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Iean ocBOCHHUSA TUCIUIIINHBI

Ilens kypca

«®Dusnka KOHACHCUPOBAHHOI'O COCTOSAHUA»

COCTOUT B CHUCTEMATHYCCKOM

H3JI0KEHUH CII0OCO00B U MCTOJOB IMPHUMEHCHUA OCHOBHBIX IIPWHIMIIOB KBaHTOBOU TEOpHUHU K

MCCJICIOBAHUIO CBOMCTB KPHUCTALIMYECKUX TBEPIBIX TET,

IMOJIYUYCHHBIC 3HAHUSA IIPHU PECIICHUU 3a1a4 B 06J'IaCTI/I, rac OHU CIICHHUAIIU3UPYIOTCH.

HaydYuTb CTYACHTOB IIPUMCHATH

CTyZeHT AO0KEH MO3HAKOMUTHCA ¢ HEKOTOPBIMU METOJAMH, MPUMEHSIEMBbIMU K ONHUCAHUIO
HaOIroMaeMbIX  (U3UYECKHX SBICHHM ¥ TPUOOPECTH HABBIKM CAMOCTOSITEIBHBIX HAyYHBIX
UCCJIEIOBaHMM, BKIIIOYask (POpMUPOBAHKME HABBIKOB U3yUEHHUs HAYYHOU (PU3MUECKOi TUTeparypshl.

Ne Kon HammernoBanwne obnactu npogecCHOHANBHON JesITeTbHOCTH.
n/n | npodeccnonansHoro | HamMeHoBaHHMe Mpo¢hecCHOHATBHOTO CTaHAapTa
CTaHJapTa

01 O6pa3oBanue 1 HayKa

1. 01.001 Ipodeccuonanbublil ctanmapt «Ilemaror (memarornveckas AeATeIbHOCTE B chepe
JIOIIKOJIbHOT'0, HA4aJIbHOTO 00IIEr0, OCHOBHOTO OOIIEro, CPEIHEro 00IIEero
o0pa3oBaHus1) (BOCHHUTATENb, YUUTENb)», YTBEPKACHHBIH NpuKkazoM MUHUCTEpCTBA
TpyZAa U colMaibHO 3auuThel Poccuiickoit @eneparun ot 18 oxtabps 2013 r. Ne
544u(3apeructpupoBad MuHHCTEPCTBOM tocTUlMU Poccuiickoit denepannu 6
nexabpst 2013 r., peructpammonsstii Ne30550), ¢ m3MeHeHHEM, BHECEHHBIM
puKa3oM MUHHCTEpCTBa Tpyla U couuanbHol 3amuThl PO ot 5 aBrycra
2016r.Ned4221 (3apeructpupoBad MuHuCTepcTBOM focturmu PO 23 asrycra2016r.,
perucTpanoHHBIA Ne 43326 )

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

CI)opMpreMLIe ﬂHCHHHHHHOﬁ 3HaHUA u YMCHUA T'OTOBAT BBIITYCKHHKA HaHHOﬁ

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

Koa n O06001meHHbIe TPY/AOBbIe QPYHKIIUHN TpynoBbie pyHKINH
HaNMMEHOBaHHUe Kon HanmenoBanue Yposens| HammenoBanme| Kox| VYposenn
npo¢eccuoHaJIbHO KBaJU (U (moxypoBeHb)
ro cTaHaapTa KAl KBaJTu(UKAIL

0
01.001 Ilemaror Tlemarormueckas O6wenenarornyec/A/01.6
(memaroruyeckas NEATEIIbHOCTD 10 Kasi QyHKIIHSL. 6
NMesITeNbHOCTD B MPOEKTUPOBAHUIO U OOyuenue
ITOIITKOJTBHOM, [pealn3amuu Bocrnurarensuas [A/02.6
HAYaJTLHOM 0011IEM, 00pa3oBaTENLHOTO eI TeIbHOCTD 6
OCHOBHOM OOIIIEM, 4 rporecca
cpeaHeM o01eM 00pa30BaTENbHBIX 6
06pa30BaHNN) OpTaHU3aIHAX Paspupatomas  1A/03.6
(BOCTIUTATEND, IMOIITKOJIBHOTO, ACATCIBHOCTD
YUUTENb) Ha4yaJbHOTO 00ILEro, 6
OCHOBHOT'O 001IIETO,
CpEeITHEro OOIIETo
oOpa3oBaHus
Tlemarornueckas I[lemarornueckas
NEeSTeNbHOCTh 110 e TeNIbHOCTh 110
p [POCKTHPOBAHHUIO 1 6 peanu3anuu B/03.6 6
[pean3ai OCHOBHBIX [porpaMm
00111600pa30BaTEIbHBIX OCHOBHOTO U
[porpaMm CpeIHEro o0IIero




00Opa3oBaHUs
Ilepedensb 3axa4 npodecCHOHANBbHOI 1eITeJIbHOCTH BbINTYCKHUKOB:

O6nactb Tunel 3a1a4 3anauun OOBEKTHI

npodeccuoHanbHOW  |MpodeccnoHanbHON npodeccuoHaIbHOM npo¢eccHOHaIbHOM

JeATEIbHOCTH JEATEIbHOCTH JEATEIIbHOCTH JesTeNbHOCTH (WIH

(mo Peectpy 00J1acTH 3HAHHMS)

MuHTpyza)

01 O6pazoBanue [Tenarornyeckuit Pazpabotka u OO6pa3zoBaTenbHbIC
peanuzanus POrPaMMBbI U
00pa3oBaTeNbHbIX 00pa3oBaTeNbHBIH MpoLecc
nporpamm CIIO u B cucreme CIIO u 10
nporpamm 1O

06 Css3b, Hayuno- HccnenoBanue, WNudopmannonnsie
MH()OPMAIIMOHHBIC U | HCCIICIOBATEIbCKUI paspaborka, HPOHECChI, TCXHOJIOI'HUH,
KOMMYHHKAIJHOHHBbI BHEJIPCHUE U CUCTEMBI M CeTH, X
o TexXHOLOIHH COTPOBOXKICHHE UHCTPYMEHTAJIbHOE
MH(OPMALIOHHBIX (mporpammHoe,
TEXHOJIOTHI U CUCTEM | TEXHHYECKOe,
OpraHU3aIMOHHOE)
obecreyeHue, CIIoco0kl 6
U METOJIBI
MPOEKTUPOBAHMUS,
OTJIaJIKH, TIPOU3BOJICTBA U
IKCILTyaTaluu
MH(pOPMaILIMOHHBIX
TEXHOJIOTHI U CUCTEM B
pa3IUYHBIX 00JIACTAX U
cdepax mudppoBoi
9KOHOMHKH

2. Mecto nucuunjuHbl B cTpykType OIIOII 6akanaBpuara
Juctunnmna «®du3rka KOHACHCUPOBAHHOTO COCTOSHUS» OTHOCHUTCS K 00s3aTeNbHOM YacTy,
dbopmupyeMoit yuacTHUKamMu oOpa3oBarenbHbIX oTHomeHui (b1.B.07).
JucnunivnHa u3ydaercs Ha 3 Kypce B 6 cemecTpe.

OcHosnble Ha6bIKU, KOTOPHIMU JOJDKEH oOONajgaTh CTYJIEHT: 3HaTb OCHOBHBIE CBOWMCTBA
MPOTSKEHHBIX CHUCTEM, OOYCIIOBJIEHHBbIE KBAHTOBBIM XapaKT€POM B3aMMOJEHCTBHI, o00nanath
HaBBIKAMU PabOThI C 0OBEKTaMH, KOTOpPBIE XapaKTepHBI JUIsl pacCCMaTPUBAEMBIX CHCTEM, BKJIIOYAs
npsiMoe U OoOpaTHOE MPOCTPAHCTBO, OMNEpPAllMd CHUMMETPUH, MHOTOAJIEKTPOHHBIE BOJIHOBBIE
(bYHKLINHU, UMETh MPEICTaBIEHHE O METOJaX PEIICHUs MHOTOAJIEKTPOHHBIX 33/1ay, TAKUX, KAK METO]
Xaptpu, Xaptpu-®oka, Teopus Pynkumonana [InoTHOCTH, a Takke CHEHHATBHBIX METOJIAX
pelIeHUs 3a7a4d O pacyeTe JJICKTPOHHOM CTPYKTYphbl KPHUCTAIUIOB, BKIIIOYas, B TOM YHCIE, U UX
NpUOJIMKEHHBIE BApUAHTBl — METOJI CHIIBHOW CBSI3U, METOJI MIOYTH CBOOOIHBIX AJIEKTPOHOB, METOJ
3pPEeKTUBHON Macchl. YKa3aHHbIC HAaBBIKM JOJDKHBI CIYXHTb OCHOBOW JJIsi TOHUMAaHUS
(Gu3n4ecKux  OCHOB  TaKMX  SIBJIEHMM, Kak  DJIEKTPOH-()OHOHHOE  B3aUMOJIECHCTBHE,
CBEPXIPOBOJUMOCTb, & TAKXKE LIMPOKOIO CIIEKTpa ONTUYECKHMX IIPOLECCOB B KOHACHCUPOBAHHOM
COCTOSIHUH.


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

I[JISI OCBOCHUA JUCHUIIIIMHBI «Dusnka KOHACHCUPOBAHHOI'O COCTOAHHA» HUCIOJb3YHOTCA

3HAaHUA, YMCHUA W BHUIABI JACATCIBHOCTH, C(bOpMI/IpOBaHHI:Ie B TIPOLCCCC H3YUCHUA MPECAMCTOB

((0611_[851 (1)I/I3I/IK3», «BrIcmas MaTreMaTukay, ((:‘)J'ICKTpOI[I/IHaMI/IKa». OcBoeHne HaHHOﬁ JAUCHHUITIIMHBI
ABIIACTCA HGO6XOI[HMOI>1 OCHOBOM A1 U3YUCHHSA TaKuX OUCHHUILIMH, KakK «CraTucTrndeckas
(1)I/I3I/IK3», «®Pusuka TBEPAOIo TCIa», «Duzuka IMOJIUMEPOB).

