1
MHNHOBPHAYKHN POCCHUHN

denepanibHOE TOCYAAPCTBEHHOE OI0KETHOE
o0pa3oBaTelIbHOE YUpPEXkKIACHHE BbICIIEr0 00pa30oBaHUs
«TynbCKHUM TOCYJapCTBEHHBI YHUBEPCUTET»

HNHCcTUTYT BBICOKOTOYHBIX cucteM uM B.II. I'psaseBa
Kadenpa «IIpubopsl ynpasieHus»

VY TBepkaeHO Ha 3aceaHnU Kadeapsl
«[Ipubops! ynpaBiaeHUs»
«19» suBaps 2022 r., nporokon Nel

3aBenyrommii kKadeapon

B.A. Pacoonos

®OHJA ONEHOYHBIX CPEACTB (ONEHOYHBIE MATEPHUAJIBI) J1JIA
IMPOBEJEHUSI TEKYHIEI'O KOHTPOJIAA YCHEBAEMOCTH U
HPOMEXYTOUYHOU ATTECTAIIMN OBYYAIOIIINUXCA

10 AUCHHUIUINHE (MOAYJII0)

«MCTOYHMKM ¥ IPUEMHUKH U3JTyYeHus - 2»
OCHOBHOI1 MPo(ecCHOHATBHOI 00pa30BaTE/IbHOM MPOrPpaMMBbI
BbICLIEr0 00pa30BaHus — IPOrpaMMbl 0aKkajlaBpuara
10 HANPABJICHUIO MOArOTOBKH
12.03.02 OnroTexHuka

C HaIPaBJICHHOCTHIO (MPOHUIIEM)

OnTHKO-3J1eKTPOHHBbIE PUOOPBI M CHCTEMbI

®dopma o0ydeHUs: OUHas

WNnentudukanmonHeiii Homep obpazoBaTenbHo# mporpammbl: 120302-01-22

Tyna 2022 ron



JIMCT COI'ZTACOBAHUA
(poHIA OLICHOYHBIX CPEICTB (OLEHOYHBIX MATEPHAJIOB)

Pazpadorunk(n):



3
1. Onmucanue GpoHAAa OLEHOYHBIX CPEICTB (OLEHOYHbIX MATEPHAJIOB)

@DOHJT OILICHOYHBIX CPEICTB (OLICHOYHBIE MaTEpUajbl) BKIIOYAET B ceOs KOHTPOJIbHBIE 3aJaHUs U
(unM) BOIPOCHI, KOTOPhIE MOTYT OBITH MPEUIOKEHBI 00yUYaloNIeMycsi B paMKax TEKYIIEro KOHTPOJIs ycIie-
BAaEMOCTH U MPOMEKYTOYHOM aTTeCTallly MO AMCUHUILIMHE (MOIYJI0). YKa3aHHbIE KOHTPOJIbHbBIE 3a/1aHUs U
(W1r) BOTIPOCHI TTO3BOJISIIOT OIIEHUTH JOCTHXKEHHE 00yUYarONIMMCsI TIAHUPYEMBIX PE3YJIbTaTOB OOYUCHHUS T10
JTUCIUTIINHE (MOIYJII0), YCTAHOBJICHHBIX B COOTBETCTBYIOIIEH paboueli mporpaMMe AUCIUIUTHHBI (MOIYJIs),
a TaKke cOPMUPOBAHHOCTH KOMITETEHIIUI, YCTAHOBIEHHBIX B COOTBETCTBYIOIICH OOIIEH XapaKTepUCTUKE
OCHOBHOM MPpo¢eCcCHOHATHHOM 00pa30BaTEIIHHOM MPOTPAMMBI.

IlonHble HaUMEeHOBaHUSA KOMHCTCHHHﬁ U MHAUKATOPOB UX AOCTHUKCHUA MPCACTABJICHLI B O6IJ_I€I>'I Xa-
PaKTEpUCTUKE OCHOBHOM PO ecCHOHAIbHON 00pa30BaTeIbHON MTPOTPaAMMBI.

