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NMPEOUCIIOBUE

[NosiBIEHNE MUKPOIIPOLIECCOPOB CHITPAIO0 Ba)KHYIO POJIb B PA3BUTHU BBIYMCIMTEIEHON TEXHUKH, CPEJICTB 00paboTKU
MH()OPMANNH U YIPABISIONINX YCTPONHCTB, SIBIISIOMINXCS OCHOBON aBTOMATH3AIMH B PA3IMYHBIX Cepax delIoBEIeCKON
nesrensHocTH. HeocnaGeBarommii MHTEpeC K MHKpPOIpPOIECCOpPaM OOBSCHIECTCS TAKMUMH HX OCOOCHHOCTSIMH, Kak
HHU3Kasi CTOMMOCTB, BBICOKAs HAAEKHOCTb, KOMIAKTHOCTh M 3HAYMTEIbHBIC (PyHKIMOHAIBHBIE M BBIYMCINTEIbHBIC
BO3MOXHOCTH, IIO3BOJIIOIIME MNPUMEHATh WX JAaXEe TaM, A€ MHCIOIb30BaHHE CPEeACTB LUPPOBOHl 06pabOTKH
nH(OpMaIMK paHee CUUTAIOCH HEellenecooOpasHbIM. B HacTosIIee BpeMs Kak y Hac B CTpaHe, Tak M 3a pyOexoM H3za-
eTcsl BechbMa OOIIMpHAs JIUTepaTypa 10 MHUKPOIPOLIECCOPHOI TEXHUKE W BO3MOXKHOCTSIM ee mpuMmeHeHus. M Bce xe
KHUT C OIIMCAaHHEM peaibHO MOCTPOCHHBIX KOHCTPYKIMUIT M yCTPOWCTB Ha 0a3e MUKPOIIPOLIECCOPOB SIBHO HEIOCTATOYHO
JUISl yIIOBJIETBOPEHUS TIOCTOSIHHO PAcTyILIETo CIpoca Ha Takue myOiukanuu. IMeHHO 3To moOyAniio aBTOpoB B3STh Ha
ce0si CMEJIOCTh HalMcaTh HEYTO BPOJE PYKOBOJCTBA, OPUEHTUPOBAHHOIO HA YUTATEIS, I0KEJIABIIET0 O3HAKOMHUTHCS C
paboToii mpocreiimeit MUkpo-2BM HiTH 3aHATHCS €€ U3TOTOBJICHUEM.

KoneuHo, 3Ta KHUra — He UHCTPYKLUS IO U3FOTOBIEHUIO MUKPO-OBM B MOJIHOM CMBICIIE 3TOTO CIIOBA, XOTS B HEU
JIOBOJIBHO MOJPOOHO ONMCHIBAIOTCS KOHCTPYKLUS BBIYMCIMTEIFHON MaIIMHBI U ee pabota. OCHOBHAs LeJIb KHUT'H —
IIOMOYb Pa300paThcsi B TOM, YTO TAKOE€ MHUKPOIIPOIIECCOP, KaK OH paboTaeT, Kak HeOOXOJMMO €ro MPOrpaMMHpPOBaTh U
KaKk Ha €ro OCHOBE MOXKHO CO34aBaTh Pa3HOOOpa3HBIE yCTPOMCTBA, NMPHMEHSIONINECS B TEXHHWKE, B OBITy, B IO-
BCEIHEBHOM MTPAKTUYECKOHN IEATEIBHOCTH.

CoBpeMeHHBIH MHKPOIIPOLIECCOP - JIOBOJIBHO CIO0XKHOE YCTPOWCTBO, pabOTy KOTOPOro HE yHaeTcs ONUCaTh B
JeTalsiX BHE CBSI3M C CHCTEMOH, B COCTaBe KOTOPOH OH (YHKIMOHHpYeT (B OTIMYME OT APYrHxX Oojee MPOCTHIX
JJIEKTPOHHBIX MPUOOPOB, TAaKMX HANpHUMeEp, KakK dJIEeKTpOHHas jamna). K coxkaneHuio, B CrenUalbHOM JUTEpaType
MHKPOITPOLIECCOpP B TOAABIISAIONIEM OOJIBIIMHCTBE CIIy4aeB ONMCHIBAETCS aBTOHOMHO. V3 Takoro omnucaHusi He BCerna
HOHSATHBI JIETaln €ro paboThl U 0COOCHHOCTH NMpHMeHeHus. [Ipeyiaraemasi 4uTarensiM KHUra B HEKOTOPOH CTENEeHH
BOCIIOJIHAET 3TOT NpoOes. ABTOpaMM ONMCBHIBAaeTCs cxeMa Ipocreiimeid Mukpo-OBM kak mnpumep mnpocreiniei
MHKPOIIPOLIECCOPHON cHCTEMBI. Byner uiam He OyzeT yuTaTedb CTPOUTH 3Ty MUKpPo-OBM — He Tak yX M BaXHO.
BaxHo, uTo Ha 0a3e ATOM KOHKPETHOH MHUKPOIIPOIIECCOPHON CHUCTEMBI OH MOJIyYHT HEOOXOIUMbIE CBEJCHUS O padboTe
MHKPOIIPOLIECCOPA  CMOXKET MOCTPOUTH B AAIBHEHIIIEM aHAJIOTHYHBIE CHCTEMBI IO CBOEMY BBIOOPY U BKYCY.

Brictynass B 1970 1. ¢ JIOKIagoM O MNEPCHEKTUBAX Pa3BUTUS M NPUMEHEHMSI BBIYMCIMTEILHON TEXHUKU Ha
KoH(pepeHIH B MOCKOBCKOM (PH3UKO-TEXHHUECKOM HHCTHUTYTE, akageMuk B. M. I'Tymi-koB roBOpWJII O TOM, d9TO
HeJaJIeK TOT [E€Hb, KOT[a BBIYUCIHUTENIbHAS TEXHHWKA INArHET B IIOBCEIHEBHYIO KM3Hb M OYKBaIbHO KaXk[gas CEMbs
CMOJXKET HOJIyYUTh JOCTYIN K BBIYHCIUTENBHBIM pecypcaM. Bo BpeMeHa rocrno/ICTBa yHUBEPCAbHBIX BBIYUCIUTEIBHBIX
MAaIllMH-TUTaHTOB 3TO BBICKA3bIBAHUE MPEACTABIIIOCH 10 MEHBINEH Mepe BechbMa CMeNbIM NporHo3oMm. Ho mpomum
roAbl U BOT YK€ MHKPODJIEKTPOHHMKA CTYYUTCS B JIBEPU HAIIMX KBapTHp, IMOSABIsETCS Ha paboyMx Mecrax B
YUPEKICHUSIX, MPHUOIIMIKasl TOT JI€Hb, KOTJAa BBIYMCIMTENILHBIE MAIIMHBI CTaHYT Ul HAC CTOJb )K€ NPUBBIYHBIMHU B
OBITY, KaK XOJOAWIbHUKH, CTUPAJIbHBIE MAILIMHBI U LIBETHBIE TEJIEBU30PbI.

OrTcrona sICHO, KaK Ba)kKHa TOIMYJIIpU3alMs TeX 3HAaHUH, KOTOPbIE paHbllle ObUIM HEOOXOAMNMBI JINIIB CIIEUAIUCTaM.
B ocobenHocTH 3TO KacaeTcs 3HaHUI B CIENYIONIMX TpeX 00JacTsIX: MaTeMaTHYECKOW JIOTHKE, IPOrpaMMHUPOBAHUU U
anekTponuke. Ho fpaxke crienmanucTel, paBHBIM 00pa3oM OPHEHTHPYIOIIUECS B YKa3aHHBIX TPeX 00JacTsX, B HACTOSIIEE
BpeMs BCTpEUYaloTCs He Tak Y dacto. llomp3oBatenun OBM mpommiblX MOKONEHWH MPAKTHYSCKH HUKOTOA HE
CTJIKHMBAJINCH C allapaTHOW pean3alneil CBOUX MporpamMM, a CIeNHUaICThl B 00JaCTH 3IEKTPOHUKH, KaK MPaBUIIO, HE
3aHUMaINCh HporpamMMmupoBaHueM. Ilo3Tomy mmpokas MOATOTOBKA CIELUANMCTOB HOBOTO THIIA — HACyIHAs
npo0emMa CEeroJHALIHETO JHS.

JlaHHas KHUra BOBCE HE MPETEHAYET Ha POJIb Y4eOHOTO MOCOOMS C M3I0KEHHEM OCHOB MaTEMaTW4ECKOW JIOTHKH,
3EKTPOHUKHU M NporpaMMupoBanus. Llenp y KHUTM Apyras — HOpHBJIeYb MIUPOKUN KPYr YUTaTeNIel K OTHOCUTEIBHO
HOBOMY, YBJIEKATEIbHOMY MHPY KOHCTPYHMPOBAHHS MHKPOAJIEKTPOHHBIX YCTPOWCTB Ha 0a3e MHUKpPOINPOIECCOPHOU
TEXHHUKH, chepa MPUMEHEHHsI KOTOPbIX HE OrpaHUYUBACTCS TPAJULUOHHBIMU BBIYHCIUTENbHBIMU 3a1auamu. Co3naHue
MIPOTPaMMHPYEMBIX YCTPOHCTB € MIMPOKMMH (DYHKIIMOHATBHBIMH BO3MOXHOCTSIMH - MHUKPORJIEKTPOHHBIX OMOIIHUKOB



(mycTp Ha TEpBOE BpEMsI COBCEM IPOCTHIX), MOBBIIIAIOMNX 3(PPEKTHBHOCTP HHTEIJICKTYAIbHOW AEATEIHHOCTH Ha
MIPOU3BOJICTBE U JI0OMa, - BOT, MOXKET OBITh, caMasi HHTEPECHAsI ¥ MHOT0O0EIaloas 006JacTb UCCICIOBAaHUA B HAIll BEK
BCeoOLIel KOMIBIOTEPU3ALINH.

Heo0OxoanmMo 3aMeTHTh, YTO aBTOPhl BOBCE HE XOTENM Obl CKIOHUTH OyIyHNIMX KOHCTPYKTOPOB K MOIBITKE
BOCIIPOM3BECTH KOIHUIO MPOMBINUICHHOH MHKPO-OBM. JIFOOUTEIECKUM KOHCTPYKIIUSIM TPYJTHO TATATHCS C HU3ICTHEM,
BBIITyCKaEMbIM TPOMBIIUICHHOCThI0. TeM He MeHee IIMPOKOE IpUBJICUEHHE JIOOUTENICH K MHKPOJIEKTPOHHOMY
KOHCTPYHUPOBAHHIO MO3BOJIUT B PsIJie CIy4aeB HAlTH T€ OPUTMHANIBHBIE TEXHUUECKUE PEILEHMs], KOTOPbIE B JalbHEHIIIEM
MOTYT OBITh HUCIIOJIb30BAHBI LIEJTMKOM B KOHCTPYKIHUSX COOTBETCTBYIOIIMX MPOMBIIIJICHHBIX M3JEJIMH WIN MOJI0XKEHBI B
X OCHOBY. JIJIsl YTEHUSI KHUTH HE TPeOyeTcs CIIeINabHBIX 3HAHUU B OOJIACTH MHUKPOIPOLIECCOPHOI TeXHUKHU. TeM He
MEHee MPENIoIaraeTcs, YTo YHTATEIh CMOXKET, OJIb3YSCh MIPUBEICHHBIMA B KHUTE PEKOMECHIAIUAMHU CaMOCTOSTEIFHO
cobpate mpoctyio OBM u3 ManomehMIUTHBIX OeTajeid, OTIAAWUTh ee, MPOJeNaTh Ha HEH pAN yIpakKHEHWH II0
MIPOrPaMMHPOBAHUIO PEIICHHS PA3TUYHBIX 3a/a4, a TakkKe H3YYHThb CIIOCOOBI IOACOCIUHEHHS IOTONHUTEIHHBIX
BHEIIIHUX YCTPOICTB, 3HAYNTEIHHO PACHIMPSIOMNX BO3MOKXHOCTH IIOCTPOSHHON MAaIIWHBL. XOTS OMUCHIBAEMAast MHKPO-
OBM mnocTtpoeHa MO yHHBEpPCaIbHOW CXeMe, AOIMYCKAIoUIeH HapallMBaHHWE almaparypbl J0 HIMPOKUX IMPEAETIOB
(ckaxeM, n0 MacmitaboB mnepcoHansHOH OBM), OCHOBHOe Ha3HaueHHe ee - ydeOHoe, T. €. IO3BOJISIIONIEE B
MaKCHMaJIbHO KOPOTKOE BPEMS MOJIyYHUTh HABBIKH OCHOB IIPOTPAMMHUPOBAHUS M IIPOEKTUPOBAHUS MUKPOIIPOLIECCOPHBIX
cucteM. C 3TOH LeNbIO YUTATENIO AAETCsl BECh HEOOXOIMMBIH MaTepHa, IPUBOASATCS PEalIbHBIE CXEMBI C peajbHBIMU
XapakTepucTukamMu. B oTimuue oT OONBIIMHCTBA MOAOOHBIX M3JaHWI B KHUI'E OIMCHIBAIOTCS HE TOJBKO OT/ENIbHBIE
y3J1bI MAILIMHBL, HO U LEJINKOM BCsl €€ cXeMa. BBIBOJIBI BCceX MUKPOCXEM IMIPOMAPKUPOBAHBI, U KaXaas MUKPOCXeMa OIH-
caHa B geTaisiX. [lo3ToMy 9HTaTEeN0 HET HEOOXOMUMOCTH OOpamaThCs K 3a4acTyi0 TPYTHOIOCTYITHBIM CIPaBOYHBIM
nctounnkaM. [nmaBer 1-4, a takke mpuioxkeHne 1 (cmcrema komaHn MHUKpo-miporieccopa KP580BMS80A) HammcaHBI
B.H. 3axapoBsiM, 1. 5-7 Harmmucansl A. JI. [lynko, a ti. 8-10 - JI. H. BypeeBbmm. [IpuHnumuansHas seKTpadecKas
cxeMa onmchiBaeMor MUKpo-OBM (mpuioxenue 2) paspabortana A. JI. Jlynko, a onmchIBaeéMbIe CXEMbI COIPSIKCHUS
MUKPO-OBM ¢ JONONMHUTENBHBIMI BHELIIHUMH YCTPOHUCTBAMH (B TOM YHUCIIE C OBITOBBIMH TEJIEBU30POM U MarHuTogdo-
HOM) , a TaK)K€ CXeMa CTaTHYECKOTro almapaTHOTo sMyisTopa paspabotanst JI. H- Bypeessim. [IpenucnoBue k KHUTE
HaIKMCaHO aBTOPAMU COBMECTHO.

ABTOpBI TIO3BOJISAIOT ce0e HAEATHCS, YTO KHUTa OKaXKETCSI MOJIC3HON HE TOJBKO OYAYyIIMM KOHCTPYKTOPaM MHUKPO-
OBM, HO 1 BCeM TeM, KTO CTPEMUTCSI PaCIIMPUTh CBOM 3HAHUS B 00JIACTH MPUMEHEHUsI MUKPOIIPOIIECCOPHON TEXHUKH.

ABTOpBI BBIpaXKarOT PU3HATENBLHOCTh PELEH3EHTy KaHaA. TexH. Hayk B. ®@. KopHiomko n pepakropy mpod. . A.
[TocnenoBy 3a moOpo’kenaTeNnbHYI0 KPUTHKY M 3aME4aHUs, KOTOPbIe CIIOCOOCTBOBAIM YIYYIICHUIO COJEp)KaHHS U
CTHJIS KHUTH.

Bce 3amewaHus 1m0 CcOACpKAHWIO KHHTH, METOAMKE W3JIOXKCHUSA, a TakkKe BCE TMPEIIOKEHHS TII0
YCOBEPIICHCTBOBAHUIO CXEMBI M KOHCTPYKIIMM OIUCHIBAEMON MAIIMHBI aBTOPHI TPUMYT C OJIarOAapHOCTEHIO.
[oxxemanuss m 3aMedyaHus TpocbOa HampaBiATh Mo aapecy: 113114, Mocksa, M-114, Ilmo3oBas Ha6., 10,
DHeproaToMm3ar.

Asmopuwi

YyTo
TAKOE
MUKPO-3BM?

1.1. TUMNbl MUKPO-3BM
N OBJIACTU UX NPUMEHEHWA

THonamue muxpo-3BM OTHIONB HE O3HAYAET, YTO IOJH30BATENb HMEET JeJI0 C YIPOIICHHBIM BapHaHTOM OOBIYHOM
OBM, ob6najaromuM BecbMa OIPAHHYEHHBIMH BO3MOXHOCTSIMH B HMCTOpHMHM cO3/aHMS BBIYUCIUTENBHBIX MAllWH
necstunerue ¢ 70-x mo 80-e rofpl ChIrpaio BaKHYIO poiib. biaronmaps ycmexaM MHKPORJIEKTPOHHON TEXHOJOTHH
NOSIBUJIACh  BO3MOXKHOCTh ~ KOHCTPYHMPOBAaTh BBIYHCIMTEIbHbIE MAIIMHBI HEOOJBIIMX TabapuToB, C MAaJlbIM
noTpeOJICHHEM 3JIEKTPOIHEPTUH M B JIOCTATOYHOH Mepe '"MpOU3BOIUTEbHBIC". BBIYHCIUTEIBHBIC BO3MOXKHOCTH
COBpPEMEHHBIX MHUKpO-OBM He ycTynaror Bo3MoxHOCTSM cpenHux OBM nauana 70-x ronos. Ecnu monstue OBM
HEPa3phIBHO CBSI3aHO C IMOHSTUEM BBIYUCIUTEIBHOIO LEHTPA, KPYMHOTO IPEANPHUITUS WUIM CIOXKHON TEXHHUYECKOH
CHCTEMBI, TO MUKPO-OBM - 3T0 MaccoBoe u3Jienue, JO0CTyIHOE He TOJIBKO HEOOIBIINM ITPOM3BOACTBEHHBIM KOJUICKTH-
BaM HO U OTHCIbHBIM JIMI@M BCJIEICTBUE HEBBICOKOH CTOMMOCTH, MJIOH MaTEpHAIOEMKOCTH, HHU3KOTO
SHEepPronoTpeONieHNs, BBICOKOH HAAEKHOCTH. Mukpo-OBM MokeT OBITh HWCHONB30BaHA JUIA  YIPaBICHUS
MIPOM3BOICTBOM, a TAaKKEe OTIAENBHOH, B PsJie CIy4aeB CIOXHOW TEXHHYECKOW CHCTEMBI, KaKk 3JIEMEHT 000pyIOBaHMS
pabouero Mecta KOHCTPYKTOpa-MCClIeI0BaTeNsl WM HayyHOro paOOTHHKA, B OBITY M BO MHOTHX APYTHX cepax.



[lepeBopoT B TexHHMKE KOHCTpyHMpoBaHus OBM mpousormien BCIEACTBHE MEPEXOAa K M3TOTOBIEHHIO OCHOBHBIX
Y3JI0B BBIYMCIUTEIBHON MAalIMHBI (M B YaCTHOCTH, €€ INIABHOTO y3Jia - LEHTPAJIbHOTO IPOLECCOPHOTO IEMEHTa) B
ra6apMTax 0)1H0171 MUKPOCXEMbI WJIM HCCKOJIBKUX MHKPOCXEM C INIOMAaJAbl0 PAa3MCIICHUSA AKTHUBHBIX 3JIEMCHTOB B
K701 MuKpocxeme mopsiaka 100 MM’ U MeHee. IIpu pa3paboTke TAaKOro MPOIECCOpPa, MONYYUBIIETO HA3BAHHE
"mukporpoueccop” (MII), 6bu10 yuTeHO TpeOOBaHME MAaKCHMAIBHOTO MCIOJIB30BaHMS annaparypHbIX BO3MOKHOCTEH
BBINOJTHEHUS UM BBIYMCIUTENBHBIX HIIH JIOTHUECKUX (DYHKIIMH.

B KOHCTPYKTHBHOM OTHOLIEHHWH MHKPOIPOLIECCOPHI MOTYT OBITH OJHOKPHCTaJbHBIMHU (BBIIIOJIHEHHBIMH B BHUJIE
OJTHOII MHUKPOCXEMBI), MHOTOKPUCTAJILHBIMH (BBIITIOJIHEHHBIMH B BHJI€ HECKOJBKHX Pa3HOTUIHBIX MUKPOCXEM, Kaskaas
13 KOTOPBIX TIPEICTaBIIeT CO00W (PYHKIMOHAIBHO 3aKOHYEHHYIO 4YacTh JIOTHYECKOW CXEMBl Mpoleccopa) H
CEKIIMOHHBIMH ~ MHOTOKPHCTAIBHBIMH  (BBINOJHEHHBIMH B BHJE HECKOJBKHX  OJHOTHIIHBIX  MHKPOCXEM,
MIPEACTABISAIOIMX CO00M OTHENbHBIC CEKIMM, IIO3BOJIIIONINE IOCTPOUTH MPOIECCOP € HYHCIOM pas3psiioB,
MIPOTIOPIIMOHAIBHBIM YHCITY HCIONb3yEMBIX CEKIM).

Kpome MII, mnpenHa3sHaueHHBIX Ui OOpaOOTKHM IUCKpeTHON wWH(OpMaIyy, CyIOIeCTBYIOT AaHAJIOTOBBIE
mukporpoueccopsl (AMIT), npeaHazHaueHHbIe AJ1s1 00pabOTKU aHANIoroBoil nHpoOpMaKu. B uX cTpyKTypy BKIIIOYEHBI
aHajoro-uuQpossie (aHAIOrO-IUCKPETHBIE) U IM(PO-aHAJIOTOBbIE (JUCKPETHO-aHAJIOTOBBIE) Mpeo0pa3oBaTely, T. €.
YCTPOICTBa, TPeoOpa3ylolie aHaJIOTOBBI CHTHaN (HanmpuMmep, HENpEepbIBHO MEHSIOIIEECs BXOJHOE HaNpsDKEHHE) B
mudpoBoil (Habop HanpspKEHHH NBYX (HUKCHPOBAHHBIX YPOBHEH, MpPEACTABILIONIMX ABOMYHBIM KOX) W OOpaTHO.
O6paboTka aHANIOroBOW MH(pOPMAINHU, IPeoOpPa3oBaHHON B JUCKPETHYIO, mpou3Boautcs B AMII, kak 1 B 0OBIYHOM
MHKporporieccope. Kpome 0JHOKpUCTaNBHBIX MUKPOIIPOLIECCOPOB CYIIECTBYIOT OJJHOKpUCTAIBHBIE MUKPO-OBM (OM-
OBM), npexncraBisromue co0OW MHKpOcXeMmy, OOBEIMHSIONIYI0O B CBOEM COCTaBE BCE OCHOBHEIE YCTpPOMCTBa,
HeoO0XoauMBIe s €€ (HYyHKIIMOHHPOBAHUSI.

IIpu ncnonp3oBannn OM-5BM HeoOXoauMo 100aBUTh HCTOYHHK MMUTAHUS, BHEITHUE YCTPOICTBA U B PAIC CIIydacB
JOTIOTHUTEIRHOE BHEIIHEe 3amoMHuHamomee ycrpoictBo. Ha 6aze MII mm OM-DBM moxer OBITH IOCTpOCHA
onHoIIIaTHas MUKpo-OBM, mpencrapinsionas co0ol 3aKOHUEHHBIN KOHCTPYKTUBHBINA 3nieMeHT. OHOIUTaTHAsT MUKPO-
OBM MOXeT BXOAWTh B COCTAaB MHOTOIUIATHOW MHKpO-ODBM, BKIIOUaromiedl, KpoMe TOTO, IJIaThl COMPSIKCHHS C
BHEIIHUMH YCTPOUCTBAMM, a TaK)Ke MCTOYHMUK MUTAHUSA, IyJIBT YIPABICHHUS, alnaparypy MHAUKAIUH ("'Tojas MUKPO-
OBM"). Ecmu "romyro mukpo-OBM" "oxer" BHemwHMMH ycrpoiictBamu (andaBUTHO-IM(GPOBOM KIaBHATYpPOM,
JUCIIJIICCM, HAKOIIUTCJICM Ha FI/I6KOM MAarHMuTHOM JJMCKC U T. H.), TO IMOJYUYHUTCA BBIYMCIIMTEIIbHBINA KOMILJICKC.

OpnnorutatHass Mukpo-OBM, OM-3BM u '"romas wmukpo-OBM" Moryt OBITH HCIONB30BAaHBI B COCTaBe
YIPaBISIIOIIMX CHCTEM WJIM HW3MEPHUTENBHBIX KOMIUIeKcoB. Ilpumepamun OM-DBM sBiSIIOTCS OIHOKPHCTaJIbHBIC
BoChbMHUpa3zpsaHble MUKPO-OBM cepuu K 1816, onHOoKkpucTanbsHble uyeTbipexpaspsaabie MUkpo-OBM cepuit K 1820 u K
1814. K ogHOMIATHBEIM MaIlMHAM OTHOCHTCS, Hampumep, Mukpo-OBM "Hctpa", a Kk MHOTOIIIATHRIM — MHUKpo-OBM
"Dnextporuka 60", EC-1840, "KBaut" u mp.

ITo crocoOy peanmm3annu cucteMbl KoMaH MUKpo-OBM paznenstorcst Ha aBa Tuna. B mukpo-2BM neproro tuma
CcHUCTeMa KOMAaHI SBJIICTCS MOCTOSHHOW ((puKCcHpoBaHHOKH), a B MHKpO-OBM BTOpPOro tuma - H3MEHSACMOMR
(mporpaMmupyemMoii Ha ypOBHE MHKPOKOMaHA). boiee mpocThIMM, AEMIEBBIMH M PAacIpOCTPAHCHHBIMH SIBIISIOTCS
MalIWHbI IEPBOT'O THUIIA.

K Haumbosiee pacrmpocTpaHeHHBIM MHKPO-OBM, BBITyCKaeMbIM OTEYECTBEHHOW IPOMBIIIICHHOCTHIO, OTHOCSATCS
nepconaibheie ([IDBM) n mpodeccronanbhbie nepconansipie (IIIMIOBM) mamumnbl cemeiictBa "DiieKTpoHUKA", a
taxke mammHbl: EC 1840, "Hckpa 1030", "Heiipon 119.66", "Arat", "Kopset", CM-1810 u ap.

CemelicTBo MUKpo-OBM "OnexTpoHuka" - 3TO psii yHUBEPCANBHBIX IPOrPAMMHO-COBMECTHMBIX MAILlUH Pa3IUIHON
IIpou3BoANTEIbHOCTH. Hanbosee mpon3BoAnTEIbHBIE MAIIMHBI 3TOTO Psijla CPAaBHUMBI MO MapamMeTpaM C Pa3BUTHIMU
MuHE-DOBM. CemeiictBo Mukpo-OBM "OnekTpoHHKa" - 3TO psii MaIlWH, OPUCHTHPOBAHHBIX HA WCIOJH30BAHUE B
VIpaBICHAN TEXHOJOTHYECKUMH TpoleccamMu, isi coopa m OOpaOOTKM NaHHBIX, Ui OOpabOTKH COOOMICHHH H
yTpaBisfonied nHPOpPMaNK B CUCTEMAX CBS3M M KOHTPOJIbHO-M3MEPUTENBHBIX cucTeMax. OTaenbpHble MOJETH psiia
MOTYT OBITH BCTPOCHBI B COOTBETCTBYIOIIHME ITOJCHUCTEMBI YIPABICHUS M KOHTPOI Moxenu "DnekrpoHuka" - 3TO
MHKPO-OBM  yHHMBEpCaJIbHOTO TNPHUMEHEHHs, KOTOPBIE C YCHEXOM MOIYT OBITh HCIOIB30BAaHBI B CHCTEMAx
aBTOMATH3HPOBAaHHOrO ympaBieHus. OIHUM M3 BaXKHEHIIMX [JIOCTOMHCTB 3TOH CEpPUU SIBISIETCS INPOTPAMMHAs
COBMECTUMOCTh C OTe4eCTBeHHbIMH MUHU-DBM CM-3, CM-4, a Takxke ¢ 3apyOeXKHbIMH MHHU-MaIlUHAMH ceMeicTBa
PDP-11, 4ro mo3BoJisieT MCIOJIb30BaTh pa3pabOTaHHOE paHee IporpaMMHoe obecrieueHue. MamuHbl "IIEKTPOHUKA
85" u "Onexrponuka BK-0010" oTHOCATCS K Ki1accy EPCOHAIBHBIX KOMIIbIOTEPOB.

IIpennazHaueHHass B OCHOBHOM Ui Tex e uHenedl Mukpo-OBM CM-1810 sBnsercs MallMHON, IpOrpaMMHO-
COBMECTUMO# ¢ MUKp0o-OBM, noctpoeHHsiMu Ha 6a3e Muxpornpoueccopa 8080 ¢pupmsr Intel.

