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I. AHHOTALIUA

1. Heap u 3a7a49u AUCHUIIIMHBI

Ilenru — w3ydyeHue (U3NYECKUX OCHOB  pabOThl  TBEPAOTENBHBIX
MOJTYTIPOBOTHUKOBBIX TPUOOPOB M TEXHOJOTUH MX M3rotoBieHud. [IpeacraBneHs
OCHOBHBIE IIOHATUS O MHUKPODJIEKTPOHHBIX YCTPOMCTBaX M O METOHax
W3TOTOBJICHHUSI MUKPOCXEM U OTIEIBHBIX DIEMEHTOB MUKPOCXEM.

3aoauu — yMeHHE TUTAaHUPOBATH MPOBEICHUE COBPEMEHHOTO (hHM3MYECKOTO
HKCIEPUMEHTAa B 00JACTH (PU3MKU KOHJIEHCUPOBAHHOIO COCTOSIHUS C LEJIbIO
UCCEeNOBaHNUS (U3MYECKUX TPOLECCOB B MOJYNPOBOAHUKOBBIX MHpHOOpAX
pa3IUYHOro THNA, IPUMEHEHUE METOJOB pacueTa MapaMeTpoB U XapaKTEPHUCTHK,
MOJICJIMPOBAHUSI U TPOECKTHUPOBAHUS JJIEKTPOHHBIX NPUOOPOB U YCTPOMCTB
TBEPAOTEIBHOMN AIEKTPOHUKH.

2. Mecto nucuuniannbl B cTpykrype QOOII

HuciumumHa «TBepaoTenbHass JJIEKTPOHMKA» OTHOCUTCA K MOJIYJIIO
[TomynpoBogHUKN M AWAJEKTpUKH broka 1 «/lucuumimHeny 4yacth y4eOHOTO
11aHa, GopMUPYEMOI y4acTHUKaMH 00pa30BaTEIbHBIX OTHOLICHHH.

SBnsieTCs TOrNYECKUM pa3BUTHEM Kypca « PU3HKA IMOTYIPOBOIHUKOB.

JUIsL yCIIEIHOTO OCBOEHUs IHUCHMIUIMHBI «TBeproTenbHAs 3JIEKTPOHUKA)
HeobXo0uMbvl 3HAHUsA, TIONIyYEHHbIE B paMKaX OOIIEero Kypca (U3MKH, KypCOB
TEOPETUYECKOW MEXaHHMKH, JJIEKTPOJMHAMUKH, KBAHTOBOW MEXaHUKH, (U3UKU

TBCPAOro TC¢jia, AU3JICKTPHUKOB, MCTAJIJIOB.

3. O0beM JUCHUILINHBI: 3 3a4eTHBIX eauHUIE], 108 akameMuuecKux 4acos,
B TOM 4HCJIE:

KOHTAKTHAsl ayAuTOpPHass padora: Jjekuuu 26 YacoB, NPaKTUUECKHE
3aHsaTUsa 13 yacos;

caMocTosiTeIbHasA padora: 69 yacoB, B TOM YHCJIE KOHTPOJIb 27 4acoB.



4. Ilnanupyemble  pe3yjbTarTbl O0Oy4YeHHUs] 10  JHCHHMILIMHE,

COOTHECEHHBIC C INIAHUPYEMBIMHU peE3yjbTaTaMU OCBOCHHUA Oﬁpa3OBaTeJILHOI71

NporpaMMmbl

[Tnanupyemble pe3ynbTaTbl OCBOCHHS [Inanupyemblie pe3yabTaTsl 00yUeHUs 1O

00pa30BaTeNbHOM MPOTPAMMEI JHUCLHIUINHE
(popmupyembie KOMIIETCHITHH )
[1K-2. Cnocoben npoBoauts paspabotky | I1K-2.4. Omnpenenser 11eJ1€c000pa3HOCTh

u BHEJ[pEHUE COBpPEMEHHBIX
TEXHOJIOTMYECKHUX IIPOLIECCOB, OCBOEHUE
HOBOT'0 000PYJIOBAHHUS.

BHEJPEHUN HOBOM TEXHUKHU U TEXHOJIOTHM.

[1K-3. Criocoben obecnieunts | [IK-3.2 AHanu3upyeT WHPOPMAIUIO O KA4eCTBE
(GYHKIIMOHUPOBAHKUE PATUOIICKTPOHHBIX | (DYHKIIMOHUPOBAHUS PaIHOdICKTPOHHBIX
KOMILJIEKCOB KOMILUIEKCOB, ~ BHOCHT  MPEUIOKEHHUS  TI0

YIYYIIEHUIO SKCIUTYaTallHOHHBIX XapaKTePUCTHK
PaIMORIICKTPOHHBIX KOMITJICKCOB;

[1K-3.3. opraHuzyeT u TPOBOAUT PEMOHT
PaIMORIEKTPOHHBIX KOMITJICKCOB M HX COCTAaBHBIX
qacTei.

5. ®opma NpoOMeKYTOYHOM ATTECTALMM M CEMECTP MPOXO0KIACHUS

JK3aMEH B 3 CEMECTPE

6. SA3bIK npenogaBaHus. PyCCKU.

Il. Copep:xaHue AUCHUILIMHBI, CTPYKTYPHPOBaHHOE MO TeMaM

(pasgenam) ¢ ykasaHMeM OTBEJICHHOI0 HA HMX KOJIHYECTBA aKAaJAeMHYECKHX
YacoB U BUAOB YYeOHBIX 3aHATHIL.

