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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

[Tpouecc u3yyeHus: TUCIUILIMHBI HaNpaBiieH Ha (OPMUPOBAHUE 3JIEMEHTOB CIETYIOIINX
komrereHuuit B coorseTctBuu ¢ ®I'OC BO u OIIOIT BO no nanHoMy HampaBi€HHUIO MOATOTOB-
KH:

a)BeInycKHUK 70/1KeH 00J1a1aTh CJIeAYIOIHMMH 0011eKyIbTYPHBIMH KOMIIETCHIIU -
samu (OK):

OK-7. CnocoOHOCTBIO K CAMOOPTraHU3alMK U CaMOOOPa30BaHHUIO.

0) BbIMyCKHUK 10J15KeH 00/1a1aTh CJIeXyIIUMHI 001enpogecCHOHAIbHBIMM KOMIIe-
Tennusamu (OIIK):

OIIK-7. CriocoOHOCTBIO YUUTHIBAaTh COBPEMEHHBIE TEHCHIIMH PAa3BUTHS FIEKTPOHUKH,
M3MEPUTENIHON U BBIYMCIUTENBHOM TeXHUKH, HH()OPMAITMOHHBIX TEXHOJIOTHI B CBOEH mpodec-
CHOHAJILHOMU JIESITeIbHOCTH;

B) BBINYCKHMK 10/ZKeH 00,1a1aTh CIelyIOIUMHU NPo¢ecCHOHATBHBIMH KOMIIe-
Tenuusamu (I1K):

[IK-3. ['0TOBHOCTBIO aHAJIM3UPOBATh U CUCTEMATU3UPOBATh PE3YJIbTAThl UCCIEJOBAHUM,
MIPEJICTaBIISITh MaTepHUalibl B BUJI€ HAYYHBIX OTYETOB, IyOIHMKAIMiA, Tpe3eHTALUA.

B pesynbrare ocBOE€HUS AUCUUIUIMHBI CTYJEHT JOJIKEH:

3HaTh:

- OCHOBHBIE TOHATHS, 3aKOHBl M MOJEIU 3JIEKTPOHHBIX MPOIECCOB HA TIOBEPXHOCTH I10-
JYTIPOBOJHUKOB U MOJYIPOBOJHUKOBBIX HAHOCTPYKTYP M HMX MaTeMaTH4YEeCKUE BbIPAKEHUS;
IpaHUIBl UX TPUMEHUMOCTH, IPUMEHEHUE 3aKOHOB B IPAKTHUUECKUX INPHIOKECHHUSAX.

-pyHIaMeHTalbHble (U3UYECKUE ONBITHI B 00JacTH (DU3HKHU MOBEPXHOCTH IOIIY-
IIPOBOJHMKOB U MOJIyIIPOBOJHUKOBBIX HAHOCTPYKTYP M HUX pOJIb B pa3BUTUU HAYKU U
TEXHHUKH.



-METOJBbl DJKCIEPUMEHTAIBHOIO U TEOPETUYECKOIO MCCIIECIOBAHUS JJIEKTPOHHBIX
IIPOLIECCOB HA MIOBEPXHOCTH MOJYIIPOBOJIHHUKOB U MOJYIPOBOJHUKOBBIX HAHOCTPYKTYP.

-MIOHUMATh CYITHOCTh (PU3UUECKUX SBJICHUN HAa MOBEPXHOCTH MOIYIPOBOJHUKOB.

-OLIEHUBATh YWCJICHHBIC TMOPSIKH BEJIUYMH, XapaKTEePHbIX [ (PU3MKU NOBEPXHOCTH
IIOJIYIIPOBOIHUKOB U MOJIYIPOBOAHUKOBBIX HAHOCTPYKTYD .

-00actu mpuMeHeHus (U3UKH MOBEPXHOCTH MOJIYIPOBOJIHUKOB U MOTYTPOBOTHUKOBBIX
HaHOCTPYKTYP.

- COBPEMEHHOE COCTOSIHUE M OCHOBHBIC HANpaBieHUs] DPa3BUTHS (PU3MKU IMOBEPXHOCTU
IIOJIYIIPOBOXHUKOB U MOJIYIPOBOAHUKOBBIX HAHOCTPYKTYP.

-BKJIaJl POCCHMCKMX M 3apyO€KHBIX YUEHBIX OKa3aBIIMX HauOOJblIee BIUSHHE
Ha pa3BUTUE (DUBHKU JIEKTPOHHBIX MIPOIECCOB HA MOBEPXHOCTH MOIYIPOBOJHUKOB U MOJY-
IIPOBOJTHUKOBBIX HAHOCTPYKTYD.

Ymers:

- IPaBWIBHO MMOHUMATh U OOBACHATH (PU3MUYECKHe 3aKOHBI SIBJICHUM U CBOICTBA TN, OT-
JINYaTh TUIIOTE3bl OT HAYYHBIX TEOPHH;

- MOJIb30BaThCs OCHOBHBIMH (PM3NYECKUMHU MPUOOPaMH, CTABUTh U peliaTh MpOCTeHIne
SKCIIEpUMEHTaIbHbBIE 3a/1a4H, 00pabaTbIBaTh, aHAIM3UPOBATh OLIEHUBATH MOJyUYEHHBIE pe3ybTa-
THI,

- BUJIETh (U3NYECKOE SBJIEHUE C PA3HBIX TOUEK 3PEHUS;

- MBICJIUTh TBOPYECKHU U CAMOCTOSTEIBHO;

- IPOSIBJISITH OCBEJOMIICHHOCTh B BOINPOCAX, CBA3AHHBIX C MCTOPHUEH Ba)KHEHIINX
OTKPBITHI B (pU3MKE MOIYIIPOBOIHUKOB U MOIYIIPOBOIHUKOBBIX HAHOCTPYKTYD;

- TI0JIH30BAThCsI PU paboTe CIPAaBOYHOM M y4eOHOH ITuTepaTypoii;

- IPUMEHSTh TOJTy4YEeHHbIC 3HAHUSA 7151 OOBSICHEHUS! pa3HOOOpa3HbIX SBJICHUH U CBOMCTB
ITOJIYITPOBOIHUKOBBIX MAaTEPUAJIOB U HAHO CTPYKTYpP Ha UX OCHOBE;

- OIICHUBATh JIOCTOBEPHOCTh €CTECTBEHHOHAYUYHOU MH(POPMALINY;

- MCTIOJIb30BaTh MPUOOPETEHHbIE 3HAHUS U YMEHHUS JUIsl peUIeHHs] MPaKTUYeCKUX 3ajad,
obecriedeHnss 0€30MAaCHOCTH  COOCTBEHHOM  KHM3HHM, MPUPOIOINOIB30BAHUS U  OXPaHbI
OKpY>KaroIleu cpebl.

Buaagers:

HaBBIKAMU 110 Pa0OTe C IKCIIEPUMEHTATBHBIMU YCTAHOBKAMH U aHATN3a PE3YyIbTaTOB IKC-
MepUMEHTA.

IIpuoOpecTH ONBIT JeSATEIHLHOCTH:

-I10 I/I3MepeHI/IIO OCHOBHBIX CBOﬁCTB HOJ'IyrIpOBO)IHI/IKOB 158 HOJ'Iyr[pOBOI[HI/IKOBBIX HaAHO-
CTPYKTYpP ¥ UHTEPIIPETALlMU PE3YIbTATOB U3MEPEHUM;

-TI0 OOCITY>KUBAHHIO KCIIEPUMEHTATHFHOTO 000PYIOBAHUS;

-TI0 UCIIOJIb30BAHUIO MAaTEMaTHUYECKUX MOJIeTIEH OJIyIPOBOJHUKOB U MOTYTIPOBOJIHHUKO-
BBIX HAHOCTPYKTYP IPU U3YYEHUHU UX CBOWCTB.

4. ConepkaHue M CTPYKTYpPa JUCUMILTHHBI
4.1. Conep:xanue pa3ies10B IMCUUILINHBI

Tabruya 1.

No HanmenoBanue Kon ®dopma
pasne- | pazzmena Coneprxanue pasnena KOHTp | TEKY-
na

omu- | L0

KOHTp

pYy- oISt

€MBIX

KOMIIC




TEHIIA

2

3

Bsenenue

[IpenmMer u 3agauu Kypca «duznuka
II0JIyIIPOBOJIHUKOB U TIOJYTIPOBOJHUKOBBIX
HaHOCTPYKTYp». KpaTtkuii nucropuyeckuit
OUYEpPK Pa3BUTHsI HAYKHU O MOJIyIPOBOJIHUKAX.
Posib 0TeuecTBEHHBIX YUCHBIX B Pa3BUTUU
coBpeMeHHO! "®U3UKU NOJYIPOBOIHUKOB U
MOJIYIPOBOIHUKOBBIX HAHOCTPKTYP'.

OK-7K
OIIK-T

I1K-3

[Tomynposoa-
HUKH. DJIeMeH-
TapHasi Teopus
3JICKTPOIIPO-
BOJIHOCTU

1. Knaccugukarms TBEpABIX TET 11O
AIEKTPUYECKUM CBOMCTBAM. 3aBUCHUMOCTh
CBOMCTB TMOJIYITPOBOJIHUKOB OT BHEIITHUX
BO3JCHCTBUI U HalMuue npumecei. Buapl
MOJIYTIPOBOTHUKOBBIX MaTEPHAJIOB.

2. MonaenbHbIC IPECTaBICHUS
AJIEKTPONPOBOJTHOCTH TOIYITPOBOIHUKOB.
CoOCTBEHHBIE ¥ IPUMECHBIS
MTOJTYTIPOBOJTHUKH.

OK-7K
OIIK-

I1K-3

JIP

OcCHOBHBIE T10-
JI0>KEHUS 30H-
HOM TEOPUH I10-
JTyTPOBOAHHU-
KOB

1. Kparkue cBeeHus1 U3 KBAHTOBOM
MexaHukH. KopmyckynspHO-BOITHOBOM
nyanu3M u npuHiun [eiizen6epra.
Vpasuenue lIpénunrepa.

2. IpenuHrepa ans kpuctaia. BoaHosas
(byHKIMS ¥ BOJTHOBOM BekTop. Pemenne
ypaBHeHus Lllpenunrepa B npuOImKeHUH
CWJIBHOH CBSI3U IS SJIEKTPOHA B
NEPUOIUYECKOM I10JI€ POCTON KyOUUYecKoi
peimérku. BeIBOBI U3 3TOTO peleHus
OTHOCHUTEJIBHO SHEPIreTUYECKOI0 CIEKTPA
AJIEKTPOHOB B KpUCTAJIIaX.

3. Yucno coCTOSIHUM 3JIEKTPOHOB B
sHepreTuyeckoil 3oHe. KBasuummynsc. 30Ha
bpunrosHa. 3anosHeHUe 2JEKTPOHHBIX
COCTOSIHUM pa3pelIeHHBIX 30H.

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

5. JIBMKeHUE 3IEKTPOHOB B KPUCTAILIIE MO
JEMCTBHEM BHEIIHETO 3JIEKTPUYECKOTO MOJIS.
CKOpOCTh ¥ YCKOpPEHHUE 3JIEKTPOHOB B
KpHUCTAaJLIE.

6. D dexTuBHAT Macca HOcUTenelH. Meros

3¢ (HeKTUBHOMN MacChl.

7. DHepreTuyecKkue 30Hbl B THIIMYHBIX
MOJIyIPOBOIHUKAX.

8. DneMeHTapHasi TeOpUst PUMECHBIX COCTOSI-
Hull. Menkue u ri1y0oKue ypoBHHU.
MHoro3apsiiHbl€ IPUMECHBIE LIEHTPHI.
“I'my6okue” ypOBHH.

OK-7K
OIIK-

[1K-3

JIP

Konebaune
aTOMOB KpH-

1. Konebanue aToMOB OJJHOMEpHOM
KPUCTANINUECKOM PEILIETKH.

OK-7K




CTAINYECKON
peleTKn

2. Konebanue aTOMOB TpeXMEpHO
KPUCTAJUIMYECKON PEIIETKH.

OIIK-T

I1K-3

Paccesaue
3JIEKTPOHOB U
JBIPOK B TTOJTY-
MIPOBOJIHUKAX

1. MexaHn3MBbl paccessHUs dJIEKTPOHOB U
nbIpok. Kunernyeckoe ypaBHeHHE
bonbumana. HepaBHoBecHast GyHKIUS
pacnpezeneHus. coctosiuue. PaBHoBecHOE 1
CTAallMOHAPHOE COCTOSIHUN. Bpems
pellakcanuu.

2. Db dexTuBHOE CeYCHUE U BpEMS
penakcalu i pa3HbIX TUIIOB J1€(EKTOB.
3aBUCUMOCTh BPEMEHHU pelaKcalliu OT
SHEPrUM U TEMIIEPATYPHI IS Pa3IUYHbIX
MEXaHHU3MOB paccesiHUsl. 3aBUCUMOCTh
[IOJIBU’KHOCTH HOCHUTENEH 3apsaa OT
TEMIIEPATYPBI.

OK-7K
OIIK-
T

I1K-3

JIP

Kunernueckue
SIBIIEHUS B I10-
JTYyNPOBOJAHU-
Kax

1.V nenbHas anekTpudeckas IpoOBOJAUMOCTD
MOJIyIPOBOJIHUKOB U €€ 3aBUCUMOCTh OT
TEMIIEPATYPHI.

2. ['albBaHOMAarHuTHBIE U TEPMOMArHUTHBIE
SIBJICHUS B NIOJYTIPOBOJTHUKAX.
Krnaccudukanus rabBaHOMarHuTHBIX U
TEPMOMArHUTHBIX SIBJICHUI.

3. Dddext Xomna. Koapdunmsat Xoma.
XosutoBckas ¥ apeiioBast MOIBUKHOCTH.
Xoi GakTop Npu pa3IUYHBIX MEXaHU3MaX
paccesiHisI HOCUTENEN.

4. MarauToCOnpoOTHUBJIEHHUE.

3. TepMaIeKTpUYECKHUE SBICHUS B
MOJTyIPOBOIHUKAX. SIBneHus 3eebexa.
3aBucuMocTh AU hepeHInaIbHON TepMO-
O/1C ot TemnepaTypsl U CTEIIEHH
nerupoBanus. Ipdext GOTOHHOTO
yBiieueHus. SBnenus [lenbThe, Tomricona u
CBs13b K03(h(PULIMEHTOB, XapaKTEePU3YIOIINX
9TH SIBJICHUS.

