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Pabouast mporpamma
IIpuGopsI TBepAOTENLHOI 3TeKTPOHUKU U MHKPO3JIEKTPOHHUKHI

Pazpaborana B coorBercTBru ¢ OC BO:

CaMOCTOSITeNIFHO YCTaHABIMBAEMBIH 00pa30BaTENBHBIN CTAaHAAPT K CTPYKTYpPE MPOrpaMM IMOATOTOBKH HAyJIHBIX M HAYIHO-
HeJarornieckux KaapoB B aCIUPaHType (aABIOHKTYPE), YCIOBHUAM HX pealu3alii, CPOKaM OCBOCHHS ATUX IIPOrpaMM C yIETOM
paznnuHbIX GopM 00ydeHHs, 00pa3oBaTEIbHBIX TEXHOIOTUI 1 OCOOCHHOCTEH OTAENBHBIX KaTeropui aclMpaHToB (a1bIOHKTOB)
(mpukas ot 17.03.2022 r. Ne 2-22)

CocraBieHa Ha OCHOBaHHH y‘{C6HOFO IIaHa:

1.3.8 ®u3nka KOHIEHCUPOBAHHOTO COCTOSHUS

1.3.11 ®u3uka noIynpoBOIHUKOB

1.4.2 AHanuTHuecKast XUMUS

2.2.3 TexHonorust ¥ 000pyI0BaHNE IS IIPOU3BOJICTBA MATEPHATIOB M IIPUOOPOB IEKTPOHHON TEXHUKH
2.4.2 DneKTpOTeXHUYECKHUE KOMITJIEKChI U CHCTEMBI

2.5.7 TexHOnoruu u MalinHbl 00PaOOTKH JTaBICHHEM

2.6.1 MertannoBeeHe U TepMUIecKas 00paboTKa METaJIOB U CILIaBOB

2.6.2 MeTtamnyprust YepHbIX, [IBETHBIX U PEAKUX METAIIJIOB

2.6.3 JIuteiiHoe IpOU3BOJICTBO

2.6.4 O6paboTKa METANJIOB 1aBICHIEM

2.6.5 IloporkoBasi METAJTyprisi U KOMIO3ULIMOHHBIE MaTePHabI

2.6.6 HanorexHonoruu 1 HaHOMaTepUabl

2.6.9 TexHonorus 31eKTPOXUMUUECKUX IIPOLIECCOB U 3aILUTA OT KOPPO3UHU

2.6.12 Xumudeckasi TEXHOJIOT U TOIUIMBA U BHICOKOYHEPTETUYECKUX BEIIECTB

2.6.17 MarepuanoseneHue

2.8.3 TopHONPOMBINIUTEHHAST U HE()TETa30MPOMBICIOBAs T€OJIOTUsI, TEOPHU3NKA, MAPKIIEHIEPCKOE JIEN0 M TEOMETPHS HEAP
2.8.6 T'eomexanmka, pa3pylieHle TOPHBIX MOPOJI, PyAHUYHAS a3POra3oJuHaMuKa 1 rOpHasl Teropu3nuka
2.8.7 TeopeTndeckre OCHOBBI IPOEKTHPOBAHUS TOPHOTEXHUYECKUX CUCTEM

2.8.8 T'eorexHONOrNUs1, FOPHBIE MALIUHBI

2.8.9 Oboramenue none3nHsx uckonaeMsrx, ACIT-22-4.plx , yreepxkaernoro YuensiM coserom HUTY MUCHC B coctaBe
cootsercTByromteir OITOIT BO 22.09.2022, nporokon Ne 8-22

Vreepxkaena B coctase OITOIT BO:

1.3.8 ®usuka KOHAEHCUPOBAHHOIO COCTOSHUS

1.3.11 ®u3nka NoIynpoBOJHUKOB

1.4.2 Ananutudeckast XUMHS

2.2.3 TexHonorus u 000pyIOBaHUE IS IPOU3BOACTBA MaTEPHAIIOB M IPHOOPOB AIICKTPOHHOH TEXHUKH

2.4.2 DnexTpoTeXHUYECKNEe KOMITJIEKChI U CHCTEMBI

2.5.7 TexHOJIOrMYU U MaIIUHBI 00PaOOTKH JaBlIEHHEM

2.6.1 MetamioBenieHle 1 TepMuieckast 00paboTka METaJlJIOB U CILJIaBOB

2.6.2 MeTamryprust 4epHbIX, LIBETHBIX U PEIKUX METAJIIOB

2.6.3 JluTeiiHOe POU3BOICTBO

2.6.4 O6paboTKa METAIUIOB JIABJICHUEM

2.6.5 IoporkoBast METaJUTYprisi © KOMIIO3UIIMOHHBIE MaTepUaIbl

2.6.6 HanorexHonoruu 1 HaHOMaTepUabl

2.6.9 TexHOIOrUs 3IEKTPOXUMHUECKHIX IIPOLIECCOB U 3aIUTa OT KOPPOHHU

2.6.12 XuMudeckas TEXHONOIHS TOIUIMBA U BEICOKOIHEPreTHYECKUX BEIIECTB

2.6.17 MarepuanoeneHue

2.8.3 I'opHONpOMBINLIEHHAS U He(TEra30npoMBICIOBas T€0IOTHs, Feo(U3UKa, MAPKIIEHaepCKOe JeTI0 U TeOMeTPHs HeAp
2.8.6 T'eomexaHnmKa, pa3pylIeHUE TOPHBIX ITOPOJ, PYJHUYHAS adpOora3oJMHaMHKa 1 TOpHas TeIuIopH3HuKa

2.8.7 TeopeTnueckye OCHOBBI IPOEKTUPOBAHUSI TOPHOTEXHUYECKUX CUCTEM

2.8.8 T'eorexHONOrNUs, FOPHBIE MALIUHBI

2.8.9 OGorarieHue Moie3HbIX HCKOMaeMbIX, , yTBep kaeHHoH YueHbiM coetoM HUTY MUCHUC 22.09.2022, mpotokon Ne 8-22



Pabouast mporpamma ooOpeHa Ha 3acelaHiN
Kadgeapa 1D u OIIII

TIporokon ot 21.06.2022 r., Nel1

PyxoBogurens nonpasznenenus Aunenko Cepreit iBaHOBHY



1. HEJIX OCBOEHUA

1.1

Ienp MUCIUIUINHEI - pa3BUTHE NPECTABICHUH B 00J1aCTH (PU3UKH COBPEMEHHBIX MOTYNPOBOAHUKOBEIX IIPHOOPOB,
U3y4eHHe COBPEMEHHBIX Mojenell (U3HUecKuX MPOIeccoB, KOHCTPYKLUIL, TpeOOBaHUH K MapaMeTpaM, KOHCTPYKIHAM
SMUTAKCHAIIBHBIX TETEPOCTYKTYp AJIsl CO3[AHUS COBPEMEHHBIX TPUOOPOB HAHO-H MUKPOAJIEKTPOHUKH. OCBOEHUE METOIOB
aHaIM3a, N3MEPHHUS ITapaMeTPOB M BRIYMCIICHHUS TapaMeTPOB MaTepHraja, KOHTAaKTOB M IPHOOPHBIX CTPYKTYD.

2. MECTO B CTPYKTYPE OBPA30BATEJIBHOI ITPOI'PAMMBbI

Baox OIT: 2.1.2

2.1 TpeGoBanus K l'[peI[Ba]Pl/lTe.]'I])HOﬁ MOATOTOBKE 00y4aI01Ierocs:

2.1.1 | AkageMuueckoe NUucbMO

2.1.2 |HBOCTpaHHBIN SA3BIK

2.1.3 | Ucropus u dpunocodus HayKn

2.2 JAucuuninHbl (MOIy/IH) U MPAKTHKHU, VI KOTOPBIX 0CBOEHHE JAHHON AUCUMIJIMHBI (MOAY/15) HEOOX0AUMO KaK

npefilecTByoIIee:

2.2.1 | Ananutuyeckas XuMus

2.2.2 |Tl'eomexaHuKa, pa3pylIeHHE TOPHEIX ITOPOJ, PyAHUYHAS a3pOra3oAnHaMHUKa U TOpHast TEIUTOPU3IKa

2.2.3 |I'eomexanuKa, pa3pylIeHHe TOPHBIX OPOJ, PyAHUYHAS a3pOra3oMHAMHKa U TOpHas TeTUIOpH3HNKa

2.2.4 | T'eoTexHOJIOTHsI, TOPHBIE MAITMHBI

2.2.5 |T'opHompoMbllUICHHAs! ¥ HE(TEra30MPOMBICIIOBAs TEOIOIHs, TeopU3NKa, MapKIIEHIEPCKOE EI0 U TeOMETPHsI HeAp

2.2.6 |T'opHOmpoMbllUICHHAs! M HE(TEra30MPOMBICIIOBAst TEOIOrHsl, Te0(pU3NKa, MapKILIEHIEPCKOE E0 U TeOMETPHst HeAp

