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Ienu ocBOeHHUS TUCIUITHHBI
ensmu ocBoeHust auctuiuinabl (Moayns) b1.B.02 «Beenenne B pu3nuKy MOITYIIPOBOTHUKOBY
SBIISIIOTCS 1aTh CTyJCHTaM 0a30BbI€ 3HAHUS [0 OCHOBHBIM pasjeiaM (U3HKHU MOIYIPOBOIHUKOB:
00 aTOMHOH CTPYKType, JJICKTPOHHBIX CBOHCTBaX M OCHOBHBIX (DM3MYECKHX SIBICHUSX B
MOJTYTIPOBOIHUKAX U IMOTYIPOBOAHUKOBBIX CTPYKTYpaXx.
Kypc mo3Bossier obecriedunts GopMUpOBaHUE 0a30BBIX 3HAHHI 10 (HU3UKE MOIYIPOBOIHUKOB,
MOJTYTIPOBOTHUKOBEIM TEXHOJIOTUSM U MPUHIUIIAM JICHCTBUS TOTYTPOBOTHUKOBBIX TIPUOOPOB.
YuebHblil Kypc «BBenenue B pU3MKY MOITYIPOBOAHUKOBY» YUTACTCS KIACCHUECKUM CIOCOOOM:
MPOBOSATCS JIEKIIMA W TpaKTHYeCKWe 3aHATus. llpu momaue marepuasia JEKIIMOHHOTO Kypca

HCIIOJIb3YCTCA My.]'II:TPIMeI[PIﬁHafI TCXHHUKA.

dopmupyemble
00pa30BaTeNbHONM TMPOrPaMMbl K BBIIIOJHEHUIO CIEIYIOIUX OOOOMIEHHBIX TPYAOBBIX (YHKIIHIA
(TpyIOBBIX (PYHKITHI):

JUCHUIIIINHON

3HaHHUA

Ha »skpan BbIBOIATCS (DOPMYJIUPOBKU TEOPEM,
OTIpeieNIeHNs, OCHOBHBIE MOHATHA, a TaKkKe rpaduiyeckue WLTIOCTPAIUH, TOMOTAOIINE HATIISIHO
nojath Matepuasl. O0CyKIar0TCs UAEU U CIIOCOOBI PELICHUs IOCTaBJIEHHBIX 3a/1a4, ONITUMAJIBHOCTh
IIPEMJIOKEHHBIX PEILICHUM.

u YMCHUA

T'OTOBAT

BBIITYCKHHKA

JTaHHOU

IKox u HammMeHOBaHMe O06001eHHbIE TPYAOBBbIE (PYHKIMH TpynoBble pyHKIIUM
npogeccuonanbHoro |Kox HaunmenoBanue Yposennb HaunmeHnoBanue Kog Yposens
cTaHaapra KBAJIM(PUKALMHU (moaypoBeHb)
KBAJTH(PUKAINH

01.001 Ilemaror Ilemarornueckas Oo6wenenarornyec/A/01.6
(memaroruyeckas NMesTeIbHOCTH 110 Kast QyHKIIHS. 6
eI TeIIbHOCTD B MPOEKTUPOBAHUIO U OO0yueHue
ITOIIKOIBLHOM, pea3amnun Bocrurarensnas |A/02.6
HaYaJIbHOM OOIIIEeM, 00pa3oBaTeILHOTO NEeATeIbHOCTh 6
OCHOBHOM 00IIIEM, 4 [mpouecca
cpeaHeM o01emM 00pa30BaTEeNbHBIX 6
00pa3oBaHKH) OpraHM3aIKAX Passupaiomas  A/03.6
(BOCTIMTATEND, NOIIKOJIBHOTO, ACATCIEHOCTD
YUUTENb) HA4YaJIbHOTO 00ILEro, 6

OCHOBHOTO OOIIIETO,

CpEIHEro o0IIero

oOpa3oBaHus

Ilemarornueckas TTenarormueckas

eI TeIbHOCTD T10 NEeATeIbHOCTD T10

MPOCKTUPOBAHUIO U [peanu3anuu

ear3alii OCHOBHBIX
B I(:6111606pa301aaTenr,m,1x 6 zg;gzih;i - B/03.6 6
Mporpamm
CpeIHEro 001Iero
00Opa3oBaHUs

2. Mecrto mucuumiannbl B cTpykrype OITOII 6akanaBpuara
Jucuunivna «BBeaeHue B QU3UKY MOIYIPOBOJHUKOB» OTHOCHUTCS K YacTH, pOpMHUpYyeMoOn
y4acCTHUKaMU 00pa30BaTeNIbHBIX OTHOLICHHUH.
Jucuuninza usydaercst Ha 4 kypce B 8 cemecTpe.
Jliis ocBOeHMsI TUCHMIIINHBI «BBeneHne B pU3UKy MOJIyIPOBOAHUKOBY UCIOIB3YIOTCS 3HAHUS,

YMEHHUS U BUJBI ACATEIBHOCTH, CHOPMUPOBAHHBIE B Ipoliecce M3yueHus Iukia «Oomas uznukay,
npenMeToB «Du3nka TBEpAOTO Tenay, «Dusnka KOHACHCUPOBAHHOTO COCTOSHUS» Ha MPebIAyIIeM
YPOBHC 06pa30BaHI/I$I, a TaKKC CTyACHTAMU B XOJAC€ H3YUCHUA AUCHUILIIUH: «Maremarudeckuii
ananm3y, «[IpakTudeckuit Kypc aneMeHTapHoi ¢uznkn», «MudopmaTukay.