4. O (eKThl B CHIIBHBIX 2JEKTPUUECKUX
MOJISIX. DIEKTPONPOBOTHOCTD
MOJIyIPOBOJIHUKOB B CMJIBHOM 3JIEKTPUYECKOM
nosie. D¢ ekt 'anna. MexaHU3MbI
YBEJIMYEHMS KOHLIEHTPALlMA HOCUTENEH 3apsiia
B CHJIBHBIX 3JIEKTPUYECKUX MOJSIX (yaapHas
MOHU3AIMS, TYHHEIbHBIN 3¢ dexT,
AJIEKTpOCTAaTUYECKasi HOHU3ALINS).

OK-7K
OIIK-

I1K-3

JIP

['enepanus u
pexoMOHnHaLUS
HEpaBHOBEC-
HBIX HOCHUTEJICH
TOKa B MOy~
MPOBOJIHUKAX

1. PaBHOBECHBIE 1 HEPABHOBECHBIE HOCUTENH
3apsana. Ksasuyposuu ®@epmu. bunosnspuas
ONTHYECKas TeHepalns HOCUTENEH 3apsa.
2. MexaHu3mbl pekoMOuHaIK. MexX30HHAS
U3Ny4yaTelibHas peKoMOUHAIuS.
PexoMOuHanmst HocuTenel 3apsiia dyepes
nosyuiku. Knaccuduxariys JoByIex.

OK-7K
OIIK-

I1K-3

JIP




9 Huddyszus u 1. YpaBHEHME HENTPEPHIBHOCTH. OK-7K
npeitd He- Juddy3nonnsie u aperioBbie TOKH. OIK- | JIP
PaBHOBECHBIX CooTHolleHrne DUHIITEWHA. 7 T
HocuTenei 3a- | 2. uddysus u npeiid HepaBHOBECHBIX
pana HOCHUTEJIEH 3apsiia B CIIy4ae MOHOIIOJIAPHON TIK-3

npoBoaumMocTu. Juddysus u apeiid
HEOCHOBHBIX M30BITOYHBIX HOCUTENIEH 3apsiia
B IPUMECHOM TOJYTIPOBOTHUKE.

10 1. TUBI TFOMUHECIIEHIINH. OK-7
Jlromunecuenn | PekoMOMHAIIMOHHOE U3TTyYeHUE OIIK-
ust MOJTYTIPOBOIHUKOB NPH (PyHIaMEHTAIbHBIX 7
MOJYTIPOBOAHM | Iepexojax. PekoMOMHAIIMOHHOE U3ITyUeHue K
KOB [IOJIYIPOBOJHUKOB IIPH MEPEX0JAX MEKIY TK-3 IIK

30HOM M MPUMECHBIMH YPOBHSIMHU. JIP

2. Penakcanus JIIOMUHECLIEHLIUN TIOJTYTIPOBOI- T
HUKOB. CIIOHTaHHOE U BBIHYKJCHHOE U3JTyyYe-

Hue. CTUMYJIMPOBAHHOE U3JTyUYEHUE TBEPIBIX

TeJ.

11 ®otoanektpuy | Baytpennwuii poroaddexr. DoTorposo- OK-7 K
€cKue SBJIeHHs | AUMOCTh. Penakcanus oTompoBOAMMOCTH. OIK- | K
5 7 JIP
MOJTyTIPOBOTHU IK-3 T
Kax

12 ®usuka nony- | 1. Beenenue OK-7K
poBOAHMKOB ¢ | 2. OCHOBHBIC XapaKTEPUCTUKH JABYMEPHBIX OIK- | K
MIOHKEHHOU MOJIyIPOBOIHUKOBBIX HAHOCTPYKTYP 7 JIP
pasmeprocteio | 3. [IpsAMoyronbHas noTeHIManbHas ama T

KOHEYHOH TITyOuHBI IK-3
4. [Tapabonuueckasi MOTEHIUATbHAS sIMa

5. TpeyroisibHas MOTEHIMATbHAS sIMa

6. KBaHTOBBIE TPOBOJIOKH

7. KBaHTOBBIE TOUKHU

8. HanpspxkeHHbIE Cliou

9. Biusinne HanpspKeHU Ha BAJIGHTHYIO 30HY

10. 30HHas CTPYKTypa B KBAHTOBBIX sIMax

11. Dxcuronubie 3(hPEKTh B KBAHTOBBIX IMax

4.2. CTpyKTYypa TUCHMILIUHBI

4.2.1. O6mas Tpya0éMKOCTh THCHUIUIMHLI COCTaBJsAeT 3 3a4eTHBIX equnu (108

4acoB)
Taoauua 2.
Bun pabotet Tpy10eMKOCTh, 4achl
8 Bcero
ceMecTp

O011as TPy10eMKOCTh 108 108
Konmaxkmuas paboma: 50 50
Jlexyuu (JI) 20 20
Jlabopamopuvie pabomut (JIP) 30 30
Camocmoamenvhnasn paooma (¢ ua- 49 49
cax):




| Bua mpoMesKyTOUHOI aTTecTannu 9(3auer) 9(3auer) |

4.2.2. JleKIHOHHBIE 3AaHATUSA
Taoauma 3

n/m

TeMmnl

[IpenmMer u 3a1auu Kypca «(pU3MKa MOJTYIPOBOAHUKOB U MOTYIPOBOIHUKOBBIX
HAHOCTPYKTYp». KpaTkuil HCTOpHYECKUI OYEPK Pa3BUTHSI HAYKHU O IOJIYIIPOBOJAHHKAX.
Posib 0TeueCTBEHHBIX YUEHBIX B Pa3BUTUH COBPEMEHHOM "®U3NKH MOJIIyIIPOBOJHUKOB U
HOJYIIPOBOIHUKOBBIX HAHOCTPKTYp". Kiaccudukarys TBEpABIX TeM MO IEKTPUUECKUM
cBoiicTBaM. 3aBUCUMOCTb CBOICTB MOIYIIPOBOAHUKOB OT BHEIIHUX BO3/IECHCTBUN U HAJIUY
npuMeceil. Buabl MoaynpoBOIHUKOBBIX MAaT€pUAIIOB.

MogenbHbIe TpeACTaBICHUS SIEKTPONPOBOAHOCTH MOTYIPOBOIHUKOB. COOCTBEHHBIE U
IIPUMECHBIE MOITYITPOBOIHHUKH.

14(%

Kpartkue cBenenus u3 KBaHTOBOM MeXaHUKU. KOpPIyCKyJIApHO-BOJIHOBOM Ayaju3M U
npuHiun ['eizenoepra. Ypasuenue péaunrepa. llpeaunrepa mist kpuctaiia. BonHoB
¢byHKIUS ¥ BOTHOBOM BekTop. Pemenune ypasuenus Lllpeaunrepa B npuOImKeHHN CHIIBH
CBSI3M JUIS DJIEKTPOHA B IEPUOJIUYECKOM I10JI€ IPOCTOM KyOuueckon peméTku. BoIBo bl U
ATOrO PELIEHUSI OTHOCUTEIBHO SHEPreTUUECKOI0 CIIEKTPA 3JIEKTPOHOB B KPUCTAILIAX.
Uucao cocTosTHUN AJIEKTPOHOB B dHEpreTuyeckoit 3oue. KBaszummmysibe. 3oHa bpuiniod
3anonHeHue AJIEKTPOHHBIX COCTOSTHUI pa3peleHHbIX 3
3aBUCHMOCTD SHEPI'MH JIEKTPOHA OT BOJIHOBOI'O BEKTOPA Yy JIHA U MOTOJIKA YHEPTreTUYECK
30HBl. J[BUJKEHUE 3JEKTPOHOB B KPUCTAJIE IOJ JACHCTBMEM BHELIHETO 3JIEKTPUYECK
noJist. CKOpOCTh U YCKOPEHHUE 3JIEKTPOHOB B KPUCTAJLIE.

O¢ddextuBHas macca Hocurened. Meron 3¢ddekTuBHON Macchl. DHEPreTHYECKHe 30HK
TUMHAYHBIX MOJIYIPOBOJHUKAX. DJIEMEHTapHAsl TEOPHsl IPUMECHBIX COCTOSHUU. Menku
IyOOKHE YPOBHU. MHOT03apsIHbIC IPUMECHBIC IEHTPHL. “I'1Ty0OKHE” YPOBHHU.

051
on

w

OH.
ou
ro

MexaHu3Mbl paccessHUsl DJIEKTPOHOB M AbIpok. KuHermueckoe ypaBHeHue bombiima
HepaBHoBecHass (yHKIMs pacmpeiesieHusi COCTOsSHUE. PaBHOBECHOE U CTallMOHAPE
coctosiHU. Bpems penakcanuu.

DddexTuBHOE ceueHUEe M BpeMsl pellaKCaIluy I Pa3HbIX TUMOB Je(eKToB. 3aBUCUMO
BPEMEHH peJIaKcalliy OT SHEPTUHU U TeMIIepaTyphl IS pa3InYHBIX MEXaHU3MOB paccesiH
3aBUCHMOCTD MTOIBMKHOCTH HOCUTEJNEH 3apsifia OT TEMIEPATYPHI.

CTh
M.

VYnenbHas »IeKTpUYecKas MPOBOJUMOCTh IOJYNPOBOAHUKOB M €€ 3aBHCUMOCTh
TEMIIePaTypHI.

['anbBaHOMarHUTHBIE ¥ TEPMOMArHUTHBIEC SIBJICHHS B MOJYNpoBoAHMKax. Kiaccugukar
raJbBaHOMAarHUTHBIX U TEPMOMArHUTHBIX SIBJICHUH.

O¢dexr Xomna. Koapduuumsnr Xomna. Xomnmockas u JpeldoBas MOABHKHOCTH. Xd
(baxTop MpH pa3IUIHBIX MEXaHU3MaX PacCestHUS HocuTeNell. MarHUTOCONIPOTUBIICHHE.
TepmanekTpudyeckue sBICHHS B IOJYNpPOBOAHMKAX. SIBieHus 3eeOeka. 3aBUCHMMO
muddepennmanpaoii TepMo-3IC oT Temmepartypbl M CTeNeHH JerupoBaHusi. Py
¢doronHoro ymineueHus.  SBmenus I[lenbtbe, TommcoHa u cB3p KO3 UIMEHT
XapaKTEPUIYIOIIUX ITH SBIICHHUS.

D¢ dexTsl B CUIBHBIX 3JEKTPUUYECKUX TMOJIAX. DIEKTPOIPOBOIHOCTh MOIYHPOBOJHHUKO]
CHJIBHOM 3JIeKTprudeckoM molie. Dddext ['anHa. MexaHu3Mbl YBETUYCHUS KOHIICHTpAI
HOCHTENEH 3apsia B CHIBHBIX 3JEKTPUYECKUX TNONAX (yAapHas MOHM3AIMS, TYHHENbH
3 PexT, NIeKTpoCTaTUIECKAsT HOHUBALINS).

oT

(s

JIJ1

CTh

CKT

3 B
17051
BIA

PaBHOBeCcHBIE M HEpaBHOBECHbIE HocuTenn 3apsaa. KeasumypoBHu Pepmu. bumnossps
ONTHYECKas FeHEpaLMsl HOCUTEIIEH 3aps/a.
Mexanu3mbl pekoMOuHanuu. Mexx30HHas u3inydareiabHas pexoMOuHanusa. PexomOuHar

Hast

[1s1

HOcHTeNeH 3apsaaa yepes joByikH. Kiaccudukanus J0ByIIeK.




VYpaBHenue HenpepslBHOCTU. Juddysnonnsie u npeiipoBeie Toku. CoOOTHOIIEE
OWHIITEWHA.
Juddysus u napeiidp HepaBHOBECHBIX HOCHTENEW 3apsga B Cllydae MOHOIOJSPH
npoBoauMocTtd. uddy3us u npeitd HEOCHOBHBIX H30OBITOYHBIX HOCHUTENICH 3apsd
PUMECHOM TOJTYIPOBOTHHKE.

e

(0)7}

Tunsl  momMuHecueHIMU. PekoMOMHAIIMOHHOE W3IyYeHUE MOJYMPOBOAHUKOB I
(dyHIaMEHTAIBHBIX TMepexoaax. PeKOMOMHAIIMOHHOE W3IYYCHHE TOIYIPOBOIHHUKOB Tl
nepexo/iax MKy 30HOM U MPUMECHBIMH YPOBHSAMHU.

Penakcanusi MIOMUHECHIEHIIMM TOMYNPOBOJHUKOB. CIIOHTAaHHOE W BBIHYXKJIEHHOE H3-
nydyenue. CTUMyIHpPOBAaHHOE U3TYyUYEHHE TBEPIbIX TEJl.

pu
pu

Buytpennuii porospdexr. DotonpoBoaumocTs. Pemakcaryst poTornpoBoIUMOCTH.

Beenenune. OCHOBHBIE XapaKTEPUCTUKU ABYMEPHBIX MOIYIPOBOJHUKOBBIX HAHOCTPYK-
Typ. [IpsiMoyTOIBHAS TOTEHITMAIbHAS sTMa KOHEUHOU ri1yOuHsl. [lapabonmaeckas
IIOTCHIMAJIbHAA sAMa. TpeerHBHa}I IIOTCHIMAJIbHAsA sAMa.

10

KBanrtoBsie npoBosioku. KBanToBbie Touku. HanpsibkeHnublie ciou. Bnusaue Hanpske-
HUU Ha BaJICHTHYIO 30HY. 30HHAs CTPYKTypa B KBAHTOBBIX sIMaX. DKCHUTOHHBIE Y ek-
Tbl B KBAHTOBBIX AMax.

