEHHbBIX MJIM TEXHUUYECKUX OLIHMOOK

4 TBepable, JOCTATOYHO MOJIHBIE 3HAHUS, XOpolllee MoHUMaHue cytu | 13-14
BOTIPOCOB, NTPABHIILHBIE OTBETHI HA BOIPOCHI, MUHIMAaJIbHOE
KOJINYECTBO HETOYHOCTEH, HeOpexkHoe ohopMiIeHne

) TBep/bie, HO HEOCTATOYHO MOJIHbIE 3HAHUS, 110 CYTH BEPHOE 11-12
MIOHMMAaHKE BOMPOCOB, B LIEJIOM ITPaBUIIbHbIE OTBETHI Ha BOMPOCHI,
HaJU4re HETOYHOCTEH, HeOpexkHOE 0(OpMIICHHE

6 OO1u11e 3HaHUS, HEAOCTATOUHOE TOHUMAaHKUE CYTH BOIIPOCOB, 9-10
Hajgu4ure O0JBIIOro YKcia HETOYHOCTEH, HeOpexkHOE 0(hOpMIICHHE

7 OTHOcHUTeNbHBIE 3HAHUS, HATUYHE OIHNOO0K, HEOPEIKHOE 5-8
oopmIieHnE

8 IToBepXHOCTHBIE 3HAHUS, HAIMYHUE TPYOBIX OINOOK, OTCYTCTBHE 1-4
JIOTHKH M3JI0KEHHS MaTeprasia

9 OTcyTcTBUE OTBETA, AaH OTBET HA APYyrue BONPOCHI, cnuchiBanue B | 0

III TUITIOBBIE KOHTPOJIBHBIE 3AJTAHUA UJIM UHBIE MATEPHUAJIBI,
HAOBXO/IMMBIE JIJIs OEHKHW 3HAHUI, YMEHUI, HABBIKOB,
XAPAKTEPU3YIOIINUX TANIBI ®OPMHUPOBAHWS KOMIIETEHIMH B
MMPOILIECCE OCOBEHHUS OBPA3OBATEJIBHOM ITPOT'PAMMBI

Ikana ouneHUBaHUS, NMOKA3aTeJd W KPUTEPUM OIECHUBAHUSA 00pa30BaTeJbHbIX
pe3yJibTaTOB 00y4aromerocst




Hlkana IToka3zaTesu 1 KpUTEPUN OLlEHUBAHUS
OLCHUBAHWS
5, «<otimuHOo» | CTyA€HTOM JaH IMOJIHBIN, B JOTHYECKON MOCIEA0BATEILHOCTH
pa3BEpPHYTHIN OTBET HA MOCTABJIEHHBINA BONPOC, TAE OH
MIPOJIEMOHCTPHUPOBAI 3HAHUS [IPEIMETa B IIOJTHOM 00beMe yueOHOM
MIPOrPaMMBI, TOCTATOYHO TTYOOKO OCMBICIIMBACT JUCIUILIAHY,
CaMOCTOATENIbHO, U UCUEPIIBIBAIOILE OTBEYAET HA IONOJHUTEIIbHBIE
BOIPOCHI, TPUBOTUT COOCTBEHHBIE MPUMEPHI TI0 TPOOIEMATHKE
IIOCTaBJIECHHOTO BOIIPOCA, PN IPEITIOKEHHBIE TPAKTUUECKUE
3aanus 6e3 onmooK.

4, «xopomo» | CTyIeHTOM JaH pa3BEpHYTHIM OTBET HA MOCTABJIEHHBIN BOMPOC, T
CTYICHT JIEMOHCTPUPYET 3HAHMSI, IPUOOPETEHHbIE HA JIEKIIMOHHBIX U
CEMHUHAPCKUX 3aHATHUSX, & TAKXKE MMOJTYYEHHBIE IIOCPEACTBOM H3YUCHHUS
00s3aTeNbHBIX ~ y4EOHBIX  MarepualioB 1O  Kypcy,  JaeT
apryMEHTUPOBAaHHBIE OTBETHI, MPUBOJUT TMPUMEPHl, B OTBETE
MPUCYTCTBYEeT CBOOOJHOE BIIAJIEHUE MOHOJOTHYECKOUW PEUbIo,
JIOTUYHOCTh W TIOCJEIOBATENBLHOCTh OTBeTa. OJHAKO JIOMYCKaeTCs
HETOYHOCTb B OTBETE. Pelni npeioxkeHHble MPaKTUUECKUE 3aJaHusl C
HEOOJIBIIMMH HETOYHOCTSIMHU.
3, «ynoBieTBo- | CTyI€HTOM JaH OTBET, CBUIECTEJIbCTBYIOIINI B OCHOBHOM O 3HAHHMHU
PUTEIBHO IIPOLIECCOB M3y4aeMOM JTUCLUMILIMHBI, OTIMYAOIINICSA HETOCTaTOYHON
rIIyOUHOM U TOJTHOTOM PACKPBITHS TEMbI, 3HAHHEM OCHOBHBIX BOIIPOCOB
TeopuH, cliabo chHOpPMHPOBAHHBIMH HaBBIKAMH aHAIN3a SIBJICHHM,
MPOLIECCOB, HEJAOCTATOYHBIM YMEHHMEM JaBaTh APTyMEHTHPOBAHHbIC
OTBETHI ¥ MPUBOJIUTH IPUMEPHI, HEJOCTATOYHO CBOOOIHBIM BJIaJICHHEM
MOHOJIOTMYECKON peubl0, JOTUYHOCTHIO U IOCIEA0BATEIbHOCTHIO
orBeTa. JlomyckaeTcss HECKOJbKO OIMMOOK B COAEPKaHUM OTBETa U
pEelIeHUU NTPAKTUYECKUX 3aJaHUN.
2, «aeynosne- | CTyIeHTOM JaH OTBET, KOTOPBIA COIEPKHUT pPAl CEPHE3HBIX
TBOPUTETILHO» | HETOYHOCTEH, OOHApY)KMBAIOIUN HE3HAHHE MPOLIECCOB HM3y4yaeMOu
MpeIMETHOM 00J1aCTH, OTJIMYAIOUIMICS HErIyOOKHM pacKpbITUEM
TEMbI, HE3HaHUEM OCHOBHBIX BOIIPOCOB TEOPHH, HECPOPMUPOBAHHBIMH
HaBBIKAMHM aHaJiM3a SBJICHHWM, TIPOIIECCOB, HEYMEHUEM J1aBaTh
apryMEHTHPOBAHHBIE OTBETHI, CIa0bIM BIAJCHHEM MOHOJOTHYECKOM
peYblo, OTCYTCTBHEM JIOTUYHOCTH U TOCIIEIOBATEIHHOCTH. BBIBOIBI
MMOBEPXHOCTHHI. Pelllenre nmpakTuuecKnX 3a/laHuil He BBITIOJIHEHO. T.e
CTYyJIGHT HE CIOCOOCH OTBETUTh Ha BONPOCHI Jaxe TMpH
JIOTIOJTHUTEIBHBIX HABOSIINX BONPOCAX MPENOIaBaTelIs.

