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BBenenue

B ocHOBY HacTosIIel MPOrpaMMBI MOJOXKEHB! CIEAYIONTHE IACIHTLIHHEI:
(H3MKa MOJYNIPOBOJHMKOB H IIOJIYNPOBOJHUKOBBIX IIPHGOPOB; TEXHOJOTHS
NOJTyIIPOBOAHUKOBBIX MPUOOPOB M HHTETPAIBHBIX CXEM; MHKPOCXEMOTEXHHKA,
KOHTPOJIb ~ KauecTBa M  HAAEXKHOCTh  IONYIPOBOAHHUKOBBIX  HPUOGOPOB;
PaZHOKOMIIOHEHTBI, a TaKxke 0030pHO-o0o0Imaromnme paboTEl IO HOBBIM
JTOCTHXCHUSIM B oOactu OIITO3JIEKTPOHHUKH, aKyCTO3JIEKTPOHHUKH,
HAHOJJICKTPOHUKHU M ITPUOOPOB Ha KBAaHTOBBIX AP (EKTax.

IlporpaMma  paspaboTaHa JKCHEPTHBIM COBETOM IO  3JNEKTPOHHKE,
U3MEpUTEbHON TEXHHKE, PaJUOTeXHHKE M CBA3M BEHICIIEH aTTecTalMOHHOM
xomucenu MunoOpasosanus Poccun npu yaactuu CTU PAH, MUDM, MUPDA,
MUDT, MOU (TY) u I'VII «Ilyascapy.

1 ®u3uKa MOJIyNPOBOAHHKOB H NOJIYIPOBOAHUKOBBIX NPHGOPOB

1.1. Ob6mmue cBoicTBa MOMYNPOBOAHKKOB. [IpHpoa XUMUYECKON CBS3H.
Ctpyktypa kpucTamnoB. MnealbHble U peajbHble KPHCTAIUIBL Hedektsr B
kpucTamnax.  CBOMCTBA ~ OCHOBHBIX ~ MOHOKDHCTAIUIMYECKMX  MATepHAJOB
MUKpOSNeKTpoHuKH: Si, GaAs wu np.. IMomukpucramindeckue u amopdHbIE
II0JIyTIPOBOAHHKH.

1.2, 3oHHas Teopus TBepHOro Tema. DHEPreTHYECKHE CIIEKTPBI
3JIEKTPOHOB B METaJllax, MOTYIPOBOIHUKAX, JUINIEKTPUKAX. 30HA IIPOBOIUMOCTH
W BaJICHTHAs 30HA. OIEKTPOHbI W JBIPKH. ODQQeKkTHBHAas Macca 3IEKTPOHA.
OxcutoHbl. COOCTBEHHBIE M IIPUMECHBIE IIONYIPOBOIHHUKH. JIoHOpHBIE H
AKLENTOPHBIE TIPHUMECH.

1.3. OcHosbl cratucTHIecKOl Gu3nku. OYHKIHUS paclpeeIeH s Depmu-
Hupaxa. KoHIeHTpauusi 31eKTpOHOB M IBIPOK B 30HAX M HX TeMIepaTypHbIe
3aBucUMocTH. Pacrpenenenne Makcpemna-bonbumana. Kpurtepuit BhIpoxeHus

QJIEKTPOHHOTO rasa. BBIpO}K,HCHHBIG A HEBBIPOXIAECHHBIE ITOJTYIIPOBOIHUKH.
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1.4. PexoMbuHamms HocHTeleH 3apsaga. PexomMOMHanMs «30Ha-30HAY u
pexoMbuHaNKs Yepe3 IpUMecH U TedekThl. Teopus pexoMOuHaIMY Iloknu-Puna.
Hubdysnonnass 1mmHa ®M  BpeMs KH3HH  HOCHTEJEif. IloBepxHOCTHAs
peKoMOUHaIHS.

1.5, DnextponpoBofHOCT moNympoBomHHKOB. Hocuremn 3apsia B
craboM anekTpuueckoM moie. Bsammoneitctue ¢ doHOHamH, [IPUMECHBIMHU
atoMam, JnedexTamu. IIOABM)KHOCTB 3NEKTPOHOB U IOBIPOK.  YclioBHE
dnekTpoHenTpanbHoCTU. Juddysus u npeiid Hocureneit 3apsma. CooTHomeHue
OiiHuredina. Hocurenn 3apsizia B CHIBHOM SIEKTPHYECKOM TOJE. ["opsiaue
DIIEKTPOHBIL. JIaBHHHOE YMHOXEHHE B IOIYIIPOBOAHMKAX. DIEKTPHIECKHE TOMEHB]
¥ TOKOBEIE IIHYPBI. DddekT ["anHa.

