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Pabouvas nmporpamma aucuuIuinHbel «PU3KKa NOTYITPOBOIHUKOB U OTYIPOBOTHIUKOBBIX HAHO-
ctpyktyp» /coct.KanmpikoB P.M.Hanpuuk: KBI'Y, 2024.

Pabouas nporpamma IUCHUIUIMHBI IpeHa3HAYEHA I CTYIEHTOB ouHolU (HOPMBI 00yde-
HUSA 110 HanpasieHuto moaArotToBku 11.03.04 DnexTpoHHKa U HAHOZJIEKTPOHUKA, § cemecTpa, 4
Kypca.

PabGouas nporpamma cocrtapiieHa B COOTBETCTBUU ¢ DeiepalibHBIM TOCYAapCTBEHHBIM
00pasoBarebHBIM CTaHIAPTOM BbIciiero oopazoanus (OI'OC BO) no HanpaBJIeHHIO TTOATO-
toBKH 11.03.04 DnekTpoHUKa U HAHOAJIEKTPOHUKA, YTBEPKACHHOTO MpUKa30M MUHHCTEPCTBA
obpazoBanus u Hayku Poccuiickoit @eaepanmu ot 19 centsops 2017 r3a Ne 927.
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1. I_Ie.]'ll/l " 321a4YH1 OCBOCHHA TUCHHUIIJIMHBI

1.1. Henn:

o0ydYeHUsl CTYJICHTOB OCHOBAM M METOJaM HCCIICIOBaHUS (DU3MKHU TMOIYIIPOBOIHUKOB H
MTOJTYITPOBOTHUKOBBIX HAHOCTPYKTYP.
1.2. 3agaum:

- 03HaKOMHTbH CTYJICHTOB C OCHOBHBIMH 3aKOHAMH U SIBJICHUSAMHU (PU3HKHU TTOTYITPOBOHH-
KOB U MOJYIPOBOJHUKOBBIX HAHOCTPYKTYP M C UX TEOPETUUECKOU UHTEPIPETAIUEH;

- 1aTh YETKOE MPEJCTABICHNE O TPAHUIIAX TPUMEHUMOCTH (PU3UIECKUX MOJICTIEH U THIIO-
TE3;

- O3HAKOMHUTH CTYJICHTAa C COBPEMEHHBIMH JIOCTHKEHUSAMH (PU3HKH TOJYIPOBOIHUKOB U
MOJIYITPOBOJTHUKOBBIX HAHOCTPYKTYP M HUCIOJIb30BAaHUEM UX B HAYKE U TEXHUKE;

- copMHUpOBATh HABBIKH IKCIIEPUMEHTAILHON PabOThI B 00J1aCTH (PU3UKH MTOTYIIPOBOI-
HUKOB U MOJYNPOBOJIHUKOBBIX HAHOCTPYKTYP;

- 1aTh HaBBIKU pacueTa (PU3NIECKUX XapaKTEPUCTUK MOJIYIPOBOJHUKOBBIX MAaTEPHAIIOB U
CTPYKTYp Ha UX OCHOBE.

2. Mecto aucunminnsl B crpykrype OIIOII BO

JucuunnuHa BXOAuT B BapuaTuBHyto 4acth b1.B./[B.06.01 yyeOHoro ruiana mo Hampas-
nenuto noarotroBku BO 11.03.04 DnexTpoHuKa M HAHOAIEKTPOHUKA U poduinto «CoBpeMEHHbIE
MH(GOPMAIIMOHHBIE TEXHOJIOTUH B AJIEKTPOHHOU TEXHHUKE.

JlucuuniuuHa npeaHa3HaueHa Juisi CTyJeHTOB OYHOM (hopMbI 00yUeHHsI IO HATIPABICHUIO
noarotoBku 11.03.04 DnexTpoHUKa U HAHOAIEKTPOHHKA, § cemecTpa, 4 roga oOyuyeHus: U OTHO-
CUTCS K AUCLUUIIMHAM BapUaTUBHOM YacTH.

OCHOBOI [T N3yYeHUS TaHHOW AMCUUIUIMHBI SBISIIOTCS KypChl MAaTEMaTHKH, 001mei ¢u-
3UKH, (PU3UKU TBEPIIOTO TETA.

3. TpeOoBaHusi K pe3y/IbTaTaM OCBOCHHUS AN CLUTIIIHHBI

[Ipouiecc u3yyeHUs: TUCIUIUIMHEI HAMpaBJieH Ha (JOPMUPOBAHKE DIIEMEHTOB CJIEIYIOIINX
komreteHmii B coorBeTcTBUU ¢ DT'OC BO 1 OITOIT BO no nanHoMy HarpaBieHHUIO MOITOTOBKHU:

a)BpINyCKHUK 10JKeH 00,1a1aTh CJIeIYIIIHMH 00IEeKYIbTYPHBIMH KOMIIETCHIH-
AMHU:

MKC-1. CrnocobeH cTpouTh npocrteiinme Gusndeckue u MaTeMaTHYecKre MOeH mpruoo-
POB, CXEeM, YCTPOWMCTB M YCTAHOBOK AJIEKTPOHHUKH W HAHOAJIEKTPOHUKH PA3IMIHOTO (QYHKIIMOHAIBHOTO
Ha3HAYEHMs, a TAKXKE MCIIOIb30BaTh CTAaHJAPTHBIE TPOTPAMMHBIE CPEACTBA NX KOMITBIOTEPHOTO MOJIe-
JMPOBAHUS

MKC-B.1.1.CriocobeH cTpouTh Gpu3nUYecKre U MaTeMaTHUECKUE MOJIENTH MOJIENeH, y3II0B,
0JI0KOB

MKC-B.1.2. CriocobeH noap30BaThCcs METOIAaMH KOMITHIOTEPHOTO MOJICITHPOBAHUS

B pesynbrare 0CBOCHMS JUCUUILUIMHBI CTYAEHT JOJKEH:

3HaTh:

- OCHOBHBIE TOHATHUS, 3aKOHBl U MOJEIU AJIEKTPOHHBIX IPOLIECCOB HA TIOBEPXHOCTH I10-
JYIPOBOJHUKOB M MOJIYITPOBOJHUKOBBIX HAHOCTPYKTYp U WX MATEMaTUYECKHE BBIPAKECHUS,
rpaHulbl UX NPUMEHUMOCTH, IPUMEHEHUE 3aKOHOB B IPAKTUYECKUX IPUIIOKEHUSIX.

-pyHnameHTanbHble (U3MYECKHE ONBITHI B 00JacTH (DU3HKU MOBEPXHOCTH IOTY-
MIPOBOJHUKOB U ITOJYIIPOBOJHUKOBBIX HAHOCTPYKTYP M HUX pOJb B Pa3BUTUU HAYKH U
TEXHHUKH.

-METOAbl AKCIEPUMEHTAIBHOIO U TEOPETUYECKOTO HCCIIENOBAHUSA JJIEKTPOHHBIX
MPOIECCOB HA MTOBEPXHOCTH MOJYIIPOBOAHUKOB U TTOIYIPOBOJHUKOBBIX HAHOCTPYKTYP.

-TIOHUMATh CYIIHOCTh (PU3NYECKUX SIBICHHI Ha TOBEPXHOCTHU MOIYIPOBOJHUKOB.



-OLICHUBATh YHUCIICHHBIC MOPSAKU BEIMYUH, XapaKTEPHBIX UL (U3UKHU MOBEPXHOCTH
IIOJIyTIPOBOJHUKOB U IMOJIYIIPOBOAHUKOBBIX HAHOCTPYKTYP .

-065acTy npuMeHeHHs (PU3UKH TTIOBEPXHOCTH MOITYTIPOBOAHUKOB H MOJTYIIPOBOHUKOBBIX
HAHOCTPYKTYD.

- COBpPEMEHHOE COCTOSIHHE W OCHOBHBIC HANpABJICHUS DPa3BUTHA (UMUK HOBEPXHOCTH
IIOJIYIIPOBOJHUKOB U TIOJYITPOBOJHUKOBBIX HAHOCTPYKTYP.

-BKJIaJl POCCUMCKMX M 3apyOE€KHBIX YUYEHBIX OKA3aBIIMX HanOOJIblIee BIMSIHHE
Ha pa3BUTHE (PU3MKHU AIEKTPOHHBIX IPOLECCOB HAa IOBEPXHOCTH MOJIYIIPOBOAHUKOB U I1OJTY-
IIPOBOJTHUKOBBIX HAHOCTPYKTYP.

Ymern:

- IPaBUJIbHO MIOHUMATh U OOBSICHATh (PU3MUECKUE 3aKOHBI SIBJIEHUI U CBOMCTBA TeJl, OTIIH-
4aTh FMIOTE3bl OT HAYYHBIX TEOPUIA;

- II0JIb30BAaThCsl OCHOBHBIMU (DPM3MYECKUMU NPHOOpaMM, CTaBUTh M PelIaTh MpOCTeHIIne
SKCIIEpUMEHTANIbHbIE 3a7au, 00padaThIBaTh, aHATU3UPOBATH OLICHWBATH MOJYUYCHHBIE PE3YIlb-
TaThl;

- BUJCTH (DU3HYECKOE SIBIICHUE C PAa3HBIX TOUYEK 3PEHHS,;

- MBICJINTH TBOPUYECKU U CAMOCTOSTEIIBHO;

- IIPOSIBJIATH OCBEJOMIICHHOCTB B BOIIPOCAX, CBSI3aHHBIX C HICTOPUEN BaKHENUIINX OTKPBITHI
B (PM3UKE NOIYIPOBOJHUKOB U MOIYIPOBOJHUKOBBIX HAHOCTPYKTYD;

- TTOJIB30BATHCA MIPU PAOOTE CIIPABOYHOM U yueOHOM JTUTEPaTypOi;

- IPUMEHSATH MOJYyYEHHbIE 3HAHUS Uil 00bSICHEHUs Pa3HOOOPA3HBIX SIBICHUH U CBOMCTB
MOJIYTIPOBOJHUKOBBIX MaTEpUaIOB U HAHO CTPYKTYp Ha UX OCHOBE;

- OLICHHUBATh JIOCTOBEPHOCTh €CTECTBEHHOHAYUYHOU HH(pOpMaLIUH;

- UCHOJb30BaTh NIPUOOPETECHHBIE 3HAHNUSA U YMEHUS Ui PEIICHUs NMPaKTUYECKUX 3a/ad,
oOecnieyeHns 0€30MaCHOCTH COOCTBEHHOM YKHU3HHU, IPUPOAONOIb30BAHUS U OXPAHbI OKpYXKarolen
CpEIBL.

Baaners:

HaBBIKAMU 10 PabOTe ¢ HIKCIIEPUMEHTATBHBIMHA YCTAHOBKAMHU U aHAJIM3a Pe3yIbTaTOB JKC-
NepUMEHTA.

IIpuoGpecTn ONbBIT AEATETBHOCTH:

-0 UBMCPCHUIO OCHOBHBIX CBOMWCTB MMOJIYITPOBOAHHUKOB M ITOJYIIPOBOAHHMKOBBIX HAHO-
CTPYKTYp ¥ MHTEpPIIPETALlUN PE3yIbTaTOB U3MEPEHUM;

-110 00CITYKMBaHHUIO SKCIIEPUMEHTAIBHOI'0 000py10BaHUs;

-TI0 UCIIOJIb30BAHUIO0 MAaTEMATUUECKUX MOJENIEH MOJYITPOBOJHUKOB U MOJTYITPOBOJHHUKO-
BBIX HAHOCTPYKTYpP IIPH U3Y4EHUH X CBOWCTB.

4. Coep:kanme U CTPYKTYPa AMCUMILINHBI
4.1. Coaep:xxanue pa3aeaoB AUCHUILIHHBI

Tabauya 1.
Ko
Coneprxanue pasjaena KO}JII_
TPOIIH- dopma
Ne Hanmenosanue pye- Tery”
pas- paszena MBIX Hero
Jea KOH-
KOM- TPOJIst
IECTEH-
s
1 2 3 4




Beenenue

[Ipenmer u 3aa4n Kypca «pu3uKa
IIOJIYIIPOBOXHUKOB U IIOJyIIPOBOJHUKOBBIX
HaHOCTPYKTYp». KpaTkuii ucropuueckuii o4epk
Pa3BUTHS HAyKH O NOJYNPOBOJHUKAX. Poib
OTEUYECTBEHHBIX YUEHBIX B Pa3BUTUU
coBpeMeHHOU "DU3NKN MOTyNPOBOIHUKOB U
10JIYTIPOBOJIHUKOBBIX HAHOCTPKTYp".

I1K-1

[TonynpoBona-
HUKH. DJeMeH-
TapHasi Teopus
3JIEKTPOIIPO-
BOJHOCTHU

1. Knaccudukarus TBEpABIX TEI 11O
3IEKTPUUYECKUM CBOMCTBAM. 3aBUCUMOCTh
CBOWCTB TMOJIYNPOBOJIHUKOB OT BHEIITHUX
BO3JECHUCTBUM U HAJIMUKE NpUMecer. Buabl
MOJYTPOBOIHUKOBBIX MaTEPUAJIOB.

2. MopaenbHbI€ peACcCTaBICHUS
3JIEKTPOINPOBOIHOCTHU MOJTYIPOBOIHUKOB.
CoOCTBEHHBIE ¥ TPUMECHBIE TTOJYITPOBOTHUKH.

[1K-1

JIP

OcHOBHBIE TO-
JIOJKEHUS 30H-
HOW TEOPHUH T0-
JIyIIPOBOJAHU-
KOB

1. Kparkue cBeieHUs U3 KBAHTOBOM MEXAHUKH.
KopnyckyssipHO-BOJIHOBOM Tyalli3M U
npuHnu [ 'eisendepra. YpaBHenue
[Ipénunrepa.

2. Ulpenunrepa nns kpucramia. BoaHosas
(GyHKIMS ¥ BOJHOBOM BekTOp. Pemenne
ypaBHenus Lllpeaunrepa B mpuOImKeHun
CUJIBHOM CBSI3M JUJIS DJIEKTPOHA B
MEePUONYECKOM T0JIE MPOCTOM KyOndecKoi
peiérku. BoIBOIBI U3 3TOTrO peleHus
OTHOCHUTEJIBHO YHEPreTUYECKOTO CIIEKTPa
3JIEKTPOHOB B KPUCTAJLIAX.

3. Yucao cocTosiHUM 2IEKTPOHOB B
sHepreTdeckoi 30He. KBazuumnynsc. 3oHa
bpunitrosHa. 3anosiHeHue 2JEKTPOHHBIX
COCTOSIHMM pa3pelICHHBIX 30H.

4. 3aBUCUMOCTb PHEPTUH JIEKTPOHA OT
BOJIHOBOT'O BEKTOpPA Y JHA U MOTOJIKA
9HEPreTUYECKON 30HBI.

5. JIBM>KeHUE 3IEKTPOHOB B KPUCTAILIIE IO
JEMCTBUEM BHEILIHETO 3JIEKTPUYECKOTO MOJIS.
CKOpOCTbh U YCKOPEHHE JIEKTPOHOB B
KpHCTaJLIE.

6. DddexTuBHas Mmacca HocuTenel. Meton

3¢ EeKTUBHON MacChl.

7. DHEpreTUYecKue 30Hbl B TAITUYHBIX
MIOJIYTIPOBOIHUKAX.

8. DnemMeHTapHas TEOpHsl TPUMECHBIX COCTOSI-
Huil. Menkue u riryOoKue ypoBHH.
MHoro3apsiiHble IPUMECHBIE IIEHTPHI.
“I'myGokue” ypOBHHU.