Kpome mepeuncnerHbIXx MUKpPO-OBM 0TedecTBEHHOH MPOMBIIIICHHOCTHIO BEIMYCKaeTCs OONBIION acCOPTHMEHT
JIMAJIOTOBBIX BBIYUCIUTENBHBIX KoMIulekcoB, Hanpumep [ABK-1 - JIBK-3, ¢ BbICOKOH NpPOM3BOAUTENBHOCTBIO, YTO
TI03BOJISIET MCIIOJIB30BATH IPOrPaMMHOE OOeCIieyeHne 3TON MAaIMHBI, a TAaKXKe MporpaMMHoe obecrieueHne MUHH-OBM
"Onekrponrka 100/25". OmnepauuoHHass cucTeMa BbIUMCIUTENLHOrO Komiuiekca JIBK momyckaer wucnosnb3oBaHue
s3pikoB BEMCUK, ®OPTPAH, ITACKAJIb, KOBOJI, IUI/1, uro MIPENIOCTABNISIET OOJNBIINE BO3MOMXHOCTH ISt
MIPOTrPaMMUPOBAHUSL.

CorpeMenHbie MUKpO-OBM 005a1at0T HECPAaBHECHHO OOJIBIIIMMU BO3MOXHOCTSIMH, YeM MHOTHE BBIYHCIHTEIBHBIC
MaIllMHB! IPONUIBIX NOKONeHuH. JlemeBu3Ha, HaleXKHOCTh U JOCTYIHOCTh MUKPO-OBM MO3BONAIOT UCNONB30BaTh UX
A peHICHHA TaKuX 3adad, JIsI KOTOPbIX MPUMEHCHHUE CPEACTB BBIYMCIIMTEIIBHON TEXHHUKH paHee 6])1.]]0
HEONPaB/IaHHbIM.



B cdepe mpoMBILIUIEHHOTO MPOU3BOACTBA MHUKPO-OBM MOryT HCHONB30BAaThCS B COCTaBe HMH(POPMAIMOHHO-
yopaBonmx BeaucauTensHelx  cucteM (MYBC), B cucremMax TEXHHYECKOTO YIIPAaBICHHS OOBEKTAMH H
TCXHOJIOT'MYECKUMH MTPpOLECCCaMU U B CUCTEMAX OPraHU3aAllMOHHO-TCXHUYCCKOTO YIIPaBJICHUA LICXaMU, IPEANIPUATHAMU,
oTpaciisiMM W T. 1. B Takux cucremax mMukpo-OBM wucnonb3yrores ais coopa u 00pabOTKH JaHHBIX, BBHITIOJIHEHUS
CJIIOKHBIX JKOHOMUYECKUX M TEXHUYECKUX pPacyeToB, IUIAHUPOBAHHUSA, YIPABICHUS W KOHTpossl. B ynpasieHuu
CIIOKHBIMHA TEXHWYECKUMH CHcTeMaMH MHUKpo-OBM uaie Bcero HCIOIB3YIOTCS B COCTaBE BCTPOCHHBIX CPEICTB
YOpaBJIEHUS! U KOHTPOJIsl. 3aMeHa BBICOKOIPOM3BOAUTENLHON W noporoctosiued I9BM, ucnonb3yeMoll B KauecTBe
LEHTPAIBHOIO YIPABISIIOMIEI0 OpraHa, CeTblo MHKpo-OBM IoOBbImIaeT HaIeKHOCTh, 3((GEKTHBHOCTh W THOKOCTH
VIpaBJICHUS CIIOKHOW TEXHUIECKOI CHCTEMOH, ITO3BOJISIET OPTaHM30BAaTh YIIPABICHIE B pEaIbHOM BPEMEHH U CHIKACT
CTOMMOCTH OOIINX 3aTpaT Ha YIpaBJICHUE.

[Iprmenenne Mukpo-OBM B MamIMHOCTPOCHUH ITO3BOJSIET MEPEHTH OT CYIIECTBYIOIIUX KOHCTPYKIHA CTaHKOB C
YHCIIOBBIM TIPOTPaMMHBIM YIIpaBlieHHEM K 0oJjiee COBEPIICHHBIM BBICOKOIPOHM3BOIUTEIHHBIM POOOTOTEXHHUYECKIM
KOHBEHepHBIM CHCTEMaM U K OPTaHU3aLWH Ha UX OCHOBE THOKMX aBTOMAaTH3MPOBAHHBIX IIPOU3BOICTB.

Pacmmpenuto chepsr ucnonb3oBanus OBM (ocoOeHHO B TOCHEIHHE TOJbI) CHOCOOCTBOBAIO MOSBICHHE HOBOTO
Kkjacca MUKpo-OBM — nepconansneix OBM (ITDBM). ITox II9BM noapasymeBaerca Mukpo-2BM, nmpenHasHaueHHas
JUTS. MHIUBUIYaTBbHOTO TOJIb30BaHus (OJO00HO MUNIYIIEeH MAaIIMHKE, TeJICBU30PY, MAarHUTO(OHY), HO CO 3HAYUTEIHHO
6oJiee MIMPOKUMH (YHKIIMOHATBHBIMH BO3MOXKHOCTSIMH, ITO3BOJISIIOIIMMHE HCIIOJIB30BATh €€ JUIS PEIICHHsI CaMBIX Pa3HO-
00pa3HbIX 3aa4 — OT CJIIOKHEHIINX NMPOoeCcCHOHATIBHBIX PACUETOB 0 CAMBIX MEJKHX ObITOBBIX. OObrdHO [TOBM Tak
n  KilaccupuIUpyroTcs:  npodeccHoHadbHble W ObiToBble.  [IpodeccronansHeie  [IDBM  mcnonb3yrores
mpo¢eCCHOHAIaMI-KOHCTPYKTOPaMH, TEXHOJIOTAaMH, WH)XXCHEpPaMH, HAyYHBIMH paOOTHHKAMHU, KYPHAIHCTaMH,
penakropamu U T. . OHHA OKa3bIBAIOTCA ITOJIE3HBIMU TIPH MHIUBUIYATBHONH 00pabOTKe TEXHHYECKOH, IKOHOMHYECKOH,
MEIWIUHCKOW M Apyroi MH(POPMAINH, B TPEIOIaBaTEIIbCKON AEATEIBHOCTH; MO3BOIISIOT 00E€CICUNTh OTepPaTUBHBIN
JOCTYIl K OTPAaciIeBbIM, PETHOHAIBHBIM HWH(OPMAIMOHHBIM HMCTOYHHKAM uepe3 JoKaimbHble cetn DOBM. BbriToBbIE
[I3BM MoryT GbITh UCIIOJIB30BaHbI B KAYECTBE AOMAIIHET0 HHPOPMAMOHHOTO LeHTpa. C NX HOMOIIBI0 MOXKHO TIPOBO-
IUTH pa3BJIEKAaTENbHbIE W ITO3HABATENBHBIE WIPHI, OPTaHU3OBBIBATH YUYEOHBIE KypCHl (HAmpHMep, MO H3YYCHHIO
MHOCTPAHHBIX S3BIKOB WJIM KypCOB MO IIKOJBHOW NIporpamme), o0ecreynBaTh JOCTYI K CIIPaBOYHON WH(OpMaluu:
aapecaM, TtenedoHam, perentaM W T. 1. Mukpo-DBM, BbITycKaeMbi€ MMPOMBIIIICHHOCTBIO, SBIISIOTCS CIHIIKOM
CJIO)KHBIMH, 4TOOBI OpaTh MX 3a 00pasell MY MOMBITKE CAMOCTOSTENBHOIO OCTPOSHHs. Bo3HMKaeT BOPOC, MOYKHO JIN
BOOOIIIE CAMOMY MOCTPOUTH XOTh KaKOW-HUOY b MPOCTEHILINIA BapHAHT BHIYUCIUTEILHON MAIIUHbI?

1.2. MOXHO JIM CAMOMY NOCTPOUTb 3BM?

Eme 15 ner Ha3anm yenoBeka, 3a[aBIIero TaKOH BOMPOC, MOCUYUTAIN Obl HE COBCEM HOPMAabHBIM. JleHCTBUTEIIBHO,
JIO TIOSIBJICHUSI MUKPOCXEM OOJIBIION M CBEPXOOJIBIION CTENEHH MHTETPalMy ATO ObUIO abCOJIOTHO OEcCMBICICHHOU
3areeid. bnaromapst gocTkKeHHMSM B 0OJIACTH MHUKPODJIEKTPOHMKH IIOCIETHHMX JIET CTaJ0 BO3MOXKHBIM MaccOBOE
MIPOU3BOJACTBO B BUJE MUKPOCXEM CJIOKHEHIINX yCTPOMCTB, TAKUX KaK LEHTPAJIbHBIA MPOLIECCOP BBIYUCIMTENBHON
MAaIllMHbI, ONEpPaTHBHOE W IIOCTOSHHOE 3allOMUHAIOIME ycTpoiictBa W T. X. [lockonbKy B OOJBIIMHCTBE CllydaeB
QNIEKTPUUECKUE TMapaMeTpel W (PYHKIMOHAIFHOE Ha3HAYCHHWE BBIXOJOB M BXONOB JTHX YCTPOHWCTB (OJIOKOB)
CTaH/AaPTU30BaHbBI, UX JOBOJIBHO JIETKO COCOUHATH ApPYr ¢ ApyroMm. K Tomy e mpm pa3paboTke 3TUX OJOKOB, Kak
MIPaBWIIO, TIPEIYCMATPUBACTCSI CTAHAAPTHBIM BapHaHT WX TNPUMEHEHHS, MWCIIOJIB30BAHHE KOTOPOTO 3HAYUTEIBHO
YIOpoIIaeT MPOEeKTUPOBAHNE YCTPOICTB HAa UX OCHOBE. IIpoekTrpoBanme u mocTpoeHne MUKpo-OBM HanoMuHaeT Urpy
B JAETCKHH KOHCTPYKTOP, TI€ BCE ACTAIH MOAXOIAT APYT K APYTY U MOKHO BOCIIOJIb30BaThCS PYKOBOJCTBOM, B KOTOPOM
NIPEAJIOKEHbl HEKOTOPBIE TUIIOBBIE BAapUaHThl Y3JIOB M U3JEJIHMH M3 €ro 3JeMEHTOB. [ mocTpoeHus mnpocTeiiei
MalI1HbI HOTPeOyeTCs BCETO HECKOJIBKO Y3JI0B, CO3J1aTh KOTOPbIE HE TaK YK TPYAHO.

Wrak, noctpoenue mpocreiiieit Mukpo-OBM oxa3piBaeTcs ceifuac BO3MOXKHBIM U HE O4€Hb CIIOXKHBIM zenoM. [lo
KpallHell Mepe OHO He CJOXKHEE IOCTPOMKH JIIOOUTEIbCKUX KOHCTPYKUHMH B 0O0JACTH DPaauo, TEIEBHICHUS WU
3BYKO3aIHCH.

"A MOXHO IIM TIOCTPOMTH CaMOMy He TpocCTellnylo, a Oomee CIOXHYIO MHKpo-OBM?" — cnpocur
3aUHTEPECOBAHHBII YUTATENb.

Ipocteiimmii BapuraHT MEKpo-OBM nomyckaeT BO3MOKHOCTD YCIIOKHEHUS M YCOBEPIICHCTBOBAHUS KOHCTPYKIIHU
ITyTeM 3aMEHBl WIN YCTAHOBKH JOIIOJHUTEIBHBIX MUKPOCXEM WJIM HOBBIX JOIMOJIHUTEIBHBIX IUIAT C MUKPOCXEMAaMH.
Mo>HO TOBBICUTH ObICTpOAEicTBIE MUKPO-OBM, yBennunTh 00beM HMaMATH WM 3aCTABUTh €€ BBIIONHATH HOBBIC, HE
MIPEAYCMOTPEHHBIE MEPBOHAYAIBHOM KOHCTpyKImed ¢yHKiuH. K cylecTBEeHHOMY pacIIMPEHUIO BO3MOXKHOCTEH
mpocTeimeir Mukpo-OBM mpuBener, Hampumep, BKIIOUYEHHE B €€ COCTaB IEpernporpaMMHPYeMON MaMsTH, T. €.
HOCTOSIHHOW TaMSITH, COXPAaHSIONIEeH HHPOPMALINIO P BBIKIIOYEHHU TTMTAHUS ¥ IPOrPaMMHUPYEMOi MOJIb30BaTeNeM, C
BO3MOJKHOCTBIO CTHpaHusi MH(pOpMauK 1 OBTOPHOTO NporpammupoBanus. [lockonbky Oosee cioxHas MUKpo-OBM,
KaK Mbl YBUJIUM U3 JlajibHeHIero n3noxenus (cm. § 2.3), otnmuyaercs oT NpocTenIeii, KpoMe BCEro Mpovero, pa3BUTOM
niepudepreil, MOXKHO 3aHATHCSI COBEPIICHCTBOBAHNEM €€ BHEIIHHMX ycTpoicTB. OHAKO BHEIIHHE YCTPOHCTBA CaMOMy
MIOCTPOUTH JIOBOJIBHO CIIOXHO. Bpsin nm, Hanpumep, KTO-HHOYZb 3aXO4YeT B3STHCS 32 KOHCTPYHMPOBAHHE XOPOIIETO
MeYaTaloero ycrpoiicrtBa. M3rorosieHne NOZOOHOrO ycTpoiicTBa MOJ CHIY JIMIIb IPOMBIIUIEHHOCTH. Bor
MMOJICOCMHATE K TIpocTeiimeii Mukpo-OBM mMeronuecs BHEIIHHE YCTPOWCTBA MOXKHO, B TOM YHCJIE HEKOTOPHIC
ObITOBBIC TPHOOPBI, TaKHE KaK JOMAIIHWK TEJIEBH30p WIM KacCeTHBIH MarHMTO(oH. O TOM, Kak 3TO clenarbh, BB
y3Haere B 171. 10.



KAKYIO MUKPO-3BM Mbl BYOAEM CTPOUTb?

2.1. OCHOBHBbIE BJIOKU MUKPO-3BM

Bynem mpencraBnsaTh ommchBaeMyo aajee MUKpo-OBM crcTeMolt BIOKEHHBIX JApYyT B Apyra OJOKOB HarmomoOue
MaTpelieKk U OTKPBIBATh KaXKAbId pa3 JHIIb TOT M3 HUX, KOTOPBIH OyAeT Hy’KEH B MOMEHT H3JI0KEHHSI COOTBETCTBYIO-
miero Matepuana. Tak, HampuMmep, ceifyac Hac OyZeT HHTePEeCOBaTh TOJBKO BHEITHHUH OJIOK (COOCTBEHHO MUKPO-DBM),
HMMEIOLIUN BIOJHE ONPEIEICHHOE YHCIO BXOJOB M BbIX0JOB. Clemyroumuid, pacroiOXEHHbIH BHYTPU HEro OJOK
Ha30BEM II0Ka LEHTPAIbHBIM OJIO0KOM. O COIEpKMMOM ILIEHTPAIbHOTO OJIOKA W O TOM, KaK OH CBSI3aH C BHEIIHUM
6510KOM, OyJIET TIOKa3aHO YyTh MO3KE.

OCHOBHBIM Ha3Hau€HHWEM BHEIIHEro OJIoKa sBIsieTCsl MpeoOpa3oBaHue AWUCKpeTHOW uHpopmanuu. OOmmid B
npocreiiiero npeodpazoBatens uMHGOpMauuu TnpencraBieH Ha puc. 2.1,1. Ha ero Bxomwl mocrynaer MCXonHas
nHpOpManys, a Ha BBIX0/aX MosiBIsieTcsl MH(opManus, npeodpa3oBaHHasi B COOTBETCTBUH C 3aKOHOM, PEUTU3yEMOM B
npeoOpazoBarere.

B npocreiimux npeodpa3oBarensx 3aK0H Ipeodpa3oBaHusl HHPOPMAIMK OCTACTCS HEU3MEHHBIM U NPUMEHSETCS K
m0060My KOHKPETHOMY BHIy WH(pOpManuu, Ha padoTy ¢ KOTOPOH paccuuTaH Mpeodpa3oBaTeNb JaHHOTO BHIA. boiee
IIMPOKIMH  (PYHKIIMOHANEHBIMA BO3MOXKHOCTSAMH 00JamaroT mpeoOpa3oBaTeNd ¢ 3aKOHOM IpeoOpa3oBaHMUS,
M3MEHSEMBIM IyTeM IIOJa4H CIICIHAIbHBIX YIIPABIAIOMUX Bo3aericTBuit. Ha puc. 2.1,6 npencraBineH oOmuii BUI Ta-
KOTO Ipeo0pa3oBaTessl, OTVIMYAIOIIET0Cs OT IIPOCTEHIIEro HATMYHNEM CIEIUATBHBIX YIPABISIOINX BXOJOB.
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Puc. 2.1. TlpeobpazoBareny HHGOPMALMH: d - TIPOCTEHILNIA; O — YIIPABIIIEMBIH

Paznuyaror snBa THMma ynpaBisieMbIX npeoOpaszoBaresieil. B mpeoOpasoBaTensix mepBOTO THIA YNPAaBISIOLINE
BO3/ICHCTBUSI HEM3MEHHBI B TEYEHHE BCErO0 BpPEMEHHM IIpeoOpa3oBaHMs NOCTynuBIIEH uHpopmaunu. B
peoOpa3oBaTessiX BTOPOTO THIIA B IpoLiecce NMPeoOpa3oBaHusl YIPaBISIONINE CUTHAIBI MOTYT U3MEHSTHCS, HaCTpanBas
KOKOBIH pa3 mpeoOpa3zoBaTenh Ha BBIOJMHEHHE KakKoH-TO onHoM ¢yHKkumu. Jlns mpeoOpa3oBaHUS AUCKPETHOM
nHpopManun, 0cOOEHHO B TOM CiIy4ae, KOTAa CIOXKHEIHN IPOoIece Mpeodpa3oBaHusI MOXKET OBITh pa30UT Ha P ATAIIOB,
KaXIBI W3 KOTOPBIX XapaKTEePU3yeTcsl BIOJNHE oOmpefeleHHOW (yHKumed mnpeoOpa3oBaHus, Kak IPaBUIIO,
HCIIOJNIB3YIOTCS IIPe0Opa3oBaTe BTOPOTO THIIA.

JIro0yro BBIYHMCIUTENBHYIO MalIMHY MOXKHO pacCMaTpHBaTh KakK YIpaBIAeMbld IpeoOpa3oBaTesib BXOIHOMN
nH(OpMaKy B BBIXOAHYIO CO cileayromeil oroBopkoid. B mpouecce MHorostamHoro npeoOpa3zoBaHus HH(GOpPMaLUH
HAcTpoiika IpeoOpa3oBaTeNs BBINONHSAETCA aBTOMATUYECKM II0 3apaHee COCTABICHHOM IIOJIb30BaTElIeM CXeMe
(meranbHOM MOCIENOBATENBHOCTH MPEOOPa30BaHUIl) ¢ y4ETOM pe3y/IbTaTOB NPeoOpa3oBaHUI HA KaXKAOM U3 ITAIOB.
Ortcroza cienyioT 1Ba BaXHBIX (akra.

1. Tlomp3oBaTenp, pellarolIMii HA BBIYUCIMTENHFHON MalIMHE CBOIO 33/ady, JIOJDKEH 3apaHee COCTaBHTh OTY
JETATBHYIO 1T0CIIEI0BATEIBHOCTH ITPE00pa30BaHMI MCXOAHBIX JaHHBIX, HA3bIBAEMYIO ITPOrPaMMOI pEeLIeH!s 3a1a4H.
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Puc. 2.2. Mukpo-DBM kak npeoOpazoBareib

2 YroObl nipeoOpa3oBaHUe BBIMOIHIIOCH 110 MEPE PEIISHHUs 3a/laud aBTOMATUYECKH, POorpaMMa pelleHHs 3a/1a4n
JOJI’KHa 6])ITI) BBCJICHA B MalllMHY [0 Haydalla €€ pa6OTbI Haxq 3auaqef/i U JO0JIKHA XPaHUTBHCA TaM B TCUCHUC BCCTO
BpeMeHU BbluHcieHHid. Kpome Toro, moimkHa OBITH HpeaycMOTPEHa BO3MOXHOCTh XPAaHEHHSI TeX HPOMEXYTOYHBIX
Ppe3yJIbTaToOB BBHIUYMCIICHHUI, OT KOTOPBIX 3aBUCHT HAaCTpolika npeobpaszoBarens (padora MammHbl). C y4eToM 3THX 3aMe-
YaHUH cxeMma rpeoOpazoBaHust HHPOPMAIMHU C TOMOLIBI0 MAIIMHEI TPUOOPETAET BHU, yKa3aHHBIM Ha puc. 2.2,1. A Hal
BHEIIHUH OJIOK KpOME OTMEYEHHOTO paHbIe IeHTpaibHoro 6moka (LIB) momkeH comepkath ycTpoiicTBo BBoaa (YB)
JUTA BBOJIa TaHHBIX U TIPOTPaMMBI U ycTpoiicTBO BeiBoAa (YBbIB) mis Bermaun pe3yinpraToB BEIUUCIeHmi (puc. 2.2,6). B
YeM e COCTOHT padoTa EHTPAIEHOTO OJIOKA U KaKHe YCTPOUCTBA B HETO BXOIAT?

2.2. COOEPXXUMOE LIEHTPAJIbHOIO BJIOKA

Bce yxe npuBbikim kK ToMy, yto OBM npennasnadena Juist BeraucieHuid. OO0 3TOM roBopHT ee Ha3zBaHue Tem He
MEHee STO CHpaBeIUBO JHIIbL oTdacTH. C pacmmpeHreM oOONacTH MNpUMeHeHuss MHUKpo-OBM  coOcTBeHHO
BBIUHMCIINTENbHBIE (DYHKIMH B €¢ paboTe 3aHMMAIOT JOBOJIBHO CKPOMHYIO JIOJIO CPEAM BCEX OCTANBHBIX (DYHKIIHH.
JlelicTBUTENbHO, TAKUE 3a/1a9H, KaK aHAJIN3 TEKCTOBBIX U PEUEBBIX COOOIIEHNUI, TONCK TPEOYyEMBIX TaHHBIX B MacCHUBE,
npeoOpa3oBaHUs MACCHUBOB JJaHHBIX, PACIIO3HABaHUE 00pa3oB U 00pabOTKa M300paKeHHUH, CTPOro TOBOPS, OTHECTH K
BBIYMCIUTENBHBIM HENb3s, XOTS CaM IIpolecc IpeoOpa3oBaHMH HHGOPMAIMM MOXHO pacCMaTpHBaTh Kak
BBIYMCIUTENIbHBIN, OCKOJIBKY B HEM PEAJM3yIOTCS ONEpallMy HajJ ABOMYHBIMU Kojamu win uucnamu. Ilo cymectBy
MHKpo-OBM sBisieTcsi yHUBEpCaJbHBIM INpeo0pa3oBaresieM AWCKPETHOW HMH(pOpMaIy, Npu4eM npeobpasoBaTeieM
0c000ro0 BHJ]a — MIPOrPaMMHUPYEMBIM.

[Mpouecc npeodpazoBanusi HHPOPMALIMY HAYMHASTCS B YCTPOWUCTBE BBO/A. Y CTPOMCTBO BBOJIA MPEIHAZHAUCHO JIS
peoOpa3oBaHUii BXOJHOH WH(OpManMu K BUAY, YJOOHOMY Uil BBUUCICHUH. YCTPOWCTBO BBIBOJAA, HAIPOTHB,
npeodpa3yeT pe3yiabTaThl BBIYMCIEHHH K BUIY, yZOOHOMY Uil MOjb30Barens. B oTiamume oT yCTpOHCTB BBOAa U
BBIBO/IA, peaIM3YIOIINX HEM3MEHHbIe (DYHKIMH ITPeoOpa3oBaHus, EHTPaNbHbII 010K MUKpo-OBM peannzyer cambie
pa3HooOpa3Hble (HYHKIUH U SBISETCS TIO3TOMY YHUBEPCAIbHBIM IIPE0Opa30BaTeIeM, OCYIECTBISIONINM IIPOrPaMMHBIH
MIPUHIUT 00paboTKHN HHpOpMALHH.

JIr060i1 HOCTaTOYHO CIOXKHBIH Tporecc Mpeodpa3oBaHusd JUCKPETHON MHPOPMAITUE MOXHO Pa30OUTh HA OTICIHHBIE
9Talbl WM aKThl. DJIEMEHTApHBI HENSNUMBINA akT 00paboTKH MH(OpPMAIMK Ha3bIBAIOT onepayueli, a YIpapisioliee
CJIOBO, BBI3BIBAIOIEE BBIOIHEHHWE 3TOH omepauuu, — xomanoou. IlocnemoBaTenbHOCTh KOMaH, PEATM3YHOIINX
TpeOyeMblii Tporecc Mpeodpa3oBaHus WHPOPMAILUH, COCTABISICT Mpocpammy OOpPaOOTKH WCXOMHBIX JaHHbBIX.
[IporpammHbId TpUHIUI 00paOOTKM HMHGOPMAIMK IO3BOJISIET HCIOJIb30BaTh OJHO M TO JK€ YCTPOHCTBO —
YHUBEPCAJIbHBIH INpeo0pa3oBarelib — Uil PELICHUs] CaMbIX Pa3HOOOpa3HBIX 3aJad IMPH IOMOIIM COCTaBJIEHHBIX
TI0JIH30BATENIEM I10CIIEI0BATEIbHOCTEH KOMaH MM Iporpamm IpeoOpa3oBanus. Kak yke oTmedanoch, mporpamma
JOJDKHA OBITH BBEJCHA B MAIlMHY 10 Hayalla BBIYHCICHHHA. B CBsI3uM C 3TUM cieqyrommi O0iok Mukpo-9BM
(ueHTpanbHBIA) JOJDKEH COZAepXKaTh MO KpalWHed Mepe ciieAymrompe JBa (QYHKIMOHAIBHBIX OJIOKa: IpOIeccop,
peanu3yromuii onepanyy IpeoOpa3oBaHsL, U MaMATh, XPAHSAIIYIO IPOTPaMMY U Pe3yJIbTaThl BEIUHCICHAN (puc. 2.3).

Bbnarogapst ToMy 4TO BCce OCYIIECTBISIOLIME YIpaBJICHHE NMPeoOpa30BaHHEM KOMAaH[bI 3aIMCHIBAIOTCS B IaMSTh,
MPOTPAMMHEIA croco0 mpeoOpa3zoBanus MHPOPMAIUH SBISETCS O4YeHb THOKUM. [Ipomeccop, wW3BieKas W3 MaMSTH
KOMaH/IbI (puc. 2.3), MOXKET ONepupoBaTh ¢ HUMH KaK C YUCIAMH M, U3MEHHUB, BO3BpallaTh UX 0OpPaTHO B MaMsTh. DTO
MO3BOJIIET PEAU30BaTh CJIOKHBIE CXEMbl BBIYMCICHHH ITyT€M MHCIOJIB30BAHUSI KOMaHJ, KOTOpbIE B Ipolecce
BBIYHMCIICHUH ""caMu ce0s1 MEHSIOT", BCIEACTBUE YETO MEHSETCS BECh X0 BBIYMCINTEIBHOTO IpolLecca.
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Puc. 2.3. Cxema nporiecca pemieHus 3a1a4u:

a — TpoTrpamMMa 1 JaHHBIE HA BX0JAe MHUKPo-OBM; 6 — mporpamMma U AaHHBIE B TAMATH MAIIUHEL, B - PE3yIbTaT BBEIUUCICHUI

3aHECCH B IIaMATh; ¢ -pE3YyJIbTAaT Ha BBIXOAC MI/IKPO-9BM

ITamsTh, comep UMoe KOTOPOM HM3MEHSETCS MPOLECCOPOM M B KOTOPYIO 3alMCHIBAIOTCA KOMAaHIBl U JAaHHBIE, a
TaKXKe 3aHOCSTCA NMPOMEXKYTOUHbIE U OKOHYATENbHBIE PE3YJIbTAThl BHUUCIECHUH, HA3bIBAETCA ONEpamusHoOl Namamvio
WIN OIIEPaTHBHBIM 3allOMHUHAIONIMM ycTpolicTBoM. Kpome Hee B cocraBe LEHTpalIbHOTO 0J0Ka MHKpo-OBM nomxna
OBITH MaMsITh C HEM3MEHHBIM COJEPKaHHUEM. JTa HaMsTh, UCIIOJIb3yeMasl TOJIBKO /ISl CUMTHIBAHMS XPaHHUMOW B HeH
MH(OPMANNH, Ha3bIBACTCS NOCMOSAHHOU NAMAMbIO WIN TIOCTOSHHBIM 3allOMHHAIOINM ycTpoiicTBoM. Ee comepxumoe
HE TPOMa/iaeT MPH BHIKIIOUYEHUN TUTAHNSA, 1 U3MEHHUTD €r0 C IIOMOIIBI0 KaKuX-JIM0O KOMaH[| IOJIb30BATENb HE MOXKET.
UYrtoOsl 3TO cienaTh, HEOOXOIMMO BOCIIOIB30BAThCS CIIENNAIBHBIM yCTPOHCTBOM, Ha3bIBAEMBIM NPOSPAMMAMOPOM.
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Puc. 2.4. Tlpocreiimas Mukpo-OBM 1 HEKOTOpbIE BO3MOXHOCTH €€ PaCIIMPEHHs

HenocpencTBenHoe ynpaBieHHE MPOIECCOM 00pabOTKU MH(OPMAIUK B COOTBETCTBHH C KOMaHIAMH MPOrPaMMBbI
TOJIB30BATENSl OCYIIECTBIISIETCS CHEIMAbHOM CXeMoM, BXonflell B cocTaB mporeccopa. Kpome Toro, B mporiecce

ynpaBieHuss Mukpo-OBM nOpHHUMAOT ydacTue CIEAyIOlMe CHelUanIbHble YCTpOMCTBa:

CUHXPO-Te€HepaTop,

CHHXPOHHM3HUPYIOIINIT paboTy BceX OJIOKOB BBIYMCIUTEIBHOW MAIIMHBI, CHCTEMHBIH KOHTposuiep (ycTpoiicTso,
(opMupyIOIee CUTHAIBI YIIPABICHUS U3 CUTHAJIOB ITPOIIECCOpPa) U CXeMa ITOUIaroBOr0 UCIOIHEHHS IIPOrPaMMBI.



