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MNpeancnosue
pepakropa nepesoaa

Co3naHue nepBOro MOJYNMPOBOAHMKOBOro TpaH3ucTopa B 1948 r. mpuBeno k
TPaHIMO3HOMY KAa4YE€CTBCHHOMY CKAayKy B Pa3BUTHH TEXHHKH —OHO BO3BECTHIIO
HAYaJl0 COBPEMEHHOH HayYHO-TEXHHYECKOH peBomolnu. CoBepILUECHCTBOBaHUE,
MHHHATIOpU3alds ¥ MHKPDOMHHHATIODH3allUs JJIEKTPOHHBIX HpHb6OpOB, H3ro-
TOBJICHHBIX Ha OCHOBE TPAaH3UCTOPOB M OTHONOB Pa3/IMYHBIX THMNOB, pa3paboTka
HHTErpaJbHbIX U B OCOOEHHOCTH OOJBIIMX HMHTErPABbHBIX CXEM MO3BOJIUIIH
CO3JaTh HECKOJIBKO IIOKOJICHHH 3J1eKTPOHHO-BBIYHUCIIHMTENbHBIX MalnuH. Ha Ha-
IIMX IJ1a3aX BO3HHKJIA HOBas OTpacib 3HaHusA —HHPopmaTuka. Ceiyac coBep-
HIEHHO OYE€BHAHO, YTO HH(GOPMAaTHKA OKa3bIBAET BCEBO3PACTAalOIIEE BIIUSHHE Ha
COBPEMEHHYIO TEXHHKY, HAPOOHOE XO3SAHCTBO M OOLUSCTBEHHYIO XH3Hb. OCHOB-
HbIe O0JIACTH €€ MPHUMEHCHHS —CBA3b M BBIMHCIINTENIbHAS TEXHHKA — MOCTOSHHO
TpebyroT Bce Hosee HaaeKHBIX, OBICTPOAEHCTBYIOLINX, JIETKHX ¥ MHHHUATIODHBIX
JNIEKTPOHHBIX KOMITOHEHTOB.

B xuure npog. P. uaepnaitia, kpymHOro cneuyainucra B 06gacTi GU3NKH H
TEXHHKH MOJIyNPOBOIHUKOB, B NOCTYNHOH ¢OpMe H3JIOKEHBI MPUHLIUIBI AeHCT-
BHS, METOBI H3TOTOBJIEHHS M pa3HOOOpa3Hble MPUMEHEHUS MUK POIJIEKTPOHHBIX
npubopoB. UuTaTenb HaWIeT B ITOH KHHMIC OMHCAHHE JIOTHYECKUX LEMeEH,
MOCTPOCHHBIX HA MX OCHOBE, U NMPHHIMIIOB AeHCTBUA HUGPOBBIX CXEM, HMpHMeE-
HAeMBIX B HHpopMaTHke. ONHCBIBACTCA TAaKXE OYEHb MHOTO HOBEHIIINX HH-
TerpajbHBIX CXeM M H3Y4aloTcs TeHAEHIMH HX Da3BUTHA. MHoOro4ucieHHbIe
PUCYHKH M AMarpaMMbl [O3BOJIFUIM MpPAaKTHYeCKH o6o#THCH 6e3 ClOoXHOTO
MAaTEMAaTHYECKOIO annapara M M3JI0XKHTh MaTepHal BeCbMa HarjsaHo. B kuure
onpejesieHb! TOHATHA HHGOpMaLMHK U ee eaununa—6uT. ITogpobHo paccMoTpe-
Ha pOJIb MHKPO3JCKTPOHMKM B pa3BHUTHH HHGOPMATHKH H JaHbl OCHOBHBIE
(u3nyeckye MpeACTaBIeHUs, JIeKAIHe B OCHOBE JEHCTBHSA MHMKPO3JIEKTPOHHBIX
cxeM. OnucaHbl IPHHIMIBL I¢HCTBHSA Ba>KHEHIUMX MOJYIPOBOIHHKOBBIX CTPYK-
Typ (p—n-nepexoga, OMMONSAPHBIX M TOJICBBIX TPAaH3UCTOPOB), JIOTHYECKHE
3JIEMEHTHI ¥ COCOOBl UX pead3anyi C IIOMOUIbIO 3JIEKTPOHHBIX CXeM; [IPHBEIE-
HBl TaK)X€ MHOTOYHCJIEHHbIE MPaKTHYECKHE NPHUMEPHI.

Jluana3oH pacCMOTPEHHBIX B KHHT€ 3JIEKTPOHHBIX CXEM BEChMa HIMPOK —OT
npoctelx (M-HE, MJIM-HE) noruyeckux cxeM B pa3/JMYHBIX HCIOJHEHUSAX H
CXEM MaMSATH [0 CJIOXHBIX CX€M CYMMAaTOPOB H aHaJOro-uu$possix mpeodpa3o-
BaTeNied. AHaIH3UPYIOTCS Hauboliee COBpEMEHHBIE THIBI CXEM, a TaKKe CIIEHH-
aJIbHBIE CXEMBI YacOB, BBIYHCIMTEIbHBIX MAIMH, MHKPOKAJIBKYISTOPOB M Ha-
Korel cxemsl mamsaTH —I13Y, 3VIIB u CIII13Y. BkiaroueHs! BOIPOCH TEXHOJIO-
MM H3rOTOBJIEHHS MHKPOJJEKTPOHHBIX cxeM Ha 0aze kxpeMmumus. ['oBops o
TEXHOJIOTHH, aBTOP 3aTparuBaeT TaKHe BaXKHbIe TEXHOJOTHYECKHE IPOLECCHI, KaK
muddy3ns, OKUCIIeHHe, JMNTakcusa, POPpMHpPOBaHHE CTPYKTYP H METaJLIM3anHs.
BriaeneHs! npo6iieMbl, KOTOPBIE €LlIe NPEACTOMT PEUINTh IJIs COBEPIICHCTBOBA-
HHS TeXHOJIOTHMH U MOBBIIICHHS BBIXOJa FOJHBIX cxeM. ObpallieHO BHUMaHHE Ha
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TaKkde HOATOTOBHUTENIbHbIE MPOLECCHI, KaK H3rOTOBJIeHHE (OTOMABIOHOB M
KPEMHHEBBIX MOJJIOKEK, BbIpAlllMBAHWE KPHUCTAJIOB; paccCMaTpHMBAeTCs TaKxXe
cbopka MHTerpaJibHbIX NPUOOPOB. YOEeOUTEILHO IMOKA3aHO, YTO YMEHbIIIEHHE
pa3MepoB OTIEJILHBIX 3JIEMEHTOB M HCIIOJIL30BaHME HOBBIX METONOB (HH3HYECKOH
peaTH3alMy CXeM MO3BOJISIIOT MOBBICUTH CTENEHb HHTET PALlUH, a CIIeI0BATEbHO,
3KOHOMHYHOCTb, OBICTpOHEHCTBHE H HALEXXHOCTH IPHOOPOB.

B 3aKrouMTEIbHOM IJIaBEe KHHTH PacCMaTPHBAIOTCS NEPCIIEKTHBBI PAa3BUTHS
MHKPO3JIEKTPOHUKH. OOCyXIaroTcs TeXHUYEeCKHe M (GU3MYeCKHe BO3MOXHOCTH
IaJbHEHINETO yMEHbINEHHS pa3MepoB MNPHOOpPOB, a TakkKe HCHOJb3OBAHHUSA
3¢ dekToB Ixo3edcoHa U ONTHYECKOH OHCTAOMIBHOCTH NPH CO3NaHHH AJIEMEH-
TOB MHKDO3JIEKTPOHHBIX YCTPOHCTB.

Kuura P. Dupgepnaiina —He npocroe cobpaHue HOBEHIIMX CBeIEHHWH MO MHK-
PO3JIEKTPOHHKE; OHA IEHHA ¢ IMOAKTHYECKON TOYKH 3PEHHUs, TaK Kak 3aCTaBIseT
yuTaTess (ocobeHHO, koraa oH pa3bHpaeT NMpaKTHYECKHE NMPHUMEPBI) Pa3MbILI-
JIATh HaJ 3aTPOHYTHIMH B Hell mpobiaemamu. UTeHHe KHHTH 3aMeTHO obJieryaeT-
cs 6rarogaps 4eTKOMY pa3lelIeHHIO Ha I'JIaBbl U pa3bHeHHIO MX Ha HeOoJblINe
pa3zgensl. HecMoTpst Ha To 4TO aBTOp cyMel o60OHTHCH 6e3 CIIOKHOTro MaTeMa-
THYECKOI'0 anmnapara, Bce BOIPOCH pacCMAaTpPHBAIOTCA HOCTATOYHO -IIy6oKo.

CrenuaabHO IUIS PYCCKOTO H3OAHHS aBTOpP 3HAYMTENIBHO mepepaboran He-
Menkoe m3nanue 1986 r., BHecs B Hero O0JbINIOE KOJHYECTBO HMCIPABIICHHIA,
JOMOJHEHHA M HOBBIX DHCYHKOB, 4TOOBI YHTATedL MONYy4YHJ 6ojee MOJIHOE
IpeICTaBJICHHE O COBPEMEHHOM COCTOSHHH MHMKPO3JIEKTPOHHKH.

Kuura BroyiHe JOCTYMHA JIMIIAM, He 00J1aJalOIUM CePbe3HOH MaTeMaTHYeC-
KoH noarotokod. Heobxomum JHIIb HHTEpEC K MUKPO3JIEKTPOHHUKE H Pa3Nny-
HBIM 00J1acTsIM ee npuMeHeHHs. Te, y KOro Takoif HHTEpeC €CTh, IPOYTYT KHHUTY
P. DunepnaiiHa ¢ yOOBOJIBCTBHEM M HECOMHEHHOH MOJB30H IUis cebsl.

11 asrycra 1987 r. H. M. Huduabkosckuti



NMpeaucnosue aBsTopa
K PYCCKOMY U3OaHuIo

MHuKpO371eKTPOHHKA — HAyYHO-TEXHHYECKOE JOCTHXKEHHE HAILETO BEKa, BO MHO-
THX OTHOLICHHAX HOCHUIEE APKO BBIPA’XKEHHBbIH MHTepHAIMOHAJLHBLIH Xapakxrep.
VueHble pa3HBIX CTpPaH BHECIH CBOH BKJAJ B CO3JaHHE HAYYHBIX OCHOB MHKpPO-
3JIEKTPOHMKH, BaXKHEHIIEH U3 KOTOPBIX sABJgeTCH (pU3HKa MoaynpoBoaHukoB. U3
BbIJAIOHIMXCA (DU3HMKOB, YbH HCCIEJOBAHHS B CBA3M C paspaboTkoil Teopuu
TBEPAOTO TEJNa MOArOTOBHIHM BCe JajibHEHIllee pa3sBUTHE MUKPO3JIEKTPOHHMKH,
npexae Bcero cieayer orMeTuth Konpana Pentrena (I'epmanus) u Abpama
®enoposuyda Hodde (CCCP). Abpam Hodde 3anoxun pyHZaMeHT KpPYMHBIX
YCIIEXOB COBETCKOH Hayku B oOJacTHM H3YYEHHMS OCHOB (DU3MKM MOJYNPOBOX-
HHKOB, KOTOpas cBsizdaHa ¢ uMeHaMu Tamma, ®penkens, Kypuatosa, Jlanaay,
Boronro6osa, Andeposa u ap. [Tomumo A6pama HUodbdpe B CCCP u BanbTepa
Hlotkn B T'epmaHMM y4eHBIe M HHXEHEPHI MHOTHX CTpaH T4aKXe YIOPHO
paboTany HaJ NPeoAOICHUEM TEXHHUECKUX H OIPYTUX TPYOHOCTE MO BHEAPECHHUIO
TOJIYNIPOBOJHUKOB B 37IEKTPOHHKY. IIOBOPOTHBIMH STallaMH Ha 3TOM IYTH OBLTH
co3aanue Tpansucropa bapaunom, bpatreitnoM u lloxnu B CIIA u o6venune-
HHE 3THX TPAH3UCTOPOB B omHOM cxeme. Ha Oa3ze ymoMSHYTBIX IOCTHXEHHMH
HayK{ M TEXHUKH B TedeHHe nocaeqHux 30 jet B Mupe cpopMupoBanach HOoBas
TEXHOJIOTHS, CBA3aHHASA C MUKPO3JIEKTPOHUKON M ee HCMOJb30BAHHEM B BBHIYHC-
JIUTENILHOM TeXHHKe, cHcTeMax o6paboTkn MHbOPMaNuH, B CPEOCTBAX aBTOMa-
TH3aIMK M ynpabiieHHs. CeroiHs BO MHOTHX CTPaHaxX MHTEHCHBHO paboTaioT
Haj HanboJiee MOJIHBIM PACKPBITHEM BO3MOXHOCTEH 3TOH TEXHOJIOTHH, HalpaB-
JICHHBIM Ha MOBEHIIIEHHE NPOH3BOIUTEIBLHOCTH OOINECTBEHHOIO Tpyda M Ha
MOAbEM YDOBHS XH3HHM JJroged. M korga B HalIMX CTpaHAX MBI TOBODHM O
Heo6X0OMMOCTH Hay4YHO-TEXHHYECKOrO Iporpecca, TO B MEPBYIO odepedb CroIa
OTHOCATCS LIMPOKOE MPUMEHEHNE MHUKPO3JIEKTPOHUKH U ee HajbHelllee coBep-
LICHCTBOBaHMeE. 3agava JAaHHOM KHHTH COCTOHT B MOATOTOBKE COOTBETCTBYIOLLEH
TIOYBBI MyTEM O3HAKOMJICHHS KaK MOXHO OOJIBIIIETO KpYTa YUTaTe el ¢ BO3MOX-
HOCTSIMH 4€JIOBeKa B OTAEILHOCTH C OCHOBAaMH (DYHKIHOHHPOBAHHSA H3IEIIHi
MMKPO3JIEKTPOHHKH U TEXHOJIOTHH HX H3roTOBJIEHHUSA. [I03TOMY aBTOp HCIBITHI-
BaeT 6oJbloe yOOBJIETBOPEHHE OT TOTO, YTO 3Ta KHHMTA M3JAETCsS HA PYCCKOM
S3bIKE M CTAHOBHUTCA JOCTYHHOM COBETCKOMY YMTATEJO, H3BECTHOMY BO BCeM
MHpe cBOeH JIF0O0BBIO M HHTEPECOM K HayKe M TexHHke. U ecnn 3TOoT yuTaTesnp
XOpOIIO MPHMET KHUTY, HAa YTO aBTOpP, €CTECTBEHHO, BO3JjlaraeT Haiexnabl, TO
6osblras 3aciayra 6ymer mpuHamiexats npod. M. M. IIMauabkoBCKOMY, MO
penakiHeid KOTOpOTo BBIXOOHT pycckoe u3gaHue, H 0. A. CeBacTbAHOBY, BBI-
[IOJIHMBILIEMY €€ NIEPEBOJ HA PYCCKHH A3bIK. ABTOpP MPHHOCHT MM 61aronapHoOCTD
3a IUVIOOOTBOPHOE COTPYIHHYECTRBO. .

Bepun, anpenb 1987 r. ' Poavp Duoepaaiin



Mpepaucnosue

MUEKpO3IEKTpOHHIKA — HanboJiee 3HaYUTEIbHOE H, KAK CYUTAIOT MHOTHE, BaXHEH-
IIIee HAYYHO-TEXHHYECKOE NOCTHXKEHHE COBpeMeHHOCTH. CpaBHHUTH €€ MOXHO C
TaKMMH IIOBOPOTHBIMH B€XaMH B HCTODHH TEXHHKH, KaK H300peTeHHE KHHUIO-
neyatands B XVI B., co3maHue mnapoBod MammHbl B XVIII B. M pasBuTHe
3nekTpoTexHHKH B XIX B. M kornma cerofHs pedb HOET O HAyYHO-TEXHHYECKOH
PEBOJIIOIIMK, TO B HEPBYIO O4Yepedb HMeEETCs B BHIY MHMKPO3JIEKTPOHHKA.
MuKpO3JIEKTpOHHKA, KaK HH OJHO TEXHHYECKOE NOCTHXEHHE HAlUUX [THEH,
NPOHHU3BIBAET BCe cheEpbl XU3HU M AeSiaeT peallbHOCThIO TO, YTO Buepa MPOCTO
HEBO3MOXHO ObLi0 cebe npenctaBuTh. CTOUT TOJILKO BCHOMHHTDH O KApPMaHHBIX
MHKPOKAJIbKYJIATOPaX, MUHHATIOPHBIX paJHONPHEMHHKAX, JIEKTPOHHBIX yIpaB-
JISIOLMX ycTpoiicTBax B OBITOBBIX MpHOOpax, KBapHEBBIX YacaX, 3JIEKTPOHHBIX
HrpaxX, MHKPOKOMIIbIOTEPaX M HporpaMMupyeMbix 3BM 6ombmioi BBIYHCITH-
TeJIbHOH MoIHOCTH. OIHAKO MHKpPO3JIEKTPOHHMKA crmocobHa Ha Ooibiee. Ee
3HaYeHHEe COCTOMT B TOM, YTO OHAa MOXET JaTh IS CYILIECTBOBAHHS YeJOBeYeC-
xoro obuecTBa HEYTO CPaBHUMOE 110 CTENEHH BaXXHOCTH Pa3Be YTO C 3HEPIUEH U
MaTepHeil. DTO «HEYTO» —uHopmayus, TPAYEM B CaMOM IIIHPOKOM CMBICIE,
KakKO# TOJILKO MOXHO BJIOXHTH B JaHHOe MoHATHe. MHbOpManMoHHbIE poLec-
CHl HMEIOT MECTO Be3le W Bcerga—B HMPOMBIIUICHHOCTH, YHNPaBJIEHHH, HAYKe,
HHa4€e roBOps TaM, I'le B MaTepHAIBHOW B AYXOBHOH chepe MpoTekaeT nesTeNb-
HOCTb, HaIlpaBJICHHAA Ha TOCTHXEHHUE oNpeleieHHOH nenn. [Ipu stom nadopma-
LU0 HYXHO MOJY4YHTh, 00paboTaTh, epeaaTh M COXPaHUTh. B mpaxtuueckoit
IEeATEIbHOCTH TpebyeTcs 0OeCHeYMTh pPAlMOHANBHOCTb, OBICTPOTY M Hamex-
HOCTb uHgopmayuonnsix npoyeccos. KirowoM K pellleHHIO NOA0OHBIX 3amay
CIIYXHT MHKPOJIEKTPOHHKA, H B TOM 3aKJIFOYACTCA €€ NMPAaKTHYECKOE 3HAUYCHHE.
TaxuMm o6pa3oM, MOHATHE KAOUEBAA MEXHOAO2UsA OYEHb TOYHO OTpaxaeT
CYIIHOCTh MHKPO3JIEKTPOHUKH. DTH, a TaKXXe APYTHe IIOXOXXHE SIMMTEThI, Xapak-
TEepPHU3YIOIIME DPOJb MHKPOIJEKTPOHHKH, COOCTBEHHO TOBOpS, HE SBIAIOTCSH
HOBBIMH, H UMH IIOJIB3YIOTCH BCE, XOTS 3aJIOKEHHBIH B HUX CMBIC MOJHOCTBHIO
OTKPBHIBAETCS JHILb TOMY, KTO 3HaKOM ¢ npeaMeTroM. PakTbl HOATBEPXKIAIOT
CIIpaBeUTHBOCTh CKa3aHHBIX ¢1oB. OMHAKO HajleKo He KaxHabli crocobeH mo-
BOJIBCTBOBAaTbCS ONHHMH JIHIIb (pakTaMH, T.e. BHAUMBIMH BCAKOMY pE3YJIb-
TaTaMH HPUMEHEHHS MHKPO3JIEKTPOHHKH,— MHOTHE JXEJIAl0T HOHAThH, KAKHM XK€
IyTeM YOANOCh MOJYYHThL I3TH pe3yabTaThl. Korma AnpbepT OD#HIUTEHH,
BbIcTynas B 1930 r. Ha OTKPHITHH BepiuHCKO# BRICTABKH paaHo, ObIBIIETO TOTAA
ellle B HOBHHKY, CKa3all

«IIycTs OyzmeT CTHITHO TOMY, KTO 0O€3QyMHO HOJB3YeTCs YyAeCaMH HAYKH H

TEXHHKH, CMBICJIS B HUX He 60Jiee TOro, YTO CMBICTHT B DOTaHHKe KOpOBa, C

YIOBOJBLCTBHEM IIMILIIONMIASA TPaBY»;

XOTs 3TO. ObLIO IYTJIMBBIM HPCYBECIIHYCHHUEM, B HEM COJEpXKaJaChb 3HAYHUTECIb-
Hasi JOJIA MCTHHBI. DTO KacaeTcd M 3HAHHA MHKPOJ3JICKTPOHHKH.
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MUKpO3JIEKTPOHHKA OTJIMYAETCA OYEeHb CJIOXHBIM XapakTepoM. O3Hako-
MHTBCA C HEHf MOXHO, pacCMaTpHBasi TOJBKO caMble pasHOOOpa3Hbie aCHEeKThI
HayKH ¥ TeXHUKH. MBI y>ke TOBOPMIIH O €€ OOIIEM NPHHINIHAIBHOM 3HAYCHHH B
XH3HH obInecTBa. ONHAKO KaKOBBI )K€ YaCTHBIC MMPAKTHYECKHE 3a0a4H, KOTOPBIE
pelaeT MHKPOIJEKTPOHHKA H KOTOpbIe NpPHBENH K (GOPMHPOBAHHMIO 3TOrO
HanpasjieHUs] HayYHO-TeXHUYecKoro passuTHaA? Kakue uznenus, ocHOBaHHBIE Ha
HCIIOJIb30BAHHM MHKPO3JICKTPOHUKH, UMEIOTCA B HAllEM pACIOPSIKEHHH H KaK
HX MOXHO IPUMEHATD B IPOMBIILUIEHHOCTH, B YIIPaBJICHHUH, B CPEICTBAX CBA3H, B
Hayke U B ObITY? Kak HCHOJB3YIOTCS 3TH BO3MOXHOCTH YX€ CETOZHS H YTO
MOXHO OXHAAaTb B HedajekoM OynyiieM? CTOHT 3aMETHTh, YTO COUHAJILHBIE
HOCJICACTBUSL PAa3BUTHUS MHKPO3JIEKTPOHHUKH OTJIMYMAIOTCA, KaKk 3TO OBIBAET ¢
TEXHHYECKON HOBHHKOH, YpEe3BbIYaHHBIM MHOTOO0Opa3ueM U ITyOHHOM U 0XBATHI-
BalOT Bce ciepbl OOLIECTBEHHOH M JuU4HOM >kH3HH. Kpome obuectBeHHO#M
NPEeIONPENETICHHOCTH U QYHKIIMOHAJBHOTO HA3HAYEHHS MHKPO3JICKTPOHHKH HH-
Tepec MPeICTaBIAIOT TEXHUYECKHE BONIPOCHI, CBA3aHHbIE C IPHHIUIIOM IeACTBHS.
Kak QyHKUIHOHUpYIOT MHKPO3JIEKTPOHHBIE YCTpOMCTBa, Kak paboTaroT moJy-
IPOBOJHHUKOBBIE 3JIEMEHTHI M COCTOAIIME U3 HUX cxeMbl? IIpMHUMI OeHCTBHS
ClIeqyeT paccMaTpuBaTh, C OJHOH CTOPOHBI, MPHMEHHUTEJBLHO K TOMY, KaKHE
¢u3HYeCKHe NPOLECCH MPOTEKAKOT Ha YPOBHE 3JICMEHTHOH 0a3bl, MHKPOCXEM,
NpHGOpOB MJIM YCTPOHCTB, 4 C [pPYroH CTOPOHBI, C YYETOM TOIrO, KaKHe
JIOTMYECKHE OMNEpalii BHINOJHAKTCA B 3THX CHUCTEMax H KaKHe HHCTPYKUHH H
HIpOrpaMMbl HyXHO pa3paboTats, YTOOBI YIPaBJIATh 3THMH OINEpalHAMH HMEH-
HO TaK, Kak 3TO TpebyeTCA I pelleHHs COOTBETCTBYIOLIECH IPHKJIagHOM
3agayd. COBOKYNHOCTb 3JICKTPOHHBIX CXeM, HNPHOOpOB M YCTPOHCTB B HX
MamepuasbHom BUAE OOBIYHO Ha3LIBAIOT annapamubimu cpedcmeamu, a Heobxo-
IAMBIE IUIS UX SKCIUTYaTAlHH WHMeAleKmydbhble IPSONOCHUIKH B BHAE IPaBHII
H TIPOTrpaMM —NPOZPAMMHBIMU cpedcméamu. B KakIyio MHKPO3JIEKTPOHHYIO
CHCTEeMY B paBHOH Mepe BXOIAT KaK anmapaTHble, Tak M M[POTpPaMMHBIE
cpeactBa. HUtobni pa3obpaThcsi B CHCTEMe, HEOOXOOMMO 3HATHL, YTO M3 cebs
TIPEeICTaBIACT U TO U Apyroe. ToT, y KOro BO3HHKAET XeJIaHHe MO3HAKOMHTBCS ¢
MHKPO3JIEKTPOHHKOH OJIHke, B KOHLIE KOHLOB 3aHHTEPECYETCA M BOIPOCAMH
TEXHOJIOTHH M3TOTOBJICHHS MUKPOCXeM. 3TOT MOMEHT pHOOpeTaeT IJIA MUKDO-
3JIEKTPOHHKH 0COOYI0 BaXHOCTb: Beb TEXHOJIOTHA OblLya, Ja U CErOAHA OCTAET-
Csl, UICKYCCTBOM IPOMBIIIJIEHHOT'0 HM3TOTOBJICHHUS MHKPOCXEM, COCTOSIIHX H3
6ompInoro yucna 3jaeMeHToB. [IpHHIMIIHATIBHAS BO3MOXHOCTb CO3JaHUS MHKPO-
cxeMbl, comepxatueit 100000 TpaH3HCTOPOB, HAa 4YTO BIOJIHE CHOcOOHA COBpe-
MeHHasi MHKpO3JIEKTpOHHKa, Oblyla Joka3aHa HaBHO. M ecnu Ha mpakTHKE JOJTO
HEe YOaBajoCh CHENIATh 3TOTO, TO HE MOTOMY, YTO He OBUIH €Il OTKPBITHI
Kakue-TO GHH3UYECKHUE NMPUHIMIBI, a JIMINb IO TOM HMpHYHUHE, YTO MBI TOTJa HE
BJIa€NI 3THM HCKYcCTBOM —TexHoJsiorued. Ilepenom mnpousomen B 1960 r.,
KOT[la MOSIBIIACh NIEPBas UHmMezpaibHas CXeMa, CO3aHHas Ha OCHOBE NAGHAPHOU
MexXHOA02uy M3TOTOBJICHHS KPEMHHEBBIX IOJYNIPOBOOHHUKOBBIX NpHOopoB. C
3TOr0 MOMEHTA HavyaJloch OypHOe pa3BHTHe MHKpPO3JeKTpoHHKH. Ee Oynmyiee
IMPAKTHYECKU INTOJHOCTBIO 3aBHCHT OT TEXHOJIOTHYECKOro Ipouecca.

H3y4as MUKpPO3JIEKTPOHHKY, MOXHO pacCMaTpPHBAaTh KaK 3TOT, TaK U Ipyrue
acnektbl. O HUX U UOET pedb B MHOTOYHCIICHHBIX nyOnukanusx. OgHako eciH
Takue MyOJIHKAIMK aApeCOBaHbl HECTEIMANIUCTY, TO, KaK NMIPAaBWIO, B KaX IO U3
HHX pPacCMaTpHBAETCA JIMILUb 00uH ACIEKT, HalpUMep NIPUMEHEHHE HUJIH U3TOTOB-
JIeHHE MHKPO3JIEKTPOHHOH 3JieMEeHTHO# 0a3bl. Takue OrpaHuyeHHs HMEIOT
BECbMAa CEepPhEe3HbIC NIPUYHHBI U SABJAIOTCA BIOJIHE onpaBlaHHbIMH. Ho B Hammei
KHHIe Mbl HAMEPEHHO PEIIMJIH He OrPaHHMYMBATHLCS JIHIID OOHUM-EOUHCINBEHHbIM
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acmekToM. 31ech MpeONpHHATA HONBITKAa OTPas3sHTh B obmenoctymHoit dopme
BCIO 00nacTh MAKpO3IeKTpoHuKH. KHHra obpairieHa x 4MTaTeNO, KOTOPHIH, He
obnanas cnenuanbHBIMA 3HAHASAMH Ha YDOBHE HHCTHUTYTA, XOUYET MOHATD, YTO Xe
TpedcTaBiisieT coOOH MHKpO3JIeKTpoHNKka. KHAra npenHasHaueHa He JUIA Clielya-
JIUICTOB H He MNpeTeHOyeT Ha TO, YTOOBI CTaTh YYeOHHKOM. YueOHHUKOB MO
MHKPO3JIEKTPOHHKE YXe JOCTATOYHO, BOJIBIIMHCTBO U3 HUX XOPOILO BHINOJHAET
CBOIO 3aJavy, IOMorasg HMHXeHepaM M IpPeICTABHTENSAM €CTECTBEHHBIX HayK
PacCILIMPHUTD H YTJIyOUTH CBOH NO3HaHMA B 3TOH obOyacTn. Haia xHura npussana
caenaTh TO, YTO HE MOXeET CAeJaTh HHM OOUH YYeOHHK—IOMOYb HE HMEIOLIEMY
CIIEIHAJIBHOH MOATOTOBKH YHTATEIIO MOJYYHTh HpPEACTaBIEHHAE O MHKPO3JIEKT-
ponnke. B mepByro ouepeab HMeHHO Ha 3TO Mbl OPHEHTHPOBAJIHCH IIPH BhIOOpE
MaTepHasa U GOpMBI H3JIOXKEHHS.

IleHTpanbHas TeMa KHUTH—MHKDO3JIEKTPOHHKAa B TOM BHIE, B KaKOM OHa
CyIIECTBYET CeromHs. XoTs 3[ech H TOBOPHTCS 00 OCHOBHBIX IBMXXYIHX CHJIAX,
KOTODBIC IIPHUBEJIN K HOSBJICHHIO MHKPO3JIEKTPOHHKH, BCE 3TO, OAHAKO, paccMaT-
pHBaeTcsA B OOJiee ITMPOKOM KOHTEKCTE, HEXEJIH MPOCTOe ONMHCAaHHE NMyTeH H
HanpaBlIeHHH TeXHH4YecKkoro pa3suUTHA. [lomoOHble mMpobieMbl OTOOBHHYTHI Ha
BTOpO# IIaH. MBI COCpeIOTOYNIIM BHUMAHHE Ha MPHHIMIIAX, HanboJiee MHUPOKo
HCIIOJIB3YIOLIUXCSA CETOMHSA B MPOMBIIIUIEHHOCTH, HA Pa3HOBUAHOCTAX TEXHOJIO-
THH H BapHaHTaxX NPHMEHCHUS MUKPO3JIEKTPOHUKH. IIpH 3TOM yHTaTeNh MO3HA-
KOMHTCH € HMEIOLIMMHCA B MHpE TNOCJIEIHAMH HOBHHKaMH, HO 06e3 omHO-
CTOPOHHETO CMEIICHAS aKIeHTa B MOJIb3Y TOJBKO HOBEHINX HOCTHXeHHH. Benb
TaK WM HHAaYe NPH COBPEMEHHBIX TeMIIaX Pa3BHTHA JIioOble HOBHHKH OBICTPO
ycrapeBatloT. He ycrapeBaroT jumibs OcHOBHble HpuHUMIBL KTo 3HakoMm ¢
OCHOBaMH, TOT JIETKO MOHMeT U HoBoe. [103ToMy B Hamlel KHUTE IVIaBHBIH YIIOp
cIenaH Ha OCHOBBI MHKDOQJIEKTPOHHKH. B ri. 1 maercs obiiee omucaHme Toro,
4TO TaKoe 3JICKTPOHMKA M B KaKHX «OTHOLIEHMSX» OHAa HAXOAMTCH ¢ mHPOpMa-
et U ee 06paboTkoil. [MaBa 2 mocBAIleHa 3HAYEHHIO MHKPO3JIEKTPOHUKH ISt
obmectBa. B rnn. 3 paccMaTpuBaroTcs Pusngeckue Mponecchl, KOTOPBIE NPOTeKa-
}OT B MOJIYNPOBOJHHKAX M HAa KOTOPHIX OCHOBAaH IPHHIMII AEACTBHA 3JICKTPOH-
HBIX MHKpocxeM. [IpHHIMnHaNbHbIE BO3MOXHOCTH 00paboTkn nHbOpPMAnMu ¢
MOMOIIIbIO 3JIEKTPOHHBIX CXeM—TeMa TJI. 4, a TeXHOJIOTHS H3TOTOBJICHAA 3JIe-
MEHTHOH 0a3bl MHKDO3JIEKTPOHHKH OOCyxkpaercs B I'l. 5. B rn. 6 cHavana
JaeTcs o01as XxapakTepuCTHKA aCCOPTAMEHTA 3JIEKTPOHHBIX CXEM, B HACTOSIIIEE
BpEMS BBIMYCKAEMBIX IPOMBINLIEHHOCTBIO, [TOCTIE Yero Ha MPHMEPE OTAENbHBIX
cxXeM pa3bHparoTCsa MX NPUHLAN AeHCTBHS M BADHAHTHI NIpHMeEHEeHNs. Pa3BuTHIO
MHKPOSJIEKTPOHHKH B By/IyIlieM, KOTOPOE, OYEBHIHO, MIO3BOJHT HAMHOIO INEpe-
KPHITh CETOJHAIIIHNE peKopAbl, oTBeAeHa 1. 7. Takum obpa3om, kHHra OTBeYa-
€T Ha JOBOJILHO IIHPOKHU#t Kpyr BonpocoB. Ho oTBeTHTh B CxkaToit hopme Ha 3TH
BOIPOCHI MOXHO TOJIbKO B TOM ClIyyae, €ClIH TIIAaTeIbHO OTOOpaTh Bee caMoe
BaXXHOe M OTOPOCHTH HecyiiecTBeHHoe. [IpHHINI, MOJIOXEHHBIH B OCHOBY
IAHHOW KHUTH, 3aKJIFOYAeTCA B TOM, YTOOBI JOCTYIHO, ICHO B HauboJiee MOIHO
H3JIOXHTh OCHOBHBIE MOMEHTBI, HEOOXOAMMBIE /Ul MOHUMAaHHA MHKPO3JIEKTPO-
HHKH, a IPOYHE BOIPOCH PACCMOTPETh KPAaTKO HIIH Xke¢ BooOuIe onycTuTh. Hama
3afaya — cAeJaTh MHKPO3JICKTPOHHKY NOHAMMOW;, Mbl He CTPEMHMCS OaTh OO-
HHpHYI0 HHPopMauuio 060 BceM, YTO KacaeTcs MHKPOIJIEKTPOHMKH. B y4eOHu-
K€ BaXXHbIM CPEACTBOM DACKPBLITHS COJEpXaHHS SBISAIOTCE MaTEMAaTHYECKHE
¢dbopmynbl u ypaBHeHHs. OHH TO3BOJIAIOT JIErde YCTAHOBHTH B3aHMOIIOHHMAaHHE
MeXIy aBTOPOM H YHTATeJIeM, eCIH MOCJEqHU Ha COOTBETCTBYIOLIEM YPOBHE
BiajgeeT A3bIKOM (GopMyi. [IpH HOArOTOBKE NAHHOH KHHTH, OJHAKO, HENb3s
ObUIO MOMTH IO TAKOMY MYTH, H TTO3TOMY MBI [IOYTH NOJIHOCTBIO OTKA3aJIUCh OT
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MaTeMaTH4eckuX (GopMyJ, 0OpAaTHBIINCH K OMHMCATENBHOH (OpMe H3JIOXKEHUS
MaTepHala, U JONOJHWIH ero WUIKCTPaHUsAMH TaM, TIe 3TO HejIecoobpasHo.

U Bce xe kHUra He obelaeT Jierkoro 4reHus. HecMoTps Ha Bce HAIM yCHITHS
CHEeaTh ee JOCTYIMHON KaXIOMYy, 1T MHOTHX COJIEPKaHHE IOKaXETCS T0OBOJIBHO
CloXHbIM. UMTaTeNo B NMOJMHOH Mepe HpHIETCS NPeONoJeBaTh TPYAHOCTH,
KOTOpBble MHKpPOJJIEKTPOHHKA CO3MaeT IUIA TOHUMAHHA. ODTH TPYIAHOCTH —B
npHpoae Beleil. TOT, KTO x04eT IITy6OKO O3HAKOMHTBCSH C NPEAMETOM, JOJIKEH
TMPOHTH Yepe3 3TO UCIBITaHHEe. MecTaMM KHHTY HY)XHO HE MPOCTO YHUTaTh, a
H3y4aTh.

IloBoaOM nuis HaUCAHUA 3TOH KHHTH SBHJINCH MyOJIMYHBIE JICKIMH, TIPOYH-
TaHHBIC aBTOPOM B IPOIIUTbIE TOIBI 10 TPOOIeMaM (PH3HMYECKHX OCHOB MHKPO- H
ONTO3JEKTPOHHKH B bepiuackoM yHuBepcutere uM. I'ymbonbara. B pabore
HaJ KHHTOH OONBILIYIO MOMOIIL OKa3zald KOJUIerH mo paborte. B 3axsmoueHue
apTop xoren Obl OT BCedl Aymm noGnarogaputs npod. X. dénbia, npod.
H. 3apem6by, npod. D. Kénepa, n-pa P. llltpy6a, a-pa M. [d3usstu u npod.
X. Kiro3e, OTHOCTBIO MM YacCTHYHO NMPOCMOTPEBILHX PYKOIIHCh M BBICKAa3aB-
IIMX psAA HEHHBIX 3aMevaHud. 3a OoJspllylo NMOMOLIL NPH MOATOTOBKE OT-
JEJIbHBIX Pa3[eJIoOB aBTOP XOTeJl OBl TakXke BBHIpa3uTh OjaroJapHocTh mpod.
10. Ayty, npod. X. Paiimepy, n-py A. Pymonndy, n-py P. Bepenary, mpod.
K.-X. XeppMmany, n-py X.-I'. lllxHaiigepy.

Kpome Toro, ocobyro 61aronapHOCTs aBTOP MPUHOCHT H3aTenbCTBY «PEB
Hoituep ®epnar nep Buccenmacdbren», pykoBOACTBO H COTPYIHHKH KOTOPOTO
OKa3aju OGOJIBIIYIO MMOIAEPXKKY IPH MMOATOTOBKE M H3AAHUK KHHUTH, B YACTHOCTH
penaktopy I'miene Llunmac m xynoxecTBeHHOMY penaktopy [usene [foiy 3a
JIeJIOBOE COTPYIHHYECTBO, a Takke XynoxHukam Bonbedranry IlIBapnkxondy u
I'ancy Bynaepimxy 3a BhIcOKO€ KauecTBO WUmocTpanunii. M Bce e naHHas kHuTa
He cMorjyia Obl MosiBUTbcA 6e3 TOH MOAAEPKKH, KOTOPYIO ABTOP NOCTOSIHHO
OILIYIIAJ CO CTOPOHHI XeHbl, XaHHeJOope DHAEpTaifH, 3a YTO M NPHHOCHT eif
CBOIO CaMylo I1y6okyro 61aromapHocTb.

Poavgp Indepaaiin



1. AnekTpoHuUKa

DTy KHHUTY O MHKPO3IJEKTPOHHKE MBI HaUH-
HAaeM C KpPaTKOTO pacCMOTPEHHS 3JIEKTPOHH-
ki Oe3 mpucTaBkH «MHKpo». UTo Xe 3TO
Takoe—aJekTpoHHka? CaMoO Ha3BaHHE YXe
TOBODHT O TOM, YTO 3[I€Ch MBI HMEEM JEJI0 C
37IeKTPOHAMH.

IneKTPOoHbI

DJIEKTPOHBI — MEJIbYANILIAE  JNMEeMEHTapHbIE
YacTHIBl MaTepm, OOJamarolye 3JIeKTpH-
yeckoi osHeprued. HMx gmaMmeTp paBeH
5-107%3 cM, Macca COCTaBJISIET OKOJIO
9-1072% r, a amexTpuueckui 3apsam 1,6 x
x 107 1% K. Kaxaplit 3IeKTPOH HMEET HaH-
MEHbIIMH BCTpEYaroIMACS B NPUPOIE 3JIEK-
TPUYECKHUH 3apsd—3JIEMEHTApHBIA 3JIEKTPH-
HeCKUH 3apsald. DJEeKTPOHBI 06pa3yloT 3Jiek-
TpoHHBIE 0605109kH aToMOB. Bmecte ¢ mpo-
TOHAMH ¥ HEHTPOHAMH OHH SBJIAIOTCA TEMH
Ba>KHEHIINMHU «KUPIHUYMKaMH», U3 KOTOPBIX
MOCTPOEHB! aTOMBbI. FIMEHHO MO3TOMY 3JIeK-
TPOHBI KaK OJHH U3 OCHOBHBIX CTPYKTYPHBIX
€IVHUIl MaTePUH BXOOAT B COCTaB Bcex 6o-
Jilee WM MeHee KPYNHBIX CHCTEM, MOCTPOEH-
HBIX M3 aToMOB, OyOb TO TBepIble Tela,
XHUIKOCTH WA rasel. Ho 37eKTpoHBI MOTYT
CYIIECTBOBAaTh U B BUOE CBOOOIHBIX YacTHII.
B xocMoce, HanpuMep, cBOGOIHBIE 3TIEKTPO-
Hbl MOXHO BCTPETHTb Hapsgy C OPYTHMH
3JeMeHTapHbBIMH 4YacTHuaMu. IIpu Tak Ha-
3pIBaeMOM OeTa-pacmaze paaHOaKTHBHOE
aTOMHOE SapO HcIyckaeT 3yekTpoHsl. Ilon
BO3IEHCTBHEM 3HEPTHH, HAIPUMED TEIJIOTHI,
CBeTa HJIM HMOHM3YIOLIETO M3JIy4YeHHs, TBep-
Ibl€ TeJIa TaKXe CIOCOOHBI MCIIYCKaThb CBO-
60oaHBIE 3JIEKTPOHBI. JTO SABJICHHE MCIIOJb-
3yeTcs B 3JIEKTPOHHBIX JIaMIaxX, KaTod KOTO-
PBIX IIDH HATPEBaHHUHU HMCIYCKAET 3JIEKTPOHBI.
B cBO60IHOM COCTOSIHMH 3JIEKTPOHBI MOTYT
HaXxOIMTLCS TOJBLKO B BaKyyMe, T.e. KOTOa

NOOJM30CTH HET YacTHU, CHOCOOHBIX HX
npuTAruBaTh. C HaXOOAIIMMHCSA B BaKyyMe
CBOOOMHBIMM 3JIEKTPOHAMH MOXHO MPOBO-
IUTh pa3IuYHble (DU3UYECKHE IKCIIEPUMEH-
Thl. Tak, HanpuUMep, ¢ MOMOILBIO 3JIEKT pHYe-
CKOTO MOJI 3J1€KTPOHBl MOXXHO pPa3OTrHATh
0 BBICOKOH ckopocTH (puc. 1,a), a mome-
CTHB Ny4YOK yXe pa3OrHaHHBIX IO OIpele-
JICHHO# CKOPOCTH 3JIEKTPOHOB B 3JIEKTpHYe-
CKO€ IoJie, U3MEHUTL HalpaBjieHUe UX IOBHU-
XeHus (puc. 1,6) WM 3aCTABUThH OBUTAThCS
10 KPUBOH MOA BIMSAHUEM AOMOJTHHUTEILHOTO
MarautHoro nons (puc. 1,6) u T.4. Ilpo-
JieJaTh BCE 3TO, OJHAKO, MOXHO HE TOJIBKO
co cBOOOOHBIMHM 3JIEKTPOHAMH, HaXOMSAIIH-
Mucs B BakyyMme. HekoTophle TBepable Tena,
KpOMe 3JICKTPOHOB, NPOYHO CBSI3aHHBIX C
aToMaMH, UMEIOT 3JIEKTPOHBI, obJlagalolue
OTHOCHTEJIBHO OoNbIIolH cBOOODOH. 3ITO
TaxkKe KacaeTcsi MOHM3OBAHHBIX I'a30B—Tak
Ha3bIBaeMoOH Ia3Mbl. Bo3aeicTBHe BHEITHHX
JMeKTPHUYECKMX ¥ MAaTHHTHBIX TIoJeit Ha
TaKde TOABMXKHBIE 3JIEKTPOHBI, BCTpevalo-
LIHeCs B TBEPIBIX TeJaX WJIM ra3oBoif Ias-
Me, MOXET OCYILECTBJIITLCS CTOJIb XK€ JIETKO,
KaK 4 Ha CBOOOIHBbIE 3JICKTPOHBI B BaKyyMe,
IpUYeM BO3MOXHOCTH BO3IECHCTBUA Ha 3JI€K-
TPOHBI TBEPABIX Tea Aaxe OoJsiee MIMPOKH.
DTH 3JEKTPOHBI PEAarupyroT He TOJBKO Ha
3JIEKTPUYECKHE M MarHUTHBIE MOJIA, HO U Ha
CBET, [aBJIeHWEe WJIM HarpeBaHHe, T.€. Ha
ONTHYECKHE, MEXaHHYECKHE WJIH TEIJIOBBIE
pasgpaxurteu. MTak, MOXHO cKa3aTh, YTO
MBIl TOJYYIIH IIepBoe MpedcTaBiicHHe 06
3JIEKTPOHHKE: 3TO HayKa 00 yNmpaBJIeHHH IO-
TOKaMH 3JICKTPOHOB B BaKyyMe, TBEpIBIX
Telax W ra3oBOM IJIa3Me MyTeM BHEUIHETO
BO3IEHCTBUS Ha HHX.

OcylIecTBISETCS Takoe BO3eHCTBHE, pa-
3yMeeTcs, ¢ LeJIbio TOJTy4YeHHs ONpeIeIeHHO-
ro nosesHoro s¢dekra. Ho xakumM xe obpa-
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Puc. 1. a—gBrXeHHE 3NIEKTPOHOB MO ACHCTBUEM
3NIEKTPHYECKOrO MOJIA; O-—-H3MEHEHHe HalpaBlie-
HUS JBH)XEHUS IJIEKTPOHOB MO ACHCTBHEM IJIEKT-
PHYECKOTO MOJIS; 8 — K3MECHEHHE HaNpaBIEHNs IBH-
KEHHS JJEKTPOHOB NMOJ NEHCTBHEM MAarHUTHOrO
noJs.

30M 3JIEKTPOHBEI MOTYT IPHBECTH K TaKOMY
3pdexty? 3mech B mepByIO ouepelb HeoOXo-
IAMO TIOJYEPKHYTh, YTO TaM, IJIe UCIOJIb3Y-
€TCsl YNIeKTPHYECKasl SHEPTHUS, 3TEKTPOHBI UT-
Pal0T OTPOMHYFO PONIb. IMEHHO 3JIEKTPOHBI
ABJISIFOTCS TJIABHBIMH HOCHTENISMH 3JI€KTPH-
YeCKHX 3apsioB, C KOTODBIMH MBI HMeEeM
IeNo B MOBceJHeBHOH Xu3HU. KoHewyHo, kpo-
M€ 3JIEKTPOHOB CYUIECTBYIOT IPYTHE 3JIeMeH-
TapHbIE YACTHIBI C [MOJIOXHTEIbHBIM 3JIEK-
TPHYECKHM 3apAIOM, B YACTHOCTH HPOMOHbL
u no3umponsl. Ho MO3UTPOHBI BCTpPEYAIOTCS
ype3BblYaWHO penko. IIpoToHoB, mpaBna, B
MNPHPOJE CTOJb X€ MHOrO, KaK M 3JEKTpO-
HOB. [IPOTOHBI HTPAIOT OMPENEIEHHYIO POJIb
B JIEKTPOTEXHHKE, HAIPHMED, BXOIsA B COC-

TaB HOHOB, OHH YYaCTBYIOT B peakKlusX,
MPOTEKAIOUIMX B CBHHIOBBIX aKKYMYJSATO-
pax. HemocraTox HpOTOHOB B TOM, 4TO,
6yny4u B 2000 pa3 Tskesee 3JIEKTPOHOB, OHH
BO CTOJIbKO X€ pa3 MeHee MOABUXHBL. Ilo-
3TOMY B GOJILIIMHCTBE CIIyYaeB MpakKTHYec-
KOE MCIIOJIL30BAaHUE 3JIEKTPUYECTBA OCHOBA-
HO Ha TEPEHOCEe 3JIEKTPHYECKOro 3apsla He
MPOTOHaMH, & UMEHHO 3JieKTpoHamu. Ecsm
BKJIFOYHTh JIEKTPHUYECKYHO JIAMIIOYKY, TO
JBHXXYIIMECS B HUTH HaKaNUBAHUA 3JIEKTPO-
HBI OyIyT CTAJIKMBATLCA C ATOMAaMH, 3aCTaB-
JIA AX MCITYCKaTh BUAUMBIH CBET. A B JJIEKT-
poIBHTaTeNe KAK pa3 KHHETHYECKas 3HEprus
3JIEKTPOHOB MPHBOAMT BO BpAlIEHHE POTOP.

MNpeo6pa3oraHue
ANEeKTPUUYECKOWU 3Heprum

VnoMsiHyThle BHOBI paboThl, COBepIIacMOHR
3JIEKTPOHaMH, MOXHO pAacCMaTpHBAaThb Kak
2eHepayuio IHep2uu, a TOHHEe Kak npeobpaso-
6aHue 00HO20 8UOA 3Hepauu 6 Opy2oil. DIIeKT-
POHBI CITOCOOHBI OCYIIECTBISATH INEPEHOC M
npeobpa3oBaHUe IHEPTUH — NIEKTPHIECKOMH B
CBETOBYIO, TEIUIOBYIO, MEXaHHYECKYIO MJIU
XuMH4eckyro. OHM MTpaloT IrIaBHYIO POJb B
MOJIyYEHUH 3JIEKTPHYECKOH AHEPTHH M3 Tel-
JIOBOHM, XMMHYECKOH, AAEPHOH, COJIHEYHOH U
T. . 4 B Ilepedaye ee OT MeCTa MOJIyYeHHS K
norpebureno. Ho korna Mbl TOBOPHM 00
9JIEKTPOHHKE, TO KaK pa3 3Ta CIocobHOCTH
9JIEKTPOHOB OCYILIECTBJISATH NpeoOpa3oBaHue
OIHOTO BHIA 3HEPTHH B APYTOH He npedcmae-
asem A7 Hac ocoboro HHTepeca. Beaw 3aech
HCMOJIL3YKOTCS TOJBKO CaMble 3JIeMEHTap-
Hble CBOMCTBA JIEKTPOHOB, MPHYEM B OTHO-
CHTEJIBHO NPOCTOM BHJE, T. €. HCHOJIb3yeTCs
BO3MOXHOCTh 3aCTaBUThL HMX IBHUTAThCA, H
OoHH, Oyaydu oOHaXABI NPUBEACHHBIMH B
IBIKEHHE, B CBOIO OYepEIb CTAHOBATCA HC-
TOYHHKOM Jbu.K€HHS. B OTJH4ME OT 3TOTrO
3IEKTPOHHKA 3aHHMaeTcs 0oJjiee TOHKUMH
abdekTamMu, B NEpBYIO ouepedb TeM, Kak
H3MCEHSETCSl XapakTep ABHXXECHHSA IMOTOKOB
3JIEKTPOHOB B YCJIOBHSX BHEIIHWX BO3AEH-
CTBHA ¥ K KakuM 3¢¢eKTaM 3TO MOXKET
npuBecTH. [IpeamMeTOM 3J€KTPOHUKH SIBJIfA-
€TCA He CTOJIbKO IOBMKEHHE CAaMHX 3JIEKTPO-
HOB, CKOJIBKO lieJIeHanmpaBjeHHoe popMupo-
BaHHE TOTOKOB 3JIEKTPOHOB M YIIpaBJICHHE
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HMH C MIOMOLIBIO BHEIHETO Bo3JeHCcTBHA. O
TOM, 4TO HPH 3TOM pe4Yb MOKET HATH 0O
3JIEKTPHYECKOM, MarHUTHOM, MEXaHUYECKOM
HJIE TEIJIOBOM BO3ICHCTBHH, Mbl YK€ IOBO-
punu. EcliM myTeM HarpeBa pe3sucTopa H3Me-
HAIOT BEJHYHHY TOKa B LIEMH, TO Ha IOTOK
3JIEKTPOHOB OKa3bIBalOT TEIUIOBOE BO3JCH-
crBue (pHC. 2,a). OO 3JeKTpHYECKOM BO3-
IeHcTBHH peyb OyneT MATH B TOM ciyuae,
€CJIM [UIS YIPaBJIEHHA TOKOM H3MEHSAIOT Ha-
NpSXEHHE Ha CeTKe BAKYYMHOH 3JIEKTPOHHOH
mamnel (pHC. 2,6). HecMoTps Ha To 4TO B
3JIEKTPOHHKE HMCIOJIB3YIOTCH H IDYTHe BHIbI
BO3JICHCTBUSA, 34eKmpuyieckoe 110 CBOEH 3Ha-
YUMOCTH HAMHOT'O NIPEBOCXOOMT HMX. B Mmkpo-
3JICKTPOHHKE, KaK MBI €€ NIOHUMAEM B JaH-
HOM KHMIE, IPUMEHSAIOTCA TOJIBKO 3JIEKTPH-
4YecKHe BHOb! BO3AEHCTBHA. B 3TOM cMbIcie
MIPEUIOXEHHOE BBIIIE ONPEIEICHUE JIEKTPO-
HHUKH Telepb MOXHO YTOYHHTD CJICAYIOLINM
obpa3oM: 3T0 Hayka 0 GOPMHPOBaHHH NOTO-
KOB 3JIEKTPOHOB H YNPAaBJIECHHH MMM C MO-
MOIIBIO BHEUIHETO 34eKMpuyecKo2o BO3ICH-
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Puc. 2. a-TennoBoe BO3JCHCTBAE HA MOTOK 3JIEK-
TPOHOB NYTEM HArpeBAHUN TBEPJAOTEJNBHOrO pe-
3HUCTOPA; 6 — IEKTPHYECKOe BO3AEHCTBHE HA MOTOK
3MEKTPOHOB NMYTEM H3MeHeHUs Hanpspkenus U, na
CETKE BAKYYMHOMH 3JIEKTPOHHOM naminsl. 1 —uctoy-
HHUK TOKa; 2 — H3MEPUTENbLHBIA NpHbop; 3 — TBEpIO-
TeJIbHBIR PE3HCTOD; 4— peryupyeMblii HCTOYHHK
TEIUIa; 5—BakyyMHas 2JIEKTPOHHas JiaMna; 6 — CBO-
6oHbIE ITEKTPOHBL; 7 - ceTKa.

CTBHS C LIEJNbIO NOJYYECHHS ONpEeAEIeHHOTO
noJje3Horo 3¢dexra.

MpombiwneHHan
n nHdopmaunMoHHan
3NEeKTPOHUKa

HTak, Temeps MBI 3HaeM, YTO B Npolieccax
nepefay U npeobpa3oBaHHs 3HEPrUu 6OJIb-
IIYIO POJIb MIPAIOT 3NeKTpoHbl. Ecinu morto-
KH JJIEKTPOHOB HCIIOJIB3YIOTCA [UIA Npeobpa-
30BaHHSA H NEpefayH 3HAYHTEIbHOTO KOJH-
4ecTBa JHEPIHU U YNPaBIAIOTCA MYTEM 3J1€K-
TPHYECKOTO BO3JEHCTBHA, TO pe4b HMIET O
npombluwaennoli 31exmponuxe. T'oBops npy-
THMH CJIOBaMH, B NPOMBIIUIEHHOH 3JIEKTPO-
HHKe oDecreyHBaeTCs 3JIEKTPHYECKOE YIIPaB-
JICHHE CHJIBHBIMH TOKaMH M BHICOKHMH Ha-
npsokeHUsAMH. OOHAKO KpOMeE 3JIeKTpHYeC-
KON SHEpPrHM MEKTPOHB MOTYT CIYXHTb
HOCHTEJIAMH H 4Yero-To Apyroro. 1o IApy-
roe —uHpopmayusn. INEKTPUYECKHH TOK MO-
XeT ObITh CHIBHBIM H cnabbiM. CoobueHne
«QNEKTPUYECKUN TOK CHJIBHBIH» —3TO yXke
uHpopmanus. Cuia BHEIIHEro BO3ZedcTBHS
Ha TMOTOKH 3JIEKTPOHOB TaKXe MOXeET OBITh
Pa3JIMYHOl; HanpskeHHe HA CETKE 3JIEKTPOH-
HOH JIaMIIbl, HallpUMep, ObIBACT K BBICOKHM,
H HU3KkUM. CleZoBaTeNbHO, H BO BHELIHEM
BO3JCHCTBHH MOXET COIEPXKAThCS OIpene-
JeHHass HH¢popManusa. Temepp pemaromee
3HaYeHHE MPHOOpeTaeT TO, YTO 3IJIEKTPOHBI
CaMH CHOCOOHBI OKa3bIBaTh BHELIHEE BO3-
JedcTBHE. JTO OaeT BO3MOXHOCTB C TO-
MOUIBIO 00HO20 TIOTOKA 3JIEKTPOHOB OKa3bl-
BaTh HalpaBJICHHOE BO3AEHCTBHE Ha Jpyzue
NOTOKH 31eKTpoHOoB. Ecii 06a notoka 3jiek-
TPOHOB HeCyT HH(GOpPMALUIO, TO B pe3yJbTa-
Te MBI HMeEM OeJI0 C BO3JACHCTBHEM 00HO20
HHPOPMALIMOHHOTO TOTOKAa Ha  Opyeoil
(puc. 3). Ho Beas mMeHHO 3TO H TpebyeTcs
npu obpaborke uHGopManmu. HMTak, Mbl
MOJOLUIA K O4YeHb BaXKHOMY BLIBOAY: C IO-
MOIIBIO 3JIEKTPOHOB MOXHO ob6pabaThiBaTh
nHpopmanmio. M korga 3JeKTpOHHKA HC-
HOJIB3yeTCd B 3THX LIEJIAX, TO TOBOPAT 00
UHBOPMAYUOHHOTL 31eKMPOHUKe.

Ana 3¢p¢peKTHBHOIO BO3ZEHCTBHA IIOTO-
KOB 3JIEKTPOHOB ApYT Ha Apyra TpebyroTcs
TaK Ha3bIBAa€MBIC 34eKMPOHHblE 34eMeHMbl.
Ecmn obpaTuThcst K puc. 3, TO Takue 3Jie-
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Puc. 3. INpunuMn o6paboTkH HHGOPMALHK ¢ TOMOILBIO TMOTOKA 3JIEKTPOHOB.

MEHTBI JOJDKHBI OBITH pacloNOXKEHbI B TOY-
Kax TiepeceueHHsl MOTOKOB 3JIeKTpoHOB. Ca-
MH TIOTOKH 3JICKTPOHOB IBHXYTCA IO IIpO-
BOOHHKaM. OIHO 3TO yXe T'OBODHT O TOM,
KaKyl0 B IPHHIMIEC KOHCTPYKIMIO IOJIKHBE
AMETD 3JIEMEHTHI, CITyXatue s 06paboTkH
pHboOpMammu. DTa KOHCTPYKIMS OOJDKHA
obecreuHBaTh BO3MOXHOCTE HX 00BemuHe-
HHSI ¢ TOMOIIBIO TIPOBOIHUKOB B cxeMy. Kak

KOHKDETHO OCYILECTBIsseTCsT 06paboTka HMH-
tdhopManuy ¢ TOMOINBIO NMEKTPOHHLIX CXEM,
MbI 6oJiee MoApo6HO PACCMOTPHUM B CIIEIYIO-
IMX TJ1aBax. A B IJI. 2, He BAABasCh B
TEXHHYECKHE MoApoOHOCTH, monpobyeM mo-
Ka3aTh YHTATENIO poJib HH(pOpPMAlMH H ee
06paboTkH B den0BEUECKOM OO1IIECTBE M pac-
CKa3aTh, KAKOE MeCTO 3/1eCb OTBOJHUTCS MHUK-
PO3JIEKTPOHHUKE.



2. MMKpoaneKTpoHukKa,

nHdopmauma u obuwecrso

MHKpoaTekTpoHHKa — HHObOPMAaIMOHHAN
anekTponuka. [loBcrogy, rme 4TO-HHOYAb
OPOUCXOAHT ¢ HHboOpMalMeH, MBI HUMeeM
JeJ0 C MHKpO3JIeKTpOoHUKOH. IIpu 3ToM no-
HATHE «HHPOPMALHUA» CIEAyeT paccMaTpH-
BaTh B OYEHb IUMPOKOM CMEICJIe. MBI OHH-
MaeM noia HH(popMalmeil Bce TaK HJIM HHAYe
0hOpMIIEHHbIE CBEICHHS WIH COOOIIEHHS O
Belax ¥ sBjieHusx. MHpopMamuro pacnpo-
CTpaHSAIOT paiuo u TeneBunenue. Ee MoxHO
MOJIYYUTh U3 raser, €0 MOXHO OOMEHSThCA
no tenedony. [ToyTa sABIsAETCA TEM yUpexe-
HHMEM, KOTOPOE HMEET JIeJIO IPEUMYILIECTBEH-
Ho ¢ uHpopmammeir. Han uapopmarmmeit ocy-
LIECTBJISET OMNEpPAlMH MUKPOKaJILKYJISATOPD,
HEMpPEepBIBHO BBLIAIOT HWHPOPMAIHIO YaCHI.
BrInonHUTE H3MEpEHHS —3HAYUT, MOJY4UTH
uHpopmanuto. Uupopmanus HyXHa H TOI-
na, korga TpebyeTcs aBTOMAaTH3HPOBATh
ynpasieHue MamuHamu. Ho uHbopmaius
HEMBICIUMA 0e3 HOCHTENs, T.€. OIpeAesieH-
HOTO MaTepHajIbHOI'O CPEeICTBa IS ee Xpa-
HeHUsl U nepenayd. Hu ogHo coobiuenue He
CyIIecTBYeT caMo Mo cebe: OHO JOJINKHO
OBITH HameyaTaHO Ha OyMare, mepelaHO KO-
JebaHUAMH BO3[yXa HJIM JOJDKHO OOpECTH
Kakoe-JTub0 HHOe MaTepHajIbHOE BOILIOLIE-
Hue. Ha onHOM U ToM e HocuTesle HHpOP-
MaIMs MOXET OTODPAaXaThCi IO-Pa3sHOMY.
Ha ©6ymare TtekcT MoxeT OBITH HamMcaH
MO-HEMELIKH, [MO-PYCCKH MJIM I10-aHIJIMACKH,
Ja 1 BooOLue He OykBaMu, a TaHHBIM IHpoO-
BbIM kogoM. Ho, HecMoTps Ha pasin4HbIE
¢dbopMbI IpeacTaBiIeHus, 3To OyIeT Bce Ta Xe
nHpopmanus. Jns Havama, moxaiayid, MOX-
HO OTPaHHYHTHCH 3THMHM KPAaTKMMH 3aMeda-
HUAMH 00 nHPopManuu kak nousTud. [To3n-
Hee Mbl ellle BEPHEMCSH K HEMY M [10CTapaeM-
csl 1aTb OoJiee TOYHOE OMpelelICHHE.

NHcdopmaumroHHblie npoueccol
n obuwecTBo

Nudopmanms He ecTh HeuTo cTaTHyHoe. Kak
IpaBUJIO, C HEH BCE BpEMS YTO-TO MPOUCXO-
IIAT, T. €. OCYILECTBIIAIOTC UHPOPMAYUOHHBIE
npoyeccyl. B xu3HK Bcero odIIecTBa U Kax-
JIOTO 4eJIOBEKa B OTIEJIBHOCTH MH(pOpMaIu-
OHHBIE TIPOLECCHl UIPAIOT TaKkylo Xe OOoJb-
IIYIO POJIb, KaK M MPOLECCH OOMEHA BellleCTB
MJIM 3HEepreTHYecKHe mpolecchl. Pemarornee
3Ha4YeHHe IS KH3HH BooOlue HHpOopMauus
HMeeT U B 6uo.102uveckom cMbicite. OQHAKO B
JanpHedneM Mbl OymeM paccMaTpHBaTh
JHUILIB Te HHPOPMAIMOHHBIE IPOLIECCH, KOTO-
PHI€ CBSI3aHBI C CYILIECTBOBAHHUEM YEJIOBEYEC-
KOoro ofIecTBa M OOIIECTBEHHOH MPHPOTOH
4eJI0BeKa, HOO TOJILKO OHU MMEIOT OTHOLUE-
HHE K CPEICTBAM MHKDOIJIEKTPOHHUKH. DTH
IpOLECChl MOXHO DAa3felMTh Ha 4YeTHIpE
I'pYyIIbI — MOJy4YeHHe, XpaHeHHe, obpaboTka
M nepenadya HHGOPMAIIHH.

MonyyeHune nHgpopmauumn

YesroBek BocIpHHUMAET OOJIBIUYIO YacThb NO-
cTynaollelf kK HeMy HH$OpMalMH HermocpeX-
CTBEHHO OpraHaMH 4yBCTB, NPEXJE BCETO C
noMouipio 3peHus. OOHAKO BO3MOXHOCTH
HAllUX OPraHoOB 4yBCTB BECbMa OTPAHHYECH-
Hbl, @ MHOTHE BEIM M SBJICHHS IS HHX
Boob1IEe HegocTynHbI. [ToaToMy s moyyve-
HMS HMHPOpMalMHM BaXHYIO U HYeJlOBeKa
pOJIb MIPAalOT BCIOMOTAaTeNbHblE TEXHHYEC-
KHe cpelcTBa obuieHHs. C MOMOIIBIO H3Me-
PHTEIbHBIX HHCTPYMEHTOB 4€JOBEK aKTHBHO
cobupaeT HHPOPMAIIUIO O MpeAMETax OKpy-
KAIOILET0 MHpa M NPOTEKAIOUIMX B HEM
npoleccax. A BOT IPH MEAHLUHCKOM obcire-
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JIOBaHHH OOBEKTOM NHArHOCTHYECKHX H3Me-
pEeHHt CTaHOBHTCS yxke caM d4enoBek. HH-
dopmanus, monyyaemasi B Xo[e U3MEpEHHH,
OIHaKO, UMEET Ba)XXHOE 3HAYCHHE HE TOJBKO
IS «4eJIOBeKa pa3yMHOro», HO M Ui Ma-
wmH. HeoGxoauMble Ui MOJYyYeHHs] Takod
HHOOpMAallM¥ YYBCTBHTEJLHBIE 3JIEMEHTHI
CpEeCTB HM3MEPEHHA HA3BIBAIOT OAMUUKAMU.
Kaxnapifi npubop s peryJupoBaHHs TeM-
nepaTypbl HMEET TEMIIEPATYPHbIA JaT4YHK; B
MoObIX CHCTeMaxX NpedynpelUTeIbHON CHI-
HATA3AIMH NPUMEHSIOTCS KOHTAKTHBIE HIIH
ONTHYeCKHE NAaTYMKH. JlaTYMKAMM OCHAIlle-
Hbl U TIPOMBILIUIEHHBIE pOOOTHI, pelarolHe
6onee cnoxHble 3agauyd. M ecnu mHbOpMa-
IS IPEICTABIAET COOOH COBOKYMHOCTD CBE-
JIEHHI ¥ COOOLLIEHHI O Belllax U ABJIEHHAX, TO
noJy4eHHe HHGOpPMAaIMK O3HAYaeT HEYTO Io-
pa3no Souibliiee, HEXeETH MPOCTO H3MEPEHHE.
JIro60it c60p ¢akToB M Belylleecs pacciie-
JIOBaHHE, JIIOOOM OMpOC HACeJEHUS B LIEJIAX
H3yveHHUs OOLIeCTBEHHOTO MHEHHs, TpOBee-
HHe JEOOBIX HAOJIOOEHUH, HCCIEIOBAHUE CO-
ObITHIT IPOLIJIOTO B 3TOM CMBICJIE SIBJISIOTCS
NPOILIECCOM IOJTydeHHs HHPOopManuHu. B mm-
POKOM CMBICJIE CJIOBA CHOJA XE CledyeT
OTHECTH HM3Y4eHHEe B3aUMOCBS3el B npupome
¥ OOIIECTBE HJIM CO3/IaHHE MPOU3BEACHUMN
HCKycCTBa. B TO ke BpeMs Bce 3TO CBHAE-
TENbLCTBYET OO0 OIHOM: HET YETKHX IPAHMII
Mexay IHOJIydYeHHEM HHGOPMAlHH M OpPYTH-
MH HH(}OPMAaIHOHHBLIMH MPOLIECCAMH, TaKH-
MH, Kax XpaHeHHe M obpaboTka HHOp-
MalHH.

XpaHeHne nHcopmauum

Ecmn unpopManuio TpebyeTcs HCIOJIB30-
BaTh HE TOJILKO B MOMEHT MOJIyYeHHs, HO U
no3xe, WIH e€caM OHa BooOLIe co3maeTcs
JHIIb IJI UCHOJIb30BAHUS BIIOCJIEACTBUH, TO
BO3HHKaeT HEOOXOOUMOCTbL B €€ XPaHeHuu.
IIpumepoM uHGOpMamuu B MEPBOM ciy4ae
SIBJISETCS BBINYIIIEHHAs B NpAMOH 3pup H
3amMcaHHas HA MarHUTHYFO JIEHTY TEJICBH3H-
OHHad TepeJaya, a BO BTOPOM — COAEpXaHUue
kakod-ym6o xHuru. Heob6xomguMocts xpaHe-
HUSL HHPOpMAaIMU BO3HUKAET BO Beex cdhepax
*u3Hd. IlpH 3TOM peyb MOXET HATH O
npodecCHOHANBHBIX 3HAHUSAX, pe3yJbTaTax
Hay4HbIX HCCJEIOBAaHUH, KOHCTPYKTODCKOH
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JOKYMEHTAUHH, MPOH3BENEHHAX HCKYCCTBA,
DOCIEIHHX HOBOCTAX MJIH «JejgaX [JaBHO
MHHYBIUINX AHEH». Pe3ynbTaThl MEAMIIHHCKO-
ro o6CcreIoBaHUSA HEOOXOAUMO COXPAaHSATh,
TOYHO TaK e KaK H HHPOPMAaIHIO O COCTOSA-
HHHM HaUHMOHAJILHON 3KOHOMHUKHU HJIH JIMYHBIX
6aHKOBCKMX cyeTax. Llejb xpaHeHUs] HHGOD-
MalMHd COCTOMT B TOM, 4TOOBl B TEUCHHE
IJIHTEJILHOTO HJIH  HENPOIOJDKHTEJIBHOTO
BPEMEHH 00€eCIeYHTh COXPAHHOCTL HMERO-
Ledcss HHGOPMalMH M yOOOHBIH HOCTYNm K
Heil. B mpHpone ecTeCTBEHHBIM HOCHUTENEM
HHOOPMAIIMH ABJSAETCA YEJOBEYECKas Ma-
MaTb. M1 Bce ke ¢ JaBHHX MOp 4eJlOBeK
MOJIb3YeTCSI MOCTOPOHHUMH  IOACOOGHBIMH
CPENCTBAMH IS XpaHEHHS HHPOpMANMH,
KOTOpbI¢ CHa4aJla ObUIH CaMBIMH TPHMHTHB-
HbIMH, HAIIPUMEp OKPYXAIOLIUMHU MpeaMe-
TaMH (KaMHSIMH, BETKAMH M T. I.); HX OIIpe-
IOeJICHHOE PpAacIoJIOXKeHHe OaBaJio BO3MOX-
HOCTb NEpedaTh COOTBETCTBYIOLYIO HHOP-
Maudio. MCTOpHYECKHMH BeXaMH Ha NYTH
pa3BUTHA CIOCOOOB M CPEeICTB XpaHEHHA
HHOOPMALMH SBWIHCh CO3JaHHE NHCbMEH-
HOCTH M H300peTeHHe OyMmaru, a 3aTeM H
KHUTrone4yaTaHusA. Takde OCHOBAHHBIE HA HC-
MOJIb3OBAaHUM 3THX OTKPBLITHH HOCHTENH HH-
¢dopmammH, XaK KHHMTH, [eJIOBble Oymarw,
raseThl ¥ XypHabl, OCTAIOTCS aKTyaJIbHBIMH
H B HawHk Oud. Kpome HuX, oJHaKo, NOSBH-
JOACh HOBbIE HOCHTEJM HH(PopMarM—¢oTorpa-
(UM, KUHOIUIEHKH, IpaMMO(OHHbIE MJIaCTHH-
KM, MarHUTHAas JIEHTAa, KOMIIaKT-AUCKH, THO-
KM€ MarHUTHBIE JUCKH, JIEKTPOHHbBIE MHKPO~
CXeMBbl H MHOTOe-MHOroe apyroe. B 6ubnuo-
TeKax M ClyxeOHbIX KaOHHeTaX, BBIYHCIIH-
TeJILHBIX NEHTpax M 6aHKax JaHHBIX CKaIlIH-
BaeTcad HMHQpoOpMalus, XpaHsAmascs Ha HOCH-
Tenax JaHHbIX. C pa3BUTHEM YeJIOBEYECKOTO
o0111eCTBa HEMPEPLIBHO POCIH H TpeOOBaHHUSA
K XpaHEHHIO HH(POPMAalMM, TaK KaKk oOBEM
HOBOH LIEHHON HH(pOPMAIIMH YBEJIHYHBAETCH,
a TO4YHOE BpeMs, Korjaa uHpopmaums obec-
UEHHTCS IOJIHOCTBIO, Heu3BecTHO. CeroaHs
MOCTOSIHHO pAacTyIIMHd MOTOK HHGOpPMaIUH
cran Gonpuioft mpobnemoit. U coctout oHa
HE TOJILKO B TOM, YTOOBl B OrpaHHMYCHHOMH
eaMHHIEe 06BeMa, TUTOLIATH WIH JJIHHBI pa3-
MelaTh Bce Oonblle H Honbire uHbOpMa-
IIMH, a NpeXOe BCEro B TOM, YTOOBI yJIyd-
LIMTH BO3MOXHOCTH UCIIOIb30BAHUS YXe Ha-
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KOIUIEHHOH HH(popMaumH. DTO O3HAYaeT, B
YaCTHOCTH, HEOOXOAUMOCTh TapaHTUPOBATH
OBICTPBIE OOCTYN K HYXHOH HHGOPMAIMH
Jaxxe B TOM cCllydae, KOTJa He HU3BECTHO, B
KaKoe MECTO IIaMATH OHA NOMEILCHa, a CBe-
IEHHUs O HeH HOCAT caMbli obmuit xapakTep.
Takoe oueHb 4acTO BCTpEYAaeTCH B HayKe.
Tpebyercs y3HaTh, K IpUMEpPY, KakHe pe-
3yJIbTaThl Y€ ONyOJIMKOBaHB IO TOH TeMe,
Hag KoTOpoH caM pabortaens. CyliecTByro-
iee 1yOIupoBaHHE HAyYHBIX paboT JOKa3bl-
BAaeT, YTO CErOAHS pelleHUe 3TOH NpobieMbl
€llle OYEeHb JAJIEKO OT COBEPIICHCTBA.

XpaHeHue HHOOPMAIMK —3TO IO CYLIECT-
BY Ilepenavya HHGOPMalHH 60 épemenu. Ecmn
0OMeH MHbOpMalHeH OCYIIECTBIISAETCH MEX-
IOy DAasJIMYHBIMH MOYKAMU RpOCMPaHcMed,
TO peyb MIOET O Hepenaue MHGOPMAIHH.

Nepepnaua uHcpopmauuu

Nudopmannonnoe oOIIEHHE — CBSI3b — SBJIfA-
€TCS OJHMM M3 pelIaloIINX YCIOBHH cylecT-
BOBaHHSA U Pa3BUTHS YeJJOBEYECKOTo obIecT-
Ba Boob11e. Crioco6HOCTh K OOLLIEHHIO ¢ cebe
noAoOHBIMM TIpUCYILIA 4eJIOBEKY MO CaMOH
ero npupone. OoHaKo peajH3oBaHa OHa MO-
XeT OBbITh JHIIL HAa PACCTOSHHH INPAMOM
BHAMMOCTH H CIIBIIIAMOCTH. A BOT IJIA Iepe-
Ia4d HHbOpPMalHH Ha BONbIIME PACCTOSHHA,
T.€. IUIS meAeKOMMYHuUKayuu, WIA OajibHei
CBS3H, OPraHH3M YeJIOBEKa He IPHCIOCO6-
JeH. UenoBek MoOJb3yeTcs KypbepaMH WIH
TEXHHYECKMMH CpeacTBaMu. Jl0 KOHIA NPOLI-
JIOTO BeKa JUIS 3THX LejJedl MCIoJIh30BaNH
6apabaHbl, KOJIOKOJIA, CHI'HAJbHEIE OHIMBI,
MOLIHBIE HCTOYHHKHU CBeTa W T.O. Ilepeiaom
HACTYINHWI C OTKPHITHEM 3JICKTpHYECTBA H
9JIeKTPOMArHATHLIX BOJH. [losBHBIIHMecS B
PacHOPSDKEHUH YEJIOBEKA TEXHUYECKHE Cpel-
CTBa OKa3ajHch oueHb 3(PPeKTHBHBLIMH TS
TeJIeKOMMYHHKAIlHK — HACTOJIbKO 3¢ dekTHB-
HBIMH, YTO M CEroJHs HX BO3MOXHOCTH
HCYepIaHbl AaJeKO He MOJHOCTBIO. ITO
OYeHb XOPOIIO, TaK KakK B IIpolecce pas-
BUTHA oOlLlecTBa TpebyeTcs mepenaBaTh Ha
JaJibHUE pacCTOsSHHSA Bce Ooubine U Gobiue
HHopManyuH. B HamleM pacnopskeHHH yxe
HMEIOTCH Takue TEXHHYECKHE YCTPOHCTBA H
CHCTEMBI, KaK TeJleTafinsl H (paKCHMHIbHbBIC
yCTpo#cTBa JIA NepedayH M npueMa 3Ha-

KOB, TEKCTOB H H300paxkeHHH HIH TenedoH
is oOMeHa peyeBbIMH COOOLIEHHAMH, KO-
TOpHIH B OyaylieM, OYeBHOHO, BO BCEBO3-
pacralomMx Maciitabax Takxke Oymer Hc-
TIOJIb30BaThCS IS Nepedadyn H300pakeHui.
HanpasrienHass paaMocBs3b IO3BOJAET OCY-
LIECTBJIATh HHGOpMamMOHHOe OOIIEHHE ¢
KOCMHYECKHMH KOpabJIsMH H CIyTHHKaMH.
Jns nepenayd HHGOpMALMH CIyXaT pagHo
H TeleBHICHHE, IpHYEM CioJa CJedyeT OT-
HECTH M pa3BJieKaTeJIbHblE INPOTrPaMMBI.
KpoMe 351eKTpOHHBIX CPEICTB MacCOBOH HH-
¢dopMalMH B BHAE PagMO M TEJIEBHIACHHA,
KaK H paHblle, IIHPOKO PaclpOCTPAHEHHl H
TaKHe TPaJHIMOHHBIE HEIJIEKTPOHHbIE CPEX-
CTBa, KaK raseThl, KHHTH HJIH KHHOGHILMBIL.

O6pa6oTka uHcpopmauumn

Ilepenaua m xpaHeHHe SBIAIOTCSA MPOIECCA-
MH, KOTOpBIE HE HM3MCHSIOT HMEOIIYIOCS
HHpopManuio. OIHAKO CYLIECTBYIOT H TaKHe
TpoIiecchl, KOTOphle INpeobpa3yloT HMero-
myrocs HHGOpMAIMIO B HOBYIO, MPEXIE
OTCYTCTBOBAaBILYIO. JTH NpPOLECCHl 0ObEOH-
HAIOT MOoJ OOHIMM IIOHATHEM obpabomka
ungbopmayuy. TUMIIHEIM HpuMepoM 06paboT-
K4 HHGOpPMALIMH ABJISETCS BBIIIOJHEHHE BBI-
YUCIIMTENbHBIX ONEepanuid Haa 3adaHHBIMH
YHCJIaMH H HX MOpagok. EciM BbIYHCIE-
HHS CJIOXKHBIE U IPOU3BOAATCA C OTHOCH-
TEJILHO HeOONBIINM 00BEMOM 3aIaHHBIX YH-
cell, TO MBI UMeeM [IeJIO C WucAeHHOU apug-
Memuyeckoil 3adayeii. ECnH %e peys HOET O
IPOCTBHIX BBIYMCIIEHUSAX, KOTOpPHIE, OTHAKO,
TpeOyeTCs BBLIMOJHHTHL C OOJIBIIMM YHCIIO-
BbIM MAaTE€pPUAJIOM, TO FOBOPAT 00 obpabom-
ke Oannbix. IIpH 3TOM NOHATHE «JaHEBIE»
BOODIILE BKJIIOYAET B CeOS HE TOJBKO 4HMCIA;
00paboTka DaHHBIX NpeacTaBiseT coboi He-
4yTO OoJblee, HEXETH IPOCTO BHIYUCICHHA.
JaHHble —3TO BCA MHOpMalus, TPeIcTaB-
JleHHas undpamu, 6yKkBaMH H MPOYHUMH 3Ha-
kamH. [lox o6paboTkof HaHHEIX MOHHMAIOT
BBINOJIHEHHE PAa3IMYHBIX ONepalMid Hal OaH-
HeIMH. Hapsny ¢ apu¢pMeTHYECKHMHU BBIYHC-
JINTEJIbHBIMH ONEPAaLUAMH CIOOa BXOIAT JIO-
THYeCKHe ONEPallHH, ONEPALlHH CPaBHEHUS H
nepeHoca. J{Jis BLINOJIHEHUS Takoi paboTsl
npupona cHabamia 4yejaoBeka 0COOBIM Opra-
HOM —MO3TOM, KOTOpbI#t criocobeH obpaba-
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THIBATh HE NPOCTO JAaHHBIE, a HHHOPMALHIO
B ee INMPOKOM cMbIcie. UTo xe KacaeTcs
mexHudeckux cpeacTs 06paboTkH HHPOpMa-
MM, TO HA HHX Mbl NOAPOOHO OCTaHOBHMCS
Janpie. JlaHHas KHMra M NOCBSLIEHa BaX-
HeflmeMy cerogHs H B Omwxadmem Oyny-
IUEM CpEACTBY pelleHHs OSTOH 3aJadd —
MHKpO3JIeKTpoHHKe. Ho cHavasra BepHeMcs x
obpaboTke naHHbIX. Ee 3HaueHHe BEJIMKO
HMEHHO II0 TOH IpPHYHHE, YTO O4YeHbL OOJIb-
moi 06beM HHPOPMALMHA NoCTymaeT Jubo B
BHIE HaHHBIX, JHOO JIETKO MOXeT ObITh B
HUX npeobpa3osaH. MaeT M peds o pacuere
3apIUIaThl Ha 3aBOJE, BblOauy¢ KHUT B OHO-
JIMOTEKE, aHATH3€ CTATUCTUYECKHX [ToKa3aTe-
JIed MM O THICSYE OPYTHX BellieH, Momjexa-
mas o6paboTke HHpOpMAIMs BCeraa MOCTy-
HaeT B BHAE JaHHBIX, H 0oO6paboTka HHOOpP-
MallH sBssieTcs obpaboTkoi maHHEIX. Cob-
CTBEHHO T'OBODS, NMACbMEHHBIH TEKCT Tpen-
craBiseT coboi He YTO HHOE, KaK IOCIeo-
BaTeJbHBIH psii HaHHBIX. [losTOoMy omepa-
UM, XapakTepHble [ 0OpaboTKH HaHHLIX,
MOTYT BBINIOJIHATBCA B C TEKCTOM. JTO O3Ha-
YaeT, HaMpUMEpP, YTO TEKCT, HamneyaTaHHBIH
Ha MaIMHKE B OJHOM ¢opMaTe, MOXHO
nepeneyaTtaTh B ApyroM ¢opmarte, 4TO MoO-
TYT MEHATHCA MECTAMH WIH CTHPATbCs OIpe-
IENEeHHbIE YacTH TEKCTa, BBOOMTHLCA HOBBLIE
TEKCTOBble (PparMeHTHI, Pa3bICKUBATLCH H
pacrmevyaTheIBaTbCA OTHENbHBIE MecTa. B Ta-
KOM cilyyae roBopaT o6 o6paboTke Tekcra,
KoTopas sBiserci ocoboit ¢opmoit obpa-
6oTkn ganHeXx. Ho mpmu BceM ToM oHa 3a-
TParuBaeT JHIUIb GOPMAaNbHYIO CTOPOHY TEK-
CTa, HO He ero comepxanue. Ecnu xe Tpeby-
eTcs o6paboTaTh coaep)aHue, TO peyb Moii-
IEeT yxe He Tojbko 06 oOpaboTke NaHHBIX,
Ho U 06 obpabomke 3uanuii. 160 HMeEHHO
3HaHNA HYXHBI U TOFro, 4ToOH BooOLIe
MOXHO ObUIO MOHATHL colepXaHHe, YTO, KO-
HEYHO Xe, ABJIAeTCA MUHHMAJIbHO HEOOXOaM-
MBIM IJI CMBICJIOBOH 00paboTkH HamucaH-
Horo. Ecnu xe mo cogepxaHuIo TEKCTa HyX-
HO CHEJIaTh KaKHE-TO BBIBOAbI, TO IS 3TOFO
TpeOyroTCs JONMOJHUTENbHBIE 3HAaHUA. TH-
NHYHBIM NpHMepoM o6paboTku 3Haumit Oy-
OeT TepeBold TEKCTa HAa ApPYrol s3bIK HIIH
ONpedeNieHHe MEOMIMWHCKOr0 THarHo3a IIo
pe3yiabTaTaM o6CieA0BaHHA.

KpoMe HaHHBIX M 3HaHHIf HAa HpPaKTHKE

o

Hepeako MpHXoauTcs o6pabaTeiBaThk HHOOD-
MalHIo, NpeAcTaBIcHHYIO B BUAE H300paxe-
Hui. B TakoM cityyae roBopAt 06 obpabomxe
usobpaxcenuii. TIpEMepoM MOXeET CIYXHThb
pacrno3HaBaHMe 3HAaKOB WIH oOpa3zoB. s
3TOro TpebyeTcs cBepka C 3TaJOHHBIM 3K-
3eMILIAPOM H3 Habopa pas3IHYHBIX OpUTHHA-
noB. PaccMaTpuBaemas mpobieMa BO3HHKa-
€T B CBSI3H C NPOMBINUIEHHBIMH po6oTamMu,
KOTOpbI€ AOJDKHBI YMETh pacro3HaBaTh, Ha-
TIpHMeED, HMeeT JIM NocTynawumas Ha obpa-
6OTKY 3aroToBKa HyXHyo GopMy H 3aldaH-
HOE pacroJIoxeHne. 3a4acTyro nepenaya MH-
¢dbopManiK OCYLIECTBIAETCA 6 peyesoi Phop-
me. JInd MHPOPMALHMOHHOTO OOLUEHHS JIO-
Jed peyb UrpaeT ocobyro poab. Hukaxumu
IPYTHMH GH3HYECKHMH IeHCTBHUSAMH YEJIOBEK
HE MOXET NepefaThb cTolb 6oyblIOR 06BbeM
HHPOPMALMH, KaK C NOMOIIBIO pEeYH —IIPH
OTCYTCTBHH OCOOBIX TEXHHYECKHX CDEICTB,
TakHX, K IPHMEPY, Kak OBICTPOIEHCTBYIO-
IIHe MHUTYIE MAUIHHKH, €CJIH OH K TOMY Xe€
He obJ1aaeT CrielMabHBIMH HaBbIKAaMHU ObICT-
poro nevaTtaHusa. C y4eTOM IAaHHOrO Orpa-
HHYEHHS PeYb ABJISETCA TeM MHPOPMAaIHOH-
HBIM KaHaJIOM, IO KOTQPOMY 3a €IMHHITY
BPEMEHH H4ENOBEK CIOCOOEH IepenaTh Ha-
ubonbI 06beM HHPOPMATHH, T. €. HAMHOTO
borblle, YeM YOAeTCs CHENATb,” CKAXEM, C
NIOMOMUIBIO TeHEpalMM 3HaKoB U oOpa3os, pac-
MO3HABAaEMBIX ONTHYECKHM myTeM. MMeHHO
Gnaromaps 3TOMY CBOEMY YHHKaJbHOMY
CBOHCTBY peub cTaja BaXXHEHIIMM cpencT-
BOM HHGOPMAUUMOHHOIO OOLIEHHS MEXIY
monbMHi. Ho oTcrona ke BBHITEKAIOT H OCO-
OEHHOCTH CBSI3H MEXIY 4€JIOBEKOM, C OJHOH
CTOPOHBI, H MAIIHHOH M TEXHHYECKHMH YCT-
poiicTBamHu, ¢ Apyro# croponbl. Kak 6bL10
651 yno6Ho, ecmu 6b1 HHPOPMaLUOHHOE 06-
HICHHE OCYIIECTBIISJIOCH 4Yepe3 BOCHPHUATHE
PEYH M OTBET YeJIoBeYeCKUM royocom! Uto-
OBl 3TO CTaJO BO3MOXHBIM, MAIlMHBI, BO-
NEePBBIX, JOJKHBI IOHUMATh PeYb U, BO-BTO-
pbIX, obiagaTh CHOCOGHOCTBIO T'€HEPHPO-
BaTb peueBble CHTHanbl. Takum o6Gpasom,
aHaJIOrHYHO 06paboTKe NaHHBIX, 3HAHHH H
u306paxkeHHil pacro3HaBaHHE PEYEBLIX CHT-
HAJIOB M CHHTE3 PEYH CTAHOBATCSH 3aJadyaMH,
pHo6peTaoMMMH NPAaKTHYECKOEe 3HaueHHE
s 06paboTku HHOOPMAaIHH.

Jo cux mop Mbl paccCMaTpHBalH B Nep-
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BYIO oYepear MHQOPMAaUOHHbBIE MPOLECCH B
HX TIEPBHYHOM, TaK cka3aTh, YNCTOM BHIE,
JIAIIb MHEMOXOJOM 3aTparuBas NpaKTHYec-
KHe TPHMEPHI, YHCIO KOTOPHIX TIOpa3lo
6oubine. [TpoMsliuieHHBIE pO6OTHI, CIOCOD-
HbI¢ pacno3HaBaTh 0Opa3bl, U MalIMHBI, MO-
HHUMAIOIINE YEJIOBEYECKYIO DPeYb, SIBJISIOTCH
HJUTIOCTPALHAME TOH IUMPOKOH chephl Ies-
TEJIBHOCTH, TA€¢ HHPOPMAIMH OTBOJUTCH
BaXHOE QyHKIIMOHAJIbHOE 3HAYEHHE, a UMEH-
HO cdeprl MaTepHAJIBHOTO IMPOH3BOJCTBA.
HNudbopMmanus urpaeTt 34eCh poJib HEBUAUMO-
IO pYJEBOrO, PYKOBOISALIETO OEHCTBHAMH
YeJIOBeKa, a 4epe3 Hero M AeHCTBUAMH Ma-
UIMH, 60 ynpaBisSiONIero HEmoCpEICTBEH-
HO MalmHaMH 0€3 NOMOIUK MOCpeOHMKA.
IIpou3BoACTBEHHBIE TPOLIECCH] ABIAIOTCS 00-
Hospemenno HWHGOOPMAIMOHHBIMU IIpOLIEC-
caMu. ObpaboTka 3aroTOBKH Ha cTaHKe Oy-
IET He TOJbKO MEXaHHYECKHM IIPOLIECCOM,
HO U TaKUM MPOLECCOM, B XOAE KOTOpOro
Tpebyercs obpaboTka uHPopManmn. Mexa-
HUYeckass o6paboTka 3aroToBkH JOKHA
OCYILECTBJIATLCA TakK, YTOOBI B UTOTE MOJIY-
YUJIACh Hy>KHas AeTaJb. [IJIs 3TOro Bo BpeMs
BBIMOJIHEHAA OMNPEAEICHHOH TEXHOJIOTHYEeC-
KO# omep:''uM, K IpUMEPY BO BpeMs TOKap-
HOH 00paboOTKH, AODKHBI NPOBOAUTHCA H3-
MepeHHs, a 00TOYKa TODKHA IPOIOIKATHCH
JIMIUB O TeX MOp, Noka He 6yayT MOJIyYeHbI
3aJaHHble pa3Mmepbl. Creayrolnas onepamus,
HAIIpPUMEp CBEPJICHUE, JOJDKHA BBIMNOIHATHCS
TOJIBKO B TOM CIIy4ae, CJIM 3aJaHHbIE pa3Me-
pbl JOCTHTHYTBI, U T.A. Takum obpa3om,
HEOOXOAHMO CHavYaja ¢ MOMOIUIbI H3Mepe-
HHH MOJTy4YuTh HHQOpPMAIMIO, KOTOPYIO 3a-
TeM IpeIdcTOMT oOpaboTaTh U npeobpaso-
BaTh B KaKOE-TO OIpeiesieHHOe neHcTBHe. B
XMMHYECKOH NMPOMBIIIJIEHHOCTH OJHH BeLle-
CTBa IpPEBpalalOT B ApYyrue, HAIpHUMeEp Ka-
MEHHYIO COJIb, aMMHAK H YIJIEKHCIOTY B
cony IS TOCIEAYIOWEro MPOH3BOICTBA
CTeKJIa HIIH CTHPAJIBHBIX NOPOIUKOB, Al€TH-
JIH U COJISHYIO KHCJIOTY B IOJIMBHHMIIXJIO-
pua (I1BX), uTobbl MOTOM HM3rOTOBHTH M3
HEro pa3jIMyHbIE IJIACTMACCOBBIC H3IEJIHA.
UTobOpl XUMHYECKHE pEaKIHH OaBajdd 0OJIb-
HIOH BBIXOA MPOAYKTa BBICOKOTO KavecTBa
IpH MHHHMAJIbHBIX 3aTpaTaXx »SHEPrHH H
CeIpbs, TpebyeTcs obecmeYuTh ONTHMASIb-
HbIH peXHM paboThl yCTaHOBKH. [IjIs 3TOro

HeobXxomouMoO mojanepxuBaTh Haubosee Oia-
TOMPHUATHYKD TEMIEpAaTypy, a B ciydyae ee
koJsiebaHuii — oTBOA WM moaBon Temya. He-
00X0OUMO Takke KOHTPOJHpOBaTh [daBile-
HHE B almapaTax WIH KOHLIEHTPALHK y4acT-
BYIOLIMX B pEaklMH BELIECTB H IpH HagoO-
HOCTH BBIBOAMTH 3TH HapaMeTpbl HA ONTH-
MaJIbHBI ypoBeHb. M BCe 3TO HYXHO OeaTh
He TOJBKO TIIe-TO B OJHOM MecTe, a B
Pa3HBIX TOYKaX XUMHUYECKOH ycTaHOBKH. To,
YTO MBI 3[€Ch paccka3aji 0 MEXaHHYECKOM H
XHMHYECKOM MPOM3BOICTBAX, OTHOCHTCH K
Jo60if pabouelt onepauuu B chepe MaTepH-
ajmpHOro mnpousBoiacTBa. Kaxmas pabouas
onepauus Hapsay ¢ oka3aHHEM HEIMOCPEICT-
BEHHOTO (DH3MYECKOTO HJIH XHMHYECKOIO
BO3JCHCTBUA HA OOBEKT TPyIda ABJAECTCA TaK-
%e TmpoueccoM o6paboTkH HHPOpMAIHH.
3TOT BLIBOM, OrpaHUYUBAIOMIMACS 34€Ch IS
Ha4ajla TOJbKO chepoll MaTepHaJbHOTO
IPOU3BOJCTBA, OCTAETCA CHPaBEI/IUBLIM H B
TOM CJIy4ae, €CJIH IOHATHE «TPYA» paccMart-
puBaetcss B OoJiee IIMPOKOM cMbicie. Bean
HE TOJBKO HENOCPEICTBEHHbIE TEXHOJIOTH-
YeCKHe INPOLECCHl M ONEpAllMM CBSI3aHBI C
3aTpaTaMH TPyJa, HO U BCE MOATOTOBHUTE b~
Hbl¢ M 3aK/IIOYMTENIbHBIE, HAYHHAA OT Jabo-
paToOpHO# pa3paboOTKH, MOATOTOBKH KOHCT-
PYKTOPCKOH TOKYMEHTAIlMM U IIOCTaBKH Ma-
TEpHAJIOB M KOHYas KOHTPOJIEM KavecTBa
TOTOBOTO U3[EJIUs, YIAKOBKOM, CKJIaIupoOBa-
HHEM H oTnpaBkod 3aka3uuky. He 6ymer
NpeyBEJIMYEHHEM CKa3aThb, 4YTO NPHMEHH-
TeTbHO KO MHOTMM BHIaM NPOAYKLUMH Ha
HNOArOTOBUTENIbHO-3aKIIFOYUTEIIBHEIE Olepa-
UM YXOOUT ropa3fo 6OJblle BpeMEHH, YeM
Ha caM IMpouecc H3roToBiIeHHsA. CooTBeT-
cTBEHHO Gouibilie H 06BEM HHPOPMALMH, KO-
TOpyIO IIpH 3TOM Heobxoaumo obpaboTaTs.
B KOHIle KOHLIOB MaTePHAIBHOE IPOHU3BO/I-
CTBO HEBO3MOXHO MpEACTaBHTb 0e3 aaMH-
HHUCTpAllMH, MOYTH U TeiedoHa, 6e3 mpoek-
THPOBaHHS M YIpaBJIeHHA, T.€. 0Oe3 BCero
TOTO, YTO HE TOJIBKO Ha IIPOM3BOACTBE, HO H
BO BCEX OCTajbHBIX chepax obiuecTBeHHOM
XM3HH HrpaeT GOJbILYIO POJb M Pa3HOOD-
pa3HbIMH CriocobaMu cBf3aHO ¢ HHPOpMaIu-
OHHBIMH npoueccaMi. [pyro#t ciepoit yeso-
BEYECKOM JEATEIBHOCTH, K TOMY e CO3[alo-
meld TNpednoChUIKM OJIf CYLUECTBOBAHUA H
Pa3BUTHA MAaTEpUAIBHOIO MPOM3BOICTBA,
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ABseTc Hayka. ToT ¢akT, YTO HMEHHO B
Hayke MoyiydeHHe U ob6paboTka mHbOpMALMHU
HMEIOT OTPOMHOE 3HAYeHHe, He HyXKIaeTcs B
KOMMEHTapusix. B paBHO#l Mepe HeT Hal06-
HOCTH MOJYEPKUBATh, YTO B IIKOJIaX M BhIC-
IIEX Y4eOHBIX 3aBEICHHAX H BOOOIIe BO BCeH
cHcTeMe 0Opa3oBaHHUA OYEHb OOJIBIIIOE Mec-
TO 3aHMMaeT obpaboTka uHpOpManMH.

K 3axmrounTensHbIM paboyuM omepaiy-
M B CaMOM IIHPOKOM CMBICJIE OTHOCATCSH
TPaHCIIOPTHPOBKAa TOBAapOB M MX Ipojaxa
Yyepe3 TOProByIO ceTh. M 346Ch MBI TOBCIOIY
BCTpeYaeMcs ¢ HHOOPMAIMOHHBIMH MPOIEC-
camu. Boagutens aBTodyprona, Besymuit To-
BApHbl B Mara3uH, JOJHKEH HEMPEPLIBHO MOJTY-
4yaTb U 06pabaThiBaTh MHPOpPMAIHMIO O TpaH-
CIIOPTHOM CHTYaIlMH, O COCTOSHHH aBTOMO-
OuIs 1 IOpOTH M, pYKOBOJACTBYACH IpaBHJIa-
MH [IBHXKCHHS, BBIMOJHATH ONEpPALUH IO
ynpaBieHHio MammHoi. Kcerath, To %e ca-
MoOe JeNaio M f, KOraa OTIpaBIIAIOCh Kyda-
HUOYIb Ha cBOeH MaiuHe. EciiM MHe HYXHO
CBE3UTh B MarasuH WIH MPAYEYHYIO, YTOOBI
KYIUTDb KaKoi-1n60 ToBap WK cOaTh Oeybe B
CTHUPKY, TO CBOMMH HAEHCTBHSMH S5 BbI3bI-
BaIO LEJNYIO JIABUHY HHOOPMAIMOHHBIX MPO-
neccoB. BroJIHE BepOSTHO, HANPHMEP, YTO
€aMo Moe NOSIBJIEHHE B Mara3pHe pPerucTpH-
pyeT GOTO3/IEMEHT, MO3BOJIAIOMIMA JHpPEK-
MM MOCTOSIHHO OBITH B Kypce TOrO, Kakoe
YUCIIO TOKyNaTeNied HAXOOUTCS B TOPrOBBIX
3anax. [loxynas HyXHbIe TOBaphbl, s H3Me-
HSIO COCTaB CKJIAJICKHX 3alacoB MarasqHa.
HMeromeecss KOJIMYECTBO TOBAPOB Ha CKJal-
CKHX IMOJIKax fBJIAETCS BaXHOH HHQopMa-
1MeH, KoTopas TakkKe JOJDKHA YYHUTHIBAThCH.
IIpu omnmate KaccoBBI ammapaT BbIAaeT
HHOOPMAIMIO O TOM, KaKyl0 CyMMY JeHer
MHE HYXKHO 3aIVIaTHTh, U OJHOBPEMEHHO OH
PErUCTPUPYET, HACKOJIbKO YBEJIHYUJIACh BBbI-
pyuka Mara3uHa. Ecim ke s omyiauMBaro
MOKYTIKHM 4e€KOM MM KPeJIUTHOH KapTOYKOi,
TO TEM CaMbIM Iiepenaro B 6ank uHPoOpMa-
HHMIO O TOM, YTO O3Ha4YeHHas CyMMa Mojule-
KHUT CITUCAHHIO C MOEro CYEeTa U NepeBOAy Ha
cyeT MarasnHa. PasMep Moero cyeta B H6aHke
B NpMHIMIIE HE YTO HHOE, KaK HHpOpMalus,
BBIpak€HHasi B BHJE OIPEHC/IEHHON CYMMBI
JeHer. Iis MeHsS 3Ta CyMMa He SIBJISETCS HU
6aHKHOTaMH, HI MOHETaMH, HE TOBOPS YXE O
KaKOM-THOO HWHOM CTOMMOCTHOM J3KBHBa-

JIEHTE, TAKOM, KaK 30JI0TO, JieXalleM B OaH-
KOBCKOM ceiie, Ha AaBeplie KOTOPOro Hamu-
caH HOMEp MOEro cueTa. DTa CyMMa — IIpoc-
TO ompelesieHHas IH¢bpa, 3amMcaHHas mpo-
THB MOEI0 HoMepa Ha Gymare MJIM MarHHT-
HoH neHTe. ExxeMecsyHo GyxranTepus ¢ Mo-
eit paboTel mepenaeT B 6aHK HHGOpMALHIO O
TOM, 4YTO K 3TOH CyMMe ClIeyeT MPHILIIOCO-
BaTh €lI€ OAHY, COOTBETCTBYIOILYIO MOe€i
3apriate. A pa3Mepbl MoOe# 3apIuiaTel B
KOHEYHOM HTOT€ HE YTO MHOE, KaK JOIOJIHH-
TeJbHast #’HGOPMANUS O TOM, B KAKOM O0B-
€Me s [0 pe3yJbTaTaM CBOETO TpyZa BIpaBe
BOCIIOJIbL30BATLCS pe3yjIbTaTaMH TpyJa Apy-
rux. /[IeHBIH SBJSIOTCA OOILENPHHATHIM
CPEIICTBOM OBELIECTBJIEHHs 3TOH MH(pOpMa-
muH. [103TOMy npouecchl, B KOTOPBIX y4acT-
BYIOT JEHBIH,—3TO, MO KpaiHel Mepe Hac-
THYHO, TakXe€ HHGOPMAIOHHBIE TIPOLIECCHI.
Ilokynas ToBap 3a HaJMYHbBIE JEHLIH U IIEpE-
JaBasi MPOJABIY HYXHYIO CyMMY JEHer, s
nepefaro MHGOpMAIHIO O TOM, YTO ONpende-
JIEHHYIO YacTh CBOHX NpaB Ha MOJIb30BaHHUE
pe3yibTaTaMH Tpyda APYTrHX JoOeH s ycTy-
naro MpexHeMy Biaenbly ToBapa. CHAUMas
CO CBOEro cyera B OaHKE OIpeHeeHHYHO
CYMMYy H MOJIy4asi B HTOre JACHEXHbIE KYIIO-
Dbl Ha PYKH, 1 H3MEHAI0 OopMy, B KOTOPO#
OTpaXX€HO MOe NpaBO Ha MOJb30BaHHE pe-
3yJabTaTaMH YYXOro TpyHa, Bedb Npeablay-
wed popmoil 6bu1a GaHKOBCKash KpeduTHast
3amuch. B J0Ka3aTeabLCTBO TOTO, YTO JEHBIH
SBJIAIOTCS OBEILECTBJIEHHOR HHQOpMaluei,
MOXHO, HaKOHell, cKa3aTh Cleyrollee: Mec-
To GAHKHOT M MOHET BIIOJIHE MOTYT 3aHATH
3JIEKTPOHHBblE HOCHTENIM HHPOpManuM, Ha-
TIpUMEP MarHUTHbIE KapTOYKH, Ha KOTOpbIE
3JIEKTPOHHBIM CIOCOOOM 3aHeceHa HHEQOp-
Mallysi, COOTBETCTBYIOLIAs ONpeaesieHHON
cymMMe JeHer. B MOMeHT omaTel uHGOpMa-
U Ha [EHEeXHOH KapTOHKe CTHpaeTci H
MEPEHOCHTCS B MarHHTHOE 3allOMHHalollee
YCTPOHCTBO, UMetomieecs y npoaaena. [1okxa
elle NMpUMEHEHHEe TAaKOH TEXHOJIOTHH, OCHO-
BaHHOH HAa MUKPO3JIEKTPOHHOH HHGOpPMaNH-
OHHOM TEXHHMKE, HE TOJIYYHJIO IIHPOKOIO
pacnpocTpaHeHds. CHadala HYXHO ompele-
JINTh, HACKOJIBKO 3JIEKTPOHHBIN AEHEXHBIN
obopoT no cBoeit 3¢GEeKTUBHOCTH AECHCTBH-
TeJIbHO TMPEeBOCXOANT TpaAuIHOHHBIA. Hy a
TO, YTO B ACHE)KHOM H BOOOIIE IJIATEXHOM
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0b0opoTe MOTOKH MHGOPMAIMH BEJIHKH, BBI-
TeKaeT yXe M3 caMoro ¢axta IpOBelcHHS
TaKHX 9KCIIEPHMEHTOB.

Ilepeuenn BaxHeimux ciydaeB o6pabot-
KH uHbOpManuu OyIeT HENMOMHBIM, €CIH MBI
XOT#A OBl BCKOJIL3b HE YIIOMSHEM TOMAIIIHETO
X03ficTBa M 3aHATHH Ha gocyre. Beimon-
HEHWe OOMAIIHHUX paboT compoBoXIaeTcs
MHOTOYHCJIEHHBIMH TpoleccaMu 06paboTku
uHpopMauuu. BCOMHHM, K NpHMEpY, O
TMIPUTOTOBJIEHUH IMHIUM, Koraa Tpebyercs o6-
pabaTpiBaTh HHPOPMAIHIO CAMOTO Pa3HOTO
pona. To xe caMoe OTHOCHTCS H K OpraHu3a-
uuy cBobomgHOro BpeMeHH. MaeT ym peds o
TIOJIb30BAHHH PaTHONPHEMHHKOM, TEJIEBH30-
pPOM, IPOUTPLIBATENEM WIH MarHHTOQOHOM,
HTpe B IIaXMaThl, MOCCIUEHHH OIlepbl HIIH
JHCKOTEKH, GYTOOJIBLHOTO CTaIMOHA MM JIeT-
KOATJICTHYECKOTO MaHexXa, IOCTOSHHO B Do-
Jlee HJIM MeHee BhIpaxeHHOH ¢opme ocy-
mecTBJseTca 06paboTka HHGoOpMaIHH.

UHdbopmauuna Kak NOHATHUE

INocne Toro kak Mbl 03HAKOMHITHCB C PSIOM
Hanboyiee THIHYHBIX IPHUMEDPOB, PacKpbIBa-
IOIUX TO, YTO MOHHMAIOT NoJ HHpOpMALH-
el ¥ ee MoONyueHHEM, XpaHeHHeM, o6pabot-
KO ¥ nepesavyei, JaBaiTe elle pa3 BEpPHEMCH
K uHgopmayuu Kax ROHAMUI0O B UEJIOM H
monpobyeM HaWTH OoJiee TOHHOE oNpejerne-
HHe. Brlllle MBI TOBOPHIIH, YTO HHpOpMAIH-
eif YCIOBMIIMCH CYHTATh BCe Kakue Obl TO HH
6bL10 CcBeAeHUS MITH COOOIIEHHS O Belax M
saBieHusx. Ho Takoe onpenenieHue roBOpUT He
OYeHb MHOIO, TaK KaK B IDHUHIMMIE CJIOBO
«uHboOpManUA» MBI 3aMEHWIH CJIOBaMH
«cBemeHus» U «coobmenus». Tounee pac-
KDPBITh CYTh 3TOFO IOHATHS MO3BOJHUT OTBET
Ha BOIIPOC: KaKHE 3aiavll HoMO2aem peuiams
uHpopmanus (a He 4TO OHa coboil mpen-
craBiseT). UHpopmaums ycTpaHseT Heolpe-
JIENIEHHOCTD, TPENOCTaBJIfAeT YeJIOBEKY WITH
TeXHUYECKOMY YCTPONCTBY BO3MOXHOCTH
caenate BHIOOD B MONB3Yy OZHOTO M3 He-
CKOJIBKHMX paBHONPABHbIX BADHAHTOB. TaKuM
obpazoM, uHpOpMalMs HauHHAET WIrpaTh
ONpeeieHHYI0 pOJib B TOM Cllydae, €cjH,
BO-TIEPBbIX, HIMEETCA HEKOTOPHIH BLIOOD Ba-
PHAHTOB M, BO-BTODBIX, €CIH 3TH BAPHAHTHI
TpebyeTcs omnpeneleHHBIM obpa3oM olle-

HUTb. UHopManns mpenocTaBiseT YeloBe-
KY WUIH TEXHHYECKOMY YCTPOHCTBY BO3MOX-
HOCTb HaTh Takylo oOlLeHKy. CyIecTByer,
HanpuMep, NeNbld pA BapHaHTOB, KaKoH B
IPUHIMIE MOXET OBbITh CErOMHAIIHAA MO-
roga: MOXeT HOHWTH MOXIb M MOIHATHCA
BETEp, MOXET CBETHTh COJIHIE MIH Hebo
Oyner 3aTaHyTo obnakaMu, TeMmepaTypa
BO3JyXa MOXeT ObITh HyJIEBOH MJIH NOTHATD-
csa a0 10, a To u 20°C. Madopmaums o ToMm,
4YTO CEerogHsl TepMOMETp mokasbiBaeT 10°C,
OmeHWBaeT BCe NPOYHE BO3MOXHbIE BapHaH-
THl TeMIepaTypsl BO3AyXa—TOJBKO OJHOTO
U3 MOTOAHBIX MAPaMETPOB —KaK HE COOTBET-
CTBYIOIIHE OeHCTBUTENBHOCTH, OJHAKO pac-
CMaTpHBAaeT BapHAaHThI BCEX OCTAJBHBIX IIO-
TOJHBIX TAPAMETPOB KaK BIOJIHE BO3MOX-
Hele. [logoias k pasBWike NOpPOT, YeNIOBEK,
HampaBJfIoONMACS B ONpEAC/ICHHOE MECTO,
HEOXHUJAaHHO BCTaeT meped BbIOOpOM, Ha
KaKyro Xe U3 HUX CBepHYTh. OH BHIOHpaeT Ty
Iopory, kotopas BemeT k nend. Ecium oH
3HaeT, MO Kako# u3 gopor oH aobepercs oo
MecTa, To MHpopManus eMy He HyxHa. C
CaMOTo Hayalla OH CIOcOOeH OLEHHTL 0ba
papuaHTa. Ecim ke Bcs oOCTaHOBKa cOBep-
LIEHHO He3HaKOMa H C CaMoro Havaja y Hero
HeT HHMKAaKMX MCXOOHBIX HAaHHBIX, TO €My ~
HyxHa HHpopMamus. O6bveM uHPOpManHUy,
TpeOylollglics NpH TMOJHOM OTCYTCTBHH
mpeABapUTENLHBIX JaHHBIX IS BbIGOpa Of-
HOTO M3 IBYX DaBHOLEHHBIX H COBEPIIEHHO
He3aBUCHMELIX BapHAHTOB, MPHHATO CYATATH
edunuyeit ungopmayuu ¥ 0603HAYaTHL Kax
6um. UTo6bl UMETL BO3MOXHOCTh CAENIATh
MPaBIIbHBIA BHIOOD MEXIY YETHIDbMSA pas-
HBIMH JOporamu, TpebyroTca apa OuTa HH-
dopmanuu. [TosicHUM 3TO Ha TakOM NpUMe-
pe. CHavana YeThIpe AOPOTH HEIAT Ha ABe
Tpynmsl Mo ABE JOpPOTH B kaxao. Urtobn
BHIOpaThL Ipymmy, B KOTOPYIO BXOOHT HyX-
Hasf jopora, TpebyeTcs, Kak M B KaXIOM
cny4yae BpIGOpa OJHOTO M3 JBYX paBHOMNpAB-
HBIX BapHaHTOB, ofMH OHT HMHbOpMamuu.
INocne Toro kak CTaHeT M3BECTHA Ipymma B
COCTaB KOTPOH BXOOWT HyXHas Aopora, B
Hell M3 HBYX IOpor moTpedyercs BHIOpATh
HyxHyl. [ns storo Tpebyercs elle omuH
6ut mHpopManuM, T.e. B CyMME 3TO JdeT
aBa 6uta. Ecim 6n HaM moTpeboBasioch
cleJaTh BHIOOD M3 BOCBMH BapHAaHTOB, TO
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HYXHO 6bUTO 6BI TpH OMTa, M3 LIeCTHaOUA-
TH—4YeTrIpe 6MTa M T. 4. 3Oech yke Tpocie-
XHBAETCA ONpeleNicHHas 3aKOHOMEPHOCTD.
Ilpn n 6nTax HHGOPMAIIMH HYXHBIK BApHAHT
MOXHO BbIOpaTh M3 2" Bo3MOXHBIX. M Ha-
060poT, YKka3aB OJMH HYXHbIH BapHaHT u3 2"
BO3MOXHBIX H ONHHAKOBO NPHHHMAEMBIX B
pacyeT, Mbl TaauM MHGbOpMaIHEO B # GUTOB.
TakuM o6pa3oMm, uHpoOpManus sBIgeTCH
JorapuMOM ¢ OCHOBAHMEM 2 oIpenesicH-
HOTO 4YHCJIa BApHAHTOB, TaK KaK IO OIpe-
JeJeHuIo JorapudmMa crpaBellUIMBO BbIpaxe-
HHe n =log,2". B 3TOM CMBICTIE MOXHO
3alHCcaTh CJIEOyFOLIee YpaBHEHHE:
Hudopmamus = log, onpeneneHHOro

YHCJIa BAPHAHTOB. .

TeM caMBIM MBI TIOJIy4aeM TOYHOE MPABHJIO
1A onpeneieHus o6beMa HHbOpMaUMH, co-
Oepxkaiefcs B CBEOCHHAX M COOOILIECHHSX.
Amepukanckuit MatemaTuk Knon IlenHon
copmynupoBan M BIEpBbIE MPHMEHHT 3TO
npaBwio B 1947 r. mpH HccleqOBaHHH TIPO-
LeccoB nepenayn uHGopManuu. [Ipeanoxen-
Hoe IlleHHOHOM MOHATHE HHGOPMAIIUH TECHO
CBAI3aHO C UCTOJIb3YEMBIM B TEPMOIUHAMHKE
NOHATHEM 3HTPONHUH, 060CHOBaHME KOTOPO-
My ellle BO BTOPOH IOJIOBHHE INPOILIOTO
Beka Oand ¢u3ukd HeMen Pynonsg Knaysu-
yc u aBcrpuenl Jlrogsur BonsiMan. YpasHe-
nue [leHHOHa MOXHO HCIIOJIB30BaTh JdaXe B
TOM CJIy4ae, €CJIH YHCIIO BADHAHTOB HE SABJISA-
€TCs CTENEHBIO IBYX, KaK 3TO HMEET MECTO B
DpHBEIEHHBIX BhIMe npumepax. UTobsl u3
Tpex OOpOT BHIOpaTh ONHY HYXHYIO, Tpeby-
ercs uHpopmamus B obbeMe, paBHOM
log, 3 = 1,58 6ur. Kaxnas u3 26 6yks ia-
THHCKOTO andaBHTa CONEPKHUT HHbOPMa-
umro log, 26 = 4,70 6ut. Ilpm HamHcaHMH
TeKcTa KpoMe 6YKB TpeOyrOTCS 3HAKH NpenH-
HaHWUA U mpobembl Mexnay CJIOBaAMH, T.e.
BMecTe ¢ OYyKBaMH 3TO COCTaBHT NPHMEPHO
2% =32 3naka. TakuMm o06pa3oM, KaxIblif
3HaK TeKCTa HeceT MHPopMalMio 06eMOM B
S 6ut. CnenoBaTesbHO, kHuTa B 100 cTpanun
no 2000 3HaKOB HAa KaXIOH CONEPXHUT HH-
¢opmammio B o6wveme 10° 6ur. TNommmars
3TO CJIelyeT TaK: MbI [IOJTyYHM HHGOPMAIMEO
B KojuyectBe 10° 6UT, ecid BO BpeMs 4Te-
HuA ybemMMcs, 4TO pacrnosioxeHue 32 3Ha-
k0B H OyKB B KHHTe He KakKoe-HHOympb, a

HMEHHO TaKoe, KakuM MbI ero suauMm. Ilpu
4TeHHH KHHTH MBI TIoJ1y4aeM HHPOpMalHIo O
TOM, 4TO 3TO HE IPOCTO OOHA U3 BO3MOX-
HeIXx B 10° cnyyasx kmura o6bemom B 100
CTpaHMII, 3 HMEHHO Ta, KOTOpas JICKHUT IIe-
pen HaMu. Ho Takoi pacyetr o6peMa mHPOp-
MaluH, coaepxaluencs B xakoi-mu6o kKHHTE,
BbI3bIBAET COMHEHHS. M1 OHHM Ha caMoM nene
SIBJIAFOTCA ONpaBAaHHbIMH. COIJIacHO Tako-
MY pacueTy, Jaxe COBEPILCHHO HEMOHATHBIN
WM 6ecCMBICTICHHBIH TEKCT, HAmpHMEp Co-
CTOSAUMHA TOJLKO M3 OYKB «€» WIH ONHHX
3anAThIX, T. €. TEKCT, B NCHCTBUTEILHOCTH HE
HMEIOLINA HHKaKoH MHPOpMAIMOHHOH LEH-
HOCTH, Bce xe colepxdT 10° 6uT uadopma-
mH. ITlpyYuHAa 3TOro CTPaHHOTO SBJICHUSA
KpoeTcs B CaMOM ONpEIENICHHH NOHATHSA
uHbopManuy, npeasioxeHHoM llleHHOHOM,
KOTOpOe He YYHThIBaeT LEHHOCTh MJIH 3HA-
YUMOCTh HHpopManuu. OHO XapakTepH3yeT
HHpOpMALIHIO KaK HEYTO, OrpaHUYHBaIOIIEE
HJIM YCTpaHSAoLlee HEOTIPENEJIEHHOCTD Nepen
JauoM Habopa paBHONPAaBHBIX BADHAHTOB.
OnHako 4yThe MOIACKA3bIBAET HAaM, YTO HH-
¢dopMamus — 6onee MHpOKoe MOHATHE. MBI
OLICHMBAcM HHGOPMAIIMIO H 110 TOMY, SABJIf-
€TCS JIH OHa MHTEPEeCHOM, BakKHOH M mosies-
HOI, T. €. [0 IPHU3HAKAM, KOTODBIE BoobI1Ie He
¢urypupytor B omnpenenennu llleHHOHa.
OHO fBHO He OXBAaTbIBAE€T BCE CTOPOHBI MH-
dopMamMH H paccMaTpHBaeT €€ JHIIL B
CTAaTHCTHYECKOM acmekTe. Bompoc o Bo3-
MOXHOCTH 06OG6IIEHHOro OINpelNesIeHns To-
HATHSA MHbopMaimH, 6oJiee MOJHO OTpaxa-
IOLLIETO €€ CYTh, SBJIAETCA BIIOJIHE NPABO-
MEDHBIM H CerofHs IHpoko obcyxmaercs
cnematucTaMd. Ho okoHYaTeNnbHBIH OTBET
noka eie He naH. HecMoTps Ha cBoe Heco-
BepPHIEHCTBO, NpemnoxeHHoe [lleHHOHOM oII-
pelnesieHue MOHATUSA HHGOPMAaIIHH 0Ka3aJoch
ek TUBHEIM HHCTpYMeHTOM. OHO C yce-
XOM HCIOJIB3YeTCH MOBCIONY, a He TOJBKO B
HayKe H TEXHHKE.

Nrdbopmaunna
M 6UMONOrMYeCcKUe NPouecchl

IToutH Bce ckazaHHoe 06 HHbOPMAaLHUH IO
CHX IOp MBI PacCMAaTpPHBAJH NPUMEHHTENb-
HO K TexHuke. OOHAaKo ecTb U apyras ob-
JacTh, rae HMHOGOpMAaIHs HIrpaeT BaXHYEO
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poJib. DTO Hcusasa mamepus, IJis CYLIECTBO-
BaHMS H 3BOJIIOLMH KOTOPOH MHPOpMALMOH-
Hble TpPOLIECCHl HMEIOT caMoe pellaroliee
3HayeHde. UToObl obecneynTh MOJIy4YEHHE,
00paboTky H XpaHeHHe HMHpOpPMAIUH,
MpHpoaa cHabguiIa BCe BHICOKOPA3BUTHIE
JKHBbIE CyLIECTBA OpraHAMH YYBCTB H HEPB-
HOM cucTeMoii. O6beM MaMSTH YETOBEYECKO-
ro Mo3ra MpeBbILIAET, [0 BCeH BHAMMOCTH,
100 6uT. MexaHn3M HACIEACTBEHHOCTH Iie-
JIMKOM 6a3upyeTcs Ha XpaHEHHH W mepenave
HHbopMalMH. Y uyenoBeKa—IO NpUOH3H-
TEJbHBIM II0JICYETAM —OOBEM TIE€HETHYECKOH
HHbOpMAalMH, 3aKTIOYEHHOH B MOJIEKYyIax
BeLIECTBA HACJIEACTBEHHOCTH [ Ie30KcHpubo-
HykjedHoBoit kucaothl ([IHK)], cocraBaser
10'° 6uT. 3TO COOTBETCTBYET TAKOMY OObE-
My HHPOpMAIMH, KOTOPYIO MOXHO IMOMeC-
THTh B HECKOJIbKHX COTHSAX KHMI MO ThICSYE
cTpanri kaxzas. B kaxxao# KJeTke XHUBOH
MaTepHH, 332 MCKIIOYEHHEM 3apOIbILIEBLIX,
Mo BCei BHAMMOCTH, COJEPXHTCA MOJHAS
HJIM TIOYTH MOJIHAS reHeTH4YecKas HHopMa-
nus. C ogHOH CTOPOHBI, 31eCh HaXOIST CBOE
BBIpaXeHHe Ype3BbIYaHO KOMIAKTHLIE H
5KOHOMHEIE BHI U CNOco®, KOTOPLIE MPHPO-
Ia MOXET HMCIIOJIb30BaTh IJI1 XpaHEHHA WH-
¢opMaLuy, U B 3TOM OTHOILUEHHH OHa Ha-
MHOT'O MPEBOCXOOUT MHKPO3JIEKTPOHHKY. C
IpYroi CTOPOHEI, OpocaeTcs B Ija3a CJIHMIL-
KOM DPacTOYMTEJIbHOe obpaliieHne ¢ HHGbOp-
MalueH; Beab OOHOH-€ JUHCTBEHHOMN KJIETKH C
3aMUCaHHOR B Hed mHpopMaimed yxe ObLIO
6Bl IOCTAaTOYHO —BCE OCTAJLHOE SBJISETCA
M30bITOYHBIM. Ho Takas M3GBITOYHOCTH 03-
HayaeT 3amac HaAeXKHOCTH, IIpHYEM He MATH-
UIH JOECATUKPATHBIA, 3HAKOMBIH HaM IO
TMpUMEpPaM H3 TEXHHKH, a MHJUIMOHHOKpAT-
HbId. ['eHeTHYecKad HHGpOPMALMA NepeacT-
Cs MOTOMCTBY NyTeM MPOM3BOICTBA KOMHH
monekyn JJHK. MHorna B opurunaie npouc-
XOJAT CIIOHTAHHBbIE H3MEHEHHs, TaK Ha3bIBa-
eMmble MyTanun. M oHM nepenaroTcs 1o Ha-
ciaeacTBy. B pe3ynbTate eCTECTBEHHOrO OT-
60pa BEDKUBAIOT 6oJlee XKU3HECTOCOOHBIE CY-
mecTa. [IpOHMCXOOIMT TO, YTO HA3BIBAKOT
6uosiornyeckot 3Bomonueii. Y 3gecy pera-
IOLIYI0 poJib UrpaeT mHQopmManms. Mudop-
MAalOHHbIE MPOLECCHl, TPOTEKAIOUIHE HA
6HoNIOrH4ecKoM YPOBHE, MO KpaitHe#l Mepe B

IBYX acleKTax MMEIT OTHOUIEHHE K TeXHH-
Ke. Bo-nepBbiX, B TeXHHKE MOryT OBITH HC-
MOJIb30BAHBl PELICHHUs, HaWACHHBIE TNPUPO-
IOR U1 OCYIIECTBJECHHS MHGOPMAIHOHHBIX
MPOLIECCOB B KJICTKAaxX >XHBOH MaTepHH. Bo-
BTOPBIX, MOXXHO TMOMBITATbCA OKAa3aTh BJIHS-
HHE Ha 3TH NPOLIECCH B HYXKHOM HampasJe-
HAH, KaK 3TO cefyac M [efaeTcs B TeHHOMH
HHXeHepud. MoxeT ObITh, KOraa-HUOY b Te-
HETHYECKUM ITYyTEM YAAcTCS HU3MEHHTH Oak-
TEPHH TaK, YTOOBI OHH MOTJIM CO3AaBaTh U3
MOJIEKYJT Pa3NIMYHbIX OCJIKOB CTPYKTYPHI,
cnocobHble obpabaThiBaTh HHQOpPMalHuio. B
OIpeNIeJIEHHOM CMBICIIE TEM CaMBbIM ObILJT OBI
OCYUIECTBJICH CHHTE3 [BYX Ba)KHEHIIIMX TeX-
HOJIOTHYECKHX HOBHHOK HAIETO BPEMEHH —
MHKPOJ3JIEKTPOHHKH H COBpeMEHHOH O6Ho-
TEXHOJIOTHH.

HHbopmanuonHble mpolecchl Kak Npen-
MET 3JIEKTPOHHKH HMEIOT JIENIO C YeJIoBevec-
KUM OOINEeCTBOM M COLMabHOH NpPHPOIOM
yesoBeka. [1o3ToMy nmocne KpaTKoro OTCTYII-
JIeHHs1 B OHOJIOTHIO BepHeMCH K HHQOpMaIH-
OHHBIM IIPOLIECCAM B OOIIECTBE, KOTOPHIE
OTJIMYAIOTCS BEJIMKHM MHOXECTBOM M pa3-
HooOpa3ueM. OHH NMPOHU3LIBAIOT Bce Chephl
XM3HH U OeATeILHOCTH 0oblIecTBa —MaTepH-
aJbHOE MPOU3BOACTBO U YIpaBileHHe, ITaHH-
pOBaHME U pPETYJIHPOBaHHE OOILECTBEHHBIX
MIPOLIECCOB, CBA3b U TPAHCHOPT, TOPTOBJIO,
O6BITOBOE U METUIIMHCKOE 00CITy)KHUBAHHE, Ha-
yKY B obpa3oBaHHe, KYIbTYpY, OBIT, CIOPT,
OTHABIX U pa3BJIeYCHHs. B XH3HH 0OlecTBA M
KaXIOro 4ejoBeKa B OTICIBHOCTH HE Cy-
UIECTBYET HPOIIECCa, UMEIOLIETO NMPaKTHYeC-
KO€ 3HaYeHHEe ¥ OJHOBPEMEHHO He ABJIAIOLIC-
rocs HMHQOPMAIMOHHBIM mponeccoM. IlpH
3TOM 006paboTka HHPOPMAIIMH HI'paeT H0JIb-
LIYI0 POJIb MOCTOJIBKY, ITOCKOJBKY, BO-Tep-
BBIX, BCE IIpOYHe HHOOPMAIMOHHBIE IIPOIIEC-
CBbl, T.e. MOJIyYeHHe, XpaHeHHe M mepefavya
HH(QOPMAIHH, HEMBICIHMEL 6e3 ee 06paboT-
KM H, BO-BTOPBIX, IIOCKOJIKY 3TH TPOLECCHI
MOTYT OBITh OCYIIECTBIIEHB! TOJBKO TTOTOMY,
4TO OHH HYXHB! Qs 00paboTku HHPopMa-
UM — UMEHHO TOTO Npoliecca, KOTOPLId, cob-
CTBEHO, Hac W HMHTepecyeT. B 3ToM cMbIcie
o6paboTka HMHQOpPMaALHH SIBISIETCS CaMBIM
YHHBEPCAIbHBIM HHGOPMAIMOHHBIM IIpOIIEC-
COM.
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O6paboTka MHopmaunu
MUWKPO3SNOKTPOHHLIMMW
cpeacTBamMm

DONeKTpOHNKAa B COCTOSIHUM CIIPABHUTHCA C
Jmobolt 3agaded o6paboTku uHPOpMAUHH
OpH YCIOBHH, YTO 3ajJa4a MpeAcTaBiieHA
B MaTeMaTH4eckoit popMe M 4TO MOXHO
chopMyIHpoBaTh HAOOp TOYHBIX MpPaBHII,
YKa3bIBAIOLIMX, KaKHe ACHCTBHA M B KaKOH
HOCJIEIOBATENBHOCTH HAJO BBIIOJHHUTD, YTO-
Obl €€ PellINTh, T.¢. IPH HAJIMYUH TaK Ha3bl-
BaeMoro aszopumma. V13 BcTpedarolmmxcs Ha
HNpaKkTHKe MHGOPMAIMOHHBIX 3aJa4 MHOTHE
€ CaMoro HavaJjla OTBeYaloT 3TOMY TpeboBa-
Huto. CylllecTBYIOT, OJHAKO, H TaKHE, KOTO-
pele TUOO B MPHHLUIE HE UIMEIOT MaTeMaTH-
4ECKOTO PELIeHHs, MO0 Takoe peleHHe eule
He HaiaeHo. Ho BoO MHOruX ciyyasix U Takue
3aJayd MOXHO pa3buTh Ha moA3agayud,
HOANAIONIMeCs aJITOPUTMH3AIMH. Bemom-
HHUM, HallpUMep, KakK MJIaHUPYETCS CeMEHHBIN
OrOMXKET HJIM COCTABJIACTCA NMporpaMma Ha-
Y4HBIX HCCJIEIOBaHUH B KaKOM-HMOYIOb HH-
crutyTe. M1 B TOM M B APYroMm ciyyae Mpu
BHIOOpE pEILIEHHS CTOUMOCTHBIE KaTerOpHH
(oueHKa CHUTyallMy M OXXUIAEMBIE B HMEPCIIEK-
THBE Pe3yJbTaThl) UTPAIOT TAKYKO POJb, KO-
TOPYIO MPOCTO HEBO3MOXKHO INPEICTABUTH B
MaTeMaTHyeckoil ¢popme. [losToMy HEM s
OOHOM M3 3THX 3324 He CYLUECTBYET IMOJIHO-
ro ayropuTMa peuiesus. M Bce ke B oboux
Cly4asix MO>XHO BBIISJNUTH MOA3adavH, MOAd-
Jaroluecs: anroputMusanuu. Himke Me1 Oy-
IeM obpalnaTbes JIMIb K TeM 3afadaM 00-
paboTku EHGOPMAaLKHU, KOTOPEIE UMEIOT Ma-
TEMATHYECKMI alNropuT™M penieHus. XoTs
KOJIMYECTBO 3THX 3aJa4 M HE OXBATBbIBaeT
BCE, YTO B IIMPOKOM CMBICIE€ MOXHO TOHH-
MaTh moa obpaboTkoi HHPOpMalMH, OHO
HeBooOpasumo Benuko. M mobas takas 3a-
J1aya MOeT OBITh pellleHa ¢ MTOMOLIBIO JIEK-
TPOHHKH. B KOHEYHOM cueTe HpUYHMHA €e
OTPOMHOIO 3HA4Y€HHUs COCTOMT B TOM, 4YTO
3JICKTPOHHMKA TIPEIATACT HPUHYUNUAAbHOE
pelieHHe 1 Heo6o3puMO 6OJIBLIOro Yucaa
BapHaHTOB 3aJa4, BO3HHKAIOMIHUX NpH obpa-
60Tke MHGOPMAIMH M MOINAIOLUUXCH AJrO-
pHUTMHU3anuH. YAapeHHe 30ech clelyeT [Ie-
JIATh Ha CJIOBE «IPUHLMITHATIBHOE». Bo MHO-
MMX CiydasXx MHKPO3JIEKTPOHHKA JeJlaeT

IPHHIKIHATLHO BO3MOXHOE pELIEHHE OC)-
wecmeumslm npaxmuiecky. A 3T0 O3HavdaeT
npueMJieMble (HHHAHCOBBIE PACXObI, MaJjIble
3aTpaThl 3HEPIHH M MATEepHAJOB, HeoOXo-
IUMBbIe HALEeXHOCTh M ObicTpoTy. Pasuuua
MEXIy «IPUHIHUINAIBHO BO3MOXHBIM» H
«OCYILIECTBHMBIM IPAKTHYECKU» 3aCITYKHUBA-
eT 0Oojiee BHHUMATEIBHOTO PacCMOTPEHHS,
TaKk KaKk HMeeT pelIAloliee 3HAYEHHE IS
0oOBsICHEHNs OYpHOro pa3zBUTHUS MHKPOIJICK-
TpoHUKH. B 1945 r. 6pu1a mocTpoeHa ongHa
H3 MEPBBIX 3JIEKTPOHHBIX BBIYUCIUTENIBHBIX
MamuH—-OHHUAK. B Heli uMesoch okoJIo
18000 anexTpoHHBIX Jamn. B Te BpeMeHa
3TO, BHE BCAKOIO COMHEHHS, OBUIO CaMbIM
GOJBIINM YHCJIOM aKTHBHBIX 3JIEKTPOHHBIX
3JIEMEHTOB, KOTAa-IM60 cOOpPAHHBIX BMECTE
B OJHOM 3JIEKTPOHHOM YcTpoiicTBe. U BCe
ke 3Ta MammHa ObLIa CrocobHa menaTh
JIMMIb TO, YTO CErOJHS MOXeT obas Ha-
croipHasgs DBM. A Temneps nonpobyeM cebe
npeactaButhb (tabia. 1) pasmepsl, 3HEpProeM-
KOCTB, ObICTpOAeHCTBHE, HAIEXKHOCTD H LIEHY
TpeX OMMHAKOBBIX IIEHTPAJbHBIX NPOLECCO-
DOB, HO CO3JaHHBIX Ha 0a3e 3JIeKTPOHHBIX
JIaMIl, [OUCKPETHBIX MOJYIMPOBOJHHKOBBIX
npubOPOB U HHTErPaIbHBIX MUKpocxeM. Ko-
HEYHO, BBICOKas ILIOTHOCTb YIIAKOBKHU B CIIy-
4yae MPHUMEHEHHUS MUKPO3JIEKTPOHHOH TeXHO-
JIOTHH TIO3BOJIMJIA OBl COEJIATh LEHTPAJIbHBIN
npoueccop o6semMom 1072 cm>, uim pa3me-
poM okoJio 4 x 4 x 0,5 MM. Ho Beop U Ha
JHCKPETHBIX TOJIYIIPOBOAHUKOBEIX TIPHOO-
pax OH TOXe MOJYYHJICA OBl JOCTaTOYHO
KOMIIaKTHBIM, HMes ob6bveM 10% cMm3, wmm
pasmep okojio 40 x 40 x 5 cM. Pemaromee
JOCTOMHCTBO MHKDPOINEKTPOHMKM 3aKJIoye-
HO, CJIEIOBATEJIbHO, B HU3KHX 3aTpaTax, BbI-
COKOM HaJeXHOCTH U MAJIOH 3HEPTrOEeMKOCTH
IpH OOHOBPEMEHHO BBICOKOM OBICTpOmeii-
ctBuH. Heob6xonuMeIM yCIOBHEM [OJIs 3TOrO
SIBJIAETCS MHHHATIOPHOCTb  3JIEKTPOHHBIX
3JIEMEHTOB, BXOISIIHX B HHTEI PaJIbHbIe MUK~
pocxeMbl. OOHaK0 MHHHATIOPH3AIMS 3JIEK-
TPOHHBIX 3JIEMEHTOB B MHKPO3JIEKTPOHHKE
HE CaMOolieNb, a CPEICTBO OJIsl PellieHHs Ol-
peleNieHHOM 3amayu. B KOHeYHOM HTOTre 3Ta
3a/laya 3aKJIOYAEeTCA B CO3JaHHH 3JIEKTPOH-
HOM BBIYHCJIHNTEJIBHOH MAIMHBI WIH B IJIO-
0aJJbHOM MOHHMAaHHH MPOOJIEM — JIEKTPOH-
HOM MaIMHbI 11 06paboTku uHGOpMAIH,
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Tabauya 1. CpaBHeHHe OCHOBHBIX pabo4¥HX NapaMETpOB 3EKTPOHHBIX 3JIEMEHTOB H LEHTPATbHBIX
IPOLECCOPOB, HMCIOJb3yeMbiX B DBM ® comepkammx 10* 3neMEHTOB, BBINOJNHEHHBIX HAa Pa3jIAYHBIX
CTYNEHAX Da3BUTHUA DJIEKTPOHUKH. UHCIIOBBIC 3HAYEHUSA ABJIAIOTCA OPHEHTUPOBOYHBIMH

Ob61eM, IToTpebase-  BuicrpomeficTeue: unc- Yacrora Ilenma,
om? Masg MOWl-  JIO KOMMYTAlMit WIM OTKa30B B MapKd
HOCTb, BT BBIMHCIIMTENBHBIX Ofle- 4ac rIp
panmil B ceKyamy
( InexrpoHnas 10! 10° 108 10°% 10
namna
| anexTpoHHBI TpansucTop 1072 107! 108 1078 10°
IIEMEHT 2 Tpausucrop, 1078 1073 108 10-1t 1074
chopMHpOBaHHBIH
B MHUKPOCXEME
(MHKpOJJIEKTpO-
L HHKa)
( DnexTpoHHbBIE 107 104 106 1071 106
NIaMIbI
9BM, conepxa- | Tpan3ucrop 10* 10! 10 10-4 10%
mas 10* anex- < HuTerpannHbie 1072 107t 10 1077 10!
TPOHHBIX 3Jie- MUKPOCXEMBI
MEHTOB (MHKpO3JIEXTPO-
HHUKa)

obnagaromell CBOWCTBAMH, JENAIOIIUMHU €e
TMIPATOJIHOH IS MpPaKTHYECKOrO IPHMEHe-
Hus. Co3aaTh MalIHHY ¢ TAKHMHU CBOHCTBa-
MH MOXHO TOJBKO C IOMOIIBIO MHKPOIJIEK-
TPOHHOH TexHOJOrHH. B ompenencHHOM
CMBICJIE CHTYAIIMKO MOXHO CPaBHUTB C IOJIO-
XKEHHEM Je OO M300peTeHHs KHHTOoIeYaTa-
HAs ¥ Nocne. [osBnenue mpugTa coenano
IMPUHIMIHAIBHO BO3MOXHOH 3amuch m1060-
ro TekcTa [Uis AajbHEHINEro ero pacripo-
crpanenus. [nsg atoro TpeboBanock «Bcero
JIMIIBY BBHIDYOMTH B KaMEHHOH IIUTE HYX-
Hbie PpHGTOBBIe 3HakH. WU ecIH Ob1 KaxabIit
4eJIoBeK, paboTas mo mecaATh 4acoB B AEHb,
TOTOBHJI OBl MO 00HOI «KaMEHHOMH» CTpaHH-
e, TO, BEPOATHO, M yIajoch OBl COenaTh
TpebyeMoe 4HCIO KHHr. BoT ToNMbKO Ha
NPaKTHKE peaJn30BaTh 3TO ObUIO HEBO3-
MOXHO. TpeboBajHCh TEXHHYECKHE MPHCIIO-
cobnenns, obecneyHBarOINe NMPAKTHYECKYIO
BO3MOXHOCTh MAaCCOBOTO  H3rOTOBJICHHSA
KHUT TpH TIpHEMJIEMBIX 3aTpaTax CHJI H
CpeldCTB. PermaroluMH 3TamaMH Ha 3TOM
MyTH CTaJH, BO-TIEPBBHIX, NOABJICHHE Oymaru

Y

H, BO-BTODHIX, M300peTeHHe KHHromeyara-
HUSA. MHKpO3JIEKTPOHHMKY HHOrAa OEHCTBH-
TEJILHO CPaBHUBAIOT C KHHUTOIIEYaTaHHEM.
OgHako B 3TOM Cllydae €€ poJib CKopee
HEIOOLICHHBAIOT, HEXEJH INPEYBETHIHBAIOT.
XOoTd KHUTONEYaTaHHe H CBA3aHO C OYEHb
BaXKHbIM HHQOPMAIMOHHBIM IIPOLIECCOM, T10-
CJIeHUH B NMPUHIMMIIE BCE K€ OCTAETCS OYEHb
Y3KHM, T.€. OH NpeACTaBIACT COOOM XpaHe-
HHe HHQOpMalINH, IOMEILEHHOH Ha 6yMary B
puae OykB M 3HakoB. B ornmume or 3roro
MHKDOJJICKTPOHHKA OOCITyXKHBaeT CaMbii
oOIMA M3 HHGOPMALMOHHBIX IPOLECCOB—
06paboTky HHpOpMaLHH, IPHYEM BO BCeH ee
nosiHoTe. BriepBrle 3a BCIO HCTOPHIO YEJIOBE-
4eCTBAa MHKPOJIEKTPOHHKA INpeiaracT Bce-
0OBEMITIONIYIO TEXHOJIOTHMIO 06pabOTKH HH-
dopmamuu. CyliecTBYeT TOJNBKO O0HA allb-
TepHATHBA, IPEBOCXOIALIAS MHKPOIJIEKTPO-
HHKY B IIEJIOM, HO 3Ty aJIbTEPHATHBY CO3Ma-
JJa He TeXHHKa, a caMa [pHpoJa H HMMs
el —4esoBek. UenoBedeckHi MO3r OCYLUECT-
BisgeT 0bpaboTky HHOpManmMH. YMCTBEH-
Has OeATETbHOCTD 4eJIOBEKA CBA3aHa ¢ oOpa-
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6oTtkoil uHpopMalKH, a 06paboTka uHPOp-
Mald{d B CBOKO OYepedb SBIAETCA YMCTBEH-
HOH JeATeabHOCcThIO. EcH crmocobHOCTE 00-
pabGaThiBaTh HHGQOPMAaLHWIO pa3sBHTa JOCTa-
TOYHO BBICOKO, TO TOBOPAT 00 MHTEJJIEKTE —
y 4eJOBeKa O NPHPOOHOM, Yy MAIIMHBI 06
HCKYCCTBEHHOM. MOXHO CKa3aThb H TakK: MbI
HMEEM [eJO C HCKYCCTBEHHBIM HHTEJIJIEK-
TOM, KOTJa KOMIIBIOTEP BBLINOJIHAET Omepa-
LIHH, THIHYHBIE IS YMCTBEHHOH [esTeNlb-
HOCTH 4ejlloBeka. YesloBek, HANpHMeEp, MO-
XKET NMOHHMAThb peyb M IOJb30BaTLCA €10,
pacrno3HaBaTh H300pakeHNs, CTPOUTL MaTe-
MaTHYECKHE JOKa3aTeJbCTBA, HIPaTh B IIaX-
MaThl, COYHMHSATL MY3bIKY, OCYIIECTBJSATH
SKCMEPTHBIA aHAIHM3 HJIH CTABHTh METHIMH-
ckuit muargos. C MoMeHTa nossiacHus 3BM
NPeANPHHUMAIOTCA MOMBITKH CHAOOUTL HX
YyeaoBedeckUM HHTelIekToM. U XoTsa KopeH-
HOTO IlepeioMa €llie He MPOH30ILI0, YIaIoCh
3aMEeTHO NPOIBHHYTLCA Bnepeld. B yacTHOC-
TH, NPAKTHYECKOE 3HAYEHHE MOJYYHIH TakK
Ha3bIBa€Mbl€ 3KCIEPTHHIE CHCTEMEI, T.€.
KOMITBIOTEPHBIE TIPOTPAMMBI, COAEPXKALLIHE
3HAHHS 3KCIEPTOB H cCIocoOHble Ha Oaze
STHX 3HaHHi JaBaTh CIIPaBKH, CTABUTh JAMAar-
HO3 HWJIH OesaTh nporHo3. OoHako B LieJIOM
HCKYCCTBEHHBIH HHTE/UIEKT IOKa eIIe BO
MHOTOM YCTYNaeT NPUPOAHOMY HHTEJUIEKTY
YyeJIoBeKa. AHTJHHCKHH MaTeMaTHK T1blo-
PHHT IpHIYyMal TECT, C TOMOIIBIO KOTOPOro
MOXHO OINpEIeNTHTb, PaBeH JH HHTEJJIEKT
KOMIIBIOTEPA HHTEJUIEKTY YeJTOBEKa HIIM TIpe-
BocxogMT ero. KpoMe koMmbloTepa B 3TOH
MpOBepke NMPHHUMAIOT YYacTHE ellie OBa 4e-
jgoBexka. OOMH M3 HHX 3aJaeT OIHHAKOBHIE
BOIIPOCHI, NIPHUXOISAIIME B I'OJIOBY, KOMIILIO-
Tepy M ApyroMy uenoBeky. OH IOJIy4aeT OT
CBOHX «cobece JHHKOB» OTBETHI, He 3Has, Ka-
KHe M3 HHX Jajla MalllHHa, a KaKHe —4eJIOBeK.
Ilpu HBIHEIIIHEM YPOBHE Pa3BHUTHS KOMIILIO-
TEPHOH TEXHHKH CIPAILXMBAIOIIAN O4YeHb
OBICTPO ompeneisieT aBTOPOB OTBETOB: Ma-
IUMHA OTBe4YaeT HaMHoro Xyxe. Eciau koraa-
HHOyOb B 6ydyllieM CIIpaIlHBaIOLIHHA HE CMO-
XeT MpaBHJIBHO ONpPENeHTh aBTOpa, TO B
ONpeIeIeHHOM CMBICIE MOXHO ByneT ropo-
PHTb O PaBEHCTBE HHTEJJIEKTOB MAIIMHBI H
yenoBexka. Ho ceroaHs eie HHKTO HE MOXET
YBEPEHHO CKa3aTh, KOTJa MNEpPBLIA KOMIIbIO-

Tep ycmelHo npoizeT TecT ThiopHHTA MM
HACTYIHT JIM TaKoe BpeMs Boobme. U maxe
€CJIH 3TO CTaHET DEeaJIbHOCTBIO, BCE PAaBHO .
HeJb3s OyIeT TOBODHTBH O PaBEHCTBE MEXIY
MalMHOH M YeJIOBEKOM: BeAb B OoJibliei
¢u3ndeckoil MOIIHOCTH 3JEKTPOJBUFATENS
HE OTpa)xaeTcs €ro MpPeBOCXOACTBO HAH 4e-
JoBekoM. lleHHOCTL 4esloBeka OTHIOAb He
HCYEPNBIBAETCS OOHMMH (PHIHYECKHMH HIIH
YMCTBEHHBIMH CIIOCOOHOCTSIMH.

