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Coaep:xxanue nmporpaMmsblI

1. CraTucTnyeckasi paauoTeXHUKA
1.1. Mamemamuueckoe onucanue u Memoovl AHAIU3A CUZHAT08 U NOMEX

JIucKpeTHbIE TpEenCTaBiICHUs CUTHAIOB. [loyIHBIE OPTOHOPMANIBHBIE CUCTEMBI.
Wurerpanbubie npeacraBieHus curHaioB. [IpeoOpa3zoBanus ®ypoe, ['mnb- Oeprta u
Jpyrue UHTErpaibHble MpeodpazoBanus. PasnojkeHre curHana mo 3alaHHoi CUCTeMe
bynkuuii. [MapMoHmveckuid aHanu3 CcUTHAIOB. CIHEKTpbl MEPUOAMYECKUX U
HEMEepUOaUYECKNX curHaioB. Teo- pema orcueroB KoTenbHHMKOBa B YacTOTHOM
oOnactu. JluCKpeTHbIe CUTHAJIBI U WX aHanu3. [{uckpernoe npeobdpa3zoBanue Oypbe u
ero cmoiictBa. Z-mpeoOpa3zoBanue. CooOuieHusi, curHaiasl U nomexu. llepenaua,
U3BJIIEUEHUE W pa3pyuieHue wuHpopmauuu. PagumocurHanel. PaguocurHamel c
aMIUTUTYJJHOM M YIJIOBOM (YacTOTHOM M (Pa3oBOil) MOAYNSLMEHd U HX CHEKTPHI.
Pannocurnansl co cia0XHOU (CMEIIaHHOW) MOAYJISAIMEH U X creKTphl. Orudarorias,
¢daza u YacTtoTa Y3KOMOJOCHOTO CHUTHana. AHanuTudeckue curHaibl. [Ilymbelr u
IIOMEXH Kak ciydanHble npouecchl. [LIoTHOCTHM pacnpeneneHust BEPOSITHOCTEN,
XapaKTEepUCTHUECKUE (PYHKIMU U (DYHKIMHM pacupeiesieHusl CIy4YailHbIX MpPOLECCOB.
DHEPreTUYEeCKUEe  XapaKTEPUCTUKUA  CIYyYalHBIX  MPOLECCOB. MOMEHTHbIE U
KoppensuuoHHble GyHKIUU. CrekTpaibHas IOTHOCTh. CBONCTBA KOPPENISIIMOHHBIX
¢bynkuuii. Teopema Bunepa-Xununna. CTalmOHApHOCTb U 3PTOJUYHOCTD CITyYalHbIX
MPOIIECCOB. ABTOKOPPENSIIMOHHBIE ¥ B3aWMHBIC KOPPEISIIUOHHBIE (DYHKIIUH.
HenpepsiBHOCTh 1 muddepeHITnpyeMOCTh ClIydallHbIX TpoiieccoB. MHTerpupoBanue
CIIy4alHbIX IPOLECCOB. ['ayCCOBCKUI CIIydallHbIM IPOLIECC U €r0 XapaKTEPUCTUKH.
[Ipomecchl Onu3kue K TaycCOBCKOMY. MMMynbCHBIE U TOYEYHBIC CIIy4ailHbIC
rpoueccsl. MapKOBCKUE ITPOLECCHI. Y 3KOMOJIOCHBIE CIIyYaHbIE ITPOLIECCHI.

1.2. Mooenu paduomexnuueckux yeneii u yCmpoiicme

JIuHEeNHbIE 1 HETMHEWHBIE IENU U YCTPOUCTBA. MEeTOAbl aHar3a CTAlMOHAPHBIX

H ICPEXOJHBIX PCKHMMOB B paINOTCXHUYCCKUX LCIIAX, YCTpOﬁCTBaX N JUHAMHYCCKUX



cuctemax. JIMHeHbIe 1IENU U YCTPOICTBA C MOCTOSHHBIMU NapamMeTpaMH. AKTHUBHBIE
JIMHEWHBIC LENH. YCUIUTEIN U UX XApaKTEepUCTUKH. [[apameTpsl M 3KBHBaJICHTHBIE
cxeMbl ycunurteneil. [IpoxoxxaeHue CUrHaJoB M TOMeEX (JETEpMUHUPOBAHHBIX U
CIly4ailHbIX KoOJIEOAaHWM) Yepe3 JIMHEWHbIE LENU C IMOCTOSHHBIMUA MapaMeTPaMU.
Henuuennble nenu uw  ycTporcTBa. MeTonbpl aHaiyM3a HEJIMHEWMHBIX —LETICH.
YMHOXUTEIN 4acTOTBI. AMIIIUTYy 1HBIE OTPaHUYUTEIH. JIETEKTOPBI.
[TpeoGpasoBarenu 4acTOTHI KOJIeOaHMiA. ['enepaTopsl KoJieOaHui.
ABToOKONEOaTenbHble  cucTeMbl. Moaynsatopel  konebanuid.  I[lapamerpuueckoe
yCuJIeHHE, MpeoOpa3oBaHie U TeHepUpOBaHUE KoJieOaHuil. Bo3nelicTBue ciaydailHbIxX
IIPOLIECCOB HA  HEJIMHEWHBIE W  NApaMETPUYECKHE LENHu M yCTPOWCTBA.
CrarncTryeckre XapaKTepUCTUKH MPOLECCOB HA BBIXOJE HEIMHEHMHBIX YCTPOWCTB H
METOAbl WX HAXO0XKACHUA. J[MCKpETHbIE JMHEWHBIE CUCTEMBbI. METOIBI aHANIM3a U
CHUHTE3a JHUCKPETHBIX pPaJUOTEXHUYECKHX YCTpoicTB. LludpoBbie QUIBTPHL
PekypcuBHbIe U HepeKypcUBHBIE LIU(poBbIe HUIbTpbl. PU3Hueckas OCyIECTBUMOCTD
U yCTOMYUBOCTh LU(GPOBBIX (HUIbTPOB. MIMIYyJIbCHBIE XapaKTEPUCTUKHU LUPPOBBIX
¢unbTpoB. CHEKTpaNbHBIM aHadM3 C TOMOINBIO JUCKPETHOIO U OBICTPOro
npeoOpazoBanusa Dypwe. Crnensiiue paguoTexHU4yeckue cucrteMbl. CTaTucTuyeckas
JUHAMUKa PAJIAOTEXHUYECKUX CIEIAIUX CUCTEM. CTPYKTYpHBIE CXEMBI CIIEISIINX
CUCTEM: aBTOMATUYECKOW PETYJIUPOBKH (yCWJIEHUS, ABTOMATHYECKON MOJICTPONKH
4acToThl, (a3oBONl aBTOMOACTPOMKM U Jp.). CTaTUCTHUYECKUE XapaKTEPUCTUKU
JUCKPUMUHATOPOB. MeTonbl aHaM3a JUHAMHYECKHX CHUCTEM C IEPEMEHHBIMU H
Clly4yallHbIMH NapaMmeTrpaMmu. CTaTucTryecKass JMHAMUKA HEMPEPBIBHBIX, JUCKPETHBIX
Y UMITYJIbCHBIX CIEISIINX PAIUOCUCTEM.