KonTpoJbHblie 3axaun.

1. CtpykTypa anmaza. CKOJIbKO aTOMOB COJEPKUTCS B IpaHElEHTPUPOBAHHbIN KyOHnuecKon
DJIEMEHTapHON suelke?

2. Ocwy cummetpust opsinka. Kpucrammmdeckas pemeTka He MOYKET UMETh IIOBOPOTHYIO OCh
CUMMETpHU IIATOro nopsiaka. JlokasaTs 3TO yTBEPKIACHHUE.

3. Ompenenuth, Kakue DIEMEHTH CHMMETPHH MMEIOTCS B KyOe, a Takke B KyOe, TpaHd
KOTOpOTr0 3allTPUXOBaHbl TaK, YTO HAIPABJICHUs IITPUXOB Ha MEPECEKAIOIIUXCS TPAHAX
B3aMMHO NEPIIEHIUKYISPHBIL.

4. OnpenenuTh MEXKIUIOCKOCTHBIE PACCTOSHUS B KyOWYEeCcKOH pelleTke B cemelcTBax
wiockocteit ¢ uuaexcamu (100), (110), (111) u (112).

5. BeiBectu 3akoH 30H ( 3ak0oH Beiicca), KoTopslii riiacut: eciau [uvw]- ock 30HbI, a (hKI) —
rpaHb 3To# 30HHI, TO hu + kv + Iw = 0.

6.ITpuBecTH BBIpaOKEHHS U MapaMeTPOB SUYEEK NPSMOW W OOpaTHOW pPEIIETOK Bcex
CHUCTEM, UX MEXKIUIOCKOCTHBIX PACCTOSIHUN M 00BEMOB DJIEMEHTAPHOU STUCHKH.



7. Tlokasate, 4yTO B KyOHueckoi cucreme Hampasienue (hkl) meprnenaukynsapHo k rpanu
(hKI).
8. JlokasaTh, 4TO B KyOHYECKOM crcTeMe yron ¢ Mexay HopMansmu K rpads (hikili) n
(h2kol2) onpenensiercs hopmysioii:

hh, + kk, + 11,

JB2 k2 +17)(02 + k2 +12)
9. BriBecTH BhIpaskeHUe 1151 SHeprur PepMu i MOAETH CBOOOIHBIX HIEKTPOHOB METAJIA
pu a0COJIOTHOM HYJI€ TEMIIEPATYPHI.
10. Cunras cepeOpo OAHOBAIEHTHBIM METAJIOM €O CepruuecKoil moBepXxHOCThI0O Depmu,
BBIUMCIIUTD CIAEAYIOUINE BEIMYNHBIL:

1. snepruto @epmu u remneparypy Pepmu;

2. ckopocth Depmu;

3. cpeAHIo0 UIMHY CBOOOIHOTO MpOoOera IEKTPOHOB

[IpY KOMHATHOM TeMIieparype U BOJIU3H aOCOIIOTHOTO

HYJISl TEMIIEPATYP;

4. o6BbeM nepBoii 30HBI bpuitrosHa.
Hcnonb3oBatk B pacuerax cieAyooliue JaHHbie st AQ: TIoTHOCTH 10,5 'cM™; aTOMHBIM
Bec A=107,87; ynenbHoe conpoTusieHue p=1,61- 10%om cm npu 295%K 1 0,0038:10C om'cm
pu 20°K
11. DnexTpoH [ABMXKETCS B OJHOMEPHOM MEPUOAMYECKOM IOTEHIMAIBLHOM TIOJE,
CO3/71aBa€MOM aTOMaMH, HaXOASIIMMUCS Ha pacCTOsHUU d Ipyr OT Jpyra.

[Toka3ath, 4TO BOJHOBbIE (DYHKIIMH DJICKTPOHOB MOTYT uMeTh Bua U (X) exp (ikx),
rae U (X) — GyHKIus TOM JKe MEePUOTUYHOCTH, YTO M noreHuuan. [Ipeamonaras, 4to B
TPEXMEPHOM Cllydae BOJIHOBas (GYHKIMS uMeeT aHamorudubiid Bum: U (r) ekx (ekr),
OIIPEJICTIUTh 3HAYCHHS BOJIHOBOTO BEKTOpa K Juis IpaHElEHTPUPOBAHHOW KyOW4ecKOu
PEIIETKH.
12. 3ona bpuintosHa pomOuueckoi pemetku. [lycTs pomOudeckas pemierka UMeeT TpU
NPUMHUTHBHBIX OCEBBIX BEKTOpa a=5X, D=2y, €=z, mjiMHA KOTOPHIX BBIPAXKAIOTCS B
Omnpenenuts pazMepsl U GopMy ONpeaenuTs pasmepsl U hopMy nepBoit 30HbI bprintosHa.
13. IToka3atb, 4TO Ha rpaHUIIAX MEPBOI 30HBI bpuiT09HA BOJIHOBBIE (DYHKIIMH CBOOOIHOTO
3JIEKTPOHA B OJTHOMEPHOM MEPUOTNIECKOM perieTKH ¢ meprooM d BeipoxaeHbl. [Tokasars,
YTO €CJIM KaXJbli aTOM BHOCHUT MajiO€ BO3MYILEHHE, TO B MEPBOM MNPHOIMKEHHH IO
BO3MYILIEHUIO BOJTHOBbIE (PYHKIIMM HA TPAHUIIE 30HBI PONOPLIMOHAIBHBI.

