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Mpeancnosue aBTopa
K PYCCKOMY U30aHUIO

MHKpPO3JIEKTPOHNKA — HAYYHO-TEXHHYECKOE JOCTHXKEHHE HAIllero BeKa, BO MHO-
THX OTHOUICHWAX HOCAIUIEE SIPKO BBIPAKECHHBIH WHTEpHAIMOHANBHBIA Xapakrep.
VyeHsle pa3sHBIX CTPAH BHECIH CBOM BKJAJ B CO3/IaHHE HAYYHBIX OCHOB MHKpPO-
3NIEKTPOHUKH, Ba)XKHEHIEH W3 KOTOPBIX ABJIsieTCH (PU3MKA MOJynpoBOAHHKOB. U3
BbLIAIOMMXCA (PU3HMKOB, YbH HCCIECIOBAHHMA B CBA3H C pa3paboTkoil Teopuu
TBEPAOTO Tejla MOATOTOBWJIM BCE JajIbHENINEE pa3sBUTHE MHKPOIJIEKTPOHHKH,
npexae Bcero cieayer orMeTuTh Konpama Penrtrena (Iepmanusi) u Abpama
®enoposuua Modde (CCCP). Abpam Uodde 3anoxun pyHIaMeHT KpyMHBIX
YCIEXOB COBETCKOH Hayku B OOJACTH HM3YYeHHS OCHOB (DH3HKH IOJYNPOBO/I-
HHMKOB, KOTOpas cesizaHa ¢ uMmenamu Tamma, @penkens, Kypuarosa, Jlanuay,
Boromobosa, Andeposa u ap. [Tomumo Abpama Modde 8 CCCP u Bansrepa
otkn B Iepmanum yueHble W MHXKEHEPhl MHOTHMX CTpPAH TAKXKe YIOPHO
paboTasu HalX MPeoI0IeHHEM TEXHHYECKHX U APYTHX TPYAHOCTEH 0 BHEAPCHHIO
HOJIYIIPOBOIHUKOB B JIeKTPOHUKY. [TOBOPOTHBIME ITAIAMK HA 3TOM IYTH OBLIH
co3manne Tpausuctopa bapaunom, bpatreitnom u okmu B CIHIA u o6benune-
HHE ITHX TPAaH3HCTOPOB B OJHOH cxeme. Ha 6a3ze ynmoMsHYTBIX HOCTHXEHHI
HAYKH ¥ TEXHHKH B TeueHue mociaexnux 30 met B Mupe chopMrpoBaach HOBas
TEXHOJIOTHS, CBA3AHHAS C MHUKPOIJIEKTPOHUKON H e MCIOIb30BAHMEM B BBIMHC-
JUTENBHOH TEXHHUKE, cHcTeMax oOpaboTkh MHMOpPMAIMK, B CPEACTBAX aBTOMA-
TH3auMKH U ynpasienus. CerofHs BO MHOTHX CTpaHaX MHTEHCHBHO paboraror
HaJ HanboJee MOJHLIM PACKPLITHEM BO3MOKHOCTEH TON TEXHOJIOTHH, HATIPAB-
JICHHBIM Ha TOBBIIEHHE NPOU3BONUTENLHOCTH OOMIECTBEHHOTO Tpyda W Ha
MoAbeM YPOBHS KH3HH Jrofecd. M korja B HAIIMX CTpPaHAX MbI FOBOPHM O
HeOOXOIHMOCTH HAyYHO-TEXHHYECKOTO MPOrpecca, TO B NEPBYIO Ouepe/ib CHOa
OTHOCSATCS IIMPOKOE MPHMEHEHHE MHKPO3JICKTPOHHKH M ee JajibHellee coBep-
LIEHCTBOBaHKE. 3a/1a4a JIAHHON KHHIH COCTOHT B MOATOTOBKE COOTBETCTBYIOLLIEH
MOYBBI MMYTEM O3HAKOMIIEHHs KAK MOKHO BOJIBIIEero Kpyra YATaTelIeH ¢ BO3MOX-
HOCTAMH 4ellOBEKa B OTIEJILHOCTH C OCHOBAMH (DYHKIIMOHMPOBAHWSA W3IETHI
MHKPOJIEKTPOHHKH M TEXHOJIOTHH MX M3roToBiaeHus. [TosToMy aBTOp HMCHBITHI-
BaeT GOJBINOE YAOBJETBOPEHHE OT TOTO, YTO 3TA KHUTA H3[AETCS HA PYCCKOM
S3BIKE M CTAHOBHMTCS HOCTYIHON COBETCKOMY YHTATEJIO, H3BECTHOMY BO BCEM
MHApe cBoel MoBOBBIO W HHTEpECOM K Hayke W TexHuke, M ecim 3ToT wyATaTeNh
XOPOIIO NMPHMET KHHUI'Y, Ha 4TO aBTOP, €CTECTBEHHO, BO3JIAraeT HAIekK[Ibl, TO
Gonbmas 3acnyra Oyzer npuHaanexats npod. WM. M. Llnmunskosckomy, mon
peAakumei KOToporo BuIXOAMT pycckoe m3nanue, u FO. A. CepacTbaHOBY, BbI-
MOJIHABIIEMY €€ TIEPeBOJI Ha PYCCKHi A3LIK. ABTOP IIPHHOCHT HM GllarojlapHOCTh
3a MUIOJIOTBOPHOE COTPYIHHYECTBO.

Bepmun, anpens 1987 r. ' Poavgh Dudepaaiin
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MHUKpPO2IEeKTPOHIKA — HauboJIee 3HaYHTEeIbHOE |, KaK CYMTAIOT MHOTHE, BaXKHEi-
1ee Hay4HO-TEXHHHECKOe JOCTHXKEHHE COBpPeMEeHHOCTH. CpaBHHTL €€ MOXKHO C
TAKHMH TOBOPOTHBIMH BEXdAMH B MCTOPDHH TEXHHMKH, KaK M300peTeHMEe KHHMIO-
neyatamms B XVI B.,, cozmanme maposod Mammusl B XVIII B. u passutue
anektporexuuky B XIX B. M xoraa ceroins peub HAET O Hay4HO-TEXHHYECKOH
PEBOJIIOLIMH, TO B MEPBYIO O4Epedb MMEETCs B BHIY MHKPOJIEKTPOHHKA.
MHEKpPO2JIEKTPOHUKA, KAaK HH OJHO TEXHHYECKOE JOCTHKEHHME HAILIMX [IHEH,
MPOHA3LIBAET Bee C(hephl XKU3HH U JIEJIACT PeabHOCTBLIO TO, YTO BYEpa IPOCTO
HEBO3MOXKHO ObL10 cebe npeactasuTh. CTOMT TOJIBKO BCIIOMHHTH O KAPMaHHBIX
MHKPOKAJILKYIATOPaX, MUHHATIOPHBIX PAJHONPHEMHHKAX, 2JICKTPOHHEBIX YIIpaB-
JISIOIIMX YCTPOWCTBAX B OBITOBBIX MpHOOpax, KBAPLEBLIX Yacax, JIEKTPOHHbIX
Hrpax, MHKPDOKOMIIBIOTEPAX M mporpaMmupyeMmbix 9BM Oosbmioi BhiumCIH-
TeabHOH MouHocTH. OJHAKO MHKpPOJJEKTpoHMKa crnocobHa Ha Gonbmee. Ee
3HAYEHHE COCTOMUT B TOM, YTO OHA MOJKET [JaTh JIs CYILECTBOBAHMUS YEJIOBEYEC-
KOTO OOLIECTBA HEYTO CPABHMMOE IO CTENEHH BA’KHOCTH Pa3Be 4TO C JHEPIrHeH u
MaTepueil. ITO «HEYTO» —uHiopmayus, MPHIEM B CAMOM IIHPOKOM CMBICIIE,
KaKO# TOJIbKO MOXHO BJIOXKHTH B JaHHoe noHsaTHe. HpopMannonHbIe mponec-
Cbl MMEIOT MECTO Be3Jie M BCEerJd—B NPOMBIIUICHHOCTH, YNPaBICHHH, HayKe,
HHA4e TOBOPSI TaM, I'/le B MATEPHAJILHOM M IyXOBHOM cpepe NpoTeKaeT JesaTelb-
HOCTh, HATIPABJICHHAS HA JOCTHXKEHHe onpeaenenHoii nenn. [1pu atom undopma-
A0 HY/KHO HOJIYy4HTh, 00paboTarh, mepeaTh M COXpaHHTb. B mpakthyeckoi
JesTeILHOCTH TpebyeTcsd 00ecneduTh palMOHAIBHOCTh, OBICTPOTY M HAJIEK-
HOCTB UH@opmayuottslx npoyeccos. KIrOHOM K pelieHMI0 MOAOOHBIX 3a1a4
CJIyKHAT MHKPO3JIEKTPOHMKA, H B 3TOM 3aKJII0¥aeTcs ee NPaKTHYECKOe 3HAYEHHe.
Takum 06pa3oM, MOHATHE Kilouesasd MexHoA0zus O4Ye€Hb TOYHO OTpaxaeT
CYILHOCTH MHKPO2JIEKTPOHUKH. DTH, 4 TAKXKE [IPYTHE MOXOKHUE MUTETHI, Xapak-
TEPH3YIOLIHE POJIb MHKPO3IEKTPOHHKH, COOCTBEHHO TIOBOps, HE ABJIAIOTCH
HOBBIMH, H UMH MOJIb3YIOTCSI BCE, XOTSl 3aJI0KEHHBIA B HAX CMBICI MOJHOCTHEO
OTKpPBIBAETCA JIMIIbL TOMY, KTO 3HAKOM ¢ mpeaMeToM. PakTel MOATBEPKAAIOT
CIPaBETHBOCTE CKa3aHHBIX cjIoB. O/IHAKO JaJieKo He KaXKbli crocobeH jo-
BOJILCTBOBATLCH OJHHMHM JIMIIbL (DAKTAMH, T.€. BHIMMBIMH BCAKOMY DPe3Yilb-
TATAMH NPHUMEHEHHS MHKPOIIEKTPOHHKH,— MHOTHE JKEJAl0T MOHATh, KAKHM Ke
MyTeM YAaloch MONY4YMTH 9TH pesyibtarsl. Korga Anbbepr DIiiHiureiin,
BeicTynas B 1930 r. Ha orkpeiTuu BepimHcKoil BRICTABKY paano, ObIBIIEro TOr1a
erle B HOBHHKY, CKa3al:

«ITycte OyzeT cThIAHO TOMY, KTO 0€3qyMHO MOJb3YETCH 4yJecaMyd HAYKH H

TeXHHKH, CMBICTI B HHX He GoJiee TOro, 4TO CMBICIHT B GOTaHHKe KOpPOBa, C

YAOBOJILCTBHEM IUIMILUIIONIAN TPaBy»;
XOT# 9TO OBIJIO IIYTIHBBIM NpeyBeJHYeHHEM, B HEM COIepKajlach 3HAYHTENb-
Has O MCTHHBI. DTO KacaeTcss W 3HAHWUS MHKPOAJIEKTPOHHKH.
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MHKpO3NIEKTPOHUKA OTIMYAETCH O4YEeHb CIOXHBIM Xapaktepom. O3Hako-
MHTBCS C HEll MOXHO, pacCMAaTpHBAsl TOJBKO caMble pazHOOOpa3HbIE ACTIEKTHI
HAYKH ¥ TEXHUKHA. MBI yike TOBOPHIIHN O ee 001eM NPHHIUITHATIEHOM 3HAYCHHUH B
#Ku3HM obmecTBa. OHAKO KAKOBBI K€ YacTHBIC MPAKTHYECKHE 3a1a4H, KOTOpBIE
pelaeT MHKPO3JIEKTPOHHKA W KOTOpBIE MPHBEIH K (OPMHPOBAHHIO 3TOrO
HanpaBJIcHUs Hay4HO-TeXHHWYEeCKoro pa3suTHaA? Kakue u3genus, ocCHOBaHHBIE HA
UCIIONIB30BAHMH MHKPO3JICKTPOHUKH, HMEIOTCS B HALIEM PACHOPSKEHHH H Kak
HX MOXKHO TIPUMEHATEL B IPOMBIIICHHOCTH, B YIPABJICHHH, B CPEACTBAX CBSI3H, B
Hayke M B ObITy? Kak HMCo/nb3yroTcs 3TH BO3MOXKHOCTH YK€ CErOfHs H 4TO
MOXKHO 0XHOaTh B Hemanexkom Oymymem? CTOMT 3aMeTHTBh, 4TO COIHAIbHbIE
MOCTIC/ICTBHS Pa3BUTHA MHKPOJJIEKTPOHHKA OTIMYAlOTCsA, Kak 3TO ObiBaeT ¢
TEXHUYECKOH HOBHHKOMH, Ype3BLIYAiHEIM MHOT000pa3neM | riIyOHHONH B OXBATHI-
BaioT Bce cepwl obmecTBeHHOH M JHuHOW *u3HH. Kpome obiecTBeHHOR
NpeoNpee/IeHHOCTH B (PYHKITHOHAJILHOIO HA3HAYEHWsS] MHKPOJIEKTPOHHKH HH-
Tepec NPeACTABISIOT TEXHUYECKHE BOIIPOCEI, CBA3aHHbIE C IPHHIAIIOM JICHCTBHS.
Kak (yHKIHOHHPYIOT MHKPO3JIEKTPOHHBIE YCTpPOMHCTBA, Kak paboTaior mody-
IPOBOJIHHMKOBLIE 3JIEMEHTBI H COCTOsIIIME W3 HUX cXembl? Ilpuanun peidcreus
CIIe/lyeT paccMaTpHBaTh, C OJHONH CTOPOHBI, MPUMEHHTEJIBLHO K TOMY, Kakue
(u3nyeckue mpolecchl MPOTEKAIOT HA YPOBHE 3JIEMEHTHOH 6a3bl, MHKpOCXEM,
npuboOpoOB MM YCTPOWCTB, @ C JPYrodl CTOPOHBI, C Y4ETOM TOrO, KaKHe
JIOTHYECKHE OTepalMH BBLIOJHAIOTCS B 9THX CHCTEMAaX M KaKHe MHCTPYKUHH W
MPOTPAMMBI HYXKHO pa3paboTraTk, 4TOOBI YIPABIAATH ITHMH ONEPALHAMH UMEH-
HO Tak, Kak 3To Tpebyercs Ans peIIEHUS COOTBETCTBYIONICH MPHKIIAIHOMN
3ajgaud. COBOKYINHOCTBH 5JIEKTPOHHBIX CXeM, HPHOOPOB M YCTPOMCTB B HX
MamepuaabHom BHIE 0OBIMHO HAa3LIBAKOT annapammubimu cpedcmeamu, a Heobxo-
JAMBIE I8 UX SKCILTYyaTAHA WHMeA1eKmyaabible TIPEINIOCLLUIKA B BHAE MPaBHII
M TPOrpaMM —npozpammusimu cpedcmeamu. B KXakayio MHKPOINEKTPOHHYIO
CHCTEMY B pPAaBHOH Mepe BXOAAT KaK annmapaTHele, TaK W NPOrpaMMHBIC
cpeacrBa. Yrobel pasobparecsi B cucTeMe, HeoOXOAMMO 3HATh, 4TO U3 cebs
NpeCTaBIsAeT H TO U Apyroe. ToT, y KOro BO3HHKAET KeNaHHE MO3HAKOMHTECS C
MHKPO3JIEKTPOHHKO# OJ1ke, B KOHIIE KOHIOB 3aHHTEPECYETCS H BONPOCAMH
TEXHOJIOTHA H3TOTOBJIEHHS MHKPOCXeM. DTOT MOMEHT IIpHOOpeTaeT 11 MUKPO-
3MIEKTPOHHKH 0CO0YI0 Ba’KHOCTB: Be[b TEXHOJOTHA Oblia, Ja W CEroHA OCTAeT-
€5, MCKYCCTBOM NPOMBINUIEHHOTO HM3TOTOBICHAS MHKPOCXEM, COCTOSIIMX H3
GonpiIoro yucna anemMesToB. [IpHHIHNMMATEHAS BO3MOKHOCTh CO3IaHNA MHKDPO-
cxemsl, cogepxaueit 100000 Tpan3ucTopoB, Ha 4YTO BIOJIHE criocoOHAa coBpe-
MEHHasi MEKPO3JIEKTPOHHUKA, OblNla foka3zaHa naBHo. M ecin Ha mpakTHKE J0JT0
HE YAaBajoCh CAENaThb 3TOTO, TO HE MOTOMY, 4TO HE OBLIM €lie OTKPLITHI
KakHe-To (u3MYecKHe MPUHIMILL, a UL 10 TOH MPHYHHE, YTO MBI TOT[a He
BJIaJIeNIH 3THM HMCKYCCTBOM — TexHousorueil. [lepenom mnpomzomen B 1960 1.,
KOTJa TIOSBHIIACH TIEPBasl UHMe2palbHas CXeMa, Co3TaHHas Ha OCHOBE MAAHAPHOU
mexHoa02uy HM3TOTOBJICHHS KPEMHHEBLIX MOJYIPOBOAHMKOBEIX mpubopos. C
9TOr0 MOMEHTa Hayajock GypHOe pasBHTHE MHKpOIIeKTpoHHMKH. Ee Gyayice
NPAKTHYECKH TOJIHOCTBIO 3aBHCHT OT TEXHOJIOTHYECKOIO TpoIlecca.,

H3yuas MUKPOS/IEKTPOHHUKY, MOXKHO PACCMATPHBATEL KaK 9TOT, TaK M JpYTHe
acnexThl. O HEUX ¥ MIET peYb B MHOIOYHCJIEHHBIX mybiukanmax. OpHako eciau
Takue nyOJUKAIMHA aJpecOBaHbl HECTICHHAIUCTY, TO, KaK MPABHIIO, B KaXI0# U3
HHUX PacCMaTPUBACTCH JIMIUL 00uH ACIEKT, HATIPHMEP NPUMEHEHHE MJIH H3rOTOB-
JIEHHE MHKPOJJIEKTPOHHON 3siemeHTHOM ©Oaspl. Takwe orpaHHYeHHS HMEIOT
BEChbMA CEepbe3HbIe TPHYMHLI M SBJISIOTCA BIOAHE onpaBaanHsiMu. Ho B Hameil
KHHI'€ MBI HAMEPEHHO PELIHIM HE OIPAHMYMBATHCS JUIIL 00HUM-EOUHCIEEHHBIM
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acnekToM. 3[ech MPEANpHHATA HNONBLITKA OTPa3suTh B obuienoctynHoil dopme
BCIo 0b6sacte MukpoasiekTponnkd. Kuura obpaiena kK uuTaTero, KOTOPBIH, He
obnazas cnenuabHBIMA 3HAHHAMH Ha YPOBHE HHCTHTYTA, XOUYET HOHSATD, YTO XKe
npezacTasiaseT codoi MUKpoaeKTponnKka. KHura npeqHasnavena He Ui crielHa-
JIHCTOB M He MpeTeHAyeT Ha To, 4TOOBl cTaTh ydeOHHMKOM. Y4eOHHKOB MmO
MHKPO3JIEKTPOHHKE YK€ JI0CTATOYHO. BOJIBIHHCTBO U3 HUX XOPOIIO BLIMOJHSAET
CBOIO 3ajady, MOMOras HHXXEHEpaM H NPEJICTABHTENSAM ECTECTBEHHLIX HAyK
PACIIMPHTL H YriIyOMThH CBOM NMO3HAHMsA B 9TOH obnacTu. Hama kHura npuspana
CHEeNaTh TO, YTO HE MOXET CHeNaTh HH OJMH YueOHMK —IOMOYb HE MMEIOLLEMY
CHenMaJibHOM MOArOTOBKH HHTATENIO MOJYHHTh MpeacTaBieHHe 0 MHKPOIIEKT-
ponnke. B mepByro ouepe/ib HMEHHO Ha 3TO Mbl OPHEHTHPOBAJIKCHL NPH BhIOGOpE
MaTepuana H (GOPMBI H3JIOKEHHS.

LlenTpasibHag TeMa KHUTH—MHKDPO3JICKTPOHHKA B TOM BHJE, B KAKOM OHa
CyILIECTBYET ceroHs, XoTs 3[1ech U FOBOPUTCS 00 OCHOBHBIX JABHKYIIMX CHIIAX,
KOTOPBIE MPHBEJIH K NOSABJICHHIO MHKPOIJIEKTPOHHKH, BCE 3TO, OJIHAKO, paccMmart-
puBaeTcs B Oonee IMPOKOM KOHTEKCTE, HEXEIH NMPOCTOE ONHCAHHWEe NyTed
HAMpaBJIeHWH TexHHYeckoro pasputus. [lomobHbie mpobneMbl OTOABHHYTHI Ha
BTOPOi#i mad. MBI cocpeoTOYH/IH BHUMaHHE HA NPHHIMNAX, Hanbosee MUpPOKo
MCTIOJIL3YIOLHXCS CeTOHSA B MPOMBIIIJICHHOCTH, HA PAa3HOBMIHOCTAX TEXHOJIO-
THA ¥ BAPHAHTAX TIPHMEHEHHS MHKPO31eKTpoHuKH. [Ipn 3ToM ynTaTens nosua-
KOMHTCS C HMEIOIIHMMMCH B MHpEe MOCIEIHUMHM HOBHHKaMH, HO 0e3 omHO-
CTOPOHHETO CMEIlIEHHs AKIEHTA B MOJIL3Y TOIBKO HOBEHIIMX HOCTHXeHMii. Benn
TAK WM HHAYe MPH COBPEMEHHBIX TEMIAX Pa3BHTHsA 0Oble HOBHHKH GhICTpO
yerapeBator. He ycrapeparoT mumb ocHOBHBle mpuHIMNbEL. KTo 3Hakom c
OCHOBAMHM, TOT JIerko moiMet u Hopoe. [losToMy B Halllel KHHTe IJIaBHBIH yIop
clieiaH Ha OCHOBBI MHKPO3JIEKTpoHHKH. B ri1. 1 maercs obmiee ommcanue Toro,
YTO TAKOE 3JIEKTPOHHKA M B KAKMX «OTHOIICHHSX» OHA HAXOAWTCA ¢ MH(pOpMa-
mueii u ee obpaboTtkoii. 'MaBa 2 nocBAIEHA 3HAYEHHIO MHKPOAJICKTPOHAKH LIS
obmrecta. B ri1. 3 paccmaTpuBaioTes (H3HYECKHE NPOLECCh], KOTOPbIE NPOTeKa-
I0T B MOJYNPOBOJHUKAX W HA KOTOPBIX OCHOBAH NMPHHIMUI JEHCTBHSA JIEKTPOH-
HBIX MHKpocxeM. [IpuHIMIHanbHBIE BO3MOKHOCTH 00paboTkn MHGOpPMaIMU C
MOMONIBIO 3NEKTPOHHBIX CXeM—TeMa IJ. 4, a TeXHOJOTHA H3TOTOBJIEHHS 2J1e-
MeHTHO#H 6a3bl MHKpO3JeKTpOHMKH obcyxknaaercs B 1. 5. B rn. 6 cHauana
naetcs obmas xapakKTepHCTHKA aCCOPTHMEHTA JIEKTPOHHBIX CXEM, B HACTOsAIIIEE
BPEMS BBITYCKAEMBIX MPOMBINLIEHHOCTBIO, MOCTE YE€ro Ha MPHMEpPE OTACNBHBIX
cXeM pa30uparoTcs MX NPHHIMI JSHCTBHSA M BAPMAHTLI NpMMeHeHNs. PazBuTuio
MHKPO2JIEKTPOHHKH B OyIyIeM, KOTOpOE, OYeBHIHO, IIO3BOJIHT HAMHOTO Mmepe-
KPLITh CErOAHAIIHAE pekopasl, oTBeneHa ri. 7. Takum ob6pazom, kHHra oTBeva-
€T Ha JIOBOJILHO MIMPOKHii Kpyr BonpocoB. Ho oTBeTHTh B cxaToit hopme Ha 3TH
BONPOCH MOJHO TOJIGKO B TOM CJIy4ae, ec/ii TLIATeIbHO 0ToOpaTh Bce camoe
BaXkHOe H OTOpoCcHTH HecyiiecTBeHHOe. [IPHHIMIL, TONOXEHHBIH B OCHOBY
JaHHOI KHWTH, 3aKJII0YAeTCA B TOM, YTOOBI JOCTYITHO, AICHO H Haubosee MOHO
H3JI0KATh OCHOBHBIE MOMEHTBI, HEOOXOIUMBIE Ui MOHHMAaHHs MHKPO3JICKTPO-
HUKH, 2 TIPOYAE BONPOCH] PACCMOTPETHL KPATKO MM e BooOuie onycTuts. Harra
3aja4a —cejlaTh MHKPOJJIEKTPOHHKY NOHAMMHON; Mbl HE CTPEMHMCS [JaTh 0OO-
nmMpHyro HHpopManmio 060 BceM, 4TO KacaeTcss MHKPO3JIEKTPOHHKH. B yueGHu-
K€ BaXHBIM CPEICTBOM PACKPBITHSA CONEPKAHHA ABJIAIOTCH MATEMATHYECKHE
(opmyns! u ypapHenus. OHU TO3BOJAIOT JieTHe YCTAHOBHTH B3aHMOTIOHHMAHHE
MEXIy aBTOPOM H YHTATeNIeM, €ClH MOCICIHHH Ha COOTBETCTBYIOLIEM YPOBHE
Biajgeer sA3bikoM (opmyn. Ilpn moAroTroBKe NAaHHON KHHTH, OIHAKO, HEJIb3s
OBUIO NOHTH IO TAKOMY IYTH, W TIO3TOMY MBI IIOMTH NOJHOCTBE) OTKA3aJIHCh OT
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MaTeMaTHYecKHX (opmysi, o6paTHBIIHMCL K ONMHcaTeJbHOH (hopMe H3IOKEHHS
MaTepuala, i JOTOJMHUIA ero WUIKOCTPANHAMHE TaM, IAe 3TO LelecoobpasHo.

M Bce ke kuura He obeuraer serkoro yrenus. HecMoTps Ha Bce HAIM yCHIIHS
caenaTth ee JOCTYMHOM Ka)I0MYy, Ul MHOTHX COJIepiKaHue TOKaKeTCH IOBOJIbHO
CnokHBIM. YuTaTeno B MOJHOH Mepe NpPUMIETCS MPeojloeBaTh TPYAHOCTH,
KOTOpbIE MHKPOINIEKTPOHHKA CO3JAeT I MOHHMAHHA. DTH TPYIHOCTH B
npupojie pemeit. Tor, KTO xo4eT riay6oKo 03HAKOMHTLCA C MPEAMETOM, I0JIKEH
NPOHTH Yepe3 3TO HenbiTaHHe. MecTaMi KHHTY HYKHO HE NPOCTO YHTaTh, a
H3y4aTh.

INoBomoM /Ut HANMCAHAS ITOH KHHI'M SBUJIMCH NyOIMYHBIE JIEKIHH, IPOYH-
TaHHBIE ABTOPOM B MPOILUILIE FOJIbI 110 npobiaemMaM (GHU3HYECKHX OCHOB MHKPO- H
onTo3eKTpoHuKH B BepnuHckom ymusepcutere M. ['ymboasara. B pabore
Haj KHUTOH OosbIlylo MOMOIL OKasajdu Kojulerd mo pabore. B sakirouenue
apTop xoten Ol OT Beelt aymm mnobnaromapuths mpod. X. ®énsua, mpod.
M. 3apemby, npod. 3. Kénepa, a-pa P. llitpyba, p-pa M. Asussata u npood.
X. Kiose, mONHOCTBIO MJIM YACTHYHO NPOCMOTPEBIIMX PYKONHCh M BBICKA3aB-
LIHX psg [EHHBIX 3aMedaduii. 3a OoOJblLIYIO MOMOIIL TNPH MOATOTOBKE OT-
JIeNbHBIX Pa3/ieioB aBTOp XoTes Obl TakkKe BHIPAa3uTh GnarofapHocTs mpod.
HO. Ayty, nmpod. X. Paiimepy, m-py A. Pymonwdy, m-py P. Bepenary, mpod.
K.-X. Xeppmany, n-py X.-I'. lInainepy.

Kpome Toro, ocobyio GaarogapHOCTh aBTOpP NMPHHOCHT H3HaTenbeTBY «DPEB
Hoiiuep ®epnar mep BuccenimadTen», pykoBOACTBO M COTPYAHHKH KOTOPOTO
oKa3ann GoNbIIyIo TOMIEPXKKY NPU TMOATOTOBKE W H3/IaHHHM KHHTH, B YACTHOCTH
penaktopy I'msene llunac m xynoxecrBeHHoMmy penaktopy I'msene [loiu 3a
[IeJIOBOE COTPYIHHYECTBO, a Takxke XymoxHukaM Bonbdraury llsapuxondy u
I'ancy Bynnepauxy 3a BEICOKOE KauecTBO HiLIocTpanuit. Y Bee e naHHas KHUra
He cMmorna Obl nosBUTBCS 6€3 TOH MOMAEPKKH, KOTOPYIO ABTOP MOCTOSHHO
OLIYIAJ CO CTOPOHBI XeHbl, XaHHeNOpe DHIAepiaiH, 33 YTO H MPHHOCHT eif
CBOIO camMmyro riaybokyio 6i1arofapHoOCTb.

Poavgh Inoepaaiin



1. AnekTpoHuka

DTy KHHTY O MHKPO3IEKTPOHHMKE MBI HauH-
HAEeM ¢ KpaTKOTrO paccMOTPEHHS 7EKTPOHH-
ki Oe3 nmpuctaBkn «Mukpo». Yto xe aro
Takoe—3nekTponnka? Camo Ha3BaHHE Yxke
TOBOPHUT O TOM, HTO 31€Ch Mbl HMEEM [IEJI0 €
IEKTPOHAMH.

ANeKTPOHbI

DNIeKTPOHBLI —MeNIbYaillIne  3JIeMEHTapHbIE
YaCTHIBI MaTepHu, oOJajarolmMe 3MeKTpH-
4Yeckoil oHeprmeii. Mx mmamerp paBeH
5:107!'* cm, wMmacca COCTaBIfET OKOJIO
9:1072% 1, a amexTpuueckuil 3apam 1,6 x
x 107 '° K. Kax/plii 37eKTPOH HMEET HaH-
MEHbIIIHH BCTpeYaloliniics B NPUPOLIE IJeK-
TPHYECKHIT 3apal—dNeMEHTAPHBIH 3EeKTPH-
HEeCKHil 3apsjl. DJIEKTPOHBI 00pa3yroT 3JIeK-
TpoHHBIe 06004KH aToMoB. Bmecte ¢ mpo-
TOHAMH H HEHTPOHAMH OHH SBJIAIOTCA TEMH
BaKHEHIIHMH «KHPIMHYHKAMU», U3 KOTOPBIX
MOCTPOEHBI aTOMBI. UMEHHO MOATOMY 3IIeK-
TPOHBI KaK OJHH M3 OCHOBHBIX CTPYKTYPHBIX
e[IMHUIl MaTepUH BXOIAT B cocTas Bcex Go-
Jiee MWW MEHee KPYIMHBIX CHCTEM, TOCTPOEH-
HBIX W3 aToMoB, Oyab TO TBepIsle Tela,
AKHIKOCTH WK raskl. Ho 37eKTpoHBI MOTYT
CYILIECTBOBATH M B BHJE CBOOOIHBIX HACTHIL.
B xocmoce. HanpuMep, cBoOO/IHbIE TEKTPO-
Hbl MOJXHO BCTPETHTHL Hapsaay ¢ APYTHMH
37IeMEHTapHBIMH 4acTunamu. [Ipu Tak Ha-
3pIBaeMOM OeTa-pacmafe paJanOaKTHBHOE
aTOMHOE AApO HCIycKaeT snekTponsl. [Tox
BO3/IeHCTBHEM >HEPIHH, HANIPUMED TEIJIOTHI,
CBETA MJIH MOHH3YIOLIEIO H3JIYYEHHs, TBEp-
[Ible TeNla TAKKe CIOCOOHEI MCIYCKAaTh CBO-
Go/tHBIE ITEKTPOHBL. ITO ABJCHHE HCIOJIb-
3yeTcsl B 3JICKTPOHHBIX JIaMTIax, KaTo/d KOTO-
PBIX TIPH HArpPeBaHWH HCITYCKAET 37IEKTPOHBI.
B cBoG0IHOM COCTOAHHH 3JEKTPOHBI MOTYT
HAaxXOIUTECA TOJLKO B BAaKyyMme, T.e. Koraa

MobJIM30CTH HET YAaCTHIL, CHOCOOHBIX HX
npuTAruBaTh. C HaAXOOAIIMMHCH B BaKyyme
CBODOMHEIMH 3JIEKTPOHAMH MOKHO TPOBO-
JIATh pa3HYHble (DH3HYECKHE 3KCIEPHMEH-
Tel. Tak, HAPHMED, C TOMOIIBIO 3JIeKTPHYEe-
CKOTO TOJIS 3JeKTPOHBI MOXHO pa30THATh
10 BhICOKOH ckopoctH (puc. l,a), a mome-
CTHB MY4YOK YK€ pa3’OrHAHHBIX [0 OIpene-
JIEHHOM CKOPOCTH 3JIEKTPOHOB B AJIEKTPHYE-
CKO€e ToJIe, H3MEHHTb HAMpABJICHHE MX JIBH-
xenusi (puc. 1,6) niIM 3aCTABUTHL JABHIATBCS
IO KPHBOIi 1101 BJIMSHHUEM JIONOJHUTEIBHOTO
marauTHOro monas (puc. 1,6) m T1.4. Ilpo-
JleJIaTh BCE 3TO, OHAKO, MOMKHO HE TOJBKO
co CBOOOIHBLIMH IEKTPOHAMH, HAXOJIAIIH-
MHCs B BakyyMe. HexoTopsle TBepbie Tena,
KpOME 3JIeKTPOHOB, TPOYHO CBSI3aHHBIX C
aTOMaMH, HMEIOT 2JIeKTPOHBI, 00Jagaiomme
OTHOCHTENBbHO OoJbiold cpobomoi. DTo
TAKXKe KacaeTcs MOHH30BAHHBIX TA30B—TAK
Ha3bIBaeMOi nuiasmel. Bo3aelcTBHe BHEILIHUX
2JIEKTPHYECKAX H MATHMTHBIX TIOJieil Ha
TaKHe MOJBIKHBIE 3JIEKTPOHBI, BCTpevYalo-
IIHeCS B TBEPIBIX TelaX WIH Ta30BOil mias-
Me, MOXET OCYIIECTBISTBCA CTOJIb JKE JIETKO,
Kak M Ha CBOOOMHBIEC 3JIEKTPOHBI B BAKYyMe,
TpH9IeM BO3MOKHOCTH BO3/ICHCTBHS HA 3JICK-
TPOHBI TBEPABIX Ted Haxe Ooliee MIHPOKH.
DTH 3JeKTPOHBI PEArupyloT HE TOJBKO Ha
MEKTPHYECKHE H MATHHTHLIE TOJIA, HO M Ha
CBET, NABJICHWE WJIH HarpeBaHWe, T.e. Ha
ONTHYECKHE, MEXAHHYECKHE WM TEIJIOBbIE
pazapaxurenn. Mrak, MOXHO CKa3aThk, YTO
MBI TIOJIYYHJIM TEpBO€ MNpeicTaBlieHne 00
3JIEKTPOHHKE: 3TO Hayka 00 YIpaBJIeHHH TO-
TOKaMH 3JeKTPOHOB B BaKyyme, TBEpIBIX
TeJaX M ra3oBoil IUa3sMme MyTeM BHEIIHEro
BO3/ICHCTBHA HA HHX.

OcyIrecTBisieTcs TakKoe BO3/IEHCTBHE, pa-
3yMEETCH, C IeJIBIO TIOYMeHHS OnpeIe/eHHO-
ro nonesHoro ahgpekra. Ho kakuMm xe obpa-
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Puc. 1. a— nBHKCHHE ICKTPOHOB MO JACHCTBHEM
WEKTPHUECKOIO NOJIA; 1 — H3IMEHEHHE HanpaBﬂc-
HHS JIBUKEHHUS YIEKTPOHOB MO/ JIEHCTBHEM 3JIeKT-
PHYECKOTO TIOJIA; 6 — H3MCHCHHE HATIPABJICHHA JIBH-
KEHHS MEKTPOHOB MO JeHCTBHEM MATHHTHOTO
OIS

30M 3JIEKTPOHBI MOTYT MPHBECTH K TAKOMY
a¢dexty? 3meck B nepByro ouepens HeoOxo-
JMMO MOYEPKHYTH, YTO TaM, TJi€ HCIOIb3Y-
eTCAl HNEKTPHYECKAs SHEPTHsA, MK TPOHBI HT-
paroT OrpOMHYIO poJib. IMEHHO 371eKTPOHBI
SBISIOTCS TJIABHBIMH HOCHTENISIMA 3JIEKTPH-
HECKUX 34pS/IOB, ¢ KOTOPBIMH MBI HMeEeM
[e7io B MOBCeXHeBHOM xn3HH. KoHewno, kpo-
Me 3JIEKTPOHOB CYILECTBYIOT JIpYrHe dJIeMeH-
TapHbIE YAaCTHUIB C TIOJIOKHTEILHBIM 3JIeK-
TPHYECKHM 3apsNoM, B YaCTHOCTH npomonst
H nozumponsi. Ho MO3WTPOHBI BCTpEHAOTCS
ype3BeIvaitHo peako. [IpoToHOB, mpaBaa, B
TMPHPOJIE CTOMb KE MHOIO, Kak H 3JIeKTpPo-
HOB. [TpOTOHBI HIPAIOT OINpPEIENEHHYIO POJTh
B 3JICKTPOTEXHHKE, HAIPHMep, BXOs B COC-

TAB HMOHOB, OHH YYACTBYIOT B pEAKIIHSX,
MPOTEKAIOMIMX B CBHHIOBLIX AKKYMYJIATO-
pax. HemocTtaTok NpOTOHOB B TOM, 4TO,
Oymyum B 2000 pa3 TsKenee TeKTPOHOB, OHH
BO CTOJIBKO € pa3 MeHee nousuxkusl [To-
3TOMY B GONBIMHCTBE CIYYaeB MpaKTHYEC-
KOE HCMOJIB30BAHKE 3JEKTPHYECTBA OCHOBA-
HO Ha MEPEHOCE JMEKTPUYECKOro 3apsia He
NPOTOHAMH, 4 WMEHHO aekTponamMu. Ecim
BKJIFOUMTE  3JIEKTPHYECKYIO JIAMIIOYKY, TO
JIBIDKYIIAECS B HHTH HAKATHBAHHS NEKTPO-
Hbl 6yIyT CTANKHBATECH ¢ ATOMAMH, 34CTaB-
JISIsl MX HCIYCKaTh BHAMMBIN CBET. A B 2JIEKT-
poBHraTese Kak pa3 KHHeTHYeCKas SHeprus
9NEKTPOHOB MIPHBOJIKT BO BpAlIeHHE POTOP.

NMpeobpazoesaHue
3NEeKTPUYECKON 3Heprum

VnomsanyTeie BHIbI paboThl, cOBepIIaeMOii
AMEKTPOHAME, MOXKHO PACCMATPHBATH Kak
2enepayuio nepauu, a TouHee Kak npeobpazo-
8anue 00HO20 suda sHep2ul 8 Opy2oil. DIeKT-
POHBI CIIOCOOHBI OCYHIECTBIIATH MEPEHOC H
npeobpazoBaHie HEPrHH — INEKTPHIECKOH B
CBETOBYIO, TEIUIOBYIO, MEXAHHYECKYIG HIIH
XMMHYeCKYI0, OHH UIpaloOT TJIABHYIO POJib B
MOJIYMEHHH JICKTPHYECKON JHEPIHH M3 Tell-
JIOBOM, XHMHYECKOM, A/IepHOMN, COTHEYHON M
T.4. H B nepeaa4yc ¢ 0T MECTa IMOJYYCHHA K
norpeburesno. Ho xorpa Mmel ropopum o6
9ACKTPOHHKE, TO KaK pa3 3Ta cnocobHOCTH
IMEKTPOHOB OCYLIECTBISATH Mpeobpa3oBaHue
OJIHOTO BH/IA SHCPIMHM B IPYIoii He npedcmas-
asem ang Hac ocoboro uutepeca. Beas 3iech
HCMONB3YHOTCHA TOJBKO CaMble 'BJTEMBHTaP'
HBbIE CBOMCTBA J7CKTPOHOB, MPHYEM B OTHO-
CHTEIIBHO TIPOCTOM BHJE, T.€. HCMOJB3yeTcs
BO3MOXHOCTh 3aCTaBHTh MX [BHTaTbCs,
oHHM, Oyay4HM OHHAXIbl NPHBEJACHHBIMH B
JIBH)KEHHE, B CBOIO OYepe/lb CTAHOBATCA HC-
TOYHHKOM [lbn&eHUA. B oTiamume or aroro
J7EeKTPOHHKA 3aHUMaeTcad Oosee TOHKMUMH
a(pdexTaMn, B NEPBYIO OYEpPEdb TeM, KakK
H3MEHSIETCSl XApaKTep IBHXKEHHA TNOTOKOB
3JIEKTPOHOB B YCJIOBHSAX BHEIIHHX BO3JEH-
CTBHH M K KakuM 3]pdextam 3T0 MOXKeT
npuBecTH. [IpeameToM 3IeKTPOHUKH SBIIA-
eTCsl He CTOJILKO ABHKEHHE CAMHX 3JIEKTPO-
HOB, CKOJIBKO IleJIeHanpasjeHHoe GopMupo-
BAHHUE TMOTOKOB JICKTPOHOB H YIPAaBJICHHE
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HMH C IOMOIIIBIO BHEIIHEro Bo3jeicTeus. O
TOM, YTO TpPH TOM pedb MOXKeT HATH 00
JIEKTPHYECKOM, MarHUTHOM, MEXaHHYECKOM
WK TEIVIOBOM BO3JEHCTBHM, MBI YK€ TOBO-
puin. Ecim nyreM Harpesa pesucTopa u3me-
HAIOT BEJHYMHY TOKA B IIENH, TO HA MOTOK
9JIEKTPOHOB OKa3bIBAIOT TEIUIOBOE BO3MEH-
crBue (puc. 2,a). O6 3MEKTPHYECKOM BO3-
HeHCTBHH peyb OyIeT WIATH B TOM Cliy¥ae,
€CJTH JUISl YIpaBJIeHNsl TOKOM M3MEHSIOT Ha-
NpsKEHUE HA CETKE BAKYYMHOMH 2JIEKTPOHHON
namnsl (puc. 2,6). Heemorps Ha TO 4TO B
3NIEKTPOHUKE MCMOJIB3YIOTCS H APYrHe BHIBI
BO3IEHCTBHUA, J4eKnpuueckoe O CBOeil 3Ha-
YHMOCTH HAMHOT'O TPEBOCXOAMT HX. B Mukpo-
3JIEKTPOHMKE, KaK Mbl €¢ MOHHMAeM B IaH-
HOIf KHHre, MPUMEHAIOTCSA TOJBKO 3JEKTPH-
YeCKHe BH/Ibl BO3JIEHCTBHA. B 3TOM CMBICTe
MPEIOKEHHOE BBIIIE OTPENeIeHne 3eKTPO-
HHUKHA TElepb MOXKHO YTOYHHTH CJICAYIOIIHM
obpa3om: 3T0 Hayka o HOPMHPOBAHHH TTOTO-
KOB 3JIKTPOHOB H YNpPaBJICHHH HMH C TO-
MOIUIBIO BHEUIHETO 24eKmpuueckozo BO3eH-
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Puc. 2. a—Tennosoe Bo3jieHCTBHE HA MOTOK 3JI€K-
TPOHOB IYTEM HArpeBaHWA TBEPIOTENBHOTO pe-
3UCTOPA; O — 2JIEKTPHYECKOE BO3/EHCTBHE HA MOTOK
3JICKTPOHOB TYTCM M3MEHCHUs Hanpsxkenns U, na
CETKE BAKYYMHOH JIEKTPOHHOM Namrel. | —HcTou-
HHK TOKa; 2 — H3MepHTeIbHEIT npubop; 3 - TBepno-
TENLHBIA Pe3UCTOP; 4— peryiHpyeMblii HCTOHHUK
TENJia; 5—BaKyyMHAs DJIeKTPOHHAA Jlamma; 6 —cBo-
BojtHbie MEKTPOHBY; T —ceTka.

CTBHS C LIENIbIO TOJY4EHHS ONpe/elleHHOTO
nosnesHoro 3gdexra.

MpombiwineHHan
M nHcpopmMaunoHHaA
ANeKTPoOHMKa

Wrtak, Tenepk MBI 3HaeM, YTO B IpoLeccax
nepeayy u npeobpa3oBaHms HEPrHH 60JIb-
LIyIO poJib MrparoT uiekTpoHsl. Ecnu norto-
KH 9JIEKTPOHOB HCTIONB3YIOTCH [Uis nipeobpa-
30BAHMA M MEPeAayd 3HAYHTEIHLHOTO KOJH-
YECTBA JHEPIHH M YIPABJISNIOTCS MyTEM 3JIEK-
TPHYECKOTO BO3JICHCTBHA, TO pedb HIET O
npomuiuaernoll aaexmponuxe. I'oBops apy-
THMH CJIOBaMH, B MPOMBIIUICHHOH 3/IeKTPO-
HHKe obecrieyHBaeTCs 3JEKTPHYECKOE yIpaB-
JIEHHE CHJIbHBIMH TOKAMH M BBICOKHMH Ha-
npsokeHuamu. OIHAKO Kpome 3NeKTpuyec-
KO JHEpPruM O3JIEKTPOHBI MOIYT CIIYXHTh
HOCHTEJIAIMH H 4Yero-To Jpyroro. 3To Ipy-
roe — uHgopmayusn. DNEKTPHYIECKHH TOK MoO-
*eT ObITh CHIBHBEIM H cnabbem. Coobinenue
«3NIeKTPHYECKAH TOK CHJIBHBIH» —3TO yXKe
uapopmamms. CHia BHEIIHEro BO3HEHCTBUSA
Ha MOTOKH 3JEKTPOHOB TaKXe€ MOXKET OLITh
pa3lIMYHOMN; HANPSIKEHHE Ha CETKE EKTPOH-
HOI# JIaMIIBI, HAapUMep, OBIBAET H BBICOKHM,
u HH3KkHM. CreoBaTellbHO, H BO BHEITHEM
BO3ICHCTBHH MOXET COIEpXaThCd Ompene-
nennas uHdopmaums. Temepsr pemaroinee
3HavYeHue npuobperaeT TO, YTO 3IEKTPOHBI
caMH cnocoOHbl OKa3bIBATH BHEILIHEE BO3-
neicTeue. DTO JaeT BO3MOXKHOCTB C IO-
MOLUBIO 00HO20 TIOTOKA JIEKTPOHOB OKa3bl-
BaTh HANPaBJICHHOE BO3JECHCTBHE Ha dpyeue
NOTOKH 2J1ekTpoHoB. Eciu oba noroka anek-
TPOHOB HeCyT HH(OPMAIHIO, TO B PE3yJIbTa-
Te MBI HMEEM JIeJI0 C BO3HEHCTBHEM 00HO20
HH)OPMALMOHHOIO MNOTOKAa HA  Opyeoil
(puc. 3). Ho Bens MMeHHO 3TO M Tpebyercs
npu obpaborke mHpopMamuu. MTak, Mbi
NOJONUIA K OYEHb BAKHOMY BBIBOJY: C IIO-
MOIIBIO 3JIEKTPOHOB MOKHO oOpabartsiBaTh
uH(popMammio. M korma 3mexTpoHHKA HcC-
HOJIL3YETCA B 3THX MENAX, TO rOBOPAT 00
UHOPMAYUOHHOT I AeKMPOHUKE.

s sdhdekTHBHOTO BO3NEHCTBHA IIOTO-
KOB 3JIEKTPOHOB JPYr Ha Apyra Tpebyrotes
TAK HA3bIBAEMBIC IACKMPOHHbIE HACMEHMbL.
Ecmm obpatuthes x puc. 3, TO Takue 3Je-
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Puc. 3. Mpuauun obpaborku HHGOPMAIMH ¢ TOMOLIBIO MOTOKA 3JIEKTPOHOB.

MEHTHI JOJDKHB! OBITE PAacMOJIOKEHB! B TOY-
Kax TepeceyeHus MOTOKOB 37eKTpoHoB. Ca-
MH IOTOKH 3JIEKTPOHOB IBHXYTCS MO IpO-
BofHHKaM. OIHO 3TO yKe FOBOPHT O TOM,
KaKyl0 B TIPHHIHNE KOHCTPYKLHMIO IOJIKHBI
HMETh 3JIEMEHTBI, ciyxaniue 111 o6paboTkn
nHpopMamMA. DTa KOHCTPYKIHMS MOJDKHA
obecrieynBaTh BO3MOXKHOCTH HX 00BeInHe-
HHSI C TIOMOILEIO TIPOBOIHMKOB B cxeMy. Kak

KOHKPETHO ocylecTBiaseTcss obpaborka uH-
(opManiK ¢ MOMOIIBIO TEKTPOHHBIX CXEM,
MBI DoJiee moapoObHO pACCMOTPHM B CIIEAYIO-
mEX rnapax. A B rJ. 2, He BIaBasCh B
TeXHHYECKHE MOAPOOGHOCTH, mompodyeM mo-
Ka3aTh YHTATENIO POJIb HMHpOpMALMH H ee
obpaboTku B uemoBedeckom o0LIecTBE | pac-
CKa3aTh, KAKOE MECTO 3/IeCh OTBOJIHTCH MHK-
PO3JIEKTPOHHKE.



2. MunkpoanekTpoHuKa,

nHdopmauma u obLecTeo

MuUKpOINEKTPOHAKa — HH(OpMaIHOHHAS
anektponuka. [loBciogy, rae 4YTO-HHOYAL
NPOUCXOAMT ¢ HH(pOpMAIMEid, MBI HMeeM
JIEN0 ¢ MHKPO2JIeKTpoHHKOMH. [1pH 3TOM 1o~
HATHE «uHpOpMAMS» CIEAYET paccMaTpH-
BaTh B OYEHb IIMPOKOM cMbIciie. Mbl MoHH-
maeM noji uadopmarmeil Bce Tak WM HHAYE
oopMIIeHHEIE CBEICHHA MIH COOOIIeHHA O
Bemax u spaeHusx. Mudopmammio pacnpo-
CTpPaHAIOT pajguo u TeneBuenue. Ee MoxHo
TOJIY4HThL M3 Ta3eT, €0 MOXKHO O0OMEHATLCH
no tenedony. [Toura saBaserca Tem yuapexe-
HHEM, KOTOPOE UMEET JIEJI0 MPEUMYIIECTBEH-
HO ¢ uabopmanmeii. Hax undopmanmeii ocy-
IIECTBJISIET ONEPaliH MHUKPOKAJIbKYJIATOP,
HETPEPBLIBHO BBIJAIOT MHMOPMAIHMIO HaChl.
BeInoytHuTh M3MepeHus — 3HAYUT, MOJIYYHTh
uHpopmanuro. Mupopmanns HyxKHa U TOI-
ma, korga TpefyeTcs aBTOMAaTH3HPOBATH
ynpaeienue mammmHamMu. Ho wunrbopmanus
HeMbICTHMa Oe3 HOCHTeN, T.e. OIpeJieNeH-
HOTO MAaTEpHaJBLHOTO CpelcTBa 1A €€ Xpa-
HeHus u nepegavu. Hu omHo coobienne He
CylIeCTBYyeT camo mo cebe: OHO MOJKHO
OBITH HanmeyaTaHo Ha Oymare, mepelaHO KO-
sebanusaMA BO3/yXa HJIM JOJDKHO obpectH
Kakoe-Tub0 WHOe MaTepHaJIbHOE BOILIOLIe-
aue. Ha omHoM 1 ToM ke HocHTene HHPOP-
MalHs MOMKET OTODpakaTbCs MO-pasHOMY.
Ha Oymare Tekct MokeT ObITH HamucaH
NO-HEMENKH, MO-PYCCKH WJIH IO-aHTJIHICKH,
I1a ¥ BoobOie He OykBaMu, a TaltHbIM 1HppO-
BbIM KomoMm. Ho, HecMOTps Ha pasiiHuHbIC
dopMeI npencTaBienus, 9To OyaeT Bce Ta ke
uHbopmanus. [l Havaia, moxasayi, MOx-
HO OrpaHHYMTBLCS 3THMH KPATKHMH 3aMeda-
HUAMH 00 uHopmaiuu kak nousTuu. [lo3a-
HEE MBI ellie BePHEMCSH K HEMY H [IOCTAPaeM-
¢ JaTh Doliee TOYHOE OIpe/eNieHHe.

MHudopmaumnoHHbie npouecesl
n obwecrteo

Undopmanus He ecTh HeuTo craTHyHOE. Kak
NpPaBHIIO, ¢ HEHl BCe BpeMs YTO-TO MPOMCXO-
JIAT, T. €. OCYILECTBISIOTCS uHhopmayuontvie
npoyeccel. B xu3Hn Beero obuiecTBa U Kax-
JIOTO 4eJ0BEeKa B OTHAENbLHOCTH HH(OpMAaIH-
OHHBIE TIPOIIECCHI HIPAIOT TAKYIO ke 00b-
HIYIO POJIb, KaK M MPONecch 0OMeHa BelecTs
HJIA 9HEpreTHYeckue mpouecchl, Pemaromee
3Ha4YeHHE IUIA JKM3HH BooOIIEe MHpOpManmus
HMEET U B buoaozudeckom cMeicie. OQHako B
JanpHedineM Mbl OyleM paccMaTpHBATh
NHIIE T€ HH(POPMAIHOHHBIE POLECCHI, KOTO-
pBI€ CBA3aHBI C CYHIECTBOBAHHEM YeJIOBEYeC-
Koro obmiecTBa W 0OLIECTBEHHOH MPHPOIOH
4eJIoBeKa, HOO TONLKO OHU UMEIOT OTHOIe-
HHE K CPEe/ICTBAM MHKPOIJIEKTPOHHKH. DTH
nmpolecckl MOXKHO pas[eNduTh Ha 4YeThIpe
TPYIIbI - NOJyYeHHe, XpaHeHue, obpaboTka
W nepefaya MHPOpPMAIHH.

Monyuyexnne nHdopmauum

YenoBek BOCIPHHAMAET OOJIBIIYIO YACTh MO~
cTynawulei Kk HemMy uHpOpMAaIMH HEMOCPeI-
CTBEHHO OpraHaMH 4YBCTB, NpEXKIC BCEIO C
NOMOIIBHY 3PCHHA. O,E[H‘dKO BO3MOXHOCTH
HAIMX OpraHoB 4YyBCTB BECbMa OI'pAHHYCH-
HbBI, & MHOTHEC BCIIH H SABJICHHA [ HHX
Boobuie negoctynuel. [TosroMy ans nonyue-
HUSL HMHQOPMAIMM BAXHYIO JUIA 4EJIOBEKa
poJib HI'pardT BCHNOMOTATENbHBIE TEXHHYEC-
kue cpefcrsa obienus. C moMollpo u3Me-
PHTEABHBLIX HHCTPYMEHTOB Y€JIOBEK AKTHBHO
cobupaer uHpOpMALHIO O peAMETaX OKpY-
Kawowero Mydpa #“ IOpOTEeKAKIMIHX B HEM
nporeccax. A BOT NpH MEIHIMHCKOM obcIre-



MukpoanekrpoHuka, uHgopmaumua u obwecrteo 17

JIOBAHHH OOBEKTOM AHATHOCTHYECKHX H3Me-
pEHHIl CTAHOBHUTCH yXe cam 4enosek. MH-
dopmanus, noixydaeMas B XoJie H3MEPEHHH,
O[IHAKO, UMEET Ba)XKHOE 3HAa4YCHHE HE TOJIBLKO
JUIS «4eJIOBEKa pa3yMHOro», HO H JJi Ma-
mmH. Heobxomumele mis nonyyeHHs Takod
uHpoOpMALMH  YYBCTBHUTEJILHBIE 3JIEMEHTBI
CpelCTB H3MEpPEeHHsI Ha3BIBAIOT JarmuuKamu.
Kaxpapiit npubop st peryjinpoBaHus TeM-
HepaTypbl HMeeT TeMIepaTypPHBIH JATYAK; B
moOBIX CHCTEMAaX MpeaynpeauTe/IbHOW CHr-
HAJIM3ALMA TIPHMEHSIOTCS KOHTAKTHBIE HIIH
onTHYeckHe JaT4yHkH. JlaTd4MKaMM OcHale-
Hbl H [POMBIIUIEHHBIE PODOOTHI, peliaroine
tonee cioxHble 3amaun. M ecim undopma-
IS MpejcTanisieT coboil COBOKYIMHOCTL CBe-
JIeHHIi 1 coObIIeHHit 0 BelIax | ABJICHUAX, TO
nojiyuenue HHMGOpMaIUu 03HaYaeT HEYTO ro-
paszgo Goubliiee, HEXKENH IPOCTO H3MEPEHHE,
Jlro6oii cbop taxkToB M Bemyleecs pacciie-
noBaHme, M000H ONMpOC HACEICHHS B NEJIAX
H3y4eHHs OOLIECTBEHHOrO MHEHHS, TIPOBE/Ie-
HHe JF0OLIX HaOMIOAeHHH, HeceToBaHue CO-
OBITHIf MPOIIIOr0 B 3TOM CMBICTIE SABIAIOTCH
MpoleccoM noJstyuenust uupopmanuu. B mm-
POKOM CMBIC/IE CIOBA CIOJIa XK€ CIeayeT
OTHECTH M3YYCHHE B3aUMOCBSA3CH B MPHPOJE
i oOmecTBe WIM CO3JaHHE TPOW3BEICHHI
nckyccTBa. B To ke Bpems Bce 3TO CBHE-
TeTLCTBYET 06 O/HOM: HET YETKHX TPaHHMIL
MEXJIy ToJIydeHHeM HH(pOpMalnu W ApyrH-
MH HH(OPMAIMOHHBIMH MPOLIECCAMHU, TAKH-
MH, Kak XpaHeHume M oOpabotka wuHpOp-
MaI|m.

Xpanenue nHpopmaumm

Eciu uadopmamuio Tpebyercs HCNoNb30-
BATh HE TOJBKO B MOMEHT IOJIYYEHHS, HO ¥
no3ke, HJIH €ciM OHa Boobuie cosgaercs
JWILB A8 HCIIOJIL30BAHMSA BIIOCJIEICTBHH, TO
BOBHHKAET HEOOXOIMMOCTBH B €€ XPaHeHUu.
[IpumepoM HHGOPMANIHH B NEPBOM ciyvae
SBIISIETCSl BBINYIIEHHAN B TpsAMol 3pup u
3aNHCAHHAA Ha MArHUTHYIO JICHTY TeJIeBH3H-
OHHad mepejiada, 4 BO BTOPOM —Co/iepkKaHue
kakoif-mibo kuuru. HeobGxommmocTs xpane-
HAA HH(OPMAIIHE BO3HHKAET BO BeeX cepax
wu3Hu. Ilpd 3TOM peub MOXKET HATH O
npo(ecCHOHANBbHBIX 3HAHHAX, Ppe3yJbTaTax
HAYYHBIX MCCJEI0BAHUHE, KOHCTPYKTOPCKOM
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NOKYMEHTalHH, NPOH3BEICHUAX MCKYCCTBA,
MOCJNEIHMX HOBOCTAX HJIH «Iejlax [JaBHO
MHHYBIIMX JIHeH». Pe3yIbTaThl MeIHIIMHCKO-
ro obcnemoBaHHs HEOOXOOHMO COXPAHATH,
TOYHO TaK ke Kak H HH()OPMAIHIO O COCTOsA-
HHUH HAIMOHATBHOM 3KOHOMUKH HITH JIMYHBIX
OankoBckux cuerax. Llenb xpaHeHus HHpOP-
MAllAH COCTOMT B TOM, 4YTOOBl B Te4eHHE
JUTATENIBHOTO MM HENPOAOJDKUTEIHHOTO
BpeMeHH O0eCHeYnTh COXPAHHOCTh HMMERo-
mieiics WHpOpPMAIHA W yHOOHBIA HOCTYN K
Hel. B mpHpome ecrecTBeHHBIM HOCHTEIEM
HH(pOPMAIIHH  SBJISIETCS YeJoBeYecKas ma-
MsATb, W BCe e C [JaBHHX MOp HeJIOBEK
MOJbL3YETCsl MOCTOPOHHUMH  MOJCOOHBIMH
CPeCTBAMH Ul XpaHeHHs WH(OpMAaIUH,
KOTOpHBIe cHa4a1a ObLH CaMBIMH IPHUMHTHB-
HBIMH, HampHMEp OKPYXAIOLIHUMH I[IpeaMe-
TaM¥ (KaMHsMH, BeTKaMHU M T.[.); HX ompe-
JICJICHHOE PACIONIOKEHHE [aBaJ0 BO3MOXK-
HOCTh MEpeJaTh COOTBETCTBYIOIIYIO HH(OP-
Maiuoo. Mcropuyeckumyu BexamMu Ha MyTH
pasBATHA cnoco0OB M CpejiCTB XpaHEHHA
HH(OPMAIlMH SBWIHCH CO3JAHHE INHCHMEH-
HOCTH M u300perenme Oymaru, a 3aTeM H
KHHronedaTanus. TakHe oCHOBaHHBIE HA WC-
MOJIb30BAHUA 3THX OTKPBLITHH HOCHTEIM HH-
dopmanuu, Kak KHHTH, JenoBele Oymaru,
ras’eThl M )KYPHAJLL, OCTAIOTCH aKTyalbHBIMHA
1 B Hamm gau. Kpome HEX, oJHaKo, MOSBH-
JHCh HOBBIE HOcHTe M HH(popManun—poTorpa-
(huH, KHHOIUICHKH, TPAMMO(OHHBIE IIACTHH-
KH, MardHuTHas JIEHTa, KOMIAaKT-AHCKH, rub-
KHE MArHHTHBLIC JHCKH, JJICKTPOHHBIC MHKPO-
CXeMBbI H MHOTOe-MHOroe apyroe. B 6ubnmo-
TeKax M CaOyxXeOHBIX KabWHEeTaX, BLIYHCIIH-
TeJIbLHBIX LEHTpax ¥ OaHKax JaHHBIX CKAIlIH-
BaeTcs MHQOPMaNuA, XpaHAIAACH HA HOCH-
Tenax AaHHbIX. C pa3sBUTHEM HEJIOBEYECKOTO
of111ecTBa HEMpPEPBLIBHO POCIH H TpeboBaHus
K XpaHEHHIO MH(OPMAlMH, TaK KaK o0beM
HOBO# HEHHOH MH(POPMAIINH YBEIHYHBACTCH,
a TOYHOe BpeMs, Korja mHpopmamus obec-
HEHUTCS TOJHOCTBIO, Hen3pecTHO. CeroHs
MOCTOSHHO PACTYIIHH NOTOK HH(pOpMALHH
ctan Goabmoi nmpobaemoii. U coctout oHa
HE TOJILKO B TOM, 4TOOBI B OrpaHHYEHHOMH
enuHKIe 0OBEMa, IUIONIA/IH MM JUTMHBI Pa3-
Mewmath Bce Oonbme W Gosbine mHpOpMA-
MM, a TPEeXIe BCero B TOM, 4TOOBI yiyd-
ITATH BO3MOXHOCTH HCTIOIb30BAHMS yKe Ha-
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KOIUIEHHOH HH(pOpMAlMH. DTO 03HAYaeT, B
4aCTHOCTH, HEOOXOMUMOCTE TapaHTHPOBATH
OBICTPBIH [JOCTYN K HYXHO#H HHpOpMaiman
Oaxke B TOM ciy4ae, KOrja He H3BECTHO, B
KaKO€ MECTO TMaMATH OHA NMOMEILEeHa, a CBe-
JIeHHs O Hell HoCAT caMblil 061t xapakTep.
Takoe ouYeHb YACTO BCTpEYAeTCs B HAYKE.
Tpebyercst y3HaTh, K NpHMeEpy, Kakhe pe-
3yABLTATHI YK€ onyOIMKOBaHBI 10 TOH TeMe,
HaJ KOTOpOH cam padbortaeus. CyuiecTsyio-
iee ayOnHpoBaHNe HAYYHBIX paboT I0KA3bI-
BAET, YTO CETO/IHS PelleHHe 3ToMH npobiieMsl
elle OYeHb JAJEKO OT COBEPILUCHCTBA.

Xpanenne uHopMalHKH —ITO MO CyLIECT-
BY nepejada uHpopMaimu o epemenu. Ecnn
00MeH HHGOPMAIHEH OCYILECTBIAETCS MEXK-
Ny Pa3sHYHBIMH MOYKAMU NPOCMPAHCMSa,
TO pedb MAET O mepegade HHGOPMAIHH.

Mepenaua unchopmaummn

Hndopmammonnoe obenue — CBA3bL — ABJIA-
€TCH OJIHUM M3 PEIUArOIIMX YCIOBUH CylecT-
BOBaHWSA H PA3BATHSA 4Y€JI0BEYECKOTr0 00mImIecT-
Ba Boobuie. CnocobHoCTh K 06LIeHuIO ¢ cebe
noAoOHBIMH TIPHCYIA 4EIOBEKY IO CcaMoi
ero npupozie. OqHaKO peaaW3oBaHa OHA MO-
KeT ObITh JHMIIL HA PACCTOSHHH MPAMOM
BUJIMMOCTH H CJIBIIIHMOCTH. A BOT JUIA Hiepe-
nauu HHGOpMalMK Ha GoNbIINe PACCTOAHAA,
T.€. AN MeAeKOMMYHUKayuu, WIH JalibHei
CBA3M, OPTAHH3M 4Ye/IOBEKAd HE MpPHCIOCO6-
neH. YenoBek MOJb3yeTcs KypbepamMH HIIH
TeXHHYECKHMH cpeacTBamMu. 1o KOHIA mpor-
JIOTO BeKa JIA 3THX MeJei HCIOIb30BAJH
GapabaHbl, KOJOKOJA, CHTHAJIbHBIE IBIMBI,
MOIIIHBIC HCTOYHHKH cBeTa W T. 4. [lepenom
HACTYMHJ C OTKPBITHEM 3JEKTPHYECTBA H
IMEKTPOMATHHTHBIX BOJH. [losBUBIIMECS B
PAacHOPsDKEHHA 4eJIOBeKa TEeXHHYECKHe Cpefi-
CcTBa OKa3sajuch O4eHb 3(DPEKTHBHBIMH s
TEJIEKOMMYHHKAIMH — HACTOJILKO 3 derTHB-
HBIMH, YTO H CErofHs HX BO3MOXHOCTH
HCYEPNAHBl JIaJIeKO HE MOJHOCTBIO. ITO
O4YeHb XOpOLIO, Tak Kak B Mpolecce pas-
BUTHSI oDiiecTBa Tpebyercs mepeaaBaTh Ha
HanbHWE paccTOsHHS Bce Gombiue u Hoibie
undopMamun. B HameM pacnopskeHHH yke
HMEIOTCS TaKHe TeXHHYECKHE YCTpOMCTBA M
CHCTEMBI, KaK TeJaeTainsl u (pakCHMHIbHBIE
YCTPOMCTBA JUIA MNEpefayd M NpHema 3Ha-

KOB, TEKCTOB M HM300paxenuit uwnu tenedoH
uis oOMeHa pedeBbIMH COOOLIEHHSMH, KO-
TOpBI B Oyjayumiem, O¥eBHIHO, BO BCEBO3-
pacraroux Macmrabax Ttaioke Oymer Hc-
MOJIb30BATHCS [UIA Tepefavyn H300pakeHHH.
Hanpasiennas paaMocBs3b MO3BOJISET OCY-
IECTBAATE MHpOpManuoHHOE oOIEeHHe ¢
KOCMHYECKHMH KOpaO/isiMH H CHYTHHKAMH.
HAns nepenayu uHGOpPMALMK CIIYXKaT pagyuo
H TENCBHCHHE, NMPHYEM CIOAA CIEIYeT OT-
HECTH M pa3BileKaTe/IbHBIE TNPOrPaAMMBI.
KpoMme 371eKTPOHHBIX CPECTB MacCOBOH HH-
(dopManuu B BHAE Pagu0O M TeJICBHACHHSA,
KaKk H paHblle, IHPOKO PACIpOCTpaHEHB H
TaKHe TPaJIUIHOHHBIE HEJICKTPOHHBIE Cpel-
CTBa, KaK ra3eTsl, KHHI'M WIH KHHO(HIBMBL

O6paborka uHdopmaymm

INepenaya u xpaHeHHe SBJISIOTCS MpoIecca-
MH, KOTOphIE HE H3MEHSIOT HMEIOLIYIOCH
uHpopMannto. OIHAKO CYLIECTBYIOT H TaKHE
NPOLIECChl, KOTOphIE Npeobpa3syioT HMEro-
uryrocss uHGOpMaIMIO B HOBYIO, IpEKe
OTCYTCTBOBABILYIO. DTH mpoueccel obbeu-
HAIOT Noj obIMM HOHATHEM obpabomka
utghopmayuu. TumaaHEIM TpEMepoM 06paboT-
KH HH(OPMAIMK ABJIAETCH BBINOJHEHHE Bbl-
YUCIHTEIbHBIX ONepanuil Haj 3aJaHHBIMH
4YdcnaMu H HX mopsgok. Eciu Berumcne-
HMS CJIOXKHBIE H IPOM3BOIATCA C OTHOCH-
TeNbHO HeGONBIINM 00BEMOM 3aJaHHBIX YH-
cell, TO Mbl MMEEM JIEJIO C uuCAeHHOlU apug-
Mmemuueckoil 3adaveil. Ecnn ke pevb mueT o
OPOCTHIX BBIYHCICHHAX, KOTOpPBIE, O/HAKO,
TpeOyeTcs BBIIOJHHTH C OOJBIIMM HHCIIO-
BBIM MaTepHaJIOM, TO TOBOpAT 00 ebpabom-
ke Oanuwvix. [lpH 3TOM NOHATHE «IAHHBIE»
BOOOILE BKJIIOYAEeT B cebA He TONbKO 4YHUCHA;
obpaboTka naHHBIX npeacTasiser coboii He-
yro OoJbllee, HEXETH MPOCTO BHIMHUCIICHHA.
Januble —3T0 BCsi MHGOpMalMs, MpeacTaB-
neHHas uudpamu, OyKBaMH H NPOYUMH 3HA-
kamu. [Tox 06paboTKo# JaHHBIX TOHUMAIOT
BBITIOJIHEHHE PA3JIMYHBIX ONEpanyii Haj JaH-
HeIMH. Hapsny ¢ apupMeTHIECKUMH BBIYHC-
JNUTENbLHBIMA ONEpalUaMH CIO/Ia BXOJAT JIO-
I'MYECKHE OllepalyH, ONepauuH CPaBHEHHUS H
nepenoca. Jlis BBINMOJHEHHS Takol paboThl
npupoja cHabauina yenopeka ocoObiM opra-
HOM —MO3I'0M, KOTOpBIH crnocoben obpaba-
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THIBATh HE MPOCTO JaHHbIE, a HHGOpMaIHIO
B ee IUMpPOKOM cMbiciie. Yro ke kacaercs
mexnuuecKux cpeacTs obpaboTku uapopma-
IIWH, TO HA HUX MBI TOAPOOHO OCTAaHOBAMCH
paneiue. JlaHHas KHMTa H IOCBAILUEHA BaX-
HeieMy cerojHs H B Ommkaimem Oymy-
IIEM CPEACTBY PpeLICHHA 3TOH 3aJavd —
MHKpO2JIeKTpoHHKe. Ho cHavaa BepHeMcs K
obpaborke namHbIX. Ee 3HaueHHe BEIHKO
HMEHHO 10 TOH NpPHYHHE, YTO O4YEHbL 0OJb-
moii 06seM HHpopMannK noctynaer Jubo B
BHJIE MaHHBIX, JMOO Jierko MoxeT ObITh B
HuX npeoOpasoead. Mmer im peus o pacuere
3apIUlaThl HA 3aBOJE, BblJaye KHHT B OHO-
NTHOTEKe, aHAJIM3€e CTATHCTHYECKHX NoKa3aTe-
JIeH WITH O THICAYE APYTHX BEIUCH, mojjexa-
mas obpaborke nHpOpManus Beeraa nocry-
naeT B BHJAE JaHHBIX, H 0OpaboTka HH(pOp-
Malun gBisercs o0paborkoil naHHBIX. Cob-
CTBEHHO T'OBOpS, MHCHMEHHBIH TEKCT TNpem-
crapisieT co0oii He YTO HHOe, KaK MOCIeo-
BaTeJbHBIA paja gauHbeix. [loaTomy onepa-
MM, XapakTepHbIe IS 00paboTKH JaHHBIX,
MOTYT BBITIOJHATLCA B C TEKCTOM. DTO O3Ha-
4aeT, HATIPHMEp, 4TO TEKCT, HameyaTaHHBII
HA MallMHKe B OIHOM (opmarte, MOXKHO
nepenevyaTtaTtb B Apyrom opmare, 9T0 MO-
T'YT MEHATHCSA MECTAMH HJIH CTHPATHCS OIpe-
[eJieHHbIE YacTH TEKCT4, BBOIUTHCH HOBHIE
TEKCTOBbIE (DparMeHThl, pa3bICKUBATHCH H
pacre¥aThIBATBCS OTAENbHBIE Mecta. B Ta-
KOM ciy4ae roBopsaT o0 obpaboTke Tekcra,
KoTopas sBisieTca ocoboi (opmoii obpa-
GoTkn nmammbix. Ho mpu BceM ToM oHa 3a-
TParHBaeT JIMIIL (POPMAJIBHYIO CTOPOHY TeK-
cTa, HO He ero couepxanune. Ecnu xe Tpeby-
eTcsi 00paboTaTh colepxaHue, TO pedb MOM-
HeT yXke He Tolbko 06 oOpaboTke HaHHBIX,
HO u 00 obpabomxe 3namuii. 160 mmeHHO
3HAHWA HYXKHBI JUIS TOro, 4robbl BooOuie
MOXKHO ObLIO MOHATHL COJEPXKAHHE, YTO, KO-
HEYHO Xe, ABJIAETCSI MHHHMAJILHO HeoOXoau-
MBIM JUIA CMBIC/IOBOH 00OpaboTku HamucaH-
Horo. Ecim e mo cofepikaHuIo TEKCTa HyX-
HO CHeNIaTh KaKHEe-TO BBIBOILI, TO [JIA ITOTO
TpebyloTcs NONOJHHUTE/IbHbIE 3HAHHA. TH-
NHYHBIM nDpHMepoM o0paboTku 3HaHuHil Oy-
JeT MepeBoil TeKcTa Ha APYroi S3bIK HIIH
onpesie/ieHAe MEQHIHMHCKOTO [AMarHosa o
pesyabTaTaM 06ciea0BaHus.

KpomMe naHHBIX M 3HaHMI Ha NpaKTHKe

2"

HEpeaKo mpuxoguTcs obpabateiBaTh HHDOP-
MalHIo, NPeJICTaBJICHHYIO B BUE H300paxe-
HHii. B TakoM ciyuae rosopsat 06 o6pabomke
usobpascenuii. TIpuMepoM MOKET CIYXKHUTH
pacrno3HaBaHHWe 3HAKOB MM oOpaszon. [lns
3TOro Tpebyercs CBepka C ITAJOHHBIM IK-
3eMIUIAPOM U3 Habopa pasiMYHBIX OPHIHHA-
noB. PaccmatpuBaemMas npobiema BO3HHKa-
€T B CBf3H C NPOMBIILICHHBIMH poboTaMH,
KOTOpPBIE JOJIKHBI YMETh PAacro3HaBaTh, HA-
[IpUMEpP, UMEET JIH MocTynarlas Ha obpa-
6oTKy 3aroToBKa HyXHYIO GopMy H 3amaH-
HOE pacroJjioxeHHe. 3a4acTyio nepeaaya UH-
(hopManmu OCyLIECTBIIAETCH 6 peuegoti gop-
me. Jlns mapOpPMAUMOHHOTO OOIIEHHS JIO-
Jeil peyb mrpaetr ocoOyro pomb. Hukakumm
JpYTAMH (PH3NHECKAMHE JeHCTBHAMH HeJIOBEK
HE MOXET mepeaaTh cTojb Hosbiioi obbeMm
HH(pOpPMaNNH, KaK C MOMOIILIO PeYH —IpH
OTCYTCTBHH OCOOBIX TEXHHYECKHX CpeJICTB,
TAKHX, K NpUMepy, Kak OBICTpOJIeHCTBYIO-
IIMe MANIYIIHe MAITHHKH, €CITH OH K TOMY Xe
He 001a1aeT crenuaabHBIME HABBIKAME OBICT-
poro medataHus. C y4eToM IOaHHOTO Orpa-
HHYEHHs pedb SBIIAETCS TeM HH(OpMAaInoH-
HBIM KaHAJIOM, MO KOTQPOMY 3a EIHHHILY
BPEMEHH 4eJIOBEK CIOCODEH Mepearh Ha-
ubo b1 00beM HHPOPMATIH, T. €. HAMHOTO
Gonble, YeM yHAETCH CHENATh,/ CKakKeM, ¢
NOMOIIIBIO TeHepaIlui 3HaKOB M 0Opa3os, pac-
MO3HABAEMEIX ONTHYECKHM myTeM. MmenHo
Onaromaps 3TOMY CBOEMY YHHKAJIBHOMY
CBOMCTBY pedb CTala BaXKHEHIIHM CpencT-
BOM HMH(GOPMAalUMOHHOTO OOIIeHHs MeXIy
moasma. Ho orcroja e BBITEKaIOT H OCO-
OEHHOCTH CBSI3HM MEXIY YETOBEKOM, C OIHOIt
CTOPOHBI, H MAlIMHOH ¥ TEXHHYECKHMH YCT-
poicTBamMH, ¢ Apyro# croponel. Kak Oblio
OBl ynobuo, ecim 661 MHpOpMaNHOHHOE 00-
LIIEHHE OCYLIECTBJISIOCH Yepe3 BOCIPHSATHE
pe4H | OTBeT 4ejoBedecKkuM rosocom! Yro-
6BI 3TO CTAJI0O BO3MOXHBIM, MAIlMHBI, BO-
NepBLIX, JOJDKHBEL IOHAMATh peYb H, BO-BTO-
pbiX, obnanaTe CrnocobGHOCTBIO TEHEPUPO-
BaThb peueBble CHTHaNbl. Takum ob6pazom,
aHajgoruuHo obpaboTke NAHHBIX, 3HAHWH H
u300pakeHn#l pacro3HaBaHHE PEYeBBIX CHI-
HAJIOB M CHHTE3 PEYH CTAHOBATCA 3aJaYaMH,
npHOOPETAIOIMMHY NMPAKTHYECKOE 3HAYCHHE
s obpabotku uHbOpMAIIHK.

Jo cux mop Mbl paccMaTpHBAJIH B Iep-
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BYIO ouepe/ib HH(OPMAaIMOHHbIE TPOLIECCH B
HX NEPBHYHOM, TaK CKa3aTh, YHCTOM BHIE,
JHIIL MHUMOXOJIOM 3aTparuBas NpaKTHYec-
KHE [PHUMEPLI, YHCIO KOTOPLIX TOpa3’io
bonbiue. [Tpomseituienssie poboTel, cnocob-
Hbi€ Pacno3HaBaTh 00pa3bl, U MAlIHHBL, MO~
HHMAOIIHE HeJIOBEYECKYIO petb, SIBISIOTCH
WUTIOCTPAIMAMHE TOH IHPOKOi cepsl jaes-
TeJILHOCTH, rie uHGOpMANWH OTBOOUTCH
BaxKHOe (PyHKIMOHAILHOE 3HAYCHHE, 4 UMEH-
HO cepbl MaTepHANLHOTO MPOU3BOJACTBA.
Mnadopmaitus Hrpaet 3/1eCh poilb HEBUIHMO-
ro pyJieBOro, PYKOBOASIIErO JeHCTBUAMH
4ejoBeKa, a 4epe3 Hero M [AeHCTBHAMH Ma-
HIMH, JaUb0 YNpaBIsIIOIIEro HENOCPENCTBEH-
HO MamHHaMK 0e3 MOMOIIM IOCPeIHHKA.
I1pou3BOACTBEHHBIE TPOLECCH ABIAIOTCSA 00-
Hogépemenno WHGOPMAINMOHHBIME — IIPOLEC-
camu. ObpaboTka 3aroToBkd Ha craHke Oy-
JIET HE TOJIbKO MEeXaHHYECKHM IIPOLIECCOM,
HO M TAKHM [POLECCOM, B XO/E KOTOPOro
Tpebyerca obpaborka mudopmanmu. Mexa-
Huveckas obpaborka 3aroTOBKH JIOJDKHA
OCYUIECTBIATECH TakK, 4TOOBI B HTOrE MOJY-
YHJIACH HY)KHAS geTasib. [1as 9Toro Bo BpeMs
BBIMIOJIHEHHS OIpE/IeIeHHON TeXHOIOornuec-
KOIi onepaiiuy, K MPAMEpPY BO BpeMs TOKap-
HOM 0OpaboTKH, JOMKHBEI MPOBOAHTHECA H3-
MepeHHs, a 06TouKa J0JIKHA MPOAOIIKATHCS
JIAIL OO TeX Mop, Noka He OyAyT MoJiy4eHb!
3afannbie pasmepsl. Clefyrolas onepaims,
HANIPHMED CBEpJICHHE, JOJDKHA BLITIOJIHATHCH
TOJBKO B TOM CIIy4ae, ec/ii 3aJaHHbie pa3mMe-
pbl DOCTHIHYTBI, W T.a. Takum obpazom,
HEOOX0IMMO CHaYana ¢ MOMOIIBIO H3MEpe-
HUH MONTy4nTh HH(pOpMAaNHio, KOTOPYIO 3a-
TeM mpejacTout obpaboratk M mpeobpaso-
BAThH B KaKoe-TO onpejeseHHoe jeiicreue. B
XMMHYECKOH MPOMBINUICHHOCTH OIHM Belle-
CTBa IpEBpallaloT B ApYrHe, HANpHMeEp Ka-
MEHHYIO COJIb, AMMHAK W YIJICKHCIOTY B
COMY Ui TOCHEAYIOLIEro MNpPOU3BOACTBA
CTEKJIa MM CTHPAJbHBIX NMOPOMIKOB, alleTH-
JeH H CONSHYIO KHCIOTY B [OJMBHHMIIXJIO-
pun (I1BX), urobsl noTOM H3rOTOBHTH H3
HEro pPa3iuvHBbIe IUIACTMACCOBBIE H3JIEIIHS.
UTtoOBl XMMHYECKHE peakiuu AaBanu 60Jib-
LIOH BBIXOJ MPOJAYKTA BBICOKOTO KavuecTBa
OpH MHHHMAJIBHBIX 3aTpaTax 3SHEPTHA H
Cceipbs, Tpebyercs obecneyuTh ONTHMATIB-
HBIH peskuym paborsl yectaHosBkH. s 3Toro

HeoOXxoauMo mnojiepxkuBaTh Haubosee Gia-
FOMPHUATHYIO TEMIIEpaTypy, a B ciydae ee
koneGanuii — 0TBOJ WM moasoa Terja. He-
00X0AMMO TaKke KOHTPOJMPOBATH HABIIe-
HHE B anmnaparax Win KOHUEHTPALHIO y4acT-
BYIOIIUX B peakili¥ BEHIECTB W IPH Hal00-
HOCTH BBLIBOJHTEL 3TH TapamMeTpbl HA ONTH-
MalnbHBIH ypoBeHb. M Bce 3TO HYX)HO JenaTh
HE TONBKO TI[e-TO B OHHOM MecTe, a B
pa3sHBIX TOYKAX XMMHYeCKol yctaHoBku. To,
YTO Mbl 3/IECh PACCKA34IH O MEXaHHYECKOM H
XMMHAYECKOM TMPOH3BOJCTBAX, OTHOCHTCS K
moboil paboyeii onepainy B chepe MaTepH-
anpHOrO mpom3eozcTBa. Kakmas pabGouas
oneparus HapsaAy ¢ oKka3aHMeM HemocpeacT-
BEHHOTO (DM3MYECKOTO HIH XHMHYECKOTO
BO3/ICHCTBHSA HA OOBLEKT TPy ABIAETCA TaK-
e mnpouneccoM o00paboTkn HH(pOpMAIHH.
DTOT BBLIBOJ, OrPAHHYHBAFOLIHHACS 3/1€Ch IS
Hayama TOJbKo chepoil MaTepHasbHOTO
MPOU3BOICTBA, OCTAETCS CIPABEUIMBLIM U B
TOM CIIy4ae, ecii MOHATHE «TPYI» paccMaT-
puBaetcs B Gonee mmpokoM cMbicie. Beab
HE TOJIbKO HEMOCPEeJCTBEHHBIE TEeXHOJIOrH-
4ecKHe MpOILECChl M ONEepAllHM CBS3aHBI C
3aTpaTaMH TPyla, HO W BCE MOJrOTOBHTE b~
Hble W 3aKJIIOYHTENIbHBIC, HAYMHAA OT Jabo-
paTopHO pa3paboTKH, NOArOTOBKH KOHCT-
PYKTOPCKOH JOKYMEHTAIHH H MOCTABKH Ma-
TEPHAJIOB ¥ KOH4YAd KOHTPOJIEM KauecTsa
FOTOBOIO H3/1eJIus, YIAKOBKOM, CKJIaIMpPOBa-
HHEM H oTnpaskoif 3akazuuky. He Oyner
OpeyBeIHYeHHEM CKa3aTh, 4YTO MPUMEHH-
TeJBLHO KO MHOTHM BHJIAM MPOAYKIHH Ha
NOArOTOBHTE/ILHO-3AKIIIOYUTENIbHbIE Onepa-
[THH YXOJHT Topa3ao Ooibile BpeMeHH, 4eM
Ha caM mpoiecc usrorosinenus. CooTeer-
cTBeHHO Oosbiue W 00beM uabOpMAIMH, KO-
TOPYIO HpH 3TOM HeoOxoaumo obpaborars.
B KoHIle KOHIIOB MaTepHAJIbLHOE MPOH3BOI-
CTBO HEBO3MOKHO MNpEACTABATH 0Oe3 aammu-
HHUCTPAIHH, MOYTHI M TenedoHa, Oe3 mpoek-
THPOBAHHA W YIpaBieHus, T.e. 0e3 Bcero
TOTO, 4TO HE TOJLKO Ha MPOMU3BOJCTBE, HO H
BO BCEX OCTaJbHBIX chepax oOiecTBeHHON
KU3HH HMrpaeT OoIblIyIO poJib W pa3’HO00-
pasHBIMH criocobaMu CBA3aHO ¢ HHpOPMATIH-
OHHBIMH nponeccamu. Jlpyroii cepoii yemno-
BEYECKOMH JICATENILHOCTH, K TOMY e CO3/1a10-
LICH MPEAOChUIKH sl CYLIECTBOBAHMS M
Pa3BUTHA MAaTEPHAJBLHOTO NPOM3BOJACTBA,
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apngercs Hayka. Tor dakr, ¥To MMEHHO B
Hayke noJiyyenue u obpabortka mH(pOpMalHH
HMEIOT OIPOMHOE 3HAYEHHE, HEe HYXKIAeTcs B
KoMMeHTapusax. B pasHoii Mepe ner Hamob-
HOCTH MMOJIYEPKHBATH, YTO B IUKOJAX U BBIC-
X yueOHBIX 3aBeeHHsIX W BooOIe BO Beeit
cHcreme obpa3zoBaHus OveHb GOJbIIOE Mec-
TO 3aHuMaeT obpaborka uH(popManmu.

K saxmounTensHbIM pabouuM onepany-
AM B CAMOM IIHPOKOM CMBICJIE OTHOCATCH
TPAHCTIOPTHPOBKA TOBAPOB W HX INpojaka
yepe3 Toprosyto cetb. W 31eck Mel moscrony
BeTpeyaeMces ¢ HH(POPMALMOHHBIMY TIPOIEC-
camu. Boaurens aBTodyprona, Be3ymimii To-
BAPBI B MarasuH, JJOJDKEH HENPEPBIBHO MOJTY-
yaTh U 00pabaTeIBaTh HH(OPMAIIHIO O TPaH-
CHOPTHOHM CHTYallMH, O COCTOAHHH aBTOMO-
OunA 1 IOPOTM H, PYKOBOACTBYACH NPaBHIIa-
MH [IBHJKEHHWS, BBITOJHATL ONEpPAlHUd MO
ynpasieHuio mammHod. Kcratn, To Xe ca-
Moe [eNalo | s, KOrja OTIPaBIsIOCH Kyda-
HEOYAL Ha cBoei MammHe. Eciom MHe HYXHO
CHE3IMUTH B MATa3WH HIIU MPAYeyHYI0, YTOOk!
KYIIATH KaKoH-T00 TOBap WK caTh Genbe B
CTHPKY, TO CBOMMH HEHCTBHSIMH s BbI3bI-
BAIO 1ENYIO JaBHHY MHMOPMAIMOHHBIX MPO-
neccoB. Briomne BepoATHO, HaAnpEMeEp, 4TO
caMo MoOe€ TOSBJIEHHE B MarasuHe PerucTpu-
pyeT (hOoTO3TEMEHT, MO3BOJISIONINH IUpPeK-
IMH TMOCTOSHHO OBITH B Kypce TOrO, KaKoe
YACJIO MOKYyNAaTeNeH HaXOOUTCS B TOPrOBBIX
sanax. ITokynas HyXHBIE TOBaphl, S W3Me-
HSFO COCTaB CKJIAJICKHX 3alacoB MarasmHa.
Hmerolnieecs KOMHYECTBO TOBAPOB HA CKIIAI-
CKHX TONKaX SBIseTcs BaxHON wHbopMma-
1Hei, KOTopas Takke JOJKHA YMATHIBATHLCH.
Ilpn onnarte kaccoBBIM anmapaT BLIJAET
HHQOPMAIMIO O TOM, KAKYIO CyMMY IEHer
MHE HYKHO 3aIUIATHTh, ¥ OXHOBPEMEHHO OH
PETHCTPHPYET, HACKONBKO YBEJIWYHIIACH BbI-
pyuka marasuna. Eciau ke s omjaumMBao
HOKYIKH YeKOM WIIH KPeIUTHOH KapTOYKOi,
TO TEM CaMbIM TIepear0 B OaHk WH(pOpMAa-
OHIO O TOM, YTO O3HAYEHHAs CyMMa ToJJie-
JKUT CIIACAHHIO C MOET'O CYETA U TIEPEBOY HA
cueT Marazuna. Pasmep moero cuera B Oanke
B MIPHHIIAIE HE 49TO WHOE, KaK HH(pOpMAaIus,
BBIPAKEHHAS B BHJE OIPEIE/IEHHONH CYMMEI
neHer. Jlns MeHs 3Ta CyMMa He SIBJISIETCH HH
OaHKHOTAMHM, HH MOHETAMH, HE FOBOPS ykKe O
KAKOM-JIHOO HHOM CTOMMOCTHOM 9KBHBA-

JIeHTe, TAKOM, KaK 30JI0TO, JexamieM B Oan-
KOBCKOM ceiipe, Ha [Bepie KOTOPOTO HAMH-
caH HOMeEp Moero cdera. JTa cymMma — [poc-
TO ompeneneHHas uudpa, 3anUcaHHAA TPO-
THB MOEro Homepa Ha Oymare WiaM MarHuT-
Ho# seHTe. Exemecsiuno Oyxranrepus ¢ Mo-
eii paborer nepenaer B Gank HHGOPMaNHIO O
TOM, 4TO K 3TOil CyMMe ClelyeT IpPHILIIOCo-
BaTh elle OIHY, COOTBETCTBYIOMIYIO MoeH
3apmiare. A pasMepel MOEH 3apniaaTel B
KOHEYHOM HMTOTE He YTO HHOE, KaK IOMOTHH-
TenbHas WH(pOpPMaIHs O TOM, B KaKoM 00b-
eMe 4 110 pe3ybTaTaM CBOEro Tpyda BIpaBe
BOCMOJIB30BATECH PE3yNbTATAMHA TPyAa ApY-
rux. JleHsru SBASIOTCH  OOLICHPHHATHIM
CPE/ICTBOM OBEIIIeCTBIICHHS 3TOi HMH(popMa-
mun. [oatomy nporecchl, B KOTOPBIX y4acT-
BYIOT [E€HBIH,—3TO, MO KpaiHeHd Mepe 4ac-
THYHO, TaKke HH(OPMANKOHHBIE TPOIECCHI.
INokynas ToBap 3a Ha/IH4YHbLIE AEHBIA H NEpe-
[apas MPOJABIYy HYXKHYIO CYMMY JIeHer, s
nepeiao HHGOPMAIHIO O TOM, 4TO OMpese-
JIEHHYIO YaCTh CBOMX TPaB HA MOJL30BaHHE
pe3yabTaTaMu Tpyaa JPYrux Jojei s yery-
naio mpexHeMmy Biajgenbily ToBapa. CHumas
€O cBoero cyera B OaHKe OMpEIeleHHYIO
CYMMY H TIOJIy4Yasi B HTOTE JeHEeXKHbIe KYyITFO-
pBl Ha PYKH, sl H3MeHsio GopMy, B KOTOPOi
OTpakeHO MOE€ IPAaBO Ha MOJIL30BAHHE pe-
3yIBTATAMH 4YKOTO TPYAQ: Belb MpeNbILy-
el dopmoii Obima GaHKOBCKAs KpeauTHAas
3amuck. B moka3aTenseTBO TOro, 4TO JI€HLIH
SIBJISIFOTCSL  OBEIIECTBIEHHON HHpopMaueii,
MOXHO, HAKOHEII, CKa3aTh CJIeAyIOolee: Mec-
TO OAHKHOT W MOHET BIIOJIHE MOTYT 3aHATH
3JIEKTPOHHBIE HOCHTENH HWH(pOpPMAIHH, Ha-
TpUMEpP MATHHTHBIE KAPTOYKH, HA KOTOPLIE
SNEKTPOHHBIM crocobom 3aHeceHa uHHbOP-
Mall|si, COOTBETCTBYIOLIAS OMNpee/eH O
cymme [eHer. B MomMeHT oruatel mH(popMa-
I|sl Ha JIeHEXHOM KapTOuKe CTHpaeTcs H
MEPEHOCHTCS B MATrHHTHOE 3aloMMHAIOLICE
yerpoicTBO, UMetomieecs y npoaasua. [Toka
elle MpUMEHEHHE TAKOH TEeXHOJOTHH, OCHO-
BAaHHO#M HAa MHKPO3JIEKTPOHHOI HH(pOpMAaIIM-
OHHO# TEXHHKE, He MOJIyYHIIO [IHPOKOro
pacnipoctpanenns. CHavana HYXHO Ompene-
JIATh, HACKOJBLKO AJIEKTPOHHBIH HeHEXKHBIH
obopot no ceoeit apdexTHBHOCTH HACHCTBH-
TENLHO NMPEeBOCXOANT TpaaunuoHHbiii. Hy a
TO, 9TO B JICHEKHOM M BOOOIIE MIIaTEKHOM
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obopoTe NOTOKH HH(YOPMAIMHM BEJINKH, BbI-
TEKaeT YK€ M3 caMmoro (akTa NPOBEACHHS
TAKHX IKCTIEPUMEHTOB.

[Tepeuens BaxHeHmMX ciayvaeB obpabot-
Ki HH(popMaun Oy/1eT HEeMONHBIM, eCTH MbI
X0Ts Obl BCKOJIb3b HE YIIOMSHEM JIOMAIIHET0
X03sMiCTBA W 3aHATHH Ha jgocyre. Brmosn-
HEHHe IOMamHuXx paboT compoBoXxaaeTcs
MHOTOYHCJICHHBIMH HIponeccamu o6paboTku
uadopmaimn. BemomuuMm, k mnpumMepy, o
NPUTOTOBJICHUH MHINH, Korja Tpebyercs 06-
pabGaTbiBaTh HH(OPMANHIO CAMOrO PasHOTO
pouna. To xe camMoe OTHOCHTCH H K OpraHu3sa-
mun cBobogHOro Bpemenu. Maer nu peds o
MOJIb30BAHHA PaAHONPHEMHHKOM, TEIEBU30-
POM, MPOUTPLIBATEIEM HIH MAarHATO(GOHOM,
HI'pe B IUAXMATHI, TMOCEHICHWH OMNEphl HIH
JIHCKOTEKH, (pyTOOIBHOTO CTaHOHA HIIA JIer-
KOATJIETHYECKOTO MaHeka, MOCTOAHHO B Go-
Jiee MJIM MeHee BBIDAXEHHOH ¢opme ocy-
mecTBiageTcs o0paboTka HHpOpPMAIIHHA.

WUHchopmauua Kak NnoHATHE

IMocne Toro Kak MBI 03HAKOMMJIHCH C PALOM
Haubosee THMHYHBIX MPHMEPOB, PacKphIBa-
FOIIMX TO, 4TO MOHAMAIOT Mof uHdpopMann-
eil W ee MoNy4YeHHeM, XpaHeHHeM, oGpabor-
KO W nepejavei, nasaiTe emie pa3 BepHEMCH
K uHgiopmayuu Kak NOHAMUI0 B TEIOM H
nonpobyem Haiith Gojiee TOYHOE ompenelne-
Hue. Briue Mbl roBOpHIH, 4TO HH(pOpMAIH-
eil yCIOBHIIMCh CYATATh BCE Kakue ObI TO HH
OBINIO CBeEHHA WIH COOOIIEHHs O Belax H
ssnennsnx. Ho rakoe onpenenene roBOpUT He
OYeHb MHOTO, TAK KaK B NPHHIMIE CIIOBO
«nH(popManua» MBI 3aMEHHJIA CJIOBAMH
«cBelleHns» H «coobmenus». Tounee pac-
KPBITh CYTh 3TOTO NMOHATHSA MO3BOJHT OTBET
Ha BONPOC: KAKHAE 3a[1a90 noMo2aem peuwams
uH(popmanms (a He 4To oHa coboit mpen-
crasiser). Undopmanus ycrpanser Heonpe-
JCJICHHOCTD, MPEJOCTABISIET YEJIOBEKY WM
TEXHHYECKOMY YCTPOHCTBY BO3MOXHOCTb
cienate BeIOOp B MOJIb3Y OJIHOIO M3 He-
CKOJILKHX PaBHONPABHLIX BApHaHTOB. Takum
obpazoMm, uHOpPMAIHS HAYHHAET HUIpaTh
ONpelie/IeHHYI0 pOJib B TOM cClly4ae, eciH,
BO-TIEPBLIX, HMEETCS HEKOTOPBIH BLIOOP Ba-
PHAHTOB M, BO-BTOPBLIX, €CJIH 3TH BAPHAHTHI
TpebyeTcs onpezieNeHHBIM 00pa3zoM  ore-

HuTH. MApOopManus mpenocTaBiaseT 4yeaoBe-
Ky HJIM TEXHHYECKOMY YCTPOHCTBY BO3MOMXK-
HOCThb JaTh Takyrko oueHky. Cymecrsyer,
HATPHEMeEp, NeJBIH P/l BapHAHTOB, KaKoH B
TPHHIATIE MOXeT OBbITh CETONHAIIHSAS TI0-
rofia: MOXeT MOWTH JO0XIb H TMOJHATHCH
BETEpP, MOXET CBETHTh COJIHIIE HWIH HebGo
Oyner 3arsHyTO OONMaKaMH, TeMIeparypa
BO3/yXa MOXeET ObITh HYJIEBOH HIIH MTOAHATH-
ca 1o 10, a To u 20°C. Undopmanus o Tom,
9TO CErofHs TepmomeTp mokassiBaer 10°C,
OIIEHABAaET BCE MPOYHE BO3MOKHEIE BapHaH-
THl TEMIEPATYpPHl BO3yXa—TOJbKO OJHOTO
H3 TOTOIHBIX TTApaMeTPOB —KaK HE COOTBET-
CTBYIOIME ACHCTBHTENLHOCTH, OJHAKO pac-
CMATpHBaeT BAPHAHTEHI BCEX OCTAJBHBIX IO-
TOJHBIX MApaMeTPOB KaK BIIOJIHE BO3MOX-
uele. Iogodias k pasBHiKe NOpOT, HEIOBEK,
HATIPABJIAIONINICA B OIpe/e/IeHHOE MecTo,
HEOXHJIAaHHO BCTaeT nepex BeIOGOpoM, Ha
KaKyIo e U3 HHX CBepHYTh. OH BhIOHpaeT Ty
gopory, kotopas BefeT k mend. Ecim o
3HAET, N0 KaKOH M3 Jopor oH nobepercs 10
MecTa, To HHpopMauus emy He HyxkHa. C
€caMoro Hayala OH crmocofeH OUEHUTH 0ba
BapuanTa. Ecnm ke Bca ob6cTaHOBKA coBep-
MIEHHO HE3HAKOMa M C CaMOT'0 Havalia y Hero
HET HUKAKHX HCXOIHHIX [AaHHBIX, TO €My
HyXHa mHpopManusa. O0beM HH(pOpMaNHH,
TpeOyromeiics NpN TMOJHOM OTCYTCTBHH
TpeABapUTENbHBIX JaHHBIX 15 BEIOOpa on-
HOTO M3 /IByX PAaBHONEHHBIX M COBEPILEHHO
HE3aBHCHMEIX BADHAHTOB, NPUHATO CYHTATH
edunuyeii ungopmayuu u o0OO3HAYATE Kak
6um. YToObl UMETh BO3MOXKHOCTEL CHACNATH
MPaBHIBHEIH BHIOOP MEXIy YeTHIpEMS pas-
HBIMH HoporamH, Tpebyiorcs apa Outa MH-
(opmanun. [ToscHUM 3TO HA TAKOM IpHUMe-
pe. CHavayia 4eThipe JAOPOTH JENAT HA [BE
IPYNMLl 1O [IBE JOPOrd B Kaxaoi. Yrtobswr
BeIOpaTE rpymniy, B KOTOPYIO BXOIUT HYK-
Hasg nopora, TpebyeTcs, Kak W B Kak/IOM
ciy4ae BbIOOpa OMHOTO M3 JBYX pPaBHOIPaB-
HBIX BApHAHTOB, OAHH OMT MHbOpPMALUH.
Ilocne TOro Kak CTaHeT W3BECTHA TPYIIa B
COCTaB KOTPOH BXOJOHT HYXHas jopora, B
Hell u3 JBYX Jopor morpedyercs BeIOpaTh
HyxHyto. [lns storo tpebyercs emie onuH
6ut uHpOpMAanHH, T.€. B CyMME 3TO [4eT
gBa 6ura. Ecom 61 Ham mnortpebopasock
clenatb BHIOOD M3 BOCHBMH BAapHAHTOB, TO
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HyxkHO 6bUIO OB TpH OHTa, M3 IIECTHAIIA-
TH—4eThIpe OHTa ® T. 4. 31echk yxXe mpocie-
KABAETCA ONpeJeNieHHas 3aKOHOMEPHOCTh.
Ipu n 6uTax HEGOPMALHH HYKHBIH BADHAHT
MOKXHO BHIOpaTh W3 2" BO3MOXHBIX. M Ha-
0b0opoT, yKa3aB OIWH HYXKHBIH BapHaHT U3 2"
BO3MOXHBIX H OJWHAKOBO TPHHHMAEMBIX B
pacdeT, Mbl JaauM HHGOpMauio B 1 OUTOB.
Takum o6pa3zom, HHpOpMAIHS SBISETCS
norapa)MoM C OCHOBaHMeM 2 ONpeiesieH-
HOTO YHCJIA BAPWAHTOB, TAK KaK IO OIpe-
JieTIleHHEo JiorapudMa CripaBe/THBO BEIpakKe-
e n=log,2". B 5TOM cMBICIE MOXKHO
3aMHCaTh CIEYIolIee YpaBHEHHE:
Undopmanus = log, onpeseneHHoro

YHCJIa BADHAHTOB. .

Tem camMbIM MBI TIOJTyYdeM TOYHOE NIPABHIIO
IS ompeneneHus ob6veMa WH(MOpPMAIHH, CO-
nepxaieiics B CBENEHHAX H COOOIIEHHAX.
Amepukancknit matemMaTtuk Kion [lernon
chopMyIHpOBaJI M BHEpPBbIE MPHMEHHI 3TO
npaswio B 1947 r. npu MccnenoBaHWH NpPo-
neccoB nepenayn nHpopmannn. [pennoxen-
Hoe [lleaHOHOM MOHATHE HHOPMAIIAHA TECHO
CBSAI3aHO C HCMOJB3YEMBIM B TEPMOIHHAMHKE
MOHATHEM HTPOIHH, 060CHOBaHHE KOTOPO-
My elle BO BTOPOH TMOJIOBHHE IMPOILIOro
Beka gayu Qusuku Hemen Pynonsd Knaysu-
yc u aBctpuen; Jlrogsur Bonsiman. Vpasne-
aue leHHoHa MOXHO MCNONBL30BAThH JaKe B
TOM CJIy4ae, eCJIH YMCJIO BADHAHTOB HE SBJIA-
€TCH CTENEeHbIO ABYX, KaK 3TO HMEeT MECTO B
NpHBEJEHHLIX BbIllle npumepax. Yrober u3
Tpex Iopor BeIOpaTh OJHY HYXHYIO, Tpeby-
ercs wuHpOpMamus B oObeme, paBHOM
log, 3 = 1,58 6ur. Kaxnas u3 26 Gyks na-
THHCKOTO andaBuTa CcONEPKUT HHPOpMAa-
umio log, 26 = 4,70 6ur. Ilpun HanucaHHH
TekcTa kpoMe OykB TpebyroTes 3HAKH NpenH-
HaHMS W Opobensl MeXIy CIOBaMH, T.e€.
BMecTe ¢ OyKBaMH 3TO COCTABHT NPHMEPHO
2° =32 3maka. Takmm o6pa3zom, Kaxmblif
3HAK TeKCTa HeceT HH(pOpMaIHUIO 00BEMOM B
5 out. CnenoBarensHo, kaura B 100 crpannn
no 2000 3HakOB Ha KaXI0M CONEPXKHT HH-
dopmanmio B ob6seme 10° 6ut. TNloEuMaTh
3TO ClIe/lyeT TaK: Mbl OJIy9UM HH(POPMAIHIO
B Komauectse 10° 6uT, ecu BO Bpems uTe-
Hus y6emumcs, uTo pacnosioxkenue 32 3na-
KoB B OykB B KHHre He Kakoe-HHOyIb, a

HMEHHO TaKoe, KakuM Mbl ero BuauMm. [lpu
YTEHHH KHHTH MBI MoJTy4aeM HHPOpMAaIuio o
TOM, 4TO 3TO HE NMPOCTO OIHA W3 BO3MOXK-
Heix B 10° ciayuasx kuura ob6vemom B 100
CTPaHHIl, 3 HMEHHO Ta, KOTOpas JICKHT Iie-
pen namu. Ho Takoit pacuer obsema uHpOp-
MallHH, COJIepXKAILeicsl B Kakoi-mnbo KHHTE,
BBI3LIBAET coMHeHnsi. I oy Ha camom [eie
ABJIAIOTCA onpasBAaHHbIMU. COrjlacHO Tako-
MY pacueTy, Ja)Ke COBEpPILEHHO HEeMOHATHBIH
Wi GecCMBICIIEHHBIH TEKCT, HAMPHMEP CO-
CTOAIINII TONBKO W3 OYKB «e» HIIA OIHHX
3aMATHIX, T. €. TEKCT, B NEHCTBUTEILHOCTH He
HMEIOMHH HAKAaKo# HWH(QOPMAaIHOHHOH IEeH-
HOCTH, Bee ke comepxuT 10° 6uT urdopma-
muu. [IpudmHa 3TOrO CTPAaHHOTO SBJICHHS
KpPOeTCsi B CAMOM OIpeAe/eHHH IOHATHSA
uHpopMammn, npemioxkenHoM lllenHoHOM,
KOTOpOe HE YYMTHIBAET LEHHOCTh HJIH 3Ha-
guMocThb HH(popmaimun. OHO XapakTepu3yeT
nH(OpMaAIMIO KaK HEYTO, OrpaHHYHBAIOLIEE
WIH yCTpaHsIoLIee HEONPEIeIeHHOCTh epes]
mmnoM Habopa paBHONpPABHEIX BapHAHTOB.
OpHako 4yThe NMOJCKA3BIBAET HAM, 4TO WH-
(popmanms —Goslee ILMPOKOe MoHATHE. MBI
oneHnBaeM HHGOPMAIHIO H TIO TOMY, SBIfA-
eTCcsl I OHA MHTEPECHOM, BAXKHON W IOJIE3-
HOIf, T. €. IO NPH3HaKaM, KOTOpbI¢ BOOOIIE He
(urypupyitor B onpenenenuu IllenHona.
OHO #BHO HE OXBATBHIBAET BCE CTOPOHBLI HH-
dopManaM W paccMaTpHBaeT ee IHIIbL B
CTATHCTHYECKOM acnekte. Bompoc o Bo3-
MOJKHOCTH 00061IeHHOrO OnpeeNeHHs Mo-
HaTHA WHDopMannn, Gojee MOJIHO OTpaxa-
IOIIEr0 €€ CYTh, ABJISETCA BIOJNHE MNpPaBO-
MEpPHBIM H CEerofHs IMPOKo obcyxmaercs
cnemuayuctamMy. Ho okoHvaTenbHBIH OTBET
noka emie He naH. HecmoTps Ha cBoe Heco-
BepLIEHCTBO, npertoxennoe llennonom omn-
peleneHne MOHATHS WH(YOPMAIIHA 0Ka3alioCh
addexTHBEEIM HHCTpyMeHTOM. OHO C ycrre-
XOM HCMOJIb3YeTCs TOBCIOAY, a HE TONBKO B
HayKe W TeXHHUKE.

Nrdopmaunna
n BuonoruyeckKkne npouecchl

IMoutn Bece ckaszanHoe 00 HHDOPMALMH 10
CHX MOP MBI paccMaTpPHBAIH NPHMEHHUTEb-
HO K Texuuke. OmHako ecThb M apyras 06-
nacTh, rAe WHPOpMALMS HUIPAET BAKHYIO



24 nasa 2

POJIb. DTO Heusas mamepus, s CyLIECTBO-
BAHHS ¥ 9BOJIIONMH KOTOPOH HH(OpManHOH-
HbIE MPOLECCHl MMEIT caMoe peraiouiee
3Havenne. Yrodwl obecneunTs nNONMyYeHHE,
obpaborky u  xpaHenume uHpOpMAaIHM,
npupoia cHabmMiIa BCE BBICOKOPA3BHTHIC
JKHUBBIC CYIIECTBA OPraHaAMH YyBCTB M HEpPB-
HO# cHcTeMOoit. OObeM NaMsITH YETOBEUECKO-
ro MO3ra MpeBbIIdeT, M0 BCeH BHIAMMOCTH,
10° 6ur. MexanusM HAaCJIEACTBEHHOCTH Iie-
JuKkoM Daszupyercs Ha XpaHEHHH M mepeaave
nadopmamun. VY uenopexka —1no npubauzn-
TEJIBHBIM TOACYETaM —00BeM TI'eHeTHHECKOH
nHGOpMAIHH, 3aKIIOYEHHON B MOJIEKy/ax
BEIECTBA HACACACTBEHHOCTH [ 1e3okcupubo-
nykaenHopoi kucnotsl (JJHK)], cocraBaser
10° 6uT. DTO COOTBETCTBYET TaKOMY 06be-
My HH(OPMANMH, KOTOPYI) MOXKHO HOMeEC-
THTh B HECKOJLKHX COTHSIX KHHI' TO ThICSIYE
cTpanril kaxiaas. B kaxkmo# kierke uBOi
MaTEpUH, 3a MCKIIOYEHHEM 3apOIBIIIEBbIX,
no Bceif BHAMMOCTH, COMEPKUTCH TOTHAS
WJIM TIOYTH TNOJIHAs reHeTnyeckas uHdpopma-
wusi. C oHOM CTOPOHBI, 3[leCh HAXOIAT CBOE
BBIDAXKEHHE HYPE3BLIYAHHO KOMIAKTHBIE H
9KOHOMHBIE BHI H cIOC00, KOTOpPbIE MPHPO-
A MOXKET HCIIONb30BaTh [AJIA XpaHEHHS WH-
(hopManmH, ¥ B 3TOM OTHOILICHHH OHA Ha-
MHOTO MPEBOCXOIUT MHKPOIEKTPOHHKY. C
IpYroi cTopoHbl, Gpocaercs B ria3a CIHII-
KOM pacTrovdTeNbHoe obpaienne ¢ HHpOp-
Malmeil; Belb OQHOR-eIHHCTBEHHOH KJICTKH C
3aMUcaHHON B Hell MH(popMaumei yxe 6bU10
Obl JOCTATOYHO —BCE OCTAJBLHOE SIBIISETCHA
u3bbiToyHbM. Ho Takas u3bGpITouHOCTD 03-
HAYaeT 3anac HaJeXXHOCTH, IPHYEM He MATH-
MW JIeCSTHKPATHBIA, 3HAKOMBIH HaM @O
OpUMepaM M3 TEXHUKH, 4 MHJUTHOHHOKpAT-
Helid. [enernyeckas uH(opmauus nepemaer-
Csl MOTOMCTBY MyTeM IPOH3BOJCTBA KOMWit
mosekyn JIHK. Urorpa B opurunase npouc-
XOIAT CIIOHTAHHBIE H3MEHEHUs], TAK HA3BIBA-
eMble MyTanud. M ouu nepegaiorcs 1o Ha-
cnencTsy. B pesynbrarte ectecTBEHHOrO OT-
6opa BeIKHBaIOT GoJtee KH3HECTIOCOOHLIE CY-
utectBa. [IpoucXoauT TO, YTO HA3BIBAIOT
Ouostoruyeckoit sosmonneit. M 3pecs perna-
IoLyo pojib urpaer uagopmauus. Muadop-
MAIMOHHBIE TIPONECCH, MNPOTEKAIOIIHE Ha
OGuororayeckoM ypoBHe, TIO KpaiiHeii Mepe B

JIBYX 4CTIEKTaxX MMEIOT OTHOILEHHE K TeXHH-
ke. Bo-nepBbiX, B TeXHHKe MOTryT ObITH HC-
MOJIB30BAHLI PELLCHHSA, HAWICHHBIC MPHPO-
IOW 11 OCYLIECTBICHHU HMH(POPMALIMOHHBIX
OpPOLECCOB B KJETKaX XUBoH matepun. Bo-
BTOPBIX, MOKHO MONBITATBLCS OKA3aTh BJIMSA-
HHAE Ha 9TH MPOLECCHl B HYXHOM HaIpaBlie-
HHH, KaK 9TO ceiuac M AenaeTcsi B IeHHO
uHkeHepun. Moxer ObITh, Korjaa-uudyab re-
HETHYECKHM IYTEM YIACTCS H3MEHHTH Dak-
TEPHH TaK, YTOOBI OHH MOTIJIH CO3/aBATH M3
MOJIEKYJT pa3jHYHBIX OEIKOB CTPYKTYpHI,
criocobusie obpabarsiBate uHpopMmammio. B
OIPEC/ICHHOM CMBICHIE TeM CaMbIM ObLT ORI
OCYILECTBJICH CHHTE3 JBYX BAXKHEHIIIMX TEX-
HOJIOTHYECKHX HOBHHOK HAllEr0 BPEMEHH —
MHKPODJICKTPOHHKH H COBpeMEeHHO#t Ouo-
TEXHOJIOTHH.

Wndopmanmonnsie nponeccsl Kak npei-
MeT JIEKTPOHHKH HMEIOT JIeJIO C YelloBeYec-
KHM ODILECTBOM M COLMATBHOH NPHPO/I0H
yenoseka. [losTomy nocie KpaTkoro OTcTyn-
neHus B OHOJIOTHIO BepHeMcs K HH(OpMallu-
OHHEIM TIpOIleccaM B 0OIIECTBE, KOTOPHIE
OTIHYAIOTCS BEJIMKHM MHOXECTBOM H pas-
HooOpa3suem. OHM IPOHU3BIBAIOT Bee cepbl
KH3HH W JeATeIbHOCTH 00IecTBa —MaTepH-
aJIbHOE MPOH3BOACTBO W YIIpaBJieHHE, [LIaHH-
pOBAHME W peryJHpoBaHHe OOIIeCTBEHHBIX
OPOLECCOB, CBA3bL W TPAHCIOPT, TOPTOBIIIO,
OBITOBOE M MEIHIMHCKOE 0DCIyKUBaHHE, HA-
yky u obpasoBaHHe, KyJILTYpYy. OHT, cropr,
OTHBIX ¥ pazBieyeHus. B xusnu obuiectsa u
KaX/I0ro 4esj0BeKa B OTAENBHOCTH HE CYy-
LIECTBYET MPOLECCca, HMEIOIIero MpaKTHyec-
KO€ 3HAMCHUE W OJIHOBPEMEHHO HE SBJISIOLLIE-
rocsi HH(POPMAIMOHHBIM mpoueccoM. [lpu
sToM 0bpaboTka urdopmannu urpaet 601~
IIYIO pOJib MOCTOJIBKY, MOCKOJIBKY, BO-TEp-
BBIX, BCe Npoune HHPOPMaIHOHHEIE TpoIiec-
Chl, T.C. MOJIYYCHHE, XpaHECHHE W mepeiaya
uH(popMaImy, HeMbICIMMBL Oe3 ee obpabor-
KH M, BO-BTOPBIX, MOCKOJBKY 3TH MPOIECCHI
MOLYT OBITH OCYILIECTBIIEHBI TOJILKO IMTOTOMY,
YTO OHM HYXHbI 1 06paboTkn uupopma-
L{H — HMEHHO TOT'0 Mpoliecca, KOTOPBIH, cob-
CTBEHO, Hac M HHTepecyer. B sTom cmbicie
obpaboTka mH(pOpPMALIMK HBJISETCH CAMBIM
VHHBEPCAILHEIM HH(POPMAIMOHHEIM TIpOTec-
coM.
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O6pa6orka uHdopmauum
MWKPOSNEKTPOHHbIMMW
cpeacreammn

DJIEKTPOHHKA B COCTOSHHHM CIPABHTBLCH C
moboit 3amaveii oO6paboTkn HHDOpMAaIHH
NpH YCJIOBUH, 4TO 3ajJada IpeacTaBlieHa
B MaTeMaTH4Yeckod (opmMe MW 4TO MOXKHO
chopmynupoBaTh HabOp TOYHBIX MpaBHI,
YKa3bIBAIOLIAX, KaKHe NEHCTBHA M B KaKoH
MOCJIEIOBATELHOCTH HAZIO BBITIOJHUTH, 4TO-
Obl ee PellnTh, T.€. IPH HAJHYHH TaK Ha3bl-
BaeMoro aieopumma. V13 BcTpedaromuxcs Ha
OpaKTHKe MH(GOPMALMOHHBIX 3a4a4 MHOTHE
€ CaMOTO Hayajia OTBeYaroT 3ToMy TpeboBa-
uuio. CyliecTBYIOT, OIHAKO, H TaKHe, KOTO-
pbie MO0 B MPUHIKIE HE HMEIOT MaTeMaTH-
YECKOI'O pellleHHst, JIH00 Takoe pellleHne eLe
ve HaiaeHo. Ho BoO MHOTHX cily4asix ¥ Takue
3a/la4d  MOXKHO pa3dHTh HA MOJ3aJaYH,
NOUIAFOIIMECs  alropHTMH3aiiu. Bemom-
HHM, HAallpUMeEp, KaK MIaHAPYETCs CeMEHHbIH
Oro/keT WJIM COCTABIISIETCA IIporpamMma Ha-
YYHBIX HMCCIICIOBAHWH B KaKOM-HHOYIbL HH-
craryre. U B TOM 1 B Jpyrom ciyyae Ipu
BBIOOpE pELIEHNs CTOMMOCTHBIE KaTeropHH
(oleHKA CHTYAlWH W OXKHIAeMble B MEpCIeK-
THBE Pe3ylbTaThl) UrpaloT TaKyl PoJb, KO-
TOPYIO MPOCTO HEBO3MOXKHO NPEACTABHTL B
MmatemaTHueckoii gopme. [lostomy HE s
OIHOM W3 3THX 3a/a4 He CYLIECTBYET TOJHO-
ro anroputma peiueHusi. M Bce ke B oboux
cIy4asix MOXHO BBIIEJNHTH NOA3aauH, Moj-
jJarommecs: anropurmuzanud. Huwke mur Oy-
neM oOpamiaThes JIMIIL K TeM 3ajadam 06-
paboTku HHPOPMAIHA, KOTOPbLIE HMEIOT Ma-
TeMaTHYECKHH AanropHTM pemieHHusi. XoTs
KOJIMYECTBO JTHX 3aJa4 M HE OXBaTbIBAET
BCE, YTO B ILHPOKOM CMBICJIE MOXKHO NMOHH-
MaTh moja o0paboTkoil MHPOpPMAIHH, OHO
HeBoobpasumo Benmuko. M mobas takas 3a-
JIava MOXeT OBITh pelleHa ¢ MOMOIIbIO 3JIeK-
TpoHuku. B KoHeYHOM cuere NpHYHHA ee
OrPOMHOr0 3HAYEHUS COCTOHT B TOM, 4TO
JMEKTPOHHKA MPEINIATACT APUHYUNUAABHOE
perteHue s Heobospumo Gosbioro yuena
BAPHAHTOB 3a/1aY, BO3HHKAIOLIMX IpH 0bpa-
boTke uHpOpMALIME H TIONIAIOIIMAXCSA AJIro-
pHTMH3ALMA. Y IapeHHe 3[ech CIeayeT Jie-
JaTh HA CJIOBE «IpHHIMNHAIBHOE». Bo MHO-
PMX  ClOydasix MHKPOJJEKTPOHHKA [e/aeT

NPHHIATHAILHO BO3MOJKHOE pEIleHHE 0C)-
WecmeumMsiM npakmuyecky. A 3To O3Havaer
npHeMIIeMble (PHHAHCOBBIE PACXOMIBI, MaJIbie
3aTpaThl JHEPrHH M MaTepPHAJOB, HeoDXo-
JHMBIE HAJEKHOCTH M ObicTpoTy. Paszumma
MEXAY «IPHHIANAAILHO BO3MOXHBIM» H
«OCYIIECTBHMBIM NPAKTHYECKH» 3aCIIyXKHUBa-
er 0oJlee BHHMATENBHOIO PACCMOTPEHHS,
TaK Kak HMEeT pelualolllee 3HAYCHHE sl
oObsicHeHHs] OYPHOIO Pa3BUTHS MHKPOIJICK-
TpoHuKH. B 1945 r. Obuta mocrpoena ojHa
M3 [EPBBIX MEKTPOHHBIX BBLIMHCIHTEBHBIX
mamus -OHHUAK. B Heli umenoch 0KoJIO
18000 snexTpoHHbIx Jammn. B Te BpemeHa
9TO, BHE BCSKOI'O COMHEHHs, ObLIO CAMBIM
GOJIBIIMM YHCIIOM aKTHBHBIX 3JIEKTPOHHBIX
9JIEMEHTOB, Korja-mubo coOpaHHBIX BMecTe
B OJIHOM 3JIEKTPOHHOM YycTpoiictBe. U Bce
Ke 9Ta MaiuMHa Oblna crmocobHa jgenath
JIHIIE TO, YTO CEerojHs MOXeT Jodas Ha-
cronsHas DBM. A teneps nonpobyem cebe
npeactaBuTh (1abmn. 1) pasmepsl, sHEproeM-
KOCTb, OBICTpOJACHCTBHE, HALEKHOCTE U LIEHY
TPeX OIMHAKOBBIX IEHTPAJbLHLIX IPOLECCO-
pPOB, HO CO3JaHHBIX Ha 0a3ze NEKTPOHHBIX
JIaMIl, JUCKPETHBIX [OJYHPOBOJAHUKOBBIX
npubopoB U HHTErpajibHbIX MUKpocxeM. Ko-
HEYHO, BHICOKAsl IUIOTHOCTh YIAKOBKH B CITy-
4ae NPUMEHEeHHA MHKPO3JIEKTPOHHOH TeXHO-
JIOTHH NO3BoJIIA OBl clieaTh IeHTPaIbHbIH
nponeccop obbemMom 10~ 2 em?, mm pazme-
pom okono 4 x 4 x 0,5 mm. Ho Begs 1 Ha
JIMCKPETHBIX TIOJYIPOBOJHUKOBBIX HpHOO-
pax OH TOXE MNOJy4HJCcs Obl JAOCTATOYHO
KOMIAKTHLIM, HMesi obweM 10* cm®, wm
pasmep okoso 40 x 40 x 5 cm. Pematromiee
JIOCTOMHCTBO MHKPO3JIEKTPOHHKH 3aKJIOYe-
HO, CJIEOBATENLHO, B HU3KUX 3aTpPaTax, Bbl-
COKOIi HAJIe)KHOCTH U MaJIOH 3HEProeMKOCTH
NpH OJHOBPEMEHHO BBICOKOM OBICTpO/IEH-
creun. HeoOXxoauMbIM yclioBHEM LTS 9TOTO
ABJISIETCS  MHHHATIOPHOCTb  3J€KTPOHHBIX
2JIEMEHTOB, BXOISAIINX B MHTEr PAJIbHbIC MHK~
pocxembl. OOHAKO MHMHHATIOPH3AIMA 3JICK-
TPOHHBIX 3NEMEHTOB B MHKPO3JIEKTPOHHKE
HE CaMOlielib, a CPEeACTBO /ISl PelLeHHs Of-
peliesieHHOM 3a1a4yn. B KOHeMHOM HTOre 3Ta
3a/iaya 3aKJovaeTcs B CO3JAHHH 3JIEKTPOH-
HOMH BBIMHCAHTENBHOH MAIIMHBI WIH B IJIO-
6anbHOM MOHHMAHUH NPOGIEeM —3JeKTPOH-
HO# MalMHbI U1s 00paboTku nH(pOpMAaIHH,
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Tabauya 1. CpaBHeHHe OCHOBHBIX pabou¥MX MAPaAMETPOB IEKTPOHHBIX JJEMEHTOB M LEHTPAJIBHBIX
npolLeccopoB, Henone3yemuix B 9BM u comepxkammx 10* 2neMeHTOB, BHINOJHEHHBIX HA PAa3IHYHBIX
CTYNEHSX PA3BUTHA EKTPOHMKH. YHCIOBBIE 3HAYEHHA ABJIAIOTCH OPHEHTHPOBOYHBIMH

Obnem, IMoTpebnse-  Buicrponeiicreme: wmc- Yacrora Llema,
om? Mas Moll- JI0 KOMMYTauuii Wi  OTK4a30B B MapKH
HocTh, BT BBIMHCIHTENBLHBIX ONe- 9ac rJ1P
panuii B CeKyHay
( Dnexrponnas 10! 10° 108 10°3 10!
Jamna
1 snextponnsiii | Tpausucrop 10n2 10-* 10® 108 10°
EMEHT 2 Tpansucrop, 1058 1073 108 107 104
chOpMHPOBaHHBIH
B MHKpOCXEME
(MHKpODIERTPO-
| HHKa)
" DneKTPOHHBIE 107 10% 108 107! 10°
JIAMITBI
OBM, conepka- | Tpansucrop 10* 10! 10° 10°% 103
mas 10* anex- <{ Wurerpanbusie 1072 107! 108 = 10!
TPOHHBIX 2JIe- MHKPOCXEMBI
MCHTOB (MHKpPO2JIEKTPO-
HHMKa)

obnanmaroieil cBoMCTBaMH, lENalONIHMH €e
MPHTONHOW IS NPaKTHYECKOro TNpHMEHe-
aas. Co3pgaTh MAIMHY ¢ TAKHMH CBOMCTBA-
MH MOXHO TOJIBKO C TIOMOIIBI MHKPO3JIEK-
TPOHHOH TexHosorud. B omnpeneneHHOM
CMBICTIE CHTYAINI0 MOXHO CPaBHHTB C TI0JIO-
JKeHHeM Jien 10 u3obpeTeHns KHUTomedaTa-
aus u nocie. [losenenne mpudra cuenano
HNPHHIMIHAIBHO BO3MOXKHOMN 3anuch mobo-
ro TeKcTa s JajJbHeHIlero ero pacnpo-
crpadenus. [lns sroro tpeboBanock «Bcero
JHIIE» BRIPYOUTE B KAMEHHOM TUIHTE HYX-
Heie mpudTopbie 3HakH. W ecim Ob1 Kax bt
4esioBeK, paboras Mo MecATh YACOB B JICHb,
roToBui 6bl 0 00HON «KAMEHHOH» CTPAHH-
e, TO, BEPOATHO, M yaaloch Obl cuenathb
TpebyeMmoe 4ucio KHHT. BoT ToJibKO Ha
NpakTHKE peajh30BaTh 3TO ObLIO HEBO3-
MoxHO. TpeboBanuchk TeXHHYECKHE MPHCIIO-

COGJ’!&HHH, obecnieuuBaronIne OpaKTHYECKYIO |

BO3MOXHOCTE MACCOBOI'0  H3rOTOBJICHHS
KHUI' TIpH [pHEMJIEMBIX 3aTpaTtax CHI H
cpefcTB. PemaiommuMu sTanaMu Ha 3TOM
OYTH CTAJIH, BO-MEPBLIX, NOABJICHHE ﬁymam

H, BO-BTOPBIX, M300peTeHHe KHHUromeyara-
HHsA. MHKpOINEeKTPOHMKY HHOTJA JeHCTBU-
TEIbHO CPAaBHHBAIOT C KHUTONEYATAHHEM.
OpHako B 3TOM Clyyae e€e poJib CKopee
HEJIOOIEHHBAIOT, HEXENH IPeyBEIMYHBAIOT.
XoTq KHHTONEYAaTAHHE W CBS3AHO C OYEHb
BaXHBIM HH()OPMAIMOHHLIM IPOLECCOM, TI0-
CJIeHUI B IPHHIUIE BCE K€ OCTAETCs OYeHb
Y3KHM, T.€. OH npejcrasiser coboii xpane-
HHe HH(pOPMAIIHH, TOMeNIeHHOH Ha Gymary B
Buge OykB W 3HakoB. B orimume ot sroro
MHUKPOJJIEKTPOHHKA OOCITYy)KMBAET CaMbIi
obmmit ¥3 MHPOPMANMOHHBIX ITPONECCOB —
06paboTtky uH(pOpMalMHy, IPHYEM BO Beeil ee
nojHoTe. Briepseie 3a BCIO HCTOPHIO HEJIOBE-
YecTBA MHKPO3JIEKTPOHUKA TIPEIaraeT Bee-
obbeMITIOIIYIO TexHoJIoruio obpaboTkn uH-
hopmamun. CylecTByeT TOJIBKO 00HA Allb-
TEPHATHBA, MPEBOCXOAIIAS MHKPOJIEKTPO-
HHUKY B [EJIOM, HO 9Ty ajJbTepHATHBY CO3/a-
Jla He TEXHHMKA, a caMa NpHpPoJA H HMSH
eii —uesioBek. YenmosedeckHii MO3r OCYyIIecT-
BnsieT obpaboTky HMHpopMaumMH. YMCTBeH-
Has JAesTeTbHOCTD UeoBeKa cBa3aHa ¢ obpa-
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6oTkoii uapopmaunu, a obpaborka HHpOp-
MAIHH B CBOIO OHMEpEeObL ABAACTCHA YMCTBCH-
HO# geatensHOCThIO. Ecnu cioco6HOCTE 00-
pabateiBaTh MHpOPMALMIO pa3BHTa HOCTa-
TOYHO BBICOKO, TO FOBOPAT 00 HHTENIEKTE —
y 4YesoBeKa O TPHUPOJHOM, y MaumMHbl 06
HCKYCCTBCHHOM. MOXHO cKa3aTh ¥ Tak: Mbl
HMEeM [ieJ10 ¢ HMCKYCCTBCHHBIM HHTEILICK-
TOM, KOrla KOMIIBIOTED BBINOJHAECT onepa-
LM, THUNHYHbIE IS YMCTBEHHOMN [esTellb-
HOCTH 4ejioBeKa. YenoBek, HANPHMEpP, MO-
KET [MOHHMATE pevb H I[I0JIB30BATLCA €10,
pacno3HaeaTthb HBOGPaXCCHHH, CTPOHTE MATE-
MATHYECKHE IOKA3aTE/NbCTBA, HI'PDATE B [AX-
MaTbl, COYMHATL MY3BLIKY, OCYILUECTBIATH
BI(CHepTHbIﬁ dHaJIH3 HJIH CTaBHTE MCIOHIIHH-
ckuii guarao3. C MomeHTa nosiBiaeHns DBM
MpeanpHHEMAIOTCA IMONBITKH CHaﬁ}I[HTb HX
4YeJI0BeYeCKHM HHTeekToM. M xoTsa KOpEH-
HOTO nepeioMa €ILE HE MPOH30LII0, YOalloChk
3aMETHO MPOJABUHYTHCA BIIEPEL. B 4actHOC-
TH, MPaKTHYECCKOC 3HAYMCHHE MOJYYHJIH Tak
HA3BIBAEMBIE 3KCMECPTHBIE CHCTEMBI, T.€.
KOMNBOTECPHBIE MNpOrpaMMkbl, COIEpXKalllHE
3HAHHS SKCHOEPTOB M crnocoOHbie Ha Oase
ITHX 3HAHHH AaBaTh CIpaBKH, CTABHTE JAHAT-
HO3 WM Jenats nporno3. OpHako B 1ejIoM
MCKYCCTBEHHBIH WHTEIJIGKT TMOKa eme BO
MHOIOM YCTYHaeT NPHPOJAHOMY HHTEIIEKTY
yesioBeka. AHrmiickuii MateMaTuk Thbio-
PHHI IPHAYMAaJ TECT, ¢ TOMOILBLIO KOTOPOro
MOKHO ONpeIeNHTh, PABEH JIH HHTEJICKT
KOMMOBHOTEPA HHTEIIEKTY YEI0BEKA HITH Mpe-
BocxoauT ero. Kpome kommeioTepa B 3TOM
MPOBEpPKE NMPHHUMAKOT Y4acTHE elle [Ba ye-
JIOBEKA. O,HHH H3 HHX 3aJacT OJHHaKOBBIC
BOMPOCHI, MPHXOAALIHE B TOJIOBY, KOMIIbHO-
Tepy M Apyromy 4esnoBeky. OH moiyqaeT oT
CBOHX <(COGBC€,DJ—IHKOB» OTBETHI, HC 3HAHA, Ka-
KHE H3 HHX [ajia MalllHHA, a KaKHE — YE€JI0BEK.
ITpu HBIHEIIHEM YPOBHE Pa3BHTHS KOMIIbIO-
TEPHOH TEXHHMKH CHpPAlIMBAIOMIHA OYeHb
OBICTPO OMpeZeNseT aBTOPOB OTBETOB: Ma-
[IHHA OTBeuaeT HamHoro xyxe. Ecim korpa-
HHOYB B OyyleM cpaliuBalomui He cMO-
KET MPABHJILHO OIPEAEIHTL aBTOpa, TO B
OTIpEJIENICHHOM CMBICJIE MOXKHO OyneT roso-
PHTBb O PaBEHCTBE MHTEJJIEKTOB MAallMHBI H
yenoseka. Ho ceroaus eme HAKTO HE MOXET
YBEPEHHO CKa3aTh, KOIrma nepami‘{ KOMINBHO-

Tep YCHeIIHO mpoiineT TecT ThIOpHHra HIIH
HACTYIHUT JIM Takoe Bpems Boobme. U maxe
€CJIM 3TO CTAaHeT pPealibHOCTBIO, BCE DPABHO .
HeJb3g Oy/eT TOBOPHTE O PaBEHCTBE MEXKIY
MAIlMHONH M 4YeJIOBEKOM: Belb B Ooublieit
(u3mueckolf MOIIHOCTH 3JIEKTPOJABHTATENS
HE OTPaKaeTcsi ero NpeBOCXOJICTBO HAaJ ue-
nosekoM. lleHHOCTHL 4enoBeka OTHIOAL HE
HCYEPILIBAETCA OJHMUMH (DH3MYECKHMH HIIH
YMCTBEHHBIMH CIOCOOHOCTSAMM.

