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1. HEJM U 3AJAYM JUCLHUANJINHBI

1.1. Hean aucuuniinHbl

— ¢hopMHpOBaHNE y ACTIMPAHTOB 3HAHWIA B 00JIACTH AJICKTPOHHON KOMITOHEHT-
HOM 0a3bl MUKPO- M HAHORJICKTPOHUKH, KBAHTOBBIX YCTPONCTB; OCBOCHHE COBPEMEH-
HBIX METOJIOB aHAJUTHYECKOTO M JKCIIEPUMEHTAILHOTO HCCIIEIOBAHMUS, UCIIOJIb3Ye-
MbIX B JaHHOM 00J1acTH;

— (hOpMHpOBAaHNE 3HAHWK IO OCOOCHHOCTSM pa3padOTKH, TEOPCTHUYCCKUM H
MPaKTUYCCKUM BOIIPOCAM pacueTa M IMPOCKTUPOBAHMS HMHTETPATBHBIX MHUKPOCXEM,
CXEMOTEXHUKH Pa3IUYHBIX BHJIOB MUKPOCXEM, BAXKHECHUIIIM acleKTaM pa3pabOTKH U
aBToMatu3anuu mpoektupoBanus bBUC, a Takxke HOBBIM HanboJiee MEePCIeKTUBHBIM
HaIpaBJICHUAM Pa3BUTHS (PYHKITMOHAIIBHONH MUKPOAJICKTPOHUKH;

— M3y4eHHe (PU3MYECKUX OCHOB DJIEMEHTOB M MPHUOOPOB HAHOAJICKTPOHUKH,
MIPUHITUTIOB UX TIOCTPOCHHMS, MEXaHU3MOB TOKOTIEPEHOCA, PU3NUECKUX M TEXHOJIOTH-
YECKUX OTPAaHWYCHHUH MPEETIOB YMECHBIICHHS Pa3MEPOB, BO3MOKHOCTH yBEITHMUYCHUS
YaCTOTHOTO TIpeiesia OBICTPOICHCTBHS.

— ¢hopMHpOBaHNE Y aCTUPAHTOB HAYYHBIX OCHOB JJII OCO3HAHHOTO U IIEJIeHA-
MIPaBJICHHOTO WCIOIL30BaHMS (U3MYECCKUX CBOWCTB MOJYMPOBOJIHHKOB IIPH CO3/1a-
HUU DJIEMEHTOB, PUOOPOB M YCTPOUCTB MUKPO U HAHOAJICKTPOHHUKH.

1.2. 3agaum ocBOeHUS TUCIHUIIJINHBI

— U3YYEHUE OCHOBHBIX IIOHATUM U TPEACTABICHUNA COBPEMEHHOM MHUKpPO- U
HAHORJIEKTPOHUKH; MOJydYeHUE 3HAHUN O (PU3NUECKON CYITHOCTH IMPOIIECCOB U sIBJIE-
HUH, POTEKAIOIINX B CUCTEMAX MUKPO- U HAHODJIEKTPOHUKHU; MPUHIIUIIAX (PYHKIUO-
HUPOBAHUS OCHOBHBIX MPUOOPOB MUKPO- U HAHODJIEKTPOHUKHU;

— (¢hopMHpOBaHKE YMEHUS MPABWIHHO UCIOJIB30BATh 3aKOHOMEPHOCTHU ISl pe-
anu3alyy MOTEHIUAIBHBIX BO3MOKHOCTEN MAaTEpHAIOB U CTPYKTYP NPHU MPOECKTUPO-
BAHWU U CO3JIJaHUU CUCTEM MHUKPO- U HAHODJIEKTPOHUKHU;

— O3HAKOMJIEHHUE C UCTOPUEH, TOCTHKEHUSAMU U TEHACHUUSIMHU PA3BUTHS MHK-
PORJIEKTPOHUKHA, MHOTOOOpAa3UeM pPa3IMYHBIX KJIACCOB HHTErPAJIBHBIX MHUKPOCXEM
(UMO);

— O3HaKOMJIEHUE ¢ (PU3UUYECKUMU MPUHIUIAMU PA0OThI, XapaKTePUCTUKAMU U
napamerpamu UMC, mojensiMu mpoIieccoB U SIBJICHUM, JIEKAITUX B OCHOBE paOOThI
NMC;

— paclIupeHue HAYYHOTO KpPyro3opa W SpyIUIluu Ha 0a3e M3y4eHHs] 3aKOHOB
(GU3UKKA HU3KOPA3MEPHBIX TMOTYMPOBOAHUKOBBIX CTPYKTYP JUISI TMOCTEAYIOMIETO HC-
MOJIb30BAHUS UX TIPHU CO3JAaHUM MPUOOPOB HAHODJIEKTPOHUKU U B TEXHOJOTHH MUK-
PO- ¥ HAHODJICKTPOHUKHM.

— paclIMpeHue HAy4YHOTO KPyro3opa W SpyIUIlMu acliipaHTOB Ha 0a3e u3yde-
HUS QyHIAMEHTAJIbHBIX 3aKOHOMEPHOCTEH (DU3MKHU TMOTYNPOBOJHUKOB U OCBOCHHE
Croco00OB MPAKTUYECKOTO HUCIOIb30BAHUSI CBOMCTB MOJYNPOBOJHUKOBBIX MaTepua-
JIOB;

— pa3BUTHE MOHUMAHUS CBSI3U (U3UYECKUX CBOMCTB IMOJYNPOBOJHUKOB C Ta-
pamMeTpaMy U3ACIUNA MUKPOSJIECKTPOHUKH, UCMOJIB3YIONIUX PA3IMYHBIE MTOTYIPOBO/I-
HUKOBBIE MaTE€PUAIIBL;



— IPAaKTUYECKOE OBJIQJICHUE HaBbIKaMU (PU3MUECKOI0 HKCIEPUMEHTA U OCHOB-
HBIMH METOJIMKaMH MO0 HW3YYEHHUIO CBOMCTB MOJYNPOBOJAHUKOB U MPUOOPHBIX CTPYK-
Typ Ha UX OCHOBE;

— OCBOEHHE HAaBBIKOB CaMOCTOSITENIbHOM paboThl C JUTEpPaTypod; METO/AH-
YECKMMH W anmnapaTHbIMU CPEACTBAMHM PEANIM3ALHUM CUCTEM MHMKPO- M HAHODJIEK-
TPOHUKH.

2. MECTO JUCIHUIIJIMHBI B CTPYKTYPE IIPOI'PAMMBbI
ACIIMPAHTYPbI

JuctuninHa « 91eKTpOHHAs KOMIIOHEHTHast 0a3a MUKPO- M HAHORJIEKTPOHUKH,
KBaHTOBBIX YCTPONCTB» OTHOCUTCA K OOpa3oBaTeIbHOMY KOMIIOHEHTY «Jlucruriu-
HBI (MOJyJIN)» IPOrpaMMBbl aCHUPAHTYPHI 110 HAYYHOU cHelUaibHOCTU 2.2.2 «DNeK-
TPOHHAsI KOMIIOHEHTHAsI 0a3a MUKPO- X HAHORJIEKTPOHUKH, KBAHTOBBIX YCTPOHCTBY.

3. HEPEYEHD IIVIAHUPYEMBIX PE3YJIbTATOB OBYYEHUS
o IMCHUITJIMHE

B pesynbraTe H3ydeHHs] OUCUUILIUHBI «DJIEKTPOHHAs KOMIIOHEHTHas Oa3a
MHKPO- ¥ HAHORJIEKTPOHUKH, KBAHTOBBIX YCTPOMCTBY» aCIIUPAHT JIOJKEH:

3HATH:

— (pu3nyecKkue NPUHLHUIIBI pPabOThl OCHOBHBIX (PYHKIIMOHAJIBHBIX 3JIEMEHTOB
HAHOJJICKTPOHUKHU; COBPEMEHHBIE METOABI CO3JaHUs U HCCICHOBAaHUA CTPYKTYD
AIIEKTPOHHOM KOMIIOHEHTHOM 0a3bl MHKpPO- W HAHOAJIEKTPOHHMKH, KBAHTOBBIX
YCTPOMCTB.

— METObl TEOPETUYECKUX M SKCIIEPUMEHTAJIbHBIX HCCIEOBaHUI B o0nacTu
MHKPO- ¥ HAHORJIEKTPOHUKHU U KBAHTOBBIX YCTPOWCTB;

— HOBBIE METO/Ibl UCCIIEIOBAHUS B 00JJACTH MUKPO- U HAHORJIEKTPOHUKH, KBaH-
TOBBIX YCTPOWCTB;

— (u3HYecKre NPUHLMIBI PaOOTHI, XapaKTEPUCTUKHU U TapameTpbl UMC;

— (U3HUecKre MOJENU MPOLECCOB U SBJICHUM, JISKAIUX B OCHOBE MPUHIMIIA
neiicteusa UMC;

yMeThb:

— KPUTHYECKU aHAIM3UPOBATh U OLICHUBATH COBPEMEHHBIC HAYYHBIE TOCTUKE-
HUS B 00J1aCTH MUKPO- U HAHORJIEKTPOHUKHU U KBAaHTOBBIX YCTPOMCTB;

— IPUMEHATH HAaBBIKU IIPOECKTUPOBAHMUS, pacyeTa, MOJAECIUPOBAHUSA U KOHCTPY-
UPOBaHUs MOJYNPOBOJHUKOBBIX MTPUOOPOB M MHTErPAIbHBIX YCTPONCTB; MPUMEHSThH
METOAbl AUArHOCTUKH ISl PELICHUS KOHKPETHBIX HAYYHBIX M TEXHMYECKUX 3a]a4
IIPU UCCIIEJOBAaHUU 3JIEKTPOHHON KOMIIOHEHTHOM 0a3bl MUKpPO- U HAHORJIEKTPOHHKH,
KBaHTOBBIX YCTPOUCTB;

— PacCYUTHIBATh OCHOBHBIE MMAPAMETPHI CTPYKTYP JIEKTPOHHONW KOMIIOHEHTHOMN
0a3bl MUKPO- U HAHODJIEKTPOHUKH, KBAHTOBBIX YCTPOICTB;

— ONPENEIATh OCHOBHBIE MAPAMETPHI CTPYKTYP AJIEKTPOHHONM KOMIIOHEHTHOMN
0a3bl MUKPO- U HAHOZJIEKTPOHUKH, KBAHTOBBIX YCTPOMCTB M3 AKCIIEPUMEHTAIBHBIX
JAHHBIX;



BJIA/IETh:

— METOJAaMU PELIEHUS UCCIIEI0BATENBCKUX U ITPAKTUYECKUX 3a/a4;

— IaHHBIMH O (PyHIAMEHTaJIbHBIX 3aKOHOMEPHOCTSAX (PU3MKU MOIYIPOBOIHU-
KOB;

— HaBbIKAMU (OINBITOM JI€SITEIBHOCTH) HCIOJIb30BAaHUSL SKCIEPUMEHTAIBHON
TEXHUKH JUIs1 U3BMEPEHUS [TAPaMETPOB U XapaKTEPUCTHUK JIEKTPOHHONM KOMIIOHEHTHOM
0a3bl MUKPO- U HAHOZJIEKTPOHUKH, KBAHTOBBIX YCTPOICTB;

— HaBBIKAMM pa3pabOTKU MOJEIEN U METONUK MPOECKTUPOBAHUS, pacyera, Mo-
JICIIUPOBAHUS. M KOHCTPYUPOBAHUS 3JIEKTPOHHOW KOMIIOHEHTHOM 0a3bl MUKpO- U
HAHOJJICKTPOHUKH, KBAHTOBBIX YCTPOUCTB;

— METOAAaMHM UCCIEeI0BaHUs (PU3NUYECKUX CBOMCTB HAHOCTPYKTYD;

— METOJaMH TEOPETHUYECKOro aHajn3a (PU3MUECKHUX MPOLECCOB HAHOIIEKTPO-
HUKHU.