1.3. Hudpossie MeTompl 00pabOTKH CHTHAIOB JlMCKpeTH3alus CUTHAJIOB IIO
BPEMEHU M KBAaHTOBaHUE MO YpOBHIO. AHanoro-uudpossie npeodpazoBarenu (ALIT)
U BBIOOp MapameTpoB Koja. MeTonbl CHHTE3a aJrOPUTMOB U YCTPONCTB LU(POBOIA
o0paboTku curHaioB. Ludposas ¢unbrpanus u uudpossie GunbTpbl. OmuOKU

KBaHTOBaHUS U OKpyriieHus. Metosl pacueta muppoBbix PuibTpoB. KordduireHt



nepesaud M UMIYJIbCHAas XapakTepucThka 1upoBbix ¢GuibTpoB. Lludposas
¢unbpTpansl BO BpeMEHHOM U yacToTHOM oOjactax. LudpoBoi crnexkTpaibHBIN
a”Hanu3. beicTpoe mnpeoOpazoBanue dypoe. Lludposas oOpaboTka MHOTOMEPHBIX

CUTHAJIOB ¥ U300pakKeHUH.

2. CucreMbl paJHOCBSI3U U TeJIEBUICHUS

2.1. Paouocucmemol u ycmpoiicmea nepeoauu uHgopmayuu

OOnacT HpUMEHEHUs U 3ajayd nepenaud uH@opmanuu. Mepa KoiuyecTBa
uHpopmanuu (Xaptiu, K. IllenHoH). DHTpomnus HCTOYHMKAa HHQOpMaUUU U €€
cBoiictBa. M30bITouHOCTh. IIpom3BoguTensHOCTh. JuddepeHinuranbaas 3HTPOMNUS.
[TponyckHast crocoOHOCTh KaHana cBsi3u. opmyna Illennona. OcHoOBHas TeopemMa
kogupoBanus. [loHsiTHE O KOIMpOBaHUM MH(OpPMALMU: KOA, al(aBUT, OCHOBAHUE U
3HayHOCTh Kojia. Metonbl @3H0-1llenHona u Xaddmena noctpoenus 3¢pHeKTUBHOrO
koza. [IpuHIun nocTpoeHus Ko/10B, 0OHAPYKUBAIOUIMX U HCIPAB- JISIOLUX OLIMOKH.
CrocoObl mpueMa JIBOMYHBIX CHTHAJIOB B KaHajlaX C MOCTOSIH- HBIMHM MapamMeTpamH.
Hekorepentnsiii mpuem aBonunbix AM u UM curnanos. Ilpuem ®M curnamnos,
«oOpatHas pabota» u mnpumeHeHue ODM. IlpueM curHajsoB B KaHajlax co
CIIy4yalHbIMH MapaMeTpaMu. XapaKTEePUCTUKH KaHaioB. OIMHOYHBIA MpPUEM
JBOMYHBIX (DIIOKTYUPYIOIIUX CHUTHaNOB. Pa3HeceHHBbI mpueM curHaioB. Teopuu
MOTEHUHUAIBHOW  TMOMEXOyCTOMUMBOCTH  B.A. KorenbHukoBa. Kpurepnii
MOMEXOYCTOMYMBOCTU TPHUEMa HEMPEPBIBHBIX COOOIICHUI. Bhurphim u 06001eH-
HBI BBIMTPHILI B OTHOIIEHUHM COOOIIEHHE (CUTHAJ) IIyM. AJITOPUTM ONTUMAlIbHOU
JEMOAYISIMU HEMPEPhIBHBIX COOOIICHUM MpH cladbIX nmoMexax. Bumbl Mogynsnuu
IpU mepeaade HelpepbIBHBIX COOOIIeHNnH. MOIHOCTD IIyMa Ha BBIXOJE JIEMOJIYJIsA-
Topa u ero sHepreruyeckuit cnekrp. [Ilpumenenue AM, BM, OIIM, ®M u UM, ux
CpaBHEHHUE IO BBIUTPHINTY U (pu3uueckoe oObsicHeHue. [1naTa 3a MOBBIIICHHYIO TO-
MexoycTonunBocTh ITpu @M u UM. [loporoBseie siBiI€HHS IIPU NEepenade HENpephiB-

HbIX cooOmenuid. LudpoBbie MeToAbl mMepenayn HENPEepPbIBHBIX COOOIIECHUIA.



NmnynecHo-kogoBast moaymsauus (MKM). Jduddepennmansnas MKM u nenbra-
MonyJisaiusi. OCHOBBI TEOPUHU pa3lieNIeHUs CUTHAJIOB M MHorokaHaibHbix PCIIN.
Heobxoanmoe U 10CTaTOYHOE YCJIOBHS JIMHEWHOTO pa3/ejeHUs] CUTHAJIOB. YacToT-
HOE, BpeMeHHOE U (ha30BOE pas/elieHne CUrHajioB. Paznenenne curnanoB mno ¢opme.
Pagunonuuuu. [lnanazoH paavoBOJIH B cuUcTeMax mnepenadn uHbopmanuu. Buabi
paguocucrem nepenaun uHpopmauuu (PCIIM): cBsi3HBle, TeNEeBU3UOHHBIE,
TeJIeMeTpuYecKrue U KoMaHaHble. KaHan cBs3u U ero xapakrepuctuku. [IponmyckHas
CHOCOOHOCTh KaHasla. XapaKTepUCTUKU M MapaMmeTphl NeperaBaeMoil nH(OpMalNU.
Crpykrypa pagvoCHTrHaIOB. MeToasl MOAYJALMU W KOAMpPOBaHUA. Mone- Mbl U
kojeku. MHuorokananeHble PCIIM. MHOTOCTaHIIMOHHBIE PAIMOCHCTEMBI NEPEAAYH
unpopmaruu. Cunxponuszanus B PCIIU: da3oBas, TakToBas, MUKIOBas U KaJgpoBas
CUHXPOHM3ALIHS.

