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IIporpamma yueGHOM IucHMIUMHEI «KBaHTOBAs M ONTHYECKAs SJEKTPOHHKA» COCTABJICHA
Ha OCHOBaHMM ['0CyZapCTBEHHOro 0oOpa3oBAaTEeNBHOTO CTAHAAPTA BBHICIIErO IPO(ECCHOHATBHOTO.,
obpaszosanus (I'OC BIIO) Jonenxoit Hapoawoit Pecriy6mxu (JIHP) mo HampasiieH#IO T0ArOTOBKH
28.03.03 Hanomarepuaisl, yTBEp:KIEHHOro nprkazoM MunuctepcrBa obpasoBanus u Hayku J[HP
ot 28 cenrsdps 2016 r. Ne 987; Tlopsaxa opranmsanuu ydeGHOro mponecca B 00pa3oBaTeIbHBIX
OpraHM3alsX BHICIIETO MpPodeccHoHanbHOro obpasosanus Jlonenkoit Hapommoit Pecmy6mixu,
YTBEPIKIEHHOTO Mpuka3oM Munucrepera obpasosanus u Hayku JTHP Ne 1171 ot «10» HosOps
2017 r.; ydebmoro mama M  OCHOBHOH  00pa3’oBaTeNLIOi  MPOrpaMMLI  BLICIIErO
npodeccHonanpHOr0  00pa3oBaHus HampasneHus noaroroBkd 28.03.03 Hamomatepuaisi,
paspaborannbix B 'OY BIIO «/{oHenkuii HalOHATBHEINA YHUBEPCHTET).

Pazpabotumk:

[Ipodeccop xadenpsr /f— l/ﬂ

TEOPETHYECKOH (DH3HKH M HAHOTEXHOIOTUH B.M. IOpuenko

IIporpaMma y4eOHOM MMCHMIUTHHBI YTBEp)KICHA Ha 3aceJaHHH KaeIphl TeOpeTHUECKOH
(bH3UKK ¥ HAHOTEXHOJIOT Ui '
ITporoxon Nel5 ot «02» ampenst 2020 r.
"3aBenyromuii Kadeapoi

B.H.Baproxux

[IporpamMma y4eOHON MCIUILTHHEI 000peHa y4eOHO-MeTOIMYeCKOi KOMHUCCHeH (U3HKO-
TEXHHYECKOTOo (haKyIbTeTa
IIpotoxon Ne 5 ot «15» ampenst 2020 .

IIpencenarens yueOHO-METOIUYECKON
KOMHCCHH (paKyipTeTa B.H.Kotenko
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1.  OBJIACTb IPUMEHEHUSA U MECTO JUCIUIIVIMHBI B YYEBHOM ITPOLHECCE

«KBaHTOBasi ¥ ONTHYECKAas SJICKTPOHUKA» SIBISICTCS TUCHUIUIMHON BapUaTHBHON YacTH
[Tpodeccuonansroro bioka mo Hanpasnenuto noarorosku 28.03.03 Hanomarepuaisi.
Jus w3ydeHHs JaHHOW Yy4YeOHOW JUCHMIUIMHBI HEOOXOAWMBI 3HAHHS, yMEHUS M HaBBIKH,
chopMUpOBaHHBIE B Tpolecce u3ydeHus mnpeametoB «JluddepeHnnanpapie  ypaBHEHUSNY,
«AHaNMTUYECKass TEOMETpUS W JIMHEHHas anreOpa», «OCHOBBI MPOIECCOB MHUKPO U
HAHOTEXHOJOTUIY, «MarepualoBeicHHe HAHOCTPYKTYPHPOBAHHBIX MaTepuayioB», «KBaHTOBas
MEXaHUKa» Ha MPEAbIAyIIEeM YpoBHE oOpa3zoBanus. [losiyueHHbIE 3HAHHS HCHOJIB3YIOTCS
CTYJEHTaMH BO BpEMs BBIIIOJIHEHUS Y4€OHOM M IPOU3BOJICTBEHHOM NPAKTUKH, IPU HAIUCAHUU
BBIITYCKHOW KBaITH(PUKAIIMOHHOW PaOOTHI.

2.  CTPYKTYPA JUCHHUIIJIMHBI

Xapaxmepucmuka yueoHol OUCYUNIUHbL

Hanpasnenue noarotroBku 28.03.03 Hanomarepuabl
ITpoduns
OO6pazoBarenbHasl IporpaMma OakayiaBpuaT
Kpanuduxanms aKaJIeMUYeCKUid OaKaaBp
KonnuecTBo copepkaTenbHbIX MOTyIEH 2
Jucuummna 6a30Boii / BapuaTHBHOMN YacTh .
0Bpa30BATETbHOM TPOrpPaMMbI JTUCIUIIIMHA BapUATUBHON 4acTH
®opwmel kouTposist (MK, sk3ameH, 3auer) MK, 3auer
TMokasaten ouHas popma 3aouHas popma
00y4deHus oOyueHus
KonuyecTBo 3a4eTHBIX eAMHUIL (KPEAUTOB) 4 4
I'om moaroroBku 4 4
Cemectp 8
KonuuecTBo yacoB 144 144
- JTEKIIMOHHBIX 20 4
- IPAKTUYECKHIX, CEMUHAPCKUX 40 8
- 1a00paTOPHBIX
- CaMOCTOSITEIILHOM pabOTHI 84 132
B T.4. UHANBHAYAJIbHOE 3aJJaHKe

HenennHoe KOMHUYECTBO YacoB, 6 12

B T.4. ayJUTOPHBIX 6 12

3.  OINHUCAHHME JNCHUIIJIMHBI

Ileau u 3axaun

Iens - bopMupoBaHUe 3HAHUI U YMEHUN CTY/I€HTa B 00JIACTAX COBPEMEHHBIX METO/I0B, CPEJICTB U
TEXHOJIOTHI CO3JaHUsI HAHOCTPYKTYPHUPOBAHHBIX MAaTEPHUAJIOB.

3a0aua — W3y4YNTh COBPEMEHHBIE  METOJBI, CpPEICTBA W  TEXHOJOTMU  CO3JaHUs
HAaHOCTPYKTYPUPOBaHHBIX MATEPHAJIOB.