1./1151 CTy/1eHTOB 04HOI1 (popMBbI 00yUEeHUA

CamocTto
ATCJIbHasA
paborta, B
Konrakrthas pabora (4ac.) TOM
VYuebHast mporpaMMa — HAHMEHOBaHHE Bcero EUGIE
PasJIeNioB U TeM (4ac.) Kontpon
b
(dac.)
THexunu [IpakTHueckue
3aHSTHS
B T.4. B T.4.
IMpaKTHU4 IMpaKTHU4
BCEro | eckas BCETO eckast
HOATOTO HOATOTO
BKa BKa
1. PexomOuHanusi HocuTelleii 3apsaa.
Ju¢dysua u gpeiidg HepaBHOBecHbIX | 24 2 22
HOCHTEJICH 3apsjaa




PaBHOBECHBIE u HEpaBHOBECHBIE
HocuTtenu 3apsia. CKOpOCTh TeHepalvy 1
pekoMOnHanMK HocuTesner 3apsyia. Ksa-
3uypoBHU Depmu ISl JIEKTPOHOB U
JIBIPOK. bunonspuas reHepanys
HocuTenel  3apama.  Bpems  xusHM
HOCUTENIC 3apsga MpU JIMHEHHONM |

KBaJ[paTU4HON PEKOMOMHALIUHL.
MoHononsipHasi TeHepalys HOCUTENEeH
3apsza. MakcBesioBckoe BpeMs
penakca.  Bumel  pekomOHHaIuu.
Mex30HHas H3JIy4aTeIbHAs
pekoMOuHatms. Mex3oHHas — ynapHas
PEKOMOUHAITHSI. PexomOunarms

HOCUTeJIeH 3apsiia uepe3 LIeHTPbI 3aXBaTa.
M3meHenue yncna HocuTenen 3apsaa npu
HaJIM4UM mpotieccoB quddy3un u aperida.
YpaBHeHne HENPEPBIBHOCTH.
Juddy3ronnslii 1 aperioBbIid TOKU MPU
HAIMYUKM ~ TPaJUeHTa  KOHLEHTPALUU
HOCUTENIEH  3apsja. Koagpduument
mihdy3un  BNEKTPOHOB U JIBIPOK.
Coornomenne Diamrerina. Juddysus u
JpeiiQ HepaBHOBECHBIX HOCUTENEH 3apsiia
IpH MOHOITOJISIPHON reHepaLuy.
JlebaeBckuil  pamuyc  3KpaHUPOBAHUSL.
JIBWOKEHME  HEOCHOBHBIX  HOCHUTENEH
sapsima.  Juddysmonnas mHA Ui
HEOCHOBHBIX ~ Hocurened.  [myOuHa
3aTATUBAHUS HOCHUTENEH MO TOMI0 U
npoTuB Noyisl. VHXKEKIUs M 3KCTPaKLUs
Hocutened 3apsna. uddysus u apeid
HEPaBHOBECHBIX HOCHUTENEH 3apsiia IpH
OunomnsipHoit  renepaiyu. Koadduiment

aMOMIIONpHON mhdyzum.
AmbOunonspHas nperidoas
MOABM)KHOCTb.

2. OcHoBBI TBepAOTeJbHOH | 17 10
JJIeKTPOHUKU.  MmuKpocxeMbl M
TEXHOJIOTHH X M3TOTOBJICHHS.
Marepuarnsl TUISt ANEKTPOHHBIX
npuOOpOB: KpUCTAJIJIBL, METObI
IIOJIy4YEHMUS. BeIpamuBanue
MOHOKPHCTAJIJIOB. [Tonyuenne
IIJIACTHH. N3rorosnenune

¢doromabiaonoB. IlomynpoBoTHUKOBBIE
MHUKPOCXEMBI: CTPYKTypa U TOMOJIOTHS,
dbopMupoBaHue TOIOJOTHYECKUX
CIIOEB.

DNEKTPUUECKUIT MOHTaX KPHUCTAJIOB
NMC. [TpoBonoUHBII MOHTaX.
JIeHTOUHBIM  MOHTaXX. MOHTaX C




MTOMOILIBIO KECTKHUX 00BEMHBIX
BBIBOZOB. Muxkpocsapka.
N3roToBineHne CUCTEMBI JICHTOYHBIX
nepeMblyek. HM3roToBieHUE CHCTEMBI
00BEMHBIX BBIBOJIOB.

3. HosynpoBOIHUKOBASA TEXHOJIOTHSA
MOJIy4eHHs] MUKPOCXeM.
Huddy3nonnoe nerupoBaHue
Pacnpenenenust mpumMecu 1o riyOuHe.
Juddy3ns U3 MOCTOSHHOTO BHEUIHETO
MCTOYHUKA (OJHOCTAAMMHBIN mpoliecc).
Huddyzus u3 KOHEYHOI'0
MOBEPXHOCTHOTO HCTOYHUKA
(IByXCTaAMNHBIN MPOIIECC).
O6opynoBanue. Pacuer  pexumoB
TEPMUYECKON muhdy3uu:
JBYXCTaJIMMHBIN POLIECC;
OJAHOCTAAUMHBIN MTPOLECC.
JlerupoBanue METOJ0M MOHHOU
umIutanTanud. OcoOeHHOCTH Tpoliecca
JIETUPOBAHUS METOJIOM MOHHOMU
UMILJIaHTALIH. Pacnpenenenus
npuMecH 1o riyoune. O6opynoBaHue.
Pacuer PEXKUMOB MOHHOU
UMIUTaHTAIU Y.