ITocne Bcex 3THX pacCyAEHHH OTHOCH-
TelnbHO Oyaylero pasBUTHS BEpHEMCH, OJ1-
HAKO, K COBPEMEHHOH MHKDOJJICKTPOHHKE H
K oOpaboTke mH(OpPMALIMH, OCHOBAHHOH Ha
ec mpuMeHeHMH. M Bce ke OYeHbL TpPYOHO
TIPOBECTH YETKYIO 'PaHb MEXAY MPOCTO «0b-
paboTkoit mEpOPMAINE» H MEHKPOINIEKTPOH-
HO# 06paboTkoii uapopmanmu. JInme B oa-
HOM MHEHHS, MOXKady#, CXOOsaTca: 3a 3TOH
rpaHbIO KpOME CIOCOOHOCTH 06pabaThBaTh
JaHHBIC JOJDKHA CYLIECTBOBATL TAKXe OIpe-
neneHHas cnocobHocth kK 06paboTke M HC-
TMOJB30BaHMI0 3HaHWH. M Bce Xe Mamumpy
HEpPEIKO HA3LIBAIOT «YMHOI» YXe TOrja,
KOI/la OHa PAacmoJiaraeT MHKPO3JIEKTPOHHBI-
MH TEXHHYECKHMH CpeicTBamM# 00paboTku
uHpopManuu. Boobiue-To cpaBHeHHE MEXKLY
obpaboTkoii HHPOPMAIMH YEIOBEKOM H TeX-
HHYECKMMH CpeacTBaMu He obs3zaTenbHO Obl-
BaeT B MONb3Yy 4eloBeka. B AByx ciiyyasix
MHAKpO3JieKTpoHHass obpaborka wuuadopMa-
I[HH TIPEBOCXOJIHT BO3MOXHOCTH Y€JIOBeKa, a
HMEHHO C TOYKH 3pEHHMs HAJeXHOCTH H
6nicTpoThl. KoHEuHO, 4esI0BeYEecKHil MO3r B
COCTOSIHUH BBIMIOJIHATE OY€Hb CIIOXKHBIE OTie-
paum# ¢ BBICOKO# ckopocTeio. Ho uenosexy
CBOHCTBEHHO IOBOJIBHO HacTo ommbartbes, a
JIeMEHTAapPHbIE MPOIECCH B MO3T'Y MpOTEKa-
IOT CpaBHHTENbHO MeteHHO. Ecim uenosex
32 OQHY MHHYTY MOXeT JOCHUHMTATH [0 CTa,
TO BBITNIOJIHEHHAsl HA MHKPO3JIEKTPOHHOI Oa-
3e DBM 3a TO e BpeMs YCIIEBAET COCYHTATH
o MuHOHA H Oonbime. Crapoe BhIpake-
HHUE «OBICTPBIN, KaK MBICIIBY 3[0ECh COBCEM HE
K mecty. M Bce xe He 3TO 4YacTHOe mpe-
BOCXOICTBO MHKPO3JIEKTPOHHOH 0O6paboTku
HA CMOCOOHOCTAMH YeJI0BEYEeCKOrO MO3ra
SBIIIETCA PelIalo|M, XOTA caMo To cebe
OHO [laeT MHOTO npeuMyiectB. Peraroree
3HAYEHHE COCTOMT B TOM, YTO B (JIHIE»
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MHKPODJIEKTPOHHKA PeabHO  CYHIECTBYET
NOJIE3HOE TEXHHYECKoe pelleHue 11d obpa-
6oTkn uHpOpMAIHH.

Kak Bce 3TO KOHKPETHO CKa3bIBAETCH Ha
MpaKkTHKE, MBI elle o6cyaum. OIHAKO B JIHO-
OoM ciydae Heslb3si 3a0bIBATh, YTO MHKPO-
IEKTPOHHKE TOJIBKO-TONBKO «IepeBaHIoN
3a 20 jeT, a MHKpONpPOIECCop, TOABJIECHHE
KOTOPOro, coOCTBEHHO TOBOPS, W MPHBEJO K
Pe3KOMY paclIHpPeHn o 00JIacTH NPHMEHEHHS
MHKDPOIJIEKTPOHUKH, ObLI co31aH 4yTh 60JIb-
me 15 ner Hasan. Henb3s 3abGeiBaTh M 0
TOM, YTO MHKPOJIEKTPOHMKA NPONOJIKAET
OypHo passuBathbes. [To3TOMy HEeT HHKAKHX
OCHOBAHMH CYUTaTh, YTO pPa3BHTHE MHKPO-
9IEKTPOHHUKH 3aBeplIaeTcsl BLIXOIOM Ha ce-
FOJIHSIIIIHAK YPOBEHB €€ HCIOJIb30BaHNA 1A
obpaborkn uHGOpPMAITHH. DTOT YPOBEHD SAB-
JISETCH JMIIL TPOMEXYTOYHBIM  3TAroM,
MyCTh W BaXKHLIM, HA MYTH K AaIbHEHIINM
BeicoTam mporpecca. [lostomy Hapsay ¢
JIOCTHFHYTBIMH pe3yjbTaTaMH Mbl XOTHM
PACCMOTPETh TakKKe OCHOBHBIE HATIPABIICHUSA
Pa3BUTUS MHKPOIJIEKTPOHHOW TEXHOIIOTHH,
YeTBIPe W3 KOTOPHIX HAM NPEACTABIAIOTCH
Haubosee BaKHLIMH.

Hosoe pomxHo 6biTh
nyuuie craporo

INepBoe HampasiieHHEe BIUIOTHYIO CBSI3aHO C
Te€M, 4YTO 3aJ0Nr0 [0 NOABJIEHHA MHKPO-
3NMEKTPOHHUKH YK€ HCIONBL30BANCh PA3IHY-
Hble TeXHHYeCKHe cpejcTBa oOpaboTkm uH-
thopmammu. MBI YIIOMHHATH BBIMHCIHTENb-
HbIe MAallIMHBEI Ha 31eKTPOHHBIX Jammnax. Ho
B Oosee OTAATEHHOM IIPOILIOM CYLIECTBO-
BaJIM TaKkKe YHCTO MEXaHHYECKHEe BBIMHCIIH-
TeNbHBIE YCTPOHCTBA. A 3JIEKTPOMEXaHHYEC-
KHe KacCOBLIE almapaTel, K IPAMEPY, MOKHO
BCTPETHTEL M B Hamm 1aHH. To ke camoe
cieayer ckazaTh 00 3lieKTpPOMEXaHHYECKHX
TOProBBIX H HI'POBBIX aBTOMaTax. Bce wack!
B TPONLIOM AMEIH MEXaHAYECKHIl MITH 2JIeK-
Tpudeckuit MexanusM. Ho BoT B oTimume ot
BBIMHCJIMTEIBHBIX MAlllMH JICKTPOHHBIE Ya-
Cbl HAa JJIEKTPOHHBIX JIaMIaX He BBHINIYCKa-
IHCh HUKOTAA, 34 HCKJIIOMEHHEM HEMHOTHX
9K3EMILISIPOB, U3rOTOBJCHHBIX C YMCTO Ha-
y4HBIMH HeasaMH. OHu ObUTH OBl CAMIIKOM

JIOPOTHMH ¥ HeyAoOHBIMH B OOpalleHHH.
Tonbko B paauo- u TB-npueMHHKAX B IIH-
POKHX MacmTabax cTajH MPHMEHSATH JJIeK-
TPOHHBIE JIAMIIBLI, HA CMEHY KOTOPBLIM MO31-
Hee MPHILUIM JUCKPETHBIE MOJYNPOBOAHHKO-
Bble 3neMeHThL. JIMHHM CBSI3H B ropoickoi
Tene(OHHOI CeTH NepBOHAYAILHO COEIUHS-
ma tenedorucTkr. OIHAKO € yBEeTHYCHHEM
4yHcna aboHeHTOB 3TOT crnocod cran 6ricTpo
H3KHABaThL cebsa. Onepanun KOMMYTAllMM Ha
TeneoHHOM y3sie moTpeboBanock aBTOMA-
TH3upoBaTk. CHavana JUis DEIUEHHS OJTOMH
3a/Ja94 B PACMOPSDKEHUN HMMEHCh TOJBKO
JJIEKTPOMeXaHnYeckue pesie. CBA3aHHbIE C HX
HCITOJTb30BAHAEM 3aTPATHI OBLIIH Ype3BbIYaii-
HO BEJIMKH—CTOMT TOJbKO BCIOMHHTB, Ka-
KHE 3/1aHHS CTPOMJIUCH Ui TeJe)OHHBIX y3-
JIOB, B 3aJlaX KOTOPBIX pa3Mellaluch MHII-
JIMOHBI CYMTAIOIIMX peJie, OJHAKO W € ITHM
NPUXOONIIOCE MHPHTBCS H3-32 OTCYTCTBHA
JIYYIIHX MEepeKTIovalommx s1emenTos. Ipo-
6nema Oonee 3dpeKTHBHOrO MOWCKA, T.e€.
JIEKTPOHHOTO PELICHHS 1A UCTIONbL30BaHUSA
B Tene)OHHO KOMMYTALMOHHONH TEXHHKE,
cTalla HACTONBKO OCTPOMH, a 3JEKTPOHHAS
JlaMIia OCTaBallaCh HACTOJILKO MaJONPHCHO-
coOJIeHHOH JUIS IpHMeHeHHs B 3Toi obmac-
TH, 9T0 HMEHHO JaHHAs 3aja4a W 3aCTaBHIa
HANpaBUTh HACTOHYMBLIE YCHIIMA HA cO3Ma-
HHE TBEPAOTEIBLHOIO 3JEKTPOHHOTO KOMMY-
TanMoHHoro aemMenta. W rtor dakr, ¥ro
9TOT KOMMYTAIMOHHBIH 3IEMEHT — TPaH3HC-
TOp—0BIN CO34aH yYeHbIMH JabopaTopHH,
OCHOBAHHOM aMepUKaHCKUM H300peraresiem
tenedona I'paxemom Belsiom, HHKaK HeMb3s
CHHTATh CAY4YalHOCTBLIO. XOTsA Ha TeneoH-
HBIX CTAHIHUAX IJIEKTPOMEXAHHYECKHE pele
BCe ellle MPOAOIIKAIOT HIPATh BAXKHYIO POIb,
OHAKO MEpexoJ Ha MHKPOCXEMBbI CTajl He
TOJABKO AKTYaJbHBIM, HO YaCTHYHO YK€ CO-
BepimMBIIUMCs (hakTomM. UTo ke Kkacaercs
OBITOBOM SNEKTPOHHON anmaparypsl, Ia H
MOYTH BCEX YINOMWHABIIMXCS paHee MpHMe-
POB, TO 3/1eCh PAKTHYECKH BO BCEX CIIy4asx
WIH YK€ HCIOJB3YeTCss MHKPO3JIEKTPOHHKA,
AIIH BEIETCA MOATOTOBKA K €€ MPUMEHEHHIO.
B stoM ® cocroumT nepBasi CBA3AHHAS C
MHKPODJIEKTPOHUKOH  BaKHAs  TEHICHIHSA
pazsuTus oOpaborkn wmHDOpMammH. DTa
TEH/JEHIIM HMCHHO NMOTOMY HabHpaeT WM
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yke gabpana cuiy, 9T0 mpeaiaraeMble MHK-
PO3MIEKTPOHHKOHW  PelIeHHS] 3HAYMTENBHO
nydile BCeX TPEAbUIYIIHX, T.€. IelIeBIle,
HajexHee, ObICTpee, KOMMAKTHEE H 3KOHO-
MHYHEE C TOYKH 3DEHHS MaTEPHANBHBIX H
snepreTHdeckux 3arpart. CerofHs MUKpO-
3NIEKTPOHHAS TEXHOJOTHS OTKPBIBAET HOBBIE
HaMHOro Gosee yaoOHbBIE MyTH pellleHAs 3a-
a4, cBsA3aHHbLIX ¢ obpaborkoi mudopma-
IIMH, KOTOPBIE B TEYEHHE MHOTHX JIECATKOB, a
€CJTH MPHUHATH B PACYET 4acOBOH MEXaHH3M,
TO W COTEH JIET, PellaliiCh JAPYTHMH CIOCO-
Gamu. Ha mpumepe cueTHOH MAalIMHKM MBI
MOTJIA 3TO BHIETHL COOCTBEHHBIMH TJIa3aMH.
MHKpPO2JIEKTPOHHKA MO3BOJAET CO3/1aBaTh
mansle 1 Gonbimme 3BM ¢ nHeBmmanHOR 10
CHX MOP BBIYMHCJIMTEJIBHOH MOILHOCTBIO NPH
OTHOCHTEJILHO HH3KOH cToumocTH. [lomani-
HHH KOMIBIOTEP, KOTOPBIH CEroiHsa MOKET
JIe71laTh TO, YTO B HEJANIEKOM TPOILIOM Jie-
Jan UeNblii BRIMACIATENBHBIH HEHTP, W BCE
K€ BIIOJIHE JOCTYIEH IO IIeHE —BOT OJHH H3
MHOTOYHCIEHHBIX TpuMepoB. Peskoe ypenn-
YeHHE BLIMHCINTENLHONW MoIlHocTH 6osib-
uix 9BM npuHOCHT NoONB3y B MEpBYIO O4e-
pelb B TAKMX 00JIACTAX HEATENBHOCTH, IJIE,
KdK 3TO MMEET MeCTO B HayKe, METEOpOJIO-
TMH, ITJIAHHPOBAHWUHM W YNPABJICHAH TPOH3-
BOJICTBEHHBIMH H COIMAJbHBIMH TIpoIecca-
MH, 6e3 HHX MPOCTO HEBO3MOKHO 0OOHTHCE.
A 4TO O3HA4aeT 3aMeHa YJIEKTPOHHBIX JaMII
H [MCKPETHBIX MOJYNPOBOIHHKOBBIX 3JIe-
MEHTOB B OBITOBOIi 2JIEKTPOHHKE MHKPOCXe-
MaMH, KaXIblil U3 HAC 3HAET MO COOCTBEHHO-
My ombITy. M Oemo He TONBKO B TOM, 4TO
nepexoji Ha MHKPODJIEKTPOHHYI) TEXHOIO-
THIO €T BO3MOKHOCTh CO3AAaTh KA4ECTBEH-
HO HOBYIO AnmapaTtypy € YJIy4IHeHHbIMH MO-
TpeOHTENbCKAMH CBOWCTBAMM, anmapartypy,
oTAHYaroUIyiocs 0oJiee BHICOKAM KaveCcTBOM
3ByKa M n3o0pakenus, ynobcrsoM obcyxu-
BAHHSA W HOMOJHUTEILHBIMA (DYHKIMOHANb-
HBIMH BO3MOXHOCTSMH. YTO ke Kacaercs
TenedoHHOI cBA3M, To Onaronaps npuMeHe-
HHI0 MHKPOCXEM 3aTpaThl yMEHBIIAIOTCSA HA
HECKOJIbKO mopsaakos. [lossasercs Bo3MOX-
HOCTh YMEHBIINTH TeNe()OHHYIO CTAHIHIO 10
pasMepoB OJHOH KOMHaThL. PeanbHOCTHIO
CTAHOBHTCH CO3/IAHHE CETH ABTOMATHYECKOH
Tene)OHHOM CBA3HM, OXBATHIBAIOLIEH Bech
3eMHOI 1map.

TexHnuyeckme peweHun
ANA HepaspeLnMbix

B Npownom 3agau.
AsTomarnsauuna

Mo mosBieHAs MUKPOIJICKTPOHUKH O0ib-
HIMHCTBO 3aja4, CBA3aHHBIX ¢ 0OpaboTkoii
uHpopmanmy, BoobIle HE HMENO TEeXHH4ec-
KOTO PpeIleHHsl, W BUEPBLIE €ro MO3BOJIHIA
HAWTH MHKpOJJIeKTpOHHas TexHonorus. C ee
MOMOIIBIO YK€ CerojHs U B OyaymeM Mox-
HO pelaTh Takue 3agaun obpabdoTkn uHpOp-
MaluM, KOTOpkle B nponuioM ymbo Boobiue
OCTaBaJIMCh Hepa3pelmmMeiMu, 1o pema-
JIMCh TOJILKO CAMHM HYEJIOBEKOM. DTO BTO-
poe HampaBjcHHE Pa3BHTHS MHKPOIJIEKT-
poHHOI TexHukH obpaborknm uHpopmanun.
Panbuie B cepe MaTepHaILHOTO MPOH3BOI-
cTBa 06paboTka uH(bOPMALHH, ECITH TAKOBAS
BOODIIIE OCYylIeCTBAANAChH, ObINa deaom pyk
yenopeka. C mossiaenneM ObicTponeicTBy-
foux 6onbimx 9BM  BO3HMKIA NPHHIH-
NMHAIBHAS BO3MOXKHOCThH BHEJPEHHS MalllHH-
HOMU 00paboTku HH(GOPMALIMK HA TTPOU3BOJI-
cree. Ho mna aroro madopmanuto tpedosa-
JIOCh TEpeiaTh W3 Pa3iIMYMHBIX TOYEK HPOM3-
BOJICTBEHHOTO Tponecca B Oosbmyro DBM,
YCTAHOBJICHHYIO B BEIMUCIMTEILHOM HEHTPE,
tam ee obpaboraTts W BepHYTh 00paTHO.
Omnaxo Gonsnme 9BM tex Bpemen Obum
CIIMIIKOM [OPOTH, a Bech 3TOT Mpolece,
CBA3AHHBIN CO caMIUKOM GoJibiMMHM 3aTpa-
TAMH CHJI M CPEJICTB, OCTABAJICS HEYCTOMIH-
BBIM K TOMEXaM, HTO H CHEPKHBAJIO LIHPO-
KOE€ HCIOJIL30BAHUE CKTPOHHOU 0OpaboT-
ki uHpopmanuu Ha npoussojctee. M 31ech
KOPEHHOH mepesnoM Obll CBsi3aH ¢ MHKPO-
anmekTponnkoif. Tonkko nosBieHue B KOHIE
70-x TOIOB CPaBHHUTEJILHO JELIEBLIX MHKPO-
npoueccopoB H MukpoIBM nossoauio oc-
HACTUTH KaXIblil CTAHOK WJIH TEXHOJIOIHYec-
Ky} JMHHIO CuOCTBEHHBIM MHHHATIOPHLIM
BBIMHCIIUTENBHBIM TEHTPOM, OCYILIECTBJISIO-
mumM 0bpaboTtky uadopmarmu. Takum obpa-
30M, MOSBUIACH BO3MOXHOCTL 00pabaTei-
BATH HHGOPMAIMIO HETIOCPE/ICTBEHHO B TOM
MECTE, IIC OHA BO3HHKAeT WiH Tpebyercs.
Havanes nponecc nenentpanuzanuum obpa-
6otkn uHpopManun. IlpumeHeHne Ha Mec-
Tax Mansix DBM Bmecto OonbilMx, pas-
MEIICHHBIX B YIAJICHHBIX BLIMHCIHTENbHBIX
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HEHTpax, craino miua obpaborku mupopma-
ITMHM TEM, 4eM JUIS Pa3sBHTHS MallHHOCTPOE-
HHA ObUT mepexoj OT MapoBOH MalIHHBI K
snexTpoABHraTento. Beak, kak npasuio, na-
poBas MallMHA NPHBOIWJIA B JBHXEHHE HE
OIHMH KaKoi-HHOYIb MeXaHH3M, a IEeJIyIo
TpyNImy TaKHX MeXaHH3MoB, Oosee HIH Me-
Hee yAaJIeHHBIX ApYT OT Opyra. A BOT 3JeK-
TPOJBHTATENh MOXHO OBUIO TOCTAaBHTH HA
KaXayw MaliuHy, Kak H MEKpo2BM, nas
KaK10# MalllMHe HHIUBH]IyaJIbHOE CPEACTBO
obpabortkn unpopmaunu. [ns ynpasieHus
MallHHAMH, HMEIOIMMH Takoe obopynosa-
HHE, YeJI0oBeK yxke He HyxkeH. OHH caMu
yrpasisior coboit ¢ momMoibio MEKpoIBM
U BBEJICHHOH B ee mamMsaTh mporpammel. Ilo-
9TOMY B TAKHX CIIy4asx roBopar ob aBToma-
THYECKOM ympasieHun. Mmeromue aBToma-
THYECKOE YIIPABJICHHE CTAHKM M TEXHOJIOTH-
YECKHE JIMHHA [al0T BO3MOXHOCTH aBTOMa-
TH3HPOBATH lieJIble MPOM3BOJCTBEHHEIE MPO-
IeCCHl, MPHYEM B pa3iIHYHOl Gopme — B 3aBH-
CHMOCTH OT CTEelleHH H BHJa aBTOMATH3a-
nuu. KoHeunasi menb, BHE BCAKOTO COMHE-
HHS, COCTOMT B MOJHON aBTOMATH3ALHH
MPOH3BOJICTBEHHOI'O Mpollecca, BHYTPH KO-
TOPOTO 4eNOBEK BBLIMOJHSET JHIIL KOCBEH-
Hble (pynknuu. Bimke Bcero kK JOCTHKEHHIO
ITOH LENH CerofHs MNOMONUIM Tam, TOe B
TeYeHHEe [UTHTEILHOTO BPEMEHH BhIMTYCKAETCs
Oonbioi 06BeM TPOAYKIMH OJHOTO BH-
Jia, HANPHMED XeJIe3HONOPOXKHBIX PEIILCOB,
JIEKTPHYECKOro Kabessi, IEMEHTA WK XHMH-
4ecKOro Chipbsi. M3roTaBnuBaeTcs 5Ta ¥ aHa-
JIOTHYHAsl TMPOJAYKIHUS HA MOTOYHBIX JIHHUAX
H YCTAHOBKAaX, B PexHM paboThl KOTOPBIX,
Kak H B caMy NPOAYKIHIO, B TEHYCHHE [1JIH-
TEJILHOI'O BPEMEHH HE HYXKHO BHOCHTbH H3Me-
HeHHH. ABTOMATH3AIUS TAKHX CIEIMATH3H-
POBAHHBIX TPOH3BOJCTBEHHBIX CHCTEM OCY-
IIECTBJIAETCSH C MOMOLIBIO MHKPOIJIEKTPOH-
HBEIX TEXHHYECKHX CPeICTB YIIPABJICHHS, OHA
B HACTOMILIEE BPEMS Y)Ke XOPOLIO OCBOEHA W
naer Gonbmoi skoHommyeckmii sddekt. B
3TOM CJIy4ae rOBOPAT O CHELHaTM3HPOBaH-
HOM aBTOMaTH3auud. OQHAKO TAKHX BHIOB
NPOAYKIHH, KOTOpble MOXKHO Obu1Oo OBI B
OombiioM 00beMe He3 H3MEHEHHI BLINMYCKATE
TOJAMH, HATIPHMED, PEJILCHI HITH IEMEHT, OYeHb
Mano. Bo mMuormx cimyuasx tpebyercst mpo-
JOyKIOUsA, H3TOTABIMBAEMas JIHILL MAJILIMA U

CPEHHMH CEPHAMH, K TOMY K€ TEXHHYECKHI
mporpecc, a 3a4acTylo H Moaa Tpebyror
OOHOBJICHHS U W3MEHEHHUS TPOMYKIHH B Te-
4eHHe KOPOTKOrO BPEMEHH. XOTH C TeXHH-
YECKOH TOYKHM 3peHHs W 3/eCh aHAJIOTHYHO
MACCOBOMY IPOH3BOJICTBY MOXHO OblIO GBI
BHEJIPUTH CPEACTBA CHEIHATH3MPOBAHHOM
ABTOMATH3AIlMH, B 3KOHOMHYECKOM ILIaHE
TaKOe pellleHHe, KaKk MPaBUJIO, SBJISETCS He-
BHITOAHBIM. HyxkeH npyroif moaxoi k aBToO-
MAaTH3aIUH, NO3BOISAIONIMHA NOMYYATh TaKOH
e BBICOKHI sxoHOMMYeckuit 3ddexT, kak u
B YCJIOBHAX CHEHNHATH3HPOBAHHON aBTOMAa-
TH3allMH MACCOBOrO MPOHM3BOJCTBa. Peann-
30BaTh TAKOH MOJXO[ MO3BOJIAIOT pa3pabo-
TaHHbIe yxe B KoHne 50-x —Hauane 60-x ro-
OB CTAHKH C YHCJIOBBIM MPOTPAMMHBIM
YOpPaBJIeHHEM U MPOMBIIUIEHHBIE POGOTHL
ObbeuHeHHe CTAHKOB, pabouYUMH onepanu-
SIMH KOTOPBIX MOXHO YNpaBJIATh, ¢ poboTa-
MH, oDecrneyHBalOIUMH MOAa4y 3aroTOBOK
Ha 00paboTKy ¥ TPAHCHOPTHPOBKY I'OTOBLIX
H3Je/Hii, IPHUBENIO K CO3JaHHIO TaK HA3BIBA-
eMBIX THOKHX TPOM3BOJCTBEHHBIX CHCTEM.
Mx rubkocrb 3akimiodaeTcs B TOM, 4YTO B
pe3yJbTaTe CPABHHTENHLHO HEOONBIIMX H3-
MEHEeHWii, HalpHMep 3a cYeT 3aMeHBl HH-
CTPYMEHTa, HX MOXHO MepeHaIaXUBaTh Ha
H3TOTOBJICHHE PA3HbIX BUIOB MPOAYKIHA Of-
HOro OCHOBHOTO THMAa. YT0OBI M3rOTOBHTH
MPOAYKI[MIO H3MEHEHHOTO BHA, He Tpebyer-
Cs HOBasl MPOU3BOJICTBEHHAN CHCTEMA: OCTa-
€TCsl JIMIIb NPHCIOCOOHTD yXkKe UMEIOIIYHOCH
CHCTeMY JUIsl BLIMYCKA HOBOH mponaykumu. B
pesyabTaTe npu HEOOJBINHX JONOJHHTE/Ib-
HBIX 3aTpaTtax /UId NepeHallalku Ha M3ro-
TOBJIEHHE KOHKPETHOTO BHIA MPOAYKIHH
obecrie4HBaeTCA BBICOKas CEPHHHOCTS IO Ol
pEleeHHOMY THIIy OCHOBHOH NMPOAYKIHH H
COKpALUAOTCs 3aTpaThl BpeMeHH Ha O0OHOB-
JICHHE TMPOM3BOJCTBEHHOH nmporpammsl. bo-
Jlee HATJSAHO Bce 3TO MOXHO cebe mpen-
CTABHUTH CIEAYIOIHMM 00pa3oM: eClIH OCHOB-
HO# NPOAYKIMEH SBJIsSeTCsA AETalb MalllHHB,
3JIEKTpUYEcKas JaMIIOYKa WM ynaKOBOYHAS
Tapa, TO KOHKPETHBIM BHIOM TaKOH MPOayK-
nuu OyayT Bayn [ABUTaTeNsd, JIAMIOYKA Ha
60 Br wm kopobka [1s CTHPAJBLHOTO MO-
pomka. B xomOunanmmu ¢ rubkumm mpowms-
BOJICTBEHHBIMH CHCTEMAMH MHKPO3JIEKTPOH-
Has TEXHOJIOTHs MO3BOJISET HAHTH HCKOMOE
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pelleHHe I8 aBTOMAaTH3AlHU MPOM3BOJCT-
Ba, T.e. OOECNEYHTh Tak HA3bIBAEMYIO 2ub-
Kyt asmomamusayuro. Llens ee 3axmouaercs
B CO3JaHmH yrnpasisemoro 9BM npousson-
CTBA ¢ OBICTPBLIM NEPEXOOM OT OJHOIO BHIA
NPOAYKIMH K JApyroMy Ha Gaze aBTomMaTH3H-
poBaHHBIX pabounx mect (APM), cHcrem
ABTOMATH3HPOBAHHOIO NPOEKTHPOBAHHA H
aBTOMATH3AIMH MPOH3BOJICTBEHHLIX NIPOIEC-
coB (CAITP/AIIII) 1 no BO3MOKHOCTH B HX
00beIMHEHHH B €OHHBIH [IPOHW3BOICTBEHHBIH
KOMIUIEKC, OXBATHIBAIOIINII MPOEKTHPOBAHHE
H KOHCTPYHPOBaHHe, MaTepHaIbHOE CHaOXe-
HHE BMECTE CO CKJIA[ICKHM XO3MiiCTBOM H
BHYTPH3aBOJCKHM TpPaHCIIOPTOM, coOCTBEH-
HO TIPOM3BOJICTBO, KOHTPOJIb KAa4ecTBa, yma-
KOBKY M OTNPABKY KOHEYHOM MPOIYKIHA
3aKka3ymKy. Takasi MHTeTrpamnus CTAHOBHTCS
Gosice BBIFOAHOH € IKOHOMHYECKOH TOYKH
3peHHs, TIOCKOJIBKY GoJblMe pe3epBsl UIf
IKOHOMHH pabouell CHIBI H COKpalle-
HHS TPOAO/DKHTENBHOCTH MPOHW3BOICTBEH-
HOTO IMKJA CKPBITBI MMEHHO B TOATOTO-
BHTEJIbHO-3aKIIOYHTENBHBIX ONEpanuax, a
TaKxke B KoadduueaTe HCmonb3oBanus 060-
pyldoBaHus. Bo MHOrHX cTpaHax, BKJIIOHas
['IP, ceromns MHTEHCHBHO paboTaloT Haj
CO3JJaHHEM YCJIOBHIi JUIs THOKO#H aBTOMAaTH-
3anul mpor3BoAcTBa. OMHUM M3 HHX SBIIS-
ercsl, B 4aCTHOCTH, poOOTH3aIHsa MPOMBIII-
JNEHHOTO NpOHM3BOJACTBA. [IpoMEIIIIeHHbIE
po0OOTHI BHIMOJIHAIOT, KAK 00 3TOM TOBOPHT
caMo HMX Ha3BaHHWe, Te ONEpallHH, KOTOpHIE
NpHILIOCH Obl BHIMOJNHATH 4YelloBeky. B Ha-
crosllee BpeMs INPOMBIILICHHEIE POOOTEI
HAXOMAAT NMPHMEHEHHE HA MHOTHX YyYacTKax
NpPOM3BOJICTBA, MPHYEM HE TOJLKO B COCTABE
rHOKHX MPOM3BOJCTBEHHLIX CHCTEM, TOMO-
ras pemaTrh caMble pa3JIHYHLIE 3aJ[a4W, Ha-
NpHMEP OKPACKY, CBAPKY HJIH 3arpy3Ky 3aro-
ToBOK. B HanboJee moHO# Mepe ux crocob-
HOCTH pACKpBIBAIOTCS B THOKHX aBTOMATH-
3HPOBAHHBIX MPOM3BOJICTBEHHBIX CHCTEMAX.
IMpomsinuieHHBIE POOOTE MOXKHO pa3ieluTh
HA HECKOJIbKO mokojeHui. Poboramu mep-
BOT'O TIOKOJIEHHS SBJISIOTCS MAHANYJIATOPHI C
4BTOMATHYECKHM YIPABIEHHEM, KOTOpOE
MOXeT OBITh NpENCTAaBIIEHO KaK B BHJE CHC-
TeMBbl, BBHIMOJHSIOLIEH pa3 M HaBceraa 3a-
(MKCHPOBaHHBIE ONEpallHd, TaK W B BHIE
MHKPOTPONIECCOPHOM CHCTEMBI C THOKHM

nporpaMmupoBanueM. ITpomsinuiennsie po-
60THI BTOPOT'O B TPETHEr0 MOKOJIEHUH TOMH-
MO MHKPONPOLECCOPHOrO YIPABICHUS HMe-
FOT TakXe OaTYHKH, C TOMOMIBIO KOTOPBIX
OHH CIIOCOOHBI OMpeIeNIATh cocTOsHUE 00pa-
GaTeIiBaeMOit 3aroTOBKH B 0OpabaThiBalone-
ro HHCTPYMEHTa H, UCIOJb3ys MOJIy4aeMyo
OT TocJiefHUX HHGpOpMaNuio, npucnocadim-
BaTh pabodyro mporpaMMy K CHTyanuu. Xa-
PaKTEpHBIM OTIH4YHEM poBOTOB TpeThero
TIOKOJIEHNS SBJIAETCSA PAa3BHTas CIOCOOHOCTH
pacno3HaBaTh 00pa3bl M KOOpPAHHHPOBATH
COOTBETCTBYIOIIIAM CIOCOGOM BBINIOJTHEHHE
pabounx nsmxkenwnit. PoGoThl 4eTBepTOrO
MOKOJIeHHsT 00/1a/Ial0T HCKYCCTBEHHBIM HH-
TEJUIEKTOM, T.e. OoJjiee BBICOKOH MO cpas-
HEHHIO C TpeAIIeCTBEHHHKaMH CIoco6-
HOCTBIO oOpabGaTeiBaTh HHpopMarmio. Hc-
MOJIb3yeMble B HACTOSILEE BPEMs TPOMBIII-
neHHble poOOTH B OCHOBHOM TIOKA eIle OT-
HOCSITCS K TIEPBOMY TOKOJICHHIO.
BBICTpBIMH  TEMIIaMH  aBTOMATH3AIHS
OXBATHIBAET HE TOJILKO cepy NMpOM3BOACT-
Ba, HO W cdepy ynpaenenus. M 3mech meHT-
paym3oBaHHas oOpaboTka JaHHBIX € TIIO-
Mompo Oomsmx DBM cHavana He mpHHEC-
ma oxujgaeMoro ycnexa. Ilepenom HacTymmia
TOJIBKO TIOCJIE TIEPeXo/ia K JelleHTPaIi30BaH-
HOI#i ob6paboTke unpopmanun. [Togobuo To-
My, KaK «yMHBIE» CTAHKH CTaJH YacThIO
COBPEMEHHOTO MPOMBIILIEHHOTO TPOU3BOI-
CTBA, TAK M B YYPEKICHHSA MPHILIA «YMHBIE»
3JIEKTPOHHEIE THITYIIHE MAIIUHKH. B nomon-
HEHHE KO BCEMY, Ha 4TO CIIOCOOHBI OOBIYHBIE
OHIIYIIHEe MAIIWHKH, 3JIEKTPOHHBIE MOTYT
BBINOJTHATE MPOCTYI0 00paboTky Tekcra, Ha-
OpHMEp 3aMeHATh (pparMeHThl CTAPOro TekK-
CTa HOBBIMH MM MEYaTaTb C BBIKJIIOYKON
prpaBo. [lpu xemaHum TEKCT M3 NaMATH
TaKoil MAalIMHKA MOXHO TEPEeHECTH Ha Mar-
HUTHYIO JIEHTY H YyXe ee, a He Oymary wc-
MOJIb30BATh B Ka4ecTBe HOCHTENA HHpopMa-
man. OpHako Bce 3TO BpAJ JIM HMeNo Obi
cMblch, e Obl pedb HIIa TOJNBKO O XpaHe-
HHUH TekcTa. bymara noka oTiau4HO cnipaBns-
ercs ¢ 3Toi 3amadeii. M Bce ke kaHuemsp-
CKHl Tpya—3TO mnpexue Bcero obpabortka
TEKCTOB M JaHHBIX. W ecnu 3ammch cienaHa
HA MarHATHOM HOCHTEJIE, TO C MOMOLIBIO
MHKDPO3JIEKTPOHHOH TEXHHKH 3Ty HHpOpMa-
IO MOXHO HAMPaBHTH HEMOCPEICTBEHHO
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HA aBTOMAaTH3HpoBaHHYyI0 0bpaborky. [na
3TOT0 MOMHMO MMIIYIIEH MallMHKKA HYXKHa
mukpo2BM. Ilepconanbuas DBM u ssaser-
Csl TEM YCTPOHCTBOM, T MHKpoDBM 06ne-
JMHeHa ¢ numymed mammbkoi. C  mo-
MOMHIbIO 3TOI0 YCTPOHCTBA MOXKHO aBTOMa-
TH3UPOBATH 3HAYUTEJILHYIO JI0JIKO KAHIENAP-
CKOI'o Tpyaa, M Torja 3710 Oyner asmomamu-
3ayuA KOHMopeKux pabom. A ecim «INeKTpo-
HH3AUHAI0» PACIPOCTPAHHTH HA CIykeOHYIO
NEPEenuCcKy, TO HanpaslisemMbie 00BMHO MOY-
TOH JaHHBIC H TEKCTHI MOXKHO OyIeT BBECTH
B CHCTEMY aBTOMAaTH3MPOBaHHOH 00OpaboT-
ku. M s aToro yxke He nmorpebyercs cHOBa
CaIMThCS 34 KJIaBHATYPY NEPCOHAIBHOH
DOBM: nanHble yke OyayT B Heil, KaK TOJbKO
MOCTYIAT B apec y4YexJAeHHs, Belb OIHO-
BPEMCHHO OHM HOCTYIAT U APAMO B KOMITbEO-
Tep. A yXKe 3/ech C HHMH MOXHO OCy-
mecTBaATs mobbie onepanun ob6paboTkw,
BKJIIOYAS BBIBOJ HAa 3KpaH JUCIUIEsS MM pac-
nevaTky Ha Gymare. Bueapenue 3To# HOBOH
TEXHOJIOTHH KOHTOpcKuX paboT BO Beex
CTpaHax MHpPA MOKA HAXOJUTCS B HAYAILHOMR
cragud. Ho yxke coBeplueHHO ACHO, 4TO OHA
Oyaer cnocoGCTBOBATE CYIIECTBEHHON palu-
OHANM3AIMA KaHllenspckoro tpyna. B mo-
NOJHEHHE KO BCEMY HOBasi TEXHOJIOTHs TIPH-
Be/leT K 3aMeHe Gymaru, sipisronieics ceifuac
OJHOBPEMEHHO HOCHTEJIeM M CpelCTBOM
orobpaxenns MHGOPMANMY, HA JUCIUICH H
MArHHTHbIE HOCHTEIH MAHHBIX, TaKHe, KaK
rHOKHil MarHMTHBIA JMCK WM MarHHTHAs
nenTa. [Iporuossl roBopar, 4o B Oyaymem
yupexkaennss Oyayr paborate mo «6e3by-
MaKHOH» TeXHOJIOIHH.

Ho aBromaru3auus pabouux oneparuii
nomorbio 06pabotkn mHGpoOpManuu Ha Haze
MHKPOINEKTPOHHONH TEXHHKH HE OrpaHHYH-
BA€TCA TOJILKO cepaMH MaTepHAILHOTO
NPOU3BOJACTBA M ynpasieHus. IIpumenenue
MHKPO3JIEKTPOHHKH B JIOMAIIHEM X03iHCTBE
IdeT BO3MOXKHOCTB CO3/1aTh dBTOMATHI HJIH
MOJIyaBTOMATHI UL CTHPKH, HPHTOTOBICHHS
MHIIH HJIH MBIThS TOCYbl. B Hayke # TeXHH-
K€ CYILIECTBYET Macca uiMepumebHulX one-
payuti, aBTOMaTH3UPOBAaTh KOTOpbIE MO3BO-
nAer MukpoasiexTponuka. bonbmas cko-
pocTb MHKPOIJIEKTPOHHONH 006paboTku HH-
topmannu obecrieynBaeT TakXke aBTOMATH-
3AUHIO YIPABJICHHS MPOLECCAMU, MPOTEKAIO-

IIAMH O4YeHb OBICTPO, HaNPHMEP MOCAIKOH
caMoJieTa WM TIOJIETOM pakeTsl. B mpyrux
ciy4asx oOmmMpHYr HHpOPMAIHIO O XOJie
MPOM3BOACTBEHHOrO MpoLEcca, Noay4aeMyro
€ MOMOHIBI0 M3MEPHTENLHBIX MpeobpasoBa-
Tenel, MOXKHO MOJIBEPTATh CI0KHBIM BBIMHC~
JIUTENBHLIM ONEpalMsIM H HAa OCHOBAHHH
MOJIY4eHHBIX PE3yIbTATOB MONOHpAThL mapa-
METpPBI ONTHMAJILHOTO pexknuma. Jlns sxepro-
€MKOTrO TPOH3BOACTBA TAKAM MapaMeTpPOM
MOryT OBITh, HAIPHMEp, 3aTPATHl IHEPIHH.
Takum 06pazoM, MEKPOITEKTPOHHAS TEXHO=
norus obecnevynBaeT He TOJNBKO ABTOMATH3a~
HHIO, HO H ONMUMU3AYUIO MPYOOBBIX NpO=
yeccoa.

Hy, a ecnu yx peub HAET O TEXHHYECKHX
PEILeHHsAX, MCIOJb3yeMbIX g o0paboTkh
WHQOpPMAaIMH M CTABHIMX  PEAJIbHOCTHIO
I Onaroxaps MHMKPOIJIEKTPOHHKE, TO
Hesb3st ODOHTH MOMYaHWEM 3JEKTPOHHBIE
urpei. Boobiile-To UrpoBeie aBTOMATHI Aea-
JIH | paHblile, BOT TOJIbKO WHTEIJICKT HX ObLI
HEBEMHK, 4 TO W MONPOCTY OTCYTCTBOBAJ.
[lepBbiit IIaXMaTHBIA aBTOMAT — «TYPOK» OT-
POMHOT0 pa3Mepa —BbI3Ball OOJIBLIIOH HHTEe-
pec B EBpome m AmepHke BO BTOpPOH mo-
noune XVIII B. Cekper ero Obln mpoct:
BHYTPH CKpBLIBAJICS Y€JIOBEK, XOPOIIIO HrPaB-
mmmi B maxMarel. CoBpeMeHHbIE IIAXMaT-
HBIe KOMITbIOTepEl 00xoasaTcs Ge3 dokycos B
JIyXe WILTIO3HOHUCTOB. KX HCKycCTBEHHOTO
MHTEJUIEKTA, COCTOSILUEr0 M3 3JeKTPOHHBIX
MHKpPOCXEM, XBaTaeT Ha To, 4Tobbl 3acra-
BHTBH HAJIONTO 3ayMaThCs Ja’Ke ONBITHOTO
maxMaTHcTa. MHOTHE W3 BRITYCKAEMBIX Ce-
rOfHSA SJEKTPOHHBIX HIP (YHKIHOHHPYIOT
[0 TOMY K€ NPHHIMIY. «YMHag» MHKpPO-
97I€EKTPOHMKA HIpaeT pojb conepHuka. B
3JIEKTPOHHBIX BHICONUTPaX JONOJIHHTEILHBIM
MNOJACIOpLeM SABJIAIOTCA, K TpPHMEpY, Mpo-
rpaMma, ¢ IOMOIIBIO BHICOKACCEThI BBOJH-
Mas B MTPOBOE YCTPOHCTBO, M TEIEBH30p, HA
JKpaHe KOTOPOro MAET camMa Mrpa.

BnuaHue Ha gpyrue
MHOPMAaLUNOHHBbIE NPOoLeccsl.
Hoebie Buabl CBA3KU

Jlo cux mop Mbl TOBOPHIIHM TOJBKO O 3Ha-
YEHMH MHKPOXJIEKTPOHHOH TEXHOJOTHH IUIs
obpabotkn unopmanun. Paccmorpum Te-



MukpoanekTpoHuka, uHopmauma 1 obuiecteo 33

nepb, KaKOe BIHMAHHE OKa3biBAeT MHKPO-
3MEKTPOHHKA HA ApyrHe WHGOPMANHOHHbIE
NpoLEeccH. DTO CBA3aHO C TeM, 4TO B 0OJB-
el MJIH MEHBINEH CTeneHW Bce HH(pOpMa-
IHOHHBIE MPOLECCH], BKIIOYas MMOJy4YeHHUE,
XpaHeHHE HJIM Tiepeaavy HHOpMAaluH, He-
HOCPEACTBEHHO CBsi3aHbl ¢ ee obpaboTkoii.
Ho u 31ece MEKPOIJIEKTPOHHAS TEXHOJIOTHA
MO3BOJISET BBINOJHATL ONEPALHH, CBA3aH-
Hble ¢ o6paboTkoil uHpopMmanuu, Ha Oosnee
BBICOKOM Ka4eCTBEHHOM ypoBHE. B pesyisb-
TaTe HA HOBYIO CTYNEHb MOAHMUMAETCH 06-
K TEXHUYECKMH YPOBEHDb PEaH3aliii 3THX
HHpOpMaHOHHBIX npolieccoB. MTak, TpeTs-
HM OCHOBHBIM HANpPAaBJICHHEM Pa3BHTHSA
MHKPOJJIEKTPOHHONH TEXHOJIOTHH SBJISIETCS
JlanpHeiiiee coBeplIEHCTBOBaHHE HH(pOPMa-
IMOHHOH TexHUKH. CBOE KOHKpPETHOE BhHIpA-
JKEHHe TO HAXOIUT, HATIPUMED, B TOM, 4TO
3aMOMHUHAIOLIME YCTPOMCTBA M HEKOTODPHIE
JATYAKH, HCIOJIb3YyeMble LIS MOJIyYeHHs HH-
(opManuH, ¢ NIOMOIIBEIO MHKPO3JIEKTPOHHKH
NepeBOJAATCA B pPa3psal «YMHBIX», T.€. HX
MOXHO 000pynoBaTh COGCTBEHHBIMH YCT-
poiictBamu s 06paborku uHbOpPMALKHU.
Inybokne u3MeHeHus, KOTOPLIE CEroIHs MO-
ket Habmrogath Kaxabli B obnactu Tene-
KOMMYHHKAIMH, OOYCIIOBJICHBl IEPEeXoaoM
Hd MHKPOJIEKTPOHHYIO TEeXHOJOruio obpa-
6orkn undopmanuu. Konedno, atu npouec-
ChI HEJB3Sl CBOJAMTH TOJBKO K NMPHMEHEHHIO
MHKPO3JIEKTPOHUKH, OHH OCHOBBLIBAIOTCS Ha
WCTOIL30BAHMH H JPYTHX JIOCTHXEHUH Ha-
YUHO-TEXHHYECKOH PEBOINIONNH, TaKWX, Kak
COYTHHKH CB#3H, a Takxke cBeroBomml. Ilo-
CclleTHAE MOTYT CIYXKHTh MPHMEPOM KaHAJIOB
CBSI3H, WJIH TAK HA3LIBAEMBIX uH@opMayuoH-
Hblx Kanaoe. HenpepbiBHO OyneT pacTy 4uc-
7o uH(OPMAIMOHHBIX KaHanoB, obiamato-
mEx Gosbiell MpONyCKHOH CIocoOHOCTEIO,
Bo-mepBbix, MO HAIM MOXHO NepenaTtk 60b-
mie pagvo- # TejenporpamMm. Bo-BTOpBIX,
nHpOpMALHIO, MPEJCTABISAIONIYI0 HHTEPEC
IUTA BCEX, HATIPHMED O MOTOe, penepryape
TEATPOB U KHHO, PACITHCAHAY [IBHKEHUS MTOE3-
JIOB MJIH TYPHUCTHYECKHX MapIIpyTax, MOXHO
Oyzer mony4uTh He Mo TesedoHy, KaK 3TO
JenaeTcsl ceiyac, a NMPOYMTAThL HA JKpaHe
teneBuzopa (cucrema Tenmerekcr). Ecmm k
TAKOMY TEJIEBH30DPY MOIKIIOYCHO NeYaTaro-
[iee yCTpOHCTBO, TO HYXKHBIH TEKCT MOXHO
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MOJIYYUTh B HAlEYaTaHHOM BHIe. A Koraa
Oyner Hana)KeH MaccOBBIH BBIMYCK BITOJIHE
HAJIE)XHBIX MW JENIeBBIX MeYaTalomMX yCT-
POMCTB, TO TOABHTCA M 3JIEKTPOHHAS ra3era.
Toncreie mauku raser yxke He morpebyercs
Pa3BO3UTH MO KHOCKAM: BMECTO 3TOTO CBe-
KU HOMEDP B BHJIC NEKTPUYECKMX CHIHAJIOB
OyeT mepegaBaThes MPAMO M3 PeIaKmuH Mo
TenedoHHOMY kabemo Ha JHOM K HHTATEIIO
JUIA BOCHPOM3BEJCHHSA HA TEICBA3HOHHOM
9KpaHe HJIHM pacreyaTkd Ha 6ymare. Cymecr-
BEHHO YJIYYIIHMTCH M pacumMpHuTcs MHpOpMa-
1MoHHOe oOINeHHe Yepe3 OOIIEIOCTYIHYIO
CceThb CBA3H, KOTOpOE [0 CHX MOp Mpak-
THYECKH MOMHOCTBIO OrpaHHYHBACTCA
TonbKO TenedonoM u Teneraiimom. Mcnons-
30BAHME TEXHMKH TEJIETEKCTa JAcT BO3MOX-
HOCTh HANPABJIATH NMHCbMAa H3 OJHOTO Y4-
peXAeHns B Apyroe, U3 OIHOM KBAPTHPHI B
npyryio (anextponnas noura). Ilo cucreme
Tenedakxc ma Gomiblnme pacCTOSHHA MOXHO
nepeAaBaTh KONMWH JOKYMEHTOB HJIH PHCYH-
KOoB; B Oyaymiem BO BpeMsi pasroBopa Mo
Tenedony cobeceqHHKa MOXHO Oymer He
TOJIBKO CHIBINATEL, HO W BUIETH (BHIEOTENe-
(on). Ve ceiivac npakTHKyeTCs TIPOBEJICHAE
TaK HA3BIBAEMBIX TEJIEMOCTOB U TesleKoHpe-
pennmii. Torma kak y4YacTHMKH OOBIMHBIX
KOH(pepeHIHI Che3KAIOTCA U3 Pa3sHbIX MECT,
B DOJILIIMHCTBE CIYYaeB yAAJCHHBIX OPYT OT
JIpyra Ha COTHM KHIOMETpPOB, ISl y4ac-
THS B TeJIeKOH(EPEHIMH MOXKHO BooOIIE
ocratkcs B cBoeM pabodeM xabuHeTe HIIH XKe
MepeiiTH B cnenHaibHo 000py/10BaHHBIH 3471,
rje Bce cobeceTHUKH BHIAAT M CHBILIAT JpYr
npyra. Texauka TeneTekcTa JacT TakkKe BO3-
MOXKHOCTb 3aKa3aTh MpOe3JHOH Ouner wimm
HOMEp B rocTHHHIE. BmecTo Toro, Hampm-
Mep, ¥T0OBI MOHTH B TypHCTHYECKOE Oropo |
CHaYana Yy3HaTh, €CTh JIM NOAXOAAIIHE
TyTEBKW, a 3aTeM 3amOJHHThL OnaHk, co-
OpaTk NMOONMCH M, OIJIATHB IYyTEBKY, OT-
NPAaBHTBLCS B KACCy NMpeABAapHTENIbHBIX 3aKa-
30B OHNeTOB, MOXKHO OyIeT BOCTIONb30BATh-
csi KaHaJoM Tene(OHHOI CBA3M MW BCe Tepe-
YHCJICHHBIE ONEpanuf NpoAenaTh 3JeKTPOH-
HbIM crnocobom. M Hakoser, kaxiubii abo-
HeHT Tesie)OHHOH ceTH OOIero moJb30Ba-
HHS CMOXET CBA3aThCA C coflepKamiel 60b-
mwoi obbem uHpOpMauu 6a30l HaHHBIX,
HanpHMep ¢ 6AHKOM JaHHBIX MM OubmHoTe-
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KO, W BOCIOJNb30BATECS BO3MOKHOCTAMH
OBM, obnaparomeli OoNbIIOH BBIMHCIH-
TEJbHOH MOLIHOCTBIO JUISl JHCTAHIHOHHOM
nepenayd NaHHbIX. HoBBIE BHIBI TEXHHKH
cBs3n obecneyaT HWHAMBHIYATBLHOE MOJIB30-
BanHe Oazamu maHHBIX B 00paboTky uHpOp-
mamuu Ha DBM 1na kaxporo abonenra B
OT/eNBHOCTH, Kak eciy Obl 1 0a3sl JaHHBIX,
# MouHbie DBM naxomunucek B ero pabouem
kabuHeTe WM Ha KBapTHpe. Bmecto Toro,
yTo0BI 6paTh KHATY W3 OHONMHOTEKH HA IOM,
BCE €€ COJICPIKAHHE WIH OT/ENIbHbIE OTPBIBKH
Mo KaHally Tene(OHHOH CBA3H MOXHO Iepe-
NMCATH B MAMATH JOMAIlHEr0 KOMIbIOTEPA,
4 3aTeM MPOYHTATh TEKCT HAa SKPAHE TEJIeBH-
30pa WM nepeBecTd Ha Oymary ¢ momomnibio
neyaTtarouiero ycrpoiicrsa. Cpescrsa cBssy,
KOTOpbIE MBI NOKA PacCMaTPHBAJIHM HA MpH-
Mepax M3 4acTHOH JH3HH, eme Oosbliee
3HaueHHe HMeloT B cdepe MaTepHAIBLHO-
ro NPOHM3BOJACTBA, AAMHHHCTPATHBHON Jied-
TEJIBHOCTH M oOmiecTBeHHOl xu3HH. Heob-
xomumas uadopmanus Oyner cobpana u 06-
paborana OykBaJIbHO 3a CYMTAHHBIE CEKYH-
Jbl. DTO MO3BOJMT OBICTPO MPHHATHL Mpa-
BHJIHOE pElICHHE, HMes MOJIHOEe NpeacTaB-
JICHHE O CHTYalMH.

Yacte W3 paccka3’aHHOTO 3/1eCh O Tee-
KOMMYHHMKAITHH YiKe CTaja peabHOCTLIO,
4aCTh OCTAeTCA JEJI0M Jajekoro Oyaylero.
W ceiivac oyeHbL TPYAHO cO BCeil yBepeH-
HOCTBIO CKa3aTh, KAKHE M3 HOBBIX CpeJCTB
CBfI3M M B KakoWl Mepe HalayT MaccoBoe
npumenenne. Ho onHo scHO yxe ceromus:
NOSIBAUTCS €/IHHAS CHCTEMa CBA3H, TAK Ha3bl-
BaeMas «mudpoBas cerb ¢ KOMILIEKCHBIMHA
yeayramu». M Bce ke CyIIECTBYET TMpHH-
OHNHAJIBHO BaXKHBIH MOMeHT, oOmmii s
HOBBIX CpEACTB CBSi3H. B Hacrosmee Bpems
uis mepenayd wH(GOpPMAaLHH HEOOXOTHMO
nepeMernaTh B MPOCTPAHCTBE HE BechbMa
Majnoe KOJHMYeCTBO 9HEPrHH, Kak 3TO
nenaeTcs MPH 3JIEKTPOHHOM Tepejiade JaH-
HBIX, & 3HAYATENILHYIO Maccy BemtecTsa. [Ipn
3TOM Tiepeiada HHPOPMAIIHH OCYIIIECTBIIAET-
csi IyTeM TIepeMelleHHs] B IPOCTPAHCTBE TO-
IO MAaTepHaJbHOTO HOCHTENA, HA KOTOPOM
oHa 3amucaHa. [lepexos Ha MHKpPO3IEKTPOH-
HYI0 TeXHHKY Tepefaud WHGOpMalHH 03HA-
YaeT, YTO HA CMEeHY MOTOKY BEUIECTBA H
9HEPrHM NPUXOIHUT NOTOK HH(opManuu. Xo-

TS 3TO CKa3aHO C MNpeyBelHYeHHEM, HO IO
cymiecTBy BepHO. KoHeuHO, HeNb3s mpencTa-
puTh cebe wuHpopMauHoHHBIH mNOTOK 6Oe3
JHEpPIHH, Kak 1BeT 6e3 Bemectsa. [IpH 37ekT-
POHHOIT nepejiaye HHGOPMAIHH, O/IHAKO, MO-
TOK 9HEPIHH 10 CPABHEHHIO C MOTOKOM HH-
(opManiH CTAHOBUTCH HACTOJIBKO MaJl, 4TO
MOJIHOCTBIO OTOJIBHIAETCS HA BTOPOM ILIAH.
Kak 3TH NpHHIMNHAJILHO HOBLIE BHIBI TEX-
HOJIOTHHM, ellle TOJIBKO 3apOKAAIOIINeCs B
00JIaCTH TeJeKOMMYHHKAIIMH, TaK H YKe
peaii30BAHHLIE HA NPAKTHKE HEPA3PLIBHO
CBSI3aHBI C IIPEIOCTABJICHHEM DOJIBIIOrO YHC-
Jla KaHajioB miepenaun wHdopMmanuu, obna-
JAIOIMX K TOMY K€ BBICOKOM NpPONMYCKHOMH
criocobuocThio. Ho 3710 mams oaHa cTopoHa
nena. Benp mns toro, 4yToOBI mMepegaThk MH-
(opMammio Mo KaHady CBS3H, e CHavaja
HY’KHO CHATH C MEPBHYHOIO HOCHTEJNS HaH-
HBbIX, BBECTH B KaHaJ, a M[OC/e Iepeiadn
BBHIBECTH M3 HETO M BBUIATH HA JKPaH HIH
BOCIPOM3BECTH KAKAM-TTHO0 JApYrUM CIOCO-
6om, T. e. uaopManmio Hy)kHO 06paboTaTh.
Y106BI rapaHTHPOBATH MPABHJILHOE PACIO3-
HaBaHHe nepenanHoll uHdopmanum, Tpeby-
eTcsl ee 3aKOMpPOBaTh, YTO OMNAThH XK€ O3Ha-
4aeT AonoJHHTENbHYI0 obpaborky. Ecim 3a
e[IMHHUIy BPEMEHH HYXHO nepeaaTtb 060Jib-
moi obveMm undopmanuu, TO 3a Ty XKe
e[IMHHIly BPEMEHH TOYHO TAKOH e 0oObeM
JnookeH ObiTh M 0Opaboran. Mrtak, cospe-
MEHHBIE BH/bI CBA3M HYXKIAKOTCH B TEXHH-
ke, obecrieunparoieii 6wicTpyro 06paboTKy
Gonbmmx obvemor uHpopmaimu. ExpunCcT-
BEHHO TpHEMJIEMOe pellieHue 3Toi npobJie-
MBI MpejUlaraeT MHKposJekTpoHuka. bea ee
MOMOILM COBPEMEHHBIE CPEJICTBA CBA3H HE
HaHAyT CBOEro MPaKTHYECKOr0 BOILIOIICHHS.
MuxpoIneKTpoHUKa crnocobHa MNOJHATL H
nepeaady uaopmanun, 1 Apyrue uHpopma-
IIMOHHBIC MPOIECCHl Ha 3HAYMTENbHO Oonee
BBICOKHIT ypoBeHb. M 310 Tperbe Hampasie-
HHE, B KOTOPOM, KaK Mbl YXK€ TIOBOPHIIH,
HAET pa3BHTHE MHKPO3JIEKTPOHHON TEXHO-
JIOTHH.

EpavHan
nHcpopmaumoHHaa cuctema

Bnusitaue storo pPasBUTHA B CBOK O4Epelb
OKa3bIBACTCH OYECHDL IIHPOKHM: €CJIH MHKpPO-
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asekTporHas o6pabGorka uaGoOpmManEH cra-
HOBHTCH BaXKHOH COCTABHOM YacTBIO BCEX
MpoYHX HH(POPMAIMOHHBIX ITPOLECCOB, TO B
pesyibTaTe CTHPAOTCSA TPaHHIIBI MEXKAY pas-
JMHYHBIMHA HH()OPMAIMOHHEIMHA ITPOLIECCAMH.
To xe camoe MPOHCXOAMT H TOrxa, Korjaa
HCTOJTb30BAHAE HOBBIX CPEICTB CBA3H OT-
KpLIBa€T BO3MOXHOCTH oOMeHa Gonbiummu
obbeMaMu HHOOPMAIMHA MEXIY YAaJeHHbI-
MH JIpYT OT Apyra HHPOPMATHOHHBIMH
IeHTpaMu U 6a3aMu JaHHBIX. DTO NPHBOJIUT
K HMX TeCHOMY cOJImKeHWIO, B pe3yibTaTe
Yero MOMBJIAETCS €QHHAs CHCTEMa, B COCTaB
KOTOPOH BXOAAT TAKXKE CpPelNCcTBa Mepeaayvn
uHpopMaimi. B Takoit emuHoi cucteme npo-
necchl 00pabOTKH, XpaHEHHs U Tepelayn
uHdopMalH BooOIle yke HEBO3ZMOXKHO OT-
JenuTh JApyr oT Apyra. Pemenwe oaHO#
KOHKPeTHOH HH(pOPMAIMOHHON 3aJavd of-
HOBPEMEHHO «BKJIHOMAET» BCE TPH MpPOILEecca.
[MpoucxoauT causare 06pabOTKH, XPaHEHHS
u nepenayd uHbopmanuu. B HekoTopoM po-
Je 3TO SIBJIEHHE MOXHO CPaBHHTBL C CO31a-
HHEM PErHOHANLHBIX H OOIIerocyaapcTBeH-
HbIX OOBeJMHEHHBLIX 3HeprocucreM. MHTer-
pamus Tpex COCTABJSAIOUIMX HHGOpMAIHOH-
HOTO TpoIiecca, T.e. 00beIHHEHHE TPeX MO-
cHCTeM B OJHY 00Ouiyro HH(pOPMAIHOHHYIO
CHCTEMY, XapaKTeph3yeT 4YeTBEpTOe OCHOB-
HOE HAMpABJICHWE Pa3BUTHA WHOOPMAIUOH-
HOH TEXHHKH, KOTOpPOE XOpOIUIO NpOocMaT-
puBaeTcsi yxe ceromHs. W 3neck riiaBHAas
POIb OTBOIMTCS MHKPOIJIEKTPOHHKE.

MukpoaneKTrpoHuka
M Hay4YyHO-TeXHUuYecKan
pesBonOUUA

PaccMOTpeB 3TOT W JpyrHe 4acTHBIE BOII-
POCBHI, PACKpPBIBAIOIINE B3aMMOOTHOIICHHSA
MEXIY MHKPOIJIEKTPOHHKOU, HH(popMaueit
1 OOILIECTBEHHBIM pa3BUTHEM, OOpaTHMCS B
3aKJIIOYEHHE elle pa3 K OCHOBHOHM TeMe JaH-
HOH TJIaBbl, T.€. K ONpEIECHHIO 3HAYCHHS
MHKPO2JIEKTPOHHKH [Tl CYLIECTBOBAHHS 4e-
JIOBEYECKOro OOIIecTBa, U K TOMY BOIpOCY,
noYeMy HMEHHO C MHKPOIIEKTPOHHOH TexX-
HOJIOTHEH CBSI3BIBAIOT Takue OoJibluMe Ha-
Jexabl. Mbl yxke HMeNTH BO3MOXHOCTH y6e-
JIMTBCSL, 4TO JUIS 3TOTO €CTh MHOTO IMPHYHH.
['naBHas W3 HUX 3aKAI0YaeTCs B TOM, YTO
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MHKPO3JIEKTPOHHMKA MO3BOJISET B KOPHE pe-
BOJIFOIIHOHM3UPOBATE TEXHHKY, 4 HE TOJILKO
MOJNYYHTh TO WIH WHOE HOBOE TEXHHYECKOE
pemienne. TexHuKa, MOABHBINAACH B Pe3yJib-
TaTe NpOMBIIUIeHHOH pepomonua XVIII—
XIX BB., B OCHOBHOM TIpeJHAa3Ha4aJlach
JU1s BRIMOJTHeHHA (pu3mteckoii pabortel. Co3-
JaHWE HOBOM TEXHHHYECKOH 0a3bl ¢ MOJHBIM
NMpaBOM pAacCMaTPHBAETCA Kak TJIaBHOE
CO/IEp/KAHHE TPOMCXOMAINEH B HAIUM JIHH
HAYYHO-TEXHHYECKOH PEBOJIIOIHA H CTABHTCA
HApaBHE C pe3y/JbTaTaMH TPOMBIIILIEHHOH
peBosronu npouwioro. ITogo6Ho TomMy Kak
NPOMBIIIUIEHHAS PeBOMIONHS H30aBuia 4esno-
BeKa OT HeoOXomuMocTH HecTH GpeMs Tsxke-
noro (pu3udeckoro Tpynaa, GaB eMy B DYKH
HHCTPYMEHTB M MAIIWHEBI, MO3BOJHBIIHE
MouTH Oe3rpaHHYHO YBEJIHYHTH (hH3HUECKHE
BO3MOXHOCTH, TaK M HAaYYHO-TEXHHYECKAS
PEBOMIONHS CErogHsd BO Bce Oonbiied H
Gounbiieii cTeneHn ocBOOOXKAAET YEIOBEKA OT
PYTHHHOH YMCTBEHHOH MIEATEILHOCTH H,
MPEJOCTABJISAA B €T0 PACTIOPSIKEHHE «YMHBIEY
MAIlHHBI, TOMOTAET MOMHATHL €r0 TBOPYEC-
KHil OTEHIINAJ HA HEM3MepHMO Goliee BbICO-
kuii ypoBeHb. Texnuka Oeper Ha ceOs BhI-
MOJIHEHHe Tex nporneccoB obpaboTku uudop-
MaIllMd, KOTOpBIE paHbIle OBLIH NpeporaTu-
BOif yenoBeka. Mcue3aloT NpHBBIYHEIE H BO3-
HHUKAIOT HOBBIE BHJIbI ICATETLHOCTH CO CBOH-
MH TpeboBaHuaMH 1 ocobeHHOCTAMH. B 9KC-
TPEMAJIBHBIX CIy4asiX HEKOTOpPBIE TpaIUIIH-
oHHBIE npodeccnu BooOIIe MOTYT CTaTh He-
HYXHBIMH. B Xoze HayYHO-TeXHHYECKOH pe-
BOJIOITHHA 5TH SIBJICHHS HEW30EXKHO COmpo-
BOJKIAIOT PA3BHTHE NPOU3BOJHTENbHBIX CHII,
HCIBITHIBAIOIIAX BIHAHHE CO CTOPOHBLI MHK-
PO2JEKTPOHHON TeXHoNOTHH. PasBuTHe 3TO
BeJIET K MOIIHOMY MObeMY IPOH3BOIATENb-
HOCTH OOIIECTBEHHOTO TpyHa W CYIIECTBEH-
HOMY YMHOXEHHIO OOIIECTBEHHOIO I0CTOSA-
HHSL B €ro MaTepuajibHOM Bhipaxkenud. Ho
Bce MMeeT cBOK LeHy. W 6yaer Tombko
CIpPaBeUIHBO, €CJIH BCE “WieHbl o0LIecTBa B
OeJIOM W KaX/[Ibli B OTHEJLHOCTH CTaHYT
Y4aCTBOBATb B YMHOXEHHH OOIIEro H0CTOs-
Husi. Bech X0/ pa3sBUTHS IIPOH3BOAUTENBHBIX
CcHJl Hen3DeXHO Bel K CO3[JAaHUI0O MHKPO-
anexTpoHukH. OHa fnoymkHa ObUIA MOSIBUTBL-
cs1, ubo obiecTseHHas HeOOGXOAUMOCTD Tpe-
OoBana mepegaTh YacTh TPYIOEMKOIO YMCT-
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BEHHOTO Tpyda MammHaM. YwucToil ciy4aii-
HOCTBIO OBUIO TO, 9TO B JAHHOM CHy4Yae Ha
MOMONIB NPHIILIA MAKPOIJIEKTPOHHKA, OCHO-
BaHHAS HA HWCNONBL30BAHAW CBOWCTB MOJY-
OPOBONHHKOB. Beab pelneHnss MoOriaw oc-
HOBBIBATBCS W HA JIPYrHX MNpPHHIMOAX —
(pH3MYECKHX, XMMHYECKHX WM OHosoruyec-
KHX —IJIaBHOE, 4TODOBI MX MOXHO OBUIO HC-
MoJL30BaTh Ui 0Opabotkm mHGOpMaNHK

TaKk, kak Toro TpeboBana oOIIECTBEHHAS
npakTHKa. M Bce ke ¢ TOYKHM 3peHHs pa3BH-
THS HAYKH M TEXHHKH HET HHKAKOH ciy4au-
HOCTH B TOM, YTO CErOHA MBI UMEEM JEIO0
HE C HECKOJILKUMH, a TOJILKO € OHOH, pealib-
HO CYHIIECTBYIOILIEH B HaIlled >KH3HH MHKPO-
37IeKTPOHHKON, C Takoil, Kakas OHa €cCTh.
Bonee noapobHO 9TH BONPOCH! MBI PACCMOT-
pPHM B CIEIyIOIIeH riase.



3. MonynpoBoOAHUKOBbIE

MeTopHuecKH CIOKUIOCH TaK, 4TO CHa4asa B
9]IEKTPOHUKE HCMOJIB30BAINCE IJIEKTPOHBI,
Haxojsmmecs B Bakyyme. Bcomuum xots
O6b1 00 9MeKTPOHHON JjlaMme, rje BHYTPH
CTEKJISHHOM KOJIOBI, H3 KOTOPOIi yaajieH BO3-
IyX, ABHIKYTCS 2jiekTpoHbl. [losanee, nocie
Toro kak bapaun, Bparreiin n ok uszo-
Oopein B 1948 r. TpaHsmcTOp, K HHM J0-
6aBHJIMCL 3JIEKTPOHBI B MOJYNPOBOJIHAKO-
BBIX KPHCTAJUIAX, «IIOTECHHBY 3JEKTPOHBI B
BaKyyme, HO HE 3aMEHHMB HMX IMOJHOCTBIO.
MHKPO3IEKTPOHHKA ONEPHPYET HCKIHOYH-
TEJILHO C JIEKTPOHAMH B NOJIYPOBOIHHKAX.

MonynpoBogHWKN

BonbIIHHCTBO NMONYNPOBOJAHAKOB SBJIAIOTCA
TBEPALIMH TEJAMH C HNPABHILHOH KpHCTa-
IMYECKON CTPYKTYpPOM, T.€. MOHOKpHCTal-
JaMH XHMHYECKHX 3JIEMEHTOB, HalpHMep
KpeMHHsl, TepMaHus, TelUlypa, WO XHMH-
YeCKMX COEIHHEHHWH, HANpHMEp apceHuaa
rajums, cynb(uoa KaaMus HIH TeJUlypHAa
cunIa. HasBauune «moJaynpoBOIHHAK» B Hep-
BYIO O4epe/lb FTOBOPHT O TOM, YTO pedb HUET
0 MaTepHalax, o cBOel yIeJILHOM 3JIeKTpo-
NPOBOJHOCTH 3aHHMAIOIIHAX [POMEKYTOH-
HOE MOJIOKEHHE MEX/Iy [JHIJIeKTPAKAMH
[yaenpuas  2JEKTPONPOBOAHOCTL — MeHEe
107 1°/(Om- cM)] 1 npoBoHHKAMH [yAebHAs
anekTponpoBoaHocTh Gomee 10%/(OM-cm)].
XoTs Takas XapakTepUCTHKA OBOJILHO MO-
BepXHOCTHas, OHA B ONpEJeNIeHHON CTelneHn
BCE K€ OTPAXKAET BHYTPEHHHE OCOOEHHOCTH
HOJNYIIPOBOJHUKOB, [MPEeACTABIMIONIAE HX
ocobyro HeHHOCTh Ui diekTpoHukd. Ho 06
9TOM MBI €llle MoroBopumM Gonee noApobHO.

Ilar, coenaHHBIA 2JEKTPOHHKOH OT Ba-
KyyMa K MOJYIPOBOMHHUKAM, SBJIAETCA JIO-
rudHbeM. Eciii npeiHa3sHavenue 3/1eKTPOHM-

npubopsbi

KH COCTOsJIO OBl TONBKO B IOJYYEHHH CBO-
60/1HO NBHKYIIMXCA 3EKTPOHOB M pa3s Ta-
KOBBIE HMEKOTCS TAKXKE B TBEPABIX TeJax, TO
3a4YeM JKe MOJY4aThb 3TH 3JIEKTPOHBI, 3aCTaB-
N5 TBEp/bIE TeJlla HCHYCKATH HX B BaKyyM,
KaK 3TO HPOHMCXOJMT B JIEKTPOHHOM namme?
Benb a1eKTPOHBI MOXKHO HCHOJIB30BATH CPa-
3y B TBEpPABLIX TelaxX. A TBEPALIMH TEJIaMH CO
cBOOOHO ABHKYIIHMHCA 3N€KTPOHAMH HB-
JSIOTCH METAJUIbl H MOJYNpoBOIHHKH. [lo-
HYeMy e DJIEKTPOHHKA TNOJb3YeTCH TOJIBKO
MOJIYNPOBOJHUKAMH, a4 HE MeTAJUTAMHU JUIs
co3/1aHus CBoOei aneMeHTHOMH Oa3w? Meran-
bl ¥ TIOJIYNPOBOJTHHKH Pa3/IH¥alOTCa YHC-
JIOM HMEIOIIUXCA B HUX CBODOHEIX 3JIEKTPO-
HOB. B MeTannax WX KOIMYecTBO OYEHHL Be-
JMKO: HAa OJMH aTOM MeTalla NMPUXOIATCH
MOYTH 1O OJHOMY CBOOOJHOMY 37€KTPOHY.
Taknm 00pa3oM, UX IIOTHOCTH COCTABISET
okono 10?2 ma 1 cm?. A BoT B moaympo-
BOJIHAKAX HMEETCs CPABHHTEIILHO MaJjio CBO-
GO/HBIX JIEKTPOHOB M TOJLKO HA KaXble
10°-10'° aToMOB NpHUXOZMTCA OIMH CBO-
Oonubli snekrpon. CnexoBaTeslbHO, IAOT-
HocTh mx pasHa 10'2-10'? ma 1 om?. Kak
MBI 3HAEM, 3a/Ia9a MHKPO3JIEKTPOHUKH 3aKJTIO-
vaeTcs B (POPMHPOBAHHH TIOTOKOB 3JIEKTPO-
HOB M YNPAaBJICHHH MMM C TIOMOIIBIO BHEII-
HEro 3JeKTPHYECKOT0 BO3jeiicTBus. Brosne
NOHATHO, YTO NPH 3HAYATEIHLHO MEHBILEM
YHciIe 3JIEKTPOHOB B MOJYINPOBOIHHKE IO
CPaBHEHHIO C MET4JUITAMH OKa3aTh TaKoe
Bo3jeicTBHe jerde. s 2JeKTPOHHBIX MPH-
6opos, TakuMm o00pazoM, MOJYNPOBOIHHKH
noaxoaaT Oousblne, 4eM MeTasuibl. YToOmI
MOHATH MPHHIANGI (YHKIHOHHPOBAHHS TIO-
JYIPOBOJHUKOBBIX MPHOOPOB, HAM CIIEAYET
cHayana Oosee moxpobHo pasobparbes B
TOM, 4YTO MPOHUCXOJHUT C MOTOKAMH 3JEKTPO-
HOB B MOJYNPOBOJHHKOBOM KPHCTAJLIE.
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JHepreTMYecKne 30HbI

HayneM ¢ TOro, 4ro paccMOTPHM, Kakoi
JHeprueil MOXeT o0JajaTh DIEKTPOH B Ta-
koM kpucTajuie. M3BecTHO, 4TO 3/IEKTPOHBI
cB00OOTHOTO aTOMa MOTYT HAXOJMThCS HE HA
moboMm, a TOJLKO Ha CTPOTO OMNpE/eEHHOM
IHEPTETHYECKOM YPOBHE, KaK 3TO ClIeIyeT u3
npeuIoxeHHoi bopom Mozenn aroma u (yH-
JaMEHTANbHBIX MOJIOKEHHUH KBAaHTOBOH Teo-
puu. B atome Mexy pa3pelleHHBIMH THCK-
PETHBLIMH JHEPreTHYECKMMH YPOBHAMH Cy-
HIECTBYIOT 3alpellieHHble HMHTEPBAJbI 3HEp-
THH, TIe HE MOXET HAXOJAThCA HH OJHH
27E€KTPOH. AHAJOTHYHYIO CHTYAllMI0 MBI
BCTPEYaeM B MOJYNPOBOJAHAKOBOM KPHCTAJI-
Jie, HO C TeM pa3Jid4yHeM, 4TO mpu cOmm-
KEHHH aToMOB, oOpasylommx KpHCTaLl,
paspellieHHbIe JAWCKPETHBIE JHEpPreTHYECKHe
YPOBHH PACIINPSIOTCH B SHEPreTHYECKHE 30-
HBl (puc. 4), Mexay pa3pelieHHBIMH JHEp-
reTHYECKHMH 30HAMH —KaK H B aTOME — HMe-
IOTCS 3alpenieHHBIe 30HBI, HE cojepXKalinue
paspelleHHbIX 3HAYEHWI1 SHEPruH. DJIeKTpo-
HBl KpHCTAJNa [OJDKHBI 00nmajaTe TeMH
IHEPTUsAMH, KOTOphIE JIeKAT BHYTPH 3HEp-
reTudeckux 3oH. OQHaKO Kaxaas Takas 30HA
HMEET JIHIIbL ONpeieeHHOe YHCI0 MeCT IS
pa3menieHus snekrponoB. Ecmm Bce mecrta
3aHATHI, TO [aHHAs O3HEpreTHveckas 30HA
HEJIMKOM 3aMOJHAETCS W HAMMHACTCA 3aImoi-

Arom

Puc. 4. DHepreTHuccKHe YpPOBHH aTOMa H JHEPreTHYECKHE 30HBI

HEHHe cleayroiuei 30Hbl ¢ Gosiee BHICOKOM
JHEPrHueH.

ANeKTPOHbI

B 30HE NPOBOAMMOCTH
N ObIPKK

B BaNieHTHOW 30He-—
HOCUTEenu sapsga

B NMONYyNpoOBOAHMUKAX

OTIHYATENbHON 0CODEHHOCTBIO TMOJIYIpPO-
BOJHHKA ABISETCA TO, YTO OJHA 3HEPreTH-
yecKkas 30HA — GaAeHMHAA 30HA—3AHATA TOY-
TH TOJIHOCTBIO, & PACTIOJIOKEHHAs Haj Hel
30Ha NPOGOOUMOCMU TIOYTH TOJHOCTHIO CBO-
6onna. «[1o4TH MONHOCTBHIO» O3HAYAET, 4YTO
npa Hammuum 1022 mecr 10'2-10'° mecr
3aHATO WM cBobomno. Hebonbmioe umcno
HE3aMOJHEHHBIX MECT BaJICHTHOH 30HBI—
Ovipok —BeieT cebs Kak 3JeKTPOHBI C TO-
JIOXKHTENBHBIM  IEKTPHYECKHM  3apPSALOM.
IMousats 310 Herpymuo. Ilomagum Ha mo-
JYNPOBOJHUK 3JIEKTPHYECKOE HAPSIKEHAE.
YTo ke CIYYHTCH MOCHe 3TOro ¢ 3JeKTpo-
HAMH B BJICHTHOH 30He? DIeKTpHUYECKOE
moJie TOTSHET WX BieBo (puc. 5). Ommako
CMECTHTbCS BJEBO MEKTPOHBI MOTYT TOJBKO
B TOM CJIyvYae, eci Mepell HUMH ecTh CBO-
fomnoe mecro. Ha BepxHeil cxeme pwHc. 5
HE3aHATOE MECTO HAXOJUTCA CIIeBa OT JIEKT-
poHa, o0o3HaueHHOro HOMepoM 2. 3TOT

3oHa NpoBOANMOCTH

BanewTHan 3oHa

Monynposoaxunic

nonynposojnuka. OBGpazoBanue

JHEPreTHYECKHX 30H H3 JHCKPETHBIX yponﬂei NIPH XapaKTEepHOM JUIA MOJNYNPOBOJIHHKOBOIO KpHCTATLIA

OM3KOM pacnoioxeHHH aTOMOB.



MonynpoeoaHukossie npubopbt 39

o0 600
® [ 0009 ©

%
\o
\

Puc. 5. JIBukeHUE ABIPKH KAK HACTHILL C TOJIOKHTEIbHBIM 3apPi0M B HE NOJHOCTHIO 3aMOJIHEHHOH
INEKTPOHAMH IFHEPIEeTHYECKOH 30HE MO BO3/ICHCTBHEM ICKTPHYECKOrO HANPAKEHUS.

3NEKTPOH CMEITAETCsl BIIEBO, OCTABJIAS BMeEC-
TO cebs mycToe MecTo (OBIPKY), KyIa Tenepb
MOJXKET MNEePEMECTHTHCH CIEHYIOUIHHA 3JIeKT-
pon nox HoMmepom 3 | T. A. Hesanonnennoe
3JIEKTPOHOM MECTO CMeIaercs BIPaBo IO
HATPaBJIEHHIO K OTPHIATEIILHOMY 3JIEKTPO-
1y, KaKk [BUrajiach OBI TOJIOKHTENBHO 3a-
pskeHHast csobomuas vactuoa. Takum o6-
pasoM, HBIPKH B BAaJICHTHOH 30HE, KaK H
MEKTPOHBI B 30HE MPOBOJAMMOCTH, MOXKHO
paccMaTpHBaTh Kak cBOOOIHBIE HOCHTEH
3apsfa, HO TOJNBKO B OTJIMYHE OT 3JIEKTPO-
HOB OHHM MPEACTABJBIIOT coDoil HOcHTENH
MOJIOKHTENILHOTO 3apsija.

Obpaszosanue ABYX Pa3HOBHIHOCTEN CBO-
OOAHBIX HOCHTENCHl 3apsAla— OTpHUIATENb-
HBIX 2JIEKTPOHOB H TOJIOKHUTEIBHBIX JIbI-
POK—SIBIISIETCA BajKHEHIIeH ocoOeHHOCTHIO
noaynpoBogHukos. B coueranum c Jer-
KOCTBIO PEryJIHPOBAHMS KOHIEHTpPALHEH HO-
cuTelNeH 3apsaaa MpH MOMOIIH BHEIITHETO BO3-
neicTBHS (0 4eM Mbl OyZeM rOBOPHTE 4yTh
HIKE) OHa craja TeM (yHOAMEHTOM, HaA
KOTOPOM OCHOBAH MNPHHIAN AEHCTBHS MHO-
nynpoBoAHUMKOBBIX TipubopoB. Ho crauana

HEMHOTO 3aJepXKHUMCS HA ITOM HECKOJBLKO
CTPaHHOM CBOGOOHOM HOCHTENE TIOJOXKH-
TENLHOIO 3apsaga—«abipke». B koneuynom
HTOTe IBIPKY MOXHO IPEACTABHTL KAK CO-
BOKYIHOCTB BCEX JIEKTPOHOB BAJICHTHOM 30-
HBI 34 BBIMETOM OJHOro. Bmecro aBmxkeHus
AbIPKH MOXHO ObUTO OBI paccMaTpHBATH
JBHXKEHHE 3JICKTPOHOB BAJICHTHOM 30HBI,
umMeromiei ogHo ceobommoe mecro. Ho B
TAKOM Cilydae Npuiuiock Obl yKasaTb, YTO
MbI, KCTaTH, H caenaiu, obObsicHAS pHC. 5,
KaK cMemaerca Kaxapii m3 102?21 smexr-
POH BAJICHTHOH 30HBL. DTO CJIOXHO, H K
TOMY e MOYTH HHKOIJa He HykHO, HOO
BO3MOXKHOCTH TIEPEMEILEHHS  3JICKTPOHOB
HAJIS)KHO YCTAHOBJICHBI KBAHTOBOH TEOpHEH.
Tonbko snexkrpons! 1 u 2 B BepxHeil yacTH
PHC. 5 MOT'yT HepeMeIaThCsl, IIPHYEeM JJIEKT-
pOH | TOJIBKO BHOPABO, a 3EKTPOH 2 TOJLKO
BieBo. Ha nepensukenue Bcex OCTaJIBHBIX
9JIEKTPOHOB HajloxkeH 3anper. Mcnonas3osa-
HHE MOHSITHA OBIPKH Kak CBODOJHOro HO-
CHTEJIst 3apsijia B BAJEHTHOM 30HE MO3BOJIAET,
TakuM oOpaszom, nate Gonee ymobHoe omm-
CaHWe [BHKEHHS IEKTPOHOB B BAJIEHTHOM



+ 9—0—0—0— -

SNeKTPUYECKWA TOK

MarnuTHOR None

o—.
+ .‘\-.\. —®+

Fnaea 3

BNEKTPUYECKMIA TOK

‘-""‘.
‘__..‘.‘f. =

Tox Xonna

Puc. 6. Ddpext Xomna B nojiynpoBOAHHKE € IEKTPONPOBOJHOCTBIO p- W N-THIA.

30He. B mpuHIMNE NMOHATHE ABIPKH NpHMe-
HHMO M K 30He npoBojumoctd. Ho Tak xak B
30HE MPOBOAUMOCTH HMEETCS OYEeHb MaJlo
JNIEKTPOHOB, TO TMPHIIIOCE OBl TOBOPHTE,
4YTO OHA TOYTH MOJHOCTBHIO 3alOJHEHA JbIP-
kami. Mcnonbs3oBaTh ABIPKH IS ONHCAHHSA
30HBI MPOBOAMMOCTH TAK JKe Helenecoobpas-
HO, KaK M 3JIECKTPOHBI JUIS OMHUCAHUS BAJICHT-
HOM 30HBL. [lonynmpoBOJHMKH, B KOTOPBIX
HMEIOTCS  MPEHMYILECTBEHHO  CBOOOIHBIE
INEKTPOHBI, HA3LIBAIOT IACKMPOHHBIMU HITA
n(negative)-Tuna, a Te, B KOTOPBIX NPEHMY-
IIECTBEHHO BIPKH — ObIpOUHBIMY HIH p(pOSi-
tive)-tama. OrpaHHveHHe, HAXOISMIIEE CBOE
OTPaXKEHHE B CJOBE «IIPEHMYILIECTBEHHOY,
HY)KHO TIO TOH NpUYAHE, YTO B HONYINpPO-
BOJIHWKE n-THNA BCEr/ia eCTh OMpedcieHHOE
YHCIIO JILIPOK, & B HOJYIPOBOAHHKE p-THIA —
HEKOTOpOe YHCIO 3JeKTpoHoB. VX Ha3biBa-
HOT HEOCHOBHBIMU HOCUMEAAMU 3&[).8[)(1 B OT-
JIAYAE OT MOJABIIAOIIEro YHCIa HOCHTENeH
3apaga — ocCHOBHBIX.

Y1068l IPOAEMOHCTPHPOBATD, YTO JIBIP-
KH HE SIBJIAIOTCA TUIOAOM YHCTOI (haHTa3Hu
(PM3HKOB, MOXKHO PACCMOTPETH MBIC/ICHHBIH
IKCHIEPUMEHT, KOTOPBIIL, BIPOYEM, JIETKO OCY-
HmiecTBUM Ha mpakthHke (puc. 6). Kak ompe-
JIeNUTh, UMEIOTCA U B JAHHOM MOJYIpPO-
BOOHUKOBOM 00pasiie B OCHOBHOM 3JI€KTpPO-
Hbl WK AbIpKkA? COBEPHIEHHO OYEBHIHO, YTO
cIeNnaTh 3TO HEBO3MOXHO, 3HAsi JIAIIL Ha-
MpaBJieHAE TOKA, BO3HAKAIOIIETO IO BITHA-
HHEM NPHIOKEHHOTO 2JIEKTPHYECKOro Ha-
npsokenns. XoTs moa AeHCTBHEM Hampsike-
HHA SJEKTPOHBI M [BIPDKH HAYMHAIOT [IBH-

raThecsl B MPOTHBOIOJOXKHBIX HATPABJICHHUAX,
OIHAKO H3-3a TPOTHBOMOJOKHBIX 3apsAOB,
HOCHTEJISIMH KOTOPBIX OHHM SBJISIFOTCH, IS
HAMpPAaBJIEHHOTO BJIEBO IMOTOKA 3JIEKTPOHOB
HANpaBJeHHE 3JIEeKTpHYeCKOoro Toka Oyner
TaKUM JKe, KaK ¥ [Uls HanpaBJICHHOT O BIIPaBO
notoka Jeipok. [lostomy ammepmerp mno-
CTOSIHHOTO TOKa He OOHApYXKHT HHKAaKOIo
pasnuunsa. OHO NMpOSBUTCA TOJNLKO B TOM
Clyyae, ecjid MOMECTUTh MOJIYNPOBOAHHMK B
MAarHuTHOE MoJjie, HAanpaBJeHHOE TIEPNeHIn~
KYJIIDHO HATIPABJIEHHWIO 3JIEKTPHYECKOTO TO-
Ka. MarHuTHOE MoJie¢ MCKPHBIACT TPAEKTO-
pHH JABHKEHHS SJIEKTPOHOB H [IBIPOK, NPH-
4eM TaKuM o0Opa3oM, 4TO 3TO HCKPHBIICHHE
3aBUCUT TOJBKO OT HAMPABICHUS JIEKTPH-
yeckoro Toka (adext Xosma), T.e. B Mo-
JIyMIPOBOJHMKAX KaK n-THIIA, TaK M p-THIA
HOCHTENH 3apsa OTKJIOHAKOTCH B OJHY CTO-
pony. OHAKO B MOJYNPOBOAHUKAX p-THIA
BO3HMKAET TOK, HANpPABJIEHHBIH BHH3, a B
MOJIYTIPOBOAHAKAX #1-THIA —TOK, HATIPABJICH-
HBIH BBEpX (pHC. 6). Kaxaslii MOXKeT, TAKHM
obpazomM, HarnsgHO ybenuThCs B pealisHOC-
TH JIBIPOK.

INernposaHue

o cux mop MBI nmpHHHMauH, 4To Oe3 Ka-
KOro-nmubo BMemaTe bCTBA C Halllei CTOpo-
HBI TIOJNIYNPOBOJHHMKH 0O0JIa/IaloT 3J1eKTpo-
MPOBOJHOCTLIO p- WM n-THNA. YToOBI He-
JIEHATIPABIEHHO 00ecneYuTs 3JIeKTPONnpo-
BOAHOCTbL n- WM p-THINA, HeoOXOmMMO, Of-
HAKO, N03a60THTLCS O TOM, YTODBI 271€KTPO-



MNMonynposogHukoesie npubops 41

Hbl MOTJIH TIOCTYNATh 0MKYOa-HuOyob B 30HY
MPOBOAMMOCTH HJIA Kyda-Hubyob W3 BAJICHT-
HO# 30HBI, ocTaBnas nocne cebs avipku. [ona
CIOBAMH  «OTKYHAa-HHOYIB» M  «KyJa-HH-
6yb» OOBIMHO MOJIPa3yMEBAIOTCA MYKEPOJ-
Hble MPHMECHBIE ATOMBI, BBEJCHHBIE B YHC-
T MOJYNPOBOAHHK W MMEIOHIHE Ha OJIHH
BAJICHTHBIH 3JIEKTPOH OoJibIlle WA MEHBIIE,
4eM aTOMbI MmosynpoBoaHuka. PaccMoTpum
cienyiomnit  npumep (puc. 7). Bospmem
KpeMHHMI B KauecTBe OecnpHMeCHOro 4Hc-
TOr'O MOJIYNPOBOAHUKA, HA3LIBAEMOr 0 cobCT-
BeHHbIM. KpemHHH 4eThipexBalieHTEeH, T.e.
ero atoMm obnajaer 4eThIpbMs BaJCHTHBIMH
anekTponamu. Pocdop nATHBANIEHTEH, H €T0
atoM 00nafaeT NATBIO BAJICHTHBIMM 3JIEKT-
ponamu. Ilpu 3amellieHud atoMa KpemMHMS
atoMoM ochopa HeTbipe M3 €ro NATH Ba-
JICHTHBIX JIEKTPOHOB 00pa3yloT BaJCHTHbIE
CBA3H C HETBIPbMA COCEJHHMH ATOMAMHM
KpeMHHs, a ATkl 2exTpoH (ocdopa oka-
3bIBAETCH XHMHYECKH ¢1abo CBSI3aHHBIM C
AAPOM: OH JIETKO OTPBIBAETCA U MEPEXOIMUT B
30HY INPOBOAMMOCTH Kpemuus. Beenenne
atomoB (ocdopa, HIH, KaK NPHHATO TO-
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Puc. 7. a—obpa3oBaHue 21EKTPOHOB B 30HE MpO-
BOJIMMOCTH TIPH BBEJICHHH aTOMA MATHBAJICHTHOTO
tochopa B ueThipexBafieHTHBIH Kpemuuii. Bos-
HIHHCTBO aToMOB (ocopa oTaaeT cBoil NATHIH
BAJICHTHbIH 37IEKTPOH B 30HY TIPOBOJMMOCTH KpeM-
Hus. [TpHMeck 9TOro THIA Ha3bIBAETCA JIOHOPHOM.
6 - obpazoBanne JBIPOK B BAJCHTHOR 30HE NpH
BBC/JCHHM ATOMa TpPEXBaleHTHOro Oopa B HEThl-
pexBaJICHTHBIH KpemHHi. BoabluupcTBO aTomoB
fopa 3axBaTbiBaeT CBODO/HBIC BANICHTHBIE 3/ICKT-
POHBI M3 BAJICHTHON 30HEI KpeMHuA. B pesyanTarte
B BaJleHTHOM 30He obpasyiotes aeipku. [Tpumecs
9TOr0 THIA HA3BIBAIOT AKLUENTOPHOI.

Puc. 8. CTpykTypa  HealbHOrO  KpHCTAaJIa
KPEMHUSL.
BOPHTH, Jezuposanue dochopom, penaer

KPEMHH 3JeKTPOHHBIM MOJYTIPOBOIHHKOM,
T. €. n-THIA npoBoauMocTH. Obpasyromasics
KOHIEHTpAnns cBOOO/IHBIX 3JEKTPOHOB MPH
9TOM B THIOMYHBIX CJIy4asX MOYTH PAaBHA HJIH
HECKOJIBKO MEHBIIE KOHIEHTPAIHA TpPHAMEC-
HBIX -aTOMOB. Ecnm e oCylmiecTBHTHL Jery-
poBaHHE KPEeMHHS aTOMAaMHW TPEXBAJIEHTHO-
ro Gopa BMecTo nsTHBaJIeHTHOrO (ochopa,
TO MONYYHM JLIPOYHBLIH MOJYNPOBOJHHUK,
T.€. p-THNA NPOBOAMMOCTH. SIcHO, mouemMy
9TO MPOMCXOIMT: JI 00pa30BaHMA HEThIPEX
BAJICHTHBIX CBsA3el y aroMa Gopa He XxBaTaeT
OIHOTO 3MEKTPOHA. DTOT NEKTPOH OH 3a0u-
paeT U3 BaJICHTHOH 30HBI KDEMHHA, B KOTO-
poii obpa3syerca TakuM o0Opa3oM ObIPKA.
WubpiMH  cioBaMH, KpeMHMH CTAHOBHTCSH
[OBIPOYHBIM TOMyTpoBOaHHKOM. Cremosa-
TEJBHO, JIErHPOBAHUE NMPHMECSIMH MO3BOJISA-
er lelieHanpaBlieHHo ((OpPMHPOBATH THII
3JIEKTPONPOBOJHOCTH  TIOJYIPOBOJHAKOB.
3aeck MBI, pazyMeeTcsi, CAeJaIH OQHO Npejl-
HOJIOKEHHE, KOTOpOe B IEHCTBHTEILHOCTH
He cobmogaercs. Mbl npeanonokuiIu, 4To
10 JITHPOBAHHMS MOJIyNPOBOAHUK Obln Gec-
MPUMECHBIM, XHMHYECKH YHCTEIM M 00manan
K TOMY € COBEPLUECHHONH KpHCTAJUIMYECKOi
crpykrypoil. Ha puc. 8 nokasan dparment
NPaBUILHON  KPHCTAJJIMYECKOH  pelIeTKH
kpemHus. OHa COJEPKHUT TOJIBKO ATOMBI
KpeMHHsI W OECKOHEHYHO MPOCTHPAeTCs BO
BCEX TpeX HaMpaBjeHWSX NPOCTPAHCTBA.
Kaxapiii aToM KpeMHHA SBIAETCH LEHTPOM
reOMETPHYECKH MpaBUIILHOTO TETpasapa H
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OKpYX€H YeTBIPbMS COCEJIHHMH aTOMaMH,
HAXOJSIIAMHUCS B BEPIIAHAX 3TOI0 TETpa-
anpa. OgHako MAEalIbHBIX KPHCTAJUIOB, MO-
nob6Ho wm3006paxkeHHOMY Ha pHc. 8, B npH-
pOJIE HE CYLUECTBYET.

NMpumecn
N CTPYKTYpPHble aedexTbl
KPUCTannWyYeckon peLueTtku

B moboM peasbHOM KPHCTAJUIe HMEIOTCA
XMMHYECKHE MPHMECH H HapYILUCHHS, TaK Ha-
3pIBaEMble Odegfiekmbl cmpyKkmypsl KpPHCTal-
mveckoi perterkd. Kpome Toro, kaIbii
KPHCTAJUI MMEET OIpeJeNcHHbIi 00BeM,
OrpaHHMYeHHBIH B npocrpancTee. B kpucran-
JIMYECKUX CTEPXKHAX KPEMHHs, KOTOpPhLIE HC-
MONB3YIOTCA B KAYeCTBE HCXOJHOIO ChIpbA
JUIs M3JEIMH  MUKPO2JIEKTPOHMKH, COHEp-
KATCA PAa3MYHBIC MOCTOPOHHHE MPHMECH,
B YACTHOCTH YTJIEPOJ, KHCIOPOJ, XKeJe3o,
Mellb, @ TAKXKE ATOMBI TSIKEIBIX METaJIOB.
XuMHYECKHE MPHMECH SIBJISIOTCH MPHYHHOM
MOSABJICHAS TOYEYHBIX /1€(EKTOB CTPYKTYPBI.
ToueunsiMu edeKTamMu CTPYKTYPBI ABJIAIOT-
csl, HANpHMED, Gakaxcuu. BakaHCHA BO3HH-
KAeT B TOM CJIy4ae, €ClIH B HIEaJIbHON KpHC-
TAJUIMYECKOH pemieTke ocraerca cBobop-
HBIM, T. €. BAKAHTHLIM, OJIHO MECTO, KOTOpOE
JIOJkKHO OBITH 3aHATO atroMoM. Kpome To-
YeYHBIX Je(eKTOB CTPYKTYPhl BCTPEYAIOTCA
TaKXKe JIHHeHHble M IUIocKocTHBIC. Jlucimo-
KallHOHHOH JIMHMEH Ha3sbiBaeTcsl jedekt pe-
IICTKH, XapaKTEepH3YeMBbIii TEM, 4TO KpHC-
Tajutorpaduieckas  IJIOCKOCTh, KOTOpas
JIOJDKHA OBITH MOJHOCTEIO 3aHATA ATOMAMH,
BApPYr oOpbiBaeTcsi B HEKOTOPOM Hampas-
Jiennn. CaMa NMoBepXHOCTH MOJYNPOBOIHAKA
TOXKE SBJSIETCH IUIOCKOCTHBIM  Ie(eKTOM
KpHCTaJlIa, KOTOPBIH B Hjease GecKkoHeYeH B
npoctpancTee. Kaxapiii peanbHbIH KpHC-
Tayul uMeet Gosbinoe YHCI0 MOAOOHBIX TO-
YeYHBIX, JIMHEHHBIX M IUIOCKOCTHBIX Jedex-
TOB CTPYKTYPBI, YTO H OTJHY4€T €ro OoT
uaeanbHOro. Jlaxke ecid 4HMCIO TAKHX Je-
(hpeKTOB MO CPABHEHHIO C OrPOMHBIM KOJIH-
YeCTBOM CTPYKTYPHO HpPaBHJIbLHO pPacHoso-
JKEHHBIX B pelIeTKE AaTOMOB MHCHE3aFOLIe
Majio (B IPOTHBHOM clly4ae peyb Boobiie He
MOKET MATH O KPHCTasle, B TOM YHCJIE H O
JieheKTHOM), ITH OTKJIOHEHHS OT HJIeallb-

HOCTH OKaspiBaioT OoJiblloe BIMSHUE HA
CBOMCTBa MNOJYIPOBOAHHKOB.

Menkue u rnybokue ypoBHHU

B To#l cremenm, B KkakoH 3TO Kacaetcs
JJIEKTPAYECKAX CBOMWCTB, Takoe BJIHAHAE
Npex[e BCEro NPHBOAHT K 0Opa30BAHHIO
pa3spelieHHbIX  JHEPTeTHYECKHX  YPOBHEH
MeXIy BaJICHTHOH 30HOH M 30HOH MPOBO-
maMocTH. B HpeansHOM KpHCTaie 3TOT
SHEPreTHYECKHIl MHTEPBAN IS 2JIEKTPOHOB
sanpemied. OngHako B KpHcTamie c aedex-
TAMH peEIIeTKH B 3alpelieHHOM HHTepBajie
JHEPrHil CYLIECTBYIOT paspellieHHbIe SHepre-
THYECKHE cocTofHHsS. B orTnmume or sHep-
reTHYeCKHMX 30H 3JIEKTPOHBI WIIM [ABIPKH B
ITHX COCTOSHHAX HE CBOOOIHLI: OHH CBA3AHBI
¢ pedextom. I1oaTOMY rOBOPAT O JIOKATIH30-
BAHHBIX COCTOSIHMAX, C ONpEJCICHHBIM TH-
MOM KOTOPBIX MBI MO3HAKOMHAJIACH Ha MpH-
MEpE BBEJICHHS ATOMOB JIETHPYIOIIHX TIpH-
Meceil. Besib 1 npUMeCHBIE ATOMBI SBJISIFOTCS
nedeKTaMH M MOITOMY CBA3aHBI C JIOKANb-
HBIMH 3HEPIeTHYCCKHMH YPOBHSAMH, Jexa-
UMY B NpefeNax 3anpelleHHoi 30Hbl. Mx
0COOEHHOCTh 3aKIIIOYAETCSA B TOM, YTO YPOB-
HY JIOHOPOB PACIOJIOXEHbI BOJIM3H THA 30HBI
MPOBOJAMMOCTH, 4 YPOBHH AaKIENTOPOB —
BOJIH3H MOTOJIKA BAJICHTHOH 30HBI (pHC. 7).
DHepreTHyeckue YPOBHH TNPHMECHBIX AaTO-
MOB, HAXOJALIHECs BOIM3H OT pa3pereHHbIX
30H, HA3bIBalOT Meakumu. C MeJIKuX ypoB-
HEH 3JIEKTPOHBI HIIM JBIPKH JIETKO MOTYT
MepedTH B COCEOHIOI0 30HY MPOBOAMMOCTH
WIH BaJICHTHYIO 30HY H TakAaM o0pa3zom
BBI3BATh ONHCAHHBIA HA NpPHMEpPEe KPEeMHUs
apdexr nermposanus. OpHaKko psij npUMe-
cell maer 2aybokue YPOBHH, pacnojiOKeHHbIE
BONM3H CepelMHBI 3amMpEIeHHONH 30HBI H
CPaBHHTENBLHO JANeKO OT 0DeMx paspelleH-
HBIX 30H. [louTH BCe mepevHCieHHBLIE BBILLE
nedekTsl BEAYT K TMOSIBJICHHIO TJIyOOKHX
ypoBHei. M3-3a cimmkom Gossioro yaase-
HHMS OT SHEPreTHYECKHX 30H OHH HE BHOCSHT
BKJIaA B a(dexT nerupoBanHus, T.e. HE MPH-
BOJAT K YBEJIMYCHHIO 4HC/Ia HOCHTENEH 3a-
psala B paspellieHHbIX 30HAX, M ABISAIOTCH,
TakuM 006pa3oM, HIEKTPHYECKH HEAKTHBHBI-
MH. Bo MHOrHX ciy4asix OHH [gaxe mpe-
MATCTBYIOT YBEJIMYEHHIO YHMCJIA TIOJIBHKHBIX
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37IeKTPOHOB My AbIpok. IlycTe, Hampumep,
B KyOH4€CKOM CAHTHMETPE KPUCTAJIIA KpeM-
ung umeercs 10'° pedexros (xmmumueckue
NPHMECH MIIA CTPYKTYPHBIE HapyIUCHHSA
KpHCTaJuTH4YecKoi pemerku). ITycts ¢ Kax-
JbIM JiepekToOM CBA3aH OoJMH IIyOOKHi ypo-
BeHb, IJe MMeeTcs cBobogHoe MecTo s
JIOMOJIHATENBEHOTO 2/eKTpoHa. Ecma Mer mo-
npoGyem Tenepb nyTem BBeaenus 10'° aro-
MoB (pochopa B oxmH KyOMueckmii caHTH-
MeTp KPHCTAJUId KPEMHHS CHENATh MOCHe/-
HUi MOJYNPOBOJAHAKOM A-THNA, TO HCIbITA-
eM pazouapoBanme. AToMbl pocopa OyayT
OTAaBaTh CBOH MATBIH 3JEKTPOH HE B 30HY
MPOBOJMIMOCTH, & TIPEUMYIIECTBEHHO Iy0o-
KHM YPOBHSM. 31eCh 3JIEKTPOHBI 3aKperie-
Hbl M B 3JIEKTPONPOBOJHOCTH MPHHATE y4ac-
T He MoryT. Takum oOpasom, mpu omipe-
[eJIeHHBIX YCJIOBHMSIX XHMHYECKHE TIPHMECH M
JeeKThl peleTKH OKa3bIBAIOT CYIIECTBEH-
HOE BJIMSTHAE HA JIETHPYEMOCTH (4 TOYHee —
HA 3JIEKTPOMPOBOJIHOCT) KPHCTA/UIA KPeM-
HHSl [a’ke TOTAA, KOTAa MX KOHIEHTPAIHs
coctaBaser Bcero 10 ma 1 cM®. Eciu 06-
mee uucao aromos B 1 em® pasno 1022, To
ux gons cocrasaser Bcero jumb 0,0001%.
Ho Bexs Moxer ObITh M Tak, 4TO B HC-
XOJAHOM MaTepHajie MMEIOTCH He TOJIBKO Je-
dexThI, BeAylIHE K MOABICHHIO ITyOOKHX
ypoBHeii, a B atoMmel (ochopa mam Gopa,
NpHYEM B KOHIEHTPAIMH, TPEBBILIAOIICH
w pasuoit 10'® ma 1 cm>. B stom ciyuae
BJIMSIHAE JOMOJIHUTEIBHO H ClIeNHaIbHO BBE-
JIEHHBIX TIPHMECHBIX aTOMOB (pochopa Takke
cyliecTBeHHO MeHsieTcs. To, 4TO MbI 37ech
pACCMOTPENH HAa OIHOM YacTHOM TpHMepe
H B CBSI3H C JIETHPOBaHMEM, HOCHT OOmmit
XapakTep W OTHOCHTCS HE TOJIBKO K BBe-
[CHHIO TpuMecHBIX atomoB. [lomynpoBon-
HAKOBBIE MaTepHallbl [[OJDKHBI OTBEYaTh Ca-
MBIM BBICOKHM TpeDOBaHHAM C TOYKH 3pe-
HHS XMMHYECKOH YHCTOTHI M COBEpIICHCTBA
KPHCTAJUTHYECKOH cTpyKTyphl. Heobxomamo
OBJIAJIETh METOJAMH BBEICHHS MeJTbYaullInxX
KOJIHYEeCTB npHMeceid. B xummm matepuan,
conepxaumit 0,001% npumeceit, yxke cum-
TaeTCs BHICOKOYUCTHIM. {7151 moTynpoBoaHu-
KoBo# TexHuku Tpebyrotcs B 100 u 1000 pas
Oonee wHcThie MaTepuanbl. «YHCTHIN, Kak
MOJYNIPOBOJIHHE» —3TO  BBIPAKEHHE CTANO
BOIUIOIICHHEM TIOYTH W/I€a/IbHOH YHCTOTEHI

Matepuana. K caMbIM 4MCTBIM mOTynpoBOJI-
HHUKOBBIM MaTepHaIaM, MOJyYeHHBIM [0 CHX
nop, OTHOCHTCA IepPMaHui, B OJZHOM KyOH-
YeCKOM CaHTHMETPE KOTOPOrO COACPKHTCH
10° 37eKTPHYECKH AKTHBHBLIX MPHMECHBIX
aToMoB. OcCBOeHa TakXKe TEXHOJIOTHS BBI-
pallMBaHHWs  COBEPIIEHHBIX  KPHCTAIIOB
KpeMHHA, 00J1aaloAX BBICOKOH CTENeHbIO
yncToThl. Kpome TOro, y KpeMHHs OTHO-
CHTENbHO CIab0 BHIPAKEHO IJIEKTPHYECKOE
BIIMAHME TAKMX Hen30ekHbIX Ae(eKTOoB, Kak
HAJIMYME T[OBEPXHOCTH, TOYHEE TOBOPH,
TPaHHILl pa3jiefla C ABYOKHCBIO KPEeMHHUSA.
S5TO NMHMIUL HEKOTOPBIE U3 MPHYHH TOH M-
POKOii NOMYJISAPHOCTH, KAaKO# IOJb3yeTcs
KpeMHHH B MHKpPO3JIeKTpOHHKe. [{pyrue Ml
paccMOTPHM B IJI. 5, MOCBSAIIEHHON TEeXHO-
JIOTHH HM3TOTOBJIGHUS H3JEJINil MHKPOIJIEKT-
poHHKH. BeTpedaroimecss B MpHpoOJie KpHC-
TAJUIBI IaXKe MPHOIH3HTEIBHO He HMEIOT TOM
XHMHYECKOH YHCTOTBI H  COBEpIIEHCTBA
KPHCTaJUIHYECKOM CTPYKTYPBI, KOTOpBIE Tpe-
OyroTes A5 HOMynpoBoaHUKOB. [1pakTHyec-
KH HA OJHH M3 BCTPEYAIOLIMXCH B MPHPOJE
MOJYNIPOBOAHHKOBEIX KPHCTAJUIOB HE JIETH-
pyeTcs; JIHIIbL HEMHOTHE W3 HHMX BoOOmIE
ABJIAIOTCH MOJIYNPOBOAALIMMHU, K HPHMEpY
TQJICHAT WIH HEKOTOpEHIe MPUPOJHLIE aJIMa-
3pl. Takum o00Opa3zoM, NOJyNPOBOAHHKOBEIE
KPHCTAaJUIbl MIOMCTHHE SBIAIOTCA JEIOM PYK
yenoBeka. VX nomydenne cBs3ano ¢ Gonbim-
MH 3aTpaTamMu cuil H cpegctB. Ho k sTomy
MBI ellle BepHeMCs B II. 5 mpu oOcykaeHHH
TEXHOJIOTHH M3rOTOBJICHHs M3IENNH MHKpO-
ANIEKTPOHHKH.

leHepauywmn
HepaBHOBECHbIX HOCUTEenen
3apAapa

HeckobKo paHbIle Mbl YKe BBISCHHIIH, YTO
JUTS ANIeKTPOHHOM 00paboTkH HHpOpMaLHK He-
0bxoauMo chopMHPOBATH MOTOKH 3JIEKTPO-
HOB M YNPABJISATH HMH C MOMOIIBK BHEMI-
HEro 3/MeKTPHYECKOro Bo3jeiHcTBHsA. Tak Kak
e KOHKPETHO OCYHIECTBIAETCHA TAKOEe BO3-
neiicreue B momynpoeoanuke? OHO OCHOBa-
HO Ha BO3MOXHOCTH CO3JIAHHS 3aMETHOI0O
qucia donoanumebkblx (A36bITOYHBIX MO OT-
HOIIEHHIO K 3JIeKTPOHAM W JBIpKaM, yke
HMEIOIIMMCH B TOJYNPOBOJHAKE TIPH 0OBIY-
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Puc. 9. IMpouecchl, BeaylllMe K YHHYTOKEHHIO H3IOBITOYHBIX (HEPABHOBECHBIX) HOCHMTEseH 3apsja.
a—9JeKTPOHBI B 30HE MPOBOJAUMOCTH M HEPABHOBECHBIC JILIDKH B BAJICHTHOH 30HE. 0 — pekoMOuHAINSA:
JblpKa 2 3axBaThiBaeT 7ekTpoH 2. Ocpoboxk/aeMas NpH 9TOM JHEPrHs MOXKET TPEBPALIATLCS B SHEPIrHIO
TENJIOBBIX KOJeOaHHil PEIIeTKH KPUCTAIA WIH BBIACIATHCA B BHIAC KBAHTA H3JIYYCHHA. ¢ 3aXBAT
INEKTPOHA TIYDOKAM ypoBHEM: CBODOAHBIH MEKTPOH 2 30HLI MIPOBOIMMOCTH HCYE3ALT, & YHCIIO JBIPOK
HC W3MEHMETCS. 2—3aXBaT [ABIPKH r1yDOKHM ypoBHeM: cBoOOJIHAS [IbIDKA 3 BAJICHTHON 30HBI MCYE3aeT,
HO HHCIO JMEKTPOHOB HE M3MEHAeTCs. d— pekomOMHaIMA 4epe3 riyOokuit ypoBeHb: OJIMH M TOT XKe
riyOOoKHil yPOBEHb 3aXBATHIBACT JJIEKTPOH 3 M ABIPKY 3.

HBIX YCIIOBHSX) CBOOOIHBIX HOCHTEIeH 3apsaaa.
Mx HasbiBaloT 0OBIYHO HEPABHOBECHBIMH HO-
cHTeISIMH 3apsiia. PaccMoTpuM renepanuio
HEPABHOBECHBIX HOCHTEJIEH 3apsia CHa4asla Ha
npoctom npumepe. Ecnu Bo3zeiicTBoBaTh cBe-
TOM ONpEesICHHOH UIMHBI BOJHBI HA MOJIY-
MPOBOJIHUK, TO 3JEKTPOH, TIOIJIOTHB OANH (ho-
TOH, OyAeT Bo30yk/eH U3 BAJIEHTHOH 30HBI B
30HY NPOBOJAHMOCTH, a B BaJICHTHOH 30HE
ocraHeTcs oAHA Owipka. B pesynbrate BO3-
HUKHYT H30BITOYHBIE SJEKTPOHBI M JIBIPKH
(puc. 9,a). DNEKTPONPOBOAHOCTH TOJIYIIPO-
BOJHHKA YBEJIHYMBAETCH, HO JHINb HA KO-
POTKOE BpeMs, TaK KaK MPOJAOJDKATEILHOCTh
JKH3HM HEPABHOBECHBIX HOCHTENeH 3apsia
orpanuyena. OHa ompeneisieTcsi MPOHCXO-

JAIAMHE B HOJIYTIPOBOJIHHKE MPOIECCaMH, KO-
TOpBIE HE 3aTYXaloT J0 TeX Mop, MoKa YHCI0
3JIEKTPOHOB H JBIPOK He Oy/IeT COOTBETCTBO-
BaTh HOPMAJILHOMY COCTOSHHIO —TaK HAa3bl-
BAEMOMY COCTOSIHHIO TE€PMOJHHAMHYECKOTO
paBHoBecHsA. HekoTophle M3 STHX NpPOLECCOB
noKasaHbl Ha pHc. 9. DNeKTpPoHBI, K IMpH-
Mepy, MOTyT 00paTHO BEepHYTBCS B COCTOS-
HHE BAJICHTHOM 30HBI, Il HAXOIUTCS ObIPKa
(puc. 9,6). B arom ciy4ae roBopsAT O pe-
KOMOHMHAIINH HJIeKTPOHHO-ALIPOYHONH HapHI.

PekombuHaunsa
HocuTenell sapapa

DNeKTPOH MM JbIPKA MOTYT TaKke OBITH
3aXBayeHbl INIyOOKUM YPOBHEM H OCTATHCH
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Ha HeM (pHc. 9,6 u 2). Ecimu TOT Xe camblit
ry0OKHi ypoBEeHb MOCIEIOBATENLHO 3aXBa-
TBIBAET JIEKTPOH U ABIPKY, pe3yJbTat Oyaer
TOT e, YTO M NPH PeKOMOWHAIMHU: DJIEKT-
POHHO-JIBIPOYHAS Tapa ucue3HeT (puc. 9,0).
Hepenko HMeHHO 3TOT Ipomecc, T.€. pe-
komOuHanms yepes rinybokue ypoBHH, orpa-
HHYHBAET BpeMsl KM3HH HEPABHOBECHBIX HO-
CHTeNel 3apsjia B MOJynpoBoaHHKax. Jlms
yBEIIHYEHHS BpPEMEHH JKH3HH HEOODXOIHMO
YMEHBUIMThL YUCIO IyOOKHX ypOBHEH, T.e.
NOJYNPOBOJHUK JOJDKEH OBITH XWMHYECKH
YHCTBIM H HMMETh COBEPIICHHYIO KpPHCTAJ-
mueckyro crpykrypy. Mmenno ot storo
3ABUCHT HE TOJILKO XOPOLIAs JIErHpyeMOCThb,
0 4YeM Mbl TOBOPHJIM BBIIIE, HO U BpeEMsi
KH3HH HEPABHOBECHBIX HOCHTeNIeH 3apsiia.
OnHako co BpeMEHEM Jaxe B CaMOM JIyd-
IIeM TMOJIYIPOBOJHHKE MCHE3aI0T OJHANKIbI
NOSABHBILMECA HEPABHOBECHBIE HOCHTEIH 3a-
pana. Ecim He ocBemaTh NpojI0/IKUTEILHOE
BpeMsl MOJIYIPOBOJHHK M HE T'€HEPHPOBATH
TakuM 00pa3om Bce HOBBIC 3JEKTPOHHO-/IbI-
POMHBIE Mapbl, TO JEKTPONPOBOJHOCTL HE
OyJeT npereprneBaTh [IMTENBHBIX H3MEHE-
Huit. OHa OymeT CHHKAThCS 1O BEJHYHHBI
TEMHOBOM MPOBOJIAMOCTH.

p-n-nepexoa.
MonynpoBoaHUKOBLIA anuoa

OnucaHHas reHepanyusi HEPABHOBECHBIX HO-
CHTeNIeH 3apsfa I1O0J BO3JEHCTBHEM CBETa,
OJIHAKO, HE HCHOJB3YETCS B MHKPOINEKTPO-
HHKe. MBI KOPOTKO paccMOTpelH ee Kak
NpHMEP CaMOT0 MPOCTOTO MexaHu3ma obpa-
30BaHMs HEPABHOBECHBIX HOCHTEJIEH 3apsja.
Jnsi MHKpPO3JIEKTPOHUKH 3HaYeHHe WMeeT
JIPYToif MexaHH3M, O KOTOPOM peub HOHIeT
ke, [TonyunTh AONONHATEILHBIE AIEKTPO-
HBl B TMOJIYIPOBOJHHKE p-THMA, B KOTOPOM
M3HAYAIBHO UMEeTCs MHOrO ABIPOK, HO Ma-
JIO 3JIeKTPOHOB, MOXKHO TYTEM YCTaHOBIIE-
HHUS KOHTAKTA ¢ MOJIYNPOBOJAHAKOM A-THIA,
AMerolMM D0JTbIlIoe YHCIIO 3NIeKTpoHOB. B
3TOM CJIy4ae TOBOPAT O p-n-nepexode. U3
TOJIyIPOBOJAHHKA N-THIIA 31EKTPOHBI Ough-
¢@iynoupyiom B NOJYNPOBOJHUK p-THIA, T.E.
MPOHUKAIOT B HEro BCJIEACTBHE CBOETO TEM-
JIOBOTO JIBMXKEHMS, MOJ0OHO TOMY, Kak 3TO
IenatoT MOJIEKYJBI rasa, NMpPOHMKAas B 9Ba-

KYHPOBaHHBIT cOCya'), ecl Ha MX MyTH HET
HUKakux mnpenarcTsuil. [lonynpoeomHuk
p-THIIA SBIISETCA BAKYYMOM U1 3JIEKTPOHOB
MOJIYIIPOBOJIHAKA #-THNA. B oTiinune ot Mo-
JIEKYJI Ta3a, OJHAKO, BPEMSsl KH3HH JIEKTPO-
HOB B TMOJIYNPOBO/HHKE p-THNA HEBETHKO.
Onu peKOMOMHHPYIOT C JABIPKAMH MOJIyNpO-
BOJHHMKA p-THNA. Yucio cBODOMHBIX 371EKT-
POHOB CTAHOBHTCH TeM MEHbIIe, YeM OoJee
[UTMTEIbHOE BpeMs HAXOISATCH OHH B MO-
JIYIPOBO/IHAKE p-THNA, B YACTHOCTH, YeM
OoJbille OHM YAANAIOTCA OT TOJYNPOBOJ-
Huka n-tuna. Jduddynaupys B cocenHio
06J1aCTh, 2IEKTPOHBI OCTABJISIIOT B MOJIYNPO-
BOJIHMKE #-THMA BOJIHM3H TIPaHHIBI C MONY-
IPOBOJIHUKOM p-THNA CJIOH, o0eaHeHHbIH
CcBOOOIHEIMH HOCHTEIISIMH 3apsa, KOTOPHIii
3apskaeTcs MOJIOKHUTEILHO. ITOT 0be/HeH-
HBIH CITOH HA3BIBAIOT TAKKe 0b1acmbvio 00s-
emnozo 3apada. Bo uibexanue Hepopaszyme-
HHi 3aMETHM, YTO MOJIOKHUTEIbHBINH 06beM-
HBIN 3apsaa B 0OEIHCHHOM CJIOE HE ABJISCTCSH
pe3yJIbTATOM HAJIM4Msi JABLIPOK KaK HOCHTE-
Jiel TOJIOKHTENBHOTO 3apsna (OBIpOK B
n-o0macTH p-n-nepexoja NPaKTHYECKH BO-
obme HeTr); 3TO «Iea0 PYK» HEMOIBHMKHBIX
MPUMECHBIX HOHOB — JIOHOPOB, TMOKHHYTHIX
anekTpoHamMu. C ob6paszoBannemM ob6beMHOrO
3apsaga B obeaHeHHOM 30He Bce Gombile H
Gonbmie sarpymnsiercs audysus apyrux
9MIEKTPOHOB M3 TMOJYNPOBOJHHKA n-THMA,
NOKa, HAKOHell, He OyaeT MepexouTh CTOMb-
KO 3JIEKTPOHOB, CKOJIbKO TpebyeTcs 11s nmoi-
JepKaHus yxke uMmeronierocs odbeMHOro 3a-
psaja B komnencannu pdexra pexkombuna-
nuH. Bee ckazanHOe B OTHOLIEHHH OH((Y3HH
EKTPOHOB IOJYIIPOBOJHUKA H-THIA B IMO-
JIyTIPOBOJHHK p-THIIA OTHOCHTCA U K JbIpKaM
NOJIYNMpoBOAHHKA p-THnA. OHM Takke mud-
(YHIMPYIOT «B COCEJHMH BaKyym», T.€. B
n-001acTb, 4YacTHYHO PEKOMOHMHHpYIOT, a
obpasyrommiics B p-o0iacTH oTpHIATENb-
HBIH 00BEeMHBIH 3apaja Bce Gonblne mpernsT-
CTBYET HX NalbHEMIleMy Mepexojy B MO-
nynpoBoaHuk n-thna. Mrak, Ha p-n-nepe-
Xo/ile OJTHOBPEMEHHO NPOTEKAIOT JOBOJILHO
CIIOXHBIE TIporecchl audipysnu, pexoMOuHa-

! DpakyupoBaHHBIM HA3bIBAETCA COCYJl, B KOTO-
POM TNOIEPKHBACTCA HW3KOE JaBJIieHHE rasa, B
npejene - pakyym.— [pum. peo.
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Puc. 10. YcranoBienue paBHOBECHOTO COCTOSHHMA Ha p—H-TIEPEXOJIE. @ BO3HHKHOBEHHE KOHTAKTa
MeRaY n- M p-obaactamu; 6 — uddy3us 2neKTpoHOB B p-06.1aCTh, a ABIPOK B n-061acTh ¢ 06pazoBaHHEM
0bnacTH MOTOKHATENBHOI0 00BLEMHOr0 3apAaa B n-00/1aCTH W OTPHUIATENBHOTO B p-06/1acTH; 8 — peKOM-
OnHAIMS IEKTPOHOB W ABIPOK B obyiacTH 06BEMHOro 3aps/ia; BO3HWKHOBEHHE B PE3yNbTaTe PEKOM-
Oupanun cios, 0OeTHEHHOTO TOABHKHBIMH HOCHTENIAMH 3apsfa, H JIOCTHXEHHE PABHOBCCHA.

i M obpasoBanus ob6beMHOTO 3apsja.
PaBHOBecHOE coOCTOSIHME, YCTaHABIIMBAIOILIE-
ecsi B TOM ciy4ae, Korja Bce TpH (dakropa
SABJISAIOTCA CcOANaHCHPOBAHHBIMH, MOKa3aHO
Ha puc. 10.

NHxxekuyua HoOcUTenen sapana

A 4TO NMpOM30MIET, eclH 3TO paBHOBECHE
HAPYLIHThb, TPHIOKHB K p—R-TIEPexomay
BHelHee Hampsokenue? SlcHo, 4YTO uepe3
nepexo/i HAYHET MpoTeKaTk TOK. Ho kakum
obpazom 3T0 Gyaer npoucxomuts? [oBOMNb-
HO cTpaHHbIM! B p-00nactu — maneko or ob-
nacTH o0BeMHOro 3apsana—Tok Oyner B oc-
HOBHOM ABIpOMHBIM. Ecimm k p-cnowo npu-
JIOKHTE TOJIOKHTEIBHOE BHEIIIHEE HAanpske-
HHe, TO JLIPKH TIOTEKYT HanmpaBo B 00iacTh
oObemMHOro 3apana M oTTyza Oymyrt mud-
(yHIMpoBaTh Janbiue B n-obnacts (puc. 11).
B Ttakom ciay4ae roBopAT 00 uHceKyuu
Hocumeaeli 3apsada. B n-o6nacTH  OBIpKH
BCTpEYaroTCs ¢ OOJBINIMM HHCIOM HMEIo-

LAXCS 3MEKTPOHOB H PEKOMOHHHPYIOT TaM.
W3 rnybunbl n-o61acTd MODKHO MOHOHTH
MOMOJIHEHHE, YTOOBI KOMIIEHCHPOBATE AeH-
[UT 3JIEKTPOHOB, BLI3BAHHBIH peKoMOuHaIN-
eif. B Teuenme ojHOI cekyH[bl B 0bJacThb
pexoMOMHAIMY MOCTYNAET CTOJBKO ABIPOK H
3JIEKTPOHOB, CKOJbKO PEKOMOMHHPYET TaM
3a TO XK€ Bpemi. Bce ckaszannoe o AbIPKAX,
MOCTYNHBIIMX M3 p-obnactd B n-obnacrs,
CIIpABENIIHBO B OTHOIUCHHH 3JICKTPOHOB,
nepemeiumux M3 n-obnacru B p-obnacts.
Onu pekOMOHHHPYIOT C JAbIPKaMH B p-obiac-
TH. B UTOTE YCTAHABIMBAETCS PE3yIbTHPYIO-
IIMH TOK, ABJISIOLIMNACS TOKOM pekoMOuHa-
IIHH, MNOCKOJBKY CHIA TOKaA ONpeacAcTCA
CKOpPOCTBIO peKOMOHMHALIMH 7JEKTPOHOB H
JIBIpOK. PexoMOHMHAILMSA NPOTEKAET CPaBHH-
TENBHO 61:161‘1)0, TAK KakK [JIA 3TOr0 HE Tpe-
Oyercsa Heprus; Hao6OpOT, IHEPTHSI MOXKET
ObITh maxe otnaHa. ITostomy Tok pekoMOH-
HAIlHH ABJIAETCA OTHOCHTEILHO CHJIBHEIM.
3ﬂ.eCI: MBI HMEEM NEJI0 CO CMEILEHHEM MTOTO-
KOB HOCHTEJIEH 3apsalia 4epes p—n-nepexon B
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Puc. 11. a—npwkenne HocuTenel 3apsja uepes p—n-nepexoji B NPONYCKHOM HampasieHuu. [wipkn,
NpoHMKalomue U3 p-obnactu B n-o0nacTs, W NEKTPOHBI, MPOHHKAOIME H3 n-001acTH B p-06nacTk,
pexoMOunHpyIoT. ToK, 0BYCIOBIEHHEIH BIKEHACM OCHOBHBIX HOCHTENICH 3aps/ia, HA3bIBACTCH TOKOM
pekoMOMHAIMM. § - BIDKEHHE HOCMTENel 3apsja 4epe3 p—n-Nepexojl B 3alHpaolieM HaNpaBICHWH.
JleipkH, nepeMernaronigecs B p-o61acTi BJAEBO, H IEKTPOHEI, NepeMelalonecs B n-obnacTu Bupaso,
JIOJDKHBI IOCTYIATh W3 061acTH o6beMHOro 3apsaaa. DTOT TOK Takxke 00YCIOBIIEH IBHKEHHEM OCHOBHBIX
HOCHTeJIeH 3aps/ia W HA3BIBAETCH TOKOM TEPMOTEHEpPAIHH.

OpsaMOM, TPONYCKHOM Harnpasienuu. [lo-
HHOMY OOCTOMT [eJio, ecliH K p-CJIOI0 TIpH-
JIOKEHO BHEIIHEE OTPHIATEILHOE HATPSIKe-
Hue. B sTom cnywae apipku B p-obnactw
OBHKYTCS HAJIEBO, a 3JIEKTPOHBI B n-o6iac-
TH—HanpaBo (puc. 11). 3a omHy cekyHmy
HAJIEBO MOXET NPOHTH CTONBKO IBIPOK, a
HAMPAaBO CTOJILKO 3JEKTPOHOB, CKOJIBKO 3a
9TO %€ BpeMs X TeHepHPYETCs Ha p—n-Tiepe-
xome. Tok, obycrnoBieHHBI# TPOLECCOM Te-
HEpaUHWH 3JeKTPOHHO-ILIPOYHBLIX Tap B Ie-
pexojie, Ha3bIBAIOT TOKOM Te€PMOTCHEPAIIHH.
leHepanus mpoTekaeT CPaBHUTENLHO MeJ-
JIEHHO, TaK Kak JUis Hee Tpebyercs sHeprus.
IMoaToMy TOK TepMOTeHEepallHi OTHOCHTEIb-
HO cnabwiii. B 9TOM cilyyae roBopsT 0 cMe-
IIeHHH TIOTOKOB HOCHTeNeH 3apsna wepes
p-—n-niepexos; B oOpaTHOM, 3aNUpaloleM
Hanpasinenun. Utak, nepexod nedicTByeT Kak
BeinpsmMuTeNs. [loaToMy ero M Ha3bIBAIOT
NOAYNPOBOOHUKOBHIM — GBINDAMUMENEM WA
MOJYIPOBOAHUKOBEIM auoaoMm. Ha puc. 12
CXEMAaTHYUECKH TOKA3aHO, KAK TOTOK HOCH-

TeJel 3apsija TeyeT MO LEMH TOKA C TAKHM
MNONYHPOBOAHHKOBBIM JHOIOM: B OJHOH 006-
JACTH OH OCYILECTBIISIETCS DJIEKTPOHAMH, B
Jpyroi — aeipkamMi. B Merannmyeckux mnpo-
BOJIHUKAX, COCQWHAIOUIMX JHOJ C MCTOYHH-
KOM HAanpspKeHHs, TOK, €CTECTBEHHO, MEPEHO-
curtea snekTpoHamu. B obomx mecrax koH-
TAKTA MEXIy METAJUIHYECKHMH TPOBOJIHH-
KaMH ¥ 00erMH 001acTAMH NOTYMPOBOJIHHA-
Ka TakXe BO3HHMKaOT oObeMHBIe 3apsasl. B
3aBHCHMOCTH OT BHA MeTaJlla ¥ MaTepuaa
NONYNPOBOJHMUKA 3[€Ch MNOABISETCH 0O-
JlacTh, 0beHEHHAN HOCHTEJISIMHA 3apsjia, Kak
9TO HMEET MECTO NpH p—n-Triepexojie, WiH
oboramennas umu. [Ipu oborameHHn KoH-
TAKT XapaKTepU3yeTcs XOpolleH, a T1pH
obe/THEeHNH — IJI0X0# 3IeKTPONPOBOIHOCTHEO.
B MHKPO3JEKTPOHHKE HHTEPEC MPeacTas-
ngeT obONajarolIMii XOpOHIeH 3JIeKTPOompo-
BOJHOCTBIO TAK HA3BIBAEMBIH «OMMYECKHID»
KOHTAKT TOJIYIIPOBOJHUKA € METAJLIOM.
Takoili KOHTAKT [gaeT KOMOHMHAIMSA aJo-
MHHHS ¢ KDEMHHMEM, CHJILHO JIETHPOBAHHBIM
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Puc. 12. [ToTOKM 2/MEeKTPOHOB M JBLIPOK B LENH
TOKA C p-n-TIEPeXo/ioM. 3/1ech NMOKa3aHbl TOJILKO
NOTOKH OCHOBHBIX HOCHTENCH 3apaja.

NpUMECAMH p- HIH n-THOA. DTO OjHA M3
NPHYHH TOrO, IOYEMY [UIS KOHTAaKTOB B
OOJBIIMHCTBE CAYYaeB HCHOJb3YIOT HMEHHO
AJTFOMHAHHH,

BunonapHeiii TpaH3ucTop

[Mpunnun paboTel Hunoaspuozo mpansucmo-
pa MOXHO OOBSCHHTH, OMHPASCH HA TE XKeE
SIBJICHHMS, KOTOpbie Mbl Habmomanmu B pn-
BRIIPAMHTENE. Y npn-TpaH3ncTopa OJHA
n-061acTh HAXOOATCS B KOHTaKTe C p-00-
JIACTBIO, 4 T4 B CBOIO O4epe/ib KOHTAKTHPYET
€O BTOpOIi n-ob6nacteio (puc. 13). 'naBHbIM
3/leChb, KaK Mbl ceHYac yBHIHM, SIBJISETCS TO,
YTO cpedHss p-0bnacTb OYeHb y3Ka H OTHO-
cuTesbHO ¢1abo JlerupoBaHa. pnp-TpaH3Hc-
TOP [OJIy4aeTCs 3aMEeHOH B npn-TPaH3HCTOpE
p- u n- obnacreit. Ha nmpakTuke npuMeHsIOT-
¢Sl TPaH3UCTOPbl 000UX BHIAOB; (hyHKIMH HX
CXOKH, HO B pnp-TPAH3UCTOPE HOCHUTENSAMH
3apsaja B OCHOBHOM SIBIIAIOTCS JBIPKH, a B
npn-TpaH3kcTope —dMeKTpoHsl. Tak kak B
KpeMHHH 2JIeKTpoHBI obnamaior Oosbineit
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Puc. 13. npn-tpaH3ncTop ¢ SMHTTEpOM, OOIIHM
JUIS JIBYX LieTei.

MOJIBHKHOCTBIO, 4€M JIBIDKH, TO B 60Jib-
IIMHCTBE CJIY44eB KPEMHHUEBLIE NPR-TPAH3HUC-
TOPBI NPEBOCXOAAT pnp-Tpan3ucTopel. Yro-
Obl paccMOTpeTb TPHHIHI JCHCTBHA npn-
TpaH3ucTopa, obpaTuMed eine pas k puc. 13.
B TtakoM TpaH3HCTOpE €CTh ABa p-—Rn-TIepe-
Xonma, T.e. m—p-Nepexoi cjieBa W p—n-me-
pexoa cnpapa. [TpunoxuM mosoxuTENLHOE
BBICOKOE Hanpsikenue Uy k npasoii n-obaac-
TH M OTpHIaTeNbHOEe Hanpsxkenue Uy K ne-
BO#l n-obmnactu. Ilycts Ha p-obmacts aeict-
ByeT HampsbkeHHe Uy, koTopoe Oonbiue Uy,
HO Menblie Ug. B pesynbrate Ha JieBOM
n—p-nepexojie Mbl IMeeM NPAMOE CMEILEHHE
(TpomyckHOe HanpaBleHHE), 4 Ha NPaBOM
p—n-niepexojie —obpaTHoe cMmeleHue (3ammu-
parolriee HanpasieHHe). DJIEKTPOHbI M3 HH-
KEKTHpYIOIEeH neBoi n-o6nacTH, Ha3biBae-
MO amummepom, MTAGHYHIAPYIOT B p-00-
JIacTh, Tie B HOPMANTbHOM cCllydae OHH Obl
pekoMOUHHpOBaH, eci OBl p-0bJacTs, T.e.
TaKk Ha3blBaeMas Ha3a, He ObLIA HACTOJBKO
Y3KO#, YTO 3JIEKTPOHBI YCHEBAKOT IPOCKO-
YHTh 4Yepe3 Hee He pekoMOmHMpys. Takum
obpa3zoM ymaercs n00HTBCS TOro, 4TOOHI
3JIEKTPOHBI MONAJM B NpaBylo n-ob1acte H
TaM MOCTYNaJM Ha 3ekTpo. [losTomy mpa-
BYIO n-00J1aCTh Ha3bIBAIOT KoLiekmopom. OH
cobupaeT HHKeKTHPOBAHHbIE U3 JIEBOH n-06-
JIACTH — HMHUTTEPA —ANEKTPOHBI. Paznnunble
ponu obeux n-obnacreil, koTopbie Oe3 npH-
JIOKEHHOI'O K HHM HANpSKEHUS COBEPIIEHHO
paBHONPABHBI, KOHEYHO K€, SBJIAIOTCH
CJIEIICTBHEM TOr0, YTO K NpaBoii n-obiactu
NPUIOKEHO TMOJOKHATEIHHOE HANPSDKEHHE, a
K JieBO# — oTpuiaTesbHoe. CoeIHHUM Tenepb
0a3y Yepe3 HCTOYHUK HATIPSDKEHHS U IIPOBOJI-
HUK C 3IMHTTEPOM, KAK 3TO TOKa3aHO Ha
puc. 13. Msl nojayyum e uenu Toka-—0Oa-
30BYIO M KOJUleKTOpHYI0. B 6a3zoBoii uenn B
TOK BHOCAT BKJAJ JIMIIb T€ 3JIEKTPOHbI,
KOTOPBIE, KaK MbI BHJICJIH B CJIy4ae ¢ IpsaMo-"
CMEILICHHBIM MEPeX0JoM (B HPONYCKHOM
HaupaBJIeHHH), pekoMOuHUpyOT B p-obnac-
ti. Ho u3-3a y3ocTH p-obnacTH HX O4eHb
mano. CneioBaTelbHO, BHIXOAAIINI H3 6a3bl
MOTOK 3JIEKTPOHOB O4eHb HeBeuK. bosnbinas
4acTh TOKA, MOCTYNAIOLIEro C IMATTEpa, Te-
4yeT yepe3 KosuiekTop (puc. 14). OgHako Mbl
3HAEM, YTO B TOK 4€pe3 p—n-Nepexol BHOCAT
BKJIa/l HE TOJILKO 2JIEKTPOHBI, HO U JBIPKH. B
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HAllleM KOHKPETHOM CJydae 9TO O3Ha4aer,
yT0 M3 0a3bl B 3MHUTTEP MOCTYNAET MOTOK
aeipok. OH  CYIIECTBEHHO MPEBBICHI GBI
CPABHUTENBLHO cHabbill MOTOK JJIEKTPOHOB H
cras Obl NPUYUHONH MOSABJICHHS B IEJIOM
OTHOCHTEJIbHO CHJIBHOIO TOKa B 0a3oBoi
nenu, ecim Obl ero He yAajnoCh yMEHBIINTH
kKakum-nmubo cnocobom. B GunomspHOM
TPAH3UCTOPE C ITOH Helbio cnabo JernpyroT
Oasy. B pesynbraTe KOHUEHTpAUUs JBIPOK B
Oaze sBiAeTCS HM3KOHM M H3 0a3bl MOXKeT
NOCTYNHATHL JIHIIL HeGONIBINOH MOTOK ABIPOK.
BuiBoa, caenanHbli BhIIE B OTHOHMIEHUH MO~
TOKa 2/IEKTPOHOB, OCTAETCHA CIPABEIINBEIM
H JUIs CyMMAapHOro NOTOKa 3JICKTPOHOB H
ABIPOK: OONbHIAs MacTh TOKA TeveT Mo KoJ-
JIEKTOPHOH M MeHbIIas —no 0a30Boil HenH.