. nxX nzXx
sin o " COST (n — wemoe uwncIo).

Cos @ =

3

14. TlokazaTh, 4YTO B Ciy4yae, KOTJa JBMIXKEHHE OJJICKTPOHA B KPHUCTAIE MOXKHO
paccMaTpuBaTh KaK pacrpOCTPaHEHUE TUIOCKON BOJIHBI exp(ikr), KBaHT /K COOTBETCTBYET
nMITynbCy. [Ioka3aTe, 4TO €ciii Ha KpUCTAJUT IEHCTBYET BHEIIHEE dJIEKTPUUYECKOE T10JIE, TO
CKOpPOCTb U3MEHEHHUSI UMITYJIbCA B 3aBUCUMOCTH OT BPEMEHHU TAKOBA, YTO AJIEKTPOH MOKET
paccMaTpuBaThCA KaK 4acTHIA, 0OpaTHAs Macca KOTOPOU SIBISIETCS TEH30PHOM BETMYHUHOM,
HMMEIOLEH KOMIIOHEHTBI:

(ij _1.0¢
m);  h® okok,

15. Bpluucnuth paBHOBECHYIO KoHIeHTpauuio a) nedexroB Ilortku; 6) nedexron
®peHKens B KpUCTAILIE.

CocraB u cojep:kaHue 3aJaHNH, 32124, KOTOPbIe MPeAyCMOTPEeHbI Il pellleHusl WIN
pa3dopa Ha 3aHATHAX.

3anamue 1.

3amaya 1. M300pa3uth CTPYKTYpy KpHUCTala, IJIsi KOTOPOTO BEKTOPHI TPAHCISAIIUH

(a,,a,,a,) uaromusiii 6asuc (A, B) onpenensiorcs cienyrommm 00pasom:



11

a, =a O,E,Ej

a, =a(1,0,0) A=4a(0,0,0) =[000] .

2 a,=a(0L0) B_a(lllj_[ill} 6) a2=a§,0,§j

a; =2a(0,01) 2'2'2) (222

11

a,=a —,—-,0

2'2 j

A=4a(0,0,0) =[000]

111) 111
B=al -, — - |=|z==
2 22) 1222
a, =a 0%%
L1 A=2a(0,0,0) =[000]
a, = _101_
»)a, =8 507 Bza(l,l,l}[lﬂ}
4 4 4 444
11
a;=a —,—-,0
2 2 j

3agaya 2. OnpeaenuTh YKCIO aTOMOB B PACIIMPEHHON 3JIeMeHTapHOi stueiike, Trrna NacCl,
umerouieit popmy Kyoa.

3adaua 3. Ilycts @,,a,,8, - BEKTOPHI TPAHCIALUN HEKOTOPOIl pemieTku bpasa. Onpenennm
TPHU BEKTOpa

u, =lha, +ma, +n,a,

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

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

rae |, m;,n; - nensie uncia. [Tokasars, 4yTo ecin

Il ml nl
I, m, n,|=N,
|3 m3 n3

rae N — enoe uucio, To BEKTOpsI Uy, U,, U, 00pa3ytoT HEKOTOPBIH HOBBII HAOOP OCHOBHBIX

TPAHCIALUN U HAUTH 00BEM SJIEMEHTAPHON SYEHKH, TOCTPOSHHOW HA TAKUX BEKTOPaX.
3anaya 4. Ilokas3arb, 4T0 OOBEMHOLIEHTPUpPOBAHHAs KyOMuecKas pelieTka MOXKET ObITh
pasjienieHa Ha JIBe IPOCThIe KyOndeckue peneTkd A u B Tak, 4To H1 o/1Ha mapa OnvKailmmx
coceleil B UCXOJHOM pelieTke He okaxeTcs: B pemerke A wnu B. [lokazaTts Taxxke, 4To
mpocTasi Kyouueckas perieTka MoOKeT pacCMaTpHUBAThCSI KaK JIB€ TPaHEIIEHTPUPOBAHHbIE, a
TpaHEIICHTPUPOBAHHAS KaK 4 TIPOCTHIX.

Sanamue 2.

3amaua 1. [{ns cTpykTyphl anmasa (cdaneprra) HAUTH BETUIHHY TETPadAPUIECKOro yria A-
B-A.

3amaya 2. Haiftu x0od3QPUIMEHT yHmakoBKU JUIsl MPOCTOH, OObEMHOLEHTPUPOBAHHOW WU
TpaHEelEeHTPUPOBAHHON KyOUYECKON PEIIeTKH.

3anamue 3.

3agaya 1. IlpsmbIM pelieHHeM ypaBHEHUS (ai b, ): 270, , TOKa3aTh, YTO BEKTOPHI

TPaHCIAIUH 00paTHOM PENIETKH ONPeAeIIIIOTCS (opMyIaMu:
[a;.a,]

(a;.[a,.a,])

rae i,j,K — mukimyeckue nepecTaHoBKy uncen 1, 2, 3.

b, =2



(27)°

0

3anaua 2. [loka3ate, 4To 00beM NepBOi 30HBI bpunntosna Q) = , e Q, - oovem
JJIEMEHTapHOU sTYEHKU pelieTkH bpass.

3amaya 3. [Toka3arp, 4TO perieTka, 0OpaTHasi K 00paTHOM, COBITAAET C HCXOAHOM PEIIeTKOM
bpago.

3anamue 4.

3agaua 1. IlomyynTh NpPaBUIBHO HOPMHUPOBAHHBIE OJHOJCTEPMHHAHTHBIE (YHKIHUU
cucteMbl u3 N 9acTHI C MOJTYIEIbIM COUHOM ((pepMH-4aCTHIIBI)

3agaua 2. I[lonyynTh NpPaBUIBHO HOPMHUPOBAHHBIE OJHOJCTEPMHHAHTHbBIE (YHKIHUU
cucteMbl u3 N 9acTHIL C IIEJIBIM CLIUHOM (003€-4acTHIIbI).