2.2. Paouomenesu3uonHsle cucmemul

dusznueckue NPUHIMIBL, UCIOIb3yeMble A (POPMUPOBaHMS, IIEpeiaynl, IpuemMa
U KOHCepBaUuW M300pakeHud. JlMama3oH paguoBOJIH, MCHOJB3YyEMbId B
TEJICBUJCHUU. METOoabl pa3joKEeHUs W300paKEeHHM Ha 3yeMeHThl. [lpuHimmn
MOCJIEIOBATEIBHON Mepeaaun 3JIEMEHTOB M300pakeHus. Kanp, cTpoku U 3J€MEeHTHI
n3zoo0paxenust. CIMTHOCTh U300paxkeHusl. CUHXPOHU3ALKs CMEHbl KaJIpOB M Hayaia
pa3BepTku cTpok. dDopmaT TeneBU3MOHHOro curHaia. CTaHAapThl TEJIEBU3MOHHBIX
curHasioB. OCOOEHHOCTH TIOCTPOEHMSI TEJIEBU3MOHHBIX TNepenartuukoB. [lepenaua
panuocursaia uzoopaxenus. [lepegaua 3BykoBoro conpoBoxaenus. opmupoBanue
U mepejaya CUTHAJIOB CUHXPOHU3AIMU U KOJa [IBETHOCTH curHana. [IpeoOpa3zoBanue
ONTHUYECKOT'0 N300paKEHUS B AJICKTPUUECKUN CUTHAJ B TIepeAarolield TeIeBU3MOHHOM
kamepe (IITK). OcoOGeHHOCTH TEIeBU3MOHHBIX NPUEMHHUKOB. CEJICKTOp KaHaJIOB,
npeobpazoBarenb 4actoThl, YIIYU, Bumeoycwiutenb ¢ JEKOACP LIBETHOCTH.
YCTpONCTBO  BBIIEJIECHHUSI CUHXPOHUMILYJIBCOB JUIA CUHXPOHM3ALUHM  Pa3BEPTKHU
U300pakeHHs MPUEMHON TEIEBU3MOHHOM TpyOKH. ['eHepaTophl CTPOYHOMN U KaJpOBOii

pa3BepTku. MeToabl 3allOMUHAHUS, CKaTUs U XpaHeHus: uzoOpaxenuit L{udposoe



teneBuaeHue. CIIyTHUKOBBIE TEJIEBU3MOHHBIE CHUCTEMBI. TE€lIEBU3MOHHBIE CUCTEMBI
o030pa u HaOMOAEHUS(B TOM YHCIE M CKpPBITHOTO). TeleBU3MOHHBIE BU3HPHI
TeneBU3NOHHBIE CUCTEMBI HABEACHUS W NpUUeauBaHus. OXpaHHbIE TEIEBU3NOHHBIE
cucteMbl. CUCTEMBI IPEAYNPEKACHHUS CTOJTKHOBEHHSI U CUCTEMbI TPUYAJIMBAHHUS.

2.3. Cucmembsl u ycmpoiicmea paouoynpaeieHus

OO6siacTy TIpUMEHEHUsI W 337a4d YNPaBICHUS OOBEKTAaMU. DJIEMEHThl TEOPUU
aBTOMarnueckoro ympasiieHus. OObekTbl ympaBieHus. KoHTyp crexsiiero
VIPABJIECHHUS M €ro OCHOBHBIE 3BEHbs. KomaHaHOe crepsiiee paauoynpaBicHUE,
aBTOHOMHOE pPaJAMOYIPABICHUE, PAAUOYIPABICHUE MpPU HABEIACHUHM 10 JIydy,
VIPABJICHUE KOCMUYECKMMHU amnmapataMud. OcoOEHHOCTH PagUOJMHUN YIPABICHHS
oObekTamu. KoMaHIHO- M3MepUTENbHBIE KOMIUIEKCHI. Paguoymnpasinenue npubopamu
u arperatamu. CHHTE3 W aHajlu3 CHCTEM paJauoymnpasiieHud. Mcrnonab3oBaHue
MMHTAIMOHHBIX MOJIETICH.

2.4. Cucmembul paouoinekmpoHHoil 060pbObL

3agaun paanodNeKTpoHHOW OoprObl (POB) ¢ cucremamu TeneBUACHUS WU
paguocBsa3u. Paanorexnuueckas paseaka (PTP). Omnpenenenune mnapaMeTrpoB
pPaJMOCUTHAJIOB CHUCTEM TEJIEBUACHHUS W PAJUOCBA3M PA3IUYHOTO Ha3HAUYCHHS
cpeactBamu PTP. Mertoasl onpeneneHuss MECTONOJIOXKEHUS CUCTEM PAJUOCBI3U U
teneBuneHuss.  OddextuBHoct  cpeacte  PTP.  Meroagst u  cpenctBa
PAaANOAIEKTPOHHOTO IPOTUBOJAECUCTBUs. [ e€HepaTopbl AaKTUBHBIX TIOMEX. Bwuabl
AKTUBHBIX MIOMEX.

2.5. Memoowvt npoekmuposanus u KOHCHMPYUPOGAHUA PAOUOIIEKMPOHHBIX
cpeocme

3aBUCHUMOCTh TeXHHYECKHX TpeboBaHui K POC OT WX Ha3HAYeHUS U yCIOBHI
JKCIUTyaTallMi. TEeXHOJOTUYHOCTh KOHCTPYKUMHU. MeToNbl CTaHIapTU3alud B
KOHCTpYHpOBaHWU. KOMIOHOBKAa M KOMILUIEKCHAsT MHUKPOMHHHATIOpH3ALUs pPaJUO-
anekTpoHHOM ammaparypsl (PDA). MHTerpanpHas MHKPOCXEMOTEXHHKA, OOJIbIINE

(BUC) u cBepx6onbmme (CBUC) unHTerpanmbHbie cxeMbl. lleyaTHbIE MOHTaX.



PemonTonpuromrocts POA. CriocoOsl 3amuThl POA OT BO3AEHCTBUS OKPYIKAIOIICH
Cpelbl, AUHAMUYECKUX MEPEerpy30K U DJIEKTPOMArHUTHOTO U3JIy4YeHHUs. TernaoBoit

pexum POA. HanexxHocts POA.

3. PaqnoTrexHn4ecKue yCTPOMCTBA

3.1 Jnemenmul meopuu aHmeHH

Tumnel HanpaBISAIOMIMX CHUCTEM. OJEMEHTapHbIE W3JIydareld. DBIWKHIS U
nanbHsst  30HBL.  [IpueMHas W mepedaroniasi aHTEHHBI, WX T[apamMeTpbl W
XapakTepUCTUKU. BnusHWe BuAa pacnpeneneHuss 3JICKTPOMAarHUTHOTO TIOJNS B
pacKpblB€ AHTCHHBI HAa OCHOBHBIE IMapaMeTpbl aHTEHH. TeXHuueckas peanu3aius
AHTEHH Pa3JIMYHbIX IHaNa30HaxX PaJUOBOJIH JIJIS LEeJel PaauOCBA3U U TEICBUACHUS.

3.2 I'enepamopwul u aemozenepamopbul

Pexxumbl  camoBO30OYkIeHHs, UX 0COOeHHOCTH. CTaOWUIBLHOCTH YacTOTHI U
MeTonbpl ee moBblieHUs. Crabunmu3anusi ¢ MOMOIIBIO  BBICOKOJOOPOTHBIX
KoJiebaTenbHbIX cucTeM (pe3oHaTopoB). KBapreBbie reHepaTopbl. KBaHTOBbIE
ATAJOHBl YACTOTHl. YMHOXHUTENH 4YacTOThl. CHHTE3aTOpbl YacTOThl. DaKTOpHI,
OTpaHUYMBAIOIINE€  MOIIHOCTh  TreHeparopoB.  CyMMUpOBaHHE  MOIIHOCTEH
reHepaTopoB. YmpasieHue konedanusmMu (Moayssitiusi). OCHOBBI TEOPUH JIMHEWHON U
HEJTMHEHHON MOy AU (MaHUITYJISIITIN ).