ITocne Bcex 3THX paccyXOEHHH OTHOCH-
TeJbHO Oydymiero pasBHTHS BepHEMCS, Ol-
HAKO, K COBPEMEHHOH MHKDOIJIEKTPOHHKE H
k obpaboTke MHGOpPMAIMH, OCHOBaHHOH Ha
ec npuMeHeHHMH. W Bce ke oYeHb TpYIOHO
TIPOBECTH YeTKYIO IPaHb MeXAY NPOCTO «06-
paboTkoil uHpOpMAHH» H MHKPOJJIEKT POH-
Hoit 06paboTkoit nHpopmauu. JIume B on-
HOM MHEHHS, MOXalyH, CXOOATCA: 3a ITOH
TpaHblO KpoMe crnocoOHocTH obpabaThiBaTh
JaHHbIE JOJKHA CYLIECTBOBATh TaKXe OIpe-
HOeJleHHas cnocobHOCTh K obpaborke U Hc-
NMOJIb30BaHUIO 3HaHMH. M Bce ke MallHHYy
HepelXO Ha3bIBAIOT «YMHOH» YXe TOrIa,
KOTa OHAa pAacloJiaraeT MHKPO3JIEKT DOHHBI-
MH TEXHHYECKHMH cpeacTBaMu obpaborku
uHpopMaunH. BooObiie-To cpaBHeHHE MEX Iy
06paboTkoi HHPOpPMAITHH YETTOBEKOM H TeX-
HHYECKHMH CPeACTBaMH He 00s3aTeNIbHO ObI-
BaeT B IOJB3Yy YeloBeka. B OByx cmydasx
MHKpO3JIeKTpOHHast obpaborka mHboOpMa-
MM TIPEBOCXOAHMT BO3MOXHOCTH 4eJIOBEKa, a
HMEHHO C TOYKH 3pEHUs HANEKHOCTH H
ObICTPOTHL. KOHEYHO, 4eIOBe4eCKHH MO3r B
COCTOSHHHU BHIIOJHATH O4€Hb CIIOXHBIE OTIe-
palmH ¢ BeICOKOH ckopocThlo. Ho uemoBeky
CBOMCTBEHHO JOBOJILHO 4acTO olInbaThkes, a
3JIEMEHTapHbIE MPOLECCHl B MO3TY NPOTEKa-
0T CpaBHATENbHO MemreHHo. Ecnn denopek
3a OOHY MHHYTY MOXET QOCYHTATh IO CTa,
TO BBITIOJIHEHHAasA HA MHKPO3JIEKTPOHHOH 6a-
3e DBM 3a TO %€ BpeMs YCIIeBaeT COCIUTATD
I0 MHJUIHOHAa H Ooiblie. Ctapoe BbIpaxe-
HHE «OBICTPHIH, KaK MBICJIb» 3[eCh COBCEM He
K MecTy. M Bce ke He 3TO 4YacTHOe TIpe-
BOCXOJICTBO MHKPO3JIEKTPOHHOH 00paboTku
Hag CNOCOGHOCTAMH YeJIOBEYECKOFO MO3ra
SABJISETCA PEIIAIONINM, XOTA caMo no cebe
OHO JaeT MHOTrO INpeuMyinecTB. Pemaronee
3Ha4YeHHE COCTOHT B TOM, 4TO B «JTHIEY
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MHKDPO3JIEKTPOHHKH pE€ajibHO CYHIECTBYET
MoJIe3HOEe TEXHHYECKOoe pelleHne s obpa-
60TkH HHQOpMaLUH,

Kax Bce 3TO KOHKpPETHO CKa3bIBAeTCs Ha
npakTHKe, MBI emie obcyauM. OQHako B JIO-
6oM ciyvae Henb3s 3abbIBaTh, YTO MHKpO-
3MIEKTPOHUKE TOJBKO-TONBKO «IEPEBAHIION
3a 20 jeT, a MHKpPONPOLECCOD, MOSBJICHHE
KOTOpOro, COOCTBEHHO rOBOPA, H MIPHBEJIO K
Pe3KOMY pacUINPEHNI0 06J1aCTH NPUMEHEHHUS
MHKPO3JIEKTPOHUKH, ObL1 co3aH 1yTh 60JIb-
mwe 15 ner Hazaa. Henw3st 3abuiBath M O
TOM, YTO MHKPOBJIEKTPOHHKA INPOJOJIKAET
6ypHO pasBuBaThcia. I103TOMY HET HHMKaKHX
OCHOBaHHHA CYMTaTh, YTO DPA3BHUTHE MHKPO-
3NMEKTPOHMKHU 3aBepllaeTcs BBHIXOJOM Ha Ce-
TONHSIIHAH YPOBEHb €€ UCMOJNb30BAHMUSA ISt
06paboTkn HHGOpPMALMH. DTOT YPOBEHb AB-
JgeTcs JIMIIb TIPOMEXYTOYHBIM 3TAllOM,
NMYCTh W Ba)XKHBIM, Ha NMYTH K JaJIbHEHITHM
BbicOTaM mnporpecca. Ilo3Tomy Hapsmy c
MOCTUTHYTBIMH De3ylNbTaTaMH MBI XOTHM
pPaccMOTpPETh TakKe OCHOBHBIE HaTIpaBJIeHUs
pPa3BHTHS MHKPO3JIEKTPOHHOM TEXHOJIOTHH,
YeTBIpE U3 KOTOPBIX HaM NpeACTaBISIOTCA
HauboJiee Ba)KHBIMH.

Hosoe aon»Ho BbiTb
nyyuwe craporo

IlepBoe HampaBiieHHE BIIOTHYHO CBS3aHO C
TeM, 4YTO 3aJ0Jro [0 MNOABJICHHS MHKPO-
3JIEKTPOHHUKH Y€ HCIOJIb30BAJIUCh pa3iiny-
Hble TEXHUYECKHe cpelncTBa o6paboTkH MH-
dbopManun. Mbl yIOMHHANH BBIMHCIHTE]Ib-
Hble MalllUHBbl Ha 3JIeKTPOHHBIX naMnax. Ho
B OoJiee OTHAJIEHHOM IPOLIJIOM CYIIECTBO-
BaJIM TAK)X€ YUCTO MEXAHHYECKHE BBIYHCIIH-
TeJIbHbie YCTPOHCTBA. A 3JIEKTPOMEXaHHYEC-
KM€ KacCOBBIE aNMapaTsl, K IPAMEPY, MOXKHO
BCTPETATh M B Hamm AHHA. To xe camoe
cleqyeT cka3aTh OO0 3JIEKTPOMEXaHHYECKHX
TOProBBIX M MI'POBBIX aBTOMaTax. Bce dachl
B MPOILJIOM MMEJIH MEXaHUYECKHUH KM 3J1eK-
Tpuyecku MexaHu3M. Ho BoT B oTiH4HE OT
BBIYHCJIHUTEIbHBIX MAILUH 3JeKTPOHHBIE 4Ya-
Cbl Ha DJJICKTPOHHBIX JlaMIlaX He BBIMyCKa-
JIUCb HHUKOT[JA, 32 HCKJIIOYEHHEM HEMHOTMX
3K3eMILISIPOB, H3TOTOBJIEHHBIX C YHUCTO Ha-
YYHBIMH LeIssMH. OHH Obld Obl CIMILIKOM

JOpPOTHMHM H HeyJOoOHBIMM B OOpallicHHH.
Toapko B paguo- ¥ TB-npueMHHK4aX B IIH-
pokux Macmtabax CTajd NPHUMEHSThH 3JIEK-
TPOHHbBIE JIAMITBI, HA CMEHY KOTOPBLIM MO31-
Hee NPHUIUIM TUCKPETHBIE TIOJIYIIPOBOIHUKO-
Bble 3JIeMEeHThl. JIMHHM CBSI3M B TOpPOICKOH
TenehOHHOH CeTH NMepBOHAYATbHO COEIMHS-
i TenepoHUCTKH. OIHAKO C yBeJHYEHHEM
yucia aOOHEHTOB 3TOT cniocob crtaj BvIcTpo
u3KUBaTh cebsa. Onepanuu KOMMYTallMH Ha
TenehoOHHOM y3jie moTpeboBanocr aBTOMa-
Tu3upoBaTh. CHavajla IS pelleHUs 3TOH
3aayd B PACIOPSKEHHM HMEJHCh TOJIBKO
anexTpoMexaHuueckue peje. CBA3aHHbIE C HX
HCIIOJIb30BAHAEM 3aTPaThl ObUIH Upe3BbIYai-
HO BEJIUKH—CTOMT TOJILKO BCIIOMHHTB, Ka-
KM€ 3IaHHAs CTPOMJIUCH NI TeledOHHBIX Y3-
JIOB, B 3aJaX KOTOPBIX pa3MeHIaIMCh MHJI-
JIMOHBI CYHTAIOHIMX pejie, OMHAKO H C 3TUM
NPUXOAMUIOCh MHDHUTbCA H3-32 OTCYTCTBHSA
JYYIIAX MePeKIoYaomuX 3memMeHToB. I1po-
6nema 6osiee 3ddexTHBHOTO MOMCKA, T.€.
3JIEKTPOHHOTO pellieHHsl 1S HCTIOJIb30BaHUSA
B TeledOHHOH KOMMYTAaUHOHHOH TEXHHKE,
CTajla HACTOJIBKO OCTpOH, a 3JIEKTpOHHas
JlaMIla OCTaBajach HACTOJBKO MAaJONPUCIO-
cobieHHOM AN NpUMEHEeHUs B 3ToH obnac-
TH, YTO UMEHHO JaHHAf 3a7aya U 3acTaBHIa
HaNPaBUTh HACTONYHMBBIE YCHJIHA Ha cO31a-
HHe TBEPIOTEJBHOTO JIEKTPOHHOTO KOMMY-
TauuoHHOro snemenra. U 1ot dakt, urto
3TOT KOMMYTAIIMOHHBIA 3JIEMEHT — TPaH3HUC-
Top—6b171 co3maH y4yeHBIMH JabopaTopuy,
OCHOBAaHHOIl aMepHKaHCKUM H3o0peTaTeneM
TenedoHa ['paxeMom bensioM, HUKak Henb3s
CYUTATh CIy4alHOCTBIO. XOTA Ha TeaedoH-
HBIX CTaHUMAX 3JIEKTPOMEXaHHYECKHE peJie
BCE ellie MPOAOIKAIOT HIPAaTh BaXHYIO POJb,
OIHAaKO MepeXxo]l Ha MHKDPOCXeMBI CTajl He
TOJIBKO aKTYalbHBIM, HO YacCTHYHO yXe CO-
BepiiuBIINMCA dakToM. UTo e kacaercs
OBITOBOH 3JIECKTPOHHOH anmapaTypel, Aa H
MOYTH BCEX YNOMHHABIINXCS paHee NpHMe-
POB, TO 3/IeCh NIPAKTHYECKH BO BCEX CIydasmx
HJIH yX€ HCMOJB3YETCS MUKDOXJIEKTPOHHKA,
HJIM BEJETCH NMOATOTOBKA K €e MPUMEHEHHIO.
B 3TOM M COCTOMT mnepBas CBS3aHHafA C
MHKDO3JIEKTPOHHKOH Ba)kKHas TEHICHLHS
pa3BuTus obpaborku wmubopmarmu. 3Ta
TEHAEHIMA MMEHHO NOTOMY HabHpaeT WIH
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yxke HabpaJya cUiTy, 4TO NpealaraéMble MHK-
PO3JEKTPOHUKON  pemleHusi 3HAYUTENBHO
JIyyille BCeX NpeAbIAYIIHX, T.€. [eleBJe,
HaJexHee, ObICTpee, KOMIAKTHEE M 3KOHO-
MHYHEE C TOYKH 3pEHUs MaTepHaJbHBIX H
sHepreTHueckux 3arpar. CerogHs MHKpPO-
NIEKTPOHHAS TEXHOJIOTUS OTKPHIBAET HOBBIE
HamHoro 6oJiee ynoOHBIE MyTH PELICHHA 3a-
a4, CBA3aHHBIX ¢ obpaboTko# uHPpopMa-
IIUH, KOTOPbI€ B TEYEHHE MHOTHX OECATKOB, a
€CJIM NPUHATHL B pacyeT 4acoOBOH MEXaHH3M,
TO H COTEH JIET, PELIANMCh OPYTUMH CHOCO-
6amu. Ha mpuMepe cyeTHOH MallMHKH MBI
MOTJIM 3TO BHIETh COOCTBEHHBIMH TJIA3aMH.
MuKpO3/IeKTPOHHKA MO3BOJIAET CO3JaBaTh
Mainsie ¥ 6onbue IBM ¢ HeBUmaHHOR HO
CHX MOD BBIYMCIIMTEIBHONH MOILHOCTBIO 1IPH
OTHOCHTEIILHO HU3KOH cTOoMMOCTH. [Jomaru-
HHH KOMIIBIOTED, KOTOPBIH CErOMHA MOXET
IeaaTh TO, YTO B HEJAJIEKOM IIPOIIJIOM [e-
JlaJl UeNbld BBIYMCIHTENBLHBIH LIEHTP, H BCE
K€ BIIOJIHE JOCTYIEH IO 1I€HE —BOT OJUH H3
MHOTOYHCJICHHBIX NpHMepOB. Pe3koe ysenu-
YeHHe BBIYHCIIHTENBHOH MOIIHOCTH 060JIb-
mux 9BM npHHOCHT noJyb3y B NEPBYIO OUe-
pens B Takux obiacTsx OESATEIBHOCTH, IIe,
KaK 3TO HMEET MECTO B Hayke, METEOPOJIO-
T'MM, [UIAHUPOBAaHHM W YIPABJICHUH MNPOHU3-
BOJACTBEHHBIMH H COLHMAJBHBIMH TIpoLECCa-
MH, 63 HHX IPOCTO HEBO3MOXHO OOOHTHCH.
A 4TO 03HA4YaeT 3aMeHa 3JIEKTPOHHBIX JIaMII
H [UCKPETHBIX MOJYIPOBOJHUKOBBIX 3JI€-
MEHTOB B OBITOBOH 3JIEKTPOHHUKE MHKpPOCXE-
MaMH, KaXbIi U3 HacC 3HAET MO cOOCTBEHHO-
My ONBITY. M 1eno He TONBKO B TOM, YTO
nepexoll Ha MHKPOJJIEKTPOHHYIO TEXHOJIO-
THIO JaeT BO3MOXHOCTb CO3/1aTh Ka4eCTBEH-
HO HOBYIO aIlflapaTypy ¢ YJIYYIICHHBIMH [O-
TpeOUTENbCKMMH CBOMCTBaMHM, ammaparypy,
oTJIHYaroLLylocs 60Jiee BHICOKMM KadyeCTBOM
3ByKa H H300paXxeHHs, YI0OCTBOM 0OCITYXH-
BaHUS M JONOJHHUTENbHBIMH (YHKIIMOHAIb-
HbIMH BO3MOXHOCTAMH. YTo Xe kacaercs
TeneOHHOHR CBsI3H, TO Oyarogaps NpUMeEHe-
HHIO MHKPOCXEM 3aTpaThl YMEHbIIAIOTCS Ha
HECKOJIbKO mopsiakoB. [TosBisercsa BO3MOX-
HOCTh YMEHBIIHTE Tee(OHHYIO CTAHIHIO 10
pasMepoB OOHOH KOMHAThI. PealbHOCTBIO
CTaHOBHUTCS CO3JaHHME CETH aBTOMAaTHYECKOH
TeneOHHOH CBS3M, OXBaTHIBAIOILEH Bech
3eMHOM Map.

TexHMYEeCKMEe pOLUeHUA
ANA Hepa3peLnMbIX

8 Npownom sanas.
ABTOmMarnsauua

Jlo TOsBJIEHHS MHKPO3JEKTPOHHKH 60Jb-
ITHHCTBO 3ajad, cBA3aHHBIX ¢ obpaborkoii
HHbOpMalH, BOOOIE HE MMEJIO TEXHHYeC-
KOTO pelLIeHHs, U BIIEpBBIE €0 MO3BOJHIA
HaHTH MHKDO3JIEKTpOHHas TexHosorus. C ee
MOMOIIbIO YXKe€ CEroJHA U B OydymeM MOX-
HO pellaTh TakHe 3aJayi o6paboTku HHPOP-
MallMi, KOTOphble B NPONUIOM JH60 BoOGIIE
OCTaBaJIMCh Hepa3pelMMbIMH, JHbO pellia-
JIACH TOJBKO CaMHM 4eJIOBEKOM. JTO BTO-
poe HampaBJeHHE pPa3BHTHS MHKDPOJJIEKT-
POHHOH TeXHHKH 00paboTkH HHPOpPMaLHHU.
PaHbiie B chepe MaTepHalbHOIO NPOU3BOJ-
cTBa 06paboTka HHPOPMALIHH, €CJIH TAKOBas
BoOOIIIE OCYLIECTBJIANIACh, ObLIa dedom pyK
yenoBeka. C MHOsABIEHHEM ObICTponeicTBY-
olux 6onbminx DBM BO3HHKJIA NPHHIM-
HMMaJibHask BO3MOXXHOCTb BHEJPEHUS MallIMH-
HOM 06paboTkH MHGOPMALHUH Ha MPOU3BOI-
ctBe. Ho ansa storo uadopmauuro TpeboBa-
JIOCH TepelaTh U3 Pa3JIMYHBIX TOYEK [IPOHU3-
BOICTBEHHOro mpolecca B 6osbiiyio 9BM,
YCTaHOBJIEHHYIO B BBIYHCJIUTEIHLHOM LEHTPE,
TaM ee obOpaboTaTh M BepHYTb OOpaTHO.
Onnako Gosbmme IBM Tex BpeMeH ObLIM
CIIMINKOM JOPOrH, a Bech 3TOT MpoOIecC,
CBA3aHHBIA CO CIMIIKOM GONBIIMMH 3aTpa-
TaMH CHJI H CPEICTB, OCTABAaJICA HEyCTOHYH-
BBIM K IIOMEXaM, YTO M CAEPXHBAJIO MIHUPO-
KOe HCIO0JIb30BaHHE 3JIEKTPOHHOH o6pabot-
ki MHGOpPMaLMU Ha npoussoAcTBe. U 3xech
KOpEHHOH mepenoM OblI CBA3aH C MHKpPO-
9MeKTpOHUKOM. TONbKO MOSABIIEHHE B KOHIE
70-X roOB CPaBHHTENBHO AEIIEBBIX MHKPO-~
npoueccopoB ¥ MUKpoOBM mno3poauio oc-
HACTHTB KaX[Iblif CTAHOK HJIH TEXHOJIOTHYeC-
KYIO JIHHHIO CUOCTBEHHBIM MHHHATIOPHBIM
BBIMHCIHTEILHBIM LEHTPOM, OCYILECTBIISIO-
UM ob6paboTky unpopManuu. Takum obpa-
30M, MOABHJIACh BO3MOXHOCTH 00pabaThl-
BaTh HHGOPMAIHIO HEMOCPEACTBEHHO B TOM
MeCTe, TIe OHa BO3HHKaeT WiIH Tpebyercs.
Hauanca mpomecc aeueHTpaiu3anuu obpa-
6oTku uHpopmanuu. [IpumeHenne Ha Mec-
Tax Maaeslx DBM BMmecTo OonblIHX, pas-
MEIICHHBIX B YIOQJIEHHBIX BBIYHCIHTEJIBHBIX
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LeHTpax, crano gias obpaborku HMHPopMa-
I[N TeM, YeM IS PAa3BUTHA MaLIHHOCTPOE-
HHAS ObL1 TepexoJ OT MapoBO# MAIUMHBI K
3NeKTpoABHraTeno. Beapb, kak npaBuio, na-
poBas MalllMHA HNPHBOJWIA B JBWKEHHE HE
OOWH KAaKOW-HHOYNb MeXaHU3M, a ey
IpyIly TakUX MeXaHH3MOB, OoJyiee WIH Me-
Hee yJaJieHHbIX OpYT OT Ipyra. A BOT 3JieK-
TPOIOBHUTATEIb MOXHO OBUIO NOCTaBHTH Ha
KOKAYI0 MallliHy, Kak H MHKpoOBM, nas
KaxI0#i MallliHe UHIUBHAYaJIbHOE CPEICTBO
o6paboTku uHpopMaumu. s ynpasieHHs
MallHHaMH, HMEIOIMMHE Takoe obopymoBa-
HHe, YeJNOBeK yxe He HyxkeH. OHH caMu
yIOpaBasiioT coboii ¢ moMoubio MUKpoOBM

U BBEJCHHOI B ec maMATh nporpammsl. Ilo--

TOMY B TaKMX CJIyYasX FOBOPAT 06 aBTOMa-
THYECKOM yIIpaBieHuu. Mmeroume aBToMa-
THYECKOE YIPaBJICHHE CTAHKH H TEXHOJIOTH-
YeCKHE JIHHHH OJAroT BO3MOXHOCTbH aBTOMa-
TU3NPOBAThH LiEJIbIe IPOH3BOIACTBEHHRBIE [IPO-
LIECCHI, IPHYEM B Pa3IHYHON hopMe — B 3aBH-
CHMOCTH OT CTEIEHM M BHIA aBTOMaTH3a-
uun. KoHeuHas nenb, BHE BCAKOTO COMHe-
HHS, COCTOMT B IIOJHOM aBTOMAaTH3alMH
NPOH3BOACTBEHHOTO INpoIlecca, BHYTPH KO-
TOPOTO YEJIOBEK BBIIOJHSACT JIHIIL KOCBEH-
Hble yHKIMH. Bamke BCero K AOCTHXEHHIO
STOH LEeJNH CEeroJHsA NOIOLLIM Tam, TIe B
TeYEHHEe JIUTETLHOTO BPEMEHH BBITTyCKaeTCs
6onbiioit 06beM MPOAYKUMH OAHOTO BH-
[a, HallpUMep XeJIE3HOOOPOXHBIX PEILCOB,
3JIEKTPHYECKOTO Kabens, lIeMeHTa HIH XHMH-
YeCKOTO CHIpbs. M3roTtasnuBaeTcs Ta 4 aHa-
JIOTHYHAs MPOIYKIMS Ha IOTOYHBIX JHHHAX
H YCTaHOBKax, B PeXHM pabOThl KOTOPBIX,
KaK H B caMy OPOIYKIMIO, B TeYeHHE IJIU-
TEJILHOTO BPEMEHH HE HY)KHO BHOCHTb H3MeE-
HEHHH. ABTOMAaTH3alMs TAaKHUX CIICIMAIH3H-
POBAaHHBIX MPOHU3BOACTBEHHBIX CHCTEM OCY-
HIECTBJAETCA C NMOMOUIBIO MHKPO3JIEKTPOH-
HBIX TEXHHYECKHX CPEICTB YIIPaBJICHHS, OHa
B HACTOSILIEE BPEMs YK€ XOPOILO OCBOEHA H
Jaer Oosbmioil d>KOHOMHYecKHH 3ddexT. B
3TOM CJly4ae TOBOPSAT O CHEIHaJN3UPOBaH-
HOH aBTOMaTH3alUuH. OOHAKO TaKHX BHIOB
NPOAYKLIHH, KOTOpbIE MOXHO OBLIO ObI B
6osb1IOM 00beMe 6e3 H3MeHeHHIt BLITTYCKAaTh
roJamMu, HanpuMep, PEILChI WIH LIEMEHT, O4€Hb
Mano. Bo MHorux cmywasx Tpebyercs mpo-
JYKIMsI, H3roTaBMBaeMas JIHILb MaJIbIMH B

CPEIHHMH CEpPHAMH, K TOMY e TeXHUYECKHAH
TIporpecc, a 3a4yacTylo M Moja TpebyroT
OOHOBJIEHHS H M3MEHEHHS NMPOAYKUHH B Te-
YeHHEe KOPOTKOro BpeMeHH. XOTS ¢ TEXHH-
YeCKOH TOYKHM 3pEHHS M 3[eChb aHaJIOTHYHO
MAacCOBOMY MPOM3BOJCTBY MOXHO OBLIIO OB
BHEIpUTh CPEACTBAa CHELNATM3NPOBAHHOIM
aBTOMATH3allMH, B 9KOHOMHYECKOM ILIaHE
TaKoe pellieHne, KaK MPaBHIIO, ABJIACTCA He-
BHITOOHBIM. HyxeH Opyro#t nmoaxon K aBTO-
MaTH3alMH, NO3BOJAIOIIMHA OJYYHTh Tako#i
ke BBICOKHIl 3KOHOMHUYECKHUH 3¢pdekT, Kak U
B YCIIOBHSX CHEIHAIH3HPOBAHHOH aBTOMa-
THU3aIMA MAacCOBOTO INMpPOU3BOACTBAa. Peanu-
30BaTh TaKOH MOJXO[ MO3BOJIAOT pa3pabo-
TaHHbIE yxe B KoHIEe 50-x—Hayane 60-x ro-
OB CTAaHKM C YHCIOBBIM IPOTPaMMHBIM
yIpaBleHHEM H IPOMBILUIEHHBIE POOOTHI.
O6bemuHeHHe CTaHKOB, paboYUMH oIepaiy-
SIMH KOTOPBIX MOXHO YIIPaBJIATh, ¢ poboTa-
MH, o0ecleyuBaIoOIUMHU NMOJavy 3aroTOBOK
Ha 06paboTKy H TPaHCIOPTHPOBKY I'OTOBBIX
H3[eHi, IPUBENIO K CO3TaHUIO TaK Ha3bIBa-
e€MBIX THOKHX IPOH3BOIACTBEHHBIX CHCTEM.
HMx rubkocTh 3aKkiroyaeTcs B TOM, YTO B
pe3yJbTaTe CPAaBHHUTEIBHO HEOOJIBIIHMX H3-
MEHeHHi, HanpuMep 3a CYeT 3aMeHbl HH-
CTPYMEHTA, UX MOXHO NEpeHANAXXHBaTh Ha
H3rOTOBJIEHHE Pa3HBIX BUAOB NPOAYKIHH Of-
HOrO OCHOBHOro tumna. UtoOnl M3rOTOBHTH
TIPOAYKIHMIO U3MEHEHHOTO BHAA, He TpebyeT-
CSl HOBasl IIPOM3BOJCTBEHHAS CHCTEMA: OCTa-
€TCA JIMLUb IPHCIOCOOUTD YK€ HMEFOLYFOCS
CHCTEMY JUIS BBIyCKa HOBOHM NpoayKuuH. B
pe3yJabTaTe MPH HEOOJNBIINX JOMOJHUTEND-
HBIX 3aTpaTax Ul TNlepeHaJlaAKH Ha H3ro-
TOBJIECHHE KOHKPDETHOTO BHIA IPOAYKIHH
obecrieynBaeTCs BhICOKAs CEpUIHOCTD IO OI-
pEeleIEHHOMY THIy OCHOBHOM NpOIYKIMH H
COKpalllaloTCA 3aTpaThl BpeMeHH Ha OOHOB-
JIeHHe TIPOM3BOJACTBEHHOH nporpammel. bo-
Jilee HaIJISIAHO BCe 3TO MOXHO cebe mpen-
CTaBMTh CIIeAYyIOIIMM 00pa3oM: €CJIH OCHOB-
HOH NMpOAYKIMEH ABAASTCA AETANb MALIHHBI,
IJIEKTPHYECKas JIAMITOYKA HJIH YIIAKOBOYHAs
Tapa, TO KOHKPETHBIM BHIOM TakoH IPOIyK-
uuu OyoyT Bad JOBHTATeNd, JaMmIlOYKa Ha
60 BT unmu xopobka M CTUPAJIBHOTO IIO-
pomka. B koMOuHanMM ¢ rHOKUMH NpoOM3-
BOACTBEHHBIMH CHCTEMaMM MHKDO3JIEKTPOH-
Has TeXHOJIOTHS MO3BOJISET HAHTH HCKOMOE
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pelllcHHe I aBTOMATH3alUMH POH3BOICT-
Ba, T.¢. 0DECMEYNTh TaK Ha3BIBACMYIO 2ub-
Kyro aemomamusayuro. Llesb ee 3akmovaercs
B CO3JaHHH ympabisemMoro IBM npounsson-
CTBa C OBICTPHIM MEPEXOI0M OT OJHOTO BHIA
NpOOYKUHM K OpYroMy Ha Da3e aBTOMAaTH3H-
poBaHHHIX pabounx Mect (APM), cucrem
aBTOMATH3HPOBAHHOIO IPOCKTHPOBAHHUA H
aBTOMATH3AIMH NMPOU3BOACTBEHHBIX MPOLEC-
coB (CAIIP/AIIII) n no BO3MOXHOCTH B HX
0o0nLeIMHEHNH B €QHHBIA MMPOHU3BOICTBEHHBIH
KOMILTEKC, OXBATHIBAIOLIHI TPOCK TAPOBAaHHE
H KOHCTpYHpOBaHHe, MaTepHaIbHOEe CHaOXe-
HHE BMECTE CO CKJIAICKMM XO3AHCTBOM H
BHYTPH3aBOJCKHM TPaHCIOPTOM, COOCTBEH-
HO MPOH3BOJCTBO, KOHTPOJIb Ka4yecTBa, ya-
KOBKY H OTIpaBKy KOHEYHOH IIPOAYKIUHMH
3aKa3uHKy. Takag HHTerpaluHs CTaHOBHTCH
0oJlee BBLITONHOH C 3KOHOMHYECKOH TOYKH
3peHns, MOCKOJBKY OOJIbIIME pe3epBhI LIS
SKOHOMHH palouell CHIBI H  COKpalle-
HHsl TPOAO/DKHTEIBHOCTH NPOM3BOACTBCH-
HOTO LHKJA CKPBITHI HMEHHO B IOATOTO-
BHTEJIbHO-3aKJIFOYHTEIIBHBIX OMNEpalHsx, a
TaKxe B koahduuneHTe HCITOTB30BaHHA 000-
pynoBamus. Bo MHOrHMX CTpaHax, BKJIIOYas
I'/IP, cerogHs MHTEHCHBHO paboTaroT Hajg
CO3/IaHMEM YCIOBHH 1 THOKOH aBTOMAaTH-
3aMH TIpOM3BoACTBA. OOHHM H3 HHX SABIIfA-
€TCH, B YaCTHOCTH, poOOTH3aIMsa MPOMBINI-
JICHHOTO mpou3BoacTea. I[IpoMpbliiieHHbIe
poOOTHI BHINOJHAIOT, KAK 00 3TOM TOBODHT
caMO HX Ha3BaHHe, Te ONEpallHH, KOTODBIE
HOPUILIOCH OBl BHIIOJIHATH Y€JIOBeKy. B Ha-
CTOsIlIee BpeMs TIPOMBIINUIEHHbIE pPOOOTHI
HaxoOAT NpPHMEHEHHe Ha MHOTHX Y4YacTKax
INPOHA3BOJICTBA, IPHYEM HE TOJIBKO B COCTaBe
THOKAX TPOH3BOJCTBEHHBIX CHCTEM, OMO-
rasg pemlaTh CaMble Pa3IMYyHbIE 3aJayH, Ha-
IIPHMeEP OKPAcKy, CBapKy MJIM 3arpy3Ky 3aro-
ToBOK. B Hanboee noJtHOH Mepe HX crocob-
HOCTH pacKpHIBAIOTCS B I'MOKHX aBTOMAaTH-
3HPOBAaHHRIX TPOH3BOJCTBEHHBIX CHCTEMaX.
ITpoMBIILIEHHBIE POGOTH MOXHO Pa3IeTUTh
Ha HEeCKOJILKO TOKoJieHHWit. PoboTramMu mnep-
BOTO ITOKOJICHHSA ABJISIOTCS MaHHITYJIATODBI C
ABTOMATHYECKHM YIIpaBJICHHEM, KOTOpOe
MOXET OBITH IPEACTABJIEHO KaK B BHIE CHC-
TeMBI, BHIOJHSIONICH pa3 M HaBceraa 3a-
(HKCHpOBaHHBIE OIEPAlMM, TaK M B BHIE
MHKpOIIPOLIECCOPHOH CHCTEMBI C T'HOKHM

HporpaMMHpoBaHieM. [IpOMBIIILIEHHBIE PO-
GOTBHI BTOPOT'O M TPETHEro MOKOJIEHHH TOMH-
MO MHKpPOIIPOLIECCOPHOTO YNPAaBJIEHHS HMe-
JOT TaKXe JaTYHKH, C HOMOLIBIO KOTODBIX
OHH CIIOCOGHBI ONpeNeNIaTh COCTOsHUE 0Opa-
faTpIBaeMoO¥ 3aroToBKH H o6pabaTriBalome-
o MHCTPYMEHTA H, HCIOJIB3YA MOJy4aeMyIo
OT HOCJeaHHX HMHGOPMalUMIO, NTPHCIOCaDITH-
BaTh pabouyio mporpaMmy K cHTyanud. Xa-
DaKTEePHBIM OTJIHYHEM pOOOTOB TpPETHEro
NOKOJICHHS ABJISCTCH pa3BHTas CIOCOOHOCTH
pacno3HaBaTh o6pa3kl M KOODAMHMPOBATH
COOTBETCTBYIOIAM CIIOCOOOM BBINOJIHEHHE
pabounx npuxeHuit. PoboTbl uyeTBepTOroO
HOKOJEHHs 00JIalaloT HMCKYCCTBEHHBIM HH-
TEJUIEKTOM, T.e. 0oJiee BBICOKOH MO cpaB-
HEHHIO C MpEeALIECTBEHHHKaMH CII0CO0-
HocTbIo ofpabaTeiBaTh HMHPopMaumio. Hc-
IIOJIb3yeMble B HACTOALLEE BPEMs MPOMBILI-
JIeHHble poOOTHI B OCHOBHOM IOKA €LIe OT-
HOCSITCA K TMEPBOMY ITOKOJIEHHIO.
BrICTpIMM  TeMIDaMH aBTOMATH3alHsA
OXBAaTBIBAET HE TONBKO cepy NPOH3BOACT-
Ba, HO M cdepy ynpabieHus. M 31ecs LEHT-
payu3oBaHHas o0paboTka HAHHBIX C TMO-
Motbio Ooyeimx IBM cHavalta He pHHEC-
JIa OXHIaeMoro ycrexa. IlepesioM HaCcTyITHI
TOJIBKO ITOCIIE Nepexo1a K JeLeHTpali30BaH-
HO# 0bpaboTke uHbopMaumu. ITogodHO TO-
My, KaK «yMHBIE» CTQHKH CTaJIH 4acThiO
COBPEMEHHOT0 MPOMBIIUIEHHOIO MPOU3BO/-
CTBa, TaK M B YYPEXACHHS NPHUIILIH «yMHBIE»
3JIEKTPOHHBIC [THIIYIIHE MAalIHHKK. B nomo-
HEHHE KO BCEMY, Ha UTO CIOCOOHBI 0OBIYHBIE
MHIIYIIHE MAIIHHKH, 3JIEKTPOHHBIE MOTYT
BBITIOJIHATH NMpocTyio o0paboTky Tekcra, Ha-
IpEMeEp 3aMEHATh (PparMeHTHI CTAPOro Tek-
CTa HOBHIMH HJIH II€YaTaThb C BBIKJIOYKOH
BIpaBo. IIpH XeJaHMH TEKCT H3 NaMATH
Tako#d MAIIMHKHA MOXHO IepEeHeCTH Ha Mar-
HATHYIO JIEHTY U yXe ee, a He Oymary Hc-
TOJIb30BaTh B KA4ECTBE HOCHTENS HHpOpMa-
umn. OnHako BCe 3TO BpSAN JIM HMeno Obl
CMBICII, €Clii OBl peyb I1JIa TOJIBKO O XpaHe-
HHMH TeKcTa. Bymara moxa oTJM4HO CIpaBJis-
eTcs ¢ 3ToH 3amaued. M Bce ke KaHLeEJIAp-
CKHA Tpym—3TO mpexnae Bcero obpaboTka
TEKCTOB W AaHHBIX. Y eciM 3amuch cieixaHa
Ha MarHATHOM HOCHTENle, TO C TOMOLUBIO
MHKPOBJIEKTPOHHON TEXHHKH 3Ty HHpopMa-
UMIO MOXHO HAIIpaBHTb HEIIOCPEICTBEHHO
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Ha aBTOMAaTH3MpOBaHHYI0 obpabotky. [ns
3TOr0 MOMHMO NHUIYIEH MAIIMHKHA HyXHa
Mukpo3IBM. [lepconanbHas 9BM u sBiseT-
csA TeM YCTPOKCTBOM, e MUKpoOBM o6%ne-
OUHeHa ¢ mnunyme# Mamugkoi. C mo-
MOIIBIO 3TOT0 YCTPOHCTBA MOXHO aBTOMa-
TH3HPOBATh 3HAYUTEJILHYIO OO KaHLIEAP-
CKOTro Tpyda, U Toraa 3to OyaeT asmomamu-
3ayUA KOHMOPCKUX padom. A eCli «3JIEKTPO-
HH3aIlMI0» PacIpOCTPAHUTh Ha CIYXeOHYIO
NEPENNCKY, TO HAMpaBIAeMEble OOBIYHO MOY-
TOH JaHHbIE U TEKCTHI MOXHO OYyIeT BBECTH
B CHCTEMY aBTOMAaTH3MPOBAaHHOH 06paboT-
ku. U s 3toro yxe He notpebyeTcss cHOBa
CaOUThCA 3a KJIABHATYpDY NepCOHAIbHOR
OBM: nanHble yxe 6yayT B Hel, Kak TOJIbKO
DOCTYIAT B aJlpec y4eXICHHS, Bedb OTHO-
BPEMEHHO OHH MOCTYIAT H IPAMO B KOMIIBIO-
Tep. A yXe 30eCh ¢ HHMH MOXHO OCY-
LIECTBIIATEL JIIOOBIE oOmepanHd o6paboTkH,
BKJIIOYasl BBIBOJ HA 3KpaH AMCIUIES WM pac-
nmeyaTky Ha 6ymare. BHeapeHue 3ToH HOBOH
TEXHOJIOTHH KOHTOPCKHX paboT BO BCeX
CTpaHaX MHpPa II0Ka HaXOJUTCA B Ha4aIbHOH
craguu. Ho yXe cOBEpIIIEHHO CHO, YTO OHA
OyzeT cocoOCTBOBATH CYIIECTBEHHOH panu-
OHANIM3allMM KaHLENApCKoro Tpyaa. B mo-
NOJIHEHHE KO BCEMY HOBAas TEXHOJIOTUS IPH-
BEJET K 3aMeHe Oymary, siBJfIolencs cedyac
OIHOBPEMEHHO HOCHTENIEM H CpPEACTBOM
0TOGpaXeHus MHGOPMALMH, HA MHUCIUIEH M
MAarHUTHbIE HOCHTENM [aHHBIX, TakWe, Kak
THOKHH MATHUTHBIA OUCK MM MarHUTHas
JieHTa. [TIpOrHO3bI rOBOPAT, YTO B OyayIeM
yupexaeHus Oyayt paborath mo «6e3by-
MaXXHOH» TEXHOJIOTHH.

Ho aBroMaTu3anus pabouux onepanuii ¢
noMotblo 06pabotkn nHpopmanuu Ha 6a3e
MHKDPO3JIEKTPOHHOH TEXHHKM HE OrpaHH4H-
BaeTCcd TOJbKO cdepaMH MaTepHaJIBLHOTrO
NpOU3BOACTBa U ynpasjeHHs. [IpuMeHenue
MMKPO3JIEKTPOHUKH B JOMAIIHEM XO3SHCTBE
JaeT BO3MOXHOCTb CO3J4Th ABTOMATHI HIIU
HOJIyaBTOMATBI I CTHPKH, IPUTOTOBJICHHA
DMIH MK MBIThS IIOCYALL. B Hayke M TexHH-
K€ CYILECTBYET Macca U3MepumebHulX one-
payuii, aBTOMaTH3UPOBATh KOTOpBIE MO3BO-
JAET MHKPO3JEKTpOHMKAa. bonbmas cko-
pOCTb MMKPO3JIEKTPOHHOH 006paboTkM HH-
¢dopmanun obecriednBacT TAKXKe aBTOMATH-
3aIUI0 YIIPABJICHUs NPOIECCAMH, IPOTEKaro-

UMK O4eHb OBICTPO, HaNpUMep Mocagkoi
caMoJieTa WM IMOJIETOM pakeThl. B mpyrux
ciy4asx obmHpHYo MHGOpMANHIO O XOone
IPOU3BOCTBEHHOr O MpoIecca, MOIy4aeMylo
C MOMOIIIBIO M3MEPUTENBHBIX Nmpeobpa3oBa-
TeJiel, MOXXHO MOJABEPraTh CIOXKHBIM BBIYUC-
JINTENbHBIM OHepalusM ¥ Ha OCHOBaHUH
MOJIyYEeHHBIX pPe3yJIbTaTOB MoaAbUpaTh mapa-
METphI ONTHUMAJIBHOTO pexxuMa. J1is 3Hepro-
€MKOr0 MpPOHU3BOACTBA TaKUM MapaMeTpPOM
MOTYT OBITb, HAIpUMED, 3aTPAThl 3HEPTHH.
Taxum 06pa3oM, MUKPO3JIEKTPOHHAS TEXHO-
JIoTUs 00eCTIEYHBAET HE TOJIBKO aBTOMATH3a-
LHIO, HO U ONMuMU3ayuio mpyooevlx Hpo-
yeccos.

Hy, a ecnu yx pedb HAET O TEXHHUYECKHX
peLLCHHAX, HCIONb3yeMBIX Mg 06paboTku
HHpOpMAlUM M CTaBIIMX pPEABHOCTHIO
JUWb Oiarogapsi MHKPO3JEKTPOHHKE, TO
Hellb3s O0OHTH MoJlMaHHEM 3JIEKTPOHHBIE
urpel. Boobire-To urpoBsie aBTOMATHI Iea-
JIH ¥ paHbllle, BOT TOJBLKO HHTEJUIEKT HX OBLT
HEBEJIMK, a TO W INOIPOCTY OTCYTCTBOBaJ.
IlepBbIii m1axMaTHBIA aBTOMAT — «TYPOK» OT-
POMHOTO pa3Mepa— BbI3Bajl OOJbIIOH HHTE-
pec B EBpone U AMepHke BO BTOPOH ImO-
nopuHe XVIII B. Cekper ero 6b1 NpoCT:
BHYTPH CKDBIBAJICA YEJIOBEK, XOPOILIO MIpaB-
muid B maxMatbl. COBpeMEHHBIE IITaxMaT-
Hble KOMIILIOTEPHI 06x0aTCa 6e3 POoKycOB B
OyXe HIUTIO3HOHMCTOB. MX HMCKYCCTBEHHOIO
HHTEJUIEKTa, COCTOSIIErO M3 3JIEKTPOHHBIX
MHKpPOCXeM, XBaTaeT Ha TO, 4YTOOBI 3acra-
BUTb HAJOJNro 3aAyMaTbCs JaXe OIBITHOTO
mraxMaTcra. MHOTHE U3 BBITYCKaeMBIX Ce-
TOOHS 3NIEKTPOHHBIX HMID (YHKIMOHMPYIOT
0 TOMY € NPUHIOUIY. «YMHas» MHKpO-
3JIEKTPOHMKA HrpaeT poOJib CONEepPHUKA. B
3JIEKTPOHHBIX BUACOUT PAX JOMOJHATEIbHBIM
MOACNOPbEM SABJISAIOTCS, K IPUMEPY, IpO-
rpamMma, ¢ IIOMOIIbIO BUAEOKACCETHI BBOIU-
Masi B UTPOBOE YCTPOHCTBO, U TeJIEBU3OP, Ha
3KpaHe KOTOPOro MIET caMa Hurpa.

BnuAaHue Ha pgpyruve
MHOPMAaUMOHHDBI® NPOLBCCHI,
Hosbie BuAbI CBA3M

Jo cHux mop MBI TOBODHJIH TOJIBKO O 3Ha-
YEHHH MHKPO3JICKTPOHHOM TEXHOJIOTHH LIS
o6pabotkn HHpopMaumun. PaccMoTpuM Te-
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nepb, KaKoe BJIUSHUE OKa3bIBa€T MMKpPO-
3NMEKTPOHUKA Ha NpYrue HHGOPMAIMOHHEIE
npoLecchl. ITO CBA3aHO C TeM, 4YTO B 60JIb-
nied MM MeEHbIUEH CTeneHH Bce MHbOpMa-
LIMOHHBIE TPOLECCH], BKJIIOYAs MOJYYCHHUE,
XpaHCHHE WIM Tepemadyy HHGOpMAIlMH, He-
HOCPECTBEHHO CBs3aHbl ¢ ee 06pabOTKOM.
Ho u 31ech MUKPO3JIEKTPOHHAS TEXHOJIOTHS
HO3BOJIAET BBLINONHATL ONEPalldH, CBS3aH-
Hble ¢ obpaboTkoit mHpopMalmu, Ha Gosee
BHICOKOM Ka4yeCTBEHHOM YpOBHe. B pe3ynb-
TaTe Ha HOBYIO CTYINEHb MOAHUMAETCA 06-
1M TEXHHYECKHH YPOBEHb pealu3allvi 3THX
uHbOPMaNMOHHBIX mpolieccoB. UTak, TpeTh-
UM OCHOBHBIM HaINpaBJ€HHEM Da3BHTHs
MHKPO3JICKTPOHHOH TEXHOJIOTHH SIBJIAETCSA
IaJbHEHIIee COBEPLICHCTBOBaHUE HH(OpMa-
IMOHHOM TexHukH. CBOE KOHKpETHOE BhbIpa-
KEHHE 3TO HaXOIUT, HAIPUMEP, B TOM, UTO
3alOMHHAOIIME YCTPOWCTBA H HEKOTOPHIE
IaTYHKH, HCIIOJb3YeMBIE IJIA MOJTYYEHUs HH-
(opMaIMu, C MOMOIIBLIO MHKPO3JIEKTPOHUKH
NEPEBOJATCA B Pas3psill «YMHBIX», T.€. HX
MOXHO 0bopyroBaTh COOGCTBEHHBIMH YCT-
poiictBamu s obpaboTku HHPOpPMALMH.
I'nmyboxue u3MeHEHUs, KOTOPbIE CETOTHSA MO-
keT HabmronaTh kaxnawsld B objlacTu Tene-
KOMMYHHKAIMH, OOYCJIOBJIEHBI MEPEXOI0M
Ha MHKPO3JIEKTPOHHYIO TEXHOJIOTHIO 0o6pa-
6oTkn uHbopManuu. KoHevHo, 3TH mpouec-
CHl HEJIb3Sl CBOAUTH TOJNBKO K MPUMEHEHHIO
MHUKPO3JIEKTPOHHUKH, OHH OCHOBBIBAIOTCS Ha
HCTNIOJIb30BAHHM H IPYTHUX IOCTHXCHHUH Ha-
YYHO-TEXHHUYECKO# PpEBOJIOIMH, TaKHX, KaK
CIyTHUKH CBSI3H, a Takxe CBeTOBOAbI. Ilo-
ClleTHHE MOTYT CIYXHUTh IPUMEPOM KaHAJIOB
CBSI3M, MJIM TaK HA3BIBAEMBbIX UHPOPMAYUOH-
Holx Kanaao6. HempepblBHO OyneT pacTu yuc-
J0 MHGOpPMAalMOHHLIX KkaHaJoB, objaparo-
umx GoJIbllEH MPOMYCKHOH CIIOCOGHOCTHIO.
Bo-nepBbIX, MO0 HAIM MOXHO HepenaTs 60Jb-
e paguo- ¥ TeJlemporpamMm. Bo-BTOpDBIX,
uabopManuoo, NPEeICTABIAIOIIYIO HHTEPEC
IUTSL BCEX, HallpUMeEp O MOrofe, penepryape
TeaTpoB U KMHO, PACIIMCAHUM JBHXECHHS [TOE3-
IIOB WJIM TYPHUCTUYECKHX MapIIpyTax, MOXHO
OymeT mojy4uTh He MO TenedoHy, Kak 3ITO
IellaeTcs ceidyac, a MPOYHTATh Ha 3KpaHe
TeneBusopa (cucrema Tenerekct). Ecim x
TaKOMY TeJICBU30PY NMOAKJIIOYEHO HedaTaro-
uiee YCTpPOMCTBO, TO HYXHBIA TEKCT MOXHO
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HOJIyYMTh B Hame4aTaHHOM BHJe. A Koraa
OyaeT HajlaXkeH MAacCOBBIH BBINYCK BIIOJIHE
HaJEXHBIX M J[ELIEBLIX Me4yaTalolMX YCT-
POWCTB, TO MOABHTCA U 3JIEKTPOHHAA ra3eTa.
Toncrteie mayku raser yxe He norpebyercs
pa3BO3UTh MO KMOCKaM: BMECTO 3ITOrO CBe-
XU HOMep B BUJE 3JIeKTPUYECKUX CHTHAJIOB
6yner nepenaBaThes MPAMO U3 PENAKIMH MO
TenehoHHOMY kabelro Ha JIOM K YHTATEIEO
7S BOCIPOHM3BEJICHHUA Ha TEJIEBU3HOHHOM
3KpaHe HJIH pacneyaTkd Ha 6ymare. Cyinect-
BEHHO YJYHYIIUTCS M pacIIMpHTCA UHbOpMa-
LIHOHHOE oOlueHMe uepe3 ob61IeAOCTYNHYIO
ceTb CBfA3H, KOTOpPOE OO CHX [MOp Ipak-
TUYECKH HOJIHOCTBIO OrpaHH4YMBAETCS
ToJBKO TenedoHoM u TeneraifmomM. Hcnons-
30BaHHE TEXHHMKH TEJIETEKCTa AACT BO3MOX-
HOCTb HANpaBJIATh MUCbMa U3 OTHOTO Y4-
peXAeHUs] B APYroe, U3 OJHOH KBApTHUPHI B
Ipyryio (31eKTpoHHas moura). [lo cucreme
Tenedpakc Ha GoJbIIME PACCTOAHHA MOXHO
nepenaBaTh KOMHUHM TOKYMEHTOB HJIH PHCYH-
KOB; B OymoymieM BO BpeMs pasroBopa IO
TenepoHy cobecegHHka MOXHO OymeT He
TOJIBKO CJIbIILIATH, HO U BHAETH (BHIOCOTEJE-
¢doH). Vxe cefiyac mpaKTHKYeTCs MPOBEACHAE
TaK Ha3bIBAEMBIX TEJIEMOCTOB M TelekoHpe-
peHimid. Torga kak yYacTHHKH OOBIYHBIX
KOHbepeHIH ChEe3KAIOTCA H3 PA3HBIX MECT,
B OOJIBIIMHCTBE CJIyYaeB yOAJICHHBIX APYT OT
Ipyra Ha COTHH KHJIOMETpPOB, IJIS Yy4yac-
THS B TeleKOHpepeHIIMM MOXHO Boobine
0CTaThCs B CBOEM padboyeM kabuHeTe MM XKe
nmepedTH B clienMadbHO 060pyI0BaHHBIA 3aJ1,
rae Bce coOeCeTHUKH BUIAT M CNBIIAT APYT
npyra. TexHuKa TeneTeKkcTa NacT TAKXKe BO3-
MOXHOCTb 3aKa3aTb NMPOe3JAHON OueT HwiIH
HOMEp B rOCTHHHIIE. BMecTo TOro, Hampu-
Mep, YTOOBI NOHTH B TYpHCTHYECKOE BGFOpO H
CHayana Yy3HaTb, €CTb JIM MOAXOIALIHE
MyTEeBKH, a 3aTE€M 3alOJIHUTh OJaHK, CO-
6paTh MOONMHCH M, OIIATHB INYyTeBKY, OT-
MIPaBUTLCA B Kaccy NMPeNBAapUTENbHBIX 3aKa-
30B 6MJ1€TOB, MOXHO 6YyIET BOCTIOJIb30BaTh-
cA KaHasnoM TellehOHHOHM CBA3M U BCe Hepe-
YUCJIEHHBIE ONEPAIMU MPOJENaTh 3JIEKTPOH-
HBIM cnocoBoM. M HakoHen, kKaxnawii a6o-
HEHT TeNeOHHOR ceTH OOLIEro moib3oBa-
HHSA CMOXET CBA3aThCA ¢ coAepxainei 601b-
moi o6beM HHPopMamuu 6a30i MaHHBIX,
HampuMep ¢ 6aHKOM AaHHBIX WM 6ubmmore-
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KOH, H BOCIIONIB30BAaTBCA BO3MOXHOCTAMH
9BM, oOnanaromeii OOJBIIOH BBIMHCIIH-
TEJbHOH MOIIHOCTLIO IS JHCTAHIIAOHHOM
mepenayn OaHHbIX. HoBble BHIOBI TEXHHMKH
cps3n obecrneyaT HMHIMBHUAYAJbHOE II0JIb30-
BaHue Oa3zamu gaHHbIX U 06paboTky HHboOp-
Maudu Ha DBM mns kaxporo aboHeHTa B
OTHAEJBLHOCTH, KaK ecjii Obl H 6a3bl NaHHBIX,
¥ MolHble 9BM Haxoaumuce B ero paboyem
xabuHeTe WM Ha xBapTHpe. BMmecto TOrO,
4TOOBI OpaTh KHUTY U3 OMOIHOTEKH HA IOM,
BCE ee CoIepKaHHe WIH OTAEIbHbIE OTPLIBKH
o XKaHajy TejieOHHOM CBA3H MOXHO Iepe-
MUCATh B HMaMATh JOMAIIHEIO KOMIIBIOTEPA,
a 3aTeM MPOYHUTATh TEKCT Ha JKPaHE TeJIeBH-
30pa WIH NIEPEBECTH Ha OyMary ¢ NOMOUIbIO
meyaTalollero ycrpoicrsa. Cpeacraa cBs3H,
KOTODBIE MBI IIOKa paccCMaTpHBAJIM Ha INpH-
Mepax H3 YacTHO# >WH3HHM, ewe Oojblee
3Ha4Ye€HHEe HMEIT B cdepe MaTepRabHO-
ro HpOU3BOACTBA, aAMHHHCTDATUBHOH Hes-
TEJBHOCTH H oOllecTBeHHOH XH3HH. HeoO-
xoauMas uHpopMaums 6ynet cobpaHa u 06-
pa6oTaHa OyKBAaJbHO 3a CUATAHHBLIE CEKYH-
Obl. DTO MO3BOJHUT OLICTPO MPHHATH Mpa-
BWJILHOE pelLeHHE, HMesl MOJIHOE TpeAcTaB-
JIEHHE O CHUTYaI[HH.

YacTb M3 paccka3aHHOTO 31eCh O Tee-
KOMMYHHKAIIMH YX€ CTajla peaJibHOCTBIO,
4acCTh OCTaeTCHd AEJIOM Aajiekoro Oyayinero.
M ceityac o4YeHb TPYAHO CO BCeH YBepeH-
HOCTBIO CKa3aTh, KaKHe U3 HOBBIX CPEICTB
CBS3M U B Kakoi Mepe HaiayT MaccoBoe
npumeHeHrHe. Ho oaHO SCHO yXke ceromHs:
TIOSIBUTCA €QWHAS CHCTeMa CBA3H, TaK Ha3bl-
BaeMas «UH¢poBas CeTh ¢ KOMIUIEKCHBIMH
ycioyramu». M Bce ke CYIIECTBYET NPHH-
[MIAAJIbHO BaXXHBIH MOMEHT, OOMIMH s
HOBBIX CPEICTB CBA3H. B HacTosdillee BpeMs
IUIA Tiepeqayd HMHGpOpMalHH HeoOX0aHMO
nepeMelaTb B MPOCTPAHCTBE HE BeCbMa
Majioe KOJIMYECTBO OJHEPrHH, Kak 3TO
IeNaeTCA TPH JJIEKTPOHHOH mNepemave OaH-
HBIX, a 3HAYHTEJNbHYIO Maccy BeecTna. I1pu
9TOM Mepenaya HHGOPMALIMH OCYIIECTBIISET-
CA MyTeM MepeMELIEHHS B IIPOCTPAHCTBE TO-
ro M4aTepHAJILHOIO HOCHTENA, Ha KOTOPOM
OHa 3anucaHa. [lepexom Ha MHKPOJJIEKTPOH-
HYIO TEXHHKY Iepedaiyd HHGOpMaluM O3Ha-
4aeT, YTO Ha CMEHY IOTOKY BEIeCTBA H
3HepruM NpUXOIUT MOTOK HHPopManuu. Xo-

TS 3TO CKa3aHO C TPEyBEJIHYEHHEM, HO IO
cyurecTBy BepHo. KoHeuHO, Heb3s npeacra-
BUTH cebe wuHbOpManMoOHHBIE TOTOK 6e3
SHEPruy, Kak IBeT 6e3 BemtecTna. [Ipu asekT-
POHHO# nepenaye HHGOpMaIUH, OJTHAKO, O~
TOK 3HEPTHH IO CPaBHEHHMIO C NOTOKOM HH-
dopMaIMu CTaHOBHTCA HACTOJIBKO MaJl, YTO
MOJIHOCTBIO OTOABUIAETCA HAa BTOPOH IUIaH.
Kak 3TH NpHHUHIHATBHO HOBHIE BHIBI TEX-
HOJIOTHH, €IlI¢ TOJBKO 3apOXIAIOUINecs B
00JIaCTH TeTEKOMMYHHKAIMM, TaK H YyXe
pealH30BaHHBIE Ha NPaKTHKE Hepa3phIBHO
CBSI3aHBI C IPEJOCTABJIEHHEM OOJIBIIOTO YHC-
Jla KaHanoB nepemayu uHbopmaumu, obia-
NAIOIIUX K TOMY Xe€ BBICOKOH NpOIYyCKHOMR
cnoco6HocThI0. Ho 3TO /MIIL 0HA CTOpOHA
nena. Benp miusg Toro, yrobbl mepenaTs MH-
¢opMalro mo KaHaNy CBS3W, €€ CHadajia
HYXHO CHATb C NMEPBHYHOTO HOCHTEJNS NaH-
HBIX, BBECTH B KaHaJl, a MOCJE Mepedavn
BBIBECTH U3 HErO W BbIIATh Ha 9KpaH WIH
BOCIIPOM3BECTH KAKHM-THOO APYTrHM CIIOCO-
6oM, T.e. uHGOpMaIHIO HYXHO 06paboTaTh.
YT106b1 rapaHTUPOBATh IPABWILHOE PACIO3-
HaBaHHe NepedaHHO# uHpopMaimu, Tpeby-
€TCs e¢ 3aKOIUPOBATh, YTO OMNATH XKe O3Ha-
YyaeT NOMOJHHTeNbHYI 00pabotky. Ecam 3a
¢OHHHLy BPEMEHH HYXHO mepenartb 00Jib-
moi ob6veM HHpOpPMALMM, TO 3a Ty Xe
¢QHHHUIy BPEMEHH TOYHO TaKod Xe 00beM
IookeH ObiTh M obpaboraH. MTak, coBpe-
MEHHBIE BHABI CBA3H HYXIAIOTCA B TEXHH-
ke, obecne4uBaroneld ObICTpyr0o 0OpaboTKy
OonbinX 00BeMOB HHpopManHH. EmuHCT-
BEHHO NpHEMJIEMOE pellleHHe 3Toi mpobJie-
MBI NpelUTaraeT MHKpO3JeKTpoHHKa. be3 ee
TIOMOIIIA COBPEMEHHBbIE CPENCTBA CBA3H He
HaMOyT CBOEro MPaKTHYECKOTO BOIUIOIIECHHUS.
MpuxpoanexkTpoHrka crnocobHa NOAHATH H
nepenavy HHGOPMAalMH, u ApYrHe nHPopMa-
LIMOHHEBIE NpOLECCH Ha 3HAYHTENBHO OGoJtee
BBICOKMI ypoBeHb. U 3TO TpeThe HalpasJie-
HHE, B KOTOPOM, KaK Mbl YXe¢ T'OBODHJIH,
HAET pa3BUTHE MHMKDPO3JICKTPOHHOH TEXHO-
JIOTHH.

Eanxan
uHcpOopMauMoHHaA cucrema

Bnusirue 3toro Pa3BHTHA B CBOIO O4Ye€peldb
OKa3bIBA€TCA OYC€Hb LIMPOKHM: €CJIH MHKPO-
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INeKTpoHHas ob6paboTka mEPOpPMAIHMH CTa-
HOBHTCS BaXHOM COCTaBHOM . YaCTBIO BCEX
HpoyHXx MHGOPMAIMOHHBIX NPOLIECCOB, TO B
pe3yJibTaTe CTHPAIOTCSA IPAHALIBLI MEXY pas-
JUYHBIMH HH(POPMAIMOHHBIMH MPOIECCAMH.
To xe camoe NMPOMCXOOWT M TOTAA, Korja
HCIOJb30BAHHE HOBBIX CPEACTB CBS3H OT-
KpbIBAET BO3MOXHOCTH OOMeHa GOJIBIIMMHA
obreMaMH HHGOPMAIMH MEXOY YOAICHHBI-
MH JApyT OT Jpyra nBHbOPMaIMOHHBIMU
HEHTpaMH ¥ 6a3aMH JaHHBIX. DTO IPHBOIUT
K UX TECHOMY CONMXCHHIO, B pe3yJbTaTe
HEero MOSBISACTCA €OUHAs CHCTEMA, B COCTaB
KOTOPOH BXOISAT TaKXe CpeAcCTBa mepeaayu
uadpopManuu. B Takoit enuHOM cHCTEMe TIpo-
neccbl 06paboTKH, XpaHeHHMs M NepeJavyd
uHpopManmu BoOOLIE yXe HEBO3MOXHO OT-
IEeMTh Opyr OT Apyra. PemneHue ongHoM
KOHKpeTHO# HMHPOpPMAIMOHHOH 3aja4yu of-
HOBPEMEHHO «BKJIIOYAET» BCE TPH Ipoliecca.
INpoucxoaut cmusane 06paboTky, XpaHeHUS
H nepegavu uHpopManun. B HekoTOpOM po-
Iie 3TO SIBJIEHHE MOXXHO CPaBHHMTbL C cO3[a-
HAEM DErHOHAJNBHBIX M OO6IIErocyAapcTBEH-
HbIX 00BbEOTWHEHHBIX 3HeprocucreM. HHTer-
pamUst TPeX COCTABJISIOMMAX WHGOPMAIMOH-
HOTO Tpoliecca, T.€. 06beAUHEHNE TpeX NoI-
CHCTEM B OAHY oOl1yI0 HHPOPMALMOHHYIO
CHCTEMY, XapaKTepH3yeT 4YETBEPTOEC OCHOB-
HO¢ HalpaBJicHHe pa3BUTUSA MHGOpPMAIMOH-
HOH TEXHHKHM, KOTOpDOE XOpOIIO INpOocMaT-
pHUBaeTCs yke cerogHs. W 3aech riapHas
pPOJIb OTBOAMTCS MHKPOIIEKTPOHHKE.

MukpoaneKTpoHUka
N Hay4YHO-TeXHUYeckKasn
pesonouua

PaccMOTpeB 3TOT M JOpYrHe 4acTHBIE BOII-
POCBHI, PAacKpHIBAIOILIKE B3aMMOOTHOIICHUSA
MEXIY MHKPOJJIEKTPOHUKOM, HHbOpManuei
H OOIIECTBEHHBIM Pa3BUTHEM, OOpaTHUMCS B
3aKJIIOYCHHE €IIe pa3 K OCHOBHOH TeMe IaH-
HOH IjaBbl, T.€. K ONpEAeTICHHIO 3HAYECHMS
MHKPO3JIEKTPOHHKH IS CYLIECTBOBAHUSA Ye-
JIOBEYECKOTO 0OllEeCTBA, H K TOMY BONPOCY,
OYeEMY HMEHHO ¢ MHMKPOJJIEKTPOHHOM Tex-
HOJIOTHEH CBSI3BIBAXOT Takue OOJbIIHE Ha-
Iexabl. MBI y)ke HMeNH BO3MOXHOCTb y6e-
JIATLCSA, YTO JUIS 3TOTO €CTh MHOTO IPUTHH.
['naBHast U3 HUX 3aKIOYAETCA B TOM, UTO
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MHKDO3JIEKTPOHHKA MO3BOJISET B KODHE pe-
BOJIIOUMOHM3UPOBAThL TEXHHKY, a HE TOJIbKO
HOJIYYMTE TO WJIH HHOE HOBOE TEXHHMYECKOE
peieHAe. TeXHHKa, MOSBUBIUASICA B pe3yib-
TaTe NPOMBINUIEHHOH peomonuun XVIII-
XIX BB., B OCHOBHOM INpeOHA3HAYaJIACh
JJ1s1 BhINOJHeHUs ¢usnueckoi pabotsl. Cos-
JaHue HOBOH TEXHHYECKOH 6a3bl C MOJHBIM
IpPaBOM pacCMaTPUBAeTCs Kak IJIaBHOE
COJEPXaHHE NPOUCXONAINCH B HAIOH THH
HayYHO-TEXHHYECKOH PEBOJIIOIMH U CTABHTCH
HapaBHE C De3yJIbTATAMH NPOMBIIUICHHOR
pesoionuy nponwtoro. ITono6Ho ToMy Kak
IPOMBIIIUIEHHAS PEBOIONMS H30aBHIIa YeNIo-
BEKa OT HEOOXOAMMOCTH HecTH OpeMst Tsxke-
Joro (U3HYECKOTO Tpyda, [JaB eMy B PYKH
HHCTPYMEHTBl H MAIMHB], MO3BOJIMBIIIHAE
no4yTH 6e3rpaHHYHO YBEIHYHTh (U3MYecKHe
BO3MOXHOCTH, TaK M HAyYHO-TEXHHYECKas
DEBOJIOLMA CeroOHsA BO Bce Ooibined ¥
6onbieli creneHH ocBO60XIAET YeIOBEKA OT
DYTHHHOH YMCTBEHHOH [HEATEIBHOCTH H,
IPEAOCTABIISASA B €TO PACIIOPSIKEHHE «yMHbBIE»
MaIlMHbl, TIOMOTAeT NOHATbL €ro TBOpYEC-
KA NOTEHIMAJ Ha HEH3MepHMO OoJiee BBICO-
kuif ypoBeHb. Texnmka 6epeT Ha cebst BBI-
TIOJTHEHHE TeX mpoueccoB o6pabotku uudop-
MaIlHMy, KOTOphle paHbille OBUIH IpeporaTu-
BO# yenoBeka. Mcye3aroT npHBLIMHBIE U BO3-
HHKAIO0T HOBBIE€ BB ACATEILHOCTH CO CBOM-
MH TpebGOBaHUAMH M 0COGEHHOCTAMH. B 3kc-
TpEMAJIbHBIX CIy4asgX HEKOTOpPbIE TpaaMIlu-
OHHBIE IIPO(ECCHH BOOOIIIE MOTYT CTaTh He-
HYXHbIMH. B XoJe Hay4HO-TEXHHYECKOH pe-
BOJIIOIMH 3TH SIBJICHHS HEM36EKHO CONpO-
BOXKIAIOT Pa3BHTHE IPOU3BOJHUTEILHBIX CHII,
HCTIBITBIBAIOIINX BIMSHHE CO CTOPOHBI MHK-
PO3JICKTPOHHOH TeXHOJIOTHH. Pa3BUTHE 3TO
BEZIET K MOLLHOMY NOIBEMY NIPONU3BOIUTEINb-
HOCTH OOILIECTBEHHOTO TpyJa M CYIIECTBEH-
HOMY YMHOXEHHIO OOLIECTBEHHOTO OOCTOS-
HHSL B €r0 MaTepUaILHOM BhIpaxeHun. Ho
Bce umeeT cBoro neHy. M 6ymer Toabko
CIIpaBeUTHBO, €CJIH BCE WIEHbI OOIIECTBa B
OEJIOM M KaXIObIH B OTACIBHOCTH CTAHYT
y4acTBOBaTh B YMHOXXEHHH OOIlero qocTos-
Hus. Bech X0 pa3BHTHA NIPOH3BOOUTEILHBIX
c Hen30eXHO BEN K CO3TAHHIO MHKpPO-
aNekTpoHMKH., OHa NO/DKHA OblIa MOSIBHTDH-
cs1, u60 obuiecTBeHHAs HEOOXOOUMOCTD Tpe-
6oBasa mepeAaTh 4acTh TPYAOEMKOTO YMCT-
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BEHHOTO Tpylda MammHaMm. Yucroi ciydai-
HOCTBIO OBLIO TO, YTO B JAHHOM ClIy4Yac Ha
TTOMOILIb TPHIIJIA MHKPORJIEKTPOHHKA, OCHO-
BaHHasg Ha HCIOJIb30BAaHMH CBOWCTB IIOJY-
NPOBOOHHKOB. Benp pellleHHs MOTJIH OC-
HOBBIBATBCS M Ha JpPYTHX IIpHHLIHMIAX —
($U3MYeCKUX, XUMHAYECKAX WIH GHosormyec-
KHX —IJIaBHOE, YTOOBl MX MOXHO OBLIO HC-
nojb30BaTh g obpaboTku HMHbOpPMaLUH

Tak, kak Toro TpeboBama oOIecTBeHHAs
npakTHka. M Bce xe ¢ TOYKM 3pEHHS pa3BH-
THSA HAYKH M TE€XHHMKHM HET HHKAKOM cirydai-
HOCTH B TOM, 4TO CETOJHS Mbl HMEEM JEJI0
HE C HECKOJIBKUMH, a TOJIBKO C OHOM, peasib-
HO CYLIECTBYIOLLIEH B HaIlleM XH3HH MHKPO-
3JIEKTPOHHMKOM, C TaKOH, Kakas OHa ECTh.
Bonee noapo6HO 3TH BONPOCKH MBI PACCMOT-
PHM B CJICAYIOLLEH IJlaBe.



3. NMNonynpoBoAHUKOBbLIE

HcTopuyeck cII0KKIOCH TaK, YTO CHa4asIa B
9JIEKTPOHUKE HCNOJIB30BAJUCh 3JIEKTPOHBI,
HaxoslWecs B Bakyyme. BcnmoMHMM XoTst
661 00 3MEKTpOHHOH Jamme, rAe BHYTpH
CTEKJIIHHOM KOoJIOBI, M3 KOTOpPOH yaajeH BO3-
IyX, IBHKYTCSL 3NeKTpoHbl. [lo3aHee, mocne
Toro kak bapaun, bparreiin u lloknu u3o-
O6penn B 1948 r. TpaH3UCTOp, K HHM HO-
6aBIUIHCh 3JEKTPOHBI B INOJYIPOBOIHHKO-
BBIX KPHCTAJUIaX, «IIOTECHHUB» JJIEKTPOHHI B
BaKyyMe, HO HE€ 3aMEHHB HX MOJIHOCTBIO.
MHUKpPO3IEKTPOHHKA ONEPHPYET HCKIIFOYH-
TEJILHO C MEKTPOHAMH B NOJIYIPOBOIHMKAX.

MonynpoBOAHUKM

BoJbHIMHCTBO MOJTYNPOBOAHUKOB SIBJISIFOTCS
TBEPOLIMH TEJIAMH ¢ NPAaBHIBHOH KpHCTa-
JIMYECKOH CTpYKTYpO#H, T.e. MOHOKpPHCTAJ-
JaMH XHMHYECKHX 3JIEMEHTOB, HaIpuMep
KDEMHHUsl, TePMaHHs, TeJUlypa, HJIH XHMH-
4eCKHX COCOWHEHMH, HampuMep apceHHIa
rajuisi, cynbGuoa KaaMus M TeUTypUAa
cBHHua. HasBaHHe «IOJyIpPOBOOHHUK» B Iep-
BYIO O4Yepeb TOBOPUT O TOM, YTO pedb HAET
0 MaTepHaJlax, o CBOeH yAeIbHOR JIEeKTpo-
NpPOBOJHOCTH 3aHHMAIOLIHX MPOMEXYTOY-
HOE TMOJOXEHHe MEXAy JdU3JeKTpHKaMH
[ymenbHast  3MEKTPONPOBONHOCTH  MeEHee
107°/(OM- cM)] 1 TpoBoAHMKAMH [yOenbHAs
3MEKTPONPOBOAHOCTL Gosee 10%/(OM - cM)].
XoTs Takas XapakTepHUCTHKAa JOBOJILHO MHO-
BEPXHOCTHasl, OHa B OINpele/IeHHON CTEeNeHH
BCE )K€ OTPAXaeT BHYTPEHHHE OCOOEHHOCTH
NOJYIIPOBOJHHUKOB, IPENCTABISIOMKE HX
0co0YyO LIEHHOCTL A8 3JeKTpoHukH. Ho o6
3TOM MBI elle MOroBopuM bostee moapobHoO.

lar, coenaHHBI 3JEKTPOHHKON OT Ba-
KyyMa K MNOJIyIDOBOOHHKaM, SIBJIAETCS JIO-
ru4HbIM. Ecnu npenHa3HadyeHHe 3J1eKTpOHU-

npubopbi

KM COCTOSU10 OBl TOJNBLKO B MOJYYEHHUH CBO-
60mHO IBMXYLIHMXCA JJIEKTPOHOB M pa3 Ta-
KOBBbIE MMEIOTCS TAKXE B TBEPIBIX TeJaX, TO
3a4eM e IMOJIy4aTh 3TH 3JIEKTPOHBI, 3aCTaB-
JiAs TBEpObIE TeJla HCIYCKATh HX B BAKyyM,
KaK 3TO NPOUCXOIOUT B 3JIEKTPOHHO# Jiamre?
Benw 271eKTPOHBI MOXHO MCIOJIB30BATH Cpa-
3y B TBEpABIX TeJaX. A TBEPIABIMH TEJIaMH CO
CBODOOHO MBHXYLUUMHMCS INEKTPOHAMH SB-
JISIFOTCSL METAJUIbI M MOJIYIPOBOAHHKH. Ilo-
4eMy XK€ 3JIEKTPOHHKA MOJIB3YETCA TOJIBKO
MOJIyIPOBOJHUKAMH, a He MeTaJUIaMH [UIs
co3gaHus cBoel aeMeHTHO# 6a3p1? Mertai-
JIBI M THOJYMPOBOTHMKH Pa3IM4arOTCA YHC-
JIOM HMEFOLIHXCS B HUX CBOOOIHBIX 3JIEKTPO-
HOB. B Metajulax HX KOJIMYECTBO O4YEHb Be-
JIMKO: HAa OOWH aTOM METajUla NPHXOIATCH
MOYTH 1O OJHOMY CBOOOTHOMY 3JIEKTPOHY.
TaxuMm 06pa3oM, UX IUIOTHOCTH COCTABJIAET
okono 10?2 Ha ! cM®. A BoT B mosympo-
BOJHHMKaX HMEETCA CPaBHHUTEIBHO MaJIO CBO-
OOOHBIX 3JIEKTPOHOB M TOJIBKO Ha KaXKIble
10°-101° aromMoB mpMXOOMTCA OIOMH CBO-
OomHpIil 37eKTpoH. CleloBaTeNbHO, IUIOT-
HocTh MX paBHa 10'2-10!° ma I cm3. Kak
MBI 3HaeM, 3a[a4a MUKPOJIEKTPOHHKH 3aKITIO-
4yaeTcss B GOPMHPOBAHHUH MOTOKOB 3JIEKTPO-
HOB U YNpaBJICHHH HMH C NOMOIIBIO BHEMI-
HEro 3JICKTPHYECKOTo BO3IeHcTBUs. Bromne
NOHSATHO, YTO NPH 3HAYHTEJIBHO MEHbIIEM
YHCJIE 3JIEKTPOHOB B MOJIYIPOBOAHHUKE IO
CPaBHEHHIO C MeTaJUlaMH oOKa3aTh TaKoe
BO3JeitcTBHe Jerye. [ 37€KTPOHHBIX MPH-
6opoB, TakMM 06pa3oM, MNOJYNPOBOIHHUKH
moaxoasT Oosblie, YyeM MeTa/Uibl. UToOnI
NOHSATHh NPUHIMIBE (YHKIHOHHPOBAHUSA ITO-
JIyIPOBOJHHKOBBIX NPUOOPOB, HAM cledyeT
cHayasa Gojee mnoapobHo pa3obpaTncs B
TOM, 4TO IPOMCXOAHMT € MOTOKAMH 3JIEKTPO-
HOB B NOJIYNIPOBOIHHKOBOM KpPHCTaJLIE.
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JHepreTnyeckue 30HbI

Hauyxem ¢ TOro, 4To paccMOTPHM, KakKoi
JHeprueii Moxer obiazaTe 3JEKTPOH B Ta-
KOM KpHCTaJule. MI3BeCTHO, 4TO 3/IEKTPOHbI
cBOOOJHOTO aTOMa MOTYT HaXOJUThCSA He Ha
mo6oM, a TOJILKO Ha CTPOTO ONpPENENEHHOM
IHEPTeTHYECKOM YPOBHE, KaK 3TO CJIeOyeT H3
npeioxeHHo# bopoM Mozemn atoma U QyH-
JaMEHTAJIbHBIX TIOJIOXKEHHH KBAaHTOBOH TeO-
pun. B aTome Mexny pa3pelleHHBIMH JTACK-
PETHBIMHM 3HEPreTHYECKHMH YDOBHSMH Cy-
LIECTBYIOT 3alpellieHHble WHTEpPBAJbl 3HEp-
THH, T€ HE MOXET HaXOOHThCA HA OJMH
3MEKTPOH. AHAJNOTHYHYIO CHTYAllHIO MBI
BCTPEYaEM B NOJIYIIPOBOJHHKOBOM KPHCTAJI-
Jie, HO C TeM pa3/JH4YHMeM, 4YTO IpH cOm-
JKEHHH aTOMOB, 00pa3yrolluX KpHCTaJLl,
pa3pelleHAble THCKPETHBIE 3HEPreTHYECKHE
YPOBHH PacCIIMpAIOTCA B 3HEPreTHYECKHe 30-
HBl (puc. 4). Mexay pa3pelleHHBIMH 3HEp-
TeTHYECKMMH 30HaMH —KaK H B aTOME — MMe-
FOTCA 3aNpelieHHbIE 30HBI, HE COIEpIKallye
pa3pelleHAbIX 3HAYEHHHA HEPIHH. DJEKTpo-
HBl KpHCTaJ/Ula [OJDKHBI 00namate TeMH
JHEPrHAMH, KOTODBIE JIEXAT BHYTPH 3HEp-
reTudeckux 3oH. OHako KaxJas Takas 30Ha
HMEET JIAIb ONpEAeIeHHOE YHCIIO MECT VIS
pa3MelleHus JeKTpoHOB. Ecom Bce Mecta
3aHATHI, TO [aHHAfA JHEPreTHYecKas 30HA
IEJIMKOM 3aMOJIHAETCA W HAaYMHaeTcA 3amo-

HEHHe cllefAyrollel 30HbI ¢ Gosee BBICOKOH
JHEprueH.

3neKTpPoOHbLI

B 30HE NPOBOAUMOCTH
M ObIPKU

B BaNieHTHOMA 30He-—
HOCUTenu 3apaga

B NMONYyNpoOBOAHMKAX

OTnHYHTEeNbHOM 0COOEHHOCTBIO TMOJIYIpPO-
BOJHHKA ABJIAETCA TO, YTO OQHA SHEPreTH-
yecKas 30Ha — 6aAeHMHAA 30HA—3aHATA TOY-
TH TIOJIHOCTHIO, @ PAcloJIOKEHHAas Haj Hed
30Ha NPO6OOUMOCHIYU TIOYTH MOJHOCTHIO CBO-
6onnHa. «[1o4TH MONHOCTBIO» O3HAYAET, YTO
npe Hamauuu 1022 mect 10'2-10'° mecr
3aHATO WM cBobomnHo. HeGonbmoe wucno
HE3aMONIHEHHBIX MECT BAaJICHTHOH 30HBI—
Oblpok —BeleT ceDf KaK 3JIeKTPOHBI C MO-
JIOXKHTENBHBIM ~ 3JIEKTPHYECKHM  3apAHOM.
IMousats 310 Herpymuo. Ilomagum Ha mo-
NYNPOBOIOHHK 3JIEKTPHYECKOE HANPSIKEHHE.
YTo xe CIYYHTCA MOCHE 3TOro € 3MEKTPO-
HaMH B BaJICHTHOH 30He? OieKTpHYecKoe
moJie TOTAHET HX BieBo (pHcC. 5). OmnHako
CMECTHTBCS BJIEBO 3JIEKTPOHBI MOTYT TOJNBKO
B TOM CJIy4Yae, eClIH Nepel HHMH eCTh CBO-
6omHoe mMecto. Ha BepxHeii cxeme pmc. S
He3aHATOE MECTO HaXOMMTCA CJeBa OT JJEeKT-
poHa, o00o03HaYeHHOro HoMepoM 2. 3TOT

Atom

MonynposoaHuk

Puc. 4. DHepreTHuecKHe YPOBHM aTOMa H SHEPreTHYECKHE 3O0HBI MonynpoBoAHuka. OOpa3oBaHue
IHEPreTHYECKHX 30H H3 AMCKPETHBIX YPOBHEil NMPH XapaKTepHOM IS NMOJYNPOBOMAHHKOBOIO KpHCTaLIa

6aH3KOM pacnojioxeHHH aTOMOB.
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Puc. 5. JIBH)ICCHHB AbIPKH KaK 4acTHUbI ¢ NMOJJIOXHTEIbHBIM 3apAA0OM B HE IMOJHOCTLIO 34M0JIHEHHOMH
INEKTPOHAMH BHCPFETK‘ICCKOﬁ 30HE MOJ BO3ACHCTBHEM JJIEKTPHUYECKOTO HANIPAMKEHHA.

3NEKTPOH CMeENIAaeTcs BIIEBO, OCTABNAA BMeC-
TO cebs mycToe MecTo (OBIPKY), KyOa Tenepb
MOXET MNEepPEeMECTHUTLCHA CIENYIOUIHHA 3JEeKT-
poH mox HoMepoM 3 H T. 1. He3anonneHHOe
3JIEKTPOHOM MECTO CMeIlaeTcs BOpPaBO MO
HanpaBJeHHIO K OTPHIATENLHOMY 3JIEKTPO-
Iy, KaK IBUranach ObI TMOJIOXHTENBHO 3a-
psxeHHas cBobGomHas 9actuma. Takum 06-
pa3oM, HOBIPDKH B BAaJICHTHOH 30He, Kak H
3NIEKTPOHBI B 30HE NPOBOAMMOCTH, MOXHO
paccMaTpHBaTh Kak CBOOONHBIE HOCHTENH
3apsfa, HO TOJNBLKO B OTJMYHE OT 3NEKTPO-
HOB OHH TNpEACTaBIAOT cobofi HOCHTENH
MONOXHTENBLHOTO 3apsaia.

O6pasoBaHue ABYX Pa3HOBMAHOCTEH CBO-
6omHBIX HOCHTENIEH 3apaaa—OTpHLATENb-
HBIX 3JIEKTPOHOB W MOJOXHTENBHBIX IbI-
POK—ABJISIETCA BaXKHe#ed ocoOeHHOCTHIO
NONynpoBOAHUKOB. B coyeranum c Jer-
KOCTBIO PEr'yJIHPOBaHHSA KOHIEHTpAaLHMeH HO-
cuTeJieil 3apsAna NMpH MOMOILM BHELITHETO BO3-
neiicTBuA (0 4eM MBI OyJeM rOBOPHTE YyTh
HMXKE) OHa cTajla TeM (YHOAMEHTOM, Ha
KOTOPOM OCHOBAaH NpHHIAN ACHCTBHA NO-
NynpoBOOHUKOBBIX npubopos. Ho cHavana

HEMHOT0 3aJIEp)KAMCH Ha 3TOM HECKOJIBKO
CTPaHHOM CBOGOJHOM HOCHTEJE TOJIOXKH-
TENLHOTO 3apana—«Isipke». B KoHeuHOM
HUTOre OBIPKY MOXHO MpENCTaBHTbh KakK CO-
BOKYITHOCTB BCEX 3JIEKTPOHOB BaJIEHTHOM 30-
HBI 32 BBIYETOM OJHOTO. BMecTo ABMXEHHS
OBIpKH MOXHO ObL10 OB paccMaTpHBATH
JBHOKEHHE 3JIEKTPOHOB BaJICHTHOH 30HBI,
uMeroleii onHo ceobonnoe mecto. Ho B
TAKOM CJIy4ae MpHILIOCHL OBl yka3aTb, 4YTO
MBI, KCTaTH, M CAENaH, 00BACHAA pHC. 5,
KaK cMemmaercs Kaxmpii uz 1022-1 amext-
POH BaJIeHTHOH 30HBI. JTO CJIOXKHO, H K
TOMY JXe TMOYTH HHKOTHAa He HyXHO, HOO
BO3MOXHOCTH TEpPEMEILIEHHS 3JIEKTPOHOB
HaJIe)XHO YCTaHOBJIEHBI KBAHTOBOM TeOpHEii.
Tonbko 3nmekTpoHB 1 U 2 B BepxHe#l 4YacTH
PHC. 5 MOTYT MepeMeIaThCs, MPHYEM 3JIEKT-
poH | TONBKO BNpaBO, a IEKTPOH 2 TOIBKO
pieBo. Ha mepensmxeHHe BCEX OCTaJIbHBIX
3JIEKTPOHOB HaJyoXeH 3anper. Mcnonb3osa-
HHE TMOHATHA HABIPKH Kak CBOOOOHOro HO-
CHTENsA 3apsifa B BAJIEHTHOM 30HE MO3BOJIAET,
TakuM oOpa3oM, AaTh Gonee ymob6Hoe omm-
CaHWe NBHXEHHs 3JEKTPOHOB B BAJIEHTHOH
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Puc. 6. Dddext Xonna B NONYNPOBOJHHKE C MNCKTPONPOBOJHOCTBIO p- M N-THMA.

30He. B mpuHIMNE MOHATHE ABIPKH NpHMe-
HHMO H K 30HC NIPOBOJHMOCTH. HO TdaK KdK B
30HE NPOBOAMMOCTH HMMEETCS O4CHb MaJio
3JIEKTPOHOB, TO TMPHUILIOCH OBl TOBOPHTH,
YTO OHA TMOYTH MOJIHOCTBIO 3alOJIHEHA JIbIpP-
KaMH. lcnonb3oBaTe ABIPKH A7 ONMHCaHUS
30HBI MPOBOAMMOCTH TAK JKe HelleJecoodpas-
HO, KaK M 3JICKTPOHBI /151 ONHMCaHHs BaJICHT-
HON 30HBI. [lonynmpoOBOJHMKHM, B KOTOPBIX
HMEIOTCSl  MPEUMYIIECTBEHHO CBOOOJHBIE
3JIEKTPOHBI, HA3BIBAIOT 3ACKINMPOHHbIMU HIIN
n(negative)-Tuma, a Te, B KOTOPHIX NpeAMY-
LIECTBEHHO OBIPKU — 0bIpoutbiMu UIH p(posi-
tive)-tuna. OrpaHdyeHHe, HaXOASLIEE CBOE
OTpakeHHE B CIIOBE «MPEHMYLIECTBEHHON,
HYHO IO TOH NpHYHHE, YTO B IOJYIpPO-
BOJIHHKE #-THIIA BCErJa €CTh ONpedelieHHOe
YHCJIO JBIPOK, 4 B NOJNYIPOBONHHKE p-THIA —
HEKOTOpOE YMCIIO 2JMeKTpoHoB. Mx Ha3biBa-
HOT HEOCHOBHBIMU HOCHMEAAMU 3apﬂda B OT-
JIUYHE OT MOJABINAIOLIETO YMCIAa HOCHTENEH
3apaia — ocHOBHbBLX.

Yrobbl NPOAEMOHCTPHPOBATE, YTO JBIp-
KU HE SBJSIOTCA IUIOJOM YHCTOH (aHTasuu
(PM3HKOB, MOXKHO PacCMOTPETb MBICJICHHBIH
IKCHEPHUMEHT, KOTOPBIii, BIPOYEM, JIETKO OCY-
mecTBUM Ha mpakTHke (puc. 6). Kak ompe-
JeNUTh, UMEIOTCA JIH B JAHHOM MOJYIpO-
BOAHUKOBOM 00pasiie B OCHOBHOM 3JIEKTPO-
Hbl WK AbIpKU? COoBEpIIEHHO OYEBUIHO, YTO
cenaTh 3TO HEBO3MOXHO, 3Hasi JIMUIL Ha-
NpaBJieHHe TOKA, BO3HUKAIOILEro MOJ BIHA-
HHEM NPUIOKEHHOTO 3JEKTPHYECKOrO Ha-
npsokenua. XoTs Toa AeHCTBHEM Hampsike-
HUSA 3JIEKTPOHBI M IBIPKM HAYHHAIOT [BH-

raThCsl B IPOTHBOIOJIOXKHBIX HATIPABJICHHAX,
OHAKO H3-34 NPOTHBOMNOJOMKHBIX 3apAloB,
HOCHTEJIIMH KOTOPBIX OHHM SBISIFOTCA, IS
HANPaBJICHHOTO BJIEBO TOTOKA 3JICKTPOHOB
HanpaBJIeHHE 3JIEKTPHYECKOro Toka Oyner
TAaKHM JKe, KaK H JUIsl HAMPABJICHHOI' O BIPABO
notoka nslpok. [loaToMy ammepMerp mo-
CTOSIHHOIO TOKa He OOHapyXHT HHKAaKoro
pasmuuua. OHO MpOSBUTCA TOJBKO B TOM
Clyvae, ecjii TIOMECTUTh MOJYNPOBOOHHK B
MarHMTHOE T0JIe, HampaBJIeHHOE TNEepreHIn-
KyJIIpHO HANpPaBJIEHHIO 3JIEKTPHYECKOTO TO-
ka. MarHuTHOE MoOJie MCKPHBIAET TPAeKTO-
PHH [BWXEHHS JJIEKTPOHOB H ABIPOK, NPH-
4eM TakuM 00pa3oM, 4TO 3TO HCKPHBJICHHE
3aBUCHT TOJBKO OT HAINpaBICHUS JJIEKTPH-
yeckoro Toka (adgdext Xosa), T.e. B MO-
JIyMPOBOJHHKAX KaK A-THNA, TaK U p-THIA
HOCHTEJIH 3apsia OTKJIOHAIOTCA B OJHY CTO-
pony. OnHako B MOJIyNPOBOOHHMKAX p-THMA
BO3HHMKA€T TOK, HANpaBJECHHBI BHU3, a B
MOJIYTIPOBOJHUKAX #-THIA —TOK, HANIPABJIEH-
HBI BBepX (puc. 6). Kaxaslil MOXeT, TAKHM
obpa3oM, HarnsagHoO yOenuThCs B pealibHOC-
TH JBIPOK.

NerupoeaHue

Ho cux nop ™Mbl NpHHHMAJH, YTO Oe3 ka-
KOro-1ub0 BMeEIIATENLCTBA C HAluei cTopo-
HBEI TONYNPOBOOHHKH obnamaror INEKTPpO-
NpPOBOAHOCTEIO p- HIH R-THOA. Yto0BI 11E-
JICHATIPABJICHHO obecne4uTh 3JEKTponpo-
BOOHOCTL H- HIH p-THIIA, HeoOXomumo, on-
HAKO, n03a00TUTBCA O TOM, 4YTOOBI INEKTpO-
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HbI MOTJIH TIOCTYIIATh OMKYOa-Hubyob B 30HY
NPOBOJUMOCTH WM Kyoa-Hubyob U3 BaJIEHT-
HOii 30HBI, ocTaBnsAs mociue cebs apipku. Ilox
CIOBAMH «OTKYAa-HUOyOb» M  «KyHda-HH-
OyInp» 0OBIMHO MOJPa3yMEBAIOTCA YYXKEPOI-
Hble MPHMECHBIE ATOMBI, BBEJEHHBIC B 4HC-
Thlif NONYNPOBOOHHK M HMMEIOLIME Ha OIHH
BAJICHTHBIH 3JIEKTPOH OOJIbIlle WIH MEHBIIIE,
YeM aTOMBI MONynpoBonHuKa. PaccMoTpum
crenyromuii  npumep  (puc. 7). Bossmem
KpeMHHMH B KayecTBe OECpPHMECHOrO 4HC-
TOTO MOJIYNPOBOAHHKA, HA3BIBAEMOT 0 COOCT-
BeHHBIM. KpeMHHH 4eTbIpeXBalleHTEH, T.e.
€ro aTomMm 06na,uacr YETEIPbMA BAJICHTHBIMH
anextponamu. @ochop nATHBANEHTEH, U €rO
aToM 00/1a1aeT NATHIO BAJICHTHBLIMH 3JIEKT-
ponamu. Ilpu 3aMeleHud aToMa KpeMHHA
atoMoM tochopa ueTbipe M3 €ro HsATH Ba-
JIEHTHBIX 9JIEKTPOHOB 00OPa3yloT BaJICHTHLIE
CBA3M C YETBIPbMSI COCEJIHHMH ATOMAaMH
KpeMHHMS, 4 IATHIH 2ekTpoH (hocdopa oka-
3bIBAETCH XMMHYECKH C1ab0 CBS3aHHBIM C
AIPOM: OH JIETKO OTPBIBAETCS U MEPEXOJUT B
30HY IMPOBOAMMOCTH KpemHus. Bpenenue
atoMoB (ocdhopa, MM, KaKk NPHHATO IO-

2 3oHa NPOBOAMMOCTH
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Puc. 7. a—obpa3oBanue 3/ICKTPOHOB B 30HE TPO-
BOJMMOCTH TIPH BBEJICHHH ATOMd HATHBAJIEHTHOTO
tocthopa B ueThIpeXBaNeHTHBIH KpemHHii. Bosb-
HIMHCTBO aTOMOB (ocdopa OTHaeT CBOI MATHIA
BAJICHTHbIi 271€KTPOH B 30HY TIPOBOAMMOCTH KpEM-
uust. TIpUMeck 3TOrO THIIA HA3BLIBAETCH JIOHOPHOM.
6—o00pa3oBaHKe ABIPOK B BAJCHTHOH 30HE TpH
BBCJICHHH aTOMa TpeXBaJeHTHOro Gopa B 4eTbl-
PEXBAJICHTHBIH KpeMHHH. BonbluMHCTBO aToMoOB
fopa 3axBaTbiBaeT CBOOOIHBIC BANICHTHBIC JNICKT-
POHBI H3 BAJICHTHOM 30HBI KpeMHuA. B pesynsrate
B BaJEHTHOIT 30He obpasyiotes aeipku. [Tpumecs
ITOrQ THNA HA3ZBIBAKOT axuen‘ropHoﬁ.

Puc. 8. CTpykTypa  MIeanbHOro  KpHCTajla
KPCMHHH.
BOPHTb, .Jezuposanue ¢dochopoM, memaer

KPEMHHI 3JIEKTPOHHBIM IOJYNPOBOIHHKOM,
T.€. n-THNA nposoaumMocTd. Obpasyrolascs
KOHLIEHTpAlus CBOOOJHBLIX 3NMEKTPOHOB MPH
5TOM B THIUYHBIX CJIy4yasX MOYTH paBHA WJIH
HECKOJIbKO MEHbIIIE KOHLEHTPAWH NpHMeEC-
HBIX -aTOMOB. EciH e OCylecTBUTHL JIeTH-
pOBaHHE KPEMHHS AaTOMaMH TpPEXBAJNEHTHO-
ro 6opa BMecTO MATHBaJieHTHOTO (ocdopa,
TO MONYYHM JBIPOYHBIH IMOJYNPOBOJHHK,
T.e. p-THNA TPOBOAMMOCTHU. SIcHO, moueMy
9TO MPOMCXOJUT: IJI 0Opa30BaHUA YETHIPEX
BAJICHTHBIX CBsA3el y aToMa Oopa He xBaTaeT
OJIHOTO JJIEKTPOHA. DTOT 3JIEKTPOH OH 3abu-
paeT U3 BallEHTHOH 30HBI KPEMHHMS, B KOTO-
poii oOpasyercs TakuM oOpa3omM IbIpKa.
WMubiMH  cnoBaMH, KpPEMHHH CTaHOBMTCS
HOLIPOYHBIM TIOJYNpOBONHHKOM. CremoBa-
TENBHO, JIErMPOBAHUE NMPHMECAMH NO3BOJIA-
€T [eJieHaNpaBJleHHO (opMHpOBaTh THIT
2JIEKTPONPOBOJHOCTH  MOJYNPOBOJIHUKOB.
3mech MBI, pasyMeeTcs, cleIald OJHO Tpe-
MOJIOKEHHE, KOTOpPOe B JEHCTBHTENLHOCTH
He coburonaercsi. MBI NPENNONIOKHIH, YTO
[I0 JIErHPOBAHHS MOJIYNIPOBOJHUK ObL Oec-
MPUMECHBIM, XMMHYECKH YHCTBIM M 00aman
K TOMY € COBEpIIEHHOH KPHCTAJUITMYeCKOi
crpykrypoii. Ha puc. 8 nmokasan ¢parment
MpaBHABHOM  KPHCTAJUIMYECKOH  peIleTKH
kpeMHusa. OHa CONEPKHUT TOJNBKO ATOMBI
KpeMHHS W OeCKOHEYHO TNPOCTHPAETCS BO
BCEX TpeX HanpaBleHUsX MPOCTPAHCTBA.
Kaxaplii aTOM KpeMHHUS ABIAETCA LIEHTPOM
reOMETPHYECKH MPAaBWJILHOTO TETpasapa M
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OKpYyXeH YeTbIpbMS COCEJHHMH aTOMaMH,
HAXOMALIMMHCS B BEpILUHHAX 3TOrO TeTpa-
sapa. OQHAaKO MAeaNbHBIX KPHCTAJUIOB, IO-
Io6HO mM300paxeHHOMYy Ha pHC. 8, B IpH-
polie He CYyIIEeCTBYET.

Mpumecn
U CTPYKTYpPHble AedeKTbi
KPUCTaNnIM4YeCcKomn peLlueTkn

B nroboM peanbHOM KpHCTallle HMERTCS
XHMHYECKHE NPUMECH M HApYIIEHUs, TAK Ha-
3BIBAEMBIE OJedhexmbl CMpPyKmypsl KPUCTaN-
nuveckoil pemeTkd. Kpome Toro, kxaxablit
KpUCTAJlI HMeeT ONpedelieHHbIE 00BeM,
OTpaHMYEHHBIA B IIpOCTpaHCTBe. B kpucra-
JIMYECKUX CTEPXHAX KPEMHHS, KOTODBIE HC-
MOJIb3YIOTC B Ka4YECTBE HMCXOOHOTO ChIPbS
I M3OCJIHA MHKDOJJICKTPOHMKH, COHEp-
XKATCA pa3jiMYHble MOCTOPOHHHE IIPHMECH,
B YaCTHOCTH YIJIEpOH, KHCJIOpOH, XEJE30,
Melb, 4 TaKXe aTOMBI TSHXKEJIbIX METaJUIOB.
XHUMHYECKHE TPHUMECH SIBJISIOTCA NPHIAHON
TIOSABJICHAA TOYEYHBIX NEe(HEKTOB CTPYKTYDHI.
ToyeuyHbIMHU edeKTaMH CTPYKTYPHI SBIISIOT-
csl, HanpuMep, gaxaxcuu. BakaHCHA BO3HH-
KaeT B TOM CJIy4ae, €CJI B HOCAIbHOH KpHC-
TalIM4ecKOR perieTke ocTaeTcs cBobon-
HBIM, T. €. BAKAHTHBIM, OJHO MECTO, KOTOpOE
JOJDKHO OBITH 3aHATO aToMoM. Kpome To-
yeyHbIX Ne(pEeKTOB CTPYKTYphl BCTPEYarOTCA
TaKxkKe JIMHEHHBIE M IUIOCKOCTHBIE. Jmcio-
KallMOHHOH IHMHHER Ha3bIBaeTCA IedekT pe-
HIETKH, XapaKTepH3yeMblIiH TeM, YTO KpHC-
Tamnorpaguyeckas IMIOCKOCTh, KOTOpas
JOJIXHA ObITh MOJHOCTBIO 3aHATA aTOMaMH,
BIpDYI oOphIBaeTCS B HEKOTOPDOM HampaB-
neHHH. CaMa NOBEPXHOCTH MOJIyIPOBOHAKA
TOXE SBIAETCA IUIOCKOCTHBIM Je(eKkToM
KPHCTaJUIa, KOTOPHI# B HIeate OecCKOHEUEH B
npoctpadcTBe. Kaxablii peasbHBIA KpHC-
TaJn uMeeT Gonblioe YHUCIO MOOOOHBIX TO-
YEYHBbIX, JIMHEHHBIX M IUIOCKOCTHBIX Iedek-
TOB CTPYKTYPBI, YTO H OTJHYAaeT €ro OT
HieaidbHoro. Jlaxe ecind 4HMCIO TakKHX Je-
(EKTOB O CPaBHEHHIO C OTPOMHLIM KOJH-
YECTBOM CTPYKTYpHO NPaBHJIBHO PAcCIOJIO-
XCHHBIX B DpeElIeTKE aTOMOB HCYe3alolle
Majio (B IPOTHBHOM clly4ae pe4b BOOOLIE He
MOXET HITH O KPHUCTAJUIE, B TOM YHCJIE H O
nedexTHOM), 3TH OTKJIOHEHHS OT HIEallb-

HOCTH OKa3bIBAIOT OOIBUIOE BIASHHE HA
CBOMHCTBa MOJYIIPOBOIHHKOB.

Menkue u rnybokue ypoBHMU

B ToHf crTemeHH, B Kakoil 3TO KacaeTcsd
3NEKTPHUYECKHX CBOMCTB, TaKoe BIIHSAHHE
Ipexae BCEro NPUBOOUT K 0Opa30BaHHIO
pa3pellieHHbIX  3HEPreTHYeCKHX  ypOBHEH
MEXAY BaJIeHTHOH 30HOH H 30HOM NIPOBO-
IAMOCTH. B HIOeasbHOM KpHCTalle 3TOT
SHEPTeTHYECKHMII MHTEpPBAN /Ui 3JIEKTPOHOB
3anpewed. OOHAKO B KpHCTajule C nedek-
TaMH DEIEeTKH B 3aMpPEIIeHHOM HHTepBaJe
SHEPTH#l CyIIECTBYIOT pa3pellCHHBIE IHEpTe-
THYECKHE COCTOsSIHHA. B oTimyne oT 3Hep-
TeTHYECKHX 30H 3JICKTPOHBI HJIM IBIPKH B
3THX COCTOSIHHSIX He CBOOOJHBI: OHH CBS3aHBI
¢ ne¢pexToM. [1o3TOMY rOBOPST O JIOKAJNU30-
BaHHBIX COCTOSIHHSIX, C ONpEeNENIeHHBIM TH-
IIOM KOTOPBIX MBI MO3HAKOMWIHCh Ha IPH-
Mepe BBEIEHHS aTOMOB JIETHDYIOIIMX IPH-
Meceidl. Belb U npUMecHBIE aTOMBI SBJISFOTCS
JedekTaMH M MMO3TOMY CBSI3aHBI C JIOKAJb-
HBIMH JHEPreTHYECKHMH YDOBHSIMH, JIeXa-
WHAMH B IIpenesiax 3anpelieHHol 30Hbl. HMx
0COOEHHOCTH 3aKJIFOYAETCA B TOM, YTO YpPOB-
HH IOHODOB PaCIIOJIOKEHBI BOJIU3H JJHA 30HBI
IPOBOIMMOCTH, a YPOBHH aKLENTOPOB—
BOJIM3M NMOTOJIKA BaJICHTHOH 30HBI (pHC. 7).
DHepreTHyeckue YPOBHH IIDHMECHBIX aTO-
MOB, HaXOASLINECS BOJIM3H OT pa3pelleHHBIX
30H, Ha3bIBAlOT Meakumu. C MENKHX ypOB-
HeH 3JIEKTPOHBI WIH OBIPKH JIETKO MOTYT
IEepeHTH B COCEIHIOW 30HY NMPOBOIUMOCTH
WIH BAaJICHTHYIO 30HY M TakAM obpa3om
BbI3BATh ONMHCAHHBIA HAa NPUMEDPE KPEeMHHS
a¢dexT nerupopaHds. OOHAKO psl IpHMe-
cell maeT 2aybokue YPOBHH, PaCIONIONKEHHBIE
BOIM3H CepeqHHBbl 3anpeIleHHOH 30HBI H
CPaBHHUTEJIBHO JAJIEKO OT O0EUX pa3pelIeH-
HBIX 30H. [10YTH BCce mepeyucieHHbIE BhIILE
medekThl BeOYT K MOSABJICHHIO TI1y0OKHX
ypoBHe#i. Y3-3a cymimkoM 6omsiioro ygaie-
HHS OT 3HEPIeTHYECKHX 30H OHU He BHOCAT
BKJazd B 3(¢deKT JerupoBanus, T.e¢. HE MPH-
BOAAT K YBEIHYEHHIO YHCIIa HOCHTEJNEeH 3a-
psida B pa3peElICHHBIX 30HAX, H SABJIAIOTCH,
TakKMM 00pa3oM, 3MEKTPHYECKH HEaKTHBHBI-
MH. Bo MHOTHX cny4yasx OHM [axe mpe-
IOATCTBYIOT YBEJIHYEHHIO YHCJIA TTOIBHXKHBIX
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9JEKTPOHOB HJIH AbIpOK. IlycTh, HampuMep,
B KyOH4ECKOM CaHTHMeETpE KPHCTAIa KpeM-
g umeetcs 10! nmedexToB (XHMHMYecKHe
NPHMECH MWJIH CTPYKTYpHbIE HapylIeHUS
KpHCTaJUTHYeCKOH pemieTkH). IIycTh ¢ kax-
IbiM eeKTOM CBA34H OOMH TNyGOKHit ypo-
BEHb, Ile HMeeTcs cBOOOLHOE MeECTO IS
IOMOJIHUTENBLHOrO 3eKTpoHa. Ecimu Mbl mo-
npobyeM Tenepsb myTeM BBeneHus 106 aTo-
MoB ¢ochopa B OOMH KyOHYECKHH CaHTH-
METP KPHCTAJIIa KPEMHHS CHENAThH IOCHEN-
HUIi IOJIyIPOBOJHHKOM n-THIA, TO HCIBITA-
eM pa3odapoBaHHe. AToMHI docdopa GynyT
OTA4BaTh CBOM MATHIA 3NEKTPOH HE B 30HY
NIPOBOJMMOCTH, a NMPEUMYLIECTBEHHO I1y6o-
KMM YpOBHSM. 3I€Ch 3JIEKTPOHBI 3aKperlie-
HBIl M B 3JIEKTPOIPOBOTHOCTH NPHHATH ydac-
TH# He MoryT. TakuMm o6pa3oM, npu ompe-
IEJEHHBIX YCIOBHAX XHMHYECKHE PUMECH H
nedeKThl pelieTKd OKa3bIBAIOT CyLIECTBEH-
HOE BJIMSHHE Ha JIETHPYEMOCTh (a TO4YHee —
HA 3JIEKTPONPOBOAHOCTH) KPHCTAJIA KPEM-
HUS JaXe TOrda, KOrga MX KOHIEHTpAIHs
cocrapaster Bcero 10'® ma 1 cM3. Ecnm 06-
mwee 4HMcIo aToMoB B 1 cM® paBso 1022, To
HX doJa cocTaiseT Bcero JHiip 0,0001%.
Ho Beap MoxeT OHITL M Tak, 4TO B HC-
XO[HOM MATEPHAJIE UMEIOTCA HE TOJBKO Je-
¢dekThl, BegylmHe K MOSBJICHHIO TJIYOOKHX
ypoBHe#l, a U aTtoMmbl (ocdhopa umu Hopa,
NpUYeEM B KOHLEHTPALMH, MpPEeBBIIIAIOLIEH
win paBHoit 10'® Ha 1 cm>. B aToM ciyuae
BJIMSHHE OOIOJHHTENBHO H CIIELHaIBHO BBe-
JEHHBIX IPHMECHBIX aTOMOB (ocdopa Takxe
CYILECTBEHHO MeHsieTca. To, YTO MBI 31ech
paccMOTpENIH Ha OZHOM 4YacTHOM MpUMepe
U B CBA3M C JIETHPOBaHHEM, HOCHT OOLIMH
XapakTep M OTHOCHTCA He TOJBKO K BBe-
JEHHIO TIPHMECHBIX aTomoB. IlonympoBoa-
HHUKOBbIE MaTepHalbl JOJDKHBI OTBEYaTh ca-
MbIM BBICOKHM TpeOOBaHHAM C TOYKH 3pe-
HHS XMMHYECKOH YMCTOTHI M COBEpIIIEHCTBa
KpHCTaJUTH4YecKOd cTpykTypsl. Heobxomumo
OBJIaleTh METOJAMH BBEIEHUS MeJbYaiIlinx
KOJIM4ECTB mpHMeceit. B xumuu marepmai,
cogepxamuit 0,001% npuMeceli, yxke cyu-
TaeTcs BLICOKOYHMCTHIM. I OJTyPOBOIHH-
KOBOH TexHHKH Tpebyrotcs B 100 u 1000 pas
Gonee uncThie MaTepHaibl. «HHCTHIHA, Kak
MOJIYIIPOBOJHHK» —3TO  BBIPaXXCHHE CTaJIo
BOILUTOLEHNEM IOYTH HAEANbHOH YHCTOTHI

MaTepHaja. K caMbIM MHCTBIM TOJIyIpOBOI-
HHKOBBIM MaTepHasaM, NMOJyYeHHbIM 1O CHX
Iop, OTHOCHTCA TepMaHHil, B OJHOM KyOH-
YECKOM CaHTHMETPE KOTOPOTO CONEPKHTCH
10° 3meKTPHYECKH AKTHBHBIX I[IPHMECHBIX
aToMoB. OcCBO€Ha TakXe TEXHOJIOTHS BbI-
palUMBaHHA  COBEPUICHHBIX  KPHCTAJLIOB
KpeMHHSA, 00/1aJal0IHMX BBHICOKOH CTENMEHBIO
quCTOTH. KpoMe Toro, y kpeMHHA OTHO-
CHTEJNILHO cJ1ab0 BLIPAXEHO 3JIEKTPHYECKOE
BJIHSHHE TAaKHX HEeH30CKHBIX HeheKTOB, Kak
HaJMYHAE IIOBEPXHOCTH, TOYHEE TIOBOPA,
TPaHHIBl pa3fena C ABYOKHCBIO KPEMHHA.
OTO JHIIb HEKOTOpblE M3 IPHYHH TOH IIM-
POKOH TOMYyJSAPHOCTH, KaKo# MoJb3yeTcs
KpEMHHH B MHKPO3JICKTPOHHKE. JIpyrue Mbl
PaccMOTPHM B TJI. 5, MOCBAUIEHHOH TEXHO-
JIOTHH H3TOTOBJICHHA HM3OEIHIA MHKPO3JIEKT-
POHHMKH. BcTpewarominecs B NMPHPOAE KPHC-
TaJL1bl JaXke NPHOJIH3UTENLHO HE HMEIOT TOM
XHMHYECKOH YHCTOTBI H COBEpLIEHCTBA
KPHCTAJUTMYECKOH CTPYKTYPbI, KOTOpbIE Tpe-
OyloTCa I8 MOJMYHPOBOAHUKOB. IIpakTHuec-
K{ HA OJUH U3 BCTPEYAIOLIMXCH B NPHPOXE
TIOJIYIIPOBOAHHMKOBBIX KPHCTAJLIOB HE JIETH-
pyeTcs; JHIUIb HEMHOTHE M3 HHMX Boobe
ABJIAIOTCA MOJYNPOBOAAIIAMH, K IIPHMEpY
TajJeHUT HJIH HEKOTOpBIE IPHPOIHBLIE alMa-
3pl. TakuM o6pa3oM, NOJYNPOBOIHHKOBLIE
KPHCTAJUIBI TIONCTHHE ABJAIOTCA OEJIOM PYK
yenoBeka. X rnoyyuyeHue cBsizaHo ¢ O0JIbIIH-
MH 3aTpaTaMH cuaI B cpeacTs. Ho k 3ToMy
MBI ellle BepHeMcH B T 5 mpH obCyxaeHHH
TEXHOJIOTHH M3TOTOBJICHHS M3IENHH MHKpPO-
3JIEKTPOHHKH.

FeHepauwnna
HEepaBHOBECHbLIX HOCUTenen
3apaga

Heckonbko paHblile MBI yXe BBIACHHJIH, YTO
U1 31eKTPOHHOH 06paboTku HHOpMAIHH He-
06xoauMo cHOpMHPOBATH MOTOKH 3JIEKTPO-
HOB M YIpPaBJATb HMH C MOMOIIBIO BHEII-
HEro 3JIEKTPHYECKOTro BO3IeicTBHA. Tak kak
*e KOHKPETHO OCYIIECTBJSETCS TaKoe BO3-
IeiicTBHe B moaynpoBoaHuke? OHO OCHOBa-
HO Ha BO3MOXHOCTH CO3HAaHHS 3aMETHOIO
qHCIIa 0onoaHumeabHbix (M30BITOYHLIX MO OT-
HOILLICHHIO K 3JIGKTPOHaM H IBIpKaM, yxke
HMEIOLTMMCS B TOJYIPOBOAHHKE TPH 0ObIY-
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Puc. 9. Ilpoteccsl, BeaylHe K YHHYTOXKCHHIO H3OBITOYHBIX (HEPABHOBECHBIX) HOCHTENCI 3apsja.
@—DNEKTPOHbI B 30HE MPOBOAMMOCTH M HCPABHOBECHBIC JBLIPKH B BAJICHTHOH 30He. 0 —pekomOuHAImS:
JbIpKa 2 3axsaThiBacT 31eKTpoH 2. OcBobox/aemasi IpH 3TOM JHEPIHA MOKET NPEBPALIATECH B SHEPTHIO
TEIUIOBLIX KoJeGaHMil PCLIETKH KPHCTAJIa MIIM BHIACIATHCS B BHAC KBAHTA M3JYy4YCHHA. 6—3aXBaT
JNEKTPOHA IIyOOKHM YPOBHEM: CBODO/HBIH MEKTPOH 2 30HBI NPOBOJAHMOCTH HCYE3AEeT, & YHCIO [BIPOK
HE H3MECHSACTCA. 2—3axBaT ABIPKH [JyOOKMM ypoBHEM: cBODO/IHAS JBIPKA 3 BaJICHTHOMH 30HBI MCHC3aCT,
HO YHCJIO JJIEKTPOHOB HE M3MEHACTCA. J—peKoMOHHAUMA Hepe3 riiyOOKHil ypOBEeHb: OJMH H TOT XKe
rnyboKHit ypOBEHB 3aXBATLIBACT MEKTPOH 3 M ABIPKY 3.

HBIX YCJIOBHSAX) CBOOOIHBIX HOCHTEJIEH 3apasa.
W x Ha3pIBalOT 0OBIYHO HEPABHOBECHBIMH HO-
CHTeNAMH 3apsana. PaccMOTpUM reHepanuio
HepaBHOBECHBIX HOCHTeel 3apsiia cHavYana Ha
npoctoM npumMepe. Ecnu Bo3zeiicTRoBaTh cBe-
TOM ONpe/AEIEeHHOH IJIMHBI BOJIHBI HA IOJY-
IIPOBOJTHHK, TO 3JIEKTPOH, TIOTJIOTHB OAMH (ho-
TOH, OyAeT Bo30Yyk/eH U3 BaJlEHTHOI 30HBI B
30HY TPOBOJMUMOCTH, a B BaJICHTHOH 30HE
ocTaHeTcs OlHa IbIpKa. B pesynbTate BO3-
HUKHYT H30BITOYHBIE SJIEKTPOHBI M JABIPKH
(puc. 9,a). DNEKTPONPOBOJHOCTE MOJYIPO-
BOJIHHKA YBEJIMYHBAETCHA, HO JIHIIb HA KO-
POTKOE BpeMs, TaK KaK MPOJOJIKUTENBHOCTh
JKM3HH HEPABHOBECHBIX HOCUTeNed 3apsana
orpanuyeHa. OHa ompenenseTcss MPOHUCXO-

JIAIHMHA B MTOJTYMPOBOJHHKE MPOIECCaMH, KO-
TOPBIE HE 3aTYXalOT A0 TeX MOp, MOKA YHCIIO
5JIEKTPOHOB M ABIPOK He 6yIeT COOTBETCTBO-
BaTh HOPMAaJIbHOMY COCTOSIHHIO —Td4K HAa3bl-
BAEMOMY COCTOSHHIO TEPMOJHHAMHYECKOTO
paBHOBecHs. HeKOTOpBbIE M3 3THX MPOLECCOB
MoKa3zaHbl Ha pHC. 9. DNEKTPOHBI, K MpH-
Mepy, MOTYT 06paTHO BEpHYTHCS B COCTOSA-
HHE BAJICHTHOW 30HBI, Te HAXOMNUTCS ObIPKA
(puc. 9,6). B aTtoMm ciyyae roBopsT O pe-
KOMOMHAIINM 3JIEKTPOHHO-IBIPOYHONH MapBHI.

PekombuHauusa
HocuTenen sapaga

DNeKTPOH WM [bIPKA MOTYT TaKxke OBITh
3axBayeHbl IJyDOKMM YPOBHEM H OCTATBLCH
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Ha HeM (puc. 9,6 ¥ 2). Ecu ToT ke caMblit
LIyGOKU#M ypoBeHb HOCIEOOBATEeILHO 3aXBa-
TBIBAET 3JIEKTPOH H OBIPKY, pe3yJIbTaT 6yaeT
TOT €, YTO M NpH peKOMOHHAIUM: 3JIEKT-
POHHO-IOBIpOYHAsA Mapa ucyesHeT (pHc. 9,0).
Hepemxo mMeHHO 3TOT mpouecc, T.€. pe-
koMOuHanus depe3 riybokue ypoBHH, Orpa-
HUYMBAET BPEMSI XU3HH HEPABHOBECHBIX HO-
CUTEJICH 3apsda B NOJYNpoOBOOHHKax. JLis
YBEJIMYEHHS BPEMEHH >XH3HH He0OX0IUMO
YMEHBIIIMTh YUCIIO TJIYOOKHX YpOBHEH, T.e€.
NOJIYNIPOBOAHUK HOJDKEH OBITh XUMHYECKH
YHUCTBIM W HUMETh COBEpIIEHHYIO KpHCTaJ-
JIMYECKYIO CTpPYKTYpy. MMeHHO oT 3TOro
3aBHCHUT HE TOJIBKO XOPOIIAs JICTHPYEMOCTb,
0 4YeM MBI TOBODHJIM BHIINIE, HO M BpeMs
XU3HH HEPaBHOBECHBIX HOCHTEJNICH 3apsna.
OnmHako CO BpeMeHeM Jaxe B CAMOM JIyy-
IIeM HOJYIPOBOOHUKE HCYE3AIOT OJHAXKIBI
TIOSIBUBILINECS HEPAaBHOBECHBIE HOCHTENIH 3a-
psma. Eciu He ocBellaTh NpoaoIXKHTENbHOE
BpeMs MOJYIPOBOJHHK M HE I'€HEPHPOBaTh
TakuM 06pa3oM Bce HOBBIE JIEKTPOHHO-BI-
POYHBIE Maphl, TO 3JIEKTPOINPOBOOHOCTh HE
Oymer npeTepneBaTh UTHTEIBHBIX H3MEHe-
Huid. OHa OyleT CHHXAThCA OO BEJIHYHHBI
TEMHOBOM NPOBOJMMOCTH.

p-n-nepexoa.
MonynposoaHUKOBbLIX auoAa

OnucaHHas TeHepalMA HEPaBHOBECHHIX HO-
CUTEJIel 3apsiia Mmoa BO3JCUCTBUEM CBETA,
OHAKO, HE HCIOJB3YETCA B MHKPOJJICKTPO-
HUKe. MBI KOPOTKO pPacCMOTpEJIH €€ Kak
HOpUMEP CaMOTO NPOCTOTO MEXaHHW3Ma o6pa-
30BaHUs HEPaBHOBECHBIX HOCHTEJIEH 3apsia.
s MHKpDO3JICKTPOHHKH 3HAY€HHE HMeEeT
IpYro# MexaHH3M, O KOTOPOM peyb NMOHAET
Hixe. IToyvYuTh JONMOTHUTENBHBIE 3JIEKTPO-
Hbl B IOJIYIPOBOIHHKE p-THIIA, B KOTOPOM
U3HaYaJIbLHO MMEETCS MHOro JBIpOK, HO Ma-
JIO 3JIEKTPOHOB, MOXHO IYTEM YCTaHOBJIE-
HHS KOHTaKTa C NOJIYNIPOBOJHHUKOM h-THIIA,
HMeUM O0JIbIIoe YHCIO 3JIEKTPOHOB. B
3TOM cJiy4ae TOBOPAT O p-—n-nepexode. 3
NOJIYNIPOBOAHHKA n-THIIA 3JIEKTPOHBI OJudh-
@yHoupyrom B IOJYNPOBOAHHK p-THMA, T.€.
NPOHHKAIOT B HETO BCJIEACTBHE CBOETO TEM-
JIOBOT'O JBWXXEHHS, MOJOOHO TOMY, KaK 3TO
JIeJIaloT MOJIEKYJIBI Ta3a, NPOHHKAas B 3Ba-

KYMpOBaHHBIH cocya!), ecim Ha UX TyTH HeT
HUKakux npenarcTBuil. [lomynpoBomHuk
p-THIIa ABJIAETCS BAKyYMOM JUIS 3JIEKTPOHOB
NOJIyIPOBOAHKKA A-THNA. B oTnuyue ot Mo-
JIEKYJI Ta3a, OOHAKO, BPEMS XHU3HH JIEKTPO-
HOB B INOJIYIPOBOOHHKE p-THIA HEBEJHKO.
OHM peKOMOMHHPYIOT C OBIPKAMH MOJIYNpPO-
BOOHUKA p-TuHa. Hucno cBOOOIHBIX 3JIEKT-
POHOB CTAHOBHTCH TEM MeHbIIE, 4eM OoJee
IUTATENIBHOE BpEMS HAXOAATCA OHH B IO-
JYIPOBOOHHUKE p-THIA, B YaCTHOCTH, 4YeM
6oJibllle OHM YHANAIOTCS OT MOJIYNPOBOX-
Huka n-tuna. HQudbdynoupys B cocelHrowo
00J1aCTh, 3JIEKTPOHBI OCTABJIAIOT B MOJIYNIPO-
BOAHUKE n-THMAa BOJM3M TpaHULBI C MHOJIY-
NPOBOAHHUKOM p-THNA CJIOH, OOeIHEHHBIH
CBOOOIHBIMH HOCHUTEJISIMH 3apsa, KOTOPBIH
3apspKAeTCs MOJIOKHUTENBbHO. DTOT 0b6eHeH-
HBIM CJIOM Ha3bIBAIOT TaKXKe obaacmuvio 00s-
emHoz0 3apada. Bo uzbexaHue HemopalyMe-
HHH 3aMETHM, YTO IOJIOXKHTEILHBIA 00BEM-
HBIH 3apsd B 0O¢OHEHHOM CJIO€ HE SBJISACTCH
pe3yTbTATOM HAJIMYUs OBIPOK KaK HOCHTE-
JIeH IOJIOXMTENBHOTO 3apsga (ObIpOK B
n-o6J1acTH p-n-niepexola NPakTHYECKH BO-
ofllie HET); 3TO «IeJO PYK» HEeNmOABHXHBIX
NPUMECHBIX HOHOB—JOHOPOB, TOKHHYTBHIX
3nexTpoHamu. C obpa3oBaHHeM 0OBEMHOrO
3apsaga B obOemHEHHOH 30He Bce OoJibie H
bosplie 3aTpyaHseTcs muddysus Apyrux
JNEKTPOHOB U3 TOJYNPOBOJHHKA AH-THIIA,
NIOKa, HaKOHell, He OyAeT MEPEeXOaUTh CTOJIb-
KO 3JIEKTPOHOB, CKOJIBKO TpeOyeTcs st moa-
JIepxaHHUs yxe UMelollerocss oObeMHOTO 3a-
pana U xoMneHcauuu 3¢dexTa peKoMOUHA-
mud. Bee ckasaHHOe B oTHOILEHWH quddy3un
3JIEKTPOHOB MOJIYIPOBOJHHUKA ~-THIIA B IO-
JIyIIPOBOJIHUK p-THUIIA OTHOCHTCS M K IbIPKaM
MOJIYNIPOBOJHHKA p-THNAa. OHH Takxe Oud-
GbyHOMpYIOT «B COCEOHHM Bakyym», T.€. B
n-o0J1aCTh, YaCTHYHO pPEKOMOHMHHPYIOT, a
obpasyrowmiics B p-o0yacTH OTpHUATEJb-
HbIA 0O0BeMHBIR 3apan Bce 60JIbINE NPENAT-
CTBYeT MX JajbHEHIeMy mepexogy B IHO-
JIyMpOBOOHUK n-THMa. MTak, Ha p-—n-nepe-
Xo[e OJHOBPEMEHHO NPOTEKAIOT AOBOJBHO
CJIOXHBIe mporiecchl auddys3un, pekoMOHHa-

D DpakyHpOBaHHBIM Ha3BIBAETCHA COCYA, B KOTO-
POM TNOJAEPKHMBAETCS HH3KOE NaBJICHHE rasa, B
npenesie — BakyyM.— fTpum. peo.
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OBbemHeIi 3apan

Puc. 10. ¥craHoBieHHC PABHOBCCHOIO COCTOAHHMS HA p—R-NCPEXOJE. «— BO3HHKHOBCHME KOHTAKTa
MekKay n- U p-obaactamu; 6 — nuddy3us IEeKTPOHOB B p-061acTh, a ABIPOK B n-061acTh ¢ 0O6pasoBaHHEM
061acTH NMOTOKHUTENBHOrO 0OBEMHOTO 3apsaa B n-00/1aCTH ¥ OTPHLATEIBHOTO B p-00J1aCTH; 6 — peKOM-
6HHALMA TEKTPOHOB H IBIPOK B 00JacTH 0OBEMHOro 3apsfa; BO3HHKHOBEHHE B Pe3yJbTaTe PEKOM-
Ounanuu cnos, o0eHEHHOTO MOABHKHBIMH HOCHTEJIAMH 3apsia, H JIOCTHXEHHE PABHOBCCHA.

uun u obpazoBanus obbeMHOro 3apsanaa.
PﬁBHOBCCHOC COCTOAHHE, YCTaHaBJIHBAROILIC-
ecsi B TOM cilydae, KOrja Bce TpH (dakropa
SABJIAKOTCA CGHJ’IHHCHPOB&HHI’IMH, IIOKas3aHo
Ha puc. 10.

NHxkekuna Hocutenei 3apapa

A 4TO TpOM30iNET, eclM 3TO paBHOBECHE
HApYLIUTb, TIPUIOKHB K p—AH-TIEPEXOy
BHellHee Hampsbkenne? SIcHo, 4TO uepes
nepexojl Ha4yHeT MpoTekaTh TOK. Ho kakum
obpazom 310 OyaeT npoucXoauTh? JoBOJBL-
HO cTpaHHbIM! B p-oGmactu— panexo ot 06-
nmacTH o0BeMHOro 3apsna—Tok Oyner B oc-
HOBHOM AOBIpOYHBIM. Ecimm k p-cioio mpu-
JIOKHUTh MOJIOKHTEIHHOE BHEIIHEE Hanpsixe-
HHE, TO JIBIPKH MOTEKYT HANpaBo B 00JacTh
o0BeMHOIro 3apsna M OTTYHa OymyT mud-
(hyHIMpoBaTh manbiue B n-o6nacthb (puc. 11).
B TakoM cnydae TroBOpAT 00 wuncexyuu
nocumeaqeti 3apada. B n-obnmactH OBIpKM
BCTpe4AlOTCS C OONBINMM YHCIIOM HMeEIo-

LLUXCS DJICKTPOHOB U PEKOMOMHUDYIOT TaM.
N3 rnybunsl n-o6macTH OOMMKHO MOMOHTH
MOTNOJTHEHHe, YTOObI KOMIEHCHPOBATh Jehu-
LIUT 3JIEKTPOHOB, BBLI3BAHHEIH peKoMOuHaIu-
eii. B Teuenne opHoii cekyHael B 006jacth
peKOMOHMHAIIHH NIOCTYHAET CTOJIBKO BIPOK H
9JIEKTPOHOB, CKOJIBKO PEKOMOMHHpYET Tam
3a TO XKe Bpems. Bce ckazaHHOe O JBIpKAX,
MOCTYNMUBIIMX H3 p-obnactu B n-obnacrs,
CIpaBeUIHBO B OTHOILEHWH 3JIEKTPOHOB,
nepeleaiux U3 n-obnacTu B p-06nacTh.
Ony pekOMOHHHPYIOT C ABIPKaMU B p-obuac-
TH. B uTOre ycraHaBnuBaercs pe3yibTHPYIO-
LIHH TOK, SBJISIOLIMHCS TOKOM peKoMOuHa-
IIHM, TIOCKOJIKY CHJIa TOKa OIpelleNseTcs
CKOpPOCTBIO PEKOMOHHALMH 3NIEKTPOHOB H
JAbIpoK. PekoMOuHalms TpoTeKaeT cpaBHH-
TeNbHO OLICTPO, TAK KAaK IJIsl 9TOTO HE Tpe-
OyeTcs 3Heprus; HaoOOPOT, IHEPTHA MOKET
ObITh gaxe otnaHa. [Toatromy Tok pekoMOH-
HAlMH SBISETCS OTHOCHTEILHO CHJILHBIM.
3mech Mbl IMEEM IEJI0 CO CMELIECHHEM II0TO-
KOB HOCHUTEJNEH 3apsafa uepe3 p—n-nepexon B
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Puc. 11. a—nBixenne Hocureneil 3apsaa 4epe3 p-n-Tiepexod B NPONYCKHOM HanpasiieHHH. [bIpkH,
TIPOHHKAIOIME M3 p-00JacTH B n-00NacTb, W JNMEKTPOHHI, MPOHHKAIOUIME H3 n-06macTH B p-obiacTek,
pexoMOunupyiot. Tok, 06yCIOBNEHHEINH ABIKEHWEM OCHOBHBIX HOCHTENEH 3apsfia, HAa3bIBAETCH TOKOM
pekOMOHHALMK. §—BIJKEHHE HOCHMTENeil 3apsaa uepe3 p—n-TEPexoj B 3aNMPAIOLICM HATPABJICHHH.
JlpIpKH, nepeMeniaionyecs B p-o61acTi BIEBO, W JIEKTPOHBI, TIEPEMEIIAIOIHECS B #-00JIACTH BIIPABO,
JIOJDKHBI IOCTYNATh U3 06nacTh o6beMHOro 3apsaaa. DTOT TOK Takxe 00yC/IOBIEH IBIKCHHEM OCHOBHBIX
HOCHTEJICH 3apafa U HA3BLIBAETCA TOKOM TEPMOrEHepallMH.

OpsAMOM, IIPONYCKHOM HampasieHuHu. [lo-
HHOMY OOCTOHUT AEJIO, ecli K p-CIIOKO0 NpH-
JIOKEHO BHEIIIHEE OTPHIATENLHOE HATpsikKe-
Hue. B 3TOM cnyuae AbIpKH B p-obnacTH
IBHKYTCS HANEBO, 4 JJIEKTPOHELI B n-o0Jac-
TH—HanpaBo (puc. 11). 3a omHy cekyHmy
HAJIEBO MOXET MPOHTH CTOJBKO OBIPOK, a
HANpaBO CTONBKO 3JEKTPOHOB, CKOJNBLKO 3a
3TO e BpeMs HX reHepHpYeTCs Ha p—n-Tepe-
xone. Tok, obOycrnoBNeHHBIIl TpoIeCCOM Te-
HepauuH 31eKTPOHHO-IBIPOYHBIX MAp B He-
pexoje, Ha3pIBAlOT TOKOM TEPMOTreHEPAIHH.
IleHepanusi NmpoTeKaeT CPABHUTENLHO Me-
JIEHHO, TAK Kak Ui Hee TpeOyeTcs 3Heprus.
IToaToMy TOK TepMoOTreHepali OTHOCHTENb-
HO cnabwlii. B 3TOM ciyyae roBopsT o cMe-
LIeHUH TOTOKOB HOCHTeNel 3apsana wvepes
p-n-nepexon B oOpaTHOM, 3aNnUpaloLIeM
nanpasieHun. Utak, nepexod NeiicTByeT Kak
BoIIpAMHUTENL. [102TOMY €ro M Ha3bIBalOT
HOAYHPOGOOHUKOBbIM — SbINPAMUMEAEM  VIIH
MOJYIPOBOOHUKOBEIM guomoM. Ha puc. 12
CXeMATHYECKH TMOKA3aHO, KaK NMOTOK HOCH-

TeJiel 3apsga Te4yeT IO IIEMH TOKA C TAKHM
MOJIYIIPOBOJAHHKOBBLIM JIHOJOM: B OJHOI 00-
JIACTH OH OCYILECTBJISIETCS JIEKTPOHAMH, B
Apyroii —asipkaMi. B MeTalMyecKux mpo-
BOJOHHUKAX, COCAUHAIONIMX OHOJ C HCTOYHH-
KOM HaNpsKEHHA, TOK, ECTECTBEHHO, NIEPeHO-
CHTCA JJIeKTpoHaMH. B o0oux Mecrax KoOH-
TakTa MeXIy MEeTAJLIMYECKHMH IPOBOJIHH-
KaMH ¥ oberMH 0061acTAMH HOJIYNPOBOIHHA-
Ka TakXe BO3HHKAIOT 00beMHBIe 3apsanbl. B
3aBHCHMOCTH OT BHIa MeTaJlla H MaTeprana
MOJIYNIPOBOJHHMKA 3/IeCh TOSBISAETCA 00-
JacTh, o0eIHEHHAas: HOCHTENSIMHE 3apsana, Kak
9TO MMEET MECTO IIpH p—n-Nepexone, WIH
oboramennass umu. Ilpu obGoraleHHH KOH-
TAaKT XapaKTepH3yeTcs XopolleH, a TmpH
o0eTHEeHNH — [JIOXO0H 3/EeKTPONPOBOIHOCTHIO.
B MHKpPO3NEKTpPOHHMKE HHTEpEC IpEeNcTaB-
nseT obNajarommii Xopolnei 3MeKTponpo-
BOJHOCTBIO TaK HAa3BIBAEMBIH «OMMYECKHID»
KOHTaKT TIONYNPOBOOHHKA C METAJIOM.
Takoii KOHTaKT J[daeT KOMOWMHAIMA aJo-
MHHHS C KPEMHHEM, CHJIBHO JIETHPOBAHHBIM
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Puc. 12. [TOTOKM D2JEKTPOHOB H [OBLIPOK B LEMH
TOKa ¢ p—n-TiepexoioM. 31eck MoKa3aHbl TONMLKO
NOTOKH OCHOBHBIX HOCHTENEH 3apsaja.