3agaya 3. IlomyuuTh BbIpakeHue Uil dSHeprud B Merone Xaprpu-Doka yepes
OJTHOJIEKTPOHHBIE (DYHKIHU cHcTeMbl N 3JEKTPOHOB, HaXOISAIIMXCS B TMOJIE sIEp 3apsaa
Z,,J=1..M.

3agaua 4. C mOMOMIBIO BapUAIMOHHOTO METOJA, HCIOJIb3YS (YHKIIMOHAJ SHEPTHH,
MOJIYyYUTh ypaBHEHUs XapTpu-Poka.
3amaua 5. [lokazate, yto ypaBHenue lllpeaunrepa nmsi nmepuogMYECKOM 4acTU BOJHOBOU

yuxuun ¥, () MOXKHO 3anKCcaTh B BHIE

(p + 7ik)?
———— V() u (N =&k)u(r),
2m

rae v, (r) = eikruk (r).

3anamue 5.

3anaua 1. [Tokasare, 94TO A7t OAHOATOMHOTO KpHCTaIIa, (DYHKIIHSI, TOCTPOCHHAS KaK

®k(r)=%2eika¢(r—a),

rae  @(r)- QyHKOMH, JIOKAIN30BaHHBIE B OKPECTHOCTH Y3JOB PELIETKH, SBISETCS
brnoxoBckoil pyHKIMEH.

3anaya 2. PaccMOTpeTh 0IHOMEPHYIO MOJIENb KpUCTalIa C MOTEHIIUAIOM BUAA:

U,, 0<x
U(x) =10 <X<p
0, —g<x<0

U TEepUoAOM peleTku a= p+(. HaiitTu BonHOBBIE (QYHKIMHM, CIEKTp SHEPruil u
paccMOTpeTh MpeneNbHbIi cirydait p— 0,U, — o, tak ytro U, p =Const .

3anamue 6.
3amaya 1. Mcnonw3yss MeTon IUIOCKMX BOJIH, HAaWTH CIEKTP SHEPruil B OJIHOMEPHOM
KpHUCTaJJIe JUIsl 3HAYeHUH BOJTHOBOTO BEKTOpPA Ha IrpaHulle 30HbI bpuiuttosHa.
3amaya 2. Iloka3aTh, 4TO Ha rpaHMIIax MepBOM 30HBI bpuiulo’HA BOJHOBBIE (PYHKIMH
CBOOOIHOTO JICKTPOHA B OTHOMEPHOH PEIIETKE C Mepruo oM d BBIPOIKICHBI.
3agaya 3. PaccMoTpeTh 3aady 0 2-X MEPHOM 3JIEKTPOHHOM Ta3e U
a) MOKa3aTh, YTO KUHETHYECKasi SHEPTUs AIEKTPOHA B «YTIy» 30HbI bpuitosna B 2 pa3a
0oJbIIe, YEM Ha CepeHE CTOPOHBI;
0) HalTH 3TO OTHOIIEHUE [T 3-X MEPHOTO CITyYasl.
3anamue 7.
3agava 1. [loka3aTh, 4TO Ui J1IOOOTO COCTOSIHUS BJIEKTPOHA B KPUCTAIJIE TPYIIOBAs
CKOPOCTH B JIBa pa3za OoJbiie ¢ha3oBoi ckopocTH. HailTh COOTHOIIEHNE MEXIy TPYIOBOM

1 ha3oBoil cKOpOCThIO, ecu 3akoH auctepcuu umeer Bun £(K) = Ak? + Bk*, a Taxxke

2A°
> CCIA € =
9B

OKa3aTh, 4To V, =V



Q
Bamaua 2. [Toka3aTh, 4TO /s KaIOH SHepreTHueckol 30HBI cymecTyer 2N ° ﬁ
V2

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

3anamue 8.

3anaua 1. /loka3atb CBOWCTBO «TpaHCIAIMW» PyHKIMI BanHbe U1t 0IHOMEPHOTO cydvas
@, (X) = @, (X — na), rae N — HOMep y3/1a OAHOMEPHOH PELIETKU C IEPHOAOM a.

3amaya 2. J/loka3ath OpTOroHAILHOCTH (hyHKIMIT BanHbe @, (X).

3amaya 3. Beruucnouts GyHKknu BanHube mu1st cirydast mpocTol KyOMUeCcKoM penieTKy, Koraa
brnoxoBckas (pyHKIUS 3a7aeTCs MIIOCKOW BOJIHOH (3JICKTPOH B IIYCTOM PEIIETKE).

3amaya 4. [l mpocToit KyOMYeCcKOW PeleTKH ¢ JUTMHOW pedpa 8 BBIYUCIUTh 4 HUIKHUX
SHEPTUH CBOOOIHBIX AIEKTPOHOB, €CIIM BOJTHOBOW BEKTOP B CXEME IIPUBEICHHBIX 30H UMEET

V4
JUTUHY 23 U IIEPIIEHAUKYJISIPEH TPaHU KyOa.
a

3amaya 5. Mcrionw3ys BeIpaKeHHUE IJIs1 SHEPTUM B METOJIE CHIIbHOM CBSI3U

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

rae n(nn,n,)=n,a, +n,a, + N,a,, a raxke cunras senuuuasl N(N), S(N) mapamerpamu,

(k) =¢,

IOJIyYUTh B NPUOJIMKEHUH OMrKaiimmx cocezeil siBHble Bhipaxkenus st Gyukmmu £(K)

oanoaromuoro kpucramia ¢ [IKP, OLK u I'lIK pemeTkoii.

3agaua 6. [TonyunTs BelpakeHue A TeH30pa 3(pPEeKTUBHOM Macchl KpUCTallIa ¢ IPOCTON
KyOM4eCKOH peIIeTKOM, €CITU CIIEKTP SHEPTHid UMEET BU/T

e(kK)=E, - 2A[cos k,a+cosk a+cos kzaJ

Y HAWTH TIpeAebHbIe 3Ha4YeHHs 115l TOuku K =0.
Bonpoce! u 3a5aHuA 1J1s1 HHANBUAYAJBHOH M CAMOCTOSATEJIbHOM PadoTHhI.