Wrak, cnemyromuii paccMaTpuBaeMblii HaMu O0K (puc. 2.4), Ha3bIBaeMbIil HEHTPAIBHBIM OJIOKOM MHKpo-OBM,
COCTOUT W3 MHKpompoueccoproro 6ioka (MbB), onepatuBHOTO 3amommHaromero ycrtpoiicta (O3Y), moCTOSHHOTO
3anomuHaromiero ycrpoictsa (II3Y) 1 BBOJHBIX U BBIBOJHBIX COTJIACYIOUIMX YCTPOMNCTB CBSI3U, HA3BIBAEMBIX IMOPTaMH.
[Mopr — 3TO yCTPOMCTBO CONpPSDKEHHUS, C KOTOPHIM MHKPOIPOLIECCOPHBIN OJIOK oOMeHuBaercss WHpopmanueit
aHaJOTMYHO OOMEHy cC ycrpoiictBamu mnamstu. B cBoio ouepens MB  comepxut: muxpomponeccop (MII),
cuaxporenepa-top (CI'), cxemy nomaroBoro ucrnosHenust nporpammsl (CITMII), cucremusiii xontpomnep (CK) n
CrenajIbHbIe YCTPOHCTBA, Ha3biBaeMble Oydepamu o anpeca (BIIA) n nansbix (BIIJ]) 1 onuceiBaeMble HIKE.

2.3. KAKYIO MUKPO-3BM Mbl BYOEM HA3bIBATb "NMPOCTEULLEN"?

Jaxxe mpocToe TepednclieHHe OCHOBHBIX Y3JI0B MUKPO-DBM TOBOpHUT O TOM, YTO COBPEMEHHBIH IHUCKPETHBIN
YHUBEPCAIBHBIA BBIYMCIUTEND — 3TO JOBOJIBHO CJI0XKHOE ycTpoicTBO. Hibke onuiieM npocTteduinii BapuaHT Takoro
BBIUMCIINTENSA, KOTOpPBIA OydeM WMEHOBaTh mpocteiimeil Mukpo-OBM U BO3MOXHOCTH IMOCTPOEHHSI KOTOPOTO
KOHCTPYKTOPOM-JIFOOUTEIEM U3 JOCTYIHBIX JETalIeH, BBIIYCKAEMBIX IPOMBIIIICHHOCTHIO, OblJIa OTOBOPEHA paHee.

ITox mpocreiimeit Mmukpo-2BM (nanee [IM-2BM) Oynem moxpasymeBaTs MUKpo-OBM Ha 0THON MM HECKOIBKIX
iaTax, MOCTPOCHHYI0 Ha 0aze mukpormpoiieccopa KPSSOMKE0A (KPSS8OBMSO0A), ¢ MUHUMANBHBIM (OIPEaeIIeMbIM
Hiwke) oobemoM O3Y u I13VY u ¢ mpocreiimiMu ycrpoiicTBaMy BBOJIa/BbhIBOa B BUie KiaBuaTypsl (K), BKitovaromnien
16 xnaBum u 24 ceerousnyyatomux aunona (ceeroguona C/1). Ha puc. 2.4 TIM-DBM o6BeneHa kpacHOW IITPUXOBOMA
nHUer. Ha 3ToM ke prcyHKe yKazaHbl HEKOTOPbIE BO3SMOXKHOCTH (hYHKIMOHaNbHOTO pacumpenus [IM-DBM.

Mukpo-OBM  Moxer ObITh oOcHamieHa —andaBUTHO-UM(poBoi kinaBuatypoir (ALK), cemucermMeHTHBIMU
cBeronsnyydarommmu naaukaropamu (CCH), cienpansabeiM uBeTHbIM auciuieeM (L[J1) nim nucnneem Ha 6a3e GbITOBOrO
teneBnzopa (BT), BHENIHMMH 3allOMHHAIOIIAMH YCTPOHCTBAMH — KAaCCETHBIM MAarHUTO(OHOM (KacCETHBIM-
HakomuTeneM Ha MarHuTHOH Jiente KHMJI wim HakonuTelleM Ha THOKMX MarHMTHBIX muckax HI'MJI), mevararomum
ycrporictBoM — mpuHTepoM (IIP) ¥ HEKOTOpBIMH JpyrUMH yCTpOHCTBaMH. I[lOAKIIOYCHHE IIepPeYUCIICHHBIX
JOTOJTHUTENbHBIX BHELIHUX YCTPOHCTB MOTPeOyeT pa3pabOoTKH CIEHMANbHBIX COTIACYIOMINX CXEM, HE NTOKAa3aHHBIX Ha
cxeme [IM-DBM (cm. 1. 10).

OnuceiBaemasi  mpocredimas  MUKpo-OBM — MoxeT OBbITh HWCIOJb30BaHA JIJIi  TPUOOPETEHHWA HABBIKOB
NpOrpaMMHUpPOBaHUs Ha si3bIke AcceMOiep B MHEMOHMYECKHX Kojax. OHa MOXXET TaKKe OKa3aThCs MOJIE3HOW Npu
OTJa/Ke HeOOIBIINX MPOrpamMM, A MAaKeTHPOBAHUS NMPOCTEHIINX YIPaBISIOMUX YCTPOMCTB U, KaK y)K€ OTMEUasoch,
JUIA HECJIOKHBIX PacyeToOB B KauyeCTBE MPOTrPaMMHUPYEMOTo KajbKyJsATopa. Takas HecloXHas MalllMHa MOXXET Hailtu
IIPUMEHEHHE B UIKOJNE, NPO(ECCHOHAILHOM TEXHHYECKOM YUWIMINE, Ha (QakyJbTeTax HepekBaludukamm
CIIELIAJIMCTOB C BBICIIUM 00pa30BaHHEM.

OnHako ciexyeT 3aMETHTbh, YTO M3TOTOBJICHHE 3TOH NMPOCTEHIIEH BBIYMCINTENHHOM MAIIMHBI BCE e MOTpedyeT
W3BECTHOTO HANpsHKEHUs] ymMa M cuil. [losToMmy, eciam 4WTaTeno HEOOXOOMMO JMIIb CPEICTBO IUIS BBIOJHEHMS
MIPOCTEHIINX PacdyeTOB, OBYMHKA BBIJICIIKM HE CTOMT. B TakoM cilydae JydIile 3aKpbITh 3Ty KHUTY M IPHOOPECTH OJWH
U3 KalbKyJIATOPOB, HMEIOMIMXCA B mpojaxe. Ecam e Bbl XOTHTE NPHOOMINTBCA K YBICKATEIBHOMY MHPY
MHKPOBJIEKTPOHUKH H IIOCTPOUTH ce0e JIEKTPOHHOI'O NMOMOIIHHKA, (YHKIUK KOTOPOTO MOXKHO OyneT B HajbHeHIieMm
pacmIMpATh MyTEM IIOCTEIIEHHOTO COBEPIIEHCTBOBAaHMSA Balled KOHCTPYKIMH, MPHUCTYNAHTE K YTCHUIO CIIEAYIOLIEH
TJIaBbI.

3
HEKOTOPbLIE OBLWME CBEAEHUA O PABOTE MUKPO-3BM

3.1. AAHHbIE U NMPOIrPAMMbBI

CopeprkaHue 3TOH IJ1aBbl HOCUT B OCHOBHOM CIIPAaBOUYHBIN XapakTep. B Hell mpuBeeHb! UL OCHOBHBIE MTOHATUS U
cample oOmMEe CBeACHUS O pabore MHUKPO-OBM, 0e3 KOTOPBIX HEMOATOTOBICHHOMY YHTATEIO OYyIeT TPYIHO
MPOCJICINTh PadOTy OCHOBHEIX €€ Y3JIOB, OMHCAHHIO KOTOPBIX IMOCBSIICHBI MMOCICAYIOIINE TIaBbl KHHUTH. UUTaTenb,
3HaKOMBIN C OCHOBaMU noctpoeHust 9BM u nporpaMMupoOBaHusi, MOXKET cpa3y MEPEeNTH K CIIEAYIOIEH TaBe.

Kak y>xe ToBopmIIoch B mpeaplAyIieli riiaBe, 9To0bl pemnTh 3aJady Ha MaIliHe, Hy>KHO €€ 3alporpaMMHUpOBAaTh; T.
€. COCTaBUTh ONPEACICHHYIO TOCIEI0BaTENIFHOCTh KOMaHA (IIpOorpaMMy), KOTOpasi, BMECTe ¢ JaHHBIMH JOJDKHA OBITh
BBEJICHA B TIaMATh MAIlTMHBL. B mporiecce pemieHus 3a1adu IeHTPalIbHBIN Mporeccop obpamraercs K mamMsaTH MalluHbI,
BBITIOJTHSAET KOMAaH/bl, W3BJICUECHHBIE M3 TMaMsITH, 00pabaThIBaeT B COOTBETCTBHM C OTUMH KOMaHJaMH JaHHbBIC,
W3BIICYEHHBIE U3 TOW K€ MaMSTH U MTOMyYSHHBIE OT BHEIIHUX YCTPOUCTB, M B 3aBUCUMOCTH OT PE3yNIbTaTOB 00paboTKH
MEPEXOUT K BBIMOJHEHUIO OJHOW WJIM HECKOJNbKUX Apyrux komai. IlocrmemoBarenbHOCTh KOMaHI, MPUBOJSIIAS K
peleHno 3aJauu, Ha3bIBae€TCsS MPOrpaMMoOil perieHus 3anaun. Kaxkgas MamimHa XapakTepusyeTcsl OIpeaeleHHBIM
HA0OpOM omepanuii (CHCTeMOM KOMaH/I), WM MAalIMHHBIM S3bIKOM, KOTOPBIC OJDKHBI OBITh U3BECTHBI MOJIB30BATEIIO,
peliaroneMy CBOIO 3a7auy Ha JaHHOW MalIuHE.



UroObI MamnHa MOTJIa BOCIIPHHAMATH NIepeaaBaeMble eif KOMaHAbl M JaHHBIC, OHH JOJDKHBI OBITh IPEACTABICHH B
neonyHON (opme. C 3TOH HEIbI0 KaXIOHW KOMAaHJIEC CTaBUTCS B COOTBCTCTBHE IBOMYHBIA KOI, a BCE YHCJIOBBIC
3HAUCHUSA BbIPpAXKAIOTCA B ZlBOl/I'-IHOﬂ CHUCTEME CUHCIICHHUA.

ITon ABOMYHOM CHCTEMOI cUMCIIEHHs MOIpa3yMeBaeTCs MO3UIMOHHAS BECOMO3HAYHAs CUCTEMa C OCHOBAHUEM 2 U C
mudpamu 0,1. TepMuH "MoO3UIMOHHAsS BECOMO3Ha4Has" 03HAYaEeT, YTO B 3aBUCUMOCTH OT ITOJIOKEHUS LU(PBI B YHCIIE
el IPUIICHIBAIOTCS pa3HbIC 3HAYCHUS, WK Bec. B Hanbouee pacipoCTpaHeHHBIX CHCTEMaX CYHMCICHHUS STOT BEC PaBEH
CTENEHH OCHOBAaHMs, MOKa3aTellb KOTOPOH pa-BeH n — 1, riae n — HOMep paspsa, OTCUUTHIBAEMbIN CIIpaBa HaJIEBO.
CucTeMbl CUHCICHHSI TOTYYal0T HAMMEHOBAHHUE B 3aBUCHUMOCTH OT OCHOBaHUs. Tak, B IECATUYHON CUCTEME CUHCIICHHUS
ocHOBaHHeM siBisieTcst 10, B TBOMYHON — 2, B BOCBMEPHYHON — §, B MIeCTHAANA-TepUIHOH — 16 u T. 1. [Ipm 3TOM
KOJIMYECTBO HCIOJB3YyeMBIX HUGP U MPEACTABICHUS YUCENl PAaBHO OCHOBAHHWIO CHCTEMBI CUMCIICHHS. B IBOMYHOIM
CUCTEME HCIIONB3YIOTCS Beero nBe mudper: 0 u 1. B mecatuuHo#t cucreme ucmons3yiores 10 mugp ot 0 mo 9, B
BOCBMEPHYHOM — BOCEMb U, T. €. IEPBbIC BOceMb PP AecaTuanoi cuctemsl (0T 0 10 7). B mectHaanaTepudHoii
CHCTEME CUMCIICHHS HCIOJIb3YIOTCS BCE LHUQPBI JECSITUYHOW CHUCTEMBI, a B KayeCTBE HENOCTAIOLIMX IIECTH LU(p
UCIIOJIB3YIOTCS MEPBBIC IECTh OYKB JaTHHCKOTO andasuta: A, B, C, D, E, F. [Ipumepsl 3anucu aecsaTuuHbIX yucea oT 0
10 16 u ot 248 10 255 B ABOUYHOI, BOCBMEPUYHON U IMICCTHAMIIATCPUUHON CHCTEMaX CUMCICHUN MPHUBEICHBI B Ta0J.
3.1. Jecaruunoe uucio 255 siBiseTcs HauOOJBIIUM NPEICTABUMBIM B JABOMYHON CHCTEME CUMCIICHHS IPH YCIIOBUU
HCIIOJIH30BAHUS BCErO BOCHMH Pa3psIOB UL 3alMCH yucen. [ mpeacTaBieHus yiucen, Oonbmmx 255, HeoOXOauMO B
JIBOMYHOHN CHCTEME CUMCIICHHUS HCII0JIb30BAThH OOJIBIIEE YUCIIO Pa3psiaoB.

UroObl OTVIMYHUTH YHCIO, 3alIUCAHHOE B TOH WM WHOW CHUCTEME CYUMCIICHHS, OT YHCIA, 3allUCAHHOTO B JAPYrOd
CHCTEME CUHWCIICHHs, B KOHIE 3alMCH OOBIYHO CTAaBST COOTBETCTBYIOIIHE HCIIONBE3YEMOMY OCHOBAaHHIO HUGPHI HIH
OyKBHI (MHOTZIa B BHIE WHAEKCOB, Harpumep 38)y). s IecITHIHON CHCTEMBI CUHCICHUS YacTO HCIIONb3yeTcs OyKBa
D, s meowuHo#t — B, s BockMepuaHO — Q, ams mectHaanatepuanoit — H. Hampumep:

216 D=11011000 B=330 Q=D8 H.

Kak crmemyer m3 Ttabn. 3.1, Hambosee TPOMO3IAKMM M3 PACCMOTPEHHBIX MPEICTABICHHH, B OCOOCHHOCTH IS
OONBIINX dYHCEN, SBISAETCS JBOWYHOE TIPEACTABIEHHE, a HanOolee KOMIIAKTHBIM — IIECTHAANA-TEPHIHOE
NPEe/ICTaBICHUE, HE COBCEM YJOOHOe Iyl BocmpusTHi. UTOObI BOCIOJIB30BATHCS YHCIOBBIMH pe3yjbTaTaMHu B
HIECTHAIATEPUYHON CHCTEME CUMCIICHUS, HEOOXOAMMO MEepPEBECTH MX B 00Jice MPUBBIUHYIO ICCATHYHYIO (hopmy.
Crnioco0Obl mepeBoja YHcesl U3 OJHOM CHUCTEMBI CUMCIICHHS B JIPYTylH0 HEOJHOKPATHO ONHCHIBAIMCH B JINTEpPAType U
3JIeCh pacCMaTPUBATHLCS HE OyAyT.

Tabmuma 3.1
[lpencraBiieHMe UmMCel
IecaTtmuuyHo JIBOMUUHOE Bocemepnu llecTHanuare-
e HOEe pUYHOE
0 00000000 000 00
1 00000001 001 01
2 00000010 002 02
3 00000011 003 03
4 00000100 004 04
5 00000101 005 05
6 00000110 006 06
7 00000111 007 07
8 00001000 010 08
9 00001001 011 09
10 00001010 012 OA
11 00001011 013 0B
12 00001100 014 ocC
13 00001101 015 OD
14 00001110 0le OE
15 00001111 017 OF
16 00010000 020 10
248 11111000 370 F8
249 11111001 371 F9
250 11111010 372 FA
251 11111101 373 FB
252 11111100 374 FC
253 11111101 375 FD
254 11111110 376 FE

255 11111111 377 FF




Heobxoaumoe 11 BBINOJNIHEHUST mporpamMmbl Ha OBM 1BOMYHOE MPEACTaBICHHME IAHHBIX M KOMaHI JUIs
M0JIb30BATENs HEYy[O0OHO MMEHHO CBOEH IPOMO3IKOCThIO. Hammcanume mporpaMmbl HETMOCPEICTBEHHO B ABOMYHBIX
KoJaxX YTOMHUTCIIBHO U HEPCAKO MPHUBOAUT K OIJ_II/I6K8.M. HJCCTHaJILIaTepI/I‘iHOC MMpeACTaBJICHUC KOMIIAKTHO, HO

HC COBCEM y]l06H0 BBHY HCHIPUBBIYHOCTU UCTIOJIB30BAHUA 6yKBeHHI)IX 0603Haqu1/1171 YHCJIOBBIX BCJIMYUH.

Becpma pacnpoCcTpaHCHHbIM CHOCO60M NpeACTaBJICHUA MOAaHHBIX W KOMaHJ SABJIICTCA HMX BOCBMCPUYHOC
npeacrasiaeHre. OHO OBOJBHO KOMIIAKTHO M JIETKO IEPEBOJMMO B JBOWYHYIO (opmy. s 3TOro mocraTodHo
3allOMHHUTH JJBOMYHBIE KOJBI TpEX IEPBBIX JBOWYHBIX paspsnoB (cMm. Tabdn. 3.1). IlepeBony aBowmyHOTO 4MClia B
BOCBMEPUYHOE MPOMU3BOANTCS CIEAYIOINM 00pa3oM. JIBOMYHBIH KO pa3OMBaeTcs clipaBa HAJEBO Ha TPHAJbI, KaKaas
TpUaza CYUTACTCSI CaMOCTOATENBHBIM IBOMYHBIM KOJOM TPEXPA3psJHOTO YHCIIa W 3aMEHSETCS COOTBETCTBYOLICH
uudpoii ot 0 go 7. [lepeBox BOCBMEpUIHOTO KOJa B JBOWYHEIA MPOU3BOANUTCS aHAIOTHYHBIM 00pa3oM: Kaxkaas nudpa
ot 0 10 7 3aMeHseTCsl COOTBETCTBYIOIINM ABOMYHBIM KOJIOM.

Ilycte, HampumMep, TpeOyeTcs 3amucaTh BOCBMEPHUYHBINA KO BOCEMHUpaspsaHOro asongHoro ugmcna 10110101 B.
Pa30uTsrit Ha Tpuags! ABonuHbd kox Oyaer 10 HO 101 B. ITocie 3amMeHBI KaXkaoil TpHaIbl JBOWIHBIM KOJOM MOIYUIHM
265 Q. JIBouwuHoe mpexacTaBieHre BocbMepuuHOro umcia 312Q momywaercs taxke mpocro: 11 001 010 B wumm
11001010 B.

[IpencraBneHune ABOMYHBIX 4Yucesl B Tabia. 3.1 B BHIC BOCBMHPA3PSIHBIX KOJOB MPHBEICHO HE CIy4aiHO.
Haumensbei enuauield nHGOpMAIK, KOTOpask MOKET OBITh MpecTaBlicHa B DBM, sBisieTcs TBOMYHBIN pa3ps] WIH
oum. bur Moxer umerh nBa 3HaueHMs: O wiaM 1, a COOTBETCTBYIOUIMH €My SJIEKTPUYECKHH CHTHAJI — JIBA YPOBHS
HanpspkeHusl. 'pynma w3 BOCBMH JBOMYHBIX DPa3psiioB HasbIBaeTcs 6Oatimom. boiiee KpymnHBIMH eIUHHAIAMA
uH(pOpMALHH ABIsHOTCA KunoouT (1024 = 2'° Gut, uim 1BoMuHBIX paspsaoB), kunobaiit (1024 = 2'° Gaiit) u meraGaiir
(1048576 =27° Gaiit). MHOra BBIAENAIOT TPYINTY M3 UETHIPEX JBOMUHBIX PA3PSIOB, HA3BIBACMYIO HUGIOM. DTHM
MOHATHEM TIONB3YIOTCS MPU PAcCMOTPEHHMH IIPOIIECCOB BBINOTHEHHUS apU(METHUECKHX OIEparuii B JIBOMYHO-
JECATHYHBIX KOAAX.

OcTaHOBUMCSL TEleph Ha ONPEIEICHUH TOHATHA MAIIMHHOW KOMAaHIbBl KaK OJJIEMEHTA 3alllCH MAalIMHHOMN
MIPOTrPaMMBI.

ITon xomaHOM MoApa3yMeBaeTCsl yKa3aHUe, 3allMCaHHOE Ha MAIIMHHOM s3blke MUKpo-OBM u ompezensiomiee ee
[leﬁCTBHﬂ IpU BBIITOJTHECHUUN OTﬂeﬂbHOﬁ onepanuy HUJiIn 4YaCTH BBIYUCIWUTEIIBHOI'O IMpOoIccca. KOMaH[la MOXET 6])IT1:-
Ipe/ICTaBICHa B CUMBOJIMYecKoW (opme wim B (opMe KOAOB (LIECTHAAUATEPUYHBIX, BOCBMEPHYHBIX, JBOMYHBIX).
Takum 06pazom, noa NporpaMMoii noapasymeBaeTcs (GPUKCHPOBaHHAs MOCIIEA0BATEIFHOCTh KOMaH] 1, BOCIIPUHIUMAEMbIX
MAaIIMHOM KaK eJiHas [enas rpyria yKa3aHui, 03BOJISIomast PelnTh MOCTABICHHYIO IT0JIb30BaTEIEM 3a/1a4y.

B kauecTtBe (hopMasbHOTO SA3bIKA JUTSL ONMCAHUS JAaHHBIX U IIPOrpaMM MX 00paboTKH Ha MUKPO-OBM wucnonb3yroTes
HE TONBKO MAIIMHHBIA S3BIK, HO M CICLHANbHbIC A3bIKH MPOrPAMMHPOBAHHMA, TakMe Kak, Hampumep, BEMCHK.
[Iporpamma Ha TakoM SI3BIKE, Ha3bIBAEMOM HHOTAA S3bIKOM BbICOKO20 YPOGHs, HE MOXET HENOCPEACTBEHHO
BOCIIPUHUMATBCS ~ MHKpompoueccopoM. B coBepmeHHslx OBM  cnenmanbHas —mporpamMma, — Ha3blBacMast
unmepnpemamopom Uil KOMAULAMOPOM, TIPe0Opa3yeT NMPOrpaMMy Ha A3bIKE BBICOKOTO YPOBHSI B SKBUBAJICHTHYIO €i
MIPOTrpaMMy Ha SI3bIKE MAILIMHBIL.

HporpaMMa, HalMCaHHas Ha A3BbIKC AcceM6nep, MEPEBOAUTCA TMOJIB30BATCIIEM B MAIlIMHHBIE BOCBMEPHUYHBIC KOABI C
MOMOIIBI0 Ta0HIEl KOAOB (Tabu. 4.1 — 4,3) 1 BBOIUTCSI BMECTE C JAHHBIMH TaK)X€ B BOCBMEPHUYHBIX Kojax B [IM-
OBM c knaBuaTypbl M pa3MeEIIaeTcs B ONEpPaTMBHOM 3allOMUHAIONIEM YCTPOMCTBE, B KOTOPOM BBIJIEISIETCS
crienaibHas 00J1acTh, Te HO0JIb30BATENh MOXKET PA3MECTUTh CBOIO ITPOTPAMMY .

[Ipouecc pasMmemieHnsi MpoOrpaMMbl B MaMSTH MOKET OBITh JIETKO IPEICTaBJIEH C MOMOLIBIO IPOCTOH MOAeNn
3allOMHHAIOIIET0 YCTPOMCTBA, MMEIOIIEH BUI OOBIYHOTO KHM)KHOTO CTEJUIAKA MIIM OTKPBITOW IIOJIKH, pa3[esIeHHOW Ha
oTnenbHble Aueiiku. Kaxxaol suelike NpUCBOEH HOMEp, HA3bIBAEMBIN aapecoM. B s4eiiky MOXHO MOMECTUTH JaHHbIE
OTpaHWYEHHOTO 00BEMa: OANMH OalT WM BOCBMHpPA3pSAAHBINA IBOWYHBINA KoJ. KoMaHna, 3aHMMAaromas TpU MAalIHMHHBIX
cioBa (Tpu OaiiTa), MOXKET OBITh pa3MelleHa JIUIIb B TpeX sdeikax maMatu. [Ipu 3ToM mepBhIid OaliT pa3Mermaercs B
A4elike 10 yKa3aHHOMY afIpecy, a OCTaJbHBIC [[BA — B IOCIEIYIONINX sSUeiikax MamsTH. BaXHO NMpH 3TOM NPaBUIBHO
MIOMECTUTh HaYallbHYI0 KOMaHIy MPOTPaMMBbl, KOTOpasi TOJKHA HAXOAUTHCS B TOH sSTUEHKE, C KOTOPOH MUKPOIIPOLIECCOP
HA4YHMHAET CBOIO pabory.

IIporpamma mist [IM-DBM npencrasiiseT co00il MOCaeI0BaTeIbHOCTh YKa3aHHBIX KOJOB, U3 KOTOPBIX JICBBIA KOJ
— aJipec SUEUKHU NaMATH, a ITPaBblii — KOMaH]1a WU JaHHbIE.

IIpenmnonoxuM, 94T0 COOTBETCTBYIONIUE NPOTrpaMMe U UCXOAHBIM JaHHBIM HaliieHHbIE Kol BBeJeHbl B [IM-OBM,
Ha yem ocHOBaHbI iponiecchl MpeoOpa3oBaHus BCel 3ToH HH(POPMAIMY B MaIIuHE?

3.2. OCHOBHBbIE JIOTM4YECKUE ONEPALIUA

JIroboe mpeoOpa3zoBaHKE KOZOB B MalllMHE OCHOBAHO Ha BBINOJHEHUM HajJ HHMMH JIOTMUecKHX omepanuid. K
JIOTHYECKUM OTHOCSITCSI Ollepalliy HaJ HabopaMy IBOMYHBIX (IIPHHUMAIOIIMX TOJIbKO 3HaueHusi 0 u 1) aprymMeHToB, B
pe3ysbTare BBINOJIHEHHST KOTOPBIX MOJYdYaroT eauHCTBeHHOe 3HaueHue: 0 wim 1. Jlorndyeckue omeparuin MOTYT OBITH
OITMCAaHBl C TOMOIIBIO CIEHUANbHBIX (YyHKIMHA, npuHuMatomumx O u 1 Ha Habopax IBOMYHBIX IIEPEMEHHBIX H
Ha3bIBAEMBIX Oynesbimu Qyukyuamu. Yucao BCeBO3MOXKHBIX OyJIeBbIX (QYHKIHH OT # EpEeMEHHBIX paBHO 2 U, cieoBa-
TEJNBHO, PacTeT OYeHb OBICTPO € POCTOM n. i OBYX NEpEeMEHHBIX YHCIO BCeX OyNeBBIX (YHKIMI paBHO 16, a mis
OJIHOM nepeMeHHO — 4. OyHKIUU OJHON U BYX NEPEMEHHBIX UTPAOT BAXKHYIO POJIb B TEOPUU MEPEKIIIOUATENBHBIX
cxeM (CxeM, pean3yoIuX JOTHYECKHe MPeoOpa3oBaHus JUCKPETHBIX CUTHAJIOB).



Tabmuma 3.2

3Ha4yeHue 3Ha4vyeHusa PyHKunMn

aprymeHTa
X fy f, fs fs
0 0 1 0 1
1 0 1 1

MHOkKecTBO BceX OYJIeBBIX (YHKIUH OT M HEPEMEHHBIX MOXET OBITh OIMMCAHO KOHEYHOH TaONWIeH, YHCIIo
CTPOK KOTOpOM paBHO 2", a 4YMCIO CTOJOLOB — 2% Hanpumep, Bce yeTbipe OyneBbl (DyHKIUH OT OIHOMN
HIepeMEHHOI MOTYT OBITh ONMCaHbI Ta0m. 3.2.