[1K-1

JIP

Konebanue
aTOMOB KpH-
CTAJNIMYECKON
peLIETKU

1. Konebanue aToMOB OJJHOMEpPHOM
KPUCTAJUINYECKOH pEIIeTKH.
2. Konebanue aTOMOB TpexMepHOil
KPUCTAJUINYECKOHN pEeIIeTKH.

ITK-1

Paccesuue
AJIEKTPOHOB U

1. MexaHn3MBI paccessHUsI JIEKTPOHOB U
nelpok. Kunetnueckoe ypaBHenue bosbimana.

ITK-1

JIP




JBIPOK B MOy~
MIPOBOJHHUKAX

HepaBHoBecHas (hyHKIMS pacripeieeHusI.
cocrosiHue. PaBHOBECHOE U CTAallMOHAPHOE
cocTosiHuil. Bpems penakcanuu.

2. D¢ dexTrBHOE ceueHne U BpeMs peaKcauu
JUIS pa3HbIX THUMOB Je(eKTOB. 3aBUCUMOCTD
BPEMEHM pellaKcally OT SHEPTUU U
TEMIEPATyPhl ISl pa3TUYHBIX MEXaHHU3MOB
paccestHusl. 3aBUCUMOCTb IOJIBUKHOCTH
HOCHTENIEH 3apsiia OT TeMIEPaTyphl.

Kunernueckue
SIBJIEHUS B I1O-
JIyIPOBOAHUKAX

1.Y nenpHast 3MeKTprUUEcKasi MPOBOAMMOCTD
MIOJIYIIPOBOJIHUKOB U €€ 3aBUCUMOCTH OT
TEMIIEPaTyphI.

2. NanpBaHOMarHUTHbIE U TEPMOMATrHUTHBIE
SBJICHUSI B TTONyNpoBoaHUKaX. Knaccupukarus
raJlbBAHOMArHUTHBIX U TEPMOMArHUTHBIX
SIBJICHU.

3. Oddext Xomna. Koapdunurat Xomnna.
XoJsoBCKas U ipeioBast MOABMKHOCTH. X O0JLIT
(hakTop MpH pazTUIHBIX MEXaHH3MaX
paccesiHusI HOCUTENEH.

4. MarauToCconpoTUBIECHHE.

3. TepmasieKTpUUECKUE SIBJICHUS B
MOJIYIPOBOIHUKAX. SIBneHus 3eebeka.
3aBucumocts auddepennuanbHon Tepmo-31C
OT TEMIEPATypPhl U CTETICHH JIETUPOBAHMUSI.
DddexT poronHOrO YBIICUSHUS. SBICHUS
[lenbThe, TomricoHa U CBsI3b KOAPPUITUEHTOB,
XapaKTePU3YIOIIUX ITH SBICHHSL.

4. 3¢ eKTbl B CUITBHBIX DJEKTPUUECKUX MOJISX.
DNEeKTPONPOBOAHOCT MOIYIPOBOJHUKOB B
CHJIBHOM 3JIEKTpUYecKOoM rose. DppexT
I'anna. MexaHn3Mbl yBETMYEHUS
KOHIIEHTPAILIUW HOCUTENEH 3apsaa B CHIbHBIX
ANIEKTPHUYECKUX NOJIX (yAapHas HOHU3AIUS,
TYHHEJIbHBINA 3P PEKT, AMeKTpocTaTudecKast
VOHU3AIHS).

IK-1

JIP

I'enepanus u
peKoMOMHALIHS
HEPaBHOBECHBIX
HOCHTEJIEH TOKa
B MTOJTYMIPOBO/I-
HUKaxX

1. PaBHOBeCHEBIE U HEPABHOBCECHBIC HOCUTCIIN
3apsna. Kasuyposuu ®@epmu. bunonspras
ONITUYECKasl TeHepalysl HOCUTeNeH 3apsijia.

2. MexaHu3Mbl pekoMOnHaAIuu. Mex30HHast
M3JIyvaTelbHas pekoMOuHamus. PekoMOuHanus
HOCHUTENEeH 3apsia yepe3 JOBYIIKH.
Kiaccudukanms oByIiex.

IK-1

JIP

Huddyszus u
npeiid Hepas-
HOBECHBIX HO-
cuTenen 3apsaa

1. YpaBHEHHE HENPEPHIBHOCTH.
Juddy3uonnsie u aperioBbie TOKU.
CooTtHouleHne DUHIITEHHA.

2. Iuddysus u npeiid HepaBHOBECHBIX
HOCHTEJIEH 3apsiia B CIIy4ae MOHOIIOJIIPHOU
npoBoaumoctu. Juddysus u aperid
HEOCHOBHBIX N30BITOYHBIX HOCUTENEH 3apsaa B
MIPUMECHOM TOJTYITPOBOJTHUKE.

[1K-1

JIP




10 1. Tune! moMmunecnennuu. Pekomounanuonnoe | [[K-1
JIroMUHECHIEHI] | U3Ty4YCHHE MOYIPOBOIHUKOB MPH
us (yHI1aMEHTaJIbHBIX [TEPEX0/1ax.
MOJTYTIPOBOHY | PekoMOMHAIIMOHHOE U3ITyYCHHE
KOB MOJIYIIPOBOIHUKOB MIPH MEPEX0AAX MEXKTY [1K
30HOM ¥ IPUMECHBIMU YPOBHSIMH. JIP
2. Penakcanus JJIOMUHECIIEHIIUH TOJTYITPOBOI- T
HUKOB. CIIOHTaHHOE ¥ BBIHYKICHHOE U3Tyde-
Hue. CTUMYIMPOBAHHOE U3ITyYEHUE TBEPIbIX
TEl.
11 dotoanextpude | Bayrpennuii pororddext. dotonpoBoau- [1IK-1
CKHE SBJICHHS B | MOCTh. Penakcanus (oTonpoBOAMMOCTH. [IK
MOJYTPOBOJIHUA JIP
Kax T
12 dusuka moiy- 1. Beenenue TIK-1
poBOJHUKOB ¢ | 2. OCHOBHBIE XapaKTEPUCTHKU JBYMEPHBIX I10- K
MTOHM>KEHHOM JTYyMPOBOTHUKOBBIX HAHOCTPYKTYP JIP
pasmepHocThio | 3. IIpAMoyronpHas noTeHIMaIbHAs AMa KOHEY- T
HOM TITyOUHBI
4. TTapaGonnueckasi IOTEHIIMAIbHAS sIMa
5. TpeyronbHasi IOTEHIMATbHAS IMa
6. KBaHTOBBIE IPOBOJIOKU
7. KBaHTOBBIE TOUKH
8. Hampsixennbie ciion
9. BnusiHue HanpsHKeHU Ha BaJICHTHYIO 30HY
10. 3oHHas CTPYKTypa B KBAHTOBBIX SIMax
11. Dxcuronnbie 3¢ eKTh B KBAHTOBBIX SIMaX
4.2. CTpyKTYypa QM CUMILINHBI
4.2.1. O6mas Tpya0éMKOCTb IUCHUILIMHBI COCTABIsACT 4 3a4eTHBIX enunnn (144
4acoB)
Taoéauna 2.
Bun pabotsr TpynoemMKoCTh, 4achl
8 Bcero
ceMecTp
O01asi TPy10€eMKOCTh 144 144
Konmaxmmnasa paboma: 66 66
Jlexyuu (/1) 33 33
Jlabopamopmuwie pabomut (JIP) 33 33
Camocmoamensvnan paboma (6 ua- 69 69
cax):
Bua npomexyToOYHOI aTTeCTANMHU 9(3auer) 9(3auer)
4.2.2. JlekiHOHHBIE 3aHATHUS
Tadiauuna 3

/o

Temnl

I | [Ipenmer u 3ama4n Kypca «(pHU3UKa TOTYIIPOBOTHUKOB M MOTYIPOBOTHUKOBBIX
HAHOCTPYKTYp». KpaTkuii ucropuueckuil ouepk pa3BUTHs HAYKHU O MOJIYIPOBOJIHUKAX.
Ponb 0T€4eCTBEHHBIX YUEHBIX B Pa3BUTHH COBPEMEHHOH "®U3KKH NOITYIPOBOJIHUKOB U
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HOJYIPOBOJHUKOBBIX HAHOCTPKTYp". Kiaccudukamust TBEpABIX TEN MO INEKTPHUECKUM
CBOICTBaM. 3aBUCUMOCTb CBOICTB IMOJIYIIPOBOJAHUKOB OT BHEIIHUX BO3ACHCTBUN U
HaJMuue npuMecei. Buabl noaynmpoBOAHUKOBBIX MaTEpUAIOB.

MoenbHbIe TPEACTABICHUS IIEKTPOIPOBOJHOCTH MOTYITPOBOIHUKOB. COOCTBEHHBIE U
IIPUMECHBIE ITOITYIPOBOAHHKH.

Kpartkue cBenenus u3 KBaHTOBOM MeXaHUKH. KOpIyCKyJIsspHO-BOJIHOBOU Jyallu3M U
npuHiun ['eizenoepra. Ypasuenue lpéaunrepa. [lpenunrepa mis kpuctawia. BonHos
¢dyHKLUS ¥ BOITHOBOM BekTop. Pemenue ypasuenus Llpeaunrepa B mpuOIMKeHHH CHIIBH
CBSI3U AJIS 3JIEKTPOHA B IEPUOJIUUECKOM I10JI€ IPOCTON KyOndeckol peimérku. BeiBoibl Y
ATOrO PELIEHUSI OTHOCUTEIBHO SHEPreTUUYECKOI0 CIIEKTPa 3JIEKTPOHOB B KpHCTaJIIaX.
Uucao coCTOSTHUM 3JIEKTPOHOB B AHEpreTuyeckoit 3oue. KBazuummynsc. 3oHa bpumios
3arnonHeHue JJIEKTPOHHBIX COCTOSTHUI pa3peleHHbIX 3
3aBMCHUMOCTb DHEPIUH 3JIEKTPOHA OT BOJHOBOI'O BEKTOpA Y JHA U IOTOJIKA SHEPreTUYECK
30HBI. J[BUYKEHUE JIEKTPOHOB B KPUCTAJUIE 10 I€WCTBUEM BHELLTHETO AJIEKTPUUYECKOTO T10
CKOpOCTb U yCKOPEHME IEKTPOHOB B KPUCTAJLIIE.

OddexTuBHas mMacca Hocutenei. Meron 3pPeKTHBHON Macchl. DHEPreTU4eCKrue 30HE
TUIUYHBIX IOJYINPOBOAHUKAX. DJIEMEHTApHAs TEOpUs NMPUMECHBIX COCTOSHUN. Menku
ri1y0oKHe ypoBHU. MHOro3apsiiHble IpUMecHble HEeHTpbl. “I'y0okue” ypoBHH.

MexaHu3Mbl paccessHUsl SJEKTPOHOB M AbIpoK. Kunernmdeckoe ypaBHeHHe bonbimal
HepaBHoBecHass (yHKIHS pacmlpeelieHuss COCTOSHUE. PaBHOBECHOE U CTalMOHAph
cocrosiHuil. Bpems penakcanuu.

DddexTuBHOEC CeueHUEe M BpeMsl pelaKCalliy I pa3HbIX TUIOB Je()EeKTOB. 3aBUCHMO
BPEMEHH peaKcallii OT YHEPTUHU U TeMIIepaTyphl sl pa3InYHbIX MEXaHU3MOB PacCesH
3aBUCHMOCTD TTOJABMKHOCTH HOCUTEJEH 3apsia OT TEMIIEPaTyphl.

VYaenbHas osneKkTpuyeckas MPOBOJMMOCTb IOJYIPOBOJAHUKOB U €€ 3aBUCHMOCTD
TEMIIepaTyphI.

["anpBaHOMAarHUTHBIE ¥ TEPMOMATHUTHBIC SIBICHUS B MoiynpoBoaHukax. Kiaccudukal
raJIbBAHOMArHUTHBIX U TEPMOMATrHUTHBIX SIBJICHUU.

Dddext Xomna. Koapdummant Xomnna. Xomnosckas u apeiidoBasi oABHKHOCTH. X0 ¢
TOp TP PA3IMYHBIX MEXaHU3MaX paccessHusI HocUTeneid. MarHUTOCOPOTUBIICHHUE.
TepmanekTpuyeckue SBICHHMS B IOJYNPOBOAHUKAX. SBneHus 3eebeka. 3aBHCHMO
mupdepentmansHoil TepMo-2/IC oT Temmeparypbl M CTENEeHM JiernpoBaHus. o
doronnoro yBieuenus.  Ssnenus IlenpThe, TommcoHa u CBsA3b KOIPPHUIMEHT
XapaKTEPU3YIOIIUX ITH SBICHHS.

O} PeKTsl B CHIBHBIX 3JMEKTPUUYECKUX MOJSAX. DIEKTPONPOBOJAHOCTH IMOIYIPOBOIHUKO]
CUJIBHOM 3JIeKTpuueckoM mosie. Dddext ['anHa. MexaHu3mMbl yBeIMUECHUsI KOHIIEHTpAI]
HOCHUTEJICH 3apsa B CUJIIBHBIX JJEKTPUUECKUX MONSIX (yAapHas MOHHM3AIMS, TYHHEIbH
s dexT, neKTpocTaTHIecKass HOHU3AIIHS ).

PaBHOBecHBIE M HepaBHOBECHbIE HOcHUTENH 3apsaa. KeasmypoBuu @Pepmu. bumosnspy
ONTHUYECKAs TEHEepalis HOCUTENEH 3apsaa.
Mexann3mbl pekomMOMHanMu. Mexx30HHas U3nnydarenbHas pekoMOuHanus. PekomOuHal
HocuTelnel 3apsaa yepes joBymku. Kinaccudukanus noByex.

VYpaBHenue HenpepslBHOCTH. Juddy3nonnsie u apeiidoBbie TOkH. COOTHOIIEK
OWHIITEHHA.

Huddy3uss u napelid) HEpaBHOBECHBIX HOCHUTENEH 3apsga B Cilydyae MOHOIIOJSIPH
npoBogumocTH. uddy3us u napeiid HEOCHOBHBIX H3OBITOUYHBIX HOCHTENEH 3apsing
IPUMECHOM MOJIYIPOBOIHHUKE.

Tuner JIOMHUHCCIHCHIINH. PCKOM6I/IHaI_[I/IOHHOC HU3JTYyYCHUC  TMOJYIPOBOJHUKOB I
q)yHHaMeHTaHBHBIX nepexoaax. PeKOM6HHaHHOHHOG HU3ITYUYCHUC TIOJYIPOBOJIHUKOB TI
nepexogax MCxXay 30HOH U IIPUMCCHBIMU YPOBHSMMU.




Penakcarus moMuHeCHEHIIUH MOIYNIPOBOAHUKOB. CIIOHTAHHOE U BBIHYXKJIEHHOE U3ITY-
yeHue. CTUMYJIMPOBAHHOE U3JIYYCHHE TBEPJIbIX TEIl.
8 | Bayrpennuii pororddexr. DoronpoBoaumocTs. Penakcarus GpoTonpoBoauMoCTH.

9 | Beenenue. OCHOBHBIE XapaKTEPUCTUKHU ABYMEPHBIX OJIYIPOBOAHUKOBBIX HAHOCTPYK-
Typ. [IpsMoyronbHas noTeHuuanbHast ssMa KOHeYHOU TiyOuHsl. [Tapabonnueckas mo-
TeHLMalbHad iMa. TpeyroyibHas MOTEHLUAIbHAS SIMA.