3. Pe3yabTaThl

OCBOCHHUSA

MOJIyIIPOBOJHUKOB)
[Iporiecc wW3ydeHus IMCUMIUIMHBI HAmpaBieH Ha (POpMUPOBAaHHE 3JIEMEHTOB CIEAYIOIINUX

komneTreHnuil B cootBercTBUU ¢ ®I'OC BO 110 gaHHOMY HaIpaBJICHUIO:

AUCHUILIUHBL  (MOIYJIsA)

«BBenenne B

(puszuxky

Kon HaumenoBanue WNHnukaTop noctukeHus B pesynbrare ocBoeHUA
KOMIIETCH- KOMIIETCHIINH KOMIIETCHIIMH JUCLUIUIMHBI 00y4aroImuics
805071 (3akpenyienHsiti 3a OUCYUNTUHOLL) JNOJIKCH
VK-6 Cnoco6en ynpasnsats| YK-6.1. Hcnonb3yer 3HATBH OCHOBHBIC PUEMBI
CBOMM BPEMEHEM, MHCTPYMEHTBI U METObI 3 PEKTUBHOTO YIIPaBICHHUS
BBICTPauBaTh U YIPAaBIEHUS BPEMEHEM IIPH COOCTBEHHBIM BPEMEHEM,;
peain30BbIBaTh BBIIIOJTHEHUHM KOHKPETHBIX OCHOBHBIE METOJIUKHU
TPACKTOPHIO 3aJa4, IPOEKTOB, IPU CaMOKOHTPOJIA,
caMOpa3BUTHUs Ha JIOCTHUKEHUH MTOCTaBJIEHHbIX CaMOpa3BUTHUS U
OCHOBE IIPUHIMIIOB | LEJIEH; camMo00pa3oBaHMs Ha
o0Opa3oBaHus B IPOTSKEHUH BCEH KU3HU
TEeUCHHUE VYK-6.2. Onpenensier YMmerb 3pdeKkTUBHO
BCEH JKM3HH MPUOPUTETHI COOCTBEHHOM JIAaHAPOBATh U
JESATEIBHOCTH, TMYHOCTHOIO KOHTPOJINPOBATh
pa3BUTHS U TPOPECCHOHATBHOTO | COOCTBEHHOE BPEMS;
pocra; UCIIOJIb30BaTh METOBI
CaMOpETyJISILIIHY,
CaMOpa3BUTHs U
CaMo00yYeHMsI
VK-6.3. OnenuBaer tpeboBanus | Baamxers metomamu
PBIHKA TPYJa U NPEAJIOKEHUS yIpaBiIeHUs] COOCTBEHHBIM
00pa30BaTeNbHbIX YCIYyT AJs BPEMEHEM; TEXHOJIOTHUSIMU
BBICTPAaNBaHUs TPAEKTOPUH npuoOpeTeHus,
COOCTBEHHOTO UCIIOJIb30BaHUs U
npo¢eCCHOHATIBHOTO POCTa; OOHOBIICHUS
COLIMOKYJIBTYPHBIX U
npogeccuoHaIbHBIX 3HAHUH,
YMEHUI U HAaBBIKOB;
METOJUKAMU CaMOpa3BUTHS
1 caMoo0pa3oBaHus B
TE€YEHHUE BCEH )KU3HU
[1K-4 CriocoGHOCTh [TK-4.1. 3HaeT ocHOBHBIE METO/bI| 3HATh ATOMHYIO CTPYKTYPY
[IPOBOJUTL  HAYYHBIE[IPOBEACHUS TEOPETUUECKOTO H| W DJIEMEHTBl CUMMETPUN
lICCIIEJOBAHUS BPKCIIEPUMEHTAILHOTO OCHOBHBIX
130paHHOl  oOacTHicciIeI0BaHUs B cdepe| MOTYIPOBOIHUKOB, METO/BI
BKCIIEPUMEHTAIBHBIX H[IPOPECCHOHATBHON oTpezieNieHUs] OCHOBHBIX
WIM) TEOPETUUYECKUX|IEATEIBHOCTH. apaMeTpoB
(buznyeckux [1K-4.2 YmMmeer BBIOMpATH| MOTYNPOBOIHUKOB; OCHOBBI
1ICCIIE0BaHU I canbosnee >¢p¢eKTUBHBIE METOJbl| 30HHOW TEOpPUU




[TOMOILIBIO
COBPEMEHHOM

MpuOoOpHOl  Ga3bl
TH(pOPMAIIMOHHBIX

OTEYCCTBEHHOTO
BaPYOCIKHOTO OIBITA

TEXHOJOTHHA C Y4YeTOM[IpUOOPHBIM

1St MIPOBEICHUS
FICCIIEJOBAHUH.
ul[1K-4.3 Bnaneer
PaboTHI c

HayYHBbIX

HaBBIKAMH
COBPEMEHHBIM
000pyI0BaHUEM,
uMeTrogaMu 00pabOTKM W aHaIu3a
MOJTyYEHHBIX pe3yJIbTaToOB
HAy4YHBIX HMCCIICAOBAaHUN B cdepe
MpohecCUOHATLHOM NeSTeIbHOCTH

KPUCTAIIIMYECKUX TBEPIBIX
TE;

YMeTs onpenesnsirhb
OCHOBHBIE THUIIBI
KPUCTAJUIMYECKUX PELIETOK,
HaXOIWUTb 2JIEMEHTHI
CUMMETPUHU KPUCTAILIA;
OIIpECIIATh
AKCIEPUMEHTAIBHO TUI
HOCHUTEJICH 3apsia.

T1IK-5 CoocoOHOCTh
[OJIB30BATHCS

COBPCMCHHBIMHA

aHalIn3a U

MEeTOoaMH  00PaOOTKH,PKCIIEPUMEHTOB,
CUHTE3aBHaHMsI B oOnacTh (U3WKK s

[IK-5.1. VYmeer wucnosb30Bath
TEOpPEeTHYECKHE  3HAHUSA  TIPH
00BSICHEHUT pe3yJbTaToB

NPUMEHSTH

Buaners 0CHOBHBIMU
HOHATHUAMH (PUUKH
TBEPOTO TeNa U (PU3UKH
HOJTYTIPOBOTHUKOB;
uHpopManreit 06 OCHOBHBIX

buznueckoit OCBOCHMS CBOMCTBAxX Ba)KHEUIIUX
UHpOpMaLUN BOOIENpo(ecCHOHATBHBIX HOJIyIPOBOJIHUKOB
M30paHHON  OOJIACTUAMCUUIUINH U peLeHus
(uznyecKux npoeCCHOHATBHBIX 3a/au.
M CCIIe10BaHUM. [IK-5.2. AnHanu3upyer Hay4dHbIE
NTaHHbIE, pe3yJIbTaThl
HKCIEPUMEHTOB U HaOIIOAECHUHN B
COOTBETCTBYIOIICH obsactu
3HAHUM.
4. CTpyKkTypa U cojep:KaHMe JAWUCUMILIMHBI (MoayJsi)) «BBegeHue B (QU3HKY