OueHka yaenbHOIO HOBEPXHOCTHOTO
COTPOTUBIICHUS JIETUPOBAHHBIX CIIOEB.
[TpoexTrpoBaHKE TOTYIPOBOTHUKOBBIX
pesuctopos B UMC.

[Tpomecc dboTonurorpadum.
[ToaroroBka moepxHocTH. Hanecenue
doTocmos. CoBwmerienue u
HKCIIOHUPOBAHHUE. IIposiBnenue.
Tpasnenue.

22

12

4. OcHOBBI IJIEHOYHOH TEXHOJIOTHH
MOJIyYEeHHUsI JIEMEHTOB MUKPOCXEM.
OcaxaeHne TOHKUX MJIEHOK B BaKyyMe:
TEPMUYECKOE BAaKyYyMHOE HaIbLICHUE;
KaTOJHOE pacnblUICHHUE; PEKUMBI
KaTOJTHOTO PAaCHbUICHUS, JPYTHUe BUJIbI
pacibUICHHUS.

OO0mre cBegeHnusI O TOJCTOILIEHOYHON
TEXHOJIOTMM TIOJNYYEHUS] MHUKPOCXEM.
TosncTormiéHouHbIC ITacTHI.
Tpadapernas neuats. Bxxuranue.
ToHKOMIEHOYHbIE PE3HUCTOPHI:
Marepuanbl Uil  TOHKOIUIEHOYHBIX
PE3UCTOPOB; BAPHUAHTHI TEXHOJIOTHH.

18

DK3aMeH

27

27

HUTOI'O:

108

26

13

69




I11. O0pa3oBaTesibHbIE TEXHOJIOTHHI

VY4yeOHast mporpammax-
HaMMCHOBAHHE Pa3JIe]IOB H TEM

Bun 3anarusa

OO0pazoBaTenbHbIE
TEXHOJIOTUH

1. PexomOumHammsi  HocHTeJIel
3apsina.  Auddysus wu  apeiid
HePaBHOBECHBIX HOCHTeJIel 3apsaa
PaBHOBeCHbBIE =~ W HEpPABHOBECHH)
HocuTenu 3apsia. CKOpocTh TeHepany
U peKoMOMHALMM HOCHTENeH 3apsiy|
KBaznyposuu @epmu 1151 21IEKTPOHOB
JIBIPOK. bunonsapuas reHepary
HOcUTeNle  3apsga. Bpemst  xusH
HOCUTENIEH 3apsiia TpH JIMHEHHOM
KBaJIpaTU4YHON pexoMOuHaIH]
MoHoronspHas reHepauus HOCHTEI
3apsa. MakcBeuIoBCKOE  BpEM
penakcauuu. Buipl  pekoMOuHary|
Mex30HHas H3JTy4aTeIIbHY
pexoMOMHaLms. MexX30HHas  yJapH:
PEKOMOMHAITHSL. PexomOuHary
HOCUTENIeH  3apsija  4epe3  LIHTP,
3axBara.

M3meHeHue uuciia HocuTesnen 3apsiaa
NpH HAIMYMK TIpoteccoB auddy3um
u npeiida. YpaBHeHuE
HenpepbIBHOCTH. [Iuddy3rnoHHBI 1
IpeidoBbIi TOKM TIpH  HATUYUH
rpaiieHTa KOHIEHTPAIMA HOCUTENIEH
sapsima.  Koaduument  muddysun
AIIEKTPOHOB U JILIPOK. COOTHOIIEHHE
Onnmrrentna.  [Iuddysus u  apeitd
HEPABHOBECHBIX HOCHUTENIEH 3apsiaa
IpM  MOHOMNOJIIPHOM  T€HEpalyu.
JeGaeBckuil pamyc SKpaHUPOBAHMUSI.
JIBrKeHNEe HEOCHOBHBIX HOCUTENEH
3apsina. Juddysuonnas mmHa ams
HEOCHOBHBIX Hocuteneil. [myOuna
3aTATUBAHUSA HOCHUTENIEH IO IMOJ0 U
npotuB  nomst.  Mmkekuus  wu
OKCTPAKLMS ~ HOCUTENEH  3apsija.
Juddysus u npeiid HepaBHOBECHBIX
HOCcHTENIeN 3apsiia Npu OUIOJSIPHOM
TEHEPALIH. Koaddurment
aMOMITONApHON mhdyzum.
AmbunonspHas npetidonast
MOABM)KHOCTb.