2. OneHo4HbIe CpecTBa (OLEHOYHbIC MAaTEePHAJIbI) IS POBEICHUS TeKYLIero KOH-
TPOJISl yCIIeBAEeMOCTH 00y4YAIOIIUXCS 10 JUCHUILIHHE (MOAYJII0)

IlepeyeHb KOHTPOJILHBIX 321aHUH U (UJ1M) BONIPOCOB JIA OlleHKU C)OPMHUPOBAHHOCTH KOMIIETEH UM
OIIK-3 (KOHTpOJMPYeMbIii HHIUKATOP A0cTHKeHus1 komnereHnun OITK-3.1)

1.IlepeuncanTh BHYTpPEHHHUE IIYMBI (DOTONPUEMHHKA!

1.TermoBoit rym JI>kOHCOHA, TOKOBBIH ITyM, IITYM MEPIIaHUs, TCHEPAIIMOHHO-PEKOMOMHAITMOHHBIA TITYM .

2. /1poOOBBIN IIyM TEMHOBOTO TOKAa, IIyM MEpIAHMs, TOKOBBIM IIIyM, TEIUIOBOM IIyM, TeHepalloOHHO-
PEKOMOMHALIMOHHBIN IIYM .

3. 'eHepaliioHHO-PEKOMOWHAIIMOHHBIH IIyM, TOKOBBIH IIIyM, IIIyM MEPLIaHusl.

4. TertoBO# IIyM ,T€HEPANIMOHHO-PEKOMOMHAITMOHHBIA 1ITyM, TPOOOBBIN IIIYyM TEMHOBOTO TOKa, IITyM MeEp-
LaHUs

2.YTo HE OTHOCUTCSA K OCHOBHBIM THUIIaM TEIUIOBBIX PUEMHUKOB U3TY4CHUS:
a) 00JIOMETPHI

0) IUCCEKTOPHI

B) TEPMOIJIEMEHTHI

I') IUPOAIEKTPUKH

IlepeyeHb KOHTPOJIBHBIX 321aHUH U (MJIM) BONPOCOB JIsl OEHKH C(OPMHUPOBAHHOCTH KOMIIETCHIIUH
OIIK-3 (koHTpoMpyeMblii HHIUKATOP AocTHKeHus kommeTennun OIK-3.2)

1. dms kpemaueBoro ¢oromanona ®JI-28KII: 1) mepecunTaTh CHEKTPATbHYIO UYYBCTBHTEIBHOCTH B
sHepreruueckue ®MB; 2) paccuntaTh MaKCUMAIIBHYIO CIIEKTPAIbHYIO UYBCTBHUTEIBHOCTH (DOTOAMOA.

2. Onpenenuth K03(pPUIMEHTHI UCIIOIB30BaHUS M3IY4EHUS JIaMIbl HaKaJIUBaHUSA C BOJIb(pamMoOBOM
HUTBIO, UMEOIENH UCcTUHHYI0 Temneparypy 3500 K, cuurtas €€ peanbHbIM H3ayuyaTeneM: 1) riasom; 2)
KPEMHHEBBIM ()OTOUYBCTBUTEIBLHBIM IPHOOPOM ¢ 3apsaioBoit cBszbio (PII3C).

3. Onpenenuts kK03 puLmeHT ncnonabp30BaHus u3mydeHus ucrounnka tuna "A" (UT ¢ remnepatypoit
2856 K) xpemaueBbim OI13C 12001IM1.

4. PaccuuTarh TOKOBYIO 4yBCTBUTEIBHOCTh MaTpuuHoro ®II13C 1200LIM1 k nmoToky u3iay4eHHs U K
CBETOBOMY IOTOKY JIaMITBl HaKaJIWBaHUs, €ClM kBaHTOBas 3¢ dextuBHOCTh, MaTepuana DII3C cocrapiseT
0,6, a KO3PPUIMEHTH UCTIONB30BaHMS U3 TydeHus Jamibl MaTpudHbIM PII3C u rna3om paBHBI, COOTBETCT-
BeHHO, 0,36 1 0,082.

IlepeyeHb KOHTPOJILHBIX 321aHUH U (UJ1M) BONIPOCOB JIA OlleHKU C)OPMHUPOBAHHOCTH KOMIIETEH UM
OIIK-3 (KOHTpOJIMPYeMbIii HHIUKATOP A0ocTHKeHus1 komnereHnun OITK-3.3)

5. PaccunTaTh MHTErpaIbHYIO YYBCTBUTEIBHOCTH KpeMHUEBOro doronnona ®JI-28KII k noToky u3-
nyuenusa UT ¢ Temneparypoii 2856 K.