YpaBHeHHe U TUIOTHOCTH 3JEKTPHYECKOr0 TOKA B II0JIyIPOBOJHHKAX.
YpaBHeHue HENPePEIBHOCTH. Y paBHeHHe [IyaccoHa.

1.6.  DneKTpoHHO-ABIPOYHEIA (p-T) mepexon. WMmkeKius u 9KCTpaKITUs
HEOCHOBHBIX HOCHTENICH 3aps/a. BonbT-amnepHas xapakrepucTuka p-II Hepexoja.
Toxu HOCHTenel 3apsima B p-n IHepexoe, kBasuyposHu Depmu. ['enepanus u
peKOMOUHALMs HOCUTeNell B p-ll mepexoje. bapsepHas u TG dy3noHHas
€MKOCTb. JacTOTHBIE M UMITyIBCHEIE CBO¥CTBA. [Ipo6oii p-i Iepexoa: TEMIOBOM,
JTaBUHHBIN, TyHHEJIbHBIN.

1.7.  TpanzucropHsiii 3pdext. 3oHHAs AuarpamMma I10JIyIPOBOJHUKOBOM
CTPYKTYPBI C JBYMsI OJIM3KO PacTONIOKEHHBIMA P-I MIEPEXONAMH. Koaddumment
urkeknud. Kospduument neperoca Hocuteneit uepes 6a3y. Koadduuuent
YCHIIEHHS] TPaH3UCTOPA.

1.8, KoHTakT MeTayuI-nomynpoBoIHUK. Teopus Ilortku. Boubr-
aMmIiepHas XapakTepucTuka. Omuueckuii kKoHTakT. ComocTaBieHHe ¢ p-I1
IIePeXOIOM.

1.9. Crpykrypa METaJLI-TUDJIEKTPUK-TIOTYTPOBOIHUK. 30HHAas
JMarpaMMa  H €€ HU3MEHeHHE TIpH IMPHIOKEHHH HaOpsKeHHs. Poib
TIOBEPXHOCTHBIX ~ COCTOSHHUH, IIOABWKHBIX M  HENOJBWXKHEIX 3apsiioB B

IUDIIEKTPHUKE.
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1.10. T'erepoctpykTypsl. 3omHas AuarpamMma reTepo- p-l- Iepexoja.
Koadpouunenr wumxexmum, Cynepumxexius. OpvnapHele ¥ gBOMHBIE
F€TCPOCTPYKTYpBI. Bapu3oHHBIE CTPYKTYPEL.

1.11. ®otosnexTpuueckue sBIeHHs B nosrynpoBogHukax. Ilornomenue
M3ITy4EeHHS: COOCTBEHHOE U MPUMECHOE, SKCHTOHHOE U Ha CBOOOIHBIX HOCHUTEISIX.
3akon  Byrepa. Kpacnuas TpaHulla  morjomeHus.  POTONPOBOAUMOCTS.
CrexTpainbHas xapaktepucrka. DoroBonbTamyeckuit sddexr B p-I mepexoze.
O dexTsI, BBI3BIBacMBIE HOTJIOIEHUEM  BRICOKOSHEPreTHUECKOTO  SAEPHOrO
H3JIy4eHHs B IIOJIyIPOBOJHUKAX.

1.12. Uznyyenwue HOTYIPOBOAHUKOB. IlpsiMble M HempsMble IIEPEXOIBI
HOCHTeNleH 3apsma. Buusl NroMHHecHeHIHH: MH)XEKIMOHHAsI, KaTomo-, (oTo-
JioMUHeCUeHIMS. CHeKTphl HU3IydeHHs. Ilpasuno Crokca, aHTHCTOKCOBA
JIOMHHECUeHIMs. KBaHTOBEIH BeIxo/1. BeiBon U3JTy4€HUS U3 IIOITYIPOBOIHUKOB.

1.13. Jlasepusiii  sddexr B norynposonnukax.  MuayuuposanHoe
(cTEMynupoBaHHOE) H3TyYenue. ONTHYCCKHiL Pe30HATOD, yCUIIeHHe U TeHepalus
cBeTa. Iloporossrit Tok.

1.14. TepmoanexkTpuueckue sBieHUS. Tepmo- u rampBaHOMAarHuTHEIE
apdexter. Ddpdext Xomna. DIeKTPO-, MAarHUTO-, aKyCTOONTHYECKHe 3 deKTsI.