4. OBBEM JUCHUIIJIMHBI

OO0mas Tpy10€eMKOCTh AUCHUILIMHBI «JIEKTPOHHASI KOMIIOHEHTHAsi 0a3a MUK-
PO- M HAHOSJICKTPOHUKH, KBAHTOBBIX YCTPOMCTB)» COCTABIAET 12 3a4ETHBIX €IUHUIL.

Pacrnipenenenue Tpy10€MKOCTH JUCHMIUIMHEI IO BUAAM 3aHATHI

Bup yueGHo# paboThl Bcero CemMmecTpsl
4acoB 5 6 7

AyauTOpHBIE 3aHATHS (BCEro) 54 18 18 18
B Tom uncxe:
Jlexrun 54 18 18 18
[TpakTuueckue 3ausarus (113) - - - -
CamocrosiTeibHas padora 342 90 90 162
KonTpois 36 - - 36
Bua npoMexyTO4HOM arTecTauuu — - - +
HK3aMEH
O61mas Tpy10eMKOCTh yac 432 108 108 216

3a4.e]1. 12 3 3 6

5. COJAEP’)KAHME JUCLHUTJIAHBI (MOLY.JIST)

5.1 Conep:kanue pa3iesioB IUCHMILIMHBI U pacnpeaeJeHue TPYI10eMKOCTH
110 BU/aM 3aHATHI

Ne | HaummeHoBanue Jlexu| CPC |Beero
Copeprkanue pasjena
/i TEMBI qac
S cemecTp
1 | OcHoBHble MOHSA- | MUKPODJIEKTPOHUKA M HAHOJJIEKTPOHHMKA, CPABHUTENIBHBIH aHAJIN3 TEPMHHOJIOTHH.
TUS MUKPO- U Knaccudukanust 37eMeHTOB U NPUOOPOB HAHOAIEKTPOHMKH. Baxuelimme 3¢ hekTs U

HAHOJICKTPOHMKH| TIPOIECCH], NMPOSBILIONNECS B JIEMEHTaX HAHOMIEKTPOHHKHU. PasMepHble 3((exTsI.
O¢dextsr MacmrabupoBanus. Puzndeckne orpaHudIeHHs HaHOAIEKTpoHUKH. DyHma-
MEHTAJbHBIE OTPAaHWYEHWsS Ha MHHUATIOPU3AUIO 3JIEMEHTOB MHUKPOICKTPOHHKH H
HAHOICKTPOHUKH.




JIByMepHBIii 31eKTpOHHbIH ra3. KBaHTOBBIC SMBbI, IEPHOJUYECKHE KBAHTOBBIC SIMBL.
ITosynpoBOIHUKOBBIE CBEPXPELICTKH, CBEPXPEIIETKH IOJIYIPOBOJIHUK - JUAICKTPHK,
HanpspkEHHbIE cBepXpewmeTku. KBanToBble HUTH (IIPOBOJIOKH). Buckepsl. KBanTOBBIC
TOYKH.

DJIeMEHTEI HHTE-
TPATHLHBIX MUKPO-
cxXeM

Knaccnpukamuss ~ MmkpocxeM 1Mo (YHKIMOHAJIBHBIM M KOHCTPYKTOPCKO-
TEXHOJOTMYECKUM IIpU3HAKAM. ODJIEMEHThl U KOMIIOHEHTbl MHUKPOCXeM. AKTUBHBIC
JJIEMEHTHI HHTETPATBHBIX MUKpocXeM. OCOOEHHOCTH CTPYKTYpPhI OUITOISIPHBIX TPaH3H-
CTOPOB MOTYTNPOBOAHUKOBBIX MUKPOCXeM. JIHOIHBIE CTPYKTYpPBI B MHKPOIJIEKTPOHUKE.

TpaH3UCTOPHBIE CTPYKTYPHI CIIEHUATBHOTO HA3HAYCHHUs: MHOTO3MHUTTEPHBIE B MHOTO- | 6 30 | 36
KOJUIEKTOPHBIE TPAaH3UCTOPHI, TpaH3UCTOPHI ¢ auojaoM IllorTku. KoHcTpykTHBHBIE OCO-
6enHoct M/II1 TpaH3UCTOPOB MHTETrpabHBIX MUKpOcXeM. [laccuBHBIC 371€MEHTHI HH-
TeTrpaJbHBIX MHKpocxeM. [1oiynpoBoJHUKOBEIE M IICHOYHBIE pe3ucTopbl. KoHneHca-
TOPBI U HHIYKTHBHBIC JJIEMEHTHI
BunonspHsie Juddepennmansasle yerwmmtenn. OnepanyoHHble yCHIuTend. VIHTerpansHble aHaIoro-
HHTETpaJbHEIE BBIC TIEPEMHOKHUTEIIH, aHAJIOTOBBIE KOMMYTATOPEI M KIIFOYH, HHTETPAIbHBIE CTa0nIn3a-
cxemsbl. MHTe- TOpBI HanpspkeHHs. OCHOBHbIE XapaKTEPUCTUKH, (GU3MYECKHE TIPOLECCHl U IPUMEHEHUE
rpaneHble cxembl | MOII UC. Jloruka p-MOIL. OcHoBHble ypaBHeHust p-MOII-Tpansucropa. Jloruka n-
Ha ocHoBe noste- | MOIIL Paboune xapakrepuctuku tpausucropa n-MOII B pexxume oboramenus. OcHoB- | 6 30 | 36
BBIX TPAH3UCTO- | HbIe ypaBHEHUs TpaH3uctopa Tuna n-MOII. 3amomuHarone yerpoiictsa tuma n-MOIL
pos Jlornka KMOII. Xapaxrepuctukn KMOII-pu6opos. CpaBaenne crpykryp KMOII u
n-MOII. ITpu6opsr KMOII ¢ kpemHneBbIMU 3aTBOpaMu. Jlornueckue ycrpoiicTsa Tuma
KMOII-KHC u KMOII-KH/I. Mcnionb3oBanue MOII-Texnosoruu B CBUC
Bcero 3a 5 cemectp | 18 | 90 | 108
6 cemecTp
OneMeHTHI MEK- | 30HHas AMarpaMMma W30THITHBIX M aHW3OTHIIHBIX Te€TePOCTPYKTYp. Bribop marepmanos
PO- M HAaHOYJIEK- | AJ TeTepoIepexoJoB. DIEMEHTHl Ha OCHOBE TeTepoIepexoJioB. I eTepoTpaH3uCTOpE
TPOHHKH Ha Ha OCHOBE OJMHAPHOTO M MHOXKECTBEHHBIX TeTEPOINepexX0a0B. XapaKTePHCTHKU U Ia-
OCHOBE TeTepo- paMeTpbl GHIIOIAPHBIX TETEPOTPAH3HCTOPOB. BhicTpoxeiicTaue rereporpamsucropos. | © 30 | 36
TIEPEXOI0B T'eTepoTpaH3uCTOPEI Ha OCHOBE TBEPIBIX PACTBOPOB, 00JAAIOIINX MOBBIIICHHON MO-
JBIDKHOCTBIO HOCUTENEH 3apsanoB. [IpenMymiecTBa 1 HEAOCTATKU FeTEPOTPAH3UCTOPOB.
OJIEeMEHTHI € BEI- | DIEMEHTHI ¢ HAIPsDKCHHBIMU TTOTYTPOBOIHUKOBBIMU HaHOCHOsIMUA. CBY-3memMeHTH Ha
COKOM TOJBIKHO-| OCHOBE TBEPJOTO pacTBOpa KPEeMHHSA-TepMaHHA. TpaH3UCTOP C BBICOKOH MOJBHKHO-
cThi0 HOcuTenel | creio 21ekTpoHoB (HEMT). HEMT, BbImoiiHEeHHBIE HA OCHOBE TBEPIBIX PACTBOPOB 6 30 | 36
3apsAI0B MOTYTIPOBOAHUKOBBIX COCTMHEHUH. MOIIHBIE TPAH3UCTOPHI HAa JBYMEPHOM 3JIEKTPOH-
HoM raze. HEMT, BblnonHeHHbIC HA OCHOBE HUTpU/A TaJlIus U anMasa. Mcnonp3oBanue
B HEMT nenbra-nerupoBaHHbIX CJIOEB.
KBanroBas snek- | HanpaBieHus v TeHASHIMH PAa3BUTHSI KBAHTOBOW JIEKTPOHHUKH. Y CHIICHHE U TeHEepaIns
TPOHHKA ONTHYECKOTO M3JIy4YeHHs, METO/IbI CO3JJaHNsI MHBEPCUH. Pe30HaTOPbI ONTHYECKOTO JHa-
nma3oHa. AKTHBHEIE Cpeabl azepoB. OOmue 0COOEHHOCTH U XapaKTEPUCTUKH JIa3epHOTO
W3JTy9CHHUS. 6 30 | 36
TBepaoTenbHBIE JTa3ephl, TUITEL, 0COOEHHOCTH YCTPOHCTBA, OCHOBHBIE XapaKTEPHCTUKH,
obmactu npumeHeHus. [1oTynpoBOAHIKOBEIE JTa3ephl, THITB, OCOOCHHOCTH yCTPOHCTBA,
OCHOBHBIE XapaKTEPUCTHKH, 00IACTH IPUMEHEHHS.
Bcero 3a 5 cemectp | 18 | 90 | 108
7 ceMecTp
KBanroBopas- Ompenenenus, GU3NIECKHE CBOICTBA N MPHUMEHEHHE KBAHTOBBIX TOUEK, SIM, TIPOBOJIOK,
MEpHBIE CTPYKTY- | TTOIyHPOBOJHUKOBBIX CBEPXPEIIETOK M MX KOMOWHAIMH, CTPYKTYp C AByMEPHBIM 3JIEK-
PBI ¥ BX IPUOOpP- | TPOHHBIM I'a30M, MArHUTHBIX CBEPXPEIIETOK; MOJETH «MEJIKOW» 1 «TIIyOoKoih» (mmpo-
HOE NMPUMEHEHHE. | KOif) KBAaHTOBBIX SIM; KBAaHTOBAaHHE 30HHOTO JJIEKTPOHHOTO CIIEKTPa; CBEPXPEIISTKH U
OJIOXOBCKHE OCHMJUISIIMN; KBAHTOBBIM IIETOYMCICHHBIA U IpoOHBIH 3ddekTsr Xomma 6 54 60
(mpoGHbIe 3apsibl M NMPOMEXKYTOYHAs] CTATHCTUKA) B JBYMEPHOM DJICKTPOHHOM TIa3;
UCIIOJb30BaHUE TUTAaHTCKOTO MAarHHUTOPE3MCTUBHOTO 3(dexTa Ui KOHCTPYHPOBAHHS
IpHOOPOB HOBOTO ITOKOJICHHST; OCHOBHBIE MOJIOKEHUS TEOPHH «(Pa30HOB» U CaMOOpTra-
HU3AIMH  CTPYKTYP HAHOZJIEKTPOHUKH; BO3MOXKHOCTH CaMOCOOPKH 3JIECMEHTOB
YCTPOWCTB HU3KOpPa3MEepHBIX MOIYTPOBOIHUKOBBIX IIPHOOPOB.
[Mpubops! HaHO- | 'eTepoCTpyKTypHBIE TPAaH3UCTOPHL. AHATIOTOBBIE TPAH3UCTOPEL. TpPaH3UCTOPHI HA KBaH-
3NIEKTPOHUKHU ToBBIX 3¢ dekrax. OmHodnekTpoHnka. OIHOIIEKTPOHHBII TPAH3UCTOP. DIIEKTPOHHKA
Ha ocHoBe 3ddekra Ko3epcona. DneMeHTh Ha OCHOBE (yJUIEpEeHOB M rpadeHOB.
['paduToBBIC HAHOTPYOKM M MX HNpPUMEHEHHE B HaHOdJIEKTpoHHKe. [lonumepHbie HaHO- | 6 54 | 60
TpaH3UCTOPBl. MUKPOMEXaHUUECKUE TPAH3UCTOPBL. DIEMEHThl HaHOJJIEKTPOHHUKH, HC-
none3yromue 3GpQexT 6amMCTHIECKOro TPAHCIIOPTa IMEKTPOHOB. DIIEMEHTHI Ha OCHOBE
pe3oHaHcHOTO TyHHenpoBaHus. TyHHenbHbIH Tpan3uctop. KymoHoBckas 610kaa.
Hampasnenns n | IlomimepHast snekTpoHnka. MoueKysipHast SJIeKTpOHHKA. MHUKPOCHCTEMHAsI TEXHHKA.
TeHAeHIMH pa3- | Jlornueckne MuUKpocxembl Ha 0ase Heknaccuuecknx KMOII-CTpyKTyp M HOBBIX JIOTH-
BUTHS MUKPO U YEeCKHX TEXHOJOruil. MHKpocxeMbl mamsTtH, Qopmupyemble B mpoueccax KMOII-
HAHORJICKTPOHMKH| TEXHOJIOTHH U Ha 0a3e Ipyrux TeXHOJOoruueckux miardopm. HaHnosnekrponusie kimo- | 6 54 | 60