TpeOoBanus K pe3yabTaTaM OCBOEHMSl AMCHMIUIMHBI. [Iporecc M3ydyeHus AUCHUIUIMHBI
«KBaHTOBast M onTHYECKast DIIEKTPOHUKA)» HAIPaBIIEH Ha (OPMHUPOBAHUE DIIEMEHTOB CJIETYIOIIX
komnereHiii B cootBerctBUM ¢ ['OC BIIO JIHP no nampasnenuto noarotoBku 28.03.03
Hanomarepuansl ¥ OCHOBHOW 00pa3oBaTeNbHON MPOrpaMMbl BBHICHIETO MPO(EeCcCHOHATHLHOTO
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oOpazoBanus HanpasieHus noarotoku 28.03.03 Hanomarepuanisl.

a) oowexynomypnuix (OK):
CIOCOOHOCTBIO K CaMOOPraHu3aly U camooopasoBanuio (OK-7);
CHOCOOHOCTBIO K KYJbTYPHOMY MBIIUICHHIO, K 0000IICHNIO, aHATU3Y, BOCTIPUATHIO WH(OPMAIINH,
IIOCTAHOBKE IIEJIM U BBIOOPY myTeit ee qoctikenus (OK-10);

0) oowenpogheccuonanvuvix (OIIK):
CIIOCOOHOCTh HCIIOJIb30BaTh B MPO(ECCHOHAIBHOW NEATEIBHOCTH 0a30Bble €CTECTBCHHOHAYYHBIC
3HAHUS, BKJIIOYas 3HAHWS O TMpeAMeTe W OOBEKTax U3YyYeHHUs, METOJaX WCCIeA0OBaHNUSA,
COBPEMEHHBIX KOHIICTIIUIX, JOCTIKECHHUSIX U OTPaHUYCHUSIX €CTECTBEHHBIX HAayK (TIPEXIE BCETO
XUMHUH, OUOJIOTHH, SKOJIOTHH, HayK 0 3emiie u uenoseke) (OITK-1);

CIIOCOOHOCTH MCIOJIB30BaTh 0A30BBIC TEOPETHUYECKHE 3HAHHS (DYHIAMEHTAIBHBIX Pa3iesioB OOIIeH
U TeOpeTHYeCKOM (hu3uKu 115 perieHus npodeccuonanbubix 3amaa4 (OIMK-3);

CIOCOOHOCTh HCIIOJIB30BAaTh OCHOBHBIE METOJBI, CIIOCOOBI M CPEJICTBA IMOJYYEHHS, XPaHCHUS,
nepepaboTkr MH(MOPMALMK M HABBIKK PaOOTHI C KOMIIBIOTEPOM KaK CO CPEIACTBOM YIIPABIICHHS
undopmarmeit (OITK-6);

8) npogpeccuonanvuvix (I1K):
HAYYHO-HCCJICA0BATEIbCKAS M NPOCKTHAA JeSITeJIbHOCTD:
CIIOCOOHOCTh HCMOJIB30BaTh Ha TMPAKTUKE COBPEMEHHBIC IIPEICTABICHUS HAyK O CBOMCTBax
BCIIECTB M MAaTEPHAIOB MPU MEPEX0J€ HMX B HAHOPAa3MEPHOE COCTOSHUE (HOJIb, OJHO |
JIBYXMEPHOE), O BJIMSHUU pa3Mepa Ha CBOWCTBA BEIIECTB W MaTEpPHAIOB, B3aUMOJCHCTBUU
HAHOMAaTEPHAJIOB M HAHOCHCTEM C OKpyKaromieit cpenoit (ITK-2);

CIIOCOOHOCTh IPUMEHSATH HaBBIKU UCIIOJIb30BaHUSI (I10/1 pyKOBOJCTBOM) METOJ0B MOJIEJIMPOBAHUS,
OLIEHKH, TIIPOTHO3UPOBAaHMS W ONTHMHU3ALMU TEXHOJIOTMYECKHUX IPOLECCOB U  CBOMCTB
HAaHOMAaTEePHAJIOB, CTAHJAPTH3ALMH U CepTUHUKALIUU MaTeprasioB u npoueccoB ([1K-4);

B pesyabTare n3yuenus y4eOHON JUCHUILIMHBI CTYJCHT 0JZKECH
3Hamb:  DIEKTPOMArHUTHYIO  TEOPUIO  JUAIEKTPUYECKHX  BOJIHOBOJOB, 3aKOHOMEPHOCTH
pacrpocTpaHeHuss OOBEMHBIX M IMOBEPXHOCTHBIX BOJH B OJHOMEPHOM (DOTOHHOM KpHUCTaJlIe,
0CcOO0eHHOCTH (OPMHUPOBAHUSA (POTOHHBIX KPUCTAIOB, METOJbI MOJY4YEHHsI 3aKOHOB JIUCIEPCHUU
AJIEKTPOMArHUTHBIX MOJ], JOKaJIM30BAHHBIX B OJHOMEPHOM (DOTOHHOM KpHUCTajUle, MPUMEPHI
UCIIOJIb30BAaHUsl  MOJIYIPOBOJHUKOBBIX ~ TE€TEPOCTPYKTYp M (U3MUECKUX  IPOLECCOB B
HAaHOCTPYKTYPUPOBAHHBIX MaTepHaliax.
ymemp: TPUMEHSITh HA IMPAKTUKE 3HAHUS O 3aKOHOMEPHOCTSX pacHpOCTpaHEHUs OOBEMHBIX U
MOBEPXHOCTHBIX BOJIH B OJHOMEPHOM (DOTOHHOM KpHUCTajle, OCOOEHHOCTSIX (hOPMHUPOBAHUS
(OTOHHBIX KPUCTAJIIOB;
61a0emyp: METOAMH MOITYYEHHS 3aKOHOB JUCIIEPCUU JIEKTPOMArHUTHBIX MOJ, JIOKAJIM30BAHHBIX B
OJTHOMEPHOM (DOTOHHOM KpHCTaJLIE.