3. Pe3yabTaTbl OCBOEHHMSI JUCHUILUIMHBI (MoOayJsi)) - Du3MKa KOHIEHCHPOBAHHOIO

COCTOSIHUSI

[Ipouecc wu3ydyeHusi AMCUUIUIMHBI HapaBieH Ha (OPMUPOBAHUE DJIEMEHTOB CIEAYIOLIUX
komrereHuuit B coorBerctBru ¢ ®I'OC BO no nanHOMy HanmpaBJIeHUIO:
Kon HaunmenoBanue Nunukarop gocTHXeHUs B pe3ynbTate ocBoeHMs
KOMITETCHIIMH KOMITETCHIIUHT KOMITETCHIIHT JTUCIUILTAHBI 00yJarOIIuics
(3axpenienHblll 3a OUCYUNTUHOTL) JOJIZKEH:

YK-2 YK-2. VYK-2.1. Onpenensier kpyr 3aj1a4 B | 3HATh: AHanu3upoBaTh
Criocoben pamKax IoCTaBJIEH 3ajady, BbIACNAS ee 0a30Bble
OTIPEeeIATh KPYT HOM 1LIeTIH, OTIPe/IEeIIAeT CBA3H COCTaBJISIONINE
3a/1a4 B paMKax MEXIy HUMH; YMeTh: Ocy1iecTBIAThH
MOCTaBIECHHOU YK-2.2. IIpeanaraet crnocoObl MOWCK  MHpOpMAIMH  JUIs]
11U ¥ BBIOUpATh pEIICHUS TOCTABJICHHBIX 3371a4 U [pEIICHUS MOCTaBJICHHOM]
ONTUMAJIbHbIE OKHJIaeMbI€ PE3yJIbTaThl; 3a/lauy MO Pa3IMYHBIM TUIIaM|
CIOCOOBI X OIICHUBAET MPEIJIOKEHHBIC 3arnpocoB
pelIeHus, UICXOA | CIOCOObI ¢ TOUYKH 3peHUs Bnagers: Ilpu o6pabotke
u3 COOTBETCTBUS 1I€TU TIPOCKTA; nH(pOopMauu OTJIMYAET (HAKTHI
JEUCTBYIOIIUX VK-2.3. [Inanupyer peanus3anuio (0T MHEHUN, WHTEPIpETALNM,
MIPaBOBBIX 3a/1a4y B 30HE CBOEH OIICHOK, dbopmupyeT
HOPM, OTBETCTBEHHOCTH C YUYETOM COOCTBEHHBIE =~ MHEHHUS W
UMEIOIIHNXCS MMEIOIINXCS PECYPCOB U CYXKJIEHUS,  apTyMEHTHUPYET
peCypcoB u OTpaHUYEHUH, JEUCTBYIOLIUX CBOU BBIBOJIBI U TOUKY 3PEHUS
OTpaHUYCHUHN MIPaBOBBIX HOPM;

VYK-2.4. BeinonHseT 3a/1a4u B 30HE
CBOEH OTBETCTBEHHOCTH B
COOTBETCTBHUU C
3aIIaHUPOBAHHBIMU PE3yJIbTaTaAMH
Y TOYKaMU KOHTPOJIs, IPH
HEOOXOAMMOCTH KOPPEKTUPYET
CIocoObI penieH s 3a1a4;

VK-2.5. [Ipencrasnsier
pe3yabTaThl MPOEKTA, peaaraeT
BO3MOKHOCTH UX UCTIOJIb30BAHMS
W/WJIM COBEPILICHCTBOBAHMUSI.

[1K-4 C110cOOHOCTE TIK-4.1. 3Haer ocHOBHEIE MeTOAbI| Biagers: MeTomaMu
[IPOBOJUTH HAYUHBIC [IPOBEJCHUS  TEOPETHUECKOTO  U| HAXOXKIEHUs, 0TOOpa U
ICCIICIOBAHMS B DKCIIEPUMEHTATEHOTO 00BbeTMHEHUS PA3TNYHBIX
M30paHHOM 00JIacTH  [MCCIeIOBaHUS B cdepe| METOIOB IPOBEICHUS
HKCIIEPUMEHTAIbHBIX [TPO(ecCHOHATBHOM EeATENbHOCTH. | (GU3NYECKUX UCCIeI0BaHUM.
1 (1K) [1K-4.2 Ymeer BbIOUMpaTh Hambosee| YMETh: OCMBICIEHHO
TEOPETUUECKHUX b heKTUBHBIE METO/IbI JU1s1| BEIOMPATh HAYYHBIA METOJ
(bu3HUeCcCKuX [POBE/ICHUS HAYYHBIX| TIPOBEICHUS (PUINIECKUX
FICCIIEJOBAHUH C LICCIICTOBAHUH. HUCCIIEIOBaHUMN.

[TOMOILBIO I1K-4.3 Bnaneer HaBBIKaMU 3HAaTh: CIIOCOOBI




COBPEMEHHOM

TEXHOJIOTHIH C
y4eTOM

MpruOOpHOI 0a3wl U
MTH(POPMALIMOHHBIX

OTEUECTBEHHOTO U
3apyO0EKHOTO OIBITA

paboThI ¢ COBPEMEHHBIM
MPUOOPHBIM 000PYAOBAHHUEM,

METOoaMu 00pabOTKU M aHAIIN3a

IMOJIYUYCHHBIX PE3YJIbTAaTOB

HAYYHBIX UCCIICIOBAHUN B chepe

npodecCuoHaNBHOM e TeIbHOCTH

oTpesieNieHUs] BUIOB U TUIIOB
npodeCCHOHANIBHBIX 3a/1a4, a
TaK)Ke METOJIbI UX PEIICHUS
IIPY TIPOBEICHUH
(hM3HYECKUX HCCIIeTOBaHUI

4. CTPyKTYypa U cojiep:KaHHe JUCHUILIHHBI (MOYJIs1)
4.1. CTpyKTypa QM CHUILIMHBI (MOIYJIs1)
OO01ast TPyJ0E€MKOCTh AUCHUILIMHBI COCTABIISAET 3 3a4eTHBIX equaul, 108 waca.

Ne Buabl yueOHoii padorTbl, BKiI04Yasi ®opmbl TeKyllero
n/n CaMOCTOSITEIbHYIO padoTy KOHTPOJIA  yCIeBaeMOCTH
CTYJIEHTOB M TPYA0eMKOCTh (B (no nedensm cemecmpa)
KonrTakTHast Camocrositesib| @PopMa  NPOMEKYTOYHOM
pabora -Hasi padoTa arTecTaluu (no
o g =
— = g
=l e = S =i
w | O Z | > | M =y = =
HaunmenoBaHue pa3ienoB u = = e g & = g
TeM TUCHMILUIUHBI (MO1YJIs1) E = o g2 28 = B
> N~ ~
8| ° 3 & & o S &8 8uE
15} ] = =} = = = o)
5 |2 | Z Q| & i 3 5 ® (S
2 |z | S S | s 28 28 s
O | g | = | a2 |E o t=h
O | O | = = m o = S |18 |8 | -
o o = e < o = | @ o o o X s
= E N |z | H A B 0o 0 %o | 2 el
O o | B |EHE | & |So |0 |9 | (9 Q|0 |0 0O | 0,35
5 e = | X o M| = Q =~ =~ 5 = /M M M M S
S 0 (2 (S |9 Jo & | HIxje |52 |2 |2 |9 348
5 12 |Q | & s 20 |~ |C a0 |0 |&e e e a5
o AR E R |Hm ¥ |F HOL | FE|BEEFEIik
1 BBenenue. OcHoBHble 6 |4 |1 1 1
MOHSTHSL.
2. | OcHOBHBIE nonoxkenus 6 |8 |2 | 2 2 1 |+ +
(U3KMKHU TBEPAOIO Tela.
3 KBantoBass 3amaua wmHorux 56| 10| 2 | 2 2 2 + +
TeJl.
4, AnmnabaTuueckoe 6 |8 |2 |2 2 1 + +
npuOJIMKEHuUE.
5 OHO2TIEKTPOHHOE 6 |8 2 |2 2 1 +
npuOIIKEeHNe
6 AHTHUCUMMETPU30BAHHBIE 68 2 |2 2 1 +
BOJIHOBBIE (DYHKIIUH.
7 Teopus @dynkiuonana 6 (8 |2 | 2 2 1 +
[TImoTHOCTH
8 Meroa Kona-11Isma. 6 8 |2 |2 2 1
9 MeTobl pemenus 6 | 10 2 | 2 3 1
YPaBHEHUN 30HHON TEOPUHU.
10 | JIuueiinble METOMEL. 6 |8 |2 |2 2 1
11 | TlpuGnuKeHHBIC METOIBI. 6 |8 |2 2 2 1
12 | DnexTpoH-poHOHHOE 6 |8 |2 |2 2 1
B3aWMO/ICICTBHUE.