41. Jlatb onpenenenue pemerku bpaso.

42. Kakue cBOICTBa SBIAIOTCS OOMIMMU JIJISl TPUMHUTHBHOW STYCWKH U siueiiku Burnepa-
3eiitua? B yem 3aKiIr04aroTCs UX OTINYNA?

43. SIBnsieTcst U IpsiMast pereTKa 0OpaTHO 10 OTHOIICHHUIO K CBOEH 00paTHO?

44, Kak BeluucisieTcss 00beM dIIEMEHTapHOH stueiiku?

45. Kak Beruncnsgercst o0bem siueiiku Burnepa-3eittia?

46. YKa3aTh 4MCIIO MEPBBIX U BTOPBIX COCEIeH i NPOCTOM KyOUYeCKO! perIeTKH.

47. Yka3aTh 4HCJIO OMIDKAWIIUX CoOceled JuIsi TPaHEUEHTPUPOBAHHOM KyOWUecKOu
PEIIETKH.

48. Ykazarp uncino OmmKaimmx cocenen st 00beMHO-IIEHTPUPOBAHHON KyOHUYECKOU
PEILLETKH.

49. N3o6pazuts utockocta [100], [110], [111] mist mpocToit KyONYIeCKOM PEeIIeTKH.

50. 3a cyeT KaKMX B3aUMOJICHCTBUH CTAOMIM3UPYETCS KPUCTAIUTHUECKAS CTPYKTypa
MOHHBIX KPHUCTAJJIOB.

51. Moxer nu OBITh CTAaOMIBHBIM KPHUCTAJJI, aTOMBI KOTOPOTO B3aWMOJCHCTBYIOT
TOJILKO CO CBOMMHM OJIMKAUIITMMU COCEASIMHU ?

52. B 4eM cocTouT mpupoaa KOBAICHTHOH CBSI3H.

53. KakoB MexaH13M BOJJOPOAHOI CBS3H.

54. TlpuBecTy NpUMeEpPBbI «CKEJIETHBIX» KPUCTAIIOB M YKa3aTh TUIl XUMUYECKOM CBSI3U.

55. Onucares npupoay B3aumoseiictsusi Ban-nep-Baanbca.

56. 3anucaTh OCHOBHOE YypaBHEHHE [IUHAMHUKHM pPEIIETKH B TapMOHUYECKOM
IpUOIINKESHUN.

57. IlepeuncnuTh OCHOBHBIE CBOWCTBA PEIICHU YpaBHEHUHN TUHAMHUKH PEIICTKH.



58.
59.

60.
61.
62.
63.
64.
65.
66.
67.

68.

69.

70.

71.
72.
73.
74.

75.
76.
77.

78.
79.
80.

B yem cocTouT oTIMUME aKyCTUUECKUX KOJIEOaHHH OT ONTHYECKUX.

Kakoli Tun pemerovHplXx KoNeOaHWW TPHUBOAUT K MOJSIPU3ANMUA KPUCTAIUIA U
noyemy.

Yka3arh CBOWCTBA BOJIHOBOW (PYHKIIMH JIEKTPOHOB B KPUCTAJLIE.
Cdopmynuposats Teopemy biioxa.

Uro HasbiBaetcs biioxoBckoi GyHKIMEH ?

Kakwue Turipl KBa3u4acTHIl MOTYT CYIIECTBOBATh B KpUcCTayIax ?

B uem cocTtout MexaHu3M 00pa30BaHMsI SHEPIETUUECKUX 30H B KpUCTauIax ?

Kak 30HHas Teopusi 00BSACHSIET OCHOBHOE Pa3JInyMe METANIOB U IUAJIEKTPUKOB ?
N300pa3uth KaueCTBEHHO CXEMY SHEPI€TUUYECKUX 30H MOJIyMETaJIA.

3anucaTth COOTHOIICHHME, CBS3BIBAIOIIEE BEKTOP CKOPOCTH OJJIEKTPOHA M €ro
BOJIHOBOW BEKTOP.

Hate onpenenenue TeHzopa 3¢ ¢dekTuBHONH Macchl. Kakoil Bua MMeeT TEH30p B
KyOM4ecKHux Kpucramiax ?

Bbrancnnts 3¢ deKkTUBHYIO0 Maccy 3JIEKTPOHA B OJJHOMEPHOM KPHCTAJUIE C 3aKOHOM

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

Beraucimute  3¢ddexktuBHyr0  Maccy SIeKTpoHa Ui 3aKOHA  JIUCIIEPCHUU
E(k) =E, — E,(cos(k,a) + cos(k,a) + cos(k,a) — 3).

JlaTb onpeneneHye MmiI0THOCTU COCTOSHUM.

B 1yeM cocTouT MexaHHu3M paccesHUs 3JIEKTPOHOB Ha KOJICOAHUAX PELIETKH.
[lepeuncnuth hakTOPHl, MPUBOISAIINE K PACCESTHUIO DJIEKTPOHOB B KPHCTAILIE.

YeM oTIAMUAIOTCS BOJHOBas (DYHKIMS MOBEPXHOCTHBIX COCTOSIHUM M BOJHOBas
(GyHKIMS 1715 U€albHOTo KpucTauia ?

[Tepeuncnuth TUIBI 1€(EKTOB B TBEPABIX TEJaX.

B uem coctout otnuune nedexra no @penxento ot aedexra no Hlorrku?
N300pa3uTh YacTOTHYIO 3aBHUCHUMOCTb JAMAJIEKTPUUECKOM MPOHUIIAEMOCTH s
JUAJICKTPUKA C MOHHOM MOJSIpU3aliel U yKa3aTh MOJIPUTOHHYIO 001acTh.
VYka3aTb OCHOBHBIE CBOMCTBA CBEPXIIPOBOJAIIETO COCTOSHUS.

