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Pabouas nporpamma aucumiInHbl «Pu3nKa NOIyIPOBOIHUKOB U MOITYIPOBOJHUKOBBIX HAHO-
cTpykTyp» /coct.KanmbikoB P.M.Hanpuuk: KBI'Y, 2023.

Pabouas nmporpamma IMCHUIUIMHBI peHa3HAuYeHa JJis CTYJIEHTOB 0uHoU (GOpPMBI 00yUe-
HUS 10 HanpasiieHUIo noaArotoBku 11.03.04 DnekTpoHMKa M HAHORJIEKTPOHUKA, § ceMecTpa, 4
Kypca.

Pabouas nmporpaMMa coCTaBlieHa B COOTBETCTBUM ¢ DeiepaibHbIM roCy1apCTBEHHBIM
oOpa3oBaTenbHbIM CTaHAApTOM Bbiciiero oopaszoBanus (OI'OC BO) no nanpasieHuio
noarotroBku 11.03.04 DnekTpoHMKa U HAHORJIEKTPOHUKA, YTBEPKIACHHOIO IpUKa3oM Mu-
HUCTepCTBa 00pazoBaHus U Hayku Poccuiickoit Deaepammu «12» mapta 2015 1. No218.
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1. He.J'II/I H 321a4YH1 OCBOCHHSA TUCHHUIIJIMHBI

1.1. Hean:

00y4YeHHs CTYIEHTOB OCHOBAaM M METOJIaM HCCIIEI0BaHHU (PU3UKH MOIYINPOBOJHUKOB H
MOJTyIPOBOIHUKOBBIX HAHOCTPYKTYD.
1.2. 3apayn:

- O3HAKOMHUTH CTYJIEHTOB C OCHOBHBIMU 3aKOHAMH U SIBJICHUAMHU (PU3UKU MOJTYIPOBOIHU -
KOB U TIOJYTIPOBOJHUKOBBIX HAHOCTPYKTYP U C UX TEOPETUUECKON UHTEPIPETALUEN;

- J1aTh YeTKOE MpeACTaBIEHHE O TpaHMIaX MPUMEHHMOCTH (U3NYECKUX MOJeliel u
TUIIOTES;

- 03HAaKOMUTh CTY/JCHTa C COBPEMEHHBIMU JIOCTHKEHUSAMHU (U3UKH MOJYIPOBOJHUKOB U
MOJIyIPOBOIHUKOBBIX HAHOCTPYKTYP U UCIIOJIb30BAHUEM UX B HAYKE U TEXHHUKE;

- c(hopMHpOBaTh HABBIKK 3KCIIEPUMEHTAIbHON paboThl B 001acT (PUM3UKH MOIYIPOBOJI-
HUKOB U TOJIYIIPOBOJHUKOBBIX HAHOCTPYKTYP;

- IaTh HaBBIKH pacueTa GU3NYECKUX XapaKTEPUCTHK MOTYTPOBOJHUKOBBIX MaTepUAIOB U
CTPYKTYp Ha UX OCHOBE.

2. Mecto nucunmumasl B crpykrype OIIOII BO

JucuumuinHa BXoAUT B BapuaTuBHyto 4acth b1.B.J[B.06.01 yuye6GHOro ruana mo Harmpas-
nenuto noaroroBku BO 11.03.04 DnexkTpoHrka M HaHOAJIEKTpoHUKA U mpoduitio « CoBpeMeH-
Hble HHPOPMALIMOHHBIE TEXHOJIOTHU B JIEKTPOHHOMN TEXHUKE».

JucuuninuHa npeaHa3HaueHa JUisl CTYJIEHTOB O4HOM (hopMbl 00ydeHHs 1O HalpaBICHUIO
noarotoBku 11.03.04 DnekTpoHuKa U HAHOAJNEKTPOHUKA, 8 ceMecTpa, 4 rojja 00y4eHUs: U OTHO-
CUTCSI K IMCUUIUIMHAM BapuaTUBHON YacTH.

OCHOBOI U1 N3y4eHUs TaHHON AMCUUIUTMHBI SBISIOTCS KypChl MaTeMaTuKy, o0mmei ¢pu-
3UKH, (PU3UKHU TBEPIOTO Tea.

3. TpeGoBaHus K pe3yJibTaTaM OCBOEHMSI JUCHUTIIHHBI

[Iporiecc n3yueHus: JUCITUTUTHMHBI HATIPaBJICH Ha (DOPMUPOBAHKE DJIEMEHTOB CIICTYIOITNX
komrereHuuit B coorseTctBuu ¢ ®I'OC BO u OIIOIT BO no nanHoMy HampaBi€HHUIO MOATOTOB-
KU:

a)BpInyCKHUK J0/KeH 00J1a1aTh CJIeIYIIHUMH 001eKYIbTYPHbIMH KOMIIETEeHIIU-
AMM:

MKC-1. CnocobeH cTpouTs npocTeiine GU3NUECKie U MaTeMaTHUECKIe MOJICIH MPHOO0-
POB, CXEeM, YCTPOWUCTB U YCTAHOBOK JIEKTPOHHUKH M HAHORJIEKTPOHUKHU PA3INIHOTO (yHKIHOHATIBHOTO
Ha3HA4YCeHHUs, a TAK)KE MCIOJIb30BaTh CTAaHJAPTHBIE IPOTPAMMHBIE CPEACTBA MX KOMIIBIOTEPHOTO MOJIE-
JIMPOBaHUS

HKC-B.1.1.Cnioco6eH cTpouTh (pU3NYECKUE U MATEMaTUYECKUE MOJICIIA MOJICIIeH, Y3708,
0J10KOB

IIKC-b.1.2. Cioco0OeH monp30BaThCsi METOAAMU KOMITBIOTEPHOTO MOJIETTMPOBAHNUS

B pe3ynbpTare 0CBOCHUS JUCHMILUIMHBI CTYICHT JOJKEH:

3HaTh:

- OCHOBHBIE TIOHSTHs, 3aKOHBI U MOJENHN 3JIEKTPOHHBIX IIPOLIECCOB HA ITIOBEPXHOCTH I10-
JIYIIPOBOJHUKOB U MOJIYIIPOBOAHUKOBBIX HAHOCTPYKTYp M HX MATEeMaTUYECKUE BBIPAKECHUS;
TPaHUIbl UX MPUMEHUMOCTHU, IPUMEHEHNE 3aKOHOB B MPAKTHUYECKUX IPUIIOKECHUSAX.

-pyHIaMeHTanbHble (U3UYECKUE ONBITHI B 00JacTH (DU3MKU MOBEPXHOCTH IOIIY-
MPOBOJAHUKOB U MOJYIPOBOAHUKOBBIX HAHOCTPYKTYP M HMX pOJb B pPa3BUTHUU HAYKU U
TEXHUKMU.

-METOABl JKCIIEPUMEHTAJIBHOTO U TEOPETUYECKOIO0 HCCIENOBAHUS JJIEKTPOHHBIX
IPOLIECCOB HA ITIOBEPXHOCTU MOJIYIPOBOJHHUKOB U MOJIYIIPOBOJHUKOBBIX HAHOCTPYKTYD.

-TIOHUMATh CYIIHOCTh (DU3UYECKUX SIBICHUH HA MOBEPXHOCTHU MOIYIPOBOTHUKOB.



-OLICHUBATh YHUCIICHHBIC TMOPSAIKU BEJIMYUH, XapaKTepHBIX JUIS (U3UKU OBEPXHOCTH
MOJTyIPOBOJIHUKOB U TIOJIYTIPOBOJHUKOBBIX HAHOCTPYKTYP .

-0051acTH IpUMEHEeHUs (PU3UKH TOBEPXHOCTH MOIYIPOBOJHUKOB U IMOIYIPOBOJHUKOBBIX
HaHOCTPYKTYDP.

- COBPEMEHHOE COCTOSIHUE€ W OCHOBHBIC HANpaBJICHUS DPa3BUTHUS (PU3MKH TOBEPXHOCTH
MOJTyIPOBOJIHUKOB U TIOJIYTIPOBOJHUKOBBIX HAHOCTPYKTYP.

-BKJIaJ] POCCHMCKHUX M 3apyOeXHbIX YYECHBIX OKAa3aBIIMX HauOoOsblIee BIUSHHUE
Ha pa3BUTHE (PU3UKHU AIEKTPOHHBIX MPOILIECCOB HAa MOBEPXHOCTHU MOTYHIPOBOIHUKOB U TIOJY-
IIPOBOJAHHUKOBBIX HAHOCTPYKTYP.

Ymern:

- IpaBHUJIbHO MMOHHUMATh U 00BIACHSTD (bHSI/I‘—IeCKI/Ie 3aKOHBI SIBICHUH M CBOICTBA TCI, OT-
JMYaTh TUMOTE3bl OT HAYYHBIX TEOPUH;

- MOJIb30BAaThCSl OCHOBHBIMU (PU3UYECKUMH NMPUOOPAMHU, CTABUTh U PelIaTh MPOCTEHIIINE
SKCIEpUMEHTANIbHBIC 3a]1aul, 00padaThiBaTh, aHATU3UPOBATh OLICHUBATH MOJTYUYECHHBIEC Pe3yJIbTa-
THBI;

- BUJCTh (PU3NYECKOE SIBIICHUE C PA3HBIX TOUEK 3PEHMUS;
- MBICJIUTh TBOPYECKH M CAMOCTOSTENBHO;
- TPOSBIIATH OCBEJOMJICHHOCTh B BOIIPOCAX, CBSI3aHHBIX C MCTOPUEH Ba)kKHEHIINX
OTKPBITUH B (pU3HKE MOTYNPOBOJHUKOB U MOIYIPOBOAHUKOBBIX HAHOCTPYKTYP;

- TIOJIb30BAThCA MIPU PabOTE CIIPABOYHOM U yueOHOM TUTEepaTypoii;

- IPUMEHATH NOJyYeHHbIE 3HAHUS JJIs1 0OBSICHEHUS pa3HOOOPA3HBIX SIBJICHUN U CBOMCTB
MOJIYTIPOBOITHUKOBBIX MAaTEpHAJIOB U HAHO CTPYKTYP Ha UX OCHOBE;

- OIICHUBATh JIOCTOBEPHOCTh €CTECTBEHHOHAYYHOU MH(POPMAIINH;

- UCIOJIB30BaTh MPUOOPETEHHBIC 3HAHUS M YMEHMS Ul PelCHHUs MPaKTHYECKUX 3ajad,
oOecnieueHuss 0€30MaCHOCTH  COOCTBEHHOW KU3HU, MPUPOJOINOIB30BAHUS U OXpaHBI
OKpYKaroIEe Cpebl.

Baagers:

HaBbIKaMU 10 padoTe ¢ IKCIEPUMEHTAIbHBIMU YCTAHOBKAMU U aHAJN3a PE3yJIbTaTOB JKC-
[IEPUMEHTA.

IIpuoOpecTH ONBIT AeATEIBLHOCTH:

-II0 U3MEPEHUI0 OCHOBHBIX CBOMCTB IOJYIPOBOAHUKOB M IOJYIPOBOJHUKOBBIX HAHO-
CTPYKTYP ¥ UHTEPIIPETALMN PE3YIbTATOB U3MEPEHUM;

-110 00CITY>KUBAHHIO SKCIIEPUMEHTAIBHOTO 000PYA0BaHMUS,

-TI0 UCIIOJIB30BAaHNIO MAaTEMATHUYECKUX MOJIETIEH OJIyIPOBOJHUKOB U ITOIYIIPOBOJIHHUKO-
BBIX HAHOCTPYKTYP IIPU U3YYECHUHU UX CBOUCTB.

4. Conep:kanue M CTPYKTYpa JMCHHILIHHBI
4.1. Coaep:xanue pa3iejioB TUCUMIIIIMHbI

Tabnuya 1.
K
Coneprxanue paszena K(;)Ipr
OJIH- dopma
pstz[e- HaumenoBanue py- z:l}g
a pasnena €MBIX KOHTP
KOMIIE | ong
TEHIIN
P
1 2 3 4




Bsenenue

[Ipenmer u 3amaum Kypca «puznxa
MOJIyIPOBOJIHUKOB U TIOJYTIPOBOJHUKOBBIX
HaHOCTPYKTYp». KpaTkuil uctopuueckuit
OYEpPK Pa3BUTHSI HAYKHU O MOJIYIPOBOIHUKAX.
Posnb 0TeUeCTBEHHBIX YUEHBIX B Pa3BUTUH
coBpeMeHHO! "®U3NKN NOJYyNPOBOIHUKOB U
TIOJTYTTPOBOIHUKOBBIX HAHOCTPKTYP".

[MK-1K

[Tonynposon-
HUKH. DJIeMeH-
TapHasi TCOpHUs
3JIEKTPOIpPO-
BOJHOCTU

1. Knaccudukanus TBEpIBIX TeI MO
AIEKTPUYECKUM CBOMCTBAM. 3aBUCUMOCTh
CBOWCTB MOJIYTIPOBOJTHUKOB OT BHEIIIHUX
BO3JCHCTBUM U HalMuue npumecer. Buapl
MOJYTIPOBOJIHUKOBBIX MAaT€pUAIIOB.

2. MopenbHble peACcTaBICHUS
3JIEKTPOIPOBOJHOCTH MOITYNPOBOIHHKOB.
CoOcTBEeHHBIE U TPUMECHBIE
MOJYIPOBOIHUKH.

[IK-1K

JIP

OcHoBHBbIE TO-
JIO’)KEHUS 30H-
HOM TEOpHH I10-
JYTIPOBOTHU-
KOB

1. Kparkue cBeeHuUs1 U3 KBAHTOBOM
MexaHukH. KopmyckynspHO-BOITHOBOM
IOyanus3Mm u npuHuui I eitzenoepra.
Vpasuenue llIpéaunrepa.

2. Ilpenunrepa ans kpuctaia. BoaHoas
(GyHKIMS ¥ BOJTHOBOM BeKTOp. Penienue
ypaBHenus Llpenunrepa B mpuOIMKeHIN
CWJIBHOM CBSI3U IS 2JIEKTPOHA B
MIEPUOJIMYECKOM I10JIe TPOCTOM KyOHUYecKon
pemérku. BeIBOBI U3 3TOTO peleHus
OTHOCHUTEJIBHO SHEPIreTUUECKOI0 CIEKTPA
AJIEKTPOHOB B KpUCTAJIIaX.

3. Yncno cocTosiHUM 2IEKTPOHOB B
sHepreTnyeckom 3oHe. KBazummiynsc. 30Ha
bpuniosHa. 3anosHeHUe 2IEKTPOHHBIX
COCTOSIHUM pa3pelI€HHBIX 30H.

4. 3aBUCUMOCTb PHEPIHH IJIEKTPOHA OT
BOJIHOBOT'O BEKTOpa y JTHA U MOTOJKA
SHEPreTUUECKOM 30HBI.

5. /IBrKeHne 31EKTPOHOB B KPUCTAIIIE TIOJT
JEMCTBUEM BHEILIHETO 3JIEKTPUUECKOTO MOJIS.
CKOpOCTh M YCKOPEHHUE IIEKTPOHOB B
KpHUCTAaJLIE.

6. DddexTuBHAS Macca HOocuTeel. MeTon

3¢ (HeKTUBHON MacCHI.

7. DHEpPreTUYECKUE 30HbI B THITUYHBIX
MOJIyIPOBOIHUKAX.

8. DnemeHTapHas TEOpUsi IPUMECHBIX COCTOSI-
Huil. Menkue 1 riryOoKue ypoBHH.
MHoro3apsiiHble IPUMECHBIE [IEHTPBHI.
“I'my6okue” YypOBHH.