qu. ATOMHBIE NEPEKIIOYAIONINE YyCTPOiicTBA. DIeMEHThl HAHONIEKTPOHUKU Ha OCHOBE
OTHENBHBIX aTOMOB M MOJeKys. CHHHTpOHHWKA. ['MTaHTCKOe MarHWTOCONPOTHBIICHHUE.
MarsauTHasE nTaMsATh. DHEeproHe3aBUCHMAasi MaMsATh HA CIHHMH-3aBUCHMOM TYHHEIHPOBa-




Huu. KBanTtoBble kommbioTepsl. [IpuHiunel opranu3aunu u Qynkinuonuposanus. Ky-
OUTBI. DJIEMEHTBI KBAHTOBBIX KOMITBIOTEPOB.

Bcero 3a 7 cemectp | 18 | 162 | 180
Kontpoan 36
Hroro 432

6. MIPUMEPHASI TEMATUKA PE®EPATOB

B cootBeTcTBUM ¢ y4eOHBIM IIJIAHOM OCBOCHHME AUCHUILIMHBI «DJIEKTPOHHAs
KOMITOHEHTHas1 6a3a MUKPO- U HAHODJIEKTPOHHUKH, KBAHTOBBIX YCTPONCTB» HE MPEAY-
CMaTpPHUBAET BBINIOJHEHUE pedepaToB.

7. OHEHOYHBbIE MATEPUAJIbI 1151 NPOBEJEHWA
IMPOMEXYTOYHOU ATTECTAIIMUA OBYYAIOIIINXCA
O AMCIUITJIMHE

7.1. Onucanue noKasarejael 1 KPUTEPUEB OLICHMBAHUSA KOMIICTCHIUI HA
Pa3JIMYHbIX 3Tanax ux GopMHUpPoOBaHMs, ONIMCAHME IIKAJ OLCHUBAHUS

7.1.1 JTan TeKyuero KOHTpoJs

Pe3ynbTaThl TEKyIIETO KOHTPOJISI 3HAHUA M MEKCECCUOHHOW aTTECTAIUU Olie-
HHUBAIOTCA MO CIEAYIOIIEH CUCTEME:

«aTTCCTOBAH»,
«HC aTTCCTOBAaH».

Kpurepuu onieHuBaHus

ATtTecToBaH

He arrecroBan

AxTHBHas paboTa Ha JIEKLUIX, OTBEYa-

€T Ha TCOPETUUCCKUE BOIIPOCHI

Berimonaenue pabot B CPoOK, Mpey-

HegpimonHenue paboT B CPOK,

CMOTpPEHHBIH B pabounx MmporpamMmax

MPeIyCMOTPEHHBIN B pabodnx mpo-

rpaMMax

Pemenue craHaapTHBIX IPAKTUYECKUX
3a1a4

BrimonHenue paboT B CPOK, Mpey-
CMOTPEHHBIN B pabounx mporpaMmax

HeBbimonmuenue paboT B CPoK,

TIPEAYyCMOTPEHHBIH B pabo4mx mpo-

IrpaMMax

Pemrenne npukiaHpIX 3a/1a4 B KOH-
KPETHOM MPeIMETHOH 00IacTH

Bermonaenne pabot B cpok, mpemy-
CMOTPEHHBIH B paboYnX IMporpaMMax

Hesbimonnenne paboT B Cpok,

MIPEAYyCMOTPEHHBIH B pabo4mx mpo-

IrpaMMax

7.1.2 JTan npoMe;KyTOYHOI0 KOHTPOJISI 3HAHUH
Pe3ynbTaThl MpOMEKYTOUHOTO KOHTPOJIS 3HAHWW OLEHHUBAIOTCS B 7 CEMECTPE

II0 CUCTEMC:
«OTIIMYIHO»,
«XOpOoIIO»,

«YOOBJICTBOPUTCIILHO»,
«HCYHIOBJICTBOPUTCIIBHO .

Kpurepun OT1auyHo Xopouio Yaosaersopureinb- HeynoBaersopuren-
OlIeHUBAHUS HO HO
Tect Brinosinenue tecta | BrinosnHeHue Tecta Ha | BelnonHeHue TecTta B tecte menee 70 %
Ha 90 — 100 % 80-90 % Ha 70 — 80 % MPaBHJIbHBIX OTBETOB
Pewenue cran- 3amaun perieHs! B ITpomemoncTpupoBan | [IpogemoHCcTprpoBaH | 3amayul HE pEIICHBI

MOJIHOM 00BEME U
MTOJTyYCHEI BEpHBIC
OTBETHI

JIapTHBIX IIPaK-
TUYECKUX 3a1a4

BEPHBII XOJ pelie-
HUS BCEX, HO HE II0-
JIy4eH BEpHBIA OTBET

BEPHBII XOJ peLICHUs
B OOJIBITMHCTBE 33/1a4




BO BCEX 3ajJlauax
Pemenue npu- 3anauu pelieHsl B IIponemoncTpupoBan | IIpogemoHcTpupoBaH | 3aaayuu HE peIIEeHBI
KJIaJHBIX 3aJa4 | [OJJHOM 00ObEeMe M | BEpHBIH X0 pelie- BEPHBIN X0 peleHus
B KOHKpPETHOI TIOJTy4eHbI BEPHBIE | HHUS BCEX, HO HE 1M0- | B OOJIBLIMHCTBE 3a/1a4
MpeaMETHON OTBETHI JIy4eH BEpHBIH OTBET
obnactu BO BCEX 3ajlauax

7.2 IllpumepHbIiA MepevYeHb OLEHOYHBIX CPeICTB (TUNOBbIe KOHTPOJIbHbIE
3aJaHUsl WIH HUHbIe MaTepHaJibl, HeO0OX0AUMBbIE JJIs1 OLCHKU 3HAHMHA, YMEHHH,
HABBIKOB M (MJIH) ONbITA AeATEJIbHOCTH)

7.2.1 IlpumepHBIi IepeYeHb 3aJaHUM 11 MOATOTOBKH K TECTUPOBAHUIO

1. Cpennssa unrerpanbaas mukpocxema (CHC) — ato UC, conepxarias:

1) ceoiie 100 1o 1000 snemenToB u (vau) KoMnoHeHTOB 11 i poBbix MC u cBbie 100 1o
500 — g5 aHAMOTOBBIX (2..3 CTEICHD),

2) 10 100 s5eMeHTOB U (WJIM) KOMIIOHEHTOB BKJIFOYHUTENBHO (1..2 CTereHb);

3) cBbime 1000 anemenToB u (min) KoMnoHeHTOB A 1 poBbix C u cBbime 500 — amns
anHasioroBbix MC (3..4 crenens).

