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1. MecTo 1 neab TMCUMIIMHBI B cTpyKType OITOII

Hucuummuaa «HaHopu3nka W HAaHODJIEKTPOHUKA» OTHOCHUTCS K YHUCHY O1eKMUBHbIX
JTUCITUTUINH 00pa30BaTeIbHOTO KOMIIOHEHTA MPOrPaMMBbl aCTIUPAHTYPHl U U3ydaeTcs Ha 2 TOIy
00yueHus B 4 cemecTpe.

eas AMCHMIIMHBI —

[ensimu ocBoeHust AMCUUIUIMHBI "' HaHOAIEKTpOHUKA " SIBIIAIOTCA CIICIYIOIIHE.

e lI3yueHue PU3NIECKUX OCHOB MIEMEHTOB M MPUOOPOB HAHOIICKTPOHUKHU, IPUHIIUIIOB HX
MOCTPOCHUS, MEXaHU3MOB TOKOTIEpEHOCa, PU3NYECKUX U TEXHOIOTHUECKUX OTPaHUICHHIA
MpE/IeNIOB YMEHBIICHUS Pa3MepPOB, BO3MOKHOCTH YBEIMUYEHUSI YACTOTHOTO TMIpeelia
OBICTPOICUCTBUSI.

e ®dopmupoBanre y OOydYaIONMUXCS YMEHHA W HABBIKOB, HEOOXOIUMBIX IJISi ONTHUMH3AIUU
(bu3HYECKUX MPOILIECCOB M KOHCTPYKIIMH MPUOOPOB HAHOIIEKTPOHHUKH.

e [lonyuyenue yriayOieHHOro HpogecCHOHAIBLHOIO O0pa3oBaHUs MO (U3HMKE U HACOJIOTUU
AIIEKTPOHHOMH KOMIIOHEHTHOW 0a3bl, 00ECHEeunBaIONIET0 BO3MOXXHOCTH OBICTPOTO |
CaMOCTOSITEJIbHOTO ~ MPHOOpPETeHHs HOBBIX 3HAHWH, HEOOXOAMMBIX Ui  YCIEUIHOH
npodecCHOHATIBHOMN 1eATEIbHOCTH B 00J1aCTH MUKPO- U HAHOZJIEKTPOHUKH.

2. Ilnanupyemble pe3yabTaThl 00y4eHHUs MO AUCHUIIUHE

BLIHYCKHI/IK, OCBOUBIINN nporpammy, J0JIKCH

3HaTh:

- OCHOBHBIC pe3yHbTaTLI TeOpeTI/ILIeCKI/IX nu 3KCHepI/IMeHTaﬂbHLIX I/ICCJ'IC[[OBaHI/Iﬁ B O6J'IaCTI/I
HAHODJIEKTPOHUKHU

- 0a30Byr0 HH(OPMAIHIO, COBPEMEHHYIO HAay4YHYI0, TEXHHYECKYI0 M MATCHTHYIO JUTEpaTypy B o00jacTu
HAHORJICKTPOHHKH.

YMeTh:

- IPUMEHSTh 3HAHUS TEOPETHUCCKUX it AKCIIEPUMEHTATBHBIX HCCIIeJOBAHUM B obactu
HAHORJICKTPOHUKH

- KPUTHYECKH OIICHHWBATh, AHAJIM3HPOBATh, MPHUMEHATH 0a30BYH HH(OPMAIMIO, COBPEMEHHYIO HAy4YHYIO,
TEXHUYECKYIO M TATEHTHYIO JIUTEPaTypy H MOMOIHATh HAyYHBIC 3HAHUS B 00JIaCTH HAHOAJIEKTPOHHUKH.

Baaners:

- MeTOHOHOFHeﬁ TeOpeTI/I‘IeCKI/IX nu 3KCHepI/IMeHTaHLHLIX I/ICCJ'ICJIOB&HPII?I B O6J'IaCTI/I
HAHOAJIEKTPOHUKHU

3. CTpykTypa U coaep:kaHue TUCUMIINHBI.

O0bem AUCIUTUTMHBL (MOYJISI) COCTABISET 2 3.€., BCEro - /2 4aca, U3 KOTOphIX 36 4acoB
COCTaBIISIET KOHTAKTHAsl paboTa 00yJaromerocs: ¢ mpenoiaBareyeM (3aHATHS JIEKIIMOHHOTO THITA
— 36 gacoB), 36 9acOB COCTaBIISET CAMOCTOSATEIbHAS paboTa 00yJaroIerocs.



