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Burkunenuid

HNHaTerpajibHada cxeMma

Matepuan u3 Bukunenuu — cBOOOHON SHITUKIOETUN

HHTerpa JgpHaa cxe ma (MC, UMC, anra. IC); mukpocxe ma, m/c, uun (aHri. chip: «ToHKad
IJIACTUHKA»: TEPBOHAYAJIPHO TEPMHH OTHOCWICA K IUIACTUHKE KpHCTa/la MHKDOCXEMbBI) —
MUKDPOI/N1eKIMPOHHOE YCmpolcmeo — DJIEKTPOHHAs CXeMa IPOU3BOJIBHOM CJIOKHOCTH (KpHCTaLI),
M3rOTOBJIEHHAs Ha MOJIyIIPOBOIHUKOBOM MOJIOKKeE (IIJIaCTHHE WJIU IJIEHKE) U TOMEIéHHast B Hepa30OpHbBIH
KOPIIyC uau 6€3 TAKOBOTO B CIy9Iae BXOXK/EHUS B COCTAB chpoc6op1<u[1].

bo npiias yacth MHUKPOCXEM HU3T0TABJIMBAECTCA B KOPITyCaX AJIA IIOBEPXHOCTHOTO MOHTAXKA.

Yacro mog uHmezpanvHoil cxemol (FIC) mOHMMAOT COOCTBEHHO KPHCTA/LI WJIM TUUIEHKY C BJIEKTPOHHOM
cxeMoH, a mop Mmuxpocxemoii (MC) — HC, 3akaOU€HHYI0O B KOpIyC. B TO ke BpeMsi BBIpasKeHHE YlUn-
KOMITOHEHTBI 03HAYAET «KOMNOHEHMbl 041 NOBEPXHOCMHO20 MOHMAaxca» (B OTJIUYKE OT KOMIIOHEHTOB JIJIA

IAlKK B OTBEPCTHUSA HA ILJIaTe). zs;gr;;::%epggfﬂpgigg?;
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7 Mas 1952 roja 6putanckuil paanorexHuk /xxkeddpu Jammep (anri. Geoffrey Dummer) BriepBble BBIABUHYJI U0 00beIUHEHNS] MHOKECTBA
CTaHAAPTHBIX 3JIEKTPOHHBIX KOMIIOHEHTOB B MOHOJIUTHOM KDHCTaJLJIE MOJIYIPOBOAHUKA. OCYIECTBIIEHUE BTUX TPEJIOKEHUN B T€ TOABI HE
MOTJIO COCTOATHCS U3-3a HEJIOCTATOUHOTO PA3BUTHS TEXHOJIOTUH.

B xoHIle 1958 rozja ¥ B mMepBOU IOJIOBHHE 1959 To/ia B IOJIYIPOBOHHUKOBOW IMPOMBINIJIEHHOCTH COCTOSIJICA MPOPBIB. B 1959 roxy dayapn
KeoH/KAH paspaGoran mepsblii mporotun unTerpanbHoii cxembl.2IBI4IIB] Tpy wenosexa, mpencrapnsBuine Tpu wactHble amepukaHCKHe
KOPIIOpaIliy, pelwin Tpu (GyHAaMEHTATIbHblE NMPOOJIEMBI, MPEMSTCTBOBABIINE CO3/IAHUI0 WHTerpajbHbIXx cxeM. JIxek Kunbu us Texas
Instruments 3anaTeHTOBAJI MPUHIKMI 00bEUHEHNS, CO3/IaJl IIeEpBbIe HecoBepIlleHHbIe TPOTOTUIIB VIC U T0BEJT UX 10 CEPUMHOTO ITPOU3BO/ICTBA.
Kypr Jlerosen, u3 Sprague Electric Company u300p€n crocobd 3JIeKTPUUECKON H3OJAIUH KOMIIOHEHTOB, C(POPMUPOBAHHBIX HA OJHOM
KpHCTaJLIe TOJIYIIPOBOAHUKA (M3O0JIAIMI0 p-n-miepexogoM (aHri. P—n junction isolation)). Pobept Hotic us Fairchild Semiconductor u3o0pén
c1ocob BJIEKTPUUYECKOTO COeNVHEeHHUss KOMIOHeHTOB MC (MeTayuim3anuio ajJloMHHUEM) U IPEJIOKUJI YCOBEPIIEHCTBOBAHHBIA BapHUAHT
M30JIAIMN KOMIIOHEHTOB Ha 0a3e HOBeHIel IutaHapHOU TexHosoruu KaHa dpHu (anri. Jean Hoerni). 27 ceHTA0OpsA 1960 roga rpymma JIxkes
Jlacra (aurn. Jay Last) co3mana Ha Fairchild Semiconductor nepByto paborocnocobHyio noaynposodruxosyr UC no unesm Hoiica u DpHu.
Texas Instruments, BnajieBIas naTeHTOM Ha n3o0perenre Kuibu, pa3Bss3aia MPOTHB KOHKYPEHTOB IIAaTEHTHYIO BOWHY, 3aBEPIIHUBIIYIOCS B 1966
TOZly MHPOBBIM COIVIAIIIEHUEM O MEPEKPECTHOM JIMIEH3UPOBAHUY TEXHOIOTHUH.
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Pannue noruueckue VC ymoMsHYTBIX CEPUI CTPOUIIUCH OYKBAJIBHO U3 CMAHOAPMHbIX KOMIIOHEHTOB, pa3Mepbl ¥ KOH(PUTYPALIU KOTOPHIX ObLIH
3aZlaHbl TEXHOJIOTUYECKUM IporieccoM. CXxeMOTEeXHUKH, MPOeKTUpoBaBIine jorndyeckre VIC KOHKPETHOTO ceMelCTBa, ONePUPOBAIN OJTHUMU U
TEMHU K€ TUIOBBIMHU JMO/IAMU U TPaH3UCTOpaMu. B 1961—1962 IT. mapagurMmy mpoeKTUPOBAHUSA CJIOMaJl Beaymuii paspaborunk Sylvania Tom
JloHro, BIIepBBIE HUCIIOJIH30BaB B 04HOM VC pazinuHbie KOHQUTYpalu TPAH3UCTOPOB B 3aBUCUMOCTHU OT UX (PYHKIUU B cxeMe. B KoHIIE 1962 T.
Sylvania BeIycTHIIa B MPOAAXKY IepBOe ceMeNCTBO pa3paboTaHHOU JIOHTO TpaH3UCTOPHO-TpaH3uCTOpHOH Joruku (TTJI) — umcropuuecku
MIEPBBIN TUIl WHTETPAJIBHOU JIOTUKHU, CyMEBIINU HA/I0JNT0 3aKPENUThCS Ha pbIHKe. B aHaJIOroBOil cxeMOTeXHHKe IPOPBIB MOJ00HOTO YPOBHSA
COBEPIIIIII B 1964—1965 roiax pa3paboTYHK OIlepallOHHBIX yerturtenen Fairchild bob Bumtap.

ITepBass B CCCP mukpocxema Obuia coszmaHa B 1961 romy B TPTU (TaraHporckomM pafiHOTEXHUYECKOM HWHCTUTYTE) TOJ[ PYKOBOACTBOM
JI. H. Konecopal®l. O1o cobbITie mpuBiexio BHEMaHMe HAy4HON O6LIECTBEHHOCTH crpaHbl, 1 TPTU GblI YTBEPIKAEH TOJOBHBIM B CHCTEME
MUHBY3a IO HpoOjieMe CO3/IaHUSA MUKPO3JIEKTPOHHOM ammaparypbl BBICOKOW HAJIEKHOCTH U aBTOMAaTU3aIuUu eé mpousBojacTBa. Cam xe
JI. H. KostecoB 6bL1 HazHaueH IIpeacenaTesieM KOOPANHAIIMOHHOTO COBETA 110 3TOU ImpobJieMe.

[TepBass B CCCP rubpusHas TOJCTOIUIEHOYHAS MHTerpajibHas MukpocxeMa (cepus 201 «Tpomna») 6p1a pazpaborana B 1963-65 roymax 8 HUU
TOYHOH TeXHOJIOTUH («AHTCTpeM»), cepuitHOe ITPOU3BOJICTBO C 1965 rozia. B pazpaboTke nmpuHuMasu ydactue cueruaauctsl HUOM (aptne HUU

ITepsas B CCCP mosynipoBOTHUKOBasI MHTerpajibHasi MUKpocxeMa ObLIa cO3/IaHa HAa OCHOBE IIAHAPHOU TeXHOJIOTHUH, pa3paboTaHHOHN B HaJase
1960 roga B HNU-35 (3aTtem nepeunmenoBan B HUU «Ilynbcap») KOJIJIEKTUBOM, KOTOPBIM B JlayibHelieM ObL1 mepeBesién B HUVIMO
(«Muxkpon»). Co3maHue mepBoi OTe4eCTBEHHON KPEMHHEBON MHTETPAJILHOU CXeMBbI ObLJIO CKOHIIEHTPUPOBAHO HA pa3paboTKe U IPOU3BOICTBE C
BOEHHOU IIPUEMKOU CEpUU MHTErpPaJIbHBIX KpeMHUEBBIX cxeM TC-100 (37 2J1eMEHTOB — HKBUBAJIEHT CXEMOTEXHUYECKON CJIOXKHOCTU TPUITEPA,
anasora amepukanckux VC cepuu SN-51 dupmbl Texas Instruments). OOpa3ibl-IIPOTOTUIIBI ¥ IIPOU3BOACTBEHHBIE 0OpPA3I[bl KPEMHUEBBIX
VMHTErpaJIbHBIX CXeM JJIs BocIpou3sBojicTBa Obuiu mostydensl u3 CIIA. Pabotsr npoBogunncs B HUM-35 (nupekrop TpyTtko) u ®OpaA3uHCKUM
IIOJIYTIPOBOJTHUKOBBIM 3aB0/IoM (ziupekTop Kosmoropos) mo o60poHHOMY 3akasy /Ji UCIIOJIb30BAaHUS B aBTOHOMHOM BBICOTOMEpDE CHUCTEMBI
HaBeZleHUsl 0aJUINCTHYeCKOH pakeThl. Pa3zpaboTka BK/IIOUAJIA IIECTh TUIIOBBIX MHTErPAJIbHBIX KPEMHHEBBIX IIaHAPHBIX cxeM cepuu TC-100 u ¢
opraHmsarvei OIbITHOTO Mpou3BojicTBa 3aHsAna B HUM-35 tpu roga (c 1962 mo 1965 roxa). Emé aBa rozia ywio Ha OCBOEHHUE 3aBOJICKOTO
IIPOM3BO/ICTBA C BOEHHOU MpHUEéMKOi Bo PpsasuHe (1967 rom)L9).