MOJIYIPOBOIHUKOB)

4.1. CTpyKTypa IMCHUILTHHBI (MOAYJIsA)
OO0mast TPyA0EMKOCTh AUCITUIUIMHBI COCTAaBIsET 5 3aueTHbIX eauHun, 180  dgacos.

Ne Buabl yueoHoii padoThl, BKJI04Yass | DopMbI TeKylero KOHTPOJIsI
n/n CaMOCTOSITEJILHYI0 PaGOTy CTY/IEHTOB|  yCIIeBaeMOCTH (1o Hedesam
1 TPY/I0eMKOCTb (B Yacax) cemecmpa)
Kontakthas | CamocTositennbna  POPMa NPOMEKYTOUHOH
paGoTa 51 paGoTa aTTecTanmu (no cemecmpam)
HaumenoBanue pa3ienoB u 9 £
% —~ . O —~
TeM JUCHUNIMHBI (MOLYJIs1) w | = g g . z g %
= |5 '8 S |3 g o £ |8
R = | = & | = q 2 |ls | E | B
2 2 | E |3 s E |e |E 4&
s |8 s |2 B e | g8
8 |9 |3 g | x g 2 & & |=&¢
) o = =} o e g I —% O < S
g =) z S I z 3 E s 2 g b5 8 |9¢
™ T o < < Q <
) =y < o & = 4 = > = 4 o O X a
a. o ° - - m 5 Reo S < < < S 5w
= = = & é < o a = g2 X =3 1 2 93
3 = |E |& |= £ 5 888 8 & |& |§ |&2%
o |2 g | x 15} R S = o 20 = o @ @ @ e
= = g o Q
= ) 1> a © : | O o é( > SO = a a a a g &
) Q (5] < o O > & 9.9 o g > g
o A B [EF B HMmM | [E HJU | |[BE |FE |FE |[EH&H
1 ATOMHas CTPYKTYpa 8 |22 |4 7 10 10 | +
MOJYTIPOBOTHUKOB
2. KosebOanus perierku. 8 |46 |6 8 10 10 +
3 OCHOBBI 30HHOI1 TEOpHU 8 |22 |6 8 10 10 +
MOJTYIPOBOTHUKOB
4 DHepreTUYeCcKUe 30HBI B 8 |22 |4 7 10 10 +
AIIEKTPHUYECKOM IT0JIE




PaBHOBecHas craTucTuka 22 | 6 8 10 10 | +
3JICKTPOHOB U JIBIPOK B
TOOVIINDOBOTHHUKAX
IToBepXHOCTHBIE U KOHTAKTHBIC 34 16 8 10 10 +
SIBIICHUS B TTOJYIIPOBOTHUKAX
Kunetndeckue sBIcHUS B 10 | 4 8 3 3 +
MOJTYTIPOBOJHUKAX
Iloozomosxa k ax3ameny 27
OO01mas TpyI0eMKOCTh, B Yacax 5/ |1/ 15/ 1,75| 0,8/ 1,75 | TIpoMeKyTOYHAs aTTECTAIUS
180| 36 54 63 | 27 63 | dopma
3auer
3ader ¢ OLeHKOoI
DK3aMeH +

4.2. Conep:xaHue TMCUMILIUHBI (MO1YJIs1)

IIporpamma u ocHOBHOe cojiepkaHue Jekiuii (36 yaca)

Paznen 1. ATomMHas cTpyKTypa MOJyNPOBOJAHUKOB

CummeTpusi KpuCTaJUIOB. TpaHCIALIMOHHAs CcUMMETpHUs KpuctamioB. IlpoctpancTBeHHas
pemeTka, 0a3mc, KpUCTaJUIMYeCKas CTPYKTypa. DIeMeHTapHas sueiika. llpumuTtuBHas sueiika.
Sueiika Burnepa3eiitTua. OOo03HaueHMs Yy3J0B, HANpaBJIEHUNM M IUIOCKOCTEH B KpHUCTAJLIE.
HudpakimoHHsle METOABl ONpPENENCHUsT aTOMHON CTpYyKTyphl. YcnoBue bparra. OOparnas
pemierka, ee cBoiictBa. 3oHa bpummosna. CTpykrypa BaKHEHIIMX MOMympoBOoIHUKOB: Ge, Si,
GaAs. JleexTsl CTpyKTyphl B KpUCTaIaX.

Paznen 2. Konebanus pemeTku

Konebanusi KpuCTalInyeckoil pemerku. YpaBHeHUs JIBUKEeHUs aToMoB. [IpocTas u cioxHas
OJIHOMEPHBIE LIETIOYKM aTOMOB. 3aKOH JUCIEPCUU YNPYTHUX BOJH. AKYCTHUECKHE U ONTHYECKHE
kosiebanus. KBanToBaHue kosneOaHui. DOHOHBI. TemmoEMKOCTh KpPUCTAJUIMYECKOM pELIETKH.
OKCHepUMEHTAJIbHBIE METO/Abl U3y4€HHs KOJeOaHUN pPElIeTKH: MOTJIOUIEHHE U KOMOMHAIIMOHHOE
paccestHie CBeTa, paccessHue HEHTPOHOB.

Pa3znen 3. OcHOBBI 30HHOM TEOPHUH MOIYITPOBOAHUKOB

[lepexo OT JUCKPETHBIX ATOMHBIX YpPOBHEH K JHEPreTHUYECKUM 30HaM B KpHUCTaIax.
OcHoBHBIE IPUOIKEHHS 30HHOH Teopuu. BonHoBast GyHKIIHS 3JIEKTpOHA B MEPUOAUYECKOM I10JIe
Kpuctaina; Teopema brnoxa. 3ona bpummosna. OOpa3oBaHue pa3peleHHbIX U 3alPEIeHHBIX 30H B
NpUOJIMKEHUAX CHUIIBHO U CJIab0 CBSI3aHHBIX AJIEKTPOHOB. 3aKOH Jucrnepcuu, 3ppekTrBHas Macca,
W30PHEPreTUUECKNE MOBEPXHOCTU. IIMOTHOCTE cOCTOSHUI. YpaBHEHHS JIBHUKEHHS DJIEKTPOHOB U
JBIPOK BO BHEHIHUX MOJsIX. MeTon 3 pekTUBHON Macchl. DHEpPreTH4ecKre 30Hbl B AJIEKTPUYECKOM
noJie. JIBU)KeHUE AJIEKTPOHOB U JBIPOK B MarHUTHOM moje. OnpeaeneHue 3PpQPeKTUBHBIX Macc U3
IUKJIOTPOHHOTO pPE30HaHCa. YPOBHU DHHEPrHM, CO3JaBacMbleé MPUMECHBIMH IIEHTpaMU B
MOJTyPOBOIHMKAX. Boioponono1o0HbIe TOHOPHI U akienTopsl. I my0okue npuMecHsle ypOBHH.