JlaTb KauecTBEHHOE ONMCaHHE MEXaHN3Ma BO3SHUKHOBEHUS CBEPXIIPOBOAUMOCTH.
CBepXIIpoOBOMMOCTh : Kakue (akTOpbl YKa3blBalOT Ha OIPEEISIOUIYI0 POJb
KoJie0aHuM pemeTKy ?

BOl'lpOCbI Mo JTUCHUILINHE «DU3HKA KOHACHCUPOBAHHOT0 COCTOSTHUA»

49.

50.

51.

52.
53.

54.
55.
56.
57.
58.

OcHOBHBIE TIOHATHS (PU3UKH TBEPOTO TeJa: TPAHCISAIMOHHAS CUMMETPHS, pelIeTKa
bpaBn, OCHOBHBIE BEKTOPBI TPAHCIALMM, JIEMEHTapHas sf4yelKa, suerika Burnepa-
3eHTIa.

OcHoBHbIe TOHATHS (U3UKH TBEPJAOro Tena: oOpaTHas perieTka, BEKTOPHI
TpaHcIsAUui o0paTHO perieTku, 30Ha bpuosna.

OCHOBHBIE MOHATHUS (U3UKH TBEPIOrO Tejia: MEePUOJUYECKUIl MOTEHINAl, Teopama
broxa (popmynupoBka), 30HHas CTPYKTypa.

DnemeHTapHbIe BO30YKAeHMs. KBaznuacTuiipl.

OO6mass ¢opMynMpoBKa KBAaHTOBOW 3aJaud MHOTHX TeJlI, MHOTO3JIEKTPOHHOE
ypaBHenue llpeaunrepa.

Anunabarnyeckoe npuOImkeHue. Pa3ieneHne aTOMHBIX U 3JIEKTPOHHBIX KOOPIMHAT.
OnHod7eKTpOHHOE NTpHOIIKeHne. Meron XapTpu.

AHTUCUMMeETpUYHBIE BOJIHOBBIE pyHKIMU. Metoa Xaptpu-doxka.

Omnpenenenue u o01Me CBOMCTBA 3JIEKTPOHHOM MJIOTHOCTH.

Teopus ®ynknronana [TnotHocTy : mepBas Teopema XosHOepra-Kona.



59.

60.
61.
62.

63.
64.
65.
66.
67.
68.
69.
70.
71.
72.

73.

74.

75.
76.

77.
78.
79.

80.

81.

82.
83.
84.

85.

86.
87.
88.
89.
90.
91.
92.

93.
94.

95.

96.

Teopus @ynkmuonana I[lmotHocT : BTOpas Teopema XodHOepra-Kowna,
BapUALIMOHHBIN MPUHIIMII.

Merton Kona-Illama. dynknumonan saeprun. OOMEHHO-KOPPEAIIUOHHAS YHEPTUS.
Meron Kona-1lIsma, ypasaenus Kona-IlIsma.

MeToapl pemieHUsT 30HHBIX ypaBHEHUW: Oa3UCHBbIE (YHKIHMH, CEKYJIsSIpHOE
ypaBHEHUE.

MeToa MII0CKUX BOJIH.

Merop siueexk.

Merton npucoeAMHEHHBIX INIOCKUX BOJH: M T-noTeHmnuan.

Mertoa npucOeIMHEHHBIX IJIOCKUX BOJIH: PEIICHUE 30HHOTO YPAaBHEHHS.

OO61mas cxema JMHEHHOro METO/1a MPUCOETNHEHHBIX TIOCKUX BOJIH.

MeTo1 OpTOTOHATN30BAaHHBIX MJIOCKUX BOJIH.

[IceBnonorennuan. MozenbHble U IEPBONPUHILIMITHBIE [ICEBIONOTEHIUAIIBI.
DJNEKTPOH B IIyCTOM pelieTke. 30HHask CTPYKTYpa.

[TpubimxeHne CUIILHOM CBSI3H: ONPEICIICHHE U 00IIHe cBolicTBa PyHKIMK Banbe.
[TpubnmxeHre CUIIbHOM CBSI3U — 3aKOH JAUCIIEPCUU, JHEPIE€TUUECKUE 30HBI B METO/IE
CUJIBHOU CBSI3H.

Mopnenbs noYTH CBOOOJHBIX 3JIEKTPOHOB, TEOPUS BO3MYILEHUN. 30HHAs! CTPYKTYpa B
CXEME PACIIMPEHHBIX U IPUBEAEHHBIX 30H.

[lepuonuueckre TpaHWYHBIE YCJIOBHUS. BbIUHCIIEHHE HMHTETPajIoB 1O 30HE
bpumtosna.

[InotHOCTH cocTosinuid, Berurcienue N(E) miis snexTpona B mycToii pemerke.

CBolicTBa 3JEKTPOHOB B KpHcTauiax: 3(h(ekTHuBHas Macca AJIEKTPOHOB U ABIPOK,
TeH30p (P PEeKTUBHOI MaCCHI.

Teopema Bansbe.

CKOpOCTh AJIEKTPOHA. Y paBHEHUS IBUXKCHMUSI.

OnekTpoH-(hOHOHHOE B3aWMoJieiicTBHE: 0OIIMe CBOMCTBa, TEH30p AedopMaluy,
nehopMallMOHHBIN MTOTEHITHAIL.

BropuuHoe KBaHTOBaHME W  MPEJACTABIECHHWE  YWUCEN  3al0JIHEHHE  JJIA
nehopMaImoOHHOTO MOTEHIIHANIA.

DOnekTpoH-(QOHOHHOE B3aUMOJICHCTBHE — TaMHJIbTOHMAHA B3aMMOJCHCTBUS,
nuarpaMMbl DeifHMaHa, 3JIEMEHTapHBIE TPOLIECCHI.

BupTtyanbHbie OHOHBI.

B3aumopeiicTBre 31€KTPOHOB ¢ Aedopmaliueit B cirydae CHIIbHOM CBSI3HU.
DOnekTpoH-(OHOHHOE B3aUMOJEHCTBHE B MOHHBIX KpucTamiax. [lomspoH, moaens
Openuxa.