[MapayutensHO pabora 1Mo pa3paboTKe MHTErpaibHOU CXEMBI ITPOBO/IMIIACH B IIEHTPAIBHOM KOHCTPYKTOPCKOM 010po mpu BopoHeKcKoM 3aBojie
MIOJIyTIPOBOJTHUKOBBIX TIpubopoB (HbiHE — OAO «HUWHMOT»). B 1965 romy Bo Bpems Busuta Ha B3IIIl MuHHCTpa 3/J€KTPOHHOMN
npombinieHHOCTH A. W. IllokmHa 3aBojy OBLIO HOPYYEHO IIPOBECTH HAYYHO-UCCIEAOBATEIBCKYID PabOTy IO CO3/IaHUI0 KPEMHUEBOU
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https://ru.wikipedia.org/wiki/%D0%9D%D0%98%D0%98_%C2%AB%D0%90%D1%80%D0%B3%D0%BE%D0%BD%C2%BB
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BD%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D1%87%D0%BD%D0%BE-%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%B5%D0%B4%D0%BF%D1%80%D0%B8%D1%8F%D1%82%D0%B8%D0%B5_%C2%AB%D0%9F%D1%83%D0%BB%D1%8C%D1%81%D0%B0%D1%80%C2%BB
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D1%87%D0%BD%D0%BE-%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%B5%D0%B4%D0%BF%D1%80%D0%B8%D1%8F%D1%82%D0%B8%D0%B5_%C2%AB%D0%9F%D1%83%D0%BB%D1%8C%D1%81%D0%B0%D1%80%C2%BB
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BD_(%D0%B7%D0%B0%D0%B2%D0%BE%D0%B4)
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B8%D0%B3%D0%B3%D0%B5%D1%80
https://ru.wikipedia.org/wiki/Texas_Instruments
https://ru.wikipedia.org/w/index.php?title=%D0%A4%D1%80%D1%8F%D0%B7%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%8B%D0%B9_%D0%B7%D0%B0%D0%B2%D0%BE%D0%B4&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BB%D0%BB%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B0%D0%BA%D0%B5%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D1%8F%D0%B7%D0%B8%D0%BD%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D1%87%D0%BD%D0%BE-%D0%B8%D1%81%D1%81%D0%BB%D0%B5%D0%B4%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D1%81%D0%BA%D0%B8%D0%B9_%D0%B8%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D0%BE%D0%B9_%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%A8%D0%BE%D0%BA%D0%B8%D0%BD,_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80_%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
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MoHOIUTHOH cxeMbl — HUP «Tutan» (mpuka3 MUHHCTEPCTBA OT 16.08.1965 1. N2 92), koTOpas ObLIAa JOCPOUYHO BBINOJIHEHA Y2Ke K KOHILY TO/1a.
Tema ObLa ycmemrHo czaHa ['ockomuccuu, M cepuss 104 MHKPOCXEM JAUOAHO-TPAH3UCTOPHOUN JIOTUKHM CTajla HEPBBIM (PUKCHPOBAHHBIM
JIOCTHKEHHEM B 06JIaCTH TBEPAOTENIBHOI MUKPOAIEKTPOHIKH, 9TO GBIIIO OTPaskeHo B Iprkase MIII o 30.12.1965 1. N 403010111,

Kiiaccndukanusa

Mo cTteneHn nHTerpauum
B zaBucumocTH OT cTeneHu HHTErpaiivu IPpUMEHAIOTCA CJICAYIOINNE Ha3BaHUA HHTEIPAJIbHBIX CXE€M:

= Manas nHterpanbHas cxema (MUC) — go 100 anemeHTOB B KpucTanne

= cpegHsasa uHTerpansHas cxema (CUC) — o 1000 anemMeHTOB B Kpuctanne

= Bonblasa nHterpansHas cxema (BUC) — go 10 TeIC. anemMeHTOB B Kpuctanne

= cBepxbonblaga nHterpanbHas cxema (CBUNC) — 6onee 10 ThbiC. 3aNeMEHTOB B KpucTansne

Panee ncnosip30Basiuch Takke Telleph yKe ycTapeBIllMe Ha3BaHUA: yabTpabosbiias uHTerpaibHas cxema (YBUC) — ot 1—10 MJIH 10 1 MJIP/,
anementos B kpucramtel213] y pnorna, ruraGossuras unrerpanpHas cxema (IBYIC) — Gostee 1 MUIPZ SIIEMEHTOB B KpHCTaslIe. B Hacrosiee
BpeMs, B 2010-X, Ha3BaHua «YBUC» u «['BUC» mpakTuuecku He UCHOJIB3YIOTCA, U BCE MUKPOCXEMBI C YUCJIOM 3JIEMEHTOB Oojiee 10 ThIC.
oTHOCAT K kjaccy CBUC.

Mo TexHonorMm N3roToBneHuns

= [lonynpoBoAHMKOBasi MUKPOCXEMa — BCE ANIEMEHTbI U MEX3MEMEHTHbIE COeANHEHUS BbINOMHEHbI Ha
O4HOM NOMyNPOBOAHMKOBOM KpUCTanne (Hanpumep, KPEMHUS!, repMaHusi, apceHvaa rannusl).

= [IN€HOYHasa nHTerpanbHasti MUKPOCXEMa — BCE ANIEMEHTbI U MEXINIEMEHTHbIE COEANHEHUS BbINOMNHEHDbI B
BMAE NNEHOK:

= TOSICTONSEHOYHAs MHTErparibHad cxema,
= TOHKOMMEHOYHas MHTEerparibHada cxema.

= [MbpuagHas MmMkpocxema (4acto HasbiBaeMasi MUKPOCOOPKOU), COOAEPXKUT HECKONbKO BECKOPMYCHbIX
AanoaoBs, 6eCKopnyCHbIX TPAH3UCTOPOB 1 (MNN) APYTNX SNEKTPOHHbLIX aKTUBHbBIX KOMMOHEHTOB. Takxke
MUKPOCOOpKa MOXET BKNtoYaTb B cebs GeckopnycHble MHTErpanbHble MUKPOCXeMbl. MaccuBHble
KOMMOHEHTbI MUKPOCOOPKM (PE3NCTOPbI, KOHOEHCATOPbI, KATYLUKX MHOYKTUBHOCTWN) OBbLIYHO
M3roTaBnMBalTCA METoA4aMU TOHKOMMEHOYHOW UKW TONCTOMNMNEHOYHOW TEXHOMOIMI Ha o0Lwen, oO6bIYHO

.-!Ei,ﬂ'f"'. .-_ == :
MmbpugHasa mukpocbopka STK403-
090, n3ene4éHHasa n3 kopnyca
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https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:%D0%93%D0%B8%D0%B1%D1%80%D0%B8%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D1%85%D0%B5%D0%BC%D0%B0.jpg
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D1%81%D0%B5%D0%BD%D0%B8%D0%B4_%D0%B3%D0%B0%D0%BB%D0%BB%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BD%D0%BA%D0%B8%D0%B5_%D0%BF%D0%BB%D1%91%D0%BD%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B1%D1%80%D0%B8%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D1%85%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%B8%D1%81%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D0%B4%D0%B5%D0%BD%D1%81%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D1%83%D1%88%D0%BA%D0%B0_%D0%B8%D0%BD%D0%B4%D1%83%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D0%B8

20.11.2023, 10:55 WHTerpanbHasa cxema — Bukunegmsa
KepamMmn4yecKkon noasioxke rmbpmaHon MmkpocxemMsol. Best nognoxka ¢ KOMNOHEHTaMM NOMELLAETCH B €ANHbBIA FepMETU3NPOBAHHbIN KOPMyC.

= CMellaHHasi MMKPOCXeMa — KpPOMe NMosynpoBOAHMKOBOrO KpucTanna, CogepXUT TOHKOMNEHOYHbIE (TONCTONNEHOYHbIE) NACCUBHbIE
3MeMeHThbI, pa3MeLLEHHbIE HA MOBEPXHOCTM KpucTanna.

Mo BUAay 06pa6aTblBaeM0ro CurHana

= AHanoroBble.

= Lindposebie.
= AHanoro-undgpossble.

Amnanorosnie MHKPOCX€Mbl — BXOJAHBI€ H BBIXOAHBIE CHUTHa/IBI H3MEHAIOTCA IIO0 3aKOHY HerepblBHOﬁ (I)YHI{I_II/II/I B Jualla30HE€ OT
IMOJIOKUTEJIBHOTO A0 OTPULIATEJIBHOI'O HAIIPpAXEHUA IINTAHHA.

[HudpoBbie MEKPOCXEMbI — BXO/ITHBIE€ U BBIXOJITHbIE CUTHAJIBI MOTYT HMETD J[Ba 3HAYEHUS: JIOTUUECKUU HOJIb WJIU JIOTUUECKAsd eAUHUIIA, KaXKIOMY
13 KOTOPBIX COOTBETCTBYET OIPeAeEHHBIN UAIla30H HanpspkeHusa. Hanpumep, st mukpocxeM tuna TTJI mpu HanpsiKeHUHW NUTaHUA +5 B
JINarna3oH HAIpPsDKEHHA 0...0,4 B COOTBETCTBYET JIOTUUECKOMY HYJIIO, a JUAIIA30H OT 2,4 10 5 B — jormueckoit equnauUIle; aiasa Mmukpocxem ICJI-
JIOTUKY TIPY HATIPsKEHUH MUTaHUs —5,2 B 1uamas3on ot —0,8 10 —1,03 B — soruueckoii equHuMIE, a ot —1,6 10 —1,75 B — jiornueckomy HyJIIO.

Ananoro-nu¢poBble MUKPOCXEMBI COBMEIIAIOT B cebe hopMbl UG POBOIN U aHATIOTOBON 00Pab0OTKH CUTHAJIOB, HAITPUMED, YCUJINTEIh CUTHAIA 1
aHaAJIOTO-IMPOBOI Mpeobpa3oBaTEb.

Ha3zHauenue

HHTerpasibHass MHKpOCXeMa MOKeT o00J1a/1aTh 3aKOHYEHHOH, CKOJIb YTOJHO CJIOKHOH, (PYHKIIMOHAIBHOCTBIO — BIUIOTH [I0 IIEJIOTO
MHUKPOKOMITbIOTEepPA (OAHOKPHUCTAJIBHBIN MUKPOKOMIIBIOTED).