2. B xakoif n3 nepevnciIeHHbIX MUKPOCXEM BCE 3JIEMEHTHI BBITIOJIHEHBI B 00bEME KpHUCTaILIa MOJTY-
MPOBOJHUKA?

1) TOHKOIJIEHOYHOM;

2) ruOpHUTHOM;

3) noayNpOBOJHUKOBOM.

3. bonbmas uaTerpanbaas mukpocxema (BUC) — ato UC, coneprkamas:

1) corme 100 10 1000 smemenToB 1 (Wiar) KoMmmoHeHToB s i posbix UC u cebime 100 10
500 — mst aHAOTOBBIX (2..3 CTEIEHB);

2) 10 100 351eMeHTOB U (WJIH) KOMITOHEHTOB BKJIFOYHTENHHO (1..2 CTeTeHb);

3) cBbiie 1000 smemenToB U (Win) komoHeHToB uist 1dpoBeix VIC u cbie 500 — i1st aHa-
noroseix MC (3..4 creneHs).

4. B xakoil U3 nepeyrcIeHHbIX MUKPOCXEM BCE JIEMEHTHI NPEICTAaBIISAIOT COOON TIIEHKU, HAHECEH-
HBIE Ha AUAJIEKTPUUECKOE OCHOBaHHE?

1) TOHKOIIJICHOYHOI;

2) ruOpuaHON;

3) nonynpoBOJHUKOBOM

5. CeepxpemieTka —

1) 9T0 mOJYHpO3pauHBI TUIJICKTPUK C OMPEACICHHOW MEePHOIUYECKON CTPYKTYpOHl u
YHUKAQJIBHBIMUA ONTUYECKUMHU CBOMCTBAMM:

2) 9TO TBEPIOTENbHAS MEPUOMUYECKAs CTPYKTYpa, B KOTOPOH HAa HOCUTEIH 3apsiia Hapsi Ly
C IOTEHIUAJIOM KPUCTAJUIMYECKOU PELIETKU JEHCTBYET JOMOJIHUTEIBHBINA BCTPOCHHBIN ITIOTEHINAT,;

3) 9T0 (a3bl MePEeMEHHOT0 COCTaBa, B KOTOPHIX aTOMBI Pa3IMYHBIX JJIEMEHTOB PacIoio-
YKEHbI B 001I1eH KpUCTATUINYECKOH peréTke.

6. HampspxeHHast oJynpoBOAHUKOBAs CTPYKTYpa MpeACTaBiIseT coooi

1) TOHKHIA CIIOW Y3KO30HHOTO MOJYITPOBOHUKA, TOMEIIECHHBIH B MAaTPUIy OTHOCUTEIBHO
IIMPOKO30HHOIO MaTepuaa ¢ MEHBIIMM MapaMEeTPOM DPELIETKH M HCIBITHIBAIOIIMN CKUMAIOLNE
HaANPSDKEHUS;



2) TOHKHH CIIOW IIMHPOKO30HHOTO MOJYIIPOBOJHHKA, MOMEIICHHBIH B MATPHUILy OTHOCH-
TCJIbHO Y3KO30HHOI'0O Marcprajia ¢ MCHbBIINM MMapaMCTPOM PCIICTKU U I/ICHI:ITBIBaIOH_[I/II\/JI CXKHUMaro-
1€ HaMPSDKEHUS,

3) TOHKHIi CIIOW Y3KO30HHOIO IOJIyIIPOBOTHHUKA, IOMEIICHHBIH B MAaTPUILy OTHOCHTEIBHO
HIMPOKO30HHOTO MaTepuana ¢ OOJBIIMM IMapaMeTPOM PEHIETKH M HCIBITHIBAIOLIUN CKUMAIOIINE
HaIpsOKEHUS.

7. TynuensHbI 3¢ ekt - 310

1) siBiieHUE, CBSI3aHHOE C KBAHTOBAHUEM SHEPTUH HOCHUTENICH 3apsiia, IBHKCHUE KOTOPBIX
OTPaHUYEHO B OJTHOM, JIBYX WJIM TPEX HAIPABJICHUSAX;

2) KBaHTOBOE SIBJICHUE, B KOTOPOM Ha YaCTHUILY C IEKTPUICCKUM 3apsiIOM MIIM MarHUTHBIM
MOMEHTOM 3JICKTPOMAarHUTHOE I0JIE BIUSAET JaKe B T€X 00JacTAX, IIe HAPSDKEHHOCTh 3JIEKTpUYe-
CKOTO TIOJISL M MHAYKIMS MarHUTHOTO T10JIS1 PaBHBI HYJIIO, HO HE PaBEH HYJIIO 3JIEKTPOMArHUTHBIH
NOTEHIINAT;

3) npeooneHne MUKPOYACTHLICH TOTEHINAIFHOTO Oaphepa B cirydae, Korjia e€ IoIHas
SHEPTHs1, OCTAIOIIASCS NMPH TYHHEIMPOBAHUU HEN3MEHHON, MEHBIIIE BEICOTHI Oapbepa.

8. KoMno3uinoHHas CBEpXpeLIeTKa — 3TO CBEpXpeIIeTKa

1) ¢ oHMM HaHOMETPOBBIM H3MEPEHUEM;

2) C MepEeMEHHBIM JISTUPOBAHUEM, B KOTOPOW MEPUOAMYHOCTH MAPAMETPOB CO3/1aCTCsl BBE-
JICHUEM HeOOJbIIOr0 KOJMYECTBA MPUMECH B y3KHE, CTPOTO OrpaHUYEHHbIE YaCTH KpUCTAJLINYE-
CKOU CTPYKTYpBHI;

3) ¢ mepeMEeHHbBIM COCTaBOM, B KOTOPBIX YePEAYIOTCS TOHKHE CJIOM MaTepUaoB Pa3inyHOrO
COCTaBa.

9. JlernpoBaHHas1 cBepXpelETKa - 3TO CBEpXpeLIeTKa

1) ¢ mepeMeHHBIM JITHPOBAHUEM, B KOTOPBIX IEPUOJMYHOCTh MAPAMETPOB CO3/ACTCS BBE-
JIEHUEM HeOOJIBbIIOro KOJMYECTBAa MPUMECH B y3KHE, CTPOTrO OrpaHHYEHHBbIE YacTH KpHUCTainye-
CKOU CTPYKTYPBHI;

2) ¢ OTHMM HaHOMETPOBBIM U3MEPEHUEM;

3) ¢ mepeMEeHHBIM COCTaBOM, B KOTOPBIX YePEAYIOTCS TOHKHE CJIOM MaTepHAIOB Pa3IHYHOTO
COCTaBa.

10. Ctpyxkrypa obpamennoro HEMT - tpan3ucropa cogepxut

1) MeTayIMuyecKuil KOHTAKT — IIUPOKO30HHBIN rerepocnoil AlGaAs, BBINOJHAIOUIMNA pOJIb
MOA3aTBOPHOTO TUAJIEKTPUKA - Y3KO30HHBIN ciioit GaAs, B KOTOpoM (HopMUpYeTCs KaHaT,

2) METaUTMYECKUil KOHTAKT — HEJCTUPOBaHHBIA cloil GaAs («I0A3aTBOPHBIA THAJICK-
TPHUK»), Y3KO30HHBIN cioii GaAs, B KOTOpOM (QopMUpyeTCsl KaHall - IMIUPOKO30HHBIN IeTepoCion
AlGaAs;

3) MEeTaJIMYeCKU KOHTAKT — HIMPOKO30HHBIN rerepocioit AlGaN, BBIMOIHSAIOUIMN poJib
M0J13aTBOPHOTO AUAIEKTPHKA - Y3K030HHBIH cioit GaN, B koTopom popMupyercs KaHal.

7.2.2 IlpuMepHbIii epeveHb 3aJaHUI ISl pellleHUs CTAHIAPTHBIX 32/1a4

1. PaccunrtaTh CONMPOTHBIICHUE TeJia KOJUICKTOPA MPU OTCYTCTBUU U HAJIMYHUU CKPBITOTO n+-CIOS.
Bynem momarate, 4TO TPaH3UCTOP UMEET CTPYKTYpY, MOKA3aHHYIO HAa PUCYHKE MPH CIIETYIONUX
3HaYeHUsX nmapamerpoB: f=e=m=c=g =d =4 mxm, b =z =L = q = 12 mMxm; Ah,; = 3 mMxm; Ah’
= 3 MkM; px = 0,5 OM-CM; TOJIIIMHA CKPBITOTO 1+-CII0ST 5 MKM, YJISIbHOE COMIPOTUBIICHUE CKPBITOTO
n+-cinost Rs = 10 Om/[; riryOWHBI 3aJieTaHusl SMUTTEPHOTO H KOJUIEKTOPHOTO TIEPEX0/I0B PABHEI 2 U
3 MKM COOTBETCTBEHHO. bynem cumtaTh OOKOBbIe CTeHKH AU(D(Y3HOHHBIX 00JacTEll BEPTHKAIb-
HBIMH.



Tomnonorus (a) u ctpyktypa (0) HHTETpaIbHOTO OUITOISIPHOTO TPAH3UCTOPA

2. Macca ogHOM yriepoJHOW HaHOTPYOKH COCTaBIISIET 2.99-10" r. Ckonpko aTroMoB yriieposa
BXOJMT B COCTaB DTOU YaCTHUIILI?

3. OgHO3NEKTPOHHBIN TPAH3UCTOP, BKIIOYAIONINN B ce0si B Ka4eCTBE OCHOBHOTO 3JI€MEHTa KOH-
JIEHCATOp CO CTPYKTYpOil MeTasui-nusiekTpuk-metamt (MJIM), criocobeH pearnpoBaTh Ha TyHHe-
JNTUPOBAHKE OHOTO JIEKTPOHA, eCI eMKOCTh YKa3aHHOH CTpYKTyphl cocTaBiser 1078 — 1070 o,
KaxoBa 1ioma/s 00KIaJ0K KOHAEHCAaToOpa ¢ AMOKCUIOM KpeMHus SiO2 B KauecTBe JUMINECKTPHKA,
ecu eMkocTh coctanser 1078 & npu Tommune gudnekTpuKa, paBHOH 10 HM.

4. HaiimuTe eMKOCTh IIJIOCKOTO KOHJEHCATopa ¢ TUOKCHaAoM KpemHHs (SiO2) B KauecTBe AMAIICK-
TpHKa, IpU ToNIUHE AudJekTpuka d = 1 HM 1 00KJIaaKax, MPEeACTaBISIONMX COO0H KPyTH paany-
coMm Ro = 10 am. Imdnexrpuueckyro nponunaeMocts SiO2 € mpuHsITh paBHOH 2,825. Kakyro sHEp-
THI0 UMEET TOT KOHJEHCATOp, €ClIU 3apsAUTh €ro oOKJIaJKU 3apsgaMu +e U —€ , TAe € - 3apsl
anekTpoHa. CunuTaTh, UTO 3apsAbl pacnpeesieHbl o OOKJIagKaM paBHOMEPHO, KpaeBbIMU 3 dek-
TaMH [IpeHeOpeyb.