CBepxmpoBOAMMOCTh:  KpUTHUecKas  TemmepaTypa, d(dexkt  MelicHepa-
Oxkcendenbaa. YpaBuenue JIOHIOHOB.

CBepXnpoBOAUMOCTb, TPOHUKHOBEHNE MAarHUTHOTO MOJIsI B CBEPXITPOBOJIMHUK.
CepxnpoBoauMocThb: Teopus [ ma30ypra-Jlanmay.

CBepXnpoBOANMOCTD: JITIMHA KOTEPEHTHOCTH, CBEPXIIPOBOAHUKH 1-T0O U 2-T0 poa.
KBantoBanue MarHuTHOrO 1noToka. MIIOKCOH.

OcCHOBHBIE TIOJIOKEHUS MUKPOCKOIINYECKON TEOPUU CBEPXITPOBOANMOCTH.

Buel B3auMoIeHICTBUS CBETA C TBEP/IBIM TEJIOM; ONTHUYECKHE KOHCTAHTHI.
CoOcTBEeHHOE MOTJIONIEHHE; SKCUTOHHOE TOTJIOICHUE; MOTJIOMIEHHE CBOOOTHBIMHU
HOCHUTEJISIMU; TIPUMECHOE MOTJIOLIEHHE; PEIIETOYHOE MOTJIOIIEHHUE.
PexomMOnHaAIIMOHHOE M3]TyuyeHHE B MOJTYIPOBOIHUKAX. MeK30HHAs PeKOMOUHAIHSL.
PekoMOuHanmsi 4epe3 JOKaJM30BaHHbIE LEHTPbl. OKCUTOHHAs pPEKOMOMHAIIMS.
TBeproTENnbHBIE JTa3ephl.

OO0muit TEOPETUUECKUN aHAIM3 MEK30HHBIX ONTHYECKUX TMEPEXO0JI0B. JUTMOIHHOE
npulbIIMKeHue.

BeprukanbHble epexo/ipl, CBSI3b ¢ ONTUYECKUMH KOHCTAHTAMM.



4. IlepeyeHb OCHOBHOI 1 /I0TIOJHUTEJIbHOI Y4eOHOM JUTEPATYyPbl, HEOOX0AMMOM A5
OCBOCHUS IMCHUILIMHBI (MOIYJIs1)

Ocnognas:
4, ®wuswuka TBepaoro cocrosHus bisiikmop Ix.2008

5. Baenenwue B ¢pusuky tBeproro tena Kurrens Y. 2010
6. OcHoBsl pusuku TB. Tena 3unenko B.U., Copokun B.I1., Typuun I1.I1. 2008

JlononnumenvHasi.
7. KBaHTOBOXMMHYECKHE METObI B TEOPUH TBEP. Tesa DBapecToB P.A. 1982

8. MeToapl BBIMHMCIUTEILHON (U3uMKH B TeopuH TBepaoro tena bapesxrtap B.I.,

3apoueniieB E.B., Tpounkas E.I'. 1990

9. ®wusuka tBepaoro tena [lasios I1.B., Xoxmor A.B. 2000
10. ®usuka nonynposoanukoB bonu-bpyesuu B.JI., Kanamaukos C.I1. 2009
11. Teopus TBepaoro tena. JaBeimoB A.C. 2008

12. ®usuka tBeproro tena [lasmos I1.B., Xoxnos A.B. 2008

5. IlepeyeHb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKALIMOHHOM ceTH
«HTEepHET», HEOOXOAMMBIX JJI5l OCBOECHHS TUCHUILIUHBI (MOTYJIs1)

HNuTepHeT-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

DuiekTpoHHbIe pecypebl UHTTY

A\
/m

Ccblika Ha
HHGpoOpMaALMOHHBIH

pPecypc

HaumenoBanue pa3padoTku
B JJICKTPOHHOM (popMme

HocTynHocTh

DnekTpoHHas 6nbInoTeKa
EastView

http://www.dlib.eastview.com

JloCcTyn BO3MOXKEH C JIH000T0
KOMITBIOTEpA, BKIFOUEHHOTO B
YHUBEPCUTETCKYIO CETh
Nurl'y

CnpaBoyHO-TIpaBOBast
cucrema «l'apanT

http://www.consultant.ru

JlocTyn BO3MOXKEH C JIH0O0T0
KOMITBIOTEpA, BKIFOUEHHOTO B
YHUBEPCUTETCKYIO CETh
Narl'y

baza nannbix «llonmpen»

http://www.polpred.com

JlocTym BO3MOXKEH ¢ JTF000T0
KOMIThIOTEPA, BKIIOUEHHOTO B
YHUBEPCUTETCKYIO CETh
Hurly

MeHemKMeHT

WNudopmanronHas http://www.window.edu.ru CBOOOTHBIN JOCTYII IO CETH
cucremMa «EaruHOE OKHO WNurepner.

JOCTyTIA K

o0pa3oBaTeNbHBIM

pecypcam»

NudopmannonHas http://www.ecsosman.ru CB0OOHBIN JOCTYI 1O CETH
cucreMa « JKOHOMHKA. WuTtepHer.

Conmororus.



http://www.dlib.eastview.com/
http://www.consultant.ru/
http://www.polpred.com/
http://www.window.edu.ru/
http://www.ecsosman.ru/

Caiit Bricmeit http://www.vak.ed.gov.ru CBOOOIHBIN JOCTYII 11O CETH

aTTECTALMOHHON HNuTtepner.

KOMHUCCHHU

B nomomp aciupantam http://www.dis.finansy.ru CB0OOHBIN AOCTYII 110 CETH
WNurepner.

Elsevier http://www.sciencedirect.com; | JlocTym BO3MOXEH ¢ JIF000T0

http://www.scopus.com KOMITBIOTEPA, BKIFOUEHHOTO B

YHUBEPCUTETCKYIO CETh
Nnrl'y

KoHCynbTaHT cTyaeHTa http://www.studmedlib.ru JIOCTYyII 110 MHIUBUIYaIbHBIM
CKpEeTY-KapTaM.