4.2.3. JIa6opaTopusie pagorsl (KOHTpoOUpyeMast komnereHuus [1K-3)

Taoauua 4

Tema

Ornpezenenue Tvma, KOHUEHTPAUU U TOJIBM>)KHOCTH HOCUTENEH 3apsiaa B MOTyHpo-
BOJIHHUKAX

OrnpeneneHne MUPUHBI 3aMPEIIEHHON 30HbI MOTYTPOBOAHIUKOB

Wzmepenune nudGy3noHHON ATHMHBI U BpEMEHH JKU3HU HEPAaBHOBECHBIX HOCUTEIEH 3a-
psna B OJyIPOBOJAHUKAX

W3mepenue 1uaneKTpuyeckoi MPOHUIIAEMOCTH U TaHT€HCa yIJla AUAJIEKTPUUECKUX 110-
TEPb

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

W3ydenue BonbT-papagHOl XapaKTEPUCTHKH 3JIEKTPOHHO-IBIPOYHOTO NEepexoa

M3yueHune morJoneHus CBeTa B MOJIYIIPOBOIHUKAX

R |I[N [

Nzyuenne HoTornpoBoIMMOCTH MOTYTIPOBOJHIUKOB

MeTtoauyeckue peKOMeHAalMHU 110 NPOBEACHUIO J1a00PaTOPHBIX 3aHATHH
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JlaGopaTopHBIii MPAKTHUKYM SIBIISIETCS BaXKHBIM 3JIEMEHTOM Ipoliecca o0ydenus. Jlabopa-
TOpPHBIE 3aHATHUS JOJKHBI ObITh OPUEHTUPOBAHBI Ha pEllIEHHE TUIOBbIX (0a30BBIX) 3a7a4, B Oy-
aymeid npodecCHOHANIbHONW JEATEIbHOCTH C  MCIOJIb30BAaHUEM METOAOB, METOIHK, (hopMmyd,
MOJIXOJIOB, aJITOPUTMOB, MOJIEJIEN U MPOYUX, U3JI0KEHHBIX Ha JIEKIUSIX U B MaTepuaiax, BbIHE-
CEHHBIX Ha CaMOCTOSITEIbHYIO padoTy. JlabopaTopHble 3aHATHS TOJDKHBI 0OecrieunBaTh (opMu-
pOBaHME KOMIIOHEHTOB «YMETb» 3aJaHHbIX JTUCIUIUIMHAPHBIX KomreTeHIui. JlabopaTopHbie
3aHATHS 11€JIecO00pa3Ho MPeayCMOTpeTh (MpU HAJIMYUH BO3MOXHOCTH) IO BCEM Te€MaM HeErMo-
CPEICTBEHHO IOCJIe U3YUYEHHS Ha JIEKIUAX TeopeTndeckoro matepuana. OJIHOM U3 INIaBHBIX IIe-
neit 1abopaTOPHBIX 3aHATHH sBIsETCS yriayOsieHue, 3aKperuieHe U Hauboliee OJIHOe YCBOCHUE
TOr0 MaTepuaa, KOTOPbIi ObLT OCBEIIEH Ha JEKIMIX WIK 33JaH A CaMOCTOSATENIbHOIO U3y4e-
Husl. JlabopaTOpHBIM NMpakTHUKYM JOJDKEH NPUBUBATH HAaBBIKM CaMOCTOSTENIbHOW paboThl Ha
pa3IMYHOM J1TAOOPaTOPHOM OOOpYIOBAaHUHU M YMEHHE IMOJIb30BATHCA PAa3IMYHBIMU MpUOOpaMu U
UHCTPYMEHTAMH.

VYcnex 1abopaToOpHbIX 3aHATUN 3aBHCUT OT KauecTBa MOJArOTOBKHU IperoaaBaress, CTy-
JICHTOB U J1abOpaTopHOro 000pYIOBAHUS.

Ha nepBoM 3aHSATHH CTYACHTHI H3y4YalOT TEXHUKY 0€30M1aCHOCTH, MOTYYaroT CIMCOK Jia-
60paTOpHBIX PadOT U MHIAMBHLYaJIbHBIN rpa)K BHITOIHEHUS Ja00paTOPHBIX padoT B BUIE

NuauBuayaabHblil rpaguK BBINOJIHEHH J1a00paTOPHBIX pador
Tabauua S

Jatbi
BBITIOJTHEHHS pabOT

NoNe
n1abopaTopHBIX paboT

KonuyecTBo 6amioB 3a onHy
paboty

CymMma 0ajuioB 1Mo peUTHHTO- I I 11

BBIM TOYKaM
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CTyJIeHThI TaKkKe MOJyyatoT OCHOBHbIE TPEOOBaHMS K BBIMOJHEHUIO U O()OPMIICHHUIO Jia-
O0paTopHbIX PAa0OT MO AUCHUILUIMHE B AJIEKTPOHHOM WJIM OYMa)KHOM BHJIE.

Brinonnenne kaxaoi 1a60paTopHOit pabOThI CKIIaIbIBACTCS U3 CIEAYIOIIUX ATAIOB

1. CaMocTosiTenbHas MOArOTOBKA CTY/IEHTOB K padoTe U noiydyeHue nomycka. [lepen
HayajoM paboThl CTYACHTHI JOJDKHBI 3HATh: Ha3BaHUE PaOOThI; KPATKYIO TEOPHIO TEMBI; LEb pa-
OOTBI; METOJMKY HM3MEpPEHHs U HKCIEPUMEHTAIbHYIO YCTAaHOBKY; 3aJaHUsl M O0XKHUJAeMble
pe3yabTaTel. PekoMeHIyeTcss UMeTh 3amuch B pabodel TeTpaaud MO BCEM 3THUM IyHKTaM U
3aroTOBKY TaONUIBl JJIs 3alUCU PEe3yJIbTaTOB W3MEpeHW M BbhlYUCIEeHUN. CTylneHThl, He
MOJTOTOBUBIIMECS K paboTe B COOTBETCTBUU C ITUMHU TPEOOBAHUSMH, K BBITOJHEHHIO pabOTHI
HE JIONyCKaroTCsl.

2. IIpoBenenune skcepUMEHTa. JTOT ATAIl OCYIIECTBIISIETCS B COOTBETCTBUHU C METO-
JUYECKUMU yKa3aHUSMHU, KOTOPbIE COJEp)KATCcsl B PYKOBOJCTBE K KaXJ0Ml paboTe M TeXHHUYE-
CKOMY OIHCAaHMIO JIAOOPATOPHON YCTaHOBKH. Pe3ybTaThl MEPBUUHBIX U3MEPEHUH 3alUCHIBAIOT-
cs1 6e3 Kakoi-mbo 06padoTku B “Tadnuily pe3yapTaTOB U3MEPEHUN U BHIYUCICHHN .

[Ipu pabote B nabopaTopru HEOOXOAMMO CTPOTO BHIMOIHATH BCE MPABUIIa TEXHUKU 0e3-
OIACHOCTH U yKa3aHUs MPeroaaBarers.

3. O6paboTKy pe3ysibTaTOB U3MEPEHUH PEKOMEHAYETCS MPOBOJUTH OJHUM M3 COBPEMEH-
HBIX [TAKETOB MaTeMaTHYECKUX IMporpamm, Hanpumep, Mathcad, Origin. Eciiu tpebyercs rpadu-
KA CTPOSATCS HA MUJUIMMETPOBOM Oymare WM OJHUM W3 MAaKeToB mporpamm. s moJiHOTO
MMOHMMAaHHUS «OOHAPYKEHHOW 3aKOHOMEPHOCTH» CTYACHTY He0OX0UMO OIucaTh X0 rpaduka u
CZIE€NIaTh BBIBOJBI, SIBIISIFOIIMECS UTOIOM CaMOCTOSITEIBHOTO aHAIM3a PE3yJIbTaTOB dKCIIEPUMEH -
Ta.

4. Otuer o npojienaHHOI paboTe MpeiCTaBIsAeT COO0N COBOKYITHOCTh BCEX ITArOB OT J0-
ITycKa J10 MOJHOTO 3aBepIIeHUs JabopaTopHOil paboThl U OMKMCAHHBIE B paboyeil TeTpau.

5. 3aBepIarOLIMM 3TANlOM SIBJISIETCS 3aIllMTa BHIMOJIHEHHON paboThl. Ha 3amuTe cTyaeHT
MIPEJICTaBIsIeT OTYET M OTBEYAeT Ha KOHTPOJIbHBIE BOMPOCHI U3 PYKOBOJACTBA K JaOOPAaTOPHBIM
pabotam 1o Gu3HKe MOJYNPOBOJAHUKOB U MOITYIMPOBOJIHUKOBBIX CTPYKTYP M €My BBICTaBIISIETCS
0aJu1, KOTOPBIM OIIEHEHa JaHHasl JabopaTtopHas padoTa.

B xoze npoBeneHus 1ab0paTOPHBIX 3aHATHH MperoiaBaTeNb IOMOTraeT CTyAeHTaM
OBJIAJIETh JIAOOPATOPHON TEXHUKOM, MPOBOIUTH U3MEPEHHUS, aHAIU3 PE3yJIbTaTOB U ClieaTh
BBIBOJIbI U3 MOJIYYEHHBIX PE3YJIBTATOB.

AKTHBHas paboTa CTYJACHTOB Ha MPAKTUYECKUX 3aHITUSAX SBJSETCS OAHUM U3 IO-
Ka3aresiell XOpoIled opraHu3aly TakuX 3aHATUi. [Ipyn 3TOM oueHb BaXXKHO NOJUIMHHO Hay4d-
HOE pellleHne Ha JabopaTOpHBIX 3aHIATHUAX 3aj1ad, CBA3aHHBIX ¢ 00J1aCcThIO U BUJIaM HpodeccH-
OHAJILHOM JIEATEIIBHOCTH BBIITYCKHUKOB I10 HAPaBJIEHUIO NOJTOTOBKU « DJIIEKTPOHUKA U
HAHOAJIEKTPOHUKA

4.2.4. CamocrosiTeJIbHOE H3yYeHHE Pa31eJI0B JHCHUIIIHHBI
Tabauua 6

Ne | Borpocel, BBIHOCUMBIE HA CAMOCTOATEIIBHOE U3YUYEHUE
n/a

DnemMeHTapHasi TEOpHsl AJIEKTPOIPOBOAHOCTH MOITYIIPOBOAHUKOB

OCHOBHBI€E TTOJIOKEHHS 30HHOM TCOPUU

CratncTuKa PAaBHOBECHBIX 3JICKTPOHOB U ABIPOK B IMOJYIIPOBOAHUKAX

Paccesnue 9JICKTPOHOB U JABIPOK B IIOJYIIPOBOJHHUKAX

Kunernueckue aBiieHns B MMOJIYITPOBOJHUKAX

I'eneparus 1 peKOMOMHAIUS HEPABHOBECHBIX HOCUTEINEH TOKA B IMOJIYPOBOAHUKAX

Hubdysus u nperid HepaBHOBECHBIX HOCHUTENIEH 3apsiia

R Q| | N A W N -

HOBCpXHOCTHBIe SABJICHUSA B IMOJTYIIPOBOJHUKAX
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9 OtpakeHue U MOTJIOLIEHUE CBETA MOJYPOBOIHUKAMU

10 | JromuHecneHIUA

11 | ®usuka HU3KOpPa3MEPHBIX MMOJIYIPOBOJIHUKOBBIX CUCTEM

5. OneHo4YHbIe MaTePHAJIBI VISl TEKYLIEro H PyOe:KHOI0 KOHTPOJISA yCIIeBaeMOo-
CTH U NPOMEKYTOYHOM aTTecTALUH

5.1. 3apanus 1A TeKylero KOHTPOJIst
5.1. 1. KorokBuymsl (KOHTpoiupyeMmasi komnerenuus OK-7,0I1K-7, 11K-3)
Bomnpocs! K K0/LIOKBHYMY 110 | TeKkyieMy KOHTPOJIO

1.Ilo xakuM mnpu3HaKaM, U Ha Kakue Kiaccel Aensarcs Bce BemiectBa? 2.lo kaxomy
CBOWCTBY OKa3aJIOCh Mpole KiaccupuuupoBaTh BemecTBa? 3. Kakue mMarepuansl Ha3BaHbl MOy -

npoBoaHKKaMu? 4.B KaKkux Tpeenax HAXOAUTCS YAeTbHOE CONPOTUBICHHE ¢ IOMyIPOBOIHN-
koB? 5.B 4ém paszHuna Mexay TemrnepaTypHbIMU 3aBUCHUMOCTSIMH YAEJIBHOIO CONPOTHUBIICHUS U
YIEIbHOM AIEKTPUYECKON MPOBOJAMMOCTH METAIJIOB W MOJYNPOBOIHHUKOB? 6.ITouemy Hemnb3st
BCErja OTJIMYUTH MOJTYIMPOBOJHHUK OT METaJlJIa 10 3HAKy TeMIIepaTypHOro KO3 PHUIHUEHTa yAeb-
HOM npoBoAUMOCTH? 7. UTO MPOUCXOAUT C YJIETbHOW MPOBOJUMOCTHIO METAJIOB U MOJYIIPOBO-
HUKOB C IIOHWXEHHEM UX TemmepaTypsl? 8. Uto ciaenyeT u3 Toro, 4yTo yJenbHas IpOBOJUMOCTb
y METaJJIOB PacTET, a Y MOJYIPOBOJIHUKOB MaJIaeT C MOHWKEHHEM UX TeMieparypbl? 9.Kakumu
croco0amMM MOYKHO YBEIHYHUTh KOJIMYECTBO CBOOOIHBIX HOCHUTENEH 3apsa B MOJIYIPOBOIHUKE?
10.Kakux HOCHUTENEH 3apsia Ha3bIBAIOT TEIJIOBBIMU WM paBHOBecHbIMU? 11.Kakux HOcuTenei
3apsiia Ha3bIBAIOT HepaBHOBECHBIMU? 12.0Tuero 3aBUCHUT Mpolecc 00pa3oBaHUs KaK paBHOBEC-
HBIX, TAK ¥ HEPAaBHOBECHBIX HOocuTenel 3apsna? 13./laiiTe kak MOKHO OoJiee TOJTHOE OTpeesie-
HUE NoaynpoBoAgHuKaM. 14.KakoB MeXaHM3M M3MEHEHUS 3JIEKTPOIIPOBOJHOCTU B METAIUIAX M
noaynpoBoaHuKax? 15.3a c4€T U3MEHEHHUsI, KaKOTO MapaMeTpa MEHSIETCS AJIEKTPONPOBOIHOCTh
METAJIJIOB U MOJYNPOBOJHUKOB ¢ TemrepaTrypoi? 16. Kakue BemecTsa BISIOTCS MOJYIPOBOJI-
HukoBeiMH? 17.KakoB MexaHM3M 00pa30BaHUS 3JIEKTPONMPOBOJHOCTH B TOJYNPOBOTHUKAX,
Hanpumep, kpeMHusa? 18.Kakyro cBsi3b Ha3bIBalOT KOBaJeHTHOM? 19.MoxeT n B MOJIyNpoBO.I-