3.3 OcHosnble munst paouoOnpuemMHsiX yCMpoucmae

VY3161 paguonprueMHUKOB, UX CXEMHBIE perieHus u pacuer. [IpeobpazoBartenu
YaCTOThI CUTHAJIOB, CMECUTEIIN U TeTepOANHBI. [|eTeKTOphl CUTHAJIOB: aMILUIUTY/HEIE,
4acTOTHbIE W  (ha30BbIe. YCHUJIUTENW Pa3IMYHBIX YAaCTOTHBIX  JMAMAa30HOB.
ABTOMAaTHYECKHE PETYJIUPOBKU B paguonpueMHukax. OCOOEHHOCTH TEeIEeBU3NOHHBIX
U CBS3HBIX PAJAUONPUEMHUKOB. ODJIEMEHTHas ©0aza paJuONPUEMHBIX YCTPOUCTB.
Metoabl IPOEKTUPOBAHUS PATUOTIPUEMHUKOB. MoieTUpOBaHKE PAAUOTIPUEMHUKOB 1

HUX 3JICMCHTOB. BTOpI/I‘-IHLIe HCTOYHHKH IJICKTPOIIUTAHUA



4. ®u3uKa NOJYNPOBOJHUKOB M MOJYIPOBOAHUKOBBIX NPHOOPOB

4.1 Obwue ceoiicmea noaynpoeooOHUKo8

Crpykrypa kpuctamioB. (CBOWCTBA OCHOBHBIX MOHOKPHCTAJUIMYECKUX
MaTepuajgoB MHKpodsiekTpoHuku: Si, GaAs wu jp. [lonmmkpucTaiIMdecKue W
amop(HbBIE TMOJYNPOBOJHUKH. 30HHAs TEOPHUS TBEPAOro Teja. DHEPreTUUYECKUE
CIIEKTPbl D3JEKTPOHOB B METAJUIaX, MOJYNPOBOJHUKAX, [HUAJIEKTPUKax. 30HA
IPOBOJAMMOCTH M BaJICHTHAs 30HA. DJIEKTPOHBI U JbIpKU. COOCTBEHHBIE U TIPUMECHBIC
IIOJIyIIPOBOJHUKH. [JOHOpHBIE M aKLIENTOPHBIE IPUMECH.

4.2 Ocnosvt cmamucmuveckoil pusuku

Oynkums pacnpeneneaus Pepmu- [upaka. KoHueHTpanust 3JIEKTPOHOB M
JOBIPOK B 30HAaX M HMX TEMIEpaTypHble 3aBUCHUMOCTH. PacnpeneneHue Makcpeiuia-
bosnbimana. PexomOuHanus HOCHUTEJEN 3apsa. DIIEKTPOITPOBOJHOCTD
noJynpoBogHUKOB. Hocurenu 3apsaa B ciabom snekTpuyeckoM noje. [loaBuxHOCTh
ANEKTPOHOB W JbIpok. Juddysus u apeiid Hocurenei 3apsga. CooTHOIICHHUE
OunmrenHa. Hocurtenu 3apsiga B CWIBHOM  JJIEKTPUYECKOM TMoje. JlaBuHHOE
YMHOKEHHE B MOJYNPOBOJAHUKAX. OJEKTPUYECKHE JIOMEHBI U TOKOBBIE IIHYPBHI.
Odpdexr Tanna. VYpaBHeHHe i1 TUJIOTHOCTH  DJIGKTPUYECKOTO TOKA B
MOJIyIIPOBOJHUKAX. Y PaBHEHHUE HENPEPHIBHOCTU. Y paBHeHUE [lyaccona.

4.3 OcHogHule ceoiicmea p-N nepexooos

DONeKTPOHHO-ABIPOYHBIN (p-1) epexoa. BonbTammnepHas xapakTepUCTHKA p-Ti
nepexona. TOKM HOCUTEIIEN 3apsiia B P-II lepexojie, kBazuypoBHu Pepmu. ['enepanus
U peKoMOMHAIMs HOCUTENEeH B p-m mepexonae. bapbepHas u nuddy3noHas eMKOCTb.
[Tpo0Ooii p-1t mepexoja: TEIIOBOM, JIABUHHBIN, TYHHENbHBIA. TpaH3ucTOpHBIN 3P HEKT.
30HHasE AMarpaMMma  TOJYIMPOBOJHUKOBOW  CTPYKTYpbl €  JBYMS  OJHM3KO
pacnosiokeHHbIMH  p-11  niepexonamu. Koadduumuent wumxekuuu. Koadduiment
nepeHoca Hocutenei depe3 6a3zy. Koaddumument ycunenus tpansuctopa. KoHTakr
MeTta-nosynpoBoaHuk. Teopuss IllorTkn. BonpT-amriepHas XapakKTepHUCTHKA.

Omuueckuii koHTakT. ComoctaBieHue ¢ p-n nepexogoMm. CTpykTypa MeTasui-



JUAJIEKTPUK-TIOJYIIPOBOAHUK. 30HHAsA AUarpaMMa U €€ U3MEHEHUE MPU HPUII0KEHUH
HampspkeHusl. Pojib MOBEPXHOCTHBIX COCTOSIHUM, TOJABMXHBIX M HEMOJBUKHBIX
3apsA0B B JMDJIEKTpUKE. ['eTepoCcTpyKTypbl. 30HHAas Jauarpamma rerepo- p-1
nepexona. Koapoumment umxekuuu. Cynepurmkekuus. OIuHapHbIE U JABOWHBIC
reTepOCTPYKTYpPhl. BapH30HHBIE CTPYKTYPBI.

4.4 @omornexmpuueckue A61eHUA 6 NOAYNPOEOOHUKAX

[Tornomenne wu3IydeHUs: COOCTBEHHOE M IPUMECHOE, S3KCUTOHHOE U Ha
cBOOOAHBIX HOcUTENAX. PoTo- mnpoBoAUMOCTh. CreKTpanbHas XapaKTEepPHUCTHUKA.
®doroBonbTanueckuii 3pdexr B p-m nepexone. TepMOANEKTpUUECKUE SBIICHHS.
Tepmo- u ranbBaHoMarHuTHbIE 3(PPexThl. Dpdext Xosma. DIEKTpo-, MarHUTO-,

AKYCTOOIITHYICCKHUC 3(1)(1)6KTBI. HOBerHOCTHBIG AKYCTHYCCKHC BOJIHBI.