4.  COJEPXAHWE JACHUTIINHBI U ®OPMBI OPTAHU3AIIMY YYEBHOI' O
MPOLIECCA

HopsakoBbii

Kparkoe conepxkanue TeMbl
HOMep U TeMa

Cooeporrcamenvhotii mooyns 1 «Beedenue 6 meopuro onmuueckux 60J1H0600086»

Tema 1. BBeneHnve B TeOpHIO ONTHYECKUX BOJTHOBOJOB. ['eoMeTpuueckas OnTHKA
Ocobennoctu U | IUIOCKUX BOJIHOBOJIOB. BosiHOBomHBIE Monbl. CwmenieHue ['yca-XeHxeHa.
Kiaccuukanus D¢ dexTrBHAS TONIMHA BOTHOBOA.

00BEKTOB

ANEKTPOHUKHU.

Tema 2. YpaBHenuss MakcBesuia. BonHOBBIE ypaBHEHUs U1 IJIOCKUX BOJHOBOJOB.
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OcHoBBI OcobeHHOCTH MOJ IIJIOCKOTO BOJHOBOAA. BapuannonHas Teopema B
ANEKTPOMArHUTHOM | cllyyae AUAJIEKTPUUECKOTO BOJTHOBOIA.
TEOPHH
TUDIIEKTPHUYECKHUX
BOJIHOBOJIOB.

Coodeprcamenvhulit mooynv 2 «DomonHnble KPUCMATBLY
Tema 3. @OTOHHBIE  KPUCTAJUIBI:  OJHOMEpHBIC, JIByMEpHBIC, TpPEXMEpHBIE.
®doToHHBIE DOTOHHO-KPUCTAJUTMUECKHUE CTPYKTYPHI C HCIOJIB30BAHHUEM KUIKOCTHBIX
KPHUCTAJLIBI KPHUCTAJIOB
Tema 4. OObeMHbIE  JJIEKTPOMArHUTHBIE BOJHBL B  (OTOHHOM  KpHCTaJlIe.
OObemHbIe u | IloBepXHOCTHBIE AJIEKTPOMArHUTHHIE BOJHBI B (DOTOHHOM KpHUCTaJUIE.
MTOBEPXHOCTHBIE Paccesnusi cBera KpucTalIMyecKoW HaHomIeHKoOW. Ilpumepsr cymep-
BOJIHBI B | PELIETOK, HMX NPAaKTUYECKOE HCIONb30BaHue. JledeKkTHbIe CTPYKTYpHI.
OJTHOMEPHOM Bonnbl B orpaHuYeHHOMN CyTep-pemieTke..
(dhoToOHHOM
KpHUCTaJIe
Tema 5. Crektp BO3OYXIEHUH OJHOMEPHOTO (OTOHHOTO KpHCTaIa, ydeTa
Jlokanu3oBaHHble | AepekTOB ero cTpykTyphl. CHEKTp MNPOMYyCKaHUS OIHOMEPHOH cymep-
ANIEKTPOMArHUTHBI | PEIICTKH.
€ MOJBI U CIEKTp
MIPONYCKaHUS
OJTHOMEPHOTO
(hOTOHHOTO
KpHUCTaJIIA.
Tema 6. CrioHTaHHOE W3iIydyeHHe B (POTOHHBIX KpuCTaulaX. VIHTEHCHBHOCTH
CnonTannoe u3nydaemoro certa. [Ipumeps! hayopeclieHTHBIX CTPYKTYP
U3JIy4yeHue "
MJIOTHOCTh
AJIEKTPOMAarHUTHBI
X BOJH B ONTHKE
(hOTOHHBIX
KPHUCTAJIJIOB..
Tema 7. OcCHOBHbBIE THIIBI MOJYIPOBOJHUKOBBIX TeTepocTpykTyp. OcobeHHocTH
[TomynpoBOTHUKOB | (U3NYECKUX CBONCTB HHU3KOPa3MEpHBIX CHCTEM. buHoceHcopbl u ap.
13(S HaHOKOMIO3HTHI Kak OCHOBA (DYHKITMOHAIBHOM AJIEKTPOHUKH
reTepPOCTPYKTYPhI

u npulopbl Ha UX
OCHOBE.

TemaTnyeckuii njian

Coaep:xarejbHblii MOOYJb 1 «BBeieHHe B TEOPHIO ONTHYECKHX BOJHOBOI0B)

HasBanus coaep:kaTejbHbIX
MOJYJIel U TeM

KoauuecTBo 4yacoB
Ounas ¢popma 00y4eHuUs1 3aounasi popma oOGyueHust
B T.4. B T.4.
ol 8la | B el 21 a |5
s [a] o) 2]
) 2l 2|3 &5 8| o & T |8 &5 ¢
= E| 9| a|ls © = = Q Q|5 9
5 < O olm Y 2.2 5} S| O s} R S| 2.2
Q = =N = o < = O Q = ) = o < = O
2 2| 2| s|e s 8 = iz = s |8 al=s 8
O = Qo m 5 2 a | o m
E | 2| &0 B E w =} = oo 8|8 w
S| Q|2 E 5 S| Q|5 g
Q. o] < jas] (o < o] jas)
El BlO S = 5| o S




Tema 1. OcobcHHOCTH H

KJIaccupuKamms 00BEKTOB | 34 4 |10 20 20 20
ANIEKTPOHUKHU.

Tema 2. OCHOBEHI

DNIEKTPOMATHUTHON  TeOpUH | o | o | |0 22 o4 ) ) 20
JTUDJICKTPUIECKUX

BOJIHOBOJIOB.