HUKE C MeaIbHOI cTpyKTypoii mpu | = U K BO3HUKHYT 3JiekTpruueckuil Tok? [Touemy? 20. Yto
MPOUCXOJUT B TMOJYIPOBOJHUKE NPU BO3ACUCTBUM Ha HEro, Hampumep, Teriorel? 21.Kakoi
Mpoliecc Ha3bIBarOT reHeparmeii? 22.Kakoii mporecc Ha3bIBalOT pekomOuHarmen? 23.Yto Ha3bl-
BatoT AbIpkoii? 24.Kakoil momynpoBOIHUK Ha3bIBalOT cOOCTBEHHBIM? 25.K ueMy mpuBOIUT yBe-
JUYEHUEe TemIepaTypsl noiaynpoBogHuka? 26.Kak BeayT ce0s B MOIynpOBOJAHHUKE CBOOOHBIE
ANEKTPOHBI U ABIPKU? 27.YTO Ha3bIBAIOT JUIMHON CBOOOJHOTO Mpobera, CpenHed IIHHON CBO-
0oxHOTO TIpoOera HocuTest 3apsaa? 28. UTo Ha3BIBAIOT BpeMEHEM CBOOOHOTO mpobera, cpe-
HUM BpeMEeHEM CBOOOHOTO Mpobera HocuTens 3apsina? 29.Kak cBsizana cpenHsis IJIHMHA CBOOO/I -
HOro mpobera ' co cpegHUM BpeMeHeM cBoOojHoro mpobera ~ Hocutens 3apsna? 30.Ilouemy
OecTopsiIOUHOE TETUIOBOE JBMKEHUE HOCHUTENEH 3apsiaa (9JEKTPOHOB M IBIPOK) B MOJIYIIPOBO/I-
Huke He 1aéTt Toka? 31.KakoB xapakTep ABMKEHHUsI HOCUTENEH 3apsaga B COOCTBEHHOM MOIYIpO-
BOJIHUKE, MOMENIEHHOM BO BHEIIHEe 3JieKkTpuyeckoe mone? 32.Kakoe IBWKEHHE Ha3bIBAIOT
npetihoBeiM? 33.Kakyio CKOpocTh HasbIBaloT apeiidoBoii? 34.UTo Ha3bIBAIOT MOIABUKHOCTHIO
Hocutenen 3apsima? 35.KakoBa cBsI3b MexAy ApepoBO CKOPOCTHIO M TOJBMXKHOCTHIO HOCH-
Tened 3apsaa? 36.Kakoil MexaHU3M 3JEKTPOIPOBOAHOCTH HA3bIBAIOT 3JIEKTpOHHOU? 37.Kakoit
MEXaHU3M 3JIEKTPONPOBOJHOCTH HA3BIBAIOT AbIpOYHOM? 38.KaknuMu COCTaBISAIOIKMMH OIpele-
JISIFOTCS SJIEKTPUUECKUI TOK B COOCTBEHHOM NOIyNpoBogHHKe? 39.UTO NMPOUCXOAUT C SHEPreTH-
YEeCKUMH YPOBHSMH 3JIEKTPOHOB B H30JIMPOBAHHOM aToMe MpU MX COMMKEHHH, 00pas3ys Kpu-
ctai? 40.Yto Ha3bIBatOT BajeHTHOU 30HOI? 41.YTo Ha3bpIBatoT 30HOU MpoBoauMoctu? 42.Yro
Ha3bIBAIOT 3ampeméHHon 30H01? 43.Kak 00BsSCHUTD AJIEKTPOIPOBOTHOCTH COOCTBEHHOTO TOJY-
IIPOBOJHMKA UCXO/IS U3 SHEPreTUUECKUX npeacTaBieHnii? 44. Hauepture cxemy SHEPreTHUECKUX
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30H COOCTBEHHOT'O MOTynpoBoaHMKa. 45.Kakoil momynpoBoAHMK Ha3bIBatOT puMecHbIM? 46.Ka-
KYIO DJIGKTPOIIPOBOTHOCTh HA3BIBAIOT IpuMecHO? 47.Yto OyaeT, eciiu OJuH U3 aTOMOB IOy -
IIPOBOJHMKA 3aMEHUTh aTOMOM 3JIEMEHTa V TPYIIIbI, HAIPUMEDP MBILIbSIKA B PEIUIETKE KPEMHUsA?
48.Yto Oyzner, ecnu OJAUH U3 aTOMOB MOJYIPOBOJAHHUKA 3aMEHUTH aToMoM 3ieMenTa III rpymnrsl,
HanpUMep aIFOMUHUN B peléTke kpemHus? 49.Kakux HocuTenel 3apsiia B OJyPOBOIHUKE Ha-
3pIBalOT OCHOBHBIMH? 50.Kakmx HocuTtenel 3apsjia B IOJYIPOBOJHHUKE HAa3bIBAIOT HEOCHOB-
HeiMH? 51.Kakoil momynpoBOAHMK Ha3bIBarOT AIEKTPOHHBIM? 52.Kakoil MOJyNpOBOJHUK Ha3bl-
BalOT nourynpooaHukoMm ' -tuna? 53.Kakyio npumech Ha3biBaioT JoHOpHOU? 54.Kakyio mpu-
MeCh Ha3bIBaIOT npumechio ' -tuna? 55.11e nomkeH pacnonaraThCsl ypoBeHb JOHOPHOM IpuMe-
CH B DHEPreTHMYECKON auarpamme noiynpoBofgHuka? 56.KakoBa sHeprermueckas auarpamma
JOHOPHOTO moaynpoBoAHuKa? 57.KakoB MexaHU3M AJIEKTPONPOBOJTHOCTH JOHOPHOTO IMOIYIIPO-
BoaHMKA? 58.Kakoil NoynpoBOJHUK Ha3bIBAIOT ABIPOYHBIM? 59.Kakoil NoJynpoBOJHUK HA3bl-
BAIOT HONYHPOBOAHMKOM ! -Tuma? 60.Kakylo mpuMech HaswIBalOT akuentopHoi? 61.Kakyo

TIpUMech Ha3bIBAIOT NpuMechio ! -Tuma? 62.171e JOMKeH pacoNaraThcs ypoBeHb aKIEeNTOPHOR
IpUMECH B DHEpPreTMdyecko nauarpamme mnosynpoBonHuka? 63.KakoBa »sHeprernyeckas
aMarpaMma JIbIpOYHOTO TONynpoBogHuKa? 64.KakoB MeXaHHM3M 3JIEKTPONPOBOIHOCTH JBIPOU-
HOTO TONTynpoBoAHUKa? 65.1IpuBeanuTe BhIpaskeHHE U YACTBHONW MPOBOJUMOCTH 3JIEKTPOH-
HOTO TMONYNpoBOoAHUKA. 66.IIpuBenure BbIpakeHHE U YICTBHOH MPOBOAUMOCTH JBIPOYHOTO
noiyrnpoBonHuKka. 67.IIpuBenuTe BbIpakeHUE IS YASIbHOW MPOBOJUMOCTH IOJTYTIPOBOJIHUKA
NPY HAJIMYMHU B HEM JIBYX THIIOB ITPUMECH.

Bonpocs! k ko/1okBuymy 1o Il TekymeMmy KOHTPOJIO

1. Uto HY>XHO caenath AJisl OMpeIeTICHUSI YHEPTETUYECKOTO CIIEKTPa SJIEKTPOHOB B KpUCTaILIe?
2. Kakue npubnuxeHusi IpUMEHSIOT AJis pemeHus ypaHeHus [penunrepa kpucranna?
3. Kakoe moJie Ha3pIBalOT CaMOCOTJIACOBAHHBIM?

4. Kaxoii BUJl UM€EET NOTEHLIMAJ KpHCTaslia Fir) JUIsL OTHOMEPHOM pELIETKH?

5. Kakyto BelMunHy Ha3bIBatOT BOJHOBBIM YHCIOM?

6. Uro sBnsercs pemenueM ypasHeHus Llpenunrepa ais a1eKTpoHa B IEPUOJUYECKOM I10JIE KPH-
crayuia?

7. Kakoil Bun umeer peuienue ypaBHeHus LlpenuHrepa Uit KpucTaaia B MPUOIMKEHUU CHIBHO
CBSI3aHHBIX 3JIEKTPOHOB?

8. IlpuBeaurte BbIpa)KEHHs [ KOMIIOHEHT BOJIHOBOI'O BEKTOpA DJJIEKTPOHA B KpHUCTAIIE,

L.L L
uMeroIero GopMmy napajuiesenuiesna ¢ pazMepamy =9

9. Kakue 3HaueHHs] MOKET IPUHUMATH KBAa3UUMITYJIBC AJIEKTpOHA?

10. CKOJIbKO PHEPreTUUECKUX COCTOSIHUM B TIepBOid 30He bpuimtosna?

1. IlpuBenure ypasHenue llpeaunrepa as Kpucrasia.

2. B uém 3akmmoyaercs aguabatndeckoe NpUOIMKEHNE U BaJeHTHAs alllIPOKCUMAIus?

3. YTo 1no3BOJISIET BBEIEHUE CAaMOCOTIIaCOBAHHOTO MO ?

4. KakuM CBOMCTBOM 00J1a/1aeT MOTEHITMAT KpUCTaIIIa?

5. Kakoli BuJI UMeeT cTallMOHAapHAsi BOJIHOBas (DYHKIUS AJICKTPOHA B MEPUOTUICCKOM IOJIE KPH-
craya’?

6. B uém 3aximrouaeTcs mpuOIMKeHNE TIOYTH CBOOOTHBIX AIEKTPOHOB?

7. Kakoli BbIBOJ cienyeT u3 penieHus ypaBHeHus Lllpeaunrepa B nmpuOIMKeHUN CUIIBHO CBSI3aH-
HBIX 3JIEKTPOHOB?

8. Kak u3MEeHSI0TCS KOMIIOHEHTHI BOJIHOBOI'O BEKTOpA 3JEKTPOHA B KpUCTAILIE?

9. B xakux mnpezenax MOXKET U3MEHSATHCA BOJHOBOM BEKTOP 3JIEKTPOHA B KpucTaie?

10. CkonbKO 3JIeMEHTapHBIX siYEEK B MepBOi 30He bpuitosna?

1. Yro Brirouaet B cedst oneparop ['amunbsToHa B ypaBHenuu lpenunrepa s kpucramma?

2. K yeMy mpuBOAMUT MpUMEHEHHE aauabaTUYecKoro MPHUOMMKEHUS MPHU PELICHUH YpPaBHEHUS
[lpenunrepa ayisa kpuctauia?
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3. Uto mo3BosseT BBEACHUE caMocoriacoBaHHOro noss? 14.Uem orianyaercss BOJHOBas (yHKIUS
AJIEKTPOHA OT BOJHOBOW (DYHKLUU APYTOro 3JEKTPOHA, OTCTOSILEr0 OT MEPBOro HA MEPHOJ] peLleT-
Kku?

4. Kakyro QyHKIMIO Ha3bIBaIOT BOJIHON min (yHKIuei bioxa?

5. B uém 3akmrouaeTcs MpuOIMKEHUE CUIIBHO CBSI3aHHBIX AJIEKTPOHOB?

6. Kakoil Bu1 uMeeT BeIpa)keHHE JJIsl SHEPTUU 3JIEKTPOHA B MEPUOAMUECKOM I0JIe IPOCTON KyOu-
YECKOU pereTku?

7. Kak MOTYT U3MEHSATBCS SHEPTHs DJIEKTPOHOB B PAa3pEIIEHHON 30HE?

8. B Kakux npeaenax MOKeT U3MEHATHCS KBa3UUMITYJIbC JIEKTpOHA?

9. CKOJIBKO DJIEKTPOHOB MOXKET OBITH B TIEPBOM 30HE bpuimtosna?

10. Kakyto BennunHy Ha3bIBalOT 3(h(peKTHBHOM Maccoit HocuTenen 3apsia?

1. Yto HyxHO caenars 1 pemenus ypasHeHus [llpennnarepa kpucramna?

2. B uéM 3akiro4aeTcst OAHORIIEKTPOHHOE NPHOIMKeHHE?

3. Kak BbIpaxkaeTcst 0fHO3JIEKTpoHHOE ypaBHeHue [lIpennnrepa s kpucramia?

4. Yto Ha3bIBAIOT BOJIHOBBIM BEKTOPOM?

5. Yro npexcraBisieT coOoi BoHOBas (yHKIUS 3JIEKTPOHA B EPUOAMUECKOM T0JIe KpHcTasia?

6. Kax MOXHO TpeIcTaBUTh BOJIHOBYIO (DYHKILHMIO 3JEKTPOHA B MPUOJIMKEHUU CUIBHO CBS3aHHBIX
3JIEKTPOHOB?

7. Kakue BbIBOJIbI MOXKHO CIENIATh U3 BBIPAXKEHUS JUISl JHEPTHU DJIEKTPOHA B IEPHOJUYECKOM I10JIE
MPOCTOM KyOMYECKON PEIIEeTKH OTHOCHUTEIHHO SHEPreTUUECKOro CIEKTpa JIEKTPOHOB B KPUCTAJ-
nax?

8. Kakyro BenM4unHy Ha3bIBalOT KBa3UUMITYJIbCOM?

9. Kakyro o6nacTh Ha3bpIBalOT NepBoii 30HON bpuiumtosna? Kak emé Ha3pIBatoT 3Ty 30HY?

10. K yeMy npHBOJIUT NPHIOKEHUE HIEKTPUUECKOTO MOJSA K KpUCTAILTY?

Bomnpocs! k ko/1okBuymy 1o III Tekymemy KOHTpOJI0

1. B ueM coCTOMT BakHEeMIIas 3a/1a4a CTaTUCTHYECKON (PU3HUKU?

2. YUemy paBHaA dHEPIHs JIEKTPOHA Y JTHA 30HBI IPOBOAUMOCTH?

3. Kakoii Buzx umeer pyHKIMSA, BbIpaXKarolasi BEpOSITHOCTh TOTO, YTO JJAHHOE COCTOSIHUE C SHEPIH-
eit E 3ansaTO 35exkTpoHOM?

4. Kakon Buj npuHumaer pacnpenencHue ®depmu-/lupaka uisi 3JIEKTPOHOB, HAXOZSAIIUXCS B
cocTosHusX ¢ dHeprueit &~ F KT 9

5. Uemy paBHa BEpOSATHOCTb 3aIlOJIHEHUS ABIPKAMU IOTOJIKA BaJEHTHOM 30HBI E, B HEBBIPOXKIEH-
HOM T0JIy[IPOBOJAHUKE?

6. Kakyro BenuunHy Ha3bIBalOT 3(P(PEKTUBHOM IUIOTHOCTHIO KBAHTOBBIX COCTOSIHMN B BaJIGHTHOH
30He?

7. Kak cBsizaHbl MeXy co00l paBHOBECHbIC KOHIEHTPALUU 3JIEKTPOHOB 79 M JIBIPOK po Ui He-
BBIPO’KJIEHHOT'O IIPUMECHOTO MOJIYIPOBOJIHUKA ¢ COOCTBEHHOM KOHLIEHTpauueu n;?