AHanoroBble cXxeMbl

AHa JioroBast uHTerpa JibHasa (Mukpo)cxe ma (AVC, AMMMC) — wuHTerpajibHasi CXeMa, BXOJHbIE M BBIXOJHBIE CHTHAJIBI KOTOPOU
U3MEHSIOTCS 10 3aKOHY HEITPEPBHIBHON MDYHKITUH (TO €CTh SBJISIOTCS aHAJIOTOBBIMU CUTHAJIAMU).

JlabopartopHbIii o6paser anasmoropoi VIC 611 co3man ¢upmoii Texas Instruments B CIITA B 1958 rozgy. 9to 6611 reHepaTop caBura ¢as. B 1962
rofly MOSBWIACH IIEPBasA cepUs aHAJIOTOBBIX MUKpocxeM — SN52. B Hell nMeIuch MaJIOMOITHBIN YCUIUTETh HU3KON YacTOTHI, ONI€PAIIMOHHBIN
yCHIUTE b U BUAeoycruTensli4l.
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https://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%BC%D0%B5%D1%88%D0%B0%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D1%85%D0%B5%D0%BC%D0%B0&action=edit&redlink=1
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https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D0%B7%D0%B8%D1%81%D1%82%D0%BE%D1%80%D0%BD%D0%BE-%D1%82%D1%80%D0%B0%D0%BD%D0%B7%D0%B8%D1%81%D1%82%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BB%D0%BE%D0%B3%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%BE%D0%B3%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A3%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%90%D0%A6%D0%9F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9E%D0%B4%D0%BD%D0%BE%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%BE%D0%B3%D0%BE%D0%B2%D1%8B%D0%B9_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/Texas_Instruments
https://ru.wikipedia.org/wiki/1958_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B4%D0%B2%D0%B8%D0%B3_%D1%84%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/1962_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A3%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_%D0%BD%D0%B8%D0%B7%D0%BA%D0%BE%D0%B9_%D1%87%D0%B0%D1%81%D1%82%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
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B CCCP GoJIbIIIOi acCOPTUMEHT aHAJIOTOBBIX MHTETPAIbHBIX MUKPOCXEM ObUI IOJIydeH K KOHILYy 1970-X TO/IOB. VIX MpUMeHEHHUe I03BOJIUIIO
YBEJIMYUTD HAZIEKHOCTh YCTPOMCTB, yIIPOCTUTD HAJIAAKy 060PYI0BAHNUsA, YACTO [AKe UCKIIOYUTh HEOOXO0UMOCTh TEXHUIECKOTO 00CTyKUBAHHA B
rpomecce KCIUTyaTanuutol.

Huxe npezacTaBieH HENMOJHBIN CHHUCOK YCTPOMCTB, (DYHKIIMM KOTOPBIX MOTYT BBINOJHATH aHasoroBble MMC. 3auacTyo ojHa MHKpoOcXeMma
3aMeHsIeT Cpa3y HECKOJIPKO TaKOBbIX (Hampumep, K174XA42 BMmeniaet B cebs1 Bee y3JIbl cyneprerepoguHHoro YM pa,I[I/IOHpI/IéMHI/IKa[lé]).

= OMEepauNOHHbIE yCUnMTenu

= KOMnapaTtopbl

= reHepaTopbl CUrHaNoB

= uUnbTPbI (B TOM YMCne Ha Nbe3oaddekTe)

= aHanoroBble YMHOXUTENM

= aHanoroBble aTTeHATOPbI U perynupyemMble ycunurenm
= CTabmnmsaTopbl UICTOYHUKOB NMUTaAHUA: CTabunmsaTopbl HANPSXXEHNS 1 TOKa
= MUKPOCXEMbI YyNPaBeHns UMMynbCHbIX O6rT0KOB NUTaHMSA
= npeobpasoBaTtenu curHanos

= CXE€Mbl CUHXPOHM3aLMM

= pasnuyHble JAaTYUKK

AHasoroBple MHUKPOCXeMBI NPUMEHAITCA B amnlliapaType 3BYKOYCWJIEHUS W 3BYKOBOCIPOU3BeJleHUSA, B BUAEOMArHUTO(MOHAX, TeJIeBU30paX,
TEXHHUKE CBA3HM, U3MEPUTEJIbHBIX MPUOOPaX, aHAJIOTOBBIX BHIYNCIUTEIBHBIX MAIITMHAX, BTODUYHBIX HCTOUHUKAX HJIEKTPOIIUTAHUS U T. [I.

B aHanoroBbIX KOMNbIOTEPax
= onepaunoHHble ycunutenu (LM101, uA741)
B 6nokax nutaHusa

= [IMHENHble cTabunuaaTopbl HanpsxxeHus (KP1170EH12, LM317)
= UMMyrnbCHble cTabunuaaTtopsl HanpskeHnsa (LM2596, LM2663)

B Buaeokamepax n ooroannaparax

= [13C-matpuubl (ICX404AL)
= [13C-nnHernkn (MLX90255BA)
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https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%B0%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D1%8C%D1%82%D1%80_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9F%D1%8C%D0%B5%D0%B7%D0%BE%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82
https://ru.wikipedia.org/wiki/%D0%A3%D0%BC%D0%BD%D0%BE%D0%B6%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D1%82%D0%B5%D0%BD%D1%8E%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%B1%D0%B8%D0%BB%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D0%BD%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%B1%D0%B8%D0%BB%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D1%82%D0%BE%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D1%85%D1%80%D0%BE%D0%BD%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D1%82%D1%87%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4%D0%B5%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BE%D1%84%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D0%B5%D0%B2%D0%B8%D0%B7%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%BE%D0%B3%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%92%D1%82%D0%BE%D1%80%D0%B8%D1%87%D0%BD%D1%8B%D0%B9_%D0%B8%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%B8%D1%82%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_741
https://ru.wikipedia.org/wiki/%D0%98%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81%D0%BD%D1%8B%D0%B9_%D1%81%D1%82%D0%B0%D0%B1%D0%B8%D0%BB%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D0%BD%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%97%D0%A1-%D0%BC%D0%B0%D1%82%D1%80%D0%B8%D1%86%D0%B0
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B annapaType 3ByKOyCUIIeHUS U 3BYKOBOCNPOU3BeAeHUSA

= YCUNUTENW MOLLHOCTU 3BYKOBOW YacToThl (LA4420, K174YH5, K174YH7)
= caABoeHHble YM3Y ansa ctepeodonnydeckon annapatypbl (TDA2004, K174YH15, K174YH18)

= pasnunyHble perynatopbl (K174YH10 — gByxkaHanbHbin YM3Y ¢ aneKTpoHHOW perynmpoBKOn YacTOTHON
xapaktepuctukn, K174YH12 — aByxkaHanbHbIN perynsatop rpoMkoctu n 6anaHca)

B usmepuTtenbHbIX Npubopax

= JaTYMKN OAaBNeHus (MP3V5100[17]) Mukpocxema cTabunuaartopa
= AaTuMKM MarHuTHoro nonsa (YP1101XMN30018l) HanpsokeHns KP1170EHS
= patuvkv Temnepartypbl (L1V13351°1 MAX6613[20))

B paguonepepalowmx u paguonpuémMHbIX YCTPoMUCTBax

= getektopbl AM curHana (K1750A1) _
petektopbl UM curHana (K174YP7) -
cmecutenm (K174MC1) MSC-nuenka n3 dakca
= ycunutenu Bbicokon YacTtoTtbl (K157XA1)

= YCUNUTENU NMPOoMexXyTo4Hon YacToTbl (K157XA2, K171YP1)

= OfHOKpucTanbHble paguonpnémumkm (K174XA10)

B TeneBusopax

= B paguokaHane (K174YP8 — ycunutene ¢ APY, getektop N4 nsobpaxenns n 3syka, K174YP2 — ycunutenb HanpsbkeHus MY nsobpaxeHus,
CUHXPOHHbIN AETEKTOP, NpeABapuUTerbHbIN YCUNUTENb BUAEOCUrHana, CMctemMa Krno4eBon aBTOMaTUYECKOM PerysiupoBKM YCUNEHNs)

= B KaHane usetHocTun (K174Ad5 — cpopmupoBaTens LBeToBbIX R-, G-, B-curHanos, K174 XA8 — aneKTpOHHbIN KOMMYTaTop, yCUNnTenb-
orpaHuyuTeNb U 4eMogynaTop CMrHanoB LUBeToBoW MHGOpMaLmmn)

= B y3nax pa3sepTku (K174lT11 — reHepaTop KagpoBOWn pa3BEPTKM)

= B LEensiX KOMMyTaumm, CUHXPOHU3auuKn, Koppekumm un ynpasneHus (K174Ad1 — amnnuTyaHbIA CENEKTOP CUHXPOCUrHana, reHepartop
UMMYNbCOB CTPOYHOM YaCTOThl, y3ern aBTOMaTU4eCKON NOACTPONKN YacToThbl 1 (pasbl curHana, popmmpoBaTens 3agatowmx UMMNynbLCoB
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https://commons.wikimedia.org/wiki/File:KREN8A.JPG?uselang=ru
https://commons.wikimedia.org/wiki/File:CCD_line_sensor.JPG?uselang=ru
https://ru.wikipedia.org/wiki/%D0%9F%D0%97%D0%A1
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%BA%D1%81
https://ru.wikipedia.org/wiki/%D0%A3%D0%9C%D0%97%D0%A7
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D1%80%D0%B5%D0%BE%D1%84%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D1%82%D0%B5%D0%BA%D1%82%D0%BE%D1%80_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE)
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BF%D0%BB%D0%B8%D1%82%D1%83%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%BC%D0%B5%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A3%D1%81%D0%B8%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_%D0%BF%D1%80%D0%BE%D0%BC%D0%B5%D0%B6%D1%83%D1%82%D0%BE%D1%87%D0%BD%D0%BE%D0%B9_%D1%87%D0%B0%D1%81%D1%82%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D0%B3%D1%83%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%BA%D0%B0_%D1%83%D1%81%D0%B8%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D0%B5%D0%B6%D1%83%D1%82%D0%BE%D1%87%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B7%D0%B0_%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D0%B9
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CTpoYHOW pasBepTkn, K174YT11 — ycunutenb ApKOCTHOIO CUrHana, 3NeKTPOHHbIN PErynsaTop pa3maxa BbIXOAHOIO CUrHana u ypoBHS
«YEPHOTO»)

LUndpoBble cxembl

IIudpoBasa wuHTErpasibHaa Murpocxema (mudpoBas MHKPOCXeEMa) — 5TO HWHTErpajbHAas MHUKPOCXeMa, NpeAHAa3HAYeHHas I
1peoOpa3oBaHUs M 00PaOOTKHU CUTHAJIOB, U3MEHSIONINXCSA 110 3aKOHY AUCKPETHON (PYHKITNU.