5. Kakyro 70110 OT HaceJeHHOCTH OCHOBHOTO YPOBHSI COCTABIIIE€T B PABHOBECHOM COCTOSIHUU
HaceJIeHHOCTh YpoBHs ¢ 3Heprueit 0,1 3B npu temnepatype 300 K (cTatuctuueckue Beca NpUHSTDH
pPaBHBIMU €ANMHULE)?

6. Kakyro sHepruto (B 0OpaTHBIX CAHTUMETpax) JIOJDKEH UMEThb YHEPreTUYECKUN YPOBEHb, YTOOBI
ero HaceneHHocTh coctaBuia 0,1 % HaceleHHOCTH OCHOBHOTO YPOBHS (CTaTHCTHYECKHE Beca
HPUHATH PaBHBIMU €TUHUILIE)?

7. BepxHuil na3epHblii ypoBEeHb B TBEPJOTEIBHOM Ja3epe Ha CTEKJIE ¢ HEOJAUMOM MMEET SHEPTHUI0
oxos0 12000 cm 1. BrlpasuTe 3Ty SHEPTHIO B 2IEKTPOHBOILTAX.

8. HeHachImeHHKIi MoKa3aTeNnb IpenoMIenus pyonHoBoro nasepa Ko = 0,1 cm 1, a mmuHa akTus-
HoH cpeabl | = 10 cm. Haiinure ycnoBue s xoddduuuenta oOpaTHOM CBSI3M B, MpH KOTOPOM
BO3MOYHA FeHEpalus.

9. AKTHBHAs cpejia ONTHYECKOI0 KBAaHTOBOTO TeHepaTopa uMeeT Kod((HUIIMEHT KBaHTOBOTO yCH-
JeHus g U koddduimeHT noreppb K. 3epkana pe3oHaTopa OJUHAKOBBIC ¢ KOAPPHUIIMEHTOM OTpaxke-
HUA lorp. BBIUMCINTE OTHOIIEHHE KOT€PEHTHOW BBIXOJHOM MOIIMHOCTH Py K MOIIHOCTH Pk, TIOTJI0-
I1aeMol B aKTUBHOM BelecTBe, cuntast Po ~ g — K u Px ~ k. [Tokaxkure, 4TO MpH JUIMHE CTEPXKHS
aKTHBHOTO BEIIECTBa OOJIbIIIE KPUTHUYECKOHM TMoryonaemMas B 00pa3ile MOIIHOCTh CTAaHOBHUTCS



00JIbIIIe MOITHOCTH KOTEPEHTHOTO BBIXOJHOTO M3JIyYEHHS M B 3TOM CMBICIIE ONTHYECKUI KBAHTO-
BBII TeHEPaTOp CTaHOBUTCS HEI(H(HEKTUBHBIM.

10. 7. Ucnonp3ys cipaBOYHBIE JaHHBIE, ONPEACTUTE 0 0000IIeHHOMY MpaBmiy Berapna cocraBbl
InxGa1-xAs u InyAl1-xAS, KoTopsie 6€3 HaPSHKCHHUI MOTYT OBITH BhIpAIEHbI Ha MOLI0XKKE NP,

7.2.3 IIpumepHbIid NIepevYeHb 3aJaHUI JJI5 pelleHus MPUKIATHBIX 32124

1. Paccumnraiite pa3pbiBbl 30H mpoBoauMocTd AEc u BaneHTHOU 30HBI AEv, a Takxke nuddy3uon-
HBII TOTEeHIMan Qo Juisi rereporepexona N-Si-p-Ge. [locTpoiiTe 3HEPreTHYECKYI0 THArpaMMY.
KOHIIEHTpAINIO MEIKUX JIOHOPOB B KpeMHMH npumuTe paBHOi Ng = 5-10°cm®, xonnmentparmio
MeJIKHX aKIenTopoBs B repmManuu Na = 2-10%cm,

2. Paccumraiite s uuaeanbHOro rereporepexona N-Si-p-Ge u3 npenplayiiei 3aaadd TONIUHY
00€THEHHBIX CIIOEB, HAMPSKEHHOCTH TOJEH Ha rpaHUlle pa3jelia U KOHTaKTHbIe Pa3HOCTU MOTEH-
[IMAJIOB, MPUXOJIAIIKECs Ha Kaxabld MaTepual. [loctpoiiTe sHepreTuueckyo auarpammy. Omnpene-
JUTE, KAKOW BBICOTHI TIOTEHIIUAIBHBIC Oapbephl CTOAT Ha IyTH BCTPEUYHOTO JIBMIKCHUS 4Yepe3 Iepe-
XOJl OCHOBHBIX HOCHUTEJEH.

3. Ucnonp3ys mpaBuiio AHIEPCOHA BBIYUCIUTE Pa3PbhIBbI 30HBI IIPOBOJAUMOCTH U BAICHTHOW 30HBI
st rereponiepexoza: a) GaAs-AlAs u 0) InAs-GaSh.

4. Ucnonp3ys npaBuio AHIEPCOHA, HAPUCYNUTE 30HHYIO JUarpaMMy IpU KOMHATHOW TemIepaType
1151 TeTepocTpyKTYphl P-Alo.2GagsAs — N-GaAs. Kakue TUITbI 3aps10B, MOXKET 3aXBaThIBATh JaHHAS
CTPYKTypa Ha rereporpanuiie? Kak nsmMeHUTCs 30HHAs Auarpamma Ipu MPHUIOKEHUN TOCTOSHHOTO
norexnuana V?

5. Cxematudecku U300pa3uTe quarpaMMmy p-n U N-p-epexoJ 0B Ha OCHOBe rerepomnepexosa |l Tumna
U B KaKOM CJTy4ae dJIEKTPOHBI M IBIPKU MOTYT «3aXBaThIBATHCS» Ha MHTEpdetice. UTO M3MEHUTHCS B
ciydae HenerupoBanHoro rereporepexoaa |l Tuna (Hanpumep, INAs-GaSh)?

6. PaccunraiiTe KOHTAaKTHYIO Pa3HOCTh MOTEHIIMAIOB U U300pa3UTe SHEPTETHUECKYIO TUarpammy p-
Nn-mepexoqa Ha ocHoBe GaAS TIpH CHeAyIOIMX Tapamerpax neruposaHms: Np=2-102m3,
Na=10%m73, Nc=4.7-10%m3, Nv=7-10%m"3,

7. JInoa u3 mpeAbIAyIe 3a1aqn 3aMeHnTe rereporepexogaom Mexay N-AlozGao7As u p-GaAs. Jle-
rupoBanue Al mensercs ckaukom. CocunrtaiiTe mosiokeHue yposHs depmu, HapuCylTe auarpam-
MY, U PaCCUUTANTe KOHTAKTHYIO PA3HOCTh MOTEHIIHAJIOB.

[TokaxxuTe, 9TO KOHTAKTHASI PA3HOCTH MMOTEHIMAJIOB BEIUYUCIISETCS KaK:

eV = Eq® + AE; - [Ec™ - EE™]- [EE® - E,P)].

JIBe pa3HOCTH B CKOOKax MOTYT OBITh BBIYMCIICHBI MMPOCTO MCXOS U3 YPOBHs JiermpoBanusi. [Toka-
xwute, uto 3dekt or 3amenpl GaAs Ha AlGaAS Ha N-CTOpPOHE CBOAUTCS K YBEJINYCHUIO KOHTAKT-
HOH pa3HOCTH MOoTeHInaaoB Ha AEc.

8. OmpenenuTe COEKTPaJbHBIM AMAaNa3oH (WK AMANa30H JJIMH BOJIH) paboThl (OTONPHUEMHOMN MaT-
pHIIBI HA OCHOBE HAHOT€TEPOCTPYKTYP VIS CIEIYIOIUX MapaMeTpOB KBaHTOBBIX sM: Eg1 = 1,43 3B,
Eq2 = 1,78 5B, E1 = 0,05 5B, E2 = 0,175 3B, cepenunbl 3anpemeHHbIX 30H MOJIYITPOBOTHUKOBBIX
MaTepHaJoB, COCTABJIAIONIMX KBAHTOBYIO sIMY, COBIIQ/IAlOT.

9. OnpenenuTe MUHUMAJIBHYIO IUIOMIA1b (hoTONpUeMHON MaTpullsl nHppakpacHoro (MK) nuamaso-
Ha CIIEeKTpa JJis neperadr n300paskeHus TeEBU3MOHHOTO CTaHAapTa. YyBCTBUTENBHBIM 3JIEMEHTOM
MaTpHUILbI SABJSETCSI MHOTOCIOWHAs HAaHOT€TEPOCTPYKTYpa, coaepxkamas N = 50 ciioeB KBaHTOBBIX



SM W JIBa KOHTAKTHBIX CJ10s1 oOIieii ToamuHon he = 2,67 mxm. Cumraiite, 94T0 pasmaeneHue Gporo-
MaTpHIbl HA 3JE€MEHTHI IPOBOAUTCS C MOMOIIBI0 U30TPOMHOTO TpaBieHUss. MUHUMAaJIbHO JIONYCTH-
MbI€ pa3Mepbl MOBEPXHOCTH UyBCTBHTEIBHOIO deMeHTa 0 U okHa ajs TpaBicHus | cocraBmsior 1
MKM, TOJIIHMHBI CJIOEB Y3KO30HHOTO U HIMPOKO30HHOIO IMOJYIIPOBOJIHUKOB, COCTABJISIONIUX CTPYK-
TYpy KBaHTOBOH siMbl, Ny = 5 HM u hy = 45 HM COOTBETCTBEHHO, YHCIIO CTPOK mM300paxenus N =
600. UyBCTBUTENBHBIN 3JIEMEHT (POTOMATPHULIBI UMEET (OpMY KBajpaTa.