Pa3nen 4. DHepreTudeckue 30HbI B 3JIEKTPUUECKOM I10JIE.

OHEpPreTU4ecKue 30Hbl B AIEKTPUUYECKOM T0JI€. JIBH)KEHNE JIEKTPOHOB U JBIPOK B MATHUTHOM
nonie. Onpenenenue 3pPEeKTUBHBIX MACC U3 IMUKIOTPOHHOTO (IMaMarHUTHOTO) Pe30HaHCA. Y POBHU
SHEPrUH, CO3/1aBAEMbIE IMPUMECHBIMU LIEHTPAMHM B IOJYINPOBOAHHUKAX. J(OHOpPBI M aKLENTOPHI.
Bonopononono6usie npuMecHsie HEHTpHI. [ Ty0okue mpruMecHble YpOBHHU.

Paznen 5. PaBHOBeCHas CTAaTUCTHKA AJIEKTPOHOB U JIBIPOK B MOJYIPOBOAHUKAX




@DyHKIMS pacHpelleleHNsl 2JEKTPOHOB. MeTasuibl, TUAIEKTPUKHA U MOJIYIPOBOJAHUKHU C TOUYKH
3peHust 30HHOH Teopuu. KoHIIEHTpanus 3JIEKTPOHOB M JIBIPOK B 30HaX, 3P (PEKTUBHAS IUIOTHOCTD
cocTostHMI. HeBBIpOXKIEHHBIN W BBIPOXKICHHBIA 3JIEKTPOHHBIN (AbIpouHbIii) Ta3. KoHreHTpammu
JJIEKTPOHOB U JIBIPOK Ha JIOKaJbHBIX ypoBHsAX. Ompenenenue monoxeHus ypoBHs Depmu u3
ypaBHEHHUS 3JIeKTpoHeWTpanbHOCTH. [lonmoxkenue ypoBHs depmu M paBHOBeCHas KOHLIEHTPALUA
JJIEKTPOHOB M JIBIPOK B COOCTBEHHBIX W  IPHUMECHBIX (HEKOMIICHCUPOBAaHHBIX H
KOMIIEHCUPOBAHHBIX) I10JIyIIPOBOIHUKAX.

Pa3nen 6. IloBepXHOCTHBIE M KOHTAKTHBIE SIBJIEHUSI B I1OJTYIIPOBOJHHUKAX

PaboTa BBIXOAA U 3MEKTPOHHOE CPOACTBO. [I0BEpXHOCTHBIE 3IEKTPOHHBIE COCTOSHUA. M3rud
30H, paclpeesieHue 3apsijia ¥ MoTeHIMana BOiM3u noBepxHocTH. OOeqHEeHHbIE U 00OTallleHHBIe
CIIOM  TMPOCTPAHCTBEHHOTO  3apsiaa. KoHTakT  MeTamui-nmoiynpoBOAHMK.  BosbrammnepHas
xapakrepuctrka Oapbepa llorTku. DHepreTuueckas quarpamma p-n nepexona. Jduddy3noHHsiit u
npeiidoBbIii TOKM B p-n nepexojae. BompTammepHas XapakTepucTHKa p-n nepexoja. MHxkekuus
HEOCHOBHBIX HOCHUTENIeH 3apsja B pn mepexoie. TyHHenbHbIH nuona. BUMONsSpHBIN TpaH3UCTOD.
['ereporniepexoibl. DHEPreTUUECKHUE JUarpaMMbl FeTeponepexo0B. BapuzoHHbIe MOIyIPOBOAHUKH.
Crpyktypa Metaui-guaiekTpuk-nonynpooanuk (MIII). WuBepcuonnsie ciou B M/II-
crpykrypax. [lonesoi Tpansucrop.

Paznen 7. Kunernueckue siBI€HUS B IIOJIYIIPOBOIHUKAX

XapakTep JABWKCHHS HOCUTENeH 3apsia B nmonynpoBogHukax. Juddysus u apeiid. TermoBas
u apeiidoBas ckopoctu. Koadpdumnuent nuddy3uu M MOABUKHOCTb, MX CBSI3b CO CPEIHUM
BpeMeHeM MeEXAy 7 cronkHoBeHHsMH. CooTHoumeHue OifHiTeliHa. OCHOBHBIE KHUHETHYECKHE
SBIICHUS: TPOBOAUMOCTH, ekt Xomna u repmo-2/1C.

IIporpamma npakTuyecKux u JadopaTopHbIX 3aHaTHH (54 yaca)

[IpakTueckue 3aHATHS

1.I'my6okue mpuMecCHbIE YPOBHH B MOJYIIPOBOIHUKAX.

2.YacTHyHO KOMIIEHCUPOBAHHBIE MOJIYTIPOBOIHUKH.

3.JlehekThl B MOTYTIPOBOHUKAX.

4.VI3MeHeHNe KOHLIEHTPALUU JIEKTPOHOB U G TPU OCBELLIEHUH.

5.PexoMOuHaIms HocuTene 3apsaa

6.YpOBHU NpUIHINaHus, JePEKThl B MOJYIPOBOJIHUKAX U WX BIMSHHE HA MPOIECCHl PeKOMOMHAIIUU
7. Ancddy3us 271€KTPOHOB U IBIPKU B HEBBIPOXKACHHBIX MOIYIPOBOJHUKAX

8.0mnpenenenrie HEpaBHOBECHOW KOHIIEHTPALIMKA HOCUTENEH 3apsiaa IPU HEOJAHOPOJHOM I'eHEPALIUH.
9. lucdy3ust >1EKTPOHOB U JIBIPOK B HEBBIPOXKIEHHBIX MTOTYTIPOBOAHUKAX.