Hmozo no

cooeprcamenvHomy mooyaro | 72 | 10 | 20 42 44 2 2 40
1

TemaTrnueckuii mian

CO)Iep)l(aTeﬂLHblﬁ MOJAYJ/Ib 2 «®OTOHHDIE KPpUCTAJJIbD»

KoanyecTBo 4acoB

Ounasi gpopma 00yueHHus1 3aouHas popma o0yueHust
B T.U. B T.4.
HasBaHus comepKaTeIbHbIX 2 g ”I|:°; o o 2| g Ié m =
MojyJeii u TeM °o| = | 8| 5|88 | =| 8| E|2E|SE
S| E|lg|c|sglgg 8| E| 2|¢c|5grs
"I B|E|EIS5EY | 8| E|&|5SES
R Sl 582853
= 8|8 7|8 B 8|8 7|E
Tema 3. doToHHEIE 14 > | 4 8 20 1 1 18
KPUCTAJLIIBI
Tema 4. OObemHble U
TIOBEPXHOCTHBIE ~ BOJHBI B ., | , | , 8 20 1 1 18
OJIHOMEPHOM (dboToHHOM
KpUCTaJUIe
Tema 5. Jloxanu3oBaHHEBIE
AJIEKTPOMArHUTHBIE MOJABI U
CIICKTP nponyckanus | 14 2 | 4 8 19 1 18
OJIHOMEPHOTO ($oTOHHOTO
KpHUCTaJIIa.
Tema 6. CrioHTaHHOE
W3IIy4eHHE M IUIOTHOCTH
DIIEKTPOMArHUTHBIX BOJNH B | 14 2 | 4 8 19 1 18
OIITHKE (hOTOHHBIX
KPUCTAJIJIOB.
Tema 7.
[TonynpoBoIHMKOBBIE 6| 2 14 10 99 5 20
reTepOCTPYKTYPHI U MPUOOPHI
Ha UX OCHOBE.
Hmozo no modynio 72 | 10 | 20 42 100 | 2 6 92
Bcezo no oucyunnune 144 | 20 | 40 84 144 | 4 8 132
5. METOAMYECKHUE PEKOMEHJIAIIUUA JJ151 ITPOBEJIEHU I
JEKIIMOHHBIX, MPAKTUUYECKHUX U JIABOPATOPHBIX 3AHSITUM
TeMbl JeKIMOHHBIX 3aHATHH
|M) | Ha3zeanue memot Konuuecmeo




n/n uacoe
1 |Ocobennoctu u KnaccupuKayst 00bEKTOB HIEKTPOHUKH. 4
2 |OCHOBBI 3IEKTPOMATrHUTHON TCOPUH TUAICKTPUICCKIX BOITHOBOJIOB. 6
3 |®oTOoHHBIC KPUCTALIBI 2
4 |O0BeMHBIE ¥ TOBEPXHOCTHBIC BOJIHBI B OJJHOMEPHOM (DOTOHHOM KPHCTAILIE 2
5 |[lokanu3oBaHHBIE DSJICKTPOMAarHUTHBIE MOJBI M CIEKTP MPOMYCKaHUs 2
0JIHOMEPHOTO (POTOHHOTO KpUCTAILIA.
6 |CroHTaHHOE W3ITyYeHUE U TUIOTHOCTH SJEKTPOMATHUTHBIX BOJIH B ONTHKE 5
(OTOHHBIX KPUCTAILIIOB.
7 |[TosympOBOTHUKOBBIE TETEPOCTPYKTYPHI M MPUOOPHI HA MX OCHOBE. 2
BCEI'O 20
TeMbl NIPaKTHYECKUX 3aHATHH
Ne Konuuecmeo
i Ha3zeanue memut wacos
1 |Ocobennoctr u KnaccupuKaIys 00bEKTOB AIEKTPOHUKH. 10
2 |OCHOBBI JIEKTPOMarHUTHON TEOPUH AUDIIEKTPUUECKUX BOITHOBOJIOB. 10
3 |®oToHHBIC KPUCTAILIBI 4
4 |O0BbeMHBIE ¥ TOBEPXHOCTHBIC BOJIHBI B OJJHOMEPHOM (DOTOHHOM KPHCTAILIE 4
5 |[lokanu3oBaHHBIE DJJIEKTPOMATHUTHBIE MOJBl U CIEKTP HPOMYCKAHUS 4
0JTHOMEPHOTO (H)OTOHHOTO KPHCTAJLIA.
6 |CroHTaHHOE M3ITydeHUE W IUIOTHOCTH AJICKTPOMArHUTHBIX BOJH B OINTHKE 4
(OTOHHBIX KPUCTAJLIOB.
7 [llomynmpoBOJHUKOBBIE TE€TEPOCTPYKTYPHI M MPUOOPHI HA KX OCHOBE. 4
BCEI'O 40
6. METOJUYECKHUE PEKOMEHIAIIUU 11O OPTAHU3AILIUA
CAMOCTOSATEJBHOHN PABOTHI CTYJIEHTOB
Opranunsanus CaMOCTOSITEIbHON Pa00ThI CTYICHTOB
Ne Konuuecmeo
i Ha3zeanue memot wacos
1 |[B3aumopelicTBUE  DIEKTPOMArHUTHOTO U3Iy4eHHS C aTOMaMH W
MOJICKYJIaMH. DHEPTETUYECKUE COCTOSIHUSI aTOMOB M MoJieKyJ. KBaHTOBBIE
yycia. CHUMBOJIMKA SHEPreTHUYECKUX COCTOSIHMI aTOMOB. MomeKyssipHbIe
ypoBHH. Bpararenbabie u KojiebaTebHbIe YpOBHU. KBaHTOBBIE TTEPEXOIBI.
BepositHocTh nepexoaa. CrioHTaHHOE M UHIYIIUPOBAHHOE U3JIyYECHHE. 20
Kosddumuentsr  DitHmITEHHA.  YIIUPEHWE  CIEKTPAIbHBIX  JIMHUM.
YiupeHnue cnekTpaibHbIX JUHUNA. Mexanu3Mmsel ymupenus. OTHOpPOIHOE U
HEOHOPOIHOE yIupeHnne. Paccesnue cera. ONTUUeCKUe XapaKTEPUCTUKU
BelecTBa. KoMmriekcHsli noka3arens npenomiienus. [lokazarens
nornomenus. Cootnomenus Kpamepca-Kponunra.
2 |Ycunenue u reHepanys SJIEKTPOMArHUTHOTO U3ITyUCHUS. 99

/IByX-, TpeX-, U 4EeTBIPEXypPOBHEBbIE CXeMBbI PaboThl. Pe3oHaTopsl. YcinoBue




ycTtolunBocTd. HeycroiuuBele  pe3oHaTtopel. Meroasl  MOAYJISLAU
noOpoTHOCTH.  CHHXpOHHM3AIMsI MOJA U CBEPXKOPOTKHE Ja3epHbIe
MMITYJIbCBI.