8. KakoB (puznueckuii cMbICI KaXKA0T0 WieHa KWHETUYECKOro ypaBHeHus: bonbpiimana?

9. Ot kakux BennunH 3aBucut JJ]C Xoima 1 KakoBa, 3Ta 3aBUCUMOCTh?

10. YTo mpouCcXOIUT ¢ KOHLEHTpaIMel 3JIEKTPOHOB U JbIPOK B MPUIIOBEPXHOCTHON 00JIaCTU MpHU
BHECEHUH MOJIYIPOBOJHUKA B 3JIEKTPHUUECKOE T0Je?

1. YTo Hy’>XHO 3HaTh JUIsl ONPEIEIICHUS YKCIIA YACTHL], SHEPTUS KOTOPHIX JIEKUT B ONPENEICHHOM
UHTepBaje?

2.Yemy paBHa SHEPrus AbIPOK y IOTOJIKA BaJECHTHON 30HbI?

3. Kakyto BenuunHy Ha3bIBatOT 3Hepruei win yposHeM depmu?

4. KakoBa 3aBUcUMOCTb (pyHKIMM pacnpenenenus @epmu-/upaka ot 3HaUeHUsI SHEprun ypoBHs E
npu ! = U ? [Moscuure rpapux.

5. Uemy paBHa BEpOSTHOCTh 3allOJHEHHs 3JEKTPOHAMHU JHA 30HbI nIpoBoaumoctu E. B He-
BBIPOXKJIEHHOM I10JTYIIPOBOJAHUKE?
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6. Kakyto BennuuHy Ha3bIBatoT 3(p(PEeKTUBHON MIOTHOCTHIO KBAHTOBBIX COCTOSHHM B 30HE MPOBO-
TUMOCTH?

7. UeMy paBHa paBHOBECHasl KOHLIEHTpAIMsI OCHOBHBIX HOCUTENEH 3apsga B COOCTBEHHOM IIOJTY-
IIPOBOJTHUKE?

8. 13 xakux yacTell COCTOMT KMHETUYECKOE ypaBHeHUE bonbimana?

9. Kakoe siBnenue Ha3pBatOT 3¢ dextom Xommma?

10. Kak MeHsieTcs KOHIIEHTpAllUsl HEOCHOBHBIX M30BITOUHBIX HOCHUTENIEH 3apsAja B pe3yJbTare pe-
KOMOHMHAIIUK CO BPEMEHEM T0CJIe BBIKIIFOUEHHUS] OCBEICHUS ?

1. Kakyro BeM4MHY Ha3bIBalOT INIOTHOCTHIO KBAHTOBBIX COCTOSTHUIL?
2. IlpuBeauTte BbIpa’keHUE INIOTHOCTA KBAHTOBBIX COCTOSIHUM y JHA 30HbI NpoBOoAUMOCTH. [Ipn ka-
KHX YCIIOBHSIX CIIpaBe/iInBa 3Ta opmymna?

3. Kakont Bug umeer pacnpenenenue @epmu-/Iupaka u, 111 Kakux 4acTHI] OHO CIPABEINBO?
4. KakoBa 3aBUCHUMOCTb (pyHKIMM pactnipenenenus @epmu-/upaka oT 3HaUSHUsI SHEPTUU ypoBHs E
npu ! =Y ? [Mosicuure rpapux.

5. Kakoli nosynpoBOIHUK Ha3bIBAIOT HEBBIPOKICHHBIM?

6.Yemy paBHa 3¢ (eKTHBHAs IJIOTHOCTh KBAHTOBBIX COCTOSIHUI B BaJICHTHOU 30HE?

7. Uemy paBHa paBHOBECHAs KOHLEHTpPALUMs OCHOBHBIX HOCHUTENIEH 3apsiia B HEBBIPOKICHHOM
JBIPOYHOM IOJIyTIPOBOIHUKE?

8. Kakoe ypaBHEeHHE Ha3bIBAE€TCS KUHETUUYECKUM ypaBHEHHEM bosbiivana?

9. Kak BbIpa)kaeTcsi 3aBUCUMOCTb YEJIbHOM IPOBOJUMOCTH OT TEMIEPATYPhI?

10. Kak MeHsieTcs KOHIIEHTpAlusi HEOCHOBHBIX M30BITOUHBIX HOCHUTENIEH 3apsAja B pe3yjbTare pe-
KOMOWHAIIUU C PACCTOSTHUEM B HEOCBEIICHHOM YacTh obpasma?

1. IlpuBeaure ob1ee BoIpaKeHUE AJIsi KOHLEHTPALMH JIEKTPOHOB, YHEPT U KOTOPBIX JIEXKHT B TIpe-
nenax ot E; o E..
2. IlpuBenure BbIpak€HUE IUIOTHOCTU KBAHTOBBIX COCTOSIHUM Yy JIHA 30HBI poBogumoctu. ITpu ka-
KHX YCJIOBHSIX CIIpaBeInBa 3Ta ¢hopmysa’?
3. Yro Takoe pacnpeneneaue @epmu-/lupaka u 4To OHO BeIpakaeT?
4. Kaxoii Bua umeer QyHKIUS, BbIpaxaroniasi BEpOSATHOCTb TOTO, YTO JJAHHOE COCTOSIHUE C SHEPTH -
eil E 3andaro npipkoii?
5. IIpu xakom ycnoBuu pacnpenencaue @epmu-/upaka nepexoaut B pacupeneneHue boiapivana?
6. Uemy paBHa 3(h(peKTUBHAS MIIOTHOCTh KBAHTOBBIX COCTOSIHUM B 30HE MPOBOAUMOCTH?
7. Uemy paBHa paBHOBECHAs KOHLEHTpALUMsi OCHOBHBIX HOCHUTENIEH 3apsiia B HEBBIPOKICHHOM
JIEKTPOHHOM IOJIyIIPOBOIHUKE?

8. Kakux siBjieHUI Ha3bIBAIOT KHHETUYECKUMHU?
9. Kakyro BeIM4MHYy Ha3bIBalOT BPEMEHEM pelaKcaluu?

10. B uem 3axmrogaetcs 3¢ ekt 3eedeka 1 4TO Ha3bIBAIOT yACIbHOU TepMo-2J[C?
11.ITomynpoBoIHUKOBBIE HAHOCTPYKTYpPbl. OCHOBHBIE XapaKTEPUCTUKU HAHOCTPYKTYP.
12.IloTeHIIMaNbHbIE SMBI.

13.IIpsiMoyTrosibHAs MOTEHIIMANIbHAS sIMa KOHEYHOH TTyOHHBI.

14. KBaHTOBBIE TPOBOJIOKH.

15. KBaHTOBBIE TOUKHU.

16. 3oHHast CTPYKTYypa B KBAHTOBBIX SIMaXx.

17. Dxcuronnsle 3¢ (eKThl B KBAHTOBBIX sIMaX.

PexoMeHIan MK NPH NOATOTOBKE K KOJUIOKBUYMY
-popaboTaTh KOHCIEKTHI JIEKIH 110 BOIPOCaM KOJUIOKBUYMa;
-IPOYUTATh OCHOBHYIO U JIONIOJHUTEIbHYIO JINTEPATYpPy, PEKOMEHA0BAHHYIO IO N3y4aeMbIM
BOIIPOCaM;
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-OTBETUTH HA BOIIPOCHI KOJJIOKBUYMA;
-IIpH 3aTPYAHEHUAX, IPOKOHCYJIBTHPOBATHCA C MPENOIABATEIIEM.

Kpurtepun onennBanus

Tabaunna 7
Ouenka

HEyI0BJIETBOPH- | Y/10BJIETBOPH- XO0po1I0 OTJIMYHO

TeJbHO 2 0a/1i1a | TeabHO 4 6aJu1a 6 0as10B 8 das10B
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-
JIONTyCKaeT  Cylle- | JOKBUyMa, JIONyC- | CTBY U3JaraeT ero, | eCTBy HU3jaraer ero,
CTBEHHbIE OUIMOKM | Ka€T HETOYHOCTH B | JIONyCKasi HEKOTOpBIEC | HE JIOMyCKasl Cylle-
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, TIK-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) Bcemun nepeumncneHHbimm
KT=; MT=;
FNaBHOE KBaHTOBOE YMC/I0 MPUHMMAET 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 KBaHTOBOE YMC/I0 MPUHUMAET 3HaYEHUA:
1)0,1,2,..,(n1)
2)-n, -(n-1), ..., 0, ...(n-1), n
3)-1/2,0,1/2
4)-1/2,1/2
5)-1,-2,-3, ..., -(n-1)
KT=; MT=;
Bropasi kKOHTpO/ILHAsI TOYKA
KuHeTUueckue aBaeHMa B NONAYNPOBOAHUKaX

KT=; MT=;

B peanbHbIX NOAYNPOBOAHMKAX KOMBMHMPOBAHHAA NOABUKHOCTb ONpeaenseTcsa paccesHMem Ha MOHaxX
npumecu 1 GoHOHaXx, a B 3aBUCMMOCTU OT TEMMEPATYPbI BbIPAXKAETCA COOTHOLIEHNEM

1
u
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1

_:aT—3/2+bT3/2
(H )
@

KT=; MT=;

B aTOMHbIX NOAYNPOBOAHMKAX C POCTOM TeMMepPaTypbl, €CIN pacceaHne NPomMcxoanT TOAbKO Ha MOHaxX
npMmecu, NOABUMKHOCTb HOCUTENEN 3apAaa PacTeT NPONOPLNOHANBHO

nT

2) T3/2

3) T-3/2
4) T5/2

5) T-5/2

@
KT=; MT=;

B aTOMHbIX NONYNPOBOAHMKAX C POCTOM TemnepaTypbl, €CAn pacceaHne NPoUCXoanT TONIbKO Ha AJINH -
HOBOJIHOBbIX aKyCTMYECKMX GOHOHAX, NOABMKHOCTb HOCUTENEN 3apPALa YMEHbLUAETCA NPONopLMOHab-
HO

nT

2) -I-3/2

3) T2

4) T2

5) T2

@

KT=; MT=;

TpeTbsi KOHTPOJILHAS TOYKA
KoHTaKTHble ABNeHUA B nonynpoBoAagHUKax
KonrtakrtHeie sBneHus B nonynpooanukax KT =; MT =
... -3Heprus HeobxoamMman AnA Nepesoaa 3/1eKTPOoHa ¢ ypoBHA Pepmn Ha HyNeBOM YPOBEHb B BaKyyme.
+: Pabora BbIXO4a 3/1EKTPOHA

@

KoHTakTHbIe siBIeHUs B noaynpoBogHukax KT=; MT=;

HeBbIpoXaeHHbIV NOAYNPOBOAHUK N — TUMNA KOHTAaKTMPYyeT ¢ MmeTannom paboTa BbIXxoaa 3/1eKTPOHa 13
KOTOPOTO Bbille, YeM Y NONYNPOBOAHMKA. [ONYYEHHbIA KOHTAKT ABAAETCA ... .

-1 3anupatowmm

+: aHTM3anuparowmm

-1 OMUYECKNM

@

KonTtakTHbIe siBNeHUs B nonynpoBoanukax KT=; MT=;

HeBblpoXKAeHHbI NONYNPOBOAHUK N — TUNA KOHTAKTUPYET C MeTasiIom paboTa BbIXxo4a 3/1EKTPOHA U3
KOTOPOro meHblle, 4em y nonynposoaHuKa. nOﬂyHEHHbIVI KOHTaKT AB/IAETCA ... .

+: 3anupatoLmm

-. dHTU3annparvwmm

-1 OMUYECKUM

@

B pamkax oOecriedeHusi MpUMEHEHHsSI KOMITBIOTEPHBIX TEXHOJIOTHI B 00pa3oBaTeIbHOM
IIPOLIECCE UMEIOTCS CIELUATN3UPOBAHHBIE KOMIIBIOTEPHBIE KJIACCHI ¢ COBPEMEHHBIM IIPOrpaMM-
HBIM O0ecTiedeHrneM 1 nMeroIuM Bbixo] B UuTepHer. C TeKyliero yueOHOro rojga opraHu3oBaHa
BO3MOYKHOCTb TECTUPOBAHMS Y BHE YHUBEPCUTETA.

MeTtonuyeckne peKoMeHIAIHH N0 MOATO0TOBKE K TECTHPOBAHUIO

TecTbl — 3TO BOIPOCH! WJIM 33/IaHMsI, TIPEIyCMATPUBAIOIINE KOHKPETHBIHN, KPaTKUil, 4eT-
KUl OTBET Ha UMEIOIIECS ITAIOHBI OTBETOB. [IpH caMOCTOSTENBHOW MOArOTOBKE K TECTUPOBA-
HUIO CTYJIEHTY HEOOXOIUMO:
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a) TOTOBSICH K TECTUPOBAHMIO, MPopaboTaTh HH(GOPMAIIMOHHBIN MaTepHal 1Mo AUCLUILIN -

He. [IpokoHCYyIbTHPOBATHCS € MpenoaBaTesieM Mo BOIPOCY BbIOOpa yueOHO TuTepaTyphl;

0) 4eTKO BBIICHHTE BCE YCJIOBHUS TECTHPOBAaHMS 3apaHee. 3HaThb, CKOJBKO TecToB Bam Oyner
MPEAJIOKEHO, CKOJIBKO BPEMEHM OTBOJUTCS Ha TECTUPOBAaHME, KAaKOBa CUCTEMA OLICHKH
pe3yJIbTaTOB U T.A.

B) mpucTymnas K paboTe ¢ TecCTaMH, BHUMATEIbHO U IO KOHLIA TPOYTHUTE BOIIPOC U Mpe/iaracMbie
BapHaHThl OTBETOB. BpiOepuTe NpaBMiIbHbIE OTBETHI (MX MOXKET ObITh HECKOJIBKO);

r) eciii Bel BcTpeTunu upe3BblyaiiHO TpyIHBIN A1 Bac Bompoc, He TpaTbTe MHOTO BPEMEHHU Ha
Hero. [lepexoqute k npyrum tecram. BepHurech K TpyJHOMY BOIIPOCY B KOHIIE.

€) 00s3aTeTbHO OCTaBbTE BpeMS JIJIsl POBEPKH OTBETOB, YTOOBI M30€KaTh MEXaHUUYECKHUX OIIU-
OOK.