10.uddy3us >MeKTPOHOB M ABIPOK B MOJYNPOBOJHUKAX BO BHEIIHEM JJIEKTPHYECKOM TIOJE
11.06beMHBIH 3aps]] B IPUIIOBEPXHOCTHOM CJI0€ TOTYITPOBOIHUKA

12.PaboTta BbIX0/1a HOCUTENEH 3apsiaa U3 MOTyNPOBOIHUKA

JlaGopaTopHbie pabOThI

1.Onpenenene Tumna 3JI€KTPONPOBOIHOCTH MOJYTIPOBOIHUKOB.

2.0npeneneHue MUPUHBI 3aMPEIICHHON 30HBI COOCTBEHHOTO TOTYTIPOBOTHUKA.

3.Pacuer TemmepaTypHOW  3aBHCHMOCTM IIMPHHBI  3alpPELICHHOW 30HBI  COOCTBEHHOTO
MOJTYPOBOTHUKA.

4.Pacyer TemIiepaTypHO 3aBUCUMOCTH 3JIEKTPOHOB U JBIPOK B COOCTBEHHOM OJIYIIPOBOIHUKE.
5.Pacuer TemmiepaTypHO# 3aBUCUMOCTH YPOBHSI DepMHu COOCTBEHHOTO MOTYIPOBOIHHUKA.

6.Pacuer TemneparypHoi 3aBUCUMOCTH ypOBHSI DepMU JOHOPHOT'O MOIYIIPOBOAHUKA.

7. PacyeT TeMIiepaTypHOM 3aBUCUMOCTH ypOBHSI DepMHU aKIIEITOPHOTO MOJYyITPOBOAHUKA.

5. Oo6pa3oBare/ibHbIE TEXHOJIOTHHI



Cenect Bun 3ansTus Hcnonab3yeMble HHTEPAKTHBHbBIE Koauuecrso
P (1, 1p, J1p) o0pa3oBaTeIbHbIE TEXHOJIOTHH Yacos
8 JI [Ipesentanumu 8
1P [Ipe3enTanum, odyJaroriee 4
TECTUPOBaHUE
JIP
HUTOIO: 12

6. YueOHo-MeTOAMYecKOe  oDecriedyeHHMe  CAMOCTOSITENIbHOW  padoTbl  CTYJAEHTOB.
OueHoYHbIE CPEICTBA JJIAA TEKYILIEr0 KOHTPOJISI YCIIeBAeMOCTH, MPOMEKYTOYHOM aTTecTAlNU
10 UTOraM OCBOCHHS AUCIHHUILINHEI.

6.1. Ilian camocTosITe/ILHOMH PadOTHI CTY/ICHTOB

Ilepeuens 3ansatuit Ha CPC O6mweMm, yac
IloAroTroBka K NPaKTUYECKUM 3aHSITHUSIM. 21
IToaroroBka W cmava 3amad JUig  CaMoOCTOsTeabHOro | 21
peleHus

V3ydeHne TeopeTHUecKOro Marepuaia, He ocBernaemoro | 21

Ha JICKIHIX

6.2. MeTonnueckue yKa3aHusi 10 OPraHU3ALUM CAMOCTOSATEJIbHOI padoThI CTYAeHTOB
[lenplo camocTOSTENbHOW pPabOTHI SIBISETCS CAaMOCTOATENbHOE MPUOOpPETEHUE HOBBIE 3HAHUN U

BbIpa0OTKa CIIOCOOHOCTH K TIIOCTOSHHOMY CaMOOOYYEHHUI0O U CaMOCOBEPIIEHCTBOBAHHMIO B
npohecCHOHANBHON U COLIMAIbHO-00IECTBEHHBIX c(pepax AesiTENIbHOCTH.

CamocrosTenbHas yueOHas paboTa npecTaBiieHa TakuMu (popmamMu yueOHOro mporiecca, Kak
JICKOUA, CEMUHApP, MNPAKTHYCCKHUEC H Ha60paTOpHI)I€ 3aHATUA, OKCKYPCHHU, IOJAIOTOBKA K HHM.
CTylleHT JOJKEeH yMEThb BECTH KpaTKHe 3aliCH JIEKIUH, COCTABIATh KOHCIEKTHI, TUIAHbI U TE3UCHI
BBICTYIIJICHUH, TOAOUPATH IUTEPATypy H T.J.

Hayunas camocrosiTenbHas paboTa CTyAE€HTa 3aKJII0YAaeTCsl B €r0 Y4acTUU B paboTe KPY>KKOB
Ha Kadeapax, B HAyYHbIX KOH(EPEHIUSIX pa3HOTO YPOBHS, a TaKKe B HAIMCAHUU KOHTPOJBHBIX,
KYPCOBBIX U BBIITYCKHBIX KBaJTU(PHUKAIIMOHHBIX (IUIUIOMHBIX paboT) paboT.

6.3. MartepuaJjibl AJsl NPOBEICHHUS TEKYLIEro M IPOMEKYTOYHOI0 KOHTPOJIA 3HAHMI
CTY/ICHTOB

R'onmponb oceoenusn Komnemenuuﬁ

Ne Bun xonTpons KoHnTtponmpyemsie TeMbl| KoMITeTeHIINM, KOMITOHEHTHI
o\ (paznensl) KOTOPBIX KOHTPOJIUPYIOTCS
1 Kommoksuym, ATOMHAsI CTPYKTYpa VIIK-6; I1K-4, TIK-5
KOHTPOJIbHAaA NOJYIIPOBOJAHHUKOB
abota
2 KomnoxBuym, Komebanus penieTky. VIIK-6; I1K-4, IIK-5
KOHTPOJIbHAs
abota