3 [lazeprr.O0IIas xapakTepucTUKa U OCOOCHHOCTH TBEPAOTEIBHBIX JIa3€POB.
AKTHBHBIE MaTepuanbl. TpeOoBaHuS K Marpunam. TpeOoBaHus K
akTUBaTopaM. PyOmHOBBIM mazep. Jlazepsl Ha KpUCTaUIax W CTEKIAX,
AKTHBUPOBAHHBIX HEOJAUMOM. TBepAOTEIbHBIC IEPECTPAUBAEMBIE JIa3€Phl.
OcoOeHHOCTH KBaHTOBBIX npuOopoB paguonMana3oHa.
[TomynpoBoHUKOBBIE Ja3epbl. Jlazepsl Ha JABOMHBIX T'€TEPOCTPYKTYpaX.
Jlazepbl ¢ pa3fesbHBIM ONTUYECKUM U 3JIEKTPOHHBIM OIPAaHUYEHHEM.
Jlazepsl ¢ HCMONB30BaHHUEM KBAaHTOBO-pa3MepHbIX 3¢ dekToB. [TonockoBsie
reTeposiazephl. lerepomasepbl ¢ paclpeneleHHOW OOpaTHOM  CBSI3BIO.
[lepecTpanBaemblie noaynpoBoaHuKkoBbie MK-nazepsl.

4 |luneiinas kpucrajuioonTuka. HemuHelHas onTuka.

TeH30p AMAIIEKTpUUYECKOM MpoHMIAaeMOCTH. lIpoxokaeHue cBera uepes
rpaHuily pasgena AByX cpea. OcoOEHHOCTH pAacIpOCTpaHEHHs CBETa B
TOHKUX CJIOSiX. ['eHepanus rapMOHUK. YclioBUE (Da30BOro CHHXPOHU3MA.
[TapameTpuueckoe npeoOpa3oBaHue U MapaMeTpUuecKas reHepalus CBETa.
MoaynsTOpbl JIa3€pHOr0 H3IYYEHHUS. DJIEKTPOONTHYECKUE MOIYJISATOPHI.
AGCOPOIIIOHHBIE MOZYJISTOPBL. AKYCTOONTHYECKHAE MOIYJISTOPHI CBETA.
[TaccuBHBIE 3aTBOPHI. MeTOABI CKAHUPOBaHUs cBeTa. JlehaeKTopHl.

5 |OnTuueckue  SBJACHHST B OJHOPOJIHBIX  MOJYNPOBOJHUKAX |
rerepocTpykTypax CBoicTBa rereporepexonoB. IhdeKT oIaHOCTOpOHHEH
WHKeKIK. DPPexT cBepxumkeKknuu. IYPEKT MUPOKO30HHOTO OKHA. 8
BomnoBogubiii  adexr.  Dorosnextpuueckue  dPexTsl B P-N
reTepornepexoiax U B BAPU30HHBIX CTPYKTYpPaXx.

6 [[lonynpoBOAHUKOBBIE (POTONPHUEMHUKH U  NPHOOPHI YIIpaBIECHUS
onTHueckuM u3nydeHueM. dDoromuonpl. P-i-n poTomamonsl M JaBHHHBIC
¢doronuonel.  dorosnekTpudyeckue — mpeodpazoBaTeIM  COJHEYHOIO 8
M3ITyYEHUSI.

7 |OnTtuueckue MeTobI Niepeauu U 00paboTKK HHPOpPMAIUK.
DJIEMEHTBl MHTETPaIbHON ONTUKHU. TOHKOIJIEHOYHBbIE BOJHOBOABL. CBS3b
MeXIy BoJHOBojgaMu. OmnTtuyeckas OuctadbmibHOCTh. HampaBieHHBIE

OTBETBUTENU. TOHKOIJIEHOYHbIE MOIYJISATOPBI, (PUIBTPBI, MEPEKIIOUaTENH, 10
IETEKTOPBI
BCEI'O 84

7. NHAUBUAYAJIBHBIE 3AJIAHUS (re npedycmompeno pabouum nianom)

8. KOHTPOJIbHBIE BOITPOCHI K MPOMEKYTOYHOM ATTECTAIIUA

1. HaHocTpykTypupoBaHHble MaTepHalbl M HX HCIOJIb30BAHME B  ONTORJIEKTPOHHKE.
OcobeHHoCTH U KJTacCU(PUKALHS O0BEKTOB AICKTPOHHUKH.

2. VYpaBHenuss MakcBemsia B ciydae OTCYTCTBUSL 3apsiioB M TOKOB Ha MOBEPXHOCTHU
JURJIEKTPUYECKOTO BOJTHOBOLY.

3. Tunel BomHOBOAHBIX MoJ1. CMmemienue ['yca-Xenxena.

4, BapI/IaI_[I/IOHHaH T€OpEMa B CiIydac JUIJICKTPUUCCKOro BOJTHOBOJA.
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S. BonHOBBIE ypaBHEHMS 1 IUTAHAPHBIX CTPYKTYP.
6. @OTOHHBIE KPUCTAJUIBI: OJHOMEpHBIC, IABYMEpHbIC, TpexmepHble. llpumepsr (HoTOHHO-
KPUCTAJZIMYECKUX CTPYKTYP C HCIIOJIB30BAHUEM KUAKOCTHBIX KPUCTAJLIOB.

9.  OBPA3EIl MOAYJIBHOT'O KOHTPOJIA
(obpaszey eapuanma u kpumepuu oyeHUBAHUSL)

IOy BIIO «JIOHEIIKMI HAIIMOHAJIbHBIN YHUBEPCUTET»
dakynbTeT PUHKO-TEXHUUECKUMA

Hanpasnenue noocomosxu:  28.03.03 HanomatepuaJibl

Ipogpunn:

Ipoepamma noocomosxu: oakanaspuam

Cemecmp 8

Vuebnas oucyuniuna Ksanmosasn u onmuueckasn 3nekmponuxa

MOAYJIbBHAA KOHTPOJIBHAS PABOTA
BAPUAHT Nel

1. Tume! BOJHOBOIHBIX MO,

2.YPaBHeHI/IH Makcgenna B ClIy4ac OTCYTCTBHA 3apssAOB W TOKOB Ha ITOBEPXHOCTU
JAUBJICKTPUYICCKOI'O BOJIHOBOAA.