CTpyKTypa AU CUHNIHHBI

Taoauna 2
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1. BBenenue 4 2 2 2
2. [Tapametpsl 2 2 2
OBICTPOACHUCTBUS,  YCHJICHUS, 4
SHEPTUH MEePEKITIOUEHUS
TPAH3UCTOPOB
3. [IpunnunuamsHbIE 4 4 4
(dbuznveckue ng
TEXHOJIOTHYECKUE
OTpaHUYEHUSI.
4. I'erepocTpyKTypHBIE 8 4 4 4
TPaH3UCTOPBI
5. AHaOroBble TPaH3UCTOPBI 8 4 4 4
6. TpaH3UCTOPHI HA KBAHTOBBIX 8 4 4 4
s dexTax
7. OOHORIEKTPOHHKA 8 4 4 4
8. YrnepoaHble HAHOTPYOKH 8 4 4 4
9. CiuHTpOHUKA 8 4 4 4
10. DnexkTpoHMKa Ha OCHOBE 8 4 4 4
addexra [IHxozedcona
HpOME)KyTO‘lHaS[ aTTrecTalusg. 3a4CT
| Mroro | 72 | 36 | | 36 | 36
Tabmuua 3
Conep:xanue IMCUMILIHHBI
N Haumenosanne Conep:xaHue paszaeiia np:)]:)el;lneqzuﬂ T:I])(())’[l::/::ll“o
n/m | pasjgena JUCHMILUIMHBI «
3aHATUSA KOHTPOJIsA
1. Beenenue OcHoBHbIE mapaMeTpbl KadecTBa U | Jlekuuwu, 3auér
TEHJICHIIMU PAa3BUTUS  DJIIEMEHTOB | MIPAKTUUYECKHE
HaHORJIEKTPOHUKH. [IpoGnemsl, | 3aHATHUS
CBSI3aHHBIE C TPOEKTUPOBAHUEM H
MOJEIIUPOBAHUEM  BJIEMEHTOB U
PpUOOPOB HAHOCTPYKTYP.
2. [TapameTpsl [TapameTpsl obicTponeiicTBus | Jlekuuu, 3auér
ObICTpOACICTBYS, ounonsipueix Tpansuctopo (bT), | mpakTuueckue
YCUJIEHUS, SHEPIruM | yCUJIEHHEe Ha BBICOKMX YacTOTaX, | 3aHATHUSA
NEePEKITIOUEHUs YCUJIGHHE TI0 MOIIHOCTH, BpeMs
TPaH3UCTOPOB 3aJIePKKU MIEPEKITIOUCHHUSI.




[TapameTpsl ObICTpONIEHCTBUA
MOJICBBIX ~ TPAH3UCTOPOB (ITT),
YCUJICHHE Ha BBICOKMX YacTOTax,
MaKcHUMajbHasi 4acToTa TE€Hepalui,
BpeMs 3aAepkku nepekiatoueHus. [1T
n BT xak BEHTUIIM JTOTUYECKUX CXEM.

Bpemss  3amepkku W 3HEprus
MIEPEKIIFOUCHHUSI.

3. [IpuHIIMNIMATEHBIE Texnonornueckue orpannyeHus. | Jlekuuu, 3auér
buznueckue u | ['opru3oHTaNbHBIE WM IUIAHAPHBIE | IPAKTUYECKHE
TEXHOJIOTHYECKUE OrpAaHUYECHUS. BepTtukanbheie | 3aHATHS
OTpaHUYECHUS OTpaHUYECHUSI. duznueckue

OIpAHUYECHUS.
4, I'erepoctpykrypssie | I'erepoctpykrypHsbie I1T. Jlexunu, 3auér
TPaH3UCTOPBI CenextuBHoe jerupoBanue. 2D- IIPAaKTUYECKHE
aneKTpoHHbId ra3. Peanuzauuu I'CJI- | 3ansaTHS
IIT. I'erepoctpykryphsbie bT.
TpaH3ucTopsl HA TOPSTUUX
AJIEKTPOHAX.

5. AHaorosbie AHaJIOTOBbIE TPAH3UCTOPHI CO Jlexuun, 3auér

TPaH3UCTOPBI CTaTUYECKON MHIYKLUEH, [IPaKTUYECKUE
MIPOHMIIAEMOM 0a30i, ¢ 3aHATU
METAJUIMYECKOH 0a30ii.