Kpurepun onenuBanus

Tabauna 8
Onenka
HEY/10BJIeTBOPUTEIbHO YIOBJIETBOPUTEJIb- | Xopouio 4 6a/uia | OTJIHYHO 5 0as-
0 6aj10B HO 3 6aJi1a JIOB
Memnee 50 % npaBuibHO BeI- | 50-70% mnpaBunbsho | 71-85% mnpaBuiib- | 86-100% npa-
MOJIHEHHBIX 3aJaHHMH. BBIIOJIHEHHBIX 3a7a- | HO BBIMIOJHEHHBIX | BUJIBHO  BBINOJI-
HUH. 3aJaHuH. HEHHBIX 3aJ[aHUH.

5.1.3. llpomesxxyrounas arrecranusi (KOHTpoMpyemas komnereHuus I1K-2)

Cnucok BOonpocoB

1. Beenenune. Knaccudukarus BemecTs mo yAeIbHON 3JIEKTPUYECKON MPOBOIUMOCTH.

2. MopenbHble IpeCTaBICHUS IIEKTPOIPOBOJHOCTH COOCTBEHHBIX MOTYTIPOBOTHUKOB.

3. MopenbHbIe TPEACTABICHHS JIEKTPOIPOBOIHOCTH JIEKTPOHHBIX MOIYIIPOBOJIHHUKOB.

4. MopnenbHble IPeICTaBICHUS 3JEKTPOIPOBOAHOCTH IBIPOYHBIX OJIYIPOBOJHUKOB.

5. DeMeHTapHasi TeOpUst MPUMECHBIX COCTOSHUM.

6. VYpasuenue lllpenunrepa 11 KpucTajia u €€ COCTaBHbIEC YacCTH.

7. Pemenue ypaBuenus Llpeaunrepa st npocToil KyOM4eCKOW PeIIeTKH.

8. Uucno cocToAHUM IEKTPOHOB B PHEPTETHUECKOM 30HE.

0. KBazuumnyisc.

10. 3onbl bpuuosHa B k- u p-nipocTpaHcTBe.

11.  Ywucno 3HepreTnyecKkux ypoBHEH U KBAHTOBBIX COCTOSIHUI B IIEpBOM 30HEe bpuiuitosHa.
12. Bo3MokHOE 3a110IHEHUE JIEKTPOHHBIX COCTOSIHUI BaJ€HTHOU 30HBI.

13.  DddexruBnas macca HOCUTENEH 3apsia.

14. Pemenue ypaBaenus peauarepa merogoM 3(hPeKTHBHON MaCCHI.

15. 3aBUCHMOCTb 3HEPIHH 3JIEKTPOHA OT BOJHOBOTO BEKTOpa Y JHA U MOTOJKA SHEpPreThye-
CKOM 30HBI.

16.  JIBuxkeHHE 3JEKTPOHOB B KPUCTAILIE MO JEHCTBUEM BHEIIHETO 3JIEKTPUUYECKOTO MO,
17. [110THOCTP KBAaHTOBBIX COCTOSIHUM B pa3pelLICHHBIX 30HAX.

18.  ®ynkuus pacnpenenenus Oepmu-Jlupaka u ee CBONCTBA.

19. KoH1eHnTpanus 3J1€KTPOHOB U ABIPOK B 30HAX.

20.  KonmeHntpauus 3JI€KTPOHOB U ABIPOK B HEBBIPOXKJIECHHOM MPUMECHOM MOJYNPOBOIHUKE.
DHeprus akTUBAIUH.

21.  CoOcTBeHHBIH MOMYIPOBOIHUK. Y poBeHb DPepMu. DHEPrusi akTHBALINH.

22. KoHneHTpaus HocuTee 3apsii0B B COOCTBEHHOM ITOJTYITPOBOTHUKE.

23.  KonueHtpauus 3J1€KTPOHOB U ABIPOK B CHJIBHO BBIPOXKJACHHOM MPUMECHOM MOJYIPOBO/I-
HUKE.
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24.

3aBHCHMOCTb YpPOBHA CDepMH OT KOHOCHTpAOWU IMPUMCCH W TCMIICPATYPbl JIA HC-

BBIPOXKICHHOT'O IMOJIYIIPOBOAHHKA.

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.

MexaHu3M paccessHUs 3JIEKTPOHOB U JIBIPOK B MOJYIPOBOIHUKAX.
Paccesinue HocHuTeNnEl 3aps10B HA HOHAX TTPUMECH.
PaccesiHue HocuTenel 3apsAa0B Ha aTOMax MPUMECH U TUCIOKALIUAX.
Paccesinue HocuTenei 3aps10B Ha TEIIOBBIX KOJIEOAHUSIX PEIIETKH.
Kunetnueckue sBieHus B MOTYNpOBOAHUKAX. HepaBHOBeCcHas QyHKLUS pacpeieIeHuUsI.
Kunernueckoe ypaBHenue bonbiimana.
Kunernueckoe ypaBHeHue bonbliMana 11 paBHOBECHOTO COCTOSTHUSL.
Kunernueckoe ypaBHeHre bonbpliMaHa sl CTALIMOHAPHOTO COCTOSIHMSL.
Bpewms penakcanuu.
VY nenbHas 3KIEKTHUECKasi IPOBOIUMOCTD MOTYTPOBOIHUKOB.
3aBUCUMOCTB JIEKTPOIIPOBOAHOCTH MOIYIIPOBOJHUKOB OT TEMIIEPATYPBHI.
O¢ddexT Xosmia B moIynpoBOIHUKAX.
Tepmoanekrpuueckue siBieHus. dpdekr 3eedeka.
OJEeKTPOIPOBOTHOCTH MOTYIIPOBOIHUKOB B CUJILHOM 3JIEKTPHUYECKOM TIOJIE.
D¢ ¢exr ['anna.
VY napHasi MOHU3ALMS.
TyHHeNBHBIN 3P EKT U ANEKTPOCTaTHYECKAsT HOHU3AIIMS.
PaBHOBecHBIE 1 HEpaBHOBECHBIE HOCUTENH 3aps/a.
OnTrueckas reHepanus HOCUTEIEH 3aps/a.
PexomOuHamms HocuTeNNeH 3apsiia.
YpaBHEHME HENTPEPHIBHOCTH.
Juddy3nonnslii 1 ApeioBbIi TOKH.
CooTtHomeHne DWHIITEWHA.

Huddy3us u gapeiid HepaBHOBECHBIX HOCHUTENEH 3apsiia B cilydyae MOHO-

MOJIIPHON IIPOBOJIUMOCTH.

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

50. [TonynpoBOAHUK BO BHEIIHEM SJIEKTPUYECKOM TOJIE.

51.  TepmosnexTpoHHas paboTa BbIXO/a B MOIYHIPOBOIHUKAX.

52.  KoOHTaKkT MeTaJI-noJIyIpOBOIHUK.

53. KOHTaKT 371€KTPOHHOTO U ABIPOYHOTO OJIYIPOBOJHUKOB.

54.  CnekTp OTpa)K€HUs U CIIEKTpP MOTJIOMICHUS B MOJIYIPOBOAHUKAX.

55. MexaHu3Mbl OTJIONIEHUSI CBETa B OJIYIIPOBOJHUKAX.

56. CobcTBEHHOE MOTTIONIEHUE TIPU MPSIMBIX MEPEX0Aax.

57. CoOcTBeHHOE TMOTJIOIIEHUE MPH HEMPSIMBIX IIepexo/iax.

58. Bnusinue BHEMIHNX BO3/1€UCTBUN HA COOCTBEHHOE MOTJIONICHNE MOTYTPOBOIHUKOB.
59. DKCUTOHHOE NOTJIOICHHUE.

60. [Tormomenre cBOOOTHBIMEI HOCUTEISIMU 3apsia.

61. IIpuMmecHOE noroLIEeHuE.

62. Pemrerounoe nmornomexnue.

63. Tunel TIOMUHECLIEHLIUU.

64. MOHOMOJNEKYIIIPHOE CBEYEHUE TBEPJIBIX TEI.

65. PekoMOMHAIIMOHHOE W3Ty4YeHHE TOIYNPOBOJHUKOB MpH (yHIAAMEHTAIbHBIX Mepe-
X0Jax.

66.  PexomMOMHAIMOHHOE M3TYYCHHE MPH MePeXoax MEXIy 30HON 1 MPUMECHBIMU YPOB-
HSIMH.

67.  Penakcaius JIOMUHECHEHIIUH TTOTYTIPOBOAHUKOB.

68. TeMneparypHoe TylnI€HHE JTIOMUHECIEHIIMN MOTyTPOBOJHUKOB.

69.  CrnoHTaHHOE U BBIHYKJCHHOE U3IyYEHHE aToMa.

70. CTUMyIMpPOBaHHOE M3JTYYEHHE TBEPABIX TEIL.
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71.  Buytpennuit potospdexr.

72. ®doTtonpoBoarMocTh. MexaHu3M (HOTOPOBOIUMOCTH.
73.  Penakcanus (oTonpoBOANMOCTH.

74.  ®otorddexT B p-n mepexoze.

75.  @otoaddext Ha Oapbepe LLoTTKH.

76.  Buemnuii Gpotodpdexr.

77. OCHOBHBIE XapaKTEPUCTUKH JIBYMEPHBIX MMOITYIPOBOJHUKOBBIX HAHOCTPYKTYD.
IToTrennmuanbHBIE SMBI.

78. KsanToBbie nmpoBonoku. KBanroBeie Touku. Hanpsikennble ciou. Bnusinue HanpsixeHun

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

[loaroroBka CTyA€HTOB K 3K3aMEHY BKJIIOYAET MPOPabOTKY JIEKIMH, B TEUEHHS] BCEIrO
CceMeCcTpa M HEMOCPEACTBEHHYIO IOArOTOBKY B JIHH, NPEALICCTBYIOIIME JK3aMEHY, BKIIOYas
MOJIFTOTOBKY K KOJUIOKBUYMaM, TECTHUPOBAHMIO, BBIIIOJHEHHIO JIAOOPATOPHBIX pabOT U UX 3alllu-
Ty.

B xoHIIE CemecTpa cTyZeHTaM BBLAAKOTCS DK3aMEHAMOHHBIE BONPOCHL. [Ipy nmoaroroBke
OTBETOB HA BOIIPOCHI CTYACHT JOJIKEH UCIIOIb30BaTh HE TOJILKO KypC JIEKLHM, HO U OCHOBHYIO U
JIOTIOJIHUTENBHYIO JINTEPATypy Ui 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 3ayYMBAHHMEM, & YCBOCHHEM IMPOYHBIX CUCTEMATU3UPOBAHHBIX 3HAHUN AHAIUTUYECKHM
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

Kpumepuu oyenuganusn

Taoauma 9
bajisl HA DK3aMeHe
15 6anoB 20 6a1a 25 daJ1a 30 0ays10B
IMocemenne menee 50 | ITocemenune cocraBnsaer | Ilocemenne cocrtaBisger | Ilocemenne cocTaBiageT

%

JIEKIIMOHHBIX U TPaK-
TUYECKUX 3aHATUN U
CTYZIEHT HE 3HAET 3Ha-
YUTSIHHOMN YacTh
Marepuaa, JoImyCcKaeT
CYIIIECTBEHHBIE OIIHNO-
KU B OTBETax Ha
BOIIPOCHI.

He MeHee 60% nexu-
OHHBIX U MPAKTUICCKUX
3aHaTuil. CTyZeHT 1o-
BEPXHOCTHO 3HAET MaTe-
pHUaT OCHOBHBIX pasJie-
JIOB U TeM y4eOHOM auc-
LUTUTHHBIL, JOMyCKaeT
HETOYHOCTHU B OTBETE Ha
BOITPOC.

He MeHee 70 % 1exum-
OHHBIX W TPAKTHYECKUX
3aHatuil. CTyneHt xo-
pOIIO 3HAeT Marepual,
IPaMOTHO M IO CYIIECTBY
W3J1araeT ero, JOMycKas
HEKOTOpPHIE HETOYHOCTH B
OTBETE Ha BOMIPOC.

He MeHee 85% Iexmu-
OHHBIX U MPAKTUICCKUX
3aHatuil. CTyneHT B
IIOJJHOM 00BEMe 3HaeT
MaTepuall, TPaMOTHO H
[0 CYyIIECTBY H3Jaraer
ero, He JIoMmycKas Cyle-
CTBEHHBIX HETOYHOCTEH
B OTBETE Ha BOIIPOC.

HTorosas orjeHKa BBICTABIAETCS 110 MITUOAIILHON CUCTEME UCXOAA U3 Taoauisl 10.

IIkana oueHKH ycneBaeMOCTH CTYIEHTOB Taoauna 10
Cymma OamioB Orenka
0-35 HEJOMYCK
36-60 HEYJI0BJIETBOPUTEIBHO
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61-80 YJOBJIETBOPUTEIBHO
81-90 XOpOIIIO
91-100 OTJINYHO

6. MeToguueckne MaTepuaJibl, ONpe/e/siioniue nNpoueaypbl OneHnBa-
HUSA 3HAHUU, YMEHU, HABBIKOB U (HJIM) ONBITA AeATEJbHOCTH

