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1. O01acTh NpUMEHEHHS] M HOPMATHBHbBIE CCHLIKH

[IporpaMma BCTYNHTENBHOTO HWCHBITAaHHS CHOpPMUpPOBAaHA HA OCHOBE deaepabHbIX
TOCYJApCTBEHHBIX 00pa30BaTeNbHBIX CTAHJAPTOB BBICHIETO OOpa3oBaHUS IO MpPOTrpaMMam
CIICLIMATTUTETA WIIA MarucTpaTyphl.

2. CTpyKTypa BCTYNHUTEJIbHOI0 IK3aMeHa

BerynutenbHoe UcibITaHWE OCHOBHOM 00pa30BaTelIbHOM MPOTrpaMMBbI BBICIIETO 00pa30BaHUs
— MporpaMMbl TIOATOTOBKM HAyYHBIX W HAYYHO-TIEJArOTMYECKUX KaJapoB B AacCIHUPAHType IO
o0pa3oBaTeNbHON TMporpaMme DIEKTPOHHMKA, PATMOTEXHUKA M CUCTEMBI CBSI3U COCTOUT U3 JIBYX
YacTeil: OLEHKH WHIUBUIYAbHBIX TOCTIKEHUU (MOPTHOINO) U OLEHKH 3HAHUI 1O HAIPaBICHUIO
MOATOTOBKH (coOecejoBaHue).

MakcumanbHass BO3MOXKHAsE OIIGHKa 3a 00€ 4YacTH BCTYNHTEIBHOTO HWCIBITAHUS T10
cnenuaibHocT cocrtasiisier 100 0ayuioB.

Jlis y4acTus B KOHKYpPCE MO HUTOTaM BCTYHHUTEIBHOTO HUCHBITAHUS IO CHEIHATIbHOCTH
HeoOxoauMo HabpaTh cymMapHo He MeHee 30 OaymoB. OleHKa 3a BCTYMUTENbHOE MCIBITAHHUE TIO
CHEIUaIBHOCTH OT 1 10 29 6aioB cuuTaeTcs HEYAOBIETBOPUTEIHHOIA.

2.1. Ouenka MHIAMBHAYAJIBHBIX AocTH:KeHUil. CTpykTypa noprdoano MakcumanbHas
BO3MOJKHAsI OLICHKA 32 MHAUBUIYaIbHBIC TOCTHKEHUs (TopTdonno) coctapisieT S0 6aios.

Jljis yyacTusi B KOHKYpCe OLEHKH WHIMBUIYAIbHBIX JOCTHXEHHUH (TOpT(HOoIM0) aOuTyprueHT
MOJKET MPEICTaBUTh CIAEAYIONINE JOKYMEHTHI, MOATBEPKIAIONTNE €T0 JOCTHKCHHUSI:

1) JlokyMeHTbI, MOATBEPKIAIOIIHE ONBIT HAYYHO-HCCIET0BATEIbCKON /esITeIbHOCTH
aduTypHueHTa.

a. Jloxmampl Ha MEXIYHAapOJIHBIX U POCCUHUCKUX KOH(PEPEeHIMsIX, HAYYHBIX CEMUHapaXx,
Hay4YHbIX IIKOJaX M T.A. [0 HalpaBieHUIO OyAylIero AUCCEPTAMOHHOIO MCCIIEOBaHUS.
[ToaTBepxaaeTcs nmpencTaBieHueM NporpaMMbl KOH(pepeHIuu, JuIioMa (cepTuduKara) ydacTHHUKA.

b. OnyOnuKOBaHHBIE WU MPHUHATHIC K IMyOJIMKAIMKM HAay4YHbIE paOOTHI (CTaThH, JOKJIAILI B
cOopHuKax A0knaaaoB). IloaTBepxmaercss MpencTaBICHUEM 3JIEKTPOHHBIX KOMUN IMOJJIMHHUKOB,
CCBIJIKOM Ha OTKpbIThIE HCTOYHUKH, CIPABKOW U3 peJakUMU O MNPUHATHM K MNyOJIuKauuu C
00s13aTeNbHBIM yYKa3aHHEeM HOMepa >KypHaia U cTpaHull. [lyGnukanun 10MKHBI OTHOCUTBCS K TOMY
K€ HaIpaBJICHUIO, YTO U TeMa OyyIIero TUCCepTAIMIOHHOTO UCCIIEJOBAHNUS.

c. CBuaeTenbCcTBa 0 rOCYAAPCTBEHHOM pEerucTpaluy nporpaMm U 06a3 JaHHBIX, MATEHTHI Ha
M300peTeHus], NaTeHThl Ha MOJIe3HbIe MOJENH, U TPOY.

d. VYyactue B Hay4yHO-UCCIEIOBATENbCKHX IPOEKTAaX, AaKaJEeMHYECKHUX TIpaHTax.
[TonTBepkaaercs NaHHBIMU MPOEKTa (Ha3BaHWE, HOMEp TpaHTa, (HOHMI), KOHTAKTHBIMHU JTaHHBIMU
PYKOBOJUTENS MMPOEKTA U KpaTKoW aHHOTaruel (He 6omee 200 coB), pa3bsICHSIONMIECH CyTh pabOTHI
abuTtypueHra.

2) PexomeHaTebHOE MUCHMO OT IIOTCHIIUAIEHOTO HAYYHOTO PYKOBOJUTEIS TUIAHUPYEMOTO
JMCCEPTAllMOHHOTO HCCIEA0BAHUS, B KOTOPOM OTPa)KEHO €ro COIJIache BBLICTYNUTH HAYYHBIM
PYKOBOJIUTENEM aOUTYpUEHTa B AaclHUpaHType, a Takke, NPU 3HAKOMCTBE MOTEHIIHAIbHOTO
PYKOBOJAUTEINS ¢ HAYYHOU M y4eOHOU AesITeTbHOCThI0 aOUTYypUEHTA, €€ XapaKTepUCTHKA.

3) Onucanme wuccae0BATEIbCKOT0 MPOEKTa (HE Oojee YeThIpeX CTPaHWUI]), KOTOPBIH
MOCTYMAIOLIUI MpeArnojaraeT peaiu3oBaTh BO BpeMsi 00yYeHHUs! B acClIUpaHType (Ha pyCCKOM WIIU
aHTJIMICKOM si3bIKe). OnMcaHue MPOEKTa JOJKHO CONEPKATh:

a) aKTyaJIbHOCTh - KPaTKoe BBEACHHE B 00JACTh MPEANOIaraéMoro MCCIeOBaHNUs, TEKyIIee
COCTOsIHUE BBIOpaHHOM OTpaciuy,

0) popMynHpOBKY MPOOIEMBI UCCIICIOBAHUS M HAYYHYIO HOBU3HY;

B) LIEJIM U 33]1a4M MCCIIEOBAHMS,

r') 000CHOBaHUE TEOPETHUUECKON MIIM MPAKTUYECKON 3HAYUMOCTH;




1) KpaTKO€ OIMHUCAaHHWE MPEIoiaraéMbiX MOAXOJ0B W METOJOB B PEIICHUH MOCTABJICHHBIX
3a7ad4.

2.2. Kputepum oneHku noptdoiuo

Kpurepuii onenku KoimyecTBo 6a/1510B
Joxiaasl Ha KOHepeHIUuAX MakcumyM 5 0a/10B
¢ myOnuKaruen JOKIaa0B (3a KaKIyo) 2 Oajuia
0e3 myOIMKaIy JOKIAA0B (32 KaKIyI0) 1 0at
Iy6aukanus Hay4YHbIX padoT Makcumym 20 0a10B

Ilybonuxauus 6 scypuane uiu 6 cOOpHuKe 00K1a008, unoekcupyemom 6 Web of Science/Scopus:

nyOnuKanus B )KypHase neporo kBaptuis (Q1) 6e3 coaBropos 20 6ayoB
nyOnuKanus B )KypHase neporo ksaptuis (Q1) B coaBTopcTse 19 6annos
myOJIMKAIKS B )KypHase BToporo kBapTuist (Q2) 6e3 coaBTOpoB 18 6amioB
nyOnuKanus B )KypHaje BToporo kBapTuiia (Q2) B coaBTOpCTBE 17 6annos
myOJIMKaIKS B )KypHase TpeTbero kBaptuiis (Q3) 6e3 coaBTOpoB 15 6amioB
myOnauKanus B )KypHaje Tperbero kaptuis (Q3) B coaBTOpcTBE 14 6annos
nyOnuKanus B )KypHaie yerBepToro kBapTuiisa (Q4) 6e3 coaBTOpoB 13 6amnos
nmyOnuKanus B )KypHaje uerBepToro kBapTuiisa (Q4) B coaBTOpCTBE 12 6annos
nmyOmuKanus B )KypHase 0e3 KBapTiisi 6e3 COaBTOPOB 11 6annos
nmyOnuKanus B )KypHaje 0e3 KBapTHIIs B COAaBTOPCTBE 10 6amnoB

Ilyonuxayusn 6 ycypnane, exooauwem 6 Cnucoxk D HUY BIIII:*

0e3 CoaBTOPOB 12 6ammoB

B COABTOPCTBE 10 6annos

Ilyonukayus ¢ ocypnane uau 6 cOOpHUKe O00K1a008, He unoexkcupyemom 6 Web of
Science/Scopus:

[TyOnuxanus B xypHane u3 cnucka BAK 6e3 coaBTopos 8 6amioB
[Iy6nukauus B xxypHazue u3 cnucka BAK B coaBropcTBe 6 6ayioB
CBuHIeTe/IbCTBA 0 TOCYAAPCTBEHHOM perncTpauuu nporpamMm u 0as 5 danioB

JAHHBIX, IATEHTHI HA H300peTeHUs1, IATEHThI HAa MOJe3HbIe MO/IeJIH,
U MpoY.