2.2.7 |JIureitHOE IPOU3BOICTBO

2.2.8 |MarepuanoBeneHnue

2.2.9 [MarepuanoBeneHnue

2.2.10 |MatepuanoseaeHue

2.2.11 |MerannoBeneHue u TepMUUeckas 00paboTKa METAIOB U CILUIaBOB

2.2.12 |MerannoBeneHne u TepMUUecKas 00paboTka METaIOB U CILUIaBOB

2.2.13 |MerannoBeneHue 1 TepMUUecKas 00paboTKa METAIIOB U CILUIaBOB

2.2.14 |MerannoBeneHue u TepMUUeckas 00paboTka METAIIOB U CILUIaBOB

2.2.15 |Meramtyprus 4epHbIX, IBETHBIX U PEAKUX METAJUIOB

2.2.16 |Meramtyprus 4yepHbIX, [BETHBIX U PEAKUX METAJUIOB

2.2.17 | Meramtyprus 4epHbIX, IBETHBIX U PEAKUX METAJUIOB

2.2.18 |HaHoTexHOIOrMM U HaHOMaTEpHabl

2.2.19 | HaHOTEXHOIOrUM U HAHOMATEPHAIIBI

2.2.20 | HaHOTEXHOJOrMM U HAHOMATEPHAIIBI

2.2.21 | OOoraleHue Moje3HbIX HCKOMAaeMBIX

2.2.22 | O6paboTKa METAIIIOB JaBIICHUEM

2.2.23 |IloporkoBasi METaJUTyprisi U KOMIO3UIIMOHHbBIE MaTePUabl

2.2.24 |TlopommxkoBasi METaJUTyprisi 1 KOMIO3UIIMOHHBIE MaTEePUaIbl

2.2.25 | Teopernueckre OCHOBBI IPOSKTUPOBAHUS TOPHOTEXHUYECKUX CUCTEM

2.2.26 | TexHonoruu u MaluHbI 0OPaOOTKH aBIEHHEM

2.2.27 | TexHONOrUU U MAIIUHBI 0OPaOOTKH aBICHHEM

2.2.28 |Texuomorus u 000pyIOBaHUE AJIS IPOU3BOACTBA MATEPHAIOB M IPHOOPOB SIEKTPOHHOH TEXHUKH

2.2.29 |Texuomorus u 000pyIOBaHUE AJIS IPON3BOACTBA MATEPHAIOB M IPHOOPOB AIIEKTPOHHOH TEXHUKH

2.2.30 |Texuomorus u 000pyIOBaHUE AJIS IPON3BOACTBA MATEPHAIOB M IPHOOPOB SIIEKTPOHHOH TEXHUKH

2.2.31 | TexHonorus 3MeKTPOXUMHUYECKUX MTPOLIECCOB U 3aIIUTa OT KOPPO3UU

2.2.32 | dusukKa KOHAECHCUPOBAHHOIO COCTOSHUS

2.2.33 | ®dusuKa KOHAEHCUPOBAHHOTO COCTOSHUS

2.2.34 | ®uzuKa KOHAECHCUPOBAHHOIO COCTOSHUS

2.2.35 | dusmnka KOHAESHCUPOBAHHOTO COCTOSTHUS

2.2.36 | ®usmka KOHASHCUPOBAHHOT'O COCTOSTHUS

2.2.37 | ®usuka noxynpoBOIHUKOB

2.2.38 | Xumuueckas TEXHOIOTUs TOITHBA U BBICOKODHEPI€TUIECKHUX BEILECTB

2.2.39 | DneKTpOTEXHUYECKHE KOMIUIEKCHI M CUCTEMBI




2.2.40 |IloxroroBka K 3alIUTe AUCCEPTAIMK Ha COMCKAHHME YUEHOH CTeTIeHH KaHAUIaTa HayK

2.2.41 |IloaroroBka K 3aIUTe JUCCEPTAIIMU HA COUCKAHUE YUCHON CTETICHN KaHIMUAaTa HayK

2.2.42 |IloxroroBka K 3alMTe JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENIEHH KaHAUAaTa HayK

2.2.43 |IloxroroBka K 3alyTe JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENIEHH KaHAUAaTa HayK

2.2.44 |IloxroroBKa K 3alIMTe JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENeHH KaHAUaTa HayK

2.2.45 |IloaroroBKa K 3alIMTe JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENIeHH KaHAUaTa HayK

2.2.46 |IloaroroBka K 3aIIuTe IUCCEPTAIIMN HA COMCKAHNE YUCHOW CTETIEHU KaHAu1aTa HayK

2.2.47 HOZ[FOTOBKa K 3alIUTC JUCCEPTAlMN Ha COUCKAHNEC y‘{CHOﬁ CTCIICHU KaHAWJaTa HayK

2.2.48 HOI[]"OTOBKa K 3alIUTC JUCCEPTAlMN Ha COUCKAHNEC yquOﬁ CTCIICHU KaHAnaaTa HayK

2.2.49 |IloaroroBka K 3alllUTe IUCCEPTAI[MN HA COMCKAHNE YICHOW CTETIEHU KaHAK1aTa HayK

2.2.50 |TlomroTroBka K 3aluTe JUCCEPTAIIMU Ha COMCKAHHWE YUCHOH CTETICHH KaHauIaTa HayK

2.2.51 |ITlomroTroBka K 3allMTe JUCCEPTAIMK Ha COMCKAHHWE YUCHOM CTEIIEHH KaHauaaTa HayK

2.2.52 |TloaroTroBKka K 3alllTe JUCCEPTAIMK Ha COMCKAHHWE YUEHOH CTeNEeHH KaHauaaTa HayK

2.2.53 |IlomroroBka K 3aliTe JUCCEPTAIIMU HA COMCKAHUE YUCHOW CTCIICHU KaHIMUIaTa HayK

2.2.54 |IlonroroBka K 3alIMTe JUCCEPTAIMK Ha COMCKaHHME YUEHOH CTeleHH KaHAuIaTa HayK

2.2.55 |IlomroroBka K 3alIUTe AUCCEPTAMK Ha COMCKAHHME YUEHOH CTEeNIeHH KaHAUIaTa HayK

2.2.56 |IlomroroBka K 3alIuTe AUCCEPTAMK Ha COMCKAHHUE YUEHOH CTeTIeHH KaHAUIaTa HayK

2.2.57 |lloaroroBka K 3alUTe JUCCEPTAIIMU HA COUCKAHUE YUCHON CTETICHN KaHIAUIaTa HayK

2.2.58 |IloxroroBka K 3amyTe JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENIEHHU KaHAUAaTa HayK

2.2.59 |IloxaroroBka K 3amyTe JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENIEHH KaHAUAaTa HayK

2.2.60 |IloxroroBka K 3amyre JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENIeHH KaHAUaTa HayK

2.2.61 |IloxroroBka K 3alyTe JUCCEPTAlMU HA COUCKAHHUE YUEHOM CTENIEHH KaHAUaTa HayK

2.2.62 |IloaroroBka K 3aIIuTe IUCCEPTAIIMN HA COMCKAHNE YUCHOW CTETIEHU KaHAu1aTa HayK

2.2.63 |IloxroroBka K 3alIMTe JUCCEPTAlMK HA COUCKAHHUE YUEHOM CTENEHHN KaHAUaTa HayK

2.2.64 |IloaroroBka K 3alIuTe IUCCEPTAI[MN HA COMCKAHNE YUCHOW CTETIEHU KaHAM1aTa HayK

2.2.65 |IloaroroBka K 3alIuTe IUCCEPTAI[MN HA COMCKAHNE YICHOW CTETICHU KaHAK1aTa HayK

2.2.66 |IlomroroBka K 3aliuTe JUCCEPTAIMK HA COMCKAHHWE YUCHOH CTETICHH KaHauIaTa HayK

2.2.67 |IloaroroBka K 3allMTe JUCCEPTAIIMK Ha COMCKAHHME YUECHOM CTETICHH KaHauaaTa HayK

2.2.68 |TloaroroBka K 3alliTe JUCCEPTAIIMU Ha COMCKAHHWE YUEHOH CTeIEHH KaHauaaTa HayK

2.2.69 |IlomroroBka K 3aliTe JUCCEPTAIIMU HA COMCKAHUC YUCHOW CTEIICHU KaHIMATa HAyK

2.2.70 |IloaroroBka K 3alIMTe JUCCEPTAMK Ha COMCKAHHME YUEHOH CTeNeHH KaHAuIaTa HayK

2.2.71 |IloaroroBka K 3alIUTe AUCCEPTAIMK Ha COMCKAHHME YUEHOH CTEeNeHH KaHAUIaTa HayK

2.2.72 |TloaroToBKa K 3alIUTe JUCCEPTAIMK Ha COMCKAHHME YUEHOH CTeTIeHH KaHAuaaTa HayK

2.2.73 |IloaroroBka K 3alUTe JUCCEPTAIIMU HA COUCKAHUE YUCHON CTETICHN KaHAMUIaTa HayK

2.2.74 |IloxroroBka K 3alMTe JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENIEHH KaHAUAaTa HayK

2.2.75 |IloaroroBka K 3alyTe JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENIEHH KaHAUAaTa HayK

2.2.76 |IloxroroBka K 3amyTe JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENeHH KaHAUaTa HayK

2.2.77 |IloaroroBka K 3alIyTe JUCCEPTAlMU HA COUCKAHUE YUEHOM CTENIeHH KaHAUaTa HayK

2.2.78 |IloxroroBka K 3alIyTe JUCCEPTAlMK HA COUCKAHUE YUEHOM CTENeHH KaHAUaTa HayK

2.2.79 |IloaroroBka K 3alIMTe JUCCEPTAlMM HA COUCKAHHUE YUEHOM CTENEHH KaHANUaTa HayK

2.2.80 |IloxroroBka K 3alIyTe JUCCEPTAlMK HA COUCKAHME YUEHOM CTENEHHN KaHAWaTa HayK

2.2.81 | OOorameHue NoJe3HbIX HCKOITaeMbIX

2.2.82 |TloaroroBka K 3alUTe JUCCEPTAIMK Ha COMCKAHHWE YUCHOH CTETICHH KaHauaaTa HayK

3. PE3YJIbTATBI OBYUYEHUSA IO JUCIUITIJIMHE, COOTHECEHHBIE C ®OPMUPYEMBIMHA
KOMIIETEHIIUSIMH

A-3: Cioco0HOCTh IPOBOIUTHL HAYYHO-HCCIeA0BATEIbCKHE H ONBITHO-KOHCTPYKTOPCKHUE Pa0OTHI 110 32/IaHHOI TeMaTHKe U
oopMIIATEH X Pe3yIbTATHI

3HaTh:

A-3-31 CoBpeMeHHOE COCTOSHHE U TEHACHIIUH B 00JIACTH IPOESKTUPOBAHHS, KOHCTPYHPOBAHUS U TEXHOJIOTUH U3TOTOBICHUS
IpHOOPOB MUKPOIJIEKTPOHUKHI