5. Ilpudopsbl TBEPAOTENbHOI JJIEKTPOHUKH U MUKPO3JICKTPOHUKH

5.1 Hoaynpoeoonukoesie 0Ouoowl

YCTpOWCTBO M OCHOBHBIE MapaMeTpbl. BBINpSIMUTENbHBIE W HMIYJIbCHBIC
nuonbl. Bapukanbl. CTaOWIMTPOHBI W 3alllUTHBIE AWOJIBI. TyHHENIbHBIE JTHOJIBI.
Huomer CBY: neTtekTopHBIE M CMecHUTeNbHBIC, auoabl [lloTrTkm, pin - nuomsl,
YMHOKUTEJIBHBIE U ITAPAMETPUUECKUE, JJABUHHO- ITPOJIETHBIE, TUOAbI | aHHa.

5.2 Tpanzucmopuot

[TpuHIMIT IENCTBUS, OCHOBHBIE NTAPAMETPHI, UX 3aBUCUMOCTh OT TEMIIEPATYPHI.
YacTOoTHBIE M HMMITYJIbCHBIE XApPAKTEPUCTUKUA. TUPUCTOPBI M HUX PA3HOBUIHOCTH.
OcHoBHbIe mMapameTpbl. [lonmeBbie TPaH3UCTOPHI, NPUHLMI JCHUCTBUS, OCHOBHBIC
napameTphl. [lose- Bele TpaH3UCTOPHI ¢ p-T1 iepexoaom, ¢ 6apbepom [loTTku. M-
TPaH3UCTOPHI C UHAYLIUPOBAHHBIM U BCTPOCHHBIM KaHAJIAMU P- U I1- TUIIOB

5.3 llonynpoeoonukoevie unmezpaivHble cxembl

TpaH3ucTOpBI, AMOABI M APYTHE BJIEMEHTbl B HMHTErPAIbHOM HCIIOJIHCHHH.
Mexanementras uzomsiuss. UC, BUC, CBUC. Knaccudukamuss MUKPOCXEM TIO

KOHCTPYKTHUBHO-TexHoJiorndeckoMy mnpunuuny: MOII- u KMOII-UC, ounosnspHbie



(TTJ-, OCJI-, 1 JI-UC); bu- KMOII; «kpeMHuii-Ha-u30as1Tope» («KpeMHUI-Ha-
canduper»)-UC; GaAs-lC na noneBbix Tpansuctopax ¢ 6apbepom lllorTku (ITTLL).
doTonpueMHUKU: POTO- PE3UCTOPHI, -AUOABI, ~TPAH3UCTOPBI, ~-MATPULbl. OCHOBHBIE
napaMeTpbl U xapakrepuctuku. PortonpuemHuku HK-nuanazona, TEmIOBHU30PBL.
®oTOouyBCTBUTENBHBIE MPUOOPBI € 3apsAAoBOM cBA3bl0. CoylHEuHbIE OaTapeu: Ha
MOHOKPHUCTAJJINYECKOM U aMOP(HOM KPEMHHUH, HA MOJUKPUCTAINIMYECKUX IJICHKAX,
c rerepocTpykrypamu. IlosynmpoBOAHMKOBBIE J1a3zepbl (oOliee IpeacTaBiICHUE).
CBeToauopl, napamMeTpbl U XapakTepuCcTUKU. CBeTonuoansle auciied. OnTpoHbl U
onTodsieKTpoHHbIe MIC. MarHuTOo3JneKTpOHNKa, KPUODJIEKTPOHHMKA, TBEPAOTEIIbHBIC

TAaTYUKH.

6. TexHoJ10rMs1 MUKPO3JIEKTPOHMKH M TBEPAOTEJIbHBIX PUOOPOB

6.1 IInanapuas mexnonozus

['pynmnoBast 06padoTka. MunumanbHbId Tomosiornueckuii pazmep (MTP) -
OCHOBHOW MoOKa3aresib ypoBHs TexHosnoruu. Crenenb uHterpamuu UC. [lnnamuka
MTP wu crenenu uHTerpanuu, 3aKkoH Mypa. M3rorosiieHue MOJIyNpPOBOJIHUKOBBIX
miactuH. OmnpenesieHne KpUcTaIorpauueckod OpUEHTAUM MOHOKPHUCTAIIIIOB
MOJIyTPOBOJHUKOB. OpUEHTUpOBaHHAs pe3Ka, UUIM(OBKA, TOJUPOBKA IIJIACTHH.
XHUMUYECKOE TPaBICHUE W XUMHUYECKash MOJMPOBKA KPEMHHS M apCeHUAA TaJulusl.
XUMHUKO-MEXaHU4YeCKass noaupoBka. DOHUHUINHAA OYMCTKA IUIACTUH. METOIbI
KOHTPOJISI KaueCTBA OUYMCTKUA. DMUTAKCUS. MeTObl 3MUTAKCUAIBHOTO BbIPAIIUBAHMS
kpemMHus. Co3ganne TUAIEKTPUUYECKUX MOKPHITU HA KPEMHUH.

6.2 Dnekmponno-uonnas mexnonozusn

MeTtonapl OMy4YEeHUs DIEKTPOHHBIX U MOHHBIX MY4YKOB. IOHHOE JEerupoBaHUE.
NmmutanTarus noHoB. [1nasMoxumMuyeckue 1 HOHHO-TUIa3MEHHBIE METO/Ibl 00pabOTKHU
MOJYIPOBOJHUKOBBIX, NUANIEKTPUUYECKUX U METAJUIMYECKUX CIIOeB. MeTamm3anus.
[lonmyyeHne TOHKHMX IUIEHOK TEPMUYECKMM HWCIApeHHUEM B Bakyyme. HoOHHO-

MJ1a3MEHHOE pachblieHue. XMMUYECKOE OCaXIeHUE U3 ra3oBoil ¢azsl. O6opynoBaHue



JUIS TIOJy4€HHUS TOHKUX IUIEHOK. Marepuansl TOHKOIUIEHOYHOM TEXHOJOTHH.
Jlutorpadusa. Portomurorpaduss. OcHOBHbIE THIBI 000pyAOBaHUA i1 (OTO-
mutorpaduu. Ilpoekiuonnas goronutorpadusi, IEKTPOHHOIyYEBas JIUTOrpadus u
pentrenonuTorpadus. GoTomadbIoHbl U UX U3roToBJICHUE. CTPYKTYphl 3JIEMEHTOB
nosynpoBoJHUKOBBIX MC. MeTolibl M30S1UK 3JIEMEHTOB. TEXHOJOTUsS CTPYKTYP
«kpemHUi-Ha-u3onaTope». Crpykrypa u cBoiictBa snemeHtoB WMC. Coopka
MOJyPOBOJHUKOBBIX ~ MPUOOPOB M HHTErpaibHbIX  MHKpocxeMm. Kopmyca
HOJIyIPOBOJHUKOBBIX ~ NMPUOOPOB M HHTErpalbHBIX  MHKpocxeM.  MeTozsl
repmeTn3anuu. beckopmycHble npuOoOpsl. MeToasl OTBOAa Tema B MOIIHBIX

MOJIYIIPOBOJHUKOBBIX MPUOOpax.