3 KomnnokBuywm, OCHOBBI 30HHO# TEOPHH VIIK-6; I1K-4, IIK-5
TEeCTBI TTOJTYTIPOBOTHUKOB

4 KomnokBuym, DHepPreTUveCcKue 30HbI B VIIK-6; TIK-4, IIK-5
TESCTBhI QJICKTPUYCCKOM IT0JIC

5 KomnoxBuym, PaBHOBECHAsI CTaTHCTHKA VIIK-6; I1K-4, T1IK-5
TEeCThI 3JIEKTPOHOB M JILIPOK B

MOJIYIIPOBOAHHKAX

6 Konmoksuym, [ToBepxnoctubie u koHTakTHRIE  [VIIK-6; TTIK-4, ITK-5
TECThI SIBJICHUS B IOJTYIIPOBOAHUKAX

7 KomnokBuym, Kunernueckue siBICHUS B VIIK-6; TIK-4, TIK-5
KOHTpOHLHaﬂ MOJIYIIPOBOAHHKAX

aborta

Marepuansl Uil IPOBENECHUS TEKYIIETO KOHTPOJSA 3HAHMM M IPOMEXYTOYHOM aTTeCTalvu
COCTABJISIOT OTHEIbHBIM AOKYMEHT — (POHJ OLICHOYHBIX CPEACTB 0 IUCLUILUIMHE «BBeneHue B
($U3KUKY NOJyIPOBOIHUKOBY.

BOl'[pOCl)I AJIA MPOBEACHUS TEKYIIETIo U MNIPOMEKYTOIHOI0 KOHTPOJISA 3HAHMH CTYAEHTOB

1. Cummerpust kpuctayuioB. TpaHciasuMOHHasE cUMMETpus KpuctamuioB. [IpocrpaHcTBeHHas
penieTka, 6a3uc, KpUCcTaUIMYeCcKas CTPyKTypa.

2. DnemeHTtapHas sueiika. [IpumuTuBHas sdeiika. Sueiika Burnepa3eiitia. O6o3HaueHus
y3JI0B, HAIIPABJIEHUH U IJIOCKOCTEN B KPUCTAJLIE.

3. ndpakroHHbIe METO/bI ONpEeAEIeHUs aTOMHOM cTpyKTyphl. YcnoBue bparra. Obparnas
peleTka, ee CBOMCTBa.

4. 3ona bpwimoona. CtpykTypa BakHeWIux moiaynpoBogHukoB: Ge, Si, GaAs. JledekTts
CTPYKTYpBbI B KpUCTaJLIax.

5. Konebanus KpucTauIMueCKO penieTku. Y paBHEeHUs ABMKEeHUs aTroMoB. [Ipocras u cnoxHas
OJIHOMEPHBIE LIETIOYKH aTOMOB. 3aKOH JUCIEPCUU YIIPYTUX BOJH.

6. AkycTuueckue W  onTuueckue kojeOaHus. KBanToBanme  koneGaHuil.  DOHOHBI
Tenno€MKOCTb KPUCTAIUIMYECKON PEILIETKH.

7. DKCHepUMEHTaJbHbIE  METOAbl  U3yYeHHUs  KOJIeOaHWH  pelIeTKH: MOIJIOIIEHHE U
KOMOWHAIIMOHHOE paccessHue CBETa, paccessHue HEUTPOHOB.

8. Ilepexol OT AMCKPETHBIX ATOMHBIX YPOBHEH K JHEPreTMYECKMM 30HaM B KpHUCTaJIax.
OcHoBHbIE TPUOIHIKEHUSI 30HHON TEOPHUH.

9. BonmHOBast (hyHKIHS 2JIEKTpOHA B TIEPHOIMYECKOM ITOJie KpHcTairia; Teopema bimoxa. 3oHa
bpunniosna. OOpa3zoBaHue pa3pelIeHHbIX U 3alpelIeHHbIX 30H B MPUOIMKEHUIX CHIIBHO U cl1abo
CBSI3aHHBIX JIEKTPOHOB.

10. 3akon mucnepcuu, 3¢ddexkTuBHAS Macca, U303HEPreTHMYECKHe MOBEpXHOCTU. [IIOTHOCTH
COCTOSIHUH. Y paBHEHUS IBUKEHUS DJIEKTPOHOB U JIBIPOK BO BHEIIHUX MOJISIX.

11. Meron >¢ddexkTuBHON Macchl. DHEpreTuyeckue 30HbI B AJIEKTpUUYECKOM mose. [[BmkeHue
JIEKTPOHOB U ABIPOK B MAarHUTHOM IIOJIE.

12. Ompenenenue >(pGHEKTUBHBIX MacC W3 MHUKIOTPOHHOTO PE30HAHCA. YPOBHH DHEPIUH,
CO3/1aBacMble IPUMECHBIMU ILIEHTPaMU B MOJYIPOBOJHUKAX. Bo10opoaononoOHble AOHOPHI U
akuentopsl. ['my6okue npuMecHble ypOBHH.



13. DHeprernyeckre 30HBI B DJEKTPUYECKOM Toie. JIBMXKEHHME OHIIEKTPOHOB U JBIPOK B
MarHuTHOM TIOJIE.

14. ®Oyuxuus pacrpeneneHuss 3JIEKTPOHOB. MeTauibl, AUAICKTPUKH M IOJTYINPOBOAHHUKHU C
TOYKH 3PEHHUS 30HHOU TEOPHUH.

15. KoHueHTpauus 3JIEKTPOHOB M JBIPOK B 30HaxX, 3¢ (deKTHBHas MJIOTHOCTb COCTOSHHIL.
HeBbIpoKIeHHBII 1 BRIPOKICHHBIN AJICKTPOHHBIN (JIBIPOYHBIN) ra3.

16. KoHueHTpanuu 3JI€KTPOHOB U JBIPOK HA JIOKAIBHBIX YpOBHSX. OmpeneneHue MmoyoKeHus
ypoBHsA PepMU U3 YpaBHEHUS AIEKTPOHEUTPAIbHOCTH. [lonoxenue ypoBHsa @epmMu U paBHOBECHAS
KOHIIGHTPALUsl JIEKTPOHOB M JIBIPOK B COOCTBEHHBIX M MPUMECHBIX (HEKOMIECHCHPOBAHHBIX U
KOMIIEHCUPOBAHHBIX) [10JIyIIPOBOIHUKAX.