10. OnpenenuTe AOITIO MOLTHOCTH ONTUYECKOTO M3ITyYEHHs, TOTJIONAeMOT0 B (DOTONPUEMHHUKE Ha
KBAaHTOBBIX AMax. M3nmyueHune namaer meprneHIuKyIsIpHO K MoBepxHOcTH GoronpueMHuka. Koad-
(DUITMEHT TIOTNONMEHNs U3TydeH s B Y3KO30HHOM moynposoanuke o = 7-10° cm?, kospdunuments
OTpaKEHHUS OT TPaHUI] pa3jieia y3KO30HHOT0 U MIMPOKO30HHOTO noiynpoBoaHukoB R = 0,01, Rz =
0,02, TonmMHa CII0S Y3KO30HHOTO MOJYNPOBOAHMKA O = 5 HM, YMCIIO MEPUOJOB (OTONPUEMHOM
ctpykTyphbl N = 50. [IpeobpazoBats orBeT 115 R1 = R2 = 0. OOBSICHUTH OJIyYCHHBIN PE3yiIbTaT.

7.2.4 IlpuMepHBIii IepevYeHb BOMPOCOB VISl OATOTOBKH K 3a4eTy
He mpenycMoTpeHO yueOHBIM TLIaHOM.
7.2.5 IlpumepHbIA NIepevYeHb BONPOCOB /I MOATOTOBKHU K IK3aMeHY

1. DnemeHTHI U KOMIIOHEHTbl MUKPOCXEM.

2. Knaccuduxanuss MUKpOCXeM 10 (YHKLUHMOHAIbHBIM U KOHCTPYKTOPCKO-TEXHOJIOIMUECKUM
IIPU3HAKaM.

3. OcobeHHOCTH CTPYKTYPhI OUITOISPHBIX TPAH3UCTOPOB MOTYITPOBOIHUKOBBIX MUKPOCXEM.

4. JlnosHbIE CTPYKTYPbl B MUKPO3JIEKTPOHUKE.

5. TpaH3uCTOpHBIE CTPYKTYpbl CIELUAIBHOTO HAa3HAYEHUS: MHOTOSMHUTTEPHbIE U MHOI'OKOJI-
JIEKTOPHBIE TPAH3UCTOPBI, TPAH3UCTOPHI ¢ Juo oM LIloTku.

6. KoncrpykruBHble ocodernoctr M/IIT TpaH3uCTOPOB HHTETPATBHBIX MUKPOCXEM.

7. CTpykTypa U NPUHLHUI JEWCTBUS TPAH3UCTOPHBIX 3JIEMEHTOB MaMATH MOCTOSHHBIX 3aTIOMHU-
HAIOLIUX YCTPOMCTB.

8. TIpubopsI ¢ 3apsI0BOIi CBSI3BIO.

9. TlaccuBHBIE 3JIEMEHTHI HHTETPATBHBIX MHKPOCXEM.

10. ITosrynnpoBOAHUKOBBIE U JICHOYHBIE PE3UCTOPHI.

11. KonaeHcaTopbl M HHAYKTUBHBIE 3JIEMEHTHI.

12. . 3akon Mypa. [loHsiTHEe 1 3aKOHBI MacIITAOUPOBAHHUSI ATIEMEHTOB MHUKPOCXEM.

13. ®dusnyeckne orpaHUYECHUS] B MUKPOIIEKTpOoHNKE. OCHOBHBIE MTPOOJIEMBl MUHHATIOPH3AINA
U OCOOCHHOCTH CTPYKTYpPbI COBpeMEHHbIX cyOMUKpoHHBIX M/IIT TpaH3ucTopos.

14. TpaH3uCcTOPHI C YIPABISAIOIINUM MEPEX0I0M METAILI-II0JTyIPOBOAHHUK.

15. ®ynkunonansubie Bo3MoxxHocTH M/IIT 1 MEII TpaH3uCTOpPOB B MHTErpajIbHBIX MUKpPOCXeE-
Max.

16. 'eTepoCTpyKTYypHbl B COBPEMEHHONH MUKPOAJIEKTPOHHKE.

17. OcHoBHBIE TapaMeTPbl U OTIIMYUTEIbHBIE 0COOEHHOCTH reTepPOINEePEX0I0B.

18. 3oHHas muarpamMMa U30TUITHHBIX U aHU30THITHHBIX T€TEPOCTPYKTYP.

19. Br16op MaTepuaioB I TETEPONIEPEXO/I0B.

20. CepxperieTkd 1 MpuOOPHI HA UX OCHOBE.

21. SIBneHust CBEPXMHKEKIIUN U 00pa30BaHUs JBYMEPHOTO 3JIEKTPOHHOTO ra3a B reTeponepexo-
Ie.

22. T'ereporiepexo/THbIe OUTIONIIPHBIC TPAH3UCTOPEHI.



23. TpaH3UCTOPBI C BBICOKOW TOJBM)KHOCTBIO 3JICKTPOHOB: (PH3WUYECKUE TMPHUHITUIBI PabOTHI U
BapuaHThl KOHCTpyKuuu. HEMT-cTpyKTypBI.

24. DHepreTuvecKrue COCTOSHUS aTOMOB, MOJICKYJI M TBEPJBIX Tel. B3zaumopeicTBue 3iekTpo-
MarHUTHOT'O M3JIy4€HUs C aTOMHBIMU CUCTEMAMHU U TBEPJBIMU TEJIAMH.

25. YcuieHue U reHepanus onTHYEeCKOro N3IyYeHHUs.

26. MeTtoapl CO3/1aHUS UHBEPCHH.

27. Pe30oHaTOPHI ONTHYECKOTO JHara3oHa.

28. AKTUBHBIE CPEJIbI JIA3EPOB.

29. O0mue 0COOEHHOCTH M XapaKTEPUCTUKH JIA3EPHOTO U3ITyYCHHS.

30. TBepmoTenbHBIE JIA3€Pbl, THIIB, 0COOCHHOCTH YCTPOUCTBA, OCHOBHBIE XapaKTEPUCTHKH, 00-
JaCTU TIPUMEHEHUSI.

31. IloaynpoBOIHUKOBBIE JIa3€pbl, TUIIbI, OCOOCHHOCTH yCTPONCTBA, OCHOBHBIE XapaKTEPHCTH-
KH{, 00JIaCTH IPUMEHEHHUS.

32. IlonumMepHas dJIEKTPOHUKA.

33. MonekysipHasi 2JICKTPOHHKA.

34. MukpocucTeMHas! TEXHHKA.

35. Jlornueckue Mukpocxemsl Ha 6a3e Hekiaaccndeckux KMOII-cTpyKTyp U HOBBIX JIOTHYECKHUX
TEXHOJIOTUH.

36. Mukpocxemsl mamsTH, opmupyemsie B nporeccax KMOII-rexnonoruii u Ha 6a3e Ipyrux
TEXHOJIOTUYECKUX MIaT(HOpM.

37. du3nueckue CBOWCTBA U MPUMEHEHNE KBAHTOBBIX TOUYEK, SIM, IPOBOJIOK, MTOJYTIPOBOAHUKO-
BBIX CBEPXPEIIETOK U MX KOMOMHAINN

38. KBaHTOBBII 1ETOYNCICHHBIN 1 ApoOHBIH 3 dexts Xomia (IpoOHbIE 3apsIbl U MPOMEKY-
TOYHAas CTATUCTUKA) B IBYMEPHOM 3JIEKTPOHHOM ra3

39. Hcnonp30BaHME TMIAHTCKOTO MarHUTOPE3UCTUBHOIO 3(h(eKTa st KOHCTPYUPOBAHUS IPHU-
OOpOB HOBOTO TTOKOJICHHSI;

40. OCHOBHBIC TOJIOKCHHS TCOPUH «(Pa30HOB» W CAMOOPTAHM3AIMH CTPYKTYpP HAHODJIEKTPO-
HUKHU.

41. Bo3MOXHOCTH CaMOCOOPKH 3JIEMEHTOB YCTPOWCTB HU3KOPa3MEPHBIX MOTYIPOBOJIHUKOBBIX
puOOpoOB.

42. T'eTepoCTpyKTypHBIE TPAH3UCTOPHI.

43. AHaJOroBbI€ TPAH3UCTOPBHI.

44, TpaH3UCTOpBI HAa KBAaHTOBBIX 3 ekTax.

45. OIIHORJIEKTPOHHUKA.

46. YriepoaHbie HaHOTPYOKH.

47. CHUHTpOHUKA.

48. DnextpoHuka Ha ocHoBe 3 dekra [[xo3edcona.

7.2.6 MeToauKa BHICTABJIEHUS OIEHKH MPH MPOBeIeHUH MPOMEKYTOUHOM
aTrecTanuu

DK3aMEH TPOBOAMUTCS IO TECT-OMieTaM, KaXKIbI M3 KOTOPBIX COACPIKUT
10 BompocoB u 3amady. Kaxapiii paBUIbHBIA OTBET Ha BOIPOC B TECTE OIICHUBACTCS
1 Gammom, 3agada orenuBaetcs B 10 6ammoB (5 0amioB BepHOE peleHre u 5 0amioB
3a BEpPHBII OTBET).

MakcumanbHOE KOJTUYeCTBO HaOpaHHBIX OayutoB — 20.

1. Onenka «HeynoBneTBOpUTENHHO» CTABUTCS B Clydae, €CIU CTYACHT
HaOpas MmeHee 6 0asnIoB.



2. OreHka «YIOBIETBOPUTEIBHO» CTABUTCS B CIIydae, €CJIM CTYJISHT HaOpas
ot 6 10 10 6amnos

3. Omnenka «XopoIo» CTaBUTCS B cllydae, €Ci CTyneHT Habpan oT 11 mo 15
OaILIOB.

4. Ouenka «OTINYHOY» CTABUTCS, €CIIU CTYeHT Habpai ot 16 mo 20 6amios..

7.2.7 IlacnopT OLIEHOYHBIX MATEPHAJIOB

No KonTponupyemsie paznensl (TeMbI) HaumeHnoBanue o1ieHOYHOTO
/1 TUCIUILINHEI cpencTBa
1 | OcHOBHBIE IOHSITHSI MUKPO- U HAHODJIEKTPOHUKH Tect, ycTHBIH ompoc
2 | DneMeHThI HHTErPaTbHBIX MUKPOCXEM TecT, ycTHBIN onpoc
3 | bunonsipabie HHTETpaJIbHBIC CXeMbl. IHTEerpasibHBIC Tect, ycTHBIN onTpoc

CXEMbI Ha OCHOBE II0JIEBBIX TPAH3UCTOPOB
4 | DaeMeHTbl MUKPO- U HAHOBJIEKTPOHUKH Ha OCHOBE T'e- | TecT, yCTHBIN ompoc

TEpPONEPEX010B

5 | DneMeHTHI ¢ BBICOKON NOJIBUKHOCTBIO HOCUTENEH 3a- | TecT, yCTHBIH ompoc
0 (0):]

6 | KBanToBas 3JeKTpOHUKA Tect, yCTHBIN OITPOC

7 | KBanToBOpa3mMepHble CTPYKTYphI U UX IPUOOPHOE Tecrt, ycTHBIN opoc
IIPUMEHEHHE

8 | I[Ipubopsl HAHOAIICKTPOHUKHU TecT, yCTHBIN Onpoc

9 | HanpaBieHus 1 TEeHACHIIUHN Pa3BUTH MUKPO U HaHO- | Tect, yCTHBIH onpoc
JNEKTPOHUKU

7.3. MeTroguuyeckue MaTepuaJibl, ONpedeJAIINe NMPOUeAyPbl OLEHUBA-
HHS 3HAHWH, YMEHUI1, HABBIKOB U (MJIH) ONBITA 1eATeJIbHOCTH

TecTupoBaH#e OCYIIECTBIACTCS, MO0 MPU MTOMOIIY KOMITBIOTEPHON CHUCTEMBI
TECTUPOBAHUS, TUOO C UCIOJIb30BAHUEM BBIJIAHHBIX TECT-3aJjaHU Ha OyMa)KHOM HO-
cutene. Bpems tectupoBanus 30 MuH. 3aTEM OCYLIECTBIIETCS MPOBEPKA TECTA IK3a-
MEHATOPOM U BBICTABJISIETCSA OLIEHKA COTJIACHO METOAMKE BBICTABJICHUS OLICHKH MPH
MPOBEJCHUU MPOMEKYTOUHOU aTTECTAINH.