IloBepXHOCTHEBIE aKyCTHYECKHE BOJIHEL AKyCTO3/IeKTPOHHbIE BOJIHEL.
2. ITpuGopsr TBepaOTENLHOI JJIEKTPOHUKH H MHKPO3JIeKTPOHHKH

2.1. TomynpoBoAHUKOBEIE AHOMBL. YCTpOHCTBO M OCHOBHBIE apameTpHl.
Brimpsimutensaere  u UMITYJIbCHBIE IHOBL. Bapukamsr. Crabunutporsl u
SallnTHBIe  quonel.  TyduensHsle nwomel. Jlmomer CBY: ACTEKTOPHBIE U
CMECHUTENIbHBIE, U0l IlloTTkw, pin - 1guonl YMHOXHUTENbHBIE W
TIapaMETPUYCCKUE, NaBUHHO-NIPOJIETHBIE, AHONBI | aHHa. IMonynposogaukosbre
AATYUKU SAEPHBIX U3JTyYEHUH.

2.2.  TlomynpoBoIHHKOBbIE TPaH3UCTOPEI

2.2.1. bunonspHsle TPaH3UCTOPBL.  IIpMHLMI — NeHCTBHSA, OCHOBHEIE

lapaMeTphl, UX 3aBUCUMOCTh oT TEMIIEpaTyphlI. YacToTHbIE H HUMIIyJIbCHBIE
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XapaKTEPUCTHUKH. HuddysnoHHO-npeiidoBbie TPaH3UCTOPBL. W IGISE
TpaH3UCTOPhl, B ToM 4ucie CBY. TpaH3ucTopsl ¢ H301IMpOBaHHBIM 3aTBOPOM
(IGBT).

2.2.2. TupucCTOpPEI ¥ MX Pa3HOBUAHOCTU. OCHOBHBIE MTAPAMETPHI.

2.2.3. TloneBele TPaH3UCTOPHI, IPUHIMI ACHCTBHUSI, OCHOBHEIE MTAPAMETPBL.
IloneBble TPaH3UCTOPHl C p- HepexomoM, c¢ Oapsepom Illortkm. MJITI-
TPaH3UCTOPHI C HHAYIUPOBAaHHBIM ¥ BCTPOCHHBIM KaHAaJIaMH - ¥ II- THUIIOB.

2.2.4. lllymsI B TpaH3UCTOpAX.

2.3. IlomynmpOBOJIHMKOBBIE MHTEIPANBHBIE CXeMBI. TPaH3MCTOPHI, JUOMIBI
U JIpyrHe 3JIEMEHTHI B HMHTETPAIIBHOM HCIOJHEHUH. MeXaaeMeHTHAs U30JISALHA.
UC, BUC, CBUC. Knaccudukamus MHKPOCXEM MO KOHCTPYKTHBHO-
TexHonorudeckoMy npuniminy: MOII- u KMOII-UC, 6unonspusie (TTJI-, DCJI-,
*J1- YIC): Bu-KMOIT; «xpeMHHuii-Ha-H3079TOpe («xpemHHUI-Ha-candupex» )-MC,
GaAs-HC Ha monesbIx Tpansucropax ¢ 6apsepom [lorrku (ITTIL)

Mmuorocnoiinele  (o6bemuble) WC.  HWurerpamus Ha  IUTaCTHEHE.
MuxpocucreMms! (o61ee IpeacTaBIeHue).

2.4. Mukpocxemorexauka. [ludposbie um ananorossie MC. Ba3osblie
norudeckue snementsr: TTJI, 5CJI, MOII, KMOII, ITTII. Muxpomnponeccopsl.
Iomynpoonnukoseie 3V. IIporpaMmupyemsie Joruueckue MaTpHIlbl. basosble
MaTpuuHble Kpuctamibl. [TAIT — AIIIL. Curnansssle mukpomnponeccopsl. BUIT u
cTabuim3atopsl  HampsokeHus.  OmepanuonHble — ycwnurtend.  Crenubuka
uHTerpanbHeix CBY-ycrpoticTs.

2.5.  OnTosneKkTpoHHUKA.

2.5.1.@oTonpueMHuKH: QOTO- PE3UCTOPBL, -AMOIBI, -TPAH3UCTOPHI, -
MaTpuIbl. OCHOBHbBIE MapaMeTphl M XapakTepucTHKU. PoTompuemuuku MK-
Auana3oHa, TeIIOBU30pbl. POTOYYBCTBUTENbHBIE IIPUOOPEI C 3apA0BOM CBA3BIO.
Conneunble Garapen: Ha MOHOKPHCTAJUIHYECKOM M aMOP)HOM KpeMHHH, Ha
NOJIMKPUCTAIUINYECKUX IIIEHKAX, C FeTePOCTPYKTYPaMH.