«DNeKTpOHHAs http://www.biblioclub.ru JIoCTyI BO3MOKEH C JIF0O0T0

OubaMoTEYHAas CUCTEMa KOMITBIOTEPA, BKIFOUEHHOTO B

VHUBEpCUTETCKAsI YHUBEPCUTETCKYIO CETh

o6ubmoreka ONLINE» Nurl'y

6. IIporpammHoe obecnieueHune

YHuBepcurer obecrniedyeH HEOOXOIUMBIM KOMIUIEKTOM JHUIEH3UMOHHOTO M CBOOOJHO
pacmpocTpaHseMOro IMPOrpaMMHOTO OOECTIeYeHHs, B TOM YHCJIE€ OTEUYECTBEHHOTO
MIPOU3BOJICTBA.

Kaxnaplii  oOydaromuiics B Te4eHHWE BCEro Iiepuoia OOydeHHsI oOecreueH
WHAUBUAYAIbHBIM HEOTPAHUYEHHBIM JIOCTYIIOM K JJIEKTPOHHOW HWH(POPMAIMOHHO-
00pa30BaTeNbHON Cpe/ie YHHBEPCUTETa W3 OO0 TOYKH, B KOTOPOH MMEETCS JOCTYI K
MH(OPMALMOHHO-TEIEKOMMYHHUKAIIMOHHON ceTu «HTepHET» Kak Ha TEePPUTOPHH
YHHBEPCUTETA, TaK U BHE €€.

YHuBepcuter oOecredyeH CIeAyIOUMM KOMIUIEKTOM JIMIIEH3MOHHOTO MPOrpaMMHOIO
obecrieueHusl.
1. JlunensuoHHOE nMporpamMMmHoe odecreueHue, ucnonb3zyemoe B MHrl'Y

1.1.Microsoft Windows 7

1.2.Microsoft Office 2007

1.3.ITporpammusliii kommiiekc MMUC “Buzyansnas Ctyaus TectupoBanus’

1.4. Antusupychoe I10 Eset Nod32

1.5.CnpaBouHo-nipaBoBasi cucrema “I'apant”

Hapﬂz[y C TpaAUITUOHHBIMU U3JAHUAMU CTYACHTHI U COTPYAHUKHU UMCIOT BO3MOXXHOCTDb
MMOJI30BATHCS SJICKTPOHHBIMHU MMOJTHOTECKCTOBBIMHA 0azaMu JaHHBIX

Taonuua 9.1.

Ha3Banue pecypca Ccbliaka/noctyn

DnekTpoHHass Oubmuotexka ownnaiiH «EmuHoe okHO K | http://window.edu.ru
00pa30BaTeNbHbIM pecypcam»

«O0bpazoBatenbHbIi pecypc Poccun» http://school-collection.edu.ru

®denepanpHblii  00pa30BaTENBHBIN TIOPTAT: YUPEXKACHHS, | http://www.edu.ru —
nporpammsl, craniaptel, BY3b1, Tectsl EI'D, A

®denepanpHblil IEHTp HWHGOPMAIIMOHHO-00pa30BaTENbHBIX | http://fcior.edu.ru -
pecypcoB (OLIMOP)

ObC "KOHCVIJIbTAHT CTVYJEHTA". OnexkrtponHas | http://polpred.com/news
OMOJIMOTEKAa TEXHUYECKOTO By3a



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/
http://window.edu.ru/
http://school-collection.edu.ru/
http://www.edu.ru/
http://fcior.edu.ru/
http://polpred.com/news

W3nmarenscTBO «Jlaubpy. DIIeKTpOHHO-O0MOMMOTeUHast | http://www.studentlibrary.ru -
cucTema

Pycckas BupTyanbHas 6ubnuorexa http://rvb.ru —

N3narenbcTBO «Jlaaby. DneKTpOHHO-OnOMHMoTeuHas | http://e.lanbook.com -
crcreMa

ExenenenpHuk Hayku u oOpasoBanusi lOra Poccum
«AxageMus»

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

Hayunas anekrponnas 6ubnmoreka «e-Library»

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

DnexTpoHHO-0nbmmoreuHas cucrema [PRbooks

http://www.iprbookshop.ru -

DJNEeKTPOHHO-CIIPABOYHAsl CHUCTEMa JOKYMEHTOB B cdepe
obpazoBanus «MHpopMUO»

http://www.informio.ru

NudopmannonHo-mpasosas cuctema «"apant»

CereBast BepcHs, IOCTYITHA CO BCEX
KOMITBIOTEPOB B KOPIOPATHUBHOMN
cetu Uurl'yY

OnexkTpoHHO-0nbOInoTeyHast cucrema «HOpai»

https://www.biblio-online.ru



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/

Pabouas nporpamma aucuuInHbl «PU3nKa KOHACHCUPOBAHHOTO COCTOSTHHSI BEIIICCTBAY
cocTaBiieHa B cooTBeTcTBUHU ¢ TpeboBanusmMu ®I'OC BO mo HampaBiIeHHUIO MOATOTOBKHU
03.03.02 ®dusuka, yTBEP)KISHHOTO NpPHKa3oM MuHHCTEPCTBA OOpa30BaHUS U HAYKH
Poccutickoit ®eneparuu ot « 07 » aBrycrta 2020 r. Ne 981.

[TporpamMmy cocTaBuIH:
1. Maromanios P. M., mpodeccop xadenpsr «Duznkay
(P.1.0., nomKHOCTB)

(®.1.0., nomKHOCTB)

[Tporpamma otobpeHa Ha 3acenanuu kadeapsl «Pu3znka»

[Tporokon Ne 11 ot «27» anpens 2026 rona.

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

[Tpotoxoin Ne 6 ot «28» anpens 2026 roaa.



CBeeHus1 0 mepeyTBep:KIAeHHM NPOrpaMMbl HAa OYepedHON Y4eOHbId Trox H
perucTrpauuu u3MeHeHun

YyeOusblii
rong

Pemrenue

Kadeapsl
(Ne mporokoa, 1ata)

BHeceHHbBIe H3MEHEHUS

IMonmuce 3aB.
kadenpoit