Kakyro ke monb3y MOXKHO H3BJIEYb W3
Beero aroro? Ecm M3MEHHMTH HaNpsKeHHE
Mexkay sMuTTepoM H 6a3oil mpu nberosH-
HOM HaNpsKeHWH Mexay 0a3oi m KoJuiek-
TOPOM, TO H3MEHHUTCS TOK, HAYLIHIA OT SMHAT-
Tepa. 910 M3MeHeHHe B Ooublieil Mepe 3a-
TPOHET KOJUIEKTOPHYIO IEeMb W B MEHbIIEi —
6azosyro. Takum obpazom, nyrem HeGONb-
II0TO W3MeHEHHs TOKa B 6a30Boil Menu MoX-
HO MOJYYHTH 3HAYHTEILHOE H3MEHeHHE TOKA
B KOJUIEKTOpHO# uenu. B manHoM cmy4ae
TpaH3ucTop paboTaer Kak YCHIMTENb TOKA.
Ho rtak kak conmporuBienue 6a30BOH nenu
3HAYHTENILHO MeHbINe (IpsIMOCMENIeHHbI
p—n-TIEPEX0/I) COMPOTHBICHHS KOJUIEKTOP-
Holt menu (oOpaTHOCMElICHHBIH p—n-Tiepe-
xon), To W norpebnsemas B GazoBoil nenu
INMEKTPHYECKAsE  MOIMIHOCTh  3HAYHTEJILHO
MEHbIIIE, YeM B KoJulekTopHOi. B mrore ¢
MOMOILIBI0 HeOOIbINOI IMEKTPHUECKOH MOILI-
HOCTH B 0a30BOil HEMM MOKHO YNPAaBIATh
BEJIMYHHON MOIIHOCTH B KOJIJIEKTOPHOMH Ie-
mu. Ty ke (yHKIHIO B BAKYYMHOH 3JIEKTpO-
HUKE BBIMOJHAIOT TPEXIEKTPOIHBIE JIEKT-
POHHBIE JAMIIbI, IMHTTEP TPaH3HCTOPA CO-
OTBETCTBYET KAaTO/AY 3JIEKTPOHHOH JIAMIIBI,
KOJIIEKTOp —aHoay u Oa3a —ceTke.

CxeMa BKJIIOYEHHS TPaH3UCTOpA, MOKa-
3aHHAA Ha puc. 13, rae SMHTTEp COE/IMHEH C
Dasoif m KoJUleKTOpoM, a 0aza W KOJIek-
TOP —COOTBETCTBEHHO TOJIKO C IMHUTTEPOM,
HA3BIBAETCA CXEMOH ¢ ODIIMM SMHUTTEPOM.
Ona sBnAeTCA OHHOH M3 TPeX BO3MOMKHBIX
cXeM BKIIOYMeHHs Tpassucropa. Ecmm Tpan-

4-1131

Puc. 14. npn-rpanaucrop ¢ 6a3zoil, obwed mis
ZIBYX meneii. 31ech MOKa3aHbl HOTOKA JNEKTPOHOB
H [LIPOK, T.€. MOTOKH OCHOBHBLIX HOCHTENeH 3a-
paaa.

3MCTOP BKJIOYEH IO cXeme ¢ olumM Koil-
JNEKTOPOM, TO KOJUIEKTOp #ABJAseTca oOLIei
obnacreio mns obewx neneit Toka, a NpH
BKJIFOYEHHH 1O cxeme ¢ obmeit 6a30i Takoi
obnacteio cranosutes 6a3a. B MukposiexT-
POHHKE MPUMEHSIOTCS TAKKE TPAH3HCTOPBI,
obnanaromme aByms u Oojee H3OIMPOBAH-
HBIMH JIPYI OT JApyra SMHTTEpHBIMH obJac-
TaMu. B pesynsrare NOABASIOTCS Pa3sHOOO-
pasHble BapHaHThl cxeMm BroveHus. Cy-
LIECTBYET TAKXKe BO3MOXHOCTH MOJYYECHHS
TPAaH3HCTOPOB C HECKOJBKHMH KOJUIEKTO-
paMH.

C noMolpI0 TPAH3HCTOPOB MOXKHO OCY-
INECTBIIATH yBeAH4YeHHe HJIH mpeobpasoBa-
HHE 3NeKTpHYeckodl MomHocTH. B Muxpo-
37EKTPOHHKE TPAH3HCTOPBI ABIAIOTCH MPEK-
Jie BCEro YCHJIMTEILHBIMH nOpubopamMu C
pasIMYHLIMHA NPHUHIKANIAMHE YCHJICHHS CHTHA-
JIOB 3JIEKTPHYECKOH HPHPOIALI M HCIOIB3Y-
0TCA B KJIIOUEBBIX cxemax. Baxuo# xapak-
TEPHCTHKOW TAKOro TPAH3MCTOPHOTO KJIro4a
ABJIAETCH BpeMs, HeoOXoauMoe NS OJHOTO
HNEePEeKTIOYEHHSA H3 TIOJIOKEHHS «BKIIOYCHO» B
TOJIOKEHHE «BBIKJIIOMEHO» HIM Haobopor,
Kopoue roBops, Bpems 3aaepxkkd. UroOnt
TDOJIYYHTh NPEACTABJICHHE O BEJMMUHE Bpe-
MEHH 3a/IepXKKH OUIONApHOro TpaH3uCcTOpa,
paccMoTpuM caemyrommid npumep. Ilyers k
IMHTTEpY, Oa3se M KOJNIEKTOpY npn-TpaH-
3UCTOpPA NPUIOKEHBI ONpEIC/ICHHBIC IEKT-
pudeckue HampsbkeHHss Up, Uy m Ug. B
KOJUIEKTOPHOM HENH MOSABUTCA TOK OIpese-
nenHoi cunel. Ecnm manpsbkenue, npuiio-
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xeHHoe K Oase, Bospacraer no Upg + AUg,
TO CONPOTHBJIEHHE Kak JIEBOTO n—p-miepe-
XoJa, TAK H MPABOTr0 p—AH-MEPEXoja YMeHb-
IAETCS M B PE3YJILTATE TOK B KOJUIEKTOPHOM
uenu ysenuuusaercs. Ho mpu atoM Msl mo-
JIATaeM, YTO BO BPEMS MPOJIETA JIEKTPOHOB
uyepe3 0a3y HampsokeHHe Ha Heil ocraetcs
HeH3MeHHBIM M paBHbIM Uy + AU,. Cury-
anHs M3MEHAETCH, €CIH 3a 3TO BpeMs MpH-
JokeHHoe K 6aze HampskeHHE MEHSETCH.
Korpa oHO, HanpHMep, CHOBa yMeHbILIAETCS
no Ug, a 27IEKTPOHBI €Ille HE YCHEaH Mpo-
CKOUHTH 4epe3 ©0a3y, To Bei3BanHoe AUy
BO3pacTaHHE TOKA B KOJUIEKTOPHOM LETH He
TaK BEJHMKO, KaK MPH HEM3MEHHOM HampsiKe-
aua Uy + AUy,. Orcroga MOXHO chenaThb
BBIBOJ O TOM, 4TO 3(p(PeKTHBHOCTE MEPEKIIIO-
YeHHs TPAH3HCTOpA MaJiaeT, ecii KOMAaH/IbI
Ha nepeknroveHne B Gopme Gosiee BBHICOKHX
HJTH HU3KHX HanpsbokeHHi moctynaiot Ha Ga-
3y C MHTEPBAJaMH, KOTOPbIE MEHBbIIE Bpe-
MEHH, 3aTpavyHBaeMOro 3JIeKTPOHAMH Ha
nposneT uepes Oasy. Bpems zapmepxkkm T
TpaH3UCTOpa npeacTasnser coboil, TakuMm
obpazomM, Bpems, HeoOXxoauMOE [ TIpoJieTa
2JIEKTPOHOB 4epe3 Ha3y. [Toaromy craHOBUT-
csl sICHO: 4eM TOHbINe Ga3a, TeM MeHbIIE
Bpemsi 3ajiepxkku. J[lenaercs MOHATHBIM W
CTpeMJICHHE CHeNaTh KaK MOXHO TOHBILE
npexze Becero 6asy. Tem caMbIM MBI Takxke
JI0KA3aJId BBICKa3aHHOE B TUI. 2 yTBepxk/e-
HHE, 4TO C YMEHBIIEHHEM pa3MepoB MOy~
MPOBOJHHKOBBIX 3JIEKTPOHHBIX 3JIEMEHTOB
ux GsicTpopeifcTBHe Bo3pactaer. OpHeHTH-
poBo4yHO Bpemsi mponera T ckBo3b 6a3y
HHXXEKTHPOBAHHBIX AMHTTEPOM HOCHTEJeH
3apsjla JIETKO ONpElENnTh, 3Has Koapdu-
nueHT auddy3un 21exTpoHoB D H IMHPHHY
6a3sr b. B obimem ciyuae cnpaselIMBO BhI-
paskenne T ~ b?/D. Ecim 11s KpeMHHS LLIHA-
puHy ©Oa3bl npuHATH paBHOH 0,7 MEM
H  kodpdumment muddy3sun IIEKTPOHOB
50 cm?/c, TO BpeMms 3alIepKKH [UIS npn-TpaH-
sucropa coctasut T ~ 1071° ¢. Kosdpunu-
enT mu(QY3UH MeHee MOABHXHBIX MO CpaB-
HEHHIO C 3JIEKTPOHAMH [BIPOK B KPEMHHH
mouTH B 3 pasa Menbire. [ToaToMy H Bpems
3a/IepKKHA pnp-TpaHsucTopa B 3 pasa 60.b-
me, 4eM y npn-rpaHsucropa. Eme Gonee
BBICOKOH MOJABHXHOCTBIO TI0 CPaBHEHHIO C
3JIEKTPOHAMHA KpeMHHs 00JafaloT 3JIeKTPo-

HBl apceHnaa raumsa (GaAs). IMostomy u3
apceHHa TaJUIHS N-THNA MOXKHO H3TOTaBIIH-
BaTh CBEepPXOBICTPONEHCTBYIOIIAE pHp-TPAH-
3UCTOPHL.

Wtak, Tenepb Mbl B COCTOSHHH PAacCiH-
TaTh TPeOYEMYIO SHEPIHIO [UIS BBINOJHEHHS
OJIHOM OTIepaIlHHA MEPEKIFOYEHHs B HPpH-TPaH-
sucrope. Heobxoaumoe Ha 0HO MEPEKiIIO-
yeHne Bpems T clieiyeT YMHOXHTh Ha M3-
PAacXo/IOBAHHYIO NPH 9TOM 3JIEKTPUYECKYIO
MouHocTs P. B OGunonsipaoM TpaH3HCTOpE
npeobpa3oBaHue IEKTPHYECKOH MOIIHOCTH
ocymecrBiasierca B 6azopoil nenu. BoobGine
MOILHOCTh PAaBHA IPOH3BEICHUIO HANPSKE-
HHsl HA CHJIY TOKa. B HaleM KOHKPETHOM
NpAMEpPE CHJIA TOKA 3aBHCHT OT BEJIMYHHLI
TpaHsucTopa. YeM MeHbIIE TpPaH3UCTOP,
Tem cnabee BO3HHKAIOIIHE B HEM TOKH. B
HHTErpajbHBIX MHKPOCXEMaxX TPaH3HCTOPHI
pasmeratorea Ha maomamd 1000 mMkm? u
meHee. Cuia Toka B 6a30BOii llenu cocTas-
JIET BCEIO HECKOJBLKO MHKpoammep, a
Hanpsokenne —okosno 1 B. CremoBatenbHO,
MOIIHOCTL, HeoOXoaumas Ui MepeKIrove-
HHS, PaBHA TPOW3BE/ICHHIO OHOTO BONBTA
HA HECKOJIBKO MHKpOaMIep, T.€. HECKOIb-
kuM MuKpoBatTam. [lpu P=10"° Bt =
T = 10" '° ¢ nosrydaem sHepruio nepeksroye-
HE#, paBHylo 107° x 107'° Br:c=10"1%
Jx. DTo oveHb Mamas 3HEprus, KOTOpas,
O/IHAKO, He MMeeT Huuero obuiero c aeiicr-
BHTENLHBIM JHepronoTpeGieHneM TpaH3HC-
TOpa. DHEPro3aTpaThl B KOJUIEKTOPHOIl 1en#
ropasfio BBIILE.

Moneeoi TpaHaucrop.
MOTl-Tpanaucrop

Ilo cpaBHeHHIO ¢ OHIONSPHBIM TPAH3HCTO-
POM, O KOTOPOM MBI FTOBOPHJIA BbIIIIE, IPHH-
MM paboTel no1e6020 Mpan3ucMopa NpolLe.
B nHacrosmee Bpemsa 06a THIA TPAH3HCTOPOB
HAXO[AAT TPHMEHEHWS B HMHTErpalIbHBIX
mukpocxeMax. [lonesbie TpaH3HCTOPBI TIpH
3TOM BCTPEYAIOTCA Jaxe 4amie, 4yeM Oumo-
JIpHBIE, B YACTHOCTH B MHMKPOCXEMAX C BBI-
COKOJi CTENEHbIO HHTETPAIIMA H B HHTETPAJIb-
HBIX cxemax namsaTu. M3obperenne moneso-
IO TPaH3HCTOPA NPE/CTABIAET HHTEPEC U C
TOYKH 3peHHs McTopHH Hayku. Ero m3obpe-
TaJid Mo MeHbIIeH Mmepe Tpwxkasl. B 1928 1.
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Jlumendensm, a B 1930 r. Xeiin onucany, HO
HE peaJIn30BaJIH HAa MIPAKTHKE MOJIEBOI TpaH-
suctop. B 1947 r. llokmm H3roToBWI mo-
7eBOM TPAH3UCTOP, KOTOPLIH, OIHAKO, pa-
0oTan COBEpPILEHHO HEY/OBJIETBOPHTEILHO.
B mouckax npHYMH HEyJaYd M MyTeH HX
ycrpanenus bapmun w Bpoatreiin B 1948 1.
u3006penu ToueuHnlt TpaHsucTop. Cpa3sy
nocne storo Illoknn co3man GHMONAPHLII
TPaH3HCTOP, NPHHIMN paboTel KOTOPOTO,
PacCMOTpEeHHBIH HAMH BBIlllE, OCHOBaH HA
HCIIOJIB30BaHUH p—n-Tiepexonos. Ho mose-
BOW TPAH3HCTOP, MOJYYATh KOTOPBIH XOTEN
ok, nosBrics Juib B 60-¢ ro/bl, KOrga
€ TOMOILBIO YCOBEPILCHCTBOBAHHBIX METO-
OB BBIPAIIMBAHASA KPHCTAJUIOB YIaJoCh
obecnevuTs TOpasmo Gosiee COBEPILICHHYIO
CTPYKTYPY KPHCTAa/sla KPEMHHS, a CO3JaHHe
TUTAHAPHOH TEXHOJIOTHH JAaJI0 BO3MOXKHOCTh
copMHPOBATH HYKHYIO BHYTPEHHIOI CTPYK-
TYpY TpPaH3HCTOpA.

[NpuHnHNHanBEHAs CTPYKTYypa TOJEBOTO
TPaH3UCTOpa mNoka3zaHa Ha puc. 15. Ilomy-
MPOBOAHHKOBASA MOJUIOXKKA p- WITH n-THNA (B
nanbHeiem Mel GyieM paccMaTpUBaTh TO-
JIYIPOBOHHKH TOJILKO N-THIA) C OJHOM CTO-
POHEI MOKPBITA IHAJICKTPHKOM M MOMEIIEHA
MEXKIY OBYMS METaJUTHYeCKHMH 3JIeKTpoJa-
mu. Eciu k BepxHEMY 3JIEKTPOIY MPHIOKEHO
MNOJIOKHATENILHOE BHEIIHee HATpsKeHHe, TO
NIEKTPOHBI BTATHBAIOTCA B MOJYNIPOBOAHHK,
WITH, KaK TOBOPST, 3/IeCh UHOYYUPYIOMcA HO-
cuTeNH 3apsaa. Ecnm umcno wHAynupoBaH-
HBEIX 3JIEKTPOHOB CPaBHHMO C YHCJIOM CBO-
OOIHBIX 3JEKTPOHOB, HMEBIIHXCH B TMOJY-
NPOBOJHUKE [0 TOro, KakK 3JeKTpHYeCcKOe
HANpsKeHne ObLIO MPHIIOXKEHO, TO B HUTOTE
CONPOTHBJICHNE CYIIECTBEHHO H3MEHHTCS.

MonynpoRoaHMK

Puc. 15. lpuHunnuaibHas
TpaH3HCTOpA.

cxema MOoJIEBOro

4*

Tox B BepxHeii nenH Ha puc. 15 npaxTryeckn
paBeH HYJIF0, 4 3HAYAT, PABHA HYJIIO M 3aTpa-
YeHHAs B ITOW LEMH 3JIEKTPHYECKAas MOII-
HOCTB, TOT/Ia KaK B HIDKHEH nen# uaet 6osee
CHJIBHBIII TOK H 3J€Ch MOXKHO mpeobpa3so-
BaTh GOJBIIYIO 3EKTPHYECKYIO MOIIHOCTb.
Takum obpa3zom, nepea HaMH CHOBA OTKPBI-
BAETCA BO3MOXKHOCTE C MOMOIIBLI MEHbIIEH
INMEKTPHYECKOH MOIIHOCTH PeryjaupoBaTh
CYILIECTBEHHO OONBIIYIO, T.€. OCYIIECTBIIATh
YCHJICHHE HJIH TEpeKIIOYeHHe HNIeKTpHYec-
kM nyTeM. CaM NPHHIMI HACTOJIBLKO MPOCT,
HACKOJILKO CJIOXKHA €ro npakTH4Yeckas pea-
ma3anus. KopoTko ocTraHoBHMCA Ha ABYX
MoMeHTax. [IpuIOXHTE mMONOKATENBHOE
HANpsDKEHHE O3HA4aeT MOJaTh Ha IOBEPX-
HOCTB JM3JIEKTPHKA TOJIOXKUTEILHBIA 3JIEKT-
pudeckuii 3apsn, npHyeM dYem Oousblne 3a-
pAl, TeM BhIle HanpsbkeHHe. Ecim oT kax-
JIOTO aTOMa TIEPBOTO CI0si ATOMOB JHIJIEKT-
puka Mbl 3abepeM OIWH 3JIEKTPOH (T.e. Jo-
OaBHM TIOJIOKMTEILHBIH 3JIeMEHTAPHBIH 3a-
psil), TO TIOJIY4HM 3JIEKTpHYECKOe MOJie, Ha-
MIPSDKEHHOCTh  KOTOporo OyneT npHMepHO
COOTBETCTBOBAThH HANPSHKEHHOCTH 3JIEKTPH-
YECKOro ToJIs B aTOMe, T. €. okosio 10® B/em.
Ilpu paccrosHAM MeXIy aTOMaMH B TO-
BepxHocTHOM cioe 3- 10 % cm morpebyercs
ybpats okono 10'% snekTponoB ¢ omHOrO
KBaZpaTHOro cantumerpa. ToyHo Takoe ke
YHCJIO 3NEKTPOHOB WHIYIHPYETCA B MOJIY-
npoBonauke. IlpencraBum cebe momympo-
BOJHHKOBYIO IUIACTHHKY TOJIIHHON 1 MKM;
IIOJ TOBEPXHOCTBLIO IUIOmanbio 1 cm? paxe
6e3 NMpUIOXKEHHOr0 HANPAKEHUA 3ECh YKE
nmeercs okosro 10'° anexTponOB, ecnm KOH-
IeHTpAalUs HOCHTENEeH 3apsifa COCTAaBIsET
10'¢ cMm ™3, 9TO THNHYHO [UIS TOJIYIIPOBOJ-
HHKOB. UT0OBI ObecneMuTh HHAYIHPOBAHHE
1o KpalHel Mepe TAKOro YHCJia 3JICKTPOHOB,
KOTOpPOE PaBHO HHCIY YK€ HMMEIOLIHXCSH B
NOJYNPOBOAHHKE CBOOOIHBIX 3JIEKTPOHOB,
APHUILIOCE OBl NPHJIOKATE OTPOMHOE HANpSA-
xenue, pasaoe 10° B. U maxe eciu 65 910
yaanock CHENaTh, Pe3yNbTAT HE ONpaBIaj
OBl OKHOAHHIA: GONBINIMHCTBO HHIYIHPOBAH-
HBIX 3JIEKTPOHOB ObLIO OBl 3aXxBaveHO YIO-
MSHYTBIMH paHee NMPHUMECHBIMH YPOBHAMH,
KOTOPBIX O4€Hb MHOTO KaK pa3 Ha MOBEpX-
HOCTH, a MOTOMY JIMIlIb MAJIO€ YHCIIO 3J1EeKT-
POHOB oOcTaiMck OBl CBOOONHBIMH H CHO-



52 nasa 3

cOOCTBOBAJIM H3MEHEHHIO CONPOTHBJICHHS.
Hrtak, 3TUM nyTeM MOJIYYHTH peasibHbl MO-
JICBOH TPaH3UCTOP BPsi/ JH Bo3MoskHO. [Tos-
TOMY Ha NMPAKTHKE €ro KOHCTPYKIUS BBITJIS-
JIUT HECKOJIbKO HMHa4e. DTO BHIHO M3 CXe-
MaTHYeCKOro paspesa Ha puc. 16. Xapak-
TEPHLIM MPH3HAKOM 3/IeCh SABJISIETCS HATHYHE
JIBYX PacloJIOXKEHHBIX 3€PKaJIbHO MO OTHO-
IIEHHIO JpYT K Apyry p-n-nepexonos. Ecim
MeX1y JICBOH ¥ mpaBoii n-001acTsIMu IPHII0-
KHUTh HANpsOKEHHE, TO HE3aBHCHMO OT TO-
JIAPHOCTH OIMH M3 p—n-TNEPEeXojoB CMella-
ercs B OOpaTHOM HANpaBlIEHMH H B Bbl-
XOAHOI 1enu OyIeT MpoTeKaTh 0MeHb MaJIbIi
TOK oOpaTHOCMelleHHOrO nepexona. Tpan-
3ucTop 3anepT. Clenath ero TOKONPOBOS-
OHM MOMKHO € MOMOMIBLIO TPETBETO 3JIEKT=
poma, Tak HasbIBaeMoro 3atsopa. Meran-
NHYECKAH  3NEeKTPOA-3aTBOP OTHENAECH OT
NO/JIOKKH TOHKHM CIIOEM H3JIEKTPHKA; OH
pacnioyiaraercs Mexay AByMs n-obrnacTamu
Haj p-00NACThIO M CIHYKHUT [UIS MHAYIHPO-
BaHHSA NEKTPOHOB, O YeM MBI YK€ TOBOPHIIH,
paccMaTpHBas MPHHIHMIHAIBHYIO CTPYKTYDPY
MOJIeBOro TpaH3ucropa Ha puc. 15. Tonsko
Tenepb 9TH 2JIEKTPOHBI HHAYLUPYIOTCS B
HOJIYIIPOBOAHHUK p-TUMA, KOTOPLIA, KpoMme
TOTO, HMeeT 0OeHEHHYIO AbIpKaMH 001acTh
obvemuoro sapsia. Temepp MoxHO O6BLTO
OBl oxuAaTL ropasno Oossiuei addexTus-
HOCTH H OT HHAYIHPOBAHHBIX JJIEKTPOHOB.
OnHako ¥ B 3TOM ciy4yae MepBble HHIYIH-
pOBaHHBIE DJIEKTPOHBI HE Y4YACTBYIOT B Ie-
peHoce 3apsja: OHH PEKOMOMHUPYIOT € ABIP-
KaMH B p-00acTH, KOTOPBIE €Ile MMEIOTCs
Mexay obeumu p-n-obnacramu. Korma see
JBIPKM HCYE3al0T, HaibHelllee HHIyIMpOoBa-
HHE TIPUBOIMT K H3OBITKY 2JEKTPOHOB B
p-0obnacTH y TPaHHIB C AHIIEKTPHKOM.
3neck oOpasyeTcs TOHKHMIT KAHAII C 3JIEKTPOH-
HOMH 3JIEKTPONIPOBOIHOCTBIO, COEIHHAIOLIHIA
obe n-obmnactu cnesa u crnpasa. Ilo sTomy
KaHally 3JIeKTPOHBI MOTYT OeclpensiTCTBeH-
HO TIepeTeKaThs W3 JIeBOi n-obiacTh B mpa-
BYIO, €CIIH K NpPaBOH NPHIIOKEHO MONOKH-
TeabHOe Hanpsbkenue. Jlesyio n-obnacts Ha-
3BIBAIOT UCMOKOM, A TIPABYIO —cmokom. Ha-
JEYHe o0macTH, obsanaromieil 3JeKTPOHHOM
3JIEKTPONPOBOAHOCTLIO, B MOMYIPOBOIHHKO-
BOH TOMJIOKKE p-THNA HAa TEPBBIA B3I
YAHBATENBHO, HO 3TO JIErKO MOXKHO TOHSTE;

JIBLIPOYHOH 21eKTPONPOBOAHOCTEIO HOMYIIPO-
BOAHHK 00/IaiaeT TONBLKO B COCTOSHHA TEp-
MOJMHAMHAYECKOTO paBHOBecHs, T.e. 0Oe3
BO3JIEHCTBHS BHEIIHETO JIEKTPUYECKOrO MO-
ns. Ecnm ke, Kak 9TO NPOHCXOIUT B CiIydae ¢
3aTBOPOM, B MOJYNPOBOJHHKOBOH MOJIIONK-
Ke p-Tuna obpa3syercsi J1OCTATOYMHO CHIIBHOE
MOJIE, TO IHEPreTHYECKHE 30HBI OIYCKAFOTCH
H KOHUEHTPAIMS HOCHTENeH 3apsjia B HHX
u3MeHsieTcsi. JIbIpKH B BAJIGHTHOM 30HE MOJI-
HOCTBIO 3aMOJIHAIOTCS 3JIEKTPOHAMH, H 30HA
MPOBOAMMOCTH TAKKE YACTHYHO HACHILLACT-
¢S ANEKTPOHAMH. DTOT MPOLECC HA3BIBACTCH
uneepcuetl, a n-KaHaia B IOJYNPOBOIHHKE
p-THNA — HHBEPCHOHHBIM  citoeM. Hanpsoke-
HHE Ha 3aTBOpe, NpH KOTOpoM obpa3yetcs
HMHBEPCHOHHBIN CIOH, HA3BIBAETCA MOPO20-
abim Hanpancenuesm. B ciyvyae nmpeBbIIICHAS
MOPOTOBOrO HAMPSKEHUS 3anepThiil TpaH-
3HCTOP CTAHOBHTCS  3JIEKTPONPOBOIHBIM.
KoHCcTpyknus KpeMHHEBOTO TPaH3HCTOPA,
HCIIONB3YEMOTO B MHKPO3JIEKTPOHHKE, ITIOKa-
3aHa Ha pHUc, 16. [IM3IeKTpHKOM MO MOJIY-
MPOBOJHHKOBOH MOJUTOKKON p-THIA ABJIAET=
csa nByokuch kpemuus. [Tostomy u ropopsart
O MOJIEBBIX TPAH3UCTOPAX CO CTPYKTYPOW
METAJLI — OKCHJI — MOJYIPOBOAHUK  (COKpa-
mwerao MOIl-rpansucropser). Kpome MOII-
TPAH3UCTOPOB ¢ HHIAYIHPOBAHHBIM KaHAIOM
MOJIEBBIE TPAH3HCTOPLI MOTYT BBINOJHATLCS
C BCTPOEHHBIM KAHAJIOM B BHIE TOHKOIO
MPHIOBEPXHOCTHOTO  3aMHUpAIONIEro  CJIOs.
OnpHako B KpeMHHEBOH MHKPO3JIEKTPOHHKE
MOII-TpansicTopbl ¢ BCTPOSHHBIM KaHa-
JIOM MI'PAIOT JHIIbL BTOPOCTENEHHYIO POJib, H
MBI He Dy/eM ocTaHaBIMBAaTBLCH HA HUX 6O-
nee moapobHo.

Koncrpykuus onucannoro seie MOII-
TPAH3HCTOPA € HHAYIHPOBAHHBIM KAHAJIOM,

Werok Crok

3ateop

Puc. 16. KoHeTpykuus moneBoro  TpaH3HCTOpa.
HCIIOJIb3YEMOTO B MHKDO3JIEKTPOHHUKE.
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Puc. 17. Pasnuunsie THnel MOII-TpansucTopos.
HATPAKEHHEM Ha 3aTBOpE.

CcXeMaTHYECKH MOoKa3aHHAS Ha pHc. 16, ABa-
eTcsl L OJHOH M3 MHOTHX BO3MOXHBIX.
Taxoif TPaH3HCTOpP HA3BIBACTCH N-KaHAJb-
#eiM MOII-Tpan3ucTopoM. AHAJOTHYHO OH-
TOJISIPHOMY  TPAH3UCTOPY W 3[eChb 7 H P
MOJKHO TOMEHSITE MECTAMH, T.€. HCMOJB30-
BATb A-TIOIUTOXKKY, a 00JIACTH HCTOKA M CTOKA
BBIOJIHUTE C 3JEKTPONPOBOIHOCTBIO pP-TH-
na, MOJIy4¥HB, Kak MMOKa3aHo Ha puc. 17,6 u 2,
p-kanansueii  MOTII-TpansucTop. M306pa-
JKeHHble Ha puc. 17,a u 6 MOIl-rpan3ucTo-
pBl paboTalOT B TaK HA3LIBAEMOM peKHME

++++

Ciepa—6e3 HanpsyKeHHs HA 3aTBOpE, CHpapa-—cC

oboramieHus, T.e. B Cllydae TNPHIOKEHHS
BHEILHEI'O MOJOKHUTEILHOTO HAMPSUKEHHS K
3aTBOPY HOCHTENIAIMH 3apsiia oGoramaercs
n-KaHaJ, 4 OTPHIATENbHOrO—p-KaHall, W
TPAH3HCTOP CTAHOBHTCA AIIEKTPOTIPOBOS-
mmM. CyliecTByeT # IMPSAMO NPOTHBOMOJIONK-
Hag Bo3MOXHOCTh. OOoramieHne MoOXeT
POMCXOANTH 6e3 NMPHUIIOKEeHHs HAMPSHKEHHS
K 3aTBOpY (puc. 17,6 W 2) B n-KaHAJIHHOM
MOTI-Tpan3ucTope, HAampHMeEp BCIEACTBHE
MPHCYTCTBHA HOCHTENGH MOJOKHTENBHOIO
3aps/ja B NMOA3aTBOPHOM OKCHJE, MOJIHOC-



54 lnaea 3

TBIO HCKJIIOYHTH KOTOpPOE HEBO3MOXKHO IO
TEXHOJIOTHH M3TOTOBJICHHS, 4 B PEaJbHOM
p-kananbHOM monesoMm MOII-Tpansuctope
H IO ApyruM mpuuuHaM. B pexume obo-
raiieHus OTPHUATENLHOE HANpsKeHHE B
n- kananbHoM MOII-Tpaunsucrope (puc. 17,
8) M TOJIOKATENbHOe B p-kaHaisHoM MOII-
Tpan3ucrope (puc. 17,2) BemyT K yBenmue-
HHIO 06€IHEHHOTO C/I0A H YMEHBIIEHHIO TOJ-
IIMHBI KaHAla MEeXIY HMCTOKOM M CTOKOM:
NpH AOCTATOYHO GOJBINOM HATIPSKEHHH BO-
oble MPOHCXOANT OTCEYKAa KaHaJa—TOsB-
JsieTcs TOK 3anmpanus. B TakoMm ciydae
rosopar o MOII-rpan3ucropax, pabortaio-
X B pexkume obexnenns. M3-3a mpucyt-
CTBHS TOJIOKHTE/IBHBIX HOCUTENEH 3apsjia B
MOJI3aTBOPHOM OKCHJE n-KaHaibHele MOTI-
TpaH3ucTOpHl paboTaioT B pexnme obemHe-
HHs, 4 p-KaHaJbHBIe—B pexume oboraime-
HHSL.

AHanorudHO OHIOJNAPHBIM TPAaH3HCTO-
pam MOII-TpaH3ucTOpbl ABJIAIOTCA Hepe-
KJIFOYATENAMHE TEeKTPHYECKOTO TOKA € HIIEKT-
PHYECKHM ympapieHHeM. PaccMoTpuM 371echk
IJIABHBIE XapaKTEpPUCTHKH H TapaMeTpsl
9THX TepeKIoYaTeseil H mpexie BCero Bpe-
ms 3agepxku. Ecim npeanonoxurs, 4TO
Heobxomumoe s mepexmouvenus MOITI-
TPaH3MCTOPA H3MEHEHHE HANpPSKEHHs Ha
3aTBOpE MPOMCXOMMT MIHOBEHHO, T.e. be3
3a/IePKKH, TO BpeMs IMepeKJIIOUeHHus ormpe-
JleNfeTcs WHTEPBAJIOM BPEMEHH, HYKHOTO
JUIS TIpOJieTa HOCHTENS 3apsjia Yepes KaHall.
Ecnm pymBa xaHanma okono | MkMm, To Ha
MPOJIET 3aTPAvyHBAETCS HECKOJIBKO GHIUIHOH-
ueix (107'%) noneit cexymmbt. OnHako Ha-
1€ MpeinooKEeHHe O MIHOBEHHOM BO3HHK-
HOBEHHH HANPsUKeHHs HA 3aTBOpe He peaJiuc-
TH4HO. B Hem He yumThIBaeTcsa TO oOcTO#A-
TeNbCTBO, YTO HOCHTENH 3apsia JOJIKHBI
BCE-TaKH JOHTH IO 37eKTpoxa 3aTtBopa. He-
obxomumoe Ha 3TO BpeMs 3aBHCHT OT €M-
koctH 3atBopa C M CONPOTHBJIEHMA R mpo-
BOJIHHKA, COCQHHSAIOLIEro 3aTBOP C HCTOYHH-
koM Hampskenusas, Ecm Cx107'2 @ n
R~ 10° Om, To RC=10"? c, T.e. Bpema
TIePEKIIOYeHHs 3HAYNTENbHO Goblue npej-
nonarasmerocs. Kak mpaBmio, oHO coOT-
BETCTBYET (paKTHYECKOMY BpPEMEHH 3ajiepik-
ku T MOIl-Tpansucropa. Bnpouem, To ke
caMoe OTHOCHTCA W K OHNONSpHBIM TpaH-

sucTtopaM. M3-3a Gonpiumx nepesapsxae-
MBIX EMKOCTEH W CONpPOTHBIEHHI, Yepe3 Ko-
TOpBIE TNPOHMCXOOWT mnepe3dapsanka, MOII-
TPAH3WCTOPHI, Kak mpaBmio, o0najzaioT
MEHBIIHM OBICTPOIeHCTBHEM B CPAaBHEHHUH C
OunonspHEIME TpaH3ucropamu. Ho Tak kak
y MOII-Tpan3ucropa eMKOCTh B OCHOBHOM
onpeaenseTcs IUIOLIAbIo 3aTBOpa M ee
MOXXHO CHeNaTh TeM MeHbIle, YeM KOpoue
KaHaj, TO YMEHBIIATh BpeMS 3a/JePKKH
ClielyeT 3a CHeT COKPAILeHHS JTHHBI KaHAJIa.

PaccMoTpuMm Tenepb, Kak Bce 3TO CBS-
3aHO C MOIIHOCTBIO, PacxojyeMoil Ha Ie-
pexmodenne. Mur sunenn, uro MOII-Tpan-
3UCTOP MPEACTABIsAET COOOH pe3mucTop, yn-
paBJseMBlii HanpspkeHHeM Ha 3atBope. ITpe-
obpaszyeMasi MOLIHOCTb SBJISIETCA MPOM3BE-
NEeHHEM NPHJIOKEHHOTO K 3aTBOPY HANps-
KEHHS Ha BEJIMYHHY TOKA, MPOXOJALIEro 4e-
pe3 3atBop. Ecnm HanpsbkeHme Ha 3aTBOpe
MOYTH TaKoe ke, kak W B 0Oa3oBoil memw
OHMIONAPHOro TPAH3HCTOPA, TO B OTJIHYHE OT
NOCJEIHETD CHJIA TOKAa BO BPEMS CaMOro
NEepekIIOueH)s TMPAKTHYECKH PpaBHA HYJIIO
H3-3a CJIOH [AMAJIEKTPHKA MOJ JJIEKTPOAOM
3aTBopa. Bo Bpems nmepeksroueHns 3ToT TOK
ABJIAETCA 3apsAHBIM JUIA 3JEKTPOJa 3aTBO-
pa. Ho u oH Hacroneko Maj, 4TO pacxo-
nyemasi B MOII-Tpan3ucTope Ha mepexsito-
YEHHEe MOIIHOCTh Ha HECKOJILKO MOPAIKOB
MeHBbIIIe, YeM Y OHIOJIAPHOro TpaH3HCTOpA.

Jlo cux mop Mbl pacCMaTPHBAJIM TOJBLKO
MOIIIHOCTh, HEOOXoMuMyI0 [ MepeKIoye-
HHuA TpaHsucTtopa. Ho Beas m mo, uto ycu-
JIBAET TPAH3HCTOP, TOXKE ECTh 3JIEKTpHYEC-
Kas MOIIHOCTb, T.€. MOIIHOCTB, NpeoOpa-
3yeMas B KOJUIEKTOPHOI Ienu OHIOIsApHOTO
TPaH3MCTOpAa HJM B IENH HCTOKA —CTOKa
MOII-tpan3ucropa. B o6mem u nenom oHa
HAMHOTO OOJIbIlle MOIIHOCTH, PacXoAyeMoii
HAa NEpeKIoueHHe, a ee TOYHOEe 3HAYCHHE
3aBHCHT OT MNPWIOXKEHHOTO HANPMKEHUS H
npexk/e BCero OT BHAA CXEMBI, B KOTOPYIO
BXOJAT KaK TPAH3HCTOPHI, TaK M JpYrHe
3JIEMEHTBI TOJIYITPOBOHUKOBOMH 3JIEKTPOHH-
ku. BpeMms 3anmepxku Takke ompeaensercs
BHJIOM TpPaH3HCTOPHOI CcXeMHI H pabounm
HanpsokeHueM. [loTpebiienne MOITHOCTH H
BpeMs 3a/IepKKH B Kakoi-mubo cxeme BO-
ofme Henb3s CMEIIHBATH C MOLIHOCTBIO,
pacxoayeMoii OTAeNbHBIM TPAH3HCTOPOM Ha
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MepeKIIoYeHHe, H Ero BpeMeHeM 3aIepXKKH,
JUls KOTOPBIX BBIILIE MbI MPHBEIH OLEHKY.
IMocneanue SBAAIOTCS MUHAMAJIbLHBIMHA 3HA-
YeHHSIMH BpPEMEHH 3a[epkKH H motpebis-
eMOif MOLIHOCTH CXEMBbl, HHKE KOTOPBIX
ONYCTHTBCA YKe HeJb3s. DTH HapaMeTpsbl
[IAI0T BO3MOKHOCTH TIOJIYYHTH TIPeiCTaBiie-
HHE O TOM, HACKOJBKO IOJIHO MBI HCIOJIb-
3yeM CBOWCTBA QaHHOTO KOHKPETHOTO TPaH-
3UCTOPA B CXeME HJIM HACKOJBLKO 3((pexTHB-
HO¥ BOOOILE MOXET OBITH CXeMa ¢ KOHKPET-
HO B3ATBIMH Tpan3ucTopamu. Ha sddexTus-
HOCTH JIEKTPOHHBIX MHKPOCXEM MBI ellle
noapobHO ocranoBuMces B ri. 4. Onpako Ha
OCHOBAHHH BCEr0 CKa3aHHOTO BBILLE YiKe ceii-
4ac MOXKHO CHENaTh BBIBOJ O TOM, YTO
OunosispHbie TPAH3UCTOPBI AOJDKHEI NpHMeE-
HATBHCA B O4€Hb OBICTPOJEHCTBYIOIUMX MHK-
pocxemax. Ecim ke Ha nepejiHHit MIaH BbIC-
Tynaer He OwicTpozeiicTBHe, a Majioe ToO-
TpebieHHe MOIIHOCTH, TO TIPEANOYTEHHE
cnenyer otgate MOII-TpansucTopam.

Peaucrtopsl. KongeHncaropsbi

O3HaKOMHBUIHCE C TPAH3UCTOPAMH H MOIY-
MPOBOJHHKOBLIMH [AHOAAMH, MBI MOJYYHIIH
NpeACTABJIEHAE O BAXXHBIX AKTHBHBLIX JJICKT-
popagHo3NeMeHTaX, HCIONbL3YEMBIX B MHK-
pocxemax. O1HaKo, KaKk U3BECTHO, A1s cbop-
KH 3JeKTPOHHOH cXeMbl TpeOyloTcs Taxxke
Pe3UCTOPLI, KOHAEHCATOPBI W KATYIIKH HH-
AykTuBHOCTH. [TpHHIMI HeHcTBHA pe3HCTO-
POB M KOHAEHCATOPOB HAMHOI'O TPOIIIE, YEM
TPAH3HCTOPOB H Auoa0B. Her Hyx1bl ocTa-
HABIMBATHLCA Ha 3TOM JeTtanbHo. Ho copcem
HE TaK MpOCTa pean3alus THX NAaCCHBHBIX
3JIEMEHTOB B MOJIYIIPOBOJHHKOBOH 3JIEKTPO-
uuke. Cerogus uare BCEro BMECTO PE3UCTO-
POB H KOH/IEHCATOPOB MCIOJIB3YIOT TPAH3HC-
Ttopbl. Ecmm, Hanpumep, k Oase mpn-TpaH-
3UCTOpPA pa3 M HaBCErJa MPHJIOKHTH OIpe-
JleJIeHHOE OTPHIATENBHOE HANpsHKEHHE, TO
KOJUIEKTOPHASA LIEMb CTAHET PE3HCTOPOM €
JIOBONILHO OOJBIIMM CONpPOTHBIEHHEM. B
MOII-TpaH3uCcTOpEe 3aTBOP H NPOTHBOINO-
JIOXHBIA €My TaK Ha3bIBAEMBIH 3JIEKTPOJ
HOJYIPOBOIHHKOBOH MOJUTOKKH MOXKHO HC-
MOJB30BATH KaK OOKIAIKH, 4 MOJ3aTBOPHBIH
OKCHAHBIH CIOM—KaK H3014TOp KOHIEHCA-
TOpa H TAKUM MYTEM TOJIYYHTH OMNpeNeseH-

Hyl emkocTb. Kpome aroro, ojHako, B
MHKPO3JIEKTPOHHKE MPUMEHSIOTCS  HEmo-
CPE/ICTBEHHO CO3/IaBACMbIE PasHCTOPLl H
KOHZeHcaTOphl. [l/isi cOo3/1aHMsl pe3sNCTOpPOB,
HAamnpHMEp, MCHOJbL3YIOT MNOAYIPOBOIHHKO-
BBIif 06pa3eln, y KOTOporo B n-o61actn uMe-
ercsa nojocka p-tuna. Ilyrem moxnbopa pas-
MEPOB MOJIOCKH p-THNA MOXKHO TOJIYYHTH
HeoOXoauMoOe 3HaueHHE (B ONpeAeeHHBIX
npezenax) 3JEKTPUYECKOro CONPOTHBIICHHSA
pesucTopa MpH VCIOBHH, YTO 3amMparoOLHii
MOTEHIHal Ha n—p-miepexone obecrewuT
NPOXOKAECHHE TOKAa TOJNBKO MO MOJIOCKE
p-tana. [lnsg co3gaHus KOHAEHCATOPAa MOX-
HO BoOOIlE OTKa3aThCH OT JIEFHPOBAHHBIX
aKNEeNTOPHOH NPHMECBIO HCTOKA M CTOKa
n-xaHanpHoro MOII-Tpan3ucTopa u Boc-
MOJIL30BATECS TOJILKO 3aTBOPOM, MNOA3a-
TBOPHBIM OKCHIHBIM CJIOEM H CJIOEM MO-
JIyNIpOBOJHHUKA n-THMA, JIEKAIMM TOJ OK-
CHJIHBIM CJIOEM. 3/1eck MBI XOTHM yKa3aTh Ha
puc. 38 B 1. 5, HaA KOTOPOM IOKa3aHBI
BO3MOKHOCTH TIOJIY4EHHUS OMMCAHHBIX Pe3uc-
TOpPOB M KOHIeHcaTopoB. YUTo xke kacaercs
HHIYKTHBHBIX 3JIEMEHTOB, TO, MOCKOJBKY B
MHKPOJIEKTPOHHKE TIOKa eme He paspabo-
TaHbl CIOCOOBI MX CO3AaHUS B BHIE OT/EIb-
HBIX TOJYNPOBOAHHUKOBBIX NMpHOOPOB, NpH-
MEHEHHe HaxONAT JU60 KOCBEHHBIE METO/IEI,
B YACTHOCTH METO/I, OCHOBAHHBIIf HA HCMOJb-
30BaHWH OOpaTHOH CBA3H MeXay pasiiy-
HBIMH 2JIEMEHTaMH, COOpaHHLIMH B CXeMy,
6o MeTon noabopa cXeMOTEXHHYECKHX pe-
IIEeHUH, NPeyCMaTPUBAIOLIHUX MOJAKIIOYEHHE
JIOTIOIHATELHBIX BHEITHHX KATYIIEK WHIYK-
THBHOCTH.

OnToan EKTPOHHbIE MHOUKATOPDLI.
NMonynpoBOAHWKOBbBIE AATYUKW

O6paboTka uHGOPMAIHA B HMHTET PATHHBIX
MHKpOCXeMaXx —3TO €LIe HE BCE, 9TO BO MHO-
rux ciayuasx Tpebyercs Ha npaktuke. O6pa-
GaTpiBaeMylo MHKpocxeMol wHH(popMammuio
CHayajla HYXKHO MOJYYUTb, OCYIIECTBHB H3-
MepeHus, a pe3yabTaThl o6paboTku oTobpa-
3UTh ONTHYECKUM nyTeM. [l pemenus 3THx
3aja4, T.e. MOJy4eHHs] H OTOOpaXkeHHs HH-
(hopmanuH, HMEIOTCH COOTBETCTBYIOLIHE MO-
JIYITPOBOJHHUKOBLIE NPHOOPLL. 3/1ech penMy-
IIECTBO TIO CPAaBHEHHIO C JPYTHMH pelle-
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Puc. 18. a—npuniun paborel ceerommona; 6 —npuanun paborsl Goroanoaa.

HUSAMH 3aKJIIOYAETCS B TOM, 4TO TaKHe MpH-
6opel MOryT OBITH XOPOILO COTJIACOBAHBI C
MHKPOCXeMaMH, TAaKKe COCTOALIMMH H3 M0-
JIyNIPOBOIHMKOBBIX npubopoB. Kpome Toro,
BbiCOKOd(dekTUBHAS  MOMYIPOBOIHHKOBAN
TEXHOJIOTHS CYLIECTBEHHO YIEIIEeBUIa UX H3-
FOTOBJIEHHE.

Hapsany ¢ KUAKOKPHCTAJUTHYECKHMH HH-
JAKATOPAMH Uil ONTHYECKOTO MpeicTaBlie-
HHS 3HAKOB H CHMBOJIOB HCHOJIB3YIOTCA H
NOJIyIPOBOAHUKOBEIE ycTpoiicTBa. Tak ma-
3bIBAEMBIE TOHKOIUIEHOYHBIE JIEKTPOIIOMH-
HECIIEHTHBIE [HCIUIEH TEPEeMEHHOIO TOKa,
BBIMOJIHEHHBIE M3 JIETHPOBAHHOIO Mapram-
HeM cynbuaa MHKA, CIyXkaT 4g oTobpa-
JKeHHS KpynHbBIX OnokoB uH(popmamuu. s
npe/icTaBIeHus HHPOPMAIIAH B MajioM 00b-
eMe NPHMEHSIOT HHIAMKATOPHBIE NPHOOPLI
Ha cBeroauodax. B ceeroamomax wHcmosinb-
syerca 3ddext uznydarensHOl pexoMbuHa-
IHH 3/IeKTPOHOB M IBIPOK. DIIEKTPOH B 30HE
MPOBOJAMMOCTH MJIH HA TPHMECHOM YpPOBHE
PEeKOMOMHHPYET C ALIPKOI B BAJICHTHOM 30He
MM HA MPHMECHOM YPOBHE M MHpPH 3TOM
uenyckaetr (oton. YUrTobel Takoii mnpomecc
MOI' HENpEpPBLIBHO MOBTOPATHLCSH, Tpedyercs
NOCTOSIHHO MOJJEPXKUBATL YPOBEHb KOH-
HNEHTPallu| 3NEKTPOHOB M JbIpoK. B cBero-
IHOoJax U1 3TOr0 NPHKIANBIBAIOT HATIPSXKE-
HHE K NPAMOCMEIIEHHOMY (B IPOMYCKHOM
HamnpapJieHHH) p-n-nepexoay (puc. 18,a).
Takum obpazom, H3OBITOUHBIE 3JIEKTPOHBI
HHKEKTHPYIOTCS B p-00J1acThb, a H30BITOYHBIE
ABIPKH — B n-0611aCTh # peKOMOMHHPYIOT TaM
C OCHOBHBIMH PABHOBECHBIMH HOCHTEJISIMH
3apsAja, HCIYCKas BHOHMBIA cBeT. Takum
obpasom, 3fech ocylecTisercs npeobpaso-
BAHHUE JJIEKTPHYECKOH OHEPIHMHM HCTOYHHMKA
HATNPSAXKEHAS HETIOCPEACTBEHHO B CBETOBYIO.

Ecmm, maoGopor, obnyuaTh cBeTOM
p-n-niepexos, To GyHeT MPOMCXOMNTHL TeHe-
panus 2MeKTPOHHO-IBIPOYHBIX Nap, KOTOPHIE
CTaHyT pa3pymaThcs B 3NEKTPHIECKOM MOJIE
p-n-nepexona (puc. 18,6). Yepes p—n-nepe-
XOI HAYHET MPOXOIUTHL JIEKTPHUECKHH TOK,
BEJIMYHHA KOTOPOTO CHYXHT MEpOil HHTEeH-
cuBHOCTH cBera. Takoif TOIYNPOBOJHHMKO-
BHII npmbop HaszpBaercs dgiomoduodom. B
doTonmone mnpoucxoauT mpeobpa3oBaHHE
CBETOBOT'O CHTHAJIA B 3/IEKTPUYECKHId, KOTO-
phIf yxKe MoxHO 0bOpaborath HemocpemcT-
BEHHO B MHKpocxeMe. POTOAHOM —~3TO JIHITH
OIMH M3 MPHMEPOB MOJAYIPOBOAHUKOBBIX
npuOOPOB, HCMOMIB3IYEMBIX B MHKPO3JIEKTPO-
HHUKe 115 mosydenus uagopmannn. Muorma
HOJIYIPOBOAHAKOBEIE MPUGOPEL, peobpasy-
OIIIHE HEIEKTPHYECKHE CHTHAJILL B HIEKTPH-
YeCKHe, Ha3bIBAIOT  NOAYNPOBOOHUKOBLIMU
damuyuxamu. Takne JaTIYMKA yKe MPUMEHS-
IOTCS TSl A3MEPEHHs HE TOJBKO CBEeTa, HO H
JIABJICHHS, TEMIEPATYPhl WIH KOHIEHTpAIUH,
XHMHYeCKHX BemiecTB. MIX nmpuHnmn nencr-
BHSl CTAHCT MOHATEH, CCIIM BCIOMHHTL pac-
CMOTPEHHBIE HAMH BBIIIE MOJYTPOBOIHHKO-
Beie apdexrtsl. Ho va stom Mel He Gymem
ocraHaBiuBaThes Oonee noxpobuo. [Mpowus-
BOJICTBO M NPHMEHEHHE TONYNPOBOJIHUKO-
BBIX JATYHKOB, 32 MCKJTFOYEHHEM OMTOIIIeKT~
POHHBIX, B HacTosIlee BpeMs HAXOJUTCH B
HavansHOM cTaguu. OOHAKO Kak pas B 3ToH
obnacta Hameuaercs o4veHb OypHOe pa3Bu-
THE, TOCKONBKY peyub uieT o npubopax, 6e3
KOTOPBIX TMPHMEHEHHE MHKPOIIEKTPOHHUKH
BO MHOTHX CIIy4asiX CTAHOBHTCH HEBO3MOX-
HBIM. JlaTyuku npemgocraBisior uHpOpMAa-
A0, HeOOXOUMYFO [IJIsl MCTIOTB30BAHAS U3~
nienuii MUKpoanekTponuku. Hocurensmn un-
(hopMamnn ABNAIOTCS IMEKTPHYECKHE 3apsi-
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ael. Ux taxxke HeobOXoaMMO OTKyIa-To MO-
nyvaTh, HHAYE W3IETHS MHKPOJICKTPOHUKH
He cMOoryT pyHKIHOHHpOBaTh. 1151 35eKTpo-
MHTAHUS HCMOJIB3YIOT, HANPHMED, GBITOBBIE
CETH 3MEKTPOCHAOKEHHS WM AKKyMYJISTO-
pul. OIHAKO CYLIECTBYIOT MOJIYNPOBOJIHAKO-
Bbie MpHOOPEI, ciocoOHBIE AaBATH EKTPH-
veckyro sHepruio. Taxumu npubopamu AB-
JIAFOTCS COJTHEMHBIE JJIEMEHTBI.

ConHeuyHbie 3anemMeHTbl

Conneynslil 27eMeHT paboTaeT 1Mo TOMY ke
npuHIANy, 4ro U (oroauoxn. [Nagarommit Ha
HEro CBeT MOTJIOIIAETCH W HEelOCPEICTBEHHO

npeobpasyeTcs B 2JEKTPHYECKYIO JHEPIHIO.
CosHeyHble 7IEMEHTHI H3 KPEMHHSA, TIpexie
BCEIr'o M3 OTHOCHTENBLHO JIeIIEeBOro aMopHO-
IO KpEMHHS, CET'O/IHA MCIIONB3YIOTCS, B 9aCT-
HOCTH, JUIf DJEKTPOTUTAHHS MHKPOKAIIBKY-
JASATOPOB. :
O3HAKOMHBIIHCH C IPHHIANIAMHA paboThl
OCHOBHBIX 3JIEMEHTOB MOJIyNPOBOJIHHKOBOI
INEKTPOHHKH, TIPEKIE BCETO TPaH3HCTOPOB,
Mbl TIEpeHieM B CIEOyIOUIEH IjaaBe K pac-
CMOTPEHHIO TOTO, KAK C MOMOLIBIO CXeMHBIX
YCTPOHCTB, COCTOSALIHX M3 3THX 3JIEMEHTOB,
T. €. C TOMOIIbIO HHTETPAJTBHBIX MHKPOCXEM,
ocymecTBiseTcs oopaboTka mHGOpMAIHH.



4. dnekTpoHHaa obpaborka uHcpopmauuu

WndopManus HykI1aeTcsi B MaTepHaJIbHOM
HOCHTeJie. B 3IeKTpOHHKe Tako# HOCHTENb —
anexTpuyecknii 3apan. Madopmamuo Mox-
HO TIPEJCTABHTH B BAJE CHTHAJIOB JICKTPH-
YECKOTO TOKA MJIM HATIPSKEHHS pa3HO# BesH-
4UHBl NOJ0OHO ToMy, kKak B (ororpaduu
comepkaluascs B u3obpaxkennn HHPopMa-
M MPEACTABICHA PA3IMYHBIMHE TIOTHOCT -
MH novepHenus Qorobymarn. JlokanbHble
BAPHAINH [UIOTHOCTH M300paxenus Ha ¢o-
TorpadHiH MOXKHO [axe MpAMo npeobpazo-
BaTh B CHIHAJIBI 3JIEKTPHYECKOrO Hampske-
HHS, T.€. BO BPEMEHHEIE BAPHAIIHH 3HAYCHHMA
3JIEKTPHYECKOr0 HANPSDKEHHs, €CIH ¢ T0-
MOIBKO (HOTOAETEKTOPA CKAHHPOBATH H30-
opaxenne. [TonobHO ToMy Kak Ha (oToOY-
Mare MOTYT BCTPEYATHCS BCE BO3MOKHBIE —
€CTECTBEHHO, B OINpEeNIeHHbIX Mpeaeaax —
3HAYCHHs APKOCTH H300pakeHus, TAK H CHI-
HAJIBl 2JIEeKTPHYECKOr0 HANpPSKEHHS MOTYT
HMETh BCE BO3MOXKHBIE 3HAYCHHA HANpske-
HHsl. Bonbiioit spkocTH GYAET COOTBETCTBO-
BaTh BBICOKOE HANPSDKEHHE, 2 MAJION —HHU3-
KOE.

AHanoroBas
m undposana obpaboTka
nHpopmayumn

Wudopmanus, npencTaBleHHAS CHIHAJIOM
JEKTPHYECKOTO HATPSDKEHHS, aHA102UYHA
nepBOHAYaIbHON HH(pOpMalUMH, NpencTaB-
JIeHHOiT m300paxenneM Ha potobymare. O6
anarozosom npedcmagienuy  MHGOPMAIHMA
rOBOPAT BO BCEX TeX CIy4asx, KOrJa MepBo-
HavyaJdbHas HHOOPMAIMA HWMEHHO B 3TOM
CMBICJIE B TOYHOCTH TpaHCchOpMHpyeTcs B
CHTHAJIBI 37IeKTpHYecKoro Hanpsokenus. O6-
paGoTky uHGbOpPMAIMH, TPEACTABICHHOH B
(hopMe aHANOTOBBIX CHTHAJIOB 3JIeKTpHYeC-
KOTO HAampsKeHHs, HA3BIBAIOT aHA102080i

obpabomkoii ungiopmayuu. OHa HCHOIL3YET-
cs, K MPpUMEPY, B PajHo- U TEICBH3IMOHHOM
anmapatype. Hapany c¢ atum cymectByer
yughposas obpabomka urgopmayuu, 3aHAMA-
FOLIas COBEpPILEHHO ocoboe MecTo B MHKpO-
37IEKTPOHHUKE.

IMousTs, yTo N3 cebs npencraBiaseT und-
poBas obpaboTka MHbOPMALMH, HAM TTOMO-
XeT pHuc. 19, Ha KOTOPOM aHAJIOTOBBIH CHT-
HaJl 3JIEKTPHYECKOTO HANIPSKEHHS pa3OuT Ha
OTJeNbHBIE YaCTH, [UIS Yero BPEMEHHYIO OCh
pa3ieMIM HAa KOPOTKHE OJMHAKOBBIC HH-
TepBaibl. Kak # B My3bIKe, 3TH HHTEpPBaJIbI
Ha3bIBalOTCH makmamu. Ha xaxnoom Ttakre
INMEKTPHYECKOE HANPXKEHHE B  NEPBOM
NpUOIMKEHAH MOXHO PacCMaTpHBATh Kak
MOCTOSIHHOE MPH YCIOBHH JOCTATOYHO Ma-
oM TMpomoJuKHTEeNbHOCTH TakTa. Omnpepe-
JIEHHOE HANpsKEHHE, COXPaHAIOLLEECs Ha
OPOTSKEHUH POBHO OJHOIO TAKTa, HA3bIBA-
0T UMNnyabcom nanpaxcenusd. B Takom ciy-
Yae BeCh CHIHAJI JIEKTPHYECKOrO Harpsike-
HHS Ha pHC. 19 npuOIMKEHHO MOXHO pac-
CMATPHBATh KaK CIUIONIHYIO BPEMEHHYIO Ce-
PHIO HMITYJIbCOB HANPSIKEHHs Pa3IHn4HOM Be-
JTHYHHBI. AHanoropag obpaboTka madopmMa-
UM ONEPHPYET MOCIEJOBATEILHOCTAME (ce-
PHAMH) UMITYJIbCOB BCEX BO3MOXKHBLIX 3Ha4e-
Hui Hanpsokenud. [Ipu mudposoit obpabot-
Ke MHQOPMAIHH HCIOJIL3YIOTCA TOJBKO ABa
3HAYCHHUSA HANPAKEHHS — MUHHMAIbHOE, 000-
3HaYaeMoe HyJleM, H MaKCHMalbHOe, 000-
3HavaeMoe eaunuieit. Kaxayio anajaoropyio
CEpHI0 HMITYJILCOB TPHUOIMXKEHHO MOXKHO
pasJenuTh Ha 3HAYATENbHOE YHCIIO HH(pO-
BBIX CHTHAJIOB, KOTOpPbIE BMECTE B3SITBIE IIPH-
6mkenHo ortobpaxarorT Ty ke HHpopma-
IIHIO, YTO M AHAJIOroBasi Cepus MMIIYJILCOB.
Cnoco6 TpancopManum aHAIOrOBOM cepyn
HMITYJIbCOB B mH(poByro dopmy u mpose-
MOHCTpHpOoBaH Ha puc. 19. llkany nmanps-
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JKEHHil [eNAT Ha ONpeleNeHHOe 4YHCIO N
O/IMHAKOBBIX HHTEpBAJIOB (Ha pHc. 19 n = 3)
H JUIA KaXJI0TO M3 HHUX BBIIENAIOT OTHENb-
HBI NPOBOJHHK— /I TEPBOIO HHTEpBala
MPOBOMHKMK |, s BTOPOro —NPOBOAHHUK 2 H
1. . PacceMoTpuM Teneps Ha puc. 19 nepssiii
TakT. Tam nepBblii HHTEPBAll HAMPSIKEHHS
MEPEKPBIT HMIYJILCOM, a BTOPOH M TPeTHH
cBobozansl. [TosTromy B mpoBoanuk | nogaet-
Csi MMITYJIbC, COOTBETCTBYIOLIMI eIWHHIE, a
B 06a Apyr#x NpOBOIHMKA —HMITYJIBCBI, CO-
oTBeTcTByIolIMe Hymo. Ha Bropom Takre
NepBbIii HHTEPBAJl 3aHAT MOJHOCTHIO, BTO-
poM —4acTU4HO, a TpeTHuit ceoboaen. B sTom
ciydae MMITYJIbC, COOTBETCTBYIOIINN eIHHH-
e, TOCTYNAET B NEPBbIH U BTOPOi MpPoOBOA-
HHKH, a HYJECBOH HMIIYJILC—B TPeTHH. ITO
MOBTOPSAETCS N0 BCEM TPEM BPEMEHHEIM TakK-
TaMm. B uTore mosBnsieTca n-e YMCIO cepuii
HMITYJILCOB, COCTABJICHHBIX TOJILKO W3 €lIH-
HUIl H HyJeil. AHAJOroBas CepHsi HMIYJb-
COB, OJHAKO, JHIIL NPHOIH3HTENLHO OTO-
Opaxaercs nUPOBEIME CHTHANIAMH, TAK KaK
9JIeKTPHYECKOE HATPSUKeHHE OIHCHIBACTCH
n-9MCIOM  OWCKpPeTHbIX 3HaueHwid. [lo-
I'PELIHOCTE OT OKPYIJIEHHS TEM MEHbIIIE, YeM
MefbYe ceTKa, HaKJiaJblBaeMas Ha MepBOHa-
YaJIbHYIO aHAJIOrOBYIO CEPHIO HMIIYJILCOB.
OnHako OAHOBPEMEHHO YBETMYMBAETCSA KaK
YHCJIO Pa3/IMYHBIX CEPHH HMIYJIBCOB, Tak H
YHCI0 MMITYJILCOB B KaX/0H OTIENBHON ce-
pHH, KoTopble 06pabaThIBalOTCA 32 €IUHHAILY
BpPEMEHH, HATIPUMEpP B TE€UEHHE OIHON CEKyH-
[ibl. YBenuYeHHe TOYHOCTH BIiedeT 3a coboit
NOBBLIILIEHNE 3aTpaT Ha HudpoByro obpaboT-
Ky. Jlns nonyvyeHus BBICOKOH TOYHOCTH NpH

Hanprmerue

]

anasiorosoii o6paborke undopmanun Tpedy-
IOTCSl CXeMHBIE 3JIEMEHTBI BBICOKOTO KayecT-
Ba. B wacTHOCTH, OHM IOJDKHBI OONamaTh
OYEHb XOPOILUeH JHHEHHOCTBIO, T.€. MEXIY
H3MEHEHHAMH HATPSHKEHWS HA BBIXOIE 2Jie-
MEHT4 M Ha €ro BXOJE JOJDKHA CYIIECTBO-
BaTh TOYHAs JIMHEHHAsd 3aBHCHMOCTB; B MIPO-
THBHOM Cily4ae Ha BbIxox Oyner mnojaHa
Hckaxennas uHpopmamma. Lndposas dop-
Ma o6paboTku uHGOpPMAIMK B LEJIOM ABIIS-
ercst bonee HaNEKHONH M MeHee IMOIBEPKEH-
HOIf HCKaKEHHAM BCJICJICTBHE HECOBEPILIEHCT-
Ba OTAEJBLHBIX 3/1eMeHTOB. OIHAKO 1OCTHTA-
eTcA BCE ITO MYTEM HCHOJIb30BAHUS 3HAYH-
TENLHO OOJILIEro YHC/IA 3JIEMEHTOB, HEXKEIN
Ipd aHanorosoi obpaborke. Ecim jxe Takux
3JIEMEHTOB HEIOCTATOYHO MHOTO, TO MO CKO-
poctu uudpoas obpaborka HHPOpMANHH
yerynaer ananorosoi. Lludposoi crnocob
no3pojser Joburbes Gosee BBICOKOH TO4Y-
HOCTH ¥ HAJIe)KHOCTH, HO LIEHOH YBeIHYCHHS
yucna anementoB. Ilpasma, ans mukpo-
JNMEKTPOHHKH 3TO He #ABNsgeTcS 0ocobOeHHO
crIoXHO# npobiemol, H6o pa3sMecTHTL Ha
MHUHAMAJIbHOH TUIomaaM o4eHb Gosbiioe
YUCJI0 HE CIMIIKOM TOYHBIX, 3aTO MHHHA-
TIOPHBIX, OBLICTPOJIEHCTBYIONIMX W JIEIIEBBIX
37IEMEHTOB—3TO KakK pa3 TO, Ha 4TO OHAa
cniocobHa. B onpeneneHHOM cMeicie mH(po-
Bag obpaboTka HHpOPMALIMH H MHKPO3JIEKT-
pPOHHMKAa HCKal® M Hauum apyr apyra. C
MIOMOIIBI0 MHKPOJJIEKTPOHHKH BBICOKOE Ka-
4ecTBO HeDOJBIIOTr0 YHMCIa BBICOKOTOYHBIX
onepanmii 06paboTkn HAGOPMAIHE MOXKHO
3aMeHATH GONbIIMM 4YHCIOM OBICTPBIX, HO
He TAaKMX TOYHBIX onepauuii. [Tomexn u3BHe

Hanprxenue

3

BpemA ——-

Bpema ——e=

Puc. 19. Tlpeobpa3opanne aHANOrOBOH CEPHH MMIYJILCOB B IM(pPOBYIO M Ha0DOpOT.
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WM U3 caMoii oOpabaTeiBaronieil CHCTEMBI
mudpoBoit cnocob o6paborkn uHbDOpMAaIHH
«IEePEHOCHT JIErye, 4eM AHAJIOTOBBLIM.

OeounuHasa cucrema cuucneHus

Hepenko mnepBoHauanbHass —uHOOpMALHA
WMeEeTCs He B aHajoroBoi ¢opme, a BwIpa-
JKEHA Yepe3 NPHBBIMHYIO HAM NECATHYHYIO
CHCTEMY CHHMCJIeHHs, OYKBBI H IPOYHE CHMBO-
nbl. YToOBI H B 3TOM ClTydae ee MOXHO OLIIO
obpaboTaTth B BHIE HMIYJILCOB, COOTBET-
creyrommx | u 0, Bce 3TH 3HAKH ¥ COCTABJIEH-
HbIE U3 HHX HENOYKH NpeIBAPHTEILHO HE0D-
X0auMO Tpeo6pa3oBaTh B TaK Ha3bIBaeMBbIe
ABOWYHBIE yHcna. Huke MBI paccMOTpHM,
4TO JKe npeacrasiuser coboif ABoOMYHAS CH-
CTeMa CYHCIEeHWsl H KaKoe 3HA4YeHHe OHa
umeet A o6paboTku uadopmanuu. [Mones-
HO BCTIOMHHTB, KaK YCTpOeHa oObIMHAS HAIlA
JlecsITUYHAS cucTeMa cuncienus. Ee ocHopa-
Hue = 10, T.e. ans npexpcraBieHHs Moboro
yiciaa HeoOXOoAMMO HMETh eciTb CHMBO-
noB—uup. Yucno MOXKHO 3ammcaTh, HC-
MONIb3ys CTENEeHH OcHOBamuA, T.e. 10" !: B
nepsoMm paspsne 10°= | (eaunnna), Bo BTO-
pom 10 = 10 (necats), B Tpethem 10%2= 100
(eto) u 1. 0. Yernipex3naunoe yncino 6347 B
JeCSTHYHOM chcTeMe MOXKET OBITH MpencTaB-
JEHO pa3sBepHYTOH 3amuceio  6-10%+ 3+
1024 4-10'+ 7-10° [Ipowunas cucrema
MOCTPOEHA AHAJOTHYHO [JECATHYHOH, HO
TOJMBKO 3MeCh [UIsl 3amMMCH Jro0Goro w4mena
HCMOJB3YIOTCS CTENEeHH OCHOBaHMSA 2, T.e.
2" ', C uomommio Beero mByx muadp-
HYJAd H EIMHHIILI—B 3TOH CHCTEME TaKkKe
MOKHO 3alHCBIBATE 4HCIA JHODOH BeJIHYH-
Hbl, CKI4JbIBATL HX, YMHOXaTh, OENHMTh H
T. 4. Yerbipex3naunoe aponynoe yucio 0101,
Takum obpasom, Oyager o3HaAYaTh 0-23+
1:2240-2'+ 1-2°= 5. MakcumasbHOE He-
THLIPEX3HAYHOE YHCIIO, KOTOPOE MOXHO cebe
NPeJCTaBUTL B ABOMYHON CHCTEME CYHCIIe-
HHs, 370 1111 = 234 224 2! 4 2°= 15, Yto-
sl cocuntaTh g0 2'°— 1 = 1023, Tpebyercs
JIECATH3HAYHOE JBOWYHOE HYHCIO, 4 JI0
220 1 = 1 048 575 - gBaAUATH3HAYHOE.
Kaxnoe 4ncio MoxHO W300pa3uTh Kak B
NECATHYHOM, TAK M B JBOHMYHOH CHCTEME.

XoTs B IBOHYHON CHCTEME KOJIHYECTBO pa3-
psanoB Gofbile, 4eM B HECATHYHOM, 34TO
MEHBIIIE CHMBOJIOB—IH(pp, T.e. OBe, a He
JIECHATE.

[IpenmyiecTBO ABOWYHOM CHCTEMBI MO
CPaBHEHHIO C [ECATHYHOW 3aKIIOYaeTcs B
TOM, 4TO B JABOMYHOI CHCTEME HCIIONb3YETCs

'MEHBbIIIE 3HAKOB. Hecmo*rpa Ha 3TO, HOBO-

HYHAs CHCTeMa Bce ke He ollajaer HaW-
MEHBIIIHM KOJHMYECTBOM 3HAKOB, KOTOpOE
MOXKHO [OJIYYHTh, HCIOIb3YA B KavecTBe
ocHoBaHus ¢ = 2,718. Onnako Goiblnoe 3Ha-
YeHHe MPUAAIOT TOMY, 4YTOOBI OCHOBaHHE
Ob110 MpejicTaBaeHo NeabiM yuciaoM. C aToil
TOYKM 3peHMsl HAMJIYYIIMMH KAHAMJIaTaMH
SBIIAIOTCS uHCHA «IBa» H «TpH». OmgHAKO
H3-3a yno0CTBa NPHMEHEHNS B JIEKTPOHHBIX
cXeMax NpeanoyYTeHne OTAAeTCA ABOUYHOI, a
HE TPOMYHOMH CHCTEME CHHCIICHHS.

Hrak, 3a00HO MBI BBISICHHIH, NOYEMY
nudposast obpaborka mHpOpMAUMH, IO
onpeJeneHHio Bpoae Obl MMeromas Jelo ¢
«udpamu», T.e. JUCKPETHBIMH 3HAKAMHM
moboro poja, ONEPHPYET HCKIHOYHTEIBHO
JBOMYHBIMH 3HAKAMH.

HecMoTpsa Ha uHGOpMaHOHHO-TEOPETH-
YECKOE IMPEBOCXOJCTBO ABOWYHOW CHCTEMBI
HaJ AeCATHYHOH, 0 yem Brpouem [, B. Jleid-
HUI mHcas eme B 1679 r., npu BBINOJIHEHHA
MALUMHHBIX BBLIYHCIICHUH OT mociefHel mo-
HOCTBIO BCE JKe He OTKa3biBaloTcs. B kKoHewu-
HOM HTOr€ IPHYMHA 3aK/IIOYAeTCs B TOM,
YTO HA PYKax Yy 4eJOBeKa HMEeTCs JeCSTh
NajblleB H BCA MCTOPMYECKAs MaMATH €ro
HEpPa3phIBHO CBfA3aHA C JECATHYHOH CHCTE-
MOH cuMcaeHus. MeHHO Mo3TOMY JecsaTHY-
HYIO CHCTEMY HCNONB3YIOT BCIOAY, T Tpe-
OyeTcs yCTAHOBHTB C Y€JIOBEKOM KOHTAKT, B
YAaCTHOCTH MPH BBOJAE H BBIBOAE HAHHBIX.
BuyTpH cucTemsbl 37eKTpoHHOH 06paGoTku
HH(OPMAIHK ONEpAIiK CYeTa, KaK MPaBHIIO,
OCYLIECTBJISAIOTCA € ABOHYHBIMH YHCIIAMH.
CBA3YIOIMM 3BEHOM MEXKIy BHEIIHEil mecs-
THYHOH M BHYTpeHHe#l IBOMYHOH (hopMaMu
TIPEJCTABJIEHHS YUCEST CTYKHUT TAK Ha3biBae-
MO€ [IBOHYHO-KOAHPOBAHHOE IECATHYHOE
npeiCcTaBlIeHHe, T.€. BbLIpAXKEHHE OEeCATHY-
HBIX YHCE] B JBOHYHOM Kone. s kaxmoi
JlecaTHIHON MU pBI TpebyeTcs YeThIpex3Hay-
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HOe JIBOMYHOE YHCIIO, TAK Ha3plBaeMas TeT-
pana:

0=0000, 1=0001, 2=0010,
3=0011, 4=0100, 5=0101,
6=0110, 7=0I11, = 1000,
9 = 1001.

3aKoIMpOBAHHOE B IBOMYHOM KOJE YHC-
o 2536, cormacHo 3TOMY, OyIner MMeThb
cnenyromyto  ¢opmy 3ammcn: 0010 0101
0011 0110. Toneko mocie ABOMYHO-KOIHPO-
BAHHOTO ACCATHYHOTO NPEACTABIICHAS Iecs-
THYHOE YHCIO CTAHOBHTCHA MPHIOIHBIM U5
obpaboTku B mpposoit IBM. Taxoe npeob-
paszosanne DBM ocyiuecTBasieT camMocTos-
TEeNbHO, W MOJIL30BATENb 3TOTO HE 3aMEYdeT.
3aTeM MBOMYHO-IECATHYHOE HHCIIO BHYTPH
9BM B OONBIIMHCTBE CIAYyYaeB MEPEBOIHTCS
B YMCTO [BOMYHOE YHCIIO, H JHINL [OCI]e
3TOr0 MOTYT OBITH HAYATHI BEIYMCIHTEILHBIE
OMepalnuy, Pe3yIbTaTOM KOTOPBIX TAKKE 5B-
nAeTcs ABowvHoe uucno. ITpu Beijade mau-
HBIX €I'0 CHOBA HY)KHO TIPE[ACTABHTH B JIBONY-
HO-JIeCTHYHOH (opMe, HUTO Takxke oOcCy-
HIECTBJISETCA ABTOMATHYCCKH. IBOHYHO-KO-
JIHPOBAHHOE JECATHYHOE npenc*rasne};me HE
HCYEpPBIBACT BCE BO3MOKHOCTH, MPEIOCTaB-
JIeHHbIE KOMOMHAlMeH W3 4YeThbIpeX 3HAKOB
JBOMYHOTO YHCIA.

B Tak Ha3sIBaeMoil wecmiadyamepuunoi
cucmeme CYHCIICHHUS [UIA 9TOTO TOMHMO JIe-
cATHMHBEIX H(p 0-9 GepyT emme 1ecTh mep-
BBIX TPOMHCHBLIX OYKB JIATHHCKOTO aliaBH-
Ta: Ay B E Dy EoF (A =10Bi= I C=12]
D =13, E=14, F =15). B mecrraamuare-
PHYHOH CHCTEMe WYHMCHa 3amuchIBAIOT, HC-
TONIb3ys CTeNeHb OCHOBaHWA 16, T.e. B mep-
BoM paspsaze cnpasa 16°= 1, Bo BrOpOM
16!, B Tpersem 167 u T.1. B menax omo-
3HAYHOTO ONPeAeSICHUS CHCTEMBbI CHUCIICHHS
nepe/ MeCTHAIIaTePHYHBIM YHCIOM CTABHT-
¢ ycloBHoe obosHavenme posutapa $. 3a-
muck $7F3, nanpuMep, o3HavaeT mecTHaA-
TEPHYHOE YHCIIO

7-1624 15-16 + 3-16%= 2035.

OOun pasps UIECTHAANATEPUYHOTO HHCIIA
COOTBETCTBYET uembipesi JIBOMYMHBIM pa3ps-

JaMm, T.e. ogHoi Terpazae. [losromy mBouu-
HOE YHCJIO JIETKO NEePeBOAMTCS B IIECTHAIIA-
TePHYHOE: ABOHYHOE MUCIIO TpedyeTcs JIHMilb
TOMIEJIATH CIpaBa HAJIEBO HA TETPAdbl W
KaXkIyl0 W3 HHX 3aMEHHTb COOTBETCTBYIO-
el mecTtHaauaTepu4yHo nHdpoii. Pac-
cMOTpHM 3T0 Ha npumepe. [lycts aBonuHoe
yucno pasHo 10110100. ITeppas uerwipex-
3HaYHas TIpylma chopasa  IIpeicTaBieHa
0100 =4 =1%4, Bropas—1011 = 11 = $B.
Taxum oOpazoM, mecTHAOIATEPHYHOE YHCIIO
umeer Bua $B4. IlpoBepuM TNpaBHILHOCTH
HAILIETO TEPeBOjia MO JECATHYHOH CHCTEMe:
10110100 = 1-27+0-2% +1-2% + 1-2* +
+0-224+0-2" +0-2' +0-2°=
=128+32+16+4=180.
$B4 = 11-16" + 4-16° = 180.

CrepoBaTensHO, nepeBol ObLT OCYIECTBIICH
NpaBHIBHO. B onpeneseHHbIX ciy4dasx mpoc-
TO Hens3bexHeIM sBisiercsi obuenne ¢ 9BM
HA A3BIKE TEX YHCEJ, HA KOTOPOM OHA «T'OBO-
pPHT» BHYTPH, T.€. HCIOJB3YS JBOMYHYIO, A
He J[ECATHYHYH) CHCTEMY, HalpuMep MpH
nporpaMMupoBaHud MukpoIBM  Ha Mma-
IIHHHOM sA3bike. Tak Kak, ¢ OHOH CTOPOHBI,
miecTHaAaTepuyuHble yncaa DBM nerko me-
PEBOJIMT B ABOMYHBIE H, C JAPYrOH CTOPOHBI,
JUIS Ye0BeKa OHM sBIsAtoTcs Oonee Harmsam-
HBIMH, YeM JIBOMYHEIE, TO BMECTO ABOHYHOTO
KOJia HEpEeNKO MOJb3YIOTCH [IECTHAMIaTe-
PHYHBIM.

HTak, B OCHOBHOM MBI TIO3HAKOMUJIACE €
KOAUPOBaHHEM NH(P W 9HCEN B IBOMMHOM
cacreme. Ocralcs JHIIL OOHH ILIAT 0 Mpel-
CTaBJICHHS B JIBOMYHOM Koje OYKB M APYrux
3HakoB. Jlna mepesoga B JIBOMYHBIA KOJI
OyKB MaTHHCKOTO anpaBuTa KaXI0H U3 HHX,
HAmpUMepP, MOXKHO MPHCBOUTH OIpe/ieeH-
Hoe uHcimo ot 0 go 25, ckaxkeM HCHOJIb3Ys
HYJIb BMECTO «a», EIHHHIY BMeECTO «b»,
JIBOMKY BMECTO «C» H T.[d., a 3aTeM 3a-
KOIHPOBATH B BHAE NMATH3HAYHBIX ABOMYHLIX
yucen. B Takom cmydae ogna 6ykpa Oyuer
comepkaThk 0O6beM HHGOpMAIHH 5 OUT, XOTH
B HEHCTBHTEILHOCTH OH MEHbIIE —BCEro
log, 26 = 4,7. D10 O0OBACHAETCH TEM, UTO
andaBAT HE HCYEPHBLIBAET BCEX BO3MOXK-
HOCTEH MNATH3HAYHOTO JBOHYHOIO HYHCIA,
Jannas ocobGeHHOCTh, BCTPETHBINAACS HAM
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HA TpHMepe [IBOHYMHOrO TMpeACTaBJICHHS
andaBuTa U MPOSBIABIIAACA YKe TPH ABO-
HWYHO-KOJMPOBAHHOM JIeCATHYHOM TMpEACTaB-
neHuH, BooOIIe MpHCylia JABOHYHOMY OTO-
Opaxennto nHpopmanuu. Heobxomumoe xo-
JMYMECTBO JABOHYHBIX CHMBOIIOB He 00s3a-
TEJIBHO PABHO COOTBETCTBYIOLIEMY 00BeMy
uH(opmanuu B OMTAX, T.e. OH MOXeT OBITh
MEHBIIE KOJHYeCTBA ABOWYHBIX CHMBOJIOB.
[MosTomMy cymiecTByeT enuHuna HHbOpMa-
IIHH, TIPEACTABIEHHOI B IBOMYHOM KOJ€, TaK
HA3bIBAEMBIH JIBOMYHBI paspsaa, wm bumb),
Ot 6uma, OTpaXaroUero KOJIHYECTBO HH-
(opMannm, OH OT/JMYAETCS TeM, YTO IH-
HieTCs ¢ MPONMCHON OYKBBI M SIBJISETCA €lIH-
HHULEH [JHHBI OJHOTO JBOMYHOTO 4HCIA.
Cozepskaliiee n-e HMCIIO pa3psioB JBOUYHOE
YHCIO HMeeT UMHY, paBHyio n butr. Ho
cojilepkuT JH n-e 4yucno butoB mH(popma-
IIHIO —3TO YKe apyroi Bonpoc. Komuuectso
OBOHYHBIX pa3psanos, T.e. buros, Moxer
OBITH MPEACTABIECHO TOJBKO LEJBIM YHCIOM:
HE CYIIECTBYET HH TOJIOBHHBI, HH JecATOMH
yacTH bHTa, Kak He CyIIeCTBYeT MOJIOBHHBI
HJTH JIECSITOM A0JIH ABOMYHOTO ciMBoia. Of-
HAKO 00vesm HHPOPMALMH BIOJIHE MOXKET
opiTe 0,5 6T wiam 0,1 6ut. IloaTomMy He-
NpaBAJIbHBIM SBJISICTCH HHOTJA BCTpEYaro-
ieecsi MHEHHE, 4TO OMT SBJISETCA MeJIb4aii-
mHM 06beMoM HHpOpPMAIIHH, TAK CKa3aTh ee
J7IEMEHTApHOM uacTHued. B To ke Bpems
| but —MHUHHMANIBHAS [UIMHA, KOTOPYIO MO-
KET HMEeTh JBOMYHOE 4ucio. Yem MeHbiue
buTOB, HCHONBL3YeMBIX UIS TpPEACTABJICHAN
onpeaeseHHoil uHGopMauun, TeM Goibiue
mWIoTHOCTH AH(popMmanuu., MpeansHbiM city-
yaeM sBisercs | Out/bur, HO 3TO BCTpe-
yaerca peako. [Ipu aBomunom mpexacrasie-
HUM andaBuTa, HANpUMEP, IJIOTHOCTL HH-
dbopmauun cocrasaser 4,7/5 Out/bur =
= 0.9 6ur/bur, n§pH  ABOHYHO-KOAMPO-
BAHHOM [IECATHYHOM IPE/ACTABIICHHH Ye-
THIPEX3HAYHOTO JIeCATHYHOTO qucaa
log, 10*/16 6ut/But = 0,8 Gur/Bur.

YTtobbl npeAcTaBuTh B ABOMYHOM (popme
moboit cumBoJI, TpeOyromuiics npH obpa-

D O6biuHO B OTedecTBeHHON K 3apy6eskHOil JmTe-
patype He pa3NHYAIOT CAMHHIYY HHQOPMALHH H
JIBOMYHBIA Pa3paa—® To W japyroe obosHauaioT
6ut.— Ipum. peo.

6oTke HHGOPMAIIHH, T. €. He TOJBLKO HPY H
cTpouHylo OYyKBY, HO ¥ NpPONHCHYIKO OYKBY,
3HAK MaTeMaTH4YeCKOW OIepallii, 3HaK Ipe-
NMHAHHA, Tpo0el, ynpaBIAOMMi CAMBOI |
T. 1., JdoctatoyHo 8 buT, T.e. ana Kaxmoro
HCTIoNb3yeMoro mpu obpaboTke HHpOpMa-
LA CHMBOJIA B PpAaCHOPSXKEHHH HMeEeTcs
BOCbMH3HAYHOE JBOHYHOE Yucio. Takoe unc-
JI0 Ha3BIBAIOT JIBOMYHBIM CJIOBOM H 000-
3HavaloT OaiitoM. Takum obpazom, Mbl
HMeeM

1 Gaiitr = 8 Bur,
1 k6aiiT = 2'° GaiiT = 1024 GaiiT,
1 Mbaiit = 2%° Gaiit = 1 048 576 Gaiir.

JIBoMvHOE KOAMPOBAaHHE CHMBOJIOB /Ui 06-
paboTkn HHGOPMALMH HE OOJIKHO MAOMyc-
KaTh [OBOSKOIO TOJIKOBaHHS, T.€. KaXKIOMY
CHMBOJIY MOXET COOTBETCTBOBATH TOJIBKO
onHo nBomuHoe uucio. Ho Beas coderanus
MoryT OwiTh Kakumu yroaHo! ITostomy cy-
IIECTBYIOT CaMble pa3Hble Koabl. B mcmosms-
3yeMoM Haubosee uacto komge ASCII (Ame-
rican Standard Code of Information Inter-
change —aMepHKaHCKHIl CTaHJAPTHBIA KOJ
obmena wuH(popMmaumeit), Hanpumep, ecs-
THYHOMY HHCJYy | COOTBETCTBYET JIBOMYHOE
yucao 00010000 (2°), umcny 2- gBoMUHOE
ypcio 00010001, uucny 3 — gBOMYHOE HHCIIO
00010010 u 1. 1. Aeouunoe yucao 00011000
ucnonb3yercs g 6ykssr A, 00011001 — qna
6yxsel B, 00011010 - gans 6ykesr C u 1. 1.

ITocne sxkckypca B 006sacTh JBOHYHOTO
KOAHPOBaHUS CHMBOJIOB Ui 06paboTkyn HH-
(hopManuu nepeiaeM K pacCMOTPEHHIO Bbl-
YHCJIEHHH C MCMOIB30BAHUEM JABOHYHBIX HH-
ceJl, KOTOPBIE HMEIOT HEHTPAIbHOE 3HAYEHHE
B mupposoii obpaborke undopmarmu. Ha-
YHEM C OJHO3HAYHBIX [IBOMYHBIX YHCE.
B mporecce cloXKeHHs MBI TOJYYAM

0+0=0,

1+0=1,
0+1=1,
1 +1=10.

B npaBHIBHOCTH 3THX PABEHCTB MOXHO JIEr-
KO yOemHThCs, 0OpaTHBIIKCE K NECATHYHOIM
chcTeMe curcieHus. [lepseie Tpu paBeHCTBa
B JTOH CHCTEME BBITJISOAT TOYHO TAK Ke.
YerBeproe paBeHCTBO o3Ha4aeT 1 + 1 = 2,
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YTO ONSATH JKe BepHO. IIpy BBHIMMTAHMHA TOJTY-
yaem

0-0=0,
1-0=1,
0—1=—1,
1-1=0.

M 3pecs npaBHIBHOCTL YpaBHEHMid cpa3sy
BHIIHA B ,IleCHTH'-IHOﬁ CHCTEME CHYHCIICHHSA.
[1pu yMHOXKEHHH, KaK B B JICCATHYHOMH CHCTe-
ME, MOJNYHYHM

0.x%0=0
1 x0=0,
0l =0

1 x 1'=1,

l'lpa JCJICHHH HYJIb KaK OEJIUTE/b HCKIIHOYa-
€TCH, a IPH JECHHH HA COAMHHILY HAXOOHUM

O el
el i

ApH(METHYECKHI CYET C MHOTO3HAYHBIMH
JIBOHYHBIMH HHCJIAMH MOMKHO BBINOJHHTH
cnocoboM  «B  CTONOMK», NpeIIOKEHHBIM
emle AgamomM Puzom s BBEIMHCICHME C
MHOTO3HAYHBIMH  JICCATHYHBIMH  YHCJIAMH.
[NpoaeMOHCTPHPYEM CKa3aHHOE HA MPHMEpE
CJIOMKEHHS! JIBYX HYEThIPEX3HAMHBIX ABOMYHBIX
ypcesn 0011 u 0110. B pecsTuvnOl cucteme
UM COOTBeTCTBYIOT umcna 3 u 6. Cnoxum
06a IBOMMHBIX 4HCHIA:

0011
o110
1001

[Ipu 3toMm | mepeHoCSAT B cledyromdil pas-
psijl, KOrJa B Npe[lIeCTBOBABIIEM pa3psane
TpeboBanock cnoxuthk | u 1. [elicTBya no
TaKO# CXeMe, B CyMMeE MBI MOJIYYHM HHCIIO
1001. ITpoBepum NpPaBHJIBHOCTL CHETa IO
JEeCATHYHOH CcHCTeMe:

0011 =3, 0110 =6, 1001 =9.

WTtak, pe3ynbTaT BEpHBIi.

Vacuum cebe eme pa3 MOpsaok AeHCTBHiA
MPU CIOKEHHH [BYX 4YeTBIPEX3HAYHBIX [BO-
MYHBIX 4yHcesn. Mbl NpeInpHHAIH HECKOJBKO
OJMHAKOBBIX maroB. Ha kaxkmoMm U3 HHX
CKJIAJbIBANIM [ABa OJHO3Ha4HbIX uHcaa. [lo-

3TOMY MOXHO CKa3aTh, 4TO Ha KaXJIOM Inare
[Ba OHO3HAYHBIX YHCJIA MBI CONOCTABHIIH C
TPeTbUM (MaKCHMAJILHO [IBY3HAYHBIM) 4HC-
oM —mnapy (0,0) ¢ wacnom 0, mapy (0,1) wim
(1,0) c uncnom 1 1 mapy (1,1) ¢ uncnom 10. K
TaKUM COMOCTABJICHHSAM [IBOMYHBIX HHCEIl
MOJKHO CBECTH BCe apH(pMeTHIECKHEe CYETHBIE
ONepaliy, BKIIIOYas BEIYUTAHHE, YMHOXKEHHE
u genenue. bonee Toro, MoXxHO yOeauThCH,
4TO TAKHM NyTeM BOOOIIE MOKHO peiaThb
Bee 3a/1a4u 1uppooit obpaboTku nHpOpMa-
mad. OfHako NpaBHiIA COMOCTABICHHSA, B
NPaBHIBLHOCTH KOTOPBIX MBI YOeIHMIHCH Ha
NPUMEpE CJIOXKEHHS, BCE K€ HE ABISIOTCA
OOCTATOYHO 3JieMeHTapHeIMH. WX MoxkHO
CBECTH K emie Oozee s/IeMEHTapHBIM, Tak
Ha3bIBAEMBIM OYJIEBBIM MPABAJIAM CONOCTAB-
JICHHs, ONEPHUPYIOLIHM TOJIBKO C OJHO3HAY-
HBIMH [IBOMYHBIMHA YHCIAMH.

AnemeHTapHble
noruyeckue onepauyumn

B mMaTemaTHKe MpaBHiia COMOCTABJICHUS Ha-
3pIBAlOT Takke OQyHkousmu. [loatomy B
najipHedieM Mbl Oy/leM rOBOPHTH O (hyHK-
X, 4 He O TpaBuiax comoctasienns. He-
CKOJIKO TIEPEMEHHBIX BEJHYUH X, J, ... CBS-
3aHBl (YHKIIHOHATBHON 3aBHCHMOCTBIO, €C-
M KaXIOMY 3HAYCHHIO, KOTOPOE MOXKET
NPHHATE OJIHA M3 HHX, COOTBETCTBYET OHO
WA HECKOJBLKO OIpEJC/ICHHBIX 3HAYeHHH
apyroii. MoxHoO cka3aTh: QYHKIUH Z HMEIOT
OJIHO WJIH HECKOJIbKO 3HAYEHHH, CONMoCTaB-
JSEMBIX C MCXOOHBIMH BEJIMYHHAMHM, MM
aprymenTamu. Ecnn kaxkiomMy 3HaYeHHIO ap-
TYMEHTA COOTBETCTBYET TONBKO OJIHO 3Ha-
4YeHHe (yHKIHH, TO (YHKIUS HA3BIBAETCH
OIHO3HAYHOIi, €clM ABa WIH OoJIbIle — MHO-
rosHayHoi. B o6paGorke mHpopmManmu 06-
XOOATCSA OJHO- W IBY3HAYHBIMH OyJIeBBIMH
¢yakiavu. OgHO3HAYHAS (DYHKIHS MOXKET
OBITH MpEeACTABJIEHA OBYMS apryMeHTaMH, a
uMenHO 0 ® 1, ¥ 1ByMS# 3HaUeHHAMH, Taxke 0
U 1. B coOOTBETCTBHM C 3THM CYLIECTBYIOT
YeThIpe OJHO3HAYHBIE OyIeBbl (YHKIHH.
OcoOplii HHTEpEC MNpeaCTaBIseT OJHA W3
HHX — JIOTHYECKOE OTPHIIAHHE, OCTAJIbHBIE 5B-
nsA0TCH TpUBHANBHBIMH. C NOMOIIBIO OT-
punanus 0 conocrapnsercac | m 1 ¢ 0. nn
3aMHCH (DYHKIIMH OTPHIAHHS HCIOJB3YIOT
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Tabauya 2. OTpuuanue (10rHYeCcKas onepanHs
HE)

X X
0 1
1 0

dopMmy z = ¥, NOHAMAS MO ITHM, 4TO z = |
g x=0uz=0 a1 x=1 (ecm. Taba. 2).
Apoiinoe oTpHIaHHE JgaeT apryment. Ha
9TOM OCHOBaHa CJIe/yIoIlas 3arajka: mpe-
NOJIOKHMM, HTO KaKOH-TO 4e/lOBeK Bcerja
TOBOPHT TOJLKO NpaBjy WM BCerja ocra-
erca jukenom. Ho HemspectHo, KTO mepen
HAMH —TOT, KTO FOBOPHT NPaBy, HiH JIKELL.
Kax, cTos y passuiku nopor, ciaeayer cdop-
MYJIMPOBAThH BONPOC, YTOOBI ATOT HENOBEK
npaBuIbHO Mokasan fgopory? Bompoc mon-
’eH OBbITB MOCTABJIEH TAKUM 00pa3zoM, 4¥TO-
6B OTBET OTHOCHJICH K OJIHOMY M3 OTBETOB,
JIAHHBIX pPaHee, HaTpEMep: 4TO Obl BBl OT-
BETHJIA BYEpa NPOX0OKEMY, eciii Obl OH Cripo-
CHJI, MO Kakoii mopore emy wuartu? Ecmm
YeJIOBEK BCEr/ia TOBOPHT NpPaBy, TO Kaknas
4acTh OTBeTa OyAeT NpaBWIbLHOIL, T.€. OH
MOBTOPHT cka3zaHHoe Buepa. Ecinm uejoBek
rOBOPHT TCJILKO HENpaBay, TO M ceilvac oH
CKaXeT MPAMO MPOTHBOMOJIOKHOE TOMY, YTO
cKasaj BYepa, T.e. ABaKJbl 00paTHT mpa-
BWJIbLHBI OTBET B HeNpaBWJIbHBIH, B WTOrE
MOKazaB HyXHYW gopory. OrpHuaHnue siB-
nsieTcs  OAHO3HAYHOM OyseBoil (yHKIMEH.
Jns obpaborkn HHpOpPMANME HCHOIBL3YHOT-
csl, Kak yxe ObUIo ckasaHo, TaKkke ABY3Hay-
Hble (yHkmEH. OHH MOTYT HMEThL 4eThIpe
pasnu4HBIX aprymenta, a uMenHo (0,0),
(0.1), (1,0), (1.1), u agBa pasHbIX 3HAYCHHS,
T.€. 0 1 1, uto B urore aaer 2* = 16 pasHbIX
JBy3Ha4HbIX OyseBbix (GyHknumi. OgHako ob-
xoaaTces auilb HeGonbumMM HabopoM U3 HUX,
K KOTOPOMY MOJHO CBECTH BCe MpOYHE
¢hynknun. B sror Habop BXOAMT M OTPH-
[AHHE, C KOTOPBIM MbI MO3HAKOMHJIMCH KaK C
OJ/IHO3HAYMHOM (DyHKIHMEH H KOTOpOe BCTpe-
yaerTcsl Tenepb M Cpead JABY3HAMHBIX, SB-
nssck (pyHKuMeH, B KOTOpOH 3HaveHHE 3a-
BHCHT JIMIIbL OT OJIHOH M3 OBYX BeJIM4YHH,
CKa)keM OT X, M paBHO z = X. Kpome Toro, B

3TOT Ke HA0Op BXOJAT (QYHKIHH OU3BIOHK-
HMH H KOHBIOHKIHH.

[Ipu qu3broHKIMH 00 BEJIHYMHLL X H ) B
coOTBeTCTBHM ¢ Taby. 3 comocraBisloTCs C
BEJIMYHHON z = x V y. P

JIM3BIOHKIIMS SBIISETCS JTOTHYECKOH ome-
paumeit MJIW: ecu HeT x W HET y, TO HET H
«x umu y». Ecnm ecte x(y) u HeT y(x), TO
ecTh «x wnm y». Ecim ecte x M ecTh y, TO
TAKKE €CTh «X HJIH )». _

[Ipn KOHBIOHKIMHA B COOTBETCTBHH C
Taba 4 3MEMEHTHI X H V COIOCTABIAIOTCS €
BEJTHYMHOM z = X A y. '

KonbloHKIns ABISIETCH JOTHYECKOMR Orie-
parmeit M: ecitu HeT X M HET y, TO HET «X H
V», €CIIH HeT x (¥) M ecThb y(x), TO HET «X U y»,
€CJIH eCTh X H €CTh ), TO €CTh «X H }». {

Jlornveckue omepaumun UJIU u U s8-
NAIOTCH COBEPIIEHHO OJHO3HA4YHbIMH. K
oOBIYHOMY B TOBCEJHEBHOM OOHMXOJE YIO-
TpeOJIEHHIO CNIOBA «HIIM» 3TO HE OTHOCHTCH.
Ecnu, x npaMepy, X OTPaskaeT BbICKA3bIBAHHE
«OH HAXOOUTCS J0Ma» M V BBICKa3bIBAHHE
«OHAa HAXOMMTCS [JOMa», TO OU3IBIOHKIHA
x V y orpaxaer BBICKAa3bIBaHHE «OH HAXO-
IATCA JioMa WM OHAa Haxomutcs goma». C
TOYKH 3peHust HopMajibHOH NOTHKHA 3TO 03-

Tabya 3. JdusbioHkiuus (Jlorudeckasi onepaius
WIIN)
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Tadauya 4. Konwstonkuns (norudeckas
onepauus M)
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Puc. 20. Ycnosusie obo3navyenns dieMeHTAPHBIX
JIOHYECKHX Onepalnii.

HAYaeT, YTO JOMa HaXOJMTCH WJIM OH OJHH,
MM oHa ojxHa, Wik oba. B obuxome sto
BBIDAJKEHHE MBI CKOpee MOWMeM TakK, 4YTO
JIoMa HaXOIHUTCH MO0 OH, MO0 OHA, XOTA U
MOHO NPEANONOKATL BAPHAHT HHTEpIpe-
Tam|| 1o (opmanbHO Joruke. B obGuxome
CIIOBO «HJIH», TakuM oOpa3om, UMeeT aBa
JHAYECHHS — OJHO HCKJIIOvajolnee, T.e. B
CMBICIIE «HJIH — HIIH», U ofIHO obs3bIBatolee,
orBevaroiee (opmanbHoit noruke. S3BIK
MOJIL3YETCsl ITOH JIBY3HAYHOCTBIO, 11O3BOJIS-
romieit G6osee rubko BapbupoBaTh opmy
BeIpakeHHs. OJIHO3HAYHOCTE JOCTUIAeTCH B
obiieM KOHTEKCcTe BhICKazbiBaHus. [lo-apy-
roMy OOCTOMT jeno ¢ OOHMXOJHBIM 3Have-
Huem «». Ilox BbICKa3bIBAHHEM «OH Ha-
XOJMTCA IOMa ¥ OHA HAXOJUTCS AOMa» Mo-
HATH MOXKHO JHINL OJHO: OH W OHa Ha-
XoAATCs O0Ma, KaK 3TO H COOTBETCTBYET
JIOTHYECKOMY 3HA4YeHHIo «m». Bo m3bexaHue
XapakTepHOil U1 oOHXoJa ABY3HAYHOCTH B
MHKPOJJIEKTPOHUKE HCIIONBL3YIOT KpaTKHe
obo3nayenns onepanmii UJIM u WU. [nsa
0003HAYEHUS JIOTHYECKHX OTepaIdii WK J10-
FHYECKHX JIEMEHTOB Ha ONOK-CXeMax MpH-
MEHSIIOTCS MMOKa3aHHbie Ha puc. 20 noruvec-
KHE CHMBOJIBI (DYHKIMH OTpHIAHHSA, [{H3B-
FOHKIIMH ¥ KOHBIOHKIIMH.

K omepaumsaM oTpunaHus, AU3BIOHKIHE
U KOHBIOHKIMH MOXHO CBECTH KaX/Iylo 3a-

5-1131

Jauy umcpposoii obpaboTkn uHbpOpManHH.
IMosToMy HX HA3BIBAIOT 3.4€MEHMAPHBIMU TIO-
I'HYECKMMH OTIepalusIMH. YIPOLIEHHE MOXKeT
6wITE Haxe Oonee obmmpHLIM. Mcnone3yroT,
HaNpHMep, He BCe TPH Ha3BAHHBIE OMEPAIHH,
a JHIIb OJHY W3 HHX, T.e. MO0 Tak Ha3bl-
BaeMyr Joruueckyro onepanuio MJIM-HE,
BO3HHKAIOLIYIO BCJEACTBHE OTPHIAHHS pe-
3yJabTaTta Joruveckoi omepamuun UJIU:

xUJIU-HEy =x V y,

mabo Tak HA3BIBAEMYIO JIOTHYECKYIO Olepa-
o M-HE, o3pauaromyio oTpuinasue pe-
3yJIbTaTa Joruveckoi onepammn U:

xU-HEy =x A y.

OpHako Ha MpakTHKe B MHKPOJIEKTPOHHKE
ucrnonw3yrotr kak onepamun HW-HE =n
WIHU-HE, tax u onepammn WJIU, U u
OTPHIIAHHS.

Cxembl peanu3aumnmn
3NEeMEeHTapPHbIX NOrnYecKux
onepauun

Teneps MBI 06CYZIHM, KaK ¢ IOMOIILIO TpaH-
3UCTOPOB M DPE3UCTOPOB CTPOATCA CXEMBbI
[UISL BBIMIOJIHEHHS 3THX 3JEMEHTAPHBIX JIO-
ruveckux onepanmii. [lpoasurasce Bnepes
MOCTENEHHO, PACCMOTPHM CHAYAla 3JIeKTPo-
MEXaHHYECKHH BApHAHT, 4 MOTOM YXe me-
peiiieM K 3JIEeKTPOHHBIM CXEMHBIM pellieHH-
aMm. Mgl 3HaeM, 9To ABonvHbIEe yucia 0 u 1
MOT'YT OBITH MpejcTaBIeHbl MHHUMAIBHBIM
H MAKCHMAJIbHBIM 3JIEKTPHYECKHM Harpsike-
HueMm. OnHAKO ¢ OJMHAKOBBIM YCHEXOM HX
MOXHO peajiM30BaTh B IEMH TOKA C II0O-
MOIIIbIO MEXaHWYECKOT O NMepeKIoYaTess, yc-
JIOBHBILIHCE, YTO €CJIH B LIENH €CTh 3JICKTPH-
YeCKHiH TOK, TO 3TO COCTOSIHHE COOTBETCTBY-
eT eIMHHIE, a €cJId TOKa HeT—Hymo. Pea-
JIM30BaTh Joruyeckyro onepanuio UJIW v U
NpH TAKHX TMOJIOKEHHAX TEepeKnovaTesei B
e TOKa MOYKHO C MOMOUIBIO CXEM, TO-
Ka3aHHBIX Ha pHC. 21. Pesynerarom BeIMON-
HEeHHs JIOTHYeCKOi omepanuu B oboux ciy-
qasx OyleT BO3HHKHOBEHHE 3JIEKTPHYECKOTO
HATIPSUKEHUsI MEXy BBIBOJAMH, 0003HAYECH-
HeIMAE A B T. OTCyTCTBHE HANpPSDKEHHS CO-
OTBETCTBYET HYNIO, a4 HAIMYHE —eIUHHALE.
ObpaTuMcs cHavajla K MNOKa3aHHOW Ha
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Puc. 21. a—cxema peajyM3alHH C MOMOILBIO Me-
XAHHYECKHMX TEpeKroyaTesiel Jorudeckon onepa-
mun UJIW; 6-cxema peanusalmu ¢ NOMOLIMIO
MeXaHHYECKHX NepeKiodaTenei sorudeckoi one-
pauun M.

puc. 21,a noruveckoii cxeme WJIW. Ecmm
oba mepexirOMaTeNs BBIKIIOHEHBI, TO K A
TIPHJIOKEH MOTEHIHMAJ HWXXKHETO 3IEeKTPOAA.
Hanpsokenne Mexny A u T paBHO HyJo.
Ecnu neBblii mepekyodaTess BKJIIOYEH, a
OpaBbiiil BBIKJIOYEH, TO MO JIEBOH BETBH H
Yepe3 pe3HCTOp MNPOXOJHT 3JEKTPHYECKHH
ToK. IlpeanonoxkuM, 4TO BKJIOYEHHBIN Iie-
peKJIrouaTeb NpakTHYeCKH He obnajaer HH-
KakuM conmpotusienneM. [lonHoe Hanpsxe-
mue mexay H u T napaer na pesucrope R.
Bepxnuii BXOJI pe3uCcTOpa, a CACAOBATENBHO,
H BbIXOJ A HAXOJMTCH MO/ NOTEeHIHAIOM H,
T.€. Mexay A u T umeercs HanpsbKeHHe, a
3HAYHT, HA BBIXOJIE MBI HMeeM eaHHHNY. To
KE CaMoe€ IMMPOMCXOJMT, KOrZla BKJIIOYEH HE
JIeBbId, a nOpaBbii nepekmovatenb. Jaxe
ecJIH BKJIIOYEHB! 00a nepexiaroyaTesns, J1eKT-
PHYECKHI TOK MPOXOIHUT uepe3 pesucrop R.
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Puc. 22. a, 6—ycnoBHele 0bo3Ha4enus Oumosp-
HBIX TPAH3HCTOPOB; 6, 2— YCIOBHEIE 0003HAYCHHS
MOII-Tpaa3ucTopoB, paboTatonnx B pexuMe Ha-
CBIIIEHHA.

Benuuuna TOKa Takas ke, Kak H B ciiydae
BKJIFOUEHHS M04bKO OJHOIO MEPEKITIOYATES;
B Pa3BETBJICHHOH YAaCTH CXeMbl OH PaBHO-
MepHO pasziensierca Ha obe BerBu. CpaBHe-
HHE QBOHYHBIX YHCIIEHHBIX 3HAYCHHH HA BbI-
xoge ¢ BenuuuHamu ¢yakmEn UM B
Tabn. 3 moka3piBaeT MOJIHOE COBIAJICHHE.
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Puc. 23. Jlorudeckas cxema HE ¢ GunmossipHBIM TpaH3HCTOPOM.

TAY

-

a WNIA-HE T
a

= W-HE T
6

Puc.+24. a—norudeckas cxema UJIM-HE; 6 —noruueckas cxema U-HE. B sTux cxemax ucnons3yiorcs

OHMONApHBIE TPAH3HCTOPHL.

Ha seixozne A, TakuM 06pa3om, MbI IeHCTBH-
TENBHO TIOJy9aeM pe3yJIbTaT JIOTHYECKOH
onepanui MJIU ¢ nBymMs BXOIHBIMH 3Ha4e-
HHSMH X, y. AHAJIOTHYHBIM CIIOCOOOM MOXK-
HO TIOKA3aTh, YTO HA BhIXOAE A CXeMBI Ha
pHc. 21,6 mony4yaeM pe3yiabTaT JIOTHYECKOH
onepami UM ¢ ByMs BXOJHBIMH JaHHBIMH.
B sTOM cywae mpenocTaBHM YHTATENO BO3-
MOXHOCTh CaMOCTOATENILHO pazobpaTtbes B
HeTansx.

C moMoIIBI0 MEXaHWYECKOro TEepPeKIIo-
YaTeds MOXHO TAKXe peanu3oBaTh JIOTH-
4eCcKyl0 ONepanuio oTpunanus. B anexrpo-
HHKe JUIg 3TOro Tpebyercs pesucrop. Yenos-
Hble 0003HA4YeHHS OMMONADHBIX M TONEBBIX
TPa3HCTOPOB TOKA3aHBI HA pHC. 22. DMHT-
Tep OTMe4YeH cTpenkoit. B npn-Tpansucrope
MOTEHIAAJl SMATTEPa OOBIYHO HHMKE IMOTEH-
nHajia KOJUIEKTOpa. DJEeKTPHYECKHH TOK

HANpaBleH OT HA3KOrO MOTEHIHAJA K BBICO-
KOMY, T.€. OT 3MHTTEpa B HaNpaBJICHHH,
YKa3aHHOM CTpenkoi. B pnp-Tpanzmcrope
MOTEHNWAJ 5SMHUTTEPa BhIIE MOTEHIHAJA
KOJUISKTOpa M TOK HJET, Kak MNOKa3aHo
cTpenkoii, B amuTTep. [ToTenmman 6a3sr Mo-
XKeT ObITh BBICOKHM HJIM HH3KHM, H 3TO
MPHBOJMT K TOMY, YTO KOJUIEKTOPHAS LETh
CTAHOBUTCSA 3aNepToil HJIM TOKOIPOBOMIA-
i€, O 4YeM MBI TOBOPHIH B NpeabUIyIei
rnaBe. YcioBHbIE O0O3HAYEHHS M CXEMBbI
smovyeans MOII-Tpansucropa, paboraro-
LIEro B pexume oboralleHus, MoKa3aHbI B
HEKHeH wactH puc. 22. Ha cxeme HE,
H300paXeHHO#, HampaMep, Ha pHc. 23,
BXOJIHBIM SBJISI€TCS HAaNIpsDKeHHE X B 6asoBoil
nenu. Ecim x 6a3e npHIOKEHO MOJIOKHATEb-
HOE HANpsDKEHHE, TO TPAaH3UCTOP OTKPHIT.
DNeKTpHYECKHil TOK MPOXOOHUT 4epe3 pe3uc-
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Top R ® TpaHusucTOp, Hanpskenue z Oyner
oueHb ManbiM (nmo cpasuenuto ¢ T), T.e.
z= 0. Ecnu x X He NPHIOKEHO MOJIOKH-
TEJIbHOE HAMPSKEHHEe, TO 3JIEKTPUYECKHId
TOK HEe MpoXoauT yepe3 pesuctop R u Ha
BBIXOAE OymeT MmojaHOe HaMpsKeHHe, T.eE.
z = 1. Urak, z = x. Tenepr HUKaKko#H ClOX-
HOCTH HE INPEeICTABIAET peanu3anus Jo-
ruyeckux cxem MJIM-HE u U-HE ¢ mno-
MOILILIO 3JEMEHTOB MOJYNPOBOAHHKOBON
JNEKTPOHHUKH: B OCHOBHOM OCTAeTCs JIHIIb
3aMEHUTh TPAH3ACTOPAMH MEXaHHYECKHE
nepeksrovyaTeNd Ha puc. 21, 4To M cAemaHo
Ha pHc. 24. Ecim, kpoMme Toro, pesuctop R
NOMECTHTEL (B HANpaBIIEHWH NPOTEKAHHA
TOKa) Tepel TpaH3uCTOpaMH (puc. 24), To
B [OMOJIHEHHWE K JIOTHYECKHM OINepalusam
MJIU 1 U 6yneT BHIMOJTHATHCS JIOTHYECKOE
oTpHlaHKe. B HTOre MBI HOJIy4aeM CXEMBI
JUIS  peanu3allM¥ JIOTHYECKHX Omnepanui
WNIJIN-HE u U-HE.

Cxembl NOrM4EeCcKMX 3NemMeHToB

CxeMbl, MOKa3aHHbIe HA pHC. 23 u 24 wu
HCIIONb3YeMBIE [UISl PeaiH3alMu dJIeMeHTap-
HBIX JIOTHYECKHX OINEpaldi, Ha3bIBAIOTCA
cxXeMamu AOSUYEeCKUX IACMEHMOE. Peun HIOET
o noruveckux snementax MJIU-HE u U-HE.
Ha puc. 23 u 24 uzobpaxkensl npocmetiwiue
CXeMBbI, KOTOpPbIE TOJIBKO MOXHO cebe npes-
CTABHTH JUJIS BBLINOJNHEHHS 3IEMEHTAPHBIX
noruyeckux onepanuii. M3 cpaBHeHHs 3THX
CXeM C YC/IOBHBIMH ODO3HAYEHHAMH JIOTH-
Yyeckux omnepaumit Ha puc. 20 craHOBHTCSH
BHIHO, YTO CXEMBI JIOTHYECKHX 3JIEMEHTOB
AMEIOT [Ba JOINOJHHTEILHBIX BXOAa IUIst
NoABOLA 3NIEKTpHYeCKoro mnurtanus. Yepes
HHX B CX€MY MOCTYMAeT HOCHTENL HH(popMa-
IHH — JIEKTPHYECKOe HANPSDKeHWe, Ha KOTO-
poe uHpOpMAalMA «HAKJIA/LIBAETCA» B MO-
MEHT BBOJIA H C KOTOPOTO OHA «CHUMAETCSH»
B MOMEHT BuiBoJa. [luTaromee HanpspkeHue
BBI3BIBAET TOK NMUTAHUA. DTOT IMEKTPHYEC-
KM TOK B CXeMaXx, MOKa3aHHBIX HAa pHC. 23 1
24, BO Bcex TpAaH3HCTOpax NPOXOOHT MO
KOJUIeKTOpHOH 1end. Ilpn BenuuumHe He-
CKOJIBKO MHJIIHAMIED 3TOT TOK CYATAIOT
CPaBHHTEILHO CHJILHBIM, BO BCAKOM CIyHae
MO OTHOIICHHIO K MEPEKII0YAIOIIAM TOKAM,
npoxoJsiuM no 6a30Boi Ienu W cocTas-

JISTFOIIMM  HECKOJIBKO MHKpoamiiep. Cxemsl
JIOTHYECKHX 3JIEMEHTOB Ha pHc. 23 u 24 no-
TpeONAIOT SNEKTPUYECKYI0 MOIIHOCTh He
TOJILKO TIpPU TMEpPEKTIOYeHHH, HO M B Hepa-
6ouem cocrosuuu. Ecnm, k npumepy, Ha-
OpsKeHHe MEXIY SMHTTEPOM U KOJIEKTO-
POM COCTaBJISIET HECKONBLKO BOJBLT, TO MO-
TpebieHne MOIIHOCTH B HECKOJBLKO MHJLIH-
BATT HAa CXEMY JIOTHYECKHX 3JIEMEHTOB Ha-
MHOT'O MpeBBIIIAET MOTpebleHHe MOLTHOCTH
HAa TPAH3HCTOpPE, paBHOE, KAK MbI 3aMETHIIH
B IpEIbLAYINEH IJ1aBe, HECKOJbKHM MHUKDPO-
BatTam. Bpems 3ajzepxkku Mexay nomavei
AMITYJILCOB HATPSIKEHHS HA BXOJBI CXEMBI
JIOTHYECKHX DJIEMEHTOB M NOSIBIEHHEM 00-
pﬁGOTaHHHX HMIYJILCOB HA BBIXOOE NPEBLI-
IaeT BpPeMs 3aJIepKKH OTAEIbHO B3ATOrO
TpaH3ucTopa. B dacTHOCTH, OHO 3aBHCHT OT
TOTO, HACKOJIBKO OBICTPO MOXKeT ObITh Te-
peAaHO HANpPSUKCHHE MEXAY OTIACTbHBIMH
TpaH3UCTOPAaMH BHYTpH cxembl. Heobxomm-
MOE [UJISl 3TOrO BPEMS ONPEENIAeTCsl COMpo-
THBJICHHEM H E€MKOCTBIO CXEMHBIX JJIEMEH-
TOB M COe/IMHEHHI. B MHTerpaibHBIX cXxemax
JIOTHYECKHE 3JIEMEHTBI IOJIKHEI OBITH COeH-
HEHBI JPYT C APYroM, T.€. BBIXOIBI OJIHOTO
JJIEMEHTA COEJUHEHBI C BXOJAMH IPYIOro.
Jns storo TpebyeTcs B3aWMHOE COTJIACO-
BaHHE BXOIHBIX H BHIXOIHBIX HaNpsOKEHHH W
tONpOTHBJICHHH  JIOTHYECKMX  3JIEMEHTOB.
Kak mpaBuiio, B CBA3H C 9THM BO3HHKAeT
HEOOXOAUMOCTh HCHOJIL30BAHUS [OMOJIHH-
TEJIbHBIX PE3UCTOPOB H  TPAaH3HCTOPOB.
BricTpoaeiicTByIOIAE CXEMBI  JIOTHYECKHX
3JIEMEHTOB JIOJDKHBI 06J1a/1aTh HAUMEHBITHM
BO3MOJKHBIM CONPOTHBICHHEM M MAaJlOi eM-
KocTbto. C yMEHBIIEHHEM CONPOTHBIICHHS
4ABTOMATHYECKH BO3pacraer nortpebieHue
MOLIHOCTH. DTO 3HAYHT, 4TO MEXKIY Bpe-
MEHEM 3a/IepPKKH U noTpebaeHneM MOIIHOC-
TH CyIIeCTBYeT oOpaTHas 3aBHCHMOCT,
BrictpoaeiicTBHe CXeM JIOTHYECKHX 3JI€MEH-
TOB MOXHO MOBLICHTb, YBEJIMYHB MOTpebie-
HHE MOLIHOCTH, T. €. MPHIOKHUB DoJiee BBICO-
Koe Harnpsbkenue. CrenoBaTelbHO, MOSBIIs-
eTCsi BO3MOKHOCTL BAPLUPOBAHMSA B ONPE/IE-
JIEHHBIX TPEJENax TaKMX MapaMeTpoB cxe-
MBI, KaK BpeMs 3a/lepkKkH W norpebienue
MouHOCTH. [ob6poTHOCTL CXeMBbI JIOTHYeC-
KHX 5JIEMEHTOB OOBIYHO XapaKTepH3yeTcs
MPOH3BEJEHHEM INOTPebiIseMoil MOUIHOCTH
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Ha BpeMs 3ajepxku. Ecim U1 mokasaHHBIX
Ha pHC. 23 ¥ 24 cXeM JIOTHYECKHX 3JIeMeH-
TOB NPUHATH NOTPeONsEMYI0 MOIIHOCTH
pasHoit 10 MmBt u Bpems 3amepxxku 100 He,
To pobporHocTs cocraBuT 1000 nlx
(1 nflx = 102 JIx). CpaBHenue ¢ HEpru-
e, pacxoayeMoil OIHHM TPAH3HCTOPOM Ha
HepekIoYeHne, KOTopasi HAMHOTO MeHbIIe
I n/l>x, roBOpuT O TOM, 4TO MbI OYEHbL
MUIOXO WCIOJIBb3YeM CBOHCTBA OTIENIBHBIX
TPAH3MCTOPOB B CXEMax JIOTHYECKHX 3JIEMEH-
TOB, MOKA3AHHBIX HA HAIIMX PUCYHKax. XoTs
3TH CXEMBI OYE€HB TPOCTHI, OHH MOTPebIsAIOT
yepecuyp 6oJIBIIYI0 MOLTHOCTH M OTJIHYAIOT-
¢ HH3KHM ObicTpopeiicTBuem. [MosTtomy u
NpeANnpHHATH OLUIH MONIBLITKH CO3AaTh Gosee
OBICTPOJICHCTBYOIIAE W MEHEe 3HEPrOEMKHE
CXeMBI JIOTHYECKHX 3JIEMEHTOB, obnamaio-
IAE K TOMY JKe PAIOM JIPYTHX MOJOKHTETb-
HBIX CBOMCTB, HANIPHMEP XOpOIIEil TEXHOJIO-
THYHOCTBIO B M3TOTOBJICHHH H BLICOKOH Ha-
OexHOCTBI0O B pabote. PaspaGoTka Takux
CXEM JIOTHYECKHX JJIEMEHTOB — OIHA M3 TJIaB-
HBIX 3a/la4 MHKpO2JeKTpoHHKH. B xome ee
pelLeHAsT TIOABWJICA DS/l CXeM Ul peaju-
3alHA  JJIEMEHTAPHBIX JIOTHYECKHX OIlepa-
HiA.

INoruyeckue cxembl

MX HA3BIBAIOT A02udecKUMU CcXeMamu WIH
aoeukoti. Ha puc. 24 noka3aHbl TPaH3HCTOP-
HbIE JIOTHYECKHE CXEMBI C HENOCpeACTBEeH-
HeIMH cBA3sSMH. [lo ymoMsiHYTBIM BbIIle
NPHYHHAM TAKHE CXeMbI YK€ He NPUMEHSIOT.
HcenonbsyeMsle ceroiHs JOrHYECKHE CXEMbI —
9TO OCHOBaHHAS HA OUIOJAPHLIX TPAH3ZHCTO-

XAY

Puc. 25. Cxema M-HE mna OGase TpaH3ucTOpHO-
Tpan3uctopHoi noruku (TTJI).

pax TPaH3HCTOPHO-TPAH3HCTOPHAS JIOTHKA
(TTJI), unrerpanbuas HHKEKIIMOHHAS JIOTH-
ka (U3J]) U 3MHTTEpHO-CBA3AHHAS JIOTMKA
(2CJI). Bazoroit cxemoit TTJI sBnsercs cxe-
ma WU-HE, nokazannas sa puc. 25. B or-
JIHYHE OT CXEM JIOTHYECKHX JJIEMEHTOB Ha
puc. 23 u 24, rie BXOJHBIE JAHHBIE MOOAIOT-
csl Ha 27exTpoAsl 6a3 0DOHX TPaH3HCTOPOB,
B cxeme TTJI BXomHble HampsDKEHHS TO-
crynator Ha o6a 3JeKTpoga SMHTTEPOB
IBYyXsMHTTEepHOro Tpansucropa T,. Ecim mo
KpalHed Mepe Ha OAHH W3 0DOMX BXO/OB
NOJaH HU3KHI MOTeHuHasd, T.e. ecin x = 0,
y=0, x=1, y=0wm x=0, y=1, 1O
TOKONPOBOIsALIEH CTAHOBHTCS Ga3oBasi nenb
Tpansucropa T,. Yepes pesucrop R, u 6a-
30BYIO IleNb TpaH3ucTopa T, NPOXOAHT TOK.
Ha 6a3y u kosutekTop Tpansucropa T, mo-
aH HHA3KHH noteHnual B pesyabraTte TpaH-
sucrtop T, 3akpeir, W Ha pesucrope R,
HAMPSDKEHHE NPAKTUYECKH HE Ma/aeT, T. €. Ha
BLIXOJ| MojaeTcs BhICOKMH moTeHnman. [lpm
x=0pyp=0ax=0,y=1umx=1y=0
Ha BbIXOJE, TakuM o0pazoM, NOABIAETCH
emuauna, 1.e. x A y. Ecnm x=1, y=1, 10
3akpbiTa 6a3oBas nens Tpansucropa T, . IMo-
TeHIHAal 6a3kl, a BMECTe C TeM M KOJUIEKTOpa
Tpansucropa T, Beicokmii. Tpansucrop T,
cTaHoBHTCH TokompoeomsamuM. [Morernman
3a pesuctopoM R, yMeHbInaeTcs, Ha BHIXO/E
NoJIyyaeM HyJb, T.€. 4TO W Tpebyercs mis
normueckoii onepanun M-HE. CymecrsyioT
cxemsb! asemenToB TTJI Ha Tpan3ucTopax He
TONBKO C ABYMSA, HO UM Tpems W Goubime
SMHTTEPHBIMH 3JIeKTpoaamu. CXeMsl JOTH-
YECKHX 2JIEMEHTOB, peaJIi30BAHHBIE HE Ha
ounmonsipueix, a Ha MOII-Tpan3ucTopax, Ha-
spiBatoT MOIl-cxemamu. B kauecrBe mnpu-
Mepa MOXKHO ITIPHBECTH CXeMbI Ha puc. 26,
NoJy4eHHbIe B pe3yjabTare NPHMEHCHHS B
JIOTHYECKOH CXeMe C HemocpeaCTBEHHBIMHI
cBa3siMu  (puc. 24) n-kananeabpix  MOIT-

- TPaH3HCTOPOB, paboTalomux B pexnme 060-

rallenys, rjae KpoMe 3TOro ¥ pe3HCTOpaMH
spistoTess n-kananasHble MOIT-Tpan3ucTO-
peL. Pasuemm Bugam MOTI-Tpan3ucTopoB co-
OTBETCTBYIOT pa3HbIE JIOTHYECKHE CXEMBbI Ha
MOII-Tpansucropax. Ecim B omgHON M TOH
K€ CXEME MCIONL3YIOTCA N- H p-KaHaIbHbIE
MOII-Tpan3uctopsl, paboTaomme B pexH-
Me oborauieHHs, TO TOBOPAT O JOTHYECKHX
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Puc. 26. a—cxema UJIU-HE; 6-cxema U-HE. Hcnons3ytotes n-kaHanbasie MOTI-Tpan3ncTopsl.
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Puc. 27. 3aBucaMocTh noTpebaseMoOl 9eKTPHYECKOH MOIIHOCTH OT BPEMEHH 3a/IEPXKKH JUIA CXEM
JIOTHYECKHX 2JIEMEHTOB, HCIONB3yeMBIX B Pa3/IHYHLIX JIOTHYECKHX CXeMaXx.

cxemMax Ha kKomiuemeHtapHbix MOII-Tpan-
suctopax, wim KMOII-cxemax. [leranbHoe
0obcyxaeHre pa3jIAYMHBIX JIOTHK BHIILIO ObI
Jajeko 3a paMKH BBEJCHHS B MHKpPO-
9NEKTPOHHKY, H IO3TOMY Mbl OIPDAHAYHMCH
yKe CKazaHHBIM, TeM OoJiee 4TO B HHX HET
HHYEro NPHHIMIHANILHO HOBOro. Bee camoe
rJaBHOE OTHOCHTENILHO peasi3aliny 2JIeMeH-
TAPHBIX JIOTHYECKUX ONepaluil Mbl ykKe BbI-

SACHHJIM C TMOMOIIBIO PACCMOTPEHHBIX BBIIIE
MPAMEPOB.

IMony4nTs HOpeacTaBieHHe o gobpoTHOC-
TH JIOTHYECKHX CXxeM, HauboJee 4acTo BCTpe-
YAIOLIMXCA B HACTOAIIEE BpPEeMS, MOXKHO Ha
ocHOBaHMH pHC. 27. 3aech yKa3zaHbl TaKHE
napaMeTpbl CXeM JIOTHYECKHX 3JIEMEHTOB,
Kak mnorpebnsieMas J3JeKTpHYECKas MOII-
HOCTH W BpeMs 3aJ€pXKH, T.€. WHTEpBal,
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HeoOXOMUMBI 1715 BBITIOJIHEHUS OQHOM JiO-
ruvecKoi onepanuu. Bwigenenusie obnactu
COOTBETCTBYIOT =~ PA3IHYHBIM  JIOTHYECKAM
cXeMaM, MpHYEM Ha OCH OPIHHAT OTJIOXKEHBI
3Ha4YeHHA TOTpebnsieMol  MEeKTPHIECKOM
MOIIHOCTH, a4 Ha ocH abcuuce —3HAYEHAS
BpeMEeHH 3a/iepXkKH. M3 pucyHKka BHIHO, 4TO
cxemsl anementoB TTJlI xapaktepusyrorcs
BpeMeHeM 3ajepxkd Menee 10 HC npu mo-
Tpebiennn momuoctH 110 mBt. [Ipumep-
HO TaKMM 3Ke 3HEepromorpeblicHHEM OTIH-
YAIOTCS  N-KaHAJIbHBIE W p-KaHAJbHEIC
MOITI-cxemMBl, HO MX BpeMs 3aJepXkKKH CO-
CTaBJIIET OT HECKOJILKAX HECATKOB 1O He-
CKOJILKHX COTeH HaHocekyHA. [lpu moutm
OoIMHAKOBOM BpeMenn 3anepxkm KMOII-
CXeMBbI MOTpPebNAIOT NMPHMEPHO B CTO pas,
a W?Jl-<cxembl B TBICSYY pa3 MeHbIIE
sHeprun. Tor ¢axr, uro Ha puc. 27 no-
TAYECKAM CXeMaM COOTBETCTBYET He Kakas-
TO O[IHA ONpeleNieHHasi TOYKa, a uesas 06-
nacTh, AMeeT CBOW mpuuHHbL. OpHa W3 HEX
HAM YK€ H3BECTHA: NOTpeblieHne MOILHOCTH
M BpeMs 3a/IepKKH B OINpPEJesIeHHBIX mpe-
Jieflax MOTYT BapbHPOBATLCA 3a cueT BeIOOpa
pabovero mampsokenus. [pyroi npuuHHOIMA
ABIIAIOTCS PA3NMYHSA B TEXHOJOTHH H3TOTOB-
JIEHHA CXeM JIOTHYECKHX sneMeHToB. Boree
noApoOHO ITOT BOMPOC MBI PACCMOTPHM B
rJ1. 5, a 3[eCh JUINb 3aMETHM, 4TO CXEMHAas
JIOTHKA TECHO .CBA3aHA C TEXHONOTHEH W3-
roropieHds. B HacTHOCTH, onperneicHHbIE
JIOTHYECKHE CXeMbl TIPHBA3AHELI K COBEpILIEH-
HO ONpe/e/IeHHON TEXHONOTHH (HampHMeEp,
MOII-cxemsl k MOIT-Texnonoruu). Maorma
BOOOMIIE pa3HHILy MEXY CXEMHOH JIOTHKOH ¥
TEXHOJIOTHEH ee peaaw3aliii HIHOPHPYIOT H
TOBOPAT TOJILKO O TEXHOJIOTHH, XOTS peqb,
cOOCTBEHHO, MIET KaK pa3 O CXEMHOH Jio-
THKE.

Cxembl namaTu

KpoMe snemMeHTapHBIX JIOTHYECKHX oOmepa-
Iy Hall UMIYJIBCAMH, COOTBETCTBYIOIAMHA
0 u 1, HyxHO obGecneunTh XxpaneHue AHGOP-
MAI|H, UMEIOIeics B BHIE TAKAX HMITYJIb-
COB, a JUIsl 3TOTO TPeOYIOTCS CXeMBI MTaMSITH.
[puromnas nns pelieHAs MOCTABICHHOR 3a-
[a¥{ cXema JIOMKHA MMETH BA YCTOWYHBBIX
COCTOSIHHS, BHEITHEE YIIPABJICHHE KOTOPBIMHA

ocymiecTBisieTcss yepe3 omuH Bxoa. Kpome
TOro, 3HAYEHHE HANPSKEHHs Ha BHIXO/E
JIOJDKHO JIaBaTh BO3MOMKHOCTH OMNPEICIHTb,
B KAKOM COCTOSHMHM Haxoautcs cxema. Cre-
JIOBATENILHO, B OTJIHYHE OT CXEM JIOTHYECKHX
37IEMEHTOB JIAHHOE 3HAYCHHE HATIPSKECHHS Ha
BLIXOJIE HE MOXET 3aBHCETh OT HANPSKEHHS,
B TO € caMoe BpeM# MOJAaHHOTO Ha BXOJ.
OHO [10JKHO ONpEeeNsAThCA Yepe3 cocmos-
Hue CXEMBI, T. €. 10 HANpPSHKEHHI0, KOTOPOoE ¢
HEJILIO YCTAHOBJICHHS 3TOI0 COCTOSHUSA Ob110
npuaodceHo K BXony é npouiaom. Tem cambimM
CXeMBI TAMSATH CYIIIECTBEHHO OTJIMYAIOTCHA OT
JIOTHYECKHX M TIPOYHX CXEM, T/I¢ HANpsKCHHE
HA BBIXOJE OTHO3HAYHO ONPENENICHO HAIpS-
JKEHHEM, OTHOBPEMEHHO MOJaHHBIM HA BXOI.
INocnennue HA3LIBAIOTCA KOMOUHAYUOHHBIMU
cxemamu. OHH, KaK IPABHIIO, MOTYT HCIIOJb-
30BaThCA Ui XpaHeHus mHpopmMamuu. Xpa-
HAIIYIOCSd B CXeMax MaMSATH HH(POPMAIHIO
MOXKHO H3MEHSITh, HE MEHSS CAMOM CXEMBI.
Mensercs NHIIL €€ COCTOSHHE. YCTaHOBIe-
HHE ONPENENIeHHOTrO COCTOSIHHS CXeMBI Ta-
MSTH O3HA4aeT 3amuch HHOpPMALIWH, a pac-
MO3HABAHHE 3TOT'0 COCTOSHUS —€E€ CYMTHIBA-
nue. be3 BHemHero Bo3jelcTBHA cXema ma-
MSATH JOJDKHA Kak MOXHO JOJbIIEe oOcTa-
BATBCA B COCTOSIHHH, YCTAHOBJICHHOM TIpH
3AMMCH, T.e. XpaHuTh uHpopmaumio. B
MHKPO3JICKTPOHHKE [UIA XpaHeHHs HHpop-
Malli¥ HCTIONB3YIOTCS [IBe NMPHHIAIHAILHO
pasiibie CXeMBbI TAMSTH, KaXIas U3 KOTOPLIX
obrmamaer HeoOGXoaMMBIMEH cBOMcTBaMH. B
OIHOM ClIy4ae pedb HIET O TaK Ha3bIBAEMBIX
TPHITEPHBIX CXEMaX, B JPYrOM—0 cXemMax
HaMATH, TJIABHOM YaCThIO KOTOPBIX ABJISETCA
KOHJIEHCATOP.