A-2: CiocoOHOCTH MPOBOAMTH HAYYHBII IKCIIEPUMEHT U aHAJU3 ero pe3yJbTaTa

3HaTb:

A-2-31 MeTomuKy TeOpeTHYECKUX H DKCTIEPUMEHTAIBHBIX UCCIICIOBAHUN B 00JIaCTH pa3paboTKy PUOOPOB TBEPIOTEIHHOM




MUKPO3JIEKTPOHUKH

A-1: Crioco0HOCTb K HAYYHOMY IIOUCKY H IPUMEHEHMIO Pe3YJbTATOB HAYYHO-UCCIe0BATEIbCKUX H ONILITHO-
KOHCTPYKTOPCKHX Pa3padoToK IPH CAMOCTOATE/IbLHBIX HCCJIEA0BAHUAX

3HaTb:

A-1-31 TpeboBaHU K TapaMeTpaM COBPEMEHHBIX MOITYIPOBOAHNKOBBIX IIPHOOPOB M B3aMMOCBS3b MEX Ty KOHCTPYKIIHEH prbopa,
XapaKTepUCTHKaMHU MaTeprajia U BEIXOAHBIMH IapaMeTpaMu MpruoopoB

A-3: CniocoOHOCTBb NIPOBOAUTHL HAYYHO-HCCJIEI0BATE]IbCKUE H ONIBITHO-KOHCTPYKTOPCKHE PA0OTHI 110 32JaHHOH TeMaTHKe H
oopMIIATH UX pPe3yIbTATHI

YMmerb:

A-3-Y1 IlpuMeHATs METOIBI pacdeTa MapaMeTpoB U XapaKTePUCTHK, MOJCTHPOBAHHS M IPOSKTUPOBAHHS IIPHOOPOB TBEPAOTETHHOM
JJIEKTPOHUKU U MUKPOIJIEKTPOHUKH

A-2: Cioco0HOCTb IPOBOIUTHL HAYYHBIN 3KCIIEPUMEHT M AHAJIU3 eT0 pe3yJbTaTa

Ymern:

A-2-Y'1 IIpoBOAUTE pacyeThl XapaKTePUCTHK MIPHOOPOB TBEPIOTEIBLHOM AIIEKTPOHUKH U MUKPOIJIEKTPOHUKH Ha OCHOBE HOBBIX
MaTepHajoB

A-1: Crioco0HOCTb K HAYYHOMY IIOUCKY H IPUMEHEHMIO Pe3YJbTATOB HAYYHO-UCCIeJ0BATEIbCKUX H ONLITHO-
KOHCTPYKTOPCKHX Pa3padoToK IPH CAMOCTOATE/IbLHBIX HCCJIEA0BAHUAX

YMmerb:

A-1-Y1 CaMoCTOATENHHO MOTY4aTh HOBBIC 3HAHUS M3 H3YUSHHS COBPEMEHHBIX ITyOJIMKAIMIA 0 TIPHOOpax TBEPIOTEIHHOM
3JIEKTPOHUKH U MUKPOAJIEKTPOHUKHU

A-3: CriocoO0HOCTBb NIPOBOAUTHL HAYYHO-HCCJIEI0BATE]IbCKUE H ONIBITHO-KOHCTPYKTOPCKHE PA0OTHI 110 32JaHHOH TeMaTHKe H
oopMIIATEH UX pe3yIbTATHI

Baanernb:

A-3-B1 Metognomnorueit TeopeTHUECKUX 1 SKCIIEPUMEHTANBHBIX HCCIIEN0BaHNH B IPO(ECCHOHAIBHOW 00IaCTH, COOTBETCTBYIOMIEH
HAaIpaBIEHHOCTH 00pa30BaTeNbHOM MPOrpaMMBbl

A-2: Cioco0HOCTb IPOBOUTHL HAYYHBIN 3KCIIEPUMEHT M AHAJIU3 eT0 pe3yJbTaTa

Baanernb:

A-2-B1 IlogxonaMu kK opraHrA3aluy SKCIIEPUMEHTABHBIX UCCIIEIOBAHHMA

A-1: Crioco0HOCTb K HAYYHOMY IIOUCKY H IPUMEHEHHIO Pe3YJbTATOB HAYYHO-UCCIeJ0BATEIbCKUX H ONILITHO-
KOHCTPYKTOPCKHX Pa3padoToK IPH CAMOCTOATE/IbLHBIX HCCJIEI0BAHUAX

Baanernb:

A-1-B1 IIporpamMmmMHBIMU TTAaKETAMH MaTEMAaTUYECKOT'O MOACITUPOBAHMS U UCIIOIB30BATh MX JJII MOJCIMPOBAHUS U pacuera
TEOPETUYECKHUX XapaKTEPUCTUK OTYIPOBOTHIUKOBBIX MTPUOOPOB

4. CTPYKTYPA U COJAEPKAHMUE

Kon HaunmenoBanue pasnesioB u | Cemectp | YacoB | ®opmupyemsie | Jlutepatypa | Ilpumeuanne KM Boinoan
3aHATHSA TeM /BUJ 3aHATUS/ / Kypce HHIUKATOPBI H JJL sieMble
KOMIeTeHI Ui pecypcsl padoTsl
Pasnea 1. KonrakTt Merasi-
MOJYNPOBOIHUK
1.1 CoBpeMeHHbIE 6 2 A-1-31 A-1-Y1 JI1.5J12.2

npeacTaBieHus GU3NKU A-1-B1 A-2-31 J12.7
KOHTaKTOB METAJII- A-2-V1 A-2-Bl
nonynposoaHuk. Teopus A-3-31 A-3-V1
[oknu. Monens bapauna. A-3-B1

TecHblii KOHTaKT. Moznens
Tanra. [leexTHBIC MOTENH.
Bnusinue pazuuna pabot
BBIXOJIa, CHJI 3ePKaJIBEHOTO
N300paKeHus,
MPOMEXKYTOYHOTO CIIOS U
MOBEPXHOCTHBIX COCTOSIHHM
Ha BBICOTY Oaphepa. /Jlek/




1.2 TokomnepeHoc B KOHTAKTax 2 A-1-31 A-1-V1 JI1.5J12.2
MeETaJLJI MOTYPOBOIHHK. A-1-B1 A-2-31 2.7
TepmoanekTpoHHas, ToIeBas A-2-Y1 A-2-B1
U TepMOIIOIEBAst YMUCCHSI. A-3-31 A-3-V1
TepMOIMUCCHOHHO- A-3-Bl
UG PY3UOHHAS MOJIETb.

TOKOBBIE IIYHTHI.
OMUUYECKU KOHTAKT.
KonTakt Mortra /Jlex/

1.3 Nzyuenue metonoB 8 A-1-31 A-1-VY1 JI.5
o6padotkn BAX 1 BX® A-1-B1 A-2-31 J12.7J712.9
KOHTAaKTOB METaJlI- A-2-Y1 A-2-Bl
MTOJTYIIPOBOHUK U A-3-31 A-3-V1
BBIYHCJICHHS [TapaMETPOB A-3-Bl
KOHTaKTa U TOIYIPOBOTHHKA.

[oaroroBka x cemunapy. /Cp/

1.4 [Ipaktuueckoe 3anstue Nel 2 A-1-31 A-1-V1 JI1.5712.11 KMI
"M3mepeHus BOJIbT- A-1-B1 A-2-31
aMIIEPHBIX U BOJIbT- A-2-V1 A-2-Bl
(hapagHBIX XapaKTEPUCTHK A-3-31 A-3-V1
KOHTaKTOB METaJlI- A-3-Bl
TTOJTYTIPOBOHUK.

Beruuciienue napamerpos
BIII u3 BonbT-aMIepHBIX
XapaKTEPUCTUK U BOJIBT-
(hapaTHBIX XapaKTEPHUCTHUK.
Mertons! u3MepeHus U
BBIYUCIICHUS TIapaMETPOB
OK. TLM wmerog.
Momudunuposanusiii TLM
meron." /TIp/

1.5 CaMOCTOSTENbHOE U3YUEHHE 10 A-1-31 A-1-VY1
COBPEMEHHOM A-1-B1 A-2-31 21022
MIEPUOINYECKOHN JIUTEPATYPhI A-2-Y1 A-2-B1
B 00JIaCTH KOHTaKTOB A-3-31 A-3-V1
[ToTTKM K HIMPOKO3OHHBIM A-3-B1
norynpoBogHukam /Cp/

1.6 [TonroroBka Kk KOHTPOIBHOM 9 A-1-31 A-1-V1 JI1.5J12.2
pabora Nel "KonTtakT-MeTamn A-1-B1 A-2-31 JI2.7 J12.11
noynpoBoAHUK. bapeep A-2-V1 A-2-Bl
[ortru" /Cp/ A-3-31 A-3-V1

A-3-Bl
Pa3nen 2. P-i-n quoanbl

2.1 Pacnipenenenue nons u 2 A-1-31 A-1-V1 JI1.5J12.11
MOTeHIMAala B P-i-n A-1-B1 A-2-31
cTpykType. Pacuer BonbT- A-2-Y1 A-2-Bl
aMITEPHOM XapaKTePUCTUKHU. A-3-31 A-3-V1
EMKocTh U yacToTHBIE A-3-Bl
XapaKTePUCTHKHU P-i-n
nonos. /JIex/

2.2 [IpakTrueckoe 3anarue No2 2 A-1-31 A-1-V1 JI1.5J12.7
"MeTtoasl U3MEpEHHUs BOJIBT- A-1-B1 A-2-31
(bapamHOii XapaKTepUCTUKU A-2-Y1 A-2-Bl
p+-n-n+ guonos. Pacuer u A-3-31 A-3-V1
MOJIEIIUPOBAHUE PEaIbHOU A-3-B1
BOX." Mlp/