[TK-1K

JIP

Konebanue
aTOMOB KpH-
CTaINYECKOM
penieTKu

1. Konebanue aToMOB OJJHOMEPHOM
KPUCTAJUIMYECKOU PELIETKU.
2. Konebanre aToMOB TpeXMEpHOM
KPUCTAJUIMYECKON PELIETKH.

[IK-1K

Paccesanue

1. MexaHu3MBI pacceiaHurs JICKTPOHOB U

[1IK-1K




AJIEKTPOHOB U
JBIPOK B MOJY-
MIPOBOJIHUKAX

neIpok. KuHetnueckoe ypaBHeHUE
Bbonwsiimana. HepaBHOBecHast pyHKITHS
pacrpeziesieHus. cocTosiHue. PaBHOBecHOE U
CTallMOHAPHOE COCTOSIHMI. Bpems
penakcaluu.

2. Db dexTuBHOE CeUEHUE U BpeMSs
penakcalyy i pa3HbIX TUIIOB JI€(EKTOB.
3aBUCHUMOCTh BPEMEHHU pelakcalliu OT
DHEPTUHU U TEMIIEPATYPHI I pa3IHYHBIX
MEXaHHU3MOB paccesiHUsl. 3aBUCUMOCTD
MOJABH>KHOCTH HOCUTENEH 3apsiia OT
TEMIIEPATYPHI.

JIP

Kunernueckue
SIBJICHHS B I10-
JyIPOBOIHU-
Kax

1.Y nenpHas sneKkTpuyecKasi MpOBOAUMOCTh
MOJIyIPOBOJIHUKOB U €€ 3aBUCMOCTh OT
TEeMIIePaTyphbl.

2. N'anpBaHOMarHWTHBIE U TEPMOMArHUTHbBIE
SBJICHHS B TIOJYTIPOBOTHUKAX.
Krnaccudukanus raibBaHOMarHuTHBIX U
TEPMOMATHUTHBIX SIBIICHUI.

3. Dddext Xomna. Koapdunmsnt Xoma.
XosutoBckas ¥ aperoBast MOABUKHOCTH.
Xoi GakTop Ipu pa3IUYHBIX MEXaHU3MaX
paccesitHus HOCUTEIIEH.

4. MarauToconpoTHUBJIEHHUE.

3. TepmasieKTpUUECKHUE SIBJICHUS B
MOJTYTIpOBOIHUKAX. SIBieHus 3eeOeka.
3aBucumocTh AU hepeHInanTbHON TepMO-
OJ1C oT TemmiepaTypsl U CTENIEHU
nerupoBanus. Ipdext GOoTOHHOTO
yBiieueHus. SBnenus [lenbThe, Tomiicona u
CBs13b K03(h(PULIMEHTOB, XapaKTEPU3YIOIINX
9TH SIBJICHUS.

4. DPeKTh B CUIBHBIX dJEKTPHUECKUX
MOJIAX. DIIEKTPONIPOBOTHOCTD
MOJTYTIPOBOIHUKOB B CHJIBHOM 3JIEKTPHUECKOM
nosie. D¢ ekt 'anna. MexaHu3Mbl
YBEJIMYEHUS] KOHLIEHTPAIMK HOCUTENEH 3apsaaa
B CHJIBHBIX SJIEKTPUYECKUX MOJISIX (yaapHas
MOHU3AIMS, TYHHEIbHBIH 3 exT,
AJIEKTPOCTATUYECKAsT MOHU3ALINSA).

[IK-1K

JIP

['eneparusa u
peKoMOuHaIUs
HEpaBHOBEC-
HBIX HOCHUTEJICH
TOKa B MOy~
MIPOBOJTHUKAX

1. PaBHOBECHBIE 1 HEPABHOBECHBIE HOCUTENH
3apsiaa. KBasunyposau @epmu. bunossgpHas
ONTHYECKas TeHepalus HOCUTENeH 3apsa.
2. MexaHu3mbl pekoMOruHauu. Mex30HHas
U3Ny4yaTelibHas peKOMOUHAIHSI.
PexomOunanus Hocutenei 3apsija yepes
nosyuiku. Knaccudukariys 1oByIex.

[IK-1K

JIP

Huddyszus u
npetid ne-
PaBHOBECHBIX
HOCHUTENEH 3a-

1. YpaBHEHME HENPEPBIBHOCTH.
Juddy3uonnsie u apeiidoBbie TOKU.
CootHomieHne DUHIITEHHA.

2. lndpdysus u aperid HepaBHOBECHBIX

[IK-1K

JIP




pana HOCHUTEJIEH 3apsiia B CIIy4ae MOHOIIOJIIPHOMN
npoBoaumMocTu. Juddysus u apeiid
HEOCHOBHBIX U30BITOYHBIX HOCUTEJIEH 3apsiia
B IIPUMECHOM TOJYNIPOBOJHUKE.

10 1. TUIBI TFIOMUHECIICHIINH. TIK-1
JlromunecueHn | PekoMOMHAIIMOHHOE U3TTyUYeHUE
ust MOJTYTIPOBOTHUKOB TIpH (DyHAaAMEHTATBHBIX
MOJYTIPOBOAHU | Iepexojax. PekoMOMHAIIMOHHOE U3TyueHue K
KOB [IOJIYIPOBOJHUKOB IIPH MEPEX0JAX MEKIY IIK
30HOM M MPUMECHBIMH YPOBHSIMHU. JIP
2. Penakcanus JIIOMUHECLIEHLIUN TIOJTYTIPOBOI- T

HUKOB. CIIOHTaHHOE U BBIHYXXJACHHOC HU3JI1y4C-
HUC. CTI/IMy.]II/IpOBaHHOC H3JIYUYCHUC TBCPABIX

Tell.

11 @otosnexrpuy | Buyrpennuit potorddexr. doronposo- I1K-1 K
€CKHue ABJIEHHsA | IUMOCTh. Penakcanus GpoTonpoBOANMOCTH. K
> JIP
TOJTyTIPOBOTHU -
Kax

12 ®usuka nony- | 1. Beenenue [K-1K
poBOAHUKOB ¢ | 2. OCHOBHBIE XapaKTEPHCTUKH JIBYMEPHBIX [K
HIOHMKEHHOM HOJIyIPOBOAHHKOBBIX HAHOCTPYKTYP JIP
pasmeprocteio | 3. [IpAMoyronbpHas noTeHIManbHas ama T

KOHEYHOH TTyOuHBI

4. [Tapabonuueckasi MOTEHIUATbHAS sIMa

5. TpeyroisibHasi MOTEHIMAIbHAS sIMa

6. KBaHTOBBIE TPOBOJIOKH

7. KBaHTOBBIE TOUKHU

8. HampsixeHHsble ciion

9. Biusinne HanpspKeHU Ha BAJICHTHYIO 30HY
10. 30HHas CTPYKTypa B KBAHTOBBIX sIMax

11. Dxcuronubie 3 PEKTh B KBAHTOBBIX IMax

4.2. CTpyKTYypa TUCHMILITHHBI

4.2.1. O6mas Tpya0éMKOCTh IHCHUIUIMHLI COCTaBJsAeT 4 3a4eTHBIX equnu (144
4acoB)

Taoauua 2.
Bun pabotet Tpy10eMKOCTb, 4achl
8 Bcero
ceMecTp

O011as TPy10eMKOCTh 144 144
Konmaxkmmuas paboma: 66 66
Jlexyuu (JI) 33 33
Jlabopamopuvie pabomut (JIP) 33 33
Camocmoamenvhnasn paooma (¢ ua- 69 69

cax):

Bua npoMexyTO4HOM aTTeCTANMHU 9(3auer) 9(3auer)

4.2.2. JleknnoHHBLIE 3aHATHSA
Tadauua 3



n/n Tembl

1 | [Ipeamer u 3a1aun Kypca «pHU3MKa TOTYIPOBOTHUKOB H MOJTYIPOBOTHUKOBBIX
HAaHOCTPYKTYyp». KpaTkuil ucTopryeckuii O4epK pa3BUTHsI HAYKH O MTOJIYIIPOBOIHHUKAX.
Posib 0TeueCTBEHHBIX YUEHBIX B Pa3BUTUH COBPEMEHHOM "®U3NKH MOJIyIIPOBOJHUKOB U
MOJTyIPOBOIHUKOBBIX HAaHOCTPKTYp". Kiaccudukanus TBEpABIX Te MO NEKTPUIECKUM
CBOICTBaM. 3aBUCUMOCTb CBOICTB MOIYIIPOBOAHUKOB OT BHEIIHUX BO3/IECHCTBUN U HAIMYHE
npumeced. BUibl NOIynpoBOAHUKOBBIX MATEPUATIOB.

MozenbHble IpeACTaBIEeHUS JIEKTPONPOBOAHOCTH MOTYIPOBOIHUKOB. COOCTBEHHBIE U
IIPUMECHBIE MOTYIPOBOIHHUKH.

2 Kpatkune cBeneHust U3 KBaHTOBOW MeXaHUKH. KopIycCKyJsIpHO-BOJIHOBOM Jyallu3M U
npunnui ['eiizenOepra. Ypasuenue llpénunrepa. Hlpenunrepa ans kpucramuia. BoiaHosas
¢byHKUMS ¥ BOTHOBOMU BekTop. Pemenne ypasaenus llpeaunrepa B npuOImxeHUn CUIbHON
CBS3M JUIS 3JIEKTPOHA B TIEPUOIUYECKOM I10JI€ MTPOCTOM KyOuueckoi peméTku. BeiBoab! U3
ATOrO PELIEHUSI OTHOCUTEIBHO SHEPIETUUECKOIO CIIEKTPA AJIEKTPOHOB B KPUCTAILIAX.
Yuciio cocTosIHUM IEKTPOHOB B dHEpreTnueckon 30He. KBazummmynbc. 3oHa bpumtrosHa.
3anonHeHne AIIEKTPOHHBIX COCTOSTHUM pa3peleHHbIX 3PH.
3aBUCUMOCTh SHEPTUH 3JIEKTPOHA OT BOJHOBOI'O BEKTOpA Y JTHA U MOTOJIKA SHEPreTHIeCKOn
30HBI. J[BUJKEHHE DJJIEKTPOHOB B KpPUCTAJIE IOJA ACHCTBHEM BHEIIHETO AJIEKTPUYECKOTO
noJisi. CKOpOCTh ¥ YCKOPEHHE JIEKTPOHOB B KpUCTAILIIE.

D¢ ¢dextuBHass macca Hocuteneid. Meto 3¢hdekTuBHONW Macchl. DHEPreTUYecKHe 30HKI B
TUMUYHBIX TOJYNPOBOJHUKAX. DJIeMEHTapHasl TEOpUsl MPUMECHBIX COCTOSTHUN. Menkue u
riy0okue ypoBHU. MHOro3apsiiHble IpUMecHbIe eHTphl. “I'my0Ookue” ypoBHH.

3 | MexaHu3Mbl paccesHHsl AJIEKTPOHOB W IbIpok. KuHetnmdeckoe ypaBHeHue bomblimaHa.
HepaBHoBecHast (yHKUUS pacupefesieHus COCTOsiHHE. PaBHOBeCHOe M CTallMOHApHOE
cocTosiHuil. Bpemst penakcanum.

O¢ddexTuBHOE ceueHne M BpeMs pellakcaluu Ui pa3HbIX THUIOB JIe(PEKTOB. 3aBUCUMOCTH
BPEMEHM PEIaKCalMi OT SHEPTUHU U TEMIIEPATYPBI U PA3INYHBIX MEXaHU3MOB PACCESHMS.
3aBUCUMOCTb IOJIBUKHOCTU HOCUTENEH 3apsJa OT TEMIIEPATYPBHI.

4 | YaenpHas DdieKTpUYecKas INPOBOJMMOCTH IOJIYIPOBOJHUKOB U €€ 3aBUCHUMOCTb |OT
TEMIIEPATYPBI.

["abBaHOMAarHUTHBIE M TEPMOMArHUTHBIE ABJICHUS B MOJIYINpoBoaHUKax. Knaccudukarms
rajlbBAHOMAarHUTHBIX U TEPMOMArHUTHBIX SIBJICHUH.

Oddexr Xomma. Koaddummnar Xomra. XoimoBckas U ApeiidoBas MOABUKHOCTH. XQIIT
(axTop MpH pa3NUYHBIX MEXaHU3MaX pPaccestHUA HocuTeNell. MarHUTOCONPOTUBIICHHUE.
TepmanekTpudyeckue sBICHHS B IOJYyNpOBOAHMKAX. SIBieHus 3eeOexa. 3aBUCUMOCTD
muddepennmansaoii Tepmo-3[AC oT Temmeparypel M CTeNeHW JerupoBaHusi. DdPexrt
¢oronHoro yBieueHus.  SBnenus Ilenbtee, TommcoHa u CBA3p KOI(PPUUHUEHTOB,
XapaKTEepPU3YIOIIMX ITH SBJICHUS.

D¢ dexTsl B CUIBHBIX JIEKTPUYECKUX IOJIAX. DJIEKTPOIPOBOJHOCT MOIYIPOBOJHUKOB B
CHJIHOM 3JIeKTprueckoM mose. Dddexr ['anna. MexaHU3MBbl yBEINYECHUS! KOHIICHTPALIUU
HocuTeNel 3apsaa B CUIBHBIX JIEKTPUUYECKUX MOJSIX (yZapHas MOHU3ALMsl, TYHHEJIbHBIN
a¢deKT, JIIeKTpocTaTUIEeCKasi HOHU3AIINA ).

5 | PaBHOBecHbIE M HepaBHOBECHbIE HocuTenH 3apsaa. KeasuypoBHu @Pepmu. bumnomspmas
ONTHYECKAs FeHepals HOCUTENIEH 3apsaa.

Mexann3mbl pekoMOMHanu. MexX30HHas u3inydareiabHas pekoMOunHanusa. PexomOuHaius
HocuTenel 3apsaaa yepes noByuku. Knaccudukanus oByiex.

6 | YpaBHenue HenpepbiBHOCTH. [luddys3nonnsie u apeiidoBbie Toku. CooTHOIIEHUE
OHHIITENHA.

Huddysus u napeiid HEpaBHOBECHBIX HOCHTEIEH 3apsiia B Cilydae MOHOIOJSPHOM
npoBoguMocTH. Juddy3us u apeild HEOCHOBHBIX M30BITOUHBIX HOCHTENEH 3apsiig B
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NPpUMCCHOM IIOJYIPOBOAHHUKE.

7 Tunsl  moMuHecHeHIMU. PekoMOMHAIIMOHHOE HW3JyYeHUE IOIYMPOBOAHUKOB I
(dyHIaMEHTAIBHBIX TMepexoaax. PeKOMOMHAIIMOHHOE W3IYYCHHE TOIYIPOBOIHHUKOB Tl
nepexo/iax MKy 30HOM U MPUMECHBIMH YPOBHSAMHU.

Penakcamusi MIOMUHECHIEHIIMM TOMYHIPOBOJHUKOB. CIIOHTAaHHOE W BBIHYXKJIEHHOE W3-
nyuyenue. CTUMYIHPOBAaHHOE U3TYyUEHHE TBEPIbIX TeJl.

8 | Buyrpennwuii poroaddexr. @oTonpoBogumocTs. Penakcanus GoTornpoBouMocTH.