Jlexyuu,

1.U3znoocenue
meopemuieckozo
mamepuana
(npeszenmayus)
2.Pewenue 3a0au
3.Camocmosmenvhoe
usyuenue
meopemuieckozo
mamepuana

2. OcHOBBI TBEPAOTEIbHOM
IEKTPOHMKH. Mukpocxembl u
TEeXHOJIOTMM UX U3TOTOBJICHHS.

Marepuansl i1 3JIEKTPOHHBIX

npuOOpOB:  KPUCTAUIBL,  METOJIBI

Jlexyus,
3AHAMUSL

npakmuvecxKue

Axmuenoe  ciywanue.
I'pynnosoe  pewenue
3a0adu. Pewenue
UHOUBUOYATILHBIX
3a0ay




MOJTyYEHHUS. BeipanBanue

MOHOKPHCTAJLIOB. Ilomy4enue
IUIACTHH. Wsrorosnenne
¢oTom1abI0HOB.
ITomyrpoBOTHUKOBBIE MHKPOCXEMBI:
CTPyKTypa u TOIOJIOTH,
(dopmupoBaHue TOIOJIOTHYECKUX
CIIOEB.

ONEKTPUYECKUN MOHTaX KPUCTAILJIOB
UMC.  IIpoBONOYHBIA  MOHTAX.
JleHTOUHBIM MOHTaX. MOHTaX C
IIOMOIIBIO  JKeCTKUX  OOBEMHBIX
BBIBOJIOB. MuxpocBapka.
MBroToBiacHUE CUCTEMBI JICHTOYHBIX
nepeMbIueK. V3roToBieHHE CUCTEMBI
00BEMHBIX BBIBOJIOB.

3. IMoaynpoBonnukoBasn | Jlexyus, npakmuyeckue | Akmusnoe  ciywanue.
TeXHOJIOT Ul NOJIyYeHHs | 3aHAMUSA I'pynnosoe  pewenue
MHKPOCXeM. 3adau. Pewenue
Juddy3nonnoe nerupoBaHue UHOUBUOYATILHBIX
Pacnpenenenuss  mpumecu 1O 3a0ay

rryouHe. Huddy3us u3

MOCTOSTHHOTO BHEITHETO

HUCTOYHUKA (omHOCTAAMMHBIN

poIIecce). Huddyszus u3

KOHEYHOI'0 IIOBEPXHOCTHOT'O

UCTOYHUKA (IByXcTaauitHbIN

nporecc). O6opynoBanue. Pacuer

PEKUMOB TEPMHUYECKON

b dysuu: JBYXCTAIMHBIN

MPOLIECC; OJIHOCTAaAUNHBIN

porecc.

JlerupoBanue METOIOM HMOHHOU

UMIUTaHTALUH. OcoOenHoctH

mpouecca JIETUPOBAaHUS METOAO0M

MOHHOMN UMILUTIaHTALUH.

Pacnpenenenuss  mpumecu 1o

riyoune. O6opynoBanue. Pacuer

PEeXMMOB HOHHOW UMILIaHTAIMH.

Onenka YIEIBHOTO

MOBEPXHOCTHOTO  CONPOTUBIICHUS

JIETUPOBAHHBIX CIIOEB.

IIpoexTupoBanue

MIOJIYTIPOBOJJHUKOBBIX PE3UCTOPOB

B MC.

I[Tponecc ¢doronuTorpadpum.

IToaroroBka TMOBEPXHOCTH.

Hanecenue dotocnos.

CoBMelleHHE U SKCIIOHHPOBAHUE.

IIposiBnenue. Tpasinenue.

4. OcHoBBI WIEHOYHOI | Jlexyus, npakmuueckue | AkmusHoe cuywanue.
TeXHOJIOTHH MOJIYYeHHs | 3aHAmus I'pynnosoe  pewenue




3J1eMEeHTOB MHKPOCXEM. 3a0au. Pewenue
OcaxneHue TOHKUX IUIEHOK B UHOUBUOYATILHBIX
BaKyyMe: TEPMHUYECKOE BaKyyMHOE 3a0au
HaIbUICHHUE; KaTOIHOE

pacIbUICHHE; PEXHMBI KaTOIHOTO

pacibUICHMS, Apyrue BUJIbI

pacIbUICHHSL.

Ob6mue CBECHUS 0

TOJICTOTUIEHOYHOMN TEXHOJIOTHH

MOJTyYCHUS MHUKPOCXEM.

ToncromnéHovHbIe TIaCTHI.

Tpadapernas nevats. Bxxuranue.

ToHKOTIIIEHOYHBIE PE3UCTOPHI:

MaTepHabl I TOHKOIUICHOYHBIX

PE3UCTOPOB; BapUaHTHI

TEXHOJIOTHH.

IV. OueHounble MaTepuaJibl JAJdsi TPOBeJeHUs] TeKylleil u
NMPOMEKYTOYHOM aTTeCTANNH

Dopma nposedenusi NPOMeNCYmoyH020 KOHMPOJA: CTYAEHTbI, OCBOUBILINE
nporpammy Kypca «TBepaoTenbHas 3JEKTPOHUKA» MOTYT CHAaTh 3K3aMEH IO
UTOTaM CEMECTPOBOM arrecTanuu corIacHo «llojokeHno O MpoMEXyTOYHOU
aTTecTalMy (SK3aMEHax M 3a4eTax) OOy4yallIuXcs IO MpOorpaMMaM BBICHIETO
obpazoBanus TBI'Y» (mpotokos Nell ot 28 anpens 2021 r.).