3.CDOTOHHO- KPpUCTANINYCCKUC CTPYKTYPhI C UCITIOJIB30BAHUEM KUJIKOCTHBIX KPUCTAJIJIOB.

YTBEepKIIEHO Ha 3aceaHnu Kadeapbl TECOPETUICCKOHN (PU3HKKM U HAHOTEXHOJIOTHH,
poTOKOJ Ne OT «__» 20 T

3aBeayromuit kadeapoit

IIpenonasarens
Kpurtepun oueHnBanus MOAYJIbHOT0 KOHTPOJISI
Homep 3a0anusn Konuuecmeo 6annos
3amanue 1 10
3ananue 2 10
3aganue 3 10
Bcezo 30
10. OBPA3EIl DK3AMEHAIIMOHHOI'O BUJIETA
Teopemuueckue 6onpocwl K 3auenty
1. KaxkoB nuamnaszoH CHeKTpa ONTUYECKOTO U3ITYICHUS.
2. Kaxoii cBeT Ha3BIBAIOT TUIOCKOTIOJISIPH30BAHHBIM.
3. UTto Takoe CTaTUCTUYECKH BEC yPOBHSI.
4. Yto TaKkoe HACEJICHHOCTh YPOBHSI.
5. Kaxkue nepexo/ bl MPUHITO HA3bIBATh ONTHYECKHMH.
6. Kaxk BbI MOHUMAaeTe CIIOHTAHHBIN KBAHTOBBIN TIEPEXO/T.
7. Kak Bbl MOHUMAETE BHIHYKICHHBIA KBAHTOBBIN MEPEXO/I.
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10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
217.
28.

29.
30.

31.

32.

33.
34.
35.
36.
37.
38.

39.
40.

41.

42.

43.
44,
45.
46.
47.
48.
49.
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Yo Takoe BEPOATHOCTH CIIOHTAHHOI'O UCITYCKAHHUS U KaK €€ BBIPAa3HTh.

YT0 Takoe BEpPOSATHOCTD BBIHYKJIECHHOTO UCIIYCKAaHUs U KaK €€ BBIPA3UTb.

[ToueMy BBIHYKIEHHOE U3IIyYEHUE SIBIIAETCSA KOTE€PEHTHBIM.

UYTo Takoe pa3pelICHHBIE U 3aIIPEILCHHBIC KBAHTOBBIC IIEPEXOBI.

Yo Takoe HACEIEHHOCTh JHEPIETUYECKOIO YPOBHSI.

UYt0 Takoe BpeMs JKU3HU SJHEPreTUYECKOTO YPOBH.

KakoBa cBs3p Mexny Kod(pduIMeHTaMu DWHIITEHHA A BBIHYXAEHHOIO IOIVIOIIEHUS U
BBIHYKJICHHOI'O UCITYCKAaHMS.

BrIpasuTte 3aK0H 3aTyXaHHs MOILIHOCTH CIIOHTAHHOTO U3J1y4CHHUS.

Kaxkue nmapameTpsl XapakTEepU3yIOT OITUHYECKUE CBOMCTBA BELIECTBA.

Uro BeIpakaeT 3akoH byrepa-JlamGepra.

YT0 TaKoe CIEKTP ONTUYECKOTO MOTIIOIICHHS BELIECTBA.

Kakoe cocTosiHue BelecTBa Ha3bIBalOT HUHBEPCUEH HACEIIEHHOCTH.

Kaxoi nporecc Ha3bIBatOT ONTHYECKOW HAKAYKOM.

Yro co0oii mpeacTaBiseT akKTUBHAs KBAaHTOBAs cpejia.

[Tepeuncnure Hanboee pacpoCTpaHEHHBIE METO/Ibl HAKAYKH.

Kak BbI IpeicTaBiIsieTe OTPULIATENBHYIO TEMIIEPATYPy B KBAHTOBOM CUCTEME.

Ilouemy B 1ByXypOBHEBOI CXEME B CTALIMOHAPHBIX YCIOBUAX HEJIb3S

JIOCTUYb MHBEPCHOM HACEIEHHOCTH, HUCIIOJIb3YI0 ONTHYECKYIO HAKAUKY.

Kako# MeTo1 HakauyKy MO3BOJISIET B IBYXYPOBHEBOU CXEME JOCTHYb

VMHBEPCHON HACEJIEHHOCTH.

JByx-, TpéX- M YETBIPEXYPOBHEBAs CXEMBbI JIA3€POB: BO3MOXHOCTH pealM3aluH,
JIOCTOMHCTBA U HEJOCTaTKU.

Yro Takoe nMoporosas IJIOTHOCTh HAKAYKH I10 UHBEPCHUU.

Kakue cucrembl HauOosiee BBITOAHBI JUISL CO3JAaHUS HWHBEPCHOW HACEJICHHOCTH B
TPEXYPOBHEBBIX CUCTEMAX.

Onummre mnpoueccl MHBEPCUM HACEIEHHOCTH M TEHEpPAllMM B TPEXYPOBHEBOM cXeMme
paboThl KBAHTOBOI'O YCHUITUTEIIS.

Onummre mpoueccsl HHBEPCUM HACEICHHOCTH M I€HEPALUH B UYETBIPEXYPOBHEBOM cxeme
paboThl KBAHTOBOI'O YCHUITUTEIIS.

Kak MOXHO yCHIIUTEINb N3ITy4EHUs IPEBPATUTh B TEHEPATOP.

Kakue Tpu 00s13aTeNnbHBIX CTPYKTYPHBIX 2JIEMEHTA COAEPKUT OJI0K-CcXeMa JIF000ro j1a3epa.
[To kakMM pU3HAKaM IPOBOJUTCS B OCHOBHOM KJIacCH(PMKAILKS CYLIECTBYIOIINX JIa3€POB.
Kak ocymecTBisiercs mosnoxurensHas oOpaTHas CBA3b B Jiazepe.

Yro Takoe Moza nasepa.

Kakyro ¢QyHkuuio BBIIONHSAET Ja3epHbI pe3oHartop. Ontuueckuit pesoHarop. Kakoit
PE30HATOP HA3bIBAIOT YCTONYMBBIM, HEYCTOMUUBBIM, OTKPBITHIM.