MpUMECAMHM p- HJIM n-THOA. 3TO OJHAa M3
MPHYHH TOro, TOYeMY IS KOHTakTOB B
6OJIBIIMHCTBE CIY4aeB MCIOJb3YHOT HMEHHO
AJIFOMMHHHA,

BunonApHbIi TpaH3UCTOP

INpunuun pabotel bunoaaprozo mpausucmo-
pa MOXHO OOBACHMTH, ONMHPAACh Ha Te XKe
SIBJIEHMS, KOTOpble Mbl Habmionanu B pn-
BBIMPAMUTENE. Y npn-TpaH3UCcTOpa OJHA
n-061acTh HaXOOUTCA B KOHTaKTe C p-06-
JIACTBIO, 4 TA B CBOIO O4epe/lb KOHTAKTUPYET
€O BTOpOIi n-obnacteio (puc. 13). 'naBHbIM
3[1eChb, KaK MBI ced4ac yBUIUM, ABJISETCA TO,
YTO CpeaHsas p-o0acTh OYeHb Yy3Ka H OTHO-
cHTeNbHO cnabo JlerHpoBaHa. pnp-TpPaH3HC-
TOP MOJIy4aeTcs 3aMEHO#| B npn-TPaH3UCTOpe
p- ¥ n- obnacrei. Ha npakTiHke NpMMEHSIOT-
Csl TPAH3UCTOPLI 00OMX BHAOB; QYHKIMH HX
CXOXH, HO B pnp-TPAaH3HCTOPE HOCHTENAMH
3apsada B OCHOBHOM SBJIAIOTCA IOBIPKH, a B
npn-TpaH3kcTope —3MieKTpoHbl. Tak kak B
KpPEMHHH 2JIEKTPOHEl oOjanaror Oosblueit

al
bl |

o

Puc. 13. npn-TpaH3ucTOp C 3MHTTEPOM, OOLLHM
IS IBYX LEnei.

MOABHXXHOCTBIO, 4Y€M JBIPKH, TO B 60Jib-
LIMHCTBE CJIy4aeB KPEMHHEBBIE Npn-TPaH3HUC-
TOPHI NIPEBOCXOAAT pnp-TPaH3UCTOPHL. YTo-
OBl paccMOTpeTh TPHHLMI [CHCTBHS Mpn-
TpaH3ucTopa, o6paTuMca ewe pas kK puc. 13.
B Takom TpaH3ucTOpe ecTh [Ba p-—n-mepe-
Xona, T.€. R—p-TIEpeXo] CJieBa H p—H-Tie-
pexon cnpasa. [IpHIOXHM MONOXKHTENBHOE
BbICOKOE Hanpsbkenne U, k npasoi n-obmac-
TH H OTpHUaTenbHOoe HanpskeHue Ug k Je-
BOii n-obnactu. Ilycte Ha p-obnacTe aeiicT-
ByeT HanpsbkeHue Uy, koTopoe Gonbiue Ug,
HOo MeHblue Ug. B pe3ynbrate Ha JeBoM
n—p-mepexo/ie Mbl UMEEM NPAMOE CMELLECHHE
(mponmyckHOe HanpaBjieHHE), a Ha NpaBoOM
p—n-niepexoje —obpaTHoe cMelLleHHe (3amu-
paroiliee HanpaBJIeHHE). DJNEKTPOHBI M3 HH-
XEKTHpYHoLIeH neBol n-obnacth, Ha3biBae-
Mo#t amummepom, TMHOYHROHPYIOT B p-006-
JacTh, A€ B HOPMaJbHOM CIllydae OHH Obl
PeKOMOHMHHpOBAJH, eclid OBl p-00JIaCTh, T. €.
TaKk Ha3biBaeMas 6a3a, He OblJIa HACTOJBKO
Y3KO#, YTO 3JEKTPOHBI YCNEBAKOT IMPOCKO-
YATH Yepe3 Hee He pekoMOMHHpYdA. Takum
obpa3oM ynaerca MOOMTBCA TOro, 4TOOBI
3JIEKTPOHBI MOMNAN¥ B MpaByl n-obnacte M
TaM MOCTYyNaJu Ha 3nekTpos. [TosTomy mpa-
BYIO n-00J1aCTh Ha3bIBAKOT Koa1ekmopom. OH
cobupaeT HHXEKTHPOBaHHLIE U3 JIEBOH n-00-
JIACTH —3MHUTTEPa —NEKTPOHHL.  Pa3nuyuHble
ponu obeux n-obnacreii, koTophie 6e3 npu-
JIOKEHHOTO K HHUM HaNpsKeHHs COBEPILIEHHO
paBHOMpPABHBI, KOHEYHO K€, NBJIAIOTCH
CIEICTBUEM TOIO, YTO K INpaBoii n-obiactu
NPUJIOKEHO MOJIOKUTENHLHOE HAMPSHKEHHE, a
K JieBo# — oTpuLaTensHoe. CoeIHHUM Tenepb
6a3y Yepe3 HCTOYHHK HATIPSKEHHS M IIPOBOJI-
HHK C 3MHTTEpOM, KaK 3TO MOKa3aHO Ha
puc. 13. MBI nony4yum [pe uenu Toka-—6a-
30BYIO H KOJUIEKTOpHYI0. B 6a30Boit uenu B
TOK BHOCAT BKJIaJl JIHUIL T€ 3JIEKTPOHEL,
KOTOpBIE, KaK MBI BUJIENH B CIy4Yae ¢ MpsAMO-"
CMELICHHBIM MepexofoM (B MNpPOMYCKHOM
HalpaBJIeHHH), peKOMOHHUPYIOT B p-obnac-
TM. Ho u3-3a y3octH p-0b6nacTH MXx oueHb
mano. CneoBaTenbHO, BLIXOAAIINI U3 6a3bl
MOTOK 3JIEKTPOHOB OYeHb HeBenuK. Bonbias
4acTh TOKa, MOCTYMNAIOILLEro C 3IMHTTEpaA, Te-
4eT yepe3 KojuiekTop (puc. 14). Ognako Mel
3HaeM, YTO B TOK 4epe3 p—n-Nepexon BHOCAT
BKJIAJl HE TOJILKO 3JIEKTPOHBI, HO W OBIPKH. B
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HallleM KOHKDETHOM Cly4ae 3TO O3Ha4aer,
4yTO0 U3 0as3bl B 3MHUTTEp MOCTYNaeT MOTOK
OeIpoK. OH CYIIECTBEHHO IPEBBICHI ObI
CPaBHHMTEJBHO clabblif MOTOK 3MEKTPOHOB H
cran Obl NPUYHHOR MOSABJEHHS B ILEJIOM
OTHOCHTENIbHO CHJBLHOTO TOKa B 6a30Boii
HenH, ecnu Obl €ro He yaanoch YMEHBIIHMTH
kakum-nub6o cnocobom. B OGunoaspHOM
TPAH3UCTOPE C ITOMH LENbI0 cnabo NerupyoT
6a3y. B pesynbTaTe KOHUEHTpAUUA ABIPOK B
Gaze sapnseTcAd HM3KOH M W3 0a3bl MOXET
NOCTYNMHUTh JHIIL HEOONBINOH TOTOK OBIPOK.
BriBoz, caenaHHBIN BhIllle B OTHOLUIEHHH IO-
TOKa JIEKTPOHOB, OCTAeTCA CIPaBEIIHBBIM
H JUIs CyMMapHOro NMOTOKa 3JIEKTPOHOB H
AbIPOK: OOJbIIAA YacTh TOKA TEYeT MO KOJ-
JIEKTOPHOM M MeEHbIIasA —no 6a30Boi LENH.

Kakyro e mone3y MOXHO H3BJeYb W3
Bcero atoro? Eciu HM3MeHMTh HamnpshkeHHe
MeXAy 3MHTTepoM M 6azoil mpu mbcross-
HOM HamnpshDKeHHH Mexay 6a3oif M KoJutek-
TOPOM, TO H3MEHHUTCA TOK, HAYLIHI OT SMHT-
Tepa. ITO M3MeHeHHe B Ooublieil Mepe 3a-
TPOHET KOJUIEKTOPHYIO IIENb U B MeHbIIeH —
6azoByro. Takum oGpazom, myTeM HeGOJb-
HIOTO H3MEHEHHs TOKa B 6a30B0il LeNH MOX-
HO MONYYUTH 3HAYMTEIbHOE H3MEHEHHE TOKA
B KOJUIEKTOpHOH uenu. B maHHOM cnyyae
TpPaH3UCTOp paboTaeT KaKk YCHJIMTENb TOKA.
Ho Tak kak comportuBnenue 6a3oBoit uemu
3HAYMTENILHO MeHblle (NMpAMOCMENIEHHBIH
p—n-Tlepexoll) COMPOTHBJIEHHS KOJUIEKTOp-
Ho#t menu (oOpaTHOCMELUEHHBIH p—h-TIepe-
xon), To U norpebnsemas B GaszoBoit nenu
IMECKTPHYECKan MOMNIHOCTBL 3HAYHTEIBHO
MeHblIlle, YeM B KoJulekTopHo#H. B urore c
MOMOIBIO HEOOJIBILIOH NEKTPHYECKOH MOLL-
HOCTH B 0a30BOH LEMM MOXHO YNPaBIATh
BEJIMYHHOH MOLUHOCTH B KOJIJIEKTOPHOMH Lie-
nu. Ty xe QyHKUHIO B BAKYYMHOMW 3JIEKTpO-
HUKE BBINOJIHAIOT TPEXINIEKTPOMHBIE JEKT-
POHHBIE JIaMIlbl. DMHTTEpP TPaH3HCTOpa CO-
OTBETCTBYET KaTOAy O3JIEKTPOHHOH JaMIibl,
KOJUIEKTOp —aHoAy ¥ 6a3a-—ceTke.

Cxema BKJIIOYEHHA TpaH3HCTOpa, TOKa-
3aHHas Ha puc. 13, roe SMHTTEp COENMHEH C
0a30if M KOJUIEKTOpOM, a 6a3a W KOJLIek-
TOP —COOTBETCTBEHHO TOJIBKO C 3MHTTEPOM,
Ha3bIBAETCA CXEMOH ¢ OOIIMM 3MHUTTEpPOM.
OHa sBNAETCA OMHOH M3 TPeX BO3MOXHBIX
CXeM BKJIIOYEeHHs TpaHsuctopa. Ecnu Tpan-

4- 1131

Puc. 14. npn-tpanaucrop ¢ 6a3zoil, obwed maa
IBYX meneii. 3neck MOKa3aHbl MOTOKH 3NIEKTPOHOB
M JBIPOK, T.€. MOTOKH OCHOBHBIX HOCHTEneH 3a-
paga.

3UCTOP BKIIOYEH MO cXeme ¢ obumM Koi-
NEKTOPOM, TO KOJLIEKTOp SABJIAETCA OOLIeit
obnacteio mns obeux memei Toka, a MpH
BKJIFOYEHMH MO cXxeMe ¢ obuueit Ha3oi Takoit
obnacrteio cTaHoBUTCA 6a3a. B Mukpoanekt-
POHHKE NPUMEHAIOTCA TAKXKE TPAH3UCTOPBI,
obnanarome npymsa H 6oJee H30JMpPOBaH-
HBIMH JpYyT OT ApYra 3MHTTEpHbIMH obJac-
TAMH. B pesynbTaTte MosABNAIOTCH Pa3sHOO6-
pa3Hble BAapHaHThl cxeM BKmoyeHHs. Cy-
IIIECTBYET TAKXXE BO3MOXHOCTb INOJY4EHHS
TPAaH3MCTOPOB C HECKOJBKHMH KOJUIEKTO-
pamu.

C nomolp0 TPAaH3UCTOPOB MOXHO OCY-
LIECTBJAThL YyBeNMYeHHe HJIH npeobpasosa-
HHME JJIEKTpUYeckoif MoimHocTH. B Mukpo-
3NEKTPOHHMKE TPAH3UCTOPBI ABJIAIOTCH MPEXK-
Jie BCEro YCHJIMTENbHBIMH NpHOOpaMu C
pa3IMYHBIMH MPHHLUKAIAMH YCHJICHHS CHTHa-
JIOB 3JIEKTPHYECKOH NPHPOJBI M HCIIONB3Y-
IOTCA B KJIIOYEBBIX cxeMax. BaxHo# xapak-
TEPHCTHKOH TaKOro TPaH3MCTOPHOTO KJFo4Ya
ABJIAETCA BpeMsA, HeoOXoOuMoOe INsA OJHOTO
NEPEKJIFOYEHMS M3 TIOJIOKEHHSA «BKJIIOYEHO» B
MOJIOXKEHHE «BBIKJIOYEHO» HJIM Haobopor,
KOopo4Ye TroBops, Bpems 3aaepkkH. UToOn
NOJIYYMTh NpeACTaBJIEHHE O BEJHMYHHE Bpe-
MEHH 33a[epXKKH OMIONAPHOro TpaH3HCcTOpa,
paccMoTpuM cnenyroni npumep. Ilycts k
IMHTTepy, 0a3e H KOJUIEKTOpY Hpn-TpaH-
3UCTOpa NPHUJIOXKEHBI ONpEIE/ICHHBIE 3JIEKT-
pudeckne HampskeHus Ug, Ug u Ug. B
KOJUIEKTODHOH LIEMM MOABHTCA TOK OIpele-
neHHo# cunbl. Ecnm Hanpsbkenwe, npmio-
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xeHHoe K Oase, BospactaeT no Ug + AUy,
TO COMNPOTHBJIEHAE Kak JIEBOTO n—p-Tepe-
XoJa, Tak U MpaBOro p—n-epexoa yMeHb-
LIaeTCA U B pe3yJIbTaTe TOK B KOJUIEKTOPHOMR
uen#d yseauuuBaercs. Ho mpu 3TOM MBI NO-
JlaraeM, YTo BO BPEMSs NpoOJieTa 3JCKTPOHOB
yepe3 06a3ly HanmpsbkeHHe Ha Heil ocTaercs
HeM3MeHHBIM B paBHBIM Upg + AU,. Cury-
anus U3MEHSETCH, €CIM 3a 3TO BPeMs IIpH-
JNoxeHHoe K 0a3ze HampsDKeHHE MEHSETCA.
Koraa oHo, HanpuMep, CHOBAa YMEHBIIIAeTCS
no Upg, a 3MEeKTpOHBI €llle He YCIeJH INpo-
ckouuTh d4epe3 6a3y, To BbI3BaHHOe AUy
BO3pacTaHHe TOKa B KOJUICKTOPHOMH WENH He
TaK BEJIMKO, KaK MPH HEM3MEHHOM HaIpsxe-
Huu Upg + AUg. Otcioga MOXHO cIenaTh
BBIBOJ O TOM, 4TO 3(HEKTHBHOCTD MEPEKITIO-
YeHHsl TPaH3HCTOpA MaJaeT, €CIH KOMAaHIbI
Ha nepekyodycHHe B hopme Gosee BHICOKHX
WIA HH3KUX HAaNpsKeHHH nocrynaror Ha Ga-
3y ¢ MHTEpBaJlaMH, KOTOpbleé MEHBIIE Bpe-
MEHH, 3aTpayHBAEMOro 3JIEKTPOHAMH Ha
nposer 4epe3 6Oaly. Bpemsa zamepxku T
TpaH3HCTOpa TNpeacTaBiseT coOoi, TakuM
o6pa3oM, BpeMd, HeoOX0QUMOe [Uif IposieTa
371eKTPOHOB 4epe3 6a3y. I10aToMy cTaHOBHT-
ca ACHO: 4eM TOHbIIe 6a3a, TeM MeHBbIle
BpeMsA 3ajepxkH. [lenaercAd NOHATHBIM H
CTpEMJIEHHE CIeflaTh KaK MOXHO TOHBILE
npexnae Bcero 6a3y. TeM caMbBIM MBI Takxke
JI0Ka3aJIl BBICKa3aHHOE B TJI. 2 yTBepXkIe-
HHE, YTO C YMEHBIICHHEM Dpa3MepoB MOJIy-
MIPOBOJHHKOBBIX 3JIEKTPOHHBIX 3JIEMEHTOB
Hx OvicTponeiicTBue Bo3pactaeT. OpHEHTH-
poBouHO BpeMs mnposieta T ckBo3b Oa3sy
HHXEKTHPOBAaHHBIX 3MHTTEPOM HOCHTEJIEH
3apsAda JIETKO ONpelNeauTh, 3Has kKo3¢hohH-
meHT Tady3un 3IeKTPOHOB D H IUHPHHY
6a3bl b. B o6meM ciyyae crpaBeUTMBO BHI-
paxenne T = b?/D. Ecnu Ons KpEMHMS 1M~
puHy 6a3pl mnpuHATL paBHOH 0,7 MxM
u  kodpduimeHT OUGOY3UH 3IACKTPOHOB
50 cM?/c, To BpeMs 3aIepXKKH JJiA npn-TPaH-
3uctopa coctaBuT T = 1071° c. Koadpopuuu-
eHT AMG(Y3uH MeHee MOJBMXKHBIX IO CPaB-
HEHMIO C 3JICKTPOHAaMM [ABIPDOK B KPEMHHH
noytd B 3 pasa MeHblue. [1o3ToMy H BpeMs
3aCpXKKH pnp-TpaH3ucTopa B 3 pa3a 60Jb-
e, 4eM Yy npn-TpaH3uctopa. Eme Gonee
BBICOKOH MOJBMXHOCTBIO MO CPaBHEHHIO C
3JEKTPOHAMM KpEMHHS 00J1alaloT 3JEKTpO-

Hbl apceHnna ramnns (GaAs). Ilostomy u3
apceHNIa Taulus A-TUIA MOXHO U3rOTaBJIH-
BaTh CBEpXOBLICTPONEHCTBYIOILNE pnp-TpaH-
3UCTOPHI.

HTak, Teneps Mbl B COCTOSIHUM paccyH-
TaTh TpeOyeMyrO SHEPTHUIO [UIS BHINOJTHEHUS
OIIHOH OllepaluM NMEPEKJIFOUYCHUS B npn-TPaH-
suctope. Heob6xoauMoe Ha OOHO mepexJo-
yeHue BpeMs T ciiefyeT YyMHOXHTb Ha W3-
PacXOJOBaHHYIO NIPH 3TOM 3JIEKTPHYECKYIO
MOIIHOCTH P. B OunoJApHOM TpaH3UCTOpE
npeoOpa3oBaHUE ITEKTPHYECKOH MOITHOCTH
ocyiecTBiaseTcs B 6a3oBoit uenu. Boobiue
MOILHOCTb paBHa NPOM3BEICHHUIO HaIpsxe-
HHS Ha CHJIy TOKa. B HameM KOHKpETHOM
IpUMeEpe CHJIa TOKAa 3aBHCHUT OT BEJIMYHHBI
TpaH3ucTOpa. YeM MeHbIllE TPAaH3UCTOP,
TeM crnabee BO3HHMKAlOUIMEe B HEM TOKH. B
HHTETPAJIBHBIX MHKPOCXEMax TPaH3UCTOPHI
pasmelaroTca Ha miomamu 1000 mxM? u
MeHee. Cuna Toka B 6a30BOM LIEMH COCTaB-
JISCT BCEro0 HECKOJBKO MHKpoaMIep, a
HanpsxeHue —okosio | B. CrnenoartenbHo,
MOIIHOCTb, HeoOXoaumas s Nepeksiove-
HHUS, paBHAa NPOU3BEIEHHIO OZHOrO BOJIBTA
Ha HECKOJILKO MHKpOaMIep, T.€. HECKOJIb-
KHM MHKpoBaTtTaM. Ilpu P=10"° Br
T = 107 '° ¢ nosmy4aeM SHeprHIo Mepekroye-
HEA, paBHylo 1073 x 1071° Br-c=10"13
Hx. DTO oueHL Majas 3Heprus, Kotopad,
OIHAKO, HE UMeeT HUYero odimero ¢ OeHcT-
BHUTEJILHBIM 3HepronoTpebyieHueM TpaH3uC-
Topa. DHEpPro3aTpaTsl B KOJUJIEKTOPHOM LENH
TOpa3io BBILIE.

MoneBoi TpaH3UCTOP.
MORN-TpaH3nucrop

Ilo cpaBHeHHIO ¢ OMIOJAPHBIM TPaH3UCTO-
POM, O KOTOPOM MbI TOBOPHJIH BBILLIE, IIPHH-
1AM paboThl no1e8020 Mpan3ucmopa TpoLLE.
B nacrosuee Bpems o6a TUna TPaH3UCTOPOB
HaxoOAT TpHMCHEHHS B HMHTErpajbHBIX
MukpocxeMax. IloneBbie TpaH3UCTOPHI NPH
3TOM BCTPEYAIOTCH Aaxe yalle, yeM Oumo-
JISpHbIE, B YaCTHOCTH B MHUKDOCXEMaXx C BBI-
COKOM CTENeHbIO0 HHTErpallii U B HHTET paJib-
HBIX cXeMax namsati. M3o6peTeHue noseBo-
IO TPaH3HCTOPA MpEACTaBISIET HHTEPEC H C
TOYKH 3pEHHA UCTOpHMH HaykH. Ero m3obpe-
TaJM 1O MEHbIIEH Mepe Tpuxasl. B 1928 r.
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Jlunnendensa, a B 1930 r. Xeiin onucany, HO
He peaH30Ba/IM Ha NPaKTHKE MOJIEBOH TpaH-
suctop. B 1947 r. lloknau HM3roTOBHI MO-
NeBOH TPaH3HCTOp, KOTOpHIA, OAHaKo, pa-
60Tan COBEpILEHHO HeyJOBJIETBOPHTENLHO.
B mouckax mpHYMHH HeyoayM M TNyTel HX
ycrpaHenuss bapaun uw Bpatteitn B 1948 1.
n3obpens ToueyHnlt TpaHsuctop. Cpasy
nocne 3toro Illloknu cosman OGumoMAPHBIH
TPaH3MCTOp, MNpHHUMI paboTel KOTOpPOrO,
pPacCMOTpEHHBIH HAMH BB, OCHOBAaH Ha
HCIOJIb30BaHUM p-—n-TiepexonoB. Ho moste-
BOH TPaH3UCTOP, NOJYYUTh KOTOPBIH XOTeJ
Ioxnu, nosBmiIcsa numb B 60-e roapl, Koraa
C MOMOILBIO YCOBEPILEHCTBOBAHHBIX METO-
OOB BBIDALIMBAaHHA KPHCTAJUIOB YIanoch
obecrieyuTs ropaszmo 6oJsiee COBEPILEHHYIO
CTPYKTYPY KPMCTaJ/Ula KpEMHHS, a CO3JaHHe
TUIAHADHOH TEXHOJIOTHH JaJi0 BO3MOXHOCTh
c(hopMHpOBaTh HYXHYIO BHYTPEHHIOIO CTPYK-
TYpY TpPaH3HCTOpa.

[IpuHIMNHaNBEHAS CTPYKTypa MOJIEBOTO
TpaH3HCTOpa mNoka3zaHa Ha pHc. 15. Ilony-
NPOBOAHHKOBAs MOIUIOXKA p- MM H-THINA (B
OanbHeilieM Mbl OyZieM paccMaTpHBaTh TO-
NYNPOBOJHHKH TOJILKO n-THINA) C OJHOH CTO-
POHBI TIOKPBITA JU3JICKTPHKOM H MOMEILIEHa
MEXAY OBYMS METAJIMYeCKHMH 3JIeKTpoJa-
mH. Eciii kK BepxHEMY 3JIeKTPOY NPHIOKEHO
NONIOXHUTENLHOE BHElIHee HaNpsXeHHe, TO
3NEKTPOHBI BTATHBAIOTCA B NOJIYNPOBOIHHK,
HJIH, KaK TOBOPAT, 3/1ECh uHOYyupyoncsa Ho-
CHTeNH 3apsaaa. Ecnu 4Mcno HHOYyHHpOBaH-
HBIX 3JIEKTPOHOB CPaBHHMO C YHCJIOM CBO-
OOIHBIX 3JEKTPOHOB, HMEBIUHXCA B MOJY-
NPOBONHHKE [0 TOrO, KakK 3JEKTPHYECKOe
HanpsXeHHe ObLIO MPUJIOXEHO, TO B HTOTE
CONPOTHBJIEHHE CYLIECTBEHHO H3MEHHTCH.

Nonynposoanuk

Puc. 15. IpuHUMnuanbHas
TpaH3HCTOpa.

cxeMa MOJIEBOro

4*

Tox B BepxHeii uemH Ha puc. 15 npakTuueckn
paBeH HYJIIO, a 3HAYHT, paBHA HYJIIO M 3aTpa-
YeHHas B JTOM ILeNM 3JIEKTpU4ecKas MOLI-
HOCTB, TOT/Ia KaK B HIDKHell nemu HaeT 6oee
CHJIBHBIH TOK M 31€Ch MOXHO mpeobpa3o-
BaTh OOJNBIIYIO 3IEKTPHYECKYIO MOIUHOCTD.
Takum obpa3om, nepen HaMH CHOBAa OTKpPBI-
BAETCH BO3MOXHOCTB C MOMOLUBIO MEHbILEH
3MEKTPHYECKON MOLIHOCTH PEryJHpOBaTh
CYILIECTBEHHO OONbLIYIO, T.€. OCYILECTBIATh
yCHJIEHHE HJIH INEPEeK/IFOUeHHe 3JIeKTPHYeC-
kuM nyTeM. CaM NpHHIMI HACTOJBKO NPOCT,
HACKO/ILKO CJIOXKHA €ro NpakTHYecKas pea-
mi3anusa. KopoTko ocraHoBHMcA Ha OBYX
MoMeHTax. IIpHOXHTE moOJIOXKUTENBHOE
HanpsOkeHHWEe O3Ha4aeT MOJATh Ha MOBEPX-
HOCTB JM3JIEKTPHKA TOJIOXKHTENBHBIH 3JIEKT-
pHYECKHH 3apsan, mpuieM 4YeM Gonblue 3a-
pAd, TeM BhIle HanpsbkeHHe. Ecim oT kax-
JIOT0 aToMa MEPBOTO CIOS ATOMOB JHIJIEKT-
pHKa MbI 3abepeM OOWH 3JIEKTPOH (T.e. Ho-
6aBHM IOJIOKHTENbHEIH 3NEeMEHTApHEIH 3a-
pA), TO MONYYHM 3NIEKTPHYECKOe TOJie, Ha-
MPSDKEHHOCTh KOTOporo OydeT npHMeEpHO
COOTBETCTBOBATH HANPSIKEHHOCTH 3JIEKTPH-
4eCKOTo TOJIA B aTOME, T. €. okono 108 B/cm.
IIpu paccrosHHM MexOy aToMaMu B TO-
BepxHOCTHOM cioe 3- 1078 cM morpebyercs
yopatb okono 10!'% anekTpoHoB ¢ ommoro
KBaJpaTHOTO CaHTHUMeTpa. TOYHO Takoe ke
YUCJIO 3MEKTPOHOB HMHOYLHPYETCS B MOJy-
npoBonuuke. [IpencraBmMm cebe momympo-
BOJHHKOBYIO IUIACTHHKY TOJILUMHOH 1 MKM;
IO MOBEPXHOCTHIO IIIOWanblo 1 cMm? maxe
6e3 NPUIOKEHHOTO HANpSKEHHA 3HECh YKE
nMeetcs okoso 10!% anexTponHOB, ecnu KOH-
IEHTpPauMs HOCHTeNeW 3apsAfa COCTaBJsET
10'% cM™3, 4TO THNMYHO MIA TOJYIPOBO-
HUKOB. UT0OBI 0bGecneynTs HHIOYLHPOBAaHHE
IO KpaiHel Mepe TaKOoro 4McJia 3J€KTPOHOB,
KOTOpOE PaBHO YHCIY YK€ MMEIOILHMXCA B
NOJIYNIPOBOAHHKE CBOOOMHBIX 3NIEKTPOHOB,
NPHUILIOCE GBI NPHJIOKHTE OrPOMHOE Hanps-
xenne, pasaoe 10° B. U maxe ecau 611 31O
yOajnoch cOeNaTh, pe3yJbTaT He ONpaBIa
OBl OXXHOAHHIA: GONBIIMHCTBO HHIYLHPOBAH-
HEIX JIEKTPOHOB OBUIO OBl 3aXBadeHO YIIO-
MSAHYTBIMH paHee NPUMECHBIMH YPOBHAMH,
KOTOPBIX O4YeHb MHOTO KaK pa3 Ha NOBepX-
HOCTH, 2 IOTOMY JIMIIb MaJIO€ YHCJIO 3NEKT-
POHOB ocTanuck Obl CBOGOAHBIMH H CIO-



52 nasa 3

coOCTBOBAJIH H3MEHEHHIO CONpPOTHBIICHUS.
WUrtak, 5TUM NMyTeM NOJYYHTh peajbHBLA Mo-
JIeBOH TPaH3HCTOP BpAA JIH Bo3MoxHO. [Toa-
TOMY Ha MPAKTHKE €ro KOHCTPYKLHUS BBITJIA-
JUT HECKOJIBKO MHade. 3TO BHAHO M3 CXe-
MaTHYecKoro paspe3a Ha puc. 16. Xapak-
TEPHBIM NPHU3HAKOM 3€ECh ABJISETCH HAJIAYHE
ABYX DAclOJIOXKEHHBIX 3€PKaJIbHO IO OTHO-
IIEHHIO PYT K ApYyry p—n-miepexojoB. Eciu
MeXAy JIEBOH ¥ npaBoi n-061acTsIMH NpUiI0-
XHUTh HANpsOKEHHE, TO HE3aBHCHMO OT IIO-
JNIAPDHOCTH OIOMH M3 p—n-NEPEXOJ0B CMella-
ercd B OOpaTHOM HampaBJEeHMH H B BBI-
XOMHOIH 1enH OyOeT MpoTeKkaTh 04eHb MaJIbIi
ToKk oOpaTHOCMelleHHOro nepexoga. Tpan-
3ucTOp 3anepT. ClenaTh €ro TOKONMPOBOISA-
MM MOXHO C IOMOLULIO TPETHETO 3JIEKT-
poJa, Tak Ha3biBaeMoro 3atBopa. Meran-
JHYECKHH 3NeKTpOHA-3aTBOp OTHENEH OT
MOJIOKKH TOHKHM CIIOEM IHM3JIEKTPHKA; OH
pacnoyaraercs Mexay AByMs n-o0iacTaMu
Hal p-o0JacTbIO M CIYXHT IJiS MHOYUHPO-
BaHHA 3JIEKTPOHOB, O YeM MBI Ye FOBODHIIH,
paccMaTpHBas MPHHIMNHANBHYIO CTPYKTYPY
[oJIeBOro TpaH3uctopa Ha puc. 15. Toneko
Temepb 3TH JJIEKTPOHLI HHAYLMPYHOTCA B
MOJIYNPOBOJHHK p-THNA, KOTOPBIH, Kpome
TOro, uMeeT obeIHeHHYIO IbIpKaMH 001acTh
obbvemHoOro sapsga. Tenmepp MoxHO OBLTO
6Bl oxuOaTh ropasno 6onbiuei 3hdexkTHB-
HOCTH H OT HHIYUHPOBAHHBIX 3JIEKTPOHOB.
OnHako M B 3TOM CNy4Yae MEpBhIE MHAYIH-
pOBaHHEIE 3JIEKTPOHBLI HE Y4acTBYIHOT B Ile-
peHocCe 3apsja: OHH peKOMOHHHPYIOT C AbIp-
KaMH B p-0DJIACTH, KOTODBIE €llle HMEITCH
Mexay obeumu p-n-obnactamu. Koraa ece
OBIDKHM MCYE320T, JajbHellllee HHAYLHPOBa-
HHE MNPHBOOHUT K H3OBITKY 3JIEKTPOHOB B
p-obnacTH y TpaHHNBl C JHIIEKTPHKOM.
3nece obpa3yercs TOHKUIl KaHaJI C 37IEKTPOH-
HOH 3JIEKTPONPOBOIHOCTBIO, COETUHSAIOIIHA
obe n-obnactu cnesa u crnpasa. [lo 3Tomy
KaHajy 3JIEKTPOHbl MOTYT OeclpensTCTBeH-
HO TepeTeKkaTh M3 JIeBOH n-obnacTd B mpa-
BYIO, €C/IH K NpPaBOH NPHIOKEHO MOJOKH-
TelnbHOE HampsokeHHe. JleBylo n-obnacts Ha-
3BIBAIOT UCMOKOM, A TPABYIO —cmokom. Ha-
nEvHe oOsacTH, obsamaromieil 3JeKTPOHHOR
37IeKTPONPOBOIHOCTBIO, B IMONYIIPOBOJHHKO-
BOH TOMJIOXKKE p-THNA HAa NEpPBBbIH B3IJAN
YOHBHTENBHO, HO 3TO JIEFKO MOXHO MOHATE,

IBIPOYHOH 3MEKTPONPOBOJHOCTEIO MONYIIPO-
BOAHHK 00JIafaeT TOJNILKO B COCTOSHHH Tep-
MOJMHAMHYECKOTO paBHOBecHs, T.e. 0e3
BO3JICHCTBUSA BHEIHErO JEKTPHYECKOro MO-
na. Ecnu e, KaK 9TO MPOMCXOIUT B ClIy4ae C
3aTBOPOM, B MOJIYNPOBOJHUKOBOH NOJLITOX-
Ke p-Tina obpa3syercs OOCTATOYMHO CHIIBHOE
MOJIE, TO 3HEPreTHYECKHE 30HBI OMYCKAKTCH
H KOHUEHTpAllMA HOCHTeNeH 3apsna B HHMX
u3MeHseTcs. [bIpkd B BANEHTHOMH 30HE II0JI-
HOCTBIO 3alOJIHAIOTCA 3NIEKTPOHAMH, U 30HA
MPOBOJHMOCTH TaKKE YACTHYHO HACHIILAET-
€A ANEXTPOHAMH. DTOT NPOLECC HA3BIBAETCA
uHeepcueli, a n-KaHaja B TNOJYNPOBOOHHKE
p-THIIa — HHBEPCHOHHBIM cioeM. Hanpsike-
HHE Ha 3aTBOpe, IIpH KOTOpoM obpa3yercs
MHBEPDCHOHHBIH CJIOH, Ha3bIBaeTCa Nopozo-
8bim Hanpaxcenuem. B ciy4yae nmpeBbILICHHA
NOpOTrOBOr0 HAMpPSKEHHA 3alepThii TpaH-
3HCTOD CTAHOBHUTCS 3NEKTPONPOBOIHBIM.
KoHcTpykuMs KpeMHHEBOTO TpaH3HCTODA,
HCIIONB3YEMOTO B MHKPO3JIEKTPOHHKE, NIOKa-
3aHa Ha puc. 16. JIM3NEKTPHKOM MOJ TOJY-
TPOBOJHHKOBOH MOJUIOKKOH p-THIIA ABJISAET-
cs nByokuch kpemHud. I[losTomy U ropopst
O TMOJIEBBIX TPAH3UCTOPAX CO CTPYKTYpO#
METAJU1 — OKCHJ — MONYNIPOBOAHUK  (COKpa-
wenno MOII-Tpansuctoper). Kpome MOII-
TPaH3UCTOPOB C HHAYUHPOBAHHEIM KaHAIOM
MOJIEBbIE TPAH3UCTOPHI MOTYT BBHINOJHATLCH
C BCTPOCHHBIM KAaHAJIOM B BHAE TOHKOI'O
MPHUIIOBEPXHOCTHOIO  3aMUPAIOLIEro CJIOA.
OmoHako B KPeMHHEBOH MHKPO3JIEKTPOHHKE
MOII-Tpan3ucTopsl ¢ BCTPOEHHBIM KaHa-
JIOM MIPAlOT JHIIL BTOPOCTENEHHYIO POJib, H
MbI He OyaeM ocTaHaBIMBAaTLCA HAa HHUX 60-
Jee moapobHO.

KoucTpykuus onucannoro seitue MOII-
TPAH3UCTOPA C MHAYLUHPOBAHHLIM KAHAJIOM,

3areop

Puc. 16. KoncTpykuus noneBoro TpaH3ucropa,
HCTIOJIB3YEMOTO B MHKPO3/IEKTPOHHUKE.
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Puc. 17. Paznuunsie Tunst MOII-TpaH3HCTOPOB.
HanpsAXeHHEeM Ha 3aTBope.

CXeMaTH4eCKH MOKa3aHHadA Ha pHC. 16, ABis-
€Tcs JMINb OJHON M3 MHOTHX BO3MOXHBIX.
Tako# TpaH3MCTOp Ha3bIBACTCHA n-KaHaJb-
HeIM MOII-TpaH3ncTopoM. AHaNnOru4Ho 6H-
MOJNIAPHOMY TPAH3UCTOPY W 3[eCh N H p
MOXHO TIOMEHATh MECTAMH, T.€. HCIONB30-
BaThb N-TIOAJIOKKY, 2 001aCTH HCTOKA H CTOKA
BHITMIOJIHATE C 3JIEKTPONPOBOJHOCTBIO p-TH-
na, MOJIYYHB, KaK MOKa3aHo Ha pHC. 17,6 u 2,
p-xaHaneHpli  MOIl-Tpansucrop. H3obpa-
xeHHble Ha puc. 17,a u 6 MOIl-Tpan3ucro-
pBl paboTalT B TaKk HAa3bIBAEMOM pEXHME

53
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Cnesa—-06e3 HanpskKeHHS Ha 3aTBOpE, CIpaBa-—cC

obGoraiueHns, T.e. B Cly4Yae NPHIOXKEHHA
BHEUIHETO TIOJIOKHTEIBHOTO HAMPAXEHHA K
3aTBOPY HOCHTENIAMH 3apsfa oGoraaercs
n-KaHajJ, a OTPHIATENBHOrO—p-KaHall, H
TPaH3MCTOP CTAHOBHMTCA 3JIEKTPONMPOBOLS-
muM. CyiecTByeT ¥ MPAMO MPOTHBOIMOJIOX-
Hasg BO3MOXHOCTb. OOoraleHne MOXeT
MPOUCXOANTH Ge3 MPHIIOXKEHHs HaNpsHKeHHAA
K ‘3aTBOpy (puc. 17,6 B 2) B n-KaHAJIHLHOM

OIl-TpaH3ncTOpe, HanpuMep BCJIEACTBHE
TIPHCYTCTBHSL HOCHTENEl MOJIOXHMTENLHOrO
3apsga B MOA3aTBOPHOM OKCHAE, MOJHOC-
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ThIO HCKJIIOYHTL KOTOPOE HEBO3IMOXHO IO
TEXHOJIOTHH H3TOTOBJICHHS, a B PeaJlbHOM
p-kaHanabHOM noJieBoM MOII-Tpan3ucTope
H MO ApYTrHM mpu4yHHaM. B pexmnme o6o-
raleHHst OTPHIATENbHOE HaNpsDKEHHE B
n- kaHajasHoM MOII-Tpan3ucrope (puc. 17,
8) H MOJIOXHTEJbHOE B p-KaHanbHOM MOJI-
TpaH3ucTope (pHc. 17,2) BeAyT K YBeHYe-
HH10 00¢THEHHOTO CJIOSI H YMEHBIIEHHIO TOJI-
IIMHBI KaHajda MEXAY HCTOKOM H CTOKOM:
MPH JOCTATOYHO GOJBIIOM HAaNpAKEHHH BO-
o0lLIe MPOHCXOOHT OTCEYKAa KaHaja - IOsB-
JIfeTCA TOK 3amupaHHsa. B Takom ciydae
roopatr o MOII-Tpansucropax, paboraro-
KX B pexxuMe obenHenus. M3-3a nmpucyt-
CTBHs IIOJIOXKHTEILHBIX HOCHTENEH 3apsiaa B
MMOJ3aTBOPHOM OKCHAE n-kaHaybHble MOII-
TPaH3HCTOPHl paboTaOT B pexumMe obemHe-
HHS, a p-KaHaJbHble—B pexXHMe oborarie-
HUSL.

AHAJIOTHYHO OHIOJAPHEIM TPaH3UCTO-
pamM MOII-Tpan3ucTopsl ABIAIOTCS Iepe-
KJTIOYaTE/ISIMH 3JIEKTPHYECKOTO TOKA C 3JIEKT-
PHYECKHM YTIpaBieHHeM. PaccMOTpUM 31ech
TJIABHBIE XapaKTCPUCTHKH H IapaMeTphl
3THX NEpeKIroYaTesie ¥ Ipexnae Bcero Bpe-
MA 3afepkkd. EciM mpeamonoXuTh, 4TO
HeobxomuMoe Ui nepekmodyeHus MOII-
TPaH3HCTOpPa M3MEHEHHE HANpPSDKEHUA Ha
3aTBOpe MPOMCXOJUT MrHOBEHHO, T.e. 6e3
3aJepXKH, TO BpeMs MEPEKTIOYEHUSA OIpe-
JeAeTCs HHTEPBAJIOM BPEMEHH, HYXHOTO
I IpoJIeTa HOCHTENIA 3apsaja Yepe3 KaHall.
Ecnu nnmuHa KaHana okojlo 1 MKM, TO Ha
IPOJIET 3aTPayHBAETCA HECKOJIbKO OHIIIHOH-
Heix (107'?) noneit cekynnnl. OnHaxko Ha-
1€ NPEANOJIOKEHHE O MTHOBEHHOM BO3HHK-
HOBECHHH HalPsDKCHAS Ha 3aTBOPE HE peaJsiuc-
THYHO. B HeM He y4uThIBaeTcs TO 06GCTOS-
TEIBCTBO, YTO HOCHTEIM 3apsia IOJDKHBI
BCe-TaKH JORTH OO eKTpona 3aTBopa. He-
006xoouMoOe Ha 3TO BpeMs 3aBHCHT OT €M-
KOCTH 3aTBopa C U CONPOTHBJICHHA R mpo-
BOJHHKA, COCIHHSIOUIErO 3aTBOP ¢ UCTOYHH-
KOM Hanpsxenus. Eciu Cx 10712 @
R~10% OM, To RC=10"° ¢, T.e. BpeMsa
TIEPEKIOYCHUS 3HAYUTENbHO GoJblile mpen-
nojiarasierocs. Kax mpaBHiio, OHO COOT-
BETCTBYET (PaKTHUYECKOMY BPEMEHH 3aIepXK-
ki T MOII-TpaH3ucropa. Bopouem, To xe
caMoe OTHOCHTCS M K OHIONAPHBIM TpaH-

3ucTopaM. M3-3a Gosblux mnepesapsxkae-
MBIX €MKOCTeH M COIPOTHBJIEHHH, Yepe3 Ko-
TOpLlE NPOUCXOAMT mnepe3apsaka, MOII-
TPaH3UCTOpPLl, KakK IpaBWiIo, o06Jajgaior
MEHBLIUM OLICTPOJEHCTBHEM B CPABHEHHH C
OHNOJIApHLIMH TpaH3ucTopaMu. Ho Tak kak
y MOII-Tpan3ucTopa éMKOCTh B OCHOBHOM
ompeneNseTcs IUIOIIaAbIO 3aTBOpa H €€
MOXHO CHeJaTh TeM MeHbIlle, 4eM KOpoUe
KaHall, TO YMEHbIIaTh BpEMA 3aJEPKKH
CledyeT 3a CYET COKpAILeHHS [UTHHBI KaHaa.

PaccMoTpuM Temepb, kak BCE€ 3TO CBS-
33aHO C MOIIHOCTBIO, PacXoAyeMoH Ha Ie-
pexmouenHe. Me1 Bugend, yto MOII-Tpas-
3HCTOp MpEACTaBIAeT COOOH pe3ucTop, yI-
paBJIgeMbIH HanpskeHHeM Ha 3aTBope. [Ipe-
obpa3yeMasi MOILHOCTH SIBJISETCA NPOH3Be-
JeHMEeM TMPHJIOXEHHOTO K 3aTBOPY Hamps-
CHH Ha BEJIHMHHY TOKA, NPOXOMSILEIO 4e-
pe3 3aTtBop. EciH HampsbkeHHe Ha 3aTBOpe
MOYTH TaKoe e, Kak M B 6a30BoOH Lemu
OHIOJIAPHOTO TPAH3UCTOPA, TO B OTJIHYHE OT
MOCJIEAHETO CHJIa TOKa BO BpEMS CaMOIO
NEPEKIIOYEHHA IPAaKTHYECKH paBHA HYJIIO
H3-32 CJIOA OUAIEKTPHKA IOJA 3JIEKTPOIAOM
3aTBopa. Bo BpeMs mepek/roueHHs 3TOT TOK
SABJIAETCA 3apAOHLIM I JIEKTpoda 3aTBO-
pa. Ho ¥ OH HacTOJABLKO Maj, 4YTO pacxo-
nyemas B MOII-TpaH3HCTOpe Ha HEpEKo-
YeHHe MOIMHOCTh Ha HECKOJBKO NOpPAIOKOB
MEHbIIIE, 4eM Y OHIOJIAPHOTO TPaH3HCTOpa.

Jo cux nop MBI pacCMaTpHBaJIH TOJBLKO
MOIIHOCTb, HEOOXOMUMYIO [UIA NEpeKitode-
HHUs TpaH3ucTtopa. Ho Beob M mo, 4TO YCH-
JIMBAET TPAH3HCTOP, TOXE €CTh EKTpHYEC-
Kasi MOILHOCTb, T.€. MOIIHOCTb, Npeobpa-
3yeMasi B KOJJIEKTOPHOM IemH OHIIOJIAPHOr O
TPAaH3UCTOpa WJIM B LEMH MCTOKAa—CTOKA
MOII-Tpan3uctopa. B obmem u nexoMm oHa
HaMHOTro 60Jbllle MOIIHOCTH, PacxoxyeMoi
Ha MEPeKJIIOYEeHHE, a €€ TOYHOe 3HauYcHHe
3aBUCUT OT INPHJIOKECHHOTO HamNpsXCHHA H
Ipexae BCEro OT BHIA CXEMEI, B KOTOPYIO
BXOIAT KaK TPaH3HUCTOPHI, TaK H IpYTHE
3JIEMEHTH! TIOJIYIPOBOHHKOBOM 3JIEKTPOHH-
k. BpeMs 3alepkKH Takxke OINpeleaseTcs
BHIOM TPaH3HCTOPHOK cXeMbl H pabovum
HanpspkeHueM. IloTpe6ieHHe MOLUHOCTH H
BpeMsl 3aJepXKH B KakoH-1H60 cxeMme BO-
oblle Henb3s CMENIMBATL C MOLUHOCTBIO,
pacxoayeMo# OTHE/NbHLIM TPaH3UCTOPOM Ha
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NEPEKIIOYEHHE, U €r0 BPEMEHEM 3aJIePXKKH,
JUIS. KOTOPBIX BBIIIE Mbl NPHBEJH OIEHKY.
INocnennue ABIAOTCS MHHUMAaJIbHBIMH 3Ha-
YEHHSAMHM BpEMEHHM 3aJepXKH H mnoTpedis-
€MOM MOIIHOCTH CX€MBbl, HHXE KOTOPBIX
ONYCTUTBCH YK€ Heab3sl. OTH MapaMeTphl
JAIOT BO3MOXXHOCTb MOJIYYHTh NpENCTaBe-
HHE O TOM, HACKOJIBKO IIOJIHO MBI HCIIOJIb-
3yeM CBOMCTBa JAaHHOI'O KOHKPETHOTO TpaH-
3MCTOpa B CXEME WJIM HACKOJbKO 3¢ ¢eKTHB-
Holt Boo6111e MOXeT ObITH CXeMa ¢ KOHKDET-
HO B3ATHIMH TpaH3uctopamu. Ha a¢dexTus-
HOCTH 3JICKTPOHHBIX MHKPOCXEM MBI elle
noapo6Ho ocTaHoBHUMcH B 1. 4. OnHaKoO Ha
OCHOBaHHH BCET0 CKa3aHHOT'O BBIIIE YK€ CeH-
4aC MOXHO CHENaTh BBIBOJ O TOM, 4YTO
OGUIOJIAPHBIC TPAaH3UCTOPB! IOJDKHBI IpHMeE-
HATBCS B O4YeHb OBICTPOINEHCTBYIOIINX MHK-
pocxemax. EciM ke Ha nepenHmit IIaH BhIC-
TymaeT He ObICTpoAeHcCTBHe, a Majoe IO-
Tpe6JIeHHe MOIIHOCTH, TO IpEeaNOYTEHHe
crenyer ornare MOII-Tpan3ucropam.

Pesucropbl. Kongencartopbl

O3HaKOMHBIIKCH C TPAH3UCTOPAMH U MOJIy-
IIPOBOJHUKOBBIMH JHONAMH, MBI MOJIYYHIIH
MpEeICTABJICHUE O BAXHBIX aKTHBHBIX 3JIEKT-
pOpPalUO3TEMEHTAX, HUCIOJNb3yeMbIX B MHK-
pocxeMax. OgHAKO, KaK U3BECTHO, 1A cHop-
KA 3JIEKTPOHHOH CXeMbI TpeOyloTcs Takxke
PE3UCTOPBI, KOHACHCATOPbl M KATYLUKHA HH-
IYKTHUBHOCTH. [IpMHIMI IeHCTBUS PE3UCTO-
POB U KOHAEHCATOPOB HAMHOI'O MPOILE, YEM
TPaH3UCTOPOB M auoAoB. HeT Hyxuabl ocra-
HAaBJIMBATHCA Ha 3TOM Ae€TalbHO. Ho coBceM
He Tax IpOoCTa peaji3al¥A 3THX NaCCHBHBIX
3JIEMEHTOB B MOJIYTPOBOAHUKOBOM 3JIEKTPO-
Huke. CeroHs yalle BCETO BMECTO Pe3HCTO-
POB H KOHACHCATOPOB UCIOJIL3YHOT TPAH3HUC-
Topel. Ecmu, Hanpumep, x 6a3e npn-TpaH-
3MCTOpa pa3 W HaBCEerga MPHJIOXKHTBL Olpe-
JIeJICHHOE OTPHLATENbHOE HAaNpSIXEHHE, TO
KOJUIEKTOpPHAas IEMb CTAaHET PE3NCTOPOM C
JOBOJBLHO OOJIBIIMM CONPOTHBJICHHEM. B
MOII-Tpan3ucrope 3aTBOp H NPOTHBOIMO-
JIOXHBIA €My TaK Ha3bIBa€MBIH 3JIEKTPOI
MOJIYIIPOBOJHHUKOBOH MOAJIOKKH MOXHO HC-
MOJb30BaTh Kak 0OKJIagKH, a MOA3aTBOPHLIH
OKCHOHBIA CJIOH —Kak H30JSTOp KOHOEHCa-
TOpa U TAKMM NYTEM TNOJYYHTh OIpEOesIeH-

Hyl0 eMkocTb., Kpome sTtoro, omgHako, B
MHKDOJIEKTPOHHKE INPHUMEHSIOTCS  HEIOo-
CPeCTBEHHO CO3/laBaeMble pPa3sHCTOPHl H
KOHAEHCATOPHI. Iy CO3OaHHMA DE3UCTODOB,
HAIPHMEP, HMCHOJB3YIOT IOJYIPOBOIHHKO-
BbIl ofbpa3sel, y kKoToporo B #-06J1acTH HMe-
eTcs moJyocka p-tuna. Ilyrem moabopa pas-
MEpPOB MOJOCKH p-THIIA MOXHO HOJYYHTh
HeOOXoAMMOe 3HaueHHe (B OIpedesIeHHBIX
Ipeaesiax) JIeKTPUYECKOTO COMPOTHUBJICHUS
pe3ucTopa NPH YCIOBHH, YTO 3aNMHPAIONTHIHA
TMOTEHIMaJ Ha H-p-nepexome obecmeyut
TPOXOXIEHHE TOKa TOJBKO MO MHOJIOCKE
p-THma. JIng co3gaHHs KOHAEHCATOpa MOX-
HO BOOOIIE OTKa3aTbC OT JIETHPOBAHHBIX
aKHENTOPHOH NPHMECBIO HMCTOKa H CTOKa
n-kaHajabHoro MOII-TpaH3ucTopa u Boc-
MOJIB30BATHCS TOJILKO 3aTBOPOM, TOA3a-
TBODHBIM OKCHIHBIM CJOEM H CJIOEM IO-
JIyIPOBOJHHMKA A-THIA, JIeXall¥M MHOJA OK-
CHIHBIM CJIOEM. 31eCh MBI XOTHM yKa3aTh Ha
puc. 38 B IJ. 5, Ha KOTOpPOM IIOKa3aHbI
BO3MOXHOCTH MOJIYYCHHS OMHCAHHBIX PE3HC-
TOPOB M KOHIeHcaTopoB. UTo e kacaercs
HHAYKTHBHBIX 3JIEMEHTOB, TO, NOCKOJIBKY B
MHKDO3JIEKTPOHHKE MOKa eme He paspabo-
TaHbI COCOOBI MX CO3JaHHA B BUIE OTIENb-
HBIX TIOJYNIPOBOIHWKOBBIX HPHOOPOB, MpH-
MEHEHHE HaXxoOAT MO0 KOCBEHHBIE METOBI,
B YaCTHOCTH METO[I, OCHOBAHHBIH Ha HCHOJIb-
30BaHAM OOpaTHOH CBA3H MEXIy pa3jHy-
HBIMH 3JIEMEHTaMH, COODaHHBEIMH B CXeMY,
aubo MeTon noabopa CXeMOTEXHHYECKUX pe-
LIEHHH, IpeayCMaTPHBAIOIIKX OAKTIOUYEHHE
JIOTIOJTHUTEJIBHBIX BHELIHUX KaTYIIeK HHIYK-
THBHOCTH.

ONTO3NeKTPOHHbIe MHAUKATOPDI.
MNonynpoBoOAHWKOBBLIE AATYUKHU

O6paboTka MHbOpMAalMH B HMHTErPaJIbHBIX
MHKpPOCXEMax —3TO €llle He Bce, YTO BO MHO-
THX ClIy4yasx TpeOyerca Ha mpaktuke. Obpa-
6aTbIBaeMyr0 MHKPOCXeMOH HH$OpMaImio
CHaYaJia HyXHO MOJYYHTb, OCYIIECTBHB H3-
MepeHHs, a pe3yapTaThl 06paboTku oTobpa-
3UTh ONTHYECKUM NyTeM. [ peleHus 3THX
3afad, T.e. MOJyYEeHHA M OTOOpaXeHMsT HH-
¢$hopManun, HMEIOTCA COOTBETCTBYIOLIME O~
JIyNIPOBOJIHUKOBLIE IPHOOPEL. 31eCh IpeuMy-
LIECTBO MO CPABHEHHIO C OPYFMMH pelle-
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HHSAMH 3aKJIIOYAETCA B TOM, YTO TaKHe MpH-
60pBl MOryT OBITH XOPOILO COrJACOBAaHHI C
MHKPOCXEMaMH, TaKXe COCTOALMMH H3 IO-
NyTPOBOIHUKOBLIX MpuOopoB. Kpome Toro,
BbICOKO3((eKTHBHAs TMOIYNPOBOAHHKOBAS
TEXHOJIOTHUS CYILIECTBEHHO YACIIEBUNIA MX H3-
rOTOBJIEHHE.

Hapsgy ¢ XUAKOKPHCTAJUIHYECKHMH HH-
IOAKATOPaMH IUIS ONTHYECKOTO MpeIcTaBlie-
HHS 3HAKOB H CHMBOJIOB HCIONBL3YIOTCA H
MOJYNIPOBOAHUKOBEIE yCcTpoicTBa. Tak Ha-
3bIBAEMEIE TOHKOTUIEHOYHBIE 3JIEKTPOIIOMH-
HECIICHTHBIE IHCIUIEM TEPEMEHHOIO TOKa,
BLINIOJIHEHHLIE H3 JIETHPOBAHHOIO MAapraH-
LeM cyib(pHIa IMHKA, CIyXaT mis otobpa-
XKeHHMs KpYmHbIX OnokoB uHbpopmamuu. dns
NpeAcTaBiIeHHus HHGOPMAIHK B ManioM 06B-
e€Me MNPHMEHAIOT HHAMKATOpHBIE NPHOOPHLI
Ha cBeroAModax. B cBeromMomax HCMOJb-
3yerca 3ddexT M3nyyaTenbHON pekoMOHHA-
IIHH 3NIEKTPOHOB H JBIPOK. DJIEKTPOH B 30HE
MPOBOAMMOCTH WJIH Ha NMPUMECHOM YpPOBHE
PEKOMOMHHUPYET C OBIPKOIi B BaJIEHTHOMH 30HE
WIH Ha TPHMECHOM YDPOBHE M TNPH 3TOM
ucnyckaetr ¢oroH. Utobnl Takoif mpouecc
MOT HeNpepHIBHO NOBTOPATLCA, Tpedyercs
NOCTOSHHO NOINEPXKHBATH YPOBEHb KOH-
LIEHTPalluH 3NIeKTPOHOB H IBIpOK. B cBeTO-
AHOJAX I 3TOTO NPHKJIANLIBAIOT HANPSXKe-
HHE K NPAMOCMEULIEHHOMY (B MPONYCKHOM
HanpasJieHHH) p-n-nepexony (pHc. 18,a).
Takum o00pa3zoM, H3OBITOYHBIE 3JIEKTPOHBI
HHKEKTHPYIOTCA B p-00J1acTh, a H30BLITOYHBIE
OBIPKH — B n-0671acTh H peKOMOMHHPYIOT TaM
C OCHOBHBIMH PAaBHOBECHBIMH HOCHTEJISIMH
3apsAfa, MCOYCKas BHOHMBIH cBeT. TakuMm
obpa3omM, 31eck ocywecTBaseTca npeodpaso-
BAaHHE 3JIEKTPHYECKOH OSHEPrMHM MCTOYHMKA
HaMpPSAXEHHS HEMOCPEICTBEHHO B CBETOBYIO.

Ecmn, HaoGopor, o6ny4aTe CcBeTOM
p—n-niepexod, To OyOeT MPOMCXOOMTH IeHe-
pauus 3JIeKTPOHHO-ABIPOYHBIX Nap, KOTOPHIE
CTaHyT pa3pyllaThcs B 3JEKTPHYECKOM MOJIE
p—n-nepexona (puc. 18,6). Uepez p—n-nepe-
XOJ Ha4YHET MPOXOIHUTh 3JEKTPHYECKHH TOK,
BEJIMYMHA KOTOPOTO CIYXHT MEPOiH HMHTEH-
CHBHOCTH cBeTa. Tako#l IOJYNPOBOMHHKO-
BB mipuGop Ha3sbiBaeTca gomoduodom. B
¢oTtoomone mnpoucxomuT mnpeobpasoBaHue
CBETOBOI'O CHTHalla B 3JIEKTPHYECKHH, KOTO-
phIli yxke MoxHO obpaborath HemocpencT-
BEHHO B MHKpocxeme. PoToaMOA —3TO MU
OOMH W3 MPHMEPOB MOJYIPOBOJHUKOBBIX
npubopoB, HCNIONB3YEMBIX B MHKPOIJIEKTPO-
HuKe Ui nonyyenus nHbopmamvn. MHoraa
MOJIYTIPOBOAHMKOBLIE NPHOOPE!, Mpeobpasy-
JOLLIHE HE3JIEKTPUYECKHE CHI'HAJIBI B JJIEKTPH-
YeCKHe, HAa3bIBAIOT  NOAYNPOBOOHUKOGLIMU
damuuxamu. Taxue NaTYMKM yXe NpPHAMEHS-
FOTCA 118 M3MEPEHHS HE TOJILKO CBETa, HO M
JaBJICHUS, TEMIIEPATYPH! HIH KOHLEHTPALH
XMMHYeCcKHX BemiecTB. MX mpuHumn neiicr-
BHS CTaHeT TMOHATEH, eClIM BCMIOMHHTH pac-
CMOTpEHHbIE HaMH BBIILIE MMOJTYIPOBOAHHKO-
Bele 3hdexTel. Ho Ha 3ToM MBI He Oymem
ocTaHaBlIHBaThes Gosee noapobuo. IMpons-
BOJCTBO H INpPHMEHEHHE MOJTYNPOBOIHUKO-
BBIX JTaTYHKOB, 3@ MCKJTFOYEHHEM OINTO3JIEKT-
POHHBIX, B HAacTOsIlce BpeMs HaXOOHTCH B
HayanbHOM craguu. OfHAKO Kak pa3 B 3TOH
obnacTH HamMeyaeTcs oueHb GypHOE pa3BH-
THe, MOCKOJIBLKY peyb MIeT o mpubopax, 6e3
KOTOPBIX TNpHMEHEHHE MHKPOJIEKTPOHHUKH
BO MHOTHX CNy4asiX CTAHOBHTCH HEBO3MOX-
HbIM. JIaTYHKH TNpefocTaBasiOT HHPOpMa-
IHIO, HEOOXOAHMYIO 1Tl HCTIOJIB30BAHHS H3-
Ienuii MUKpo3eKTpoHukH. HocurensamMu us-
dopMannK ABNAIOTCA INMEKTPUHECKHE 3aps-
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oul. Mx Takxke HeoOxooMMO OTKyHa-TO HO-
JIy4aTb, HHa4Ye H3ICJINA MHKDPOIICKTPOHUKH
He CMOTYT (YHKIIHOHHPOBATL. st 3JIEKTpO-
[HTAHUS UCMOJb3YIOT, HAPUMED, OBITOBHIE
CETH 3JIEKTPOCHAOXEHHUS HIIM aKKyMYJISTO-
pbl. OIHAKO CYLIECTBYIOT MOJIYIIPOBOJHHKO-
Bble IPHOOPBI, CIOCOGHLIE OaBaTh 3JIEKTPH-
qecKylo 3Hepruro. Takumu npubopamu sB-
JIAFOTCSI COJIHEYHBIE JIEMEHTHI.

ConHeuyHble 3NeMeHTbI

ConHeyHbIft 2NeMeHT paboTaeT o TOMY Xe
npuHIMIMY, 4To U $otonuon. [lagaromuit Ha
HEro CBeT IOTJIOMIAETCA M HEeMOCPEeICTBEHHO

npeobpasyeTcss B 3JIEKTPHYECKYIO 3HEPTHIO.
CoJigeyHble 3JIEMEHTHl U3 KPEMHHS, NpexIe
BCETO M3 OTHOCHTENBHO AELIEBOTO aMOphHO-
ro KpEMHHS, CETOOHS UCITOJb3YFOTCH, B 4acT-
HOCTH, JUIA 3JE€KTPONMUTAHUS MHKPOKaJILKY-
JATOPOB. '
O3HaKOMMBILIHChH C IPUHIUNAMH paboThI
OCHOBHBIX 3JIEMEHTOB MOJYIPOBOTHHKOBO#H
3JIEKTPOHHKH, TIpeX e BCEro TPaH3UCTOPOB,
Mbl TIEpeiileM B Cledylowiedf rjiaBe K pac-
CMOTPEHHUIO TOT0, KaK C HOMOIIbIO CXEMHBIX
YCTPOMCTB, COCTOSIIAX M3 3THX 3JIEMEHTOB,
T. €. C IOMOHIbIO HHTETPAJIbHbIX MHKPOCXEM,
ocymiectBisieTcs o6paborka uHdopmamn.



4. OnekTrpoHHaA obpaboTrka uHdopmauumn

HNudopmamus HyxkIgaeTcs B MaTepHAIbHOM
HOocHTeNe. B 3/1eKTpOHHKE TaKOH HOCHTEJb—
anexTpuueckuil 3apsg. MHbopMaimio Mox-
HO TPENCTaBHTb B BHJE CHTHAJOB MIEKTPH-
YeCKOro TOKa HJIM HalpshKeHUs Pa3HOH BesH-
YUHBl NOJOOHO TOMY, Kak B ¢dororpadun
comepxkallascs B H306paxeHHH HHpOpMa-
LM peIcTaBieHa pa3InYHBIMH IJIOTHOCTSA-
Md noyepHeHus ¢orobymarn. JlokasipHble
BapHallM¥ MJIOTHOCTH H300paxeHus Ha ¢o-
Torpaduu MOXXHO Haxe NMpsAMO mpeobpaso-
BaThb B CHTHAJBl JMEKTPHYECKOrO HAmpsike-
HMS, T. €. BO BpeMEHHEIe BapHal[MH 3HAUYCHHH
3JIEKTPHYECKOr0 HANpsHKEHHs, €ClNH C IIo-
MO0 GOTOAETEKTOpa CKAaHHPOBaTh H30-
6paxenue. IlomobHo TOMy Kak Ha ¢GoTObY-
Mare MOTYT BCTPeYaTbCs BCE BO3MOXHBIE —
€CTECTBEHHO, B OIpPEAETEHHBIX Mpeleiax —
3Ha4yeHHs APKOCTH H300pakeHHs, TaK M CHI-
Hajbl JJICKTPHYECKOTO HANpsHKEHHS MOTYT
HMETh BCE BO3MOJXHbIE 3HAa4YeHHsS HaIpsDKe-
Hus. Bonbmoit spkocTH 6ydeT cOOTBETCTBO-
BaTh BBICOKOE HAaIpsKeHHE, a MaJod —HH3-
Koe.

AHanoroBan
M uucpposana obpaboTka
nHpopmaunm

Nudopmanus, npeacTaBieHHAss CHTHAJIOM
JIEKTPHUYECKOTO HANPSIKEHHSA, aHAA0ZUYHA
NepBOHAYaNbHOH WHPOpPMANHK, HpeacTas-
neHHo# u3obpaxeHueM Ha potobymare. O6
ananoz060m npedcmagaenuy HMHGOpPMaUUH
TOBOPAT BO BCEX TEX CiIy4asix, KOraa IepBo-
HavanbHas MHGOpPMAalMsd HMMEHHO B 3TOM
CMBIC/IE B TOYHOCTH TpaHCHOPMHpYETCS B
CHTHAJIbl 3JIEKTpHYeCKOro HampspkeHHs. O6-
paboTky uHbOpMalMH, INPEICTaBJICHHOH B
¢bopMe aHAJIOTOBBIX CHTHAJIOB 3JICKTpHYEC-
KOTO HamnpsKeHHWs, Ha3bIBAIOT QHAA020601

obpabomkoti ungopmayuu. OHA HUCTIONB3YET-
csl, K IPUMepY, B Pajiio- H TeJIEBU3HOHHOH
annapatype. Hapsmy ¢ 3THM cyluecTByeT
yugposan obpabomra unopmayuu, 3aHAMa-
IOLIas COBEPILEHHO 0co60€ MECTO B MHKDO-
NEKTPOHHUKE.

ITonaTs, yTO U3 cebs nmpencraBiseT Uud- .
poBas obpaboTka HHPOpMAaLIMH, HAM MOMO-
XeT puc. 19, Ha KOTOPOM aHaJIOTOBBIH CHT-
HaJl 3JIEKTPHYECKOTO HATIPSKEHUA pa3bUT Ha
OTHAEJbHBIE YAaCTH, IS YErO BPEMEHHYIO OCb
pa3jeIIl Ha KODOTKHE OJMHAaKOBbIE HH-
TepBasbl. Kak ¥ B My3biKe, 3TH HHTEPBAJIBI
Ha3blBalOTCA makmamu. Ha KaxaoM TakTe
MEKTPUYECKOE HANps)keHHe B  INEPBOM
HpUOJIMKEHHH MOXHO paccCMaTpHBaThb Kak
HOCTOSHHOE TIPH YCJIOBHHM JOCTATOYHO Ma-
JOoH HpodoJKUTeNbHOCTH Takta. Ompene-
JIEHHOE HampsDKeHHe, COXpaHsIolleecs Ha
HPOTSKEHHH POBHO OJHOrO TakTa, Ha3blBa-
0T UMRYAbCOM HANpANCeHUA. B TakoMm ciy-
Yyae BECh CHIHAJ 3JIEKTPUYECKOrO HATpsIxKe-
HUA Ha pHC. 19 mpHOIHXEHHO MOXHO pac-
CMaTPHBAaTh KaK CIUIOIIHYIO BPEMEHHYIO Ce-
PHIO HMITYJIHCOB HAIPSKEHHA pa3IM4HOM Be-
JIHuKHbL. AHajoropas ob6pabotka HHpopmMa-
MM ONEepHpYeT MOCIeIOBATENLHOCTAMH (Ce-
PMSIMH) MMITYJIbCOB BCeX BO3MOXHBIX 3Hade-
Hui Hanpsbxenus. [Ipu undposoit 06pabot-
ke HHGOPMAIMH HCHOJB3YIOTCA TONBKO OBa
3HaYyeHHsl HAaNpsDKEHHS — MUHHMabHOE, 000-
3HaYaeMoe HyJieM, M MaKCHMallbHoe, 000-
3HayaeMoe equHHLeH. Kax Iy aHaiorosyio
CEpHIO HMIIYJILCOB TNPHOIMXEHHO MOXHO
pa3JelMTh Ha 3HAYHTENbHOE 4UCIO UHudpo-
BBIX CHTHAJIOB, KOTOPBIE BMECTE B3SAThIE MIPH-
6nnxeHHO oToOpaxaroT Ty e HHbopMa-
IMIO, YTO H aHaJorosasl CEpUs HMITYJIbCOB.
Crnocob TpancdopMannu aHaJIOrOBOMH cepuH
HMITYJIbCOB B LHbpoByo ¢opMy M mpome-
MoHcTpupoBaH Ha puc. 19. llkany Hamps-
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XEHHH [eJNSAT Ha OINpeldesleHHOe YHCIIO N
OIMHAKOBLIX HHTEPBAJIOB (Ha puc. 19 n = 3)
M JUIS KaXZOIo M3 HHUX BBIAEIAIOT OTHENb-
HBIi NMPOBOJHHK—UIA INEPBOTO HHTEpBasia
NPOBOAHHUK 1, U1 BTOPOTO — NPOBOXHHUK 2 H
T. 4. PaccMoTpuM Teneps Ha puc. 19 nepBbrit
TakT. TaM nepBelf HHTEpBaJl HANPSKCHHA
HNEepeKPHIT MMNYJIbCOM, a BTOPOH H TpeTHH
cBobonubl. [To3TOMY B NpOBOAHHK | MOodaeT-
Cs HMITYJIbC, COOTBETCTBYIOLUHHA eOHHHIE, a
B oba ApYTrHX NMPOBOJHHKA — HMNYJbCH, CO-
OTBETCTBYIoIMEe Hyro. Ha BTOpoM TakTe
NEePBBIA HHTEPBaJ 3aHAT NOJHOCTHIO, BTO-
poO# —4acTHYHO, a TPeTHit cBob6oaeH. B 3ToM
cllyqae MMITYJIbC, COOTBETCTBYIOIIMH €IHHH-
1e, MOCTyNaeT B MEepBbIH M BTOPOH NpoBOI-
HHKH, a HYJCBOH MMIYJBC—B TpETHit. DTO
HOBTOPSETCA MO BCEM TPEM BPEMEHHEIM Tak-
TaM. B uTOre nOABISAETCA n-€ HHUCIO cepHit
HIMIYNBECOB, COCTABJEHHBIX TOJBKO H3 elH-
HHIl U HyJled. AHaJloroBasi Cepusi HMITYJIb-
COB, OJHAKO, JHIIL NMPHOIH3NTENBHO OTO-
6paxcaeTcst IHGPOBHIMH CHIHAJIaMH, TaK KaK
WIEKTPHYECKOE HAINpPSHXKEHHE OIMHCHLIBAETCSH
n-4HCJIOM  OHMCKpeTHbIX 3HaudeHHH. [lo-
TPELIHOCTDb OT OKPYIJIEHHSA T€M MEHBILIE, YeM
MeJIbY€e CeTKa, HaKJaJblBaeMas Ha MepBOHa-
YaJbHYIO aHAJIOTOBYKO CEPHIO HMITYJILCOB.
OIHaKO OOHOBPEMEHHO YBEJIHMYHBACTCH KakK
4UCJIO Pa3JIMYHBIX CEpHH HMIYJIbCOB, TaK H
YHCJIO MMIIYJIBLCOB B KaXHOH OTHEJIBLHOM ce-
pHH, KOTOpble 06pabaThIBalOTCA 32 €AHHHITY
BpEMEHH, HAalIpHMep B TEUCHHE OJHOMN CEKyH-
IObl. YBeIHUYeHHe TOYHOCTH BJIEYET 3a coboit
MOBBIIIEHHE 3aTpaT Ha UG poBYIO o6paboT-
Ky. 71 nojy4eHHs BBICOKOH TOYHOCTH IpH

Hanprxenue

1

aHasloroBoii o6pa6oTtke HHpopmalmu Tpedy-
FOTCS CXEMHBIE 3JIEMEHTHI BBICOKOI'O KayecT-
Ba. B wacTHocTH, OHM HOJIXHBI 00NagaTh
O4YeHb Xopolleil JHHEHHOCTHIO, T.€. MEXIY
H3MEHEHHSMH HANPSDKCHHS Ha BBIXOIE 3JIe-
MeHTa H Ha ero BXoJe AOJKHA CyLIecTBO-
BaThb TOYHAs JIHHEHHASA 3aBUCHMOCTD; B NPO-
THBHOM CJlyda€ Ha BbIXon OyaeT nonaHa
HCKaxxeHHass HHpopmaumsa. Lludposas dop-
Ma 06paboTkH HHPOPMALMH B LEJIOM ABJIS-
erca 6oJsiee HalleXKHOH H MeHee NMOIABEPXEH-
HOH HCKaXXe€HHSM BCJIEJCTBHE HECOBEPILEHCT-
Ba OTHAEJbHBIX 3JIeMeHTOB. OMHAKO JOCTHra-
€Tcsl Bce 3TO NMyTEM HCNOJIb30BaHUA 3HAYH-
TEJIbHO 6OJIBLIETO YHCIIA AIEMEHTOB, HEXEIH
npH aHajioroBoit o6pabotke. Ecnu e Takux
3JIEMEHTOB HEIOCTATOYHO MHOTO, TO IO CKO-
poctu umudposas ob6paboTka HHPOPMAIMH
ycrynaer aHajnoroBoit. Lludposoit crmocob
nmo3BoJisieT AobuThes 6osiee BBHICOKOH TOY-
HOCTH H HaJIe)KHOCTH, HO IIEHOH YBEJIHYCHHS
yucna 3neMeHTtoB. [lpaBma, ons MHKpo-
INEKTPOHHKH 3TO He SABJIAETCA OCOOEHHO
CJIOXHOH NpobieMo, 6O pasMeCTHTh Ka
MHHHMANBHOH IUTOIadHM O4YeHb OoJibluoe
YUCJIO HE CJHIIKOM TOYHBIX, 3aTO MHHHa-
TIOPHBIX, OBICTPOOEHCTBYIOIINX H HELIEBLIX
3JIEeMEHTOB—3TO Kak pa3 To, Ha 4YTO OHa
crioco6Ha. B onpeneneHHOM cMbIcite uudpo-
Bast 06paboTka UHGOPMAIIHH H MHKDOIJIEKT-
POHHMKAa HCKaJlM H HaUUM Apyr apyra. C
NOMOILBIO MHKPO3JIEKTPOHHKH BBICOKOE Ka-
YeCTBO HEOOJIBIHOrO0 YHC/IA BBICOKOTOYHBIX
onepaimii oOpaboTKH HHPOPMALHH MOXHO
3aMEHHTH OOJIBILIMM YHCJIOM OBICTpPHIX, HO
HE TaKHX TOYHBIX onepanuit. [lomexu n3pHe

Hanpaxexne
3

BpeMA e

BpemMA ———t=

Puc. 19. Tlpeobpa3oBanne aHaNnoroBoi CepUM MMIYJILCOB B LM(POBYHO W HA06OPOT.
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HIM U3 caMoH oOpabaTbIBarouied CHCTEMEI
nudpoBo#t cnocod 06paboTku MHGOPMAIMH
«TIEPEHOCUT» JIerye, YeM aHaJOTOBBIM.

OBonuHaa cucrtema cumcneHunAa

Hepenko nepBoHayanpHas HHGOpMauAs
HMMEETCS HEe B aHAJIOroBo# ¢opme, a BbIpa-
XeHa uepe3 NPUBBIYHYIO HAM JOECATHYHYIO

CHCTEMY CYMCJIEHH, OYKBEL M [IPOYHE CUMBO- |

Jbl. UTOOBI U B 3TOM Clly4yae e MOXHO ObLIO
00paboTaTh B BHMJE HMIYJLCOB, COOTBET-
cTByrouux 1 u 0, Bce 3TH 3HAKHM H COCTABJICH-
Hbl€ U3 HUX IEMOYKH NMPEIBAPHTEILHO HEOD-
XOJUMO Ipeobpa3oBaTh B TaK Ha3biBaeMble
IBOMYHble uyucya. Huke MBI paccMOTpuM,
4YTO Xe MpelCTaBJadeT co0oif ABOMYHAA CH-
CTeEMa CYHCJIEHHA M KaKoe 3HA4YeHHEe OH4
HMeeT ans 06pabotkn uHGopMannun. [Toes-
HO BCIIOMHHTb, KaK YCTpOoeHa oObIuHAS Hallla
IecATHYHAs CHCTeMa CuHCieHMs. Ee ocHOBa-
HHe = 10, T.e. DI NpPEeACTaBJEHHS JHOOOTO
YHUCIa HEOOXOOHMO HMETH HAECATh CHMBO-
Jn0oB-1ubp. YHCIO MOXHO 3ammcarh, HC-
HOJb3ysl CTENEHH OCHOBaHHd, T.e. 10" !: B
nepBoM paspsane 10°= 1 (eauHuna), Bo BTO-
pom 10! = 10 (mecsats), B TpeTbeM 102 = 100
(cTto) 1 T. 1. YeTbIpex3HauHoe yucio 6347 B
JeCATHYHOH CHCTEMe MOXeT ObITh IPEACTaB-
JIEHO pa3BepHYTOH 3amuchio 6103+ 3-
102+ 4-10'+ 7-10°. JIBoMyHas cucTeMa
IIOCTPOEHa AHAJOTHYHO MJECATHYHOH, HO
TOJBKO 34eCh [UIA 3aMCH JHo0Oro 4YHclia
HCTIONB3YIOTCA CTENEHH OCHOBaHHMA 2, T.e.
2", C noMomer Bcero maByx wuubp -
HyJIS U eIHHMIBI—B 3TOH CHCTEME TaKXe
MOXHO 3allHCHIBATh YHCJA JIIOOOH BEIMYM-
HbI, CKJIAIBIBATh HMX, YMHOXAaTh, NEJIHTh H
T. 1. Yerslpex3HauHoe apouyHoe yucio 0101,
TakuM oOpa3zom, Oymer o3HayaTh 0-23+
1-224+0:2'+ 1-2°= 5. MakcuManbHOE He-
THIPEX3HAYHOE YHCIIO, KOTOPOE MOXHO cebe
OpencTaBUTh B JBOMYHOM CHCTEME CYHCIIE-
HHs, 3T0 1111 =234 224 214+ 2°= 15. Yro-
6561 cocunTath g0 2'°— 1 = 1023, TpebyeTcs
IeCATH3HAYHOE [JBOHMYHOE WYHCIO, a [0
220_ 1 = 1048 575 - nBaaUATH3HAYHOE.
Kaxgoe 4ucio MOXHO H300pa3HTh Kak B
OECATHYHOM, TaKk M B OBOHYHOH CHCTEME.

XoTe B IBOMYHOH CHCTEME KOJHMYECTBO pas-
psinoB Gonplie, YeM B OECATHYHOM, 3aTO
MEHbIlIe CUMBOJOB-uMdp, T.e. OBe, a He
IECATh.

IlpermMyiiecTBO IBOHYHOH CHCTEMEBI IO
CPaBHEHHMIO C JIECATHYHOH 3aKJIIOYAaeTCs B
TOM, YTO B ABOMYHOH CHCTEME HUCNOJIb3yeTCS

'MEHBIIIE 3HAaKOB. HCCMOTpﬂ Ha 3TO, OBO-

HYHAasi CHCTeMa Bce e He o0jagaer Hau-
MEHBIIMM KOJIMYECTBOM 3HAKOB, KOTOpPOE
MOXHO MOJYYHTb, HCHOJB3Ys B KayecTBe
ocHoBaHHUA ¢ = 2,718. OnHako 60b1110€ 3HA-
YeHHe INPHJAIOT TOMY, UYTOOBl OCHOBaHHE
OBLIO MpeACcTaBiIeHo LeibM uucioM. C 3Toi
TOYKHM 3pEHUSA HAWIYYIIMMM KaHIMOATaMH
ABJIAIOTCA YHCHA «OBa» M «TpH». OmoHAKO
¥3-3a yno6CcTBa NPUMEHEHHS B JIEKTPOHHBIX
cXeMax IpeANOoYTeHHE OTAAeTCS IBOUYHOIM, a
HE TPOMYHOM CHCTEME CUMCJICHHS.

HTak, 3a00HO Mbl BBIACHUJHM, IOYEMY
mudpoBas o06paboTka HHGOPMALHH, IO
oNpeneieHNIo Bpode Obl MMeEmoIas Oeso ¢
«uuppaMmu», T.e. TUCKPETHHIMH 3HAKAMH
J000ro poAa, ONEPUPYET HCKJIIOYHTENBHO
JBOHYHBIMH 3HaKaMH.

HecmoTtps Ha HHPOpMaIHOHHO-TEOpETH-
YECKOE IIPEBOCXOACTBO ABOUYHOH CHCTEMBI
Hal JeCATHYHOH, o 4eM BrpoueM . B. Jleii6-
HHI nHcan eme B 1679 r., mpu BBIIOJHEHHH
MAIIMHHBIX BBIYUCJIEHHHA OT MOCIEeIHER MOJI-
HOCTBIO BCE X€ HE OTKa3blBarOTCA. B koHeu-
HOM HTOre MpPHYHMHA 3aKJIIOYAETCI B TOM,
4YTO Ha pYKax y 4eJOBeKa HMEETCH [IECATh
nanbleB W BCA HCTOpHYEeCKas IaMATb €ro
Hepa3pblBHO CBA3aHA C JECATHYHOH CHCTe-
MoH curcrnenus. IMeHHO mosToMy OecsaTHY-
HYIO CHCTEMY HCIIOJb3YIOT BCIOAY, TAE Tpe-
OyeTcsl yCTAHOBHMTD C YEJIOBEKOM KOHTAKT, B
YaCTHOCTH IIpH BBOAE M BHIBOAE JAHHBIX.
BHyTpH CHCTEMBI 3JIEKTPOHHOH 00paboTkm
HHQOPMAIHH ONepAllHH CHYETA, KaK MPABHIIO,
OCYILECTBJIAIOTCA C [OBOHYHBIMH YHMCIIAMH.
CBs3yIOIIUM 3BEHOM MEX/y BHELIHEH gecs-
THYHOH M BHYTpeHHeH OBOMYHOH dopMamMu
NpEeICTaBIeHUs YHCEN CIYKUT TaK Ha3biBae-
MO€ JBOMYHO-KOAMPOBAHHOE JECATHYHOE
OpeAcTaBICHHE, T.€. BBIPAXCHHME OECATHY-
HbIX YHCEJ B OBOMYHOM Koae. Jns kaxmon
JecaTHIHOR UbpPBI TpeOyeTcs YeThIpeX3Hay-
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HOE JABOMYHOE YMCIIO, TaK Ha3blBaeMas TeT-
pana:

0=0000, 1=0001, 2=0010,
3=0011, 4=0100, S5=0101,
6=0110, 7=0111, 8= 1000,
9 =1001.

3akOoOUpOBaHHOE B ABOUYHOM KOIE YHC-
mo 2536, cornacHo 3TOMYy, OymeT HMeTH
cnegyromyro  ¢dopmy  samucm: 0010 0101
0011 0110. Tonpko mocNe ABOMYHO-KOIHUPO-
BaHHOI'O AECATHYHOIO IPEACTABJICHUS Oecs-
THYHOE YHCJIO CTAHOBHUTCA IPHUIOAHBIM IS
06paboTku B u¢ppoBoit IBM. Taxoe npeob-
paszoBaHue DBM ocyllecTBIseT caMOCTOs-
TeNbHO, U MOJB30BATENb TOTO He 3aMeYaeT.
3ateM ABOMYHO-HOECATHYHOE YHCJIO BHYTDH
OBM B GOJBIIHHCTBE CIy4aeB MEPEBOIUTCS
B YHCTO OBOMYHOE YHUCIIO, M JMIIbL IOCTE
3TOTO MOTYT OBITh HaYaThl BLIYHCIMTEIbHBIE
onepally, Pe3yJbTaTOM KOTOPBIX TAaKXe AB-
ngeTcs gBou4HOoe uMcio. Ilpu Bblgave maH-
HBIX €0 CHOBa HYXHO MIPeACTaBHTh B ABOHY-
HO-HECATHYHOM ¢GopMe, 4YTO Takxe OcCy-
HIECTBJISETCA aBTOMAaTHYEeCKH. [IBOMYHO-KO-
IMPOBAHHOE JECATHYHOE TpeACTaBlICHHE HE
HCYEPIIBIBAET BCE BO3MOXHOCTH, NpEIOCTaB-
JICHHble KOMOMHallMeld U3 4eThIpeX 3HAKOB
ABOMYHOIO 4YHCJIA.

B Tak Ha3bIBaeMoOM wecmuadyamepuuro
cucmeme CYHCIICHUS IJIA 3TOTO IIOMHMO Je-
CATHYHBIX TP 0-9 bepyT elne mecTh nep-
BBIX NIPONMHCHBIX OYKB JJaTHHCKOro aldabu-
Ta: A,B,C,D,E,F(A=10,B=11,C=12,
D =13, E= 14, F =15). B mecrnaguare-
PHYHOH CHCTEME YHCIA 3alHCHIBAIOT, HC-
MOJIb3Ysl CTENEeHb OCHOBaHHUA 16, T.e. B mep-
BOM pa3psge cmpaba 16°= 1, Bo BTopoM
16!, B TpeteeM 162 u T.4. B mensx omHo-
3HaYHOTO OMNpPEACNICHUA CUCTEMbI CYMCTICHUS
nepe MecTHaANaTEPUYHBIM YHCIIOM CTaBHT-
ca ycnoBHoe obo3Hayenuwe nosapa $. 3a-
muchk $7F 3, HanmpuMep, O3Ha4aeT IecTHaaLa-
TEepUYHOE YHUCJIO

7-162+ 15- 16"+ 3-16°= 2035.

Oodun pa3paAl IUeCTHAAUATEPHYHOTO YHCIA
COOTBETCTBYET uemblpes: IBOMYHLIM pa3ps-

JaM, T.e. oaHoi terpaze. IToatoMy nBomu-
HOE YHCIIO JIETKO NEPEBOIUTCSA B IleCTHAAIA-
TEPHYHOE: IBOMYHOE YHMCJIO TpeGyeTcs JIMIb
NOJENHUTE CNpaBa HaleBO Ha TeTpalbl H
KaXKIYIO M3 HHX 3aMEHHTh COOTBETCTBYIO-
el IecTHaOUaTepUyHOH 1udpoit. Pac-
CMOTPHM 3T0 Ha npumepe. [1ycTs aBoMYHOE
quciao paBHo 10110100. IlepBas d4eTbipex-
3Ha4YHas TIpylNna cOpaBa INpeacTaBlieHa
0100 = 4 = %4, BTopas— 1011 = 11 = $B.
Taxum 06pa3zoM, IIeCTHAAATEPHYHOE YHCIIO
umeeT Bua $B4. IIpoBepuM npaBWIBLHOCTH
HAILIETO MEepPEeBOMa MO OECATUYHOH CHCTEME:
10110100 = 1-2740-2% + 1-2% + 1-2* +
+0-2240-2" +0-21 +0-2°=
=128+32+16+4=180.
$B4 = 11-16* + 4-16° = 180.

CrenoBaTeNnbHO, IEPEBOI OBLT OCYLIECTBIIEH
[IpaBUJIBLHO. B onpenesieHHBIX Cy4dasx mpoc-
TO Heu3OexHBIM fBJiseTcs oblueHHe ¢ 3BM
Ha A3BIKE TEX YHCEN, Ha KOTOPOM OHa «r0BO-
PHT» BHYTDH, T.€. UCNOJb3Ys ABOMYHYIO, a
He HOECATHYHYIO CHCTEMY, HAmpHUMep IpH
porpaMMHpPOBaHHd MHKpOOBM Ha Ma-
IIMHHOM s3bIKe. Tak Kak, ¢ OJHOH CTOPOHHI,
IIeCTHaAaTepHYHble yuciaa IBM nerko me-
pPEBOAMT B OBOMYHBIE U, C APYrod CTOPOHHI,
JUIS 4eJIOBEKa OHHU SABJNAIOTCA 6oJiee HarmsamI-
HBIMH, Y€M JBOHYHBIE, TO BMECTO ABOMYHOTO
Koa HepedKO MOJBb3YKTCA ILeCTHaauaTe-
PHYHBIM.

HTak, B OCHOBHOM MBI TO3HAKOMMITHCH C
KOOMpOBaHUEM IUPp M 4UCe]T B ABOMYHOMH
cucteme. OcTaJics UMb OJMH INAr 0 Mpe-
CTaBJICHHS B JBOMYHOM KoJe OYKB H ApYTHX
3HakoB. [lJisA mepeBofa B OBOHYHBIA KOOI
6yKB aTHHCKOTO ajihaBUTa KaXXIOW M3 HHX,
HallpUMep, MOXHO IPHCBOHUTL ONpENeNIeH-
Hoe yucno ot 0 mo 25, CKaxeM HCHoIb3yd
HYJIb BMECTO «a», €IHHHIY BMecTO «b»,
IBOHKY BMECTO «C» H T.Hd., a 3aTeM 3a-
KOIHPOBATh B BUAE NMATH3HAYHBIX IBOUYHBIX
uypcea. B TakoM ciy4ae omHa Oykma Oyner
coaepxaTb 06beM HHPOPMaLIMH 5 GHT, XOTA
B JOEHCTBHTEJILHOCTH OH MEHBILE — BCErO
log, 26 = 4,7. 310 0OBACHAETCS TEM, 4TO
andaBUT He MCYEpNBIBAET BCEX BO3MOX-
HOCTEel MATH3HAYHOIO MOBOMYHOIO YHCIIA.
JanHasi oCOOEHHOCTb, BCTPETHBILIAACH HaM
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Ha TIpUMepe [ABOHYHOIO IpeACTaBJIEHHS
andaBuTa H NPOSABIABUIASACA YX€ IPH IBO-
HYHO-KOAHPOBAHHOM JECATHYHOM IpeACTaB-
JIeHHH, BooOle NpHCylla ABOHYHOMY OTO-
6paxenuro uHPopmanuuu. Heobxomumoe ko-
JIMYECTBO ABOHYHBIX CHMBOJIOB He 00s3a-
TEJBbHO PAaBHO COOTBETCTBYIOLUEMY OOBEMY
HHpoOpManKU B OHTax, T.e. OH MOXeT ObITh
MeHbIIIE KOJHYECTBA IBOHYHBIX CHMBOJIOB.
ITosToMy cCymecTBYyeT eOHMHHLA HH(}popMa-
I[HH, IPEICTaBJIEHHOR B ABOHYHOM KOJIE, TaK
Ha3bIBaEMBIA IBOMYHBIA paspan, win bumb),
OT 6uma, oTpaxawllero KOJIH4YeCTBO HH-
¢opManuH, OH OTJMYAaeTCAd TEM, HTO IH-
LIETCA C MPONMHCHOH OYKBHI H ABJIAETCA €IH-
HHLE# [UIMHBI OJHOTO OBOMYHOTO YHCIA.
Copgepxailee n-€ YACTIO pa3psooB IBOMYHOE
YHC]IO HMeET UIMHY, paBHyro n but. Ho
COIEPXHUT JIH n-¢ 4ucio BbuToB HHpoOpMa-
I[HIO —3TO yXe Apyro# Bompoc. Komuyectso
JBOMYHBIX pa3psAdoB, T.e. BUTOB, Moxer
OBITh NPENCTABJIEHO TOJIBKO LIEJIBIM YHCIOM:
He CYLIECTBYET HH IOJIOBHHBI, HH IECATOH
4acTH BHTa, Kak He CyIEeCTBYET NMOJIOBHHBI
HJIH JeCATOH JOJM JBOMYHOTO cuMBoOJa. Of-
H4KO 00bvem HH(OPMALMH BIIOJHE MOXET
O6piTe 0,5 6uT uau 0,1 6ur. Ilo3ToMy He-
NPaBHJIbHBIM SABJIAETCA HHOIJA BCTpEYaro-
mieecs MHEHHe, 4TO OHT ABIAETCA MeJb4aii-
uuM 06 eMOM HHGOPMALIHH, TaK CKa3aTh ee
3JleMeHTapHOH d4actuued. B To xe BpeMs
1 but— MUHUMaNbHAA MIHHA, KOTOPYIO MO-
KET MMEThb JBOHYHOE 4HCIO. YeM MeHblie
BUTOB, HCHOJB3yeMBIX OJIS HpENCTAaBJICHAS
onpeneneHHOR uHpopManuu, TeM O6oibuie
IVIOTHOCTh MHGopMamuu. MaeanbHbIM ciy-
yaeM sBisercs | OuT/BHT, HO 3TO BCTpe-
qyaeTca peaxo. IIpH IBOHYHOM IpencTaBle-
HHH andaBuT4, HaNpHMEpP, IUIOTHOCTh HH-
tdopmammu coctaBiuger 4,7/5 6ut/bur =
= 0,9 6ut/BuUT, TmNpPH  OBOHYHO-KOAMPO-
BaHHOM [eCATHYHOM MpEACTABIEHHH dYe-
THIPEX3HAYHOT O IECATHYHOTO YyHcna
log, 10*/16 6ut/but = 0,8 Gut/BHUT.

YT06H mpeacTaBHTh B ABOM4HOH dopme
Jmoboit cuMBoJs, Tpebyrowwmiica npu obpa-

1 O6bIuHO B OTeHeCTBEHHOMH U 3apyGexHol nuTe-
paType He palIM4aroT eAWHHLY HHOOpPMALMH H
JBOHYHBIH pa3psl-H TO H Jpyroe obo3HAYarOT
ouT.— ITpum. peo.

60Tke HHPOpPMALIUH, T. €. HE TOJIILKO MUGPY H
CTpO4Hyto OykBy, HO H IpPONHCHYIO OykBY,
3HaK MaTeMaTHYeCKOH omepalMH, 3HaK Ipe-
MMAHAHHA, Npobel, YIpaBIAIOIIHA CHMBOJ H
T. ., JoctatoyHo 8 BHT, T.e. WIS KaXaoro
Hcroas3yeMoro mpu obpabotke uHpOpMa-
MM CHMBOJIA B pACIOPSXKEHHH HMMeEeTCs
BOCBMH3HA4HOE ABOHYHOE YHCO. Takoe 1uc-
JIO Ha3bIBAlOT ABOHYHBIM CJIOBOM H 0060-
3HayaioT OailitoM. Takum o6paszoM, MbI
HMeeM

1 6aiit = 8 bur,
1 x6aiiT = 2'° GaiiT = 1024 6aiiT,
1 M6aiit = 22° Gaitt = 1 048 576 6aiir.

JIBOHYHOE KOOMpPOBAaHHE CHMBOJIOB i 00-
paboTkH HMHOOpMAalMH He OOJDKHO IOIYyC-
KaTb OBOSIKOTO TOJIKOBAHHUA, T.€. KaXIOMY
CHMBOJIy MOXET COOTBETCTBOBATh TOJIBKO
OIHO ABOWYHOe 4HcNo. Ho Bemb coueTaHud
MOIyT ObITh KakuMH yrogHo! IToatomy cy-
LIECTBYIOT CaMble pa3Hble KOoAbl. B ucmosb-
3yeMoM Hamnbonee yacto kome ASCII (Ame-
rican Standard Code of Information Inter-
change -aMepHKkaHCKMHA CTAHAAPTHBIA KOX
obMmeHa wuHdopmanmeH), Hanpumep, Oecs-
THYHOMY YHCJIYy | COOTBETCTBYET IBOHYHOE
yucmo 00010000 (2°), uucny 2 - IBOHYHOE
yucyio 00010001, yucnay 3 — DBOHYHOE YHCIIO
00010010 u 1. 1. JABouynoe wmcno 00011000
ucronb3yeTcsa s OykBbl A, 00011001 — s
6yxebl B, 00011010—ans 6yksbl C ¥ T. .

ITocne skckypca B 06JacTh OBOHYHOIO
KOJHPOBaHUSA CHMBOJIOB i 00paboTkH HH-
¢dopmamuu nepeitieM K pacCMOTPEHHIO BBI-
YHUCJIEHHH C HCIOJIb30BAaHHEM IBOHYHBIX YH-
CeJl, KOTOPBbIE HMEIOT LEHTPaJIbHOE 3HAUCHHE
B 1udpoBoit o6pabotke mHbopMmanmu. Ha-
YHEM C OJHO3HAYHBIX [BOMYHBIX YHCEJ.
B mporecce coxeHHs Mbl MOJTYHHM

0+0=0,

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

B npaBHIBHOCTH 3THX paBEHCTB MOXHO Jier-
Ko ybemuTbes, oOpaTHBUIMCL K AECATHYHOM
CHCTeMe cuHciieHHs. IlepBble TpH paBeHCTBa
B 3TOH CHCTEME BBIIJIANAT TOYHO TaK Xe.
YeTBepTOe paBeHCTBO O3Ha4daeT | + | = 2,
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YTO OIATH XK€ BEPHO. HpH BBIYMTAHHH MOJTY-
YyacM

0-0=0,
1-0=1,
0-1=-1,
l1-1=0.

W 3nmech NpaBHNBHOCTL ypaBHEHMH cpa3sy
BHIHA B JECATHYHON CHCTEME CYHCIICHHS.
ITpu yMHOXEHHH, KaK U B IECATHYHO# CHCTe-
M€, MOJIy4YdM

0x0=0,
1 x0=0,
0x1=0,

1 x1=1.

HpH JACJICHHH HYJIb KaK OEJIHTENb HCKJIIO4a-
€TCHA, a4 NpH OCJICHHH Ha C€OHHHIY HAaXOJHM

0:1=0, '
1:1=1.

ApHbMeTHYECKHH CYeT ¢ MHOTO3HAaYHBLIMH
JBOHYHLIMH YHCJIAMH MOXHO BBIITOJHHTH
cnocoboM «B  CcTONOHK», MNpemTIONKEHHBIM
emle AnaMoM PH30M UIS BBIYHMCIIEHHH C
MHOI'O3HAYHBIMH JECATHYHLIMH YHCJIAMH.
IIponeMoOHCTpHpYEM CKa3aHHOE Ha MPUMEpe
CJIOXKEHHSA OBYX YETHIPEX3HAYHBIX OBOHYHBIX
yucea 0011 u 0110. B mecaTHuHOH cHcTeMe
HM COOTBETCTBYIOT uyHcaa 3 H 6. ClIoXHM
o0a IBOMYHBLIX YHCIA:

0011
*or10
1001

IIpu 3TOoM | mepeHOCAT B cledyOIIHi pa3-
psl, Koraa B IIPEIIIeCTBOBABIIEM pa3psie
TpeboBanoch cioxuTh 1 U 1. JleHcTBys no
TAaKOHM CXeMe, B CYMME MBI MOJYYHM YHCIIO
1001. IIpoBepMM HpPaBWIBHOCTL CYeTa IIO
JECATHYHOM CHCTEME:

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

Hrak, pe3ynbTaT BepHBIH.

VsacauMm cebe emie pa3 nopsaok AeicTBHH
IIPH CJIOXKEHHH OBYX YETHIDEX3HAYHBIX IIBO-
HYHBIX YHCEJ. MBI NMPEANPUHAIU HECKOJIBKO
ONMHAKOBBIX uaroB. Ha kaXaoM H3 HHX
CKJIaAbIBaj M OBa OOHO3HauHbIX yHcha. ITo-

3TOMY MOXHO CKa3aTh, YTO Ha KaXIOM luare
JIBa OZHO3HAYHBIX YHCJIa MBI COMOCTaBHIIU C
TPeThUM (MaKCHMaJIbHO IBY3HAaYHBIM) 4HC-
nomM--napy (0,0) c uuciaom 0, mapy (0,1) unu
(1,0) ¢ uncnom 1 1 mapy (1,1) ¢ uncnom 10. K
TAaKUM COIMOCTABJICHHAM IOBOMYHBIX 4HCEJI
MOXHO CBECTH BCe apHOMETHYECKHE CYETHBIE
onepaldH, BKJIIOYas BEIYUTAHHE, YMHOXEHHE
U geneHde. bonee Toro, MoxHO ybenuThbes,
YTO TaKMM MYTEM BOOOILE MOXHO peLiaTh
Bce 3ala4u nudpoBoit 06paboTku HHPOpMa-
nuu. OmHAakKO NpaBHIA CONMOCTABJICHHS, B
MPaBHJILHOCTH KOTOPBIX MBI YOEIHJIHChL Ha
IpHMeEpe CJIOKEHHS, BCe X€ HE SBJIAIOTCS
JOCTATOYHO 3JIEMEHTapHBIMH. MIX MoXHO
CBECTH K ele Oojiee 3IeMEHTAapHBIM, Tak
Ha3bIBaeMBIM 6yJIEBLIM NPaBHJIaM COMOCTAB-
JIEHHS, OMEPHPYIOIUNM TOJIBKO C OJHO3HAY-
HbIMH JBOMYHBIMH YHCJIAMH.

AnemeHTapHbie
norunyeckue onepauum

B MaTeMaTHKe MpaBHjIa CONOCTaBJIEHHS Ha-
3pIBalOT Takxke OyHkuusaMu. Iloatomy B
JanbHedueM Mbl OyneM roBOpHTH O (yHK-
IHAX, a He O MpaBHJIaX comocrapieHus. He-
CKOJIBKO MEPEMEHHBIX BEJIMYMH X, J, ... CBA-
3aHbl (PYHKIUOHAJIBLHOH 3aBHCHMOCTBIO, €C-
JIA KaxIOMy 3HAa4YeHHIO, KOTOPOE MOXET
TIPHHATH OAHA M3 HUX, COOTBETCTBYET OOHO
WIH HECKOJBbKO OIpeleNIeHHBIX 3Ha4YeHUH
Ipyrofi. MoxHO cka3aTh: QYHKIHH Z UMEIOT
OIHO HJIH HECKOJIbKO 3HAYeHHH, COMOCTaB-
JISEMBIX C HCXOOHBIMH BEJIHYMHAMH, MU
aprymMeHTamu. Ecii kaxaoMy 3HaueHHIo ap-
IYMEHTa COOTBETCTBYET TOJBKO OOHO 3Ha-
yeHHe (QYHKIHH, TO (PYHKIMS Ha3bIBaeTCA
OJHO3HAYHOM, €CH JBa WIH GOJIbIIE — MHO-
rosHayHoil. B obpaborke unbopmamuu o6-
XOIATCA OAHO- H OBY3HAYHBIMH OYJIeBHIMH
¢ysxuamu. OnHo3HayHas QYyHKUUA MOXET
OBITH NIpeaCTaBJICHA OBYMS apryMEHTaMH, a
uMeHHO 0 ¥ 1, H JByMSs 3HaUYEHHAMH, Takxe (
H 1. B cooTBETCTBMM C 3THM CYLUECTBYIOT
YeThIpe OJHO3HAuHble OyNeBbl (YHKIUH.
Oco6blit HHTEpeC mNpencTaBiseT OOHA M3
HHX — JIOTHYECKO€e OTPHUAHHE, OCTATIbHbIE AB-
JAOTCA TPHBHAJIBbHBIMH. C MOMOIUBIO OT-
punanus 0 conocraBnserca c |l u 1 ¢ 0. dus
3amucH (YHKIMH OTPUIAHUS HCIOJIBL3YIOT
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Tabauya 2. OTpHuaHHe (JOTHYECKas ONepamus
HE) ’

—_—

$popMy z = X, moHUMAs IO 3THM, 4TO z = |
g x=0uz=0 gna x =1 (cM. Tabn. 2).
[BoiiHOe OTpHUIlAaHME AaeT aprymeHr. Ha
3TOM OCHOBaHAa CJIEAYIOHIAS 3arafika: Mpejl-
MIOJIOXKHM, 4YTO KaKOH-TO dYeJoBeK Bceraa
TOBOPHUT TOJIBKO IpaBAy HJIM Bcerga ocTa-
eTcst JokenloM. Ho Heu3BecTHO, KTO Tepen
HaMH — TOT, KTO TOBOPMT NpaBay, HJIH JIKELL.
Kak, cros y pa3suiku gopor, cienyet cop-
MYJIMPOBAaTh BOINPOC, YTOOB! 3TOT YEJIOBEK
IpaBIIIBHO Mokasan popory? Bompoc pos-
XeH OBbITh MOCTaBJIEH TaKHM 006pa3oM, 4To-
OBl OTBET OTHOCHJICA K OJHOMY H3 OTBETOB,
IaHHBIX paHee, HampHMep: YTO OBl BBl OT-
BETHJIH BYEpA MPOXOXEMY, ECITH OBI OH CIIPO-
CHJI, TO KakoH gopore emy wuaru? Ecam
4eJIOBEK BCETAA TOBOPHT MpaBay, TO KaxIas
4acThb OTBeTa OyIeT NpaBWIbHOM, T.€. OH
MOBTOPHT cKa3aHHOe Byepa. Ecnu yejoBek
TOBOPHT TCJIbKO HENMpaBAy, TO H ceHYac OH
CKaXeT NPSAMO IPOTHUBOIIOJIOKHOE TOMY, YTO
CKa3zasJ BYepa, T.€. OBaXObl OOpaTHT mpa-
BHJIbHBIH OTBET B HENPaBHJIbHBIH, B MTOrE
MOKa3aB HYXHyI0 dopory. OTpHLAHHE $B-
JiseTcs OJHO3HA4YHOH OyneBoit QyHkuMEH.
Hdns obpaboTkr HHGOPMAIMH HCIIONB3YIOT-
Csl, KaK yXe ObUIO CKa3aHO, TaKXe IBy3Hay-
Hble ¢GyHKUEH. OHH MOTYT HMETh YETBIpE
pa3nuyHbIX aprymedra, a HMeHHo (0,0),
0,1), (1,0), (1,1), 1 oBa pa3sHbIX 3HAYCHHS,
T.e. 0 ¥ 1, 4To B HTOre AaeT 2* = 16 pasHbIx
IBY3Ha4HbIX OyJeBbiXx ¢yHKIMA. OaHako 06-
XOIATCA JIAIIb HeOONbLINM HaDOpOM U3 HHX,
K KOTODOMY MOXHO CBECTH BCE IIpOYHE
¢yHknuu. B 3tor Habop BXOOUT H OTpH-
HaHHUE, C KOTOPBIM Mbl IO3HAKOMHUJIUCH KaK C
OOHO3HA4YHOR (YHKIMEH H KOTOpOE BCTpe-
4aeTcs Temepb H CpedH ABY3HAYHbIX, SB-
nasch PyHKUHEH, B KOTOpOH 3HAYCHHE 3a-
BHCHUT JIMIIb OT OJHOHW H3 [OBYX BEJIHYHH,
CKaXeM OT X, U paBHO z = x. KpoMme Toro, B

3TOT %e H4OOp BXoAAT GYHKUMH THU3BIOHK-
UM U KOHBIOHKIHH.

IIpu DU3BIOHKIMH 06 BETHYUHBI X H y B
COOTBETCTBHHU C Tabi. 3 comocTaBisAOTCS C
BEJIMYHHOU z = x V y. p

JU3BIOHKIUS SABJIAETCS JIOTHYECKOMH ole-
pamueit MJIW: ecnu HeT x U HET y, TO HET H
«x um y». Ecin ects x(y) 1 HeT y(x), TO
ecTh «x MM y». Eciau ecTh x M ecTh y, TO
TAKXe €CTb «X HJIH p». _

IIpy KOHBIOHKLHH B COOTBETCTBHH C
Tabn 4 3MEMEHTH! X U y CONOCTABJIAIOTCS C
BEJIMYHHOH z = x A ).

KoHBIOHKUASA SIBIISETCS JIOTHYECKOU Ole-
pamueit W: ecniu HET x M HET y, TO HET «X U
y», CJIH HET X (y) M ecTh ¥ (X), TO HET «X H y»,
€CJIH €CTh X H €CTh y, TO €CTh «X H y». )

Jloruyeckue omepauun MJIK m U sB-
JIAIOTCS COBEPINEHHO oOJHO3HauHbIMH. K
00OBIYHOMY B IOBCEOHEBHOM oOOHXOnE ymo-
TpeONEHUIO CII0B4 «HJIM» 3TO HE OTHOCHTCH.
Ecmu, x npaMepy, x oTpaxaeT BbICKa3bIBAHHE
«OH HAXOOHTCA JOMa» H y BBICKA3BIBAHHE
«OHa HaXOOUTCS [OMa», TO OU3BIOHKLHSA
x V y oTpaxaeT BbICKa3blBaHHE «OH HaxXo-
JUTCA JOMa WM OHa HaxoauTcs goMa». C
TOYKH 3peHHs POpMasIbHON JIOTHKH 3TO O3-

Tabauya 3. [JM3BIOHKOMA (JIOTHYECKAS oOnepanus
WIN)

>
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Tabauya 4. KoHBHOHKINA (JOrHYecKas
onepamus Y)
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Puc. 20. YcaoBHble 0603HayeHHA 3J€MEHTapHBIX
JIOTHYECKHX ONEepalHii.

HayaeT, YTO JIOMa HaXOJUTCH HIH OH OIHH,
HIH OHAa ojaHa, uaH oba. B obuxome 3to
BBIDA)XEHHE MBI CKOpee MOHMeM Tak, 4YTO
IoMa HaxoauTcs J1ubo oH, MH6O OHa, XOTH H
MOXHO IpPeINOJOXUTh BapHaHT HHTEPIIpe-
Tauuu no ¢popmMaibsHOM Joruke. B obuxone
CIOBO «MJIH», TakMM o0pa3oM, HMeeT OBa
3HAYEHHUS — OJHO HCKIIOYarollee, T.€. B
CMBICJIE «HJIH —HIH», H OJHO OOS3bIBAIOLIEE,
oTBevaromee GopmanbHOM JOTHKE. SI3BIK
MOJIL3YETCA 3TOM MBY3HAYHOCTBHEO, MO3BOJIA-
omed 6onee rubko BapbUpoBaTh GopmMy
BhIpaxeHHA. OQHO3HAYHOCTh AOCTHTaeTcs B
obuieM KOHTEKCTe BbICKa3biBaHusA. Ilo-npy-
roMy OOCTOHT Iedo ¢ OOHXOOHBIM 3Haue-
HHeM «u». Ilon BbICKa3bIBAaHHEM «OH Ha-
XOJMTCA JOMa M OHAa HAXOJHMTCS AOMa» Mo-
HATb MOXHO JIHUIb OOHO: OH H OHa Ha-
XOIATCS IIOMa, KaKk 3TO KM COOTBETCTBYET
JIOTHYECKOMY 3HAYeHHIO «u». Bo m3bexanue
XapaKTepHO# I o6uxona ABY3HAYHOCTH B
MHKPOJJIEKTPOHHUKE HCIOJIB3YIOT KpaTKHe
obo3nauenus omepaumii NI u WU. s
0003HavYeHHUS JIOTHYECKHX OTIEpallMil HIIH JIO-
THYECKHX 3JIEMEHTOB Ha OJIOK-CXeMax MHpH-
MEHSAIOTCA MOKa3aHHbIE HA pHc. 20 Joruyec-
KM€ CHMBOJIbI (QYHKIMH OTPULAHHA, OU3b-
IOHKIIHM H KOHBIOHKIIHMH.

K omnepanmsaM oTpUIIaHHS, OU3BEOHKIIHH
H KOHBIOHKITHH MOXHO CBECTH KaXIYIO 3a-

5-1131

nayy umbpoBoit 00paboTkH HHPOpPMaLHUH.
ITo3TOMY HX Ha3BLIBAIOT I4eMEHMAPHBIMU JIO-
THYECKMMH OMEPALUAMHU. YIIPOLIeHHE MOXKET
6nITH Jaxe Honee obmupHEIM. Mcmonb3yior,
HaIIpuMep, He Bce TPH Ha3BaHHBIC ONEpallHH,
a JIMIOb OJHY W3 HUX, T.€. MMOO Tak Ha3bl-
BaeMyro Jormueckyro omnepanuiro MJIM-HE,
BO3HHKAIOILYIO BCJEACTBHE OTPHIUAHHSA pe-
3yJabTaTa Jormyeckoi omepauun MJIU:

xUJIA-HEy =x V y,

6o Tak Ha3bIBAEMYIO JIOTHYECKYIO OIlepa-
uuro M-HE, o3navaromyro oTpuuanue pe-
3ynbTaTa JOTHYecKod omepauuu U:

xU-HEy =x A y.

OnHako Ha NMPakTHKE B MHKPO3JEKTPOHHKE
ucrionb3yroT kak onepauun HM-HE u
WJIHU-HE, Tax u omepamuu WUJIN, U n
OTpHIAHHUS.

CxemMbl peanusauum
3NeMeHTapPHbIX NOru4ecKMnx
onepauuvn

Tenepb MBI 06CYyTUM, KaK C TOMOIIbIO TPaH-
3UCTOPOB M PE3NUCTOPOB CTPOATCA CXEMBI
JUIS BBIMIOJIHEHUS 3THX 3JEMEHTapHBIX JIO-
ruveckux omnepauui. Ilpoasurasces Brepen
MOCTENMEHHO, PAaCCMOTPHM CHavalia 3JeKTpo-
MEXaHHYECKHH BapHaHT, a MOTOM YXe Ie-
peiieM K DJIEKTPOHHBIM CXEMHBIM peEllIeHH-
ssM. Mub1 3HaeM, uTo gBowmuHbIe yucia 0 u 1
MOTYT OBITH NpEACTaBIeHb] MHHHMAJbHBIM
M MaKCHMAJIbHBIM 3JIEKTPHYECKAM HaIpsKe-
HHeM. OOHako C OJMHAKOBBIM YCIIEXOM HX
MOXHO peaNu30BaTh B IIEMH TOKa C IO-
MOIIIBI0 MEXAHHYECKOTO MEpEKIoYaTeNs, yc-
JIOBHBIIHCH, YTO €CJIH B LENH €CTh JJEKTPH-
YeCKHH TOK, TO 3TO COCTOSIHHE COOTBETCTBY-
€T eOUHMIE, a €CJIM TOKa HeT—Hymo. Pea-
JIN30BaTh JOorgyeckyro onepaunuto UJIN u U
U TAKHX MOJIOXEHUAX MepeKiroyaTened B
UEMH TOKA MOXHO C MOMOIIBIO CXEM, IO-
Ka3aHHbIX Ha pHUC. 21. Pe3ynrTaTOoM BBINOJN-
HEHHS JIOTHYECKOM ONepalnMd B 0OOHX Ciy-
yasgsXx Oy/eT BOSHHKHOBEHHE 3JIEKTPHUYECKOTO
HATIPSDKEHHS MeXOY BBIBOOAMH, 0603HaueH-
HeIMH A H T. OTCYyTCTBHE HANpsXeHHS CO-
OTBETCTBYET HYJNIO, a HaJMYHE —EOUHHULE.
O6paTuMcsa CcHavyaJla K TIOKa3aHHOH Ha
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Puc. 21. a—cxema peayM3aluH C NMOMOLIBIO Me-
XaHHYECKHMX TiepeKiiroyaTesied noruieckoi omepa-
war UIU; 6-cxemMa peanusalMH C NOMOLIBIO
MEXaHHYECKUX INepeKiroyaTeNed JOruyeckor omne-
paunun H.

puc. 21,a normdeckoit cxeme WJIM. Ecnu
oba mepexiroyaTens BBHIKIIOMEHBI, TO K A
NPHWIOKEH NOTEHIIHAJ HHUXHETO 3JICKTPOAa.
Hanpsxenune mexny A u T paBHO HyJIIO.
Ecau neBbli mepexyrovaTesib BKJIFOYEH, a
IIpaBbIA BBIKIIOYEH, TO IO JIEBOH BETBH H
4yepe3 DPE3UCTOP NPOXOOUT 3JICKTPHYECKHH
ToK. IIpeanosiokuM, 4TO BKJIFOYCHHBLIA Iie-
PeKJIFoYaTeNh MPAKTHYECKH He ob6agaeT HU-
KaKdM collpoTHBJIcHHeM. [TonHoe Hampsxe-
HUe Mexnay H u T napaer Ha pe3suctope R.
Bepxnuif Bxoa pe3ucTopa, a CliedoBaTEIbHO,
H BBIXOJl A HaXOOUTCA MO NOTEHIHaIoM H,
T.e. MeXay A u T ¥UMeeTcsa HalpsXXeHHe, a
3HAYHT, Ha BRIXOJEe MBI HMeeM eauHuny. To
K€E camMo€ IPOMCXOJHUT, KOrja BKJIIOYEH He
JIEBBIH, a IpaBBIf mHepexyrovaTenb. Jlaxe
€CJIH BKJIIOYEHB! 00a mepexroyaTesis, 31eKT-
PHYECKHE TOK MPOXOJUT yepe3 pe3ucTtop R.

+

+
+ —_
Orepur | - 3anepr

a 7PN -TpaHancrop
+ +
¥ —< _
3aneprt | _ Orxpur
6 PN p -TpaKIMcTOp
+ +
| '——l
L J
+ | - —-—I'—q-—
._
Orkpar _ 3anepr
o *ranansHein MOMN-Tpausuctop
+ o
—
+ | — —
—
3anepr Orrpuir
2 P-KananeHeid MOM-Tpananctop

Puc. 22. g, 6~ycnoBHble 0603Ha4YeHHUs Gumonsp-
HBIX TPaH3HCTOPOB; 8, 2—YCIOBHbIE 0603HAYEHUA
MOII-Tpan3ucTopos, paboTaloLIMX B PEXHUME Ha-
CHILLICHHA.

BenuurHa TOKAa Takas Xe, KAK M B Clyvae
BKJIFOYEHHS MOAbK0 OJHOTO MEPEKJIroyaTeis;
B Pa3BCTBJICHHOH YaCTH CXEMbl OH PaBHO-
MEpHO pasjenseTcs Ha o6e BeTBU. CpaBHe-
HHE JIBOHYHBIX YHCJICHHBLIX 3HaYeHHH Ha BbI-
xole ¢ BexwyduHamH ¢Qyaxkumu HIIN B
TabJi. 3 moka3plBaeT IMOJIHOE COBNAJICHHE.
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Puc. 23. Jlorudeckas cxema HE ¢ GunonsipHeiM

TPaH3HCTOPOM.

-»—————:"VV

- WNW-HE T
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Puc..24. a—norugeckas cxema UJIU-HE; 6 - noruyeckas cxema U-HE. B sTux cxemax Hcnonp3yroTcs

OHIIONApHLIE TPAH3UCTOPBI.

Ha Berxogae 4, TakaM 0O6pa3oM, MbI JeHCTBH-
TEJLHO MOJYYaeM pe3yJbTaT JOTHIECKOH
onepamua MJIW c nByms BXOAHbIMHM 3Hade-
HHAMHA X, y. AHaJOTMYHBIM CIIOCOOOM MOX-
HO M0Ka3aThb, YTO Ha BHIXoAe A4 CXEMBl Ha
pHc. 21,6 mosydaeM pe3yJbTaT JIOTHYECKOH
ornepanyi U ¢ OByMS BXOAHBIMH JAHHBLIMH.
B 3TOM CiIy4ae mpegocTaBHM YHTATETIO BO3-
MOXHOCTh CaMOCTOSATENbHO Pa3obpaThcs B
JeTalsx.

C noMOIIBbI0O MEXAHHYECKOTO MNEPEKITIO-
YyaTeJsl MOXHO TaKKe PpeajH3oBaTh JIOTH-
YeCKylO ONepanuio OTpHUaHus. B anekrpo-
HHKe LI 3ToTo Tpebyercs pesucTop. Yenop-
Hble 0003HAYEHHs OHIIOJNAPHEIX M IOJIEBLIX
TPa3sHCTOPOB IOKa3aHbI Ha DHC. 22. DMHT-
Tep OTMeYeH cTpesikod. B npn-tpansucrope
MOTEHIIHANT 3MHTTEepa OOBIYHO HHXE MOTEH-
IMaja KOJUIEKTOpa. OJIEKTPHYECKHH TOK

HaIpaBjeH OT HU3KOTO MOTEHIHAJA K BBICO-
KOMY, T.€. OT 3MHTTepa B HaNpaBJICHUH,
YKa3aHHOM CTpeikod. B pnp-tpanHsucrope
NOTEeHIHAN SMHTTepa BbIlie MOTEHIHAlA
KOJUIEKTOpAa H TOK HOET, Kak IMOKa3aHO
cTpefikoif, B amMutTep. IloTeHnuan 6a3br Mo-
*eT ObITh BHICOKHM MJIH HH3KHM, H 3TO
NMPHBOAMT K TOMY, YTO KOJUIEKTODHAsA IeNb
CTAaHOBHTCS 3alepTOH HIM TOKONPOBOAA-
IeH, 0 4eM MBI FOBOPHJIM B MpeAbLIyIEH
r1aBe. YCIOBHHE OOO3HAYEHHS H CXEMBI
Bkmoyenus MOII-TparsncTopa, paboraro-
HIETO B pexkuMe oboramieHus, Mokas3aHbl B
HKkHeH wactH pHc. 22. Ha cxeme HE,
H300paXXeHHOH, HalMpWMep, Ha pHC. 23,
BXOJIHBIM SIBJISIETCS HaNPsDKEHHE X B 6a30Boi
nernn. Ecma x 6a3e MpUIIOKEHO MONOKATENb-
HOC HANPSKCHHE, TO TPAH3HCTOP OTKDPBHIT.
ONEKTPHYECKHH TOK NPOXOIAT YEPE3 pPEe3UC-
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Top R H TpaH3ucTOp, HanmpskeHue z Oyner
oueHb MaJbIM (mo cpaBHeHHIo ¢ T), T.e.

~ 0. Ecnmy Kk x He HPHJIOXEHO MOJIOXH-
TEeJbHOE HANPSIXKEHHE, TO IIEKTPHYECKHH
TOK He NPOXOAHUT vepe3 pe3ucTop R H Ha
BeIXOe OymeT NOJIHOE HANpPSDKEHHE, T.€.
z = 1. Urak, z = x. Tenepb HUKaKOH CIIOX-
HOCTH He TNpeNCTaBIAET peau3alus Jo-
ruveckux cxeM WJIU-HE u HU-HE ¢ no-
MOUIbIO 3JIEMEHTOB IOJYIPOBOIHUKOBOH
3JICKTPOHHUKH: B OCHOBHOM OCTa€TCA JHIIb
3aMEHUTh TPaH3HUCTOPAMHM MEXaHHYECKHE
NepeKIIoYaTeNd Ha puc. 21, 4To M chenaHo
Ha pHuc. 24. Ecnu, kpoMe Toro, pe3uctop R
MOMECTUTh (B HampaBJIeHHH IPOTEKAHHUSA
TOKa) mepea TpaH3ucTopamu (puc. 24), To
B JONOJHEHHE K JIOTHYECKMM OllepalMsiM
HNJIU u U 6yneT BHIMOIHATHCSA JTOTHYECKOE
OTpHLAHKE. B HTOTe MBI MOJIy4aeM CXEMBI
Ul peaJIM3alldH JIOTHYECKHX oOIepanui
UJIHN-HE n U-HE.

CxeMbl NorMyecKnx 3anemMeHToB

CxeMbl, moka3aHHble Ha puc. 23 u 24 u
HCIIOJIb3yeMBIE VIS pean3allMi 3JIeMeHTap-
HbIX JIOTHYECKHX OINepaluid, Ha3bIBAIOTCS
cxemamu Ao2uueckux diemenmos. Peub uaer
o goruueckux snementax UJINU-HE u U-HE.
Ha puc. 23 u 24 n3obpaxeHbl npocmetiviue
CXEMBI, KOTOpbIE TOJBKO MOXHO cebe mpen-
CTaBHTh IS BBINOJIHEHUS 3JIEMEHTapHBIX
JIOTHYECKHUX omepalMid. VI3 cCpaBHEHHs 3THX
CXeM C YCJIOBHBIMH O00O3HAYECHUSIMH JIOTH-
4YeCKHX omnepalMii Ha pHC. 20 CTaHOBHTCH
BHJIHO, YTO CXEMbl JIOTHYECKHX 3JIEMEHTOB
HMEIOT [Ba [ONOJIHHTEIBHBIX BXOHNA IS
NOABOJA 3NEKTPHYECKOro mNUTaHHs. Yepes
HHX B CX€MY IIOCTYHaeT HOCHTEeNb HHpopMa-
LIHH — 3JIEKTPHYECKOE HAIPSDKEHHE, HA KOTO-
poe HHPOpPMaUHUs «HAKJIAJbIBAETCSI» B MO-
MEHT BBOJA U ¢ KOTOPOTO OHAa «CHUMAETCH»
B MOMEHT BbiBona. IluTarolee HanpsKeHHE
BBI3BIBAET TOK IMHUTAHHUA. DTOT 3JIEKTpUYEC-
KHH TOK B CX€MaXx, TIOKa3aHHBIX Ha pHC. 23 U
24, BO BCEX TPAH3UCTOpPAX MNPOXOIHT IO
KOJUIEKTOPHOH ULenu. IIpu BenH4YHHE He-
CKOJILKO MHIUIHAMIEpP 3TOT TOK CYHTAIOT
CPaBHHTEJIBHO CHIBHBIM, BO BCSIKOM CIyyae
IO OTHOLLEHMIO K MEPEKITIOYAIOIINM TOKaM,
IpOXOAslIMM Ho 6a30BOH LM H COCTaB-

JISIIOLIMM  HECKOJILKO MHKpoaMiiep. CxeMbl
JIOTHYECKHUX 3JIEMEHTOB Ha puc. 23 u 24 mo-
TPeONAIOT JMEKTPUYECKYIO MOIIHOCTh HE
TOJIbKO TpH NEPEKIIOYEHHH, HO M B Hepa-
6oueM cocTrosHuH. Ecny, k mpuMepy, Ha-
TpSDKEHHE MEXOY 3MHTTEPOM M KQJUIEKTO-
POM COCTaBJISIET HECKOJILKO BOJIBT, TO HO-
TpeOJieHHE MOIIHOCTH B HECKOJIBKO MHJIIIH-
BATT HAa CXEMY JIOTHYECKHX 3JIEMEHTOB Ha-
MHOT'O MPEBBIIIAET NOTPE6GICHHE MOILTHOCTH
Ha TPaH3HCTOpPE, PaBHOE, KAaK MBI 3aMETHIIH
B NpEIbIAyILeH IJIaBe, HECKOJILKHM MHKPO-
BaTTaM. BpeMs 3alepXku Mexay nogaueH
HMIIYJIbCOB HANpSDKEHHs] HAa BXOJBI CXEMBI
JIOTHYECKHX 3JIEMEHTOB H TOSBJICHHEM 00-
pabOTaHHBIX HMITYJILCOB HA BBIXOJE IPEBBI-
[IAET BpeMs 3aJEPXKH OTIEJIbHO B3STOrO
TpaH3UCTOpa. B 4acTHOCTH, OHO 3aBHCHT OT
TOrO, HACKOJILKO OBICTPO MOXET ObIThH me-
pellaHO HaIlpsHKEHHE MEXIY OTIeJIbHbIMHU
TpaH3UCTOPaMH BHYTpH cxeMbl. Heobxomu-
MoO€ JJIsl 3TOTO BpeMsl OIIPENENISETCH COIPO-
THUBJICHHEM H €MKOCTBIO CXEMHBIX 3JIEMEH-
TOB M coeIHHEHHUH. B MHTEerpanbHBIX cxeMax
JIOTHYECKHE 3JIEMEHTHI JOJDKHBI OBITH COEIH-
HEHBI ApYT C OPYIOM, T.€. BBIXOIbI OJHOTO
3JIEMEHTa COeJAMHEHBI C BXOAAaMH [IPYroro.
Hna storo Tpebyercs B3aMMHOE COTJaco-
BaHHE BXOIOHBIX H BBIXOJHBIX HANpPXKEHHH H
CONMPOTHUBICHUA  JIOTMYECKUX  3JIEMEHTOB.
Kak mpaBusio, B CBSA3H C 3THM BO3HHKAaeT
HEOOXOAUMOCTL HCIIOJIL3OBAHHA JOTOJIHH-
TEJIbHBIX PE3HCTOPOB M  TPaH3UCTOPOB.
BricTpoaeicTByIOIIME CXEMBI JIOTHYECKHX
3JIEMEHTOB JOJDKHBI 00)1a1aTh HAUMEHBIITHM
BO3MOXHBIM CONPOTHBIICHHEM H MAJIOH eM-
KocThbio. C yMEHBUIEHHEM CONPOTHBJICHHUS
aBTOMAaTHYECKH BoO3pacraeT noTpebieHue
MOILHOCTH. JTO 3HAYHT, YTO MEXAY Bpe-
MEHEM 3aJePKKH H NOTpebJIeHHEM MOLIHOC-
TH CYUIECTBYeT oOpaTHas 3aBHCHMOCTb.
BricTponeicTBie cxeM JIOTHYECKHX 3JIEMEH-
TOB MOXHO MOBBICHTH, YBEJIMYHB MOTpeOIE-
HHE MOLIHOCTH, T. €. MPWIOXHB 60J1e€ BEICO-
Koe HampspkeHue. ClieqoBaTeIbHO, MOSBIISA-
€TCs BO3MOXHOCTh BADLHPOBAHHS B OINpese-
JEHHBIX Mpeeiax TaKHX NapaMETPOB CXe-
MBI, KaK BpeMs 3aJepXKH H moTpebieHHe
MOITHOCTH. [J0OpOFHOCTh CXEeMBI JIOTHYEC-
KHX 3JIEMEHTOB OOBIYHO XapaKTEPH3YETCH
NpOU3BENCHHEM MOTPEOISIEMOH MOIIHOCTH
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Ha BpeMs 3aliepxkH. Ecnu nns noka3saHHBIX
Ha DHC. 23 ¥ 24 cxeM JIOTHYECKHX 3JIEMEH-
TOB IIPHHATH TNOTpebIfeMyI0 MOIIHOCTD
paBHo# 10 MBT u Bpems 3agepxku 100 He,
TO pobpoTHocTe cocTaBHT 1000 m[dx
(1 nJlx = 1072 Ox). CpaBHeHHe C SHEPTH-
e, pacxoayeMoid OJHHM TPaH3UCTOPOM Ha
HEpEeKIFOYEHHE, KOTOpass HAMHOTO MeEHbIIe
| oI, TOBOPHT O TOM, YTO MBI OY€Hb
IUIOXO HCIOJb3yeM CBOMCTBA OTHENbHBIX
TPaH3UCTOPOB B CXeMaX JIOTHYECKUX 3JIEMEH-
TOB, IOKa3aHHBIX HA HAIIMX PUCYHKaX. XOTH
3TH CXEMBI O4Y€Hb NIPOCTHI, OHH NOTPEeOIIAIOT
yepecyyp 601bIIyI0 MOIIHOCTD U OTJIMYakOT-
csa HuU3kuM OwicTponeiicTBueM. IloaToMy u
TPeANpPHHATHL OBIH NOMBITKHA CO3AaTh H0ee
OBICTpONEHCTBYIOIINE U MeHee 3HeproeMKue
CXeMBl JIOTHYECKHX 3JIEMEHTOB, obiamaro-
LIME K TOMY K€ PAIOM APYTHX MOJIOXKUTEIb-
HBIX CBOWCTB, HallpUMep Xopouied TeXHOJO-
TMYHOCTBIO B M3TOTOBJICHHH M BBICOKOH Ha-
IexHocThio B pabore. PaspaboTka Takux
CXeM JIOTHYECKHX 3JIEMEHTOB — OIHA U3 IJIaB-
HBIX 3aJaq¥ MHKpO3JIEKTpPOHHKH. B xozme ee
PEUICHHS NOABHWICA DA CXeM IJs peaju-
3allMM 3JIEMEHTAPHBIX JIOTHMYECKMX Olepa-
UM,

Nornyeckune cxembl

HX Ha3LIBAIOT A02uueCKUMU cXemamu NN
aozukoii. Ha puc. 24 mokasaHbl TpaH3HCTOD-

HBIC JIOTHYCCKHE CXEMBI C HEIOCPDCOCTBCH-
HBIMH cBA3siMH. [lo YIIOMSAHYTBIM BBILLEC
NPHYHHAM TAKHE CXEMEI YK€ HC IPDUMCHAIOT.
MCI’IOJ’I]:BYCMJ:IC CCroaHs JIOTHYCCKHE CXEMBI —
3TO OCHOBAHHAA Ha GHI'IOIIﬂpHLIX TPaH3HUCTO-

Puc. 25. Cxema U-HE na 6a3e TpaH3#CTOpHO-
TpaH3ucTopHoit Joruku (TTJI).

pax TpaH3HCTOPHO-TPAH3UCTOpDHAs JIOTHKA
(TTJI), uHTerpaibHAs MHXXEKUHOHHAS JIOTH-
ka (U%JI) m 3MUTTepHO-CBA3aHHAA JIOTHKA
(@CJI). Ba3osoii cxemoit TTJI asasercs cxe-
ma H-HE, nokaszannas Ha puc. 25. B oT-
JIHYHE OT CXEM JIOTHYECKHX 3JIEMEHTOB Ha
pHc. 23 U 24, rae BXOOHBbIE JaHHBIE MOAAOT-
cs Ha 3JIeKTpoabl 6a3 060MX TPaH3HCTODPOB,
B cxeme TTJI BxoaHble HANpsXKEHHA IO-
CcTymaloT Ha o0a 3JexkTpola 3MHTTEPOB
IBYX3MHTTepHOTro TpaH3ucrtopa T, . Ecom mo
KpaliHeli Mepe Ha OOHMH M3 O0OOHX BXOIOB
[odaH HHU3KHMH MOTEHHHMaJ, T.€. ecu X = 0,
y=0, x=1, y=0 wm x=0, y=1, To
TOKOIIPOBOJSALIECH CTAHOBHUTCA ©a30oBas LeNb
Tpan3ucropa T,. Uepes pesucrop R, u 6a-
30BYIO lleNk TpaH3ucTopa T, IPOXOIUT TOK.
Ha 6a3y u kosutexrop Tpansucropa T, mo-
JaH HU3KUH noreHunai. B pesynabraTe Tpas-
suctop T, 3akphlT, ¥ Ha pe3ucrope R,
HAaIPsDKEHHE IPaKTHYECKH He MajaeT, T.¢. Ha
BBIXOJ mojaercs BbICOKHMH nmoTeHuuan. [Ipu
x=0,y=0ux=0,y=1lumx=1,y=0
Ha BBIXOJE, TakMM oOpa3oM, MOsABJIAETCA
eqununa, T.e. x A y. Ecom x=1, y=1, To
3akpbiTa 6a3oBag uens Tpansucropa T, . ITo-
TeHuma 6a3pl, a BMECTE C TEM H KOJIJIEKTOpa
Tpansucropa T, Bricokui. Tpamsucrop T,
CTaHOBHUTCS TOKompoBonsauMM. [loTeHuwman
3a pe3ucTOpoM R, yMeHbIIaeTcs, Ha BBIXOJE
HOJy4aeM HYyNb, T.€. 4YTO M Tpebyercs nms
sormyeckod onepauud U-HE. CymecrtpyroT
cxemsl 31eMeHToB TTJI Ha TpaH3ucTOpax He
TOJIBKO C JOBYMS, HO M TpeMsi H OoJblie
3MUTTEPHBIMH 3JIeKTpogaMu. CxeMbl JIOTH-
4EeCKHX 3JIEMEHTOB, pea/li3@BAHHLIE HE Ha
6unonspHbIX, a HA MOII-TpaH3ucTOpaX, Ha-
spiBatoT MOII-cxemamu. B kagectse npu-
Mepa MOXHO IPUBECTH CXeMBI Ha pHC. 26,
MOJIyYEHHbIE B pe3yJbTaTe NPHMEHEHHS B
JIOTHYECKOH cXeMe C HeNmoCpeaCTBEHHBIMH
cBsa3siMu  (puc. 24) n-xaHaJgBHBIX MOII-

. TPaH3HCTOPOB, paboTalonmx B pexxuMe 060-

rauieHus, riae KpoMe 3TOT0O U pe3UCTOpaMH
SBIAIOTCA n-KaHanbHble MOII-Tpan3ucTo-
pbl. PasueiM BunaM MOII-TpaH3BCTOPOB CO-
OTBETCTBYIOT pa3Hble JIOTHYECKHE CXeMBI Ha
MOII-Tpau3sucropax. Eciu B omgHoit M TOif
Ke CXEM€ HCIOJIB3YIOTCH n- U p-KaHaJIbHbLIC
MOII-TpaH3HCTOpHI, paboTaroUe B PEXH-
Me o0oraineHus, ToO FOBOPAT O JIOTHYECKHX
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Puc. 26. a—cxema UJIU-HE; 6—cxema U-HE. Hcnonb3yioTes n-kaHaibHele MOII-TpaH3ucTOpSI.
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Bpemn 3anepmicu, He

Puc. 27. 3aBucHMocTs NOTpebNAeMOif 3IEKTPHYECKOH MOIUHOCTH OT BPEMEHH 3aJIEPXKKH JUIS CXEM w
JIOTHYECKHX 3JIEMEHTOB, HCMOMB3YEMbIX B Pa3/IHYHbIX JIOTHYECKHX CXeMaXx.

cxeMax Ha KoMruieMeHTapHbeIX MOII-TpaH-
suctopax, uwiu KMOII-cxemax. IeranbHoe
ofcyxaeHne pa3sTUYHBIX JIOTHK BHIIUIO ObI
OajeKko 3a paMKH BBEOEHHWS B MHKpO-
9JICKTPOHHKY, H IO3TOMY MBI OTPaHHYHMCH
yKe CKa3aHHBIM, TeM Gojiee YTO B HMX HET
HHUYEro MpHHUIHIHAIBHO HOBOro. Bee camoe
IJ1aBHOE OTHOCHTEJILHO peasd3aliiy 3JIeMeH-
TapHBIX JIOTHYECKUX ONepaluil Mbl yXkKe BbI-

SICHHJIM C MTOMOIIBI0 PAaCCMOTPEHHBIX BBIIIE |
MPHUMEPOB.