17. Pabora BbIXx0/1a U 3JIEKTPOHHOE CpoIcTBO. [I0BEpXHOCTHBIE 3JIEKTPOHHBIE COCTOSHUS.

18. U3rub 30H, pacnpeaesieHue 3apsia U MOTeHIMana BOJIU3H MOBEPXHOCTH.

19. OGenneHHble M O0OOTralleHHbIE CJIOU MPOCTPAHCTBEHHOro 3apsaa. KoHTakT Merami-
MOy IPOBOIHUK.

20. BomprammnepHast xapaktepuctuka Oaprepa IoTrTkm. DHeprernyeckas nuarpamma p-n
nepexo/a.

21. uddysnonnslii u apeiidoBslii TOKK B p-n mepexoe. BonprammnepHas xapakTepucTuka p-n
nepexojia. MIHxek1usi HEOCHOBHBIX HOCUTENEH 3aps/ia B pn Mepexoe.

22. TyHHENIbHBIA AUOA. BUTIONSIpHBINA TPAH3UCTOD.

23. T'ereponepexopl. JHEPreTUYECKHE TUarpaMMbl F€TEPOIIEPEXOI0B.

24. Bapu30HHBIE MTOJIYIPOBOJIHUKH.

25. Crpykrypa MmeTaui-audnektpuk-nonynpoBoanuk (MJI1). MuBepcuonnsie ciou B MJII-
CTPYKTYpax.

26. TloneBoli TpaH3UCTOD.

27. XapakTep JBWKCHHSI HOCUTEIIEH 3apsijia B TOTYIPOBOTHUKAX.

28. Juddys3us u nperidp. TermoBas u npeiidoBas ckopoctu. Koadpdunment muddysun un
MOJIBUKHOCTb, UX CBSI3b CO CPETHUM BPEMEHEM MEX/1y CTOJIKHOBEHUSIMH.

29. CootHomenue OiHmTeHAa. OCHOBHBIE KMHETHYECKHE SIBIEHUS: MPOBOAUMOCTB, 3 (heKT
Xomna u repmo-2/1C.

7. Y4eOHO-MeTOAHYECKOe M MaTepHAJbHO-TEXHMYecKoe oOecrnedeHHe NUCHUIIHHBI
(monyns) «Beenenue B pu3nKy noaynpoBogHHKOB)

7.1. YueOHasi auTeparypa:
OcHoBHas

1. K.B. lllanumona. ®u3uka nomxynpoBogHukoB M. «Jlauey», 2010 r

2. A.. AucensMm. Beenenue B Teopuio moaynpoBoaHukoB. M. «JIaney, 2008 r.

3. TI'.I'. 3erpsa, B.WU. Ilepens OcHOBHI (hr3ukw momynpoBoaHUKOB. duszmatrus. 2009 r.

4. O.b. TI'yces, A.H. ITognyOusiif, A.A. IIpokodses, M.H. SccueBuu. M3nydyenne KpeMHUEBBIX
HaHOKpHcTaLoB. MexayHapoaHas koHpepenus «Kpemunit — «012. Canxt — [leTepOypr.
OTII. 2013, Tom 47, BeIITyCK 2.

5. B.B.Pywmsnues, C.B. mopo3zos, K.E. Kynpssues, B.I. I'aBpunenko, /1.B. Ko3nos.
Oco6eHHOCTH TPUMECHOH (POTONTPOBOIUMOCTH B KDEMHUHU JIerHpoBaHHOM O60opom. X VI
cumnosnym» Hanodusuka n nHanoanekrponnkayHmwxkuanit Hosropoa. ®TII. 2012 r.

JononHurenpHas

1. B.U. ®uctyns Beeaenue B puszuky nomynpoBogaukoB M. M3a. Beicmas mkomna. 1978r.

2. AW. AucensMm. Benenne B Teopuio monynpoBoaHukoB. M. @uzmatusaar 1967r.

3. I'.JIx. Tompacmut. 3agaun no ¢usmke TBepaoro tena M. 1976.

4. B.M. ®punkus. CerHeToaNeKTpUKH - noaynpoBoauku M. «Hayka» 1976r.




B.JI. bonu - bpyesuu, C.I'.Kanamnukos. ®u3uka nomxynposogaukos M. «Hayka» 1977r.

[1.C. KupeeB. ®u3nka noiaynpoBogHuKoB. M3a. Beicias mkona 1969r.

5.
6. JI.C. Ctunn6anc. ®usuka nomynpoBoaaukoB. M. M3a. «Cos. paguo» 1967r.
7
8

K.3eerep. ®usuka nonynpoBogHukoB M. «Mup» 1977r.
9. .M. luaunbKOBCKHIA. DICKTPOHBI U ABIPKU B OIYIPOBOHUKAX. M. 1972
10. XK.ITankoB. OnTHYecKHEe MPOIIECCHI B MOTYNPOBOAHUKAX. M. 1972
11. A.B.PucanoB. DiieKTpOMarHuTHbIE MPOIIECCHI HAa MOBEPXHOCTHU MOMyIpoBoaHuka M. 1971r.
12. Ycanos JI.A. SIBieHus epeHoca B CTPYKTYpax C TYHHEJIbHO- TOHKUMU
MOJIYTIPOBOIHUKOBBIMU ciiosiMu. M3narenscTBo CapaToBckoro ['ocyiapcTBEHHOTO

VYHuBepcurera.1996 r.

13. A. A. XapnamoB. CrienianbHblil pu3HUecKuil mpakTukyM, 2.MI'Y. 1977r.
14. TI".Baitnc. ®u3uka raapBaHOMUYECKUX IOIYIPOBOAHUKOBBIX MPUOOPOB M MX NPHUMEHEHHE

M. 1974r.

15. T.[. Hanroka, 3.A, McmaunoB. COOpHUK 3a7a4 Ha SIBJICHUS MEPEHOCA B TOJIYITPOBOIHUKAX.

['po3usbiii 1979r.

16. B.JI. bonu-bpyeBuu, W.I1.3Bsarun, W.B. Kapnenko, A.I'MuponoB COopHUK 3amay Mo

¢uznke noixynpoBoaHUkoB M. 1987

17. llonynpoBoanuku — cerHetoanekTpuku. Ilon. pemakmmeit ['pekoBa A.A. PI'Y.1986 r.,

1976r.

18. [MonynpoBoanuku — cerunerosnekTpuku. [loxa. penakuueii ['pekosa A.A. PI'Y. 1976r.
19. Kopmosa HO.I1. OcHoBel ¢u3uku moxynpoBognukoB. [lon. Penmakuwmeii 3axapuenu b.I1.