Jlois mpoBeeHus TEKyLIeld U MPOMEKYTOYHOM aTTeCTALUM:
IIK-2. Cnocoden mnpoBoauTh pa3spadoTKy M BHeJPEHHE COBPEMEHHbIX
TEXHOJIOTMYECKHUX MPOLECCOB, 0CBOCHHE HOBOI0 000PY/10BAHMSA
[IK-2.4. OnpexaensieT 11€J1€CO00PA3HOCTh BHEIPEHUM HOBOW TEXHUKU U
TEXHOJIOTUH.

3aganmue:
[IpeacTaBUTh  TOMOJIOTMYECKYI0 CXEMY MHUKPOCXEMBbI, BBINOJIHEHHOW IO

HOJ'IyrIpOBOI[HHKOBOﬁ TCXHOJIOTHH, COI''TACHO CXEMCEC BHGKTqueCKOﬁ OCIIN:



Cnoco0 aTrrecTanum: NTMCbMEHHBIN

Kpurepuu oueHku:
Brbicokuii ypoBeHb: OTBET II€JIOCTHBIN, BEPHBIH, TEOPETUYECKH 0OOCHOBAHHBIM.
KnroueBple NMOHATUS W TEPMHHBI MOJHOCTHIO PACKPBITHL. PAKTHI U NPUMEPHI B
MOJIHOM 00beMe 0OOCHOBBIBAIOT BHIBO/IbI
CPEeAHUIl YPOBEHb: TEOPETUYECKAas AapryMEHTAlUsl HEMOJHAas WIH CMBbICI
KJIFOUEBBIX MOHITUN HE OOBSICHEH;
HHM3KHUH YpOBeHb: JOIYIICHbl OIIMOKU, MPUBEAIINE K HCKAKEHUIO CMbICIA,
TEPMUHBI UCTIOJIBb3YIOTCS HENPABUIBHO;
HHMK€ MHHUMAJBHOIO YPOBEHb: JOMYIICHBI OLIMOKH, CBUJIETEILCTBYIOUIUE O

HCIIOHUMaHHUH TCMBI, OIITNOKHU B TCPMHUHOJIOTHUHU,

[IK-3. Cnocoben oOecrieyuTh  (PYHKIIMOHMpPOBAHHWE  PATUOIIECKTPOHHBIX
KOMILIEKCOB:
[IK-3.2  Anamusupyer wuH(poOpManuoo O  KadecTBe  (DYHKIIMOHUPOBAHUS
PaZAMORIEKTPOHHBIX ~ KOMIUIEKCOB, BHOCUT NPEUIOKEHHS] IO  YIYYILIECHUIO
IKCIUTYaTaI[MOHHBIX XapaKTEPUCTUK PATMOIEKTPOHHBIX KOMILIEKCOB,
[1K-3.3. Opranusyer v IPOBOJUT PEMOHT PAJAMOITCKTPOHHBIX KOMILUIEKCOB U HX
COCTaBHBIX YACTEU.

3ananue:
[IpencTtaBuTh  TOMOJOTHYECKYIO CXEMY MHUKPOCXEMbI, BBINOJIHEHHOH 10

rUOPUIHON TEXHOJIOTHHU, COTJIACHO CXEME DJICKTPUUECKOM TSI

Cnoco0 aTrecTanmyy. MMCbEMEHHBIN

Kpurepuu oueHku:



BpICOKMM  ypOBEHb:  OTBET  LIEJIIOCTHBIM, BEPHBIM, TEOPETUYECKHU
00ocHOBaHHBINH. KiTtoueBbie MOHATHS U TEPMHUHBI TOJTHOCTHIO PACKPBITHI. DAKTHI U
IPUMEPHI B ITOJIHOM 00beMe 000CHOBBIBAIOT BBIBO/IbI

CPEOHUN YPOBEHb. TEOPETHYECKAs apryMEHTAllds HEMOJIHAs WA CMBICI
KJIIOUEBBIX IOHATUN HE OOBSICHEH;

HU3KUHA YPOBEHb: JOMYUIEHbI OIMIMOKH, MPUBEIINE K UCKAKEHUIO CMBICIA,
TEPMHUHBI UCTIOJIB3YIOTCS HEIPABUIIBHO;

HW)K€ MUHHUMAJIbHOTO YPOBEHbB: JOMYIIEHBI OIIMOKHU, CBUACTEIbCTBYIOIINE O

HCIIOHUMAaHWH TCMBbI, OIIIMOKHU B TCPMUHOJIOTHH,

V. VY4eOHO-MeTOAHYeCKOe M  HHMOpPMAIMOHHOE  olecreveHue
TUCHUTITTHHBI
1) Pexomennyemas nuteparypa
a) OCHOBHAs JIUTEpaTypa:
1. [Tanumonra, K.B. ®u3nka noiaynpoBOJHUKOB [DIEKTPOHHBINA pecypc] : yueo.
— OnektpoH. naH. — Cankt-IlerepOypr : Jlanp, 2010. — 384 c. — Pexum
nocryma: https://e.lanbook.com/book/648.