YuyacTue B HAY4YHO-HCCJIEI0BATEJIbCKHX MPOEKTAX 5 6ansi0B

PexomMenaaTe/ibHOE MIMCHbMO OT MOTEHIIHAIBLHOT0 HAYYHOT O 5 6as10B
PYKOBOIUTEJS
Onucanue ucc/Ie10BaATEIbCKOI0 MPOEKTA no 10 6anioB

* Cnucox D HMY BIID npeacrapieH mo cebuike: https://scientometrics.hse.ru/list_d

OrnieHKa HHIUBHUIYATbHBIX TOCTHKECHUN TTPOBOIUTCS Ha COOSCETIOBaHHH.

Munumanvuotii 6ann (HeyooenemeopumesibHas oueHKa) 3a nopmgonuo — 0o 9 oannos
eéxtouumenvHo. /na yuacmusa 6 KOHKypce no umozam oueHKuU UHOUBUOYAIbHBIX 00CHUNCCHUL
Heo0x00umo nadbpams cymmaphno ne menee 10 6annos.

2.3. CTpykTypa M mnpoueaypa NpoOBeleHHS OLEHKH 3HAHMII MO0 HaNpPaBJIEeHUIO
MOJAr0TOBKH (co0eceqoBaHue)

MakcumanbHass BO3MOXKHasi OIIGHKa 3a coOecegoBanue coctaBiusier S50  Oawios.
CobecenoBaHue COCTOUT U3 JIBYX YacTeH.

1) OtBeT Ha BOMPOCHI B COOTBETCTBHH C HAIPABJICHHOCTHIO (HAyYHOW CIEIHMAIBLHOCTHIO)
Oyayled Hay4yHO-HCCIENOBaTeIbCcKOM paboThl (auccepranuu). AOUTYpUEHT BbIOMpaeT OuIer,
COJZIep KAIMi IBa BOIPOCA U3 MPEICTABICHHBIX B IPOrpaMMe co0ece0BaHuUs TEM.

AbGutypuenty npenocrasisercs 30 MUHYT Ha MOATOTOBKY. B Xojie 0TBeTa KOMUCCHST MOXKET
3a/laBaTh yTOYHSIONMME BOMpPOCHL. OIllEHKa 3a OTBETHl MO KaXJIOMY M3 BOMPOCOB COCTaBISET
MakcuMyM 15 Ganos.

2) becena mo mmaHUpyeMOMY HAaNpaBIEHUIO HCCIEAOBAHUNA. AOUTYpUEHTY HEOOXOIUMO
PacKpBITh CJEAYIONIME BOMPOCHI: TMpeArojaraemMas TeMa Hay4YHO HCCIEeIOBaTEIbCKON padoTHI,
bopmMyTHpoBKa TPOOJIEMBI, IIE]IM €€ WCCIEeIOBaHMs, HOBH3HA. B X01e OTBeTa KOMHCCHS MOXKET
3aaBaTh YTOUHsIONME BOMpockl. OTeHKa 3a TaHHYIO 9acTh COOECeTOBAaHUS COCTABIISIET MAKCUMYM
20 6ainmnos.

CobecenoBanrne TPOBOJIUTCS HA PYCCKOM WM AHTJIUHUCKOM s3bIKE (MO JKEJIaHWUIO
aduTypueHTta), coOecelOBaHHME MOXET TMPOBOJUTHCS JUCTAHIIMOHHO C  HCIOJb30BaHUEM
WH(OPMAIIMOHHBIX TEXHOJIOTHH.

2.4. Kputepum onieHKH codece0BaHUA

KpuTtepun oueHuBaHus 0TBETA N0 BONPOCAM NMPOTrPaMMBbI Basbl
codecexoBaHNA
OtBer mnoONHBINA, 0€3 3aMeyaHHUil, MPOJEMOHCTPUPOBAHBI 3HAHUSA  TIO 14-15

CHCL[I/IaJIBHOI\& JUCHUIIINHC

OTBeT MOJHBIN, C HE3HAYUTEIIbHBIMU HEAOYETaMHU, MPOAECMOHCTPUPOBAHBI 11-13
3HaHUS MO CHEeIUATbHON TUCIMILIMHE

OTBeT NOJIHBIN, C HE3HAYNTEIIHHBIMH 3aMCUaHUSIMU 6-10

OTBeT He MOJIHBIN, C CYIIECTBEHHBIMU 3aMEYaHUSIMU 3-5

OTBeT Ha NMOCTaBJIEHHBIN BONIPOC HE JIaH 0-2




KpuTtepun oneHnBaHusi 0TBETA MO VIAHUPYEMOMY Banabl
HANPABJICHUIO MCCJICOBAHUN

OtBer moJIHBIN, O€3 3aMeuaHW, MPOJEMOHCTPUPOBAHO MPEICTABICHHE O 20
IJITAHUPYEMOM HAIPABIICHUH MCCIICIOBAHUN

OTBeT MOJIHBIM, ¢ HE3HAUYUTEIbHBIMU HEN0YETaMHU, MPOJAEMOHCTPUPOBAHO 16-19
MIPEICTAaBICHHUE O TUIAHUPYEMOM JIUCCEPTALIMOHHOM MCCIIEA0BAHUN

OTBeT NOJIHBIHN, C HE3HAYNTEIILHBIMH 3aMEUYaHUSIMU 11-15
OTBeT He MOJHBIN, C CYIIECTBEHHBIMU 3aMEYaHHUSIMU 7-10
OTBeT Ha NMOCTaBJIEHHBIN BONPOC HE JIaH 0-6

B ciyyae naGopa aGuTypueHTaMu PaBHOTO KOJIMYECTBA OANIOB (MOJYMPOXOIHOTO Oasia),
MPEUMYIIECTBO IMOIy4YaeT aOUTYpUEHT, COOTBETCTBYIOIIMI MEPEUYUCICHHBIM HIKE KPUTEPHUSMHU.
Kpurepuu nipeacraBieHbl B OpsiiKe yObIBAHUS 3HAUUMOCTH.

1. onienka 3a cobeceJ0OBaHUE;

2. OIIEHKA 32 UHIUBUyaIIbHbIE TOCTIKECHHUS,

3. IIporpamma codeceqoBaHus

K cobecenoBanuio aOUTypUEHT TOTOBUTCS 1O T€MaM OJHOTO U3 5 OJOKOB B COOTBETCTBHH C
HaIPaBJICHHOCThIO (HAYYHOH CHEIMaIbHOCTBIO) OYyIyIIell HaydyHO HCCIIEIO0BATEIbCKON padOThI
(muccepTanuu), yKa3aHHOM B 3asIBJIICHUU O MOCTYIUIEHUU B aCITUPAHTYPY.

baok 1. Hayynasi cneuMajJbHOCTh 2.2.2 JJIeKTPOHHAsi KOMIIOHEHTHasi 0a3a MUKpPO- U
HAHOYJIEKTPOHMKH, KBAHTOBBIX YCTPOUCTB

1. ®u3nyeckue OCHOBBI KOMIIOHEHTOB M NPHOOPOB MHKPO- M HAHOYJIEKTPOHUKH
Crpykrypa TBepabix Ten. Kpucrammmueckas pemerka. CTtpykTrypa KpucTamioB. KoOMILIEKCHBIM
(U3UKO-XMMUYECKUH  aHaJu3 M €ro OCHOBHbIE MPUHUUIBL.  J(MarpaMMbl — COCTOSIHUS
OJIHOKOMIIOHEHTHBIX CUCTEM. TepMUYECKUI aHAIIN3.

l"azoBrIit pa3psn. [1lmasma u ee cBoMcCTBA.

MaruutHble cBoilicTBa mapa- U (eppomarHeTukoB. @DeppuTbl. MarHuTHbBIE IUICHKHU.
[{unuHapuYecKue MarHUTHBIE IOMEHBI.

JIBMKEHME 3apsHDKEHHBIX YACTHL] B JIEKTPUUECKOM U MarHUTHOM HOJIAX. DJIEKTPOBAKYYMHBIE
Y Ta3opaspsaHble MpUOOpPbI, Ta30BbIE Ja3ephl.

Kunkue Kkpucrasmisl.

DNEeKTpUYECKHE CBOWCTBA METAJUIOB U IU3JIEKTPUKOB.

CBoiicTBa OCHOBHBIX MOHOKPUCTAJUTMYECKUX MaTepUaIoB MUKpodsiekTponuku: Si, GaAs, Ge.