Pelienrie ctaHIapTHBIX 3ajlad OCYIIECTBISETCS, JTMOO MPU MOMOIIHU KOMITbIO-
TEPHON CUCTEMBI TECTUPOBaHUsA, JIMOO C MCIOJIL30BAaHWEM BBIJAHHBIX 3a7a4 Ha Oy-
Ma)XHOM Hocutelie. Bpems pemenns 3amad 30 MuH. 3aT€M OCYIIECTBIISIETCSA MTPOBEP-
Ka pelIeHus 3a7a4 IK3aMEHATOPOM U BBICTABJISETCS OLICHKA, COTJIAaCHO METOJUKE BbI-
CTaBJICHUSI OLICHKU MPU MPOBEICHUH MPOMEKYTOUHOM aTTECTAllUH.

Pelienrie npuxiagHbIX 3ajlad OCYIIECTBIISIETCS, JIMOO MPU MOMOIIY KOMITbIO-
TEPHOW CUCTEMBI TECTUPOBAHMS, MO0 C MCIOJH30BAaHUEM BBIJAHHBIX 3a7a4 Ha Oy-
MaKHOM HocuTese. Bpems pemenus 3agay 30 MmuH. 3aTeM OCYIIECTBISIETCS MPOBEP-
Ka pelIieHus 3a7a4 3K3aMEHATOPOM U BBICTABJISETCS OLICHKA, COTJIAaCHO METOJUKE BbI-
CTaBJICHHUSI OLICHKH MPU MPOBEJICHUH NPOMEKYTOUYHOM aTTECTAlIUH.

8 YYEBHO-METOANYECKOE U HTH®POPMALIMOHHOE
OBECIIEYEHUE JNCIUIIJIMHBI



8.1 Ilepeuennb yueOHOM JUTEPATYPHI, HEOOXOAUMOM 1JISI OCBOCHUS TUCIH-

IIJIMHBI
OcHoBHas nuTeparypa

1. CmupnoB HO.A. OcHOBBI HaHO- U (YHKIIMOHAJIBLHON 3JIEKTpOHUKH: Y4eb. mocobue / FO.A.
Cwmupnos, C.B. Cokonos, E.B. Turos. - 2-¢ usn., ucnp. - CII0. : Jlans,2013. - 320 c.: - ISBN 978-5-
8114-1378-2
2. CmupnoB FO.A. OcHOBBI HaHO- W (PYHKIIMOHAIBHON 3JIEKTPOHUKH [DIEKTPOHHEIN pecypc] /
10.A. Cmupnos, C.B. Cokonos, E.B. Turtos. - 2-¢ usn., ucrtp. — CII6.: Jlans, 2022. - 320 c. - ISBN
978-5-8114-1378-2. URL.: https://e.lanbook.com/book/211205
3. Epumon U.E. OcHoBbl Mukposniekrponukn: YueOuuk / N.E. Edpumos, 1.5, Ko3bips. - 3-¢ usm.,
crepeotu. - CI106.: Jlans, 2008. - 384 c. - ISBN 978-5-8114-0866-5
4. E¢pumoB U.E. OcHOBBI MUKPOIJICKTPOHHUKHU [DnekTpoHHbI pecypc] / U.E. E¢umon, N.5. Ko-
3pIpb. - 3-¢ wm3n. — CII6.: Jlams, 2022. - 384 c¢. - ISBN 978-5-8114-0866-5.
URL: https://e.lanbook.com/book/210218
5. CmupHoB FO.A. OCHOBBI MUKPOAJICKTPOHUKH  MUKPOIIPOLIECCOPHOM TEXHUKH: yueo. nocodue /
FO.A. CmupHOB. - 2-e u3g., uctp. - CII6.; M.; Kpacnonap : Jlans, 2013. - 495 c. - ISBN 978-5-
8114-1379-9
6. CmupnaoB FO.A. OCHOBBI MUKPORJIEKTPOHUKH M MHKPOIPOLIECCOPHOU TEXHHUKHU [DIEKTPOHHBIN
pecypc] / FO.A. Cmupnuos, C.B. Cokonos, E.B. Turos. - 2-e u3n., ucnp. - CII6. : Jlans, 2022. —
496 c. - ISBN 978-5-8114-1379-9. URL.: https://e.lanbook.com/book/211292
7. Kucenes I'.JI. KBanToBas u ontudeckas 3JIeKTpOHHUKA [ DIIEKTPOHHEIHN pecypc] : yuel. mocobue /
I'JI. KuceneB. - 6-e m3na., crep. — CII6.: Jlans, 2023. - 316 c. - ISBN 978-5-507-47285-7.
URL: https://e.lanbook.com/book/353702
8. IlerpoB K.C. Paguomarepuainsl, paIuOKOMIOHEHTHI U 3JEKTPOHUKA : yuebd. mocobue. - CIIO. :
[Turep, 2006. - 522 c. - ISBN 5-94723-378-9

JlomonHuTeNbHAS TUTEPATypa
9. Apo6ot II.H. HanosnekTpoHuka [DneKTpoHHBIH pecypc] : yuebd. mocobue / I1.H. [IpoGor. -
Tomck : Tomckuii TocyaapCTBEHHBIH YHHBEPCUTET CHCTEM YMPaBIEHUS U PaTUOIIEKTPOHUKH,
2016. - 286 c. URL.: http://www.iprbookshop.ru/72141.html
10. Bopeiimo A.C. Jlazepsl: ycTpOHCTBO U JIeHCTBHE [DIEKTPOHHBIHN pecypc] : yuel. mocobue s
By30B / A. C. bopeiimo, C. B. BakuH. - 4-¢ u3n., ucnp. - CII6. : Jlanb, 2023. - 304 c. - ISBN 978-
5-8114-8994-7. URL.: https://e.lanbook.com/book/330503
11. IllemanaeBa JI.U. DnexkTpoHWKa W MHUKPOIPOIIECCOPHAS TEXHHKA [DJIEKTPOHHBIM pecypc|:
yueb.-meroa. mocodue / JL.U. lllemanaeBa. — M. : At [Tu Ap Menama, 2023. - 148 c. - ISBN 978-5-
4497-1882-2. URL: https://www.iprbookshop.ru/126280.html
12. CBucroBa T.B. OCHOBBI MUKPOIJICKTPOHUKU [DNEKTPOHHBIA pecypc]: yueb. mocodbue / T.B.
Csucrosa. — Boponex: ®I'bOY BO «BI'TY», 2017. — 147 c.
13. Pembe3a C.U. Beenenne B MUKpPOIJIEKTPOHUKY M HAHODJIEKTPOHUKY [DJIEKTPOHHBINA pecypc:
yueb. nocobue / C.H. Pemb6e3a, E.C. Pem6e3a. — Boponex: ®I'BOY BO «BI'TY», 2017. — 143 c.
14. Pemo6e3a C.H. Huzkopa3zMepHble CTPYKTYpbI 11 MUKPO- U HAHOAJIEKTPOHUKHU [DJIEKTPOHHBIN
pecypc]: yue6. mocobue / C.1. Pembesa, E.C. Pembe3a, H.H. KomeneBa. — DnekTpoH. TEKCTOBBIE,
rpad. gas. ( 6,2 M6 ). — Boponex: ®T'5OY BIIO «BI'TY», 2015.
15. CBucroBa T.B. OyHKIIMOHANTBHAS JIEKTPOHUKA [ DIEKTPOHHBIN pecypc]: yueb. mocodue / T.B.
CaucroBa. — DIEKTPOH. TeKCTOBbIe, rpad. naH. (3,2 M6 ). — Boponex : ®T'BOY BIIO «BI'TVY»,
2014.
16. CucroBa T.B. MeToap!l uccieIoBaHusI MATEPHATIOB H CTPYKTYP JIEKTPOHUKH [ DIEKTPOHHBIH
pecypc]: yueb. mocodue / T.B. CBuctoBa. — I1eKTpoH. TeKcToBBIe, rpad. aan. (10,8 M6). — Bopo-
Hex: ®I'BOY BIIO «BI'TY», 2013.
17. Mutpoxun B.H. AxycroonTuueckrue cBOWCTBA MOIYIPOBOAHUKOB C TITYOOKHUMH MPUMECHBIMH
HeHTpaMu [DnekTpoHHBIH pecypc]: yueb. mocobue / B.M. Murtpoxun. — Boponex: T'OYBIIO
«BI'TY», 2009.
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https://e.lanbook.com/book/353702
http://www.iprbookshop.ru/72141.html
https://e.lanbook.com/book/330503
https://www.iprbookshop.ru/126280.html

18. Mutpoxun B.W. PenakcanmoHHbsie ¥ pe30HAHCHBIC METOBI HCCIEIOBaHUS Ie(HEKTOB B TBEP-
JBIX Tenax [DIeKTpoHHbIH pecypc]: yuel. mocodue / B.M. Murpoxun. — Boponex: M3n-so BI'TVY,
2004.

19. banamoB 10.C. ®usnueckue 0CHOBBI ()yHKIIMOHHUPOBAHUS MHTETPAIBHBIX YCTPOWCTB MHKPO-
AJICKTPOHUKHU [DNEeKTpOoHHBIN pecypc]: yueb. mocodue / F0.C. bamamos, M.U. T'opnos, P.T. Yep-
MmoteHues, E.T.Yepmomenuesa. — Boponex: U3n-so BI'TY, 2003.