6. TpanzucTopsl Ha | Pe30HaHCHO-TyHHENBHBIE U0 U Jlexnuu 3auért
KBAaHTOBBIX TpaH3ucTop. TpaH3UCTOPHI C
s dexrax KBaHTOBOU CTPYKTYpOW JBOMHOTO

6apoepa (JIBKC). IIT ¢
PE30HAHCHBIM TYHHEJIMPOBAHUEM.
CTpyKTYpBI CO CBEPXPEIIETKOM.
S¢¢ext AaponoBa-boma.
TpaH3uCTOPBI ¢ KBAHTOBOU
uHTep(epeHIneit STEeKTPOHHBIX
BOJIH.

7. OHO3IIEKTPOHUKA PU3NYECKUE OCHOBBI TUCKPETHOTO Jlexunn, 3auér
TYHHEJIHpoBaHus. Peannzanms MPAaKTUYECKUE
O/IHORJIEKTPOHHBIX CXEM. ATOMHBIN | 3aHATHUS
YPOBEHb OJTHOAJIEKTPOHHUKH.

8. Yrneponusie ITonmyuyenue yraepoaHbix Jlexuun, 3auér

HAHOTPYOKH HaHoTpyOOK (YHT). YHT kak MIPaKTUYECKHE
KBaHTOBBIE IPOBOJIOKH, 3aHATHUS
npoBoguMocth YHT. Manunysnsamuu
¢ YHT B atromHO-CU10BOM
mukpockorne. I1T na YHT.

9. CnuHTpOHUKA CHOUHOBEIE HHIKEKIINS U Jlexuun, 3auét

aKKyMyJsinus. [ 'uranrckoe MPaKTUYECKUE
MarHuToconpoTuBiaeHue. CIIUHOBBIN | 3aHATHUS
kJy1arad. CIMHOBBINM TPAH3UCTOP Ha

TOpsIYMX JICKTPOHAX.

10. | DnexkTpoHHKa Ha | CTanuoHapHbIN U HE cTallMOHapHbIN | JIekuuu, 3auért
OCHOBE apdexra | apdextsr Ixozedcona. CKBU/I. MPaKTUYECKHE
JIxozedcona DJIEKTPOHUKA Ha OCHOBE MEPEXOJI0B | 3aHITHUS




Jlxo3zedcona. MakcumanbHOE
OBICTPOJICHCTBHE.

4. ®opMbl OPraHU3aHUM U KOHTPOJISA CAMOCTOSATEJIBHOM padoThl 00y4Yarommxcst
Bo Bpemsi camocToATenbHON pabOThl aCHUPAHTHI MPHOOPETAIOT MPAKTUYECKUE HABBIKU

IPOBE/IEHUS aHalu3a W CUCTeMaTH3aluM MHGQOpMAIMM, CBA3aHHOM C HCCIEIOBAHUEM
HAHORJIEKTPOHHBIX TMPUOOPOB, CTPOUTH (PUZUKO-MATEMATHUECKHE MOJAETH HaHOPa3MEPHBIX
aneMeHTOB. CamocTosATenbHass padoTa aclUpaHTOB OOecreYMBAETCS Y4eOHO-METOAMUYECKUMHU
nocoOusiMu, yaeOHOH 1 HAyYHOH TUTEepaTypoil.

10.

11.

12.
13.

14.

Ocywecmansaemcs n0020moeKa K 3a4émy no 60npocam

OcHOBHBIE TapaMETPhI KAYECTBA U TEHACHLIUU PA3BUTHUS 3JIEMEHTOB HAHODJICKTPOHUKH.
Kakue MakcHMMalpHBIE 4YacTOTBl MEPEKIIOYEHHUS IOCTHKUMBI B TOMOCTPYKTYPHBIX
MIOJIEBBIX, OMIOJSAPHBIX TpaH3ucTopax? Hackonbko 3pPeKTUBHBIM SABISIETCS MEPEXO K
HaHOpa3MEpPHBIM MaciuTadbaMm CTPYKTyp?

OcHOBHbIE IPUHIMIHATIBHBIE PU3NYECKUE U TEXHOJIOTMUYECKHE OrPaHUYEHUS Pa3MEPOB
TOMOCTPYKTYPHBIX TPAH3UCTOPOB.