3oHHas Teopus TBepAoro tena. CoOCTBEHHbIE U TPUMECHBIE MOTYIPOBOIHUKN

PexomOunanus Hocurenei. Auddy3rnonHas amHa U BpeMs KU3HU CBOOOIHBIX HOCHUTENEH
3apsia. [logBMKHOCTH 37€KTPOHOB U AbIpoK. JAnuddysus u npeiid Hocureneit 3apsaa.

DNEeKTPOHHO-IBIPOYHBIN Miepexo/1 (p-n), BOIbT-aMIIepHas U BOJIbT-(hapagHas XapaKTepUCTUKH
p-n mepexona. [Ipo6oit p-n mepexona.

I'ereponepexoapl.  KOHTakT  METaI-MOAYyNpPOBOAHMK.  OMHUYECKMH  KOHTakT U
BBIIPAMILIIOIIMY niepexon HIoTTku.

Ctpyktypsl MeTaul-nudjiekTpuk monynpoBoguuk (M/II). TlomeBoii addextr B MJII

CTPYKTYpax.
TennonpoBoAHOCTs MOMYNPOBOAHUKOB. Tepmoanekrpuueckue siBiueHus. O¢pdext Xoma.



DoTONPOBOAMMOCTD MOJIYIPOBOAHUKOB.

[Tornomenue u3My4eHUs B MOJYHNPOBOAHMKAX. BHIBI JTIOMUHECUEHLMHU: HH)KEKTOpHas,
karono-(oromromuHecueHusa. OCHOBHbIE MATEPHAIIBI ONTOMIEKTPOHUKH: coenunenus ASB°u A?B°.

DNeKTpO-, MarHUTO- U aKyCTOONTHYeCKUE IP(HEKTH B TBEPbIX Teax.

2. IIpnGopbI TBEPAOTENbHOI JIEKTPOHUKH M MUKPO3JIeKTPOHUKH [lomynpoBoTHUKOBBIE
JUOJIbI, UX Pa3HOBUIHOCTH. OCHOBHBIE MTapaMETPbl U XapaKTEPUCTUKU AHOJIOB.

bunonapueie TpaH3uctopbl CTpyKTypa M NpUHOMNO JeWcTBUS. OCHOBHBIE IMapaMeTphbl U
XapaKTEepUCTUKU TPAH3UCTOPOB.MOIIIHBIE TPAH3UCTOPHI.

[Toneswie Tpanzuctopsl: MU, ¢ p-n nepexonom u ¢ 6aprepom Lllorrku. [Ipuniun geiicTBus.
OcHOBHBIE TTapaMETpbl U XapaKTEPUCTHUKHU IOJIEBBIX TPAH3UCTOPOB. YaCTOTHBIE M UMITYJIbCHBIE
CBOMCTBAa TpPAaH3UCTOPOB. BiusdHMEe TeMIepaTypbl Ha XapaKTEPUCTUKH MOJIYIPOBOIHHKOBBIX
prOOpOB.

DOKBUBAJIEHTHBIE CXEMbI U MATEMATUYECKHUE MOJIENIN PUOOPOB TBEPAOTEIBHON 3IEKTPOHUKH
Y MUKPO3JIEKTPOHUKH.

Nurterpansasie  mukpocxembl (MC) u ux osnementsl. lludpossie u anamorossie HC.
[TonynpoBoanukoBsie 3Y u Mukporporeccopsl. [Ipubopsl ¢ 3apsa0Boii CBsA3bI0. ONTOAIEKTPOHHBIC
npubopsl. otonpueMHuku. [10ayIpOBOTHUKOBBIE U3TyUYaTeNId: CBETOANOBI U Ja3epbl. ONTPOHBI.

AKYCTODIIEKTPOHHUKA, MAarHUTORJIEKTPOHUKA, KPHUOIJIEKTpOHMKA (0OIee MpeacTaBleHUe).
OyHKIHUOHAJIbHAS dJIEKTPOHUKA.

3.  Texnojormyeckue  mpoueccbl H  o0opyaoBaHHe [Jisi  NPOU3BOJACTBA
NOJIYNPOBOJIHUKOBBIX NPHUOOPOB ¥ HHTErPAJIbLHBIX MUKPOCXEM

OCHOBBI KHHETHYECKOM TEOpUHM Ta30B. BakyyM, MeTOAbl TOJYYEHUS H U3MEPEHHS.
OneKkTponu3 H dIeKTpoxuMuueckue mpoueccel. 3akoHsl Dapanes. Kopposusa Meramios.
["anibBaHOTEXHHUKA.

Metonsl popmoobpazoBaHus aeraieil uzaenuii anekTponHoi TexHuku (MUOT) u o6pabotku
noBepxHOCcTH.O00OpyAOBaHNE PUZHKO-XUMUYECKUX METOJIOB 00paboTKu. MeToibl U 000py10BaHUE
JUIS BbIpAIIMBAHUSI MOHOKPHUCTAJIIIOB.

Merto/1bl TOTy4YeHUS INIEHOYHBIX TOKPBITHM.

ONUTaKCHA.

BrIpanuBanue 1U3I€KTPUYECKUX TOKPBITU.

[IimanapHast TEXHOJIOTHSI.

dusnyeckue OCHOBHI Tporiecca Auddysun. Monnoe nerupoBanue. JledexTsl, BHOCUMBIC
ANEKTPOHHO-UOHHOW 00pabOTKOM, X YCTpaHEHUE.

®oronurorpadusa. PoromabaoHbl U KX U3TOTOBIIEHUE.

Metonbl nzomnsauu eMenToB MC. MeTronbl naccuBallMyi M 3alUThl TOJYIPOBOJIHUKOBBIX
npubopos u UC.

CrtpykTtypsl 1 cBoiicTBa 351eMeHTOB IC. CyOMUKpPOHHAs TEXHOJIOTHUS.

MopaenupoBanue (U3NKO-XUMUYECKHX MPOIECCOB B TEXHOJOTHUU MPOM3BOJACTBA HU3EIUN
AJEKTPOHHOW TEXHUKH.

Kopnyca moiaynpoBoJHUKOBBIX TPUOOPOB M MHTErpajibHBIX MUKpPOCXeM. MeToabl O0TBOJA
Teria B MOUIHBIX MOJYNPOBOJIHUKOBBIX MPUOOpax

[IpeunsuonHoe  obGopymoBanme i coopku  HWIOT.  KoHTponbHO-M3MEpUTEITHHOE
obopyaosanue. McnpiTarensHoe 060py10BaHUE.

TexHonorust 1 060py1I0BaHUE JIs1 U3TOTOBJICHUS NIEYATHBIX IJIaT.

OO1re NPUHIMITBEI ABTOMATH3AMK 000pyIoBaHUs. TEHACHIIUS pa3BUTHS TEXHOJIOTHH.

4. OCHOBBI HAHOJIEKTPOHUKH

CrtpykTypa, ¢u3HYECKHE CBOWMCTBA, TEXHOJOTHS MOJYyYEHHS HHU3KOPa3MEpHBIX IUICHOK U
CTpyKTyp. OCOOEHHOCTH MEXaHMYECKHX, DJJIEKTPOPU3MUECKHMX M  ONTHYECKHMX CBOICTB
HAaHOpPa3MEpPHbIX IUIEHOK. [loHsATHE O KBAHTOBBIX SIMax B  CIOMCTBIX  CTPYKTypax.
[ToynpoBOAHUKOBBIE CBEPXPEUIETKU U UX MPUOOpHBIE TpuMeHeHus. [I[pumeHeHuss aToMHO

CWJIOBOTO M CKaHUPYIOIIETO0 TYHHEJIBHOIO MHUKPOCKOMOB [UIsi HAHOJUTOrpapuu U



MPEUU3UOHHOTO KOHTPOJISI HAHOPA3MEPHBIX CTPYKTYP.

5. Bonpocskl o0ecnieyeHnsi Ka4ecTBa U HA/IEKHOCTH MOJYNPOBOAHNUKOBBIX NPUOOPOB U
HHTErpajbHbIX MUKPOCXEM

Opranuzanust KOHTPOJS KadecTBa MOJYNPOBOJAHHKOBBIX TPUOOPOB W HHTETPAIbHBIX
MHKpPOCXEM. MeTOobl W3MEpPEHHSI CTATHYECKUX, JMHAMHYECKHX W HMMITYJIbCHBIX IMapAMETPOB.
KonuuectBennslie xapakTepucTuku HajaexxHoctu. HagesxxHocts anementoB MC. Knaccuduxanus u
OCHOBHBIE BH/JIbI 0TKa30B. MeTO/IbI MOBBINIEHUS HAI€KHOCTH MOIYTPOBOJHUKOBBIX Tpubdopos u 1C.
JlelicTBHE pagualiii Ha MOJIYTPOBOJHUKOBBIE MPUOOPHI U MUKPOCXEMBI.

OcHoBHas JuTEpPaTYypa

1. Crapocensckuit B.M. ®usnuka MNOIYyNpOBOJHUKOBBIX HPUOOPOB MHUKPOIIEKTPOHUKHU.
Bricuiee oopazoBanue, FOpaitt-M3nart., 2009.

2. A.H. Urnaros, H.E. ®aneesa, B.JI. CaBunbix, u np. Kiaccuueckass 31€KTpOHUKA U
HaHod3JIeKTpoHuKa. — M., ®nunaTa: Hayka, 2009, 728 c.