2.5.2. IlonynpoBoAHKUKOBEIE JTa3epsl (00lee MpeacTaBIeHue).
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2.5.3. Cseronuonsl, mapaMeTphl M XapakTepucTHkd. Cymepspkue
CBETOIHO/IBI. VK-uznyqarenn. Ceromuonmusle auciuien. [lonmMepHsle
CBETOIHOKI (00I1ee MpeICTaBIIeHuE).

2.5.4. OnTpons! 1 ontodnekTporHsie VC.

2.5.5.0nTuueckue IVICKOBBIE u rosorpaduyeckue 3Y.
BonokoHHOONTHYECKUE JTHHUK CBSI3U. DJIEMEHTHI ONTUYECKOH BBIYUCIIUTEIBHON
TEXHUKH. MIHTerpanbHas ONTHKA.

2.6. AKyCTO3IEKTPOHMKAa W  aKyCTOONnTHKa. (DHU3MYeCKHe OCHOBEI
B3aUMOJIEHCTBUSA aKyCTUYECKOH BOJHBI C 3JIEKTPOHAMU TBEPAOr0 Tela |
B3aUMOJICHCTBUS ONTHYECKUX M aKyCTHYECKMX BOJH B TBEPABIX TelaX W
KUAKOCTSX. OCHOBHBIE MaTepuanbl aKyCTOJIEKTPOHHKH W aKyCTOONTHKH |
YCTPOMCTBA Ha X OCHOBE JUIs 00paboTKK aHaJIOrOBBIX CUTHAJIOB.

2.7.  MarHuTo31eKTPOHUKA, KPUOINEKTPOHHKA, TBEPAOTEIbHbIE NaTIUKH
(obmmee npencraBieHue).

2.8. Kparku#f ~ OYepK  MCTOPHM  TBEPJAOTENBHBIX  NPUGOPOB U
MUKPODJIEKTPOHUKH. JlaThl BaXKHEMIIMX OTKPBITHA ¥ H300peTeHuil. YueHble,
BHECIIME BKJIAJ B  Pa3sBUTHE TBEPAOTENBHOW  MHKPOIIEKTPOHUKH U

IIPUMBIKAIOIINX K He# o0jacTei.
3. TexHo10THs1 MUKPO3JIEKTPOHHKH H TBEPAOTEILHBIX NPHOOPOB

3.1. IlnanapHas texmomorus — ofuas cxema Texmpolecca. I pymmosas
o6paGoTka. MuHMMaBHBIH ToOmomOrMueckuit pasmep (MTP) - ocHOBHOI
nokKazarenb ypoBHsS TexHojoruu. Crenens wnTerpamuu MC. Iunamuka MTP u
CTENIEHM HHTerpanuy, 3akoH Mypa. IlepcreKTHBBI pasBUTHS ILIAHAPHOM
TexHoNoruu. ['ubpunnas rexuonorus. Mukpoc6opku 1 BYC Ha momioxkkax.

3.2. WsrorosieHne MOIyIPOBOIHUKOBBIX IUIACTUH. ONpesieNieHre Kpuc-
TaJIorpaduyecKoi OpHMEHTAllUM  MOHOKPHCTAJIOB TI0JIyTTIPOBOTHHKOB.

OpuenTupoBaHHas pe3ka, HUTH(pOBKA, MOJMPOBKA ITACTHH.
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XuMHU4YecKkoe TpaBlieHHEe M XUMHUYecKas IOJIMPOBKA KPEeMHMS M apceHHa
rajuids. XWUMHUKO-MEXaHWUYeCKas IoNupoBka. DWHMINTHAS OUYMCTKA ILJIACTHH.
MeTobl KOHTPOJIS Ka4eCTBA OUUCTKH.

3.3. Onwurakcusa. Meroasl SMUTAKCUATBLHOTO BBIpAIIMBAHUS KpPEMHHUS.
MeToasl KOHTPOJIS KadecTBa dMUTAKCHAIBHBIX CJIOeB. Pacmpenenenue npumeceit
B DJMHUTaKCHAIBHBIX CJOsAX. JledekTsl anuTakcHanpHbBIX IUleHOK. [lomydyeHwe
SIIMTAKCHAIBHBIX TeTepONepexooB. BrIpaluBaHue 3MUTAKCHAIBHBIX ILIEHOK
A’B’. OGopynoBanue I 3MHMTAKCHATHFHOTO BHIPAIMBAaHMS IIeHOK. CpaBHEHHe
ra3oTpaHcopTHOH, xkuakodaznoit, MOC-ruapugHO ¥  MOJEKYJIAPHOM
SIUTAKCHH.