6. [lepecunTarh MHTErpaJIbHYIO YYBCTBUTENBHOCTh KpeMHHUEBOTrO (oronuonaa ®J1-24K u3 cBeTOBBIX
®MB B sHEpreTuueckue 1mo macrnoptaoMmy uctognuky tuma "A" (UT ¢ Temmeparypoii 2856 K).

7. I'epmanueBsiii potoguon ®/I-4I" macmopTuszoBayicss MO MCTOUYHUKY Thma "A" ¢ Temmeparypoii
2856 K. IlepecunTarh MHTErpaJbHYIO YYBCTBUTEIBHOCTh M MOPOT YYBCTBUTEIBHOCTH B 3aJIaHHOU TOJIOCE



4acToT U3 cBeTOBbIX PMB B sHepreTnueckue.

3. OueHoYHbIE CPeACTBA (OLEHOYHbIE MaTepUaJbl) AJs NPOBeIeHUs] IPOMEKYTOYHOI
aTrecTaluy 00y4YarOUIUXCs M0 JUCHUILIHHE (MOAYJII0)

IlepeyeHb KOHTPOJILHBIX 32JaHUH U (UJ1M) BONIPOCOB JIA OlleHKU C)OPMHUPOBAHHOCTH KOMIIETEH UM
OIIK-3 (koHTpoOMpYyeMblii HHANKATOP AocTH:KeHusI komneTeHuu OIIK-3.1)

1. ®orommon

1. ONITO37IEKTPOHHBIN MOTYIPOBOIHUKOBBIN MPUOOP, BApUAHT OUITOISAPHOTO TpaH3ucTopa. OTianyaercs ot
KJIAaCCUYECKOI0 BapuaHTa TEM, YTO 00JacTh 0a3bl JOCTYIIHA I CBETOBOIO OOIY4YEHHs, 3a CUET YEro MOsIB-
JII€TCSI BO3MOYKHOCTD YIPABIIATh YCUIEHUEM JIEKTPUUECKOTO TOKA ¢ IOMOIIbIO ONITUYECKOTO U3JIyUEHUS.
2. HOJIYIPOBOHUKOBBIN MPUOOP, U3MEHSIOIUI BETMUYNHY CBOETO CONPOTHBIIEHUS MPH 00Jy4EHUN CBETOM
3. OINTO3EKTPOHHBIN MOITYIPOBOJHUKOBBII MPHOOP, UMEIOIIHNA CTPYKTYPY, CX0XKYIO CO CTPYKTYpPOil 00bI4-
HOT'O THPUCTOPA, HO OTJIMYAIOLIUICS OT IOCIEIHEr0 TEM, YTO BKJIFOUAETCS HE HANIPSDKCHUEM, a CBETOM, I1a-
JAIOIIMM Ha TUPUCTOPHYIO CTPYKTYPY.
4. npu€MHHK ONTHYECKOTO U3IYUYCHHUs, KOTOPBINA peoOpa3yeT MomaBIuil Ha ero (HOTOUYBCTBUTEIBHYIO 00-
JIaCTh CBET B MIEKTPUYECKUN 3apsifl 3a CYET MPOLIECCOB B p-N-TIepexoae

2. ®oTope3ucTop

1. ONITO37EKTPOHHBIN MOTYIPOBOIHUKOBBIN MPUOOP, BApUAHT OUITOISAPHOTO TpaH3ucTopa. OTanyaercs ot
KJIACCMYECKOI'0 BapHaHTa Te€M, UTO 00J1acTh 0a3bl JOCTYIHA I CBETOBOTO 0OJIyUeHUs, 32 CUET YETo MOsB-
JIACTCA BO3SMOXKXHOCTD YIIPABJIATH YCUIICHUCM 3JICKTPHUYCCKOI'O0 TOKAa ¢ TIOMOIIBIO OIITUYCCKOI'0 U3JTYyYCHHU.
2. ONITORJICKTPOHHBIN TOTYIPOBOIHUKOBBIN MTPHOOP, HMEIOITUH CTPYKTYPY, CXOKYIO CO CTPYKTYPOU O0OBIU-
HOr'o TUpUCTOpAa, HO OTJII/I‘-IaIOH_II/II\/'ICSI OT IMOCJICAHCTO TCM, YTO BKJIFOUACTCA HC HAIIPAKCHUEM, a CBCTOM, I1ad-
JAIOLIM Ha TUPUCTOPHYIO CTPYKTYPY.