9 | Beenenue. OCHOBHBIE XapaKTEPUCTUKH JABYMEPHBIX ITOJYIIPOBOJHUKOBBIX HAHOCTPYK-
Typ. [IpsiMoyTOIBHAS TOTEHITMAIbHAS TMa KOHEUHOU ri1yOuHsl. [lapabonuaeckas
IIOTCHI MAJIbHAA sAMa. TpeerHBHa}I IIOTCHIMAJIbHAsA sAMa.

10 | KBanToBbIie mpoBosioku. KBantoBeie Touku. HanpskeHHble cnon. BinsHue Hanpsike-
HUI Ha BaJICHTHYIO 30HY. 30HHAs CTPYKTYpa B KBAHTOBBIX IMaX. DKCUTOHHbIE 3 dek-
THI B KBaHTOBBIX SIMax.

4.2.3. JIa6opaTopusie pagorsl (KOHTpoUpyeMasi kommnereHuus I1K-3)

Taoauna 4
Ne
Tema
o/
| Omnpenenenue THMA, KOHIEHTPALIMU U MOABUKHOCTH HOCUTENEH 3apsija B MOIYIPO-

BOJIHHUKAX

2 OrnpeneneHre MUPUHBI 3aMPEIIEHHON 30HbI MOTYTPOBOIHUKOB

Wzmepenue nudy3noHHON ATHMHBI U BpEMEHH JKU3HU HEPAaBHOBECHBIX HOCUTEIEH 3a-
psna B OJYIPOBOJAHUKAX

W3mepenue nuaneKTpuyeckoi MPOHUIIAEMOCTH U TaHT€HCa YIJla AUAJIEKTPUUECKUX 110-
TEPb

I/I3yquI/Ie BOHLT-aMHepHOﬁ XaPAKTCPUCTUKHU BJICKTPOHHO-ABIPOYHOTI'O IIEPEXOa

W3ydenune BonbT-papagHOil XapaKTEPUCTHKH 3JEKTPOHHO-IBIPOYHOTO NEepexoa

M3yueHune morJoneHus CBETa B MOJIYIPOBOIHAKAX

[ <BENENe WAV ]

Nzyuenne HoTornpoBoMMOCTH TOTYTIPOBOJHIUKOB

MeTtoau4eckue peKOMeHAAlNHU 110 NPOBEACHUIO J1a00PaTOPHBIX 3aHATHH

JlaGopaTopHBIi MPAKTUKYM SIBJIIETCS BaKHBIM 3JIEMEHTOM Iporiecca ooyuenus. Jlabopa-
TOpHBIE 3aHATHS JOJDKHBI OBITH OPHEHTHPOBAHBI Ha PEIIeHUe TUIIOBBIX (0a30BBIX) 331a4, B Oy-
aynield mpodecCHOHAIBHONM JEATENIbHOCTH C  WCIOJIB30BaHUEM METOAOB, METOIWK, (hopMmyd,
nmoaxoaoB, aJirOpuTMOB, Mo,ueneﬁ U IpOYUX, M3JIOKCHHBIX Ha JICKOUAX WU B MATCpUaAJIaX, BBIHC-
CEHHBIX Ha CaMOCTOATENbHYIO paboTy. JJabopaTopHbIe 3aHATHS TOJDKHBI 00ecTieunBaTh (HOPMH-
POBaHHUEC KOMIIOHCHTOB «YMCTb» 3aJJdHHBIX AJUCHUIIIMHAPHBIX KOMHCTCHHHﬁ. HaGOPaTOpHBIC
3aHATHS 11€JIECO00pa3HO MPEAYCMOTPETh (ITPU HAJIWYUU BO3MOXXKHOCTH) IO BCEM TE€MaM HEIO-
CPEICTBEHHO MOCJe U3YUEHHUs Ha JEKUUAX TeopeTHueckoro Marepuana. OQHON U3 IIaBHBIX Ie-
niei 1abopaTOPHBIX 3aHATHH SIBIISIETCS YIyOJIeHUe, 3aKpeIuieHe 1 Hanboiiee TOJTHOE YCBOCHUE
TOro Marcpuala, KOTOprfI 61:1.]] OCBCUICH HA JICKIUAX WUJIU 3adaH JJIs1 CaMOCTOATCIBbHOIO U3YUC-
Hus. JlabopaTOpHBI MPaKTHKYM JOJDKEH NPUBUBATH HABBIKA CaMOCTOSITENILHOW pabOThI Ha
pa3nuYHOM J1a00paTOPHOM 0OOPYAOBAaHHM M YMEHHE MOJIb30BATHCS Pa3IMYHBIMU MIPUOOpaMU U
WHCTPYMEHTaMHU.

Ycemex na60paT0prlx 3aHATUU 3aBUCHUT OT KauecTBa MMOATrOTOBKHU IMperioaaBaTeisd, CTy-
JICHTOB | JIa0OPaTOPHOTO 00OPYAOBAHHUS.
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Ha nepBoM 3aHATHM CTYJICHTHI U3y4alOT TEXHUKY O€30MaCHOCTH, MOTYYal0T CIHCOK JIa-
O60paTopHbIX paboT U UHAUBUAYAIbHBIN IpaduK BHIIOTHEHHS JaOOPaTOPHBIX padbOT B BUE

NuauBuayaabHbIH rpa@uK BbINOJIHEHNUS JIAa00pPaTOPHBIX padoT
Tabanna S

Jatsr
BBITIOJTHEHUSI paboT

NeNe
n1abopaTopHBIX paboT

KommaecTBo 6amioB 3a oqHy
paboty

Cymma 6asioB o peTUHIro- I I 111

BBIM TOYKaM

CTyIeHTHI TaKKe MOJydaloT OCHOBHBIE TPEOOBaHMS K BBIOJHEHHIO ¥ O()OPMIICHHUIO J1a-
00paTOpHBIX PadOT MO AUCLMILIMHE B HJIEKTPOHHOM MM OyMa)XHOM BHJIE.

Brimonaenmne kaxaoi 1abopaTopHOi pabOThI CKIIaIBIBACTCS U3 CIETYIONINX ITAIOB

1. CamocrosTenbHas IOArOTOBKA CTYAEHTOB K paboTe U nosryueHue fgomycka. [lepen
HAyYaoM paboTHl CTYACHTHI JOJDKHBI 3HATh: Ha3BaHUE PaOOTHI; KPATKYIO TEOPHIO TEMBI; IIENb pa-
OOTBI; METOJIUKY W3MEPEHUS M HKCHEPUMEHTAIbHYIO YCTAaHOBKY; 3aJjaHHUs M OKUJAeMble
pe3yabTaTel. PeKoOMeHIyeTcsi MMeTh 3amuch B pabodeld TeTpaaud MO BCEM OTHUM ITyHKTaM M
3arOTOBKY TaOJMIbI A 3alMCH Pe3yJbTaTOB HM3MepeHHi M BbluucieHuil. CTylneHTbl, He
MOJTOTOBUBIIHECS K pab0OTe B COOTBETCTBHU C dTHMHU TPEOOBAHUSMH, K BBITOJHEHHIO paOOTHI
HE JIOMyCKarOTCA.

2. [TpoBenenue 3KCIEPUMEHTA. DTOT ATAIl OCYIIECTBIISCTCS B COOTBETCTBUU C METO-
IMYECKUMH yKa3aHUSMHU, KOTOpPbIE COAEP)KATCsl B PYKOBOJCTBE K KaXJI0W paboTe M TeXHHYe-
CKOMY OITMCaHUIO JTaOOPAaTOPHOH yCTAHOBKH. Pe3ybTaThl MEPBUYHBIX U3MEPEHHM 3alTUCHIBAIOT-
cs 6e3 kakoi-mnbo o6padoTku B “Tabnuily pe3yabTaToB U3MEPEHHI U BEIYUCICHUA .

[Tpu pabote B mabopaToprn HEOOXOAMMO CTPOTO BEHITIOIHATH BCE MPAaBUIIA TEXHUKU 0€3-
OINAaCHOCTH U YKa3aHHUs IpenojgaBaTessl.

3. OOpaboTKy pe3yJbTaTOB U3MEPEHUU PEKOMEHIYETCS MPOBOJIUTH OJHHM M3 COBPEMEH-
HBIX ITAKETOB MaTeMaTHYECKUX Mporpamm, Hanpumep, Mathcad, Origin. Eciu tpeGyetcs rpadu-
KA CTPOSATCS HA MWJUTMMETPOBOM Oymare WM OJHUM W3 TAKETOB mporpamm. st moiHoro
MIOHUMaHMs «OOHAPYKEHHON 3aKOHOMEPHOCTU» CTYAEHTY He0OXOAMMO OINucaTh XoJl rpaduka u
CHIeNaTh BBIBOJIBI, SIBJISIFOIIMECS UTOTOM CaMOCTOSITEIBHOTO aHAIM3a Pe3yJIbTaTOB dKCIIEPUMEH -
Ta.

4. OT4eT 0 MPOJICITAHHON padoTe MPEICTaBISAET COOOM COBOKYITHOCTh BCEX 3TAIOB OT JI0-
MyCKa JI0 TIOJIHOTO 3aBepIIeHUs JJabopaToOpHO pabOThl M ONKMCAaHHbIE B paboyeil TeTpaIu.

5. 3aBepuIaronIiM 3TAroOM SIBJISIETCS 3aIlMTa BHITIOJHEHHON paboTel. Ha 3amuTe cTyaeHT
IPEeJCTaBIseT OTYET U OTBEYAET HAa KOHTPOJbHbBIE BOIPOCHI U3 PYKOBOJACTBA K JIAOOPATOPHBIM
pabotaMm 1o QH3HKe MOTYNPOBOJIHUKOB M TOIYIPOBOTHUKOBEIX CTPYKTYP M €My BBICTABIISIETCS
0asu1, KOTOPBIM OLIEHEHa JjaHHas JlabopaTopHas padora.

B xoxe npoBeneHus 1a00paTOPHBIX 3aHATHI MPETO1aBaTeNlb IOMOTAeT CTYICHTaM
OBJIAJIETh JIAOOPATOPHON TEXHUKOMN, MPOBOAUTH U3MEPEHMSI, AaHAJIU3 PE3YJIbTATOB U CJIENIaTh
BBIBOIBI M3 TIOJTY9E€HHBIX PE3YJIbTATOB.

AKTuBHas paboTa CTYJEHTOB Ha NPAKTUYECKUX 3aHATHUSX SABJSETCA OOJHUM U3 IO-
Kazareyeil XOpoIeil Opranu3any Takux 3aHATHi. [Ipy 5TOM OYeHb BaXKHO TOJTMHHO HAYY-
HOE pelIeHUe Ha J1a00opaTOPHBIX 3aHATUAX 3a]1a4, CBI3aHHBIX C 00JIACTHIO U BUAAM Ipodeccu-
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OHAJILHOH JIesATeIbHOCTU BBIITYCKHHUKOB I10 HAIIPABJICHUIO ITOATOTOBKU <<3HCKTpOHI/IKa u
HAHOJJICKTPOHUKA»

4.2.4. CamocrosiTeJIbHOE H3yYeHHE Pa31eJI0B JHCHUIIIHHBI
Tabauua 6

Ne | Borpocel, BBIHOCUMBIE HA CAMOCTOATEIIBHOE U3YUYEHUE
n/a

DnemMeHTapHasi TEOpHsl AJIEKTPOIPOBOAHOCTH MOTYIIPOBOAHUKOB

OCHOBHBIE TTOJIOKEHUS 30HHOM TCOPUU

CratncTuKa PAaBHOBECHBIX 3JICKTPOHOB U ABIPOK B IMOJYIIPOBOAHUKAX

Paccesnue 9JICKTPOHOB U JABIPOK B IIOJYIIPOBOJHHUKAX

Kunernueckue aBiieHns B MOJIYITPOBOJHUKAX

I'eneparus 1 peKOMOMHAIUS HEPABHOBECHBIX HOCUTEINEH TOKA B IMOJIYPOBOAHUKAX

Hudbdysus u nperid HepaBHOBECHBIX HOCHUTENIEH 3apsiia

HOBCpXHOCTHBIe SABJICHUSA B IMOJTYIIPOBOJHUKAX

O| R I & | B W N -

OTpa)I(eHI/IC " NOTJIOIICHHE CBETA MOJYITPOBOAHUKAMU

[y
[—)

JIroMuHeCIIEHIIMS

[y
[y

dusuka HU3KOPAa3MCPHBIX MOJYIIPOBOJHUKOBLIX CUCTEM

5. OueHo4yHbIe MaTepuabI 1JIsl TEKYIIero U py0e;KHOIro KOHTPOJIsI yCIleBaeMo-
CTH U NPOMEKYTOUYHOM aTTecTALHH

5.1. 3apanus 1J151 TeKylero KOHTPOJIs
5.1. 1. KosutokBuymsl (KOHTpoaupyemas komnerenuuss OK-7,0I1K-7, T1K-3)
Bonpocs! K KOLUIOKBHYMY 110 | TeKylieMy KOHTPOJIIO

1.Ilo xakuM Hpu3HaKaM, U Ha Kakue Kiacchl Aeysarcs Bce BemiectBa? 2.lo kaxomy
CBOWCTBY OKa3aJIOCh Mpole KiaccupuuupoBath BemecTBa? 3. Kakue Marepuansl Ha3BaHbI MOTY -
nposoHuKaMu? 4.B KaKkux mpejenax HAXOAUTCS YACIbHOE COIPOTUBICHHE /  IIOMyIPOBOHH-
koB? 5.B 4éMm paszHuna MeXIy TeMIepaTypHbIMHA 3aBHCHMOCTSIMH YAEJIBHOIO CONPOTHUBIICHUS U
YAEIBbHOM AJEKTPUYECKOW MPOBOAMMOCTH METANIOB M MOJYyNpoBOAHUKOB? 6.ITouemy Henb3s
BCErja OTJIMYUTh MOJTYIPOBOJHHUK OT METallja 110 3HaKy TeMIIepaTypHOro Ko3QpHUIreHTa yaeb-
HOM npoBoguMocTU? 7. YTO MPOUCXOIUT C yAEIbHOW MPOBOAUMOCTBIO METAJIJIOB U MOJTYPOBO/I-
HUKOB C IIOHIXEHHEM UX TemrepaTypsl? 8. Uto ciaenyeT u3 Toro, 4yTo yJelbHas IpOBOJAUMOCTb
y METaJJIOB PacTET, a y MOJIyIPOBOJIHUKOB MaJaeT C MOHWKEHHEM UX TeMieparypbl? 9.Kakumu
croco0amMM MOYKHO YBEIMYHUTh KOJIMYECTBO CBOOOJIHBIX HOCHUTENEH 3apsa B MOIYIPOBOIHUKE?
10.Kakux HOcuTenel 3apsiaa Ha3bIBalOT TEIUIOBBIMU Wi paBHOBecHbIMU? 11.Kakux Hocuteneit
3apsiia Ha3bIBAIOT HepaBHOBECHBIMU? 12.0Tuero 3aBUCUT Mpoliecc 00pa3oBaHUs KaK paBHOBEC-
HBIX, TAK U HEPAaBHOBECHBIX HocHTenel 3apsana? 13./laiite kak MOKHO OoJiee TOJTHOE ompeaere-
HUE NoaynpoBoAgHuKaM. 14.KakoB MeXaHM3M M3MEHEHUS JJIEKTPOIIPOBOJHOCTH B METAIUIAX M
nosynpoBoHuKax? 15.3a cuéT n3MeHeHus, Kakoro mnapamerpa MeHseTcs 3JIeKTPOIpPOBOJAHOCTb
METAJIJIOB U MOJYIIPOBOJHUKOB ¢ TeMriepatypoi? 16. Kakne BemecTsa BISIOTCSA MOJYIPOBOJI-
HUKOBbIMH? 17.KakoB MexaHH3M 00pa3oBaHUSl 3JIEKTPONPOBOJHOCTH B MOJYHPOBOJHUKAX,
Hanpumep, kpemHusi? 18.Kakyro cBsi3b Ha3bIBalOT KOBaJeHTHOU? 19.MoeT 11 B MOIyNnpoBO-