10 | KBanrtoBbie npoBojioku. KBanToBbie Touku. Hanpsikenubie ciion. BiusiHue Hanpsoke-
HUH Ha BaJICHTHYIO 30HY. 30HHASI CTPYKTYpa B KBAHTOBBIX SIMaX. DKCHUTOHHBIC (-
(beKThl B KBAHTOBBIX sIMaXx.

4.2.3. Jladopartopubie padorel (KOHTpoJupyeMas kommnerenuus I1K-3)

Taoauna 4
No
Tema
n/a
| Ornpezenienne TUIa, KOHIEHTPAIIMU U TTOJIBMYKHOCTH HOCUTENEH 3apsiia B MOJTYIPO-

BOJHHUKAX
2 OHpe,I[CJ'ICHI/Ie MU PUHBI SaHpeHleHHOﬁ 30HBbI NOJYIIPOBOAHHUKOB

Uzmepenne nuddy3noHHON JUIMHBI U BpEMEHH JKU3HU HEPAaBHOBECHBIX HOCUTENEH 3a-
psaa B MOIYIPOBOAHHUKAX

N3mepenne nUaIeKTpUYECKON TPOHUIIAEMOCTH U TAHTEHCA YTJIa TUAICKTPUICCKUX
noTephb

N

V3yuenue BONbT-aMIIEPHON XapaKTEPUCTUKU IIEKTPOHHO-IBIPOYHOIO IIEpexoia
N3ydenue BosbT-(hapasHON XapaKTEPUCTUKU AIEKTPOHHO-ABIPOYHOTO MIEPEX0/1a

W3yuenune nornomenus CBeTa B MOJIYIPOBOTHUKAX
N3yuenue hoTonmpoBOAMMOCTH MOTYIPOBOTHIUKOB

[o-REN I Ne WAV

MeTtoauyeckue peKOMEHAALMHU 110 NPOBEACHUIO J1a00pPaTOPHBIX 3aHATHH

JlaGopaTopHBbIil TPAKTUKYM SIBJISIETCS BaXKHBIM 3JIEMEHTOM Ipoliecca o0ydenus. Jlabopa-
TOpPHBIE 3aHATHUS JOJDKHBI OBITH OPMEHTHPOBAHBI HA PELIeHNE TUIOBBIX (0a30BbIX) 3a/1a4, B Oy-
Iyei npogeccuoHaNnbHOM A€ATEIbHOCTU C UCIOJIb30BaHUEM METO/0B, METOJIUK, POpPMYJI, MOA-
X0JI0B, AJITOPUTMOB, MOZEJIEN U IPOYMX, U3JI0KEHHBIX Ha JIEKLUAX U B MaTeprallax, BHIHECEHHBIX
Ha CaMOCTOSITENbHYIO padoTy. JIabopaTopHbIe 3aHATHS JOJKHBI 0O0ecrieunBaTh (OPMHUPOBAHUE
KOMITOHEHTOB «yMETh» 3aJJaHHBIX JUCIMITIMHAPHBIX KOMIeTeHIMH. JlabopaTopHble 3aHATHS 1ie-
Jecoo0pa3Ho MPeTyCMOTPETh (MPU HAIMYUU BO3MOXKHOCTH) 10 BCEM T€MaM HENOCPEICTBEHHO
10CJIe U3yYEHHsI Ha JISKIUAX TeOpeTHUYecKoro Matepuana. OHON U3 INIaBHBIX Ieselt 1abopaTtop-
HBIX 3aHATHH sBISETCS yriyOJeHue, 3aKkpeIuieHne U Haubosee MoJHOe YCBOEHHE TOr0 MaTepu-
ajla, KOTOpBIA ObUI OCBEUIEH Ha JEKIUSAX WIM 3aJaH Uil  CaMOCTOSITEIbHOIO H3y4YEeHHS.
JlaBopaTopHbIil MPAKTUKYM J0JKEH IPUBUBATH HABBIKU CAMOCTOATEIHLHON pabOThI HA PA3IMYHOM
7a00paTOpHOM OOOPYJOBaHMM UM yMEHHE TIOJb30BAThCA pa3IMYHBIMM NpUOOpaMu U
MHCTPYMEHTAMH.

VYcenex 1abopaTOpHBIX 3aHATHI 3aBHCUT OT Ka4eCTBa MOJATOTOBKH MPENoiaBaTelis, CTy-
JIEHTOB U J1a00paTOPHOTO 0OOPYIOBAHHUS.

Ha nepBoM 3aHATHM CTYACHTHI U3YYaIOT TEXHUKY O€30MaCHOCTH, MOIYYal0T CIUCOK J1a-
O60opaTopHBIX pabOT ¥ UHIMBUIYaIbHBIN IpadUK BBITOJIHEHUS J1a0OpaTOPHBIX paboT B BUJIE

NuauBuayaabHblil rpaguk BhINOJIHEeHH J1a00paTOPHBIX padoT
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Taoauua 5

Jartbl
BBITIOJTHEHUS paboT

NoNe
71a00paTOPHBIX padOT

KonnuectBo 0anios 3a ogHy
pabory

CymMa 0auioB 110 PEATHHIO- I I I

BBIM TOYKaM

CTyneHTsl TaKKe MOJy4aloT OCHOBHbIE TPEOOBAHUS K BBINOJIHEHUIO U O(OPMIICHHUIO Jia-
00paTopHBIX PaldOT MO AUCHUILIUHE B HIIEKTPOHHOM MJIM OyMa)KHOM BHJIE.

BrimonHenune kax 101t 1abopatopHoit paboThI CKIIabIBACTCS U3 CIASAYIOUINX ITAlOB

1. CamocTosTenpHas MOAr0TOBKA CTYACHTOB K paboTe u moydeHue aomycka. [lepen
HAvaJoM pabOoThl CTYIEHTHI TOJKHBI 3HATh: Ha3BaHUE paObOThI; KPATKYI0 TEOPUIO TEMBI; IIeJb pa-
0OTBI; METOAMKY M3MEPEHHUS U IKCIICPUMEHTAIBHYIO YCTAHOBKY; 33/IaHUSI U OKUAAEMBIC PE3Yilb-
TaThl. PeKkOMeHTyeTcs MMETh 3anuch B paboueii TeTpaau 1o BCEM STUM ITyHKTaM U 3arOTOBKY Ta0-
JIMIIBI JUIS 3aIIUCH PE3YJIbTaTOB U3MEPEHUH U BhIYMCICHUH. CTYIEHTHI, HE MOATOTOBUBIIUECS K
paboTe B COOTBETCTBUU C ITUMH TPEOOBAHUSMH, K BBIMOJIHEHUIO pAOOTHI HE TOMTYCKAOTCS.

2. [TpoBeneHue dKCIIEPUMEHTA. DTOT ATAIl OCYIIECTBIISIETCS B COOTBETCTBUU C METO-
JUYECKUMH YKa3aHUSIMU, KOTOPBIE COAEPKATCS B PYKOBOJCTBE K KaXKA0H paboTe U TEXHHUECKOMY
OTHCAHMIO JTA0OPATOPHOW YCTaHOBKHU. Pe3ynmbTaThl MEPBUYHBIX M3MEPEHH 3alHCHIBAIOTCA 0e3
Kakoi-1100 00paboTku B “Tabmnuily pe3ynbTaToB U3MEPEHUI U BEIYMCICHUN .

[Tpu pabote B mabopaTopuu HEOOXOAMMO CTPOTO BEHIMOIHATH BCE MIPAaBUIa TEXHUKH O€3-
OMACHOCTH U YKa3aHUs MpernoaaBaTes.

3. O6paboTKy pe3yJabTaTOB U3MEPEHUN PEKOMEHIYETCS TIPOBOIUTE OJTHUM M3 COBPEMEHHBIX
MAaKEeTOB MaTeMaTU4YecKuX mporpamm, Hampumep, Mathcad, Origin. Ecnu tpebyetcs rpaduku
CTPOSITCS HA MIJUTUMETPOBOW OyMare Wi OJHHM W3 TTaKeTOB IMporpaMM. J{Jisi MOJTHOTO MOHUMA-
HUS «OOHApYKEHHOH 3aKOHOMEPHOCTH» CTY/AEHTY HEOOXOAUMO OMKCcaTh X0l Tpaduka U caenaThb
BBIBOJIBI, SIBJISIFOIIMECS HTOTOM CaMOCTOSITEIEHOTO aHAJIN3a PE3YJIbTaTOB DKCIIEPUMEHTA.

4. OTuer o mpojenaHHol paboTe MpencTaBiseT COO0N COBOKYITHOCTh BCEX ITAMOB OT J10-
MyCKa JI0 TIOJTHOTO 3aBepIICHUs 1JabopaTOpHOH pabOTHI M OMMCAHHBIC B pabovel TeTpau.

5. 3aBepuIaONIM ATANOM SIBJISIETCS 3all[UTa BBIOJHEHHOM paboTel. Ha 3amuTe cTyaeHT
NPECTaBIIsIET OTYET M OTBEYAET Ha KOHTPOJIBHBIE BOIPOCHI U3 PYKOBOJICTBA K Ta0OpAaTOPHBIM pa-
60oTam 1o (pu3MKe MOJYNPOBOJHUKOB M IMOJYINPOBOJHUKOBBIX CTPYKTYpP M €My BBICTABISETCS
0aJi1, KOTOPHIM OLIEHEHa JJaHHas J1abopaTopHas paborta.

B xoze nmpoBeneHus 1ab0paTOpHBIX 3aHATUH MpEnoAaBaTeslb IOMOTaeT CTyJeHTaM
OBJIA/IETh JIAOOPATOPHOU TEXHUKOU, TIPOBOJAUTH U3MEPEHHsI, aHAIIN3 PE3YIIbTATOB U CHIENIATh
BBIBOJIbI M3 MOJY4YE€HHBIX PE3yJIbTATOB.

AxTuBHas paboTa CTYJACHTOB Ha IPAKTUIECKUX 3aHATHUAX SBISETCS OJHUM W3 TIOKa3a-
Tesiel XOopoleil opraHu3aluy Takux 3aHsATuil. [Ipy 5TOM 0YeHb BaXKHO MOAJTUHHO HAYYHOE
pelieHne Ha 1a00paTOPHBIX 3aHATHUAX 3a71a4, CBA3aHHBIX C 00JacThIO U BHIaM MPodeccro-
HAJIbHOW J€ATEIbHOCTH BBIITYCKHUKOB IO HAIPaBJIEHUIO MOATOTOBKU «DJIEKTPOHUKA U HAHO-
AIEKTPOHUKAY

4.2.4. CaMmocTosiTeIbHOE U3yUYeHHe Pa3/1esi0OB THCHMIIIHHBI

Taoauna 6
No | Borpochl, BBIHOCUMBIE€ Ha CAMOCTOSITEIbBHOE N3yUEHUE
/o
1 DeMeHTapHask TEOPHUsl IEKTPOIPOBOJHOCTH MOTYIPOBOJHUKOB
2 OCHOBHBIE TIOJIOKEHUST 30HHON TEOPUHU
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CrarucTika paBHOBECHBIX AJIEKTPOHOB U JBIPOK B MOJYIIPOBOJHUKAX

PaccesiHue 351€KTPOHOB U IBIPOK B MOJIYIIPOBOJHUKAX

Kunernueckue sBICHUS B IMMOJIYIIPOBOJHUKAX

Huddy3us u aperid HEpaBHOBECHBIX HOCUTEIICH 3apsiia

HOBerHOCTHBIe SIBJICHHUS B IMOJIYIIPOBOJHUKAX

3
4
5
6 ['eneparus 1 peKOMOHMHAIIMS HEPABHOBECHBIX HOCUTEJICH TOKA B TIOIYIIPOBOTHUKAX
7
8
9

OTtpakeHue U MOTJIOLIEHUE CBETA MTOJIYIIPOBOIHUKAMHU

10 | JIromuHECTIEHITUS

11 | ®usuka HU3KOPA3MEPHBIX MTOJIYIIPOBOJHUKOBBIX CUCTEM

5. Onenounbie MaTepHuaJbl 1Jisd TEKYIIEro u pyﬁe)mloro KOHTPOJIAA yClI€EBaA€MO-
CTH U IIpOME)KyTO‘IHOfI aTTeCTalluu

5.1. 3apanus 1Jis1 TeKylero KOHTPOJs
5.1. 1. Kosutoksuymsl (KOHTpOIMpyemasi komnerenuust OK-7,011K-7, T1K-3)
Bonpocs! k kos10kBHYMY 110 I TeKyniemy KOHTPOJIIO

1.ITo kakum npU3HaKaM, U Ha Kakue Kiacchl aensaTces Bee BemecrBa? 2.11o kakomy cBoii-
CTBY OKa3aJioCh Tmpoiie kiaccuduuuposaTs BemectBa? 3.Kakue MaTepuaibl Ha3BaHbI MOIYIIPO-
BoJHUKamMH? 4.B kakux mpesenax HaxOJUTCs yJE€IbHOE COIPOTUBICHUE O TOIYIPOBOJAHUKOB?