13 | DnexTpoH-(hOHOHHOE 6 8 |2 |2 3 1
B3aUMOJICHICTBHE B HWOHHBIX
KpHUCTALIaX.
14 | CBepxnpoBOIUMOCTb. 6 8 |2 |2 2 1
15 | CBepxnpoBOIUMOCTb: 6 9|2 |2 3 2 + +
MHUKPOCKOIIUYECKAs TEOPHSI .
16 OnTuueckue cBoiictea 6 |8 |2 |2 2 1 + +
KPUCTAJIJIOB.
17 | KBanroBas Teopust 6 |8 |2 |2 3 1 + +
ONTUYECKHUX CBOWCTB
KPUCTAIJIOB
OO0mas  TpPyJOEMKOCTh, B 108 34| 34 40 19 | ITpomexxyTOoUuHas
yacax dopma
3auer +
3aueT ¢ OLeHKOoI
DK3aMeH

4.2. Conep:xkaHue TUCHUILINHBI «DU3HKA KOHAEHCHPOBAHHOIO COCTOSIHUS

Tema

Coneprxkanue

Jluteparypa

1. Beenenue. OcHOBHBIE
OHATHS.

TpaHcnalMOHHAsT CUMMETPUsl, OCHOBHBIE BEKTOPBI
TpaHCIALIMHI, dJIeMEHTapHas sueika, sueiika Burnepa-
3eiiTiia, oOpaTHas pemieTka, nepsas 30Ha bpuiuiosHa,
cUCTeMa eIUHUI] (ATOMHAs, PENIATUBUCTCKAS)

[1]-[6]

2. OCHOBHBIE TOJIOKEHMUS
(U3KUKHN TBEPAOIO TeNa.

MEePUOJNYECKHI MOTeHIMal, Teopema bioxa, 30HHas
CTPYKTYpa, JUCTICPCUOHHAS 3aBHCHMOCTD,
knaccupuKalus  TBEPAbIX  Tel.  JJIeMEHTapHbIe
BO30yxaeHusi. KBa3nyacTHIlbI

[1]-[6]

BOJIHOBBIE (DYHKIIUH.

Bapuauvonssii npuHnum. YpasHeHus Xaprpu-dDoka.
OOMmeHHast SHeprusl.

3. KgantoBas 3amaua|OOmuias GopMyIHpOBKa KBAaHTOBOM 3a1a4uu MHOTHX Tedl. | [1]-[6]

MHOTHUX TeEIL. MHOro3neKTpoOHHOE YpaBHEHHUE [Ipenunrepa,
["aMusIbTOHMAH.

4. Amnabatnyeckoe PazjeneHue aTOMHBIX M 2JICKTPOHHBIX KOOPIUHAT. [1]-[6]

npUOIMKEHHUE.

5. OIHOAIEKTPOHHOE Banentnoe npubmmkenue. Bapuanmonusiit npunimi | [1]-[6]

MpUOIHKEHUE. Purma. VYpaBuenus Xaprtpu. CamMocoriacoBaHHBII
MOTEHIIHAI. Pemenne «CaMOCOTIIaCOBAHHBIX»
YpaBHEHUH.

6. Onpenenurens Cmiitepa. Boruncnenune cpennux | [1]-[6]

AHTHCUMMETPU30BaHHbIC | 3HAUCHUH € JCTCPMHHAHTHBIMH  (YHKIUSIMH.

7. Teopusa dyHKUMOHANA
IInotHOCTH

9H€KTpOHHaH IJIOTHOCTL, OMNPCACICHHUC, OCHOBHBLIC
cBoiictBa. IlepBas teopema XosuOepra-Kona. Bropas
teopema XosHOepra-Kona, BapHallMOHHBIM TPUHIHIT
JUISL AJEKTPOHHOW IUIOTHOCTH. DYHKIMOHANT MOJTHOU
SHEPTUH.

[1]-[6]




8. Metox Kouna-I1Isma.

ITocTpoenue
HCIIOJIB30BAHUEM
HEB3aMMOJEHCTByOMNX 4YacTull. YpaBHeHus Kona-
[Isma. OOMEHHO-KOpPEISLIMOHHAS SHEPIUS.

dbyHKIMOHATA
(UKTHUBHOM

SHEPIrUU C
CUCTEMBI

[1]-[6]

9. Metonsl perieHus
YpaBHEHUH 30HHOW TE€OpUHU

OOmass  ¢opmynupoBka  3agaun.  basuchble
¢ynkuuu.  CekynspHoe  ypaBHeHHe. Meron
IUIOCKHMX BOJH. MeTOJ IPHCOETNHEHHBIX TIOCKHX
BOJIH. MeToJ OpPTOTOHAJM30BAHHBIX IUIOCKHX
BouH. [lceBnonorennuai.

[1]-[6]

10. JIuneiupie METOBI.

JIuneapuszanusi. JIuneiHbIi
MPUCOCTMHEHHBIX TuTockuX BoJH (JITIIIB).

METOA

[1]-6]

11. IpuOarmxeHHBIE METOTBI.

DNeKTpOH B IMyCTOM pemieTke. MeTon CuiIbHON
CBs3M. MeTo MOYTH CBOOOIHBIX 3JIEKTPOHOB.
DddexTuBHas macca. Teopema Banbe.

[1]-[6]

12. DneKTpoH-(HOHOHHOE
B3aUMO/ICHICTBHUE.

OOmue cBOWMCTBAa B3aMMOJICHCTBHS 3JICKTPOHA C
KoJiebaHusiMu pemeTku. Tenzop nedopmanuu,
JIOKaJIbHOCTH. JleopManmoHHbIH MOTEHIIAAI.
I'apmoHnueckuit OCLUJLIATOP. Bropuunoe
KBaHTOBaHUE, ornepaTopbl POXKACHUS u
yHUUYTOXKEHUs. [loHATHE MOJEBBIX OMEPaTOpPOB.
l'amuapTOHMAH A7 YacTHUI] € 2-X U 4-X 4aCTHYHBIM
B3aMMO/ICCTBUSMU. TI'amunsTOHMAH
HEeB3aMMOJeHCTBYOMUX (GOHOHOB. ['aMuIbTOHUAH
B3aUMOJICHCTBUS JJIEKTPOHOB ¢ (OHOHAMHU B
MIpe/ICTABJICHUH YHCell 3amoyiHeHus. [ 'paduueckoe
IIpEJICTaBIICHUE, JAarpaMMal deitHMaHa.
[Ipocrerimue THUIIBI B3aUMOJICUCTBUIL.
BupryanbHbie QOHOHBI.

[1]-[6]

13. OneKTpoH-(OHOHHOE
B3aUMOJICHCTBUE B WOHHBIX
KpHUcTajiax.

B3aumoneiictBue oanektpona ¢ aedopmarueit
pelieTKh B cllydae BUJIBHOM CBSI3U. OJIEKTPOH-
(oHOHHOE B3aUMOJICUCTBUE B HMOHHBIX
kpuctauiax. [lonsgpon. Moaens @pennxa.

[1]-[6]

14. CBepXmpoBOAMMOCTh

Kputnueckast temneparypa. O¢ddexr MeiicHepa-
Oxkcendenpaa. Teopust JloHmoHOB. YpaBHEHUS
JlonpoHoB. IIpOHMKHOBEHHE MAarHUTHOTO IIOJS
BHYTpb cBepxmpoBoiHuka. Teopus ['mH30ypra-
Jlanpgay.  Ilapamerp  mopsaka.  YpaBHEHUs
['un3bypra-Jlangay.  JlnimHa ~ KOTepeHTHOCTH.
CsepxnipoBoanuku 1-ro u 2-ro poaa. KBantoBanue
MAarHUTHOTO IOTOKa. DIIFOKCOH.

[1]-[6]

15. CBepXnpoBOUMOCTb:
MHKPOCKOIIUYECCKass TCOPH.

OnexTpoHHOE NpuUTsHKeHHE. KynepoBckue mapsl.
N3oronunueckuit a3 ¢exr.

[1]-[6]

16. Onruueckue CBOKMCTBa
KpHCTAJIJIOB

Buapl B3auMOIENCTBUSL CBETa C TBEPABIM TEIIOM;

OIITUYCCKUC KOHCTaHThI, TIOIJIOIICHUEC CB€Ta
KpucrajuiaMu, COOCTBEHHOE TIOIIOIICHUC,
OKCHUTOHHOC TIOTJIOIICHHC, HOIJIOIIICHUEC
CBOGOI{HHMI/I HOCUTCIISIMU, IMPUMCECHOC

[1]-[6]




IIOTJIOIICHHUE; pelerouHoe IIOTJIOLLICHHUE.
PexomOuHanmonHoe U3JIy-4eHHE B
MOJIyIIPOBOTHAKAX. MeX30HHAs pPeKOMOWHAIHS.
PekoMOuHanus 4depe3 JOKaTU30BAaHHBIE LIEHTPBHI.
OKcUTOHHAsT  pekoMOuHaius.  TBepIOTeNbHbIC

Ja3ephl.
17. KBanroBast ~ Teopus | OOmmii  TEOpEeTHUYSCKUI  aHanu3 MEK30HHBIX | [1]-[6]
OINTHYCCKHUX CBOMCTB | ONTUYECKUX IePEX0/I0B; JIMIIOJIbHOE
KPHUCTAJIIOB NpUOJIMKCHNE; BEPTHKAIbHBIC MEPEXOJIbI; CBA3b C
OINTHYCCKUMHU KOHCTaHTaMH. Onrtuyeckue

CBOMCTBA KPUCTAJLIA KPEMHHUSL.

IIporpaMmma QM COUIIHHBI.

BBenenue. KoHneHCHPOBAaHHOE COCTOSIHME BEIECTBA. BUJIbI KOHIEHCUPOBAHHOIO COCTOSIHMSL.
Teepable Tena, xkuIKOCTH U aMmop¢Hble Tena. CTpyKTypa TBEpAbIX Tell, KUAKOCTeH U aMOp(HBIX
ten. Kpucrtamisl. MOHOKpUCTAIUIBI M OJUKPUCTAJUIMYECKUE BEIIECTBA.