2.3 00630p cOBpeMEeHHOI 8 A-1-31 A-1-VY1
MePUOINYECKOHN JIUTEPATYPHI A-1-B1 A-2-31 2132
B 00JTaCTH KOHCTPYKIHH p-i-n A-2-Y1 A-2-Bl1
JIMOJIOB PA3IMYHOTO A-3-31 A-3-V1
Ha3HAa4YeHHsS Ha A-3-Bl

MEePCIEKTUBHBIX
HOJTYTTPOBOXHUKOBBIX
marepuanax. /Cp/

Paznen 3. I'ereponepexoanl




3.1 Hewuzorunuerii 2 A-1-31 A-1-V1 JIL.5 J11.1
rereponepexoa. Mozaens A-1-B1 A-2-31 JI2.9 JI1.1
AHpnepcona. MexaHU3MBbI A-2-Y1 A-2-B1
TokonepeHoca. /Jlex/ A-3-31 A-3-V1

A-3-Bl

32 AHU30THUITHBIHA 2 A-1-31 A-1-V1 JIL.5 JI1.1
rereporepexo. JIByMepHbIi A-1-B1 A-2-31 2.9
3JeKTpOHHBIN ra3. CioeBast A-2-V1 A-2-Bl JIT1.1J12.10
KOHLIEHTPALUs 2JIEKTPOHOB B A-3-31 A-3-V1
JIBYMEPHOM 3JICKTPOHHOM A-3-B1
raze. YipasieHue
KoHLeHTpanuei B 12T
HanpspKeHHeM Ha
3arBope. /JIek/

33 [IpakTuueckoe 3anstre No3 2 A-1-31 A-1-V1 JI1.1J12.9 KM1
"Mertozp! pacyera A-1-B1 A-2-31 JI1.1J12.3
reTepoIepexooB. A-2-V1 A-2-Bl JI2.10
[TocTpoeHne 30HHBIX A-3-31 A-3-V1
nquarpamm” /TIp/ A-3-Bl

34 Hanwmcanue pedepara mo 10 A-1-31 A-1-V1 J.1
teme "TIpubops! u A-1-B1 A-2-31 JI2.10J11.1
MaTepuabl COBPEMEHHON A-2-Y1 A-2-B1 2132
reTepOCTYKTYPHOU A-3-31 A-3-V1
anextponuku" /Cp/ A-3-Bl

3.5 [TonroroBka Kk KOHTPOIBbHOM 5 A-1-31 A-1-Y1 JI1.1
pabote Ne 2 "Pacuer A-1-B1 A-2-31 JI2.10J12.5
XapaKTePUCTUK A-2-Y1 A-2-Bl J2.6
rereponiepexonos” /Cp/ A-3-31 A-3-V1

A-3-Bl
Pa3gen 4. CoBpemeHnHble
reTepoOCTYKTypHbIE
TPaH3UCTOPBI

4.1 I'erepobunonspHsle 1 A-1-31 A-1-V1 J1.5
TPaH3UCTOPHI HA OCHOBE A-1-B1 A-2-31 JI2.10J12.6
AlGaAs/GaAs u Si/SiGe. A-2-Y1 A-2-Bl J1.1
MeToab!l TOBBIIIEHUS A-3-31 A-3-V1
YaCTOTHBIX XapaKTEPUCTHK A-3-Bl
OWITONAPHBIX TPAH3HUCTOPOB.

Kpurepnuu ontumusanuu
KOHCTPYKIIUH U BEIOOpa
MOTYTIPIIOBOIHUKOBOTO
Marepuana. /Jlex/

4.2 IIpaktudeckoe 3ansTue Ned 2 A-1-31 A-1-V1 J1.1
"Pacder napameTpoB A-1-B1 A-2-31 JI2.10J12.3
reTepOOHIIONSPHBIX A-2-V1 A-2-Bl J12.6
Tpan3uctopos"” /IIp/ A-3-31 A-3-V1

A-3-Bl

43 [Tonessie TpaH3UCTPHI HA 1 A-1-31 A-1-V1 J.1
OCHOBE T'€TEPOCTYKTYP A-1-B1 A-2-31 JI2.10J12.5
AlGaAs/GaAs, AlGaN/GaN A-2-V1 A-2-B1
n AlGaO/Ga203. Metombt A-3-31 A-3-V1
TIOBBIIIEHUS] YaCTOTHBIX A-3-Bl
xapakTepucTik. Kpurepun
ONTHMHU3AIUHN KOHCTPYKIIHU
1 BBIOOpa
MOTYTIPIIOBOIHUKOBOTO
Matepuana. /Jlex/

4.4 [IpakTuueckoe 3anstue NoS 2 A-1-31 A-1-VY1 JI1.1J12.9
"Pacuer mapamerpos A-1-B1 A-2-31 JI2.10J12.5
CEJIEKTUBHO-JIETUPOBAHHBIX A-2-Y1 A-2-Bl
Tpansuctopos"” /TIp/ A-3-31 A-3-V1

A-3-Bl




4.5 Brinonnenue moManiHen A-1-31 A-1-VY1 JI1.5 J11.1
pa6otel Nel "Pacuer A-1-B1 A-2-31 J12.9
XapaKTePUCTUK U A-2-Y1 A-2-Bl JI2.10J12.6
IIPOEKTUPOBAHUE A-3-31 A-3-V1
reTepoOHUIIONSPHOTO A-3-Bl
TpaH3HCTOpa Ha OCHOBE
GaAs"

/Cp/

4.6 BrinonHenue noMasen A-1-31 A-1-V1 JI1.5J11.1
paboter Ne2 "Pacuer A-1-B1 A-2-31 J12.9
XapaKTEPUCTHUK U A-2-Y1 A-2-Bl JI2.10J12.5
MIPOEKTUPOBAHUE CEIEKTUBHO A-3-31 A-3-V1
JIETUPOBAHHOTO A-3-Bl
reTepOTPaH3UCTOpa Ha
ocuose GaAs" /Cp/

Pa3nen S. IIpudopsl ¢
OTPUIATETHHBIM
nuddepeHuNAIBHBIM
CONMPOTHBJIEHHEM

5.1 CamocTosTenbHOe U3ydeHUe A-1-31 A-1-V1
COBPEMEHHOM A-1-B1 A-2-31 2122
MePUOINYECKOHN JINTEPATYPhI A-2-Y1 A-2-B1
B obnactu mpudopos CBY, A-3-31 A-3-V1
JIOTUYECKOH U A-3-Bl
HAHOAJICKTPOHUKH,

OCHOBaHHBIX Ha PE30HAHCHOM
TyHHenmupoBaHUH. O630p
COBPEMEHHBIX MaTEPUAJIOB U
rerepoctyktyp. [loaroroBka
K JICKIIAOHHOMY

3ausTHIo. /Cp/

5.2 ITpubops! ¢ oTpUIaTeIPHBIM A-1-31 A-1-V1 1.4
TG hepeHIHATEHBIM A-1-B1 A-2-31 JI1.5J12.12
CONPOTHUBIICHHEM HA A-2-Y1 A-2-Bl
cratuueckoi BAX. A-3-31 A-3-V1
TyHHENbHBINA AUOM. A-3-B1
Pe3oHaHCHO-TyHHENBHBIHN
JTUOJT HA OCHOBE
TETePOCTYKTHIPHI C ABOWHBIM
OapbepoM. Ou3uyeckue
TIPHUHITUITEI pabOoTHI.

MexaHu3MBI TOKOIIEPEHOCA.
Koncrpykuum,
TIEPCTICKTHBHEIC
Matepuaibl. /Jlex/

53 [IpakTnueckoe 3anarue Nob A-1-31 A-1-V1 JI1.4J12.3
"Ilonxox k pacuery A-1-B1 A-2-31 2.4
KO3 pHUIICHTA A-2-V1 A-2-Bl
MPO3PAYHOCTH A-3-31 A-3-V1
NIByXOapbepHOI CTPYKTYpBHI. A-3-Bl
Pacuer Toka uepes PT/1" /TIp/

5.4 [Tpubopsr Ha ocHOBE A-1-31 A-1-VY1 JIT.1JI1.2
MEXIOJIMHHOT O IIEpEHOCca A-1-B1 A-2-31 JI1.5
anexkTpoHoB. Jluon ['aHHa. A-2-V1 A-2-Bl
Du3nuecKre NPUHIHIIBI A-3-31 A-3-V1
paboTel. PexxuMBbI paboTHL. A-3-Bl
Koncrpykuuu. TpeboBanus k
MaTepuanam. /Jlex/

5.5 [Ipaktuueckoe 3anatue Ne7 A-1-31 A-1-VY1 JI.5
"Pacuer Toka reHepaTopa A-1-B1 A-2-31
["anHa ans pa3nuyYHBIX A-2-Y1 A-2-B1
pexxumoB pabdotsl. Kputepuii A-3-31 A-3-V1
YCTOWYMBOTO JIOMEHHOIO A-3-B1

pexuma." /Tlp/




5.6 JlaBUHHO-TIpONIETHBIE TUOBI. 6 A-1-31 A-1-VY1 JI1.5J12.1
Matepuaibl, KOHCTPYKIIHH. A-1-B1 A-2-31
JlaBuHHO-TIpOJNIETHBIE TUOABI A-2-Y1 A-2-B1
Ha TETEPOCTYKTypax. A-3-31 A-3-V1
Paboune pexxumsl. /Jlex/ A-3-Bl

5.7 [TpakTrueckoe 3ansatue No§ 6 A-1-31 A-1-VY1 JI1.5J12.1
"Tlonxox Kk pacuery A-1-B1 A-2-31
IapaMeTpOB JJABUHHO A-2-V1 A-2-Bl
nponeTHsIx auonos” /IIp/ A-3-31 A-3-V1