. A
HUKe ¢ uaeanbHoit crpykrypoit mpu | =Y A posmukmyT 2nexTpuueckuii Tox? Iouemy? 20. Yro
MPOUCXOJHUT B MOJYNPOBOJHUKE MPHU BO3ACHCTBMM HA HEro, Hampumep, Temiotsl? 21.Kakoit
npoliecc Ha3bIBalOT renepanueii? 22.Kakoi npouecc Ha3biBaloT pekoMOuHanueit? 23.Uro Ha3bl-
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BaloT JbIpkoii? 24.Kakoil moaynpoBOIHUK Ha3bIBalOT coOCTBeHHBIM? 25.K ueMy npuBOIUT yBe-
JUYEHUE TeMIiepaTypsl noiynpoBogHuka? 26.Kak BeayT ce0s B MOIyNpOBOJAHUKE CBOOOHBIE
AJIEKTPOHBI U JBIpKU? 27.YTO Ha3bIBAIOT JAJIUHOM cBOOOAHOrO mpolera, cpegHel ATMHOI CBO-
6oaHOTO TIpoOera Hocutens 3apsaa? 28. Uto Ha3wpIBalOT BpeMeHeM CBOOOIHOTO mpobera, cpe-
HUM BpeMeHeM cB0OOHOTro npobera Hocutens 3apaaa? 29.Kak cBs3ana cpenHss AmuHa cBOOO-
HOro mpobera ' co cpeagHHM BpeMeHeM cBoOojHoro mpobdera ~ Hocutens 3apsna? 30.Ilouemy
OecropsiIouHOe TEIIOBOE JIBMXKEHUE HOCUTeNeH 3apsiia (3JEKTPOHOB U JBIPOK) B MOIYHPOBO/I-
Huke He naét Toka? 31.KakoB xapakTep IBMKEHHS HOCHTENCH 3apsiia B COOCTBEHHOM TMOIYIPO-
BOJHUKE, MOMEIIEHHOM BO BHEHIHee 3jekTpuueckoe mnoise? 32.Kakoe ABMKEHHE Ha3bIBAKOT
nperihoBeiM? 33.Kakyio cKopocTh HasbiBaioT apeiidoBoii? 34.UTo Ha3BIBAIOT MOIABUKHOCTHIO
HocuTenen 3apsima? 35.KakoBa cBsI3b MeXAy AperpOBOM CKOPOCTHIO M TOJBM)XKHOCTHIO HOCH-
Tenel 3apsaa? 36.Kakoit MexaHH3M 3JIEKTPOMPOBOJIHOCTH HA3BIBAIOT AEKTpoHHOU? 37.Kakoii
MEXaHU3M 3JIEKTPONPOBOJHOCTH HA3bIBAIOT AbIpo4HOM? 38.KakuMu COCTaBISAIOIIMMU OIpee-
JISIFOTCS SJIEKTPUUECKUI TOK B COOCTBEHHOM NOIynpoBogHHKe? 39.UTO MPOUCXOAUT C SHEPreTH-
YEeCKUMH YPOBHSMH 3JIEKTPOHOB B H30JIMPOBAHHOM aToMe MpU MX COMMKEHHUU, 00pa3ys Kpu-
crai? 40.Yto Ha3pIBatOT BaJIeHTHOM 30HOM? 41.UT0 Ha3piBatoT 30HON npoBoauMocTH? 42.Yro
Ha3bIBAIOT 3amnpeméHHon 30H0H? 43.Kak 00BSCHUTD AIEKTPOIPOBOTHOCT COOCTBEHHOTO TOJY-
IIPOBOJHMKA UCXOJIS U3 SHEPreTUUecKUX npeacraBieHuii? 44. Hauepture cxemy SHEPreTHUECKUX
30H COOCTBEHHOTO MOJIYITPOBOIHUKA. 45.KaKoii MoaynpoBOHUK Ha3bIBAOT puMecHbIM? 46.Ka-
KYIO 3JIEKTPOIIPOBOIHOCTh HA3bIBAIOT IpuMecHoM? 47.Yto OyneT, eciid OJUH U3 aTOMOB IOy -
IIPOBOJIHUKA 3aMEHUTh aTOMOM 3JIEMEHTa V TpyMNIbl, HAIIPUMEP MbILIbsKA B PEIIETKE KPEMHUA?
48.Yto Oyzer, eciiv OJIMH U3 aTOMOB MOJYIPOBOJHUKA 3aMEHUTHh aToMoM aieMmenTa 11l rpynmsi,
HaIlpuMep aJIFOMUHUU B peliéTke kpeMuusa? 49.Kakux HocuTenen 3apsiia B OJIYyNPOBOAHUKE Ha-
3bp1Bat0T OCHOBHbIMM? 50.Kakux Hocutenel 3apsaa B IOJIYIPOBOJHUKE HA3bIBAIOT HEOCHOB-
HbiMH? 51.Kakoil moJiylipOBOJHUK Ha3bIBAIOT AMEKTPOHHBIM? 52.Kakoi mosynpoBOAHUK Ha3bl-
BatoT noaynpoBogHukoMm ‘' -tuna? 53.Kakyro npumech HasbiBaroT noHopHOW? 54.Kakyro npu-
MeCh Ha3bIBAIOT mpuMechio ! -tuna? 55.1'ne nomkeH pacnojaraTbcs ypoBeHb JOHOPHOI npume-
CH B DHEPreTUYECKOW auarpamme mnoaynpoBojaHuka? 56.KakoBa sHepreTuyeckas auarpamma
JIOHOPHOTO NoynpoBoAHuKa? 57.KakoB MexaHU3M 3J€KTPOIPOBOAHOCTH JOHOPHOI'O MOIYIPO-
BojHUKa? 58.Kakoi moyiympoBOJHUK Ha3bIBAIOT AbIpouHbIM? 59.Kakoi mosiynmpoBOJHUK Ha3bI-
BAIOT IHONYHPOBOAHMKOM ! -Tuma? 60.Kakylo mpuMech HasbIBalOT akuenTopHoi? 61.Kakyro
MPUMECH HA3BIBAKOT TPUMECHIO # _ruma? 62.I'ne nomken pacnojaraTbCsi ypoBE€Hb aKIIENTOPHOMN
IIPUMECH B DJHEPreTUYECKOW nauarpamme mnoiynpoBoaHuka? 63.KakoBa »sHeprernyeckas
qyarpaMMa JIbIpOYHOro MmoiynpoBogHHKa? 64.KakoB MEXaHU3M 3JIEKTPONPOBOJAHOCTH ABIPOY-
HOro noaynpoBogHuka? 65.IIpuBenure BbIpakeHUE AJI YAEIBHOM NMPOBOIUMOCTH JJIEKTPOH-
HOTO NOJIynpoBOJHUKA. 66.IIpuBenure BbIpakeHUE MJI yAECIBHONM IMPOBOJUMOCTH JBIPOYHOTO
noJIynpoBoHuKa. 67.IIpuBennure BblpakeHHE IS yIEIbHON MPOBOAMMOCTH IOJYIPOBOAHHKA
IIPU HAJMYUU B HEM JIBYX TUIIOB IIPUMECH.

Bomnpocs! k ko10kBUYMY 110 II TeKyleMy KOHTPOJI10

1. Yto HyXHO cAenaTh AJs ONPEAEIEHHS SJHEPTETUUECKOIO CIIEKTpa 3JIEKTPOHOB B KpUcTasuie?
2. Kakue npubnnxeHust IpUMEHSIOT AJis pemeHus ypasHeHus lpenunrepa kpucranna?

3. Kakoe nosie Ha3pIBatOT CaMOCOTJIACOBAHHBIM?

4. Kaxoii BUJl ©UM€EET NMOTEHLIMAJ KpHUcTasia Fir) JUIsL OZTHOMEPHOM pelIeTKH?
5. Kakyro BeM4MHy Ha3bIBalOT BOJHOBBIM YHCIOM?

6. Uro sBnsiercs pemenueM ypaBHeHus llpeaunrepa ass aiekTpoHa B IEPUOJUYECKOM I10JI€ KPU-
crayia?

7. Kaxoii Bun nmeer pewenue ypasHenus llpenunrepa juis kpucramia B NPUOIMKEHUN CHUIIBHO
CBSI3aHHBIX YIEKTPOHOB?

8. IlpuBeaurte BBIpaKEHHS [ KOMIIOHEHT BOJHOBOI'O BEKTOpA »3JIEKTpPOHAa B KpHCTANIE,

L.L L
uMeromiero Gopmy napaiieienuresaa ¢ pasmMepamMu =9
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9. Kakue 3HaueHHs] MOKET IPUHUMATh KBa3UUMITYJIbC AJIEKTpOHA?

10. CKOITbKO HEPreTHUECKUX COCTOSIHUM B ITepBO 30HEe bpuimtosna?

1. IlpuBenure ypaBHenue llpeaunrepa ajis kpucrasia.

2. B uém 3akimrouaercs aguadaTHIecKoe MpUOIMKSHUE U BAJICHTHAS alllPOKCHMAITHs ?

3. YTo no3BOJISIET BBEIEHUE CAMOCOTIIACOBAHHOTO MOJIs?

4. Kakum CBOMCTBOM 001a/1aeT MOTEHITMAT KpUCTaIIa?

5. Kakoif BuJ MMeeT CTallmoHapHas BOJHOBAsA (DYHKIMS 3JIEKTPOHA B MEPUOJHMUECKOM I0JIe KPHU-
craya’?

6. B uém 3akimrouaeTcs npuOIMKEHUE TTOYTH CBOOOTHBIX AIEKTPOHOB?

7. Kakoli BbIBOJ cienyeT w3 perieHus ypaBHeHus lllpeaunrepa B nmpuOIMKeHUN CUIIBHO CBSI3aH-
HBIX 3JIEKTPOHOB?

8. Kak U3MeHSI0TCS KOMIIOHEHTHI BOJTHOBOTO BEKTOPA AJIEKTPOHA B KpUCTasuie?

9. B kakux mpenenax MOKeT U3MEHATHCS BOJIHOBOW BEKTOP JJIEKTpOHA B KpHcTasie?

10. CkonbKO 3JIEeMEHTApHBIX SiY€EK B MEpBOM 30He bpuuirosna?

1. Yro Brirouaet B cedst oneparop ['amunbsToHa B ypaBHenuu llpenunrepa ans kpucramia?

2. K yeMy npuBOAWUT NpUMEHEHHE aauabaTUYecKoro MPHUOIMKEHUS MpPHU PELIEHUH YPaBHEHUS
Ipenunrepa nns kpucrania?

3. Uro mo3BoJsIET BBEICHNE camocoriacoBaHHOro nojs? 14.Yem orinmuaeTcss BOJHOBasT (PYHKIMS
AJIEKTPOHA OT BOJHOBOW (DYHKIIMU APYTOTO IEKTPOHA, OTCTOSIIETO OT MEPBOrO Ha MEPHO peleT -
Ku?

4. Kakyro QyHKIHIO Ha3bIBAIOT BOJTHOU win (GyHKIMeH broxa?

5. B uém 3aknrouaercs npuOIMKEHNE CHIIBHO CBSI3aHHBIX 3JIEKTPOHOB?

6. Kaxoii BuJI UMeeT BbIpakeHHUE JIsl SHEPTHU JIEKTPOHA B MEPUOIUYECKOM I10JIe MTPOCTON KyOu-
YECKOM peleTKu?

7. Kak MOTYT U3MEHATHCS DHEPIHsI AJIEKTPOHOB B pa3peIIEHHOM 30He?

8. B kakux npeenax MOKeT U3MEHSITHCSI KBa3UUMITYJIbC JIEKTpOoHa?

9. CKOJIBKO 3JIEKTPOHOB MOXKET OBITh B NIepBOii 30He bpuiosHa?

10. Kakyto BennunHy Ha3bIBaloOT 3((eKTUBHON Maccoll HocuTene 3apsaa?

1. Uto Hy>xHO caenarh ais peuienus ypasuenus Ilpenunrepa kpucramna?

2. B uém 3akimrouaercs OJHOIJIEKTPOHHOE MPUOIKeHne?

3. Kak BbIpakaeTcsi 0IHO2JIEKTpOHHOE ypaBHeHue llIpennnrepa ais kpucramna?

4. Yto Ha3bIBAIOT BOJIHOBBIM BEKTOPOM?

5. Yto npeacraBiseT coO0i BOJTHOBAs (GYHKLUS SJCKTPOHA B IEPUOTUUECKOM I0JIE KpUcTasia?

6. Kak MOXHO MpeCcTaBUTh BOJTHOBYIO (DYHKITHIO AJIEKTPOHA B MPHOIMKEHUN CHIIBHO CBSI3aHHBIX
AJIEKTPOHOB?

7. Kakue BbIBOJIbI MOXKHO CI€JIaTh U3 BBIPAXKECHUS JIJIsl SHEPTUU JIEKTPOHA B MEPUOJNUECKOM I10JIe
MPOCTOI KyOMUYECKOW PEIIeTKH OTHOCHTEIBHO 3HEPreTUYECKOro CIEKTpa 3JIEKTPOHOB B KPUCTAI-
nax?

8. Kakyto BenmnunHy Ha3bIBalOT KBa3UUMITYJIbCOM?

9. Kakyto o6macte Ha3bIBatoT niepBoii 30H0M bpmmosna? Kak emé Ha3piBaroT 3Ty 30HY?

10. K yeMy npuBOAMT MPHUIIOKEHUE DIIEKTPUUECKOTO MOJIS K KpUCTAILTY?

Bonpocs! k ko/u10kBuyMy 1o III Tekymemy KOHTpOJIIO

1. B yem cocTouT BaxkHeiIas 3ajaua CTaTUCTUYECKON pu3nuku?

2. Uemy paBHA SHEPrus 3JIEKTPOHA Y JIHA 30HBI IPOBOAUMOCTH?

3. Kakoit Bux umeet GyHKIMS, BBIPAXKAIONMas BEPOSATHOCTh TOTO, YTO JAHHOE COCTOSIHUE C SHEPIH -
eit E 3aHATO 371eKTpOHOM?

4. Kakoil Buja mnpuHHMaeT pacnpenesneHue dDepmu-lupaka s 3JIEKTPOHOB, HAXOIAIIUXCA B
COCTOSIHUSX C DHEPTUEH E-F  kT9

5. UeMy paBHa BEpOSITHOCTh 3aIlOJIHEHUS JIBIPKAMH MOTOJIKA BAJICHTHOW 30HBI E, B HEBBIPOKIECH-
HOM TOJIyIIPOBOJHUKE?
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6. Kakyto Benn4unHy Ha3bIBalOT 3PGEKTUBHOIN TIOTHOCTHIO KBAHTOBBIX COCTOSIHUN B BaJCHTHOM
30HE?

7. Kak cBsizaHbl MKy c000i paBHOBECHBIC KOHIIEHTPAIIMU DJICKTPOHOB 79 U JBIPOK po TS He-
BBIPOXKJIEHHOTO IIPUMECHOTO MOJIYIPOBOJIHUKA ¢ COOCTBEHHOM KOHLIEHTpauueu n;?