5.B uém pa3Huna Mexay TemMrepaTypHbIMUA 3aBUCUMOCTSIMU YAE€JIBHOTO COIIPOTUBIICHUS U YAEIb-
HOM 3JIEKTPUYECKON MPOBOAMMOCTH METAJUIOB U MOJYynpoBoAHUKOB? 6.Ilouemy Henb3s Bcerna
OTIMYUTH TOJTYIPOBOJHUK OT METaJIJIa MO 3HAKY TEMITEPAaTypHOTro KO HUIIEeHTa yIeIbHOMI Ipo-
BOAUMOCTH? 7. UTO MPOUCXOAUT C YAEIBHON MTPOBOAMMOCTBIO METAJUIOB U IOJYIIPOBOJHUKOB C
MOHM)KEHUEM uX Temreparypbl? 8. UTo ciaenyer u3 Toro, 4to yjelibHas MPOBOJUMOCTb Y METall-
JIOB PACTET, a y NOJYNPOBOJIHUKOB MAJAET ¢ MOHKEHUEM UX TeMiieparypbl? 9.Kakumu croco-
0amMu MOKHO YBEJIMUUTH KOJUYECTBO CBOOOHBIX HOCUTENEH 3apsiaa B momynpoBoanuke? 10.Ka-
KHX HOCUTENEH 3apsia Ha3bIBAIOT TEIJIOBBIMU MM paBHOBeCHbIMU? 11.Kakux HocuTeneit 3apsiaa
Ha3bIBAIOT HepaBHOBECHBIMU? 12.0Tyero 3aBUCHUT Iporecc 00pa3oBaHUs KaK paBHOBECHBIX, TaK
U HEepaBHOBECHBIX HocHuTenen 3apana? 13.J]alite kak MOXKHO OoJiee OJTHOE ONpesieeHue Moy-
npoBoaHMKaM. 14.KakoB MexaHU3M U3MEHEHMSI 3JIEKTPOIIPOBOJHOCTH B METAJLIAX U MOJTYIPOBO/-
Hukax? 15.3a cuér u3MeHeHus, Kakoro napaMeTpa MEHSETCs 2JIEKTPOIPOBOJHOCTh METAIIIIOB U
MOJIYITPOBOJTHUKOB C Temmeparypoii? 16. Kakue BemiecTBa SBISIOTCS MOJIYIPOBOJIHUKOBBIMU?
17.KakoB MexaHM3M 00pa30BaHMs JIEKTPOIPOBOIHOCTHU B MOJYIIPOBOIHUKAX, HAIIPUMED, KPEM-
Hua? 18.Kakyro cBsi3b Ha3bIBAIOT KOBaJeHTHOU? 19.MOXeT 1 B MOJIYITPOBOJIHUKE C MACATBHON

crpykrypoii ipu T =0° K Bo3HUKHYT snekTpudeckuii Tok? [Togemy? 20. UTo IIPOMCXOUT B TIO-
JYNPOBOJAHUKE NPU BO3JECUCTBUU HA HEro, HampuMmep, Temiotel? 21.Kakoil mpouecc Ha3pIBarOT
renepanueit? 22.Kakoii mporecc Ha3biBatoT pekomOuHarmen? 23.Yro Ha3piBatoT abipkoit? 24.Ka-
KOM MOJTYTIPOBOJHUK Ha3bIBAIOT cOOCTBEHHBIM? 25.K yemMy NMpUBOAUT yBEIUUYEHUE TEMIIEPATYyPhl
noaynpoBogHuKa? 26.Kak Benyr ceOst B MOIYIPOBOJHUKE CBOOOTHBIE JIEKTPOHBI U ABIPKU?
27.Yt0 Ha3bIBAIOT IJIMHOM CBOOOTHOTO IpOOera, CpeIHel NITMHON CBOOOTHOTO MpoOera HOCUTES
3apsaa? 28. UTo Ha3bIBalOT BpeMEHEM CBOOOIHOTO Mpolera, CpeJHUM BPEMEHEM CBOOOTHOTO
npoOera Hocutens 3apsana? 29.Kak cBs3ana cpefHsis AjuHa cBOOOAHOTO TIpodera / co CpeTHUM
BpeMeHeM cBoOoHOoro mpodera 7 Hocutens 3apsaaa? 30.ITouemy GecropsigouHOe TEMIOBOE IBH-
KEHUE HOCUTENeH 3apsija (3JIEKTPOHOB U ABIPOK) B MOTyNpoBoAHNKE He 1aéT Toka? 31.Kakos xa-
paKkTep ABMKEHUSI HOCUTENeH 3apsia B COOCTBEHHOM IMOIYIPOBOJAHUKE, TOMEIIEHHOM BO BHEII-
Hee anekTtpudeckoe none? 32.Kakoe nprkeHue HasbiBaioT JpeigoBbiM? 33.Kakyio ckopocTh
Ha3bIBaIOT JipeiigoBoii? 34.YTo Ha3bIBAIOT MOABMKHOCTHIO HOcUTeNel 3apsaaa? 35.Kakosa cBs3b

12



MEXIy Apeii(hOoBOI CKOPOCTHIO U MOABUKHOCTBIO HOcHTeNeH 3apsiaa? 36.Kakoii MexaHU3M dIieK-
TPONIPOBOAHOCTH HA3bIBAIOT 3JIEKTPOHHOU? 37.Kakoil MeXaHU3M 3JIEKTPONPOBOIHOCTH HA3BIBAIOT
IeIpouHOoi? 38. KakuMu COCTaBISIOIMME ONPEACISIOTCS IIEKTPUUECKUI TOK B COOCTBEHHOM I10-
aynpoBogHuke? 39.YTo nNpoucXoauT ¢ S3HEPTeTUYECKUMH YPOBHIMH AJIEKTPOHOB B M30JIMPOBAH-
HOM aToMe IpH uX cOmmKeHnn, oopasys kpuctami? 40.Yto Ha3pIBatOT BaJleHTHOH 30H0#? 41.YT0
Ha3bIBAIOT 30HOW mpoBoauMocTH? 42.Yto Ha3wpIBaloT 3ampeméHHon 30H0i? 43.Kak 00BscHUTH
AIIEKTPONPOBOTHOCTH COOCTBEHHOTO IMOJYITPOBOIHUKA HUCXOSl U3 DHEPTETHUECKUX MpPECTaBIe-
Huii? 44.HadyepTure cXxeMy SHEPreTHUYEeCKUX 30H COOCTBEHHOI'O MOJyNpoBoHUKA. 45.Kako# mo-
JYIPOBOJHUK Ha3bIBalOT IpUMECHBIM? 46.Kakyto 31eKTpOonpoBOAHOCTh HA3bIBAIOT IPUMECHOMU?
47.Yrto Oynet, eciay OJAUH U3 aTOMOB MOJYIPOBOJAHUKA 3aMEHUTh aTOMOM 3JIeMeHTa V TPYIIIIbI,
HaIpUMep MbIIIbsIKA B peléTke KpeMHus? 48.YTo Oyner, eciy oJIuH U3 aTOMOB IIOJyIIPOBOIHUKA
3aMEHUTh aToMOoM 3JieMeHTa Il rpynmbl, HanpuMep amoMUHUM B peméTke kpeMuus? 49.Kakux
HOCHUTEJIEH 3apsi/ia B OJTYIPOBOIHUKE Ha3bIBatOT OCHOBHBIMU? 50.Kakux HOocuTenel 3apsiia B 1o-
JYIPOBOJHUKE HA3bIBAIOT HEOCHOBHBIMU? 51.Kakoil mosynmpoBOAHUK HA3bIBAIOT 3JICKTPOHHBIM ?
52.Kakoil moJyIpOBOJHUK HA3BIBAIOT MOIYNPOBOAHMKOM n-tuna? 53.Kakyro npumech Hasbl-
BaloT JOHOpHOM? 54.Kakyro npuMech Ha3bIBalOT NpuMechto n-tumna? 55.11e nomkeH pacnosia-
raThCsi ypOBEHb IOHOPHOU MPUMECH B YHEPreTHUECKOH IuarpaMmme noiynpoBoanuka? 56.Kakosa
HHEepreTHyYecKas AMarpaMma JOHOPHOTO MoixynpoBoaHuka? 57.KakoB MexaHU3M 3J1€KTPOIPOBO/-
HOCTH JIOHOPHOI'O NoynpoBogHuKa? 58.Kakol nmojiynpoBOJHUK Ha3bIBatOT AblpouHbiM? 59.Ka-
KOH MONYIPOBOJHUK HA3bIBAIOT MOJYIPOBOJHUKOM p -Tuna? 60.Kakyro mpuMech Ha3bIBaIOT aK-

nentopHoi? 61.Kakyro npumecs Ha3pIBalOT npuMechio p -tuna? 62.I' e qomkeH pacnosiaratbes

YPOBEHb aKIENTOPHOW MPUMECH B DHEPreTUUYECKON auarpamme mnonynpoBoanuka? 63.Kakosa
JHEPreTUYecKas TuarpaMma JIIpOYHOTo MoypoBoaHuKa? 64.KakoB MEXaHU3M JIEKTPOIIPOBO/I-
HOCTH JBIPOYHOTO MONYIPoBoIHUKA? 65.11puBenuTe BrIpakeHUE ISl YIACIBHON MPOBOIUMOCTH
AJIEKTPOHHOTO TIOJIYIPOBOIHKKA. 66.IIpuBeInTEe BBIpaKEHUE IS YICIBHOW MIPOBOIUMOCTH JIbl-
POYHOTO TONYNPOoBOaHUKA. 67. ITpuBenuTe BRIpaKEHUE IS YACTBLHOW MPOBOUMOCTH TTOTYIIPO-
BOJIHUKA TIPU HAJIMYUU B HEM JIBYX THIIOB IIPUMECH.

Bonpocs! k ko1okBuymy 1o Il Tekymemy KoHTpOJII0

1. YUto HY)XHO ceNaTh JiJIsl OMpPEeIeTICHUsI YHEPTETUYECKOTO CIIEKTPa AJIEKTPOHOB B KpUCTaLie?
2. Kakue npubnuxeHus: IpUMEHSIOT s pemieHus ypasHenus [lpenunrepa kpucranna?

3. Kakoe nosie Ha3pIBatOT CaMOCOTJIAaCOBAaHHBIM?

4. Kakoii Bu UMeeT MOoTeHIMal Kpuctaiia V (r) ais OJHOMEPHOUM pemeTKu?

5. Kakyto BenmMunHy Ha3bIBalOT BOJIHOBBIM YHCIOM?

6. Uro saBnsercs pemenneM ypasHeHus llIpenunrepa aiis 2J1€KTpOHA B IEPUOJAUYECKOM T0JIE KPH-
crayuia?

7. Kakoil Bun umeer peuienue ypaBHeHus Llpenunrepa uis Kpuctamia B IpUOJIMKEHUH CHIBHO
CBSI3aHHBIX JIEKTPOHOB?

8. IIpuBeauTe BbIpakKeHUs JUIsl KOMIIOHEHT BOJIHOBOTO BEKTOPA JIEKTPOHA B KPUCTAILIE, UMEIOIIETO
bopmy napamienenunesna ¢ pazmepamu L ,L L ?

VT z
9. Kakne 3HaueHMs MOKET IPUHUMATh KBa3UMMITYJIbC JJIEKTPOHA?
10. CkonbKO SHEPreTHUYECKUX COCTOSIHUI B NepBOil 30He bpuitosna?
1. IIpuBennre ypaBHenue llpenunrepa aisa kpucrasia.
2. B uém 3akirouaeTcs aguabaTiueckoe NpuOInmKeHne U BaJIeHTHAs allllpoKCuManus?
3. YTo nOo3BOJIAET BBEACHUE CAMOCOTTIACOBAHHOIO MOJIS?
4. KakuMm cBoiicTBOM 001aaeT MOTEHIMA KpUucTasa’?
5. Kakoii BUJI nMeeT cTallMoOHapHas BOJIHOBAas (PYHKIHS 3JEKTpPOHA B MEPUOAMYECKOM IOJIEe KpH-
craja?
6. B uém 3axnrouaercs npuOIMKeHNE TOYTH CBOOOIHBIX AJIEKTPOHOB?
7. Kaxoii BeIBOZ ciiestyeT U3 pemeHus ypaBHenus [llpeannrepa B mpuOImkeHNH CHIIBHO CBSI3aHHBIX
AJIIEKTPOHOB?
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8. Kak u3MeHs10TCS KOMIIOHEHTHI BOJIHOBOT'O BEKTOPA 3JIEKTPOHA B KpUCTaILie?

9. B xakux npeaenax MOKET U3MEHATHCSA BOJIHOBOW BEKTOP AJIEKTPOHA B KpUCTaJie?

10. CkoJibKO 371IeMEHTapHBIX sUeeK B nepBoi 30He bpuiuosna?

1. Yro Brimrovaet B cebs onepatop ['ammibrona B ypaBHeHnuu Llpeaunrepa muist kpuctamia?

2. K yeMy nmpuBOAMT MPUMEHEHHUE aadaTUYECKOT0 MPUOIIKEHUS MPH petieHnu ypasueHus Lpe-
JTUHTEepa JUIs KpucTasuia?

3. UTo mo3BOJISET BBEACHUE CaMOCOTIacoBaHHOTO moa? 14.Uem orianuaercs BOJHOBAsA (YHKIHSA
9JIEKTPOHA OT BOJHOBOM (DYHKIIMM APYroro 3J€KTPOHA, OTCTOSIIEr0 OT MEPBOro Ha MEpPHOJ pe-
meTku?

4. Kakyro QyHKIIHMIO Ha3bIBAIOT BOJHOM min pyHKIMei bioxa?

5. B uém 3akmmrouaercs npuOIMKEeHNEe CUIIbHO CBSI3aHHBIX AJIEKTPOHOB?

6. Kakoii Bu uMeeT BbIpaskeHue 71l SHEPTUU AJIEKTPOHA B IEPUOAUYECKOM I10JI€ TPOCTON KyOuue-
CKOM pemieTku?

7. Kak MOTYT U3MEHSITHCSA SHEPTHUS SJIEKTPOHOB B Pa3pelIEHHON 30HE?

8. B Kakux npeaenax MOXeT U3MEHSATHCS KBa3UMMITYJIbC JIEKTpOHA?

9. CKOJBKO 2JIEKTPOHOB MOXKET OBbITh B NEepBOii 30He bprmtosHa?

10. Kakyro BenmnunHy Ha3bIBalOT 3(h(peKTHBHOIM Maccoil HocuTenen 3apsina?

1. Yto HyXHO cnenaTh s peuenus ypaBaenus Llpeaunrepa kpucranna?

2. B uém 3akimoyaercst OHOAICKTPOHHOE IPUOTIKEHUE?

3. Kak BbIpaskaeTcst o JHO3eKTpoHHOE ypaBHeHue [lpenunrepa ans kpucramia?

4. Yto Ha3bIBAIOT BOJHOBBIM BEKTOPOM?

5. Uto npexacrapusieT coOoi BOIHOBas (YHKIUS 3JIEKTPOHA B MEPUOINYECKOM TOJIE KprcTasuia?

6. Kak MOXHO TIpeJCTaBUTh BOJIHOBYIO (DYHKIIHIO DJICKTPOHA B MPUOIIMKEHUH CHIIBHO CBSI3aHHBIX
3JIEKTPOHOB?

7. Kakue BbIBOJIbI MOXHO CIEJIaTh U3 BBIPAXKEHUS JIJIS1 SHEPTUU 3JIEKTPOHA B MIEPUOINYECKOM I10J1€
MPOCTON KYOMUYECKON PELIETKH OTHOCHUTEIHFHO SHEPreTHUEeCKOro CHEKTpa 3JEKTPOHOB B KpPHUCTA-
nax?

8. Kakyro BelMunHy Ha3bIBalOT KBA3UUMITYJIECOM?

9. Kakyro obnacts Ha3bIBarOT niepBoii 30H0i bpuntosna? Kak emé HazpIBaroT 3Ty 30HY?

10. K ueMy npuBOANUT MPUIIOKEHUE DIIEKTPUUECKOTO MOJIS K KpUCTAILITY?

Bonpocs! k kotokBuymy 1o III rexkymemy KoHTpoI10

1. B yem cocTouT BaxkHeiIas 3aja4a CTaTUCTUYECKON PU3UKU?

2. YeMy paBHa 3HEprus 2JEKTPOHA y JTHA 30HBI IIPOBOJIUMOCTH?

3. Kakoii BuJ1 uMeeT pyHKIIHs, BbIpaxarolias BEpOITHOCTb TOTO, UTO JJaAHHOE COCTOSIHUE C YHEPrHe
E 3ansATO 271€KTpOHOM?

4. Kakoii Buj mpuHUMaeT pacnupenenecaue @epmu-Jlupaka 11 2JIeKTPOHOB, HAXOSAIIUXCS B COCTO-
sHusX ¢ sHeprueit E—F [ kT ?

5. Uemy paBHa BEpOSTHOCTD 3aII0JHEHUS JbIPKaMU ITOTOJIKA BAJIEHTHOM 30HBI Ev B HEBBIPOXKIEHHOM
MOJIYTIPOBOTHUKE?

6. Kakyro BennuuHy Ha3bIBalOT 3((HEKTUBHON IMJIOTHOCTHIO KBAHTOBBIX COCTOSHUN B BaJ€HTHOMN
30HE?

7. Kak cBsi3aHbI MEX]ly COOON paBHOBECHBIE KOHIICHTPAIMH 3JIEKTPOHOB 10 U JIBIPOK po JUIsl HEBBI-
POXJIEHHOT'O IPUMECHOTO MOJIYTIPOBOIHUKA C COOCTBEHHON KOHLIEHTpAIMe n;?