2. ®enoros, A.K. dusnueckoe MaTepualioBeICHHUE © yueOHOE 1mocooue : B 3-x 4. /
A.K. ®enotoB. - MuHck : Beimmiimas mxkona, 2010. - Y. 1. ®usuka TBEpAOro
tena. - 400 c. : un. - ISBN 978-985-06-1918-1 ; To e [DnexkTpoHHBIN pecypc].
- URL: http://biblioclub.ru/index.php?page=book&id=119759

3. KammynoB MW.A., KomecamkoB A.Ml. Bpemerne B  TEXHOJOTHIO
MUKPOAJIEKTPOHHBIX u3aenui (yueoHoe nocodue). Treps: TBI'Y, 2007. 60 c.
0) momoTHUTENBHAS JIUTEpaTypa
1. JlerocraeB, H.C. TaepporenbHass »dJEKTpOHUKA : YyueOHOe mocoOue /
H.C. JleroctaeB, K.B. UerBepros. - Tomck : Db Kontent, 2011. - 244 c. -
ISBN  978-5-4332-0021-0 ; To ke [DnekTpoHHBIA pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=208951

2. JlerocraeB, H.C. TBepmorenbHas 3JIEKTPOHUKA : METOIWYECKHE YKa3aHUS /

H.C. JleroctaeB, K.B. YerBepros. - Tomck : Tomckuii rocyaapCTBEHHBIM


https://e.lanbook.com/book/648
http://biblioclub.ru/index.php?page=book&id=119759
http://biblioclub.ru/index.php?page=book&id=208951

YHUBEPCUTET CHCTEM YTpaBieHHs U paauodnekrponuku, 2012. - 51 c. - ISBN
978-5-4332-0030-2 ; To xKe [DneKTpOHHBIIHA pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=208948

2) IIporpamMmMHOe oOecrieueHue

a) JIurieH3noHHOE MporpaMmmMHoe o0ecriedeHrne He TpedyeTcs

0) CBOOOAHO pacrpocTpaHsIeMOe MPOrpaMMHOe oOecTicUeHUE

3) CoBpemennbie ipodeccronanbubie 0a3bl JAHHBIX U WH()OPMAITMOHHBIS
CTIIPaBOYHBIE CHCTEMBI

1. DnextponHas 6ubnmoreka m3narenbersa Jlans: http://e.lanbook.com/

2. Yuuepcurerckas oudimoreka ONLINE: http://www.biblioclub.ru/

3. Caiir uzgarensckoro qoma FOPAWT: http://www.biblio-online.ru/

4) Ilepeuenb pecypcoB HUH(MOPMAIIMOHHO-TEIEKOMMYHUKAMOHHON CETH

«I/IHTepHGT», HGO6XOIII/IMI>IX JJIs1 OCBOCHU A JHUCHUITIIMHBI

VI. Meroauyeckue marepuaabl I OOyYAalOIIUXCHA 10 OCBOCHHUIO

AUCIUILIHHDBI

1) Memoouueckue pexomenoayuu no pewteHuro 3a0ay

1. PexomMOUHAIMsI HOCUTeJIEH 3apsiia

Ecnu B momynpoBOJHMKE 3a CYET BHEIIHEro BO3JACUCTBUS (Hampumep,
OCBEIICHHUS) BO3HUKAIOT JOMOJIHUTEIIbHBIE HOCUTENIW, HE HaxXOoJdIluecs B
COCTOSIHUM TEPMOJAMHAMUYECKOTO PAaBHOBECHS, TaKUE€ HOCHUTEIIH SIBJSIOTCS
HepagHosecHbimu. VIX  NOSBIEHWE  NOPUBOJAT K  CYUIECTBOBAHUIO B
MOJYIPOBOJHUKE HEPABHOBECHOM  KOHLEHTpauun Hocutenedn N, Ilocne
yCTpaHEHHUsI TPUYUHBI, BBI3BIBAIOIIEH IMOSBICHUE H30BITOYHBIX HEPABHOBECHBIX
HOocuTened AN, cucremMa 3a CUeT TIPOIECCOB PEKOMOMHAIIMM HOCUTEIICH,
BO3BpAIIIAETCA B PABHOBECHOE COCTOSIHUE 3a BpPEMs, HA3bIBAEMOE 6peMeHeM
HCUZHU HEPABHOBECHBIX HOCUmeell 3apsod.

B 3aBucuMocTM OT MeXaHU3Ma pa3auyaloT TPU OCHOBHBIX BHJIA

pPEeKOMOHMHAITUY:


http://biblioclub.ru/index.php?page=book&id=208948
http://e.lanbook.com/
http://www.biblioclub.ru/
http://www.biblio-online.ru/

l. [Ipsimast (Mex)30HHAST) PEKOMOMHAITHS.

Il.  PexomOunamus yepes JOKaJbHbIC LIEHTPHI 3aXBaTa (JIOBYIIKH).

I1l. TloBepxHOCTHas peKOMOWHAIIHS.

B 3aBuCcHMOCTH OT TOTO, KaK pacxoayeTCsl SHEPTHsl, BBIJEIIeMasi B IPOIIECCe
PEKOMOMHAIIMY, PA3IMYaIOT TPU THIIA PEKOMOUHAIIIY:

1) Ecnu sHeprus w3iydaeTcsl B BHJIC KBaHTAa CBETA, TO TaKas PEKOMOMHAIIHSI
Ha3bIBaeTCs uznyyamenvrou (POTOHHON) peKOMOMHAITUEH.