Kakpe mone3Hple HOBBIE KadecTBa MOSBISIIOTCA B TE€TEPOCTYKTYPHOM BapHaHTE
TpaH3uCTOpOB. [loueMy mpu 3TOM MOKHO JHanblle NPOABUHYTHCSA B HAaHOMETPOBBIN
MaciTad pa3MepoB JIEMEHTOB M YBEJIIMUUThH ObICTpOJIeCTBHE.

Kakue mnonesHple KadecTBa ABYMEPHOIO JJEKTPOHHOIO TIa3a 3JEKTPOHOB MOXKHO
UCIOJIb30BaTh B MPUOOpPAX HAHOAIEKTPOHUKHU?

Uro o3Ha4yaeT ropsyue 3IIEKTPOHBI, KAK OHM BO3HHUKAIOT M IO3BOJSIOT YBEIHUYUTH
osicTponeiicteue BT?

[IpokOMMEHTHPYHUTE CXOACTBO AHAJIOIOBBIX TPAH3UCTOPOB C BAKYyMHBIM TPHOJIOM M
BO3MO>XHOCTb B TBEPJOTEILHOM BapHaHTE JOCTUTHYTh OOJIBIIETO OBICTPOACHCTBUS.
Kakue none3nble kauecTBa KBAaHTOBOM CTPYKTYPBI C IBOWHBIM OapbepoM JiexkKaT B OCHOBE
PE30HAaHCHO-TYHHEIBHBIX CTPYKTYp?

[Ipy KakuX yCIOBUSX BO3MOKHA KBAaHTOBas MHTEP(EPEHLMs IEKTPOHHBIX BOJIH B
s dexte AapoHoBa-boma, Kak €10 MOXKHO YIPABIATH?

IIpy kakux YCIOBUSAX THPOSIBISETCS KYyJIOHOBCKas OJOKaja TYHHEJIUPOBAHMS, YTO
OTrpaHUYUBAET CKOPOCTh JUCKPETHOI'O TYHHEIUPOBAHUS?

Kakue xadyecTBa yriepoJHbIX HAaHOTPYOOK MO3BOJSIOT CUMTATh WX MEPCHEKTUBHBIMU
cTpyKTypamu ais co3aanud [1T Ha ux ocHoBe?

3aueM Hy>KeH cJIoi aHTh(deppoMarHeTvka B CIIMHOBOM KJianaHe?

Kakoe nosne3Hoe 10N0IHUTENBHOE KAYECTBO JAET CIMHOBAsSI OJISPU3ALUS B TPAaH3UCTOPE
Ha TOPSIYUX DJIEKTPOHAX?

UeM ompenensercss MakcUMajbHOE ObIcTpozelicTBUE NpuOOpoB Ha 3ddekre
Jxo3edcona?

5. (I)OHI[ OLICHOYHBIX CPEACTB AJIfl aTTECTAUH 110 JUCHUIIJIHHE

5.1. Kpumepuu u npouedypvt oyeHusanus pe3yibmamos 00yueHus no OUCyuniuHe.

[Tpu BbIMOTHEHUU BCEX PabOT YUUTHIBAIOTCS CIIEAYIOIINE OCHOBHbIE KPUTEPHUH:

YPOBCHb  TCOPCTUYUYCCKUX 3HaHUI (HOHpaByMCBaeTCH HC  TOJBKO q)OpMaJ'ILHOC

BOCITPOHU3BCACHUC I/IH(bOpMaLII/II/I, HO W IIOHMMaHHUC NpCAMETa, KOTOPOC MOATBCPIKAACTCA




MPAaBWIBHBIMU OTBETAMU Ha JOTMOJIHUTENbHBIE, YTOUHSIOIIME BOMPOCHI, 3aJlaHHBIC YJICHAMHU
KOMHUCCHH);

— YMEHHE HCIOJL30BAaTh TEOPETHYCCKHE 3HAHUS IPH AaHAIN3e KOHKPETHBIX MpoOieMm,
CUTYyaLUi;

— Ka4eCTBO M3JI0KEHUS MaTeprala, TO €CTh 000CHOBAHHOCTb, YETKOCTh, IOTHMYHOCTh OTBETA, a
TaK)Ke €ro MOJHOTA (TO €CTh CO/IePXKATENbHOCTh, HE UCKITIOYAIOIIasl C)KaTOCTH );

- CIIOCOOHOCTH yCTaHABIMBATh BHYTPH- U MEXKIPEIMETHbBIE CBSI3HU,

- OpUTHMHAJIBHOCTh MBIIIJICHUS,, 3HAKOMCTBO C JOMOJHUTEIbHOW JHUTEpPaTypod U Jpyrue
(hakTopHI.