A-3-Bl
Pasnen 6. CoBpemeHHbIe
NnpuodOpPbI CHIIOBOI
JJIeKTPOHUKH

6.1 BBICOKOBOJIBTHBIE TUOBI HA 6 A-1-31 A-1-VY1 JI1.3 JI1.5
OCHOBE I'€TEPOCTYKTYP. A-1-B1 A-2-31
KoncTpykunu u marepuasl. A-2-Y1 A-2-B1
Cunosie HEMT Ha ocHOBe A-3-31 A-3-V1
rerepocTykTyp AlGaN/GaN. A-3-Bl
Koncrpykuus,

TEXHOJIOTUIECKAs CXeMa
W3TOTOBJICHUS,
XapakTepuCcTHKH. /JIek/

6.2 KoHcTpykunn coBpeMeHHBIX 6 A-1-31 A-1-VY1 JI1.3 JI1.5
KPEMHHEBBIX CHIIOBBIX A-1-B1 A-2-31
npubopos. SiC cusoBast A-2-YV1 A-2-Bl
anexTponuka /Jlek/ A-3-31 A-3-V1

A-3-Bl

6.3 CamocTosTenbHOe U3ydeHUe 6 A-1-31 A-1-V1
KOHCTPYKLIUH COBPEMEHHBIX A-1-B1 A-2-31 3132
CHJIOBBIX MPUOOPOB U A-2-Y1 A-2-Bl
NEPCIEKTUBHBIX MAaTEPHUAIIOB. A-3-31 A-3-V1
[Moaroroska x cemunapy. /Cp/ A-3-Bl

6.4 [IpakTnueckoe 3anarue Ne9 6 A-1-31 A-1-V1 JIT.3 JI1.5 KM1
"O030p KOHCTPYKIIUH A-1-B1 A-2-31
CcHJIOBBIX TromoB Ha GaN, A-2-V1 A-2-Bl
SiC u anmaze. Pacuer A-3-31 A-3-V1
OCHOBHBIX A-3-Bl
xapaktepuctik" /T1p/

5. ®OHJ OHEHOYHBIX MATEPUAJIOB
5.1. KoutposabHble MeponpusiTis (KOHTPOJIbHas padoTa, TecT, KOJUIOKBMYM, 3K3aMeH M T.I), BONPOCHI IS
CaMOCTOSITeJIbHOI MOATOTOBKH
Kog KonTponsHoe Tposepsiemsre
KM MEpONpHATHC HHIIKATOPBL Bonpocs! a5st moAroToBKU
KOMIIETEHIUI
KM1 Bomnpocs! ms A-3-Y1;A-3-31;A-2- | 1. KonTakT Metamt-nionynpoBogHuk. CpaBaerue Moaenu Iloxmn u

IIOATOTOBKH K
MNPaKTUICCKUM
3aHATUAM.

31;A-1-31;A-1-V1

Bbapnuna. IloBepXxHOCTHBIE COCTOSIHUS, UX BIMSIHUE HA BBICOTY Oaphepa.
2. KoHTaKT MeTaI-noaynpoBoAHUK. Mozienn TeCHOro KOHTaKTa.

3. KonTakT MeTaymui-nioaynpoBofaauk. [ledextHsie Mogenu. Monens
Tanra.

4. TokorepeHoc Yyepe3 KOHTAKT METa/LI-IIOYIIPOBOJHHUK.
TepMOdIEKTPOHHAS, TI0JIEBASI U TEPMOIIOJIEBASt SIMUCCHSL.

5. TokonepeHoc yepe3 KOHTAKT METaJLI-I0YIIPOBOIHUK.
TepmoamuccHOHHO-TH(BY3HOHHAST MOJICITB.

6. OMuyeckuii KOHTaKT. MexaHn3Mbl TOKONEepeHoca. TOKOBbBIE IIYHTHI.
BripakeHue 17151 KOHTAaKTHOT'O COMPOTUBIICHUS JJIs1 Pa3HbIX
MexaHu3MOB. BrIBo.

7. KonrakT Morra. Bonbr-amnepHast xapaktepucTtrka. BeiBon
BBIPXKEHHUSI.

8. Ilpumenenne auonos Llortku, mpuniun aercteus. [IpenmymiecTsa
Y HEJIOCTATKH B CPAaBHEHUU C JICOJIaMHU C P-N TIEPEXOTOM.

9. DKxBHBaNeHTHasA cxeMa nuona ¢ 6apeepom LllorTku. YactoTHEIE
XapaKTePUCTUKH.

10. P-i-n u n-i-p cTpyKTyphl. Pacnpenenenue mons v noTeHrana.
BonbT-(hapagHble XapaKTePHCTHKH.




11. P-i-n u n-i-p cTpyKTypsl. BonbT-amnepHbie XapakTepucTHKU. BeiBog
BeIpakeHHs. [1oyiHast KOMIIEKCHAs: IPOBOJUMOCTb.

12. I'ereponepexoabl. 30TUNHBINA U aHU30TUIIHBINA FeTEPONIEPEXOABIL.
Peskuit u nnaBHBIN rereponepexo.

13. I'ereponepexoa. Monens Aunepcona. OCHOBHBIE COOTHOLIEHUS ISt
pacdera mos, HOTeHIHala U 0aphepHON EMKOCTH IeTeporepexoa.
14. JIByMepHBIii 3JIEKTPOHHBIHN a3 Ha TPaHUIIE TeTeporepexoa.
Ycnous 00pa3oBaHUsL.

15. 3aBucumocTs ciioeBoii koHreHTpauu B 2DEG ot nonokeHus
ypoBHsa Pepmu. YrpaBieHue ciioeBoi koHrenTpanuei B 2DEG
HaIpsDKEHUEM Ha 3aTBOpE.

16. [TogBmxHOCTD ANeKTpoHOB B 2DEG. MexaHu3Mbl paccesHusl.

17. BonbT-(hapaaHbie xapakTeprcTHKH 6apbepa [1IoTTku k
rerepocTykType ¢ 2DEG.

18. Arm3orunHslil p-n rerepornepexon. KoahduuueHT nHKeKnuu.

19. AHu30THIIHBINA p-n rereponepexol. MexaHu3Mbl IepeHoca.
TepmoanexTpoHHO-TH( Hy3HOHHAS MO,

20. AHU30TUIIHBIN p-n rereponepexol. MexaHu3Mbl epeHoca.
TepMOdEeKTPOHHO-TU(PPY3HOHHO-TIOIEBAST MOJIEIb.

21. Tunwnunas kouctpykuus ['BT na GaAs u SiGe, TEXHOIOTHYECKHUE
MPUEMBI X M3TOTOBJICHHS, SKBUBAJIEHTHAsI CXeMa M pabodmii AnarmasoH.
22. OcHOBHBIE TOKH, NIpOTeKaroue yepes cTpykrypy I'BT.

23. YacrorHble xapakrepuctuku [ BT 1 meTonb! noBsieHus
YacTOTHOrO Auarna3oHa. [lepcreKkTHBHBIC MaTepHaIbl.

24. TpaH3UCTOPHI C BEICOKOH MOIBIKHOCTHIO AnekTpoHoB (HEMT) Ha
ocHoBe retepocTykTyp AlGaAs/GaAs u AlGaN/GaN. JIBymepHbIii
3JeKTpOHHBIN Ta3. HazHauenwne otaenbHbix cioeB HEMT.

25. BonbT-aMIepHbIE XapaKTEPUCTUKU M1OJIEBOTO TPAaH3UCTOPA C
BBICOKOH MOABIKHOCTHIO 351eKTpoHOB (HEMT), dhakTopsr,
OIpEIETISIIOIINE TOK CTOKA U KPYTU3HY.

26. HeoOXoanMOoCTh MPUMEHEHHUS Pa3IMIHbIX ITOIYITPOBOIHUKOBBIX
coenuHeHul B rereponapax 1t HBT u HEMT.

27. IIpubopsl ¢ oTpuLaTeNbHBIM AU depeHInanbHbIM
conpoTuBiieHHEM Ha cTatnueckoil BAX. IlpuHuun renepauuu cursania.
28. TyHHENBHBIE THOMH, (hr3HYecKkre (G PEKTH, MPUBOAAIINE K
Hanmunto OJIC Ha cratnueckord BAX. DkBuBaneHTHas cXeMa.

29. PezonaHncHO-TyHHENbHBIN Aroa. [Ipunuun padorel. usnveckue
a¢dexTol, npuBosmue k Hammauto OJIC Ha ctatnyeckoir BAX.
OKBUBAJIEHTHAs cXema.

30. Pe3oHaHCHO-TYHHEIBHBIN q10A. Moeny TokomnepeHoca yepes
JBYXOapbepHYIO TeTePOCTYKTYPY.

31. IIpubopsr paboraronye Ha 3(h(heKTe MEKTOTMHHOTO ITepexoaa
3JIEKTPOHOB, TPeOOBAHUS K MOTYIIPOBOJHUKOBBIM MaTepHalIaM.

32. YcnoBus noy4eHus: U30bITOYHON KOHLEHTPALUH U OCHOBHbIE
pexuMsl padotel ['aHHa.. OCHOBHBIE OCOOCHHOCTH KaXIOTO PEKUMA.
33. CpaBHeHHUE pexxUMOB paboThl nnoaa ['aHHA: HAKOTUTEHHS
M30BITOYHOTO 3apsiia U JOMEHHOT 0.

34. PexxuM orpaHrueHUs HaKOIUIeHHus Hocutenel 3apsaa (OHO3).
[IpranHBI TPUMEHEHNS YKa3aHHOTO PEXIMA.

35. Ipubopsl, obragaromue OTpUIATeNbHBIM qH((hepeHIIaTbHbBIM B
JUHAMUYeCKOM pexkuMe. [IpuHIun renepanuy curHania.

36. JlaBUHHO-IIPOJIETHBIE AUO/Ibl. BO3MOXHbBIE KOHCTPYKLIUY U IPUHIIMIT
neiicteusi. OCHOBHBIE ypaBHEHUs, onrchiBatomue padory JIIT/I.