[lepBeie nBe GyHKIMU HE TPeOYIOT Il CBOEH peaim3aliyl CICNHANBHBIX allapaTypHBIX 3aTpaT, TaK Kak
nepBast f; (Hocsmas Ha3BaHue "KoHcTaHTa (") COOTBETCTBYET pa3phiBYy LENM IE€pedadyd CUrHana, a Bropas f,
("xoHcTaHTa 1") — HOCTOSSHHOMY coeAMHEHMIO. TpeThs ¢yHKIMs f3 HOCUT Ha3zBaHHE "(YHKIUH MOBTOPEHUS"
(umeetcst B BULy TTOBTOPEHHE 3HAYCHUS apryMeHTa), a mocienss fy — "QyHkuuu orpunanus"”, wia "(QyHKIHH
uHBepcun'.

B snexTpHuecKuX Iensx 3JIeMEHT, Ha3bIBaeMbIil Oyghepom N CIyKaIluil A7l pa3BA3KH IENEeH U COTIacOBaHUS
Harpy3oK, MOXET pealn30BbIBaTh (yHKIHIO f3, a Tak Ha3bIBaeMbId uxgepmupyowui Oyghep — QYHKIHIO
naBepcud fi. OyHKIMIO f3 MOTYT BBIOJIHUTH /IBa MOCIEAOBATEIBHO BKIIOUCHHBIX HHBEPTOPA, T. €. DJIEMEHTHL,
peanuzyionye QyHKIUIO HHBEPCUH cUrHana fs. To cBOWCTBO MHBEPTOpA UCMOIB30BAHO B cxeMe Oydepa HMIMHBI
anpeca [IM-25BM (cm. §6.3).

g)

Puc. 3.1. Cxemusle obozHaueHus Oydepa (a) u
uHBepTOpa (6)

Puc. 3.2. CxemHbIe 0003HAUCHHS:

a — »oanemenrta M; 6 — »snementa WJIM; B -
asnementa W-HE; r -snementa W JIU-HE; o0 —
anementa UCKIIIOYAIOIIEE NJIN

AR

d)

CxemHoe o6o3HaueHue Oydepa npuBeneHo Ha puc. 3.1,a, a uHBepTOpa — Ha pHc. 3.1,6. lHBepTOp sABNSAETCA
BE€CbMa pPACHpPOCTPAHCHHBIM JJIEMCHTOM JIOTUYCCKUX CXEM, MOCKOJIBKY BXOJUT B COCTAB JPYTHUX JIOTUYCCKUX
3JIEMEHTOB, peau3yrLHX Oosiee cioxHble OyieBbl GyHkunu. Ha cxeme puc. 3.1 mpuBeneHsI MO Ba CXEMHBIX



obo3HaueHust Oydepa um wuHBepTOopa. [lepBoe 00O3HAUEHHE WCIIONB3YyeTCS B OCHOBHOM B aHTIIOSI3BIYHOU
IuTeparype, BTopoe — B 0TedecTBeHHO U pekomeHnaoBano 'OCT.

Cpemn Bcex 16 BO3MOXKHBIX OYJEBBIX (PYHKIMH OT JOBYX MEpEMECHHBIX HauOOJbIIee pPacIpOCTpaHEHHE
MOJYYIHJIH CJICAYIONIUE MATh (YHKIIUH, OMICEIBaeMbIe B Ta0I. 3.3.

Oyukius fs HOCUT Ha3BaHUE QYHKYUU T02UHECKO20 YMHOdCeHus (Konvlonkyuu), wim Qyaknoum WM. Ona
peanusyeTcs ¢ MOMOUIBIO JIOTHYECKOr0 3JIEMEHTa, Ha3blBaeMoro cxemoit M. I'paguueckoe o0o3HaUeHHE 3TOTO
aeMeHTa npuBesieHo Ha puc. 3.2,a. K ocoOeHHOCTSIM paboThl dyieMeHTa M1 OTHOCHTCS TO, YTO CHTHAJl Ha €ro
BBIXO/I€, COOTBETCTBYIOLIUM JIOTHUECKOW €AMHUIE, TMOSABISETCS TOJBKO B TOM Clydae, €CIH aHAJIOTHYHBIE
CUTHAJIBI TIPUCYTCTBYIOT OJJHOBPEMEHHO Ha €ro ABYX BXoaax. Eciu jke XxoTa Obl Ha OJHOM BXoJie dyeMeHTa U
CUTHAJ HYJICBOW, BBIXOJ] Takke npuHuMaeT 3HaueHue 0. [Tonsarue Gpynkunu (cxembl) M ecTecTBEHHBIM 00pa3oM
paciupsieTcs Ha 7 IEpeMEHHBIX (BXOIOB).

OyHkuus fs HOCHT Ha3BaHME (YHKYUU N02uYecKo2o Ccrodicenus (Ousvionkyuu), win ¢ynkuun MIIA. Ona
peam3yeTcs ¢ TIOMOIBIO JIOTHUYECKOro 3JIeMeHTa, HasbiBaeMoro cxemoi WMJIN. T'paduyeckoe obGo3HaueHue
anementa MJIU mpuseneno Ha puc. 3.2,6. B ornuune ot cxemsl U Ha Beixozae anemenTa MJIN equHnYHBIN cUTHAT
MOSIBJIACTCS MIPY HAJIMYMK aHAJIOTUYHOTO CUTHANA Ha Jr06oM Bxoje. M Tobko ecnu Ha 000MX BXOAaxX 3JIEMEHTa
WJIN npucyTCTBYIOT HyJIEBBIE CHUTHAIBI, HA €r0 BBIXOJAE (OpMHUpYETCs TOXKE HyNeBOW CUTHaJ. AHAJIOTHYHBIM
00pazoM BBOIUTCS IOHITHE U-BXOO0BOTO AnmemenTa WJIN.

Ta6bnuua 3.3
3HauyeHNA aprymeHToB 3HaveHus dyHKUMI
X1 Xz f5 fs f7 fs f9
0 0 0 0 1 1 0
0 1 0 1 1 0 1
1 0 0 1 1 0 1
1 1 1 1 0 0 0

3HaueHus (yHKIUU f; MPOTHBOIMONOXKHBI 3HAYeHUSM (QyHKIuH f Ha OMHUX W Tex ke Habopax BXOIHBIX
curHainoB. Ilosromy ¢ynkims f; HaseBaetcs ¢ynkuueir -HE. I'paguueckoe 0603HaueHNE COOTBETCTBYIOIIETO
aneMeHTa JaHo Ha puc. 3.2,8. Ero na3Banue - anement U-HE.

3HaveHuss QyHKOUU fg MPOTHBOMONIOKHEI 3HaueHUsSM (QyHKIMU fs Ha OOHHX W TeX ke Habopax. [loaTomy
¢yukmus fy Hocur HaszBanme QyHkimu WIIM-HE. Ona peamusyercs >JI€MEHTOM C TEM K€ Ha3BaHHEM,
TPEACTaBICHHBIM Ha pHC. 3.2,2.

Haxonen, nocnenuss gynkuns fo ornmyaercs ot GyHKIuH f; 3HAYCHHEM BBIXOAHOTO CHTHAJa Ha MOCIEIHEM
HaOope. OTa (YHKIUS HA3BIBAETCS J102UYECKOU HEPAGHO3ZHAYHOCMbIO WIH CYMMOU no Mooyuio 2. BBIXOTHOU
CUTHAJI Yy COOTBETCTBYIOIIETO JJIEMEHTa, pealu3yromero 3Ty ¢yHkmuio (puc. 3.2,7), TpHUHAMAeT 3HAauYeHUE,
paBHOE 1, B TOM U TOJIBKO B TOM Clly4ae, KOTJa CUTHAJbl Ha €ro BXOJaxX MMEIOT IMPOTHBOIOJIOXKHBIE 3HAUEHUS.
OneMeHT, peanu3yrmuil (QYHKIUIO CIOXKEHHUS [0 MOAYNIO 2, SBIAETCS OJHUM M3 OCHOBHBIX JIOTMUYECKHX
3JIEMEHTOB CXEMBI MUKPOIPOLIECCOPHOr0 0yoka MUKpOo-ODBM, MOCKONIBKY, KaK MBI YBUIMM B JaJbHEHIIEM, OH
sIBISIETCsT 0a301 MOCTPOSHHSI BCEX CYMMHUPYIOIIUX cxeM. KpoMe Toro, eciu BBIXOZ AJIEMEHTA, PEaTHU3yIOIIETOo
(YHKIHIO CTIOXEHH Mo MOIyJo 2 (apyroe Ha3zBaHHue dToro anementa - UCKIIIOUAIOIIEE WJIN), nonaTts Ha
BXOJ] HHBEPTOPA, TO HA BBIXOJIE MOCIEAHEro cUrHai | Oyaetr GopMUpoOBaTHCS TOJNBKO MPU YCIOBUU COBMAJCHHUS
3HaYeHu# curHanoB Ha Bxogax d3iementa MCKJIFOYUAIOILEE WMJIN. Takoit cxeMoi MOXHO BOCITOIb30BAThCS
JUIS CPaBHEHUS 3HAUEHUH IBYX OJHOPA3pAIHBIX YKces. DTa onepanus B MUKpo-OBM ucnosib3yercs o4eHb 4acTo.

Bce oamemeHTBI, peanu3yrolye pacCMOTPEHHBIE OCHOBHBIE (YHKIMH, O0JaJaloT OJHOH XapaKTepHOM
0co0eHHOCTRI0. CHTHANBI HA BBIXOJAX ITHUX AJIEMEHTOB IOJHOCTHIO OTPENENSIOTCS BXOAHBIMU CHTHAIaMHU, T. €.
CUTHAJaMH{, TPHUCYTCTBYIOLUIMMHU B paccMaTpuUBaeMblii MOMEHT BpeMEHHM Ha HX BXoaax. OT CHUIHAJOB,
MOJIaBaBUIMXCSl HAa BXOHBI DIIEMEHTOB B 0ojiee paHHHE MOMEHTHI BPEMEHH, BBIXOJHBIC CHUTHAJbl HE 3aBUCHT.
[TosTOMy 3TH 3J€MEHTHI OTHOCATCSI K KJIACCY KOMOWHAIIMOHHBIX CXEM, WM K KJIacCy CXeM, He 00JalaroImux
MaMSThIO.

C nmomoripio KOMOMHAMOHHBIX 35eMeHTOB B LII'O Mukpo-OBM peanu3yroTcs Bce OCHOBHBIE JIOTHYECKHE
omepauuu Haj 8-pa3psiAHBIMU CJIIOBAaMM JIAHHBIX W 16-pa3psiaiHbIMU cioBaMu ajpecoB. K HUM oTHOCSTCS
olepalyy MOpa3psIHOro JIOTHYECKOro YMHOXKeHHs (mopaspsinHoe H), crnokenus (mopaspsanoe WJIN),
unBepTupoBanus (nopaspsaanoe HE), cpaBHenus. C ux momMouipio peanusylorcs: apudmernieckue onepamnuu (M.
§ 3.3). OmHako MHOTHME W3 3THX OIeparuii ObUIM OBl MPAKTHYECKH HEBBIOIHUMEI, €CIIH OBl cxeMa 00paboTKH
JBOMYHBIX CUTHAJIOB HE COZEprKaja CIEHMaIbHbIX YCTPONUCTB ISl BPEMEHHOI'O XPAHEHUS JTaHHbIX.

K takum ycTtpoiicTtBaM npuHaaiexaT perucTpbl. OHH COCTOSAT U3 3JIEMEHTOB, YHUCIO KOTOPBIX (MM JUIMHA
perucTpa) paBHO 4YHCIY JBOWYHBIX Pa3psiOB TOCTYMAIONIMX HAa HHUX JaHHBIX. KaXIpld 31€MEHT CcrocoOeH
COXPaHUTb Ha CBOEM BBIXO/I€ 3HaUEHUE IIOCTYIIUBIIETO U 3aTEM IPOINABLIEr0 BXOHOIO CUTHAA O TeX IOp, MOKa
HE BO3HHUKHET HEOOXOIUMOCTH COXpPAaHEHUS BHOBH IOCTYNHBIICH WMH(POpMAIHMU. DTH AJIIEMEHTH, Ha3bIBacMbIC



TPUTTEpaMH, OTHOCSTCS HE K KOMOMHAIIMOHHBIM CXEMaM, a K CXeMaM C MaMsAThio. TpUrrep — 3To cXxeMa C IByMs
ycroiunBbiMu cocTostausiMu: BKJIFOUEHO, o6o3nawaemoe 1, u BBIKIIIOYEHO, o6o3nawaemoe 0. Pacmpo-
CTpaHEHHBIM THUIIOM TPUITEpa SIBIISICTCSA TPUITEP C ABYMsI BXoJaMH, o0o3HadyaeMbIMH R u S. Taxoit Tun Tpurrepa
HocuT Ha3zBaHue RS-tpurrepa. Bxox R (Reset — ouncTka) npennazHadeH 11 nepeBoja Tpurrepa B cocrosiuue 0,
WY, KaK TOBOPAT, UL OYMCTKU Tpurrepa. IIpy MmosBIGHUM CUTHAIA HAa 3TOM BXOJE TPUITEP NEPEBOAUTCS B
cocrosiHue 0, ecau A0 3TOro OH HaXOAWJICS B COCTOAHUU 1, miau ocraercs B cocTossiHuu 0, €ciii 10 3TOro OH
Haxoamics B cocrostaun 0. Bxox S (Set — ycraHoBKa) mpepHa3HA4YeH JUIA MEPEeBOJa TPUTTepa B COCTOSHHE 1,
WY, KaK TOBOPST, ATl yCTAaHOBKU TPUITEPA.

IIpu nosiBieHUU CUTHaIa HA 3TOM BXOJ€ TPUITEP IEPEBOJUTCS B COCTOSIHUE 1, €ClIi 10 3TOTr0 OH HaXOAUiICs B
coctosiHnu 0, WIIM OCTAeTCsl B COCTOSTHUU 1, €cli 10 ATOro OH Haxoauscs B cocTtostHuM 1. CurHan, nepeBoasuui
TPUTTEP B TO WIIM HHOE COCTOSHHE, MOXKET OBITh KaK €JHHUYHBIM (B TOM CITydae BXOJ HA3BIBACTCS IPSMBIM) WA
HYJIEBBIM (BXOJ Ha3bIBAaeTCS MHBEPCHBIM). Tak, Hampumep, B cxeme KI155TM2 (cM. ri1. 5) curHaisl cOpoca u
YCTaHOBKM HUMEIOT HyJIEBbIE 3HaueHUs. B 3Toi cxeme Tpurrep ocraercst B coctossHMM O U B TOM ciydae, €Ciu
3HaueHue curnana uaMenutced ¢ 0 Ha 1. IlepeBectu ero B coctosiHue 1 MOXKHO TOJIbKO nofaudeit curHana 0 Ha BXOJ
S (Set — ycranoBka). CoctostHue 1 Tpurrep OyAeT TakxkKe COXpaHATh NPH U3MEHEHUM 3HAUEHHs CUTHajla Ha
BXOJIe S Ha €IMHUYHOE.

Tpurrep tuma RS sBnsiercs nanexo He eMUHCTBEHHBIM U JaXe HE HanOoiee MPUMEHSIEMBIM B CXEMOTEXHHKE
JUCKPETHBIX YCTPOUCTB. bonee pacnpocTpaHeHHbIM, HanIpuMep, siBisercst D-tpur-rep. OH umMeet nBa Bxoga: D u
C. Bxox D sBnsercs nnpopmarmoHasM, a C — ympasistonM. Curnai co Bxoga D nepenucsiBaeTes B TpUTTED
TOJBKO IIpM HAJIUYUU OIPENENIEHHOro CurHajga Ha ympasisdwoomeMm Bxone C. Hexoropele Tpurrepsi,
peanu30BaHHbIE B BUAE MHUKPOCXEM, UMEIOT BXOJIbl, COOTBETCTBYIOIME Kak RS-tpurrepy, tak u D-tpurrepy, u
MOT'YT OBITh UCIIOJIB30BAHBI KaK TPUITEPHI TI0O0T0 U3 YKAa3aHHBIX JIBYX THIIOB.

CocTosiHME TpUITEpa OJHO3HAYHO COOTBETCTBYET CHUTHAIy Ha BBIXOJE, KOTODbIM Ha3bIBa€TCs MPSMBIM
BbIX0/10M. Kpome nmpsMoro BeIXozia y TpUITEpa UMEETCs TaK Ha3blBa€MbIl MHBEPCHBIN BBIXOJI, 3HAUEHHUE CUTHAJIA
KOTOPOI'O BCErJa MPOTUBOIOJIOKHO 3HAUCHHUIO CUTHAJIA MPSIMOIO BBIXOJA. DTO IO3BOJIAET, HAllpUMEpP, UMETh Ha
BBIXOJJaX PETHCTPA, COCTOSIIETO U3 BOCBMU TPUTTEPOB, OJHOBPEMEHHO IPSIMOI M OOpaTHBIA KOIBI BBOAMMOTO §-
pa3psiAHOro JBOMYHOIO YHCIIA.

ITockonbky Bce mpolecchl MpeoOpa3oBaHUsl CUTHANIOB B DOBM CHHXpOHU3UPOBAHBI, B CXEMaX PETHCTPOB
HCTIONIB3YIOTCSl CHHXPOHHM3HPYEMBIE TPUTTEPHl. B Takux Tpurrepax KpoMe HH(POPMAIIMOHHBIX BXOJOB HMEETCS
CHelMaIbHBIN BXOJ, Ha KOTOPBIM MOJAIOTCS CUTHAJIBI CUHXpOreHepaTopa. V3MeHeHne COCTOSIHUSA TpUIrepa mpo-
UCXOJIUT TOJBKO BO BpEMsl MOSBICHUS TAKTOBOIO MMITyJIbCa Ha €0 CHHXPOHU3HUPYOLIEM Bxoze. M3meHeHue
3HAYeHUH HH(POPMAIIMOHHBIX CUTHAJIOB B NIEPUO/I T1ay3 TAKTOBBIX UMITYJILCOB HAa COCTOSHUE TPUTTEpa BIUSIHUS HE
OKa3bIBaeT.

Hcnone3yeMble A7 OAHOBPEMEHHOI'O XPAaHEHUS HECKOJIBKUX ABOMYHBIX Pa3psiiOB PETHCTPHI COCTOSAT W3
HOCJIEAOBATEIbHO COCIUHEHHBIX TPUITEPOB U YIPABIIIONINX CBA3EH MEXIYy HUMH, O3BOJISIOMINX OPraHU30BaTh
MOCIIEIOBATENbHYI0 WIN HapajUIeIbHYI0 II0/1ady 3amoMuHaeMod uH@opMarmu. C MOMOIIBIO YIPaBIISIOIINX
CBsI3€il MOKHO C/IBUTATh XPAHSAIIYIOCS B PErHCTpax MH(POPMANMIO Ha MPOM3BOJILHOE YHCIO Pa3psaoB BIPaBO U
BJIEBO, a TAK)X€ CUMTHIBATH MH(OPMAIMIO B ITIOCIEIOBATCIBFHON M MapauiesnpHON (opmax. Takue peructpsi
Ha3BIBAIOTCS CIABUTOBBEIMH perucrtpamMu. OHH IIHPOKO HCIONB3YIOTCS IS pealn3aluid  apu(pMETHIECKUX
(YHKIUI, B YaCTHOCTH YMHOXCHUS U ACJICHUSL.

Htak, B caMoM 00ILEM ClIyuae perucTphbl HO3BONISAIOT OCYIIECTBUTE CIEAYIOLIEE:

1) XpaHUTH TOCTYNHBIIYIO Ha HUX JBOMYHYIO HH(OpMANNIO B TeUeHIE HEOOXOANMOTO BPEMCHH;

2) OCYyWIECTBIATH MPeoOpa3oBaHue IIOCIEIOBATEIFHBIX JBOMYHBIX KOJIOB B ITapaJUIeIbHBIC H 00paTHO;

3) caBUraTh IpHU HEOOXOAUMOCTH XPAHUMBIC JAHHBIE BIIPABO

1 BJICBO;
4) MOJIB30BAaThCS OOPAaTHBIM KOJOM XpaHWMOW HH(OpPMAanWH, UMEIONIMMCS Ha WHBEPCHBIX BBIXOZaX
TPUTTEPOB.

3.3. OCHOBHBbIE

APAOMETUYECKUE
ONMEPALIUN

PaccmoTpenHble B mpenplayieM mnaparpade JOrHuecKre ONepaluy U OMUCHIBaeMble HIDKE apu(METHUECKUE
Ofepaluy peann3yrTcs B apupMeTHYecKo-IoThudeckoM ycrpoictBe (AJIY) MuKpompoleccopa, Ha KOTOPOM
moctpoeHa [IM-DBM. Omepariii BHITOTHSIOTCS HaJ 8-pa3psOHBIMA JABOMYHBIMH YHCIAMH, MPUYEM CTapIIHN
(7eBbIif) pa3pAn MOXKET HCIONB30BaThCS ISl TpeAcTaBieHHs 3Haka uucia (3HaueHne ( yKkas3bIBaeT Ha
HOJOXKUTETIBHOE YHUCIO0, @ | — Ha OTPUIATENBHOE).



CrokeHHe MTBOWYHBIX YHCEN MPOM3BOAMTCS IO TEM JK€ MpaBHIaM, YTO U CIOKEHHE JCCATHYHBIX UHCEN, 3a
HCKIIIOYEHHUEM TOT0, YTO MEPEHOC B CIEAYIOUIHNIA pa3psil OCYUIECTBISETCA IPU CYMME B TAaHHOM pa3pse, paBHOM
2, a He 10. Ilycts, HanpuMep, TpeOyeTCs CIOXKUTH J[Ba YHUCIIA!

00011 010B =26D

+ 00001 100 B=12D

00 100 110B=38D.

[lpu crnokeHWW KpaHWX TPaBBIX YETHIPEX pa3psIoB MMETH MECTO BCE YETHIPE BO3MOXKHBIE KOMOMHAITUH
CIoKeHus: ogHopaspaaubix yucen: 0+0=0, 1 + 0 = 1, 0+1 = 1, 1+1=0. B ueTBepTOM pa3psange cymma paBHa 2D,
win 10 B. CrnenoBarenbHO, HEOOXOAUM NEPEHOC SIMHMIBI U3 YETBEPTOro pas3psiaa B MATHIA. Torma B msToM
paspszae onsth ke 1 + 1 = 0 1 mociie mepeHoca eUHUIIBI B IIIECTON pa3psa cyMMa B IMeCToM paspsne oyaer 1 +
0+0=1.

HerpyaHo 3aMeTuTh, 4TO peaim3anus 3TUX OMepaluid MOXKET ObITh BBIOJHEHA C MOMOIIBI0 BCETO JBYX
JIOTUYECKUX DJIEMEHTOB: CyMMBI TIo Moayito 2, i MCKIJIIOUAIOUIET'O UJIN, peanmsyromero ¢yHkmuto fo,
COOTBETCTBYIOIIYIO BBIXOAY CYMMBI S, U aneMenTa U, peanmsytromero GpyHKIuio f5, COOTBETCTBYIOIIYIO BEIXOIY
nepeHoca B cieayrommii pazpsg C (puc. 3.3,¢). Dta cxema CIIOKESHHsI OJTHOPA3PSTHBIX YUCEN 0€3 y4eTa BXOAHOTO
HepeHOCA U3 MPEIBIAYILETO pa3psiaa Ha3bIBACTCS NOTYCYMMAMOPOM.
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Puc. 3.3. OnHOpa3psgHbIE CYMMHPYIOIUE CXEMBI: d - TOJIYCYMMATOp; 6 - MOJHBIA CyMMAaTOP

YToObI peaTi30BaTh CI0KEHUE C YIETOM MEpeHOCca U3 TPEABIAYIIETo pa3psaa, HE0OX0AUMO UCTIOIh30BaTh JBa
MOJIyCyMMaTopa, COSIMHNUB MX TaK, KakK IMoKa3aHo Ha puc. 3.3,6. JTa cxema HOCUT Ha3BaHUE NOJIHO20 CyMMamopd,
WIA 00HOPA3PAOH020 cymmamopa. JJis CIOKeHUs JBYX 8-pa3psAHBIX JBOWYHBIX dHceN moTpedyercs 8
OJTHOPA3PSIIHBIX CYMMATOPOB, COCTMHCHHBIX TaKUM 00pa3oM, YTOOBI CHTHAN MEepeHoca TepeiaBajcs B KaxIblid
cienyronmii pa3psa Ha Bxos Cy COOTBETCTBYIONIETO TOJHOTO cyMMaropa. CUTrHaI mepeHoca U3 caMoro CTapIiero
paspsjia 3allOMHUHAEeTCSd B CIHENHMaJIbHOM TPHUITEpPE, HA3BIBAEMOM mpueeepom raea nepenoca, A yKa3aHUs
TIEPETIOTHEHUS], IMEBIIIETO MECTO MPH CIOKCHHH.

ITockonbKy, Kak yKa3bIBAIOCH BBIIIE, CTAPIINI Pa3psii MOXKET OTBOJIUTHLCS IO 3HAK YHCIA, C TOMOIIBI0 8-
Pa3psAIHON CYMMUPYIOIIEH CXeMBbI MOKHO OIMEPHUPOBATH KaK C JTIOOBIMHU IENBIMU MOJOKUTEIFHBIMU YHCIIAMH B
nuanazone ot 00 000 000 B = OD go 11 111 111 B =25 5 D, tak u ¢ 1enpIMu MOIOKUTETFHBIMA W OTPHIIA-
TeapHBIMH urciamu B auanazone ot 01 111 111 B = 127D go 10 000 000 B = -128D (B aToM ciry4yae equHHIA B
CTapIeM pa3psjie yKa3bIBaeT Ha OTPHUIIATEILHOE YUCIIO, a HYJIb - Ha TIOJOXKUTEIIBHOE).

Jnst  BRIUMTAHUS ONHOTO 4YHCIA U3 JPYroro HCIONB3YeTCsS CIENraabHOEe KOJOBOE IPEACTABICHUE
OTPHIIATEIBHBIX YHCEN, HA3bIBAEMOE OONOIHUMENbHBIM KOOOM. JIOTIONTHUTENbHBINA KO (MHAYe, JOMOTHEHUE 10 2)
rnmoyy4yaercss TpuOaBICHUEM EIUHUIBI K MIAAINIEMy pa3psjly WHBEPCHOTO, WJIM OOpaTHOTO, KOJa 4Hcla
(momonuaenus o 1). CrnoxeHne yMEHBIIAEMOTO C BBIYUTAEMBIM, MPEJCTABICHHBIM B JOMOJHUTEILHOM KOJIE,
TIPUBOJIUT K PE3yJIbTaTy, KOTOPBIA MOJYYHIICS OBl IIPH OOBIYHOM BBIYUTAHUHU. TakuM 00pa3oM, HE HY)KHO CTPOUTH
CIIEIUANBHYIO CXEMY JUTSI OTIEPAIMH BEIYUTAHUS, & MOKHO

BOCIIOJIb30BaThCA BCE TOH ke cxemoi 8-paspsgHoro cymmaropa. Ilycts, Hampumep, TpeOyeTcs BBINOIHUTH
Berautanue: 38 D — 26 D. [lepeiinem k nonomHUTENbHOMY KOty 1715t uncna — 26. MaBeptupys ko yucna 26D u
pUOABIISIS SMHHILY B MJIAIIIEM pa3pse, oaydacM:

00011 010 — npsimoii kox 11 100 101 — oOpaTHBIH KO

+

1

11 100 110 — nomonHUTENBHBIN KOJ. Terneps BHIMOTHUM CIIOXKEHUE!

00100 110B+11100110B

100001 100 B =12D.

B pesynbrare momyumiaM JBOMYHBIN KOJ JecaThdHOro yuciia 12 D u mepeHoc W3 crapiiero paspsjaa. ITOT
CUTHAJI MOXeET OBbITh MCIIOJIb30BaH MPH BHIMOJIHEHUH apu(PMETHIECKUX ornepanuil ¢ 16-pa3psaaHpIMU YUCIaMH 110



4acTsSM B OJTHOM 8-pa3psTHOM cymmarope. [Ipu 3ToM cHavalia IpOU3BOIUTCS CIIOKEHHUE B TOTIOJIHUTEILHOM KOJIE
MJIQIIIAX PA3pPSIOB CYMMHUPYEMBIX YUCENI M 3alIOMHHAHHWE CHUTHANA (€IUHUIILI) MEPEeHOCca, a 3aTeM CII0KEHUE
CTapIIMX Pa3psIOB C YUETOM ITOTO CUTHAJIa MepeHoca.

JUIs  BBITIOJIHEHWS OMNepaluid yMHOKEGHHS W JCJCHHS CIEIMalbHBIX KOMaHJ B MHKPOIpOIeccope
KP580MK80A ne mpemycmotpeHo. [Tostomy 3t onepanuu B [IM-DBM BBIIONHSAIOTCS MPOTPaMMHBIM ITYTEM C
WCTIOJIb30BAHUEM OTIepAIlHii CIIOKEHUS, CIIOKEHUS C JIOTIOIHUTENLHBIM KOJIOM YMCIIa (BBIYMTAHHS) M CABUTA (CM.
§9.1).