YT0 Takoe KOrepeHTHOCTh, HAIPABIEHHOCTh, MOHOXPOMAaTHYHOCTb JIA3€PHOTO U3TyYEHUS.
[ToueMy MPOUCXOUT YIIUPEHUE CIIEKTPATIBHBIX JTMHUHN MOTTIOLIEHNS (M3y4YeHNUs1) BEeleCTBa
B CHUJIBHBIX IOJISX.

Tunuynoe BpeMs KU3HU I Pa3peLIEHHOIO JJIEKTPOIUIIONBHOIO IEpexoja B BUAMMOM
nuana3zone ~10 Hc. OIEHUTHh €CTECTBEHHYIO IIMPUHY JIMHUM PEHTTEHOBCKOIO Jia3epa,
U3ITydaromniero B quanazone 10 HM.

HomnepoBckas mmpuHa jguHun 500 MI'm. Onenka BpemeHu >xu3Hu ypoBHa 10-8 c.
IIpensioKuTh METOT N3MEPEHMS IIIMPHUHBI JIOPEHIEBCKOTO KOHTYpA.

IlepeunciiiTe OCHOBHBIE BUBI TIOTEPh DJHEPIUH B ONITUYECKUX PE30HATOPAX.

Yto Takoe JOOPOTHOCTH JIa3epHOTO pe30HaTOpA.

TBepaoTenpHbIN Ja3ep.

Nounblii nazep.

MonexkynspHbIi na3ep.

XUMUYECKUH Jazep.

I"a30BbIii J1a3ep.
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50. ITorynpoBOTHUKOBBIH J1a3ep.
51. JIazep Ha CBOOOIHBIX 3JEKTPOHAX.
52. THXeKIMOHHBIH J1a3ep.
53. Kakue na3epsl Ha mapax MeTajuia BBl 3HAETE.
54. Uto Takoe reteposiazep 1 Kak OH YCTPOECH.
55. Kakue TUIbI )KUJKOCTHBIX J1a3€pOB BbI 3HACTE.
56. Uto Ttakoe BosiHOBOA. Kak mpoucxoauTt kaHalu3auus 3JeKTPOMAarHUTHON BOJIHBI B IJIOCKOM
BOJIHOBO/IC.
57. Uto Takoe BOJIOKOHHBIHM cBeTOBOJI. Kak Moy4uTh BOJIOKOHHBINA CBETOBO/I.
58. CBoiicTBa BOJIOKOHHOTO CBETOBO/IA
3aueTHas paboTa BKIIOYACT TPH 33JaHUS, 32 KOTOPBIE CTYJEHT MOXKET MoIyduTh max 50
0auoB.
Kpumepuu oyenueanus 3auema

Homep 3a0anusn Konuuecmeo 6annoe
3amanue 1 15
3aganue 2 15
3amanue 3 20
Bcero 50 6an10B

11. KPUTEPUU OLIEHUBAHUSA

I[To xypcy «KBaHTOBass © ONTHYECKAash JJICKTPOHUKA» IPEAINOJIAraeTCsl MPOBEICHUE
HpOMe)Ky’TO‘IHOﬁ arrécrauyi B BHUAC MOIAYJIBHOI'O KOHTPOJIS, BBIIIOJIHCHHC I/IHI[I/IBI/I[[yaJIBHOI;'I
paboThI U 3a4eTa. 3aUeT CIAI0T CTYICHTHI C IEIBIO MTOBBIIICHUS! PEHTHHTA.

Pacnpeodenenue 6annos, Komopvie Mo2ym noay4ums CHyoeHnvl
6 npoyecce uzy4eHus OUCUUNIUHDL

Opranu3annoHHO CPC Bcero
yueonas pabora NupuBuayanbHas | MoayabHbIA KOHTPOJIb
CTyIEeHTa paGora
max 10 6amioB max 10 6amnos max 30 100
0aioB
LlIxana coomeemcmeusn 6ani06 HAYUOHATLHOU WIKATle
Ouenka Ouenka no OueHka 1o rocyapcTBeHHOM LIKAaJIe Ouenka no
no mxkaJje | 100-6amibHoM (3x3amen, 1uddepeHuMpPOBaAHHBIN 3a4eT) roCy/iapCcTBeHHOM
ECTS IKaJe 1KaJje (3a4er)
A 90-100 5 (OTIUYHO) 3a4TE€HO
B 80-89 4 (xoporio) 3a9TEHO
C 75-79 4 (xoporo) 3a4TE€HO
D 70-74 3 (yIOBIETBOPUTEIHHO) 3a4TE€HO
E 60-69 3 (yIOBJIIETBOPUTEIBHO) 3aYTEHO
FX 35-59 2 (HeYIOBJIETBOPUTEIHLHO) HE 3a4TEHO
C BO3MO>KHOCTBIO ITOBTOPHOM cauu
F 0-34 2 (Hey10BJIETBOPUTEIHLHO) HE 3a4TEHO
C BO3MO>KHOCTBIO TTIOBTOPHOM C/Ia4¥ MPH YCIOBHU
00513aTeIbHOr0 Habopa JONOJIHUTENBHBIX 0aJIOB




12

12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE YYEBHOI'O NTIPOLHECCA

JIeKIIMOHHBIE U TPAKTUYECKHUE 3aHATHUS 10 yUeOHOU aucuuruimHe «KBaHTOBast M ONTHYECKAs
9JICKTPOHHUKA» TPOBOJATCA B ydeOHOUW saboparopuun  Ne016 «®Duszuka MOTYNPOBOTHUKOBY.
Jlaboparopus ocHaIlleHa KOMIUIEKTOM y4eOHOW MeOenu Ha 18 mocamodHbIX MecT, (hioMacTepHOH
nockoi, 1 HOyTOyK C JTUIEH3MOHHBIM MPOTrpaMMHBIM OOecrieueHrueM, T0CTynoM k cetu VHTepHer,
1 MynpTUMeaUIHBINA TIPOEKTOp, 1 AKpaH nepeHocHoi, 1BaxkyymHbIi yHuUBepcanbHbli noct -2K, 1
®dopBakyymubiii Hacoc, 1 Cnexktpomerp CM - 4A. B yueOHOW nmabGopaTtopun «IJIEKTPOHHOU
MuKpockormun» Ne313, o0opynoBaHHONW KOMIUIEKTOM Y4eOHOM meOenu Ha 6 MOcaJouHBIX MECT,
KOMIUIEKT palouero mecra ImpernojaBaTens, | HOYTOyK C JIMLIEH3MOHHBIM IPOTrpaMMHBIM
oOecnieueHuneM, A0CTynnoM K cetu MHTepHer, 1 DnekTpoHHbI MUKpockon BakyyMHbIH-100JIM, 1
Mukpockon — Mertauiorpadguueckuii-7, 1 Bakyymmerp HOHM3aIMOHHO-TepMomnapHbii-2All,
1 BakyyMHBIi1 yHUBEpCaJIbHBIH 110CT-4.