B ocHOBe mu(POBBIX MHTErPAJIbHBIX MUKDPOCXEM JIeXKaT TPAaH3UCTOPHBIE KJIIOUH, CIIOCOOHBIE HAXOJUTHCS B JBYX YCTOHYHBBIX COCTOSTHHSX:
OTKPBITOM W 3aKPBHITOM. VCITO/Ib30BaHKE TPAH3UCTOPHBIX KJTFOUEH TAaET BO3MOKHOCTD CO3/IaBaTh Pa3IUUHbIE JIOTUYECKUE, TPDUTTEPHBIE U IPYTHE
WHTErpaJibHble MHUKpPOCXeMbI. 1[udpoBble MHTErpaJibHble MHKPOCXEMBI HPUMEHSIOT B yCTpoOicTBaX 0OpabOTKH JUCKPETHOU HH(OpMaIuu
3JIEKTPOHHO-BBIYUCIUTETHLHBIX MaITuH (OBM), cucremax aBTOMaTHUKHU U T. II.

= JIOrMyecKkne dreMeHThbl

= TpUrrepbl

= CYETYMKM

= perncTpbl

= OydepHble NnpeobpasoBarenu

= LnppaTopbl

= [elumdpparopsl

= LMppoBoOM KOMNapaTop

= MYNbTUMNSEKCOPbI

= 0EeMYNbLTUNIEKCOPBDI

= CyMMaTopbl

= M0fyCymMMaTopbl

= KNHO4M

= AJITY

= MUKPOKOHTPOMEpPbI

= (MUKpo)npoueccopsbl (B ToM Yncne UM gnsa komnbotepos)
= OOHOKpUCTanbHble MUKPOKOMMNbIOTEPDI

= MUKPOCXEMbI Y MOAYIN NaMSATK

= [JIUC (nporpammupyemMbie normyeckne NHTerpanbHble CXeMbl)

HI/I(l)pOBI)Ie HHTErpaJibHbl€ MUKPOCXEMbBI UMEIOT PAA IMIPEUMYIIECTB I10 CPABHEHUIO C aHAJIOTOBBIMU:
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B5%D1%82%D0%BD%D1%8B%D0%B9_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B5%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%92%D0%9C
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%B5%D0%B3%D0%BE%D1%80%D0%B8%D1%8F:%D0%9B%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B8%D0%B3%D0%B3%D0%B5%D1%80_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A1%D1%87%D1%91%D1%82%D1%87%D0%B8%D0%BA_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B3%D0%B8%D1%81%D1%82%D1%80_(%D1%86%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A8%D0%B8%D1%84%D1%80%D0%B0%D1%82%D0%BE%D1%80_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D1%88%D0%B8%D1%84%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%D0%B0%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D0%BB%D1%8C%D1%82%D0%B8%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BE%D1%80_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%BC%D1%83%D0%BB%D1%8C%D1%82%D0%B8%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BC%D0%BC%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D1%81%D1%83%D0%BC%D0%BC%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D1%8E%D1%87_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%90%D0%9B%D0%A3
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D0%BB%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9E%D0%B4%D0%BD%D0%BE%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%9B%D0%98%D0%A1
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» YMeHblweHHoe 3HepaornompebrieHUe CBA3aHO C NPMMEHEHNEM B LMEPOBOI INEKTPOHMKE UMMYIbCHBIX 3MEKTPUYECKUX curHanos. Mpu
nonyyYeHun 1 npeobpasoBaHNM TakUX CUTHANOB aKTUBHbIE 3NIEMEHTbI 3NTEKTPOHHbIX YCTPOMCTB (TPaH3MCTOPOB) paboTaloT B «KMHOYEBOM»
pexunme, TO ECTb TPAH3UCTOP NIMBO «OTKPLIT» — YTO COOTBETCTBYET CUrHany BbICOKOro YpoBHS (1), nn6o «3akpbiTy — (0), B nepBoM criyyae
Ha TPaH3MCTOpPe HET NaAEeHUs HaNPSPKEHUS!, BO BTOPOM — Yepes Hero He MaET Tok. B o6oux cnyyasix aHepronotpebneHune 6nmsko k 0, B
OTNMYME OT aHaNoroBbIX YCTPOWCTB, B KOTOPbIX 6OMbLUYI0 YacTb BPEMEHW TPaH3UCTOPbl HAXOASTCS B MPOMEXYTOYHOM (aKTUBHOM)
COCTOSIHUN.

= Bbicokasi momexoycmoltqueocme UNAPOBbLIX YCTPONCTB CBA3aHa ¢ 60NbLUMM OTNIMYMEM CUTHANOB BbICOKOrO (Hanpuvep, 2,5-5 B) n H1u3koro
(0-0,5 B) ypoBH4. Owmnbka COCTOsIHUS BO3MOXXHA NPU TaKOM YPOBHE NOMEX, KOrda BbICOKUA YPOBEHb UHTEPNPETUPYETCS KaK HU3KUIA U
HaobopoT, YTO ManNoBepPOSATHO. Kpome Toro, B UMPPOBbLIX YCTPONCTBAX BO3MOXHO NMPUMEHEHME CneumanbHbiX KO4OB, MO3BOMSALWNX
ncnpaensiTb OLUNGKMN.

= Bonblias pasHuua ypoBHE COCTOSIHMIA CUTHANOB BbICOKOrO M HU3KOMO YPOBHS (Nornyeckmx «0» 1 «1») 1 4OCTAaTOYHO LUMPOKMIA AnanasoH mUx
AONYCTUMbIX M3MEHEHWUI AenaeT UMGPOBY TEXHUKY HEYYBCTBUTENBHON K HEN3BEXKHOMY B MHTErpanbHoOM TEXHONOMMM pa3bpocy napameTpoB
3NeMeHTOB, 136aBnsieT oT HeobxoANMOCTM NoaGopa KOMMNOHEHTOB U HACTPOWKN 3NeMeHTaMn PEryrnMpoBKn B LMEPOBLIX YCTPONCTBAX.

AHanoro-undpoBble cxemMbl

Anasoro-mudpoBasa UHTErpajibHas cxeMma (aHajmoro-imudpoBasg MHKPOCXeMa) — HWHTerpajbHas CXeMa, IpeJHa3HaYeHHas JJIst
peobpa30BaHuUsl CUTHAJIOB, NU3MEHAIOIIUXCSA 110 3aKOHY TUCKPETHON QYHKIINU, B CUTHAJIbI, HI3BMEHSIONUECS 110 3aKOHY HEIPEPHIBHON (PYHKITHUH,
1 Ha0OOPOT.

3avacTyi0 OlHAa MHUKpOCXeMa BBINOJIHAET (PYHKIUH cpa3y HeCKOJbKUX ycTpoiictB (Hampumep, AIIIl mocsieoBaTesIbHOTO IPUOIIMIKEHUS
coziepkatT B cebe 1IAII, mosTOMy MOTYT BBITIOJIHATH JIBYCTOPOHHUE ITpeoOpa3oBaHusi). CIHCOK YCTPOUCTB (HEIOJIHBIN), GYHKIIMU KOTOPHIX MOTYT
BBITIOJTHATH aHasioro-1udpossie ITMC:

= Umdpo-aHanorosble (LLAIM) n aHanoro-undgpossie npeobpasosatenu (ALM);

= aHanoroBble MyNbLTUMNIEKCOPbI (B TO BPEMS Kak LIMdPOBbLIE (Ae)MYNLTUNIEKCOPbI ABMSOTCA UCKMHYMTENBHO LdpoBbiMmM MMC, aHanorosble
MYNbTUMNIEKCOPbI coaepkaT aneMeHTbl LndpoBoi normkn (06blbYHO AewwmndpaTtop) U MOryT coaepkaTb aHanoroBble CXembl);

= LMdpPOBbIE Bbl4MCNNTENbHbIE CUHTE3aTopbl (LIBC);
= NpuMémonepenaTymkn (Hanpumep, CETEBON NpMEMonepeaaTynk nHtepdenca Ethernet);
= MOAYNATOPbl U 4EMOAYNATOPbI;

= pPagnNoOMOOEMbI;
= [fekogepbl Tenetekcta, YKB-pagno-TekcTa,;

= npuémonepenatyukun Fast Ethernet n ontTuyecknx nuHum;
= Dial-Up mogemsil,

= NpUEmMHMKM undposoro TB;

https://ru.wikipedia.org/wiki/HTerpanbHasa_cxema 9/19


https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D0%B7%D0%B8%D1%81%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5_%D0%BD%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D0%BD%D0%B0%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B8_%D0%B8%D1%81%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5_%D0%BE%D1%88%D0%B8%D0%B1%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%BE%D0%B3%D0%BE%D0%B2%D1%8B%D0%B9_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE-%D0%B0%D0%BD%D0%B0%D0%BB%D0%BE%D0%B3%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%BE%D0%B3%D0%BE-%D1%86%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D0%BB%D1%8C%D1%82%D0%B8%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BE%D1%80_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B2%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D1%81%D0%B8%D0%BD%D1%82%D0%B5%D0%B7%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%82%D0%B5%D0%B2%D0%BE%D0%B9_%D0%BF%D1%80%D0%B8%D1%91%D0%BC%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D1%82%D0%B5%D0%BA%D1%82%D0%BE%D1%80_(%D1%80%D0%B0%D0%B4%D0%B8%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/Radio_Data_System
https://ru.wikipedia.org/wiki/Fast_Ethernet

20.11.2023, 10:55 WHTerpanbHasa cxema — Bukunegmsa

= [aTYMK ONTUYECKON KOMMBbIOTEPHON MbILLN;
= MUKPOCXEMbI MUTAHUS ANEKTPOHHbBIX YCTPOMNCTB — CTabunmaaTopbl, NpeobpasoBaTenn HaNpPs>KeHUs, CUMOBbIE KNOYM U Ap.;
= YCTPOWCTBA Ha NepekntoyaeMblX KOHAeHcaTopax;
= LMPOBbIE aTTEHATOPSI;
= CXeMbl (pa3oBOW aBTONOACTPONKM YacToTbl (PAIMY);
= KOMMYTaTOpbl;
= reHepaTopbl U BOCCTAHOBUTENN YaCTOTbl TAKTOBOWM CUHXPOHM3ALUU;
= DasoBble MaTpuyHble Kpuctannsl (BMK): coaepxuT kak aHanoroBble, Tak U LMGPOBbLIE CXEMBI.