3. [laceiakoB, B. B. IlonynpoBoanukossie mpubopsl. CII16. JIans, 2006. - 480 c.

4. 3u C.M. ®usnka B IOTYIIPOBOJHUKOBEIX MPHOOPOB B 2-X KHMTaX. -M., Mup, 1984 r., 964

5. IO.d. Yucrsakos, FO.II. PaitnoBa. BBeneHue B mpoliecchl MHTETPAIbHBIX MHUKpPO- M
HaHoTexHoJjiorui. — M., bunowm, 2010, 392 c.

6. I'.1. 3e6peB. duznueckue OCHOBBI KPeMHHEBOM HaHOAJIEKTpOoHUKU. — M., MU®U, 2008 r.,
288 c.

7. Hano- u muxkpocuctemHuasi Texuuka. OT uccienoBanuii k pazpadotkam. COOpHUK cTaTei
nox pen. ILI1. Mansnesa — M., Texnocdepa, 2005, 590 c.

8. P.Mannep, T.Keitmunc. DneMeHTsI HHTETpabHBIX cxeM. M., Mup, 1989, 630 c.

9. bonu-bpyesuu B.JI., Kanamuukos C.I'. ®usuka nomynpoBoanukos. - M. Hayka, 1977.

10. Manmumosa K.B. ®n3uka noaynpoBogHuKoB. -M., Dueprus. 1976.

11. HM. Tyros, Bb.A. I'me6oB, H.A. YapsikoB. IlomympoBomHukoBbie mnpubopsi, M.,
Oueproaromuzaat 1990, 575 c.

12. Crenanenko M.I1. OcHoBbl Mukpo3sekTpoHuku. -M.:Cos. Paano, 1980.

13. Hocos FO.P. Onrosnekrponuka. -M.: Cos. Panuo, 1977.

14. Yuctaxos FO.J1., PaitnoBa HO.Il. BBenmenue B mporecchl MUHTErPAIBHBIX MHKPO- H
HaHoTexHoJjioruii. — M., bunom, 2010, 392 c.

15. Hpun M.E., MockaneB M.A. TexHOIOTHS KOHCTPYKIIMOHHBIX MAaTEpHAIOB U
MarepuanoBeqenue. - M.: Boiciias mkona, 1990.

16. bepesun A.C., Mouankuna O.P. TexHonorus M KOHCTPYHPOBAHHUE HHTEIPATBbHBIX
MHKpocxeM. -M: Paguo u cBsa3b. 1983.

17. Banues K.A., PakoB A.B. ®usznveckue oCHOBBI CyOMUKpOHHOM nuTorpaduu. -M: Panuo
U CBsA3b, 1984.

18. O.Tumn VY., Jlakcon J[Ix. HHTerpampbHble MHKPOCXEMBI, MaTepuaibl, NPHOOPHI,
n3rorosiienue. — M: Mup, 1985.

19. bpoynaii . Mepeii [x. ®usnueckue 0CHOBbI MUKpoTexHONOruu —M Mup, 1985.

20. Byprep P. lonoBan P. Oxucnenue, nudp¢ysus, snutakcus -M Mup, 1969.

21. Kupees B./l., Janunun b.C., Ky3nenos B.U. [Inazmoxumuueckoe 1 HOHHO XUMHYECKOE
TpaBJIEHHE MUKPOCTPYKTYp. -M: Paauo u cBsa3sb, 1983.

22. IlonomapeB M.®., KonomueB b.I'. KoHcTpyunpoBaHue H pacdeT MHKPOCXEM H
MUKponpoueccopoB. -M: Panuo u cBs3p, 1986, 175c¢.

23. Cyrano T., Uxoma T.. Takascu E. Beenenne B MukpoasiekTpoHuky -M Mup, 1988, 320c.

24. EmenbsiHoB B.A. KopnycupoBanue unterpanbubix cxeM. - Mu.: [lonudaxr, 1998.

25. Kynpmac C.II., [ocranko A.l., Anydpues JLII., Pyceukuit A.M., Cemamko B.W.,
Kopobuenko B.®. TexHonorus mNOBEpXHOCTHOITO MOHTaxa. - MH.: Ap-mMuta MapKeTuHT,
Menemxment, 2000.



26. Kyngac C.II., Kamko T.A. KomnbroTepHOoe MOAEINPOBAHUE TEXHOJIOIMUECKHX CHCTEM.
VYuebHoe nmocobue, Mu.: BI'YUP, 2001.

27. Kupee B.IO. BBeneHne B TEXHOIOTUH MUKPOIICKTPOHHKH U HAHOTEXHOJIOTHH. — M.:
OI'VII «ITHUHMXM», 2008. -428 c.

28. Hano- u mukpocucteMHas Texuuka. OT uccienoBanuid K pazpadborkam. COOpHUK cTaTei
nox pen. ILI1. Mansnesa — M., Texnocdepa, 2005, 590 c.

buaok 2. Hayunasi cneuuajibHocTh 2.2.10 MeTpoJsiorusi 1 MeTpojioruyeckoe odecneyenme

1. Usmepsiemble BenuuuHbl U UX Mepbl. CucTeMbl equHUL. VICTUHHOE M JE€WCTBUTEIBHOE
3HAYEHUS U3MEPSAEMON BEIIMUNHBI.

2. OnHOKpaTHBIE M MHOIOKpAaTHbIE W3MepeHHUs. TodeuHble M HHTEpBAJIbHBIC OLICHKU.
Cratuyeckue u TMHaAMUYECKUE U3MEPEHUSL.

3. CpenctBa wusmepenuid. Kiaccudukamus cpencts usmepeHuil.  Merposoruyeckue
XapaKTEpUCTUKH CPENCTB U3MEPEHHUN U UX HOpMUpOBaHue. Kitacchl TOUHOCTH.

4. Oranonsl. Knaccuduxanus 3TaioHOB. DTanoHbl OCHOBHBIX equHuUIl cuctembl CU. Tlepenaua
MH(pOpPMALIMKA O pa3Mepax €IUHHI] OT 3TAJOHOB paboOuMM cpeicTBaM u3MepeHuid. Mcnonb3zoBaHue
byHIaMEeHTaIbHBIX (PU3UYECKUX KOHCTAHT JUISl CO3JaHMsI CUCTEMBbI STAIOHOB €AMHULl (PU3NUECKUX
BEJIMYHH.

5. UsmepurenvHas uHpopmanus. [IpeoOpazoBaHue BXOJHOTO H3MEPUTENIBHOIO CHUTHAjA.
Teopema otrcueroB KotenbHukoBa. 3amuch U XpaHEHUE M3MEPUTENBHON HHOpMaLUu.
[IpeobpazoBanue u nepegada N3MEPUTEIBHON HHPOPMALIUY.

6. I'ocynapctBeHHas cucreMa obecnieuenust equnctsa usmepenuit (I'CU). [IpaBoBbie acieKThI
JeSITEIbHOCTH OPraHOB IO OOECIEUEHUIO0 €JUHCTBAa HM3MEepeHHil. ['ocylnapcTBEHHbIE HayuHBIE
METPOJIOTUYECKHE LEHTPHl U TEPPUTOPHATILHBIE OPTaHbl, UX IMOJIHOMOYUS U (GOPMBI 1E€ATEIBHOCTH.
HopMaTuBHO-TEXHUUYECKHE JOKYMEHTHI, PENIAMEHTHPYIOIINE FOCYAapCTBEHHBIE UCTIBITAHUS.

7. Metponoruueckas ciyx0a Poccun. Merponornyeckue ciyxk0bl (enepanbHbIX OpraHOB
WCTIOJIHUTEBHOM BJIACTH U IOPUANYECKUX JIUIL, UX B3aumozernctaue ¢ ' MC.

8. MexnyHapoiHOE COTPYJHHYECTBO B OOJIACTH METPOJOTHH. MeXNpaBUTEIbCTBEHHBIE
MEXIyHapOoHble OpraHu3anuu 1no merpojoruu. 9. Conepkanue U opraHuzanus padoT Mo aHAIU3y
coctosiHus u3Mepenuil. OQopmieHue pe3ynbTaToB aHAIN3a U UX peain3aliusl.

10. Metponoruyeckast 3KkcepTu3a MPOeKTOB CTAHAAPTOB, TEXHUUYECKOW M TEXHOJIOTMYECKOMN
JOKYMEHTaLUH.

11. Pa3zpaboTka 1 aTTecTaiusi METOAUK BblNoNHeHUs udmepenuid (MBU). ®opmupoBanue
MCXOJHBIX JIAHHBIX, B TOM UHncie TpeOyeMol TOUHOCTH, 1id pazpadbotku MBU.