Onucanue wKavl OUCHUBAHUA HA npome.ucymounoﬁ ammecmauuu 6 d)opme 3auema

Ounenka YpoBeHb NOATOTOBJIEHHOCTH, XapaAKTEePHU3yeMblil OlleHKOI

BJIAJICHUE IIPOrPaMMHBIM MaTEPUAIIOM, IIOHUMAaHHE CYLIHOCTH
paccMaTprBaeMBbIX MPOLIECCOB U SIBJICHUI, YMEHHUE CAMOCTOSTEILHO 0003HAYUTD
npoOJeMHbIe CUTYallud B OPraHU3allMM HAayYHBIX MCCJIEIOBAHUM, CIIOCOOHOCTD
3aumeno | KpUTHUUECKU aHAJIU3UPOBATH U CPABHUBATH CYLIECTBYIOIIUE MOAXO0bI U METOJIbI
K OLIEHKE pe3yJIbTaTUBHOCTU HAYYHOM MAEATENbHOCTH, CBOOOJHOE BiaJleHHE
MCTOYHUKAMU, YMEHHE YETKO U SICHO U3JIaraTh pe3yJibTaThl COOCTBEHHO! pabOThI,
CJIeI0BaTh HOPMaM, IPUHSTHIM B HAYYHBIX JIUCKYCCHSIX.
HEMOHMMAHUE CMBbICIA KIIOYEBBIX IMPOOJEM, HEJOCTAaTOYHOE BJIAJECHUE
HayKOBEIUECKOH TEpMHUHOJIOIMEH, HEYMEHHE CaMOCTOSTEIbHO O0O03HAYUThH
He npoOJIEMHbIE CUTYyallUH, HECIOCOOHOCTh  aHAJIM3UPOBATh M CpPaBHUBATh
3aumeHo | CyLIECTBYIOIUE KOHLIENLHU, NOAXOABl U METOAbI, HEYMEHHUE SICHO W3JIararb
pe3yabTaThl COOCTBEHHOM pabOTHI, CIIE0BATh HOpPMaM, MPUHSATHIM B HAYYHBIX
JUCKYCCHSIX.

5.2. Ilpumepvl munoevix KOHMPOILHBIX 3A0AHUN UWAU UHBLIX MAMEPUANOE,
UCROIb3YeMbIX 0151 OUCHUBAHUA PE3YTbMANO8 00YUeH U NO OUCUUNTIUHE

15. OcHOBHBIE TMapaMeTphl KadyecTBa M TEHIEHIMU PAa3BUTHUSI DJIEMEHTOB
HaHODJIEKTPOHUKH.
16. Kakue MakcumanbHble YacTOTHl MEPEKIIOYEHUS] JOCTUKHUMBI B TOMOCTPYKTYPHBIX

MOJIEBBIX, OMMOJISPHBIX TpaH3ucTopax? Hackonbko 3 PeKTUBHBIM SBISIETCS MEPEXo K
HaHOPa3MEpHBIM MacIITabaM CTPyKTyp?

17. OcHOBHbIE TPUHLIUIHATIBHBIE (PU3NYECKHE U TEXHOJIOTHYECKHE OrpaHUUYEHHs pa3MepOB
TOMOCTPYKTYPHBIX TPaH3UCTOPOB.

18.  Kakme mone3Hble HOBBIE KauyeCTBa TOSBISIOTCS B TETEPOCTYKTYPHOM BapHaHTE
TpaH3UCTOpOB. [loueMy mpu 3TOM MOYKHO Hanblle NPOJBHHYTHCSA B HAHOMETPOBBIN
MacIITab pa3MepoB JIEMEHTOB U YBEJIIUYUTH ObICTPOJICHCTBHE.

19. Kakue mnose3Hble KadecTBa JBYMEPHOIO OSJIEKTPOHHOI'O Ta3a 3JIEKTPOHOB MOXKHO
UCMOJIb30BaTh B MPUOOpPAX HAHOAIEKTPOHUKHU?