Apupmernyeckre onepanuu MOXKHO TTPOU3BOUTE TAKXKE HA/I NECATUIHBIMU YUCIIAMH, 3aKOIMPOBAHHBIMU TaK
HAa3bIBAEMBIMH JIBOUYHO-IECATUYHBIMUA KOJAaMHU (JBOMYHO-KOJIUPOBAHHOE MPEACTABICHUE NECATHYHOTO YHCIA).
[Ipy TakOM MpencCTaBIICHUM YHCEN KaxkJas JeCATHYHAs [UPpa KOTUPYETCS YETHIPEXPas3psIHbIM JBOHUYHBIM
KOJIOM (KOJIOM TIPSIMOTO 3aMmerieHust, wim kojaoMm 8421). Tlocie crmokeHust MBYX NTBOWYHO-KOAMPOBAHHBIX YHCEI
JUIS TIOJTYY€HHUS TIPABUILHOTO pe3ysibTaTa HEOOXOIMMO BBITOTHUTH KOPPEKIMIO Pe3yibTaTa 3ToH oneparun. J{us
3TOT'0 UCTIOJIB3YETCs OJIOK eCATHYHOW KoppeKIuu. OH OCYIIECTBIIIET TPEOYEeMYI0 KOPPEKIIUIO pe3ysibTaTa myTeM
WCTIOTHEHUS CIIEUATBHON KOMaHAb! "nmecaTndHor Koppekmuu' DAA (cM. CTMCOK KOMaH[A B TPHIIOKEHHH 1),
KOTOPYIO HEOOXOIUMO BBITIOJTHUTH MTOCJIE KOMAHIBI CJIOKEHUSI.

APXUTEKTYPA
nv-aBM
N KOMINOHEHTOB

4.1. KOHCTPYKTUBHOE O®OPMIJIEHUE MNMM-3BM

Ecmu monp3oBatemo Mukpo-9BM aist paboTHI ¢ Hel TpH MPOTpaMMHUPOBAHUY CBOMX 33134 MOJE3HO BCE XKE
HMETh HEKOTOpOE MpPEACTaBIEHHE O COIACPKHUMOM TOTrO "YEpHOro smuKa', ¢ KOTOPBIM OH HMEET [IeNl0, TO
OyaylieMy KOHCTPYKTOPY, KOHEYHO YK, HE0OXOAMMO 3HaTh aOCOJIOTHO Bce ero "OonThl M Taiiku". B cBs3u ¢
STHUM B JIAHHOHW TJlaBe HaM NPEJCTOMT 3arISHYTh BHYTPh KaxIoro u3 OiokoB Oyaymedr OBM u monbiTaThes
MIPOaHAIM3UPOBATh €ro padoTy Ha (YHKIIMOHAIEHOM YPOBHE.

Kak ormeuanocsk B ri1. 2, [IM-3BM cocTouT U3 EHTPaIbHOTO 0JIOKa M YCTPOHCTB BBOJA/BhIBOAA. B KadecTBe
ycTpoiictBa BBoga B [IM-OBM wncnonp3yercs kinaBuatypa, a yCTPOHCTBA BBIBOJIA -COBOKYITHOCTH CBETOJINO/IOB.
LentpanpHbIid OJOK MAaIIWHBI, KaK CICAyeT U3 pHC. 2.4, COCTOUT M3 IEHTPAIBHOTO IPOIECCOPHOTO DIIEMEHTA,
oneparuBHOro (O3Y) u mocrostaaoro (I13Y) 3amoMuHaOMUX YCTPOWCTB 1 MOPTOB BBOJIA M BhIBOAA. PaboTa Bcex
MIEPEYNCIICHHBIX OJIOKOB CHHXPOHU3UPYETCSI CHTHAJIAMH OT CHHXpOTeHepaTopa, BXoasmiero B cocraB Mb.

Koncrpyktueao [IM-DBM MoxeT OBITH oopMieHa B BHAE HACTONHFHOTO MpHOOpa, Ha JUIIEBOH ITaHEIH
koToporo Haxoxaarcs kiaBuarypa (K) u cseroamonst (Cl). Bce KOMIOHEHTHI HEHTPAIIBHOTO OJI0Ka MOTYT OBITH
pa3MelieHbl Ha OJHOW MedaTHOW miare (B omuchiBaeMoM Bapuante [IM-DBM — ojHomnaTHas MaiinHa),
YCTaHOBJIEHHOW BHYTPH KOpIryca rpudopa.
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Buemmnnit Bug [IM-3BM npu TakoM KOHCTPYKTHBHOM O(hOpMIICHHHM TpHuBeneH Ha puc. 4.1,1. Ha puc. 4.1,6
yKa3aHbl OCHOBHBIE OpTaHbl KJIaBUaTypbl. B Oosiee mpocToM BapuaHTe KOHCTPYKIMH MallIMHBI CBETOAMOJbI TAKXKe
pa3MeEIIarTcs Ha TIaTe, a KJIaBuaTypa opopMIIseTCs B BUIC OTACABHON BHIHOCHOW MaHE M, COCAMHEHHON ¢ MAIIMHOU C
rmoMouipio xryra. PazpemHoe mnopcoenuHeHrne K K MallMHE MOXET OBITh PEKOMEHJOBAaHO JHMIIb NPH HAJIUIUU
XOpOILIEro pa3zbeMa, 00eCIeUrBaIOIIEro HaJIeKHOE COeIMHEHHE KOHTakToB. Ecii Takoro pazpema HET, KIYT JIydlle
MOACOEANHUTD Hariyxo nmyTeM naiiku. B sTom ciydae Bcsi mamimHa "yknajaeiBaeTcs" B pa3Mepbl CpEeAHEH TOJIIMHBI
TIATIKY TS OyMar.

KnaBuarypa comepxut 16 KHOIOK, N3 KOTOPBIX KHONKH K- K& ciry>xaT Ais BBOAa NaHHBIX, KHONKN K9 — K11 —
JUTA YIIpaBIICHUS BBOJIOM IAaHHBIX, a KHOMKa K/2 — mis ympaBiieHHs 3amryckoM nporpammbl. Kaomku K13-K16 He
3ameiicTBoBaHbl. Kpome TOro, MMEIOTCS emle JABE YIPAaBJAIOIMNE KHONKH M OJUH mepexmodarens. KHomka K/7
MIpefHa3HaueHa AJIsl TIOIIAroBOTO BBIMOJIHEHUS] IporpamMMel. Ilpm ee HakaTMM HPOHMCXOIUT BBHINOJHEHHE OJHOTO
MainuHHOro 1mKia (eM. § 4.4). Iepexmouarens K18 npennasnadeH st Bbioopa pexuma pabotsl [IM-DBM. On umeer
nBa mojoxeHus: "mar' u "aBromar". B momokeHuu "aBTOMAaT" meEpeKIOYaTeNbh 3aMKHYT U IPOHCXOJUT
ABTOMATHUYECKOE BBINIOJIHEHUWE INPOrpaMMbl. B monokeHnn "miar" mporpaMMy MOXKHO HPOIYCTHTh B IOLIArOBOM
peXHUME ITyTeM MHOTOKPATHOTO Ha)xaTus KHOMKHU "MarmHHbi 1ukn" K17. Kaonka K19 ("cOpoc") npenHasHaueHa Jist
OoOHyJIeHUs cueTdnKa KomaHg (cm. § 4.3) .

CBeToanoI6I KOMIIOHYIOTCSI B TPH T'PYIIIIBI 110 BOCEMb IITYK B KaKA0i. OHM 0TOOPaXKaOT COCTOSIHUS TPEX MOPTOB
BbIBO/1a. CXeMBbI OAKIIIOUYEHHS CBETOIMO/I0B U KJIABHATYPHI OIMCHIBAIOTCS B § 7.3.

[Ipexne 4eM mepexoauTh K pPAacCMOTPEHHIO (yHKIMOHAIbHOW cxembl I[IM-OBM, moroBopuM o TOM, Kak
OPTaHHU30BAHBI CBSI3H MEKAY OJIOKAMH B BBIYUCINTEIBHON MAIIHHE.

4.2. OCHOBHbIE CBA3U U CTPYKTYPA LUNH

B mukpo-3BM, moctpoeHHBIX Ha 6a3e MHUKPOIPOLIECCOPOB, BCE CBSI3U MEXAY OTICIbHBIMU (PyHKIMOHAIBHBIMU
OJIOKaMH OCYIIECTBIISIOTCS, KaK MPaBHIIO, TaK Ha3blBaeMbIMM ImHaMu. [lon mmHON moapasymeBaeTcs (u3HUecKas
rpylina JUHUH Nepeaady CUTHAJIOB, 00JaJaonX (yHKIMOHAIFHON OOITHOCTHIO (110 KaXKIOW JIMHUM MepelaeTCcsl OAUH
JIBOWYHBIN pa3psn uHpopmannu). Tak, Hanpumep, AaHHBIE B MalIMHE OOBIYHO IEPEJAIOTCS K Pa3IMdHBIM €e
(YHKIMOHAIBHBIM y3JIaM HapajuIebHO MO BOCHMH JIMHUSAM. DU3MYECKH LIMHBI Peannu3yloTcs B BUIE NapauIeIbHBIX
MIPOBOAAILIMX IIOJIOCOK IE€YAaTHOM IUIaThl WM B BHJE CBA3aHHBIX B KIyT NMPoBOJAOB. COOTBETCTBYIOIIAs IpyMNa U3
BOCBMH JIMHUH Tepedaddl JaHHBIX HA3bIBAeTCSA 8-pa3psaHON IMMHOW NaHHBIX. Kpome MMHBI JaHHBIX B MHKpo-OBM
BBIICJISIIOT IIMHY Nepeadd aJpecoB, WIN IIMHY ajpeca, W MIMHY yhpasieHus. Mukpo-OBM c Taxoil opranuzaruei
CBSI3€# OTHOCST K CHCTEMaM, 00JIa/JaoIM apXUTEKTYpPOH C TpeMs IIUHAMH.
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Puc. 4.2. YnpomeHnnas apxutektypa 9BM ¢ Tpems muHamu

TumoBsie cBsi3u B apxuTekType OBM ¢ TpeMs mmHaMHU B 00meM cirydae OyIyT UMETh BHI, IPEACTABICHHBIH Ha
puc. 4.2, ecnmi B Ka4eCTBE OCHOBHBIX (PYHKIIMOHANBHBIX OJIOKOB MAIIMHEI MCIIONB30BAaTh MHUKPOIPOIIECCOPHBIN OJIOK
(MB), O3V, II3Y u mnoprtel BBoma/BeiBoja. Jlmamm mmH agpeca (IIIA) wu ympasmenus (LIY) sBmsrorcs
OJIHOHAIIPABJICHHBIMHU [31€ch He pacCMaTpPHBAETCA PEXMM NPAMOTO J0CTyNa K namstd]. B HUX CHTHabl POTEKaloT B OXHOM
HAIpaBJICHUH — OT LIEHTPAIBLHOT'O IPOLIECCOPHOIO AJIEMEHTa KO BceM OcTanbHbIM Osokam. [lluHa aapeca sBisercs
16-pa3psanoil. Uucno JIMHUM MIKMHBL YIIpaBIeHUs ONPEAEsIeTCs COCTABOM CUTHAJIOB, (POPMUPYEMBIX CUCTEMHBIM
KOHTPOJUIEPOM.

[epenaBaemsie no 1IIA curnansr popmupytores B MII. OHH HEOOXOIUMEI TSl OTIPENENICHUS ITyTH TIepeaadn
BHYTpU MUKpO-OBM, B ToM uucne [uisi BeIOOpa SHEHKHM MaMATH, KyJa HEOOXOAMMO 3aHECTH WM OTKyJAa
HEo0X0oaUMO cuMTaTh MH(popManuio. B ompenenennn TpakTa mepenadd JaHHBIX MOTYT MPUHUMATH Y4acTHE H
YIIPABISIOMINE CUTHAIBI, TTOJCOCANHSIONINE WM, HAIIPOTUB, OMOKUPYIOMINE T€ WM HHBIC YCTPOWCTBA MHUKPO-
OBM.

B otnuuue ot [[/A v LIV munaa ganneix (L) sBisiercs mWHOW AByHANpaBieHHOW. J[aHHBIE 1O JIMHUSAM
IIMHBL MOTYT TepelaBaThcs OT MHUKpPOIpoIleccopa K KaKOMy-HHOyIb YCTpOHCTBY MuKpo-OBM  mmbo
nepecsutaThess B M1 0T KaKOTO-TO yCTPOMCTBA, JOCTYII K KOTOPOMY 00€CTICUNBAIOT CUTHAJIBI aIpECHOM IIHHBL

EcrecTBeHHO, 4TO B Ka)XAbIi MOMEHT BPEMEHHU JIaHHBIE MOTYT MEpPENaBaThCs JIMIIb B OJTHOM HaIPaBJICHUU,
OTIpENeTIEeMOM pPEXUMOM paboTel MHKpomponeccopa. K ocHOBHBIM pexumaMm padoTsl MII MOXHO OTHECTH:
3alKCh AAHHBIX B MaMATh MAIWHBl; YTEHHE NAHHBIX W3 MaMSITH MAaIlMHBI, EPEChUIKY JaHHBIX B YCTPOMCTBO
BBOJIa/BBIBO/Ia; YTEHHWE JMJAaHHBIX C YCTPOIICTBa BBOJA/BBIBOJA; BBINOJHEHHE OMNEpalUdil C COAEPKUMBIM
BHYTPEHHHUX PETHUCTPOB MUKPOIIPOIIECCOPA.

[Ipu peanuzanum nocieaHero pexumMa BHELIHUE 1o oTHoImeHuto K MII muHabl Mukpo-9BM He ucnonb3yrorces,
T. €. Bce JeHcTBUA npoucxoasaT BHyTpu MII. Peanuzanus nepBbIX 4ETHIPEX PEXUMOB OKa3bIBAET OINPEACISIONIEE
BJIMSIHUE Ha paboTy IIWHBI TaHHBIX.

Paborta mo peanmsanuu mporpaMMmbl Jr000H MHKpO-OBM, MOCTPOCHHON MO THITy apXHUTEKTYPBI C TpeMs
IIMHAMU, COCTOUT B BHIIIOJHEHUH CIIEAYIOIINX AEUCTBUN TSI KaXXI0M KOMaH/Ibl IPOTPaMMBI.

1. Mukponpoueccop GopMHpPYET aapec, MO0 KOTOPOMY XpaHUTCS KOJ ONepalii KOMaHJbI, MEpPeBOAs B
COOTBETCTBYIOIIIEE COCTOSHUE LIUHY aJpeca.

2. Kop onepanuy CYMTHIBACTCS U3 MIAMSITH 110 ¢(HOPMHUPOBAHHOMY aJpEeCy M MEPEChITACTCS B MUKPOIIPOIIECCOP.

3. Komanna nenmdpupyercs (MICHTHQUIUPYETCS) MUKPOIIPOIIECCOPOM.

4. Muxkpormpoueccop "HacTpawBaeTcs' Ha BBINIOJHEHHE OJIHOTO W3 MEPEUYHCIECHHBIX BHINIEC ISITH OCHOBHBIX
PEKUMOB B COOTBETCTBHH C PE3YNIbTaTaMH ACUIH(PPHPOBAHIS CINTAHHOTO U3 MTAMSITH KOJa KOMaH/EL.

IlepeunicieHHBIE BBILIE MATh PEKUMOB SIBISIIOTCS OCHOBHBIMH, HO HE €JUHCTBEHHO BO3MOXKHBIMH. CyILIECTBYIOT
U JIpyTue, paccMaTpHBaeMble B TII. 6.

[lepeiinem Teneps K OKOHYATETHLHOMY OQOPMIICHHIO (DYHKIIMOHAIBEHON cxeMbl [IM-OBM.



4.3. ObLLAA ®YHKUNOHAIIbHAA CXEMA MNMM-3BM

Kpome mukponpoueccoproro 6oka, pyHKIHMOHAIBHOE Ha3HAYEHHUE KOTOPOTO MBI YK€ ONpeAeniIy, B cocraB [IM-
OBM BXOZAT OmepaTWBHOE W TIOCTOSHHOE 3allOMHHAOIINE YCTPOWCTBA W TMOPTHI BBOJA/BBIBOAA. Bce 3TH Onokn
CBSI3aHBI MEXIy COOON yepe3 mUHEI aapeca u MaHHBIX. lluHa ympaenerns B [IM-DBM coctout Bcero u3 4eThIpex
JIMHUI NIepeladyn CUTHAJIOB, IIPHUYEM B KaXKAOM PEXXHUME PadOThI MUKPOIIPOIIECCOPA aKTHBHA TOJIBKO OJIHA JIMHHUSL.

Yupasnenne padoroit [IM-3BM ocymecTtisiercss ByMs OJIOKaMH: CXEMOM IOIIaroBOTO BBIOJHEHHS IPOTPaMMBI
1 CXEMOW CHCTEMHOro KoHTposiepa. [lepBast cxema mosie3Ha Assl aHaIu3a UCIIOIHEHHSI BBOJUMBIX KOMaH/I IPOrPaMMBl.
CucteMHbIH KOHTPOJUIEP HEOOXOAMM ATl OpPraHU3aluM TPAKTOB NepeAadyr MH(OpPMALUK MIPU Pealu3aliid OCHOBHBIX
pexuMoOB paboThl MuKporporeccopa. Mcnomb3yembrii B [IM-3BM  mukponpomneccop KP580MK80A wumeeT mivHbI
ajpeca M JaHHBIX, a TaKXKe HEKOTOpble yNpaBisiioniue curHainbl. CHUTHAJIBI IMIMHBI YOpaBieHus (HOpMHUPYIOTCS
CHCTEMHBIM KOHTPOJIIEPOM BHE MHKpoIpoueccopa u3 ynpasistomux cursanoBs MII. K amum otnocsarcs: UTEHUE,
3AIMCH, BBIBOJI HA BHEIIIHEE YCTPOMCTBO, BBOJ] C BHEIIIHEI'O YCTPOMCTBA (cM. § 6.3).

[Ipu opraHu3amy OIMH HEOOXOAWMO MPABHIBHO OLEHHUTHh BEJIMYMHY TOKOBOW Harpys3Kkd IO Kaxnoil mune. Ecnn
CYMMapHbIH TOK HAarpy3kd JHHUM B INMHE NPEBBINAECT JOMYyCTUMYIO BEIMYMHY Ha COOTBETCTBYIOIEM BBIXOJE
MHKPOITpoIeccopa, TO TaKyko JHHUI0 HeoOxoammo cHabauTe Oydepom. [Tox Oydhepom moapasymeBaercs crieraibHAs
cxema, 00ecneunBaronIas MMEKTPHIECKOE COTJIACOBaHME IIeNeH nepenadn curaaioB. Kak yxe oTMedanocs B I1. 3, mpo-
creifmas cxema Oydepa, He MeHsIOIAsd 3HAYEHHE CHUIHaja, COCTOMT M3 JBYX BKJIIOYEHHBIX IIOCIIEIOBATEIBHO
nHBepTOpOB. MIMeHHO 3Ta cxema ucnoib3yercs B [IM-OBM B ¢opMupoBatesnie CUrHaJIOB IIKHBI aJipeca.

Jlunuu mmebl ganHbiX B [IM-DBM Ttakke HeoOxoaumo cHaOmuTh Oydepamu. OHAKO MOCKOJIBKY IIHMHA JAaHHBIX
SBIISETCS JIBYHAIIpaBJIeHHOH, Oydep It Hee Taioke NODKEH OBITH NByHampaBieHHbIM. IloaToMy cxemy M3 ABYX
MOCIIEA0BATENIFHO BKIIIOUEHHBIX MHBEPTOPOB 3/I€Ch MCIOJB30BaTh Henb3s. HeoOxoauma crenuanbHas cxeMa C
WCTIONB30BAaHUEM  YMPABIAIONIETO CHUTHAjla BBIOOpA HampaBleHHWs Iepeladyd JaHHbIX. PaboTa cxeMsl

JIBYHAITpaBIeHHOTO Oydepa IMUHBI JaHHBIX ONrcaHa B § 6.3.
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Puc. 4.3. CxeMa OCHOBHBIX (byHKI.II/IOHaJ'IL-H;IX y3noB [IM-DBM u cBszeit Mexay HEMI:

HA3Y, IAVBB - nemmdparopsl agpeca 3Y n YBB; JBIIJ] - neynanpasnenusiii 6ydep LI; KJI - xnaBuatypa; CJ - cBe-
toguoabl; CK — cucteMHslil koHTpomep; CIIHMI] — cxema IOMAaroBOoro UCHONHeHHs nporpammsl; 0, 1,2,3 — nopTsl BeiBoAa; 3’ -
NOpT BBOJIA

JlJis opraHM3anyy TPaBUIIBHON agpecali K YCTPOWCTBAM MaMATH M K YCTPOHCTBaM BBOJA/BBIBOJIA B CXEMeE
[IM-3BM wucnone3ytores emie jaBa OJoka, HEe yKa3aHHBIX Ha puc. 4.2: aemudpatop agpeca 3alOMHHAOIINX
YCTPOWCTB W JAemHU(paTop aapeca YCTPOWCTB BBOA a/BBIB ol a. C ydeToM OTHX W BCEX OCTaJbHBIX
MIEPEYUCIICHHBIX BBIIIC JOMOJHUTEIBHBIX OJIOKOB 00mas ¢yHKIHOHambHas cxema [IM-3BM npuHumaer Bui,
TpeACTaBIIeHHbIN Ha puc. 4.3. Ha 3Toii cxeMe NTBOMHBIMU JTUHUSIMU yKa3aHbI IWHEI iepeadn aapeca (KPaCHBIMH)
U JAaHHBIX (3GHGHLIMI/I), a CHUI'HaJIbI praBHeHI/Iﬂ — TOHKHUMMU JIUHUAMMU. PacnononceHHe 6J'IOKOB B TOYHOCTHU
COOTBETCTBYET DACIIOJIOKEHUIO HMX CXEM Ha OOIMed JJIeKTPUYECKON NpuHIUMUaNbHOW cxeme [IM-DBM,
TIpUBENEHHOU B nipwioxeHuu 2. Ha puc. 4.3 noka3aHbl UL OCHOBHBIC CBSI3U (HAPUMEP, OTCYTCTBYIOT CBSI3H TI0
MUTaHUIO).

PaGoTta Bcex mpuBencHHBIX Ha puc. 4.3 OJIOKOB B OTHIENBHOCTH OMHUCHIBaeTcst B 1. 6 m 7. Ilepeiinem k
PacCMOTPEHUIO (PYHKIIMOHATBLHON CXEMBI MHKPOIIPOIIECCOpa ¥ OPTaHU3aliu €ro paboThI.

4.4. ®YHKUNOHAJIbHAA CXEMA MUKPOMPOLIECCOPA



[pu padore ¢ [IM-3BM mnoxp3oBatento HEOOXOAUMO HMETh MH(GOPMALHUIO O YUCIC M Ha3HAYCHUH BCEX
PErUCTPOB, CIELHUANBHBIX yKazaTesled, Ha3biBaeMbIX (hraramu, U o cucreMme komang MIL. Yucno, HazHaueHHe
pPEerucTpoB, (UIaroB M KOMaHA II0JIb30BATENIb M3MEHUTh HE MOXeT. OH MOXET U3MEHATh JIHUIIb COIEPKHUMOE
PETUCTPOB H UCTIONIB30BATH KOMAH/IBI B JIOO0H HYKHOH eMy KOMOWHAIIHH.

Kak yxe TroBOpHUIOCH, MOA PEruCTPOM MOJPa3yMEBACTCs CIELMANbHOE 3alOMMHAIONICE YCTPOUCTBO,
COCTOSIIIIEE M3 DJIEMEHTOB (TPUITEPOB) C JIBYMsl YCTOHYMBBIMH COCTOSIHUAMHU. UHCIO 3IIEMEHTOB (BOCEMb)
COOTBETCTBYET OJIHOMY 0alTy. BOJBITMHCTBO pErHCTPOB MUKPOIIpOIleccopa 8-pa3psaHble U JIMIIb HEKOTOpbIe 16-
paspsaHbie. Bee perucTprl pa3OUTHI Ha TPYIIIBI H OTIIAYAIOTCS PA3TUYHBIM (PYHKIIMOHANEHBIM Ha3HAUCHUEM.

OcHoBHbIMH OstokamMu MII (puc. 4.4) aBmsroTcsi: 670K PETHCTPOB OOIIET0 HA3HAUCHMS CO CXEMOU BBIOOPKH
PETUCTPOB, PETUCTP KOMAHA C IEMU(ppaTOPOM KOMAHA U POPMHUPOBATEIIEM MAIIMHHBIX IIUKJIOB, apH(pMeTHICCKO-
Joruueckoe yctporctBo (AJIY) ¢ peructpoM A (aKKyMyJsTOPOM), BBINOJHSIONICe apU(PMETHYCCKHUE U
JIOTUYECKUE OTepaliu, PErUCTp BpeMeHHOro Xpanenus qaHueix W u Z (PBXI), dhaarosslit peructp, ycTpoicTBO
yhpaBieHHs. U cUHXpoHu3anuu, 0ydeps! munsl nanasix (BILI) u agpeca (BILIA), 6ydep akkymymnsaropa (BA),
cxema npupamienus u ymenpmenus (CIINY).
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Puc. 4.4. Cxema 11D nHa 6a3e mukpomnporeccopa KP5S80MKS0A:
CI - curHanel reHepaTropa TaKTOBbIX UMITYIbcOB; CC — CHTHAITbl CHHXPOHU3AHN

JlOCTYIHBIMU IPOTPAMMHUCTY SIBIISIHOTCS CIAEAYIOIINE PETHCTPBL: MECTh 8-pa3psAHBIX PETUCTPOB, aAPECYEMBIX
mo omHomy wuiu mapamu (peructpsl B, C, D, E, H, L); omun 8-paspsmHblii peructp A, Ha3bIBaeMbIH
AKKyMYJIITOPOM; OAMH 16-pa3psaHblil perucTp, Ha3blBa€Mblil yka3aTejaeM cTeKa; OJuH 16-pa3psaHblid peructp,
Ha3bIBaeMbIi CYETYMKOM KOMaH/I, MJIM POTPAMMHBIM CHETYHKOM.

B HEKOTOPBIX CHENMAIBHBIX CIy4asX MOTYT OBITh JOCTYHHBIMU JaHHBIE CIEAYIOIIMX JABYX PETHCTPOB:
peructpa koMaH[ (8-pa3psiHOTo) ; IaroBoro peructpa (S-paspsiHoro).

IIporpaMMHO HEIOCTYHNHBIMM IOJIb30BATENI0 SBISIOTCS peructpsl W u Z. OHM HUCHONB3YHOTCS AT
BPEMEHHOTO XPaHEHHsI JAHHBIX P BBITIOJIHCHUN KOMaH,{ MUKPOIIPOLIECCOPOM.

Peructpbl 001ero Ha3HAYECHUS. DTH PETHCTPHI pa3MEPHOCTHIO B OJMH OaiiT ob0o3Havarotes B, C, D, E, H, L.
OHM HCHONB3YIOTCA Ui XPaHEHUS AAHHBIX U NPOMEKYTOUHBIX PE3yJIbTATOB BBIYUCIIEHHUH, BBINOJIHAEMBIX C
MIOMOIIBIO  apU(METHIECKO-TOTHYe-CKOTo  ycrpoiictBa. Ilpm o6pabGoTke 16-paspsgHBIX CIOB  BO3MOXKHO
obpamenue k mapam peructpos (B, C); (D, E); (H, L).

AKKYMyJIATOp — CHCHHAIBHBIN ONHOOAWTOBBIM peructp, obo3HadaeMmblii A. [lpu  BBIMONTHEHUH
apu(METUYECKUX U JIOTUYECKUX OIepanuil CIy>KUT UCTOUHUKOM OJHOTO U3 ONEPAaHAO0B U MECTOM 3allOMUHAHUS
pe3yibTaTa  BBIIOJIHEHHS  ONEpAIlMd. AKKYMyJNATOpP  SIBJSIETCS. OCHOBHBIM  OIEPAllMOHHBIM  3BEHOM
apU(pMETHIECKO-IOTHIECKOTO ycTpoiicTBa. OH CIy)KUT TaKKe MECTOM XpaHEHUS AaHHBIX W Pe3yIbTaToB

omepanuii, BeIMoMHsIeMbIX B AJTY.



Peructp komMaHxm — OXHOOAWUTOBBI PETHCTP, B KOTOPOM XPAHUTCS KO BBITIONHSACMON KOMAaHIBL OTOT
PETUCTp HEMOCPEACTBEHHO MOIb30BATEII0 HEAOCTYIEH. DTO 03HAYAET, YTO HE CYIIECTBYET KOMAH/IbI, KOTOpast Obl
SBHBIM 00pa30M MOTJIa H3MEHUTH €To conepxumoe. Ilocie BEITOTHEHUS 04epeTHOM KOMaH bl B PETUCTP KOMaH]
ABTOMATHYECKH 3aIlMCHIBACTCS KOJ CIEAYIOMEH KOMaHABI W3 SYCHKH OIEepaTUBHON MaMsITH, aapec KOTOpou
COJICPIKUTCA B CUETUUKE KOMAH.