CuMmmMmeTpuyeckue M CTalliOHapHbIE COCTOSHUS KPHUCTAIOB. AaMabaTU4YeCKUH IPUHIMIL
IIpocTpancTBeHHass pemieTka KpucrawioB. Hampasinenus B kpucramie. Mupgexcsl Mwepa.
OCHOBHBIE THIBl KPUCTAJUIMYECKUX peleTok. fueiika Burnepa — 3elitna. OOpaTHas perieTka
KpUCTAIUIOB. TpaHCISIMOHHAs CUMMETPUS KPUCTAILIOB.

OCHOBBI 30HHOW TEOPUH TBEPABIX TEIL.

OOHORIEKTPOHHBIE COCTOSTHUS B KpUCTAJUIE. DJIEKTPOH B nepuoanydeckom nojie. Oynkuuu bnoxa.
CBolicTBa BOJIHOBOIO BEKTOpa 3JEKTpoHa B Kpucramie. Kasummmynbc. 30HbBl bpuintosHa u
noBepxHocTh ®epmu. Oueprus depmu OHeprernyeckue 30HbI. MeTayuibl, AMAIEKTPUKU U
HOJYNPOBOIHUKU. DddekTuBHas Macca 37MeKTpoHa. CTaTUCTHKA 3JEKTPOHOB B TBEPIBIX Telax.
Oynkunu pacnpeneneHus Pepmu. XuMUYECKAN TOTEHIIUAT.

JledexThl B TBEpIBIX TENAX.

Knaccudukanus nedexros. Tennosble Toueunsle aedextsl. Jedextsl mo dpenkento. JledexTs! mo
[HotTku. Jucnoxanun. Kpaesble 1 BUHTOBBIE TUCIOKALINH.

DNeKTpUYeCcKUe CBOMCTBA TBEPABIX TEN.

[Tpumecn. JIOHOpHBIE M aKLENTOPHBIE NIPUMECH. DHEPreTUUECKNE YPOBHU IPUMECHBIX aTOMOB B
kpucrauie. HepaBHOBECHBIE AIEKTPOHBI U ABIPKH. PaccesHus HocuTeneld 3apsja, IpOBOJUMOCTb U
KMHETUYECKUE CBOMCTBA METAJUIOB, JUAJIEKTPUKOB U MTOJIYIIPOBOIHUKOB.

DnekTpoH — DOHOHHOE B3aMMO/ICHCTBHE.

@®ononbl. Wmnynsc PoHoHa. AKycTHdyeckue U onTuueckue (GoHOHbL [lna3mMeHHbIE BOIHBI,
r1a3MoHbl. Konaencanyu 6030H0B. CBEpXTEKyUeCTb.

IIpocTpaHcTBEHHAs IUCIIEPCUS U IIPOXOKACHUE CBETA Yepe3 KPUCTAILIL.

B3anmopeiicTBie cBeTa C KPUCTAUIMYECKON pPEMETKOW, mnojapoHbl. [lomspon @penwuxa.
O¢ddextuBHas Mmacca mnossgpoHa. OkcuToHbl Dpenkens u Bawbe. Ilomsputon. Onrtuyeckue
CBOMCTBA METAJJIOB, JUAIEKTPUKOB U MOJYNPOBOAHUKOB. [[0OBEpXHOCTHBIE COCTOSIHUS JIEKTPOHOB.
CocTosHUS 2JIEKTPOHOB B CTPYKTYpax ¢ MOHWKEHHON Pa3MEPHOCTBIO

Conep:xxaHue NPaAKTHYECKUX M CEMUHAPCKUX 3aHATHH.

3anamue [I. CtpykTypa U cuUMMETpus KpuctaiuioB. Pemerka bpaBs. OCHOBHBIE BEKTOPBI
TPaHCIIALUN.

3anamue 2. YmnakoBka aToMOB B Kpucramiax. KosadduuueHT ymakoBkM mjis pemeTok bpaso.
Atomusble iockoctu. Muaekco Beiica.

3anamue 3. OOpatrHas Pemerka. OCHOBHBIC BEKTOPHI TPAHCIANHMK OOpaTHOM pemieTKH. 30Ha
bpuitosHa.



3anamue 4. O6umme cBoiictBa ypaBHeHus lllpenunrepa i mepuoJUMUECKUX cHCTeM. Teopema
bnoxa. biioxoBckue GpyHknuu. Kp-raMuibTOHHAH

3ansamue 5. Monens Kponura-IleHHu. DHepreTuueckue 30HbI.

3anamue 6. Meron miockux BoJiH. [lepronuueckuid moTeHiuan. 30HHAs CTPYKTypa B METOJIE
IJIOCKHUX BOJIH.

3anuamue 7. OCHOBHBIE IEKTPOHHBIE XapaKTEPUCTUKH: 3(PPEeKTUBHAS Macca, CKOPOCTb.

3anamue 8. Meton cuibHOM cBA3u. PyHkiuu BanHbe. 3aauv Ha BBIYMCIIEHUE JHUCIIEPCHOHHON
3aBHUCUMOCTH JUJISl IPOCTHIX CTPYKTYD.

5.00pa3oBaTe/ibHbIEe TEXHOJIOTUH

[Tpu mpoBeneHUM ayAMTOPHBIX 3aHATHH M OPraHU3allMM CaMOCTOSATENIbHOW pabOThl CTYIEHTOB
UCTIONB3YIOTCS 00pa3oBaTeIbHbIE TEXHOJOTHH IS peaju3allid KOMIIETEHTHOCTHOTO TOJXO0/a C
UCIOJIb30BAaHUEM B y4eOHOM IPOLIECCE AKTUBHBIX M MHTEPAKTUBHBIX (POPM NMPOBEACHMS 3aHATHH B
BUJIE KOMIIBIOTEPHBIX CHUMYJIALIMN, JIE€JIOBBIX U POJIEBBIX WIP, Pa300p KOHKPETHBIX CUTYyallHi,
IICUXOJIOTMYECKME W HWHbIE TPEHUHIW, MO3TOBbIE IUTYpMBl IIPU U3YYEHHUU  BIUSHUA
AJIEKTPOMAarHUTHBIX BOJIH Ha YEJIOBEKAa C 1IN0 (POPMUPOBAHUSA U PA3BUTHUS MpOodeccroHaTIbHbIX
HAaBBIKOB CTYZCHTOB.

6. Y4eOHO-MeTOAMYECKOEe  O0eclevyeHHe  CaMOCTOSTeIbHOH  pPadoOThl  CTY/AEHTOB.
OueHoYHbIe CPEICTBA I TEKYIIEro KOHTPOJISI YCIIeBAeMOCTH, POMEKYTOYHON aTTecTalnu

o UTOraM OCBOCHHUs JUCHUIIJINHBI.

6.1. Ilnan camocTOATEILHOM PA0OTHI CTYIEHTOB

Ne | Coneprkanue caMOCTOATENHHOM PaboOThI Kon-Bo dopma OtmeTka 0
4acoB KOHTPOJIA BBITIOJTHCHUH
1 Cxema mnpuBeneHHBIX 30H. [lepmommueckas | 3 YcrHoe
30HHAas CXeMa. co0eceioBaHNE

2 IToBepxHocts PepMu B  MeTaiax ¢ | 2
rpaHElEeHTPUPOBAHHOMN KyOu4eckoun

CTPYKTYpOH.

3 DOHEPreTUYeCKHid  CIIEKTP  JJIEKTPOHOB B | 2
kpuctaine. Monens Kponura- Ilennn

4 | qucnoxamus. Kontyp u Bekrop broprepca. 2
5 Heympyroe  paccesnue  ¢otoHoB  Ha | 4 orpoc
aKyCTH4YecKuXx  (OHOHAX, Heynpyroe

paccesHue  HEHUTpPOHOB  Ha  (HOHOHAX,
HEYIIPYTOe pacCestHHe PEHTTCHOBCKUX JTy4en
Ha (oHOHaX

6 Buasl B3auMopeiicTBuil cBeta ¢ TBeEpAbIM | 4
TEJIOM.

6.2. MeTonnueckne yKa3aHusl 110 OPTaHU3ALUH CAMOCTOSATEIbHOM Pa0OThI CTYICHTOB
[lenplo camMOCTOATENBHONW pPabOTHI SIBIAETCS CaMOCTOATENBHOE MPUOOPETEHUE HOBBIE 3HAHUN U

BBIPa0OTKA CMOCOOHOCTH K TIIOCTOSTHHOMY CaMOOOYYEHHIO W CaMOCOBEPIICHCTBOBAHHUIO B
poeCCHOHAIBHON U COIMAIBHO-00IIIECTBEHHBIX cepax AesTeTbHOCTH.




CamocrosrenbHas yueOHast padoTa nmpeacTaBiIeHa TakuMH popMaMu ydeOHOTo mpoliecca, Kak
JeKIMsI, CeMHMHAp, MPAKTUYECKWE M Ja0OpaTOpHbIC 3aHATHS, SKCKYPCHH, MOATOTOBKA K HHM.
CTyIeHT JODKEH YMETh BECTH KpaTKHe 3aliCH JIEKLUH, COCTABIATh KOHCIICKTHI, IUIaHBl M T€3UCHI
BBICTYIUICHHH, TOIOUPATH JIUTEPATYPY H T.1.

Hayunast camocrosiTennbHast paboTa CTyI€HTa 3aKJII0YaeTCs B €r0 Y4acTHU B paboTe KPYKKOB
Ha Kadeapax, B HayYHbIX KOH(EPEHIHIX Pa3HOTO YPOBHS, a TaKKe B HANMCAHUU KOHTPOJIBHBIX,
KYPCOBBIX U BBIITYCKHBIX KBAJTU(PUKAIIMOHHBIX (IUIUIOMHBIX padoT) paboT.