ITonyuuts nmpencrasBieHue 0 J0OpOTHOC-
TH JIOTHYECKHX CXeM, Haubolee yacTo BCTpe-
YaloLIMXCA B HACTOAIIEe BpPeMs, MOXHO Ha
ocHOBaHMHM pHc. 27. 31ech yKa3aHbl TakHe
mapaMeTpbl CXeM JIOTHYECKHX 3JIEMEHTOB,
Kak mnorpebnsemMas 2sJeKTpHYECKash MOLI-
HOCTL M BpeMs 3aIepXkKH, T.€. HHTEpBa,
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HEOOXOMUMBIA IS BBIMOJHEHHS OIHOM JIO-
IHYeCKOH omepanuH. BeimeneHHble obmacTu
COOTBETCTBYIOT pAa3JIMYHBIM  JIOTHYECKHM
cxeMaMm, IIpHYeM Ha OCH OPAMHAT OTJIOXKEHBI
3Ha4YeHHs NOTpebJIseMON  3JIEKTPHIECKOH
MOLIHOCTH, @ Ha oOcH abcimcc—3HaYeHus
BpeMeHH 3amepxku. U3 pucyHka BHAHO, 4TO
cxeMbl 3yeMeHTOB TTJI xapakTepu3yroTcs
BpeMeHeM 3alepXKH MeHee 10 HC mpu mo-
Tpebnennn MourHoctTH 1—10 MB1. [IpumMep-
HO TaKHM >Xe 3HepromoTpebJeHHEM OTIIH-
4alOTCS  A-KaHAJbHBIE M p-KaHAJIbHBIE
MOTI-cxeMbl, HO HX BpeMs 3aJEpXKH CO-
CTaBJISIET OT HECKOJILKHX [ECITKOB IO He-
CKOJIbKHX COT€H HaHocekyHH. [Ipu moutm
ONMHAKOBOM BpeMeHH 3amepxkun KMOII-
CcXeMbl MOTPeOIIAIOT MPUMEPHO B CTO pas,
a H2JI-cxeMbl B TBICSYY pa3 MeEHBIIE
sHeprud. Tot dakr, 4ro Ha puc. 27 Jo-
THYECKHM CX€MaM COOTBETCTBYET He Kakas-
TO OfHA OmpenesieHHas TOYKa, a nenas o6-
JIaCTh, HMeeT CBOM MpuH4HMHbL. OmHa H3 HHX
HaM yXe M3BECTHA: NoTpebsieHHe MOLIHOCTH
H BpeMs 3aJIepXXKH B OIPEHEJICHHBIX IIpe-
JieJIax MOTYT BapbMpPOBAThCH 3a CYET BhIOOpa
pabouero HampsbkeHHs. pyroi npuyuHOMK
SIBJISIOTCS Pa3JIM4Ms B TEXHOJIOTHH H3rOTOB-
JIEHHSI CXeM JIOTHYECKHMX 3J1eMeHTOB. Boee
noApo6GHO 3TOT BONPOC MBI PacCMOTDHM B
IJ1. 5, a 371ech JIMIIb 3aMETHM, YTO CXEMHas
JIOTHKa TEeCHO .CBS3aHa C TEXHOJIOTHEH H3-
roToBJIeHHs. B 4acTHOCTH, OIpeneneHHbIE
JIOTHYECKHE CXEMBI NPHBA3aHbI K COBEpPIICH-
HO OIIpENEJIEHHON TEXHOJIOTHH (HANpHMeD,
MOII-cxemsr k MOII-Texnonoruu). Huorna
BOOOLIE PA3HULLY MEXAY CXEMHOM JIOTHKOH U
TEXHOJIOTHEH ee peasii3allii MTHOPHPYIOT M
TOBOPAT TOJILKO O TEXHOJIOTHH, XOTS pedb,
coOCTBEHHO, HOET KaK pa3 o CXeMHO# Jio-
THKe.

Cxembl namaTn

Kpome srmeMEHTapHBIX JIOTHYECKHX OIlepa-
AH HajJ HMITYJIbCAMH, COOTBETCTBYIOLIUMH
0 1 1, HyXHO obecneyuTs xparerue WHPOP-
Malli¥, HMEIOILIEHCS B BHIE TAKUX HUMILYJIb-
COB, @ [UISl 3TOTO TPeGYIOTCS CXeMBI IAMSTH.
[MpurogHas 1Jig peluieHHs ITOCTaBJIEHHOM 3a-
a4l cXeMa JOJDKHA WMETh JBa YCTOHYMBBIX
COCTOSIHHS, BHEIUHee yNpaBJieHHe KOTOPHIMH

OCYILIECTBJIAETCA 4epe3 oauH BXxond. Kpome
TOro, 3HA4Y€HHWE HANPXKEHNA Ha BBHIXOJIE
JIOJIXKHO aBaTh BO3MOXHOCTH OIpENeNHTD,
B KAKOM COCTOSIHHH HaxoOHTcsa cxeMa. Cie-
JOBAaTEJILHO, B OTJIHYHE OT CXEM JIOTHYECKHX
3JIEMEHTOB JaHHOE 3HAUCHHE HAIIPSKEHHS Ha
BBIXOJI€ HE MOXET 3aBHCETh OT HaNPAKECHUA,
B TO X€ caMoe BpeMs IMOJAHHOrO Ha BXOJI.
OHO HOJKHO OmpedeNsAThCH 4Yepe3 CocmoA-
Hue CXeMBI, T. €. TI0 HaNpsEHHIO, KOTOPOe C
HeNbIO YCTAHOBJIEHHS 3TOTO COCTOSIHUS 6bL10
NpuUAONCEHO K BXOLY 8 npouiaom. TeM caMbIM
CXEMBI IAMATH CYLIIECTBEHHO OTJIHYAIOTCH OT
JIOTHYECKHX H MPOYHX CXEM, Tlle HalpsKeHHe
Ha BBIXOJI€ OJJHO3HAYHO OIpENeNIEHO HamNps-
XEHHEM, OTHOBPEMEHHO ITOJAHHBIM Ha BXOI.
IlocnenHue Ha3BIBAIOTCH KOMOUHAYUOHHbIMU
cxeMaMHi. OHH, KaK IPaBHJIO, MOTYT HCIOJIb-
30BaThCs IS XpaHeHus HHPopMaumHu. Xpa-
HAILIYIOCS B CXeMaXx NaMsATH HHPopMaImio
MOXHO H3MEHSATh, HE MEHsiS CaMOH CXEMBI.
MensieTcs JHINb €€ COCTOSIHHE. YCTaHOBJIe-
HHE OINpeleeHHOTO COCTOSHHMSA CXEMBbI Ma-
MSATH O3Ha4aeT 3amuch WHPOPMAIHH, a pac-
MMO3HABAHHE 3TOI'0 COCTOSHHS —€€ CUHTBIBA-
Hue. Be3 BHelIHero Bo3IeHCTBHA cXeMa Ma-
MATH OOJDKHA KaK MOXHO HOJIbIIIE OCTa-
BAThCA B COCTOSHHM, YCTaHOBJIEHHOM IIpH
3aMUCH, T.€. XpaHHTh HHpopmaumio. B
MHKpPO3JIEKTPOHHKE IS XpaHeHHs HHop-
Mal{H HCIIOJBL3YIOTCH [Be NMPHHIHMHAIBLHO
pa3HbIe CXeMBI IAMATH, KaxAas A3 KOTOPBIX
obylagaer HeOOXOOHMBIMH CBOHMCTBaMH. B
OJIHOM CJIy9ae pevyb HAET O TaK Ha3bIBaEMBIX
TPHUITEPHBIX CXeMaX, B OPYTOM—O CXeMax
MaMSATH, TJIaBHOHA YaCTHIO KOTOPBIX ABJISETCH
KOHJIEHCATOP.

TpurrepHbie cxeMbl NaMATH

PaCCM‘O"I‘pPIM CHavYaJla TPHITEPHYIO CXeMy,
IpelacTaBiieHHYIo Ha puc. 28. YTobsl sry4ine
pa3obpaThCsi B He#d, NpencTtaBUM, 4YTO OT-
CYTCTBYIOT KpailHHE JIEBBIH M MpaBBIA TpaH-
3HCTOPBI. UTO e KacaeTcs ABYX OCTaBILIHX-
¢ TPaH3HUCTOPOB, TO 3IECh BaXHO CJIENYIO-
1ee: 6a3a OQHOI'O TPaH3HUCTOpa COeOMHEHA C
KOJUIEKTOPOM Ipyroro u Haobopot. B pe-
3yJbTaTe JHIIb OOHH M3 OBOHX TpaH3HC-
TOPOB MOXET OBITH OTKPHITHIM: €CJIH OT-
KPBIT JIEBBIH, TO 3aKPBIT NpaBHI, TaK Kak
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Puc. 28. Cxema naMsTH, B KOTOPO#H HCIOJIB3YIOT-
Cfl TPHITEDBI.

OpH OTKPBITOM JIEBOM TPaH3HCTOpE Bce
HANpsDKEHHE MEeXIY BBICOKHM IOJIOKHTEIb-
HbIM H HHU3KHM OTPHIATENIbHBIM NOTEHIHA-
JIOM IIIMH NaJaeT Ha JICBOM PE3UCTOpe H K Oa-
3¢ MpaBOro TPaH3UCTOpA NpHUiIaraercs HU3-
kmit moreHmuan. Ho, sBnssch npn-TpaH3uc-
TOPOM, OH 3aKphIT (pHC. 22). Ecom e OTKpBIT
MpaBbli TPaH3UCTOP, TO 3aKPHIT JieBbIA. Kor-
Jla cXemMa HaXOIUTCS B OTHOM M3 IBYX COCTO-
SITHMHA, TO OHAa B HeM H octaerca. Kaxmoe u3
HHX ycToHuuBoe. Kakoe cocTosHue yc-
TaHOBJIEHO, H3 CXEMBbI Ha puC. 28 He BHOHO.
Bo3moxHbl 06a cocTosiHus. Bhicka3biBaHue,
YTO MMEETCS ONpeJe/IEHHOE COCTOSIHHE, CKa-
’KEM (IEBBIH TpPaH3UCTOD OTKPHIT, Npa-
BbIM 3aKpBIT», HeceT MHbopmamuio 1 6uT.
Taxum o06pa3oM, ¢ NOMOWIBIO TPHITEP-
HOH CXeMEI MOXHO XPaHHMTb HHGbOpPMAIHIO
obbeMoM | 6ur. [ua 3ammcu uHbopMa-
MM CiyxaT o6a KpadHMX TpaH3UCTOpA -
JIEBBIH M TpaBblii, QYHKIMAH KOTOPBIX MBI
Tenepb M paccMOTpuM. Eciu k 6ase yeBoro
TpaH3ucTOpa (BX0A R) B TeYEeHHE KOPOTKOTO
BPEMEHH NPHUJIOKHTH MOJIOXKHUTEIBHOE IJIEKT-
pHYECKOe HAaNpsKeHHe, COOTBETCTBYIOIIEE
CHTHaJIy €IMHHILBI, TO IOCJE 3TOro oba Je-
BBIX TPaH3HUCTOpA CTAHOBATCS OTKPBITHIMH,
a oba mpaBbIX —3akpeiThiMH. Ecnu pasbiue
cxeMa yxe Obula B 3TOM COCTOSIHHHM, OHa B
HEM H ocTaHeTcs. Ecnu Her (neBble TpaH-
3HCTOPBl 3aKPBITHI, IpPaBble OTKPHITHI), TO
cXeMa MeHseT CBoe cocTosHHe. B mobom

clyyae MHOCJe NPHIOKEHHS HUMITYJIbCa €IOU-
HHLBI KO Bxody R cxeMa OyneT HaXOIUThCA B
COCTOSIHHH «CJIEBA OTKPBITO, CIpaBa 3aKpbl-
To». 3HayeHUe €MHHIb] 3aIMUCAIOCH B TPHT-
repHyio naMsTh. COCTOSIHHE CX€MBI CHHTHI-
Baercs Ha oboux Beixogax Q W Q. B 3a-
BHCHMOCTH OT TOTO, kKaKas CTOPOHa OTKpPHI-
Ta - JieBasl WU NpaBasi,— Ha BBIXOAE UMeETCs
BBICOKMH MOTEHUIHAJ (€AMHHWIIA) MIH HU3KHI
(uynb). CuuTBIBAg 3TOT NOTEHOHAJ, MBI
ompenensieM, YTO XpAaHHUTCA B HaMATH—
€IMHHLA WIH HY]b.

KonneHcaToprle CXemMbl NaMATHN

TouHO Tak e, Kak U B TPHUITEPHOHR cxeMe,
o06a HeoOXOOUMBIX COCTOSHHS MOXHO pea-.
JIM30BaTh C MOMOLLBIO KOHOeHcaTopa. Takas
cxeMa IaMSTH NoKa3aHa Ha pHc. 29. Kpome
KOHZE€HCAaTopa 3[eCh MMEETCS TPaH3UCTOp,
KOTOpBIH, OOHAKO, K XpaHeHHIO0 HHGOpMa-
MM He HMMeeT HHMKAaKOro OTHOINeHHA. 3a-
PSKEHHOE COCTOSIHHE KOHJEHCATOpa OTBeYa-
€T eIMHHIe, a pa3psxeHHoe —Hymo. Korga
KOH/JEHCATOp 3apseH, a TPaH3UCTOp OT-
KpBIT, JJIEKTPHYECKHMH 3apsAa MOXeT YHTH
yepe3 BBIXOA, T.e. OyJeT BblaHa XPaHUB-
mascs B NaMATH eadHuna. Ecim ke KOH-
IEeHCaTop pa3psiXeH, TO 3apsAl OTCYTCTBYET,
T.€. BBIAAETCA XPAaHHUMBIH B HaMATH HYJb.
Ho cocTosiHue KOHOEHCATOpa MOXHO H3Me-
HHUTb, T. €. 3anucaTh HHPopManuio. GyHKIHH
TpaH3UCTOpa GoJsiee NOAPOOHO MBI PACCMOT-
PHM HECKOJIbKO No3aHee. ONHAKO XpaHEeHHe
HHGOpMaIWK C INOMOIIBIO KOHIEHCATOpa
OCYILIECTBJISIETC He TaK IpPOCTO, KaK Io-
ka3aHo Ha puc. 29. IIpobiema 3axiroyaeTcs
B TOM, YTO H3-32 HEU36EXHBIX TOKOB YTEYKH
KOHJeHcaTop 6oJiee HIIH MeHee OBICTPO pas-
psxaeTcs, Ja ¥ NP CYUTHLIBAHUM 3aPAOHOTO
COCTOSIHMSA YaCTh 3apsiia YXOOUT Yepes3 IIUHY
cuuthiBaHusa. ITosToMy BpeMs OT BpeMeHH
XPaHUMBIH 3apsal HEOOXOOHMMO «OCBEXAThY,
4TO6BI He TepATh HHPopManuio. s 3Toro
TpebyIOTCS IOMOJIHUTENbHBIE 3JIEMEHTDI, KO-
TOpBIE YCIIOXHSAIOT caMy IO cebe MpOCTyro
KOHIEHCATOPHYIO cCXeMy naMsTu. B kayecTBe
KOHJEHCATOPOB YAllle BCETO HCMOJb3YIOTCA
noneBble MOII-TpaH3uCTOPBI.

CxeMbl MaMATH JUIS XpaHeHHs 1 OUT HH-
¢dopMaLMH Ha3BIBAIOT AYeHKAMU 3aNOMUHA-
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Puc. 29. CxeMa namsATH, B KOTOPOH HCIIOJIb3YETCH KOHIAEHCATOP.

towezo ycmpoiicmea. IlokazanHas Ha pHc. 28
cXeMa ABJIAETCS NMPUMEpPOM SYSUKH cramu-
yeckozo, a Ha PHC. 29 —dunamuueckozo 3Y.
OnpepneneHne «OTUHAMHYECKOE» T[OBOPHT O
TOM, YTO 3aIIHCAHHOE COCTONHHE MOABEpKE-
HO BPEMCHHEIM H3MEHECHUAM, O KOTOPBIX MBI
TOBOpPHIH BbILE. M3 oTOETBHBIX fueeK MOX-
HO cobHpaTh 3allOMHHaIOIIME YCTpPOMCTBa,
cnocobHble XpaHUTh KPYIHBIA 06beM MHbOP-
MammH. IIpu aToM cTpemsTcs 060HTHCE Kak
MOXHO MEHBIIIHMM YHCJIOM BHEIIHHX BBIBO-
IIOB: Bellb €CIIH K Kaxno# sueitke 3Y moaso-
OUTh IIMHBI 3alHCH M CYHMTHIBAHHA, TO B
3allOMHMHAIOIEM yCTpOHCTBEe Ha 16 OUT mo-
TpeboBanock Om 2 x 16 = 32 BriBoga. Ho
€CTh M APYrod MyTh CYIIECTBEHHOTO COKpa-
HICHHS YHCJIa BLIBOJOB, KOT1a IPHUMEHSIOTCS
BCEro OJHA IIHHA CYATHIBAHHUSA M OJHA IIHHA
3anMcH, coenuHstommme Bee sueiku 3Y. Tak
KaK, OJJHAaKO, 3aIHCh WM CYHThIBaHHE HHOD-
MalMH OOJDKHBI OCYILIECTBJISATECS TOJIBKO B
onHoi# sueitke 3V, a He BO BCEX OMHOBPEMEH-
HO, HeoOX0IMMO MPEIyCMOTPETE BO3MOXKHOCTh
BbIOOpa ompeneneHHOH suelku 3V, WM, Kak
NPHHATO TOBOPHTb, A0pecHylo 8blGOPKY.

AppecHana Bbibopka Aueek 3Y

Hdns pemenus sToit 3agauu siueiiku 3Y pac-
noyararoT B ¢opMe KBaIpaTHOM MaTpPHIIBL.
Kaxpnas siueiika HaXOOUTCA B TOUYKE Iepece-
YEHHS OIpelIeSIEHHOrO CToI6IA C OnpeaesieH-
HOH cTpoko# MaTpHubl. UToOBI HAHTH HYX-
HYIO f4eiiKy, Heo6X0OMMO 3HaTb HOMEp ee
cronbua u crpoku. Ecou B 3Y uMeercs

N x N s4eex, To IS aApecHOR BLIOOpKH
onpeneneHHoH sueiku Tpebyerca N + N BHI-
BogoB. IIpu 16 suciikax 3To o3HauaeT §
BBLIBOJIOB, a BMECT€ C IIMHAMH 3allHCH H
CUHTBHIBAHHSA UX CTaHOBHTCA 10, T. €. ropaszno
MEHbIIIE [0 CPaBHEHHIO C TEM CJIy4aeM,
Korga xaxnas sueiika 3Y mmeer cobCTBeH-
HblE IIMHBI 3allAICH H CYHThIBaHUA. Yucio
BBLIBOJOB IS agpecHOH BBIOOPKHM MOXHO
YMEHBIIINTh, €CJIH 3aKOAMpOBaTh HOMepa
cTpok H cronbmoB. IIpy HCmojgs30BaHHH
IBOHYHOTO KOJa MaTpH4Hasi NaMsaTs 4 X 4
BMECTO 2 x 4 COIEpXHT Bcero 2 x log, 4
BHIBOJOB. Bo BCEeX cxeMax NaMsTH CEroaHs
NpUMEHSIETC KOAMpOBaHMe anpecoB. Tak
KaK X€¢ MOXHO ¢ MOMOILBIO 3JIeKTPOHHOMK
CXeMBI pEaJIM30BaTh AaAPECHYIO BbIOOPKY?
IIpennonoxum, uTo sueiiky 3V mnpuBend B
TOTOBHOCTh ISl 3allHCH HJIM CYMTBIBAHHSA,
[OJaB MMIYJIbC €IWHHUIBI Ha JOMOJHHTEb-
HBIH BXOJ 3TOH SY€HKH H IIPHHSAB, YTO HM-
OyJsC HyJIA Ha 3TOM Bxode Boobuie 6J0-
KHpYeT s4eiKy JUTA 3alMCH WIM CYMTHIBAHHS
uHpopmammu. Crenate 3T0O MOXKHO, COCIH-
HMB, HallpAMEp, BXOJ 3allHCH HJH BBIXOO
cuuThIBaHHA yepe3 MOII-Tpan3ucTop ¢ mu-
HOH 3allMCH WIH LIMHOM CYHTBHIBAaHHA, KakK
3TO NMOKa3aHO Ha pHC. 29. DIEKTpoa 3aTBO-
pa OaHHOTO TPaH3UCTOpa B TAaKOM cCIy4dae
CTAHOBHMTCS  JOMOJIHHTENBHBIM  BXOIOM.
Korna nopmaya HampspkeHHs Ha 3aTBOp OT-
KPBIBAET 3TOT TPAH3HUCTOP, MOXHO OCYy-
IICCTBJIATh 3alUCh WIH cuuThbiBaHue. Eciam
)€ TPaH3HUCTOp 3alepT, TO 3aMUCh HJIH CHH-
THIBAHHE HE MOTYT OBITh OCYILECTBJICHBI.
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Puc. 30. Cxema aapecroil BbIbOpkH sueek 3VY.

CxeMa aJpecHOH BBLIOOPKH IOYKOMIUIEKTO-
BaHHOH TaxuM obpa3oM sueitku 3Y Moxer
6BITH MOCTpOEHA HAa JIOTHYECKMX 3JIEMEHTaX
H. K xaxno#i sueiixe 3Y OTHOCHTCH CBO#
Joruveckmii aneMeHT U. Ero BrIXon coequHEH
C 9JEKTPOOOM 3aTBOpa IOIOJHMTEIBHOIO
TpaH3ucropa sueiiku 3Y. Ha puc. 30 moka-
3aHa (1 NpOCTOThI 63 IBOUYHOTO KOTUPO-
BaHMs) cxeMa aapecHOR BbIOOpkH 32 X 16
6HuT, cHaOXeHHasA YCIOBHBIMH 00O3HAYCHHAS-
MH JIOTHYeCKHX onepanuid. Ecmm Tpebyercs
BbI3BaTh sueHky 3Y BO BTOpOH CTpOKe Tpe-
Thero croibua, To Ha BXOObl X, H y; COOT-
BETCTBEHHO CJEOYeT NMOAATh CINHNYHBIR HM-
MyJIbC HANpsOKEHHS, a Ha BCE OCTaJlbHbIE
BXO[IbI — HyJIeBOH. B TakoM cirydae Ha BbIXoze
OHOTO-¢TMHCTBEHHOT O 31eMeHTa U (pHc. 29)
TIOSIBUTCA €AMHAYHBIA UMITYJIbC, 2 HMEHHO Ha
sYeiike BTOPOH CTPOKH TpeThero croJbua.
3anuch M CYUTHIBAHHE MOTYT OBITH OCYILIECT-
BJIEHBI TOJILKO Ha 3Toi siueiike 3Y. MoxHo,
OJIHAKO, NMOJIHOCTBIO OTKA3aThCHA OT MIOMOJI-
HHUTEJILHOM CXEMbI aIpeCROH BLIGOPKH, COCTO-
fiel U3 3yeMeHToB UM, Hcnosib3ys B 9THX
LIEJIAX HETIOCPEACTBEHHO TPAaH3HCTOPBI S4eeK
3V Ha puc. 29. IIpMmI0XHB MOJIOKHTEILHOE
3JIEKTPHYECKOE HAMpPSOHKEHHE K IJIEKTPOodaM
3aTBOPOB BCE€X TPaH3HCTOPOB B OHOH CTpO-
Ke (MHa BHIOOPKH CIIOBa), OCYLLECTBJIAIOT
BLIOODKY CTDOKH, a MeHSsS HanpsDKeHHe Ha
3JIEKTpOoAax BCeX TPAH3HUCTOPOB OIOHOTO
cronbua (pa3psoHas ILIMHA), YCTaHaBJH-

BaloT cronben. Teneps MOJHOCTBIO TOTOBAs
K aJipecHOM BBIGOpKE siYeHka JMHAMHYECKOTO
3¥ coctouT jHiIb U3 KoHOeHcaTopa U MOII-
TpaH3ucTOopa. Hapsaay ¢ ONMHMCaHHBIM BHILIE
3Y ¢ npousso.avhoii ebiboproti KAX IO THEHKH
cyiecTBYIOT 3V ¢ nocaedosameavroii evibop-
roti. [IpencraBuM cebe, 4To siyeiiku 3V pac-
TIOJIOXEHBI B OJHY CTPOKY. C IIHHOMH 3amucH
H CYHTHIBaHHS COEIHMHEHA JIMIIb OTHA AYeHKa,
pacnoJIoXeHHas Ha JajbHEM KOHIE CTPOKH
cnpaBa. Ecnu choenaTh Tak, YTO OTACIBHbIE
SYEHKH B ONpPEAEJICHHOM pUTMe OynyT mepe-
JaBaTh XPaHAILIUECT B HUX JaHHbIC COCCTHUM
suyeiikaM, T.e. IpaBas siyelika B JICBYIO H
T.d., TO 32 OOWH MOJIHBIA IMKJI TaKoH mepe-
Ja4Yd OJaHHBIE BCEX SAYEEK MOCNECHOBATEIBHO
OJMH pa3 MOCTYISAT B IINHY 3aIIUCH U CYUTHI-
BaHMs, TOe MOTYT OBITH CHATHI HJIH H3MEHE-
Hpl. Ocob0e 3HaueHHE M1 peaTH3IHH NoCIe-
JoBaTeJIbHOHR BbIOOpKH uMetoT MOII-cTpyk-
Typsl. Kak yxe ynoMunanocs, HHbOpManus
MOXeT XDaHHTbCS B KOHAEHCATOpEe B BHIC
3NEeKTPHYECKOro 3apsana. Ho BMecTo KOHIOCH-
caTtopa Hcnoas3yroTcss MOII-Tpan3ucTopsr!
3apsa HakamIMBaeTcs mop 3aTBOpoM. Yro-
651 monyynth 3Y ¢ MOCIEHOBATEILHON BBI-
60opkoit, TpedyeTcs MOII-Tpar3ucTop ¢ 607L-
IIHM YHCIOM 3aTBOPOB, PACHOJIOXEHHBIX B
OOHY CTpoKy. Ilon neHcTBHEM HMIIYJILCOB
3JIEKTPHYECKOTO HATIDSDKEHHS XPAaHHMBIH 3a-
PAO MEepPEXOOUT OT ONHOTO 3aTBOpPA K OPYro-
My. B atoM ciryyae ropopsaTt o npubopax ¢
3apsagoBoH cBa3bio, wim I13C.

CuyeTHble cxembi

K ocHOBHBIM omepanmsM, KOTOpbl€ MPHXO-
IHTCA BBIMOJHATL C HYJEBHIMH H € IMHUYHEI-
MH HMIIyJIbCaMH NIpH ob6paboTke uHbOpMAa-
MM, OTHOCHTCA cueT. CHeT HMNYIbCOB B
CEpHH MOXHO pacCMaTpHBaTh Kak 0co6yro
¢dopmy 3anmucu madpopmarmu B 3Y. Ilosromy
CYCTHbIE CXEMBI OYEHb IMOXOXH HAa CXEMBI
naMaTH. CueT 10 OBYX MOXHO DeajM30BaTh
C TIOMOIIBIO CXEMBI, IOKa3aHHOH Ha pHc. 31.
3meck MBI TakXe BOCIOJIb3yeMCS JIOTHYEC-
KMMH CHMBOJIaMH, [IDHBEICHHBIMH Ha
puc. 20; 3TO caenmaer cxeMy Oonee Harisi-
HOHM, XOTSA Ha NEpBbIH B3IJIAL OHa KaXXeTcs
BECbMa CIOXHOH. B 3nmexkTpoHHke BoOOIIE
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Pruc. 31. CyeTHas cxema. JTa cxeMa CYMTAET OO
IBYX.

OYEeHb TacCTO MPUOEraroT K JIOTHYECKHM CXe-
MaM BMECTO JJIEKTPHYECKHX, KOTJa XOTAT
NpeACTaBUTh B Gosiee MOHATHOH ¢opMe
CJIOXKHBIE CXEMHBIE DEUICHHS.

Pa36op cxemsl Ha puc. 31 MBI ocymiecT-
BHM B HECKOJbKO 3TamoB. O6paTHMCA BHa-
YaJie ele pa3 K NpocTOod TPHITEPHOH cxeMe,
KOTOpas ABJIAECTCA COCTABHOM YacThIO CYET-
HO# cxembl Ha puc. 31. BcmomuuMm puc. 28,
rlec B TPUITEPHOH CXeMe HCIOJIb3YIOTCS
3JIEKTPHYECKHE YCIIOBHBIE 00603Ha4eHHs. Ec-
JIH MX 3aMEHHTH JIOTMYECKUMH CHMBOJIAMH,
TO MOJYYHM JIOTHYECKYIO TPHITEDHYIO CXe-
My, NpEACTaBICHHYI0 HWXE Ha pHC. 32,a.
Pacnpenenenne coCTOsSIHHM BBIBOJAOB JaHO B
Tabn. 5. 3auepkHYThle BapUaHTHl BEAYT K

[ e——
R p———0Q
———L
S
L 6

BO3HHKHOBEHHIO JIOTHYECKHX IPOTHBOPEYHH.
O60MM JIOTHYECKH MPHEMJIEMbBIM BapHaAHTaM
COOTBETCTBYFOT [1Ba YCTAHOBHBILIHXCA COC-
TOSIHHA TPHITepHO# cxembl. [lpyras mojcxe-
Ma, TakXKe BXOJsllas B CYETHYIO CXEMY Ha
pHc. 31, Ha3HaYeHHe KOTOPOH MBI PaccMoT-
PHM OTIENbHO, H306paxeHa Ha pHC. 32,6.
Dta cxemMa (GOpMHpYeT JIOTHYECKOE BbIpa-
xeune E' = E A E, xoTopoe Bcerja paBHO
Hynro. Ilo npaBuiaM JIOTHKH Ha BbIxone E’,
TakHM 00pa3oM, BCErJa MMEETCS HYJIb BHE
3aBHCHMOCTH OT TOrO, 4YTO Ha BXOJE
E—nynp wiu equHuna. B peanbHbIX cxeMax
JIOTHYECKHE OINEepalii peajM3ylTcs ¢ IOo-
MOIIbIO TPAH3HUCTOPOB, a TPAH3UCTOPHI, KAk
Mbl 3HacM, He OTJIHYAlOTCA Oe3rpaHHYHBIM
OBICTPOAEHCTBHEM: HANPOTHB, OHH paboTa-
0T C ONpeAeSICHHBIM BpEMEHEM 3aJEpPXKH.
KoHkpeTHO B HauleM ciydae 3TO O3Ha4aeT,
4TO BXOJHOH HMMIYJbC MOCJHE OTPHULAHHUA
HECKOJIbKO MO3Ke IOCTYNaeT Ha BEpXHHH
BXOA 3JieMeHTa U, Hexenw caM BXOJHOHM
HMITYJILC Ha HIkHMH BxoA. Ecnu mo BBoga
HMITyJIbca BepXHHMH Bxod E ObLT yke 3aHAT
emnHuLe H F =1, To Ha BBIXOZE y Hac
emuHuna O6yaeT HaxoOWUTBCA OO0 TeX IOP,
noka cOpMHPOBAaHHBIN B JIOTHYECKOH CxeMe
HE nyneBoi uMnyJbCc He NOCTYNHUT HAa BEPX-
HHH Bxoa sneMeHTa WM. Hauumnas ¢ 3Toro
momenTa E = 0. Eci E = 0, To Ha BBIXOAE
Bcerqa O6yneT Hydb, T.¢. X B TeueHHE 3a-
IepxkH Ha norudeckoi cxeme HE. B npasoit
YacTH Ha pHC. 32,6 BHM3Y MOKa3aHA CepHSA
HMITYJIbCOB, BO3HHKAIOIIAasi Ha BBIXOJE pe-
aJIbHOM 3JIEKTPOHHOH CXEMBI IPH paBHOMED-
HOM BBOJIE HYJEBBIX H €IUHHYHBIX MMIIYTb-

Puc. 32. a—noruyeckas cxeMa Tpurrepa; 6-JOTHYeckas cxeMa A (ODMHDOBaHMA KODOTKHX HM-

MyJbCOB.
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Tabauya 5. PacnipeneneHue COCTOAHHI BRIBOJIOB
TPUITEPHOR CXeMbl. 3auepKHYTbie BAPHAHTHI HC-
KJIFOYarOTCH.

QO L\
(=R =)

COB. DTa CepHsi COCTOMT U3 OYEeHb KOPOTKHX
€IMHUYHBIX HMITYJILCOB U MOSBJIAETCS, KOTAa
Ha BXOJ€ HyJleBble MMIYJILCHI NEPEXOIAT B
€IMHUYHBIC UMITYJIBCHI, T. €. HA MOJIOXKHTEIb-
HBIX ($pPOHTAX CEPHUH BXOIHBIX HMIIYJIBCOB.
Hrak, Teneps MBI TOTOBBI K PaccMOTpe-
HHIO CYeTHOM cxeMsl Ha pHc. 31. ITomamum
Ha BxoJ E paBHOMEpHYIO CEpHIO HYJICBBIX H
€OIUHUYHBIX UMIYJIbCOB. IlycTh M306pakeH-
Has 3/ech TPHUITEpHAas CXeMa HaXOOUTCs B
cocrossHud R=0, S=1, Q=1 u Q0 =0.
Uro xe npousoiger B 3ToM cnyvae? Ha FE’
MBI MOJIyYUM [IOKa3aHHYKO Ha pHc. 32,6
CEpHIO O4Y€Hb KOPOTKUX EAUHHYHBIX UMITYJIb-
coB. OHH NOCTYNAT COOTBETCTBEHHO Ha OIHMH
H3 BXo#oB oboux 3nemeHntos M. B Takom
ciayyae Ha 3ieMeHTe M1 npH mnosBieHuH
OOHOrO TAaKOTO KOPOTKOrO €IHHHYHOTO HM-
IyJbca Ha HHXXHEM BXOIE B TEYEHHE KO-
POTKOro BpeMeHM Ha oboux Bxomax Oyner
enuuuna, Tak kak 0 =0, a 0 = 1. Ha BuI-
xoze anemeHta M1 B pe3synbraTe KpaTko-
BPEMEHHO TOSBJISETCS €IMHUYHBIA UMITYJIBC.
KopoTkuit eIMHMYHBIK MMIYJbC MOCTYNAeT
Ha BXoO R TpHUITEepHOHN CXeMBI, HA KOTOPOM
0 cHX mop ObUT HYNb, H HEPEKIIIOYACT €€ B
Ipyroe cocrosHue. Temeppb MblI HMeEM
R=1,8S=0,0=0u Q=1. B cocrosaun
CXeMBl HHYETO HE MEHSETCH, Nmoka Ha E’
CHOBa He MOSABHTCS KOPOTKHi MOJIOKHATED-

2” 2||-| 2n-l' 2: 2 n 1
E . . 2

Puc. 33. Cxema cueta go 2". Ksaapatamu ycios-
HO 0003Ha4alOTCA CXEMbl, AHAJIOTMYHbIE MpEa-
cTaBlieHHOW Ha pHc. 31.2” umnynscam Ha Bxoae E
COOTBETCTBYET | MMIYNEC Ha BHIXOZE A.

HBIH MMIYJIsC. B ucTOpus moBTOpSETCH C
TOH JMILb pa3HHIIEH, YTO Temeph €IUHMIIA
Gyner He Ha @, a Ha (, a 3TO BIEYeT 3a
coboil mosBIEHHE KOPOTKOrO0 €OMHHYHOIO
HMIIyJIbca Ha BbIXOnE 37eMeHTa M2, a He
aneMmenTa M1. KopoTkuit eIWHWUYHBIA HM-
NyJbC MOCTYMAeT HA BXOA S TPHITEPHOI
CXEMBI, paHee 3aHATHIA HyJIeM, H NEPEeKIo-
4aeT ee B JpPYroe COCTOsiHHe. Temeph Mbl
cHoBa HMeeM R=0,S=1,0=1u 0 =0.
IlepBoHa4YabHOE COCTOSIHHE BOCCTaHOBJIE-
HO, U LMKJ MOXET ObITb MOBTOPEH CHOBA.
J1s BHINOTTHEHUS OMTMCAaHHBIX ONepalui HaM
noTpebOBAIMCh OBa MOJIOXHUTEJILHBIX HM-
nyabca. YuTaTenb yxe HaBepHAKA moragal-
Cd, YTO B OTBET Ha JBa MOJIOXHTEILHBIX
HMIIYJIbCa Ha BXOHAE IOMBJACTCA OOMH IIO-
JIOXKMTEJIbHBIA HMITYJILC Ha BbIXOAE A, YTO H
noka3aHo Ha pHc. 31 BHU3Y, raoe u3obpa-
JKCHBI CEPUH MMILYJILCOB Ha Bxonax E u E' u
BbIXOAe A. BUOHO, YTO YHCIIO HMITYJILCOB Ha
BBIXOJI€ CXEMBI BIBOE MEHbIIE, YEM Ha BXO--
zge. ITocne kaxaoro BTOPOro HMIyJbca Ha
BXOJ€ TNOSBJACTCS OOWUH HMIYJbLC Ha BbI-
xome. Cxema cumtaer o0 ABYX. CoeaHHHUB
MOCJIENOBAaTENLHO HECKOJNBKO TaKHX CXEM,
HallpEMep CBA3aB BBIXOJ Npedblayllei cxe-
MBI C BXOIOM THOCJEAYyIOLUEH, YUCIIO HM-
IyJbCOB MOXHO ellle YMeHbIIHTL. Ilpu n
CXeM OTHOILUECHHE NepecyeTa OymeT paBHO
1:2" T.e. Ha 2" UMIYJILCOB Ha BXOJIE NEPBOH
CXeMbl MBI TOJIYYHM OJMH MMIIYJbC Ha BbI-
xone n-# cxemsl (puc. 33). Bes cxema 6yner
cuuTath 10 2". C MOMOLUBIO IECATH CXeM
MOXHO cocYHTaTh Ho 2'° = 1024. IToHsTHO,
4TO TakMM 006pa3oM MOXXHO MOCTPOMTDL CXe-
MY IUIs KBapleBBIX 4YacoB. Bonee nogpobuo
MBI OCTaHOBHMCS Ha 3TOM B IJI. 6.

CxeMbl TaMATH M CYETHBIE CXEMBI SIBJIS-
OTCS TNPHMEPOM peajM3alMH  CIIOXHBIX
(YHKIMA C MOMOIIBIO JIEMEHTAPHBIX JIO-
ruyeckux onepaimii. OgHako B 060HX ciIyda-
SX pe4Yb MIOET HE O KOMOMHAaMOHHBIX CXe-
MdX, C KOTOPbIMH JO CHX MOp MBI HMEJH
JIeJI0 IPUMEHUTENBLHO TONBKO K 3JIEMEHTap-
HbIM JIOTHYECKHM oTNepauusM. Huxe Mol
pacCMOTpPHM HEKOTOpbIe OoJiee CIOXHBIE
KOMOMHallHOHHBIE CXEMBI, UMEIOILHE MpaK-
THYECKOe 3Ha4yeHHe s ob6paboTku uHOP-
MaluH.
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MoctoAHHaA NaMATb

O6paTuMcsa cHavana K OCTOSHHOR MaMATH,
O KOTOpO#l KOPOTKO YK€ YIOMHHAJOoCh. B
KauecTBe sueek 3V 37eCh MOXHO HCIIOJIb-
30BaTh MpocThle MOTI-TpaH3HCTOPEI, CKOM-
MMOHOBaHHLIE B BHIE MaTpHubl (puc. 34).
DNekTpOObl 3aTBOPOB IIOJIEBBIX TPaH3UCTO-
POB COCTHHAIOTCA HUJIH XK€ HE COSTUHSAIOTCS C
x-muHaMi 3Y. B 3aBHCHMOCTH OT 3TOroO
suefika 3V 3aHATA C€OMHHULEH HIH HyJEM,
yeMy MOXHO JaTh cledylolliee oObsCHeHHe.
Ecm Ha y,-munHy (puc. 34) nogaH MOJIOXH-
TEJILHBIA 3JIEKTPHYECKUH MOTEHNHAN, TO IIPH
HOJIOKHTENBHOM HAaINpsHXK€HHH Ha X -IITHHE
TOK NPOXOOMT Yepe3 y,, T.€. A4YeHKa xy,
BblAaeT eduHANY. Ecnu ke ocyuecTBiseTcs
BBIOOpKA A4YEHKH X,V,, KOTJA MOJOXHTEIh-
HBIF HMITYJIbC IOJAETCA Ha X,, 4 HE HA X, , TO
uyepe3 y, TOK He NPOXOAMUT H fueHka x,y,
BBLIAET HYJIb.

Y4

CxemMbl KogupoBaHUA
N aeKoaMpoBaHMUA

B cBsA3HM ¢ angpecHO# BLIOOPKOH MBI YIIOMH-
HaJI¥ O KOJHpPOBaHHH 4ucea. CXeMbl, KOTo-
phle MepeBOOAT 4YHCIA H3 OOHOro koda B
OpYro#i, Ha3bIBAIOT CXeMamu KOOUPOBAHUSA.
Cxembl Oexoduposanus PEIArOT NPIMO TIPo-
THBONOJOXHBIE 3amaud. Ha pwuc. 35 moka-
3aHa CXeMa JEKOJAMPOBAHHUSA 3AMMHCAHHOTO B
IBOMYHO® CHCTEME HOMEpA CTPOKH MAaTpHY-
HoH mamATH 4 x 4. Ilo Tabn. 6 MoOXHO
ONPENENTUTD, CIEACTBHEM KaKHX HampsKe-
HHH Ha ODOHMX BXOHaX SBJAIOTCA HATNpPsKe-
HHS, CHIMaeMble ¢ YeThipeX BbixomoB. [Ipe-
JOCTaBJISEM CHEeJaTh 3TO YHTaTedto. Kax-
Joe HMelolleecs Ha BXoOaX H 3aKOIHpO-
BaHHOE JBOHYHBIM KOJOM YHCJO OT O mo 3
JaeT HA OJHOM BBIXOJE €OUHHIY H HYJH Ha
TpeX OCTaJbHBIX BBIXOJax. Beixon, Ha KOTO-
pOM HMeEeTCA eAWHHIA, OJHO3HAYHO COTIO-
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—

LT

L

X3

II———II
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—
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Puc. 34. Ilpunuunuanbuas cxema noctosHHoi mamsatu (TI3Y).
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Puc. 35. Cxema OeKoOupOBaHHA.

CTaBJIEH C IBOMYHBIM YHCIIOM Ha Bxoze. Ilpu
3aHATOCTH [BYX BBLIXOZOB OIHHM OIpele-
JIEHHBIM JIBOMYHBIM YHCJIOM MOXHO TOYHO
BHIOpaTh JHMIIL OJUH M3 YETHIPEX BBHIXOIOB.
ITo3TOoMy B HaHHOM CJiyuae FoBOPAT o ¢op-
Me BbIOOpPKH «l U3 4».

Myrnbtunnekcop

Npu o6paboTke uHGOPMAIMK HEPEOKO BO3-
HHUKAeT 3a/laya npeobpa3oBaHUs HMIYJIbCOB,
TIepeIaBaeMBbIX OTHOBPEMEHHO IO HECKOJIb-
KMM KaHaJlaM CBSI3H, B CEPHIO HMIMYNbCOB,
TIOCJIEN0BATENbHO NOCTYNAOUIHUX 10 OOHOMY
KaHally cBA3M. OTy 3aJady pellaeT cxeMa
YIUIOTHEHUS KaHAJIOB CBSI3M—TaK Ha3blBae-
MBI Myabmuniexcop, a BOT JUIA 0OpaTHOro
npeobpa3oBaHHS CEPHH DAa3IEJCHHBIX Bpe-
MEHHEIMHM HHTEPBaJIaMH MMITYJIbCOB OJHOTO
KaH4ja B UMIIYJIbCHI, NiepeaBaeMble napasi-
JIEIPHO M OJHOBDEMEHHO IO Da3’HbLIM Ka-
H4JIaM, HCHOJIB3YETCH  OeMYAbMUNAEKCOP.
Cxema yIIOTHeHHs wu3o0paxeHa Ha pHC.
36,a. Bxoawet Ty, T,, Ty 1 T, npeaHa3HayecHLI
IJIs BBOAA TaKTOBBIX HMOyjabcoB. Popma
YeThIpEX TaKTOBBIX HMmyibcoB T,-T,, a
TaKXe HMIYIbCOB H4 Bxojgax E,—-FE, H
NoCcTeA0BATENBHOCTh UMITYJILCOB Ha BHIXOE
noka3aHbl Ha 36,6. biarogaps TakTuposa-
HHIO €JIMHUYHBIH HMIYJILC, UMEIOUIHICA Ha
TIEPBOM TakKTe Ha Bxoze £, MOXeT JOHTH 10
BbIXOJa A, a BOT JUIA HMIIYJbLCOB TPEX
JApYrux BXOJOB NYTh K BbIXOAy 3akphiT. Ha
BTOPDOM TaKTe€ TaKTOBBIH uMnyasc ¢ T,
OTKpHIBAECT NyTh MJIA HYJIEBOTO HMIYJIbCaA,
uMerolerocs Ha Bxonxe FE,, u T.4. WTak,

£0 n
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E,0 n
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[ —-PV 1 1
E, 0
E, 1
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T [
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A ™1 f 1

1 0 1 1
6 R . Bpemn
Puc. 36. MynbTHIUIEKCOp. a~cCXeMa; 6—HM-

ImyJibChl Ha BXojax E,—E,, TakTOBble HMITYJIbCHI
T, - T, 4 nocnexo0BaTeIbHOCTh HMITYJILCOB HA Bbl-
xone A.

Tabauya 6. PacnipeneleHHE COCTOAHMIN BXOIOB H
BBIXO[IOB CXEMBI JEKOJMPOBAHHA Ha pHc. 35.

E, E, A, A, A, A,
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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OIHOBPEMEHHO MMEIOIIMECS Ha 4EeThIpeX pas-
HBIX BXOZlaX HMITYJIbCHI AeHCTBHTEIBHO Ipe-
0oDpa3yroTcs B CEpHIO Pa3fICICHHBIX BO Bpe-
MEHH HUMIIYJIbCOB, KOTOPYIO MOXHO CHATH C
OIHOTO BBLIXOZA.

CyMmupytowime cxembl

Hdpyroif uMerolnel BaXHOe 3HAYeHHE OTle-
pamueit SBIAETCS CIOXKCHHE NABOHUYHBIX HH-
cen. PaccMoTpuM cHayaja cXeMmy IJs CyM-
MHPOBAHHS ABYX OJHO3HAYHBIX ABOHYHBIX
qHCeN X, y. Pe3ympTaT MOXET OKa3aThCH He
TOJIBKO OJHO3HAYHBIM, HO U IBY3HaYHBIM
JBOMYHBIM YHCIOM (CM. Tabm. 7).
O603HayuM 1UdppYy MepBOro paspsna pe-
3ynbTaTa 4epes z, a BTOpPOro—i (i moyy4a-
eTcs MEepeHOCOM H3 IEepBOro pa3psifa BO
BrOpoit). Obe 1MppH MOKHO NMOJTYYUTH KaK

pe3yabTaT cleayioweid koMOMHanuM dne- -

MEHTApHBIX JOTHYECKHX ONepalui:
z=x Ay VixAyp),
i=xAy.

Jns npoBepkd obpatumcs k TabnHie 3Ha-
yenudl. Ecim, x npumepy, x =0, y =1, 10
IpH ONpENeJICHHH z U3 HALErO YpaBHEHHS
MOXHO MpHHATH TaKOH XOI pacCyXICHHI:
X% =1, sHauut, ¥ A y =1, y =0, a cnenona-
TenbHO, x A =0, 1 V0 =1, u pe3ynbrar
peUIeHHsT TPHUBEAECHHOTO 3/eChb YPaBHEHMS
paBeH eIHHHLE, YTO H MOATBepxkaaer Tab-
Junua 3HaveHud. OnpeneneHue z Mo yka3zaH-
HOMY YPAaBHEHHMIO BLINOJIHSET JIOTHYECKas
cxeMa, NOKa3aHHass Ha pHC. 37, KOTOpYIo
PacUIMpHIIM C TAKHM pacueToM, 4TOOHl OHa
MOTJIa PacCHUTHIBATH elle M NepeHoc #. Ta-
Kas cXeMa Ha3bIBAETCH «IOJYCYMMATOPOM».
Ecou He pa3bupath B MoApoOHOCTAX IPHH-

Tabauya 7. YUcNeHHbIE 3HaYEHUS I CYMMUPOBa-
HHS OBYX ONHO3HAYHBIX IBOHYHBIX YMCEJ

x y z +i
1-# paspsn  2-# paspan
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

Up-g

Ipn

y L
Y"—h

Un-y v
Un
X
8 " — >y
Yn
uﬂ
Yo X4 V, Xy Y3 X, Yo X4
Gy U, dy
4‘0‘ Zy 2y Z, L

Puc. 37. a-cxema ;s pacuera nepBoro paspsaa
CYMMBI JIByX JBOMYHBIX YHCEJN; 6 —cxeMa JIf pac-
teta 060oMX pa3pAnoB (IONyCyMMAaTop); 8 —CXeMa
IUIA pacyeTa MmepeHOCca U3 MpEeIbIIyLIero paspsaia
(moNHBIA CyMMATOp M3 IBYX IOJYCYMMaTOpOB);
2—CcXema [Jif pacyeTa CyMMEI JIByX 4€ThIpex3Hay-
HBIX JBOMYHBIX YHCEN X X3X,X; U YaP3VaVi-
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LM AeHCTBHS MOJIyCyMMAaTOpa ¥ OCHOBHOE
BHHMaHHE COCPENOTOYMTHL Ha pe3yJbTaTe
ero paboThI, TO 3Ty CXEMY MOXHO paccMat-
pUBaThL B BUAE 6JIOKa C OBYMS BBIXOJaMH H
IBYMs BXOJaMH, KaK 3TO H CIENaHo Ha
puc. 37,6.

A Tenepp NpeACTaBUM, YTO HaM HYXHO
CNOXHTh OBa N-3HaYHBIX IBOUYHBIX YHCIA
XNXN_1---X; B YyVy_;...y,. OO0O3HauuM
CYMMY KaK Zy,,Zy...Z;. B TakoM cnydae
CIpaBeTHBO

XNXN_1ee-Xy
YNIN-1-- W1
ZN+1ZNZN-1-"-21

Ilpu onpeneneHNH CyMMBbI HEOOXOIUMO Y4H-
TBIBaTh, YTO, HAYHUHAA CO BTOPOrO pa3psana,
TpebyeTcs CKIadbiBaThb HE TOJBKO LHGbpBI
IJ1 COOTBETCTBYIOINErO pa3psana, HO H Ie-
pEeHOC M3 NpeabIAyHiero paspsnga. PaccMoT-
pHM, K IOpHUMeEpY, H-H pa3psn: z, sBIAETCA
IMbpoH nepBoro pa3psaga CyMMH x, + y, +
+ d,_,. 3mechb i,_,; O3HayaeT MEpPEHOC U3
(n — 1)-ro pa3psanga. C MOMOLIBIO ABYX NOJTY-
CYMMAaTOpOB JIETKO MOXHO PacCHHTaTh z,.
CooTBeTCTBYIOHIas CX€Ma II0oKa3aHa Ha
pHc. 37,6. UTobObl NOJYYHUTH NEpeHoc i,
HaM OCTAeTCs JIHIIb MNPUILUIIOCOBATH Iepe-
HOC, HMEIOHIMICS Ha BBIXOJE NEPBOTO IMO-
JIycyMMaTopa, K HEPEHOCY BTOPOTO MHOJIy-
CyMMaTopa, Kak 3TO cIejlaHo Ha pHc. 37..
Takyro cxeMy Ha3bIBalOT MOJIHBIM CyMMa-
TOopoM. Ee MOXHO YNpPOCTHTB, ONATbH X€
€ClIM paccCMaTpHBAaTh TOJILKO pE3yNbTaT pa-
60Tl CXxeMbl, MONYYUB TPH BXOJa M OBa
BbIXOJla, YTO TAaKXe OTpa)keHo Ha puc. 37.s.

A Temepb Ha mpHMepe puc. 37,2 pac-
CMOTPHM CIIOXK€HHE YeThIPEX3HAa4HBIX [BO-
HyHBIX 4Hcen. IlepeHoc i, paseH maubo
0-2* (1.e. nmepenoca Het), mubo 1-2* = 16.
Eciu cdeT BBIMOIHAETCA B 3aKOAUPOBAHHOM
JBOMYHBIM KOIIOM JECATHYHOH CHCTEME, TO
NIEPEHOC U3 OJHOH TeTpalbl B IPYT'YIO paBeH
He 16, a 10. BoT 3geck BnepBble BHI3BIBAET
OCJIOXHEHHS TMapaIeIbHOE UCTIONb3OBaHHUE
IBOHYHOM M necATHYHOH cucteM. Obe cu-
CTeMBbl CYHCJICHHS BCTYNAlOT B MPOTHBOpE-
yHe, U IS UX DPEMHpEHHS TpebyroTcsa Io-
NOJIHUTeNIbHBIE omepanun. Ho Ha 3TOM

6osee moapob6HO OCTaHAaBIMBATHCSI MBI HE
Oynem.

BepHeMcs x HOBOIBHO HarIsiiHOU cXeMe
Ha puc. 37,2, IpeaCcTaBUB, YTO BMECTO IOJI-
HBIX CYMMAaTOPOB H MOJIyCYMMAaTOPOB y Hac
BbIYEPYEHBI BCE NMOACXEMBI C IETaJIHPOBKOH
BIUIOTh OO0 oTHeabHbiXx cxeM WMJIN-HE u
HN-HE, u cpa3y ybemumcss B IOCTOMHCTBax
6510k-cxeM. C HX MOMOIIBbIO MOXHO YPOBEHD
332 YPOBHEM KOMIIOHOBATbH CIIOXHBIE CXEMBI
(cxeMa Ha pHc. 37,2 BBLIOJHAET 52 Jjoru-
YeCKHe OINepallid U COHEPKHUT HECKOJIBKO
COTEH 3JIEMEHTOB), HE UCIBIThIBAasA HEYAOOCTB
B CBA3M CO CJIOXHOCTBIO NOCTPOEHHS KaX-
Joro ypoBHs B oTAeiabHOocTH. Ha kaxiaom
YpOBHE BCTPEYAIOTCA TOJIBKO CPAaBHHUTEJIBLHO
npocThie cxeMbl. IlpencraBisaTs cebe 3nekt-
POHHBIE IPHHIMMIIBI PEAJIH3alliH MOCTaBJICH-
HBIX 3aJa4 HaM HYXHO JIHIIb Ha CaMBbIX
HH3IIUX YPOBHSAX, T.€. YPOBHAX peasiH3aliiy
3JIeMEHTApHBbIX JIOTHYECKHX OMEpalii, Tak
Kak OoJiee BBICOKHE YPOBHH CTPOSATCA U3
3JIEMEHTOB HH3IIETO YPOBHS.

AHanorosble
MHTErpanbHbIE CXEMbI

Hdo cHX mop MBI OrpaHHYHBAJIHCh PAcCMOT-
PEHHEM CXEM, HCIIOJIb3YEMBIX I UHGPOBOH
obpaboTtkn mHpopmamnun, ubo 3ta dopma
SABJISETCS Ul MHKPO3JIEKTPOHUKH Haubosee
ynobnoit. TunuyHbiMM aHanorossiMu MC,
HCMOJNBb3YyeMBIMH B TOJIYIPOBOIHUKOBOMH
MHKPO3JIEKTpOHMKe, sBisftoTcss MC ycunu-
Teled aHaJoroBbIX curHanoB. Haubosee
pacnpoCTpaHEHHBIMH W3  YHHBEPCAJIbHBIX
yerunutenbHbix MC MOXHO, KOHEYHO, CYH-
TaThb TaK Ha3bIBa€Mble ONEPAIHOHHBIE YCH-
surend. AHajoroBele UC cnyxaT Takxke 11s
06paboTkH CHrHajOB (OCTAIOIIUXCA IIOKa
eme OoJIbIIIEH YacTbiO aHAaJOrOBLIMH) B BH-
JeoMaraiuTopoHax M Apyroi#t ObITOBOH pa-
JHO3JIEKTPOHHOH ammapaTtype. Bee Gosbliee
3HayeHHe mpuobperatror HMC, cmnocobHbie
OCYILIECTBIATH Npeobpa3oBaHUe aHATIOTOBBIX
CHTHaJIOB B Iiu¢dpoBble H HaobopoT. Mx Ha-
3BIBAIOT aHAJIOTO-IM(ppoBEIME U 1HDpo-aHa-
JIOTOBBIMH mpeoOpasoBaTtensMu. IloHATHO,
yro MC ananoro-undpoBbix H 1mudpo-aHa-
JIOTOBBIX npeobpa3oBatenedd Hapady ¢ mud-
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POBBIMH BCETa COAEPKAT aHAJIOTOBble MOJ-
cxembl. Ha UC amanoro-midposoro mpeod-
pa3oBaTelis, TOKa3aHHOW Ha pHC. 38, MbI
OCTaHOBHMCS CIEIHAILHO.

AHanoro-uncgpposoi
npeobpasosBartenb

AHaJoroBas 4acTb 3TOH BO BCEM OCTaJIbHOM
mi¢pposoii UC mnpeacraBneHa KoMmaparo-
poM, H300paxkeHHLIM Ha pHC. 38,4 B BUIE
TpeyroJbHAKa ¢ OBYMS BXOJAaMH H OIHHM
BbIXogOM. [IpuHnun paboThl KoMmapaTopa
CTAHOBHMTCH MOHATHBIM H3 pHC. 38,6. Kom-
mapaTop CpaBHHBAET UMEIOIIMECS HA BXOJax
E u R manpsxenus Up m Uy, Ecnmm Ug
6omnbuie Up, Mbl IOJNy4aeM Ha BBIXOJE MMO-
noxuTeNbHoe HanpsokeHue Ug, ecnu xe Uy
MeHblle Uy, TO OTpHIIATENbHOE HATIPSXKEHUE
{— Ug). BaxHBIM SBIAETCH TO, YTO BHIXOJ-

HOe HanpspkeHue U, JIMIIb O CBOEMY 3HAaKy,
u .

HO He 1o abCoNIIOTHOMY 3HAYEHHIO 3aBHCHT
OT pa3HOCTH HaNpsKeHMH Ha Bxonax. Abco-
JIIOTHOE 3HAYE€HHE OCTAeTCAd IOCTOSHHBIM
BHE 33aBHCHMOCTH OT TOI0, KaKylo pPa3HOCTb
HaNpsHKEHHI — MONIOKUTEIbHYIO HJIH OTpH-
naTeJbHYIO— MBI HMeEM Ha BbIxoZe. Ha
BBIXOJE KOMITapaTopa MOXET OBbITH TOJILKO
OJHO M3 JBYX HAaNpPSHXXEHHH, a uMeHHO + Ug,
NPHroJHOE IS JalbHEHIero HCIojb30Ba-
HHS B KayeCTBe €OWHMYHOIO CHrHajua, M
— Ug—B xadecTBe curHayua Hyis. [lo coeit
CYTH KOMIIapaTopHl ABIAIOTCA auddepeHnn-
anbHBIMHM YCHJIMTENISMH, HO C OTpaHH4YeH-
HBIM BBIXOJHBIM HampsbkeHueM. [ToaTomy ux
MOXHO BBINIOJIHUTh Ha 6a3e NOJyNnpOBOIHH-
KOBBIX YCHJIMTEJIbHBIX 3JIEMEHTOB.

ITocne TOro xax Mbl BBHISCHHUJIH IPHHIIMII
paboThl kOMHmapaTtopa, Jjerye 6yaeT MOHATH
OpHHUMI (YHKIHOHHPOBAHUA BCEH CXEMBI
aHajoro-uudpoBoro mpeobpasoparesis Ha
puc. 38,a. /laHHas cxemMa mOYTH OyKBaJIbHO

1
7R
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Uo— > a
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&> a
1
3R
[e
a T
Puc. 38. a—mpHHUMMANbHAs CXEMa AHAJIOTO-

mpoBoro npeobpa3zoBaTeis; 6 — IpHHIMN OeHCT-
BHS KOMMaparopa.

6 1131
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Tabauya 8. TTosAcHeHHA K cxeMe aHanoro-uupposoro npeobpasosare-

Ji1 Ha pHC. 38

Hanpsxenne Ha  OkpyTjieHHOE COCTOSHHS BBIXOLOB CocTosHns
aHaJIOrOBOM 3HAYEHHE KOMIIapaTOpOB IBOMYHBIX
BXoIe HaNpAKECHHUS K, K, K, BBIXOIOB
Y2 W1
5/6-1U, 3-Uy/3 1 1 1 11
3/6-5/6U, 2-Uy/3 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 0

BBIITOJIHAET TO, O YeM MBI TOBODHJIH B Ha-
Yane 3TOH rJaBbl NIPUMEHHTENIBHO K IOJNY-
YEHHIO IIM(QPOBLIX CHTHAJIOB M3 aHAJIOrOBOH
CepHH HMIYbcoB. COBETYEM YHTATENIO OC-
BEXHTb B MaMSATH 3TOT Crocob, Tak Kak Ml
ceiyac 6ygeM B CBOHX pacCyXJEHHSX OITH-
paThCs HEMOCPEACTBEHHO Ha Hero. Pa3buBka
IIKAJIBl HanpsDKeHHH Ha OTHENbHble HHTEp-
BaJIbl OCYILECTBJISETCS 32 CYET INOCJENOBa-
TENbHOTO COEAMHEHHS DPe3UCTOPOB. 3Haue-
HUS HaNpshDKeHHH Ha pHC. 38,4, ecium cMo-
TpeThb CBepXy BHH3, paBHBI °/(U,y, */sUy 1
1/¢Uy. Hampsokenne U, Hago cmenath Ta-
KHM, 4TOOHI BCe 3Ha4eHHs HanpspkeHus U B
aHAJOTOBOH CEpUH UMIYJILCOB ObUIM MEHb-
we U,. C gpyro# cropoHsl, HanpsikeHue U,
HE TOJILKO He JOJKHO OBITh Yepecyyp 60Jib-
IIHM, HO HM-TpH COOJIONEHUH YCIOBHA
U < Uy—cHHXEHO [0 MHHHUMAJBHO BO3-
MOXHOTO, 4YTOOBI NDH AMCKpETH3allMH 3Ha-
YeHHH HANpPsDKEHUS He PacTepsTbh TOYHOCTD.
Komnapatop K; (puc. 38,4) ycraHaBiIHBaeT,
NPEBHIMIAET JIH HanpsbkeHHe U HampshkeHHe
5/¢Uq. Ecnu 3TO Tak, TO Ha BHIXOIE MOSB-
nsiercd 1, ecan ver, To 0. Ha BbIXOOE KOM-
napatopa K, mnosBiusercs eIWHHUA, €CIIH
U>3/4U,, 1 Hyab, ect U < ¥/ U,. Ha
BhIXOJEe KommapaTtopa K, 6yneTr eauHuna,
ecnd U > */gU,, ¥ Hymb, ecnd U < Y/ U,,.
TaxuMm o6pa3oM, HanpspkeHHe U nomagaet B
OIMH M3 YeThIpeX HHTepBaJioB Tabu. 8 (mep-
BbIif cTonber). COOTBETCTBYIOIINE KAaXIOMY
HHTEpBajy 3HAYeHHs Ha BBIXOZaX KOMIIa-
paToOpoB MOKa3aHbl B TpeTbeM CTOOIE.
Ecnu B caMOM BEpXHEM HHTEpBaJie OKpYT-
JIATH 3HAYEHHUs HANPSHKEHHs C H30BITKOM, a B
CaMOM HHXXHEM —C HEJOCTATKOM H OCTaJb-
Hble NPHHATH HA YPOBHE CPeIHHX 3HAYEeHHH,

TO IS 4YeThIpEX HHTepBayioB OymyT moJy-
YeHbl 3HAYEHHS, IOKa3aHHbE BO BTOPDOM
cronbue. OOHO U3 HMMEIOIIMXCA HA BXOHE
HanpsikeHu#t U maeHTHHUUpYeETCS KaK oA-
HO M3 4eThIpeX 3THX 3HayeHHH, T.e. 3-Uy/3,
2:Uy/3, 1-Uy/3 1 0-U,y/3. Ocraercs aums
3aKOJAMpoBaTh yuciaa 3, 2, 1 u 0 gBOHYHBIM
KOIOM, U MBI MOJYYHM TOTOBbIH aHajoro-
mugpoBoii npeobpasoparens. KoguposaHue
OCYILECTBIISETCS JIOTHYECKOH CXeMOH mocrne
BBIXOJIOB KOMIIAPAaTOPOB, TOYHEE MOCIE JIO-
TMYECKHX 31eMeHTOB U, QyHKUMH KOTOpBIX
MEI ceffiyac paccMOTpUM. YuTatenb caM Mo-
KeT JIeTko y6eIuThcss B TOM, YTO Ha 0OOHX
IBOMYHBIX BhIXOAaxX y, (BTOpOH pa3psn OBO-
HYHOTO YHCJIA) U y, (NepBbIi pa3psa OBOHY-
HOI'O 4HCJa) JIOTHYECKOH CXeMBI HMEIOTCS
OpaBWiIbHbIE 3HAYEHHS, T.€. yKa3aHHble B
yeTBepTOM cTONOIE Tabn. 7. Ham aHnaso-
ro-udppoBoi npeobpazopatesb Ha pHucC. 38,a
TpaHCGOPMHPYET aHAJOrOBBIA CHTHalI B
IBy3HayHoe OBoM4YHoe uHcio. Ecmm Tpedy-
eTcs MOBBICHTH TOYHOCTER aHAJIOro-UHppO-
BOTrO mpeoOpa3oBaHus, CledyeT Cy3HTb HH-
TepBajJbl HANpSDKEHHHA, T.e. B3ATb OoJibIue
koMnapatopoB. COOTBETCTBEHHO HOJKHO
OBITH OOJIBIIE H Pa3psAOB ABOHYHOIO YHCIA
Ha BbIxoge. Ecnu 4Hcio pa3psmoB OBOHY-
HOT0 YACJIA PaBHO M, HIIH, YTO OJHO H TO Xe€,
n 6uT, Tpebyercsa 2" — 1 KOMIapaTopoB. DTO
yCIIOBHE, €CTECTBEHHO, COOMIFOJaeTcs U B Ha-
meM mpuMepe: 22 — 1 =3. CxemMa Joruuec-
Koro 3neMeHTa M Ha BBIXOOE KaXIOro KOM-
naparTopa aHanoro-uu¢poBoro mnpeobpaso-
BaTeNsA Ha pHC. 37,4 rapaHTHpyeT NoCneno-
BaTEeJBHYIO MOJA4y aHAJIOTOBBIX CHTHa-
J10B, TpaHCHOPMHMPOBAHHBIX B HUPPOBEIE,
Ha [BOHYHBIE BBIXOOHl TOJBKO B TOM
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cly4ae, eclnH Ha BXoX 71 MoAaH TaKTOBBIK
HMITYJIBC.

Baxwneiiias cocTaBHas 4acTb IOKa3aH-
Horo Ha pHc. 38 aHaoro-mudpoBoro Inpe-
obpa3opatens—komnapatop. OH fBuseTCs
npuMepoM aHaioropot MC. Jpyrue ana-
soroBeie C MBI paccMaTpuBath He Oynmem,
ubo 3TO He [JacT HaM HHYEro HOBOTO H
NPHHIMIHAILHO BaXHOTO IS NMOHHMaHHSA
MHKPO3JICKTPOHHKH. BOT ToJbkO He ciemyet
H3 3TOTO JeNaTh BbIBOA, OyATO aHaJIOroBBIE
HC He Tak BaXHbl B MHKPO3JICKTPOHHKE, KaK
undposeie. IIpapaa, Bce 3amadM 3JEKTPOH-
HOi 06paboTku WHPOpPMANNH B IPUHIANE
MOTYT OLITH pellieHbl IHPPOBLIM CIIOCOOOM,
€ClIH He NPHHUMATh BO BHHMAaHHE HEH36ex-
HOCTb OKDYIJIEHHSl aHaJOTOBEIX BEJIHYHH,
CBfI3aHHOTO C MX NpeoGpazoBaHHEM B IHC-
kpeTHble. OMHAKO CTOHT JIH HCNOJNBL30BATh
mdpoBoii cnocob B Tex cirydasx, Korja Uis
pelIeHHs ONpeldesIeHHBIX 3adad, TaKHX, Kak
YCHJICHHE aHAJIOTOBBLIX CHTHAJIOB HJIH TeHe-
pauMs 3JeKTpHYeCKHX KojebaHMH; cymect-
BYIOT XOpOLIHE aHAJOroBble cxeMbl? OTBeT
Ha 3TOT BONPOC 3aBHCHT OT TEXHHYECKOro
YPOBH# PEaJTH3A1IMH IUPPOBBIX CXEM CPEICT-
BaMH MHKDO3JIEKTPOHHKH, T.€. OT CTENEHH
HHTerpammy 3nemeHToB B C, ot ee 6picTpO-
IEeHCTBHSA M OT leHbl. HekoTopble NpH3HAKH
TOBODAT O TOM, 4TO C Pa3BHTHEM TEXHHKH
mudpoBble CXeMbl OyayT Bce 60bie H 60JIb-
Il BBLITECHATh aHajyoropble. OnHaKoO MOJI-
HOCTBIO aHajoropas ¢opma oO6pabOTKH HH-
(dbopMalnK He HCYE3HET, TEM DoJIee YTO MHK-
POWIEKTPOHHKA TO3BOJIAET CYILUECTBEHHO
YIYYIIMTh M aHaJoroBble cxembl. Ho oHa
6yneT UCIONIB30BATHCA A PelieHHS HEMHO-

THX CHenudHYHBIX NMpobJieM, ¢ KOTOPHIMH
uudpposas ob6paboTka MHPOPMAIMH CIPAB-
JIETCA IUIOXO.

DTy rjaBy, NOCBALUEHHYO 3JIEKTPOHHBIM
CXeMaM, Mbl 3aBEPIIHM KpaTKMMH paccyxk-
TEeHUSAMH, HMEIONIMMH OoJbiioe 3HaYeHHE
IUIL TEXHHYECKOH pealH3alMH TaKHX CXEM.
Pedb HIET 0 CXeMOTEXHHYECKOR HHTErpaludHu
OTHENIbHBIX  3JEKTPOHHBIX KOMIIOHEHTOB
(BK). Ytobbt xot1a 6B NPHOIH3HUTEILHO
npeacTaBuTh cebe, ckonmbko DK Tpebyercs
I ONHOH CXEMBI, HPEINOJIOKHM, 4YTO B
peanbHOHN NMPAaKTHKE [JIl BHIIOJTHEHUA OOHOHR
3JIEeMEHTAapHOH JIOTHYeCKOH omepanM, T.e.
IJIL OJHOH CXEMBI JIOTHYECKHX 3JIEMEHTOB,
Tpebyercst 10 otaenbHbix DK. B cueTHOM
cXeMe Ha pHC. 31 HCIoyb3yeTcs WECTh CXeM
JIOTHYECKHX 3JIEMEHTOB, T. €. okoJo 60 DK. B
Hapy4HBIX KBaplEBBIX Yacax paboTaeT mpH-
MepHo 30 takux cxeM, T.e. noutu 2000 DK.
ITonnbl cymMmmatop Ha puc. 37 ¢ 13 cxeMaMu
JIOTHYECKMX 3JIEMEHTOB HMeeT okoJyio 130
QK. dus nuHaMHYecKOH MaMATH, IoKa3aH-
HO# Ha puc. 28, Tpebyiorca mgsa OK. B
namsaTH Ha 10° 6uT mMmeercs Goxee 200000
OK. KoneuHo, 3T umudpnl oveHbp NpuUOIH-
3UTEJIbHBIE U BIOJIHE MOTYT OTJIMYaThCH OT
(dakTHYEeCKHX Ha OBa-TpH mopsmka. Y Bee xe
Jaxe Ha 3THX NMPHMeEpax BHAHO, Kakoe Or-
poMHoe koymyectBo DK wuHcnonb3yercs B
HHTETPANbHBIX CXeMaX, CIyXalux s o6-
paboTku HHGOPMAUWH.

B cnenyroueil riraBe Mpl NEepeXomguM K
BONPOCY O BO3MOXHOCTH IPOMBIULIEHHOTO
M3rOTOBJICHUS HHTETPaJIbHBIX CXEM, COOEp-
XAIKUX TaKoe 60MbIIOE YACIO 3JEKTPOHHBIX
KOMITOHEHTOB.
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DJIEKTPOHHBIE CXeMBI, ¢ KOTOPEIMH MBI IO-
3HaKOMIUIKMCE B NIpeAbIAYILEH IIaBe, COCTOAT
U3 TPAaH3UCTOPOB, AHOI0B, KOHACHCATOPOB U
pe3ucTopos. Ecnu Mbl XoTHM pa3obpaThes B
MeTOJIaXx MPOU3BOACTBA TAKHX CXEM, TO, Ka-
3ajjock OBI, MpexJae Bcero HeoOxommmMo
O3HAKOMHTBLCH C TEXHOJOTMeH H3roTOBJIE-
HHUSA OTIENbHBIX 3JIEKTPOHHBIX KOMIIOHEHTOB
(@K). Tak, Bo BCAKOM ciyyae, CIeI0BasoO Obl
TMOJOWTH K OCBEIEHHIO TEXHOJIOTHH MPOM3-
BOACTBA U3JeIHH MHKPO3TEKTPOHHUKH, eCIIH
OBl B OCHOBE MX MPOMBIILIEHHOTO H3TOTOB-
JICHHs Jiexajla cOOpKa CXeM U3 OTAEIbHBbIX
OK, T.e. METOOHKA, MPHHATASA Y pagHOJIIO-
OMTeNIeH, KOTOpPEIe, Kak H3BECTHO, NPHOOpe-
TAIOT OT/AE/bHbIE CXEMHBIE 3JIEMEHTBI H, COE-
JUHAS HX TUPOBOJAHHKAMH, COOHPAIOT HYX-
Hble cxembl. OIHAKO TaKOU MOOXOAd Kak pa3
W He HAlleJ NpPUMEHEHHA B MHKPO3JIEKT-
POHHOM IPOMBIILIEHHOCTH.

MHTerpan bHbie CXeMbl

HHTerpajbHble CXeMBbI MOJIY4arOT HE MyTEM
COCOHHEHHs H3TOTOBJICHHBIX MO OTAEILHO-
cti DK. Bee 351eMEHTHI MHTETpabHOM CXe-
Mbl H MEXCOEAMHEHHSA BLHITIOJIHAKOTCA OJHO-
BPEMEHHO B 0CHOM MEXHOA02UYECKOM YUKAE,
T.¢. BOOOIE H3TOTABIMBAIOTCA HE OTHECNb-
HBI€ 3JICMEHTHI, & KOHCTPYKTHBHO 3aKOHYECH-
HbI¢ CXeMbl. VIMEHHO NO3TOMY TaKHEe H3-
JEeNHs. M Ha3bIBAIOTCS UHME2PAAbHbIMU CXe-
mamu (UC). TakuM o06pa3oM, MHKPO3JIEK-
TPOHHAS TEXHOJIOTHS OTJIMYAETCH OT JIH000M
OPYTOH TPOMBIIIEHHONH TE€XHOJOTHH, MOCT-
POCHHOH [0 NPHHUHUIY «H3rOTOBJICHHE OT-
JOENIbHBIX OeTaliel —cObopka H3OeNHi u3 OT-
IeNbHbIX OeTajei». IlpaBia, IpH M3rOTOB-
nernrd UC Heo6X0AMMO BBLITTIOJIHHTD TAKXE U
ompeneseHHble  COOpOYHBIE  ONEpallHH —
CMOHTHPOBAaTb MOJYIPOBOJHHKOBHIH KDHC-

TaJUl, COAepXallui CXeMy, Ha KpUCTaJLIO-
HOCHTEJIE, HMEIOILIEM BHEIIIHUE KOHTAKTHBIC
BBIBOJIbI, COEJMHHTD €70 C 3TUMH BLIBOJIAMH,
a 3aTeM NOMECTUTH TaKyio cOOpDKY B repMe-
TUYHBIA Kopmyc. TOJIBKO MOCE 3TOTO MOX-
HO TOBODHTb O TOTOBOM H3JCJIHM — HHTET-
panbHOU cxeMme. OIHAKO ee OCHOBHOH KOM-
MOHEHT —CXeMa Ha MOJYNPOBOAHUKOBOM
KPHCTaJUIe —M3rOTABJINBaeTCa 0e3  Kakoi-
60 cOOpPKH OTAENbHBIX 3JEMEHTOB. B man-
HOM CJIy4ae TOBOPAT 00 HHTErpajbHO-IPyII-
MOBOM MPHHIMIIE CHHTE3a, HA KOTOPOM OC-
HOBaHA TEXHOJIOTHUS HM3TOTOBJICHHS H3OEIHi
MUKPO3JIEKTPOHHKH. HMcnonb3oBaHue momod-
HOTr0 TMpHHUHNA B aBTOMOOHMJIECTPOCHHH
O3Ha4ayio Obl, HAIPUMEP, H3TOTOBJICHHE BCe-
Io ILUACCH IeTHKOM H3 OAHOH MeTasuiH4e-
CKOM 3aroTOBKH: BeCh mporecc ¢OOpKH CBO-
ouncs Obl TOJIBKO K YCTAHOBKE KOJIeC H
Ky3oBa. He roBops yxe 0 TOM, 4TO Takoi
MPOLECC HEBO3MOXEH ¢ TOYKH 3PECHHS TeX-
HOJIOTHH, B aBTOMOOHJIECTPOCHHUU B HEM BO-
o0lle HeT HHKakoil Hyxasl. Hampotus, B
MHKPO3JIEKTPOHHKE HHTETPAJIbHO-TPYIINOBOi
TPHUHLIUI He TOJbKO 3(h¢eKTHBEH H Heob-
XOOUM, HO U MOXeT ObITh pealM30BaH Ha
npakTHke. Ero texHojgorudeckas 3¢¢ekTus-
HOCTb 34aKJIIOYAeTCd B TOM, YTO OTMAJaeT
HEOOXOAUMOCTh BBEIEHHUS B CXEMY KOMII-
JIEKTA OTIEJILHBIX HABECHBIX 3JIEMEHTOB IIy-
TeM HX MOJKJIIOYECHHS 4Yepe3 BHEIIHHE KOH-
TaKThl, 2 TAKXKE HCIOJb30BAHUSA 3AIMTHOTO
koxyxa. K mocToMHCTBaM MOXHO OTHECTH
OTKa3 OT BBINOJHEHNS MEXCOCIUHEHHH C
NOMOIIBIO OTAENTBHBIX 3JEKTPUYECKHX IIPO-
BoAHUKOB. B rorosoit MC 3neMeHTH yxe
COEOMHEHBbI APYT C IPYroM. B KOHTaKTHBIX
BBIBOJIaX M B KOPIyCe HYXJAeTCA JMIUL HH-
TerpajbHasi cxeMa B LEJOM. A 3TO BechbMa
CYHIECTBEHHO yAelueByseT npouspoiacrso UC.

OnHako mpeHMyLeCTBa HHTErPabHO-
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rpynnoBoro Metrona usrorosienus MC co-
CTOSAT HE TOJILKO B BO3MOXHOCTH COKpalle-
HHUS MPOH3BOICTBEHHBIX 3aTpaT. Takoil Me-
TOI HeoOXOOMM, IIOCKOJBKY JIHIIL OH OJHMH
MO3BOJISIET U3rOTABJINBATH TIPOMBIIIJIEHHBIM
MyTEM CXEMBI, HACYHTHIBAIOIIIHE OT HECKOJIb-
KHX JEeCATKOB N0 coTeH Thiciy K. 3to
oObsicHgeTCH psaaoM NpuyuH. OOgHa H3 HUX
onpeznenseTcs HaAeXHOCTbIO CXEM CO CTOJIb
60JIBIIMM 4HCIIOM 37IeMeHTOB. HalexHOCTh
CJIMILIKOM MaJia, a YaCTOTa OTKa30B COOTBET-
CTBEHHO 4epecuyp BeJIHKa B TeX Clly4asx,
Korja cxeMy coOHparoT NMyTeM COeIUHEHHS
OTHENbHBIX 371eMeHTOB. IlpenmonoxumM, K
ApUMEPY, YTO OJWH TAKOH 3JIEMEeHT CIIOCO-
6eH 6e30Tka3HO paboTaTh HA MPOTSKEHHH
10% 4, T.e. HoJee cTa JET, a 3aTeM BBLIXOJHT
U3 cTposi. YacToTa OTKa30B CXeMBbI, HACYH-
ThiBarome 10000 Takux ssaemeHTOB (cor-
JJACHO TIpaBMJIaM pacyeTa BepOSATHOCTEH),
PaBHSETCA B 3TOM Ciy4ae NMpHOIH3MTEIbHO
10761044y~ T.e. 1072 4y~ 1. CremoBaTens-
HO, MOXET CJIYYHTHCH TaK, YTO paccMaTpH-
BagMas CXeMa MepecTaHeT (PYHKIIHOHHPO-
BaTh yxe 4eped 100 4 mocne ee mepBOTO
BKJIFOUeHHS. [ToCKOJBbKY HHTEerpanbHas cxe-
Ma BO MHOTHX OTHOIIEHHSX CXOIHA CO CXeM-
HBIM 3JIEMEHTOM, OTJHYAsACh OT HEro JHIIb
CIOXHOCTBIO CBOEH CTPYKTYpPBI, TO MOXHO
HAJesaTbCA, YTO H3TOTOBJIEHHBIE TIO HHTe-
rpanbHO-rpynnoBoit TexHosorun UC Gynyr
obmamate Oosiee BBICOKOH HaJeXHOCTHIO.
Haxe ecnd HX HageXHOCTb M He yHaacT-
¢ NpUOJHU3UTHh BIUIOTHYIO K HAJIEXKHOCTH
obsryHOTO DK, OHA, BO BCAKOM Clly4yae, He
Gyzer B 10* pas muxe (kax B HallleM IpH-
Mepe), T.e€., BooOlle roBops, HaIEKHOCTh
HNC pomxHa ObITb ropa3fgo BbIIIE HaIex-
HOCTH TaKoOi ke cxembl, coOpaHHO# U3 mUCc-
KPETHBIX 3JIEMEHTOB. DJTH OXHIOAHHA TIOJ-
HOCTBIO ompasabiBatoTca. HMHTerpanbHele
CXeMBbI OdeilcmeumenbHo OKa3bIBAIOTCS Ha-
JIe)XHEe CXeM M3 JIHCKPETHBIX 3JIEMEHTOB,
MpHYEM He B 5 MJIM JecATh pa3, a Ha TpHU-
YeTblpe mopsaka. Tonbko 6aromaps wc-
MOJIB30BAHHIO HHTETpajbHO-TPYNIIOBOH Tex-
HOJIOTHH MOSBMJIACH MPHHUHIIHAJIbLHAS BO3-
MOXHOCTh TIOCTPOEHHS JOCTATOMHO HageX-
HBIX cXeM, cogepxamux 10-100 teic. DK.
JpyrHe TpPUYHMHBI, JUKTYIOUIHE TIEPEXOX
Ha MHTErpajbHO-TPYNIOBYIO TEXHOJOTHIO,

CBSI3aHBbl C pa3zMepaMH M Maccod OTIENbHBIX
OK. Ecmyn mns c6bopku 3JIEKTPOHHOM CXEMBI
ucnoan3oBaTk DK o6vemMom 0,1 cM? u Mmac-
coif 0,1 T kKaxIplif, TO O0OBEM CXEMBI H3
10000 3K mnpesbicun O6b1 06BEM JHTPOBOIH
OyThLIIKH, a -Macca ee Oplta Obl GoJbINe
Macchl HAJIMTOM B Hee BoAbl. B ogHuUX ciyya-
X C 3THM MOXHO CMHPHTHCA, B APYTHX
HeNb3s. TeHOeHnHs K MUHHATIO pH3allud ABHU-
JIaCh pe3yJIbTATOM He TOJIBKO M HE CTOJIBKO
XKeJaHUs MIOJIYYUTh MajlorabapUTHBIE U Jer-
KHE CXEMBI, OTJIMYAIOIIMECH BBICOKMMH KOH-
CTPYKTUBHBIMH H MEXaHHYECKUMH MOKa3aTe-
nsMu. Permaromyro posb ceIrpajio To, 4TO
XOpOIlHE 3JEKTPHYECKME XapPaKTEPHCTHUKH —
TpexJe BCero 3HAYMTEJbHOE ObICTpOIEHCT-
BHE U MaJIoe NOTPeOIeHHE MOILIHOCTH — MOX-~-
HO TIOJIYYUTb TOJBKO NMYTEM HCIOJIb30BAHUSA
MUHHATIOPHBIX 3JIEMEHTOB. MHUHHaTIOpHU3a-
LUS 3aTparuBaeT, CJIeIOBaTeIbHO, CaMO Cy-
mectBo MC —ee 31exmpuueckue XxapakTepHc-
THKM. A OHH YJIYYIIAIOTCH C YMEHBIIEHHEM
pa3MepoB 3JIeMEHTOB. YTOOLI IOJTYyYUTE 3J1€e-
MEHTHI C 3JIEKTPUYECKHMH XapaKTepUCTHKa-
MH, HEO6XOJHMBIMH 11 06paboTKH HHGpOP-
MalliH, UX pa3Mephl HE JOJDKHBI NIPEBBIIIATH
COTBIX AoJieit MuutuMeTpa. OTaebHbIE 371e-
MEHTHI, IUTHHA, IUPHHA H BBICOTA KOTOPBIX
PaBHBI COTBIM JOJISIM MHJIJTAMETpA, BOOOIIIE
TOBOpS, M3TOTOBHTh MOXHO, HO JIHIIb C
TIOMOIIBIO CAMOH COBEPILICHHOM TEXHHKH, Ja
u oboiigyTcs oHH o4yeHb goporo. Mx coemu-
HeHME TOHKMMH NMPOBOOHHUKAMH TaXXKe SBJIS-
eTcs HenmpocToH 3amaved. Ha nmpaxTHke BoO-
IpOC HCTOJIb30BaHUsS HHOM (He HHTerpaib-
HO-TPYNIIOBOR) TEXHOJIOTHH I H3rOTOBJIE-
Hus UC cronp Manbix pa3MepoB Boodie He
BO3HHKaeT. Hallln paccyXIOeHHs TIO TOBOIY
NC nossonsitoT cnenate CleqyolinHe BbIBO-
IIbl: TOJBKO MHTETrPaJbHO-TPYIIIOBAs TEXHO-
JIOTHSA JAejlaeT BO3MOXHBIM H3TOTOBJICHHE
HAaJEKHbIX, MUHHATIOPDHBIX, JIETKUX W Iellle-
Boix MC wmamnoit MOIIHOCTH, B KOTOPBIX
HyXIaeTcs HHPOPMAIUOHHANA TEXHHKA.
OnHako BO3MOXHOCTB HCIOJB30BAaHUA
HHTET paJIbHO-TPYNIIOBOA TEXHOJIOTHH TECHO
CBf3aHA CO CBOWCTBAMH MOJYMPOBOIHHUKO-
Beix DK u cocrosuux u3 wux HUC. Ilpen-
cTaBuM cebe emie pa3 CTPYKTYpy TaKHX 3JIe-
MEHTOB, Hanpumep CTpykTypy MOII-Tpan-
3uctopa (puc. 16). Unucrto BHemHe Taxoi
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TPaH3HCTOP HMeEeT BHJA KPOXOTHOH moO-
JIyNPOBOJHAKOBOMH ITIACTHHBI — KDEMHHEBOT'O
KpucTaiia. B Heit uMeeTrcs JerupoBaHHas
aKUEeNTOPHOH mpHMecbl0 p-obimacTb, Ha
Heil —CNod OM3INEeKTPHKA, MpPEACTaBJISIOIIMH
coboit nByokuch kpeMHHA. Ha stoTr cioi
HAHECeH CJIOW MEeTaJUIHYeCKOro aJFOMHHMA.
Kpome Toro, Ha nosynpoBogHHKOBO# IL1ac-
THHE HMEIOTCS [IBE JIETHPOBaHHbIE JOHOPHOH
NpUMeckl0 n-00J1acTH, MoBepX KaxaoH H3
KOTOPBIX paciojlaraercs CJIOH MeTaUIHyec-
koro amoMurus. Pazmep MOII-Tpan3ucro-
pa MO TOpH30HTaNH coctasaser 10 MiM,
MpH4eM B OCHOBHOM OH ompeznenserca obeu-
MH n-001acTAMH, IPaBOii H JIEBOH, MOCKOJIb-
KY pacrmojioXeHHas MexIy HHMH obiacte
(p-xaHan) OOJKHA HMETh MHHHMaJbHbIE
pa3Mmepsl, 4em obecrmeyHBaeTcd MAaKCH-
MansHoe ObicTponeiicteue MOII-Tpan3uc-
Topa. B HacTosmee Bpems KaHan, Kak mpa-
BHJIO, [ENalOT JJIHHOH OKOJIO 3 MKM, XOTH
HMeeTCcs HeMaJio Takux mpubopos u ¢ Gonee
KOpPOTKHMH KaHanamu. [lo BepTHkanm pas-
Mep MOJIEBOT0 TPAH3HUCTOpA COCTABIAET BCe-
ro HEeCKoJIbKko MuKpomeTpoB. UTobwl obec-
MEYHTh BO3MOXHOCTL JOCTaTOYHO 3ddek-
THBHOTO YNpaBJIeHHS NPOBOAMMOCTBIO KaHa-
Jia ¢ MOMOLIBIO 3aTBOPA, CIOA OKCHAa IOJ-
*eH ObITh oueHb TOHKMM (Menee 0,1 Mkm).

Lidlm i f 7

Kpemuuessiii kpucrann MOII-Tpan3ucropa
JOJDKEH HMMETh TOJIIMHY MOpAAKAa COTHIX
Joneil MHJLTEMETpA XOTA OBl IS TOrO, 4TO-
OBl OH He pa3pyllajica NpH MaJeHineM MpH-
KOCHOBEHMH K HEeMY, M TOrJa CTaHOBHTCH
fICHO, 4YTO CaM TMOJIeBOl MpHOOp 3aHHAMaeT
OTHOCHTEJIbHO TOHKHH INPHIMTOBEPXHOCTHBIN
CNIOH, T.€. Ha HEro MPHUXOJHTCA BCEro JIMIIb
okoJI0 1% TOJILMHE! NOJYNPOBOAHHKOBOTO
kpuctaua. Ocranbheie 99% obbema KkpH-
cTaJuia, JIEXALUEro MO 3THM CJIOEM, BBIMNOJI-
HAIOT poJib JHIIb HocHTeas MOII-Tpan3uc-
TOpa WIM NOMLIOKKH. Takum obpasoM,
ctpykTypy MOII-Tpan3ucTopa MOXHO OXxa-
paKkTepu30BaTh cienyrowmuM obpasoM: oHa
mpenacTaBnseTr cobofl ynopsmodYeHHBIE OI-
pedeneHHbIM 00pa3oM NO TOPH3OHTANM H
BEPTHKAJIH CMEXHbIe 00JIaCTH H3 pasIHYHBIX
MaTepHajoB, paclojaralolmecs B MpHIO-
BEPXHOCTHOM CJIO€ KpeMHHEBOT'O KPHCTAJLIA.
K wHCcny 3THX MaTepHajioB OTHOCATCH p-
KPEMHHI{ (JIerHpOBaHHBIH aKLENTOPHOH MpH-
MECBI0), N-KpeMHHH (JIerHpOBaHHbIA AOHOP-
HOM NpHMECHIO), JBYOKHCh KPEMHMS H Me-
TAJUIHYECKHiA aFOMHUHMIH. AHATOrHYHBIM 06-
pPa3’oM MOXXHO ONHKCATh CTPYKTYPhI H JPYTHX
MOJIYyNPOBOJHHUKOBBIX 3JIeMEHTOB. bumonsap-
Hble TPAH3HUCTOPHI, JHOABLI, KOHAECHCATOPLI H
pe3ucTOpsl NpeAcTaBiasAloT coboit He 4TO

BunonapHeii
TPaHaucTop

Awon

Top K Top Peauctop

Puc. 39. Bo3MoxHOCTb peanH3aluHH NOAYNPOBOOHHKOBBIX 3JIEMEHTOB Hd4 MOBEPXHOCTH KPEMHHEBOTO
KpHCTana. g — peaji3alus OTACIbHBIX 3K; 6 Te xe JIEMEHTBI, HO C TOBEPXHOCTHLIM 33aUIHTHEIM CJIOEM
OKCHIOA H JONOJHHTENBHBIM p—R-NIEPEX0OA0M, obecneynBarommumM B3aHMHYH 3JIEKTPHYECKYH) pa3BA3KY

IIEMEHTOB.
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HHOE, KaK YIOpsAJOYEHHbIE MO T'OPH3OHTAIN
H BepTHKamd o6JacTH U3 INepeyHCIeHHBIX
MaTepHaioB, CHPOPMHUpPOBAHHbIE B IIPHIO-
BEPXHOCTHOM CJIO€ KPEMHHEBOTO KpHCTAJLIA.
B sToM nerko ybemuThcsi, 06paTHBLIKCH K
puc. 39.

A Tenepb MBICIEHHO TonpodyeM cobpaTh
CXeMy M3 NMOKa3aHHBIX Ha puc. 39 moJympo-
BOJHUKOBBIX 3JIEMEHTOB. 1115 3TOro pa3mec-
THM KPHCTAJLIBI OTHOENbHBIX MOJIYyNPOBOIHH-
KOBBIX 3JIEMEHTOB Ha CTEKJIAHHOMN MIaCTHHKE
B COOTBETCTBHU C IOJIOKEHHEM B CXeMe, a
3aTE€M COEIMHMM HX Mexay cob6oi M ¢ BbI-
XOJHBIMH KOHTAKTaMH, BOCIIOJIb30BaBIIHChH
aJTFOMHHHEBBLIMH NIPOBOOHHMKAMH. ToT daxT,
YTO H3-32 MHHHATIOPHOCTH 3JIEMEHTOB 3TY
OIEPalMI0O MOXHO BBINOJTHHTH TOIBKO YMO-
3pUTENBHO, MBI YXe OoTMevanH Beimne. Ha
puc. 40 moka3zaHa NOCTPOCHHAs TAKHM ITyTEM
cxeMa Jjornueckoro snemedta U-HE, xoto-
‘pas yxe npuBoauiachk Ha puc. 24,6. Ecnu ne
obpalnaTh BHUMaHUA Ha 3a30pPbl MEXIY OT-
JEeNbHBIMH NOJIYIPOBOAHUKOBBIMH KPHCTAJI-
JIaMH ¥ BOOOPa3UTh, YTO aJIFOMHHHEBBIE COE-
JUHUTEJILHbIE TPOBOIHHKH HaKJIEEHH Ha MO-
BEpXHOCTb, Ha KOTOPOH IpeaBapHTEIbHO
6bL1 chOpMHPOBAH H3OJHPYIOLIHMHA CITOH OK-
CHIAa, TO Mbl YBHIHM, YTO MHOCTPOEHHAs
HAMH Ha CTEKJIAHHOW IUTaCTHHE CTPYKTY-
pa TOJIHOCTBIO COOTBETCTBYET OIMCAHHIO
CTPYKTYPBl OTHENBHBIX MOJIYIPOBOIHHKO-
Boix DK: cxema npeactaBiser coboit mpo-
CTPaHCTBEHHO YNOpPsAAO4YeHHble 06JacTH H3
p- ¥ n-KpeMHuUs, IBYOKHCH KPEMHHS H Me-
TAJJIMYECKOTO aJIIOMHHHA, KOTOpBIE pac-
HOJIAaTalOTCA KaK pa3 B IPHIOBEPXHOCT-
HOM CJIO€ HOJIyIIPOBOJHHKOBOIO KpHCTaJIIa.
EnuHCTBEHHOE pa3iaMyHe MeXIy CTPYKTypa-
MH OTHEJILHOTO 3JIEMEHTa W CXEMBI M3 He-
CKOJIBKHX 3JIEMEHTOB 3aKIIIOYAe€TCS B TOM,
YTO B COCTAB MOCIeAHEH BXOOUT OGoJbluee
YHCJIO pa3NMHYHBIX obiacTelf, ma U pa3Mepsl
ee kpucrawia Gonpuie. OgHakKo, ecnu mpe-
HeOpeub pasMepaMH H CIIOXXHOCTBIO CXEMBI,
MOXHO CKa3aTbh, YTO B CTPYKTYPHOM OT-
HOLIIEHHH OHa MOJHOCTBIO aHAJIOTHYHA OT-
JenbHOMY mnoJynpoBoaHukoBoMy K. Hc-
HOJIB3Ysl TEXHOJIOTHIO, KOTOpasi IPUMEHSET-
Csl IJIs M3TOTOBJIEHHS OTAEIbHBIX DK, MoX-
HO H3rOTOBHTh KOHCTPYKTHBHO 3aKOHYEH-
HYIO CXEMY, COCTOSIIYIO M3 TaKHX KOMIIO-

HeHTOB. UMEHHO 3TO MBI M HMEIH B BHIY,
KOT[1a OTMEYaJIH BBIIIIE, YTO OCOOBIE CBOMCT-
Ba MOIynpoBOoAHUKOBBIX DK U nmocTpoeHHbBIX
K3 HHUX CXeM MNO3BOJAIOT JAOCTHYL B MHKDO-
ANEKTPOHHMKE TOTO, 4Yero HEBO3MOXHO IO-
6uTbcs B aBTOMOOMIIECTPOEHHH — H3rOTO-
BHUTb H3JEJIHE B €OHHOM TEXHOJOTHYECKOM
LIHUKJIE, T. €. HAJIaJUTh IPOU3BOJACTBO MO HH-
TerpajbHO-TPYIIOBOH TEXHOJOTHH.

Ha opgHo# ci10XHOCTH, NpHCYLIEH HHTe-
I'PajJbHO-TPYNMOBOH TEXHOJIOTHH H3T OTOBJIE-
HUSA 3JICKTPOHHBIX CXEM, 31ECh CIEAYET OCTa-
HOBHUTbcA Goyee mogpobuo. OHa cBsi3aHa C
BO3OYIIHBIMHM 3330PaMH  MEXAY OTHeNb-
HBIMH 3JIEMEHTaMH — TOJYNPOBOIHHKOBBIMH
KpHCTaJUIaMH, MIPEICTABJICHHBIMM Ha PHC.
40; cCyliecTBOBaHMEM TaKHX 3a30POB MBI
BHavajie npeHebperyiv. DT 3a30pbl UTPAIOT
BaXXHYIO pPOJib: OHH 00ECIEeYHBAIOT 3JIEKTPH-
4eCKYI0 H30JALMIO OTHEJNbHBIX 3JIEMEHTOB
Ipyr ot apyra. Ecium monynpoBoaHHKOBBIE
KpHcTaJUIel 6e3 kakux-1ubo Mep mpemocTo-
POXHOCTH NPUBECTH B KOHTAKT APYT C APY-
TOM, TO B MECTaX COMPHKOCHOBEHHS OHH
OKaXyTCs CBSI3aHHBIMH MeXOy coboi Toko-
NpPOBOLALINMH COEIHHEHHAMH, KOTODhIE He-
IOMYCTHMBI B peanu3yeMoll cxeme. B urore
cxeMa nepecTaHeT ¢yHKIMOHMpOBaTh. Ecin
Heo6X0AMMO OTKa3aThCs OT BO3AYIUHBIX 3a-
30pOB, TO U30JIALHS 10kHa ObITh 0becneue-
Ha JpyrHMH cpeactBaMH. C 3ToH 1nensio
MeXIy OTHEJIbHBIMHU 3JIEMEHTaMH B TIOJIY-
IPOBOTHUKOBOM KPHCTaJUle B OOJNBIIMHCTBE
ciayyaeB (OPMHDYIOT p —H-TIEPEXOX, K KOTO-
POMY, KaK INpaBHJIO, NpPHKJIAdbIBAeTCA 3a-
IHparolllee HaNpsHKeHHE — pa3yMeeTcs, IpH
YCJIOBHH, YTO TakoH mepexonx He Tpebyercs
IUI peaju3allid caMOro CXeMHOTro 3JIeMEH-
Ta. Takasd BO3MOXHOCTH CYIIECTBYET s
aneMenrta B Buae MOII-Tpansucropa, a ans
IPYTHX 3JIEMEHTOB, M300pakeHHBIX HA PHC.
39,a, naHHOE yciaoBHe He cobmopaercs. I1o-
3TOMY BC€ 3TH 3JIEMEHTHI IOOJDKHBI OBITh
«OMyIIEHB» B p-06JacTh, KaK MOKa3aHO Ha
puc. 39,6. Xorsa 3gech misA GOpMHpPOBaHUSA
ONHOTO 3JIeMeHTa Heobxommma 66mpmIas
mwiomans, crpykrypa OK ocraercs mpex-
Hel — Hy>HO JIMIIb BBIACITHTD U1 HETO HEKO-
TOpYIO IONOJHHUTENbHYIO O6JIACTh p-KpeM-
HHS. YXe OTCIoJa CTAaHOBHMTCA $ICHO, 4YTO
MOII-TpaH3HCTOPHI Jy4llle BCErO MOAXOIAT
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Puc. 40. IMocTpoeHne cxeMbl H3 MOMYNPOBOAHHKOBEIX KOMIOHEHTOB.

[UIA CO3[aHMsi HHTErPaJibHEIX CXEM, B KOTO-
puIx TpebyeTcs HCNONBL30BaThL Hoabuioe yuc-
40 3nemenmos. OCHOBHBIE XapaKTePHCTHKH
3JIeMEHTa HEe MEHSIOTCH M TIOC/Ee BBENEHHSA
JABYX CJIOEB OKCHOA KPEMHHS IS H3OJAUHH
COCMHHTEJILHBIX MPOBOAHUKOB H MX 3allH-
Thl OT BHEIUHero Bo3geicTeus. Ha puc. 39,6
n306paxkeH HHXXHHH H3 3THX CIOEB.

MnanapHaa TeXHONOrMA

KOHKpeTHBIH THI HHTErpaJibHO-IPYNNOBOH
TexHonorun usrotosnenns UC B ocHOBHOM
onpenenserca teM, 4yro MUC dopmupyercs
Ha MOBEPXHOCTH TOJIYIPOBOJHHKOBOTO KPH-
CTalja H YTO B HampaBJeHHH, HOPMaJIbHOM
K MOBEPXHOCTH KPHCTA/Ia, HMeeTCs JMIIbL
HECKOJIbKO obnacTeli, pa3iHyaromuxcs Mo
cocTaBy MaTepnana. Ecim ke cMOTpeTh B
FOPH3OHTAJILHOM HAMpAaBJIEHWH, T.€. BOOJb
MOBEPXHOCTH KPUCTAJIa, TO MOXHO Habmio-
naTh OONbIIOe YHCIIO UMEIOLIUX Pa3IHYHYIO
MPOTAKEHHOCTh 0bnacTeii, MpeACTaBIeHHBIX
pa3HBIMH MaTepHallaMH. 3TO CBHAETENLCT-
ByeT 0 BO3MOXHOcTH co3znanus VC 3a omun
TEXHOJOTHYeCKHH UK obpaboTku moBepx-
HOCTH KpucTajuia. TakumM obpa3oM, B MHK-
PO3JIEKTPOHHKE NMPAKTHYECKH HeT Heobxomu-

MOCTH B o00OpafoTke, koTopas BemeTcs B
ryOHHY M 3aTparuBaeT OOKOBbIE H HHXKHIOHO
CTOPOHBI CO3[aBaeMoro mnpubopa, Kak 3TO
HMeeT MeCTO, HampuMep, B MeTanoobpaba-
THIBalOIlEH TMPOMEBIIIIEHHOCTH. B xome Tex-
HOJIOTHYECKOTO Mpoliecca H3MEHEHHHO TI0 CY-
LIECTBY IMOABEPraeTcs TOJBLKO OJHA IIOC-
KOCTh 3arOTOBKH, 4 MMEHHO BEpXHSS IO-
BEPXHOCTb KpeMHHMeBO#H racTuHbl. Takoi
MeTon oOpaboTkH moJy4nn Ha3BaHHe naa-
HapHOil mexHoA02uu. 3aroToBKa, ¢ KOTopo#
Mbl OoJsiee moApoOHO MO3HAKOMHMCS He-
CKOJIBKO TIO3[IHEe, He ABJISETCH ONHHOYHBIM
KpHCTaJUIOM. DTO AMCK, Ha3bIBa€MbIH I0Jy-
MPOBOJIHMKOBOH TUIACTHHOM MM nodaoic-
koii. Ilocne 3aBeplUEHHS TEXHOJIOTHYECKOH
06paboTKH ero MOXHO pa3fie/uTh Ha 60Jb-
HIOe 4YUCIIO OTHENbHBIX KpucTainos. Jins
usrorosierus UC ucnosne3yroTes npouecch!
MJIAHAPHOW TEXHOJIOTHH, 06 BbEKTOM KOTOPBIX
KaK pa3 M SBJIAETCA KPEMHHMeBas IOIJIONKKA.
Huxe MBI 0OCTaHOBMMCS Ha HEKOTOPBIX [eTa-
JAX TEXHOJIOTHYECKHX MPOIECCOB, IPHYEM B
nepByl0 odYepelb OOpaTHMCA K HEHTpalb-
HOMY, TaK Ha3blBaeMoMy ImKay 1, 3a-
TeM PACCMOTPHMM TPEALIECTBYIOLIMA eMy H
MOCJEAYIOUINH TPOLECCHl —COOTBETCTBEHHO
uukia 0 1 uuka 2.
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Uukn 1. OkcnauposaHue

UcxoaHbIM MaTepHaNoM IS UuKia | sBjs-
eTcsl HeoOpaboTaHHAs MOANOKKA H3 KpeM-
HHUS.

B Ha4yase 3TOro LuKJa Mo BO3AeHCTBH-
€M KHcJopoda npH Temmepatype 1000°C
Ha TNOBEPXHOCTH ILJIACTHHBI (OpPMHpYETCH
CNOH ABYOKHCH KpeMHHS —Okcua. UToObl
YCKODHTBH MpOLecC OKCHOHPOBAHHSA, KHC-
Jopol OOBIYHO CMEUIWBAIOT C NapaMHU BO-
IObl. Perynupys BpeMs BO3OEHCTBUS KUCIIO-
poda M TeMHepaTypy KpPEeMHHEBOH IoO.-
JIOXKKH, MOXHO JIETKO COPMHUPOBATH CJIOMH
okcuaa HyxkHo# Tommmubl. [Ipu monmaye
CYXOro kuciopoga ¢ Temnepartypoit 1050°C
CIOR OKcHAa pacTer co ckopocTbio 0,1
MKM/4. B cnyyae gobaBiieHHsE B KHCIOPOA
NapoB BOJbI TOJIIMHA 3TOT'O CJIOA PacTeT
(IpH NpoYMX PpaBHBIX YCJIOBHSX) CO CKO-
pocthio 0,5 MKM/Y.

JIByOKHCh KpEMHHS OTJIMYaeTCs OYEHb
BHICOKOH XMMHYECKOH CTOHKOCTBIO, 00JIb-
1IOH MEXaHHYECKOHW NMPOYHOCThIO H obnajaa-
€T CBOHCTBAMH XOpPOULIETO THIJIEKTPHKA,
obecrnieyuBalOlIer0 HaleXKHYH H3OJISALHUIO
PAacHoJIOKEHHOTO MO HHUM KpemHHs. Ilpu
usrotoByieHuH MC cioif okcuaa sasuseTcs He
TOJILKO 3NEKTPHYECKHM U30AAMOPOM, HO H
OCyIIECTBIISET naccusayuro, T. €. obecnednBa-
€T JIEKTPHYECKYIO M XHMHYECKYIOo CTabMiIH-
3all{I0 IOBEPXHOCTH KPEMHHS, a TaKXe CJIy-
HKUT IUIA MACKUPOSAHUA TIOLJOXKKH, 3allu-
HIAIOIHETO €€ OT HexXeJaTelbHBIX BO3NEHCT-
BHH B XO[€ MOCJENYIOUIHX 3TAHOB TEXHOJIO-
ruyeckod obpaboTku. Bricokas 3ddexTns-
HOCTh [IByOKHCH KPEMHHS B MAaCKUPYIOLIHX,
NACCUBUPYIODIUX H 3JEKTPOH3OISIHOHHBIX
CIIOsIX HApAOy C yKa3aHHBIMH B I'l. 3 ¢pusm-
4eCKMMH CBOIICTBaMH SIBHJIACh TEM BaXHEH-
UM 0OCTOATENICTBOM, KOTOpOE€ MO3BOJIH-
JIO KPEMHHIO «3aHATH JOMHHHPYIOLIlEE MOJIO0-
KEHHe» Cpedu BCeX IOJYIPOBOIHUKOBBIX
MaTepHaJoB [UIS MHKPO3JIEKTPOHHKH. Ecin
HEKOTOPpBbIE JIeXaIlHe Mo CJI0eM OKcHaa 06-
JIacTH KpeMHHUsl TpebyeTcs NoABEprHyTh 06-
paboTke, HaIpAMeEp JIETHPOBAHUIO ATOMaMH
¢ocpopa, TO cno#t okcuaa HeobOXOAUMO
IIpeIBapPUTEJIbHO YIOAIUTh C COOTBETCTBYIO-
IIMX Y4aCTKOB.

DopmuposaHue CTPYKTyp
meToaom chotonutorpacum

BrineneHue Takux y4acTKOB Ha KpeMHHEBOM
MIOUTOXKKE, MJIM TaK Ha3blBaeMoe (OpMHpPO-
BaHHME CTPYKTYP, BBHINOJIHSAETCS C MMOMOIIBIO
mpouecca, MONYYHBUIETO Ha3BaHHE Gomoau-
moepauu (0T TPEUECKHX CIIOB «@phomo» —
CBET, «IUMOC»—KaMeHb U «2pagus» — UCh-
Mo). Ilox Bo3OeiicTBHEM CBETA B CJIOE OKCH-
Ia KpeMHHs (QopMHpyeTcs IUIOCKHM pHCy-
HOK. {11 3TOro Bech CJIOM OKCHIa NpenBa-
PHTENBHO TOKPBIBAIOT CBETOUYBCTBHTEIb-
HBIM poTopesucToM. Cnoit poTope3ncra ur-
paeT ponb (ororpaduyeckoir mneHkn. Ero
MOXHO 3aCB€YHBaTh M MPOABIATH. Opranu-
4eCKHM pacTBOpUTeNeM (OTOPE3UCT yIams-
IOT C 3aCBEYECHHBIX YYaCTKOB, a4 C OTKDBIB-
WHXCA MeCT (M TOJILKO C HHX) yX€ MOXHO
YOJIHTh CJIOH OKCHOA MyTeM INocieayromei
obpabotku kucnoro. Ecnu takas obpabot-
Ka KHCIIOTOH MpPOJOJIKAETCAd JOOCTATOYHO
noiro, To oOHaxkaeTcs cimol KpeMHHS H
TakuM 00pa3oM BCKpHIBAETCHA «OKHO» IS
JIOCTYTa K MaTe€pHaly MOIJI0XKH, HeobXoau-
MOTO Ha cjelylollelt onepauuy TEXHOJIOTH-

HMCCKOro mponecca. :

TpaBneHue

3Ty omepaluio Ha3bIBAIOT MpPasACHUEM OK-
cuda kpemuus. IlomMumo TpaBlieHHs C mO-
MOIIBIO JKHAKHX PpEeakTUBOB (KHUAKOCTHOE
XHMHYECKO€ TPaBJICHHE) CETOJHSA BCE IIHPE H
LIMpe NPHUMEHSIOT IUI43MEHHOE TpaBJICHHE.
Taxkas o6paboTka ocHOBaHa Ha IPUMEHEHHH
raJIoreHcoJepXxaliux ra3oB. a3 BmecTe C
HOJBEpraeéMoi TpaBJICHHUIO MOIJIOKKON Ha-
XOIMTCS B PEAaKIMOHHON Kamepe, Ie Mpo-
HCXOTUT 3JIeKTPHYECKUH ra3oBbId (MM Myia3-
MeHHBIH) pa3psl, IpH KOTOPOM TaJIOTEHHOE
COeIMHEHHE pa3jlaraercs Ha KOMIIOHEHTHI.
Cpenu HEX HMeroTcs 00agarorye CUIBHOM
PEaKIMOHHOH CIOCOOHOCTBIO TaJIOreHHbIE
HOHBI, KOTODPbIE S3HEPIMYHO pa3pyLIAOT CIOH
oxcuza. Ecnu B peakuMOHHYIO KaMepy BBecC-
TH APYTOH ra3, TO BMeCTO OBYOKHCH KpeM-
HMS MOXHO YA@JIHTh CJIOH KpeMHHS WIIH
cioif Metayumsanud. IlyTeM miasMeHHOro
TpaBJIeHHSI MOXHO CHATb U (oTopesuct. [lo-
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CKOJIbKY npH u3roToBieHnn HUC Heobxonmu-
MO BBINOJHUTL HEJBIH PAX NMOCIEAOBATENb-
HBIX TEXHOJIOTHYECKHX OMEpALHi, HapHMeED
JerupoBaHue pochopoM, 3a KOTOPBIM Clle-
oyet Jeruposanue Gopom, potonutorpadu-
yeckas o6paboTka NpUMEHAETCd MHOTOKPAT-
Ho. Ilepen kaxxmo# TakoH olepanued Io-
BEPXHOCTb KpHCTAJUla KDeMHHS HOJDKHA
MOABEPraThCs OKCHOUPOBAHHIO; B PE3yJIbTa-
Te 00pa3yroIIMACS OKCHA PacIpOCTPaHAeTCs
C NMOBEPXHOCTH B IJ1yOb MaTepHaia. 3aTeM ¢
HEIbI0 MOATOTOBKH K CIEOYIOIEMY Tex-
HOJIOTMYEeCKOMY 3Taly He IOoIBepracMeie
06paboTke y4acTKH MOBEPXHOCTH HeoOxoau-
MO 3acBeTHTb. 1 H3OHpaTenbHOR 3acBeT-
KH MOXHO BOCIIOJIb30BAaThCs YCTAHOBKOH,
NOCTPOEHHOH Ha HpPHHIMIE OHANPOEKTOPa.
Huanosutus, wiH ¢oTomabsoH, Kak ero
ODBIYHO HA3BIBAIOT, CONEPKHUT PDHCYHOK IIO-
BEPXHOCTH IIOJIYIIPOBOJHHKOBOTO KDHCTaJI-
Jla, Ha KOTOPOM 3aCBEYHBAECMBIE YYacCTKH
OCTaBJICHBI CBETJIBIMH, 4 BCE OCTAJIBHBIE 3a-
TeMHeHbl. s obecnedenus Oonbluei pes-
KOCTH KOHTYPOB 3aCBETKa [IPON3BOIMTCS H3-
JIy4eHHEM C KaK MOXHO 0oJyiee KOpOTKOH
IHHO#M BoJNHBL. [IOMHMO ONHCAaHHOrO HAMH
MO3UTUBHOTO (OTOPE3UCTa, NPH HCIOJIB30-
BAHHH KOTOPOrO BHITPABIMBAIOTCA 3aCBeE-

YEHHBIE Y4aCTKH, 4 HE3ACBCYCHHDBIC, TCMHLIC,'

COXPAHSAIOTCH, IPUMEHACTCA TAKXKE HEraTHB-
HBIH (oTOpe3ucT, 3acBeTka KOTOPOro MpH-
BOIUT K NMPOTHBOIIOJIOKHOMY PE3yJIbTaTy.

NernpoBanue

Benen 3a  ¢otomurorpadpuyeckoit obpa-
60TKOH BBHINOJHAETCA ONEPAlHs JIETHPOBa-
HHS KPEMHHs TpHMecIMH —dochopoM Hin
MBIIIBAKOM — JUIA TTOJTYYSHHS IIPOBOIHMOCTH
n-THNA M 3a0aHHOH KOHUEHTPALUMH HOCHTE-
Jiel 3apsaja WIH e OIepanus JIErHpOBaHHS
60pOM Ui MOJIYUYEHHS NPOBOIUMOCTH p-TH-
na. JlerupoBanue ocymectBiseTcs audpdy3u-
OHHBIM CIIOCOGOM: MOBEPXHOCTH IOUIOKKH
npu Temnepatype 300—1200°C noasepraercs
BO3ACHCTBHIO aTOMOB JIETHPYIOLIEH MIPHMeE-
CH, KoTOpble OuGYyHOUPYIOT B raybb mod-
JIOXKKH. DTOro Xe pe3yJibTaTa MOXKHO HO-
CTH4Yb M MOHHOH HMMIUIaHTauued. B naHHOM
cllydae MOBEPXHOCTb MOMJIOKKH OomMbapou-
PYIOT JIEKTPHYECKH 3apSKEHHBIMH aTOMa-

Mu dochopa, Hopa HIH MBIIbIKA, T.€. HO-
HAaMH, NpeABAPUTENILHO YCKOPEHHBIMH B
37IeKTpHYECKOM Toste. braromaps cBoeit xu-
HETHYeCKOH 3HEPrHH HWOHB NPOHHWKAIOT B
MaTtepHal NogoOHO CHapsIaM, Bpe3aroluM-
Ci B CTeHy, M, NpoHas HEKOTopoe pac-
CTOsIHHE, OCTaHaBJHBarOTCS. TakuM oOpa-
30M, OHH BHEIPAIOTCA (HMIUTAHTHPYIOTCS) B
kpeMHHH. Ha cBoeM MyTH B KpEMHMH HOHBI
BBI3BIBAIOT BeCbMa 3HAYMTEJIbHBIE Hapyllle-
HHS PEryJISpHOH KPHCTAJUTMYECKOH PEIIETKH.
O1H gebexTsl HEOOXOMMMO YCTPaHHTh, IUIA
4ero CIYXHAT HOcHeayolas TepMHYecKas
obpaboTka mpu TeMmepatype S500-900°C.
MoxeT Takke TpUMEHATbcA OOIyueHAe
MOIIHBIM CBETOBBIM HMITYJILCOM HJIH JIa3ep-
HbIM Jy4oM. Kak nud¢dy3noHHoe jeruposa-
HHME, TaK W MOHHAs HMMIUIAHTAllUs TPOHCXO-
JAT JIMIIb HAa TeX YYacTKaX MOBEPXHOCTH
KpeMHHS, C KOTOPBIX ObLI yIaJieH CJI0# OKCH-
na. Ecim okcup He ymaneH, TO NPHMeCHBIE
JIETUPYIOIIME ATOMBI 3aCTPEBAIOT B 3TOM
cloe.

dnurakcuna

CloH KpHCTAJIMYECKOTO KPEMHHS, ONpene-
JICHHBIM 00pa3oM JIETHpOBaHHbIE INIpHMEC-
HBIMH aTOMaMH, MOXHO c(hOpMHpOBaTh Ha
NOMIOKKE TakXe HyTeM BbIpalllUBaHHsA. B
3TOM CJly4ae TIPOLECC Ha3BIBAIOT 3NUmMaK-
cuaabHblM  gvipawusanuem. Ilpu oObMHOM
OCaX[eHUM, HalpUMep IIpH HaNbUICHUH
KPEMHHS Ha CTEKJIAHHYIO IUTACTHHY M3 Iapo-
Boi (a3bl, obpa3syeTcs cJIOH, He HMEFOLIMit
yHOpAOOUYeHHOH CTPYKTYpHl. OcobeHHOCTh
3MHUTAKCHATBHOTO OCAXKICHHA 3aKJIFOYaeTCA
B TOM, YTO (pOpMHpyeMEIit clIOft mpeacTas-
JiseT coboi MOHOKpHCTaL. Takoe ynopsano-
YeHHEe B IPOLECCE HapalMBaHUS IPOUCXOIUT
HOJ BJIHSHHEM MOHOKDHCTAJUTHYECKOH MOI-
JoxkH. OHa «HaBA3BIBAET» OCAKIAEMOMY
CJIOI0 KPEMHHS CBOIO COOCTBEHHYIO KPHCTaJI-
JIMYECKYIOo cTPYKTYpy. Ha mpakTHke B 60Jb-
IIMHCTBE CJIYYaeB HCIONB3YIOT OCaXIECHHE
U3 ra3oBoit ¢da3sl, npeacrapsrouei coboi
CMech ra3000pasHOro H4ETHIPEXXJIOPUCTOTO
KpeMHHs, BOoIOpoJa H razoobpa3Horo coe-
OWHEHHs, COOEPKAIIEro MBIIBAK HIH doc-
¢op, koTopble 06ecneyHBarOT JIETHPOBAHHE,
BO3AEHCTBYS H4 NOMJIOKKY, HArperyro Ho
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BHICOKOH TeMmepaTypsl. Pexe npumeHsercs
ocaxcIeHHe M3 XHAKOH ¢askl, KOrAa TUreb C
pACIIaBOM KPEMHHMS M JIETHPYIOIIHMX KOM-
MOHEHTOB MEJUIEHHO IepeMellaloT BIONb
MOBEPXHOCTH KpEMHHEBOH TOMIOXKKH. B
pe3yabTaTte obpa3yeTcs KpeMHHMEBBIH CJIOH,
cofiepxaliuii HeoOXOOMMYIO JIErMpYIOLIYO
NPHMECh. JMHUTAaKCHAJIbHbIH [IPOLECC PACILIH-
pSET BO3MOXHOCTH (POPMHPOBaHHS BEPTH-
KaJbHOH CTPYKTYphl Kak oTHeNbHBIX OK,
Tak ¥ nensix UC. O10 n ABNseTcs rnaBHOH
NpHYHHOMN NPAMEHEHHS JMHTAKCHH IIPH JIETH-
POBaHMH KPEMHHA Hapsady C YNOMSHYTHIMH
paHee TEXHOJIOTMYECKMMH NPOIECCAMH.

Merannuzauua

JIng noJydeHHs TOKONPOBOISALIMX COEIHHE-
HHil (TOKONPOBOIALIMX JIHHHI) MEXIy 3Je-
menTamMH HUC, a Taxxke MeXOy TakuMH 3Jie-
MEHTAMH H KOHTAaKTHBIMH IUIOIIAAKAMH IS
MOJKJIIOYEHHS BHEIIHHX Lened (MM 1uUio-
LagKaMi [/ TEPMOKOMIIPECCHOHHOM CcBap-
KHM) TOMJIOXKKA TIOJIHOCTbK) MOKpHIBAETCH
C/I0eM aJIIOMHHHA. DTO OCYLIECTBIAETCA IMy-

Puc. 41. ®ororpadus MeTaniM4ecKoro ne4aTHo-
ro NMpOBOJHHKA, CAENaHHAA C TOMOILBIO IIEKT-
poHHOro MHkpockona. Kanaska ¢ npaBo#i cropo-
Hbl BO3HHKIA TMPH CTPaBIHBaHHM H30BITKA asmo-
MHHHA. YrnybneHHe B cepelMHe YKa3blBaeT Ha
OKHO B cjloe okcHaa. B atom mecte metannuyec-
KHil MPOBOJAHHK WMEET KOHTAKT C MOACTH/IAFOILHM
C/IOEM KPEMHHA.

TEM HaNbUICHHA aJIOMHHHSA, KOTOPBIH nepe-
BOOAT B MapoByio (hazy METOJAOM BBICOKO-
TEMINEpaTypHOr0 HarpeBa WM pacHbUIAIOT,
HCIIOJIB3YA NMYYOK Pa3OTHAHHBIX O BBICOKOH
CKOPOCTH 3JIEKTPOHOB HJIH HOHOB. Ha kpem-
HHEBYIO TOIJIOXKKY aJIOMMHHH oceJaeT B
BHJE TOHKOro cios. B maneHeHmmeM Takoi
MeTaJTHYEeCKHi CJIOH moasepraroT (poTomH-
Torpadmyeckoi o6paboTke. AHaNOru4HoO
OIMMCAaHHOMY BBHIIIIE CeJIEKTHBHOMY (H30mMpa-
TEJIBHOMY) TPABJICHHIO OTAENIbHBIX Y4acTKOB
CNIOA OKCHIA KPEMHHs JaJjiee BLINOJNHAETCH
onepauus TpaBJICHHS MeTaJUla, B pe3ybTaTe
Yero OT BCErO CNOA METAJUIH3AIMH OCTAITCA
JIHIIb TOKONPOBOISIINE JIAHUM M KOHTAKT-
Hbl€ IUIOIIAAKH JUIS TEPMOKOMIIPECCHOHHOH
cBapku (puc. 41). B 3akmoueHHe BCIO IO-
BEPXHOCTH NOJNYNPOBOJHHKOBOrO KpHCTasUIa
MOKPBIBAKOT 3alLMTHLIM cjioeM. [lis 3Toro
Yale BCEro NMPHMEHSETCH CHJIMKATHOE CTEeK-
JIO, KOTOPOE 3aTEM YJAIAETCA C KOHTAKTHBIX
IUTOIIA/IOK,

Npumep usrorosnenna UC

Tenepk paccMOTpHM e€llie pa3 OMHCAHHbIH
BBILLIE TEXHOJOTHYECKHH Mpoliecc Ha HEKOeM
THIIOTETHYECKOM TMIPHMEPE H3TOTOBJICHHSA
HC noruvueckoro HHBEpTOpa, COCTOMAIIEH M3
OIHOTO NMph-TPaH3UCTOPa H OJHOIO PE3UCTO-
pa. IlpaBma, mo «Hame#» TEXHOJIOTHH B
HAacTOsLIee BPEMSA HHTErpPaJIbHbIE CXEMBI YKe
HE M3rOTaBJIMBAIOTCH, HO K PEaJibHBIM TeX-
HOJIOTHYECKHM MPOLIECCaM, HCTIOIb3YEMBIM B
cepuiiioM npoussonactee MC, Mbl ewe Bep-
HeMmca Huke. CyIIHOCTH yKa3aHHOH TeXHO-
JIOTHH CTaHeT fCHAa HaXke H3 IpocTeHInero
npumMepa. Ha puc. 42 noka3aHsl OTHENbHEIE
ITanbl TeXHoNoruyeckoro mnpouecca. Ilon-
JIOKKa, Ha KOTOpOi#l mpeACTOHT chopMHpO-
BaTh MHTETrPaJibHYI0 CXEMY, COCTOHT H3
KPEMHHS C NPOBOAMMOCTBIO p-THmHAa. B pe-
3yNbTaTe OKCHOMPOBAHHMA HA TNOIIOKKE H3
p-KpeMHHs oOpasyerca cioil okcuma (a).
INocne 3aBepmenus QoTonutorpadpuueckoi
00paboTKH ¢ HMCNOJIb30BAHMEM NepBoro ¢o-
TomabyoHa M JeruposaHus (ochopoM MEI
noJiy4aeM CTpPYKTYpY (6), rae yxe mpocmar-
PHBAIOTCS KOHTYpHI TpaH3HCTOpa (clepa) H
pesuctopa (cmpapa). Huddysus dochopa
npu TemmnepaType 1200°C aBTOMaTHYECKH
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BeleT K OKHCJICHHUIO BCEH BHEHTHEH MOBEpPX-
HOCTH KPHCTajUla U OJHOBPEMEHHO CIIYXHT
JUIS TIOATOTOBKH K moclenyroieit doronuro-
rpaduieckoit o6pabotke (6). C moMoibio
BTOpOTrO ¢oToImabsIoHa OT CJIOS OKCHAA OC-
BoOOXAalOT aBe 06JACTH HAa NOBEPXHOCTH
KPEMHHS, KOTOPHIE 3aTEM JIETHPYIOT 60poM
C LEeNbIO MOJIy4EHUS! TPOBOIUMOCTH p-THIIA
(2). TTocne sToro omnepayu OKCHUIMPOBAHUS
(0), doromurorpaduu u nernpoaa‘dﬂ (e)
NOBTOPSIOT €llie pa3, HO Telephb ¢ NpHUMEHe-
HHeM TpeTbero ¢ortomabiaona u dochopa B
KayecTBe Jierupymomeit npuMmecu. B pesyns-
TaTe TaKOH IOCJIEIOBATEIbHOCTH TEXHOJIO-
TMYECKHX OMepauuil BO3HUKAaeT BTOpas n-
obynacty TpaH3ucTopa (e). Temepb HCHOJNDb-
30BaHHUE ellle OOHOrO ¢oTolabioHa Mo3Bo-
JISET «BCKPBITH» IUIOWIAAKH ANS BHEITHHX
KOHTAKTOB (). 3aTeM Ha BCIO MOBEPXHOCTD
HaHOCHTCS CJIOH aJIIOMHHHA (3), U3 KOTOPOI'o
tdoTonmuTorpaduyeckuM crnocobom bopmMu-
PYIOT BHEIIIHHE KOHTAKThl I OOOMX 3Je-
MEHTOB M coenuHeHus (u). Ilpu sTOM B
OTJIMYHE OT OIMCAHHOTO paHee (hOTOIMTO-
rpaduyeckoro mpoiecca, Koraa IpUMEHSIICH
MO3UTHBHBIA (oTope3uct, OepyT HeraTus-
HbIH poTope3ucT. 1o OKOHYaAHHH BCETO IIHK-
Jla, COCTOSAIIErO W3 NEPEeYUCIIEHHbIX Omepa-
LA, MBI NOJIy4aeM Hpn-TPAaH3UCTOD H pe-
3UcTOp (%), IIEKTPHYECKYIO H3OJIALHIO KO-
TOPHIX OT MOMJIOXKH C p-TIPOBOJHMOCTBIO
obecrieunBaeT p-—n-Mepexon MPH YCIOBHH,
4TO K MOCIEAHEMY MPHIOKEHO 3alluparolee
HanpspkeHde. st 3TOTro K MOAJIOKKE C Mpo-
BOAMMOCTBIO p-THUIA AOJDKHO OBITH IPHIO-
KEHO OTpHIATEJILHOE HANPsIKEHHUE, a k obe-
HM TpaHHYallUM ¢ He# n-obnacTsaMm —Io-
noxurenbHoe. TaxuM o6pa3oM, BHEIIHSS
n-06J1aCTh TPaH3UCTOPA CTAHOBHTCS KOJUIEK-
TopoM. [IIpumbikaromas X KOJUIEKTOPY
p-obnacts 6yaer 6a3o#, a BHyTpeHHASA n-00-
JIacTh —3MHUTTepOoM. KoJulekTop TpaH3HCTO-
pa COeQUHeH C «BBIXOJOM» PE3NUCTOpA.
«Bxom» M «BBIXOI» pe3UCTOpPa BMECTE C
6a30BbIM M SMHTTEPHBIM KOHTAKTaMH TpaH-
3ucTopa—3T0 ueThipe BbIBoga MC wuHBep-
Topa (pHC. 42), KOTOpble CIIyXaT A TIOA-
KJIIOYeHHs BHELTHMX reneit. Urak, ang usro-
TOBJICHUS Takoit cxembl Tpebyercs 5 pa3
HNOBTOPUTH (oTOoNMUTOrpacduyeckyio obpa-
601Ky, 3 pa3a-— OKHCJICHHE, 2 pa3a—JIETHPO-

BaHUE n-TIDUMECHIO, a JIETUPOBAaHUE p-TIpU-
MEChIO U MeTaJUTH3aLHIO OCYILECTBISIOT Of-
HOKpaTHO. DTO, HECOMHEHHO, MpPHUBEIET K
HEMaJIBIM 3aTpaTaM —Belb CIEOYET Y4YecTb,
4YTO Hallla cXeMa BecbMa IpocTa. OpHako
aHaJIU3 JaHHOM TEXHOJIOTHM NO3BOJAET CIe-
JIaTb BeCbMa HHTEPECHBIH BBIBO: €CJIM Ha
Hamux ¢oTomabnoHax 6bUM O6b1 H306paxe-
HBI PHCYHKH CTPYKTYp He OZHOTO TPaH3HCTO-
pa U OJHOro pe3UcTOopa, a AECATKOB THICHY
TaKHX JIEMEHTOB, a TAKX€ CTPYKTYDHI MEX-
COCIMHEHUH W KOHTAKTHBIX IUIOLIAAOK IS
TEPMOKOMITPECCHOHHOM CBapkH, TO IpPH TOH
XK€ IMOCIeNOBATENbHOCTH TEeXHOJIOTHYECKHX
olnepauui Mpl BMECTO OJHOM CXeMBI U3 ABYX
3JIEMEHTOB TOJIYYHIM OBl yCTpOHCTBO, Ha-
CHHTHIBAIOLLlEE OECATKM ThICHY IOTOOHBIX
sneMenToB. Ilpu 3ToM He mnpunLIOCH O6BI
BBINOJIHATE HH OQHOM JOMOJIHUTENBHOM ome-
pauuH. B miaHapHOM TEXHOJIOTHH HET HHKa-
KOH pa3HHIbI MEXIY M3TOTOBJIEHHEM OIHO-
rO-€AMHCTBEHHOTO CXEMHOTO 3JIEMEHTA, MH-
TerpajJlbHOM CXeMbl U3 [OBYX 3JIEMEHTOB
HWJIM MHKPOCXEMBI, OOBEOUHSAIONIEH OrpoM-
HOE YMCJIO 3JIEMEHTOB.

CteneHb MHTerpauuu

CnoXHOCTb UHTETPANBHOM CXEMBI XapakTe-
pH3yeTCH IMOKa3aTesleM, KOTOPBIH MOJIy4HII
Ha3BaHue cmenenb unmezpayuu. IC, Hacum-
ThIBarolie He Oojiee 100 s1eMeHTOB, Ha-
3BIBAIOT MHKPOCXEMAaMH C MaJIOH CTENEHBIO
uHTerpauuu. Cxemsl, cogepxatuue ot 100 go
1000 snemenToB,—310 UC co cpenneit cre-
NEHBIO HHTErPaliii, 2 MHKPOCXEMBI, COAEP-
wampe oT 1000 o HeckoJIBKHMX ThICAY 3Jj€-
MEHTOB, HMEIOT BBICOKYIO CTENEHb MHTErpa-
IUH B Ha3bIBalOTCA OOJILIUIMMM HMHTErpajlb-
HbIMH cxeMaMH (BHC). Cxemsl ¢ eme 60b-
UM 4HCcTIoM 31eMeHTOoB— UC co cBepxBhI-
COKOH CTENeHbIO HHTEr pally — TIOJIYYHJTH Ha-
3BaHHE CBEPXOOJBUTAX MHTErpajIbHBIX CXeM
(CBUC). B HacTosiLIee BpeMsl H3rOTaBJIMBa-
10T CBUC, koTopble HaCYMTHIBAIOT MO He-
CKOJIbKY COTEH ThICSY 3J1eMeHTOB. B mabopa-
TOPHSAX CO3JaHbl UHTErpaJIbHblE CXEMBI, CO-
Jepallde A0 MHJUIMOHA 3JIeMeHTOB. Pa3-
Mep KpPEMHHEBOI'0 KpHCTasLla, HAa KOTOPOM
pasMemaercs MC, OTHOCHTENLHO HEBEIHK.
Ecnu opueHTHPOBOYHO NMPUHATDH, YTO AJTHHA
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Puc. 45. TonynpoBOAHHKOBbIE KPUCTAIUIBL. d—cCTaHaapTHas uudpposas MC ¢ yeTwippms noruqecﬁHMH
anemenTamu U-HE tuna D100 (SN7400); 6 - UC panuonpuemHoro kackaaa tuna A244; ¢— U C cuetunka
Tuna D193 (SN74193).
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Puc. 48. Kocoit mnud KpeMHHEBOro Kpucrawia co cHOpMHpDOBaHHBIMH B HeM cTpykTtypamu HC.
ToHkuit cloft NOKPBITHA, UMEIOLIHI TOHKOCTPYKTYPHPOBaHHBIH (¢ Kpas) pH@eHblH MPoHIb, COCTOHT
H3 JBYOKHCH KpemHus. PacnoniokeHHbie MOJ HHM TEMHbIE H CBeTJble 00nacTH mpencraBnsoT coboit
KPEMHHi, JIETHPOBAHHBIH pa3aUYHbIMH NpuMecAMH. Haj noBepXHOCTBIO BO3BBILIAIOTCA METAJIIHYECKHE
KOHTAKThl, IPOXOJALIME HAPYXY CKBO3b CJIOH OKCHAA.

H IUHpUHA 3MeMeHTa paBHH 20 MKM, TO
OH Oynmer 3aHMMaTh IUIOINANb, DPaBHYIO
20 x 20 mxm2. Takum o6pa3oM, MIOMALb
ansa pasmewienuds 40000 anemeHTOB cocTa-
BHT 4-10* x (2-1072) x (2-1072) MMm?, T. €.
16 mm2. Kpome TOro, cioja ciueayer Oo-
6aBuTh IUIOLIAAbL KOHTAKTHBIX ILIOLIAIOK
U TEpMOKOMIIPECCHOHHOM cBapkH. Takum
obpasoM, mimHa OokoBO#i CTOpPOHBI KBaj-
pPaTHOro KpHcTa/uia Juia pa3mertenus 40 000
3JIEMEHTOB A0JDKHA ObITH He MeHee 4 MM. Ho
H 3TH pa3Mepbl CPaBHHTEIBHO HEBEJIHKH,
IlepsoHayaneHbiMu 3arotoBkamu mas HUC
ABJIAIOTCA LMJIHHIDHYECKHE KPEMHHCBBIC
cauTkd guamerpoM 70, 120 mwim 150 mm.
CHavana 3TH CIIHTKH PeXyT Ha TOHKHE [HC-
KH, TOJIIMHA KOTOphIX—okomo 0,5 mMm-—
BbiOpaHa Kak pa3 Takoif, 4ToOBl HCKITIOYHTH
pa3pyllIeHHe BCICACTBHE MEXAHHYECKHX BO3-
pgeictBui. OpgHako mMomoOHBIE KPEMHHEBBIE
OHCKM HE pa3pe3aloT cpa3y Ha ILIaCTHHBI-
MOJUIOKKH, YTOOBI 3aTEM MO OTAENBHOCTH
MOABEPTHYTH MX 06paboTke (KakK MOXHO OblI-
JIO OXHIAaTh HAa OCHOBAaHHM BCErO CKa3aH-
Horo Bbile). Takod NOJYNMPOBOIXHHUKOBBIH
JHCK TIPOXOOMT BECH LMKJI TEXHOJIOIHYECKOH
00paboTKH, pacCMOTpEHHBI HAMH Ha TpPH-
Mepe u3rotopsenns onHoit MC, xak emnHoe
uenoe. Ha puc. 43 noka3saHa 3arpy3ka momuy-

NPOBOJHHUKOBBIX OHCKOB B Aubdy3HOHHYIO
neds. MsroraBnueaemeie UC Bocmpousso-
IATCA Ha JAMCKE B TOM KOJIHYECTBE, B KAKOM
OHH MOTYT pa3MECTHThCA Ha €ro MOBEpX-
HocTH. IIponecc MHTErpalMu Ha YpPOBHE 3Jie-
MEHTa B M3BECTHOH Mepe NpOAOJKAETCA H
Ha YPOBHE MHTErpajibHOM CXeMBI B XOHE €e
H3TOTOBJIEHHA, HO JIHIIbL [0 OINpPEAENIEHHOTO
npenena, MOCKONBKY LENbIO ABJIAETCA IO-
nyvenue omdeavnoii UC. U3 npamoyros-
HHKOB, BhIYEPYEHHBIX Ha TIOBEPXHOCTH JHCKA
YCTpOIiCTBOM, Ha3bIBaeMbIM CKpaiibepom
(puc. 44), B xome nanbHeifined ob6paboTku
nony4yaroT cxemHble Kpucrayuisi MC. Ha
NOJYNPOBOAHUKOBOM  JHCKE JIHAMETPOM
100 MM MoxHO pasmecTHTD 7t- 50 50/16 Mm?
= 490 cxeMHBIX KPHCTaJUIOB, 3aHHMaroluk
PaccYHTaHHYIO Bhie miomans. Heobxoman-
MO XOpOLIO YACHUTHL cebe 3Ha4yeHHE 3TOro
TEXHOJIOTHYECKOTO HOCTHXXEHHA: B PE3YJb-
TaTe BBLINOJHEHUA JHIIL HECKOJBKHX TeX-
HOJIOTHYECKHX OINEpaluid Ha MOJyIpOoBOI-
HHKOBOM OHCKe moJydaroT nmoytu 500 UC,
HacyuThiBarowMx 1o 40000 3neMeHTOB.
CnemoBaTensHO, KpeMHHEBas IUIaHApHAas
TEXHOJIOTHA OTJIMYAETCA MCKIIOYHMTEILHO
BBICOKOH MpOH3BOAMTENbHOCThIO. Cka3aH-
HOE OCTAaeTCsl CNpaBEIIMBBIM JIaXe B TOM
clly4ae, Korga pedb uaeT o6 OTHOCHTENbHO
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HEBBICOKOM BBIXOJ€ TOOHBIX HW3IENHH, T.e.
6e3otkasno ¢yukumonupyrommx MC. Huxe
MBI Gollee [OETaJIbHO OCTAHOBMMCS Ha BBI-
xone rogaeix UC. [Ina MakCHMaJIbHO paHHe-
rO BHISBJICHHSA AE(PEKTHBIX MHKDOCXEM, KO-
TOpOEe TO3BOJMT H30ekaTh HENPOH3BOIH-
TeNbHBIX 3aTPAT HA MOCHEAYIOLIHX CTagusAX
TexHoNoruueckoro mnpouecca, sce UC mon-
BepraroTcs CTpoxaiilieil npoBepke, eile oc-
TABAasACh HA UCXOIHOM MOJYNPOBOJAHHKOBOM
oucke. Jlng 3TOro K KOHTAKTHBIM ILIOMIAN-
kaM kaxpaod MC noaxmoyaroT 30HAB! KOH-
TPOJIbHO-HCIILITATENLHOIO YCTpPOHCTBa, Ha
KOTOpbIE B COOTBETCTBHHM C MNpOrpaMMoOH
HCTILITAHMH TMOAAIOTCA HMMIYJBCHI 3JIEKTPH-
YeCKOT0 HamNpsKEeHHA. 37eCh Mbl CTaJKHBa-
eMcs C BecbMa CJIOXHOH 3a1a4el, CBA3aHHOH
¢ GOJNBILIHMH 3aTpaTaMH BpeMeHH. JTO cTa-
HET SCHO, €CJIH BCIIOMHMTB, 4TO TNofobHas
MpOBEpPKa JOJDKHA TapaHTHPOBaTh Ge30IuH-
OoyHOe (YHKIMOHMpPOBAaHHE KaXOOrO0 OT-
OEeNLHOTO 3JIEMEHTA M MEXKCOEIWHEHHA, a
TaKXKe KaXXOOro COeIHHEHHS MEXAY JIeMEH-
TaMH W KOHTakTHbIMH IUiowaakamu HC.
Hedexktnsie MC MapkupyloTCS Ha [OHCKE
KpacHOH TOUKO# (pHc. 44), uTO obOJyler4aer Hx
BBIOPAKOBKY Mocne pe3Kd NMOJTYNPOBOJHHKO-
BOTO NHCKAa Ha KpHcTa/uiel. Ha puc. 45-47
NMpHUBEJEHB! CHENAaHHBIE C MOMOILIBIO MHK-
pockomna ¢ororpaduu OTAENBHBIX NONYNpPO-
BOOHHKOBBIX KPHUCTAJUIOB, BBINYCKAaeMBIX
KomburaTtoMm mukpoanexktponukn ['JIP. Ha
puc. 48 moka3aHO, KaK BBIMJIAOUT TaKoOH
KPHCTAJIN TOCNE YNANeHHA MOBEPXHOCTHBIX
CIIOEB.