ITpousBoacTBO

OCHOBHBIM 3JIEMEHTOM aHaJIOTOBBIX MHKPOCXeM ABJIAIOTCA TPAaH3UCTOPbLI (6I/IHOIIHPHI)IC i HOJIeBbIe). PasHuna B TeEXHOJIOTUH HU3TOTOBJIEHHUS
TPAaH3UCTOPOB CYHIECTBEHHO BJIMAECT HA XaPAKTCPUCTUKHU MHUKPOCXEM. HOBTOMy HEPEAKO B OIMMCAHHNU MHUKPOCXEMBbI YKa3bIBAlOT TEXHOJIOTHIO
H3TOTOBJIEHUNA, YTOOBI IIOAYEPKHYTHb TEM CaMbIM O6IJ_IYIO XdpaKTEePUCTUKY CBOMCTB 1 BO3MOKHOCTEH MHKPOCXE€MBI. B COBPEMEHHBIX TEXHOJIOTHAX
O6’I)€I[I/IHHIOT TEXHOJIOTUH 6I/IHO)IHpHI>IX U ITOJIEBBIX TPAH3UCTOPOB, 4TOOBI I[O6I/ITI)CH YJIydlieHHuA XapaKTEePUCTHUK MUKPOCXEM.

MpoekTnpoBaHue
YPOBHU NIPOEKTUPOBAHUA:

= 3NEKTPUYECKUIN — MPUHUMNNArbHas anekTpudeckasi cxema (TpaH3nCcTopbl, KOHAEeHCcaTopPbl, PE3NCTOPbLI U T. N.)

= CXEMO- N CUCTEMOTEXHNYECKMIN YPOBEHb — CXEMO- N CUCTEMOTEXHUYECKME CXEMbI (TpUrrepbl, KOMNapaTopsbl, WndpaTopsbl, AewmndpaTopsbl,
AllY nt.n.)

= [IOMMYECKUIN — fornyeckas cxema (nornveckmne nHeeptopsbl, anementsl WIN-HE, NI-HE n T. n.)
= PU3NYECKUN — METOAbl peannsaunm OgHOro TpaHancTopa (Mnv HebonbLIOW rpynnbl) B BUAE NEerMpoBaHHbIX 30H Ha KpucTanne

= TOMONOrMYECKUIN — TONoNormyeckme OoToLAGNOHb! Ans npounasoacTeal2]

a TaKKe

= MPOrpamMMHbIi — NO3BOMSIET NPOrpaMMUCTy nporpammupoBath (ans MNJINC, MUKPOKOHTPOMNEPOB 1 MUKPOMNPOLIECCOPOB) pa3pabaTbiBaemyo
MOZenb, UCMONb3ysi BUPTYarbHY CXemy
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B Hacrosimee BpeMs (2022 r1.) 6oJbllIass 4acTh HMHTErPaJIbHBIX CXEM IPOEKTHPYEeTCs IPH ITOMOINM crenuaniu3upoBaHHbix CAIIP, kotopbie
IIO3BOJISIIOT ABTOMAaTHU3UPOBAaTh W 3HAYUTEJIBHO YCKOPUTHh IIPOM3BOJICTBEHHBIE IIPOIIECCHI, HAIpUMep, IMOJIyYEeHHE TOIOJIOTHYECKUX
¢oTomab10HOB.

npOI/I3BOF|,CTBO aHanoroBbiX MUKpPpOCXeM

B HacrosiIee BpeMsi aHaJIOTOBbIe MUKPOCXEMBI IPOU3BOAATCS MHOrUMHU ¢upmamu: Analog Devices, Analog Microelectronics, Maxim Integrated
Products, National Semiconductor, Texas Instruments u gp.

ITepexon k cyODMUKPOHHBIM pa3MepaM UHTErPAJIbHBIX 3JIEMEHTOB yesaokHseT mpoektupoBanrne AIMC. Hanpumep, MOII-TpaH3ucTophl ¢ Maon
JUTMHOM 3aTBOpa UMEIOT psAZ 0cOOeHHOCTEN, OrPAaHUYMBAIOIINX WX IMPUMEHEHHE B aHAJIOTOBBIX OJIOKaX: BBICOKHUU YPOBEHb HHU3KOYACTOTHOTO
(ukkep-IIyMa; CHJIBHBIM pa3bpoc MOPOTOBOTO HANPSKEHUSA W KPYTU3HBI, IPUBOAAIMINN K MOSBJIEHHUIO OOJIBIIOTO HAMPSIKEHUS CMeIleHUs
nuddepeHInaNbHbIX U ONEPAlIUOHHBIX YCUINUTeEJIEN; Majlasd BeJIMYMHA BBIXOJHOIO MaJIOCUTHAJIBHOTO COIIPOTUBJIEHUS U YCUJIEHUA KaCKaJ0B C
aKTUBHOU HATrpy3KOU; HEBBICOKOE NMPOOKBHOE HaNpPsKEHHE P-N-IePexof0B U MPOMEXKYTKa CTOK-UCTOK, BBI3BIBAIOIIEE CHIKEHUE HANPSKeHUs

IMIUTaHUA U YMEHbIIICHHNE TUHAMHNYECKOT'O ,I[I/Ial'[aBOHa[22].

MpounssoacTBO UMPPOBLIX MUKPOCXEM

TexHosiorunu o THUITY JIOTUKHN:

= MuKpocxeMbl Ha YHUNONSPHbIX (MOSMEBbIX) TPAH3UCTOPAX — CaMble 3KOHOMUYHbIE (MO NOTPebrneHnto Toka):

= MOTl1-noruka (MeTann-oKkCcMa-nonynpoBOAHNUK NOrMka) — MUKPOCXEMbI (POPMUPYIOTCSA M3 noneBbix TpaHanctopos n-MOIT nnu p-MOTIT
TMNa;

= KMOI1-noruka (komnnemeHnTtapHas MOIT-nornka) — kaxagbln NOrm4eCcknin anemMeHT MUKPOCXEMbI COCTOUT M3 Napbl B3aMMOOOMNOSTHAKOLLMX
(komnnemeHTapHbIX) Nonesbix TpaHauctopos (N-MOI n p-MOIM).

= MuKpocxemMbl Ha BUNONSPHBIX TPaH3UCTopaXx:

= PTJ1 — pe3ancTtopHo-TpaH3nCTOpHas norunka (yctapeswas, 3aMmeHeHa Ha TTJ1);
= [TJ1 — guogHo-TpaH3MCTOpHasn noruka (yctapesLwlas, 3ameHeHa Ha TTJ1);

= TTJ1 — TpaH3UCTOPHO-TPAH3UCTOPHAs NOrMka — MUKPOCXEMbI CAeNnaHbl U3 GUMNONAPHbLIX TPAH3UCTOPOB C MHOTO3IMUTTEPHBLIMU
TpaH3nCTopamMun Ha BXOAE;

= TTJIWW — TpaH3ncTopHO-TpaH3UCTOpHas noruka ¢ gnogamu LLUoTTkn — ycoseplueHcTBoBaHHasA TTJ1, B KOTOpPOM NCMONb3YHTCA
ovnonsipHble TpaH3ncTopbl ¢ addektTom LLoTTKY;

= JCJ1 — amMUTTEpPHO-CBA3aHHas florMka — Ha OMNONSPHbIX TPaAH3MCTOpax, PEXnM paboTbl KOTOPbIX NoAo6paH Tak, YTOObl OHM HE BXOAMN
B PEXMM HaCbILLEHWS, — YTO CyLLECTBEHHO NoBbIWaeT 6bICTPOAENCTBUE;
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= NIl — nHTerpanbHO-UHXEKLUMOHHAsA Nornka.
u MVIKpOCXGMbI, ncnonb3yrLline Kak rnoriesble, Tak n 6I/II'IOJ'IFIprIe TPAH3UCTOPbI:

= BuKMOT1

Hcrmons3yst OAWH U TOT K€ THUIl TPAH3MCTOPOB, MHKPOCXEMBI MOTYT CO3/IaBAaThCSA IO Pa3HBIM METOOJIOTUSAM, HAIPUMED, CTATHYECKOH HJIH
JUHAMHYECKOH.

KMOII- u TTJI-(TTJIII-)TeXHOJOTHH SIBJSAIOTCA HanbOoJiee pacHpOCTPAaHEHHBIMU JIOTUKAMH MHKpocxeM. I['7e HeoOXOJAMMO 5SKOHOMHTH
notpebyieHue Toka, npuMeHa0T KMOII-TexHOI0THIO, T/le BasKHEE CKOPOCTD U He TpebyeTcss SKOHOMUM NOTPebIIsieMO MOIITHOCTH — MPUMEHSIOT
TTJI-rexnosoruto. Cnabeim mectom KMOII-MUKpOcXeM SBJISIETCA YA3BUMOCTH JJIsl CTaTUUECKOTO SJIEKTPUYECTBA — JIOCTATOYHO KOCHYTHCS
PYKOI BBIBOJ]Ja MUKPOCXEMBI, U €€ I[eJIOCTHOCTH y2ke He rapaHTupyetca. C pazsutuem TexHosioruit TTJI u KMOII MmukpocxeMsl 1o mapaMeTpam
cOMMKAIOTCA U, KaK CJIEICTBUE, HAI[pUMeEp, cepusi MUKpocxeM 1564 caenaHa mo Texnosoruu KMOII, a GyHKIIMOHAIBHOCTD U pa3MelleHne B
kopiyce Kak y TTJI-TexHOJI0TUH.

MuxkpocxeMbl, U3roTOBIeHHBbIE 10 JCJI-TeXHOJIOTHH, SIBJIAIOTCA CAMBIMU OBICTPBIMH, HO ¥ HanboJIee SHEPTOMOTPEOIIAIOIINMU, U IIPUMEHSINCH
DU IIPOU3BO/ICTBE BBIYUCIUTEIBHON TEXHUKU B TeX CIIydasX, KOTJa Ba)KHEHIIHM MmapaMeTpoM ObLia ckopocTh BeruucieHus. B CCCP cameblie
npousBoauTebHble IBM THma EC106x nsroraBauBaiuchk Ha ICJI-Mukpocxemax. Ceffuac 3Ta TEXHOJIOTHS UCIIOIb3YETCSA PEIKO.

npOVI3BO,D,CTBO nonynpoBoaHMKOBbLIX MUKPOCXeM

[TosrympoBOIHUKOBAs MUKPOCXEMAa — BCe 3JIEMEHTHI U MeK3JIEeMEHTHbBIE COEUHEHUS BBIIIOJTHEHBI HA OJTHOM IOJIYIIPOBOAHUKOBOM KpHICTAJLIE
(mopymosxke).