Taouauna 11. Pe3yJabTaThbl 0CBOCHHUSI AUCUUIIIMHBI, MOJIeKANHE TIPOBEPKe

Pe3ynprarel OcHOBHBIE TIOKa3aTeNIN OIICHKH PE3yJIbTaTOB 00y4YeHusl | Bua oreHo4HOTO
oOy4deHus Marepuana
(KOMIIETEHIIMH)
Cnoco6Hocth K | [lnmanupyer coOcTBEeHHYIO paboTy B pamkax camooOpa- | OleHOuYHbIe
caMOOpraHu3a- | 30BaHMsI, UCIIOJIB3YET Pe3yIbTaThl CAaMOOOpa30BaAHUS MaTepUaIIbl JJIs
IIUU ¥ caM000- | 175 perieHust npodeccuoHalbHbIX 3a1a4u. [loHnmaer MIPOBEICHUS KOJI-
pa30BaHHIO 3HaYeHHE caMoo0pa3oBaHus I MpodeccnoHaIbHOM JIOKBUYMa.
(OK-7) nesitensHOCTU. Micnonb3yeT pe3ynbratel camooOpa3oBa- | OueHOYHbIE
HUS B IPO(ECCUOHATILHON JCSITETLHOCTHA. Y MEeT MaTepUaIIbl JJIs
COCTaBJISITh M PEAIM30BbIBATH IJIaH PaOOTHI. MIPOMEKYTOUHON
aTTeCTALNU
Cnoco6HocThi0 | MIMeeT mpencTaBieHne O POk U MeCTe MaTEMAaTHKH B OueHouHbIE
YUYHUTHIBATh COBPEMEHHOW IIMBUIIM3ALIUUA U MUPOBOU KYJIBTYPE. MaTepUaIIbl IS
COBPEMEHHBIE 3HaeT ¥ NOHUMaeT PUBNYECKYIO CYITHOCTh SIBJICHHUM U MIPOBEACHUS KOJI-
TEHJICHIIUYU pa3- | MPOLECCOB, MPOUCXOASAIIMX B MaTepHUAJIaX MPU B3au- JIOKBUYMa.
BUTHUS dJIEK- MOJICHCTBUU C SJIEKTPOMArHUTHBIM MOJeM U paboueit OueHouHble
TPOHUKH, U3ME- | CPEOM B PA3JIMUHBIX YCIOBUAX IKCILTyaTalMH. MaTepUaJIbl IS
PUTENBHOU U YMeeT TOTu4ecKd MBICIHUTD, OTIEPUPOBATH C a0CTPAKT- | MPOMEXKYTOUHOU
BBIUUCIIUTENb- | HBIMH OOBEKTaMH M OBITh KOPPEKTHBIM B YIIOTPEOJIICHUU | aTTECTAIUN
HOU TEXHUKH, MAaTe€MaTUYECKUX MOHSATUN U CUMBOJIOB JJI1 BBIPAXKEHUS
WH(POpPMAIIMOH- | KOJIMYECTBEHHBIX M KAYECTBEHHBIX OTHOIIICHUA.
HBIX TEXHO- Bnageer TepmuHOIIOTHEN, METOJAMU PELIEHUS CUCTEM
JIOTHH B CBOGH | JIMHEWHBIX W aNreOpamyecKux YpaBHEHHMA, OCHOBaMHU
npogeccuo- BEKTOPHOM aireOpbl U aHAIUTUYECKOW T€OMETPHH, Me-
HAJIBHOM J1esi- tomamMu U HEepeHIINATEHOTO M HHTETPATLHOTO HCUUC-
tenbHOCTH (OK- | neHus, metogamu uccienoBaHusl PyHKIIMUA U MIOCTpPOE-
7) HUs TpadukoB. YMeTh pemath ypaBHeHHs [lyaccona,
KHMHETUYECKOro ypaBHeHUs bonpuMana, YpaBHeHUs
[Ipenunrepa.
l'oTroBHOCTBIO 3HaTh: OueHouHbIe
AQHAIIM3UPOBATE | - OCHOBHBIC IMOHSTHS, 3aKOHBI M MOJETU B (pu3uke MaTepuajibl s
U CUCTEMATU3U- | TOTyITPOBOTHUKOB Y MOJYIIPOBOJHUKOBBIX HAHOCTPYK- | [IPOBEICHUA KOJI-
poBatb TYp U HUX MaTEeMaTUYECKUE BBIPAXKEHUs; TPAHULIBI JIOKBIYMa.
PE3YIBTATBI UC- | YX TIPUMEHUMOCTH, IPUMEHEHHUE 3aKOHOB B TIPAKTH- OneHounbie
CIICJI0BAHHUIA, YECKUX NPUIOKEHUSIX. MaTepHrajIbl 1A
NpEACTaBIATD -byHIaMeHTaIbHBIE (U3UYECKHE OIBITHI B TIPOMEXYTOYHOH
MaTepHalibl B obnactu (U3MKH MOTYIPOBOAHUKOB U MOIYIPOBOAHU- | ATTECTAllMH

BUJIC HAYYHBIX

KOBBIX HAHOCTPYKTYP .
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OTYETOB, Iy0-
JMKaIuu, mpe-
3eHTaruil (I1K-
2).

-METO/ABl JKCIEPUMEHTAILHOTO U TEOPETUYECKOTO
HCcCaenoBaHUs B (PU3MKE MOTYMPOBOAHUKOB U TIOJTY-
MIPOBOAHUKOBBIX HAHOCTPYKTYP.

-00J1acTH MPUMEHEHHSI (PU3UKH TTOTYTIPOBOTHUKOB U
MTOJTYTIPOBOTHUKOBBIX HAHOCTPYKTYP.

- COBPEMEHHOE COCTOSHHE W OCHOBHBIC HAIIPABJICH
pa3BUTHSA bu3uKn MTOJTYTIPOBOTHUKOB
MOJTYTIPOBOTHUKOBBIX HAHOCTPYKTYD.

YMmerh:

- IPABWJILHO TTOHUMATh U OOBSACHATH (PU3NIECKUE 3aKO-
HBI ABJIEHUH U CBOMCTBA TEJI, OTJIMYATh TMIOTE3bI OT Ha-
YYHBIX TCOPUU;

- TI0JIb30BaThCSI OCHOBHBIMU (DU3UYECKUMHU MPUOOPAMHU,
CTaBUTh W peEIIaTh MPOCTEUIINE SKCIICPUMEHTAIHHBIC
3amaun, o0pabaTeiBaTh, aHAJIU3UPOBATH OIICHUBATH I10O-
Jy4eHHBIC PE3YyIbTATHI;

- BUACTHh (PU3HUECKOE SBJICHHE C PA3HBIX TOUYCK 3PCHUS,

- MBICJIUTh TBOPYECKH M CAMOCTOSITEIHHO;

- TIOJIB30BAThCS NMPU pabOTE CIPABOYHON U yUeOHOU -

TepaTypoi;
- TPUMEHSATH TOJYYCHHBIC 3HAHUS JUIS OOBSICHCHHS
pa3zHO00pa3HBIX SIBJICHUI u CBOICTB

MOJTyIPOBOJIHUKOBBIX MaTepUajoB U HAHO CTPYKTYp Ha
UX OCHOBE;
- OLEHHMBATh JIOCTOBEPHOCTh E€CTECTBEHHOHAYYHOU

uHpOpMaLny;

- HMCIIOJIB30BaTh NMPUOOPETEHHBIC 3HAHKUS M YMEHUS JIJIS
perieHus MPAKTHYECKHUX 3aj1ad, obecreueHus
0e30macHOCTH CcOOCTBEHHOI JKM3HH,

MIPUPOIOTIOIB30BAHUS U OXPaHbl OKPYKAIOIIECH Cpeibl.
Baanern:

HaBBbIKaMH I10 pa60Te C 3KCHepI/IMeHTaJIBHBIMI/I yCTaHOB-
KaMH M aHaIW3a pPe3yJbTaTOB JKCIEPUMEHTA C IOMO-
J1103Y:0) COBpeMeHHLIX MAaTEMATUYCCKUX IIaKE€TOB
porpamm.

IIpuoOpecTu ONBIT 1EATEJILHOCTH:

-1I0 U3MEPEHHI0 OCHOBHBIX CBOMCTB IOJYIIPOBOJIHUKOB
M IIOJYIPOBOJAHUKOBBIX HAHOCTPYKTYpP U HHTEpIpPETa-
MU PE3YIHTATOB H3MEPEHUM;

-0 00CITY’KMBAHUIO IKCIEPUMEHTAIIBHOTO 000py/I0Ba-
HUS;

-TI0 UCTIOIB30BAHUIO MAaTEMATUYECKUX MOJIEIIEH MOy~
MTPOBOTHUKOB H TIOJYTPOBOJHUKOBBIX HAHOCTPYKTYP
IIPY U3Y4YECHUU UX CBOKCTB.
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7. YueOHO-MeTOoaAu4YecKoe o0ecrneuyeHne JUCIUIIINHEI

7.1. OcHoBHAas1 JIUTEpaTypa

1. I[Manumosa K.B. ®uszuka nonynpoBoaHuKoB. — M3a-Bo «Jlauby», 2010.
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2. Agneukus I'.H. CoBpemenHnas ¢usuka nomaymnpoBoauaukos. H. Hosropon: HHI'Y, 2011. -
88 c.
3. HanoTtexHonoruu Jjist MUKpO- U ONTO3JeKTpoHUKU. MapTtunec-Lyapt Jx.M. 2009.
4. Kanmeikos III.A., Kapos b.I'. ®u3uka noaynpoBOAHUKOB U TU3IEKTPUKOB: PYKOBOJCTBO K
nabopaTtopHbIM pabotam — Hanpunk: Ka0.-bank. yu-1, 2005. — 125 c.

7.2. JlonoJIHUTe/IbHAA JUTepaTypa

1. Aucensm A.W. Begenue B Teopuro nonynpoBogHukoB. M.: Hayka, 1978.

2. IMurep 0., Kapnona M. Beenenue B pU3NKy MOIYIIPOBOIAHUKOB. - M.: ®usmatiut, 2002. -
560 c.

3. Pocano JI. dusndeckas 3meKTpoHUKa U MUKpodtekTponuka: Ilep. ¢ ucnan. C. U. backosa /
ITon pen. B. A. Tepexona; - M.: Beicu. mik., 1991. - 351 c.: ui.

4. Jlesunmeitn M.E., Cumun I'.C. 3HakomcTBO c nosyrnpoBojanukamu. M.: Hayka, 1984. —
240 c.

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

7.3. llepuoguyeckne U3IaHus

1. XKypnan «®Pu3uka 1 TEXHUKA MOJIYIIPOBOJHUKOBY.
2. Kypuai «PocCuiicKIe HAHOTEXHOIOTHID).
3. "HanorexHuka".

7.4. UnTepHET-pecypchl

1.ITouckoBast cucmema e-library.ru
2.ITouckoBas cucmema google.ru
3.OnexrponHas 6ubanorexka KbI'Y lib.kbsu.ru

4. www.nanorf.ru

7.5. Meroanyeckue yKa3aHHs 110 POBEACHHUIO Y4eOHBIX 3aHATHI U OPraHu3a-
LMs CAMOCTOSATE/ILHOM PadoThI CTYyICHTA

7.5.1. MeToguveckne peKOMEHIAUMH K YTEHHIO JIEKIUH

OcHOBHBIMU (hOpMaMU OpraHU3AINH YICOHBIX 3aHATUH 10 JUCIUIUTHHE «(PU3UKH 1O-
JTYTPOBOHUKOB U MOJTYIPOBOAHUKOBBIX HAHOCTPYKTYP» SBISIOTCS JIEKIIMH U Ja00paTOpHbIE
3aHATHS.

ITpu MoAroTOBKE JEKLMOHHBIX 3aHATUHI MPENOJaBaTeNb JOJKEH ONPENEIUTD LEIN U
3aJja4uy JIEKLMH, pa3padboTaTh IJIaH NPOBEACHUS JEKIUHU, OCYILIECTBUTh MOAOOp JUTEPATyphl
(03HAKOMHUTH C NMEPUOANYECKUMHU U3IaHUSAMU 110 TEME JIEKLUIT), 0TO0p He0OX0AUMOTO U J10-
CTaTOYHOI'O M0 COZIepKAHUIO Y4eOHOro Marepuaia. JIEKTop onpenensier MeTo/ibl, IPUEMbl U
CpeICTBA NOJACpKAHNsI MHTEPECA, BHUMAHUs, CTUMYJIMPOBAHMS TBOPUYECKOIO MBILUICHUS
CTYJICHTOB.

Jlexuus NOJKHA BKIIIOYATh B KAYECTBE ATANOB (DOPMYITUPOBKY TE€MbI JIEKLIUH, ITepe-
YeHb BOIPOCOB, H3JI0)KEHHE BBOJHOW 4acTH, OCHOBHOM YacTH, KPAaTKHE BBIBOJbI IO KaXKJ0-
My PacCCMOTPEHHOMY BOIIPOCY, 3aMEUYaHUE W PEKOMEHJALUU JINTEPATYPHBIX HCTOYHUKOB I10
u3naraeMbiM BorpocaM. Eciin odyepenHoe 3aHsATHE SIBISETCA NPOAOKEHUEM IpEeAbLAyLIeH
JIEKIMH, 11e7IecO00pa3HO KpaTKo c(hOpMyIUpPOBaTh MOIYYEHHOE paHee pe3yibTaThl, HE0OXO-
JUMbIE 11 MIOHUMAHUS U YCBOEGHUSI M3y4YaeMbIX BONPOCOB. B 3akitounTenbHOM yacTu
JIEKIMHU KeJaTeIbHO 0000IuTh HanboJiee BaKHbIE M CYIIECTBEHHbIE MOMEHTHI JIEKIIHH,
cZieNlaTh BBIBOJBL, @ TAKKe C(HOPMYIMPOBATH 334a4H JJIsl CAMOCTOSITENILHOM paboThl CTYI€H-
TOB U yKa3aThb PeKOMEHIyeMylo JuTepaTypy. LlenecooOpa3Hoil Takxke OCTaBUTh BpeMs AJIs
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OTBCTA HA BOIMPOCHI CTYACHTOB U BO3MOKHYIO JUCKYCCHUIO 110 M3JIOKCHHOMY MAaTCpUally Ha
JICKIIHUH.

Copeprxanue JEeKIUH M0 JaHHON NUCIMIUIMHE JOJKHO COOTBETCTBOBAThH JIUJAKTUYE-
CKHMM TIPUHIIMIIAM, KOTOpPBIE 00E€CTIEUNBAIOT COOTBETCTBUE MU3JIaraéMoOro MaTepualia HayqdHO-
METOJAMYECKUM OCHOBaM MeJAarornueckon nesareabHOCTH. OCHOBHBIMU U3 HUX SBIISIFOTCS II€-
JIOCTHOCTh, HAYYHOCTh, JOCTYITHOCTh, CACTEMATHYHOCTh U HATJISTHOCTb.

O PeKTUBHOCTD JEKIIUU MOXKET OBITH MOBBIIIEHA 32 CUET PAlMOHATEHOTO HCIIOIb30-
BaHMsI TEXHUYECKHUX CPEeACTB. KOMIUIEKTHI TEXHUYECKUX CPEICTB HEOOXOIUMO TOTOBUTH K
Ka)KIO0HU JICKIINH 32a0J1arTOBPEMEHHO, HE Meperpykasi UMH ayIUTOPHIO.

CymecTByeT KiaaccUpUKAIUS JSKIUN 10 THUIaM U METOJIaM WX TMPOBeeHUs (BBOTHAS,
YCTaHOBOYHAs, IpOrpaMMHasi, 0030pHasi, UTorosas u 1p.). [Ipu u3noxeHnn nporpaMMHOTO
MaTrepuaa 1o JaHHOW MUCHIUTIINHE Ha JICKIUAX PEKOMEHAYETCS IUPOKOE MCTIOIb30BAHME
cpencTB nHGOPMAITMOHHO-KOMMYHUKAaIMOHHBIX TexHonoruu (UKT) wnu aynuo-Bumeorex-
HukH. [ToaroToBKa BUACO — JIGKITUU COCTOUT B MIEPEKOAMPOBAHUHU, TIEPEKOHCTPYUPOBAHUN
yueOHOI nH(OPMAIIUY TIO TeME B BU3YAIbHYIO (hOpMY 7Sl TIPEIbSIBICHUS CTYICHTaM depe3
TEXHUYECKHE CPEACTBA OOYUCHHS WM CXEMBI, pUCYHKH, YEPTEKHU.