8. KakoB (hu3mueckuii CMBICT KaXI0TO YieHa KHHETHYECKOTO ypaBHEeHUs bonbiimMana?

9. Ot kakux BenuuuH 3aBUcUT DJ]C Xoria u KkakoBa, 3Ta 3aBUCUMOCTh?

10. UTo mpOUCXOAUT C KOHIIEHTPAIMEH AJIEKTPOHOB U JBIPOK B MPUIIOBEPXHOCTHON 00JIaCTH TpHU
BHECCHHH MOJYTPOBOAHUKA B AJICKTPUIECKOE TI0JIe?

1. Yto HY’XHO 3HATh ISl ONPEACIICHUS YMCIIa YaCTHULl, YIHEPTUS KOTOPHIX JIEKUT B ONPEACICHHOM
MHTEpBaie?
2.YeMmy paBHa 3HEPrus AbIPOK Yy MOTOJIKA BAJICHTHOW 30HbI?

3. Kakyto BeIMUMHY Ha3bIBAOT dHEpruei win yposuem dGepmu?
4. KakoBa 3aBucuMocTh QpyHkuu pactupenenenus Gepmu-Jlupaka oT 3HaUCHUS SHEPTUH YPOBHS E
npu ! =2 [Moscuure rpapux.

5. Uemy paBHa BEpOSTHOCTb 3alOJIHEHUS 3JEKTPOHAMH JHA 30HBI IPOBOAUMOCTH E. B He-
BBIPOXKJICHHOM TIOJTYTIPOBOIHUKE?

6. Kakyro BenmnunHy Ha3bIBaloT 3(h(HEKTUBHON MIOTHOCThIO KBAHTOBBIX COCTOSIHUN B 30HE MPOBO-
MUMoCTH?

7. Uemy paBHa paBHOBECHAs KOHIIEHTpAIMsl OCHOBHBIX HOCUTENEH 3apsga B COOCTBEHHOM MONY-
MIPOBOJHUKE?

8. I3 kakuX yacTeil COCTOMT KHHETUYECKOE ypaBHeHUE bonbiimana?

9. Kakoe siBnenue Ha3pBatOT 3¢ dektom Xommma?

10. Kak MeHsieTCsl KOHIIGHTpAIHsi HEOCHOBHBIX M30BITOYHBIX HOCHUTENEH 3apsiia B pe3ylbTaTe pe-
KOMOWHAIIUUA CO BPEMEHEM TTOCJIE€ BHIKIIFOUCHHSI OCBEIIICHMUS ?

1. Kakyto BelMuMHYy Ha3bIBAIOT INIOTHOCTHbIO KBAHTOBBIX COCTOSIHUNA?
2. IIpuBeauTe BhIpaXKEHUE TUIOTHOCTH KBAHTOBBIX COCTOSIHUM y JIHA 30HBI MPOBOAMMOCTH. [Ipu ka-
KHX YCJIOBHSIX CIIpaBejinBa 31a (hopmyna?

3. Kakoit Bug umeet pacnpenenenune @epmu-/upaka u, 1711 KaKUX 4aCTHUI] OHO CIIPABEIIIUBO?
4. KakoBa 3aBucumMocTh QpyHkuuu pacupenenenus @epmu-Jlupaka oT 3HaU€HUS SHEPTUHN YpoBHS E
npu I = ? [osicaure rpadux.

5. Kakoit mosrynpoBOTHUK HA3bIBAIOT HEBBIPOKICHHBIM ?

6.Yemy paBHa ¢ (eKTUBHAS IJIOTHOCTh KBAHTOBBIX COCTOSIHUI B BAJICHTHOU 30HE?

7. YUemy paBHa paBHOBECHasi KOHIIEHTpAIMs OCHOBHBIX HOCHUTEJICH 3apsiga B HEBBIPOKICHHOM
JBIPOYHOM IOIYIIPOBOJIHUKE?

8. Kakoe ypaBHeHHe Ha3bIBa€TCsl KUHETUUYECKUM ypaBHeHHeM bosbiimana?

9. Kak BbIpaXkaeTcst 3aBUCUMOCTb YAEJIbHON MTPOBOJIUMOCTH OT TEMIIEPATypPbl?

10. Kak meHsieTcss KOHIIGHTpaIlUs HEOCHOBHBIX M30BITOYHBIX HOCUTEJIEH 3apsija B Pe3ysbTaTe pe-
KOMOHMHAIIUY C PACCTOSITHUEM B HEOCBEIIEHHOM YyacTH oOpasua?

1. [IpuBenute ob1IEeE BRIpAXKEHHUE IJIs1 KOHLIEHTPAIIUHU JIEKTPOHOB, YHEPTUS KOTOPBIX JISKUT B Ipe-
nenax ot E; no E,.
2. IIpuBeauTe BhIpaXKEHUE TUIOTHOCTH KBAHTOBBIX COCTOSIHUM Y JIHA 30HBI MPOBOAMMOCTH. [Ipu ka-
KHX YCJIOBHSIX CIIpaBejinBa 31a hopmyna?

3. Uro Takoe pacnpenenenue Oepmu-/{upaka u 910 OHO BBIpaXKaeT?
4. Kaxoii Bua umeeT QyHKIUS, BIpa)karomias BEpOSATHOCTh TOTO, UTO IAHHOE COCTOSIHUE C SHEPTH -
eit E 3aHaTO ABIpKOI?

5. Ilpu kakom ycnoBuu pacnpenenenue @epmu-/upaka nepexoaut B pacupeneneHue boiabimana?
6. UeMy paBHa 3(eKTUBHAs [JIOTHOCTh KBAHTOBBIX COCTOSIHUI B 30HE MPOBOJIUMOCTH?

7. Uemy paBHa paBHOBECHAasi KOHUEHTpAIMsi OCHOBHBIX HOCUTEJEH 3apsiia B HEBBIPOXKICHHOM
AJIEKTPOHHOM TOJIYTIPOBOTHUKE?

8. Kakux siBj1eHUI Ha3bIBAIOT KWUHETUYECKUMHU?

9. Kakyto BennunHy Ha3bIBalOT BpEMEHEM pejlaKkcanuu?

10. B yem 3aximouaercs 3pdext 3eedeka 1 4TO Ha3bIBAIOT yAEIbHOM Tepmo-2(C?
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11.ITomynpoBoJHUKOBBIE HAHOCTPYKTYpPBl. OCHOBHBIE XapaKTEPUCTUKU HAHOCTPYKTYP.
12.IloTeHIIManbHbIE AMBI.

13.IIpsiMoyToIbHAs TOTEHIIMAIbHAS sIMa KOHEUYHOHN TTyOHHBI.

14. KBaHTOBBIE IPOBOJIOKH.

15. KBaHTOBBIE TOUKH.

16. 30HHas CTPYKTypa B KBAHTOBBIX sIMax.

17. DxcuronHble 3¢ (eKThl B KBAHTOBBIX sIMaXx.

PexomeHnganum npu NoAroToBKe K KOJJIOKBUYMY
-popaboTaTh KOHCIEKTHI JIEKIH 110 BOIPOCcaM KOJUIOKBUYMa;
-IPOYNUTATh OCHOBHYIO U JIOTIOJIHUTENBHYIO JTUTEPATYPY, PEKOMEHOBAHHYIO 110 U3y4aeMbIM
BOIIPOCaM;
-OTBETUTH HA BOIIPOCHI KOJUIOKBUYMa;
-TIpU 3aTPYAHEHUSX, IPOKOHCYIBTUPOBATHCS C MIPEToaBaTeieM.

Kpurtepun onennBanus

Tabaunna 7
Ouenka

HEYI0BJIETBOPH- | Y/10BJIETBOPH- XO0po1Io OTJIMYHO

TeJbHO 2 0a/1i1a | TeabHO 4 6aJu1a 6 0as10B 8 bas10B
Crynent He 3Haer | CtyneHT mnoBepx- | CTyaeHT xopowo | CTyJeHT B  IOJHOM
3HAYUTEJIBHOM HOCTHO 3HaeT | 3HaeT MaTepual, | oObeMe 3HaeT MaTepu-
4acTW  BOIIPOCOB, | BOIPOCHI KOJI- | TPaMOTHO U IO Cylle- | ajl, TpaMOTHO U MO CY-
JIOITyCKaeT  cylle- | JOKBUyMa, JIONyC- | CTBY U3JaraeT €ro, | ecTBy Hu3jaraer ero,
CTBEHHbIE OIIMOKM | Ka€T HETOYHOCTH B | JIONyCKasi HEKOTOpBIEC | HE JIOMyCKasl —CyIle-
B OTBETaX  Ha | OTBETE HA BONPOC | HETOUHOCTU B OTBETE | CTBEHHbIX  HETOYHO-
BOIIPOCHI. Ha BOIIPOC. CTeii B OTBETE Ha

BOIIPOC.

5.1.2. Ipumeps TecroBbIx 3axanuii (KOHTpoUpyemas komnerenuusa OK-7,011K-
7, IIK-3)

IlepBast KOHTPOJIbLHASA TOYKA

KT=; MT=;
CocTosiHME 3/1eKTPOHa B aTOMe OnpeaensieTcss KBaHTOBbIM YMUC/IOM:
1) rnaBHbIM N
2) opbuTanbHbIM /
3) MarHMTHbIM M
4) CNUHOBBLIM S
5) Bcemu nepeumncneHHbimm

KT=; MT=;

lnaBHOe KBAaHTOBOE YMC/IO MPUHMUMAET 3HAYEHUA:
1)1/2,1/3,1/4, ...
2)0,1,2,3,..
3)1,2,3,..
4)-1,0,1
5)-1/2, 1/2
KT=; MT=;
OpbuTanbHOE KBAaHTOBOE YMC/IO MPUHUMAET 3HAYEHUSA:
10,1,2,..,(n1)
2)-n, -(n-1), ..., 0, ...(n-1), n
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3)-1/2,0, 1/2

4)-1/2,1/2
5)-1,-2,-3, ..., -(n-1)
KT=; MT=;

Bropasi kKOHTpO/ILHAsI TOYKA
KuHeTnueckue aBneHUA B NONynpoBoOHUKaX
KT=; MT=;
B peasibHbIX NONYNPOBOAHMKAX KOMOUHMPOBAHHAA NOABUKHOCTL ONpeaenseTcs paccesHMem Ha MOHax
npumecu n GOHOHaX, a B 3aBUCMMOCTU OT TemnepaTypbl BbipaXkaeTca COOTHOLEHUEM

1_

i
i:aT—yz +hT3?
(H )
@

KT=; MT=;

B aTomHbIX nonynposogHMKax ¢ poCctom TemMmnepaTypbl, eCn pacceaHne NPponcxoanT ToOZIbKO Ha MOHAX
npmumecu, noaBUKHOCTb HocuTenen 3apAda pacTteT nponopunoHaabHO

1)T

2) T

3) T3

4) T2

5) T°/?

@

KT=; MT=;

B aTOMHbIX NOAYNPOBOAHMKAX C POCTOM TemnepaTypbl, €CAN paccesaHmne NPOUCXOAUT TONbKO HA A/INH -
HOBOJIHOBbIX aKyCTMYeCKMX GOHOHAX, NOABMXKHOCTb HOCUTENEN 3apAAa YMEHbLIAeTca NPonopLmMoHanb-
HO

1)T

2) T2

3)T*2

4) T2

5) T2

@

KT=; MT=;

TpeTbﬂ KOHTPOJIbHasI TOYKAa

KoHTaKTHbIe ABNEHUA B nonynpoBoagHUKax
KonrtakTtHble siBneHus B nonynpooanukax KT =; MT =

... -3Heprua HeobxoaMman 41A NepeBoaa 3N1EKTPOHA C ypoBHA Pepmu Ha HYNeBOWN YPOBEHb B BaKyyme.
+: PaboTa BbiXx0A4a 3N1€KTPOHa

@

KonrtaktHele sBneHUs B nonynpoBoanukax KT=; MT=;

HeBblpoXKAEHHbIM NONYNPOBOAHUK N — TUNA KOHTAKTUPYET C MeTa/I/lom paboTa BbIXxoAa 3/IEKTPOHA U3
KOTOPOrO Bbllle, YeM Y NOYNPOBOAHNKA. [10NYYEHHbIM KOHTAKT ABAAETCA ... .

-: 3anuMparoLLum

+: aHTU3ANMPAIOLWMM

-: OMUYECKNM

@

KoHTakTHbIe BIeHUs B noaynpoBoaHukax KT=; MT=;

HeBblpoXKAeHHbIM NONYNPOBOAHUK N — TUMA KOHTAKTUPYET C MeTa/I/lom paboTa Bbixoda 3/IEKTPOHA U3
KOTOPOro MeHbLUE, YeM Y NMOAYNPOBOAHUKA. [0NyYEHHbI KOHTAKT SBAAETCA ... .

+: 3anuparowmm

- QHTM3anuparLWmm
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-. OMUYECKM

@

B pamkax oGecrieueHus MpUMEHEHHs] KOMIBIOTEPHBIX TEXHOJIOTUH B 00pa30BaTEIbHOM
IIPOLIECCE UMEIOTCS CIELUATN3UPOBAHHBIE KOMIIBIOTEPHBIE KJIACCHI ¢ COBPEMEHHBIM IIPOrpaMM-
HBIM OOecTiedeHrneM 1 UMeroInM BbeixoJ B UaTepHeT. C TeKyIero yueOHOro roja opraHu3oBaHa
BO3MOYKHOCTb TECTUPOBAHMS Y BHE YHUBEPCUTETA.

MeTtoauyeckue peKOMEeHAalMH 110 NOATO0TOBKe K TECTHPOBAHMIO
TecTbl — 3TO BOIPOCHI WM 33/aHUs, IPEyCMATPUBAIOLINE KOHKPETHBIM, KpaTKUM, 4eT-

KM OTBET Ha MMEIOIMECS 3TAJOHBI OTBETOB. IIpu caMOCTOATENBHOM MOATOTOBKE K TECTUPOBA-

HUIO CTYJIEHTY HEOOXO0UMO:

a) TOTOBSICh K TECTUPOBAHMIO, TPopaboTaTh MH(OPMAIIMOHHBIN MaTepHal 1Mo AUCLUILIN -

He. [IpokoHCYynbTUPOBATHCS € MpenoaBaTesieM 0 BOIPOCY BbIOOpa y4eOHOM TuTepaTyphl;

0) 4eTKO BBIACHHTE BCE YCIOBHUS TECTHPOBAaHMS 3apaHee. 3HaTh, CKOJIbKO TecToB Bam Oyner
MPEJIOKEHO, CKOJIBKO BpPEMEHM OTBOAMTCS Ha TECTUPOBAHME, KAaKOBA CHUCTEMa OLEHKU
pe3yJIbTaTOB U T.A.

B) MpUCTyNast K paboTe ¢ TECTaMH, BHUMATEIILHO U J0 KOHIIA IPOYTUTE BONPOC U MpeiaraeMbie
BapHaHThl OTBETOB. BpiOepuTe npaBuiIbHbIE OTBETHI (MX MOXKET ObITh HECKOJIBKO);

r) eciu Bel BcTpeTunu upe3BblyaiiHO TpyHBIN A1 Bac Bompoc, He TpaTbTe MHOTO BPEMEHHU Ha
Hero. [lepexogute k npyrum tecraM. BepHurech K TpyJHOMY BOIIPOCY B KOHIIE.

€) 00s3aTeNTbHO OCTaBbTE BPEMs ISl IPOBEPKH OTBETOB, YTOOBI M30€KaTh MEXaHUIECKUX OIIH -
O0K.