TpurrepHbole cxembl MaMAaTH

PaccMoTpuM cHauania TPHITEPDHYIO CXEMY,
npecTaBleHRy0 Ha puc. 28. Utobw myuime
pa3zobpaTbcs B HeH, MpeNCTaBHM, 4TO OT-
CYTCTBYIOT KpaWHHE JIEBBIH M MpPaBbIA TpaH-
3HCTOPHL. YUTO Ke KacaeTcs ABYX OCTaBILHX-
Csl TPAH3HCTOPOB, TO 3J/ieCh BaXHO CIEAYIO-
miee: Ha3a OAHOrO TPAH3UCTOPA COEJUHEHA C
KOJUIEKTOPOM Jpyroro W HaobopoT. B pe-
jynbTaTe JMINL OJWH W3 00OMX TpaH3HC-
TOPOB MOXeT OBITb OTKPHITHIM: €CJIH OT-
KPBIT JIEBBI, TO 3aKPBLIT MpaBBIH, TaK Kak
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Puc. 28. Cxema namMsTH, B KOTOPOil HCHOIBL3YIOT-
¢ TPUITEPbL.

OpH OTKPLITOM JIEBOM TPAaH3HCTOpE BCE
HATPSKEHHE MEXIY BBICOKHM MOJIOXKHTEb-
HbIM H HM3KHM OTPHUATEJbHBIM NOTEHIIHA-
JIOM IIIMH NajiaeT Ha JIEBOM PE3UcTOpe U K ba-
3¢ MPAaBOro TPAH3HCTOPA NMPHJIATAeTCs HH3-
kuil norennuan. Ho, aBisisics npn-TpaH3uc-
TOpPOM, OH 3aKkphIT (pHuc. 22). Ecin ke OTKpHIT
HpaBbiif TPAH3UCTOP, TO 3aKphIT JieBblid. Kor-
Jla cxema HaXoJUTCs B OHOM H3 ABYX COCTO-
sIHUii, TO OHA B HeM W octaerca. Kaxioe u3
HHUX ycroiyuBoe. Kakoe cocrosHue yc-
TAHOBJIEHO, M3 CXEMBI Ha puc. 28 He BHIHO.
Bosmoxnbl 06a cocTosinusi. BeickasbiBanue,
4YTO HMeEETCs ONpeJie/IeHHOE COCTOSIHUE, CKa-
JKEM (JIEBBIH TPAH3UCTOP OTKPLIT, Mpa-
BBIH 3aKpbIT», HeceT HHpopMmauuio 1 OHT.
Takum oOpaszoM, ¢ NOMOMILIO TPHUITEP-
HOH CXeMBI MOXKHO XpaHHTb HHOpMAIHIO
obsemom 1 Our. [na sanucu unHpopma-
oM ciaykat oba KpaWHHX TpaH3HCTOpa—
JIeBBIH M TpaBbiid, (QYHKIHH KOTOPBIX MbI
Tenepb U paceMoTpumM. Ecim k Gase jieBoro
TpaHsucropa (Bxoa R) B TeYeHHE KOPOTKOTO
BPEMEHH MPHIOKHTE TMONOKHATENHHOE IMEKT-
PHYECKOE HAIPSDKEHHE, COOTBETCTBYHOLIEE
CHIrHAJIy eMHHIIBI, TO IMOCHe 3Toro obdba je-
BBIX TPAaH3UCTOPA CTAHOBATCH OTKPBITHIMH,
a oba mpaBbIX —3aKpbITEIMA. Eciu paHbiie
cxemMa yxe ObLIa B 3TOM COCTOSIHHH, OHA B
HeM H ocraHercsa. Ecim wer (yieBwie TpaH-
3HCTOPBI 3aKPBIThI, MPAaBBIE OTKPLITHI), TO
cxemMa MeHsieT cBoe coctosiume. B mobom

ciIyvae MOCJE TMPHIIOKEHHS HMITYJIbCa €IH-
HHIIBI KO BXo#y R cxema OyaeT HaXOAMTLCA B
COCTOSIHMH «CJI€BAa OTKPBITO, CIIpaBa 3aKpbl-
TO». 3HaYEHHE SANHHMIIBI 3a1TUCATIOCh B TPHT-
repayro namsTb. COCTOSIHAE CXeMBl CYHTHI-
paeTcsi Ha obomx BhIxogax Q u Q. B 3a-
BHCHMOCTH OT TOTO, KaKasi CTOPOHA OTKPBI-
Ta—JIeBasi MJIM NpaBas,— Ha BBIXOE HMeeTcs
BBICOKHH MOTEHIHAI (eIHMHHIIA) HIH HH3KHN
(gynb). CuMTBIBAs 3TOT MOTEHHHAN, MBI
ompenenseM, YTO XpaHUTCH B HAMSATH-
eIMHHIA HJIH HYJIb.

KoHpgeHcaropHbie cxemMmbl NamaTn

Touno Tak %e, kak W B TPUITEPHOH cxeMe,
06a HeoOXOJUMBIX COCTOSHHS MOXKHO pea-
JIM30BAaTh ¢ HOMONILIO KOHAeHcaTopa. Takas
cxema nmaMATH MokasaHa Ha puc. 29. Kpome
KOHJIeHCAaTOpa 3[ecCh HMMEeTCsl TPaH3HCTOp,
KOTOpPBIH, OJHAKO, K XpaHeHHIO HH(popma-
MM HE HMEET HHMKA4KOro OTHOMIeHHA. 3a-
PAKEHHOE COCTOSIHHE KOHJIEHCATOpA OTBEYa-
eT eIMHHMIE, a paspshkeHHoe—Hymo. Korma
KOHZIGHCATOP 3apsK€H, 4 TPaH3HCTOp OT-
KpPBIT, 9JCKTPHYECKMH 3apsill MOXET YHTH
4epe3 BbIXOA, T.€. OyneT BbigaHa XpaHHB-
mascs B mamMaTH eauuuna. Ecnm ke KoH-
JCHCATOP paspskeH, TO 3apsij OTCYTCTBYET,
T.€. BBIJAETCH XPAHHUMBIH B HAMATH HYJIb.
Ho cocrosinue xoHjeHCATOpa MOXHO H3Me-
HHTb, T. €. 3anmucaTh HHpopmamnuio. PyHKimu
TpaHsuctopa 6osee moapobHO MBI paccMOT-
PHM HECKOJILKO mo3jHee. OmHako XpaHeHHE
uHGopMaLiH € MOMOUIBIO KOHICHCATOPA
OCYLLECTBJISIETCS HE TaK IMpPOCTO, KaK IO-
Ka3zaHo Ha puc. 29. [Ipobrema 3akmouaercs
B TOM, YTO H3-3a HEH30EKHBIX TOKOB YTEYKH
konzgeHcatop 6onee wim Menee GricTpo pas-
psKaeTcs, Ja U [PH CYMTHIBAHUM 3apsAJHOTO
COCTOSIHHS 9ACTh 3apsijia YXOIUT Yepes3 LIHuHY
cuuteiBanus. [losTtoMy Bpemsi oT BpemMeHH
XPAHHMBIH 3apsf HEOOXOIUMO «OCBEXATEY,
4To0BI He TepsAThk mHpopMauuto. [ns sToro
TpebyrOTCS JONOMHUTENBHEIE 2EMEHTHI, KO-
TOpLIE YCIOXKHSIOT caMy mo cebe mpocTyro
KOHJEHCATOPHYIO cXeMy nmamsTH. B kadectse
KOHJICHCATOPOB 4Allle BCEr'0 HCHOJB3YIOTCH
nosiessie MOII-Tpansucrops.

CxeMbl mamMaTH Ui XxpaHenus: 1 6ut un-
(hopManue HA3LIBAIOT AYEUKAMU 3ANOMUHA-
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Puc. 29. Cxema namsaTH, B KOTOPOH HMCIOIbL3YETCS KOHJAECHCATOP.

towgezo yempoiicmea. Iloxkazannas Ha puc. 28
CXema ABJIAETCA NPUMEpPOM SHYCHKH crmamu-
yeckozo, a Ha puc. 29 —odunamuueckozo 3Y.
Onpenenenne «IMHAMHYECKOE» T'OBOPHT O
TOM, HTO 3alHCAHHOE COCTOSHHE IOJBEpIKe-
HO BPEMEHHEIM H3MEHEHHAM, O KOTOPHIX MBI
roBopuiH Beiue. M3 oTnensHbIX sueex MOX-
HO coOHMpaTh 3aIOMHHAIOIIME YCTPOMHCTBA,
crocoOHBIE XPaHUTE KpYTHEIH 00beM HHpOP-
manun. [Ipu sTom crpemsarcs oboiTHCE Kak
MOXHO MEHBIIAM HYHCIIOM BHENIHHX BBIBO-
JOB: BE/Ib €CJIH K Kax/ao# suelixe 3Y noaso-
OATH HIMHBI 3alHCH W CYATHIBAHUS, TO B
3anoMHMHAIONIEM ycTpoiicTBe Ha 16 6uT mo-
TpeboBanock 6s1 2 x 16 = 32 BeiBoma. Ho
€CTh M JIPYrod myTh CYIIECTBEHHOTO COKpa-
[IEHHS YHCIIA BBIBOJIOB, KOIAA NPHMEHAIOTCS
BCEro OJIHA IIHHA CYATHIBAHUA H OJIHA IIHHA
3anucH, coemunstomme Bee aueiku 3Y. Tak
KaK, OJIHAKO, 3aIHCh WIH CYMThIBaHHE HHPOP-
MaIH{ AO0JDKHBI OCYIIECTBIATECH TOJIBLKO B
oaHoit sueiike 3V, a He BO BCEX OJHOBPEMEH-
HO, HEOOXOIMMO TPETYCMOTPETh BOZMOMKHOCTh
BeIOOpa onpenenenHo# Aueikn 3V, wim, kak
NPUHATO TOBOPHUTb, A0pecHyto 8blopPKY.

AppecHan Bbibopka ayeek 3Y

Jnsa pemienus atoif 3agaun sveiiku 3Y pac-
nosiararoT B (hopmMe KBaJApaTHOW MATPHIIBI.
Kaxnas sveiika HAXOQUTCS B TOYKE Iepece-
4YEHHs OTIPeIeIEHHOro CTOJIONA ¢ onpeaeieH-
HOM cTpokoi MaTpunbl. YTobbl HaliTH HYX-
HYyIO s4elKy, HeoOXoAMMO 3HaTHL HOMEp ee
cronbua m crpoku. Ecnmm B 3V umeercs

N x N sveex, TOo 11 aJpecHOl BBIGOpKH
onpeieieHHOH sueiiku Tpebyercs N + N BbI-
BostoB. Ilpu 16 sueiikax 310 o3HavaeT 8
BBIBOJIOB, @ BMecCTe C IUMHAMH 3alHCH H
cuuThIBaHHA HX craHoBHTCA 10, T. €. ropa3mo
MeHBbIIIE TO CPaBHEHHIO C TeM CJIydaem,
Korma kaxmasa sueiika 3Y umeer cobcerBen-
HbIE I[IMHBLI 3AIMCH H CuMThIBaHMA. Ywmcio
BLIBOJIOB JUIS aJIpECHOi BLIOOPKH MOMKHO
YMEHBIINTB, €CIH 3aK0JAMpOBaTh HOMepa
ctpok U cronbmnos. [lpm wHcnoiap3oBaHHH
JBOMYHOIO KOJa MaTpU4HAA namatk 4 x 4
BMmecTo 2 X 4 comepxkur Bcero 2 x log, 4
BLIBOJIOB. Bo BCcex cxemax nmaMATH CErofHs
npUMeHsieTcs KOOMpOBaHME ajpecoB. Tak
KaK € MOJXHO C MOMOIIBIO 2JeKTPOHHON
CXEMBl Ppeajin30BaTh aJpecHylo BHIOOPKY?
[IpenmonoxkuM, 4ro sueiky 3Y NpHBEIH B
TOTOBHOCTh JIJIl 3AlMCH HJIA CHHATHIBAHMSA,
NOJaB UMIYJILC €OHHHIBI HA JOMOJHHTENb-
HBIH BXOJl 3TOH SYEHKH W NPHHAB, 9TO HM-
nyJbe HYNIS HAa 3TOM BXoje Boobme 610-
KHpPYeT s4eHKY LIS 3aIUCH WJIM CHHThIBAHUSA
uadopmammn. Cuenats 3T0 MOXKHO, COEIH-
HMB, HANpUMeEp, BXOJ 3alHMCH HJM BBIXOJ
curThiBaHuA Yepes MOII-TpaH3ucTOp C IIH-
HOHM 3alMCH WJIH IIHHOM CYMTBHIBAHHS, KakK
9TO NMOKa3aHO Ha pHc. 29. DIeKTpoj 3aTBo-
pa JaHHOTO TPAH3UCTOPA B TAKOM Ciydae
CTAHOBHTCA  JIOMOJHHTE/IBHBIM  BXOJOM.
Korpa nopava HanpsokeHHs Ha 3aTBOP OT-
KPbIBAaE€T 3TOT TPAH3UCTOP, MOXKHO OCYy-
LIECTBJIATh 3allUCh WK CcYuThiBaHHe. Ecim
e TPAH3HCTOP 3amepT, TO 3aliCh WIH CYH-
THIBAHHE HE MOIYT OBITh OCYIIECTBJICHBI.
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Puc. 30. Cxema anpecHoit Beibopkn sueex 3V,

Cxema azpecHOi BBIOOPKH JIOYKOMILIEKTO-
BAHHOH TakuM oOpasom sueiiknm 3V Moxer
OBITH MOCTPOEHA HA JIOTHYECKMX JJIEMEHTax
M. K xaxnoii aueiike 3Y orHOCHTCH CBOit
noruveckui amemedT M. Ero Boexoj coetaaes
¢ 3MEKTPOIOM 3aTBOPA JAOMOJHHTEILHOTO
TpaHsucropa seiikn 3Y. Ha puc. 30 nmoka-
3aHa (MU npocToTh! 6e3 NIBOMYHOIO KOJUpO-
BaHUA) cxema ajpecHoil BbiOopkm 32 x 16
6uT, cHabxeHHas YCIOBHBIMH 0003HAMCHHS-
MH Jiorudeckux onepanmit. Ecnm tpebyerca
BBI3BATh sueiiky 3Y Bo BTOpOIi cTpoKe Tpe-
Thero cronbia, TO HA BXOJBI X, W y3 COOT-
BETCTBEHHO CIHEAYeT NMOJaTh AHHAYHBIA HM-
MyJbC HANpSOKEHMSA, @ HA BCE OCTAJIbHBIE
BXOJIbI — HYJIEBOH. B TakOM ciyuae Ha BEIXOZE
OJIHOTO-eIHHCTBEHHOr 0 nementa U (puc. 29)
MOSIBUTCA €IUHAYMHBIH HMITYJIbC, 24 HMEHHO Ha
sYeiike BTOPOH CTPOKM TpeThero cronbmua.
3amuch B CUMTHIBAHHE MOTYT OBITE OCylecT-
BJIEHBI TOJILKO Ha 3TOil syeiike 3Y. MoxHo,
OJHAKO, MOJHOCTBEI) OTKA3aThCHA OT OOMOJI-
HHUTEJILHOH CXEMBI aJIpecHO#M BEIOOPKH, COCTO-
Amed U3 aneMenToB M, ucnone3ysi B 9THX
HEJsAX HeMOCPENCTBEHHO TPAH3HCTOPHI AYeek
3V na puc. 29. [IpunoxuB MOTOKATEIEHOE
9NEKTPHYECKOE HATIPSIKEHHE K 3NEKTpoliaMm
3aTBOPOB BCEX TPaH3HCTOPOB B OJHOH CTpO-
ke (mmHa BeIOOPKH CJIOBa), OCYLIECTBISAIOT
BBIOODKY CTPOKH, 4 MEHss HaNpsxeHHe Ha
AEKTpOAaX BCEX TPaH3HUCTOPOB OJHOIO
cronbua (paspsnHas IUHHA), YCTAHABIIH-

Barot ctonben. Teneps MoMHOCTBIO rOTOBaSs
K ajipecHoi BEIDOpKe sueiika THHAMHAYECKOTO
3V cocrouT mMb W3 KoHAeHcaTopa B MOII-
TpaH3ucTopa. Hapsny ¢ onHcanHBIM BBl
3V ¢ npoussoasioil bibopKoil KAKIOH TICHKH
cymectByioT 3Y ¢ nocaedosamenvtoil 6bibop-
kou. IlpencraBum cebe, uTo sueiiku 3Y pac-
NOJIOXKEHB! B 0HY cTpoky. C mMHOM 3anuch
W CYMTBLIBAHHSA COEJIHMHEHA JIMILE O/IHA sSHeHKa,
pacnojIokeHHas Ha [ajibHEM KOHIIE CTPOKH
copaea. Ecnu choenate Tak, 4T0 OTHENIbHBIE
A4eiiku B ompeneneHHoM putMme OyayT mepe-
JIaBaTh XPAHALIHECS B HUX [[AHHBIC COCEIHAM
sueikam, T.e. TIpaBas svueika B JIEBYIO M
T.I., TO 32 OJUH TOJHBI UK TAKOH mepe-
[Javd JAHHBIE BCEX SYEEK MOCIEHOBATEILHO
OIWH pa3 MOCTYHAT B IIHHY 3AIIHCH H CHATHI-
BaHMsA, TJIe MOTYT OBITH CHATHI HIH H3MEHE-
Hbl. Ocoboe 3HaYeHMe Ui peaM3nny moce-
poBaTeabHO# Beibopku umeror MOII-cTpyk-
Typel. Kak yxe ynomuranock, HHboOpMaius
MOXET XPaHWTbCA B KOHIEGHCATOPE B BHJE
3nexTpuyeckoro 3apsana. Ho BMecto konuen-
catopa ucnonesyrotes MOII-rpanzuctopsi!
3apsaa HakarUIMBaeTcs moj 3aTBopom. Yro-
681 monyunuTs 3V C moclenoBaTENbHON BbI-
Gopkoit, Tpebyerca MOII-rpausucrop ¢ 60b-
IIMM YHCIOM 3aTBOPOB, PACHOJIOKEHHBIX B
onny ctpoky. [lom neiictBHeM HWMNYJILCOB
3MEKTPHYECKOT0 HANIPSDKEHUS XPaHUMBIH 3a-
PAI NePeXolIAT OT OJHOI'O 3aTBOPA K JAPYro-
my. B aTom ciyuae roBopsar o npubopax ¢
3apsoBoi cBaA3bio, wiam [13C.

CuyeTHbie cxembl

K ocHOBHBIM omepanmaM, KOTOpHIE NPHXO-
JATCS BBHIMONHATH C HYJI€BBIMH H ¢IHHUYHBI-
MH HMIOyJIbcaMu npu o6paborke mHpoOpMma-
IMH, OTHOCHTCH cHueT. CHeT WMIYyILCOB B
CepUM MOXKHO paccMaTpHBaTh Kak ocobyro
thopmy 3anucu uapopmamuu B 3Y. I[Mostomy
CYETHBIE CXEMBl OYEHB IOXO0XH HA CXEMBbI
namaTh. CueT 10 ABYX MOKHO peann3oBaTh
C TIOMOIIBIO CXEMBI, TOKA3aHHON Ha pHc. 31.
3nece MBI TaKXke BOCMONb3yeMCs JIOTHYEC-
KHMH ' CHMBOJIAMH, TPHBEICHHBIMH  Ha
puc. 20; aTo caenaer cxemy Oonee HarasAu-
HOM, XOTS Ha MEepBLIA B3N] OHA KaskeTcs
BecbMa coxHOH. B snekTponuke BoobGIIE
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Puc. 31. CuerHas cxema. ITta cxema cuWTaeT M0
JIBYX.

OYEHBb YaCTO MpHOEraroT K JIOrHYECKHM CXe-
MaM BMECTO JJIEKTPHYECKHX, KOrja XOTAT
npeacTaBETh B Oonee moHsTHOH (opme
CIIOXHBIE CXEMHBIE PEILCHHS.

Pa36op cxemel Ha puc. 31 MBI ocyluect-
BAM B HECKOJIbKO 3TanoB. O6GpaTtuMcst BHa-
yajie eie pa3 K NpoCTOH TPUITEPHOH Cxeme,
KOTOpas ABJISETCA COCTABHOM HaCTBIO CHET-
HO#f cxembl Ha puc. 31. Becnomuum puc. 28,
rige B TPHITEPHOH CXEME€ MCHOIb3YHTCH
JJIeKTpHYecKHe yCiaoBHBIE o0o3Havenus. Ec-
JIE MX 3aMEHHTH JOTHYECKUMH CHMBOJIAMH,
TO TOJYYHM JIOTHYECKYIO TPHITEPHYIO CXe-
My, NpEICTaBICHHYIO HWXe Ha pHc. 32,a.
Pacnipesienenue cocTosiHHA BBIBOJOB JaHO B
Tabm. 5. 3auepkHyThIE BapHaHTBI BEOYT K
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BO3HHKHOBEHHIO JIOTHYECKHX MPOTHBOPEYHI.
O60uM JIOTHYECKH TIPHEMIIEMBIM BAPHAHTAM
COOTBETCTBYIOT J[IBA YCTAHOBHBIIHMXCS COC-
TOSIHAS TPHITEpPHO# cxemsl. Ipyras moacxe-
Ma, TAKXKE BXOJMlllas B CYCTHYIO CXeMy Ha
puc. 31, Ha3HAYEHHE KOTOPOH MBI pPaccMOT-
PHM OTHeNbHO, H300paxeHa Ha puc. 32.0.
Dta cxema (GopMHEpYeT JIOTHYECKOE BhIpa-
xenme E' = E A E, xoTopoe Bcerja paBHO
aymo. [lo mpaBuiam JIOTHKH Ha Bhixoze E',
TakuM 00pa3oM, Bcerja HMeEeTcs HyJib BHE
3aBHCHMOCTH OT TOro, 4YTO Ha BXO/E
E—-nyns wim eqununa. B peanbHBIX cxemax
JIOTHYECKHE OMNEpalHH peasM3yioTcs ¢ Mo-
MOIIBIO TPAH3HUCTOPOB, & TPAH3HCTOPLL, KaK
MBI 3HaeM, HE OTIHYAKTCH Oe3rpaHHYHBIM
ObicTpojieiicTBHEM: HAMpoTUB, oHM pabora-
0T C ONpe/eICHHBIM BPEMEHEM 3a/IEPHKKH.
KoHkpeTHO B HamieM ciyyae 3TO O3Ha4aer,
4TO BXOJHOH HMHOYILC MOCIE OTPHUAHUSA
HECKONIbKO IO3e€ MOCTYIAaeT Ha BEpPXHHM
BXxox ayemeHTa M, Hexenu caM BXOJHON
HMIIYJIbC Ha HWKHHH Bxox. Ecim o BBOJA
HMIyJbca BEPXHHH BX0J E OBUI yxke 3aHAT
equaunei  E' =1, To HA BBIXOAE y Hac
emdHHNa OymeT HaXOmMTBLCA IO TEX Top,
noka copMUPOBAHHBIN B JIOTHYECKON CXeMe
HE nyneBoit HMIyIbC HE MOCTYNMHUT HA BEPX-
Hui BXxox sneMedTta M. Haummas c atoro
momeHTa E = 0. Ecm E = 0, To Ha BBIXOE
Bcerga Oynmer HyIb, T.€. H B TEYEHHe 3a-
JiepkKH Ha jorayeckoit cxeme HE. B npasoit
yacTH Ha pHC. 32,6 BHH3Y MMOKa3zaHa cepus
MMIIYJIbCOB, BO3HHMKAIOMIds HA BHIXOAE pe-
aJILHOH 3JIEKTPOHHOMN CXEMBI [PU paBHOMED-
HOM BBOJE HYJIEBBIX M CIWHUYHBIX HMIIY/ib-

Puc. 32. a—norudeckas cxema TpHrTepa; &—Jormyeckas cxema Ui (hOPMHPOBAHHA KOPOTKHX HM-

MYJIBCOB,
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Tabauya 5. PacnipejesieHue COCTOAHHMHA BHIBOIOB
TPUITEPHOH CXeMbl. 3a4epKHYThIC BAPHAHTHI HC-
KJIHOYA0TCH,

QDO U
— ey

COB. DTa cepHs COCTOMUT H3 OYeHb KOPOTKHX
€HHHYHBIX HMITYJIbCOB W TIOSBJIAETCS, KOTAa
Ha BXOJIe HYJIEBBIE MMITYJIbChl TIEPEXOMAAT B
€IMHUYHBIC UMITYJIbChI, T. €. HA MOJOKHTEb-
HBIX (DPOHTAX CepHM BXOIHBIX MMITYIBCOB.
Wrak, Tenepb MBI TOTOBBI K pPaccMOTpe-
HHIO CYeTHOH cxembl Ha puc. 31. IMomamum
Ha BX0J E paBHOMEDHYIO CEpHIO HYJEBBIX H
eMHHYHBIX MUMITyIbcoB. [lycTs H300paxkeH-
Hasl 37eCh TPHITEPHASA CXeMa HAXOJWTCA B
coctosuar R=0, S=1, 0=1 n Q0 =0.
Yro e npomsoiiner B 3Tom ciaydae? Ha E’
Mbl TIOJY4MM TIOKa3aHHYIO Ha pHc. 32,6
CEPHIO OYeHb KOPOTKHX €JIMHAYHBIX HMITYITb-
coB. OHH MOCTYMAT COOTBETCTBEHHO HA OJTMH
u3 BxonoB obomx snementoB M. B Takom
ciydae Ha anemente M1 npu nosBiaeHHH
OJIHOTO TAKOTO KOPOTKOTO EAHHHYHOIO MM-
nyjabca Ha HIKHEM BXOJ€ B TEYCHHE KO-
pOTKOro BpeMeHH Ha obomx Bxomax Oyner
enuHuna, Tak kak Q =0, a 0 = 1. Ha Bui-
xone anemednta M1 B pesynbrare KpaTko-
BPEMEHHO MOSBJIACTCH CIHHHYHBIA UMITYIIbC.
KopoTkuii eMHUYHBIH AMNYJILC TOCTYMAaeT
HA BXOJ R TPHITEPHOH CXEMBI, HA KOTOPOM
[0 cHX mop OBUT HYNb, H TEPEKJIFOYAET e B
npyroe cocrtosHue. Tenepp MBI HMeeM
R=1,8=0,0=0wu Q=1. B cocrosnun
CXeMbl HHYEr0o He MeHseTcs, noka Ha E'
CHOBA HE TIOSBUTCS KOPOTKHH MOJOXHTEb-

o i

R 0 e L

Puc. 33. Cxema cuera no 2". KpagpatamMu ycioB-
HO o00o3HaualoTCs CXEMBI, AHAJIOrHYHBIC npen-
crassienHoit Ha puc. 31.2" umnynscam Ha Bxoje E
cooTBeTcTBYeT | MMIynbe Ha BeIXome A.

HBIH uMIyabc. Bes mcropus nosTopsieTcs c
TOM NWIIL pa3sHHLEH, YTO Temeph eOUHHIA
Oymer He Ha (, a Ha Q, a 9TO BiEYET 3a
coboif TOSIBJICHHE KOPOTKOTO €IHHHUYHOIO
HMITyJIbCa Ha BbIxoze anemeHTta M2, a He
anementa M1. KopoTkuili enquHMYHBIA HM-
OylbC TOCTYNAeT HAa BXOA S TPHUITEPHOH
CXeMBI, paHee 3aHATHIH HyJIeM, H MepeKiHo-
4yaeT ee B APYroe cocrodnue. Temepb MbI
cHoBa uMeeM R=0,S=1,0=1u 0 =0.
[lepBoHayanbHOE COCTOSHHE BOCCTAHOBIIE-
HO, W LIHKJ MOXeT OBITh TIOBTOPEH CHOBA.
J171s1 BBLITIOJTHEHHS OIMMCAHHBIX ONepalnit Ham
noTpeOOBANIACL [BA IMOJIOKHUTENBLHBIX HM-
nynbca. UnraTenb yke HaBepHsKa JOoranani-
Cs, 4YTO B OTBET HAa JBA TOJOKHTEILHBIX
HMIYJIbCA HA BXO/e MOMABIAETCS OIMH IO-
JIOKHTEIbHBIH HMIIYJILC HA BbIXOJE A, 4TO H
NMoKa3zaHo Ha puc. 31 BHH3y, rae mu3o0pa-
JKEHBbI CEPHH MMITYJILCOB HA BXojax Eu £' u
BeIXOJe 4. BHIHO, 4TO YHCIIO UMIYJILCOB HA
BBIXO/IE CXEMbI BIIBOE MEHbIIE, YeM Ha BXO--
ne. ITocne KaXmoro BTOPOro MMIyNIbca Ha
BXOJle MOABIAETCS OOHH HMMITYJILC HA BBI-
xome. Cxema cumrtaer mgo aByx. CoenuHHB
MOCNIEIOBATENBHO HECKOJLKO TAKHX CXeM,
HampHUMeEp CBA3aB BBIXOJ MpeIbLIYIeH cxe-
MBI C BXOAOM TMOCJICAYIOIIEH, YHCIO HM-
NyJIbCOB MOXKHO ele ymeHbHThL. [lpu n
CXeM OTHONIEHHe mnepecueTa OyaeT paBHO
1:2" 1.e. Ha 2" UMOYJILCOB HA BXOJE MEPBOM
CXeMBI MBI MOJYYHM OJIHH HMIIYJILC HA BbI-
xome n-ii cxembl (puc. 33). Bes cxema Gymer
cyutath g0 2". C MOMOMIBIO IECITH CXEM
MOXHO cocunTaTh o 2'° = 1024. INousTHO,
YTO TAaKAM 00pa3oM MOXKHO TIOCTPOUTH CXe-
My JUisl kBaplessix 4acoB. bonee moapobuo
MBI OCTAHOBHMCS Ha 3TOM B I 6.

CxeMbl MaMATH ¥ CYETHBIE CXEMbI SBJISI-
IOTCS MPHMEPOM  peajii3alli  CIOKHBIX
(pyHKIHIE ¢ MOMOWIBIO 3JIEMEHTAPHBIX JIO-
rudeckux onepanuii. Onpnako B oboux ciayya-
X peyb HJET He O KOMOMHAIIMOHHBIX CXe-
Max, ¢ KOTOPBIMH JI0 CHX [OP MBI HMEJH
JIeJI0 IPUMEHUTENIBHO TOJIBKO K 3JIEMeHTap-
HBIM JIOTHYECKHM omepanusiM. Huke Mbl
PacCMOTPHM HEKOTOpbie 0oJiee CHOXKHBIE
KOMOWHAIIMOHHBIE CXEeMbI, HMEIOLIHE IpaK-
THYeCKoe 3Ha4eHHe i obpabortkm uHbOP-
MallHH.
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MocroaHHaa namaTtb

ObpaTumMcs cHa4ana K NOCTOAHHOW MaMAaTH,
0 KOTOpO# KOPOTKO YyXke ymoMmHHanock. B
KavecTBe a4eek 3V 3/ech MOXHO HCIOJb-
30BaTh npocthie MOIT-TpaH3ucTOphI, CKOM-
NOHOBAHHBIE B BHAE MaTpHIbl (puc. 34).
DNeKTPO/ibl 3aTBOPOB MOJIEBBLIX TPAH3HCTO-
POB COCAUHSIIOTCS HIIH Ke He COeIHHSIOTCA C
x-mmHamMu 3V. B 3aBucuMocTH OT 3TOrO
syeiika 3V 3aHsATa eAMHMICH HIIH HYJEM,
YeMy MOXKHO HaTh Cienyioliee oObsICHEHHE.
Ecimu nHa y,-mmuny (puc. 34) nofaH MojoxH-
TeJTbHBINH 37IeKTPHYECKHIH NMOTEHIHAT, TO TPH
HOJIOKHTEILHOM HANpsHKCHHH Ha X -ITHHE
TOK MPOXOJMT 4Yepe3 y,, T.€. sA4eHKa x,;V,
BhlJIaeT eauHuny. Ecnm ke ocymiectsisieTcs
BBIGOpKA SMEHKH X,),, KOTAA MOJOKHTEb-
HBIH MMITYJIBC TOJAETCA HA X,, 4 HE Ha X, TO
yepe3 y, TOK HE MPOXOAHT M fAYeHKa X,y
BBbIIA€T HYJIb.

¥4

Cxembl KOgUupoBaHUA
M NEeKOAWpPOBaHUA

B cBa3n ¢ agpecHo#t BBIDOPKOWH MBI yIIOMH-
HAJIH O KOAHpOBaHMM uucesa. CxeMbl, KOTO-
pbleé TEpeBOAAT 4YHCJIa M3 OOHOIO KOJa B
JpYToi, Ha3bIBAIOT CcXeMAMU KOOUPOBAHUA.
Cxembi dexodupoganus pemaroT MPsAMO TIPo-
THBONOJIOKHBIE 3anaud. Ha puc. 35 noka-
3aHA CXeMa JIeKOIMPOBAHMS 3AIMMCAHHOTO B
JBOMYHOM CHCTEME HOMEpA CTPOKH MaTpHy-
Hoi mamaTH 4 x 4. Ilo Ttabn 6 mMoxHO
OTpEJeNTnTh, CICACTBAEM KaKHX HampsKe-
HUi HA OOOMX BXOHAax SBIISIIOTCS Hampsbke-
HHSI, CHHMaeMble ¢ 4eTbIpex Bbixomos. ITpe-
IDOCTABJISEM ClejaTh 3T0 yMrartemo. Kax-
[0e HMMerolleecs Ha BXoAax M 3aKOJHPO-
BAHHOE IBOMMHBIM KojoM wuucio ot 0 mo 3
JaeT Ha OJIHOM BBIXOJIe €OUHMILY W HYJIH Ha
Tpex OCTaJbHBIX BhIXOJax. Beixom, Ha KoTO-
POM HMeeTcsl €MHHMIA, OJHO3HAYHO COMO-

Xy

|

L]

0

iI-——II

=

i

Puc. 34, IMpunuunuansaas cxema nocrosuuoi namatu (I13V).
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Puc. 35. Cxema aeKOAMpPOBaHHS.

CTAaBJICH C [IBOMYHLIM yHcIOM Ha Bxoxe. Ilpu
3aHATOCTH [BYX BLIXOJIOB OJHHM OTpere-
NEHHBIM [BOHYHLIM YHCIIOM MOXHO TOYHO
BeIOpaTh JIHIIG OMH M3 YETHIPEX BHLIXOIOB.
[Tosromy B nanHoM citydae roBopsar o dop-
Me BBEIOOPKH «1 H3 4».

MyneTunnekcop

I1pu obpaboTke HHPOPMAIIHH HEPEOKO BO3-
HHUKAeT 3aja4a npeoOpa3oBaHus HMITYJILCOB,
nepeaBaeMblX OJHOBPEMEHHO MO HECKOJIb-
KHM KaHallaM CBSI3H, B CEPHIO HMIYJIbCOB,
NOCJeI0BATENLHO MOCTYMAIOMHX 110 OTHOMY
KaHAJy CBA3H. DTy 3ajady pellaeT cXxema
YIUIOTHEHHSI KaHAJIOB CBSI3U—TaK Ha3bIBae-
MBIl My.bmuniekcop, a BOT 1l obpaTHOTO
npeobpa3oBaHHs CepHH pa3fe/iCHHBIX Bpe-
MEHHEIMH HHTEPBAJIAMH HMITYJIbCOB OJHOTO
KaHajla B HMITYJIbChl, TlepefaBaeMble mapas-
JIEJNIbHO W OJHOBPEMEHHO IO pa3HBIM Ka-
HAJlaM, WCHONB3YETCA  JeMyabmunieKcop.
CxeMa ymIOTHeHHMs H300pa)keHa Ha pHC.
36,a. Bxomwel Ty, T,, T, u T, npegHa3zHaAueHbI
JUis BBOJA TAKTOBBIX HMMIynbcoB. Popma
yeTelpeXx TakTOBBIX mMmnyiascoB T,-T,, a
TaKXe MMIYJbCOB Ha Bxomax E, —E, n
NOCTIEIOBATEILHOCTD HMITYJIbCOB HA BBIXOJE
nokasaHsl Ha 36,6. Bnaromaps TakTHpoBa-
HUIO €IHHUYHBIH MMIYJIbC, MMECIOLIMHCA Ha
NEPBOM TAKTE Ha BXoAE E,, MOXET NOATH JI0
Bbixofa A, a BOT [AJid HMIIYJIbCOB Tpex
IOpYTHX BXOJOB IyTh K BhIXOAy 3akpeiT. Ha
BTOPOM TaKTeé TaKTOBbi# ummyisc ¢ T,
OTKpBLIBAECT MYTh VIl HYJECBOTO MMITYJIbCA,
amMeromerocs Ha Bxome E,, m 1.1 Hrak,

E'o—-——-r
E,0 &
A
E,O L
Eo a
1 o 0O
a P Ta Ty T,

A
1 0

A . Bpemn

Puc. 36. MynbTuniekcop. a-—cxema; 0-—uM-
nyibehl Ha BXomax E, —E,, TAKTOBbIE HMIYJIBChI
T, - T, u nocnenoBaTebHOCTL HMIYJILCOB HA BhI-
xone A.

Tabauya 6. PacripeiesicHHe COCTOAHHHA BXOJIOB M
BBIXOJIOB CXeMBI JIEKOAHPOBAHUA Ha pHc. 35.

E, T, sy PIRR < R
0 0 1 0 0 0
1 0 0 1 0 0
0 1 0 0 1 0
1 1 0 0 0 1
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OJIHOBPEMEHHO HMEIOIINECH HA 9E€THIPEX Pas3-
HBIX BXOHaX MMITYJIbChI JCHCTBHTEILHO TIpe-
0bpasyroTcs B cepHi0 pa3[ielIeHHBIX BO Bpe-
MEHH HMIYIbCOB, KOTOPYIO MOXHO CHATE C
OTHOTO BHIXOJA.

Cymmupyiouime cxembl

Hpyro# umeroleif BaXHOE 3HAYEHHE OIe-
palieil ABIACTCH CJIOXKEHHE [BOMYHBIX 4H-
cen. PaccmoTpum cHawana cxemy Ui CyM-
MHUPOBAHHS [IByX OJHO3HAYHBIX [IBOMYHBIX
uicelnl X, y. Pesynbrar mMoxer oka3zaTthcs He
TONBKO OHO3HAYHBIM, HO M JIBY3HAYHBIM
JBOMYHBIM 4HCJIOM (cM. Tabun. 7).
O6o3naunm mudpy nepeoro paspanga pe-
3ynbTaTa 4epes z, a BTOpPOro—i (i mosy4a-
ercsi MepeHOCOM H3 MNEpPBOro paspsga BO
BTOpoii). O6e mHUpPLI MOKHO MONYIHTH KAk

pe3yabTaT Cledyroulel KoMOHHAIMH IJie- -

MEHTAPHBIX JIOTHYECKUX OMNepallHii:
z=XAY VAP,
i=xAy.

Hna nposepku obparumcs k Tabinuue 3Ha-
yennit, Ecim, x npamepy, x =0, y =1, T0o
MPH ONpeJieNleHHN z W3 HAIlero ypaBHEHHs
MOXHO MPHHATH TaKOH XOJ PaCCyXICHHI:
X =1, 3nauur, X Ay =1, y =0, a cnenosa-
tensHo, x A =0, 1 V0= 1, u pesynprar
PEeILeHUs] MPHUBEICHHOrO 3eCh ypaBHEHHS
paBeH EAMHMIE, YTO W TOJATBEPKIaeT Tab-
JMua 3HaqeHnii. OnpejeseHle z Mo yKas3aH-
HOMY YPABHEHHI® BBINOJHSET JIOrHYeCKas
cxema, MokasaHHasi Ha puc. 37, KoTOpyro
PACIIMPUIIA C TAKAM pacyeToM, 4ToOLl oHA
MOTJIa PACCYMTHIBATE elle U nepenoc i. Ta-
Kas CXeMa Ha3BIBAETCS «IOJTYCYMMATOPOMY.
Ecmu we pasbupats B noapoGHOCTAX NpHH-

Tabauya 7. YMcneHHBIC 3HAYCHHA U] CYMMHPOBa-
HHS JBYX OJHO3HAYHBIX ABOHYHLIX YHCEN

x y ¥ + 1
1-it paspan  2-i paspan
0 0 0 0
0 1 I 0
1 0 1 0
1 1 0 1

P— | -y
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Ya X4 ¥y %3 Yg Xg Yo X,
[ 0, i
.0‘ 4 zy T3 74

Puc. 37. a—cxeMa juis pacyera NepBoro paspsaa
CYMMBI. JIBYX JIBOHYHBIX 4HMCEsI; § —Ccxema Juisi pac-
deta 0BoMX paspAnos (MOJIYyCYyMMATOp); 6 CXeMa
JUIA pacdeTa MEepPeHoca W3 MpeblAylIero paspsaaa
(nosiHBIH CYMMATOp W3 JABYX NOJYCYMMAaTOpOB);
2—-CXema JUlsl PacyeTa CyMMBbI /IBYX HeThIpeX3Hay-
HBIX JBOHYHBIX YHCEN X X3X,X; H VyVaVaV-
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LM JeHCTBUS MOJYCYMMAaTOpd H OCHOBHOE
BHHMAaHHE COCPEJOTOMMThL H4 pe3yibTaTe
ero paboTel, TO 3Ty CXEMY MOKHO paccMart-
pUBaThL B BHIE OJIOKa ¢ JAByMs BBIXOJaMH H
IBYMs BXO/IaMH, KaK 95TO M CIEJaHO Ha
puc. 37.6.

A Temepb MpeICTABHM, YTO HAM HYKHO
CNOXKHATH [Ba N-3HAYHBIX [IBOMYHBIX 4YHCIIA

XNXy_q1--:X; H YPy¥n—y---Yi- Ob603HaAUHM
CYMMY KaK Zy,,Zy...Z;. B Takom ciyuae
CIpaBeUIHBO

XyXpy_q-+-X1

YNPN-1--0

IN+1ENEN-1--- D)

Ilpu onpeneneHun CyMMbl HEOOXOAHMO Y4H-
TBEIBATH, YTO, HAYMHAN CO BTOPOIO paspsaia,
Tpebyercs CKJIalbIBATH HE TOJIBKO LU(PLI
JUTSL COOTBETCTBYIOILErO paspsijaa, HO W Ie-
peHoc 3 npeaslayiiero paspsga. Pacemor-
PHM, K TpHMEpY, n-H pasps z, SBJSETCH
nudpoii nepporo paspsiia cyMmsl x, + y, +
+ di,_. 3mechb ii,_, O3HAYaeT IMEPEHOC H3
(n — 1)-ro paspsga. C noMob0 ABYX MOJY-
CYMMATOpPOB JIETKO MOHO PAacCYHTaTh Z,.
CoorsercTBylOLIas CXema IIOKa3aHa Ha
puc. 37,6. UYToObl NOAYYHTH MNEpeHOC i,
HAM OCTaeTcs JHIIbL NPHILUIIOCOBATH MeEpe-
HOC, MMEIOIIMICA Ha BLIXOJE MEPBOrO MO-
JycyMMaTopa, K NepeHocy BTOPOIo MoJy-
CyMMATOpa, Kak 3TO CHeTaHo Ha pHc. 37.8.
Takyro cxemy HA3BIBAIOT IOJIHBIM CyMMa-
TopoMm. Ee MOXKHO YNpPOCTHTH, ONATH K€
€C/Ti paccMaTpUBATh TOJILKO pe3yiabTaT pa-
OoTbI CcXeMbl, MOJYYHB TPH BXOJd H JBa
BBIXO/d, YTO TaKXkKe OTpaxkeHo Ha puc. 37,6.

A Tenepp Ha mnpumepe pHc. 37,2 pac-
CMOTPHM CJIOXKEHHE YEeTBHIPEX3HAYHBIX IBO-
nuHbix uucen. [lepeHoc i, paseH subo
0-2* (1.e. mepenoca mer), 6o 1:2* = 16.
Ecinn cyer BBINOJHAETCS B 3aKOAHPOBAHHON
JBOHYHBIM KOJOM ,ElECﬂTH‘{HOﬁ CHCTEME, TO
MepeHoc U3 OHOMN TeTpajibl B APYIYIO paBeH
He 16, a 10. Bot 3xech BnepBbie BBI3BIBAET
OCJIOKHEHHS TapasulejibHOe MCMOIb30BAHHE
JBOMYHON M jgecaTH4yHOM cucteM. OGe cu-
CTeMbl CYHCIICHHA BCTYNAKOT B HpOTHBOpC”
YyHe, M JUIS HX IPUMHpPeHHs Tpebyrorcs ao-
nosiHuTeNbHble onepauud. Ho Ha 3TOM

Gonee moapobHO OCTAHABIHMBATHLCSH MBI HE
Oynem.

BepHeMcs K [10BOJILHO HArJIsiIHOH CXeme
Ha pHc. 37,2, Npe/CTABHB, YTO BMECTO MOJ-
HBIX CYMMaTOpOB H MOJyCYMMATOPOB ¥ Hac
BBIYEPYEHBI BCE IMOJICXEMBI C JIETAJTHPOBKOM
BILIOTHL g0 oTaenbHeix cxem WJIUM-HE n
W-HE, u cpa3y ybemaumcsa B JOCTOHHCTBax
6sok-cxeM. C HX MOMOIIBIO MOXKHO YPOBEHb
3a YpPOBHEM KOMIIOHOBATH CJIOXKHBIE CXEMBI
(cxema Ha pwuc. 37,2 BbImojHseT 52 JOTrH-
4YECKHE OIEpaldd H COJEPXKHT HECKOJILKO
COTEH 3JIEMEHTOB), HE HCILITHIBAS HEY100CTB
B CBSI3H CO CJIOXKHOCTBIO MOCTPOEHHS KaX-
Jloro ypoBHs B otaensHocTH. Ha xaxmom
YPOBHE BCTPEYAFOTCH TOJILKO CPaBHHTEIBHO
npocteie cxembl. [Ipeacrasnste cebe anexr-
POHHBIE NMPHHIMIE! PEaM3allMi OCTABIIEH-
HBIX 3aJa4 HaM HYXHO JMIIb Ha CaMbIX
HHU3LIAX YPOBHAX, T.€. YPOBHAX peaM3amiuu
J/IEMEHTAPHBIX JIOTHYECKHX ONEepanuif, Tak
Kak Oosiee BLICOKHE YPOBHH CTpOSITCA M3
3JIEMEHTOB HH3ILIET0 YPOBHS.

AHanorosbie
MHTEerpanbHble CXembl

Ho cux mop MBI OTPAHHYMBAIHCH PACCMOT-
PEHHEM CXEM, HCTIOJIb3YeMBIX JUIs nuppoBoi
obpaboTku mHpopmanmu, ubo sra dopma
ABJIAETCS U1l MHKPOJIEKTPOHHKH HauboJee
yaobuoi. Tunuunusivu ananorosbiMu MC,
HCIONb3YEMBIMH B MOJYNPOBOJHUKOBOK
MHKpO2JIeKTponuke, sBastores MC ycunm-
TeNeid aHanoroBbix cursanoB. Hawubonee
pacnpoCTpaHEHHBIMH M3  YHHBEPCAJIbHBIX
yeuomTenbHbX MC MOXHO, KOHEYHO, CHH-
TaTh TaK HA3bIBAEMbIC ONEPALMOHHBIC YCH-
mremy. Ananoroseie UC cioyxat Taxxke 11s
06paboTkn CHrHaJIOB (OCTAOIIMXCS MOKA
eme Goblei YacThIO AHAIOTOBLIMH) B BH-
jeoMaruutodonax u Apyroil GeiToBOH pa-
JIHO2JIEKTPOHHOI anmapatype. Bee Honbiee
snavende npuobperator UC, crocobuble
OCYIECTBJIATH Npeobpa3oBaHue aHAIOT OBBIX
curuasioB B mudpossie u Haodoport. Ux Ha-
3BIBAIOT aHaJoro-1mdpoBeiMH U nH(ppo-aHa-
JIOrOBeIME TipeoOpasosateisiMu. [ToHATHO,
yro MC ananoro-uudposeix u mudpo-ana-
JIOrOBLIX npeobpazoBaTteliell Hapsagy ¢ uud-
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POBBIMH BCET/Ia COJEPKAT aHAIOrOBbIE MOJI-
cxemel. Ha MC ananoro-nugposoro npeob-
pazoBaTesis, TOK4a3aHHOH Ha pHc. 38, Mbl
OCTAHOBHMCS CHIEIHAJIBHO.

Ananoro-uudpoeoi
npeobpasoearens

AHajorosas 4acTh 3TOH BO BCEM OCTAJIbHOM
madposoit UC mnpencrasiena KommapaTto-
poM, u3obpaxeHHBIM Ha puc. 38,2 B BHIE
TPEYroJbHHKA C JABYMS BXOJAMH H OIHHM
peixogoM. Ilpunnun paborel kommapaTopa
CTAHOBHUTCSH TIOHATHBLIM M3 puc. 38,6. Kom-
napaTop CpaBHHBACT HMCIOLIMECS HA BXOJAX
E n R vanpsxenus Ug u Up. Ecm Uy
Gonbme Uy, MBI MONTy4aeM Ha BBIXOJE I10-
noxuTensHoe HanpspkeHue Ug, ecom xe Ug
menbiie Uy, TO OTPULIATENBHOE HATIPSKEHHE
(= Ug). BaxHbiM sIBJISETCS TO, YTO BHIXOJI-
Hoe Hanpspkenue U , THIOb IO CBOEMY 3HAKY,
U

HO He 1Mo abCoMOTHOMY 3HAYEHHIO 3ABHCHT
OT P43HOCTH HANpsXKEHHI Ha Bxojgax. Abco-
JIIOTHOE 3HAYCHHE OCTACTCA MOCTOSHHBIM
BHE 3aBHCHMOCTH OT TOrO, KaKylo pasHoOCTh
HANPsHKEHHUH — MOJIOKHUTENBHYIO HMIIH OTpH-
HaTeNbHYI0 ~Mbl MMeeM Ha Beixoze. Ha
BBIXO/IE KOMIIApaTopa MOXET OBITh TOJBLKO
OJHO M3 JIBYX HAnpsykeHWH, a umenno + Ug,
TMPUTOJHOE ISl JalbHEHIIET0 MCIOIb30Ba-
HASL B KAa4ecTBe EQMHAYHOTO CHTHAjNa, H
— Ug—B kavecrse carnana nyis. Ilo coei
CYTH KOMIapaTopsl siBisiioTes auddepenn-
AJIbHBIMM  YCHJIMTENISIMA, HO C OrpaHWYEH-
HBIM BBIXOIHBIM Hanpspkenrem. [ToaTomy ux
MOXHO BBIITOJIHHTE Ha Ha3e MoJynpoBOAHK-
KOBBIX YCHJIHTEIbHBIX 3JIEMEHTOB.

[Tocne TOro Kak Mbl BBISICHHIH TIPHHITATI
paboThl KoMIaparopa, Jjerde Oyier noHsATH
NPUHIMI  (PYHKIHMOHHPOBAHUS BCEH CXEMBbI
aHanoro-uagpoeoro npeobpazoparens Ha
puc. 38,a. [lanHas cxema MOYTH OyKBaJIbHO
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undpororo npeobpasopatess; 6 — NPHHIAT AeiicT-
BHS KOMIIapaTopa.
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Tabauya 8. TloscHeHud K cxeMe aHanoro-undpoeoro npeodpasosare-

s Ha puc. 38

Hanpaxenue na  Oxpyrnensoe  CocrosiHHs BhIXO10B Cocrosnus
AHAJIOTOBOM 3HAYCHHE KOMIapaTopoB JIBOHYHBIX
BXOOE HANMPAKCHHS K, K, K, BBIXOJIOB
Y2 ¥
5/6-1U, 3-Uy/3 1 1 1 1 1
3/6-5/6U, 2:Uyf3 0 1 1 1 0
1/6-3/6U, 1-Uy/3 0 0 1 0 1
0-1/6U, 0-Uy/3 0 0 0 0 B

BBITOJIHAET TO, O Y€M MBI FOBOPHIHM B Ha-
yajne 3TOi IJIaBbl MPHMEHATENBLHO K MOJY-
YeHHIO NU(POBLIX CHIHAJIOB H3 AHAJOrOBOH
cepus UMnyabcoB. CoBeTyeM YHTATENO OC-
BEKHTBH B MAMSATH 3TOT CNOCOD, TAK KAK Mbl
ceifuac OyaeM B CBOMX DPACCyXJICHHAX OITH-
paThbcs HEMOCPEACTBeHHO HA Hero. Pazbueka
IIKAJIbl HATPSOKEHHH Ha OTHENbHbIE MHTEp-
BaJIbl OCYIIECTBJIAETCA 3a CYET MOCJeIoBa-
TeIBHOTO COEJAMHEHHsS PEe3UCTOPOB. 3Haue-
HHSl HanpsbkeHMd Ha pHc. 38,4, ecim cMo-
TpeTh CBepXy BHM3, paBHBI /o Uy, */¢U, 1
'/¢Uy. Hanpsokenne U, Hago cpenath Ta-
KHM, 4TOOBI Bee 3HAveHHA HanpspkeHusa U B
aHAJIOTOBO# CEpHH HMMYJILCOB OBUIM MEHb-
me U,. C apyroi ctoponsl, Hanpsokenue U,
HE TOJIKO He J0JDKHO OBITh Yepecayp 6ouib-
UM, HO M —MpH CODJIIOJCHHH YCJIOBHA
U < U,—cHuxeHO [0 MHHHMAJbHO BO3-
MOXKHOT0, 4TOOBI NPH JUCKPETH3AlMH 3HA-
YeHHH HANPSKEHHS HE PACTEPITh TOYHOCTD.
Komnapartop K (puc. 38,4) ycranapiusaer,
npeBbiliaeT iU Hanpsxeane U HampsokeHue
5/¢U,. Ecii 9TO TaK, TO Ha BBIXOIE MOSAB-
nsercs 1, ecim Her, To 0. Ha BeIXOmE KOM-
napatopa K, mosBasercs enMHHIA, €CIH
U>3eUy, 1 vyas, ecmu U <3/,U,. Ha
BeIXoJe Kommapatopa K, Oyumer emunmua,
eca U > '/sUy, 1 Hymb, eca U < */U,.
Takum obpazom, Hanpskenre U nonajaer B
OJIMH M3 4YeThIpexX MHTepBasioB TadJ. 8 (mep-
BbIi cTonber). COOTBETCTBYIOLHE KaXI0MY
HHTEPBAJIY 3HAYEHHS Ha BBIXOJAX KOMIIA-
paTopoB moKa3aHbl B TperbeM crobue.
Ecnu B caMOM BepXHEM HHTepBajie OKpPYI-
JIMTH 3HAYEHHS HANPSDKEHHS C H30LITKOM, a B
CaMOM HHJKHEM —C HEJOCTATKOM H OCTajlb-
HbI€ NPUHATHL HA YPOBHE CPEAHMX 3HAYCHHM,

TO Ul HeThIPEX HHTEpBanoB OyayT momy-
4YeHbl 3HAYCHH#A, INOKa3aHHbIE BO BTOPOM
cronbue. OmHO W3 WMEIONMIMXCA HA BXOJIE
HanpsokeHuit U maeRTndUIMpyeTcs Kak on-
HO M3 YeThIpeX 3THX 3HaveHwii, T.e. 3:Uy/3,
2:Uy/3, 1:Uy/3 u 0-Uy/3. Ocraercst Il
3akomupoBath uuciaa 3, 2, 1 u 0 qBoHYHBIM
KOZOM, H MBI MOJYYHM T'OTOBBIH aHAJIOro-
wuposoii mpeobpasosatens. Komuposanue
OCYIIECTBIIAETCH JIOTHYECKOH CXeMOMH mocne
BBIXOJ0B KOMIIApaTOPOB, TOYHEE MOCHE JIO-
rudeckux anemMenToB M, dynkumu koTophix
MBI ceifyac paccmoTpuM. YuTaTens cam Mo-
HKET JIerko yOeauThcs B TOM, YTO Ha 06OHX
JIBOHYHBIX BBIXOIAX y, (BTOPOH pa3psal JABO-
MYHOTO YHCTIa) U y, (NEepBBIA paspsa ABOHY-
HOIO 4HCJIa) JIOTHYECKOH CXeMBl HMEITCH
NpaBUIbHBIE 3HAYEHHSA, T.€. YKa3aHHBIE B
gyeTBepToM cronbdbue Ttabn. 7. Ham anano-
ro-uudpoBoii npeobpazosaresb Ha pHuc. 38,a
TpaHC()OPMHPYET AaHAJIOTOBBLIH CHTHAaJA B
JIBy3Ha4HOe JBOM4YHOe 4ucino. Ecomu Tpeby-
€TCSl MOBBLICHTh TOYHOCTH aHAIOro-IH(ppo-
Boro mpeobpaszoBaHus, CIeQyeT CY3uTh HH-
TepBaJibl HaNpSDKEHHWid, T.€. B3AThH Oobie
KoMrapaTopoB. COOTBETCTBEHHO [OJIKHO
ObITH 0OJIBIIIE H PA3pAJIOB JIBOMYHOIO YHCIIA
Ha Bhixoge. Ecim umcno pa3spsnoB OBoHY-
HOT'O YHMCJI4 PABHO /1, HITH, 9TO OJHO H TO XK€,
n 6ut, Tpebyerca 2" — | koMmapaTopos. 310
YCIIOBHE, eCTECTBEHHO, cobroaeTcs 1 B Ha-
meM npuMmepe; 22 —1 =23, Cxema normuec-
Koro 3nemeHTa M Ha BBIXOJE KaXIOTO KOM-
napatopa asanoro-uudposoro mnpeobpazo-
BaTeNs Ha pHc. 37,4 rapaHTHPYET MOCIENo-
BATEJBbHYIO [OJa4y AaHaJIOrOBbIX CHIHA-
J0B, TpaHcOPMHPOBAHHBIX B IU(POBLIE,
H4 JIBOMYHBIC BBIXOALI TOJBKO B TOM
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ciydae, ecnd Ha BXonx 1 MOJaH TaKTOBBIH
HMITYJTBC.

Baxmreiimas cocraBHasi 4acTb MOKa3aH-
HOro Ha puc. 38 amamoro-umdpoBoro mpe-
obpazoBarens -koMmnapatop. On sBisercs
npumepom anasoropoit UC. [pyrue ana-
norosle UC MBI paccMaTpuBath He Oyzem,
ubo 3TO He macT HAM HHYEr0 HOBOIO H
OPHUHIAIHAILHO BAXHOTO IS MOHUMAHHUSA
MHKPO23JeKTPOHHKH. BoT ToNBKO HE caemyeT
U3 3TOro JenaTh BBIBOJ, OyATO aHANIOroBble
UC He Tak Ba)xHBEI B MEHKPO3JIEKTPOHHKE, KaK
madpossie. TMpasaa, Bee 3aHa4n 3JIEKTPOH-
HOM 00paboTkH WH(pOpPMAIHH B TIPHHIAIE
MOTYT OBITH peleHsl TU(GPOBEIM crocobom,
ecJId He TIPHHAMAaTh BO BHHMaHHE Heu30ex-
HOCTh OKPYIJIEHHSI AQHAJIOTOBBIX BEJHYHH,
CBSI3aHHOI'O ¢ MX npeoOpa3oBaHHEM B [HC-
KperTHble. OHAKO CTOHT JIH HCIONB30BATH
mupoBoii criocod B Tex ciaydasx, Korja Juis
pELICHHS ONMpEeNeHHBIX 3aJa4, TaKHX, Kak
YCHJICHHE aHAJIOTOBBIX CHIHAJIOB HJIM TEHe-
panus 3JIeKTpHYecKux kosiebaHmif, cymect-
BYIOT XOpollHe aHajoropsie cxemsl? OTeer
HA 3TOT BONPOC 3aBHCHT OT TEXHHYECKOIO
YPOBHS peaM3anuu ApoBLIX cXxeM cpe/cT-
BaMH MHKPOIJIEKTPOHHKH, T.€. OT CTENCHH
unTerpanun nementoB B UC, ot ee GuicTpo-
neficTBUA W OT neHbl. HekoTopele mpu3Haku
FOBOPAT O TOM, 4TO C Pa3BHTHEM TEXHHKH
uH(ppoBEIE cXeMbl OyayT Bee Gombie u 60ib-
e BBITECHATL aHajorossle. OgHako mo-
HOCTBIO aHasoroBasi ¢opma o6paboTkn HH-
(opmaruu He ucye3HeT, TeM Gosee 4To MHK-
pPO9TEKTPOHHKA MO3BOJACT CYLIECTBEHHO
yAy4IIUTE W aHanorosbie cxembl. Ho ona
OyneT MCIIONIL30BATHCSH [JI PEICHAS HEMHO-

THX crneunduIHBIX NpobieM, ¢ KOTOPHLIMH
mudposas obpaborka mHDOpMANHHM CrpaB-
JISE€TCs IIOXO.

Ty riaBy, NOCBSIIEHHYIO 3JIEKTPOHHBIM
CcXeMaM, MBI 3aBEpIIHM KPAaTKHMH paccyx-
JMeHUSIMH, HMEIOIMMH OoJbiloe 3HAYEHHE
[T TeXHWYECKOH peaM3alliH TaKHX CXeM.
Peub ueT o cxeMOTeXHHYECKOIf HHTEr panuu
OTHENBHBIX  JNEKTPOHHBIX  KOMITOHEHTOB
(OK). Yrober xorss 6Bl npHOJIH3HTETHHO
npencTaBuTh cebe, ckompko DK Tpebyercs
I8 OJHOH CXeMBbl, MPEANOJIOXKHM, YTO B
peaibHOM MPAaKTHKE [JIS BHITIOJIHEHHSA OQHOH
JJIeMEHTAPHOM JIOTHYECKOH omepamyu, T.e.
LISl OJJHOM CXEMBI JIOTHYECKHX SJIEMEHTOB,
tpebyerca 10 otmensHbix DK. B cuerHoi
cxeme Ha pHc. 31 HCnoNb3yeTcs IIEeCTh CXeM
JIOTHYECKHX 2JIEMEHTOB, T. €. okoJio 60 DK. B
HAPYYHBIX KBapleBbIX yacax paboraer mpH-
mepHo 30 Takux cxem, T.e. moutd 2000 K.
Momneni cymmaTtop Ha puc. 37 ¢ 13 cxemamu
JIOTHYECKHX 937IeMEHTOB umeeT okono 130
DK. ns nuHAMHYECKOH NMaMsATH, MOKa3aH-
HO#i Ha puc. 28, Tpebytotcs mpa DK. B
namsti Ha 10° 6ur umeercsa Goxee 200000
9K. Konewno, sty mudpel ouens npubnm-
3UTENLHBIC U BIOJHE MOTYT OTIHYATBLCA OT
(hakTHUecKHX Ha ABa-TpH mopsiaka. U Bee xe
Jlake Ha 3THX TIpEMeEpax BHOHO, KaKoe or-
pomHOe KojmdecTBO DK mHenmonb3yercs B
HHTETpabHLIX CXeMaX, CIyXallux s o6-
paborku HHPOpMAIIHH.

B cnemyromeil riaBe MBI NEPEXOIHM K
BOMPOCY O BO3MOXHOCTH MPOMBIIIEHHOTO
M3rOTOBJICHHS MHTErPANbHBIX CXeM, cofep-
KALHX Takoe OOMNbINOe YHCIIO 3eKTPOHHBIX
KOMIIOHEHTOB.



5. TexHonorua

NMPOMBILUNIEHHOro Nnpom3BoacTea
n3penun MUWUKPO3NEKTPOHUKMN

DJIeKTPOHHbIE CXEMBI, C KOTOPBIMH MBI 10-
3HAKOMMJIHCH B MIPEIbIAYIIEH IJ1aBe, COCTOAT
U3 TPAH3HCTOPOB, AHOI0B, KOHIECHCATOPOB K
pe3ucTtopoB. Ecinu MBI X0THM pazobpaTbcs B
MeTOHax MPOH3BOACTBA TAKHX CXEM, TO, Ka-
3ajjock OBI, Tpexne Bcero HeoOXoauMo
03HAKOMMTBLCHA C TEXHOJIOTHEH H3rOTOBJE-
HHS OTJEJIbHBIX 3JICKTPOHHBIX KOMIIOHEHTOB
(2K). Tak, Bo BCAKOM ciiydae, ciegoBajo Ob
HOJIONTH K OCBEIIEHHIO TEXHOJIOTHH MPOH3-
BOJCTBA M3[ETHH MHKPOIJIEKTPOHHKH, €CIIH
OBl B OCHOBE HMX MPOMBILUICHHOTO H3TOTOB-
JIeHHS Jiexana cOOpka cXeM M3 OTAEJIbHBIX
9K, T.e. MeTOAMKA, NPHHATAA Y PaJHOIIO-
OuTeneii, KOTOphLIE, KaK M3BECTHO, NpHObOpe-
TAOT OTHEIbHBIE CXEMHBIE DIIEMEHTEL M, COe-
JIMHAS WX [POBOIHHKAMH, cOOHMpaloT HyXK-
Hble cxembl. OJIHAKO TAKOH MOIXOA KaK pas
H HE Halea MPHMEHEHHS B MHKPOIJIEKT-
POHHOM NMPOMBINLIEHHOCTH.

MUHrerpanbHble cCXxemMbi

WHTerpanbHbie CXeMbl MOJYYalOT HE MyTEM
COE/IMHEHHUS M3rOTOBJIEHHBIX MO OTAEJIBHO-
cru DK. Bee anemMeHThl HHTErpajbHOM cXe-
Mbl H MEXCOEIHMHEHHS BBINOJIHAKOTCA OIHO-
BPEMEHHO B 0OHOM MEXHOA02UHMECKOM YUK,
T.€. BOOOILIE M3roTaBIMBAIOTCSH HE OTIEIb-
HBIE 2JIEMEHTHI, & KOHCTPYKTHBHO 3aKOHYEH-
Hele cxembl. MMeHHO mosToMy Takue H3-
JeHs W HA3LIBAOTCS WHIMEZPAAbHbIMU CXe-
mamu (MC). Takum obpazom, MHUKpPOIJIEK-
TPOHHAS TEXHOJOIHs OT/IMYaeTcs OT Ioboi
APYroil MPOMBIIUIEHHOH TEXHOJOTHH, MOCT-
POCHHOH MO HPHHIMOY «HU3TOTOBJICHHE OT-
JIeJbHBIX AeTaJsieil —cbopka M3ienuid u3 ot-
nenbHbIX jgetanei». Ilpaema, npu H3roTos-
JsieHnd UC HeoOX0HMO BBITIOJIHUTL TAKKE U
onpejaeneHusie  cOOpoUHBIE  ONEpaIHu —
CMOHTHPOBATH MOJIYITPOBOJAHUKOBLIH KpHC-

Taa, COJAEpXKalllHi cxeMy, Ha KpHCTallo-
HOCHTEJIe, MMEIOIIIEM BHEIIHHE KOHTAKTHBIE
BBIBO/IbI, COCIHHATE €0 C ITHMH BBIBOJAMH,
a 3aTeM NMOMECTHThL TaKyio cOOpKy B repme-
THYHBIH Kopnyc. ToJIbKO mociie 3Toro Mox-
HO TOBOPHTbH O TOTOBOM H3/EJIMM —HHTET-
panbHO# cxeme. OHAKO ee OCHOBHOH KOM-
HNOHEHT —CXeMa Ha  MOJYNPOBOAHHKOBOM
KpHCTaJllle —M3roTaBiuBaeTcs 06e3 Kakoii-
60 cOOpkHM OTAENBHBIX 37eMeHToB. B man-
HOM cJlydae roBopsit o6 MHTErpaJibHO-IPyIl-
HOBOM IPHHLHKIE CHHTE3d, Hd KOTOPOM OC-
HOBAHA TEXHOJIOTHSI M3rOTOBJICHUS H3JETHH
MukpoatekTponuku. McnonpsoBanne nonob-
HOTO [MpPHHIMIA B ABTOMOOHJIECTPOCHUH
o3Hauasno Obl, HATIPUMEP, H3rOTOBJICHHE BCe-
ro HIaccH LEJIMKOM M3 OJHOH MeTajuinye-
CKOW 3arOTOBKH: BeCh Iporecc cOOpKH CBO-
mics Obl TOJNBKO K YCTAHOBKE KOJeC H
Ky3oBa. He roeops yxe o TOM, 4TO Takoi
[pollecCc HEBO3MOMKEH C TOYKH 3PEHHA TeX-
HOJIOTHH, B aBTOMOOHJIECTPOCHHH B HEM BO-
olme HeT HHMKakoil Hyxabsl. Hanporue, B
MHKPO3JIEKTPOHUKE HHTErpalbHO-TPYNIOBOH
NPHHIAN He TOJBKO 3hQeKkTHBeH H Heob-
XO[HM, HO M MO¥eT ObIThb peanu3oBaH Ha
npaktuke. Ero texHosnormdeckas s(gdexTun-
HOCThL 3aKJIIOYAETCs B TOM, 4YTO OTHAJaeTr
HEOOXOAMMOCTh BBEJICHHA B CXeMY KOMII-
JIEKTa OTHENIbHBIX HABECHBIX 2JIEMEHTOB Iy-
TEM HX MOJKIIOYEHHS 4Yepe3 BHEIIHHE KOH-
TAKTBI, & TAKXKE HMCIOJIb30BAHUS 3aLIMTHOIO
kokyxa. K nocromHcTBamM MOMKHO OTHECTH
OTKa3 OT BBIIOJHEHHS MEXKCOEIHHEHHH C
HOMOIIBIO OTJAETbHBIX IJEKTPHYECKHX IPO-
BoauukoB. B rorosoii MC anements yxe
COE/IMHEHbI APYr ¢ ApyroM. B KOHTaKTHBIX
BLIBOJAX H B KOPIYyce HYKJAeTcs JIMIIb HH-
TerpajibHas cXeMa B [eJoM. A 3TO BechbMa
CyILECTBEHHO yjemeniseT npouspoacteo KC.

OpHako TpeHMyILeCTBA HMHTErPaJIbHO-
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rpynmnosoro meronaa usrortosnenns MC co-
CTOSIT HEe TONBKO B BO3MOXKHOCTH COKpale-
HHUS NMPOM3BOACTBEHHBIX 3aTpar. Takoi me-
TOJX HEODXOMUM, MOCKONBKY JIMIEL OH OJHH
MO3BOJISIET M3rOTABIMBATE MPOMBIIILIEHHBIM
NYTEM CXeMbI, HACHHTHIBAIOIINE OT HECKOJIb-
KHX JIecaTKOB 1o coren Thicsu K. Drto
obbscusiercs pagom npuund. OpgHa U3 HUX
ONPEHEeAeTCss HaJeXHOCTBIO CXEM CO CTOJB
HosbiMM YncIoM siemeHToB. HamexHocTs
CIHIIKOM MaJa, a YacToTa 0TKa30B COOTBET-
CTBCHHO HYepecuyp BenWKa B TexX Cay4asx,
KOrjia cxemy COOMpAalOT NMyTeM COeJIMHEHHS
OTHENABLHBIX 2jieMenToB. [lpenmonoxknuM, K
MpUMepy, 9TO OJAMH TAKOH 3JIEMEHT CIoCco-
Oen GesoTkazHo paboTaTh HA TPOTSIKEHHH
10% u, T.e. Gonee cTa neT, a 3aT€M BBLIXOJHT
n3 crposi. YacTtoTra OTKAa30B CXeMbl, HACYH-
TeiBatoweit 10000 Takux smemMeHTOB (cor-
JJACHO MNpaBHIIaM pacyeTa BepOATHOCTEH),
paBHsAETCA B 9TOM Ciydae npHOJIA3HTENBLHO
107 10* 4~ 1.e. 1072 u™ !, Cnenopatens-
HO, MOKET CIYYHTBHCA Tak, 4TO paccMaTpH-
BaeMasi CXema IepecTaHeT ()YHKIIHOHHPO-
BaTh yxke 4vepe3 100 4 mocne ee mepBoro
BkjtodeHns. [TOCKONBKY HHTErpajibHasi cxe-
Ma BO MHOTHX OTHOIIEHHAX CXOHA CO CXEM-
HBIM 3JIEMEHTOM, OTJIHYASCh OT HEro JIHIlb
CIIOKHOCTBIO CBOEH CTPYKTYPBI, TO MOXKHO
HAJAESThCs, YTO M3TOTOBJIEHHBIE [0 HHTE-
rpajbHO-rpynnoBoi texnonorudw UC Gyayr
obnagate Oojiee BBICOKOH HaJEKHOCTBIO.
Jaxe ecim UX HANEKHOCTH M HE YAACT-
csl NpUOJM3HTL BIUIOTHYIO K HAJIEKHOCTH
oberaHoro DK, oHA, BO BCAKOM Ciy4ae, He
6yner B 10* pas mmxe (kak B HalIeM TpH-
Mepe), T.e., BOOOIIE TOBOPSA, HAMEKHOCTEH
HUC pomxkHa ObITh TOpa3ao BBILIE HAIEK-
HOCTH TaKo# ke cXembl, coOpaHHO# W3 IuC-
KPETHBIX JJIEMEHTOB. DTH OXKHIAHHS TI0J-
HOCTBIO oOmnpapiabiBatoTcs. MHTErpaibHbIE
CXEMBI  OJelicmeumeabHo OKa3bIBAIOTCA Ha-
JIe)KHEE CXeM M3 JIHCKPETHBIX 3JIEMEHTOB,
npuYeM He B 5 WM JIECATH pa3, a Ha TpH-
yeThlpe mopsaka. Tonbko Omaromaps wc-
MOJIb30BAHHIO HHTErPaJibHO-IPYNIIOBOH TeX-
HOJIOTHH TOABHJIACH NPUHIMIMAAIBHAS BO3-
MOKHOCTb MOCTPOEHHS JOCTATOYHO HAIEK-
HBIX cxeM, conepxkaummx 10-100 Teic. K.
Jpyrue NpHYAHBL, AHKTYIOIIHE TEPEXo]
HA MHTErpaJibHO-TPYINOBYIO TEXHOJOTHIO,

CBSI3aHBI C PasMEpPaAMH M MACCON OT/eNbHBIX
OK. Ecnm st c60pKH 27IEKTPOHHOM CXEMBI
ucnonszosats K obsemom 0,1 cm? u mac-
coit 0,1 r kaxawli, To 06BeM cxeMmBl H3
10000 DK mpessicun 661 06beM JIHTPOBOMH
OyThUIKH, a -Macca ee Obuta OBl Oosbine
MAaccChl HAJIMTOH B Hee BoAbl. B omuux ciyva-
AX € 3THM MOJXKHO CMHPHTBECS, B APYTHX
Hesb34. TeHIeHna K MUHUATIOPH3aIHA ABH-
JIack pe3yabTATOM HE TOJLKO H HE CTONBKO
JKEIaHHs TONYYHTh MajorabapuTHbIE H Jier-
KHE CXEMBI, OTJIHYAFOIIHECH BLICOKMMH KOH-
CTPYKTHBHBIMH H MEXaHHYECKMMH TOKa3aTe-
namH. Pemaromyio posib ceirpalio TO, 4TO
XOpOIIHE 3JEKTPHYECKHE XapaKTePHUCTHKH —
Mpek/ie BCero 3Ha4MTeNIbHOe OmicTpox;eiicT-
BHE H MaJjioe HoTpebJIeHie MOIITHOCTH — MOX-
HO MOJIYYHTH TOJIBKO MYTEM HCTIONb30BaHHS
MHHHATIOPHBIX 3JIeMeHTOB. MuHHATIOpH3A-
LM 3aTParuBaeT, CleJoBATENBHO, CAMO CY-
mectBo MIC —ee asexmpuneckue xapakTepuc-
THKA. A OHH YJIYHINAIOTCS C YMEHBIIEHHEM
pa3mepoB a/1eMeHTOB. YTo6bI TomyuuTh 271€-
MEHTHI € 3JIEKTPHYECKUMH  XapaKTepHCTHKA-
MH, HeoOXoauMbIMHE U 00paboTkn HHpOP-
MAalHH, UX pasMepsl He [0JDKHBI MPEeBBILATh
COTBIX AoJeil MamMerpa. OriensHbIe 2J1e-
MEHTBI, [UIHHA, IHHPHHA H BBICOTA KOTOPBIX
PABHBI COTBIM JOJISIM MHJUIHMETpa, BOOOILE
rOBOpsl, HM3rOTOBHTH MOXHO, HO JHIUbL C
MOMOIIBIO CAMO# COBEPIICHHON TEXHUKH, Aa
u oboiityTcsl OHH 04eHBb jJoporo. Mx coemu-
HEHHME TOHKHMH NPOBOJHHKAMH TAKXKE ABJIsA-
eTcsi HempocTo# 3axavei. Ha npaktuke Bo-
NpOC HCMONbL30BAHUA MHOH (HE MHTErpaib-
HO-T'PYIIOBOH) TEXHOJOTHH UIS M3rOTOBJIE-
ausa UC crons Maneix pasMepoB Boobine He
Bo3HMKaeT. Hamm paccyxaenus mo mosomy
WC mo3BonsioT cAenaThk Clielylolinie BhIBO-
JIbL: TOJIbKO HHTErPaJIbHO-TPYNIIOBAsA TEXHO-
JIOTHS [AeTaeT BO3MOKHBIM M3rOTOBJICHHE
HAAEKHbIX, MHHAATIOPDHBIX, JIETKAX H Jelie-
Bpix MC manmoil MOUIHOCTH, B KOTOPHIX
HyXAJIaeTcs MHGpOpManMOHHAS TEXHUKA.
OpnHako BO3MOJKHOCTH HCIOJIB30BAHHS
HHTErPAJIbHO-I'PYIIIOBOH TEXHOJOTHH TECHO
CBA3aHA CO CBOMCTBAMH MOJYNPOBOJIHHKO-
BoIX DK u cocrosmmx u3z Hux MC. Ilpen-
craBuM cebe ere pa3 CTPYKTYpPY TaKHX dJie-
MeHTOB, Hanpumep crpykrypy MOII-Tpan-
suctopa (puc. 16). Umcro BHemHe Takoi
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TPAH3HCTOP HWMEeT BHJ KPOXOTHOH TO-
JIyIPOBOAHAKOBOM TIACTHHBI — KPEMHHEBOTO
KpucrajUia. B Helt mmeercs nermpoBaHHAaf
AKINEeNTOPHOM TpUMechl0 p-00macTh, Ha
Heif — ol AM3NeKTpHKa, MpPeACTaBJISOMMH
coboii aByokuch kKpemuus. Ha stor cioit
HAHECEH CJIOH METAJITHYEeCKOro AJIOMHHHS.
Kpome Toro, Ha nojaynpoBOJHHKOBOH Ijiac-
THHE HMEIOTCS [IBE JIErHPOBAHHBIC JIOHOPHOMH
NpUMEChI0 n-00J1acTH, TOBEPX Kaxaoi H3
KOTOPBIX pACIOJAraeTcs CAoH MeTaIHyec-
koro amomuaug. Pasmep MOII-Tpan3ucro-
pa Mo Tropu3OHTANM cocTaBaser 10 MrMm,
IpHYEM B OCHOBHOM OH omperensercs oben-
MH n-001acTAMHA, IpaBoO# M JIEBOH, MOCKOJIb-
Ky pacrojio)KeHHass MeXIy HUMH obiacTh
(p-xkanajt) HOJKHA MMETh MHHHMAaJbHBIE
pasMepbl, d4eM obecnednBaeTCsi MAaKCH-
mMansHoe OvicTponeiicteue MOII-Tpansuc-
Topa. B Hacrosiee BpeMs KaHal, Kak mpa-
BHJIO, JEJAIOT JUIMHOH OKOJIO 3 MKM, XOTH
HMeeTCs Hemalo Takux npubopos u ¢ bosnee
KopoTkuMH KaHanamu. [lo seprukamu pas-
Mep MOJIEBOTO TPAH3HCTOPA COCTABJNAET BCe-
r0 HEeCKOJbKO MHKpoMerpoB. Utobbl obec-
MEYHTH BO3MOXHOCTB HOCTATOMHO 3(iex-
THBHOT'O YIIPABJICHHS MPOBOAMMOCTBIO KaHa~
Jla ¢ MMOMOUIBIO 3aTBOPA, CJIOH OKCHAA JI0]-
*KeH ObITh OueHb TOHKHM (Mmenee 0,1 Mxm).

i i f 7

Kpemumuessiii kpucrann MOII-Tpansucropa
JIOJKEH HMMETh TOJIIHHY TNOPAOKA COTHIX
JloNiel MHJUTHMETPa XOoTs OB U1 TOrO, 4TO-
Obl OH He pa3pyluajics OpH MaJieliiemM IpH-
KOCHOBEHHH K HEMY, H TOIJa CTAHOBHMTCSH
SICHO, YTO CaM MOJIeBOH npubop 3aHUMaeT
OTHOCHTEJIEHO TOHKHI MPUIOBEPXHOCTHBIH
CTIOH, T.€. Ha HEro NPHXOMAHMTCSA BCETO JIMIb
okoyi0 1% TOJMIMHBI MOJIYIPOBOAHHKOBOIO
kpuctana. Ocranbeeie 99% obbema kpu-
cTajuIa, JIeKAIEro Mo 3THM CJIOEM, BLIIIOJ-
HAIOT poJib s Hocutens MOTI-rpan3uc-
Topa uiH mnomwrokkn. Taxum obpasoMm,
crpykTypy MOII-Tpan3ucropa MOXHO OXa-
paKTepH30BaTh CAeAYIOmUM obpasoM: oHa
npenacrasisier coboii  ynopsAnoYeHHBIE OI-
peneeHHbIM 00pa3oM MO TOPH3OHTANH H
BEPTHKAIH CMEXHbIC 00JIaCTH U3 Pa3IMYHbIX
MA4TEepHAJIOB, pachnojararolnecs B MPHIIO-
BEPXHOCTHOM CJIO€ KPEMHHEBOI'O KPHCTAILIA.
K umcny aTHX MaTepHasioB OTHOCHTCH p-
KpeMHHI (JIerHpOBaHHbIHi aKlIEeNTOPHOM MpH-
MeChI0), n-KpeMHHI (erupoBaHHbIH JOHOD-
HOM TPHMECBHIO), IBYOKHCH KPEMHHS H Me-
TaJJIMMECKHH aTIOMHHHIT. AHAIOTrHYHBIM 00-
pPa3oM MOXKHO ONHCAThL CTPYKTYPHI H APYIHX
MOJIYITPOBOIHAKOBEIX 31eMeHTOB. bumnossp-
HBIE TPAH3UCTOPBI, THOIBI, KOHACHCATOPHI U
pesucTOphbl TpeAcTaBiIsoT coboit He 4TO

Bunonapusii
TpaHIucTop

Awnon

Monesown TpanaucTop

Kongencatop Peauctop

Puc. 39. Bo3MOXHOCTbL peasiH3alyuy TONYNPOBOJHHKOBBIX 3]EMEHTOB HA IOBEPXHOCTH KPEMHHEBOIO
KPHCTAJUIA. g — peanusanus otaeabubix IK; 6 — Te e 3/1eMeHThl, HO C NOBEPXHOCTHEIM 3aIIHTHEIM CI0EM
OKCHJIA H JOTIOJHHTEILHBIM [ —N-IIEPEXO/IOM, OGCCTICTHBAIONIMM B3aHMHYIO IEKTPHYECKYIO Pa3BA3KY
MEMEHTOB.
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HHOE, KaK YIOPSAIOYEHHBIE 110 TOPH3OHTAJH
M BEepTHKagM 00JIaCTH H3 NepevYHCIICHHLIX
MaTepuanos, cHOPMHPOBAHHLIE B NPHIO-
BEPXHOCTHOM CJI0€ KPEMHHEBOTO KPHCTAJLIA,
B arom serko ybeamrthes, oOpaTHBIIMCE K
puc. 39.

A Tenepb MbICIIEHHO TTonpoOyem cobpath
CXeMy M3 MOKa3aHHBIX Ha puc. 39 nomynpo-
BOHHKOBBIX 3JIeMeHTOB. [lns aTOTO pa3smec-
THM KPHCTAJUIBI OTENbHBIX MOJYTPOBO/IHHA-
KOBBIX 3JIEMEHTOB Ha CTEKJISHHOM IUTACTHHKE
B COOTBETCTBHH C TOJIO)KEHHEM B CXeMe, a
3aTeM COeJMHHM HMX Mexay coboifl H C BbI-
XOJHBIMH KOHTAKTAMH, BOCIOJB30BABIIACH
AJIIOMHHUEBLIMA MPOBOAHKHKaMH. ToT dakT,
YTO H3-32 MHHHATIOPHOCTH 3JIEMEHTOB 3TY
ONEPALNI0 MOKHO BBIIOJHHTBL TOJIBKO YMO-
3PHTENILHO, MBI YiKe OTMevand Buiue. Ha
puc. 40 moka3zana MOCTPOEHHAs TAKHM MyTeM
cxema jorudeckoro 3nementa M-HE, korto-
‘past yiKe TpHBOAMIIach Ha puc. 24.6. Ecnu ne
obpamaTe BHHMAHHA HA 3a30pbl MEKIY OT-
JIEIbHBIMH TOJIYIPOBOAHUKOBEIMH KPHCTAJI-
JIaMH B BOOOPA3UTh, YTO AJFOMHHHEBLIE COE-
JIMHATEIbHBIE TIPOBOJIHAKHA HAKJIECHBI HA TIO-
BEPXHOCTh, HAa KOTOPOH MNpeIBapHTEIbHO
6b11 chOPMHPOBAH H3OJHPYIOUIMIA CIIOH OK-
CHIa, TO MBI YBHIHM, 4TO IOCTPOEHHAS
HAMH HA CTEKJAHHOH TMJIACTHHE CTPYKTY-
pa TOJHOCTBIO COOTBETCTBYET ONHCAHHIO
CTPYKTYPBI OTHAENbHBIX MOJYNPOBOIHHKO-
Beix DK: cxema mpezctaBinser coboii mpo-
CTPAaHCTBEHHO YNOPAHNOYEHHBIE ODNACTH M3
p- M n-KpeMHHS, JBYOKHCH KPEMHHUsS W Me-
TAJLUIMYECKOTO  AJIFOMHHHUS, KOTOphie pac-
MOJNAraloTcsi Kak pa3 B [PHIOBEPXHOCT-
HOM €JIO€ MOJYIPOBOJIHUKOBOIO KPHCTAILIA.
EnuHCcTBEHHOE pasiMyHe MeXIy CTPYKTypa-
MH OT/[eBHOIO JJIEeMEHTA M CXeMbl U3 He-
CKOJIBKHX 3JIEMEHTOB 3aK/IIOYAeTCs B TOM,
YTO B COCTaB mocneaHei Bxoaut Gomnbiiee
YHCIIO Pa3iNMYHLIX ObNacTeil, a U pa3mepsl
ee kpHctayia Gosbmie. OHHAKO, ecliH mpe-
HeOpeub pazMepaMH H CIIOXKHOCTBIO CXEMBI,
MOXHO CKa3aTh, 4TO B CTPYKTYPHOM OT-
HOILIEHHH OHA MOJIHOCTBIO AHAJIOTHYHA OT-
JenbHOMY mnoaynpoBoaHukoBomy K. He-
MOJIb3YS TEXHOJIOTHIO, KOTOpas MpUMEHsIeT-
csl JUIsl H3TOTOBJIEHUs OTAcHbHBIX DK, Mox-
HO HM3TOTOBHTH KOHCTPYKTHBHO 3aKOHYEH-
HYIO CXEMY, COCTOSIIYI) H3 TAKHX KOMIIO-

HeHTOB. MMEHHO 3TO MBI M MMEJH B BHIY,
KOI'Jla OTMeYaJid BbIilie, YTO 0coObIe CBOMCT-
Ba nonynposoaaukoBeix DK # nocrpoeHHbIX
M3 HHX CXEM MO3BOJIAIOT JOCTHYL B MHKDPO-
EKTPOHHKE TOTO, HYEro HEBO3MOXHO J0-
OuThCA B ABTOMOOHJIECTPOCHHH — H3IOTO-
BHTh HM3[E/IHE B €AHHOM TEXHOJIOTHYECKOM
1MKJIE, T. €. HANAJWThL MPOU3BOACTBO MO HH-
TerpaJibHO-TPYINOBOH TEXHOJOIHH.

Ha onHo# CTOXHOCTH, MpHCYIIEH HHTe-
IpajibHO-TPYNIIOBOI TEXHOJOTHH H3TOTOBJIE-
HHS 3NEKTPOHHBIX CXEM, 3[€Ch CIeIyeT OCTa-
HOBHTbCH Oosee moxpobHo. OHa cBsizaHa C
BO3JAYIIHBIMH 3a30paMH  MeXIY OTIeNb-
HBIMH 27IEMEHTAMH — MOJTYPOBOIHHKOBBLIMH
KpHCTAJIAMH, TNpEICTABJCHHLIMH HA pPHC.
40; cymecTBOBaAHHEM TaKHX 3a30POB MBI
BHa4Yaje npeHebpernd. DTH 3a30pbl HIPAIOT
BaXXHYIO POJIb: OHM OOECIeYHBaIOT JJIEKTPH-
YeCKYI0 M3OJISIHUIO OTHENbHBIX 3JIEMEHTOB
apyr ot apyra. Eciu nosynpoBOAHHKOBBIE
Kpuctaiisl 6e3 kakux-mbo Mep npenocro-
POXHOCTH TPHBECTH B KOHTAKT JpYr ¢ Apy-
TrOM, TO B MECTax CONPHKOCHOBEHHS OHH
OKaXYTCs CBA3AHHBIMH MeX1y coboil TOKO-
MPOBOJISILIMME COSIMHEHUSIMH, KOTOPhIE He-
JONMYCTHMEI B peamusyeMoii cxeme. B urore
cxema mepectaHer ()yHKIHOHHMpOBaTh. Ecin
HEOOXO0IMMO OTKA3aThCd OT BO3IYIIHBLIX 3a-
30pOB, TO H3OJIANIMA J0DKHA OBITE obecnede-
Ha apyramu cpeacteamu. C 37O nenbio
MEXKIY OTIEeNbLHBIMH 3JIEMEHTAMH B TIOJY-
NPOBOIHUKOBOM KpHCTaJljie B GONBIIMHCTBE
cny4yaeB (GOPMHPYIOT p—n-TIepexofl, K KOTo-
poMy, Kak TpaBHJIO, TPHKIAObIBAETCA 3a-
NHpalolllee HANPSKEHHE — pa3yMeercs, MpH
YCIOBHH, YTO TaKOH mepexon He Tpebyercs
JUISl peajiM3alii CaMOTO CXEMHOrO 3JIeMeH-
Ta. Takas BO3MOXKHOCTBH CYIUECTBYET IUIs
anemenTta B Buge MOIl-Tpansucropa, a nis
JIPYTHX 3JIEMEHTOB, W300paXKeHHBLIX HA PHC.
39,a, nannoe ycinopue He cobmopaetcs. [lo-
9TOMY BCE 3TH 3JIEMEHThl HOJDKHBI OBITH
«omyuleHb» B p-00JacTh, Kak MOKa3aHO HA
puc. 39,6. Xors 3peck mis (popMHpOBaHHS
OIHOTO 31eMeHTa Heobxoamma OGONbILas
wiomank, crpykrypa 2K ocraercs mpex-
Hell — HY)KHO JIMIIb BBIACIATE [UIS HErO HEKO-
TOPYIO JIONOJIHUTENbHYIO ODNAcTh p-Kpem-
HHS. YiKe OTCI0Jla CTAHOBHTCSA SICHO, 4TO
MOII-TpaH3uCTOPEI Jy4Ile BCEro MOAXOAAT
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Puc. 40. nOCT])O'EHHe CXEMBI M3 NOAYNPOBOOHHKOBLIX KOMITOHEHTOB.

JiIsl CO3/IaHMsI HHTErPajibHEIX CXeM, B KOTO-
pBIX TpebyeTcst MCMONL30BATE Hoablioe yuc-
A0 3aemenmog. OCHOBHBIE XAPAKTEPHUCTHKH
9JIEMEHTA HE MEHSIOTCS M MOCJE BBEIECHHS
IBYX CJIOEB OKCHAA KPEeMHHSA JUIA H3OJIAIMH
COCIMHHTENIEHBIX TPOBOAHUKOB H MX 3allH-
THI OT BHelIHero BospaeiicTeus. Ha puc. 39,6
H300pakeH HHMKHHN M3 3THX CJIOEB.

lNMnaHapHaA TeXHONOrMA

KoHkpeTHBIH THN HMHTErpajbHO-IPYNIOBOH
texHonoruu u3rorosnenns UC B ocHOBHOM
onpenensercs Tem, 4ro UC dopmupyercs
HA MOBEPXHOCTH MOJYNPOBOIHHKOBOTO KPH-
cTajyla ¥ 9TO B HANpPABJICHHH, HOPMaJIbHOM
K TIOBEPXHOCTH KPHCTajla, WMEETCsS IHIIb
HECKOJIbKO obnacteii, pa3JuyaroniMxcs To
coctaBy Marteprana. Ecnm ke cMOTpeThb B
rOPH30HTAJILHOM HATIPABJICHUH, T.€. BAOJb
MOBEPXHOCTH KPHCTAJIA, TO MOXHO Habmio-
naTh OOJIBIIOE YHCIO MMEIOIINX Pa3iIHYHYIO
MPOTSKEHHOCTh obJacTeil, MpeacTaBIeHHbIX
pasHBIMH MAaTepHalaMH. DTO CBHIETEIHCT-
ByeT 0 Bo3MmoxHocTH co3nanns UC 3a ogun
TEeXHOJIOrHuecKuil ki obpaboTkn mosepx-
HOCTH KpucTa/uta. Takum obpasom, B MHK-
PO3JEKTPOHUKE MPAKTHYECKH HET HeoOXomu-

MOCTH B 00OpaboTke, KOTOpas BeIercs B
ryOuHy B 3aTparuBaeT OOKOBLIE H HHKHIOIO
CTOPOHBI co3aBaeMoro mnpubopa, Kak 3TO
HMeeT MecTO, HalpHMep, B MeTasuioobpada-
THIBAIOIIEH MPOMBIIILIEHHOCTH. B Xome Tex-
HOJIOTHYECKOT0 MPOIecca H3MEHEHHIO MO CYy-
LIECTBY IOJBEPraeTcss TOJBKO OJHA TMJIOC-
KOCTb 34arOTOBKHM, A4 HMEHHO BEpXHSS IO-
BEPXHOCTh KpPEMHHEBOH TUIACTHHBEL TakoH
MeToa 0OpaboTKH TMOJIYyYH] HA3BaHHE MAa-
HapHoii mexHoao2uu. 3aroToBKa, ¢ KOTOPO#
Mbl Gosiee TOAPOOHO TO3HAKOMHMCS He-
CKOJIBKO TIO3[IHEE, He SABJIACTCS OJMHOYHBIM
KPHCTAJLTIOM. DTO [IHMCK, Ha3bIBaeMblil moiry-
MPOBOJHHKOBOH TUIACTHHOW WJIH NO0A0dMC-
Koi. Tlocie 3aBepIEHHs TEXHOJIOIHYECKOM
00paboTKH ero MoKHO pa3/ieNuTh Ha 6osb-
IO YHCIO OTAENbHBIX KpucTamios. Jlns
usrotosnerns VMC Hcrnonb3yloTes MpONecch
MJIAHAPHOW TEXHOJIOTHH, 06EEKTOM KOTOPBIX
KaK pas | ABASETCS KPEMHHEBas MOMIONKKA,
Huke MBI 0OCTAHOBUMCA HA HEKOTOPBIX J€Ta-
JIAX TeXHOJIOTHYECKHX MPOIECCOB, NMPHYEM B
MepByK odepelb OOpaTHMCH K HEHTPaJib-
HOMY, Tak HasblBaeMoMy mHkny 1, 3a-
TeM PACCMOTPHM MPEIIIECTBYIONHH eMy H
HOCHEIYIOUAH  MPOLECCH — COOTBETCTBEHHO
uaks 0w nmkn 2.
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Uukn 1. OkcuguposaHue

HcxogueiM MaTepHanoM jis muMkina | ssas-
eTcsi HeoOpaboTaHHAs MOMJIOKKA M3 Kpem-
HHSL.

B nauase 9TOro MHKJIa N0 BO3/ACHCTBH-
eM KHclopona mpH Temmepatype 1000°C
HA IOBEPXHOCTH ILIACTHHBI (JOPMHpYETCS
C/IOH JIBYOKHCH KpeMHHSA—OKkcHa. Yrobmnl
YCKOPHTBL TMpOIECC OKCHAMPOBAHMS, KHC-
J0poji OOBIYHO CMEINHBAIOT C MapaMHi BO-
abl. Perynupyst BpeMst BO3/1eHCTBHS KHCIIO-
poja H TeMOepaTtypy KpeMHHMEBOH DO~
JIOKKH, MOJKHO Jerko c(hopMHPOBATE CJIOH
OKCHAA HYXHOH Tommuesl. [Ipn nomave
CYXOro KHCJIopoJa ¢ TeMnepatypoii 1050°C
cino# okcuaa pacter co ckopocteio 0,1
MEM/4. B ciayuae gobaBneHus B KHCIOpPOX
napoB BOJBLI TOJIIMHA 3TOrO CJIOSl pacTeT
(IpH MpoYHMX paBHBIX YCJIOBHSX) CO CKO-
pocthio 0,5 MKM/4.

JBYOKHCh KpeMHHS OT/IHYAETCH OYeHb
BBICOKOH XHMMUYECKOH CTOMKOCTbIO, BO0JIb-
1O MexaHH4ecKol mpo4HOCTHI W 0bnaja-
€T CBOHCTBAMH XOPOLIErOo [UIIEKTPHKA,
obecneyMBaloOIEro HAASKHYI0 H3OJISAILHIO
pacnojo)eHHoro nox HuMm kpemuus. [lpu
msrotopnennn UC cioii okcna ssiseTcs He
TOJBKO 3EKTPHYECKAM U30AAMOPOM, HO B
OCYIIECTBIACT naccugayuio, T.e. obecnednsa-
€T JJIEKTPHYECKYI0 M XMMHYECKYIO CcTabmmm-
3a1HI0 TOBEPXHOCTH KPEMHUSA, 4 TAKKE CIIy-
KHT [N MAacKupoeanus TMOITOKKH, 3alH-
MIAIOLIETO €€ OT HEXENaTeJbHbIX BO3HEHCT-
BHil B XOJ€ MOCIEAYIOIINHX ITANOB TEXHOJIO-
ruveckoil obpaborku. Beicokas 3diexTHB-
HOCTBb JIBYOKHCH KPEMHHS B MACKHPYIOIIHX,
NACCHBHPYIOIHX H 3JEKTPOM30IAIHOHHBIX
CIOSIX HAPSJly C YKa3aHHBIMH B IJ1. 3 u3n-
YECKHMH CBOHCTBAMH SBHJIACH TEM BaKHEi-
M OGUTOHTCJH:CTBOM, KOTOpOC MO3BOJIH-
JIO KPEMHHIO «3aHATH JOMHHHPYIOIIEE MOJI0-
KEHHE» CPead BCeX IOJIYHPOBOIHHKOBIX
MaTepUasoB Ul MHKpoadiekTpouuku. Ecmu
HEKOTOPLIE JIEKAILHE MO CI0EeM OKCHIa 00-
JIACTH KpeMHHA TpebyeTcs MoaABEepruyTh 00-
paboTke, HANIPHMED JIETHPOBAHUIO ATOMAMH
tocdopa, TO crmoit okcuga HeoOXOAMMO
IpeaBapUTe/bHO YOAJIUTh C COOTBETCTBYIO-
LIHAX YY4CTKOB.

QopmupoBaHue CTPYKTYp
metoaom dhotonutorpacdum

Beiaesienue TaKuX y4acTKOB HA KPEeMHHEBOMH
MOJUIOXKKE, HWIH Tak HaszbiBaeMoe (opMHpo-
BAHHE CTPYKTYD, BBLINOJHAECTCS C MOMOLIBIO
nporecca, MoJy4YMBIIEro Ha3BaHue @omou-
mozpaghuu (0T TpPeveCKHX CIOB «ghomo» —
CBET, «AUMOC» —KaMeHb M «2pagius» —MUCh-
Mo). ITog BO3meHcTBHEM CBETA B CJIOE OKCH-
ja kpemuHus (opmHpyercs IUIOCKHH pHCY-
HOK. [l aroro Bech ClOH OKcHIA IpejBa-
PHTEILHO MOKPBIBAIOT CBETOYYBCTBUTEIb-
HBIM (hoTopesuctom. Croif poTopesucTa Hr-
paeT poib (ororpaduyeckoii miuenkn. Ero
MOXHO 34CBEYMBATH W MpOABIATH. Opranu-
YeCKHM pacTBOpPHTENeM (OTOPE3HCT yHas-
IOT C 3aCBEYEHHBIX YYaCTKOB, @ C OTKDBIB-
HIEXCA MeCT (M TOJILKO C HHX) YXK€ MOXHO
YOAJHTE CIIOH OKCHAa MyTeM Mocleayromeit
obpabortku kucnoroi. Ecnu Takas obpabor-
Ka KHCJIOTOH HpOJOJDKAETCS JI0CTATOYHO
oaro, To oODHaXkaeTcs CJIOH KpPeMHHS H
TakuM 06pa3oM BCKpPBIBAETCH «OKHO» 71
JIOCTYIa K MaTepHany MoMIOKKH, HeobXxoam-
MOTr0 Ha cleaylomiel onepandd TEeXHOJOTH-
“YECKOTO mpoluecea. -

TpasneHue

OTy onepanuio Ha3bLIBAIOT MPABACHUEM OK-
cuda kpemuus. [loMuMO TpaBjieHHS C TIO-
MOIIBIO JKHIKAX PEakTHBOB (KMIKOCTHOE
XHMHYECKOE TPABJICHHE) CEIOMHS BCE IIHPE
IIHpe MPHMEHAIOT TUIA3MEHHOE TpaBJICHHE.
Takas o6paboTka OCHOBAHA HA MPHMEHEHHN
rajoreHcojepkammx razos. [az Bmecre c
MOIBEPTAEMOM TPABJICHHIO TOIOKKOM Ha-
XOAWTCS B PEAKIMOHHON Kamepe, T[e Tpo-
HCXOIHUT JIeKTPUYECKHil ra30BbIi (Wi mias-
MEHHBII) pa3psj, IpH KOTOPOM TaJIOTreHHOe
COEZIMHEHHE pasjiaraeTcs Ha KOMIIOHEHTHI.
Cpenu HHX UMEIOTCS 00J1aJaromue CHIILHOM
PeakIMOHHOM CHOCOOHOCTHIO TrajloreHHbie
HOHEIL, KOTOPBIE JHEPrHYHO PA3PYIIAIOT CIOH
okcuma. Ecm B peaknuoHHyI0 Kamepy BBec-
TH JAPYroil ras, To BMECTO [IBYOKHCH Kpem-
HUSL MOXHO YHAJHWTh CJIOH KpeMHHS HIIH
crnoit Merammmsanuu. [lyrem 1razmMeHHOTO
TPABJICHHS] MOXKHO CHATH # (hoTopesuct. [To-
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cKoJIbKY TipH usrotossiennn UC meobxomu-
MO BBIMOJHHATE LEJbIH psjd MOclieI0BaATENb-
HBIX TEXHOJIOTHYECKHX OMNepaluil, HanpHMep
JernpoBanue (hochopom, 38 KOTOPBIM CIe-
jayer jerupoBanue 6opoM, ortosmuTorpadu-
yeckas 00paboTka NpUMEHsETCA MHOTOKpaT-
Ho. Ilepen kaxmol TakoH omepauued Mo-
BEPXHOCTh KpHCTANIIA KPEMHHSA [IOJDKHA
NOJABEPraThC OKCHAMPOBAHHIO, B pe3yiIbTa-
Te 0bpasyrommiics OKCHI PACIPOCTPAHAETCS
C TIOBEPXHOCTH B IiyOb MaTepnaa. 3aTeM ¢
LEeJbI0 TOATOTOBKH K CHEAYIOIIEMY Tex-
HOJIOTMYECKOMY 3Tamny He IoJBepraemsie
0bpaboTke y4acTKH MOBEPXHOCTH HEOOX0IH-
MO 3acBeTHTh. 1 W3GHpaTeabHOH 3acBeT-
KH MOYHO BOCIOJB30BATHCA YCTAHOBKOM,
NOCTPOCHHOW HA MPHHIHIE JHATIPOEKTOpPA.
Huanosutus, wiau dotomabion, kak ero
0OBIMHO HA3BIBAIOT, COJAEPKHT PHCYHOK MO-
BEPXHOCTH TMOJYIPOBOJHUKOBOTO KPHCTAJI-
714, HA KOTOPOM 3aCBEYMBAEMBIE YYaCTKH
OCTABJICHB] CBETJIBIMH, @ BCE OCTAJIbHEIE 3a-
temHensl. [l obecrievenns Oosbiuei pes-
KOCTH KOHTYPOB 34aCBETKa IPOH3BOIUTCS H3-
JIyUeHHEM ¢ Kak MoxHO 0osee KOpOTKO#
JuiaHON BoJiHBL [TOMHMO OnMHCAHHOrO HAMH
HO3UTUBHOIO (OTOPE3UCTA, NMPH HCHOIB30-
BAHHH KOTOPOTO BBITPABJIMBAIOTCA 3acCBe-
YeHHBIE YMACTKH, 4 He3aCBEYeHHBIC, TEMHBIE,
COXPaHAIOTCS, IPHMEHAETCH TAKKE HEraTHB-
HbI (POTOPE3HCT, 34CBETKA KOTOPOrO MpH-
BOJHUT K NMPOTHBONONOKHOMY pe3yJbTaTy.

JleruposaHue

Benen 3a  dotomurorpaduyeckoit  obpa-
60TKO# BBIMONHACTCA ONEpalHs JIETHPOBa-
HHUSi KpeMHHs npHMecsiMu— (ochopom wim
MBIIIBAKOM — JIIS TIOTy4EHHS TPOBOJHMOCTH
n-TUNA M 3aJaHHOH KOHIEHTPAIMM HOCHTE-
nei 3apAna WM JKe Omepalus JIErHpOBaHUS
GopoMm Juid MOJTy4eHHs TPOBOJAUMOCTH P-TH-
na. Jleruposanue ocyiectasercs aupdysn-
OHHBIM CIIOCOOOM: MOBEPXHOCTH TOIONKKH
npu temnepatype 900-1200°C noasepraercs
BO3/ICHCTBHIO ATOMOB JICTHPYIOLIEH IpHMe-
cu, kotopsle aubdynmupyior B riybs moa-
JIOKKH. DTOr0 Ke pe3yibTara MOXHO [0~
CTHYb M HOHHOH uMMIaHTanuei. B mannom
clydae TIOBEPXHOCTh MOMIOKKH Gombapim-
PYFOT 3JIeKTPHYECKH 3apsKeHHBIMH aTOMa-

mu (ochopa, 6opa MM MBIIIBAKA, T.€. HO-
HAMH, NpPeABAPHTENILHO YCKOPEHHBIMH B
NexTpuyeckoM noste. bnaropaps cBoeit ku-
HETHYECKOH JHEPIrHH HOHBI MPOHHKAIOT B
MaTepual nofAobHo cHapsaM, Bpe3arouM-
Cs B CTEHY, M, TpO¥HAs HEKOTOpoe pac-
CTOsIHWE, OCTaHaBiauBaroTcs. Takum obpa-
30M, OHHM BHEJPSIOTCS (HMIUTAHTHPYIOTCH) B
kpemHmii. Ha cBoemM myTH B KpEMHHH HOHBI
BBI3BIBAIOT BEChbMa 3HAYATENLHBIC Hapylle-
HUS PeryispHOH KPHCTA/UTHYECKON PEIIETKHA.
O1H gedekTsl HeoOX0IMMO YCTPAHHTB, LIS
4ero CHYXHT TMOCHeAyIoas TepMHYecKas
obpaborka mpu Ttemmepatype 500-900°C.
MoxeT Takxke TNpHMEHATBCS O0OIydYeHHe
MOUIHBIM CBETOBBIM HMITYJILCOM HJIH Jiazep-
HeIM nydom. Kak muddysnonnoe neruposa-
HHE, TAK ¥ HOHHAS WMILTAHTAIHS TPOMCXO-
AT JIAIIL Ha TEeX Y4YacTKaX IOBEPXHOCTH
KpPeMHHS, ¢ KOTOPHIX ObLT yaJieH CI0i OKCH-
na. Ecnm okcui He yaajieH, TO NMPHMECHLIE
JIETHPYIOIIHE ATOMBI 3aCTPEBAIOT B ITOM
croe.

Anurakcua

Cron KpHCTAJUIMMECKOrO KPEMHHS, onpeie-
JeHHBIM 00pa3oM JeTMPOBAHHBEIE TPHMEC-
HBEIMH aTOMaM#, MOXHO copMHpoBaTh Ha
NOJUIOKKE TaKXe MyTeM BhIpalMBaHHsA. B
TOM CJIy9de MPOIECC HA3LIBAIOT IHUMAK-
cuanvubim  guipawueanuem. Ilpu obGbrMHOM
OCaX/ICHHH, HANPHMEDP IMPH HANBUICHAH
KPEMHHSA Ha CTEKJISHHYIO IUIACTHHY M3 Napo-
Boil asbl, obpasyercs cioi, He HMEIOLIHH
ynopsigo4eHHo#t crpykrypbl. OcobeHHOCTB
IMUTAKCHAJIBHOTO OCAKACHHS 3aKIIOYaeTCs
B TOM, 4TO (opMEpyeMBIii CIOH MpeacTas-
ngeT coboit MoHokpucTas. Takoe ynopago-
YeHHE B MpOolecce HAPAllHBAHHSA IIPOHCXOIAT
MOJ1 BIMSIHHEM MOHOKPHCTAJUIMYECKOH MO~
noxku. OHa «HABA3BIBAET» OCAKIAEMOMY
CJIOK0 KPEMHHS CBOIO COGCTBEHHYIO KpHCTAN-
JIAYecKyio cTpyKTypy. Ha npaxTuke B 60Jib-
IIMHCTBE CIJIY4aeB HCTOJB3YIOT OCaXKICHHE
U3 Ta30BOi (assl, mpeacTasnsone coboit
cMech Tra3000pa3sHOrO HYeTHIPEXXJIOPHCTOro
KPEMHHS, BOZOpOJa W razoobpasHoro coe-
JIMHEHUS, COMNEPXKALIEro MBIUBAK UIH ¢oc-
(hop, xoTopsie obecrieduBarOT JIETHPOBAHHE,
BO3IEHCTBYSL Ha NOMIOKKY, HATPETYIO [0
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BBICOKOH Temmepatypsl. Pexe npumeHsercs
OCaXKICHHE U3 KUAKOH a3k, KOrja THIeb ¢
PAcIIaBOM KPEMHHS M JIETHPYIOIIHX KOM-
MOHEHTOB ME/UICHHO MEepPeMEIIaoT BAOJb
MMOBEPXHOCTH KPEMHHEBOW mNoOJUIOKKH. B
pesyabTate obpasyercsi KpeMHHEBBIH CIIOHM,
coJiepKallinii HeOOXOOUMYIO JIErMPYIOLIYIO
NPAMECh. DMUTAKCHAIIBHBIHA [TPOIECC PACIIH-
pseT BO3MOXKHOCTH (POPMHPOBAHHS BEPTH-
KaJbHOH CTPYKTYpbl Kak oTzenbHbIX DK,
Tak u uenbix MC. DT1o H aBnsiercs riaBHOM
NPUYHHON MPHMEHEHHS SIHTAKCHA TIPH JIETH-
POBAHHM KPEMHMS HApsLy € YHNOMSHYTHIMH
paHee TEXHOJOIMYECKHMH ITPOLECCAMH.

Metannusauusa

Jlns moJiydeHHs TOKONMPOBOASAUIAX COEXHHE-
HHI (TOKONMPOBOIAIIAX JIHHHH) MEXIy 3Jie-
mentamu MC, a taxxke MeXay TaKdMH 3Je-
MEHTAMH H KOHTAKTHBIMH IUIOIIAKAMHE IS
NOAK/IOYEHNs] BHEIIHHX Menei (wim 1io-
LAIKAME JUTS TEPMOKOMIIPECCHOHHOMH CBap-
KH) MNOIUIOKKA MOJHOCTbIO [MOKPBIBACTCS
CJI0EM AJTIOMHHHSA. DTO OCYLIECTBIAETCS MMy~

Puc. 41. ®ororpadus Mera/IMMeCKOro ne4aTHo-
ro NMPOBOJAHHKA, CACNAHHAA C MOMOUIBIO JIEKT-
poHHOro Mukpockomna. Kanaska ¢ npasoii cropo-
Hbl BO3HMK/IA MPH CTPABIMBAHWUM H30LITKA alTFO-
MHHHA. VTiybsieHHe B CcepeiiMHE YKa3bIBAET HA
OKHO B cjloe okcHaa. B otom mecte meraminyec-
KHii TIPOBO/THUK MMEET KOHTAKT C NOACTHAAIONTHM
CI0EM KPeMHHS.

TEeM HalbUICHHs aJIOMHHHA, KOTOPBI mepe-
BOAAT B MapoByro (hasy METoJOM BBICOKO-
TEMIIEPaTypHOTO HATpeBa WJIM PAacCHbUIAIOT,
HCIOJIB3YS MYYOK PA30THAHHBIX J0 BBICOKOH
CKOPOCTH 3JIEKTPOHOB MM HOHOB. Ha kpem-
HHEBYIO TOIUIOKKY AJIOMHHHHA OCenaeT B
BHJIc TOHKOro cnos. B paneHedmem Takoi
MeTaJUTHYEeCKHil cIod moasepraior (hoTomnn-
Torpaduyeckoii obpaboTke. AHAIOTHYHO
ONMCAHHOMY BBIIIIE CeJIeKTHBHOMY (u30mpa-
TEJIbHOMY) TPABJICHHIO OT/EJIbHBIX YHaCTKOB
CJIOSl OKCHIA KPEeMHHWs Jajiee BBLINOJIHACTCH
ornepanus TpaBJIeHAs MeTaJlia, B Pe3y/IbTaTe
YEro OT BCEro CJIOSI METAJUIH3AIHMH OCTAIOTCS
JIAIIL TOKOTIPOBOJSIIAE JIHHAH H KOHTAKT-
HblE [UIOIIANKH [UIS TEPMOKOMIIPECCHOHHOU
cBapku (puc. 41). B 3akmioueHne BCIO MO-
BEPXHOCTH MOJYIPOBOJIHHKOBOIO KpHUCTAILIA
HOKPHIBAIOT 34lMTHBIM cioeM. s aroro
Yalle BCEro NpHMEHAETCS CHJIMKATHOE CTeK-
710, KOTOPOE 3aTEM yJaseTCsl ¢ KOHTAKTHBIX
IUIOIa 0K,

Mpumep usrorosneHua UC

Tenepb paccMOTpUM e€Ille pa3 ONUCAHHBIA
BBIILIC TEXHOJOTHYECKHH MPOIECC HA HEKOEM
THIIOTETHYECKOM  TIPUMEpPE  H3TOTOBJICHHS
HC normveckoro HHBEPTOpA, COCTOSAMICH M3
OJIHOTO Npn-TPaH3UCTOPA H OJIHOTO PE3HCTO-
pa. IlpaBma, mo «Hamel» TEXHOJOTHH B
HACTOAIIEE BPEMsl HHTETPAJIbHBIE CXEMBI YiKe
HE M3rOTaBJIMBAIOTCH, HO K pEaIbHBIM TEX-
HOJIOTHYECKHM MPOLECCaM, HCIOIb3YEMBIM B
cepuitioM npoussojcTee MC, Ml emie Bep-
HeMcs Hwke. CyHIHOCTH yKa3aHHOH TexHO-
JIOTHH CTaHET SICHA HaXe W3 MpOocTeHlnero
npumMepa. Ha puc. 42 nokasaHsl OTAENbHEIE
ITanbl TEXHOJOrH4Yeckoro mnpouecca. Ilox-
JIOKKa, HA KOTOPOil MpeAcTOMT chopMHpPO-
BATh MHTErPaJIbHYIO CXEMY, COCTOMT H3
KPEMHHSA C NMPOBOAMMOCTBIO p-THIA. B pe-
3yJbTATE OKCHAMPOBAHMS HA MOMIOKKE H3
p-kpemMHHs oOpasyerca crnoil okcuaa (a).
IMocne 3apepuenus GoTomuTorpaduieckoi
o6paboTku ¢ HCoJIb30BaHKEM nepBoro (o-
Tomabiona ¥ JermpoBaHus dochopomM MBI
nosyMaeM CTpyKTypy (6), rae yxe nmpocmar-
pHBAIOTCS KOHTYPBHI TPaH3HCTOpa (cjiepa) u
pesucropa (cmpasa). Huddysus bochopa
npu Temmnepatype 1200°C aBTOMaTHYECKH
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BECT K OKHMCJIEHHIO BCEll BHEIIHEH NoBepx-
HOCTH KPHCTaJUla W OJHOBPEMEHHO CITYKHT
U1 TOATOTOBKH K Moceayrotiei (poToauTo-
rpaguyeckoii obpaborke (8). C mOMOIIBIO
BTOPOro (GoromabdioHa OT closi OKCHAA 0OC-
BOOOKIAIOT ABE OONACTH HA MOBEPXHOCTH
KPeMHHSA, KOTOPBIE 3aTeM JIerHpPYIOT Bopom
C NENBIO MOJIYYEHHS MPOBOIMMOCTH p-THIIA
(2). Tlocne sToro onepanuyu OKCHAHPOBAHHS
(9), doromurorpadun u nempoaa‘un (e)
MOBTOPAIOT €Ilie pa3, HO TENeph ¢ MpUMEHe-
HHeM Tpethero Qorourabiona u dochopa B
Ka4ecTBe Jerupytouieii npumecu. B peaynb-
TAaTe TAKOH MOCIEeI0BATEILHOCTH TEXHOJO-
THYECKHX OMNepanuii BO3ZHUKAET BTOpas n-
obsacte Tpamsucropa (¢). Teneps Hcmonb-
30BaHHe eule oaHoro (oromabnona mo3so-
JIAET «BCKPBITH» IUIOLIAZKH IS BHENIHHX
KOHTAKTOB (2¢). 3aTeM Ha BCIO MOBEPXHOCTh
HAHOCHTCH CIOH aJIFOMHHNAA (3), U3 KOTOPOTo
doronuTorpadutieckum crnocobomM popmu-
PYIOT BHEIIHME KOHTAKTHl 11 oboux se-
MeHTOB M coenubenus (u). Ilpm sTtom B
OT/IMYME OT OMHCAHHOTO paHee (hoToaUTO-
rpatH4aeckoro npomecca, Korjia npuMeHsJics
MO3WTHBHEI (oTopesuct, GepyT HeraTHB-
HBIH (hoTopesuct. I1o OKOHYaHWH BCEro THK-
74, COCTOALIEro W3 TEPEevYHCIeHHBIX orepa-
1WA, MBI MOJYYAEM ApR-TPAH3UCTOP W pe-
3UCTOP (1), INEKTPHYECKYIO H3OJAIHIO KO-
TOPBIX OT MOMJIOKKH C p-NIPOBOANMOCTBIO
obecrnieunMBaeT p—n-nepexoj MpH YCIOBHH,
YTO K MOCJeIHeMY MPIJIOKEHO 3aluparoiiee
Hanpsokenue. [I1s 9Toro K moUIoKKe ¢ mpo-
BOAMMOCTBIO p-THMA JOJKHO OBITH MpPHIO-
KEHO OTPHIATENBLHOE HATIPSKEHHE, a K obe-
MM TpaHHYAlIMM C Hel n-o6iacTsaM —mno-
noxutensHoe. Takum obpasoMm, BHENIHAS
n-061aCTh TPAH3MCTOPA CTAHOBHTCS KOJLIEK-
Topom. [lpuMmbikalomas K  KOJJIEKTOPY
p-obnacte 6yzaer 6a30if, a BHyTpeHHsAs 1-06-
nacTe—3MuTTEpoM. Kosnektop TpaH3ucTO-
pa COEAMHEH C «BBIXOJOM» pe3HCTOpA.
«Bxom» ® «BBIXOO» pe3UCTOPa BMECTe C
6a30BBIM M SMHTTEPHEIM KOHTAKTAMH TpPaH-
3HcTOpa—3T0 HeThipe BeiBoga WMC wunBep-
TOopa (puc. 42), KoTOpbie CayXKaT A MOA-
KJIIOYeHHs BHeIIHUX nereil. Mrak, mis usro-
TOBIIEHHs TaKoll cxembl Tpebyercs 5 pas
MOBTOPHTE (hoToMHTOrpadudeckyo obpa-
601Ky, 3 pa3a—oKkHCIeHHE, 2 pasa— JIerHpo-

BaHHE /-TIPAMECHIO, @ JeTHpOBaHWe p-TpPH-
MEChIO H METAJUTH3ALNIO OCYHIECTBISAIOT O/~
HOKPaTHO. DTO, HECOMHEHHO, NpPHUBEHET K
HEMAJbIM 3aTPaTaM —Belb CICAYeT Y4ecTh,
YTO Hamia cxeMa BeckMa mpocta. OmHAKO
AHAJIN3 JAHHOW TEXHOJIOTHH MO3BOJISET Cle-
J1aTh BEChbMA HMHTEPECHBIH BBIBOJI! €C/IM Ha
Hammx (ortomabronax 6emu 661 H306paKe-
HbI PHCYHKH CTPYKTYP HE OHOTO TPAH3UCTO-
pa ¥ OHHOTO PE3UCTOpPa, a JECATKOB THICAY
TAKUX JIEMEHTOB, a TAKKE CTPYKTYPBI MEXK-
COE/IMHEHWIH W KOHTAKTHBIX TUIOMIAOK IS
TEPMOKOMITPECCHOHHOM CBApKH, TO MPH TOH
K€ TOCNENOBATENLHOCTH TEXHOJIOTHYECKHX
onepan#ii Mbl BMECTO OJTHOH CXeMbl H3 IBYX
3JIEMEHTOB TONy4HIH Obl ycTpoiicTBO, Ha-
CUMTBIBAIOIIEE JECATKH ThICAY TOOOOHBIX
aneMeHTOB. [IpH 3TOM He NpHILIOCH OB
BLIOJHATE HA OJHOH JOTOJHHTEILHOM orne-
pauun. B nnanapHOii TEXHOJIOrHA HET HUKA-
KOH pasHHUIBl MeXIy H3rOTOBJICHHEM OIHO-
ro-eIMHCTBEHHOT'O CXEMHOI'O JIEMEHTa, HH-
TErpanbHON CXeMbI H3 [BYX 3JIEMEHTOB
WM MHKPOCXeMbI, O0bEIHHSIOMIEH OrpoM-
HO€ 4HCIIO JJIEMEHTOB.

CreneHb MHTErpauvm

CloXKHOCTb MHTErpajbHONH CXeMEBI XapakTe-
pH3yeTcsl MoKa3aTeseM, KOTODPIH [OIyYHI
HasBauue cmenenv unmeepayuu. UC, nacun-
ThiBatolue He Oosiee 100 snemeHTOB, Ha-
3BIBAIOT MHKPOCXEMAMH C MaJIOl CTENEHBIO
unTerpanun. Cxemst, cogepxatiue ot 100 1o
1000 anemenTor,—310 MC co cpeaHei cre-
MEHBIO MHTErPAlliH, & MHKPOCXEMBI, COZIep-
xamme ot 1000 10 HeCKONBKUX THICAY 3JIe-
MEHTOB, HMEIOT BBLICOKYIO CTEeNeHb HHTErpa-
UMM M HA3LIBAIOTCS OGOJBIIMMH HHTErpajib-
HeiME cxemamu (BUC). Cxemsl ¢ enie 601b-
muM yucnaoM snemenToB—MC co cBepxBbi-
COKOIi CTETICHBIO HHTEr PALIHH — TOJYYHIIH Ha-
3BaHUE CBEPXOOJIBIINX HMHTErPajibHBIX CXeM
(CBUC). B nacrosiee BpeMsi H3roTaBIHBA-
101 CBUC, koTopbie HACUMTHIBAIOT MO HE-
CKOJBKY COTEH ThICAY 3/eMeHTOB. B nabopa-
TOPHAX CO3JAHBI MHTErPAaJIbHBIC CXEMBI, CO-
JepxKautiue 10 MH/UIMOHA sneMmeHToB. Pas-
MEep KPeMHHEBOro KpHCTajljla, Ha KOTOPOM
pasmeiiaercs MC, oTHOCHTEIHLHO HEBEITHK.
Ecan opHeHTHPOBOYHO TIPHHSATH, YTO [UIHHA
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Puc. 45. TNonynpoBoanukoBbie KpucTauibl, a—cranaapraas uudposas MC ¢ ueTbipbMa 1OrHYECKHMH
anemenTamu U-HE tina D100 (SN7400); 6 - UC paanonpuemHoro kackaga tana A244; ¢~ UC cueTunka
mina D193 (SN74193).
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Puc. 48. Kocoii uumd KpeMHHEBOro KpHcraaia co cQOpMHpPOBAHHBIMH B HeM crpykrypamu HC.
ToHKH# CI10if NOKPBITHA, HMEIONIHI TOHKOCTPYKTYPHPOBAHHBIH (C Kpas) pudaeHsi mpoduib, COCTOHT
M3 JIByOKHCH KpemHHsA. PacnosiokeHHBIE 1MOJ HHM TEMHBIE H CBETJble 0DIAacTH NpeicTaBIfsIOT coboi
KPEMHHi, JIETHPOBAHHBIH pa3IHYHbIMH NpuMecsaiMu. Has noBepXHOCTHIO BO3BBIIIAIOTCS METAJIHYECKHE
KOHTAKThl, MPOXO/IAIIHE HAPYXKY CKBO3b CJIOH OKCHIA.

W IIMpHHA 37eMeHTa paBHBl 20 MKM, TO
OoH Oyner 3aHMMATh IUIONIAJb, pAaBHYIO
20 x 20 mxm2. Takmm o6pa3oM, MIOMAIbL
mnsa pasmetnenus 40000 snemMeHTOB cocTta-
BHT 4-10* x (2-1072) x (2:1072) mm?, T.e.
16 mm2. Kpome Toro, ciosa ciemyer Ho-
GaBuTh IUIOWAAL KOHTAKTHBIX ILIOLIAJOK
JUIA TepMOKOMIIPECCHOHHOA cBapkH. Takum
obpaszomM, junHA GOKOBOM CTOPOHBI KBaj-
paTHOTO KpHCcTayIa s pasmemenns 40 000
3JIEMEHTOB H0JDKHA OBITH He MeHee 4 MM. Ho
M 3TH pa3Mephl CPaBHUTEJLHO HEBEJIHKH,
INepeonavaneHeiMu 3aroToBkamu s UC
ABJIAIOTCA [UJIMHIPHYECKHE KPEMHHEBBIC
cUTKH guamerpoM 70, 120 wm 150 mm.
Cravana 3TH CIIMTKH PeXyT Ha TOHKHE JIHC-
KM, TOJIIHHA KOTOpPBIX—OKoJo 0,5 MM-—
BbiOpaHa kak pa3s Takoii, 4ToObI HCKITIOYHTH
pa3pylIeHHE BCICACTBHE MEXAHHYECKHX BO3-
neiicrBuil. OpHako momoOHBIE KPEMHHEBBIE
IHCKM HE pa3pe3aloT cpa3y Ha IUIaCTHHBI-
MOJIOKKH, 4TOOBI 3aTeM MO OTAENbHOCTH
MOABEPTHYTH HX 00paboTke (Kak MOKHO ObI-
JI0 OXHJAaTh HA OCHOBAHHMM BCEro CKa3aH-
HOro Bhine). Takoif MOMYIPOBOAHHUKOBBIH
JTACK NPOXOMMT BECh IHKJI TEXHOJIOIHYECKOH
00paboTKH, pacCMOTpPEHHBIH HAMH Ha TpPH-
mMepe usroropiaenus omgHoii UC, kak exmHOE
nesioe. Ha puc. 43 nokasana 3arpyska moiuy-

MPOBOJHHKOBBIX MHCKOB B au(dy3HoHHYIO
neub. Msrorasnmueaemsie UC Bocmpomsso-
JATCS HA JMCKE B TOM KOJHYECTBE, B KAKOM
OHH MOTYT pa3MECTHTHCH HA €ro IOBEpX-
HocTH. [Ipomnecc HHTErpanky HA YPOBHE dJie-
MEHTA B HM3BECTHOH Mepe NpOAOIDKAeTCs M
HAa YpOBHE HHTErpajibHOi CXeMbl B XOHE ee
W3TOTOBJIEHAS, HO JIHIL JI0 OHPEIeIeHHOTO
npejena, MOCKOJNBKY UETbH SBISETCS IMO-
nydenne omoeavroit UC. V3 npsMoyrois-
HHKOB, BEIYEPYEHHBIX HA MOBEPXHOCTH JMUCKA
YCTpPOHCTBOM, Ha3bIBaeéMbIM CKpaiibepom
(puc. 44), B xome manbHeiiiueid obpaboTkh
nony4yarotT cxemubie Kpuctayusi MC. Ha
MONYNPOBOAHHKOBOM  [IHCKE AHAMETPOM
100 MM MoXHO pasMecTHTb 7 - 50 50/16 Mm?
= 490 cxeMHBIX KPHCTAJUIOB, 3aHHMAIOIUX
paccYMTaHHYIO Bhlle iomans. Heobxomu-
MO XOpOWIO YACHUTE cebe 3HA4YEHHE ITOro
TEXHOJIOTHYECKOIr0 JOCTHXKEHHA: B PeE3Yib-
TAaTe BBLINOJMHEHHA JHUIIL HECKONbKHX TeX-
HOJIOTMMECKHX OlepalMi Ha TMOJyNpoBOI-
HHKOBOM JMcke mosy4aiotr moutu 500 WUC,
HacuuThiBatommx 1o 40000 asneMeHTOB.
CnenoBaTensHO, KpeMHHeBas [UIaHApHAs
TEXHOJOIHS OTJIMYAETCH HCKJIIOYHTEILHO
BBICOKO# mpou3BoauTensHOCThIO. CKa3aH-
HOE OCTAeTCsi CHpABE/THBLIM JaXe B TOM
cilydae, Korga pedb HAeT 00 OTHOCHTENBHO
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HEBBICOKOM BBLIXOJI€ TOHHLIX H3JENHH, T.e€.
be3otkasno ¢yukmmonupyrommx UC. Humxke
MBI Ooliee [ETaJIbHO OCTAHOBHMCS HA BBI-
xome rogaeix UC., Iy MakCHMaJIbHO paHHE-
TO BbISIBICHHSA AE(EKTHBIX MHKDOCXEM, KO-
TOpOE TO3BOJMT u306exaTh HENMPOHW3BOIH-
TeNbHBIX 3aTPAT HA NOCHENYIOMHX CTAIUSIX
TexHoJloruyeckoro mpomecca, sce MC mon-
BepraroTcs crpoxkaiiiieii mposepke, ele oc-
TaBafACh HA HCXOAHOM IOJIYIIPOBOIHHKOBOM
mucke. Jlng 9TOro K KOHTAKTHBIM ILIOMIA-
kaM kaxzaoi MC noakirovaroT 30HILI KOH-
TPOJIbHO-HCIILITATEILHOTO YCTPOMCTBA, Ha
KOTOphIE B COOTBETCTBHH C MPOrpaMMOoi
HCTILITAHHA MOMAIOTCA HMMITYJILCHI 3JICKTPH-
4eCKOro HaNpsKeHHs. 371eCk Mbl CTaJIKUBa-
eMcs ¢ BecbMa CJI0XKHOM 3a/1a4eil, CBA3aHHOMN
¢ GONBIIAMH 3aTpaTaMH BpeMeHH. DTO cTa-
HET SCHO, €CIH BCIIOMHHTB, 4TO NoAoOHas
MpOBepKa MNOJDKHA rapaHTHpoBaTh Oe3omim-
bouHoe (YHKIHOHMPOBAHHE KaXKHAOTO OT-
JEJILHOTO 2JIeMEeHTa H MEXCOeIWHEHHs, a
TaKXKe KaXkKIOro COeIHHEHUS MEXIY 2JIEMEeH-
TaMH W KOHTAkKTHBIMH Iiomaakamu KC.
Hedextnpie MC MapkupyloTcs Ha JIHCKE
KpacHoi To4Koil (puc. 44), 9To obnersaer ux
BLIOPaKOBKY HOCJE PE3KH MOJIYNPOBOIHAKO-
BOTO OMCKa Ha KpHcTauinsl. Ha puc. 45-47
MpHBEIEHB! CHENaHHBIE C MOMOLIBIO MHK-
pockona ¢ororpagun OTHEILHBIX NOJIYNPO-
BOJIHUKOBBIX  KPHCTAJUIOB, BBIIYCKAEMBIX
Kombunatom mukposnexrponukn ['/IP. Ha
puc. 48 mokasaHo, KAk BBIMIAOAT Tako
KPHCTAJN MOCJe yNAlleHAsl MOBEPXHOCTHBIX
CIIOEB.

MpombiWwneHHaa TeXHOMNOrMA
narotoseneHua UC

O3HaKOMHBILKCH C ACCHBAIIHEH, (OTOIHTO-
rpadueit, TpaBieHHEM, SIATAKCHAILHBIM
BBIDAIMBAHHEM, JICTHPOBAHHEM M MeTall-
JH3alHAeH, MBI MOJYYHIH MPEACTaBICHAE O
BaKHEHIIAX 3TaNax TeXHOJOIHYECKOro Ipo-
[eCCa M3rOTOBJIEHHS HHTETPAJIbHBIX CXEM.
Wrak, Temepb Mbl 3HaeM, Kak B €JHHOM
TEXHOJIOTHYECKOM IHKJIe moayyaroT UC, co-
JepKallHe COBOKYIHOCTE 3JIEKTPHYCCKH CBS-
3aHHBIX MEXHY CODOH JeKTPOHHBIX KOM-
noHeHToB. OHAKO KOHKpETHAs peaM3alns

AnioMunui

B =M pEamHEni

. n* -xpemHuiA

Puc. 49. Crpykrypa GUNONSPHOro TpPaH3HCTOPA,
peaibHO HCHOJb3YEMOro B COBPEMEHHOI MHKpO-
WICKTPOHHKE.

3TOH TEXHOJIOTHH AOMYCKAeT MHOXKECTBO ca-
MBIX pa3JIMYHBIX BAPHAHTOB.