37. Beibop marepuana st 6azoBoit obactu JIII. JITIJ Ha
reTepoCTYKTypax.

38. CuioBble 1UOMBI HA OCHOBE T'€TEPOCTYKTYp C BHICOKOH
HOABIKHOCTBIO JIEKTPOHOB.

39. KpemHueBbIe CHIIOBBIC TpaH3UCTOPBl. COBPEMEHHOE COCTOSTHUE.
KoHCTpyKIINH M TEXHOJIOTHH.

40. TTpubops! cHoBO# 2MeKTpoHrKH Ha ocHOBe SiC 1 anmasa.
CoBpemeHHoe cocTosiHie. KOHCTPYKIINU U TEXHOIOTHH.

41. IMpunuumsl u3mepenust BAX nuonos. Pexumel.

42. Ilpunuuns! uzmepenus BOX nuonos u MAII ctpyktyp. Meronsl,
PEXUMBI H3MEPEHHUSI.

43. VI3mepeHne BXOAHBIX U BBIXOAHBIX BAX OUIONSPHBIX U TOJIEBBIX
TpaH3KCTOPOB. Berancinenne k03¢ GUINEHTOB YCUICHHUS U KPYTU3HEIL.
IIpoxonnsie BAX.

44. Metonbl U3MepeHusl TPaHUYHOIN YacTOTHl TPAH3HCTOPA.




45. MeTozbl U3MepeHHs ITapaMeTPOB YEThIPEXTIOTIOCHHUKA.
46. Mertonbl U3MepeHHs TapaMeTPOB OMUYECKIX KOHTAKTOB M 6apbepoB
[orTkn.

KM2

Konrponbhas
pabota Nel
"KonrtakT-mMeTamn
TIOTYIIPOBO/THUK.
bapwep LlorTkn"

A-3-31;A-3-Y1;A-2-
31;A-2-Y1;A-1-31;A
-1-B1

Bapuanr 1

JI71 KOHTaKTOB METaJI-MOIYIPOBOAHUK (KPEMHUI, apCeHH ] rajuTust U
HUTPUJ TJUIHA), OLCHUTh IPUMEHUMOCTD TU(D(DY3HOH TeoOpUuu
BBITIPAMJIICHUSA, €CJIN IIPUHATH, YTO KOHICHTpAIUA HOCHUTETIEH 3apsaa
10714 cm”-3. Temneparypa 300 K. [Ipunsts, uTo BeicoTa Oapbepa
oIpeensieTcsl TOIbKO pa3HOCThIO PadOT BBIXOAA.

Bapuant 2

Kakoit 13 MexaHU3MOB IIPOTEKAHHS TOKA SBIISETCS OMPEICSIISIONIIM IS
KoHTakTa Au-GaAs n-tuma ¢ KoHeHTpamue qoaopo 3*10M8 cm”-
3 . Kak u3MeHuTCS MeXaHu3M IIpH NOHMKEHUU Temnepartypsl ot 300 K
o 77 K?

Bapuant 3

Cuwras, uto 1 hochuaa rayuIis N-TUIIA BEICOTA MTOTCHIIHAIBEHOTO
6apbepa KOHTaKTa METaI-IIPOBOAHUK cIa00 3aBUCHUT OT BEIOOpa
MeTajia u onpeaensercs cootHomerneM ®b = 0.27dme - 0.01 5B
paccunTaTh 3HAUYCHUE TOKA TEPMOIIOJICBOH 3MUCCHH U KOHTAKTHOT'O
COTPOTUBIICHHUS TIPH TIPSIMOM 1 oOpatHOM cMermernnn 0,5 B.
IToHmxeHue NOTEHIMATBHOro 6apbepa 3a CYET CHJII 3epKATbHOIO
n300pakeHus npeHeopeds. PaccMoTpeTh MeTananieckue KOHTaKkThl Pt
(®dme=5.73B), Au (Ome=5.13B), W (Ome=4.53B).

BapuanT 4

Paccunrars BenmmunHy HoTeHIHAIBHOTO Oapbepa Db 1yt KOHTaKTa
KPEMHHIA N-THIIA /aTFOMHUHAH, IpeJoaras, 9To Ipu o0pa3oBaHHU
KOHTaKTa Ha MOBEPXHOCTU KpeMHHS c(hOpMUpOBaiach IIEHKA
JByOKHCH KpeMHus TonuHoi 20 A. KoHIeHTpalys moBEpXHOCTHBIX
coctostanit Nss = 4*10713 cm *—2 3B —1 cpencTBo K AJIEKTPOHY B
kpemHnu 4,75 3B, pabota BeIX0a B BaKyyM IS amfoMuHus 4, 25 3B.
Kax u3meHuTcst noTeHIMaIbHbIN Oapbep, eciii KOHIEHTPALHS
MOBEPXHOCTHBIX COCTOSHUM Bo3pacTtaet 110 5*10714 cm™- 3, ecnn
TOJIIIMHA AUAJICKTPUYECKON TIIEHKH yMeHbIIUTcs 10 10 A?

Bapwuanrt 5

PaccuuTath BEpOSTHOCTh TYHHEIMPOBAHUS AJIs1 KOHTAKTA 30JI0TO-
KpPEMHHIA N-THUIA ¢ KOHIEHTparueil qoropos 2*10"18 cm™ — 3 mpu
cmemenuu 0,25 B. Kak u3MeHUTCS BEpOSITHOCTh TYHHEITHPOBAHUS U
YIEIBHOE EPEXOJHOE COPOTUBICHUE KOHTAKTA IIPU HYJIEBOM
CMEILICHUY, €CJIM KOHIEHTPAIsl JOHOPOB YBEIMUUTCS Ha MOPSI0K; Ha
JBa nopsiaka. OIeHUTh KOHTAKTHOE COMPOTUBIICHHUE.




KM3

KonrponbHas
pabora Ne 2 "Pacuer
XapaKTEePUCTHK
rerepornepexonos”

A-3-Y1;A-3-B1;A-2
-31;A-2-YV1;A-1-
V1;A-2-B1

3amaya 1:

Bapnanr 1. PaccunTaTh 1 MOCTPOUTE 30HHYIO THATPaMMY
TeTepoIrepexoaa co CIEAYIOIUMHY ITapaMeTPaMHu:

Omutrep - n AlxGal-xAs x=0,25, nerupoBanue kpemauem 3*10"17
cm”-3, TommuHa 250 A;

baza - p-GaAs, nernpoBanHsIif 6epriutieM 1o 5*¥10719 cm™-3.
Boruncnuts mpsamoit Tok npu cmemenun 0,5 3B.

Bapnanr 2. PaccunTaTh 1 IOCTPOUTE 30HHYIO THATPaMMY
TeTeporepexoa co CIEAYIOIUMHY ITapaMeTPaMHU:

OmuTrep - n Si, nerupoBanue Gocdopom 9*10"17 cm”-3, Tonumua 500
A;

baza - SIxGel-x x=0,5, nerupoBanusIit 6opom 10 9*¥10°19 cm™-3.
Boruncnuts mpsamoit Tok npu cmemernun 0,3 3B.

Bapuanr 3. PaccunuTtars ¥ IOCTPOUTH 30HHYIO AUArpaMMy
reTeporepexoa co CIeAYIUMHY ITapaMeTpaMu:

OmuTtrep - n-InxAll-xAs x=0,20, nerupoBanue kpemauem 5*10°17 cm”
-3, tommuHa 250 A;

Baza - p-InxGal-xAs x=0,35, nerupoBanHslit 6epuiuem 1o 1*10719
cM”-3.

Beraucnuts npsaMoit Tok npu cmemenuu 0,3 3B.

3aa4a 2

Bapuanrt 1. Paccuntats 1 HOCTPOUTH 30HHYIO THArpPaMMy CEIEKTHBHO
JIETMPOBAHHOTO TPAH3UCTOPA C TTApaMETPaMHU:

BapeepHsrif citoit - n AlxGal-xAs x=0,27, nerupoBaHie KpeMHHEM
1*10"8 cm”-3, Tommuna 500 A;

Bydepnslii cinoif - n-GaAs, HenerupoBaHHbIH ((OHOBYIO KOHIIEHTPALIHIO
JIOHOPHOM TipuMecH MPUHATH 1%¥10°M14 cm”-3).

Bapuanr 2. Paccunrats c1oeByro KoHIeHTpanuto B JIOI, HanpspkeHue
OTCEUKHU JUI CEeNEeKTUBHO JErMPOBAaHHOIO TPAH3UCTOpa C

mapaMeTpaMu:

BapeepHsrif ciioit - n AlxGal-xAs x=0,27, nerupoBaHue KpeMHHEM
2*1078 ecm”-3, Tommumaa 250 A;

Bydepnsrii cioii - n-GaAs, HellernpoBaHHbIN (HOHOBYIO KOHIIEHTPAIIUIO
JIOHOPHOH TpuMecH puHATE 1¥10714 cm”-3).

Bapwuant 3. Paccuurats cnoeByro koHueHTpaiuto B JIO1 s
CEJIEKTUBHO JIESTMPOBAHHOI'O TPAH3UCTOPA C apaMeTpaMu:

BapeepHsif cioit - n AlxGal-xAs x=0,29, nerupoBaHue KpeMHHEM
1*10"18 em”-3, Tommuaa 300 A;

Bydepnsrii cioii - n-GaAs, HellernpoBaHHbIN ((HOHOBYIO KOHIIEHTPAIIUIO
JIOHOPHOH TpuMecH puHATE 1¥10714 cm”-3).

Hanpspkenue 3aTBOp-NMOATIOXKKA IPUHSTH PaBHBIM - 1.5 B.

5.2. Ilepeyenn padoT, BbINOJIHSIE

MBbIX 110 JUCIHUILJINHE (

KypcoBasi padora, Kypcosoii npoekr, PI'P, Pedepat, JIP, IIP u 1.11.)