Kpurtepun onennBanus

Tadauua 8
Ouenka
HEY/0BJICTBOPUTEJIbHO YIOBJIETBOPUTEJIb- | XOpouio 4 6a/u1a | OTJIHYHO 5 0as-
0 6as10B Ho 3 6aju1a JIOB
Menee 50 % npaBunbHO Bbl- | 50-70% mnpaBunbsHO | 71-85% mnpasuib- | 86-100% npa-
MTOJIHEHHBIX 3aJJaHUM. BBIIIOJIHEHHBIX 3a/1a- | HO BBINOJIHEHHBIX | BUJIBHO  BBIIOJI-
HUMN. 3aJaHuH. HEHHBIX 3aJIaHUH.

5.1.3. llpome:xkyrounas arrecranust (KOHTpoaupyemas komnereHuus I1K-2)

Cnmcok BONpocos

Beenenne. Knaccudukarus BemecTB 1Mo yaeaIbHON JEKTPUISCKON TPOBOIUMOCTH.
MonenbHble IpeACTaBICHUS EKTPOIPOBOAHOCTH COOCTBEHHBIX MOIYIPOBOJHUKOB.
MopnenbHble IPEICTaBICHUS 3JIEKTPOIPOBOJHOCTH 3JIEKTPOHHBIX MOJIYIIPOBOIHUKOB.
MonenbHble IPEICTaBIECHUS AIEKTPOIPOBOIHOCTH JbIPOUHBIX TIOJIYTIPOBOJHUKOB.
DJieMeHTapHas Te€OpUsi IPUMECHBIX COCTOSTHUM.

VYpasuenue lllpenunrepa s kpucramia v €€ COCTABHBIE YaCTH.

Pemenue ypaBaenus pegunrepa 1ist mpocToil KyOUMYECKON PEIIETKH.

HUucio COCTOAHMM 3JIEKTPOHOB B DHEPIETUYECKOMN 30HE.

KBazuummyibc.

3onbl bpuutiosna B k- u p-mpocTpaHcTBe.

Yucno sHepreTUYeCKUX ypOBHEN M KBAHTOBBIX COCTOSIHUM B IIepBOM 30HE bpuiosHa.
Bo3MokHOE 3a11071HEHUE MIEKTPOHHBIX COCTOSIHUM BaJICHTHOW 30HBL.

DddekTrBHAs Macca HOCUTENEH 3apsiia.

Pemenune ypasuenus Llpeaunrepa metonoM 3¢ EeKTHBHON MACCHI.

O NN R
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15. 3aBUCHUMOCTh PHEPTUHU 3JIEKTPOHA OT BOJHOBOI'O BEKTOpPA Yy JAHA WM MOTOJIKA YHEPreTHye-
CKOH 30HBI.

16.  JIBWyKEHUE 3JIEKTPOHOB B KPUCTAJUIE MO/ JEHCTBHEM BHEIIHETO AJIEKTPUUECKOTO MOJIS.
17. [110THOCTH KBAaHTOBBIX COCTOSIHUM B Pa3pEIICHHBIX 30HAX.

18. Oynkuusa pacupenenenus Gepmu-/lupaka 1 ee CBOWCTBaA.

19. KoHneHTpanus 371€KTpOHOB U JBIPOK B 30HAX.

20.  KoHueHTpamus 3J€KTPOHOB U JIBIPOK B HEBBIPOKJIEHHOM IPUMECHOM IOJIYNPOBOJHHKE.
DHeprus akTUBAIWH.

21.  CoOcTBeHHBIH MOMYIPOBOJHUK. Y poBeHb DepMu. DHEprusi akTUBALINH.

22. Konnenrpanus HocuTenen 3apsaa0B B COOCTBEHHOM MOJIYIIPOBOJHHKE.

23.  KoHueHTpalus IEKTPOHOB U ABIPOK B CHJIBHO BBIPOXKIEHHOM IPUMECHOM IOJYTIPOBOI-
HUKE.

24.  3aBucuMOCTb ypoBHA DepMU OT KOHLEHTPALlMM NPUMECH M TEMIEpaTypbl Uisl He-
BBIPOKJIEHHOTO MOTYIIPOBOAHHKA.

25.  MexaHu3M paccesiHUsl 2JIEKTPOHOB M JBIPOK B MOJIYTIPOBOJHUKAX.

26. Paccesinne HOocHuTeNnel 3aps10B HA HOHAX TTPUMECH.

27.  PaccessHue HOCUTEINEH 3aps/10B HA aTOMax NMPUMECH U JUCIIOKALUAX.

28. PaccestHre HOcHTENEH 3apsI0B HA TETUIOBBIX KOJICOAHUSX PEIICTKH.

29.  Kunernueckue siBICHH B OTYNPOBOAHMKAX. HepaBHOBeCHas QyHKIUS pacipeieeHuUsI.
30. Kunernueckoe ypaBHenue bonbimana.

31.  Kunernueckoe ypaBHeHHE boibpliMaHa /17151 paBHOBECHOTO COCTOSIHUS.

32. Kunernueckoe ypaBHeHne bonbiMaHna 11 CTAllMOHAPHOTO COCTOSHHUSI.

33.  Bpewms penakcanui.

34.  VnaenpHas SKIEKTHYECKAs] IPOBOJUMOCTD MOJYIIPOBOJHUKOB.

35.  3aBHCHMOCTb JJIEKTPONPOBOJIHOCTH MTOJIYIIPOBOJAHUKOB OT TEMIIEPATYPBHI.

36.  Dddext Xoima B MOTyIPOBOTHUKAX.

37.  Tepmoanekrpuueckue sBieHus. dpdekt 3eedeka.

38. DIEKTPONPOBOAHOCTD MOIYITPOBOJHUKOB B CHIILHOM 3JIEKTPUYECKOM MOJIE.

39.  Dddexr ['anna.
40. VY napHasi MOHU3ALMSL.

41. TyHHeNBHBIN 3P EKT U ANEKTPOCTaTHYECKAsT HOHU3AIIMS.

42. PaBHOBECHBIE 1 HEPABHOBECHBIE HOCUTENH 3apA/ia.

43. OnTrueckas reHepanus HOCUTEIEH 3aps/a.

44. PexomOuHamms HocuTeNNeH 3apsiia.

45. YpaBHEHNE HENPEPBIBHOCTH.

46.  Iuddy3uonuslit U 1peiipoBbIN TOKH.

47.  CooTHoueHue DUHIITEHHA.

48. Hubdysuss wu gpeitd HEpaBHOBECHBIX HOCHUTENEH 3apsiga B Cllydae MOHO-
MOJIIPHON IIPOBOJIUMOCTH.

49. Huddysust n nperi) HEOCHOBHBIX H30BITOYHBIX HOCHUTENCH 3aps/ia B MPUMECHOM Oy -
IIPOBOJTHUKE.

50. [TonynpoBOAHUK BO BHEIIHEM SJIEKTPUYECKOM TOJIE.

51.  TepmoanekTpoHHast paboTa BbIX0/Ia B OJYTPOBOAHUKAX.

52.  KOHTaKkT MeTaJI-noJIyIpOBOIHUK.

53. KOHTaKT 371EKTPOHHOIO U IBIPOYHOTO MOIYIIPOBOAHHUKOB.

54.  CnekTtp OTpa)KE€HUs U CIIEKTp MOTJIOMICHUS B MOJIYIPOBOAHUKAX.

55. MexaHn3MBbl TOTJIONIEHHS CBETA B MTOJYIPOBOIHUKAX.

56. CobcTBEHHOE MOTTIONIEHUE TIPU MIPSIMBIX MEPEX0Aax.

57. CoOcTBeHHOE TMOTJIOIIEHUE MPH HEMPSIMBIX IIepexo/iax.

58. Bnusinue BHEMIHMX BO3/1EUCTBUN HA COOCTBEHHOE MOTJIONICHHE MOTYTPOBOIHUKOB.
59. DKCUTOHHOE NOTJIOICHHUE.

60. [Tormomenne cBOOOTHBIMHI HOCUTEISIMU 3aps/ia.
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61. IIpumecHOE noroLIEeHue.

62. Pemerounoe nmornomexnue.

63. Tunel TIOMUHECLIEHLIUU.

64. MOHOMOJNEKYJIIPHOE CBEYEHUE TBEPJIBIX TEI.

65. PexoMOMHAIMOHHOE U3JTy4YE€HUE MOJIYMPOBOJHUKOB NpU (yHIAMEHTAJIbHBIX Nepe-
X0Jax.

66.  PexomMOMHalMOHHOE M3ITyYEHHE MPU Mepexo1ax MEX/y 30HONH U MPUMECHBIMU YPOB-
HSIMU.

67.  Pemakcanus JTIOMUHECLEHIIMH MTOTYTIPOBOJIHUKOB.

68. TeMneparypHoe TylnI€HHE JTIOMUHECIEHIIUN MOTyITPOBOJHUKOB.

69.  CrnoHTaHHOE U BBIHYKJCHHOE U3IyYEHHE aToMa.

70. CTUMyIMpPOBaHHOE M3JIYYEHHE TBEPABIX TEIL.

71.  BuytpenHuit potos¢ppexr.

72. ®doTtonpoBoarMocTh. MexaHu3M (HOTOPOBOIUMOCTH.

73.  Penakcanus (poTonpoBOANMOCTH.

74.  ®otorddexT B p-n mepexoze.
75.  @otoaddext Ha Oapbepe LLoTTkH.

76.  BuemHuii ¢potodpdexr.

77. OCHOBHBIE XapaKTEPUCTUKH JIBYMEPHBIX MMOITYIPOBOJHUKOBBIX HAHOCTPYKTYD.
IToTennmuaabHBIE SMBI.

78. KBanToBbie npoBonoku. KBanroseie Touku. Hanpsikennble ciou. Bnusinue HanpsikeHUun

Ha BaJICHTHYIO 30HY. 30HHAs CTPYKTypa B KBAaHTOBBIX sIMaX. DKCUTOHHbIE 3(PPEKThl B KBAHTO-
BBIX SIMax.
MeTtoauyeckue peKOMeH/IallMU 110 NOATOTOBKE K Mpoleype oCcyllecTBIeHHUs
NMPOMEKYTOYHOM aTTeCTAHHN

[TonroroBka CTy/IEHTOB K 3K3aMEHY BKJIIOYAeT MPOpaOOTKY JIEKLMH, B TEUEHHs] BCETrO
ceMecTpa M HEIMOCPEACTBEHHYIO IOArOTOBKY B JIHH, NPEALICCTBYIOIIME JK3aMEHY, BKIIIOYas
MOJIFTOTOBKY K KOJUIOKBUYMaM, TECTHUPOBAHMIO, BBIIIOJHEHHIO JIAOOPATOPHBIX pabOT U UX 3alllu-
Ty.

B xoHIIE cCemecTpa cTyZieHTaM BBIIAKOTCS DK3aMEHAMOHHbIE BONPOCHL. [Ipy nmoaroroske
OTBETOB HA BOIIPOCHI CTYACHT JOJIKEH HUCIIOIb30BaTh HE TOJILKO KypC JIEKLIHM, HO U OCHOBHYIO U
JIOTIOJIHUTENBHYIO JINTEPATypy IJis BBIpAaOOTKH YMEHHS AaBaTh Pa3BEPHYThIE OTBETHI HA MOCTaB-
JICHHBIE BOIIPOCHI.

B xo1e nmoArotoBku CTyZeHTY HEOOX0AMMO 00paIiaTh BHUMaHUE HE TOJIBKO Ha YPOBEHb
3allOMUHaHMsI, HO U Ha CTENEHb IOHUMAaHUs U3y4aeMbIX BOIPOCOB. A 3TO JOCTUTaeTCsl HE IPO-
CTBIM 3ayYMBAHHEM, & YCBOCHHEM IMPOYHBIX CUCTEMATU3UPOBAHHBIX 3HAHUN AHAIUTUYECKUM
MblluieHHeM. Clie10BaTeabHO, HEOCPEACTBEHHAS! IIOJrOTOBKA K 9K3aMEHY JI0JKHA B Pa3yMHbIX
MIPOMOPLUAX COYETATh U 3alIOMUHAHNE, U TOHMMaHUE IPOrPAMMHOI0O MaTepHaIa.

ITo pelitunrosoit cucteme B KbBI'Y Ha sk3amen Boigensercs 30 6aio. X MoxHO pac-
IPEJENATh 110 YPOBHIO 3HAHUA CTYIEHTA CIEAYIOIINUM 00pa3omM
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Kpumepuu oyenuganusn

%

KH B OTBCTAX Ha
BOTPOCHIL.

JIEKIIMOHHBIX U TPaK-
TUYECKUX 3aHATHHA U
CTYJICHT He 3HAeT 3Ha-
YUTEJILHON YacTH
Marepuala, JoImyCcKaeT
CyIIECTBEHHBIE OIITHO-

He menee 70 % nekuu-
OHHBIX M TPAKTUYECCKUX
3ansaTuil. CrymeHt Xxo-
poIIo 3HAET Marepua,
TPaMOTHO U TIO CYIIECTBY
M3JIaraeT ero, JOIycKas
HEKOTOpPHbIE HETOYHOCTH B
OTBETE Ha BOIIPOC.

He MeHee 60% JeKiu-
OHHBIX U MPAKTUICCKUX
3aHsATHil. CTyIEeHT HOo-
BEPXHOCTHO 3HAET MaTe-
puYan OCHOBHBIX pase-
JIOB ¥ TeM y4eOHOM auc-
[ATUTAHBI, JOITyCKaeT
HETOYHOCTH B OTBETE HA
BOIPOC.

Taoauma 9
bajjsl HA DK3aMeHe
15 6anaoB 20 6ana 25 6a1a 30 0a10B
ITocemenne menee 50 | ITocemenune cocraBnsaer | Ilocemenne cocrtasisger | Ilocemenne cocTaBiageT

He MeHee 85% nexkuu-
OHHBIX U TMPAKTUICCKUX
3asaTuil. CryaeHT B
IIOJJHOM 00BEéMe 3HaeT
Marepuall, TpaMOTHO U
[0 CYyIIECTBY H3Jaraer
€ro, He JIOIMycKas CyIIe-
CTBEHHBIX HETOYHOCTEH
B OTBETE Ha BOIPOC.

Hrorosas oneHka BbICTABIISIETCS MO MATUOAIUTLHOM CUCTEME UCXO1s U3 Tadmuusl 10.