3.4. Co3naHue MUAIIEKTPUYECKUX MOKPHITUNA Ha KpeMHHHU. TepMoaInHaMUKa
nporecca OKHciIeHHs KpemHHs. Dusnyeckas MoJesib Ipoliecca OKHCIEHHS
KpeMHus. KuHeTHka akTUBHOIO M IIaCCUBHOT'O OKHCJIEHHUS IOJYNPOBOJIHUKOB.
CtpykTypa okucna Ha kpeMHuu. [lepepacrpenenenue npuMecu Ipu TEPMHUECKOM
OKHCIEHUM KpeMHMs. DopMUpOBaHHME IUAIEKTPUUECKHX IUIEHOK METOJaMHt
OCaXX/ICHUS U3 METAJNIOOPTAHUYECKUX COETUHEHUH.

3apsiIoBO€ COCTOSIHUE CHUCTEMBI ITOJyIIPOBOJAHUK-IUIIEKTPUK; (aKTOPEI,
BIMSIONIME HA BEIMYMHY W 3HAaK 3apsga B cucreme. CBA3p mapaMeTpoB
IOJyNIPOBOAHUKOBBIX IpubopoB u MC ¢ 3apsgoBBIM COCTOSIHHEM CHCTEMBI
KPEMHUN-OKUCEIL.

3.5. Juddysus B momynpoBomHuKax. (DHU3HUECKHE OCHOBHI IIpoIEcca
i dy3un. OCHOBHBIE ypaBHEHHMA. [ paHUUHBIE YCIIOBHS U pacdeTHBIE (OpPMYIIbI
IUIs HanOoJiee BaXHBIX ciIydaeB TUPPy3un. MeTo sl ipoBeneHUs 11U (hy3HOHHBIX
npoueccoB. CrpykTypHble cxeMbl nuddysuoHHbIXx neded. OcobeHHOCTH
nuddysuu B coequuenns A’BS,

3.6. ONeKTpOHHO-MOHHAs  TEXHOJOTHS. Meronsl  momy4deHUs
JNIEKTPOHHBIX M HOHHBIX IyukoB. MoHHOe jerupoBanue. VMIiaHTanus HOHOB.
[Tnazmoxumudeckre U VOHHO-TIJIa3MEHHbIE METO/IBI o6paboTku
IIOJTyIIPOBOJHUKOBBIX, IUIIEKTPHUECKUX U METATMYECKUX ciioeB. JledeKTsl,

BHOCUMBIE 3JIEKTPOHHO-MOHHOU 00pabOTKOM, ux ycrpaHeHue. KOHCTpYKTHBHBIE
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CXEMBl HMOHHBIX HMIUIAHTEPOB X OOODYHOBaHHUS IS 3JIEKTPOHHO-MOHHOM U
HOHHO-XUMHUYECKOH 00paboTKH.

3.7. Merannuzanus. IlodydeHHe  TOHKMX  ILICHOK TEPMUYECKUM
HCIIApEHHEM B BakKyyMe. VOHHO-IIa3MeHHOe pachbuieHHe. XHUMHUYECKOe
OCaXIeHue M3 razoBoii (asel. O60opynoBaHWe IS MONYYEHHS TOHKHMX IIEHOK.
Marepuabl TOHKOIUIEHOYHON TEXHOIOTHH.

3.8.  Jlutorpadus. @oronurorpadus. OCHOBHBIE THITEI obopynoBaHus s
(oronurorpaduu.  Ilpoexumonnas oronmuTorpadust,  InMEKTPOHHOIYUEBas
maTorpadus U peHTreHonutorpadus. PoTomaGIOHEl M HX U3rOTORIIEHIE.
HedexTbl MAKpocXxeM, CBs3aHHbIE ¢ QOTOMUTOrpahHYeCcKAMH IIPOLIECCAMH.

3.9. CrpykTypsl —3/I€MEHTOB  MOJNYNPOBOXHUKOBBIX MC. Mertonpt
M3OIAIMKA  STIEMEHTOB. TeXHONOTHsS CTPYKTYp «KpEMHHH Ha H30JISTOpEY.
CrpykTypa u cBoiicTBa snemenTos MC.

3.10. C6opka  mMOMYIPOBOAHMKOBBIX IIPHGOPOB W HUHTErpaJIbHBIX
MuKpocxeM.  Kopryca  momynpoBOOHHKOBBIX —IPHGOPOB  m HUHTETPaIbHBIX
MuKpocxeM. MeTonsl repmetusanuu. beckopmycHsie mpu6opsl. MeToms! 0TBOZA

TETJIa B MOIIHBIX TTOJIyIIPOBOIHUKOBEIX MIPUOOpAX.