8.2 Ilepeyenr MH(OPMALMOHHBIX TEXHOJOIMH, MCIOJb3YEeMbIX IIPH OCY-
IIEeCTBJIEHNH 00Pa30BaTEJILHOIO NMPoLecca Mo JUCHUIIMHE (MOXYJII0), BKIIOYAS
nepevyeHb JHMIEH3MOHHOTO NMPOrPaMMHOTIO o0ecrevyeHHus, pecypcoB mHdopma-
HUOHHO-TEJIEKOMMYHUKAIIMOHHOM ceTH «HTEepHeT», COBpeMeHHBbIX Npodeccu-
OHAJBHBIX 023 JAHHbBIX U I/IH(l)OpMaIII/IOHHBIX CIIPABOYHBIX CHCTEM

IIporpammHoe o0ecnevyeHne KOMIbIOTEPOB JJIl CAMOCTOATEILHON U Ay IMTOPHOM pa-

00TBI:

— Onmnepanuonnsie cuctemsl cemeiictea MSWindows;

— Ilaket opucusix nporpamm LibreOffice;

— IIporpamma mpocmotpa daitnoB WinDjview;

— IIporpamma npocmotpa daitnos popmara pdf Adobe Acrobat Reader;
— MHWurepner-6pay3sepst Mozilla Firefox, Google Chrome;

— Maremarnueckuii maker MathCad Express, Smath Studio;

— Cpena paspabotku Python;

— Cucrema ynpasiieHus kypcamu Moodle;

Hcnoab3yemble 3J1eKTPOHHbIE 0UOJIHOTEYHbIE CHCTEMbI:

— Moaynb kauroodecnedennoctu AUBC «MAPK SQL», kon gocrymna:
http://bibl.cchgeu.ru/provision/struct/;

— OBbC UznarenscrBa «JIAHB» B ToM uncne k koyuiekusam « MHkeHepHO-TEXHUYECKHE
Haykmny», «Dusukay, ko nocrymna http://e.lanbook.com/;

— DOBC IPRbooks, kox goctyma: http://www.iprbookshop.ru;

— HayyHas syiektponHast oubmoreka eLIBRARY.RU, kox moctyma: http://elibrary.ru/.

HNudpopmanoHHbIe CIPABOYHbIEC CHCTEMBI:

— TmoprTal (eaeparbHbIX TOCYIapCTBEHHBIX 00pa30BaTeNbHBIX CTAHAAPTOB BBICIIETO 00pa3o-
BaHUs, Koj noctymna http://fgosvo.ru;

— eIMHOE OKHO JIoCTyma K 00pa3oBaTesIbHBIM pecypcam, KoJ qoctyna http://window.edu.ruf/;

— OTKpBITHINA 0Opa3oBarenbHbli pecypc HUAY MU®U, xon nocryna http://online.mephi.ru/;

— OTKphITOE 00pa3oBaHue, ko goctymna: https://openedu.ru/;

— (¢usuyeckuii HHHOPMAMOHHBII OpTal, Koa noctyna: http://phys-portal.ru/index.htmil

— Tlpodeccuonanshbie cripaBouHble cucteMbl « Texakenept»: https://cntd.ru

— DnexTpoHHas MH(OpMalmoHHas oopa3oBarenbHas cpena BITY
https://old.education.cchgeu.ru

— JIaGoparopuu 31eKTpoHHbIX cpeacTB o0yuenus, JIDCO I'OY BIIO «Cubl'YTN»
www.labfor.ru

9 MATEPUAJIBHO-TEXHUYECKAS BA3A, HEOBXOANUMASA J1JIA
OCYHECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA

1. Jlekuuonnas ayauropusi 205/4, yKOMIUIEKTOBaHHAsl CHENMAIU3UPOBAHHON MeOenbo U
OCHaIlleHHasi 000pyI0BaHUEM JUIsl JIEKIIMOHHBIX JEMOHCTPALUNA: MYyJIbTUMEANA-TIPOEKTOPOM, CTa-
IIMOHAPHBIM SKpaHOM, HA0OpaMU JEMOHCTpAIlMOHHOTO 00opynoBaHus (yueOHbIN Kopiyc Ne 4, pac-
MOJIO’KEHHBIH 10 azpecy: MockoBckuit np., 179).
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2. IucnJiIeifHBIi KJacc I MPOBEJCHUS CaMOCTOATEILHON pabOThl CTYJIEHTOB, YKOMILICK-
TOBAHHBIA CHENMATU3UPOBAHHONW MeOeNbI0 U OCHAILEHHBIN MEepCOHATLHBIMU KoMIbloTepamu (17
HITYK) C JIMIIEH3HMOHHBIM MPOTPaMMHBIM 00ECHEYEeHHEM C BO3MOXKHOCTBIO MOJKIIIOUEHHUS K CETH
«VHTEpHET» U JOCTYNOM B AJIEKTPOHHYIO MH()OPMAIIMOHHO-00pa30BaTEIIbLHYIO CPEy YHUBEPCHUTE-
Ta, aya. 209/4 (yuebnbiii kopmyc Ne 4, pacnoyioxeHHbIH 1o aapecy: MockoBckui mip., 179).

10 METOANYECKHUE YKA3AHUSA JISA OBYYAIOLIIUXCSA
MO OCBOEHUIO JTUCIUITJIMHBbI

[To mucuuminae «DIEeKTpOHHAs KOMIIOHEHTHasi 0a3a MUKpPO- U HAHODJIEKTPO-
HUKH, KBAaHTOBBIX YCTPOWCTB» YMTAIOTCS JIEKIIMH, BBITIOJHSIETCS CaMOCTOSTEIIbHAS
pabora.

OcCHOBO U3yUY€HHUS JUCIHUIUIMHBI SBIISIOTCS JIEKIIMHU, Ha KOTOPBIX M3JIararoTcs
HanOoJIee CyIIECTBEHHBIC U TPYIHBIC BOIIPOCHI, @ TAK)KE BOMPOCHI, HE HAIIICIITHE OT-
paXkeHus B yueOHOM JTuTepaType.

Bonbioe 3HadeHHWE MO 3aKPEIUICHUIO W COBEPIICHCTBOBAHUIO 3HAHUN MMEET
caMocTosiTeNbHas pabota oOyuaronuxcsi. Uupopmaruio 000 Bcex BUAaX caMOCTOSI-
TEJIbHON PaboThl 00YUAIOIIMECS MTOTYUYalOT Ha 3aHATHUSX.

KoHTponb ycBOeHUST MaTeprana TACIUTIINHBI POU3BOIUTCS MTyTEM TIPOBEIE-
HUS TECTUPOBAHUS U yCTHOTO omnpoca. OCBOCHNE AUCIMIUIMHBI OIICHUBASTCS Ha JK-
3aMEHe.

Bun yuebHbIX JlesiTenbHOCTh 00yYaroerocs
3aHATUU
Jlekusa Hammcanne koHCIIeKTa JEKIUH: KPaTKO, CXEMaTUYHO, MOCIEA0BATeIIbHO (PUK-

CHUpPOBaTh OCHOBHBIE TOJIOKEHUS, BBIBO/IbI, (POPMYIHUPOBKH, 0000ILIEHNUS; TOME-
4aTh Ba)KHBIE MBICIIH, BBIICIATH KIIIOYEBBIE CIIOBA, TepMUHBL. lIpoBepka Tep-
MHHOB, TTOHATHI C TOMONIBIO YHIMKIIONEANH, CI0Bapeil, CIPaBOYHUKOB C BBI-
MUCBHIBAHUEM TOJIKOBaHMH B TeTpaab. OO03HaUE€HUE BOIPOCOB, TEPMUHOB, Ma-
TepHuasia, KOTOpPbI€ BBI3bIBAIOT TPYAHOCTH, MOUCK OTBETOB B PEKOMEHIYEMOM
auteparype. Eciau caMocTosITenbHO HE yJaeTcss pa3o0paThCsi B Marepuale,
Heo0x0uMo chopMyIHpPOBaTh BOIIPOC U 33JaTh NMPENOABATENIO HA JEKIUU.

Camocrosrens- | CamocrosdTenbHas padoTa CTYJEHTOB CHOCOOCTBYET TIJIyOOKOMY YCBOEHHIO
Has pabota y4eOHOro MaTepuaia U pa3BUTHIO HAaBBIKOB caMo0o0Opa3oBaHus. CaMOCTOSITENb-

Has paboTa mpearoiaraeT CleayoLe COCTaBIAIOIHe:

- pabota ¢ TekctaMu: yueOHUKaMH, CIIPaBOYHUKAMHU, JOMOJIHUTEIBHOMN TUTEpa-

TYpOH, a Takxke MpopaboTKa KOHCIIEKTOB JICKIHi;

- paboTa HaJl TEeMaMH JAJIsl CAMOCTOSITENIbHOTO U3Y4IEHUS,

- yyacTHe B paboTe CTy/IeHUECKUX HayYHBIX KOH(GEPEHIINH, OJTMMITNA;

- IIOAT'OTOBKA K HpOMe)KYTOLIHOI\/'I aTTeCTalluu.

HOIIFOTOBKa I'oToBUTBCH K HpOMC)KYTO‘{HOf/'I arTeCTaluu CJICAYCT CUCTECMATUYICCKH, B TCUC-
K IIPOMEXKYTOU- | HUC BCECTO CEMECTPA. HNnuTteHncuBHas IMOATOTOBKA JOJI’)KHA HAa4YaThCsAa HE IO3HEC,
HOM aTTeCTallUn | UCM 3a MCCAL-IIOJITOpa OO0 HpOMCX(YTOQHOﬁ aTTeCTaluu. I[aHHLIC nepea sK3a-
MCHOM TpH OHA 3(1)(1)GKTI/IBH66 BCCTO HMCITIOJIB30BATh JJIsI IMMOBTOPCHUA U CUCTC-
MaTu3aluu MaTcpHrajia.




JIMCT PETUCTPAIIMA N3MEHEHUI

L
IMoamnucek 3aBeyroniero

Jlata i "
Ne - kadeapoii, OTBETCTBEHHON
[lepeveHb BHOCUMBIX H3MCHEHUH | BHECEHUS
n/n . 3a peajln3aluio
U3MEHEHUM
TPOTPaMMBbl aCITUPAHTYPbI
1 | Akryanmsuposan paszen 8.1 B ya- | 04.02.2025 :
CTH cocTaBa y4eOHOM JIMTEPaTYPBHl,
HEeoOXO0IMMOM /1151 OCBOCHHUSI IUC-
LUTTHHBL.
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