Cyerunk KoOMaHA — JBYXOalTOBBIN (16-paspsaaHblii) peructp, obozHadaemblii PC, wiam mporpaMMHbI
CUETYHK. DTOT PETHCTp XPaHHUT aapec CIenylomeld KOMaHIBI, KOTOpas JOJDKHA OBITh BBIONHEHA BCIIEH 32
npensiaymeil. CueTunk KoMaH]l aBTOMaTHUECKH MOJdydaeT NpUpallieHne XpaHUMOTo B HEM ajjpeca B 3aBUCHMOCTH
OT TOTO, KaKyI0 [0 AJIUTEIEHOCTH KOMaHAY (B OAMH, Ba WIX TPH 0aiTa) MUKPOIIPOIIECCOP CUUTHIBAET U3 MAMSITH,
yKa3blBas Bceraa Ha 1-ii OalT ciegyromeid koMaHabl. Ha comepKMMoe 3TOTO perucrpa Mmoib30BaTellb MOXKET
MOBJIMATH TOJNBKO C ITOMOIIBI0 KOMaH[, M3MEHSIOIINX TOCIIEA0BATEIFHOE BEIIOJTHEHIE IPOTPaMMBI (HaIpuMep,
KOMaHJ 0€3yCIIOBHOTO IIEPEX0/a), a TAKXKE C IIOMOIIBI0 HEKOTOPBIX CHEIUAIBHBIX KOMAHI.

VYkazarenb creka-aByx0alToOBEIN (16-pa3psanbIil) peructp, o60o3HadaeMblii SP. DTOT peructp XpaHUT ajapec
ouepenHON staelku cteka. Cmexom Ha3BIBae€TCSI OCOOBIM 00pa3oM OpPraHW30BaHHBIN y4YacTOK ONEpaTHBHOU
MaMSTH, BBLAETSIEMbIH IPOrPaMMHUCTOM JJIsi BpDEMEHHOTO XpaHEHHs COAEP>KUMOT0 BHYTpeHHUX peructpos MII co
CTICLHATBHBIM PEXHUMOM JOCTyIIa. JTa 00JIACTh ONEpaTUBHON MaMATH HEOOXOAMMAa B TOM Cllydyae, KOTJia HY>KHO
MPEKPAaTUTh BBIOJHEHHE peau3yeMoi IMOCIeI0BaTeILHOCTH KOMAHI U BEPHYTHCS K HEH I03XKe, HalpuMep Ui
HEMEAJICHHOTO BBITIOJIHEHUS CIIEUaTbHON MOANPOrpaMMBbl WITH B pe3ysbTaTe MpepbIBaHUs Mporpammel. JlaHHbIe
oT MII nocTynaroT B BEpXHIOIO 9aCTh CTEKOBOM MaMsTH, U IIPH 3TOM COAEPKUMOE YKa3aTelsl CTeKa YMEHBIIACTCS
Ha €IWHUILy, 9TOOBI BCErZIa YKa3blBaTh Ha ajpec MOCIEAHEH 3aloJHEHHOH sYelKH creka (IHO CBOOOIHOTO
MpoCcTpaHCTBa cTeka). Koraa ke gaHHble BHIOMpAIOTCS (CUMTHIBAIOTCA) U3 CTEKa, COAEPKHUMOE yKas3aTessl cTeKa
YBEIMYUBAETCS HA SAMHUILY C KaXJ[bIM BBIOpAaHHBIM OaliTOM. DTH OIEPaAIMX CO CTEKOM HA3BIBAIOTCS CIMEKOBbIMU.
C HX ITOMOIIBIO JIETKO OPTaHU3YIOTCS MHOTOYPOBHEBBIE (BIOKEHHEIE) MIPEPHIBAHUS U IIPOTPAMMBI OOpaIeHHs K
MOTIPOrpaMMaM H3 MOAIPOrpamMM (K BIOKESHHBIM ITOIIPOTpaMMaM).

@OnaroBelif PErHCTP- PETUCTP, COACPIKAINMI 5 BOWYHBIX pa3psAloB, HA3BIBAEMBIX @hracamu, TO YUCITY
XpaHUMBIX B HEM CHCHHAIBHBIX TPU3HAKOB pE3yJIbTaTOB HEKOTOPHIX omepaunnii. MHorma oH Ha3wsIBaeTcs
PETUCTPOM TIPH3HAKOB WM ()IIaTOBBIM PETUCTPOM OUTOB ycioBHi. 3HadeHHE (baara yKa3plBaeT Ha pe3yibTar
BBITNIOJIHEHUS Kakoii-mnbo oneparun. Mukponponeccop KPSS80MKE0A coaepkut ¢naroBblii peructp, COCTOALIHMA
3 cnenyromux ¢uiaro: ¢uara Hyns (Z - zero), dmara nepenoca (C -carry), ¢uara 3naka (S - sign), ¢uara
yetHocTH (P -parity), ¢mara nomomautensHoro nepernoca (AC - auxiliary carry). ®naru Bceraa ycTaHaBIHBAIOTCS
WK cOpachIBalOTCA aBTOMATUYECKH TOCIIE BBIMOIHEHUS OYepeaHO KOMaHIbl, BIUAOLIEH Ha (raru, B 3aBUCH-
MOCTH OT pe3ynbTara omneparuy. IIpu 3ToM ¢uiar cauTaeTcsi yCTaHOBIICHHBIM, €CIY (IIaroBBIH pa3ps/] NIPHHUMACT
3HaueHue 1, W cOpomeHHBIM, ecnu 3HaueHHe paspsga 0. CocTosHHSA (IaroB MCIOIB3YIOTCS B KOMaHIAX
YCIIOBHOTO Iepexona. Pe3yibTaTel BBIMOJHEHUS apU(PMETHYECKHX M JOTMYECKUX OINepaluid HaJ COAEPKUMBIM
aKKyMyJISITOPa, PETHUCTPOB OOIEro Ha3sHAYCHUS WIN COJACPKUMBIM sSUeeK MaMSATH OKA3bIBAIOT BIMSHUE Ha (Iaru
CJIETYIOIUM 00pa3oM.

Onar Hyns yCTaHABIMBACTCS B COCTOSHHE 1, €CIM TIOCIEC BBINONHEHHS KaKOH-THOO KOMAaHABI IONydYeH
HYJIEBOM pe3ynbTart, U cOpaceiBaeTcs B 0 B ciIyuae HEHYJIEBOTO pe3yJIbTaTa.

®rnar nepeHoca ycTaHABIMBACTCS B 1, €M B pe3yNbTaTe ONEpaIiii CIOKEHHS U CIBUTA MOSBISIETCS CAMHAIA
mepeHoca M3 CTapmiero paspsga OailiTa JaHHBIX, a TaKKE SCIH MOSBIICTCS 3a€M W3 CTapIlIero paspsiia Iocie
BBITIOJTHEHHUS OTIepaliii BRIYUTAHUS WM CPAaBHEHUS, B IPOTUBHOM ciy4ae ¢iar coOpacbiBaercs B 0.

Onar 3HaKa yCTaHABIMBAeTCA B 1, €M B Pe3yibTare BBHIMONHEHUS OIEPAIlMi MOSBISIETCS JIOTHYECKAs
eIMHHIA B CTapIieM paspsae Oaiita MaHHBIX (yKa3aHWE Ha OTPHUIATENBHBIN pe3ynbTaT), U cOpackiBacTcs B 0 B
cllydae HyJIeBOTO 3HAUEHUS CTapIlero paspsjaa (yka3aHue Ha MOJIOKUTEIbHBIN pe3ysbTar).

@nar 4eTHOCTH yCTaHABIMBAeTCA B 1, €CIIM MOcCie BBHINOJHEHUS ONEpaliuii CyMMa €IMHUIl B OaliTe NaHHBIX,
MTOJICYUTHIBAEMBIX C IIOMOIIBIO ONIEPAIMU CIIOKEHHUS 0 MOIYIIO 2, YeTHA (3HAYEHHE CyMMBI IT0 MOJYJIIO 2 PaBHO
0), u copacsiBaetcs B 0 B IPOTUBHOM Cilydae (YUCIO EAUHULl — HEYETHOE).

@nar OMOJHUTEIBFHOTO IEpeHOCa YCTaHABIMBAaeTCA B 1, eciM B pe3yibTaTe BBINOJIHEHHS KOMAaHJBI
MOSIBILSICTCSl CHT'HAJ TIEPEeHOCa M3 TPETHETO paspsla B YETBEPTHId B OaliTe MaHHBIX pe3yibraTa. Ecimm Takoro
mepeHoca HeT, (iar JOMOJIHHUTEIBHOTO mepeHoca cOpackiBaeTcs B 0. CHTHAN 3TOTO (hiiara HCIONB3YETCS BO
MHOTHX CXEMaX BBIYHCICHHH, OJJHAKO OH OCOOEHHO HEOOXOAMM IPU CIOKEHHH YHCEN B JABOMYHO-IECATUUHON
tdhopme.

[epeiinem Teneps K pacCCMOTPEHHIO TOTO, KaK MHKPOIIPOIIECCOP BBITOIHIET KOMAH B

4.5. KAK MUKPOIPOLEECCOP BbIMNOJIHAET KOMAHAY?

B TIM-5BM wucnonssyercsi mukpomnporieccop KPS80MK80A, cTpykTypHass cxema KOTOpPOTO MpHBEJeHA Ha
puc. 4.4. MuKpoIIpoIieccop ConepKuT 16-pa3psaaHylo MHUHY aapeca U 8-pa3psaaHylo IMHHY JaHHBIX, CIIOCOOHYIO K
nepegade cooOIIeHUH B IByX BO3MOXHBIX HampaBieHusX. EquHoBpeMeHHO mepeaaBaeMasi mopuusi HHGOpMaIu
COOTBETCTBYET OJHOMY OaiiTy (8 IBOWYHBIX pa3psnoB). B camoM o0meM ciydae BO3MOMKHBI CIEAYIOUIHE



mepenadn cooOIIeHuit: 1) mepecbulka OaldiTa JaHHBIX OT YCTPOMCTBA BBOJA; 2) Tepechlika OaiiTa NaHHBIX K
YCTPOUCTBY BBIBOJA; 3) CUMTHIBaHUE OaliTa JaHHBIX U3 MAMSATH WK 3allUCh B MaMsATh; 4) FTeHEPUPOBAHNE B IIUHY
JAHHBIX CIeIUAIbHOTO OaiTa, Ha3bIBAEMOTO YMpAGIAIOWUM CI080M W TIPETHA3HAUYEHHOTO JUIS YCTaHOBJICHHS
MPaBUJILHOTO CXEMHOTO COETUHEHHUS.

Pabora MII (Wi ueHTpanbHOTO mporeccopHoro anmeMeHnta [II1D) mo peanuzanmy Kaxaod KOMaHIBI
MpOrpaMMBbl TIOJIB30BATENsI OCHOBAaHA HAa TMPUHIMIIE MHKPOINPOTPAMMHOTO YIpPaBiICHHA. DTO O3HAYAET, YTO
KaKJass KOMaHAa peanu3yeTcsl Kak HEKOTopas I0C/Ie[OBaTeIbHOCTh MHKPOKOMAHJ WM MMKpOOIepaluii,
MpUBOJsIIAs K TpeOyeMoMy pe3ynbpTary. CunThiBaeMasi U3 MaMATH MHKpPOIPOLIECCOPOM KOMaHJa, BepHee, ee §-
pa3psAHBIA ABOWYHBIN KO (KO OMEpalyu), OCTYMAET B PETUCTP KOMAaH/, TJ€ U XPAaHUTCS B TEYCHUE BPEMEHH
BEITTOTHEHUST KOMaHAbL. [lo pesymbrary nemmdpHpoBaHUs KoJa KOMAaHIBI IIPOUCXOTUT (HOPMHPOBAHHE
MOCJIEAOBATENIHOCTH MHUKPOKOMAaH[ (MHUKpOIPOTPaMMBbl), MPOLIECC BBHIMOJHEHUS KOTOPOH M OmpenenseT Bce
MOCIIEAYIONINE OTIEPALINN, HEOOXOMMBIE JI BHIMOJIHEHUS! CYUTAHHOW KOMaH/IbI.

Takum 00pa3oM, BHIMOJIHEHWE Kaxmod cuutanHOW [I[ID KkomMaHIBI TPOTrpaMMbl  TIOJB30BATEINS
OCYILECTBIIETCS B CTPOTO OIPENENIeHHOW IOCIeI0BaTeNbHOCTH, 3a/JaBaeMoi KoioM KomaHnel. I[Ipu sTom
BBITIOJIHEHUE OTJENBbHBIX MHUKPOOINEpAalMi CHUHXPOHHU3UPYETCS BO BpeMEHH curHaiamu @; u @, TaKTOBOTO
regepatopa. OJHUM M3 BaXXHEWINMX TMOHITHH BCETO MPOIIECCa BBIMOJHEHHS KOMAaHJ MPOrpaMMbl SBISETCS
MIOHSTUE MAWUHHO20 YUKIA.

B wmuxponpoueccope KP580MK80A mnpoiecc BBIMONHEHUS KaXI0W KOMaHABI MOXHO pa3OUTh Ha psafg
OCHOBHBIX omepaiuii. BpeMs, oTBeJileHHOEe Ha BBITIOJHEHHUE OMEpalii OOpalleHus K MaMAITH UIH K yCTPOUCTBY
BBIBOJIA, COCTABIISIET MAIIMHHBINA IMKI. TakuM 00pa3oM, Iporiece BHITOJHEHUS KOMAHIBI COCTOUT M3 CTOJBKUX
MaIIMHHBIX IUKJIOB, CKOJBKO OOpalleHWd K MaMsATH WIM K YCTpOWCTBaM BBOJa/BbIBOJA TpedyeTcs Uil ee
WCTIOTHEeHUsI. MalIMHHBIA UKI B CBOIO OYepeab COCTOUT U3 HECKOJIBKUX MAIIMHHBIX TAKTOB.

Kaxnasg xoMaHZa B 3aBHUCHMOCTH OT €€ BUIA MOXET 3aHMMAaTh OT OJHOIO 0 ISITH MAallWHHBIX IMKJIOB.
Muxkpomnporeccop KPS80MKS0A nmeer 10 THIIOB MAaIMHHBIX IUKIOB, IEPEUYUCICHHBIX B TaON. 6.2, a Kawabld
MAaIlIMHHBIA UK MOXXET COCTOSTh M3 3 — 5 MalIMHHBIX TakToB. [lon mawunnbiv maxmom monpasyMeBaeTCs

MHTEPBAJ] BPEMEHH, COOTBETCTBYIOIIMA OJHOMY MEPHOMY TAKTOBBIX HMITYJbCOB, MOJABAEMBIX  OT
CHHXPOTEHEpaTopa.
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Puc. 4.5. BpemeHHas quarpamMMa Jyisi KOMaH b, TpeOyOLIel YeThIpe MAIIMHHBIX [[HKIIA

Jns opraHu3aiiy ManIMHHBIX [TUKIOB TpeOyeTcs (pOpMHUPOBAHUE CTPOTO CHHXPOHU3UPOBAHHON BO BPEMEHU
MOCIIEA0BATENFHOCTH YIPABJISIOMINX CUTHANIOB, 00€CIIEUNBAIOIIUX MPaBUIbHBIE MyTH MPOXOXKIACHUSA JaHHBIX B
CTPOTO OIpeJielIeHHbIE MOMEHTBI BPEMEHH, W BBHITNIOJIHEHUE TpeOyeMbIX MEKpoorepanuii. Kak yxe oTMmeuanocs,
HCXOMHBIMH IaHHBIMH JUIS 3TOTO SIBISTIOTCS PE3YNbTaThl OEITH(PPUPOBAHUS OIEPALMOHHOTO KOAAa KOMAHJEL.
BrinonHeHre koMaHbpl BCerja HAYMHAETCS C LUKIIA OOpalleHus K MaMATH, B pe3yJbTaTe KOTOPOTO MPOU3BOIUTCA
CUMTBIBaHME KoJia, MHTepnperupyemoro MII kak xox omepauuu. byaem 0003Ha4aTh MAITMHHBIC IUKIIBI OJHOMN
komauael cumBojamMu Cl, C2 u T. 1., a MalIMHHBIE TAKTHl OJHOrO IuKiIa — cumBomamu T1, T2 u 1. 1. Takum
obpazom, MammHHBH k1 C1 — 3To Bcernma mUKI BEIOOPKH KOMaHIBL. Ero minTemsHOCTE OOBIYHO — HYETHIpE
win nmath TakToB. [locnemyromme mukiabel C2 — C5 cocToST 00BIYHO M3 TPEX TaKTOB. J[JIsl MPOCTHIX Oepainui,
TaKUX Kak apuPMETHICCKIE, KOMaH/IBl 3aHIMAIOT YeThIPE WIN IATh TaKTOB. KoMaHbI 0oJiee CIIOKHBIX Oleparii
TPeOYIOT ISl BBINOJHEHHS 10 18 MalIMHHBIX TAKTOB.

B kauectBe npumepa paccmotpuM komanay LDA (BAI'PY3UTD nanHble B akKyMyJsITOp), TPeOYIOIIYIO IS
peanu3anuy 4eThipe MamMHHBIX nukia. Ha puc. 4.5 mpuBenena BpemeHHas auarpamma komauasl LDA. Ora
KOMaH/1a IEpenChIBAET B aKKYMYJIITOP JJaHHbBIE, COZIEPIKAIIUECcs B ONIPEAEIEHHON sSUelike TaMsTH.



[epBerit MmammHABH UK Ci, KaK U CIIENOBAJIO OXHUIATh, OTBEJCH MO BEIOOPKY KOMaHABI U3 maMsTH. [1pu
9TOM KOJ OIlepaluy MOMEIIAeTCs], KaK yXe TOBOPHUJIOCh, B PETUCTp KOMaH/. BRIOMHEHHE MOCIe10BaTeIbHOCTH
MUKPOKOMAaH/ ITPUBOJAUT K CICAYOINIUM I[eﬁCTBI/IHM. B TNICPBOM TAKTC Tt COACPIKUMOC CUCTUNKA KOMaHI BbIAACTCs
gepe3 Oydep MIMHEBI aapeca B IUHY anpeca. Bropodl TakT BBINENEH IS MPECTABICHIS BPEMEHH IUIS OTBETa
namsaTH. B TpeThbeM TakTe MOSBUBILMECS JaHHbIE B IIWHE JAaHHBIX MEPEChUIAIOTCS B peructp kKomania. B
YETBEPTOM TaKTe BBIOOpPKA KOMAaHIbl 3aBEpIICHA, ONEPAIlMOHHBIA KOJ KOMaHIBl TepeaaeTcs Aemudparopy
KOMaHI Ui (OPMHPOBAHMS IOCIEHAOBATEIBHOCTH MHUKpooreparmid. [Ipum 3ToM mosygaer npupaiieHue
COJIEPKUMOE CUETYHKA KOMaH]I.

BTopoif MamMHHBINA UK COOTBETCTBYET YTEHHUIO M3 MaMSITH BOCBMHU MIIAJIINX pa3psAloB agpeca, KOTOpbIE B
pe3yIbpTaTe BBITOIHEHUS 3TOTO IMKJIA TOJDKHBI OBITH IMOMEIICHBI B PETHCTP Z. B mepBoM TakTe 3TOr0 IMKIA
COZCPIKUMOE CUETYMKA KOMaHJ Tepemactcs depe3 Oydep IMMHBI agpeca B aApecHyIo ITHHY. Bo BTOpoM TakTe
MUKPOHNPOLECCOP OXUAACT OTBET U3 MaMITH. B TPETBEM TAKTEC COACPKMMOC MIMHBI NJAaHHBIX INEPEAACTCA B
perucTp Z v CUeTIYNK KOMAH] OISITh TIOJTydacT IpHpaIleHHe.

TpeTnii MamIMHHBIA IUKJI aHAIOTHYEH BTOPOMY, 33 HMCKIIOUYEHHEM TOTO, YTO W3 HaMSTH BHIOHPAIOTCS H
MepeChUTAOTCs B perucTp W BOceMb CTapIIuX pa3psaaoB agpeca. [locnenoBaTenbHOCT MUKPOOTIEpAIUii Ta JKe.

B YECTBEPTOM MAIIMHHOM IUKIIC TMPOUCXOJUT OKOHYATCIBHOEC BBIIIOJIHCHUEC KOMaHblL: aKKYyMYJIATOPD
3arpy’kaeTcs JAaHHBIMHU U3 AMSATH I10 aJIpecy, 3allCaHHOMY B peructpax W u Z.

B mepBoM TakTe 4eTBEPTOro MAlIMHHOTO LHKIA COAepKUMoe peructpoB W u Z mepenaetcs yepes Oydep B
HIMHY ajapeca. Bo BTOpoM TakTe IpenocTaBisieTcss BpeMs Uil OoTBeTa namsaTH. HakoHell, B TpeTbeM TakTe
COJZICP’)KUMOE IIMHBI JaHHBIX HepechutaeTcsl depe3 Oydep B aKKyMynsTop. BrImoiHeHHe KOMaHABI MOTHOCTHIO
3aBepIIeHO 3a 13 MalIMHHBIX TAKTOB.

[Tepeiinem Tenepp K pacCMOTPEHUIO CUCTeMBbI koMaHa Mukpomnporeccopa KPS80MK80A u ocobenHoCcTE# X
paGoThL

4.6. CAICTEMA KOMAHA U CNOCOBbI AOPECALIUA

Cucrema komana mukponpoueccopa KPS8O0UKS0A mpexncrasnena 244 xomamu omnepauuii, KOTOpblE MOTYT
OBITh pacKIacCH(UIMPOBAHBI IO pa3HbIM MpH3HakaMm. Hawmbollee CyIIeCTBEHHBIMU JUISI O3HAKOMIICHHS C
OCOOEHHOCTSIMH WX WCIOIb30BAHUS SIBISTIOTCS CJCAYIONIME TPW NpPHW3HAKA: JUIMHA KOMAaHIBI, WJIH YHCIIO
3aHUMAEeMbIX 0AlTOB, (PYHKIIMOHANBHBINA MPU3HAK, WM BBIMOJIHIEMbIE KOMAHION OMepaiuu, U crnocod aJpecaiu.
[TonHblii nepeueHb KOMaH/ NpPUBENEH B NMpWiIokeHnu 1. B Tabnuie npuBeneHbl CUMBOJIMUECKas 3alMCh (MHEMOKO)
KOMaH/IbI, OMHCAHKME BBIMOJIHIEMbIX €10 (QYHKIMH, JJIHHA B OaiTax, 00O3HAUEHHs H3MEHSEMbIX (DIaroB M YHKCIIO
MAIIIUHHBIX TAKTOB, 3aHUMAEMbIX MPH €€ BhIMoJHeHUun. 13 256 BO3MOKHBIX KOMOB (IPH BOCHMHU TBOMYHBIX Pa3psiax)
HE HCIIONIB3YIOTCS cienyronme 12 KoIoBeIX KOMOMHAIMI (B BockMepuaHO#t 3ammcu): 010, 020, 030, 040, 050, 060, 070,
313, 331, 335, 355 u 375. DTuM H 00BsACHAECTCS KOIMYECTBO BeeX KomaHA: 244. KomaHmel B Tabmuie pa3OUTHI Ha TPU
IPYIBI 0 YUCITYy 3aHMMAaeMbIX OAaHTOB: BCE KOMAH[bI ACIATCS Ha OJHOOAWTOBBIC, ABYXOAHTOBBIE M TPEeXOaNTOBbIC.
IIpu 3TOM TIEpBBI OAWT Beeraa OTBOAUTCS MO KO KOMaHIbI, & BTOPOH M TpeTHit OalThI comepkat aubo JaHHbIe, THO0
azipec, o0 KOTOPOMY OHHU HaXOAATCS B maMATH (puc. 4.6).

BocbMepuuHble KOZBI BCeX 0JHOOANTOBbIX, IByX0alTOBBIX M TPeX0alTOBBIX KOMaH]| IPUBEACHBI COOTBETCTBEHHO B
tabn. 4.1, 4.2 n 4.3. Ilpu 5toMm B Ta0i. 4.1 HapsiLy ¢ OOBIYHBIMH YKa3aHbl 0000IIEHHBIE KOJIBI, T. €. KOJbI, COIEpIKallie
KpoMe BOCBMEpUYHBIX mu(p KomoBele mepemeHHble S, D n A. B Tabn. 4.1 ecnmm ko1 KOMaHIBI COAEPKUT TOJIBKO
UGB, 3TO 03HAYAET, YTO CYIIECTBYET SAMHCTBECHHAS KOMaHIA C COOTBETCTBYIOIIMM KOAOM. HekoTopbie KOIbI
Kpome nudp comepkar Oyksbl: S (nmepBble 1 komanxa), D (TpeTsst koMaHna) u A (mociemHss KoMaHzaa). Takum
KOJIaM COOTBETCTBYIOT MHOXKecTBa KoMaH[. [Ipu aTom kakmoil komaHe u3 nepBbix 11 xomaHm, Kpome TpeTbew,
COOTBETCTBYET TpPYyIMa KOHKPETHBIX KOMaHJ, MHEMOKOJ KOTOPHIX BMECTO CHUMBOJIA T (PETUCTP) COIEPKUT
0003HaueHs KoHKpeTHBIX peructpos (B, C, D, E, H, L), tu6o cumBon namatu (M), 1160 CUMBOJ aKKyMyJIATOpa
(A). CooTBeTCTBYIONINH KOHKPETHBIH BOCBMEPUYHBIN KOJI KOMaHAbl BMECTO CUMBOJIA S TOJDKEH COAEpKaTh OJTHY
w3 mudp: O, 1, 2, 3, 4, 5, 6, 7 COOTBETCTBEHHO, T. €. CUMBOJY B B MHemokome cooTBeTcTBYyeT mmdpa 0 B
BOCBMEpPUYHOM Koje, cumBoily C B MHeMokoae — mudpa 1 B BOCBMEpUYHOM KOjA€ H T. 1,. . ., CAMBOIY M B
MHEMOKOie — Imdpa 6 B BOCBMEPHYHOM KOJ€ M, HAKOHEI, CHMBOIY A B MHeMokojge — Iudpa 7 B
BOCBMEpUYHOM Koxe. s Tperheid komaHAsl B Tabn. 4.1 TOYHO Takas K€ aHaJOTHs COONIOMAeTCs Js Iap
CUMBOJIOB Ty, T, 1 D, S. [locnenusis koMaHaa TaOIUIBI COACPKUT CUMBONT A B MHEMOKOJIE U B BOCBMEPHUYHOM
kojie. OHa COOTBETCTBYET IPYNIIE U3 BOCBbMH KOHKPETHBIX KOMaH/, B KaX/J10M U3 KOTOPhIX CUMBOJ A MPUHUMAET
oxHo u3 3Hauenuii: O, 1, ... ... 7.
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Puc. 4.6. DopmaTbl KOMaHA: OTHOOANTOBOMH (1), NBYX0OaiiToBOH (), TpexOalTOBOI (B)

Ta6nuua 4.1

Koa KomaHpa Kog KomaHnpa Koo KomaHpga
0S4 INR r 051 DAD H 370 RM
0S5 DCR r 071 DAD SP 311 RET
1DS MOV rir2 301 POP B 007 RLC
20S ADD r 321 POP D 017 RRC
21S ADC r 341 POP H 027 RAL
22S SUB r 361 POP PSW 037 RAR
23S SBB r 305 PUSH B 353 XCHG
24S ANA r 325 PUSH D 343 XTHL
258 XRA r 345 PUSH H 37 SPHL
26S ORA r 365 PUSH PSW 351 PCHL
27S CMP r 002 STAX B 166 HLT
003 INX B 022 STAX D 000 NOP
023 INX D 012 LDAX B 363 DI
043 INX H 032 LDAX D 373 El

063 INX SP 300 RNZ 047 DAA
013 OCX B 310 RZ 057 CMA
033 OCX D 320 RNC 067 STC
053 OCX H 330 RC 077 CcMC



073 DCX SP 340 RPO 3A7 RST A
011 DAD B 350 RPE

031 DAD D 360 RP

Tabnuua 4.2

Koa Komanpa Koa KomaHpa

306 ADI <B2> 323 ouT <B2>
316 ACI <B2> 006 MVI B <B2>
326 Sul <B2> 016 MVI C <B2>
336 SBI <B2> 026 MVI D <B2>
346 ANI <B2> 036 MVI E <B2)
356 XRI <B2> 046 MVI H <B2>
366 ORI <B2> 056 MVI L <B2>
376 CPI <B2> 066 MVI M <B2>
333 IN <B2> 076 MVI A <B2>
Tabnuua 4.3

Kog KomaHpga Kog KomaHnpa

302 JNZ <B2><B3> 344 CPO <B2><B3>
312 JZ <B2><B3> 354 CPE <B2><B3>
322 JNC <B2><B3> 364 CP <B2><B3>
332 JC <B2><B3> 374 CM <B2><B3>
342 JPO <B2><B3> 315 CALL <B2><B3>
352 JPE <B2><B3> 001 LXIB <B2><B3>
362 JP <B2><B3> 021 LXI D <B2><B3>
372 JM <B2><B3> 041 LXIH <B2><B3>
303 JMP <B2><B3> 061 LXISP <B2><B3>
304 CNZz <B2><B3> 062 STA <B2><B3>
314 CzZ <B2><B3> 072 LDA <B2><B3>
324 CNC <B2><B3> 042 SHLD <B2><B3>
334 CcC <B2><B3> 052 LHLD <B2><B3>

Kak BumHO u3 Tabn. 4.2, mukponpomeccop KPS8OMKE0A moxkeT BBIMOTHATH Bcero 18 mByXO0alTOBBIX M 26
TPexOaWTOBBIX KOMaH]I, MPUBEACHHBIX B Ta0J. 4.3.