IMommoxkka — OOBIYHO MOHOKPHCTA/UIMYECKAs MOJIyIPOBOAHMKOBAsA IUIACTHHA, NpeJHA3HAYEHHas /Jid CO3JAHHMA Ha Hed IUIEHOK,
TeTEPOCTPYKTYD U BBIPAIIMBAHMA MOHOKDHUCTAJUIMYECKHX CJIOEB € IOMOINBIO IIPOLECCA SIHUTAKCUU (IeTEePO3NHUTAKCHH, TOMOSIHTAKCHH,
SHIOTAKCHH), KPUCTAJIN3AIUN U T. n.[23]

KpeMHHUi, repMaHuii, apCeHH T/LTHSA, CUTALTBIL24), carndup — ojHI 13 MATPUATIOB [UIS IOZUIOKEK MAKPOCXEM.

TexHonorn4yeckumn npouecc
HpI/I HU3TOTOBJIEHHUHU MHUKPOCXEM HCIIOJIb3YETCA METO/ (I)OTOJ'II/ITOI‘pa(I)I/II/I (HpoeKI_II/IOHHOIL/'I, KOHTaKTHOIL/'I n ,Z[p.), IIpU 9TOM CXEMY (bOpMI/IPYIOT Ha
O/IOKKe (OOBIYHO M3 KPEMHUSA), IMOJyYeHHOH MyTEM PE3KH aJIMa3HBIMU JUCKAaMH MOHOKPHCTAJIOB KPEMHHS HA TOHKUE IUIACTUHBI. BBUAY

MaJIOCTH JIMHEHHBIX pPa3MepPOB 3JIEMEHTOB MHUKPOCXEM OT HCIIOJIb3OBAHHA BUJWMMOI'O CBETA U JaXKeE OJIMKHETO y.TIpra(I)I/IOJIeTOBOI‘O HU3JIy4YE€HUA
IIPHU 3aCBETKE OTKAa3aJIUCh.
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B xauecTBe XapaKTEPUCTUKHN TEXHOJIOTHYECKOI'O IIpomecca IIpON3BOACTBA MHUKPOCXEM YKA3bIBAIOT MUHHMAJ/IBHBIE KOHTPOJINPYEMbIE PA3MEPDI
TOIIOJIOTUU C];)OTOHOBTOPI/ITCJIH (KOHTaKTHBIe OKHa B OKCHJE€ KpE€MHUA, IIMPpHUHA 3aTBOPOB B TPAH3UCTOPax M T. I[.) ", KaK CJIeACTBHE, pa3MeEpPbl
TPaH3HUCTOPOB (I/I Apyrux BJIeMeHTOB) Ha KpucraJuie. IATOT ImapaMeTp, OAHAKO, HaXOJUTCA BO B3aMMO3aBHCHMOCTH C pPAAOM APYTHUX
IIPOU3BOJACTBEHHBIX BO3MO>KHOCTEH: YHCTOTOH IIOJIy4a€eMOro KpEeMHHA, XapaKTEPHUCTHKaMH HWHXEKTOPOB, METOAaMU (I)OTOJ'II/ITOI‘pa(I)I/II/I,
METOAaMU BbITPpAaBJIMBAHWA U HAIIbIJICHMA.

B 1970-x romax MUHUMAJbHBI KOHTPOJUPYEMBIH pa3Mep CEpUHHO NPOU3BOAMMBIX MHUKPOCXEM COCTABJII 2-8 MKM, B 1980-X OH ObLI
YMEHbIIEH /0 0,5-2 MKML25],

B 1990-x romax wu3-3a HOBOTO BHUTKA «BOWHBI ILIaTGOPM» CTAJId BHEAPATHCS B IIPOMBBOACTBO U OBICTPO COBEPIIEHCTBOBATHCA
DKCIEPUMEHTAIbHbIE METOBI: B Hauasie 1990-X Mpoleccoprl (Hanpumep, panaue Pentium u Pentium Pro) U3rotaBanBajId II0 TEXHOJIOTHH O,5-
0,6 MKM (500—600 HM), ITIOTOM TEXHOJIOTHS JOoIIa 70 250—350 HM. Cieaymwoirue mnporeccopsl (Pentium 11, K6-2+, Athlon) yxe nmenanu 1mo
TexHOoJIoruM 180 HM. B 2002—2004 rogax 6sL1H 0cBoeHHI Texmpoliecchl 90 HM (Winchester AMD 64, Prescott Pentium 4)[25].

Crnenytolyie mpoIeccopbl U3TOTAaBJIUBAIU C UCIOJIb30BaHUEM Y®-usiayueHus (skcuMepHbIN jasep ArF, mimHa BosHBL 193 HM). B cpemnem
BHEJ[PEHUE JIUAePaMy MHAYCTPUU HOBBIX TeXIpoleccoB o mwiany ITRS mpoucxouao Kaxkasle 2 rofa, Ipu 3TOM 00ecleduBaoch yIBOEHUE
KOJINUECTBA TPAH3UCTOPOB HA €UHAULY IUIOIAA: 45 HM (2007), 32 HM (2009), 22 M (2011)20127) 14-pMm (2014) [28]) 10-uM (2018), 5-uM
(2020), 3-uM (2022) [29],

B 2015 rosy mosiBUIMCh OIIEHKH, YTO BHEPEHNE HOBBIX TEXITPOIIECCOB Oy/IET 3aMe/:LJIﬂTBCH[3O].

KoHTponb kayecTBa

J1J11 KOHTPOJIA KayecTBa UHTErPAJIbHBIX MUKPOCXEM IINPOKO IPUMEHAIOT TaK Ha3bIBAEMbIE TECTOBBIE CTPYKTYPBHI.

Cepuu Mmukpocxem

AnanoroBele U IUQPOBbIE MUKPOCXEMBI BBIIyCKalOTcA cepusaMHu. Cepus — 3TO IpylnIa MHKPOCXeM, UMEIOIIUX €AUHOEe KOHCTPYKTHUBHO-
TEeXHOJIOTUUECKOe WCIOJIHeHHe W IpeJHa3HaueHHble JUJII COBMECTHOIO HpHMeHeHU:. MUKpOCXeMbl OJHON CepuH, KaK IIPAaBMJIO, UMEIOT
O/IMHAKOBbIE HANIPSAKEHUA NCTOYHUKOB MUTAHUSA, COTJIACOBAHBI 110 BXOJHBIM U BBIXOJIHBIM COIIPOTUBJIEHUAM, YPOBHAM CUTHAJIOB.

Kopnyca
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Kopiiyc MUKpOCXeMbl — 3TO KOHCTPYKIIHs, IIpeIHa3HAUYEHHAs I 3al[UThl KPUCTAJJIa MUKPOCXEMBI OT
BHEIITHUX BO3JIENCTBUI, a TakKe I yZI00CTBA MOHTaXKa MUKPOCXEMEBI B 3JIEKTPOHHYIO cxemy. Coep:KUT
COOCTBEHHO KOPIIyC U3 JIMAJIEKTPUUECKOTO Marepuasia (IutactMacca, peke KepaMHKa), Habop
IIPOBOTHUKOB JIJIS1 BJIEKTPUYECKOTO COETNHEHU KPUCTAJLJIA C BHETHUMH IETISIMU ITOCPEACTBOM BBIBOJIOB,
MapKUPOBKY.

Cy1iecTByeT MHOKECTBO BapHUAHTOB KOPIIyCOB MUKPOCXEM, Pa3/IMYAIOIIUXCS IO KOJIMYECTBY BBIBOJIOB
MHKPOCXEMbI, METOZy MOHTa)ka, YCJIOBUSAM 3KCIUTyaTaruu. [[Jis ympoIlnmeH!s TeXHOJIOTUH MOHTAaKa
IIPOU3BOAUTEN MHUKDPOCXEM CTApaloTcsi YHUMUIMPOBATH KOpITyca, pa3padaThiBas MeEXKAYHAPOIHbIE
CTaH/IAPTHI.

VHOT/ITa MUKPOCXEMBI BBIMYCKAIOT B OECKOPIyCHOM HWCIIOJTHEHUU — TO €CTh KpUCTa/I Oe3 3allUTHI.

BeckoprycHble MHUKPOCXEMBI OOBIYHO IpeAHA3HAYEHBI 11 MOHTa)ka B THOPUIHYI0 MHKPOCOOPKY. Jljist :

MAaACCOBBIX JE€IIE€BbIX H3Z[eﬂl/1ﬁ BO3MOXXEH HenocpeZLCTBeHHbIﬁ MOHTAX Ha II€4YaTHYIO IJIaTy. j‘lmlﬂ"[l"wn !Hl”n”“ ”“ u” “H
RS E——— i

Cneuudmnyeckue Ha3BaHus R

Kopnyca nHTerpanbHbIX MUKPOCXEM,
dupma Intel TepBOi H3TOTOBWIA MHUKPOCXEMY, KOTOpas BBIMOJHsIA (YHKIIUA MHUKDPOIIpOIleccopa  NPeAHasHaueHHbIe Ans NOBEPXHOCTHOrO
(auri. microproccessor) — Intel 4004. Ha 6a3e ycoBepIlleHCTBOBaHHBIX MUKpOIIporieccopoB 8088 u 8086 ~ MoHTaxa
¢upma IBM BeIIIyCTUIA CBOU U3BECTHBIE IEPCOHATIBbHBIE KOMIIBIOTEPHI.

Mukporporieccop GOpMHUPYET PO BBEIUYUCIUTETFHON MaIIUHbI, IOTIOJTHUTEIbHbIE (DYHKIINU, THUIIA CBA3U C
nepudepreil BBHIMIOJHSAINCH C TOMOIINBIO CIEUAIbHO pa3paboTaHHBIX HAOOPOB MukpocxeM (uwmricer). s
mepBbIx IBM umncii0 MUKpocXeM B HaOOpax MCUHUCIISIIIOCH JeCATKAMU U COTHSMU, B COBPEMEHHBIX CHCTEMAaX
3TO HAOOp U3 OJHOU-ABYX-TPEX MHUKpoOcxeM. B mocyieHee BpeMs HAOJIOAAIOTCA TEHAEHITUHM ITOCTENIEHHOTO
nepeHoca GyHKIUH uyniiceTa (KOHTPOJLIEP MaMsATU, KOHTpoJutiep muHbl PCI Express) B IpoIeccop.