CamocrosiTeJbHAs paﬁoTa CTYACHTOB BKJIIOYAECT CJIECAYIOIINE KOMIIOHCHTBI:

NoNe Kon-Bo dopma
HaumenoBanue paboThl
n/a 4acoB KOHTPOJIS

IIpopaboTka JEKIIMOHHOTO

1 pop 18 3a4er
Marepuaia

3 [ToaroroBka k J1a00paTOpHBIM 18 Jlotyck K Kak10i 1ab0paTopHOi
paboram paboTe U 3amuTa OT4eTa.

6.3. Martepuanbl AJsi NPOBeJeHUS] TEKYWIero M IPOMEKYTOYHOI0 KOHTPOJISI 3HAHUM
CTYEeHTOB

KonTposabHble 3agaun.
1. Crpykrypa ammasa. CKOJBKO aTOMOB COAEP)KUTCS B T'PaHEICHTPHPOBAHHBIA KyOHYECKOM
3JIEMEHTapHOU siueike?
2. Ocp cummerpust mopsiaka. Kpucramumdeckas pemieTka HE MOXET UMETh MOBOPOTHYIO — OCh
CUMMETpPHUS IATOro Nopsika. JlokaszaTb 3TO yTBEp)KIACHHUE.
3. OnpenenuTh, KaKue IEMEHTH CHMMETPUU UMEIOTCS B KyOe, a Takke B KyOe, TpaHH KOTOPOTO
3alITPUXOBAHbl TaK, YTO HANpaBlIeHUs IITPUXOB HA MEPECEKAIOIIUXCsl TpaHAX  B3aUMHO
NepIEHANKYIISPHBIL.
4. OnpenenuTh MEXIUIOCKOCTHBIE PACCTOSIHUS B KyOUUYECKOH pelIeTKe B ceMeHcTBaX IIOCKOCTEH ¢
unaexcamu (100), (110), (111) u (112).
5. BeiBectH 3akoH 30H ( 3akoH Beiicca), koTopsiii rimacut: eciau [uvw]- ock 30HbI, a (hKl) — rpans
9To# 30HEL, TO hu + kv + lw = 0.
6.ITpuBecTH BhIpaskeHUs AJIS MApaMETPOB SUYEEK MPSAMOM M OOpaTHOM PElIETOK BCEX CHCTEM, UX
MEXIJIOCKOCTHBIX PACCTOSSHUN U 00BbEMOB 3JIEMEHTAPHOM STUEHKH.
7. Ilokasatsk, uTo B Kyondeckoii cucreme Hanpasienue (hkl) mepnennukynspro x rpanu (hkl).
8. Jloka3zath, 4T0 B KyOMUecKoi cucteme yron ¢ Mexay Hopmamsimu k rpaas (hikily) u (h2kelz)
ompezensercs GopMyIIO:

hh, + kk, +11,

JhZ k2 +12)(h2 + k2 +12)
9. BoiBecTu BbIpaxeHue i 3Hepruu depmu 1ist MOJENU CBOOOIHBIX JIEKTPOHOB MeTajla Mpu
a0COITIOTHOM HYyJIE TEMIIEPaTypHI.
10. Cumuras cepeOpo OIHOBAJCHTHBIM METAIOM cO cdepudeckoil mnoBepxHocThio Depmu,
BBIYUCIIUTH CICAYIOIUC BECIINYNHBI:

1. srepruto @epmu u Temrneparypy Pepmu;

2. ckopocTh Pepmu;

3. CpeAHIO0 UIMHY CBOOOIHOTO Mpobera 3J1eKTPOHOB

MIPU KOMHATHOM TeMIepaTrype ¥ BOJIM3U aOCOTIOTHOTO

HYJI TEMIIEPATyp;

4. o6bem mepBoii 30HBI bpuitrosHa.

CoS ¢ =




Hcnons30BaTh B pacyeTax CieAylollue JaHHble 11 AQ: miotHocts 10,5 r'eM™; aToMHBIH Bec
A=107,87; ynensroe conpoTusienue p= 1,61-10°0m cm mpu 295%K 1 0,0038:10° Om-cm mpu 20°K
11. DnekTpoH IBUXKETCS B OJAHOMEPHOM IMEPUOJUYECKOM IMOTEHLIMAIBHOM IIOJIE, CO3aBaEMOM
aTOMaMU, HaXOASIIUMUCS Ha paccTosHuU d IpyT OT Apyra.

[Tokasath, YTO BOJIHOBBIC (PYHKIIMU DIIEKTPOHOB MOTYT UMeTh BHI U (X) exp (ikx), rae u (X)
— (yHKUUS TOM XK€ MepUOAUYHOCTH, YTO U MoTeHuuain. [Ipeamnonaras, 4To B TPEXMEPHOM Cilydae
BOJIHOBast PyHKIIMS UMeeT aHanornyHbiii Bua: U (r) ekx (ekr), ompenenuTts 3HaYCHHUS BOJHOBOTO
BeKkTOpa K /17151 rpaHelieHTPUPOBAHHOM KyOUYECKON PEIIeTKH.
12. 3ona bpummosHa pomOuueckor pemetku. IlycTh pomOuueckass pemieTka HMEET TpHU
NPUMHUTUBHBIX OCEBBIX BekTOpa a=b5X, b=2y, c=z, nnuHa KoTOpBIX BBIpakarTcs B . OmnpeneinTh
pasmepsl U GOpMy OIPEeTUuTh pa3Mepsl U hopMy IIepBoOii 30HbI bpuiutosHa.
13. Tlokaszath, 4TO Ha TpaHUIAX TEPBOM 30HBI bpriT03HA BOJIHOBBIC (YHKIMH CBOOOJIHOTO
9JIEKTPOHA B OJHOMEPHOM MEpUOANYEecKOl pemieTku ¢ nepuogoM d BeipokaeHbl. [lokaszark, 4To
€CJIM KaX[Iblii aTOM BHOCHT MaJlo€ BO3MYILIEHHE, TO B MEPBOM NPUOIMKEHUU IO BO3MYIIECHUIO
BOJIHOBbIE (DYHKIIMM HA IPaHMIIE 30HBI IPOTIOPLIMOHAIBHBI.

. NzX nNzX
sin—— u Cc0S—— (N — 1esnoe Yucio).
d d

14. Tloka3arb, 4TO B CiIy4ae, KOTJa JBUKEHHE AJIEKTPOHA B KPUCTAJUIE MOXKHO paccMaTpUBaTh Kak
pacrnpocTpaHeHHe IUIOCKON BOJIHBI exp(ikr), KBaHT 7K COOTBETCTBYeT MUMMyJbCy. [lokazaTrs, 4To
€CJIM Ha KpUCTAJLJI JCHCTBYET BHEILHEE 3JIEKTPUUECKOE I10JI€, TO CKOPOCTh U3MEHEHUS! UMITyJIbca B

3aBHCHUMOCTH OT BpPEMEHHU TaKOBa, YTO JIEKTPOH MOXKET paccMaTpUBAaThCs KaK YacTHIlA, OOpaTHas
Macca KOTOPOM SIBJISIETCS TEH30PHOW BEJIMYMHOM, UMEIOIIEH KOMIIOHEHTHI:

(7)o
m); h® okok,

15. Bpuncanth paBHOBECHYIO KOHIeHTpauuto a) aedexrtos Illortku; 0) nepexro dpenkens B
KpHUCTAJLIE.

CocraB u coaep:kaHue 33/IaHUI, 32124, KOTOpPbIe PeAyCMOTPEHBbI JJI pelieHus U pa3dopa
HA 3aHATHAX.

Sanusmue 1.

3azmaya 1. M300pasuts CTPYKTYpy KpPHCTAILIA, UL KOTOPOTO BEKTOPHI TpaHcusuuu (a,,a,,a,) u

aromusiit 6azuc (A, B) ompenensirores ciemyromumm 06pazom:

11
al =a O,E,E
a, =a(1,0,0) A=2a(0,0,0) =[000] A=2a(0,0,0)=[000]
a) a, =a(0,1,0) 111 111 6)a—a10l 111 111
2_ 0 Bza(_’_,_j=|:___} 2_ 2' ,2 B=a(_’_,_j=|:___}
a; =a(0,0) 2 22 2272 11 2 22 222
a;=a —,—-,0
2 2
a, =a 0%%)
L1 A=2a(0,0,0) =[000]
a,=al —,0,—
B) @, 2 2) B=a(l,l,lj={lll:|
4 4 4 444
11
a;,=a —,—,0
2 2 j

3agaya 2. OmnpencauTh YHCIO aTOMOB B PAaCIIMPEHHOW 3ieMeHTapHON sueiike, tuma NaCl,
umeronieit popmy kyoa.



3aoaua 3. Ilycte a,,a,,8,; - BEKTOPbI TPAaHCIALUN HEKOTOpoH pemeTku bpaes. Omnpenenum Tpu
BEKTOpa

u, =lha, +ma, +na,

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

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

rae |;, m;, n; - mensre uncna. [TokaszaTs, yTo eciu

Il ml r]1
I, m, n,=N,
|3 m3 n3

rae N — menoe ymcno, To BeKTOpbl U;,U,,U, 00pa3yloT HEKOTOpBIH HOBBI HAOOp OCHOBHBIX

TPAHCIIAIUN U HAalTH 00BEM DIIEMEHTAPHOU STYEHKH, TOCTPOCHHON Ha TaKUX BEKTOPaX.