IIpexxae yem mepexoAuTh K 0030py OCOOCHHOCTEH BBINIOJHEHUS Pa3IUYHBIX OMNepaluil MpUBEeIEeHHBIMU
KOMAaHJ[aMH, OCTAaHOBHMCS Ha BO3MOXHBIX criocobax azapecarmu. [lox cmocoboM mim pexuMOM aJpecariuu
MOJPa3yMEBaCTCsl CIOCO0 ONpENeNeHNs NaHHBIX, YYACTBYIOIIMX B OIEpalUsaX, WM, WHAYe TOBOPS, CIIOCOO
ofpenesieHus onepanaoB. [ cocTaBleHUs MPOrpaMMBbl BaXKHO 3HATh OCOOCHHOCTH MPOLEAYP, MO3BOJISIOIIUX
npeobpa3oBaTh HHPOpMaIUIo 00 azipecax KOMaH U JaHHBIX B PU3HUECKUE aapeca YIacTKOB MaMsITH MAIlluHBI.

Hmst MIT  KPS580MKS0A  cymiecTBYIOT CIEAyIOIIHE YEThIPE BO3MOXHBIX Crocoba — aapecaruu:
HEMOCPeICTBEHHAA, IPsMAasi, PETUCTPOBAsi U KOCBEHHasI.

Henocpedcmeennas adpecayus siBnusercs HauOoJiee SKOHOMHUYHBIM CIMOCOOOM XpaHEHHS U TIOWCKa
nHOPMAIIH, TOCKOIBKY HEOOXOAUMBIC JaHHBIC COICPXKUT caMa KOMaHIa. DTH JaHHBIC COJCPXKATCS BO BTOPOM
U TpeTbeM OailiTax Tpex0ailTOBOW KOMaHABI WM BO BTOpoM OaiiTe AByxOaiiToBOil KomaHnmel. B ciyuae
Tpex0aWTOBONH KOMaHABl MIaAIINe pa3psanbl 16-OMTOBOro dUmcia coxep’kaTcsi BO BTOpPOM OaiiTe KOMaHIbI, a
cTapume - B TpetheM (puc. 4.7,a).

Menee 5KOHOMHYHOM, HO TaKXKe JOBOJIBHO MPOCTOH SABISICTCS npsmas aopecayus. B 5ToM ciaydae BO BTOPOM U
TpeTbeM OaliTax KOMaHIBl COACP)KUTCS MONMHBIA 16-pa3psnHblii ampec mamatd. Miammum OaliToMm aapeca
spisieTcss <B2>, crapumm — <B3) (puc. 4.7,6). Takum crmocoOOM MOXHO aJpecoBaThCS K JIOOOW sUeiike
aJIpECHOTO MPOCTPAHCTBA MAMSITH.

Ipu pecucmposoii adpecayuu koA KOMaHIBI COAEPKUT YKa3aHUE HA PETHCTpP UIIH MMapy PETUCTPOB, B KOTOPBIX
coJiepKaTca JaHHbIe. Mcrmonb3yemble B PETUCTPOBOW aJpecalid KOMaHBI SIBIISIOTCS OJHOOAWTOBBIMHU (pHLC.
4.7,B). BO3MOXHOCTP yKa3aHUsI ITapbl PETHCTPOB B OJHOOAHTOBON KOMaH/IE peaii3yeTcs 3a CUET TOTO, UTO aapeca
PETUCTPOB SBJIAIOTCS TpeXpa3psIHbBIMUA ABOMYHBIMHA KOJAAMHU.

Kocsennaa adpecayus otnuyaercs OT PErMCTPOBOM JHUINb TEM, YTO B PETHUCTPOBOH Mape, OmMpeaensieMoin
KOJIOM KOMaHJIbI, COZIepKaTcsl He NaHHbIe, a MOJHBIN 16-pa3psaHblii agpec s9eiku MaMsaTH,B KOTOPOH MMEIOTCS
9TH AaHHbIe (puc. 4.7,r). Crapimuii 6aiT agpeca 3anKChIBaeTCs B IEPBOM PETUCTPE Maphl, a MIAALIINA OalT — BO
BTOpoM. OOBIYHO yKa3zareJeM ajpeca Mpyu KOCBEHHOH aJipecallnyl sBISFOTCA napa peructpoB H, T. e. peructpsl H,
L, HO mHOTA2 McTIONB3yIOTCS U mapsl B u D.



[Ipu BCeBO3MOKHBIX MEPECHUTKAX JAHHBIX U3 PETHCTPOB B PETUCTPHI WIIH U3 MAMSTH B PETHCTPHI WK OOpaTHO
pa3iIMyaloT PErucTpbl — HMCTOYHUKU JAHHBIX M PETUCTPbl — MPHEMHUKU AaHHBIX. [lepBeie 0003HauUarOTCs
CHUMBOJIOM S (Source — UCTOYHHUK), BTOpble — cuMBoJioM D (destination — MecTo Ha3Ha4yeHus1). B perucTpoBbIx
mapax B, C; D, E u H, L crapmmmMu sBIsitOTCS TIEpBBIE PETUCTPHI mMap, T. €. peructpel B, D, H cooTBeTcTBEHHO.
Kogs! peructpoB o61iero Ha3HaueHUsl, ap PerucTpoB U ¢uiaroB cTporo GpUKCUpoBaHsl (Tadu. 4.4).

B Tabn. 4.4 o0o3HaueHWe YCIOBHS B MHEMOKOJE KOMaHJbl B 3aBUCUMOCTH OT 3HaueHus (iaros
pacimmpoBEIBacTCs clieayonmmM odpa3zoM: NZ — pe3yibraT HeHyJeBoii; Z — pe3yibrar HyneBoi; NC — HeT
nepenoca; C — ectb nepeHoc; PO - Her uetHocTH; PE — ecTh 4yeTHOCTh; P — pe3ynbTaT MONOKUTENbHBIH
(mumroc) ; M -pe3yabTaT OTPHUIIATENbHBINH (MHHYC).
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Puc. 4.7. CriocoObl agpecaiiun: HEIOCPEACTBEHHAsI (a), TIpsiMast (6), periuctpoBas (B) 1 KOCBEeHHas (T)

Bce xomaHIp! 10 (YHKIIHOHATHHOMY MPU3HAKY MOTYT OBITH Pa3OMTHI Ha CIEAYIONIINE IISITH TPYII: TPyIIa
KOMAaHJ| TEpEeChUIKU IAHHBIX, apu(MeTHYeCKHe KOMAaHAbI, JIOTHUECKHE KOMAaH[bl, KOMaHIbl IEPEXOA0B U
KOMaHIbl yIpaBlIeHUs U PaboThl co cTekoM. PaccMoTpum paboTy Hamboiee TUIMYHBIX NMPEICTaBUTENCH 3THUX
TPy KOMaH[, MHOTHE U3 KOTOPBIX BOIIIA B ONHCHIBAEMYIO HIKE IPOTPaMMy-MOHHTOP (cM. § 7.4).

4.6.1. FPYTINTIA KOMAH/L NEPECBIIIKU JAHHbIX

B sr0il rpynme BcTpewaroTCsi KOMaH[Ibl, NIEPECHUIAIOIINE COJIEpKalIUecs] B HUX JaHHBIE B PETHCTPhl U B
amATh, a TaK)KE€ KOMaH[Abl IEPECBUIKM JaHHBIX MEXIY PEruCTpaMU M MEXIY PpEerucTpaMu U MHaMsTbIO.
PaccMmoTprM KOMaHIBI IEPECHUTKH TaHHBIX U3 oqHOoTro peructpa MII B apyroit, u3 peructpa MII B stueiiky O3Y u
u3 siueiiku O3Y B peructp MIL. B MHeMOHHMKE KOMaH[, UCIOJNb3YEMBIX B JaHHON KHUTE, MOPAAOK MEPECHUIKH
JIAHHBIX BCETJa NpEJIoJiaraeTcsi B HaIllpaBICHUM OT KpaWHEro MpaBOro OMNepaHja K CIEIyIOIIeMy clieBa
olepaHJy, OTJeIEHHOMY OT IIEPBOT0 3aIsTOH.



Komanaa MOV 1, r;. OTa KOMaHAa NpeAHa3HayeHa Al IEPEChUIKU TaHHBIX U3 perucrpa S (MCTOUYHUK, MU
) B peructp D (mpueMHuk, uiu ry). B kauecTBe peructpa-ucTOUHUKA U PErUCTpa-NPUEMHHUKA MOXKET BBICTYNATh
mob6oit u3 peructpoB B, C, D, H, L unu akxymymsarop A. ComepXKUMOe perucTpa-UCTOUHHKA NPH 3TOM HE
MeHseTcs. B peructpe-npueMHUKe IpoCTO MOABIAETCS KOMMS COAEPKUMOTo perucrpa-ucrounuka. Ha puc. 4.8,a
npuBeneH (hopMaT 3Toi KoMaHAbl. YTOOBI MOMYyYUTh KOHKPETHYIO KOMaHIy, HeOOXOAMMO BMECTO CUMBOJIOB D u
S B ¢dopmaTte koMaHabl puc. 4.8, MpocTaBUTh U3 Tabn. 4.4 KOIBI COOTBETCTBYIOUIMX perucTpoB. Hampumep,
komanaa 01 010 000 B mepecwimaer manuble u3 peructpa B B peructp D (B peructpe D mociie BbIOTHEHHS
KOMaH/bl OyayT cofepxarbes TO ke AaHHBIC, UTO U B peructpe B). B BockMepuuHOi cucteme 310 4uCio (KOA
KOMaH/ibl) OyzieT mpeacTaBieHo kak 120Q (cM. CIMCOK KOMaH]I B IPHIOKEHUH 1).

Komanaga MOV M, r. Dta koMaH/1a MOXKET OBITh TOJTYYCHA U3 MPEABIYIINEH 3aMeHOol cuMBOJIOB D kooM M
u3 Tabin. 4.4. Komanna nepecbliaeT JaHHbIE U3 PErHCTPa-UCTOYHHUKA B SYEHKY NMaMATH IO aJipecy, YKa3aHHOMY B
peructpoBoii mape H, L. PernctpoM-ucTOUHHKOM MOKET CITy>KHTh Jt000it peructp B, C, D, H, L nnu akkymy-
naTop A. Ilocne BbIIOIHEHHS KOMaH[bl B SYEMKe NMaMATH MOSBUTCS KOIUS COAEPKMMOIO PErUCTpa-UCTOUYHUKA.
ConepxuMoe caMoro perucTpa He H3MeHHTCsS. Koa KOHKpeTHOW KOMaHIbl TONydaeTcsl (uKcamueid Koma
perucrpa-ucrounuka (puc. 4.8,6).
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Puc. 4.8. [Ipumepsl pa3MeneHuss HEKOTOPHIX KOMaH/I IEPEChUIKHM JaHHBIX B OalTax
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Puc. 4.9. Ilpumeps! pa3menieHus HEKOTOPIX apu(METHIECKIX KOMaH]I B OaiiTax

Komanaa MOV r, M. Komanaa Taxke moixy4aercsi U3 MepBOd 3aMEeHOM CUMBOJIOB S kojoM M u3 tabi. 4.4.
Komannma mepecbutaeT JaHHBIC U3 SYCHKH TAMSTH 10 aapecy, YKa3aHHOMY B peructpoBoi mape H, L, B peructp-
MPUEMHUK, B KaYECTBE KOTOPOTO MOXKET MCHOJb30BaThes Jt00o0i peructp B, C, D, H, L unn akkymynstop A.
HOCJ’IG BBIITOJIHEHUSI KOMaH/bI B peFI/ICTpe—HpI/ICMHI/IKe TIOABJISICTCA KOITUA COI[Cp)KI/IMOFO H‘IeﬁKH ImaMsI T (pI/IC.
4.8,B).



Ha stom 3akoHYHUM PACCMOTPECHUC MTPUMEPOB KOMaHI 3TOM T'PYHIIbI. OTtMeTHM JIMIIb, YTO BCC KOMAHIbI U3
TpynIibl OEPECHIJIKU JaHHBIX HA 3HAYCHUA (bHaFOB BJIMAAHUSA HE OKa3bIBAIOT.

4.6.2. TPYNMNA APUOMETUYHECKUX KOMAHA

KomaHzbr 3T0# rpymIel npeaHa3HaYeHbl s BBITOTHEHUS apu(PMETHIECKUX Olepariidi HaJ JaHHBIMH, XPAaHUMBIMU
B PETHCTpax W sUeiiKax MmaMsATH. DTH KOMAHIBl B OTIMYHE OT KOMaH] IpeAbIAYIIEH TPYIIIBI, KaK IPaBUIIO, OKA3EIBAIOT
BIUSIHHE HAa 3HAYCHHUA Pa3psAgoB (DIaroBoro perucrpa, MOCKOJIBKY IMPH BBIIOTHEHHH apUPMETHICCKAX OIeparlwii
MEHSIOTCSI 3HAKH HCIOJIB3YEMBIX YHCEJI, BOZHHUKAIOT CHTHAJBI MEPEHOCA, MOSBISAIOTCS HYJIEBBIE PE3yNbTaTHl M T. II.
PaccmoTpuM puMeps! pa3MenieHns B 0aiiTax HEKOTOPBIX KOMaH 3TON TPYIIIIHI.

Komanga ADD r. Dra kKoMaHIa BBIIOJHSET CIIOKEHHE COJEPKUMOTO PETHCTPA-HUCTOYHHKA S C COAECPKHMBIM
akkymynsitopa A. Pesynbrar cloKeHHsS IOMENIaeTcs B aKKyMyJsTop. UToObl MONYyYHTh KOHKPETHYIO KOMaHIY,
Heo0XxoaAMMOo B (hopmarte KOMaH/Ibl BMECTO CUMBOJIOB S IPOCTABUThH KOJI PETHCTpa-UCTOUHHMKA 13 Tabun. 4.4. Hanpuwmep,
xomasga 10 000 001 mpousBoauT cioxeHue coaepxkumoro peructpa C ¢ conepKUMbIM akkymyssitopa A. JBomuHbII
kon oaroi komannel 10 000 001 B; B BochMepuuHOI cucTeMe 3TO 4uCIO mpencrasiserca koaoM 201Q. Irto
MIPEACTaBICHNE SBISIETCSI BOCBMEPUYHBIM KooM KoMmanasl ADD C, BhINoNHSIONEH yKa3aHHOE BBINIE CIIOKEHHE (CM.
CIIMCOK KOMaHJ1 B npwiioxkeHnu 1). Pasmemmenne komanast ADD r B GaliTe npuBeneHo Ha puc. 4.9,1.

Komanna SUB r. KomaHna BEIIONHSET BEIYUTAHHE COACPKUMOTO PETHUCTPA-HCTOYHHKA S M3 COAEPKUMOIO
aKKyMyJsTopa. Pesynprar 3aHOCHTCS B akkymynstop (puc. 4.9,6). Hampumep, komarma 10 010 OH B semoxaser
BBIYUTAHHE COICPKUMOro perucrpa E u3 cogepKuMoro peructpa A u moMmemiaeT pe3yiapTar B akkyMmyssaTop. Kox
stoit komansel SUB E — 223 Q.

Tabnuua 4.4
n O603Ha4yeHue
Peructp Kom apa Kop, ycrnosus B Kop,
PermcTpos MHeMoKozge

A 111 B (B, C) 00 NZ(Zz=0) 000

B 000 D (D, E) 01 Z(Z=1) 001

C 001 H (H, L) 10 NC (CY -0) 010

D 010 SP 11 C(CY=1) 011

E 011 PO (P =0) 100

H 100 PE(P =1) 101

L 101 P(S-0) no

M (namsats) 110 M (S=1) no

Komannma SUI <B2> mpou3BOJWT BBIYUTAHHE COAEPKUMOTO BTOpOro Oaiita (KomMaHaa JByXxOaiToBas) u3
COIEPIKUMOT0 aKKyMyJIITOPa W MOMEIAET Pe3yiIbTaT B akKyMyasiTop (puc. 4.9,8). BocbMepHYHBINM KO KOMaHIBI
— 326Q (cm. mpunoxenue 1).

Kpome xomaHz, IpUBEICHHBIX B Ka4eCTBE MPHUMEPOB, IPyINa apu(pMETHUIECKIX KOMaH] COJACPKUT KOMaHIbI
CIIOKEHHST ¥ BBIYMTAHHMS COAEPKUMOTO AKKyMyIIITOpPa C COOEPKUMBIM SYe€K IaMATH, a TaKK€ KOMAaHIBI
YBEJIMYCHUS U YMEHBIIIEHHUS HA €UHUILY COJACPKMUMOTO Pa3IHUHBIX PETHCTPOB.

4.6.3. 'PYINNA JIOTMYECKUX KOMAH[A

Komanapl 3Toil rpynmel HpeAHa3HA4YeHbl AJS BBIMOJHEHHS JIOTHYECKUX, WM OYyJEeBBIX, ONepanuii Haj
NaHHBIMH, .COACPKAINMUCA B PETUCTPaAX, sTYeHKax ImaMsATH, a TaK)XXC Hall q)HaFaMI/I yCHOBHﬁ. K stum ornepanusam
OTHOCSITCS orepanuu: Jorudeckoro cinoxenus (UJIN), norudeckoro ymuHoxenwus (M), cyMMHpPOBaHHUS TI0 MOJTYJTIO
2, cpaBHEHUs, caBura, nomosHeHus 1o 1 um mo 2. Kak W xoMaHABl NpeAblAylled Tpynmbl, BCe JOTUYECKHE
KOMaHbI OKa3bIBAKOT BJIHUAHHUEC HaA (I)J'Ial"l/l.

Komanga ANA 1 BBIONHSET MapajielbHO MOpa3psiiHoe Jorudeckoe M Hax comepXUMBIM pETHUCTpa-
HCTOYHUKA M aKKyMyJsITOpa. Pe3ynbrar onepannu 3aHOCUTCS B akkyMyssatop (puc. 4.10,a). Hampumep, komanma
10 100 100 B BbINONHSET ONEPALMIO JIOTHYECKOIO YMHOKEHUS NIOPa3psIIHO HaJl COAepKUMBIM peructpa Hu A n
3aHOCUT pe3ynbTar B akkymyssitop. JBonunsni xox 10 100 100 B cooTBeTcTBYeT BOCbMEepuYHOMY Koay 244Q
komanxasl ANA H.



() =—(A)&(r)

<8T> T E #8 8 § 5 & ANA T

(A)=—(A)&(<B2>)
I 1
<grs o2 +9 @8 1 2 0

ANI data

<B2>

d)

(A)=(A) Vv (r)
< 81> 1'nrql1'g'5'57_5 ORA T
| )

Puc. 4.10. Ilpumeps! pa3MenIcHUS HEKOTOPHIX JOTHYECKUX KOMaH/ B Oaiitax

Komanma ANI < B2 > sBnsercst IByX0aiTOBOW M TaKXe BBITIOIHSIET MOPAa3psIIHYO ONepaIiio Jjorndeckoro U,
HO HaJl COAEPKUMBIM BTOPOTO OaiiTa KOMaHIIbl U akKyMyJisaiTopa. KoManaa umeeT BocbMepuyHbIi koa-3460 (puc.
4.10,6). PeaynpTat onepamnuu 3aHOCUTCS B aKKYMYJIATOP.

Komanga ORAr ananormyna komange ANA 1, HO B OTJIMYHE OT HEE BBHITOJIHSIET OMEPAIHIO MTOPA3PSIHOTO
noruueckoro NJIN. Pe3ynbTaT onepanuu 3aHOCUTCS B akKyMmysTop (puc. 4.10,8).

4.6.4. TPYINNA KOMAHA NEPEXOAOOB

OTa rpymnmna KOMaHJ NpeJHa3HayeHa I OpraHU3allU{ IPaBUIBHOW IOCIEN0BATENILHOCTH BBIMOIHEHUS
nporpammbl. CroJja BXOIAT KOMaHbl 0€3yCIOBHOTO U YCJIOBHOTO MEPEX010B, KOMaHAbl BbI30Ba NOAIPOTrPaMMBbI U
BO3BpallleHUs K IIaBHOHM mporpamme. Bece komaHpl 3TOM rpynnbl Ha (iaru BIMAHUS He OKasbiBaroT. KomaHbl
0e3yCJI0BHOTO TepeXoja BHIMOJHAIOT CIECIUAIbHBIC ONEPalliy HaJl CONEPKUMBIM cueTunka KoMmaHz. KomaHmsl
YCIIOBHOTO TIepexo/ia 00eCIeunBa0T HEOOXOJMMOE BETBICHHE ITPOTPAMMBI ITyTEM aHAIN3a COCTOSHIS OJHOTO U3
YyeThIpeX (1aroB: HyJIsl, 3HaKa, YETHOCTH U IEPEHOca, KOJbI KOTOPBIX YKa3aHbl B Ta0. 4.4.

Komanpa JMP <B2> <B3> — rtpexOaiiToBass KOMaHAa IepelaeT yIpaBleHWE KOMaHIE II0 aJpecy,
cojiepiKaleMycs B TPETbEM M BTOPOM OaiiTax TeKyluedl KOMaH/bl. DTO OCYLIECTBIISETCS IyTEM 3aIllUCH CONEPKHUMOTO
TPETHEro U BTOPOro OAaHTOB KOMaHIH B cUeTYMK KoMaHJ (puc. 4.11,a). Kak yxe otmedanocs B § 4.3, c4eTynKk KOMaH[
MIPENCTaBIAET COOON 16-paspsaHBIA PerucTp, COAepKaINi apec, Mo KOTOPOMY MOXKHO OOpaTHUTHCS Il CUNTHIBAHUS
odepenHoro 6alta komMaHabl. BocbMepH4IHBI Ko 3TOK KoMaH bl - 303 Q.

Komannet CALL u RET — xomannsl Oe3ycnoBHoro nepexozia. I[lepBas M3 HHX MepelaeT ynpaBlieHHE
MOJNPOrpaMMe, MPEKpaIlas BHIIIOJIHEHNE OCHOBHOM MPOrpaMMbl; BTOpas IepeJacT yInpaBleHHe INIaBHON IporpaMme,
BO3Bpalasch kK ee BbinosHeHuto (puc. 4.11,£, B). IlepBas komanma — tpexOaiiroBas. Bocemb crapuimx paspsiaoB
ajipeca clienylonieldl KOMaH/Ibl [IEPEChUIAOTCSl B STYEHKY MaMsITH, aJipec KOTOPOi Ha e€AMHHILy MEHbIIE COIEPKHMOIO
yKazarelssi creka. Bocemb Mitaamux paspsiioB ajpeca ciielyloneid KOMaHIpl EePechulaloTcs B sIMEHKY MaMsTH, aapec
KOTOPOH Ha JIBE €IMHUIIBI MEHBIIIE COAEPKUMOTO yKa3zaTelsi cteka. ComepiKMMoe yKaszaTellsl CTeKa yMEHbIIaeTcs Ha JBe
eIMHMLBI. YTpaBJIeHHE IepefaeTcs KOMaHHe, aJpec KOTOPOH pasMellaeTcs B TPETheM M BTOPOM OaiTax KOMaHIbI
CALL



(PL)=—(B3)(82)
<g1> [1717 06 0 0 0 1 1
@)
((sP)—1)=(PCH)
((sP)~2)=(PCL)
(5P) =((sP)-2)
(Pc) = (B83)(B2)
] ] ]  — | T
<B1> 1°1 0 ¢ 1 1 40 1
|

(PCL)=(5P)
(PCH) = ((5P) +1)
(5P) = ((SP}+2)

<B1> 7 4 @ 9§ 1 0 @8 | RET
8)

Puc. 4.11. Tlpumeps! pa3MelIeHUs] HEKOTOPBIX KOMaH/I IEPeX0/10B B Oaitax

Komanna RET — oxnobatitoBas. Ee BoceMepnunsbiii kog — 311Q (xox mpensiaymet komanasl CALL — 315Q). B
MpoIecce BBIOMHEHUS ATOH KOMAaHIBI COACPKAMOE YKazaTellsd CTeKa IMONydaeT IMpHpalleHHe Ha [BE CIUHHIIBL.
Copepxumoe SYeHKH TaMsITH 10 afpecy, XPaHAIIEeMYyCs B yKa3zaTelle CTeKa, IePechUIaeTCs B CUSTYMK KOMaH]] Ha MECTO
MJIaIIIAX BOCEMHU pa3psAnoB. CopepikuMoe SYEHKH MaMATH IO alpecy, Ha EIUHHUIYy OOJNBIIEMY, 4eM COACPKHMOE
yKa3aTensi CTeKa, IepechUIaeTCs B CYETYMK KOMAaHJ Ha MECTO CTapIIMX BOCBMH pa3psaoB. TakuMm oOpazom,
BO3BpAILlEHWE K IJIaBHOM MpOrpaMMme MPOMCXOAWT BCerja myreM oOpalieHus K 0alTy KOMaH[bl, HEMOCPEICTBEHHO
CleyroleMy 3a 0aiToM, Ucroib3yemMbiM koManaoit CALL

4.6.5. TPYNNA KOMAH]JI YIOPABJIEHMA M PABOTEl CO CTEKOM

Komanznel 93TOM rpynmbl NpeAHa3Ha4YeHbl JUIs  yOpaBiieHHs pabOTOW MHUKpPOIPOLECCOpa, YCTPOWCTBAMHU
BBOJIa/BBIBOJIA M CTeKOM. KOMaH/IbI 3TOH rpyNIIbl HE OKA3bIBAIOT BIMAHUSA Ha ¢uiarn. PaccMOTpuM B KauecTBe mpuMepa
PpaboTy HEKOTOPBIX KOMaH]| M3 3TOU TPYIIIIHL.

Komanga XTHL — omHoOaiiToBass KOMaHIa ¢ BOCBMEpPHYHBIM HOMepoM 343Q. SIBnsercs mpumepoM HambOolee
JUITMHHBIX 110 BPEMEHHU HCIOJIHEHUSI KOMaH]I - 3aHUMaeT 18 MalIMHHBIX TAKTOB.

B mporecce BRIMOTHEHUS] KOMAaHMBI COAEPKUMOE peructpa L MeHsaeTcs Ha COAepKUMOe STYEHKU MaMsITH IO
azipecy, coJepxkaleMycsi B ykasaTene cTeka, u HaooopotT. Conmep:kumoe peructpa H MeHsieTcs Ha couepkumMoe
STYCHKH MTAMATH TI0 apecy, Ha eUHHILY OOJIbIIeMY, YeM COJICPKUMOE yKa3aTells CTeKa, U Hao0opoT (puc. 4.12,5).
Ha 310 yX0oauT maTh MalTuHHBIX [IUKJIOB.

Komanner IN <B2>, OUT <B2> . Ot KoMaH/bl NpeqHa3HAYeHbI Ui BBOAA JAHHBIX OT BXOAHOIO MOPTa B
aKKyMYJISITOp M BBIBOJIA JAHHBIX M3 aKKyMYJISITOpa B BBIXOJAHON MOPT COOTBETCTBEHHO. [lepBas komMaH/a uMeeT
BochbMepuuHBIA kox 333 Q, Bropas — 323 Q. O0e xoMaHAbpl — JaByXOaiiToBeie. BTOpoii 6aiiT 00enx KoMaH.
OTBEJIEH I0J aJpPEeC COOTBETCTBYIOLIErO BXOJHOIO MU BBIXOJHOTO MOPTOB. B pe3ynbrare BBINONHEHUS MEPBOM
KOMaHJIbl JaHHBIE OT BXOJHOTO TMOpPTa IO JABYHAIIPABICHHOW IIMHE JAaHHBIX NEpeNaloTcs B akKymynarop. B



pe3yJbpTaTe BBIMOJIHEHHMs BTOPOM KOMaHBI JaHHBIE BBIBOAATCS IO TOM K€ IIMHE MAHHBIX W3 aKKyMyJsTopa B
BBIXOJIHOM T10pT (puc. 4.12,6, B).