12. Beibop unu pa3paboTka airoputMa oOpabOTKU IKCIIEPUMEHTAIBHBIX JTAHHBIX U MPaBUII
oopMmIIeHHs pe3yIbTaTOB U3MEPEHUM.

13. IloBepka u kanuOpoBKa cpeacTtB u3MepeHuil. HopmaTuBHOE paszinyue MNOBEPKH U
KaJTMOPOBKH CPENICTB U3MEPEHUH.

14. YnpaBieHue KauecTBOM MPOAYKIIMU B COOTBETCTBUU ¢ TpeboBaHUsAMH cTaHnaptoB MCO
9000.

15. Metponoruueckoe odecreyeHre cepTuUKAIMOHHBIX UCITBITAHUM.

Cnucox pekoMeHayeMoil JIuTepaTypbl

Ocnoenas numepamypa

1. Hnmkua U.®. Teopernyeckass merposiorus: obmiast Teopus uzmepenuit — Cro.: [Turep,
2010.

2. A.T. Ceprees, B.B. Kpatoxun. Metposorus. Yueb6Hoe nocooue aist By30s, 2001.

3. I''A. Canosckuii. Teopernueckue OCHOBBI HH(DOPMAIMOHHO-U3MEPUTEIBHON TEXHUKHU:
VYuebnoe mocodue- M.: Briciias mxkosa 2008, 478 c.

4. JInupun 1.M. Crarnapruzaius, MeTposiorus u ceptudukanus: yaeonuk — M.: FOpaiit 2007,
399 c.



5. KK. Kum, TI'H. AnucumoB. Metponorus, craHgapTH3anus, CepTUPUKAUSI U
aseKTpousMepuTenbHas TexHuka — Cno.: [Iurep 2006, 368 c.

6. 5. M. PankeBuu, A.I'. Cxuptnanze. Metposiorusi, cragaaptusaius, cerpudukanus (3-e
u31. nepepad.) — M.: Beicias mkona, 2007

7. AptembeB b.I'. [loBepka u kanuOpoBka creacts usmepenuii — M.: Crangaptundopm 2006,
408 c.

8. AptembeB b.I'., JlykamoB IO.E. CnpaBounoe mocoOue Uisi CHIEIHATHCTOB
MeTpoJiorudueckux ciyk0 — M.: Crangaptundopm 2009.

9. M.A. 3emenbmad. MeTpoJoruyeckue OCHOBBI TE€XHUYECKHMX H3MepeHuid M.: U3n-Bo
craniaproB 1991, - 228 c.

10. AptembeB b.I'. MeTposorust u metposnorudeckoe odecneuenune — M.: Ctangaptuadopm,
2010 - 568 c.

11. Metponorudyeckoe oOecriedeHHe M SKCIulyaTalus u3MepuTenbHOW TexHuku. [.IL
bornanos, B.A. Ky3nenos u n1p.— M.: Paauno u cBsa3p 1990, 238 c.

12. TL.IL. OpnHatckuii. ABToMaTnueckue nusmepenus u npudopsl - K.; Beicur. mk. ['omoBHOE
n3a-Bo, 1986 - 504 c.

13. IIpaBukoB KO.M. Metponoruueckoe obecrneuenue npouspoactsa — M.: KuoPyc 2009, 240
c.

14. B.Jl. ®pymkun, H.A. Pybuues. Teopuss BeposATHOCTEH M CTAaTUCTUKA B METPOJIOTUU U
W3MEpPUTENIbHOM TeXHUKE - M.: MammHocTpoenue, 1987, - 168 c.

15. Forouhi, Rahim (2012). "Optical Metrology for thin films and OCD measurements"
http://www.nandk.com/

16. Bureau International des Poids et Mesures. (2005), “What is metrology", Copyright BIPM
2004, http://www.bipm.org/en/bipm/metrology/

Jlononnumenvhaa rumepamypa

17. International Organization for Standardization. (2007), ISO Guide 99: International
vocabulary of metrology—Basic and general concepts and associated terms (VIM),

http://www.is0.0rg/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=45324

18. Majcen N., Taylor P. (Editors): Practical examples on traceability, measurement
uncertainty and validation in chemistry, Vol 1; ISBN 978-92-79-12021-3, 2010.

19. Majcen N., Taylor P., T. Martisius (Editors): Practical examples on traceability,
measurement uncertainty and validation in chemistry, Vol 2; ISBN 978-92-79- 18998-2, 2011.

20. Measurement Uncertainties in Science and Technology, Grabe, Michael 2005, XI1, 269 p.
47 illus.

Bbaok 3. Hayunas cneumanabHocTh 2.2.13 PaagmorexHumka, B TOM 4YHCJIe CHUCTEMbI U
YCTPOMCTBA TeJIeBHICHUS

1. CraTucTHyeckass paIMoOTeXHUKA

1.1. Mamemamuueckoe onucanue u memoowvl anaiusa cucHanos u nomex IlpencraBneHus
curnainos. [IpeoOpazoBanus Oypee.

Paznoxenune curxana mo 3ajaHHON cucteMe (QpyHKUMA. ['apMOHMYECKHil aHaTu3 CUTHAJIOB.
CnexTpsl NEpUOIUYECKUX WU HENEPUOAUYECKHX cHUrHajoB. Teopema orcuetoB KorenbHHKOBa B
YacTOTHOM 00J1acTH.

JIMCKpEeTHbIE CUTHAIBI U UX aHAJIU3.

Coobmienusi, curHansl U nomexu. llepenada, m3BinedyeHne W paspyllieHne HHGOpMaLUu.
Paguocurnansl. Pannocurnanel ¢ aMIiuTy IHOM U YIJIOBOHM (4acTOTHOM M (a30Boil) Moaysiueit u
WX CHEKTPhI. PagrocurHabI CO CIOKHOM (CMEIIAaHHOMW ) MOTYJISIIIUEH U UX CTIEKTPHI.

[IIyMbl 1 mOMEXM Kak cily4alHble Ipouecchl. IInoTHocTH pacnpeneseHuss BEpOSTHOCTEH,
XapakTepuctuueckue  (QyHKUMM M (QYHKUMU  pacOpeleseHuss  CilydallHbIX — IPOLIECCOB.
OHEepreTUYeCKre XapaKTEepPUCTUKH CIIy4alHBIX IIPOLIECCOB.



1.2. Mooenu paduomexnuueckux yeneti u yCmpoucme

JIuneliHblE W HEJIMHEWHBIE LIENM M YCTPOMCTBA. MeTOonbl aHanu3a CTaUUMOHApHBIX U
MIEPEXOIHBIX PEXUMOB B PaIUOTEXHUUECKUX LEISIX, YCTPOUCTBaX U JUHAMUYECKUX CUCTEMAX.

JIuHeliHbIe IeNU U YCTPOMCTBA C MOCTOSIHHBIMU MapamMeTpaMu. AKTUBHBIE JTUHEHHBIE 1EN.
Yeunurenn 1 ux xapakTepucTuku. [IpoxokJieHHe CUTHAJIOB M TMOMeX (JETEPMUHUPOBAHHBIX U
CIly4aiHbIX KoJIeOaHMi1) yepes JIMHEWHBIE LIETIH ¢ TOCTOSHHBIMU apaMeTpaMu.

Henuuennble nenu u ycrporcTBa. MeTOAbl aHanM3a HEJIMHEHMHBIX LENEH. Y MHOXHUTEIHN
4acTOThl. AMIUIMTYAHbIE orpaHuuutenu. Jlerektopel. IIpeoOpasoBartenu 4YacToThl KoseOaHUM.
I'enepaTopsl kosiebaHuil. ABTOKOJNEOaTeNbHbIE cHUCTEMBbl. Moaynaropsl konedanuid. Llenu wu
YCTPOMCTBA C IEPEMEHHBIMH apAMETPAMHU.

1.3. LHughposvie memoowvl 06pabomxu cueHanos

Jluckpetusanus CUTHAJIOB MO BPEMEHU U KBAaHTOBAaHHWE MO ypOBHIO. AHaioro nudposbie
npeoOpazopatenu (ALII) u BeiOOp mapameTpoB koAa. OMmMOKN KBAHTOBAHUS U OKPYTJICHHUS.

2. CucremMbl pagHOCBA3H U TeJeBHICHHUS

2.1. Paouocucmemvl u ycmpoticmea nepeoayu unghopmayuu

O6nactu npuMeHeHHs U 3a7auu nepefgaun nHpopmamuu. [IponyckHas cmocoOHOCTh KaHaja
cBsi3u. OcHOBHas Teopema KoaupoBaHus. [loHsTHE 0 KOAMpPOBAHWU HHQPOPMAIUU: KO, andaBur,
OCHOBaHHWE W 3HAYHOCTh KoJa. BuIbl MOynsuuu TMpU Tepeaadye HEMpPepbIBHBIX COOOIIECHUM.
MomHOCTh 1IymMa Ha BBIXOAE AEMOIYJISITOPA U €r0 3HEpreTudeckuil crektp. [lpumenenne AM, bM,
OIIM, ®M u YM, ux cpaBHEHUE MO BBIUTPHIILY U PU3NYECKOE OOBSICHEHUE.

[{udpoBbie METOIBI TIEpEIaYN HETPEPHIBHBIX COOOIIeHHH. VIMITYyIbCHO-KOA0BAsT MOYJISIITHS
(UKM).

Panuonunuu. /Inamna3on paguoBoJiH B CUCTEMaXx mnepenaun nHdopmaluu. Buasl paguocucrteM
nepenayu uadopmanuu (PCIIN): cBsi3HbIE, TENEBU3NOHHBIC, TEJIEMETPUUYECKUE U KOMaHHbIe. Kanan
CBSI3M M €ro XapakTepucTHKHU. [IporyckHas crnocoOHOCTh KaHana. XapaKTepUCTUKU M TTapaMeTphl
nepeaaBaeMon HH(PpOpMaIIUH.