L]
MpombiwneHHaA TEXHONOIUA
narotoeneHua UC

(O3HaKOMHMBILHKCE C NIaCCHBalHeH, GOTONHTO-
rpaduedt, TpaBJeHHEM, SMHTAKCHAJNBHBIM
BBIDALMBAHHEM, JIETHPOBAHHEM M MeTal-
NU3anued, MBI MOJYYHIH MPEACTaBIeHHE O
BaKHEHIIHX 3Tanax TEXHOJOTHYECKOTO Mpo-
Lecca H3rOTOBJEHHS HHTErPajibHBIX CXEM.
Hrak, Temepsr Mbl 3HaeM, Kak B €JHHOM
TEXHOJIOTHYeCKOM ImKJe moay4aioT MC, co-
Aepallde COBOKYIHOCTh 3JIEKTPHYECKH CBS-
3aHHBIX MeXIy co0OoH 3JeKTPOHHBIX KOM-
noHeHToB. OHAKO KOHKpETHAas peaM3alus

Ao MUHUA

. n*-kpemHui

Puc. 49. CrpykTypa GHMONSAPHOro TPaH3HCTOPA,
peasbHO MCMOJb3YEMOro B COBPEMEHHOH MHKpO-
INEKTPOHHKE.

3TOH TEXHOJIOTHHM AOIYCKAaeT MHOXECTBO Ca-
MBIX pa3JIM4YHbIX BapHAHTOB.

Ha puc. 39 npomeMOHCTpHpOBaH Ipo-
CTeHInii BapuaHT GOPMHPOBAHHSA TOJNYNPO-
BOJIHHKOBBIX 3JIEMEHTOB M3 obnacreit, obpa-
30BaHHBIX pa3JIMYHBIMH MaTepuanamu. Op-
HAKO NMPOCTEHIIMHA BapHAHT MOYTH HHUKOIAA
He ObiBaeT onTtuManbHeIM. Ilpunaeas ot-
NenbHBIM o0NacTaM JOpyrywo KoHQHrypa-
LHIO, pacmojiaras MX B HHOM NOpAJKe H
BBOJA NOMOJHUTENbHO 06nacTH, chopmupo-
BaHHBIE W3 IPYTHX MaTepHAJOB, MOXHO CO-
3maTe Oosee coBepieHHBIE 3neMeHThL. Ha-
pAOy ¢ HOpPMAanbHO JIETHPOBAHHBIM n- H
P-KpeMHHEM BBOIATCH TaKXe 00JIACTH CHIIb-
HO neruposannoro n'- u p*-xkpemuus. [Ipn-
Mep Ha puc. 49 no3BoNsAET NpPeNCTaBUTE cebe
CTPYKTYpY OMMONAPHOro TPaH3HUCTOpa, KO-
TOPBIH B HACTOSILEE BpeMs MCHOJNb3YETCA B
peansHbiX MC. XapakTepHbIM 3[1€Ch ABJIAET-
cA HAJHYHEe [ONOJIHUTENBHOTO, CKPBITOTO
n*-cnos. B yHMNOJAPHBIX TPAH3UCTOPAX HH-
TerpaJIbHOM CXeMBI BCE KaHAJIBl MOTYT OBITH
chopMHpPOBAHBEl TONBKO M3 7n- WM p-MaTe-
puana. MoryT Takxke OJHOBPEMEHHO HC-
MOJIb30BATLCA KaHalbl ¢ ODOHMH THINAMH
NpoBOAMMOCTH. BMecTO anmoMHHMA 11 pea-
nu3auuu 3atBopa MOII-TpaH3ucTopa Mo-
KET TPHMEHATHCA MOJHKPHCTAJITHYECKHIH
KpeMHH# (MOJIMKPEMHHMIA) C BBICOKOH 3JIEKT-
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Puc. 50. Bazosas Texnonorua nonydenus KMOII-
CTPYKTYPBL. @~ CO3/IaHHE CI0A OKCHAA HA MOIJIOXK-
K€ M3 N-KPEMHH#; 0 —CO3/laHHE AKTHBHBIX 06Jacy
Ted ans n-MOTI-TpaH3ucTOpa; 6 — p-erHpoBaHue
HENOoCpPeJCTBEHHO TOC/e OKCHAMPOBAHHA; 2 —CO3-
NlaHHe aKTHBHBIX obnacTeil ans p- u n-MOII-Tpas-
IUCTOPOB; J-CO3JaHHE TOHKOrO CJIOf OKCHAA
MyTeM MPOTPABIHBAHHA TMOJHKPHCTAJUIHYECKOTO
KPEMHHS; €—CO3/1aHHE 3aTBOPOB B MONHKPHCTAJ-
JIMMECKOM KPEMHHM; X - ylaleHHe CNof OKCHIA;
3- BCKDBITHE HMCTOKOBBIX M CTOKOBHIX objacreit
p-MOIl-TpaH3ucTopa; u-—p-NerHpoBaHHe HCTOKO-
BHIX M CTOKOBHIX obnacteit p-MOII-TpaH3ucTOpa;
MaTepHasl 34TBOPA JEHCTBYET B KA4YECTBE MACKH,
OKOHYATE/NbHOC YAAJIeHHE CNI0A OKCHAA; K — BCKPBI-
THE HCTOKOBBIX M CTOKOBBIX obnacteit ans n-
MOII-Tpan3ncTOpa HENOCPEACTBEHHO TOCTE CO-
3/IaHHA ITHX OBNacTel NMyTeM n-NEerHpOBaHUA; Ma-
TEpHaJI 3aTBOPA ONATEL AEHCTBYET B KAYECTBE Mac-
KH; 4—YyAaneHHe OHOTO CIOA OKCHIA; CO3laHHe
KOHTAKTHBIX OKOH; YJA/ieHHE CJIOA ANIOMHHHUA H
| CO3[aHME KAHANA MyTeM TpPABJIEHHA.




TexHONOruA NPoOM3BOACTEA U3AENUA MWUKPOINEKTPOHUKK 97

e g

Puc. 51. Vnpouennas 6azopas TEXHOJIOTHA TMOJYYEHHS CTPYKTYP CO CKPBITBIMH KOJUIEKTOPHBIMH
CJIOSIMH. d—OKCHIAMPOBAaHHE M CO3JaHHE n-KOJIIEKTOPHOro cios myTtem muddysnru (poromabion 1);
6—ynanenue n-clos; 6—CO3NAaHHE H3ONUpYoleH paMel u3 p*-kpemuus nytem nuddysuu (wabron 2);
2—p~ -6azosas muddysus (wabnon 3); 0—n-nudpdysus 3MUTTEPHOH H KOHTaKTHOH obnacrtei (mabiox
4); e—BCKPBITHE KOHTAKTHBIX OKOH, MeTa/nu3auus (wabnoH 5) ¥ co3gaHHe KaHana MyTeM TPaBJCHHSA

(wabnoH 6).

PONPOBOAHOCTBI0. M3 MOMMKpPEMHMS MOXHO
TaKxke chOpMHPOBATh TOKONPOBOASALIME JIH-
HHUH 10J NOBEPXHOCTBIO KpeMHusa. Toraa B
PaCHOPSIKEHUH  CHEIMATIMCTA-CXEMOTEXHHKA
OKaXeTcAd OOoNbIIOe YHCIIO TAKHX JIMHHUIA,
NpHYEM U3 ANIOMHHHA OyOyT BLIMOJIHEHEB
JIMIIb BEPXHHE M3 HHX. B3zaumHas a/exTpH-
yeckas pa3BA3ka (H30MAUMA) IEMEHTOB B

7-1131

npeaenax ogHoit MC MoXeT ocyllecTBIATh-
Csl HE TONBKO C NOMOLIBIO 3aNEPTHIX p — n-Te-
pexoaoB, Kak OINMCBIBANIOCHL BRIILIE, HO H
JAPYTHMH METOJaMH, Hanpumep nyteMm ¢op-
MHpPOBaHHA B IPOMEXYTKaX MexXIy 3JIeMeH-
Tamu obnacredt u3 okcuaa. PeasmsoBaThk Kak
9TH, TaK H Jpyrde HE HA3BAHHBLIE HaAMH
BO3MOXHOCTH MO3BOJIAIOT MHOTOYHCIIEHHBIE
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Tabauya 9. BapuaHThl IPOMBILLICHHOH MHKPO3JICKTDOHHOH TE€XHOJIOTHH

BHHOHﬂpHaﬂ TEXHOJIOTHA

.

MOII-Texnonorus

SBC (6a30Bas TEXHOJIOTHA CO CKPBITHIMH KOJLIEK-
TOPHBIMH CJIOAMH)
ASBC (ycosepuuieHcTBOBaHHas SBC-TexHOMOrUs)

CDI (u30ai1Ms METOAOM KOJUIEKTOPHOIM nuddy-
3UH)

BDI (u3onanusa MeroaoM 6a3oBoi muddysun)

OXIS (M30JIALHA OKCHIIOM)

P~ WK n-xaHaJibHble MOTII-CTpYKTYphl ¢ METJUIH-
HYECKMM 3aTBOPOM

p- Bau n-kaHanbHble MOII-cTpYKTYpBI ¢ KpeMHHe-
BBIM 32TBOPOM

AMOIT (MOII-cTpyXTypbl, NOMYYEHHBIE METO-
oM apo#tHo# muddysum)

BMOII (Beprkanbubie MOII-cTpykTypbl)

KMOII (xommnemenTapHsie MOII-cTpykTypHI)

KHC (cTpykTypbl THNAa «KpeMHHR Ha cangupe»)

BAPHAHTbI NPOMbBIULACHHOU MUKDOIAEKMPOH-
Hoti mexnoaozuu. HexoTopble M3 HHX NpH-
BeleHbl B Tabiu. 9. 3xeck MBI pelIMIH Orpa-
HUYHUTHCA MEPEYACIEHHEM JIHIIL OCHOBHBIX
H3 HHX, a Ha puc. 50 u 51 6omee moapobHO
IPOHJUTIOCTPHPOBAHEI BA MOTYYHBIIHNX IIH-
pokoe pacrnpocTrpadeHue BapHanTa— KMOII-
TEXHOJIOTHSA U 6a30Bast TEXHOJOTHS CO CKPbI-
THIMH KOJUIEKTOPHBIMH ciosMH (SBC).

Yucrorta n TOYHOCTL

HeobxomnMo, oaHako, O6ojiee BHHMATEIBLHO
OCTaHOBHThCS Ha OJHOM BOMpoOCe, Kacaro-
IEMCS TNPaKTHYeCKH BCeX BapHAHTOB HH-
TerpajbHO-TPYIINIOBOK TeXHONOrHH. Peup
HaeT 06 MCKIIIOYHTENBHO BBLICOKAX TpeboBa-
HHAX K HCNOJIb3YEMBIM MaTepHaaM H 000~
PYIOBaHHIO, K KOTOPLIM HobaBiseTca HeoO-
XOOHUMOCTb HMETb COBEDIIEHHYIO KpHCTaJ-
JIMYECKYIO PpEIIeTKY IOJYNPOBOIHHKOBBIX
nomnoxek. CTONb BBICOKHE TpebOBaHHS
00YCIIOBJIEHBI, ¢ OOHOH CTODOHBI, Ype3Bbl-
YaiHO MAaJbIMH pa3MeEpPaMH H CIOXHOCTBIO
pa3nuuHbIX cTpykTyp UC, a ¢ apyroii — cBoe-
obpa3neM CBOACTB MNOJIYNPOBOAHUKOBOTO
KPHCTaJL1a, O KOTOPBIX Mbl TOBOPHJIA B I'JI. 3.
OJIEKTpUYECKHE XaPAaKTEPHUCTHKH TaKOro
KpHCTaJUla MOTYT pajJdKaldbHbIM 0Opa3oM
H3MEHUTBLCA MpH BHECEHHMHM B HEro Majei-
LIETO KOJHMYECTBa 3arpsA3HEHUH HIH B pe-
3yJbTaTe€ BO3HUKHOBEHHS MHKpoaedekToB
cTpYKTYphl. 1o 3TOH MpUYHHE BeCh ONMHCAH-
HbIH TEXHOJIOTHYECKMH IpoLecc JOJDKEH Oc-
HOBBIBATHCA HA ACHOJIb30BAHHH XHMHYECKHX
BELLIECTB HCKJIIOYHTEJIBHO BBICOKOH YHCTOTHI

(99,999%) ¥ OCYLIECTBIATHCS B TaK Ha3bl-
BaEMBLIX CTEPHJILHO YHCTBIX IOMELIEHHUSX,
CIELHAIBHO COOPYXaeMBIX ANS 1MoJo0HOro
IPOM3BOACTBA. JIUCTHINIHpOBaHHas OOBIY-
HBIM IyTEM BOjJa, NMPHMEHsEMass B MHOTO-
YHUCJIEHHbIX OIepalMsaX HPOMBIBKH, H HOp-
MaJIbHbIA KOMHATHBIH BO3JyX OKa3LIBalOTCH
IUIS TAaKOIo Ipoliecca CIHILIKOM 3arps3HeH-
HBIMH H HYXJAIOTCS B JONOJHHUTEIBHOR
ouncTke. B omHOM KyGHUYeCcKOM MeTpe BO3-
JyXa CTEPHJILHO YHCTOTO IIOMELUEHHS MI0-
IycKaeTcs copepxaHue Bcero 3500 yacTHn
nbLIH quaMeTpoM 6onee 0,5 mxMm. B omepa-
LHOHHOM, TlIe BO31yX, 6e3yCIOBHO, OTJIHYa-~
€TCA BLICOKOH YHCTOTOM, B TAKOM ke oObeMe
[0 HOpMe JONYCKaeTcsa B CTO pa3 Ooibliee
cogepxanue noaobHeix yactuu. [lepconany,
3aHATOMY OOCITyXHBaHHEeM 00OpyIOBaHHsA B
CTEPHJIbHO YHCTBIX MOMELIEHHAX, pa3pella-
erca paboraTh TOJLKO B OOECHBbUIEHHOM
cnenogexe. ['onoBHoO# y6op momkeH ioT-
HO 3aKpbiBaTh BOJOCH. Puc. 43 nosponser
MOJIYYHTh HEKOTOpO€ TpeACTaBJICHHE 00
0cobeHHOCTAX paboThl B CTEPHIILHO YHCTOM
noMemeHud. YHCToTa, OOHAKO, SBISETCA
JIMIIBL OJHHM H3 YCJIOBHH, 3a cobironeHHeM
KOTOPBIX TIIATEJBHO CIEOAT Ha BCEX CTa-
IUAX TEXHOJIOTHYECKOTO Mpolecca. Bricokue
TpeOOBaHAA TNpPEeOBABIAIOTCA, HAIPHMeEpP, K
reOMETPHYECKOH TOYHOCTH IIAGJIOHOB IS
¢doTtonurorpadun. JJOCTaTOYHO BCIIOMHHTB,
4TO0 cpea GOpPMHpYEMBIX B KpHCTaJLIe
CTPYKTYpP €CThb TakHe, pa3Mep KOTOpbIX
COCTaBJIiET BCETO 1 MKM —CKaxeM, KaHal
MOII-Tpan3ucTopa. A TOYHOCTh NMPOEKIUH
CXEMHOIO DHCYHKa AOJDKHA OBITH MmO Kpaii-
He#l Mepe Ha MOpANOK Bbille. OTKJIOHEHHS OT
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HOMHMHAJIBHOIO pa3Mepa [OMyCKaroTcs B
npeneiax HeCKOJBKHX NECATHIX AOJeH MHK-
POMETPA, T. €. COCTABIAIOT NEeCATHTHICAYHbIE
momn MumMerpa. Kpome toro, mocra-
TOYHO BBICOKOH JOKHA OBITH TOYHOCTB HC-
noJHeHHA ¢oTolabioHa, a CIeqoBaTeNbHO,
H Pe3KOCThb IOJIy4aeMOIO C €ro MOMOLIbIO
mobpaxenus. Ho eme 6oyiee BaxHBIM cTa-
HOBHUTCSA COBMEIUIEHHE NMpoeKUMid H3oOpaxe-
HHUH HAa MOBEPXHOCTH IMOIYNPOBOJHHKOBOTO
IMCKa BO BpeMs Bcex omepaiuit ¢poToauro-
rpadudeckort obpabortku. Ilomumo 3TOTO
HOJIYIIPOBOIHUKOBAS TIOJIOXKA MHOTOKpAT-
HO NOJBepraercs HarpeBy IO TeMIepaTyp,
npespimaronx  1000°C, ¢ nocnexyronmm
OXJIAXJICHHEM KaXIBIH pa3 M0 KOMHATHOM
TEMNEPATYpPhl U BCTYMaeT B KOHTakT C
TpaBHJIBHBIMH PacTBOPaMH, H MO3TOMY He-
TPYAHO TOHSATH, YTO Oe(heKTH B CTPYKType
UC -neusbexnoe 3710. Bo MHOrux ciydasx
OHH CTaHOBSATCS NPHYHHOH Opaka, MpoueHT
KOTOPOTO TeM BBbIllE, YeM OoJblie CTeneHb
HHTerpanui u 6oJblile INIOTHOCTb YIAKOBKH,
T.€. COOTBETCTBEHHO 4YHCJIO 3JEMEHTOB B
KpPHCTaJUle M YHCJIO 3JIEMEHTOB Ha €IUHHMILY.
miomagy kpucrasuia. IlociaenHee MOXHO
OOBACHHTD T€M, YTO KOJHYECTBO KpHCTAl-
JIOB, HE UMEIOIIUX Ne(eKTOB HCXOIHOTO Ma-
Tepuaja, a Takxe NedeKToB, 0OYCIOBIEH-
HBIX TEXHOJIOTHYeCkoi 00paboTkoH, yMeHb-
LIAE€TCA C YBEJMYCHHEM ILTOMIATH KPHCTAJ-
JIa, HO TPH YCJIIOBHH PaBHOMEPHOTO pac-
npefeeHns AedhekTOB HO IUIOLIATH IOJIY-
HNPOBOAHHUKOBOTO Mucka. IIpu M3roToBICHUH
HC c BBICOKOH CTeneHbIO HMHTETpAllMM Ha
HAYaJIbHOH CTaOMH TEXHOJOTHYECKOTO MpO-
necca Opak MoXeT HOXOIUThb o 90%, on-
HakKkoO 3TO HE NOJDKHO CMYLIAaTh W3TOTOBH-
Tensd. Bens 10% rogusix UC o3HavaioT, 4To
n3 kaxasix 100 cxeMm, copMHUpOBaHHBIX Ha
HOJTyIPOBOJHHKOBOM JHCKE, NMOJYYEHO Ie-
caTh paboTtocnocobubix. Beixon ronusix UC
H  3)¢$EeXTHBHOCTD  MHKPOIJEKTPOHHOTO
TIPOU3BOJICTBA OLEHHUBAIOT COBCEM IO MHBIM
KPHTEPHAM, HEXEJIH B TPAAUIMOHHBIX OT-
pacysx npoMsinrieHHocTH. Ho, xak u B mo-
CIEeIHUX, B MHKDPO3JEKTpOHHUKEe Tpebyercs
COBEPILIEHCTBOBAHNE TEXHOJOTHYECKUX IpO-
LECCOB, HANpaBJICHHOE HA MOBBILIEHHE BBI-
Xxo4a roJHoH mnpoaykumu. IlpaBna, Henb3s
3abbIBATh U O TOM, 4TO 31eCh peyb HAET 06

YBEJMYCHHH BhIXOAa TOAHBIX He ¢ 90 mo
95%, a ¢ 5 mo 15% pmna CBHUC u ¢ 40 no
80% nns UC ¢ Oosnee HU3KOH CTEMNEHBIO
HHTET palUH.

OBOKYITHOCTB IIPOIIECCOB TEXHOJIOTHYE-
cko o06paboTkH, KOTOpPOH NOOBEpraeTcs
KPEMHHEBBI THCK NIpH (HOPMHUPOBAHMM Ha
HEM MHKpocxeM (BKIoYasi HX IIPOBEPKY),
Ha3bIBAETCA, KaK Mbl yX¢ FOBOPHIH BBILIE,
yurxaom 1 IOTYIPOBOJHUKOBOH TEXHOJIOTHH.
CloBO «IHK» B HEKOTOPOH CTENEHH CIO-
cobHO BBecTH B 3abiyxnaeHue, HO0 peds
3/1eCh MIET He O UUKJIHYECKH IIOBTOPSIOIIEM-
cs Ipoliecce, a O NMocaeqoBaTeIbHOM NPOIIec-
ce, HANPABJIEHHOM Ha NOCTHXXEHHE ompene-
JIEHHOH 1IeNH —(OPMHPOBAHHH PALA OOUHA-
koBbix MC Ha xpemHMeBOM maucke. Ilukiy
] mpenmecTByOT omepauMH H3TOTOBJICHHS
KPEMHHEBBIX IMCKOB, CHIPDBEM LI KOTOPBIX
CIYXXHUT KBapl, ¥ ¢GoTOmAGIOHOB; MOCHE-
HHE [eNaroT ¢ y4eTOM (YHKIHMOHAaNBbHBIX
TpeboBanuit, npenwssasaseMbix k UC. Bechb
00BeM MPOEKTHHIX paboT—OT COCTaBIICHHSA
obmero omucanus ¢pyskmmun UC (3a korTo-
PBIM clleqyeT MOCTpOEHHE ee JIOTHYecKoH
CXeMBbi U pa3paboTka Ha 3TOH OCHOBE NpPUH-
IUITHAJIBHOM 3JIEKTPHYECKOM CXeMBI ¢ yKka3a-
HHEM OTIENbHBIX 3JIEMCHTOB) OO BBINOJIHE-
HHS KOMIIOHOBOYHOTO 4YepTexa, AeTalH3H-
POBAaHHOTO BIUIOTh OO CTPYKTYP JJIEMEH-
TOB— Ha3bIBAETCHA PaA3pabomKol monoao2uu
HC. Pa3zpaborka UC, usrorosyieHue ¢oto-
HabJIOHOB U HOJIYNIPOBOJHHUKOBBIX JHCKOB
&EPEACTABIAIOT COOOH KOMILTEKC MEPONPHUS-

‘THif, 6e3 OCYIIECTBJIEHHS KOTOPBIX HeJb3s

IPHCTYNATh K UKy 1. YacTo ero Ha3bIBaroT
uukioM 0. Bece paboTel, KOTOpble ocCymIecT-
BJISIFOTCS TIOCJIE 3aBeplleHHs UMKiIa 1 U Ha-
[IpaBJicHbl Ha NpeBpalllcHHE M3IOTOBJIEHHBIX
HUC B rotoBeie k npojaaxe H3AEIHA, OT-
HOCATCA K UHMKJIY 2 HOJYNPOBOAHUKOBOH
TexHoyorud. Llukn 2 HauyMHaeTcs ¢ pes-
K4 (CKpalOHUpOBaHUA) HOJYyNIPOBOJIHUKOBOTO
JUCKA Ha OTHEJIbHBbIE KPUCTAJUIBL M 3aBeplia-
eTcsl (PYHKUHOHANBHOH NMpPOBEpKOH TOTOBOM
MC. B 1abn. 10 npuBeneHsl Bce 3Tambl Npo-
uecca M3TOTOBJIEHHS H3AEHH MHUKpPOIJIEKT-
POHHKH.

Ham eme HyxHO COOOIUMTH YUTATEIIO
HEKOTOpBIE AOMOJHHUTENbHbIE TOAPOOHOCTH,
kacaromuecs nukiaoB 0 u 2. OgHako UM
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Tabauya 10. TeXHONOTHS M3rOTOBJIEHUS M3OEITMH MHKPO3JIEKTPOHHKH

WcxoaHsie matepuans!

Uukn O

dywkumn peanusyemoin UC

WarotosneHue nony - ]
NPOBOAHWUKOBOW NNACTUHBI

y

{amcka)
PaspaboTka Tononorum M

®oTowabnoHsi
Unkn 1

NonynpoBoAHWKOBbIE NNACTUHb!

WarotoBnenue ¢oTo -
wabnoHos

OkcuanpoBsanune

doTonutorpacdun
TpaBneHune

*3nuTaKcmnansHoe Bbipa-
wuBaHne

NerwposaHue
MeTtannusaumA
WcnbiTanna

Uunkn 2

NonynposoaHukoBan nnactuHa
co chopMuposaHHoi Ha Hewn UC

Pa3zaenexnuve nonynposoa~
HUKOBOMW NNAaCTUHb!

Ha OTAeNbHbIE KpUCTann.i

MNocaaka kpuctanna

Ha HocuUTenb
MNpucoeanHeHve nposonoYy
HbiX BbiBOAOB

C6opka B Kopnyce

Kpuctanne: UC

WenbiTanmA P

OyIeT yneneHO MeHblle BHUMAaHHUA, YeM IIHK-
Jqy 1, KOTOpPBIH BBHAY €T0 KJIFOYEBOTO 3Haue-
Hus OpUT pa3obpaH Oojee metanbHo. MTak,
HavyHeM C yukaa 0.

Uunkn 0. Paapaborka
Tononorun UC

Lens pa3pabotku Tononoruu UC cocTouT B
CO3JAaHMH OPHMIHHAJIOB CXEMbI, Ha OCHOBE
KOTOPBIX H3TOTaBIHUBAIOT (GOTOMAOIOHEL.
[Ans Havanma 6ymeM CYMTaTh, YTO MOOOOHBIE
OpMIMHAIIBI ABJISIOTCH YEPTEKAMH, BBIIOJ-
HEHHbIMM Ha OyMare, XOTA—H MBI B 3TOM
ckopo ybemumcsi—OHM BOBce He obs3aTennb-
HO JOJDXHBI UMETh Tako¥ BHA. [I11s H3roTOB-
neHuss Kaxzaoro mabrnoHa TpebyeTcs oduw
yepTex. Ha KaXIoM YepTexe MOKa3aHa To-
PU3OHTaJbHAs CTPYKTYpa OINpeaeleHHOIo
ciaos Mmatepuana MC, T.e. mansl ¢opma H
DPacIIOJIOKEHUE TeoMeTpHueckux obacTei,

COOTBETCTBYIOLIMX 3TOMY cioro. IlomHbii
KOMILIEKT TakKdX uepTexeid mnsa ogHoH UG
HOCHT Ha3BaHHE KOMIIOHOBOYHOM IOKyMEH-
Tanud. Ha KOMIIOHOBOYHBIX YepTexax co-
JIepXaTcs BCe NaHHBIE, KaCAIOLIHECA Yepeno-
BaHHA CIOEB Pa3JIMYHOTO COCTaBa MO BEPTH-
KaJIH ¥ TeOMETPHYECKOH CTPYKTYPHI KaxXm0-
ro otaensHoro cios Matepuana UC. OcHo-
BOH Ays pa3paboOTKH KOMIIOHOBOYHBLIX 4ep-
Texed ciyxar (YHKIHOHAJIbHBIE TpeOoBa-
HHA, TpeabsBIfeMble K IIPOEKTHpyeMOMH
cxeme. Takue TpeboBaHHA MOTYT, HAIIpUMeEP,
BBIMIAAETH crenyromum obpaszom: UC nmon-
XHa TpencTaBiATh coboit 3V eMxocThiO
64 xOuT c psAMOIt anpecauuen sueek, HOMHU-
HaJgpHOe pabouee HANPSDKEHUE~HE BEIIIE
5 B, norpebasemMas MOIIHOCTL—He Oonee
200 MBT, Bpems mocTyma K OaHHBIM, Xpa-
HAIIMMCA B TaMATH, — He 6omee 100 He. Croma
creayeT nobaBuTh TpeboBaHHA OOIIETO Xa-
pakTepa, HampuMep obecneyeHHe MHHH-
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MaJIbHO BO3MOXHOM IIJIOIIAAM NOBEPXHOCTH
kpuctasia MUC, a 3To0 kpoMe BCEro ImpoUero
03HAYaeT, YTO YHUCJIO BHEIIHUX BHIBOJOB CXE-
MBI C HX KOHTAKTHBIMH IUIOLIAJKaMH, 3a-
HAMaloMMMH 6osbllyio miomans, Heobxo-
OUMO CBeCTH K MHHMMYyMY. Beillle MBI yxke
OTMeYaJId 3HaYUTENILHBIN YPOBEHDb 3aTPaT Ha
npoBepky MC ¢ BBICOKOH CTENEHbIO HHTErpa-
i, UToOBl CHH3UTH HX O IPHEMJIEMOTO
ypoBHs, mpu pa3paboTke Tomosormn HC
clenyeT TIpHAEPXHUBATBCA  OINpPENETIeHHBIX
npaBus. BaxkHeHIINM nmpeaBapUTEIbLHBIM YC-
JIOBHEM 30€Ch CTAHOBUTCS BLIOOp OOHOM M3
BO3MOXHBIX TexHoJoruil. Kaxnas texHoso-
THsl XapaKTepU3yeTCs CBOMMH IpaBHJIAMH
paspabotku Tomonorun MC, xoTopsie yc-
TaHABJIMBAIOT MHHHUMAJBHO JONYCTUMBIE
pa3Mepsl M PpAcCCTOSHHS, a TaKXe MaKCH-
MaJbHO AOMYCTUMbIE MNEPEKPHITHS OTAEJNb-
HBIX CTPYKTYPHBIX 37eMeHTOB. COBOKyI-
HOCTB 3THX NpaBWI ¥ TpeboBaHUM JaeT BO3-
MOXHOCTb BBINOJHHThL Bce HeoOXoIuMbIe
KOMIIOHOBOYHBIE 4epTexu. KoHeyHo, onTH-
MaJIbHBIM SBJISIETCS BAPHAHT, KOI'la JaHHYIO
3ajavy NEJIHKOM H IOJHOCThbIO OepeT Ha
cebs xomnsroTep. [ns 3toro Tpebyercs
nporpaMma, ¢ MOMOLUBIO KOTOPOH MOXHO
3aJaBaTh KOOPAMHATHI TeX TOYEK KOMIIOHO-
BOYHBIX YepTeXkel, KOTopble B IOJHOH Mepe
OTBEYAIOT NOCTaBJICHHBIM TpeboBaHusAM. B
IOPHHIUIE 3[leCh HET HUYETO HEBO3MOXHOTO,
OIHAKO Ha MPAKTHKE MBI ellle OYeHb JaJIeKH
OT Takoro peuieHuss npobieMbl. ONBIT H
HHTYUIMS NPOEKTHPOBLUMKA, IPOBEPKa pas-
JIMYHBIX BApHAHTOB H IMOCTENEHHOE IOBElE-
HHE HX IO COBEPIUEHCTBA MO-NPEXHEMY HI-
PalOT BaXHYIO poJib B pa3paboTke TOMOJO-
rua UC, XOTS KOMIOBRHOTEPH! M HCIOJIB3YIOT-
Cs )15 pelleHus IPUKIJIAJHBIX 33Ja4 YaCTHO-
ro xapakrepa. Takoi KkoMOHHHpOBaHHBIMH
HNOJXOJ MOJIyYHJl Ha3BaHUE aABMOMAMU3UPO-
sannasa paspabomxa monono2uu HC.

Kakx npaBuio, pa3paboTka TOIIOJOTHH
UC Benercs Ha HeckoJbKHX ypoBHsX. Hauu-
HAIOT C JIOTHYECKOI'O YPOBHS, T. €. COCTABJIfA-
FOT JIOTHYECKYIO CXEMY, Ha KOTOPOH OTIelb-
HbI€ 3JIEMEHTHI HMEIOT CUMBOJHYeckHe 060-
3HAYEHHUS] COOTBETCTBYIOIIMX JIOTHYECKHX
onepauuii —U-HE, WJIU-HE u T1.1. B mpe-
OblaylieR I'1aBe Mbl IO3HAKOMUWIHCDH C NpH-
MepaMH JIOTHYeCKHX cxeM. IlpoBepka moimx-

Ha TOKa3aTb, NEHCTBHUTENBLHO JIH CIIPOEKTH-
pOBaHHAs JOTHYECKas cxema cnocobHa BHI-
moJHATh Tpebyemyro ¢yukuuro. JlaHHas
TIPOBEpKa Ha3BIBAETCS MOAEITMPOBAHUEM JIO-
THKH M BBINOJIHSETCA KommbioTepoM. Ecnu
TIpOBEpKa OKa3ajlach YCNEIIHOH, TO JIOTH-
YECKYI0 CXeMy INpeobpasyloT B 31eKmpoH-
Hyl0, colepxalyr oTaenbHble DK, cxeMbr
JIOTHYECKUX 3JIEMEHTOB MM Xe OoJiee Kpyn-
HbIE 3JIEKTPOHHBIC (YHKIIMOHAJIBHBIE OJIOKH.
Ilo 3nexTpuyeckuM mapamMeTpaM 3JIEMEHTOB
MOXHO OIIpeNeUTh TaKHe MapaMeTphl CXe-
Mbl B IIEJIOM, KaK YpPOBEHb HAaINpsOHKCHASA
NMHTAaHUSA, NOTpebNsgeMyl0 CcXeMoit Moll-
HOCThb HJIM BpeMsl paclpOCTpaHEHHsS CHUTHa-
Ja, DTa 3ajmava, T.¢. MOJIeJIHpoBaHHe pabo-
THI 3JIEKTPOHHOH CXEMBI, TaKXe€ peLIaeTCs
KommbroTepoM. Eciu ke cxeMa paccyuTaHa,
4 pe3yNbTaThl BBHIYUCIICHHH ee 3JIeKTpHye-
CKHX XapaKTEPHCTHK He NMOJHOCTBHIO COIJa-
CYIOTCS ¢ TpeOyeMBIMH 3HA4Y€HHAMH, TO
BO3HHKAET HEOOXOOMMOCTH B 3aMEHE OJHHX
3JIEKTPOHHBIX KOMIOHEHTOB JAPYTHMH H MOB-
TOPEHHH PacYETOB C BBEJICHUEM HOBBIX Mapa-
MeTpoB. B HekoTOpBIX cilyyasx MOXET IIo-
TpeGoBaThCS BHECTH H3MEHEHHs B CaMy JIO-
THYECKYIO CXEMY C IeJBIO ee YJIy4IlIeHHS.
Korga mocne HeCKOJNBKHX MOJOOHBIX MOTBI-
TOK H3'CXENHBIX 3JIEMEHTOB, HMEIOIIAX OIl-
peleneHHble XapaKTepHCTHKH, BCE K& yla-
€TCSl MOCTPOHUTH IMOIXOAAIIYIO 3JIEKTpHYEC-
KyIo cXeMy, MPUCTYNarT K pa3paboTke To-
MOJIOTHYECKHX YepTeXeld OTHEeNbHBIX 3Jie-
MEHTOB, ODeCreYyHBaIOMNX MOCTHXKCHHE 3a-
IAHHBIX XapaKTEPHCTHK. DTH 3JIEMEHTHI HET
HEOOXOIMMOCTH H3rOTaBJIABATh GH3NYECKH.
[To TonosornyeckuM YepTexaM HX apaMeT-
pPbl MOXHO TOYHO PAcCYHTATh C MOMOIIBIO
koMIbloTepa. OIHAKO BO MHOTHX CIy4asix
HAYT OPYrHM NyTeM —o0palnarTcs K paHee
anpoOHPOBAaHHBIM TOIOJOTHAM OTIENbHBIX
K, cxeM JIOTHYECKHX 3JIEMEHTOB HMJIH Dojee
KPYMHBIX (PYHKIHOHANBbHBIX OJIOKOB, KOTO-
pble XpaHATCs B OMOIMOTEKaX CTaHAApTHBHIX
aneMeHToB. Korma mojyueHsl YOOBJIETBOPH-
TeNbHbIE YEPTEXH OTIAeNbHBIX DK (unu xe
OHH HMEJIHCh C CaMOro Hayaja), TO MOXHO
IPUCTYNaTh K KOMIIOHOBKE TaKOH NpPOEKTH-
pyeMoit cxeMbl B nietoM. B UC ¢ BrIcOkoOi
CTENEHbIO HHTErpal¥i HMEIOTCH MHJUTHOHBI
pacYeTHBIX TOYEK H OTPE3KOB MpPAMBIX JIH-
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Huit. [Io3ToMy Ang KaXAOro ee TOMOJIOTH-
4eCKOro yYepTexa TpebyeTcs B3ATH JIMCT
6yMara moinlagblo B HECKOJIBKO KBalapaT-
HBIX METPOB, T. €. He YCTYMAIOLIMi 0 pa3Me-
paM obpa3naM HAacCTCHHOH >XHBOIUCH Cpel-
Hero Macmtab6a. [To obmnuio geraied 3TH
KOMIIOHOBOYHBbIE YE€PTEXH BO MHOro pa3
NpeBocXoAAT kapTHHeI [lutepa bBpedrens.
JIump ogHOOOpa3ue YepTexeit TOBOPHT He B
HX MOJIb3Y ~ BUIHBI TOJBKO NPSIMOYTOJIbHUKH
Pa3IMYHOrO pa3Mepa M opHeHTauun. Yep-
TeXH MAOJDKHB OBITH BBINOJHEHBI C TOY-
HocThbio 10 0,1 MM. DTO 0OBACHAETCA TeM,
yro y kpuctaya KMC, anuHa M mMpHHa
KOTOPOTO PaBHBI 4 MM, JONYCKH Ha pa3Me-
PBI CTPYKTYD OTHAENbHBIX 3JIEMEHTOB He Ipe-
BBIINAFOT HECKOJIBKHX JECATHIX OOJIEH MHK-
poMeTpa. IIpHHSAB 3HaYEHHE TaKOro AOMycKa
paBHBIM 9,4 MxM B obwmi pasmep UC-
4 MM, MBI HaHIEM, YTO OTHOIIEHHE 3ITHX
BEJIMYHH JaeT OTHOCHTEJIbHYIO TOYHOCTD HC-
NoJIHEHUS yepTexa, paBHyio 10~ #. Crnenopa-
TEJIbHO, TOYHOCTH BBIIOJHEHHs YEPTEXa Ha
nucte 6ymaru pasmepoM 1 x 1 M% momkHa
coctraBiate 0,1 MM. IIpumep. mpocreiiuero
TOIMOJIOTHYECKOTO YePTeXa AaH Ha pHUC. 52.

BaxHeiilee 3HaYeHHe NPH BBINOJHCHUH
TONOJIOTMYECKHX YepTexelt Ha Oymare uMe-
FOT KOOPAHHATHI OTAEIBHBIX TOYEK U MPAMO-
JHHERHBIX OTpPE3KOB. JOTH KOOPAOMHATHI
MOXHO 3a(UKCHpOBaTH HE TOJBKO B BHIC
TOYEK Ha YEPTEXHOH Oymare, HO U Ha Mar-
HHTHOM HOCHTele AaHHBIX. Ho 3To BoBce He
03Ha4aeT, YTO IIPEJBAPHTEIBLHO KOMIIOHO-
BOYHBIA YEpPTEX BBIIOJNHAIOT Ha Oymare, a
3aTeM NEPEHOCAT Ha MarHUTHYIO JICHTY. [le-
Jio obcrout HHave. [1pH NocTpoeHUH KOMIIO-
HOBOYHBIX YepTeXeH, KOTOopble B NaJIbHEH-
IIEM 3aNHCHIBAIOTCA HA MArHHUTHBIE HOCH-
TeaH MHQOpPMAIMH, C CAaMOro Hayajua OTKa-
3pIBArOTCA OT OyMaru u xapasgauia. Bmecro
HHX MCIOJB3YIOTCA KPaH AUCILIENA, CBETOBOE
Iepo, MarHUTHBI HAKOMHMTEIb M KOMIIbIO-
Tep. KOHTYpH, H306paXeHHbIE CBETOBBIM
NepoOM Ha 3KpaHe, MOTyT OBITH 3aHeCeHbl Ha
XpaHCHHE B 3allOMHHAroOLIee YCTPOHCTBO, a
TONOJIOTHYECKHE CTPYKTYDBI CXEMHBIX 3J€-
MEHTOB, paHee BBeIeHHBIE B 3Y, MOryT Boc-
IPOM3BOOUTLCS HA 3KPaHE B HYXKHBIX MECTax
H B TpebyeMoM MaciuTtabe, NpHYeM OOHO-
BPEMEHHO HX MOXHO MOTU(QHIIMPOBATH H

nasa 5

KOMIIOHOBaTb, CO3JaBasi pa3JIMuyHble KOMOH-
Hauud. XpaHeHHe MHGOPMAIMH O KOMIIO-
HOBKE CXEMBbl B MarHUTHOH NaMSTH M HC-
NOJIb30BAHHE COBPEMEHHBIX CPEICTB MHKDPO-
NEKTPOHHOH HHPOPMAIMOHHOH TEXHHKH
NO3BOJIAIOT H3TOTABIHBATh TOMNOJIOTHYECKHE
YePTEeXH Coco60M, KOTOpBIH 3HAYHUTEIBHO
3¢ dexkTHBHEE NPUMEHSABIIUXCA NPEXIEC Me-
TOOOB vepueHHs. Brarogaps 3ToMy MHKpo-
3NeKTPOHHKa caMa mo cebe crana BaxHEH-
IIMM HHCTPYMEHTOM Pa3paboTKH HOBBIX HH-
TErpajibHBIX CXEM.

ITocne pa3paboTku mpueMieMoro TOHO-
JIOTHYECKOT'O YEPTEXa, 3alIMCaHHOr0 Ha Mar-
HATHYIO JIEHTY, Ha €ro OCHOBE M3rOTaBJIHBa-
10T ¢oTomabioHsl. TOT Mpouecc MBI KpaT-
KO pPaccCMOTPDHM HHXe. A mnokxa GymeM cuu-
TaTh, 4TO ¢oTowabIoOHBl yXe ecTb. OHH
HCIIONB3YIOTCA 17151 POPMHUPOBAaHHUSA Ha KpeM-
HHeBOM mHcKe nepBbix obpasnos MC. Pe-
3yJIbTAThl 3JICKTPOHHBIX HCIBITAHHR H3ro-
ToBNieHHOH MC mNo3BOMAIOT AaTh OKOHYa-
TeJIbHOE 3aKJIIOYEHHE OTHOCHTENBHO YCIelll-
HOTO MJIM HeyIa4YyHOTO BBHITOJIHEHHs paboT Ha
sTane npoekTHpoBaHus Tonojoruu MC. Ec-
mn co3manHas MIC He oTBeuaeT BBIABHIaB-
LIIMMCS TpeOOBaHUAM, TO BCE HAYHHAIOT C
caMoro Havana. B 6oOJBIIMHCTBE ciyvyaeB
IS MOJIyYEHHS CXEMBI, YAOBJIETBOPSIOIIEH
TpeOOBaHUSAM TEXHHYECKOrO 3aJaHHs, HeoO-
XOOUMO TNOBTOPSTH BECh ONMCAHHBIA HblilIe
mpouecc NATe pa3, a HHoraa M Gosbuue.
Tenepb BpsAA JH KTO-HUOYAb YOUBHUTCA, €CIIH
MBI CKa)XeM, 4YTO Ipouecc pa3paboTku Tono-
morun HC sBnseTcss BeCbMa TPYIOOEMKHM.
Tpyno3aTpaThl, CBA3aHHBIE C IIPOCKTHPOBa-
HHeM MIC, npHHATO BBIPAaXaTh B «YEJIOBEKO-
rogax». Ha pa3paboTky TOIOJOIHYECKOTO
yepTexa oaHod KMC, HacuuTbIBalolle#i He-
CKOJIBKO TBHICSY 3JIEMEHTOB, COBCEM HENaBHO
3aTpavyMBajcs OOUH 4eiaoBeko-rond. Cka3zaH-
HOE O3HA4aeT, YTO Haa pa3paboTkoit To-
MOJIOTHH Takod cxeMbl obnamaromiuit Heob-
xogumoil kBanmuduKanuel NPOEKTHPOBILHK
TPyAWICA ueiblit ron. na pa3paboTkd mo
3aJaHHOH TOMNOJIOTMM MHKpOIpoleccopa U3
Tpex UC, HMeloILmMX B CBOEM COCTaBe OKOJIO
100000 anemenToB, Tpebosaioch, 100 yeno-
BeKO-JieT. XoTs 6yarofaps BHEADECHHIO BbI-
YHUC/IUTENHOM TEXHHKH TpYZO3aTpaThl Ha
HNOOTOTOBKY TONoJiorHyeckux 4yeprtexked UC
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Puc. 52. Tononornyeckne ueptexu TTJI UC.
KpacHble y4acTKM COOTBETCTBYIOT n-001acTsM,
cepeic — p-001aCTAM H UCPHEIC — TOKONPOBOAALLMM
obnacTaM amoMHHHEBOH MeTannu3auuu. Yeprex
s GOpMHpPOBaHHS KOHTAKTHBIX OKOH He IIpH-
BOJMTCH.
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3@ InocJICAHEE BpPEMSA CYLICCTBCHHO YMCHBb-
IIAJTHCh, OHH H CETrOAHA BCC €LIC OCTAROTCSA
BECbMa BBICOKHMH.

@oTtowabnoHbi

[Ipuio BpeMst BHIIOJHHTH cBoe obelllaHue
M pacckazaTh YATATeN0 00 HM3rOTOBJICHHH
¢oTomabiionoB. PaHbIlle B kKa4ecTBE OCHOBBI
I GoTOIAbIOHOB CIYXXWIM IUIEHKH ILIO-
magpio okodo 1 M2, MOKPHITHIE CIOEM He-
npo3pavHoro Jaka. Cloi Jaka MOXHO OBLIO
yIOANATh, OTKPHIBAs YYacTKH MpO3pavHOil
mIeHKH. KOHTYpBbl TOMOJIOTHYECKOTO YepTe-
Xa MpOL@pPaNbIBaINCh B JIAKOBOM IMOKPBHITUH
IUJICHKH ¢ TMOMOIIbIO KOOPAMHATHOTO CaMo-
MUCIIA, YIPaBJISEMOTO B COOTBETCTBHH C TO-
MOJIOTHYECKMMH JaHHBIMH H OCHAllleHHOr O
BMECTO THIIYIIEH TOJJOBKH TOHKHM HOXOM.
3aTeM mnpouapanaHHBIE Y4YacTKH JIAKOBOTO
TOKPBITHS YOATSJIUCh MHHIIETOM, B pE3YJib-
TaTe 4ero moJyyajguch okua. [locime ymeHb-
IIEHHS M TepeHoca MOJIYYEHHOR TAKHUM CIO-
coboM CTpYKTypbl (B BHIOE KOMOMHAIIMH
OKOH) Ha doTorpaduveckyro MIACTHHKY MO-
JIyyaJd Tak Ha3bIBaeMble TPOMEXYTOYHBIC
dboTomabIOHbI M1 pa3THYHBIX GHU3UYECKUX
miockocTelt kpuctaimna HMC. B Hacrosmee
BpeMS BMECTO OMHCAHHOTO criocoba B 60JIb-
IIHHCTBE CJIYYaeB HCIOJIb3YIOT ONTHYECKUHA
HJIH 3JEKTPOHHO-ONTHYECKHH MeTonapl. Te-
Tlepb TIPOMEXYTOYHBIH IMIAGJI0H MOJNYy4YaloT
He KOCBEHHBIM ITyTEM, HCIIOJIb3YS TIOKPBITYIO
JIaKOM IUIEHKY, a HEMOCPEICTBEHHOH 3acBeT-
Xoi (OTOIIACTHHKH, KOTOpas HEPEAKO J0-
MOJIHUTENIBHO TMOKPHIBAETCA CJIOEM OKHCH
XxpoMa (XpoMHpOBaHHBIA (doTomabaon).
BMecTO KOOPAMHATHOrO CaMoOIMHCHa MPUMe-
HAIOT OINTHYECKHE MJIH 3JIEKTPOHHO-OITH-
4YeCKHe T'eHepaTOphl T€OMETPHYECKHX CTPYK-
Typ. ToJbKO TakMM nyTeM ynaaercd pa-
UHOHAJIBLHO U3rOTaBIMBATh POMEXYTOYHbIE
mabiaonsl ams WC ¢ BHICOKOH cTeneHblo
uHTerpamu. I[IpomexyTounble 1mabioOHbI
CIyXaT [ TOJyYeHHS TakK Ha3bIBAEMBIX
opurutanos ¢oTomabioHos, HIH HOTOODH-
ruHaoB. POTOOPHUTHHAJ NIPEACTABIACT CO-
6oit ¢poTorpaduyecKyro HIM XpOMHPOBAaH-
HYIO IUIACTHHKY, Ha KOTOPOH B HATYpaJbHOM

naea 5

MaciTabe NpeacTaBIeHBl BCE CTPYKTYPHI,
nojiexalnue (GopMHUpPOBAHHIO Ha MOJIYNpPO-
BOOHHUKOBOM JIMCKe B Xo4e ¢oTomuTorpadu-
yeckoi 06paboTku. Takum obpa3om, Ha Hel
H300paxkeHbl CTPYKTYphl He odwou UC, a
MHOMCECMEAa MHMKPOCXeM (KOTOpBIE yHaeTcs
pa3MeCTUTh Ha HMeEMoIleicad IUIoIaau) H,
KpOME TOTr0, METKH IUISl MPaBUJIBHOIO pas-
MEIIEHNA CTpykTyp. THpaXupoBaHHEe H
yMeHbLIeHHEe IPOMEeXYTOYHOro ¢oTommabio-
Ha BBINOJHACT Tak Ha3biBaeMbI# ¢oTO-
MOBTOPHUTENb.

Ons ¢ortonutorpaduyeckoii o6paboTku
HCIIONIb3YIOTCS HE caMHM (POTOOPHTHHAIB], &
Tak Ha3piBaeMble paboune ¢oToabioHbl,
MOJIyYeHHBIE KOMUPOBAaHHEM C (OTOOPHUIH-
Hajma. C LENblO 3aCBETKH HAaHECEHHOIO Ha
KpEMHHEBYIO IUTACTHHY CJIos pe3ucta pabo-
ymit poTomabiion qubo HakaabIBaeTCA He-
MMOCPEACTBEHHO Ha Hee, JUOO u3obpaxeHHe
mwabaoHa NpoemupyeTcs Ha IUIACTHHY —Kak
npaBuio, B maciitabe 1:1. Bo BTopom ciy-
yae CYIECTBEHHO YMEHbIIaeTcs U3Hoc GoTO-
mabgoHoB, Tak kak nocie 10—20-kpaTHOTO
HEMOCPEICTBEHHOI O HAJIOXKEHUS OHM MPHXO-
OAT B HOJHYHO HErogHocTh. JJIs 3acBETKH
¢doTopesucta npu nutorpaduyeckoir obpa-
00TKEe KpOME CBeTa MOXHO HCIIOJIb30BaTh
PEHTICHOBCKOE HM3JIyYEHHE HIIH IIyYOK 3JIeK-
TpoHOB. C NOMOIIBIO 3JEKTPOHHOTO TY4Kg,
HeoOXomuMble CTPYKTYphl (HOPMHPYIOTCH
Boobie 6e3 npuMeHeHHS IIA0IOHOB. DTOT
METO/1 TIOJYy4HJI Ha3BaHHE PacTPOBOH 3JIEeK-
TPOHHO-JIy4eBOH nuTOrpaduu. 3mecr Koop-
IHUHATHl TOIOJIOTHYECKOTO 4epTexXa CIyXaT
IUIS TO3UIHOHUPOBaHUS c(OKYCHPOBAHHOTO
C BBICOKOH TOYHOCTBHIO 3JIEKTPOHHOTO JIy4ya
Ha MOJIyIPOBOJHHUKOBOM JHACKE, MOKPHITOM
CJIOEM pe3HcTa. DJIEKTPOHHBIH J1y4 HepeHo-
CHT TOTIOJIOTMYECKUH uepTex Ha auck. [1pas-
[la, TaKoi MeTox cBs3aH C OOJIBILIMMH 3a-
TpaTaMH BpPEMEHH M TpPHUMEHAETCs JIUIIb B
ocobrIx ciyyasx. OZHaKO NPU U3rOTOBJIEHAH
11abJIOHOB 3JICKTPOHHO-JTy4eBasi TEXHOJIOTHA
HCIOJIb3YeTCss BECbMa IIHPOKO. .

Ilpu onmcaHmu npoueccoB pa3paboTku
tonojyiorud UC u u3srorosienus ¢ortomab-
JIOHOB MBI HCXOAHJIHM U3 TOTO, YTO TOJYIPO-
BOJHHKOBas MOJJIOXKa YyxXe HMeerca. Ho
BeJb €€ ellle HaJo MOJYy4YHUTh!
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CHIpbEM 71 H3TOTOBJIEHHS NMOJIYNIPOBOJHH-
KOBBIX ILTACTHH CIYXHMT XMMHYECKH YHCTLIN
kpemuuii. Ero mnony4aior u3 kBapua, T.e.
KPHCTAJUTHYECKOH [BYOKHCH KDEMHHUS, IIy-
TEM BOCCTAHOBJIEHHS C MCIOJB30BAHHEM
yriepoja. B xone peakli¥ BOCCTaHOBJICHHS
KHCIOPOJ ABYOKHMCH KPEMHHs CBA3BLIBAETCSH
¢ yryepoAoM, oOpa3ys OKHCh yTiepoja, a
KPEMHHH BBIIENAECTCA B BUAE YHUCTOrO Be-
mectBa. O6a MCXOOHBIX MaTepHala, KBapll
H YTJ1epOo[, MMEIOTCS B IPHPOAE B H300HITHH.
Takum o6pa3oM, oka peyb UAET 06 UCTIOJIb-
3yeMBbIX B HACTOSILIEE BpeMs B NPOMBIILITIEH-
HOCTH 00be€Max KpeMHHS, IPOOIIEMBI ChIpbS
U1t MUKPO3JIEKTPOHMKH He Bo3HMKaeT. [loc-
Jie KHCIIOpOJa KPEMHHMH SBJISAETCA CaMBIM
paclnpoCTPaHEHHBIM Ha 3eMJIE XMMHMYECKUM
3JIEMEHTOM: 3€MHast kopa Ha 28% COCTOHT
U3 KpeMHHUs1. CBsA3aHHbIE C HCXOAHBIMH MaTe-
pHaJlaMH TPYIHOCTH JIEXaT COBCEM B HHOM
IUVIOCKOCTH. Jl€710 3aKJIIoYaeTcsi B X YHUCTO-
Te, obeclmeyuTh KOTOPYIO yHAaercs JHIUb
BecbMa Joporo# neHoit. Tem He MeHee clie-
IyeT 3aMETHTb, YTO IPH BOCCTaHOBJIEHHH
KBaplia ¢ IPUMEHEHUEM YIJIEPOJA MOJYYaloT
KpDEMHHH, YHCTOTa KOTOpOro OyM3ka K
98-99%. Onnako, nmpexae 4eM IPUCTYNHUTH
K BBIpAIlIMBAHHIO U3 HETO KPHCTAJLIA, Tpedy-
€TCSl OMOJIHUTEILHAS OYHUCTKA. YIalieHHe
U3 KpEMHHUSI aTOMOB IpUMeced TaKHUX TsxXe-
JIBIX METaJUIOB, KaKk MeOb M KeJe30, OCy-
LIECTBIIAETCS CledyIoMM cnocoboM. C mo-
MOIIBIO COJISHON KHUCJIOTBHI KpEMHHUH IIpeBpa-
matoT B Tpuxsiopcuaad SiHCL,. B xoze aroit
peaKkiMM aTOMBI TSDKEJbIX METAJIJIOB CBA3LI-
BAIOTCS XJIOPOM: 0OpasyloTcsi XJIopuabl. B
npolecce mocnenyroei GppaxmmoHHOH nepe-
TOHKHM XJIOpuabl HcnapsroTcs. OcTaBIIMHCA
TPUXJIOPCHUJIAH CMEIIMBAETCS C BOAOPOIOM H
npu temnepatype 1000°C nmpoOHCXOOMT €ro
BoccTaHOBJeHHe. CaM KpeMHHI ocaxJaeTcs
Ha TOHKHH KPDEMHHEBLIH CTEPXKEHb, IIPENBa-
PHTEIBHO NMOMELLECHHEIH B XUMHYECKUH peak-
TOp B Ka4eCTBE 3aTPaBOYHOIO MaTepHaia. B
pe3yIbTaTe NMPOIECCOB, MPOTEKAIOIIMUX B pe-
aKTOpe, HIMEIOIIIEM BHJI JUIMHHHON KBapleBOH
TpyOBl, NOJYYalOT KPEMHHEBLIH CTEepXKEeHb
TONMIIMHOX 8 CM H JJIMHOH OKOJO MeTpa.
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3aTeM KpEMHHEBLIH CTEPXKEHL MOABEPralOT
¢dusmnyeckoif OYHMCTKE, HCHOJNL3YS CIOCOO-
HOCTb KPEMHMS IIOIJIOIaTh 6oJbllee KOJIH-
4eCcTBO NMpHUMeECeH B XXHAKOH, a He B TBEPAOH
tdasze. IlosToMy, co3gaB B KPEMHHEBOM
CTEp)KHE 30HY XHAKOH (pa3bl, HAIpUMED IIy-
TeM HMHIYKTHBHOI'O HarpeBa O TeMIIepaTy-
pul Buile 1420°C, MOXHO AOOHTLCS TOroO,
4TO 3Ta 30Ha Oyner oTOMpaTh 3arpsA3HsIO-
e NpUMECH U3 COCEIHHMX TBEPAOTEJBHBIX
obnacreff. Ecnu Takylo 30HY paciuiaBa Men-
JIEHHO MEPEMEIIATh MO CTEPXHIO, NepeaBH-
ras BIOJIb HETO HHIYKIHOHHYIO KaTYILKY, TO
¥ 3arRA3HAIOLIME NpUMecH OyAyT mepeaBu-
raTbcs BCJeq 3a Hel. B UTore OoHM CKOHIIEHT-
pUpYIOTCS Ha KOHIEe cTepxHsA. [lpu MHO-
FOKpaTHOM TIOBTODEHHH OJTOH omepamuu
MOXXHO TOJIYYHTb KPEMHHUEBLI CTEPXEHb,
OTJIMYAOLIMHCS BBHICOKOH YMCTOTOH IO BCEH
JIJIHHE, 33 HCKJIFOYEHHEM HACBIIMIEHHOTO 3a-
IpA3HEHUSAMH KoHma. IlpenenbHO HOMyCTH-
Masi KOHLEHTpAalUs 3arpA3HAIOUIMX NpHMe-
cell B TAKOM CTepXHe cocTaBiseT 10~ °, uTo
cootBeTcTBYeT 0,1 MHJIJHOHHOR OONMH NIpPO-
meHTta. Tako#t cmoco® OYHCTKH MOJYYHI
Has3BaHMe 3owuHol naasku (puc. 53). Ilocne
30HHOH IUIaBKM ciedyeT coOCTBEHHO KpH-
craynu3anus. Ee nenb 3akiiodaercss B 1O-
JIyYEeHHH KpHCTaJUla M3 YHCTOIO0 C TOYKH
3pEHHs AFOMHOIO COCTaBa, HO HMEIOIIETO
HEYNOPSIOYEHHYIO CTPYKTYPY KPEMHHMEBOIO
crepxHsa. KpHucramn xapakrepusyercs mnpa-
BHJILHOHN DELIETKOMH, U €CJIH B3STh IPOCTPaH-
CTBEHHYIO DELIETKY KPEMHHS, TO 3€€b KaX-
ObIH aTOM ABJISAETCH LEHTPOM TIE€OMETpPH-
YECKH NPABHJIBLHOTO TETPa’lpa U OKPYXEH
YeTLIPDbMSI COCEOHHMMH aTOMaMH, Haxoms-
INMMHCA B BEPIIMHAX JTOro TeTpasgpa
(puc. 8). OnmacHOCTL BO3HUKHOBEHHS OTKJIO-
HEHHH OT TaKoH CTPYKTYphl HIOEaJbLHOIO
KpHCTasUia (HapuMep, NOSIBJICHUS JUCIOKA-
M) B Mpollecce KPHUCTAJUIM3alUU BechbMa
BeJluKa. [Ipu HM3rOTOBJIEHHMH KpEeMHHEBLIX
CTEepXHEeH, U3 KOTOPBLIX BIOCIEACTBHH MOJIY-
YaioT IOJYNPOBOAHHMKOBBIE IIOIJIOXKKH, IO
BO3MOXHOCTH CJIEAyeT U30eraTnh mosBJIEHUS
nedexkToB peieTkd. IS pelleHHs II0CTaB-
JIEHHOH 3aJaud HCMNOJB3YIOT OBa cmocoba
BLIpAIlIMBaHUs KPHUCTAJLIOB: MeTon Yox-
paJIbCKOI'0 M 30HHYIHO MIaBKy (puc. 53). B
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oboux ciydasix OepyT 3aTpaBOYHBIH KpH-
CTaJul, T.e. HeOOJIbIION KPHCTAJLI ¢ Maeaslb-
HOH CTPYKTYpPOH, KOTOPHIH B Cilyuae IIpH-
MEHEHHUs MeTo1a HOoXpasIbCKOrO MOIPYXaroT
B pacIljlaB KpeMHHA, a 3aTeM, HENpPEephBIBHO
Bpailiasi, MeJIEHHO HU3BJEKAIOT BMECTE C Ha-
IIABHBUIMMCS Ha HETO MaTepuanoM. B xone
MOCJIEAYIOLIETO OXJIAXAEHHA 3TOT MaTepUall
KPHUCTaJUTH3YETCH, NpHYeM HMMEHHO TaKHM
06pa3oM, KOTOpBIH ompeAe/seTca 3aponbl-
HIEeBbIM KpHCTAUIOM. EciIH 3aponsbieBbiid
KPHCTJUI HMeJ HOEaJIbHYIO CTPYKTYpPY, TO
Ty e CTPYKTypy OyZeT HMeTh M BBIDOCIIHK
H3 HEro KpHCTaJUl—eCTeCTBEHHO, MPH COb-
JIIOCHUU ONTHMAJILHOI'O peXHMa KpHUCTal-
nu3auun. CornacHo mMetony Yoxpanbckoro,
CKOPOCTb HU3BJICYCHUA KPHUCTAJLUIA U3 paciuia-
Ba JIOXUT B Npelesax OT AECAThIX OOJel
MIWUIMMETpa A0 HECKOJbKHX MHJUTUMETPOB
B MHHYTY. B ciyyae MeTona 30HHOMH ILIaBKH
3apOIBIIEBBIA KPUCTAJUT 3aKPEILISIOT Ha
BEpXHEM KOHIIE KDEMHHEBOTO CTEPXHS B TOM
HOJIOXEHUH, KOTOpOe KpUCTal Oyner 3a-
HUMATh MOCJIe 3aBEPIICHUS OYMCTKH U yJa-
JIeHHs «rpsA3HOro» KoHua. [lanee 30HYy pac-
I1aBa MEMJIEHHO OmyckaroT. (OCTaBIUIMHCH
[ocjie NPOXOXACHUS 3TOH 30HBI KpeMHHH
3aCThIBA€T B BHAE MOHOKpPHCTawIa. Pac-
ITaBJIEHHBIH KPEMHUIA HE pACTEKAETCA B CTO-
POHBI, TaK KaK 3TOMY INPENATCTBYIOT CHJIbI
MOBEPXHOCTHOTO HATSXKECHHA, HO JIHIIb IO
TeX IOp, NMOKa CTEPKEHb OCTAeTCs JOCTa-
TO4YHO TOHKMM. Ecimu mo merony Yoxpais-
CKOI'0O CETOIHSA YOAETCA BhIPAILUBATEL HE HME-
FOILIME THCIIOKAIMH KPUCTAILTNYECKHE CTEPXK-
HH IHaMeTpoM o 150 MM, TO 30HHAs ILUIAB-
Ka [O3BOJISET IOJYYaTh CTEPXHH NUAMET-
poM 1o 100 MM, Takxe HE HMEIOLIHE ITHC-
nokauui. ITo cpaBHeHHIO ¢ TNIpHPOIHBI-
MH KpHCTaJUIaMH JOCTHTHYThIE pe3YyNbTaThl
cleayeT NMPU3HATh BeCcbMa HelJIoXUMH. On-
HaKO Jaxe IIPU HCIOJIb30BAHUH OIHCAHHBIX
METOOB HE YAAETCA MOJHOCThIO HCKIIIOYUTH
HapyIIeHHs] KPHCTAJUIMYECKOH pEIIeTKH — B
KPHCTaJIJIaX BO3HHKAIOT TOUYCYHBIE NeEKTHI,
HanmpuMep BakaHCHH. HeBO3MOXHO B MOJ-
HOH Mepe M30aBUTLCH TAKXKE M OT XHMH-
YeCKHX IPHMeCei, 3arpa3HsIOIIMX MOIYNpo-
BOAHHK. KpHcTasi, BhIpallieHHBIH [0 METO-
Iy YoxpanbCKoro, B OTJHYHE OT KPEMHHA,
MOJIyYEHHOTO 30HHOH IUIaBKOHM, HMEET OT-
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HOCHTEJLHO GOJIBIIOE CONEPKAHME ATOMOB
KHCIopona u yrnepona (o 10'8 cm~3). Hc-
TOMHHKOM TaKHX 3aI PA3HEHHI ABJISIOTCH He-

"06X0OUMBIH ANS peanH3auMd MeToaa Yox-

PaJICKOI'0 KBApLEBHIH THIeNIb ¢ pacILIaBOM
KpPEeMHHA M rpa¢HTOBBIH HarpeBaTeas. Ha
IPOTSDKEHHH BCEro Mpoliecca BhIpAlLHBAHHA
KPHUCTAJUIOB OHH, €CTECTBEHHO, HE BCTYMAIOT
B KOHTAaKT C BO3yXoM. Bech mpollecc MAeT B
cpelle 3alATHOTO HHEPTHOIro rasa. biaro-
Iaps OTCYTCTBHIO THIJIA 30HHAA IUIaBKa MO3-
BOJIAET CYLUECTBEHHO YMEHBIIHTH COAEpKa-
HHEe NpHMeced kuciopoaa H yriepoaa. On-
HAKO B OTJHYHE OT TAXKEIBLIX METAJLIOB OO-
MYCTHMAasi KOHIIEHTpALUUs 3THUX 3JIEMEHTOB
coctaBisgeT okono 10'® cm~3. Kucmopon
IIaXxce OKa3bIBaeT MOJOXHUTEIbHOe NefCTBHE;
C €ro MOMOUIBIO yIAeTCs HeHTpaJu30BaTh
BpEQHOE BJIMSHHE ATOMOB TSDKEJIBIX MeETall-
J0B. 3T10T 3(Q¢eKT HOCUT Ha3BaHUE (BHYT-
DEHHEE) 2emmepuposanue.

MoHokpHCTaITHYECKHE KPEMHHEBBIE
CTEpXHH pa3pe3aroT Ha JHCKH TOJILIHHOH ¢
0,5-1 mmM. IIpumeHnseMble LIS TaKOH PE3KH
¢pe3sl (HampHMeEp, METaJUTHYECKHE JHCKO=
Bble ¢$pe3bl ¢ HaHeCeHHOH Ha 3yObs anmMas-
HOM NBUIBIO) UMEIOT IOYTH TAKYIO XK€ TOJ-
LIMHY, KaK U camu qucku. CrenoBaTenbHO,
NOYTH MOJIOBUHA MAaTepHalla IOPOroCTOs-
IIMX KPEMHHMEBBIX CTEPXHEH TepsAeTcs NpH
pe3ke. IIoBEpXHOCTHBIE CIOHM IHCKOB, KOTO-
pble HMEIOT NEPBOCTENEHHOE 3HAYCHHE JUIA
BCEX NPOIIECCOB IUKJIA 1, BCIEACTBHE DE3KU
OKa3bIBAIOTCS CHJIBHO NOBPEXACHHBIMH, I1o-
3TOMY, NpeXJe YeM IPUCTYNaTh K 0Opabor-
Ke JHCKOB B paMkax ImMkia 1, Heo6xomumo
YOATUTh C HOBEPXHOCTH NOBPEXKIACHHBIC
y4yacTkH. [nst 3Toro npuberaroT K UUTHGOB-
K¢, TPaBJICHHIO U MOJMPOBaHHI0. B pe3yib-
TaTe MOABJACTCS KPEMHHEBBIH IHCK C Yep-
HOH OnecTsnedl moBepxXxHOCThIO. Takue auc-
KH TIpeNCTaBIAloT coboif TOTOBYIO MPOAYK-
muio 1ukiaa 0 M 3aroTOBKH ANA IHKIA |,
KOTOPBI#t MBI TOAPOOHO PACCMOTPEIH BBILIE.

Hrak, Temepp HaM OCTaJOCH O3HAKO-
MHTBCS C LHMKIOM 2 [OJYNPOBOIHAKOBOMH
TEXHOJIOTHH, KOTOPBIH BKJIFOYAET PAI 3aBEp-
LIAIOUIMX OMNEpalifif C MONYNPOBOIHAKOBRI-
MH THCKaMH, COAEPXALIMMH MPOBEPEHHBIC B
XOIe NpeABapHUTENbHBIX HCNBITAHHHA CTPYK-
Typsl UC.
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Uwkn 2. W3rotosneHune
3aKkoH4YyeHHbix UC

IMepBoii omepaumeil mMKIa 2 SBJISETCA pas-
AeneHHe KPEMHHEBOIO AMCKA Ha OTIENBHBIE
kpucTayubl. JIng 3Toro mHck ckpaibupyror
a1Ma3oM, T. €. BIOJIb GyayIux KpOMOK KpH-
CTaNjOB HAHOCAT NApamndHbl, MOCHE 4ero
CBEpXY HAKJIEHBAIOT MOJHITHICHOBYIO ILIEH-
ky. IlocpemctBoM mH3rmba M pacTsDKEHHA
IUIEHKH KPHCTAJLTbl Pa3’belUHAIOT, KaK 3TO
NoKa3aHo Ha pHC. 54. 3aTeM KaXKOblid KpH-
CTaJlJI MoABEpraeTCcs HHINBHAYaNbHOMH 00pa-
6ortke. Ecim s uukna 1 o6bekToM TexHO-
JIOTMYECKHX ONepalnid ObUI BeCh MONYIPO-
BOOHHKOBBI IOHCK C COTHAMH C(OpMHpO-
BaHHBIX Ha HeM cTpykTyp MIC, To Teneps B
IMKJIe 2 Kax[as onepanys JOJKHA BBHINON-
HATBCA (B 3aBHCHMOCTH OT HNPOLEHTA BhI-
X0Jia TOJHBIX KPHCTAJUIOB) B OECATKH H COT-
HH pa3 yaume, YyeM B uMiie 1. MMeHHO mo
3TO# MPHYKHE COBEPIUEHHO ocoboe 3HaYeHHe
npuoOpeTaeT aBTOMATH3aUWs TEXHOJIOTH-
YeCKHX omepauuii nukia 2.

MoHTaX Kpuctannos

IMocne pa3venunenus kaxnaslii pabortocmo-
coOHplif  kpuctasm MC [OpHKpemsioT K
NPOYHOMY KPHCTAJUIOAEPXKATENIO H 3aKIIO-
YalOT B KOpNYC, HMMEIOLUMIl BBIBOABI [JIf
noncoenunenus UC x BHemHuM nensm. Ec-
JIH MCHONB3YeTcA KepaMHYeCKMH KOpIyc, TO
KpHCTaJIofiepXaTeleM B GONbIIMHCTBE CITy-
YaeB CJIYXHT OCHOBaHHMe Kopmyca. OnmHako
ceroJHs Bce 4allle H 4Yalle OTKa3bIBAIOTCA OT
KOpIyca Kak TaKOBOTO M [UISl TepMeTH3alHH
kpuctayna MC npuMeHAIOT 3a1MMBKY IIAcT-
Maccoil. B 3TOM cnyyae moJynmpoOBOJHHKO-
Bblil KPHCTAJI1 NPUKPEMUIAIOT 10 UEHTPY Me-
TAJUIMYECKOTO OepXKares, WIH KPHCTaJUlo-
HOCHTENA, KaK MokKasaHo Ha puc. 55. 3mech
XOpOLIO BHAHO, KAaK [O30JI0YEHHBIE 3Je-
MEHTBI MEYATHOIO MOHTaXa pacxoOarcs OT
kpucrasuia UC k BHEILIHUM BBIBOJIAM CXEMBI.
Ha ¢otorpadum nmokasaHo Takke, KaK psn
KPHCTAJUJIOB coeuHeH Mexay coboit Ha Tak
Ha3blBa€MOH JIeHTe-HocuTeNle. Benex 3a mo-
CafKo# KpHUCTajla Ha HOCHTENb BBINOJHSA-
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Puc. 56. KoHTakT mexay 30/0TOH NMPOBONOYKO#
H KOHTaKTHOH TUIOIIAAKOH H3 aTlOMHHHA Ha KpHC-
Tajute MC.

]

eTCA MpucoeduHeHue NPOBOAOUHbIX 8blBOO0E,
T.e. obecrnevyuBaeTcd COEOHHEHHE KOHTAKT-
HBIX CTOJIOHKOB HOCHTEJNS HJIH COEIHHHUTEb-
HBIX KOHTAKTOB KepaMH4eCKOro Kopmyca (ec-
JIH TaKOBO# NpeaycMaTpHBaeTCA) C KOHTAKT-
HBIMH IUTOLIaJKaMH Ha KpHcTasuie. ns 310-
r'o K MOCNeIHUM TPHBAPHBAIOT TOHKHE 30J10-
ThI€ NPOBOJIOYKH. PaHbINe naHHas onepamus
BHINOJIHANACE BPYYHYHO MOJ CTEPEOMHKpO-
CKOmoM. B HacToslee BpeMs Ha 3TOM 3Tarne
MOHTaXa IUHPOKO HCNOJB3YHTCA aBTOMa-
Thl. B pe3ynsTaTte cBapkH oOecmeumBaeTcs
KOHTAKT MEXAY 30JIOTOH MNpOBOJOYKOH M
KOHTAaKTHOH MUIOIaAKOoH M3 4aJIOMHHHA
(puc. 56).

C6opka B Kopnyce

Bo BpeMs BHINIONHEHHA CleAyIOUIEH omepa-
uuu —cbopkn UC B xopnyce —coeIMHHTENb-
HBIH MOHTAX MEXIY OTAEJIbHBIMH KpHCTAJ-
JIOHOCHTENsAMH coxpanserca. [Ipu Temnepa-
Type okono 300°C HocuTenu BMecTe C NpH-
KpEIUIeHHBIMH K HMM KpHCTaJUIaMH 3aJjii-
BaIOT 3MOKCUAHON CMOJIOH MM Kako#-iubo
mnactMaccoil. Breninue xontaktel UC npu
3TOM, KOHEYHO, TOJIKHBI OCTABATHLCH OTKPbI-
THIMH. 3aTeM YyIOANAIOT CTABIIME HEHYXHBI-
MH YacTH JIEHTLI-HOCHTEIIS BMECTE C COeH-
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Puc. 57. MHTerpansHbie cxeMsbl B muacTMaccoBslx kopnycax U8ST (ZEOCTC), U8B0 (Z80), U855 (Z80
PI10) u U856 (Z80 SI0), a Taxxe B kepamuueckoMm kopmnyce U552 (1702A).

HEHHSMH MeXOy OTHENbHEIMH HOCHTEIAMH.
KoHTakTHBIe BHIBOALI KOpmyca OTruGaroT
BHH3 W TIOJNY4alOT TOTOBYIO HHTETPANILHYIO
CXeMy B MacTMaccoBoM kopnyce. Heckoub-
KO TaKHX MHKPOCXeM MOKa3aHo Ha puc. 57.
Teneps NPUXOOMT Yepel MPOBEACHHUS TILA-
TeNbLHBIX HCHBITAHHH, KOTOpPBIE JOJIXKHBI HE
TOJIBKO MOATBEPAMTH OE3yNpPEYHOCTH 3MEKT-
puieckux xapaktepuctuk MC, HO u ymocTo-
BEPHTb CTAOMJIBHOCTH €€ TEMIICPAaTYPHBIX H
mexanuyeckux cpoiicts, MC cumtaercs ro-
TOBOH K MpoJa)e TOJBKO MOCje YCHEeIHOTo
3aBEpILIEHHS 3JIEKTPHYECKHX, TEIUIOBBIX H
MEXaHHYECKHX HCMBITAHHI.

3atpartbl Ha maroroeneHne UC

Ilepen pinyckom MIC B npomaxy Heobxomm-
MO pacCuMTaTh 3aTpaThl Ha €e M3rOTOBJIE-
HHe. 3aBepiias AAHHYIO TaBy, Mbl XOTHM
KOPOTKO OCTAHOBHTHCH HAa HEKOTOPBIX MO-
MeHTaxX, KOTOpble CllefilyeT NPHHHMATh BO

BHMMaHHe MpH pacyeTe 3aTpaTt. Obmas cro-
HMOCTh M3TOTOBJIEHHS HHTErpajibHOM CXeMBI
B OCHOBHOM OTIpeieNiseTcs 3aTpaTaMH, CBS-
3aHHBIMH C TEXHOJOTMYECKUMH OIepaluaMH
uuknoB | u 2. [lpon3BoacTBeHHBIE H3IEPXKKH
MpH M3TOTOBJICHMH MOJIYNPOBOJHHKOBBIX
IUCKOB B 1ukiie 0 yqyuTHIBAIOTCS IPH pacyeTe
3atpat no mukny 1. Croumocts pa3paboTku
Tononorun UC u usrotosnenus -bporouad-
JIOHOB TeM MeHbIlle BIUsieT Ha YpOBeHb 006-
LWMX 3aTpaT, 4eM Oonbiie obumit obvem
pbinmycka UC pmanHoro tuma. 3aTpatel mo
uHkaaM | u 2 B CBOIO Ouepenb CHIIBHO
3aBHCAT OT CTENEeHM HHTErpalMH H3roTas-
maBaemoit UC. ToT daxT, 4To AN CXeMBI C
Oonee BBICOKOH CTENEHBIO MHTErPALMM OHH
O6yayt Oosbliue, 0OYCIOBAEH ClIEIYIOLIMMH
MoMeHTaMH: Bbixon roaueix MC ¢ Beicokoit
CTeneHblo HHTerpauuu Hixke (vem ans UC ¢
MeHBIIEeH CTemeHbI0 WHTErpaluH); IUIo-
Iagb KpUCTallia, a CleloBaTeNbHO, H CTO-
HMOCTB HCXOIHOI0o MNOAynpoBOAHHKOBOTO
mHcka B mepecyete Ha uuceno MC Goabiue;
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3aTpaThl Ha (YHKUMOHAJIbHBIE HCTILITAHHS
takoit UC Bbiue. Ilpu 3T0M, ognako, YIC ¢
6oJiee BHICOKOH CTENEHBIO MHTErpaluy obia-
JaloT ¥ 6osee IHPOKMMH BO3MOXHOCTSAMH.
[TosToMy AsIs TpaBHIILHOH 3KOHOMHHYECKOH
oneHku crouMoctH UC HeobXxoguMo HCXo-
IATh He U3 abCONMIOTHOH CyMMBI 3aTpaT Ha
€ M3rOTOBJICHHE, a U3 €¢ PYHKIIMOHAIBHBIX
BO3MOXHOCTEH, KOTODBIE OIPEAEIIAIOTCA B
MEPBYIO OYepeb CTeNEeHbIO HHTErpalH, T. €.
KOJIMYECTBOM JJIEMEHTOB Ha KkpucTawie. B
3TOM CBSI3U C TOYKH 3PEHHS] 3KOHOMHKH HH-
TEPECHBIM SIBJISIETCS TaKOM IoKa3aTesb, Kak
OTHOIIEHHE CTOMMOCTH H3rotoBienus MC k
YHUCIy HMEIOLIHMXCS Ha KpHCTajle 3JIEMEH-
TOB, T.€. yleJlbHas? CTOMMOCTb HHTEI PHPO-
BaHHOT'O 3JIEMEHTA.

JIns 3KOHOMMYECKOW OILIEHKH H3JeIHi
MHKPO3JEKTPOHUKH GOJIbIIIOE 3HAYEHUE HMe-
€T 3aBHCHMOCTb YIEJBbHOH CTOMMOCTH 3Jie-
MEHTa OT CTeleHd HHTerpamuu (pHuc. 58).
3Ta QYHKUNA UMeeT ABHO BbIpaXXeHHBIH MH-
HHUMYM, T.€. [IPH HEKOTOPOH ompeleieHHOMR
CTENEHM HHTErpalfH yIedbHbIE 3aTpaThl Ha
HHTETPUPOBAHHBIN 3JIEMEHT JOCTHTalOT MH-
HUMyMa. [IpH OTKJIOHEHHH OT ONTHMAJIbHO-
TO YpOBHS HHTErpallid B Ty HJIH HHYIO
CTOPOHY OAHHBIN Moka3aTesib HAYMHAET BO3-
pactatb. B TOM ciydae, ecnum BbIOpaHHas
CTeneHb HHTErpallud MEHbIIIE ONITHMANBLHOM,
YBEJIMYEHHE 3TOT0 MoKa3aTess OyJeT BECTH K
camkeHHto ctouMoctu MC. Korna usroras-
JIUBAETCA CX€Ma C ONTHMAJIbHBIM YPOBHEM
HHTETpallid H BBIXOJ TFOAHBIX M3JEJIHH yBe-
JHYHBaeTcs (a 3TO BCHENCTBHE «Ipolecca
o6y4yeHHs» B XOJIe M3TOTOBJICHHS B KaKOH-TO
Mepe NMPOHCXOTHUT aBTOMATHYECKH), TO MH-
HHUMYM 3aTpaT OOCTUTraeTcs Npu OoJiee BbI-
COKOH CTeNeHH HMHTErpalHH, MPHYEM YMEHb-
MIAIOTCH M CAMH MMHHMaJbHbIE 3aTpaThbl.
Hrak, HEO6XOIHMOCThL CHHXKEHHMS 3aTpar
IpH OJHOBPEMEHHOM IOBBIILIEHHH BBIXOJA
TOOHBIX M3JENMH OUKTYeT mepexon k Oonee
BBLICOKOMY ypoBHI0 uHTerpauun HC. 3Oto
03BOJIgEeT OOBACHUTL M HabMroDAIONUIYIOCS B
MHKPOJJIEKTPOHHKE TEHIEHIHIO Mepexoaa K
ucnons3zoBanuio UC Bce Honee yBemnuusaro-
wiedcs crerneHd MHTerpanuu. Ecnm mpocie-
JUTb PAa3BUTHE MHKPOIJIEKTPOHHKH C CAMOTO
Hayana, T.€. ¢ 1960 r., To MOXHO Oyner
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Puc. 58. YnuenpHble 3aTpaThl Ha HM3roTOBJICHHE
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Puc. 59. M3mMeHeHme 3aTpaT Ha H3rOTOBJIEHUE OX-
HOTO 3JIEMEHTa HHTEr paJIbHOM cxeMbl 3Y ¢ npous-
BOJIbHOH BbIGOpPKOH. PasHble BETBU KPHBBIX OTHO-
cateds k UC 3VIIB pa3snuuHOH eMKOCTH, BhIpa-
KEHHOH B KMJIOOHMTax. BHawase 3aTpaThl CHHXa-
JIICh TOJIbKO OJlaromaps COBEPLICHCTBOBAHHIO
TEXHOJIOTMH H3TOTOBJICHHS; KOPEHHOH NepesioM
npousomten ¢ nepexoaom Ha MC c Beicoko# cTe-
MEeHbIO HHTEr DALIHH.
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caenath BbIBOMA: creneHbp uHTerpammp HMC
€XeroJHo Bo3pacrana B aBa pa3a. ®anrac-
THYECKMH Tporpecc ¢ TOYKH 3pEHHS CHHXe-
HHS 3aTpaT WUIOCTPHPYETCS HPUMEPOM
Pa3BHUTHS HHTETPAJIBHBIX CXEM 3allOMHHAIO-
LIHX YCTPOMCTB, Ill¢ CTOMMOCTh OJZHOIO MH-
TerpHpoOBaHHOro 31eMeHTa B 1980 r. 6bL1a B
THICSAYY pa3 MeHblue, YeM B 1970 r. (puc. 59).
Ecnu Obl mponecc CHMXKEHHMsS IIEH Ha Npo-
JAYKIHIO aBTOMOOMJIECTPOEHHS LieJl TAKHMH
*e TEMIIaMH, TO CETOJHS aBTOMOOHIIb CTOUT
6w okosio 10 Mapok. IlpaBaa, ecian Ovl ete

naea 5

yIOeLEBICHHE COMPOBOXKAANIOCH H aHAJIOTHY-
HbIM COKpallleHHEM pa3MepOB, TO aBTOMO-
OHJIB OBbLI OBI ceifyac He GoJiplue CIHYEYHOH
KopoOkH. JlaHHOe CpaBHCHHE IIOKa3bIBaeT,
YTO CONOCTaBJATH MHKPO3JIEKTPOHHUKY C
IPYTHMH OTPAacIsSIMH NPOMBIILICHHOCTH Clie-
IOyeT JIMIUL B ONpeldesieHHbIX npeaenax. HMc-
MOJIb3yEMBIE B MHKPO3JICKTPOHHKE TEXHOJIO-
THYECKHE METOOBl BO MHOIHX OTHOMIEHHSAX
SBJISIIOTCS CHIEHHUYHBIME M HE UMEIOT aHa-
JoroB. UMEHHO K TaKOMy BBIBOAY IMOIBOIUT
HAC cofiepXaHHe MpeAlIeCTBYIOIIHX IJIaB.



6. NHTerpanbHble cxembl U UX NPUMEHeHue

B npenbiaylux rjiaBax Mbl MO3HAKOMHIIHCh
C TeM, KaK (YHKIMOHHPYIOT MOJIYNIPOBOI-
HMKOBBIC 3JIEMEHTHI, KaK M3 HHX MOXHO
HNOCTPOMTb CXEMHEI Ay 00paboTkH HHGOD-
MallHH ¥ KaK H3rOTOBUTH HHTErPAJIbHBIE CXe-
MbI. B HacTosmel rmaBe Mbl 06CYyIUM THITBI
HHTETPAJILHBIX CXEM, KOTOPbIC IIPOMBIIIIJIEH-
HOCTb BBINYCKaeT B HACTOsllee BpeMs, H
JaJ¥M OTBET Ha BOIPOC, IOYEMY H3TOTaBJIHU-
BalOTCA MMEHHO 3TH, a He Kakue-THOo Opy-
rue UC. Ho B maHHOM ciy4yae Mbl Oynmem
OPHMEHTHPOBATLCH TOJIbKO Ha mudpossie UC
H JaXe MHMOXOIOM He KOCHEeMCs aHa-
JIOTOBBIX.

Cxema ANA pelwleHuA
KOHKpPEeTHOW 3apauu

Jiobas 3agmaya o6paboTknm HHPOPMAaIHH
CBOJHTCS K BBIIIOJTHEHHUIO JIEMEHTAPHBIX JIO-
THYECKHUX OIepalyil HaJ CUTHaJlaMH HyJIS H
€IUHHMIBL, I YeTo MeXIy HUMH Heobxomau-
MO YCTaHOBHMTbH COOTBETCTBYIOLLHME JIOTHYEC-
khe csA3d. Crennduka 3ToHi 3agavd 3aKiIio-
yaeTCsl B 0COOEHHOCTSAX criocoba HX yCTaHOB-
senns. Kak Mbl yxe Moriu ybeauThes, pea-
JIM30BAaTh 3JIEMEHTAPHbIE JIOTHYECKHE OIle-
pamnEd MO3BOJISIOT MPOCTHIE CXEMBI, H yCTa-
HOBJICHHBIE M€)XIY HUMH CBSI3H O3Ha4aroT He
YTO MHOE, KaK COEQHHEHHME OTIE/IbHBIX 3JIe-
MEHTOB B OHY OOJBIIYIO cXeMy, M cbop-
Ky. Cka3aHHOe B paBHOH Mepe CIIpaBeJTHBO
IS BCeX BHOOB cChelHanbHOH 06paboTku
HHOPMAIMH, ¢ KOTOPBIMH MBI ITO3HAKOMH-
JUCh B NpeAbIAYIIHMX TIJaBax (HampHMep,
CYeT MMIYJIbCOB, CIOKEHHME MJIM 3allOMHMHa-
HHE OBOMYHBIX YHCEN), H, CIeNOBaTEJILHO,
IUIS KaXOOU OTHOeNbHOH 3amayu o6paboTkH
HHpopMaIMKM B NPUHIMOE HOJKHA CYIIECT-
BOBATh COOTBETCTBYIOIIAsA CXeMa, MO3BO-
Jsmowmias ee pelinTh. Ecnmu 6b1 MHKpO3JIEK-

TPOHHAs NMPOMBIIUIEHHOCTh MOIJIa MpeLIo-
*MTh cnenmanusupoBaHHylo MC, nmpennas-
HAYCHHYIO UTA pellieHUs] KOHKPETHOH 3a1auu
HOJIb30BATENSA, TO JIYYLLIETO MY H HE HYXKHO
6110 OBl kenaThb. OH moJyyHa 6wl Tpebye-
myro UC, uMeromyio Bce HeOOXOAUMBIE BbI-
BOIBl JUIS MOAKJIIOYEHHS M Cpa3y IOTOBYIO
X Henosb3oBaHHIo. OcTaBajsioch OBl TOJIBKO
COOTBETCTBYIOIIAM 00pa3oM COEOIUHHUTH BhI-
pomf MUC c nuMHMAMH BBOJA-BbIBOJA HH-
dopMamHMH H NOOBOAA JEKTPONMUTAHMS, H
CHCTeMa JUIA PELICHUS KOHKPETHOW 3aJa4u
ob6paboTkn mHbopManuu Oblia OB NOJHO-
CTBIO TOTOBA. DTY CHUTYallHI0O MOXHO CpaB-
HUTHL C MpHOOpeTeHHeM aBTOMAIIWHBI. AB-
TOMAIIMHA B TOM BHIE, B KAKOM OHa IOKH-
IAeT 3aBOJ, IOJHOCTBIO YOOBJIETBOPSET 3a-
IPOCHl NMOJIB30BATENs B CPEACTBE MEpeABU-
xeHus. EMy He HyxHO npHobpeTaTh OTAENb-
HbIe KOMIIOHEHTHI U COOHMPAThL U3 HUX TO, YTO
TpeOyeTcs, WIM Xe INpUCocabluBaTh BbI-
NYIIEHHOE POMBINUIEHHOCTHIO H3leIHe AN
peLLUeHH 3a1a4 nepeapwkeHns. OOHAKo Ans
MHKPO3JICKTPOHHOH TNPOMBILUICHHOCTH Ta-
KOH myTh B 0OIlEM M LEJIOM fBJISETCA HE
TOJIBKO HENPUEMJIEMBIM, HO B He3bbekTHB-
HBIM, U OOBACHAETCA 3TO IPEXIE BCETO Tpe-
Msl CIICAYIOIIMMH OCHOBHBIMH NMPHYHMHAMH.

Cno)xHOoCTb pelwiaemMbix 3apad
U CTeneHb UHTerpauum

Bo-nepBbix, MHOTHE BaXXHEHILINE MPaKTHYEC-
KHe 3aJa¥yH oOpaboTku HHGOPMAIHH OTJIH-
YAIOTCS CIMIIKOM OOJbIHOH CIIOXHOCTBIO,
T.¢. A HX DEIIeHUA C MOMOIIBIO OJHOMH-
¢AUHCTBEHHOMH 1MpOBOi cXxeMsbl noTpebyeT-
Cs BBLIMOJHHUTH OYEHb OOJIBIIOE HHUCIO Clle-
OYIOIIMX IPYr 3a OPYIOM 3JIEMEHTAPHBIX
Jioruyeckux omepammid. B kpynHo# 37ekT-
POHHOHM BBIYHCJIMTEJBHOM MAalllMHE, HalpH-
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Mep, BBIMOJHAKTCH (YHKIHOHATIBHBIE OIe-
paluy, IS peaJu3alldd KOTOPBIX Heobxo-
IHMMBI JecsaTku MUILTHOHOB DK. Ognako UC
C caMO#l BBICOKOH CTENEHbIO HHTErpallH B
HACTOSIIIIEE BpeMsl HACHUTHIBACT MEHEe MHJI-
qmuoHa OK. TlosToMy HH cerojass, HH B
obo3pumom OyaylieM Ha OZHOM IOJYNpO-
BOJHHKOBOM KDHCTAJlJIe He YOACTCA MOCTPO-
HTb INOJHYIO cXeMy Ais KpynHod OBM.
Taxyio c60pKy MOXHO peajiM30BaTh JHIIbL C
noMouplo 6onpioro yucna UC, o6venuns-
eMbIX B CHCTeMy. Bce cKka3aHHOe OTHOCH-
TeIbHO cXeMbl 1M1 DBM ocraercs cmpa-
BEJIMBBIM M [JI CX€M, C NMOMOIIBIO KOTO-
PbIX pelIaloTCsA ApPYrue 3ajavyd obpaboTKH
uHbopMauuu. [IpH cCOBpeMEHHOM MHPOBOM
YPOBHE Pa3BHTHS MHKPOIJEKTPOHHOH Tex-
HHUKH H TEXHOJIOTMH UX MOXHO pelliaTh TOJIb-
kO Ha 6a3e co3gaHus obIIei cxeMbl U3 HEJIo-
ro psaga otaeasHbx UC, coeIMHEHHBIX MEX-
Oy cobol. Urto xe kxacaercs yCTpOHCTB Ui
06paboTKH MHPOPMAUUH, MOCTYMAIOUINX K
NOJIb30BATEII0 B TOTOBOM BHIAE, HAIIPUMED
9BM, T0 Takyio cOOPKY BBINOJHAET U3 OTO-
BUTEJIb — MPOMBIIILIEHHOE TIpeanpusaTue. On-
HaKO CXEMBbl IJIsi pelleHHs HeOONBLIMX HH-
(hopMaIMOHHBIX 3a7Ja4 MOXeET cobpaTb H
caM IMOJIb30BaTeNb NpPH YCIOBHH, 4TO OH
obnagaer HeoO6XOAMMOHR 171 3TOro KBaJH-
¢duxamueit. CO60pky cBOel CHCTEMBI OH OCY-
IIECTBJSAET M3 TeX NOIXOIALIMX [JI1 HEro
UC, xoTopsle ipeasaraeT NpOMBILLUIEHHOCTD.
Ilpu TaxoM MHOUBHUAYAJBHOM KOHCTPYHPO-
BaHUH cHcTeM o06paboTku uHPOpDMalMHU B
HacTosllllee BpeMs peIlaloTCs Te INPOEKTHbIE
3aJa4d, KOTOpbIE [0 MOSBJIEHUS MHKPO-
3JIEKTPOHUKHM PelIaiuch Ha ypoBHE COODKH B
CXeMbl OTHEJBHBIX 3JIeMeHTOB. IIporpecc
COCTOMT B TOBBIIIEHHH NPONU3BOIUTEIb-
HOCTH CO3JaBaeMBbIX CXeM, KOTOpas, ecTecT-
BEHHO, PE3KO BO3pacTaeT NpH 3aMeEHe OT-
JIeNbHBIX CXEMHBIX JIEMEHTOB PaBHBLIM YHC-
JIOM HMHTErpajbHBIX cxeM. TeM He MeHee H
30€Ch yXe BBIDHCOBBIBAIOTCS TI'DAaHHIbI MH-
POBOrO YPOBHS Pa3BHTHA MHKPO3JEKTPOH-
HOH TexHHKH. KoHCTpyHpyeMbie yCTpOHCTBa
6b1td OBl Jy4ille M JellieBiie, OQHOBPEMEHHO
OTJIHYaACL 0Jiee BBICOKHMH OBLICTPOAEHCT-
BHEM M HaIEXHOCTBIO, €CH OBl IpHMEHSse-
Mble 11 00paboTkH HHGOpPMALHH CXEMBI
cobHpanHCh He H3 3HAYHTEIBLHOTO YHCJIA OT-

nasa 6

nenbHbIX MUC ¢ OTHOCHTEIBLHO HEBBICOKHM
ypoBHeM HHTerpauuu, a u3 HMC c Oonee
BBICOKHM YPOBHEM HHTEIPAlldH, ITOCTaBJsAC-
MBIX IPOMBIIUIEHHOCThIO B T'OTOBOM BHE.
IIpn 3TOM peyb He UAeT O NPHHLUHIIHAILHOK
BO3MOXHOCTH HM3TOTOBJIEHHS TaKHX CJIOXK-
Hpix MC: yBenHuuB 3aTpaThl, B 3TOM Ha-
MIPaBJICHUH KOE-4YTO MOXHO ObLI1O0 OBI Coe-
J1aThb yXe cerogHs. Ha mepsslif mnaH, onHa-
KO, BBIIBHTAFOTCH TakMe MOMEHTHI, KaK 3a-
TpaThl Ha u3roropaenue UC, ee Texuudyeckue
XapaKTEpUCTHKH M HaJeXHOCTb. YTOOBI Ha-
JIAOUTH MPOMBILUIEHHBIH BhIyck HOBoH UC,
OHa JOJXHA YAOBJIETBOPATDH ONPEAEICHHBIM
MHHHMAJIbHBIM TpeOOBaHHUAM HMEHHO B
3TOM OTHOIUEHHH. JIHIIL IIpH COOIIOACHHH
JAHHOTO YCJIOBHS C IIOJHBIM OCHOBaHHEM
MOXHO OYIET yTBEpPXKAATh, YTO TEXHUYECKUH
YPOBEHb MNPOMBIIUICHHOCTH 0obecneynBaeT
peabHyl0 BO3MOXHOCTb H3TOTOBJICHUS Tpe-
6yeMOHi cXxeMbl.

MHoroo6pasue 3agaud
M NporpammMmupoBaHue

Ho paxe ecnu MHKpO3JEKTpOHHAs MpoO-
MBIIUJIEHHOCTh BBbIHIET Ha TaKOH TeXxHHYec-
KHH YpOBeHb, TO (3€Chb MBI NEPEXOTHAM KO
BTOPOH OCHOBHOH IpHYHHE) HPaKTHYECKH
HEBO3MOXHO MPEJOCTaBHTh B PACTIOPSIKEHHE
TONB30BaTENs] MHKPOCXEMY, NOIXOAAIIYIO
OIS pellleHHs KaXIOH KOHKDETHOH 3aJayM
06paboTkH HHPOpPMAIMH, TaK KaK YHCJIO HX
cnumkoM Benuko. Heobxomimo xopoino
npeicTaBasaTh cebe, 4To ABe 3adayl obpa-
60TkH HHOOPMAIUU HEJNb3s CYHTATh HICH-
THYHBIMH, Jaxe KOTJa OHH pa3M4aroTcs
MeXIy cobod Bcero JIMILbL ONHOMH-¢IHHCT-
BEHHOH MNO3HHHEH B MOpsIOKE 3JIEMEHTap-
HBIX JIOTHYECKHMX OIlepalui, K KOTOPBIM CBO-
JUTCS pelieHHe Kaxaod u3 Hux. [Ipomsson-
CTBEHHBIE MOIIHOCTH COBPEMEHHOH MHKpPO-
3NEeKTPOHHOH HPOMBINUIEHHOCTH OKaXyTCs
Ype3MEPHO MEpPEerpyXEeHHbIMH, €CIH Tiepen
He#l MOCTaBHTDb 3a/layy BBLIMYCKa TaKOr'O YHC-
na pa3muaHbix UC, xoTopoe oTBevuano Obl
MHOXeCTBY IIpo6JieM, CBA3aHHBIX ¢ 06paboT-
xoi uHbopManun. HepeanbHbIM sIBNISETCS H
pacHIMpeHHe MPOU3BOJCTBEHHBIX MOIIHOC-
Teid B TOH CTemeHH, B Kakod 310 TpeOyercs
O TOJHOTO YAOBJETBOPEHHA CIpoca Ha
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paznoo6paznsie MC. B TakoM cnyuae Gonb-
Il YacTH 4YeJIOBEYeCTBA MPHUIETCS INepeiTH
Ha paboTy B MHKPOIJEKTPOHHYIO IIpO-
MBIILIEHHOCTE, YTO Xe MOXHO CHeNaTh B
cosmasieiicst cutyanuu? YToObl OTBETHTH
Ha 9TOT BONPOC, HY)XHO 0OpaTHTHCS K MOHA-
THIO HPO2PAMMUPOBAHUA CUCTEMBI 06paboT-
k1 uHopmanuu. [IpeacraBum cebe eme pas
TAKOE [OJIOKEHHE: ONpEeAEeNICHHbIE 3afauu
0o6paboTkH MHpOpMalMH, HAIpUMEp YIo-
MUHABIIHECS PaHEe ONEPALNM CIOXEHHS M
BBIYMTAHHUA, PA3JIMHAIOTCA TOJIBKO TOpAnd-
KOM BBITIOJIHEHHS 3JIEMEHTAPHBIX JIOTHYeC-
KMX OIepanuii, CoBNagasi BO MHOTHX OTHO-
IIeHHAX. DTO O3HAYAET, YTO JIOTHYECKHE CXe-
MBI s pelieHust obenx 3amad oOpaboTku
HH(pOPMAlMM BO MHOIOM COBHNAJAIOT U
TOJIBKO B HEKOTOPBIX MeCTaX MMEIOT pa3Jiu-
yps. Tak Henb3s 1M 3()PEKTHBHO HCHONb-
30BaTh 3TH coBnapaenus? He crout s mo-
MBITATBECS TOCTPOHTL OJHY-€AHHCTBEHHYIO
noruyeckyto MC, cnocoGHYIO BBINOJHATH
KaK CIIO)KeHUe, TaK H BBIYMTAHHE, OCTaBasACh
B TO K€ BpeMsl HEHaMHOIO CIIOXKHEE ‘CXeM
CNIOKEHHS M BBIMHTAHUA B OTIEJILHOCTH?
[ToHATHO, YTO Takas CXeMa CTAHET HECKOJIb-
KO ClOXHee Kaxmnoil u3 Hux. KomOuHHpO-
BaHHAs CXeMa JOJKHA HMETh BCTPOEHHBIE
Cpe/iCTBa yIpaBJIEHHs, KOTOPLIE TIO3BOJIAT €il
BBIIIOJIHATE KOMAaHAY CJIOXKEHHs, KOTaa BO3-
HHKHET IIEOGXDI[HMOCTI: B CIIOXKCHHH, H KO-
MaH[y BBIMHTAHHS, KOraa morpedyercs BbI-
[MOJIHUTL BBIMHTAHHE. CJ'Ie,ElOBﬁTGJ'IbHO, CXeg-
Ma HOJKHA OBITh, KAk TOBOPAT, npozpam-
mupyemoii. TIpuHUIHD nporpaMMHPOBAHHUS
st 0bpaboTku MHPOPMAIIMH HMEET CTOJNb
BaXKHOE 3HAYEHHE, YTO HA HeM Iienecoobpas-
HO ocTaHOBHThCH Oonee moapobuo. [lonpo-
OyeM NpOMIUIIOCTPUPOBATH OCHOBHBIE OCO-
GEHHOCTH 3TOro MPHHIMNIA HA KOHKPETHBIX
npuMepax. B mporecce penlenus 3anauu o6-
paboTku uHpOpMaIMU HUcXxoaHas HHpOpMa-
uus npeobpasyerca B BBIXOAHYIO HH(pOpMa-
IIMIO B COOTBETCTBHH C OIpe/IeIeHHBIMHU TIpa-
BHJIAMU, KOTOPBIE JIeXAT B OCHOBE CXEMBI
o6pabotkn uHpopManmu. Heuro moxoxkee
BCTpeyaeTcs M Ha TpaHcrnoprte. Hanbonee
pacnpocTpaHeHHas 3aJa4a 30ech CIeIyIo-
mas: rpy3 M3 ONpeleleHHOro ropoaa A
Tpebyercs mocTaBuTh B ropoa B. Jomyctum,
YTO B OKPECTHOCTAX Topoda A pacmoo-
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Puc. 60. IMpunnun nporpaMMHpOBaHHS.

seHel Topoga B, C, D n T.4., Kyma rpy3ssl
nepeBo3AT U3 ropona A (puc. 60). IlepeBo3-
Ky HaMeYaeTcsl OCYIIECTBIATL MO XKeJe3HOH
nopore. OOHAKO peJbCOBBIE MYTH EILE TOJNb-
KO NPeACTONT yIOXUTh. Kak B TakoM ciaydae
1esecoodpa3Ho OCYLIECTBUThH PAa3BHTHE Ke-
ne3HonopoxHoii ceTn? CyluecTByeT BapHaHT
MPOKJIA/IKH JKEJIE3HOMOPOKHBIX BETOK M3 TO-
poma A Bo Bce apyrue ropoma—B, C, D u
T. 1. (pHc. 60,¢). Ecin ropoma B, C u D
HaXOAATCA Ha HeOONBIIOM yIaleHHH IpyT
OT Apyra, Takylo CXeMy pa3BUTHSA XeJE3HO-
JIOPOXKHOH CEeTH HENb3f CUHTATh ONTHMAlb-
Holi. M36exaTh NpoK/Ia Ky IMIIHAX NMyTeH 1
TEM CaMBIM CIKOHOMHTB pEJIbChl MOXHO,
€CIIH MPOTSHYTh KENe3HOJIOPOKHYIO BETKY
JI0 HEKOEero MyHKTa X, PacloJIOKEHHOTO B
HerocpeACcTBeHHOH OIM30CTH OT roponoB B,
C u D, a orTyna npoBecTH TPH OTAENbHBIE
BETKH K 3THM ropojam (puc. 60,6). B mo-
CJICOHEM ClTyYac B MMYHKTE X CIenyveT yCTano-
BHTL CTPEJIKY, KOTOpas MO3BOJIMT MOCHLIATh
COCTABLI B HYXHOM HamnpasiaeHuu. biaro-
apsi BBEACHHIO CTPEJKH HAalla KeJe3HOo-
OOpOXHAA CETh B U3BECTHOM CTEINMeHH CTAHO-
BHTCs IporpamMMupyeMoii. B kakoii u3 ropo-
nos—B, C wnu D-nonager cocras, oTnpas-
JIGHHBIH W3 ropoaa A, OyneT 3aBHCETH OT
MOJIOKEHUSI CTPEJIKH, KOTOPOE OMNpeacicHO
KOMauioii, BBeJICHHOH B MporpaMmy ee pa-
60Tbl. CBA3b MEXIY NMPHBEOECHHBIM (CKeJe3-
HOIOPOXKHBIM» TIPHMEPOM H NpOrpaMMH-
pyemoii cucteMoit o6pabotku uHpopmanuu
He HyxmaeTcs B ocobpix mosicHeHusx. JKe-
JIE3HOJOPOKHBIE COCTABBl COOTBETCTBYIOT
uHGOPMAIIMOHHBIM MMOTOKAM, & PEJILCOBBIE
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OyTH —cHCTeMaM o6pabotku uHPOpManuH.
Kak npoxoastr HHbOpManMoHHbLIE MOTOKH-
COCTaBHI 10 CHCTEMaM-peNibcaM, ONpenesiseT-
¢ IporpaMMoH-cTpesikoi. To4HO Tak Xke Kak
CTpEJIKH Aai0T BO3MOXHOCTh NIEPECTPAaHBATh
KEJIE3HOIOPOXKHYH CeTh Ha pellieHHe pas-
JIMYHBIX TPAHCHOPTHBHIX 3aday, Tak U INpo-
IPAMMHpOBAHHE IIO3BOJIAET MCIOJIB30BATH
OZIHY M TY Xe cucTeMy o6paboTku uHpOpMa-
LIHA [UISA PelieHUs Pa3NIMYHBIX HHQOpMAIu-
OHHBIX 3ama4. IlogobHO TOMy Kak CTpeJKH
obecneynBaroT MHOr0OOpa3HOE UCIIOJIB30BA-
HHE OJHOTO M TOTO Xe y4acTKa JOPOTH H
00ecTIeYNBaIOT 3KOHOMHKO PENIBCOB, B IMPO-
rpaMMHpyeMoi cucteMe o6paboTku uHpOD-
MaIlMH OIpEJENICHHbIE YYACTKH CX€M HaXo-
IAT pa3sHOOOpa3Hoe MpUMEHEHHE, a UX 00-
Iiee 4YHUCIO MOXET OBITh MeEHbILE, YeM
B HENMPOTPaMMHUpPYEMOH CHCTEME TaKoi
xke mpousBomuTenbHocTH, I[IporpamMmupo-
BaHHE IMO3BOJIAET OOeCHEeYUTHh 3aJaHHYIO
TPOU3BOAUTENILHOCTL B 4HacTH 00paboTku
HHOpMAIMKH NpH MeHbIUeM oOBbeMe arm-
HmapaTHBIX CpeAcTB. AmmapaTHble CpEICTBa,
T.e. Bcsi coBoKynHocTh MC, yacTuyHO 3a-
MEHSIOTCS IPOTPAMMHBIMH,

Cnenyer obpaTHThb BHMMaHHE elle Ha
OMH MOMEHT, T'I¢ AHAJIOTUA MEXIy XKeJied-
HOJIOPOXHOH CEThIO M CHCTEMOH 00paboTku
HHOOpMAIMK [aeT BO3MOXHOCThH CHEJIaTh
TpaBWIBHBIE BhIBOABL. I1yTh U3 ropoma A B
ropol B uepes cTpenky X HMeeT HECKOJIBKO
OoJblIyIO MJIMHY, 4YeM NOpSAMOH myTh 0e3
cTpenkn. TOYHO Tak e M INpPH PeLICHUH
3agay 06paboTKH HHPOPMAHHU C IOMOIIBIO
IpPOrpaMMHPOBAHUS MBI HECKOJIbKQ, TEPAEM
B CKOPOCTH IO CPaBHEHMIO CO CIEIMAJIH3H-
pOBaHHOH HENPOrpaMMHPYEMOR CHCTEMOH.
HyxHo cka3aTb, YTO HPHHIMI OPOrPaMMH-
pyeMocTd cucTeM o6paboTku HHPOpPMaIUU
ropa3fo crapile, 4eM MOXHO MpPeanoJio-
*UuTh. OH OBLI BHIEpBLIE MCIIOJB3OBaH B
1833r. Yapasom Bbab6mmxem B xone mpo-
€KTHPOBAHUS MEXaHW4ECKOH BBIYHCIIMTENb-
HOH MalllMHBI, KOTOpas Tak HHUKOTAa U He
6bu1a mocTtpoeHa. B cBoell coBpeMeHHO#
¢dopMe, T.e. KaK XpaHHMas B NaMATH H3-
MEHsAeMas NporpaMma, OH OBLT BIEpBBIE
npeanoxeH JxoHoM (o HeiimaroMm B
1946 r. u BoIUIOLIEH B 3JIEKTPOHHOM BBI-
YHCIATENbHOH MaliNHe.

[naBa 6

Ham kpaTkuii HcTOpHYeCKHH 3KCKypC IO-
Ka3blBa€T, 4TO CYIIECTBYeT TeCHas CBA3b
MEXAy NPOrPAMMHUPOBAHMEM H BBIYHCIIH-
TenpHOU MaummHoi#. Ilo cymecTBy mporpam-
MHpyeMas cucreMa o6paboTkum HHPOpMa-
LM NpPeACTaBNISeT cOOON HE YTO MHOE, KaK
BBIYHCIIMTENbHYIO MaIllMHy, H, Haobopor,
BBIYHCIIUTEIbHAA MAIlMHA ABJIAETCS HE YeM
HHBIM, Kak cucTteMoii obpabotku urpopMa-
UM, KOTOpas HAXOOUT DPAa3HOCTOPOHHEE
npuMeHeHHe Oiarogaps ee mporpaMMupye-
MOCTH. B 3TOM CcMBICIE mporpaMMupyeMas
NEKTPOHHAs BBIMMCIIMTEIbHAs MalllMHa,
WM KOMIIBIOTED, CErONHS MPEACTaBISET CO-
60if TeXHMYECKYIO CHCTeMY I 0OpaboTku
HHpOpMAIUH.

3mech NpeOcTaBNsAETCS YMECTHBIM CHE-
JIaThb HECKOJIBKO 3aMe4aHHU#l OTHOCHUTENbHO
KOMITBIOTEPOB, YTO, KaK HaM KaxeTcs, Oyner
NOJIE3HBIM IpH [JaJIbHEHIEM H3JI0KEHHH.
Hdns scHOocTH crnemyeT AOGaBATH, YTO MBI
O6yneM OmepUpOBaTh TEPMHHOM «KOMIIBIO-
Tep», IOHUMas o HUM nudpposyro 3BM. B
mudpposoit OBM wucnossilyercs uudppoBas
¢dopma obpaboTku uEPopManun. Kpome to-
ro, CyLIeCTBYIOT TakXke TaK Ha3blBaeMble
aHAJIOTOBBIC BHIYHCIIHTENbHBIE MAIlIMHBI, 06-
pabaThiBatolne HHQOPMAIMIO, TNPEACTaB-
JICHHYKO B aHaloroBoit ¢opme. Oba Buaa
00paboTKH HHPOPMAIIMH TIPUMEHAIOTCH B
THOPHIOHBIX  BBIMHCIHTEIBHBIX  MalllHHaX.
Lindposrie IBM nonyuunan Haubosee 1In-
pOKO€ pacnpocTpaHeHHe W 00J1afaroT YHH-
BepcaJbHBIMH BO3MOXHocTsaMu. [Ipousso-
OUTENHOCTh TAKOTO KOMIbIOTEPA 3aBHCHT
IpexJe BCETO OT €ro HEHTPaJBbHOTO Mpo-
Heccopa, T. €. OT YHCJIa HHTErpajbHbIX CXEM-
HBIX 3JIEMEHTOB, WCIOJIb30BaHHBIX IUIA €ro
NOCTPOEHHA, M OT €MKOCTH mnaMATH. B
Tabs. 11 npuBeneHa xnaccHPUKaUA KOM-
OBOTEPOB MO 3THM npusHakaM. OmHako
6naromaps BHEOPEHHIO MHKPOIPOLECCOPOB
U CBSI3aHHOMY C 3THM HATPABJIEHHIO DPAa3BH-
THg OBM, B YacTHOCTH MaJibIX MalllMH, 3Ta
KJIacCH(pUKAIMA CTajla pa3BajiUBaThCs. Bbl-
YUCJIUTEJIbHBIE MalllMHBl DPa3JIM4aloTCs He
TOJLKO CBOEH BEJHMYMHOH, HO U BHIOM pea-
JIM3aIMH B HUX CXEMHBIX 3JIeMEHTOB. DBM
Ha 3JIEKTPOHHBIX JIaMIlaX OTHOCATCA K Ma-
IIMHAM MEePBOTO MOKOJIEHHS. JIHCKPETHBIMHU
II0JIy[IPOBOJHHUKOBBIMH NpuOopaMu ObLIH Oc-
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Tabauya 11. IlpexHsas xiaccuUKALMA KOMIBIOTEPOB. B HacTosmee
BpeMs PaHHIBLI MEXAY KJIACCAaMH, NPEXAE BCETO MO KOMIBIOTEPAM
MaJIbIX THIIOB, HAYMHAIOT CTHPATBCA M OAHOBPEMECHHO CABHIaThCA

BBEPX

Knacc

YHCcIo OrHYeCKHX CXeM B

EMKkocTh namsarty, xOaift

LHEHTPAJBHOM IMpoLeccope

bonbuie 3BM > 100 TbIC.

Mansie 3BM Heckonbko mecaTkoB
THICAY

Muuu-3BM 5-10 TbIC.

Mukpo3BM Heckonbko ThicsY

bonee ThicAYH
He 6osiee ThICAYH

Heckonbko coten
Heckosibko aecaTkoB

HAIlleHBl MAllIMHBI BTOPOro nokoienus. MC
C MaJIOH M cpelHEH CTEIEHbIO HHTErpalMH
HOSIBUIHCh B 1965 . M COCTaBHIIM CXEMHYIO
ocHOBY DBM Ttpernero nokonenus. I1pume-
weuue BUC Bmnotrs go 1975 r., a mo3aHee
CBHC 3HamenyeT nepexol k 9BM yersep-
Toro nokoJjeHus. [lapanieJpbHO IPOHCXOOH-
Jla 3aMeHa OllepaTHBHOM namsatd Ha dep-
PUTOBBIX CEpOCYHHKAX, KOTOpPbIE paHbILE
3aHMMAaJ MOHOIMOJIBHOE IIOJIOKECHHUE B LICHT-
panbHOM Oy0ke DBM, noJrynpoBOgHHKOBOMH
OaMATBIO, OTJHYaloIecs OOJIbIIMM OBICT-
POOEHCTBHEM.

Yactota BOSHUKHOBEHMUA
oAMHAKOBbLIX 3agau

m obbem nponsBoACTBA
B eAMHMUAX uspenui

CyiecTByeT M TpPEThs NPUYHHA, OOBACHAIO-
L1as, Mo4eMy MHUKPO3JIEKTPOHHAS IPOMBIIII-
JICHHOCTh He MoxeT usrotoButs MC nns
PQUICHHS KaXA0H KOHKpeTHOM MH(opMarm-
OHHOH 3ajJayd. JTa NPUYMHA HOCHT 4HCTO
IKOHOMHYECKUH xapakrtep. IlpenacraBum ce-
6e, 4TO IBYX NepBbIX IPUYHH HE CYLIECTBYET,
T. €. HIMEETCsl TEXHHYEeCKast BO3MOXHOCTb ISt
HHTETpallMd B IipeAejax OOHOIO MOJy-
IIPOBOJHUKOBOI'O KPHUCTAaJlIa MPOU3BOJILHO
60BIIOrO YHCIA 3JIEMEHTOB, A IPOM3BOACT-
BEHHBIE MOUTHOCTH MHKPO3JIEKTPOHHOM Mpo-
MBIILJICHHOCTH TOCTaTOYHO BEJIMKH, TaK YTO
HeT HeoOXOJUMOCTH B COKpallleHMH MHOTO-
obpasus tunoB MC nyTem HCHoib30BaHUA
IPHMHIMIIOB NporpamMMupoBanus. Ho, maxe
nonyyuB MC npoMBIILUIEHHOTO H3rOTOBJIE-
HHS, ClIeNUaTH3UPYIOLIHEC Ha PELUCHUH JIIO-
OBbIX KOHKDETHBIX 3afa4 obpabotku mHDOP-
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MaIuH, B OOJIBIIMHCTBE CIy4aeB Mbl HE CMO-
®eM HMH BOCIOJIb30BaThcd. eno B TOM,
yro 311 MC OyayT CJIHMUIKOM AOPOrHMMH.
3aTpatel Ha wusrorosjeHume HMC, kKak MbI
BBIACHWJIM B NpEABIAYLIEH IJiaBe, MCKIIOYH-
TeabHO Beukd. MC MOTyT H3roTaBJIMBaThLCA
IO AOCTYMHOHN I7a MOTpeOHTENd LEHE TOJIb-
KO TOoraa, koraa obbeM HX NpPOM3BOJCTBA,
COOTBETCTBYIOLIMIA CIPOCY, TOCTATOYHO Be-
auk. Ho, kxak mpaBmwio, 3TO YCJIOBHE He
BeinosHseTcs s tex UC, koTopeie cipoek-
THPOB4HBI B pacyeTe Ha y3KOCHenuabHOe
npumeHeHHe. OO HCKIIIOYEHHMSX — CIIEHAIA3N-
poBaHHBIX H 3aka3HbIx MC-pedpr mnoiger
HECKOJILKO mo3gHee. [IpoMEIIIIEHHOCTD, 110-
CTaBJIeCHHas mepel HeOoOXOOUMOCTBIO BHI-
nyckaTb MC mo Bo3moxHO 6oJice HH3KOHM
IleHe, CJIelOBAaTENbHO, HE MOXET OPHEHTH-
pOBaTLCA HAa NPOH3BOACTBO LIMPOYAHIIETO
accoptumenta UC, 1.e. UC pmns pemenus
BCEX BO3MOXHBIX 3amay obpabotku uadop-
Maiui. HampoTuB, oHa MOMBITAeTCs B3ATH
COBEpILIEHHO MPOTHBOMOJIOXHBIA Kypc u 6y-
JeT CTPEMUThCS YIOBJIETBOPDHTL BCE 3aIpo-
cbl NOoTpebuTeNeH ¢ MOMOUILIO MaKCHMaJlb-
HO Y3KOrO acCOPTHMEHTA, HaJlaguB—B 3K-
CTpeMaJIbHOM cJiy4yae —npoussoiacrso UMC
00H020-€TMHCTBEHHOr 0 THNa. Ecimu 6b1 yaanocs
co3gaTh YHHBepcasbHylo HC, crnocobrymo
peraTh JoOble MHPOPMAUUOHHBIE 3aa4H,
To Takux MC nmorpebopanock 6bl ype3BbIyaii-
HO MHOTO, a 3TO Jajlo OBl BO3MOXHOCTH
HaJIAOUTh CPABHUTEJILHO JIEIIEBOE [TPOM3BOI-
CTBO. YTOYHECHHE «CPABHHMTEJLHO» BO3HMKIIO
B CBSI3H C TAaKOM XapaKTepHCTHKOM, KaK Mpo-
U3BOAUTENBHOCTh., TIOCKOMNBKY IMOCHeaHss y
YHHBEPCAJILHOM CXeMBl AOJDKHA OBITH OYEHB
Bbicoxo# (Bengp MC mpencrour pewate HH-
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dopmanmonnble 3amayn  Moboi  cTeneHH
CJIOXXHOCTH), HeCMOTPS Ha Hosblune 06 BEMBI
TIPOU3BOJCTBA, IIEHY HAa HEe BCE PABHO HE
yoactcsi CHH3UTh. OOHAKO INpPH pelleHHH
OoJsbIIMHCTBA 3a1a4 00paboTku uHpOopMa-
UMM BBICOKas MPOU3BOIUTEILHOCTh YHHBED-
cansbHOli MC BoOOmEe He OymeT HCmoib30-
BaThed. Tlokynatenps OydeT BBIHYXIEH IUIa-
THTb 33 TO, YeM OH HE CMOXET BOCIOJIb30-
BaThCs B MOJHOM obBneMe. TakuM o6pa3om,
co3ganne yHuBepcaibHoi MC nns perienns
Bcex npobyeM o6paboTku HHpOPMAIUHN Tak
Xe IUIOXO pellaeT 3ajgayvy yaewesnenus MC,
KaK M OpHEHTalMs Ha KOJOCcaJbHOE MHOTO-
obpasue Tunos crnenuanusupoBaHHbix WC,
Ka)kaas U3 KOTOPBIX PACCYMTAHA Ha pelleHHe
00HO KOHKPETHOH MpobJieMbl.

IMonseneMm urtorn. OT MHKPO3JEKTPOH-
HOH NPOMBIIIIEHHOCTH NOJb30BATENb XKIAET
6o Takux HMC, koTopble MOryT pemaTh
BCTpeYaloluecs: Ha MpakTHKe 3agavu obpa-
60TKH HHOOPMALMH HEMOCPEACTBEHHO, TH60
VC, npuromHeix oI HOCTPOEHHS CHCTEM,
pemaromux Ty e 3agavy. Pasnoobpazue
accopruMmenta UC omnpenpensiercs, ¢ ogHoOM
CTOPOHBI, TEXHHYECKHMH BO3MOXHOCTSIMH
MHKPO3JIEKTPOHHOH MPOMBIIIUIEHHOCTH, T. €.
MIPeX/I€ BCEro KOJUYECTBOM 3IEMEHTOB, KO-
TOpBIE MOXHO Pa3MECTHTh Ha OJHOM KpHC-
Tajune, u, C APYTrod CTOPOHBI, BO3MOXHOCTS-
MH MHoroueaeBoro npumenenus HC, nns
4ero OHM JOJDKHBI OBITH MPOrpaMMHPYEMBI-
MH WIH ofecnevynBaTh BO3MOXHOCTh CO3/Ja-
HHS Ha HUX OCHOBE NPOTPaMMHPYEMBIX CHC-
TeM 0bpaboTkn mHdpopMauuu. Kpome Toro,
JomkeH obecreunBaTbess cOBIT 6ombLIOTO
konnyectBa UC.

3akasHble n craHpapTHbie NC

BeimyckaeMble TMPOMBIIIUIEHHOCTBIO HHTE-
TpajbHble CXeMBI IO CYTH AeJa OTPaXarT
KOMIIDOMHCCHOE pellieHHe, YYHUThIBAIOIIee
NepevrcIeHHble TpeOOBaHUA. ACCOPTHMEHT
npemnaraeMbix IC MOXHO pasgenuTh Ha
npe Goypmine rpynnsl. K nepBoit U3 HHX
cleqyeT OTHECTH 3aKa3Hble, HJIM CIIeLHaJIH-
supoBaHHble, MC, ko BTOpOH —CcTaHZapT-
Hble. KOHeYHO, MeXay 3TUMM OBYMs TpyI-
naMu HeT pe3kod rpaHuubl. CyIecTBYIOT,
Hanpumep, nomy3akasusle MC, Tak 4TO He-
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peAKO pacnpelesieHHe KOHKDETHBIX HHTe-
IpalIbHBIX CXEM MO 3aKa3HbBIM M CTaHOAapT-
HbIM SBJISIETCS [IeJIOM BKyca. B KoHIle KOH-
LIOB, 3TO HE CTOJb BaxHo. To obcToATenbCT-
BO, 4TO, HECMOTpPS Ha BCE CKAa3aHHOE BBIILE,
MBI ogpobHO ocTaHaBIMBaeMcsa Ha Momo6-
HBIX pa3IHyHsAX, OOBACHIETCS NMpeXIe BCEro
HX KOCBEHHOMH 3aBHCHMOCTBIO OT 60Jtee Bax-
HOTO BOIpoca—BbIbopa Mmoaxonsuled cTpyk-
TYpHI ¢ y4eToM 3aaad obpaboTku uHbOpMa-
MM U HaJIMYUA cXeM, oOecHeYHBaIOIIUX HX
pellieHHe. B nepByro ouepens pas3yinyie Mex-
Iy 3aka3HbIMH U ctaHmapTHeIMH UC ompe-
IenseTcs TeM, KakHe HMEHHO CXeMbl INpo-
MBIIUIEHHOCTh H3rOTaBIMBACT IO CIEeUHalb-
HBIM 3aKa3aM TOJb30BaTeliell, a Kakue—B
KayecTBe CTAaHAAPTHOH mpoxyknuu. 3akas-
Hasg MIC-3T10, KaKk npaBuiIo, cxema, crnocob-
Hasl TIOJTHOCTBIO pellaTh CIElHaNbHYIO 3a4a-
4y 06paboTkH HHGOPMALIUH B TOM €€ BUE, B
KaKOM OHa BCTaeT Meped IOJb30BaTENEM.
TNonaTHe «monab30BaTENb» 3[€Ch He ClenyeT
noHuMaTh OykBanbHO. I[lonb3oBatenem UC
MOXeT ObIThb, HAmpHUMep, lejas oTpacib
MPOMBIIIUIEHHOCTH. [IpAMepoM  3akas3sHOM
HNC MoxeT clyXHTb HHTErpajbHas cxeMa
I 3JEKTPOHHBIX YacoB, BbIAIOMIAs HH-
dopmanuio B BHIOE CEKYHI, MHHYT, 4acoB,
IHei Henenu u T. O. [logo6Ho MUC mis vacos,
mobas 3aka3Has cxema NpUrojaHa IJis pelle-
HHS OJHOH-¢IMHCTBEHHOH 3amayu obpabot-
ki HHpopmauuu. [1o cBOUM BO3MOXHOCTSAM
Takas cxema sSBJIASTCA KpaiiHe OJHOCTOpPOH-
He#t. llupora aManasoHa ee NpHUMEHEHHUS
OYEHb HeBeJHKa. OJHAKO MOCTABJIEHHYIO 3a-
a4y OHA pellaeT HaWIYYUIHM oOpa3oM H
6e3 mpuBieueHHs kakux-mubo ppyrux MC.
TToaToMy BhINOJIHAEMAS C €€ MOMOIIBIO 06-
paboTka uHPopMalUU He JOJKHA OTJINYATh-
¢ caumkoM Oonblioi cioxHocThlo. Ilpn
JOCTHTHYTOM Ha CerOOHALUHHI AeHb YPOBHE
HHTETpauuu cxeMa, Tpebyrolascs ans pe-
IUeHHS paccMaTpHBAeMOH 3adavH, JOJDKHA
OBITH MMOCTPOEHA C TAKHM pacyeToM, YTOOBI
MIOMECTHThCH Ha 00Hom KpHcTajute. Ciaenyer
BCE JX€ 3aMeTHTb, 4YTO HH B HacTosllee
BpeMs, HU B 0603pUMOM OynyIneM He npen-
CTaBJIAETCA BO3MOXHBIM PEaM30BaTh B BH-
e onHoi 3akasHol MC cxemy, cnocobHyro
HIpaTh B IIaXMaTbl Ha XOPOILEM YPOBHE.
Jnas Toro 4ToOBl H3TOTOBJICHHE 3aKa3HOM



MHTerpaanb»e CXeMbl U UX NpuMeHeHune

MC 6110 BBITOOHO KaK JIJIS M3TOTOBHTENS,
TaK 4 [UIA MMOJbL30BaTeNsA, 3ada4a, Ha pelle-
HHE KOTOpOH OHA OPHEHTHPYETCH, AOJDKHA
BCTpe4aTbCs Ha NIpaKTHKE AOCTATOYHO 4acTO
U B COBEpILICHHO HIEHTHYHOH ¢opme. Uto
3/leCh TIOHUMAIOT TIOJ «ZOCTATOYHO 4acTo»,
3aBUCHT OT cremneHu uHTerpammu MC. Ecnu
3TOT IOKa3aTesb BEJIUK, TO BBIFOLHBLIM CTa-
HOBHTCSl BBIIYCK TOJIbKO OOJIBIIIOrO yHCJa
takux MC. g cxeM co CpelHEeH CTENeHbIO
UHTErpallMl HHXXHEH TIpaHUIER HX peHTa-
6€IbHOCTH OPHEHTHPOBOYHO MOXHO CHH-
TaTh BHINYCK B 06beme 10000 miTyx B rog.

IIpsiMO#l TIPOTHBOMOJIOXKHOCTBIO 3aKa3-
HbIM fBJstoTCH cTangaptHeie UC. OHH, kak
MIPaBHJIO, MOJHOCTBIO HE PELIalOT CIOXHOM
3aga4yd oO6paboTkH MHPOPMALUH B TOM BH-
Jle, B KAKOM C He# CTaJIKUBAETCs I0JIb30Ba-
Tenb. O6byHO cTrangapTHele MC-3TO cXe-
MBI, BBIIOJIHAIOIIHE YacTO peasiu3yeMbie
uacmuunble ONEPaIK Npoliecca pelleHUs 3a-
na4y obpaborku uHpopMmammu. Hx MoOxHO
paccMaTpHBaTh KakK CTaHIApTHbIE 3JIEMEH-
Tbl, U3 KOTOPBIX COOpaHbI IOJIHBIE CXEMBI
V1S pelieHUss HHQOPMaIMOHHBIX 3agad. s
CO3ZaHUs TaKOH MOJIHOK CXEMBI IPHMEHSIIOT,
KaK MPaBUIO, OOJIBIIOE YHCIIO CTAHAAPTHBIX
HC. Opnako u3 mopoburix UC MoxHO co-
OupaTh camble pa3HOOOpa3Hble YCTpOiCTBa.
[duana3zoH npumeHeHMs craHaaptHeix UC,
CleaoBaTelbHO, BeCbMa IUMPOK. Benux u
06beM TIPOM3BOACTBA, OTpeaeMeMbli 601b-
mMM crmpocoM Ha HuX. K cTaHgapTHbIM
cxeMaM oTHocarcs MC nns BhINOJNHEHHA
TaKHX 3JIEMEHTapHBIX JIOTHYECKUX ONepalui,
kak M nu UJIH, a taxxe UC nnsa peanuzamnuu
4acTO BCTPEYAIOIIUXCA KOMOMHALIMM 3THX
onepauyif, HanpuMep QYHKIUHA CIIOXEHHs,
3anOMHUHAaHUA MJH cdeTa. CTaHOApTHBHIMH
WC sBisroTCs M MEKponpoLeccopsl. B oTiu-
Yye OT YIIOMHMHABIIHMXCS paHee CTaHIAPTHBIX
HUC Muxpomnpolieccopbl OTHOCATCA K IIPO-
IPaMMHPYEMBIM YCTDOHCTBaM, T.€. CBS3H
MEXIY HCIOJIb3YEMBbIMHU B HHUX 3JIEMEHTAap-
HbIMH JIOTHYECKMMH CXEMaMH He SIBJISIOTCS
YCTaHOBJIEHHBIMH pa3 W HaBCeraa, a MOTYT
H3MEHSATLCS POrpaMMOI, KOTOpas XpaHHT-
c1 B UC mamaTH, CBA3aHHOH C MHKPOIIPO-
neccopoM. IIpH HeO6XOIUMOCTH U3MEHEHHUS
CBSAI3eH MEXIy JIOTHYECKHMMH 3JIEMEHTaMHU
IOCTATOYHO M3MEHHTb JIMIIb IpOrpaMMmy,
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3allUCaHHYI0O B IIOJIYIIDOBOZHHKOBYIO Ia-
MsATh. IIpHHIMII pOrpaMMHpPYEMOCTH, KO-
Topslii B OBM peanusyeTcs Ha ypOBHE CHC-
TeMBbI, TOCTpOeHHOM U3 MHOoruX UC, B MHK-
poIpoleccope HAaxXOMUT peaju3aldio Ha
ypoBHe opHoM-exuHcTBeHHOH WMC. Mukpo-
npoueccop, coeauHeHHbld ¢ HMC mamsaTtw,
BBIMOJIHAET BaxKHeHIIHe (YHKIMH TpOrpam-
MHpyeMo#l cucTeMbl 06paboTku HHPOpMa-
mud, T.e. 9BM. On npeacraeaser coboit
LeHTpanabHbId nmpolieccop 9BM m mo csoeit
MIPOU3BOJUTEILHOCTH B HAacTOflllee BpeMs
MOKa €lIEe OCTAETCS Ha YpOoBHe MHKpoOBM.
B xone mporpaMMHpPOBaHHS MHKPOIIpOILIEC-
COpPOB OIIpElEJIeHHBIM CIOCOOOM  3agaroT
¢yHkuMI0, BHIOOp KOTOPOH IO 3TOrO MO-
MeHTa ocTaBajics cBoGoaHeM. [lpu mpo-
rpaMMHPOBaHHH MHKpOIIpolleccopa B amma-
PATHOH YaCTH HHYETO He H3MeEHsieTcs. DTO
IIPOMCXOIUT B cClly4ae NpOrPaMMHpPOBaHHUSA
Apyrux cranaaptHeix MC—nocTossHHBIX 3a-
nomMuHaromux ycrpoifcts (I13Y) u nporpam-
MHpyeMbIX Jorudeckux Matpuu (IIJIM). o
IIPOTPAMMHPOBAHHUS HE BCE BBIBOABI MOJIY-
MIPOBOAHUKOBLIX KpUCTaJU10B 3THX MC HyX-
HbIM 00pa3oM COEIUHEHB! C BHELUHHMH lie-
MSMH Yepe3 BBIXOAHBIE KOHTAKTHI CXEMBI.
TpeGyeMble BHEUIHHE COCIMHEHHS B TaKHX
3V peanu3yroTcs NOCJE 3aBEPLICHUSI OCHOB-
HOrO IIpoliecca H3TrOTOBJIEHHS, KOTODBIH
oaunaxoB 1 Beex UC sToro tuna. ITocne-
ayromas aupdepeHIHpOBaHHAS TEXHOJIOFH-
yeckass obpaboTka OTHAENbHBIX IPYNI KpH-
CTaJUIOB TaKXe€ MOXET OCYLIECTBIATHCA
MIPOMBILLIEHHBIM clTocob0M, Korga Heo6xo-
IUMBblE COeUHEHUs1 (POPMHUDPYIOTCA Ha KpH-
cTajule B X0Je JOMNOJHHUTENbHOH MeTaIu3a-
LU C UCIIOJIB30BAHUEM CIIEIHAbHBIX POTO-
wabnoHoB. B 3TOM ciyvae rosopaT o mpo-
rpaMMHpoBaHun ¢ortowabionamu. B npy-
THX CJly4Yasx HY)XHbI€ COSIUHEHHS BBINMOJIHS-
€T caM moJb3oBaTenb. s 3Toro mpubera-
0T K pa3JIMyHbIM IIpPHEMaM: HalpHMeEp, He-
HY>HbI€ TOKONPOBOSIINE TIEPEMBIYKH NIE€pE-
JKHTaloT CHJIBHBIM TOKOM. IlocTosiHubIe 3V,
MIpOrpaMMHPOBAaHIE KOTOPBIX NOJIb30BaTENb
OCYILIECTBJISIET CAMOCTOATENILHO UMEHHO Ta-
KHM CIOcOOOM, TMOJIYYHJIIM Ha3BaHHE IIPO-
rpammupyemsbix [13Y (TTI13VY).

B oTiauume OT MHKpPOIPOLIECCOPOB B
I3V, IIII3VY u ITJIM TtpebGyemsbie TOKOIIpO-
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BOISHINE COECTHHEHHS TPaH3UCTODPOB IIDH
NIPOTPaMMHDOBAHNH XECTKO (PUKCHDYIOTCH.
B u3BECTHOM CMBICJIE TIPHHIIMIT TPOTPaMMHU-
DOBAaHMS aNMapaTHbIMH CPEeICTBAMHU MpUME-
HAETCS B TaK HAa3bIBA€MBIX MaTpHIIAX JIOTHU-
YECKHUX 3JIEMEHTOB (MJIH BEHTHJIBHBIX MaT-
pHIIax) IIPH YCJIIOBHH, YTO MPOrPaMMHpOBa-
HHE HX OCYLUecTBJseTCA Ha Oolee paHHeH
CTaIUM U3TOTOBJICHHUS U YTO B UTOTE MOJIyYa-
1oTCa 6oJiee pa3sHooOpa3Hble MO CPaBHEHHIO
¢ 13V u I1JIM 3aka3Hble CXeMBI. MaTpHIIBI
JIOTHYECKHX 371eMEHTOB, OOBIYHO UMEHyeMBbIe
6a30BLIMH KpHCTaJJIAMH, NIPEICTABIAIOT CO-
60if TaKHe MOJYNPOBOIHUKOBLIE KDHCTAJIJIEL,
YpH TEPEeKIOYaTEbHBIE 3JIEMEHTHI COOEp-
XKaT HeOOIbILIOE YHUCIIO OCHOBHBIX THUIIOB 3JI¢-
MEHTApHBIX JIOTHYECKHX CXEeM, B COBOKYII-
HocTH obpa3syromux UC c perynspHoit Jo-
THYECKOH CTPYKTYypoH. Takue s4eHKH MOTYT
HMEThb BHI OTHCITBHBIX TPAaH3UCTODOB HIH
TpaH3uCTOPHBIX rpymn. IlyteM u3bupartens-
HOT0 GOPMHMPOBAHHS METAJUIMYECKHX COEIH-
HEHHI KPUCTAJUIBI ¢ MATPHUIIAMH JIOTHYECKHX
371eMEHTOB MOXHO TpeBpalliaTh B pPa3jMy-
Hble 3aKa3Hble UC, H3rOTOBJICHHBIE ¢ YYeTOM
TpeOOBaHKIt pa3HbLIX NOJb30BaTeNei. B 601b-
IIMHCTBE CIIy4YaeB JUIA 3TOTO MPHMEHSIOT IBe
OMepalMi METaJUTH3AIMU: CHAavYaja BBIIOJI-
HSIOTCS COEOWHEHHS BHYTPH S4YeeK, a 3a-
TeM —Mexnay sdelkamu. IIpu Tako# TexHO-
Jorud o6beM paboT MO BBINOJHEHHIO MEX-
coenunenuit VIC, cormacHo cnenuduxanun
MOJIb30BATENS, COKPAIlAeTCsS 10 ABYX Olepa-
it Metaym3anuu. s obecnedeHus mHo-
IOOHOM BO3MOXHOCTH HeoOXOAMMO JIMIIL
pa3paboTaThk TOMQJOTHIO, YYHTBHIBAIOIIYIO
HoBylo cnenuduxy. B urore 3arpathl Ha
pa3paboTKy KOMIIOHOBOYHBIX TOIOJOTHYEC-
KHX CXEM OKa3BIBAaIOTCH OTHOCHTEJLHO He-
6onpiumu. VIC, um3roroBiieHHble Ha 0a3se
MAaTDHIl JIOTHYECKHX 3JEMEHTOB, ¢ OTHOMH
CTOPOHBI, 0b6agaroT 3aka3Hoit crenndHxoi
H OCTaloTCs, ¢ IPYTOH CTOPOHBI, CTAaHAApPT-
HbIMH MIC, NOCKONIBKY [UIS MX U3TOTOBJICHUS
IPUMEHSIOTCS TPaKTHYeCKH CTaHOapTHHIE
Metonsl. brarogaps MaTpHuaM JIOrMYECKHX
371€eMEHTOB ellle OOJIbIlle CTHPAeTCs IPaHUIA
MeXIy 3aKa3HbIMH M cTaHZapTHeIMH HC,
KOTOpasl U paHbille He OblTa 0COOEHHO pe3-
Ko#. MaTpHIIbI JIOTHYECKHX 3JIEMEHTOB 3a-
HUMAIOT NPOMEXYTOYHOE ITOJIONKECHHE MeX-
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oy 3TeMM aByms xateropuaMu MC. B us-
BECTHOM CTENEHH OHU COEOMHSIOT NPEHMY-
HIECTBA M TeX M APYrux. [To3ToMy HX Takxke
Ha3BIBAIOT noayzaxasnwbimu HC. 3a mocnen-
HHE TObI 3HAYEHUE MATDPHII JIOTHYECKUX JIe-
MEHTOB CyIIECTBEHHO Bo3pocio. C HX mo-
MOIIBI0O MOXHO peHTabelbHO H3rOTaBJHU-
BaTh 3aka3Hele UC pmaxce pH He3Ha4yMTENb-
HbIX o6bemax 3aka3oB (MeHee 10000 mTyk B
MapTHH).