7.5.2. Kputepum ouleHKH JeKIIUN

AHanu3 KayecTBa JIEKIUU CTPOUTCA U3 OLEHKU COJEp>KaHUsSI, METOAUKH YTEHUS, OpraHu-
3allUM JICKI[UH, PYKOBOJCTBA PabOTOM CTYJEHTOB Ha JIEKIIUH, JIEKTOPCKHUX JaHHBIX MPeToiaBaTe-
7151, pe3yJIbTaTUBHOCTH JICKIUH.

OueHka cogep:kaHusi JeKUNH
1.CooTBeTCTBHE TEMBI U COJIEPKAaHUS JIEKIIMH TEMAaTUYECKOMY IIaHy U y4eOHOH mporpamme
Kypca.
2. Hay4HOCTb, COOTBETCTBHE COBPEMEHHOMY YPOBHIO Pa3BUTHS HAYKH.
3. TOYHOCTB UCTIOIB3YEMON HAyUYHOU TEPMHUHOJIOTHH.
4. Un(hopMaTUBHOCTbD; paCKpPhITHE OCHOBHBIX OHATUN TEMbI; COUETaHHE TEOPETUUECKOTO MaTe-
pHuajia ¢ KOHKPETHBIMH IPUMEPAMHU.
5. Peanu3anus npuHIMIA OPraHMYECKON CBSI3M TEOPUH C MPAKTUKOMN; PACKPBITHE MMPAKTHYECKOTO
3HAYEHMSI U3J1ara€MbIX TEOPETUYECKUX MTOJIOKEHUH.
6. Peanmm3anus BHyTpH NPEAMETHBIX U MEXIUCIUIUIMHAPHBIX CBSA3EH.
7. CBs3b ¢ pouiieM MOATOTOBKH CTYJICHTOB, UX OyIyIel CnenuaibHOCThIO.
8. CooTHolIeHUE COJepKaHUs JIEKIIUU C COJIepKaHuEeM yueOHMKa (KM3araercss MaTepua, KOoTo-
pOro HeT B yueOHUKE; Pa3bsACHIIOTCS 0CO00 CIIOKHBIE BOIIPOCHI; JAETCS 3a/1aHUEe CAMOCTOSITENb-
HO MpopabaThIBaTh YaCTh MaTepuala 1o y4eOHUKY, epecKa3blBaeTCsl yUeOHHK U T.I1.).
Onenka MeTOAUKH YTeHHUSs JICKIMH
1. Aunaktuyeckass 000CHOBAHHOCTH MCIIOJIb3YEMOT0 BUA JIEKIIMU U COOTBETCTBYIOLINX EMY
($opM U METOIOB U3JI0KEHUS MaTepUana.
2.CTpyKTYypUpPOBAaHHOCTb COJICP KAHUS JICKIIUHU: HAJIMYKE IJIaHa, CIIMCKAa PEKOMEHTyeMOH JIH-
TepaTypbl, BBOJHOM, OCHOBHOH U 3aKIFOYUTEIBHON YaCTU JIEKIUH.
3.AKIIEHTHPOBAaHNE BHUMAaHUS ayIUTOPUH Ha OCHOBHBIX MOJIOXKEHUAX M BBIBOAAX JICKIIHH.
4. PaninoHanpHOE COYETAHUE METOAUUECKUX IPUEMOB TPAJUIIMOHHON NIEJarOrMKU U HOBBIX Me-
TO/10B 00y4deHus (MpoOIeMHOr0, TPOrpaMMHOT0, KOHTEKCTHOTO, IESTEIbHOCTHOTO U JIp.).
5.JIoru4HOCTb, JOKA3aTEIBHOCTh U ApTyMEHTUPOBAHHOCTD U3JI0KEHUSI.
6.5ICHOCTh M TOCTYIMHOCTh MaTepuaia ¢ y4eTOM MOATOTOBICHHOCTH 00yJaeMbIX.
7.COOTBETCTBHE TEMIIOB M3JI0KEHUS BOSMOXHOCTSAM €TI0 BOCIIPUATHS U BEICHUS 3aIlIUCEN CTY-
JCHTaMHU.
8.Mcnonp30BaHuE METOJ0B aKTUBU3AL[MH MBIIIEHUS CTYICHTOB.
9.Hcnonp30BaHne NpUeMOB 3aKperuieHns nHdopMannu (IOBTOpEHUE, BKIIOYEHHE BOIIPOCOB HA
IIPOBEPKY BHUMAaHMsI, yCBOECHHUS U T.II., IOJBECHUE NTOTOB B KOHIIE PACCMOTPEHHUS KaK0TO
BOITPOCA, B KOHIIE BCEH JICKITUN).
10.Mcnionp30Banue 3anuceil Ha JOCKE, HATIIATHBIX TOCOOUH.
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11.Mcnonb3oBanue pa3gaTOuHOrO MaTepuaia Ha JIEKIHH.
12.Ucnonb3oBanne UKT.
OueHka opraHu3anum JeKunu

1.CooTBeTCTBHE JICKIINN YUeOHOMY PaCIUCAHUIO.

2.YeTKoCTh HavaJla JEKLIUHU (3a/1ep’kKa BO BPEMEHHU, BXO/1 JIEKTOpa B ayIUTOPHIO, IPUBETCTBUE,
YAAYHOCTb MEPBBIX Gpa3 U T.I1.).

3. IlocentaeMoCThb JIEKIIUU CTYIEHTAMHU.

4. JluciuIinaa Ha JICKIIUH.

5.PanonansHOE pacnpeeneHre BpeMeH! Ha JICKIUH.

6.CooTBeTCTBHE ayIUTOPUH, B KOTOPOM MPOBOJIUTCS JIEKIIHSI, COBPEMEHHBIM HOpMaM U Tpebo-
BaHUSM (JIOCTaTOYHASI BMECTUMOCTH, BOBMOXKHOCTh UcToib30oBanus TCO, ohopMiaeHHBIE U T.11.).
7.Hamname HeoOxoaumbIx cpeactB HarsigHocT U TC.

Ouenka pykoBoaCcTBa pad0ToOi CTYI€HTOB HA JIEKIMHU

1.Ocy1iecTBIeHHEe KOHTPOJISI 32 BEICHUEM CTYJICHTAMHU KOHCIEKTA JICKIIUM.

2.0ka3aHue CTy/IeHTaM TTOMOIIH B BEICHUU 3aMTUCH JISKIIUHU (aKIEHTHPOBAHUE H3JI0KCHUS
MaTepuaia JIeKIUH, BbIJIeJIeHHE r0JI0COM, UHTOHAIIMEN, TEMIIOM peun Harboliee BaKHOU
nH(pOpMAaIINK, UCTIONH30BAHKE T1ay3 IS 3alMCH TaOJIHII, BHIYEPUUBAHUS CXEM H T.I1.).
3.IIpocMOTp KOHCIIEKTOB JICKITUI CTYJIEHTOB (10, BO BPEMsI, TIOCIIC JICKIIUHN).

4. Vicnonb30BaHUE MIPUEMOB MOIEPKAHUS] BHUMAHUS U CHATHSI YCTAJIOCTH CTYAEHTOB Ha
JIEeKIUH (PUTOPUUYECKHUE BOTIPOCHI, ITyTKH, HCTOPUIECKUE IKCKYPCHI, paCCKa3bl U3 KU3HH 3aMe-
YaTeIbHBIX JIIOJICH, U3 OIBITa HAYYHO-UCCIIEI0BATEILCKON, TBOPUYECKON pabOThI peroaBaTess
U T.IL.).

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

6.CornacoBaHue coo0IIaeMOro Ha JIEKIIMK MaTepuaia ¢ Coiep KaHueM APYTHUX BHIOB ayJIUTOp-
HOW U CAaMOCTOSITENIbHOM padOThI CTY/ICHTOB.

OueHka pe3yJibTaTUBHOCTH JIEKIIUM

1.Crenenp peanu3alyy TUIaHa JEKIUH (ITOJIHAS, YaCTUIHAS).

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

3.MudopmaninonHo-n103HaBaTEIbHAS IEHHOCTH JICKITUH.

4.BocniuTaTenbHOE BO3/ACHCTBUE JIEKIIUU.

7. MaTepuajibHO-TeXHUYeCKOe o0ecnedeHne JUCHUIINHBI

MarepuaabHO-TEXHMYECKYI0 0a3y ISt MPOBEICHUS 3aHATHIA MO JUCUUIUINHE COCTABIISIOT:

-JleknmonHas cnenuanusupoBanHas ayautopus Nel34, ocHalleHHass MyJIbTUMEAUITHBIM
MIPOEKTOPOM M KOMIUIEKTOM armnapaTypbl, TO3BOJISIONIEH JeMOHCTPUPOBATH TEKCTOBBIE U rpadu-
YECKHE MATEepUaJIbL;

-DIIeKTpOHHBIE BEPCUU JIEKUUH, Y4eOHMKOB W METOAMYECKHMMH MaTephalaMH JUIs
KOHTPOJIbHBIX MEpONpUATHI (3aAaHUAMU ISl KOJJIOKBUYMOB, TECTOB, 3K3aMEHAIlMOHHBIMU
ouneramu);

-KumxubIit GoHT OMOAHOTEKN;

-YuebHast nabopatopusi PU3UKU MOTYIPOBOIHUKOB U MOJTYIIPOBOJHUKOBBIX HAHOCTPYK-
Typ Nel33, oGopyroBaHHasi COBpEeMEHHBIMH NMPHOOpaMH U yCTAaHOBKAMH, KaK MPOMBIIIIIEHHOTO
MIPOM3BOJICTBA, TAK M CO3/IaHHBIMHU B JTAOOPATOPHBIX YCIOBHSAX, HEOOXOAUMBIMH JJISI BHITIOJTHE-
HUs 1a00paTOPHBIX PabOT, MPETyCMOTPEHHBIX B (PU3NUECKOM MPAKTHKYME;

-Meroauueckue yka3aHus K BBITOJHEHHUIO Ja0OpAaTOPHBIX padOT, TEXHUIECKHUE OTMCAHHS
K J1a0OpaTOpHBIM YCTAaHOBKAM U MHCTPYKLUS 1O TEXHUKE 0€30MaCHOCTH.

[lepeuenp nporpaMMHBIX IPOAYKTOB BKJIFOUAET:

26



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

- Kaspersky Endpoint Security Crangaptasiit Russian Edition Ne nunensun 17E0-
180427-050836-287-197;

- Academic MathCAD License

- Apxusarop 7z (6ecruiatHoe [10)

- [Iporpamma asist pabotsl ¢ pdf my6nukanusimu Adobe Reader (6ecrimatnoe [10)
- [Iporpamma it pabotsl ¢ pdf mybnukanusmu Adobe Reader (6ecrutatnoe 110)

- [Iporpamma asist pabotsl ¢ pdf myonukanusimu Adobe Acrobat XI Pro (GecrimatHoe
I10)

- [Taket maTemaTuyeckoro ananusza SMath Studio (6ecrmatnoe I10)
- Cucrema noctpoenue rpadukos Origin (OecratHoe [10)

- Cpena pa3zpaboTku BUPTyalnbHBIX mpubopoB  MyOpenLab (6ecrinatHoe [10)

JlJis CTYyIEHTOB C OIpaHUYEHHBIMU BO3MOKHOCTSIMH 37I0POBbsI CO3/IaHBbI CIIELUAIbHbIE
YCIIOBHS ISl TTOJIy4eHHUs] 0Opa3oBaHus. B 1ensx MT0CTYyNMHOCTH MOy4eHHs BbICIIEro oopa3o-
BaHUS 1O 0O0pa3oBaTeNbHBIM IPOrpaMMaM HWHBAJIMJAMU M JIUIAMH C OTrpaHUYEHHBIMU
BO3MOXKHOCTSIMM 3/I0OPOBbSl YHHUBEPCUTETOM obecreunBaeTcs: |)albTepHATUBHON BepcHen
oduruansHoro caiita B cetu «MHTepHeT A cnaboBUIAIMINX; 2)IPUCYTCTBUE ACCHUCTEHTA,
OKAa3bIBAIOLIETO 00YYAIOMIEMYCsl HEOOX0IUMYIO TIOMOIIb; 3)/ JIsi MHBAJIUI0B U JIUL C OTPAHU -
YEeHHBIMH BO3MOXKHOCTSIMHU 3JI0pOBbS 1O CIyXy - AJyOnMpoBaHHE BCIyX CIPAaBOYHOMN
MHPOPMALIMK O pPACMMCAHUM YYEOHBIX 3aHATHH; oOecledeHHne HaJUIekKallUuMH 3BYKOBBIMU
CpelICTBaMHU BOCIpou3BeneHuss MHpopManuu. [ WHBaIMIOB U JIMI C OrPaHUYECHHBIMHU
BO3MO>KHOCTSIMH 3/10pPOBbsI, UMEIOIIMX HAPYIIEHUS ONOPHO-/BUTATEIbHOTO almnapara, co3/a-
Hbl MaTe€pHabHO-TEXHUUYECKHUE YCIIOBUSI 00ECIEeYHBAIONINE BO3MOMXHOCTh OECHpEnsTCTBEH-
HOTO JIOCTyNna OOydYaroIuxcs B yueOHble MNOMEIIEHUs, OOBEKTYy MUTaHMA, TyaJleTHblE U
JIpyTrHe MOMEIEHUSI YHUBEPCUTETA, a TaKkKe NMPeObIBaHMs B YKa3aHHBIX MOMEIIEHUAX (HaJIU-
YK€ PaCHIMPEHHBIX JABEPHBIX IPOEMOB, OPYUYHEH U JPYTUX NPUCIOCOOTICHU).
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JlomosiHeHUs: ¥ U3MEHEHUsI B paboyeil mporpaMme TUCHUIUIMHE «PU3MKa MOJIYNIPOBOIHUKOB
1 NOJIYIIPOBOJHMKOBBIX HAHOCTPYKTYP» 10 HanpasiieHuto noarotoBku 11.03.04 - Dnek-
TPOHMKA M HAHOZJIEKTpoHUKa Ha 2021 - 2022 yu. 1.

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 « » 2021 r.

3aB.kadeapoit P.III.Temren
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