4.  Moaeauposanue, HCOBITAHHS, HA1eKHOCTH npubopos

TBEPAOTEILHOH 3JIEKTPOHHKH, PAAMOIJIEKTPOHHKH W H3/e/IHil MHKpO- H

HAHO0YJIEKTPOHUKH
4.1. MogenupoBanue Kak OCHOBa IIPOEKTHPOBaHHUs NPHOOPOB
TBEPIOTENBHOH, MHKPO- ¥ HAHO- OJIEKTPOHMKH.  MeTommku IIOCTPOCHHS

(GHU3MYECKUX ¥ MaTeMaTHYECKHX MOJENeH. JIByX- ¥ TpexMepHOe MoeTHpOBaHHe.
IIpumepsl MOJZIeNIell  TPaH3UCTOPOB, 3IIEMEHTOB MHKPOCXEM. Cuctemsr
MOACIMPOBAHUSA W aBTOMAaTH3UPOBAHHOIO  MPOSKTUPOBAHMS  (06IIee
TIIpE/ICTaBIICHUE).

4.2.  HcnwlTaHWe W3lenMii Ha yCTOMYMBOCTH K BO3JIEUCTBUIO BHEIIHUX
(aKTOpOB: MEXaHHYECKHX, KIAMATHYECKHX, paaralvoOHHbIX, BUABI ucnbITaHwMii:

IIPUEMOCIATOYHBIE, — NEPUOAMYECKHE,  KBaTM(UKalMOHHBIE. (OCOBEHHOCTH
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TIOBEJIEHUS TI0JIyIIPOBOAHUKOBBIX IPUOOPOB U MUKPOCXEM TIPH Pa3IMYHBIX BUIAX
pagualMOHHBIX M  KOCMHYECKHMX  BO3ACMCTBUA. MeTombl  ITOBBIIIEHUS
pagvallMOHHOM CTOMKOCTH MPUOOPOB.

4.3. OcCHOBHBIE TIOJOXEHHUS, IOHATUS M ONpeeSieHHs COBPEMEHHOM
TEOpUM HaneXHOCTH. CTaTHUCTUYECKME METOIbl OLEHKH W IMPOrHO3UPOBAHHMS
[IoKazarejed HaIeXXHOCTH U JOAroBeyHocTH. @Du3MKa MNPHYUH OTKAa30B
TIOJIyIIPOBOJHUKOBBIX PUOOpoB 1 MuKpocxeM. Katactpodudueckue (BHe3amHbIE)
U JerpafalliOHHbIE (IIOCTENEHHBIE) OTKa3bl. MeTOMbl BBIABICHHS IIOTEHLIUAIBHO
HEHAJeXKHBIX  IPUOOPOB W  MHKPOCXeM. YCKOpPEHHBIE  HCIBITAHUS U

AMUTALIMOHHBIE METO/IbI UCITBITAHHUH.

S. Paanos1ieKTpoHHbIE KOMIIOHEHTHI

5.1. ®usndeckue sSBIEHHS, ONPENEISIOLIAE IIEKTPOIIPOBOAHOCTE TOJICTO-
IUIEHOYHBIX PE3UCTHUBHBIX MAaTEPHAIIOB.

5.2. ToncromneHOYHBIE PE3UCTOPEI.

5.3, OcCHOBHBIE TUIIBI IOCTOSHHBIX ¥ IEPEMEHHBIX PE3UCTOPOB.

5.4. Ousnuyeckue SBICHUS, OIPEHEIAIONIME €MKOCTHBIE CBOMCTBA
KOHJIEHCAaTOPOB.

5.5. Twmel, mapaMeTpel U KOHCTPYKIHHM KOHIEHCATOPOB NOCTOSHHOH U
IIEPEMEHHOU EMKOCTH.

5.6. ®usnveckre OCHOBBI PaOOTHl JHHMIT 3a/lep)KeK HA MMOBEPXHOCTHBIX
aKyCTHUECKHUX BOJIHAX.