Ha pwuc. 39 npomneMOHCTpHpPOBaH IpoO-
cTedmmii BapuanT (OPMHPOBAHUSA MOJIYIIPO-
BOJHHKOBBIX 3JIeMEHTOB M3 objacreii, oOpa-
30BaHHBIX pa3IWYHBIMH MaTepuanamu. Op-
HAKO MPOCTEHIIHHA BapHAHT MOYTH HHUKOIJA
He ObiBaer ontuManbHbiM. Ilpmpasas ot-
JenbHBIM 00MacTaM JIpyrylo KoHQHrypa-
LHIO, paclojiaras MX B HHOM NOpAJKe H
BBOJIA JONOJHHUTENbHO obnacT, copmupo-
BAHHBIE W3 JIDYTHX MATEpPHAJIOB, MOXHO CO-
3maThk Ooslee coBepiieHHble 3iemeHThl. Ha-
pAOy ¢ HOpPMAanbHO JIETHPOBAHHBIM 7- H
p-KpeMHHEM BBOISATCH TaKXke 06JIacTH CHIIb-
HO JerHpoBannoro n - u p*-xkpemuus. Ipn-
Mep Ha puc. 49 no3BossAET NpeACcTaBUTE cebe
CTPYKTYpY OHMNONSPHOro TPaH3HCTOpPA, KO-
TOPBI B HACTOfALEE BpeMs HCHOJIb3YeTCA B
peansEbiXx MC. XapakTepHbIM 31eCh ABIISCT-
¢ HAJHYHEe [ONOJHUTENBLHOIO, CKPBITOTO
n'-cnos. B yHUNOJISIPHBIX TPAH3UCTOPAX HH-
TerpajibHOM CXeMBbI BCE KaHAIIbI MOTYT OBITH
chopMHPOBAHEI TONBLKO H3 /- WIH p-MaTe-
puana. MoryTr Takke OJHOBPEMEHHO HC-
NOJIb30BAThCA KaHANbl ¢ ODOMMH THIIAMH
npoBoauMocTH. Bmecto amoMunns 1is pea-
mu3amuu 3atBopa MOII-Tpan3ucropa Mo-
KET MPHUMEHATHCS MOJHKPHCTAILUIHYECKHIA
KpeMHHH (IMOJHKPEMHHIA) C BHICOKOH 3JIEKT-
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Puc. 50. Bazosaa texnonorus nonyuenus KMOITI-
CTPYKTYPBL. @ —CO3/1aHHE CI0A OKCHIIA HA MOJLI0XK-
K€ H3 n-KpeMHH#A; 6'-(203,3‘({!'[“5 AKTHBHBIX 06J'.IH.C*
Teit ais n-MOII-Tpan3ucTopa; 6 — p-leruposaHue
HENOCPe/ICTBEHHO TOCie OKCHIAHPOBAHHA; 2 —CO3-
JlaHue akTHBHBIX obnacteii g p- u n-MOII-Tpan-
3HCTOPOB; J—CO3aHHE TOHKOTO CJI0f OKCHAA
OyTEM MPOTPABIMBAHUA MOMHKPHCTAUITHYECKOrO
KPEMHHSA, ¢ —CO3[JdHHE 34TBOPOB B [IOJ'!HKPHC‘I‘&JT-'
JIHMECKOM KPEeMHHM; ¢ — YIAJIeHHe Clos OKCHia;
3— BCKPBITHE HMCTOKOBBIX M CTOKOBBIX oOnacrei
p-MOIl-Tpan3ucTopa; «— p-NeripoBaHUe HCTOKO-
BEIX M cTOKOBBIX obnacreit p-MOII-Tpan3ucTopa;
MATEpHaJl 3aTBOpA JACHCTBYET B KAa4eCTBE MACKH;
OKOHYATE/IbHOE yAAJEHHE C10d OKCH/IA; K — BCKPBI-
THE HMCTOKOBBIX M CTOKOBBIX oOJacTed ans n-
MOII-Tpan3ucTopa HENoCpeACTBEHHO MOCHe Cco-
3AHAS ITHX OBIACTel NMyTeM n-JIETHPOBAHUA, Ma-
TEPHAT 3aTBOPA ONATH ;’.I.CﬁCTByCT B Ka4eCcTBe Mac-
KH; - Y/IaJCHHE OJIHOIO CJI0s OKCHIA; CO3/aHHe
KOHTAKTHBIX OKOH; Y/AJleHHE CIOf AJIOMHHUA H
CO3IaHHE KAaHAJA MyTeM TPaBJIEHHS.
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8

Puc. 51. Vopouennas 6a3oBas TexHONOTHS TONYYCHHSA CTPYKTYD CO CKPBITBIMH KOJUIEKTOPHBIMH
CIOAMH. d—OKCHAHPOBAHHE M CO3/JdHUE N-KOJUIeKTOpHOro cios nyrem auddysuu (poromabnon 1);
6~ ynaneHue n-cios; 6—CO3/IaHNe H3oIHpYIowwel pamel w3 p'-kpemuns nytem auddysun (wabron 2);
2—p~ -bazosas muddysus (mabion 3); d—n-muddysus sMUTTEpHON B KOHTaKTHOH obnacteit (mabion
4); e— BCKPBITHE KOHTAKTHBIX OKOH, Mertayumm3anus (wabnon 5) | co3ganue KaHaja myTeM TPaBIeHHS

(1abson 6).

POOpPOBOJHOCTRIO. M3 MONMKPEMHUS MOXKHO
Takxke chopMHPOBaTH TOKONPOBOASAIIAE JIH-
HUM NOJ NOBepXHOCTHIO Kpemuusi. Torpa B
pacropsKeHUM  CrelMaIucTa-CXeMOTEXHUKA
OKaxercss OOoJNBbIIOE YHC/IO TAKHX JIHHHH,
OpHYEM M3 AJIOMHHHS OyIIyT BBINOJHEHBI
JIMIUL BEpPXHHE M3 HUX. B3aumuas 5JeKTpH-
veckasl pasBs3ka (M30JsIHs) SIEMEHTOB B

7-1131

npenenax oguoi MC mMoxeT ocylecTBiaATH-
Csl He TOJIBKO € MIOMOIIBIO 3aNePThIX p— n-Tie-
PEXO[I0B, KAaK ONMCHIBAJIOCH BhIE, HO H
JAPYTHMH METO/aMH, HanpuMep myTem Gop-
MHPOBAHHS B MPOMEXYTKAX MEXKAY JIeMeH-
Tamu obsacreii w3 oxcujia. Peanmusoparh Kak
3TH, TaK H J[pyrue HE HA3BaHHBLIC HaMH
BO3MOXKHOCTH MO3BOJIAIOT MHOTOYHCICHHBIC
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Tabauya 9. BapuaHThl NPOMBIIUICHHOH MHKPOIJNEKTPOHHOH TEXHOJIOTHH

bunons PHAA TCXHOMOrHA

MOII-Texaonorua

SBC (Da3oBas TEXHONOTHS CO CKPBITHIMH KOJLIEK-
TOPHBIMH CJIOSMH)
ASBC (ycosepmenctaopannas SBC-texuosorus)

CDI (n3onsums METONOM KoJulekTopHO# muddy-
3HH)

BDI (u3onauns metonom Gaszopoit muddysun)

OXIS (u30a81H% OKCHIOM)

p- unn n-xananbabie MOII-cTpykTypsi ¢ MeTAILIH-
YECKHM 3aTBOPOM

p- uiH n-kanajibible MOII-CcTpYKTYpBI ¢ KpeMHHe-
BEIM 3aTBOPOM

AMOIT (MOII-cTpykTypBl, NOJIYUCHHBEIE METO-
oM apoitHoil audidy3un)

BMOII (sepruxansusie MOII-cTpykTyphI)

KMOII (xommiementapasie MOII-cTpykTypsbi)

KHC (cTpykTyphl THHAa «KpeMHHI Ha candupe»)

BAPHAHTHI HNPOMBIULAEHHOI MUKDOIACKMPOH-
Hoti mexnoaozuu. HekoTopble B3 HHUX TMpH-
BeleHbl B TabGia. 9. 31eck Mbl pellIHIH Orpa-
HUYHTHCH TEPEYHCIICHHEM JIUIL OCHOBHBIX
M3 HHX, a Ha pHc. 50 u 51 Gomee moapobHO
MPOWJLTIOCTPHPOBAHEI [[BA MOJYYHBIIHX [H-
poKoe pacnpocTtpanenne BapuanTa—KMOII-
TexHOoNOorus U 6a30Bas TEXHOJIOTHS CO CKPBI-
THIMH KOJUIEKTOpHBIMH ciliosimu (SBC).

Yucrota M TOYHOCTb

Heobxomumo, ogHako, 6osiee BHUMATEIBHO
OCTAHOBHMTHCA HA OJHOM BOIpOCE, Kacaro-
mieMcs MPakTHYEeCKH BCeX BapHAHTOB HH-
TerpaJibHO-TPYNNOBONH  TexHOJNOruH. Peub
uaer 06 MCKIIOUHTENBHO BBICOKHX TpeboBa-
HHSAX K HCIOJIb3YEMBIM MaTepHaiam u obo-
PYAOBAHHIO, K KOTOPEIM A00aBnseTca Heob-
XOIMMOCTh MMETh COBEPIICHHYIO KPHCTaJl-
JIMYECKYIO PEIIeTKY MOJYNPOBOJHHKOBBIX
nomnoxek. Croiap BbicOKHe TpeDoBaHHS
obycnoBnensl, ¢ OIHON CTOPOHEI, Ype3Bbi-
YaiHO MalbIMH pa3MepaMH H CJIOXKHOCTBIO
pazmauHbIX cTpykTyp UC, a ¢ npyroii—cBoe-
obpa3ueM CBOWCTB TOJYNPOBOJAHUKOBOTO
KPHCTaJLlIa, O KOTOPBIX Mbl TOBOPHJIH B I 3.
DNeKTpHYECKHE XapaKTEePHCTHKH  TaKOro
KPHUCTAJIA MOTYT PpaJuKaJbHBIM 00pazom
H3MEHHTLCH TIPH BHECEHMH B HErO Malieii-
IIero KOJIMYECTBA 3arpsA3HEHWH HIH B pe-
3yNbTATE BO3HHKHOBEHWS MHKpojedexToB
crpykrypsl. Ilo 3T0if mpuYnHE Bech OMACAH-
HBIH TEXHOJOIWYECKUH TNPOIecc NOKEH Oc-
HOBBIBATHCH HA HCHOJIH30BAHHH XHMHYECKHX
BEIIECTB MCKIIFOYMTENBHO BBICOKOM YHCTOTEI

(99,999%) m ocymiecTBAATbCA B TaK HA3BI-
BAEMBIX CTEPHJILHO YHCTBHIX TOMEILEHHSAX,
CIEHHANBHO COOPYXKaeMbIX Ui MOJ00HOro
npou3BojcTBa. JlucTHimpoBanHas oObI¥-
HBIM [yTE€M BOJa, NMPHMEHsEMas B MHOIO-
YUCJIEHHBIX OMEpalHaX MPOMBIBKA, H HOp-
MaJIbHBIH KOMHATHBIH BO3yX OKa3bIBAFOTCSH
IJIS TAKOTO Tpollecca CIHILIKOM 3arpsi3HeH-
HBIMH H HYXJAIOTCA B JIOMOJHHTEILHOH
ouncTke. B ogHoM kyOuueckoM MeTpe BO3-
OyXa CTEPHJIBHO YHCTOIO NOMEIIEHAS M0-
nmyckaeTca conepxanme Bcero 3500 wacTHn
neLIH muameTpoM Oonee 0,5 MkMm. B onepa-
MMOHHOM, T/ie BO3ayX, 0e3yclnoBHO, OTIHYA-
eTcs BBICOKOi YHCTOTOI, B TAKOM ke 00beMe
Mo HOpMe JIoNycKaeTcss B cTO pa3 Gonbinee
conepxanue nogoOHsIXx 4acThl. [lepconainy,
3aHATOMY oOCIyXHBaHHEM obopynoBaHHS B
CTEpHJILHO YHCTBIX MOMEMIEHHAX, pasperia-
erca paboTath TONBKO B 0OecHbUICHHOH
cnenoex;/e. ['onoBHOI yOop MoJIKeH IIOT-
HO 3aKphIBaTh BoJOCHL. Puc. 43 mossonser
HOJIyYMTh HEKOTOpoe TMpeAcTaBleHHe 00
0cobeHHOCTAX paboTHI B CTEPHILHO YHCTOM
noMereHnd. Yucrora, ONHAKO, SBIAETCH
JIMIIL OJHAM M3 YCJIOBHIL, 3a cobimoaeHneM
KOTOPBIX TIIATENLHO CAEAAT HA BCEX CTa-
JHAX TEXHOJOTHYecKOoro mpouecca. Beicokue
TpeOOBaHHS MPEIbABIAIOTCA, HANPHMED, K
reoMeTPHYECKOH TOYHOCTH WabioHOB s
toromurorpadgmun. JocTaToYHO BCIOMHHTE,
4t0 cpeaqu (OPMHpPYEMBIX B KpHCTasUle
CTPYKTYp €CThb TaKWe, pa3sMep KOTOPBIX
cocTaBisieT Bcero | MKM-—ckaxem, KaHal
MOII-Tpan3ucTopa. A TOYHOCTH MPOEKIUH
CXEMHOT'O PHCYHKAa [0JDKHA OBITH MO Kpaii-
Hell Mepe Ha nopsaoK Beite. OTKIOHEHHS OT
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HOMHHAJIbHOTO pa3Mepa JOMYCKaloTcs B
npeeNax HeCKOJNbKHX JEeCATHIX J0JeH MHK-
POMETPA, T. €. COCTABJSIOT AECATHTHICAYHbIE
gonu muumMerpa. Kpome Ttoro, mocra-
TOYHO BBICOKOH JOJDKHA OBITH TOYHOCTH HC-
nonHeHus GortomabnoHa, a clieI0BATENILHO,
H PE3KOCTh MOJIy4aeMOro C €ro MOMOUIbIO
m3o0paxenns. Ho eme Gosiee BaxKHBIM CTa-
HOBHTCH COBMEIIIEHHE MPOEKIHi H300paxe-
HHii HA TMOBEPXHOCTH IMOJYNPOBOJHHKOBOIO
JIACKa BO BpeMs BceX omnepaimii GoToiamTo-
rpagudeckoii obpaborku. Ilomumo sTOTO
NOJIyIPOBOJIHUKOBAs MOUIOKKAa MHOTOKpAaT-
HO TOABEpraeTcs HArpeBy IO TEMIEpaTyp,
npepblmatonmx  1000°C, ¢ nmocneayrommm
OXJIAKIEHHEM KaX/Iblii pa3 [0 KOMHATHOI
TEMIEpPATYPEl M BCTYNaeT B KOHTAKT ¢
TPAaBUJIbHBIMH PACTBOPAMH, ¥ TO3TOMY He-
TPYAHO NOHATh, 4TO Ae(eKThI B CTPYKTYpe
WC —HenzbexHoe 3710. Bo MHOIMX ciyuasx
OHH CTAHOBATCHA NMpPHYMHOIN Opaka, mpoueHT
KOTOpOro TeM BbIlle, YeM Oouibille CTEneHb
MHTErpaluy 1 O0JIbLIE MIOTHOCTE YIIAKOBKH,
T.€. COOTBETCTBEHHO UHCJIO HJEMEHTOB B
KPHCTAJLJIe M 4YMCIIO JIEMEHTOB Ha EAMHHILY
wromaad kpucrasna. [locinensee MoxkHO
OOBACHHTE TEM, YTO KOJHMYECTBO KPHCTAJ-
NI0B, HE UMEIOIIUX AeEeKTOB HCXOQHOIO Ma-
Tepuasia, a Takke Aedexros, obyciopieH-
HBIX TEXHOJIOrHYecKoi 00paboTkol, yMeHb-
MIAeTCs C yBeJHYCHHEM IUIONIAMH KPHCTAJ-
Jla, HO TIPH YCIOBHH DPaBHOMEPHOrO pac-
npezenieHnss AeEeKTOB MO IUIOILANH MOy~
npoBojHHKOBOro aucka. Ilpu uiroTopseHuu
HUC c BbIcOKO#H CTeneHbIO HWHTEIpalldHH Ha
HAYAJILHOH CTAJHH TEXHOJIOTHYECKOTrO Mpo-
necca 6Gpak Moker moxomuTh no 90%, on-
HAKO 3TO HE JOJDKHO CMYIIATh H3rOTOBH-
tend. Bens 10% roaueix UC o3navaror, 4to
u3 kaxapix 100 cxem, chopMUpOBAHHBIX Ha
MOJIYPOBOAHHKOBOM JIHCKE, TOJIYYeHO Je-
carb pabotocnocobusix. Beixoa romusix UC
" 3(DDeKTHBHOCTE  MHKPO3JIEKTPOHHOIO
MPOM3BOJICTBA ONEHHBAIOT COBCEM IO MHBIM
KPHTEpHAM, HEXENH B TPaJMIHOHHBIX OT-
pacnsx npomsinuienaoctd. Ho, kak H B mo-
CHEMHHX, B MHKDPOJJIEKTPOHHKe Tpebyercs
COBEPILEHCTBOBAHHE TEXHOJOTHYECKHX IIPO-
[IECCOB, HANPABJICHHOE HA TOBLIIICHHE BHI-
xojxa roauoi npoaykuuu. Ilpasaa, nHenbss
3abBIBATE W O TOM, YMTO 3JIeCh pevb HIET 00

YBEJIMYCHAH BBIXOJA TOAHBIX He ¢ 90 1o
95%, a ¢ 5 mo 15% nns CBUC u ¢ 40 1o
80% pnna UC c Oosiee HM3KOI CTeNeHbIO
HMHTET PAIHH.

COBOKYITHOCTh TIPOIIECCOB TEXHOJIOTHYE-
cKoili 00paboTkH, KOTOpOiH TmoOBepraercs
KpeMHHWeBbIi [HCK TpH (OPMHPOBAaHHH Ha
HEM MHKpOCXeM (BKJIFOYas HMX TPOBEPKY),
HA3BIBAETCHA, KAK MBI YK€ TOBOPHIIH BBIIIE,
yuraom 1 TIONYNPOBOJHHKOBOH TEXHOJIOTHH.
CrioBo «IIMKID? B HEKOTOPOH CTENEHH CIO-
cobHOo BBecTH B 3abiykmenme, OO peyb
3€ch HIET He O UHKJIMYECKA MOBTOPSAIOIIEM-
¢4 Mpollecce, a O NocIe0BaTEILHOM MpoIec-
ce, HANPABJIEHHOM Ha JIOCTHXXEHHE Olpeje-
NeHHO# 1enn — pOpPMHPOBAHHH PAllAa OJHHA-
koBeix MC na kpemumesoM jucke. Lluxmy
| mpeamecTBylOT OmepalMH H3rOTOBJICHHSA
KPEMHHEBBIX JIUCKOB, CBHIPHEM I KOTOPBIX
CyHT KBapl, ¥ (oTomabloHOB; MOciel-
HUE JIeNaloT ¢ y4eToM (PYHKIHOHAIBLHBIX
tpebopanmii, npeabsBiasemeix k MC. Bechb
00bEM MPOEKTHBIX PabOT—OT COCTABJICHHS
obuiero omucaums ¢ynkuum UC (3a xorto-
PBIM CIEAyeT TOCTPOEHHE €€ JIOTMYecKOH
cxeMbl H paspaboTka Ha 3TOl OCHOBE NpHH-
HHTHATBHOMN 7EeKTPHUECKOH CXEMBI C yKa3a-
HHEM OTJENbHBIX 3JIEMEHTOB) [0 BBINOJHE-
HHS KOMIIOHOBOYHOIO YepTeka, IeTaji3u-
POBAHHOT'O BIUIOTHL [0 CTPYKTYP 3JE€MEH-
TOB —Ha3bIBACTCA Pa3pabomkol monoao2uu
HC. Paspaborka UC, usrorosienue ¢oro-
wabJOHOB H MOJIYNPOBOAHHKOBBLIX [JHCKOB
MpPeICTABJIAIOT co00M KOMILJIEKC MepOoTpHS-
T, 0e3 OoCyUIecTBJEHHSI KOTOPBIX HEJb3s
npucTynath K muakiy 1. Hacro ero HaseiBaioT
mukiaoM 0. Bee paborthl, KOTOpBIE OCYILIECT-
BJISIFOTCS IOCJIE 3aBEepLICHHs HMKJIa | U Ha-
TIpaBJICHBLl HA TIPEBPAIICHHE H3TOTOBJICHHBIX
HUC B roroBele K MNpogaxe H3IENHS, OT-
HOCATCS K IMKJIY 2 HOJYNPOBOAHHKOBOIM
TexHogoruu. llukn 2 HaumHaeTcs C pes-
KU (CKpaiOHpOBaHMs) MOJIYIPOBOIHHKOBOTO
JIACKA HA OT/IeJIbHbIE KPUCTAUILI H 3aBepiia-
ercss (hyHKIMOHANILHON TPOBEPKOH roTOBOH
HC. B tabn. 10 npuBe/ieHbl BCe STAMbl MPO-
Tiecca M3TOTOBJICHUS W3JICIMH MHKPOIJIEKT-
POHHKH.

Ham eme HyXHO COOOIIMTH YATATENIO
HEKOTOpBIE JIONOJHHTENbHEIE TTOAPOOHOCTH,
kacarommecs muknoB 0 m 2. OpHako um
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Tabauya 10. TexHaonorus MIrOTOBJCHHA W3IE/IHIA MHKPODICKTPOHHKH

WcxoaHslie maTepuansi

Uukn 0

dyHkuun peanusyemoin UC

W3rotoBnexHue nony - ]
NPOBOAHWUKOBOI NNACTUHbI

Y

(aucka)
PazpaboTka Tononoruu K

doTowabnoxsl
Uukn 1

Monyn POBOAHUKOBLIE NNACTUHBI

WaroTtoenexue goto -
wabnoHoB

OxcuanpoBanue
doTonutorpadma

TpaBnexue

‘SI'IMTaKCHaJ"IIsHOE Bbipa-
wMBaHue

IeruposaHue
MeTannusauuvna
WenbiTanua

Uukn 2

MonynpoBoaHuKoOBaA NNacTuHa
co cchopMupoBaHHoii Ha Held UC

Paszgenenwe nonynposoa-
HUKOBOI NNACTUHbI

Ha OTAENbHLIE KPUCTannbl

Mocaaka KpucTanna
Ha HOCuTEenb

MpucoeauHeHune nposonoy
HbIX BLIBOAOB

C6opka B kopnyce

Kpucranne: UC

WenbiTanua

Oyzner yaeneHo MeHbIlle BHHMAHHSA, HEM [IHK-
ny 1, KOTOPpBI BBHIY €r0 KJIFOYEBOIO 3HAYE-
Hus Ob11 pazobGpan Gonee meransuo. UTak,
Ha4vYHeM C yuxaa 0.

Linkn 0. Paspaborka
Tononoruu UC

Llens pa3zpaborkn Tononaoruu UC cocTonT B
CO3/IaHMH OPUIMHAJIOB CXEMEI, HA OCHOBE
KOTOPBIX H3rOoTaBIHBAIOT (hoTOImabIoHEL
Jns savana 6ygeM cuuTaTh, YTO MOA0OHBIE
OPMTHMHAJIBI SBNIAIOTCH HEPTEKAaMH, BhINOJN-
HEHHBIMM Ha Oymare, XOTS—¥ MBI B 3TOM
cKopo yOemmMcs — OHM BOBCE He 00s3aTeshb-
HO JI0JIKHBI MMETh Takoil Bui. Jis u3roTos-
JleHHs Kaxaoro mabinona TtpebyeTcs odun
yepTex. Ha KaxxaoM "epTexe moka3zaHa Tro-
PH3OHTANbHAS CTPYKTYpa OMpEAEIeHHOTO
cnost mateprnana UC, T.e. mausl dopma
pacroJioKeHHe TeOMETPHYECKHX obJacTeit,

COOTBETCTBYIOIMX 3TOoMY cloto. [lommsii
KOMILIEKT TakKux ueptexeit nna opnoit UC
HOCHT Ha3BaHHME KOMMOHOBOYHOM JIOKYMEH-
tauud. Ha KOMIOHOBOMHBIX HepTeXax co-
JiepKaTcs BCe JaHHBIE, KACAIOLIHECs Yepelo-
BAHHSA CJIOEB Pa3/IMYHOrO COCTABA IO BEPTH-
KaJi H TEOMETPHYECKOH CTPYKTYPhI Kax 10~
ro oraensHoOro ciost Mmatepuana MC. OcHo-
BO# /1 pa3pabGoTKH KOMIOHOBOYHBIX 4Yep-
TexelH cayxkar (yHKnHoHaLHBIE Tpebosa-
HHS, NpPEABbABIAEMbIC K MPOESKTHPYEMOi
cxeMe. Takne TpeboBaHHA MOT'YT, HATIPUMEP,
BBITJISAETH cieayommm obpasom: MC non-
KHa npeacTaBnATh coboit 3V emKkocThiO
64 xbuT ¢ npAMoit anpecanuell aYeek, HOMH-
HalbHOe pabodee HanpshHkeHHE—HE BHIIE
5 B, norpebnsemas MouHocTh—He Gosee
200 MBT, BpeMs noctyna K JaHHBIM, Xpa-
HALIEMCA B naMsATH, — He 6onee 100 ue. Crona
cnenyer nobaputh Tpebopanns obuiero xa-
pakrtepa, HampuMep ofecnedeHHE MUHH-
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MaJIbHO BO3MOXHOM TUIOLIAH OBEPXHOCTH
kpuctamma UC, a 910 Kpome BCEro npouero
03HAYAET, YTO YHCIIO BHEIIHUX BHIBOJIOB CXe-
MBI € HX KOHTAKTHBIMHU IUIOIIAJKAMH, 3a-
HAMAIOIHMH OOoJbLIYyI0 MI0Iaab, HeobXo-
JHMO CBECTH K MHHHMyMY. Boilie Mbl yxke
OTMeqaJid 3HAYNTEIbHEINH YPOBeHb 3aTpaT Ha
nposepky UC c BBICOKOIi CTeNeHbI0 UHTErpa-
mun. YTo6Bl CHH3UTE MX 0 NPHEMIIEMOTO
ypoBHs, npu paspaborke Tononorun MC
clelyeT TPHIEPKHUBATHCA  ONPEICIICHHBIX
npaBui. BaskHeHINM npe/IBapuTe/IbHBIM yC-
JIOBHEM 3/I€Ch CTAHOBUTCA BHIOOP OHOH M3
BO3MOXKHBIX TexHonormii. Kaxnas texnono-
THSl XapakTepH3yeTCcs CBOMMH TMpaBHIAMH
pa3paborkn Tononorum HC, koropwle yc-
TAHABIMBAIOT MHHHMAJIBLHO [AOMYCTHMbIE
pasMepbl W pPAacCTOSHWUA, a TaKkKe MAaKCH-
MaJbHO JOMYCTUMEIE MNEPEKPBLITHA OT/ENb-
HBIX CTPYKTYPHBIX 3NeMeHTOB. CoBOKym-
HOCTH 3THX IIPaBHI B Tpebopanwuii gaeT BO3-
MOHOCTb BBHINOJIHUTE Bce HEOOXOAMMBIE
KOMTIOHOBOYHBIE viepTexn. Konewno, ontu-
MaJIbHBIM SIBJISETCS BAPHAHT, KOIAd MAHHYIO
3amady [eTHKOM H TOJIHOCTBIO OepeT Ha
cebs kommblotep. na atoro Ttpebyercs
nporpaMma, € MOMOLIBIO KOTOPOH MOXKHO
3a/1aBaTh KOOPAMHATHI TeX TOYEK KOMIOHO-
BOYHBIX YepTeked, KOTOpBIE B MOJIHOH Mepe
OTBEYAIOT MOCTABJICHHBIM TpeboBaHusM. B
OPHHITHIIE 3/IECh HET HAYMEr0 HEBO3MOXKHOIO,
OIHAKO HA TPAKTHKE MBI €llle OYEHDL HaJIeKH
OT Takoro pemeHus npobremsl. OnwIT M
MHTYMIIHS TIPOEKTHPOBIIHKA, NPOBEPKa pas-
JUYHBIX BAPHAHTOB H IOCTENEHHOE OBEle-
HHE X JI0 COBEPIUICHCTBA TMO-TIPEKHEMY HI-
paloT BaXHYI poJjib B pa3paboTke Tomoso-
run UC, x0T KOMIBIOTEPLI U HCHIOJIB3YIOT-
csl NSl pelleHus TPHKJIaHbIX 3a/1a4 YacTHO-
ro xapakrepa, Takoii KoMOMHMDOBAHHBIN
MOJAXOM TOJYYHJT HA3BAHHE AGMOMAMU3UPO-
eannan pazpabomra monoaoeuu HC.

Kax mnpasmiio, pa3paborka TONOIOTHH
MC Benercs Ha HecKoNbKHX ypoBHsAX. Haun-
HAIOT C JIOTHYECKOTO YPOBHS, T.€. COCTaBIA-
10T JIOTHYECKYIO CXEMY. Ha KOTOPOH OTHEb-
HBIE 3JIEMEHTBI HMEIOT CHMBOJHYECKHe 060-
3HAYEHHS COOTBETCTBYIOUIMX JIOTHYECKHX
onepaumii — U-HE, UWJIU-HE #u 1. 1. B npe-
JBIAYIIEH IlIaBe Mbl NO3HAKOMHIINCH C MPH-
MepaMH Jlornaecknx cxem. Ilposepka Jomk-
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Ha NOKa3aTh, JACHCTBUTENBHO JIH CIPOEKTH-
pOBaHHAN JIOTHYECKAas cXema crnocobHa BbI-
nonusaTs  Tpebyemyro ¢dyukumio. Jlannas
[MpPOBEpPKa HA3BIBAETCS MOJEITHPOBAHAEM JIO-
FHKH ¥ BBINONHSAETCH KoMmbiotepom. Ecim
OpOBEpKa 0Ka3alach YCMENIHOH, TO JIOrH-
4eCKyI0 CXeMy mnpeobpasyioT B 24eKmpon-
Hylo, comepkainyio otaenbHbie DK, cxemsl
JIOTHYECKHX 3IEMEHTOB WK ke Homee kpym-
HBIE JIEKTPOHHBIE (DYHKIIMOHAJIbHEIE OJIOKH.
ITo snekTpHYECKHM MapaMeTpaM 3JIEMEHTOB
MOXHO ONpeleNuTh TaKHe NapaMeTphl cxe-
MBI B IEJIOM, KaK YPOBeHb HAaNpSIKEHHS
NUTaHus, noTpebiseMylo cXeMoi Moml-
HOCTh HJIM BpPEMsl PACNpOCTPAHEHUS CHIHA-
na. DTa 3aaava, T.e. MoJieTupoBanue pabo-
ThI 3JCKTPOHHOH CXEMBI, TaKKe peraeTcs
KoMIbloTepoM. Eciim ke cxema paccuuTaHa,
4 pesynbTATHI BBIYHCJICHHWIH €e JJIeKTpHie-
CKHX XapaKTEPHCTHK HE TOJIHOCTBIO COTJa-
cyrotes ¢ TpebyeMBIMH 3HAaYEHUAMH, TO
BO3HHKAET HEOOXOAMMOCTb B 3aMEHE OIHMX
IJIEKTPOHHBIX KOMITOHEHTOB JPYTUMH H TIOB-
TOPEHUH PACYETOB C BBEJCHNEM HOBBIX Mapa-
MeTpoB. B HEKOTOPBIX CiIyyadX MOXET mo-
TpeGOBATLCS BHECTH M3MEHEHHS B camy JIo-
THYECKYIO CXEMY C LENBLIO €€ YJIy4IneHHS.
Koraa nmocne HeckoJIBKHMX TIOJOOHBIX MOTIBI-
TOK H3'CXEMHBIX 3JIEMEHTOB, HMEIONIUX OI-
peleNeHHbIe XapaKTepUCTHKH, BCe JKe ynaa-
eTCsl MOCTPOMTH TMOAXOMASIIYEO 3JIEKTPHYEC-
KYIO CXeMy, MPUCTYMAloT K pa3paboTke TO-
NOJIOTHIECKHX  YepTekKed OTAeIbHBIX 3J1e-
MEHTOB, ODECHeMHBAIOMIMX [IOCTHKEHHE 3a-
JAaHHBIX XapaKTEPHCTHK. DTH 3JIEMEHTHI HET
HeOOXOAMMOCTH M3rOTABIHBATH (DH3MYECKH.
1o TonmonoruyecknM YepTekaM HX HapameT-
pPBbl MOXHO TOYHO PACCYHTATH C IMOMOMIIBIO
komnbroTepa. OQHAKO BO MHOTHX CIIy4asix
UAYT OPYTEM IyTem —obpamaioTcs K paHee
anpoOHPOBAHHBIM TOMOJIOTHAM OTHETHHBIX
9K, cxeM JIOrHYECKHX 3JIEMEHTOB Wiu Golee
KPYIHBIX (QYHKIMOHAJIBHBEIX 6JI0KOB, KOTO-
phie XpaHaTcs B OuOIHOTEKaX cTaHIapTHBIX
anemMenToB. Korna nosiy4eHs! yAOBIETBOPH-
TenbHBIE YepTeXRn oTAeabHbx DK (wm xe
OHHM MMEIIHCh C CAMOrO Ha4aja), TO MOXKHO
NPHCTYNATE K KOMIIOHOBKE TAKOW NPOEKTH-
pyemoit cxemsl B nerom. B UC ¢ Bricokoii
CTENEHbI0 HHTErPAIHH HMEIOTCH MHJUTHOHBI
pPACYETHBIX TOYEK W OTPE3KOB MPSMBIX JIH-
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auii. [TosroMy s KaXIoro ee TOMOJOTH-
4YECKOro 4eprexka Tpedyercsa B3ATh JIHCT
OymMard IUIOMAZbI0 B HECKOMBKO KBaApaT-
HBIX METPOB, T. €. HE YCTYNAIOLIHIi 110 pazme-
pam oOpa3snaM HACTEHHOH >XKUBOIMCH Cpel-
Hero Macmitaba. Ilo obwimio peranei >t
KOMIIOHOBOYHBIE 4EPTEeXH BO MHOTO pa3s
npeBocxoasaT kaptuHel [lutepa bpeiirens.
JInme ogHOOOpa3ue YepTexkeid roBOPUT HE B
HX TI0JIb3Y — BHAHBI TOJILKO IPSAMOYT OJIbHHKH
pasnMYHOTO pasMepa M opHeHTanmu. Yep-
TeXH IOJUKHBI OBITH BBINOJNHEHBI € TOY-
HocThio 7o 0,1 MM. DT1O oOBACHAETCA TeM,
yro y kpucramna MC, gnusa ¥ mmpuHA
KOTOPOTO paBHBI 4 MM, JONyCKH Ha pa3me-
PBI CTPYKTYP OT/EJIbHBLIX 3JIEMEHTOB HE Mpe-
BBIUAIOT HECKOJIbKHX HECATHIX JOJIEH MUK-
pomertpa. [IpunsB 3Ha4YEHHE TAKOTO HOIMYCKa
paBEbiM 9.4 MkM B obmmit pasmep MC-
4 MM, MBI HaiIeM, YTO OTHOIUEHHE 3THX
BEJIMYHH JaeT OTHOCHTEJIBHYIO TOYHOCTD HC-
MOJIHEHHs uepTexa, pasHyio 10~ *. Cnenopa-
TEJbHO, TOYHOCTh BBHINOJIHEHUS YepTexka Ha
nacte Gymarn pasmepoM 1 x 1 mM? gomkna
cocrasaare 0,1 mm. [lpumep npocreiimero
TOMOJIOTHYECKOTO YepTeXka AaH Ha pHC. 52.

Baxwueiiiee 3Ha4YeHHE NPH BBINOJIHEHHH
TOMOJIOTMYECKHX HepTeskedl Ha Oymare mme-
IOT KOOPAHHATbI OT/IEJILHBIX TOYEK U MPAMO-
JIHHEHHBIX OTPE3KOB. DTH KOOPIMHATHI
MOXKHO 3a()MKCHPOBATL HE TOJILKO B BHJIE
TOYEK Ha 4YepTeXHOH Oymare, HO W Ha Mar-
HHTHOM HOcHTese JanuslX. Ho 210 BOBCe He
03HAYAeT, YTO MPEIBAPUTE/IBHO KOMIIOHO-
BOYHBLIH 4YepTeX BHINOJMHAKOT Ha Oymare, a
3aTEM MEPEHOCAT HA MArHUTHYIO JieHTy. [e-
710 obcrouT uHade. [IpH NOCTPOEHHH KOMITO-
HOBOYHEIX 4YepTeXei, KOTOpble B JAalibHei-
IIeM 3allHChIBAIOTCS HA MATHUTHBIE HOCH-
Tesan uHGOPMALKH, C CAMOrO Havaljia OTKa-
3piBatoTCH OT Oymaru u kapanaama. Bmecto
HHX HCIOJIL3YIOTCS KPaH [JHUCILUIEs, CBETOBOE
Hepo, MATHHTHLI HAKOIMTENb U KOMIbIO-
Tep. KoHTyphl, H300pa’keHHBIE CBETOBBIM
MepoM Ha 9KpaHe, MOTYT OBITh 3aHeceHBI Ha
XpaHEHHe B 3aNOMHHAIOIEE YCTPOHCTBO, a
TOMOJIOTHYECKHE CTPYKTYPbl CXEMHBIX 2Jie-
MEHTOB, paHee BBeJleHHBIE B 3Y, MOTyT BOC-
NPOH3BOJUTLCS HA SKPaHe B HYXKHBIX MECTax
u B TpebyemMoM Maciitabe, nmpHYeM OJHO-
BPEMEHHO HX MOXHO MOJH(DHIHUPOBATL H
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KOMIIOHOBATH, CO3JaBas pa3uvHbie KoMOH-
HaMH., XpaHeHwe HHPOPMALMH O KOMIIO-
HOBKE CXeMBbI B MATHMTHOH NaMsTH H WC-
MOJIL30BAHHE COBPEMEHHBIX CPENCTB MHKPO-
MEKTPOHHOM HMHGOPMAIMOHHON  TEXHUKH
HO3BOJIAIOT H3TOTABIMBATH TOMOJOTHYECKHE
4YepTexH cnocoboM, KOTOPBIH 3HAMHTEILHO
spekTHBHEE TPHMEHSBIOMXCS TIPEXIE Me-
TOHOB 4epueHusi. bnarogaps sTomMy MHKpoO-
3NEeKTPOHMKA cama 1o cebe crajia BaXKHeH-
UM HHCTPYMEHTOM Pa3pabOTKH HOBBIX MH-
TerpajbHBIX CXEM.

INocne pa3paboTKH NpHEMIJIEMOTO TOMO-
JIOTHYECKOTO YepTexka, 3aHCaHHOrO Ha Mar-
HHTHYIO JIEHTY, HA €r0 OCHOBE H3TrOTABIUBA-
10T (oTOmAadIOHBL. DTOT MpOIecC MBI KpaT-
KO paccMOTpuM Hmke. A noka Oymem cuu-
TaTh, 4TO (oTOolmAbNOHEl yXke ecTh, OHH
HCIOJIB3YIOTCA IS (POPMHPOBAHHS HA KPeM-
HHEBOM [HCKe mepBhix obpasnoB MC. Pe-
3yNbTATHl JJCKTPOHHBIX MCMBITAHMH M3rO0-
topiaeHHOH MC no3sBoisioT AaTh OKOHYA-
TENbHOE 3aKJIIOYeHHe OTHOCHTENLHO YCIHell-
HOTO HJIH HeyJaYHOTO BBINOJHEHAN paboT Ha
arane npoexktuposanus Tomnonorun UC. Ec-
ma cosnannas MC He oTBevyaeT BBIIBHIAB-
HMCcs TpeOOBaHUAM, TO BCE HAYHHAIOT C
camMoro Hauaja. B OonbummHCTBE Cciydaes
A0S TIOJIYHEHHS! CXEMBI, YIOBJIETBOPSIOLIEH
TpeOoBaHMAM TEXHHYECKOTO 3aJaHus, He0D-
XOIUMO NOBTOPATHL BECh ONMHCAHHBINA BBILIE
npomecc HAThH pas, a MHOrZa ® Ooublie.
Teneps Bpsin M KTO-HUOYAb YAHBHTCS, ECIH
MBI CKaXeM, 4TO nmpouecc pazpaboTku Tomo-
snorun UC gpnsercs BecbMa TPYIOEMKHM.
TpynosaTpaTsl, CBS3aHHBIE C MPOEKTHPOBA-
aueM UC, npuHATO BhIpaXath B «4€JIOBEKO-
rogax». Ha pa3paboTky TOIOJIOrHYECKOTrO
yeptexa onHoii WMC, HacyMThIBaIOILIEH He-
CKOJIBKO TBICSY 3JIEMEHTOB, COBCEM HEIaBHO
3aTpavyMBaJICsd OAMH 4einoBeko-roj. CkasaH-
HOE O3Ha4aer, YTO HaJ pa3paboTkod TO-
MOJIOTHH TaKo# cxembl oOnanaroiimii Heob-
XOIUMOH KBaNH(pUKAIME MTPOCKTHPOBIIHK
Tpyauics nenblii rog. Jns paspaborku mo
3a/JaHHOH TOTONIOTHH MHKpOIpoIeccopa M3
tpex UC, HMeIoIux B CBOEM COCTaBE OKOJIO
100000 snemenToB, Tpebosamock 100 yerno-
Beko-JieT. XoTa Giaromapsi BHEIAPEHUIO Bbl-
YHCIHTENLHON TEXHHKH TpyAO3aTpaThl Ha
MOATrOTOBKY Tomojorudeckux 4eprexeid MC
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Puc. 52. Tononornueckne ueptexn TTJI HC.
KpacHpie y4acTKH COOTBETCTBYIOT n-061acTam,
cepeie — p-061acTAM H YePHBIC — TOKOMPOBOASIIHM
obnacTaM amoMHHHEBOH MeTa/uM3annu. Yeprexk
ansi GOpMHPOBAHHS KOHTAKTHBIX OKOH HE TIPH-
BOJIHTCA.
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3 IoclenHee BpemHA CYLIECTBEHHO YMEHb-
IHJIHCE, OHH H CETOMAHA BCE CIIE OCTaKOTCA
BECLMd BBICOKHMH.

QotowabnoHbl

[Npunuio BpeMs BHINOJHHTL cBoe obenianue
M pacckaszaTh YHTATENI0 06 W3roTOBIIEHHH
(porommabiionos. Paublie B Ka4eCTBE OCHOBBI
s GoTomabaoHoB CITyKWIH TUIEHKH I10-
manpo okono |1 Mm%, MOKpBITHIE CIOEM He-
npospayrHoro naka. Cioif maka MOXHO GBLITO
YIOANATh, OTKpBIBAA YYACTKH NPO3PAYHOl
mieHkn. KOHTYpBI TOMONOrHYECKOTO YepTe-
%4 MPONAPAIbIBAJIACE B JIAKOBOM MOKPHITHH
TUIEHKH C MOMOIIBI0 KOOPAMHATHOIO CaMo-
MHCIA, YIPaBIAEMOro B COOTBETCTBHHU C TO-
MOJIOTHMECKHMH JIAHHBIMH M OCHAILEHHOTO
BMECTO THIIYIIEH TOTOBKH TOHKHM HOMOM.
3areM mpolapanaHHble YYACTKH JIaKOBOIO
TNOKPBHITHA YAANSAINCh MHHIETOM, B Pe3yJib-
TaTe Hero moJy4anuck okHa. [locne ymeHs-
IIEHHA W TePeHoca MONYyHeHHOH TAKHM CHO-
coboM CTpyKTYypsl (B BHAE KOMOHHAIMH
OKOH) Ha (oTorpaduueckyro IIACTHHKY HO-
JyqaNmW TaK HAa3bIBAEMBIE MPOMEKYTOUHBIE
(hoTOMAOIOHE! 115 Pa3NAYHBLIX (PU3AUECKHX
mnockocteii kpuctamia MC. B wHacrosmee
BpEMA BMECTO ONMUCaHHOro cnocoba B 60b-
IIHHCTBE CIIy4aeB HCIOJIb3YIOT ONTHYECKHii
WM 3JIEKTPOHHO-ONTHYECKHd MeTonsl. Te-
nepb NMPOMEXKYTOYHBIH [abNoH TOMy4YaroT
HE KOCBEHHBIM IMYTEM, HCIONb3Ys MOKPLITYIO
JIAKOM IUICHKY, A HETIOCPEACTBEHHOM 3acBeT-
KO ()OTOMIACTHHKH, KOTOpas Hepeako Ho-
MOJHUTENBHO MOKPBLIBACTCA CIOEM OKHCH
Xpoma (XpoMHpoBaHHBIH (oTomabaon).
BmecTo KOOpAMHATHOTO CaMOMMCIA TIPHMe-
HSAIOT ONTHYECKHE WM 3IIeKTPOHHO-ONTH-
YeCKHe TeHepaToOpbl T€OMETPHYECKHX CTPYK-
Typ. Tonbko TakuM myTeM yaaercs pa-
MHOHAJILHO M3rOTABINUBATE MPOMEKYTOYHBIE
mabnonel ans UC ¢ BLICOKOH CTeneHbiO
uaTerpanuu. [lpomexyrounblie mabiroHBI
CITYyXKAT I MONY4YEHHs TaK HAa3bIBAEMBIX
opuraHanos (oromabionos, wim GoToopH-
ruHasnoB. POTOOPHIHHAJ NPEACTABISET CO-
Goii ¢oTorpaHIecKy0 HIH XPOMHPOBAH-
HYIO IUTACTHHKY, HA KOTOPOH B HATYpaIbHOM

naea 5

macmtabe MpencTaBleHbl BCE CTPYKTYPHI,
noJurekamiie (hOpMHPOBAHHIO HA TOJYNPO-
BOJIHHKOBOM JIHCKe B xoje doTommarorpadu-
veckoil 00paboTkn. Takum obpa3zom, Ha Hel
H300pakeHbl CTPYKTYpHl He odwoiu WC, a
MHOMCECIME8A MHUKPOCXEM (KOTOpBIE yaaeTcs
pa3sMecTHTh HA HMEIOLIeHed IUIoWAaN) H,
KpOME TOTO, METKH /Ui TPaBHILHOTO pa3s-
MelleHnsl  CTpYKTyp. TupaxkupoBanue H
yYMEHBIIIEHHE TPOMEXYTOo4HOTO (hoTomabino-
HA BBIMOJIHAET TAK Ha3bIBaeMbi (oTo-
MOBTOPHTED.

Jnsa dorommrorpaduyeckoii 06pabotku
HCITONIB3YIOTCH He caMi (OTOOPHUIHHANBI a
Tak HasbiBaeMbie paboune (oTonabnonsl,
NOJIy4eHHbIe KOmupoBanueMm ¢ (oToopHra-
Hanma. C 1enplo 3aCBETKH HAHECEHHOIO Ha
KPEMHHMEBYIO IUIACTHHY CJIos pesucta pabo-
upii poromabnon nmubo HaknaibLIBAETC He-
MOCPE/ICTBEHHO Ha Hee, MO0 n3oOpaxeHue
mabnoHa mpoenupyeTcs Ha TUIACTHHY —Kak
npaemio, B Macirade 1:1. Bo BropoMm ciy-
4ae CYIIECTBEHHO YMEHbIIAETCs H3HOC POTO-
wabnonos, tak kak nocie 10-20-kpatHOro
HEMOCPE/ICTBEHHOTO HAJIOKEHHA OHH MPHXO-
JAT B MOJIHYIO HEro[HOCTh. [lnsd 3acBeTKH
(oTopezucra mpu Jurorpaduueckoii obpa-
foTKe KpoMe CBeTd MOXKHO HCHONBL30BATH
PEHTTCHOBCKOE M3JIYYEHHE HJIM My4OK 37eK-
TpoHOB. C NMOMOIIBIO 3JIEKTPOHHOIO IMYy4Ka
HeoOXoAuMBIe CTPYKTYPHl  (hOpMUpPYIOTCSH
BooOmie Ge3 nmpumeHenus mabronos. DToT
MeTOM TIOJTYYHJl Ha3BaHWE PAcTpPOBOH 3JIEK-
TpOHHO-IyueBoii nuTorpaduu. 3pece koop-
JIHHATHI TOMOJIOTMYECKOrO YepTeska CiIyXkat
JUIA MO3UIMOHUPOBAHASA CPOKYCHPOBAHHOTO
C BBICOKOH TOYHOCTBIO 3ACKTPOHHOIO JIyda
HAa TIOJYNIPOBOJHHKOBOM [HCKE, MOKPHITOM
CJI0eM pe3ucTa. DNEKTPOHHLIA JIyY nepeHo-
CHT TOMOJIOTHYECKH# YepTex Ha muck. ITpas-
a, Takoi MeTod cBs3aH ¢ OonbimaMH 3a-
TpaTaMH BPEMEHH H TIPMMEHsETCH JHIIbL B
ocobwrx cnyuaax. OJHAKO NPH U3rOTOBJICHHH
AOIOHOB 3JIEKTPOHHO-JIy4eBask TEXHOJIOTHs
MCIOJIb3YETCA BECbMa IIHPOKO.

[lpu onmucanuu mnpoueccos paspaﬁon:n
tononorud UC u usrorossenus doromad-
JIOHOB MBI MCXO/IWJIH M3 TOTO, YTO HOMYIIPO-
BOJIHHKOBAsl TOUIOXKKa yxke umeercs. Ho
BE/Ib €€ elle Ha/J0 MOJYYHTH!
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MonynpoBogHuKoBana nnacruHa

CeIpbeM 71t H3TOTOBJICHHS MOJIYIPOBOIHH-
KOBBIX TUIACTHH CIYXHT XHMHYECKH YHCTBIH
kpemunii. Ero monywaror m3 kBapua, T.e.
KPHCTAJUIMMECKOH JBYOKHCH KpEMHHS#, MMy-
TEM BOCCTAHOBIIEHHS C WCHOJIb30BAHHEM
yriaepona. B xone peakiuu BOCCTAHOBIICHHAS
KHCIIOpOJI JBYOKHCH KPEMHHS CBS3BIBAETCS
¢ yriaeponom, obpa3sys OKHChb yriiepoja, a
KPEMHWIi BBIIENSETCS B BHAE YHCTOrO Be-
mecTBa. O0a MCXOMHBIX MaTepHasa, KBapil
H yIJIepoJl, HMEIOTCS B IPHPOJIE B H300HIIHH.
Takum oOpazoM, MoKa pedb UAET 00 HCHOIIb-
3YEMBIX B HACTOSIIEE BPEMs B MPOMEIIILIEH-
HOCTH 00BEMax KpeMHHS, MPOOJIeMBI ChIPbS
[UISi MUKPO2JIEKTPOHHKH He Bo3HukaeT. [loc-
Jie KHCJIOpPOJAa KPEMHHH SIBIISETCS CaMbIM
pacnpocTpaHeHHbIM Ha 3emMile XHMHUYECKHM
2JIeMEHTOM: 3eMHas Kopa Ha 28% cocTouT
u3 kpeMuus. CBA3aHHbIE C HCXOIHBLIMA MaTe-
pHAJIAMH TPYAHOCTH JIEXKAT COBCEM B HHOM
wiockocTH. Jleno 3akiovaeTcs B MX YHCTO-
Te, obecrneduTs KOTOPYIO YyA4eTcss JHILb
BecbMa Joporoii neHoi. Tem He meHee cile-
JIyeT 3dMETHThL, YTO NPH BOCCTAHOBJICHHH
KBAapIla ¢ NPUMEHEHUEM YIIIEpo/a MOay4atoT
KPEMHHIl, HHCTOTA KOTOpOro OimM3Ka K
98-99%. Opnako, npexae 4eM MPHCTYIHTD
K BHIPAIIUBAHUIO U3 HErO KpHCTaUIa, Tpedy-
ercs JIONOJIHATENbHAS OYHCTKA. Y ajeHue
M3 KPEeMHHs ATOMOB IIPAMECeH TaKuX TsiKe-
JBIX METAJUIOB, KakK Medb M JKeJIe30, ocy-
miecTBIsieTcs cieaytomuM crnocobom. C no-
MOILBIO COJIAHON KHCIOTEI KPEMHHIA IpeBpa-
marot B Tpuxjopcuian SiHCl,. B xoze atoit
peaKlui aTOMBI TSKEJBIX METAIUJIOB CBS3bI-
BaloTCsA XJjopom: obpasyiorcsi Xjaopuasl. B
nporecce nociaeayromleit (ppakunoHHoi nepe-
TOHKH XJIOpHAbI ucnapsitores. Ocrapmumiics
TPUXJIOPCHIIAH CMELIHBAETCS C BOLOPOLOM H
npu temnepatype 1000°C mpoucxoauTt ero
BoccTaHobieHne. CaM KpeMHHH ocakIaeTcs
HA TOHKHH KPEMHHEBBIH CTEpKeHb, IpeiBa-
PUTEJIBHO MOMEIIEHHBIH B XMMHYECKHI peak-
TOpP B KaYecTBE 3aTPaBOYHOrO mMatepuana. B
pe3yjabTaTe MPOLECcoB, NPOTEKAOIIMX B pe-
4KTOpE, UMEIoLIeM BH/I JUIMHHON KBapueBoit
TpyOBI, TONY4alOT KPEeMHHEBBIl CTEpkKEHb
TONUMHOW 8 CM W JUIMHOH OKOJO MeTpa.
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3aTeM KpeMHHEBBIH CTepXKeHb MOIBEPTaroT
(pM3HYECKOH OYHCTKE, HCIOJB3YS CI0C00-
HOCTh KPEMHHS NOTJIOMATh Gobllee KOIH-
YEeCTBO NMpPHUMECEi B XUIKOMH, a HE B TBEpIOi
¢daze. IlostoMy, co34aB B KPEMHHEBOM
CTEep)KHE 30HY XHUAKOW (ha3sl, HAMPHMEP My-
TEM MHAYKTHBHOIO Harpesa A0 TeMIepaTy-
pel Beimie 1420°C, MokHO HOGHTLCA TOTO,
4TO 9Ta 30Ha Oyaer oTOHpaThH 3arpsA3HsAIO-
IHe TPHMECH M3 COCEAHHX TBEPAOTETbHBIX
obmacreii. Ecii Takyio 30HY paciuiaBa Meji-
JICHHO TEpeMElIaTh MO CTEPXKHIO, NepelBH-
ras BIOJbL HEro HHAYKIHOHHYIO KaTYIIKY, TO
H 3arps3HSAIONINE TpHMecH OyIyT Tnepensu-
raTbes Belell 3a Heil. B uTore oHM CKOHIIEHT-
pUpyIoTCsi Ha KoHIe crepxkHs. [Ipm MHO-
FOKpPaTHOM [IOBTODEHHH 9TOH onepanuu
MOXHO HOJYYHTh KPEMHHEBLIH CTepikKeHb,
OT/IMYAIOIIHICA BBICOKOH YMCTOTOM 1O Beeit
JUTHHE, 33 WCKJIOMEHHEM HACBIIIEHHOTO 3a-
rpsazHeHusMu KoHua. [peaensHo momyctu-
Masl KOHUEHTPAIHMS 3arpPA3HSIONIMX TpHMe-
ceil B TakoM crepxHe cocrasmsier 1077, uto
coorsercTByer 0,1 MuHOHHON monmM mpo-
neHTa, Takol cnoco® OYHCTKH TOTYHHIT
Ha3BaHWe 3o0mnnoN naasku (puc. 53). Ilocne
30HHOM IUIABKH Cchaefyer coOCTBEHHO KpH-
CTaJLuIH3anus. Ee ek 3aKjarYaeTcda B I110-
JIVUEHMM KpHCTAJUIA M3 YHCTOIO € TOYKH
3peHHs] ATOMHOI'O COCTaBa, HO MMEIOIIEro
HEYNOPSIOUEHHYIO CTPYKTYPY KPEMHHEBOTO
crepkasi. KpHcrawn xapakrepusyercsi mpa-
BHJILHOM PEILIETKOMN, H €CIIA B3ATh IIPOCTpaH-
CTBEHHYIO PELIETKY KPEMHHS, TO 3/Ie€h KaX-
OBl aTOM #ABJISETCA [EHTPOM TI€OMETpPH-
YeCKH MPaBHIBHOIO TETPa’lpa H OKPYKEH
YETBIPbMSI COCEAHMMH AaTOMaMH, HAXOIA-
HIAMHCS B BEPIIMHAX 3TOTO TETpa’ipa
(puc. 8). OnacHOCTH BO3HHKHOBEHUS OTKJIO-
HEHHH OT TaKOH CTPYKTYphl HAEAIBHOTO
KpHCTaIa (HATpUMEp, MOSBJICHHS JIMCIIOKA-
M) B Mpolecce KPHCTAUIM3AlHH BEChMa
Benuka. [IpH M3rOTOBIICHWH KPEMHHEBBLIX
cTepXkKHe#, U3 KOTOPLIX BIOCIEACTBHA MMOJIY-
YAIOT MOJIYIIPOBOJAHHKOBLIE TMOJIOKKH, IO
BO3MOXKHOCTH CllefyeT u30eraTh MOsBICHHS
nedexToB pewmerku. Jng pemenus mocras-
JICHHOH 3alavYi HCMIOJBL3YIOT OBa crocoba
BBIPAILIMBAHUA KpHCTaLIoB: Mertorn Yox-
panbCKOoro M 30HHYKO miuaBky (puc. 53). B
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oboux cayuasx OepyT 3aTpaBOMHBIH KpH-
cTasl, T.e. HeOobIoi KpHCTAILI ¢ HACalIb-
HOH CTPYKTYpOii, KOTOpHIH B ciy4Yae IpH-
MeHeHHs MeTola HoXpankckoro norpyxatoTr
B PACIUIaB KPEMHHWA, a 3aTEM, HENPEPLIBHO
Bpailas, MEAJICHHO H3BJICKAIOT BMECTE C Ha-
TUTAaBUBIIMMCS HA Hero MatepuanoM. B xone
MOCJIEAYIOMIErO OXJIAXK/ICHHS 3TOT MaTepHAT
KPHCTAJUIH3YETCA, NPHYEM HMEHHO TaKHM
obpa3oM, KOTOpBIH ompeieiseTcs 3apojibl-
IIeBLIM KpHcTa/ioM. Ecim 3aponbimensbii
KpHCTaJUl MMeJl HJeallbHYIO CTPYKTYpY, TO
Ty ke CTPYKTYpYy OyAeT umMeThb H BbIPOCIIMI
M3 HEro KpPHCTAJUI-—ECTeCTBEHHO, MpH cob-
JIOJICHAH ONTHMAJBLHOIO PeKHMMA KpHCTal-
ymsanud. CorsacHo metoay Yoxpanbckoro,
CKOPOCTb H3BJICYCHHS KPHCTAJJIa H3 PacIia-
Ba JIEXKHT B IpeAeiax OT [ecAThIX Honel
MHIJUIAMETPA 10 HECKOJIbKMX MHIUTHMETPOB
B MHHYTY. B ciydae MeTo/a 30HHOH IUIABKH
3aPOALILEBBLIN KPHCTAJLI 3aKpEIUISIOT Ha
BEpXHEM KOHIIE KPEMHHEBOTO CTEPXKHS B TOM
MOJIOKEHHH, KOTOpoe kpucramwn Oymer 3a-
HAMATh MOCJe 3aBepIleHHs] OYHCTKH W y[a-
JeHus «rpasHOro» KoHua. [anee 30Hy pac-
miaBa MeUIeHHO omyckaroT. Ocrapiumiics
MOCJE MPOXOXKAEHUSE ITOH 30HBI KPEMHHH
3acThiBa€T B BHJAE MOHOKpHcTajuia. Pac-
TJIABJICHHBIH KPEMHHI He pacTeKaeTcs B CTO-
POHBI, TAK KaK 3TOMY TPENATCTBYIOT CHJIBI
MIOBEPXHOCTHOIO HATSKEHHs, HO JHMIIbL [0
TeX MOp, MOKAa CTepXeHb OCTAETCA JoCTa-
TOYHO TOHKHM. Ecim mo meroay Yoxpanib-
CKOT'O CerOJIHs yAAeTCs BhIpallHBaThL HE HMe-
FOIIME HUCIIOKANMH KPHCTAJIIIMYECKHE CTEPXK-
HH apameTpoM o 150 MM, To 30HHAA muas-
Ka NO3BOJIAET MOJIY4aThk CTCPXHH IHAMET-
pom o 100 MM, Takxke He HMEIOIIHE IHC-
nokanwii. [To cpaBHeHHIO ¢ TPHPOJIHBI-
MH KPHCTAJUIAMH JOCTHIHYThIE Pe3yJbTATHI
creiyeT NpH3HATL BecbMa Hemjoxumu. On-
HAKO J[a%e MPH HCIOJIb30BAHUH ONHUCAHHBIX
METO/IOB HE y/1aeTCs MOJIHOCThIO HCKIFOYHTE
HapYILIeHAS KPHCTAJUIHYeCKOH PpeIleTKH — B
KPUCTAJUIaX BOZHUKAIOT TOYEHYHBIE Ae)eKThI,
HAapHMep BakaHcuu. HeBo3sMoxHo B mOI-
HOH Mepe H30aBHUTBLCA Takke H OT XHMH-
YECKHX MPHMeCeil, 3arpsa3HAIOMIAX MOJIyIpo-
BoaHuK. KpucTani, BhIpAallleHHBIH MO METO-
ny YoxpasbCcKOro, B OTJHYHE OT KPEMHHS,
MOJIyYeHHOTO 30HHOM MJIaBKOii, MMEEeT OT-
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HOCHTEJILHO GoJblloe COJepKAHHE ATOMOB
kuciopona u yriaepoaa (mo 10'® cm™3). Hc-
TOYHMKOM TAKHX 3arpA3HEHHUIl ABJIAIOTCA He-
obxoauMBblil st peanusanuu Meroxa Yox-
PaJIbCKOTO KBAPUEBLIH THIENb C PACIUIABOM
KpeMHHs H rpaduTOoBHIi HarpeBartenb. Ha
MPOTSKEHAH BCETO MpOLECCca BhIPAIUBAHUS
KpPHCTAJUTOB OHH, ECTECTBEHHO, HE BCTYNAIOT
B KOHTAKT ¢ Bo3ayxoMm. Beck nponecc uuer B
cpejie 3alMTHOTO MHEPTHOTO rasa. bmaro-
Japst OTCYTCTBHIO THUIJIA 30HHAS MJIABKA 1103~
BOJISET CYILECTBEHHO YMEHBIIHTL COHEpXKa-
HHE NpHMeced KHciopoja H yriaepopa. On-
HAKO B OTJIMYME OT TSKEJIbIX METAJUIOB H0-
MyCTHMasi KOHIEHTPAlHs 3THX 3JIEMEHTOB
cocrasnsier okono 10'* cm 3. Kucnopon
JlaXe OKa3bIBaeT MOJOKHUTEIbHOE HCHCTBHE:
C €ro NOMOUIBIO YyJaeTcsi HeHTpajau30BaTh
BpeHOE BIIHSHHE ATOMOB TSKENBIX METaJl-
JoB. DtoT 3ddekT HOCHT HaszpaHHe (BHYT-
PEHHEE) 2enmmepuposanue.

MoOHOKpHCTAITHYECKHEe KpEeMHHEBbIE
CTEpPXKHH pa3pe3aloT Ha J[JHMCKH TOJIIHHOM
0,5-1 mm. [IpuMensemsle IS TAKOM pe3Kn
(dpe3sl (HanpHEMEp, METAJUIHYECKHE IHCKO-
Bbie (hpe3bl ¢ HaHeceHHOH Ha 3yObs aiMas-
HOM MBUIBLIO) UMEIOT MOYTH TAKYIO ¥Ke TOJI-
mHHY, Kak 1 camu aucku. ClemnoBaTenbHO,
MOYTH IOJOBHHA MaTepHaia I0pOorocTos-
IIMX KPEMHHEBBIX CTEPXKHEH Tepsercsi NpH
pe3ke. [ToBepXHOCTHBIE CJIOM [THCKOB, KOTO-
phle HMEIOT IEePBOCTENEHHOE 3HAYEHHE IUis
BCEX MPOLIECCOB HMKJIA |, BCIEACTBHE PE3KH
OKa3bLIBAIOTCS CHILHO MOBpeXAeHHbIMH. [To-
ATOMY, IpEXe YeM NpHCTynaTh K obpabot-
Ke JIMCKOB B paMkax mukna |, Heobxomumo
YOAIHTh C MOBEPXHOCTH MOBPEXICHHBIC
yaactkn. s storo nmpuberator K nutagos-
Ke, TPaBJICHHIO M MoJupoBaHuio. B pesynb-
TaTe MOABIACTCA KPEMHMEBBIH [UCK C 4ep-
HOH Gnecrsaued nosepxHocthio. Takue nuc-
KM TpPEACTaBasioT coboifi roToByIO MPOLYK-
muo nukaa 0 | 3aroToBku Juid mukiaa |1,
KOTOPBIH MBI MOAPOOHO pacCMOTPESTH BBIILIE.

Wrak, temepr HaM OCTAJOCH O3HAKO-
MHUTBCS C IHKJIOM 2 M[OJYIPOBOJAHHKOBOMH
TEXHOJIOTHH, KOTOPBIH BK/IIOYAET Psiji 3aBep-
[IAIOMINX ONepamnuii ¢ HOJIYNPOBOJHHKOBBI-
MH JIHCKAMH, COEPKAINAMH IPOBEPEHHEIE B
XOfe TpeJBAPHTENbHBIX HCIBITAHUEN CTPYK-
Typel MC.
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Uukn 2. WaroTtoeneHune
3akoHuyeHHbix UC

ITepBoii onepanmeil nmukiaa 2 sBIsSeTcS pas-
HejeHHe KPEMHHEBOI'O JHMCKA Ha OT/IENILHBIE
kpuctauibl. [lns 3Toro aMck ckpaibupyror
anMasoM, T.e. BAOJb Oyaymmx KpoMOK KpH-
CTANJIOB HAHOCAT IapandHbl, MOCNE Yero
CBEpXY HAKJIECHBAIOT MOJUITHICHOBYIO ILICH-
ky. ITocpencTBoM m3rmba M pacTsDKCHHS
IUIEHKH KPHCTAJUIbl PasbeHHSAIOT, KaK 3TO
NoKa3aHo Ha pHC. 54. 3aTeM KaXOblid KpH-
CTaJIJI O/IBEpraeTcs HHANBHIYaTbHOMH 00pa-
6otke. Ecom g nukna 1 o6wsekTom TexHo-
JIOTHYECKHX oOImepanuii ObUI Bech MOJIYNpo-
BOJHHKOBbIA OHCK C COTHAMH c(opMHpO-
BaHHBIX HA HeM cTpykTyp MC, TO Teneph B
mUKIe 2 KaxOas omepanys JI0JKHA BBITION-
HATBCH (B 3aBHCHMOCTH OT IPOIEHTA BhI-
X0Jla TOJIHBIX KPHCTAJUIOB) B HECATKH H COT-
HA pa3 gauge, 4eMm B mukie |. MMeHnno mo
3TOif IpHYMHE COBEPILEHHO ocoboe 3HaYeHne
npuobpeTaeT aBTOMATH3aIMs TEXHONOTH-
HeCKHX omepanmii muKna 2.

MoHTaX KpucTannos

ITocne pasbemuHeHHs Kaxablii pabortocmo-
cobnpiii  kpucrasur MIC  mpHkpennsioT K
NPOYHOMY KPHCTAJUIOAEPKATEN0 H 3aKIIIO-
Yal0T B KOPNYC, HMEIOLIAH BBIBOJBI JUISA
nozcoenunerns UC k pHemnuM nensm. Ec-
7T MCHOJIb3YeTCH KepaMH4ecKHil Kopmyc, TO
KpHCTaJUIoiepkaTelieM B OONMBIIHHCTBE CIIy-
YaeB CHY)XHT OCHOBaHMe Kopmyca. OmHako
CErojIHsl BCE Yallle M Yallle OTKA3hIBAIOTCH OT
KOpITyca KaK TAKOBOTO M JUIS TepPMETH3AIUN
kpuctauia UC npuMeHsIOT 3aJMBKY MJ1acT-
maccoit. B 3ToMm ciydae moJiynmpoBOZHHKO-
BBIIl KPHUCTAIUT MPHKPEIUIAIOT M0 HEHTPY Me-
TAJUITAYECKOTO JiepXKatresis, WiIH KpHCTAJUIO-
HOCHTEJA, KaK MMOKA3aHO Ha pHC. 55. 3meck
XOpOILIO BHIHO, KakK MO30JI0YCHHBIE 3JI€-
MEHTHI 11e4aTHOIO MOHTaXa PAcXoIsTcs OT
kpuctavia UC K BHEIIHHM BBEIBOIAM CXEMBI.
Ha dotorpadmum nokazano taxxke, Kak psi
KPHCTAJUIOB coeauueH Mexay coboit Ha Tak
Ha3pIBaeMoOil JIeHTe-HOcHTene. Benex 3a mo-
cajikoii KpHCTaJ/la HA HOCHTEb BBIMOJIHS-
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Puc. 56. Kontakt mexny 30J0TOH NMPOBOIOYKO
H KOHTAKTHOH TUIOIIA/TKOH H3 aTIOMHHHA Ha KpHC-
taue UC,

eTCd NpUCOeOUHeHUe Npo8oAOYHbIX BblG000E,
T.e. obecneunBaeTCs COCJWHEHHE KOHTAKT-
HBIX CTOJIOHKOB HOCHTES HII COEAMHUTE b~
HBIX KOHTAKTOB KEpaMHYECKOrO Kopmyca (ec-
JIH TAKOBOM MpeIycCMAaTPHBAETCS) C KOHTAKT-
HBIMH IUTOLIAJKaMH Ha KpucTasuie. [lus 3To-
ro K MOCAEJAHAM MPUBAPHUBAKOT TOHKHE 30J10-
Thie IPOBOJIOYKH. PaHbllle naHHAs onepanns
BBIMOJIHAIACE BPYYHYHO NOJ CTEPEOMHKPO-
ckonoM. B HacTrosiee BpemMs Ha 3TOM 3Tane
MOHTa)Xa HIHPOKO HCHOJIL3YIOTCH aBTOMa-
Tel. B pe3ynwTaTe cBapkm obecrnieduBaetcs
KOHTAKT MEXIY 30JI0TOH NPOBONOYKOH H
KOHTAKTHOH IUIOIIAJIKOH H3 AJIOMHHHSA
(pHc. 56).

Cbopka B Kopnyce

Bo Bpems BBITIOJIHEHHUS CleAyIOLIeH onepa-
uun - cbopkn UC B xopnyce — coeITHHATEL-
HBIH MOHTAX MEXIY OT/AC/IbHBIMH KPHCTAJ-~
JIoHOCHTeNsIMH coxpansietcs. [Ipu Temmnepa-
Type okojo 300°C HOCHTENH BMECTE C MpH-
KpCIUICHHBIMH K HHM KPHCTAJUIAMH 3ajiH-
BAIOT 3MOKCHAHONW CMOJION HMJIM KakKoH-1ubo
wiactMaccoii. Brenmue xontaktet UC npu
9TOM, KOHEYHO, JOJIKHBI OCTABATBCA OTKPhI-
TBIMH. 3aTe€M YHANsiOT CTABIIME HEHYXHbI-
MH YaCTH JICHTHI-HOCHTENS BMECTE C COeIH-
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Fnasa 5

Puc. 57. UHTerpansHbie cxeMbl B IuracTMaccoBeix koprnycax UBST (Z8OCTC), U8B0 (Z80), U855 (Z80
PI10) u U856 (Z80 SI0), a Taxxke B kepamuueckom xopnyce U552 (1702A).

HEHHAMH MEXIY OTHENbHBIMH HOCHTEISAMH.
KoHTakTHBIE BBIBOJEI KOpHyca OTTHOAFOT
BHH3 M TIOJYYAIOT TOTOBYIO HHTETPATBLHYIO
cXeMy B ITACTMAccOBOM Kopryce. Heckonb-
KO TaKHX MHKPOCXEM MOKa3aHo Ha pHc. 57.
Teneps NMPHXOAMT HYepejl MPOBEACHHS TIlla-
TEJbHBIX HCTIBITAHWH, KOTOPbIE [IOJDKHBI HE
TOJILKO MOATBEPAHTH O€3yNpeYHOCTh DIIEKT-
puyeckux xapaktepuctuk MC, no u ygocrto-
BEPHThL CTaOMIBHOCTH €e TeMIepaTypHbIX U
MexaHuueckux cpoictB. MUC cumraercs ro-
TOBOW K NpOJake TONBKO MOCJE YCHEIIHOTO
3ABEPIICHAS NEKTPHYECKHX, TEIIOBBIX M
MeXaHHYECKUX HCIBITAHHIL.

3arpartbl Ha uarotoenevue UC

INepen Bemyckom UC B npogaxy neodbxomu-
MO pacCuMTaTh 3aTPAThl HA €€ M3rOTOBIIE-
HHe. 3aBepinas JAaHHYIO TJIABY, MBI XOTHM
KO‘pOTKO OCTAHOBHTBLCH Ha HeKOTOprX MO-
MEHTaX, KOTOpBIE CJeJyeT MPHHUMAThL BO

BHMMaHHe MpH pacyere 3aTpat. Obmas cro-
HMOCTB H3TOTOBJICHHS HHTErPajbHOIl CXeMBbl

. B OCHOBHOM ONpEICAACTCA 3aTpaTaMH, CBiA-

3AHHBIMH C TEXHOJIOTHYECKUMH ONepaLldsSiMA
uuksioB 1 u 2. [Ipou3BoACTBEHHEIE H3AEPKKH
NpH  H3FOTOBJICHHH  TOMYTPOBOJAHHKOBBIX
JIMCKOB B 1ukJiie ) yYHTHIBAIOTCS IPH pacyeTe
sarpat no uukay |. Croumocts pazpaboTku
Tononorun MC u msrorosnenus -poromad-
JIOHOB TE€M MEHBIIE BIMSAET HA YPOBEHBL 00-
HIMX 3aTpar, uem Oousbie obumit 06beM
peinycka MC pamnoro Ttuma. 3atparel 1o
muknaM 1 m 2 B CBOIO oOuepeAb CHILHO
3aBHCAT OT CTENeHH HMHTErpami¥ H3roTas-
mBaemoit UC. Tot daxr, 4To 1 CXeMBl ¢
60.“38 BBICOKOH CTEIEeHBIO HHT&Tp’dIIHH OHH
6yayr Gonblre, obycloBieH CleIyIOMNMH
MoMeHTaM#: Beixo rogusix MC ¢ Beicokoit
CTENeHbI0 HHTerpanun Huwke (vem mis UC ¢
MEHbIIIEH CTeNeHLH HWHTErpanuH); IUlo-
14/ib KpUCTAJUIa, a CIENOBATENLHO, U CTO-
HMOCTH HCXOJIHOTO NONYIPOBOAHHKOBOIO
macka B nepecyere Ha uicno MC Gosnble;
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3aTpaThl Ha (YHKUMOHAILHBLIC HCIBITAHUS
takoii MC semue. IIpu srom, oanako, UC ¢
Dostee BBICOKOI CTENeHbIO HHTErpanun obia-
gatot ¥ Oonee IMPOKMMH BO3MOKHOCTAMH.
[MoaTtomy mns npaBUABHON JKOHOMHYECKOH
onenku croumoctn MC Heobxommmo mexo-
OUTh He M3 abCONIOTHOH CyMMBI 3aTpaT Ha
ee M3rOTOBJICHHE, a4 U3 e¢ ()YHKIHOHANBHBIX
BO3MOIKHOCTEH, KOTOpBIC ONpEHesstoTes B
NepBYIO O4Yepe/lb CTENEeHbI0 HHTErPAIHH, T. €.
KOJIMYECTBOM 3JIEMEHTOB Ha Kpucraiie. B
9TOH CBA3M C TOYKH 3PEHHS SKOHOMHKH HH-
TEpECHBIM SIBJISIETCS TAKOH MOKa3aTenb, KakK
oTHoIeHHe crouMocTH u3rotopnenns UC k
YHCTy HMMEIOIIMXCS HA KPHCTAJUIE HIIeMeH-
TOB, T.€. yAeNbHAs CTOMMOCTb HHTErPHPO-
BaHHOI'O 3JEMEHTA.

s SKOHOMHYECKOH OIEHKH H3Ie/THH
MHUKPO3JIEKTPOHHKH D0JIbIlIOE 3HAYCHHE HMe-
€T 3aBHCHMOCTE YJENbHOH CTOMMOCTH IJie-
MEHTA OT CTeneHW HHTerpaiu (pHc. 58).
OTa QyHKIUS UMeeT SBHO BBIPAKEHHBIH MH-
HHAMYM, T.€. PH HEKOTOPOH OmnpeneneHHon
CTENeHH MHTErPaluy yIeNIbHbIE 3aTPaThl HA
MHTETPUPOBAHHBIN 3JIEMEHT JIOCTHTAIOT MH-
auMyma. [Ipy OTKJIOHEHHH OT ONTHMAJILHO-
ro YPOBHA MHTErpalliH B Ty HIH HHYIO
CTOPOHY JaHHBIN MOKA3aTeNlb HAYMHAET BO3-
pactate. B TOM ciyuae, ecnu BeIOpaHHAs
CTENeHb HHTErPalMyi MEeHbIIE ONTHMAJLHOM,
yBeJIMYEHHE 9TOro nokasatens Oyjer BecTy k
camkennio crommoctu MC. Korna usroras-
NMMBAETCA CXEMd C ONTHMAJILHBIM YPOBHEM
MHTEIPAIMH M BBIXOI T'OMHBIX M3JCIHHA yBe-
JYMBaeTcs (a4 9TO BCIEACTBHE «IIpolecca
obyueHus» B X0/i¢ M3rOTOBJICHHS B KAKOH-TO
Mepe MPOMCXOJUT ABTOMATHYECKH), TO MH-
HAMYM 3aTpaT JocTHraeTcs npu bosee BHI-
COKOHM CTENeHH WHTErpaluu, MpHIeM YMEHb-
MATCA ¥ CAMH MHMHHMMAJILHBIE 3aTPATHL
WUtak, HEOOXOIMMOCTHL CHHIKEHMS 3aTpar
Npd OJHOBPEMEHHOM [OBBIIIEHHH BBIXOAA
FOJIHBIX M3JEIHH JUKTYeT nepexon k boee
BbICOKOMY ypoBHI0 uHTerpamuu MC. BDto
no3BosseT o6BACHUTEL 1 HabITIoJaroIyrOCs B
MHKPOAJIEKTPOHAKE TEHIEHIMIO Nepexoia K
ucnosb3opauuio MC Bce Gosee yBeTHIHBaIO-
miedcs crenend mHTerpaumu. Ecnm npocie-
IOUTh PA3BATHE MUKPOIJIEKTPOHHKH C CAMOTO
Havyana, 1.e. ¢ 1960 r., To MoxHO Oymer
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Crenexs WHTEr paUMA -

Puc. 58. VienbHbeie 3aTpaThl Ha H3rOTOBJICHHE
HHTErpHposanHoro snementa UC B 3aBHCHAMOCTH
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Pue. 59. MameHenwe 3aTpaT HA M3rOTOBJICHHE OJ1-
HOTO 3JIeMeHTa HHTErpaibHOl cxeMul 3V ¢ npons-
BOJILHOH BLIDOPKOH. PasHbie BETBH KPUBLIX OTHO-
catcs k MC 3YIIB pasnu4noii eMKOCTH, Bbipa-
KeHHOH B kunoOHTax. Brauasie 3aTpaThl CHHXa-
JHCh TONLKO Onarofaps COBepPIHIEHCTBOBAHHIO
TEXHOJIOTHH H3TOTOBJICHUSN; KOPEHHOH TNepenoM
npousomen ¢ nepexonaom Ha UC ¢ sricokoii cre-
NMEHBIY HHTEIPAIIHH.
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cIenaTh BBIBOA: cTeneHb HHTerpamuu MC
eXeroJHo Bo3pacTasa B Apa pasza. PaHtac-
THYECKHH MPOTPecc ¢ TOYKH 3PEHHs CHHKE-
HHS 3aTpaT WIUIIOCTPHPYETCS MPHMEPOM
Pa3BHTHSI HHTETPaJIbHBEIX CXeM 3alOMHHAIO-
LIHX YCTPOMCTB, T€ CTOMMOCTh OJHOTO HH-
TerpupoBaHnoro sieMenta B 1980 r, 6e11a B
THICAMY pa3 MeHbIue, 4eM B 1970 r. (puc. 59).
Ecmu 6Bl mponecc CHHXEHHS IIEH HA Mpo-
OYKIHIO aBTOMOOMIIECTpOEHUS e TAKHMH
ke TEMITAMH, TO Cero/iHs aBTOMOOHIIL CTOMIT
611 okono 10 mapoxk. IlpaBaa, ecnu 6wl emme

nasa 5

yAenieBJieHHe CONPOBOXKAANOCH W AHAIOIHY-
HBIM COKpAIlleHHeM pPa3MepoB, TO aBTOMO-
Ounb Gbin OBl cefivac He GoJibine cUYeYHOH
KopoOku. JlaHHOE CpaBHEHHME TMOKAa3bIBACT,
YTO COMOCTABISTH MHKPO3JIEKTPOHHKY C
JPYTUMHE OTPACIAMH HPOMBIIIIEHHOCTH CJie-
AyeT JIMIIL B ONpejesieHHbIX npenenax. Me-
MOJIL3YEMBIE B MHKPO3JICKTPOHHKE TEXHOIIO-
THYECKHE METOJbl BO MHOIMX OTHOIICHHSX
ABJIAIOTCH crelUpHIHBIMEA H HE UMEIOT aHa-
JioroB. UMEHHO K TAKOMY BBEIBOAY IOABOIUT
HAC COIEPKAHME NPEALISCTBYIOIIHX Iias.



6. UHTerpanbHbie cxembl

B npenpiaymmx riaBax Mbl MO3HAKOMHIIHCH
¢ TeM, Kak (YHKIHOHHPYIOT MOJYNPOBOJI-
HHUKOBBIC 3JIEMEHTBI, KaK M3 HHMX MOXHO
HOCTPOHMTH CXeMbI i obpaborku uubOp-
MAIMH H KaK H3rOTOBHTH HHTErpaIbHBIE CXe-
Mbl. B HacTosel rinase Mel 00CYHM THITBI
HHTETPaJIbHBIX CXEM, KOTOPBIE POMBIIILICH-
HOCTBH BBINYCKAET B HACTOSAINEE BpeMs, H
JajiiM OTBET Ha BONpPOC, MOYEMY H3IrOTABJIH-
BAIOTCA MMEHHO 3TH, a He Kakue-nubo apy-
rue UC. Ho B manHOM ciyuae Mbl Oynem
OpPHEHTHPOBAThCHA TONLKO Ha Iuppossie MC
H Ja)ke MHMOXOJOM HE KOCHEMCs aHa-
JIOTOBBIX.

Cxema AnA peLueHun
KOHKpPEeTHOI 3agaun

Jlwbast 3amava obpabGorkn uHbGOpMaNHH
CBOJUTCA K BBINOJHEHHIO 3JIEMEHTAPHBIX JIO-
IHYECKHX ONepauiii HaJ CATHANAMH HYISA H
€IMHALBL, IS Yero MeX1y HAMH HeoOxomu-
MO YCTAHOBHTH COOTBETCTBYIOIIHE JIOTHYEC-
kue cBa3n. Cnenuduka 310 3a0a4M 3aKITIO-
qaeTcs B 0coOeHHOCTSX crnocoba uX ycTaHOB-
nenus. Kak MBI yxxe Moriu yOenmThes, pea-
JIA30BATh 2JIEMEHTAPHbIE JIOTHYECKHE Ofe-
palfy TMO3BOJISIIOT MPOCTHIE CXEMBI, H yCTa-
HOBJIEHHBIC MEX/1y HUMH CBSI3H O3HAYAIOT HE
YTO HHOE, KaK COE/IHHEHHE OTHAENbLHEIX 3JIe-
MEHTOB B 0JHy Oosbliyio cxemy, uim cbop-
ky. CxazanHnoe B paBHOH Mepe cHpaBeIHBO
JUIsS BCeX BHJOB CrelHalbHOM 00paboTkn
uH(pOPMAIIMH, C KOTOPLIMH MBI MO3HAKOMH-
JIACh B TpEABIAYIIHX TIaBax (HATIpHMEP,
CYET MMITYJILCOB, CIIOKCHHE HJIM 3allOMHUHA-
HHE JBOMYHBIX YHCEN), H, CJIEI0BATENIbHO,
JUISE KaXI0# oTaenbHOM 3amaun obpaboTku
uHpOpMalMH B NPHHIMIE MOJDKHA CYIECT-
BOBATH COOTBETCTBYIOIIAS CXeMa, TO3BO-
naomas ee pemnts. Ecom 661 MHKpO3JIEK-

n nX npumeHeHue

TPOHHAS TPOMBILUIEHHOCTE MOTJIa Mpeio-
XHTh crienHanusupopannyio MC, npemnas-
HAYEHHYIO JUIs pelleHns KOHKPETHOH 3a1a4u
MOJIB30BATENSA, TO JIYMILIEr0 €My H He HYXKHO
6sut0 681 xenmath. OH momyunn Obl Tpebye-
Mmyio MC, umeromyio Bce HeoOXOAUMBIE Bbl-
BOIBI ISl TMOJAKIIOYMEHHS] H Cpa3y IOTOBYIO
K Mcnonb3oBanuio. OcraBajiock Obl TONMBKO
COOTBETCTBYIOLIHM 06pa30oM COEMHUTE BEI-
Boasl UC ¢ nuHHSMHM BBOJA-BLIBOAA HH-
opmammu m moABOAAa SNEKTPONMTAHHA, H
cHCTEMa Il pelleHHs KOHKPETHOM 3a/a4u
obpaborkr mHbDOpManmu Oblna OB MONHO-
CTBIO TOTOBA. DTy CHTYAIHMIO MOXHO CpaB-
HHTE C NpHOOpETeHHEM ABTOMAIIMHBL. AB-
TOMAIlIHHA B TOM BHJE, B KAKOM OHa MMOKH-
[aeT 3aBOJ, MOJIHOCTBIO YAOBJIETBOPAET 3a-
IPOCHl MOJIE30BATENS B CPEJCTBE MEpe/BH-
xenns. EMy He Hy)HO npuoOperath OTAE/b-
HbIE KOMITOHEHTBI H COOMpaTh U3 HUX TO, YTO
Tpebyercs, MM ke npucrnocabiuBaTh BbI-
MYIIEHHOE MPOMBIIUIEHHOCTBIO H3IeIHe Ui
pelneHns 3aga4 nepeapmkenns. Onuako s
MHKPO3JEKTPOHHON MPOMBIIUIEHHOCTH Ta-
KOM myTh B oOLIeM W NejJoM SHBJISETCH HeE
TOJBKO HENMpHEMJIEMBbIM, HO M HeaddexTun-
HBIM, H OOBACHAETCA 3TO NPEX/e BCEro Tpe-
M CIEYIOIIHMA OCHOBHBIMH TPHMHHAMM.

CnoxHocTb pewlaemMbix 3agad
U CTeneHb UHTEerpauumn

Bo-nepBeix, MHOTHE BaXXHEHIIIHE MPAKTHYEC-
KHe 3a1a4i oOpaboTku mHpOpMALMH OTJIH-
HAIOTCHA CHMIIKOM OOJIBIIOH CIOKHOCTBIO,
T.€. JUIl MX PpEMeHHs C MOMOIIBIO OMHOMH-
eIMHCTBEHHOH H(poBOii cxeMbl noTpedyer-
Csl BBHIIOJIHMTHL OYeHb OOJbINOE HHCIO Clie-
OyIOIIMX ApYr 3a JApYroM 3JeMEHTapHBIX
JIOTHYECKHX onepaumid. B kpynHoit 3sekt-
POHHOH BBLIMHCIHMTEJBHON MAalllHHE, HanpH-
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Mep, BBINOJHSIOTCH (DYHKIHOHAJIbHbBIE OIle-
panM, Ui peaM3aliii KOTOPBIX HeobXxo-
aumbl gecatk MusLmmonos DK. Oxnako UC
C CaMoOil BBLICOKOH CTENEHbIO MHTErpalHy B
HACTOSILEEe BPeMsi HACYHTHIBACT MEHEe MHJI-
muona DK. [losromMy HH cerojsns, HH B
ofo3puMomM OyayleM Ha OJHOM MOJYIpO-
BOJIHHKOBOM KPHCTAJLUIE HC yOacTCs nocTpo-
HTh MOJHYIO CXeMy Juis KpymHod BM.
Taxkyro cOOpKYy MOXHO peau30BaATh JIMILL C
noMottpio Gonsioro yncaa MC, odvenuns-
eMBIX B cHCTeMy. Bce ckazaHHOe OTHOCH-
TenpHO cxemsl s DBM ocraercs cmpa-
BEJUIMBLIM M JUISL CXEM, C MOMOIILI KOTO-
PBIX pelnaroTcs Apyrue 3agauu obpaborkm
unpopmanun. [Ipu coBpeMeHHOM MHPOBOM
YPOBHE pa3BHTHS MHKPO23JIEKTPOHHOH Tex-
HHKH ¥ TEXHOJIOI'HH HX MOYHO PeIaTh TOJb-
Ko Ha Gase co3aHus OOLIEH CXeMbl U3 HeNo-
ro paga oraenbHeix MC, coeqMHEHABIX MeX-
ay coboii. UTo e KacaeTcsl YCTPOMCTB s
obpaboTkn HHpOPMAIHH, TOCTYNAIOIIAX K
MOJIL30BATENO B FOTOBOM BHJIE, HanpHMeEp
9BM, 10 Takyto c6OpKY BEHINOJIHAET H3rOTO-
BHTEJTb — TPOMBILIUIEHHOE npeanpusTae. On-
HAKO CXEMBl I pelleHHs HeOoNbIIuX HH-
dopmanmmoHHLIX 3a/a4 MoXkeT cobpaTh M
caM TOJb30BATENIb MPH YCIOBHH, YTO OH
obyanaer HeoOXOAMMOM Ul 3TOrO KBAJIH-
(pukanumeir. COOpKY CBOEH CHCTEMBI OH OCY-
IIECTBIIAET M3 TeX MOAXOMAINHX I HEro
W C, koTOpbIe HpearaeT IPOMBILUIEHHOCTb.
ITpu TaxoM HHAMBHAYaJILHOM KOHCTPYHPO-
BaHMKM cucTeM 06paborkm mHbOpPMALMH B
HACTOSAIIEE BPEMsl PEHIAIOTCS TE MPOEKTHHIC
3afa4M, KOTOpbIE [0 MOSBJICHHN MHKPO-
JIEKTPOHHKH PELIaHCh HA YPOBHE COOPKH B
CXeMbI OT/eNbHBIX 37eMeHTOB. [Tporpecc
COCTOMT B TMOBBLIIICHHH TPOH3BOJUTENb-
HOCTH CO3/1aBaeMBIX CXeM, KOTOpasi, ecTect-
BEHHO, PE3KO BO3pACTaeT MpH 3aMeHe OT-
JICTILHBIX CXEMHBIX JIEMEHTOB PAaBHBIM YHC-
JIOM HMHTErpajbHbiX cxem. Tem He meHee u
3/1eCh YK€ BBIPHCOBBIBAIOTCS TPAaHHULBI MH-
POBOTO YPOBHS pPa3sBHTHA MHKPO3JEKTPOH-
HO# TexHukH. K(oHCTpYHpYeMBle ycTpoiicTBa
ObiH OBl JTyHIne U Aemiesie, OJHOBPEMEHHO
oTnu4ascy 6ojiee BBICOKAMH ObICTpOEHCT-
BHEM H HAJICKHOCTBIO, eciti OBl mpuMeHse-
Mble s 06paboTkn HMHGOPMAIHA CXEMBI
co0HpanHuce He W3 3HAYMTENLHOTO YHCA OT-
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pensHbix MC ¢ OTHOCHTEIBHO HEBBICOKHM
ypoHeMm muHTerpauun, a u3 MC c Gonee
BBICOKHM YPOBHEM HHTETpAllHH, MOCTaBIIsie-
MBIX MPOMBILLUIEHHOCTBIO B T'OTOBOM BHIIE.
ITpu 5TOM peub He WAET O MPHHIMIUATILHON
BO3MOXHOCTH H3TOTOBJICHHS TaKHX CIIOXK-
Heix MC: yBeqmuuB 3aTpaThl, B 3TOM Ha-
IPaBJIeHUH KOE-4TO MOXHO Oblmo OBl cue-
naTh yxe cerojaus. Ha mepseiii miaH, oaua-
KO, BBIABHIAIOTCS TAKHE MOMEHTBI, KaK 3a-
Tpathl Ha u3rotosieane UC, ee TeXxHHYECKHE
XapaKTEepHCTHKH W HaJeXHOCTh. YToOBI Ha-
JIAJUTh NPOMBIIIJICHHBIH BoITyck HOBOH MIC,
OHA JIOJIKHA YIAOBJIETBOPATH ONPEAEICHHBIM
MHHUMAJIBHBIM  TpeOOBaHHAM HMEHHO B
3TOM OTHOLIeHHH. JIumb npu cobmoaeHnH
JIAHHOTO YCJIOBHS C TOJHBIM OCHOBAHHEM
MOJXKHO Oy/eT yTBepKIaTh, YTO TEXHHIECKHIA
YPOBEHb TPOMBIIIICHHOCTH OGecneunBaeT
peasNbHYIO BO3MOXHOCTh H3TOTOBJIEHHS Tpe-
OyeMoii CXeMbl.

Mmuoroobpasue 3apau
M NnporpaMmmMmuMpoBaHMue

Ho maxe ecnum MHKpPO3NEKTPOHHAsd MpoO-
MBIILIEHHOCTD BLIHJIET HA TAKOW TEXHHYEC-
KHi ypOBEHb, TO (3€Ch MBI NEPEXOIHM KO
BTOPOiH OCHOBHOH IIPHYHHE) HPaKTHYECKH
HEBO3MOKHO MPEIOCTABHTH B PACTIOPAKCHHAE
MOJIL30BATENA MHKPOCXEMY, MOIXOMSIIYIO
[UIsl pelleHus KaK[IoW KOHKPETHOM 3a/1avu
obpaboTkn mHpOPMANMH, TAK KAaK YHUCIIO HX
crumkoM Benuko. Heobxommmo xoporro
npeicTaBaaTs cebe, 4To ABe 3amauu obpa-
6oTkH WHDOPMALMKA HENB3S CUHTATH HJICH-
THYHBIMH, Ja)X€ KOrJla OHH pa3IH4aroTcs
Mexay coboit Bcero JMILB OJHOM-eIMHCT-
BEHHOH NO3HIMEH B MOPHANKE 2JIEMEHTap-
HBIX JIOTHYECKHMX OMepanui, K KOTOPBIM CBO-
[OATCA pelueHue kaxaoi u3 Hux. Ilpomsson-
CTBEHHBIC MOIIHOCTH COBPEMEHHON MHKpPO-
3JIEKTPOHHOM MPOMBIIICHHOCTH OKaXyTCH
YpEe3MEPHO MepPerpyKeHHBIMH, €clii TIepen
HEH MOCTaBHTh 3a/avy BBITYCKa TAKOTO YHC-
na pasmauaeix MC, xoTopoe orBevano Obl
MHOXeCTBY npobJieM, cBA3aHHBIX ¢ 06paboT-
koit maopmanun. HepeansHbM sBaseTcs U
pacInipeHre NPOH3BOACTBEHHBIX MOIIHOC-
Teil B TOMH CTENeHH, B Kakoi 310 Tpebyercs
[T MOJHOTO YAOBIETBOPEHHs CHpoca Ha



WHTerpanbHble cxembl U UX NpUMEHeHue

pasnoo6paznsie MC. B Takom cnyuae 6osb-
I YaCTH 4YeIOBEYeCTBa MPHUIETCS NepeiTH
Ha paboTy B MHKPOIJIEKTPOHHYIO HpO-
MBIIUIEHHOCTE. YTO ke MOXKHO cienath B
cozjaBmieiics cutyauuu? Yrtobbl OoTBETHTH
Ha 9TOT BONPOC, HYXXHO 00paTHTHCH K MOHA-
THIO NPO2PAMMUpPOEanus CHCTEMEI 00paboT-
k1 uadopmannu. [Ipeacrasum cebe eme pas
TAKOE MOJIOKEHHE: OMNpe/e/iCHHbIE 3aid4n
ob6paboTkn wmHpOpPMANUH, HAPUMEP YIO-
MHHABIIIMECH pAHEC OMNEPALMH CIOXKCHUS W
BBIYMTAHHUA, Pa3IMYalOTCAd TOJNBKO TOPAL-
KOM BBITIOJIHEHHS 3JIEMEHTAPHBIX IJIOTHYec-
KMX OIepanuii, COBHaAasi BO MHOTHX OTHO-
[IEHHAX. ITO O3HAYAET, YTO JIOTHYECKHE CXe-
MBI s pelleHus obemx 3amav obpaboTkm
MH(pOPMAlMM BO MHOI'OM COBNAJAIOT U
TOJNBLKO B HEKOTOPBIX MECTAX MMEIOT pa3iu-
yug. Tak Henb3s JH 3((EeKTHBHO HCIOJNb-
30BaTh 3TH copnagenus? He crour mm mo-
MBITATECSA TOCTPOHTE  OJIHY-CIMHCTBEHHYIO
norudeckyro MC, cnocobHyi0 BLINOMHATE
KaK CJIOKEHHMe, TAK H BHIMHTAHHE, OCTABAsCh
B TO K€ BPEMS HECHAMHOIO CJIOXKHEE "CXeM
C/IOKEHHS M BHIMMTAHHA B OTIEJBHOCTH!
[loHsATHO, 94TO Takas CXeMa CTAHET HECKOJIb-
KO clokHee Kaxnoit m3 Hux. KomOGuumpo-
BaHHASA CXeMa [JOJKHA MMETh BCTPOCHHBIE
CpeiCTBa yNpPABJIEHUS, KOTOPLIE MO3BOJIAT €it
BLITIOJIHATL KOMAaHJIY CIIOKEHHS, KOIa BO3-
HUKHET HEOOXOAMMOCTH B CIOXKEHHH, H KO-
MaHIly BBLIYMTAHHA, KOrJa norpedyercs BhI-
MONHUTHL BhluMTanue. CleoBaTenbHO, CXe-
Ma J0JDKHa ObITh, KaK rOBODAT, npozpam-
mupyemoil. TIpuHIMD NpOrpaMMHUPOBAHHUS
st o6paboTku MH(OPMAIMH HUMeEET CTONb
Ba)XKHOE 3HAYEHHE, YTO HA HeM lienecoobpas-
HO ocTaHOBHThCs Gonee nmoapobuo. [Monpo-
OyeM MPOMILIIOCTPHPOBATH OCHOBHBIE 0CO-
OEHHOCTH 9TOTO MPHHIMIA HA KOHKPETHBIX
npumepax. B mponecce perlenns 3agadu 06-
paboTkn HH(OPMAIHH HCXOAHAs HH(pOpPMAa-
uHs npeobpasyercs B BHIXOAHYIO HH(pOpMa-
M0 B COOTBETCTBHH C ONpeAeleHHBIMH Mpa-
BHJIAMHU, KOTOPBIE JIe)XKAT B OCHOBE CXEMBI
obpaboTkn umHpopmamuu. Heuro noxoxkee
BCTpedaeTcs W Ha TpaHcrnopte. Hambonee
pacnpocTpaHeHHasi 3ajJada 37ech CIEAYIo-
mias: rpy3 M3 ONpeHeleHHOro ropoga A
TpebyeTcs mocTaBuTh B ropoa B. domycram,
4TO B OKPECTHOCTAX Tropoaa A pacmomuo-
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Puc. 60. INpuanun nporpaMMHPOBAHMS.

weHsl Topona B, C, D u 1.4, Kyna rpyssi
nepeBo3AT U3 roposaa A (puc. 60). Ilepesos-
Ky HaMe4aeTcs OCYLIECTBJIATHL MO JKEJIe3HOM
nopore. OJHAKO pelbCOBbIE MYTH ELIE TONb-
KO NPEACTOMT YIOKHTE. Kak B TakoM cimydae
1esiecoo0pa3sHo OCYIIECTBUTH PAa3BUTHE IKe-
ne3HoaopoxHoii cetn? CylecTByeT BapuaHT
MPOKJIAJKH XeJIe3HONOPOKHBIX BETOK H3 TO-
poaa A Bo Bce apyrue ropona—B, C, D n
T.4. (puc. 60,a). Ecom ropoma B, C n D
HAXOJAATCH Ha HeOONBIIOM yIANeHHH ApYT
OT Ipyra, TaKyr CXeMY Pa3BHTHS XKele3HO-
NOPOXKHOMN CETH HENb3s CYHTATh ONTHMAIIb-
HO#. M30exaTh MPOKIAJKN IHIIHUX NYTeH W
TEM CaMbIM COKOHOMHTH PEJIbChI MOXHO,
€CJIH MPOTAHYTH KEJIE3HOJOPOXKHYIO BETKY
[0 HEKOEro myHKTa X, pacloJIOKEHHOTO B
HenocpecTBeHHOH 6/mM30cTH OT roposos B,
C n D, a orTya nmpoBecTH TPH OT/JebHBIE
BETKH K 3THM ropojam (puc. 60,6). B mo-
CJIEJIHEM ciydae B MyHKTe X clelyeT yCTaHo-
BUTEL CTPE/KY, KOTOpas MO3BOJHT MOCHLIATE
COCTaBBl B HYXHOM HampasjieHun. bnaro-
[aps BBEJCHWIO CTPEIKH HAINA JKEJIE3HO-
J[IOPOXKHAsA CeTh B M3BECTHOM CTENEHH CTAHO-
BHTCS ITporpaMMupyeMoii. B kakoii u3 ropo-
nos—B, C wm D-nonaner cocras, oTnpas-
JieHHBIH W3 ropoma A, OymeT 3aBHCETh OT
MOJIOXKEHHS CTPEJIKH, KOTOPOE ONpeaeIeHo
KOMAaH/IOi, BBEJIEHHOI B MpOrpaMMmy ee pa-
60Th1. CBA3b MEXIY MPHUBEIEHHBIM (CKeJe3-
HOJOPOKHBIM» TIPHMEPOM M I[IPOTPaMMH-
pyeMoii cicremoii 06paboTkn urpopManuu
HE HYKIdeTcs B ocoObIX mosicHeHHsX. Me-
JIE3HOOPOXKHBIE COCTABBI COOTBETCTBYIOT
HHQOPMAIMOHHBIM MOTOKAM, a PEJIbCOBBIE
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MyTH —cucTeMaM o0paboTkn HH(pOpPMAIHH.
Kax mpoxonar mH(pOpManMOHHBIE MOTOKH-
COCT4BHI 110 CHCTEMAaM-PEIbcaM, ONpe/esseT-
Cs MporpaMMOK-CTpesKoit. To4MHO T4k ke Kak
CTPEJIKH JalO0T BO3MOKHOCTE HEPECTPAuBAThH
KEJIe3HOJNOPOXKHYIO CeTh HA pelleHHe pas-
JIMMHBIX TPAHCHOPTHBIX 3aja4, Tak ¥ Npo-
rpaMMHPOBAHHE TIO3BOJISIET HCMIONIL30BATH
OJIHY M Ty ¥e cucTeMy oOpaboTkn uH(popMa-
IMM JUTS PelleHHs Pa3HYHBIX HHpOpMaIu-
oHHbIx 3afga4. [logo6HO TOMYy Kak cTpelikn
obecne4ynBarOT MHOr00Opa3HOe HCMOJIL30BA-
HHE OJIHOTO M TOIO K€ Y4YacTKa [OPOTH
obecneunBalOT IKOHOMMIO PebCOB, B MPO-
rpaMMupyemoii cucteme oOpaboTku HHpOP-
MalliH OTpEeEICHHbIE Y4ACTKH CXEM Haxo-
IOAT pa3HooOpa3HOe NpUMeHeHHe, a HX 00-
mee YHCIO MoOkeT OBITH MeHbIIE, 4YeM
B HENpOrpaMMHpPYEMO#l cHcTeMe Takou
ke mpousBoiHuTenbHocTH. [lporpamMmmpo-
BaHHE TO3BOJIAET oOecneyHTh 3aJaHHYIO
NpPOH3BOIHTEILHOCTE B 4acTH oOpaboTki
uHpoOpManMK TpH MeHbIIeM oO0beMe am-
NapaTHBIX CpefcTB. AINapaTHele CPeNCTBa,
T.e. Bca coBokynHocTe MC, wacrtuyHo 3a-
MEHSFOTCS TPOTPAMMHBIMH.

Cnenyer oOpaTuTh BHHMaHWE e€Ile Ha
OIMH MOMEHT, T/ie AHAJIOTHA MEXIy Keme3-
HO/OPOJKHOI ceThI0 M cucTeMoit 06paboTku
HH(GOPMAIMK JaeT BO3MOXKHOCTB CHENATh
npaBuibHble BeIBOABL IlyTh B3 ropoma A B
ropoa B €epes crpenky X mMeeT HECKOJIBKO
Oospmyto [UHHY, HeM TpsAMOi myTh Oe3
crpenku. ToyHO Tak e M NPH pelICHAH
3agay o6paboTku MHPOPMAIMH C TOMOIIBIO
NPOrpaMMHPOBAHUS Mbl HECKOJIBKO TEPAEM
B CKOPOCTH TIO CPaBHEHHIO CO CIEIMATH3H-
POBAHHOH HENMPOrpaMMHUPYEMOH CHCTEMOI.
HyskHO ckazaTh, 4TO NPHHIMN NPOrPaMMH-
pyemocTu cucteM obpaborku mHpOpMAIMK
ropasfio crapiue, 4eM MOMKHO TPeIrnoio-
KUTh. OH OBLI BHEpPBBIE HCHOIL3OBAH B
1833 r. Yapmsom B266mmxem B xome mpo-
EKTHPOBAHHS MEXaHUYECKOH BBIMHCIHTEIb-
HOil MAIUMHBI, KOTOpas TaKk HMKOTJA H He
Obina mocrpoena. B cBoeit coBpeMeHHOI
(opme, T.e. Kak XxpaHuMas B HAMSITH H3-
MeHsieMasl MporpamMma, OH ObUI BIEpBHIE
npenoxken Jxonom ¢on Heiimanom B
1946 r. u BOIIOLIEH B JJEKTPOHHON BBI-
YUCIHTEALHON MAllIHHE,
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Ham kpaTkuit HCTOpHYECKHIt SKCKypC 1O~
Ka3BIBAET, YTO CYLIECTBYET TecHas CBA3b
MEXIy TpPOrpaMMHPOBAHHEM M BBIYHCIIH-
TeNnbHON MammHOiL. [lo cymecTBy mporpam-
MHpyeMasi cucteMa obpaborkm wmH(pOpMAa-
MK TipezicTaBnsgeT coboif He 4TO MHOE, KaK
BBIMHCJIMTENIBHYIO MAlIuHy, H, Haobopor,
BBIYMCIHTENbHAS MAallliHA ABISETCS HE 4YeM
HHBIM, KaK cHcTemoii 06paborkm nHpopMma-
HHH, KOTOpas HAXOOHT Pa3sHOCTOPOHHEE
nmpuMeHeHHe Onarofaps ee nporpamMmupye-
MOCTH. B aToM cMmeiciie mporpaMMupyemas
3NMEKTPOHHASA  BHIYMCIWTENbHAS  MallliHa,
HJIH KOMIIBIOTEP, CEro/iHs MPEICTABIAET CO-
0oif TexHHUYECKyIO cHcTeMy s 06paboTkm
mHpOpMALIHH.

3meck NpeNCTaBIsAETCS YMECTHBIM  ClIe-
JIaTh HECKONBKO 3aMeYaHHil OTHOCHTENbHO
KOMIIBIOTEPOB, 4TO, KaK HaM KaxeTcs, Oymer
MOJIE3HBIM TPH  JafbHEHIeM H3JI0KEHHH.
Jns scHOCTH cienyeT H0OaBHTh, YTO MbI
Oynem omnepupoBaTh TEPMHUHOM «KOMIIBIO-
Tep», HOHHMAs 1ol HEM IHposyro 2BM. B
mudpoBoii IBM wucnoabdyercs umdpoBas
(hopma obpaborTku uHpopmamun. Kpome To-
ro, CYIIECTBYIOT TakXke TaK HasblBaeMble
aHAJIOTOBbIE BBIMHUCIUTEIbHbBIE MAIITHHBI, 00-
pabateiBarone MHpOPMAaNUIO, TPEOCTaB-
JICHHYIO B aHaJoroBoii ¢opme. Oba Buaa
obpaboTkn MHPOPMAIMH TPHMEHAIOTCA B
THODHIOHBIX  BBIYHCIHMTENBHBIX — MallHHAX.
Lnppoesie DBM nomyunmm Haubosee Im-
POKOE pacrnpocTpaHeHHe W obnagaroT yHH-
BepcajibHLIMA Bo3MokHOCcTAME. [Ipomsso-
OUTENLHOCTE TAKOTO KOMIIBIOTEPA 3aBHCHT
NpEeXAe BCEro OT €ro HEHTPAJBLHOrO Ipo-
Ieccopa, T.e. OT YHCIa MHTErPajbHbIX CXeM-
HBIX 3JIEMEHTOB, HMCMOJbL30BAHHBIX IS €ro
NOCTPOGHHA, W OT eMKOCTH mnamsaTH. B
tabsn. 11 npusesena knaccuukanms KoOM-
NLIOTEPOB MO 3THM Npu3HakaM. OxHako
OGnarogaps BHEAPEHHIO MHKPONPOLECCOPOB
W CBA3dHHOMY C 3THM HATPABJIECHHUIO PA3BH-
T DBM, B HaCTHOCTH MaJlbIX MAlllMH, 3Ta
Knaccu(uKalms cTaja pasBajuBaThCH. Bel-
YHUCIHTENbHBIC MAIHHLI Pa3HYAIOTCH HE
TOJIBKO CBOEiH BeJM4YMHOMN, HO ¥ BH/IOM pea-
NH3AMUA B HEX CXEMHBIX 37eMeHTOB. DBM
HA JIEKTPOHHBIX JIAMIAX OTHOCATCH K Ma-
IIMHAM TIEPBOro mokosieHHus. JUcKpeTHbBIMHU
HOJIYNPOBOAHHKOBEIMHU Tipubopamu ObuIH oc-
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Tabauya 1. Npexnas knaccuUKkanus KOMIbLIOTEpoB. B nHacTosmiee
BpeM#A [PAHHILI MEXK/1y KJACCAMH, NPEXk/ie BCEro No KOMIBIOTEPaM
MaJiblX THIIOB, HAMMHAIOT CTHPATHLCH W OHOBPEMEHHO C/BHIATHLCH

BBEPX

Knacc

Uncno NOTHYECKHX CXEM B

EmxocTs namsaTs, k6aiit

NEHTPAIBHOM NpOLECCOpe

Boasiiwe 2BM > 100 ThiC.

Mansie 9BM Heckosbko JlecaTKOB
ThICHAY

Munu-2BM 5-10 ThIC.

Mukpo3BM Heckoabko Thicad

Bonee TeiCaYH
He Gosee Thicaun

Heckonbko coten
Heckonbko aecaTKOB

HallleHbl MAllMHBI BTOpOro nokosenus. UC
€ Majoi ¥ CpelHeH CTENeHbI) HHTErpalfy
NOABHIHCE B 1965 r. M COCTABMJIM CXEMHYIO
ocHOBY DBM Tpernero nokosnenus. [Tpume-
Heane BUC Bnnotes mo 1975 r., a mosnuee
CBUC 3uamenyer nepexon k 9BM uersep-
Toro noxosenus. IlapannensHo mpoucxonn-
N4 3aMeHa ONepaTHBHOI mamsith Ha (ep-
PHTOBBIX CEepACYHHKAX, KOTOpbIE paHbIIE
3aHMMAJIH MOHOMOJbLHOE MOJIOKEHHE B LICHT-
pansHOM 610ke DBM, mosynpoBoHHKOBOI
NAMATHIO, OTJIMYAIoLIeHcs 6OmbIHM BbiCT-
poeCTBHEM.

YactoTra BOSHUKHOBEHUA
0AMHaKOBbIX 3apau

n o6bem npouseoacTBa
B eAauHMuax uapgenuin

CyuiecTByeT U TpeThs NMPHYHHA, 0OBICHSIO-
asi, Mo4YeMy MHKPOIJIEKTPOHHAS MPOMBIIL-
JIeHHOCTh He MoskeT usrotoButs MC s
peILEHHs KaXA0W KOHKPETHOH HH(pOpMaim-
OHHOM 3ajaud. DTa NPHYAHA HOCHT YHCTO
skoHoMuuecknit xapakrep. [IpeacraBum ce-
Oe, 4TO ABYX MEPBBIX IPHYHH HE CYLECTBYET,
T. €. HMEeTCs TeXHHYECKasi BO3MOXKHOCTh IS
HHTErpalid B [peAenax OAHOro Homy-
MPOBOJHHUKOBOIO KpHCTA/UIa MPOH3BOIBHO
OONBIIOrO MHC/IA JEMEHTOB, a MPOU3BOACT-
BEHHBIC MOIIHOCTH MHKPOIJIEKTPOHHOH Mpo-
MBIIIJIEHHOCTH JOCTATOYHO BEJIMKH, TAK YTO
HET HEOGXOL{HMOCTH B COKpallCcHHH MHOTO-
obpasus tunos UC nyrem ucrnoab3oBaHHs
NPHHIKANOB NporpammupoBanus. Ho, maxe
nonyune MC npoMBIIUICHHOTO H3rOTOBJIE-
HHS, CIENHATH3APYIONIHECH HA PEILICHHH JIIO-
OBIX KOHKpeTHBIX 3aja4 obpaborku uudop-

R

Maiuu, B OOJIBIIMHCTBE ClIy4aeB Mbl HE CMO-
K€M HMMH BOCHOJIb30BaThCH. [leno B TOM,
yro 3td MUC Oyayr ciaMIKoM IOPOrHMH.
3atparel Ha wusroropierue MC, kKak Mbl
BBISICHHJIM B HpEIbIAYIIEH riaBe, MCKIIOYH-
TenbHO Beduku. MC MoryT H3roTaBaIMBaThCS
MO JOCTYMHOM 171 mOoTpeOHTENs ieHe TOMb-
KO TOrja, Korga o0beM HX MpPOHM3BOJICTBA,
COOTBETCTBYIOIIMHA CIIPOCY, IOCTATOYHO Be-
muk. Ho, kak mnpaBuno, 310 YCIOBHE HE
BeinosHseTc st Tex VC, KkoTopbie cnipoek-
THPOBAHBI B pacyeTe Ha Y3KOCHEeNHAabHOE
npumenerne, OO HCKITIOYEHHAX — CIICIHAIH3H-
poBanHbix u 3akassbix MC-peub noiiger
HECKOJIBKO To3/aHee. [IpoMBblIeHHOCTD, TI0-
CTaBjieHHas Imepe] HeOOXOAMMOCTBIO Bbl-
nyckate MC no Bo3smoxHo Oosnee HH3KOM
[eHe, CIIEIOBATENBHO, HE MOXKET OPHEHTH-
poBaThCs HAa MPOM3BOACTBO IIHPOYAMILIEro
accoptumenTta UC, 1.e. UC nns petueHus
BCEX BO3MOXKHBIX 3aja4 o6pabotku uHbOp-
mauuu. HampoTuB, oHa mombiTaeTCs B3ATH
COBEPLICHHO NPOTHBONOJIOXKHLIA Kypc H Oy-
JeT CTPEMHUTBLCH YIOBJETBOPHTBL BCE 3ampo-
Cbl NOTpeOUTENICH ¢ MOMOIIBIO MAKCHMAJIb-
HO Yy3KOIO acCOpPTHMEHTA, HAJAAUB—B I3K-
cTpeMaJIbHOM cityyae —npoussoacrso MC
00Ho20-eAMHCTBeHHOr0 THNA. Ecim 6s1 yaaiock
co3narh yHupepcadbHyio MC, cnocobuyro
pemiath J100ble HHPOPMAIHOHHBIE 3aJa4H,
to Takux MC norpebopaniock 6b1 upe3BhIyaii-
HO MHOTO, a 9T0 Aajo Obl BO3MOKHOCTH
HAJIaZIUTh CPAaBHHTE/ILHO JICIIEBOE NTPOU3BO/I-
CTBO. YTOUHEHHE «CPABHUTEILHOY» BO3HHKIIO
B CBAI3H C TAKO#H XapaKTepHCTUKOM, KaK Ipo-
H3BOHTENLHOCTL. [lockonbky nocnennss y
YHHBEPCAJILHOH CXeMBl [10JDKHA OBITH OYEHBL
Beicokoit (Beas MC mpexcrouT pelnats HH-
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opmannonnsie 3amaud 00O  cTeneHH
CJIOKHOCTH), HECMOTPS Ha DonbIIHEe 00BEMBI
NPOM3BOJICTBA, 1IEHY HA HEe BCe PABHO HE
yaactess cHU3UTh. OpHAaKo TMpH pelleHHH
bonpumacTBa 3a1au 0bpaboTku uHpOpMa-
IIAH BBICOKAs MPOH3BOJIMTEILHOCTE YHHBEP-
canpHOit MC BoobGuie He OyaeT HCHNONMB30-
Batbes. [lokynarens Oyaer BBIHYXIEH IUla-
THTBL 32 TO, 4eM OH HE CMOXET BOCHOJb30-
BATBCS B MoJHOM obObeme. Takum obpaszom,
coszanue yHusepcanbHoit UC s perenns
Beex npobiem o6paboTkn AHOOPMALKH TaK
ke MIoXo pemaet 3ajgauy yaewmessienus UC,
K4aK ¥ OPHEHTAINs Ha KOJOCCAJIBHOE MHOIO-
obpasue THNOB crenuamusuposanubix MC,
Ka)k/asi i3 KOTOPbIX PACCUMTAHA HA pElleHue
00HOIl KOHKPETHOH TpoBeMbl.

IMoasenem utorun. OT MHKPOIIEKTPOH-
HOM TPOMBINUIEHHOCTH MOJb30BaTENb KAET
mmbo Takux MC, koTopbie MOryT pemath
BCTPEYAIOIIMECs Ha MpPAaKTHKE 3aauu obpa-
60TKH HH(POPMAIIMU HENOCPEACTBEHHO, OO0
UC, npuroiseix I8 MOCTPOEHHSI CHCTEM,
pelarolMx Ty ke 3azxavy. Pasznoobpaszme
accoprumenta MC onpepensiercs, ¢ omHOI
CTOPOHBI, TEXHUMECKHMH BO3MOKHOCTSMH
MHKPOYIEKTPOHHON MPOMBINLIEHHOCTH, T. €.
TpesKAe BCEro KOJHYECTBOM 3JIEMEHTOB, KO-
TOPbIE MOXKHO Pa3MECTHTh HA ONHOM KpPHC-
Taje, ", ¢ Apyroi cTOPoHbI, BO3MOKHOCTS-
MH MHorouenesoro npumenenns HMC, s
Yero OHM JIOJKHBI OBITH MPOrPAMMHpPYEMBI-
MH HJIH obecreYHBaTh BO3MOMKHOCTE CO3/a-
HHS HA MX OCHOBE MPOrPaMMHPYeMBIX CHC-
TeM obpaborku nngopmanun. Kpome Toro,
noypken obecneuuBaThesl cObIT HoJibIIOrO
kommuectBa UC.

3akasHble U craHpgaptHbie UC

Boimyckaempie HPOMBIIIJIEHHOCTBEO HHTE-
IpajibHbIE CXeMBI MO CYTH JeJd OTPaXaroT
KOMIIPOMHCCHOE pelIeHHe, YYHUTHIBAIOLIee
nepevrcienHsie TpeboBaHuA. ACCOPTHMEHT
npeanaraemeix MC MOXHO pasjenuTh Ha
nBe Gonemme rpynmel. K nepBoit H3 HEX
Clie/TyeT OTHECTH 3aKasHble, WIH CHenHau-
auposanHsie, MC, ko BTOpOii—cranmapTt-
Hpie. KoHeyHo, MexXiay 3THMH ABYMSA IPYyI-
maMu HeT pe3koil rpanuinsl. CymecTByroT,
Hanpumep, nosaysakasaeie MC, tak 4To He-
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pe/Ko pacnpeleseHHe KOHKPETHBIX HHTe-
rpajbHBIX CXEM MO 3aKa3HBIM H CTaHOApT-
HBIM SBJISIETCH JIeNOM BKyca. B koHue koH-
1IOB, 9TO HE CTOJb BaxHO. To obcToATENbCT-
BO, 4TO, HECMOTPS HA BCE CKA3aHHOE BBIIIE,
MBI OAPOOHO OCTaHAaBIMBaeMcs Ha Mon06-
HBIX pa3/InuusxX, ODBACHAETCS MpeXe BCero
HX KOCBEHHOI 3aBHCHMOCTBIO OT Holiee Bax-
HOTO Bompoca—BbIbopa moaxoasei cTpyk-
TYPBI ¢ y4eTOM 3amay o6paboTku uHpOpMa-
IHH M HAJWH4us cxem, obecrieYMBaroIIMX MX
peiuenne. B nepsyio ouepens pazinune Mex-
1y 3akazueiMu B crangaptHeiME UC omnpe-
JIeisieTcs TeM, Kakde WMEHHO CXEMBI Mpo-
MBIIIEHHOCTh H3rOTABIMBAET MO CIEIHANb-
HBIM 3aKa3aM MOJIb30BaTeNel, a Kakue—B
KauecTBe CTAHAAPTHOW NpoayKimH. 3akas-
Has MC—3T0, Kak mpaBMjIo, CXeMa, crocob-
Has MOJIHOCTBIO PElIaTh ClEHANBLHYIO 3aa-
gy 00paboTkn HHpOpPMAIIMK B TOM €€ BHJIE, B
K4KOM OHa BCTaeT Mepel IMOJIL30BATENIEM.
[NonsATHE «TMONBL30BATENBY 3/I€CH HE CIEIyeT
nonuMath OykeanbHo. [loms3oBatenem UC
MoOXeT ObITb, HampuMmep, Ienas oOTpacib
npoMebiiuieHHocT.  [lpuMepom  3akazHoi
HUC moxer COyXHTh HHTErpajgbHas cxema
IS JNEKTPOHHBIX 4YAaCOB, BBIJAIOIMIAS HH-
dopmanuio B BHIE CeKYHI, MHHYT, 4YacoB,
naueit nenenu u T. 1. [Mopo6uo UC nis vacos,
mobas 3aKka3Has cXxeMa MPUTOIHA A pere-
HHUS OIHOM-eIMHCTBEHHOM 3amaun obpabot-
ku wHpopmammn. [To CBOMM BO3MOKHOCTAM
Takas cXxema SIBJSIOTCA KpaiiHe OJHOCTOPOH-
weit. llupora nmamazoHa ee NPUMEHEHHS
oueHb Hepesmka. OIHAKO MOCTABIECHHYIO 3a-
a4y OHA pelaeT HauiaydymmMm obpaszoMm H
6e3 nmpusieveHHs Kakux-mub6o apyrux MC.
[TosTromy BEITIONHSIEMAsi C €€ HOMOIIBIO 06-
paborka uH(bOPMAIINHE He TOHDKHA OTIMYATh-
¢ ciHInKoM OGosbInoii cinoxHocTeo. [Tpn
JIOCTHIHYTOM Ha CErOIHSIIHHIA JeHb YPOBHE
HHTETpalnl cxema, TpeOyomascs s pe-
IIeHHs] paccMATPHBAEMOMH 3alayd, OJIKHA
OBITH MOCTPOEHA C TAKAM PACYETOM, 4TOOEI
MOMECTHTBCS Ha odrnom Kpucraine. Cienyer
BCE JKe 3aMEeTHTh, 4YTO HH B HacToOsIIee
Bpems, HA B 0003puMoM OymymieM He mpen-
CTaBIISIETCA BO3MOXKHBIM PeaM30BaTh B BH-
ne oaHoii 3akasHoit MC cxemy, cnocoGHYr0
HrpaTh B IIAXMaThl HAa XOpOIEM YpPOBHE.
Jns Ttoro 4Tto0BI H3rOTOBJIEHHE 3aKa3HOH
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HUC 6110 BLITOAHO Kak IS H3TOTOBHTENH,
TAK | /18 NONb30BATels, 3a[a4a, Ha pellie-
HHE KOTOPOH OHA OPHEHTHPYETCs, HOJIKHA
BCTpEYaThCs HA MPAKTHKE AOCTATOYHO HaCTO
H B COBEpIICHHO HAeHTH4HOH (opme. YTo
3JIeCh MIOHHMAIOT MO «IOCTATOYHO 4ACTOM,
3aBUcHT OT crenenu uHterpanuun MC. Ecim
3TOT MOKa3aTe/b BEJIHK, TO BBITOJHBIM CTa-
HOBHTCS BBINIYCK TOJBKO OOJNBIIOTO HHCIA
takux UC. [Ins cxem co cpejHeil cTeneHblO
HHTErpalliy HUKHEH TrpaHMIel HX peHTa-
GeNbHOCTH OPHEHTHPOBOYHO MOXHO CHH-
TaTh BhIMycK B oObeme 10000 mrtyk B rox.

[MpsaMoii NMpPOTHBONMOJIOKHOCTBEIO 3aKa3-
HBIM sBJAIOTCS cTanaapTabie UC. OHu, Kak
NpPaBUIIO, MOJHOCTBIO HE PEINalOT CIOXKHON
3agayl 06paboTkM mHGOPMAIHM B TOM BH-
Ie, B KAKOM C HEeH CTaJKMBaeTCs MOJIb30Ba-
Tenb. O6emMBO cTanmapTHbie MC-3T0 Cxe-
MBI, BBINOJHSAIONIME 4YACTO peaH3yeMble
yacmuyible OTIEPALIAH Mpolecca PelleHus 3a-
nay obpaborkn HHGopMamuu. KX MOXKHO
paccMaTpHBaTh KaK CTaHAAPTHLIE 3J€EMEH-
THI, B3 KOTOPbIX COOpaHBI IOJNHBIE CXEMBI
IUTs peirlieHns: HHPOPManHOHHBIX 3a1a4. [{ns
CO3aHMS TAKOMR MOJIHOM CXEeMBbI IPHMEHSIOT,
KaK TMpaBuiIo, DOJBIIOE YHCIO CTAHAAPTHBIX
HC. Opnaxo u3 nmopobueix MC mMoxHO co-
6upaTh camsle pasHoobOpasHbIe yCcTpoiicTBa.
Jmana3oH npUMeHeHHs cTaHmapTHeix MC,
clefoBaTeNbHO, BEcbMa INHpPoK. Bemmk wu
00beM pPOM3BOACTBA, ONpeneseMblil 60b-
mHEM crmpocoM Ha HuEX. K craHmapTHBIM
cxemaM otHocates WMC pans  BeINOJHEHHUS
TAKHX JEMEHTAPHBIX JIOTHYECKHX OTePaIlHii,
kak M u UJIM, a taxke UC ans peanusaimn
YACTO BCTpPedaromuXcs KOMOMHammit 3THX
onepanuii, HanpuMmep (YHKIHIl CIOXKEHH,
3anoMHHaHMs WM cyeta. CTaHIapTHBIMH
NC ssnsroTes U Mukponpouneccopsl. B otim-
4He OT YIOMHHABIIHXCSA paHee CTAHAAPTHLIX
HUC muxponpoueccopsl OTHOCATCS K IPO-
IrPaMMHPYEMBIM YCTPOMCTBAM, T.€. CBS3H
MEXKIY HCIONB3YEMBIMH B HHX 3JIEMEHTAp-
HBIMH JIOTHYECKUMH CXeMaMH He SBJISIOTCS
YCTAHOBIICHHBIMHM pa3 M HaBCEraa, a MOTYT
H3MEHATBCA TMPOrpaMMON, KOTOpasi XPaHHT-
ca B MC namsaTH, CBA3aHHONH C MHKPOINpPO-
neccopoM. Ilpu HEOOXOAHMOCTH H3MEHEHHS
CBs3ed MEXIY JIOTHYECKHMH HJIeMEeHTaMU
IOCTATOYHO W3MEHHUTH JMILL [POTpaMMy,
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3aNMCaAHHYIO B IOJYNPOBOAHWKOBYIO [@a-
MATh. [IpHHIMI NPOrpaMMHPYEMOCTH, KO-
Topelit B DBM peanmusyercs Ha YPOBHE CHC-
TEMBI, TOCTpoeHHO# 13 muOorHx MC, B MHK-
pOIponeccope HaXOMMT peaju3alHio Ha
ypoBHe oaHoii-enuHcTBeHHOH WC. Mukpo-
nponeccop, coeauHeHsslii ¢ MC namsrH,
BBITIOJIHSAET BaKHeillue (pyHKIHH Tporpam-
MHpyeMoii cucteMbl oOpaboTkn mHDOpMa-
man, T.e. 9BM. Onr npexacrasnser coboit
LEHTpasbHLIH npoueccop DBM u no cpoeii
NPON3BOJUTENILHOCTH B HACTOSIIEE Bpems
MOKa elle OcTaeTcs Ha ypoBHe MHKpoOBM.
B xoxe mporpaMMHpOBaHHS MHKpPONpOIEC-
COpPOB OMNpelesieHHBIM  crocoboM  3a1aroT
¢hynknmio, BeIOOp KOTOPOIH HO 3TOrO0 MO-
MeHTa ocraBaics cBobomabmM. [Ipu mnpo-
IrPaMMHPOBAHHNA MHKpPOTpoIeccopa B amnmna-
paTHOW 4YacTH HHWYEro He W3MeHseTcd. DTo
OPOHCXOIUT B Cly4yae MpPOrpaMMHPOBAHUSA
apyrux crangapTHeix MC - noctosHHBIX 3a-
nomuHaromux yerpoiicts (I13Y) u nporpam-
MHEpyeMbIx Joruyecknx matpun (ITJIM). o
NPOrpaMMHPOBAHASA HE BCE BLIBOABI TOJIY-
NPOBOJHUKOBBIX KpHCTaILIOB 3THX MC HyxX-
HBIM 00pa3oM COEIMHEHBI C BHEIIHHMH Iie-
OSMH 4epe3 BLIXOAHBIE KOHTAKThI CXEMBI.
Tpebyembie BHENIHHE COEOWHEHHS B TAKUX
3Y peanusyroTcs nocjie 3aBepIIEHHS OCHOB-
HOTO TIpolecca HW3TOTOBJEHHSA, KOTOPBIi
omunakos s Beex UC sroro tuna. [Nocne-
npyromas gudpepeHInpoBaHHAS TEXHOJIOFH-
yeckas 0OpaboTka OTHENBHBIX Ipynn KpH-
CTAJIIOB TakXe MOMKET OCYLIECTBIATHCH
NPOMBILUIEHHBIM criocoboM, korga Heobxo-
MBI COeHHEHMA (OPMHUPYIOTCA HA KpH-
CTaJUle B XOJ€ JHONOTHUTEIBHOW MeTaiu3a-
IIHH C MCTIOJIb30BAHMEM CHENHANBHBIX (GoTO-
mabnonoB. B aToM ciydae roBopsAT O TpO-
rpamMMEpoBanni (oroinabmonamu. B apy-
THX CIIy4asix HYXKHbIE COEJANHEHHS BIMOJIHS-
eT cam monb3opatensb. s atoro npubera-
0T K Pa3sfuYHBIM IIPHEMaM: Hanpumep, He-
HYJKHBIE TOKOIIPOBOISIINE IEPEMBIYKH TIEpe-
KUraroT cuiabHBIM TokoM. [TocTosinubie 3V,
HpOrpaMMHUpPOBAHAE KOTOPBIX NOJIb30BATENb
OCYLLECTBJISIET CAMOCTOSTEILHO UMEHHO Ta-
KHM crnocoOoM, MOMyuyWiIM Ha3BaHUE HPO-
rpammupyemeix T3V (TITI3Y).

B ornmvumMe oOT MHKpONpOIECCOPOB B
I3V, II13Y u [1JIM Tpebyembie TOKOIpO-
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BOJISAIINE COEJMHEHHs TPAH3UCTOPOB MpPH
OPOrpaMMHPOBAHUH JKECTKO (PHKCHPYIOTCH.
B u3BecTHOM cMBICIIE NPHHIMIT TPOrpaMMH-
pOBaHHS ANMAPATHBIME CPEACTBAMHE IIPHME-
HAETCHA B TaK HA3bLIBAEMBIX MaTpHIAX JIOTH-
YeCKHX JJIEMCHTOB (MM BEHTHJIBHBIX MaT-
pHLIaX) TIPH YCIOBHH, ¥TO NPOTPAMMHPOBA-
HHE HMX ocymecTBiseTcs Ha Oonee paHHel
CTaJU¥ H3TOTOBJIEHHA W 9TO B HTOre IMOJIy4a-
1oTcs Oonee pa3HOOOpa3HbIE N0 CPABHEHHIO
¢ I13V n I1JIM 3axa3usie cxeMbl. MaTpHIs
JIOTHYECKHX BJIEMEHTOB, 0OBIMHO HMEHYEeMBIe
©a30BBIMH KPHCTAJLJIAMH, IPEICTABIAIOT CO-
60il Takue MOIYPOBOAHHKOBEIE KPHCTAILIBI,
YbpH TePeKIIoYaTeNbHBIE JIEMEHTHI COJep-
AT HeDOJBIIOE YHCII0 OCHOBHEBIX THIIOB 3Jie-
MEHTAPHBIX JIOTHYECKHX CXeM, B COBOKYII-
Hoctu obpasytommx UC ¢ perynsphoit mo-
rudecKoil cTpykTypoii. Takue sueiikn MOryT
MUMETh BHJ OT/JEJIBHBIX TPaH3HCTOPOB WIH
TpaH3uCTOpHLIX rpymm. [TyTem m3bupartens-
HOTro (POPMHPOBAHUSA METAJITHIECKHX COEIH-
HEHHH KPHCTAJUIBI ¢ MATPHIIAMH JIOTHYECKAX
3JIEMEHTOB MOXKHO NpeBpalllaTh B Pa3iHy-
Hele 3akasubie MC, N3roTOBIICHHEIE C Y4ETOM
TpeOOBaHMIl pa3HBIX MONb30BaTeneil. B 60b-
IIMHCTBE CJIy4aeB [JIA 3TOTO MPHMEHSIOT B
onepanuH MEeTAJUTM3AIHMH: CHAYANia BBINMOJ-
HAKOTCH COCOMHEHHS BHYTPH S4YeeK, a 3a-
TemM —Mexay sueiikamu. [Ipu Takoii TexHo-
norun oO6beM paboT MO BHIOJIHEHHIO MEX-
coemunreHnii MC, cornacHo cnoemmbukaium
NOJIb30BATEs, COKPAIAeTCs IO ABYX onepa-
muit Metannmsamun, [dns obecneveHus mo-
no6GHO# BO3MOKHOCTH HeoOXOAMMO IHIIBL
pa3paboTaTh TONOJOTHIO, YYHTHIBAIOLIYIO
HOBYW cnemuduky. B wmrore 3arparel Ha
pa3paboTKy KOMIIOHOBOYHBIX TOMOJIOTHYEC-
KNX CXEM OKAa3bIBAIOTCA OTHOCHTENBHO He-
Sonemmmu. MC, m3rotosneHHele Ha Oaze
MATPHIl JIOTHYECKHX 3JIEMEHTOB, C OIHOM
CTOpPOHBI, 0071a/1af0T 3aKa3HOl crennduKoii
H OCTaloTCH, C JAPYroi CTOPOHBI, CTAHAAPT-
HeiMA MIC, MOCKONBKY [I7IS1 HX M3TOTOBJIEHHS
MPUMEHSIFOTCS MPAKTHYECKH CTaHAapTHHIE
MeToabl. Braromaps MaTpHnam TOrHYECKHX
9JIEMEHTOB elle Goble CTHpaeTcs rpaHuIa
MeXAy 3aKka3HeIMH H crangaptasiMu WUC,
KOoTOpasi W panHbine He Oblla ocobeHHO pe3-
KOil. MaTpHIBl JIOTHYECKHX 3JIEMEHTOB 3a-
HAMAIOT MPOMEKYTOYHOE MOJIOKEHHE MEeX-
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Ay atumu asyms Kateropusmu UC. B m3-
BECTHOi CTENEHH OHHM COCIHHAIOT MpPEeAMYy-
mecTBa u Tex u apyrux. [Toatomy ux Taxke
Ha3bIBAIOT noayzaxasweimu HC. 3a nocnen-
HHE rojIbl 3HAYCHHE MATPHII JIOTHIECKHX 3J1e-
MEHTOB CymecTBeHHO Bospocio. C mx mo-
MOIIBKD MOXHO peHTabenbHO H3rOTABIIHA-
BaTh 3akasHble MC naxe npu He3HAYNTENB-
HBIX 06beMax 3aka3oB (MeHee 10000 wTyk B
NapTHH).