20.  Yro o3HayaeT ropsyue SJIEKTPOHBI, KAaK OHM BO3HUKAIOT U MO3BOJSIOT YBEIHYUTDH
osicTponeiicteue BT?

21.  TIpoKOMMEHTHpYHITE CXOJICTBO AaHAJIOTOBBIX TPAH3HCTOPOB C BAKYYMHBIM TPHUOAOM H

BO3MOXXHOCTE B TBEPAOTCIIBHOM BAPHUAHTC JOCTUTHYTH OOJIBIIIETO 6I)ICTpO}IeI\/'ICTBI/I$[.
22.  Kakwe nmoyie3HbIe KaueCcTBa KBAHTOBOM CTPYKTYPHI C IBOMHBIM 0aphepOM JIeKaT B OCHOBE
PE30HAHCHO-TYHHEIBHBIX CTPYKTYp?



23.

24,

25.

26.
217.

28.

3.
4.

5.
http:

s dekre AapoHoBa-boma, Kak €10 MOXKHO yIPaBISTh?
OTrPaHUYMBAET CKOPOCTh JUCKPETHOI'O TYHHEIUPOBAHUS?

cTpykrypamu st cozaanus [T va ux ocHoBe?
3aueM HyKeH clioi anTudeppoMarHeTuka B CIMHOBOM KJlanaHe?

Ha FOPSYMX JIEKTPOHAX?
Jxxo3edcona?

6. YueOHO-MeTOANUYECKOE U HH(POPMAIHOHHOE 0DecTeyeHne TUCIHIJIHHBI.

a) OCHOBHasI TUTepaTypa:

[Toxemna 0. K. ®usnka 6pIcTpoIeHCTBYIOMMX TpaH3UuCTOpOoB. BunbHioc, Mokcnac, 1989,
264c. http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135585316&DB=1
http://www.studmed.ru/pozhela-yu-yucene-v-fizika-sverhbystrodeystvuyuschih-
tranzistorov_c4118a4028f.html

http://www.twirpx.com/file/125487/

http://phys.unn.ru/library dl.asp?fn=Pozela.djvu

Hparynos B. I1., Heussectnsiii U. I'., I'puaunn B. A. OCHOBbI HAHO3JIEKTPOHUKH,
Hosocubupck, 3. HI'TY, 2000, 332 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135533257&DB=1
https://biblio-online.ru/viewer/72F450AA-7472-41DF-89F3-06 FC66 EFB254#page/1
https://biblio-online.ru/viewer/0491672E-6A76-4D5A-853E-15CAA2DC1631#page/l
http://phys.unn.ru/library dl.asp?fn=Dragunov.pdf

Jemuxosckuii B. ., Byranstep I'. A., ®u3nka KBaHTOBBIX HUM3KOPa3MEPHBIX CTPYKTYP,
M., Jloroc, 2000, 248 c.

3onoryxun U. B., Kanunun 0. E., Crorueit O. B., HoBbie HanpaBneHus: Gu3nueckoro
Martepuanosenenus, Boponex, U3a. BI'Y, 2000, 286 c.

[Iyka A. A. Hanoanektponuka. M., ®uzmarkuura, 2007, 464 c.
/[Ilwww.lib.unn.ru/php/catalog. php”lndex 0&IdField=135625395&DB=1

http:

/Iwww.studentlibrary.ru/book/ISBN9785996310555.html

https://biblio-online.ru/viewer/C8153254-ABAC-446C-A57B-5DF248ED0164+#page/1

https://e.lanbook.com/book/84102#authors

http:

/lphys.unn.ru/library dl.asp?fn=Shuka.pdf

0) OMOJIHUTENIbHAS TUTEPATypa:

1.

4.

3u C. ®u3uka noxynpoBOJAHUKOBBIX TPHOOPOB, M., Mup, 1984, 1.1,2.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135407373&DB=1
http://phys.unn.ru/library dl.asp?fn=Sze 2.djvu
http://www.ph4s.ru/books/poluprov/zi-fizikapolupr.rar

I'ynses 1O. B., Cannomupckuii B. b., CyxanoB A. A., Tkau }O. A., TenaeHuu pa3Butus
MuKpodnekTponuku, Y®OH, 1.144, 8.3, ¢.475-495, 1984.

Kynb0aunnckuit B. A. CTpykTypsl Manoi pa3sMepHOCTH B MOJIYIPOBOAHUKAX, M., 3.
MI'Y, 1998.

Enenxuii A. B. Yrnepoansie HanoTpyoku, YOH, 1.167, B.9, 1997.