5.7. IlomynpOBOAHMKOBBIE TepMO- M (OTOTPAH3UCTOPBI, IO3UCTOPHI,

BapHCTOPBI, 00JOMETpHI (001IIee peCTaBIeHHUE )

6. ®@usnueckue 5>pdekTEI B MaNOPaZMEPHBIX TBEPIOTENbHBIX
CTPYKTypax, cnenupuyecKkue NPHOOPHI HAHOIJIEKTPOHHKH M METOIbl MX
M3rOTOBJICHHSl, OCHOBHbI€ NPHHIMIBI CO3JAHHS NMPHGOPOB HA KBAHTOBBIX
dpdexTax

6.1. PasmepHoe KBaHTOBaHHE B TeTe€POCTPYKTypax. IIpHMephl CTPYKTYp ¢

PasMCpHO-KBAHTOBAHHBIM  OHEPTETUYECKUM CIIEKTPOM: KBaHTOBBIC SIMBI,



10

KBAaHTOBBIC HHTH M KBAaHTOBble To4kH. CBepXpemretku. TyHHemMpoBaHWe Ha
OIIMHOYHOM Oapbepe. JIByX6apbepHas CTpyKTypa. Pe3oHaHCHO-TyHHENBHBIE THOT
¥ TpaH3ucTop. Dd ekt xozepcona.

6.2. TpaHcnopTHble sBIEHHS B MaJIOpasMEepPHBIX ITOIYTTPOBOIHUKOBBIX
CTpyKTypaX. MomymupoBanHoe neruposanue. I1oeBsie TPaH3UCTOPHI C BBICOKOI
MOABHIKHOCTBIO  911eKTpoHOB  (HEMT).  TI'ereponepexommsiit OUMONSIPHEIA
TPaH3UCTOP.

6.3.  KBauToBEI 30dext Xomra. OHEpPreTUYeCcKUil CHEKTp HOCHTeNeH
3apsiia B MarHuTHOM 1ose. KBaHTOBaHWe XOJUIOBCKOLO COIIPOTHUBJICHHMS]
AAIBYMEPHOIO SIICKTPOHHOTO TIa3a B MarHUTHOM moJe. JIpOGHBIA KBaHTOBbIi
addekt Xoma.

6.4. Onnosnexktponrka. KBanTOBaHMe KyJIOHOBCKOM JHEprud B
ME30CKOMMYeC-KMX  cHCTeMaX.  SIBleHHe  KyNOHOBCKOH  GIIOKAbl pu
TYHHETMPOBAaHUM 4Yepe3 IMEepeXOAbl € MaloH eMKOCTBIO. OnHoanexTpoHHBIE
TPAH3UCTOPBI U CXEMBI Ha UX OCHOBE.

6.5. Ilpencrapnenus 06 37MeMeHTHON 6aze KBAHTOBEIX KOMIIBIOTEpaxX —
Kyburax. CBolcTBa KyGuTa. YmpasieHue dBOJIIOLIMEH KyOuTa. DieMeHTapHBIe
OJJHO-KYOWTOBBIE M JBYX-KyOGUTOBBIE OmepalMi KaK OCHOBa KBaHTOBBIX

BBIYUCIICHUH. HpeILCTaBJ'IeHI/Ie O IPUHIMIIAX KBAHTOBOW CBSA3M HAa OAWHOYHBIX

¢boronax.
Pekomennyemas ocHoBHas JHTepaTypa
1 [Tanmuvosa K.B. ®usuka nomynposoaHukos. —M., OHeprus, 1976.
2. Emudanos I'U., Moma [0.A. TBepporensras snexkTponmka. —M.,

Beicmast mxomna, 1986.

3. 3u C.M. ®usnka nomynpoBoIHHKOBBIX NpU6OPOB B 2-X KHMrax. —M.,
Mpup, 1984.
4. OIIeKTPOHHBIE, KBAHTOBbIE IIPHOOPBI U MEKPORJIEKTPOHHUKA. [Toz pen.

®enoposa H.J[. -M., Paguo u CBs3b, 1998.
5. Bukymun WM., Crapees B.U. Dusuka MOJTYIIPOBOJHHKOBBIX

npubopoB. M., Pauo u cBsi3b, 1990.
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6. Crenanenko W.I1. OcHOBBI MUKpO3JIeKTpOHUKHU. —M., Panuo u cBa3b,
1998.

7. Tuamn V., Jlakcon JIx. MHTerpaabHble cXeMbl, MaTepHalibl, IpHOOPHI
U UX usrorosnenue. —-M, Mup, 1985.

8. Hocos I0.P. Onroanexrponuka. -M., Paguo u cBs3b, 1989.

9. Hocos 10.P., llumua B.A. OcHOBBI ¢u3kku IpubopoB ¢ 3apsiI0Boil
cBs3br0. —M., Hayka, 1986

10.  bepesun A.C., Movankuna O.P. TexHONOTHS M KOHCTpYyHMpOBaHHE
HMHTETPAJIbHBIX MUKpocxeM. —M., Panno u cBs3s, 1983.