IIporpamMmupyemMeie B HENPOTPaMMHpYe-
Mble craHgaptaeie VMC wvame Bcero pasim-
YAIOTCS TAKXKe W MO CTENeHH HHTErpPaIliH.
IMporpammupyemsie  cranmaptusie  WC
(BUC n CBUC), xak npasuio, umeroT 6osiee
BBICOKHH ypoBeHb wuHTerpauuu, 4vem WC
HEnmporpaMMupyeMsele, 6OIBIIHHCTBO U3 KO-
TOPBIX XapaKTEPH3YeTCs CPEIHHM H Aake
Oonee HM3kMM ypoBHem. [Ipuumny srtoro
HETPYAHO NMOHATH. Yem BhINE CTENeHb HH-
terpammn MIC, tem Gonbiue ee cnenmduka.
Ecmn MC cnpoexTHpoBaHa Kak MHOrolene-
Bafg, TO YPOBEHBL €€ MHTErpaldH He HOJIKEH
OBITh CIIHIIKOM BBICOKHM: B IIDOTHBHOM CIIy-
yae NpHAeTcs MpelycMaTPUBATE BO3MOXK-
HOCTh ee mporpamMmuposanus. [Tporpammu-
PYEMOCTD SBJISIETCS BBIXOIOM H3 MOJIOKEHAS
TOrJa, KOT/la BO3HUKAET HEOOXOAMMOCTE HC-
nois3oBauus crangaptHeix MC c BeicOoKo#
creneHbio uHTErpauu. Ilpexae yem nepei-
TH K H0Jiee AeTANBHOMY PACCMOTPEHHIO YIIO-
MsiHYTHIX THOB MIC, octaHOBHMCH eile pa3
Ha BO3MOXHOCTSX HX Hcmonb3loBanusa. Ha
kakoii UC cnemyer oCTAHOBHTE BEIOOP, eClTH
BO3HMKAeT HeoOXOIMMOCTH B CXeMme, CIO-
coOHOI pemMTL ONpeaeneHHyo 3agady 06-
paborkn uHGopmanmn? B npuHnume Ha Ha-
YaIBHOM JTAlle W3 PACCMOTPEHHS Helb3s
HCKIIIOYHTh HH OIHY H3 TATH YIIOMSHY-
TeIX Bblue kareropuit MC, T.e. 3akas-
oeie MUC, Hemporpammmupyemsle CTaHOapT-
ueie UC, nporpamMmmupyemMsie CTaHOapTHBIE
UC, nporpammMupyembie TPOTPAMMHBIM Me-
TonoMm crangaptisie UC, mporpammupye-
MBI€ ANmapaTHbIMA CPEACTBAMH CTAHIAPT-
uete UC, srmouas 13V, T3V u [1JIM, a
TAKkKe MATPHIBI JIOTHYECKHX OJIEMEHTOB.
JIroboe 13 NATH BO3MOXKHBIX pelIeHuit nMeeT
CBOM JOCTOMHCTBA M HeqocTaTKH. B Tabm. 12
faetcst ux 00630p MpPHUMEHHTENLHO K Haumbo-
Jiee 9acToO MCMOJIb3YEMBIM B HACTOSIIEE Bpe-
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Tabauya 12. [1ocTOMHCTBA M HEJOCTATKH TPeX Pal/MYHBLIX BADHAHTOB pelleHds 3amadn obpaboTku

uHboOpMaLHH

3akasnans MC

Muxpocbopka u3 Helj
mbix cTangapTasx M

rpaMMHpYe-

Mukpo2BM

Penrabenwna mpn  Oosabinom
obbeMe crpoca

He cnaumikom BbiCOKas CIIOXK-
HOCTh HHDOPMALMOHHOI 3a-
Aavun

Pemaemas 3ajaya He H3MEHs-
eTcs

Ckopocts 0obpaboTkn jaocra-
TOYMHO BBICOKA

Ouzuueckuit 0obeM H noTped-
JigemMasn MOLIHOCTh MHHH-
MaJIbHbI

Ocobbie TpebOBaHMA K CPOKAM
pa3paboTKH OTCYTCTBYIOT

PenrabensHa mpu mManoMm 00be-
Me crnpoca

Manasa cioxnocTe HMH(pOpMAa-
HHOHHOW 3a1a4H

Pemnaemas 3ajava He M3MeEHsET-
cs

Tpebyercs BBICOKAS CKOPOCTh
obpaboTku

Dusndeckuit 06beM 1 noTpedis-
eMasi MOIHOCTD He3HAMHTEIb-
HbI

ITpuemineMbl yMepeHHBIE CPOKH
paspaboTku

PentabenbHna npu mobom obbe-
Me crpoca

Bricokas cloxHOCTE HH(pOpMa-
HOHHOM 3a1a4H

IMpeaycMoTpeHa BO3MOXKHOCTH
M3MEHEHHA 3a1aqH

He Tpebyercs o4eHb BbICOKAsS
ckopocts 0bpaboTku

Ocobsie Tpebopanus k ¢usnyec-
KoMy obbemy u morpedise-
MOt MOIIHOCTH OTCYTCTBYHOT

Ha paspabotky He Tpebyercs cy-
IIIECTBEHHBLIX 3aTPAT BPEMEHH

Mg pelieHHsM—Ha Gase 3akasmbix MC, Ha
OCHOBEe COOpPKH M3 HENpOrpaMMHPYEMBIX
crangaptabix MMC mnam Ha OCHOBe MHMKpPO-
9BM (MukpokommneroTepa). Kakomy u3 Ba-
PHAHTOB ClIeAyeT OTAATH NpeAnoyTenue, Oy-
JeT 3aBHCETh OT XapakTepa NOCTABIEHHOM
3agayd U TpeboBanuii k cucteme ob6paboTkn
unpopmaimu. I[MpumenurensHo Kk uHGopma-
IHOHHBIM 3a/la¥aM, KOTOpPEIE B COBEPILEHHO
OJIMHAKOBOM (popMe BCTpevaroTes J10CTaToY-
HO 4aCTO, YCTPOHCTBA HA 3aKA3HBIX CXeMax
OynyT He TONBKO CAMBIMHM JICLIEBLIMH, HO H,
KaK mpaBmio, Hauboliee IKOHOMHYHBIMH C
TOYKH 3peHHs pasMepoB M mnorpebisemoi
MOIIIHOCTH, d TAKKe CAMBIMH OBICTPHIMH B
peajyiM3aiui, ecjid BCe COMOCTABISEMbIE Ba-
puantel MC uMeroT 0MHAKOBOE CXEMOTEX-
HUYeckoe ucnonHeHue. OgHako B CBA3H C
TeM, UTO [ CHHXKCHHS TPOHU3BOACTBEHHBIX
3aTpaT NpH H3roTOBJeHHMM 3akasHeix MC
4acTo 00palaTCs K TEXHHYECKMM pelle-
HHSAM, CHIDKAlOIMM OwlcTpozeiicTBHE 1O
cpasrenuto co cranaaprasiMa UC, GeicTpo-
AeiicTBHe 3aKa3HBIX CXEM HEPEIKO HHIKE, HeM
cranaaptHeiX. 3agava obpaboTku napopma-
MU IPH TAKOM MOAXOME JOoJDKHA OBITH HO-
CTATOYMHO MPOCTOH, 4TOOBI NPH JOMHHH-
pYIOUIMX B HACTOSIICE BPEMSI YPOBHSX HH-
Terpauuu ee Boodie MoxKHO OLUTO pelnTs ©

nomomeio onuoii MC. Pemenne, ocHOBaH-
HOE HA MCMOJIB30BAHUHM MHUKPOKOMIBIOTEPA,
T.e. MOCTPOEGHHE CHCTeMbl 00paboTKH HH-
opmanmun Ha Oase MHKPONPOLECCOPOB H
WC mamsaTH, AMeeT sBHbIE TPEHMYIIECTBA
mepel JAPYrUMHU BapHaHTaMH TOrAa, Koraa
Tpebyercs obOpaboTka OGombmoro obnema
uHPOPMALMH, KOTOPAs MOXKET H3MEHATHLCH B
TEe4YEeHHE CPOKA HMCIONBb30BAHUS CHCTEMBI, H
KOTJIa cama CHCTeMa JOJDKHA OBITH GhiCTpo
NpeocTaBieHa B PACHOPSKEHHE MONb30Ba-
Tensi. Ha nocrpoenue U nporpaMMiupoBaH#e
MHUKPOKOMIBLIOTEPA MO CYIIECTBY YXOIUT ro-
pa3lio MeHbIlle BpEMEHH, YeM Ha pa3paboTky
H m3rotosjienue 3akazuoii MC. Bompoc o
CO3IaHUH CHCTeMBI 00paboTkn nHpOpMaTHH
W3 HemporpaMmupyeMmsix crannaptasix UC,
Kak TpaBHIO, HUKOrxa He Bcraer. Ecim me
yuuTeBaTh Oosbmux DBM. npu npoekTHpo-
BAHUH KOTOPBIX /10 H300peTeHHs MUKPONPO-
meccopa He OCTaBAJIOCh HHYEro JpYyroro,
Kak npuOeraTh K NPHMEHEHHIO HENporpam-
mupyeMbix craufaprasix MC, ucnons3osa-
HHE TOCHEJHUX OrPAHUYHBAETCS HCKITIOYH-
TEIBHO CHCTEMAMH, NpeIHA3SHAYCHHBIME IS
peleHnsl TOJBLKO mnpocTeimmx 3amay., Hx
MPEHMYILIECTBOM SBJISETCA [pexkie BCEro
BBICOKas cKopocTh 0OpaboTku manubix. OHa
OKa3bIBAETCA JOCTHIKMMOM, Tak Kak IJist
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CO3/IaHHMA NOHNOOHBIX CHCTEM MNPHMEHSIOT
OBICTPOAEHCTBYIOIINE TPAH3HCTOPHO-TPAH-
3MCTOPHBIE JTOTHYECKHE CXEMBI.

Huxe mel 6onee noapobuo obeyaum ot-
penbabie TN MC, obpaTuBmIMCE K KOH-
KPETHBIM NPUMEPAM H HE MbITAACh CHCTEMA-
THHYECKH OCBCIATH BCIO MOJIHOTY HHTErPaib-
HBEIX CXEM, C KOTOPBIMH CEroHS MOXHO
BCTPETHTLCA HA MEKIYHAPOAHOM PBIHKE MO-
JIyIIPOBOJAHMKOBEIX npubopos. Paccmarpn-
Ba€MbIC IPUMEPBI B3AThI TJABHLIM 00pasoMm
W3 NPOM3BOJICTBEHHOI mporpammel Kombu-
Hata MuKpoanekTponukn [JIP. Bo Bcex
cay4asix, KOrja 3TO OKa3bIBAeTCA BO3MOK-
HBIM, KpPOME CTaHIAPTHLIX 0O0O03HAYEHMI
HC, npamensemsix B I'/1P, npuBoasiTcs Tak-
K€ HX MEXIYHAapoJHble 0003HAYEHHS.

Wrax, HauyneM c 3akasueix UC.

NC pnAa a2neKTPOHHbIX Yacos

B ria. 4 MbI IO3HAKOMHUJIMCH CO CXEMOM cHeTa
o asyx. IlyreM nocneaoBaTesIbHOrO COEIH-
HeHHs OOJIBILIOrO 4YHMCIA TAKHX CXeM MOXKHO
nocTpoHTh 3akasnyio MC, kotopas Tpebyer-
csl JUIA 2JIEKTPOHHBIX YacoB. [Tpumepom no-
o06Hoit cxemsl apaserca MC U118, kotopyro
BbINlycKaeT Dpdyprckuili pammozaBon (pHc.
61). Ota UC npensazHaveHa Uil HCIIOJIb30-
BaHUS B MNPOCTEHINMX HAPYYHBIX 4Yacax ¢
aHanoroBeiM mupepbiarom. Cxema muMeeT
BOCEMb IITBIPLKOBLIX BIBOI0B. Ha BBIBOABI
I m 5 nmopmaercs Hanpsaxenue nuraHus. K
00oumMm BeIBOAAM 7 1 8 NOABOANTCS MEpeMEH-
HOE JJIEKTPHYECKOe HANpsuKeHHe BbICOKOMH
yactoTel. nsa cxemsr UlI8 wacrora storo
HATIPSDKEHHA  [O/DKHA — paBHATHea 215 =
= 32768 I'u, urobsl Ha BLIXOJ1aX (BBIBOALI 2
M 3) poBHO 4Yepe3 KaxKibie [BE CEKyHJIbI
(hopmuporaicsa umnyase. MMiynbcel Ha BbI-
BOJi€ 3 CABHHYTBI BO BPEMEHH IO OTHOIIE-
HUIO K MMITYJIbCAM HA BbIBOZE | HA CEKyHHY,
TaK 4TO KaX Y0 CEKYHIY B CXeMe BO3HHKAET
BBIXOJHOH MMIIYJIbC. 2DTH MMIYJLChI HC-
NONb3YKOTCA [l YOpaBJIeHHs I[aroBbiM
JIBHTATEJIeM, KOTOPhIH MpH MojJa4ye Ha ero
BXOJI QYEPEAHOr0 MMNYJbca MOBOpPAYHBAET-

Puc. 61. CxemaTtuueckoe u3obpakeHue HEKOTO-
peix UC.
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csl Ha mecThb yrioseix MUHYT. C BeIBoaa 6
MOKET CHUMATBLCS CEPHSA NOCIe10BATEIbHBIX
HMITYJILCOB, CeAyroumx ¢ yactoroii 4096 I'm.
Ecnm Kk 3TOMY BBIBOJY MOAKIIOYHTE He-
6onbmoii MukpodoH, TO B HeM OyIer BO3-
HUK4aTh 3BYKOBO# curHan. Beion 4 ciyxut
JUIS YCTAHOBKM YaCOB: MOJAa4a UMITYJIbCA HA
3TOT BXOJ BbI3BIBAET TMEPEBOJ CXeMbI Ha
onHy cexkyHay Hazaja. Heobxomumoe s
ynpapieHns paboToil HHTErpaJbHOM CXeMbl
YACOB HAMPSIKEHHE BLICOKOH 4aCTOTHI IeHe-
papyeTcsa HeDONBIIMM KBAapPLEBBIM KPHCTAJI-
goM. Kpapu sBisieTcs NbLE303IEKTPHKOM,
T.€. TAKAM MAaTepHAIOM, B KOTOPOM MeXa-
HHAYECKHE HANPSKEHHs BCErla BhI3bIBAIOT
MOSIBJICHHE 3JICKTPHYECKOTO HANpPSUKeHHs. Y
KaX[I0T0 KBaplEBOro Kpucrasua uabiroga-
eTcsi ocoboe «npeanoYTeHne» K kosebannam
HAa ONpENeIEHHOH, TAK HAa3bIBAEMOil cobem-
genHoll MacTOoTe. 3HaueHue 3Toi cobcTBeHHON
YACTOTHl MPAKTHMECKH 3dBHCHT TOJBLKO OT
BCTHYHHBI KPHCTAJLTA H THIIA €TI0 MIOCKOCTH
cpesa. M camoe rnasHoe, cobcTBenHas vac-
TOTA COBEPIUICHHO HE 3aBUCHT OT TEMIIEPATY-
pel. Ecim Kk 1IByM NpOTHBONONOXKHBIM Ipa-
HAM KPHCTAJUIa NPHIOKHTE JJEKTPHYECKOE
HANPSKEHHE, YaCTOTA KOTOPOro MpHOIN3H-
TENBbHO coBnanaer ¢ cobcTBeHHONM yacToTOR
KpHCTa/l1a, TO B Hem Oyayt Bo3OyxaaThes
JOCTATOYHO MolHbe Konebanus. OaHako
4acToTa ITHX Kosebauuit Teneps Oyner pas-
Ha coOCTBEHHOM YacTOTe KpUCTasla He npu-
O.auzuMenbHO, KaK 4acTOoTa KojebaHuii B BO3-
OysKaaroleM MeKTPHYECKOM KOHTYpE, a Co-
BEPILIEHHO mMoYHo. YXOJ 4YacToThl B 3JIeK-
TPHYECKOM PE30HAHCHOM KOHTYpE, Tak HJIN
HHa4ye HMelomuiics Beerpa, Oymer BeipaB-
HHBATBLCA KBAPUEBLIM KpHcTasioM. Yacrora
kosebaunii cmabuiuzupyemesn. Cekper Bbl-
COKOH TOYHOCTH 3JIEKTPOHHBIX 4aCOB CBA3AH
HMEHHO co crabunusanueii wvacrorel. B
MeXaHMYeCKHX wacaX 4actora KosebaHmii
MasTHHKA MJIH KPYTHILHBIX KosteDanuii noj-
BEPraeTcs BJIHAHHIO PA3JMYHBIX BHEIIHHX
Bo3mymieHnii. COOTBETCTBYIOIHE HYACTOTEHI
kosieOaHuif HMEHHO MOATOMY HE OTJIHYAOTCH
cTabHUIBHOCTBIO, B Ye€M M KpPOETCA NpHYHHA
HaMHOro Gojee HH3KOH TOYHOCTH MEXaHH-
YECKMX 4YacOoB IO CPAaBHEHHIO C 9JEKTPH-
YECKHMH, MMEIOLIHMMH KBapLEBYIO cTabHIIH-
3aumio. B Hacrosmee Bpems HHTErpajbHbIE

2

CXeMBI /Il YaCOB BBIMYCKAIOTCH B Pa3iindy-
HBIX KOHCTPYKTHBHBIX BAPHAHTAX H C Pa3HO-
0o0pa3HBIMH  DOMOJHHTENBHBIMEH  CXEMaMH
(By IMABHHUKY, CEKYHIOMEPBI, Yachl ¢ paHo-
NPUEMHHKOM, Yackl ¢ MHKPOKAJILKYJIATO-
pom). Ecnm B wacax mnpeaycMOTpeHBI Bbi-
XOBI JUIS 3BYKOBBIX TOHOB PA3HOM YaCTOTHI,
TO 4YacoBasi cXeMa MOXKeT OBITh HCHOJIB30-
BaHa JUIS FEHEpalliy MEeJIOIHH.

UC kapmaHHOro
MUKpOKanbKynatopa

Pocty mnomyJsipHOCTH  MHKPO3JIEKTPOHHKH
KpOME 3JICKTPOHHBIX HYaCOB C KBAPLEBOH CTa-
6uimsanueil cnocobCTBOBAN Takke MHKPO-
KaJIbKyJiaTop KapMmauuoro tuna. Ilpocreii-
LM MUKPOKAJIBLKYJIATOP, PACCYUTAHHBIN Ha
BBIMOJIHEHHUE YETLIPEX OCHOBHBIX apH(pMeTH-
4ECKHX OIepalMii H HECKOJbKHX [JOMOJIHH-
TENBHBIX NeHCTBHIT (HanpuMmep, QyHKMi na-
MATH U BLIYHCICHHS NPOUEHTOB), YKe IaBHO
nocrpoel Ha baze oxanoii UC. B nacrosmee
BpeMsi Ha OCHOBE oAHOU-eaumHCcTBeHHONH WUC
cospatoT Oonee ymoOHBIE HpOrpaMMHpYe-
Mble MHKpOKajbkyasTopsl. [ns obeyxiae-
HUS HPUHIANTA paboThl MEKPOKANBKYJIATOPA
Bo3eMeM MC US2I1, peimyckaemyro 2phypT-
CKHM pamuozaBojiom. OBumii BUI 3TONH MUK-
POCXeMBI CO MITBIPLKOBLIMH BBIBOJAMM MO-
Ka3an Ha pHC. 62. Yepes BeiBOg | B cxemy
BBOJIATCS TAKTOBBIE HMITYJIbChl. TakToBas 4yac-
TOTA MOXeET Jexath B npejaenax 100-270 xI'.
Bonee moapobnHo 3HaueHHE TAKTOBBIX HM-
MYJIBCOB MBI PACCMOTPHUM NpH 0OCYXKICHUH
NpUHLOAIOB  paboTel  MMKpONpoUeccopa.
Bxoawr 14, 15 u 28 coeauHs0TCs ¢ BHEIIHH-
MH HCTOYHMKAME HATIPSDKEHUs! MUTaHusl. Bei-
BOJibI 313 sBIAIOTCA HH(POBLIMHA BXOJaMH.
BeBox 26 npeacraeasier coboit Bxoa s
NBOHYHOTO 4Hcha. OH J10/DKeH OBITH coemu-
HEH C BBIBOAAMHM 3 (BBIXOJ JECATHIHON 1y
pol 1), 4 (Beixon gecsTHYHOR UMpHL 2), ...

.y 11 (Beixon mecsTnunoi wndper 9), 12
(BeIxOM JjecsaTHdHOTO HYAd) W 13 (BBIXOA
3HaKa). DTH COeIMHEHHS MPEpPLIBAIOTCS IHp-
POBBIMH KJIABHIIAMH MHKPOKaJIbKYJIATOPA
(cMm. puc. 62,6). [lpn HaxkaTHH HA KIaBHUILY
«2» NPOHMCXOIMT BOCCTAHOBICHHE COCIMHE-
HUS MEXIy BBIBOAOM 4 H BXogom 26, T.e.
sBojuTcs umdppa 2. Yepes seisoa 25 8 UC
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@ Puc. 62, Cxemsl, NOSCHAIOIHE MPHHIAT paboTHI
NPOCTEHIEr0 MHKPOKANBLKYIATOPA, 1OCTPOSHHO-
U821 ro Ha ocHose MC U821. a—paspoaka srisogos UC
@ @ U821; 6 — knaBHUIHOE [0Jie MHKPOKAIBKYJIATOPA C
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@ tamu ® BeiBogamu MC USB21; - pacrnonoxenue
CErMEHTOB CBETOMMOMHOIO MHAMKATOPA (YKa3aHb
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BBOJHTCS 3a[aBaeMasi BHIMHCIHTEIbHAS Ofe-
pauus, Yepe3 BHIBOJ 2—3amATas, OTHeNso-
ias IeJyH 4acTb OT ApoOHOI, a wepes
BEIBOO 27 —KOMaHJa OmnepanyH Hal TOCTOSH-
HOM BenmumHON. Kak peammsyrotcs coemHe-
HHS 3THX BBIBOJOB C JECATHYHBIMH IH(pO-
BEIMH BBIXOHAMH, MOMKHO NpPOCJIEOUTE, 00-
paTUBIIACE K pHC. 62,6. B ciydae BBIOTHEHHS
orepaliii X (YMHOXEHHE) HYXHO, HATIPHMED,
YCTAHOBUTEL COEIMHEHHE MEXKY BRIBOJAMH 7 1
25, uto obecreunBaeTCd HAXKATHEM HA KJIaBH-
my x. Pesynbrar onepauum Oyzer BIZaH Ha
CeMb BBLIBOJOB, HauMHas ¢ 16-ro U KoHYas
22-M. Cursansl ¢ 3THX BBIBOJIOB YIPABJIAIOT
OTJEBHBIMA CETMEHTAMM IH(POBOTO HHIN-
KaTopa MHKpPOKaJBKyIsiTopa (puc. 62,6). Ye-
pe3 BBIBOJ 24 BBIIAETCS JECATHYHAS 3amaTas
nokasaHuii. BeiBoa 23 He mcmone3yertcs.

UC ana cdoroannapara

Heneiii paa 3anay ob6paborku uudopmanun,
JUISL PEIIeHHs KOTOPBIX MOTYT MPUMEHATHCA
sakasueie MUC, Bosnukaer B obmacTu aBTO-
MaTH3alIUH YNPaBIeHHA OBITOBBIMH 3JEKT-
ponpubopamu, ¢oToanmapaTamMu, 3BYKO- H
BH/ICO3AMMCHIBAIOIEH M BOCHPOM3BOISAILICH
anmaparypoi. [as Toro 4robel Bce 3TH
npubopkl ¥ anmapaThl (YHKIHOHHPOBAIH
MPaBUIILHO, C HIMH HAJI0 yMeThb obpamars-
ca. Tak, HanpuMep, NpH NoNIb30BaHIA (HOTO-
annapaToM HeoOXOIWMO H3MEPHTH OCBe-
IIEHHOCTh CHUMAEMOT0o 00OBEKTa M paccTos-
HHE [0 Hero, BeIOpaTh, cobmiomas ompene-
JIeHHBIE TIPAaBUIIA, BEJIMYHHY AuadparMsl, om-
PEeeIHTE IKCIIO3HINIO. BrImonHenne Tex Mme-
XaHUYECKHX OIEpanHii PeryJiupoOBKH, KOTO-
phbie OOBIMHO AENAI0T BPYYHYIO, MOXHO TIO-
PY4HTh CHENHANBHOMY MEXaHH3MY, HMEIO-
HieMy TPHBOJ OT MHHHATIOPHOTO 3JIEKTPO-
nsuratens. Takoil MexaHusMm crnocobGeH BbI-
MOMHATE JOObIE ONEpPALMH PeryJIHpOBaHN,
O[IHAKO CaM OH He «3HaeT», Kakue H3 BO3-
MOJKHBIX YCIIOBHIl SBJISIFOTCS MPABHJILHBIMHE,
M MO3TOMY B CBOIO OHYepe/b HyXJaeTcs B
ynpasneHud. Takoe ymnpaplIeHHE OCYIIECT-
piAer anexrponHas MC doroanmapara, xo-
Topast (PYHKIHOHHPYET B KoMOuHamMu ¢ do-
TosneMenToM. Ha dorosnement moctynaer
nepsHYHas HHpopMamHa o6 OCBEMIEHHOCTH
00BEKTA CHEMKH M PACCTOSIHHH J0 HETO, KO-
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Topasi mpeoOpa3yeTcs B aHAJIOTOBBIE 3IIEK-
Tpudeckue cursansl. B doroannaparax Ham-
Gornee COBEpIIEHHBIX MOJEJel YIpaBisio-
mias MC, obpabaTeiBas MOCTYNAIOIIHE CHI-
Halbl H OPHEHTHPYSCh HA OIpe/esicHHbIe
YCTAHOBKH, BBOAMMBIE doTorpadoM u 3a-
JIAIOMIHE YYBCTBUTENLHOCTD IUICHKH H PEXKHM
CBEMKH, BBIYHCISICT 3HAYEHHS PACCTOSHHSA
10 0OBeKTa, OCBEHIEHHOCTHL M Auadparmy.
Kpome Toro, cxema reHepupyer KOMMYTa-
HOHHBIE HMITYJILCBI, KOTOPLIE, BO3IEHCTBYS
HA 1IArOBbIE ANEKTPOABHIATEIH HITH JJIEKTPO-
MArHHTBI, O0ECNeYnBa0T YCTAHOBKY Mmpa-
BHJIbHBIX Benu4uH. Braronaps stomy obec-
MEYNBAETCS BECbMa BBICOKAS CTEIEHb ABTO-
MaTn3anun paboTsl oTtoanmapara. Jocra-
TOYHO HampaBuTh OOBEKTHB Ha O0OBEKT
ChEMKH, HaXAaTh Hda COYCK—H MOXKHO HE
COMHEBaThCA, 4TO OyIeT MOJIYy4YCH CHUMOK,
KayecTBO KOTOPOro ¢ TOYKH 3pEHHS pes-
KOCTH W NPaBWILHON JKCMO3HIMHK YIOBIET-
BOPHT CaMOTO B3BICKATEILHOTO KPUTHKA, Ye-
ro BpsAm Ju yaanock Obl jgobuthes mnpu
PYYHOH YCTAHOBKE BBIICPKKH, AHADParmMel 1
HAaBOJIKE HAa PE3KOCTh. ABTOMATH3AIUA OIeE-
panuii ynpapjicHHS JOCTHTAeTCs MyTeM WHC-
NOJIb30BAaHUS HE TOJILKO MHKPO3JIEKTPOHHOH
cxeMbl. BmecTe ¢ Hell paboTaroT JaTYMK IS
npueMa TepBHYHON nHpopMammu (poToane-
MEHT) H HCIIOJHUTEIbHBII OPraH, MO3BOJIAI0-
i peaau30BaTh MeXaHWYeCKHe (QYHKIHH
pPETYIMPOBKH (MEXaHM3M C NPHUBOAOM OT
IaroBOTO JBUTATENS HJIM JIEKTPOMArHuTa).
Onextponnas MC saBnsietca «MO3roBbIM
HEHTPOM» 3TOTO YIPABJIAIOLIETO YCTPOMHCT-
Ba. lng mpuMepa MOKHO KPATKO OINHCATh
TaKy CXeMy, HCIONb3yeMYIO B 3epKaJIbHOM
¢oroanmapare «IIpakTuka» B 200. DTa cxe-
Ma COCTOMT M3 JBYX 4acTel —aHalIoroBoil H
uipoBoii. SApkocts 0b6BekTa CheMKH (OCBe-
IIEHHOCTD) M3MEpSETCs ¢ MOMOLIBIO (oTo-
sneMeHTa M3 apcenua-pochuna ramnus. [lo-
MHMO YyBCTBHTEIBLHOCTH (DOTOIIEHKH B afl-
napat HeoOXOIMMO BPYYHYIO BBECTH TAKXKe
3pavenne muadparmel. [To stum naHHBIM
HUC BbluuciaseT KCHO3HIMIO M BBIJIACT pe-
3yJbLTAT Ha LIKAJIy MHIMKATOPA, BBINOJIHEH-
Horo m3 16 ceetomanyuaromux auojaos. Ha-
BOJKA HA PE3KOCTh MPOU3BOAUTCS BPYYHYIO.
Vnpasnstomas MC no3sonser HCnojib3o-
BaTh (poToanmapaTt B HETHIPEX peXMMax pa-
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6otsl. Tak, HATIpEMeEp, B peXHEME «ABTOMA-
THKa» [PH HAXKATHH HA CHOYCK 3aTBOp C
MNOMOIIBIO 3JIEKTPOMATHUTHOTO IPUBO/IA OT-
KpBIBAa€TCS HA BPEMsl, COOTBETCTBYIOLIEE Bhi-
CBEYHBAEMOMY HA HHIMKATOPE 3HAYEHHUIO
SKCIIO3HUIIHH.

Takum aBTOMATHYECKHM YIPABJIEHHEM,
KOTOpOe MblI KpaTKO pPAcCMOTpENH Ha IpH-
mepe QoTroanmaparta, CErojgHs OCHALIAIOT
MHOTHe OBITOBBIE MPUOOPBLI U MTPOMBIILICH-
Hble ycraHoBku. He Bcerma mis aToit uenm
HCHOB3Y10T 3akasuele MIC, wacto npumens-
0T MHKPOKOMIBIOTEPEL. Bo MHOrEX ciryda-
X nouiexkamas obpaborke BXoaHas uadop-
Mals MOCTYNAET He OT BHEIIHUX JaTYMKOB,
K4k 5T0 ObLI0 B cnyvae ¢ ynpasastomeiit UC
doToanmapata, a M3 NPOrPaMMHON HIN
YIpaBIsoNIeil naMaTh, Kotopas 1ubo BXo-
JMT B cocTaB camMoil ynpaenstomeir WC,
mbo seasgerca oraenbHoit MC mamsatu. B
TAKOMH MaMATH MOTYT XPAHHTBCA pa3/HYHbIE
NPOrpaMMBl, H3 KOTOPBIX BIAZENel JaHHOTO
npubopa BeIOMpaeT HyKHYIO. B Takom ciy-
Yae BCe YIpaBJICHUE CBOAMTCA K HAXATHIO HA
Knasuiry Beibopa TpeOyemol nporpaMMer:
BCE OCTAJIbLHOE MPOUCXOIMT IO YIpaBIIsiO-
muM curHanam UC. [Mono6Heil Bug ynpag-
JICHNs TPHMEHSETCS, HalpHMep, B ObITOBBIX
CTHpabHBIX MAallMHAX, OCHALIEHHBIX 3aKa3-
Hoii ynpagusitomieii UC i MEKPOKOMITBIO-
TEPOM.

Ananorosbie UC

K wumeny 3akasHbIX OTHOCATCH W MHOTHE
ananoroseie MUC. [laa sTOro OHM IOJIKHBI
obnagaTh CBOHCTBAMH, XapaKTePHBIMH IS
3aKA3HBIX HHTEIPAJNBHBIX CXeM, O YeM MBI
ropopuin panee. Takas cxeMa J0JDKHA OBITH
pACCYMTAHA HA IOJHOE PEIICHHE ChelHallb-
HO# 3azaun oOpaborkn uHpopmarmu. [Ipu
9TOM He HMeeT HUKAKOTO 3HAYEHWs, MOomyye-
HO JIH peluenue nu(pOBBIM HIIM aHATIOTOBLIM
cnocobom. [lockoneky uMcxoaHas uH(popma-
M TMOCTYNAeT OT pealbHbIX HCTOYHHUKOB
Hepeako B aHajorosoit ¢opme, TO M aHa-
noroesie UC HacTo ABIAIOTCS HCKIFOYHTENb-
HO Y/JIa4YHBIMH 3dKa3HBIMH CXEMHBIMH YCT-
poiicreamu. Kpome Toro, 3meck ymecTHO
BCHOMHUTE KW O Ooyiee BLICOKOW CKOpOC-
TH 00paboTkn MHpOPMALHH AHAJIOTOBBEIMH

naea 6

CpeicTBaMH, Ha 4TO yKa3sBajoch B I 4. K
THNHAYHBIM 3aKa3HbIM aHanoroesiM MC ot-
HOCHTCS YCHIIUTENb 1718 OBITOBOH 2/1€KTPOH-
HOW ammapatypel. MuTerpanbHas cxema
A211, Beimyckaemasi 3aBOJOM MOJYIIPOBOJ-
HUKOB BO Ppankdypre-na-Onmepe, npeiacras-
nsieT coboi yCHIMTE b HH3KHX YaCTOT MOII-
HocTeio | Bt, mpeanasnaveHHBIH Qs yCHIIe-
HHSl PEYeBBIX H MY3bIKAJIbHBIX CHUTHAJIOB B
paaHo- ¥ TEJEBH3HOHHBIX PHEMHHKAX, MPO-
HrpeiBaTeNsx ¥ Maruutogonax, a MC tuna
A283 Toro ke 3aBoja ABJIAETCA MOJIHOCTHIO
ocHameHHeiM CBY-npuemankoM ¢ puibT-
POM H KaTyIIKaMH MHAYKTHBHOCTH. B pac-
HOPSKEHAE KOHCTPYKTOPOB TEJIEBH3HOHHOM
annapaTypbl NPOMBIIIEHHOCTh TIPEIOCTaB-
nser ananorosele MC, npennazHaveHHbIE
IUTS IEKOOMPOBAHUS CHTHAJIOB IBETHOCTH H
APKOCTH H300paxkeHHsi. YHHBEpCAIbHBIM
YCTPOMCTBOM, TaK HA3BIBAEMBIM ONEpaIHOH-
HbIM ycuimTeneM, seasercs MC BO8I, Bwl-
myckaemasi TeM e 3aBogoM Bo (PpaHk-
(pypre-Ha-Onepe (MexayHapomHoe o003HA-
yenue TL 081).

OnHako B 9TOM Ciy4ae Jydille TOBOPHTH
O CTAHHAapTHHIX, a He o 3akasHeix UC. Ana-
noroeeie MC obecrieynBaloT Takke XOpo-
myo crabummsanuio 7 3(dekTuBHOE orpa-
HUYEHHE DJIEKTPUYECKHX HANpsOKEHHH H TO-
KoB. B kawecTBe BakHeiileH aHaJoroBoi
WC, Bxonsiueii B cocTaB aHAIOro-nu(poBo-
ro mpeoOpa3zoBaTens, B I'Jl. 4 MBI yXe pac-
CMOTpENH cXeMy KOMIapatopa. 3aBoJ moiry-
npoBOIHHKOB BO Ppark(ypre-Ha-Onepe BbI-
nyckaer, Hanpumep, MC xomMmapatopor TH-
na Al10. U a1y cxemy npaBujibHeEe CHMTATH
cranzapTHoii aHanorosoil MC. Cessyiomm-
MM 3BEHBLSAMH MEXIY AHAJOTOBBIMH H Iud-
POBBLIMH CXe€MaMH SBJIAIOTCHA, C OOHOM CTO-
ponbl, ananoro-udpossie (ALI) u, ¢ apy-
roi cropoHsl, muppo-anamorossie (LIAIT)
npeobpasosatenn. Dtu UC B Hacrosinee
BpeMs BBINMYCKAIOTCH B BHIE CTAHJAPTHBIX
CXEM M IpeICTaBJeHsl Pa3HOOOPa3HBIMH TH-
nami. Tak, HanpHMep, HHTErpaibLHAS cXemMa
C520, BbimyckaeMasi 3aBOJOM TMOJIYIIPOBOI-
ko Bo ®Opankdypre-na-Onepe (AD 2020),
obecneunBaeT npeoOpa3OBaHHE AHATIOTOBBIX
CHIHAJIOB B TPEX3HAYHBIC ABOUMHO-IECSTHY-
HBIE YUCIIA.

Mrak, va mpumepe nepeuncieHHsx UC



WHTerpanbHbie CXeMbl M UX NPUMEHeHWe

MBI MO3HAKOMHJINCh CO CTAHAAPTHBIMH HH-
TerpajabHbiMH cxemamu. Ho 910 6wiim cran-
naptele anaro2ossie UC. PaccMoTpuM Te-
neps cTaHgapTHelie yugpossie MC —cravana
HemporpamMupyembie MC manoii u cpejneii
CTeneHeil HHTErpanuM, a 3aTeM NporpaMMH-
pvemele MC c BBICOKO#H CTeNeHBIO HHTe-
Tpalyy.

Jlornyeckue anemeHTsbl

Tunmusasivu npencrasutensmu MC manoi
CTeNEHH HHTErPALNH SIBIIIOTCS pa3IdvHbIE
JIOTHYECKHE 3JIeMeHTHl. B GonbimHECTBE MIpH-
MEHAEMBIX BAPHAHTOB TAKHX CXEM B OJHOM
npHOOPHOM KOpIyce pa3sMeliaeTcs HECKOIb-
Ko jora4ecknx snemenToB. lllnpokxoe pacnpo-
CTPAHEHHE TOJIYYHIIM JIOTHYECKHE 3JIEMEHTHI
tana U, U-HE, UWJIH, UJIHU-HE, ameronme
6omee aBYX BXOAOB Kaxkaelit. [nas Toro uro-
6bl Ha BBIXOJE JIOrHYeckoro osmementa M
HOSBHJICS CHTHAJ BBICOKOTO YPOBHS, Ha Bce
ero BXOJBI IOJKHBI ObITH MOJAHBI CHTHAJILI
BBICOKOTO YPOBHSI, Tak KaK B IPOTHBHOM
ciTyMae BBIXOJHOW CHIHAM OyJeT HU3KOro YypoB-
ua. Ha Beixone soruveckoro ssnementa MJINU
HMEeTCsS CHTHAJl HH3KOTO YPOBHS, €CJIH Ha
BCE €ro BXOJbI TIOCTYNAIOT CHIHALI HA3KOT'O
YPOBHSI; B IIPOTHBHOM CJIy4ae Ha BLIXOJE
Gynmer curHan Beicokoro yposrs. K mauGo-
Jiee 4acTO MPUMEHAEMON CepHH JIOTHYECKHX
3NIEMEHTOB CIeIyeT OTHECTH TPAH3UCTOPHO-
tpanzuctopuyro noruky (TTJI). Tak, 3aBox
MONMYNPOBOHUKOB BO ®pank(pypre-Ha-One-
pe ucnosedyer cepumio TTJI DI0 B cBo-
ux Ounmonspubix MC (SN74). UC D100
(SN7400) (puc. 45) comepkHT HeThIpe He3a-
BHCHMBIX JIBYXBXOOBBIX JIOTHYECKHX 3Jie-
menta U-HE. B coctas UC D204 (SN74H04)
BXOJAT INECTh HE3ABHCHMBIX JIOTHYECKHX
anemenToB HE (unBepTOpoOB).

CranpaptHbie UC co cpepHein
cTeneHbio UHTerpauumn

IMpencrasarenem UC co cpenneii creneHsio
HHTEIrpallidH MOXKET CIYXKHTh CXEMa JIEKOOH-
posarust U711 tuna «1 u3 8», Beimyckaemast
Opdyprckum paguosasogom. OHa npeaHas-
HaYaeTcsa s npeoﬁpasosauus TPEX3HAYHO-
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ro ABOMYHOIO 4¥ciaa. DTa cxeMa HAOMHHA-
eT pacCMOTPEHHBIH Ha pHc. 35 Aexonep Tuma
«l m3 4». Kopnyc cxemnr U711 ¢ ero
16-1TEIPBKOBLIMH BBIBOJAMH H300parkeH Ha
puc. 61. BeiBoaer 5-8 mpencrapnsior coboi
YeTblpe [BOMYHBIX BXOJa, BBIBOABI 1-4 u
13-16 sBnsroTcs Bocembro BhIXOAamu. Ha
BeIBO/BI 10 1 11 cooTBeTCTBEHHO MOMAKOTCSH
HANpsDKeHWsl MHTAHUA | BXojaHOe. BriBoa 12
COEIMHEH ¢ KOPNYyCOM, BBIBOJ 9 He HMCIONL-
ayercsa. K crammaprabiMm MC co cpenneii
CTENeHbI0 MHTErPAlli OTHOCATCA TaKxke 3a-
NOMHHAIOIIME YCTPOMCTBA Maloil eMKOCTH,
TaK Ha3blBaemble peructpbl. OHH ciaykaT
IS KPATKOCPOYHOT'O XPAHEHHS HeOONBIIAX
obsemoB uH(popMmamuu. [IpuMepoM TakuxX
cxem sagercs MC DI81, xotopas npen-
cTaBiasier coboif 16-pa3pamHbIi perncTp H
BBIINYCKAETCS 3aBOJIOM MOJIYIIPOBOJAHHKOBBIX
npubopoB Bo ®pankdypre-Ha-Onepe (Mex-
ayHapojaHoe obo3Havenune SN7481). Peructp
uMeeT 2 x 4 ajpecHBIX BXOH4, 1Ba BXopda
3AMKCH U JIBa BLIXOJa CYMTHIBaHMA. OH HpH-
MEHSETCS B Ka4yeCTBE BBICOKOCKOPOCTHOTO
Oytdepa HIM MPOMEKYTOYHOTO HAKOMHTENS.
Haxkonurens Majioil eMKOCTH € IOCHeIOoBa-
TENLHBIM JOCTYNOM K XPAHUMBIM NaHHBIM
HA3bIBABTCA CHOBHrOBBIM perucrpom. HMC
D191 Toro xe 3aBona (SN7491) npencrapns-
er cobo¥ 8-pa3psaaHbIil CABUIOBBIH PErucTp.
INepen 3anoOMHHAIONIMM BXOAOM 3TOrO pe-
THCTpa MMEETCA JBYXBXOIOBBIHA dmemeHT M.
CHBHrOBBIH PErHCTpP MPHMEHSIETCS TaKKe B
KayecTBe CXeMbl 3aaepkku. Tak, HanpH-
MEp, ¥ TPHUITEPHOH cxembl 3anepxku D174
(SN7474) mmnynbc Ha BBIXOZE NOSBJIAETCS
gepe3 OJMH TaKT Mocje MojJa4Y¥ TaKTOBOTO
CHrHaja Ha Bxoz. BeibpaB nnuny TakroBoro
nepHoja, 3aaloT JUTHTELHOCTh 3a/ePKKH.
K cranmaptHeIM cxemaM co cpenHeii=
CTENEeHb0 MHTErPallMM OTHOCHTCS TaKkKe H
HUC cymmartopa. Dphyprckuii pagmosaBon
BeimyckaeT, Hanpumep, MC U101, cocros-
IIME W3 JIBYX HE3aBHCHMBIX OTHOPA3PSIIHBIX
CYMMAaTOPOB, KaX bl U3 KOTOPBIX MO3BOJIA-
€T CyMMHMpPOBATh TPH OLHOPA3PSIAHBIX JIBO-
nynelx yucna. Ira UC umeer 14 BuiBOJIOB,
KOTOpBIE MOKa3aHbl HA puc. 61. Bresoas! 1 u
4 ucnonb3yroTCs JUIS MOJAYM HANPSIKEHHS
MATaHns Ha 00a OJHOPA3pAIHBIX CYyMMATO-
pa, a BeiBoa 11 coemmuen ¢ semueil. Ha
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BBIBOAEI 2, 3 ¥ 4 MOAAIOTCA TPH OBOHYHEIX
CHIHAJIa, CYMMa KOTOPBIX BBLIAETCS C BbIBO-
nos 6 (1-if 3uak) u 7 (2-# 3HaK, nepeHoc); Ha
BbIBOALI 14, 13 u 12 MokHO nojaBaTh TPH
JApYIHX OAHOPA3PAIHBIX IBOMYHBIX YHCIA, 4
CYMMY CHHTBIBATH ¢ BeIBOZOB 10 (1-ii 3HaK) 1
9 (nmepenoc).

DTHMM NpUMEpaMH Mbl OTPAHHYUMCH B
HameM 0030pe MIMPOKOro CIEKTpa CTaH-
paprabix UC co cpeasell creneHbio HHTE-
Ipalyy, BBITYCKAEMBIX MHKPO3JIeKTPOHHOMK
NPOMBIIUIEHHOCTEEO, YTOOBI NEpeiTH K Mpo-
rpamMupyeMmbiM ctagaptasiM UC ¢ Beico-
KOi cremnenbto uHTerpanun. OCHOBHOE BHH-
MaHHE MBI XOTHM Y[EJIUTh HHTETPAIbHBIM
cxeMaM, HCHONb3YeMbIM JUTA CO3JaHH MHK-
pokomimbloTepoB. PaHee yxke 0TMeEYanoch,
4TO MeXIy MHKpokommnbioTepoM u MC ¢
BBICOKOH CTeNeHblo HHTErPallUH CYLLECTBYET
TecHasl cBs3b. MTak, Teneps Mbl 3HaeM, 4TO
NOHATHE «MHKPOKOMITBIOTED» HEINb3s MOHH-
Martb OykBaibHO. B pmaHHOoM ciyuae mnoj-
pasymMeBaeTcs Masas IporpaMMupyemas cH-
crema 06paboTku HH(OPMALMH B IHIMPOKOM
cMBICIe aToro ciosa. Takas cHcrema mpen-
Ha3HA4Y€HA HE TOJBLKO UIA OCYIIECTBIICHHS
orepauyii HaJ YHCIAMH, HO M A ynpasle-
HHSl TEXHOJIOTHYECKHM MPOLECCOM, NIEPEBOAA
OT/Ie/IbHBIX CJIOB C OAHOIO A3BIKA HA OPYTOii,
reHepalHi YCTHBIX PeYeBbIX COOOINEHHIH Hin
peasiu3anuy poJid NMapTHepa B 3JEKTPOHHOM
urpe. OBuHOCTE MEXKAY IMPOKOH H y3KOi
HHTEpPHpeTAlMell [OHATHA MHKPOKOMITBIO-
TEPOB, BBLIMOJHSIOLIMX YUCIOBLIE ONEpalliH,
3AKJIFOMAETCS B TOM, 4TO B 0DOMX ciydasix
HMEIOT B BHAY MHKPOKOMIIBLIOTEpPBI, TpPEI-
CTABJICHHBIE MHKPOIIPOIECCOPOM H YCTPOM-
CTBOM NaMATH, KOTOpBIC BXOJAT B COCTaB
obuieil MHTErpajJbHOM CXEMBI.

NC namatn

Teneppr MBI XOTHM MNEPEHTH K CXeMaM 3a-
noMmuHalowMx ycrpoiicte (3Y). Bo uzbexa-
HHE HEIOPAa3yMEHHMil Ccpasy e OroBOPHMCH,
YTO pedb MOHIET TOJBLKO O MOJYIPOBOIHH-
KoBbIX 3Y. KpoMme mosynpoBoaHHKOBEIX 3V
HMEKTCSA, KOHEYHO, H JpYyrue BHALI MaMATH,
HANPHMEP HA MATHHUTHBIX CEpACYHHKAX, HA
MArHMTHBIX JHMCKAX, HAa [MJIHHIPHYECKHX
MarHuTHbIX gomeHax (LIMJ), onmruueckue

naea 6

3V u T. 1., KOTOpBIE MO CBOEH EMKOCTH, KaK
NPAaBHJIO, 3HAYMUTENBHO NPEBOCXOAAT MNOJYy-
npoBoaHukopbie 3Y. Tak, Hanmpumep, Ha om-
THYECKOM JHUCKE auamMeTpom Beero 30 cM ¢
MNOMOIbIO TOHYAMIIIET O JIa3ePHOro Jy4Ya Mo-
KeT OBITh 3amucaHa HHOpMalHs ob6beMoOM
10! Gur. Takoe KOJIMYECTBO AAHHBIX
npesbluaeT 06beM HHPOPMAIIHH, 3aKITIOYEH-
HOoil B 1000 Tomax kHur mo 1000 crpanui.
Opnako GonpmmHCTBO NOA0OHBIX 3Y, wWan
HAKONIMTENEH, IPH HX COBMECTHOM HCIOJb-
30BaHHH ¢ DBM BBICTYNaIOT JIMILIL B KAYECT-
Be MepH(pepHitHEIX HAKOMHTENEH NAHHBIX, HE
SIBIIASICH ONIEPATHBHOM MJIM OCHOBHOM pabo-
ueil maMsAThio, (YHKIHOHAIBHO O0BheIHHEeH-
HOU ¢ kKommbioTepoMm. [lpuumHa B TepByro
odepedb 3aKJIIOYAETCs B TOM, 4TO mepHde-
puiiasie 3Y, eciii y4ecTh BLICOKYIO CKOPOCTh
00paboTkn MHpOPMAIMH, OTJIHYAKOTCS He-
pecuyp OOIBLUIAM BpEeMEHEM [IOCTyNa K Xpa-
HSIIAMCS B HUX JaHHBIM. Jlerko MoxHO cebe
NpPeACTaBUTh, YTO MPH HCMOJIL30BAHHH, Ha-
OpHMep, HAKONHTENs HAa MArHHTHOH JIeHTe
MeCTO C 3alpOMICHHBIMH OaHHBIMH MOXHO
HAHTH TOJIBLKO MyTEM NMpSMOH MM 00paTHOH
MEepeMOTKH JIeHThI. Jlake B ciydae MCHOJIb-
30BaHUs OBICTPOJCHCTBYIOIIHX MATHMTHBIX
3V, nHanpumep ¢GeppUTOBBIX HJIH Ha OCHOBE
LIM /1, Bpems nocTyna kK HaMaTH COCTABIIAET
OT OJHOH MHKpocekyHIbl M Gosbme. M no
cerogHsHNA AeHb 3Y ¢ TakMMHM Xapakre-
PHCTHKAMH BCE elle NPHMEHAITCH Kak oc-
HOBHas mamaTe DBM, a Bems pasblue Hc-
MOJIb30BAIMChL  TOJBKO (peppuToBbie 3V,
CrnesoBaTenbHO, €CIIM MBI XOTHM ' IIOJIHO-
CTBLIO MCIONB30BAThL BREICOKOE OBICTpOAEHCT-
BHe ycTpoiictB o6pabotku uHpOpMAaLHH,
HaM notpebyrotes 3V co BpeMeHeM JocTyma
HaMHOro Mesbme 1 mxm. Takoii pybex B
HAcTOsIllee BpeMs yXkKe JIOCTHTHYT B THOJY-
npoBogHUKOBEIX 3Y. MHpOpMamms B HHX
XpaHHTCA B TOH Xe ¢opme, uro U B UC,
NPUMEHAEMBIX I 00pabOTKH JAaHHBIX, UIH
B BH/E DJIEKTPHYECKHX HMIIYJIBbCOB, T.€. B
(popme, Haubonee ynobHoii mis obpaboTkn B
stux MC. Bpems Jocryna x XpaHsieics B
takux 3Y MHpOpMALMH JISKHT B mpenenax
OT HECKOJILKMX JECATBIX [0 HECKOJIbKHX
TBICAYHBIX [OJIEH MHKPOCEKYHIIBI.

[pusmun GyHKIMOHHPOBAHHA TOJIYNIPO-
BOJHHKOBOH HaMsATH HaMH Yyke Owlnm pac-
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CMOTpeH B Tl 4, TJe OTMEYaIoch ¥ TO
ocoboe MoyIokeHne, KOTOPOe 3aHMUMAaeT MOo-
crosHHad namars. CoOcTBeHHO roBOps, MO
CBOEH cXeMe TOCTOAHHASA NMaMATh BOBCE HE
ABJIAETCA MAMSATBIO:! OHA TPEICTABJIAET CO-
6oif cxeMy KOMOHHAIIMOHHOMH JIOTMKH, KOTO-
pas B OTBeT HAa ONpEJEJCHHBIA BXOTHOMH
HMITYJILC TEHEPHPYET CEPHIO COOTBETCTBYIO-
IIHX BBIXOAHBIX HMIyJbcoB (puc. 34). Co-
HEep/KAMOE MOCTOSIHHOM [aMATH MOXKHO
UL CYHTBIBATH —H3MEHATH €r0 HeNb3s.
DTy maMsTh Ha3bIBAIOT TaKke MOCTOSHHBIM
3ANOMHUHAIOIIHM YCTPOMHCTBOM, HIIH COKpa-
menno I[13Y. Ecim, x npumepy, tpebyercs
BBIMHCIIHTH CHHYCBI ONPeAeIeHHBIX YIJIOB, TO
COOTBETCTBYIOLIYIO HHGOPMANHIO BBOIST B
I3V muxpoxomneioTepa. [Toka MHKpokKoM-
MBIOTEP pellaeT CHenHalbHYI0 MPHKIATHYIO
3ajiavy, B KOTOPOH HYXHO BBIMHCIIHTL CHHY-
ChbI, HET HHKAKOTO MOBOJA HU3MEHATH ITY
unpopmanuio. Ecim ot xpausmiero ee 13V
OTKJIFOMHTE HANpSOKEHHEe MHTAHUA, TO MH-
(opManms He HCHYE3HET M HE HMCKA3HTCS.
Hecmotpst Ha TO 4TO NPH OTCYTCTBHH Ha-
NPSOKEHUs] THTAHUS JAHHBIE HENB3s MOJY-
with u3 113V, undopmanms coxpaunsercs, a
MpH BOCCTAHOBJIEHHH [HTAHHS €€ CHOBa
MOYKHO CYHTBIBATE.

Mapannenso ¢ I3V wucnoaw3yercs u
NaMATh JaHHBIX, KOTOPLIE AOJDKHBI MOCTY-
nath B 3ekTpoHHyIo MC s o6pabotkn nim
e ABJSIFOTCS pe3ynbTaTamu 3Toi obpaboT-
k. Ilocne mX WCnonp3oBaHMA [aHHBIE B
NaMsTH CTHUPAIOTCS W BMECTO HHX MOMKET
ObITh 3anmcana Hosas uHbpopmamus. MC
naMATH, C KOTOPBIMHA Mbl TTO3HAKOMHIIIHCH B
. 4, obnajaroT TAKHMH BO3MOXHOCTSMH
Hrarogaps oco6eHHOCTAM CBOEH CTPYKTYPBHIL.
[Ipn obpamieHn# K HHM MOMKHO OCYILECT-
BUTB JOCTYI K JH0DO# f4eiike 1o ee ajapecy
VTS CYMTBHIBAHMA WM 3anucH  Tpebyemoi
undopmanuu. Takue yeTpoiicTsa Ha3bLIBAIOT-
cs onepaTuBHbIME 3Y wu 3V ¢ npousBonb-
Ho#i BwiIGopkoit (3VIIB). 3VIIB co crartu-
YeCKHMH sveiikamu oTHocaTces k 3YIIB cra-
THYECKOro, a ¢ IHHAMMYECKHMH SYeHKaMH —
k 3VIIB munamutdeckoro tuna (06 sToM yxe
roBopujiocs B 1i1. 4). Ecnu, Hanpumep, MHK-
POKOMIIBIOTEPY MPEACTONT BBIYHCIHTE CH-
Hyc 33% to B 3VIIB cneayer BBectH «33°».
[Mpu orxnrouenuu nutanus ot 3VIIB ero
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cojiepkuMOe uepe3 Gonlee MM MeHee IJH-
TeJbHBIH MPOMEXYTOK BPEMEHH OKAaXKeTCs
yrepsHHbIM. [IpomexyTodyHOE MONOKEHHE
mexay T13V u 3VIIB 3anamaroT nporpam-
mupyeMble moctosHEBIE 3Y (TITI3Y). Dto
Ha3BdHUE 3aKPEMHIIOCEH 3a 3aNOMUHAIOITHMHE
YCTpOHCTBAMH, B KOTOPBIE TONb30BATENb
BBOIHT HYKHYIO eMy HHpOpManuio OIHH
pa3, mocle 4Yero OHO HCHOJB3YETCs Kak
nocrosaHoe 3¥Y. B caywae npumMeHeHHs
CIIT3Y (ctupaemoe TIM3YV) xpansiyiocs
HHGOPMALIHIO MOXHO CTHpaTh (Hampumep,
yIbTpaHONETOBBIM H3yYEHHEM) H 3aMe-
HATBH HOBOii. JIpyraM BapHaHTOM HCIIOJIHE-
uua [13V apasercs d/IeKTPHIECKH CTHPAEMOE
T3V (3CIIMN3Y), B KOTOPOM CTHPAHHE H
nocieayromas 3anuck HHpOpMAIWH OCy-
IIECTBNAIOTCS MOIUHBIMH HMITyJIbCAMH Ha-
MIPSDKEHHS MOJIOKNTETBHOW MM OTPHIIATE b~
HOMH moyspHOocTH. Takue cTHparollie W 3a-
MHICHIBAIOIINE UMITYJILCHI CO3HAI0T YCIOBHS,
IPH KOTOPBIX HYepe3 aJpecyeMyro sqeiKy
MaMSTH OCYIIECTBIIAETCS 3apsi/l MM pas3psil
koHaencatopa. KoHjeHcaTopHele [IaCTHHBI
(3aTBOpP H CKPBHITBIH 2JEKTPOA IOJEBOTO
TPaH3UCTOPA) HACTOJIBKO XOPOIIO H30JMPO-
BaHBl JIPYT OT JpYyTa, 4TO HAXOIAIIMiCcS Ha
HHX 3apAad MOXKCT COXpPAaHATBCA HEH3IMEHHBIM
B TEYEHUE UITHTENBLHOIO BPEMEHH — IO [aH-
HBIM H3rOTOBHTENEH, Ha npotskenun 10 u
6onee ner. CIIM3Y, caenoBaTesibHO, HMeeT
cxoacTso ¢ 3VIIB, oTiM4asck OT HEro JHUIIL
TeM, uto mis 3anuca B CIIMN3Y, obpasno
rosops, Tpebyerca Gosnee TBepabli Kapa-
pam, yeM jans sanucu B 3VIIB.

Jlnsa nmonb3oBaTeNis BaXKHEHIIMMH TEXHHU-
yeckHMH Xxapaktepuctukamu MC 3V sBas-
I0TCA €MKOCTh TMAMSTH H BpeMs JOCTyNa K
XPaHUMBIM HaHHBIM. [[J14 HCHONB30BaHUA B
MHKPOKOMITBIOTEpaxX HNpHMeHsoT 3V em-
KocThio | KOuT 1 Gonee. [IpoMbiIeHHOCTH
TIPE/UIATAET HW3TOTOBHTENAM BBIYHCIHTENb-
HBIX cHCTeM pasHooGpasubie 3V ¢ mMpPOKHM
OMama3oHOM eMKocreii—Ha 1, 2, 4, 8, 16, 32,
64, 128 u 256 xOut, mpu4yeM B moclieHee
Bpems nosBuinck 3Y emkocteio 1 MoOuT. B
nabopaTtopusx yxe cosfansl 3Y na 4 Mowur.
Benomuum, 4ro 1 k6t pasen 2'°, wm
1024 6ur, T.e. okpyraesno 1000 6ut. Bpems
BeiOOpkH i Takoro 3V cocTraBiaser oOT
10 He o 1 mxe. Tak, Hanmpumep, STOHCKas
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upma «XuratH» Beinyckaer 3VIIB muna-
MHYECKOT0 THIIA eMKocThio 64 kOHT C Bpe-
MeHeM BbiOOpkH |8 He. Bo Bcem mupe 1mm-
pPOKOEe pacnpocTpaHeHHe MONMYyHHIH THHAME-
yeckne 3VIIB emkocrbio 64 xbur, mmero-
e MexayHapoaHoe obosHauenue 4164 u
BBIMYCKAGMBbIe pasIHYHbIMH (pupmamu. B
1983 r. 6buto npomano 3000 muH. TAKEX
npubopoB Ha CYMMY OKOJIO 3 MJIpA. Mapok
AP. Ha Kombuuate MHKPO3JIEKTPOHHKH
['JIP namaxkeHn BeIMycK cxeM mamaTta U264,
KOTOpbIE NMPEACTABNIAIOT cODOM AHHAMMYEC-
kue 3VI1B na 64 kOur, cxoausie ¢ npubopom
4164. UC U256 Dpdyprekoro pagnosaBoia
npeacrapisaioT coboi auHamuyeckue 3VIIB
Ha 16 k6ur, a UC U202, 3nakomas HaM 1o
puc. 45, rjie nMokaszaH ee MoJyNpOBOXHHUKO-
BbIit KpHCTAILL, siBsiercs craTudeckum 3YI1B
Ha | xbut. Ha puc. 61 cxemaruiecku nokasan
koprnyc MC U202 ¢ 16 mTbpbKOBBIMH BBIBO-
namu. Bemsonwr 1, 2, 4, 5, 6, 7. 8, 14, 15, 16
CIyKaT st BLIDOPKH sueek MaMATH IO aj-
pecam. C HX TNOMOILILIO MOXHO OCYILECT-
BIATH NpAMYyIO BHIGOpKy Beex 210 = 1024
3anoMHHalonmx gyeex. Yepes seison 3 B 3V
MOCTYNAET CHIrHAJ, YKa3bIBAIOIIHM, KaKylo
Onepanuio CcleayeT NpPOW3BECTH —~CYHTLIBA-
He miM sanuck. Ilomaya mHa sTtoT BXOA
CHUTHAaJIa eJHHMILI O3HAYaeT CYMTLIBAHHE, a
CHTHanla Hyjas-3anuch. CYdTBIBaHHE OaH-
HBIX OCYHIECTBJISieTcs 4epe3 BhiBox 11, 3a-
nuck—4vepes Beieoa 12. Ha seron 10 mopma-
eTcs HANpsKeHWe NMUTAHHUS, a BeIBOA 9 coe-
JMHEeH ¢ 3emuieli. BeiBox 13 ucnonb3yercs
JU1S afApecHoil BEIOOPKH uMeHHO 3Toro 3V B
TOM cjyyae, eclH TMapajieJbHO HCTONb3Y-
€TCsl HEeCKOJIBKO TAKHX YCTPOHCTB NaMsATH
(onepanusa BrIOOpa KpucTanna). Bpems Bbl-
Oopku XpaHMMBIX B 3V JaHHBIX COCTaBIseT
400 ue. B kavectse npumepos CIITI3Y Mox-
Ho wHasatb MC US52 (1702A7) u USSS
(12708), n3roraeauBaeMslie IphypTCcKUM pa-
juozasojoM. Emkocts mamsitu US52 paBna
2 xbur, a U555-8 xbour. O6a 3¥Y umeror
MOCJIOBHYIO OPTaHHU3aIMIo, T, €. OCYLIECTBIIS-
eTcs npsAMas ajapecHas BoIOOpKA He OTElb-
HBIX SiY€eK, 4 HX IPYIII, COCTABJISIOUHX Ie-
Jible MalLMHHBIE CI0Ba. JJIMHa 0HOrO clloBa
paBHa 8 paspszam (butam), T.e. | BaiTy.
IMpu ncnonszosanun MC US52 (puc. 61) B
001LIeil CIOKHOCTH MOKHO BBECTH B NaMATh

naea 6

256 MamMHHBIX CJIOB JUIMHOH 1O BOCEMb
pa3panos, T.e. 256 x 8 = 2 kbur. ITockons-
Ky 256 =2% To mns oOpamesus K Taxoi
namste  Tpebyrores 8-paspsimHbie azpeca.
Anpeca monatorcs Ha BbiBoasl 1, 2, 3, 17, 18,
19, 20, 21. Busoner 4, 5, 6, 7, 8, 9, 10 u 11
TpeiHa3sHAYEeHbl /I CYATBHIBAHHA M 3aTTHCH
8-paspsaHBIX MaluHHBIX cnoB. dus npo-
IPaMMHPOBAHUS COAEPAKHMOIO MaMATH He-
pe3 BeiBoa 13 B 3Y BBOASAT NporpaMMHpyIoO-
IIHA  MMOYJILC HANPSKEHUA aMIUTHTYION
opumepro 50 B, a ans cTEpaHEs HCMOJb-
3y10T yiasTpaduonseropoe uinyuenue. Boiso-
moel 12, 25, 16 m 24 cayxar gns BBoOIa
PA3IMYHBIX HANPKEHHH THTAHAS, BBIBOILI
22 u 23 ABAAIOTCS BXOHAMH TECTHPYIOLIHX
CHTHAJIOB, a BbIBOJ 14 Hcnonb3yercs IUist
Beibopa kpuctaina. Bpems BeiDopkm aaH-
HeIx jurs U552 cocrasnaser | Mxc.

Msl mpHBeNM AOCTATOYHOE HHCIO TPH-
mepoB UC 3V, HeobOxoIuMBIX U1 NOCTpOe-
HHS MHKpOKOMIIbIOTEpa. Teneph MOXKHO me-
peHTH K ero HEeHTPAJbHOMY YCTPOMHCTBY,
ocyuiecTBiAOmEMyY 00paboTky HH(pOpMa-
iH, — Mukpornponeccoproil UC, nim npocro
MHKPONIPOLECCOPY.

Mukponpoueccop

OG6 o9Toil HHTErpaJbHO#M CXeMe MBI yxke
KOe-4TO pacckassiBand. OHa npeacraBiser
co00il MpOrpaMMHPYEMYIO C TOMOMILIO TTPO-
rpaMMHBIX cpefctB cranzaptayio MC Bbi-
COKOW CTENeHW WHTErpalldy, NpeaHa3HaYeH-
HYIO ISl BBITIOJHEHWS apH(METHYECKHX H
norudeckux onepatuii. Tor obGbem paboThl,
KOTOpHIH B kpynHelx DBM BeimonHsercs
TOJBKO € MOMOIIBIO y3J1a, BRJIIOYAIOLIEro B
cBOil cocTaB GosblIOE HHCIO Pa3THYHBIX
HC, B muxpoxoMmbiotepe Oeper Ha cebst
0/lHA MHTErpajbHas CXeMa—MHKpONpOIiec-
cop. Briepsrie MHKpONpOLECCOPhI NOABHIIACHL
B 1971 r., xorma ¢upme «Murem» s CIIA
yAAI0Ch TOCTPOMTDL MEHTPaibHbIH mpolec-
COp MHMKPOKOMIBIOTEPA B BHAE OJHOTO
kpucrasuia. C 3T0ro nepBoro MHKpONpoLec-
copa M HaYaJ CBOe pa3BHTHE MpOIECcC, HTO-
rOM KOTOPOIO CTajl MOIIHBINH «IPOPBIB»
MHKPO3JIEKTPOHHKH [0 BceMy «(hpoHTY»
nHpopManHonHOH 00pabortkn. [losBHnachk
BO3MOKHOCTH CO3aHHs «BCEOOBeMIIIONIEH 1
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obuenoctynHol» cucreMmsl obpaboTku HH-
thopmanuu. Utobsl nouste npuanun pabdo-
Thl MHKpOIpoueccopa, HeobXoaumo pa3ob-
paTbcsi B OCHOBAaX (PyHKIIHOHHPOBAHMSA IMPO-
rpaMMupyembix DBM. ITogobnas manmna B
npotiecce paboTHI BHIMOJIHAET CEPUIO Onepa-
[MOHHBIX IIHKJIOB, NOBTOPSIOLUIUXCA BO Bpe-
MEHHO# 1oce/1I0BATENLHOCTH. TakoH MUK
CKja/IbIBaeTCd M3 ONpEEeIeHHOro Ydcia Ma-
HIMHHBIX TAKTOB, MPHYEM KaXKObIA H3 HHX
MMEET MOCTOSHHYIO [UIMTENBLHOCTh. TaKThl
3a[1A10TCS TAKTOBBIMH HMIYJILCAMM, TEHEPH-
pyeMBIMH KoJebaTenbHbBIM KOHTYPOM, 4Yac-
TOTA KOTOPOro CTabHIM3MpOBaHA KBaple-
BBIM KPHCTAJUIOM. DTO CHHXPOHH3HPYIOLIEe
YCTPOMCTBO HA3LIBAETCA TAKTOBBIM reHepa-
TopoMm. Kaxapii TakTOBBIH HMNYyJILC Tepe-
kmouaer DBM B apyroe cocrosaue. Ilocne
BBINOJIHEHUS ONPEHESICHHOTO YHC/Ia TAKTOB
MAalllHHA BO3BPAIACTCS B HCXOJHOE COCTOS-
HHe. DTO BO3BpALIEHHE FOBOPHT O TOM, 4TO
UMK 3aBepiunics. Ywucesno Taktos, cocras-
NAOUIAX OIMH HHKJ, MEHSETCH B 3aBHCH-
MOCTH OT ocobennocTel mammubl, Huke MbI
PACCMOTPUM IHKJI, COCTOMLIMIT M3 4eThIpex
TakToB. Takum obpazom, Hama DBM 6yner
yeTbipexTakTHON. [locie okoHYaHUs KaX10-
ro 4eTBEPTOrO TAKTA MAILMHA BO3BpALLAeT-
¢ B MCXOJIHOE COCTOAHME. 3amaHus, KOTO-
pble MalllMHA TOJIYYAaeT, OHA PELIAeT B MO-
maroBoM pexume. B kaxkaom mukie ocy-
LIECTBISAETCH MOArOTOBKA K BBIMOJIHEHHIO
oaHoro cieaytomiero inara. Kakwe miarn
MAallHHA JOJKHA BRIIOJHUTL B JAHHOM IHK-
7€, OHA MEPBOHAYAILHO HE 3HAET —TOYHEE,
JTOrO He 3HAeT ee HEeHTpaJbLHLIA npoueccop
(LLIT). daunas nadopMalus XpaHuTcs B BH-
JIe KOMaH/I, OpeaBapHTEIbHO MOMEIIEHHBIX B
namsiTe. COBOKYIMHOCTHL 9THX KoMaH obpa-
jyer nporpammy. B nepBoM TakTe Kaxkiaoro
HKJIA [EHTPaIbHbI Npoleccop A0JDKeH 06-
PATHTLCS K NAMSITH, 4TO0B HMETH BO3MOK-
HOCTh BO BTOPOM TaKTe LMKIa BeIOpaTh
KOMaHJy, KOTOPYIO €MY TPEACTOMT BBINOI-
HUTH 33 OCTABIIYIOCA 4acCTh HUKAa. B Tpers-
€M H YeTBEPTOM TaKTaX HENoCpeACTBEHHO
BLITMOJIHSIOTCS BBIOpAHHBIE M3 NPOrPaMMBI
KOMaHbl, MOCAE Yero NEPBBIH MaIIHHHBIH
MK saBepiuaerca. [lns ympoiieHus Mbl B
JIAHHOM ClTy¥ae NMPHHHMAEM, 4TO BLIOOPKA K
BBINIOJIHEHHE KOMAH/Ibl OCYHIECTBIISIFOTCH B
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npefesax OJHOro-eJAMHCTBEHHOrO lHkjia. B
JIeHCTBUTENLHOCTH K€ TaKas CXema crpa-
BE/UIHBA TOJBKO /IS NpOCTEeHIINX KOMaHI,
TOrga Kak OOJIBIIMHCTBO W3 HUX BBHITIOJIHSET-
cs 3a psj MAalIMHHBIX 1MKiaoB. OpHako Oy-
JIeM ¥ Jajiblle CYHTAaTh, YTO MPONECCOp pa-
DoTaer Mo NpeIoAKEHHOH HAMH YIPOLICH-
HOH cxeme. Bo BTOpoM MalIMHHOM IMKIIE
LITT momken cHoBa 0oOpaTHTBCA K MaMSTH,
4T0OBI, BLIOPAB KOMaH/y, «Y3HATB», 4TO eMY
cleyeT cenaTh 3a OCTaBIIYIOCH YacTh MAK-
na. ITocne kaxaoi BEIOOPKH KOMaHIsI 03 3V
(B MepBOM TaKTe IHUKJIA) OHA BBIOJHAETCS B
oboux mocnennux TtakTtax. LleHTpanbrbri
NPOLECCOP 3HAET TOJNBKO O TOM, YTO eMmy
NPEACTOMT cAeliaTh B Tekymiem mukie. Ka-
KHe JIEHCTBUS JOJUKHBI OyAyT BBINOJHATHCS
B JajibHei1ieM, eMy HEeHM3BeCTHO, a 4TO OH
nenan panusiie, LI yxe «3absum. O npom-
JIBIX CBOMX JCHCTBHAX INPOLECCOpP MOMHHT
JIHILL [TOCTONBKY, MOCKOJIBKY MOJIYYAaeT CO-
ofenust 0 YHCie NPOHACHHBIX MAIIHHHBIX
LHUKJIOB, T. €. O YHCIIE BLINOJIHEHHBLIX KOMaH/L.
Taxoe coobumenne oH Mojgy4aeT OT CHENH-
anbHOM Bxomsiueit B cocras LITT cxemsr,
KOTOpas HAa3bIBaeTCA CYETYMKOM KOMaHA.
Hna LT sra uadopmaums HMeEeT Ba)HOE
sna4yenne. Ha ee ocHoBe, T.e. onupasick Ha
YHCIIO YK€ BBIMOJHCHHBIX KOMAHI, CHETYHK
reHepupyeT ajpeca Tex S4YeeK IMaMATH,
M3 KOTOPBIX HYXHO H3BJIEYbL CJEAYIOLIHE
KOMaup! nporpammbl. Komaunst npeacras-
AT coboil ABOHMYHBIE KOIBI, T.€. MAMATH
COJICPAKHUT He COOCTBEHHO KOMaHIIbI, @ COOT-
BETCTBYIOIIIUE UM ABOHYHbIE uucna. UMeHHO
3TH ABOMYHBIE uHcia | nocrynatot B LI o
ero BeI3OBY. Tam OHHM TOJBepraioTcs me-
KOJIMPOBAHHIO CIIEIMAJILHOM CXeMOoi, Tak
Ha3pIBaGMBIM  AeKkoaepoM komaua. Ecmm
KOMaHIa TpeOyeT OCYLIeCTBHTE CJIOXKEHHE
IBYX YMCEN, TO B JEHCTBHE BCTymaeT apug-
METHKO-JIOTHYECKOe YCTPOHCTBO, KOTOpOE
cokpatenHo obosnauaerca AJIY. Ono Toxe
BxomuT B coctaB LII1 u mpennaznauaercs
A7s pealu3alMH BCEX APH(OMETHYECKMX H
noruveckux onepammit. AJIY sBnsercs cob-
CTBEHHO BBLIMHCIHTENbHONH cxemoii DBM.
OcTtanbHBlE paHee MepPevYHCIeHHBIE COCTAB-
veie yactu LTI, T.e. cyerumk komanp, pe-
I'HCTP KOMaH[ H JEKOJep, BKJItoYas U JApyrue
HE YIOMSHYTBIE 3/1eCh [TONOIHATE/ILHBIE CXe-
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MBI, 4 TAKXKe TAKTOBBI reHepaTop ynpasJif-
10T pabortoii AJIY B COOTBETCTBHH C TIPO-
rpaMMoi, xpaHsiedics B mamsaTi. Bee 3t
KOMIIOHEHTRI BMECTE B3fAThIE HOCAT oliee
Ha3BaHHE YCTPOHCTBA YNPABJICHMA.
Komanpga—3to TpeboBaHHe BBHINOJHHTH
OMpe/Ie/ICHHYI0 ONEpalMio Haj ONpeleNeH-
HBIM YHCJIOM MM 4HcnamH. Pasymeercs,
peyb 37ech HIOET O ABOMYHBIX yHcnax. Kak u
KOMaH/Ibl, YMACJIA, KOTOPhIE JOJIKEH MOABepr-
HyTb 00paboTke KOMIIBIOTEp, IpeaBapH-
TeNLHO BBOAAT B mamATh. KoMaHnma Moxer,
HATpUMep, TPeICTaBaATh coboii TpeboBanue
OCYILIECTBHTHL BBIOOpKY YHCNA H3 TAMATH H
MOCNEAYIOIIYIO €ro mnepeiaiy B CHeHaib-
HBIH BHYTpPeHHHII HAKONMUTEb NEHTPAaJILHOTO
MNpoIeccopa, TAK HA3BIBAEMBIH PEerHcTp AaH-
HbiX. B pacnopsxennn LII1 naxomurcs me-
JbliA pAI MOAOOHBIX PErHCTPOB, CIYXKALINX
JUIsl KpATKOBPEMEHHOI'0 XpPaHEHWs OIllepaH-
0B apH(MeTHYECKHX M JIOTHYECKHX omnepa-
IHH, a TakXke MOTYMEHHBIX pe3yibTaTos. Ec-
JIM, HANPpHMEp, K COIEPKUMOMY OIpe/iesieH-
HOTO perucTpa HeobXomumo mMpuOABHTH 3a-
JIAHHOE YHCJI0, TO COOTBETCTBYIONIAN KOMAH-
Ja IOJDKHA, BO-TIEPBBIX, coiepkaTk Tpebo-
BaHWE BBINOJIHHTEL OMNEPAIHIO CIOKEHHS,
BO-BTOPBIX, YHCIIO, KOTOPOE CJEAYeT NpH-
GaBuTh, MIIH YKA3aHHE HA TO, /i€ 3TO HHUCIIO
cieayer uckaTh. TakuM ykaszaHHeM sIBJISETCH
agpec udcna B namatd. CreoBaTenbHO,
KOMaH/1a JIeJIMTCA HA [IBe YaCTH—KOJ 3a/aH-
HOH omepanuu u anpec onepanja. Ilocye
BBIOOPKH H3 MAMATH KOMAaH/A IEJIHKOM WIIH
ee YaCTH TaKKe MOMEIIAI0TCs Ha KpaTKOBpe-
MEHHOe XpaHeHHe B OJUH H3 PErucTpPoB
LIIT—Tak Ha3bIBaeMbIH PerucTp KOMAaHII.
INo3nakomuBimcs ¢ AJIY, ycTpoiicTBOM
ynpasienns u perucrpamu LTI, mbi nosmyun-
JIA TIPEICTaBJICeHHE O BAXKHEHIIAX YCTPOHCT-
BaX, COCTABJSIOIIMX IEHTPAJIbHBIH MpoLec-
cop nporpammupyemoil 2BM. Ecin Bce 3TH
ycTpoiicTBa OOBEAMHHTL B COCTaBe OHHOM
HHTErpajJbHON CXeMbI, TO OHA CTAHET WMEH-
HO TeM MpUOOpPOM, KOTOPOMY MBI YXKe Jaii
onpejeneHe Mukponponeccopa. Mrak, te-
nepb MBI 3HaeM, Kak ycTpoeH W paboTaer
MHKponpoieccop. OcraeTcsi TONLKO BHECTH
eme oAHO aomojHeHue. [JJo CHX mop MblI He
ONpefeNnwiIn, KakoBa [UIHHA, HIH paspsai-
HOCTb, JABOHMYHBIX MHCEN, KOTOPHIMH OIEpH-
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pyeT MHKPOMNPOLECCOp, H KaKoBa [UIMHA ajl-
pecoB, KOTOphkle OH TeHepHpyeT. [IBowvHbie
YHCJIa HA3BIBAIOT TAKXKE MAIIMHHBIMH CIOBA-
MH, a JABOMYHO-KOJHMPOBaHHBIE ajpeca—a-
PECHBIMH cJIoBaMH. MuUKponpoleccop KOH-
KPETHOH KOHCTPYKIIMH BCerga ONepHpyeT
MAIIHHHBIMA H aIPECHBIMHU CJIOBAMH OHON
onpezenesHoi AnuHeL. Ilpu aToM anuHa ma-
IIHHHOTO CIOBa H [UTHHA a/peCHOro CJIoBa
COBceM He 0053aTeNbHO MOJDKHBI COBIHA-
nats. Mukponponeccops! MOT'YT pa3iH4yaTh-
csl Mexk Iy coboil ITHHOM CBOMX MAIIHHHBIX H
anpecHbIX cnoB. B Hacrodulee Bpems BbI-
MYCKAX0TC MHKPOIIPOIECCOPEI € UIHHOH Ma-
IIAHHBIX 0B B 4, 8, 16 u maxe 32 pa3psna.
UeM [UIMHHEE MallMHHBIE CI0Ba, TeM 0oJb-
1€ 4YHCNa, KOTOphie OHHM MpeACTaBiIsoT 06-
pabotke B AJIY, m Tem ObIcTpee MOJIKEH
paGorates mukpomnpomeccop. CkopocTh ero
paboThl, OIHAKO, 3aBHCHT H OT BpPEMEHH,
TpeOyrolerocs [Uisi BBIMOJIHEHHs  OIHON
koMaHabl. Kax MBI ¥ Qymaim, 310 Bpems
PaBHO MPOJOKHTENLHOCTH OIHOTO MAILIHH-
HOT'O IHKJIA [PH YCIIOBHH, YTO BBINOJHEHHE
KOMAaH[{bl 3aHHUMAET OJHH MAIUHHHBIA HHKIL.
B apyrux ciy4asx BpeMsi BBIIOJHEHHUS
KOMAH/Ibl BBIPAXKaeTCs BEJHYHHOM, pPaBHOH
obmeif JUIHTETBLHOCTH COOTBETCTBYIOILETO
YHCNA MAIUMHHLIX UWKIoB. [lockonbky B
HAIIEM [pHMepe MAallHHHBIH LUK COCTOMT
U3 YeTHIPEeX TAKTOB, a4 €ro IMpOoJOJDKHTENb-
HOCTB, CJIe/IOBATENILHO, PABHA YeTBIPEXTAKT-
HOMY MEPHO/IY, TO MO BLIOpAHHOH TaKTOBOMK
4ACTOTE MOXKHO CYIHTh O ObICTpOAEHCTBHH
MHKpOIpoleccopa. B npunmmumne 4em Bbilie
TaKTOBas yacToTa, Tem bosee bricTponeiicT-
BYIOIIIHM siBJsieTcss MuKpomnporneccop. Ilo
JUTHHE aJiPECHOTO CJIOBA MOXHO YCTAHOBHTE,
BbIOOPKY KAKOro 4HCJA SYeeK MaMSTH, HIIH
COOTBETCTBEHHO IPYIII TAKHX S4€eK, MOXKHO
OCYLIECTBHTh TpsMbiM myTem. [Ipu amune
agpeca 8 paspsaIoB 3TO YHCJIO PaBHO
2% =256, a 16 paspamop — 2'® = 65536. B
HACTOSIIEEe BpeMs MaKCHMallbHAasl [UTMHA al-
peca mnpesbimaer 20 paspszoos. Ilpu stom
HUMeeTCs BO3MOXKHOCTD JUTSA NIPSMOIl aipecHON
BLIOOpKH OoOJlee MHJLIHOHA SYeeK NaMSATH.
KomaHabl KOOAHPYIOTCS TOYHO TAK ke, KaK #
MAIlHHHBIE CIIOBAa, OJHAKO MOTYT MpHMe-
HATBCS W TAKHe KOMAH/IbI, KOTOPbIE COCTONT
M3 HECKOJBKAX MALIMHHBIX CJIOB. Muxpo-
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MPOLECCOPLI CaMbIX Pa3HBIX KOHCTPYKIHHA B

HACTOsIIIEe BpEMsl BLITYCKAIOT MHOIHE

tupmet. ITo NpoH3BOAMTENBLHOCTH 3TH HPH-

OOpBI MOXKHO pa3eNuTh HA HECKOJIBKO KJlac-

cop. [lpumepoMm MHKpompoleccopa HH3-

HIET0 KJIacca MPOU3BOMHTEILHOCTH ABIACTCS

U808, xoTopbiii BbimyckaeTess DphypTCKHM

paguozaBonoM. JHHa ero MallmHHEOTO CJ10-

Ba cocTasisieT 8, a aApecHoro — 14 pa3psaos.

On BeimosHseT 48 pasnnvHbIX KoMaHa. Bpe-

Msl BBITIOJIHEHHS OTHONH KOMAaH/IbI COCTABJIs-

er 12-44 mxc. Jns wmsrotosnenus USO8

HCTIONIB3YETCA  TEXHOJIOTHS  p-KaHaJbHBIX

MOII-Tpanzuctopos. pyroit MHKpoOmpo-

meccop Toro ke 3asojga-—npubop U880

(Z80). On oTHOCHTCS K Kjaccy cpeaHeit npo-

H3BOJHUTENILHOCTH, ONepupyer 8-pa3psiHbl-

MH MAIIMHHBIME U 16-pa3psHbBIMH ajipec-

HBIMH cJIoBaMHu u obnagaer Habopom u3 158

koman, Bpems BeInOIHEHHS OJHOH KOMaH-

OBl COCTaBJAET HECKOIbKO MHMKPOCEKYHI

NpH MHHHUMaJIbHOM 3Ha4weHun 1,6 mxc. Ha

puc. 47 npuBezneHa ysenWueHHas (oTorpa-

(husi MOJIYNPOBOAHUKOBOIO KPHCTAJLIA MHK-

pomnpoueccopa U880. Ota UC primyckaercs

B IJIACTMACCOBOM Kopiyce, umeromem 40

ITHIPLKOBBIX BLIBOAOB. ['OTOBBIH MHKpO-

npoueccop u3o0paxken Ha puc. 57.

Ha 16 BuiBomoB nmpubopa BblgaeTcs aj-
pec ansi oOpalleHus K BHEIIHel NaMATH,
BOCEMb BBIBOJOB CJIyXaT [UIsl BBOJA-BLIBOAA
JAHHBIX, OMH TIpe/HA3HAYEH [UIA MOABOJA
pabouero Hanpsokerus (5 B), eme omuH Hc-
NOJL3YeTC U COeNUHEHHS € BHEIIHAM
TAKTOBBIM I€HEPATOPOM, 3aJAOIIMM YacTO-
Ty CJIE[OBaHHSI TAKTOBLIX MMIIYJIbLCOB, paB-
Hyto 2,5 MI'n (npu MakcumanbHOM 3Ha4e-
Hul 6 MI'm). Yepes ocrajbHBIe BBIBOJBI B
MHKPOTIIPOLIECCOP BBOAATCA CHENHATbHBIE
ciyxeOHble KOMaHIBI, Hanpumep Tpebopa-
HHE NIPEKPATHTh BHIMOJHEHNE TEKYIIeH Mpo-
rpaMMBI (3anpoc npepsiBanus). [pyrue Boi-
BOJbI CIIYKAT JUIA BhIAaYd HHPOpPMAIMH O
COCTOSHHHM MHKponpoueccopa. Huxke npu-
BOJATCA HEKOTOPBIE KOMAHIbI MHKPOMPO-
neccopa U880.

- Komanzpl, ¢ NOMOLIBIO KOTOPLIX 8- HIIH
16-pa3psnoe CIOBO MepeIaeTcs U3 BHEMI-
Hero 3Y BO BHYTPEHHIOW MaMsiTh MHKPO-
nporeccopa.

— Komanasl obmeHa cofiepKHMBIM PErHcT-
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POB, C MOMOIILIO KOTOPBIX OCYLIECTBIACT-
csa obmen uHpOpManMEH MeXOY IBYMs
PErHCTPAMH TaMATH MHKpPONpOIeccopa.

— KoMmaH/Ipl BBITOJTHEHUS apHPMETHIECKHX
U JIOTHYECKHX omepanmii ¢ asyms 8- HIH
16-pa3paHBIMH YHCIAMH.

— Komanabel nepejaud ynmpaBleHHs, C IO-
MOIIBI0 KOTOPBIX MOXHO H3MEHSATH IO-
PSAOOK BBIMOJIHEHHS! CEpUH KOMaHI IIpO-
I'PaMMBL.

— Komanzsl BBoJia M BBIBOJA.

Veenuuenne OBICTPOAEHCTBHA MHKPO-
nponeccopa U880 mo cpaBHEHHIO ¢ MHKpO-
nponeccopom U808 mocTHruyTo 3a cuer me-
pexojia OT TEXHOJIOTHH p-KaHanbHBIX MOIT-
TPaH3HCTOPOB HA TEXHOJIOTHIO N-KAHAJIBHBIX
MOII-npubopos. B cBsA3M ¢ 3THM HOJIE3HO
BCIIOMHHTBL 3aMe4yaHHe M3 IVI. 3 0 TOM, 4TO
3JIeKTPOHB! 00sajaloT Gosiee BHICOKOH CKO-
POCTBIO, €M IBIPKH.

IIpuMepoM MHKpPONpOLECCOpa BHICIIErO
Kjlacca NPOH3BOJUTEILHOCTH MOXKET Ciy-
*uTh npubop 8086 dpupmer «MuTem» (CILIA).
On ocymiectriseT 06paborky 16-pa3psaHbix
MAIIMHHBIX CJIOB, NPUYEM [UJTHHA aJPECHBIX
CJIOB 3/I€Ch TaKxke paBHa 16 paspsmam. Pabo-
Tas HA TakTOBOil wactore 5 MI'm, muxpo-
npoueccop 8086 BHIOJHSAET CIOKEHHE IBYX
8-paspsagabix umcen 3a 0,6 mrc. K wmemy
JIPYTHX BBICOKONPOH3BOIUTENbHBIX 16-pa3-
PSAIHBIX MEKPOIIPOLIECCOPOB MOXHO OTHECTH
npubopsl 68 000 pupmer «MoTopona» u Z80
¢upmel «3aiimor». DphypTCKHil paaHo3aBo
B CBOIO Odepelb NPHCTYNHI K BBIIYCKY
16-pa3psaHBIX MHKpPONpPOLECCOPOB, HOCH-
mux obosznayenne UB000. ITepeeiMu mocty-
NHBIIAMH B MPOJaxy 32-pa3psaHbIMA MHK-
ponponeccopaMu Obum 1APX432 ¢upmbl
«HMurem» u Z80000 dupmsr «3aitnor». 16-
pasps/iHble MHKPONPONECCOPhI Npe/ICTaBIs-
10T coboii takme MC, koTOphle mo BceM
NPU3HAKAM ONTHMAJILHO MOIXOMAT IS pe-
LIEHHs MHOTHMX NPAKTHYECKHX 3aJa4 B 00-
nactu obpabotkn unpopmanmu. Hecmotps
Ha 3TO, UM He yJIaJI0Ch BBITECHHTL 8-pa3pal-
HBIE MHKPOIPOIECCOPEI, MO-MPEKHEMY 3aHH-
MAIOMINe [JOMHHUDPYIOIIEE [OJIOXKEHHE, H
clepkaTh pocT COpoca Ha Jpyrue, B MepBYyIo
ouepens 32-pa3paaHbie, MHKPOIPOIIECCOPHI.
B To e Bpems 4-paspsaHblii MEKpOIpoIec-
cOp, MO BCEH BHAMMOCTH, MOJHOCTBIO MOTE-
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psn ceoe 3HaueHue. B obuiem obneme mpo-
J1aX ele coBceM HexaBHO 90% npHxoaniIoch
Ha 8-paspannsie n 10% —Ha 16-paspsgHbie
MHKPOTPOIECCOPBI.

Mukpo3dBM

MHuxkpornporeccop MoXeT BHINOJHATE (QyHK-
WM HeHTpajbHoro npouneccopa (LIIT) mpo-
IPAMMHPYEMOTO KOMIBIOTEPA. Y KPYITHBIX
OBM yxe ceromus LII1 npeacraenser coboii
cbopky u3 bonsmoro uyacna oraensusix UC,
cpelH KOTOPBIX, BO3MOXHO, HMEIOTCA H
mukponponeccopsl. 9th UC obbenunsiorcs
B cOOPKY ¢ HeNBIO MOCTPOEHHA OAHOM DoMb-
IIOH CXeMBL, B TOM HYHCJE W CXEMBI IIEHT-
pansHoro nmponeccopa. Ecnm xe LIIT cocto-
UT JHIIG A3 OJHOH HHTET PalbHOH CXEMBI, a
HMEHHO MMKPONpPOLECCOpa, TO TAKOH KOM-
NBIOTEp Ha3BIBAIOT MUKpoDBM. Ecnu B3aTh
16-pa3psanasbll MEKpOTpOINECCOP W HA €ro
ocHoBe cobpate LI, To ero mpowusBomm-
TeNBHOCTh MPAKTHYECKH CPaBHACTCA C MPO-
W3BOAMTENILHOCTEI0 MHHH-DBM. Pacemort-
puM  Tenephb bosee noapobGHO CTPYKTYPY
MHKpODBM. Kpome MEKpomnpomneccopa B ee
cocTtaB BXoasaT 3V juis xpaHeHus uHpopMa-
mud M nporpammsel.  [lamars Moker co-
cToATh M3 oaHoi uam Heckoabkux MC. B
MuKpo2BM ncnone3yroTes Takke 3aKa3Hble
MUC BBOma u BHIBOAA  JaHHBIX, Hepeladn
ynpaBieHus: 1 oOMeHa JaHHBIMH O COCTOS-
‘Huax. Y nakonen, ans obecnevenus paborts
MUKpoDBM T1pebyercs TakTOBBIH TreHepa-
TOp, €C/IM B MHKPONPOLECCOPE OTCYTCTBYET
Takas BHYTpeHHsA cxema. CrenoBaTeibHO,
MHKpoDBM MoxeT OBITH TOCTpOEHA M3
HeDONBIIOro  YMCIIa HMHTErPAJBHBIX  CXEM
(puc. 63). Cozmanmem mukpoDBM, 6esyc-
JIOBHO, [OJIXHBI 3aHAMATHCH CICHHATHCTEI,
OIHAKO Te OTPAciH NPOMBIILICHHOCTH, KO-
TOpEBIE 3aHMMArOTCH BbinyckoM 2BM, npoc-
TO HE B COCTOSIHMH BBIIOJHATH paboTsl 1Mo
NPOEKTHPOBAHHIO H H3TOTOBJIEHHIO MHKPO-
OBM. [loatomy paccMaTpHBAeMyK) HAMH
MHKpoDBM MOkKHO OXapakTephu30BaTh Kak
YCTPOHCTBO, M3IOTOBHTH KOTOpOE, HE MpH-
Geras Kk mOMOIA  (PUPM-H3rOTOBHTEINEH
KOMIBIOTEPOB, CHOCOOHA caMa MHKPOIJIEKT-
POHHas TIPOMBIIUIEHHOCT, OCTABHB Ha 10-
O NOTPedHTENA NINIIL BBINOJIHEHHE pAla
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MOHTaKHBIX omepanuii. B kxauecrse mamsaTH
MEKpoDBM ucnonssytores tonbko 3VIIB,
TAK Kak JaHHBbIE TpeOyeTcs M CYMTLIBATH, H
cHOBa 3anuchiBaTh. Bo Bcex Tex ciyuasx,
KOIrla MpOorpamMma MEHSETCSi OTHOCHTE/ILHO
penKko WiH ke BooOlIe He MeHseTcs, Npo-
rpaMMHas TaMATh MOXKET ObITh OpraHu3o-
sana B Buge [13V, I1M13V u CIIM3Y. Ilpn-
MEHEHHME MOCTOSHHBIX 3Y rapaHTHpyeT co-
XPAHHOCTH TPOrPAMMBI TIPH BBIKJIIOYEHUAX
MEKpo2BM. Hepenko nporpamMmuas mna-
mATE npexcrasiaena 3VIIB, uro nossonser
MPHEMEHATh B MHKpoOBM obmyio namsarb
JiNA XpaHEeHWs! JaHHBIX H KomaHa. B moGom
clyyae B Ka4yecTBE APXMBHOH MaMATH MpH-
XoauTcs 00pallaThes K MAarHUTHOMY HAKO-
MATENIO, KOTOPLIA rapaHTHPYeT COXpaH-
HOCTH MPOrpaMMbl B CIy4ae BBIKJIIOYCHUS
komnbsroTepa. CBsA3b MEXKAY NaMATBIO, yCT-
poliCTBAMH BBOAA-BBIBO/A W MHKPONpPOIEC-
COPOM OCYIIECTBISICTCA HEPE3 OOUVIO UUHY
H CBOAHMTCA K oOMeHy uH(opMaumeii B dop-
Me YIpaBIsiONIMX CHIHAJIOB, JAAHHBIX W al-
pecoB. Kongurypauus 5Toil IIHHBEI MOXKET
ObITh pasHoii. B Hacrosinee Bpems Ooub-
UIHHCTBO MEKpODBM ocHaleHo oTHenbHbI-
MH IHHHAMHE UL KaKI0ro U3 MepevnciieH-
HBIX TpeX BHAOB MHOOPMAIMH, T.€. yApas-
asrowgeit, undiopmayuonioit B aopecroi 1n-
mamu. Cxema norokos HHGOpMAIMHE B MHK-
po2BM ¢ Tpems pasgenbHbBIMH IIHHAMH
nokaszaHa Ha pHc. 64.

Teneps Ha mnpuMepe CIOXKEHHS JABYX
8-paspsaHbIX JIBOHYHBLIX YHCEN TONPoOyem
JIeTalbHO PACCMOTPETh TOPSAOK paboTsl
mMuKpo2BM (puc. 65). B nannom ciayyae Mbl
He OyZeM OpHeHTHpOBAThCs Ha KaKyr-Hbo
KOHKpeTHYI0 Mozens muakpo2BM. Kpome
TOTO, NPHAETCH NPHHATHL PAI YIPOLICHAN
OTHOCHTEJIBHO OcoOeHHOCTEH ee paboThi:
HaM Belb BaXHO pa3o0paTbca B npuHyunax
(pynkmmonnposanus. Ho ana toro 4robmbt
BCE K€ MpHIATHL HAIEH TIHUNOTETHIECKOH
MHKp0DBM peansHBIe 4epThL. Oyoem cym-
TaTh, YTO JUIHHA MALIHHHOIO CIOBA COCTaB-
ngeT 8 pa3spAnos, AMHHA aJIPECHOTO CIIOBA —
16 paspsanoB, B KauecTBe NaMATH IS XpaHe-
HHA JaHHBIX Hcmonb3yercs 3VIIB, a mna
nporpammsl —[13Y. Kak u B cxeme Ha puc. 64,
B paccMaTpHBaeMoii MuUKpo2BM uudopma-
ITHOHHAS W aJipecHas IIMHBI SBIAIOTCH pas-
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Puc. 63. INeuatnas nuata mMukpoDBM. Cxema seisercs moayneM Kommnekra K1520, Brmyckaemoro
komounatoM «Poborpor» (I'AP).
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Puc. 64. ITotoxkn mHdopmanuu B MukpoDBM c
TpeMs IIHHAMH.

IenbHBIMH. Byaem cumTarh, 4TO mepBoe H3
HOUIEKAIIMX CIAOKEHHIO JBOHYHBIX 4YHCE]
OBUTIO 3amHcaHO B TEpByH 8-pa3psiaHyro
siueiiky 3VIIB, BTOpoe 4HCIIO—BO BTOpYIO
AYEHKY, a pe3ylbTaT JOJKEeH OLITh MOoJyvyeH
B TpeTheid. [lepeHoca npu clI0KeHHH MOMKET
u He ObITh. ITporpaMmMuoOe obecneyeHne orme-
pAlAA CIOKEHHS COCTOMT M3 TpeX KOMaHI:
nepeas komaHaa TpebyeT mepenarb colep-
JKHMoe nepBoil 8-paspsiaHON siMelkH B 3a-
JAHHBIH DErucTp MHKpOIpoleccopa, BTO-
pas—npuOaBHTh YHMCIO M3 BTOPOM SYEHKH
OaMATH K COOEPKUMOMY 3TOIO Perucrpa u
HANIPABHTBL pe3yJIbTAT ONEpalid B TOT XKe
perucrp, a TpeTbd KOMaHIa NPHKA3bIBAET
nepeiaTh COAEPKHMOE 3TOr0 pErAcTpa B
TPeTbI0 s4eiiky. DTH TpPH KOMaHBI, T.E.
3aKOJMpPOBaHHbIE O0003HAYEHMS OTEpAIHI,
BMECTE C COOTBETCTBYIOIIMMH aJpecaMu
ONEPAHIOB B BHJE CEPHH JAaHHBIX 3alHCHIBA~
rores B [MM3Y. [lis 3anucu oQHO# KOMaHIbI
OCTATOYHO Tpex 8-pa3psiiHBIX MALIHHHBIX
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cnoB, T.e. Tpu Oaiita mamsatu. Opun Gait
Tpebyercs And KoJa onepanuu H asa Oaii-
Ta— s ajpeca onepanaa. Takum obpasoM,
OPOrpaMMy CJIOKEHHS MOXKHO MOMECTHTH B
HeBsATH 8-pa3psiHBIX s4eiiKax —c MepBoi no
nesaryto. IIpu sTom mepBas koMaHna pas-
Melaercs B sgueiikax 1, 2 u 3, BTOpas—B
sveiikax 4, 5 u 6 u TpeThs B A4eiikax 7, 8 u
9. ITocne Brmoyenus MukpoDBM B cueTyn-
Ke KOMAaHI YCTAaHABIMBAETCs aJpec NepBoil
KOMaH/bI, T.€. COJEPKHMOE MEpPBBIX Tpex
8-paspsaausix sueex II13V, IlepBbiM TakTO-
BBIM HMITYJIbCOM Mukpormpomueccop u ITI3Y
NOAKJIIOYAIOTCA K aapecHol mmHe. Yepes
Hee MHKpONpoLeccop Iepenaer Jauee B
[III3Y anppec, yCTaHOBNGHHBIH B CHETHHKE
KOMaHZ. AJIpecHbIi HMIIyJbC OTIHpAaeT Ie-
M, COEJHHAIOLINE BLIXObI CYHTLIBAHUSA ajl-
PECOBAHHBIX sYEEK NMaMATH C IUMHOH JaH-
HbIX. BTOpOif TakTOBBIH MMIYJLC OTCOEIH-
HSeT MHKDONPOIECCOP OT a/IpeCHOH MINHBI 1
MOJAKJIFOYAET ero K HH(GOPMAalMOHHON LIMHE.
B pesynbTaTe conepkMMoe ampecoBaHHBIX
seek TIT13Y, 1. e. 8-paspsaasbix sveek 1, 2 u
3, B KOTOPBIX COJEpXHUTCA MepBas KOMaHIa
MPOrpaMMBI CJIOKEHHS, MepefaeTcs B MHK-
ponpoueccop mno HHGOPMAIMOHHOH [IMHE.
Tam 3Ta cuuTaHHAs KOMaHZA 3aTIOMUHAETCH
B permcTpe kKomaHael H oOpabarteiBaercs
mexoxepoM. Temeps MokeT ObITH HavaTo
BEITIOJTHEHHE caMoil komauabl. OHO HadMHa-
ercsi C MOCTYIUIEHHS TPEThEero TAKTOBOTO
HMITYJIbCa, B CBOKO O4€pellb CHOBA OTCOEIH-
HSIOIIEro MHKpOIpoIieccop oT uadGopmaim-
OHHOM MIHHBI W TOJKIIFOYAOMIETO €ro K af-
pecHoii e, Kpome Toro, ocymectsiusercs
noakmouenue 3VIIB k anpecuoi mmue, a
MII3Y ot sroil mmHLI OTCOenMHseTcs. B
HTOre a/IPECHBIN HMIYJILC OT MHKPOMpPOLIEC-
copa 1o aapecHoil mHHe nocrynaet B 3VIIB
H BO30YKIaeT Lenu, CoeJHHSIONIAE BEIXOIbI
CYHTHIBAHHS AJPECOBAHHBIX AYeeK NaMSATH,
e nepBoit 8-pazpsaaHoi AYCHKH
3VIIB, ¢ uHpOpMAaMOHHON mMHHOMN, YeTBep-
ThIi TAKTOBBIM MMITYJIbC IIEPEKIFOHAET MHK-
poripoleccop ¢ agpecHOl MHHBI Ha HHbOp-
MalnoHHY10. B pesynsraTe comepxumoe aj-
pecoBauno# sueiiku 3VIIB, 1. e. mepBoe gBO-
MYHOE 4YHCIIO, Yepe3 HHOOPMAUHOHHYIO ILH-
Hy MepexaeTcis B MHKpoIponeccop. 3aech
OHO HATNpaBJseTCsd B PErHCTP, KOTOPBIH yKa-
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Puc. 65. Vnpouennas cxema (yHKIHOHMpOBaHHS MHKpOOBM. Vnpasisiomas 1mMHA He nokazaHa. B
nepBeix ABYX TakTax n3 3V mukpoDBM Bri3kiBaeTCH KOMAaHId, MOCIE Yero OCYIECTBISETCH ee
JiexoupoBanue; B oboux nocneanux takrax u3 3Y muxkpoDBM BhI3BIBaloTCH JaHHBIE, HEOOXOMHMBIE
JUIS BBITIOJTHEHHA KOMaH/Ibl, # MHKpODBM BhINOJHAET KOMaHIY.

3aH B TOM Y4CTH KOMaHIBI, KOTOpas npei-
cTaBisger onepaHn. TeM caMbiM HepBas
KOMaHIa OKa3bIBAETCS BBLINOJHEHHOMH, a
NepBbIH MAIIMHHBIA IHKJI 3aBepIICHHBIM,
Cnenyer nobaBuThb, 4TO BTOPOH TaKTOBBIH
HMITYJILC HA EAHHHIYY YBEJIHYHBACT COHNEPXKU-
Moe cdeTdynka komasn. CrenoBaTelbHO, K
Havgaay BTOPOTO MAILIMHHOTO IIMKJIA B CHET-
YHKe KOMAaH/I OKa3bIBAETCHA YCTAHOBJICHHBIM
ajgpec BTOpoH komaHiel. B mepBom TakTe
BTOPOTO [HKJIa MHKPONPOIECCOP MO ajpec-
HO# mmHe mepemaer 3ToT aapec B IIM3V.
ConepxuMoe aJpecOBAHHON AYeiKH, T.e.
BTOpas KOMaH/a, No WHHOPMAIHOHHOH 1114-

HEe TOCTYNMaeT B MHKPOINPOIECCOP H TaM
JIeKOUpYeTCs, IMOCJHe Hero ¥ HAYMHAETCH
coDCTBEHHO BBHIMOJHEHHE BTOPOH KOMAaHIBI.
JanbHeiilnee omMcanue MOPSIKA OMepanmi
MOJKHO ONYCTHTh, Tak KaK MOBTOPSAIOTCS BCE
paccMOTpEHHBLIE BBIIE IIATH A0 TeX Mop,
noka He OyIeT BEIIOJHEHA BCA NMpOrpamma.
Ecnu jke K MEKPOTpOLECCOPY Yepes yCTpoii-
CTBa MApaJuIeIbHOTO WM MOCIE10BATEIbHO-
ro BBOJA-BBIBOJA NOAKIIOYAIOT MevYaTaro-
mee MM Kakoe-TuO0 HHOE BBIXOIHOE YCT-
POHCTBO, TO € TMOMOUIBIK pAJa JOMOJIHH-
TeTbHLIX KOMaH MOXKHO OpPraHH30BaTh BbI-
gadqy pesyjasTata B ONpeneneHHON (opme.
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Kak u npu BBINOJHEHHWH APYTHMX KOMAHI,
Takas Bblgaua MHQOPMAIHH OCYIIECTBISACT-
¢s O MHKPOIPOIECCOPHBIM YIPABICHHEM.
B omnpeneneHHBIX ciydasix Ui TAKOTO Bbi-
BOJIA JAHHBIX Tpebyercst CIMIIKOM MHOTO
BpEMEHH, MOUYEMY B HEKOTOPBIX MHKpoDBM
M [Ipe1ycMATPHUBAETCS BO3MOKHOCTL CKOPO-
CTHOTO TOJIyYeHHs HH(pOpMAIHK W3 MAMATH
B obxox Mukpomnponeccopa. Ho mis sroro
HYXKHA CXEMa TaK HAa3BIBAEMOIO HNPSIMOIO
JlocTyna K maMsTH.

Hamm paccykaenns, Kacarommecs NpHH-
uuna paborsl MEKpoDBM, MBI XOTHM 3a-
KOHYHMThL HEKOTOPBIMH 3aMEHaHHSMH 0OIie-
ro xapakrepa, B Oousibluell MM MEHbIIEH
CTEMNEHH OTHOCHILLHMMHCA KO BCEM COBpPCMCH-
HBIM KOMIbioTepaM. Bo-nepBbix, Bce OHH
obnanator obwei crnenudukoi obpaboTkn
KOMAaH/I M JaHHBbIX, B 4eM Mbl cMorin ybe-
JUTHCA HA TPHMEpPE ONHCAHHUS MPOCTEHIIEro
BapuanTa MEKpODBM. [/lanHble H KOMaHIbI
obpabaThiBaloTCAd OJIMHAKOBBIM 0Opazom.
Komanbl, mnpeactaBieHHbIe MAlIMHHBIMH
C/IOBaAMH, HEpelaloTCs [0 TOW XKe IIHHE, YTO
W JaHHble. DTO onpejeneHHbIM o00pa3om
CKa3bIBaeTCs Ha NpHHIMIE QyHKIHOHHPOBA-
Hus nomobueix DBM. Tak, nanpumep,
KOMAaH/1bl MOKHO NOJIBEPraTh apmj}mmnqcc»
Kol oOpaboTke, H OHY YaCTh TPOrPAMMbIL
MOKHO HM3MEHSTh C TMOMOILUBLIO APYroi ee
uacTd. OTKpbLI 3Ty ocobennocTh [xon don
Heiiman, nmovemy cosBpemennyio DBM He-
PEIKO WM HA3bIBAKOT «BBIYMHCIHTEILHOM Ma-
HIHHOI ¢ apxuTekTypoil (on Heiimana». W
BCeE ke C 9THM NPHHIUIOM CBA3aHa IJIaBHBIM
obpaszoM He aHaJOTHYHOCTH ODOpaboTkh
KOMaH/l M JIaHHBIX, a JIpyras ocobeHHOCTh, ¢
KOTOPOH MBI YK€ CTaJKHBAJINACH, 3HAKOMSACH
C TNPOCTEHIIAM KOMIMBIOTEPOM, a4 HMEHHO
nocjae0BaTe/IbHAA BO BPEMEHH OYEPEIHOCTh
BBITIOJIHEHUS OTAEAbHBLIX onepamnuii. B iro-
Goii onpeeneHHbIH MOMEHT BPEMEHH Takas
OBM Bcerjia BBINONHSAET TONBKO OJHY OIe-
pauuio, 0OBEKTOM KOTOPOii ABJIAETCH OIHO
MaliuHHOE cnoBo. B cienyromed riase Mbl
elle pas BepHeMCH K 3ToMy Bompocy. TpeTs-
eit ocobeHHOCTHIO Hamleld MukpoDBM, na u
JIPYTUX 3JIEKTPOHHBIX BBIYHCIHTENBLHBIX Ma-
IIMH, ABJIAETCS TO, 4TO Kpome obpaboTku
MaimHEHBIX cioB B LIIT tam ke momken
BBITOMHATHCS LENBIH Psijl APYTHX onepanmii,

naea 6

K KOTOPBIM OTHOCATCSl TakKue, Kak ympasje-
HHe nepenaved KOMaHI U JaHHBIX H3 Mamsd-
TH, ONpeJeNeHHe a[pecoB fUEeK MaMATH M
T. a. Ha BeINONIHEHKE ITHX ONepaliyid, Ciryxa-
HIHX TOJBLKO [UIS OpraHM3allid mpolecca
06paboTku HHpOPMALMH, YXOIHT NPUMEPHO
JaBe TpeTH mammHHOro spemenun. Cama 006-
paboTka HHGOPMAIHHK, H 3/1eCh MBI 3aTparu-
BAEM YETBEPTYIO OCOOCHHOCTH KOMIIBIOTEPA,
COCTOMT B TOM, 4TO norudeckue H apudme-
THYECKHE OINepallyl BBINOJHAIOTCA JIMIIL C
eAMHULIAMA W HyJsiMH, Hanpamep 0 wim
l=1L,14+0=1L1+1=2HuT4., T.6. MBI
AMeEEM JIeli0 ¢ TAKHMH ONepaiusiMH, KOTO-
phie He MPEJCTABISIOT CIOKHOCTH Jaxe U
pebenka. HecMorpsi Ha 3TO, KOMIBIOTEP
cnocobeH, Kak U3BECTHO, NMPOSBIATH yIHBH-
TEJbHBIE «YMCTBEHHBIE» criocobHocTH. On-
HAKO TYT TPeDYOTCs HEKOTOPBIE MOSICHEHHS.
Pemias mocraBieHHYIO 3ada4y, KOMIBIOTEP
IUAT 34 IWATOM CHHXACT ee NEPBOHAYANILHYIO
CJIOKHOCTh, T.€. pacuJieHAeT Ha Pl MeHee
CJIOKHBIX 3a/1a4, KaXk/1as U3 KOTOPBIX B CBOKO
o4epenb apobutes Ha eule Dosiee MPOCTHIE H
T. 1. DTO NpoJoKaeTcsa 40 TeX Mop, MoKa He
Oyaer MOCTHUIHYT CaMblifi HU3KHH YpOBEHb
CJIOKHOCTH, HA KOTOPOM BCE CBOIHTCH K
BBITIOJTHEHAIO apH(QMETHYECKHX M JIOTHYec-
KHX ONepanuii HAJ JABOWYHBIMH HYJISMH H
emuannamvu, KosmvecTBo TakHX onepauii
Ype3BLIYANHO BEJIMKO, 4 IMOTOMY [daHHBI
MO/AXOJ MPHEMJIEM [IPH OJHOM YCIOBHH: BCE
9TO OI'POMHOE YHCIO JEeHCTBHIl A0KHO
OCYLIECTBISATHCA C HCKIIIOMUTEIBHO BBLICOKOI
CKOPOCTBIO U coBeplienHo 6e3 ommbok. Cek-
peT YIAHBHTECILHBIX «HHTEJJICKTYAJIbHLIX»
cnocobHOCTEeH KOMIILIOTEPA, CJIe0BATEb-
HO, 3aKJIFOMaeTCs B TOM, 4TO Mpocteiiimne
OmnepanuH OH BHINOJHAET HeBoobOpasumo
OBICTPO, ¢ MpeieNbHONH TOYHOCTRIO U B I'po-
MagHOM KoimyectBe. Yenoseueckuid Mo3r
CIpaBIAETCS € 3JEMEHTApHBIMU ONepanus-
MH HAMHOI'O MeJUIEHHEE, OIHAKO CAMHM 3TH
ONEpaluy ropasjio CIOXKHEE.

Pacckazap o moOCTpoeHHMH M NPHHIHOAX
(D)YHKIIMOHHPOBAHUS KOMIBIOTEPOB, B Tep-
BYIO oOuepelb, KOoHeyHO, MukpoIdBM, pac-
CMOTpHM TeNeph BONPOCH HX NPHMEHEHHSA,
HA4YaB ¢ NPOrpaMMHPOBaHMA. 3aTpaThl Ha
nporpaMmupoBanune Mukpo2BM Becbma Be-
JIHKH — BO BCSIKOM ClIy¥ae, 3HAYHTENLHO BbI-
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[ie, 4eM Te, K KOTOPBIM MbI [TPHBBIKIIH, HMest
[eJI0 ¢ MPOrpaMMHPYEMBbIMH MHKPOKAJIbKY-
ngTopaMH W OBITOBEIMH KOMITBIOTEPAMH.
[lpun pabore ¢ Mukpo2BM B Xoje Hamnuca-
HES gaxe HeOOMBIIHX MPOTrPaMM HE CHUHTA-
IOTCS BBICOKHMH 3aTPAThl BPEMEHH HA TIPO-
rpaMMHpPOBAHHE BCEro OAHOH KOMAHJIBL, CO-
crasysiouue 30 mun u 6osee. MoxHO cka-
3aTh, YTO B CPe/IHEM C Y4E€TOM BCEX MOJro-
TOBHTEJILHBIX M JIOTMOJIHHTENBHBIX paboT
O/IAH TIPOTPAMMHECT LIS POrpaMMHpOBa-
mug 5-10 xomaHn TpaTHT Henblil pabounii
nenb. CTONL BBICOKHE TPYAO3aTPaThl CBA-
3aHBl C T€M, YTO TPOrPAMMHPOBAHHE MHK-
poDBM HeoOXoamMoO BeCTH HAa MAlIHHHOM
a3bike. Cka3aHHOE O3HAYAET, YTO B MpOIEcce
NpPOrpaMMHPOBAHNS MOTYT MCIOJIb30BATLCH
TOJILKO T€ KOMaHIBI, KOTOpbIE BXOAAT B
CHCTEMY KOMAHJ MHKPOIIPOIIECCOPOB M pac-
CYMTAHbI HA HETIOCPEACTBEHHOE BHIMOJIHEHHE
uMH camumu. Kak Mbl yxe Buaenu InpH
pazbope ocobeHHocTell paboThl MHKPOIPO-
reccopa, KOMaH/Ibl €ro penepryapa B OCHOB-
HOM OPHEHTHPOBAHBI HA ONEPAIHH HA IBO-
HiHBIMH uHcaamu. M ecnm, manpumep, npe-
AYCMOTpPEHa KOMaHZa CIIOKCHHS JIBYX IBO-
MMHBIX YHCEN, TO KOMAaH/a CIOXKEHHs ABYX
JAecATHYHBIX umcen orcyrcrByer. Mmenno
IS pellleHHs TakKuX HPOCTEHINMX 3adad M
HEeoOXOJMMO COCTaBIAThL HeGonbILMe Npo-
rpaMMBl, COCTOsIIHE U3 GONBIIOro YHCIA
otaenbHbIX 1waros. [Ipu stoM crenmduyec-
KHE KOMaH/Ibl BEIPAKAOTCS MO0 COOTBETCT-
BYIOIIHMH JIBOHYHBIMH KOJaMH MHKPOIIPO-
neccopa, JHO0 MHEMOHHYECKMMH COKpalle-
HHSIMH Ha ECTECTBEHHOM —B OOJILILIMHCTBE
CIy4aeB AHIJIHHCKOM — S3bIKe  (HAIpHMEP,
ADD - cioxenue, JMP - nepegava ynpasie-
HHSA), UMEIOILUMH OJIHO3HAYHOE COOTBETCT-
BHE C JIBOMMHBIMH kojamH. Bes coBokym-
HOCTh 9THX COKPALICHUI UMEHYETCH A3BIKOM
accembiepa. Takum obpa3oM, s3bIK acceMb-
Jepa B CYIIHOCTH mpejcTapiser coboi ne
YTO HHOE, KAK MHEMOHHYECKH YaI06HYyI0 dop-
MY MAIUHHHOTO #A3blKa Ui OOIIeHHA C
MHKPODBM.

Jis nporpamMupoBauns Goapumx DBM
BMECTO MAIIMHHOIO A3BIKA MOIYT, KaK M3-
BECTHO, TIPHMEHATBLCS A3BIKH POIPAMMHPO-
paHus Oojiee BBICOKOTO YPOBHS —TaK HA3bI-
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BAEMBIC SA3BIKM TPHKJIAJHON OpHEHTALNH,
cpeiM KOTOPBIX MOKHO Hazpath Doprpadx,
IMackane u Kobon, Takue KOMIBIOTEDEI
HMEIOT XPaHALIYKOCS B MX BHYTDEHHel na-
MSATH NPOrpaMMYy-TPaHCIATOP, ¢ TOMOUIBIO
KOTOPO# NPUKJIALHBIE MTPOIPAMMBI [IEPEBO-
OATCH C A3bIKA NMPOrPaMMHPOBAHHMSA BBICO-
KOIO YPOBHS HA MAIIWHHBIH S3BIK, MOHAT-
HBIH JaHHOMY KommbioTepy. Ecimm DBM
MOJIHOCTBIO TIEPEBOANT TPHKIAJHYIO TPO-
rpaMmy Tepell e¢ BBLITOJHEHHEM Ha MAlllHH-
HBIil #3BIK W B 9TOH (opMme momemiaer Ha
XpaHEHHE B NaMATh, TO B TAKOM CIy4ae
NporpaMMa-TPaHCIATOP HOCHT Ha3BaHHUE
Komnuasgmopa. Ecim ke Kakmas KoMaHOa
MPHUKJIAIHO TPOrpaMMEI BHINIOJIHAETCS Cpa-
3y mocie ee npeobpazoBanus Ge3 mpoMexy-
TOYHOIO MOMELIEHNS B NaMATh, TO TOTAd
NpOrpaMMy-TPAaHCIATOD HA3BIBAKOT WHMEp-
npemamopom. I1ocKoNbKY KOMIHASTOP BMec-
Te ¢ mpeoOpa3oBaHHON B MAIIWHHBI KOI
NPHUKIAJHON NPOrpamMMoii HIM COOTBETCT-
BEHHO MHTEPHPETaTOp HeOOXOOMMO pa3mMec-
THTb B OCHOBHO# mamstH DBM. TO 3TO
3aCTaBIIfeT YBeIHYHBATE ee eMKocTh. Kpome
TOro, BpeMms npeobpa3oBanus 0OXoAMTCH
TeM JOpoxke, YeM MeHblle oOpabarsiBato-
mme «MotHoctHy LI KoMmmbioTepa B 4YeMm
MEHBbIIE CTENEHb BPEMEHHOTO Mapaslien3Ma
ucnonssyemeix UC, xoTopslii BBoauTCa U1
[0 KpaiHel Mepe 4aCTHYHOM KOMIIEHCALIMH
TepsieMoit ckopoctH o0bpabotkn. B wHTOre
BO3pacTaloT ¥ 00beM annmapaTHLIX CPEJCTB
KOMITBIOTEPA, H UX CTOMMOCThb. B oTHouIe-
Hun Gonbmmx IBM yke maBHO n0Ka3aHO,
4TO 3TH JeHbrH cebs onpasueBator. Tor
(akT, 4TO JAaHHBIH MOJXO OKA3aJICH IPHEM-
JIEeMBIM B 118 MUKpOD BM, noarsepxaaercs
CYLIECTBOBAHHEM OBITOBBIX, KOHTOPCKMX H
MEPCOHANIBHBIX KOMIBIOTEPOB. DTH KOM-
NbIOTEphl cojepxkar ropaszno Gonasme MC,
4yeM mpocTeiimme MUkpoDBM, nporpammu-
pyeMBble TOJILKO Ha MAallHHHOM S3BIKE, KOTO-
pBle MBI paccMoTpeny Beliue. OaHako, Kak #
B cllydae ¢ mpocreifineii Mukpo2BM, nent-
pasibHBIN mpoueccop ObITOBOrO, KOHTOPCKO-
IO WJIA NMEPCOHANBHOTO KOMIBIOTEPA COCTO-
AT U3 opHoM-exauHCcTBeHHOH MC, a mMeHHO
U3 MHKPOIPOLECCOPA C pa3psAHOCTBIO 00-
pabareBaemoit mHdopmannu 8, 16 wmm 32
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6MT, YTO MO3BONAET OTHECTH MX K Kiaccy
MHKpoDBM. Hmxke Mbl ellle BepHeMcs K
00CyXKAEHHIO ITOTO BONPOCA.

Mukpo3BM Kak KOMNOHEHT
CUCTEMDbI

BEITOBEIE, KOHTOPCKHE M IEPCOHAJNILHBIE
KOMIBIOTEPSLI MpeAHA3HAYEHBl UIs oOMeHa
uH(popMaIHell HENOCPEeICTBEHHO C YeloBe-
koM. O[HAKO HaM XOpOUIO H3BECTHO, 4TO
CYIIECTBYET MHOXKECTBO 3ajay 00paboTkm
uH(OpMaluH, HApPHMEP YIOpaBlIcHHE CTaH-
KAMH Ha [POMBIIUICHHBIX NPEANPHATHSAX,
rje Ha [EpBOM I[UIaHe CTOMT OOMeH HH-
dopManmeii Mex1y KOMIBIOTEPOM H CTaH-
KOM, @ KOHTAKThI C 4eJIOBEKOM OTpaHHYHBA-

naea 6

FOTCSl BCErO HeCKOJbKHMH KoMaHaamu. Ecin
JUIA pellieHns MoZ0OHBIX 3a4a4 HCTOIb3YeT-
ca MHKpoDBM, TO ee npuMeHEHHE HMeeT
JIBE OTJIMYHMTEIbHEIE ocobenHocTH. Bo-nep-
BBIX, Takasgs MukpoDBM He Hyxkaaercs B
noJiHoM Habope ciyxeOGHBIX CPENcTB, KOTO-
pule pazpaboTanbl Ag obecrieueHns ee B3au-
MOJEHCTBHS ¢ 4YeJoBekoM. boibmioi obbem
NPOrpaMMHPOBAHAS HA MAIIMHHOM S3bIKE
HEe MOXeT ObITh NPEensATCTBHEM B JaHHOM
caydae (KpoMme TOro, NporpaMMHpOBaHHE
MOJKHO OCYIIECTBJIATE C TIOMOUIBIO APYrOro
KOMIIBIOTEPA), €CJIH, KaK 9TO Hepeako OhiBa-
eT, camMa pellaemas 3ajgada o6paGoTkm HH-
¢dopmauun BooOIEe He H3IMEHSACTCH HIH H3-
MeHsieTesi HewacTo. KiaBmatypa mis BBOHA
JaHHBIX MOXET HMMeTh OuYeHb Hebosbiume

Tabauya 13. Obnactu npuMeHeHHs MUKpoDBM

l'lpouhnnncm-me YCTAaHOBKH

ITpubopoctpoeHue

Cpeacrpa 0DpabOTKH JaHHBIX
M KOHTOpcKoe obopynosa-
HHE

Caa3b

BriTopas TexHmka

Cranku ¢ YITY, Tkaukue CTaHKH, KOHTPOJIbHO-MCIILITATEIBHOE 060-
PYIAOBAHHE, xonneﬁepme CHCTEMBI, TIOTOYHBIC JIHHHH C 3aJaHHBIM
PHTMOM paﬁom, ABTOMATHYCCKHE B3BCIIHBAIOIIHE YCTpOﬁCI' Ba C
HHQPOBOH HMHAMKAIMEH, CHCTEMBbl ONTHMAIBHOTO pacnpefle/iCHus
9IEKTPOIHEPrdM, THHOrpadickue HabOpHBIE MAIIHHBI, KONMHPOBAIb-
HEIE YCTAHOBKH, NPOMBIILIEHHLIE pOGOTbI

KaccoBble ammaparthl, aBTOMaThl [UIA Mpojaxu OHIeTOB HA macca-
KHPCKOM TPAHCTIOPTE, YCTPOHCTBA yNpaByieHns audhraMu, yeTpoiicT-
BA H3MEPEHHS PACXOIA TOIUIHBA HA KOJOHKAX H PACHeTa C KJIIMEHTAMH
6eH303anpaBOYHEIX CTAHIHIN, PAAHOMOKALIMOHHLIC CTAHIMH, annapa-
Typa /Ui KOHTPO:s COCTOSHHA OKPYRAIOMIeH cpejibl, NpubOpsI j11s
cbopa 1 06paboTky pe3yIbTATOR H3MEPEHHIT HAYMHOIO Ha3HAYEHUS

Iepudepuitnpie ycrpoiicrea Gompmmx 9BM, apToMaTH3HpOBaHHBIC
paboume MecTa ¢ TepPMHHAJIAMH, NPOrpPAMMHpYEMbIE HACTOJIbHbBIE
DBM HayyHOro Ha3HAYCHHS, OJJIEKTDPOHHBIC MHINYIIHE MAIIMHKH,
KOHTOPCKHME KOMITBIOTEPBI, MEPCOHATbHBIE KOMIBIOTEPHI

ATC, cucrembl u3MepeHHif, peryTHPOBAHHA H KOHTPOIA

CrupanbHbie MaIIMHLL, 3MEKTPAYECKHE KYXOHHBIC TUIATBI, [IBEHHBIE
MAlIHHEL, OCY0MOEYHbIE ABTOMATHI, PAIHONPHEMHUKH H TEIeBH30-
Phl, BUICOMTDbI, TEJCBM3HOHHEIE HHDOPMALHMOHHEIE CHCTEMBI, HIPO-
BhIC aBTOMAaThl, OTO- M KHHOANNAPATYpPa C WICKTPOHHBLIM ynpasJie-
HHEeM, OBITOBBIE KOMITBIOTEPHI
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pa3Mephl; B ONpe/esIeHHBIX Clydasx OT Hee
MOkHO BooOmIe oTkazatbes. CnenoBaTenb-
HO, B MHUKpOoDBM Takoro Ha3HauyeHHS He
TpeGyeTcs MHOroe M3 TOTO, YTO OOBIYHO
CYMTAETCH THIIOBBIM oOcHaueHneM IBM.
Bo-BTOphiX, TpebGoBaHHS K BO3MOKHOCTIM H
NPOM3BOAMTENRHOCTH MHKPpODBM  moryr
H3MEHAThCS B IIMPOKHX TpelesiaXx B 3aBH-
CHMOCTH OT oOcoDeHHOCTeH YIpaBiIsfeMOro
CTaHKa HWJIH ycTaHOBKH. Mukpo2BM, Ha-
IpHMEp, MOXHO MOPYYHTH YIpPaBJIeHHE CTH-
pajbHOM MaluMHOM, Korga Tpebyercs obpa-
6oTka OTHOCHTeNBHO HebombuIOro obvemMa
HHQOPMAIHH C [OBOJIBHO HH3KOW CKOpO-
CTBIO, WJIH TMPOKATHBIM CTAHOM, TIe HYKHO
OCYLIECTBJIAATL ONEpPallii C BBICOKOH CKO-
POCTBIO HAJ OYeHb OOJBIUNAM HHCIOM [aH~
HbIX. HeoOXoauMoCTh NMpHHEMAThE BO BHH-
MaHHe 3TH 00CTOATEILCTBA MPHBENIA K TOMY,
yT0 Nofo0OHbIe MUKPODBM Jiub B peaKkux
ciy4asix BBIMYCKAIOTCSH NMPOMBIILIEHHOCTBIO
B MOJHOM KOMILUIEKTe. B GosbIIHHCTBE CBO-
€M OHM MpeAcTaBAlT coboii Habop oTaens-
HBIX KOMIIOHEHTOB, TAK HA3bIBAEMBIX MOJY-
Jieif, U3 KOTOPBIX HM3TOTOBHUTENIb KOMILJICKC-
HOTO TeXHOJIOIHYecKoro obopyaoBaHHS MO-
KeT caMocCTosTeNbHO cobpate MHKpoDBM,
OTBEYAIOLIYIO €ro crenuHyecknM notpeb-
HocTAM. B nanHOM ciiyqae roBopAr o cucTe-
Me Monayneil mis cbopkn mukpodBM. K
TAKMM MOAYJAM OTHOCATCS IpOCTeiIue
MHKpocOOpKH Ha OHOH mmate (pHc. 63)—
cHaOkeHHblE IUTENCENLHBIMH  Pa3beMaMH
0OKH M3 HMHTErpaJbHBIX cxeM s DBM,
pkmogast LI, k KoTopeiM ocTaercsi TOJIBKO
MOJKIIOMHTE HeoOXoauMble nepH(pepHitHbe
ycrpoiictBa. [lpumvepoM MOXET CIYXKHTB
komiutekT moayned K1520, Beimyckaemsrii
kombuHaToM «PoGoTpon» Ha Gaze MHKpoO-
npoueccopa U880 (pmc. 63). C nomouipio
TAKHX MOJyJell MOXHO CO3[aBaTh MHKPO-
9BM a8 MCONB30BAHUS B CAMBIX Pa3HBIX
obnactsax. Hexkoropele M3 BO3MOXKHBIX Ba-
PHAHTOB MPHMEHEHHA MEPEUYHCIIAIOTCA B
Taba. 13.

W3anoxue 311 coobpaxkeHnss OTHOCHTENb-
HO BBINYCKAEMBIX MPOMBIILICHHOCTEIO MO-
JIYJIBHBIX CHCTEM U1t MEKpOoD BM, MBI cHOBa
BO3BpalaeMcst K MEKpoOBM, ocHallleHHBIM
bosiee yaOOHBIME IS YE€IOBEKA CPEACTBAMH
o0LIeHHsl. DTHMH MalllMHAMU SBJISIOTCA Obl-
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TOBBIE, KOHTOPCKHE H IEPCOHAJILHBIE KOM-
MBIOTEPLI. 371eCk pevb noiaer o MukpoOIBM,
o6majalomuX TeMH BO3MOXKHOCTSMH, C KO-
TOPBIMH Y JIHI] «HENOCBSIIEHHBIX» aCCONMH~
PYIOTCS 1O CYLIECTBY BCE NMpeACTaBIeHHs 06
O9BM. Ot MammHel 00ecnevynBaloT MOJIb-
sopatemo Gomnbiye ynobersa B pabote u B
3aBHCHMOCTH OT NPOH3BOJMTENBHOCTH TIPH-
TOAHBl KaK JUIS BBIMOJHEHHS JOCTATOYHO
CITOKHBIX BBIYHCIHTENBHBIX ONEPaNuii, TaK 1
s o6paboTKH TaHHBIX,

BbiTOBbIE, KOHTOPCKKE
M NepcoHanbHble KOMMbIOTEPbI

OCHOBHBIMH YacTAMH TAKHX KOMITBIOTEPOB
Hapsaay ¢ GasoBoit MukpoOBM sBisioTCH
KJIaBHATYpa /A BBOAA JAHHBIX, JUCIUIEH C
9KpaHOM ISl BbiJa4W HHPOpMAanuM H Ha-
KOnuTeldb HA TMOKMX MATHHTHBIX AHCKAX B
Ka4yecTBe BHEIIHEr0 HOCHTENs JaHHBIX H
nporpamMMm. Ha ruGkoM MarHMTHOM JIHCKe,
npencTaBiaAomeM coboil  ImIacTMaccoBBI
IHCK muameTpoM oObriHO 89 mam 133 MM ¢
MAarHHTHBIM TIOKDBITHEM, MOXHO XpPaHHTB
mHpopMaIHI0 005eMOM B HECKOJBKO COTEH
knobaiitoB. CkopocTh BBOJA-BHIBOAA [IaH-
HBIX cocTaBiser 100-500 kbaiit/c. B kavect-
BE€ YCTPOWCTB BBIBOJA JaHHBIX, KDOME TOTO,
MOXHO TMOIKIHOY4ATh BBICOKOCKOPOCTHBIE
nevaTalolle ycTpoicrea (mpuHTepsl). Bo
BCEM MHpE IIHPOKOE PACHpPOCTpaHEHHE II0-
JYYHIH TEPCOHANbHBIE KOMIbIOTEphl (Hp-
mel UBM, koTopas 1 BBena B 06uxo cokpa-
iennoe obosnayenue PC s KoMIbIOTEpOB
3TOro Kjacca, a Takke Oupm «SBmmwm,
«luaiigep», «Atapu», «Kommonop» u ap.
Komb6uaar «PoboTpoH» BBIIYCKAaeT KOM-
NbIOTEPLl AHAJIOTHYHBIX THIIOB, & HMEHHO
A5120 (puc. 66), ACAT7I00 m PC1715.
VhpolleHHBIM BApHAHTOM KOHTOPCKOTO H
COOTBETCTBEHHO TIEPCOHAJIBHOTO KOMITbIOTE-
pa sBnseTcs OBITOBOIM KoMIbloTep. 31ech B
OONBIIMHCTBE CIIy4aeB BMECTO MIHCILIES MC-
nojb3yeTcs OOBIYHBLIM TeJNeBH30p, BMECTO
HAKONMTENS  HAa  MArHHTHBIX  JHCKAax
(HM/I)—kacceTHblii MarHETO(QOH, 4 B Ka-
4eCTBE BHEITHErO HOCHTENA JAHHBIX CIIYXHT
craHjapTHas MarHuTooHHAS KOMITaKT-Kac-
cerd.

Jist Toro ¥ToOBI ¢ MEPCOHAILHBIM KOM-
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nasea 6

Puc. 66. Konropekuii komnbstotep tina A5120, Beimyckaemslit komOGunatom «PoboTpon».