CrpykTypa paadocurHaioB. MeToabl MOIYISILUMM W KOAUPOBaHHS. MoOAEMBI M KOICKH.
3amura nHGOpMaIIUK.

MesxcucrtemMHast 3J€KTPOMarHuTHas COBMECTUMOCTb.

2.2. Paouomenesusuonnsie cucmemoi

du3nyecKkue TMPUHIUIBI, WUCIHOJb3yeMble Ui (OPMHUPOBAHUsS, TMepefadu, MpueMa Hu
KOHCepBaluu n300pakeHWH. JlMama3zoH pajaroBOJH, HCIOIB3YEMBIH B TEICBHICHHH. MeETObI
pasnokeHuss U300pakeHW Ha dJeMeHThl. [IpuHIMI TocienoBaTEeNbHON TMepeaadyu JJIEMEHTOB
nzo0paxenus. Kaap, cTpoku u sneMeHThl n300paxkenusi. CIUTHOCTh n3o0paxeHus. CHHXpOHU3AIHS
CMEHBl KaJpoB M Hauala pa3BepTKU CTpok. DopmaT TeneBU3MOHHOro curHana. CraHIapThl
TEJICBU3MOHHBIX CUTHAJIOB.

OcoOeHHOCTH TIOCTPOCHHSI TEJIEBU3UOHHBIX TMepedaTyukoB. llepemada paamocurhana
nzo0paxenus. llepenaya 3BykoBOro compoBOXkaeHUs. DOpMUpOBaHHME U TIepefada CUTHAIIOB
CUHXPOHM3AIMU W KOJa I[BETHOCTH curHajna. [IpeoOpa3oBaHHe ONTUYECKOTO HW300paKEHUS B
ANIEKTPUYECKUN CUTHAII B Mepeaarole TeneBuznonHon kamepe (I1TK).

Oco0eHHOCTH TEJIEBU3HUOHHBIX TPUEMHUKOB. CeNeKTop KaHalloB, MPeoOpa3oBaTeIb YaCTOTHI,
VIIY, BueoyCHINTEND U JEKOJIEP IBETHOCTH.

OCHOBBI IOCTPOCHUS CUCTEM Ha OCHOBE TE€JIEBU3UOHHBIX YCTPOUCTB: IU(PPOBOE TEICBUICHNUE,
CIIyTHUKOBBIC TEJIEBU3UOHHBIE CHCTEMBbI, TEJICBU3UOHHBIE CUCTeMbl 0030pa W HaOMOACHUS (B TOM
YHUCJI€ U CKPBITHOTO), OXPAHHbIE TEJICBU3MOHHBIE CUCTEMBI.

2.3. Cucmembl paouosnekmporHol 6opbObI

3agaun paauodaeKTpoHHON OopbObl (POB) ¢ cucremamu TeneBHACHHS U PaJUOCBSI3U.
Panuorexnuyeckas pazseaka (PTP). MeTtonab!l onpeneneHns MeCTOMOIOKEHUSI CHCTEM PaTUOCBS3U U
teneBuacHus. DpdekTuBHOCTH cpenctB PTP.

Meroasl 1 cpeACcTBa paAUO3JIEKTPOHHOTO TPOTUBOIECUCTBUS.

2.4. Memoovl npoekmuposanusi U KOHCMPYUPOBAHUS PAOUOIIEKMPOHHLIX CPEOCmE



3aBUCUMOCTh TE€XHUYECKUX TpeOoBaHMi K POC OT MX Ha3HayeHUs W YCIOBUH AKCIUIyaTallUU.
TexHOMOTMYHOCTh KOHCTPYKIMH. MeTOobl CTaHAapTU3alluu B KOHCTpyupoBaHuU. KoMIIOHOBKa U
KOMIUIEKCHAsE MHMKPOMUHHUATIOpU3ALMS PaanodieKTpoHHOU anmapatypbl (PDA). WurterpanbHas
MukpocxeMoTexauka, oonpiue (bBHC) u ceepx6onbmme (CbUC) naTerpanbHpie CXEMBI.

[Teuatnsiit monTtaxx. Pemontonpuroanocts POA. CrnocoOsl 3amutel POA oT BO3nmeicTBus
OKpYXarouleil cpeapl, TMHAMUYECKUX IEPErpy30K U 3JIEKTPOMAarHUTHOTO H3IIydeHHs. TeroBoi
pexxum POA. Hanexnocts POA.

BuyTtpucucremnas sneKTpoMarHuTHasi COBMECTUMOCTb.

3. PaaguorexHu4ecKkue ycTpoicTBa

3.1. Aumennbl: usnydenue u npuem paouo8oH, pacnpocmpaneHue 31eKmpoMacHUMHbIX 60IH

VYpaBHenuss MakcBemna. ['paHuuHBIE YCIOBHS. OHEPrus 3NEKTPOMArHUTHOTO IOJIS.
OnexTpoMarHuTHbIe BOJIHBL. KaHanuzanus paanoBoyiH. BoiHOBOABI U Guaephl. DIEMEHThl TEOPUU
aHTeHH. TUIBl HAMPABISAIONIUX CUCTEM. DJIEMEHTapHbIC U3NydaTeld. BIMKHSS U anbHSS 30HBI.
[IpueMHas u nepenaroniasi aHTEHHBI, UX MAPAMETPbI U XapaKTEPUCTUKH.

3.2. Yempoticmea eenepuposanus u popmuposanus CUSHAIO08

OCHOBBI TOCTPOEHUS TEHEPATOPOB U aBTOreHEPaTOpoB. CTaOMIBHOCTh YACTOTHI U METO/IBI €€
MOBBIIIECHUS. Y MHOKUTENHN 4acTOThl. CHHTE3aTOPbI YaCTOTHI.

3.3. Yempoticmea npuema u npeobpazoeanus cuenanog

OCHOBHBIC THUIIBI PATUONPHUEMHBIX YCTPOWUCTB. Y3JIbl PAJAUONPUEMHHUKOB, MX CXEMHBIC
pelIeHus: Npeodpa3oBaTENN YaCTOThl CUTHAJIOB, CMECUTEIN U T€TE€POJIMHBI, IETEKTOPbl CUTHAJIOB,
YCUWJIMTENN PA3IMYHbIX YaCTOTHBIX IMANa30HOB. BTOpHYHbIE HCTOYHUKH 3JIEKTPOMUTAHHUS.

OcHoBHas1 JuTEpaTypa

1. T'onoposckuii M.C., lemun M.II. PaguoTeXxHUYecKrne MENU W CHUTHAJIBI: YUYEOHUK IS
BY30B. 5-€ u3l., nepepad. u non. M.: Panuo u cBs3p, 1994.

2. TuxonoB B.UM., Xapucos B.H. Craructuuecknii aHamu3 U CHHTE3 PaTIAOTEXHUYECKHUX
ycTpoucTB U cucteM. M.: Paguo u cBsa3p, 1991.

3. I'puropreB A.[l. Dnektpogunamuka u texuuka CBY. M.: Beicm. mik., 1990.

4. Antennsl u ycrpoiictea CBY: YueOnuk s By3oB / [lon pen. [1.1. Bockpecenckoro. M:
HUzn-Bo MAU, 1999.

5. Konosainos I'.®. PagnoaBromaTuka: YueOHuK s By30B. M: «TTPXKPy, 2003.

6. YcrpoiicTBa renepupoBanus U popmupoBanus paauocurnanos / [lox pea. I'M. VYT1kuHna,
M.B. bnarosemenckoro, B.H. Kynemosa. M.: Paguo u cBsi3b, 1994.

7. Paguotexnudeckue cucteMbl nepenaun uHbopmaiuu / [lox pen. B.B. KanmbeikoBa. M.:
Paguo u cBsa3p, 1990.

8. Yumnbsamc T. OMC s pa3zpabotunkoB npoaykiuu. [lep. ¢ anrin. Kapmames B.C., Keunes
JLH. M.: UT «Texnomnorum», 2004. 508 c.

9. KeuneB JI.H. IlpoexTupoBaHue Me4aTHBIX AT JUIsl HU(POBOM OBICTPOACHCTBYIOLICH
annapatypsl. M.: UJIT «Texnonoruu», 2007. 616 c.

10. Keuunes JI.H., Ax6ameB b.b., Crenanos I1.B. DxpanupoBanue TeXHUYEHCKUX CPEJICTB U
skpanupytomue cucremsl. UT «Texnonorun», 2010. 470 c.

JdonmosiHuTEBHAS JIATEPATypa

1. Camoitnenko B.U., Ily3sipeB B.A., I'pyopun N.B. Texuuueckas kuOepHeTHKa: Yueol.
nocobue st By30B. M: M3a-so MAU, 1994.

2. Pagnosnextponusie cuctembl. OcHOBBI TocTpoeHus U Teopusi: CripaBounuk / [Tox pen. 5. /1.
[Mupmana. M.: 3A0 «MAKBHUC», 1998.