8. KakoB (hm3nueckuii CMBICT KaX/10TO YjeHa KHHETUYECKOTo ypaBHeHuUs1 bonblimana?

9. Ot xakux BenuuuH 3aBucuT DJIC Xosia u KakoBa, 3Ta 3aBUCUMOCTh?

10. Uto mpoucxoAauT ¢ KOHIIEHTpAMel 3JeKTPOHOB U JBIPOK B MPUIOBEPXHOCTHOM 00JAaCTH MPHU
BHECEHUH MOJIYIPOBOAHHKA B DJIEKTPHUUECKOE T10JI€E?

1. YTo HYXHO 3HATh JUISl ONPEJEICHUS YKCIa YaCTHULl, SHEPTUSI KOTOPBIX JIEKHUT B ONPEIEICHHOM
UHTEpBaJE?

2.Uemy paBHA SHEPTHS JABIPOK y MOTOJKA BAJICHTHOU 30HBI?

3. Kakyro BennuMHYy Ha3bIBalOT dHepruen uim yposHem depmu?
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4. KakoBa 3aBUCUMOCTh QYHKIIMH pacnpenenenus Oepmu-lupaka ot 3HaueHus sHeprun yposus E
npu T >0 ? [Tosicaute rpaduxk.

5. Uemy paBHa BEpOSITHOCTD 3all0JIHEHUSI 3JIEKTPOHAMU JIHA 30HBI IPOBOAUMOCTH E¢ B HEBBIPOXKIEH-
HOM TOJIYIPOBOJHUKE?

6. Kakyro BenmuunHy Ha3bIBAIOT 3((EKTUBHON MIOTHOCTHIO KBAHTOBBIX COCTOSHUI B 30HE IIPOBO-
TUMOCTH?

7. UeMy paBHa paBHOBECHAs! KOHIICHTPALIMSI OCHOBHBIX HOCUTENEH 3apsiia B COOCTBEHHOM MOIYIPO-
BOJIHUKE?

8. I3 kakux yacTeil COCTOMT KUHETUYECKOe ypaBHeHue bonbimana?

9. Kakoe siBnenue Ha3pBatOT 3¢ dekTom Xosmra?

10. Kak MeHsieTcs KOHIIGHTPALMsi HEOCHOBHBIX M30BITOUHBIX HOCHTENEH 3aps/ia B pe3yJsbTaTe pe-
KOMOHMHAIIMK CO BPEMEHEM IM0CJ€ BHIKIIOUEHHUS OCBELICHUS?

1. Kakyro BenM4MHY Ha3bIBalOT INIOTHOCTHIO KBAHTOBBIX COCTOSTHUI?

2. IlpuBenuTe BbIpa)k€HUE INIOTHOCTH KBAHTOBBIX COCTOSIHUM Yy AHA 30HbI IpoBOAUMOCTH. [Ipn ka-
KHX YCIIOBHSIX CIIpaBejInBa 3Ta opmymna?

3. Kakoit Bug umeert pacnpenenenne ®epmu-/Iupaka u, 111 Kakux 4aCTHUI] OHO CIIPABEAJIUBO?

4. KakoBa 3aBHCHMOCTh QyHKIMH pactpenencaus Oepmu-/upaka ot 3HaUCHUS YHEPTUH YPOBHS E
npu T =0 7? [Tosicaute rpaduxk.

5. Kakoit mosynpoBOJHUK HAa3bIBAIOT HEBBIPOKICHHBIM?

6.YeMy paBHa 3¢ eKTUBHAS IJIOTHOCTh KBAHTOBBIX COCTOSIHUI B BAJICHTHOU 30HE?

7. Uemy paBHa paBHOBECHAsi KOHLIEHTPALMsl OCHOBHBIX HOCUTEJIEH 3aps/ia B HEBBIPOKIEHHOM JIbl-
POYHOM HOJIYIIPOBOJHUKE?

8. Kakoe ypaBHEHME Ha3bIBa€TCsl KHHETUYECKUM ypaBHeHUEM bonbiimana?

9. Kak BbIpakaercs 3aBUCUMOCTD Y/AE€JIbHON TPOBOJUMOCTH OT TEMIIEpATyphl?

10. Kak mMeHsieTcs KOHIIGHTpallUsi HEOCHOBHBIX M30BITOUYHBIX HOCUTEJIEH 3apsijia B pe3yJsibTare pe-
KOMOHMHAIIMU C PACCTOSIHUEM B HEOCBEILIEHHO yacTu oOpasua?

1. IlpuBeaute oO1Iee BoIpaKEHHUE ISl KOHIIEHTPAIMH JIEKTPOHOB, YHEPTHS KOTOPHIX JIEKUT B IIpe-
nenax ot E1 no Es.

2. IlpuBeauTe BhIpa’keHUE IUIOTHOCTH KBAHTOBBIX COCTOSIHUM Y JIHA 30HBI MpoBoguMocTu. [1pu ka-
KHX YCIIOBMSIX CIIpaBejInBa 3Ta popmymna?

3. Yto Takoe pacnpenenenue @epmu-/upaka u 4To oHO BbIpaxaer?
4. Kakoii Bua umeeT QpyHKIUS, BRIpa)karolias BEpOSITHOCTb TOT0, UTO JAHHOE COCTOSTHHE C YHEpTruei
E 3ansTO NBIpKOIL?

5. Ilpu kaxom ycnoBuu pacnpeneneaue @epmu-/lupaka nepexoaur B pacnpeaeneHue bonpimana?
6. Uemy paBHa 3¢ (heKTHBHAS TNIOTHOCTh KBAHTOBBIX COCTOSTHUM B 30HE MPOBOJIUMOCTH?

7. Yemy paBHa paBHOBECHAsI KOHLIEHTPALUsl OCHOBHBIX HOCHUTEJIEH 3apsia B HEBBIPOXKIEHHOM JJIEK-
TPOHHOM TOJTYITPOBOTHUKE?

8. Kakux siBjeHUI Ha3bIBAIOT KHHETUYECKUMU?

9. Kakyro BenmMuMHy Ha3bIBalOT BpEMEHEM perlaKcaruu?

10. B yem 3akiouaercs 3gpdext 3eedeka 1 YTO Ha3bIBAIOT yAeabHOU TepMo-D1C?
11.ITonynpoBOAHUKOBBIE HAHOCTPYKTYPHbI. OCHOBHBIE XapaKTEPUCTUKH HAHOCTPYKTYP.

12 IloTeHIMaIbHBIE SIMBI.

13.IIpssMmoyrobHast TOTEHITHATBHAS TMa KOHEYHOU TITyOHHBI.

14. KBaHTOBBIE IPOBOJIOKH.

15. KBaHTOBBIE TOUKH.

16. 30HHAas1 CTPYKTYypa B KBAHTOBBIX SIMAX.

17. OxcutoHHbIE A3PPEKTH B KBAHTOBBIX SIMaX.

Pexomenaaumuu npu noaAroroBke K KOJJIOKBUYMY
-popadoTaTh KOHCHEKTHI JIEKLUH 110 BOIIPOCaM KOJIJIOKBHYMa;
-IPOYUTATh OCHOBHYIO U JIOTIOJIHUTEIBHYIO JIUTEPATYPy, PEKOMEHIOBAaHHYIO 110 U3y4aeMbIM BO-
mpocawm;
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-OTBETUTH Ha BOMPOCHI KOJIIOKBUYMA;
-TIpY 3aTPYAHECHUSIX, IPOKOHCYJIBTUPOBATHCS C MPENoaBaTesieM.

Kpurepun ouneHuBanust

3HAYUTEIBHON 4Ya- | HOCTHO 3HAET BO- | 3HAET MaTepual, Ipa-
CTH BOIIPOCOB, JI0- | MPOCHl KOJIJIOKBU- | MOTHO U IO CYLIECTBY
MyCKaeT CYIIECTBEH- | yMa,  JOIYCKAeT | U3Jaraer ero, JoIyc-
HBIE OLIMOKYU B OTBE- | HETOYHOCTH B OT- | Kasi HEKOTOpble He-
Tax Ha BOIPOCHIL. BETE Ha BOIPOC TOYHOCTH B OTBETE Ha
BOIIPOC.

Taoaumna 7
Ouenka
HEy/0BJIETBOPH- | Y/0BJIeTBOPH- X0pO10 OTJIMYHO
TeJbHO 2 6a/u1a | TeabHO 4 0asia 6 0as1s10B 8 0as10B
Crynent He 3HaeT | CrygeHT mnoBepx- | CTyaeHT xopoiio | CTyIieHT B  IOJHOM

o0beMe 3HAeT Mare-
pHaja, TPaMOTHO U IIO
CYIIIECTBY u3JIaraer
€ro, He JOIyCKas Cy-
IIECTBECHHBIX HCTOYHO-
cTefl B OTBETE HA BO-
poc.

5.1.2. Ipumepsi TecToBbIxX 3anannii (KOHTPoUpyemas komnerenuus OK-7,0ITK-

7, IIK-3)
IlepBasi KOHTPOJIbHASA TOYKA

KT=; MT-=;

CocTosiHME 3/1eKTPOHA B aTOMe ONpeaensieTcs KBaHTOBbIM YAC/IOM:
1) rnaBHbIM N

2) opbutanbHbim |

3) MarHUTHbIM M

4) CNUHOBbLIM S

5) Bcemu nepeuyncieHHbIMKU

KT=; MT=;

[NaBHOE KBAaHTOBOE YMC/I0 NPUHUMAET 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 YMCA0 NPUHMUMAET 3HAYEHUA:

1)0,1,2,. (n-1)

2) -n, -(n- 1) 0,..(n1),n
3)-1/2,0, 1/2

4) - /2 1/2

5) , -(n-1)

KT =; T=;

Bropasi KOHTpPOJILHAS TOYKA
KuHeTuueckune ABneHNA B NONYNPOBOAHMKaX
KT=; MT=;

B peanbHbIX NONYNPOBOAHUKAX KOM6MHVIpOBaHHa‘r'I noaABUXHOCTb onpegenaeTca pacCeAHMEM Ha MOHaX
npmumecn n (bOHOHaX, d B 3aBUCMMOCTUN OT TEMNEPATYPbI BbIPa*Kae€TCA COOTHOLWEHNEM

1
7
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(l —aT™? +bT3/2)
Y7,
@
KT=; MT=;
B aTOMHbIX nonynposogHMKax € pOCTOM TemnepaTypbl, eCan pacceaHne NPponcxoanT TO/IbKO Ha MOHaX
npunmecu, noaABUKHOCTb HocuTenemn 3apAada pacteT NnponopLMOoHanbHO
1T
2) T3/2
3) T3
4)T°2
5) T2
@
KT=; MT-=;
B aTOMHbIX NONYNPOBOAHMKAX C POCTOM TemmnepaTypbl, eCAn pacceaHme NPONUCXoauT TONIbKO Ha AJUHHO-
BOJIHOBbIX aKyCTMYECKMX GOHOHAX, MOABUXKHOCTb HOCUTENEM 3apAAa YMEHbLLAETCA NPONOPLMOHANbHO
1T
2) T3/2
3) T2
4) T2
5) T2
@
KT=; MT=;

TpeTbﬂ KOHTPOJIbHAasI TOYKa
KoHTaKTHble aABneHnAa B nonynpoBoagHuUKax
KonrtakTtHsle siBneHus B noaynpoBoanukax KT =; MT =
... -9Heprus HeobxoamMmas oA NepeBoa 3/IEKTPOHA ¢ ypoBHA PepMKn Ha HyNEBOM YPOBEHb B BaKyyme.
+: PaboTa BbIXO4a 3/1EKTPOHA

@

KonrtakTtHsle siBneHus B nonynpoBoanukax KT=; MT=;

HeBbIpoXAeHHbIM NONYNPOBOAHMK N — TUMA KOHTaKTUPYET C MeTalJlIom paboTa BbiIX04a 3/1EKTPOHA U3
KOTOPOro Bbllle, YemM y NONynpoBOAHUKaA. nOﬂy‘-IeHHblﬁ KOHTaKT ABAAETCA ... .

-1 3anupatoLmm

+: aHTM3anmMparLwmm

-! OMUYECKMUM

@

KonrakTtHele sBieHus B nonynpoBogHukax KT=; MT=;

HeBbIpoXAeHHbIM NONYNPOBOAHMK N — TUMA KOHTAaKTUPYET C MeTalJlIom paboTa BbiIXo4a 3/1EKTPOHA U3
KOTOPOro MeHbLUE, YeM Y MOAYNPOBOAHMKA. [10NyYeHHbIA KOHTAKT ABAAETCA ... .

+: 3annpatomm

-. dHTU3anunparwmnm

- OMHNYECKNM

@

B paMKax obecneueHust NPUMCHCHUS KOMIIBIOTCPHBIX TEXHOJIOTUH B O6pa3OBaTCJIBHOM
mponecce UMCIOTCA CIICHUAIN3UPOBAHHBIC KOMIIBIOTEPHBIC KJIACChI ¢ COBPEMCHHBIM IIpOTIpaMM-
HBIM 00CCIICUYECHHEM U HUMCIOIIIMM BBIXOJ B I/IHTepHCT. C TCKYIICTO yqeGHoro roaa opraHn3oBaHa
BO3MOXHOCTb TCCTUPOBAHNA U BHC YHUBCPCUTECTA.

MeToanyecKue peKOMEHIAMH 110 MOATOTOBKE K TECTHPOBAHUIO

TecThl — 3TO BOIIPOCHI WM 3aaHUs, TPEyCMATPUBAIOIINE KOHKPETHBIN, KPATKHUH, YUSTKHUIT
OTBET HA MMCIOIINECS 3TAaJIOHBI OTBETOB. HpI/I CaMOCTOSITEIILHOU IMOATOTOBKE K TECCTUPOBAHUIO
CTYIEHTY HE0OXOIUMO:
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a) TOTOBSICh K TECTUPOBAHUIO, TPOPAOOTATh HH()OPMAITMOHHBIN MaTepHall O TUCIHILIHHE.

[TpokoHCYIBTHPOBATHCS C MPETOAABATENIEM 110 BONIPOCY BbIOOpa y4eOHOM! JINTEpaTypBhl;

0) 4eTKO BBIICHUTE BCE yCIOBUS TECTHPOBAHUS 3apaHee. 3HaTh, CKOJIBKO TecTOB Bam Oyzer npen-
JI0KEHO, CKOJIbKO BPEMEHH OTBOJIUTCS HA TECTUPOBAHKE, KAKOBA CUCTEMA OLICHKH PE3YJIbTaTOB
nT.O

B) NMpUCTYyNast K paboTe ¢ TeCTaMu, BHUMATEJIBHO U 10 KOHIIA IPOYTUTE BONIPOC U MpeAiaraeMble
BapHUaHTHl OTBETOB. BriOepuTe MpaBuiIbHBIE OTBETHI (MX MOXKET OBITh HECKOJIBKO);

r) ecau Bel BcTpeTunu upe3BbluaiiHO TpyAHBIN Ui Bac Bompoc, He TpaThTe MHOIO BPEMEHHU Ha
Hero. [lepexonurte k apyrum tectaM. BepHuTech K TpyTHOMY BOIIPOCY B KOHIIE.

€) 00s13aTesIbHO OCTAaBbTE BpeMsl Il IIPOBEPKU OTBETOB, YTOOBI M30€kKaTh MEXaHUUECKUX OLIM-
OOK.