3anaua 4. [lokaszarpe, 4T0 0OBEMHOICHTPHPOBAHHAS KyOHMYecKasi perieTka MOXKeT OBITh pasJieseHa
Ha JBE IpOCThle KyOuueckue pemerku A U B Tak, 4ro HU onHa mapa Ommxaliux cocenei B
UCXOJHOMN peleTke He okaxercs B pemerke A unu B. Ilokasars Takke, yTo nmpoctas KyOudeckas
peleTka MOXKET pacCMaTpPUBATHCS Kak JIBe T'pPaHEICHTPUPOBAHHEIE, a TpaHeleHTPUPOBaHHAs Kak 4
IPOCTBIX.

3anamue 2.

3amaga 1. J{nst cTpykTypsl anMasa (canepura) HAWTH BEIMYMHY TETPadIpHIecKoro yria A-B-A.
3amaya 2. Haititu kosduIMEHT ymakoBKU Al TPOCTONW, OOBEMHOLIEHTPUPOBAHHOW U
rpaHEIICHTPUPOBAHHON KyOMYECKOM PEIIeTKH.

3anamue 3.

3agaya 1. [IpsAMbIM pelieHreM ypaBHEHHS (ai,bk):27z5ik, M0Ka3aTh, YTO BEKTOPBI TPAHCISALIUN

00paTHOM peLIeTKU ONpeAestoTcs (GopMyTaMu:
[a;,a,]
b, =27 e
(a;.[a,,a,])
rae i,j,K — muknmyeckue nmepecraHoBku uncen 1, 2, 3.

(27)°

0

3agaua 2. Iloka3ate, uro 00beM mnepBoW 30HBI bpummosHa €, = , rae Q, - o0bem
AJIEMEHTapHOM TYEHKH pemieTkH bpas.

3anaua 3. [Tokasate, 4yTO pelieTka, oOpaTHast K 00paTHOM, COBMAZAET C HCXOAHOM pemeTkoi bpasa.
3anamue 4.

3agaua 1. [TomyuuTh MpaBUILHO HOPMUPOBAHHBIE OJHO/IETEPMUHAHTHBIE (GYHKLINHU cucTeMbl u3 N
YacTHUII C TIOJYLIETBIM CIUHOM ((hepMHU-YaCTHIIbI)

3anaua 2. [TonyuuTh MpaBUILHO HOPMUPOBAHHBIE OJHO/IETEPMUHAHTHBIE QYHKINHU cucTeMbl u3 N
YaCTHI] C LEJIBIM CIIMHOM (003€-4aCTHIIbI).

3amada 3. [lomyunTs BBIpaK€HHE I SHEPTUH B MeToJe XapTpu-Poka yepe3 OJHONIEKTPOHHBIE
(GyHkuun cucteMbl N 3JIEKTPOHOB, HAXOAAIMXCA B Toue saep 3apsaga Z,,J =1,...M .

3ajaya 4. C HOMOLIBIO BapUALMOHHOTO METO/A, HMCIOJb3ysl (DYHKIMOHAN JHEPrHH, MONYYHUTh
ypaBHeHus Xaptpu-doka.

3azaua 5. Tloka3zarts, uto ypaBHenue lllpeauHrepa ajs MepHOIMYECKOIl YacTH BOJHOBOW (DYHKIUH
¥, () MOXXHO 3ammcaTh B BUsIE

(P + hk)?
2m
rae v, (r) =e™u, (r).

3anamue 5.
3amaya 1. [Tokaszats, 4TO AJIT OTHOATOMHOTO KpHUCTasIa, PYHKIHS, TOCTPOCHHAS KaK

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



@, (r)= “(r-a),

1
=2
N 3
rae @(r)- GyHKUWH, JOKaIM30BaHHBIC B OKPECTHOCTH Y3JIOB DEIIETKH, SBISACTCS BIIOXOBCKOI

byHKIHEH.

3aiaya 2. PaccmoTpeTs 0JHOMEPHYIO MOJIENIb KPUCTALIA C MOTEHIIMAJIOM BU/IA!
U,, O<x<p
U=y
0, —-g<x<0
U TMEepPHOJIOM penieTku a= P+ (. Haiitu BoiaHOBBIE (DYHKLMH, CHEKTP IHEPrHil U pPaccMOTPETh
npezenbHbli caydail p—0,U, — oo, Tak yro U, p =Const .

3anamue 6.
3agaua 1. Mcronb3yst MeTOJ IUNIOCKMX BOJIH, HAHTH CIIEKTP 3HEPruil B OIHOMEPHOM KpHCTasIe 1Jis
3HaYeHUH BOJHOBOTO BEKTOpa Ha rpaHUIle 30HbI bpuiuosHa.
3anaua 2. [Toka3aTh, 4TO Ha I'paHHUIAX MEPBOM 30HBI bpuiuitosHa BOJIHOBBIE (DYHKIIMM CBOOOTHOIO
AJICKTPOHA B OJIHOMEPHOM PEIIETKE C Mepruo10M d BBIPOXKICHBI.
3agaua 3. PaccMoTpeTs 3a7auy 0 2-X MEPHOM 3JIEKTPOHHOM rase U
a) MOKa3aTh, YTO KWHETHYECKas SHEPrUs JJIEKTPOHA B «YIIy» 30HBI bpmutosHa B 2 pasa
Oosblle, YeM Ha cepeluHe CTOPOHBI;
0) HalfTH 3TO OTHOIIEHHUE IS 3-X MEPHOTO CITyYasi.
3anamue 7.
3anaya 1. [lokazarp, 4yTo Uit J1IFOOOTO COCTOSTHUS AJIEKTPOHA B KPUCTAJLJIE TPYIIOBasi CKOPOCTh B
nBa pasza Oosbiie (a3oBoil ckopoctu. HaliTM cooTHomeHHe Mexay TIpynmnoBod U  (azoBoi

CKOPOCTBIO, eciy 3aKkoH aucnepcun umeet Bua £(K) = Ak? + Bk*, a Taxoke mokasats, uto V, =V,,
eciu
_2A?

E =
9B

3anaua 2. IToka3aTh, 4TO I KaXIOi SHEpreTHdeckoil 30HbI cymectByer 2N ° COCTOSIHU,

3
w

MPUXOAAIIUXCA Ha €IMHUILY 00beMa 00paTHOTO MPOCTPAHCTBA.

Sanamue 8.

3amaya 1. Jloka3aTb CBOWMCTBO «TpaHCHsAuu» GYHKIUA BaHHbe OIS OZHOMEPHOTO ciyyas:
®, (X) = @, (X —na), rae N — HOMep y3J1a OTHOMEPHOM PEILIETKH C MEPUOIOM a.

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

3amaya 3. Berumcnute ¢GyHKuuu BanHbE 11 cioydyas HpocTod KyOMUYECKOMl pemieTku, Korjaa
bnoxoBckas (GyHKIMS 3aaeTCsl TUIOCKON BOJTHOM (3JIEKTPOH B IYCTOM peIIeTKE).
3anaya 4. Jlnsa npocToil KyOWYecKo pemieTku ¢ AIMHOW pedpa a BBIYUCINUTH 4 HIDKHUX SHEPIHH

o T
CBO60}IHBIX OJICKTPOHOB, €CJIM BOJIHOBOW BCKTOP B CXEMCE MPUBCACHHBLIX 30H MMCCT MJINHY 2—I/I
a

NEPICHIUKYISPEH TPaHu Kyoa.
3agayva 5. Mcnosib3ys BeIpaK€HHE UL SHEPTUH B METOJE CUIBLHON CBSI3U

zh(n)eikn
+ zs(n)eikn

rze n(n,n,n;)=na, +n,a, +n,a,, a Ttakxe cumras Bemumuuasl N(N), S(N) mapamerpamu,

e(k)=¢,

HOJIyYUTh B TNPHOIMKEHUM ONIVKAMIIMX cocelel sBHBIE BhIpaxkenus i QyHkumu £(K)
oanoaromHuoro kpucramia ¢ [IKP, OLK u 'K pemeTkoii.

3amaua 6. [lomyuuTh BeIpakeHWE mJIs1 TEeH30pa 3(PPEKTUBHON MacChl KpHCTala C MPOCTOM
KyOHWYeCKOH peIIeTKOM, ECITU CIIEKTp SHEPTHil UMEET BUJ



e(K) =

E, - 2A|cosk,a + cosk,a + cosk,a|

Y HaWTHU TpeenbHble 3HaYeHus it Touku K =0.

Bonpocekl u 3aganus 1Ji HHAUBUAYAJBLHONH M CAMOCTOSAITEILHOM padoThlI.

N

N kW

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.

Hatb onpenenenue pemetku bpasa.

Kakue cBoiicTBa SBISIOTCS OOLIMMH JUTsI TIPUMHUTHUBHOM sTUeiKH U stueiiku Burnepa-3eiitia?
B uewm 3aknroyarorcs Ux oTanyus’?

SIBnseTcs U psiMast pereTka 0OpaTHO 10 OTHOIIEHUIO K CBOEH 0OpaTHOI?

Kak Bbrmcisercss 00beM 2JIEMEHTapHOH sSTYCHKn?

Kak Beruncinsercst oo0bem siueiiku Burnepa-3eittia?

VYka3aTh YMCIIO IEPBBIX U BTOPBIX COCEEH ISl MPOCTOM KyOMUECKOU PEIIeTKH.

VYkazarp uncio OmmKaiimmx coceieit A rpaHeleHTPUPOBAHHON KyOMYEeCKON PeIeTKH.
VYkazath uyHcno Onmxalmux coceneil s 00BEMHO-LEHTPUPOBAHHOW KyOMYeCcKOU
PELIEeTKH.

N3o6pasuts maockoctu [100], [110], [111] ans mpocToii KyOHMUecKo# petieTKy.