7 Oo0mas reopust anteHH 1 CBY-ycrpoiicTs

7.1 Ypaenenua Maxceenna 0nsa HecmayuOHAPHBIX U MOHOXPOMAMUYUECKUX
noaeiu

MarepranbHple ypaBHEHHsT W THIBI Cped. BeKTOpHbIE U CKaJspHBIE
NOTEHIMAJIBI  AJIEKTPOMAarHUTHOTO 10Jil. BOJHOBBIE YypaBHEHHS W ypaBHEHUS
['ensmrospua. ['paHudHbIE yCIOBUS. DHEPrUs JJIEKTPOMArHUTHOTO moiist. Teopema
VYwmoga-IloitnTrara. IlocraHoBka 3amad 3JIEKTPOAMHAMHUKH, METOABl WX PELICHUS.
BHyTpeHHME W BHEIIHHE 3aJayd JJIEKTPOJAMHAMUKHM. TeopeMa eJuHCTBEHHOCTH.
CBOOO/IHbBIE 3JEKTPOMATHUTHBIE BOJIHBl KaK pEHIeHUs OJHOPOJHBIX YpaBHEHUMU
AJIIEKTPOAMHAMHUKY B Pa3HBIX CUCTEMax KoopAuHar. [lIockue ogHOpOIHBIE BOJIHBI B
M30TPOIHBIX Cpefax ¢ MOTepsiMU U 0€3 MOTeph U B TUPOTPOIHBIX cpefax (Ia3Ma u
deppurT Npu HATUYMKM TOJMAarHWYMBaHUs). BpallleHue IIOCKOCTH NOJIIpU3allH,
pe3oHaHcHOe mnorionieHue. HemoHoXxpomaTrnueckue BOJIHBI B JIUCHEPTUPYIOIIMX
cpenax. BoOmHBI B aKkTHBHBIX Cpelax; MNPEICTABIECHUE O BOJIHOBBIX MpoOLEccax B
HEJIMHEWHBIX cpenax. llageHne nmiuockol OJHOPOJHON BOJHBI HA IJIOCKYIO T'DAHUILY
paszena OqHOPOAHBIX U30TPOIHBIX Cpel. J(BOMHOE NMpetoMIIEHNE Ha TPaHULIE pa3elia

C FHpOTpOHHOfI cpezloﬁ. JIOKaJIbHO-TIJIOCKKME BOJHBI M reoMeTpHYCCKasa OIITHKA.



BiusHue HEOJHOPOAHOCTH CpeAbl HAa PACIPOCTPAHEHHE PATUOBOJIH. Y pPaBHEHHS
’IiKOHaNa U mepeHoca. YpaBHeHue jyda. ConpoBOXIAOMUN TpexrpaHHUK PpeHerns
na Jgyye. l3MmeHeHune monspu3zalM  BAOJb Jy4ya. BO3HUKHOBEHHE KayCTHK.
Pedpakuus B HEOAHOPOAHBIX cpedax. PacmpocTpaHeHue paauoBOSH B MPHPOIHBIX
yclloBUsIX. BiustHue 3eMHOM MOBEPXHOCTH, Tporocdepbl, HOHOCPEPHI, KOCMUYECKOTO
MIPOCTPAHCTBA HA PACHPOCTPAHEHUE PANAMOBOJH. M3IydeHHe 3IEKTPOMAarHUTHBIX
BOJH. OJIEeMEHTapHble u3iIy4yaTenu. bimkHss uW  ganpHsAs 30HBL  Teopema
SKBUBAJICHTHOCTH, YKBUBAJICHTHBIE MOBEPXHOCTHBIE UCTOUYHUKHU. DJIEKTPOMArHUTHOE
NoJIE 3aJaHHOTO pacHpelnesieHusi BO30YXKIAIOIMX TO- KOB B  CBOOOJHOM
npoctpaHcTBe. [IpUHIMOBI  B3aMMO3aMEHSIEMOCTH  MOJEH, BJIEKTPUUYECKUX H
MAarHATHBIX TOKOB, MPUHLMI JBOWCTBEHHOCTU. [IpHHIUIT 3JIEKTPOJIMHAMUYECKOTO
nonobus. fAenenus u 3agaun audpakiuu. CTporas MOCTAaHOBKA IU(DPAKIIMOHHBIX
3amay. Jludpakmus Ha IMWIMHApE, IMape W KiauHe. VHTerpanbHbie ypaBHEHUS B
3amayax AUGpakuud ¥ BO3OYXKICHUS TeN CIO0XHOU (OpPMBL. ACHUMITOTHYECKHE
METOJbl B KBa3WONTHYECKOW oOmactu: mnpudmpkenue [rolirenca-Kupxroda u

reoMeTpudecKkas Teopus 1udpaxium.

8. Teopus u texnnka CBU-ycrpoiicTs

8.1 Ypaenenusa snexmpoounamuKku 0ia HAnPaeIAEMvlx 60JIH

Teopuss u kinaccupukanusi CBOOOJHBIX BOJH B MPOJOJIBHO-PETYIISIPHBIX
HaIpaBJISIIOIIMX cHUCTeMax. TuIbl HampaBiIstomuX cucteM. [lonbie U KoakcHalbHBIC
BOJTHOBOBI. JlM- 3JIEKTpUUYECKUE BOJTHOBOJIBI M JIMHUU TTOBEPXHOCTHBIX BOJH. [Tosbie
BOJHOBOABI C YAaCTUYHBIM JUAIJIECKTPUUECKUM M THUPOTPOMHBIM 3arlOJIHCHUEM.
[TonockoBblE M MUKPOIOJIOCKOBBIE JIMHUM, IIEJIEBble U KOIJIAHAPHBIE BOJIHOBOJIBI.
OnTuueckue BOJHOBOIbI, CBETOBOIbI. 3aMeIsIoNnue CTpyKTypbl. KBaznontuueckue
HAIMpaBJISIONIME CHUCTEMBl. TEeXHMUYECKHE XapaKTepPUCTUKH W  OCOOCHHOCTH
KOHCTPYHpPOBaHUS  (UIECPOB  pa3NIUYHBIX  JUATIA30HOB. KoHCTpYKTHUBHO-