3. CnyTHuKkoBas cBs3b U Bemianue: CrnpaBounoe u3ganue / [log pex. JI.A. Kantopa. M.: Paano
U CBSI3b, 1997.

4. OkynesB 10.b. lludposas nepenaua nHpopmauuu Gha3oMaHUTYJIUPOBAHHBIMUA CUTHAJIAMHU.
M.: Paguo u cBsi3b, 1991.



5. ludposeie npomeccopsl 00padoTku curnanoB: CrnpaBounuk / [lox pea. A.I'. Ocranenko.
M.: Pagmo u cBs3b, 1994,

6. backakoB C.U. PagumorexHuyeckue IeMu M CHUTHANbI: YYEOHHMK A1 BY30B. 3-€ W31,
nepepad. u gom. M.: Beicmr. mik., 2000.

Bbaok 4. Hanpasiennocts 2.2.14 AuTennsl, CBY ycTpoiicTBa M X TEXHOJIOT UM

1. O6mas reopusi antenH u CBY-ycrpoiicTs

YpaBHeHus Makcseiia Uil HECTAlIMOHAPHBIX K MOHOXPOMAaTHYECKUX MOJIeH. MartepuaibHbIe
YPaBHEHHsI M THUIIBI Cpel. BEKTOpHbIE M CKaJsApHBIE NOTEHIMAIBI 3JIEKTPOMAarHUTHOIO IOJIS.
BonHoBble  ypaBHeHMss W ypaBHeHus ['enbmrosbna.  I'paHuuHble  ycioBus.  OHEprus
3JEeKTpOMarHuTHoro noiist. Teopema YMoBa—IloliHTHHTa.

ITocTaHoBKa 3a7a4 2IEKTPOAMHAMUKH, METO/bI UX pelleHns. BHyTpeHHNE 1 BHEIIHNE 3a/1a41
ANEKTPOAUHAMUKH. TeopemMa e JUHCTBEHHOCTH.

W3nmydyeHne 31eKTPOMAarHUTHBIX BOJIH. OJIEMEHTapHbIE W3IydaTenu. BIIMKHAS W JanbHsAA
30HBI. Teopema OSKBHBAJICHTHOCTH, JKBHBAJCHTHBIE ITOBEPXHOCTHBIE HCTOYHMKU. UYuCIEHHBIE
METOABI dJIEKTpOoAMHAMUKHU. [locTaHOBKA 3a1auu, MpeACTaBICHUE IOJIEH, AITOPUTMHU3ALMS 3a1ad
BO30YX/I€HUS, U3JIyUYEeHUS U TU(PAKIUH 3JIEKTPOMArHUTHBIX MOJIEH U BOJIH.

2. Teopus n Texuuka CBU-ycrpoiicTs

Tunel HampaBimsaromux cucteM. [lonple M KoakcHalbHBIE BOJHOBOABL. JIMAJIEKTpUUECKHE
BOJIHOBOJIBI M JIMHUU IIOBEPXHOCTHBIX BOJIH. [10o/bI€ BOJIHOBOJBI ¢ YACTUYHBIM AUDJICKTPUYECKUM U
TUPOTPOIHBIM 3aNOJIHEHUEM. [10JI0CKOBBIE 1 MUKPOIIOJIOCKOBBIE JIMHUY, LIEJIEBBIE U KOIJIAHAPHBIE
BOJHOBOJBI. ONTHYECKHE BOJHOBOJbI, CBETOBOJBI. 3aMEMIAIONINE CTPYKTYphl. McKyccTBeHHBIE
IUAIEKTPUKH. KBaznonTuueckue HaIlpaBisIOMe CUCTEMBI.

Teopust 31eKTpOMarHuTHBIX pe3oHaTopoB. Ilosble pe3oHaropsl. /[luanekTpuueckue U
(beppuTOBBIE  pE30HATOpBL. Pe3oHaTOppl Ha OCHOBE IUIAHAPHBIX CTPYKTYp. OTKpBITHIE
KBa3HOINTHYECKUE PE3OHATOPHI.

[IpuHIHNIBI TOCTPOEHUS U METOABI MPOEKTUPOBAHUS NPUEMO — Iepenaronux ycrporcts CBY.
Ocobennoctn akTuBHbIX CBY-ycTpoHCTB Ha OCHOBE MOJYNPOBOJHUKOBBIX U MHUHHUATIOPHBIX
BaKyyMHBIX TpHOOpOB (T€HEpaTophbl, YMHOKWUTEIM YAacCTOThl, MAJOUIYMSIIUE YCUIIUTEIN).
[IpumeHeHne OUMONSPHBIX U MOJEBBIX TPAH3UCTOPOB, JABUHHO-TIPOJIETHBIX JAMOOB, TYHHEIbHBIX
JTMOZIOB 1 1ruoa0B | aHHa.

Ocobennoctrn  MomHbIX CBY-ycTpoWCTB  (KJIMCTPOHHBIE YCUIIWTENH, MAarHETPOHHBIC
re”HepaTtopsl 1 reHeparopsl Ha JIBB u JIOB).

[Tpumenenne CBY-ycTpoilcTB U CUCTEM B TEXHOJIOTMH MPOU3BOJCTBA, OMOJIOTUHU U MEIULIMHE.

3. Teopusi 1 TeXHUKA AHTEHHBIX YCTPOICTB U CHCTEM

Teopus antenH. IlpuémHas wu mnepeparomas aHTEHHBl, WX OCHOBHBIE NAapaMeTPbl U
TEXHUYECKHE XapaKTepUCTUKN. COOTHOILIEHHE PEKUMOB IPUEMA U NEpeIayu, TEOPEMA B3aUMHOCTH.
D¢ dexTrBHAsS MOBEpXHOCTh aHTeHHBI. OOpaTHOE M3Ty4YeHHE MPUEMHOW aHTeHHBI. [lpubimxenue
3aJJaHHBIX TOKOB U MPUMEHEHNE CBEJCHHUI 00 3JIEMEHTApHBIX M3ITydaTeNsiX B TEOPUU aHTCHH. YUeT
BIIMSIHUS 3€MHOW ITOBEPXHOCTH U SKPaHOB.

®dazupoBanHbie aHTeHHble pemeTku (DPAP). YacrotHoe, (azoBoe u ¢dazoyacToTHOE
CKaHUpOBaHHeE. J[MCKPETHBIN U JUCKPETHO-KOMMYTAMOHHBIN MeTo b1, [Iprbmkenne 6eckoHeUHON
pemeTky, Teopema Pnoke. MHOroy4yeBble aHTEHHBIE PEIIETKU.

AHTEHHBI JUIMHHBIX, CPETHUX U KOPOTKHUX BOJIH. BuGpatopHble aHTeHHBI A5 Auana3zoHoB KB
u YKB. AHTeHHbl Oerymieil BOJHBI JUCKPETHOTO W HeMpepblBHOrO TUMNOB. CrHupaibHbIE,
IURJICKTPUYIECKUE U peOpHCTO-CTEep)KHEBbIE aHTEHHBI. YaCcTOTHO He3aBHCUMBbIE aHTEHHBI. PynopHsie,
3epKaJibHbIE, TMH30BbIC, LIEIEBbIE U IpyTrue aHTeHHbl CBY.

[IpumMeHeHre aHTEHHBIX YCTPOWCTB M CHUCTEM B TEXHOJOTHMU MPOU3BOJCTBA, OMOJIIOTHU U
MEJULIUHE.

4. [IpoexTupoBanue u onTuMu3anus anteHH 1 CBU-ycTpoiicTB, a TaK:Ke TEXHOJIOTHS UX
MPOU3BOCTBA



CoBpeMEHHbIE KOMIIBIOTEPHBIE TEXHOJOTMU IPOEKTHUPOBAHUSA, pacu€ra MW ONTUMHU3ALUU
anTeHHbIXx 1 CBY — ycTpoiicTB MIMPOKOro mpuMeHeHus. Mojenu 0a30BbIX 3JIEMEHTOB Pa3HbIX
ypoBHel. CocTaBiieHHe MOJIEH CJI0XKHOTO OOBEKTa.
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baok 5. Hayynas cnemumajabHocTh 2.2.15 CucTreMbl, ceTM H YCTpPOHCTBa
TeJIEKOMMYHHMKAINH

1. Opranusanus IBM, KOMILIEKCOB U CHCTEM

ApxuTrekTypa, OpraHusanyss M HNPOEKTUPOBAHME allllapaTHBIX M IPOTPAMMHBIX CPEJICTB
BBIYMCIIUTENBHBIX CHCTEM. BBIUMCINTENBHBIE CHCTEMBI C MACCOBBIM Napayienn3MoM. [lapamensnoe
nporpaMmMmupoBanue. [IpuHIunel napamienbHoll 00paboTku MHGOpMalMKU. APXUTEKTypa CUCTEM
peanpHOrO0 BpeMeHHU. MHTepdeiicsl anmmapaTHOW cpeabl, CpeACTBa B3aUMOJEHCTBUS C OOBEKTOM.
CtpykTypa mOJB30BaTENbCKOr0 HHTEpdeiica. MeToasl U cpeacTBa MPOrpaMMHUPOBAHUS CHCTEM
peanibHOro BpemeHH. (OcoOEHHOCTH oOpraHu3anuu oTkazoycroiluuBsix BC. ABromartuzanus
CHUCTEMOTEXHUYECKOI0 dTara npoekTupoBanust IBM u cucrem.