IIIkajia OLEHKH YCIIeBaeMOCTH CTY/IeHTOB Ta6auna 10
Cymma OannoB Orenka
0-35 HEJIOTYCK
36-60 HEYJI0BJIETBOPUTEIBHO
61-80 YIOBJIETBOPUTEIHHO
81-90 XOpOIIIO
91-100 OTJINYHO

6. MeToanueckue MaTepuaJbl, onpeaeasomne Npoueaypbl OleHuBa-
HUS 3HAHUI, YMEeHM i, HABBIKOB U (MJIH) ONBITA J1eATeJbHOCTH

Tab6auua 11. Pe3yabTaThl 0CBOCHMS IMCHUILIHHBI, NO/IeKalIHe IPOBepKe

Pesynbratet OcHoOBHBIE TIOKa3aTeNN OIIEHKH Pe3yJIbTaTOB 00y4YeHusl | Bua oreHouHOTO
o0yueHus Marepuana
(KoMIeTEeHIIMN )
Cnoco6Hocth Kk | [lmanupyer coGcTBeHHYIO paboTy B pamkax camooOpa- | OlueHOuYHbIe
CaMOOpraHu3a- | 30BaHMsI, UCTIOJIB3YET Pe3yJIbTaThl CaMOOOpa30BaHMUs MaTepuabl st
MU 1 caM000- | 175 pereHust npodeccuoHalbHbIX 3a1a4. [lonnmaer MIPOBEJICHUS KOJI-
pa30BaHUIO 3HAYEHHE CaMO00pazoBaHus Uil MPOo(ecCHOHAIBHOM JIOKBUYMA.
(OK-7) nestenbHOCTH. Mcmoap3yeT pe3ynbraTtel camooOpa3oBa- | OrieHOUHbIE
HUS B IPO(ECCUOHATILHON JCSITELHOCTUA. Y MEeT MaTepHuabl Jist
COCTaBJISITh M PEAIM30BbIBATH IJIaH PaOOTHI. IPOMEKYTOUHOM
aTTeCTalluu
CnocoGHocThi0 | MIMeeT mpecTaBieHne O poJid U MecTe MaTeMaTHKH B OrneHouHbIe
YUHUTHIBATh COBPEMEHHOM IIUBUIIM3ALIUA U MUPOBOM KYJIBTYPE. MaTepHuabl st
COBpPEMEHHBIE 3HaeT ¥ NOHUMaeT PUZNYECKYIO CYITHOCTh SIBJICHUM U MIPOBEJICHUS KOJI-
TEHJICHIIUU pa3- | MPOIECCOB, MPOUCXOIAIIMX B MaTepHaiax MpH B3au- JIOKBUYMa.
BUTHS DIICK- MOJICUCTBUU C 3JIEKTPOMArHUTHBIM MOJeM U paboueit OneHouyHbie

TPOHUKHU, U3ME-

CpPEAON B Pa3JIMYHBIX YCIOBUSIX IKCILTyaTallMH.

MaTCpHaJIbl JJId

21




PUTEIBHOU U YMeer JIOrn4ecKy MBICIHUTh, ONEPUPOBATh C a0CTPaKT- | IPOMEXYTOYHOMH
BBIUMCIIUTENb- | HBIMU OOBEKTaMH U OBITh KOPPEKTHBIM B YIIOTPEOJIIEHUU | aTTeCTalluu
HOU TEXHHKHU, MAaTeMaTUYECKUX NOHATUA U CUMBOJIOB VISl BBIPAXKEHUS
MH(OPMALIMOH- | KOJIMYECTBEHHBIX M KAUE€CTBEHHBIX OTHOILICHUH.
HBIX TEXHO- Biageer TepMHHOJIOTHEN, METOJAMU PELICHUS CUCTEM
JIOTUH B CBOCHM | IMHEWHBIX M anreOpandecKux ypaBHEHHH, OCHOBaMHU
npodeccuo- BEKTOPHOH aireOpbl U aHAIUTUYECKOW T€OMETPHUH, Me-
HaJIbHOM J1esl- TonaMu U epeHIMaTbHOr0 U HHTETPaJIbHOTO HCUUC-
tenbHOCTH (OK- | neHus, merogamu uccienoBaHusi PyHKIIMA U MIOCTPOE-
7) HUsa TpadukoB. YMeTh pemath ypaBHeHHs [lyaccoHa,
KMHETUYECKOro YypaBHeHHs boabplMaHa, YpaBHEeHUs
[lIpenunrepa.
l'oTroBHOCTBIO 3HaTh: OueHouHbIe
AQHAIIM3UPOBATh | - OCHOBHBIC TOHATHS, 3aKOHBI U MOJICTU B (QU3HKE MaTepualibl s
U CUCTEMATU3HU- | [1OyIPOBOJHUKOB U MOJYIIPOBOAHUKOBBIX HAHOCTPYK- | [IPOBEACHUA KOJI-
posaTk TYp U HX MaTEeMaTUYECKUE BBIPAKCHUS; IPAHULIBI JIOKBHYMa.
pE3YyJIbTaThl UC- | yX IPUMEHUMOCTH, IPUMEHEHUE 3aKOHOB B IIPAKTH- OneHo4HbIe
CIIeIOBaHUI, YECKMX MPHIIOKEHHSIX. MaTepuasl 1is
NpCACTABIIATD -pyHIamMeHTanbHble (U3NYECKUE ONBITHI B IPOMEXYTOYHOU
MatepHajbl B obnacti (U3MKK TOTYIIPOBOTHUKOB U TOJTYIPOBOJHH- | ATTCCTALMH
BUJIC HAYYHBIX | KOBBIX HAHOCTPYKTYP .
OTYETOB, ITy0- -METOABl DKCIEPUMEHTAIBHOIO U TEOPETUYECKOIO
JNIMKAUKH, IPe- | yccrmeoBaHns B (DM3MKE MOTYIPOBOIHUKOB H MOMY-
senrauuii (K- IIPOBOJHUKOBBIX HAHOCTPYKTYP.
2). -00J1aCTH IPUMEHEHUSI (PU3UKU MTOTYTPOBOIHUKOB U
MOJIYIIPOBOTHUKOBBIX HAHOCTPYKTYP.
- COBpPEMEHHOE COCTOSSHUE U OCHOBHBIE HAIPAaBIICHHUS
pa3BUTHS buzuku MOJIYIIPOBOIHUKOB u
ITOJIYITPOBOTHUKOBBIX HAHOCTPYKTYP.
Ymersn:

- IPABWJILHO TTOHWMATh U OOBSCHATH PU3NICCKUE 3aKO-
HEBI SIBJICHUI M CBOMCTBA TEJ, OTJIMYATh TMIIOTE3bI OT Ha-
YYHBIX TEOPHUU;

- TOJIH30BATHhCSI OCHOBHBIMU (PU3NYECKUMH MPUOOpaMH,
CTaBUTh W pEIIaTh MPOCTEUIINE DKCIICPUMEHTATHHBIC
3amaun, oOpabaThIBaTh, aHAIM3UPOBATh OIICHUBATH I1O-
JydeHHBIC PE3yIIbTATHI;

- BUJIETh (PU3UYECKOE SIBIICHUE C PA3HBIX TOUEK 3PEHUS;
- MBICJIUTh TBOPYECKH M CAMOCTOSITEIIHHO;

- TIOJI30BAThCS MIPU paboTe CIIPaBOYHOM M y4eOHO JH-
TepaTypoi;

- TPUMEHATHh TONyYeHHBbIC 3HAHUS IJIs1 OOBACHEHUS
Pa3HOOOpa3HBIX SIBJICHUI u CBOMCTB
MOJTYIPOBOIHUKOBBIX MaTEpUajoB U HAHO CTPYKTYp Ha
HX OCHOBE;

- OIICHUBATh
uHpOpMaLnH;
- HUCIIOJIb30BaTh MPUOOPETEHHBIE 3HAHUS M YMEHUS s
perreHus MIPAKTHYECKHUX 3ajad, obecreueHus
0€e30macHOCTH COOCTBEHHOI JKM3HH,
MIPUPOJIOTIONB30BAHUS U OXPAHBI OKPYIKAIOIMIEH CpeIbl.

AOCTOBEPHOCTDH eCTCCTBeHHOHayQHOﬁ

Baagern:
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HaBBIKAMU MO paboTe C KCIIEPUMEHTAILHBIMU YCTaHOB-
KaMHU M aHaJlIW3a Pe3yJbTaTOB JIKCIEPUMEHTa C IOMO-
IIbI0  COBPEMEHHBIX  MAaTEMAaTUYECKUX  I1AKETOB
MIPOrPaMM.

IIpunoGpecTn onbIT 1eSATETHLHOCTH:

-110 U3MEPEHUI0 OCHOBHBIX CBOICTB MOJYNPOBOIHUKOB
U TIOJYIIPOBOAHMUKOBBIX HAHOCTPYKTYp M HHTEpIIpETa-
LMY Pe3yIbTaTOB U3MEPEHMUIA;

-0 OOCITYy’)KUBAaHUIO AKCIEPUMEHTAILHOTO 000pYI0Ba-
HUS;

-110 UCIOJIb30BAHUIO0 MATEMATUYECKUX MOJEINIEH MOy~
MIPOBOJAHHUKOB U MOJIYIPOBOJIHUKOBBIX HAHOCTPYKTYP
IIPU U3YUYEHUH UX CBOWCTB.

7. YueOHO-MeTOoaANn4YecKoe o0ecneuyeHne JUCIUIIINHEI
7.1. OcHoBHAas1 JIUTEpaTypa

1. [Manumosa K.B. ®uszuka nonynpoBoHUKOB. — M3a-Bo «Jlauby», 2010.
2. Anemxun I'.H. CoBpemennas ¢usuka nomaynpoBonuaukos. H. Hosropon: HHI'Y, 2011. -
88 c.
3. HanorexHonoruu Jijisi MUKpO- U onTodjeKTpoHuku. Maptunec-Lyapt Jx.M. 2009.
4. KanmpeikoB II.A., KapoB b.I". ®u3uka noaynpoBOJHUKOB U JUAIECKTPUKOB: PYKOBOACTBO K
naboparopHbeIM paboram — Hanpuuk: Kab.-bank. yu-t, 2005. — 125 c.

7.2. JlonoJIHUTe/IbHAS JUTepaTypa

1. Aacensm A.U. Beengenue B Teoputo noiaynpoBoaHukoB. M.: Hayka, 1978.

2. urep 1O., Kapnona M. Beenenue B pu3uky noaynpoBoJHUKOB. - M.: ®usmatnut, 2002. -
560 c.

3. Pocano JI. dusndeckas MeKTpoHUKa M MUKpodtekTponuka: Ilep. ¢ ucnan. C. 1. backosa /
ITox pen. B. A. Tepexosa; - M.: Beicur. mik., 1991. - 351 c.: un.

4. Jlesunmetn M.E., Cumun I'.C. 3HakomcTBO ¢ mosymnpoBoaHukamu. M.: Hayka, 1984. —
240 c.

2. TapeeB b.M. ®u3uka qu3aeKTpUUECKUX MaTepuanoB. — M.: DHeprouszaar., 1982.

7.3. Illepuoanyeckue u31aHus

1. Kypnan «Du3uka v TEXHUKA MTOJTYTIPOBOAHUKOBY.

2. Kypuai «PoccuiicKre HAHOTEXHOIOTHID).
3. "HanotexHuka".

7.4. UnTepHET-pecypchl

1.ITouckoBast cucmema e-library.ru
2.ITouckoBast cucmema google.ru
3.Onexrponnas 6ubmmoreka KBI'Y lib.kbsu.ru
4. www.nanorf.ru

7.5. Meroanyeckue yKa3aHHs 110 POBeAeHHUIO Y4eOHBIX 3aHATHI U OPraHu3a-
HHsl CAMOCTOSITEJIbHOM PadOTHI CTYIEeHTA
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7.5.1. MeTtoan4yecknue peKOMEHIAUMHU K YTEHHIO JICKIIUH

OcHoBHBIMU (hOpMaMu OpraHU3aIMU YU€OHBIX 3aHATHI MO AUCHUIUINHE «(U3UKH 110-
JTYTIPOBOJIHUKOB U TOJTYIPOBOJHUKOBBIX HAHOCTPYKTYP» SIBIISIFOTCS JICKIIMH U JIAOOpaTOpHBIE
3aHATHS.

ITpu MOArOTOBKE JEKIMOHHBIX 3aHATUI MPENOJaBaTeNb JOJKEH ONPENEIUTD LEIN U
3aJjaud JIEKLMH, pa3padboTaTh IJIaH NPOBEACHUS JIEKLIUHU, OCYILIECTBUTh MOA00D JTUTEpaTyphl
(03HAKOMHUTH C MEPUOANYECKUMHU U3IaHUSAMU 110 TEME JIEKLU), 0TO0p HEe0OX0AUMOTO U J10-
CTaTOYHOI'O MO COepKaHUIO yueOHOro Marepuaia. JIeKTop onpenensier MeTo ibl, IPUeMbl U
CpeJlICTBA NOJAEpKaHNsI MHTEpECA, BHUMAaHUs, CTUMYJIMPOBAHMSI TBOPUECKOTO MBILUICHUS
CTYJICHTOB.

Jlexums NOJKHA BKIIIOYATh B KAYECTBE ATANOB (DOPMYITUPOBKY TEMBI JICKLIUH, Iepe-
YeHb BONPOCOB, M3JI0)KEHHE BBOJHOW YacTH, OCHOBHOM YacTH, KpPaTKUE BBIBOJBI MO KaXKJ0-
My pPacCMOTPEHHOMY BOIIPOCY, 3aMEUYaHUE W PEKOMEHJALUU JINTEPATYPHBIX HCTOYHUKOB IO
u3naraeMbIM BorpocaM. Eciin odepenHoe 3aHsATHE SIBISETCS MPOAOKEHUEM MpeAbLAyLIeH
JIEKIMH, 11e7IeCO00pa3Ho KpaTKo c(hOpMyITUpPOBaTh MOIYYEHHOE paHee pe3yibTaThl, HE0OXO-
JUMBbIE 11 MOHUMAHUS U YCBOGHUSI M3y4YaeMbIX BOMPOCOB. B 3akitounTenbHOM YacTu
JIEKIMHU KeNaTeIbHO 0000IUTh HanboJiee BaKHbIE M CYIIECTBEHHbIE MOMEHTHI JIEKIIHH,
cZieNiaTh BBIBOJBL, @ TaKKe CHOPMYIHPOBATH 33a4U JJIsl CAMOCTOSITENILHOM paboThI CTYyIeH-
TOB U yKa3aTh peKOMEHIyeMylo JuTepaTypy. LlenecooOpa3Hoil Takxke OCTaBUTh BpeMs s
OTBETa Ha BOMPOCHI CTYJICHTOB U BO3MOKHYIO JUCKYCCHIO IO U3JI0)KEHHOMY MaTepualy Ha
JEKLUH.

CopepxaHue JEKIUU N0 JaHHON AUCHUIUIMHE TOJKHO COOTBETCTBOBATH TUAAKTHYE-
CKUM NPHUHIIMIIAM, KOTOpPbIe 00€CIeUnBalOT COOTBETCTBHUE U3/1araéMoro Marepuana HayqHo-
METOJIMYECKIM OCHOBAM I€Jaroruueckoil nearebHOCTH. OCHOBHBIMU U3 HUX SIBIISIOTCS 11e-
JIOCTHOCTb, HAyYHOCTb, JOCTYIHOCTb, CHCTEMATUYHOCTb U HAarIsAHOCTD.

O PeKTUBHOCTD JEKIUU MOXKET ObITH MOBBILIEHA 3a CUET PALlMOHATILHOTO MCII0JIb30-
BaHUs TEXHUYECKHUX CpeICTB. KOMIUIEKThI TEXHHUYECKUX CPEJICTB HEOOXOMMO TOTOBUTDH K
Ka)KIO0M JIEKIIMH 3a0J1arOBPEMEHHO, HE Meperpykas UMH ayIUuTOPHIO.

CymecTByeT kiaccuukanus JeKIUi M0 TUIIaM U METoJlaM HUX IMpOBe/IeHUs (BBOHAS,
YCTaHOBOYHAsA, IporpaMMHasi, 0030pHasi, uTorosas u ap.). [Ipu u3noxeHun nporpaMMHOTO
MaTepuaa 1o JaHHOM TUCUUINIMHE Ha JIEKIUAX PEKOMEHIYETCs IIMPOKOE NCII0JIb30BaHUE
cpencTB HHPOPMaAMOHHO-KOMMYHUKaMOHHBIX TexHojoruu (UKT) wnu aynuo-suneorex-
HUKH. [loaroToBKa BUAEO — JIEKIUU COCTOUT B NEPEKOJUPOBAHUY, IEPEKOHCTPYUPOBAHUU
yueOHOI nH(OpMaLIMU MO TeME B BU3YAIbHYIO (hOpMY 7Sl IPEbSIBICHUS CTYIEHTaM depe3
TEXHUYECKUE CPeACTBAa O0YUYCHHUS WIIM CXEMBbI, PUCYHKH, YEPTEXKH.