3. MOJXYIPOBOJHUKOBBIH MPHOOP, U3MEHSIONINI BETMYNHY CBOETO CONPOTHUBICHHS ITPU 00JTYy4EHUU CBETOM
4. npuEMHUK ONTUYECKOTO U3IIyUYEHHUs, KOTOPBIA MpeoOpa3yeT MomnaBuInii Ha ero (OTOYYBCTBUTEIBHYIO 00-
JIaCTh CBET B JIEKTPUUECKUH 3aps]l 38 CYET IPOLIECCOB B p-N-IIEPEXOIE

3. @oroTupucTOp

1. ONITORJIEKTPOHHBIN TOTYNPOBOAHUKOBBIN TPHUOODP, UMEIOIITUN CTPYKTYPY, CXOKYIO CO CTPYKTYPOM OOBIU-
HOr'o TUpUCTOpAa, HO OTJII/I‘-IaIOH_[I/II\/'ICH OT IMOCJICAHCTO TCM, YTO BKJIFOYACTCA HC HAIIPAKCHUEM, a CBCTOM, I1ad-
JAIOLIM Ha TUPUCTOPHYIO CTPYKTYPY.

2. ONITO3JIEKTPOHHBIN MOTYIPOBOIHUKOBBIN MPUOOP, BApUAHT OUIIOISPHOTO TpaH3ucTopa. OTianyaercs ot
KJIACCMYECKOI'0 BapHaHTa Te€M, UTO 00J1acTh 06a3bl JOCTYIHA I CBETOBOTO 00JIyUeHUs, 32 CUET YETo MOsB-
JIACTCA BOSMOXKXHOCTD YIIPABJIATH YCUJIICHUCM 3JICKTPHUYCCKOI'0 TOKA ¢ TIOMOIIBIO OIITUYCCKOI'0 U3JTYyYCHH.
3. mpuE€MHHUK ONTHYECKOTrO U3ITy4eHUs, KOTOPBIH Mpeodpa3yeT MonaBuIvii Ha ero GOTOUYBCTBUTEIBHYIO 00-
JIaCTh CBET B JIEKTPUUECKUH 3aps/l 32 CYET IPOLIECCOB B p-N-IIEPEXOIE

4. MoNynpoBOIHUKOBBIN NMPUOOpP, U3MEHSIOUINI BETUYHHY CBOETO COMPOTUBIICHHUS IIPH O0JIyU€HUN CBETOM

4, ®oToTpaH3UCTOP

1. ONITO3EKTPOHHBIH MOTYIPOBOIHUKOBBIN MPUOOP, HIMEIOLIUI CTPYKTYPY, CXOXKYIO CO CTPYKTYpPOH OOBIY-
HOT'O TUPUCTOPA, HO OTJIMYAOIIMICS OT MOCIEIHETO TEM, YTO BKJIIOYAETCSl HE HAIIPSKEHUEM, a CBETOM, Ia-
JAOIIMM Ha TUPUCTOPHYIO CTPYKTYPY.

2.0 TOAIEKTPOHHBIN TTOJIYITPOBOTHUKOBBINA MPUOOP, BapHaHT OUMOJSIPHOTO TpaH3ucTopa. OTiandaercs oT
KJIACCHYECKOI0 BapuaHTa TEM, YTO 00JacTh 0a3bl JOCTYIIHA Il CBETOBOTO OOJIYYEHHs, 32 CUET YEro MOsIB-
JII€TCSA BO3MOYKHOCTD YIPABJIATh YCUIIEHUEM AJIEKTPUUYECKOTO TOKA C TOMOIIBIO ONTHUYECKOrO U3TyYEHUSI.
3. HOJXYIPOBOJHUKOBBIH MPHOOP, U3MEHSIONIMI BETMYNHY CBOETO CONPOTHUBICHHS ITPU 00IYy4EHUU CBETOM
4. npUEMHUK ONTUYECKOTO U3JIy4YEHHUs, KOTOPBIA Mpeodpa3yeT MmomnaBuInii Ha ero (OTOYYBCTBUTEIBHYIO 00-
JIaCTh CBET B JIEKTPUUECKUH 3aps]l 3a CYET IPOLIECCOB B p-N-TIEPEXOIE