Kpurtepuu onenuBanus

Taoaumna 8
Ouenka
HEYJA0BJIECTBOPUTEIBHO YOBJIETBOPH- xopomo 4 6aj1a | OTJMYHO 5 0aJI-
0 6as10B TeJbHO 3 fajlia JIOB
Memnee 50 % npaBunbHO BbI- | 50-70% npaBuibHO | 71-85% npa- | 86-100% npa-
MOJTHEHHBIX 3aaHHH. BBITIOJTHEHHBIX 33J1a- | BWIBHO  BBITOJ- | BIWWIBHO  BBIMOJ-
HUH. HEHHBIX 3aJ]aHUI. | HEHHBIX 3aIaHUU.

5.1.3. IlpomeskyTounas arrecranust (KOHTpoJmpyeMmasi komnerennus IMK-2)

Cnmcok BONpocos

1. Beenenune. Knaccudukanms BemecTs 1o yAeIbHON JICKTPHUSCKON MPOBOTUMOCTH.

2. MogenbHble IpeACTaBICHUS IEKTPOIPOBOJHOCTH COOCTBEHHBIX MOIYIPOBOIHUKOB.

3. MonenbHble IPEACTaBICHUS 3JEKTPOIPOBOAHOCTH 3JEKTPOHHBIX MOJIYITPOBOAHUKOB.

4. MonenbHble IPEICTaBICHUS SJIEKTPOIPOBOAHOCTH IBIPOYHBIX MOJYIIPOBOIHUKOB.

5. DneMeHTapHas TEOPHs IPUMECHBIX COCTOSIHHUM.

6. VYpasuenue lllpeaunrepa 1uist Kpucramia U €€ COCTaBHBIE YaCTH.

7. Pemenue ypasuenus Lllpeaunrepa i npoctoil KyOM4ecKon pereTKy.

8. Yucno coCTOSHUMN JIEKTPOHOB B YHEPIETUUECKOH 30HE.

0. KBazuumnyinsc.

10.  3onsl bpummosHa B k- U p-npocTpaHCTBE.

11.  Ywucno sHEepreTnyecKux ypoBHEW M KBAaHTOBBIX COCTOSIHMM B IIEpBOU 30He bpuinitosHa.
12.  B03MOXXHOE 3aII0JIHEHUE IJIEKTPOHHBIX COCTOSIHUM BaJIECHTHOW 30HBI.

13.  DddexTuBHas Macca HocUTeNel 3apsiia.

14.  Pemenue ypaBHenus lllpeannrepa MeTojoM 3(pPEeKTUBHON MACCHI.

15.  3aBHCHMOCTBH PHEPIHU IEKTPOHA OT BOJHOBOI'O BEKTOpA Y JIHA U MOTOJIKA SHEpreTuye-
CKOU 30HBL.

16. JIBH>KEHUE AIEKTPOHOB B KPUCTAIIIE MO ICMICTBHEM BHEIIHETO AJEKTPUYECKOTO MOJIA.
17.  IInOTHOCTH KBAaHTOBBIX COCTOSIHUI B pa3pEIICHHBIX 30HaX.

18.  ®ynkuus pacnpenenenus @epmu-/Iupaka u ee cBONCTBA.

19.  KonueHTpanus 3JIEKTPOHOB U IBIPOK B 30HaX.

20.  KonmeHTpamus 3J€KTPOHOB U JIBIPOK B HEBBIPOXKJIEHHOM MPUMECHOM MOJYTPOBOIHUKE.
OHeprus akTUBalUH.

21.  CoOcTBeHHBII MOTYIPOBOAHUK. Y poBeHb DepMu. DHEPTUs aKTUBALIUU.

22.  KoHueHTpauus HOCUTENEH 3apsa10B B COOCTBEHHOM MOIYIIPOBOHHKE.

23.  KoHueHTpaius 3JIeKTPOHOB U JBIPOK B CHJIBHO BBIPOXKIEHHOM IMPUMECHOM MOJYTIPOBO/I-
HUKE.
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24.

3aBUCUMOCTb ypoBHS PepMU OT KOHIIEHTPALMU IPUMECU U TEMIIEPATYPhI AJIs1 HEBBIPOXK-

JACHHOT'O IMOJIYIIPOBOJHUKA.

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 paccesiHUsI JIEKTPOHOB U IBIPOK B TOJTYTPOBOJHUKAX.
Paccesnue Hocurenel 3aps/10B Ha HOHAX MPUMECH.

Paccesinne HocuTenen 3apsiA0B Ha aTOMax MPUMECH U AUCIOKALHX.
Paccesinue HocuTenel 3apsa0B Ha TEIIOBBIX KOJIEOAHUSIX PEIIETKH.
Kunernyeckue sIBJICHUS B MOJIYIPOBOIHUKAX. HepaBHOBECHAs! PYHKIHS paCIPe/ICIICHUS.
Kunernueckoe ypaBuenue bonbiimana.

Kunernueckoe ypaBHeHne bonblMana Jjis1 paBHOBECHOTO COCTOSTHHUSL.
Kunernueckoe ypaBHeHune bonpliMaHa 7151 CTAllMOHAPHOI'O COCTOSIHUSL.
Bpewms penakcanuu.

VY nenbHas 3KIEeKTUYECKasi IPOBOJUMOCTD MOJYIPOBOJHUKOB.
3aBUCHUMOCTD AJIEKTPOIPOBOAHOCTHU MOITYITPOBOIHUKOB OT TEMIIEPATYPHI.
Oddext Xosura B MOTYyNPOBOTHUKAX.

Tepmonnexkrpuueckue snenus. dpdext 3eedeka.

DIEKTPONPOBOIHOCTD MOIYIPOBOJHUKOB B CUIBHOM 3JIEKTPHUUECKOM II0JIE.
D¢ dexr "anna.

VY napHas noHM3aLKUA.

TyHHENnBHBIN PPEKT U AMEKTPOCTATHYECKAsT HOHNU3AIIHS.

PaBHOBeCHBIE U HEpPaBHOBECHBIE HOCUTEIH 3aps/Ia.

OnTrueckas reHepanusi HocuTesnen 3apsaaa.

PexomOuHaIus HoCUTEIICH 3apsiia.

YpaBHEHHE HENIPEPBIBHOCTH.

Juddy3uonnslii u nqpeiidoBblil TOKH.

CooTHotieHue DIHIITEeHHA.

Hubdy3us u [peilp HepaBHOBECHBIX HOCHTENEH 3apsga B clIydae MOHO-

MOJISIPHON TPOBOAUMOCTH.

49.  Jludpdy3us u npeiid HEOCHOBHBIX M30BITOUHBIX HOCHUTENEH 3apsaa B IPUMECHOM MOIY-
MIPOBOTHHKE.

50.  IlomympoBOJHUK BO BHEIIHEM 3JIEKTPUYECKOM IOJIE.

51.  TepmonnekTpoHHas paboTa BHIX0JIa B MOJIYITPOBOIHUKAX.

52.  KOHTaKkT MeTayuI-MIOJIyIIPOBOIHUK.

53. KOHTaKT 371IeKTPOHHOTO U ILIPOYHOTO MOJIYIPOBOJHUKOB.

54.  CnekTp OTpa)keHHUs U CIIEKTP MOTJIOIIEHHS B MOJYITPOBOIHUKAX.

55. MexaHu3MBbl MOTJIOLICHHS CBETA B MOJYIIPOBOIHUKAX.

56. CoOcTBEeHHOE MOTJIOUICHUE MTPH NMPSIMBIX MEPEX0ax.

57. Co6cTBeHHOE TOTJIONIEHNE ITPU HEMPSIMBIX Mepexoax.

58. BausiHue BHEIIHUX BO3/1€HCTBHI HAa COOCTBEHHOE MOTJIOLIEHHUE TOITYIPOBOJHUKOB.
59. OKCUTOHHOE IOTJIOLEHHE.

60. [Tornomenue cBOOOIHBIMU HOCUTENSIMU 3apsa.

61. IIpumecHOe noriomeHue.

62. Pewrerounoe morioiieHue.

63. Turbl JIIOMUHECHEHITUH.

64. MOHOMOJEKYIISIPHOE CBEUEHHE TBEP/BIX TE.

65. PekoMOMHaIIMOHHOE M3Ty4YeHHE TOJYMPOBOJHUKOB MpH (yHIaMEHTAJIbHBIX Iepe-
X0Jax.

66.  PexoMOMHAIIMOHHOE U3Ty4YEHHE MPH Mepexoax MeX/1y 30HOH U IPUMECHBIMU yPOB-
HSIMH.

67.  Pemakcauus JIOMUHECHEHIUH TTOTYIPOBOJIHUKOB.

68.  TemmeparypHoe TyIIEHHE JOMHUHECLUEHIIMH MOTYIPOBOIHUKOB.

69. CrioHTaHHOE ¥ BBIHYXKIEHHOE M3 Ty4YeHre aToma.

70.  CTuMyIHpOBAHHOE U3ITyYEHHE TBEPABIX TEIl.
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71.  Buyrpennuii potodddexr.

72. doronpoBoguMOCTh. MexaHu3M (OTOPOBOIUMOCTH.
73.  Penakcanust ¢oTONPOBOAUMOCTH.

74.  ®DotodddeKT B p-n mepexoe.

75.  ®oroapdekt Ha Gaprepe LoTTKH.

76.  Buemmnwuit poTodpdexr.

7. OcHOBHBIE XapaKTEPUCTUKH JIBYMEPHBIX IOJYIIPOBOIHUKOBBIX HAaHOCTPYKTYp. [loTen-
LIUAJIbHBIE SIMBI.

78. KBanToBbie npoBosnoku. KBanrossie Touku. HanpsxkeHHslie cnou. Binsaaue HanpskeHU

Ha BAJICHTHYIO 30HY. 30HHAs CTPYKTYpa B KBAHTOBBIX SIMaX. DKCUTOHHBIE 3(h(PeKThl B KBAHTO-
BBIX sSIMax.
MeTtoauyecKue peKoOMeHAAIMHU 110 NOITOTOBKE K Mpolleype ocyllecTBIeHUs MPo-
ME:KYTOUYHOM aTTecTaluH

ITonroToBka CTyI€HTOB K 3K3aMEHY BKJIIOYAET IPOPaOOTKY JIEKIIUHA, B TEUEHUS BCETO ce-
MeCTpa ¥ HENOCPEACTBEHHYIO ITOATOTOBKY B IHU, IIPEAIIECTBYIOIINE YK3aMEHY, BKJIFOYAsi TIOAr0O-
TOBKY K KOJIJIOKBHYMaM, TECTUPOBAHHIO, BBITIOJIHEHUIO JIAOOPATOPHBIX padOT U UX 3aILUTY.

B koHIIE cemecTpa cTyAeHTaM BBLIAKOTCS DK3aMEHAllMOHHbIE BONPOCHL. [Ipu noaroroske
OTBETOB Ha BOIIPOCHI CTYJAEHT JOJLKEH UCIOJIBb30BATh HE TOJIBKO KYPC JIEKIUI, HO U OCHOBHYIO U
JIOTIOJTHUTEIIBHYIO JINTEPATYPY Ul BBIPAaOOTKU YMEHUS JaBaTh Pa3BEPHYThIE OTBETHI HA IIOCTAB-
JICHHBIE BOIIPOCHI.

B xoze moAroToBKM CTYAEHTY HEOOX0AMMO 00paIiaTh BHUMaHUE HE TOJIHKO HA YPOBEHb
3allOMUHaHMs, HO U Ha CTENEHb NOHMMAHUS U3y4aeMbIX BOIPOCOB. A 3TO AOCTUIAETCS HE IIPO-
CTBIM 3ay4HMBAHUEM, a4 YCBOCHHUEM IIPOYHBIX CHUCTEMAaTU3UPOBAHHBIX 3HAHWN AHATUTHYECKUM
MblieHHeM. ClieZ10BaTeIbHO, HENOCPEACTBEHHAS IOATOTOBKA K 9K3aMEHY JIOJKHA B Pa3yMHBIX

MPONOPILMAX COUETATh U 3aIIOMUHAHUE, U TOHUMAHKUE TPOrPAMMHOI0 MaTepraa.
ITo petitunrosoii cucreme B KbI'Y Ha sk3amen Boigensiercs 30 6amioB. x MOKHO pac-
IPEJIENSTh 110 YPOBHIO 3HAHUS CTY/AEHTA CJIEYIOIIUM 00pa3omM

Kpumepuu oyenueanusn

CTYACHT HC 3HACT 3HA- BCPXHOCTHO 3HACT MATC-
YUTEILHOM YacTH Ma- puajl OCHOBHBIX pa3ac-

3HACT Marepual, I'pa-
MOTHO U IO CYHICCTBY HU3-

Taoaunma 9
baaasl HA DK3aMeHe
15 6ansioB 20 6anna 25 danaa 30 6ans0B
ITocemenue menee 50 | Ilocemenue coctaBisgeT | Ilocemenne cocrapiser | Ilocemenne cocraBiseT
% He meHee 60% neknu- He MeHee 70 % nexknuoH- | He MeHee 85% IEeKIMOH-
JIEKIIMOHHBIX U TpaK- OHHBIX U MPAaKTUYECKUX | HBIX W MPAKTHUECKUX 3a- | HBIX M MPAKTHYECKUX 3a-
THYECKUX 3aHATHH U 3aHaTuil. CTYAEHT 1o- HaThi. CtyzneHT xopomo | HITUd. CTyneHT B MOJ-

HOM 00BEMeE 3HaeT Mare-
pHai, TpaMOTHO U T10 CY-

T€pHUajia, 10ITyCKacT JIOB U TEM yqe6H01‘/'1 AucC- | jgara€t €ro, A0myckad HE- | HICCTBY U3j1aract €ro, He
CYIIECTBEHHBIC IUITJIINHBI, JOITYCKaCT KOTOPBIE HETOYHOCTU B | JOITyCKas CYHICCTBCH-
OIIHMOKH B OTBETaX Ha HCETOYHOCTHU B OTBETC HAa | OTBCTC Ha BOIIPOC. HBIX HETOYHOCTCH B OT-
BOIIPOCHI. BOIIPOC. BCTC HaA BOIIPOC.

Hrtorosas orieHKa BEICTABIAETCS IO MATHOAIIIBHON cucTeMe ucxoad u3 taoauis! 10.

Ikaja oleHKH ycreBaeMOCTH CTY€HTOB Ta6auna 10
Cymma 6amioB Ouenka
0-35 HEJIOMYCK
36-60 HEYJIOBJIIETBOPUTEILHO
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61-80 YIOBJIETBOPUTEIHHO
81-90 XOPOIIO
91-100 OTJIMYHO

6. MeToanueckne MaTepuaJibl, onpeaesiionue nNpoueaypbl oleHnBa-
HMSI 3HAHUH, YMEHUIi, HABBIKOB U (MJIH) ONBITA AeSATEJILHOCTH

Taﬁ.lmua 11. Pe3y.]'leaTbI 0CBOCHUA TUCHUMIIJINHBI, IOAJICKAIUE ITPOBEPKE

PesynbTarsl OcHOBHBIE MIOKa3aTeNN OLIEHKH pe3yJbTaToB 00ydeHust | Bun oneHodHoro
o0yueHusI marepuaia

(KOMTIETEHIINN )

CnocobHocth K | ITnanupyer coOcTBeHHYI0 paboTy B paMKkax camooOpa- | OueHouHble Ma-

CaMOOpTaHu3a- | 30BaHMHsI, UCTIOIB3YET Pe3yabTaThl CaMOOOpa30BaHuUs TepUaJIbl IS [IPO-

LIUU U caMo00- | Ui peleHus npopeccuoHaIbHbIX 3a1a4. [lonnmaer BEJICHUs KOJLIO-

pa30BaHUIO 3HaYeHUe caMoo0pa3oBaHus 11l NMPOoQPecCHOHAIBHON KBUYMa.