TCXHOJOTHYCCKHUC 0COOCHHOCTH MHUKPOITOJIOCKOBBIX JIMHUU. TeopH;I



ANIEKTPOMArHUTHBIX  pe3oHaTopoB. [lombie pe3onaTopsl. JlMdnekTpuyeckue u
dbepputoBble  pe3oHATOphl. Pe3oHaTophl Ha OCHOBE IUIAaHAPHBIX  CTPYKTYP.
OKBUBAJICHTHBIE CXEMBI BOJHOBOJHBIX YCTPOWCTB. DileMeHThl Teopun nenei CBUY.
KpyroBele auarpamMmel MOJHBIX CONPOTHUBIEHUM W MNPOBOAUMOCTEH. PuaepHbie
YCTPOMCTBA M KX DJIEMEHTBHL. MeTonpl corjacoBaHMs.  Y3KOIOJIOCHOE U
LIMPOKOIIOJIOCHOE ~ corjlacoBaHue. OrpaHu4eHUss Ha IOJOCY  COIVIACOBAHMS.
Cornacyromue 5>JIeMEHTBl A JIMHUN pa3HbIX THIOB. OJEMEHTHl BO30YXICHUS
BOJIHOBOJIOB U pe30HAaTOpOB. COeMHEHMS JIMHUI NIEpElayu, IEPEXOHBIE FJIEMEHTHI,
BpaIAlOIIMECs COUIeHEHHs. Pa3BeTBineHus, MOCTOBbIE coenuHeHns. HanpasieHHbie
OTBETBUTENHU.  YCTPOMCTBA  pEryJMpPOBaHUS  AMIUIUTYAHBIX,  (a30BBIX U
HOJIIPU3ALMOHHBIX XapaKTePUCTUK. ATTEHI0ATOPbI, (pa3oBpamiaTenu, noyispu3aTopsl.
YcerpolictBa ¢ npuMeHeHneM (heppuToB. BoITHOBOIHBIE, KOAKCHAJIbHBIE, IOJOCKOBBIE
U MHKpPOIOJIOCKOBBIE (ha30BpalllaTeNI, BEHTWIH, LHUPKYJIATOPHl M OTPAHUYUTEIH.
KomMmyTannoHHsle ycTpoWcTBa, MpPUMEHEHHE (EPPUTOB U MOJIYNPOBOJIHUKOBBIX
AJIIEMEHTOB. AHTEHHbIE MepekoyaTend. YacToTHble (QUIBTPBI, SJIEMEHTHl TEOPUU U
kinaccupukauus. Peanuzanuss ¢GuibTpoB B BUIE BOJHOBOJHBIX, KOAKCHAIbHBIX,
ITOJIOCKOBBIX M MHKPOIMOJIOCKOBBIX KOHCTPYKUMU. 3. Teopus M TEXHMKA aHTEHHBIX
YCTPOUCTB M cucTteM Teopusa anteHH. [IpuémHas WU miepeparomiasi aHTEHHbBI, HX
OCHOBHBIE I1apa- METPbl U TEXHUYECKUE XAPAKTEPUCTUKU. COOTHOUIEHUE PEKHUMOB
npuéma U nepenayu, TeopeMa B3aUMHOCTH. D(P(EKTUBHAS MOBEPXHOCTh AHTEHHBI.
OOpaTHoe wu3JlydeHHWE MpUEeMHONW aHTeHHBI. [IpubOnmmkeHue 3aJaHHBIX TOKOB U
NPUMEHEHUE CBEICHUI 00 3JIEMEHTApHBIX M3JIydaTeliaX B Teopud aHTeHH. Cucrema
OIHOTHIIHBIX H3JIy4aTened. Teopema NEPEMHOKEHUS OHArpaMM. OKBUBAJICHTHBIC
pemérku.  HempepoiBHbIe — pacnpeneneHusi.  BuusHue — ammiunTynHo(azoBOrO
pacrnpesesieHds MOJs W KOH(Urypauu anepTypbl Ha OCHOBHBIE XapaKTEPUCTUKHU
aHTeHH. MHOro3JIeMeHTHbIE aHTeHHBI (peméTku). B3auMoneicTBue 3JI€MEHTOB,
METOJT HaBOAMMBIX 73.1.C. B TPUOIMKEHHH 3aJaHHBIX TOKOB. {da3upoBaHHbIE

anteHnbie pemetku (DAP). YacrotHoe, (a3zoBoe u (pa304acTOTHOE CKaHHPOBAHHE.



JIMCKpETHBIM U AUCKPETHO-KOMMYTALMOHHBIM METOABI. BOIpPOCHl CHHTE3a aHTEHH.
THUIIBI aHTEHH U UX peaIN3alysl B Pa3JIMYHbIX AUANa30HAX BOJH. AHTCHHBI JUIMHHBIX,
CpEIHUX U KOPOTKHMX BOJIH. BuOparopublie anTeHHbl ais quana3zoHoB KB u YKB.
AHTEHHBI O€rymeil BOJIHBI JMCKPETHOTO M HENPEpPhIBHOrO THUMHOB. CHupalibHbIE,
JIUDJIEKTPUUECKHE U PEeOpPHUCTO-CTEpKHEBBIE AHTEHHBI. YacTOTHO-HE3aBUCHMBIE
aHTEHHBI. PyNoOpHBIE, 3epKajbHbIC, JIMH30BBIC, IIEJIEBbIC U Apyrue aHTeHHbl CBY.
AHTEHHBIE PEHIETKU C AJIEKTPOHHBIM cKaHupoBaHHeM. Cuctemsl yrpasieHus PAP,
OpUMEHEHUE (EPPUTOB U MOIYNPOBOAHUKOBBIX 3JEMEHTOB. AKTHUBHBIE DPEIIETKU

(ADAP). [Ipuemonepenaronme MOIYJIH.

9. IlpoexkTupoBanue U onTumMu3anusa aHteHH 1 CBY-ycTpoiicTB, a Takke
TEXHOJIOTUSI UX MIPOU3BOICTBA

9.1 Cosepemennvie KOMNbIOMEPHBIE MEXHONO2UU  NPOEKMUPOBAHUA,
pacuéma u onmumuzayuu anmennvix u CBY-ycmpoiicme wiupokozo npumenenus.
Mogenu 0a30BBIX 2JIEMEHTOB pa3HbIX ypoBHed. CocCTaBlieHHE MOJEIU CIIOXKHOTO

obbekTa. TexHomorus n3rorosieHus anteHH 1 CBU-ycrpoiicTs.
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IlepeyeHb BONPOCOB K IK3aMeHY:
MaTeMaTn4yecKkoe ONMMCAaHNE U METObI aHAJTM3a CUTHAJIOB M IIOMEX
[IpeoOpazoBanus dyprwe, ['nnpdbepra u Apyrue UHTETpaIibHBIC TPEOOPa30BaAHMUS.
['apMonnyeckuii  aHaym3  curHanmoB.  CHEKTpbl  MEPUOAWYECKHX U
HETMEPUOINYECKUX CUTHAJIOB.
Teopema orcueToB KoTeapHHKOBA B 4aCTOTHOM 00JIaCTH.
Coo011eHus1, CUTHAIBI 1 TIOMEXMU.
[lepenada, uzBneueHue u pa3pyiieHue HHHOPMAIIHH.
Paguocurnarer.
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JInHeliHbIE €N U YCTPOMCTBA C MOCTOSHHBIMM IapaMETPaMHU.

Bo3zneiicTBue Cily4ailHbIX IPOLECCOB HAa HEJIMHEHHBIE M MApaMETPUUYECKUE LENn
Y YCTPOMCTBA.

[MudpoBbie GHIBTPHI

CriekTpanbHbIi aHAJINW3 C OMOUIBIO JUCKPETHOIO U OBICTPOro MpeoOpa3oBaHUs
dypee.