3a cyeT Kakux B3aUMOJIEHCTBUMN CTAOMIM3UPYETCSl KPUCTAJUIMYECKash CTPYKTypa MOHHBIX
KpUCTAJUJIOB.

MoxeT 1 ObITh CTAOWJIBHBIM KPHUCTAILI, aTOMbl KOTOPOT'O B3aUMOJCHCTBYIOT TOJBKO CO
CBOMMH OJIKaWIITUMU COCENIMHU ?

B 4em cocTouT npruposa KOBAJIEHTHON CBSI3U.

KakoB MexaHu3M BOJIOPOJHOM CBSI3H.

[TpuBecTH pUMepbl «CKEIETHBIX» KPUCTAJUIOB U YKa3aTh TUIl XUMHUUECKOHN CBS3HU.

Onucatp npupony B3aumojencTeus Ban-nep-Baanbca.

3amucaTtb OCHOBHOE YPaBHEHUE TMHAMUKH PEIIETKH B TAPMOHUYECKOM MPHOIMKEHHH.
[lepeunciuTh OCHOBHBIE CBOMCTBA PEIICHUM YpaBHEHUN TUHAMUKHU PEIIETKH.

B uem cocTout oTnMUMe akyCTUYECKUX KOJI€OaHUH OT ONTUYECKUX.

Kakoii Tun pereTounsix kojaeOaHui TPUBOJINUT K MOJSIPU3ALNN KPUCTAIIA U TTOUEMY.
VYka3aTh cBOHCTBA BOJIHOBOW (DYHKILIMHU AJIEKTPOHOB B KPUCTAJLIE.

CdopmynupoBats Teopemy bioxa.

Urto Ha3zwiBaeTcs brioxoBckoit pyHKImen ?

Kakue Tumbl KBa3u4yacTHI] MOTYT CYLIECTBOBATh B KpHCTAJLIaX ?

B uem cocTout MexaHu3m 00pa30BaHUs SHEPTETUUECKUX 30H B KpHUCTasuiax ?

Kak 30HHast TeopHst 0OBACHIET OCHOBHOE pa3iMyue METaJUIOB U TUAJIEKTPUKOB ?
N300pa3uth KaueCTBEHHO CXEMY YHEPreTUUECKUX 30H MOJIyMeTallia.

3anucaTb COOTHOILIEHHUE, CBA3BIBAIOIIEE BEKTOP CKOPOCTH JJIEKTPOHA U €r0 BOJHOBOM
BEKTOD.

Hatpe onpenenenue TeHzopa 3¢dexruBHoi Macchl. Kakoil Bua nMeeT TeH30p B KyOUUeCKUX
Kpucramax ?

Boruncnute 3QQeKTHBHYI0 Maccy 3JeKTpOHa B OJHOMEPHOM KpHCTalle C 3aKOHOM

macniepenn E(K) = E, + (E, — E,)sin’ a—zk

Beraucoute 3¢ PEeKTUBHYIO Maccy 9JIEKTPOHA U1 3aKOHa JHUCIIEPCHHU
E(k) = E, — E,(cos(k,a) + cos(k,a) + cos(k,a) —3).

Jlatb omnpenenenue MIOTHOCTH COCTOSTHHMA.

B 1yeM cocTouT MexaHu3M paccesHUs JIEKTPOHOB Ha KOJICOAHUAX PELLIETKH.

[Tepeuncnuth akToOpsl, MPUBOIAIINE K PACCESTHUIO JIEKTPOHOB B KPHCTAILIE.

YeM oTnMuaroTCs BOJIHOBAs (PYHKIUS TOBEPXHOCTHBIX COCTOSIHUN M BOJIHOBAsl (DYHKLUS 171
UJeaNbHOTO KpUCTaiIa ?

[Tepeuncnuth TUIBI 1€(EKTOB B TBEPBIX TEJIAX.

B yem cocrout orinune nedexra no dpenkento ot aedekra no Llorrku?



37.

38.
39.
40.

N300pa3uTh 4aCTOTHYIO 3aBUCHUMOCTb TUAJICKTPUYECKON MPOHUIIAEMOCTH ISl TUDJICKTPUKA
C MOHHOM TOJIsIpHU3aIliel U yKa3aTh MOJSPUTOHHYIO 00JIaCTh.

YKa3aTb OCHOBHBIE CBOMCTBA CBEPXIIPOBOMSILETO COCTOSHUS.

JlaTh KaueCTBEHHOE ONMCAaHUE MEXAaHM3MA BO3HUKHOBEHHSI CBEPXITPOBOIUMOCTH.
CBepXIpoBOIUMOCTh : Kakue (PaKTOpbl YKa3bIBAaIOT Ha OIPECIISIONIYI0 POJib KoJeOaHH
peueTku ?

Bonpocel no qpucuumimie «®u3uka KOHAEHCHPOBAHHOTO COCTOSIHUSD)

1.

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

25.

26.
27.

28.
29.
30.
31.
32.

33.

OcHoBHbIE MOHATUS (PU3UKK TBEPIOrO Tella: TPAHCIALMOHHAs CUMMETpHs, perierka bpasa,
OCHOBHbBIE BEKTOPBI TPAHCIIALUH, dJIEMEHTapHas siuelika, ssuelika Burnepa-3eiitua.
OcHoBHbIE TOHATHUS (U3UKH TBEPAOrO Teia: oOpaTHas pelleTKa, BEKTOPbl TPaHCISIUN
o0paTHO¥ pelieTku, 30Ha bpusutosHa.

OCHOBHbIE MOHATHS (U3MKHU TBEPAOrO Teja: MepUOAMYECKU MOTeHLuan, TeopeMa bioxa
(popmymupoBKka), 30HHASI CTPYKTYpA.

DnemeHTapHbIe BO30YykaeHus. KBazuuacTuiibl.

OO6mas hopMyJIMpOBKAa KBAHTOBOW 3aJaud MHOTHX TEJ, MHOTOXJIEKTPOHHOE ypaBHEHHE
[[Ipenunrepa.

Anmnabaruyeckoe npubImkeHue. PazneneHne aTOMHBIX U JIEKTPOHHBIX KOOPIUHAT.
OpnnosnexTpoHHoe mpudimkenue. Meroa Xaptpu.

AHTHCHUMMETpUYHBIE BOIIHOBBIE PyHKIMU. MeTon Xaptpu-Doxka.

Omnpenenenue u o0IIMe CBONCTBA 3JEKTPOHHOM MJIOTHOCTH.

. Teopus @yunkuuonana [Inornoctu: nepsas reopema Xosubepra-Kona.
. Teopuss ®yukumonana IlmorHoctu: BTOpas Teopema XosuOepra-Kona, BapuanrOHHBIN

IPUHLIHUIIL.
Meron Kona-IlIama. @yHkumonan sneprun. OOMEHHO-KOPPEISILUOHHAs SHEPTUsl.

Meron Kona-11Isma, ypaBaenus Kona-IlIsma.

Mertoznbl penieHus 30HHBIX YpaBHEHM: Oa3ucHbIe (YHKIMU, CEKYIISIPHOE YpaBHEHUE.
Meron mIOCKUX BOJIH.

Merton Aueex.

MeTto1 NpUCOETMHEHHBIX MIOCKUX BOIH: M T-noreHmuan.

Meron npucoeAMHEHHBIX IUIOCKUX BOJIH: PEILIEHUE 30HHOTO YPaBHEHHUS.

OO61mas cxema JMHEMHOTr0 METO/a MPUCOETUHEHHBIX MIIOCKUX BOJIH.

Meron opTOroHaIM30BaHHBIX MIJIOCKUX BOJIH.

IIceBnonorennuan. MozenbHbIe U NEPBONPHUHIMITHBIC IICEBIONOTEHIAIIBI.

DJIEKTPOH B ITyCTOH pelieTke. 30HHAs CTPYKTypa.

[TpubnmkeHne CUIIbHOM CBSI3U: oIpeziesieHne 1 oo1ue cBoiicTBa GpyHkuuii Banbe.
[TpubnuxeHne CUIBHOW CBSI3U — 3aKOH JMCIEPCHH, SHEPreTHYecKHe 30HBI B METOjIe
CUJIbHOM CBSI3H.

Mojenb noYTH CBOOOJHBIX JIEKTPOHOB, TEOPHs BO3MYILEHHH. 30HHAsA CTPYKTypa B cCXeMe
PaCIIMPEHHBIX U NPHUBEACHHBIX 30H.

Ilepuonnueckue rpaHUYHbIC YCIIOBYS. BeIunciieHne HHTErpaoB 1o 30He bpuiuitosHa.
[InotHOCTH coctosinuid, Beruucienne N(E) mwis anexTpona B mycToii pemerke.

CBolicTBa 3JIEKTPOHOB B KpHUCTa/lIax: 3¢ (eKTUBHAs Macca 3JIEKTPOHOB M JILIPOK, TEH30pD
7¢(heKTUBHON MacCHI.

Teopema Banse.

CKOpOCTb 2JI€KTpOHA. Y PaBHEHUS IBUKCHHUS.

OneKTpoH-(QOHOHHOE  B3aMMOJICUCTBHE: OOIIME CBOMCTBA, TEH30p Jedopmaliui,
neGOpMalMOHHBIN MOTEHITHAI.

BropuuHoe KBaHTOBaHME M MpPEACTaBICHHE YHCEN 3alOJIHEHHE IS JeOpMaIiOHHOTO
MOTEHIINANIA.

OneKTpoH-(hOHOHHOE B3aMMOJEHCTBUE — TaMUJIbTOHMAHA B3aMMOICHCTBUS, TUarpamMmbl
deltHMaHa, HIEMEHTAPHBIE IIPOLIECCHI.



34.

Buptyanbhbie ()OHOHBI.