IlepeyeHb KOHTPOJIBHBIX 32/1aHUH M (MJIM) BONPOCOB JIsl OIEHKH C(OPMHUPOBAHHOCTH KOMIIETCHIIUH
OIIK-3 (KOHTPOJIMPYEeMbIi HHAUKATOP A0CTHKeHUus1 Komnerenun OITK-3.2)
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1. Haiitu nucnepcuto mryma matpuynoro ®OII3C, o0ycaoBIEeHHOTO 3apsSA0BBIM MAaKETOM, T€HEPHPO-
BaHHBIM IMMOTOKOM u3NydeHwus, eciu ocBemEHHOCTh PII3C pasna 850 ik, TOKOBasi YyBCTBUTEIBHOCTH CO-
crasnsier 0,14 A/Bm, Bpemst HakorieHus paBHO 0,7 yc, UUCIIO CTPOK 3JIEMEHTOB B CEKIIMHM HAKOILJICHUS CO-
ctaBisieT 144, a 9uCIIO CTONOIOB 3JIEMEHTOB B KaXKJOW M3 CEKITUI HAKOIJICHUS U XpaHeHus - 232, Headdek-
THBHOCTB TIepeHoca pasHa 107, kommuecTso (a3 ynpasnenns - 3.

2. Haittu mucniepcuro mryma matpuanoro ®@I13C, 00ycnoBieHHOr0o BHYTPEHHUMH (aKTOpamMu, €l
CpeIHss INIOTHOCTh TEMHOBOIO TOKa paBHa 40 HA/em?, BpeMsl HakoIuleHus cocrasiseT 0,7 mc, cpegHee Ko-
JINYECTBO MEPEHOCOB 3apsII0BOr0 Makera paBHO 996, Temrieparypa okpykarouien cpeabl coctasisaeT 293 K,
IUIOTHOCTh TIOBEPXHOCTHBIX COCTOsSIHUM paBHa 671031 Jorctm?, MKOCTD BBIXOIHOH e YCWINATEIS
@II3C, BHIMOIHEHHOTO HA OHOM KpucTailie ¢ BIXOAHbIM peructpom PII3C, coctasnser 0,2 nd.

3. Haittu mopor uyBctBHTEeNnbHOCTH MaTpuuHoro ®II3C, ecnu gucnepcus mryma, 00ycIOBICHHOTO
3apsI0BBIM IIAKETOM, T'€HEPUPOBAHHBIM ITOTOKOM W3JIy4Y€HUs, COCTABIISET 14,64-10°% a JUCIIEPCUS LIyMa,
oOycrnoBiieHHOro BHyTpeHHUMH (pakTopamu PII3C,- 5.10%, BpeMs HakorieHus paBHo 0,7 mc, TOKOBas 4yB-
ctButenbHOCTh PII3C K MOTOKY M3TyUeHHUsT COCTABIISET 2,5-10° A/nm.

IlepeyeHb KOHTPOJILHBIX 32JaHUH U (UJ1M) BONIPOCOB JIA OlleHKU C)OPMHUPOBAHHOCTH KOMIIETEH UM
OIIK-3 (KOHTpOJMpPYeMbIii HHIUKATOP A0ocTHKeHus1 komnerennun OITK-3.3)

4. OnpenenuTh AIMHHOBOJIHOBYIO TPaHMILy CHEKTpainbHOI dyBcTBUTENbHOCTH [IOM Ha BHYTpEeHHEM
dbotorddexte npu temneparype 300 K, BeimogHEeHHBIX: 1) U3 repmanus (IupuHa 3anpeniéHHoin 30851 - 0,68
9-B); 2) u3 kpeMHUs (MIMPUHA 3aMPEIIEHHON 30HbBI - 1,12 5-B).

5. Onpenenuts TemaoBoi mym ¢otopesucropa CD4-1A npu temneparype 300 K, eciu mosoca yac-
ToT paBHa 400 [y.

6. Onpexnenutsb TerioBoi mrym goropesucropa ®P1-4 npu remnepartype 300 K, eciu monoca 4acTot
pasHa 400 [ y.

7. Boraucnute HanpspkeHue podosoro myma [IOU, ecnu cuna Toka, MPOTEKAIOIIETro B IIENH, paBHA
1 mA, monoca vactot - 100 /'y, a conporuBnenue coctasiset 0,5 MOm.



	1.Тепловой шум Джонсона, токовый шум, шум мерцания, генерационно-рекомбинационный  шум .
	2.Дробовый шум темнового тока, шум мерцания, токовый шум, тепловой шум, генерационно-рекомбинационный шум .