7.5.2. Kputepuu OlleHKH JeKIHH

AHanu3 Ka4ecTBa JICKIUU CTPOUTCS U3 OLIEHKHU COJIepKaHUs, METOIMKU YTEHUSI, OPraHU-
3alliu JIEKIUH, PYKOBOJCTBA pabOTOM CTY/IEHTOB Ha JIEKIUH, IEKTOPCKUX JaHHBIX MpernojaBaTe-
Ji51, pe3yJIbTATUBHOCTHU JICKIIUH.

OueHka cogepxaHus JeKIHU

1.CooTBeTCTBHE TEMBI U COJCPKAHUS JIEKIIMU TEMAaTHUECKOMY IIaHy M y4eOHOH nmporpamme
Kypca.
2. Hay4HOCTbB, COOTBETCTBUE COBPEMEHHOMY YPOBHIO Pa3BUTHS HAYKH.
3. TOYHOCTB KCIIONIB3YyEMOM HAYYHON TEPMHHOJIOTHH.
4. TupOpMaTUBHOCTh; PACKPHITHE OCHOBHBIX IMOHATUH TEMBI; COUYETaHUE TEOPETHUECKOTO MaTe-
puana ¢ KOHKPETHbIMH IPUMEpPaMHU.
5. Peanusanus npuHIMIIA OPraHUYECKON CBSA3U TEOPUH C IPAKTUKOMN; PACKPBITHE NPAKTHYECKOTO
3HAYEHHUS U3J1araeMbIX TEOPETUUYECKUX MOJI0KEHHM.
6. Peanuzanus BHyTpH NPEAMETHBIX U MEXIUCIUIUIMHAPHBIX CBS3EH.
7. CBs13b ¢ mpoduiieM MOATOTOBKY CTYACHTOB, UX OyIyIIel CrenaaTbHOCTHIO.
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8. CooTHOIIIEHUE COJIEPIKAHUS JIEKIIUU C COJIEp>)KaHUEM yueOHMKa (M3IaraeTcss MaTepua, KOTo-
pOro HET B yUeOHHKE; pa3bACHAIOTCA 0CO00 CIOKHBIE BOIIPOCHI; JACTCS 3a/1aHUE CaMOCTOSITEINb-
HO MpopabaThIBaTh YaCTh MaTepHaa 1o y4eOHUKY, MepecKa3blBaeTCsl yUeOHHK | T.11.).
Ouenka METOIMKH YTEHHS JIEKIMHU

1. Aunaktuyeckas 000CHOBAHHOCTH MCIIOJIb3YEMOTO BUAA JIEKIIMU U COOTBETCTBYIOIINX eMY
(GbopM U METOIOB H3JI0KEHUSI MaTepuraa.

2.CTpyKTYpUPOBaHHOCTh COJEPKAHMSI JICKIIUU: HATMUKE TJIaHA, CIUCKAa PEKOMEHTyeMOM Jin-
TepaTyphl, BBOJHON, OCHOBHOM U 3aKJIFOYMTEILHON YaCTH JICKIUH.

3.AKIEHTUPOBaHNE BHUMAHUS ayJUTOPUU HA OCHOBHBIX MOJIOKEHUSAX U BBIBOJAX JICKIUH.

4. ParmmoHasibHOE COYETAHUE METOIUYECKUX TIPUEMOB TPATUITMOHHOM METarOTUKH M HOBBIX ME-
TO/I0B 00y4deHus (IpoOIEMHOT0, TPOrPaMMHOTO, KOHTEKCTHOTO, JIEATEIIbHOCTHOTO U JIp.).
5.JlornyHOCTB, T0KA3ATENBHOCTh U APIYMEHTHPOBAHHOCTD U3JI0KECHMUS.

6.5ICHOCTB ¥ TOCTYITHOCTh MaTepuaia ¢ y4eTOM MOATOTOBICHHOCTH 00yYaeMbIX.
7.COOTBETCTBHE TEMIIOB M3JI0’KEHUSI BO3MOKHOCTSIM €T0 BOCTIPUSATHS U BEICHUS 3aITUCEH CTY-
JICHTaMH.

8.Mcronp30BaHne METOZI0B AaKTUBHU3AIIUN MBIIIJICHUS CTYICHTOB.

9.Hcnonk30BaHre MPUEMOB 3aKperuieHus nHhopManuu (TOBTOPEHUE, BKIIOYSHHE BOITPOCOB HA
MIPOBEPKY BHUMAHUS, YCBOCHUS U T.11., TOJABEJACHUE UTOTOB B KOHIIE PACCMOTPEHHUS KaXJA0TO
BOIIPOCA, B KOHIIE BCEH JICKIUN).

10.Mcnonp30Banue 3anuceil Ha TOCKEe, HATISHBIX ITOCOOMIA.

11.Mcnonb3oBanue pa3gaTOuHOIO MaTepuaia Ha JIEKIHH.

12.Ucnonb3oBanne UKT.

OueHka opraHu3anum JeKunu

1.CooTBeTCTBHE JICKIINN YUeOHOMY PaCITUCAHUIO.

2.YeTKOCTh HavaJa JEKLIUHU (3a1€p’kKa BO BPEMEHHU, BXO/1 JIEKTOpa B ayIUTOPHIO, IPUBETCTBUE,
YAAYHOCTh MEPBBIX Gpa3 U T.I1.).

3. IlocemniaemMoCThb JIEKIIUU CTYICHTAMHU.

4. Jluciuiinaa Ha JICKIIUH.

5.PanonansHOE pacnpeeneHrie BpeMeH! Ha JICKIUH.

6.COOTBETCTBHE Ay TUTOPUHU, B KOTOPOU MPOBOIUTCS JISKIIHS, COBDEMEHHBIM HOpMaM | Tpedo-
BaHUSM (JIOCTaTOYHASI BMECTUMOCTH, BO3MOXKHOCTh UcToib30Banus TCO, ohopMieHHBIE U T.11.).
7.Hanmname HeoOxonumbIx cpeacTB HarsigHocTu U TC.

OueHnka pykoBoacTBa pad0TOi CTYI€eHTOB HA JIEKIMHU

1.Ocy1iecTBIeHHEe KOHTPOJIS 32 BEICHUEM CTYJICHTAMHU KOHCIEKTA JICKIIUM.

2.0ka3aHue CTy/IeHTaM TIOMOIIH B BEICHUU 3aMTUCH JISKIIUU (aKIEHTHPOBAHUE H3II0KECHUS
Marepuaa JISKINH, BbIJICJICHUE TOJI0COM, HHTOHAIINEH, TEMIIOM pedyr Hanbosee BaXXHOM
nH(pOpMAaIINK, UCTIONH30BAHKE T1ay3 IS 3alMCH TaOJIHII, BHIYEPUUBAHUS CXEM H T.I1.).
3.ITpocMOTp KOHCHIEKTOB JIEKLUI CTYJEHTOB (10, BO BpEMS, IIOCIIE JICKIUN).

4. Vicnonb30BaHUE IPUEMOB MOIEPKAHUS] BHUMAHUS U CHATHSI YCTAJIOCTH CTYAEHTOB Ha
JIeKIUH (PUTOPUUYECKHUE BOTIPOCHI, IITYTKH, HCTOPUIECKUE IKCKYPCHI, pACCKa3bl U3 KU3HH 3aMe-
YaTeIbHBIX JIIOJICH, U3 OIbITa HAYYHO-UCCIIEI0BATEILCKON, TBOPUYECKON pabOThI peroiaBaTess
U T.IL.).

5.Pa3pernienue 3a1aBaTh BOMPOCH JIEKTOPY (B X0/1€ JEKIIUHU WK TIOCTIE HEee).

6.CornacoBaHue coO0IIaeMOro Ha JIEKIIUK MaTepuaia ¢ CoJiep KaHueM APYTUX BHIOB ayIUTOP-
HOW U CAaMOCTOSITENILHOM padOThI CTYICHTOB.

OueHka pe3yJibTaATUBHOCTH JIEKIIUM

1.Crenenp peanu3alyy IUIaHa JEKIUH (TTOJIHAS, YaCTUIHAS).

2.CTeneHb MOJTHOTHI M TOYHOCTH PACCMOTPEHHSI OCHOBHBIX BOTIPOCOB, PACKPHITHE TEMBI
JIEKIIHMH.

3.MudopmaninonHo-nI03HaBATEIbHAS IIEHHOCTH JICKITHH.

4.BocniuTaTenbHOE BO3/ACHCTBUE JIEKIIUU.
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7. MaTepuajibHO-TeXHUYeCKOe o0ecnedeHne JUCHUIIMHBI

MarepuaabHO-TEXHMYECKYI0 0a3y U1t IPOBEICHUS 3aHATHI MO JUCUUIUINHE COCTABIISIOT:

-JleknmoHHas cnenuannsupoBanHas ayautopus Nel34, ocHalleHHass MyJIbTUMEANITHBIM
MIPOEKTOPOM M KOMIUIEKTOM armnapaTypbl, TO3BOJISIONIEH JeMOHCTPUPOBATH TEKCTOBBIE U rpadu-
YECKHUE MATEepHaIbL;

-DIIeKTpOHHBIE BEPCUU JIEKUUH, Y4eOHMKOB W METOAMYECKHMMH MaTephalaMH JUIs
KOHTPOJIbHBIX MEpONpUATHI (3aAaHUAMU ISl KOJJIOKBUYMOB, TECTOB, 3K3aMEHAIIMOHHBIMU
ounerammu);

-KumxubIit poH1 OMOIHOTEKN;

-YuebHas nabopatopusi PU3UKH MOTYIPOBOIHUKOB U MOIYIIPOBOJHUKOBBIX HAHOCTPYK-
Typ Nel33, oGopyoBaHHasi COBpEeMEHHBIMH NMPHOOpAaMH U yCTAaHOBKAMH, KaK MPOMBIIIIEHHOTO
MIPOM3BOJICTBA, TAK M CO3IaHHBIMHU B JTAOOPATOPHBIX YCIOBHSAX, HEOOXOAUMBIMH JJISI BHITIOJTHE-
HUS 1a00paTOPHBIX PabOT, MPETyCMOTPEHHBIX B (PU3NUECKOM MPAKTHKYME;

-Meroauueckue yka3aHus K BBITOJHEHHUIO Ja0OpaTOPHBIX padOT, TEXHUIECKHUE OTMCAHHS
K J1a00OpaTOpHBIM YCTAaHOBKAM U MHCTPYKLUS 1O TEXHUKE 0€30MaCHOCTH.

[lepeuenp nporpaMMHBIX IPOAYKTOB BKIIFOUAET:

- [IpoayxTet MICROCOFT (Desktop Education ALNG LicSaPk OLVS Academic
Edition Enterprise) moanucka (Open Value Subscription) Ne V 2123829;

- Kaspersky Endpoint Security Ctangaptasiii Russian Edition Ne siumiensuu 17EO0-
180427-050836-287-197,;

- Academic MathCAD License

- ApxuBatop 7z (6ecrutatHoe I10)

- [Iporpamma it pabotsl ¢ pdf mybnukanusmu Adobe Reader (6ecrutatnoe 110)
- [Iporpamma asist pabotsl ¢ pdf myonukanusmu Adobe Reader (6ecrmatnoe 110)

- [Iporpamma i pabotsl ¢ pdf mybnukanusmu Adobe Acrobat XI Pro (Oecrutathoe
I10)

- [Taker maTematnyeckoro ananusza SMath Studio (6ecratnoe I10)
- Cucrema nocrpoenue rpagukos Origin (6ecratHoe I10)

- Cpena pa3paboTku BUPTyalbHBIX pubopoB  MyOpenLab (6ecrmatroe T10)

JUJ1st CTYI€HTOB ¢ OTPaHUYEHHBIMU BO3MOXKHOCTSIMH 310POBbsI CO31AaHbI CIICLIMAIIBHBIE
YCIIOBUS JJIsl TIOJTy4YeHUs] 00pa3oBaHus. B 1ensx ToCTymHOCTH MOJy4YeHUs BhICHIEro 00pa3o-
BaHUs 10 0Opa3oBaTeNbHBIM IpOrpaMMaM HWHBAIMIAAMU M JIMLIAMH C OrPaHHUYCHHBIMH
BO3MOXXHOCTSIMH 3/10POBbsI  YHUBEpCUTETOM oOecrieunBaeTcs: |)anbTepHAaTUBHON Bepcueit
odunmansHoro caita B cetu «MHTepHEeT» Ui c1aOOBUIAMIMX; 2)IPUCYTCTBUE ACCHUCTEHTA,
OKa3bIBAIOLIET0 00YyYaOMEMYCsl HEOOX0AUMYIO IIOMOMIb; 3)1 JIs1 MHBAJIUI0B U JIUL C OTPAHU -
YEHHBIMH BO3MOXKHOCTSIMH 3/I0pPOBbSI IO CIIyXy - JyOnMpoOBaHHE BCIyX CIPAaBOYHOU
uHbOpMallMl O PACIHUCAHUU Y4YEOHBIX 3aHATHUN; oOecriedeHHe HaJIekKallUMU 3BYKOBBIMHU
CpeICTBaMu BoOCHpou3BeeHUsT MHpopManuu. 1 MHBAIMIOB M JIMI C OTPaHUYECHHBIMU
BO3MOKHOCTSIMU 3JI0POBbsI, IMEIOIINX HAapYIIEHUsI OMOPHO-IBUTaTEIbHOTO anmnapara, co3aa-
Hbl MaTepHAJIbHO-TEXHUUYECKUE YCIOBHUS 00ECIEUMBAIOIINE BO3ZMOKHOCTH OECIPEIsTCTBEH-
HOTO J0CTyna OOydYarolluxcsi B yueOHbIE MOMENICHHs, OOBEKTYy MNUTAHMs, TyaJeTHbIE U
JpyTue MOMEILICHU YHUBEPCUTETA, a TaKkXkKe MPeObIBaHUS B YKa3aHHBIX MOMEIICHUAX (HaIu-
YyHe paclIMPEHHBIX IBEPHBIX MPOEMOB, MOPYYHEN U IPYTUX MPUCTIOCOOICHHUI).
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JlomosiHeHUs: ¥ U3MEHEHUsI B paboyeil mporpaMme TUCHUIUIMHE «PU3MKa MOJIYNIPOBOIHUKOB
1 NOJIYIIPOBOJHMKOBBIX HAHOCTPYKTYP» 10 HanpasiieHuto noarotoBku 11.03.04 - Dnek-

TPOHWKA U HAHORJEKTpoHHKa Ha 202  -202 yu.T.
Taoanma 12
No Onement (myHKT) PIT/] [IepeueHb BHOCUMBIX U3MEHE- [Ipumeuanue
/i HUH (JIOTOTHEHU)

OO6cy>xeHa U peKOMEHI0BaHa Ha 3acelaHuM Ka(eapbl IEKTPOHUKU U LU(PPOBBIX
MH(POPMALMOHHBIX TEXHOJIOTUH, MPOTOKOM Ne OT « » 202 r.

3aB.kadeapoit P.III.Temren
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