Kon
pabotsl

Hazsanune
pabotsl

[IpoBepsiembie
WHIUKATOPbI
KOMIETEHIIUHI

Coneprkanne padOTHI




P1

Pegepat mo Teme
"TIpu6Gops! u
MaTepHrabl
COBPEMEHHOM
reTepOCTYKTYPHOM
3JIEKTPOHUKH"

A-3-31;A-3-B1;A2-
V1;A-1-31;A-1-
BI;A-1-V1

OTueTHOCTH BKIIOYaeT pedepar (doc) U Mpe3eHTaIHIO0, a TAKXKE YCTHBIH
JOKNaJI.

Tembl Ha BBIOOD:

1. CoBpeMeHHBIE TeTepOOUTIONSPHBIC TPAH3UCTOPEI HA OCHOBE
rerepocTykTyp AlGaAs/GaAs u Si/SiGe.

2. I'eTepoCTYKTypHBE TPAH3UCTOPBI C BHICOKOH MOBHKHOCTBIO
3JIEKTPOHOB Ha ocHOBe coenuHeHuil AIIIBV.

3. KoHCTpyKIMHK, MaTepHaisl U TEXHOIOTHU CO3JaHUS] KBAHTOBBIX
npubopoB CBY nuana3oHa.

4. ITpnOopsI ¢ pe30HaHCHBIM TyHHENMMpoBaHHEeM. COBpeMEHHOE
COCTOSTHHE.

5. I'etepocTyKTypHas CUIIOBasi 3JEKTPOHUKA.

6. CutoBbIe OBl Ha OCHOBE rerepocTykTyp AlGaN/GaN.

7. IIpuOOopsr MEKPO3JIEKTPOHUKH Ha ocHOBe Ga203 u ero
UIMPOKO30HHBIX COEMHEHU.

8. OCOOEHHOCTH TEXHOJIOIMU U KOHCTPYKIMH MPUOOPOB HA OCHOBE
TBEPIBIX pacTBopoB SiGe.

9. ConHeunsle OaTtapen Ha ocHOBE rerepocTykTyp AIIIBV.

10. Ceroanoas! 1 1a3epsl Ha OcHOBE retepocTykTyp AIIIBV.

11. KOHCTpYKIIMH 1 TEXHOJIIOTUH CO3aHus (POTONPUEMHHUKOB Ha OCHOBE
rerepocTykTyp AIIIBV.

[TpumepHbIi TIan pedepata:

1. CoBpeMeHHOE COCTOSIHHE, YPOBEHb Pa3BUTHS U CYILIECTBYIOILIHE
po0JIeMBbl B IpeIMETHON 00JIacTH

2. ®uznyeckue OCHOBBI paboTHI BBIOpaHHOrO Mpuodopa

3. KoHCTpyKITNH, TapaMeTphbl U CIIOCOOBI UX TIOBBIIICHUS

4. TpeboBanust k Matepuary. Kpurepuii Be1oopa Matepuana.

5. MeTozbl ¥ TEXHOJIOTHH TTOTy4eHns MatepuaioB. [Ipobiaemsl.
6. JlocTUTHYTHII YpOBEHB B TipeaMeTHOH obmactu. [Ipusectn
JIOCTUTHYTBIE TTapaMeTpsl TPHOOpoB. CpaBHUTH HECKOIIBKO
MaTepHasoB.

7. IlepcrieKTUBEI.

P2

3amaHue Ha
JIOMAIIHIO0 paboTy
Nel "Pacuer
XapaKTEPUCTHK H
MIPOCKTUPOBAHUE
reTepOOHIIONIPHOrO
TPaH3UCTOpA Ha
ocHoBe GaAs"

A3-VI;A3-B1;A2
31;A-131A-1-
B1:A-2-Bl

1. Pacger mapametpoB rerepoamurTepa AlGaAs/GaAs

2. YucneHHslil pacder nomus U noreHuuana. [loctpoenue 30HHOM
nuarpammel ['BT

3. UncneHHBIH pacyeT pacueT TOKOB, IPOTEKAIONINX B TPAH3UCTOpE
4. Pacuer crarmuecknx KodddurmenTon

5. Pacuer xoaddurmentos nepenauu B cxeme ¢ Ob u O3

6. IlocTpoeHEe YaCTOTHBIX XapaKTepUCTUK. PacueT npenenbHbIX,
TPAaHWYHOH YacTOT M YaCTOTHI TeHEPAIHH.

7. [locTpoeHre MaTOCUTHAIBHON SKBUBAJIEHTHON CXEMBI.

8. OmpeneneHre OCHOBHBIX MTApaMeTPOB T'€TEPOCTYKTYpPhI U
KOHCTPYKLIUH TPaH3HCTOPA.

9. Pa3paboTka TEXHOIOIMYECKOTO MapIIpyTa CO3IaHHs TPAH3UCTOPA.
10. Pa3paboTrka KOMIUIEKTa MIa0IOHOB.

Jlomarniaue paboTsI BEITOTHAIOTCS KOJUIEKTHBOM 2-3 YeoBeKa.
Kaxip1it acipaHT OTBEYaeT 3a OIpeeNIeHHBII 010K paboT B paMKax
COBMECTHOT'O IIPOEKTA.




P3 3aganue Ha A-3-V1;A-3-B1;A-2 | 1. Pacuer aHepreTudeckoil auarpammsl Ha rpanuiie n-AlGaAs/GaAs

nmoMainHio padory  |-31;A-2-V1;A-1- 2. YUucneHHbIN pacyeT CIIOEBOM KOHIIEHTpAIMK IeKTpoHOB B JIOT
Ne2 "Pacuer 31;A-1-B1;A-2-Bl 3. UncneHHOE MOIENHPOBAaHHE BOTBT-(papagHBIX XapaKTEePHCTHK
XapaKTePUCTHK U 3aTBopa.

MIPOEKTUPOBAHUE 4. MozaenupoBaHHE BOJIbT-aMIEPHBIX XapaKTEPUCTHK CTOKA-HCTOK.
CEJIEKTUBHO IToctpoenue BoixogHbIX BAX.

JIETHPOBAaHHOI O 5. Pacuer KpyTu3HbI BOIBT-aMIIEPHON XapaKTEPUCTUKU.
reTepoTpaH3ucTopa 6. Pacder eMKocTel CTOK-3aTBOP M 3aTBOP-CTOK

Ha ocHoBe GaAs" 7. PacueT rpaHUYHOM YaCTOTHI.

8. [locTpoeHne MalloCUTHAJIBHOW SKBUBAJICHTHOW CXEMBI.

9. OmpeneneHre OCHOBHBIX MTapaMeTPOB FETEPOCTYKTYPEI U
KOHCTPYKLIUH TPaH3HCTOpA.

10. Pa3paboTka TEXHOJIOTHYECKOr0 MapIIpyTa CO3aHuUs TPaH3HCTOPa.
11. Pa3paboTrka KOMIUTEKTa Ma0IOHOB.

JlomarHye paboThl BBINOMHSIIOTCS KOJJIEKTUBOM 2-3 4eJoBeKa.
Kaxp1ii aciiupaHT OTBEYAaeT 3a ONpeIeIeHHBIN 010K paboT B paMKax
COBMECTHOI'O IIPOEKTA.

5.3. OueHo4HbIe MaTepHaJibl, HCNTOJb3YyEMbI€ IJISl IK3aMECHa (onncal-me 6I/IJICTOB, TECTOB U T.II.)

DK3aMeH 10 JUCLHUIUINHE HE MIPETYCMOTPEH.

5.4. MeToauka olleHKH OCBOEHUs JUCUMILUINHBI (MoayJs, npakTuku. HAP)

ITo gucuunIuHe NpeAnoaaraeTcs caeayomas mKajia OLeHOK:

a) OTJIMYHO» — aCIIHPAHT MTOKA3bIBaCT IIyOOKHE, HCYCPITBIBAIOIINE 3HAHUS B 00BEMe MPOIICHHOMN MTPOrpaMMBI, YBEPESHHO
JIEUCTBYET 110 IPMMEHEHHIO NOTyIeHHBIX 3HaHMH Ha ITPaKTHKEe, IPaMOTHO U JIOTHYECKH CTPOWHO M3JaraeT MaTepHai P OTBETE,
yMeeT (hOpMyIUpPOBaTh BEIBOBI M3 N3IOKEHHOTO TEOPETHUECKOTO MaTepraa, 3HaeT JOMOTHUTENEHO PEKOMEHJOBAHHYIO
JUTEPATYPY;

0) «XOpOIIo» — aCHHPAHT MOKA3BIBACT TBEP.IBIC U TOCTATOYHO MOJTHBIC 3HAHUS B 00BeMe MPOHICHHOH TPOrpaMMEL, TOITYCKaeT
HEe3HAYNTENbHBIC OMNOKH TIPH OCBEIIEHUH 3a/JaHHBIX BOIPOCOB, IIPABUIIEHO JEHCTBYET 110 IPIMEHEHHIO 3HaHUIT Ha IIPaKTHKE,
YeTKO U3J1araeT MaTepHal;

B) «YyIOBJIETBOPUTEILHO» — ACIIUPAHT IOKAa3bIBACT 3HAHUS B 00beMe NPONAEHHOM TPOrpaMMBbl, OTBETHI M3JIaraeT XOTs U ¢
OIMIMOKaMU, HO YBEPEHHO UCIIPABIISIEMBIMH TI0CTIE TONOIHUTEIHHBIX U HABOSAIINX BOIPOCOB, IPABMIIFHO JAEHCTBYET IO
MPUMEHEHUIO 3HAHUH Ha TPaKTHKE;

T') HEYIOBIECTBOPUTEIBLHOY» — aCIIMPAHT JIOMYCKAET IpyOble OIIMOKU B OTBETE, HE MOHUMAET CYLIHOCTH M3JIaraeMoro BOIpoca.

3aueT BBICTABIISIETCS 110 UTOTY BBIIIOJIHEHUS BCEX KOHTPOJIBHBIX MEPOIIPUATUH Ha OLIEHKY "yJOBIETBOPUTENBHO" U BBILIIE.