IIporpaMMHpyeMble H HEPOTrpaMMHUpYye-
Mble ctaHdapTHele MIC wame Bcero pasinu-
YaloTCA TakXe U 110 CTENEHH HMHTETPalldH.
ITporpammupyemsle  cranmapthele HWC
(BUC n CBUC), xax mpaBusio, UMeIOT 6oitee
BLICOKMH ypoBeHb uHTerpamuu, yem HWC
HenporpaMMHupyeMele, OOJBIIHHCTBO M3 KO-
TODBIX XapaKTEepH3yeTCs CPEOHUM H [Jaxe
6osee HM3KMM YypoBHeM. [Ipu4uHY 3TOrO
HETPYOHO NOHATb. UeM BHIIlle CTEMEHb HH-
terpaunn UC, teM OGosbiue ee cnenuduxa.
Ecnmu UC crnpoexTHpoBaHa xak MHOrolesne-
Basi, TO YPOBEHb €¢ MHTETPAllMM HE IOJKCH
OBITH CITMIIIKOM BBICOKHM: B IPOTHBHOM CJIy-
Yae MNPHUAETCS TPEeIyCMAaTPUBATh BO3MOX-
HOCThb ee nporpamMMuposaHus. IIporpammu-
PYEMOCTD SBJISETCS BHIXOJOM M3 MOJOXKEHHUS
TOTa, KOTAa BO3HHKAeT HEOOXOIUMOCTh UC-
noyb3oBaHus craHgaptHeix MC ¢ Bricoxoi
creneHblo uHTerpanud. IIpexae ueM mepeii-
TH K 6oJiee JeTaTbHOMY PacCMOTPEHHIO YIO-
MsaHYThIX THIIOB VIC, ocTaHOBHMCS emle pa3s
Ha BO3MOYXHOCTAX MX Hcmojib3oBaHuMs. Ha
kakoit UC cnemyer ocTaHOBHTH BBIGOD, ecnu
BO3HHMKaeT HeOOXOOHMOCTE B CXEMe, CIIO-
cOGHOH peluTh OmpelesieHHYyIo 3aJaqy o06-
paboTku uHpopmanuu? B npuHnMIE Ha Ha-
YaJbHOM 3Tale M3 DacCMOTDEHHs Henb3s
HCKJIIOYHTh HH OOHY M3 MATH YIOMSHY-
TeIX Bblle kateropmit MC, T.e. 3akas-
Hele MC, HemporpamMmupyeMmble cTaHAapT-
uele MC, mporpaMMupyeMble CTaHOAPTHEIE
HUC, nporpaMMupyeMble TpOTPaMMHBIM Me-
TonoM craHmaptHele MIC, nmporpammupye-
MBIE anmapaTHBIMH CPeICTBaMH CTaHOApT-
Hele UC, Bkmouas I13Y, IITI3Y u I1JIM, a
Taxke MATPHIE JIOTHYECKHX 3JIEMEHTOB,
JIro60¢€ U3 mATH BO3MOXHBIX PEILCHUH HMeeT
CBOHM JOCTOHMHCTBa M HepocTaTku. B tabn. 12
Jaercs uX 0630p NPUMEHHUTENLHO K Haubo-
Jiee YacTO MCMONb3YeMBIM B HacTOsIIEe Bpe-
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Tabauya 12. JOCTOMHCTBa M HENOCTATKH TpeX Da3JIMYHbIX BapHaHTOB DellleHHA 3amadyd ob6paboTku

uHbopMauuu

3akasnan YIC

Miuxkpocfopka K3 HenporpaMmupye-
MbIx craHaapTHeix MC

MukpodBM

PentabenbHa npu  HosbloM
obbeme crpoca

He ciuiikom BbIcOKas ClOX-
HOCTb HH(GOpPMalHOHHOM 3a-

PenrabenbHa mpu ManoM obsbe-
Me crpoca

Manas crnoxHoCTb HHpOpMA-
UMOHHOH 3aJavu

Pentabenbua npu mobom obbe-
Me cripoca

BoIcokas CIIOXHOCTL HHGboOpMa-
LIHOHHOW 3aJavun

Ja4yH

Pelraemas 3amaya He H3MEHSA-
eTcs cs

CkopocTs 06paboTKH mocTa-

TOYHO BBICOKA 06paboTku

dusuveckuit 06beM u notped-
seMasi MOLUIHOCTb MHHH-
MaJIbHBI HBbI

Ocobble TpebOBaHUA K CPOKaM

pa3paboTKH OTCYTCTBYIOT pa3paboTku

Pelraemas 3amada He H3MEHSET-
Tpebyercs BBICOKast CKOPOCTH

dusnueckuit o6veM H notpebs-
eMas MOUIHOCTb He3HaYHTeJb-

anCMJ’IeMbI YMEDPEHHBIC CPDOKH

MpeaycMoTpeHa BO3MOXHOCTD
H3MEeHEHHs 3a1a4YH

He Tpebyercs oueHb BblcoKas
CKOPOCTb 06paboTk

Ocobbie TpeboBaHus K pH3Hyec-
KoMy obveMy ® moTpebise-
MO MOUIHOCTH OTCYTCTBYIOT

Ha paspa6oTtky He TpeGyeTcs cy-
LIECTBEHHBbIX 3aTpaT BpeMEHH

Ms pelleHHsAM —Ha 6a3ze 3akas3Hbix MC, Ha
OCHOBE COOpDKH M3 HEMpOIPAMMMpPYEMBIX
crangaptHeix MC HIH Ha OCHOBE MHKPO-
OBM (MmukpokomnbeioTepa). KaxoMy u3 Ba-
PHAHTOB ClleAyeT OTAAThb NPEANoYTEeHHE, OYy-
JET 3aBHCETb OT XapakTepa IOCTaBJIEHHOMH
3aaa4d U TpeboBaHHH K cHcTEMe 06paboTKH
uHbopMaruu. [IpuMeHHTETBHO K HHPOPMZ-
IMOHHBIM 3aJa4aM, KOTOPBIE B COBEPILIEHHO
OIMHAKOBOU (hopMe BCTpEYarOTCH 10CTATOY-
HO 4acTo, YCTPO#CTBa HA 3aKa3HBIX CXEMax
6ydyT He TOJBKO CaMBIMM AEIIEBbIMH, HO H,
KaKk MpaBmio, Haubornee 3KOHOMHUYHBIMU C
TOYKH 3pEHUS pa3MepoB M MNOTpebseMoi
MOIIIHOCTH, 2 TakXke CaMbIMH OBICTPBIMH B
peaTu3aluu, eCId BCe COMOCTaBIsAEMbIE Ba-
puantel UC MMerT OJUHAKOBOE CXEMOTEX-
HUYeCKoe HcmoHeHHe. OOHAKO B CBSA3H C
TeM, YTO IJIA CHHXKEHHS MPOU3BOICTBEHHBIX
3aTpaT NPH H3rOTOBJNEHHH 3aka3Heix HC
4aCcTO OOpAaINAlOTCH K TEXHHYECKHM pellle-
HHSM, CHIXKAIOMWM OblcTpoaeiicTBHE MO
cpaBHeHHIO co ctaHAapTHbIMU MC, ObIcTpo-
JefiCTBHE 3aKa3HBIX CXEM HEPEIKO HUXKE, YEM
CTaHAapTHbBIX. 3aga4ya obpaboTku uHbOPMA-
IMH TIPH TAKOM NOJXOJAE JOKHA OBITH IO-
CTATOYHO INPOCTOH, YTOOBI MpPH OOMHHH-
PYIOIIMX B HACTOAIIEEe BpeMs YPOBHAX MH-
TErpanuu ee BoOOIIE MOKHO OBLIO PELLHTH C

nomotsio ogHoit MC. Perienune, ocHOBaH-
HO€ Ha UCIOJIb30BAHMH MHKPOKOMMNbIOTEPA,
T.€. TIOCTPOEHHE CHUCTeMbl OOpabOTKH HH-
dopmamuu Ha Oa3ze MHUKPONPOUECCOPOB H
HUC mamMsaTH, UMeeT SBHbIE NpPEUMYIIECTBA
nepeld OPYTHMM BapHaHTaMM Torjaa, Koraa
TpebyeTcs o6paboTtka OGoiplioro obnema
MHbOpMAalHH, KOTOPas MOXET H3MEHATHCA B
Te4eHHe CpOKa HCIOJb30BAHHSA CHCTEMBI, U
KOrJa caMa CHCTeMa JOJDKHA OBITh OBICTPO
NIpEeJOCTaBlIeHA B pacNopsbKeHHe MOJIb30Ba-
Tens. Ha mocTpoeHue U mporpaMMHUpOBaHueE
MHKPOKOMIIbIOTEpA MO CYIIECTBY YXOIHUT ro-
pa3fo MeHbIIE BpEMEHH, YeM Ha pa3paboTky
¥ u3rotoBieHue 3axkasHod MC. Bompoc o
CO3JaHMH CHCTEMBI 06paboTKH HHbDOPMALIUH
U3 HENporpaMMHUpYeMbIX cTaHaapTHeix UC,
Kak NpaBHJIO, HUKOTJa He BcTaeT. Ecnm He
yYMTHIBATh O0bIHX DBM, mpu npoekTHpo-
BaHUHM KOTOPBIX 00 H300pETEHUS MHKPONPO-
meccopa He OCTaBalOCh HUYETO APYTOro,
Kax npuberaTbh K NMPUMEHEHUIO HEMPOIrpaM-
MHpyeMbIx cTaHAapTHbix MC, ucnoab3oba-
HHE MOCJEIHUX OIPAHUYUBAETCA HCKIIIOYH-
TEJIBHO CHCTEMAaMHU, NIpeIHA3HAYEHHBIMH IS
DEIIEHHs TOJbKO npocTeimmx 3agady. Mx
TPEUMYILECTBOM HBIAETCA MPEXAE BCEro
BBICOKas CKOpOCTbh 00paboTku JaHHBIX. OHa
OKa3bIBAETCH OOCTHXHMMOH, TakK Kak I
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CO3JaHUsI TNMOJOOHBIX CHCTEM [MPHMEHSIOT
6bIcTpOAEACTBYIOIIME TpPAH3UCTOPHO-TPaH-
3UCTODHBIE JIOTHYECKHE CXEMBI.

Huxe Mpt 6051ee noapobuo obcyaum ot-
JenbHble THNBI MC, obpaTHBLIMCE K KOH-
KPETHBIM IPHMEpAM H HE MBITAsACh CHCTEMa-
TUYECKH OCBELIATDH BCIO IOJHOTY MHTETpajlb-
HBIX CXEM, C KOTOpPBIMH CErOJHS MOXHO
BCTPETUTHCA HA MEXIYHAPOJHOM PBIHKE MO-
JIYIPOBOAHHKOBBIX NpubopoB. PaccMmatpu-
BaeMble IPUMEpPHI B3ATH [NIaBHBIM 0Opa3oM
U3 NMPOM3BOACTBEHHOM mporpammbr Kombu-
Hata MukpodnekTpoHuku [JIP. Bo Bcex
CJIydasix, KOrJa 3TO OKa3bIBAECTCS BO3MOX-
HbIM, KpOMe CTaHIapTHbIX 0003HaYeHH
HC, npumensiemsix B I'[IP, npuBoastcs Tak-
XKe HX MEXIyHapoIdHble 0603HAYCHHS.

HWrax, HaydeMm ¢ 3akasHeix WUC.

NC ana 3neKTPOHHbIX YacoB

B ri. 4 Mbl NO3HaKOMUMJIMCh CO CXEMOH cyeTa
no asyx. IlyteM mocyie10BaTEIbHOIO COEqH-
HEHHUS OOJIBIIOTO YHCIA TAKHX CXEM MOXHO
nmocTpouth 3aka3nyro MC, xoTtopas Tpebyet-
csl JUIS 3JIEKTPOHHBIX 4acoB. [IpuMepomM mo-
nobuo# cxemsl sBaserca UC U118, xotopyro
BHITycKaeT DpdypTCKUH pamuosaBoid (pHC.
61). Ota UC npeanazHayeHa Oj1s UCMOJB30-
BaHUs B IMpPOCTEHIIMX HApYYHBIX dYacax ¢
aHaNoOroBbIM HMpepbiaToM. CxeMa HMeeT
BOCEMb IITHIPEKOBBIX BBIBOAOB. Ha BBIBOIBI
1 ¥ 5 nmomaercs HampsikeHue nuTaHusa. K
060HMM BBIBOJAM 7 U 8 NOABOIUTCS NEPEMEH-
HOE 3JIeKTPHYECKOe HAIpsKEHHE BBICOKOM
yacToThl. s cxembl Ull8 ydactora atoro
HalpsOKEHHMst JOJKHA paBHAThe 21° =
= 32768 I', 4TOOBI HA BHIXOAaX (BLIBOABI 2
U 3) pOBHO uyepe3 KaXKIble [BE CEKYH[bI
(hOPMHpPOBAJICA UMILYJILC. VIMIIYJIbChI HA BBI-
BOJE€ 3 CABMHYTBHI BO BPEMEHH IO OTHOIIE-
HHIO K MMIIYJIbCAM Ha BbIBOJE 1 Ha CEKyHY,
TaK 4YTO KaXOYIO CEKYHAY B CXEME BO3HHKAET
BBIXOJHOH HMIIYyJIbC. OTH MMIYJBCHl HC-
MOJIb3YIOTCA I YNPaBJIEHHA LIaroBbIM
JIBHraTejleM, KOTOpHI MpH Mojade HAa ero
BXOJl OYEPEIHOI0 UMITYJIbCa MOBOPAYHBAET-

Puc. 61. Cxematnyeckoe H306paxKeHHE HEKOTO-
peix UC.
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¢ Ha wWecTh yriaoBbix MHHYT. C BhIBoZA 6
MOXET CHUMATBCS CEpHUA MOCIEA0BATEIbHBIX
HMMIYJILCOB, CJIEAYIOUIHX ¢ 4acTOTOM 4096 I'm.
Ecin k 3TOMY BBIBOAY MOAKJIIOYHTH He-
6onpiol MukpodoH, ToO B HeM OyneT BO3-
HHMKATb 3BYKOBOM CHTrHan. BeiBoa 4 CIyXHuT
IUIA YCTAHOBKH Y4COB: MoJaya UMIYJIbca Ha
3TOT BXOJ BbI3bIBAECT IMEPEBOJ CXEMBlI Ha
oOgHy cexyHOy Hazaa. Heobxomumoe mnst
ynpaBiieHust paboTO# MHTErpaJbHOR CXEMBI
4aCOB HAIPSXXEHHE BBLICOKOH YAaCTOTHI IeHe-
pUpyeTCcst HEOOIBIIMM KBaplLEBBLIM KPHCTAJ-
goM. KBapu sBiasieTcs Tbe303J1EKTPHKOM,
T.€e. TAKUM MaTEepHaJ oM, B KOTOPOM Mexa-
HUYECKHE HANPSXXEHHS BCErJa BBI3bIBAIOT
TIOSIBJIEHHE 3JIEKTPUYECKOTO HATIPAXEHHUA. Y
Ka)XIO0ro KBaplLEBOrO KpHCTaJUla Habmroda-
ercsi ocoboe «IpearoyTeHue» K KojebaHusaMm
Ha OMpeIeNIeHHOM, Tak Ha3blBaeMoM cobem-
6eHHOi HacTOTe. 3Ha4YeHHe 3Toi cOOCTBEHHOM
YaCTOTBHI MPAaKTHYECKH 34aBHCHT TOJIBKO OT
BEJIMYMHBI KPUCTAJUIA ¥ THUIA €ro MJIOCKOCTH
cpe3a. U camoe riaBHoe, cobcTBeHHas 4ac-
TOTa COBEPILEHHO HE 3aBUCHT OT TEMIIEPATY-
pel. Ecotm X 1BYM IpPOTHBOIOJIOXHBLIM Ipa-
HSM KpHCTaJUla TIPUJIOXHUTH 3JIEKTPHYECKOE
HanpsiKeHHe, 4acToTa KOTOpOoro npubiu3u-
TEJILHO COBMNAJaeT ¢ COOCTBEHHOHN 4acTOTOH
KpHCTaJIa, TO B HeM OymyT Bo30yXaaTbcs
JOCTAaTOYHO MOIHbIE KojebGauusa. OaHako
4acTOTa 3THX KoJsieOGaHMil Teneps 6yaeT pas-
Ha cOOCTBEHHOM 4acTOTEe KpHCTasla HE npu-
6.ausumeabHO, KaK 4acTOTAa KoJiebOaHMii B BO3-
Oy aaroleM EKTPHYECKOM KOHTYPE, a CO-
BEPLIEHHO MOYHO. YXOH YacTOTHI B 3JIEK-
TPHYECKOM PE30HAHCHOM KOHTYpE, TaK HIIM
HHaYe HMEIOLIHiics Bcerma, OyaeT BhIpas-
HHMBaTbCs KBapUEBBLIM KpucTa/uioM. YactoTa
xonebauuit cmabususupyemca. CeKkpeT Bbl-
COKOH TOMHOCTH JIEKTPOHHBIX YaCOB CBA3aH
HMEHHO cO crabmnmsanuedl dYacToThl.. B
MEXaHMYECKMX YacaxX 4YacToTa KosieOaHMi
MasiTHHUKA MJIM KPYTUJIBHBIX Kose6aHui noa-
BEPraeTCsl BJIMSHUIO PAa3JIMYHBIX BHELIHUX
Bo3MyLeHHH. COOTBETCTBYIOLIHE 4YaCTOTHI
KoJieOaHU# HMEHHO O3TOMY HE OTJIMYAKOTCS
CTabMIIBHOCTBIO, B YEM M KPOETCSl NMpUYHHA
HaMHOTO 6o0Jjiee HU3KOH TOYHOCTH MEXaHH-
YEeCKHX 4YaCOB II0 CPaBHEHHIO C 3JICKTPH-
YeCKMMH, UMEIOLUMMH KBapleByro cTabuiu-
3auuio. B HacTosinee BpeMsi WHTerpajbHbIe

CXEMBI IJIf 4acOB BBINMYCKAIOTCH B pa3jiHy-
HBIX KOHCTPYKTHBHBLIX BapHaHTax U ¢ pa3Ho-
00pa3HLIMH  JONMOJIHUTEILHBIME CXEMaMH
(OyIMIBHUKH, CEKYHOOMEPDI, 4achl C pagHo-
MPHEMHHKOM, 4Yachl ¢ MHKPOKAJbKYJISATO-
poM). Ecin B vacax mpeaycMOTpEHBI BbI-
XO0Jbl IS 3BYKOBBIX TOHOB Pa3HOM 4acTOTHI,
TO 4YacoBas CX€Ma MOXET ObITb HCIOJIb30-
BaHa IS TeHEpallMH MEJIOIMH.

MNC kapmaHHOro
MUKpOKanbKynaTopa

Pocty mnomynsipHOCTH MHKPO3JIEKTPOHUKH
KpOMe JIEKTPOHHBIX YACOB ¢ KBapLeBO# cTa-
Ounu3anmei crmocoOGCTBOBANT TaKXe MHKPO-
KaJIbKYJATOp KapMaHHOIo Tuma. IIpocTeii-
UIMHA MHKPOKAJBKYJIATOP, PACCHMTAHHBIH Ha
BBINTOJIHEHHUE YEThIPEX OCHOBHBIX apHpMeTH-
YeCKMX oONepalldit M HECKOJbKUX IOMOJIHH-
TeNbHBIX JeHCTBUH (Hanmpumep, QYHKIMI ma-
MSATH U BBIYUCJICHUS NPOLIEHTOB), yXKe JaBHO
nocTpoeH Ha 6a3e oaHo#t C. B HacTosmee
BpeMs Ha OCHOBe oAHOH-emuHcTBeHHOR MC
co3gairoT 6onee ynobHbIE MporpaMMupye-
Mble MHKPOKaJbKyIaTOpbl. s ob6cyxae-
HUS WPUHIKIIA paboThl MUKPOKANBKYIATOPA
Bo3bMeM M C U821, Brimyckaemyro Ipdypt-
CKHM paauo3aBogoM. OOLLKK BUI 3TOH MHUK-
pOCXeMBl CO IUTHIPLKOBBIMH BBIBOAAMH IO-
Ka3aH Ha pHc. 62. Uepe3 BeiBog | B cxemy
BBOJATCA TAKTOBBIE HMITYJIbCBHI. TaKTOBas 4ac-
TOTa MOXET JiexaThb B ipeaenax 100-270 xIu.
Bonee nmonpobHO 3Ha4YeHWE TAKTOBBIX HM-
IIYJIBCOB MBI PACCMOTPHM MHpPH 00CYXIECHUH
TMIPUHIMNOB- paboThl  MUKpOIpPOLECCOpA.
Bxonw! 14, 15 u 28 coenuustoTcs ¢ BHEIIHH-
MM UCTOYHHKAMHU HaTpPSOKEHUs MHTaHUA. Bbl-
BoAbI 3—13 aBJsArOTCH HMPPOBBIMU BXOJAMH.
BriBoa 26 mpeacraBisieT cobol Bxon s
ABOMYHOro yucna. OH noskeH ObITL coenu-
HEH ¢ BbIBOJaMH 3 (BBIXOH JeCATHYHOR Lgd-
pbl 1), 4 (BoIxOX mecATUYHOH LHUGPH 2), ...

., 11 (Boixon necaTuyHOM uMdps 9), 12
(BbiIxon pecaTHYHOro Hyns) W 13 (BbIXOn
3Haka). DTU COEOUHEHHUS MpepbiBalOTCA Lud-
POBBIMHM KJIaBHINIAMH MHKPOKAJIBKYJIATOpA
(cM. puc. 62,6). Ilpy HaxaTHM Ha KJIaBHILY
«2» NPOMCXOONT BOCCTAHOBJIEHHE COEIUHE-
HUS MEXOy BBIBOJIOM 4 U BXOIOM 26, T.e.
BBoauTcs uudppa 2. Yepes BoiBon 25 B UC
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BBOAMUTCS 3aJaBaeMas BLIYUCIIMTENbHAS Olle-
palMs, yepe3 BLIBOA 2—3amnsTas, OTHEINsIO-
mas LeNyro 4YacTb OT ApoOHOH, a depe3
BBIBOJ 27 —KOMaHJa ONepaldH Hal MOCTOSH-
Ho#l BermmuuHOM. Kak peaym3yrorcs coemuHe-
HHS 3THX BBIBOJOB C AECATHYHbIMU IHMcbpo-
BBIMH BBIXOJaMH, MOXHO MpPOCIEIHUTH, 00-
paTHBIIMCH K pUC. 62,6. B ciryyae BBHINOTHEHUS
onepalMu X (yMHOXEHME) HYXHO, HallpuMep,
YCTaHOBHMTB COEAMHEHHE MEXKAY BhIBOJAMH 7 H
25, yTo ofecreunBaeTCsd HaXKaTHEM Ha KJIaBH-
my x. Peaynbrar omepaumu Oyner BblIaH Ha
ceMb BBIBOJOB, HauMHas ¢ 16-ro M koHwas
22-M. CMTHQJIBI C 3THX BBIBOJOB YNPABISIOT
OTHENBHBIMA CETMEHTaMu 1MGbPOBOrO HMHIH-
KaTopa MHKpOKadbKyIaTopa (puc. 62,8). Ue-
pe3 BHIBOA 24 BBIIAETCA ACCATHYHAS 3ansTas
noka3aHuid. BeiBoa 23 He ucCmoib3yercs.

UC anAa cdotoannapara

Henwiit psan 3agay o6pabotku undopmManuu,
JUISL pelLlleHHs] KOTOPBIX MOTYT IPHUMEHATHLCH
3akasuble C, Bo3HHKaeT B oOJlaCTH aBTO-
MAaTH3alMH YIPaBICHUS OBLITOBHIMH 3JEKT-
ponpubopamMu, ¢oToannapaTaMiu, 3BYKO- H
BHACO3ANHUCHIBAIOIIEH M BOCNPOM3BOISIIEH
anmapatypoi. nsa Toro d4robml Bce 3TH
npubopsl M anmapaThl (GYHKIHOHHPOBAJIH
IpPaBHJILHO, C HHMH HAaIO YMeTh ofOpamaTh-
cs. Tak, HanpuMep, IPH NOJIb30BaHUH HOTO-
anmapaToM HeOOXOOHMO H3MEPHTL OCBe-
[EHHOCTb CHUMaeMoro o0bekTa M paccTos-
HHMe 10 Hero, BeIOpaTh, cobiromas omnpene-
JIEHHBIC IPAaBUJIA, BEJIHYHHY OHadbparmsl, omn-
PEIENIUTD SKCHO3UIMIO. BLINOIHEHHE TEX Me-
XaHHYECKHX ONepalMil peryJMpoBKH, KOTO-
pble OOLIYHO OeNaloT BPYYHYIO, MOXHO HO-
PYYHTL CHEUHANTBHOMY MEXaHH3MY, HMEIo-
meMy MpHBOA OT MHHHATIODHOTO 3NEKTPO-
nBuratens. Takoi MexaHH3M CrocobeH BhI-
TOJIHATH JIroOble ONepalMH peryJIHpOBaHHSA,
OIHAKO CaM OH He «3HaeT», Kakue M3 BO3-
MOXHBIX YCIOBHH ABJIAIOTCA NPaBHUIbLHBIMH,
H MO3TOMY B CBOIO O4Yepedb HYXKIAeTCA B
ynpaBieHHH. Takoe yIpaBJIeHHE OCYLIECT-
BiseT anekTponHas MC dortoannapara, xo-
Topasg GYHKUMOHMpYeT B KoMOHUHamu ¢ do-
ToanemeHTOM. Ha doTosneMeHT moctynaet
nepBUYHas HHGopManus o0 OCBEIIEHHOCTH
00BEKTa CHEMKH H PACCTOSHHH IO HETO, KO-
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Topas mHpeoOpa3syercs B aHAJOrOBBIE 3JICK-
TpHYecKHe CUTHaNbl. B doToannaparax Ham-
boNlee COBEpLICHHBIX MOIENCH YIpaBJIsAio-
mas UC, obpabaTriBas mocrynaroilme CHr-
HaJibl ¥ OPHEHTHPYACH Ha OMNpelaesIeHHbIE
YCTaHOBKH, BBOAMMEIE ¢oTorpagoM H 3a-
JaOIIIHe YYBCTBHTEILHOCTD TUIEHKH H PEXAM
CBEMKH, BBLIYHCIAET 3HAYEHHS pPacCCTOSHHA
Io oOBekTa, OCBEIIEHHOCTh M aumadparmy.
KpoMe Toro, cxema reHepupyeT KOMMYTa-
LMOHHBIE UMITYJILCHI, KOTODPbIE, BO3MCHCTBYS
Ha LIAroBbI¢ 3JIEKTPOIBUTATE M HIIH 3JIEKTPO-
MarHuThl, O0eCIeYHMBAIOT YCTAHOBKY IIpa-
BWJIBLHBIX BeNMM4YHH. Biaromaps stomy obec-
[eYUBAETCA BEChbMa BBICOKAsA CTEHEeHb aBTO-
MaTu3auun pabortsr ¢oToammapara. JdocTa-
TOYHO HAIpaBHThb OOBEKTHB Ha OOBEKT
CbEMKH, HaXaTh H4 CIOYCK—H MOXHO He
COMHEBaTbCd, 4YTO OyImeT IONydYeH CHHMOK,
KayeCTBO KOTOPOTO C TOYKH 3pEHHS pe3-
KOCTH M NIPABHUJIBHOH 3KCHO3HIUMH YIOOBJIET-
BOPHT CaMOTO B3BICKATEJIBHOTO KPUTHKA, Ue-
ro Bpsd JH yaanock Ol moOuUTbes mpu
PY4HOM YCTaHOBKE BBIOCPXKKH, IHAdPArMsl U
HABOJKE Ha pe3KOCTh. ABTOMATH3alUA Ole-
pauMil ynpasJjieHHS AOCTHUraeTcs NMyTeM HC-
TTOJIb30BAHUS HE TOJBKO MHKPO3JIEKT POHHOM
cxeMbl. BMecTe ¢ Helt paboTaroT JaTHHK OIS
npueMa nepBuyHO#i HMHbOpManun (portoane-
MEHT) H HCTIOJIHUTELHBIH OpraH, no3BoJIsio-
IR peanu3oBaTh MEXaHHYECKHE (YHKIHH
pPEeryJINpOBKH (MEXaHH3M C INPHBOAOM OT
LIATOBOTO IBHTATENS HJIH JICKTPOMAarHuTa).
OnextponHas HMC sABnseTcs «MO3TrOBBIM
HEHTPOM» 3TOT'0 YIPaBJIAIOIIETO YCTPOHCT-
Ba. [ns mpuMepa MOXHO KpPaTKO ONHCATh
TAaKYyIO CXEMY, HCIOJIbL3YEMYIO B 3€pKaJIbHOM
doroannapare «IIpaktuka» B 200. 3ta cxe-
Ma COCTOMT M3 ABYX 4YacTei —aHAaJOTrOBOH H
uudposoit. SIpkocTh 06BEKTa CHEMKH (OCBE-
IIEHHOCTb) H3MeEpseTC ¢ nomMolnbio dhoTo-
aJleMeHTa U3 apceHHa-pocouna rannus. [No-
MHMO YYBCTBUTENLHOCTH (POTOIIEHKH B am-
napaT HeoOXOAMMO BPYYHYIO BBECTH TaKXe
sHavyeHne muadparmel. [lo 3THM HaHHBIM
HC BhMHCHSET 3KCHNO3UIMIO M BBIJAET pe-
3yJbTAT HA WIKAJTy MHAUKATODA, BHIMOJHEH-
HOro M3 16 cBerou3nydaromiux auonos. Ha-
BOJIKa Ha PE3KOCTh MPOU3BOAUTCA BPYUHYIO.
Vopasnsiomas HMC no3poiser HCNob3o0-
BaTh (OTOANIApAT B YETHIPEX pEXXHUMaXx pa-
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6oT1el. Tak, HanpuMep, B pexkHMe «ABTOMa-
THKa» IpPH HaXaTHH Ha CIYCK 3aTBOp C
NIOMOLIBIO 3JIEKTPOMAarHUTHOTO TIPUBOZA OT-
KpBIBaeTCs Ha BpeMs, COOTBETCTBYIOLIEE BbI-
CBEYMBACMOMY Ha HHIOWKATOPE 3HAYECHHIO
IKCTIO3HIHH.

TakuM aBTOMAaTHYECKHM YIIpaBJICHHEM,
KOTOpO€ MBI KPAaTKO PaccMOTpeNid Ha MpH-
Mepe ¢QoToamnmapaTa, CeTOOHS OCHAINAIOT
MHOTHE OBITOBbIE TIPUOOPHI U TIPOMBIIILIEH-
Hble ycTaHOBKH. He Bcerma mis 3TOH 1enH
HCIONB3YIOT 3aKasHble UC, yacTo npuUMeHs-
0T MHKPOKOMIIBIOTEpEl. Bo MHOrHX ciyya-
AX noJJexauras oopaboTke BxoaHas uHdop-
MaIus MOCTYIAeT He OT BHEIIHUX JAaTYHKOB,
Kak 3710 ObLIO B ciyvae ¢ ynpasiusiomeit UC
¢doroanmapata, a u3 OpOorpaMMHON MWK
YIpaBJISAIOLIEH TaMATH, KoTopas Judo BXO-
IHT B cocraB caMoi ynpasastowed UC,
nubo sBiserca oraenpHod MC mamstu. B
TaKO# MaMATH MOTYT XPaHHTbCA pa3JIM4HbIC
OPOrPaMMBI, H3 KOTOPBIX BJIaAesiell JAHHOTO
npubopa BBIOHpaeT HyxHYyI0. B Takom ciy-
4ae BCE YIIPAaBJICHHE CBOJUTCS K HaXaTHIO Ha
KJIaBUIYy BbIOOpa TpeOyeMoOl IporpaMMel:
BCE OCTaJIbHOE MPOHCXOOHUT IO YIPaBIISIO-
muM curHanamM UC. [MonoOuerit BUA ynpas-
JIeHHs TIPHMEHSIETCS, HallpUMep, B OBITOBBIX
CTHPAJIbHBIX MalllHHaX, OCHALICHHbIX 3aKa3-
Ho#t ynpasJistoweit UC WM MHKPOKOMITBIO-
TEPOM.

Ananorosbie UC

K d4Mcny 3aka3HBIX OTHOCATCH W MHOTHE
aHajoroseie MUC. [Ins 3TOrO OHH HOJIKHBI
001agaTh CBOHCTBaMH, XapakTePHBIMH IJIs
34Ka3HBIX HHTETPAJIBHBIX CXEM, O 4eM MBI
rOBOPHJIM paHee. Takas cxeMa J0JkHa ObITh
pACCYHTAHA Ha IMIOJIHOE PELICHHE CIIeUHallb-
HOH 3amaum ob6padotku mrdpopmanuu. [Tpu
3TOM He UMeeT HHKAaKOIO 3HA4EHHS, MOJTyve-
HO JIM pellieHye NUGPOBHIM HJIH aHAJIOT OBBIM
cioco6oM. ITockonbky ucxonHas HHpoOpMa-
OUs MOCTYMAaeT OT peaJbHBIX HCTOYHHKOB
HEpeAKo B aHAJIOroBOH ¢opMe, TO H aHa-
sorosbie UC 9acTo ABIAIOTCS HCKIIFOUHTENb-
HO YAAYHBIMH 3aKa3HbBIMH CXEMHBIMH YCT-
poicrBamH. Kpome TOro, 3mech yYMeECTHO
BCIIOMHHTh H © 0o0Jiee BBICOKOH CKOpOC-
TH 00paboTku uHPOpPMALMH aHAJIOT OBHIMH
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CpelCTBaMH, Ha YTO YKa3biBaJIOCh B I'L. 4. K
THIIHYHBIM 3aKa3HbIM aHajnorobeiM UC ot-
HOCHMTCS YCHJIMTENb AJIs1 OBITOBOM 3JIEKTPOH-
HOM ammapaTtypbl. HWHTerpajibHas cxemMa
A211, BhimyckaeMas 3aBOJOM IOJIYIPOBOA-
HHKOB BO Ppankdypre-Ha-Onepe, npeacTas-
JeT co0oif YCHITHTENIsb HU3KHX YaCTOT MOLII-
HocThio | BT, mpenHa3HaveHHBIH U1 yCHIIE-
HHA pEYEeBBIX M MY3BIKAJbHBIX CHTHAJIOB B
paluo- M TeJIEBU3HOHHBIX TIpHEMHHKAX, IPO-
HIphIBaTeNAX U MarHutodonax, a UC tuma
A283 Toro e 3aBoJa ABJIAETCA MOJHOCTBIO
ocHamieHHbIM CBY-nmpHeMHHKOM ¢ GHIBT-
pPOM H KaTyIIKaMH HMHOIYKTHBHOCTH. B pac-
MOps)KeHHe KOHCTPYKTOPOB TEJIeBU3HOHHOM
annmapatypsl MPOMBIIIJIEHHOCTh NpPeAOCTaB-
nset anajoroele HMC, npeaHa3HauyeHHbIE
I NEKOOUPOBAHUA CHTHAJIOB IIBETHOCTH H
SApKOCTH H300paxeHHsA. YHHBEpCaJbHBIM
YCTPOHCTBOM, TaK Ha3bIBAEMBIM OIIEPAIIMOH-
HbIM ycuiutesieM, sBiasercs UC BO81, BwI-
nmyckaemass TeM xe 3aBogoM Bo ®PpaHk-
dypre-Ha-Onepe (MexayHapoaHoe o0o3Ha-
yeHue TL 081).

OgHako B 3TOM Clly4ae JIydIlle TOBOPHTh
O CTaHAAapTHBIX, a He o 3aka3Hbix UC. AHa-
gorosbie UC obecneynBaroT Takxe Xopo-
myro crabmnuzanuo M 3bdekTHBHOE Orpa-
HHYEHHE JJIEKTPHYECKHX HAIPSXKEHHHA H TO-
koB. B kayecTBe BakHEHIIIEH aHaJIOTrOBOH
HC, Bxonsuweii B cocTaB aHAIOro-1u¢poBo-
ro mnpeobpa3opaTeis, B Il 4 Ml yxe pat-
CMOTPpEJIH cXeMy KoMIlapaTopa. 3aBoJ moJly-
npoBoAHHKOB BO ®pankdypre-Ha-Onmepe BbI-
myckaeT, Hanpumep, UC koMmapaTopoB TH-
na Al110. U 3ty cxeMy npaBUJIbHEE CUHMTATh
cTaHgapTHo# aHajnoroBoit MIC. Cpssyromu-
MH 3BEHbAMH MEXIY aHaJIOTOBBHIMH H IHG-
POBBIMH CXEMaMH SBJISIOTCA, C OOHOH CTO-
poHbl, aHanoro-mupossie (ALIIT) u, ¢ opy-
roif cropoHsl, muppo-anasoroseie (LJAIT)
npeobpa3zoBatenn. 9T MC B HacTosmee
BpeMs BBINYCKAaIOTCS B BHUAE CTaHAapPTHBIX
CXeM M NIpeACTaBJIeHbl Pa3HOOOpa3HBIMH TH-
namu. Tak, HaMpUMep, HHTErpajibHas cxeMa
C520, BuImyckaeMas 3aBOJIOM IIOJIYIPOBOI-
HHKOB Bo ®paHkdypre-Ha-Onepe (AD 2020),
obecnieunBaeT Mpeobpa3oBaHUE aHAIOTOBBIX
CHTHAJIOB B TpeX3HayHbIE JBOHYHO-IECATHY-
HbIe YHCTIA.

HTtak, Ha npuMepe nepeducieHHsix HUC
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MbI TMO3HAKOMHJIIUCh CO CTAHIApPTHLIMH HH-
TerpaibHBIMHA cxeMaMd. Ho 310 ObLH cTaH-
JapTHHE anasozosvie UC. PaccMOTpUM Te-
Tepb CTaHAApTHBIE yugposvle UC — cHavana
HenporpaMMupyeMelie IC Manoii u cpeaHeit
CTeneHe! MHTErpalyi, a 3aT€M MpOrpaMMHu-
pyemble MIC ¢ BLICOKOH CTENEHbIO HHTE-
Tpaluy.

Noruueckue anemeHTb

TumauaeiMu nmpeactaButensmMu UC mamnoi
CTENEHN HHTErpaliid SBJIAIOTCA pa3JInuHbIE
JIOTHYECKHE 3JIEMEHTHI. B O0JIbIMHCTBE MpH-
MEHSEMEIX BAapDHAaHTOB TaKHUX CXeM B OJHOM
NpHOOPHOM KOPITyCe pa3MellaeTcs HECKOJIb-
KO JIOTHYeCcKHX 371eMeHTOoB. lllupokoe pacnpo-
CTpaHeHHe TOJYYWIIH JIOTHYECKHE 3JEMEHTHI
tina U, U-HE, UJIHN, NJIUN-HE, nMeroniue
bonee OBYX BXOAOB Kaxnplit. [yig Toro 4ro-
Obl Ha BBIXOZE JIOTHYECKOro sneMeHTa U
MOSIBWICS CHTHaJ BBLICOKOTO YPOBHS, Ha Bce
€ro BXOAbl JOJKHBI OBITH MOJAHbI CHUTHAJIBL
BLICOKOTO YPOBHS, TaK Kak B IPOTHBHOM
CITy4ae BBLIXOHHOM CHIHaN OyJeT HH3KOTO YpOB-
Hi. Ha BrIxoge norudeckoro anementa UJIU
HMEeTCS CHIHAaJl HH3KOTO YDOBHS, €CIH Ha
BCE €r0 BXOAbI MOCTYMAIOT CHrHAJIbI HU3KOTO
YPOBHS; B NPOTHBHOM cCllydae Ha BBIXOHE
6ymer curnan Bwlcokoro ypopHs. K Hambo-
Jiee 4acTO NMPHUMEHSEMONH CEpHH JIOTHYECKUX
3NEMEHTOB CJIEAYET OTHECTH TPaH3HUCTOPHO-
tpausuctopHyto Jjoruky (TTJI). Taxk, zaBon
HoJnynpoBoAHUKOB Bo PpaHkdypre-Ha-Oxe-
pe ucmonb3yer ceputo TTJI D10 B cBo-
ux Ounonspueix HMC (SN74). MUC D100
(SN7400) (puc. 45) comepXMT 4eThblpe He3a-
BUCHMBIX IBYXBXOJOBBIX JIOTHYECKHX 3Jie-
menta U-HE. B coctas UC D204 (SN74H04)
BXOAAT IUECTh HE3ABHCHMBIX JIOTHYECKHX
aneMeHToB HE (MHBEpTOpOB).

CraHpapTHbie MC co cpepHeit
CTeneHblo UHTerpaummn

Ipenctrasutenem MC co cpennelt creneHbro
HHTETPAIMH MOXET CIIYXHTb CXeMa JeKOIH-
posanus U711 thna «1 u3 8», BhImyckaeMast
Ipdyprckum pamuosaBogoM. OHa ImpeaHas-
HavyaeTcs Il MpeoOpa3oBaHUs TPEeX3HaYHO-
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ro JBOMYHOTO YHCIA. DTa CXeMa HallOMHMHA-
€T pacCMOTpPEHHBIH Ha pHUC. 35 gexkoaep THHa
«1 m3 4». Kopmyc cxemnr U711 ¢ ero
1 6-IITHIPbKOBLIMM BHIBOJAMH H300pakeH Ha
puc. 61. BeiBoasl 5—8 npenctraBisioT cobou
YeThIpEe JABOHYHBIX BXOJa, BBIBOABI 1-4 H
13—-16 sBastoTCs BOCEMBbIO BbIxoZaMH. Ha
BbIBOJIBI 10 U 11 COOTBETCTBEHHO NOAAKOTCH
HampsOKCHUS THTAHHS X BXxogHoe. BeiBoa 12
COeIHHEH C KOPMYCOM, BBIBOA 9 HE HCIOJIb-
syerca. K cranmaprasiM UC co cpenneit
CTEMEHbIO0 HHTETPallid OTHOCATCH TaKXe 3a-
MOMMHAIOIHE YCTPOHCTBA MAaJIOH €MKOCTH,
Tak Ha3blBaeMble perucTphl. OHH CiyXaT
sl KPAaTKOCPOYHOT'O XpaHEHUs HeOGOJbIIMX
obveMoB mHbOpManun. [IpuMepoM Takux
cxeM sisiercs MC DIBI, xoTtopas mnpen-
cTaBaser cobof 16-pa3psaHbIi perucTp
BBIIYCKAETCS 3aBOJOM MOJYNPOBOAHHKOBBIX
npubopoB Bo ®pankdypre-Ha-Onepe (Mex-
OyHapoaHoe obo3HaueHne SN7481). Peructp
HMeeT 2 x 4 aApecHBIX BXoJa, [IBa BXoJa
3aMMCH U ABa BbIXOAa CYUTHIBaHHSA. OH mpH-
MEHSAETCA B KayeCTBE BBLICOKOCKOPOCTHOTO
6ydepa MIH NMPOMEXYTOYHOrO HAKONUTENS.
Hakonutens Majioif éeMKOCTH C NOCJIeIOBa-
TEJbHBIM JOCTYNIOM K XPaHMMBIM JaHHBLIM
Ha3bIB#TCA CIOBHIOBBIM peructpoMm. HC
D191 Toro xe 3aBoga (SN7491) npencrapius-
eT coboit 8-pa3psHbIi CABUTOBBIA PETHUCTP.
Ilepen 3anmoMMHaIOLUMM BXOIOM 3TOIO pe-
THCTpa HMEETCS MBYXBXOAOBBIH 3eMeHT U.
CHOBMrOBLI PErHCTP NMPHMEHSETCS TAKXKe B
KayecTBE CXeMbl 3aAepkkH. Tak, Hamnpu-
Mep, Y TpUITepHOHR cxeMbl 3aaepxku D174
(SN7474) uMmnyabc Ha BBIXOAE TOSBIAETCA
yepe3 OOHH TaKT IOCJE MOJayd TaKTOBOTO
CHrHaja Ha BXoJ. BrIOpaB MJIHHY TaKTOBOTO
nmepuHoaa, 3aJarT UIHTENbHOCTh 3aJ€PXKKH.
K craHmapTHBIM cxeMaM cO cpenHeis
CTENEHBIO MHTErPAlMM OTHOCHTCS TaKXke H
HUC cymmartopa. DpdypTckuii pagno3aBon
BeinmyckaeT, Hampumep, MUC UIlO1, cocros-
IIHE U3 IBYX HE3aBHCHMBIX OJHODPAa3pSIHBIX
CYMMAaTOPOB, KaX bl U3 KOTOPBIX HO3BOJIA-
€T CYMMHPOBaTh TPH OJHOPa3pAAHLIX MBO-
HYHBIX yHcaa. Ota UC uMeeTr 14 BEIBOOOB,
KOTOpBIE NOKa3aHbl Ha puc. 61. BoiBoas! 1 u
4 HCOONBL3YIOTCA UIA NOAAYd HaOpsKEHHS
NMHTaHHA Ha o6a OMHOpa3psAIHBIX CYMMAaToO-
pa, a BeiBOA 11 coemuHeH c 3emuedd. Ha
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BBIBOABI 2, 3 M 4 MoJaroTCs TPH ABOMYHBIX
CHrHaja, CyMMa KOTODBIX BBIOAETCS C BBIBO-
IoB 6 (1-# 3Hak) U 7 (2-i1 3HaK, NepeHoOC); Ha
BeIBOABI 14, 13 m 12 MoXHO moxaBaTh TpH
IPYTMX OQHOPa3pAIHBIX OBOHYHBIX YHCTA, 4
CYMMY CHUTBIBAaTh ¢ BbIBOAOB 10 (1-i 3HaK)
9 (mepeHoc).

OTHMH NpUMEPaMH Mbl OTDaHHYMMCH B
HaleM o0030pe IIHPOKOro CHIEKTpa CTaH-
JaptHeix MC co cpegHeit cTemeHbro HHTe-
TpalyH, BHINIYCKaEMBIX MHKPO3JIEKTPOHHOM
HIPOMBIIIUIEHHOCTHIO, YTOORI EPEHTH K Ipo-
rpaMMHpyeMbIM cTaHgapTHHIM M C ¢ BbIcO-
KOH cTeneHbI0 HMHTerpauud. OCHOBHOE BHH-
MaHHe Mbl XOTHM YAEIHTh HHTErPajIbHbIM
cXeMaM, HCHOJIb3YEMBIM UISl CO3IaHUSA MHK-
POKOMIIBIOTEPOB. PaHee yXe OTMEHYasoch,
4TO MeXAy MHKpokoMmnbloTepoM U HMC ¢
BBICOKOH CTENEHbIO MHTETPAIMU CYILIECTBYET
TecHas cBi3b. MTak, Temeph MBI 3HaeM, 4TO
HNOHATHE «MHUKPOKOMIIBIOTED» HEJb3S MOHH-
MaTth OykBanbHO. B maHHOM cnyyae mon-
pa3yMeBaeTcs Majias IporpaMMupyeMast CH-
crema 06paboTku HHGOPMALUH B IIHPOKOM
CMBICTIE 3TOTO cjoBa. Takas cHCTeMa Ipen-
Ha3HayeHa He TOJBKO IS OCYLISCTBJICHHSA
omepanuit Hax YHUCJIAMH, HO U IS yIpaBJe-
HHUS TEXHOJIOTHYECKHM MPOIECCOM, IEepeBoIa
OTZEJIbHBIX CJIOB C OJHOIO A3bIKa Ha ApPYroM,
TeHEepallMl YCTHBIX peYeBhIX COOOIICHHUN HITH
peaJyii3allMi POJIM MapTHEpa B 3JIEKTPOHHOHR
urpe. OOMIHOCTE MEXAY LUMPOKOH H Y3KOH
HMHTEpIpeTaluel IOHATHA MHKDPOKOMIIbIO-
TEPOB, BBIIOJIHAIOIIUX YUCIIOBBIE ONEPALNH,
3aKJIIOYAETCA B TOM, 4TO B OOOHX Clly4asx
HMEIOT B BHIY MHKDOKOMIIBIOTEDBI, Npel-
CTaBJICHHbIE MHKPOIIPOLIECCOPOM H YCTPOii-
CTBOM INAMSATH, KOTOpBIE BXOISAT B COCTaB
ob1elt HHTErpaJbHOH CXEMBI.

NC namarn

Tenepp MBI XOTHM HEpEHTH K cCXeMaM 3a-
noMHHaloux ycrpoicts (3Y). Bo u3bexa-
HHE HEOOpa3yMEHHWH cpa3y k¢ OTOBOPHMCH,
4TO peyb MOHIET TOJBKO O MOJYNPOBOIHH-
koBbIx 3. KpoMe nonynpoBoaHukoBBIX 3V
HMEIOTCS, KOHEYHO, U APYTHe BAILI NaMATH,
HalpMMep Ha MArHMTHBIX CeplIeYyHHKaX, Ha
MarHUTHBIX [OHMCKaxX, Ha IUIMHIPHYECKHX
MarsuTHbix noMeHax (LIMJ), ontuyeckue
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3V " T. ., KOTOpBIE 110 CBOEH €MKOCTH, KaK
IPaBWIO, 3HAYUTEIBHO HPEBOCXOIAT IOJIY-
npoBoaHuKoBble 3Y. Tak, HampuMep, Ha Om-
THYECKOM [TUCKEe OUaMeTpoM Bcero 30 cM ¢
HNOMOLIBIO TOHYAHILIErO JIa3€PHOTO Jiy4a Mo-
keT ObITh 3amucaHa MHpopMaLus oO6BEMOM
101° 6ur. Takoe KOJHYECTBO JAHHEIX
npeBbllIaeT 06beM HHPOPMaLIHH, 3aKITIIOYEH-
Hoi B 1000 Tomax krur no 1000 crpanuu.
OpnHako. 60JIBIIHHCTBO MOAOOHBIX 3V, MM
HAKOIHUTENCH, IPH UX COBMECTHOM HCIIOJIb-
30BaHMM ¢ DBM BBICTYNAIOT JIMILE B KayecT-
Be nepuepHiHbIX HAKONMHTeNIeH NaHHBIX, HE
SIBJISIACH ONEPAaTHBHON MJIM OCHOBHOM pabo-
yelf maMsAThIO, (YHKIHMOHAILHO OOBLeIUHEH-
HOH C KOMIbIOTepOM. IIpHuHMHA B mepBylo
oyepenb 3aKJIIOYaeTcs B TOM, 4TO INepude-
puiiHble 3V, €CM y4eCTh BBICOKYIO CKOPOCTh
0o6paboTkn MHpOpMalMH, OTJIHYAIOTCH dHe-
pecdyp OOJIBIIMM BpeMEHEM OOCTYIA K Xpa-
HAIIMMCS B HUX JaHHBIM. JIerko MoxHoO cebe
IpeACTaBUTh, YTO MPH HCHOJIL30OBAHHH, Ha-
IpHMep, HAKONUTENIA HA MAarHUTHOH JIEHTE
MECTO ¢ 3alpOIUEEHBIMH NAHHBIMH MOXHO
HaNTH TOJILKO MyTeM IMPAMOH MIN obpaTHOH
NepEMOTKH JIEHTHI. [laxe B Clly4yae HUCHOJIb-
30BaHUs OBLICTPOAEHCTBYIOIIHX MAarHHUTHBIX
3¥Y, HanpuMep (eppUTOBBIX WIH Ha OCHOBE
LIM /I, BpeMs DocTyna K MaMATH COCTABJISAET
OT OJHOH MHKpOCeKyHIB! M Oosblre. M mo
CErONHSALIHUM OeHs 3Y ¢ TakMMH XapakTe-
PHCTHKaMH Bce elle NMPHMEHSIOTCA KaK oc-
HOBHas maMATh OBM, a Beab paHblie Hc-
HOJIb30BAJIMCh TOJBKO ¢eppuToBhle 3Y.
CrenoBaTenbHO, €CJIH MBI XOTHM HOJIHO-
CTBIO MCIIOJIB30BaTh BBICOKOE OBICTPOIEHCT-
BHE YCTpOHCTB 006paboTku HHPOpMalLHH,
HaM notpebyroTcs 3Y co BpeMeHeM JOCTyna
HaMmHoro MeHsbuie 1 MkM. Takoi pybex B
HACTOSsIliee BpeMs yXe IOCTHTHYT B IOJIy-
npoBogHUKOBBIX 3Y. HMHbopMmamusa B HHX
XpaHHUTcA B Toi xe ¢opme, uyto U B UC,
IIPHUMEHAEMBIX U1 00paboTKH JaHHBIX, HIH
B BHIE 3JICKTPHYECKHX HMIIYJLCOB, T.€. B
dopme, Haubotee ynobHoit n1s o6paboTku B
atux MIC. BpeMs goctyna x XpaHsLueics B
Takux 3Y HHPoOpMaUHMH JIeXHT B Npenesiax
OT HECKOJILKHX JECATBIX OO HECKOJbKHX
THICSYHBIX JOJIEH MHKDPOCEKYHIBI.

IIpuHiun GyHKIHMOHMPOBAHUSA MOJYNPO-
BOOHHUKOBOH NMaMsATH HaMHM YyxXe ObLI pac-
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CMOTpeH B Il 4, TAe OTMEYaJoch H TO
ocoboe MoJIOKEHHE, KOTOPOE 3aHHMAET MO-
crosiHHass MamMATh. CoOCTBEHHO TOBOpA, IO
CBOEH CXeMe MOCTOSHHAsA MaMATh BOBCE HE
SBJISETCS MaMATBIO: OHA INPEOCTaBJAET CO-
60if cxeMy KOMOMHAIIMOHHOM JIOTMKH, KOTO-
pas B OTBET Ha ONpelesIeHHBIH BXOTHOM
HMITYJIbC TEHEPHPYET CEPHIO COOTBETCTBYIO-
LIMX BBIXOOHBIX MMIYJbcoB (puc. 34). Co-
JEPXKHUMOe TIOCTOSSHHOH MNaMATH MOXHO
JMIIb CYUTHIBATH —U3MEHATb €ro Hejb3s.
9Ty naMaTh Ha3bIBaIOT TAKXE IOCTOSHHBIM
3allOMHMHAIOIIUM YCTPOHCTBOM, HJIH COKpa-
menHo TI3Y. Ecnu, x mpumepy, Tpebyercs
BBIYHCIIHTb CHHYCHI OIPEAEICHHBIX YTJIOB, TO
COOTBETCTBYIOIIYI0 MHOOPMAIMIO BBOISAT B
I13Y mukpokxomnsioTepa. IToka MUKpOKOM-
NBIOTEP pellaeT ClelUaNbHYIO NPHKIaAHYIO0
3aja4y, B KOTOPOH HYXHO BBIYUCIHTb CHHY-
Cbl, HET HHKAKOTO IIOBOJA H3MEHSATb 3Ty
uHpopMmanuto. Ecnu ot xpanswero ee I[13Y
OTKJIIOYUTh HAMNPSKEHHE THTAaHUSA, TO HH-
dopMaims He HCYE3HET U He HCKa3UTCH.
HecMotps Ha TO 4TO NpH OTCYTCTBHH Ha-
TIpsKEHUS. TIMTAHUS OaHHbIE HENb3s MOJy-
uyuth U3 [13Y, uapopMarms coxpansercs, a
OpH BOCCTAHOBJIEHHMHM IIMTAaHHSA €€ CHOBa
MOXHO CYHTBIBATh. :

IMapamnensHo ¢ I13Y ucnonp3yercs U
NaMsATh JaHHBIX, KOTOPBIE JOJIXKHBI MOCTY-
naTh B 31eKkTpoHHYI0 MC ms 06paboTku HiIH
XKe SBJIAIOTCH pe3yJbTaTaMH 3ToH 06paboT-
ki. Ilocine uX Hcnonb3oBaHUS OaHHBIE B
NaMATH CTHPAIOTCA U BMECTO HHX MOXET
6bITh 3anmucana HoBasg HHpopMamus. HMC
NaMATH, ¢ KOTOPBIMH MBI TO3HAKOMHUJIUCH B
I 4, o61amaOT TakMMH BO3MOXHOCTAMH
6narogapst ocOGEHHOCTAM CBOEH CTPYKTYDHI.
Ilpu obpameHHH K HUM MOXKHO OCYILECT-
BUTb IOCTYI K JI06OH suelixe Mo ee ampecy
JUIS CYMTHIBAHMS WJIM 3amucH TpebyeMoi
uHpopmanuu. Takue ycTpoiicTBa Ha3bIBAIOT-
cs1 onepaTuBHbIMU 3V mwim 3Y ¢ npou3BOJIb-
Hoi BeIOOpKO#H (3YIIB). 3VIIB co cratu-
4YeCKUMH siyelikaMu oTHocaTcs k 3VIIB cra-
THYECKOTO, a C AUHAMHYECKUMHU suelkaMu —
k 3YIIB nuHamuueckoro tuna (06 3ToM yxe
roBOpWIOCH B IJ1. 4). Eciyn, HanmpuMep, MUK-
POKOMITBIOTEPY HPEACTOHT BBIYHCIHTL CH-
Hyc 33°, To B 3VIIB cinenyer BBecTH «33°».
[Ipu otxmouennn nurtanus ot 3VIIB ero
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colepxuMoe 4epe3 OoJyiee WM MeHee [UTH-
TEJIbHBI NPOMEXYTOK BPEMEHH OKaXercs
yTepsHHBIM. [IpoMexyToyHOe MOJIOKEHUE
mexay I13V u 3VIIB 3aHuMaroT nporpam-
mupyeMble noctosiHHple 3Y (TIT13V). 310
Ha3BaHUE 3aKPEMNIIOCh 3a 3allOMHHAIOIIMMH
YCTpOHCTBaMH, B KOTOpHIE MOJb30BaTENb
BBOIUT HYXHYIO €My HHOOPMAIMIO OIWH
pa3, Tocje Yero OHO HCIONb3YeTCs Kak
nocrosiHHoe 3Y. B cimyyae mnpHUMeHeHHS
CIIII3Y (ctupaemoe IIII3Y) xpansuiyrocs
HHPOPMALIMI0O MOXHO CTHpaTh (HANIPHMED,
yIbTpapHUOIETOBLIM H3JIYUYEHHEM) M 3aMe-
HATb HOBOH. JIpyTMM BapHaHTOM HCIIOJIHE-
Husa [13VY sBasercs 3eKTpHUYECKH CTHpaeMoe
I3y (3CIII3Y), B XOTOPOM CTHpaHHE U
TOCEeyIoas 3amiuch HHGOpMAIMHM  OCY-
LIECTBJISAIOTCS MOIUHBIMH HMIYJIbCAMH Ha-
TIPSOKEHHS! TIOJIOKUTENBHOR HIIH OTPHIIATEINb-
HOHM TOJSpHOCTH. TakHe cTUpaiolue H 3a-
HUCBIBAIOIIHE UMITYJIBCHI CO3AIOT YCIOBHSA,
IPH KOTODPHIX Yepe3 anpecyeMyio suelky
TIAMSTH OCYIIECTBJISETCH 3apsl WJIH pa3psan
koHAeHcaTopa. KoHneHcaToOpHbIE MTACTHHBI
(3aTBOp M CKPBITHIH 3JIEKTPOA MOJIEBOTO
TPaH3UCTOPa) HACTOJBKO XOPOLIO H30JHPO-
BaHBI APYr OT APYyra, YTO HAXOOALIMHACA Ha
HHX 3apAI MOXET COXPAHATHCS HEM3MEHHBIM
B TE€YEHHE IIMTEIBHOIO BPEMEHH —II0 IaH-
HBIM H3TOTOBHTEJIEH, Ha MpoTsxeHHH 10 u
6osee net. CIII3Y, cnenosaTesbHO, HMEET
cxonactso ¢ 3YIIB, oTiau4aschk OT HEro JIHIIb
TeM, uto A 3anucd B CIITI3Y, obpasno
roBops, Tpebyercs Oosee TBepIblii KapaH-
Jam, yeM ans 3anucu B 3YIIB.

Jnsg nonb3oBaTens BaXHEHIIUMH TEXHHU-
yeCKUMH XxapaktepuctukamMu HUC 3V gBns-
IOTCS €MKOCTh IAaMSATH H BpeMs JOCTYINa K
XPaHUMBIM JaHHBIM. JIJIS1 UCIIOJIB3OBAaHUA B
MHKPOKOMITBIOTEpAX NPUMEHAIT 3Y eM-
KocTbio | k6uT H 6oxee. [IpOMBILILIEHHOCTD
TpensaraeT U3TOTOBUTENSM BBIYUCITHUTEb-
HBIX CHCTEM pa3HoobpasHble 3Y ¢ LIMPOKHM
JHana30HOM eMKocTeH —Ha 1, 2, 4, 8, 16, 32,
64, 128 u 256 x6ut, npuueM B TOCieOHee
BpeMs mosBUWINCH 3Y eMkocThio | Mour. B
nabopatopusx yxe coznansl 3Y Ha 4 M6ur.
BcioMHuM, uto 1 k6uT pasen 2!°, wmam
1024 6urt, T.e. oxpyrieHHo 1000 6ut. Bpems
BbIOODKH 1711 Takoro 3Y cocTaBiseT OT
10 uc mo | mxc. Tax, Hanpumep, SANOHCKas
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¢pupma «Xntate» Beinyckaer 3YIIB nuna-
MHYECKOTO THIIA €MKOCTbIO 64 KOHT C Bpe-
MeHeM BbIOOpkH 18 Hc. Bo Bcem Mupe M-
pPOKO€ paclpOCTPAHCHHE MOJYYHIIH AUHAMH-
yeckne 3YIIB eMkocTero 64 kGHT, HMero-
e MexayHapogHoe obo3HaveHHe 4164 u
BBIIIYCKaeMble pa3NHYHbIMUH ¢HpMaMH. B
1983 r. 6puto mpogmano 3000 MnH. TakHX
npubopoB Ha CYyMMy 0KOJIO 3 MuIpA. Mapok
I'AP. Ha KombuHaTe MHKPO3JEKTPOHUKH
I'’1P nanaxeH BbImyck cxeM mamsatH U264,
KOTOpbIe MPeACTaBISIOT COOOH AMHaMHUYec-
kue 3YIIB Ha 64 k6uT, cxoaHsle ¢ npubopoM
4164. UC U256 Dp¢ypTckoro paauo3aBoia
npenctaBnsioT coboit nuHaMuveckue 3YI1B
Ha 16 x6ur, a UC U202, 3HakoMas HaM Mo
pHc. 45, Te moka3zaH ee MOJIyIPOBOJHHKO-
BBIH KpHCTaJLI, siBjisieTcs craTuyeckuM 3YIIB
Ha | x6ut. Ha puc. 61 cxeMaTHyecku Noka3aH
kopnyc MC U202 ¢ 16 mTEIpbKOBBIMH BBIBO-
JaMu. BeiBonpl 1, 2, 4, 5, 6, 7, 8, 14, 15, 16
CyXaT IJiA BBHIOODKH sfYeek NMaMsATH MO ai-
pecaM. C HX IIOMOIIbIO MOXHO OCYIIECT-
BIATE IIpAMYIO BeIGOpky Bcex 2'0 = 1024
3anoMHHaloIIMX s4yeek. Yepes BriBoa 3 B 3Y
NIOCTYNAET CHUTHaM, YKa3bIBAIOIIMH, KaKylo
ONepalHdlo cJelyeT IPOH3BECTH — CUHTHIBA-
HHe WM 3anuck. Ilomaya Ha 3TOT BXOX
CHrHajla €JUHHIBI O03HAYaeT CYMTHIBAHHE, a
CHrHajna HyJjsa-—3anuch. CYHTBIBAHHE MOaH-
HBIX OCYILEeCTBJIsieTCs 4epe3 BbiBon 11, 3a-
nHch —yepes BeiBoA 12. Ha BeiBox 10 mopa-
€TCA HaNpshKEHHe IMTaHMs, a BBIBOIX 9 coe-
IUHeH ¢ 3emuied. BeiBog 13 ucmonbiyercs
JUIst agpecHOH BBIOOpPKH MMEHHO 3ToTO 3Y B
TOM Cllydae, €CJIM MapaUlesIbHO HCIOJb3y-
€TCS HECKOJIBKO TaKUX YCTPOHCTB NMaMSATH
(onepanus BeIOOpa KpHcTasuia). Bpems Bbi-
60pkH XxpaHUMBIX B 3Y [NaHHBIX COCTaBJIsET
400 Hc. B xauectBe npuMepos CIII1I3Y mox-
Ho HaszBatb MC US52 (1702A7) m USSS
(12708), nsrotaBauBaeMsle IpPypPTCKUM pa-
nuoszaBogoM. Emkocte namaTtu US52 pasHa
2 xbut, a US555-8 x06utr. O6a 3Y uMerot
IOCJIOBHYIO OPTraHH3alHIo, T. €. OCYIIECTBIIS-
eTcs psAMast aJpecHas BbIOOpKa He OTIeJb-
HBIX SY€EK, & MX IPYII, COCTABISIONIHNX Ie-
Jible MallIMHHBIE cjloBa. JJIMHA OQHOTO CI0Ba
paBHa 8 paspsagam (butam), T.e. 1 Oa#ty.
Ilpu ucnonp3zoanun MC USS2 (puc. 61) B
ob1eif CNOXHOCTH MOXHO BBECTH B NaMATh
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256 MaluMHHBIX CNOB [OJHMHOH NO BOCEMb
pa3psaaoB, T.e. 256 x 8§ = 2 x6ut. I[Tockob-
Ky 256 =28, To ansa obpalueHHs X TakoH
naMsaTH TpebyroTcs 8-paspsiiHble alpeca.
Agnpeca noiaroTcs Ha BeIBOIHI 1, 2, 3, 17, 18,
19, 20, 21. BruBoaw 4, S5, 6, 7, 8,9, 10 u 11
IpeaHa3Ha4YeHbl [UISl CYUTHIBAHMS M 3aIUCH
8-pa3psiaHBIX MaUMHHBIX cjioB. s mpo-
TPaMMHPOBAHHS COIEPKUMOTO NMaMATH 4e-
pe3 BeiBoA 13 B 3Y BBOAAT MpOrpaMMHEpYyIO-
UMHA HMIYJIbC HaNpsHkeHUs aMIUTMTYIOR
npumepro 50 B, a a1 cTHpaHHS HCIIOJIb-
3yI0T yJAbTpadHOoNeTOBOE H3TyYeHHe. BIBO-
aoel 12, 25, 16 u 24 cnyxar Oias BBoJa
Pa3IMYHBIX HANpsHKeHHH MUTAHUS, BBHIBOIBI
22 ¥ 23 ABAAIOTCS BXOJAaMH TECTHPYIOLIMX
CHIHAJOB, a BhIBOA 14 HcCHmonb3yeTcs Os
BhIbOpa KkpHcTasna. Bpems BbiOOpkH OaH-
Hbix aiag USS2 coctaBaser | MKc.

Mb1 MpHBEIM AOCTATOYHOE 4YHCIIO IPH-
MepoB MC 3V, HeobX0IUMEBIX 4715 IOCTpoe-
HHSA MHKpOKOMIIbIOTepa. Tenepp MOXHO Ie-
pediTH K €ero LEeHTpalbHOMY YCTpPOHCTBY,
ocylecTBIsomEeMy 06paboTky HH(pOpMa-
11MH, — MUKponpoueccopHod UC, unu npocro
MHKPOINPOLECCOPY.

Mukponpoueccop

O6 3TOH HHTErpaJIbHOH CXeME Mbl yXe
KOe-4TO paccka3biBaii. OHa NpeacTaBiseT
co6o¥t mporpaMMHpyeMyIo ¢ IOMOIIBIO IPO-
TPaMMHBIX cpeAcTB cTaHaapTHyro MC Bbl-
COKOH CTeNeHH HHTErpaldH, NMpeJHa3HauyeH-
HYIO IS BBIIOJHEHHS ApHOMETHYECKHX H
Jloruyeckux omepauuii. Tor o6veM paboTsl,
KOTOpEI# B KpymHbix DBM BrhinonHsercs
TOJIBKO C IOMOIIBIO Y3714, BKJIOYAIOIIEro B
CBOH cocTtaB 0oJblIOE YHCJIO Ppa3JIMYHBIX
HC, B MuxkpokoMmbioTepe Oeper Ha cebs
OIHa HHTErpaJibHas CXeMa—MHKpPOIIpOLec-
cop. BriepBrle MEKpoIpoLECCOPE] OSBHINCH
B 1971 r., xorna ¢upme «Muren» B CIIA
yOajoch MOCTPOUTH UEHTPaNbHBbIH mpomec-
COp MHKpPOKOMIIBIOTEpA B BHIE OJHOIO
kpuctaia. C 3TOTo mepBoro MHUKPOIPOLEC-
copa M Hadall cBO€ pa3BHUTHE INpOLECC, HTO-
TOM KOTOpPOTO CTajl MOIIHBIA «IIPOPBIB»
MHKDO3JICKTPOHHKH 1O BceMY «hPOHTY»
uHpopManHoRHOH oO6paboTku. IlosBHiachk
BO3MOXHOCTb CO3JJaHHA «BCeOOBEMITIONIEH H



MHTerpaanble CXEMbi U UX NPUMEHeHue

001LEeNOCTYIHOH» CHCTEMBI 0OpPabOTKH HH-
dopmanuun. Utobsl moHATH mpHHIMN pabo-
Tbl MHKpoIIpoueccopa, HeobxoaumMo pa3ob-
paThCs B OCHOBaX (pyHKIIMOHHPOBAHHUSA MPO-
rpammupyemMbix 9BM. [TogobHas mMamuHa B
nporecce paboThl BHINOJIHSAET CEPHIO OIepa-
UMOHHBIX LHMKJIOB, MOBTOPSIOIMXCS BO Bpe-
MEHHOH NOCJIeIOBATEILHOCTH. TaKoOH LHKJI
CKJIafbIBacTCA U3 ONpEIesIeHHOTO YHCIa Ma-
IIMHHBIX TAKTOB, MpHYeM KaXAbIH M3 HHX
HMEET MOCTOSHHYIO UIMTENbHOCTh. 1aKThl
3a/TalOTCSl TAKTOBBIMH HMITYJIbCAMH, T€HEPH-
pYeMBbIMH KoJebaTeJbHBIM KOHTYpOM, 4ac-
TOTa KOTOpOIro CTaOMJIM3MpOBaHa KBaple-
BbIM KPHCTAJUIOM. JTO CHHXPOHH3UpYIOIIEe
YCTPOHCTBO Ha3bIBAaeTCSl TAaKTOBBIM IeHepa-
TopoM. Kaxxaplli TaKTOBBIH HMIYJbC Iepe-
kmoyaeT DBM B opyroe coctosuue. Ilocne
BBIITOJIHEHHS OMNPENE/ICHHOTO YHCJIa TAKTOB
MallliHA BO3BPAIlla€TCs B HCXOOHOE COCTOS-
Hue. DTO BO3BpAILlCHHE TOBOPHT O TOM, 4TO
IMKJI 3aBepIIMICA. YMCIO TaKTOB, COCTaB-
JIAIOUIMX OOMH IMKJI, MCHSAETCH B 3aBHUCH-
MOCTH OT 0cObOeHHOCTe# MaluHbl. Hike MBI
PacCMOTPUM LHUKJI, COCTOSIIIMA M3 4YEThIpeX
TakTOB. TakuM obpa3zom, Hama DBM Oyzer
yeThIpexTaKTHOH. [locie okOHYaHUS KaXxOo-
ro 4eTBEpTOro TakTa MalllHHa BO3BpallaeT-
CA B HCXOJHOE COCTOSIHHMe. 3aJaHHus, KOTO-
pble MallliHa NOJIy4aeT, OHA pellaeT B Io-
mwaropoM pexume. B kaxaom nuxie ocy-
LIECTBJIAETC MOATOTOBKA K BBIIOJIHEHHUIO
onHOro cienyromero mmara. Kakue Imaru
MalMHa JOJKHA BHINOJIHUTH B JAHHOM ITHK-
Jie, OHa NEPBOHAYAJIbHO He 3HAeT — TOYHeEE,
3TOTO HE 3HAET ee LIEHTPaJIbHBIH Npoueccop
(UII). Jannas uHbpOpMALUS XpPaHUTCA B BH-
Jie KOMaH/, NIpeJBapUTEIbHO MOMEILCHHBIX B
namMaTh. COBOKYIIHOCThL 3THX KoMaHZ obpa-
3yeT nmporpaMmy. B nepBoM TakTe KaXAoro
IMKJIA HEHTPAJbHBINA NPOLECCOpP NOJDKEH 00-
pPaTUTBLCH K NaMSATH, YTOObI UMETh BO3MOX-
HOCTh BO BTODOM TaKTe IHKJIa BeIOpaTh
KOMaHIy, KOTOPYIO eMYy NpeICTOUT BBINOJI-
HMTB 32 OCTaBIIYIOCS 4aCTh LUKJA. B TpeTh-
€M H 4eTBEPTOM TaKTaX HENOCPeACTBEHHO
BBINOJIHAIOTCS BbIOpaHHBIE H3 NPOIPaMMBbI
KOMAaHIbl, TNOCJIE YEro NEepPBbIA MAIIHHHBIA
MK 3aBepliaetcs. Jis yNpoIlIeHHS MBI B
JaHHOM Clly4ae IPpUHUMAaeM, YTO BBIOOpKA U
BBHIIIOJITHEHHE KOMAaHIbl OCYIUECTBISAIOTCS B
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npefesiax OJHOTO-€IMHCTBEHHOro LHUKiIa. B
IeHCTBUTEILHOCTH e TaKasi cXeMa cCIrpa-
BEIJIUBA TOJILKO HJIS NPOCTEHIIHX KOMaHI,
TOrZa KakK OOJIBIIMHCTBO U3 HUX BBHINOJIHACT-
cs 3a psSA MalMHHBIX IMKI0B. OaHako 6y-
JIeM M Jajibllie CYUTaTh, YTO MPOIECCOp pa-
60oTaeT NO NpenoXEHHOH HaMH YIpPOILEH-
HOH cxeMe. Bo BTOpOM MalIMHHOM IIHKJE
LIIT moykeH cHOBa OOpPAaTHTBLCA K NaMSTH,
4T00BI, BLIOpaB KOMAHAY, «y3HATH», UTO EMY
ClleoyeT CIeNaTh 3a OCTABIIYIOCS YacTh LMK~
na. INocne xaxaoi BbIGOpKH KOMaHabI U3 3Y
(B mepBOM TaKTe LIMKJIa) OHA BEHINOJIHAETCH B
oboux mocnemHux TakTax. LleHTpanbHbIH
IpOLECCOp 3HAET TOJBKO O TOM, YTO €My
MPEeACTOMT cAeNaTh B TekymieM uukie. Ka-
KHe NeACTBHUSA HOJIXHBI OYIyT BBIMOJHATHCA
B JaJbHEHIIeM, eMy HEH3BECTHO, a YTO OH
nenan pasbiue, LIT yxe «3abbum. O npoti-
JIIX CBOMX OEHCTBHMAX NPOLECCOP MOMHHT
JIMIIb TOCTOJIBKY, IOCKOJIBKY MOJIy4aeT CO-
OoOLIeHHsl O 4HCJIe NMPONWIOSHHBIX MALUMHHBIX
LIUKJIOB, T. €. O YUCJIE BBHITOJIHEHHBIX KOMAHI.
Takoe coobuieHHe OH mMoyy4aeT OT CIELH-
anpHOH BXxomgumeir B coctaB LII1 cxemsl,
KOTOpas Ha3bIBaeTCsd CYETYMKOM KOMaHZ.
Hus LIl sta uHpopManus HMeeT BaxKHOE
3HayeHne. Ha ee ocHOBe, T.e. ONHMpasch Ha
YHUCJIO YK€ BBIINOJIHEHHBIX KOMaHH, CYETYHK
TEeHEpHpYeT ajpeca TeX s4eeK I[IaMATH,
M3 KOTOpBIX HYXHO M3BJIeYb CJeAyrollue
koMaHzb! mporpaMmsel. KoMmauas! npeacras-
Js10T coboif ABOMYHBIE KOABI, T.€. MaMATH
COIEPXHUT He COOCTBEHHO KOMaHbl, @ COOT-
BETCTBYIOILLIME UM ABOHYHBIE yHcaa. UMeHHO
3TH IBOMYHbIe yHcia ¥ noctynarot B LIIT mo
€ro BbI30BY. TaM OHM IOABEprairoTCs me-
KOOUPOBaHHIO CIIELMAJILHON CXeMO#, Tak
Ha3bIBaeMBIM [eKOOepoM koMmaHA. Ecmm
KoMaHaa TpeOyeT OCYIIECTBHTBH CJIOXKEHHE
JIByX 4MCEJ, TO B OEHCTBHE BCTYMaeT apud-
METHKO-JIOTH4ECKOe yCTPOHCTBO, KOTOpOE
cokpateHHo obo3Havyaercs AJIY. OHO ToXe
BxoguT B coctaB LIl M npeaHasHa4aeTcs
OIS peaJM3alMM BCeX apHPMETHUYECKMX H
JIoTH4ecKuX onepanuii. AJIY sBnsercs cob-
CTBEHHO BBIYHCIIUTEILHOH cxemoil IBM.
OcTajibHble paHee MEpeYHCIIEHHbIE COCTaB-
Hble yactd L1, T.e. cueTuMk KOMaHmH, pe-
THCTP KOMaHI ¥ JeKoJep, BKJIIOYas ¥ Apyrue
He YIOMSHYThIE 3[1eCh AOMOJHUTEILHBIE CXE-
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MBI, 4 TAKXe TAKTOBBIH reHepaTop ynpaBiisi-
10T pabortoit AJIY B COOTBETCTBHH C IpO-
rpaMMO#, XpaHsiielcs B maMaTH. Bce 3tu
KOMIIOHEHTHl BMECTe B3sAThbIe HOCAT obiree
Ha3BaHHE YCTPOWCTBA YIPABJICHUS.
Komanpga—3T0 Tpeb6OBaHHE BBINMOIHUTH
OINpeleIeHHY0 ONEpallio Hal ONpeneseH-
HBIM YHCIOM WIH YHCJaMH. Pasymeercs,
pevs 34eCh HAET O ABOMYHBIX yHciax. Kak u
KOMaH[Ibl, YHCJIAa, KOTOpbIe AOJDKEH TOABEPT-
HYyTb 06paboTke KOMIIbIOTEP, NpeABapH-
TeJILHO BBOIAT B namsaTh. KoManaa Moxer,
HampUMep, NpeAcTaBiIAThL coboi TpeboBaHue
OCYILIECTBUTh BBIOODKY YHCIA M3 NaMATH H
NOCIEOYIOLIYIO €ro nepegavyy B CHELMalIb-
HBIH BHYTPEHHHI{ HAKOMUTENb LEHTPAJILHOIO
npoleccopa, Tak Ha3bIBaeMbIH pErHCTp daH-
HbIX. B pacnopsokenuu LIl HaxomuTtcs ne-
JBIH pAd MOOOOHBIX PETHCTPOB, CIIYXAaILUX
IS KPaTKOBPEMEHHOI'O XPaHEHUS OIEpaH-
IOB apH(METHYECKHX H JIOTHYECKHX ollepa-
IHil, a Taxke MOJy4YeHHBIX pe3ynbTaToB. Ec-
JI, HAIlpHUMep, K COOEPX HUMOMY OIpeelIeH-
HOTO perucrpa HeoOxomumo mpubGaBUTH 3a-
IaHHOE YHCJIO, TO COOTBETCTBYFOILIAs KOMAH-
Ja [OOJDKHA, BO-NIEPBBIX, coAepXkaTh Tpedo-
BaHHE BBINOJIHUTh ONEPAIHIO CJIOXKEHHS,
BO-BTOPBIX, YHCJIO, KOTOpO€ CJIeAyeT IpH-
6aBHTh, HJIM yKa3aHHE HA TO, IAe 3TO YHCIIO
cleqyeT HCKaTh. TakuM yka3zaHHEM SIBIISETCH
agpec uuciaa B namaTH. ClegoBaTeNbHO,
KOMaH/a JeJIUTCS Ha JIBe YAaCTH—KOJ 3aJaH-
HOM omepamuu M ajapec onepanHpa. Ilocne
BBIOOPKH M3 MaMATH KOMaHIa EeJINKOM HIIH
€€ YaCTH TaKXke MOMEIIAIOTCA Ha KpaTKOBpe-
MEHHOE XpaHEHHe B OJMH U3 PETHCTPOB
IIIT-Tax Ha3pIBaeMbIH DErHCTp KOMaHA.
ITo3nakomusiucs ¢ AJIY, ycTpoiicTBOM
yiipaBieHus ¥ perucrpaMu LIT, Mb1 nomyqu-
JIH IpeACTaBJIEeHHE O Ba)XXKHEHWINUX yCTpo#cT-
BaX, COCTABJIAIOLIMX IIEHTPAJBHBIA INponec-
cop nporpammupyemMoit 9BM. Ecau Bce aTH
ycTpoiicTBa 06BeAMHHTL B COCTaBe OOHOH
HHTErpaNbHON CXeMBI, TO OHa CTaHET UMEH-
HO TeM NpUOOpPOM, KOTOPOMY MBI YXKe JaJlH
onpeneneHHe MHkpomnpoueccopa. MTak, Te-
nepp MbI 3HaeM, KaKk YCTpoeH H paboTaer
Mukponponeccop. OcTaeTcs TOJNBKO BHECTH
ellie OJHO OOoMNoJHeHHe. [lo CHX MOp MBI He
OomnpeneNwd, KakoBa JUIMHA, WIH pa3psi-
HOCTb, JIBOMYHBIX YHCEJ, KOTOPBIMH ONEpH-

[nasa 6

pyeT MHKPOIIpOLIECCOp, H KaKOBa IJIMHA af-
pecoB, KOTOpBIE OH reHepupyeT. JIBOMYHBIE
YHCJIa HAa3bIBAFOT TaKXe MALIMHHBIMH CJIOBa-
MM, a JBOHYHO-KOJUPOBaHHBIE aJpeca—ai-
PECHBIMH clOBaMH. MHKpoIpoueccop KOH-
KpETHOH KOHCTPYKLUHH BCerja OIepUpyeT
MAIIMHHBIMU U aJpecHbIMH CIOBaMH OJHOM
omnpeneneHHo AnuHbL. [IpH 3TOM IIHHA Ma-
NIMHHOTO CJIOBa M [UITMHA aJpecHOro cJIoBa
coBceM He 00s3aTelbHO [OJDKHBI COBIA-
JaTb. MHEKpPONPOLECCOPH MOTYT pa3jIHYaTh-
cs Mexay coboil IITHHON CBOMX MAILMHHBIX H
aJpecHHIX cJ0B. B HacTosiiee BpeMsi Bbl-
MYCKAKOTCS MEKPOIIPOLIECCOPHI ¢ AJIMHOR Ma-
LIMHHBIX cJIOB B 4, 8, 16 1 maxe 32 paspsna.
YeM OHHHEe MAIlIHHHBIE CIIO0Ba, TEM 60IIb-
nie 4MCia, KOTOpblE OHH NPEACTABIAIOT 00-
pabotke B AJIY, u TeM ObicTpee HOJIXKCH
pabotatek Mukpomnponeccop. CkopocTb €ro
paboThl, OQHAaKO, 3aBUCHT M OT BpEMEHH,
TpeOyIOLIerocss IS BBINOJHEHHUA OOHOMN
komaHabel. Kak MBI M OyMaid, 3TO BpeMs
PaBHO NPOJOJKUTENBHOCTH OJHOTO MallHH-
HOrO IMKJIA IIPH YCJIOBHH, YTO BBINOJHEHHE
KOMaH/bl 3aHHMAET OIWH MAIIHWHHBIA IHKIL.
B gpyrux cny4yasx BpeMs BBINOJHEHHS
KOMaH[bl BBIpaXXaeTcs BEJIUYHHOHN, paBHON
ofmel UIHTENBHOCTH COOTBETCTBYIOIIETO
YHUCJa MAIUHHHBIX LUKI0B. Ilockonbky B
HallleM NpHMepe MAIINHHBIA IHKJI COCTOHT
H3 4YeThIpeX TaKTOB, a €ro NMpOJOJDKHTEINb-
HOCTb, CJIeIOBaTeJIbHO, pPABHA YETBIPEXTAKT-
HOMY NIEPHOAY, TO IO BBIOPAHHOH TaKTOBOWM
YacTOTE MOXHO CYIHTh O ObICTponeHcTBHH
MHKpoOINpoleccopa. B MpHHIHIE YeM BBIIIE
TakTOBasf 4acToTa, TeM boJiee 6picTpoeHcT-
BYIOIIIUM sBJIsleTcs MuKponponeccop. Ilo
JUTHHE aIpeCHOTO CJI0BA MOXXHO YCTaHOBHUTD,
BbIOOPKY KaKOTo YHCJIA sfYeeK NMaMATH, HIH
COOTBETCTBEHHO TPYII TAKUX AYeEK, MOXHO
OCYILIECTBHTh NPAMBIM nyTeM. IIpu niune
agpeca 8 pa3psmOB 3TO HHUCJIO PpaBHO
28 =256, a 16 paspsmos — 2'¢ = 65536. B
HacToslllee BpeMs MaKCHMaJlbHasi UTMHA af-
peca npesbitnaer 20 paspsamoB. Ilpu 3ToM
HMeeTCsl BO3MOXHOCTD IS NpsMO# aipecHOR
BbIOOpKH O0Jlee MHJUIHOHA sY€EeK NMaMSTH.
KoMaHab! KOOUPYIOTCS TOYHO TakK Xe, Kak U
MaIllHHBIE CJIOBa, OJHAKO MOTYT IpHMe-
HATHCS M TaKHe KOMaH/bl, KOTOPBIE COCTOST
M3 HECKOJIbKMX MAILIHHHBIX CJ0B. MHuxpo-
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IPOILIECCOPHI CAMBIX Pa3HBIX KOHCTPYKIUIf B

HACTOsfIIEE BpEMs BBIIYCKAIOT MHOTHE

¢upmel. ITo NpoN3BOOUTENBHOCTH 3TH IPH-

60pbl MOXXHO pa3leIuTh HAa HECKOJIBKO KJlac-
cop. IlpuMepoM MuUKpoIIpoleccopa HH3-

Iero KJ1acca NpOU3BOIUTEIBHOCTH SIBISETCS

U808, xoTopblit BhIyCKaeTCss DpbYypPTCKUM

panno3aBogoM. JJJIHHA ero MalllHHHOTIO CJIO-

Ba cocTaBJsieT 8, a agpecHoro — 14 pa3psanos.

On BbInoNHAET 48 pa3JIMYHBIX KOMaHI. Bpe-

Msl BBITIOJTHEHUS] OJHOH KOMAHIBI COCTABIISA-

er 12-44 wmxc. ns wmarorosnenus USO8

HCIONB3YEeTC  TEXHOJIOTMS  p-KaHaJIbHBIX

MOII-Tpan3ucropoB. [lpyroii Mukponpo-

neccop Toro e 3aBojga-—npubop UB8ED

(Z80). OH oTHOCHTCS K KJIacCy cpeHeH npo-

H3BOAHTENBLHOCTH, OINEPHpPYET 8-pa3psoHbl-

MH MAalMHHBIMH B 16-pa3psoHbIMH anpec-

HBIMH CJIOBaMH U o6ianaeT Habopom u3 158

KoMaHA. BpeMs BLINOJIHEHHS OQHOH KOMaH-

IObl COCTaBJIIET HECKOJIBKO MHKPOCEKYHN

NpH MHUHUMAJILHOM 3HauyeHHd 1,6 mMxc. Ha

puc. 47 mpuBeneHa YBENWYCHHas ¢oTorpa-

(U MONYNPOBONHUKOBOIO KPHUCTAJ1a MHK-

ponpoueccopa U880. Ota UC Brimyckaercs

B IJIACTMAacCOBOM Kopmyce, umeromeM 40

IUTHIPBKOBBIX BBIBOJOB. I'0TOBBIEI MHKpPO-

npoueccop u3obpaxeH Ha puc. 57.

Ha 16 BbiBogoB npubopa BblaaeTcs an-
pec g oOpallleHHs K BHEIHeW NaMATH,
BOCEMBb BBIBOJOB CJIYXKAT JUIS BBOJA-BHIBOAA
IAHHBIX, ONWH NpeNHa3Ha4yeH [UIS MOOBOIA
paboyero HampspkeHus (S B), eme omuH uc-
NONB3yeTCsl NI COCAMHEHUS C BHEIIHHM
TAKTOBBIM T€HEPATOPOM, 3aalOIIUM YaCTO-
Ty CJICIOBAaHHSA TAaKTOBBIX MMIIYJbCOB, paB-
Hyto 2,5 MI'u (mpy MakCHMalbHOM 3Haue-
HuH 6 MI'm). Yepes ocrampHbIE BHIBOIOBI B
MHKDPOIIPOLIECCOP BBOIATCA  CHELHAJIbHBIC
crmyxeOHble KOMaHObl, Hampumep Tpebopa-
HHE NPEKPAaTHThH BBHINOJIHEHHE TEKYIIEH Mpo-
rpaMMbl (3alpoc NnpepbiBaHus). Jpyrue Bbl-
BOIBI CIIYXKAT I BbiZay# HHGPOPMAIMH O
COCTOSIHMM MHKpompoueccopa. Hmxe mnpn-
BOOSTCS HEKOTOpble KOMAaHIbl MHKpPONPO-
neccopa U880.

— Komanasl, ¢ noMoumpo KOTOPBIX 8- MIIH
16-pa3psaHoe CIOBO mepeAaeTcs U3 BHEIL-
Hero 3Y BO BHYTPEHHIOIO NMaMSATh MHKDPO-
mpoleccopa.

- KomaHap! oOMeHa comepXMMBbIM PErHCT-

9*

POB, ¢ IIOMOIIBIO KOTOPHIX OCYIIECTBIIAET-
csa oOMeH uHpopManued Mexay ABYMS
pEerucTpaMH NaMsTH MHKDONpOLEccopa.

— KomaHObl BBITIOJHEHHS apH(pMeETHYECKHX
M JIOTHYECKHX ONepanuii ¢ nByms 8- min
16-pa3psaHBIMH YHCJIAMH.

— Komanapl nmepenayn ympasieHHs, C TO-
MOIIBKO KOTOPBIX MOXHO H3MEHSTH IIO-
PAIOK BBHIIOJHEHUS CEpHUH KOMaHH IIpo-
rpaMMBl.

— KomaHnasl BBOIA M BBIBOJA.

VBenuyeHne OBICTPOIOEHCTBHS MHKPO-
npoueccopa U880 nmo cpaBHEHHMIO ¢ MHKPO-
npoueccopoM U808 mOCTHTHYTO 3a CYET Ile-
pexoa OT TeXHOJOI'MH p-kKaHanbHbIX MOII-
TPaH3HUCTOPOB Ha TEXHOJIOTHUIO n-KAHAJBHBIX
MOII-npubopoB. B cBSI3M ¢ 3THM IOJIE3HO
BCIIOMHHUTB 3aMe€4YaHHe U3 IJ. 3 0 TOM, 4TO
3NIEKTPOHBI 06JnamaroT 6Goiee BHICOKOH CKO-
POCTBIO, YeM JIBIPKH.

IIpuMepoM MHKpPOIIPOLECCOPA BBICIIErO
KJlacca IPOM3BOAHUTEIBHOCTH MOXET CIy-
#uTh ipudop 8086 pupmsr «MuTE» (CILA).
OH ocymiecTBiseT 06paboTky 16-pa3psaaHbIx
MAIMHHBIX CJIOB, NMpPHYEM IHHA aJpecHBIX
CJIOB 3[€Ch TaKXe paBHa 16 paspsgaM. Pabo-
Tas Ha TakToBOH yacrtoTe 5 MI'u, Mukpo-
npoueccop 8086 BBHINOJHSET CIIOXKEHHE IBYX
8-paspsgubix ymcen 3a 0,6 Mxc. K umcmy
JPYTHX BBICOKONPOU3BOJUTENBHBIX 16-pa3-
PAIHBIX MEKPOIIPOLECCOPOB MOXHO OTHECTH
npubopst 68 000 dupmer «MoTopona» u Z80
¢upmsl «3aitmor». DpypTckuil paguo3aBon
B CBOIO oO4epedb IPHUCTYNUI K BBINMYCKY
16-pa3paOHBIX MHKPONPOLIECCOPOB, HOCS-
mux obo3znayenne USO00. IlepBpiMu mocTy-
[IUBUIAMH B IpoOaxy 32-pa3spsIHbIMH MHK-
ponponeccopamu Obutn 1APX432  ¢upmser
«HMuTem» u Z80000 ¢upmsr «3aitimor». 16-
pa3psaHbIE MHKPOIIPOLECCOPHI IPENCTABIsA-
1T coboit takme UHC, xoTophie IO BCEM
HpU3HaXaM ONTHMAJIBHO NMOAXOIAT IS pe-
IIEHAS MHOTHX MpaKTHYeCKHX 3ajgady B 00-
nacTH obpabotkn mHbopMamun. HecMmotps
Ha 3TO, UM He YJaJIOCh BBITECHHTH 8-pa3psi-
HbIE MHKPOIPOLECCOPHI, TO-IIPEXXHEMY 3aHH-
Malollie OOMUHHUPYIOIIEE MOJIOXKEHHE, H
CoepXaTh POCT CIPOCa Ha APYTHE, B IEPBYIO
ouepenb 32-pa3psiaHble, MHKPOIPOIECCOPHI.
B To Xe BpeMs 4-pa3psifHBIH MHKpOMIpOIEC-
cop, HO Bcel BUINMOCTH, MOJHOCTBIO NOTE-
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psas cBoe 3HaueHue. B obmem obveme mpo-
Jax elle coBceM HenaBHO 90% NmpHXOIHIIOCH
Ha 8-pa3psazaubie U 10% —-Ha 16-pa3psaHble
MHKPOIPOLECCOPHI.

Mukpo3BM

MUEKPONIPOIECCOP MOXET BBITOJHATL PYHK-
UM LeHTpajbHoro mpoueccopa (LII1) nmpo-
IPaMMHPYEMOT0 KOMIbIOTEpa. Y KPYIHBIX
OBM yxe cerogusa 11 npeacrasnser coboii
c6opky U3 GospiOro YKuciaa oTaeabHbix UC,
Cpeld KOTODBIX, BO3MOXHO, HMEIOTCH H
MuKponpoueccopsl. ITH UC o6beaunsI0TCA
B COOpKY C LEJIbIO MOCTPOCHUA OTHOM GOJIb-
HIOH CXEMBI, B TOM YHCJIC U CXeMbI LEHT-
pansHOro npoueccopa. Eciau xe LI cocro-
HT JIMIIb U3 ONHOM MHTErpajbHOM CXeMEI, a
HMEHHO MHKPOINPOLECCOpa, TO TaKOH KOM-
nblOTEp Ha3biBaloT MUKpOOBM. Ecnu B3aThH
16-pa3psIHBIH MHKPOIIPOLIECCOP KM Ha €ro
ocHoBe cobpats LIII, TO ero mpousBonu-
TEJbHOCTh MPAKTHYECKH CPABHAECTCA C IMPO-
H3BOAMTENBHOCTEIO MHHH-DBM. Paccmort-
pUM Tenepb OoJiee MOAPOOHO CTPYKTYpPY
MukpoDBM. Kpome Mukponpoleccopa B ee
cocTaB BXoJAaT 3V 11 XpaHeHHUA HHPOpMa-
MM W TnporpaMmbl. [lamMaTh MOXeET CoO-
CTOATh M3 OXHOH WM Heckonbkux MC. B
MHKpoOBM ucnonb3yloTcs Takxke 3aKa3HbIe
HUC BBOoma W BBIBOJA . JAHHBIX, Iepelavu
YTIpaBJICHUSA U OOMEHA HaHHBIMH O COCTOSf-
HUAX. M HakoHew, myg obecniedeHus paboThl
MHKpOOBM TpebyeTca TakTOBBIH IeHepa-
TOp, €CJIM B MHKPOIPOLECCOPE OTCYTCTBYET
Takasg BHYTpeHHSsA cxeMa. CliemoBaTeNbHO,
MHKPOOBM MoxeT ObIThb IOCTpOEHa U3
HeOOJIBIIOTO YHCJIAa HMHTErpajibHBIX CXEM
(puc. 63). Co3zmaHueM MHKpoDBM, 6Ge3yc-
JIOBHO, JOJDKHBI 3aHHMAThCSA CIENMAJTHCTHI,
OIHAKO T€ OTPACIH NPOMBIIIJICHHOCTH, KO-
TOpBIE 3aHUMaIOTCA BhiyckoM DBM, npoc-
TO HE B COCTOSIHHH BBINOJIHATL paboThl MO
IPOEKTHPOBAHHIO M HU3rOTOBJIEHHIO MHKpPO-
OBM. IloatoMy paccMaTpuBaeMylo HaMH
MHKpOOBM MOXHO 0OXapakTepH30BaTh Kak
YCTPOMCTBO, M3rOTOBHTHL KOTOPOE, HE IPH-
f6eras K MOMOLUM (PUPM-H3TOTOBHTEJEH
KOMITBIOTEPOB, CIIOCOOHA caMa MHKPOIJIEKT-
POHHAs HPOMBILLJIEHHOCTb, OCTaBHB Ha [O-
JII0 MOTpeOMTEN JIMIUL BHINONHEHHE pAna

naea 6

MOHTaXHBIX olepanuif. B kauecTBe mamaTH
MHKpOOBM wucnone3yrorcs Toasko 3VYIIB,
Tak KaK OJaHHbIe TpeOyeTcs M CUHUTHIBATH, H
CHOBa 3amUChIBaTh. Bo Bcex Tex ciyyasx,
KOIZJa MpOrpaMMa MEHSETCS OTHOCHUTENILHO
PENKO MJIM X€ BOOOIIe He MEHsSieTCd, Mpo-
rpaMMHas NAaMATh MOXET OBITh OpPraHH3O-
BaHa B Buze I13V, [II3V u CIIN3Y. [pu-
MEHEHHE MOCTOSIHHBIX 3Y rapaHTHpYET Co-
XPaHHOCTh NPOTPaMMbl NPH BBIKJIIOYEHUAX
mukpoOBM. Hepeako mporpamMMuas mna-
MATb npenctasieHa 3YIIB, yro nosposuser
OpPUMEHATh B MHKpoOBM obmyio mamaTth
IUIA XpaHeHUs JaHHbIX M KOMaHI. B mobom
Clyyae B KadeCTBe apXUBHOH NaMATH MpH-
XOOUTCA OOpalIaThCS K MAarHUTHOMY HaKo-
INUTEI0, KOTOPHIH TapaHTHPYeT COXpaH-
HOCTb NPOTPaMMbl B CJlydae BBIKITFOYECHHS
KoMIbtoTepa. CBA3b MexIy MaMATbIO, YCT-
POMCTBAMH BBOJA-BBIBOJA M MHKPOIpOLEC-
COpOM OCYLIECTBJISETCA 4Yepe3 00wyl wuHy
U cBOOUTCA K 0OMeHy uHGopManueit B ¢pop-
Me YIpaBJIAIOLINX CHTHAJIOB, JaHHBIX U al-
pecoB. KoHpurypanus 3Toi IIMHB MOXET
6biTh pasHoi. B HacTrosmee Bpemsa 60Jib-
IWKMHCTBO MUKpOoOBM ocHaleHo oTaeIbHbI-
MH IIMHAMH UIS KaXZOTO M3 NEPEYUCIICH-
HBIX TpeX BHIOB MHOOPMALMH, T.€. ynpas-
Asowei, UHPOPMAYUOHHOU U adpecHol IIH-
Hamu. CxeMa NMOTOKOB MH(POPMAIUM B MHK-
poOBM ¢ TpeMs pa3neibHbBIMH IIHHAMH
IOKa3aHa Ha pHc. 64.

Tenepr Ha mpHMepe CIOXEHHA OBYX
8-pa3psAnHbIX ABOMYHBIX YHCEN NMONpPoOyeM
JEeTaTbHO pACCMOTPETh MHOPANOK pPaboThI
MHUKpoIBM (puc. 65).-B maHHOM cllyyae Mbl
He OyeM OpHEHTHPOBATHCS Ha KaKylo-JIubo
KOHKpEeTHYI0 MoJeab MHKpoIBM. Kpome
TOro, NMPHAETCS NPHHATHL DAL YNPOLICHUH
OTHOCHTENBHO 0COoOeHHOCTeH ee paboThI:
H4M BeIb BAXXKHO Pa300paThCs B npuHyunax
¢yukuuonnposanus. Ho misg Toro yroOw
BCe e MNpHAATh Halled THIOTeTUYeCKOH
MukpoOBM peanbHble 4epThI, OyoeM cqu-
T4Th, YTO AJIHHA MAIIMHHOIO CJIOBa COCTaB-
qifeT 8 pa3psAnoB, IUTHHA aJpecHOIo CJIOBa -
16 pa3psizos, B Ka4eCcTBE MAMATH IS XpaHe-
HUA JaHHBIX Hcnonb3yercs 3VIIB, a mns
nporpammbl — [13Y. Kak u B cxeme Ha puc. 64,
B paccMaTpuBaeMoi MukpoDBM uudopma-
IMOHHAsA U aApecHas LIMHBI ABJIAIOTCA Da3-
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Puc. 63. IMeuatnas nnata mukpodBM. Cxema spnserca momynem kommiekta K1520, Beinyckaemoro
kombunatom «Pobotpon» (IAP).
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Puc. 64. ITorokn uudpopmammu B MukpoIBM c
Tpems LIHHAMH.

IenbHBIMH. Bylnem cuuMTaTh, 4TO mepBoe M3
HNOINEKAIIMX CHOXKEHHIO NBOMYHBIX YHCET
ObLIO 3amucaHo B INepBYlo 8-pa3spsnaHyro
sueiiky 3VIIB, BTOpOE 4MCIO—BO BTODPYIO
A4eiiKy, a pe3yNbTAT HOJKeH OLITh MONy4YeH
B TpeTheii. [lepeHoca NpH CIOXKEHUH MOXKET
u He 6bITh. [IporpamMmHoe obecrieyeHue ore-
pAlliM CIIOKEHHS COCTOMUT M3 TpeX KOMaHI:
mepBass KOMaHAa TpeGyeT mepedaTb colep-
JKHMoOe mepBoit 8-paspsoHoN sA4elkd B 3a-
JNAHHBIH pETHCTp MHKpOIpoIEeccopa, BTO-
pasi—npubaBUTh YHMCIO M3 BTOpOH S4YeHKH
OaMATH K COOEPKUMOMY 3TOTrO PErHcTpa H
HANPaBHThL pe3yNbTAT ONepalMd B TOT e
PETHCTP, a TpPeThd KOMAaHAAa NPHKA3bIBAET
nepefaTh CONEPKMMOE 3TOrO perucrpa B
TpeTbl0 S4eliKy. DTH TpH KOMaH[BI, T.E.
3aKOJMpPOBaHHbIE O0O3HAYEHHS ONEpaIHid,
BMECTE C COOTBETCTBYIOUIMMH aipecamMu
ONEepaH/OB B BHAE CEPUH JAAHHBIX 3alHCHIBA-
rotes B IITI3Y. s 3amucH oqHOi KOMaHIbI
IOCTATOYHO TpeX 8-pa3psAHBIX MAIUIHHHBIX

nasa 6

cloB, T.e. Tpu Oaiita mamaru. Opun Gaiit
TpeOyeTcs sl Koga omepauuu M npa Oaii-
Ta—JUIs ajpeca onepaHga. TakuMm obpazom,
NpOrpaMMy CJIOKEHHS MOXKHO NOMECTHTL B
IeBSTH 8-pa3psiiHBIX siyeiikax —c MepBoii 1o
nesaryro. Ilpu aTom mepBas KoMaHOa pas-
Mewaetcs B sAveiikax 1, 2 u 3, Bropas—B
syeiikax 4, 5 1 6 u TpeTbsi—B s4eiikax 7, 8 u
9. ITocne BxmoyeHus MUKpoOBM B cueTun-
Ke KOMaHJ YCTaHaBJIIMBAaeTCs aJpec NepBoOil
KOMaHAbI, T.€. COAEPKHMOE IEPBBIX TpeX
8-paspsaanbix siveex II13Y. IlepBbiM TakTO-
BBIM HMITYJIbCOM MHKpormnpoueccop u IITI3Y
MOOKIIOYAIOTCA K ajpecHoi mHe. Yepes
Hee MHKpOIIpoLeccop IepenaeT pajiee B
III13Y appec, YCTaHOBJICHHBIH B CHYETHHKE
KOMaHZ. AJIpecHBI HMITyJIbC OTIHPAET Lie-
ITH, COeIHHSOIINE BBIXOAbI CYHTLIBAHUSA all-
PECOBAHHBIX SYe€eK NMaMATH C IUMHOW AaH-
HBIX. BTOpOif TaKTOBBIif MMIYJBC OTCOEIH-
HSIET MUKPOIIPOIIECCOP OT aApPEeCHOH IIHHbI 1
MOJKJIFOYAaeT ero K MHPOPMAIMOHHOM IIHHE.
B pesynbTare coOIepxUMOE aapecOBaHHBIX
sueek TIT13V, T1.e. 8-pa3psanHeIx sveek 1, 2 u
3, B KOTOPBIX COIIEpXXUTCA INepBas KOMaHIa
MPOrPaMMBI CJIOKEHHS, TepedaeTcss B MHK-
pomnpoleccop Mo HH(GOPMAaUHOHHOH IIHMHE.
Tam 3Ta cuuTaHHAsA KOMaHJa 3alIOMHHAETCS
B perucTpe KoMaHObl H obpabaTeiBaercs
nmekomepoM. Temeph MokeT OBITH HAYaTo
BBITIOJTHEHHe caMoil komauasl. OHO HaunWHaA-
eTcsl C MOCTYIJIEHHS TPEThEro TAaKTOBOTO
HMITYJIbCa, B CBOIO O4Yepellb CHOBA OTCOEIH-
HSIFOLIEr0 MHKpOIMpoLeccop OT HHpopMalu-
OHHOM IIHHBI M MOJKJIOYAIOILETO ero K af-
pecHoit mmHe. Kpome Toro, ocymecTsnsercs
noakmouenue 3YIIB k ampecHoii mmHe, a
IITI3Y ot s3TOi IUMHBI OTCoenuHAETCH. B
HTOTE afpecHblil MMIYJIbC OT MHKPOIpOIEC-
copa Mo ajapecHOi mmuHe noctynaer B 3VIIB
# BO30YyXIaeT Ienu, COeIHHSAIOIINE BBIXObI
CYHTHIBAHHSL aIPECOBAHHBIX S4YeeK NaMSATH,
T.€, nepBoi 8-pa3psagHoii AYEHKH
3VIIB, ¢ uapopManHoHHO# IHHOK. YeTBep-
TBIH TAKTOBBII HMIIYJIEC TIEPEKIIOYAET MHK-
porponeccop ¢ aapecHOd IWHBI Ha HH(pOpP-
MalKOHHYI0. B pesyneraTe comepxumMoe an-
pecoBanHoii sueiiku 3VIIB, T1.e. mepBoe aBo-
HWYHOE YHCIIO, Yepe3 HH()OPMAILHOHHYIO IIH-
Hy nepelaeTcd B MHKpoIpoueccop. 3mech
OHO HAmNpaBJISIeTCH B PETUCTP, KOTOPHBIi yKa-
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WwHa faHHBIX

N [T AapecHan wwHa
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WmuHa AaHHBLIX

+ [Anpecran wwHa
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Puc. 65. VnpouenHas cxemMa QyHKUHOHHpOBaHHA MHKpoOBM. Vrnpasnsiomas wMHa He noxasaxa. B
nepebix AByX TakTax M3 3Y MukpoDBM Bhi3biBaeTCA KOMAaHAa, [OC/E HYEro OCYIIECTBISETCA ee
nexoaupoBaHue; B oboux nocnennux taktax u3 3Y mukpoOBM BbI3BIBalOTCA JaHHBIE, HEOOXOMHMBIE
LT BLIMIOJIHEHHA KOMaHIbl, H MHKpODBM BbinonHAeT KOMaHMy.

3aH B TOH YacCTH KOMaHIBI, KOTOpas Npen-
CTaBifgeT omepaHAa. TeM caMbIM mnepBas
KOMaHJa OKa3bIBAeTCA BBIOJIHEHHOH, a
MepBLI MAIUMHHBIA LMK 3aBEpPIUIEHHBIM.
Cnenyer mobaBHTBb, YTO BTOpPO#l TaKTOBHI
HMITYJIbC Ha €NHHHIY YBEIHYHBAET COOEPKHU-
Moe cyeTynka KomaHn. CremoBaTelbHO, K
HayaJy BTOPOTO MALIMHHOTO IIMKJA B CYET-
YHAKEe KOMAaHJ OKa3bIBAETCH YCTAHOBJIEHHBIM
agpec BTOpoH KoMaHZbel. B mepBoM TakTe
BTOPOro LHKJa MHKDOIIPOLIECCOP MO alpec-
HOH mmHe mepexaer 3toT aapec B III3Y.
CopepxuMoe aapecOBaHHOH sA4eiiKH, T.e.
BTOpas KoMaHAa, o HHHOpMauHOHHOH 1IIH-

He TMOCTYNaeT B MHKPONPOIECCOP M TaM
HEeKOOUpYETCs, MOCNE 4Yero ¥ HayMHAETCH
cOOCTBEHHO BBIMOJIHEHHE BTOPOH KOMAaHIBI.
HanpHeiillee ONMHCAaHHE NMOPAIOKA ONEpaLlHi
MOXHO OIYCTHTh, TaK KaK NOBTOPSAIOTCA BCE
paccMOTpeHHBIE BBIIIE IDard OO TeX Mop,
noka He OyZeT BHIIOJHEHA BCA Nporpamma.
Ecnu e K MEKpONpOLECCOpY Yepe3 yCTpOH-
CTBa Mapa’JUleIbHOTO MM MOC/IEA0BaTENbHO-
ro BBOJA-BHIBOJA NOJKJIIOYAIOT IeYaTaro-
mee HJIM Kakoe-THOO HHOE BBIXOAHOE YCT-
POHCTBO, TO € MOMOILBID pAdAa HOMOJHH-
TENbHLIX KOMaHI MOXHO OpPraHH30BaTh BhI-
gady pe3yibTaTa B OmpeneneHHOH ¢opme.
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Kak ¥ npu BBLINOJHEHHHM [OPYTHX KOMaHJ,
Takas BblOAa4a MHPOPMALMM OCYIIECTBJIACT-
Csl MOJA MHKPOIIPOLIECCOPHBIM YIIPABJICHUEM.
B onpeneneHHbIX ciydasx OAs TAKOrO BbI-
BoJa [JaHHBIX TpebyeTcs CIHILIKOM MHOTO
BpPEMEHH, NOYEMY B HEKOTOPHIX MUKpOIBM
U NPeIycMaTPHBAETCA BO3MOXKHOCTb CKOPO-
CTHOTO MOJIyYeHHs HHPOPMALUHM H3 MaMATH
B obxonx Mukpomporneccopa. Ho nmms atoro
Hy’XHa CcXeMa TaK Ha3bIBaeMOI0 IpSIMOTo
JOCTyIa K NaMSATH.

Hamm paccyxnaenus, kacaroliuecst IpyuH-
muna pabotel MUKpODBM, MbI X0THM 3a-
KOHYHUTb HEKOTOPbIMH 3aMeYaHUsSMH oOlie-
ro xapakTepa, B Oojblllelt MIH MEHbIIEH
CTEeNeHH OTHOCSIIUMUCA KO BCEM COBpPEMEH-
HBIM KOMIbIOTEpaM. Bo-mepBbIX, Bce OHH
obnamaror obmiei cneundukod ob6paboTku
KOMAaHJ M JaHHBIX, B 4eM MbI CMOIJH yOe-
JUTbCA HA NMpHUMeEpe ONUCAHMS NMPOCTEHIIero
papHanTa MUKpoOBM. [laHHble H KOMaHABI
0obpabaThIBalOTC OXHMHAKOBBIM 00pazoM.
Komangspl, mnpencrasjieHHble MaIIMHHBIMHI
CJIOBAaMH, NIEPEAAIOTCS MO TOHR XKe IIKHHE, YTO
H JaHHbBle. DTO oOmpeneeHHbBIM obpazom
CKa3bIBAaeTCA HA MpHHIMNE QyHKIHOHUPOBA-
HHsA momobupix DBM. Tak, Hanpumep,
KOMAaH[Ibl MOXHO TIOABeprath apudmernyec-
Koi 06paboTke, U OAHY HacTh MPOrPAMMBI
MOXHO HM3MEHATH C IOMOLIbIO APYroi ee
yacTH. OTKPBLI 3Ty 0cOOeHHOCTh [IOH ¢oH
Hefiman, noueMy coBpeMeHHylo OBM He-
PEKO H HA3bIBAIOT «BBIYHCIHTEIBHOH Ma-
IIMHOH ¢ apXuTekTypoil ¢poH HeiimaHa». M
BCE € C 3TUM NPHHIUIIOM CBs3aHa [J1aBHBIM
o6pa3zoM He aHaJOrM4HocTh 06paboTku
KOMaHJ M JaHHBIX, a Apyras oco6eHHOCTh, C
KOTOpOH MBI yXe CTaJKHBAJMCh, 3HAKOMSCh
C IPOCTEHIIMM KOMIIBIOTEPOM, a HMMEHHO
nocjeaoBaTe/lbHast BO BPEMEHH OYEPEAHOCTD
BBIMIOJIHEHHSI OTHEJNbHBIX onepaunuii. B mio-
60if onpeneseHHbII MOMEHT BPEMEHH TaKas
OBM Bceraa BHINOJIHAET TOJBKO OIHY oOlle-
pauHio, 06BEKTOM KOTOPOH SBJISETCA ONHO
MAaIlIMHHOE CJI0BO. B crenytomueit riase Mbl
€lIe pa3 BEPHEMCS K 3TOMY Bompocy. TpeTb-
eil ocobeHHOCThIO Hame# MukpoOBM, na u
IPYTHX 3JIEKTPOHHBIX BBIYHCIIHTEIBHBIX Ma-
IINH, SBJISAETCS TO, YTO KpoMe o6paboTku
MamuHEbIX c10B B LIl TaM xe goskeH
BBIMIOJIHATBCS LEJIbli pal OpYTHX Ollepaluid,
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K KOTOPBIM OTHOCATCH TAaKHE, KaK yIpasJe-
HHe Mepeaayeld KOMaHI M JaHHBIX M3 MaMsi-
TH, ONpeAC/ieHHEe aJpPecOB SHEEK MaMSATH U
T. 1. Ha BBIIOJIHEHUE 3THX ONepalHii, CIyXa-
X TOJBKO JJI8 OpraHH3alldH Mpolecca
06paboTku uHOPMALMHU, YXOAUT MPHMEPHO
JIB€ TPETH MalIMHHOro BpemeHH. CaMa 06-
paboTka HHGOPMaINH, U 31€Ch MBI 3aTParu-
BaeM 4ETBEPTYIO 0OCOGEHHOCTbL KOMIIBIOTEPA,
COCTOMT B TOM, YTO JIOTH4ECKHE U apHpme-
THYECKHE OMEpallHy BBIIOJHSIOTCS JHMIIbL C
eAMHHIIAMH M HyJIAMH, Hanpumep 0 HIH
l=1,140=1,14+1=2wuT.40, T.e. Mbl
HMeeM JAeJI0 C TAaKUMH OMNepalHsIMH, KOTO-
pble He NIPEACTABIAIOT CJAOXHOCTH Jaxe A
pebenka. HecMoTps Ha 3TO, KOMIBIOTED
cnocobeH, KaKk M3BECTHO, MPOSBIATh YAHBH-
TelbHbIE «YMCTBEHHBIE» crocobHocTd. Of-
HAaKoO TYT TpeOyIoTCsA HEKOTOPHIE MOSICHEHHS.
Pemras mocraBneHHylo 3aJavy, KOMOBIOTEp
LIAr 3a LIarOM CHHXAaeT ee IepPBOHAYAIbHYIO
CIIOXHOCTB, T.€. pacwiIeHseT Ha psl MeHee
CJIOXKHBIX 32124, KaXIas U3 KOTOPHIX B CBOIO
ouepenb Opobutcs Ha elle 6oJiee NPOCThiE U
T. I. DTO MpOgOKaeTcs A0 TeX Mop, MOKa He
OymeT HOCTHIHYT CaMblii HH3KHH ypOBeHbL
CJIOXHOCTH, HAd KOTOPOM BCE CBOIHUTCS K
BBIIIOJIHEHHIO apH(PMeTHUeCKUX M JIOTHYec-
KHX ONEpalMd HaJ ABOUYHBIMH HYJSAMH H
enuHunaMi. KonuyecTBO Takux omepanuit
4Ype3BbIMAMHO BEJIMKO, a NOTOMY JAHHBIA
NOAXOZ MPHEMJIEM IIPH OJHOM YCIIOBHH: BCE
3TO OrPOMHOE YHCJIO [JEHCTBHH HOJIKHO
OCYILECTBIATHCSA C HCKJIFOUHUTEIBHO BBICOKOI
CKOPOCTBIO H COBepIIeHHO Oe3 ommbok. Cek-
peT yOUBHTEJBHBIX «HHTEJUIEKTYaJIbHBIX»
criocobHOCTE KOMIIbIOTEpa, CllefoBaTellb-
HO, 3aKJIIOYaeTCs B TOM, 4TO MHpOCTeHllue
OMepaldl OH BBHINOJHAECT HEBOOOGPa3ZUMO
OBICTPO, € MIpEeAEIbHOH TOYHOCTBIO H B I'pO-
MAaJHOM KoJHuecTBe. YenoBeueckHH Mo3r
COpaBJseTCA € 3JEMEHTApHBIMH OIEpalusi-
MH HaMHOIO MeJJIEHHEE, OJHAKO CaMH 3TH
ONepalui Topas3io CIOXHee.

PacckazaB 0 IOCTpOEHHH M NpPHHIHMIAX
(GYHKITHOHHPOBAaHUA KOMIIBIOTEPOB, B IEp-
BYIO ouepelb, KOHEYHO, MHUKpoOBM, pac-
CMOTPHM TeNepb BOMPOCHl X HNPHYMEHEHHS,
Ha4aB ¢ IPOrpaMMHpOBaHHsA. 3aTpaThl Ha
nporpaMMupoBaHue MUKpoOBM BecbMa Be-
JIUKK — BO BCSIKOM CJIy4ae, 3HaYHTEJIbHO BbI-
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11Ie, 4eM T€, K KOTOPBIM MBI [IPUBBIKJIH, HMEs
IeJI0 C IPOrpaMMHPYEMBIMHU MHKPOKAJIBKY-
nTOpaMH K OBITOBBIMH KOMIIBIOTEDAMHU.
[pu pabore ¢ MukpoOBM B xome Hammca-
HHA Aaxe HeOOoJIbIINX MpOrpaMM He CHYHTa-
I0TCS BBICOKHMH 3aTpPaThl BPEMEHH Ha MpPo-
TPaMMHPOBAHHE BCETO OJHOW KOMAHIBI, CO-
crasystomide 30 MuH B 6osiee. MoxHO cka-
3aTh, YTO B CPEIOHEM ¢ YYETOM BCeX MOATrO-
TOBUTEJIbHBIX H OOIOJHHUTENBHHIX paboT
OIMH MPOTPaMMHCT IS HpOrpaMMHpOBa-
Hug 5—10 xoMaHO TpaTHT ueablf paboumit
neHb. CTOJIb BBICOKHE TpPYHO3aTpaThl CBA-
3aHBl C TEM, YTO NPOrpPaMMHUPOBAHHE MHK-
po2BM HeoOxoaMMO BECTH Ha MAaIMHHOM
s3bike. CKa3aHHOE O3HAYAeT, YTO B IPOIECCe
NPOrpaMMHPOBAHUS MOT'YT HCIIOJIB30BAThCA
TOJIBKO T€ KOMAaHApI, KOTOPHIE BXOIAT B
CHCTEMY KOMaH[I MHKPOIIPOLECCOPOB M pac-
CYHTAHBI Ha HEMOCPEICTBEHHOE BBINOJIHEHUE
mMa camuMu. Kak Mbl yxe BHAETH INpH
pa3bope ocoGeHHOCTEH paboThl MHUKpPOIPO-
1eccopa, KOMaH/Ibl €0 penepTyapa B OCHOB-
HOM OpHEHTHPOBAHBI Ha ONEpPalUH Haja IBO-
MYHBIMH 4yuciaMi. M ecnu, HanpuMmep, npe-
NyCMOTpEHAa KOMaH[Ia CJIOXKEHHs OBYX IBO-
MYHBIX YHMCEJI, TO KOMaHJa CJIOXEHHS ABYX
JNECATHYHBIX YHMCEJ OTCYTCTBYyeT. KIMeHHO
LU pellIeHAs TaKUX MPOCTEHIINX 3aday |
HEOOXOOMMO COCTAaBJIAThH HEOONBIIHE NIPO-
TPaMMBI, COCTOSAINHE M3 OOJIBIIOrO YHCINIA
OTAeIbHBIX aros. [Ipu atoM crenuduyec-
KHE KOMaHIbI BRIPAXaIOTCA JTUOO COOTBETCT-
BYIOIIIAIMH IBOMYHBIMH KOJAaMH MHKpONpPO-
meccopa, JTM60 MHEMOHHYECKHMH COKpalie-
HHUSIMH HA €CTECTBEHHOM —B OOJIbIIMHCTBE
CIyYaeB AHIJIMACKOM —s3bIKe (HampuMep,
ADD -cnoxenne, JMP —nepenaya ynpasie-
HUS), UMEIOIIUMH OAHO3HAYHOE COOTBETCT-
BHE ¢ IBOHMYHGLIMH KOJAMHM. Bcsi coBokym-
HOCTb 3THX COKpalIeHUIt HMEHYETCs SA3BIKOM
acceMbuiepa. TakuM o6pa3oM, A3bIK accemMb-
JAepa B CYIIHOCTH IpeACTaBiseT coOOH He
YTO MHOE, KAk MHEMOHHYECKH yao6HYI0 dop-
MY MAIIMHHOTO sA3bIKa I oOnleHMs ¢
MHKpOIBM.

s nporpaMMupoBaHus 6onbimux 3BM
BMECTO MAIIIHHHOTO f3BIKA MOTYT, KaK H3-
BECTHO, MMPUMEHATHCS A3BIKA TPOrPaMMHPO-
BaHHA 0oJiee BLICOKOTO YpPOBHS—TaK Ha3bl-
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Ba€Mbl€ S3BIKH MPHKJIAOHOH OpPHEHTAIHH,
cpeld KOTOpPbIX MOXHO Ha3BaTh PopTpaH,
IMackanp u Kobosn. Takme KOMNbIOTEPHI
HMEIOT XpaHAINYIOCS B MX BHYTpEeHHed ma-
MSATH IPOrpaMMy-TPAHCIATOP, C MOMOIIBIO
KOTOpOH MpHKJIAIHbIE IPOrPaMMBI NEPEBO-
OATCA C SA3BIKa IPOTPAMMHPOBAHHUS BBICO-
KOro ypOBHS HAa MAIIMHHBIA S3bIK, IOHAT-
HbIl [JaHHOMY KoMmmbloTepy. Ecnim 3BM
NOJIHOCTBIO NEPEBOOUT NPUKIATHYIO IIPO-
rpaMMy nepef ee BHIIOJHEHHEM Ha MAalllMH-
HBIH SA3bIK M B 3TOH (opMe momernaer Ha
XpaHEHHE B [IAMATh, TO B TaKOM CJy4ae
IpOrpaMMa-TPaHCIATOD HOCHT Ha3BaHHUE
komnuaamopa. Ecmn ke kaxmas KoMaHOa
NPUKJIaTHON NMPOrpaMMBI BBIMOJIHAETCA cpa-
3y nocjie ee npeobpa3oBanus 6e3 mpoMexy-
TOYHOTO NOMEIIeHNs B MaMATh, TO TOrJa
IPOrpaMMY-TPaHCIATOP Ha3bIBAKOT uHMEp-
npemamopom. II0CKOJIbKY KOMITUIATOP BMecC-
Te ¢ npeobpa3oBaHHOX B MAIIMHHBIA KOX
INPHUKJIaJHOH MPOrpaMMON HJIM COOTBETCT-
BEHHO MHTEPIIPETATOpP HeoDX0auMo pa3mMec-
THTH B OCHOBHOM mamsatH DBM, To 3TO
3acTaBJIseT yBeJIHIUBATh ee eMKOCTh. KpoMe
TOro, BpeMs 1mpeoOpazoBaHus o6xomuTCs
TeM OOpOXe, 4eM MeHblle obpabaTbhiBaro-
mue «MoiugocT» LIIT koMmproTEpa H HeM
MeEHblIE CTeNeHb BPEMEHHOTO mapalieIn3Ma
ucronb3yeMbix C, koTophblit BBOAUTCH /15
[0 KpadHeH Mepe 4aCTHYHOH KOMIIEHCALIMH
TepsaeMoit ckopocTH obpaboTku. B urore
BO3pacTaloT U 00beM annapaTHBIX CPedCTB
KOMITbIOTEPA, U HUX CTOUMOCTh. B oTHOMIE-
HHH Oosbmux 2BM yxe maBHO AOKa3aHO,
4TO 3TH HOeHbIH cebs ompaBamiBatoT. ToT
(akKT, YTO AAHHBIA TOAXOM OKa3aJICs IPUEM-
JIEMBIM U 111 MUKpOBM, noareepxaaercs
CYDIeCTBOBAHMEM OBITOBBIX, KOHTOPCKHX H
TIEPCOHAJIBHBIX KOMITBIOTEPOB. 3TH KOM-
nbIoTepHl codepxkaT ropasgo 6ombme HUC,
4eM npocTeiiuue MUKpoIBM, nmporpamMmu-
pPYEMBIE TOJIBKO Ha MaIllTHHHOM SI3bIKE, KOTO-
phle MBI paccMOTpenH Baiie. OnHAKO, KaK U
B ciydae ¢ npocreiined MukpolBM, neHT-
pajibHBIA npoueccop 6BITOBOrO, KOHTOPCKO-
IO HJIM MEPCOHAIBHOTO KOMIIBIOTEPA COCTO-
UT U3 oaHoi-enuncTBeHHoit MIC, a mMeHHO
U3 MHKPOIIPOLECCOpa C pa3psigHOCTHIO 00-
pabaTteiBaeMoit uHpopManuu &, 16 wnm 32



138

O6HT, 4TO MO3BOJAECT OTHECTH HX K KJaccy
MukpoOBM. Huxe MBI eme BepHEMCH K
obcyXIeHHIO 3TOr0 BOMIpOCa.

Mukpo3BM kak KOMNOHEHT
CUCTEMDbI

BBITOBBIE, KOHTOPCKHE M IIepCOHAJIbHBIC
KOMIBbIOTEPHl NpedHa3Ha4yeHbl I oOMeHa
HHpoOpManue# HEMOCPEICTBEHHO C YeJOBe-
koM. OgHAaxO HaM XOPOLIO H3BECTHO, YTO
CYLIECTBYET MHOXECTBO 3ajay obpaboTku
HHpOpMaInuy, HAMpUMep YIIpaBJIeHHE CTaH-
KaMH Ha NPOMBIIUICHHBIX MPEONPHATHSAX,
rae Ha IEPBOM IUIaHE CTOMT OOMEH HH-
dbopmMmanmeii MexXIy KOMIIBIOTEPOM M CTaH-
KOM, a KOHTAKTHI C YeJIOBEKOM OrpaHHYHBa-

naea 6

I0TCS BCErO HECKOJIBKMMH KoMaHOaMu. Eciu
IS pelieHUs MOOOOHBIX 3aJa4 HUCIOJIb3YeT-
ca MukpoOBM, To ee npuMeHcHHEe HMeeT
JIBe OTJIMYHTEJIbHbIE ocobeHHOCTH. Bo-mep-
BbIX, Takas MHUKpoOBM He Hyxnaetca B
IOTHOM Habope CiyxeOHBIX CpeAcTB, KOTO-
pble pazpaboTaHsl 1 obeclieyeHUs ee B3aH-
MOJEHCTBHS C 4YeJI0BEKOM. Bobmioit o6beM
NIPOrpaMMHMpOBaHUS Ha MAIUHHHOM f3bIKE
He MOXET OBITh NpPENATCTBHEM B JaHHOM
ciaydae (KpoMe TOro, IporpaMMHpOBaHHE
MOXHO OCYIIECTBJIATH C MOMOIILIO APYTOro
KOMIILIOTEPaA), €CJIH, KaK 3TO Hepedko ObiBa-
€T, caMa peuiaeMas 3agaya o6paboTkM HH-
dbopmanuu BoOOIIIE HE U3MEHSETCA MJIH H3-
MeHsfeTCs HewacTo. Kyapuatypa mis BBOOa
JaHHBIX MOXET HMETh O4YeHb Hebojblime

Tabauya 13. O6nacTH npuMeHeHuss MUKpOOBM

[TpoMBIIIIEHHBIE YCTAHOBKH

[MpuGopocTpoenue

Cpenctea 0o6paboTkH NaHHBIX
H KOHTOpckoe obopyaosa-
HHe

Cps3p

BriTOBag Texuuka

Cranku ¢ UITY, Tkaukue CTaHKH, KOHTPOJILHO-HCIIBITATEIbHOE 000-
pyJIoBaHHe, KOHBefepHble CHCTEMBl, NIOTOYHBIE JIMHHH C 3aJaHHBIM
PUTMOM paboOThI, aBTOMaTHYeCKHE B3BELIMBAIOIHE YCTPOHCTBA ¢
IMPPOBOH HHIUKALMEH, CHUCTEMBI ONTHMAJILHOTO paclpelelleHUs
91eKTPOIHEPrHH, THHNorpadckue HaGOpHBIE MAIUKHBI, KONHPOBAJb-
Kbie YCTaHOBKH, IPOMBILIUIEHHBIE pOGOTHI

KaccoBble ammapaTel, aBTOMaThl I NIPOJaxXH OHJIETOB Ha Iacca-
KUPCKOM TPAHCIIOPTE, YCTPOUCTBA YNpaBileHAs JH(GTaMH, YCTPOHCT-
Ba M3MEPEHHs PACX0/d4 TOIUINBA HA KOJIOHKAX H pacyeTa ¢ KIIMEeHTaMH
OeH303anmpaBOYHbIX CTAHLMI, PaIMONIOKALIMOHHBIE CTaHIHH, anmnapa-
Typa U KOHTPO:1# COCTOSIHMA OKpYXalollei cpelrl, npubops! s
cbopa U 0OpaboTxy pe3y.IbTATOB U3IMEPEHHI HayYHOrO Ha3HAYEHUS

Mepudepniiubic ycrpoiicta 6onpimx 3BM, aBTOMaTH3IHPOBaHHBIE
pabodHe MecTa C TepMHHAJaMH, NpOrpaMMHDYEMBIE HACTOJIBHBIE
OBM HayyHOro Ha3Ha4YeHHUs, JIEKTPOHHBIC NHIIYIIHE MAIIHHKH,
KOHTODCKHE KOMIIBIOTEPBI, IIEPCOHATIBHBIE KOMIIBIOTEPbI

ATC, cucreMbl U3MepeHHiH, peryJIUpoBaHUS U KOHTPOIA

CTHpaJipHBIE MAIIIMHBL, 3JIEKTPHYECKHE KYXOHHBIE IUTHTBI, IIBEHHbIC
MaILIHHBI, IOCYIOMOEYHbIE aBTOMAThI, paJIHONPHEMHHKH U TEJIEBH30-
Pbl, BUOCOHIDhI, TEJE€BH3HOHHBIE HHQOPMAIHOHHBIE CHCTEMBI, HIPO-
Bble aBTOMATHI, (OTO- H KHHOAMNNApaTypa C JIEKTPOHHBIM YIIpaBiie-
HHEeM, OBITOBBIE KOMIIBIOTEPHI
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pa3Mepsl; B ONpenesIeHHbIX CIy4yasx OT Hee
MOXHO BooOmIe oTka3atecs. CiegoBaTesnnb-
HO, B MHKpOOBM Takoro HazHaueHHs He
TpebyeTcssi MHOroe M3 TOro, 4YTo OOBIYHO
CYHTAETCA THIOBBIM OCHauleHHeM OBM.
Bo-BTOpBIX, TPEOOBAaHUA K BO3MOXHOCTSIM H
NPOM3BOOUTENBHOCTH MHKpOOBM Moryt
H3MEHATBCS B INHPOKHX Mpenesiax B 3aBH-
CHMOCTH OT OCOOEHHOCTEHl YIpaBIAeMOro
CTaHKAa WJIH YycTaHOBKH. MukpoDBM, =Ha-
NpHMEpP, MOXHO MOPYYHMTh YIpaBJICHHE CTH-
pagbHOM MallUUHOM, Korma Tpedyerca obpa-
60Tka OTHOCUTEIbHO Hebousbiroro obbema
HHbDOpMANMH C OOBOJBHO HH3KOH CKOpO-
CTBIO, HUIM NIPOKATHBIM CTAaHOM, Il€ HYXHO
OCYILECTBJIATh OIlEpPalliM C BBLICOKOH CKO-
POCTBIO HAaZX OYEHb OOJBIINM YHUCIOM OaH-
HeIX. HeobxoamMocTh NpMHHMAaTh BO BHH-
MaHHe 3TH 06CTOATENLCTBA IPHBEJIa K TOMY,
4To nogobHsle MUKPODBM JHIUb B peakux
CITy4asix BBIITYCKAIOTCS HPOMBIIUIEHHOCTBIO
B NOJIHOM KOMIUIeKTe. B DoJbIIMHCTBE CBO-
€M OHHM IIPEACTaBJIAIOT coboit Habop OTAeNb-
HBEIX KOMIIOHEHTOB, TaK Ha3bIBA€MBIX MOAY-
JieH, U3 KOTOPbIX H3rOTOBUTEIb KOMILIEKC-
HOTO TEXHOJIOTHYECKOTO 0DOpYIOBAHUS MO-
KET CaMOCTOATENbHO cobpaTh MHKpOODBM,
OTBEYAIOIYIO €ro cnemuduueckuM moTped-
HOCTSM. B maHHOM cilyyae roBOpsT O CHCTe-
Me monayjied ans cbopku mMukpodIBM. K
TaKUM MOIOYJISAM OTHOCATCH MNpOCTeHinne
MHKpocOoOpkH Ha omHOM mnate (pHc. 63)—
CHaOXEHHBIE HITENCEIBHBIMH pa3beMaMH
6510kH M3 HHTerpajibHBIX cxeM ang DOBM,
Bktouas 1II1, k KoTOpeIM OCTaeTcs TOJNBKO
INOAKJIIOYHTH HeoOxoaumsble nepudepHifHbie
ycrpoiictBa. IIpuMepoM MOXET CIYXHThb
koMIutekT moaysed K1520, BeimyckaeMbli
koMbuHaToM «PoboTpon» Ha 6aze MHKpoO-
npoueccopa U8B80 (puc. 63). C momorbio
TaKUX MOIyJieH MOXHO CO3aBaTh MHKpPO-
9BM 1511 HCIIONbL30BaHUA B CAMBIX Pa3HBIX
obnactsx. HekoTopele M3 BO3MOXHBIX Ba-
PUAHTOB INPUMEHEHHUS I[EPEYUCIAIOTCS B
Tabn. 13.

H3710%uB 3TH cOOOpaXeHHSI OTHOCHTEb-
HO BBINYCKAEMBIX NPOMBIIUIEHHOCTbIO MO-
IYNbHBIX CHCTEM A1t MUKpOOBM, MBI cHOBa
BO3BpaIllaeMCs K MHKpoDBM, ocHalieHHBIM
bonee yno6HBIME IS YeNOBEKA CPEACTBAMH
obureHus. DTHMH MalllMHAMH SBJIAIOTCS Obl-
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TOBbIE, KOHTOPCKHE M MEPCOHAJIBHBIE KOM-
nbpIOTEpHL. 3aech peub moimeT o MUKpoIBM,
obaaroMX TEMH BO3MOXHOCTSMH, C KO-
TOPBIMH Y JIMI «HEMOCBSAILIEHHBIX» aCCOLHH-
PYIOTCSH IO CYLIECTBY BCe MPEICTaBJICHUSA 06
OBM. O1H MalupHbBl 06ECMEeYHBAIOT TIOJIb-
30BaTeo Oonblire ynoocTsa B paborte H B
3aBHCHMOCTH OT NMPOHM3BOAMTEILHOCTH IMpPH-
TOOHBl KaK IUIA BBHIIOJIHEHHS OOCTaTOYHO
CJIOKHBIX BBIMHCIIMTEJILHBIX ONePalMid, TaK H
s o6paboTKH JaHHBIX.

BbiTOBbIE, KOHTOPCKME
M NepcoHanbHbie KOMNbIOTEPbI

OCHOBHBIMHM YacCTSIMM TaKHX KOMIbIOTEPOB
Hapsagy c Oa3oBod MuxkpoDBM sBistoTcs
KJIaBHATypa [UIA BBOJA OAHHBIX, AMCIUIEH C
9KpaHOM IS BblOauyd HMHGOpPMAlMH K Ha-
KOIUTeNb Ha THOKUX MArHUTHBIX OMCKaX B
Ka4yecTBE BHEHIHET0 HOCHTEN MOAHHBIX M
nporpaMMm. Ha rubkoM MarHHTHOM IHCKe,
npeAcTaBisiomeM coboil  MIacTMaccOBBIA
JHCK guaMeTpoM obbruHO 8§89 mmm 133 MM c
MAarHUTHBIM TNOKPBITHEM, MOXHO XpaHHTD
uHpoOpMaIMIO 06'5eMOM B HECKOJBKO COTEH
kuwiobaiToB. CkopocTh BBOIA-BBIBOJA JaH-
HbIX cocTaBisgeT 100-500 kbaiit/c. B xavect-
Be YCTPOMCTB BHIBOJA JaHHBIX, KDOME TOI'O,
MOXHO MOAKJIYATh BBICOKOCKOPOCTHBIE
neyaTalpllMe YCTpoHcTBa (NpHHTepHl). Bo
BCEM MHpE IIMPOKOE PACHPOCTPAHEHHE IO~
JIYYUTIH TIePCOHAJIbHBIE KOMIBIOTEPHI (Hp-
Mbl IBM, KoTOpas 1 BBesIa B 00MX0X COKpa-
uieHHOe obo3HaueHue PC g xkoMIbproTepOB
3TOr0 Kjacca, a Takke OuHpM «mmm,
«llgaitgep», «ATtapu», «KomMMooop» H Ip.
KoMbunar «Po6OTpoH» BBHIIYCKAeT KOM-
OBIOTEPBl AHAJOTHUYHBIX THIOB, a HMEHHO
AS120 (pmc. 66), ACA7100 u PC1715.
VIpOLIEHHBIM BapHAHTOM KOHTOPCKOTO H
COOTBETCTBEHHO NE€PCOHATBHOIO KOMIIbIOTE-
pa sBisercsa OBITOBOI KOMIBIOTEp. 3mech B
BOJILIIMHCTBE CIy4aeB BMECTO AMCILIes HC-
ONb3yeTcs OOBIYHBIH TENeBH3Op, BMECTO
HaKONHUTENd  HAa  MAarHMATHBIX  JHCKax
(HMO)—-kacceTHblif MarHutodoH, a B Ka-
YeCTBE BHEIHETO HOCHTENA OAHHBIX CJIYXXHUT
CTaHAapTHas MarHUTOGOHHAA KOMIIAKT-Kac-
ceTa.