11.  Banmes K.A. Ousnuueckne 0CHOBBI CyOMUKPOHHON (HOTONUTOrpadUH.
-M., Hayka, 1990.

12. MopenupoBanue IIOJIYIIPOBOHUKOBEIX nprubopoB 51
TeXHoJIornyeckux nporeccos. [Tox pen. [I. Munnepa. —M., Paguo u cBs3p, 1989.

13. byOenuukos A.H. MopenupoBanue HMHTETPAIIbHBIX
MHKPOTEXHOJIOIMH, IPUOOPOB U cxeM. —M.,Bricinas mxkona, 1989.

14. ompaves B.I'., Mansnues ILII., HoBauerko W.B., ITonomaper C.H.
ba3oBeie MaTpuuHbIe KpUCTayIEl 1 MatpuyHble BUC. — DHeproaromusaar, 1992.

15.  Anexkcenko A.I., arypun N.U. Mukpocxemorexauka. —M., Pamuo
U CBsI3b, 1987.

16. Perumna T.A., 3enenckuit A.B. VYcrpoiictBa (yHKIMOHATBEHOM
3JIEKTPOHMKH U 3JIEKTPOpaanodaeMeHTsl. —M., Panno u cBsa3p, 1989, 352¢.

17. BamueB K.A., Koxun A.A. KBaHTOBBIE KOMIIBIOTEPHI: HANEKIbl U
peanbHOCTh. -M.,PX]J], 2001.

18. JlparynoB B.I1., Hewussectusii W.I., I'puguna B.A. OcHOBHI
HaHO3JIeKTpOoHUKU. —HoBocubupck, HI'TY, 2000.

19. Apcenun raums B MukpoasekTporuke. [lon pen. B.H. Mopaxosuua.
-M., Mup, 1988.

20.  IlaceiakoB B.B., Yupkun JILK. ITomynpoBOoAHMKOBEIE MPHOOPHL. —
CII6, «JIans», 2002

215 Jlebenes AWM. ®Dusuka  IONYNPOBOJHUKOBEIX  NPHGOPOB

[OnexTponnslit pecypc]/ Jlebene A..— DneKTpOH.TEKCTOBbIE MaHHbIE.— M.:
OU3SMATIINT, 2008.— 488 c.
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22.  DByp6aesa H.B. OcHOBEI NOJTyIPOBOJHUKOBOH  3JIEKTPOHUKH
[Snextponnsiii  pecypc)/ byp6aesa H.B., Huenposckas  T.C.—
ONEKTPOH.TeKCTOBBIE NaHHbIe.— M. : OU3BMATIIUT, 2012.— 312 c.

23.  TposHu ILE. TeepnorensHas JNIEKTPOHMKA [DeKTPOHHBIN pecypc]:
y4eOHoe mocobue/ Tpostn I1.E.— DIIeKTPOH.TEKCTOBBIE JaHHBIe.— ToMCK:
Tomckuit  rocymapcTBeHHBIIH YHUBEPCUTET  CHCTEM  yNpaBlIeHUS U
panuosyeKTpoHuku, 2006.— 321 c.

24.  TexHonorus MaTepUalioB MHUKPO-, OITO- W HaHOJJIEKTPOHHUKHU
[SnexTponHsIit pecype] y4eOHoe nocobue : B2 4. U, 1/ A. A, Packun, B. K.
I[Ipokodsesa. - 2-e wusy. (31.). - M. : BUHOM. Jlaboparopus 3nanwmit, 2012.-
164 c. : u.

25. Bapwibun AA. DNeKTpoHHKa U MUKPO3JIEKTPOHHUKA.
DHU3UKOTEXHONIOTIECKHE OCHOBE]. - M.: DU3MATIIUT, 2008. - 424 c.

26.  HanoonextpoHnwka [SnexTponHsIif pecype] : y4ebHoe mocobue / A.
A. Ulyka ; nom pen. A. C. Curopa. - 2-e mn. (31.). - M. : BUHOM.
Jlaboparopust 3Hanmit, 2012, - 342 ¢. : uy. - (HanorexHomorum).

27.  HWrymuos JI.B. OcHoBEI TIOJIyIIPOBOTHUKOBOM  3JIEKTPOHHKH
[SnexTporHbIit pecypc]: y4ebHoe mocoGue/ Mrymuos J.B., Koctionuna I'.JT.—
OIIeKTPOH.TeKCTOBBIE HaHHble.— M.: [ Opsidast muHus - Tenexom, 2011.— 394
e,

28.  ComnHues FO.IT., Ipsxun E.N., Bonorxauuua C.A., IletkoBa A.IL

Hanotexnonorun u crermanpabie Matepuaibl: YuebHoe mocoGue ats By30B. -
CII6.: XUMU3JIAT, 2009. -336 c.
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