[Ipn kakux yclnoBHSIX BO3MOXHAa KBaHTOBas MHTEp(GEpEeHLMs] 3JIEKTPOHHBIX BOJIH B
[Ipu KakuxX YCIOBUSX TPOSIBISETCS KYyJIOHOBCKas OJOKazga TYHHEIUPOBAHHS, YTO

Kakmne kauectBa YIJIICPOAHBIX HaHOTPY6OK IMMO3BOJIAKOT CUHUTATh HUX MNEPCICKTHBHBIMU

Kaxkoe mmonesnoe JOMOJIHUTEIILHOE KaUueCTBO JAET CITMHOBAS oJsIpu3anus B TPAH3UCTOPEC

Uem ompenensiercss MaKCUMalbHOE OBICTpoAciicTBHE NpuOOpoB Ha dpdexre


http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135585316&DB=1
http://www.studmed.ru/pozhela-yu-yucene-v-fizika-sverhbystrodeystvuyuschih-tranzistorov_c4118a4028f.html
http://www.studmed.ru/pozhela-yu-yucene-v-fizika-sverhbystrodeystvuyuschih-tranzistorov_c4118a4028f.html
http://www.twirpx.com/file/125487/
http://phys.unn.ru/library_dl.asp?fn=Pozela.djvu
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135533257&DB=1
https://biblio-online.ru/viewer/72F450AA-7472-41DF-89F3-06FC66EFB254#page/1
https://biblio-online.ru/viewer/0491672E-6A76-4D5A-853E-15CAA2DC1631#page/1
http://phys.unn.ru/library_dl.asp?fn=Dragunov.pdf
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135625395&DB=1
http://www.studentlibrary.ru/book/ISBN9785996310555.html
https://biblio-online.ru/viewer/C8153254-ABAC-446C-A57B-5DF248ED0164#page/1
https://e.lanbook.com/book/84102#authors
http://phys.unn.ru/library_dl.asp?fn=Shuka.pdf
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135407373&DB=1
http://phys.unn.ru/library_dl.asp?fn=Sze_2.djvu
http://www.ph4s.ru/books/poluprov/zi-fizikapolupr.rar

5. Jlemunos E. C., ATTocekyHHasi BEICOKOTEMIIEpAaTypHasi OJTHOAICKTPOHHUKA HA aTOMax
NepexoIHbIX dnieMeHToB, [Tucema B XKOT®, T.71, B.9, C.513-518, 2000.

6. Jynxun B. U., [Taxomos JI. H., KBanToBas anmektponuka. [IpuGopsl 1 X IpuMeHeHUe:
VYueb. [Tocobue, M., Texaocdepa, 2006., 423c.

7. 10. A. Jlanmnos, E. C. Jlemumos, 0. H. [Ipo3noB u ap./CsoiictBa cinoés GaSh:Mn,
MOJIYYCHHBIX OCaXKICHHEM U3 JiazepHoi masmel //OTIT 39, 8 (2005).

8. Yu. A. Danilov, E. S. Demidov, Yu. N. Drozdov et al., J. Magn. Magn. Mater. 300, e24
(2006).

9. E.C. lemunos, FO. A. Jlanunos, B. B. ITogonsckuii, B. I1. Jlecaukos, M. B.
Canoxuukos, A. U. Cyukos/ @eppoMarHeTu3M B SMUTAKCHATBHBIX CIIOSX TePMaHUS U
KPEMHHUSI, IEPECHIIICHHBIX IPUMeCsIMU Maprania u xene3a// [Tucema B XKOTD, 2006, T.
75,B. 11, C. 673-675.

10. Herosinu B.K. ®usndeckre 0CHOBBI TYHHEIIBHO-30HJ0BOM HAHOTEXHOJIOTHH // DJIEKTPOHHAS
MpPOMBIIUIEHHOCTh. — 1993, Ne 10, c. 8.

B) MporpammHoe obecriedenne u HTepHeT-pecypeH :

1. TlakeT KOMIBIOTEPHBIX AHATTUTUYECKHUX U IPaPUUECKUX BBIYUCICHUN 1JI IEPCOHAIBHOTO
kommbioTepa. Jomyckaercs npumenenue cpen Wolfram Mathematica wimm m00bIX HHBIX
KOMITBIOTEPHBIX PECYPCOB aHAJIOTMYHOTO HA3HAYCHUSI.