CamocTtosaTenbHas paboTa CTYIEHTOB MPOXOAMT B YHUTAIBHOM 3ajie  CIPAaBOYHO-
oubmuorpaduueckoit mHDopmammonHoi padoter (aym. Ne 102: r. [omeuk, mp. ['ypoma, 6),
MOMEIIEHUE OCHAIICHO KOMIUIEKTOM yueOHOW MeOenu Ha 23 mocaJoyHBIX MECTa, KOMIIBIOTEp B
kommuiekte (1 1mr); B 3anme anekrponHou wuHpopmarmu (Jouneuk, np. ['yposa, 6, Ne 104-a.).
[TomelieHue OCHAIIEHO KOMIUIEKTOM YyueOHOM MeOenu Ha 40 MocajiouHbIX MECT, KOMIIBIOTEp B
KOMIUIEKTE (6 1T);

13.  PEKOMEHJIOBAHHAS JIUTEPATYPA

Koa-Bo Haanuumne

Ne IK3EMILIAPOB | JJIEKTPOHHOM
HaumenoBanue

n/n B On01MoTeKe BepCUM B

JlonHY 9bC

Ocnognas numepamypa

1. [Tuxtun, A. H. OnTudeckas 1 KBaHTOBasi MIEKTPOHMKA :
VYueb. st BY30B M0 HampaBlIeHUIO "DIEKTPOHUKA U
Mukpossiektponuka" / A. H. Iluxtun. - M. : Beicun. k.,
2001. - 573 c.
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2. I'pebneB, A. K. OnNToa/meKTpoHHBIE 3IIEMEHTB H
ycrpoiictea / A.K. I'pebnes, B.H. TI'punun, B.IL
Hmutpues ; Iloxg pea. FO.B. I'ynsesa. - M. : Paguo u
CBs3b, 1998. - 336 c.

3. Bepemarun, U. K. Beenenue B ontoanexkrponnky / U. K.
Bepemarun, JI. A. Kocsuenko, C. M. Kokun. - M. : 3
Breicmi. mk., 1991. - 191 c.

4, MapTbIHOB, B. H. [TonmynpoBoaHUKOBast
OITO3JIEKTPOHUKA : Yuel. mocodue i CTyJeHTOB BY30B,
oOydJaroni. 1O  HampaBlICeHUIO  "DJIEKTPOHHKA U
MHUKPO3JIEKTPOHUKA" CHELMAIBHOCTH 2
"MUKpO3JIEKTPOHUKA U MOIYIPOBOJIHUKOBBIE TPUOOPHI" /
B. H. Maprtsinos, I'. K. Konsnos. - M. : MUCHC, 1999. -
399 c.

Jonoanumenvnas numepamypa

5. Hanomarepuanbl, HAHOMOKPBITHSA, HAHOTEXHOJOTHH:
[yueb. mocobue] / [H. A. Azapenkos, B. M. Bepecues, A.
M. Torpebusik u np.]; XapbkoBckuid Hail. yH-T uM. B. H. 1
Kapasuna. — Xapekos : XHY um. B. H. Kapasuna, 2009.
—209 c.
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6. TepexoB C. B. ®usnka HaHOOOBEKTOB: [ydeOHOE
nocobue] / C. B. Tepexor, B. H. Baproxun; 'OY BIIO 1 +
«louHY» - Nonenxk: JonHY, 2013. — 418 c.

7. HanorexHonmoruu u crenuaibHble MaTepHalbl: y4del.
nocodoue s CTYACHTOB BY30B, OOYYarOIIMXCS I10
HarpaBjeHuto nmoaroroBku 140140 - TexH. ¢usmka / 1O. 1
[1. Connues, E. U. Ilpsaxun, C. A. Bonorkanuna, A. I1.
IlerkoBa ; mom pea. HO. II. ConuueBa. - CaHkT-
[TerepOypr: Xumuznar, 2009. — 334, [1] c.

14, HUHO®OPMALMNOHHBIE PECYPCbI
http://donnu.ru/ — caiit JlouHY.
http://library.donnu.ru/ — caiit 6ubauorexu

15. IMMPOI'PAMMHOE OBECIIEYEHUE
1. Windows 7 PRO (xopmnioparusnas nunensus JOHHY Ne 46484614);
2. Microsoft Office (kopnoparuBnas muuen3us JJOHHY muuensus Ne 46472919);
3. Microsoft Visual Studio (siumensus nporpamMmel DreamSpark [ist BbICIINX y4eOHBIX 3aBEICHHIA);
4. Jlmnen3uun GPL, Apache, BSD mis cBo6ogHOTO miporpamMmMuoro obecnedenus: FreeLab, Scilab,
Free Pascal, AutuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF

PaGouass mnporpamMma paccMOTpeHa U IepeyTBepXkJIeHa Ha 3aceJaHuu  Kadeapsl
TEOPETUYECKON (PM3UKU M HAHOTEXHOJIOTHI ¢ M3MEHEHUsAMU (0e3 m3MeHenuii) Ha 20 TOJI.
[Tpotokom Ne or“ 7 20 T
3aBenyromuii kageapoit

Pabowyas nporpamMa paccMOTpeHa M IepeyTBEpXKAE€HAa Ha 3acelaHuM  Kadeapsl
TEOPETUYECKON (M3UKU U HAHOTEXHOJIOTHH ¢ M3MeHEeHusIMU (0e3 u3meHenuii) Ha20  rog.
[Tporoxosn Ne or“ 7 20 1.
3apenyrouuii kadeapoit
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