2) Ecnu sHeprus pacxojayercs Ha oOpa3oBaHHe (OHOHOB, TO TOBOPSAT O
oesusnyuamenvrol (GOHOHHON) peKOMOMHAIIHH.

3) Eciim B mporecce peKOMOWHAIIMM JSHEPTUs IepeaacTcs CBOOOIHOMY
HOCHUTENIIO 3aps/ia, TO Takas PEKOMOWHAIUA Ha3bIBACTCA YOApHOU WU
pexomdbunayuet Odxce.

[Ipu pexoMOMHAIIMK Yepe3 IEHTPHI 3aXBaTa BPeMs JKU3HU HEPABHOBECHBIX
HOCHTEJIeH 3apsjia paBHO

n0+nl+An+ Po + P1 + AN
T

T=7T
POy +po+An " ng + pgy +An (1.1)
1 Ei —-E
Fpo =7 Tno = 1N m =Nc¢ exp(tTC]
rae Pt YnlNt paBHOBECHAs

KOHLIEHTpalusi 3JIEKTPOHOB B 30HE MPOBOJUMOCTH, KOorja ypoBeHb Depmu

Ev —E¢
=Ny exp] ———
P1 \Y; P( T J

COBIIAOacT C YPOBHEM JIOBYIICK, PaBHOBCCHas

KOHIICHTpAIUsl ABIPOK B BAJICHTHOW 30HE, KOTNa ypoBeHb depMu COBIAIAET C

YPOBHEM JIOBYIIIEK; n(p) _ KOA(p(UIIUMEHT 3aXBaTa HEPABHOBECHBIX AJIEKTPOHOB
(mbIpoK) noByikamu; N — KOHIIEHTpalus JTOBYIIEK, E; — sHepreTnueckuii ypoBeHb
JIOBYIIEK.

[Ipu ocBelieHUH MOBEPXHOCTH MOJTYNPOBOJAHUKA HEPABHOBECHBIE HOCUTENN
mapbyaaupyroT  Briyor  monynpoBogHuka.  Koadbduuumentr  auddysuun

OTpeAesieTCsl COOTHOIIEHUEM DUHIITEHA:

kT
Dn(p) == #n(p 12)



2. Ind¢y3us u apeiidp HepaBHOBECHBIX HOCHTeJIei 3apsaa

W3meHeHne 4ucia DJJIEKTPOHOB B IIOJIYIPOBOJHUKE  MOKET
MIPOUCXOANTH 32 CUET YEThIPEX MPOLIECCOB: TeHepalu, pekoMOnHauu, nuddysun
u apeiida Hocutenel 3apsaa. I3MeHeHre KOHLIEHTpallui HOCUTENEH OIMChIBAETCS

ypaBHEHUEM HEMPEPHIBHOCTU

on 1. (+ n-n

— =G +=divlj, )- 0

ot e (Jn) Tn

@:G—ldiv(]p)—ﬁ

ot e Tp ’ 2.1)

rne G — 9rcno reHepupyeMbIX Tap AIIEKTPOH-IBIPKA, | — IVIOTHOCTh TOKA, 7
U T, — BpeMs XM3HN HEOCHOBHBIX HOCHUTEJIEH 3apsa.
B ciydae, koraa ocBemaercs 4acTh MOJIYIPOBOJIHUKA, PacpeesIeHue
KOHLIEHTPallMi HEOCHOBHBIX HOCHUTEJIEH B TEMHOM YaCTH IPOBOJHUKA PABHO:
1. mpu MOHONOJIIPHOM T€HEpPALUHU:

An = An(0)exp(— x/1,) = An(0)expl-t/z,,) 2.2)

o T
rae |, — debaesckuii paouyc sxpanuposanus, * - Makceenio8ckoe 8pems
perakcayuu;

2. B IPUMECHOM TOJIYIIPOBOJHUKE (B OTCYTCTBHE DJEKTPUUECKOTO TOJIA):

Ap = Ap(0) exp(— x/ Lp) (2.3)

N-Tuma:

p-THIa: An = An(0) exp(- /Ly ) (2.4)

L =./D T
31ech n(p) n(P)"N(P) _ nocrosmuas cnana (Onuna 3amseueanus).

B ypaBHeHHME HENPEPHIBHOCTH  ONMHUCHIBAIONIEE  IOJYIPOBOIHUK  C
MPOBOJAMMOCTBIO  OJIM3KOM K  COOCTBEHHOHM, TIOMEINICHHBIH BO  BHEIIHEE
ANEKTPUUECKOE TMOJe, BXOIAT KO3(PPUIUEHTH amMOunoisipHo nperdoBoit
MTOJIBYDKHOCTH

_ Po —No
No/Hp + Po/tn (2.5)

HE

u amOunonsapHoit nuddys3un



KT No + Po KT
D=— =—MUp
€ No/#p+Po/tin € (2.6)