6. YHEBHO-METOAWYECKOE U HHO®OPMAIIMOHHOE OBECIIEYEHME

6.1. Pexomenayemas iureparypa

6.1.1. OcHoBHas JIMTEpaTypa

ABTOpBI, COCTaBUTEH 3arnaBue bubanoreka W3naTenbcTBO, TO
J1.1 [KymTI.T., CoxonoBa |IIpubopsl u ycTpoiicTa OnexTpoHHas OHONIMOTEKa Tomck: Tomckuit

K. M., llanruna JI. ontuieckoro u CBY roCy1apCTBEHHBIN

. JIMaIa30HoB: yaeOHoe ocoone YHUBEPCHUTET CHCTEM

YIIpaBJICHUS U
pannodNIeKTpoHuKH, 2012

JI1.2 | Cokonoga XK. M. ITpubops! u ycrpoiictea CBY, DneKTpoHHast OMOIMOTEKa Tomck: Tomckuit
KBY U I'BY nuana3oHoB: roCyJapCTBEHHBII
y4aeOHoe rmocodue YHUBEPCHUTET CHCTEM

YIIpaBICHUS U
pagrodIeKTpoHuKH, 2012

JI1.3 | benoyc A. 1., [TonmynpoBogHUKOBasI CHIIOBAst DNeKTpOHHAsT OMOJIMOTEKA Mocksa: Texnocoepa, 2013
Edumenxo C. A, JIEKTPOHUKA
Typuesnu A. C.
JI1.4 | bopucenko B. E. Hanosnexrponuka: Teopust u DNeKTpOHHAs OMOINOTEKA MockBa: BUHOM.
MpaKTHKa: y9eOHHUK Jlaboparopus 3HaHmiA, 2015
JI1.5 |3u C. M, Tpyrko A. ®Du3MKa NOIYIPOBOAHUKOBBIX Bubmmorexa MUCuC M.: Dneprus, 1973
O. mpuOOpoB: Tep. C aHIIL

6.1.2. JlonosiHuTEIBHAS JIUTEPATYpPa

ABTOpBI, COCTaBUTEIH 3arnaBue Bubnmorexa W3 narenscTBO, roa




ABTODBI, COCTaBUTENH

3arnaBue

bubanoreka

W3naTenbcTBO, TOJ

JI2.1 [Tposu Il E., CaxapoB |HanoanmexTpoHuka: yaebHOE OnexTpoHHas OHONIMOTEKa Tomck: Tomckuit
10. B. rocooue rocyapCTBEHHBIN
YHUBEPCHUTET CHCTEM
YIIpaBJICHUS U
pannossieKkTpoHuku, 2010
JI2.2 | XanedT A. B. VonHble U 21eKTPOHHbBIE DnexkTpoHHas 6bubnmoTeKka Kemeposo: KemepoBckuit
IIPOLIECCHI U KOHTaKTHbIE roCcylapCTBEHHBIN
SIBJICHUS B IIUPOKO30HHBIX yHuBepcuret, 2014
MOTYTIPOBOAHUKAX
3JIEKTPOHHOE yueOHOoe
nocobwue: yaeOHoe mocooue
JI2.3 | Amkpodt H., ®du3uka TBEpAOro Tena OnexTpoHHAs OHOMMOTEKa Mocxksa: Mup, 1979
Mepmun H.
JI2.4 | 3etitiy O. CoBpeMeHHast TeOpHs TBEPAOro | DNeKTpoHHAs OHOTHOTEKa Mockga, JIenunrpan:
Tena T'ocynapctBenHoe
M3AaTEeTbCTBO TEXHUKO-
TEOPETUYECKOH JINTEPATYPHI,
1949
J12.5 | Konbuos ['ennauii CBY-nipubopst u bubimorexka MUCuC M.: Yueba, 1998
Hocudosud WHTErpallbHble MUKPOCXEMBI:
Pa3p.: Pacuer mapamerpos
CEJIEKTUBHO JIETHPOBAHHOI'O
reTepoTpaH3uCcTOpa: yueo.
nocodwue AJIs CTy/. CIiell.
200.200
JI2.6 | Konbuos ['enHannit CBY-nipubops! 1 bubmaroreka MUCuC M.: Yueba, 1998
Hocudosma MHTETPAIBEHBIE MIKPOCXEMBI:
Pazp.: I'erepobumnonspHeie
CBY-tpaH3ucTopsl: yued.
OCOOHe JISL CTY. CIIel.
200.200
JI2.7 | Kopane Anekceil TBepaoTenbHas 31EKTPOHUKA: Bbubmmorexa MUCuC M.: Yueba, 1997
HuxonaeBuu, Pa3n.: KoHTakTHEIE SIBICHUA:
®onomuH [NaBen VYueb. mocobue
MBanoBuu
JI2.8 | KoBaner Anekceit I'erepocTpykTypHas Bubmmorexka MUCuC M.: Uzn-Bo MUCuC, 2009
HuxkonaeBuu HaHORJIEKTPOHMKA: y4el.
nocobue
JI2.9 | KosaneB Anekceit TBepaoTenbHas ANEKTPOHUKA: bubimorexka MUCuC M.: U3a-8o MUCuC, 2010
HukonaeBuu yue0. mocobue
JI2.10 |Kosanes A. H. TpaH3ucTOphI HA OCHOBE bubmaroreka MUCuC M.: U3a-so MUCuC, 2011
TIOTYTIPOBOTHIKOBBIX
TeTepOCTPYKTYP: MOHOTpadust
JI2.11 | Konbuos ['ennaanit Pu3rKa MoaynpoBOAHUKOBBIX Bubmmorexka MUCuC M.: Uzn-Bo MUCHC, 2012
Hocudosuy, Tunenko | npubdopo. PacueT mapameTpoB
Cepreit BanoBHY, OUTONAPHBIX IPHOOPOB: CO.
Opnosa Mapuna 3ajau
HuxonaeBna
JI2.12 | Opnoa Mapuna Hanosnexrponuka: kype bubimorexka MUCuC M.: U3n-so MUCuC, 2013
HukonaeBna, bop3pix | nexmumii
Wpuna BsuecnaBoBHa
JI2.13 |Kosanes A. H., ®duznka 1 TEXHOJIOTHS DNeKTpOHHAsT OMOJIMOTEKA M.: U3n-so MUCuC, 2015
PabunoBny O. 1., HAHOCTPYKTYPHBIX
Tumomuna M. 1. TeTepOKOMITO3UIINH: yIeOHNK
6.2. Ilepeuens pecypcoB HH(GOPMAIMOHHO-TETIEKOMMYHUKANIMOHHOH ceTu «UHTEepHeT»
https://elibrary.ru/defaultx.asp?
31 |eLIBRARY.RU - HAYUYHAS 3JIEKTPOHHAA

BUBJIMOTEKA




«Scopusy — 6ubnuorpaduueckas u pedepaTuBHas https://www.scopus.com/

92 0asa JaHHBIX

6.3 IlepeueHnb MPOrpaMMHOTO o0ecedeHUs!

II.1 | Autodesk AutoCAD

I1.2 | Microsoft Office

I1.3 LMS Canvas

1.4 | MS Teams

.5 |MATLAB

1.6 |MATCAD

I1.7 |AutoCAD

I1.8 | CoreIDRAW Graphics Suite X4

6.4. Ilepeyenb MHPOPMALMOHHBIX CHIPABOYHBIX CHCTEM U NPOdecCHOHAILHBIX 023 JaHHBIX

n.1 HayuHble xypHaibl U CTaTbU

W.2 | http:/elibrary.ru/

n.3 |https://link.springer.com/

.4 | Web of Science https://apps.webotknowledge.com

N.5 |Scopus https://www.scopus.com/

n.6 | Elsevier https://www.sciencedirect.com/

n.7

N.8 | Dnekrponnas oudmmoreka MUCuC

Nn.9 |http://elibrary.misis.ru/

N.10 |Dnexrponnast 6ubmuoreka u3garenbcTBo "JlaHp"

n.11 |https://e.lanbook.co

n.12

1.13 | EnomHoe okHO mocTymna K 00pa3oBaTeNbHBIM pecypcaM

N.14 | https://window.edu.ru

7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE

Ayn. Haznauenune OcuHarienne
JIroboii Kopnyc | YueOHass ayautopus JUIs  TPOBENCHMS | KOMIUIEKT yueOHOH Mebenmu n0 36 MecT A 00ydaroImuxcs,
MynbTUMeifHAS 3aHATHI JICKIMOHHOTO THIIA W/WIM JUIA | MyAbTHMEAWIHOE  00OpyIOBaHWE,  MarHHUTHO-MapKepHas
IIPOBEJCHUS IPAKTUYECKUX 3aHATUI: Jocka, pabouee Mmecto mpemomasatens, IIKc moctymom k

UTC «Uuteprer», DUOC yHuBepcuTeTa 4Yepe3 JIMYHBIN
kabuner Ha tiatrpopme LMS Canvas, HIIEH3MOHHBIE
nporpamMer MS Office, MS Teams, ESET Antivirus

YuTansHbIH 3aI KOMILJICKT y4eOHOW MebOenn Ha 55 mecT s 00yJaronmxcs,
3JIEKTPOHHBIX PECYPCOB 50 TIK c¢ gmoctynom x WTC «Muteprery, 2UOC
YHUBEpPCHUTETa 4Yepe3 JUYHbIM KabuHer Ha ruiatgopme LMS
Canvas, nuneHsuoHHble mnporpammbel MS  Office, MS
Teams, ESET Antivirus.

JIroboii Kopnyc | YueOHass aymuTopust UIS  TPOBENCHHS | DKpaH, MPOEKTOpP, JOCKAa, KOMIUIEKT ydeOHoW Mebenn Ha 30
KommbrotepHsIit Kitacc MIPAKTUIECKUX 3aHSTHIA: MIOCAJOYHBIX MECT, MEPCOHANBHBIE KOMIBIOTEPHI, TOCTYN K
OUOC yuusepcurera LMS Canvas, IHIEH3HOHHbIE
nporpamMmMel MS Teams, MS Office
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