Muxpomnporeccopsl co BcrpoeHHbIMU O3Y u 113V, koHTposuiepaMu IIaMATH U BBOZJA-BBIBOJIA, a TaKKe
JIPYTUMU AOTIOJTHUTEIbHBIMU (QYHKIIMAMU Ha3bIBAaIOT MUKPOKOHTPOJIEPAMU.

Mukpocbopka ¢ 6eckoprycHol
MUKPOCXEMOW, pa3BapeHHON Ha
ne4yaTHom nnare

MupoBou pbIHOK

B 2017 rosty MUpOBOIi PRIHOK UHTErPAJIbHBIX CXEM OI[eHUBAJICA B 700 MIIP/L oy 131]
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OCHOBHBIE IPOU3BOJIUTEIIH U IKCIIOPTEPHI HaxoATcA B Azun: CuHramnyp (115 mupz nos.), I0xuas Kopes (104 mupz nosn.), Kurait (80,1 mupa
nmout.) u Manausus (55,7 mupa aosul.). KpymHedmmuin eBponelckui skcrmoptep — l'epmanus (1,4 muipa osut.), amepukaHckui — CIITA
(28,9 mupa nmosn.). Kpynueiimue ummnoprépsl: Kurtait (207 mupa gaosn.), F'onkosr (168 muipa mosut.), Cunranyp (57,8 mupza mosut.), HOskHas
Kopes (38,6 muipa qost.) u Manatisus (37,3 MJIP/ J0JLL.).

IIpaBoBasa 3amura

3akoHOzaTesbcTBO Poccuu mpenocTaBisieT NPABOBYI0 OXpPaHy TOIOJIOTUAM HMHTErPAJIbHBIX MUKpocxeM. Tomosiormell WHTErpajibHOU
MHKPOCXeMBI fABJfeTcd 3a@UKCUPOBAHHOE HA MaTEpPUAJIBHOM HOCHUTEJIe IIPOCTPAHCTBEHHO-TEOMEeTpUYeCKOe PACIOJIOXKeHWE COBOKYITHOCTU
3JIEMEHTOB UHTETPAJIbHOU MUKPOCXEMBI U CBA3el Mexay HUMU (CT. 1448 T'K PO).

ABTODY TOIIOJIOTUY UHTETPAJIbHOU MUKPOCXEMBI IIPUHA/IJIEKAT CJIeIyIOle UHTeJIEKTyaJIbHbIe IIpaBa:

1. NCKNUYUTENBHOE NPaBo;
2. npaBo aBTOpPCTBA.

ABTOPY TOIIOJIOTUY WHTErPAJIbHON MUKPOCXEeMbI ITPUHAJJIEXKAT TAKKe JIPYyTHE IPaBa, B TOM UYKCJIe ITPAaBO HAa BO3HATrPark/IeHHe 3a UCII0JIb30BaHHE
CJTy>KeOHOU TOIIOJIOTHH.

HckmounTesbHOE IIPABO HA TOIOJIOTHIO JIEUCTBYET B TEUEHHE JIecATH JieT. [IpaBoo6J1ajiaTesip B TEYEHNE 3TOTO CPOKA MOXKET I10 CBOEMY KEJIAHUIO
3apErUCTPUPOBATH TOMOIOTHIO B DeepabHOM CTyKOe 110 HHTEIeKTyaIbHOM COOCTBEHHOCTH, TIATEHTAM U TOBapHBIM 3HaKam.[32]

CmM. Takxke

= [MbpmaHas Mmkpocxema
= BalmnHrToHCKun goroBop 06 MHTENNEKTyanbHON COGCTBEHHOCTU B OTHOLLEHUW MHTErparnbHbIX MUKPOCXEM

IIpumeuanusa

1. TexHonorus n3rotoeneHns mmkpocxem // 1. Obwmne ceegeHns o
MUKpOCXeMax 1 TexHonornn nx narotoenenus. (https://archive.toda
y/20121225021138/elanina.narod.ru/lanina/index.files/student/tehno
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CrtaHgapTbl 1 KayecTBo, Issues 1-5 1989 ctp 67 «CBepxbonbLuas
nHterpocxema (CBNC) — okono 100 ThIC. 31IEMEHTOB;
ynerpabonbwas nHterpocxema (YbUC) — 6onee 1 mnH
anemeHTOoB» (https://books.google.ru/books?ei=YguXVO_AMgPNyg

Pkg4GQCw&id=zIHbAAAAMAAJI&Q=%D1%83%D0%B1%D0%B8% 22

D1%81). Oata o6paweHus: 1 nona 2022. ApxusuposaHo (https://web.arc
hive.org/web/20220411074354/https://books.google.ru/books?ei=YguxXVO _
AMgPNygPkg4GQCw&id=zIHbAAAAMAAJ&G=%D1%83%D0%B1%D0%B
8%D1%81) 11 anpenga 2022 roga.

Hegbedos A.B., CasyeHko A.M., ®eokmucmos FO.®. 3apybexHble
NHTEerpanbHble MUKPOCXEMbI A1151 MPOMbILLNIEHHOWN 31IEKTPOHHOWN
annapatypbl: CnpaBovHuk. — M.: QHeproatomuagat, 1989. —

C. 4. — 300 000 ak3. — ISBN 5-283-01540-8.

Skyboeckut C.B., bapkaHos H.A., HuccernbcoH J1.W. AHanoroeble 1 24

LUMdpoBble MHTErpanbHble MUKpPocxeMbl. CnpaBoyHoe nocobue. —

K174XA42 — ogHokpucTtanbHbin UM pagunonpmnémnuk (http://www.s
hema.ru/4/pr_197.shtml). OaTta o6paLuerus: 12 noxs 2018.

ApxusuposaHo (https://web.archive.org/web/20180612210521/http://www.s 25

hema.ru/4/pr_197.shtml) 12 nonsa 2018 roga.

Pressure sensors (http://www.freescale.com/webapp/sps/site/taxon
omy.jsp?code=DRSNSPRSSR&tid=vanpressure). [lata o6paLieHus:
12 mioHsa 2018. ApxmeupoaHo (https://web.archive.org/web/201205172322
05/http://www.freescale.com/webapp/sps/site/taxonomy.jsp?code=DRSNSP
RSSR&tid=vanpressure) 17 mas 2012 roga.

MarHutoynpasnsemsble IC Ha ocHOBE KpEMHMEBBIX AaTYNKOB
Xonna (http://www.krystall.net.ua/article_ru.php?art=4) (HegoctynHas
cebinka)

WHTerpanbHble aHanorosble TepMmoaatymnkm B cxemax Ha MK (http:/
nauchebe.net/2011/02/integralnye-analogovye-termodatchiki-v-sxe
max-na-mk/). [ata o6paiieHusi: 12 nioHs 2018. ApxusuposaHo (https://w
eb.archive.org/web/20180612185018/http://nauchebe.net/2011/02/integraln
ye-analogovye-termodatchiki-v-sxemax-na-mk/) 12 nionst 2018 roga.
WHTerpanbHble gatynkm komnaHmm Maxim (http://www.kosmodrom.c
om.ua/data/sensormaxim.php). Jata o6paweHus: 12 noxs 2018.
ApxusuposaHo (https://web.archive.org/web/20180612185444/http://www.k
osmodrom.com.ua/data/sensormaxim.php) 12 nioHsa 2018 roga.

https://ru.wikipedia.org/wiki/HTerpanbHasa_cxema

23.

26.

27.
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21.

OxpaHsietca m. 74 «[paBo Ha TONONOrMN UHTErparnbHbIX
Mukpocxem» 'K P® kak nHTennekTyanbHas COGCTBEHHOCTb (CT.
1225 «OxpaHsemble pesynbTaTbl MHTENIEKTyalbHON 4eATENbHOCTH
N cpeacTea uHanBMayanmsaummy» ).

[MpoekTnpoBaHmne aHanorosbix Mukpocxem Ha MOTI-TpaH3ncTopax.
Yactb 1. ManocurHanbHas mogens MOI-TpaHaucTopa ¢
ncrovyHmkamu wymos (http://www.russianelectronics.ru/leader-r/revie
w/intergal/doc/46529/). Oata o6paluerus: 12 noHa 2018. ApxnBMpoBaHO
(https://web.archive.org/web/20180612185059/http://www.russianelectronic
s.ru/leader-r/review/intergal/doc/46529/) 12 wioHs 2018 ropa.

BaxpywwH B. E. Nony4eHne n dusnyeckme cBomncTea
cnabonernpoBaHHbIX CIIOEB MHOTOCITOMHbLIX KOMMO3ULUMA. —
3anopoxbe: Ky, 2001. — 247 c.

Poctex yBenuunn npon3sogCcTBO KOMMIEKTYOLWMX AS1S1 MUKPOCXEM
(https://www.gazeta.ru/army/news/2022/08/04/18260894.shtml)
ApxusHas konus (https://web.archive.org/web/20220804092609/http
s:/lwww.gazeta.ru/army/news/2022/08/04/18260894.shtml) ot 4
asrycta 2022 Ha Wayback Machine // la3eTta.ru, 4 asrycta 2022

Is 14nm the end of the road for silicon chips? (http://www.extremete
ch.com/computing/97469-is-14nm-the-end-of-the-road-for-silicon-lit
hography) ApxusHasa konus (https://web.archive.org/web/20150819
062232/http://www.extremetech.com/computing/97469-is-14nm-the-
end-of-the-road-for-silicon-lithography) ot 19 asrycta 2015 Ha
Wayback Machine // ExtremeTech, September 2011

H. Iwai, Roadmap for 22 nm and beyond (http://www.eet.bome.hu/~m
izsei/Nanoelektronika/roadmap22nm.pdf)  ApxusHas konus (http
s:/lweb.archive.org/web/20150923234047/http://www.eet.bme.hu/~
mizsei/Nanoelektronika/roadmap22nm.pdf) ot 23 ceHTabpa 2015
Ha Wayback Machine / Microelectron. Eng. (2009),
doi:10.1016/j.mee.2009.03.129

ApxusupoBaHHas konus (http://download.intel.com/newsroom/kits/2
2nm/pdfs/22nm-details_presentation.pdf) . [Oarta o6pawexus: 15
asrycta 2015. ApxmsupoBaHo (https://web.archive.org/web/2013013004522
5/http://download.intel.com/newsroom/kits/22nm/pdfs/22nm-Details_Presen
tation.pdf) 30 anBaps 2013 roga.