M.»®uzmataut».2002r.
[Tepuoanueckue n3ganus
1. Ussectust PAH .Cepus ¢puznueckas.
2. DusWKa W TEXHHUKA IMOJTYIPOBOIHHKOB
3. dusuka TBEpaOrO TEIa
4. OnrtHka U CIeKTPOCKOIHUs
5

N3Bectusa Bysos. CeBepo-KaBkasckuil perroH. EcrecTBeHHBIE HAYKU

7.2. UHTEpHET-pecypChl

HasBanue pecypca

Ccepuika/noctyn

OnekTpoHHas OubnMoTeka oHjaiH «EauHOE OKHO K
00pa3oBaTeNbHBIM pecypcam»

http://window.edu.ru

«ObpazoBartenbHbli pecypc Poccumny

http://school-collection.edu.ru

®denepanbHbII o0Opa3oBaTeNbHBIN [opTat:
YUPEXKACHUSA, MporpaMMmbl, cTaHaaptel, BY3bl, TecTh
EI'D, THA

http://www.edu.ru

®denepanbHbIN LIEHTP MH(GOPMaIMOHHO-
oOpa3oBatenbHBIX pecypcoB (PLIMOP)

http://fcior.edu.ru

Pycckast BupTyasipHasi Oubanoreka

http://rvb.ru

ExxenenenbHuk Hayku U ob6pasoBanust lOra Poccun
«AxaneMus»

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

Hayunas snektponHas 6ubauorexa «e-Library»

http://elibrary.ru/defaultx.asp

OnekTpoHHO-0nbaroTeuHas cuctema IPRbooks

http://www.iprbookshop.ru

DJIEKTPOHHO-CIIPABOYHAS CHCTEMa JIOKYMEHTOB B
ctepe obpazoBanus «MupopmMuo»

http://www.informio.ru

Nudopmanmonno-npaBoBas cucrema «['apant»

CereBast Bepcus, JOCTyITHA CO BCEX
KOMITBIOTEPOB B KOPIOPATUBHOU CETH
Nuarl’y

DnekTpoHHO-0nbaroTeuHas cuctema «tOpait»

https://www.biblio-online.ru

7.3. IIporpammHoe obecrnievyeHue



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/

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

Microsoft Office 2007, 2010, 2016

Antuupycnoe 10 Kaspersky endpoint security
CnpaBouHo-nipaBoBas cucrema “T'apant”

6 Oneparnronnas cuctema Microsoft Windows XP Professional.

7. Iaker npuknanaeix nporpamm Microsoft Office 2003 Professional.
8. [IporpammubIii poAyKT «AHTHUBUPYC Kacniepckoroy.

9. IMporpammusrii mpoaykT FineReader 7.0 Professional Edition.

10. IIporpammusbiii npoaykt MATLAB 6.

arONE

7.4. MaTepuajibHO-TeXHHYECKOe o0ecrieyeHue

NEPEYEHB HATJISITHBIX IOCOBUI
1. Cxewma 3aBucumoctn pyHKImu pacrpenenenus @epmu-/upaka u bompimMana ot YHEPTUN
HOCHUTEJIEH.

2. (Cxema mpoIeccoB reHepaly U peKoMOnHAIMK (POTOHOCHTEIICH.

3. Cxema mpsMBIX U HETIPSIMBIX TIEPEXOJIOB.

4. Cxema 3aBUCUMOCTH dHepruu Gepmu oT TeMIiepaTyphl.

5. Cxema oTtoBoabTanueckoro 3¢ dexra.

6. Cxema MarHUTOAHOIHOTO Y deKTa.

7. CxeMa KOHCTPYKILHHU MOJYTPOBOJIHUKOBOTO Jlazepa.

®duznka YuebOnass aymguropus Juia | Cronm mis mpenogaBarens - 1 mr. (cocTouT U3 2-X
MONMYTIPOBOJHY | JIEKIMOHHBIX ~ 3aHATHH  (Ne | cexmwmii); cTys Iy mpenojasaTens -1 mr.; qocka - 1 mr.;
KOB 306) 386132, PU, r.Ha3paup, | TpubyHa-1 1mr, cTon — 28 mIT.; CKaMbs-56 1T

lamyp3ueBckuii OKpyTr, Vi
MaructpansHas, 39a, Kopmyc
3E




Pabouas mporpamma mucuuruivHel «BBenenue B GU3MKY MOTYNPOBOAHMKOBY COCTAaBJIEHA B
coorBercTBUM ¢ TpeboBanusmMu PI'OC BO mno nampasnenuto noxarotoBku 03.03.02 Pwusmka,
YTBEPKICHHOTO MpUKa3oM MuHucTepcTBa o0pasoBanus U Hayku Poccuiickoit deneparuu ot « 07»
asrycra 2020 r. Ne 891.

[Tporpammy coctaBuia: K.-M.H., TOIeHT kadeaper «Dusuka»y M. A. Hansruena

[Tporpamma omobpeHa Ha 3aceqanuu kadeapsl « Pu3nka»
ITporokon Ne_10 or« 20 » wmas 2024 rona

[Tporpamma oo0peHa YueOHO-METOAMUECKUM COBETOM (PH3UKO-MATEMAaTHIECKOTO (paKysbpTeTa
ITporokon Ne_9 o1« 22 » _mas 2024 rona




MuHuCTEpCTBO HAYKHU M BbicIIero oopasoBanusi Poccuiick
®enepanbHOe TOCyIapCTBEHHOE OI01KETHOE
o0pa3oBaTe/ibHOE YUYpe:KIeHHne BbIcIIero 00pa3on
«MHrymcKuii rocy1apCcTBeHHbINH YHUBEPCUTE
MeTtoanuyeckue pekoMeHaanum mo pazpadorke OIIOI

CBe/leHusi 0 nepeyTBeP:KICHNH MPOrPaMMbl HA O4YepeTHON y4eOHbIH roJl U perucTpanun
M3MEHeHHnH

VueOHsblit Pemenue Buecennble n3MeHeHUs Ilonnucek 3as.

roJ Kadeapbl kadeapou
(Ne ipoToKOINTA, 1aTa)