35. B3auMozeiicTBre 2IeKTPOHOB ¢ AehopMaliieii B cirydae CHIIbHOM CBSI3H.

36. DnexTpoH-(poHOHHOE B3auMO/ieiicTBUE B MIOHHBIX KprcTamiax. [lonspon, moaens @penuxa.

37. CBepXIpOBOAMMOCTb: KpUTHYECKass Temreparypa, 3(dekr Meiicaepa-Oxcendenba.
YpaBHeHue JIOHIOHOB.

38. CBepXIpoBOIUMOCTh, IPOHUKHOBEHNE MATHUTHOTO TIOJISl B CBEPXITPOBOIHHUK.

39. CepxnpoBoauMocTh: Teopust I nu3Oypra-Jlannay.

40. CBepXIpOBOJUMOCTD: JUIMHA KOT€PEHTHOCTH, CBEPXIPOBOIHUKU 1-T0 U 2-T0 poja.

41. KBaHTOBaHME MarHUTHOIO OTOKA. DIIFOKCOH.

42. OCHOBHBIE MOJOKEHHSI MUKPOCKOITMYECKON TEOPHH CBEPXIIPOBOIUMOCTH.

43. Buzbl B3aMMOICHCTBHS CBETA C TBEPABIM TEJIOM; ONTHUYECKUE KOHCTAHTHI.

44. CoOcTBEHHOE TIOIJIONICHHE; SKCUTOHHOE IOTJIOLIEHUE; IMOIJIOUIeHHE CBOOOIHBIMU
HOCHUTEJISIMU; IIPUMECHOE MOTJIOLIEHHUE; PELIETOYHOE MOTJIOIIEHUE.

45. PexoMOMHALIMOHHOE U3Ty4YEHHE B MOIYIPOBOAHUKAX. MeK30HHas peKOMOUHAIMS.

46. PekomMOMHamsi  4epe3  JIOKAIM30BaHHBIE  IEHTPHL.  DKCHTOHHAS  PEKOMOHMHALMSI.
TBeproTenbHbIC Ja3ephl.

47. O0mMii TEOPETUYECKH aHadu3 MEX30HHBIX OINTHYECKUX TIEPEXO0JIOB. JIUIOIBHOE
pUOJIMIKEHHE.

48. BepTHKaJIbHBIC TIEPEXO/IbI, CBSA3b C ONTHYECKUMH KOHCTAHTaMH.

7. Y4eOHO-MeTOAHYECKOE M MAaTEPHAJBHO-TEXHHMYeCKOe o0ecnedyeHre JHCIUIIIHHbI

7.1. YueOHas auTeparypa:

Ocnoenas:

1. ®wusuka tBepuoro cocrossausa baditkmop Jx.2008

2. Bsenenwme B ¢pusuky tBepmaoro tena Kurrens Y. 2010

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

HononrnumenvHnas:

1. KBaHTOBOXMMHUYECKHE METOBI B TEOPHH TBEP. Tesa DBapecToB P.A. 1982

2. Meronbl BBIYUCIUTENBHON (QU3UKU B Teopun TBepaoro tena bapesaxtap B.I'., 3apouenues
E.B., Tpouukas E.I'. 1990

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

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

5. Teopus tBepaoro Tena. J[aBeiaos A.C. 2008

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

7.2. UuTepHET-pecypChl

Ha3Banue pecypca Cceblaka/nocTyn

DOnekTpoHHas OubnuoTeka oHnaiH «ExamHOe OKHO K http://window.edu.ru
00pa3oBaTelIbHBIM pecypcam»

«O06pa3zoBatenbHbIil pecypc Poccumny http://school-collection.edu.ru

DdenepanbHbIi 00pa3oBaTeNbHBIN MOPTAJT: http://www.edu.ru
YUPEKACHHUS, MPOrpaMMbl, cTaHAapThl, BY3bI, TecTh
EID, THA

DdenepanbHbIif LEHTP MH(POPMAIIMOHHO- http://fcior.edu.ru
oOpazoBartenbHbIX pecypcoB (PLIMOP)

Pycckast BupTyasipHasi Oubianoreka http://rvb.ru

ExxenenenbHuk Hayku U oOpazoBanust HOra Poccum http://old.rsue.ru/Academy/Archives/
«AxamemMus» Index.htm

Hayunas snekrponnasi Oubimoteka «e-Library» http://elibrary.ru/defaultx.asp

DekTpoHHO-0MOaroTeuHas cuctema IPRbooks http://www.iprbookshop.ru



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/

DNEKTPOHHO-CIIPAaBOYHAsL CHCTEMa JIOKYMEHTOB B http://www.informio.ru
cthepe obpazoBanus «MHGOpMHOY
NudopmannonHo-nipaBoBas cucrema «KoHcynbTaHT- CereBasi BepcHs, JOCTyIIHa CO BCEX
TUTIOC) KOMITBPIOTEPOB B KOPIOPATUBHOW CETH
HNurly
OnekTpoHHO-0nbaroTeuHas cuctema «tOpait» https://www.biblio-online.ru

7.3. TIporpaMmmHoOe oGecnieyeHue
1. Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
2. Microsoft Windows server 2003, 2008, 2012, 2016
3. Microsoft Office 2007, 2010, 2016
4. Awntuupycnoe [10 Kaspersky endpoint security
5. CnpaBouHo-npaBoBas cuctema “Koncynbrant”
6. Onepannonnas cucrema Microsoft Windows XP Professional.
7. ITaker npukinaauex mporpamm Microsoft Office 2003 Professional.
8. Ilporpammusiii npoaykT «AHTHUBUpPYC Kacnepckoroy.
9. Ilporpammusrii mpoaykT FineReader 7.0 Professional Edition.
10. IIporpammusiii npogykt MATLAB 6.

7.4. MaTtepuajibHO-TeXHHYeCKOe o0ecneuyeHue
MarepuanbHO-TeXHHUYECKass 0a3a COCTOMT W3 KaOWHETa sl NPAKTHYECKUX M CEMHHAPCKUX
3aHSATHH, JICKIIMOHHON aynIuTopuu U Jaboparopuu. JlabopaTopusi OCHalieHa J1abOpPaTOPHBIM
o0opyaoBaHueM Jis 1a00paTOPHBIX PadoT.

VYuebHas ayIuTOpus s | Cron ans npenogasatens - 1 mT. (COCTOUT U3 2-X CEKIMN);
nexkurnoHHbIX 3aHATHH (Ne 306) | ctyn ansg npenojaBatens -1 mt.; qocka - 1 mr.; Tpubyna-1
386132, P, r.Hazpans, | wr, cton - 42 wr.; ckambsa-84 mT

l'amyp3ueBckuit OKpYT, VIL

MarucrtpanbHas, 39a, Kopnyc 3E

JlaGoparopus «nexkrpoauHamuka» | Ctoi uis mpenoaasarens - 1 WT; CTyJ Ui penojaBaTesis
(Ne201) 386132, PU, r.Haszpawns, | -1 mT.; gocka - 1 mr.; cron - 10 mr.; ckampsa-20 mrt. DTA
lMamyp3ueBckuit OKPYT, yi1. | — aHau3, JIKT -8. OmnpeneneHue TEMIOEMKOCTEH H
MaructpansHas, 39a, Kopnyc 3E 00BEMHOM MPOBOJUMOCTH IOJUMEPOB. YCTaHOBKA JUIs
onpeseNeHus] INEKTPUYECKON MPOYHOCTH AUDIEKTPHUKOB.
OnpeneneHne  IUAIEKTPUYECKOM  IPOHULAEMOCTH H
TaHreHca anb(a IulNIeKTpudeckux noreps. OnpeneneHue
MoKa3aTessl MPEeJIOMIIEHUs] U €r0 MHKPEMEHThI PacTBOPOB
MoJIMMEpPOB. MasTHUK — Komlep /s HCCIEeIOBaHUs
IIPOYHOCTHU [IOJIMMEPOB. DHII-onpenenenune
peNaKCallMOHHBIX OTEPh B MOJIUMEpaXx.



http://www.informio.ru/
https://www.biblio-online.ru/

Pabouas mporpamma nucuuiuiiHbl «Pu3nMKa KOHICHCHPOBAHHOTO COCTOSHUSI» COCTaBJICHA B
cootBeTcTBUU C TpeboBanusmu PI'OC BO mo HampaBinenuto moarotoBku 03.03.02 dwusmka,
YTBEPKJICHHOTO TIpuKa3oM MuHHCTepcTBa oOpa3oBaHus W Hayku Poccuiickoit @enepamnuu oT « 07
» aBrycta 2020 r. Ne 981.

IIporpammy cocraBuIIn:
1. batepkeB Maromen baraynnHoBuY, cTapiiuii mpenogaBaTeiib
(®.1.0., nomkHOCTS)

(®.1.0., nomKHOCTB)

[Tporpamma oo0peHa Ha 3aceganuu Kadeapbl «Pu3nka»
ITporokon Ne_10 or« 20 » wmas 2024 rona

[Tporpamma oo0peHa YueOHO-METOAMUECKUM COBETOM (PH3UKO-MATEMAaTHIECKOTO (paKkysbpTeTa
[Tporokom Ne_9  or« 22 » wmas 2024 rona

[Tpencenarens YueOHO-METOAMUYECKOTO COBETA (PaKyIbTETa /Hanbruesa M. A.




CBeeHnsi 0 nepeyTBep:KIeHNH MPOrpaMMbl HA O4YepeTHON y4eOHbIH roJl U perucTpanun
H3MeHEeHU

VueOHblit Pemenue Buecennbie n3MeHeHus ITonnucek 3as.

roj Kadeapbl kadeapou
(Ne mporokoa, 1ata)