17/19


https://books.google.ru/books?ei=YguXVO_AMqPNygPkg4GQCw&id=zlHbAAAAMAAJ&q=%D1%83%D0%B1%D0%B8%D1%81
https://web.archive.org/web/20220411074354/https://books.google.ru/books?ei=YguXVO_AMqPNygPkg4GQCw&id=zlHbAAAAMAAJ&q=%D1%83%D0%B1%D0%B8%D1%81
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/5283015408
http://www.shema.ru/4/pr_197.shtml
https://web.archive.org/web/20180612210521/http://www.shema.ru/4/pr_197.shtml
http://www.freescale.com/webapp/sps/site/taxonomy.jsp?code=DRSNSPRSSR&tid=vanpressure
https://web.archive.org/web/20120517232205/http://www.freescale.com/webapp/sps/site/taxonomy.jsp?code=DRSNSPRSSR&tid=vanpressure
http://www.krystall.net.ua/article_ru.php?art=4
http://nauchebe.net/2011/02/integralnye-analogovye-termodatchiki-v-sxemax-na-mk/
https://web.archive.org/web/20180612185018/http://nauchebe.net/2011/02/integralnye-analogovye-termodatchiki-v-sxemax-na-mk/
http://www.kosmodrom.com.ua/data/sensormaxim.php
https://web.archive.org/web/20180612185444/http://www.kosmodrom.com.ua/data/sensormaxim.php
https://ru.wikisource.org/wiki/ru:%D0%93%D1%80%D0%B0%D0%B6%D0%B4%D0%B0%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D0%B4%D0%B5%D0%BA%D1%81_%D0%A0%D0%A4/%D0%93%D0%BB%D0%B0%D0%B2%D0%B0_74
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D0%BB%D0%BB%D0%B5%D0%BA%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%BE%D0%B1%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikisource.org/wiki/ru:%D0%93%D1%80%D0%B0%D0%B6%D0%B4%D0%B0%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D0%B4%D0%B5%D0%BA%D1%81_%D0%A0%D0%A4/%D0%93%D0%BB%D0%B0%D0%B2%D0%B0_69#%D0%A1%D1%82%D0%B0%D1%82%D1%8C%D1%8F_1225._%D0%9E%D1%85%D1%80%D0%B0%D0%BD%D1%8F%D0%B5%D0%BC%D1%8B%D0%B5_%D1%80%D0%B5%D0%B7%D1%83%D0%BB%D1%8C%D1%82%D0%B0%D1%82%D1%8B_%D0%B8%D0%BD%D1%82%D0%B5%D0%BB%D0%BB%D0%B5%D0%BA%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9_%D0%B4%D0%B5%D1%8F%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D0%B8_%D0%B8_%D1%81%D1%80%D0%B5%D0%B4%D1%81%D1%82%D0%B2%D0%B0_%D0%B8%D0%BD%D0%B4%D0%B8%D0%B2%D0%B8%D0%B4%D1%83%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8
http://www.russianelectronics.ru/leader-r/review/intergal/doc/46529/
https://web.archive.org/web/20180612185059/http://www.russianelectronics.ru/leader-r/review/intergal/doc/46529/
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D1%85%D1%80%D1%83%D1%88%D0%B8%D0%BD,_%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80_%D0%95%D0%B2%D0%B3%D0%B5%D0%BD%D1%8C%D0%B5%D0%B2%D0%B8%D1%87
https://www.gazeta.ru/army/news/2022/08/04/18260894.shtml
https://web.archive.org/web/20220804092609/https://www.gazeta.ru/army/news/2022/08/04/18260894.shtml
https://ru.wikipedia.org/wiki/Wayback_Machine
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7%D0%B5%D1%82%D0%B0.ru
http://www.extremetech.com/computing/97469-is-14nm-the-end-of-the-road-for-silicon-lithography
https://web.archive.org/web/20150819062232/http://www.extremetech.com/computing/97469-is-14nm-the-end-of-the-road-for-silicon-lithography
https://ru.wikipedia.org/wiki/Wayback_Machine
http://www.eet.bme.hu/~mizsei/Nanoelektronika/roadmap22nm.pdf
https://web.archive.org/web/20150923234047/http://www.eet.bme.hu/~mizsei/Nanoelektronika/roadmap22nm.pdf
https://ru.wikipedia.org/wiki/Wayback_Machine
https://doi.org/10.1016/j.mee.2009.03.129
http://download.intel.com/newsroom/kits/22nm/pdfs/22nm-details_presentation.pdf
https://web.archive.org/web/20130130045225/http://download.intel.com/newsroom/kits/22nm/pdfs/22nm-Details_Presentation.pdf

20.11.2023, 10:55

WHTerpanbHasa cxema — Bukunegmsa

28. ApxmsuposaHHas konus (http://www.intel.com/content/dam/www/pu  30. Moore’s Law Buckles as Intel’s Tick-Tock Cycle Slows Down (http://

29.

blic/us/en/documents/pdf/foundry/mark-bohr-2014-idf-presentation.p
df) . Oara o6paweHus: 15 aBrycta 2015. ApxmupoBaHo (https://web.arc
hive.org/web/20150724065324/http://www.intel.com/content/dam/www/publi
c/us/en/documents/pdf/foundry/mark-bohr-2014-idf-presentation.pdf) 24
uonga 2015 roga.

Bun3nT B KOxHyto Kopeto - npesmaeHt CLUA [xo3ed bangeH
ocTaBun aBTorpad Ha KpeMHMEBOW NiacTuUHe ¢ obpasuamm nepsbIxX
3-HM 4mnos npomseogcTea Samsung Electronics (https://forklog.co
m/senat-ssha-prinyal-zakon-o-stimulirovanii-proizvodstva-chipov/).
[ata obpaiueHus: 31 aBrycta 2022. ApxmnsmposaHo (https://web.archive.or
g/web/20220805165309/https://forklog.com/senat-ssha-prinyal-zakon-o-sti
mulirovanii-proizvodstva-chipov/) 5 aBsrycra 2022 roga.

JIureparypa

31.

32.

www.techpowerup.com/214342/moores-law-buckles-as-intels-tick-to
ck-cycle-slows-down.html) ApxmeHas konus (https://web.archive.or
g/web/20150818143439/http://www.techpowerup.com/214342/moor
es-law-buckles-as-intels-tick-tock-cycle-slows-down.html) ot 18
asrycta 2015 Ha Wayback Machine, July 16, 2015

BHewWHAA TOproensi MHTErpanbHbIMU CXeMamu Mo CNpPaBOYHUKY
atlas.media.mit.edu (https://atlas.media.mit.edu/ru/profile/hs92/854
2/). NaTa obpalyenus: 6 nions 2019. ApxusupoaHo (https://web.archive.or
g/web/20190706204248/https://atlas.media.mit.edu/ru/profile/hs92/8542/) 6
uonga 2019 roga.

MPABO HA TOIMONOIr N MHTEIMPAJIbHbIX MUKPOCXEM (http://
www.innovbusiness.ru/content/document_r_57E556B1-72DB-47A4-
AAD1-8697EA702760.html). ata o6paieHus: 29 Hoabps 2010.
ApxusuposaHo (https://web.archive.org/web/2014030618324 3/http://www.in
novbusiness.ru/content/document r 57E556B1-72DB-47A4-AAD1-8697EA
702760.html) 6 mapTta 2014 roga.

XKaH M. Pabau, AHaHma YaHOpakacaH, bopugox Hukonudy. Lindposble nHTerpanbHble cxembl. MeTogonorna npoektnposanunsa = Digital
Integrated Circuits. — 2-e nag. — M.: Bunbsamc, 2007. — 912 ¢. — ISBN 0-13-090996-3.

YepHsies B. H. TexHonorns npon3BoacTBa UHTErpanbHbiX MUKpocxeM U MukponpoueccopoB / YepHsies B. H.. — M.: Paano u ceasb, 1987. —

464 c. — ISBN Her, YK 621.38 4-498.

lNapgpeHos O. []. TexHonorus mukpocxem / MNMapderos O. .. — M.: Boicw. wk., 1986. — 318 c. — ISBN Her, YK 621.3.049.77.

Bbpoydau UN.,Mepel [x. dnsndeckne ocHOBbl MUKpoTexHonorum. — M.: Mup, 1985. — 496 c. — ISBN 200002876210.
lMupc K., Adamc A., Kay, /1. TexHonorna CBUC. B 2-x kH. — M.: Mup, 1986. — 404 c. — 9500 aka.

lMacbiHkos B. B., HYupkuH J1. K. NMonynpoBoaHukoBble Npubopsbl: Y4ebHoe nocobue. — 8-e ucnp.. — Cl16.: JlaHub, 2006. — C. 335—336. —

480 c. — 3000 3k3.

M3W, 1993. — 184 c. — ISBN 5-7046-0091-3.
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= Epmonaes FO. I1., NoHomapes M. @., Kprokos FO. I KoHcTpykuumn n TexHonornsa mukpocxem / (F’MC n BI'MC). — M.: CoBeTckoe paauo,
1980. — 256 c. — 25 000 oaka.

= Konedos J1. A. TeEXHONOMMA N KOHCTPYKLUMM MUKPOCXEM, MUKPOMpOoLLeccopoB 1 Mukpocbopok. — M,: CoseTckoe paguo, 1989. — 394 c.

= Konedos J1. A. TEXHONOrMS U KOHCTPYKLMM MUKPOCXEM, MUKpONpoLeccopoB U Mukpocbopok. — CJ10.: JlaHb, 2008. — 394 c. — 2000 ak3. —
ISBN 978-5-8114-0766-8.

= Sky6osckuli C. B., bapkaHos H. A., HuccenbcoH J1. U., TonewkuH M. H., Ywubbiwes B. A. AHanoroBble 1 LMPOBbLIE NHTErParbHbIE
Mukpocxembl. — M,: Pagno n cBasb, 1985. — 432 c. — (MNpoekTupoBaHue P3A Ha nHTerpasnbHbiX Mukpocxemax). — 60 000 aks.

UctouHuk — https://ru.wikipedia.org/w/index.php?title=NHTerpancHas_cxema&oldid=133068578
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