718 Toro 4ToOBlI C MEPCOHANBHBIM KOM-
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Puc. 66. Kontopckuii komnbtotep tTuna A5120, Bbinyckaemsiit kombuHatom «PoboTpom».

NbIOTEPOM MOXHO 6bL10 paboTaTh, cHavama
¢ MOMOLUBIO CMEUHANBLHONR MPOrPaMMBI, TaK
HA3bIBAEMOH ONEpPALMOHHON CHCTEMBI, €ero
HY/HO MO3HAKOMHTB C «IPAaBHJIAMH HIPbI»,
T.€. BBECTH COOTBETCTBYIOLLME YKa3aHHS Ha
TO, KAKUMH [IOJIKHBI OBITH MHTEpNpeTalus
OTAE/BHBIX 3HAKOB U 3HAKOBBIX KOMOHMHAIHI
KJIABHATYPBI, B3aUMOJIEHCTBHE C QUCIUIEEM H
HM/ u TonkoBanue komann bBeiicuka. B
IIAHHOM CJIy4de I'OBOPAT O CHCTEMHOM IpO-
rpaMMHOM of0ecneyeHHH, TaK KaK CHCTeMa
00paboTkn HHpOpManMM B BHIOE MHKpO-
2BM 6e3 rakoit mporpamMmbl BooOie He
cnocobHa paboTaTh BHE 3aBHCHMOCTH OT
TOI'O, K4KYIO MNPHKNAAHYIO 3a/1a4y HAMEpeH
PELLMTh MOJb30BaTeNb. s peuieHus Takon
33244 HeOOXOAMMO MMETh KOMILIEKT crie-
UHANBHBIX [POI'PAMM, MOJIYYHBLIMH Ha3pa-
HHE NPHUKIAJHOIO MpOorpaMMHOro obecneye-
Hus. [lporpammuposanne MukpoIBM BbI-
MOJIHAETCA HA A3bIKE, OPHEHTUPOBAHHOM Ha
OCODEHHOCTH MPUMEHEHWS: K YHCIY TaKHX
A3BIKOB OTHOCATCA, Hanpumep, beiicuk,

®optpan u [lackans. YnomsHyTble Bbilue
CHCTEMHbIE TPOrpaMMbl, 2 UMEHHO HMHTep-
MPeTaTop U KOMIMKIATOP, ABJAIOTCA COCTaB-
HBIMH YacTSMH OIEPallHOHHOM CHCTEMBI, KO-
TOpPas MOCTaBJIAETCS H3rOTOBUTENEM Ha THO-
KOM MarHMTHOM [HMCKE€ HIH KOMMaKT-Kac-
ceTe B KOMIUIeKTe ¢ MHKpoOBM B TOM
cily4ae, €clli 3Ta CHCTeEMa HE BBEIEHA B
II3Y komnbioTepa (B KayecTBe «MHKpPO-
nporpamMmHoro» obecnedenud). Ulupokoe
pacnpocTpaHeHHe MONYYUIH ONepallHOHHBIE
cucremsi CP/M u PC-DOS (MS-DOS).
Hapsany ¢ cHCTeMHBIM NPOrpaMMHBIM obec-
Ne4YeHHEM CYILECTBYET pSAl CTaHJapTH30BaH-
HBIX [PHKJIAJHBIX MPOrPaMM, KOTOpBIE
NOJIb30BaTENb MOXET MOJYYHTb B CBOE pac-
nopsixeHue. B MX 4HCIO BXOAAT, K IpUMEPY,
nporpaMma ob6paboTku Tekcra (pacnpoctpa-
HEHHOH #ABJAETCA Takas INpPOTpaMMa, Kak
WordStar), nporpamma ynpasienus 6a3oii
naHHbix (dBase) 1 mporpamMma HarisaHoro
rpaduveckoro mMpeacTABNEHHS NAHHBIX HaA
skpaHe (Graphics). [duana3oH BO3MOXHO-
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CTeil ¥ KaYeCTBO JTOCTYIHOTO MPOrPaMMHOTO
obecrieueHHs B CYIIECTBEHHON CTENEHH CKa-
3BIBAIOTC HAa CTOMMOCTH IpHoDOperaemMoii
MHKpoIBM.

Ucnonb3oBaHne mukpo3dBM
B TUNorpadcKon
HabopHON MaLuuHe

3aBepiasi 3Ty rjaBy, NOCBSILIEHHYIO HHTe-
IpajibHBIM CXeMaM H BO3MOXHOCTAM HX
HPUMEHEHHS, MBIl XOTHM KpaTKO OCTaHO-
BHUTbCS XOTS OBl Ha OJHOM KOHKPETHOM
nNpuUMepe HCIOJb30BaHHS MHKpoOBM, B
JaHHOM ciyyae B Tunorpadckoil HabopHOMH
MammHe. IIpoo6pazoM HabopHOro aBTOMa-
Ta ABJIACTCS JIEKTPOHHASA MMUIIYIAs MalllUH-
xa. UYToObl BBECTH CTpaHUIly NEYaTHOTO
TeKCTa Ha XpaHEHHe B MaMsATb MHKpoOBM,
ee €MKOCTh OOJDKHA COCTAaBIATH 2 KOaMlT.
BBox maHHBIX, T.€. 3aMCh TEKCTa B MAaMSATh
MEKTPOHHOH TMHINYIIeH MAaIUuWHKH, OCy-
IIECTBJIAETCS HaXaTHEM Ha IevyaTaroluue
kiIaBuid. KpoMe Tekcra B CHCTEMY HeoO-
XOIAMMO TAaKXe BBECTH YKa3aHHS, ONpeneis-
IOIME, KaK CJIEAYET PACHOJIOXHTb TEKCT Ha
JmcTe 6yMaru, Kakde MoJs OCTaBUTh, KaKoi
JIOMXKHa OBITHL NeYaTh—OOHO- HJIM IOBYXKO-
JoHHO# M T.n. Ilpu HeoO6XOZMMOCTH MMO-
MEIIIEHHBIA B NMaMATL TEKCT 3aTEM MOXET
ObITh pacmeyaTaH B HYXHOM dopmaTte Ha
yucTe GyMard WM BbIIaH Ha 5KpaH JUCILIES.
IIpn pacneyaTke JHTEPHbIE PbIYATH MaIlIHH-
KH JEHCTBYIOT HE OT YAapoB O KJIaBUIIIaM, a
IPUTATHBAIOTCS MHUHHATIOPHBIMU 3JIEKTPO-
MarHMTaMH, KOTOPBIE BKJIIOYAIOTCH IO KO-
MaHaaM MHKpoIBM. Eciu npu Brigaue nep-
BOH KOMHH OGHApYXHBaeTCs, YTO BO BpEMs
IIEpBOHAYAJILHOT'O BBOJA TEKCTa Yepe3 KJla-
BHaTypy Obla momylueHa omneyaTka, TO He
COCTaBJIAET TpYAa BHECTH HEOOXOHAMMOE MC-
NpaBJicHHE, B pe3yJbTaTe 4ero OmubouHOE
COIEPXUMOE NMaMATH NMyTeM [epe3anucy 3a-
MEHSIETCA Ha MpaBHJIbHOE. OT 3NIEKTPOHHOIM
NMIIyIed MaluHKA 1o THnorpadckoro Ha-
6opHOro aBTOMAaTa C KOMIIBIOTEPH3OBAaH-
HbIM YINPAaBJIEHHEM OCTaeTCid BCEro OIMH
mar. [Ipu CBHHIOBOH MeYaTH KOMIBIOTED
beper Ha cebs ynpaBieHue HabopHOH Ma-
HIKHOM, B KOTOPO# coOMparoTcs MaTPHILI U3
OTIENbHBIX JIUTEP 1JI MOC/IeAYIOWEH OTIIHB-

KH meyaTHoH popMsl. IIpu odceTHOM nevaTu
KOMITBIOTEDP YMpaBisieT (OTOMEXaHUYECKHM
IPOLIECCOM H3TrOTOBJICHHSA (OTOHAOOpPHBIX
¢dopM, T.e. dotorpaduyeckoit miIeHKH, KO-
TOpasi CJIYXHUT OPMIHHAJIOM [l IE€YaTHOM
¢$hopMbl, Kak MpaBHIIO, UMEIOLIEH BUI METaJl-
JIHYECKOHN IUTACTHHKH CO CHEHHAaTbHBIM IIO-
KpeiTHeM. [IpH KOMNBIOTEPHOM YHpPaBJICHUH
HabopoM pasJHYHBIE THIBl W pa3Mepsl
HpubTOB MOXHO BBOIHUTL CpEICTBAMH
TPOrpaMMHOTO ODECIEYEHUs, YTO MO3BOJIS-
€T OTKa3aThes OT HoJslee TPYHOEMKOH peas-
3auuu mopgo6HOro Habopa ammapaTHBIMH
cpeactBamMu. C nepeBomoM ¢dortoHabopa u
otceTHOM MevaTH Ha KOMIBIOTEPHOE yIpaB-
JICHHE YIAJIOCh NMOJHOCTHEO aBTOMAaTH3HUPO-
BaTh H3rOTOBJICHHE KHHUT, T.€. CO3JaTh Ta-
KO monMrpaduyeckuii KOMIUIEKC, Ha BXOZe
KOTOPOTO MBI UMEEM YIPABJSAIOIIYIO INIPO-
rpamMmy, Gymary M mpoune HeoOXoIUMble
MaTepHalbl, a Ha BBIXOJE— YIaKOBaHHbIE U
TOTOBBIE K OTIpy3ke KHHUTH. TeKCT KHHUTH
BBOIUTCS B 3allOMHMHAIOLIEEe YCTPOKCTBO,
CBSi3aHHOE C YIpaBisiomed MHKpoIBM.
Ilpu nepexone x Me4aTH OpPYroM KHUTH H0O-
CTaTOYHO CMEHHTBH conepxumoe 3V.

3HaKOMCTBO C aBTOMAaTH3alMeH TEXHO-
JIOTHYECKOTO TPOLECCa HU3TOTOBJIEHUS KHHT
AeT TPEACTABICHHE O TOM, KaKyl panuo-
HaJIM3aLHIO MPOMBIIIUIEHHOTO TPOU3BOJICTBA
obecneunBaeT BHeapeHHe MUKpOoOIBM. Onu
BBICTYNIAOT 3[1eCh B DPOJIM INpPEICTaBUTEJCH
LUIMPOKOTO aCCOPTUMEHTa HHTEr PaJIbHBIX
CXEM, BBINYCKAaEMBIX B HACTOSIlee BpeMs
MHKDOVIEKTPOHHOM  NPOMBIIIIEHHOCTBIO.
INo3naxomMuTh uutatens c 3tumu MC u
6bU10 3amaueit HAHHOH IJ1aBBIL.

Bo BBemeHUH K KHHMI€ OTMEYajloCh, 4TO
MHKPO3JIEKTPOHHKA HOCHT OY€Hb CIIOXHBIH
XapakTep U O3HAKOMHUTLCA C Heill MOXHO,
TOJIBKO PACCMOTPEB CaMble Pa3HbIE ACHEKTHI.
B npenpiaymux riaBax Mbl pa3obpanu me-
Jblid  psaa  cnenududYeckHX 0coOeHHOCTEH
MHKPO3JIEKTPOHHUKH, KOTOpbIe, MO HaIleMy
MHEHHUIO, HMEIOT HanboJiee BaxXHOE 3HAUCHHE
IJIS CO3JaHUS IepBOro INPEINCTaBJICHHA O
Hedl. OQHAKO OIHMH BaXKHBIA acCleKT ocTalics
BHE [MOJIS 3PEHHUsS —BEpHEE,. Mbl €r0 JIUUIb
eIBa KOCHYJIHCb. JTo Oynymee pa3BHTHE
MHKPO3JIEKTPOHUKH. O HEM H NMOKIET peyb B
NOCJIEAHEH TIaBe.



7. NMepcnekTnBbl pa3BUTUA

MUKPO3NEKTPOHUKMN

Bo3HUKHOBeHHE MHMKpPO3JIEKTPOHHKH SBH-
JIOCh OTBETOM Ha MOTPeOHOCTD 4eJI0BEYECKO-
ro obuiectBa B 60Jiee COBpeMEHHBIX TEXHH-
YeCKHX cpelcTBax obpaborkn MHGOPMaLHH;
B CBOIO OYepelb MHKDOJJIEKTPOHHKA CTHMY-
JHpYyeT JajbHelInee pa3BUTHE HHPOPMAIIHH.
MHUEKPO3JIEKTPOHHKY HENIb3 OTOXAECTBIATH
¢ HHPOPMAIIMOHHOH TEXHUKOM’; IS MOCIen-
Hed OHa #ABJAETCA OCHOBOH, CBOEro poza
CTPOMTEJIbHBIM MaTepHaJIOM, U3 KOTOPOro
CTPOHTCSA 3aHMe 3TOH TeXHHKH. CaMa MHK-
PO3JIEKTPOHHKA HE NaeT HH NPOEKTa 3[1aHHus,
HH MpOTrpaMMBl €r0 HCNOJb30BaHHA: BCEM
3THM 3aHHMAlOTCS CHOEUMAJIHCThl IOPYTHX
HanpaBieHUH HHPOPMALMOHHOH TEXHHKH,
obo03HayaeMBbIX OOLIMM NOHATHEM «TEOPHSA
BBIMHCJIHTEJILHBIX MAIIHH H CHCTEM» HJIH
«uHpopmaTHka». IIporpecc Mertonos obpa-
60TkH HHPOPMALIMH HE OIpENeNseTCs YcCIie-
XaMH OIHOH MHKPOJJIEKTPOHHKH —OH [MOJI-
KEH COYETaThCH C IBIKEHHEM BIIEpeN caMoi
HHpopMaTHKH. Tak, HalpUMep, KOraa B ce-
peauHe 70-X TONOB TPOH3BOAMTEILHOCTH
KOMIIBIOTEPOB BO3pOCiIa HACTOJBLKO, YTO MO-
SIBUJIACH BO3MOXHOCTbH BBHINIOJIHEHHS IIPO-
rpaMM, HAaCUHTBLIBAIOIUMX COTHH THICAY KO-
MaHI, B MOJIHOH Mepe NpOSBHIKCH IPHHIH-
MHAJIbHBIE TPYNHOCTH, CBA3aHHBIE C MPO-
rpaMMHpoBaHueM. Jlaxe y JIydIIHX Tpo-
TPaMMHCTOB YHCJIO OIIHOOK B COCTaBJIEHHBIX
TMporpaMMaXx He OIYCKaJoCh HHXe IMATH He-
NMpaBWIbHBIX KOMAaHI Ha ThICAYY IIIaroB
nporpaMmsl. TakuM o6pa3oM, B mporpaMme
M3 CTa THICAY KOMaHI B CpelHEM BCTpeda-
JOCh HECKOJIBKO coTeH omubok. C mo-
MOILBLIO TECTHPOBAHMA OKa3ajgoCh HEBO3-
MOXHBIM BBIfIBJISTH Takoe O0JbIIOE KOJIH-
4eCTBO OIUHOOYHBIX KOMAaHI ¢ LEIbl0 HX
ycTpaHeHHsS. B Te BpeMeHa 3aroBOpHIH O
KpHu3uce B 06J1acTH MporpaMMHOro obecre-
yeHus. Ero nomorsna npeonosers uadpopma-

THKa. BruiM paspaboraHbl npaBHia, ynops-
JOYHMBIIHE IMpPOIECC NPOrpaMMHPOBAaHHSA,
YTO IPHBEJIO K YMEHBIICHHIO YACTOTHI OLIH-
60k B mecaTh pa3. Temepb, korma uHpopMa-
LHOHHAs TEXHUKA [VIaBHOC BHUMaHHE yIeJs-
eT cos3naHuloo Oojlee TNPOM3BOAMTEILHBIX
6onbmmx OBM, cHoBa BCTaeT BONPOC ©O
pa3paboTke HOBBIX NPHHIMIOB NMOCTPOCHUS
Takux OBM. KoMmnbloTepHas apXHTeKTypa,
npegnoxeHHas ¢oH HeifimanoM u sBifIO-
HIascs OCHOBOH IIOYTH BCEX COBPEMEHHBIX
OBM, crana npeaMeTOM KPHTHYECKOTO 06-
cyxneHns. [IpuuuHa, BRI3BaBIIAs K )XKH3HH
CTOJIb OXHBJIEHHYIO IHCKYCCHIO, 3aKIIIOYaeT-
ca B TOM, 4yTo OBM nopobHoro THna cro-
COGHBI BBIMIONHATH TOJBKO OIHY OIEpalHIo
Hall 0O0HuUM MAlUHHBIM CJIOBOM B OIpene-
JIEHHBI MOMEHT BpeMeHH. BhIcka3bIBaJIMCh
MHEHHS, YTO caMa apXuTekTypa ¢on Heiima-
Ha CTajla NPeNsATCTBHEM Ha IIYTH pa3BMTHUSA
HHPOpMaUHOHHOH TexHHKH. MIMeHHO apxu-
TEKTypa OrpaHHYHBaeT OBICTpPOHCHCTBHE
koMnbroTepa. Uto6p1 060HTH 3TO mpensTcT-
BHe, HeoOxonuMo nMubo YCOBEPIIEHCTBOBATh
apxutektypy ¢on Heiimana, mubo mnon-
HOCTBIO OTKa3aTbcsi OT Hee. M MMeHHO OT
HHOOPMATHKH JKOYT IIOMOIIM: HAaIpHMEp,
651710 6B XOpOILIO HMETh KOMIIBIOTED, CIO-
COGHBIN BBINOJHATE OINpENETIEHHYIO Olepa-
M0 OJHOBPEMEHHO Hal HECKOJIBKHMH Ma-
IMMHHBIMH CJIOBAMH HJIH HOIBEPratbh OOHO
CJIOBO HECKOJIBKHM pa3JIMYHBIM ONEpalHsM,
WM, 4YTO ellle Jyylle, MapajUielbHO OCy-
HIECTBJIATE H TO U Apyroe. ITepBBIM pe3ynb-
TATOM Ha NMYTH K HOCTHXEHUIO BPEMEHHOTO
mapajuenu3Ma B ob6paboTke NAaHHBIX SBU-
JIOCh CO3JaHHe KOMIIBIOTEpa TaK Ha3bIBae-
MOTo KoHBeftepHoro tumna. Ilponeccop tako-
ro KOMIIBIOTEPA COCTOHT H3 psAla MOAINpPO-
HeccopoB, obpasyroumx 06pabaThBaIOIIyIO
nenoyky. C BbIXOAa OOHOrO MOAINpoLeEccopa
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IaHHBIE MEpPeNaloTCs HEMOCPEICTBEHHO Ha
BXOI CIIEOYIOLIEro, MUHYs 3Tal NpeABapH-
TeNbHOR 3allUCH B OCHOBHYIO NamMaTs IBM
(kak 3TO mTpedycMaTpUBaeT apXUTEKTypa
¢don Heitmana), oTkyna B XxoOe clemyroLuei
Onepaniy UX IPUXOOUTCS W3BJIEKATh. TaKuM
obpa3oM, IaHHBIE OBHXYTCA Yepe3 Ipolec-
cop, Kak no xKoHselepy. IIlpuamun dyHKIMO-
HHUPOBaHHUs KOHBEHEPHBIX MPOLECCOPOB Ha-
NOMHHAeT NPHHIHO paboTs 3aBOACKOTO
cOOpoYHOro KoHBeHepa, a OTHENIbHBIE MOI-
npoueccopsl —pabounx cbopouHoro uexa,
3aHABIINX CBOM MecCTa BIOJb Hero. TOYHO
TaK Xe KaK ¢ MOMOIIBI0 cOOpOYHOro KOH-
Beliepa MOXHO YCKOPHTH HpoIecc COOPKH
H3IeJIHR, TIOCPEACTBOM KOHBEHEDHOIO KOM-
NbIOTEPa MOXXHO YCKOPHTDH BBINOJIHEHHE BbI-
uyuciaeHnd. B apxuTekType camMbix ObIcTpo-
IEHCTBYIOIMX COBpeMeHHbIXx IBM, Hanpu-
mep B MamuHe «Kpe#-2», BpIMOJHSrOMIEN
CBBHIIIlE MHWJIIHApAa oONepaudit B CeKyHAy,
KOHBEHEPHBIH NPHHIHMN YXE€ HalleJl CBOE
IpakTH4YecKoe BoIuiomieHne. OOHAKo ciedy-
eT y4ecTh, YTO 3TOT MPHHIMI He BeAeT
ABTOMAaTHYECKH K IIOBBIILEHHIO CKOPOCTH
BBHIITOJTHEHHSI OMepalui (0 CpPaBHEHHIO ¢
apxuTekTypoii ¢on HeliMaHa) MpH pemeHHH
abcomoTHO Bcex 3amauy obpaborku uHbOP-
MallM{; OH OaeT BBIMIPBIII JIKIIL NPH 06pa-
60TKe CrelHaNbHBIX 3aJay, HATpUMeEp, CBS-
3aHHBIX C IepeMHOXEHHEM BeKTopoB. Boee
YHHBEPCAJLHBIH XapaKTep MO CPaBHEHHIO C
KOHBeHepHBIM NPHUHIMIIOM UMEET TaK Ha3bl-
BAeMBI MPHHIMI nomoka Oawubix. OH co-
CTONT B (baKTHYECKOM BBHINOJHEHHH BCEX
omepanyii, KOTOpele TPeOYIOTCA Ha onpene-
JIEHHOM 3Tale pellleHdsl MOCTaBJIeHHOH 3a1a-
yi. Onepauuro, eCTECTBEHHO, MOXHO BBINOJ-
HHUTb, TOJIBKO €CJIH €CTh Bce HeoOXoauMble
JaHHble. BooOle rosops, Takoe yciIOBHE C
€caMoro Hayajla BBIYHMCJIEHHH BBIMOJHACTCS
He Ui Bcex omepanuii. MHorme maHHBIE,
nogJiexarnie gaabreimei obpaborke, noss-
JIFOTCS JIMIIB B IPOIECCe PELICHNs 3adayvy —
KaK pe3yJbTaT BBIIOJHEHHA NpEOLIeCTBYIO-
mwux onepanuid. OTHAKO €CIH MMEIOTCS BCeE
Hy)XHble TaHHbIE, TO HaJ HAMH MOTYT OBIThH
OIHOBPEMEHHO BHINIOJIHEHB! Bee Tpebyrolve-
cst onepanuy. B cooTBeTCTBHH € Takoit cTpa-
TerHe# MocCenOBaTENbHOCTD BBHIYHCIUTEID-
HBIX OMNepalMid 3aBUCHT HEe OT BBEICHHOMH

143

3apaHee NIPOrpaMMBbl, Kak 3TO HMEEeT MeCTO B
apxuTekType ¢poH HeiimMana unu KoHseitep-
HOM 1npoueccope. IIpH 3a7aHHOM aJITOpUTMeE
peIUeHUs 3aJa4l MOPAIOK BHIIOJIHEHUS Olle-
paluii onpenenseTcs camOi MalUHHOM, Ko-
TOpasi TakKUM 06pa3oM CTAaHOBUTCH IeHepa-
TopoM paboueit mporpammel. OgHako, He-
CMOTpPS. Ha BCIO NPUBJIEKATEJIHHOCTH IPUH-
I[MIIa TOTOKa JaHHBIX, IPAKTHYeCKas peain-
3aIMs €ro CBA3aHa C OYeHb Cepbe3HBIMH
npobieMaMu. B HacTosiee BpeMs elle HeT
3BM, uCONB3yIOIMX JaHHBIA NPUHIMI U
TIDHTOJIHBIX BMECTE C TeM IJIS MPaKTHYECKO-
ro npuMeHeHHs. CrelyaucTsl Mo HHbOopMa-
Tuke pabotaror Hax 3TUM. Mper mouck m
IPYTHX THIOB apXUTEKTYPH! BHIYUCIIHTENb-
HBIX MalllHH, IPHYEM OIpeNe/IeHHOe BHUMa-
HHE YAEJIACTCSA TaKXKe H3YUEHHIO BO3ZMOXHOC-
Teil UCNIOTB30BaHHUS NPHHIMIIOB 3BOJIFOIAM U
€caMOOpPraHH3alluid B GHOJIOTHH.

Ml coenany 3TH 3aMevaHHs Ui TOTO,
4TOOBI YATATETh MOT MPABIIBHO COPUEHTH-
pOBaThCH, 3HAKOMSACH C HAamMMH JajIbHEH-
LIHMH PacCyXICHHSIMH, KaCarOIMMHICS MHK-
PO3JICKTPOHUKH M TOro 6oJbIIOro BKJIAana,
KOTOPBIH oHa BHOCHT B pa3BuTHEe MHbOpMa-
IHOHHOH TeXHHKH. MHTerpaibHble CXeMBI,
BBIIyCKaeMble B HACTOsIEe BpeMS MHKpPO-
3IEKTPOHHON TIPOMBILUIEHHOCTBIO, CIOCO6-
Hbl Ha MHoOroe yxe cerogus. Kpome Toro,
OHH OTJHYAIOTCS OCHICBH3HOW, HalexX-
HOCTBIO NIpH pEILICHHH CIIOKHEeHINX 3amay
06paboTku nHpopMaLuK, OLICTPOAEHCTBHEM
H MalbiM 3HepromnoTpebiieHHeM, a Taxxke
IIUPOKHM AMana3oHOM NpHMeHeHHH.. Ho u
3To ganeko He Bce. HagexHocTh, OBICTpO-
JIedCTBHE, IKOHOMHYHOCTD, IIMUPOTa MpHMe-
HEHHUS U OEIIECBH3HA — IOHATHS OTHOCHTEID-
Hele. Ecnu 6onbiiue MHTErpajbHBIE CXEMBI
(BUC) n ceepx6onpmue MC (CBUC), BbI-
TTyCKaeMble CETOIHs, CPABHHTH C JIEKTPOH-
HBIMH alnapaTHBIMH cpeAcTBaMH s obpa-
60TKkM HHOOpMAINK B HEJaBHEM IIPOIILIOM,
HE TOBOPS YX€ O COOTBETCTBYIOIIMX MEXaHH-
YEeCKHX WIH 3JIeKTPOMEXAHMYECKHX CHCTe-
Max, TO .BCE€ HAIH BOCTOPIH CTaHOBATCSA
BIOJIHE MOHATHBIMH. Ecin ke o6paTuThCa K
TpeOOBaHUSIM, BBITEKAIOUIMM HEMOCPEACT-
BEHHO M3 MPAKTHKH PEIUEHHs CeroTHSIIHHX
HHGOPMAaIMOHHBIX MPobJeM, TO OTIEHKa, ec-
TeCTBeHHO, 6ymeT MHOH. [IpuyeM riIaBHBIMH
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30eCh SBJIAIOTCS HE 3aHUMaeMBbIA HHTerpaJsb-
HbIMH cxeMaMH ¢Qu3nyeckuif oObemM, He
3HepromnoTpebieHHe M He HaaexHOCTh. Ilo
BCEM O3THM IIOKAa3aTeIfAM YXE€ ITOCTHTHYT
YPOBEHb, KOTOPBI NOKa HAC BIOJIHE YIOB-
nerBopsieT. OMHAKO, KOHEYHO, MHOTOE MOX-
HO yIy4IuHTb. Ho 1y1s 3TOro coBeplieHHO He
ob6s3aTensHo BHeapsaTh UC mpyroit xKoHCT-
PYKUHH HJIH NEPEXOIUTH Ha NMPHHIMIHAIBLHO
HOBbIE TEXHOJIOTHH M3TOTOBJICHHS. MHororo
MO>XHO JOCTHYL myTeM bosee 3¢ dexTHBHOTO
HCTOJIb30BaHUA TEXHOJIOTHH, YXE OCBOEH-
HBIX B MPOMBILIIEHHBIX MaciiTabax. Cutya-
LHIO, CJIOXKUBILYIOCS CETOIHS B MHKPOJJIEKT-
POHHKE, MOXHO CPaBHHTD C TeéM, 4TO Hab.ro-
JaeTcs B aBTOMoOMIecTpoeHHH. Teneper-
HHE 4BTOMOOHWJIHM HE OTJHM4YaroTcs ocoboit
HaleXHOCTbIO, NEHIEBH3HOH H 3KOHOMHY-
HocThlo. OHaKO LieHa AejlaeT MaIlUWHbI BCE
K€ IOCTYNHBIMH, H OHH B LEJIOM HEMJIOXO
CIIPABIISIIOTCSL CO CBOEH 3amaveH, T.€. B mep-
BYIO ouepenb obecneyMBaroT OCTATOYHO
BBICOKYIO CKOPOCTb INepenBUxeHHs. HToObl
HeOOXOOUMBIR MpoLEcC pa3BUTHS HE 3aMel-
JIANCSA, aBTOMOOHIIECTPOEHHIO HET HeobXo-
IUMOCTH «H300peTaTh» COBEPILIEHHO HOBBIE
TPAHCIIOPTHBIE  CPEACTBA —MOXHO  IOMBI-
T4TbCA MOJONTH K HaMeYeHHOH LeTH MyTeM
pa3paboTKH YJIyYILEHHBIX MOJEJICH MaILIMH H
COBEPILIEHCTBOBAHUS HMEIOILUXCA TEXHO-
JIOTHH H3rOoTOBIICHHA. AHAJIOTHYHBIM OOpa-
30M BBIIJIAAMT U cuTyauus ¢ UC B oTHolLe-
HUM 3aHMMaeMoro ¢usnueckoro obbeMa,
JHEPrOEMKOCTH H HaAESXHOCTH. I 1aBHOE OT-
JIM4Me 3aKJIIOYaETCS COBCEM HE B 3TOM.

MHrennexkryanusauumna
o6paborku mHcpopmaummn

MOoXHO C YBEepeHHOCTBIO CKa3aThb, YTO aBTO-
MOGHIb MOJTHOCTBEO H OKOHYATEJIBHO pellla-
eT npobyieMy OBICTPOro HNEPeABHXCHHS IO
IOporaM M TOpOACKAM YIHUaM. B To xe
BpeMs CYIHECTBYIOLUHE CErOIHS HHTErpaib-
HBIE CXeMBI M CO3[aBacMBIE Ha HX OCHOBE
cHcTeMbl 06paboTkH MHGOPMALIMH TO3BOJISA-
IOT pellaTh JIMIIb 4acThb HHGOpPMalHOHHBIX
3a7a4, H IIPH 3TOM HE BCE PEILECHUS OTJIHYa-
10TC TOH 3PQPEeKTUBHOCTBIO, B KOTOpPOH
HyXpaaeTcs notpebuTens. CTOHUT TOJBKO 3a-
IyMaTbCAd HAJl TEM, HACKOJIBKO CJIOXHBIE
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3aJa4d MOXET pellaTh M pellaeT CEeroaHs
4eJIOBEK, KaK CTaHeT SCHO, HacKOJIbKO
CKPOMHBIM OCTaeTCA YPOBEHb «HHTEJLICKTA»
HC 1 noCcTpOeHHBIX Ha HUX CHCTEM 00paboT-
KH HHPOPMAIMH, He CIOCOOHBIX CIIPAaBHThCS
¢ 3TuMH 3amavyamu. CeromHs, HanpHMep,
aXke camble JIYYILHEe KOMIIBIOTEPHI B COCTOS-
HHH BBINOJIHUTH NEPEBOA ¢ OMHOTO €CTECT-
BEHHOTO sA3bIKa Ha JPYroi TOJBLKO IpPH Orpa-
HHYEHHOM CJIOBapHOM 3amace, HCIOJib3ye-
MOM B TEKCTE, IIpHYeM NOJIyYeHHBIH epeBoa
CTpajaeT KPYNHBIMH CTHJIHCTHYECKHMH OT-
pexamMu. [IpoU3BOAUTENBHOCTE COBPEMEHHO-
ro KOMIBIOTEpa HeOOCTATOYHA, YTOOBI BHI-
HrpaTh y rpoccMeiicTepa IIaxMaTHyIO map-
THIO. BooOile coBpeMeHHasi BBLIYHCIHTEIb-
Hasg MalllMHa CcHnoco0Ha pelMuTh 3agavy
JIMIIb TOTAQ, KOTa NMpeABapHTEILHO B HeEe
BBEJIM OMMCAHHE BCETO MYTH C YTOYHEHHBIMH
JIO H3BECTHOTO YPOBHS MOAPOOHOCTAMH, BbI-
MIOJTHUB BCE 3TO Ha A3BIKE MPOrPaMMHpPOBaA-
HHS, TOHSATHOM KOMIBIOTEPY H CHJIBHO OT-
JIMYAIOILEMCH  OT €CTECTBCHHOTO  A3BIKA.
MoXHO yBEpEeHHO CKa3aThb, YTO CIOCOOHOCTD
KOMIILIOTEPOB pEllIaTh CJIOXKHBIE 3a1ayd 00-
paboTKH HHPOpPMAlHH, T. €. ET0 HCKYCCTBEH-
HBIH HMHTENJIEKT, CeTOOHA CHJIBHO YCTyMaeT
€CTECTBEHHOMY HHTEJUIEKTY 4ejoBeka. v ato
ABJISAETCA OAJIeKO He MoclegHeHd NpHYHHOM
TOro, YTO CO3JaHHE KOMILIOTEPOB C pacTy-
ILHUM YPOBHEM HHTEJUIEKTA MIPEACTABISAET CO-
60t axkTyanbHYIO 3aJadyy HHPOPMATHKH.
VpoBeHb HHTEJUIEKTAa KOMIbIOTEpa 3aBH-
CHT —€CJIM HE MOJHOCTBIO, TO B OOJBIIOH
CTENeHH — OT 4HCJIa, ObICTpOAEHCTBUSA U CTe-
neHy uHTerpaimu MC, ucnonbp3yeMbIx B HEM,
Tak Kak OOJIbIIIOE YHCJIO TaKHX BBICOKOCKO-
poctHbix BUC obecrieunBaeT BHICOKHH ypo-
BeHb HHTeJUIeKTa. M M3 3TOro BBHITEKAIOT
HENOCpEACTBEHHbIE TpeboBaHHA K caMoi
MHKpO3JICKTPOHHKE. YXe B Te4YeHHE pada
ger B SAnonuu, CCCP u gpyrux crpaHax
BeOyTcs paboThl MO CO3JAaHHIO KOMIBIOTE-
poB, KOTOpbIe OyAyT OTJHYAaTLCA HEBHIAH-
HBIM [I0 CHX MOP YPOBHEM HHTeJUIEKTa. Ta-
Kas MallliHa CMOXET MOHSATD 3aJaHue, Hallu-
CaHHOE Ha €CTECTBEHHOM f3bIKE HJIM BBEICH-
HOE Ha 3TOM sA3blKe B YCTHOH ¢opMe.
Komnbrotep Oymer camMocrosTenbHO OOHa-
PYXHBATh H YCTPAHATh OLINOKH B MOCTAHOB-
ke 3amaHus. Ecim B Xoze pelleHHsA KOHKpET-
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HOM 3a7aud OH OOHAPYXMT HOBHIE NAHHEIE,
NpaBUJIa UM 3aKOHOMEPHOCTH, TO 3aPEerucT-
PHpPYET HX H HaIpaBUT Ha XpaHEHHE B CBOIO
namaATh. Crlenyer HOAYEPKHYTh, YTO KOM-
NBIOTEP OOJKeH OLITH paccuMTaH Ha obpa-
60TKY He TOJIbKO MH(bOpMAllMH, HO M 3Ha-
Huil. CoryacHO MMEIOLIUMCS OlIeHKaM, Ta-
kas OBM poikHa pacnonaraTh NaMsTBIO
0o6beMOM B MHJUIMOHBI 6alTOB M OLITL B
COCTOSIHHH BBLINIOJIHHUTL B TeYEHHE OTHOM ce-
kyEael 10'' xoMana. Bee 3To cTaBuT mepen
MHKpO3JIEKTPOHUKOR HOBBIE 3aaaud. Tpeby-
IOTCA MHKPOTIPOLIECCOPBI C BPEMEHEM BBI-
MOJTHEHHSI KOMAaHIbl Ha YPOBHE HaHOCEKYHI,
¢ Oompiueil paspsgHOCTHIO ObpabaThiBae-
MEIX KOMaH[, YEM Yy COBpEMEHHBIX MOJeeH,
T.e. mpoueccopbl ¢ 32-pa3psaHbiMH U 60-
Jiee IIMHHBIMH CJIOBaMH, IOJYIPOBOIHH-
koBble UC 3V eMkocThiO HAMHOTrO OOJIbilE
256 x6aiT (BILIOTHL OO HECKOJIBKHX MHIJI-
JIMOHOB OaiT) MpH BpeMEHH BHIOOPKH MEHb-
e, 4eM Yy CYLIECTBYIOLIMX MoJenei. [[ns
co3gaHus ANoHckol DBM mnsToro mnoxosne-
HHA NIpeANoaraeTcs UCNoJb30BaTh CHaYaua
WUC, nacuntriBatomue 10° 31eMeHTOB Kax-
Jasi, JOBEIs 3aTeM YHUCIO 3JIEMEHTOB B O[-
woit UC nmo 107. Bes npumenenus MC co
CTOJIb BBICOKOH M CErOHS NOKa ellle HUrAe
He pealM30BaHHON CTEINeHbIO HHTETPAllUH
wit MC c coBepilleHHO HOBBIMH (PyHKLIHO-
HaJLHBIMH 3JIEMEHTAaMH, O KOTODBHIX pedb
elle MONAET, MPOLEeCC CO3TaHUS KOMIIbIOTeE-
POB MATOTO MOKOJIEHHS 3aROeT B TYIHK.

MakcumanbHbiii YpOBEHb
WCKYCCTBEHHOIro MHTenmnekKra
3a HEBbICOKYIO LEHY

Ecimu smoHckas xoHuenuusi obepHercs yaa-
yel —~1IpaBjJa, MHOTHE B 3TOM COMHEBAIOT-
Csl,— TO CO3JaHHbIC Ha € OCHOBE KOMIIBbIOTE-
pbl OyIayT, €CTECTBEHHO, O4Y€Hb JTOPOTUMHU.
Ho xorpa rnaBHO# IeNbIo ABISETCA DOCTH-
KEHHE BBICOKOTO YPOBHS HCKYCCTBEHHOTO
MHTEJIIEKTa, CTOUMOCTh OTOIBHTaeTcs Ha
BTOpOH IuTaH. /[Insi MeHee 3K30THYECKHX
KOMITBIOTEPOB, KOTOpBIE B OOJIBLIIOM KOJH-
YeCTBE NPUMEHSIOTCA B pa3HbIX oOacTiax
HapoJHOro XO3sHCTBa, Li€eHa, OQHAKO, IpH-
obperaer peularoliee 3HaueHHe. 34ech Tpe-
6yeTcs MO BO3MOXHOCTH MaKCHMAaIbHO BBbI-
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COKHH YpOBEHb HCKYCCTBEHHOTO MHTEJLIEKTA,
HO 3a Hambonee Hu3kylo ueHy. Ecmu Obl
TakMe HHTEJUIEKTyalbHble pecypchl Ha 6ase
HHTETPAJIILHBIX CX€M MOXHO OblI0 mpHoO-
PECTH IO IIEHAaM, B JECATh Pa3 MEHBIUHM,
YeM CYILECTBYIOIIME CETOQHA Ha MHPOBOM
PBIHKE, TO LEJbIH PAA BCeX TEKYLIMX 3axay
o6paboTku urbpOpMANMM B pa3JHYHBIX 00-
JIACTAX JesITeJIbHOCTH pelnancs Ovl Ha GoJiee
BBICOKOM KaYeCTBEHHOM ypoBHe. OaHako
3TOT YpOBEHB IOKa ellle HUTAe He JOCTHTHYT,
M NpHYMHA 3aKJIOYaeTcsd HE B TOM, YTO Ha
PBIHKE OTCYTCTBYIOT HEOOXOMMMBIE CpEACTBA
HUCKYCCTBEHHOTO HMHTEJIEKTa, 2 B TOM, 4YTO
OHH OCTAIOTCA CIMIIKOM noporuMu. Obpa-
THUMCH, HalIpUMep, K aBTOMAaTH3allAH YIIpaB-
JIEHUs. TPOU3BOJCTBEHHBIMU MPOLECCAMH B
NPOMBIIUIEHHOCTH. 3Aech UCXoaHast HHpoOp-
Mallls MOCTYNaeT B aHAJIOroBoi ¢opMe, 3a-
TeM npeobpasyercsa B LHGPOBYIO, NOABEPra-
eTcsa 06paboTke M B 3aKJIIOYEHHE TIpeTepIie-
BaeT ellle OJHO IpeoOpa3oBaHWe, HA 3TOT
pa3 B aHasorosywo ¢opmy. Bce omepanmu
3/1eCh TOJDKHBI BBIIOJHATHCS BECbMa OBICT-
PO, YTOOBI pe3yJIbTaT CBOEBPEMEHHO OKa3a
BJIMSIHME Ha JajbHeHIui xon mpomecca. Ta-
Kylo 00paboTKy IOaHHBIX HasbiBaloT obpa-
60oTkOlf B peajlbHOM MaciuTabe BpEMEHH,
HMes B BHAY, YTO OHa U pEaJLHBLIA YIIpaB-
JIleMBIi MPOLECC NMPOTEKAIOT NAPaJLIEIbHO,
TaK CcKa3aTb, B OJHOM MaciuTabe BpeMeHH.
Uem ObICTpee pa3BHBAETCA PEaJbHBIH NPO-
mecc ¥ 4eM 6Goibmmi 06beM mHPOpManuu
IpH 3TOM HyxHO obpabortath, TeM 6ouee
6pICTpOoaekCTBYIOMNIEHd NOJKHA OBITH CHCTE-
Ma o6paboTkn nHpopmanuu. 3geck GLICTPO-
IeiicTBHe TpHOOpeTaeT pelIarollee 3Haye-
HHe, IPUMEPHO TaKoe X€, KaK U CKOPOCTh, C
xoTopoi OBM BHIOJHAET MaTEMaTHYECKOE
3aganHne. YTobbl o6eceyuTh MpUHIHIHAND-
HYIO BO3MOXHOCTh 00pabaThIBaTh JaHHLIE B
peanbHOM Maciuitabe BpeMeHH, Heo6XxoauMO
NepeitTH Yepe3 ompelesieHHbIH Gapbep —mo-
NpOCTY TOBOPS, 4epe3 IOPOrOBYIO MHHH-
MAaJIBHYIO CKOPOCTb; TOJIBKO Toraa obpabor-
Ka B peaJbHOM Maciutabe BpeMEHH CTaHeT
Bo3MoxHoH. Ecam cucteMa ob6paboTku MH-
dbopManuu He OTBevaeT 3TOMY TpeboBaHHIO,
T.€. € UCKYCCTBEHHBIH MHTEUIEKT OCTaeTcs
Ha CIMIIKOM HHU3KOM YpOBHE, HJIH €CIH
CTOMMOCTh CHCTEMBI, obagaromieii Heob6xo-
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IMMBIM YPOBHEM HHTEJUIEKTA, CIIMIIKOM Be-
JIHKA, TO Ka4ecTBO MH(pOPMALHOHHOIM 06pa-
60TKH, a CJIeIOBATEIBHO, ¥ YIPABJICHHS MIPO-
HeccoM OYyHET CHHXEHO IO CpPaBHEHHIO ¢
TeM, KOTOpPOE NPEAIoaarajoch 00ecleYUuTh.
ITo cymecTBY B HacTosIIee BpeMs 3a [IPHEM-
JIEMYIO LIEHY MOXHO NPHOOpEecTH JHIIL Ha-
CTOJIBKO cJabple IO CBOMM BO3MOXHOCTSIM
CpeICcTBa MCKYCCTBEHHOIO MHTEJTIEKTa, YTO
BO MHOTHX CJIy4asX OHM HE ITO3BOJISAIOT CO-
30aTh YCTPOWCTBA ISl ONTHUMAJIBHOTO YII-
paBJIeHHs TIPOM3BOJACTBEHHBIMH IIpoliecca-
MH. 3TO OTHOCHTCH, HAalIPUMED, K TPOMBIIII-
JICHHBIM PO0OTaM TPETBErO MOKOJIEHWS, KO-
TODBIE JOJDKHEI OBITH OCHAIUEHBI OATYHKA-
MH, objajaromuMM UMpovaHIIMMH BO3-
MOXHOCTAMH A c6opa HHPOPMALIHH O CO-
crosiHuH oOpabaTeiBaeMoro oObeKkTa M OK-
pyxatoniest cpensl. [Ipu 3TOM 3HaYUTETBHBIE
3aTpaThl cBA3aHbl ¢ 06paboTkoH H306paxe-
HHH, TIOCKOJBKY IOCJIEIHHE, KaK MpaBHIIO,
OTJIHYAIOTCA BBICOKOW CTemneHbio MH(pOpMa-
OHOHHOH HacbllleHHOCTH. Boobuie nms
6bicTpOit M¢ppoBoIi 06pabOTKH aHATIOTOBBIX
CHTHaJIOB TpebyeTcs cucreMa o6paboTku HH-
dopmammi, B cocTaB KOTOPOH BXOOAT Cpel-
CTBa HCKYCCTBEHHOI'O MHTEJIJIEKTA JOCTATOY-
HO BBICOKOTO YpOBHA. [IpHMHHY 3TOro MBI
paccMoTpeiH B 1. 4. TeM He MeHee cyIecT-
BYET HEOOXOIMMOCTD Nepexoaa OT aHaJIoro-
BoH 06paboTkm MHpopMauuu x UHGPOBOM.
U 3Toro Bompoca Mel ToXxe kacanuck. Koraa
B PACIOPSKEHAM CHCTEMOTEXHHKOB MOABAT-
¢ MHTETpaJIbHBIE CXeMBI ¢ 60Jlee BHICOKHMH
6BICTPOIEHCTBHEM H CTEIEHBIO HHTETPALHH,
a cpelld HUX U aHAJIOro-UH(ppoBsIe Mpeobpa-
30BaTENH, HA LHOPOBYO 06paboTky OymyT
NEpEBEICHH MHOTHE CHCTEMBI, HCIOJIb3Yye-
Mbl€ [UIS DELICHHA TeX HHGOPMAIHMOHHBIX
3aJa4, KOTOpble CETOJHSA €LIe NPHXOTHUTCH
peIIaTh aHAJOTOBBIMH cpedcTBaMu. Jlatexo
HE B NOCJIEIHIOIO O4Yepelb Clola OTHOCATCA
3agavd u3 obumpHOH chepsl pa3BiekaTeNb-
HOM 31eKTpOHHKH. Tak, HarmpuMep, A Lud-
poBoii 06paboOTKH aHAJIOTOBBIX CHUTHAJIOB
IBETHOT'O TEJEBU3UOHHOIO M300paxkeHHs He-
o6xomuM ananoro-uu¢ppoBoil mpeobpazona-
TEJNb, CTIOCOOHBIN 32 OMHY ceKyHAY npeobpa-
30BaTh 107 aHAIOrOBHIX CHTHANOB B 7-pa3-
psAOHbIE MamMHHBEIE clioBa. Kpome Toro, B
TedeBu3ope moTpebyeTcs emle M 3aka3Has
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HC c BBICOKOH CTENEHBIO MHTETpAmHM IS
mwdposoit o6paboTkn mubopmaumu. Ecom
MOMBITATHCA MCIOJIB30BATH IS 3TOT0 MHK-
poInpoueccop, 4YTO B IPHHIMIE BO3MOXHO
(Ho BecbMa HepallMOHAJILHO ¢ MPaKTHYECKOHR
TOYKH 3PEHHA), TO MpPH pa3pAOHOCTH 8 OUT
4acTOTa €ro TAaKTOBBIX MMITYJIBCOB IOJIKHA
coctaBiaTrh 100 MI'n. JleMOHCTpalMOHHBIM
MIOKa3 NePBLIX YaCTHYHO LUGPOBBIX TEJIEBH-
3MOHHBIX NPUEMHHKOB Yyxe cocTtosuica. Ilo
CPaBHEHHIO C MpPUEMHUKaMHA aHaJIOrOBOTO
THIIA BEChbMa YJIYHYIIMJIACh PE3KOCTh H306pa-
JKCHHsA, a MEpLIAHU COBEPILIEHHO OTCYTCTBY-
1. Ha nogxone u mugppoBoit pagnonpHeM-
HHUK C BBHICOKOKAa4YECTBEHHBIM BOCIIPOH3BEIE-
HHMEM 3BYKOBBIX cHrHaJoB. Hanbonee nmpo-
KO€ pacIOpocTpaHeHMe, ojHako, uudpoBas
TeXHMKa TOJyYHJa B MPOHTPBIBATENAX Ha
onTHYeckux auckax. O6pabaThiBaeMbld CHT-
Han (OH CYHTBHIBAE€TCH C JMCKAa JAa3€pHBIM
JIy4OM, a caMa 3allUCh NPENCTaBIAET coboit
JOPOXKKY H3 CBETJIBIX H TEMHBIX YYaCTKOB) B
OTJIMYME OT TEJICBH3MOHHBIX M PalIHOCHTHA-
JIOB C CaMOr'0 Hayaja SABIACTCA UH(PPOBHIM,
IlepBble MMQPOBHIE IPOUTPHLIBATEIH HA OI-
THYECKHX AMCKAaX yXe IOCTYIHJIH B Ipoja-
xy. Be3aycnoBHo, oHM OynyT He MOCIIeAHHMH
OHGPOBLEIMA H3IETHSIMH 3JIEKTPOHHOH HWH-
aycTpuu passiedeHuil. Ilepexon Ha mudpo-
BYIO TEXHHKY HabiiomaeTcs B HacToslLee
BpeMs H B 00JIacTH nepenayd mHbopMammu.
Kax wu3BecTHO, 1M(PpOBOH CHrHaJ MOXET
HMETb TOJIBKO IBa 3HAYECHHS — HYJIb HJIH ¢IH-
HHIA,— TaK 4TO IIOCJIE NMPOXOXOEHHS IO Ka-
HaJIy CBSI3H CO BCEMM HEM3OGEXKHBIMH B IaH-
HOM CJIyYae TIOMEXaMH €ro ropasjio Jerye
pacrmo3HaTh, 4YeM AaHAJOTOBbIH CHTHAJ BO
Bcex ero rpaganusx. Korga Mul roBOpHM IO
TenedoHy, To cefyac JMIIb 4YacTh HHbOpMa-
LIMH [lepelaeTcsl 0 METHOMY KOaKCHAaJIbHO-
My Kabeo ¢ IOMOIINBEO aHAJIOTOBBIX CHTHA-
qoB. TemedoHHBIE CETH MHOTMX CTpaH B
HACTOsIIHEEe BpeMs INepeBOIATCA Ha 1Mpo-
BYyIO Nepenavy curHajioB. Eciu BMecTo Tpa-
IULHOHHOTO KaHaJjla CBSA3H B BHIE MEIHOTO
kabeJst HCIOJIB30BaTh CBETOBOM, TO NPAKTH-
YeCcKH He OCTAETCs HMYEro MHOro, Kak mepei-
TH Ha IMPOBYIO TEXHHKY Nepeaadn HHPOp-
mamuu. I1pu nioune cBeTOBOI BONHH 1,3 MKM
HHGOPMALIHIO TIO CBETOBOAY TEOPETHYECKH
MOXHO NepeJaBaTh CO CKOPOCTBbIO, PaBHOMH
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10! 6ut/c. YTOo6BI MaKCHMaJILHO HCIIOJB30-
BaThb 3TY KOJIOCCAJIbHYIO IPOIYCKHYIO CIIO-
coOHOCTDb KaHaJia CBSi3H, HeOOXOAUMBI OBICT-
POINEHCTBYIOLKE 3JIEKTPOHHBIE CXEMBI, II03-
BOJISIIOLIINE BBOAMTDL 3aKOOUPOBaHHYIO LHUQ-
POBBIM crioco6oM HHPOpMaNHUIO B Nepenaro-
mee ycTpoiicTBo (Ha 6a3e cBeTOH3Iyuarole-
TO WIH JIa3€PHOTO IHONA) M 3aTEM CYHTHI-
BaTh €€ C NMPHEMHOro YCTpoHcTBa (poTone-
Tektopa). LludpoBas TexHuka HMeEET OYEHBb
fonplloe 3HAYEHHE M A pa3BUTHA Gecrnpo-
BOJHOM CBA3H C MOMOMBIO KaK HampaBiieH-
HOTO, TaK H HEHANPaBJIEHHOTO 3JIeKTpoMar-
HUTHOTO U3Jy4yeHHs. YacTHYHO Takas TEXHU-
Ka yXe HCHOJIb3YeTCs B CHCTeMaX CIyTHHKO-
Boit CBY-cBA3M C mpsIMBIM pacnpocTpaHe-
HHEM paJHOBOJIHBI MexIy cTaHmusaMHu. On-
HaKoO W IUIA 3aHHUMaloLleH cefidac TOMMHH-
pytolee noJyioxeHue aHanoropoir CBU-cps-
31 Tpebyrotcs 6onee mowubie UC mo cpas-
HEHHIO C BBINYCKaéMBIMH INPOMBIIIICH~
HOCTbIO. M3-32 OTCYTCTBHS TaKHX MOLIHBIX
cxeM B CBY- u BY-TexHHKe NpHXOTUTCS
HO-TIPEeXHEMY IIPAMEHATH OLICTpOAEHCTBYIO-
IIHe 3JIeKTPOHHbIE JIaMIIbI, HAPHMEpP Mar-
HETPOHHI ¥ KJIUCTPOHEI. DTO AelaeT BHICOKO-
YacTOTHOE 00OpynOBaHHE I'POMO3IKHM, IO-
POTOCTOSIIIAM H CJIOXHBIM B H3TOTOBJIEHHH
H TIPENATCTBYET OAJIbHEHIIEMY pacIliHpPeHHIO
006J1aCTH ero NpHMEHEHHS, CKaXeM COBep-
IIEHCTBOBAHHIO CHCTEM INPIMOro IpHeMa
CHTHAJIOB CO CIYTHHKOB.

MosbilwieHNe
cTeneHn UHTerpauuum
n 6bicTpOAENACTBUA

ObecrieveHHe ONTHMAJIBHOIO  YIpPaBJIEHUS
NPOU3BOACTBEHHBIMH IIPOLECCAMH, NEPEBON
aHajoroBod HHbOpMamHu B IHPPOBYIO,
BHEIpEHHE BOJIOKOHHO-ONITHYECKOH CBA3H, a
Takxke OoJlee IIMPOKOE HCHONB3OBAHHE H
JanbHelnee pa3BuTue cHcteM CBY-cBsizu—
BOT JIMIIIb HEMHOT'HE TPHMEpBI U3 Tex obac-
Teil MHPOPMAIMOHHOW TEXHHKH, KOTOpbIE
HCIIBITBIBAIOT OCTPYIO HOTPebHOCTH B 6onee
JEmIeBBIX U B TO Xe BpeMs o6Jagaromiux
6oJ1ee BHICOKMM YPOBHEM HHTEJUIEKTA CHCTE-
Max o6paboTku HHPopManuH. BuliTH Ha
6oJtee BLICOKHIH YPOBEHb HHTEJUIEKTa MOXHO
1IyTeM YBEJTHYEHHS HUCIIA CKOPOCTHBIX CXeM-
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HBIX 3JIEMEHTOB WIH ke IMyTeM MOBBIIIEHNS
OBICTPOIEHCTBHS CXEMHBIX 3JIeMeHTOB. Ync-
TO apU(GMETHHECKH YBEJIMYUTH YHCIO 3JIe-
MCHTOB MOJXHO, €CJIM IPUMEHHTh Gonbluee
yucino UC ¢ mpexxHHM ypOBHEM HHTET DAllAH.
OnHako Takoe pelleHHe BO MHOTHX CIy4asx
SIBJISETCS JOPOTOCTOSIIIUM. JTO KaK pa3 TOT
MyTh, KOTOPBIA B HAaCTOSILIEH KHHUTE MBI yXe
Ha3BaJI! NPHHIOMIIHAJILHO BO3MOXHBIM, HO
NpPaKTHYECKH HENPHEMJIEMBIM H3-32 IIEHBI.
PakTHYECKH OCTAeTCs HECKOJNBLKO YBEITHYHTH
KOJIHYECTBO HCIOJIb3YEMBIX 3JIEMEHTOB, OlI-
HOBPEMEHHO CHHU3WB X neHy. Ho mns storo
TpebytoTcs UC ¢ Goree BLICOKOH CTemeHbIO
HHTErpalyy. 3eck NOJIE3HO BCHOMHHTD pac-
CyxAeHHs H3 Il. 4 O TOM, TOYEMY H IPH
KaKHX YCJIOBHSAX CHHXAETCA CTOMMOCTDb H3-
rotoBierus MC npu nepexone Ha cXeMsl C
6oJee BLICOKOH CTENMEeHbO HHTErpaluy. MUk-
PO3JIEKTPOHUKA MOXET M JOJKHAa BOCHOJb-
30BaTbC HMMEHHO TaKOH BO3MOXHOCTBIO,
KOTJa Tepen HeH BCTaHeT 3aJada opraHu3a-
UMM [POU3BOIACTBA OEUIEBBIX NPHOOPOB,
uMeronmx OoJiee BHICOKUH YpOBEHb HHTEIN-
ymekta. EcTb M elle OOWH MOMEHT, H3-3a
KOTOpPOTO NPHXOAUTCS OTAAaBaTh MPEANOUTE-
HMe BapHaHTY ¢ MeHbIHM ynciioM UC 6onee
BBICOKOH CTENEHH HHTETPalliH, a He YBEIHYe-
Huro komavectBa MC Hu3KO# creneRAn HMHTe-
rpanun. [leqo B TOM, 4YTO B MEPBOM Cly4ae
obecrieunBaeTcss Goiee BbICOKas Halex-
HOCTb. MexcoequHeHHs, KoTopble Heobxo-
IUMO BBITIOJHHTL B BapHaHTe ¢ UC HH3KOH
CTENEeHH MHTETPallHH, BOOOIle HMEIOT OTHO-
CHTEJIBHO BBICOKYIO YacCTOTY OTKa30B—BO
BCSIKOM CJIy4ae 10 CPaBHEHHIO ¢ TEMH COCIH-
HEHHSIMH, KOTOpBbIe (QOPMHDYIOTCS MEXIY
OTAEIBHBIMH CXeMHBIMH dnteMeHTaMH UC B
Ipolecce H3TOTOBJIeHHA B nukie 1. Utobb
NOBLICHTh HaJeXHOCTb, HEOOXOMMMO CBECTH
K MHHEMYMY 4HCJIO BBI3BIBAIOIIMX OTKa3bl
COEIUHEHHUH, T.€. HCIIOJIb30BaTh HHTErpalb-
HBIE CXxeMbl, 061agarone MakCUMaJILHO BbI-
COKHM YPOBHEM HHTETDallMH.

ITonBeneM HexoTopble HTOTH. Ilepexoxn
Ha MHKPOCXEMBI C BLICOKOH CTENEHBIO AHTET-
pamuu obYCNIOBJIEH HE TOJBKO HeoOXOomH-
MOCTBIO CO3HAaHHA CHCTEM oOpaboTku HH-
¢opManuu ¢ MakCHMaJbHEIM YPOBHEM HH-
TEJJIEeKTa, O 4YeM 1A pedb B Hayalie 3ToH
TJaBbl, HO H MOTPebHOCTHIO B 6oIee Hamex-
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HBIX CHCTEMaxX, COOTHOIIEHHE MEXIY YpPOB-
HEM MHTEJUIEKTa M IIEHOH y KOTOpBIX ObLIO
651 HoJ1ee cOaTaHCHPOBAHHBIM. DTO BBI3BAJIO
K JXKH3HH NoKoJeHHe MukpoIBM, cocrtos-
mux u3 Majoro uucia MC ¢ BeICOKOH cTe-
neHplo MHTerpauuu. Ognako paspurue UC
ans MUKkpoOBM u MuHR-ODBM uger ganb-
1Ie—B CTOPOHY CO3JaHHs OJHOKPHCTAJIbHBIX
KoMIbloTepoB. IlepBrie 06pa3nbl nog06HbBIX
MallHH YXe NOCTYNWIH B npomaxy. IToka
elle OAHOKPUCTalbHble MHKpOOBM u mu-
HU-OBM 1o npou3BOAMTEIBHOCTH YCTyIa-
0T CBOMM aHaJjioraM, cobpaHHbIM U3 60JIb-
moro yucyna MC. Eciam motpebyercs cokpa-
TuTh uucio MC B koMmmbloTepax, Ooiee
KpYIIHBIX, 4eM MUKpOIBM u mMunu-3BM, To
BO3HHUKHET HEOOXOAUMOCTh B MUKPOIIPOIIEC-
copax, ONepHpYIOIMX 32-pa3pAgHbIMH CJIO-
BaMH, a TakXe B MHTErpajbHBIX CXE€Max
MaMATH €MKOCTbIO OoJsiee 62 xbuT kaxgas.
OaouH Tako#l KoMmbloTep Yxe pa3paboraH
¢upmoii «Xbronerr-Ilakkapa» U HocUT 060-
3Hauenune HP9000. 32-pa3psaHblit MHKpO-
npoueccop JaHHoOH DBM conpepxut 450000
3JIEMEHTOB, pa3MeELIEHHBLIX Ha OJHOM IIOJIY-
IIPOBOJIHUKOBOM KpHcTasuie. IlpenqHasHayen-
Hoe ans jaaHHoro komnbiotepa 3VIIB Ha
128 x6uT sABNsgEeTCA OJHOKPUCTAJIBHBIM,
OHAKO COJEPXHT elle O0Jbllle 3J1eMEHTOB —
600 000. To, yTo Haubostee BLICOKAsA CTENEHL
HHTerpallu¥ JocTurHyta kak pa3 B MC na-
MATH KOMITBIOTEPA, BIOJIHE 3aKOHOMEDHO.
IlpmunHa TOMY - OTHOCHTENIBHO MpoCTas
ctpyktypa MC namsaTH: omIMH M TOT ke
6a30BBbIH 3/IEMEHT U 3allOMMHAIOLIAs AYeika
€MKOCTBIO | OHT B 3TOH CTPYKTYpe IOBTOPS-
IOTCA TaKoe YMCJIO pa3, KOTOPOE COOTBETCT-
ByeT eMkocTH 3Y. [locTtynuBiiee B npoaaxy
B 1986 r. 3VIIB nuHaMM4eCcKOTO THMA Ha
1 M6uT npeacrapiseT co6oi OQHOKPHCTAIb-
HOE YCTPOHMCTBO, B KOTOPOM Ha IUIOIIAJH
0k0J10 80 MM? pa3MeELIEHO HECKOJBLKO MHJI-
JINOHOB 3JIEMEHTOB — CBbIIIE MUJUTHOHA TpaH-
3UCTOPOB M TaKO€ € KOJIMYECTBO KOHOEHCa-
TopoB. B 1987 r. mosBuiioCch HacYMThbIBaIO-
miee 6osee 10 MuH. anemenTos 3VIIB nuna-
MHYECKOTro THNa Ha 4 MOuT, a B Hayaje 90-x
rogoB Oyayr co3gaHsl Takme 3Y  Ha
16 M6ut. Mera6urossie 3VIIB npeacrapns-
IOT HHTEPEC B KAYECTBE KOMIIOHEHTOB HE TOJIb-
KO 1St OyAyIIMX KOMIIBIOTEPOB, HO U JPYTHX

naea 7

MPUKJAJHBIX cucTeM. Tak, Hanmpumep, B UC
3V Ha 4 MOUT MOXHO IOMECTHTH Ha XpaHe-
HHE CcoOepXaHHEe KHUTH, HacYMTBIBaIOLIEH
HECKOJIBKO COTEH CTpaHHUL. [lOBBIIICHHBIE
TpeGOBaHUA NPUBEIU K YBEIHYEHUAIO CTENEHH
HHTETpALlMd X TaKHX HHTETPaJbHBIX CXEM,
kak ALl m LIAII. Bo3pMeM, HampHMep,
10-pa3psaousiit ALII1 Ha 100 MI'n. Ecnu 651
ero cxema OblJa MOCTpOEHA Ha INPUHOAIE
napajuieNbHoro npeobpasoBanust (MBI pac-
CMaTpHMBaJd €ro B IJI. 4), INO3BOJIAIOLIEM
HOTHATH CKOpPOCTh 06paboTkM AaHHBIX, TO
HaM noTpebopanoce 6m1 2% — 1 = 1023
KoMmapaTtopa. Eciu npHHATB, YTO B OJHOM
KoMmnapatope HacuuTbiBaeTcs 100 sneMeH-
TOB, TO B OOlLeH CIIO)KHOCTH B Hallei cxeMe
6b110 631 cBBILIE 100 000 31eMEHTOB, IPHYEM
B 3TO YUCJIO He BXOJAT Te, KOTOpbIE HEOOXO-
IUMBL s nu¢poBoro koxuposaHus. Oco-
6eHHO BbICOKH TpebGoBaHMs K ObICTpOOEHCT-
Buro ALl Ecmu, x npumepy, tpebyercs
obecrieunTs 10° BEIGOpPOK aHATIOrOBOTO CHI-
Hajla B CeKyHIy, TO B 3TOM clyiae BpeMs
3aIepXKH, T.€. BpPEeMs pacIpOCTPaHEHUsA
CHTHaJla, B OOHOH JIOTHYECKOH CXeMe IOJIXK-
Ho 6BITH HaMHOro MeHbine 1078 c.
IloBblleHUe OBICTPOIEHCTBMS  MHTET-
pajJIbHBIX CXeM 3aciyxuBaeT GoJiee noapob-
Horo obcyxaenus. Torga kak ypoBeHb MH-
TeJIJIeKTa ¥ leHa ogHoro asieMenTa UC nps-
MO CBSI3aHBI CO CTEMEHbIO HHTErpalldy, T.e.
YPOBEHb HHTEJIEKTA NOBBILIAETCH MPH YBeE-
JIM4EHUH CTENIEHH HHTETpAlldH, B OTHOIICHNH
OBICTPONEHCTBUSL CUTyallUs BBITJISAMT He-
CKOJIBKO MHaye. B onpeneneHHbIXx mpeneiax
CTelneHb MHTErpallud M ObICTpoAciicTBHE HE
3aBHCAT JPYT OT Apyra. MoOXHO yBEJIMYMTH
CTelleHb MHTETpalMy M IPH 3TOM COXPaHHTh
opicTpoaeiicteue UC Ha mpexHeM YpOBHE.
CrepoBaTtesbHO, NMOBBIIIEHHE OBICTpOAEHCT-
BUS JOJDKHO OCYILUECTBISATHCA NMPAMBIM Iy-
TeM. B mpenpimymux riiaBax Mbl BCKOJIb3b
YIOMHHAJII O TAaKHMX BO3MOXHOCT#X. OHH
CBfI3aHbl C 3aMEHOH KPEMHHS IOJYyNpPOBOI-
HHUKOBBIMU MaTepHasiamMH ¢ 60Jiee BBICOKO
MOABMXXHOCTBIO HOCHTENIER 3apsla, B 4acT-
HOCTH apCeHHJIOM rawums U ¢pochuaoM HH-
IUs, ¢ mepexooM K 6oJiee HU3KUM pabodum
TeMInepaTypaM U C YMEHbUIEHHEM Pa3MepOB
3JIEKTPOHHBIX KOMIIOHEHTOB. [IpH ucnonb3o-
BaHuu DK MeHbiux pasmepos B ogHoit MUC
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X nomecturcs Gonbire. Takum obpasom,
CHOBAa BO3HHMKAET ONpelIeIcHHasA 3aBHCH-
MOCTb MeXOYy OBICTPOHEHCTBHEM H CTe-
nenpto uHTerpanud MC. Ilpsamas 3aBuc-
MOCTb CTaHeT 6oJiee HATIAOHOMN, €CIH BMeC-
10 ObIcTponeiictBus MC paccmaTpuBath
CKOpOCTh 006paboTkH HHPOPMAUMH B MpPO-
neccope. IlocnenHsas 3aBHCHT HE TOJNBKO OT
ckopoctd 06paboTku Kaxaoro 6uTa, HO U B
pelaroliefl CTeNeHH OT TOTo, KaKoe YHCIO
pa3psigoB obpabaTbiBaeTcs OOHOBPEMEHHO.
YcrpoiictBa ¢ 6osiee BBICOKOH CTeneHbIO
HHTETpanuu oOeCIeunuBaroT Oojiee BBICOKHI
YPOBEHb TAaKOTO HapajuleM3Ma H TeM
caMbIM DoJiee BBICOKYIO CKOPOCTh 06pabot-
K HHpOpMaIHH.

ITocne Toro xak Mbl pa3obpaiuch B IpHU-
YHHAX, 32aCTaBJIAIOIINX Pa3pabOTYHKOB CTpe-
MHUTBCH K DOoJiee BHICOKOH CTeNeHH MHTErpa-
IMH, HeoOXOOMMO NO3HAKOMHTBCA C BO3-
MOXHBIMH HMYTAMH OOCTHXECHUS 3TOH IIEITH.
TeopeTHueckHd cOeNaTh 3TO MOXHO He MeHee
YeM HATBIO CocobaMu:

1) ymenbmuTh pasmepst IK;

2) yBENIHMYUTH IUIOLIAb IMOJIYNPOBOIHH-
KOBOTO KpHCTaJlJa;

3) oCylLUeCTBHTh MHTETPAlMI0 HA MHOTHX
YPOBHSIX, T.€. HE TOJBKO IO TOPHU3OHTAJH,
HO U 1O BEPTHKAIH;

4) o6beMHHTL B 0JHOM OK HECKOJBKO
GyHKIMHA, HAapEMEp MCIONB30BaTh OHIO-
JIIPHBIR TPAaH3UCTOP C HECKOJILKUMH SMHTTe-
pamH;

5) pa3paboTaTb CXeMbl, NO3BOJISIOIIHE
YMEHBIIATH MJOIIANb KPHCTAJIIA U COKpa-
THTh 3aTpaThl Ha TEXHOJIOTHIO H3TOTOBJIE-
HHA.

UYT0 KacaeTcs ABYX HOCIEIHHX BO3MOXHOC-
Telf, TO 31eCh MBI OTPAHUYUMCA TOJIBKO HX
ynomuHaHHeM. O TpexMepHOH HMHTerpanuu
peyb MOHIET HHXE. Y BEIHYEHHE MOBEPXHOC-
TH KpHCTasla (MHKDO3JIEKTPOHHAas IIpo-
MBIIIUIEHHOCTH, HayaB B 1960 r. ¢ nosymnpo-
BOJHUKOBBIX KPHCTAJUIOB ILIOILABIO MeHee
1 MM2, B HACTOSIIIEE BPEMS OTIEPHPYET KpPHC-
TaJITaMH IUIOIIAJbI0 B HECKOJIBKO IECSTKOB
KBaJpaTHBIX MHJUIHMETPOB), 6e3ycIOBHO,
SBJIAACTCA OCHOBHBIM DPE3€PBOM MOBBIIIIEHHS
cTeneHH uHTerpanuu. OOHaKo, Kak Mbl yxe
YIOMHHAJIH B TJI. 5, BBIXOJ TONHBIX H3IC/Hi
YMEHBILIAETCH C YBEJIMUCHHEM IUIOMAAH KPH-
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cTajyia, H, 4TOOBI BBHINOJHHTH MOCTaBJEH-
HyIO 3ajaqy, noTpebyroTcs noJynpoBOAHH-
KOBbI€ JHCKH C MEHBILHM YHCIOM ne¢eKTOB
Ha maomags B 1 cm2. Ecnm 3Toro ygacTes
JOBUTBCA, TO CTEHEHb HHTETpPALMH BO3pac-
TET 1O KpaifHe# Mepe B necATh pas3. U Bee xe
TJaBHBI MyTh K 6oJiee BBICOKHM YPOBHAM
HMHTETPALIMH CETOJHS, BHE BCAKHX COMHEHHH,
JIOKUT uYepe3 CYOMHKPOHHYIO TEXHOJIOTHIO,
T.€. 4yepe3 JajipHelllee yMEHbIIEHHE pa3-
MepoB OoTIenbHBIX DK.

CybMUKpPOHHAA TEXHONOrMUA

B 1960 r. MUHMMabHAaA LIMPUHA CTPYKTY-
pbI, KOTOPYIO yIaBanock cHOpMHPOBATH, CO-
craBasia 20 MM (puc. 67). CeroIHAINHEM
PEKOPIOM MOJIYNIPOBOAHHKOBOH MPOMBIIH-
JIeHHOCTH sBsitoTcst -2 MxM. CTpyKTYypbl
TAKOTO pa3Mepa MOXHO BCTPETHTh B 60JIb-
LIHX HHTETPAJIbHBIX CXE€MaX, YK€ BbINycKae-
MBIX CEpHIfHO, HalpUMep OAHOMHKPOHHBIE
CTPYKTYpbl B nuHamudeckux 3VIIB Ha
256 xbutr u | M6ur. Korga creneHb HH-
TerpauMM MpeBbLICHT 10° 37€eMEHTOB, mpo-
MBILJIEHHOCTH TIPHIOETCS OBJaleBaTh METO-
IaMH (HOpMHpOBaHHS CTPYKTYp IIHMPHHOM
Menee | MkM. Tak, HalpuMep, B OIHHaAMHYeE-
ckoM 3VYTIB na 4 M6ur (8- 10° 3neMeHTOB)
IpeqycMaTpHBaeTC MHHHMAJIBHBIA pa3Mep
cTpykTyp 0,7 MKM. [I18 MHKPO3JIEKTPOHHUKH
peanu3anus CyOMHKDOHHBIX CTDYKTYpD S$B-

JIETCS  KJIIOUEeBOH 3alaue, 6e3 PELICHHUA

KOTOPOH JaipHeHIee pa3BUTHE HEBO3MOX-
Ho. [lna 3toro Heob6xomumo mepepaboraTh
BCIO IOJIYIIPOBOJHHKOBYIO TEXHOJIOTHIO, KO-
TOPYI0O MBI PACCMOTpPENH B TJI. 5, BCKDBIB
pe3epBhbI B T€X TEXHOJOTHYECKHX Npolleccax,
Tle OHH ellle UMEIOTCS, U Nepeis Ha HOBbBIE
TEXHOJIOTMM TaM, I'le UcYepllaHbl Bce MpPHH-
IUNHATbHbIE BO3MOXHOCTH.

Bo3sMoxHOCTH omosumozpaguu, Ha-
NpHMEpP, OTPAHHYEHBl IJIHHON BOJIHBI CBETA.
IIpu ucnonb3oBaHMH cBeTa B (PUOJIETOBOMH
YacTH CHEKTpa ¢ IHHOW BonHbl 400 HM
MOXHO MOJIy4aTh CTPYKTYPBI pa3MepoM OO
1 MKM, a C IOMOILBIO YILTPadHOJETOBOTO
H3JyYeHus —C QIuHOM BosHBI 200 HM - g0
0,5 MkM. Ilpu renepanuu yabTpadHONIETO-
BOTO H3JIyYEHHSA XOPOIUHUE NMEPCNEKTHBBI OT-
KpBIBAIOTCS A7 3KCHMEpPHOTO Jla3epa. Ecin
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1960

1970

Anamerp

1980

Mnasa 7 .

1990

1 mm? 20 me* 40 mu* 100 mm
Mnowaas
KpucTanna . . .
ﬂ#m:l 20 mKm E::m E‘Mﬂl :' MKM
. T 1000 100000 3000000

Puc. 67. DBOMIOUMA OCHOBHBIX TNOKa3aTeNeil MHKDO3NEKTPOHHON TEXHONOTHH (OMaMeTp MOJYNpOBOJ-
HMKOBOTO JHMCKa, TUIOIIaAb MOBEPXHOCTHM KPHCTalna, MIMPHHA 3JEMEHTAPHOR CTPYKTYPHl M CTENEHb
HHTerpauun) depe3 uurepsansl B 10 mer. [ludpossie aHHbIE — OpHeHTUPOBOYHEIE. (MaciuTab BRIOEpXaH

TOJIbKO B FOPH3OHTaNBHOM HampaBiICHHH.)

e BMECTO CBETOBOT'O HCIIOJIE30BaTh PEHTTE-
HOBCKO€, 3JIEKTPOHHOE WJIH HOHHOE M3JIy4e-
HHE, TO MOXHO (OpPMHpPOBaThb CTPYKTYDHI
pa3MepoM IO COTHIX OoJied MHMKpomeTpa. B
HAcToslllee BpeMs Hapsay ¢ paboramu mo
Pa3BHTHIO PEHTTEHOBCKOW, HOHHOH W 3JIEKT-
POHHO# JjMTOrpadMH mNpeANpHHHMAIOTCS
IIard, HampaBJieHHble Ha Gollee MOJIHOE HC-
MOJIb30BaHWE BCEX BO3MOXHOCTell (oTomu-
Torpaduu. B peHTreHOBCKOH JHTOTpadHH
HMCTOYHHMKOM H3JIY4EHHMS CIYXKHT 3JIeKTPOH-
HbIH CHHXPOTPOH, KOTOPBIil ObLI CO3aH Aus
uccnenoBsanuit B obnacth anepHo# (Qu3MKH.

CoBeplieHHO HHBIM MOAOXOAOM K pellie-
HHIO MpoGJIEMBI pa3sMepPoOB CTPYKTYD Xapak-
TepHu3yeTcs CO3JaHHas HEKOTOpOe BpeMs Ha-
3aj TaK HasblBaeMasi TEXHOJIOTHS BepTH-
kanpHeix MOII-ctpyktyp. Onpenenenue
«BEpTHKAJNILHBIE» O3HAYAET, YTO HAIMpaBJle-
Hue kaHana MOII-Tpan3ucropa, o06BMHO
PACIONIOKEHHOTO B IOPH3OHTANBLHOH IUIOC-
KOCTH KPHCTaJla, B COOTBETCTBHH C 3TOH
TEXHOJIOTHEH H3MEHAETCA Ha BEPTHKAJILHOE.

IlockonbKy BepTHKaJbHbIE pa3Mephl MOJIY-
NPOBOOHMKOBBIX CTPYKTYP ONpPEOEIMIOTCA
TOJIIHHON Pa3IMYHbIX CI0EB, paBHOK 1 MKM
H MeEHee, TaKHM NyTeM MOXHO (opmupo-
BaTh O4eHb KOPOTKHeE KaHabl. [1pu ucronsb-
30BaHHH JAHHOW TEXHOJIOTHH H3TrOTOBJICHAA
OHMONAPHBEIX TPAaH3HCTOPOB ILHpHHA 6a3sl,
T.€. TAKOH e KpHTHYECKHHA napaMeTp, KakK U
IUTHHA KaHalla TOJIEBOTO TpaH3HcTopa, Oy-
IeT ONpeNeNATbCA He TOPH3OHTAJLHBIMH, a
BEPTHKANBHLIMA pa3MepaMH CTPYKTYp H
YeTKOCThIO TI'PaHHLBI MPO(QHIIA JErHPOBaH-
HO# 00J1acTH MaTepHalia, KOTOPYIO HeoOXxo-
OUMO cHOPMHPOBATH IS MOJYYeHHS Oa3bl.
PaccMoTpeHHe 371eMeHTOB 000HMX THIOB MO-
Ka3bIBaeT, YTO NMPH YMEHBIIEHHH TOPH3OH-
TaJIbHBIX Pa3MEPOB MOXHO H IOJKHO Takxke
YMEHBIIMTL BEPTHKANbHBIE pa3Mephl, T.e€.
TOJILUMHY CJIOEB, H3 KOTOPHIX OPMHpPYIOTCH
3TH 3neMeHTHL. Ilepexon Ha CTpPYKTYpHI ¢
3JIeMEHTAMH MEHBIIIET0 pa3Mepa Y)KecToda-
eT TpeboBaHMA KO BCEM CTAAMAM IPOIIECCOB
NOJNYIPOBOOHHKOBOH TEXHONOTMH, T.€. K
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npolleAypaM JIETHPOBAHHUA, OKCHAHPOBAHHS,
TpaBJIeHHs, [IPOMBIBKM, MAcCCHBAIMH H Me-
Tasum3auun. Honnaa umnianmayus ¢ nocie-
Oyrolteit JTHKBHOAnHeR oOpa3oBaBILUXCA B
MaTepHajyie AeheKTOB HAUMHAET IO CBOEMY
3HAYEHUIO MPEBOCXOIUTHL TP dY3HIO Kak Me-
Ton JjerupoBaHus. He B mocnemHroro ode-
pedb 3TO CBA3aHO C TE€M, YTO B pE3yJbTa-
Te YMEHBINECHHS BEPTHKAaJIbHBIX pPa3MEpPOB
CTPYKTYP OKa3bIBA€TCA BIOJIHE JOCTATOYHOM
Ta HebobIas rTybHHA JIETHPOBAHHUSA, KOTO-
pyto obecneyuBaeT HOHHAs HMIIJIAHTALMSA.
ITo cpaBHennio ¢ mubdysueidd HOHHAS HM-
IUTAHTALMA TTO3BOJISET MOJY4HTh oJee pes-
kuil npoduns nerupoBanus. OmHako IaB-
HOE JOCTOHMHCTBO 3TOTO METOJA 3aKIJIFOYaeT-
csl B TOM, 4TO OH INO3BOJIAET OTKA3aThCS OT
HeoOxoaumMoro npu Auddy3un JIHTENBHOTO
HarpeBa IOJYNIPOBONHUKOBBIX IHCKOB [0
TtemrepaTypbl 1000°C u Bbime. Ecim um-
IUIAHTALMS OCYLIECTBIIAETCH C IOMOIIBIO
CBEZIEHAs] HOHOB B TOHKHH Iy4YOK, TO Tpebye-
MBbI€ CTPYKTYPBI MOT'YT OBITH copMupoBa-
HbI B 6e3 poTonurorpadum —nyrem u3bupa-
TENLHOrO (OKYCHPOBAHHS IIyYyKa HMOHOB Ha
OMpeNeIEHHBIX Y4acTKaxX MOJIyNPOBOJHHKO-
Boro mucka. ITockompky B mpolecce Nnpume-
HEHHs MOHHOW MMILTAHTALMH CTPEMSATCS W3-
6exaTh NIUTENBHOTO BO3JEHCTBHUA BBICO-
KOH TeMIepaTyphl Ha MOJIyNPOBOJHHKOBBIA
IIMCK, 371ech Bo3HMKaeT npobiema dhopmupo-
BaHHs OKCHIHOIO CJION Mepel KaxIod ore-
palue nerupoBanns. Ecin opueHTHPOBATDH-
ol Ha TO, YTO TEPMHYECKOE OKHMCIIEHHE T0JIK-
HO NMPOTeKaTh npu HoJiee HU3KUX TeMIepaTy-
pax, T.€. B COOTBETCTBHHM C PEXHMOM HOH-
HOH HMIUIAHTAlMH, TO CJIEAyeT HJIH MOJ-
HOCTBIO OTKAa3aThCS OT TEPMHYECKOTO OKHC-
NeHus WM oOpaTHTbCs K APYro#d TexHoIo-
run. Crnegyrotuei npobnemoil sBiIsieTca BOI-
Hasl NPOMbI6KA TIOJNYNPOBOJHHKOBOIO IHUCKa
H mpagaeHue XUOKAMH XHMHKATaMH. OTH
ONepanyy HHKOrAa OPraHHYHO HE BIIHCHIBA-
JHCh B TOJYNPOBOAHHUKOBYIO TEXHOJIOTHIO.
IIpu mepexone Ha MHKPOHHBIE B CYOMHKDOH-
Hble CTPYKTYPBI OHH CTaHOBATCA a6COTIOTHO
HENPHUEMIIEMBIMH, T. €. JOJDKHBI OBITH 3aMe-
HEHbl NpOLeCCaMH, JydIre MOINAIOIMMUCS
yIPaBJIEHHIO, HANPDAMED IPOLECCOM OYHCT-
KH U TPAaBJICHHUS C MOMOIIBIO IUIA3MBbI WIH
HOHHBIX mydkoB. Oba 3TH MeToaa, Kpome

TOro, 00ecreYNBaroT BO3MOXHOCTh IPSIMOTO
H30MpaTEeNLHOTO TPABJIEHUS OIpeAeTeHHbIX
cTPYKTYp 6e3 doronurorpadpuu. Ipu miaz-
MEHHOM TPaBJICHHH, HAIIpUMeD, ¢ HOMOIIIBIO
onpeneyieHHBIX NPHEMOB MOXHO HOOGHTHCA
yOaleHHs C IOJYNPOBOJHHKOBOTO JHCKA
JMIIL TeX YYacTKOB, KOTOpHIE NpeaBapH-
TEJILHO 3aCBEYHBATUCH YNLTPadHONETOBHIM
H3IyYeHHEeM 3KCHMepHOro Jnasepa. JIns mac-
CHBAllHM, MACKMPOBAHUS M CO3JaHHUA H30J-
MM KpOME [BYOKHCH KDEMHHS BCE IIMpE
HCIIONB3YIOT M JApYTHE MaTepHalsl, B Tep-
BYIO OYepelh HHTPUI KPEMHUS, KOTOPHIHA 1O
pALY CBOHCTB NIPEBOCXOAUT ABYOKHCH KpEM-
Hus. Bee dame ¥ apyrue ciou dopMHUpyroTCS
Ha 6a3e TEXHOJIOrHMH, OCHOBaHHOH Ha obpa-
60TKe IPH OTHOCHTEJILHO HH3KHX TeMIepa-
Typax. K HX 4HCIy OTHOCHTCS, HampuMep,
XHMHYECKOe OcaxJeHHe M3 MapoBoit ¢askl,
3¢ deKTHBHOCTL KOTOPOr0 HOMOJHHUTEILHO
MOXHO YBEJIMYHTb IIyTEM HCIOJb30OBAHHUSA
ra3oBOro paspsa WM JiazepHoro obmyue-
Hus. [To Mepe TOro xax yMeHbIIAOTCH FOPH-
30HTaJIbHBIE pa3Mephbl CTPYKTYp, Ooiee y3-
KHMH CTAHOBSITCS TOKONPOBOIHLIE JIMHAH U3

. QJMIOMHHHS HIIM ITOJIMKpeMHHs. B pesyabTaTte

BO3pACTaeT 3IEKTPHUYECKOE CONPOTHBJIICHHE,
YTO OTPHIATENbHBIM 00pa30M CKa3bIBaeTCs
Ha bOpicTponeiicteuu UC. IT10THOCTH IpOXO-
IAIMX 10 HAM TOKOB CTaHOBHTCS O4Y€Hb
60MBbIIONH, U 3TO HPUBOIUT X BO3HMKHOBE-
HHIO Ie(eKTOB CTPYKTYPHI MaTepHaa B pe-
3ynbTaTe InmekTpomurpanuu. CiaemoBaTensb-
HO, MOTPEBYIOTCA MEXCOeAHHERRs, 0b6Iana-
rome 6oj1ee BLICOKOH MEXaHHYECKOH NMpou-
HOCTBIO M 3JIEKTPONIPOBOAHOCTBIO. B 3TOi
CBSI3M HeoOXOOHUMO OTMETHTH BO3pacTaro-
11ee 3HAYCHHE CHIIMIMIOB TSXKENBIX METal-
JIOB, HallpuMep THTaHa, BoJbdpaMa U MO-
nubaeHa, BBOOAMEIX BMECTO IIOJIHKPEMHHSA B
Ka4ecTBe MPOBOIHHUKOB, PACIIONIOXKEHHBIX Ha
6onee rnyboxoM yposHe. Ilpu Mertasunia-
I[MH NTOBEPXHOCTHBIX IPOBOJHHKOB 3aMETHBI
TEHOEHIHH K 3aMEHE YUCTOro AaJIOMHHHAS
AJIFOMUHHEM, JIETUPOBAaHHBIM MEIBIO HIIH TH-
XeJTBIMH MeTaJlJIaMH.

IIpuBeneHHbIE TPUMEDHL PA3BATHS MOJTY-
TMPOBOIHAKOBOH TEXHOJIOTHH, CBS3aHHOTO C
TepexooM Ha CYOMHKDOHHBIE CTPYKTYpHI,
MO3BOJIAIOT MONYYUTH obI1iee peacTaBIeHUE
0 COCTOSIHMH [1eJ1 B NaHHOH obnactu. ITongso-
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Il HTOTH, MOXHO CKa3aTh, YTO 3TOT NEPEXOA
BeJeT K HMCKJIIOUEHHMIO M3 MOJIYNPOBOIHHKO-
BOH TEXHOJIOTHH BBICOKOTEMIEPATYPDHBIX H
BJIZXKHBIX XMMHYECKHUX NPOLECCOB U UX 3aMe-
He OllepallMsAMH, IPOTEKAIoOIUMH IpH GoJtee
HHU3KHX TeMIIepaTypax, a TakXe CYXHMH Npo-
meccaMd. UTOOBI BBIIOJTHUTL OTAENbHbIE
omepaldd C HeoOXOAHMO#H BBICOKOH TOY-
HOCTBIO, TEXHOJIOrHYeckoe obopygoBaHue
IOJXHO OBITH OCHAIIIEHO AHATHOCTHYECKHMHM
CpeACTBaAMH M MHKPOIPOIECCOPDHBIM YIpaB-
JIeHHMEM, MO3BOJIAIOIIMMH CJIEIUTh 33 BCEM
XOIOM IIPOM3BOJCTBEHHOr0 Ipolecca. B
CBSI3H C 3TUM ocoboe 3HaueHHe npuodpeTaeT
BHEPEHHUE B MOJYNIPOBOJHUKOBYIO TEXHOJIO-
THIO COBDEMEHHLIX 3JIEKTPOHHBIX, MOHHBIX,
PEHTI€HOBCKHX M ONTHYECKMX METOIOB IHAar-
HOCTHKH. OIHOBpEMEHHO C MEPEXOJOM Ha
CyOMHMKDOHHYIO TEXHOJIOTMIO B OuYepegHOMH
pa3 pe3Kko BO3pacTaloT TpeOOBaHUA K YHCTO-
T€ UCMOJIb3yEeMBbIX MaTEPHAJIOB H TEXHOJIOTH-
4yeckoro o60opyoBaHUs, KOTOPbIE U CETOMHS
HEMOMEPHO BBICOKH. B TO BpeMs kak, Hanpu-
Mep, NPH «HAOAMHKPOHHOM» TEXHOJIOTHH HO-
CTaTOYHO CJEAUTH 3a TeM, 4TOOBI YHCIO
4acTHI BeIHYHHOH Oonee 0,5 MKM B aTMO-
cepe YMCTHIX MOMEIIEHHH HE BBIXOOMJIO 3a
OnpelesieHHYIO I'paHHUIly, NP Iepexone Ha
CYOMHMKDOHHYIO TEXHOJIOTMIO U3 YHCTBIX MO-
MEIUEHHA HeoOXOOMMO TNpAaKTHYECKH IIOJI-
HOCTBIO YJAJMTh MbUIb, YaCTHIBI KOTOPOH
KpynHee OOHOM OEcCATON OOJIM MHUKDOMETpA.
O6pa3HO TOBODPHA, MOJIOKEHHE C YHUCTHIMH
MMOMEIICHUSIMH MOXHO OIMCATh TaK: €CJIN A0
HacTOAILETO BPEMEHH B 3THX OMEIIEHUSX
He OOMXHO Obulo OBITH OakTepHii —AIUHA
TyOepKyJe3Ho# MaJoYkH paBHA | MKM,—TO B
Oynymem ux moTpedyeTcs MOJHOCTHIO OYHC-
THTb Jaxe OT BUPYCOB: pa3MepP BHPYCa OCIbI
cocrapisger 0,15 mxm. OnHako 3TH M pac-
CMOTpEHHbIE paHee TpeboBaHMA Kk Oynyrien
CyOMHMKPDOHHOM TEXHOJIOTMM MOXHO Oyaer
BBIIIOJIHUTH HauIexaluM obpa3oM, JHIIL
KOrja MpOM30HAET Mepexol Ha MOJHOCTHIO
aBTOMATH3UPOBAHHOE  BLINOJHEHHE  BCeEX
olepauui UKJIA | B TepMETHYECKH H30JIHPO-~
BaHHOM IIDOCTPAHCTBE, BO3MOXHO B Ba-
kyyMe. bnaromaps stoMy 6yner npenorspa-
IIEHa BO3MOXHOCTh JIFOOOro HapylIeHHS
TEXHOJIOTHYECKOTO MpoLecca CO CTOPOHBI
ofcayXHBalOIEero IepcoHajla; HampHMep,
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6yoyT JMKBHAMPOBAHBI IIPUYMHBI BOZHUKHO-
BeHHMs BHOpallMii M BHECEHHS 3arps3HEHHH.
ABTOMATH3aIUs TEXHOJIOTHYECKHMX IpoIec-
COB NPaKTHYECKH MCKJIIOYaeT U OIHUOKH MO
BHHE IepcoHana. Ilo oLeHKaM 3KCIepToB,
OIHO TOJbKO HCKIIOYEHHE TAKHX OIIUOOK B
OUKJIe 1 MOXET INPHUBECTH K IOBBIMICHUIO
BBIXOJA FOOHLIX u3menuit B 3—4 pasa. Onna-
KO MEPEXO/l B LUKJIE 1 K MOJHOCTHIO ABTOMa-
TU3UPOBAaHHOMY BaKyyMHOMY IIpoOIECCy, €C-
JI1 TakoBOH BoOOIE BO3MOXEH, OJKEH
IIPOUCXOONUTH noaTanHo. [Toka xe cymecTBy-
€T peajibHas BO3MOXHOCTh aBTOMATHU3alUHU
TOJILKO OTHEJBHBIX OIllepallui, HalpHMeEp
doTonuTorpadpuu.

CybMUKPOHHbIE 3NEeMEeHTbi

Cepbe3Hble 3aavdl Tepel MHKPOAJIEKTPOH-
HOM TEXHOJIOTHEH CTaBUT HeOOXOIHUMOCTH
uzrotopyieHus MUC co cTeneHbo HHTErpaliu
OTAENbHBIX 31eMeHTOB oT 105 10 107 1 gaxe
OoJbIle TIpH  pa3Mepe CTPYKTYpP MeHee
1 MKM, YTO HeH30eXHO NMpPH TAKOM YPOBHE
IUIOTHOCTH 371eMeHTOB. [loTpebyeTcs kopeH-
HOE YJIyYIIIEHHE BCEX TEXHOJIOTHYECKHMX OIle-
pauuit nuxkaa 1. Ha 3To HakiagpIBaroTCs
mpoOJIeMBl, CBA3aHHBIE HEMOCPEACTBEHHO C
(OYHKIIMOHHPOBAHHEM CaMOTO  JJIEMEHTA.
MoOXHO JH 3apaHee CYMTaTb, 4YTO TIPH
MOCJIEIOBATEIbHOM YMEHBIICHAN (PU3Hdec-
kux pazmepoB MOII-Tpan3ucrop 6yner pa-
6orats mo-crapomy? besycinosHo, HeT. Ilo
MeHbIIIEd Mepe OH, K MNpHMeEpY, MTOJKeH
HMeTb OOMH aToM KkpeMHHs. Ho onHoro
3TOTO HeAOCTAaTOYHO. HyXHbI YYaCTKH MOJIy-
MIPOBOAHHKOBOTO MAaTepHaNa C JIEKTPOINpPO-
BOJHOCTBIO p- M N-THIIA, 4 3TO 3HAYMT, YTO p-
H n-00J1aCTH TOJDKHBI MMETh TAKHE Pa3MEDHI,
9TOoOBl TaM MOT HaXxOOUTBCH IO KpaiHed
Mepe OIHUH aTOM JIETHPYIOLIEH IpHUMECH.
ITo3TOMY KOHIIEHTPAINH JIETHPYIOLIUX NpH-
Meceif opsimka 1018 MoryT 6b1TH Obecneye-
HBbl JIMIIL [IpH 00BEME HCXOJHOIO MOJIYNpPO-
BOJHHKOBOIO MaTepHana okoso 10718 cm3,
Taxoit 06seM HMeeT KyOHK ¢ JUTHHOM pebpa
0,01 Mkm. O1HaKO OQHOTO aTOMa JIETHPYIO-
e TPUMeECH ABHO HEJOCTAaTOYHO, B JEHCT-
BHUTEJIbHOCTH HX OJIXHO ObITh MHOTO. Eciu
B3ATb, kK npumepy, 1000 atomoB, TO 3TO
NpUBEAET K OECATHKPATHOMY YBEIMYEHHIO
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JIHHERHBIX pa3MepoOB JeTHpyeMoHR o6sacTH,
T.¢. 1o 0,1 MxMm. Ho yxe npu nnmHe kaHana
MeHbIIE !/, MKM cTaTHCTHYeCKas (IIyKTyarus
3Ha4YeHUN KOHLEHTPALMH JIETHPYIOLLEH NpH-
MECH B KaHaJjleé CKa3blBaeTCs Ha MOPOrOBOM
HANpPsDKEHHUH, T. €. B UC 0HO HauMHAeT KoJje-
6aTbCcA HEKOHTPOJIMpYEMBIM 06pa3oM OT
TpaH3UCTOpa K TpaH3UcTOpy. pyras npob-
JiEMa COCTOMT B TOM, YTO YHCIIO BJIEKTPOHOB
B KaHaje (Mbl UMEEM B BHUIY n-KaHAJIbHBIH
MOII-TpaH3uCTOP) YMEHBIIACTCA HACTOJNb-
KO, YTO KOJIHYECTBO 3JIEKTPOHOB, HOPOXIECH-
HBIX DaJMOAKTHBHBIM H3JIYY€HHEM cCaMoH
UC unu okpyxarolleil cpelbl, B OIpeesIcH-
HBIX YCJIOBHSIX MOXET CTaTb TakKUM, YTO
NPUBENET K BKJIFOYEHHIO WIIH BBIKJIFOYEHHIO
TpaH3ucTtopa. Ytobsl chopMHpoBaTL p-06-
JIaCTh MEXAY HMCTOKOM H CTOKOM, JIHHA
KaHajla JOJDKHA MPEBBIATh ONpPEIC/ICHHYIO
BeJIMYMHY (OBITH KpaTHOH nebaeBckOMYy pa-
IHYCYy), TaK Kak B IPOTHUBHOM ciydae Oyner
HabmomaThCsl «CMbIKaHHE» KaHana. Kpome
TOro, HeO6XOAUMO OOECIIEYHTh HEKOTOPYIO
MUHMMAJIBHYKO JUIMHY (paBHYIO cpeaHei
IUuHe cBobomHOro mpobera HOCHTENEH 3a-
psama), 4Tobbl mepeHoc 3apsAAa B KaHaje
HOCHJI «HOpMAJIbHBIN» XapaKTep, WHa4Ye OH
CTaHeT «baymucTuyeckumM». Ecnu mmuny
BOJHBI 3JIEKTPOHOB B n-KaHaJlbHOM MOII-
TPaH3UCTOpE HeJb3s OOJbIIe CYHTATH Mpe-
HeOpeXXUMO MaJof MO CpaBHEHHUIO ¢ I1ybH-
HOM xaHaja, TO HeOOXOOUMO MPHHUMAThL BO
BHUMAaHHUE KBaHTOBBIH 3((dEKT: 3JEKTPOHBI
NpeBpalllaloTCs B KaHalle B IBYMEPHBIH
3NEKTPOHHBIA «ra3». g HagexHoro mepe-
kmodeHuss MOII-TpaH3ucTOpa U3 3anepToro
COCTOSIHUS B MIPOBOJsALIEE U3MEHEHHE HANIPS-
XKEHUS Ha 3aTBOPE OOJIKHO OBITH 3HAYUTEIB-
HO 6oJIblIIe TEIUIOBBIX KOJIeOaHUH HAaIpsKe-
Hus. IIpy KOMHaTHOH TeMmepaType 3TH KO-
nebanus paBHel !/,, B. BsauMuas 3nexTpu-
yecKas pa3Bs3Ka JEMEHTOB, peaM30BaHHAs
€ NOMOILIBI 0OPAaTHOCMEILIEHHBIX p— n-TIepe-
XOHOB, OEHCTBYET JHIIb IO TEX IOp, MOKa
TYHHEJIUDYEMBIE 3JIEKTPOHBI U ABIPDKH HE
NPEOIONEIOT 3aNpELEHHYIO 30HY IOJIYIIPO-
BOJIHHUKA, T. €. TOKA TOJIIMHA CJIOS 0O BEMHO-
To 3apsja MpeBHINIAECT AJIUHY BOJIHBI JJIEKT-
POHOB WIH AbIpoK. B HacTog1iee BpeMs npu
npoekTHpoBaHuU TonoJsoruu MC c Bbicokoit
CTENMEHbIO HHTETPALUH IIIMPOKO UCMOJIB3YET-
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cd METOO TaK Ha3bIBaAEMOTO MpPOMOPIHO-
HAJILHOTO YMEHBUICHHs 3JeMeHTOB. OH mo-
3BOJISIET IPOTHO3HPOBATH H3MEHEHHS CBOMCTB
OTHE/IbHBIX 3JIEMEHTOB, KOrJa OCYILECTB-
JISIOT YMEHBUICHHE MX JIMHEHHBLIX Pa3MeEpOB.
Tak, HanpuMep, BpeMs NEePEKIIOYeHUS TPaH-
3HCTOpa JOJIKHO YMEHBLIUNTLCA BABOE, €CIIH
BCE €r0 pa3Mepbl COKPALIAIOTCA HAMOJIOBH-
HYy. DTOT NPOTHO3 ONMHPAETCA HA pe3yJbTa-
TBl, IOJIYYEHHBIE B XOA€ pEIlIEHNA MaTeEMaTH-
YeCKHX YpaBHEHHH, C IMOMOILLBIO KOTOPBIX
ONHUCLIBAIOTCA 3JIEMEHTH.. MeToA mpomop-
UHOHAJLHOTO YMEHLIUEHS NPUMEHHM, MOKa
CIpaBeJIMBbl  HCIOJb3YEMBIE  YpPaBHEHHSA
(BbIllle MBI yXe€ TOBOPHIM 00 3ddekTax,
KOTOpbIE YaCTMYHO OTpPaHHYHBAIOT obJsacTh
HX NpHUMeHeHHs). OOHAKO OH HENPHIOIEH,
KOTJa KpaeBbl€ YCIOBHUS, UCIIOIb3yeMBbIE MPH
pellicHHM ypaBHEHHH, He OOMYCKalOT COOT-
BETCTBYIOLUEro Macmtabuposanusa. boiee
cepbe3Has mnpobjemMa COCTOMT B TOM, UTO
HaNpsKEHHE, IPHIIOXKEHHOE K CTOKY, HeE
MOXeET ObITh BbIOpAaHO NPOM3BOJBHO Ma-
JIBIM: TIO coobpaxeHUsIM PU3NYECKOrO ILIaHa
ero 3HaveHHe JOJIKHO MpEBBINIATH BEJTHYH-
HY, paBHYIO IpUMepHO 2 B, a ecnu Heobxo-
auMo obecnieduTh coBMecTHMOCTh ¢ TTJI
HC, To ero cnenyer noauepXuBaTh paBHLIM
5 B. B pesynbTaTe B KaHaje OUHOH 0,5 MKM
BO3HHKAET 3JIEKTPUUYECKOE I0JI€ HAMPAKEH-
HocThio 107 B/M. B cTOJIb CHIBHBIX MOJSAX
TIPOMCXOIHUT «pa3orpeB» 3JEKTPOHOB, M HX
CpelHAS CKOPOCTbh BO3pacTaeT HACTOJIBKO,
4YTO OHM MPOHHKAIOT B OKCH[ 3aTBOpa H TaM
MOMAaAaloT B JOBYIIKK 3apsaaoB (OTHEro To-
pOTOBOE HANPSKEHHE TPAH3HUCTOpA H3MEHS-
€TCcs) WIH XK€ TPOXOIAT TYHHEJIBHO 4Yepes
BCIO TOJILUMHY 3aTBOPHOTO OKCHAA, YTO TaK-
e BBI3bIBAET Pe3KO€ HMCKaXeHHe (YHKIIHO-
HaJIbHbIX XapakTepucTHk MOII-TpaH3ucTO-
pa. dHU3MYECKHEe OTrpaHHYCHHSA, OMpPEIENIsIO-
IIHe Mpeaesbl AajbHEeHIIero yMeHbIIEHHS
pa3MepoB 3JIEMEHTOB M HEOOXOAMMBIX AN
HX H3TOTOBJIEHHS BCIIOMOTATEJIBHBIX CTPYK-
TYp CpPeACTBaMH IOJIYNIPOBOJHHKOBOH TeEX-
HOJIOTHH, B HACTOALIEE BPEMS XOPOLIO H3Y-
4yeHbl. OAHAaKO Ha OJaMXkaflleM 3Tane YMeHb-
IIEHHUS pa3MepoB —II0 KpalHeld Mepe J0 Tex
TIOp, TTOKa MHHHMAaJIbHBIE pa3Mephbl CTPYK-
Typ emle npesbimaroT 0,1 MkM,— 6ynyT cka-
3bIBATbCA JIMIIL T€ OrPAHMYEHHSA, KOTOpbLIE
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HMCIOT OTHOCHTEJIbHBIR XapaxTep. OHu mo-

3BOJIAKOT OTOABHHYTH 3TY TIpaHHLlY BBEDX .

TyTeM BHECEHHS CTPYKTYPHBIX H3MCHCHHH B
3JIEMEHTB], HAalpHMeEp IYTEM BBeACHHS B
KMOII-TexHONOTHIO H30JMPYIOIIMX KaHa-
BOK, 3alIOJTHEHHBIX OKCHAOM, IIPHMCHCHHS
IPYTHX MaTepHaJIOB (HUTPHIOB, CHIHIHIIOB,
TSDKEJIBIX METAJIIOB) HJIH HCNOJb30BAaHHA
HHTETrpajbHBIX cXeM, paboTalomux npH HU3-
KHX TeMnepaTypax. Ha 3ToM ocHOBaHHMH
MOXHO CHIENaTh BBIBOA, YTO B KPEMHHEBOMR
MHKPO3JIEKTPOHUKE yaacTes nepedtu k UC,
B KOTODBIX OTHEJbHBIE 3JIEMEHTHl HMEIOT
pa3Mepsl okoso 0,1 MkM, a cTeneHb HHTEr-
pauun goctaraer 10'° anementos. D1H nud-
PHl MBI NOJYYHJIH, IPUHAB IUIOMIAAbL KPEM-
HHEBOTO KpHCTajlIa paBHo# 1 cM? u pasge-
JMB e¢ Ha IUIOLIAAb OTIOCJIBHOTO 3JIEMEHTA,
npuHATyro paBHo# 0,1 x 0,1 MkM. Bhiie Mbl
yXe TOBODHJIM O TOM, YTO HHTErpaJibHLIE
CXEMBI yXe ceifyac MOTpeOJAOT TOBOJIBHO
MaJo 3Hepruu. 1o kacanock UC, cogepxa-
wux 10° anemenTon kaxaas. Ho maxe ecn
UC comepxut 107~ 10® oTmenbHEIX 3neMEH-
TOB, IpobJieMa 3aKJI04aeTCa He B YepecHyp
60sb1IOM 3HEPronoTpebIIcHHH, a B TOM, 4TO
9Ta SHEPTHs MPEBPAIIAETCA B TEIUIO H BHI3HI-
BaeT cuyibHbId HarpeB MC, ecnm He obecrme-
YUBAETCS JOCTATOYHO HHTCHCHBHBIH OTBOX
Temia. CymecTBYOT (U3HYECKHE IPEIeIIbl
Terionepenayd. B COOTBETCTBHH C BBINOJ-
HEHHBIMH pacdeTaMu oT kopmyca MC mpu
IpeJeNbHO JONMYCTHUMBIX TeMIepaTypax Ha-
IpeBa B PeXHMe HENpephIBHOH paboThl He-
BO3MOXHO OTBECTH TEILUIOBYIO MOLIHOCTh
6osee 10 Br. UMeHHO OTClOAa H BBITEKAET
TpeboBaHUE HaJILHEHIIErO COKpAlLEHHS ITO-
Teppr MowHocTH B HMC, HampuMep myTem
nepexona Ha GoJiee HU3KHE HANPSKEHUS TH-
Tanus. [lpedgensl MOMHMO BCero mpovero
ONpENEIAOTCA TAKXKE TEIJIOBHIMH KoJeba-
HHAMH 3((GEKTHBHOTO HANPSKCHHA, O 4YEM
MBI YK€ TOBODHJIH BBILLE.

JanbHeiimee yMeHbIIEHHE Pa3MEPOB 3J1€-
MEHTOB BIUIOTh OO IPHHIHIHAJILHO BO3-
MOXHOTO (H3MYECKOro Mpenesia He SBIAET-
cfl, KAK MBI 3HAEM, CAMOIEIBIO. DTO JIMIUbL
CPEACTBO [Ns JOCTHXEHHS OIpEae/ICHHOR
LEJIH, T.€. YBEJMYEHHs CTENCHH HHTErpalMH
U NOBBIIIEHHS 6bIcTpoaeicTBHA. UTOOH OB-
JageTh TexHonorued wusrotosneHus HC c
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6oJiee BLICOKOH CTENEHBIO MHTETpallMH, He-
00X0OMMO PELIHTH HE TOJBKO PAaCCMOTPEH-
Hble HaMH mpobneMbl B IMkie 1, HO H
3ajay4s, cBA3aHHbIC ¢ HHKJIOM 0. Yxe roso-
PHJIOCH O TOM, 4TO JJI MepeXxola Ha TMOoJy-
TIPOBOIHHKOBEIE KPHCTAIIIBI ¢ 6OJIbIIEH TLTO-
AdpI0 NPH NMPHEMJIEMOM BBIXOAE TOIHBIX
H3OcJul HeoOXOAMMO HaJAJUTh IIPOM3-
BOACTBO IOJIYIIPOBOJHHKOBBIX . THCKOB C
MEHBIIER IIIOTHOCTBIO Ae(EKTOB H HapyIIe-
HHUi cTpYKTYyphl. Petmurh 3Ty 3amadvy meita-
JOTCH 33 CYET COBEPILIEHCTBOBAHHS OTIEJb-
HHIX ONEpalmHid H3TOTOBJIEHHS MOJYNPOBOI-
HHKOBBIX OUCKOB M KpPHCTaJUIOB 0Oe3 Kako-
ro-mibo mepexola Ha NPHHIHUIHAILHO HO-
ByIO TexHoJoruroo. Urto kacaercs mosyde-
HHSl KDEMHHEBBIX KPHCTAJIOB-CTEPXKHEH, TO
31eCh JOMHHHPYIOLIEE MOJIOKEHHE MO-IPEX-
HeMy 3aHuMaeT Metond Yoxpanwckoro. Ero
HEJOCTATKH CBSI3aHBI C TEM, 4TO B KPEMHHE-
BOM DpAacCIUIaBe, H3 KOTODOTO BBHITATHBAeTCs
KPHCTaJUI, BOBHHKAIOT Mapa3sUTHBIE MOTOKH,
00ycIoBIeHHbIE TEPMHYECKHMH H THADOOH-
HamH4eckuMH 3ddekTamMu, a 3To BedeT K
HapyIICHHIO CTPYKTYDH MaTepHana. XoTs
YCTPaHHTDh BJIHAHHE 3THX 3aKOHOMEPHBIX 3¢-
(GEeKTOB COBCEM He NIPOCTO, MOXKHO CO3JaTh
YCJIOBHSl, KOrJa BO3ICHCTBHE MAarHMTHOIO
IOJIS Ha pAacIUIaB MO3BOJIAET PEryJUPOBATh
XapakTep Hx MposiBjieHHs. B pesyneraTe cy-
LIECTBEHHO YMEHBIIAETCA MHTCHCHBHOCTh
MOTOKOB, YTO JA€T BO3MOXHOCTb BBIpAIllH-
BaTh UAcaJbHbIE KpUCTaUILL. B Xxome mpeasa-
PHTEJILHOH NMOATOTOBKH MOJIYIIPOBOJHHMKO-
BBIX IOUCKOB K JaibHeHinell obpabotke B
uukie 1 B mepcnekTuBe 60Jice MIMPOKOE MPH-
MEHEHHE HAalOyT NpoLecChl TeTTEPHPOBAHKS,
C MOMOINBI0 KOTOPBIX HEXeJIaTeJbHbIE Ie-
({eKTH AKTHBHOTO TOHKOIO CJIOS JIMIEBOH
MOBEPXHOCTH OHCKAa BHITECHAIOTCA B TIyOb
MaTepHala WIM Ha NMPOTHBONMONOXHYIO MO-
BEPXHOCTh. B 3TOM cilyyae ToBOpAT 0 mex-
HOAO2UU KOHWMpoAA Oedexmos. Y Benuye-
HHE AHaMeTpa KPEMHHEBOTO MOHOKPHCTaJI-
JIAYECKOTO CTEPXKHS, a CIeJOBAaTEJbHO, H
IUAMETPa MOJYNPOBOAHHKOBOTO OHCKA IO
150 mxMm u Gonee, cTraBiuee ceiiyac ogHOM U3
NepBOOYEPEIHBIX 33024 COBEPIICHCTBOBAHHUS
3TOro 3Tama MPOM3BOJICTBEHHOrO Ipolecca,
XOTS M He BeJET HEMOCPEACTBEHHO K MOBBI-
[ICHAIO CTEICHH HHTET DAllMH, BCE XK€ IMO3BO-
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JIfET YBEJIHYHTH OOIlee 4UCIIO KPHCTAJUIOB
Ha OOHOM MMCKE, T.€. HOOHATH IPOLEHT
BBIXOJa FOJHBIX H3Aesni B uukie 1. OgHako
KOCBEHHBIM IyTEM YBEJIMYECHUE OUAMETpa
NOJIyIPOBOJHUKOBOI O AUCKA BCE XKe CIHOCO0-
CTBYET IOBBIIIEHHIO CTEHNEHM HHTETPAIMH.
ITepexon na UC ¢ BLICOKO#H CTENEHbIO HHTET-
palMH BeCbMa YXeCTo4aeT TpeOOBaHHUA K
(yHKIIMOHATTLHBIM HCIIBITAHUAM H Ka4eCTBY
pa3paboTku Tononorux MC. YacTto ucxomar
H3 TOro, 4YTO 3aTpaThl Ha pa3paboOTKy TOMHO-
JIOTHH HMHTETPAJIbHBIX CXE€M MMEIOT 3KCIIO-
HEHIMAJIbHYI0 3aBHCHMOCTb OT CTENEHH HH-
Terpali¥. BBIMONHUTE 3TH CBEPXXKECTKHE
TpeOOBaHUA NBITAIOTCA HE TOJIBKO IYTEM
KOMITbIOTEpU3allK paboT, HO U MyTeM pa3-
paboTKH HOBBIX MPHHIUIIOB TOMOJIOIHYECKO-
ro npoexktupoBanus VC, Bkmoyas co3gaHue
HOBBIX KOHLENIMH MOCTPOCHHS OTIE/IbHBIX
3eMeHTOB. PaHee MBI yXe TOBODHJIH O
npoektupoBanun MC Ha 6a3ze cTaHZapTHBIX
3J1EMEHTOB. DTOT METOJ HaXOOUT HpHMEHE-
HHe.IIpeX e BCEro NpH pa3paboTke 3aKa3HbIX
UC. T'oBopuIn MBI TakXe€ H O JIOTHYECKHX
MaTpHIaX, HCIOJIb30BaHHE KOTOPBIX OaeT
BO3MOXHOCTb 3aMETHO COKDAaTHTh 0OBEM
IPOEKTHBIX paboT [0 3Tama NOATOTOBKH
TONOJIOTHYECKON MTOKyMEHTAllMM Ha H3rO0-
TOBJICHHE BEPXHUX OJHOTO-IBYX cjioeB ¢dop-
MHpyeMo# cTpykTyphl. K oagHoit u3 mocnen-
HUX KOHIENIHMH CledyeT OTHECTH CaMOIpO-
Bepky MC. Bta KOHUENUHS ONHpaeTCs Ha
crepyrome ¢axktopsl. Bo-mepBbix, ¢yHK-
LIHMOHAJIbHbIE HCHBITAHUA MPEICTABIAIOT CO-
60it He 4TO HHOE, KaK pElICHUE CIeHalbHOR
3agayn o6paboTku HHPopmaumu. Bo-BTO-
pbix, cama C cnocobHa o6pabaThiBaTh HH-
dopmamuro. Cnenosatenbio, UC Moxer ca-
MOCTOSTEJILHO NPOBEPHUTH caMy cebf, T.e.
OCYIIIECTBHTh CaMOIIPOBEPKY. B ciydae ¢
WC, xapaKTepH3ylOIIMXCA OYEHb BBHICOKOH
CTENCHbIO HHTEIDAllMH, B OIPEICNICHHBIX
0BCTOATENBCTBAX HEKOTOPbIE GyHKIIMOHAIIB-
Hble 3JIEMEHTHI, HallPUMED S4YEHKH NMaMATH,
cledyeT yBEJIMYHMTb KOJHYECTBEHHO, T.€.
OTOWTH OT TEXHHYECKOTro 3aljaHus. B HOp-
MaJIbHOM DEXHME 3TH YacTH CXeMbl HE HC-
MOJB3YIOTCH, T.€. OCTAOTCH, KaK HPHHATO
TOBOPUThH H30LITOYHBIMH. OIHAKO MpPH BBI-
XO0lle B3 CTPOs Kakoro-iu6o akTHBHO pabo-
TalolIero 3jJeMeHTa CXeMa aBTOMAaTHYECKH
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HNOAKIIOYaeT H30BITOYHBIA. TakuM mnyTem
MOXHO CYIIECTBEHHO YBEJIMYUTH BHIXOX IOJ-
HBIX M3JEJIHi, a Takke HONHATH 3KCIUTyaTa-
nuoHHyto HazaexHocTb UC ¢ Bbicoko#t crte-
NEHbIO MHTErpauuu. Pemmmrths Te ke 3agavn
MO3BOJIAET H METOJ, OPUEHTUpYIOIHUiica Ha
UHMeZPAYU0 HA YPOSHE NOAYNPOBOOHUKOBOL
naacmunsl. B 3T0M criy4ae Ha niacTHHe (Iuc-
ke) yxe (GopMHpYHOT He OOJIBIIOE YHCIIO
ogHotunHbix UC, a TOJIbKO HX YaCTH, COeIH-
HSAEMBbIe HEMOCPEICTBEHHO Ha IUIACTHHE B
obIyIo cxeMy, mpu4yeM Takas cOopka 3aHH-
MaeT oAb Bcero Aucka. UTobbl mpH
TakoM Hoaxoae JOOHTHCSA NPHEMJIEMOTO BbI-
XoJa TOOHBIX H3JENIHH, IPAaKTHYECKH HEBO3-
MOXHO 0OOHTHCh 6e3 H3OBITOMHBIX CEKIMH
BHYTpH 00Ile# cxeMbl. CerogHs eIie Helb3s
CKa3aTh C NMOJIHOK YBEPEHHOCTbIO, KOTAa MBI
BbIfiIeM Ha TEXHOJIOTHYECKMH YPOBEHb, MO-
sposisrolMd  u3rotaBnuBath HMC co cre-
neHplo uHTerpauud 107-10% oTgenbHBIX
37eMEHTOB. BHE BCAKOro COMHEHHs, Npel-
CTOMT IMpeodoJieTh eme GoJsiee CEephE3HBIE
TPYOHOCTH 110 CPABHEHHUIO C TEMH, C KOTODBI-
MH MHKDPO3JIEKTPOHHKA CTaJIKHBaJIach B CBO-
€M pa3BHTHHM OO ceromHsuiHero maus. [loka
MBbl MOIJIH TOBODHTb O TOM, 4TO CTEIEHb
HHTErpaluy yaBauBaeTCs Kaxaslid roa. Ecmm
npuHATH 1960 r. 3a OTHpaBHYIO TOYKY, T.€. C
HYJICBBIM YPOBHEM HHTETpalldH, Korga Ha
OIHOM KpHCTaJUle MOMEIIAETCH OOMH 3JIe-
MeHT, To B 1970 r. cTemeHb HHTErpalLdu
IOJIXKHA 6bla 661 cocTaBuTh 21°, UM OKOMIO
103, a B 1980 r.—22°, unu okoso 10°, anmemeH-
ToB. OHAaKO NOCJIETHUH NOKa3aTelb B TO
BpeMsd ellle He Obl1 mocTUrHyT. Henb3s He
3aMETHTb, 4TO B kOHLEe 70-x-—-Havane 80-x
rooB B NPOTHBOBEC MPOrHO3aM CTaJIo Ha-
6romaThCs 3aMeIJIEHHE TEMIIOB Pa3BHUTHA.
IIprynHOM 3146CH MOXHO CYHTATh BO3HHUKHO-
BEHHE Ka4yeCTBEHHO HOBBIX TpeboBaHHMit K
TEXHOJIOTHH, OOycJIOBIEHHBIX Heobxoau-
MOCTBIO MepexoJa K CYOMHKPOHHOM TEXHO-
JIOTHH, U3MEHEHHE KOHLEIIHU MOCTPOCHHSA
OTHEJBHBIX 3JIEMEHTOB HHTETPAJIbHBIX CXEM,
a Take pa3paboTKy CBS3aHHOH C 3TUM ToO-
HOJIOTHH W TpoBedeHHe (YHKIMOHAIBHBIX
HCObITaHUR. BiepBbie cyOMUKPOHHBIH MOpOT
yoajock npeomoietb B 1987 r. OToT ycmex
CBA3aH C M3TOTOBJICHHEM JIHHAMHYECKOIO
3VIIB Ha 4 MOHT, B HHTErpajbHOH cxeMe



156

KOTOPOTO IIMPHHA HAUMEHBIIETO CTPYKTYD-
Horo 3neMeHTta paBHa (0,8 MxMm. CoriacHo
MPOTHO3aM SAMOHCKHUX YYEHBIX, peaju3anus
CTPYKTYPHBIX 3JIEMEHTOB HIMpUHOH 0,1 MKM,
KOTOPYIO HECKOJIbKO paHee B 3TOH IJiaBe
MBI 0XapaKTePH3OBAJIH KaK NpeAeSIbHO BO3-
MOXHYIO B KPEMHHEBOH MHKPO3JICKTPOHUKE
H KOoTopasg OOECHeYHUT MpPaKTHYECKOe H3TOo-
ToBjaeHHe UC co cTeneHbIo MHTErpallii OKO-
0 10'° OTHeNbHBIX 3JIEMEHTOB, MO3BOJIUT
co3nate OuHamuyecke 3VYIIB eMkocThio
1 T'6ut (10° 6uT). HEKOTOPBIM 3TH HPOTHO3BI
KaXyTCA CIMIIKOM cMesbIMH. Ecimm, oaHako,
TIPUHATH BO BHUMaHHE CHOBA YCKOPHBIINECH
TEMMBl POCTa CTENEHW HHTErpamuH (HalpH-
Mep, ellle COBCEM HelaBHO IMOSABJICHHE OHHA-
mudeckoro 3YIIB eMkocTbio 4 MOHUT OXH-
Janoch He pasee 1990 r.), To ciaeayeT npu-
3HAaTh, YTO OHH HMEIOT DPeaJIbHYIO OCHOBY.
HeobxomauMo Takxke MOO4EPKHYTh, YTO YBE-
JIMYeHHE CTETNIEHH HHTErpallli UMEeT BaXKHOE
3HavyeHne He Toubko WA UC maMsATH, HO U
IUT MHTErpajbHBIX CXeM, OPHEHTHPOBAaHHBIX
Ha ob6paboTky mHpopManuu. MMeronue 6o-
Jiee BBICOKYIO cTerneHb MHTerpauuu UC mpo-
LECCOPOB IMO3BOJIAIOT BHIATH Ha MOBBIIIEH-
HBI ypOBEHb HapasuieausMa B obpaboTke
HHbOpMalIMH, a ClIeJOBATEIbHO, U MOIHATH
ee ckopocTb. MMeHHO mapajutem3M, a He
OBICTpOACHCTBHE  OTHOENBbHBIX  3JIEMEHTOB
HMEET pellarolee 3HaYeHHe ¢ TOYKH 3pEeHHS
yBeJIHYEHHS ckopocT 06paboTku uHpopMa-
uud. OOHAKO 3TH YOUBHTEIBHBIE BO3IMOX-
HOCTH KpPEMHHEBOH MHKPOIJICKTPOHHKH HE
IOJDKHBI 3aTYIIEBHIBATH TE€ OTPOMHbIE Ipe-
NATCTBUSA, JIUIIb IPEOJ0JICB KOTOPbIE MOXHO
PEe4aNN30BaTh MPAKTHYECKH TO, YTO BO3MOX-
Ho B npuHuHUNe. O HEKOTOPBIX U3 MPENATCT-
BHH, CTOSILIIMX HA HAIlleM NMYTH, Mbl TOBOPH-
JIM BbllIe. 3HAYHTENLHOE YXECTOUEHHE Tpe-
60BaHU#A, BBIMOJHHUTL KOTOpble NPEICTOHT
IIpH nepexoae Ha CYOMHKPOHHYIO 3JIEKTPO-
HHKY, JIETYe ONEHHTh HA NPUMEpPEe aBTOMO-
6unectpoenrsa. IIporHo3upyeMsblil Kauect-
BEHHBLIH CKa4OK B MHKPO3JIEKTPOHHKE IpH-
MEHHTEIBHO K aBTOMOOHJIECTpOCHHUIO DyaeT
03HA4YaTh CO3JaHHe aBTOMOOHIIEH, croco6-
HBIX TiepenBurathcss B 10 pa3 ObicTpee H
BMmemaTth B 100 pa3 6onbuie Jroneir u rpy-
30B. ABTOMOOWIBHON IPOMBIIIJIEHHOCTH OC-
TaeTCcA TOJILKO pagoBaThCs TOMY, UTO Iepen

['naea 7

Hell TakHe 3aJadd HE BO3HHKalOT. Mukpo-
3JIEKTPOHUKE NMPEICTOHUT CIPAaBHTHCH € NPOO-
JIeMOH CO3JaHUS HOBBIX HHTErPaIbHBIX
cXeM, 3aHHMAIOIIUX MO OTHOLICHHIO K CY-
IIECTBYIOIIMM Ha ceroauswmnuit aess MC
NPUMEPHO TaKoe e MOJIOKEHHEe, Kakoe 3a-
HHMAaeT CaMoJIET MO0 OTHOIICHHIO K aBTOMO-
OMII0, OCTaBasCh MHPH 3TOM HEHAMHOTO
nopoxe. TeM He MeHee MUKPO3JIEKTPOHHKA B
COCTOSIHHHM CIIPAaBHTHCA ¢ MOJOOHBLIMH TPYA-
HOCTAMH, XOTSA 3TO MOTpebyeT BechbMa 60JIb-
LIKX 3aTPaT U KOPEHHOTO U3MEHEHHS TEeXHO-
norud. M Bce xe, o Bcelt BUOUMOCTH, J1axe
He NMPHAETCA OTKa3bIBATHCA OT MOJYIIPOBOI-
HHKOBOMH 3JICKTPOHMKH B €€ COBPEMEHHOM
BHIE.

OaHako Bce 3TO MPOM3OHOET HE Ha Mep-
BOM 3Tane oOHOBJIeHHA. [LoMynpoBOTHHKO-
Basg MHKPOICKTPOHHKA 00J1afaeT DAIOM
elIe He pacKphITHIX BO3MoxHocTed. Hanpu-
Mep, B NPHHIHANE He SCHO, NOYeMy €IWHCT-
BEHHBIM MATEpHaJIOM OCTAeTCs KPEMHHH U
MOYEeMY IS H3TOTOBJICHHS HHTErpaJIbHbIX
CXeM He MOTYT ObITh HaliIeHbl HOBbIE Ty TH U
CpeICTBa, MO3BOJISIONIME HCIOJIB30BaTh H
Opy2ue noaynposooHuKo8ble MAmepuansl, Tpe-
BOCXOZSAIIME KpEMHHH MO HEKOTOPBIM Xapak-
TepHcTHKaM. MBI yxke yIOMHHajJHM apceHHI
rajulus, B KOTOPOM 3JIEKTPOHHl 00JsamaroT
ropaso 0oJiee BBICOKOH IIOOBHXHOCTBIO -
8800 cM2/(B - c) IO CpaBHEHHIO C 3J1EKTPOHA-
MH B KpeMHHH 1350 cM?/(B-¢)—u KOTODBIH
obnagaeT pAIoOM OpYTHUX CBOHCTB, NPEICTaB-
JIAIOINX MHTEPEC IJI1 MHKPOJIEKTPOHHKH.

ApceHung-rannunesasn
MUWUKPO3JTeKTPOHUKA

B HacTosee BpeMs NapaJlIeIbHO ¢ KpeM-
HHEBOH (hakTHUECKH yXKe CYIIECTBYET M YC-
HELIHO Pa3BHBACTCA apceHud-2aiiue8as MHUK-
PO3JIEKTpOHHKA. M3-3a MaJlo# MOOBHXHOCTH
JBIPOK B apceHHae rauius—460 cm2/(B-c)—
Takas 3JICKTPOHHKA OTJIHYAETCH YHUNOAAD-
HbiM  XapaKTEPOM M «MMEET IeNa» TOJb-
KO ¢ 3JIeKTpOHAMH. BHIONApHBIE TpaH3HUC-
TOpBI 3IeCh OTCYTCTBYIOT, XOTA H B 3TOM
HampaBjIeHHH MPOBOIHIHCH JaGopaTopHBIE
IKCIIEPUMEHTHI. BaX(HEHIIMM CXEMHBIM 3JIe-
MEHTOM 3JICKTPOHHBIX YCTPOHCTB Ha OCHOBE
apceHHIA TaJUIHA ABJIAETCA IOJIeBOH TpaH-
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Puc. 68. ApceHua-raniueBblii NoneBOH TpaH3MC-
Top ¢ 3aTBopom IlloTkH.

3HCTOD, KOTOPBIH B OTJIHYHE OT MOJOOHOrO
npubopa KpeMHHEBOH MHKPO3JIEKTPOHUKH
peajiH3yeTcss He B BHIE IOJIEBOH CTPYKTY-
pBl THNA METaJUl—OKCHI — MOJYIPOBOAHAK
(MOII), a kak mojeBas CTPyKTypa THOa
MeTaJul—nonynpoeogHuk (MIT). vV MII-
TPaH3MCTOpPa, KOTOPBIH Ha3bIBAETCA TaKXke
MOJIEBBIM TPAaH3HCTOPOM ¢ 3aTBopoM IlloTku
(puc. 68,a), MeTanIH4YecKHil 3JIeKTpOI-3aT-
BOP pAacmoJiaraeTca HenmocpeACTBEHHO Ha 00-
JIACTH apceHHa TaJulds C 3NeKTPOIpPOBOA-
HocThlo n-THNA. [Toxa 3aTBopoM nexur oben-
HEeHHBIt C/IOH, B KOTOpBIH NpH mojgade Ha
3aTBOP TOJIOKHTENBHOTO 3JIEKTPHYECKOTO
HANPSKEHHSA MOTYT «BTATMBATHCHA» JJIEKTPO-
Hel. B pesynbTate cil0oil CTaHOBHTCS TOKO-
npoBonsammM. Takum oOpa3oM, NpHHIMI
paboThl MONEBOTO TPAH3UCTOPA C 3aTBOPOM
[IoTkM HECKONBKO OTJIHYAETCH OT NMPHHIHAINA
pabotet MOII-Tpan3ucTopa. ApceHHO-ran-
THeBBbIH NMpHOOpP ABIAETCA MOJIEBBIM TpPaH-
3HCTOPOM C BCTPOEHHBIM KaHanoM. UTobwni
MOJIHOCTBIO MCMOJIB30BAaTh TNPEUMYINECTBA
6oJiee BLICOKO#H MOABHXKHOCTH HOCHTENEH 3a-
pAga IUIs COKpALLEHHs BPEMEHH MPOXOoXIe-
HHS CHMTHaJla 4Yepe3 MOJIEBOH TPaH3HCTOp C
3aTBopoM lloTku, OnMHA kKaHana B apce-
HHJI-TaJJINEBOM npubope HoKHA OBITE Me-
Hee 1 Mxkm. Kpome Toro, 6aza MOII-Tpan-
3UCTOpA CleNIaHa W3 apCeHHIa rajulus, a Kak
H3BECTHO, OKCHJ 3TOTO MaTepHana He obna-
JaeT TAaKHMH e CBOWCTBAMM, KAaKUMH Xa-
pakTepedyercss OKcuA kpeMHHsA. [loatomy
IS M3OJIALMK TOKOMPOBOJSAILIMX JIMHUH, a
TAKXKe [N NAacCHBALlMM M MAaCKHPOBAHUA B
apCeHHI-Ta/UTHEBOH JIeKTPOHHKE MPHXOAMT-
Csl MCTOJB30BaTh Apyrue matepuansl. He-
CMOTpsA Wa BCE 3TH TPYIHOCTH, CETOOHSA
NPOMBIIIEHHOCTE OCBOMJIA CEpHMHHOE Mpo-
H3BOJCTBO NMPHOOPOB Ha NOJIEBBIX TPaH3HUC-
Topax c¢ 3atBopoM Illotku. IlpaBma, moka
OHH HMMEIOT Majyl H CpEeJHIOI CTENeHH
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HMHTETpalMH, W TJIABHOE MECTO CpelH HHUX
3aHMMAIOT aHAJIOTOBLIE MEPEKIIIOYATENH LISt
CBUY-ycTpo#icTB, XOTS BBIYCKAOTCA U LHd-
poseie UIC. IlepBrie nabopaTopHbIE HHTET-
pajbHbIE CXeMBl Ha OCHOBE apCeHHIa rajins
6bL1H co3nausl B 1980 r. B HacTosuwee Bpems
usrorasnausaroT Takxke 3VIIB emkocThio 1 H
4 x6UT C MUHHIMAaJIbHBIM BPEMEHEM BBIOOPKH
3 Hc. JInAa cxeM, KOTOpBIE HOJIKHBI OTJIM-
4aThCA BHICOKHM OBICTPOIEHCTBHEM H Mallbl-
MH moTepsaMH (pHC. 72), KpOMe BBHICOKO#
MOABIKHOCTH 3JIEKTPOHOB BaXKHOE 3Ha4YeHHE
HMeeT H TaKoe CBOMCTBO apceHHIa rajuius,
KOTOPOMY HET aHaJiora cpelld CBOHCTB KpeM-
HHS: apCeHHH TaJlIus MOXHO CcOenaTh U
H30JATOPOM, HANIPUMED MYTEM JIETUPOBaHHUs
(D0 COOTBETCTBYIOIIEH KOHIEHTpALMH) aTo-
MaMH Xpoma MWIH, 4TO HENaloT Yalle, HCK-
JIIOYeHHs J1oboro, B TOM 4HCIIE H Cly4aiHo-
ro, neruposanus. Ecnu ucnone3oBate B Ka-
YeCTBE MOMIOKKH IHIIEKTPHK MM TOJYIH-
37IEKTPHK M3 apceHMa rajuiud, TO oTmajeT
HEOOXOAMMOCTh BO BCEX ONEpANMAX MO pa3-
BSI3KE 3JIEMEHTOB, KOTOpPble HEH30EeXKHO oCy-
LIECTBIAOTCA O kpeMHHeBbIX UC, BRI3BI-
Baf CYLLECTBEHHOE yXYHILEHHE TaKO# Xapak-
TEPHCTHKH, Kak paccesHue MoiuHoctd. ITpu
paboTe ¢ KpeMHHEM 3a/aya YACTHYHO obJer-
YAETCH 33 CYET M3OJIALMH MOIOKKH MaTe-
pHMAJIOM HHOTO pOAa, B Ka4ecTBe KOTOPOro
yalle BCEro MpUMEHsIOT candup (TexHomo-
rus KHC). HecMoTps Ha mnepevHceHHbIE
MOCTOMHCTBA apCeHHOa Tajilud, C TOJHOH
YBEPEHHOCTBIO MOXKHO YTBEPXKAATh, 4YTO eMY
HE yAacTcsA NOTECHATh KPEMHMIA, O-TIpeXKHe-
MY 3aHHMAIOLHA B MHKPO3NEKTPOHHKE JO-
MHHHpYIollee nojoxenue. [Ipencrasnenue o
IEHCTBUTENILHOM 3HAYeHHH apCeHHI-TaJlIne-
BO# 3NIEKTPOHHKH MO CPABHEHHUIO C KPEMHHE-
BOM [aeT clledylollas CHOpaBKa: €cld B
1975 r. ronpoBoii 06eM 06paboTKH MNACTHH
M3 apceHHpa ramnks cocraBun 300 Thic.
mT., To B 1985 r. o moctur 1 MuH. IUT.
CpaBHHB 3TH NOKa3aTeJH ¢ o6reMamMu obpa-
6oTKH KpeMHMs, korga yxe B 1980 r. 6w110
u3rotoBneHo 100 MJIH. MUIACTHH, Bbl MOMe-
T€, YTO ApPCEHMI rajjus 3aHMMAaeT BECbMa
ckpoMHoOe MecTo. Hukakux cepbe3HbIx H3Me-
HEHHH B 3TOM OTHOILUEHHH HE NPEeABUAMTCA U
B Oynymem. BeposTHOCTE TOTO, 4TO apceHHN
TajgaMs BBITECHMT KPEMHHH, Tak Xe Mmana,
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Kak H BEPOATHOCTh TOrO, YTO B METAJLIyp-
TAH aJIOMHHHA BBITECHHT cTadb. OmHaKo
3JIEKTPOHMKAa Ha OCHOBE apceHHJa rajlius,
HECOMHEHHO, OyIeT CYIIEeCTBEHHO [OIMOJ-
HATH KPEMHHEBYH) MHMKPO3JIEKTPOHHKY, pac-
IUHpPSAS €€ BO3MOXHOCTH.

Im-rrerpan bHa@A ONTOJINEKTPOHUKA

Ocoboe nperMyIHIeCTBO apCeHHIa rajuHs 3a-
KJTFOYaeTCst B TOM, 4TO €I0 C YCIeXOM MOXHO
CMELINBATh C APYTHMH NOJYNPOBOJHUKAMH,
HanpuMep apceHHOOM aNFOMHHHS WIH (oc-
¢unom rannus. Ilogbupas cooTHoILEHHE
KOMIIOHEHTOB TaKOW CMeCH, MOXHO IMOJy-
4aTh MOJYNPOBOJAHHKOBEIE MaTepHasl, 06-
najalollye — KOHEYHO, B M3BECTHBIX TIpeje-
nax — TpebyeMBbIMH 2IEKTPHYECKHMH U ONTH-
4YecKHMH cBoicTBaMH. Takue noJIy4YeHHBIE

ntGaAs

Monyawmanextpux GaAs

AuGe/Au Al Cr/Au

Au/Zn/Au

Puc. 69. I'etepocTpykTypHBIfi 5aszep Ha OCHOBE
apCeHHa TaJUIHA ¥ apCEeHNAA TaJUIHA-a/IIOMHHHA
(cmpaBa) BMeCTe C apCeHHA-TaIMEBbIM MOJEBBIM
TPaH3UCTOPOM (CneBa) B BHIOE MHKPOCTPYKTYDEI
Ha ofHOM KpHcTae. Ha pucyHke nokasaHel pa3-
JIMYHbIE ITANBI H3rOTOBJIEHHA.
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MyTEM CMEILEHHA OJNYNPOBOOHUKH yXe JAaB-
HO NPHUMEHSAIOTCA JJIS H3TOTOBJIEHHA OMNTO-
3NeKTPOHHBIX CXEMHBIX 3JIEMEHTOB, B 4acT-
HOCTH JIFOMHMHECIICHTHBIX OHOMOB, Ja3ePHBIX
mionoB u dotomuomoB. Bmaromaps stomy
BO3HHKAET BO3MOXHOCTb (JOPMHpPOBaHHS Ha
OOHOM H TOM 3Xe IONYIPOBOAHHKOBOM
KpHCTaJllle M3 apceHHOa ralius Kak 3JIeKT-
POHHBIX 3JIEMEHTOB, B MEPBYIO OYepelb IMO-
JIeBBIX TpaH3ucTOpoR ¢ 3aTBopoM llloTkwm,
Tak H ONTO3JIEKTPOHHBIX 3yeMeHTOB. Ilep-
BbIe OMBITHBIE OOpAa3lbl TAKOH HHTErpaib-
HOM MHKPOCTDPYKTYpHI yXKe MOJy4YeHBI B Jia-
bopaTopusax (puc. 69).