HbIOTEPOM MOXKHO 6110 paboTaTh, cHavama
¢ NOMOIIBIO CHNENHATLHON NPOrPAMMBI, TaK
HA3bIBAEMOH OIEePallHOHHOH CHCTEMBI, €ro
HY/KHO MO3HAKOMHTL C «TIPABHJIAMHA WIPBI»,
T. €. BBECTH COOTBETCTBYIOILIME YKa3aHUs Ha
TO, KAKHMH [1OJIKHBI OBITH MHTEPIpETalHs
OT/IEIBHBIX 3HAKOB M 3HAKOBLIX KOMOHHAIIHI
KJIABHATYPBI, B3aHMOJIEHiCTBHE C UCILIEEM H
HMJ] u ronkopauue komann bedicuka. B
JAHHOM CJIV4de rOBOPAT O CHCTEMHOM IpO-
rpaMMHOM oOecrneyeHnH, Tak Kak cHcTeMa
00OpaboTku HHpOpMAIHH B BHAE MHKpO-
DBM 6e3 Ttakoit nmporpaMmsl BooOuie He
cnocobna paborath BHE 3aBHCHMOCTH OT
TOro, KaKyro HPHKIAQHYIO 3a/a4y HAMEpEH
PEIHTh NoJb30BaTeNb, s pereHus Takoi
3aa4M HeobBXOAMMO HMETh KOMILIEKT cre-
HHATIBHBIX HPOIPAMM, NOJYYMBIIMNA HasBa-
HHE MPUKIAIHOTO MporpaMmHoro obecneve-
uusi. [lporpammupoBanne Mukpo2BM BbI-
MOJIHACTCS HA $A3BIKE, OPHEHTHPOBAHHOM Ha
0CODEHHOCTH [PUMEHEHMS: K YHCIY TaKHX
A3BIKOB  OTHOCHATCH, Hanpumep, beiicuk,

Doprpan u [lackanb. YHOMSAHYTBIC BbIle
CHCTEMHBIE TIPOTPaMMBI, 4 WMEHHO HHTep-
NPETATOP ¥ KOMITHJIATOP, ABIAIOTCH COCTaB-
HBIMH YaCTAMH ONEPAIIHOHHON CHCTEMBI, KO-
TOpPAas MOCTAaBJIACTCS W3rOTOBUTENEM Ha Tub-
KOM MArHHTHOM [IMCKE WM KOMIIaKT-Kac-
cere B KOMIUIEKTe ¢ MHKpoDBM B TOM
ciy4ae, €cClIM 3Ta CHCTEMa HE BBEICHA B
II13Y komneioTepa (B KadecTBe «MHKPO-
nporpammuoro» obecneuenns). Lupoxoe
pacnpocTpaHeHHe MOMYMHIH ONepalHOHHbIE
cuctemsr CP/M u PC-DOS (MS-DOS).
Hapsny ¢ cHCTeMHBIM NPOrpaMMHBIM 0Dec-
NeYeHHeM CYIIECTBYET psill CTAHJAAPTH30BAH-
HBIX [IPHKJIAJHLIX [POTrPaMM, KOTOpBIE
MOJIL30BATENb MOXET IOJIYMHTh B CBOE pac-
nopspkeHue. B ux 4uciao BXOAAT, K IPUMEpY,
nporpamma obpaboTku Tekcra (pacnpoctpa-
HEHHOM #BJISETCS Takasg MporpaMma, Kak
WordStar), nporpamma ynpasnenus 6a30i
nauabix (dBase) m mporpamMma HarjasaHOro
rpauyecKkoro MpejACTABICHHS [JAaHHBIX Ha
skpaHe (Graphics). [uana3oH BO3MOXKHO-



MHTel'paﬂbHHB CXemMmbl U UX NMpUMeHeHue

cTeil ¥ Ka4eCTBO IOCTYIHOIO NPOrpaMMHOTO
obecnieyeHns B CYLIECTBEHHOW CTENEHH CKa-
3BIBAIOTCS HA CTOMMOCTH TpHoGperaeMoii
MHKpoDBM.

Ucnonbzosanune mukpodBM
B Tunorpadckoi
HabopHOW MalluHe

3aBepmast 5Ty riaBy, MOCBSAILEHHYIO HHTE-
rpajibHBIM CX€MaM W BO3MOXHOCTAM HX
NpAMEHEHHNA, MBI XOTHM KpaTKO OCTaHO-
BHTbCS XOTA OBl Ha OJHOM KOHKDETHOM
NpHEMepe HCNOoJb30BaHWsS MHKpoDBM, B
[AHHOM clydae B Tumorpadckoii nHabopHoii
mammHe. [Ipoo6pasom wabopHoro aBroma-
Ta ABJSETCH NEKTPOHHAS MHIIYIAS MAIlIWH-
ka. YrobGel BBECTH CTpaHHIY MNEYATHOTO
TEKCTa HA XpaHEHHE B MamMiATh MHKpo2BM,
ee EMKOCTb JIO/DKHA cocTaBisrh 2 KOaWT.
BBon maHHBIX, T.e. 3aMACH TEKCTa B MAMSATh
9JIEKTPOHHOMH MHIIyINeH MAaIllHHKH, OCYy-
IIECTBJISETCS HAaXXaTHEM Ha MevaTarolIue
knasuimi. Kpome Tekcra B cucTeMy Heob-
XOJIMMO TAKXK€ BBECTH yKa3aHUs, ONpeeis-
I0lIMe, KAK CJIe/IyeT PAaCrOJIOKHTh TEKCT Ha
mHeTe OymMaru, Kakue Mojisi OCTaBHTh, KAKOH
JomkHA OBITH MEYaTh— OHO- WM BYXKO-
snonHod H T.A. Ilpm meobxomumocTn mo-
MEILICHHBIH B MaMATH TEKCT 3aTEM MOXET
6bITh pacrevaTaH B HykHOM dopmarte Ha
nucte DymMaru WM BBIJAH HAa 9KpaH JUCIIes.
[Tpu pacneuaTke NHTEPHbLIE PLIYArH MAaIlHH-
KM AeHCTBYIOT HE OT Y1apOB IO KJABHIIIAM, a
MNPHTATUBAIOTCS MHHHUATIOPHBIMH 3JIEKTPO-
MAarHATaMH, KOTOpBIE BKJIFOYAIOTCS MO KO-
MaHzaMm Mukpo2BM. Eciu npu Belade nep-
BOH KOIMH OOHapyKHBAETCHA, UTO BO BpeMs
MEpBOHAYATBLHOIO BBOJA TEKCTAa 4epe3s Kia-
BHATYpY Obula fmomymieHa omevaTrka, TO HE
COCTaBIIAET TPyJa BHECTH HEOOXOIMMOE HC-
NpaBJieHue, B pe3ysbTare 4Yero ommbouHOoe
COAEPXKUMOE MaMATH IMyTEM Mepe3amnucH 3a-
MeHsieTcsl Ha npaBuibHOe. OT 37eKTpOHHOK
MUIIYIed MAIIMHKA 0 THnorpadcekoro Ha-
GopHOro aBTOMaTa € KOMIIBIOTEPH30BAH-
HBIM YIpPaBIEHHEM OCTA€TCA BCEro OJHMH
mar. [Ipn CBHHIOBOIH mNeYaTH KOMIBIOTEP
Oeper Ha cebs ympapienue HabopHOH Ma-
HIAHOI, B KOTOPOii cOOMparOTCs MaTPHIIbI B3
OT/IEJILHBIX JIATEP IS MOCIeAYIOIIeH OTINB-
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ki nedatHo# opmsl. [1pn odeeTHOI nevaTn
KOMIIBIOTED YNpaBiseT (POTOMEXaHHIECKHM
NpPONECCOM  HM3rOTOBIEHHA (POTOHAOOPHBIX
thopm, T.e. (ororpaduyeckoii NIEHKH, KO-
TOpas CIYXHAT OPHTHHAJIOM I Ne4aTHOH
(hopMBI, Kak IPAaBHIIO, HMEIOIICH BHI METAJI-
JTYECKOH TJIACTHHKH CO CTCHHAIBHBIM I0-
kpbiTHeM. [IpH KOMIBIOTEPHOM YIIPaBJIEHHH
HAGOpOM pasiMuHBIC THUOBI M Pa3sMEpPbI
mpUPTOB MOXKHO BBOJHMTH CPEJCTBAMHM
MpOrpaMMHOro obecneYeHus, 4To Mo3BOIA-
€T OTKa3aThCs OT Dosee TPYIOEMKOI pealy-
3anuu monobHoro HaGopa anmapaTHBIMH
cpencrBamu. C mepeBogom doronabopa u
o(ceTHOl Me4aTH Ha KOMILIOTEPHOE YIIpaB-
NeHHe YAAJIoCh TOJHOCTHIO aBTOMATH3HPO-
BATh M3rOTOBJICHWE KHHT, T.€. CO3[1aTh Ta-
KO# mosHrpaduueckii KOMIUIEKC, Ha BXOJE
KOTOPOTO MBI HMEEM YIPaBIAIONIYIO TMPO-
rpamMmy, Oymary W mpoune HeoOXOIHMBIE
MaTepHajbl, a Ha BBIXOJE - YNaKOBAHHBIC H
rOTOBBIE K OTTpYy3Ke KHUTH. TekcT KHHTH
BBOOUTCS B 3alOMHHAIOLIEE YCTPOHCTBO,
CBfA3aHHOE C ympasisionei Mukpo2BM.
IMpu nepexome k newatH Apyroil KHATH 10-
CTATOYHO CMEHMThL cojepkumoe 3V,

3HAKOMCTBO € aBTOMATH3AIMEN TexHo-
JIOTHYECKOI'0 MNpollecca M3rOTOBJICHUS KHHAT
JlaeT OpelCcTaBJeHHE O TOM, KaKyio paimo-
HAJH3ALAIO IPOMBILUICHHOTO POH3BO/ICTBA
obecrnieynBaeT BHeapenue MHKpoDBM. Onu
BBICTYIAIOT 3/ieCh B POJH MpeAcTaBHTENeH
HIMPOKOTr0  ACCOPTHMEHTA  WHTEr PAJIBHBIX
CXEM, BBINYCKAEMBIX B HAcTofllee Bpems
MHKPOJIEKTPOHHOM  [IPOMBIIIEHHOCTBIO.
[Tosmaxomurh uwnratens ¢ aramu UC #n
O6bU10 3amaveii JaHHOM TIIABbL

Bo BBeseHMM K KHHI€ OTMEYAlIOCh, 4TO
MHKPO2JIEKTPOHHKA HOCHT OMEHb CIOKHBIH
XapakTep W O3HAKOMHTBLCH C HEil MOXHO,
TONBKO PACCMOTPER CAMBIE Pa3HbIE ACHEKTHI.
B mpeneinymmx riaBax Mbel pasobpaim ue-
el pAn  cnenuUYEcCKHX OocobeHHOCTEI
MHKPO3JIEKTPOHHKH, KOTOpHIE, MO HAaIeMy
MHEHHUI0, UMEIOT Hauboliee BaXKHOE 3HAUCHHE
[ CO3JAHHUS TEPBOrO MPEACTABICHHA O
Hell. OgHAKO OOMH BaXKHBIH ACMEKT OCTamCs
BHE MOJs 3pPEHHS —BEpHEE,. Mbl €ro JHIb
elBa KOCHYJHCh. DTo Oynyilee pasBHTHE
MHUKpPO2JIeKTpOHUKH. O HEM H TOAeT peub B
HoCIe/Hel IaBe.



7. NMepcneKkTnebl pa3BUTUA

MUKPO3NEeKTPOHUKMN

Bo3HMKHOBEHHE MMKPOIIEKTPOHHKHA SBH-
JIOCh OTBETOM Ha MOTPEeOHOCTD YETIOBEYECKO-
ro obmecrsa B Gonee COBPEMEHHBIX TEXHH-
4YeCKHX cpeacTBax o0paboTkn mHpOpMAIHH;
B CBOIO OY€peb MHKPOIJIEKTPOHHKA CTHMY-
JMpYyeT AajbHelIee pa3BUTHE HHYOPMAIITH.
MHUKpPO2/IEKTPOHAKY HENb35 OTOXKIECTBIATh
¢ MH(GOPMAIMOHHOM TEeXHHKOM; IS TOCe-
Helil OHa #ABJISETCA OCHOBOM, CBOEro poja
CTPOHTENILHEIM MAaTEpHAIOM, H3 KOTOPOTO
cTpouTcs 3/1aHue 3Toi TexHukH. Cama MUK-
PO3JIEKTPOHHKA He JaeT HA MPOEKTa 3AaHu,
HH TNPOrPaMMBI €r0 HCIOJIb30BAHHA: BCEM
3TAM 3aHUMAIOTCH  CIENHAMCTBl  APYIHX
HanpaBiaeHu WHGOPMAIMOHHON TEXHHKH,
0003HaYaEMBIX OOILUMM TOHSTHEM «TEOPHS
BBIMHCIIATENLHBIX MAlllHH H CHCTEM» HIIH
«undopmatuka». Ilporpecc meronoe obpa-
60Tk MHPOPMAIIMH He OmpejeNseTcs ycIe-
XaMH OJHOH MHKPO3NEKTPOHHKH—OH JIOJ-
JKEH COYEeTAaThCA C [IBHKCHHEM BIIepell caMoit
uHpopmaTuku. Tak, HanmpuMep, Korjga B ce-
penure 70-X TOHOB NPOU3BOAMTEIBLHOCTH
KOMIIBIOTEPOB BO3POCJIa HACTONBKO, YTO TO-
SBHIACh BO3MOXHOCTH BBHITIOJIHEHHS TIPO-
IrpaMM, HACYWTHIBAIOUIMX COTHH THICAY KO-
MaHII, B NOJHOIf Mepe MPOSBHJIKCH TPHHIH-
NHaIBHBIE TPYQHOCTH, CBA3AHHBIE C IIPO-
rpammupoBanneM. [laxke y Jydmmx npo-
IPAMMHCTOB YHCIIO OIIMOOK B COCTaBIIEHHBIX
NporpaMMax He OIMYCKAJIOCh HHXKE TIATH He-
NpaBUILHLIX KOMaHJ Ha THICAYY INAaroB
nporpaMmel. TakuM 06pazoM, B porpaMme
M3 CTa ThHICAY KOMAaHJ B CPEIHEM BCTpeda-
Jock HeckoJabko coTteH ommbok. C mo-
MOIIBIO TECTUPOBAHHA OKa3aloCch HEBO3-
MOXHBIM BBISIBJIATE Takoe OOJIbIIOE KOJH-
4eCcTBO OIIMOOYHBIX KOMaHI C HENBI0 HX
ycTpaHeHHs. B Te BpemeHa 3aroBopHiH o
KpH3uce B o0macTH mporpaMMHOro obecre-
uyenus. Ero momormna npeononers uHpopma-

THKa. Bbpumn paspaboraHbl npaBuia, ynops-
JIOYMBIIHE TPONECC MPOrpaMMHPOBAHUS,
4TO TMPHBEJO K YMEHBIICHHIO YaCTOTHI OILN-
6ok B mecartk pa3. Teneps, koraa nHpopma-
IHOHHAs TeXHUKA TJIaBHOE BHAMAaHME yles-
eT co3gaHuio 0oJee TNPOM3BOANTENBHBIX
oompmmx DBM, cHoBa BCTaeT BONpOC O
pa3paboTke HOBLIX MPHHIMIIOB MOCTPOCHHS
takux DBM. KomnbioTepHas apXHTEKTypa,
npemaioxennas ¢on Helimanom W sBiIsito-
IIasiCsi OCHOBOM MOYTH BCEX COBPEMEHHBIX
OBM, crayia npeaMeTOM KPHTHYECKOTo 06-
cyxzaenus. [lIpuuuna, BBI3BABIIAS K JKH3HH
CTOJIb OJKMBJICHHYIO TMCKYCCHIO, 3aKJII04aeT-
csi B ToM, yTo DBM nonobrHoro tema cno-
COOHBI BBINOJHATE TOJBKO OJHY ONEPAIHIO
Hal 0JHUM MAIIMHHBIM CIOBOM B OIpele-
JIEHHBI MOMEHT BpeMeHH. Bricka3niBanuch
MHEHHS, 4TO caMa apxuTekTypa o Heitma-
HA CTajla MPENATCTBHEM HA MyTH Pa3BHTHSA
HHGOPMAIIMOHHOH TeXHHKH. MIMeHHO apxu-
TEKTypa oOrpaHnuHBaeT ObicTpoxeiicTBHE
komnelotepa. Urobsr oboiiTh 3TO mpensTcT-
BHe, HeobxoauMo MO0 YCOBEPILIEHCTBOBATE
apxutektypy ¢on Heiimana, mubo non-
HOCTBIO OTKasaTbes oT Hee. W mmeHHo oT
HHGOPMATHKH KIYT TMOMOIIH: HANPHMED,
ObL10 OBl XOPOLIO HMETH KOMIBIOTEp, CIO-
cOOHBIN BBINONHATL ONPENCACHHYIO Onepa-
[MIO OJHOBPEMEHHO HaJl HECKOJLKHMH Ma-
INMHHBIMH CIIOBAMH MJIM TOJABEPraTh OIHO
CJIOBO HECKOJIBKHM Pa3MYHBIM ONepanuaM,
WIH, 4TO emie Jy4ile, NapajulellbHO Ocy-
LIECTBIATE H TO M Apyroe. IlepBbiM pe3ynn-
TATOM HA MYTH K JOCTHXEHHUIO BPEMEHHOTO
napajnenasMa B o0paboTke OaHHBIX SBH-
JIOCh CO3/IaHHE KOMIBIOTEpA TaK Ha3biBae-
Moro Kouseitepaoro tumna. Ilponeccop Tako-
ro KOMOBIOTEPA COCTOMT M3 psAaa MOANpPO-
HeccopoB, obpasyrommx 06pabaTsIBarOmIyIO
nemouky. C BBIX0JIa OJHOTO MOZMpoIEccopa



nepcnenﬂ Bbl PasBUTHUA MWUKPOINEKTPOHWKHK

JAHHBIC MEPENAlOTC HEMOCPEACTBEHHO Ha
BXOJ CJEAyIOIIero, MUHYS 3Tan npeaBapH-
TeNBLHOM 3alHCH B OCHOBHYIO namats 3BM
(kak 2TO TpeayCMAaTpHBAET apPXUTEKTypa
(on HeiimMana), oTkyma B xoze ciaeayrolei
onepaiuy HX MPUXOIUTCS H3BJIEKATh. TakuM
obpa3oM, maHHBEIE NBWKYTCS Hepe3 Mporiec-
cop, Kak no kouseiiepy. Ilpuaumn ¢yHKIHO-
HAPOBAHUS KOHBEHEPHBIX MPOIECCOPOB Ha-
NMOMHHAET OPHHIMI paboThl 3aBONCKOTO
cOopouHOro KOHBeHepa, a OTIeNbHbIE MO~
nporneccopsl — pabounx cbopouHoro unexa,
3aHSBIONX CBOM MecTa BAOJb Hero. TodHo
TaKk e Kak C MOMOMIbIO COOpPOYHOrO KOH-
Befiepa MOJKHO YCKOPHTBH Tpouecc cbopku
H3JIeNIHH, MOCPeCTBOM KOHBEHEpHOro KOM-
nbIOTEPA MOXHO YCKOPHTBH BBIOJTHEHHE BBI-
yncseHuit. B apxurekType cambix OblcTpo-
JeHCTBYIOIMX coBpeMeHHBIX DBM, Hamnpu-
Mep B Mammbe «Kpeii-2», BBINOJHSIOMIEH
CBBIIE MHJUIMApJA ONEpalMii B CEKYHIY,
KOHBEHepHBIH NPHHOMUIL YK€ Hallel CBoe
npakTHueckoe Bortomenue. OgHako cueay-
€T y4ecTh, 4TO 3TOT TPHHIMI HE BeOeT
ABTOMATHYECKH K TMOBBIIICHAIO CKOPOCTH
BBIMIOJTHEHHS oOmepaluii (10 CpaBHEHHIO C
apxurexktypoit ¢pon Helimana) npu permeHun
abcomoTHO Beex 3anmav obpabortkn MHDOP-
Malli¥; OH JaeT BBIUTPLINI JHIIbL npH obpa-
GOTKe CrenMalbHBIX 3a/a4, HANPUMED, CBI-
3aHHBIX C MEpPEMHOKeHHeM BekTopos. bonee
YHHBEPCANBHBIH XapakTep MO CPaBHEHHIO C
KOHBeHepHbIM MPHHIANOM HMEET TaK Ha3bl-
BaeMBIH TIPUHOHAN nomoka dauuwix. OH co-
CTOHT B (PAKTHYECKOM BBINOJIHEHHH BCEX
onepanmii, koTopble TpebyloTca Ha onpeje-
JICHHOM 3Tane pelieHns NoCTaBIeHHOM 3a1a-
yi. Onepaiuio, eCTeCTBEHHO, MOJKHO BBITIOJN-
HHTb, TOJBLKO €CJIH €CTh BCE HeoOXoammble
nannsie. BooOie rosops, Takoe ycloBHe C
€aMoro Havalla BBIMHCIIEHHH BBIOJIHACTCH
He s Beex omepanuid. MHorue naHHbIE,
noAnexalie nanbHeifmei o6paboTke, moss-
JASIOTCA JHIL B MPONEcce PEIIeHns 3a1au —
KaK Pe3yJbTAT BLITIOJHEHHS ITPEAIIEeCTBYIO-
mux onepammii. OIHAKO €CclM HMEIOTCs BCe
HYXXHBIE JIaHHbIE, TO HAJ HUMH MOTYT OBITh
OHOBPEMEHHO BBIMOJIHEHLI BCe Tpedylome-
cq onepanuu. B cooTBeTCTBHH ¢ TaKOH cTpa-
TErHeil MOCIeI0BATEIbHOCTh BLIMHCITHTEb-
HBIX ONepalnuii 3aBHCHT HEe OT BBEACHHOH
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3apadee NMporpaMMel, KaKk 3TO HMEET MECTO B
apxutektype ¢on Heiimana mnm xomBeiiep-
HOM npoueccope. [1pu 3ajannom anropurMe
peIleHUs 3aJa4¥ MOPAIOK BBITIOTHEHHUS OIe-
pammii onpenensercs camMOil MamWHOM, KO-
TOpas TakuM 06pa3oM CTaHOBHUTCSH TeHepa-
TopoM paboueit mporpammel. OmHako, He-
CMOTps Ha BCIO NMPHBJIEKATEIBbHOCTH MPHH-
[AMa MOTOKA JAaHHBIX, MPAKTHYECKas peajn-
3aHg €ro CBA3aHA C O4YEHb CEPBE3HBIMH
npobiemMamu. B HacTosmiee BpemMs emie HET
DBM, MCHONB3YIONINAX NAHHBI TPHHIAT H
MPUIOJHBIX BMECTE C TeM [UJIsl MPAaKTHYECKO-
ro npuMenenus. CnennamucTsl no HHGOpMAa-
Tuke pabortaror Hax stuM. Maer nouck u
IPYTHX THIIOB APXHTEKTYPhl BEMHCIATENIb-
HBIX MAIIHH, IPAYEM ONpeNesieHHOe BHAMA-
HHE yIeseTcs TakKe H3YUYeHHIO BO3MOXHOC-
Teil HCMOJIL30BAHUS PHHIHITOB IBOJTIONHA H
CaMOOPraHH3aMuA B OGHOJIOTHH.

Mgl caenanu 9TH 3aMeYaHHA [UIS TOTO,
4TOOBI YHTATENL MOT MPAaBHILHO COPHEHTH-
poBaThCH, 3HAKOMSCH C HAIUHMH [ajbHeil-
HMH pacCykKIeHHAMH, KacalolMUMHCS MHK-
POSJIEKTPOHUKM H Toro Gonbmioro BkIana,
KOTOPHIH 0Ha BHOCHT B pa3BuTHe HHPoOpma-
NHOHHOH TeXHHMKH. MHTerpajbHbIE CXEMBI,
BBITIYCKAE€MbIE B HACTOSILEE BPEMS MHKPO-
3JIEKTPOHHOM NPOMBIIUIEHHOCTBIO, COC00-
Hbl Ha MHOroe yxke ceroms. Kpome Toro,
OHH OTJHYAKOTCH JICHIEBH3HOM, HaIex-
HOCTBIO MPH PELICHHH CHOXKHEHIIMX 3a1a4
obpaboTkn napopmanyuu, GeICTpOACHCTBHEM
H ManbiM JHepromorpebiieHMeM, a Takke
IMHPOKAM IHana3oHoM npumeneHuit. Ho n
3T0 paneko He Bce. Hapnexnocts, GuicTpo-
JieicTBHE, IKOHOMHYHOCTD, MHMPOTA TMpHME-
HEHHS W JCMICBH3HA —MOHATHS OTHOCHTEIIb-
Hele. Ecim GonbliMe MHTErpajibHBIE CXEMBI
(BUC) n ceepxbomsume UC (CBUC), BBI-
MyCKaeMBble CETOJHA, CPABHHTH C JJIEKTPOH-
HBIMHA aNmapaTHLIME CpelcTBaMH 1is obpa-
60Tkn MHGOPMANHK B HETABHEM IIPOILLIOM,
HE FOBOPS yXKe 0 COOTBETCTBYIOIIHX MEXaHH-
YeCKMX MM SJICKTPOMEXaHHYECKHX CHCTe-
Max, TO .BCe HAIA BOCTOPIH CTAHOBATCSH
BIOJIHE TOHATHBIMEA. Ecimi ke obpaTurhes K
TpeOOBaHMAM, BBITEKAIOIIMM HEMOCPEACT-
BEHHO H3 MPAKTHKH PEIIeHHs CeroIHANIHUX
WH(POPMAIMOHHBIX TpobiieM, TO ONeHKa, ec-
TecTBeHHO, Oyaer uHoi. [IpuveM riaBHBIMH
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3/€Ch ABJIAKOTCA HE 3aHUMAEMBbIil HHTErpaJib-
HBIMH cXeMaMH (u3udeckuii obvem, He
sHepronorpebiienne U He HagexkHocTb. [lo
BCEM OTHM MOKa3aTessiM YXKe [TOCTHTHYT
YPOBEHb, KOTOPLIH MOKa HAC BIOJHE YIOB-
nersopser. OjHaAKO, KOHEYHO, MHOI0E MOX-
HO ynyumnTh. Ho [u1st 3TOT0 CoBepiieHHO He
obszatensHo BHeapsaTe MC npyroil koHct-
PYKIMH WJIH TIEPeXOHTh Ha NPHHIHITHAIBHO
HOBBIE TEXHOJIOTHH H3TrOTOBJEHUA. MHOTOrO
MOKHO J0CTHYE yTeM Donee sddexTuBHOrO
HCMONB30BAHASA TEXHOJOTHH, YXKE OCBOEH-
HBIX B MPOMBINUIEHHBbIX MaciuTabax. Curya-
[HIO, CIIOKHBIIYIOCS CErOAHA B MHKPOIIEKT-
POHMKE, MOMKHO CPABHHTD C TeM, 4TO Habmo-
paercs B asroMmobunectpoenun. Teneper-
HHE aBTDMDﬁHJIH HE OTJIHY4HOTCH DCOGOﬁ
HAJICKHOCTBIO, [CIUEBU3HOH H SKOHOMMY-
HOCThIO. OIHAKO LEeHa AeIacT MalllHHbI BCE
e JIOCTYNHLIMH, H OHH B IIEJIOM HEIJIOXO
CIpaBJIsIIOTCA CO CBOEH 3ajayeii, T.e. B nep-
BYIO ouepenb 00ecmevMBAIOT HOCTATOMHO
BBICOKYIO CKOpPOCThH NepeaBmkeHHs. UToObI
HeOOXOAMMBIil TTpoLecC pPa3BUTHA HE 3aMell-
JIAJICH, aBTOMODMIIECTPOSHHIO HeT HeoOxo-
JMMOCTH «H300peTaTh» COBEPIIEHHO HOBBIC
TPAHCHOPTHLIE  CPECTBA ~MOXKHO  TOMbI-
TaThbCs MOJAOHTH K HAMEYEHHOH HENH MyTem
pa3paboTKH YIyHIIEeHHBIX MOJIeNeil MallliH 1
COBEPINEHCTBOBAHHS ~ MMEIOUIMXCA  TEXHO-
JIOTHH HM3rOTOBJIEHHS. AHAJNOIrHYHBIM 0Dpa-
30M BRITISAUT B cutyanus ¢ UC B oTHOMIE-
HHM 3aHEMaeMoro (Qusmveckoro obwema,
JHEProeMKOCTH W HajekHocTH. [ 1aBHOE OT-
JIHYHE 3aKJII0YAETCS COBCEM HE B 3TOM.

MHuTennexkTtyanusauma
ob6paborkn nHcdopmauun

MOKHO ¢ YBEPEHHOCTBIO CKA3aTh, YTO ABTO-
MOOWIIb MOJHOCTBIO H OKOHYATEIBHO pela-
eT npobiemy OblCcTporo mnepeiBHKEHUS IO
jloporaM ¥ TopojckuMm yauuam. B To xe
BpEMsl CYLIECTBYIOIIHE CEroHA HHTErpaib-
HBIC CXEMbI W CO3/aBaeMble HA HMX OCHOBE
cucteMsl 00paboTkn HHPOPMAIHH [TO3BOJIS-
I0T PeliaTh JHIlb 4acTh HH(GOPMAIMOHHBIX
3ajlay, M IPH 3TOM He BCE PEIeHHs OT/IHYa-
oTca  Toif  3((eKTHBHOCTBIO, B KOTOPOH
Hyxjaercs norpeburens. CTOAT TONBKO 3a-
AYMAaTbCsd HaJ TEM, HACKOJBKO CJIOXKHBIE
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3a/1a4d MOXET pelliaTh M pelaer CeromHs
YeJIOBEK, KAaK CTAHET SCHO, HAaCKOJBKO
CKPOMHBIM OCTAETCA YPOBEHb «HHTEJJIEKTa»
HC 1 nocTpoeHHbIX HA HUX cHcTeM 06paboT-
KA MH(OPMAIMH, HEe CIOCOOHBIX CIPaBHTHCS
¢ oruMu 3agadamu. CerojHsi, HamnpuMmep,
JlaXke caMble JIy4IlHe KOMIBIOTEPHI B COCTOS-
HHH BBITOJHUTE TEPEBOJl C OIHOTO €CTecT-
BEHHOTO 3BIKA HA IPYroif TONBLKO MpH Orpa-
HUYEHHOM CJIOBAPDHOM 3amace, HCIoJb3ye-
MOM B TEKCTe, PHYEM MOJIyYCHHBIH NepeBo;l
cTpajilaeT KPYIMHBIMH CTHJIMCTHYECKHMH OT-
pexamu. [1pou3BOANTENBLHOCTE COBPEMEHHO-
ro KOMIbIOTEpa HENOCTATOYHA, YTOOBI BbI-
HIpaTh Yy I'POCCMEcTepa LIaxXMaTHYIO map-
THi0. Boobmie coBpeMeHHAs BBIMMCIHTENb-
Hafg MalllHHA CrHocoOHa pelHThL 3ajady
JMIIb TOTAA, KOrJa NpeABAPUTENLHO B HEe
BBEJIH OITHCAHHE BCErO MYTH C YTOYHEHHBIMH
[10 H3BECTHOT'O YPOBHS MOAPOOHOCTAMH, BbI-
MOJIHMB BCE 3TO HA A3BIKE MPOrPaMMHPOBA-
HUSI, TIOHATHOM KOMIBIOTEPY H CHIIBHO OT-
JMYAroIieMcsl OT €CTECTBEHHOTO  A3BIKA.
MokHO yBepeHHO CKa3aTh, 4TO CIOCOOHOCTh
KOMIBIOTEPOB PEIIATh CIOXHBIE 3a/1a4u 00-
paGoTku uH(OPMAIMH, T. €. ero HCKYCCTBEH-
HBI MHTEJJIEKT, CErO[HS CHIBHO YCTyNaeT
€cTecTBEeHHOMY HHTEJUIEKTY 4enoBeka. U ato
SIBJISETCA JAJIEKO He MocjaeaHell NpHYHHOM
TOTO, 4TO CO3/IaHMe KOMIbIOTEPOB C pacry-
UM YPOBHEM MHTEJUJIEKTA MPEICTABIIAET CO-
Ooif  akTyanpHyl0 3ajavy HMHQOPMAaTHKH.
VposeHb HHTELIEKTa KOMIIbIOTEPA 3aBH-
CHT —€ClIi He MNOJHOCTBIO, TO B OosblOM
CTerneHH — 0T 4Mcia, GeicTpoaeicTBUs H CTe-
nenu uHTerpanun UC, uenoib3yeMsIX B HEM,
TaK Kak OoJIbIIOE YHCIO TAKHX BBICOKOCKO-
poctHeix BMC obecneunBaet BHICOKHH ypo-
BeHb HHTe/IekTa. M M3 aToro BeiTeKaroT
HEMOCPeACTBEHHbIe TpeboBaHHA K CcaMoOH
MHUKpPO2JIEKTPOHHKE. YiKe B TedeHHe psajaa
ner B Snonmn, CCCP u npyrHx crpaHax
BeayTca paboThl MO CO3JAHMIO KOMIIbIOTE-
poB, KOTOpble OyayT OTIHYATHLCA HEBUIAH-
HBIM IO CHX TIOp YpOBHeM MHTesulekTa. Ta-
Kasi MalllHHA CMOJKET MOHATH 3a/IaHue, HAIH-
CAHHOE Ha ECTeCTBEHHOM H3bIKE WJIH BBE/ICH-
HOE Ha OJTOM #3blke B YCTHOU (opme.
Komneiotep Oymer camocrosATelbHO 0OHA-
PY/KHBATh H YCTPAHATH OMIMOKH B MOCTAHOB-
ke 3aganusA. Ecim B Xoie pemeHus KOHKpeT-
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HOH 3aJauil OH OOHAPYKHT HOBBIE JAHHBIE,
NPABUIIA MITH 33KOHOMEPHOCTH, TO 3apPErucT-
PHPYET UX ¥ HANPABHT HA XPAHEHHE B CBOIO
namaTk. Cieayer NOA4EpKHYTH, 4YTO KOM-
nbloTep A0JDKeH ObITh paccuuTan Ha obpa-
OOTKY He TOJBKO HH(pOpPMalM{, HO H 3Ha-
uuit. CorylacHo MMeEIOLIMMCS OLIGHKaM, Ta-
kas OBM pomkna pacnonarath NaMsTbEO
obbeMoM B MHIITHOHBI GaliToB M ObITH B
COCTOSTHHH BBINIOJIHUTH B TEYEHHE OJHOH ce-
kyuael 10" komang. Bee o1o crasuT nepen
MHKPO3JICKTPOHHKOH HOBbIE 3a1aun. Tpeby-
HOTCA MHKPOIIPOLIECCOPBI C BPEMEHEM BBI-
NOTHEHHS] KOMAaH/Ibl HA YPOBHE HAHOCEKYH],
¢ Oonblueil pa3spaaHocTBIO 0OpabaThiBae-
MBIX KOMaHII, YeM y COBPEMEHHBIX MOIeIIeH,
T.€. mpoueccopsl ¢ 32-paspsaHbiMa B 60-
Jiee JUTMHHBIMH CJIOBAMH, MTOJIYIPOBOIHH-
koBeie MC 3V emkocThio HamHOro OoJbine
256 kbaiiT (BIUIOTHE OO HECKOJNBKHX MHII-
JIHOHOB 0aiiT) IpH BpeMeHH BBIOOPKH MEHb-
mie, 4eM y CymecTBylommx mogeneu. s
co3fanns AnoHckoil IBM mnsToro mokoue-
HHS MPEINoNaraeTcs UCIOoJIb30BaTh CHaYana
UC, nacunteiBaiomme 10° anemeHToB Kaxk-
nas, OOBels 3aTeM YHCIIO JJIEMEHTOB B OJI-
noit UC no 107, Bes mpumenennss UC co
CTOJIb BBICOKOH M CEerofHs [OKa eIle HUrIe
HE peayM30BAHHOW CTeMeHbI0 HHTErparuu
wim MC ¢ coBepmieHHO HOBBIMH (DYHKITHO-
HAJNLHBIMH 2JIEMEHTAMH, O KOTOPHIX peyb
elle TOHIET, NPOLECe CO3/AHUSA KOMIbIOTE-
POB [SATOrO MOKOJEHHS 3aiIeT B TYIHK.

MakcumanbHblii YPOBEHBb
WUCKYCCTBEHHOIO MHTENNEKTa
3a HEeBbICOKYIO LeHYy

Ecnu smoHckas koHuenuus obepHeTcs yna-
yeii —mpaBia, MHOTHE B 3TOM COMHEBAIOT-
Cfi,~ TO CO3/IaHHBLIE HA €e OCHOBE KOMIIBIOTE-
pbl OymyT, €CTECTBEHHO, OYEHb HAOPOTHMH.
Ho xorja riaBHO# Ienblo SBISETCA HOCTH-
JKEHHE BBICOKOTO YPOBHSI HCKYCCTBEHHOTO
HHTEJJIEKTd, CTOMMOCTh OTOZBHIAeTCs Ha
BTOpO#l mmaH. [l MeHee 3K30THYECKHX
KOMITBFOTEPOB, KOTOpBIE B GOJIBIIOM KOJH-
YecTBE TPUMEHSIOTCH B Pa3HbIX obiacTsax
HAPOJAHOTO XO3dHCTBa, [EeHa, OJHAKO, MpH-
obperaeT pemiaioiliee 3HaYeHHe. 31ech Tpe-
OyeTcst 110 BO3MOKHOCTH MAaKCHMAJIbHO BbI-
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COKHIi ypOBEHb HCKYCCTBEHHOTO HHTEILIEKTA,
HO 3a Haubonee HH3KYI neHy. Ecmu 6wl
Takhie HHTEJUIeKTyallbHbIe pecypchl Ha Oase
MHTErpajbHBIX CXeM MOXHO ObUIO NpHOO-
pecTH MO LEHAM, B JIECSATh Pa3 MEHBILHM,
YeM CYLICCTBYIOIIHE CerofHs HAa MHPOBOM
PBIHKE, TO HEJNBIA Pl BCEX TEKYIIHMX 3aaad
obpaboTkn mHGOpPMALIA B PAa3MHYHBIX 00-
NacTaX JeATeNbHOCTH pemasicsa 661 Ha Gosee
BBEICOKOM KavuecTBeHHOM ypoeHe. OjHako
3TOT YPOBEHb MOKA €Ile HUT e He JOCTHTHYT,
H MIPpHYHHA 3aKJIH044€TCH HE B TOM, 4YTO Ha
PBIHKE OTCYTCTBYIOT HeoOX0/IMMBIE CpeICTBa
MCKYCCTBEHHOIO HHTEJUIEKTa, 4 B TOM, 4TO
OHHM OCTalOTCH cIMIIKOM goporamu. Obpa-
THMCS, HATIPAMEP, K aBTOMATH3AIMH YIPaB-
JICHHsl TPOW3BOJCTBEHHBIMU IIpOHEcCaMHu B
NPOMBIILIEHHOCTH. 3/1ech HCXoaHas HHpop-
MalHs MOCTYIaeT B aHAIOroBo# (hopme, 3a-
Tem mpeobpasyercs B nu(poByro, noasepra-
erca 0OpaboTke W B 3aKIIIOYEHHE MpeTepIie-
BAeT elle OAHO NpeoOpa3oBaHWE, HA 3TOT
pa3 B aHanorosyio topmy. Bee omepamumn
3/IeCk JOJDKHBI BBINOJHATLCH BechbMa ObICT-
po, 4TOOBI Pe3yNbTaT CBOEBPEMEHHO OKa3all
BAMSHWE HA JaJbHeHIIMi xoa npouecca. Ta-
Kyl0o 00paboTKy HaHHBIX HA3BIBAIOT OOpa-
OoTkoil B peanbHOM MacmTabe BpeMeHH,
HMes B BHAY, YTO OHA H peasjbHBIH ynmpas-
JAEMBIH Ipolece MpOTEKAIOT NapalulebHO,
TAK CKa3aTh, B OJHOM Maciutabe BpeMeHH.
Yem ObicTpee pa3BHBAETCS peaJibHBIH NMpo-
mecc W 4em Oonbimmii 00beM HHpOpMAIHH
NpH 3TOM HYXHO 00paborarh, Tem Oonee
OBIcTpoAeHCTBYIOMEH /TOJDKHA OBITH CHCTe-
Ma o6paboTkn mHpopMammu. 3aeck GbICTPO-
neiicTeue npuoOperaeT pelualomiee 3Haye-
HHUE, IPHMEPHO TAKOE e, KaK U CKOPOCTh, C
koTopoii 2BM BeinmonHseT MaTeMaTHYECKOE
sagaare. YToOsl obecnevyuTh MPUHIHIIAAIb-
HYIO BO3MOKHOCThL 00pabaThBaTh JaHHLIE B
peanbHOM MaciuTabe BpeMeHH, HEOOXOaHMO
nepeiiTH 4Yepe3 omnpeAeeHHblH Oapbep—mo-
NpocTy TOBOPS, 4epe3 MOPOroBYIO MHHH-
MaJIbHYIO CKOPOCTB; TOJBKO Toraa obpabor-
Ka B peaJilbHOM MaciiTtabe BpeMeHH CTaHET
Bo3MoOxHO#i. Ecim cucrema obpabotkm mH-
(opmanmn He oTBe4aeT 3TOMY TpeboBaHHIO,
T.€. €e HCKYCCTBEHHBIH MHTEJIEKT OCTAETCS
HA CIHMILIKOM HHM3KOM YPOBHE, HJIH €CJH
CTOMMOCTh CHCTeMBI, obnanatoreii Heobxo-
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OUMBIM YPOBHEM HHTEJIEKTA, CIHIIKOM Be-
JIHKA, TO Ka4ecTBO HH(pOpPMAaINHOHHOK 06pa-
6OTKH, a CIeIOBATENBHO, U YIPABIICHAS TPO-
neccoM OymeT CHHKEHO MO CPABHEHHIO C
TeM, KOTOpOe NPeAroarajoch 00ecnequThb.
ITo cymecTBy B HACTOSIIEE BpEMs 38 IPHEM-
JIEMYIO LIeHYy MOXHO NpHOOpPECTH JHMINbL Ha-
CTONBKO cjabble MO CBOHM BO3MOXKHOCTSAM
CpeACTBA MCKYCCTBEHHOTO HHTE/UIEKTa, 4TO
BO MHOIHX CJIy4asX OHH He MO3BOJIAIOT CO-
3[1aTh YCTPO#CTBA Ui ONTHMANBHOTO YII-
paBlieHHs TMPOH3BOACTBEHHBEIMH IIpOIEcca-
MH. DTO OTHOCHTCS, HAIIPHMEP, K MPOMBILII-
JIEHHBIM pO6OTAM TPETHErO MOKOJEHHS, KO-
TOpBIE JO/DKHEI OLITH OCHAILGHBI HATYHKA-
MH, OOjajlalomuMH  IHPOYAHIIMMH  BO3-
MOXHOCTAMH JUIst cbopa uaGOpMaIuu 0 co-
crosiuun obpabaTsiBaeMoro obObeKkTa M OK-
pyxatoreii cpezsl. [Ipx aToM 3HaUHTEIBHBIE
3aTpaThl cBA3aHBl ¢ 0OpaboTkoii H300paxke-
HUH, MOCKONBKY MOC/EIHHE, Kak MpaBHIIO,
OTJIMYAIOTCS BBICOKOH CTeneHbio MH(popMa-
INHOHHOH  HacelleHHocTH. Boobime s
OwicTpoii udpoBoii 06paboTKH aHATOTOBBIX
CHTHaJIOB TpeOyeTcs cucteMa o6paboTkm HH-
¢opManyn, B COCTaB KOTOPOil BXOIAT Cpefl-
CTBa HCKYCCTBEHHOIO HHTEJIEKTA HOCTATOY-
HO BBICOKOTO ypoBHS. [IpHYHHY 3TOTO MBI
paccMoTpenu B T1. 4. TeM He MeHee cylIecT-
BYET HeoOXOMMOCTb Mepexoa OT aHaJoro-
BO#i 00paboTku MH(GOpPMAINH K IH(PPOBOI.
M 3toro Bonpoca Mbl ToXe kacanucs. Korma
B PacHOPSUKEHHH CHCTEMOTEXHHKOB TIOSBAT-
¢sl HHTErpaJibHbIE CXeMBI ¢ 6oJee BBHICOKHMHE
OBICTPOICHCTBHEM H CTENEHBIO HHTErPAIHH,
a cpeln HUX M aHANOTO-IH(pOBEIE Npeobpa-
30BaTENH, HA mUdpoByio obpaboTky Oymyt
nepeBe/ieHbl MHOTHE CHCTEMBI, HCHOJb3Ye-
MBIE JUIS PelleHHst TeX HH()OPMAIHOHHBIX
3ajlad, KOTOpBIE CErO[HS ellle TPUXOTHTCH
peliaTh aHaJOroBBIMH cpefcTBamHu. [laneko
HE B MOCJEAHIOD O4epe/lb CIOHa OTHOCATCS
3a7lauy U3 oOIMPHOM cepsl pa3BleKaTellb-
HO#f anekTporukr. Tak, HanpuMep, JUId mad-
poBoii 00paboTKH AHANOTOBEIX CHTHAJIOB
L[BETHOI'O TeJIEeBH3MOHHOIO H300pakeHHs He-
obxomuMm aHanoro-mu(poBoil nmpeobpazoa-
TeNb, CIOCOOHLIN 3a 0JIHY CeKyHIy npeobpa-
30BaTh 107 aHANIOrOBBIX CHTHAJIOB B 7-pas-
pAAHBIe MalMHHEIE cioBa. Kpome Toro, B
TeneBu3ope morTpebyercs eme W 3akazHas
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MC c BBICOKOI CTeNeHbI0 MHTErPAlAH IS
madposoit o6paborkn mHpopmammu. Ecmm
HOMBITATHCS MCIOML30BATE [JIA 3TOr0 MHK-
porponeccop, 4TO B IPHHIMMIE BO3MOXKHO
(HO BecbMa HEpPaUHOHAJIBHO C IPAKTHYECKOH
TOYKH 3pEHH#), TO NpH paspsaHocTH § OHT
4YacTOTA €r0 TAKTOBLIX HMITYJILCOB HOJDKHA
coctanars 100 MI'n. [lemoHCTpanHOHHBIH
TOKA43 TePBEIX YaCTHYHO HH(POBBIX TeJIEBH-
3HOHHBIX NPHEMHHKOB yike cocroscs. [lo
CPaBHEHHIO C NPHEMHHKAMH AaHAJIOrOBOTO
THIIA BeCbMa YJIYHMIIHJIACH PE3KOCTh H3obpa-
JKEHHSI, & MEPIIAHUS COBEPIIEHHO OTCYTCTBY-~
tor. Ha nonxone u nndpoBoil pagdonpuem-
HHK C BBICOKOKAYeCTBEHHBIM BOCIPOH3BeJie-
HHMEM 3BYKOBBIX cHrHanoB. Haubonee mmupo-
KOe pachpocTpaHeHHe, OJHaKo, mupposas
TEXHHKA TIONYYWJa B IPOMIPHIBATENAX Ha
onTHyeckux auckax. ObpabaTbiBaeMblii cHI-
HaJ (OH CYMTHIBAEGTCH C [UCKA JIa3epHBIM
JIy4OM, a caMa 3alHch mpeacTaBiser coboii
JOPOXKKY M3 CBETJILIX M TEMHBIX Y4acTKOB) B
OTJIHYHE OT TEJICBH3HOHHBIX M pPaIHOCHTHA-
JIOB C CAMOT0O Havama sSBIseTcs NH(GPOBBIM.
IMepebie 1mGpPOBLIE TPOUTPHIBATENN HA OI-
THYECKHX [HCKAaX YyXe MOCTYNHIIA B Hpoxa-
xy. BesycnosHo, onn OynyT He mocIeIHHMH
mUGPOBEIMA H3IENHSIMH 3JEKTPOHHON HH-
nmycTpum passiedenmii. Ilepexom Ha mudpo-
BYIO TeXHHMKY Habllojaercs B HacTosllee
BpeMd H B 00JacTH mepenavn HH(OpMaIHH.
Kak wu3BecTHO, IH(POBOH CHTHAT MOMXKET
HMETh TOJILKO JIBa 3HAYEHHS] — HYJIb HIIH eI~
HHIA,— TAK YTO [OCJIE MPOXOXIEHHs MO Ka-
HAJly CBSI3H CO BCEMH HEH30eXHBIMH B J1aH-
HOM Cllydae TIOMeXaMH €ro ropasio jerde
pacno3HaTh, YeM AHAJOTOBLIH CHTHAJN BO
Beex ero rpagamusax. Korna mMel roBopum mo
Teaedony, To ceivac UL YacTh HH(popMa-
IIUH TIepeaeTcs M0 MeJIHOMY KOaKCHAaJIbHO-
My Kabeso ¢ MoMOIIBIO aHAJIOTOBBIX CHIHA-
noB. TenedoHHBIE ceTH MHOTHX CTpaH B
HACTOfIIee BpeMms mepeBoasTcs Ha umudpo-
BYIO nepenavy cursasuios. Ecim BMecTo Tpa-
JUIHOHHOTO KaHaJa CBA3W B BHIE MEIHOTO
kabens UCTIONB30BATH CBETOBOJ, TO MPAKTH-
YeCKH He OCTAeTCs HAYEero HHOro, Kak repeii-
TH Ha TH(POBYIO TEXHHKY Tieperaqn uHpop-
mammn. [Ipu nnnHe ceeToBOM BOMHLI 1,3 MKM
uHGOpPMALIAIO TIO CBETOBOJAY TEOPETHYECKH
MOXHO MepeJaBaTh CO CKOPOCTBIO, PABHOMH
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10'* 6ut/c. UTo6B MAKCHMATBHO HCIIOIB30-
BATh 3TY KOJIOCCAJILHYIO MPOMYCKHYHO CIO-
cOOHOCTH KaHAJA CBSA3H, HEODXOMUMEI ObICT-
pOAeHCTBYIOMIHE 3IEKTPOHHBIE CXEMBI, MO3-
BOJISIIOIIIE BBOJANTH 3aKOJMPOBAHHYIO IH(D-
poBBEIM criocoboM HHGMOPMAIIHIO B NIEpe1aro-
mee ycTpoicTBo (Ha Hase cBeTOM3NIyHaroLIe-
ro WIH Ja3epHOr0 JHOJA) U 3aTeM CUYHTbI-
BATH €¢ C MpHEeMHOro ycrpoiicta (potome-
tekTopa). Hudposas TexHuka uMeeT OHUEHL
6ombIoe 3HAYEHHE H IS pa3BHTHA Oecmpo-
BOHOM CBSI3H C MOMOLIbLIO Kak HalpaBlieH-
HOTO, TdK ¥ HEHANPABJEHHOI'O 3JIEKTPOMAar-
HUTHOTO H3JIydeHAs. HacTHYHO TaKas TeXHH-
Ka yXKe HCNOJIb3YyeTCs B CHCTeMax CIYTHHKO-
ot CBU-cBs3u ¢ mpsMBIM pacrnpocTpaHe-
HHEM PaJfOBOJIHEI Mexay cranuusmu. On-
HAKO M U1 3aHMMatolleil cedvac NOMHHH-
pyioiee nosoxeHue ananoropoit CBY-ces-
3u Tpebyrores Gonee mommusie UC mo cpas-
HEHMIO C BBINYCK4eMBIMH  IPOMBIIILIEH-
HOCThIO. M3-32 OTCYTCTBHA TaKHX MOIIHBIX
cxeM B CBY- m BY-TexHuke NOpUXOOUTCSH
NO-NpeXHEMY TIPHMEHATH OhICTpOAeHCTRYIO-
e 3JIeKTPOHHBIE JaMIbl, HANIpHMEP Mar-
HETPOHBI H KJIHCTPOHBL. DTO JIEIaeT BHICOKO-
YacTOTHOE 000py/IOBaHHE TPOMO3IKHM, J10-
POTOCTOSIIIIAM H CHIOXHBIM B M3TOTOBJIEHHH
H TMPEenATCTBYET JajbHEHIIeMY PaCIIAPEHAIO
obnacTH ero NpUMEHEHHS, CKajKeM COBep-
[ICHCTBOBAHWIO CHCTEM MPAMOTO MpHema
CHTHAJIOB CO CITyTHHKOB.

MossbiwieHne
CTeneHn uHTerpaumm
n 6GbicTpOAEACTBUA

ObGecnieyenrie ONTHMABLHOTO YIIPABICHHS
MPOU3BOACTBEHHLIMHA IIPOLECCAMHE, TIEPEBOJ
aHajoropoif uHpopmamun B uudpoByio,
BHEJPEHHE BOJOKOHHO-ONTHYECKOH CBA3H, a
Takke OoJiee IMIHPOKOE MCIONL30BAHUE H
nanpHeiiree passutHe cucrem CBY-cesazm—
BOT JIMILIL HEMHOTI'HE IPUMEpPE! U3 Tex obac-
Teil HWHOPMALMOHHOW TEXHHKH, KOTOpBIE
HCHBITBIBAIOT OCTPYHO noTpebHocTs B Hosee
HeIIeBBIX H B TO K€ Bpems 001aJaroiux
HoJlee BLICOKAM YPOBHEM HHTEJIIEKTa CHCTe-
max obpabotku wuHpopmamun. BriiTH Ha
Gouee BEICOKHUIT YPOBEHE HHTEILIIEKTA MOXKHO
HYTEM YBETHYEHUS YHCJIA CKOPOCTHBIX CXEM-
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HBIX 3JIEMEHTOB HIIH K€ NMYTeM MOBBIILECHHUS
BBICTPOICHCTBHS CXEMHBIX 2JIEMEHTOB. Ymc-
TO apu(METHYECKH YBEJIUYHTb YHCIO 3Jie-
MEHTOB MOJXHO, €CJIH IPAMEHHTHL Oosbluee
ypcio UC ¢ npexxHuM ypOBHEM HHTErPAlHu.
OaHako Takoe pelieHne BO MHOTHX CIIy4asix
ABJIAETCA JOPOroCTOAIUM. ITO KaK pa3 TOT
OyTh, KOTOPEI B HACTOSIIEH KHHATE MBI yXe
HA3BAJH NPHHIMIWAIBHO BO3MOXKHBIM, HO
MPAKTHYECKH HEMPHEMJIEMBIM H3-3a IIEHBI.
DaKTHYECKH OCTAETCHA HECKOJIBLKO YBEJIMHHTH
KOJIAYECTBO HCHOJb3YeMBIX 3JIEMEHTOB, Of-
HOBpPEMEHHO CHH3MB HX neny. Ho mns sroro
Tpebyrorca UC ¢ Gosee BHICOKOH CTENeHbIO
HHTErpanuy. 31eck MoJIe3HO BCIOMHHUTD pac-
CY)KJIeHHs W3 I'1. 4 0 TOM, NOYeMy H IpH
KaKHX YCJIOBHSIX CHHIXKAETCS CTOMMOCTB H3-
rotopnenns MC npu nepexoze Ha CXeMBl C
6oJiee BBICOKO#M CTeNeHBIO HHTErpanud. MHK-
PO3JIEKTPOHUKA MOXKET M JOJKHA BOCHONb-
30BaThCd HMMEHHO TAaKOH BO3MOMKHOCTBIO,
KOrja mepej Hell BCTAHET 3aja4a OopraHu3a-
MM [POM3BOJCTBA JIELIEBBIX NPHOOPOB,
umeromux Gonee BHICOKHH YpOBEHb HHTEN-
nekta. Ecte W eme oguH MOMEHT, H3-3a
KOTOPOTO MPHXOIUTCA OTAABATE MPEAnouTe-
HHE BapHAHTY ¢ MeHbIIHEM uuciioM UC 6onee
BBICOKOM CTETIeHH HHTErpaldy, a He YBeJIn4e-
a0 koumyecTBa MC HH3KOM CTeNmeHH HHTe-
rpanus. [eno B TOM, 4TO B HNEPBOM ClIy4yae
obecrreunBaeTcs Ooylee BBICOKasi HaJeK-
HOCTh. MekcoeauHenHus, KOTOpbie Heobxo-
JHUMO BBIMOJMHUTE B Bapuante ¢ UC Huskoit
CTEeNeHH UHTErpaIyH, BoobIe HMEIT OTHO-
CHTEJIBHO BBICOKYIO YacTOTY OTKA30B-—BO
BCSIKOM CJIy4ae IO CPAaBHEHHIO C TEMH COe/IH-
HEHUSIMH, KOTOpbIe (OPMHPYIOTCS MEXIY
OTHENbHBIMH CXeMHbIMH 3nemenTamn MIC B
npouecce u3rorosienus B mukie 1. Yrobbt
NOBBICHTH HAJEKHOCTh, HEODXOMHUMO CBECTH
K MHHAMYMY YHCJIO BbI3BIBAFOLIMX OTKA3bI
COCIMHEHHH, T.e. HCMONb30BATh HHTErpasib-
HBIE CXeMBI, 001a1aloIne MaKCHMAaJIbHO BbI-
COKMM YPOBHEM HHTErpaIllHH.

Moasenem nekoTopbie HTOrH. Ilepexon
HA MHKPOCXEMBI C BBICOKOMH CTEeNeHbIO HHTEr-
panmu oOyCIOBJIEH He TONbKo Heobxomu-
MOCTBIO CO3[aHHS CHCTeM OOpabOTKH HH-
(opManHH ¢ MaKCHMaJbHBIM YPOBHEM HH-
TEIJIEKTa, O ¥eM IlIa peyb B Havaje 3TOd
IJ1aBel, HO U noTpebHOCTRIO B BoJjlee HALEXK-
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HBIX CHCTEMAaX, COOTHOILEHHE MEXKIY YPOB-
HEM HMHTEJLIeKTa H LEHOH y KOTOpBIX OBLIO
6n1 Dosiee cOamaHCHPOBAHHBIM. DTO BLI3BAJIO
K JKHM3HM nNokosieHue MHkpoDBM, cocros-
mux u3 Majoro uucina MC c Bbicoxoit cre-
nedbpo MHTerpamuu. OnHako passutie MC
wis MUKpoDBM u muHE-IBM uzper nans-
1€ — B CTOPOHY CO3/IaHHsA OJHOKPHUCTAILHBIX
koMmmnbtoTepoB. Ilepebie 06pasibl momoGHBIX
MaIlHH YXe nocrynwium B npopaxy. Iloka
elle OJHOKpHCTalbHbIe MHKpPoOBM m mu-
H-OBM no npom3BoaMTENBHOCTH yCTyna-
IOT CBOMM aHajloram, cobpaHHbIM H3 60Ib-
moro yucna MC. Ecim norpebyercst cokpa-
TuTh umcao MC B kommbroTepax, Ooiee
KPYINHBIX, 4eM MEKpoDBM n munn-2BM, to
BO3HHKHET HEOOXOIMMOCTh B MHKPOIpOLIEC-
COpax, ONEpPHPYIOMMX 32-pa3paaHbIMH CIIO-
BaMH, 4 TAKXe B MHTErpajibHBIX CXeMax
naMATH eMKocTbio Oosee 62 kOMT Kaxnas.
OpuH Takoil KoMmeioTep yxke paspaboran
tupmoii «Xwronerr-Ilakkapa» u HocHT 000-
3gavenne HP9000. 32-paspsansblii MHKpO-
npoueccop aanuoit IBM comepxut 450 000
3JIEMEHTOB, PA3MEILICHHBIX HA OIHOM MOJIy-
MpOBOIHUKOBOM KpucTasne. [Ipennaznaven-
Hoe Juisi faHHoro kommnbrotepa 3VIIB Ha
128 xOut sABNSETCS OXHOKPHCTAJILHBIM,
OJTHAKO COAEPXKHUT eine Oosbiie TEMEHTOB —
600000. To, yro Hanbonee BHICOKAs CTENEHb
HHTErpanuM JocTurayra kak paz B UC na-
MSATH KOMIIBIOTEPA, BIOJHE 3aKOHOMEPHO.
IlpudnHa TOMY ~OTHOCHTEILHO — IIPOCTAs
crpykrypa MC pmamsaTh: oaMH M TOT Xe
0a30BBbIi JIEMEHT U 3allOMHHAOLIAs AYeiika
€MKOCTBIO | OHT B 3TO# CTPYKTYpE MOBTOPS-
IOTCS TaKoe YHCIO pa3s, KOTOPOe COOTBETCT-
ByeT emkocTH 3VY. [locTynuBiiee B mpomaxy
B 1986 r. 3VIIB auHamMuveckoro THma Ha
| Mbut npexcrapnser coboil OIHOKPHCTAIIL-
HO€ YCTPOWCTBO, B KOTOPOM Ha IUIOMIA/IN
ok0s10 80 MM? pa3MeleHO HECKOJAbKO MHII-
JIHOHOB 3JIEMEHTOB — CBBIIlIE MHJUIHOHA TPaH-
3HCTOPOB H TaKOE K€ KOJIMYECTBO KOHIEHCa-
TopoB. B 1987 r. mosiBHIOCE HACYMTHIBAIO-
mee Gonee 10 mnn. snementor 3YI1B auna-
MHYecKkoro tuna Ha 4 M6ur, a B Havane 90-x
rogos Oyayr cosmanbl Takwe 3Y Ha
16 Mout. Meraburossie 3VIIB npezncraBns-
10T HHTEPEC B KAYECTBE KOMIIOHEHTOB He TOJIb-
KO A1 OyaylIHX KOMITBIOTEPOB, HO W APYIHMX

nasa 7

npuknagaeix cucreM. Tak, Hanpumep, B UC
3V Ha 4 MOUT MOXHO ITOMECTHTH Ha XpaHe-
HHE COJEp/KAHWE KHHUIH, HACYMTHIBAIOLIEH
HECKOJIBKO coTeH crpaHuil. [loBbliieHHbIC
TpeboBaHus NPHBEIH K YBETHYECHUIO CTEHEHH
MHTEIPAMA H TAKHX HMHTETPAlbHBIX CXEM,
kak ALl u LIAII. Bo3bmem, Hampumep,
10-paspsauasiit AL #a 100 MI'u. Ecim 651
ero cxemMa Oblla MOCTpOEHA HA INPHHIMIE
napasiensHoro npeobpazoBanus (Mbl pac-
CMaTpHBAJM €ro B T 4), NO3BOJAIOIIEM
NOIHATHL CKOPOCTH 00paboTKM HAHHBIX, TO
HaM noTpebopanocs Oe1 20— 1 = 1023
kKommnapatopa. Ecinu npuHATH, 4TO B OJTHOM
Kommapatope HacuuteBaerca 100 anemen-
TOB, TO B 00ILEH CIOXHOCTH B HAIlIeH cxeme
6b110 681 cBBIIIE 100 000 251EMEHTOB, NpHYEM
B 9TO 4HCJIO HE BXOJAT T€, KOTOPhle He00X0-
JUMBI Uis AdpoBoro xomuposanus. Oco-
OeHHO BBICOKHM TpeboBaHHS K ObICTpOmeicT-
suto ALIIl. Ecom, x npumepy, tpebyercs
obecneunts 10® BHIGOPOK aHanoroBoOro CHr-
HAjla B CEKYHIY, TO B 3TOM cCllydae Bpems
3a[IepXKKH, T.€. BPEMS PpACIPOCTPAHECHHS
CHIHAJA, B OJHOH JIOTHYECKOH CXeMe [10JIK-
HO 6BITH HaMHOro Menmnme 107° c.
IloBeiuienne  OwICTpOACHCTBHS  MHTEr-
paNBHBIX CXeM 3aciykuBaeT Oolee moapob-
HOro obcyxaenusa. Torga kak ypoBeHb HH-
TeJUIeKTa  leHa ojHoro snementa MUC nps-
MO CBSI3aHBI CO CTENEHbIO MHTETPAIlHH, T.e€.
YPOBEHb MHTEJUIEKTA IOBBLIMIACTCSA MPH yBe-
JIMYCHUH CTeNeHH WHTErpallii, B OTHOLIEHHH
OBICTPOJEHCTBHS CHTYAllHs BBITJISAAT He-
CKOJIbKO MHade. B ompezeneHHBIX npezgeiax
CTeleHb MHTErpalud H OblcTpoAeicTBHe He
3ABUCAT APYr OT Apyra. MoOXHO yBelIH4uTh
CTeneHb HHTErpaldd ¥ NpH 3TOM COXPAHHTH
osictposeiicreue MC Ha npexxHeM YpOBHE.
CresloaTenbHO, NOBbIIEHHE ObICTpO/EHCT-
BHSl [JOJDKHO OCYILECTBJIATBHCA MPAMBIM ITy-
TeM. B mpeasuiylux riaBax Mbl BCKOJIb3b
YIOMHHAIH O TaKuX BO3MoOxHocTAX. OHH
CBSI3AaHBI C 3aMEHOH KPEMHHS MOIYIIPOBOI-
HHKOBLIMH MaTepHajam# ¢ Oojiee BBICOKOM
NOABMXKHOCTBIO HOCHTENCH 3apsia, B 4acT-
HOCTH apceHHoM rauimus u dochuaom ua-
JIHS, ¢ IepexonoM K Dosee HH3KUM pabounm
TeMIepaTypaM H ¢ YMEHBILICHHEM Pa3MepoB
27IEKTPOHHBIX KoMnoHeHToB. [pu uenonb3o-
Baiuu DK MeHblMX pasMepos B oaHoid MC
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ux momecturcs Oonbine. TakuMm obpazom,
CHOBAa BO3HHMKAET OMNpe/eNeHHAs 3aBHCH-
MOCTh MexXay ObicTpojeiicTBHEM M cTe-
nenpto maTerpammu MC. Ilpsmas 3aBucH-
MOCTB cTaHeT GoJjiee HATJISIHOMN, ecliH BMec-
To 6eicTponmeiicteua MC paccMaTpHBATH
ckopocTh 06paboTku uHpOpManuu B TpO-
neccope. ITocnennssi 3aBUCHT HE TOJBKO OT
ckopocTd 06paboTku kaxaoro 6ura, HO H B
pelmaromnieil CTeneHn OT TOro, Kakoe YHCIO
pa3paaoB oOpabaThiBACTCA OIHOBPEMEHHO.
Yerpoiictea ¢ 6oJiee BBICOKOH CTENEHBIO
uHTerpamuu obecneunBaioT Oosee BHICOKHI
YPOBEHb TaKOro Tapajulefiu3Ma U TeM
caMbiM GoJiee BBICOKYIO CKOpocTh 0Opabot-
K HH(pOpMATIHH,

[Mocne Toro kak Mel pa3o0paiuchk B TpH-
YHHAX, 3aCTABJIAIOLIMX Pa3paboTHNKOB CTpe-
MHTBCS K DoJiee BBHICOKOH CTElNeHH HHTerpa-
WM, HEeOOXOAMMO MO3HAKOMHUTBCA C BO3-
MOKHBIMH TTyTAMH JOCTHXXEHHS ITOH LETH.
TeopeTudeckn ceaTh 3TO MOKHO HEe MeHee
YeM MAThIO CrocobamMu:

1) ymensnmTh pasmepnl DK;

2) yBeJIMYHTE TUTOWIA[b TOJYIPOBOIHH-
KOBOTO KpHCTaJLIa;

3) ocylmIeCTBAThL MHTEIPALIMIO HA MHOTHX
YPOBHAX, T.€. HE TONBLKO MO TOPH3OHTAIIHM,
HO M MO BEPTHKAJIH;

4) obvenuHuTL B oaHOM DK HeckoabKO
(yHKIHI, HATpEMED WCIOJL30BaTL OHIO-
NSIPHBIA TPAH3HCTOP € HECKOJILKUMHU IMHTTE-
pamu;

5) paspaboTaTh CXeMBbl, HO3BOJAIOLIHE
YMEHBIINTE [UIOMIAAL KPHCTAJIa H COKpa-
THTb 3aTPaThl Ha TEXHOIOTHIO H3rOTOBJIE-
HUS.

Yro kacaercs IBYX TOCJEIHHX BO3MOKHOC-
TeH, TO 3/eChb Mbl OIPAHHYHMCS TOJBLKO HX
ynoMuHauueM. O TpexMepHOH HHTErpaluu
peub MOHAET HHXKE. Y BelMueHHue NOBepXHOC-
TH KpHCTa/ula (MHKPOZJIEKTPOHHAS TIpO-
MBIIIJICHHOCTh, Ha4aB B 1960 r. ¢ nomaynpo-
BOJIHHKOBBIX KPHCTAJUIOB IUIOINAABIO MEHEe
1 Mm?, B HAaCTOsILIEE BPEMS ONEPHPYET KPHC-
TAJUIAMHA TUIOMIABIO B HECKOJIBKO JIECATKOB
KBaZIpaTHBIX MHJUITMMETPOB), Oe3ycnoBHO,
ABJISIETCS OCHOBHBIM PE3EPBOM MOBBIIIICHHS
creneHd MHTerpaumu. OnHAKO, KaK MBI YkKe
YIOMHHAJIA B TJI. 5, BBIXO/ FOJHBIX A3ACTHN
YMEHBILIAETCSH ¢ YBEINYCHHEM TUIOMAAH KPH-
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crajna, H, 4TOOBI BBIMOJHHTE MOCTABJIEH-
HYIO 3apadvy, notpeOyroTcs MOIynpoBOAHH-
KOBBIE JTHCKH C MCHBIIHM YHCIIOM ,ued:exms
Ha nunomans B 1 cm?. Ecim atoro ymacres
,IIOGHTI:CH, TO CTENEHE HHTETpAllHH BO3pac-
TEeT 10 KpaiiHei mepe B jecaThb pas. M Bee xe
IaBHBIA NMyTh K 00Jiee BLICOKHM YPOBHSM
HHTErPalli{ CerofiHs, BHE BCAKUX COMHEHHI,
JIGKHT 4epe3 CyOMHKPOHHYIO TEXHOJIOTHIO,
T.€. 4Yepe3 ﬂaHbHeﬁIl.IBB YMCHBIICHHE pa3s-
MepoB oTaeabHbix K.

CybMUKpPOHHAaA TeXHONOruA

B 1960 r. MEHEMAaNbHAS IIAPHHA CTPYKTY-
Pbl, KOTOPYIO yAaBanock chopMHPOBATE, CO-
crapiasina 20 MM (puc. 67). CerooHsAIIHEAM
PEKOpPIOM TOJYIPOBOJAHHKOBONH MPOMBIIII-
Jnennoctu aBasrorcs 1-2 MrMm. CTPYKTYpBI
TAKOr0 pa3sMepa MOXKHO BCTPETHTH B DOJBb-
IIMX MHTETPaJbHBIX CXeMaXx, Y)Ke BhIllycKae-
MBIX CEPHHHO, HANPHMEpP OJAHOMHKPOHHEIE
cTpykTypbl B guHammdeckux 3YIIB Ha
256 xbutr m 1 M6ur. Korma cremens WH-
Terpauun npepbicut 10° amemenTtos, mpo-
MBIIIIJICHHOCTH NPHIETCS OBJA/IEBATE METO-
JaMu  (POPMHPOBAaHHUS CTPYKTYP IIHPHHOM
menee | mMxm. Tak, Hanpumep, B AHHAMHYE-
ckom 3VIIB na 4 M6ut (8- 10° snemenTos)
MpeIycMaTPUBAETCS MHHHMAJILHBIH pasMep
crpyktyp 0,7 MxM. 1151 MEKPO2JIEKTPOHHKH
peanu3anusg CyOMHKPOHHBIX CTPYKTYp #B-
JiseTcsa KJIIOWeBOH 3ajaueii, Oe3 pelneHus
KOTOpOH HalibHEMHIlee pa3sBHTHE HEBO3MOXK-
Ho. [ns sroro Heobxommumo mepepaboraTh
BCIO MOJIYIIPOBOJHUKOBYIO TEXHOJIOTHIO, KO-
TOPYIO MBI PACCMOTpENH B IJI. 5, BCKpPBHIB
pe3epBbl B T€X TEXHOJNOTHYECKHX Iporeccax,
rjie OHH elile UMEIOTCH, | TIepeiiis Ha HOBBIE
TEXHOJIOTMM TaM, I'[ie MCYEpNaHbl BCE MPHH-
IMHIMTHAJIBHBIE BO3MOXKHOCTH.

Bosmoxnoctu  ghomoaumozpaghuu, Ha-
OpUMeEp, OrpaHUYEHB! [UTHHOH BOJIHBI CBETA.
Ilpu wucnonbzoBaHuM cBeTa B (DHOJIETOBOM
YACTH CHEeKTpa ¢ JUIHHOH BosHb 400 HM
MOJKHO TOJY4aTh CTPYKTYPBI pasMepoM A0
| MKM. a4 C TOMOIIBIO YILTPa(HONIETOBOTO
W3Jy4eHHS —C JIHHOH BoOMHBI 200 HM-— IO
0,5 mxm. Ilpn renepammu yabrpaduonero-
BOTO M3JIy4eHHS XOPOILUE NEePCHeKTABLI OT-
KpBIBAIOTCA 1S 9KCHMepHoro nasepa. Ecmu
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Puc. 67. Dpomonus OCHOBHBIX NMoOKasaTeslell MHKPOINEKTPOHHOM TEXHOIOTHH (IMaMeTp MOJYIpOBOJ-
HHKOBOTO JIMCKA, TJIONIATh MOBEPXHOCTH KPHCTasla, HIHPHHA JEMCHTAPHOH CTPYKTYPHI H CTETEHB
HHTerpaimu) 4epes uurepsaisl B 10 ner. Liudpossbie nannbie — opuenTuposoynsie. (Maciitab Beiaepkan

TOJILKO B 'OPH30HTAJIBHOM Hanpanﬂenm{.)

K€ BMECTO CBETOBOT'O HCIOJIB30BATh PEHTTE-
HOBCKOE€, 3JIEKTPOHHOE HJIA HOHHOE H3JIy4e-
HHE, TO MOXHO (OPMHPOBaTh CTPYKTYPHI
pasMepoM IO COTHIX JoJiell MUKpomeTpa. B
HAcTosIlee BpeMs Hapsaay ¢ paboramm mo
Pa3BHTHIO PEHTT€HOBCKOM, HOHHOW W 3JIeKT-
pOHHOl JHMTOrpadMm NpeANpPHHAMAOTCH
IIaTH, HampaBJieHHBIe Ha Oollee MmoJHOE HC-
MOJIb30BAHHE BCEX BO3MOXKHOCTEl (oTOIH-
torpadun. B peHTreHoBckoil JHTOrpadun
HCTOYHHAKOM H3JIYMEHHsl CIYXHT 3JIE€KTPOH-
HBIH CHHXPOTPOH, KOTOPBIii ObLI co3an s
HecneIoBaHui B obnacTy anepHo# (pu3HKA.

CoBeplIeHHO HHBIM MOOXOJOM K peille-
HHIO npo0JieMBl pa3MepoB CTPYKTYP Xapak-
TEPH3YETCH CO3[JaHHAs HEKOTOPOE BpeMs Ha-
3a]l TAK Ha3biBaemasi TEXHOJOrHS BEpTH-
kanpHblx  MOIl-ctpyktyp. Onpenenenue
«BePTHKAJILHLIC» O3HAYAET, YTO HAIpaBie-
uue kanaja MOII-Tparsncropa, 00bIYHO
PaCHONIOKEHHOTO B FOPH3OHTAJLHOM ILIOC-
KOCTH KpHCTaJUld, B COOTBETCTBHHM C 3TOMH
TEXHOJIOTHEH H3MEHAETCA Ha BePTHKAJILHOE.

ITockoIBKY BepTHKAJIbHBIE pa3Mephl IMOJy-
[POBOJHHUKOBLIX CTPYKTYP ONpeIeIstoTcs
TOJIIHHOM Pa3JMYHBIX CJI0eB, PaBHOH 1 MKM
M MeHee, TAKHM TyTeM MOXHO (opMHpO-
BaTh OYEHb KOPOTKHE KaHasbl. IIpH HCcmoms-
30BaHHH JAHHOH TEXHOJIOTHH H3TOTOBJICHUS
OHMONMAPHBEIX TPAH3UCTOPOB IUIHPHHA Oassl,
T. €. TAKO#l ke KPUTHYECKHii mapaMeTp, KaK 1
JUIMHA KaHaJa MOJIEBOTO TpaH3HcTopa, Oy-
JeT ONpeNeNaThCs He TOPH3OHTATBHBIMH,
BEPTHKAJIBHBIMA pasMepaMH CTPYKTYp H
YeTKOCTBIO TIPAaHHUBI NMpO(HIs JErHpoBaH-
HO#i 06MacT¥ MaTepHasna, KOTOPYK HeoOXo-
oMo copMHpOBATh AU MOJIyYeHHs Oa3bl.
PaccMoTpeHHE 3JIEMEHTOB 060HX THIIOB T0-
Ka3bIBAET, YTO TPH YMEHBIIEHHH TOPH30H-
TaJIbHBIX Pa3MepPOB MOXKHO H JOJDKHO TaKke
YMEHBIIHTh BePTHKAJIbHBIE Pa3Mephl, T.e.
TOJILHAY CJIOEB, H3 KOTOPHIX (popMHpPYIOTCH
3TH 3memeHTHL. [lepexos Ha CTPYKTYpHI €
3JIeMEHTAMH MEHBIIEro pasMepa yxecroda-
eT TpeGoBaHHsA KO BCEM CTAJMAM TIPOLECCOB
MOJYIPOBOAHHKOBOH TEXHOJIOTHH, T.€. K
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NpoHenypaM JIeTHPOBaHHSA, OKCHANPOBAHUSA,
TpaBieHHA, NMPOMBIBKM, TACCHBAIHH H Me-
Tanmu3anmu. Hounaa umnaanmayus ¢ mocie-
ayroueid nUKBHAanmell oOpa3oBaBIIHXCH B
MaTepuasie Ae(eKTOB HAYHHAET MO CBOEMY
3HAYEHHIO TPEBOCXOANTE MH((y3HIO Kak Me-
Ton nernpoBanms. He B mocnemmioro oue-
pefib 3TO CBA3aHO C TeM, 4YTO B pe3yJbTa-
Te YMEHBIIEHHS BEPTHKAIBHLIX pa3MepOB
CTPYKTYP OKa3bIBAETCSH BIIOJIHE AOCTATOYHON
Ta HeOoJbIIas ryOHHA JETHPOBAHNSA, KOTO-
pyto obecneyMBacT HOHHAS MMIUIAHTAIHA.
Ilo cpasHenuio ¢ muddysneii noHHas HM-
TUIAHTALMA TO3BOJIAET MONMYyYuTh Oornee pes-
kuii mpodune nermpoBaHus. OpHako rias-
HOE JOCTOMHCTBO 3TOr0 METOJId 3aKJIIo4aeT-
cs B TOM, 4TO OH TIO3BOJISET OTKA3aThCHA OT
Heobxoaumoro npu mH(py3uN JUTATETHHOTO
HArpeBa TOJYNPOBOXHAKOBLIX JHCKOB 10
temnepatypsl 1000°C m Benme. Ecim um-
TUIAHTALASA OCYIIECTBIAETCS C IMOMOIIBIO
CBE/ICHHA HOHOB B TOHKHil y4OK, TO Tpebye-
MBI€ CTPYKTYPBI MOTYT OBITH chopmHpOBa-
Hbl ¥ Oe3 (oTomurorpadmn—myrem n3bupa-
TeNBHOTO (DOKYCHPOBAHHA MyYKa HOHOB HA
OTpeJeNIeHHbIX Y4acTKaX IOJYIPOBOIHHKO-
Boro aucka. ITockonbky B mpouecce mpume-
HeHHst MOHHOM HMILTAHTAIIMA CTPEMSATCH H3-
GexaTh [UTMTENBHOTO BO3JCHCTBHS BBICO-
KOH TeMIepaTyphl Ha NOJYNPOBOAHUKOBBIH
JTACK, 3/1eck BO3HHKAeT npobiema (hopmupo-
BaHWS OKCHJHOIO CJIOS Mepea KaxiIoi ome-
panmei nerupoeanns. Ecim opueHTHPOBATH~
¢sl Ha TO, 4T TEPMHYECKOE OKHCIICHHE HOITK-
HO TIPOTEKAaTh NMpH 6oJlee HA3KAX TeMIepaTy-
pax, T.€. B COOTBETCTBHH C PEXKHMOM HOH-
HOH HMMIUTAaHTAlHHA, TO CJEAyeT WA MOJ-
HOCTBH) OTKa3aThCs OT TEPMHHYECKOTO OKHC-
NeHust UM o6paTUTBECS K APYroi TeXHOJO-
run. Cnenyronieii npobaemoit spasercs BoI-
HAsl NPOMBIEKA TIOJIYIIPOBOAHAKOBOIO THCKA
M mpasienue XUIKAMH XUMHKATaMH. OTH
onepanui HUKOTAa OPraHHYHO HE BIUCHIBA-
JHUCh B TIOJYNPOBOJAHHKOBYIO TEXHOJIOTHIO,
INpu nepexone Ha MUKPOHHBIE U CYOMHKPOH-
HbIE CTPYKTYPBI OHH CTAHOBSATCA abCOMOTHO
HENMPHEMJIEMBIMH, T. €. JOJKHBI OBITH 3ame-
HEHbI MPONECCaMH, JIyHIle IOANAOIIHMHUCH
yNpaBieHHIO, HATIPUMED TPOIECCOM OYHMCT-
KH ¥ TPaBlIeHHA C MOMOMIBIO TLIA3MBI WJIH
HOHHBIX IyukoB. O6a 3TH MeToma, Kpome
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TOro, o6ecne nBarOT BOZMOKXHOCTH NPSMOT0
H36HpaTeNLHOrO TPaBICHHS OMPEACIEHHBIX
crpykryp Ge3 dorommrorpadun. [Ipu nmas-
MEHHOM TPaBJIeHHH, HATIPAMED, C MOMOILBIO
OTIpe/ie/IEHHbIX TPHEMOB MOXKHO HOOHTHCH
VAaJeHHs C MOJIYIPOBOXHHKOBOTO JIHCKA
JHMIIb TeX YYacTKOB, KOTOpBIE TNpeaBapH-
TEJIHO 3aCBEYHBAJIMCH YILTPA(QHOIETOBBIM
H3JIy4eHHEM SKCHMepHoro nasepa. [nsa nac-
CHBAIIA¥, MACKHPOBAHAS W CO3/IaHUS H30JIs-
A KpPOME MIBYOKHCH KPEMHHS BCE IIHMpe
HCIONB3YIOT M JpYrHe MaTepHaisl, B mep-
BYIO Ouepeabh HUTPH KPEeMHHS, KOTOPBIH MO
paay CBOHCTB MPEBOCXOIUT JIBYOKHCh KpeM-
Hus. Bee yame u npyrue cinon GpopmMupyroTes
Ha 6Ga3e TEXHOJIOTHH, OCHOBaHHOH Ha obpa-
60TKEe NPH OTHOCHTENHHO HM3KMX TeMIepa-
typax. K ux umcay oTHOCHTCH, Hampumep,
XMMHYECKOE OCAXIEHWe H3 MapoBo# ¢assl,
3 ek THBHOCTE KOTOPOTO [IOMOJHHTEIBEHO
MOJKHO YBETHYATH TMyTeM HCHOIb30BAHUSA
ra3oBOro pas3psja WM JasepHoro oGiyde-
Has. [To Mepe Toro Kak yMeHbIIAIOTCA FOpH-
30HTaJIBHBIE pa3sMepsl CTPYKTYp, Gonee y3-
KHMH CTAaHOBATCH TOKONPOBOJHBIE THHAN W3

. AJIIOMHHHA HJIH MMOJTHEPCMHHA. B pe3yasTaTe

BO3PACTAET 3JIEKTPUYECKOE CONPOTHBIICHHE,
4TO OTPHUIATENBHBLIM 00pa30M CKa3bIBAaeTCH
Ha OpicTpoaeiicteuu UC. ITnoTHOCTE MpOX0-
OANIAX TI0 HUM TOKOB CTAHOBHMTCA OYEHB
6oBIIOH, W 9TO NMPHBOAHT K BO3HHKHOBE-
HHIO [e(eKTOB CTPYKTYPHl MATepHalia B pe-
3ynbTare ayiekTpoMurpannn. CrenoBateib-
HO, MOTpebyloTCs MexcoenuHenus, obnana-
fomue Gonee BHICOKOH MeXaHHYECKOM Mpoy-
HOCTBIO H 3JIEKTPONPOBOAHOCTHIO. B a3Toit
CBSi3H HEOOXOIMMO OTMETHTH BO3pacTaro-
Hiee 3HAYEHHE CHIIMITHIOB TSKEIBIX METas-
JIOB, HATIpUMEp THTaHa, Boibdpama m Mo-
nmubieHa, BBOJHMEBIX BMECTO MOJUKPEMHHS B
KauecTBe MPOBOJHUKOB, PACIOIOXEHHBLIX Ha
6onee rnybokom yposmue. Ilpu meranmnsa-
ITHH MOBEPXHOCTHBIX MPOBOIHHKOB 3aMETHbI
TEHACHIWH K 3aMEHE YHCTOrO AJIOMHHHS
ANFOMAHHMEM, JIETHPOBAHHBIM MEIbIO HIIH TS~
JKEJTBIMH MeTaJIJIaMH.

[IpuBenennble NPUMEPEI PA3BUTHSA MOy~
TMPOBOIHAKOBOI TEXHOJIOTHH, CBS3aHHOTO C
NMepexoNoM Ha CyOMHKPOHHBIE CTPYKTYPEI,
MO3BOJAIOT MOJYYUTE 00Ilee Tpe/ICTaBIeHHE
O COCTOSIHHHM JieNl B laHHO# obnactu. IToxso-
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[11 HTOTH, MOXHO CKa3aTh, YTO 3TOT MEPEXOH
BEJIET K WCKJIFOYCHHUIO M3 MOJIYIPOBOAHHMKO-
BOH TEXHOJOTHH BBICOKOTEMIEPATYPHBIX H
BIIAXKHBIX XHMHYCCKHX MPOLECCOB H HX 3amMe-
HE OmepamusiMH, NMpoTeKaumMe npu Gosee
HH3KHX TEMIEPATYpax, a TAKKE CYXHMH Mpo-
Heccamu. YToOBI BBINOJHWUTE OTHETbHbIE
omepanmyui ¢ HeoOXOAMMOI BBICOKOH TOY-
HOCTBIO, TEXHOJIOTHYeckoe o00opyJoBaHHE
JIOJDKHO OBITH OCHAIICHO AHATHOCTHYECKHMH
cpeAcTBaMH M MHKPONPOLECCOPHBIM YIIPAB-
JIEHHEM, TMO3BOJISAIOIINMH CIEIHTH 33 BCEM
XO[OM MPOH3BOJCTBEHHOro mpouecca. B
CBsA3H ¢ 3TUM ocoboe 3HaveHHe IpHOOpeTaeT
BHEJIDEHHE B MOJIYIPOBOIHHKOBYIO TEXHOJIO-
I'MIO COBPEMEHHBIX 3JIEKTPOHHBIX, HOHHBIX,
PEHTTCHOBCKHX M ONTHYECKHX METOJOB [IHar-
HocTHKH. OHOBPEMEHHO € TEPEXOAOM Ha
CyOMMKPOHHYIO TEXHOJIOTHIO B O4epeaHOH
pa3 pe3ko Bo3pacTaroT TpeDOBaHUS K YHCTO-
Te UCMOJIb3YEMBIX MATEPHAJIOB H TEXHOJIOTH-
4YeCKOTO 0060pyIOBaHMA, KOTOPLIE U CErOaHS
HEIOMEPHO BBICOKH. B TO BpeMs Kak, HalpH-
Mep, NPH «HAIMHKPOHHOM» TEXHOJIOIHH 10-
CTATOYHO CIEIUTHL 3a TeM, 4TODOBI 4HCIO
yacTun BeauuuHoi Gonee 0,5 MkM B aTtmo-
chepe YMCTBIX NOMELIEHUIT He BLIXOIWIIO 3a
ONpe/iefieHHYI0 TpaHuily, TPH Tepexoje Ha
CYOMHKPOHHYIO TEXHONIOTHIO M3 YHCTBIX MO-
MEIIeHni HeoOXOAUMO MNPAKTHYECKH MOJ-
HOCTBIO YHAIUTh MbUIb, YACTHIBI KOTOPOI
KpyInHee OIHOH AecATOH HOJIH MHKPOMETPA.
O6pasHo ToBOpS, I[MOJOXKEHHE C YHCTHIMH
MNOMEIIEHASIMH MOXKHO OIHCATEL TAK: ECIH 10
HACTOSILIErO BPEMEHH B 3THX MOMEIICHUIX
He NOMKHO Obw1o OBITL OakTepwil — THHA
TyOepKyne3Ho# nmanoYku paBHa | MKM,—ToO B
OymyuieM uX HOTpedyeTcs NOJHOCTHIO OYUC-
THTH e OT BUPYCOB: pa3Mep BHPYCA OCIbL
cocrasiger 0,15 mxm. Onmako 2TH MW pac-
CMOTpeHHbIe panee Tpebopanus k Oyayiuei
CyOMHKPDOHHOH TEXHOJIOTHH MOXHO Oyner
BBITIOJIHUTE Hauiexanmum obpasoMm, UL
KOT[la MPOM30HIeT Nepexoi Ha HOJHOCTBIO
aBTOMATU3HPOBAHHOE  BLINOJIHEHHE  BCeX
onepanuii muKIa | B repMeTHYECKH H30IHPO-
BAHHOM MPOCTPAHCTBE, BO3MOXHO B Ba-
kyyme. Bnarogaps stomy Oyaer npegoTspa-
IIEHA BO3MOXKHOCTE J0OOro HAPYHICHHS
TEXHOJIOIMYECKOr0 MpoHecca €O CTOPOHLI
06CnyKUBAIOLIETO MEpPCOHANA; HATPHMEp,
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OyayT JMKBHAMPOBAHLI MPHYHHLI BO3HHKHO-
BeHHSI BHOpanuii ¥ BHECCHHS 3arpsi3HEHHIA.
ABTOMATH3AIMA TEXHOJIOTHYECKHX Mpolec-
COB MNMPAKTHYCCKH HCKJIHOYAET H OIIMOKH 1Mo
BHHe Tepconana. Ilo omeHkam 9SKcnepTos,
OJIHO TOJIBKO HMCKJIFOYEHHE TaKUX OLIMOOK B
nuKie | MoXKeT NpHBECTH K MOBBIILEHHIO
BBIXO/Ia TOMHBIX H3/enuil B 3—4 pa3za. OmgHa-
KO Mepexo/l B HKJIe | K MOJHOCTBIO aBTOMa-
TH3MPOBAHHOMY BaKyyMHOMY IIpOIEcCy, ec-
M TAKOBOW BOOOLIE BO3MOXEH, MOJDKEH
npoHcXoauTh nosTanHo. [Toka ke cylmecTBy-
€T peaJibHass BO3MOXHOCTH aBTOMATH3AIHA
TONMLKO OTAENbHBLIX ONEpanyii, HanpuMep
toTomuTorpadun.

Cy6MuUKpoOHHbIE 3NEeMEHTbI

Cepbe3sHble 3a7a4d Tepel MHKPOIJIEKTPOH-
HOHM TEXHOJOrHeH CTABUT HEOOXOAMMOCTH
nsrorosnenus UC co cTenenbio HHTErpain
oTHeNBHBIX 37emenToB oT 10° mo 107 i naxe
Oosbllle MpPH pa3Mepe CTPYKTYpP MeHee
| MKM, 4TO HEH3DEXKHO MPH TAKOM YPOBHE
IUIOTHOCTH 35ieMeHTOB. [ToTpebyercs kopeH-
HOE YNIYYIIEHHE BCeX TeXHOJOTHYECKHX Orfe-
paumii nmukma 1. Ha s1o HaknagsiBaroTcs
npobiieMbl, CBA3aHHBIE HEMOCPEICTBEHHO C
(DyHKIHOHHPOBAHHEM  CAMOIO  3JIEMEHTA.
MoXHO M 3apaHee CYHTATh, YTO TIPH
MOCIENOBATEILHOM YMEHBIIEHH (pusudec-
kux pasmepor MOIl-rpansucrop byuer pa-
6orare mo-ctapomy? besycinoeno, ner. [lo
MEHBILICH Mepe OH, K MOpHMEpY, [d0JDKEH
uMeTs oauH arom kpemuus. Ho ommoro
9TOro HefocTaTouHo. HyXHBI yHacTKu nosy-
MPOBOJHHKOBOTO MaTepHaid ¢ 3JeKTPOIpo-
BOHOCTBIO p- H A-=THIIA, 4 3TO 3HAYMT, YTO p-
1 n-001aCTH JOJDKHBI HMETh TAKHE pa3MepHl,
4yTOOBl TAM MOT HAXOIUTBCS MO KpaiiHei
MEpe OIHH aTOM JICTHPYIOUIeH TNpHMECH.
INosToMy KOHUEHTpAUMH JIETUPYIOLIHX TIPH-
meceii opsiaka 10'® moryr GeiTh 06ecnede-
HBI JIHIIL NPH 00beMe MCXOIHOI0 TMOJYNpo-
BOJHHKOBOro Matepuaina okoqo 10718 v’
Takoii o6beM umeeT KyOuk ¢ JuHHOI pebpa
0,01 mxM. OHAaKO OJHOTO ATOMA JIETHPYIO-
LIeH MPHMECH ABHO HEHOCTATOYHO, B JeiCT-
BHTENBHOCTH HMX HOJUKHO ObITH MHOTO. Eciu
B3sTh, K mpumepy, 1000 aromoB, TO 3TO
NpHBEAET K HECATHKPATHOMY YBEIHYEHHIO
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JUHEHHBIX pa3MepoB nermpyemMoit obnacrm,
T.€. g0 0,1 mxm. Ho yxe nipn anuHe KaHama
MeHBIIe '/, MKM cTaTHCTHYeCKas (uyKTyanus
3HAYEHHH KOHIEHTPAIMH JIETHPYIOUIEH MpH-
MECH B KaHaJjle CKa3bIBAETCS Ha MOPOroBOM
Hanpsokenud, T.e. 8 UC oHo HaumnaeT kone-
GaTbCsd HEKOHTPOJHMpYEMLIM obOpa3oMm oOT
TpaH3UCTOpa K TpaHsucropy. [pyras npob-
JIeMa COCTOMT B TOM, YTO YHUCIIO 2JIEKTPOHOB
B KaHaje (MBI MMEEM B BHIY H-KaHAJIbHBIH
MOI1-TpaH3BCTOpP) YMEHBIIAETCH HACTONb-
KO, UTO KOJIMYECTBO 3JIEKTPOHOB, TIOPOXK/ICH-
HBIX PagHOAKTHBHBIM W3JTyYeHHEM camMoit
MC unu okpyskarolueii cpefibl, B ONpeaeseH-
HBIX YCIIOBHAX MOXET CTaThb TakKHM, 4TO
NpHBENET K BKJIIOYEHWIO HIIH BHIKIIOYEHHIO
Tpansucropa. Ytobsr chopmuposaTs p-06-
NAcTh MEXIy HCTOKOM H CTOKOM, /UIHHA
KaHajga JOJIKHA MPEBBILATHL ONpPEIesICHHYIO
BelMYMHY (OBITH KpaTHOH neGaeBckoMy pa-
AMyCy), Tak Kak B MPOTUBHOM ciyuae Gyuer
HabmoaThes «cMBIKanue» kaHana. Kpome
TOro, HeobXoauMo obecrnednTs HEKOTOPYIO
MHHHUMANBHYIO JUIHHY (paBHYI cpenHeit
mimHe cBobogHoro mpobera Hocutesei 3a-
psaaa), 4roObl MepeHOC 3apsia B KaHale
HOCHJI «HOPMAJILHBIIH» XapakTep, UHa4e OH
craner «bamnmucruyeckum». Ecmm  mmny
BOJIHBI 2JIEKTPOHOB B n-KaHajeHoM MOII-
TPAH3HCTOpE HeNb3s OosbIne CYHTATEH Mpe-
HeOPeRUMO MajIoi MO CPpaBHEHHIO ¢ IIyOH-
HOH KaHana, TO HeoOX0IMMO NMPHHHUMATE BO
BHHMAaHHE KBAHTOBBIH 3(exT: 3MeKTpPOHBI
NpeBpalialoTcss B KaHajle B IBYMEDHBIi
NEKTPOHHBIN «ra3», [lns HajexHoro nepe-
krrovennss MOII-Tpan3ucTopa U3 3anepToro
COCTOSIHHMA B NMPOBOJIAIIEE H3MEHEHHE HATIPS-
KCHHSl HAa 3aTBOPE AOJ/DKHO OBITH 3HAYHTENb-
HO GOoJIBIe TEIUIOBBIX KosleOaHMii HaTpsKe-
aus. [Ipn kOMHATHON TemmepaType 5TH KO-
nebanus pasubl '/,, B. Baanmnas snekTpH-
HecKasi pa3sBa3Kka JIEMEHTOB, peaM30BaHHAN
C MOMOIIBI 0OpaTHOCMEIIEHHBIX p— H-Tiepe-
XO/I0B, OEHCTBYET IHIIL /IO TeX MOp, MOKa
TYHHEJTHpPYEMBIE 3JEKTPOHBI W ABIPKH HE
NPeO0NEIOT 3alpellieHHYI0 30HY HONYNpo-
BOJIHMKA, T. €. TIOKa TOJIIIAHA CJIOS 00BEeMHO-
ro 3apsjia MpeBHIIAET [THHY BOJIHBI 2JIEKT-
POHOB WJIH AbIPOK. B HacTosiiee Bpems mpu
npoekTupoBanuu Tonosnorun UC ¢ Beicokoit
CTENEHbIO HHTErPAlA IHPOKO HCIOJL3YeT-
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¢ METOoJ TaK Ha3bIBAEMOI0 MPONOPIHO-
HAJILHOTO yMEHbILICHHS dneMeHToB. OH mO-
3BOJISET MPOTHO3MPOBATH H3MEHEHHSI CBOWCTB
OTACABHBIX 3JIEMEHTOB, KOTZa OCYIIECTB-
NAIOT YMCHBIICHHE MX JMHEHHBIX pasMeEpoOB.
Tax, Hanpumep, BpeMs NepekIoYeHus TpaH-
3UCTOPA IOJDKHO YMEHBIIHUTLCS BJBOE, €CIIH
BCE €ro pasMepbl COKPAllaloTCs HAMOJIOBH-
HY. DTOT NMPOrHO3 OMHPAETCS HA Pe3yibTa-
THI, TOJY4YEHHbIEC B XO/A€ PEIIEHHS MaTeMaTH-
HYECKHX YPABHCHHH, C MOMOIIBIO KOTOPBIX
OTHCHIBAIOTCA 3JIeMeHThL. MeToa mpomop-
HHOHAJNLHOTO YMEHBIIEHA NMPHMEHHM, MOKa
COpPaBe[UIHBLI  MCIOJb3YeMbIE  YpPaBHEHHS
(BeiIe MBI yxke roBopwiH 00 3ddekrax,
KOTOPBIE YACTHYHO OIPAaHHYMBAIOT 06/1acTh
UX npuMeHenus). OOHAKO OH HENPHTOJEH,
KOI'/Ia KpaeBble YCIOBHS, HCIONb3yeMbIe TIPH
pelieHAn ypaBHEHWH, HE [OMYCKAIOT COOT-
BETCTBYIOLIET0 MaciuTabuposanus. boiee
cepbe3Hasi mpobiemMa COCTOMT B TOM, HTO
HANpPSKEHHE, TPHIOKEHHOEe K CTOKY, He
MOXeT OBITh BBHIOPAaHO NPOH3BOJILHO Ma-
JIBIM: 110 coobpazxenusam (HH3NYECcKOro miaHa
ero 3HaveHue [JOJKHO IPEBBLIUATL BEJIHYH-
HY, paBHYI0 npumepro 2 B, a eciim Heobxo-
maMmo obecrieunth comectumocts ¢ TTJI
WC, To ero cnepyeT noaAepkuBaTh PABHBIM
5 B. B peaynbTaTe B kaHase JUIHHOI 0,5 MKM
BO3ZHHKACT 9JMEKTPHYECKOE T0JIe HANpPSAKEH-
gocteio 107 B/M. B cTONb CHIBHBIX TOJSAX
MPOHCXOMT «pa3orpes» 2JeKTPOHOB, M HX
cpefHsisi CKOPOCTh BO3PACTAET HACTOJBKO,
YTO OHH MPOHHUKAIOT B OKCHJ 3aTBOpPA M TaM
MONAajAaloT B JIOBYIIKH 3apAoB (OTYEro 1o-
pOroBO€ HaNpsyKeHWe TPaH3UCTOpa W3MEHs-
eTcsl) WM K€ TPOXOJAAT TYHHENBHO 4epes
BCIO TOJILIMHY 3aTBOPHOTO OKCHAA, YTO TaK-
€ BBI3BIBAET PE3KOE MCKAKeHHe (PyHKIHO-
HaneHBIX Xxapaktepuctuk MOII-Tpan3sucro-
pa. ®H3HYECKHE OTPAHUYCHHS, ONpPEAeNIsArO-
Ie Tnpeaensbl JadbHEHINEero YMeHbIIEHUS
pa3sMepoB 2JEMEHTOB H HEOOXOIMMBIX LIS
HX HM3TOTOBJIEHHS BCIOMOTATENbLHBIX CTPYK-
TYpP CpeICTBAMH MOJYNPOBOAHUKOBOH Tex-
HOJIOTHH, B HACTOSIEE BPEMS XOPOILIO H3Y-
yeHbl. OHaKo Ha GimkaiieM sTane yMeHb-
LIEHHST PA3MEpPOB— M0 KpalHeid Mepe 10 Tex
nop, MOKa MHHHMAJbHBIE pa3Mepbl CTPYK-
Typ eme npesbinator 0,1 MrM,~OyayT cka-
3LIBATLCS JIHILB TE OTPAHMYEHHS, KOTOPbIE
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HMEIOT OTHOCHTE/IbHBIH XapakTtep. OHM mo-
3BOJIAIOT OTOABHHYTH 93Ty TPaHHIy BBEpX
MYTEM BHECEHHS CTPYKTYPHBIX H3MEHEHWH B
3J7IEMEHTHI, HAaNpHMEp IyTeM BBEICHHS B
KMOII-TexHOJIOrHIO H30JMPYIOIIHX KaHa-
BOK, 3alOJIHEHHBIX OKCHIOM, IpPHMEHCHHS
APYTHX MaTepHasioB (HUTPHIOB, CHIIMIHJIOB,
TSDKEIBIX METAJUIOB) HJIM HCIONb30BAHAS
HHTErpajbHBIX CXeM, paboTaromuX NpH HA3-
KHX Temnepatypax. Ha osrom ocHoBauum
MOXHO CJENaTh BBIBOJ, YTO B KPEMHHEBOH
MHKPO2JIEKTpOHHUKe yaactes nepeitn k MC,
B KOTOPBIX OT/ENbHBIC 37EMEHTBI HMEIOT
pasmepbl okono 0,1 MKM, a cTeneHb WHTer-
pauun gocruraer 10'° anementos. D1u mud-
Pbl MBI TIONYYHIIH, NPHHAB TLIOMIANL KPEM-
HHEBOTO KpHCTa/la paBHoii | cM? u pasje-
JIHB €€ Ha IUIOMIA[b OTJAEJNILHOTO 3JIEMEHTA,
npunsaTyio pasnoi 0,1 x 0,1 MxmM. Beime mMbl
YK€ TOBOPHJHM O TOM, YTO HHTErpajibHbIE
CXEMBI yXke celdac MOoTpebisioT NOBOJBHO
MaJio 3Hepruf. 1o kacanock UC, comepxa-
mux 10° snementos kaxaas. Ho maxe ecnn
UC copepxut 107 - 10% oTaensHbIX aneMeH-
TOB, npobiemMa 3aKiroyaeTcs He B Yepecuyp
GousbioM sHepronoTpebieHun, a B TOM, 4TO
9Ta SHEPrus MPEBpAallaeTCs B TEIUIO U BbI3BI-
BaeT ciibHbIi Harpes UC, ecnu He obecre-
YHBAETCH [JOCTATOYHO HHTEHCHBHBINH OTBOI
Teruia. CyluecTByloT (pH3HYecKHe Mpeienbl
Terulonepegayd. B coorBeTcTBHM C BHIMOJ-
HEHHbIMH pacueTamu o1 kopnyca MC npm
NpeAebHO JOMYCTHMBIX TeMIepaTypax Ha-
rpeBa B pEeXHME HENpephiBHOH paboThl He-
BO3MOXKHO OTBECTH TEIUIOBYIO MOIIHOCTH
Honee 10 Br. Mmenno orciofia ¥ BHITEKAET
TpeboBaHue JabHEHINEro COKpaIleHHs Io-
Teps MomHoctH B UC, nanpumep mytem
nepexojia Ha Gosiee HU3KHE HANPSAKCHHSA ITH-
tauus. Ilpemenst moMMMO Bcero mnpowero
ONpeaeNAloTCA TAKXKE TEIUIOBBIMH Koseba-
HUSAMH () DEKTHBHOrO HANPSKEHHSA, O HYeM
MBI YK€ TOBOPHJIH BBILLE.

JanpHeiiee yMeHbIIEHHE Pa3MepOB 2J1e-
MEHTOB BIUIOTH JI0 TPHHIHMIHAILHO BO3-
MOXKHOro (hu3HuecKoro mpejesa He ABIAET-
cd, Kak Mbl 3HaeM, CAaMOIeNIbi0. ITO b
CpEICTBO Ul [OCTHKEHHA OIpele/eHHOMH
UETH, T.€. YBEJIHUYCHHA CTEIICHH WHTErpalii
U NOBLIIIeHNs ObicTponeicTBus. YTobbl 0B-
nanetb TexHosorweit msrorosnenus UC c
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foJiee BBICOKOH CTeNEHBIO MHTErpalHH, He-
00X0AMMO peIInTH He TOJMBKO PacCMOTPEH-
HBle HaMHM npobneMbl B mukiae 1, HO H
3aja4M, cBA3aHHbe ¢ nEKaoM (. Yike roso-
PHIOCH O TOM, 4TO [ Mepexola Ha moijy-
MPOBOJHHUKOBEIE KPHCTAIUIBI ¢ DOJIbINei MI0-
Aaabo TPH TPHEMJIEMOM BBIXOJE TOIHBIX
n3genuii  HeoOXOAMMO HAJAMUTh TPOU3-
BOJCTBO MOJYNPOBOJAHHUKOBBIX . JJHCKOB C
MEHBIEH MIJIOTHOCTHIO Ae()eKTOB H HApYIe-
HUW CTPYKTyphl. Pemmth 3Ty 3amavy neita-
HOTCSA 3@ CYET COBEPILEHCTBOBAHHUA OTHENb-
HBIX ONepalii H3roToBJIEHHS NOJYIPOBO-
HHKOBBIX [IHCKOB M KpHCTaJLIOB Oe3 Kako-
ro-mibo nepexoja Ha NPHHIMIHAJIBLHO HO-
BYIO TexHosoruio. Yto Kacaercs mojyde-
HHSl KPEMHHEBBIX KPHCTAJUIOB-CTEPIKHEH, TO
3/1eCh JOMHHUPYIOLIEE MONOKEHHE MO-TIPEXK-
Hemy 3aHuMaer Meton Yoxpansckoro. Ero
HEOCTATKH CBA3aHLI C TEM, YTO B KpeMHHE-
BOM paciuiaBe, W3 KOTOPOro BBITATHBAETCH
KPHCTAJLI, BO3HUKAIOT MapasHTHLIE MOTOKH,
obycnoBNeHHbIE TEPMUYECKUMH H THIPOIH-
HaMHu4YecKHMH 3(dexTamu, a 3TO BedeT K
HADPYIIEHHIO CTPYKTYphl MaTepuana. XoTs
YCTPaHHTh BJIMSHHE STHX 3aKOHOMEPHBIX 3(-
(pexTOB COBCEM HE MPOCTO, MOXHO CO3HATh
YCIOBHS, KOTJAa BO3NEHCTBHE MArHHTHOIO
MoJIsS Ha pacnjaB MO3BOJIAET PeryiHpoBaTh
XapakTep MX nposeieHus. B pesynsrare cy-
IIECTBEHHO YMEHbINAETCA HHTEHCHBHOCTH
MOTOKOB, YTO JAaeT BO3MOXKHOCTH BHIpallH-
BaTh MJieajibHbIE KpUCTAUILL. B X0/1e npensa-
PHTENBHONH TMOArOTOBKH MOJYNPOBOIHUKO-
BBIX [HMCKOB K mAaibHeimed obGpaborke B
ke 1 B mepenexkTuse Gojiee IMMPOKOE MPH-
MEHEHHe HaHIyT MPOIECCHl reTTepHpPOBaHAS,
C NOMOILBIO KOTOPBIX HEXeNaTeNbHble Ae-
(hexThl AKTHBHOTO TOHKOIQ CJIOS IJHICBOM
MOBEPXHOCTH IHCKA BHITECHAIOTCA B TI'IyOb
MaTepHalia MM Ha NMpOTHBOMOJIOXKHYIO MO-
BEPXHOCTb. B 3TOM ciIy4ae roBopsaT O mex-
HOAO2UU KOHMpoAA Oedhexmos. YBeande-
HHE JHaMeTpa KPEeMHHEBOTO MOHOKPHCTAJ-
JIMYECKOTO CTEpXKHS, a CleloBaTeNbHO, H
JMaMeTpa TOJYIPOBOIHHUKOBOTO JHCKa J10
150 mxm u Gonee, craBuiee ceilvac OHON H3
NepBOOYepeHbIX 3a/1a4 COBEPLISHCTBOBAHUS
3TOro 3Tana IpOM3BOACTBEHHOIrO Mpollecca,
XOTSl M He BeleT HeNOCpPeACTBEHHO K MOBHI-
LICHHIO CTENEHH HHTErpalMy, BCE XKe I03BO-
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NSET YBENHMHTHL 0Olllee YHCIO KPHCTAJLIOB
Ha OIHOM JIMCKE, T.€. MOJHSATHL TMPOIEHT
BBIXOJIa TOAHBIX H3Aenuit B mukie 1. Omnako
KOCBEHHBIM IIyT€M YBEJIMYEHHE [uamMeTpa
HOJIyIPOBOIHHKOBOTO JHCKA BCE JKe CIocob-
CTBYET HOBBIIICHHIO CTENEHH HHTErpalHu.
Mepexon na UC ¢ BICOKO# CTENEHBIO HHTETr-
pamMu BechbMma yjkkecTouaeT TpeboBaHHS K
(YHKIIHOHABLHBIM MCIBITAHHAM M Ka4YecTBY
paspabotku Tononoruu MC. Yacro uexoaar
H3 TOTO, YTO 3aTpaThl Ha pa3paboTKy Tomo-
JIOTHH MHTErpajibHBIX CX€M HMEIOT 3KCIO-
HEHIHANBLHYIO 3aBHCHMOCTbL OT CTENEHH HH-
Terpalu. BhINOJMHUTE 9TH CBEPXKECTKHE
TpeOOBaHHS MBLITAIOTCH HE TOJBKO IyTEM
KOMIIBIOTEpH3AIHN PabOT, HO U MyTEeM pas-
paboTKH HOBBIX NMPUHIMIIOB TOMOJIOIHYECKO-
ro npoektHpoBanus MC, Biouas cozfaHue
HOBBIX KOHLENUMI MOCTPOCHUS OTIEIbHBIX
amemeHToB. Panee Mbl yke roBopuim o
npoextuposaun MC na Gase cTtaHgapTHBIX
3JIEMEHTOB., DTOT METO[ HAXOAWT TPHMEHe-
HHE NPEeK/Ie BCEro npu paspaboTke 3aKa3HbIX
HC. IoBopunl MBI TakkKe H O JIOTHYECKHX
MAaTpHLAX, MCNOJIL30BAHHE KOTOPBIX [aeT
BO3MOXHOCTh 3aMETHO COKpATHTL 0OBEM
NPOEKTHBIX paboT 10 3Tama MNOATOTOBKH
TOMOJIOTMYECKOH JIOKYMEHTAllMH Ha H3ro-
TOBJICHHE BEPXHHX OJHOTrO-ABYX cioeB (op-
MHpyeMoii cTpykTypsl. K omHO# H3 mociea-
HHX KOHIIENIWH ClIeayeT OTHECTH CaMOIpo-
Bepky MC. DTa KoHuIenmuus onmMpaercs Ha
crenyronide akTtopel. Bo-mepBbix, (yHK-
HOHAJIbHbIE HCIBITAHHSA MPEICTABJISAIOT CO-
60ii He YTO MHOE, KAaK pellieHHe CleNHaTbHOM
3amaun 06paboTku mHpOpManmu. Bo-BTO-
peix, cama UC cnocobra obpabatsiBaTh HH-
¢dopmammiio. CnenoBatensno, MC MoxeT ca-
MOCTOATEILHO MPOBEPUTHL camy cebs, T.e.
OCYILECTBHTL caMomnpoBepky. B cmywae c¢
HC, xapakTepu3ymOIHXCA OYeHb BBICOKOMH
CTeNEHBbIO MHTErpalMH, B OIpeIesIeHHBIX
obcToATENILCTBAX HEKOTOPHIE QYHKITHOHAIE-
HBIE IJIEMEHTHI, HANPUMEpP SAYEHKH TaMATH,
cleoyeT YBEMHYHTb KOJIHYECTBEHHO, T.e€.
OTOHTH OT TeXHH4ecKoro 3aaanus. B Hop-
MaJbHOM peXHME 3TH 4acTH CXEMbI HE HC-
NONB3YIOTCS, T.€. OCTAKOTCHA, KaK NPHHSATO
rOBOPHTH H30bITOYHBIMEH. O/IHAKO TIPH BBI-
X0Ie M3 CTpos Kakoro-nmmbo akTHBHO pabo-
TAIOIIEro 3JE€MEHTa CXeMa aBTOMATHYECKH
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noaKro4YaeT H30bITOuHBIH. Takum nyrem
MOJKHO CYIIECTBEHHO YBEIMYHTH BBIXO T'0JI-
HBIX M3JeHi, a Takke MOJHATHL 3KCIUIyaTa-
uuonHyio Hanexuocte MC ¢ BeicOKO# cre-
HEHBIO MHTerpauuu. PemuTs Te ke 3agauu
HO3BOJSAET U METOJ, OPHEHTHPYIOLIMACS Ha
uHmMezpayuro Ha YVposHe NOAYRPOBOOHUKOBOU
naacmunsl. B 3TOM ciiyuae Ha UtacTHHE (JIHC-
Ke) yxke (opmupyior He OGosblnoe HHCIO
opnotanHeX UC, a TONMBKO HX 4ACTH, COS/IH-
HSEMBIC HEMOCPEJCTBCHHO HA IUIACTHHE B
obmyro cxeMy, npudeM Takasi cbopka 3aHu-
MaeT mioniaier Bcero amcka. YtobGbl mpu
TAKOM Mojixoae J0OHThCS MPUEMIIEMOT O BbI-
X0Ja TOJHBIX H3/Ie/IHH, MPAKTHYECKH HEBO3-
MOXHO 000#THCE 6€3 M3OLITOMHBIX CeKIHit
BHYTpH o6mieit cxemsbl, CerojHs ele Heb3s
CKa3aThb C MOJHON YBEPEHHOCTHIO, KOTAd MbI
BBIHJIEM HA TEXHOJIOTHYECKHH YpPOBEHb, IO-
3posiAtonmii  marorapmuBate MC co cre-
neHsio uHTerpamn  107-10%  oraeabHbIX
3]IeMEHTOB. BHe BCAKOTO COMHEHMS, Tpes-
CTOMT mpeojoieTh eme Oojee cepbe3Hbe
TPYIHOCTH 110 CPABHEHHIO C TEMH, C KOTOPBI-
MH MHUKPO2JIeKTPOHHKA CTAJIKHBAIACh B CBO-
€M pa3sBUTHH 10 ceroamsimHero aus. [Toka
Mbl MOTJIH TOBOPHTB O TOM, YTO CTENEHb
MHTErPAIHH yIBAWBAETCA Kax bl roa. Ecim
npuHEATE 1960 1. 32 OTHIPaBHYIO TOYKY, T.€. C
HYJeBLIM YDOBHEM HWHTErpaldH, Koria Ha
OJHOM KpHCTAJIJIE MOMELIAETCS OIWH AJe-
MeHT, To B 1970 r. cremeHsr HHTErpanud
nomxkHa Geina 681 cocTaBuTh 2'°, WM okomo
103, a B 1980 r.—22°, wmm okono 10°, anemen-
ToB. OpHako mocieaHuii mMokaszaTeab B TO
Bpemsi enle He Obw1 gocturayT. Henwss He
3aMeTHTh, 4TO B KoHme 70-x-mHauane 80-x
rofIoB B MPOTHBOBEC MPOTHO3aM CTajio Ha-
OnrogaThesl 3aMelTICHHE TEMITOB PA3BHTHS.
[Tpuunnoit 34eck MOXHO CYMTATH BOSHHKHO-
BEHHME KA4YeCTBEHHO HOBBIX TpeboBaHHil K
TEXHOJIOTHH, 0O0yCIoBiIeHHBIX HeobXoau-
MOCTBIO Tiepexofia K CyOMHKPOHHO#H TeXHO-
JIOTHH, H3MEHEHHE KOHIEMIHH MOCTPOCHHUS
OTHENBHBIX IEMEHTOB HHTETPAJILHBIX CXEM,
a Takxke pa3paboTKy CBA3aHHON C THM TO-
HOOJIOTHH W [poBeleHHe (PYHKIHOHANBHBIX
ucneiTannii, Bnepsrsie cyOMHUKpOHHEINH opor
yaanock npeojgoners B 1987 r. DroT ycmex
CBA3aH C M3TOTOBJIEHHEM [IHHAMHYECKOTO
3VIIB na 4 M6ur, B HHTErpajbHON CXeme
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KOTOPOTO MHPHHA HAUMEHBIIIEr0 CTPYKTYpP-
Horo snementa pasHa 0,8 mxm. Cormacho
MPOrHO3aM SAMOHCKHX YYEHBIX, peanu3anns
CTPYKTYPHEIX 2JieMeHTOB mupHHO# 0,1 MEM,
KOTOPYIO HECKOJIBKO paHee B I3TOil riaBe
Mbl OXapaKkTepH30BAJIM KakK MpeebHO BO3-
MOXKHYIO B KPEMHHEBOI MUKPOIJIEKTPOHHKE
H KoTopas obecnedMuT MPaKTHUYECKOe H3ro-
toenenne UC co cTeneHbIo HHTErpaHu OKo-
a0 10'° OTZeNBHBIX 2MEMEHTOB, MO3BOJIHT
cosmate aumHamuyeckue 3VIIB emkocrbio
1 I'6ut (10? 6ut). HekoTOpBIM 3TH NPOTHO3EI
KaxyTcsl CInIKoM cmensiMu. Ecnm, oaHaxo,
MPUHATH BO BHEMAaHHE CHOBA YCKOPHBIIHECH
TEMIILI POCTA CTENEHM MHTErpandu (HanpH-
Mep, ellle COBCEM HeaBHO TOSBJIEHHE IHHA-
muveckoro 3VIIB emkoctbio 4 MOUT 0XH-
manoch He pamee 1990 r.), To cmexyer mpH-
3HAaTh, 9TO OHH WMEIOT pPEabHYIO OCHOBY.
HeobxonuMo Takxke NogYepKHYTh, YTO YBe-
JIMYeHHE CTEIEHH HHTErpallii HMEET BaXKHOE
3HavYeHue He Tosbko mns UC mamsaTH, HO H
JUIS HHTET PAJIBHBIX CXEM, OPHEHTHPOBAHHBIX
Ha obpabotky nrdopmannn. Umeromme 6o-
Jiee BBICOKYIO cTenenb uaTerpamun MC mpo-
HECCOPOB MO3BOJIAIOT BBHIHTH HA TIOBBIILIEH-
HBI ypOBeHbL mapasienusMa B obpaborke
uH(GOpMALIHKA, 4 CNENOBATENLHO, H HNOTHATH
ee ckopoctb. VMIMeHHO mapasnienusMm, a He
OBICTPOJCHCTBHE  OTHENBHBIX  3JIEMEHTOB
HMeeT pelalolee 3HaYeH’e ¢ TOYKH 3peHUS
yBeJHUeHHs cKopocTH 06paboTku uHpOpMa-
unn. OgHakO 9TH yANBUTENIbHBIE BO3MOXK-
HOCTH KPEMHHEBONW MHMKPOIJIEKTPOHHKH He
JIOIKHBL 3aTYLIEBLIBATL T€ OrPOMHBIE IIpe-
MSTCTBUSA, JIMIIB [TPEOI0JIEB KOTOPBIE MOXKHO
peayn30BaTh HPAKTHYECKH TO, YTO BO3MOXK-
HO B mpuHIMne. O HEKOTOPLIX W3 MPENATCT-
B, CTOAIIMX HA HAILEM MYyTH, Mbl TOBOPH-
7 BbIle. 3HAYHTENBHOE YKECTOUYCHHE Tpe-
GoBaHMii, BBINOJHATL KOTOPHIE MPEACTOHT
NpH Mepexojie Ha CyOMHKPOHHYIO 3JI€KTpO-
HHUKY, JIler4e OIEHHTh Ha MpHMEpe aBTOMO-
6unecrpoenns. Ilpornosupyemsrii  kadvect-
BEHHBIH CKAYOK B MHKPOJIJIEKTPOHHKE TpPH-
MEHHTENILHO K aBTOMOOMIecTpoenuto Oyer
03HAYATH CO3JaHHEe aBTOMOOWMIEH, crocod-
HbIX mepeasuratbes B 10 pa3 OsicTpee u
ememate B 100 pa3 Goneme moneit u rpy-
30B. ABTOMOOHILHOH MPOMBIIIIEHHOCTH OC-
TAETCA TOJBKO PaJoBATLCA TOMY, YTO Mepes

naea 7

Helf Takue 3ajavM He BO3HMKaoT. MuKpo-
9JIEKTPOHHKE MPEACTOUT CHPABUTLCS € Mpob-
JleMOH  CO3/1aHMS HOBBIX HMHTErpajibHBIX
CXEM, 3aHHMAIOIIMX MO OTHOIUCHHIO K CY-
MIECTBYIOIIAM HA cerofuamuumii aeHs MC
MPHAMEPHO TaKoe ke IMOJIOKEHHE, Kakoe 3a-
HHAMAaeT CaMOJIET MO OTHOIIEHHIO K aBTOMO-
Owmo, ocraBasch TPH 3TOM HEHAMHOIO
nmopoxe. Tem He MeHee MHKPO3JIEKTPOHHKA B
COCTOSIHHH CITPABHUTHCH C MONOOHBIMH TPYI-
HOCTAMH, XOTA 3T0 noTpebyeT BeckMa 60Jib-
[IHX 3aTPAT ¥ KOPEHHOTO W3MEHEHHUS TEXHO-
norun. W Bee ke, mo Beelt BUANMOCTH, Jaxe
HE OPHAETCS OTKA3BIBATHLCSA OT MOJYNPOBOJI-
HHKOBO#f 9JEKTPOHMKH B €€ COBPEMEHHOM
BHJIE.

OaHako Bce TO MPOM30HIET HE Ha mep-
BoM oTame obHoBieHus. IlojynpoBoaHuKo-
Basg MHKPOVIEKTPOHHKA obnamaer psiaoM
elle He pacKpbITHIX Bo3MoxHoctel. Hanpn-
Mep, B MPHHIMIE HE ACHO, MOYEMY €IHHCT-
BEHHBIM MATEPHATIOM OCTAETCH KPEMHHH H
HoYeMy Ul H3TOTOBJICHHS HHTErPabHBIX
cXeM He MOTYT OBITH HaliIeHbI HOBBLIC IYTH H
CpelicTBa, MO3BOJISIIOIIME MCIONB30BATL M
opyeue noaynpogooOHUKOEbIe MAMepuanbl, mpe-
BOCXOJISIIHE KPEMHHMH 110 HEKOTOPHIM Xapak-
TepUCTHKAM. MBI yXe YIOMHHAJH apCeHHUJL
rajums, B KOTOPOM 3JIeKTPOHBI obiafaioT
ropa3go Gosee BBICOKOH MOIBHKHOCTBIO —
8800 cm?/(B-c) 10 CpaBHEHMIO C 3JIEKTPOHA-
mu B kpemuun 1350 cm?/(B-¢)—u koTOpBbIit
obnajaer psoM ApyrAX CBOUCTB, MpeacTaB-
JISAIOIIAX MHTEpPEC [Nl MHKPO3JIEKTPOHHKH.

ApceHup-rannuesas
MUKPOINEKTPOHMKA

B Hacrosmiee BpeMsi MapajiielbHO € KpeM-
HHEBOM (DaKTHYECKH yXKe CYIIEeCTBYET H yc-
TEIIHO Pa3BHBACTCSH APCEHUD-2aAAAUCEAA MUK-
poajiekTpoHHKa. M3-3a MaJioii oABMKHOCTH
JILIPOK B apcenusie rawms—460 cm?/(B-c¢)—
Takas SNEKTPOHHKA OTJIHYACTCH YHUNOAAD-
HbIM  XapAKTEpOM H «HMEET Jejia» TOJb-
KO C 3JIeKTpOHaAMH. BHMOISpHBIE TpaH3MC-
TOpPLI 31€Ch OTCYTCTBYIOT, XOTH# H B 3TOM
HAMPABJICHHH TPOBOIMINCE TabopaTOpHbIE
IKCNIEPHMEHTHRI. BaxueHimmuM CXeMHBIM 3J1€-
MEHTOM 3JIeKTPOHHEBIX YCTPOUCTB HA OCHOBE
apceHH/Ia TaJHsl SBJSETCS MOJIEBOH TpaH-
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NonyamanekTpuk GaAs 1 Gals Ofeanenvan oBnacts

Puc. 68. ApceHuj-rajlyIMeBblil MOJEBOM TpaH3uC-
Top ¢ 3aTBopoM IloTku.

3HCTOP, KOTOPBIH B OTJIMYHE OT MOJ0OHOTO
npubopa KpeMHHEBOH MMKPO3JIEKTPOHHKH
peanm3yeTcss He B BHAE MOJEBOH CTPYKTY-
pBl THHOA METAaJLI— OKCHJ —MOJYyIPOBOIHAK
(MOI1), a kak mojeBasl CTPYKTypa THIA
MeTai —noaynpoeoguuk  (MII). vV MII-
TPaH3HCTOPA, KOTOPBIH HA3LIBACTCS TAaKXKe
MOJIEBBIM TpaH3HCTOpPOM ¢ 3aTBopoM [loTkn
(puc. 68,a), MetanHYecKHil DJEKTPOMA-3aT-
BOP pACOJIaTaeTcs HelocpeACTBEeHHO Ha 00-
JIACTH apCeHma Tajllds C AJEKTPOIPOBOA-
HocThio n-tuna. [oa 3arBopom nexut oben-
HEHHBIH CJI0i, B KOTOpBIH NpH mojaade Ha
3aTBOP TOJIOKHTENIBHOIO 3JIEKTPHYECKOTO
HANPSKEHAs. MOTYT «BTATMBATHCH» JIEKTPO-
Hbl. B pesynbTaTte cnoii CTAHOBHTCSH TOKO-
npoBogsmmM. Takum oOpa3zoM, nNpHHIHI
paboTHI MONIEBOTO TPAH3UCTOPA C 3aTBOPOM
HIoTKH HECKONBKO OTIMYAETCA OT IPHHIUINA
pabotel MOII-Tpan3ucTopa. ApceHHO-Tai-
nHeBblit IpHOOp SBISETCS MOJIEBHIM TpPaH-
3HCTOPOM C BCTPOCGHHBIM KaHanoM. UTobni
MOJIHOCTBIO MCMOJIB30BATE MPEHMYLLIECTBA
6oJtee BHICOKOH MOABHKHOCTH HOCHTENIEH 3a-
psaga Ul COKpAllleHHs BPEMEHH IPOXOXIe-
HHUSl CHTHaJla Yepe3 MOJIEBOH TPaH3HCTOp ¢
3atBopom llloTkm, nnmHa kaHama B apce-
HHJI-TAJUTHEBOM TpHbope mosmkHa OBITH Me-
Hee 1 mxm. Kpome toro, 6aza MOII-Tpan-
3MCTOpA CIAENaHa U3 apCeHMIa Tajuius, a Kak
W3BECTHO, OKCHJII 3TOTO MaTepuayia He obna-
OAeT TAKHMH € CBOICTBAMH, KaKMMH Xa-
pakTepesyercsi OkcHi kpemuus. Iloaromy
JUIS M30JIAIHA TOKOMPOBOJAIIMX JHHAK, a
TAKXKe I NMAaCCHBALMM M MACKUpDOBaHHS B
ApCeHHI-raJUTHEeBOH TEKTPOHHKE MTPHXOIUT-
Csl MCTOJB30BaTh Apyrue Matepuanasl. He-
CMOTpPA Ha BCE 9TH TPYAHOCTH, CErOJHS
TIPOMBIIIIJIEHHOCTE OCBOMJIA CEPHHHOE MpOo-
H3BOACTBO NMPHOOPOB HAa TONEBLIX TPAH3HC-
Topax ¢ 3atBopom I[loTtku. IlpaBna, moka
OHH HMMEIOT MAJyI0 W CPEJHIOI CTENeHH
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HHTETPAlliH, U TJIABHOE MECTO CpeiH HHX
3aHMMAIOT AHAJIOTOBLIE MEPEeKIIOYATENH JUIst
CBUY-ycTpo#icTB, XOTS BBITYCKArOTCH H 1ud-
poeeie MIC. IlepBrlie nabopaTopHBIe HHTEr-
pabHBIE CXEMBI Ha OCHOBE apCEHUAA TaJlIAs
6b1m co3nanel B 1980 r. B HacTosiee Bpems
usrorasimuBatot takxke 3VIIB emkocTthio 1 1
4 xX6UT ¢ MHHAMAJILHBIM BPEMEHEM BBIOOPKH
3 me. [InA cxeM, KOTOpBIE JOJDKHBI OTIIH-
4aThCA BHICOKAM OBICTPOJAEHCTBHEM H Mallbl-
MH ToTepsiMHu (pHC. 72), KpoMe BBICOKOH
MOJIBMXKHOCTH 3JIEKTPOHOB BaJKHOE 3HAYCHHE
HMeEET W TaKoe CBOMCTBO apceHHIa raJlius,
KOTOPOMY HET aHAJIOra CPe/ld CBOHCTB KpeM-
HHS: apCeHH] TaJllIis MOXHO CHejlaTh |
H30JISITOPOM, HAITPHMED IYTEM JIETHPOBAHUS
(10 COOTBETCTBYIONICH KOHIEHTpAIHH) aTo-
MaMH XpOMa MJIH, YTO [eNal0T 4amie, HCK-
JoueHus Jiroboro, B TOM YHMCIIE U CIy4aiiHO-
ro, jgerupoBanus. Eciim Ucnonb3oBaTh B Ka-
YECTBE MOJUIOKKH THANEKTPHK MJIH TIOJYIH-
3JEKTPHK M3 apCceHWa raulud, TO OTmaieT
HEOOXOMMOCTh BO BCEX ONEPANMAX MO pas-
BSI3KE JJIEMEHTOB, KOTOpPhIe HEM30ekKHO Ocy-
ecTBIsoTes Wi kpemaneBbix VC, BBI3HI-
Basl CYLLECTBEHHOE YXYIIILEHHUE TAKOH Xapak-
TEPHCTHKH, KaK paccesuue mouHoctH. [Tpn
paboTe ¢ KpeMHHEM 3aJa4ya Y4CTHIHO 0bJier-
YAeTCH 34 CYET M3OJALNHU MOUIOKKH MaTe-
pHAJIOM HHOIO pojia, B Ka4YeCTBE KOTOPOI'O
Yalle BCEro MPHUMEHAT candup (TexHojo-
rus KHC). HecmoTps Ha mepeducieHHbIE
JIOCTOMHCTBA apCeHHIa TajluiMs, C TOJHOH
YBEPEHHOCTBIO MOXKHO YTBEPKIATH, YTO EMY
HE yJACTCS IMOTECHATH KPEMHUH, MO-TIpeKHe-
MY 3aHHMAIOUIHH B MHKPOIJIEKTPOHHKE J10-
MHHHpYIOIee nosoxenue. IIpeicrasienue o
JIeHCTBHTENLHOM 3HAYECHUH apCeHMI-TaLiie-
BOH 3JIEKTPOHHUKH IO CPABHEHHIO C KpEMHHE-
BOH [JaeT cleaylomias CHpaBKa: ecid B
1975 r. rogosoit o6vem 06paboTku MmIacTHH
U3 apcenupa raanus cocrasun 300 Thic.
mr., T0 B 1985 r. o moctur 1 MUIH. mT.
CpaBHHB 3TH noKasatein ¢ obbemamu obpa-
6oTkH Kpemuus, korga yxe B 1980 r. 6uu10
uaroropgeHo 100 MIIH. MIACTHH, BBl MOHMe-
T€, YTO APCCHH[ Tajljus 3aHMMAEeT BeCchbMa
ckpoMHOe MecTo. HHKakuX cepbe3HbIX H3Me-
HEHHI B 3TOM OTHOIICHHH HE NPEABHINTCS U
B Oyaymem. BeposTHOCTE TOTO, HTO apCeHU]
rajms BBITECHAT KPEMHHMH, Tak e maia,
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Kak H BEPOATHOCTH TOTO, YTO B METAJLIyp-
MM aJIOMMHHI BBITECHHT cTaJb. OpHAKO
3JICKTPOHHKA HAa OCHOBE apCeHHIa TaJlus,
HECOMHEHHO, OyIeT CymIeCTBEHHO [IOMOJI-
HATH KPEMHHEBYH) MHKPO3JIEKTPOHHKY, pac-
IUIMPASA €€ BO3MOKHOCTH.

MH'rerpan bHa@A ONTO3INEKTPOHUKA

Ocoboe mperMyIeCTBO apCeHHId TN 3a-
KJII0YAeTCA B TOM, YTO €ro ¢ YCIEXOM MOXKHO
CMEIIHBATh C APYIHMH IOJTYyHPOBOJHAKAMH,
HAIpUMep apceHMIOM AIOMHHHS HIH (oc-
¢ugom ramwmsa. Ilonbupas cooTHOMIEHHE
KOMIIOHEHTOB TakoH CMECH, MOXHO IMOJy-
YaTh TOJYNPOBOJHUKOBEIE MaTepHalLl, 00-
Ja/lalolilie — KOHEYHO, B M3BECTHBIX Tpee-
J1ax — TpebyeMbIMU JIEKTPHYECKHMH H ONTH-
4yeCKMMH cBoOHcTBamMH. Takue mMoOJIyueHHBIE
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Puc. 69. T'etepocTpykTypHBIi Ja3ep Ha OCHOBE
apCceHH/Ia TajUTHs M apCeHHMIA TajUTHA-aTIOMUHHA
(cripaBa) BMeCTe ¢ ApPCEHM/-TAJITHEBBIM TMOTEBHIM
TPAaH3UCTOPOM (cNeBa) B BHIE MHKPOCTPYKTYDHI
Ha ojiHOM KpucTaaie. Ha pucynke moxasanel pas-
JTHYHBIE TANBI H3TOTOBIEHHA,
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MyTeM CMEIICHAs MOIYIPOBOIHUKH yXKe 1aB-
HO HOPHMEHSIOTCS [l W3rOTOBJICHHS ONTO-
INEKTPOHHBIX CXEMHBIX 3JIEMEHTOB, B 4acT-
HOCTH JIFOMHHECUCHTHBIX OUOIOB, JIa3ePHBIX
mionoB u dotommomos. Bmaromaps 3tomy
BO3HHKAeT BO3MOXHOCTEL (JOPMHPOBAHHSA HA
OIHOM H TOM X€ MOJYIPOBOJIHHKOBOM
KpHCTAJLJIe M3 apCeHHa Tajutis Kak 3JIeKT-
POHHBIX 3JIEMEHTOB, B MEPBYIO OYepelb IO-
NeBRIX TpausucTtopoe ¢ 3arsopom lloTkm,
TAK W ONTOMEKTPOHHBIX 3eMeHTOB. I[lep-
BbIE ONBLITHBIE OOpa3lbl Takoi HHTErpajb-
HOM MHKPOCTPYKTYPBI yXKe IIOJIy4eHbl B Jia-
bopatopusax (puc. 69).

JInsi MHTErpajbHBIX CXEM Kak MHKpPO-
3JIEKTPOHUKH, TaK M ONTO3NEKTPOHHKH Xa-
PAKTEPHBIM SBJISETCH HCIONB30BAHME MOJY-
MPOBOAHUKOBLIX 2emepocmpykmyp. B nan-
HOM CJIy4ae pevb HIET O CTPYKTypax H3 psia
[OCJIEIOBATEIBHBIX CJIOEB PA3JIHYHBIX MMOJTY-
HNPOBOAHUKOBBIX MaTEPHAIOB, HATIPHMEp ap-
CEHM/IA TaJUTAA M apCeHUA TaJIAsA-aIIoMH-
Hus. Ecim oTenbHbIE CIOM  BHITIOJHHUTH
OYCHb TOHKHMH, 4 pa3/Ie/IAIoIMe MOBEpPX-
HOCTH CJEJaTh YPE3BLIYAHHO INAJNKHMH, TO
BO3HHKHYT TaK Ha3hIBAEMBIC TOJIYNPOBO/IHH-
KOBBIE MHKPOCTPYKTYPHI,

UckyccTBeHHbie
nonynpoeogHMKOBbIE
MMWKPOCTPYKTYPbI

Ha ocHOBe Takux CTPYKTYp MOXHO MOJIy-
YUTH 3JCKTPOHHBIE CXEMHBIC KOMIOHEHTHI
coBepmIeHHO HoBoro tTuna. IlokasaTenbHbiM
npuMepoM sBJseTcs cBepxObicTpoAeicTBY-
IOLIMA TPAaH3HUCTOP, MNOJYYHBIHHH Ha3BaHHE
TPAH3HCTOPA C BBICOKOH MOABHXHOCTBIO
anekTpoHoB. IlepBhie coobenns o HeM no-
aBuinch B 1981 r., a B HacTOsALIEE BPeMS YiKe
CYILECTBYIOT NpHOOpPBI C BpEMEHEM Iiepe-
KJro4eHns 17 He npH KOMHATHOHR TeMiepary-
pe H 5 nc NpH TEMNepaType KHIAKOTO a3oTa.
CeroaHsi TPaH3UCTOPHI C BLICOKOH NOJBHK-
HOCTBIO 2JIEKTPOHOB BBLITYCKAlOTCS CEPHIHO.
JlaGopaTOpHBEIM IyTEM CO3/aHO TaKke yCT-
POHCTBO YMHOXeHHA 4 X 4 OBOMYHBIX pa3s-
PAIOB, HACHMTHIBAOIIEE B OOITEH ClOkKHOC-
T 1000 anementoB. He MeHee ceHcanuoH-
HbIE XapaKTePHCTHKA MMEIOT M TaK Ha3biBae-
MBI€ MOJTYNPOBOAHHKOBBIE Ja3ePHBIC THOBI
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C HECKOJIbKMMH KBAHTOBBIMH SIMaMH, OTJIH-
yarorrecs Boicokumu KI1Jl, HamexHOCTBIO
u cpokoM ciyx0bl. CremoBaTensHO, OHH
ABJIAIOTCA NMpHOOpaMM, B KOTOPBIX OCTPO
HYKIAlOTCH IPOSKTHPOBIUUKH BOJOKOHHO-
ONTHYECKHX JIMHHI cBA3H. YeMm ke ompere-
JSAIOTCH  BEJIMKOJENHBIE XapaKTePHCTHKH
9THX H JPYTHAX CXeMHBIX 3JIEMEHTOB, TIOCTPO-
€HHBLIX HA OCHOBE HMCKYCCTBEHHBIX MOJYIpO-
BOJHAKOBBIX MHKPOCTPYKTYp?