(OK-7) nesrenbHOCTU. Mcnonb3yer pe3yibrarel camooOpas3oBa- | OueHouHbIE Ma-
HUS B IPO(EeCCHOHAIBHON AEATEIBHOCTU. Y MEET CO- TEepUAJIbL IS IIPO-
CTaBJISATh U PEATM30BbIBATh IUIAH paOOTHI. MEKYTOYHOM aT-

TECTallUH

CnocobHocthio | MIMeeT npezacTaBieHre O poJid U MECTE MaTEMATUKU B Onenounele Ma-

YUUTBHIBaTh CO- | COBPEMEHHOM LIMBUIIN3ALMU U MUPOBOU KYJIBTYpE. TepUAJIbl IS [IPO-

BPEMCHHBIE 3HaeT ¥ NOHUMaeT (PU3NYECKYIO CYIIHOCTb SIBJICHUHN U BE/ICHUs KOJLIO-

TEHJACHUUHU pa3-
BUTHS DJIEKTPO-
HUKHU, U3MEPU-
TEIIbHOMN U BBI-
YUCIINTETbHON
TEXHUKH, HH-
(hopmarmoHHBIX
TEXHOJIOTUH B
cBoeit mpodec-
CHOHAJIBbHOH 1e-

IIPOLIECCOB, IPOUCXOAUIMX B MaTepuaiax Ipyu B3auMo-
JIEVCTBUU C JIEKTPOMArHUTHBIM I0JIEM U paboueii cpe-
JIOW B pa3IMUHBIX YCIOBUSIX IKCIUTyaTallUH.

YMeerT JIOTH4ecKd MBICIHUTD, ONIEPUPOBATh C A0CTPAKT-
HBIMH 00BbEKTAMHU U OBITh KOPPEKTHBIM B YIIOTPEOIEHUH
MaTEMaTHYECKUX TIOHATUN U CUMBOJIOB JUIsl BBIPDAKEHUS
KOJIMYECTBEHHBIX M KAU€CTBEHHBIX OTHOIICHUH.
Bnageer TepMHHOIOrHEN, METOIAaMU PELIEHUSI CHUCTEM
JUHEHHBIX U anredpandeckux YypaBHEHUH, OCHOBaMU
BEKTOPHOW aireOpbl U aHAIMTHYECKOM reoMeTpuu, Me-

KBUYyMa.
OueHouHbIe Ma-
TepHUabI ISl IPO-
MEKYTOYHOM aT-

TeCcTaluu

SATEITLHOCTU ToaMu U depeHINalIbHOT0 U UHTETPaIbHOTO MCUHC-
(OK-7) JIeHUs, METOJIaMH HCCleIoBaHMsl (YHKIIMU U TOCTPOE-
Hus rpadukoB. YMeTs pemiath ypaBHeHus [lyaccona, ku-
HETHU4eCKoro ypaBHeHus bonpimana, Ypasaenus Llpe-
JMHTEepa.
I'oToBHOCTBIO 3HaTh: OneHouHble Ma-
AQHAIM3UPOBATL | - OCHOBHBIC TOHSTHS, 3aKOHBI U MOJIETH B (QU3HKE TepraJIbl U1 IPO-

U CUCTEMAaTU3H-
poBaTh pe3yiib-
TaThbl UCCIIENO-
BAaHMI, Npea-
CTaBJIATh Mare-
puaisl B BUJIE
Hay4HBIX OTYe-

MOJIYTIPOBOJTHUKOB U TIOJTYITPOBOJHUKOBBIX HAHOCTPYK-
Typ U HUX MaTeMAaTUUYECKUE BBIPAIKEHUS; TPAHULIBI
WX NPUMEHHMOCTH, IPUMEHEHNE 3aKOHOB B IPAKTH-
YECKUX IPHIIOKEHUSX.

-pyHaameHTanbHble (U3NYECKHUe ONBITHI B  00ja-
CTH (U3UKU TNOIYIPOBOJHUKOB U MOTYIPOBOJHUKOBBIX

HAaHOCTPYKTYD .

BEJICHUS KOJLJIO-
KBUyMa.
OueHouHble Ma-
TepHUaBI ISl TIPO-
MEXKYTOYHOM aT-
TeCTalluu
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TOB, IyOJIUKa- -METO/bl OSKCIEPUMEHTAIILHOTO U TEOPETUYECKOTO
IIUH, Ipe3eHTa- | UCCIEAOBAaHUS B (PU3HKE MMOIYIIPOBOJAHUKOB H MOITY-
it (ITK-2). MPOBOJHUKOBBIX HAHOCTPYKTYP.

-001acTH MPUMEHEHUS (PU3UKHU TOTYIPOBOAHUKOB U
II0JIYTIIPOBOIHUKOBBIX HAHOCTPYKTYP.

- COBPEMEHHOE COCTOSHUE U OCHOBHBIE HalpaBJek

pa3BuTus ¢buzukn IIOJIYIIPOBOIHUKOB
MTOJTYITPOBOTHUKOBBIX HAHOCTPYKTYD.
YmMeTh:

- NPaBWIBHO MOHUMATh U OOBACHATH (U3MYECKUE 3a-
KOHBI SIBJICHUH M CBOICTBA TeJl, OTJIMYATh THIIOTE3bI OT
HAaY4YHBIX TCOPUIA;

- TIOJIb30BAaThCA OCHOBHBIMH (DU3MUYECKUMH MPUOOpaMH,
CTaBUTh U PELIATh MPOCTEHIINE FIKCIIEPUMEHTAIbHBIE 3a-
nadu, o0pabaTeIBaTh, aHATM3UPOBATH OICHUBATH MOJY-
YEHHBIE PE3YNbTaThI;

- BUJIETh (PU3MUYECKOE SIBIIEHUE C PA3HBIX TOUEK 3PEHUS;
- MBICJIMTh TBOPYECKU U CAMOCTOSATENBHO;

- TI0JIb30BAThCS IIPU paboTe CIIPaBOYHOU U y4EOHOH JH-
TepaTypoil;

- IPUMEHATH MOJTyYCHHbIE 3HAHUA [T OOBSICHEHHS pa3-
HOOOpa3HBIX SBJICHUN M CBOWCTB IOJIYIIPOBOAHUKOBBIX
MaTEpUajIOB U HAHO CTPYKTYP Ha UX OCHOBE;

- OLICHHMBATh JIOCTOBEPHOCTh €CTECTBEHHOHAY4YHOIH MH-
bopmanuu;

- UCHOJb30BaTh IPUOOPETEHHBIC 3HAHUS U YMEHUS JUIs
pelleHns IpaKTUYEeCKUX 3aaad, obecrnieueHus: Oe3ormac-
HOCTH COOCTBEHHOW W3HM, HPUPOAONOIB30BAHUSA U
OXPaHbI OKPYXAIOIIEH CPEIBbI.

Biaagern:

HaBbIKaMU 10 paboTe C IKCIEPUMEHTAIbHBIMU YCTAHOB-
KaMU U aHaJIM3a pe3yJbTaToOB SKCIEPUMEHTA C TIOMOLIbIO
COBPEMEHHBIX MATEMATUYECKHUX MTAKETOB IIPOTPAMM.
IIpuoGpecTn ONBIT AEATETBLHOCTH:

-110 U3MEPEHUI0 OCHOBHBIX CBOMCTB MOJIYIPOBOHUKOB U
MIOJTYTTPOBOTHUKOBBIX HAHOCTPYKTYP M MHTEPIPETALNN
pe3yabTaTOB U3MEPEHMUIA;

-0 00CITYKMBAHUIO 3KCHEPUMEHTAIbHOIO 000pyI0Ba-
HUS;

-110 UCTIOJIB30BAaHUIO0 MAaTEMATUYECKUX MOJENeH TOoIy-
MIPOBOJIHUKOB U MOJTYIPOBOJHUKOBBIX HAHOCTPYKTYP
IIPU U3YYEHUH X CBOWCTB.

7. Y4eOHO-MeTOAMYECKOe 00ecrieyeHHe M CUMIIHHbI
7.1. OcHoBHas1 JInTepaTypa
1. IManumosa K.B. ®usnka nomynpoBoaHukoB. — M31-Bo «Jlanby», 2010.
2. Agneuwkun I'.H. CoBpemennas ¢uzuka nomynpoBoanukoB. H. Hosropon: HHI'Y, 2011. -

88 c.
3. HanoTexHOJIOTUH JJI1 MUKPO- M ONTO3JIEKTpoHUKU. Maptunec-yapt x.M. 2009.
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4. Kanmbikos 1. A., Kapos b.I'. ®u3uka nosynpoBoIHUKOB U TUIEKTPUKOB: PykoBoACTBO Kk

nabopaTopHbM pabotam — Hanpuuk: Kab.-bank. ya-1, 2005. — 125 c.

7.2. JlomosiHUTEIbHASI JIUTEpaTypa

1. Aucensm A.U. Beegenue B Teopuio noinynpoBogHukoB. M.: Hayka, 1978.
2. ITurep 1O., Kapnona M. Beenenue B pu3uKy moaynpoBOHUKOB. - M.: ®usmaraut, 2002. -

560 c.

3. Pocano JI. ®usnueckas 35eKTpoHrKa 1 MUKpodaekTpoHuka: [lep. ¢ ucnan. C. U. backona /

[Toxn pen. B. A. Tepexosa; - M.: Beic. mk., 1991. - 351 c.: uin.

4. JleunmeitH M.E., Cumun I'.C. 3HakoMcTBO ¢ noiynpoBoauukamu. M.: Hayka, 1984. — 240
2. TapeeB b.M. ®u3nka qusaeKTPUUYECKUX MaTeprasioB. — M.: DHeprousnar., 1982.

7.3. Ilepuoguveckue u3IaHusi

1. Kypnan «dusuka u TEXHUKA [TOTYIPOBOTHUKOBY.

2

3. "HanorexHuka".
Kypnan «Poccuiickrie HAHOTEXHOJIOTVID.
7.4. UnTepHeT-pecypcehl

1.ITouckoBas cucmema e-library.ru
2.IlouckoBasi cucmema google.ru
3.Onextponnas 6ubnuorexka KbI'Y lib.kbsu.ru
4. www.nanorf.ru

7.5. Metoanueckue yKazaHus 1o NPOBeIeHUI0 Y4eOHbIX 3aHATHII U OpraHu3a-
HHSl CAMOCTOSITE/IbHOI padoThI CTyIeHTA

7.5.1. MeTroauueckue peKOMEHIANMHU K YTEHHIO JeKIU i

OcHoBHBIMU (hOpMaMU OpraHU3AIMH YIEOHBIX 3aHATUM M0 AUCITUTITHHE «(PU3UKH TT0-
JTYMPOBOJHUKOB U MOJTYITPOBOAHUKOBBIX HAHOCTPYKTYP» SIBISIFOTCS JIEKLIUU U JIaOOpaTOpHBIE
3aHSTHS.

IIpy MOATOTOBKE JEKIMOHHBIX 3aHATHN IMPENOAABATENb JOJKEH ONPEAEIUTD LIEIU U
3a/1a4M JIEKLIUHU, pa3paboTaTh IUIaH IPOBEACHUS JIEKIIUH, OCYILIECTBUTh MOA00D JUTEPATYPhI
(03HAKOMMTH C MEPUOANYECKHUMHU U3JaHUAMU 110 TeMe JIEKLIUi ), 0TO0p HE0OXOAMMOTO U J0-
CTaTOYHOI'O MO COo/iepKaHUI0 ydeOHOro Marepuaina. JIeKTop onpeensier MeTo bl, IPUEMbl U
CpeICTBa MOJAEpKaHNsI MHTEPECA, BHUMAaHUs, CTUMYJIMPOBAHMS TBOPUYECKOTO MBIIUICHUS
CTYJICHTOB.

Jlekuus NOJKHA BKIIIOYATh B KAYECTBE 3TANOB (hOPMYIMPOBKY TEMBI JIEKLIUH, Iepe-
YeHb BOIPOCOB, M3JI0KEHHE BBOJHOW YacTHU, OCHOBHOM YacTH, KPaTKUE BBIBOJBI MO KaXk-
JIOMY pacCMOTPEHHOMY BOIIPOCY, 3aMEYaHUE M PEKOMEHAAMH JIUTEPATYPHBIX HCTOUHUKOB
10 HU3JlaraeMbIM BorpocaM. Eciii ouepenHoe 3aHATHE SBISIETCS MPOJODKEHHEM MPEeIbIay-
IIeH JIEKIINH, 11e71ec000pa3Ho KpaTKo CPOpPMYJIMPOBaTh MOJNYYCHHOE paHee pe3ysbTaThl, He-
00x0JIMMBI€ /I MOHUMAaHMS U YCBOEGHHUSI M3ydaeMbIX BOMPOCOB. B 3akmrounTenbHON YacTu
JIEKIMHU KeJaTeIbHO 0000IUTh HanboJiee BaKHbIE M CYIIECTBEHHbIE MOMEHTHI JICKIIHH,
cienaTh BBIBOJIBI, @ TaKKe C(HOPMYIUPOBATH 3a/1a4M JIJIsl CAMOCTOATEIbLHONU pabOThI CTY/CH-
TOB U yKa3aThb PEKOMEHIyeMyto JuTepaTypy. LlerecooOpa3Hoil Takke OCTaBUTh BpeMst IS
OTBETAa Ha BOMPOCHI CTYJEHTOB U BO3MOXKHYIO JUCKYCCHIO MO U3JI0KEHHOMY MaTepuainy Ha
JIEKLUH.

Coneprxanne JEKINH MO0 JaHHOW AUCIHUIUINHE JOJDKHO COOTBETCTBOBATH JIUTAKTHYC-
CKUM TMIPUHIIUIIAM, KOTOpPbIE 00ECTIEUNBAIOT COOTBETCTBUE U3TIaraeéMoro Marepuaia HayqyHo-
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METOJAMYECKHM OCHOBAM I€aroruieckoi nesreabHoCcTH. OCHOBHBIMH U3 HUX SIBIISIOTCS Lie-
JOCTHOCTb, HAY9HOCTh, JOCTYITHOCTh, CHCTEMAaTHYHOCTh U HATJISITHOCTD.

D¢ (heKTUBHOCTH JIEKIIMU MOXKET OBITh MOBBIIIEHA 32 CYET PALMOHATIBHOTO HCIIOIB30-
BaHMS TEXHUYECKUX CpeACTB. KOMITIEKThI TEXHUYECKUX CPEICTB HEOOXOIMMO FOTOBUTH K
KaXJI0# JIeKIIMH 320JIarOBPEMEHHO, HE TIEperpyxasi MU ayJIUuTOPHIO.

CymiecTByeT KilacCupUKanus JSKIUHA 10 THIIAM ¥ METO/IaM MX IPOBEJCHUS (BBOIHAS,
yCTaHOBOYHAs, POrpaMMHasi, 0030pHasi, UTOroBas u jp.). IIpu u3noxeHuu mporpaMMHOTO
Marepuaa 1o JaHHOW AUCIMIUIMHE Ha JICKIHAX PEKOMEHAYETCS IIMPOKOE UCIIOIb30BaHNE
cpeacTB HHPOPMAMOHHO-KOMMYHUKAaMOHHBIX TexHonoruu (MKT) nnm ayauo-sBuaeorex-
HUKH. [1oATOTOBKA BUIEO — JIEKIIUH COCTOMT B IIEPEKOIUPOBAHUY, TIEPEKOHCTPYHPOBAHUH
yueOHOI nH(pOpMAIHK IO TEME B BU3YaIIbHYIO (OpMY JJISl IPEABSBICHUS CTYICHTAM Uepes3
TEXHHUYECKHE CPEJICTBA OOYUEHUS WIM CXEMBI, PUCYHKH, YEPTEXKH.