2. MukponpoueccopHbie CHCTeMbI

OnemeHTHas 6aza BerunciautesnbHOM TexHuku. Tunsl BUC/CBUC, cucteMbl Ha KpucTae.
Knaccudukaruss MUKPONPOIIECCOPHBIX  CpeacTB. ba3oBeiii Habop dyHKIMA U Momysei
mukporporeccopabix cucrem (MIIC). Apxurektypa, OCOOCHHOCTH NPOTPAMMHUPOBAHUS U
IIPUMEHEHHE MHUKPOIIPOLIECCOPOB o01iero Ha3Ha4YCHUS " MUKPOKOHTPOJUIEPOB.
Criennann3upoBaHHbIE MUKPOTPOIIeCCOPbl. MeTO bl U aropuT™Mbl HUPPOBOI 00paOOTKU CUTHAJIOB;
mukponporeccopel  [[OC. Mukponpoueccopsl ¢ RISC  apxurektypoil. TpaHCHbIOTEpHI.
MynsTUMHKpOTIpOIIECCOpHBIE cHucTeMbl. ba3oBble koH¢urypauuu. I[IporpammHoe obecredenue
MIIC: 0coOGeHHOCTH, OIEpalMOHHbIE CHCTEMBbI JJIS BCTPAMBAEMBIX IPHIIOKEHUH pPEATbHOIO
BPEMEHU. DTalbl IPOCKTUPOBAHUS.



3. CucteMHOe NporpaMMHoe odecriedeHmne

Haznauenwne, ¢yHkiuu u crpykrypa onepamnoHHoi cuctemsl (OC). Ilonstue mpouecca,
yIpaBJIeHUE IpoleccaMu. Buabl pecypcoB U yIpaBieHUE UMH. YIpaBieHUuE namsaTeio. DaitnoBas
cucTteMa, ympaBieHue daiaaMd. YCTpPOWCTBa, BHUILI YCTPOWCTB, JApaliBepbl yCTPOMCTB.
CunxpoHu3alus MmporeccoB, ceMadopsl, COOOIIECHUsI, UCTIOIb30BaHUE ceMadOpOB Uil PELICHUS
3a]1a4 B3aUMOMCKIIIOUEHMSI U CUHXpOoHM3auy; Tynuku. Mynbstuzagaunsie OC. CocraB OC. 3arpy3ka
u Hactpoiika OC. TpaHncasTopsl. DopmanbHbIE A3bIKA U rpaMMaTUKU. CTpyKTypa KOMOUISTOPOB U
uHTEepnpeTaTopoB, OBepiielinble CTPYKTYphL. [ paduueckne okoHHbIE HHTEPPEICHI.

4. OCHOBBI AJITOPUTMU3ALMUU U TPOTPAMMHUPOBAHUSA

OcHoBHbIE dTanbl penieHus 3agad Ha 9BM. Kpurtepun kadectBa nporpammsl. [locTanoBka
3a/lauy U cnenuduKaiys nporpaMmbl. AJITOPUTM U €r0 CBOWCTBA; CIIOCOOBI OMUCAHUS aJlTOPUTMA;
IIPOBEpKA MpPaBUWJIBHOCTU TIOCTPOCHMS anropurma.  MHCTpyMeHTanbHbIE CpEICTBA CHCTEM
MPOrpaMMUPOBAHUSI; TEXHOJOTUS MPOTPAMMHUPOBAHUS B HWHTETPUPOBAHHOU cpeae. S3bIku
nporpaMMupoBanusi. OCHOBHBIE CBEACHUS O MPOLETYPHOM si3bIKe. CTPYKTYpBI M TUIIBI JAHHBIX, UX
BHYTpPEHHEE IMPEACTABIICHUE; ONEPALNN U BBIPAXKECHHUS; ONEPATOPhl YIIPABICHUS BBIUMCIUTEIbHBIM
MIPOLIECCOM; CTPYKTYypUpOBaHHbIE JaHHbIE; (yHKUMM; (ailioBblii BBOIA-BbIBOA. MoynbHOe
nporpammupoBanue. CASE-cpencrsa. Bepudukarus nporpamm.

5. MeTtoabl aHaiau3a U npoektupoBanus BC

[TonsTHe o Monensx, ux Kiaccuduxanus; TpeboBaHUSA K MOJIETSAM; MOJIETUPOBAHNE, KaK dTall
MPOEKTHUPOBaHUs. MaTemMaTuueckoe W HUMUTALMOHHOE MOJAEIMpOBaHMUs. Mojenn MaccoBOTrO
oOciykuBaHus. MoJieTupoBaHue CIIy4ailHbIX BEIHMUMH, COOBITHI U TOTOKOB coObITHil. CeTH [letpu.
OOpaboTka pe3ysbTaTOB SKCIEPUMEHTA, IUIAHUPOBAHUE SKCIEPUMEHTA. SI3bIKM MOJEIUpPOBAHUS.
Bepudukamnus xak mMeTon aHanu3a CXeMHBIX perieHuil. dopmanuzamnus CTPyKTYpHOTO CHHTE3a;
kimaccuuKkalys 3amad  CHUHTe3a. 3ajada ONTHMH3AIlMU, OCHOBHBIE METOJIbI ONTHUMH3AIUU
MapaMeTpoB, IOMYCKOB M TEXHUYECKUX TPEOOBaHUI; MHOTOKpUTEPHAIIbHAS ONTHMH3AIIH.

6. Cetu DBM u cpeacTrBa TeJleKOMMYHH KA

Knaccudpukamuss cereit OBM: nokanbHBIE, pErHOHAIbHbIE U TJIOOAJIbHBIE CETH;
KOpPIIOPATUBHBIE CETU. APXHUTEKTypa CeTell W cucrem TeinekoMMyHukaui. CoctaB CpencTB
TeneoOpabOTKU U TeIEKOMMYHUKAIIUN J71s1 TocTpoeHus ceteit OBM KoHiienust OTKpBITHIX CUCTEM.
OTanoHHas MOJElb B3aUMOJCHCTBUSA OTKPBITHIX cucTeM. JlokanpHbie cetn DOBM. TpeboBanus,
npeabsBisieMbie K JIBC. Tunossie ctpykTypsl JIBC. CTpykTypusanus gokanbHbIX ceteil. CTpykTypa
ceteit nepenaun gqaHHbIX (CII). [TpuHImMne nepenayn nuckpetHoi nHbopManuu. TUBI KaHATIOB U
UX OCOOEHHOCTU: KalelbHble, CIYTHUKOBBIE, paguOpesieiiHble, ONTOBOJOKOHHbIE YTIpaBlieHUE
notokamu B CIIJI. Meroael mapumpytuzannu. HTepHeT. [IpMHIMIIBI OCTpOEHUS CETU. Y CIIyTH,
npenocTaBisieMble B HTepHeTe: AJEKTpOHHAs IOYTa, JJIEKTPOHHBIE KOH(EPEHIMH, Tepeaaya
¢aiinoB, rojocoBas CBsI3b, MyJbTUMEAHMA, IUCTAHIMOHHOE oOydeHue. ba3oBble MNPOTOKOJIBI
cemeiictBa TCP/IP.

7. ba3bl JaHHBIX

[Tonarus «6a3a 00BEKTOB» U «0OBeKTHO-OpueHTHpoBaHHAass CYBJI».f3piku cuctem 06a3
JaHHBIX. ApXUTEKTypa cucteM 0a3 naHHbIX. Mojenu gaHHbIX 1id cucteMm b/I. Pensuuonnas moaens
NaHHBIX. PensiiroHHble s3bIKM 3ampocoB. S3bik 3ampocoB SQL. CereBas Mozenb JaHHBIX.
Uepapxuueckas mozenb AaHHbIX. OObEKTHO-OpUEHTHPOBAaHHAs Mojienb. Du3nueckas opraHu3anus
JTaHHBIX. AJIMUHHCTpUpOBaHUE 0a3 naHHbIX. CpencTtBa mpoekTupoBaHus 0a3 gaHHBIX. CASE-
TexHojoruu. TexHomoruss pa3pabOTKKM MPOrpaMMHBIX cuUcTeM ¢ ucnonb3oBanuemM CYB/I.
[TporpammupoBanue Ha s3bikax CYBJ[. Opranmszanmst mnTepdeiica S35IKOB MPOrPaMMUPOBAHUS
BbICOKOTO ypoBHs ¢ CYB/I.

8. 3amura nndgopmanmnu

[IpoGnemsl  3amuThl  uMHpopManuu. OCOOEHHOCTHM  3alIMTHl B KOMIBIOTEpPaX U
WH(OPMAIIMOHHO-BBIYMCIIUTENFHBIX ~ CUCTEMaX,  HecaHKnuoHupoBaHHbld  goctyn  (HCJI).
AnmapatHele U nporpaMMHble cpeacTBa 3amuTel oT HC/[ n pasrpannuenue qoctyna K pecypcam.
taTHble cpeAcTBa 3alIUThl, BCTPOCHHbIE B OIEpallMOHHBIE cHCTeMbl. Kpunrtorpadpuueckue



cpenacTBa 3amuThl. HagexxHOCTh Cpe/ICTB 3aIUTHI.
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