_ No + Po
No/Hp + Po/tn

HD
rae

— amOunonsapHas 1uddy3noHHAS TOBUKHOCTb.
2) Bonpocwt K IK3aMeEHy
1. PaBHOBECHBIE 1 HEPAaBHOBECHBIC HOCUTENHN 3apsia.
2. bunonsipHast reHepalys HOCUTENEH.
3. MononosnsipHasi reHepanus.
4. Mex30HHasI ~ W3NydaTenbHass  pekoMOuWHanus.  Mex3oHHas  yAapHas
pPEKOMOUHAITHA..
5. Marepuansl AJisl 2IEKTPOHHBIX TPHUOOPOB: KPUCTAIITBI, METOIBI MTOJTYUCHUS.
6. IloaynpoBOJHMKOBBIE MUKPOCXEMBL: CTPYKTypa M TOMOJOrHs, (hopMHUpOBaHHE
TOMOJOTMYECKHUX CIIOEB.
7. Dnexktpuyecknii MoHTax KpuctamuioB UMC.
8. [TomynpoBOJHUKOBAsI TEXHOJIOTHS MOJIYUYEHUSI MUKPOCXEM.
9. uddy3nonnoe nerupoBanue. Pacnpenenenus npumMecu no riryouHe.
10. duddy3us U3 TOCTOSTHHOTO BHEITHETO UCTOYHUKA (0THOCTAUIHBIN MTPOIIECC).
11. JIuddy3uss u3 KOHEUHOTO IMOBEPXHOCTHOTO HCTOYHUKA (IBYXCTaJAMIHBIN
npoI1iecc).
12. Pacuer pexumMoB TepMuueckoi auddy3un: IBYXCTaAWIHBINA MpOIIECC;
OJIHOCTaUAHBIN MPOIIECC.
13. JlermpoBaHWe METOJAOM HWOHHOW WMIUIAHTAIUNA: COOCHHOCTH IIporiecca
JIETUPOBAHUSA; paclpeiesieHus] MPUMECH O TIyOWHE; pacyeT PEeKMMOB HOHHOMN
UMIUTAaHTAIUH.
14. ITpoekTpoBaHUE MOTYIPOBOIHUKOBBIX pe3uctopoB B UMC.
15. TIpomnecc doTomuTorpadumu.

16. OcHOBBI IEHOYHOM TEXHOJIOTHH MOJTYYEHHUS SJIEMEHTOB MUKPOCXEM.



17. OcaxneHne TOHKUX IJIEHOK B BaKyyMe: TEPMUUYECKOE BAKyyMHOE HallbUICHUE;

KaTOAHOC pPacCIIblIJICHHUC,

PaCIIblLICHUA.

PEKUMBI

KaTOJHOI'0O  pacCIIbJICHHA,

JIpYyTUE  BUJIBI

18. Toncronn€HoyHass TEXHOJOTUS MOJIYYEHUS MHUKpPOCcXeM. TOJICTOIIEHOYHbIE

nactel. TpadapeTHas nevars. Bxkuranue.

19. ToHKOIUICHOYHBIE PE3UCTOPLI: MATCPpHUAJIBI JJII TOHKOIINICHOYHBIX PC3UCTOPOB,

BAapUAHTBI TCXHOJIOTHUH.

VI1l. MaTepuajbHO-TeXHUYeCKOe o0ecredeHne

HaumenoBaHue cienmuajJbHBIX* OCHAIIEHHOCTH CNEeMHAJIbLHBIX Ilepeyenn
NOMeLIeHU i MOMeELIEeHUH U MOMeleHui JIMIIEH3UOHHOT 0
JJI8 CAMOCTOSATEIbHOM NPOrpaMMHOIO
padoThI obecneyeHus.
PexBU3uTHI
HOATBEPKIAIOIIEr0
JOKYMEHTA
Yuebuas ayautopus i npoBeneHus | 1 Dkpan Hactenbiii Screen | Microsoft Windows 10
3aHATUN JeKUMOHHOro Ttuma, 3ansatuil | Media 153x203 Enterprise - Axkr Ha

CEMHUHApPCKOI0
IIPOEKTUPOBAHUS
KYpPCOBBIX  pabor),
WH/IUBUyaJIbHBIX KOHCYJIbTALUH,
TEKYIETO KOHTPOJIS u
MIPOMEKYTOUHOM aTTeCTaluH,
JlexuvoHHas  ayauTOpUs
(170002 Tsepckast 00id., T.
Canosslit niep., 1. 35)

TUTA,  KYPCOBOTO
(BBIMOJTHEHUS

IPYNIIOBBIX U

Ne 28
TBepb,

2. Komrmiekt yaeOHOMU
Mebenn Ha 24 HOCagOYHBIX
MecTa

3. MenoBag nocka

4. IlepeHoCHOM HOYTOYK

5. mpoextop EPSON EB-X05

C IMOTOJIOYHBIM KPCIIJICHUEM

nepenauy npaB NelO51
ot 05.08.2020 r.

MS Office 365 pro plus
- Axr Ha nepepauy
IpaB Nel051 oT
05.08.2020 1.

Acrobat Reader DC -
OecraTHO
Google
OecraTHO

Chrome -

VIll. CBenennsi 06 00HOBJIeHUM Padoyeil MPOrpaMMbl JUCHUILTUHBI

No .. OOHOBNEHHBIN pa3aen Ornurcanne BHECEHHBIX PexBu3uThl 10KyMEHTa,
paboueii TporpamMmsI W3MEHEHUH YTBEPAUBIIETO
JACLIUTIIIUHBI M3MEHEHUS
1.
2.