7.5.2. Kputepuu oueHKH JeKIUU

AHanus Ka4ecTBa JEKLUUU CTPOUTCS U3 OLICHKU COAECPKaHUS, METOAUKHU YTEHUS, OPraHU-
3alM1 JIEKIUHU, PyKOBOJCTBA padOTOI CTYy/IE€HTOB Ha JIEKLIUH, JIEKTOPCKUX JaHHbBIX MIPENoiaBa-
TeJsl, Pe3yJIbTaTUBHOCTH JIEKLIUH.

OueHka coaepkaHus JeKIHU
1.CooTBeTCTBHE TEMBI U COJIEPKAHUS JIEKLIUU TEMAaTHUECKOMY IIJIaHy U y4eOHOI mporpamme
Kypca.
2. Hay4HOCTB, COOTBETCTBHE COBPEMEHHOMY YPOBHIO Pa3BUTHS HAYKH.
3. ToyHOCTB UCIIOJIB3YEMOM HayUYHON TEPMUHOJIOTHH.
4. UnpopMaTUBHOCTD; PACKPHITUE OCHOBHBIX IMOHATUN TEMBbI; COUETAHUE TEOPETUUECKOr0 MaTe-
puana ¢ KOHKPETHBIMU IIPUMEPAMH.
5. Peanusanus npuHuUna OpraHu4ecKon CBsA3M TEOPUHN C IPAKTUKON; PACKPBITHE MPAKTUYECKOTO
3HAUEHUS U3J1araéMblX TEOPETUUECKUX MOJIOKEHHI.
6. Peanusanus BHyTpH NIPEAMETHBIX U MEKIUCLHUILUINHAPHBIX CBS3EH.
7. CBs13b ¢ IpoQuIIeM MOATOTOBKH CTYJACHTOB, X OyIyIIel CeNHaTbHOCTHIO.
8. CooTHOILIEHHE COJIepKaHMsI JIEKIMU C COIep)KaHUeM yueOHHKa (M31araeTcsi Matepua, KoTo-
pOro HET B yueOHHKE; Pa3bsSICHIIOTCS 0C000 CIIOKHBIE BOIIPOCHI; 1a€TCs 3aJjaHle CaMOCTOs-
TEJIbHO MpopadaThIBaTh YacTh MaTepHaia Mo yueOHMKY, IepecKa3blBaeTCs yUeOHUK U T.I1.).
OneHka MeTOAUKHU YTeHHUS JIEKIMH

1. IngakTrueckasi 000CHOBAaHHOCTh MCIIOJIb3YEMOT'O BH/IA JIEKLIUU U COOTBETCTBYIOIIUX EMY
(GbopM U METOI0B U3JI0KEHUS MaTepHaa.

2.CTpyKTypUpPOBAaHHOCTb COACPKAHM JIEKIIUN: HAIMUUE TUIaHA, CIIUCKA PEKOMEHTYEMOU JIUTE-
paTypsbl, BBOJHOM, OCHOBHOM M 3aKJIFOUATEIILHON YaCTH JIEKIIMH.

3.AKIICHTHpPOBaHHE BHUMAaHUs ayIMTOPUU HAa OCHOBHBIX IOJIOXKEHHIX U BBIBOJAX JIEKIUH.
4. PauioHanbHOE COYETAaHUE METONYECKUX ITPUEMOB TPAIUIIMOHHOMN Me1aroruky U HOBBIX Me-
TOJIOB 00yueHUs (IIPOOJIEMHOT0, TPOrPaMMHOT0, KOHTEKCTHOTO, AESITEIBHOCTHOTO U JIp.).
5.JIorM4HOCTB, JOKA3aTEIBHOCTh U APIYMEHTHPOBAHHOCTD U3JI0KEHUS.

6.5IcHOCTB M TOCTYITHOCTh MaTepHaja ¢ y4eTOM MOATOTOBIEHHOCTH 00y4aeMbIX.
7.COOTBETCTBHE TEMITOB U3JI0KEHHS BO3MOXKHOCTSAM €r0 BOCIIPUATHUS U BEACHUS 3alMCEN CTy-
JEHTaMH.
8.Mcnonp30BaHnEe METOJ0B aKTUBU3AI[MU MBILIUIEHUS CTYIACHTOB.
9.Mcnonb30BaHue MPUEMOB 3aKpeIIeHNs: HHPOpMaIuH (MOBTOPEHHE, BKIIOUEHUE BOIIPOCOB Ha
MIPOBEPKY BHUMAaHMsI, yCBOCHHUS U T.II., TIOJIBEJICHHE UTOTOB B KOHIIE PACCMOTPEHMSI KaXKJI0TO BO-
IIpoca, B KOHIIE BCEH JIEKIIVH).

10.Mcnonp30BaHMe 3amMceil Ha TOCKe, HATISJHBIX ITOCOOMIA.

11.Mcnonp30Banue pa3aTOYHOrO MaTepraia Ha JIEKIHH.

12.Ucnons3zoBanne UKT.

Onenka opranu3anmu JeKIuH
1.CooTBeTCTBUE JICKITUN yUeOHOMY PACITUCAHUIO.
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2.YeTkoCTh Hayasa JEKIHUH (3a7ep>KKa BO BpEMEHH, BXOJ] JIEKTOpA B ayIUTOPUIO, TPUBETCTBUE,
YIa4HOCTH TIEPBBIX (Ppa3 u T.I1.).
3. ITocemaemMoCTh JIEKIIUU CTYACHTAMHU.

4. JIuCIUIUINHA HA JICKIIHH.

5.PannoHalbHOE pacnpeiesieHne BpEMEHH Ha JICKLIHMH.

6.COOTBETCTBHE ayIUTOPUHU, B KOTOPOU MTPOBOAUTCSA JIEKIUS, COBPEMEHHBIM HOpMaM U Tpebo-
BaHUSM (JIOCTaTOYHAS] BMECTUMOCTH, BO3MOXHOCTh ucnioiib3oBanus TCO, ohopmiieHHBIC U T.11.).
7.Hanmnuue HeoOXxoauMbIX cpenctB HarsigHoctr u TC.

OueHka pyKkoBOACTBA padoToOil CTY/IEHTOB HA JIEKIIUHN

1.0cymiecTBiaeHEe KOHTPOJIS 32 BEACHUEM CTYIEHTAMU KOHCIIEKTA JICKIUH.

2.0xa3zaHue CTyJIeHTaM IMOMOIIM B BEJACHUU 3alUCH JIEKIINH (aKIIEHTUPOBAHHUE U3JI0KEHUS Ma-
Tepuasa JISKIIHH, BbIIeJICHUE T0JI0COM, HHTOHAIMEH, TEMIIOM peur Haubosiee BaKHOUM nHpopma-
[[UU, UCTIOJIb30BAHKE T1ay3 JJIsl 3aMMCHU TAOJIHII, BEIYEPUYUBAHUS CXEM H T.I1.).

3.IIpocMOTp KOHCIEKTOB JIEKLIUHA CTYEHTOB (10, BO BpeMsi, IOCJe JIEKILIUH).

4.Vicnonp30BaHUE TPUEMOB MOJIJIEP>KaHUsI BHUMAHUS U CHATHSI YCTAJIOCTH CTYJICHTOB Ha JIeK-
11U (PUTOPUYECKHE BOMIPOCHI, IIYTKH, HICTOPHUECKHE IKCKYPCHI, pACCKa3bl U3 KU3HU 3aMeya-
TENBHBIX JIIOJIEH, U3 ONBITa HAYYHO-HUCCIIEA0BATEIILCKOM, TBOPUECKON pabOThI MpernoaaBaTes U
T.IL.).

5.Pa3penienue 3agaBath BOIPOCHI JIEKTOPY (B XOE JICKIIUU WM ITOCTIE HEE).

6.CoracoBanue coo0IIaeMoro Ha JISKIIMM MaTepuaia ¢ Coiep>KaHueM APYTrux BUAOB ayIUTOp-
HOM M CaMOCTOSITEILHON padOTHI CTYIEHTOB.

OueHka pe3yJIbTATUBHOCTH JIEKIINU

1.Ctenenp peann3anuy I1aHa JeKUUH (IOIHAsL, YaCTUYHAs).

2.CTeneHb MOJHOTHI U TOYHOCTH PACCMOTPEHUSI OCHOBHBIX BOIPOCOB, PACKPHITHE TEMBI JICK-
107078

3.MudopmannonHo-mo3HaBaTeNbHAS IEHHOCTD JICKIUH.

4.BocniuTaTeIbHOE BO3/ICUCTBHUE JICKIUH.

7. MaTepI/laJIbHO-TeXHI/I‘ICCKOC o0ecneuyeHue AUCHUIIIMHBI

MarepuanbHO-TeXHHYIECKYT0 0asy JUis POBECHHS 3aHATHH 110 TUCIUITIINHE COCTABIISIOT:

-JlexumonHas cneunanusupoBaHHas aynutopus Nel34, ocHaleHHas MyJIbTUMEAUHHBIM
MIPOEKTOPOM M KOMIUIEKTOM amnmapaTypbl, MO3BOJISIONICH JeMOHCTPHPOBATH TEKCTOBBIE U Tpadu-
YeCKHUe MaTepuabl;

-DIeKTpOHHBIE BEPCHH JIEKIINH, YYEOHUKOB M METOJIMYECKUMHU MaTepuanaMu Ui KOH-
TPOJIBHBIX MEpONPHUATUHN (3alaHUSMM Ui KOJUIOKBUYMOB, TE€CTOB, 3K3aMEHALIMOHHBIMU OuJIe-
Tamu);

-Kuwxueiit pong OubanoTexy;

-YyeOHas nabopaTopust GU3MKH MOTYITPOBOAHUKOB U MOTYIPOBOIHUKOBBIX HAHOCTPYK-
Typ Nel33, oGopynoBanHass COBpEMEHHBIMHU TPHUOOpPaMU U YCTAHOBKAMH, KaK TIPOMBIIIEHHOTO
IIPOM3BOJICTBA, TAK M CO3/1aHHBIMU B JJAOOPATOPHBIX YCIOBUAX, HEOOXOAUMBIMU JIJISI BHITIOTHE-
HUS J1a00OpaTOPHBIX paboT, MPEYCMOTPEHHBIX B (U3MUECKOM MPAKTUKYME;

-MeToanueckue ykazaHus K BHIITOJTHEHUIO Ja00paTOPHBIX pabOT, TEXHUYECKHUE ONMCaHUS
K Ja0OpaTOPHBIM YCTAaHOBKAM M MHCTPYKIIMSI 110 TEXHUKE OE30MMaCHOCTH.

[IepeyeHp mporpaMMHBIX IPOTYKTOB BKIIFOYAET:

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

- Kaspersky Endpoint Security Crannaptasiii Russian Edition Ne nmunensuu 17E0-
180427-050836-287-197;
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- Academic MathCAD License

- ApxuBarop 7z (6ecrutataoe I10)

- [Iporpamma muist pabotsel ¢ pdf nmyonukanusmu Adobe Reader (6ecrumataoe I110)
- [Iporpamma st pabotsl ¢ pdf myonmukanusmu Adobe Reader (6ecruiataoe 110)

- [Iporpamma it padotsl ¢ pdf mydnukauusmu Adobe Acrobat XI Pro (OecriiatHoe
[10)

- [Taker maTeMaTnueckoro ananuza SMath Studio (6ecrutataoe I10)
- Cucrema noctpoenue rpadukos Origin (6ecrmataoe [10)

- Cpena pa3paboTku BUPTyanbHBIX puoopoB  MyOpenLab (6ecrutatnoe I10)

JIJ1s CTyZIEHTOB C OTPaHMYEHHBIMUA BO3MOXKHOCTSIMU 3/I0POBBS CO3IaHbI CIIEIHANIbHBIE
YCIIOBHS IS TIOJTydeHHst 00pa3oBaHus. B 1ensx JOCTYHOCTH MOMy4deHHs BBICIIETO 00pa3oBa-
HUS 110 00pa30BaTENbHBIM IIPOrPAMMaM HHBAIUAMU U JTUI[AMU C OTPAaHUYCHHBIMU BO3MOXKHO-
CTSIMH 3JI0POBBSI YHUBEPCHUTETOM oOOecreunBaeTcs: |)ampTepHATHBHON BepcHel OQHIHab-
HOTO caiiTa B cetu «MHTepHET» /Ui CIa0OBUAAIINX; 2)IPUCYTCTBUE ACCUCTEHTA, OKA3bIBAIO-
Iero 00yJaromeMycsi HeoOOXOIUMMYFO TIOMOIIE; 3)11 JIsl HHBAIUIOB | JIUI] C OTPaHUICHHBIMU
BO3MOXKHOCTSIMH 37I0POBbsI 110 CIIYXY - AyOIMpOBaHKUE BCIYX CIPAaBOYHON MHGPOPMAIUU O pac-
NUCAHNHU YYEOHBIX 3aHATHH; 00ecTIeYeHNe HaIeKAIUMH 3BYKOBBIMU CPEJICTBAMU BOCIIPOU3-
BeZieHHs nHGopManuu. J{s HHBaIUIOB U JIUI] C OTPAaHUYCHHBIMU BO3ZMOXKHOCTSIMH 3/I0POBBS,
UMEIOUINX HApYLIEHUs] ONOPHO-IABUIATEIBHOIO armapara, COo3JaHbl MaTepHallbHO-TEXHUYE-
CKHE YCIIOBHUSI 00€CTIeunBaloe BOZMOKHOCTh OECTIPENsITCTBEHHOTO IOCTYIa 00Yy4aroIuXCs
B y4eOHBIE IIOMEIIECHHsI, 00BEKTY MUTAHMSI, TyaJIeTHBIC U APYTHe IOMEIICHUS! YHUBEPCUTETA, a
TakKe MpeObIBaHUS B YKA3aHHBIX MOMENIECHUAX (HAIMYUE PACIIMPEHHBIX JIBEPHBIX MPOEMOB,
MOpYyYHEH U IPYruX MPUCIIOCOOTIEHU).
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JlononHeHus 1 N3MEHEHUs B pabodeil mporpaMme JUCHUILTHHE «®HU3HKA MOJIyIPOBOHHKOB
U NOJIYNIPOBOJHNUKOBBIX HAHOCTPYKTYP» 110 HarpaBiieHHI0 noarotosku 11.03.04 - Dnextpo-

HUKAa ¥ HAHODJIEKTpoHUKa Ha 202__ -202__ y4.T.
Taoauma 12
No OnemenTt (myHkT) PIT/] [IepeueHb BHOCUMBIX U3MEHE- [Ipumeuanue
/1 HUM (TOTOJTHEHUN)

OO6cyxeHa U peKOMeHI0BaHa Ha 3acelaHnu Kadeapsl 3MEeKTPOHUKH U U(POBBIX UH-
(GhOpMaIIMOHHBIX TEXHOJIOTHH, MPOTOKOJ No OT « » 202 T.

3aB.xadenpoit P.III.Temes
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