YTo0Bl OTBETHTH H4 3TOT BOMNPOC, He0O-
XOIHMMBI KOe-KaKne MpeBapuTeNbHbIE MOsC-
HeHusd. B KOHEUHOM HTOre OTIMYHEIE CBOWCT-
Ba TAKMX MOJYNPOBOIHHKOB C TOYKH 3PEHAS
peaJH3aIH| 3JIeKTPOHHBIX CXEMHBIX 3JIEMEH-
TOB 00OYyC/IOBNICHBI OCOOSHHOCTSMH HX MUK-
pocmpykmypel, T.e. NPHPOAOH aTOMOB H
criequuueckoii ynopsii04eHHOCTBIO MPOCT-
pPAHCTBEHHOH peleTkd. MukpocTpykTypa
JKECTKO PpErJIaMEeHTHPYEeT TIpexie BCero
CTPYKTYPY OHEpPreTH4YecKHX 30H HOJYMpo-
BOJHHMKA, KOH(HUIYPAIMA M PpACIOJIOKEHHE
KOTOPBIX B CBOIO O4epe/ib permaromum obpa-
30M BJIHMAIOT HA CBOMCTBA MaTepHasa. 3uech
clielyeT BCIOMHHTBL HAIIH PACCYKICHHS M3
ri1. 3. B To ke Bpems caMa MHKPOCTPYKTypa
B 3HAYHTEILHOH CTENEHM «3alporpaMMHpO-
BaHa» (PU3NHECKMMH CBOWCTBAMH MOJYNpPO-
BOJHHKOBOr0 MatepHnana. Kpemnuii, Hanpu-
Mep, OTJIHMYAETCS TeTpa’JpHYECKOH MHKpO-
CTPYKTYPOH KPHCTAJUTMYECKOM pelieTKH (Kak
W anmas), Tae pacCTOSHHE MEeXIY aTOMaMH
coctapager 0,235 M. Kpucramimdeckas pe-
LIeTKa apCeHHIa TaJUIns TaKKe HMeeT TeTpa-
9pHHECKHIf XapaKTep: B HEil cocegHHEe aToO-
MBI MBIILIBAKA H TAJUTHA PACIIOJIATAIOTCS HA
paccrosaun 0,244 HM. OOBIMHEIM ITyTEM 3TH
CTPYKTYpPbl M3MEHWTH Henb3d. Ecimm ke Ha
HHX TOBJIHATH KaKAM-TO MCKYCCTBEHHBIM
crmocoboM, TO pe3ynbTAaT OKaXKETCS OYeHb
uHTepecHbIM. CdopMHpOBaB HCKYCCTBEH-
HBIM INyTeM CTPYKTYpY, pa3Mep KOTOPOM,
HAIpHMEp, PaBeH [UIHHE BOJIHBI 3JIEKTPOHA
HJTH COOTBETCTBEHHO JBIPKH, T.€. B AHANO30-
HE HECKOJBLKHX HAHOMETPOB, MOXHO OKa-
3aTh BO3JEHCTBHE HA DHEPreTHYECKHE 30HbBI
NOJIYIPOBOAHMKA. Tor/a NosiBUTCA BO3MOX-
HOCTh TaKuM 00pa3oM M3MEHHWTH JHEepreTH-
YECKHE 30HBI, YTOOBI HTOrOBas CTPYKTypa
OBbUIa ONTHMAJIBHOM /71l IOCTPOEHAS CXEM-
HBIX 3]IEMEHTOB C 3a/IaHHBIMH CBOWCTBAMH.
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Ho ckones HM mpocTa 3Ta Wues, BIEpBBIE
BhICKa3aHHAs B Havase 70-X rofgoB SAMOHCKHM
(u3ukoM, maypeatoM HobGeneBckoil mpeMuH
Ocaku, ee BeCbMa TPYHHO PeaNM30BaTh Ha
npaktuke. Heob6xonumo Xxopouio npezacras-
nsTh cebe, HACKOJBKO CIIOKHBIMA ABJISAIOTCS
COBpEMEHHBIE MOMYIPOBOJHHKOBLIE MHKPO-
CTPYKTYPBI, B OOJBIIHHCTBE CIy4aeB OCTAl0-
nmecs ropu3oHTansHEIME. Ho u B TOM ciy-
yae, Korja pasmepbl MHKpOHHbIE (I MKM =
= 0,001 Mmm), 3TO BCE elle MakpocmpyKmy-
pel, NycTh B MHHHaTIOpHBIE. UTOOBI OBINA-
OeTh TEXHOJIOTHEeil M3rOTOBJIEHHS MHKpPO-
CTPYKTYP, HEOOXOMMO ONIEPHPOBATE pasme-
PAMH, CPAaBHHMBIMH C PACCTOSHHEM MEXIY
aToMaMH, T.e. B JHaNa3oHe HAHOMETPOB —B
1000 pa3 meHbILE pa3sMepoB, MPHBLIYHBIX B
COBpPEMEHHOH MHKpoaekTponuke. Ceroj-
HAIIHAE NOCTHXKEHHA SABJIAIOTCA Haubomee
3HAYUTENLHBIMH B COBPEMEHHON Hayke H
texuuke. Tak, HampuMmep, 3a nocienHue 15
JieT pa3paboTaHbl METO/BL, C MOMOLIBIO KO-
TOPBLIX YAdeTcs OcaxxJaTh OIMH Ha [PYroi
CJIOH Pa3MMYHBIX KPHCTAJUIMYECKHX MOIy-
NPOBOJHHKOBLIX MAaTePHAIOB KaXIblil TOI-
IMWHOH BCErO0 B HECKOJIBKO MEXaTOMHBIX
paccTosHUA. 3TH METOIbI MOABHIACH B XOJ1€
COBEpILEHCTBOBAHASN TEXHOJOTHH OSNHUTAK-
CHJIBHOTO BBIPAIMBAHUSA, KOTOpas MdaBHO
NPAMEHSETCS B MHKPORJIEKTPOHHKE M OIl-
TO3NEKTPOHHKE I (JOPMHPOBAHHUS CIIOEB
TOJILIMHOW B HECKOJBKO MHKpOMeTpoB. B
HCKYCCTBEHHBIX ~ MHKDOCTPYKTypax  00-
nacThk MepexoJa OT CIIOos OQHOTO MaTephana
K CJIOIO IpYroro JOJDKHA MMETh ITyOuHY, He
NPEBBIIAIOIIYIO OJHOTO-ABYX MEXaTOMHBIX
pacCTOSIHWA, NpPHYEM  HMCKJIIOYaeTcsd  3a-
METHOE CMEIlleHHEe ATOMOB COCEHHX CJIOEB,
ckaxeM, BeiencTeue audysmmu. HaubGonee
yI0OHBIMH 3/IeCh OKA3aJIMCh ABa Ipolecca —
XUMHYECKOE OCAXKICHHE H3 NMapoBoi (a3l
METaJUIOOPraHMYECKHX COSNHEHHI U MoJie-
KyJsipHas snuTtakcus. [lociennsis siBisercs
HanOosee rubKHM W YHHBEPCAJIbHBIM MPO-
neccoM. KOMMOHEHTHI HapalMBaeMbIX CIO-
€B B 3TOM ClIydae OCaXJaloTcsi Ha MOHO-
KPHCTAJIMYECKYIO TIOMJIOKKY B CBEPXIIIyDO-
KOM BAaKyyMeé H3 Tak HA3LIBAEMBIX S4€eK
Knyncena. Cerogasi MeTo 3MHTAKCHAILHO-
ro BbIpalIMBaHHs oOecneYUBaeT BO3MOXK-
HOCTh CEpHHHOTO W3rOTOBJICHHS MHKPO-
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CTPYKTYP, HAYHHASA C ABYXCIOMHBIX H KOHYAS
NEPUOIHYECKHMH MHOTOC/IOMHBIMH  CTPYK-
TYpaMH U3 [BYX Pa3HbIX MATEPHAJIOB, HA3bI-
BAEMBIMH c6epXpeldemKamu.

CeepxpelueTku.
KBaHTOBbIE AMBI

M3menenne cTpyKTyphbl SHEPreTHYECKHX 30H
W [POYHE X OCOOEHHOCTH NPHBOMAAT K IMOSB-
neHuo (puzndecknx 3 QeKToB, OTCYTCTBYIO-
[IHUX B TPAJHIHOHHBIX [TOJYIPOBOIHHKOBBIX
MarepHajiax u crpykrypax. Tak, Hanpumep,
NpUHIHTN paboThl YIIOMSHYTOrO paHee 1paH-
3HCTOPA € BBICOKOMH MOABHAKHOCTBIO 2JIEKT-
POHOB, CXEMATHYECKH [OKa3aHHOTO Ha
puc. 70, OCHOBBIBAETCS HA HCHOJL30BAHHH
0MHOro M3 noxobHbIX pdeKTOB — BBEIeHHH
9JIEKTPOHOB B CJIOH MaTepuasa, B SHEpreTH-
4eCKOM CTPYKTYpPE KOTOPOIro HMEETCS KeaH-
moeas sAma. B TpaHsucrope ¢ BBICOKO#
NOABHKHOCTBIO 3JCKTPOHOB CJIOH, cozep-
JKallit KBAHTOBYIO SIMY, BBINOJIHEH M3 He-
JIErHpPOBAHHOTO apcenuaa ramms. Oba
CMEXHBIX CJIOfl. COCTOSIIIHE M3 apceHHAa
raJUTASA-IFIOMHHAA B W3 apCeHuja TaJLUias,
JIETUPOBAHBI [JOHOPHOH MPUMECHIO H HMEIOT
NEKTPONPOBOAHOCTD n-THIA. Bbiiessembie
MMH 2JEKTPOHbBI «CKATBIBAIOTCS» B CIOH ap-
ceHua rajumms, kak B nyHky. M3-3a orcyrcer-
BHS ATOMOB, MEILIAIONIUX HX JBIKCHHIO,
JMEKTPOHBI B iIMe 001a1a10T OYeHb BRICOKOM
[HOJBHKHOCTBIO B HANPABJICHUH, TAPAIIIEIb-
HOM CTEHKaM ¢J108. 3aperucTpupoBaHHbIe HA
CEroJiHsl PEKOp/HBIC MOKA3aTeqH [OIBHX-
HOCTH JOCTUTalOT HECKOJBKHX MUJUTHOHOB
cm?/(B-¢). Baarogaps 3ToMy TPaH3HCTOP €
BBICOKO# MOABHXHOCTBIO 3JIEKTPOHOB 00J1a-
JlaeT BechMa OoJibiIuM BICTpOaecTBHEM.

B npuHigie 5MeKTPOHB TAKOrO TpPaH-
3UCTOPA MOTYT CBOOOJHO mepeMelaThes
TOJIBKO MAapajuleibHO CTEHKAM KBAHTOBOH
SIMBI, T.e. CHOCOOHBI JABMIATLCH TOJBKO B
aByx miockoctsx. Takum obpa3zoMm, OHH
HPEJCTABISAIOT cODOH dgymepHbiil 3AeKmpoH-
Hotit 2a3. B Takom rase Owu1o oOHapyxeHO
HECKOJILKO HEOXHIAHHOE SBJICHHE —KEaHMO-
abiii aggpexm Xoana. Kax mzsectHo, oObIu-
Helid ofderr Xonma xapakTepu3yercs TeM,
YTO [OMNEPEYHOE IJIEKTPHYECKOe NOoJIE H
COOTBETCTBYIOIIEE HAIPSKCHHWE, BO3HHKAKO-
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lIMe B MaTepHaJie IpH MPOXOXKIEHHH DJIeKT-
PHYECKOTO TOKAd H OJHOBPEMEHHOM BO3-
HNEeHCTBHM MAarHMUTHOTO MOJIA, HOPMAIBHOIO
K HAamnpaBJIeHHIO TOKa, PACTYT JIMHEHHO C
VBEJTMMEHHEM HATIPSKEHHOCTH MAarHHTHOTO
noJs (BCIOMHHMM IO 3TOMY MOBOJY CKa3aH-
Hoe B ri. 3). B kxBanTOBOM Xe s(dekTe
XoJuta KpuBas HANPSKEHHS HOCHT CTYyIeEH-
yaThlil XapakTep, T.e. B ONpeJelieHHBIX 006-
JIACTAX U3MEHEHHs] HANPSKEHHOCTH MAarHuT-
HOT'O MOJIA XOJUIOBCKOE HATpsDKEHHE OCTaeT-
sl IOCTOSIHHBIM, TOT/Ia KaK HA FPAHHUIIE MEX-
[y HEMH OHO CKa4K00Opa3HO BO3pacTaer [0
ypoBHS crnenyromieii cryneau. Ecim xomnos-
CKOE HANpsDKCHHE pas/IejiiTh HA BEJIHYHHY
TOKa, TO MBI TIOJYYHM XOJIJIOBCKOE COIPO-
tupjenne (puc. 71). CTyneHHn XOJUIOBCKOrO
HANPsHKEHHS] TIPH 3TOM COOTBETCTBYIOT CO-
MPOTHBJICHHAM, KaX/10€ H3 KOTOPBIX ONpee-
AseTcs Kak LeIoe HMCIIO HEKOTOPBIX MoJei
COMPOTHBJIEHHS., 3aBHCsAIIEro oT yHramMeH-
TAJBHBIX (DH3MHYECKHX MOCTOSHHBIX H HE 3a-
BHCAILEr0 OT CBOMCTB M (OpMBI H3MEpPH-
TEJILHOrO 30HJA. DJIEMEHTAPHOE CONPOTHB-
JIGHHE MPH 5TOM PABHSETCH IOCTOSAHHOMN
[Mnanka (h), neneHHolt Ha KBagpar oJje-
MEHTAPHOTO JJIEKTpHYeCKoro 3apsaa (e?).
CoBepiieHHO  HEOKHJAHHOH  oKasajlach
TOYHOCTb, C KOTOPOil pe3ynbTaThl H3Me-
peHHsl HANpSKEHHH OTAENIbHBIX CTyMeHel
NO3BOJIMIM ONpPEENHTh 3HaueHHe /i/e®; oHO
paBHo 25812,81 Om. Hrtak, c omHO# cTO-
POHBI, Mbl [OJIy4d€M ECTECTBEHHYIO Mepy
ais onpezeneHnsi equHAnsl OM, a ¢ apy-
roii — HOBBIH MeTOA I M3MepeHus (yHua-
MEHTAJIbLHBIX (PU3HUECKHX MOCTOSHHBIX € U A.
Ksantoseiii aext Xosuma Obl OTKPBLIT B
1980 r. ¢on KiauwrtuuHroM, KOTOpbll B
1985 r. monyuun 3a sty pabory Hobenes-
cKkyto npemuio no ¢usuke. Crenyroiee He-

3areop Crox

Hcrox

Henerwposannsin Ga-AlAs

MonyananexTpux GaAs

Puic. 70. Tpan3suctop ¢ BbICOKOH NOABHKHOCTHIO
JIEKTPOHOB.
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NnoTHocTe MarkWTHoOro noToxa, T

Puc. 71. Ksanrossiii addext Xonna B rerepocTpyKType apceHHIa rajulns —apCeHn/Ia raiug-alloMu-
nus. Temnepatypa cocrasnser 8 MK (no K. don Kmurimury u I'. Dbepry).

OXHIAHHOE ABJIEHHE, OOHAPYKEHHOE B XO/€
paboThl, MOXHO OXapakTepH30BaATL Kak
apoOHbl  kBaHTOBBIH 3(dexT. 3naueHue
XOJUIOBCKOTO CONPOTHBIIEHHS B JAHHOM CJIy-
4yae BBIPAXKAETCS HE LENbIM, a JpPOOHBIM
YHCJIOM HEKOTOPBIX e h/e?. 31ech amekT-
poHBI BeAyT cebs Tak, Kak OyATO UX JeKT-
PHYECKHI 3apsij paBeH He [eJIOMY 3JieMeH-
TapHOMY JIMCKPETHOMY 3aps/y e, a JIMIUb €ro
yacTi. KoHevHO, Takoe TONKOBaHHE JAHHOTO
spdexra He cooTBETCTYET JACHCTBUTENIBHOC-
TH, MOCKOJbKY HAMMEHBIIN HabmrogaeMbrii
B IPUPOJIE 3aps/l OcTaeTcs paBHbIM e. OnHa-
KO H 3TOMY SBJIEHHIO HYXHO HAHTH MpaBHIIb-
Hoe obssacuenue. Teopernkn, paborarolue B
obnactH (QU3MKKH TONYNPOBOAHHKOB, B Ha-
CTOSIIIIEE BpeMs 3aHATHI H3YYCHHEM JAHHOTO
Bonpoca. B menom ceepxpelieTku u Jpyrue
WCKYCCTBEHHBIE MHKPOCTPYKTYPhI OTKpPBIBa-
10T IIHPOKOE MOJIE AeATEILHOCTH B obnacTh
(hyHAAMEHTAJIBHBIX HCCIICIOBAHHI (DH3HKH
NOJYNPOBOIHHKOB, pPe3yNbTaThl KOTOPBIX
MO3BOJNAT CO31aTh HOBBIE 3JIEKTPOHHBIE H
OTITO3NIEKTPOHHBIE 3JleMeHTHl. bBnaromapst
MNOCTPOEHHIO CXEMHBIX 3JIEMEHTOB M3 HCKYC-
CTBEHHBIX MHKPOCTPYKTYP H BHEIPEHHIO
MpoIEeccoB WX (OPMHPOBAHWS B TPOU3-
BOJICTBO Ceif4aC BBIPUCOBLIBAETCSI HOBOE Ha-
MpaBjieHHE JIaJIbHEHIIEro Pa3sBHTHS MHKPO-

11-1131

9JIEKTPOHHKH, KOTOpoe Oyner HOCHTH (yH-
JlaMeHTanbHBI Xapaktep. Ero martepnanb-
Hasi OCHOBA He OTPaHMYMTCS OJHUM APCEHH-
IIOM rajuis—crofa A00aBaTcs W APyrAe mo-
JIyIPOBOJHHKOBEIE COCAMHEHHS, HANpUMeEp
thochun nagusa, uro obA3aTeNLHO CKaXkeTcs
H4 BCEX TEXHOJIOTHYECKHX MpoIeccax Kpem-
HHEBOH MHKPOINEKTPOHHKH. YK€ CerogHs B
OTAeNBHBIX Ta00PATOPHAX HM3TOTABIMBAIOT
CBEPXPEIUETKH H3 CJI0eB KPEMHHUS M KpeM-
HEs-repManns. B cBsi3u ¢ TeM 4TO BMecTe ¢
JAPYTHMH 3JEMEHTAMH 3TH CTPYKTYPbl MOX-
HO BCTPAUBATH B KPEMHUEBLIH KPUCTAILI, UM
yaensiercs ocoboe BHUMaHHE.

DOyHKUMOHanNbHasA 3MEeKTPoOHUKa

Ha ocHoBe apceHMa rajius MOXKHO CIIPOEK-
THPOBaTh M H3TOTOBHTH 3JEMEHT, KOTO-
PBIif, BO3MOXHO, CTAHET TPEAILIECTBEHHHKOM
3JIEKTPOHHKH COBEPILEHHO HHOTO pojia—TakK
HA3BLIBAEMON (IYHKYUOHAABHOT IAEKMPOHUKY.
DNeKTPOHHBINH 3]EMEHT, 0 KOTOPOM 3eCh
HAET pedYb, Ha3BaHHbIM mauomom ['aHHa mo
(baMHNHHA YHEHOTO, OTKPBIBIIErO HCIOJB3Yye-
MBIl B HeM 3(dekT, Mo3BONSET OCYIIECTB-
JATH OpsAMOoe BO30ykK/IeHHe 3JIeKTPOMArHHT-
HBIX KoJjiebaHWit B IMana3oHe CBEPXBBICOKHX
gactoT. To, uTo 06BMHO yHaBaIOCh OCY-
LIECTBHTH C MOMOILBLIO CXEMBI, COCTOSIILICH U3
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Pe3UCTOPOB, KOHJEHCATOPOB, [HOJOB H
TPAH3UCTOPOB, CHOCODEH BBHIMOJHHTL OIHH
anement. Tpebyemas dyHkius —Bo3dyxe-
HUe KoJsebaHmii — peanusyerca Henocpedcm-
eenro onuuM jauojyioMm [Manna. OcobGenHocTsb
MUKPOJJICKTPOHMKM 3aKJIIOYAETCS B TOM,
YTO OHA MO3BOJIAET C TOMOIIBIO MEXCOE/IH-
HEHHH OOBLEHHUTE B COCTABE OJJHON MHKpO-
c6opku Gosbiioe Yucao smeMenToB. OHaKO
MPHYHHA HCMOJIL30BaHHA OoJbIIOro 4Hciaa
TAKHX 3JIEMEHTOB COCTOHMT B TOM, 4TO BhI-
MoJiHseMas Bceill cXxeMoi (DyHKIHA JOJDKHA
ObITh pean30BaHa C MOMOIILIO 3IeMEHTap-
HBIX (PYHKIMI OTAEeIBHBIX 371eMeHTOB. DyHK-
[HOHAIbHAS MEKTPOHMKA Oke moJomnua
K MpAMOH peanu3anuu obuiecxeMHOM (yHK-
mmu. Pabortaromue B 310 obnactu cnenua-
JTACTBI 3aHATHI MOUCKOM 3JIEMEHTOB, CIIOCO0-
HBIX CAMOCTOSITEJIbHO BBIMOJHATL Oolee
cnoxHbie MU(POBBIE (YHKIUH, HATIPHMEP
JIOTHYECKHE MM apH(METHYECKHE ONEepanuy.
(DYyHKIMOHANILHASA 3JIEKTPOHHKA TOJAHUMAET
HHTErpal{io elle Ha OJHY CTYNEHb BBEpX,
€CJIM TPOBOJIMTE CPABHEHHE C YPOBHEM CO-
BPEMEHHON MHKpodstexkTponuku. [Ipexne
BCEro, OJHAKO, HEODXOHMO 3aMEHHTh, YTO
B HacTosmee BpeMs (PYyHKIHOHATBLHAS IeKT-
POHHKA SBJISETCS CKOpEe MepCreKTHBHOM
MpOrpaMMOii, HekelH 4eTKo o(GopMHBIIMM-
Cs HanpaBJeHHEM PAa3BUTUS IIEKTPOHHOI
TexHosiorun. Yem oHa craHeT B [eHCTBH-
TeTbHOCTH, MOKakeT BpeMs. Bo BCAKOM ciry-
qae, BHEApPEHHE WHTErpajibHONW HHKEKIHOH-
HOW JIOTMKH B COBPEMEHHYIO KpPEeMHHEBYIO
MHKPOINEKTPOHHYIO TEXHOJOTHIO MOXHO
CUMTATh [aroM K MpPakTHYECKOMY OCY-
IECTBJIEHHIO 3TOH KoHuennuH. OnucaHHbie
BbIllIe NMPHOOPBLI, BBIMOJHEHHLIE HA OCHOBE
CTPYKTYP apCeHHIAa TaJUIHS C KBAHTOBBIMH
AMaMH, TAKXKe MOTYT NpeACTaBlIsATL HHTepec
TSt ()YHKIHOHAJIBHOM 31ekTpoHuKH. [1om06-
Hble HAJEKIbl MOJKPENIAIOTCSA CIeIyIOH-
MH coobpaxenusmu. Ecim, manpumep, nse
KBAaHTOBbIE SIMBI OyIyT pacnojiaraTbecsi I0-
craTo¥HO OIHM3KO Jpyr K APYry, TO 3JEKT-
POHBI CMOTYT NEPEXOAHTh M3 OJIHOH SIMbI B
JIPYrylo Jake TOTJa, KOrJa Mexay HUMH He
OyneT MeTalUTH9eCKHX NpPOBOJHHKOB: HAY-
HET OCYLUECTBISITBCS MYHHEAbHbIL Nepexod
CKBO3b NOTEHIHMAILHbIE Dapbepbl MEKIY sMa-
mH. Ecnu B obenx smax sHepreTHYeCKHe ypOB-

Fnasa 7

HH COBNAJAOT, TYHHENbLHbLIH Mepexoa ocy-
IIECTBISAETCS TPAKTHYECKH 6e3 compoTHBIe-
HHs. B Takom ciiygae roBOpAT O pezonanc-
HOM myHHeabHOM d(¢ihexme. PesoHaHC MOXK-
HO BBI3BATH WIH YCTPAHHTH MyTeM H3MeHe-
HHS 3JIEKTPHYECKOTO HampsikeHnAs. KoHer-
pyHpysl yCcTpoiiCTBa, cOfepXalllie MHOIHe
KBAHTOBBIE SMBbI, MEXKIY KOTOPBIMH OCY-
LIECTBIIAIOTCA TYHHEIbHBIE NEPEX0/Ibl, MOXK-
HO OyaeT meiCTBHTEILHO MOJAOMTH K BBINOJ-
HEHHIO CHOXHBIX mudpoBbix ¢yskmui. He-
obxoamMo, mpasja, 3aMeTHTh, 4TO 3TOT
npoliecc HaXOAMTCH B HaYaJIbHOW (aze.

TpexmepHaa MHTErpauuna

Takoe ke NpPHHIMNIHMAIBLHOE 3HAYECHHE LIs
MHKPOJJICKTPOHHKH HMes OBl Iepexoj ot
NBYMEPHOH HHTErpaldy 3JIEMEHTOB, KOTO-
pas, 3a HEKOTOPBLIMH MaJIbIMH HCKJIIOYECHHA-
MH, OCTaeTcsd AOMHHHPYIOIIEH B COBPEMEH-
HOW MMKPOJJIEKTPOHHOMH TEXHOJIOTHH, K UH=
mezpayuu ¢ 0Xeamom 00HOBPEeMEHHO HECKOTb-
KUX PACNOAONCEHHBIX Opy2e Had 0pyzom naoc-
Kocmeil, T.€. K MHTETPAlliA B TPEXMEPHOM
npoctpaHcTee. Torga yamamock Obl 3aMeTHO
YBEJIMYHTH YUCIO JJCMEHTOB B EIHHHIE
obwvema. [lns nepexoma K TPeXMEpHOH HH-
Terpanud HeoOXOJAMMO, B YACTHOCTH, OBJIa-
JIETH TEXHOJIOTHYECKMMH METOJaMH, MO3BO-
JIAFOIMMH Ha TACCHBHPYIOIEM CJIOE, KOTO-
pBIil TTOKPBIBAET ONPENEJICHHYIO IUIOCKOCTh
HHTErPAIbHON CXEMBI, MyTeM OCaXICHHs
CO3/1aBaTh CJOH MOHOKPHCTAJLIMYECKOr O
KPEMHHs, TTpeIHa3HAYeHHOr 0 [Ulsi JOpPMHPO-
BAHHUS CJeayrouei cxemHoit miuockoctd. B
HACTOSIee BpeMs BeayTcs paboTsl mo co-
3JaHAIO TakUX MeTonoB. Ecim nmaccusupyio-
LM c10# cocTOUT M3 aMopHOH ABYOKHCH
KpEMHHsI, KOTOpas B HACTOSILEE BPEMS HC-
MOJIb3YeTCsA MPAKTHYECKH BO BCeX CIIydasx,
TO. 3/IeCb MOXHO NMPHUMEHHTL rpadosamurak-
cuo. C moMoubio 3TOH TEXHOJMOIHMH Ha
MOBEPXHOCTH aMOP(HON IBYOKHCH KPEMHHS
HAHOCAT TOHKOCTPYKTYPHPOBAHHBIC KaHAB-
ku. Eciu na obpaborannoil Takum obpazom
MOBEPXHOCTH OCaX/JaTh KPEMHHH, TO Hapa-
[IUBAHHE €r0 MPOMCXOIUT AHAJIOIHYHO POC-
TY KPHCTAUIMYECKOro CJI0i Ha 3aTpaBKe.
Jpyroit MeTox mpesycMaTPHBAET «OYHCTKY»
KPEMHHEBOTO CJI0s, TMEPBOHAYANBHO OCAK-~
JICHHOTO B amop(HOM BHIE: 31ech BOCCTa-
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HOBJICHHE TPOMCXOJUT AHAJIOTHYHO TOMY,
KaK BCJIEI 3a 3aBEpIICHHEM HOHHOM HM-
[UIAHTALIH BOCCTAHABIIHBACTCS HAPYIICHHAS
CTPYKTYpa no/noxku. M3yuarorcs, kpome
TOrO, BO3MOXHOCTH IMATAKCHAIBHOIO BhI-
palIMBaHAsA KPEMHHEBOTO CJIOSl Ha KPHCTAall-
JIMYECKHX MACCHBHPYIOIINX CIOAX, HATIPUMED
u3 JudTOPHAOB Kanbius W CcTpoHmus. B
nocje/iHee BpeMs Uil 9TOTO CTaJd MpHMe-
HATH MOJIEKYJISIPHYIO JMUTAKCHIO.

KpnomukpoanekrpoHuka

ACCOPTHMEHT TOJIYIIPOBOJHHKOBBIX MaTe-
PHAJIOB, KOTOPBIMH MOXHO OymeTr moJjb3o-
BATLCA B MHKPOIJIEKTPOHHKE, PAaCHIMPUTCS
NIpH Nepexome Ha Huskue memnepamypel. Tax,
HampAMep, MaTepHalbl THNA AHTUMOHHIA
HHJIHSA, KOTOPbI€ BCJIEACTBHE CPABHUTEIBHO
Y3KOii 3anperieHHOoi 30Hb!, OTeNsomei pa-
JIEHTHYIO 30HY OT 30HBI NPOBOJHMOCTH,
HMEIOT TpH KOMHATHOH  TeMrepatype
(273 K) caumkoM OonbIIyro KOHIEHTPALHIO
HOCHTEJIEH 3apfaaa HIH HeIOCTATOYHO BbI-
COKYI0 WX MOABHKHOCTH, TTPH TeMIEpaType
skuakoro asora (77 K) wim kuIkoro reius
(4 K) mpuobpeTaroT CBOHCTBA, AeAIOIINE HX
IPHEMJIEMBIMH [T MUKPO3IeKTpoHnkH. Mc-
XOMIA M3 9TOro, B HACTOSIIEE BPEMs BEILYTCH
HCCIIEOBAHHS PSKHMOB paboThI pa3IHYHBLIX
3JEKTPOHHBIX 3JIEMEHTOB M WHTET pajbHbIX
CXEM MpPH HHU3KHX TeMIepaTypax, TpHieMm
SKCIIEPHMEHTHI  OCYILECTBIIAIOTCS Takke ¢
anementamMu © MUC U3 KpeMHHS M apceHHNa
rajums. [To3ToMy H BO3HHKJIO TIOHATHE
KPHOMHKpO3JIeKTpOHHKH. [lomMuMo  Beero
NpOYEro Mepexoi K HU3KMM TeMIlepaTypam
JI4eT elle OJHO MPEeHMYIIECTBO! CTAHOBATCS
MeHbIlle TIOPOTOBBIE HANPSUKEHHS TPaH3HC-
TOPOB, H4TO TMO3BOJAET CHH3HTHL paboume
YPOBHH HAmpsOKEHHs W MOIIHOCTH paccesi-
Hus. Baaroaaps yBeHYEHHIO MOIBHKHOCTH
HOCHTEJIeH 3apsa/ia CYIIECTBEHHO MMOBBIILIACT-
cs BeicTpOIeiicTBHE DJIEMEHTOB TPH HU3KHX
TeMIepaTypax.

AneKkTpoHHbIe Npubopbl

Ha nepexopax [hxosedycoHa
PagukaibHBIM OTXOAOM OT MHKPOIJIEKTPO-
HHUKH B €€ NMPUBBIYHOM U1l HAC MOHMMAaHHH
MOXHO CYHTATH TEXHHKY 24CKIMPOHHbIX NpU-
bopoe, pabomarowux na sghexme Incosedi-
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CoHa, KOTOpas Takke HYXKIACTCS B HH3KHX
TeMnepatypax. 3aece ucnobayercs 3dexT,
OTKPBHITBIH B 1962 r. aHramiickuM (pu3nKoM
B. [lkosedconom. Dddexr Jxosedcona
BO3HHKAaeT B TBEPAOTEIbLHOM npubope, co-
CTOSAIIEM U3 ABYX CBEPXIPOBOIALIMX METAJI-
JIHYECKHX CJIOEB H pa3/e/siolero HxX clos
JuasiekTpuka (puc. 72). Ecnu cinoil auanexr-
pHKa CHelaTb O4YeHb TOHKMUM (MeHee
0,01 MKM), TO 3JeKTPOHBI 0OOMX CBEpPXIpO-
BOMSIIAX CIOEB MOJIYYai0T BO3MOKHOCTH
«IIPOCKAKHBATEY» CKBO3b HEr0 B PE3yJIbTaTe
TyHHeJbHOro 3ddexra. B stroMm ciyuyae ro-
BOPAT O TyHHeNBHOM nepexoze. ITockosnbky
BCIO COBOKYIHOCTH JICKTPOHOB B CBEPXIIPO-
BOJHHKE MOXKHO PACCMATPUBATHL KAK MaKpo-
CKOTIHYECKYIO BOJIHY C OHpeJie/IcHHOH (ha3oi,
TO TYHHEJILHBIH MEpexoj] CONoCTaBHM C B3a-
MMHBIM HAJIOKEHHEM CBeTa OT ABYX KoOre-
PEHTHBIX HCTOYHHKOB, KOTOPOE Be/IeT K BO3-
HHKHOBEHHIO HMHTep(epeHIMH: BCJeICTBHE
HAJIOKEHHS 3JIEKTPOHHBIX BOJIH JIPYI HA JIpY-
ra 4Yepe3 MNepexoi HauyHHACT MPOXOJHTH
INMEKTPHYECKHIl TOK, HaOironarommiics ©
TOI/Ad, KOTJa K CBEPXIPOBOJHUKAM HE TpPH-
noxkeHo HampsbkeHue. [IpoxoxaeHne TOKa
yepe3 OMAJIEKTPHK Oe3 NMpHIOKEeHUs Hanps-
JKEHHS — YIMBHTENIBHOE  SIBJICHHE, KOTOPOE
MOXKHO OOBACHHTH TOJIBKO Ha OCHOBAHMH
KBAHTOBOH TEOPHH CBEPXNMPOBOIMMOCTH, H
HMEHHO MO3ITOMY B JIAHHOM CJIyYae TPYAHO
HAWTH HArgaHOE ToJNKOBaHWe. TeM He Me-
Hee 9TOT 3((exkT BmONHE peajseH M IOJ-
TBEPKIAETCA COOTBETCTBYIOIIMMH IKCICPH-
MeHTaMH. Y HOPMAJbHBIX IPOBOJHUKOB
97EKTPOHHLIE BOJIHBI HE HMEIOT OIpE/IC/IeH-
HO#U (a3el, TaK ¥TO MOAOOHBIC BOJIHBIL, MPO-
XOASIIHe 4epe3 nepexod B ODOHX Hampas-
JICHHSAX, B3AUMHO TacATCd B PE3yJIbTaTe HH-
Tepbpepennud. Takum oOpa3om, OpH OT-
CYTCTBHHM HAMPSKEHHS B HOPMAJBHBIX MPO-
BOIHUKAX JJIEKTPHYCCKHI TOK HE HIET Yepe3
nepexoa. Korma e TOK CyWECTBYET, Ha
nepexone  HabmogaeTrcds  OTHOCHTEJILHO
Gousbilioe TajieEHe HanpspkeHus. Ecnm Ham
yaacTess ¢ TMOMOUIbI0 HEeOOMBINOro H3MEHe-
HHUS HANPKEHAA 00eCHEeYUTh MepeKIroYeHHe
00OHX TPOBOJIHHKOB, MeEX1Yy KOTOPLIMH
NPOHCXOANT TYHHEIBHBIA NEPEXO/1, H3 CBEpPX-~
MPOBOMAALIEI0 B HOPMAJbHOE IMPOBOMIAIIECE
COCTOSIHME W, KPOME TOr0, HMETh MCTOYHHK
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Puc. 72. DnemenT Ha TyHHeJbHOM nepexojae Jkozedceona. INoscHeHns garoTcd B TEKCTE.

TOKa, obecnevuMBalOMIAi MOCTOSHHOE TpPO-
XOXKJIEHHE JIEKTPHYECKOI0 TOKA 4epe3 me-
pexo/i BHE 3aBHCHMOCTH OT COCTOSIHHS HpO-
BOAMMOCTH, TO Mbl MOJIYMHM 3JIEMEHT, CIO-
cOOHBIi, MOJOOHO TPaH3HCTOPY, YCHIHBATHL
H3MeHeHus Hanpsvkenus. Ho Beap 2nekTpu-
4eCKMii crocod Mepek/roueHHs] U3 HOpMaJlb-
HOTO COCTOSIHHS B CBEPXIPOBOJsANICE AaBHO
M3BECTEH: €CJIM CWa TOKA B CBEpPXNpPOBO/I-
HHUKE IIPEBBLICHT OINPEENEHHYI0 KpHUTHYEC-
KY10 BEJTMYHHY HJIH K€ CBEPXIPOBOAHUK MO~
BEPrHETCA BO3/ICHCTBHIO MATHUTHOIO 10JS C
HANPSKEHHOCTHIO BBIIIE KPHTHYECKOH, TO OH
nepecraneT ObITh CBEPXIPOBO/ALIAM H Iie-
peiiieT B HOpMaJbHOE MPOBOJASAILES COCTOA-
uue. Ecim MarauTHOEe mojie co3gaercs To-
KOM, NIPOTEKAIOLIHM [0 KAKOMY-TO BTOPOMY
KOHTYpY, TO MOfABIAETCS BO3MOXKHOCTH
YOPaBJATL 3HAYHTEILHBIM HaNpsKeHHEM Ha
TYHHEJIbHOM MEepexo/ie ¢ NMOMOIIBI0 MaJIoro
HANPSUKEHHs HA 3TOM BTOPOM KOHType. A
BeAb 3TO HMEHHO TO, B HEM HYKIAETCSH
TeXHHKa IMdporoii obpaboTkn wmHPOpMAa-
i, OnucaHHbId NTPHOOP NMOTYYHIT HA3BAHUE
3JIeMeHTa Ha TyHHeIBHOM mepexozne [lxko-
3epcora. Kpome Takux 2leMEHTOB C 00HUM
NepexoJoM NPUMEHSIOT TAKKE 3JEMEHThI C
JIBYMsl H HECKOJILKHMH MePexoIaMu — TaK Ha-
3BIBAEMBIE  CBEPXIIPOBOJALINE KBAHTOBBIE
HHTep(epeHIIHOHHbIC TaTHHKHA (CKBHABI). M3
aneMmeHToB Jko3edcoHa, Kak W H3 MOJy-
MPOBOJHHKOBBIX  KOMIOHEHTOB,  MOXHO
CTPOUThH JIOTHYECKHE CXEMBI, CXeMbi, mams-

TH H BhIMHCIHTENbHBIE cxeMbl. [lepekimo-
YaTebHBIE CXEMBI, OCHOBAHHBIC HA HCIONb-
3oBannd 3¢ dexta Jxo3edcona, MOKHO MO-
CTPOHTH € NOMOUIBIO HHTErpajbHOH Tmula-
HAPHOH TEXHOJOIHYH, IPHMEHSIEMOH B IO-
TYNPOBOAHAKOBOH MHKpO3JIeKTpoHHKe. Tak
KaK CBEPXMPOBOJHHK TIPAKTHYECKH HE OKa-
3BIBAET HUKAKOTO CONPOTHBJICHHS INPOXOXK-
JICHHIO JEKTPHYECKOTO TOKA, TO CXEMBl, B
KOTOPBIX HCHOJIB3YIOTCA TYHHEJIBHBIEC HEpe-
xoaul xosedcona, norpebasioT MCKIIOYH=
TEJIbHO. MaJyl0 2JeKTPHYECKYIO MOIIHOCTD.
Kpome Toro, npn aHanuse 3HEPreTHYECKOro
OGananca paboTbl TAKHX CXEM HEJL3s HE Y4H-
THIBATE CJIG/IyOlLIee: OHH JOCTHralT pado-
TOCHOCOOHOrO COCTOSHUA TOJBKO MOCHE TO-
ro, Kak HX OXJakIaioT [O0 TeMIEpaTyphbl
4 K, 1 3areM NOLIEPKUBAIOT TEMIEPATYpy
Ha 9ToM ypoBHe. Pacxon smeprum mpakTm-
YeCKH MOJHOCTBK) KOMIEHCHPYETCH ee Ma-
JILIM PaccesiHHEM B mpoliecce paboTel cxem.
Tem He MeHee HAMHOIO MeHBILIHE NOTEPH B
cXeMax MaMATH, IOCTPOEHHBIX Ha Mepexoax
Jxozedicona, 4eM B NOTYNPOBOAHHKOBBIX
cxemax, npuobperator OoJbIIOEe 3HAYCHHE.
DTO NO3BOJsET MOMHATH CTEHEHb MHTErpa-
MM, KOTOpas OmpejensieTcst NpelelibHBIMH
BO3MOXKHOCTSIMH OTBoJa Temna. bnaromaps
aromy Oonbioe uncio MC, rHeobGXxomumeix
IUIsl  CO3/IaHWS KPYIHBIX YHHBEPCAJIbHBIX
2BM, moxHO OygeT pa3sMecTHTh B MEHb-
meM (pusnueckoM obbeme. OTcioga BEITE-
KAFOT OMpe/ie/IeHHbIe MPEHMYIIECTBA ¢ TOUKH
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Puc. 73. TlorpebieHne MONIHOCTH W BPEMS NPOXOXKIEHWS CHIHANA 4epe3 JIOTHYECKHE IJIEMEHThI M3
ApCeHHA TaJlIds M 3JEMEHTHI, ocHOBaHHble Ha 3{dexre [Ixosedcona. g cpaBHeHHS TpPHBEICHBI
XapaKTEPHCTHKH HEKOTOPBIX JIOTHYECKHX 7IEMEHTOB KPEMHHCBOI JMIEKTPOHNKH.

3peHNsl TIOBBILICHHS ObICTPONEHCTBAS KOM-
neroTepoB. Heobxoaumo NpuHATH BO BHH-
MaHHe M TO 00CTOATENBCTBO, YTO, XOTS pac-
TIPOCTPAaHEHHE HMITYJIBCOB 3JIEKTPHYECKOro
HATIPSDKEHHs POUCXOIUT CO CKOPOCTHIO CBe-
Ta, A NPOXOKIEHHA OTpe3Ka [UIHHOM
30 cm Bce xe Tpebyercs Bpems 1 He. Ilpn
WCIMIONIL30BAHMH CXeM Ha sneMeHTtax [lxo-
3e(hcoHa MOIKHO COKPATHTH 3aJEPKKy pac-
npoctpaHenus currana jgo 0,01 ue (puc.73).
CnenoBaTenbHO, 4TOOB B MOJHOH Mepe Hc-
MONIb30BATE OBICTPOEHCTBHE TPHMEHAEMBIX
HC, xoMmbioTepsl JT0DKHBI OBITH HOCTpOE-
HBI BeCbMa KOMNAKTHO. CHHXEHHE YPOBHS
MOTEPE B CXeMax Ha anemenTax /Ixosedcona
JesiaeT BO3MOXHBIM CO3/IaHME TOHAO0OHBIX
MallIHH.

Cpenu Bcex ajJbTepPHATHBHBEIX BAPHAHTOB
MNOJIYIPOBOJHUKOBOH  MHKPO3JIEKTPOHUKH
JJIEKTPOHHKA, OCHOBaHHAs HA HCMOJB30Ba-
ain 3ddekra Ixozedcona, HECOMHEHHO, [0~
Gmmace camoro Gonbmioro mporpecca. To
TeM Oonee 3acimyKuBaeT BHUMAaHHSA, TAK Kak
TPHHITHTI (ynxumonnposanus — adipext
Jxo3edcona — TeopeTudeckn Obr  0OHApY-
JKeH TONbKo B 1962 I. u 3KCNEepUMEHTAILHO

nojarsepxken roa cnycrs. Teoperuyeckoe
npezcka3anne sroro sddexra ocHoBaHO, B
YACTHOCTH, HA TIPHHIATIC HAPYIUEHWSA CHM-
METPHHM, 3aMMCTBOBAHHOM W3 (H3MKH 5Jie-
MEHTAPHBIX YACTHIL 32 OTKPBITHE 3TOTO (-
(exra [dxo3edcon BMecTe ¢ ABYMS APYTHMH
yiaeHsIMH monyunn B 1973 r. HobeneBckyro
npemuto no ¢usuke. B Hacrosmiee Bpems
yXKe CYIIECTBYIOT, KaKk OBIJIO CKa3aHO BHILIE,
WHTErpaibHbIE CXEMBI, OCHOBaHHBIE HA 3(-
thexre Ixosedcona. Ha nac Bcerna Gonbimoe
BIIEYATIICHHE TIDOM3BOMIMT, KOTJIA pe3yiabTa-
THl HA TIEPBBIH B3TMS] COBEpIIEHHO ab-
CTPakTHHIX (hyHZAMEHTANBHBIX HCCIEA0Ba-
HYI TpHOOpPeTaloT BaXXHOE MPUKIIAIHOE 3HA-
YeHHE W B TeYeHHEe CPABHHTEILHO KOPOTKOTO
BpPEMEHH NPHBOIAT K MOABJIEHUIO YCTPOHCTB,
HAXOMAIINX TMpaKTHYecKoe npumeHeHue. KM
BCE JKE MOKAa HEBO3MOXKHO B TIOJHOH Mepe
ONEHHTH TO 3HAYEHHE, KOTopoe B Oymymem
MOXET NPHOOpecTH 3JIEKTPOHNKA, OCHOBAH-
Hasg HAa HWcnoab3zoBanuu 3ddexrta Ixosed-
cona. [loka eme HeT W MK03e()COHOBCKHX
KOMITBIOTEPOB, €CITH He CYHTATh Y3KOCHEH-
anbHBIX W HE BBHILCOIINX W3 CTAMHH Ja-
DopaTOpHBIX MCHBITAHKI oOpasmos. Waro-
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ToBnenne kosepconosckux MC okazanock
HCKJTIOYUTENLHO CJIOXKHBIM € TE€XHOJIOTHYEC-
kol ToukH 3peHHMA. K Tomy xe oOozHa-
YHINCE TIpe/iesibl, 10 KOTOPBIX MOTYT OBITH
YMEHbIIIEHLI pa3Mepbl snementoB [xosed-
COHA; OHH, KaK OKa3aJIOCh, JIEKAT BBIIE, YeM
y NOJYMPOBOAHHKOBBIX KOMIIOHEHTOB.

Ontuyeckan 6ucTtabunbHOCTb

[Ipubopsl, JelcTBiHe KOTOPBIX OCHOBAHO Ha
ucnonb3opanmn s¢dexra [kosedcona, Bee
ke OCTAIOTCH IAEKMPOHHBIMU CXEMAMMU, T.e.
TAKUMH, B KOTOPBIX HCIOJIb3YETCSH [BHKCHHE
9JIEKTPOHOB H YIpaBJICHHE MOTOKAMH 3JEKT-
POHOB C [IOMOLLBIO BHEIIHETO AJIEKTPHYECKO-
r0 ¥ MAarHHTHOro BosjaciicTBud. B 10 XKe
BpEMs [pYroe COBPEMEHHOE HampaBJeHHE
Pa3BHTHA TEXHOJIOTHH CXEMHBIX 3JIEMEHTOB,
NpegHa3HAYeHHEIX Ui 06paboTku mHbOP-
MAalHH, LEJIHKOM U IOJHOCTBIO BBIXOHHMT 3a
npezeisl 31eKTpoHHKH. OHO CBS3aHO C CO3-
JIAaHHEM ONTHYECKMX 3JIEMEHTOB, W HOCHTE-
1eM HH(pOpMaLMH 37ech COyXuT ceer. Bo
BCEM 3TOM HET HHYETO YIMBHTEILHOIO, IO-
CKOJIBKY ¢ HH(popmanuel, npeacraBieHHOR
CBETOBBIMH CHTHAJIAMH, MBI CTAJIKHBAEMCH
JIOBOJIBHO Y4CTO — JOCTATOYHO HAa3BaTh BCe
BHIBI BU3YaJbHOTO BOCHOPHATHS, BKJIIOYAs
BOCHIPHATHE H300pa)eHHil K 3HaKOB, GoTO-
rpaduio, ynpasieHne pa3InYHbIME YCTAHOB-
KaMHA ¢ HOMOIIBLIO CBETOBBIX KJAMAHOB HJIA
BOJIOKOHHO-OIITHYECKYIO CBsi3b. B mepeunc-
JICHHBIX CJIy4asX CBeT HCIOJb3yeTCs i pea-
JU3ANMA Pa3HBIX HHPOPMAaIHOHHBIX TIpoLec-
COB —Ilepe/layy 1 MpHeMa, a TAKKe XpaHeHHs
nHpopmanan. EnquHeTBeHHO#M 00n1acThIO, TE
OH TIOKa He NpHMEHseTCs, ocTaercs obpa-
forka uH(poOpMaIMK, KOTOpas KaK pas mpex-
Jle Bcero Hac H mHTepecyeT. YUrTobOml ceer
MOXHO OBLIO HCIOJIL30BAaTh s 06paboTkm
nHpopManHH, HEOOXOAUMO  BBINOJHEHHE
I'JIABHOTO YCJIOBHUS, KOTOPOE NPHMEHUTEIb-
HO K 37eKTpoHHON 00pabotke madopMamu
O3HAYAeT cnocobHOCTH MOTOKOB 3JIEKTPOHOB
B3aHMOJIEHCTBOBATE ApPYI ¢ JApyrom. B or-
HOIIIEHHH CBETA 3TO O3HAYAET, YTO HeobXo-
JIAMO peajii30BaTh BO3MOXKHOCTL M3MEHSTH
€ NOMOIIBIO 0JHO20 CBETOBOTO MOTOKA HH-
TEHCHBHOCTL 0py2020 CBETOBOTO TOTOKA.
Torma kak HDOTOKM 3JIEKTPOHOB CHOCOOHBI
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B3aHMO,IlCﬁCTBOBaT]: B BaKYYME, CO CBETO-
BBEIMH [OTOKaMH HHYUETO l'IO,U.OGHOI’O HE
MMPOUCXOIHT. CaeToBbie NMOTOKH, TNPOHH3BI-
BalolIHe ApYI JApyra B Bakyyme, He OKa-
3BIBAIOT HH MaJieHInero B3aHMHOIO BJIHS-
HHSI—T0 KpaWHell Mepe 3TOro He pPEerHcTpH-
PYIOT COBpPEMEHHBIE H3MEPHTEIbHBIE TPUbO-
Pbl, YyBCTBHTEIBHOCTh KOTOPBIX, OJIHAKO,
upe3BbMaiiHo Bbicoka. [losTomy uTOGEI
obecneynTh B3aMMOJIEHCTBHE CBETOBBIX MO-
TOKOB, TpebyroTcs Matepuasnsl, obmanaro-
[IHe He/MHEHHBIMA ONTHYECKHMH CBOMHCTBA-
MH. HOCMOTPKM, YTO ¥KE€ MNOPOHCXOIOHT B
3TOM CIIy4ae.

B mepByto ouepenbr Heobxommmo 3ame-
THTb, YTO TPH NOPOXOXKICHHH CBeTa d4epes
mobyI0 ONTHYECKYIO Cpely HE3aBHCHMO OT
Toro, obJjagaer 3Ta cpefa NMHEHHBIMH HJIH
HEJIMHEHHBIMH  ONTHYECKHMH CBOMCTBAMH,
HHTCHCHBHOCTH BBIXOJAIIETO H3 KpHCTajUIa
CBETOBOro motoka [, . 3aBHCAT OT HHTEH-
CHBHOCTH CBETOBOI'O IIOTOKA [, aJaloIero
Ha JaHHbll KpHcTaswl. Taxkum obpazom,
00bI4HO 4Yem OoJbilie CBETOBOM MOTOK Ha
BXoje, TeM Oosblie oH M Ha BhiXxone. Ecim
mexay I, u I, cymiecTByeT JuHe#Has 3a-
BHCHMOCTh, T.€. yBequueHue I, B 2 pasa
NPUBOJWT K yaBoeHuto [ ... TO TOBOPAT
0 JMHeliHO# onTH4eckoi cpene (puc. 74). B
HeJIMHEHHOH ONTHYECKOH Cpejie MHTEHCHB-
HOCTBb CBETOBOI'O IIOTOKA HA BBIXOJE, ECTECT-
BEHHO, He #ABJAETCH JHMHEHHON QyHKIHEHR
CBETOBOIrO mMoTtoka Ha Bxoze. IloscHum arto
HA npuMepe puc. 74,a. B onpeneneHHOM M-
ana3oHe 3HAYCHWH WHTEHCHBHOCTH CBETOBO-
ro moroka [, HabGmogaeTcs cBepXJIMHEHHOE
napacraune [.. OxHako B GoJbIUIMHCTBE
ciyqaeB Tpedyromascs 114 3TOr0 HHTEHCHB-
HOCTh BXO/HOI'O CBETOBOTI'O NOTOKA HACTO/Ib-
KO BBICOKA, YTO JAaxe NMpH (POKyCHpPOBAHHH
CBETOBOIO mny4Yka B IIATHO JHaAMETpPOM
10 MKM HEJMHEHHOCTH MPOABIAETCH TOJBLKO
IpH HCHOJIB30BAHHH MOLIHOIO Jiasepa. ,.]11151
obpabotkn mEGOpManuu Takwe OosabIIHE
CBETOBBLIC MOIIHOCTH COBEpPIICHHO HE MOA-
xoznat. Ilostomy pemaiouyio posib 34ech
HMEJI0 TO OOCTOATENLCTBO, YTO B Pacmops-
JKEHHH HHXCHEPOB MOABHJIMCHL Takue obya-
jpaiomme  cnenupUYeCKUMH  ONTHYECKHMH
CBOHCTBAMH MaTepHajbl, KaK apceHuj raj-
JIMsl ¥ JIpyrHe MOJYINPOBOIHHKH, B KOTOPBIX
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Puc. 74. 3aBHCHMOCTBL HMHTEHCHBHOCTH CBETOBOTIO

rk
NMOTOKA HAd BBIXO/JE IUTACTHHBEI C HEJIHHEITHBIMH

ONTHYECKHMH CBOJCTBAMH OT HHTEHCHBHOCTH CBETOBOTO MOTOKA HA Bxone. a—bes oﬁpamoii CBS3H; 6—C

obpaTHoii cBA3BIO.

HEJIMHEHHOCTh MPOABIAETCH MPH MOIIHOCTH
CBETOBOTO MOTOKA B HECKOJIbKO MHJUIMBATT,
a TaKkHe CBETOBbIE MOTOKH CIIOCOOHEI FeHepH-
pOBaTh NOJIYIPOBOJHHKOBEIE JIa3€PHbIE HO-
mel. Jlns ycuieHus HenuHeiHOTO 3(dexTa
HOJIyTIPOBOJHHKOBOMY MaTepHaly NpHIAIOT
¢opMy Tak HAa3BIBAEMOrO pe30HATOpa
®abpu—Ilepo, T.e. MIACTHHKH, TJe YTJIbI
HAKJIOHA IpaHell nmogoOpaHbl ¢ TaKHM pac-
4eTOM, 9TOOBI MaJaoldii HA Hee CBET 4Yac-
THYHO OTpaXaJjicsi, 4 4YacTHYHO MOT Mpo-
XOJWTh CKBO3b IUIACTHHKY. Brnaromaps sto-
My (Kak H B ciy4ae C 37eKTPOHHBIM TIie-
peKIIoYaTeNieM) MEXIY BBIXOIOM H BXOIOM
IJIACTHHKH  YcTaHaBlHBaeTcs  oOpaTHas
cBsA3b. B pesynbraTe M3meHseTcs (Mo cpas-
HEHHIO ¢ pHC. 74,q) 3aBHCHMOCTL HHTEHCHB-
HOCTH CBETOBOTO MOTOKA HA BBIXOAE OT HH-
TEHCHBHOCTH Ha Bxoge. [lelicrBuTenbHAs

KpHBas 3TOH 3aBHCHMOCTH [OKa3aHa Ha
puc. 74,0, nmpHYeM OHAa HABOJMT Ha HHTe-
pecHble MbIciH. Eciii HHTEHCHBHOCTE CBETO-
BOTO NOTOKA Ha BXOJ€ HAYMHAET PACTH C
HYJIS, TO CHaYajla HHTEHCHBHOCTH Ha BBIXOJE
Takke BO3pacTaeT MOYTH JHHEHHO, HO JIHIIb
OO Tex MOp, moka He Oymer MOCTHIHYTA
Touka I.,. Tlocne Toro xak xpupas,
nokasaHHas Ha pHc. 74,6 IITPUXOBOH M-
Huel, Oyner NeHCTBHTENLHO NpoiijeHa, TO,
HaYMHAS C 9TOH TOYKM, yBenuwuuth [,
MOHO TakkKe 3a CYeT MOBTOPHOIO yMEHb-
IIEHHS HHTEHCHBHOCTH CBETOBOTO NMOTOKA HA
Bxofie. D10 Oymer mpojaoipkaThes A0 Tex
nop, moka B Touke [, ; KpuBas He yiiner
BIPABO, W3MEHHB HampasieHue. Haumnas c
3TOM MocNeaHeN TOYKH, s yBenndenus I,
cHoBa mnotpebyercs ypenmumBath [,. Pac-
CMOTPEHHBIH BHI KPUBOH MO3BOJISET Npej-
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Puc. 75. Xparenue uaopmMalini B BH/AE CBETOBBIX HMITYJILCOB, IKBUBAJICHTHBIX €IHHAIIAM, C MTOMOIILIO
ONTHYECKOrO JIEMEHTA C ABYMS YCTOHYHBBIMH COCTOSAHMAMH.

MOMOXHUTE, YTO MPOUCXOINT B JCHCTBATEIL-
HOCTH, KOTZIa TIPH YBeJIMYEHAH HHTEHCHBHOC-
TH CBETOBOT'O IIOTOKA HAa BXOJIE C HYJISI MBI HE
OcCTaHaBIMBaeMcs B Touke [ ,,, a MPOHOJ-
JKaem mBuratbes manbine. Ckaukoobpasnoe
H3MEHEHHE CBETOBOTO IIOTOKA HAa BBIXOIE
CKaXeTCsl Ha BEPXHEH BETBH KPHBOH, 4TO
H BHIOHO MO BEPTHKAJBLHOMY OTpE3Ky Ha
puc. 74,6. Heuro noxoxee nabmromaercs u
TOIa, KOrja, Havap ¢ OOJBIIUX 3HAYCHUH
HHTEHCHBHOCTH CBETOBOrO MOTOKA, MBI Oy-
JIeM IBHI'AaThCS B CTOPOHY €€ YMEHbILCHHS.
CHavana TepeMelieHne MPOHCXOMMT 10
BepxHeit BerBu kpuBoil. B Touke [, wuH-
TEHCHBHOCTHL CBETOBOrO MOTOKA HA BLIXOJIE
MaJaeT, Mepexois Ha HIDKHIOIO BETBbL KPH-
Boi. Eciu npoiiTy aTy KpHBYIO B CTOPOHY
CHMJKEHHS] MHTEHCHBHOCTH CBETOBOTO MOTO-
K4 Ha BXOJE, TO MBI OKaXKeMCH Ha HUXKHEH
BETBM, HMEIOMIEH OTpe3kH, obpalleHHbe
BrpaBo. Eciam ke nMpoXoauTh TY XKe KPUBYIO
MO HANPABIEHHIO PACTYIIWX 3HAYCHHH HH-
TEHCHBHOCTH CBETOBOI'O IMOTOKA HA BXOE,
TO MBI BBIHEM HA4 BEPXHIOIO BETBL C OT-
pe3kamu, oOpameHHBIME BieBo. Mexay

Toukamu [, u I, Ha KpHBOH Kaxaomy
3HAYEHHIO MHTEHCHBHOCTH CBETOBOIO MOTO-
Ka Ha BXOJE COOTBETCTBYIOT [IBa BO3MOXK-
HBEIX 3HAYEHWsT WHTEHCHBHOCTH CBETOBOTO
noToka Ha Beixoze. IlnacTHHKa MMeeT, Tak
CKa3aThb, [ABa YCTOWYMBBLIX ONTHYECKHX CO-
CTOSHHA — OIHO ¢ 6OMBIIAM, a JIpYroe ¢ Ma-
JIbIM  KO3(p(PUIMEHTOM MPONYCKAHUS CBETA.
B stom criyuae rosopsat o6 onruvdeckoit 6u-
crabonsHOCTH. Kakoe M3 ABYyX yCTOHYHMBBIX
COCTOSIHMI YCTAHOBHTCSH, 3aBHCHT OT TOrO,
yTo OBLTIO ¢ MIACTHHKON paubiie. Ecam
paHbllle HHTEHCHBHOCTH CBETOBOIO MOTOKA
HA BXxojie Obina BBICOKOW, TO HA BBIXOJE
ycraHoBuTes Oojibliiee M3 OBYX 3HAYCHHIA
MHTEHCHBHOCTH CBETOBOTO MOTOKA, W HAO-
Gopor. Herpyano cebe npencraBHTh, HTO
TAKHE CBOMCTBA IUIACTHHKH MO3BOJSIOT Xpa-
HATH uH(popManuo B GopMe CBETOBBIX HM-
MyJIbCOB, KdK 9TO M AEMOHCTPHPYETCS Ha
puc. 75. [lnactunka ¢ AByMs YCTOMMHUBLIMHU
COCTOSHMAMH CHavajia HaXOMUTCH B MCXOJ-
HOM, «HYJIEBOM», IOJIOKEHHH, MOKA3aHHOM
B JIEBOH YaCTH PHCYHKA ¥ OTMEYEHHOM TOY-
Koii. B pesynbrare nofiaui Ha ee BXOH KO-
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Puc. 76. Peanusanus snemeHTapHeix jgorudeckux onepammii UJIW (@) u U (6) ¢ nomoisio
OTNITHYECKOTO 3JIEMEHTA C JIBYMS YCTOHYMMBBIMH COCTOSHHSIMH.

POTKOTO CBETOBOTO MMITYJibCa ILIACTHHKA
TIEPEKTIOYAETCH B COCTOsIHAE, H300pakeHHOE
cipaBa. C MOMOMIIBK TakoH ONTHYECKOI
MJTACTHHKH C ABYMS YCTOWYHBBIMH COCTOS-
HHSMHU JIETKO MOXKHO DeajI30BaTh TAKKE
aneMeHTapHLIe JoTHYeckue onepanun UJTU
u WM. TIpuHOMD MOCTPOEHUS TAKUX CXEM
noka3zan ma puc. 76. B cxeme WJIMU (puc.
76,a) MCXOOHOE COCTOAHHE MOAOHPAIOT Ta-
KM 0bpazom, 4TobBl OMHOTO HMITYJIbCA ObI-
JI0 AOCTATOMHO /Ui MEePEKIIOYeHHsT B CBE-
TONPOBOJISALIEE, T.€. MNPO3PaAvHOE, COCTOS-
uue. B cxeme W (puc. 76,6) ucxomnoe co-
CTOsIHME BHIOpAHO C TAKHM pACYeTOM, HTO
AN TEpPEeKJIIOYeHHsT B  CBETOMPOBOALIEE
cocTosiHAe TpebyroTCs JiBa OTHENbHBIX OIl-

THYECKHX umiysca. Heobxomumo nmomuepk-
HYTb, YTO JIoTHYecKkue nemMenTel MU u UJIN
HOCTPOEHBI HA OCHOBE OJIHOIO M TOrO *Ke
npubopa, a BeIOOP MCXOMHOTO COCTOSAHHSA
ONnpeAeaseT TO, KaKylo JIOTHYECKYIO omepa-
Mo oH Oyner BeIMONHATH. ClemyeT Takke
OTMETHTB, YTO TOCHE OKOHYAHHA JIOTHYeCc-
KOH oOmepaluy WHTEHCHBHOCTH CBETOBOTO
MOTOKA Ha KOPOTKOE BpeMsi CHHXKAeTcs [0
HYJIfl, 4 3aTEM ONSTH BO3PACTAET A0 YPOBHS,
COOTBETCTBYIOLIErO BXOIHOH HHTEHCHBHOC-
TH TNPH HYJICBOM MOJIOXKEHHH JIOIHYECKOTO
anemenTa. Jlumie mocne 3TOrO IUIACTHHKA
CHOBA TOTOBA K BBLIMOJNHEHUIO CIEAYIOIeH
Jiorn¥eckoi onepanun. Bee mpouecest 3aech
MPOTEKAOT 4pe3BhIvaitno OwicTpo. B mmac-
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THHKE, H3TOTOBJIEHHOH M3 apceHuza rajiius
MO CHeNHaibHOM TEXHOJOTHH, HHTEpPBaJILI
BPEMEHH, pa3lelsIoliie [Be IOCNeI0Ba-
TelbHBIE JIOTHYECKHE ONePAIIAH, COCTABIAIOT
okosio 70 HC, @ TPOJOIKHTENLHOCTD BBIMOM-
HeHHd camMoi onepaunn pasna 20 nc. ITpouns-
Be/IEHHE BPEMEHH NMPOXOXKICHHS CHTHAJIA Ha
paccesiHHYIO MOIIHOCTB, SBJISIOLIeECS Xa-
PAKTEPHCTHKOW ONMTHYECKOTO JIOrHYECKOro
3JIEMEHTA W PABHOE HECKOJIbKHM MHKODKOY-
JISIM, COOTBETCTBYET MapamMeTrpaM KpeMHHe-
BOH MHKPO2JIeKTpOHHKH. B pe3ynbtrate mo-
ABJIIETCH BO3MOXHOCTBL OOECHEYHTL HeErpe-
puIBHYIO paboTy cxeM 6e3 JONOoJIHATEILHOIO
oTBOza TeraoTel. O/HAKO CIOCODHOCTH On-
THYECKHX IJIACTHHOK C JBYMS YCTOHYHBBLIMH
COCTOSIHHAMH JaJIEKO He OrpaHHYMBAIOTCSH
TONBKO BBLITIOJIHEHHEM OT/EIbHBIX JIOTHYeC-
KHX onepandii B 3aJaHHbIE MOMEHTHI Bpe-
menn. OIHOBpEMEHHO, HANPHMEP, MOKHO
BBIMOJIHATE HECKOJILKO JIOTMYECKHX oOmepa-
U B pPasHBIX TOYKax MnacTHHKH. [lapsl
CBETOBBIX IY4YKOB, MEXJy KOTOPBIMH Tpe-
Oyercs yYCTAaHOBHTH JIOTHYECKYIO CB3b,
JOJKHBI, KPOME TOIO, HANpPaBIATHCA Ha
IJIACTHHKY MapajuleNlbHO, a Bes JiydeBasi
CTPYKTYpa Ha BXOJE AOJIKHA UMEThH MaTpPHY-
HYI0 KoHpHrypamuio. Pacuer mnokasbiBaer,
4TO mpH auameTpe my4ka 10 MKM H mpome-
KYTKE MexJy coceqHUMM mydkaMu 20 MKM
YHCJIO Nap KAaHAJIOB HA IUIACTHHKE IUIO-
wazaso 1 em? moxer moxomuts mo (10* x
x 10*) mrM?/(30 x 30) mxm? &~ 10°. Ecm
OPHEHTHPOBaThCs Ha BhmosnHenue 10'° jo-
THYECKHX OTepanuii B CEKYHIY B OJHOM Ka-
HaJie, TO Takas oNTHYeCcKas IUIaCTHHKA obec-
MEYUT HEBEPOSITHYIO cKopocTh 00paboTkm,
accruraromyro 10'% normueckux onepanmii B
cekyHay. Otv nudpel He M3 obnactu dan-
TACTHKH, 4 OTpa¥awT To, K ueMy ceiiuac
BIUIOTHYIO HPUOIM3HIACE HCCIE0BATENH,
paboTarouiie ¢ ONTHYECKHMH ILIACTHHKAMH
u3 apceHuaa rajums. Takas miacTHHKA OT-
JIMMHO TNOAOHAET, HANpHMEpP, Ul pacmnos-
HABaHHUA 3HAKOB YHCTO ONTHYECKHM ITYyTEM.
IlpenpaputensHo Ha Heil noTpedyercs chop-
MHpPOBaThL ONTHYeCKHi oOpa3 3maka, 3amnmu-
CaB €ro ¢ MOMONILI) MOLIHOTO JIA3epHOrO
uMnynbea. Takas 3anuch 03HAYAET, YTO MO~
BEPrHYThIE 3acBETKE YYACTKH IUIACTHHKH
CTAHOBATCA MPO3payHbIMH, T.e. OyayT mpo-
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nyckaThk cBet. Ilocne 3TOro Ha MJIACTHHKY
3aIHChIBAETCs 3HAK, 0Opa3 KOTOporo mpes-
cTouT pacnosHatb. Ecmm obpassl 3HakoB
COBMAAAIOT, TO HHTEHCHBHOCTH MPOXOIsIIIe-
IO CKBO3b IUIACTHHKY CBETa IOC/Ee BBOJA
obpabaTeiBaeMOro 3HaKa HE BO3PACTAeT; ec-
JI¥ K€ OHA yBeJIMYMBaeTCsA, TO 0Opasbl 3Ha-
KOB He coBmajatoT. OnTHYeCKOe pacrmo3Ha-
BaHHE 3HAKOB SABJIAETCA Crenu(pHIECKHM, HO
CPABHHUTEJILHO NPOCTHIM BHJIOM 00paboTku
uaGopmanuu. s co3MaHHS ONTHYECKOTO
KOMIbIOTEpa Tpebyercs’ pemMTh ropasio
Gonee cepresnnle 3agauu. Heobxomumo, Ha-
OpUMEp, Peasin30BaTh BOZMOXHOCTD KacKal-
HOTO BKJIIOYEHHs OOJBIIOro YMCiIa ONTHYEC-
KHX TUTACTHHOK, T. €. MOCTPOHTH M3 HHX CXe-
My nociegopateinsHoi obpaborkn uHpOp-
mamun. Kak uis 3Toro, Tak H A1 H3y4eHHs
JPYTHX ONTHYECKHMX MAaTEPHAJIOB C JIBYMS
YCTOHYMBBLIMH COCTOSTHHAMH HEOOXOIHMBI
JlaJIbHeHIIHe IUHPOKHEe MCCIEJOBAHUS H JKC-
nepuMeHThl. CeroaHsl ye MOYTH HHKTO He
COMHEBAETCH B BO3MOXKHOCTH CO3JaHHUS OIl-
THYECKAX KOMITBIOTEPOB, XOTs HEJIb34 C yBe-
PEHHOCTBIO CKa3aTh, OYIyT JIM OHH, 1OA006HO
coBpeMeHHbIM DBM, yHHUBepcaabHBIMH HIIH
K€ OPHEHTHPOBAHHBIMH Ha pEIICHHE Tex
ocobeIx 3agau, rae Tpebyercs O4YeHL BBI-
cokasi ckopocTh 06paboTku HHpOPMAIHH.
IIpakTHyeckol peanbHOCTBIO CErOJHS
CTaJio MCTOJIL30BAHWE CBETa KaK HOCHTEJNs
nH(pOpMAalHH B BOJIOKOHHO-ONTHYECKHX CHC-
TemMax. OpgHako 3Ta TexXHHKAa, BO MHOTHX
OTHOILEHHAX TIPEBOCXOJHAA, BCE KE HMEET
00uH HEJOCTATOK: B Ciyyae HeobXxomuMocTH
0OpabaTeIiBaTh ONTHYECKHE CHI'HAJIBI UX Clle-
JlyeT TpeaBapHTeNbHO npeobpazoBate B
anexTpHyeckne. beuto 6u1 ropasno ymoOHee
06paboTKy CHTHAJOB TAKKE OCYLUECTBIIATH
ONTHYeCKHM crnocobom. [ly1f 3TOro HeT HH-
KaKoi HYXObl B CO3JAHHH YHHMBEPCAJIBHBIX
ONTHYECKHX  KOMIbIOTEpOB:  TpebyroTcs
JIMIB POCTHIE HEIMHEHHBIE ONTHYECKHE J71e-
MEHTBI, CXOHBIE C ONTHYECKOH IJIaCTHHKON
M TpenHa3’HavYeHHble i oOpaboTkm aHa-
JIOTOBBIX H IH(PPOBLIX CHrHANOB. B KavecTBe
npUMepa MOXHO HAa3BaTh JIa3epHBIA JHOI,
4eil CBETOBOH BBIXOJ YOpaBifeTcs C IMo-
MOILIBIO PYrOro MeHee MOLIHOro jaszepa. B
9TOM npubope, cosmanHoM B 1983 r. smomn-
CKHMH HCCIIeJOBATENSAMH, BHIHBI 9YEPTEHI,
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aHAJOrMYHBIE XapaKTepHBIM OCOOEHHOCTAM
TpaHsuctopa. Pasmuiza cocTouT JHMIIL B
TOM, 4TO OJHH ONEPHPYET IEKTPHYECKMMH
CHTHAJIaMM, a ApYrol —ONTHYECKHMH, T.e€.
NasepHbI U0 npeacTasiser coboil onTH-
YECKHIl TPaH3UCTOR.

WHTerpanbHaa ontuka

Ocoboe 3nayeHne /Uis OnTHYECKO# 06paboT-
KH CHTHAJIOB MMEIOT HHTEerpajibHble ONTH-
HEeCKHE CTPYKTYPBI M3 CBETOBOJIOB, ONTHYEC-
KHX KJIanaHoB, NPH3M, MOAYJISATOPOB H JApY-
THX NACCHBHBIX 3JIEMEHTOB ONTOJIEKTPOHH-
KH, COBMECTHO C(DOPMHPOBAHHBIE HA TBEPIO-
TEJLHOW NIacTHHKE. Takue CTPYKTYphl Ha-
3bIBAIOT KOMIIOHEHTAMH UHIMe2paabhoili on-
muxu. Eciu ke B KauecTBe MaTepHajia Hc-
TOJIb30BATEL APCEHU] TAJUINA HIIH HEKOTOPHIE
ApYrHe MOoJynpOBOJHUKH, TO MOSBHTCA BO3-
MOJKHOCTh BBECTH B TOT e KPHCTAJUI Kak
3NIEKTPOHHBIE, TAK ¥ ONTO3IEKTPOHHBIE JJIe-
MEHTBI, HalpHMEp Ja3epHble JHOABI U (o-
TOIETEKTOPHI,

MonekynapHaa 3NeKTPOHUKa

Eme 6onee nanexomy OyayumieMy npuHaie-
KaT HOEH M 3aMBICIIBI, KOTOPHIE MOXHO
o0BbeIHHATEL MOA OGMIAM Ha3BAHHEM «MO-
JIEKYJIIPHAs 3TeKTPOHUKA» HIH «6HO3IeKTpo-
Huka». [log MonekynspHOH 3JIEKTPOHH-
KOl MOHMMAIOT OJJHH W3 BAPMAHTOB 3JeKTPO-
HHKH Oymymero, WM, mpasHJIbHEE CKa3aTh,
Oynmymeii Texaukn obpabotkn uHbOpMATTHH
(xoTs u He SACHO, KaKyl0 Xke poJib 37ech
OyoyT MTpaTh 3JEKTPOHEI), KOTOpas ONepH-
pyeT (YHKIMOHAJILHBIMH JJIEMEHTAMH Ha
MOJIEKYJISPHOM YPOBHE M HAa YPOBHE APYTHX
MHKPOCKOTIHYECKHX COCTaBHBIX 4acTeil Ma-
Tepun. Ecim npu 3tom obpamaioTtcs K Mo-
JieKynam OeTKOB WIH JpYTruX OHOJTOTHYECKHX
COEIMHEHHH, TO, KaK MPaBUIIO, pedb HIET O
OnoanekTpoHuke. B TO Xe BpeMs MOHATHE
«OHO3TEKTPOHHKA» OTHOCHTCS H K TaKOMY
THITy 3JIeKTPOHHKH, rae obpabotka muHbOp-
MalEi MOCTPOeHA HA MPHHIOMNAX (DYHKIH-
OHHPOBaHHSA OHONOrMYECKMX CHCTEM, KOTO-
phle ceifuac MBITAIOTCS peaiu30BaTh TPagH-
[MHOHHBIMH METOJMaMH. DTOH TeMBI MBI He
Oynem kacatbcs noapobHO, a moToMy Gyaem
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u3beratb TepMHHA «OHOINEKTPOHHKA» H
BOCIONb3yeMCs TOHATHEM «MOJIEKYIAPHOI
anekTpoHukn». CeromHsi  MOJIEKyJISpPHOMH
3JIEeKTPOHHKH KaK TAKOBOM ele He CyINecT-
BYeT H HHKTO HE MOXET C YBEPEHHOCTBIO
cKa3aTh, KaKyl0 KOHKpeTHYHO (opMy oHa
MpPUMET M CTAHET JIM PeasIsHOCTBIO BOOOMIE.
Ceiivac oOHa MpeNCTaBJECHa CBOEro poja
NPHHIMIHAJIBHOM KoHIenuueii, Habopom HE-
TepecHbIX HIell W JKCIepHMEHTalbHBIX pe-
3yJBTATOB, €€ HHKAK HENb3sd CYHTATH CJIO-
JKHUBIIHMCS HAMPaBJICHAEM, HMEIOIIHM IpaK-
THYECKMA BBIXOJ, TaKO#M, Kak, HanmpuMep,
anekTpoHHBIe npubopsl Ha nepexonax Jxo-
sedhcoHa MM MPHOOPEI, OCHOBaHHBIE Ha (-
dexre onTHieckon GucrabuibHocTH. OnHA-
KO TIaBHAS WJes MOJIEKYJSPHOH 37IeKTpo-
HHKM OCTAETCS BeChbMa IPHBJIEKATEILHOM.
Ecnin B MHKPOIJIEKTPOHHKE B HAcTOsIIEe
BpeM# TPeINPHHAMAIOTCSA YCHIIHS, HAmpaB-
JIeHHBIE HA JlajIbHeiilnee yMEHBIlICHHE pas-
MepoB (DYHKIIHOHAJILHBIX 3JIEMEHTOB, MpaB-
Jla, Ha MAaKpPOCKOIHYECKOM YpPOBHe (T.€. B
MHKPOHHOM [IHana3oHe, Korja 3TH JJIeMeH-
Thl COCTOAT M3 MHMJUIMApPAOB aTOMOB), TO
MOJIeKyJIApHAasi OJEKTPOHHKA Mpeiiaraet
NPUHIMNMANLHO HHOe peurenue. Ee 6aso-
BBIMH 3]IEMEHTAMH HBJIAIOTCA Melb4aiInne
COCTABJIEHHbIC HACTHIILI MAaTEPHUH —aTOMBI H
MOJIEKYJIbl pa3MepoM Mopsika HaHOMETpa.
«HaHOTEXHONOTH» CHHTE3HPYET BJIEMEHTHI
[yTeM YIOPAAOYEHHON «COOPKH» KOHCTPYK-
IHif U3 OTJENbHBIX ATOMOB, IOBOJAA 10 MH-
HUMYMa KOJIMMECTBO BellleCcTBa, HeoOXxomu-
MOr0 /15l MOJIy4EeHHUs JIeMeHTa, obecrevn-
Barouiero obpaborky mHpopmamuu. B man-
HOM clrydae cxeMa cosjianud npubopa — 1Bu-
JKEHHE OT MeJbYalllero K MajoMy, HO HMe-
IOLIEMY JOCTATOYHO KpYMHbIE pasMephl Jis
JIOCTHIKEHHA TOCTaBAeHHOH nemm. B Hano-
TEXHOJOTHH HHTEr PajibHbIE CXEMBI CO3/IAI0T-
¢ HE Tak, Kak B MHKPOJJIEKTPOHHOH Tex-
HOJIOTHH, [OCKOJIbKY TEXHOJIOTHYecKas Ie-
MOYKa HCXOHHT KaKk Obl M3 riyOMH MaTepuw,
HCTIOJIb3YS TIPHCYIIYI0 MOJEKyjJaM H aTo-
MaM «CKJIOHHOCTB» K 00pa3zoBaHMIO OIpe-
JIENICHHBIX  MUKPOCKONUYECKUX  CTPYKTYP.
BaxxHeHInHM HHCTPYMEHTOM MOJIEKYJIAPHOMR
9JIEKTPOHMKH, KOTOPBIH HCIONb3yeTCA [Is
CO3/I@HUs CXEMHBIX CTPYKTYD, ABJISIOTCA XH-
muueckue ceg3u. Koseuynas ueib 34€ch, Kak
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U Yy MHKPOIJIEKTPOHHKH,- CO3/IaHHE YCT-
poiicts 06paborkn uadopmaunu. [Ipu sTom
B HavaJbHOI crajun Ge3pa3nuvHO, B KaKoi
thopMme ocymiecrsisiercs Takas obpaborka—
B [IBOMYHON WJIM MECATHYHOH CHCTEME CUHC-
sierust ubo B aHasoroBoii hopme. Bozmoxk-
HO, Jla)ke OKaXKeTcH#, 4TO B OTJIHYHE OT
MHKPOIJEKTPOHHKA CO3/IaHHbIE METONAMH
HAHOTEXHOJOTMA (DYHKIMOHANIBLHEIE JJICMEH-
Thl OynyT crocoOHBI onepHpoBaTh HHGOP-
Malueli, mpejacTaBJeHHOW B 1H(pOBOil cH-
CcTeMe C He/IBOMYHBIM OCHOBAaHHEM HIH B
aHanoroBoii jopme, a He B YHCTO JBOUYHOM
Buzge. M sto Henb3s Oyner paccMaTpHBATH
KaK HeJIOCTATOK, HOO YKe CerojiHs CyluecT-
BYIOT CJIOKHBIE 3ama4u o6paboTku uHbOp-
MallfH, HAOPHMED paClO3HABAHHE peYH H
3PUTENLHBIX 00pa30B MM NPHHATHE perie-
HAA B HEOQHO3HAYHOW cHTyauwuu (T.e. 3a-
JIa9H MCKYCCTBEHHOTO WHTEJIEKTa), C KOTO-
PBIMA TUIOXO CHPABJISAIOTCS CHCTEMBI JIBO-
waHOM 0b6paborku uHGopMamu. Ecnm ¢ mo-
MOILBIO MOJIEKYJIAPHOIM 3MEKTPOHUKH OyayT
HalneHs! 3(D(EKTHBHEIE peIIeHAS HWMEHHO

TAKHX 3a1a4, TO 3HAYECHHE 3TOTI0 6}’,&8’1‘ Tpya-

HO TepeoleHATs. Belb B TakoM ciydae Mo-
TYT TOSIBHTHCH HEIBOMYHBIE WIH AHAJIOTO-
BbIE KOMITBIOTEPDI, (DYHKIHOHHPYIOLIHE Ha
OCHOBE COBEPINEHHO HMHBIX TPHHITAIIOB, He-
KEJM coBpeMeHHbIe IBoruHble DBM. Bepo-
ATHO, TAKHE MAIIMHBEI OKAa3aJuch OBl cro-
COOHBIMH CIIPABATHCS C HHTEJUIEKTYAIbHEI-
MH 3aJa¥aMi, KOTOpbIe BpsiJ JH KOrja-
aubyns  Oyayr «mo miaedy» uudppoBEIM
koMmmbroTepaM. [IpaBaa, 3TH BEIBOIBI CKOpee
BCEro He MpeonpeesieHbl H3HAYaIbHBIM Ha-
3HAYEHHEM MOJIEKYJIsIpHO# anekTponukd. Ho
OHH TOAYEPKHBAIOT, HYTO MOJEKYJIApHAS
9JIEKTPOHHKA MOKET BHECTH OIpeNe/IeHHBIH
BKJIa/Jl B pa3sBUTHE HHPOPMAIHOHHOW TeX-
HHKH, CBS3aHHOE C MOMCKOM HOBBIX KOMITBIO-
TEPHBIX APXUTEKTYP W MPHHIUIOB MOCTPOE-
aust 9BM, ¢ KOTOPBIMH MBI MO3HAKOMMIIHCH
B Havajie 9TO# ruasel. 371ech Mbl HAMEpPEeHbI
npexkzie Bcero obpatuthcs K mpobieme an-
napamusix cpedcme MOJIEKYJIAPHON dIIeKT-
POHHKH.

OctaHoBuMCs CHayaja Ha BO3MOXHOC-
TSX HCHOJb30BAHMS TeX HJIH HHBIX CHCTEM
obpaboTkn uHOOPMALNH, KOTOPHIE MOTYT
npebLIBaThL B PA3IMYHEIX COCTOSHUSIX M CIO-
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coOHBI TIEPEKNIOYATHECS W3 OIHOrO0 TAKOTO
COCTOSHMS B JIPYTOE B Pe3yJibTATe BHEIITHEIO
posgeiicTeus. Kpome MakpOCKONHYECKHX
YCTPOHCTB, HATIPHMEP CTPYKTYPHPOBaHHBIX
nogynposogankoseix MC, B 9Ty kateropuio
BXOIAT ¥ MHKPOCKONMHYECKHE CHCTEMBI, T.e.
CHCTEMBI, (DYHKIMOHHPYIOIIHE HA ATOMHOM

° M MOJIEKYIAPHOM ypoBHsiX. CaMu Takue Hac-

THIBI TaKkKe MOTYT HAXOOWUTHCS B PA3HBIX
COCTOSTHMSIX, COBEpILAN JBHXKEHHS, KOTOPbIE
XapaKTepH3YKOTCA OIPaHHYEHHBIM YHCIIOM
BO3MOJXKHBIX cocTosnui. /s a51ekTpoHa 310
JIBHXEHHE MOKHO MpEeNCTABHTHL Kak Bpatie-
HHE BOKPYT HEKOTOpPOH OCH, MPOH3BOJILHO
PACMONOKEHHOH B NPOCTPAHCTBE, CO CKO-
POCTBIO, ONpENesieHHOH OonHUM U3 (yHaa-
MEHTAJIbHBIX 3aKOHOB. O/IHAKO HUKAKUM 34-
KOHOM He ONpeNesiseTcsi HampaBjieHue Bpa-
[LIEHHSI, T. €. OHO MOJKET COBepINaThCs Kak Mo
4acoBOif cTpeyike, Tak W npoTHB Hee. CBa-
3aHHBIH C 9THM KPYIOBBIM JIBHJKEHHEM MO-
MEHT KOJIMYEeCTBA [IBMJKEHHS, TAdK Ha3bIBae-
MBI CIMH, MOXKET TNPHHEMATH 3HAYCHHSA
+ h/2 (h-mnocrosiunas [lnanka) u — h/2;
CIIeZOBATENbHO, MATHUTHBIH MOMeHT Oyner

eh eh
paBeH — U — —— (m—Macca JIeKTPOHa).
2me 2me
Hampagnenue ocH BpallleHHs B [TPOCTPAHCT-
BE MOXET OBITH 3a[aHO BHEIIHAM MATHWT-
HBIM TIOJIEM. DJIEKTPOMATHHTHOE H3JIy4eHHE
B [IHAnMa3oHe BBICOKMX YACTOT MO3BOJISET
H3MEHATH HAlpaBICHHE BPALICHHUS JIEKTPO-
Ha. CxomseiMu cBoiicTBamMu obnajmaror H
IpYTHe M3BECTHBIC B HACTOSIEE BPEMS dJie-
MEHTApHBIE HYACTHILI, KOTOPHIX B OOmei
CIIOXHOCTH HACYMTBIBACTCS TMPHMEPHO TPH
cotHH. OfHaKo s (PUKCAMH M H3MEHEHHUS
HX BO3MOXHBIX COCTOSHUIT TpebyroTcs uHbIE
criocobsl  BozaeicTBHA. MHEKpPOCKONHMYECKHE
CHCTEMBI, HAYMHAS C aTOMa BOIOPOIA, CO-
CTOSIINIEr0 M3 OAHOr0 MPOTOHA H OXHOTO
37IEKTPOHA, W KOHYAd HEOPraHWYeCKHMH H
OPraHUYEeCKHMH MOJIEKYJIAMH, B TOM MHCIIE
MOJIEKY1aMH OeNTKOB, BKJIIOYAIOUIHMH JIeCST-
KH TBHICSY aTOMOB, 110 TMOHATHBIM TIPHYMHAM
XapakTepu3yroTcs DonbMM MHOT00Opasu-
€M BHYTPEHHHX COCTOSHHUIH, HEKEIH OTHENb-
Hble wacThnbl. Tak, HanmpHMep, B3JEKTPOH
aToMa BOJOpOJia MOXKET HAXOAMTHCH HA Of-
HOIi 13 HECKOHEYHOT0 MHOXKECTBA HOPOBCKHX
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OpOUT, pacmoNaralolMXcs BOKPYI IPOTOHA.
B monexyne Genka OAHM W T XK€ ATOMBI
MOIYT UMETh PA3JHYHOE NMPOCTPAHCTBEHHOE
pacniojiokenne W T.[. Buemmnee Bo3jeicT-
BHE, Hanpumep o0JydeHHE CBETOM, MO3BO-
JMeT U3MEHHThL BHYTPEHHEE COCTOSHHE MO-
JeKkysn. YUuThIBASI OIPOMHBIH BBIOOP MHUKpO-
CKONHYECKHX CHCTeM, 00llafaroluX pasany-
HbIMH YCTOHYHBBIMH COCTOSHHAMH, HE IPH-
XOAUTCA YAMBIATLCA, 4TO 3TY NEPCHEKTHB-
HY0 06/1aCTh JIHIIL HEJABHO CTAJIH PACCMAT-
pHBATH KaK MOTEHIMAJIBHBIA «HCTOYHHK»
pasHOOOpa3HbIX BaPHAHTOB HOBBIX CPEJCTB
obparobkn unpopmaumu. Ecte nenbni psan
NpUYHH, 00BACHAIOMINX, MOYEMY B 3TOM Ha-
‘TpaBJACHHM €LIe HUYEro He CAeNaHo H Mo-
yemy B obospumoM Oyaymiem Bpan M
MOXHO PpaccHUTHIBATL Ha ycnex. ['naBHOid
MPHYHHOH ABJISETCA TO, YTO, XOTA BO3MOXK-
HOCTH NPHBEACHHA CHCTEMBI B Ppa3/IMYHBIE
VCTOWYHMBBIE COCTOAHHSA H ABJIAETCS HEoO-
XOOHMBIM YCIIOBHEM U1 €€ MCIONL30BAHUS
B Hensax obpaborku mHpOpPMAIMH, OIHOTO
aTOro HemocraTouHo. Tpebyercs BeImoIHe-
HHAE psila JPYIUX YCAOBHIA.

B nepByro ouepear OoTMETHM, 4TO Ha-
THYHE  OJHOTO-eAWHCTBEHHOTO  (hyHKIMO-
HAJTBHOTO 3JIEMEHTa MEKPOCKOIHYECKHX Pas3-
MEpOB ellle He HO3BOJISET Peau30BaTh CH-
cremy obpaborkn undopmauun: tpebyercs
MHOXKECTBO TAKHX 3JIEMEHTOB, KOTOpBIE IO
OMpENeNeHHON CXeMe HYKHO YIOPALOYATL B
HPOCTPAHCTBE W COSAMHHTbL Mekay coDOM.
Kpome Toro, momkHa CyniecrsoBath W BO3-
MOXKHOCTBL JUIN nepeflaud HHGOpPMaIHH C
BBIXO/1a 001020 (DYHKIHOHAJILHOTO 2JIEMEHTA
HA BXOJ dpyeoeo Takoro snemenTta ¢ addex-
THBHBIM €€ HCIONL30BAHHEM B KauecTBe
BxojaHo# uu(opmanuu. [lns sroro Tpedy-
eTcs HOcHTEb HMH(OPMAIlH, T. €. HeKad Ma-
TepHaibHas cybcTaHIMs, BO-NEPBHIX, CHO-
cobHast BCTynmaTh BO B3aHMOJICHCTBHE C
(DYHKIMOHANLHBIMH 3JIEMEHTAMH H, BO-BTO-
puIX, umH(pOpMamMsA, HpUrojHas IUIS Hepe-
Jlauu OT OJHOTO TAKOTO 3JIEMEHTA K ApPYro-
MY 110 CHEHHAJBHBIM COCJIMHUTEIBHBIM 3JIe-
MEHTAM WJIH JKe HEeNOCPeICTBCHHO 4epes
okpyxatoriee npocrpadcTso. Camu Qynkun-
OHAJIBHBIC 3JIEMEHTHI JOJDKHEI HMETh TaKOe
CcTpoeHHre; 4TobbI ¢ NOMOIIBIO O/IHOH U TOH
A€ MaTepHANIbHOH CyOCTaHIMH, BHICTYNAIO-
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e B KayecTsBe HOCHTENA HHDOpMALMH,
MOXHO OBLIO TPOH3BOANTL KAK NEPEKJIO-
yeHHe (DYHKIMOHAIBLHOTO 3JIEMEHTA H3 OJI-
HOTO COCTOSHHSA B JApPYyroe, Tak H YIEpPkKH-
BATH €0 B YCTAHOBHBILIEMCS COCTOSIHHH, A
TaKKe CHHTBIBATH TEKYIIEe COCTOsHHE. DTO
OKa3bIBACTCH BO3MOXKHBIM, JIMIIL KOrja Yy
Kax/10ro (DYHKIHOHATBLHOIO 3JeMEHTa HO-
CHTENIb HH(OpMaIMH, HMEIOIIUIHCS HA BBIXO-
Jie, aHAJIOrHYeH HOCHTe0 MH(OpMAIHK Ha
Bxose. [lamHoe TpefoBaHHE BHINOJHACTCH
J14 3JIEKTPHYECKOro, HO HE IS MeXaHHYec-
Koro mnepekmoyatens. [IpuMeHuTenbHO K
aromy nonobHoe ycrnoBue cobmomaercs, ec-
JIH € TIOMOIIBIO CBETA C ONPE/CICHHONH 1T~
HOW BOJIHBI, KOTOPBIH 37IeCb KdK pas M AB-
JISETCA HOCHTEJIEM, 4TOM MEpPeBOAMTCA B
BO30YKIEHHOE COCTOSIHME H €CIIH CBETOM C
TOH e JUIMHOH BOJIHEI C HEFO MOXeET ObITE
cyMTaHa MHGOpPMAIHAS, NO3BOJIAIONIASA OTpe-
JIeJTUTH, HAXOJHUTCS JTH OH B JAHHOM COCTOS-
Hun. Tlockonepky nmoOAOOHBIA HOCHTENBL HH-
dopManMH NpH TMEPeKIOYeHHH 3JIeMEeHTa B
Onpe/ieICHHOE COCTOSIHAE U Y/Iep:KaHHs €T0 B
TAKOM COCTOSIHWH [OJIKEH COBepIlaTh W3-
BECTHYIO paboTy W NpH 3TOM HACTHYHO Te-
psieTcA MPH MPOXONIACHHH uepes psai (hyHK-
IHOHAJILHBIX 3JIEMEHTOB, TO B KaKOM-TO
MecTe CXeMHOH HenoYkH OH OKa3bIBACTCH
HACTOJILKO OCHabNIeHHBIM, YTO YK€ He MO-
JKET BBI3BATH H3MEHEHHE COCTONHHS CIEMYIO-
mero snementa. [losromy camu ¢ynxnmo-
HANbHBIE JIEMEHTEI HIIH CBA3H MEXKIYy HAMHA
HeoOXxoauMo cHaOOUTH BHYTPEHHHM MeXa-
HH3MOM YcHieHns, obecneumBaroluM mo-
CTOSIHHOE BO300OHOBJIEHHE PACXOIYEMOTo HO-
curens uHpopmamun. B TpaHsmcrope, Ha-
npumep, obecrieynBaeTcst aBTOMATHYECKOE
ycunenue MomHOCcTH. IlpH ucnmonb3oBanuu
CBETA peaju30BaTh YCHJICHHE HOCHTENS HH-
topManuH Mo3BONAET TAK HA3LIBAEMOE HH-
ayumpoBanHoe wusnydenme. Ilpm cobnrome-
HMM BCeX TMeEpeYHCIEHHBIX TpeboBaHmil K
()YHKIHOHATLHBIM 3JIEMEHTAM W HATHYHH
MEKIy HHMH COOTBETCTBYIOIIHMX CBfi3eH ro-
BOPAT O TIPHTOJAHOCTH 3JEMEHTOB ISl Kac-
KagHoro Bkiouenus. MHTerpansuyro cxemy
s o6paboTkn HMHOOPMAIIMH MOXKHO IO-
CTPOUTEH TOJBKO M3 ()YHKIHOHAJIBHBIX 3JIe-
MEHTOB, IPUIOAHBIX /I KACKAAHOTO BKIIO-
yenud. Taxoill XapaktepucTHKOH obnagaror
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TPAH3UCTOPBI, OJIEMEHTHl HA Hepexoiax
Jko3zedcona u npubopbl, OCHOBAHHBIE HA
spdexte onTuueckoi GucrabuapHocTH. Te-
Nepb MOXKHO PACCMOTPETH COOTBETCTBYIO-
[IHE TIEPCIIEKTHBBI JUIA ClIydas, eCliM Takue
K€ XapaKTepHCTHKH YyJacTcs MONY4YHTh H Y
(PYHKIHOHANBHBIX 3JIEMEHTOB MOJIEKYIAp-
HOH 3JIEKTPOHHKH.

B mepsyto ouepenb Heobxommmo oTme-
THTB, YTO B OTJIMYHE OT YINOMHHABIIHXCS
paHee 3NEMEHTOB (DYHKIHHOHAJIBHBIE MOJIe-
KYJIAPHO-3JIEKTPOHHBIE JIEMEHTHI B HACTOS-
1iee BpPEMs «CYLIECTBYIOT» TOJBKO B BHIE
WIel u NpeUIOKeHHIA U HA OIMH U3 HUX MOKa
He peann3oBaH Ha npakTake. Mper obcyxk-
JleHHe BO3MOXKHOCTEH co3laHus (PyHKIHO-
HAJBHBIX 3JIEMEHTOB, OCHOBAHHBIX HAa HC-
MOJIb30BAHHH Pa3IHYHBIX (PM3MYECKUX SBIIE-
HHii, Cpell KOTOPBIX MOXHO HAa3BaTh pe-
OHAHCHBILL MYHHEAbHbII Hepexod dNEeKTPOHOB
M PacnpocTpaHEeHHe coAUMoHa B NENOYKAX C
XHMHYECKAMH CBA3AMH. TyHHENBHOE mnpo-
XOXKJCHHE 3IEKTPOHOB 4Yepe3 IMOTEHIHATb-
HbIii Oapeep Mexay IOBYyMs KBAaHTOBBIMH
AMaMHu Mbl yxe obcyxaamm. B monexynsap-
HOM BapPHAHTE PE3OHAHCHOIO TYHHEIBHOTO
nepexo/ia KBAHTOBBIE SIMbI TIPEANONIATAETCH
cO37aBaTh Ha OCHOBE OAMHAKOBBIX ATOMOB,
HAOpHMEpP A4TOMOB a30Ta, CBA3AHHBIX B
ATOMHYIO [IEMOYKY C JAPYTHMH aTOMaMH,
00pa3ylolmuMH  NMOTEHIMAIbHEI  Gapbep.
Ilyrem «nepennierenus» OOJBIIOrO HHCIA
TAKAX HENOYeK B TPHHIMIE MOKHO MOJNY-
YUTh (DYHKIHOHAILHBIE 3JIEMEHTBI, MPHIO/I-
HBIE IS KackaaHoro siuroueHns. Ckasannoe
CIOpPaBe/UIMBO M B OTHOILUEHHH ATOMHBIX IIe-
MOYEK, M0 KOTOPBIM MOTYT PACIPOCTPAHATH-
ca cosutonsl. [lox conuToHOM NMOHHMAIOT
JIOKaM30BaHHOE BO30YKICHHOE COCTOSHHE,
crocoOHOe NMepeMeIaThes B MPOCTPAHCTBE C©
COXPAaHEHHEM HEH3IMEHHOI TeOMETPHYECKOH
(hopmbl. B MoKy aSpHO# 37EKTPOHUKE OCO-
ObIii MHTEpeC MpeaCTaBIseT, HAMpUMeEp, co-
JIATOH B BHJIE BO3DYXJICHHOTO COCTOSHHS
XHMHYECKH CBS3aHHOW NEMOYKH M3 JIMHEHHO
YNOPAAOUEHHBIX aTOMOB YIjepona, B KOTO-
POl  peryiaspHO HepeayloTcs MpOCThie H
JBOMHBIE CBA3W THNA yriepoia-—yriepoa. B
3TOM caydae BO30YKIEHHOE COCTOSHUE
MPEeACTABICHO HAPYIICHAEM PEryIsapHOi mo-
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CJIEOBATEIBHOCTH MepeaOBaHUs MPOCTBIX H
IBOHHBIH CBA3CH.

ITpuronbie U KACKaJHOTO BKJIIOYEHUS
(pyHKIMOHATBHBIE NEMEHTBI, TJe HCIOIb3y-
FOTCSl COJINTOHBI HJIH TYHHEJILHBIE JJIEKTPO-
Hbl, B TPHHIAIE JOJDKHBI 0OECHeYHTH BO3-
MOKHOCTb COOPKH HHTEIDANbHBIX CXEM Ui
obpaboTku mHbopmammu. OgHaKo TO, YTO
9TO BO3MOMKHO & npunyune, HAKAK HE MOXKET
Hac ynosieTBopuTh. Heobxonumo HaiiTh Ba-
PHAHT MPAKTHYECKOH peaju3alny TaKuX
cxeM. C TOYKH 3peHHs HW3rOTOBJICHHS HH-
TErpajbHBIX CXEM MOJIEKYISPHON 2JIeKTpo-
HUKH MPOLECChl NMOCHEN0BATELHOIO HaHe-
CEHHUS CIOEB W HX CTPYKTYPHPOBaHHsA, TIPH-
MEHAEMBIE B MHKPO3JIEKT DOHHKE, HECOMHEH-
HO, OTHOCATCS K MaKpOCKONHYECKHM. 371ech
HaM HHYEM HE CMOKET MOMOYb H BECh MOLLI-
HBIH apceHan METOJOB MaKpOCKOMHYECKOH
XuMHH. B 9Toil 0o6IacTH TeXHONOTHS HYX-
[JaeTcsi B 3HAYMTENbHO Oosiee TOHKHX Me-
Togax. Ha Ha4aneHOH cragwu, K NpHMEpY,
MOJKET HAlTH NPHMEHEHHE W3BECTHBIA M3
Onoxumuu MeTon Mapudunna, ¢ MOMOIIBIO
KOTOPOro Ha MOIUIOKKE B pe3yibTaTe OIpe-
JeNIeHHBIX MAaHuMynanuid (mpolue rosop4,
MyTeM KaneabHOil oOpaboTkKM M NMPOMBIBKH
HOUIONKKH) CTPOSAT AMHHOKHCIIOTHBIE NEToY-~
KH, «HAHH3BLIBAs» MOJIEKYJTY 34 MOJIEKYJIOH.
Brnarogaps mepeHocy 3TOro MeTO/a Ha MO-
JIEKYJIBI JAPYIHX THIIOB, BO3MOXKHO, YOacTcs
peann30BaThk CXEMHBIE CTPYKTYPHI H3 MO-
JIEKYJIAPHBIX (PYHKIHOHAIBHBIX JJIEMEHTOB,
HAmpHUMeEp B BHIe Xxpomodopos, a mekcoe-
JIHHEHHS W3 MOJMHHTPUIOB cepsl. B kaue-
cTBe Apyrux 6a30BBIX METOIOB MOXHO OBLIO
OBl PHMEHATHL NPOMECCH CO3MAHUS MOHO-
MOJICKYJISIPHBIX CJIOEB, ckaxeM metoj Jlenr-
Miopa - biiopkera, korga MOHOMOJIEKYsp-
HBIH CJIOM TIOJIY4alOT Ha MOBEPXHOCTH XKHJI-
KOCTH, 4 3aTeM CHHMAIOT H NEPEHOCAT Ha
nojutoxky. Henp3s Ha ynomsHyTe M MoO-
JIEKYISAPHYIO SMUTAKCHIO, € KOTOpPOH MBI
NO3HAKOMHJIHCH NPH OMHCAHHH H3TrOTOBJIE-
HHS TOJYTIPOBOJHHKOBLIX MHKPOCTPYKTYP.
Ecnu ke oOpaTHTBLCA K CHENMANBHBIM HH-
TerpajbHbIM CXeMaM Ha OCHOBE OeIKOBBIX
MOJIEKYJI, TO 3JIeCh B TIPHHIIUTIE MOKHO TIpH-
BJ€Yb HA MOMOIIb COBpPEMEHHYIO OHoTEx-
HoJsoruto. Kaxk H3BecTHO, ¢ MOMOIIBIO Me-
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TOHOB I'€HHON HHXEHEpHH GaKTEpHH MOKHO
34CTABATh CO3/IaBaTh H3 OTAENbHBIX AMHHO-
KHCJIOT OeJIKOBBIE MOJIEKYJIBI 3aJaHHOTO
cocrasa. CaoiicrBa Moeky sl Geska onpe-
ACJIAIOTCS OTNPE/IEJICHHOMN MOCIeI0BaATENBHO-
CTBIO AMHHOKHCIOT. EcimH MBI Haydamcs
KOHCTPYMPOBATh AMHHOKMCIOTHBIE LEMOY-
ku, obiajiaronye HYXXHBIMHA CBOHCTBAMH, TO,
BO3MOXKHO, YIACTCH IOJYYMTb KOMILIEKCHI
13 DOeIKOBBIX MOJIEKYJI, CIIOCOOHBIE peraTh
3asiayn oOpaboTku HH(pOpMALIKH.
Hecmotpsa Ha (yHAaMeHTaNbHBIH Xapak-
Tep npobiemM, KOTOpBIE €IIe TOJIBKO Npej-
CTOMT pEUIMTh HA NYTH K peajM3allid HH-
TErpajibHBIX ~ 3MEMEHTOB  MOJIEKYIAPHON
37IEKTPOHHKH, ONpe/e/IeHHbIE IAHCHI HA YC-
nex cymecrBytor. [Ipeamonoxum Teneps,
4TO HAMH YK€ HATAKEHO NMPOM3BOACTBO MH-
TErpajibHBIX  JJIEMEHTOB  MOJIEKYJIAPHOR
3JIeKTPOHHKK. B 3TOM ciydae mpaBomepHO
3a/1aTh BOMpOC: a OyJeT JM MpeBOCXOICTBO
HOBBIX cpejcTB 00paboTku HHpOpMaLHU
HAJl COBPEMEHHBIMH HHTETPAJIbHBIMH CXeMa-
MH JIEHCTBHUTEILHO HACTOJIBKO OOmbIINM,
YTO ONpPaBAAIOTCA Te KOJOCCaTbHBIE 3aTpa-
Thl, KOTOpHBIE,  OEe3YCIIOBHO, NOTpedyIOTCH
s ux paspaborku? Ha nepBblif B3risig Tak
u xodercs Oe3 kakux-ImOO OroBOpPOK OaTh
YTBEpAUTENbHBIH OTBeT. MoXkeT mokasaTk-
Csl, 4TO TIEPEXOJ OT MAKpo- K MHKPOCKO-
MUYECKUM (PYHKIMOHANLHLIM JJIEMEHTaM B
MHJLTHOHBI Pa3 MEHBIINX Pa3’MEepoB BHE 3a-
BUCHMOCTH OT OCOOEHHOCTEH H3rOTOBJICHHA
KaK HX CAMHX, TaK H COEOWHEHWH Mex1y
HHMH ABTOMATHYECKH [OJDKEH NPHBECTH K
nospieHuio Gonee 3(PEKTHBHBIX CpEICTB
o6pabotku uadopmamuu. BriTyeT mpeacTas-
JIEHWE O TOM, MTO TakHe (QyHKIHMOHAIILHbIE
3MEMEHTHI I0JDKHBI HMeTh OoJibinee GricTpO-
HOeHCTBHE W HANEXKHOCTh, OTJINYATHCS MEHb-
HIHMHA pa3MepaMH, CTOMMOCTBIO M 3HEPro-
noTpebIeHHeM MO CPaBHEHHIO C MaKpOCKO-
MUYECKHMH TOTYITPOBOAHHKOBLIME AHAJIOTa-
mu. OIHAKO 3TH TIpe/CcTaBjieHHs 0OMaH4YH-
Bel. BoobGpasum, 4TO (QYHKIHOHAIBHBIMHA
3JIEMEHTAMH SIBJISIIOTCS ATOMBI, CBA3b MEXIY
KOTOPBIMH peaiiM3yeTcsi ¢ MOMOIIBIO CBETA.
B Takom cilydae paccTOsIHHE MEXIy Cocesl-
HUMH 2TOMaMH HOJDKHO MpPEBHIIATH JUTHHY
CBETOBOI BOJIHEL, T.e. OBITE Goee 0,5 MKM.
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A 9TO Kak pa3 Te paccTOAHH#A, HA KOTOpbIE
MOYTH Y/1aJIOCh BLINTH B COBPEMEHHOM KpeM-
HHEBOH MHKpOIJEKTpoHHKe. Bo3zbmeMm zpy-
ro npumep. Ecan nonpoboBars nocTpouTh
NEPEKTIOYAIOIINE CXEMBI, AHAJIOTHYHBIE CO-
BpemenasiM UC, nyrem coenmHenus Oein-
KOBBIX MOJIEKYJI, HIPAIOIIAX CYIIECTBEHHYIO
poss B obpaboTke mHDOpPMAIHH Yy MKHBBIX
OpraHM3MOB, TO pe3yJbTAT HAC BeCbMa pa-
3o4apyeT. benkoBsie cxeMsl OyayT paborath
Ha HECKOJIBKO TOPAOKOB MEUICHHEE, YeM
COBPEMEHHBIE MOIYNPOBOAHUKOBLIE HWHTE-
rpajbHBIE CXeMBbl, TAK Kak mnepejgayva undop-
MalHH B OEIKOBBIX MOJIEKYJIAX OCYILEeCTBIIs-
eTcs He djekTpoHaMHu, a monamu. Cpenusas
CKOPOCTh HOHOB COCTaBJsAeT okojio 10 m/c,
Torga kak y aiekTpoHoB B MC ona pasHa
noutu 10° M/c. Ecom ucnonsizosath Genko-
BBIE MOJIEKYJIBI B Ka4ecTBE MHKDOCKOIHYEC-
KHX ()yHKOMOHANBHBIX 3JEMEHTOB Ui 00-
pabotku mHpOpPMalMH, TO NpHIeTcs obpa-
THTBCSA K MHBIM ITPHHIMIIAM MOCTPOCHHS Me-
PEeKJIIOYATEbHBIX CXeM, OTJIHYHLIX OT IpPH-
MEHSEMBIX B TPaJHIHOHHOH MHKPO3JIEKTPO-
HHUKE, HATIpPHMEp K TaKHM, KOTOpBIEe MpHpoAa
HCTIONB3YeT B HEPBHOH CHCTEME BBICIIHX Op-
rauusmoB. W ke Hano Gynet HalTH Takue
GenkW, KOTOpEIE HMEIOT HE HOHHYIO, a
JJIEKTPOHHYIO JIEKTPONPOBOAHOCTEL. B mpu-
polie Takux OeJIKOB HE CYIMIECTBYET, W HX
OPHIOETCA CHHTE3HPOBATHL HCKYCCTBEHHO.
OnpeneneHHOro BHHMAHHA — 3aCTY)KHBAeT
POTOHHASA 3JIEKTPONPOBOAHOCTD, MYCTH OHA
U He croib 3(derTHBHA, KAK 3NEKTPOHHASA.
N3BecTHO, B Y4CTHOCTH, 4TO B ONpeeJieH-
HBIX OENKOBBIX MOJIEKYHaX HPOTOHEI CIIO-
cOOHBI C BBICOKOIl CKOpPOCTHIO TYHHEIIBHO
NPOXOJMTH Yepe3 NOoTeHNHaJIbHEIH 6Gapb-
ep, pa3feNAIoOIIHN [Be KBAHTOBBLIE MBI,
Takum oGpa3oM, OHH BHOCAT CBOil BKNAH B
obecrieyeHne AMEKTPONPOBOAHOCTH OENKOB.
CepbézHble TpobGIIeMBI CBA3aHBL H C HAJIEK-
HOCTBIO MHTErpajibHBIX 3JIEMEHTOB MOJICKY-
nspHO# asexTpoHukd. Ecim eme yuects, 4TO
B OHOJIOTHYECKHX W APYIHX CIIOXHBIX CHCTE-
Max JOBOJILHO HacTO BO3HHUKAIOT Ie(eKThl,
TO NPHAETCS CYUTATHCH H C OTHOCHTEJIBLHO
BBICOKOH HHTEHCHBHOCTBIO OTKa30B Oelko-
BBIX HHTErpaJibHBIX dJleMeHTOB. JKuBEIE Op-
TAHA3MBI PEIIaroT 3Ty npobieMy ¢ moMo-
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Puc. 77. Cxemartnueckoe H300pakeHHe HEHpPOHA 4e/IOBEYECKOIO MO3r4.

b0 MHOTOYHCIEHHbBIX MEXAHH3MOB KOp-
pekuuH M _BoccraHopienus. M ecnau ans
NPaKkTHYECKOH peanmsanun Oyaer BuiOpan
9TOT BapHAHT MOJEKYJSPHOU HJEKTPOHHKH,
TO MNOJAOOHBIMH MEXaHHU3MAMH [PHIETCH
BOCHOJIb30BATLCH H B HOBBIX HHTEIPAJILHBIX
aneMenTax, 4robwl obecnieunth HeoOX0mH-
Mblil YPOBEHbL HAICKHOCTH,

Tot akr, yro B mpolecce MOMCKA Me-
TOAOB TOCTPOEHHS cHCTeM 00paboTkh HH-
(opMalH HAa MOJICKYJIAPHON OCHOBE MBI
CHOBA M CHOBa oOpallaeMcs K XHBOH Ma-
TEpHH, He ABJISETCs ClydaiiHocThio. Jleno B
TOM, 4TO MMEHHO B XHBOH MaTE€pHH MpH-
poda peanH3oBajla CIAHHCTBEHHYH) eCTecT-
BeHHYI0 (opMy yHHBepcasibHO#t 0OpaboTku
uHpopmanun. Craeayer OTMETHTb, HYTO
(pyHKLIMOHAJIBHBIMH  3JIEMEHTaMH  HepBHOI
CHCTEMBI ABJSHOTCSH HeﬁpOHhi, COCTOMALLHE U3
MHJUTHOHOB MOJIEKYJI, IPHYeM pa3Mephl Heid-
POHOB COCTABJAIOT AECATKH MHKPOMETPOB,
T. €. IPEBBINIAIOT pa3Mepbl MHKPO3JIEKTPOH-
HBIX 21eMeHTOB. HelipoHBI, MM HepBHBIE

KJIeTkH (puc. 77), coeaMHEHBI MEXIy coboit
COBCCM HE€ TAK, KdK 3JIEMCHTEI MHKDPO3JIEKT-
POHHEH, TH¢ AJ8 3TOI0 HCINOJB3YETCA HEe-
O0JBIIOE YHCIO MPOBOJAHHKOB. Mexmy Hei-
poOHaAMH HMECTCH MHOI0O KAHAJIOB CBA3H.
Kaxapiii seiipon obnajgaer ThicsdaMu OT-
POCTKOB, KdK KOPOTKHX, TdAK H [10BOJILHO
JTHHHBIX (3'1'H OTPOCTKH HA3BIBAKTCHA COOT-
BETCTBEHHO JCHAPHTAMH H aKCOHaMH). CO(’!-
JMHEHUsS MEXKJly HEHPOHAMH peajM3yloTcs ¢
NOMOIIbIO ACHAPUTOB H AKCOHOB, 0Opa3syo-
LMX KOHTAKThl C AHAJTOIHYHBIMH OTPOCTKA-
MU JPYTHX HEHPOHOB M HENOCPENCTBEHHO C
ux Tesamu. CoOCTBEHHO AKTHBHBIM 3JIEMEH-
TOM SIBJISIETCS TaK HasbiBaemas meMbOpana,
T.€. 0000YKa, B KOTOPYIO 3aKJIFOYEHBI Heil-
POHBI M X OTPOCTKH M KOTOPas M30JIHPYET
HX OT BHelHeil cpejasl. Bnaromaps pasmuu-
HBIM KOHIeHTpammaM uoHoB Na', K' u
Cl™ —BHYTpPH W CcHapyXH HEHPOHOB H HX
OTPOCTKOB—Ha Takoil MemOpaHe BO3HHUKaeT
Pa3sHOCTb JIEKTPUYECKHX MOTeHiuanos. Ha-
pylieHne npohuiis KOHIEHTPAIHA HOHOB BO-
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3HUKAET BCJIEJCTBHUE JIOKAJILHOIO H3MECHEHUS
IPOHHIIAEMOCTH MeMOPaHBI 118 3THX HOHOB,
0OYCIOBIEHHOIO B CBOIO O4epedb JIOKAlb-
HbIM BO3DYxIenueM. Takoe HapyllieHHE KOH-
HEHTPAllid H3MEHSeT Pa3HOCTh IMOTEHIIHA-
JI0B Ha MeMOpaHe Kak pa3 B TOM MecTe, rie
npousonuio Bo3Oyxkaenue. Kak crneacrsue
aToro obpasyercs 3NEKTpHYECKoe Moje ¢
CHJIOBBIMH JTHHHSAMH, HaApaiiesbHbIMU MEM-
Opane. Ilose BBI3BIBACT NBHXKEHHE HOHOB M
MPENATCTBYET JalbHEHIIEMY pacnpocTpaHe-
HWIO M3MEHEHHA PA3HOCTH NoTeHuManos. B
CHHATICE — HMEHHO TaK HAa3bIBAETC MECTO
KOHTAaKTa [BYX HEHPOHOB—3JEeKTPONPOBOI-
Has nens npepeiBaetcsa. OTHAKO Hepe3 UMero-
LIYIOCS 3/IeCh CHHANTHYECKYIO IIeJb HABO-
JIATCS «MOCTHK», POJib KOTOPOIQ BBIMOHSAET
XUMHYECKHIT MEXaHu3M mepejiayn Bo3Oyxie-
Hus. [Ipu anekrpuueckoM BO30yXIEHHM Mpe-
CHHANTHYECKAd CTPYKTypa BBIICIACT 4epes
cBOIO MemOpaHy XHMHYECKOE BEIICCTBO Tie-
penaun Bo30OyxkzieHusa (HeiipomeauaTop), Ko-
Topoe Au(HpY3HOHHBIM TyTEM NpPeoaONeBaeT
CHHANTHYECKYIO ILIENIb B MO JIPYIYIO €€ CTO-
POHY MPOHHKAeT B CTPYKTYpPY HelfpoHa-azpe-
cata, rae W Bbi3bIBaeT Bo30Oyknenuwe. Or-
crona BO30YXIeHHe
Janbiie, T.e€. TMPOTEKAET NPOLECC, OCHOBAH-
HbIl HA 3NEKTPONPOBOIHOCTH, C TOH HIIb
pasHulEH, YTO Temnepb 3JIEKTPHYECKH HM-
myJdbC He TepeaeTcds OT BO30yXIaromero
HelfpoHa, a MPOXOMMT Yepe3 NpHEMHBI Hel-
pon. OH, OIHAKO, BBI3LIBAET YKA3aHHOE W3-
MEHEHHE HEe CAMOCTOSTENBLHO, a2 COBMECTHO C
MHOTHMH  [APYTHMH  3JIEKTPHYECKAMH  HM-
MyJILCAMH, KOTOpBIE MOCTYNAIOT B HEHPOH
yepe3 ApYrHe CHHATICKI WM AeHApHTHL M3-
MEHEeHHe MeMOpPAaHHOTO MOTEHIMAIA U B UTO-
I'€ reHepauys JIEKTPHYECKHX HMITYJIbCOB, Iie-
penaBaeMbIX MO OTPOCTKaM HEHpoHA B Ipy-
THE KJIETKH HEPBHOH CHCTEMBI, SBJIAIOTCH,
ClIeI0BATENBLHO, KOMILIEKCHO# (yHKIMei no-
CTYNAroIMX CHrHaJNOB. Tem cambiM  ocy-
miecTBNAETCS OOBEIMHEHHE PpA3HYHBIX HM-
MyJIbCOB, HECYIIMX WH(pOpPMANMIO, T.e. Bbl-
nojHsercs: onepanus obpabortkm mHDOpMa-
. Ho B oTnmMupe OT 9NeKTPOHHKH, B
KOTOpO# (PYHKIMOHAJILHEIE JIEMEHTHI Halle
BCero OOBCOHHAIOT JIMIIL [Ba CHIHATIA, B
HEeHpOHAX NPOHUCXOAHT OObLeIHHEHHE MHO-
JKecTBa cHrHasoB. Ecim ke rOBOpHTBL O KO-
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pacnpocTpaHsercs '
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JMpOBaHHKM HH(pOpPMAIMH B paMKax HeHpoH-
HOH AKTHBHOCTH, TO BCE CKa3aHHOE BBIIIEC
HATJISHO TIOKA3bIBA€T, 4YTO B MOA0OHOM
TpolLecce y4acTBYIOT MHOTHE HOCHTENIH HH-
(hopmanmu (B OTIHMYHE OT 3JIEKTPOHHMKH, TJie
HCIONb3YeTCA OJMH HOCHTENb), KaK JJIEeKTpH-
YEeCKHE, TAK M XUMHYECKHE, H YTO Kpome
JIBOMYHBIX METOJIOB KOOMPOBAHHSA TNPHMEHS-
10TCS NU(POBLIE HEABOHYHBIE W AHAJIOTOBBIE
AJTOPHTMBIL.

B nenom 3TH pasiuuus CBOMATCA K To-
paszjio Oonee BBLICOKOH CTENEHH CIOXKHOCTH M
napauien3Ma B obpaborke mHpopmanmm y
JKMBBIX OPraHW3MOB MO CPABHEHHIO C JJIEKT-
POHHBIMH CHCTEMaMH M ycTpoiictBamu. bia-
rogaps 3ToMy aocturaercs Oojee BBICOKAsA
CKOpOCTh 00paboTkH HMH(OPMAIMH, HECMOT-
pA Ha HCHONb30BAHHE CPABHUTENLHO Me-
JICHHBIX MOHHBIX M 3JIEMEHTAPHBIX XUMUYeC-
KHX TpONECcCOB. BBITE MOXET, HMEHHO Takas
opraiusaims o6paboTku HHPOPMALMH U SB-
JIAeTCS OCHOBHOM HEMPEB30MHICHHBIX CHOCOO-
Hocteil yenoseveckoro mMosra. Tort ¢akr, 4yro
JUls pereHust 3afad MHGOpPMAHOHHON 006-
paboTKH NpHPOJA BOCTONB30BaNACh Oenka-
MH, @ He craja u300perath M NPHMEHATH
HEYTO  CXOHHOE ¢  MHOJYNPOBOJHUKOBOH
MHKPO2JIEKTPOHUKOI, 0OBsACHAeTCA Kapam-
HAJIBHBIMA PasIHMAAMH MEXIY OBYMSA I3TH-
MH KlaccaMM XHMHYECKMX  COCJIMHEHMId.
Becbma mnpHMevyaTeNbHBI M T€ OrPOMHEIE
pasnuuus, KOTOpble HAOIOMAIOTCH MEXIy
(pyHKIMOHANBEHBIMA TIPHHIMNIAMHA  0OpaboT-
Ki HHGOPMALMH B JKMBBIX OpraHH3Max H
MHKpPO3JIEKTPOHHBIX  ycTpoiictBax. Ho Her
JM KAKAX-HUOYIb TpPH3HAKOB TOrO, 4TO B
X0/l 3BOJIIOUMH BCE K€ «HCIBITHIBAJHCH?
(yHKIMOHANbHBIE NPHHIMNGLL, OiM3kke K
MPHHIMIAM  MHKPO3JICKTPOHHKH, HAlpHMep
nepefada CHTHAJIOB C TOMOIIBIO 3JEKTPO-
HOB, a He HOHOB? MoxeTr OBITh, OKa3aBILMCH
HENPHEMJIEMBIMY, TAaKHe NPUHIANGL  ObLIH
oTOpOIIIeHbI, WIH e MPHPOAA TMPOCTO elle
HE JIOULIA B CBOEM PAa3BUTHH 0 «IIPOBEPKH»
BAPHAHTOB, CXOOHBIX C TEMH, KOTOpPHIE CY-
LIECTBYIOT B MHKPOJIEKTPOHHKE, H «0DOCHO-
BaHUA» WX NPHIOMHOCTH JUIS JKHBBIX Op-
raunsmoB? Bo3MOXHO, rIe-To B KOCMOCE
yxe ecTb (popMa KUBOU MaTepHH, B KOTOPOIi
ocyuiecTisercs  uHpopMmaumonnas  obpa-
6OoTKa, OCHOBAHHAA HA HCIOJL30BAHHH MO-
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JIEKYJT HUIA JPYTHX MAKPOCKONHYECKHX (pyHK-
IHOHAJILHBIX: YJIEMEHTOB H B Oousbineil cre-
NEHH MPHCYIIAs XUBBIM OPraHU3MaM; NpHH-
manel Takod obpaborkm 6buno OBl Jerye
3aHMCTBOBATh H OCBOHTH B TECXHHYECKOM
mnane. [TomoGHBIX BOMPOCOB MOXHO 3ala-
BATh CKOJIBKO YTOIHO, HO OTBETHI HA HAX MbI
eBa ¥ Korga-aHudyae momyunm. B mone-
KYJISIPHOH 93JEKTPOHHKE €CTh TOJbKO OIHH
MYTh — TBOPYECKHH TPY/ Y4YEHBIX H HHXKEHe-
poB. M 351ech He10ONEHKA ellle HepPeLIeHHbIX
npobneM U 4pe3MepHbIe BOCTOPTH MO MO-
BOJY Y€ [JOCTYITHOIO—KOI/ld Y MHOTHX M3
HAC MO CYIIECTBY CKJa[bIBA€TCs BrevYaTiie-
Hue, 6yaTO MBI cTOMM OYKBAaJILHO HA MOpoOTe
CO3JIaHWS HMHTETPAJIbHBIX OHOZJIEMEHTOB H
OMOKOMITBIOTEPOB,— IPUHOCAT CTOJIb JKe Ma-
JIO TOJIB3bl, 4TO W CIHUIIKOM NECCHMHCTHYEC-
KHe TPOTHO3bl, Oa3upyrolMecs TONBKO HA
BO3MOXKHOCTAX cerofusmHero aus. Henbis
yOoyckaTb W3 BHUAY TAakkKe TO, 4TO, XOTH
OpraHUYeCKHE MOJEKYJIbl B HACTOSLIEE Bpe-
Ms W cuMTaloTCs Hanbollee nepcneKTHBHBIM
BHIOM COEIHHEHHH IS OCTPOEHHSI MHKPO-
CKOMUYECKHX (PYHKIHOHAIBHBIX 3JIEMEHTOB
s obpaborku MHpOpPMALWK, OHH HE HB-
AAIOTCA EQMHCTBEHHO BO3MOXHBIMH. Kak
MBI YK€ TOBODHJIH, B NPHHIMIE I 3TOH
OeJIH  MOIYT MNOJOWTH  HEOpraHHYecKHe
MOJIEKYJIBI, 4 TAKKE aTOMBI U 3JIEMEHTaPHBIE
yacTHibl. Cerojns, oJHAKO, HHKTO HE MoO-
JKET € TMOJHOH YBEPEHHOCTBIO CKa3aTh, 4eM
3aKoH4YaTcs paboThl MO CO3/IAHHIO CHCTEM
obpaborkn wmubpopmanmu, rae Oyayr wuc-
MOJIb30BaThLCA MHKPOCKONHYECKHE (DYHKIIMO-
HAJIbHBIE 3JIEMEHTHI,— YCIIEXOM MM Heyja-
yeii. Ho Bce 5TH yCHJIHSI ONpaBIbLIBA€T BbI-
cokas IeJb, CTOAINAs mepej HcciaegoBaTe-
JISIMH, IeNb CO3/IaHUA TaKOH MHpOPMAIMOH-
HOHW TEXHHKH, KOTOpas NpEB30HAET COBpe-
MEHHYIO MHKPO3JIEKTPOHHKY TOYHO TakK XKe,
Kak B CBO€ BpeMs MNOCJEIHAs NpeB3oIiia
JIAMITOBYIO 3JIEKTPOHHKY.

Ponb MUKPO3NEKTPOHUKM
B XU3HK obuiecTBa

B 1. 2 MBI pacckazaim o TOM, Ha YTO
cnocobHa MHKPOJIEKTPOHHKA: OHA IO3BO-
JSeT PEHIATh OJHY W3 BaXKHEHINMX 3ajad
HAIIEr0 BPEMEHH — BOOPYKHTH 4eJIOBEKA TeX-
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HHYECKMMH cpejcTBaMu Juis ek TuBHON
obpaboTkn uH(popmaimu. HeT HHKAaKHX COM-
HEHWIl B TOM, 4TO CYLIECTBYIOT pealibHble
notpebHOCTH B MOATOTOBKE Bce Oonee ad-
(P)EKTHBHBIX CpE/CTB H CHOCOOOB pelleHus
aHGOPMAIHOHHBIX TPOOJIEM, KACAIOLIHXCS
mobbix chep Hameld XH3HH, a TAaKke B
CO3JaHMH HOBBIX MOAXOHOB K obpabortke
BCE YCHOXHSIONIEHCs HWHPOpMAaIMM, OCHO-
BaHHBIX Ha Dase co3anus HOBOH TEXHHUKH H
TEXHOJIOTHH, U TaK JI0 Tex mop, moka He Oy-
JIET HAWJEHO Y/IOBJIETBOPHTEJILHOE PEIEHHE
camoii nmocneanel U3 nonobueix 3amad. Ho
TAKOE BPEMS BPSJl JIH HACTYIHT, NMOCKOJIBKY
pa3BHUTHE Kak caMoro obimecTea, Tak #H ero
MaTepHalibHO# 6a3bl nponomkaercs. Cieno-
BATENLHO, TPeOYIOIIME CBOErO pa3pelleHus
nH(popMalHOHHbIE TPo6aeMbl OyayT BO3HH-
KaTh CHOBa H cHoBa. B TO e Bpems psn
MOMEHTOB, 4 UMEHHO: Kakue 3ajayu obpa-
60TkE MHpOpMALMHK MPHAYT HA CMEHYy ce-
TOJHSIIHAM, KakHe M3 Hux OyayTt paspe-
INHMBI C MOMOLIBIO TEXHHYECKHX CPEJCTB,
Kakasl IIKaja TPHOPHTETOB YCTAHOBHTCH,
Onpe/ieNsAeTCs XOAOM CONHATLHO-TIOJHTH-
4YECKOro Pa3BUTHA.

Ceroans MMKpPO2JIEKTPOHHKA HTPacT pe-
MAMOUIYI0 POk B BOeHHOH TexHuke. [lo
OIIEHKAM CHElNMAJIMCTOB, Ha TpPHMEHEHHe
MHKPO3JIEKTPOHMKH B BOGHHBIX HENAX ceifuac
pacxoayercsi okosio 20% cpencTB, Bhlaense-
MBIX BO BCEM MHpE Ha Hay4HbIC HCCHENO-
Banua. Ecmu ypacrTes MOKOHYMTE C FOHKO#M
BOOPYXKEHHH, TO 3TH IpOMAaJiHbIE CpEICTBa
MOXHO Oyner HanpaBUTB Ha MHPHOE HC-
MOJIL30BAHAE MHKPOJIEKTPOHHKH. OHAKO,
YTO ellle BajKHee, TOJLKO HAa MHPHO#H 3emie
TO, O 4eM MBI pacckasand B 3TOH TIJase,
MoxeT BooOIe crate peanbHOCThIO. Kornma
peub HIeT o OymymemM MHKPO3IJIEKPOHHKH,
TO €ro HEBO3MOXHO OT[ENHTbh OT YpPOBHS
COIMAJILHO-TIONTATAYECKOTO pa3puTus. Mmen-
HO nOMOMy, YTO MHKPO3JIEKTPOHMKA CHO-
coOHA OKa3LIBaTh CTOJNIb CHJILHOE BITHSHHE
Ha BCE CTOPOHBI XH3HH obuiecTsa, obiecTBo
B CBOIO O4Yepe/lb BO3JIEHCTBYET Ha 3Ty 00-
JIACTh TEXHHKH, ONIpeJIeNiss raBHble HAIPaB-
Jienus ee pasBuTus. B manHoMm cmsbicie 6y-
JIylnee 3JeKTPOHHKH —3TO ropasio Gobine,
4eM IIPOCTO TEXHHYECKOe BOILIOLICHHE
HOBBIX HIEi.



Puc. 42. ITpomece H3roTOBJICHHS MHTEIPAILHOM CXEMBI TIO TUTAHAPHOH TEXHOJIOTHH.



Puc. 43. Pabota B 9HCTOM NOMEINECHHK: 3arPy3Ka KPEMHHEBBIX JHCKOB B Judpy3HoHHYIO neUb.



Puc. 44. KpeMHHEBBIH JMCK ¢ pa3MeveHHBIMH ckpaiibepom kpuctannamu UC.



Puc. 46. IMonynpopoanukossiii kpuctann MC 3V tuna U202 (202).



Puc. 47. UC muxponpoueccopa U880 (Z80).



Puc. 53. Bolpammpanue KPeMHHEBOTO MOHOKPHCTAJUIA METOAOM 30HHOH MJaBkH. TeMHBbIE KOJbla B
packajieHHOH 30He paciiaBa KPEMHHMEBOIO CTEPXHA—3TO BHTKH WHIAYKUHOHHON KaTYILIKH.




Puc. 54. Pil.’l,-'l,c.l'.[L‘III!L‘ KPECMHHECBOIO JHCKA HA OTAC/IBHBIC KPHCTAIIBL.



Puc. 55. Kpucrammet MC na nente-Hocurtene. [locajka KpHCTaIOB HA HOCHTENC YK€ BBINOJIHEHA.
KourakTHble miomankn KpHCTAUIOB TOHKHMH 30JI0TBIMH TMPOBOJOYKAMH COEIMHEHBI C KOHIIAMHM
MPOBO/IHUKOB TEYATHOH MOHTAKHON CXEMBbI, CBA3BIBAIOUINX KPHUCTAJUILI C BBIXOJHBIMH KOHTAKTAMH
CXEMBI.















Yearaembit untarenn!

Bamm 3aMeyaHHs O CONCPKAHHM KHMTH, ee
oopmeHns, KauecTBe MEpPeBOA M JIPYTHE MPO-
CHM TIpHChIIaThL mo azapecy: 129820, Mockea,
U-110, I'CII, 1-it Pmwkckwuii nep., A. 2, H31aTeIbCT-
Bo «Mup»,
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“"MWUKPOINEKTPOHUKA — HAYYHO-TEXHWYECKOE A0O-
CTWKEHWE HAWErO BEKA, BO MHOrMX OTHOWEHWUAX
HOCAUWEE APKO BbIPAXEHHbLIA MHTEPHALWOHATbHbLIA
XAPAKTEP. YYEHBIE PA3HbIX CTPAH BHECNWA CBOW BKNAA
B CO3AAHWE HAY4YHbIX OCHOB MWKPOJNEKTPOHWUKMW, |
BAXHEMIWENA W3 KOTOPbIX HABNAETCA ®W3WNKA nony-
NPOBOAHWUKOB.”

(M3 NPEAUCIIOBUA ABTOPA K PYCCKOMY U3AAHUIN)
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