Jns MHTErpajbHBIX CXeM Kak MHKpPO-
3NEKTPOHHKH, TaK H ONTO3JIEKTPOHHKH Xa-
pPaKTEPHLIM SBJISETCSA HCIOJIL30BAHUE MOIY-
MPOBOJHHKOBLIX 2emepocmpykmyp. B nmaH-
HOM Clly4yae pe4b HAET O CTPYKTYpax U3 psaaa
MOCJIEIOBATENbHLIX CJIOEB Pa3NMYHbIX MOJTY-
MPOBOAHHKOBBIX MaTepHAJIOB, HALIPHMED ap-
CeHHAA raJUIds M ApCCHUAA TaJTHA-aJIFOMH-
Huda. EcnM oThenbHblE CIIOH  BBINOJHHTH
OYeHb TOHKHMH, a Ppa3feNAIoIIME MOBEPX-
HOCTH CIeJIaTh YPEe3BLIYaHHO INIAJKHMM, TO
BO3HHMKHYT TaK Ha3biBaE€MBIC NMOTYNPOBOIHH-
KOBBIE MHKPOCTPYKTYPHI.

UckyccTBeHHblE
nonynposogHMKOBbIe
MUKPOCTPYKTYpbI

Ha ocHoBe Takux CTPYKTYp MOXHO IOJY-
YHTh 3JIEKTPOHHBIE CXEMHbBIC KOMIIOHEHTHI
COBepIUEHHO HoBoro Tumna. IlokasaTenbHbIM
NpHMEpPOM sBIseTCs CcBepXxObicTpoaeicTBY-
IOILIMH TPaH3UCTOpP, MOJYYMBIHMHA Ha3BaHHE
TPAH3UCTOpPa C BBICOKOH MOABMXHOCTBIO
anexktpoHoB. IlepBbie coobleHns o HeM 1o-
ABUIHCH B 1981 r., a B HacToOsAIIEe BpeMA yiKe
CYILECTBYIOT NpHOOpPHI C BpEMEHEM Iiepe-
KJIro4eHHs 17 HC MpM KOMHATHOH TeMnepary-
pe U 5 nc npH TemMnepaType XHAKOTO a30Ta.
CeroaHs TPaH3HUCTODHI C BBICOKOH IOJBHX-
HOCTBIO 3JIEKTPOHOB BBIIIYCKAFOTCH CEPHIHO.
JlabopaTOpHBIM MyTEM CO3JaHO Takke yCT-
pOiiCTBO YMHOXEHHS 4 X 4 HBOHMYHBIX pa3-
PANOB, HaCUMTHIBalOLIee B OOIIeH ClIOXKHOC-
TH 1000 3nementoB. He MeHee ceHcanMoOH-
HBbIE XapaKTePHCTHKH HMEIOT H TaK Ha3bIBae-
MBbl€ TONYNPOBOAHHKOBBIE JIa3€PHBIC OHOBI
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€ HECKOJIbKHMH KBAHTOBBIMH SIMAMH, OTJIH-
yajomuecs BbIcOKUMH KI1Jl, HamexHOCThIO
H cpokoM ciyx6pl. CregoBaTeNbHO, OHH
SBJIAIOTCS NpHOOpaMH, B KOTOPBIX OCTpPO
HYXOAIOTCA MPOCKTHPOBILIMKM BOJIOKOHHO-
ONTHYECCKHUX JHUHHHA cBs3d. UeM xe ompele-
JISIOTCA  BEJIMKOJIENHblE  XapaKTEPHCTHKH
3THX H IPYTHX CXEMHBIX JIEMEHTOB, IOCTPO-
€HHbIX Ha OCHOBE HCKYCCTBEHHBIX IOJIyNpO-
BOIHHUKOBBIX MHKDPOCTPYKTYp?

Y100OBI OTBETUTH HA 3TOT BOMPOC, HEOO-
XOOHUMBI KO€-KaKHe NpeIBapHTEIIbHbIE IMOSC-
HeHHs. B KOHEYHOM HTOTe OTJIHYHBIE CBOMCT-
Ba TAKHX MOJIYNPOBOAHHKOB ¢ TOYKH 3PEHHS
peaTM3alUH 3JICKTPOHHBIX CXEMHBIX 3JIEMEH-
TOB OOYCJIOBNIEHHI OCOOEHHOCTAMM HX MUuK-
pocmpykmypsl, T.. NPHPOJOH aTOMOB H
CHEUHPHYECKOH YTIOPATOUYEHHOCTbIO IPOCT-
DaHCTBEHHOH peleTkH. MHKpPOCTPYKTYypa
XECTKO pETJIAMEHTHpPYeT TIpexae Bcero
CTPYKTYpPY 3HEPIeTHYECKHX 30H IOJyNpo-
BOJHMKA, KOHQHTYpalMs H pacHoJioXeHHE
KOTOPBIX B CBOIO O4epelb pelalomumM odpa-
30M BJIHAIOT HAa CBOWCTBA MaTepHana. 3mech
cjedyeT BCIIOMHHMTbL HAallM PAacCyXICHUS U3
1. 3. B To %e BpeMs caMa MHKPOCTPYKTypa
B 3HAYUTEJIBHOHN CTENEHH «3alpOrpaMMHUpPO-
BaHa» (PU3MYECKHMMH CBOHCTBaMH NOJYIpPO-
BOJHHKOBOIO MaTepnaia. KpeMuui, Hanpu-
Mep, OTJIMYACTCH TETPA3APHYCCKONR MHKpPO-
CTPYKTYPOH KpHCTaJUTM4ECKOH pelieTKH (Kak
H aJMa3s), TOe PacCTOSHHE MEXIY aTOMaMH
coctapiser 0,235 aM. KpHucramnuyeckas pe-
IIETKA apCEHU/A TaJUIHS TaKXKe HMEET TeETpa-
3APUYECKUH X3pakTep: B HEH COCEHHE aToO-
MBI MBIIbSKA M TaJUTds PAclojaraloTcs Ha
pacctosiHuHU 0,244 HM. OOBIMHBIM IYTEM 3TH
CTPYKTYpPbl M3MEHHTh Helb3s. Eciu xe Ha
HHX MOBJHMATh KAKUM-TO HCKYCCTBEHHBIM
CnocoboM, TO pe3yNbTaT OKaXETCA OYEHb
uHTepecHBIM. CGhOpMHPOBaB HCKYCCTBEH-
HbIM IIyTEM CTPYKTYDPY, pa3sMep KOTODOI,
HalpUMep, paBeH IUIHHE BOJIHBI 3JIEKTPOHA
HJIH COOTBETCTBEHHO JBIPKH, T.€. B QHANO30-
HE HECKOJbLKHX HAaHOMETPOB, MOXHO OKa-
3aTh BO3JCHCTBHE HA DHEPreTHYECKHE 30HBI
noJIynmpoBogHHKA. Toraa nosBHTCA BO3MOX-
HOCTb TaKUM 006pa3oM H3MEHHMTb 3HEPTETH-
YecKHe 30HBI, YTOOBI HMTOrOBas CTPYKTypa
6bl1a ONTHMAaNIbHOH I MOCTPOCHHS CXEM-
HBIX 3JIEMEHTOB ¢ 3aJaHHBIMH CBOHCTBaMH.
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Ho ckonp HM mpocta 3Ta HIes, BIEpBbIE
BBICKa3aHHas B Havyaje 70-X roaoB AMOHCKUM
¢mn3nkoM, naypeatoM Hobenesckoil npeMun
Ocaku, ee BecbMa TPYIHO peaM3oBaTh Ha
npakTuke. Heob6xoauMo xopolno npeacras-
JATh cebe, HACKOJIBKO CJIOKHBIMH SBJISIOTCS
COBPEMEHHBIE NOJYNPOBOIHHKOBbIE MHKPO-
CTPYKTYpBI, B GONBLUINHCTBE CIYYaeB OCTalo-
IHecs TOPH3OHTaIbHBIMA. Ho B B TOM city-
yae, KOrZa pa3Mepbl MHKPOHHBIE (1 MKM =
= 0,001 MM), 3TO Bce ellie MakpocmpyKmy-
pbl, IYCTb U MHHHATIOpHBIE. UTOOBI OBIa-
IEThb TEXHOJIOTHEH H3TOTOBJCHHS MHKPO-
CTPYKTYp, HEOOXOOMMO OIIEpHPOBATH pa3Me-
paMH, CPaBHHMBIMH C PACCTOSHAEM MEXIY
aToMaMy, T.€. B JUana3oHe HAHOMETPOB —B
1000 pa3 MeHbllle pa3MepoOB, NMPUBLIYHLIX B
COBpEMEHHOM MHKpO3JIeKTpoHHke. Ceropa-
HAIIHHE OOCTHXXEHHA SBJAIOTCA Hamboiee
3HAYHTEJIbHBIMH B COBPEMEHHOH Hayke H
TexHHKe. Tak, Hanpumep, 3a nocienHue 15
JIeT pa3paboTaHbl METOIBI, ¢ IOMOLIBIO KO-
TOPBHIX YOAETCA OCaXOaTh OAMH Ha APYroi
CIOH pPA3MYHBIX KPHCTAJJIMYECKHX IIOJIY-
TIPOBOTHAKOBBIX MAaTE€PHANIOB KaXIbIH TOJI-
IIHHOM BCETO B HECKOJIBKO MEXaTOMHBIX
paccTosiHMA. 3TH METOIbI TOABUIHCH B XOH¢
COBEPIIICHCTBOBAHHS TEXHOJIOTHH 3IHTAaK-
CIJIBHOTO BBIPDAILUBAHUA, KOTOpas HABHO
TIPUMEHSETCS B MHKPOJ3JEKTPOHHKE H OIl-
TOJIEKTPOHHKE [UIA (GOPMHPOBAHMSA CJIOEB
TOJILIMHOH B HECKOJLKO MHKpPOMETpOB. B
ACKYCCTBEHHBIX ~ MHKDOCTPYKTYypax  00-
JIACTh Mepexoda OT cJIosl ONHOTO MaTepHaia
K CJIOIO IPYTOro NOJDKHA UMETh TIIyOHHY, He
MPEBBIIAIOIYIO OOHOIO-ABYX MEXAaTOMHBIX
DacCTOSIHUM, TIpHYeM HCKIIOYaeTcs  3a-
METHOE CMeIIeHHe aTOMOB COCEIHHX CJIOCB,
ckaxeM, Bcneactsue muddysmu. Hambonee
yXOOHBIMH 3/IeCh OKa3aJIUCh [Ba Mpollecca —
XHMHYECKOE OCaKICHHE M3 MapoBoH ¢as3sl
METAJUIOOPTaHHYECKMX COCOTNHEHHH H MoJie-
KynspHas snuuTakcus. ITocnenusis sBusercs
HaHboJee THOKUM H YHHBEPCAJIBbHBIM IIPO-
eccoM. KOMIOHEHTH! HapaIHBaEMBIX CIIO-
€B B 3TOM CJIydae OCaXITAIOTCS Ha MOHO-
KPHCTaJJIMYECKYIO IIOJUIOXKKY B CBEpXIJIy0o-
KOM BaKyyMe€ M3 TaK Ha3bIBa€MBIX SYeeK
Kuyncena. CerogHst MeTO 3MATAKCHATIBHO-
IO BBIpaIIMBaHHA OOECIEYHBACT BO3MOX-
HOCTb CEpUHHOTO H3TOTOBJICHHA MHKpPO-
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CTPYKTYD, HAUMHas C ABYXCIOHHBIX M KOHYas
NEePHOAMYECKAMH MHOIOCTIOMHBIMH CTpPYK-
TYpaMH M3 JBYX Pa3HbIX MaTepHaJiOB, Ha3bl-
BAEMBIMH ceepxpeliemKami.

Ceepxpeluertku.
KBaHTOBbIE AMBI

H3MeHeHHe CTPYKTYphI 3HEPTeTHYECKHX 30H
W NpoYHe UX OCOOEHHOCTH MPHUBOMAAT K MOAB-
neHuro pu3HYeckHX 3G (eKToB, OTCYTCTBYIO-
LUIMX B TPAAULHOHHBIX MOJYNPOBOIHHKOBLIX
MaTepdanax H cTpykrypax. Tak, Hanpumep,
NpUHUMO paboThl YIOMSHYTOIO pPaHee TpaH-
3HCTOpPa C BBICOKOH MOABMXHOCTBIO JJIEKT-
DOHOB, CXeMAaTHYECKH [OKA3aHHOTO Ha
puc. 70, OCHOBBIBAETCHA HAa HCMOJIb30OBAHUH
OHOro U3 MoagoOHBIX 3(h(deKTOB — BBEISHHH
2JIEKTPOHOB B CJIOi MaTepHana, B SHEpPreTH-
4ECKOH CTPYKTYpE KOTOPOIro HMEETCH K8aH-
mogas Ama. B TpaH3UCTOpPE C BBLICOKOM
MOJBHXHOCTBIO 3MIEKTPOHOB CJIOH, copep-
)l(aillHﬁ KBAHTOBYH) AMY, BBINIOJIHEH H3 HE-
NerdpopaHHoro apcenuga ramwmsa. 0O6a
CMEXHBIX C/I0dA, COCTOALIHE H3 apCeHHOa
rajyius-aJlOMUHUA M M3 apceHHJa rajuius,
NETUPOBAHBI JOHOPHOH MPHUMECHIO U HMEIOT
37EKTPONPOBOAHOCTL h-THNA. Bhinensemeie
HMH 3JIEKTPOHBI «CKATHIBAKOTCA» B CJOM ap-
CeHUAa raninus, kak B nyHky. M3-3a orcyter-
BHS aTOMOB, MELIAIONIUX HX IBHXXEHHIO,
3JIEKTPOHBI B siIMe 001a1atoT OYeHb BLICOKOH
NOJABUXKHOCTBIO B HANPABJIEHUH, NApaILieib-
HOM CTEHKAM CJI0. 3aperucTpUpOBaHHbIE HA
CEero/lHs PEeKOpIHbIE MOKA3aTeNH MOABHXK-
HOCTH AOCTHTalT HECKOJBKUX MHJUTHOHOB
c¢M?/(B-c). Brarogaps 3TOMy TpaH3HCTOp €
BBICOKO# MOJABHXHOCTBIO 3/IEKTPOHOB 00a-
J4eT BecbMa OOJBIIMM OBICTPOIEHCTBHEM.

B npuHuMne 3JeKTPOHBI TAKOro TpaH-
3ucTOpa MOrYT cBOOOAHO mEepeMellaThCH
TONBKO MApaJUIeNIbHO CTEHKaM KBaHTOBOM
MBI, T.e. CNOCODHBI ABMraThCH TOJBKO B
nByx miockocTsx. Takum oOpasoM, OHH
MPeACTABNAOT co00H dgyMepHblil 34eKMpoH-
Holii 2a3. B Taxom rase 6buio obHapyxeHO
HECKOJIbKO HEOXKHIAHHOE SBJICHUE —K@aHmMo-
gblit agigpexm Xoara. Kak uzsecTHO, 06BIY-
Hblf 3¢dexkt Xonna xapakTepH3yeTCa TeM,
YTO [MOMNEpPEYHOE IJIEKTPHYECKOE NOoJIE H
COOTBETCTBYIOLIEE HANpsXKeHHe, BO3HHKAIO-
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LIMEe B MaTepuaie IpH NPOXOXICHUH 3JIeKT-
pHYECKOTO TOKa M OAHOBPEMEHHOM BO3-
JeHCTBHM MarHMTHOTO NOJIA, HOPMAaJIbHOTO
K HampaBJICHHIO TOKa, pacTyT JHHEHHO C
YBEJHYEHHEM HANpPMKEHHOCTH MAarHMTHOIO
nojs (BCIOMHHM MO 3TOMY MOBOOY CKa3aH-
Hoe B ri. 3). B kxBaHTOBOM Xe 3ddekTe
Xonna xpuBasi HanpsKEHHA HOCHT CTYIEH-
YaThlif XapakTep, T.e. B ONpedeNeHHBIX 00-
JIACTAX U3MEHEHWs HANpAXKEHHOCTH MArHuT-
HOTO MOJIA XOJUIOBCKOE HAIpsKEHHE OCTaeT-
Cf MOCTOAHHBIM, TOrAA KaK Ha rpaHuLe MexX-
Iy HAIMH OHO CKa4K00oOpa3HO BO3pacTaer A0
ypoBHA ciieayoiueil crynenu. Ecnu xouios-
CKO€ HamnpspKEHHe pa3fieNIMTh Ha BENHYHMHY
TOKa, TO MBI MOJYYHM XOJUIOBCKOE COIpPO-
TuBJeHue (puc. 71). CTyneHH XOJIOBCKOro
HANPSXKEHUS [P 3TOM COOTBETCTBYIOT CO-
TIPOTHBJICHUAM, KaX/I0€ U3 KOTOPhIX OIpeje-
nsAeTcs Kak LeJIoe HHCJIO HEKOTOPBIX Jojei
COIIPOTHBJICHHS, 3aBHCALLEro OT (yHAaMeH-
TAJNbHBIX (QU3HYECKHX MOCTOAHHBIX H HE 3a-
BHCALIETO OT CBOHCTB M (GOpPMBI H3MEpH-
TENbHOrO 30HAa. DJIEMEHTAPHOE CONPOTHB-
JIEHHEe MpH 3TOM PpABHSAETCH MNOCTOSHHOMN
Ilnanka (h), nenmeHHOW Ha KBajgpaT 3Jie-
MEHTAPHOTO JJIEKTPHYECKOTo 3apsga (e?).
CoBepllleHHO  HEOXMIAHHOM  oOKa3alach
TOYHOCTb, C KOTOpPOH pe3yNbTaThl H3Me-
pEeHUs HANpPSXEHWH OTHENbHBIX CTyneHed
II03BOJIMIM ONpPEAEIHTh 3HA4YEHHE hi/e?; oHO
paBHo 25812,81 Om. Hrtak, ¢ omgHO# cTO-
pPOHBI, MBI [OJIy4aeéM ECTECTBEHHYIO Mepy
ons onpepeneHus enuHuusl OM, a ¢ aOpy-
roii —HOBBIH MeTOA A M3MepeHHs (yHIa-
MEHTaNbHBIX (PU3MYECKHX MOCTOAHHEBIX € H A.
KpanToBbl#i 3¢dexkt Xomna ObUT OTKPHIT B
1980 r. ¢on KnuTumHroMm, KOTOpBIA B
1985 r. monyuun 3a 3ty pabory Hobenes-
ckyro npemuio no ¢usuke. Crenyrouiee He-
Crox

Wcrok 3arsop

n-GaAs 30um
n-GaAs 40um
n-Ga-AlAs 26um
Heneruposshibli GaAs 0SSR 60um
n-Ga-AlAs 26 um
Heneruposannsiit Ga-AlAs 500um

Monyawanextpux GaAs

Pric. 70. Tpan3ucTop ¢ BbICOKOH NOABHXHOCTBHIO
3MEKTPOHOB.
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Puc. 71. KBanTtoBblit 3¢dekT Xosna B reTepoCTPYKTYpE apCeHHAA Tajulds —apCeHHAA Tajjus-aloMH-
Hus. Temnepatypa cocrasnser 8 MK (nmo K. ¢pon Kuntuunry u I'. D6eprty).

OXHIAHHOE ABJICHHE, OOHAPYXEHHOE B XO[€
paboThl, MOXHO OXapaKTepH30BaTh Kak
IpoOHbI KBaHTOBHIA 3¢ddexT. 3HaueHue
XOJUIOBCKOTO CONPOTHBJIEHHS B TAHHOM CJIy-
yae BBIDAXAETCH HE UENbIM, a APOOHBIM
YHCJIOM HEKOTOPEIX H0JIei h/e?. 3nech 51eKT-
POHBI BeOyT cebs Tak, Kak OyOTO HX 3JIEKT-
PHYECKMH 3apsii paBeH HE LEJIOMY 3JIEMEH-
TapHOMY ITHUCKPETHOMY 3apAny e, a JIMIIb €ro
qacTd. KoHe4HO, Takoe TONKOBaHUE JaHHOTO
3pdexTa HE COOTBETCTYET HEHCTBHTEIBHOC-
TH, TIOCKOJIbKY HAaUMEHBIIIH Ha6JIroqaeMblii
B MIPHPOJIE 3apsA OCTAeTCHA PaBHBIM e. OnHa-
KO M 3TOMY SIBJIEHHIO HYXHO HaWTH NpaBWIb-
Hoe oObsicCHeHMe. TeopeTHky, paboTalolue B
06JacTH GH3NKH MOJIYNPOBOIHHUKOB, B Ha-
CTosllee BpeMs 3aHATHl H3YYEHHUEM JaHHOTO
Bompoca. B 1eoM CBEpXpEIIETKH U ApYTHE
HCKYCCTBEHHBIE MHKDOCTDYKTYDBI OTKDBIBa-
0T LIMPOKOE MOJIe ACATEILHOCTH B 00JIaCTH
¢yHIaMEHTANBHBIX HCCIeNOBaHMH (PHU3HKH
MOJYIPOBOJHUKOB, pPE3YyJIbTaThl KOTOPBIX
MO3BOJIAT CO30aTh HOBBIE INEKTPOHHBIE H
ONTO3NEKTPOHHBIE 3JIeMeHTH. bnaropaps
MIOCTPOEHHIO CXEMHBIX 3JIEMEHTOB M3 HCKYC-
CTBEHHBIX MHKDOCTDYKTYDP H BHEAPEHHIO
poueccoB UX (GOPMHPOBAaHHA B NPOHU3-
BOJACTBO ceifyac BHIPDHCOBBIBAETCS HOBOE Ha-
TpaBjieHHEe AajbHeHInero pa3BUTHS MHKpPO-
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3NIEKTPOHHUKH, KOTOpoe OyaeT HOCHTH ¢yH-
JaMeHTabHbli xapakTep. Ero martepuans-
Hasg OCHOBAa HE OTPaHHUYMTCS OJHHM apCEHH-
IIOM TaJUTHs — CroJa A06aBATCA M ApYrHe MO-
JIYIPOBOJHHMKOBLIE COCIUHEHHS, HalpHMep
dochun muAMA, 4TO 0OA3aTENBHO CKAXKETCH
Ha BCEX TEXHOJIOTHMYECKHMX Ipoiueccax Kpem-
HHEBO! MHKDPO3JIEKTPOHHKH. YK€ CerOIHS B
OTAEbHBIX JIAGOPaTOpUAX H3TrOTaBJIHUBAIOT
CBEPXPEIIETKH U3 CJIOEB KPEMHHUSA M KpeM-
HHS-TepMaHusA. B cBsi3u ¢ TeM 4TO BMecTe ¢
JPYTUMH JIEMEHTAMH 3TH CTPYKTYPEl MOX-~
HO BCTpauUBaTh B KDEMHHUEBBIA KPUCTAILT, HM
yIoensieTcsi ocoboe BHUMaHHE.

oyHKuMOHaanaﬂ ANEeKTPOHWKa

Ha ocHoBe apceHHAa rajilHs MOXHO CIPOEK-
THPOBAaTh H H3rOTOBHUTH 3JEMEHT, KOTO-
pBIH, BO3BMOXHO, CTAHET MPEIIIeCTBEHHUKOM
3NIEKTPOHHUKH COBEPIIEHHO MHOTO POJa— TaKk
Ha3BIBAEMOH PYHKYUOHAALHOU I1eKMPOHUKU.
DJIEKTPOHHBIA 3JIEMEHT, 0 KOTOPOM 3H€Ch
HAeT pevb, Ha3BaHHBIA nuonoM ["aHHa mo
¢baMuIEM Y4eHOTO, OTKPHIBIIETO HCIOJb3Yye-
Mblt B HeM 3¢¢eKT, MO3BONSET OCYIIECTB-
JATh OpsiMoe BO36yxkIEHHE 3JIEKTPOMATHUT-
HBIX KoJie6aHMii B MHAMa30He CBEPXBBICOKHMX
gactoT. To, 4T0 OOBIYHO yHOaBalloCh OCy-
LIECTBHUTH C IOMOILBIO CXEMBI, COCTOSLIICH K3
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pPE3UCTOPOB, KOHIEHCATOPOB, IHOIOB H
TPaH3UCTOPOB, CHOCOOCH BHINOJHHUTHL OIUH
anemeHT. Tpebyemass dyHkusa —BO3OYXIe-
HHe KoJiebaHu#l — peau3yercs Henocpedcm-
senno oXHUM muonoM IanHa. OcobeHHOCTH
MHKDPO3JIEKTPOHHKH 3aKJIOYAEeTCHd B TOM,
YTO OHA MO3BOJIAET C HOMOIIBIO MEXCOETH-
HeHu# OOBETUHUTDL B COCTaBE OJHOH MHKPO-
c6opku 60JbIIOE YHCIIO 3JIeMeHTOB. OTHaKO
IpPHYHHA HCIONBb30BAaHHA OONBLIOTO YHCA
TaKuxX 3JICMEHTOB COCTOHT B TOM, YTO BHI-
noyHseMas Bcel cxeMoH ¢GYyHKIHA OOJDKHA
6bITh peaIn30BaHA C MOMOIIBIO ITEMEHTAp-
HbIX (YHKUHH OTIENBHBIX 3J1eMEHTOB. PyHK-
LUHOHAJIbHAA 3JIEKTPOHHKA OJIHXke momouuia
K IpAMOM peanu3anuu obiiecxeMHOR QyHK-
miH. Pa6oraronmme B 3TOM ob6yacTd cnenua-
JIUCTHI 32HATHI IOHCKOM 3JIEMEHTOB, CIIOCO6-
HBIX CaMOCTOSATEJIbHO BBIIOJHATE 6olee
cnoxHble HUGpoBbIE (GYHKIMH, HANPHMED
JIOTHYECKHE WIH apHPMETHYECKHE ONEPAIHH.
OyHKUNUOHAIBHASA JJICKTPOHUKA MOJHHMAET
HHTETpalliio ellle Ha OOHY CTYNEHb BBEpX,
€CJIH NPOBOAUTHL CPaBHEHHE C YPOBHEM CO-
BpeMEHHOH MHKpO3JeKTpoHUKU. [Ipexne
BCEro, OJIHaKO, HeOOXOOUMO 3aMEHHTh, YTO
B HacTos1lee BpeMA (QyHKIHOHATIbHAA 3JIEKT-
DOHHKa SABJIAETCA CKOpee MepClIeKTHBHOM
OporpaMMoit, HeXeH YeTKO OQOPMHBIIHM-
CS HAaIpaBICHUEM Pa3BUTHA 3JIEKTPOHHOR
TexHOJIoruH. YeM oOHa cTaHeT B [eHCTBH-
TEJIBLHOCTH, TOKaXeT BpeMsA. Bo BcikoM city-
yae, BHEJDEHHE HHTErpaJIbHOH HHXEKIIHOH-
HOH JIOTHKH B COBPEMEHHYIO KPEMHHEBYIO
MHKDO3JIEKTPOHHYIO TEXHOJIOTHIO MOXHO
CYHTATh INaroM K MPakTHYECKOMY OCY-
IIECTBJICHHIO 3TOH KoHUenuud. OmHcaHHble
BhILIE NPHOODBI, BBHIMOJHEHHBIE HAa OCHOBE
CTPYKTYp apCeHHIa TaJUlMs ¢ KBAaHTOBBIMH
AMaMH, TaKXke MOTYT NPeICTaBIATh HHTEPEC
7 GYHKUHOHAIBLHOM 31eKTpoHUKH. [Tonob-
Hble HAOEXIbl MONKPEIUIAIOTCA CJIeIYIOLIH-
MH coobpaxenusmu. EcnH, HanmpHMep, OBe
KBaHTOBEIE MBI OYAYT pacnoJjiaraTbCs I0-
CTaTOYHO BJH3KO APYT K ApPYTY, TO IJIEKT-
POHBI CMOTYT NEPEXOAUTh U3 ONHOH AMBI B
JIpYTYIO Aaxke TOTJa, KOrga MexXAy HUMH He
OymeT MeTa/UIMYeCKHX NPOBOXHHKOB: Hau-
HEeT OCYLUECTBIATBCA MYHHEAbHbl Nepexoo
CKBO3b IOTEHIMAJIbLHBIE Hapbepbl MEXY sMa-
MH. Ecin B 0benx siMax 3HepreTHueckHe ypoB-
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HH COBNAJArOT, TYHHEJNBHBIH mHepexon ocy-
LIECTBJIAETCA MPAKTHYECKH Oe3 CONpPOTHUBIIE-
HHSA. B TakoM ciyuyae roBOpAT O pe3oHarc-
HOM myHHeabHOM 3 Pexme. Pe3oHaHC MOX-
HO BBI3BATh WJIH YCTPAaHHUThL NyTeM H3MEHe-
HHS 3JIeKTpUYECKOro HampsikeHus. KoHcT-
pPYHpYs YCTpOMCTBa, colepXallle MHOTHE
KBaHTOBBIE MBI, MEXOY KOTOPBIMH OCY-
LIECTBJIAIOTCA TYHHEJIBHBIE NEPEXOIBI, MOX-
HO OyaeT JeHCTBHTEIBHO NOJONUTH K BBIION-
HEHHIO CJIOXHBIX UHQpOBHIX ¢yHkuuid. He-
obxoguMo, mpaBAa, 3aMeTHTb, YTO 3TOT
IpoIlecC HaXOOUTCA B HavalbHOH ¢ase.

TpexmepHaa uHTerpauun

Takoe e NPUHUMIIMAIbHOE 3HAYCHHE I
MHKDOJ3JICKTPOHHKH HMeJl 6bl nepexom OT
JBYMEDHOH HHTErpalliH 3JIEMEHTOB, KOTO-
pasi, 32 HEKOTOPBIMH MaJIbIMH HCKITIOYEHHSA-
MH, OCTaeTCi NOMUHHPYIOLIEH B COBPEMEH-
HOH MHKDODJIEKTPOHHOH TEXHOJIOTHH, K UH-
mezpayuu ¢ 0X6aMOM OOHOBPEMEHHO HECKOAb-
KUX DPACNOAONCEHHBIX Opy2 HAO Opy20M nAaoc-
Kocmeil, T.€. K MHTErpalldd B TPEeXMEPHOM
npoctpancTBe. Torma ymanoce 6b1 3aMeTHO
YBEIIHYMTb YHCJIO 3JIEMEHTOB B €IMHHUIE
obvema. [Ins mepexoda K TPeXMEpHOH HH-
TerpauMu Heo6XOAMMO, B YACTHOCTH, OBJIa-
IEThb TEXHOJIOTHYECKHMH METOJaMH, I103BO-
JIIOIIUMH Ha MACCHBHPYIOIIEM CJIO€, KOTO-
pbIif TOKPHIBAET OINPENEIEHHYIO IUIOCKOCTh
HHTETPAJIBHOH CXEMBI, INMYTEM OCAXKICHHSA
co3JaBaTh CJOH MOHOKPHUCTAJUIMYECKOTO
KPeMHHS, IpeIHa3HAYEHHOT O 11 HOpMHpO-
BaHMA CleAylouled cxeMHOH IUTockocTH. B
HacToslllee BpeMs BeayTcsa paboTel MO Co-
3aHUIO TAaKHX MeToJoB. ECIIH maccHBHpYro-
UM coif cocTouT U3 aMopdHO#H IBYOKHCH
KPEMHHS, KOTOpas B HACTOSILEEe BPEMS HC-
HOJIb3YEeTCA NPAKTHYECKH BO BCEX CIIyvasXx,
TO.3[1€Cb MOXHO NPHMEHUTH rpacdo3muTaK-
curo. C TIOMOIIBIO 3TOH TEXHOJIOTHH Ha
HOBEPXHOCTh aMOP(HOMN IBYOKHUCH KPEMHHS
HAHOCAT TOHKOCTPYKTYPHPOBAHHBIE KaHaB-
xu. Ecin Ha obpaboTraHHO# TakuM obpazoM
TIOBEPXHOCTH OCaXXIaTh KPEMHHUit, TO Hapa-
HIMBAaHHE €r0 MPOUCXOTUT aHAJIOTHYHO pOC-
Ty KPHCTaJlJIMYECKOTO CJIOS Ha 3aTpaBKe.
Jpyroit MeTOX MpeIyCMaTPUBAET «OYHCTKY»
KPEMHHEBOTO CJIOS, NMEPBOHAYaJIbHO OCaX-
IEHHOTO B aMOpGHOM BHIE: 30eCh BOCCTa-
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HOBJICHHC IIPOHCXOOHT AHAJOTHYHO TOMY,
KaK BCJI¢O 3a 3aBCPUICHHCM HOHHOH HM-
IIJIaHTAallHH BOCCTAHABJIHBACTCA HAPYILICHHAA

CTPYKTYpa NOLIOXKH. M3yuaroTcs, kpoMe -

TOTO, BO3MOXHOCTH 3MHUTAaKCHAJIBLHOTO BbI-
palllMBaHus KPEMHHEBOI'O CJIOA Ha KPHCTasl-
JIMYECKHX ACCHBUPYIOLIMX CJIOAX, HAIPHMED
U3 Ou(TOPHOOB KanblMsi H CTPOHIHMsA. B
nocjeaHee BpeMs IS 3TOTO CTATH IpHMe-
HATh MOJIEKYJIAPHYIO JMHTAKCHIO.

KpuomukpoanekTpoHuka

ACCOPTHMEHT HOJIyIPOBOJHHKOBLIX MaTe-
pHAaJIOB, KOTOPHIMH MOXHO OyneT moJsb3o-
BaThCd B MHKPOJIEKTPOHHKE, DaCHIHPHTCS
[IPU TIEPEXOIE HAa Hu3Kue memnepamypel. Tak,
HAmnpuMep, MaTepHaibl THIA aHTHMOHHIA
HHIHs, KOTOpble BCJIEOCTBHE CPAaBHHTEIIBHO
y3Koi#t 3anpeleHHON 30HbI, OTIEJSIONIEH Ba-
JIEHTHYIO 30HY OT 30HBl [POBOJMMOCTH,
HMEIOT TIpH KOMHATHOH  TeMIepaType
(273 K) cimuikoM 6071bI1yI0 KOHUEHTPALMIO
HOCHTeJIeH 3apsia HJIM HeNOCTATOYHO BbI-
COKYIO HMX MOIBFMXHOCTb, NIPH TeMINepaType
suakoro azota (77 K) wnm xugkoro reaus
(4 K) npuobpeTatoT cBOiicTBA, JeNarolIHe HX
MPHEMJIEMBIMH 111 MHKPO3JIEKTPOHHKH. Hc-
XOIs M3 3TOro, B HacTosIee BpeMs BEAYTCH
HCCIIEOBAaHHS PSKHMOB paboThI pa3IH4HbIX
3NEKTPOHHBIX 3JIEMEHTOB H HHTErpaJIbHBIX
CXeM INpPH HH3KHX TeMIlepaTypax, NpHYeM
3KCIIEPHMEHTB!  OCYIIECTBIAIOTCH TaKXe C
anemeHTamMu © C U3 kpeMHMS 1 apceHHAa
rauiHa. Ilo3ToMy M BO3HMKJIO IOHSATHE
KPHOMHKpO3JiekTpoHnka. [lomuMo Bcero
[pOYero Nepexol K HH3KHM TeMIepaTypaM
JaeT ellle OJHO MPEUMYIIECTBO: CTAHOBATCH
MEHbBIlle [OPOTOBbIe HANPSHKEHHA TpaH3HUC-
TOPOB, YTO MO3BOJIET CHH3HTL pabouue
YPOBHH HANPSDKEHHA M MOILHOCTH paccesi-
HHA. Brarogaps yBeJHYeHHIO NMOABHXHOCTH
HOCHTeJIeH 3apsia CYIIEeCTBEHHO MOBBIIIAET-
¢ OBICTPOJEHCTBHE 2JIEMEHTOB TIPH HHM3KHMX
TeMIepaTypax.

dneKTpoHHble Npubopsbl

Ha nepexopax [xoseccoHa
Paay¥kalbHEIM OTXOZOM OT MHKPO3JIEKTpO-
HHMKH B ee MPUBBIYHOM JUIA Hac NOHMMaHHH
MOXHO CYMTATh TEXHHUKY JAeKMPOHHBIX Npu-
bopoe, pabomarowux na s¢dexme Ixncozed-

1*
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CoHa, KOTOpas TakXKe HYXAAeTcs B HHU3KHX
TeMrepatypax. 31ech HCHOJb3yeTcs 3PQeKT,
OTKDBITHIH B 1962 r. aHTIHHACKEM (QH3HKOM
B. OIxo3edconom. Dbgext [Ixo3edpcoHa
BO3HMKAeT B TBEpAOTENbHOM Ipubope, co-
CTOSILIEM H3 ABYX CBEPXIPOBOISIIHNX METAJ-
JIMYECKHX CJIOEB W pa3feNIoero ux ciaod
nuaiekTpuka (pHc. 72). Ecnu ciol auanexT-
pMKa cOenaTh O4YeHb TOHKMM (MeHee
0,01 MKM), TO 3JEKTPOHBI OBOHMX CBEPXIIPO-
BOIAIIHMX CJIOEB MOJIyYaloT BO3MOXHOCTH
«IPOCKAaKHBATBh» CKBO3b HETO B pe3yJbTaTe
TYHHeJNbHOTO 3pdexTa. B 3TOM ciyyae ro-
BOPAT O TyHHeNbHOM nepexope. [Tockoneky
BCIO COBOKYITHOCTB 3JIEKTPOHOB B CBEPXIPO-
BOIHHKE MOXHO PACCMaTpHBaTh Kak Makpo-
CKOMUYECKYIO BOJIHY ¢ onpenesieHHoH $a3oH,
TO TYHHEJIBHBIH I1epexo]] CONOCTaBHM C B3a-
HMHBIM HaJIOXEHMEM CBETa OT ABYX KOTe-
PEHTHBIX HCTOYHUKOB, KOTOPOE BEJET K BO3-
HHKHOBEHHIO MHTepdepeHIMH: BCIEACTBHE
HAJIOXEHHUA JIEKTPOHHBIX BOJIH OPYr Ha ApY-
ra 4epes IMepexol] HAYMHAET IIPOXOAMTHL
37EeKTPHYECKHA TOK, Habrojaroldiics u
TOrJa, Koraa K CBepXHNpOBOOHHMKAM He NpH-
JIOKeHO HamnpsbkeHHe. [IpoxoxxaeHue Toka
yepe3 IUAJIEKTPUK 6e3 NpHIIOKEeHHs Halps-
JKCHHA — YIMBHTEJBHOE fABJICHHE, KOTOpOE
MOXHO OOBACHHTbL TOJBKO Ha OCHOBAHHH
KBAaHTOBOM TEOPHH CBEPXIPOBOAMMOCTH, H
MMEHHO TMO3TOMY B JAaHHOM Cllydae TPYIHO
HAWTH HarjsaHoe ToJKoBaHWE. TeM He Me-
Hee 5TOT 5¢¢eKkT BIOJHE peajieH H II01-
TBEPXKIAETCH COOTBETCTBYIOLINMH 3KCIIEPH-
MEHTAMH. Y HOPMAJBHBIX MPOBOJIHHKOB
3JIEKTPOHHBIE BOJIHBI He HMEIOT ONpeAesicH-
HO# (a3pl, Tak 4TO MOJZOOHBIE BOJHBI, IPO-
XOfIIHe 4epe3 mepexod B oboux Hampas-
JIEHHSIX, B3aHMHO TacaTcs B pe3yJbTaTe HH-
teppepenrmy. Takum obpa3oMm, npH oT-
CYTCTBHM HalPSXKEHHUsA B HOPMAaJbHBIX IIPO-
BOJHMKAX SJIEKTPHYECKHH TOK HE HIAET Yepe3
nepexoa. Korma e TOK CyLIECTBYeT, Ha
nepexoge  HabmioJaeTci  OTHOCHTENBHO
Gonplioe mMajeHWe HampsbkeHus. Eciu Ham
yaacTcs ¢ MOMOLIbI0 HeDoNbIIOro M3MeHe-
HHS HaNpsHKeHUst 00eCneYuTh NepeKIIoueHUE
00OHX MpPOBOJHHUKOB, MEXAY KOTODBLIMH
MPOMCXOJUT TYHHEJbHBIA IEPEXo/, U3 CBEPX-
MPOBOJALIETO B HOPMAaJlbHOE MpOBOAsAIIEe
COCTOSIHHE M, KpOME TOr0, HMeTh HCTOYHHK
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Puc. 72. DnemeHT Ha TyHHesqbHOM nepexofe JlxosedcoHa. IToscHeHHA HAIOTCA B TEKCTE.

TOKa, o0ecrneyHBaloOlINil MOCTOSHHOE MpO-
XOX[EHHE 3JIEKTPUYECKOro TOKa 4epe3 Ime-
PEXOJ BHE 3aBHCHMOCTH OT COCTOSHHA IpO-
BOJHMOCTH, TO MbI MOIY4YHM 3JIEMEHT, CIO-
cobHblif, nogobHO TpaH3HCTOpY, YCHIMBAThH
HW3MeHeHus HanpsikeHus. Ho Beapb anekTpu-
YecKHH crocod mepeksirodeHHs M3 HOpMaJlb-
HOTO COCTOSIHHSI B CBEPXMPOBOAsAILEE AaBHO
M3BECTEH: €C/IH CHJIA TOKa B CBEPXNPOBOA-
HHMKE NPEBLICHT ONPEACNCHHYIO KPHTHYEC-
KYFO BEIHYMHY HJIH K€ CBEPXIPOBOJHHK NOA-
BEPrHETCA BO3AEHCTBHIO MATHHTHOIO NOJIA C
HaNpSIKEHHOCTBIO BHIILIE KDHTHYECKOMH, TO OH
nepecTaHeT ObITh CBEPXNPOBOJALLMM H Iie-
pelineT B HOpMaJbHOE NPOBOJSAIEE COCTOA-
Hue. Ecnm MarHWTHoe mose co3jaercs TO-
KOM, NPOTEKAIOLIHUM 10 KAKOMY-TO BTOPOMY
KOHTYpY, TO NOSABIAETCH BO3MOXHOCTb
YIPaBJIATh 3HAYHTENbHBIM HANpPSKEHHEM Ha
TYHHENIbHOM [E€pPexofe C NMOMOLIbK MAJIOTO
HANpsOKEHHA HAa 3TOM BTOPOM KOHTYype. A
Belb 3TO HMMEHHO TO, B 4YeM HYXJaercs
TeXHHKa LudpoBoii ob6paboTrku uHPOpMa-
umd. OnucaHHeld NpHOOP MOJTY4YHN Ha3BaHUE
3JIeMEHTa Ha TYHHeNbHOM mnepexone J[[xo-
3ecoHa. KpoMe Takux 3NMEMEHTOB C OOHUM
NepexooM NPHMEHSIOT TAKXe 3JIEMEHTHI C
OBYMS H HECKOJIbKHMH MepeXodaMM — TaK Ha-
3bIBa€Mble CBEPXNPOBOASAIIME KBAHTOBBIE
HHTep(depeHIIHOHHbIE NaTYHKH (CKBHABI). W3
anmeMeHTOB [[ko3edcoHa, Kak H W3 MONY-
MPOBOJHHKOBBIX  KOMIIOHEHTOB, MOXHO
CTPOHTb JIOTHYECKHE CXEMbI, CXEMbI, mams-

TH H BBIMHCIHTENbHble cxeMbl. Ilepekiio-
YaTeJIbHbIE CXeMbl, OCHOBAHHBIE Ha HCIIOJNb-
30BaHMH 3¢ ¢ekra Ixo3zedcoHa, MOXKHO MO-
CTPOMTb C NOMOILIBIO HHTETrpajbHOM IuIa-
HAPHOH TEXHOJIOTMH, MPHUMEHsEMOH B IIO-
NYNPOBOAHHUKOBOH MHKPO3JIEKTPOHHKE. Tax
KaK CBEPXMPOBOJHHMK TPAKTHYECKH HE OKa-
3bIBAET HUKAKOTO CONMPOTHBIEHHS NPOXOX-
JIEHHIO 3JIEKTPHYECKOrO TOKA, TO CXEMBI, B
KOTODBIX MCIONB3YIOTCS TYHHENbHbIE MEpe-
xoasl JIxozedcoHa, MOTPebNAIOT HCKIIOYH-
TEJILHO, MAJIyIO 3JIEKTPHYECKYIO MOILHOCTD.
Kpome TOro, npu aHaJIH3€e IHEPTETUYECKOTO
GanaHca pabOTHl TAKHX CXEM HENb3d HE Y4YH-
THIBaTh CJIEAYIOLLEe: OHH JOCTHraroT pabo-
TOCNOCOOHOTO COCTOSHHA TOJBKO MOCHE TO-
ro, Kak HX OXJaXJalT [0 TeMIepaTyphl
4 K, u 3aTeM NOANEpXKUBAIOT TEMIEPATYPY
Ha 3TOM ypoBHe. Pacxon sHeprum npaktu-
YeCKH MOJHOCTBK) KOMIIEHCHPYETCH ee Ma-
JIBIM paccesHHEM B mpolecce paboTel cxem.
TeMm He MeHee HAMHOI'O MEHbILIHE MOTEPH B
cXeMax MaMsTH, IIOCTPOEHHBIX Ha Mepexoax
JxozedcoHa, 4YeM B NOJYNPOBOAHHKOBBIX
cxemax, mpuobpeTaroT OoNbIIOEe 3HAYEHHE.
DTO No3BONSAET NMOAHATH CTENEeHb HHTErpa-
LMK, KOTOpas ompeneisieTcs Npede/ibHBIMH
BO3MOXHOCTSMH OTBoJa Terna. bmaromaps
stomy bonbuioe uyucio UC, Heobxomumsbix
IUIsl CO3[aHUS KPYMHBIX YHHBEPCAJIbHbBIX
2BM, MoxHO OymeT pa3MecTHThL B MEHb-
meM ¢usnyeckoM obbeme. OTCloma BhITeE-
KaIOT OMpe/ie/ieHHbIe IPEAMYIIIECTBA C TOUKH
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Puc. 73. INoTpebneHue MOLIHOCTH W BpeMs NPOXOXIEHWA CHIHANa 4epe3 JIOTHYECKHE JJIEMEHTBI M3
apceHHAa rajyids M 3NEeMEHThl, ocHoBaHHble Ha 3ddekTe xozedcona. [ns cpaBHeHHs TpPHBEICHBI
XapaKTEePHCTHKH HEKOTOPBIX JIOTHYECKHX JMIEMEHTOB KPEMHHEBOH JNIEKTPOHHKH.

3peHHs TMOBHIILIEHHS GBICTPOOEHCTBHA KOM-
neioTepoB. HeoGXoAMMO NpHHATE BO BHH-
MaHHe H TO 0GCTOATENBCTBO, YTO, XOTS pac-
MPOCTPaHEHHE. HMIYJIBCOB 3JIEKTPHYECKOIO
HaNpsKEHUsA MPOHCXOMHUT CO CKOPOCTHIO CBe-
Ta, IJIA TPOXOXKAEHHA OTpe3Ka MJIMHOM
30 cMm Bce xe TpebOyerca Bpems 1 Hc. Ilpm
ACMONB30BAaHUH CXeM Ha ayeMeHTax J[xo-
3e)cOHAa MOXHO COKpPAaTHTh 3a[epXKy pac-
npocTpaHenns curHana mo 0,01 He (puc.73).
CrnenoBaTensHO, YTOOB B MOJHOH Mepe HC-
MOJIB30BaTh GHICTpOAEHCTBHE TPHMEHSEMBIX
HC, xoMnblOTEpHl JOJDKHBEI OBITB MOCTpOE-
HBl BeChbMa KOMMNAakTHO. CHHXEHHE YPOBHA
MOTeph B CXeMax Ha snemeHTax xo3edcoHa
OenaeT BO3MOXHBIM CO3[JaHHe MOAOGHBIX
MalIXH.

Cpenin BceX aNbTePHATHBHBIX BAPHAHTOB
MOJMYNPOBOJHHKOBOH  MHKPO3JIEKTPOHUKH
9JIEKTPOHHKA, OCHOBAHHAfA HAa HCIOJb30Ba-
HAK 3ddekta Ixo3edcoHa, HECOMHEHHO, HO-
Ommack camoro GoJbmioro mporpecca. 3TO
TeM Gollee 3acayXHBaeT BHHMaHHA, Tak Kak
TIPHHITHII dbyHKIMOHHpOBaHUA — 3 dexT
Ixo3edcona — TeopeTudeckn GbT  0OHapy-
XEeH TOJIBKO B 1962 r. M 3KCIIEpUMEHTANBHO

MOATBEpXIEH ron cmycts. Teoperuyeckoe
npezackalanne 3toro 3¢dekra ocHOBaHO, B
YaCTHOCTH, Ha NPHHIMIC HapYIIEHHA CHM-
METpHH, 3aHMCTBOBAHHOM H3 (H3HKH 3Jie-
MEHTapHBIX YacTHIl. 3a OTKPBITHE 3TOrO 3¢-
¢exra dxo3edcon BMecTe C ABYMSA OPYTAMH
ydeHBIMH monyums B 1973 r. HoGenebckyro
npemMuio no ¢uzmke. B Hacrosmee Bpems
yXe CyIIeCTBYIOT, KaK ObLIO CKa3aHO BHILIE,
HHTErpajibHbIE CXEMBI, OCHOBAHHBIE Ha 3()-
texTe dxo3edcona. Ha Hac Bceroa Gonbinoe
BMEYATJICHHE TIPOW3BOIHT, KOTJA pe3yibTa-
THl Ha TEPBBIH B3rNAN COBEPIIEHHO ab-
CTpakTHBIX (hyHZAMEHTANBHBIX HCCIEN0Ba-
HWIi NpHOGPETAIOT BaXHOE MPUKJIATHOE 3HA-
YeHHe H B T€YeHHE CPAaBHUTENLHO KOPOTKOTO
BpEMEHH NPHBOAAT K MOABJIEHUIO YCTPOHCTB,
HaXOOAMMX TpaKTH4YecKoe NpHMeHeHWe. U
BCE )K€ [OKa HEBO3MOXHO B NOJHOH Mepe
ONIEHATH TO 3HAa4YeHWE, KOTOpoe B Oymymem
MOXET TPHOOpECTH 3NEKTPOHHKA, OCHOBaH-
Hasg Ha HCIONb30BaHWH 3hdekta Ixo3ed-
cona. [Toka eme Her W MX03e(COHOBCKHX
KOMIIBIOTEPOB, €CITH HE CYATATH Y3KOCIIEIH-
anbHBIX M HE BBILEIINX W3 CTAOHH Jia-
OopaTOpHBIX MCHBEITaHHA o6pasmos. Haro-
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ToBNeHHe mxo3edcoHoBckux MC oxazanocs
HCKJIIFOYHTENIFHO CJIOXHBIM C TeXHOJIOTH4Yec-
kol Touku 3peHHs. K ToMy xe o6o3Ha-
YHJIMCh IpeeNbl, 10 KOTOPBIX MOTYT OBITh
YMEHBIIICHBl Pa3Mepbl 3JIeMeHTOB [[xo3ed-
COHA; OHH, KaK 0Ka3aJloCh, JIEXAT BhILLE, YeM
y NOJYNPOBOJHUKOBBIX KOMIIOHEHTOB.

Ontnyeckan 6ucrabunbHoOCTb

IIpuGopsl, meicTBHE KOTOPBIX OCHOBAHO Ha
ucnois3oBaHnn 3ddekra Ixo3edcoHa, Bce
Ke OCTAIOTCS I1eKMPOHHBIMU CXEMaMH, T.e€.
TaKMMH, B KOTOPBIX HCIIOJIb3YETCS ABHKEHHE
3JIEKTPOHOB M YIIpaBJIeHHE HOTOKAMH 3JIEKT-
POHOB C MOMOIIIbEO BHEIIHETO 3JIEKTPUYECKO-
r0 M MArHUTHOIO BO3ACHCTBHA. B TO Xxe
BpeMsl [IPYroe COBpEMEHHOE HampaBJieHHe
Pa3BHTHsS TEXHOJIOTHH CXEMHBIX 3JIEMEHTOB,
npeJHa3HAYEHHBIX LI 00paboTku HHOP-
MalIliH, IIETHKOM M MOJHOCTBIO BBIXOIHUT 3a
npenesnsl 3MeKTpoHUKH. OHO CBA3aHO C CO3-
JaHHEM ONTHYECKHX 3JIEMEHTOB, H HOCHTe-
neM HHQOpMalMM 3[eCh CIYXHT cBeT. Bo
BCEM 3TOM HET HHYETO yIWUBHTEIBHOTO, IO-
CKOJIBKY C HHGOpMalMei, NpeIcTaBIeHHOM
CBETOBBIMH CHTHAJIaMH, Mbl CTAJKHBAEMCS
JOBOJIBHO YaCTO —IOCTATOYHO Ha3BaTh BCe
BHIBl BH3yaJIbHOTO BOCIPHSTHS, BKJIIOYAS
BOCIIpUsTHe H300paxeHHHd u 3uakoB, GoTO-
rpadHio, ynpaBjieHHe pa3IMYHbIMH YCTaHOB-
KaMH C IIOMOILBIO CBETOBBHIX KJIAMAHOB MK
BOJIOKOHHO-ONTHYECKYIO CBsi3b. B mepevmc-
JICHHBIX CIIy4YasX CBET UCHOJIb3YeTCs I pea-
JIM3AIIMA pa3sHbIX HHGOPMAIHOHHBIX MPOLEC-
COB—Iepelayy U NPHEMA, 4 TAK)KE XPAHCHHS
uHpopmamuu. EauncTBeHHOR obnacToio, rae
OH IIOKa HE NpHMEHSETCs, OcTaeTcs oOpa-
60Tka HHpOPMANHH, KOTOPas KaK pa3 Npex-
Je Bcero Hac M HHTepecyeT. UToGbI cBeT
MOXHO ObLIO HCOJIB30BaTh IS 00paboTKH
HHbOpMANuH, HEOOXOOUMO  BBINOJIHEHHE
TNaBHOIO YCJIOBHS, KOTOPOE MPHMEHHUTENb-
HO K 3JIKTpOHHOHK o6paboTke mHbOpMaIUU
03Ha4aeT CIOCOGHOCTH MOTOKOB 3JIEKTPOHOB
B3aMMOJeHCTBOBaTh APYT ¢ ApYroM. B or-
HOIIEHAH CBETAa 3TO O3HAYaeT, 4TO Heobxo-
MO pealH30BaTh BO3MOXHOCTb H3MEHSATH
C MOMOIUBIO 00HO20 CBETOBOrO MOTOKA HH-
TEHCHBHOCTb 0py2020 CBETOBOIO MOTOKA.
Torga xak HOTOKH 3JEKTPOHOB CIOCOOHBI

[nasa 7

B3aUMOJIEHCTBOBAaTh B BaKyyMe, CO CBETO-
BBIMH IIOTOKaMH HHYET0 NOJOOHOTO He
npoucxoguT. CBETOBBIE NOTOKH, IPOHU3HI-
BalOIIMe OpYr Apyra B BakKyyMe, He oOKa-
3LIBAIOT HU MaJjleHiero B3aUMHOIO BJIHS-
HHSA— IO KpaiHe## Mepe 3TOro He perHcTpH-
PYIOT COBpEMEHHBIE U3MEPHUTE/IbHbIE MPHOO-
pBI, YYBCTBHTEJIBHOCTH KOTODBIX, OJHAKO,
4pe3BbI¥aiftHO BeICOKAa. [l03TOMy 4TOGHI
obecnieynTs B3aMMOIEHCTBHE CBETOBBIX IIO-
TokOB, TpebyroTcs MaTepuansl, obnamaro-
e HEJMHEHHLIMH ONTHYECKUMH CBOMCTBa-
mu. ITocMOTpHM, YTO e HPOHCXOIHUT B
3TOM Clly4ae.

B mepByro ouepens Heobxomumo 3ame-
THTh, YTO NpPH NPOXOXKICHAM CBETa 4Yepes3
mo0yro ONTHYECKYIO Cpely HE3aBHCHMO OT
Toro, obiamaeT 3Ta cpeda JTHHEHHBIMH HIIH
HEJTMHEHHBIMH ONTHYECKHMH CBOHCTBaMH,
HHTEHCHBHOCTb BBIXOIAIIETO M3 KpHCTasa
CBETOBOTO NOTOKa [, 3aBHCHT OT HHTEH-
CHBHOCTH CBETOBOTO IOTOKa I, TaJalolero
Ha JaHHBIE KpHcTa/ul. TakuM obpasom,
oObiyHO 4yeM O6OJIblE CBETOBOH MOTOK Ha
BXOJe, TeM OoJibiie OH M Ha BeIxone. Eciu
mexny I, ¥ I, cymecTByeT jMHEHHAs 3a-
BHCHMOCTB, T.€. yBeJHueHMe [, B 2 pa3a
IPUBOOUT K YABOEHHIO [, ., TO TOBOPAT
0 JHHeHHO#! onTHyeckoi cpexe (puc. 74). B
HEJIMHEHHOH ONTHYECKOW Ccpele MHTEHCHB-
HOCTB CBETOBOTO MOTOKA HA BHIXOJE, €CTECT-
BEHHO, He SABIAETCA JIHHeHHOW ¢QyHKUMeR
CBETOBOTO NOTOKa Ha BXxoge. IToscHHM 3To
Ha npuMepe puc. 74,a. B onpeaeneHHOM aH-
ama3oHe 3HAYCHHUH HHTEHCHBHOCTH CBETOBO-
ro noroka I, HaGniogaeTcs cBepXJIMHEHHOE
Hapactanue [, .. OmHako B 6OJBIIMHCTBE
ciydaeB Tpebyrouiascs LIS 3TOrO HHTEHCHB-
HOCTb BXOJHOTO CBETOBOI'0 MMOTOKA HACTOJIb-
KO BBICOKA, YTO Jaxe MpH (HOKYCHpOBaHUM
CBETOBOTO IIyYyka B MATHO THAMETPOM
10 MXM HeJHMHEHRHOCTb NPOSABIAETCH TOJBLKO
IIpH HCIIOJIb30BaHHKM MOLIHOIO Jasepa. Jlas
obpaboTtkn mHpOpMauMH Takde OoibluHe
CBETOBbIE MOIIHOCTH COBEPIIEHHO HE MOI-
xomat. Ilo3ToMy pelaronlyro poJib 34€ch
HMMENO TO OOBCTOSATENBCTBO, YTO B pacHnops-
XKEHHH HH)XEHEpOB NOABIIKCh Takde obna-
JalolHe  Creuu(puyecKUMH  ONTHYECKHMH
CBOHMCTBAMM MaTepHAJIBI, KaK apCCHHI TaJ-
JIAS ¥ ApYTHE NOJYIPOBOAHUKH, B KOTOPBIX
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Puc. 74. 3aBHCUMOCTL HHTECHCHBHOCTH CBETOBOTO

!

ax

[MOTOKa Ha BBIXOJE IUTACTHHBI C HEJMHEHHBIMH

ONTHYECKMMH CBOMCTBAMH OT MHTEHCHBHOCTH CBETOBOTO NMOTOKA Ha Bxone. a—6e3 06paTHOﬁ CBA3H,; 6—c

obpaTHO#H CBA3bIO.

HEJIMHEHHOCTD NMPOSBJIAECTCA IPH MOIIHOCTH
CBETOBOTO IMOTOKA B HECKOJILKO MHJLIMBATT,
a Takue CBETOBbIE IOTOKH CIIOCOGHBI IreHepH-
POBaTh HOJYNPOBOIHNKOBIE JIa3€pPHbIE AHAO-
Abl. JIna ycuneHus HenumHeWHoro sddekta
HOJYNPOBOAHHKOBOMY MaTepHaIy IPHIOAIOT
¢dopMy Tak Ha3bIBaeMOro pe3oHaTopa
®abpu-Ilepo, T.e. IIACTHHKH, IIOE YIJIbI
HaKJIOHA rpaHeif nmomobpaHbl ¢ TakAM pac-
4eTOM, 4TOOBI mamarolini Ha Hee CBET 4ac-
THYHO OTpaxalic, a 4acTHYHO MOI IMpO-
XOJATH CKBO3b ILIACTHHKY. Biaromaps srto-
My (Kak M B Cllydae C 3JICKTPOHHBIM Ile-
peKTFoYaTeNIeM) MEXIY BBHIXOAOM H BXOIOM
IUIaCTHHKH  YCTaHaBiMBaeTci oOpaTHas
cBfA3b. B pesynbTaTte HM3MeHseTcH (O cpas-
HEHHIO ¢ pHC. 74,d4) 3aBUCHMOCTb HHTECHCHB-
HOCTH CBETOBOIO IOTOKA Ha BHIXOJE OT WH-
TEHCHBHOCTH Ha Bxogze. JleidcTBuTeNnpHas

KpHBasg 3TOM 3aBHCHMOCTH IOKa3aHa Ha
puc. 74,6, IpHUYeM OHA HABOAWMT Ha HHTeE-
pecHsle MbICTH. EcJiM HHTEHCHBHOCTD CBETO-
BOTO IIOTOKA HAa BXOAE HAYMHAET PacTH C
HYJISl, TO CHaYaJla HHTEHCHBHOCTh Ha BBIXOIE
TaK)ke BO3pACTaeT NOYTH JIMHEHHO, HO JIMINb
OO TeX mop, nmoka He OymeT OOCTHTHYTa
Touka [I,,. Ilocie Toro Kkak kpuBafd,
NOKa3aHHasg HAa pHC. 74,6 IITpUXOBOH JH-
HHeH, OymeT OEHCTBHTENBHO NpoideHa, TO,
HayMHAasg C JTOH TOYKH, YBEJIMYHTbL I,
MOXHO TaKXe 3a CYeT NOBTOPHOIO YMEHb-
IIEHNS] HHTEHCHBHOCTH CBETOBOTO MOTOKA Ha
Bxoge. D10 OymeT mnpomokaTbCs OO TeX
nmop, moka B Touke I,,, KpuBasg He yHaer
BIIPAaBO, H3MECHUB HanpabyieHHe. HauuHas c
3TOM NocJeTHeH TOUKH, I YBeJIHYeHH I,
cHoBa mnortpebyercs yBenwuumBath I,,. Pac-
CMOTPEHHBIH BHI KPHBOH [O3BOJISET Mpel-
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Puc. 75. XpaHem{e m{(bopmauun B BHIOC CBETOBBIX UMITYJIBCOB, 3KBHBAJICHTHBIX CAUHHIAM, C TOMOLILIO
OIITHYECKOI'O 3JIEMCHTA C OBYMs yCTOﬁ‘{HBb[MH COCTOAHHAMH.

TIOJIOXKHUTh, YTO MPOUCXOOUT B OCHCTBUTEb-
HOCTH, KOra MpH YBEJIHYCHHH HHTCHCHBHOC-
TH CBETOBOI'O IOTOKA HA BXOAC C HYJS Mbl HE
OCTaHaBJIHUBaeMcs B Touke I,,,, a mpomoi-
kaeM OBurathcs maneiie. CkaukoobpasHoe
H3MCHEHHE CBETOBOTO IIOTOKAa HA BBIXOAC
CKaXeTCs HAa BEPXHEH BETBM KPHBOM, 4TO
M BHAHO N0 BEPTHKAJILHOMY OTpE3Ky Ha
puc. 74,6. Heuto moxoxee HabnromaeTcs U
TOrna, Korga, HayaB ¢ OOJBIIMX 3HA4YEHWH
HHTEHCHBHOCTH CBETOBOTO NOTOKAa, MbI 0Y-
JIeM [BHUTaThCS B CTOPOHY €€ YMCHBIICHHS.
CHayana mepeMelIeHHE TPOUCXOOUT IO
BepxHel BeTBM KkpuBoH. B Touke I, uH-
TEHCHBHOCTh CBETOBOIO MOTOKa Ha BBIXOIC
najgaeT, NEpeXolds Ha HMDKHIO BETBb KpH-
BoH. EciM npoHTH 3Ty KpPHBYIO B CTODOHY
CHM)KEHHMSI MHTEHCHBHOCTH CBETOBOI'O INOTO-
Ka Ha BXOOE, TO MBI OKa)XEMCSl Ha HHUXHEH
BETBH, HMEIOILEH OTpe3KH, OOpallleHHbIE
BupaBo. Eciy e mpoxoauTh Ty ke KPHBYIO
[I0 HANpaBJICHHIO PacTYILMX 3HA4€HUH HH-
TEHCHMBHOCTH CBETOBOI'O IOTOKa Ha BXOJE,
TO Mbl BBIHIEM Ha BEPXHIOIO BETBb C OT-
pe3kaMmu, oOpallleHHBIMH BJIeBO. Mexnay

ToykaMu I, ¥ I,,, Ha KpUBOH KaxIOMy
3HAa4Y€HHIO MHTCHCHBHOCTH CBETOBOIO MOTO-
Ka Ha BXOAE COOTBETCTBYIOT ABa BO3MOX-
HBIX 3HAYCHMS HHTEHCHBHOCTH CBETOROTO
MOTOKa Ha BeIxone. IlnmacTuHka HMeeT, Tak
CKa3aTh, ABa YCTOHYHBBIX ONTHYECKHX CO-
CTOSIHUS — OOHO C OOJIBIIMM, a APYroe ¢ Ma-
IbIM K03 (UIMEHTOM NPONYCKaHHS CBETA.
B 3toM ciyyae roBopsaT 06 onTuyeckoit 6u-
crabonpHocTH. Kakoe U3 ABYX yCTOHYHBBIX
COCTOSHHH YCTQHOBMTCS, 3aBHCHT OT TOTO,
yTo OBIIO C IDTAacTHHKOH paHbme. Ecnu
paHblle HHTEHCHBHOCTh CBETOBOIO MOTOKA
Ha BXxode ObUla BBICOKOH, TO Ha BHIXOJE
YCTaHOBHTCA OoJbllee M3 OBYX 3HA4YCHHH
HHTEHCHBHOCTH CBETOBOTO TNOTOKa, H HAo-
6opot. HerpyaHo cebe npeAcTaBHTb, 4YTO
TaKHe CBOMCTBA IUTACTHHKH MO3BOJISIOT Xpa-
HHTH HHPOPMAIHIO B (JOPME CBETOBBIX HM-
HYJIbCOB, KaK 3TO H JEMOHCTDHpYeTCS Ha
puc. 75. IInacTuHKA ¢ ABYMS YCTOMYHMBBIMH
COCTOSHMSIMH CHayajia HaXOOHTCH B MCXOA-
HOM, «HYJIEBOM», IOJIOXKCHUH, IOKa3aHHOM
B JIEBOK YaCTH PHCYHKa H OTMEYCHHOM TOY-
Koit. B pesynpTate mofauM Ha ee BXOI KO-
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Puc. 76. Peann3anus sneMeHTapHbIX Joruueckux onepaunit UJIN (a) 1 U (6) ¢ nomouisro
ONTHYECKOTIO JIEMEHTA C JBYMS YCTOHYMBBIMH COCTOSHHAMH.

POTKOTO CBETOBOTO HMMMYJbCa ILIACTHHKA
NIepeKJIFOYaeTCs B COCTOSIHHE, H300pakeHHOe
cipaBa. C TOMOWIBIO TAaKOH OINTHYECKOM
TJIACTHHKH C IBYMS YCTOWYMBBIMH COCTOS-
HHSIMH JIETKO MOXHO pe€ajM30BaTh TaKXe
3JIeMEHTapHble JOoTH4YeckHe onepaunn MU
u U. TIpuHIHN MOCTPOEHHSA TAKHX CXEM
nmoka3aH Ha pHc. 76. B cxeme UJIM (pmuc.
76,a) HCXOOHOE COCTOSHHE MOACHpPalOT Ta-
KUM 06pa3oM, YTOOBI OTHOTO UMITYJIbCA ObI-
JI0O OOCTaTOYHO [JIS TNEPEKTIOYEHHS B CBe-
TONMpOBOAsALIEE, T.€. MPO3padyHOe, COCTOS-
HHe. B cxeme M (puc. 76,6) ucxomHoe co-
CTOSIHHE BBIODaHO C TakKMM pacyeToM, 4TO
IS TEpEeKJIIOYEHHsT B CBETOMPOBOASLICE
COCTOSIHHE TpeOYHTCS OBa OTHENBHBIX OII-

THYECKHUX HMIyJIbca. Heobxommmo noavepk-
HYTh, YTO JioTHueckde 3nemMeHTs! U nu UJTU
TMOCTPOECHB! HA OCHOBE OTHOTO H TOTO XK€
npubopa, a BbIOOP HMCXOTHOTO COCTOSHHSA
ONpeneiseT TO, KaKyl JIOTHYECKYIO Olepa-
U0 OH OyneT BHIMONHATH. ClenyeT Takxe
OTMETHTB, 4YTO MOCJE OKOHYAHHS JIOTHYEC-
KOH omnepanuy HHTEHCHBHOCTH CBETOBOTO
NIOTOKA Ha KOPOTKOE BpPEMS CHIDKAeTcs [0
HYyJI, 2 3aT€M OIATh BOo3pacTaeT A0 YPOBHA,
COOTBETCTBYIOLIETO BXOTHOH HHTEHCHBHOC-
TH NpPH HYJEBOM IIOJIOXXEHWH JIOTHYECKOTO
neMmeHTa. JIMmpb mociae 3TOro miacTHHKa
CHOBa TOTOBAa K BBITIOJHEHHIO CleNyroLIeH
JIOTHYECKOH omepaluu. Bee mpouecchl 3aech
TIpOTeKalOT 4pe3BbluaiiHO ObicTpo. B miac-
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THUHKE, U3TOTOBJICHHON W3 apCeHHAA raJIIus
[0 CHEeNMajJbHOH TEXHOJIOTHH, HHTEPBAJIBI
BPEMEHH, Dpa3feNsole IBE IOCIEeI0Ba-
TeJIbHBIE JIOTHYECKHE ONEepalil, COCTABIAIOT
oxoJio 70 HC, a MPOJOXHUTEILHOCTE BLITOJI-
HeHMs caMoit onepannu pasHa 20 nc. [Tpouns-
BejIeHHe BpeMEHH MPOXOXIEHHA CHrHana Ha
pacCeAHHYIO MOIIHOCTD, SBJAIOIIEECA Xa-
PAKTEPHCTHKOH ONTHYECKOIO JIOTHYECKOTO
3NeMeHTa ¥ PaBHOE HECKOJIBKHM MHKOIKOY-
JIAM, COOTBETCTBYET NapaMeTpaM KpeMHHe-
BOH MHKpDOJJIEKTPOHUKU. B pedynbpTaTe mo-
ABIAETCA BO3MOXHOCTb ODECHEYHThL Hempe-
pBIBHYIO paboTy cxeM 6e3 JIOMOJIHATEILHOIO
OTBoZa TemioThl. OIHAKO CIIOCODHOCTH OIl-
THYECKHX IUIACTHHOK C JIBYMS YCTOMYMBHIMH
COCTOSHHAMH JaJIEKO HE OTrPaHHYMBAFOTCA
TOJIbKO BBIMIOJIHEHHEM OTHEJIbHBIX JIOTHYEC-
KHX olepaldii B 3aJaHHBIE MOMEHTBI Bpe-
MeHH. OITHOBPEMEHHO, HAaNpHMep, MOXHO
BBHINOJIHATL HECKOJIBKO JOTHMYECKHX OIlepa-
IMH B pasHbBIX TOYkax IacTHHkH. I[lapwl
CBETOBBIX NYYKOB, MEXIY KOTOPBIMH Tpe-
OyeTcs  YCTaHOBHTb JIOTHYUECKYIO CBA3b,
JOJIKHBI, KPOME TOTO, HAaNpaBiIATbCA Ha
IUTACTHHKY MapajUleIbHO, a BCA JIydeBas
CTPYKTYpa Ha BXOJ€ JOJDKHA HMETh MaTpH4-
Hylo KoHbHrypamuio. Pacuer mokasbIBaer,
4TO NMpH JUaMeTpe my4yka 10 MKM H mpome-
KYTKE MEXIY COCEIHHMH MydKaMH 20 MKM
YHCJIO Nap KaHAJOB Ha IJJACTHHKE ILIO-
wageio 1 cM? MoxeT HoXomuTh o (10% x
x 10%) mMrm?/(30 x 30) Mxm? ~ 10°. Ecxn
OPHEHTHPOBAThLCA HAa BhIMomHeHHe 10'° j0-
THYECKHX ONepamuil B CeKYHIOY B OOHOM Ka-
HaJje, TO TaKkas ONTHYecKas IUIaCTHHKA obec-
NEYHT HEBEPOATHYIO CKOPOCTh 006paboTKH,
aocruraromyro 10'% tormyecknx onepanuit B
ceKyHIOy. OTH mu¢psl He H3 obyacTH ¢aH-
TaCTHKH, a OTpaXaloT TO, K 4YeMy ceifac
BIUIOTHYIO NPHOJIH3MINCH HCCIEJOBATENH,
paboTaromme ¢ ONTHYECKAMH IUIaCTHHKAMH
H3 apceHMJa rajuma. Takas IUIACTHHKA OT-
JHYHO TNOJOWIET, HANpUMeEp, IS pPAacCIo3-
HaBaHHA 3HAKOB YHMCTG ONTHYECKHM IIyTEM.
IIpenBapurenbHo Ha Helt noTpedyetcs cdop-
MHpOBaTh ONTHYECKHH 0oOpa3s 3Haka, 3alH-
CaB €ro ¢ NMOMOIIBI MOIIHOTO JIA3€PHOTO
uMIyJbca. Takas 3alHCh O3HAYAET, 4TO NOJ-
BEPrHYThIEé 3aCBETKE YYaCTKH IUIACTHHKH
CTaHOBATCA NMPO3PayHbIMHU, T.€. 6yayT mpo-
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nyckaTh cBeT. Ilocie 3TOro Ha IJIACTHHKY
3aIUCBIBacTCA 3HAK, 00pa3 KOTOpOro mnpen-
CTOMT pacno3HaTe. EciM 06pa3bl 3HAKOB
COBNAJAKOT, TO HHTEHCHBHOCTb NPOXOSAIIIC-
IO CKBO3b IUTACTHHKY CBeTa IIOCJIC BBOJA
obpabaThiBaeMOro 3Haka He BO3pacTaeT; ec-
JIA XK€ OHAa YBEIMYHBAETCH, TO oOpa3bl 3Ha-
KOB He coBmnajaroT. ONTHYECKOe paclo3Ha-
BaHMe 3HAKOB SBJIAETCS clienAGHYECKHM, HO
CPaBHMTENILHO NPOCTHIM BHIOM 06paboTku
mHbopMammH. s co3daHUs ONTHYECKOTO
KOMIbIOTEPA TpeOyeTcs’ pEenIuTh Tropasfio
boJee cepresHnie 3agaun. Heobxonumo, Ha-
NpHMeEp, peaJIH30BaTh BO3MOXXHOCTb KacKal-
HOT'O BKJIIOYEHHS 60JIBIIOTO YHCIa ONTHYEC-
KMX IUTACTHHOK, T. €. IOCTPOUTH M3 HHX CXe-
My TOCJIeIOBaTeNIbHOH ob6paboTku HHOP-
mamud. Kak ans 3Toro, Tak ¥ 118 H3y4eHHS
IDYTHX ONTHYECKMX MAaTepHalIOB C IOBYyMS
YCTOHYMBBLIMH COCTOAHHSAMH HEOOXOIAMBI
JaJbHEHIIHe ITUPOKUE UCCIICOOBAHUA U IKC-
nepuMeHTh. CeroHs yxe IOYTH HUKTO He
COMHEBAaeTCA B BO3MOXHOCTH CO3JaHHA OII-
THYECKHX KOMIIBIOTEPOB, XOTA HENb3 C YBe-
PEHHOCTBIO CKa3aTh, 6yayT M OHH, MOJZ06HO
coBpeMeHHBIM JBM, yHuUBepcabHBIMH HITH
kK¢ OPDHCHTHPOBAHHBIMH Ha peIICHHE TeX
ocobbIx 3amay, rae TpebyeTcs OuUeHb BHI-
cOKasA cKopocTh 06paboTku mHPOpMAIMH.
IIpakTH4eckoi peaJIbHOCTBIO CETOIHSA
CTaJO HCHOJIb3OBAHME CBETa Kak HOCHTENA
uHpOpPMALHK B BOJIOKOHHO-ONITHYECKHX CHC-
TeMax. OQHAKO 3Ta TEXHHKa, BO MHOTHX
OTHOIIIEHHAX MPEBOCXOJHAA, BCE Xe HMEET
00uH HEJOCTAaTOK: B Cllyiae HEOOXOAMMOCTH
06pabaTeIBaTh ONTHYECKHE CHTHAJIBI HX CJIe-
IyeT IpedBapHTENbHO TIIpeobpa3oBaTk B
anekTpHyeckue. buuio 6l ropasmo ymobuee
00paboTKy CHTHAJIOB TakXe OCYIIECTBIATH
ONTHYECKUM criocoboM. [list 3TOrO HET HH-
KakoH HyXIbl B CO3IaHHH YHHBEDCAIbHBIX
ONTHYECKHX KOMIIbIOTEpOB:  Tpebyrorcs
JIALIL OPOCTHIE HEJTHHEHHbIE ONITHYECKUE 3JIe-
MEHTHI, CXOJHBIE C ONTUYECKOH IITACTHHKOH
H INpenHasHayeHHble A 06paboTkM aHa-
JIOTOBBIX H LIAGPOBLIX CHTHAIOB. B KayecTBe
IpUMepa MOXHO Ha3BaTh JIa3epHbI Ouof,
4YeH CBETOBOM BBIXOJ YIIpaBJiseTcs C IIO-
MOILLBIO IpYroro MeHee MOWHOT 0 ja3epa. B
aToM npubope, co3gaHHOM B 1983 r. smon-
CKHMH HCCJIEIOBATENAMH, BHIHBI 4EPTHI,
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AHAJIOTUYHBIE XapaKTePHbIM OCOOEHHOCTAM
TpaH3ucTopa. PasHuna cocTOMT JHMIIBL B
TOM, YTO OJHH OMNEPUPYET IIEKTPUYECKHUMH
CHTHAJJaMH, a IpYroH —ONTHYCCKUMH, T.€.
JlazepHBbI# OuoA mpencTaBiseT coboil onTH-
YECKHH TpaH3HCTOR.

MUHTerpanbHaAa ontuka

Ocoboe 3HaYeHHEe IJIA ONTHYeCKoH 0OpaboT-
KH CHTHAJIOB HMEIOT HMHTErpajbHble OITH-
YeCKHe CTPYKTYPHI H3 CBETOBOZOB, ONTHYEC-
KHX KJIallaHOB, MPH3M, MOAYJIATOPOB U ApY-
THX TACCHBHBIX 3JIEMEHTOB ONTO3JIEKTPOHH-
KH, COBMECTHO cpOpMHpPOBAHHbIE HA TBEPAO-
TeNIbHOM MiacTHHKe. TakWe CTPYKTYpHI Ha-
3BIBAIOT KOMIIOHEHTAMH WUHMEZPAAbHOU On-
muxu. ECIH e B KauecTBe MaTepHana Hc-
O0JIb30BaTh aPCEHH TAJUIMS HJIH HEKOTOpbIE
IpYyTHe TIOTYNPOBOAHHKH, TO MOSBHTCA BO3-
MOXHOCTh BBECTH B TOT Xe€ KPHCTAJI Kak
3JIEKTPOHHBIC, TAK U ONTO3JICKTPOHHLIE 3JIe-
MEHTHI, HAMPUMED Ja3epHuie THOALL H do-
TOOETEKTOPBIL.

MonekynapHaa 3NeKTpPOHUKa

Ewe Gosee manekoMy OyaylieMy IMpHHaIIC-
XaT MOCH H 3aMBIC/Bl, KOTOPBIC MOXHO
00beAHHUTh NOJ OOIIHM HAa3BaHHEM «MO-
JICKYJISpHAA JICKTPOHMUKAY HIIH «OHO3JIEKTPO-
HHKa». Ilod MOJIEKYJApHOH 3IJIEKTPOHH-
KOH MOHUMAIOT OJMH M3 BADHAHTOB 3JIEKTPO-
HHKH Gyaylero, Wi, NpaBHIIbHEE CKa3aThb,
Oynyiei TeXHUKH 0OpaboTKH HHPOPMAIHH
(xoTa ¥ He fACHO, KAKyl Xe DOJIb 3Iech
OyayT MrpaTh 3JEKTPOHBI), KOTOpas ONEpH-
pyeT OGYHKIMOHAJTHHBIMH 3JIEMEHTAMH Ha
MOJIEKYJIIDHOM YPOBHE H Ha YPOBHE APYTHX
MHKPOCKOIIHYECKHX COCTaBHBIX YacTedl Ma-
Tepud. Ecm mpu 3toM obpaujarores kK Mo-
JIeKyJ1aM 6€JIKOB MITH IPYTHX GHOJIOTHYECKHX
COeOMHEHHUHA, TO, KaK MPaBHJIO, peYb HOET O
OHORIEKTPOHHKE. B TO ke BpeMs NOHATHE
«OHOIEKTPOHHKA» OTHOCHTCA H K TaKOMY
THITY JIEKTPOHHKH, rae o6paboTka uHOp-
MAalMH TOCTPOeHa HA TPHHIMNAX GYHKIH-
OHHpPOBaHHA OHOJIOTHYECKHX CHCTEM, KOTO-
pble ceffuac MBITAIOTCH pPean30BaTh TpagH-
UHOHHBIMH METONAMH. DTO TeMBI MBI HE
6yneM kacatbes noapobro, a noroMy 6yaeM

u3beraTh TEPMHHA «OHOINIECKTPOHHKA» H
BOCTIOJIb3YEMCSL TIOHATHEM «MOJEKYJIAPHOR
37eKTpoHMKM». CeromHs  MOJEKYISAPHOR
3JIEKTPOHHKH KaK TaKOBOH ellle He CYIIecT-
BYeT H HHMKTO HE MOXET C YBEPEHHOCTBIO
cKa3aTh, KaKyl) KOHKpeTHYy1o ¢opMy oOHa
IIPUMET M CTAHET JIH PeaJIbHOCThIO BOOOIIIE.
Celiuac OHA MpeACTaBJ€Ha CBOEro poja
TIpHHIMIIAAIBLHOH KOHLenuueit, HabopoM HH-
TEepPeCHbIX HIed U 3KCIEPHMEHTANBHBIX pe-
3yJIbTATOB, €¢ HMKaK HeNlb3sl CYMTATh CJIO-
JKHBLINMCH HalpaBJIeHHEM, HMEIOILHM TIpakK-
THYECKHH BBIXOJ, TakoH, Kak, HAalpHMep,
3JIEKTPOHHBbIe NMPUOOPHI Ha mepexonax [Ixo-
3edcoHa MIH MpHUOOPBI, OCHOBaHHBIE HA -
¢dekte onTuyeckoil 6ucrabmwibHOCTH. OnHa-
KO TJIaBHas MJAeS MOJICKYJISAPHOH 3JeKTpo-
HHKH OCTaeTcs BeCbMa I[IPHBJICKATEIHLHOMH.
Ecnmu B MHKpPOJIEKTpPOHHKE B HacTosIee
BpeMs IpPEANpPHHHMAIOTCA YCHJIHS, HaIlpaB-
JICHHBle Ha OajibHeHlllee YMEHBIIEHHE pas-
MepoB (GYHKIMOHATBHBIX 3JEMEHTOB, IpaB-
Ia, Ha MaKpOCKOIHMYECKOM YDOBHe (T.€. B
MHKPOHHOM [Hamna3oHe, KOTJa 3TH 3JIeMeH-
THl COCTOAT H3 MHJITHAPIOB aTOMOB), TO
MOJIEKYJIIDHAsi 3JIeKTPOHHMKA IpeiaraeT
TIpHHIMIKAJILHO HHOe pelueHHe. Ee 6a3o-
BBIMH 3JIEMEHTaMH SIBJISAIOTCS Mebyaiive
COCTABJICHHBIE YaCTHIbI MAaTEPHUH — aTOMEBI H
MOJIEKYJTBl pa3MepOM Nopsaka HaHOMeETpa.
«HaHOTeXHOIOTHA» CHHTE3UPYET 3JIEMEHTDI
NyTeM YIOPANOYEHHOH «COOPKH» KOHCTPYK-
I U3 OTIEJNBbHBIX ATOMOB, JOBOJAA IO MH-
HHMyMa KOJIMYECTBO BEIECTBa, HeoOXoIm-
MOTO IS MOJIyYeHHs 3JleMeHTa, obecreyu-
paroulero o6pabotky uHpopmammu. B man-
HOM cJIy¥ae cXeMa co3JaHHus npubopa— OBH-
XeHHe OT MeJIbYaiIlero K MajJoMy, HO HMe-
JOlIEMY JOCTaTOYHO KPYIHbIe pa3Mephl IS
IOCTHXCHHA TOCTAaBJICHHOH Ienu. B HaHo-
TEXHOJIOTHH HHTET PAJbHbIE CXEMBI CO3AaI0T-
cfl He TaK, KaK B MHKDOIEKTDOHHOH TeX-
HOJIOTHH, IOCKOJIBKY TEXHOJIOTHYECKas Iie-
MOYKa HCXOOMT Kak Obl M3 rTyOMH MaTepHu,
HCTIOJIb3YSl TIPHCYIIYIO MOJICKYJlaM H aTo-
MaM «CKJOHHOCTb» K OOpa3oBaHHIO OIpe-
IENIEHHBIX  MUKPOCKOnuueckux  CTPYKTYP.
BaxxueHIIMM HHCTPYMEHTOM MOJICKYJISPHOH
3JIEKTPOHHMKH, KOTODHIH HCHOJIB3YeTCA A
CO3A4HHSA CXEMHBIX CTPYKTYD, ABJISHOTCH XH-
Muueckue ¢Bsi3H. KoHednas uesnb 37ech, Kak
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H Yy MHKPO3JIEKTPOHUKH,— CO3JaHUE YCT-
poiicTB 06paboTku uHbpopMamuu. [Ipu aToM
B HAa4YaJdbLHOHM cTaguu Oe3pa3M4HO, B KaKOM
dopme ocymmecTBiIfeTCA Takas obpaboTka—
B JBOMYHON HJIM OECATHYHOH CHCTEME CYMC-
Jenust 6o B agasorosoit ¢opme. BozmMox-
HO, Ja)Xe OKaXeTcs, YTO B OTJH4YHE OT
MHKDOIEKTPOHUKH CO3JaHHbIE METOJaMH
HAHOTEXHOJIOTHA (QYHKIIHOHAJILHBIE JJIEMEH-
Tl OyOyT CIOCOGHBI OmepupoBaTh HHGPOP-
Maiuei, npelacTaBlieHHOH B mmMdpoBoft cH-
CTeMe C HeIBOMYHBIM OCHOBAHHEM HJIM B
aHAJIOTOBOM GopMe, a HE B YUCTO TBOMYHOM
Buge. M 3Tto Henb3st OymeT paccMaTpUBaTh
Kax HeJoCTaToK, OO yxXe CeromHs CyIecT-
BYIOT CJIOXHBbIE 3amauu obpabotku uHbOP-
MaIliHi, HalmpuMep pAaclo3HABaHME PEYH H
3PUTETLHBIX 00pa30B MM NPHHATHE pellle-
HUH B HEOOHO3HAYHON cHUTyamum (T.e. 3a-
Ja4yy MCKYCCTBEHHOTO HMHTEJIJIEKTA), ¢ KOTO-
PHIMH IJIOXO CIPAaBJSIOTCH CHCTEMBI JBO-
uyHO# 06paboTku mHbOopMarmuu. Ecnu ¢ mo-
MOIIBIO MOJIEKYJISPHOHR 3JIEKTPOHHMKH OyoyT
HaineHs! 3PQeKTHBHBIE pELIEHH HMEHHO

TaKHX 3a7a4, TO 3Ha4YeHHe 3TOro OyaeT Tpya-

HO NepeoleHHTh. Beob B TakoM ciydae MO-
TYT HOSBHTBCS HEIBOHUYHBIE HJIM aHAJIOTO-
Bble KOMIBIOTEPH!, (YHKITMOHMPYIOIINE Ha
OCHOBE COBEPIIEHHO WHBIX INPUHIUIOB, HeE-
XeJIH COBpeMeHHbIe ABouyHbie 3BM. Bepo-
ATHO, TaKHe MAIMHBI OKa3aJHCh OBl CIO-
COOHBIMH CIIPaBJIATLCA C MHTEJUICKTYAIbHEI-
MM 3alayaMH, KOTODBIE BpSiA JHM KOria-
Hbyae Oyoyt «mo mimeuy» UHPPOBBIM
KoMIbioTepaM. [IpaBaa, 3TH BLIBOIIBI CKODEE
BCETO HE MpeIonpelesieHb H3HAYATIBHBIM Ha-
3HaYeHHEM MOJIEKYJIspHOH snexTpoHuku. Ho
OHM MOJYEPKHBAIOT, 4YTO MOJIEKYJIAPHAS
37IEKTPOHHKAa MOXET BHECTH ONpeaesIeHHBIH
BKJIal B pa3BUTHE HHOOPMAIMOHHON Tex-
HHKH, CBSI3aHHOE C TOMCKOM HOBBIX KOMIIbIO-
TEPHBIX apXHUTEKTYp H NPHHIUIOB MOCTPOE-
HASL DBM, ¢ KOTOpPBIMH MBI TIO3HAKOMHMJTHCH
B HavaJie 3TOH IJIaBHl. 3[eCh MBI HaMepeHBI
Ipexae BCero obpaTuThbes K mpobieMe an-
napamHelx cpeocmg MOJIEKYJISAPHOH 3JIeKT-
POHHUKH.

OcTaHOBHMCS CHayaja Ha BO3MOXHOC-
TAX WCIIOJIB30BAHUSA Te€X WM HHBIX CHCTEM
0bpaboTkn HHOGOpPMAIMH, KOTOPBIE MOTYT
npebBIBaTh B Pa3JIMYHBIX COCTOSHHSIX H CIIO-
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COOHBI TIEPEKTIOYATLCA M3 OJHOTO TaKOTO
COCTOSIHHSL B IPYTO€ B PE3YJIbTATE BHEIIHETO
Bo3neiictBusg. KpoMe MaKpOCKOMHYEeCKHX
YCTPOHCTB, HanpuMeEp CTPYKTYPHPOBaHHBIX
nostynpoBodHUKoBbIX UC, B 3Ty KaTeropuio
BXOOAT M MHKPOCKONHYECKHE CHCTEMBI, T. €.
CHUCTEMBI, (PYHKIIMOHHPYIOUIHE HA aTOMHOM

° M MOJIEKYJISIpDHOM ypoBHsX. CaMH Takue 4ac-

THLB! TaKXe€ MOTYT HaXOOUTLCA B Pa3HbIX
COCTOSIHHSIX, COBEpLUas IBHXEHHS, KOTOPBIE
XapakTepU3YIOTCS OTPAaHHYEHHBIM YHCIOM
BO3MOXHEBIX COCTOsHHIA. 715 3JIeKTpOHA 3TO
IBHXXEHHE MOXXHO NPEACTABHTH KaK Bpallle-
HHE BOKDYT HEKOTOPOH OCH, NMPOH3BOJILHO
PAcCHOJIOXEHHOR B NPOCTPAHCTBE, CO CKO-
pPOCTBIO, ONpENeNIeHHOH OmHMM U3 (yHOa-
MEHTaJbHBIX 3aKOHOB. OIHAKO HHKAKHM 3a-
KOHOM HE ONpeIesiseTcss HaMpaBJIeHHe Bpa-
HICHHS, T.€. OHO MOXET COBEPILATLCH KaK 1o
4acoBOH CTpesiKe, TaKk H HpoTHsB Hee. CBi-
3aHHBIH C 3THM KPYTOBBEIM [IBHXEHHEM MO-
MEHT KOJIMYEeCTBa ABW)XEHHUS, TaK Ha3bIBae-
MBIH CIHH, MOXET IPHHHMATb 3HAYEHHS
+ h/2 (h—uocrosmHas Ilnanka) u — h/2;
CJ1eJ0BaTEbHO, MATHUTHLIH MOMEHT OymeT
eh eh

paBeH — H — —— (m—Macca 3JIeKTpOHa).

2mc 2mc

HamnpaBnenne ocu BpallileHUst B IPOCTPaHCT-
BE MOXET ObITh 3aJaHO BHEIIHHM MAaTHHT-
HBIM MOJIEM. DJIEKTPOMArHUTHOE H3JIyUYCHHE
B OHamna3oHe BBICOKHX YacCTOT IO3BOJISET
H3MCHATH HaNpaBJieHHe BpallleHHS 3JIEKTPO-
Ha. CxomgHeIMH cBoMcTBaMH o0iagaroT H
IpYTUE U3BECTHBIC B HACTOAIEE BpeMs 3Je-
MCHTAapHbIE YacTHOBI, KOTOPBIX B oOmmeit
CJIOXHOCTH HACYMTHIBAETCH NPHMEPHO TpH
coTHH. OnHako I QUKCAINHM M H3MEHEHHS
HX BO3MOXHBIX COCTOSIHHH TpeOyroTCs MHBbIE
crnocobbl Bo3necTBHS. MHKpPOCKONMH4ECKHE
CHCTEMBI, HAYMHAs C aToMa Boxopoda, Co-
CTOAIIEr0 H3 ONHOTO MPOTOHA M OXHOTO
3JIEKTPOHA, H KOHYash HEOPraHHYECKUMH H
OPraHHYeCKHMH MOJIEKYJIAMH, B TOM YHCJIE
MoJIeKyJ1aMH O€JIKOB, BKJIFOYAIOIIUMH OEeCAT-
KH TBHICSY aTOMOB, 11O IOHATHBIM NMPHYHHAM
XapaKTepH3YIoTCS OONBIIMM MHOroo0Opa3u-
€M BHYTPEHHHX COCTOSHHH, HEXEIH OTIE b~
Hble 4YacTHUBL. Tak, Hampumep, 3JeKTpOH
aToMa BOAOPOJa MOXET HaXOOUTbCA Ha OJ-
HO# U3 OECKOHEUHOT0 MHOXeCTBa OOPOBCKHX
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OpOHT, pacrnojiararolIMXcs BOKPYT NMPOTOHA.
B Monekyne Oenka OOHH M Te XE€ ATOMBI
MOT'YT UMETh PAa3MYHOE NMPOCTPAHCTBEHHOE
pacnojioxeHHe M T.n1. Bremnee Bo3geict-
BHE, HampuMmep oOJIydeHHe CBETOM, MO3BO-
JIfeT U3MEHUThL BHYTPEHHEE COCTOSHHE MO-
JIEKYJ1. YYUTHIBAst OTPOMHBIH BBIOOD MHKpPO-
CKOTIMYECKHX CHCTEM, OOJIafarolMX pa3iHy-
HBIMH YCTOHYMBBLIMU COCTOAHHSIMH, He MpHU-
XOOUTCS YOMUBJATHCA, YTO 3Ty NEPCHEKTHB-
HYI0 06J1aCTh JIMIIIb HEIAaBHO CTAJIH paccMaT-
pUBaTh KaK MOTEHUMAJBHBIH «HCTOYHHK»
pa3HooOpa3HbIX BAPHAHTOB HOBBIX CPEICTB
obpaTobkn uMHpopmauuu. EcTe uenslit psn
TIPUYHH, OOBSCHAIONINX, IOYEMY B 3TOM Ha-
‘TIpaBJICHHH eille HUYEro He cAeNaHO M Io-
yeMy B o0o3puMoM OynymieM Bpsax JH
MOXHO paccuUThIBaTh Ha ycmeX. IJaBHOM
IPUYUHON ABJIAETCH TO, YTO, XOTA BO3MOXK-
HOCTb IPUBENEHHS CHCTEMBI B pa3JIHYHBIE
YCTOHYHBBIE COCTOSHHS H SABJIAETCA Heo00-
XOAUMEBIM YCIIOBHEM [UIS €€ HCIOJIb30BAHUS
B ueasx ob6paboTkH HMHPOpPMAlMH, OIHOTO
3TOro HemocTaToyHo. Tpebyercss BHINOIHE-
HHE pAda OPYTHX YCIIOBHH.

B nepByro ouepedb OTMETHM, 4TO Ha-
JIUYHE OJHOTO-€OHHCTBEHHOro  (yHKIHO-
HaJIBHOTO 3JIEeMEHTa MHKPOCKOIMUYECKHX pa3-
MEpOB ellle He MO3BOJAET PEeaNH30BaTh CH-
cTeMy 00paboTkn mHbopManuu: Tpebyercs
MHOXECTBO TaKHX 3JIEMEHTOB, KOTOpBIE IIO
OTIpeNIeIeHHON CXeMe HYXXHO YIOPAIOYHTH B
IPOCTPAaHCTBE H COENMHHUThL MEXAy cOOOH.
Kpome Toro, momkHa CyliecTBOBaTh H BO3-
MOXHOCTh [UIl Nepefayd HHPOpPMAIMH C
BBIXOJa 00H020 (HYHKUHOHATBLHOIO 31IEMEHTA
Ha BXOJI 0py2020 TaKOTO 3JIeMeHTa ¢ 3Pdek-
TUBHBIM €€ HCIOJb30BAaHHEM B Ka4yeCTBE
BxogHo#t wmHbopMamuu. Has storo Tpedy-
€TCSl HOCUTENIb HHQOPMAIMH, T. €. HEKas Ma-
TepHanbHasg CyOCTaHUUS, BO-TIEPBBHIX, CHO-
cobHas BCTynaTh BO B3aUMOAEHCTBHE C
(YHKIHOHANBHBIMH 3JIEMEHTAMH M, BO-BTO-
pbIX, MHPOpMalMsA, NpHroAgHas IJIA TNepe-
Ja4yd OT OAHOTO TAaKOro 3JIEMEHTAa K OPYro-
My IO CTIeIMaJIbHBIM COEIWHUTEIIHHBIM 3JIe-
MEHTaM MJIM JK€ HEeNOCPEACTBEHHO depe3
OKpy>Karoiee mpocTpaHcTBo. CaMu GyHKIIH-
OHaJIbHBIE JIEMEHTHI JOJIKHBI HMETh TaKOe
CTPOEHHE, YTOOBI C MOMOLUBIO OJHOM U TOH
XK€ MaTepHaTbHOH CYOCTaHIMH, BBICTYIAIO-
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el B KayeCTBE HOCUTENA HHpOpMalUH,
MOXHO OBUIO NpPOU3BOIUTH KaK MEPEKIIIO-
yeHHe (GYHKIMOHAJIBLHOIO 3IeMeHTa U3 OJ-
HOTO COCTOSIHHSt B ApPYroe, Tak U YIECpPXH-
BaTb €r0 B YCTAHOBHMBIIEMCS COCTOSIHUH, a
TaKKe CYHUTHIBATH TEKYyllee COCTOSHHE. DTO
OKa3bIBaeTCA BO3MOXHBIM, JIMIIL Korda y
KaXgoro (yHKIMOHAJILHOTO 3JIEMEHTa HO-
CHTENb HHGOPMAIMH, HMEIOLIUICS Ha BBIXO-
Jie, aHAJIOTHYEH HOCUTENI0 MHbOopManmuu Ha
Bxode. JlaHHoe TpeboBaHUE BBIONHAETCA
IS 3JIEKTPUYECKOro, HO He JJIA MeXaHHYec-
Koro mnepekyiroyatens. IIpuMeHHMTenBsHO K
aToMy nogobHoe yciIoBHe cobogaeTcs, ec-
JIH ¢ TIOMOMLUBIO CBETA C ONpeAeNeHHON UIH-
HOH BOJIHBI, KOTOPBIA 34€Ch KaK pa3 M sB-
JIfETC HOCHUTENEM, aTOM IEpPEeBOIUTCH B
BO30Y>XICHHOE COCTOSIHUE M €CJIH CBETOM C
TOM € IJIHHOM BOJIHBI C HETO MOXET OBITh
CYHTaHa MHPOpMaIHs, NO3BOJIAIOLUAS OIpe-
JEJUTh, HAXOOUTCS I OH B TaHHOM COCTOS-
HuH. ITockosnpky MOZOOHBIX HOCHTENb HH-
¢opmanuM MpH MepekTIOYeHHH 3JIEMEHTa B
ONpeAesICHHOE COCTOSIHUE U YAEPKaHUS eTo B
TaKOM COCTOSIHHH [AOJDKEH COBEPIIATH W3-
BECTHYIO paboTy M HpU 3TOM HAacCTHYHO Te-
psieTcs TMPH NMPOXOXKICHUH depe3d pAn (pyHK-
LIHOHATBHBIX 3JIEMEHTOB, TO B KaKOM-TO
MECTE CXEMHOH ILIeMO4YKH OH OKa3bIBaeTcs
HAacTOJIBKO OCJIabJICHHBIM, YTO yXe He MO-
XeT BBLI3BAaTh H3MEHEHHE COCTOSIHUSA CIIEeIyIO-
miero snemenTta. IToatoMy camu ¢yHKIHO-
HaJIbHBIE 3JIEMEHTHI HJIH CBA3M MEXIY HAMH
HeoOXomuMO cHaOauTh BHYTPEHHHM MeXa-
HHU3MOM YCHJICHHS, OOECNEYHMBAIOLIMM ITO-
CTOSTHHOE BO30OHOBJIEHHE PACXOLYEMOTO HO-
cuTens uMHpopmanuu. B TpaH3Hucrope, Ha-
npuMep, OOECIeYHBAETCS aBTOMATHYECKOE
ycuIeHHe MoWHOCTH. [IpM HMCIONB30BAHMM
CBETA pEaTH30BATh YCHJICHHE HOCHTEJIS HH-
¢opmalMM MO3BOJIAET Tak Ha3blBaeMOE HH-
IymMpoBaHHOe uHanmy4yeHue. Ilpu cobmrone-
HHH BCeX IEPEYMCIIEHHBIX TpeboBaHME K
(YHKIIMOHATIBHBIM 3JIEMEHTAM H HaJIMYHH
MeXOY HEMH COOTBETCTBYIOLIMX CBA3EH To-
BOPAT O NMPHIOAHOCTH 3JIEMEHTOB A Kac-
KaJHOTO BKJIOYeHUs. VIHTerpajibHyro cxemy
g obpaboTku MHGOpMAlMH MOXHO IO-
CTPOHTh TOJBKO M3 (YHKIHOHAJIBHBIX 3JIe-
MEHTOB, MPHIOHBIX AJIS KACKAJHOTO BKJIFO-
yeHUsA. Takoi XapakTepUCTHKOH obiamaror
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TPaH3UCTODHI, OJJIEMEHTHI Ha Iepexonax
Jxoszedbcona u npubopsl, OCHOBaHHBIE Ha
a¢dekTe onTHyeckoit OuctabuabHOCTH. Te-
nepb MOXHO DPacCMOTPETb COOTBETCTBYIO-
IIHe MEePCIEKTUBBI I Clly4as, €CIM TaKue
K€ XapaKTepUCTHKH YAAacTCA MOJIyYHTb U Y
(YHKIHOHAJIBHBIX 3JIEMEHTOB MOJIEKYJIAD-
HOHM 3JIEKTPOHHKH.

B mepByio oyepenb HEOOXOOHMO OTMe-
THTb, YTO B OTJIMYHE OT YMOMHHABIIUXCA
paHee 3JIEMEHTOB (PyHKIMOHAIBHbIE MOJIE-
KYJIAPHO-3JIEKTPOHHBIE 3JIEMEHTHI B HACTOS-
Iee BpEMS «CYLIECTBYIOT» TOJBKO B BHAE
uaeit U NpeU1oKeHUH 1 HH OOMH M3 HHX MOKa
He peann3oBaH Ha mpakThke. Mmet obcyx-
JIEHUEe BO3MOXHOCTEH co3gaHus (yHKIMO-
HAaJIBHBIX 3JIEMEHTOB, OCHOBaHHBIX Ha HcC-
NOJIb30BAaHMH PA3JIMYHBIX (PHIMYECKHX SBIIE-
HHH, cpelH KOTOPHEIX MOXHO Ha3BaTh pe-
30HAHCHBII MYHHEAbHBIE nepexo0 IIEKTPOHOB
M pacnpoCTpaHEHHE COAUMOHA B TIETIOYKaX C
XHMUYECKHUMH CcBs3sMHU. TyHHeJbHOE mpo-
XOXJIEHHE 3JeKTPOHOB uepe3 MOTEHIIMAalb-
HbIH Oapbep MeXxIy IBYMsS KBAaHTOBBIMH
ssIMaMH MBI yxke obcyxnanud. B Monekynsap-
HOM BapHaHTe PE30HAHCHOTO TYHHEJIBHOTO
nepexoJa KBAaHTOBblE MBI NpeANosaraeTcs
co34aBaTh Ha OCHOBE OJWHAKOBBLIX aTOMOB,
HalpUMEpP 4aTOMOB a30Ta, CBA3aHHBIX B
aTOMHYIO IIETIOYKY C OPYTHMH aTOMaMH,
0o6pa3ylolMMH  HOTEHIMAJILHBIA  Oapbep.
IlyteM «mepemeTeHus» OOJBLIOTO YHCIA
TaKMX LEMOYeK B IMPHHIMIE MOXHO MOJYy-
YUTh (PYHKIUOHANBHBIE 3JIEMEHTHI, TIPUION-
HBI€ 1A KacKaJHOTo BKItoueHUs. CKa3aHHOe
CIpaBeUIMBO ¥ B OTHOILICHWH aTOMHBIX Iie-
TIOY€K, IO KOTOPBIM MOTYT PacpOCTPaHATh-
¢ conuToHbl. Ilox CONMMTOHOM TMOHHMAIOT
JIOKAJIM30BaHHOE BO30YXXIEHHOE COCTOSHHE,
criocobHOe MmepeMelaTbes B IPOCTPAHCTBE C
COXPaHEHHEM HEHU3MEHHOH reoMeTpHyecKoH
¢$hopMel. B MoJIekyJIIpHO# 3NEKTPOHHKE OCO-
Oblif MHTEpEC MpENCTaBIAET, HANIPUMED, CO-
JIATOH B BHIE BO30YXIEHHOTO COCTOSHHUSA
XUMHYECKH CBA3AHHOHN IENOYKH U3 JIMHEHHO
YIOPSIOYEHHBIX aTOMOB YTJIEpOAa, B KOTO-
poit peryJspHO dYepeayloTcs MpOCThie H
IBOMHBIC CBA3M THNa Yriiepox-yriepod. B
3TOM cJyyae BO30YXIEHHOE COCTOSHHE
NPEICTABJIEHO HAPYLICHHEM PETYISAPHOM MOo-
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CJIeqOBAaTENLHOCTH Ye€PENOBAHUS NPOCTHIX H
IBOMHBIH CBA3EH.

IMpuronsple 1Is KaCKagHOIO BKIIOYEHHS
(HyHKIHOHABHBIE 3JIEMEHTHI, T/I€ HUCIOJb3Y-
IOTCA COJIMTOHBI WJIH TYHHEJbHBIE 3JIEKTPO-
HBI, B NPHHIUNE OOJKHBI ODECIEYUTh BO3-
MOXHOCTb COOPKH MHTErpajibHBIX CXEM IS
ob6paboTkn mHPopmanmu. OgHAaKO TO, YTO
3TO BO3MOXHO 6 npunyune, HIKaK He MOXET
Hac ynoBieTBopuTh. Heobxoaumo HaiiTH Ba-
PHAHT TIPaKTHYECKOH pealu3allMd TaKuX
cxeM. C TOYKHM 3peHHS W3rOTOBJICHHS HH-
TerpajbHBIX CXEM MOJIEKYJSIPHOH 3J1eKTpo-
HUKH MPOIECcCHl MOCNIeNOBaTENIbHOIO HaHe-
CEHHS CJIOEB M HX CTPYKTYpHPOBaHHsA, NIPH-
MEHSAEMbIe B MUKPO3JIEKT DOHHKE, HECOMHEH-
HO, OTHOCATCA K MaKpOCKOIIMYeCKHM. 31ech
HaM HHYEM He CMOXET MOMOYb H BECh MOII-
HBI apceHaJl METOIOB MaKpOCKONMHYECKOR
XxuMHH. B 31Ol 0ONacTH TeXHONOIHsA HyX-
JaeTcs B 3HAYHTENBHO OoJiee TOHKMX Me-
tomax. Ha HavanbHOH cTanum, K NpHMepy,
MOXET HaWTH NpUMEHeHHe H3BECTHBIA U3
6uoxumun Meron Moapuduina, ¢ moMoupo
KOTOpOro Ha NOAJIOXKKE B pe3yJIbTaTe Onpe-
JEJICHHBIX MAaHHIYJAIUHA (npolle TOBODA,
MyTeM KanejbHoH oOpaboTKM M NMPOMBIBKH
MOJTIOXKKH) CTPOST aMHHOKHCJIOTHBIE IIETMOY-
KH, «HaHH3LIBas» MOJIEKYJY 32 MOJEKYJIOH.
Bnaropaps nepeHocy 3Toro Metoaa Ha Mo-
JIEKYJIbl APYTMX THIOB, BO3MOXHO, YAAacTCs
peaJH30BaTh CX€MHbIE CTPYKTYpPBl W3 MO-
JIEKYJIAPHBIX (YHKIHOHAJbHBIX 3JIEMEHTOB,
HamnpuMep B BUAE XpoModopoB, a Mexcoe-
IUHEHUS W3 MOJMHUTPUIOB ceprl. B kaue-
CTBE OpYTUX 6a30BBIX METOJOB MOXHO OBLIO
6Bl MPUMEHATH NMPOLECCHl CO3JAaHUS MOHO-
MOJIEKYJIIDHBIX CJI0eB, cKaxeM Meton JleHr-
Miopa - Biiomkera, koria MOHOMOJIEKYJISAp-
HBIA CJIOM MOJIy4aroT Ha MOBEPXHOCTH KHI-
KOCTH, 4 3aTe€M CHHMAalT M NEpeHOCAT Ha
noaioxky. Hene3s Ha YNOMSHYTB H MO-
JIEKYJISPHYIO 3IHTaKCHIO, C KOTOPOH MBI
NO3HAKOMIINCH TIPH ONMMCAaHMM M3TOTOBJIE-
HHS TOJIyIPOBOJHHKOBBIX MHKPOCTPYKTYP.
Ecmn xe obpaTuTbhCcA K CE€HIMalbHBIM MH-
TErpajbHBIM CXEMaM Ha OCHOBE OeNKOBBIX
MOJIEKYJI, TO 3[eCh B TIPUHIIMIIE MOXHO MpPH-
BJIeYb HAa MOMOIIb COBPEMEHHYI OHOTex-
HoJsloruio. Kax mu3BecTHO, ¢ momolibio Me-
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TOZIOB T€HHOU MHXEHEpUH OaKTEpHUH MOXHO
3aCTaBHTh CO3aBaTh U3 OTAENbHBIX AMHHO-
KHCJIIOT 6enkoBble MOJEKYJBI 3aJaHHOIO
coctapa. CBoiicTBa MOJIEKYJIHl Gefika ompe-
JEJIIOTCH ONpeeNIeHHO HOoC/Ie0BaATEIbHO-
CTBIO aMMHOKHCIOT. EcCIH MBI HaydHmcs
KOHCTPYHPOBAaTh AMHHOKHCIIOTHBIE IENMoY-
KH, 06J1agarolie HyXHBIMH CBOHCTBAMH, TO,
BO3MOXHO, YAACTCSA IOJYYHTh KOMILIEKCEI
u3 OeNKOBBIX MOJIEKYJI, CHOCOOHbIE pellaTh
3agaul o6paboTkn MHGOpPMALHH.
HecMmoTps Ha dpyHOaMEHTaNbHBIH Xapak-
Tep npob6ieM, KOTOpHIE €llle TOJBKO Mpe[-
CTOHT PELINTh HAa OYTH K DEaM3aiuy HH-
TErpajbHBIX  3JEMEHTOB  MOJEKYJISAPHOMN
INMEKTPOHUKH, OIpeJe/ieHHbIe IIAHCH Ha YC-
mex cymecTByioT. [lpemmonoxuM Temneps,
YTO HAMH yXe€ HaJlaXXeHO NMPOHU3BOACTBO HH-
TErpajbHBIX  3JEMEHTOB  MOJEKYJISAPHOMN
JNMEKTPOHHUKH. B 3TOM ciiyuae mpaBoMepHO
3a1aTh BONpoOC: a GYIET JIM NPEeBOCXOACTBO
HOBBIX CpeACTB 06paboTKH HHpOpMAIHH
HaJ COBPEMEHHBLIMHM HHTETrDaJIbHBIMH CXeMa-
MH [JeHCTBUTENILHO HACTOJBKO OOJIBLINM,
YTO ONpaBAAIOTCA T€ KOJOCCAJLHBIE 3aTpa-
Thl, KOTODBIE, - 6€3YCIOBHO, NOTpebyroTCs
s ux paspabotku? Ha mepBbIii B3rjiasn Tak
H xodercsi 6e3 KaKHX-TMOO OroBOpOK HaTh
YTBEDAUTENbHBIH OTBET. MOXeT moka3aThb-
cfl, 4TO MEpeXoJ OT MAakKpo- K MHKPOCKO-
MHYeCKMM (DYHKIMOHATBHBIM 3JIEMEHTaM B
MHJUTHOHBI pa3 MEHBIIHMX pa3MepoB BHE 3a-
BHCHMOCTH OT OCOOEHHOCTEH M3roTOBIEHHS
KaK HX CaMMX, TaK M COEHUHEHHH MEXITY
HUMH aBTOMATHYECKH [OJKEH IPHBECTH K
nosiBieHuo Oonee 3¢dGheKTUBHBIX CpeacTs
o6pabotku uHbopManuK. BeITyeT npeacTas-
JIEHHE O TOM, YTO Takue (PyHKIHMOHATbHbIE
3NIEMEHTHI JOJDKHEI HMeTh 60Mbiuee 6bIcTpo-
IeHCTBHE U HANEXHOCTh, OTIMYATHCS MEHb-
IIAMH pa3sMepaMH, CTOMMOCTBIO H 3HEpro-
noTpebNeHHeM N[O CPAaBHEHHIO ¢ MAaKpOGKO-
ITMYECKAMH [OJYIPOBOTHUKOBLIMH aHAJOra-
md. OHAKO 3TH NpEACTaBJICHHS OOMaH4H-
Bbl. Boo6pa3uM, 4TO (YHKUHOHANLHBIMH
3JIEMEHTaMH SBJIAIOTCH aTOMBI, CBS3b MEXIY
KOTOPBIMH peaji3yeTcs ¢ IOMOIIbIO CBETA.
B Takom ciywae paccrosiHHe MeXIy cocel-
HUMH aTOMaMH JOJDKHO NPEBHIIATH IIHHY
CBETOBOH BOJHBEI, T.€. ObITh Gomee 0,5 MKM.
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A 3TO Kak pa3 Te pacCTOSIHHSI, HA KOTOpbIE
MIOYTH YAATOCH BBIHTH B COBPEMEHHOM KpeM-
HAEBOH MHKDOJJIEKTpOHHKE. Bo3bmeM 1py-
ro#t npuMep. Ecaun nonpo6oBaTh NOCTPOUTH
MEPEKITIOYAIOIINE CXEMBI, aHAJIOTHYHEBIE CO-
BpeMeHHbIM HC, nytem coemuHeHus Oen-
KOBBIX MOJIEKYJI, UT'PAFOIIMX CYIIECTBEHHYIO
poib B 06paboTke MHpOPMAIMH Yy HBEHIX
OpraHM3MOB, TO Pe3yJbTaT HAC BeChbMa pa-
3o4apyeT. BexoBele cxeMrl 6yayT pabotaTs
Ha HECKOJIBKO MOPSIKOB MEIJICHHEE, 4eM
COBPEMEHHbIE IOJYNPOBOJHHKOBLIE HHTe-
rpayibHBIE CXEMBI, TaK Kak nepeaaya uH¢op-
MarHHu B OeNIKOBBIX MOJIEKYJIaX OCYIHECTBIIS-
eTcs He 3JIeKTpOHaMH, a HoHaMH. CpenHss
CKOPOCTb MOHOB COCTaBJseT okoJio 10 M/c,
Toraa kak y anekrpoHoB B MIC oHa paBHa
noutn 10° m/c. Ecau Hcmonb3oBaTh 6ejko-
BbIC MOJIEKYJIBI B Ka4eCTBE MHKPOCKOIHYEC-
KUX (GYHKIMOHATBHBIX 3JIEMEHTOB IUIA 00-
pabotkn mHGOPMAIMH, TO HMpHIAETCA obpa-
THTbCS K MHBIM NIPHHIHNAM NOCTPOCHHS TIe-
PEKJIIOYATENBHBIX CXEM, OTJHMYHBIX OT HpH-
MEHAEMBIX B TPaIHIMOHHON MHKDPO3JEKTPO-
HHKE, HAIIpUMep K TaKUM, KOTOPBIC IIpHpOAa
HCIIOJIb3YET B HEPBHOM CHCTEME BBICIIINX Op-
raHu3MoB. Unu xe Hago Oyner HaliTH Takue
6enmkH, XOTOpble HMEIOT HE HMOHHYIO, a
IEKTPOHHYIO 3JIEKTPONPOBOAHOCTh. B mpu-
pome Takux OeJIKOB He CYIIEeCTBYeT, M HX
NPUAETCS CHHTE3HPOBATh HCKYCCTBEHHO.
OnpeneneHHOTO BHAMAaHHUS  3aClly)XHBaeT
HIPOTOHHAS 3MEKTPONPOBOIHOCTD, MYCTh OHA
H He cToNb 3¢¢eKTUBHA, KaK 3JICKTPOHHAA.
N3pecTHO, B 4aCTHOCTH, YTO B OIpeIe/IcH-
HbIX OENKOBBIX MOJEKYJaX MPOTOHBI CIIO-
COOHBI C BBICOKOH CKOpPOCTBIO TYHHEJIBHO
OPOXOANTHL Yepe3 IOTCHUHATILHBIH 6Gaphb-
€p, pa3feNsiolMd [OBe KBAaHTOBBIE SMBI,
TakuM 06pa3oM, OHH BHOCSAT CBOH BKJIajd B
obecneyeHHe 3NEKTPONPOBOIAHOCTH OENKOB.
Cepbe3Hble Npo6JeMBI CBA3aHBI H C HAJEK-
HOCTBIO MHTETpAaJIbHBIX 3JIEMEHTOB MOJICKY-
JIApHOM 3IeKTpOHUKHU. EciH elme yyecTh, 4TO
B OMOJIOrAYecKNX M APYTUX CJIOKHBIX CHCTE-
Max JOBOJIbHO 4acCTO BO3HHKAIOT Ne(eKThl,
TO NPHAETCA CYMTATHCA U C OTHOCHTENHHO
BBICOKOH MHTEHCHBHOCTBIO OTKa30B Genko-
BBIX MHTErpajibHbIX 3JIeMeHTOB. JKHBBIE Op-
TaHM3MBI pElAlOT 3Ty Mmpo6JeMy ¢ MOMO-
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Puc. 77. CxemaTHucckoe HBOSDR)KBHHC Heﬁpoua HC/IOBEYECKOI0 MO3ra.

b0 MHOFOYHCJIEHHBIX MEX4HH3MOB KOp-
peKuMH M _BoccTaHoBjeHus. M ecam mns
NpPAKTHYeCKOH peanusaiuu Oyner BblOpaH
9TOT BAPHAHT MOJIEKYJISAPHOH 3MEKTPOHHKH,
TO MNOJNOGHBIMM MEX4HH3MAMH [pHIETCA
BOCIOJIb30BATHCA M B HOBbIX MHTErpajibHbIX
3JIEMEHTAX, 4T0Obl obecneunTh HEOOXOIM-
MbIH YPOBEHb HANEHKHOCTH.

ToT ¢akrt, 4yTO B Mpolecce MOUCKA Me-
TOJOB MOCTPOCHUA CHCTEM 00pabOTKH HH-
GOpMALIHM Ha MOJIEKYJIAPHON OCHOBE MBI
CHOBa M cHOBa oOpainaeMcs K XHBOH Ma-
TEpUH, He sABJISETCH Chly4ditHocThio. [leno B
TOM, 4TO MMEHHO B XMBOH M4TEpHHM NpH-
poda peanu3oBajla €IMHCTBEHHYH €CTecT-
BeHHYIO (opMy yHHBepcaabHO#H 06paboTku
upopmamuy. Crneayer OTMETHTh, 4TO
(YHKIHMOHANbHBIMH 3JIEMEHTAMH HEPBHOH
CUCTEMBI ABJAIOTCSA HEHPOHBI, COCTOALIHE H3
MHJUIHOHOB MOJIEKYJI, IPHYEM pa3Mepbl Held-
POHOB COCTABJAIOT AECATKH MHKPOMETPOB,
T. €. MPEeBBILLAIOT pa3Mepbl MUKPO3JIEKTPOH-
HBIX 27eMeHTOB. HelpoHBI, MM HepBHbIE

KJIeTKH (puc. 77), coeduHeHbI Mexay coboi
COBCCM HE Td4K, KdK 3JIEMEHTHl MHKPO3JICKT-
POHHKM, I[€ IS ITOI0 HCIOJIB3YeTCH He-
6osbllIOe YHCTIO MPOBOAHMKOB. Mexay Heit-
pPOHAMHM HMEETCS MHOI'O K4HAJOB CBSH3H.
Kaxapiit Helipon obnagaer ThicAYaMH OT-
POCTKOB, K4aK KOPOTKHX, T4K M JOBOJIBHO
JUIMHHBIX (3TH OTPOCTKH H43BIBAIOTCSA COOT-
BETCTBEHHO NEHApPUTaMH H akcoHamu). Coe-
JHHEHHUA MEX/Y HEHPOHAMH peasM3yloTCs C
NOMOUIbIO JEHAPHTOB H AKCOHOB, 00pa3ylo-
LIUX KOHTAKTBI C AHAJIOTMYHBIMHM OTPOCTKA-
MM JpYrUX HEHPOHOB M HENOCPEICTBEHHO C

- HX TCJIAMH. CoOCTBEHHO AKTHBHBIM 3JIEMEH-

TOM S#BJISETCS T4K Ha3blBaeMas MeMOpaHa,
T.e. 000/04Ka, B KOTOPYIO 3aKJIFOUEHBI Heii-
POHBI H HX OTPOCTKH M KOTOpasi H3OJIHPYET
HX OT BHelUHel cpeabl. bnarogapsa pasnuu-
HbIM KOHUEHTpauusmM uoHoB Na*, K* u
Cl™ —BHYTpH H CHApYXH HEHPOHOB H HX
OTPOCTKOB —HAa TakoH MeMOpaHe BO3HHKAET
Pa3HOCTh MEKTPHYECKUX MOTeHuuanos. Ha-
pylleHHe Npothuls KOHIEHTPAHH HOHOB BO-
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3HHKAET BCJICACTBHE JIOKAJILHOTO H3MEHEHHS
NPOHHIIAEMOCTH MeMOpaHbI JUTS 3THR HOHOB,
00YCJIOBJICHHOTO B CBOKO O4epelb JIOKAJIb-
HbIM BO30yx)IeHneM. Takoe HapyileHHE KOH-
LHEHTPAIMd HM3MEHSIET DAa3HOCTh MOTEHIMA-
JIOB Ha MeMOpaHe KaK pa3 B TOM MECTe, IIe
npou3onuio Bo3OyxaeHue. Kak cnencraue
3TOTO OO0pa3yercs 3JEKTPHYECKOE IOJIE C
CIJIOBBIMH JIHHUSIMH, NAPAAAEAbHbIMU MEM-
Opane. Ilone BHI3LIBAET IBHXEHHE HOHOB H
NpPENATCTBYET NaJbHEHIIIEMY pacIpocTpaHe-
HHIO M3MEHEHHA pPa3sHOCTH NMOTeHIHajoB. B
CHHAIICE —HMEHHO TaK Ha3bIBAE€TCA MECTO
KOHTaKTa ABYX HEHPOHOB-—3JIEKTPONpPOBOI-
Has Lienb npepbiBaeTcs. OAHAKO Yepe3 HMeELo-
LIylocs 30eCh CHHANTHYECKYHO UIENb HaBO-
IUTCA «MOCTHK», POJIb KOTOPOTO BBHIOJIHSET
XUMHYECKHIH MeXaHHu3M Iepedadd Bo30yxkie-
HuA. [IpH anexTpuyeckoM Bo30YKIECHHMH Ipe-
CHHAINTHYECKasi CTPYKTypa BBIIEIAET uepe3
CBOIO MeMOpaHy XHMHUYECKOE BELIECTBO IIe-
penaun Bo36YxaeHHs (HeHpoMeaMaTop), Ko-
TOopoe NH(pPY3HOHHLIM NYTEM MNPEOROJIEBAET
CHHANTHYECKYIO IIeJIb U MO IPYrylo €€ CTO-
POHY IIPOHHKAeT B CTPYKTYpY HeiipoHa-aape-
cata, rae W BbI3bIBacT BO3OyxaeHue. Or-
croxa BO30YXIeHHUE
Janblle, T.€. NMPOTEKaeT MpOIeCC, OCHOBaH-
HBIi Ha 3JIEKTPONPOBOMHOCTH, ¢ TOH JHIIL
pasHMIEH, 4YTO Tenepb JJIEKTPHYECKHI HM-
NyJbC He Iepenaerci OT BO36GyxIaroLero
HeHpOHa, a NMPOXOIMT uepe3 NpPHEMHBbIH Heil-
poH. OH, OOHAKO, BHI3HIBAET YKAa3aHHOE H3-
MEHEHHE HE CaMOCTOATEILHO, 3 COBMECTHO C
MHOTHMH JPYTHMH 3JICKTPHYECKUMH HM-
MyJIbCAMH, KOTOpBle MOCTYNAalOT B HeHpOH
yepe3 OpYrHe CHHANCHI WM ACHAPUTHL M3-
MeHeHMe MeMOpPaHHOTIO MOTEHIMaIa U B UTO-
Te TeHEepalHs ANEKTPHYECKHX HMITYJIbCOB, Ie-
pelaBaeMbIX MO OTPOCTKaM HEHpOHAa B JpY-
IHe KJIETKH HEpBHOH CHCTEMBI, SABJISAIOTCA,
CJIeOBATENBHO, KOMIUIEKCHOR (yHKIHMeH mo-
cTynaroux curHaigoB. Tem caMbIM  ocy-
LIECTBJIAETCA OOBEOUHEHHE DPA3IMYHBIX HM-
MyJIbCOB, HECYIIMX HHGOpPMAlMIO, T.€. BBI-
noymsieTcsi onepaims odpabotku uHpOpMa-
. Ho B oTymyMe OT 3/eKTpOHUKH, B
KOTOpPO# (PyHKIMOHAJIBHBIE 3JIEMEHTBI Yalle
BCETO OOBEAMHSIOT JIMIIbL [BA CHTHAJIA, B
HEHpOHaxX NPOHUCXOAHUT OOBEIAHHEHHE MHO-
XeCcTBa CUTHaJIOB. EciiM ke TOBOPHUTB O KO-
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JHPOBAaHMH HMHPOpMALMH B paMKax HeHpOH-
HOH aKTHBHOCTH, TO BCE CKa3aHHOE BBillle
HATJIMHO TOKa3biBaeT, 4TO B HOAOOHOM
IpOLIeCCe  YHACTBYIOT MHOTHE HOCHTENH HH-
¢dopMatmm (B OTNIHYHE OT 3JEKTPOHMKH, Iie
HCIIOJIb3YeTC OJMH HOCHTENIB), KaK JJIEKTpH-
YecKHe, TaK M XUMUYECKHE, H 4YTO KpoMe
JBOMYHBIX METOXOB KOIMPOBAaHHS IPHMEHSA-
10TCsA IMPOBBIE HEBOUMHLIE H AHAJIOTOBbIE
AJITOPHTMBI.

B nenoM 3TH padyuMs CBOIATCA K ToO-
pa3go Gosiee BHICOKOH CTENEHH CIIOXHOCTH M
napajviesm3Ma B o6pabotke MHPOpMAIMH Y
XHBBIX OPIraHU3MOB IO CPABHEHHIO C 3JIEKT-
POHHBIMM CHCTEMaMH H ycrpoiicrBamu. Bia-
rogaps 3ToMy IocTHraercsi 6ojiee BBICOKas
CKOpOCTh 00paboTkH HMHPOpMaIM, HECMOT-
P HA HCNOJNB30BAaHME CPaBHUTENBHO MeJ-
JICHHBIX MOHHBIX M 3JIEMEHTApHBIX XHMHYeC-
KHMX TIpoueccoB. BBITb MOXeT, IMEHHO Takas
opranusarms oOpaboTku uHpopMaruH U AB-
JISETCA OCHOBHOH HENpPEB30HICHHBIX CHOCO0-
HOCTe#l YyestoBeueckoro Mosra. ToT ¢akr, ¥To
U1 pelleHMs 3aJay HHGPOpMALMOHHOH 00-
paboTku HpHpoda BOCHOJb30Basach OeJka-
MM, a He craja H300peTaTh H IPHUMEHATH
HEYTO CXOOHOE C  MOJIYIPOBOJHHKOBOMN
MUKpPOJJICKTPOHUKOH, OOBICHAETCA Kapou-
HJIbHBIMH Da3IHMMsMH MEXIY OBYMS 3Tu-
MH KIacCaMM  XMMMYECKHX  COCAHHEHMH.
BecbMa npHMeuaTeNbHBI M Te OTIPOMHBIE
pasmyuMsi, KOTOpble HaOMOOAIOTCA MEXAy
(yHKIMOHAILHBIME  NIPUHIMNIAMH  06paboT-
Kd uHQOpMamMH B JKHBBIX OpraHH3Max H
MHKpPOJIEKTPOHHBIX ycTpodcrBax. Ho Her
JM KaKUX-HUOyOb TPH3HAKOB TOrO, YTO B
XO€ OSBOJIIOLMM BCE XK€ «HUCIBITHIBAIHCHY
GyHKIMOHANIBHBIE MPHHIMIBI, OJM3KHE K
NPUHLMIIAM MUKPOJJIEKTPOHUKH, HampHMep
nepenaiya CHTHAJIOB ¢ IIOMOLIBKO 3JEKTPO-
HOB, a4 He HOHOB? MoXeT OBLITh, OKa3aBLIMCH
HENPHUEMJIEMBIMH, TAKHE TNPHHIMIBI ObLTH
OTOpOILEHBI, WK X€ NpHpoJa MPOCTO eLle
He JIOlIUTa B CBOEM Pa3BHUTHH IO IIPOBEPKH»
BApHAHTOB, CXOOHBIX C TEMH, KOTODHIE Cy-
LIECTBYIOT B MHKPO3JIEKTPOHHKE, H «0OOCHO-
BaHUA» HX TNPUTOIZHOCTH [UIA JKHUBBIX Op-
ranu3MoB? Bo3MOXHO, TIe-To B KOCMOCE
yXe ectb GopMa XHBOH MaTepHH, B KOTOPOil
OCYLIECTBJIsleTC  MHpopMauMoHHas  obpa-
60TKa, OCHOBaHHAs HA HCIOJB30BAHHH MO-
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JIEKYJI WJIH APYTHX MHKPOCKOTIHYECKUX (YHK-
HHOHAJBLHBIX. JIEMEHTOB M B OoJibllieit cTe-
MIEHH NPUCYILAS XHBBIM OPraHH3MaM; NPHH-
UMbl Takol ob6paboTku Obu1o ObI Jerye
3aUMCTBOBAThL H OCBOHTb B TEXHHYECKOM
minade. ITomo6HBIX BONPOCOB MOXHO 3ada-
BaTh CKOJILKO YTOAHO, HO OTBETHI Ha HAX MBI
elBa JIH KOTOa-HHOyAb mony4uM. B moue-
KYJIAPHOH 3JIEKTPOHHKE €CTh TOJLKO OIHH
TYTh — TBOPYECKHH TPy Y4YEHBIX M HHXEHe-
poB. M 31ech HeOOLIEHKA ellle HepelIEHHBIX
npobieM M 4pe3MepHble BOCTOPTH IO IMO-
BOJY YXe TOCTYIHOTO —KOTJa y MHOTHX H3
HAC MO CYIIECTBY CKJIAIBLIBACTCHA BIICYATIIC-
HHe, 6yATO MBI CTOMM OYKBAJILHO Ha IOpore
CO3[JaHHS MHTETPAILHBIX OHO3JEMEHTOB H
6HOKOMITBIOTEPOB,— IPHHOCAT CTOJb XE& Ma-
JIO TIONB3bI, YTO M CJIHIIKOM MECCHMHCTHYEC-
KHE TPOTHO3bI, Oa3HpYIOIUMeCcs TOJLKO Ha
BO3MOXHOCTAX CeroAHsLIHero aHsa. Henp3s
YyIYCKaTb M3 BHAY TakKXe TO, 4YTO, XOTSHA
OpraHHYeCKHe MOJIEKYJIbl B HACTOSLIEE Bpe-
Ms M CYHTAIOTCA HamboJiee MepCcrneKTHBHLIM
BHJIOM COCIHHEHHH 15 MOCTPOECHNSA MHKDO-
CKOITHYECKHX (YHKIIMOHAJILHBIX 3JEMEHTOB
ansg obpabotkum HHPOpMAIMH, OHH HE AB-
JISIOTCA EOUHCTBEHHO BO3MOXHBIMH. Kak
MBbl YX€¢ TOBODHJIH, B NpPHHUHIEC A 3TOH
LEJH MOTYT TONOWTH HEOPraHWYeCKHe
MOJIEKYJIBI, @ TAK)KE ATOMBI H 3JIEMEHTapHBIE
yacTunsl. CeroHs, OMHAKO, HAKTO HE MO-
KeT C MOJHOH YBEPEHHOCTBIO CKa3aTh, TEM
3aKOHYaTCs paboThI MO CO3JAHHIO CHCTEM
obpaboTku mHpopMaluM, rae OyayT uc-
NOJIb30BAaThCA MHKPOCKONHYECKHE QYHKIHO-
HaJIbHBIC 3JIEMEHTHI,— YCIIEXOM HJIM Heyna-
yeii. Ho Bce 3TH YCHJIHS ONpaBILIBAECT BBI-
cokas Lenb, CTOMLIas Mepel HccienoBaTe-
JISAMH, 1ieJb CO3JaHUs Takod MHPOpMaIMCH-
HOM TEXHHKH, KOTOpas IpPEB30OHIET COBpe-
MEHHYIO MHKPOJJIEKTPOHHKY TOYHO TaK Xe,
Kak B CBO€ BpeMs [MOCJIEAHASA NpeB3olIa
JIAMIIOBYIO 3JIEKTPOHHKY.

Ponb MUKpoO3aneKTpoHNKN
B »XN3Hu obulecTBa

B rn. 2 MBI pacckazaaM O TOM, Ha YTO
crmoco6Ha MMKDPO3JIEKTPOHHMKA: OHA II03BO-
JISET PEIUTh OIHY W3 BaXKHEHILHX 3a4a4
HAIIIETO BPEMEHH — BOOPYXHTh YEJIOBEKA TEX-
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HUYECKMMH CpelCTBaMH i 3¢ ¢eKTHBHOM
06paboTku HHpopMauu. HeT HUKakHX COM-
HEHHt B TOM, YTO CYLUECTBYIOT peaJbHBIC
noTpeGHOCTH B MOATOTOBKE Bce Oouee 3¢-
(eKTUBHBIX CpeACTB H CmOCOOOB pelleHHS
HHGOPMALHOHHBIX MpobJieM, KacalOIMXCS
JoObIX cpep HameHd J>XKH3HHM, a TaKXKe B
CO3/laHHH HOBBIX MOAXOJOB K 0bpabotke
BCE YCIOXHSAIOLIECHCA HHPOPMAIMH, OCHO-
BaHHBIX Ha 6a3e co3maHHA HOBOM TEXHUKH U
TEXHOJIOTHH, H TakK IO TeX NOp, oKa He Oy-
JET HalAEHO YIOBJIETBOPHUTEILHOE pELICHHE
caMoii mocnenHed u3 mogobHbIX 3amad. Ho
TaKoe BpeMS BpPSAM JIM HACTYIIMT, IIOCKOJBKY
pa3BUTHE KaK CaMoOro oblecTBa, Tak U €ro
MaTepHAIbHOM 6a3bl IpoaokaeTcsa. Creno-
BATENBHO, TPeOGYIOLINE CBOETO pa3pelleHHs
HHPOpMaIMOHHBIE NMPOo6JIeMbI 6YAYT BO3HH-
KaTb CHOBa M CHOBa. B To e BpeMs pana
MOMEHTOB, 2 HMEHHO: Kakue 3agayd obpa-
60TkH HHGOPMANMK NMPHOYT HA CMEHY ce-
TOAHAIIIHHM, KakHe M3 HHX OyayT paspe-
IIMMBI C MOMOIIBIO TEXHHUYECKHX CPElCTB,
Kakas IIKaja [PHOPUTETOB YCTAaHOBUTCH,
ONpeleaseTCss XOOOM COUHAaIbHO-NOJHTH-
YECKOTO pa3BHTHS.

CeroHs MHKPO3JIEKTPOHHMKA HMIPAaET pe-
IIAIOIIYI0 pOJb B BOCHHOM TexHHke. Ilo
OlIEHKaM CIIEHHAJIUCTOB, Ha IpPHMEHEHHE
MHKPO3JIEKTPOHHKH B BOCHHBIX IIEIAX ceHyac
pacxonyetca okoyio 20% CpencTs, BblAeNse-
MBIX BO BCEM MHpE HAa HAy4YHBIE HCCIEIO-
BaHMa. ECIH ymacTcd NOKOHYMTL C TOHKOM
BOODYXCEHHH, TO 3TH TPOMAaJHBIE CPEACTBA
MOXHO OyaeT HanmpaBHTbL Ha MHMPHOE HC-
MOJIL30BaHHE MHMKPO3IJEKTPOHMKH. OIHaKoO,
YTO eLle Ba)kHee, TOJLKO HAa MHpHOH 3emue
TO, O YeM MBI paccka3ajld B 3TOH TIJase,
MOXET BooOle craTh peanbHOCThIO. Korma
peub HOET o OyaylieM MHKPO3JIEKPOHHKH,
TO €r0 HEBO3MOXHO OTIENIHTh OT YpPOBHA
COIMAJIbHO-IIOTHTHYECKOTO pa3BUTHA. VIMeH-
HO nOMOMY, YTO MHKPOJ3JEKTPOHHKA CIO-
coOHa OKa3bIBaThb CTOJb CHJILHOE BIIHSHHE
Ha BCe CTOPOHBI XH3HH 00111eCcTBa, 061IECTBO
B CBOIO ouepeldb BO3AEHCTBYET Ha 3Ty 06-
JIacTh TEXHHKH, ONpeeiiss IJIaBHbIC HaNpaB-
JIeHHs ee pa3BUTHA. B manHOM cMbicie 6y-
Jyluee 3JIEKTPOHHKH —3TO ropasxo 6oubiue,
YeM [POCTO TEXHHYECKOE BOIUIOLICHHE
HOBBIX HIEH.



Puc. 42. [Tpouecc H3roTOBJIEHHS HHTErPaJIbHOM CXEMBI 10 IUIAHAPHOW TEXHOJIOTHH.



Puc. 43. Pabota B 4MCTOM NOMEIICHHH: 3arPY3Kd KPEMHHEBBIX JIMCKOB B JHMQYIHOHHYIO NEYb.



Puc. 44. KpeMHHEBbII AHCK C pa3MevYeHHBIMH cKpaiibepom kpuctannamu UC.



Puc. 46. Tloaynporoauukossiii kpuctan UC 3V tana U202 (202).



Puc. 47. UC muxponpoueccopa U880 (Z80).



Puc. 53. BelpalunBanue KpPeMHHEBOI0 MOHOKPHCTAJUIA METOAOM 30HHOH MuaBku. TemHbIC Kojabla B
packajieHHOH 30He paciiaBa KPEMHHEBOIO CTEPHHA—ITO BHTKH MHAYKUHOHHON KaTYILKH.




Puc. 54. PEIS)ICJ'ICIII{C KPCMHHCBOIO JIMCKd HA OTAC/BHBIC KPHCTAJLIBL.



Puc. 55. Kpucranns MC na nente-nocutene. ITocazka KpHCTANJIOB HA HOCHTENE YXKe BBINOJHEHA.
KOHTAaKTHBIC NJIONIA/IKH KPHCTAJUIOB TOHKHMH 30JI0TBIMM TMPOBOJIOYKAMH COEAHHECHBI C KOHIAMH
MPOBO/IHHKOB TMEYATHOH MOHTAXKHOH CXEMBbI, CBA3BIBAIOIIMX KPHUCTAIUIbI C BBIXOJHBIMH KOHTAKTAMH
CXCMBI.
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