2. nTepHeT-pecypc CipaBOYHON M MaTEMAaTHIECKOM JIUTEPATypbl CO CBOOOAHBIM JJOCTYIIOM
www.eqworld.ipmnet.ru

http://www.lib.unn.ru/ - ®yuanamenranpaas o6ubimmoreka HHI'Y
http://studentlibrary.ru - CtyneHueckas 3JeKTpOHHas OMOIMOTEKA
https://biblio-online.ru/ - DnexTponnas 6ubnmoreka FOpaiit
https://e.lanbook.com/ - DnexTpoHHO-OMOIMOTEYHAs crcTeMa U311, «JIaHbY
http://biblioclub.ru — Yausepcurerckas 6udnmmorexa ONLINE
http://phys.unn.ru/library.asp - DnekrponHnas 6ubimorexa ®3d HHI'Y
http://www.studmed.ru - YueOGHo-MeToIuuecKas JINTepaTypa Juis CTYACHTOB
http://www.twirpx.com - OOIeJOCTYITHBIH CAiT WWW.tWirpx.com
http://www.rfbr.ru — bubnmuorexka POOU

7. MaTtepuajibHO-TEXHUYECKOE oDecredeHne T CHUNITUHbI

. MIOMEIICHUS ISl IPOBEJICHUS 3aHATUI: JIEKIIMOHHOIO THIIA, CEMUHAPCKOrO THIIA,
TPYIIIOBBIX W WHJIWBUAYAJIbHBIX KOHCYJBTAllMA, TEKYIIEr0 KOHTPOJA M IMPOMEXYTOYHOU
aTTecTallid, a TaKXe TIOMEIIeHUs JUIsl XpaHeHHs M TNPOPHIAKTUYECKOTO OOCITYyKUBaHUS
000pyZIOBaHUS W TOMEILIEHUS A CaMOCTOSITENbHOM pPadOThl OOydaroUuXcs, OCHAIlEHHBIE
KOMITBIOTEPHOM TEXHUKON C BO3MOXHOCTBIO MOAKIIOUeHHS K ceTu "MHTepHeT" u obecrnedeHnemM
JIOCTYTIA B 3JIEKTPOHHYIO HH(OpMaIIMoHHO-00pa3oBaTensHyto cpenxy HHIY,

. MaTepHaIbHO-TEXHUUECKOEe OO0CCIeUeHHnEe, HEoOX0IuMoe Ui — pealu3aiuu
JUCIUTUTHHBI, BKITIOYask 1abopaTopHOe 000pyI0BaHKE;

) JIMIIEH3UOHHOE MporpammHoe obecnieuenue: Windows, Microsoft Office;

. oOyyaromuecss W3 4YKciaa JIMI C OrPaHUYEHHBIMH BO3MOXHOCTSIMH 3JI0POBBS

oOecreunBaroTCs 3JIEKTPOHHBIMU U (MJIN) MeYaTHBIMU 00pa30BaTebHBIMU PeECypcaMu B popmax,
aJaNTUPOBAHHBIX K OTPAaHUYEHUSM UX 310POBbSL.
pecypcam.

Pabouass mporpamma y4eOHO# IUCIUIUIMHBI COCTAaBJICHA B COOTBETCTBHH C yYEOHBIM
1aHoM, [TomoskeHrneM o MOATOTOBKE HAYYHBIX M HAYYHO-TIEJarOTMYECKUX KaIpOB B ACTUPAHTYPE


http://www.eqworld.ipmnet.ru/
http://www.lib.unn.ru/
http://studentlibrary.ru/
https://biblio-online.ru/
https://e.lanbook.com/
http://biblioclub.ru/
http://phys.unn.ru/library.asp
http://www.studmed.ru/
http://www.twirpx.com/
http://www.rfbr.ru/

(ampronkrype) (ITocranoBnenue IlpaBurensctBa PD ot 30.11.2021 Ne 2122), denepanbHbIMU
TOCYJJapCTBEHHBIMH TPEOOBaHUAMHU K CTPYKType MPOrpaMM IMOATOTOBKM HAYYHBIX M HAy4HO-
Nearoruyeckux KajapoB B acmnupantype (aabionktype) (IIpukxaz MwunoOpnayku PO ot
20.10.2021 Ne 951).

AsTop (b1) ipod. Hemunos E. C

Peniensent (b1)

3aBenyromnmii kageapoit mpod. [TaBnos [I.A.

Ilporpamma omo0peHa Ha 3aCeIaHUU METOJHYCCKOH KOMHUCCHHU (pu3ndeckoro (akyabTeTa OT
2022 rona, mporokos Ne 6/H