Crnepsuiye pauOTEXHUYECKUE CUCTEMBI.

[{udpoBsie MeTO1bI 00PaOOTKH CUTHAJIOB

CucreMbl paiuOCBS3U U TEJIEBUICHHUS

PanuocucTtemsl U ycTpoicTBa Nepeaadyn nHpopManuu

[TpomyckHas cnocoOHOCTH KaHauna cBsi3u. @opmyna [llenHoHa.

[{udpoBbie METOBI IEpEIAYHN HETIPEPHIBHBIX COOOIICHHIA.

Bunel paguocucrem nepenaun nnpopmanuu (PCIIN): cBsa3HbIe, TeNEBU3HOHHBIE,
TEJIEMETPUYECKUE U KOMaHIHBIE.

Kanai cBsi3u u ero xapakrepuctuku. [IponyckHas cmocoOHOCTh KaHama.
PannoTenneBU3nOHHBIE CHCTEMBI

CyTHUKOBBIE TEIEBU3UOHHBIE CUCTEMBI.

TeneBu3nMOHHBIE CUCTEMBI 0030pa U HAOIIOIEHUSA(B TOM YHCIIE€ U CKPBITHOIO).
CucreMsl ¥ yCTpPOMCTBA paiuOyIIpaBICHUS

VYrpaBneHue KOCMUYECKUMH alapaTaMu.

Oco0eHHOCTH paIuoauHUN yipaBieHus oobekTaMu. KomMaHIHO- U3MepUTENbHBIC
KOMILJIEKCHI.

Cucrembl paiuO’IEKTPOHHON OOPHOBI

MeTonbl onpeaeneHysi MECTOIIOIOKEHNS CUCTEM PAAUOCBSI3U U TEIEBUIACHUS.
MeTtonbpl M CpeAcTBa PAaJMOAIEKTPOHHOTO MPOTUBOAEHCTBUA. ['eHepaTopbl

AKTHBHBIX ITIOMCECX. BI/II[BI AKTHUBHBIX ITIOMCX.
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MeTtonpl NPOEKTUPOBAHUSA W KOHCTPYUMPOBAHUS PATUOIEKTPOHHBIX CPEACTB
WuTerpansaas Mukpocxemorexuuka, oonbiue (BUC) u cepx6ompmme (CBUC)
WHTETPAIbHBIE CXEMBI.

Pagnorexnuueckre ycTporucTBa

TexHuueckas peanu3alus aHTEHH Pa3JIUYHbIX AHAaNa30Hax PaguoBOJIH JJI LENeH
PaauOCBsI3U U TEJICBUICHUS.

['enepaTopbl U aBTOr€HEPATOPHI.

OCHOBHBIE THIIBI PAIUOIPUEMHBIX YCTPOMCTB.

OneMeHTHas 0a3za pajAHONpPUEMHBIX YCTPOMCTB. MeTonbl NpPOEKTUPOBAHUS
PaguONIPUEMHHKOB.

OO1ue cBOMCTBA MOJYTPOBOIHUKOB.

[Tonukpucrasmmueckue W amMop(HbIE TOJYIPOBOJHUKH. 3OHHAS TEOPUS
TBEPJOI0 Tea.

DNEeKTPONpPOBOAHOCTh  MOJynpoBoAHMKOB. Hocutenn 3apsga B cinabom
AIEKTPUYECKOM noJie. [I0JBHKHOCTD 3JIEKTPOHOB U JIBIPOK.

OCHOBHBIE CBOWCTBA p-N MEPEX0I0B

DNEeKTPOHHO-ABIPOYHBINA (p-1) mepexon. BoibrammepHas XapakTepuCTUKa p-Ti
repexo/a.

Toku HOCUTEIEN 3apsiaa B P-II Iepexoie, KBaznypoBHU Depmu.

CrpykTypa MeTaI-AUIEKTPUK-TIOTYIIPOBOIHHUK.

@DOTOdIEKTPUYECKHUE SABJIEHUS B ITOJYyIIPOBOIHHUKAX.

[TpubopsI TBEPAOTENBHOM IIEKTPOHUKH U MUKPOIJIEKTPOHUKHU
[TonynpoOBOJHUKOBBIE THOBI.

TpaH3uCTOpHI.

[TonynpOBOJHUKOBBIE HUHTEIPAIBHBIE CXEMBI.

[1o1ynIpOBOIHUKOBBIE JIA3EPHI

TexHoIOrnY MUKPOIIEKTPOHUKU U TBEPIOTEIBHBIX TPUOOPOB

QHCKTpOHHO-I/IOHHa}I TCXHOJIOTHA.
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VYpaBHeHnus MakcBesuia JUlsi HECTaALlMOHAPHBIX U MOHOXPOMATHUYECKUX TIOJIEH.
BnusHue 3eMHOH mOBepXHOCTH, Tporocgepbl, HOHOChHEPhl, KOCMHYECKOIO
IIPOCTPAHCTBA HA PacIpOCTpaHEHUE PaIMOBOJIH.

M3nyuenue 37€KTPOMAarHUTHBIX BOJIH. DJIEMEHTAapHbIE M3JIydaTeNld. BIvKHssS u
JLJIBbHSIST 30HBI.

Teopus u rexauka CBY-ycrpoiicTs

Texnuyeckne XapakTepUCTHKH M OCOOCHHOCTH KOHCTPYHPOBaHHs (PHIEPOB
pa3IMYHBIX IHAa30HOB.

KommyTanroHHble ycTpoHCTBa, IPUMEHEHHE (HEPPUTOB U TOJTYIIPOBOJHHUKOBBIX
3JIEMEHTOB.

AHTeHHBIE TIepekmouarenu. YacToTHbIe (QWIBTPBI, 3JIEMEHTHl TEOPHH U
knaccudukanus. Peanuzanus GuIbTPOB B BHIE BOJHOBOJIHBIX, KOAKCHAIBHBIX,
IIOJIOCKOBBIX ¥ MUKPOIIOJIOCKOBBIX KOHCTPYKIIHH.

Teopus 1 TeXHUKA aHTEHHBIX YCTPOMCTB M CHCTEM.

Teopus anrenn. [TpuéMuas 1 nepenaronast aHTEHHbI, UX OCHOBHBIE [Tapa- METPbI
U TEXHUYECKHE XapaKTePUCTUKH.

ITpoextupoBanue u onTuMusanus aHteHH W CBY-ycrpoiict, a Takxke

TEXHOJIOTH UX ITPOU3BOACTBA

IIporpamMma  COOTBETCTBYET MAcOpTy HOMEHKJIATYPhl —CIENHMaIbHOCTEN

Hay4YHBIX paOOTHUKOB.

Hupextop UNDOuPD

I'.C. IlaTtpun

CocraBurens [IporpamMmMabI:
KaHA. TEXH. HAYK, TOLICHT,

NHbOKOMMYHUKALIHIA

3aBEYIOIIUN 6a3oBoi kadeapoit
/VVZ J.JO.YepHukos