(Ly==(sP) ]
(H)==((5P)+1)
cpis [ a e e e | il

(A)=(Jannsie) o)

<B7> 7 ; R T 1 g 1 I‘.l
IN port
(LoHHbre)=—(A) 9)
<B7> 1'1'011[1?'0'1'1
ouT port

Puc. 4.12. Tlpumeps! pa3MenieHHss HEKOTOPBIX KOMaH][ YIIpaBJIeHHs B OaifTax

Ha sTOM 3aKkOHYMM pacCMOTpEeHHE NPUMEPOB pa3MelleHHs B OailTax KOMaH] ONHCAHHBIX BBIIIE TPYHI U
mepeiieM K BOMPOCY O TOM, KaK COCTaBisieTcst mporpamMma pemieHust Ha [IM-DBM 3amauu ¢ ucnoib30BaHuEM
MIPUBEACHHOTO B MPUIIOKEHUHN | CIIMCKA KOMAaHI.

4.7. NPOrPAMMUPOBAHUE NMM-3BM

Kak yxe ormeuarnocs B ri1. 3, [IM-DBM He umeeT nporpaMMHOTO 00eCIIeUeHHs, TO3BOJISIOLIETO TTOJIB30BATHCS IS
pemieHnst 3a1a4 si3bIKaMH BBICOKOTO YpoBHA. IToaTomy 3ammchk mporpammsl it [IM-DBM ocymiecTBisieTcs 1moiib-
30BaTeleM Ha MAIIMHHOM SI3bIKE C IPUMEHEHHEM KOMaH 1 OITMCAHHBIX BBIILIE IPYIIIL.

[omHeIi IEpeYeHs KOMaH[I, MPUBEACHHBIX B CKaToi (opme B Tabm. 4.1 — 4.3, nomkeH OBITH XOPOIIO M3BECTECH
MOJIb30BATENI0, PELIAIONIEMY CBOIO 3a/ady. JTO JIacT €My BO3MOXKHOCTh BapbHpOBaTh IIPH COCTAaBICHWH CBOHMX
MIPOTPaMM Pa3IUIHBIMA KOMaHIaMH U CIIOCO0aMHU MX BKJIIOYEHHS B IPOTPAMMEI C IIETBI0 COCTABICHUS IIPOTPaMM JIHO0
0osee KOPOTKUX, JIMOO SKOHOMSIIUX UCIIONB3YyEMYIO IaMATh, TH0O COKPAILAIONINX BpeMs cUeTa.

B psne cnyuaes croco6 pemieHus TOW WM MHOHM 3aladyn CTaHOBUTCA Oojiee MOHSATHBIM, €CIM OH NPECTaBICH B
BHUJIE CIELUAIbHOM CXEMbl, Ha3bIBAEMON CXEMOM alrOpUTMa PEIICHUS U HUMEIOUIeH BHUJ OPUEHTHUPOBAHHOW CETH C
BCPpUIMHAMU PA3JIMYHBIX TUIIOB, COOTBCTCTBYIOUIMMU UCIIOJIB3YEMbBIM OIIC€palUsaIM.

B kauecTBe mpumepa pacCMOTPUM peIlIeHHE 33Ja4ui CyMMHpOBaHHUS HepBbIX 20 4ucen HATYpaJbHOTO psa, cxema
KOTOpOI! npuBeieHa Ha puc. 4.13,a.

Jnst peanu3zanuy MepBBIX JIBYX OIEpaTopoB (He cumras Start) MOXKHO BOCIIOJIB30BaThCs ABYXOaWTOBOW KOMaHIION
MVI 1, ocymiecTBIsIIOIIEH HENOCPEACTBEHHYIO 3arpy3Ky B KaKOW-MOO PErHCTp AAaHHBIX, COAEPXKALIMXCS BO BTOPOM
GaiiTe KOMaHbI (B TaHHOM ciydae - yncen OD). /st ocymecTBieHus onepaun S = S + N MOKHO BOCIIOJIb30BaThCs
koMaHmoii ADD r, BBIIONHSIOMEH CYMMHpPOBaHHE COIEPKHUMOTO KAKOTO-THOO pETUCTpa C COICPKUMBIM
AaKKyMYJIITOpa U 3alUCh pe3ylibTaTa B akKyMyJsTop. s BeimonHerns onepamud N = N + 1 B MmammHHOM s13b1Ke [IM-
OBM mpenmycMoTpeHa crienmanbHas koMmaHma INR 1, ocymecTBnsiomas yBENIWYCHHE HA EIWHUIY COIEPIKUMOTO
Kakoro-amnbo perucrpa. Ocraercs elie OpraHM30BaTh B MPOrpaMMe LUK C MCHOJIB30BAaHUEM YCIOBHOTO OIlepaTopa.
s aroif menu mononuta Ob1 koMaHga JNZ, oCymIeCTBISIONIAas MEepexoa B MPOrpaMMe IpU OTCYTCTBHUU HYIS B pe-
3yJIbTaTEe KaKOH-THOO0 MPEIIIeCTRYONICH Mepexoy onepaluu (B HallleM ciiydae — omepanuu Berautanus: 21 — N).

OjHaKo 3TOrO0 MOXKHO W HE JieslaTh, IIOCTPOMB HECKOJIBKO MHAaye CXEMy pelleHHs 3a1add. BmecTto Toro 4toObl
CYMMUPOBATh MOCIIEI0BATENbHO yBennuuBaonmeca yuciaa or O D o 20 D, MO>XHO cyMMHpPOBaTh MOCIEA0BATEIbHO
ymenbmaromuecs uucna oT 20 D no OD. Toraga coaepxuMoe perucrpa, XpaHsIIero 4yuciao N, Ha HEKOTOpOM Ilare
BBINOJIHEHUSI TIPOTPaMMbl OOpaTUTCS B HyJIb M 3TOT pE3yJlbTal MOXKHO OYZET HCIIOJIb30BaTh IPH OpraHM3alud
YCIIOBHOTO IT€pexXo/a.

HWrak, HOBast cxeMa alrOpuTMa MOKET OBITh IIOCTPOCHA CIEAYIOINM 00pa3oM.

ar 1. 3arocuM gucio O D B akkymymsaTop (A).

[ar 2. 3arocuM gncio 20 D B kakol-HHOYIb perucTp, HarpuMep B peructp D.



[Mar 3. Cymmupyem coaepxumoe peructpoB A u D.

[ar 4. YMmeHnbIimaeM cogepskumoe peructpa OHa equHAITY.

Har 5. Eciau conepxumoe peructpa BHe paBHO HyII0, OCYHIECTBISIEM Iepexo]] K IIary 3; B HPOTUBHOM ciydae
MePEXOUM K CIIeIYIOIIEMY Iary.

I ar 6. [lepenuceiBaeM COJEPKUMOE PETHCTPa A B KaKOH-HHOYAb U3 IOPTOB BBIBOAA, HAIIPUMEp B TOpT Pyoo-

I ar 7. KoHen paboThl IporpaMMBl.

CooTBeTCcTBYIOLIAsl CXeMa NpeJicTaBieHa Ha puc. 4.13,6.

[IpucTynum K nporpaMMHUpPOBaHHIO 3TOH cxeMbl. [l 3TOH 1M HaM NMOHa 00sITCS BCe YKa3aHHbIE BBILIE KOMaH/IbI,
3a UcKIoueHneM Komaszapl INR r (yBenwdeHHe cOOep)KMMOTo perucTpa Ha eIWHHMIy). BmecTo Hee ciemyer B3sTh
komanay DCR r (yMeHbIICHHE COAEPKUMOTO PETHCTpa Ha €ANHMILY), KOTOpask Oy/leT MCIOIb30BaHa IIPUMEHHUTEIBHO K
peructpy D. Kpome Toro, Ham OyayT HeoOxoauMmel emie ciexytomue ase komanasl: OUT — nByxOaliToBas KoMaHIa
BBIBOJIA JJAHHBIX M3 aKKyMYJIATOpA B IIOPT BHIBOJA, OIPEAEIIEMbIH apecoM, COASPIKAIMCS BO BTOPOM OaliTe KOMaH-
IBl, 1 onxHOOaiToBass komanna HLT — ocraHoB mporpamMMbl. Kombl BceX MCIONB3yeMBIX KOMaHI MOXKHO B3SITh U3
TaONIBI, TPUBEICHHON B IIPUIIOKEHHH 1.

Jliis pa3sMeltieHus Bcei mporpaMMbl HaMm moHano0stest 12 siaeex namsitu ¢ Homepamu ot 014Q000Q 10 014Q013Q.
B nepsbie nBe stuetiku ¢ Homepamu 014 000 u 014 001 momectim 06a Gaiita nmepeoii komanasl MVI A OOOQ 3arpy3ku
akkymyJsitopa (peructpa A) unciom OD. Ilpu 3TOM B nepByIo sSiU€iiKy HOMECTHM BOCEMEpPHUHBIH Kox KomaHasl 076, a
BO BTOPYIO — COJIEP’)KMMOE BTOpOro Oaifta 3Toil KoMaHIBI — BOCbMepUYHBIH Kox uuciaa OD (umcio 000). B cre-
nytomue nge stueiiku ¢ Homepamu 014 002 n 014 003 momectum nBa Oaiita cieayromeil KOMaH/Ibl, 3arpyKaronien
peructp D necsitmaabiM uncniom 20. Bocsmepuunsiit kof 3Toit ornepanuu 026 OyneT HaXOAWUTHCS B MIEPBOH AUeiike, a
BochMepHuHBI kKox 024 mecstuuHOoro umcna 20 - Bo BTOpoi m T. A. B mocnennioro sueiiky ¢ Homepom 014 013
IMOMECTUM BOcbMepuuHbIi kox 166 xomanmel HLT, ocymectBisromeii octaHOB mporpaMMbl. B tabn. 4.5 mpuBeneH
MIOJHBIH TEKCT COCTABJIEHHOM IIPOrpaMMbl BMECTE€ C KOMMEHTapueM. l[Ipu opraHusanmy IMKIa HCIOJIb30BaHA
crienManbHas Metka M, yka3biBaroias Ha ONepanuio, KOTOPYIO CIeAyeT BBIIIOIHHUTD, €CIIH COlepKUMoe peructpa D He
PaBHO HYJIIO.

No

Yes

z)

Puc. 4.13. CxeMBbl anTOpUTMOB IS 33/1a4U CJIOKEHUs MepBhIX 20 yncen



Tabnuua 4.5

Kog
onepauum
unu
A,que ¢ copgepxumoro MeTka MHemokon KommeHTapun
AYENKH
BTOPOro Wnu
TpeTbero
baunTa
014 000 076 MVI A 000Q 3arpys3ka
peructpa A
yucnom OD
014 001 000 Yucno OD
014 002 026 MVI D 024Q 3arpys3ka
peructpa D
yucnom 20 D
014003 024 Yucno 20D
014 004 202 MI: ADDD CnoxeHue
coaepXumoro
pernctpoB AuD
014005 025 DCRD YMeHbleHune Ha
eAnHuLY
cofiepXXUmMoro pe-
ructpa D
Mepexon Kk MeTke
014 006 302 JNZM1 M 1 npwm
OTCYTCTBUM HyIA
014 007 004 Metka M 1 (agpec)
014 010 014 Metka M 1 (agpec)
014 011 323 OouUT 000Q BbiBOA AaHHLIX U3
peructpa A B nopTt
POOO
014 012 000 Homep nopra
014013 166 HLT OcTtaHoB
nporpamMmmbl

AHATOTHYHBIM 00pa30M OCYIIECTBIIETCS COCTABICHHE W JPYTUX MPOTPaMM, KOTOPHIE YUTATENh BCTPETUT B
9Tol KHUTe. OTMETHM elIe pa3, YTO MPH HANMUCAHWU MPOTPaMMBI COBCEM He 00s3aTelbHO Mpuberatb BHavaje K
COCTaBJICHHUIO €€ OIIEPaTOPHON cXeMbl. [Ipr HEeKOTOPOM HaBBIKE POTpaMMa JIETKO MOXKET OBITh COCTaBJIEHA Cpasy
mmocie HeOOoIBIIOro aHAIN3a YCIOBHH chOPMYITHPOBAaHHON 3a/1aUH.

Ilepeiinem Teneps K pacCMOTPEHHIO PaOOTHI KOHKPETHBIX CXEM OTAENbHBIX (YHKIMOHANBHBIX O10K0B [IM-
OBM, Ha3HaueHHe KOTOPBIX OBLIO OINPENIENIeHO paHee.

5
MCNOJIb3YEMbIE MUKPOCXEMBbI

5.1. OBLLUME BOMNPOCHI

B mocnmeayrommx rimaBax OyJeTr MOApOOHO OMHMCAaHO YCTPOWCTBO W (yHKIMoHUpoBaHue [IM-DBM u ee
010KOB. /1)1 HOHMMaHHS STHX TIIaB HEOOXOANMO MO3HAKOMHUTHCS € pabOTOH OTIETBHBIX MUKPOCXEM, M3 KOTOPBIX
noctpoeHsl 61oku [IM-DBM.

- Puc. 5.1. BHemrHnit Bux MUKpOCXEMBI B KOPITyCe C IBYXPSIHBIM PACIOJIOKEHHEM BEIBOJIOB



WHuTerpanpHas MUKpPOCXEMa - MHKPODJEKTPOHHOE W3JENNe, BBIMONHAOLIEE ONPENeICHHYI0 (YHKIHIO
npeobpa3oBaHus U 00pabOTKH CUTHAJIA M UMEIOIIee BBICOKYIO TUIOTHOCTh YITAKOBKH JICKTPUYECKH COSINHEHHBIX
aneMeHToB. [1oynpoBOAHUKOBBIA KpUCTAILI, B 00BEME U Ha MOBEPXHOCTH KOTOPOI'O CO3/1aHbl 3JIEMEHTHI, COCTaB-
JSIOMIME MUKPOCXeMy, OOBIYHO ToMeraeTcsi B kopmyc. Kopmyca Mukpocxem OBIBAalOT CaMbIX Pa3HOOOPa3HBIX
(hopM W M3rOTOBISIOTCS M3 KEPaMUKH, TUIacTMacchl, Metamuia U T. A. B I[IM-DBM Oynyt ucnoib3oBaThes
MHUKPOCXEMBI B IIPSIMOYTOJBHBIX INIACTMACCOBHIX Kopmycax (puc. 5.1) ¢ ABYXpSIHBIM PACIIOIIOKCHHEM BBIBOJIOB.
[Ipunaro o603HaYaTh BBIBOABI MUKPOCXeM apaOCKuMu udpaMu U OyKBaMH PyCCKOTO U JJATMHCKOTO ayi(haBUTOB.
IIpu sTOM M1 KOPIYyCOB BCEX TUIOB MCHONB3yeTcs oblee cornaieHne Mo 0003HaYeHUI0 HOMEPOB BBIBOJIOB,
MIPaKTUYECKH HE HMEIOLIee UCKIIOYEHU. Y BbIBOJAa HOMEpP OIMH CTAaBUTCS MapKUpYIOLIas TOYKa, KOTOpas
Ha3bIBaeTCs Kkroyom. HaumHas OT 3TOM TOUKH HOMeEpa BBIBOIOB OyIyT BO3pacTaTh MpH O0XOIE MX IMPOTHB
4acoBOi cTpenku. Ha yciioBHBIX rpaduueckux H300paKeHHsIX MUKPOCXEM 3TH HOMEPA BBIBOJIOB MPOCTABIISAIOTCS
Ha/l TUHASIMH, H300paKarollUMH BBEIBOABI. [IpHHATO TakKe IMpHUCBaWBaTh BBIBOJAM OYKBCHHBIE 0003HAYCHUS B
COOTBETCTBUU C Ha3BAaHWSAMH BBHITONHIEMBIX BbhIBomaMH(yHKImHA. CymIecTBYIOT IBE CHCTEMBl OYKBEHHBIX
o0o3HaueHnl: oredyecTBeHHass (OykBaMU pycckoro aindaBuTa) U MeXAyHapoaHas (OyKBamMH JaTHHCKOTO
andapura). B 910l KHUTE OyIET MPUMEHATHCS MEXIyHAPOHAS CUCTEMA, TaK KaK OHa HMIMPOKO HMCIOIB3yeTCs BO
MHOTHX OTEYECTBEHHBIX U NMEPEBOJHBIX KHUraX IO JIEKTPOHUKE U MUKpo-OBM. BriBonbl OynyT 0603Ha4aThCcs B
TekcTe OyKBaMH WM HOMEpaMHu (ecid He NPUHATO JaHHBIA BBIBOJ 00O3HauaTh OYKBOI) NpU ONHCAHUH
MHUKPOCXEM W HOMEpaMH — TpPHU OMHMCAHUHM DJIEKTPOHHBIX CXEM, 4TOObI M30eXaTh IBYCMBICIEHHOCTH 3THX
OIUCAHUI.

5.2. TTN-BXOAbl U TTN-BbIXOAbI

LudpoBbie MEKPOCXEMBI BEITIOIHSIOT IIPEO0OpPa30BaHIe CUTHAIOB, H3MEHSIOMNXCS IUCKPETHO. Takoi curHai
MOJKET MPUHUMATh HECKOJIBKO (PUKCHUPOBAHHBIX 3HaYeHUH. COBpeMEHHBIE MUKPOCXEMBI, KaK MPaBuiio, paboTaroT
C CHUTHAJIaMH, KOTOpPHIE MMEIOT JBa 3HAYEHHUS, W OTH 3HAUEHHs] KOAMUPYIOTCSA NBYMsI PAa3IMYHBIMH ypPOBHSIMHU
HanpspkeHuss. OOBIYHO 3TH YPOBHU HAMIPSHKEHUS PACIIONIOKEHEI B IHAITa30HE OT HYJIS IO HANPSDHKCHUS MCTOYHHKA
MUTaHUS ¥ PA3IUYHbl AN CEepUd MHKPOCXEM, OTIMYAIOMIMXCS IO TEXHOJOTUM Hu3rotoBieHus. Ilupokoe
pacrnpocTpaHeHHe B HACTOsIIIEE BpeMs OTYUIIH MUKPOCXEMBI, U3roToBleHHbIe 10 T TJI-TeXHOIOTHH, U TOITOMY
4acTO MHUKPOCXEMBI, U3TOTOBJIEHHBIE 110 APYTUM TEXHOJIOIMSM, UMEIOT BBIBOJBI C TAKMUMHU K€ XapaKTepUCTUKaAMU
U paboTalOT C TAaKUMHU K€ YPOBHAMHU HampsiKeHHs (B YACTHOCTH, BCE MHKPOCXEMBI, MpuUMeHswomuecs B [IM-
OBM). [lg TOoro 4ToObI M0JaBaTh CUTHAIBI ¢ MUKPOCXEM, HMEIOIINX OJHU YPOBHH HANIPSKEHHUS, HA MUKPOCXEMBI
C IpyTUMH YPOBHSIMH HAINIPsDKCHMS, TPUMEHSIOTCS CIICIIHANbHBIE TIPeoOpa3oBaTeIn yPOBHSI.

BrIBoI MUKpOCXEMBI, Ha KOTOPBIA CUT'HAJl HEOOX0AUMO M0AaBaTh, Ha3biBaeTcs BxogoM (ans TTJI-muxpocxem
- TTJI-Bx010M), a BEIBOJI, HA KOTOPOM CUTHAJ BBIPA0ATHIBAETCA CaMOi MUKPOCXEMOH, Ha3bIBaeTCs BHIXOAOM (IS
TTJI-mukpocxem - TTJI-Beixomom). B sToM maparpade Oymyt moapoOHo paccMoTpeHbl xapaktepuctuku TTJI-
BX010B U TTJI-BEIXOZOB.

Bxonnsle U BbIXOAHBIE ypOBHU HampsbkeHHs TTJI-MMKpOCXeM HMMEIOT ONpeAesieHHbIE 3HaueHHs. Bwlcokuit
YPOBEHb HaNpsHKEHUs TOJDKEH JIeXaTh B mpeaenax ot +2,4 mo +5 B mns TTJI-Beixona u B mpeaenax ot +2 go +5
B mms TTJI-Bxonma, a Huskuit ypoBenb -otT 0 mo +0,4 B must TTJI-Beixoma u ot 0 go +0,8 B mns TTJI-Bxona.
Mexny HuKHEH rpaHuueidl 1y Oosee BBICOKOTO YPOBHS M BEpXHEH IpaHUleld A Oojiee HU3KOTO YpPOBHS
Hanpspkeaus TTJI-Bxoma mmeercst nuanazoH HampsbkeHus (ot 0,8 mo 2 B) mmpunoit 1,2 B. Oror nauamason
MpeIHa3HAYCH JUIS 3aIUThl MUKPOCXEMBI OT JIOXKHBIX CpabaThIBaHWN MPH NOMEXax aMIUIMTyjoi meHee 1,2 B.
Ecnu Obl ero He 06110, TO JMI00ast Mayias momMexa MpUBOAMIIA Obl K TOMY, YTO HalpshKeHHE CUTHaAJa MOoMaaajo Obl
U3 007aCTH HU3KUX HAIPSDKEHHH B 001aCTh BBICOKUX (MM Ha000poT). B 3TOM anamnasoHe HampspKeHHE CHUTHAIA
MOJKET HAXOJUThCA TOJIBKO B MOMEHT IEPEKIIOUEHUS C OTHOTO YPOBHSI HAIPSKEHUH Ha Ipyroii.

Kak m3BecTHO, IepeMeHHBIC B JIOTHKE MOTYT NMPHHUMATH 1Ba 3Ha4eHUS - 0 m 1. Bo3MoxHBI nBa cmocoba
KOJIUPOBKH 3TUX 3HaueHUH. IlepBrIii criocob - 310 kKoaupoBaTh 0 HU3KMM YPOBHEM HAIPSDKEHUS, a | - BRICOKMM
YpOBHEM HampspKeHWst. Takol croco0 KOMUPOBKU HA3BIBACTCS NO3UMMUBHOU (UHO20A NOJONCUTNENbHOM) I02UKOL.
Bropoii cnoco6 - koaupoBarh 0 BBICOKMM YpPOBHEM, a | - HM3KMM YpPOBHEM HampshkeHHsA. Takoil crmocod
KOJIMPOBKYU HA3BIBACTCSI He2amueHol (UHO20a OMpuyamenbholl) 102ukoi. ITH Ha3BaHUs OOIIEITPUHSTHI, XOTs HE
COBCEM yJauHBl. Bo-TIepBEIX JToTHKA 3/1€Ch HU NPH 4eM (0OHA OJMHAKOBAS, pa3HBIE TOJIBKO CIOCOOBI KOIUPOBKH), a
BO-BTOPBIX, CJIOBa "MO3WTUBHBIA" W "HEraTHBHBIA" MPUMEHSIOTCS Ui 00O3HAUCHHS CIOCOOOB KOTUPOBKH C
MOMOIIBIO Pa3HBIX YPOBHEH HampsDKEHHsI OJHOM MOJIpHOCTH. B manmpHeiiieM s KpaTKOCTH BMECTO CJIOB
"CUTHAJI UMEIOIIMH BBICOKMH (HU3KHH) ypOBEHb HAMpPSKEHUS" OyIyT YHOTPEOSAThCS CIIOBa "CHTHAJ BBICOKOTO
(HM3KOT0) YPOBHA" WIJIM TPOCTO BBICOKHU (HU3KHIA) YPOBEHB'", M TaK KaK B dTOW KHHUTE MPHUHSITA TOJOXKHUTEIbHAS
JIOTHKA, TO OYJYT TaKkKe YIOTPeOIsAThCS CII0Ba "'ypOBEHb JOTHUYECKOTO HYJIS (SAUHULBL)" .



Puc. 5.2. TTJI-Bxon u cxema sl CHATHUS XapaKTEPUCTUKU
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Puc. 5.3. Xapaxtepuctuka TTJI-Bxona

TTJI-Bxon ABASETCS SMUTTEPOM MHOTO3MUTTEPHOIrO TpaH3ucropa (puc. 5.2). Jluox K SMUTTEpY MOAKIIOUYEH
JUIA TOTO, 4YTOOBl OTPAaHUYHMBATH OTpPULATEIbHBIE HMITYJIbCHl HampsDKeHUs. ECIM TMOCTaBUTh SKCIIEPUMEHT,
n300paXeHHBII Ha pHC. 5.2, TO MOXKHO HOIYYUTh BXOJAHYIO XapakTtepuctuky TTJI-Bxona, T. €. 3aBUCIMOCTB TOKa
OT TI0ZlaBaeMoro HanpspkeHus (puc. 5.3). BerBu / cooTBeTCTByeT TOK, BhiTekaromuii B TTJI-BX01, KOTOPHIi B
9TOM cllyyae paboTaeT Kak p-n Mepexoi, BKIIOYEHHBIH B OOpaTHOM HaIpaBleHHH, M MO3TOMY 3Hau€HHE TOKa
HEBEJMKO. DTOT TOK 0603HauaeTcst o6baHo 1'yy. BerBu 2 COOTBETCTBYET TOK, KOTOpHIH BbITekaeT u3 TTJI-Bxona,
paboTaromero Kak p-n MEpexojl, BKIIOYCHHBIN B MPSIMOM HAIlpaBICHUH. B 3TOM ciydae TOK OrpaHHYHMBACTCS
CONPOTUBIIEHHEM R. DTOT TOK 00O3HAYaeTCs 1°,.. B nmanasone HalpsDKEHUM, COOTBETCTBYIOLIEM BBICOKOMY
YPOBHIO, IlBX JoJbKeH ObITh He Oonbire 0,1 MA, a B [uama3oHe, COOTBETCTBYIONIEM HU3KOMY YPOBHIO, IOBX TOKEH
ObITh He Oosbmie 1,6 MA. HamparieHus IOBx " Ile MOKa3aHbl CTpenkaMu Ha puc. 5.2. Bxox ¢ takumu
XapaKTepPUCTUKAMU HasbIBaeTcs cmandapmuvim TTJI-exo0om v cmanoapmuoi TTJI-naepyskoil.
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Puc. 5.4. TTJI-BoIxon
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Puc. 5.5. Cxema cusatus xapakrepuctuku TTJI-BbIXona IpH BBICOKOM YPOBHE HAIPSDKEHUsI (@); XapaKTepucTuka (6)

TTJI-BeIX0ABI OBIBAIOT TpeX THUIOB: HOpMaNbHBIA TTJI-BBIXOJ, BBIXOJ C OTKPHITHIM KOJUIEKTOPOM M BBIXOJ C
TpeMs cocTostHUAMHU. Cxema Hopmanvrozo TTJI-évixooa mpuBeneHa Ha puc. 5.4. [lyis Toro 4roObl co3/1aTh Ha
BBIXO/I€ BBICOKUH YPOBEHb HANpSKEHUS, C MIOMOIIbI0 BHYTPEHHUX YIPABISIOUIMX LENed OTKPhIBA€TCsS BEPXHUIMA
TPaH3UCTOP U 3aKPbIBAETCs HIDKHUNA. ECIIHM MOCTaBUTh SKCHEPHMEHT MO cXeMe, H300paxeHHO! Ha puc. 5.5,1, TO
MOJKHO CHAThH BBIXOJIHYIO XapakrtepucTuky TTJI-BbIxo/ia Ipy BEICOKOM YPOBHE HAIpsDKEHUs (puc. J.5,6). 13 aroii
XapaKTEPUCTUKU BUIHO, YTO C BO3PACTAHMEM BBITEKAIOIIETO TOKA I n,x HampsDKEHHE Ha BBIXOZE YMEHBILAETCs.
Cranpaptabiii TTJI-Beixoq nomxeH oOecrieunBaTh MpH | - paBHOM | MA, BBICOKHII ypOBEHb HamNpshKeHUs (HE
MeHbI1e+2,4 B).
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Puc. 5.6. Cxema cusarus xapaxkrepuctuku TTJI-BeIxoza py HU3KOM ypOBHE HAIPSDKEHUS (@), XapaKTepHCTHKA (D)

st Toro 94To0BI cO3MaTh Ha BBIXOJE HANPSDKEHUS HU3KOTO YPOBHS, C TIOMOIIBI0 BHYTPEHHUX YIPABISIONIAX
LIENEH OTKPBIBAETCS HUKHHUM TPAH3UCTOP U 3aKpbIBacTcs BepXHUU. CxeMa, C MOMOIIbI0 KOTOPOH MOXHO CHATH
BBIXOJIHYIO xapakTepuctuky TTJI-BbIxona, M caMa xapaKkTepHuCTHKa NMpUBENEHBI Ha pHuc. 5.6. M3 aToil xapakTe-
PUCTHKM BHJIHO, YTO C BO3pacTaHUEM BTEKalOLIEro Toka HampsbkeHue Ha TTJI-Bbixome, Haxoxsuiemcs B
COCTOSIHMH HH3KOTO HApSKCHHs, yBemuuauBaercs. Crammaprasiii TTJI-BEIXox JomKeH oGecreunsats mpu 10y,
PaBHOM 16 MA, BbICOKHH ypoBeHb HanpsikeHus (He 0ozee 0,4 B). Eciu Tenepbh CpaBHUTH BXOJHBIE U BBIXO/HBIC
TOKH, TO BHUIHO, YTO K OJHOMY cTaHzapTHoMmy TTJI-BbIXooy MOXKHO MOIKIIOYWUTH, HE meperpyxas ero, 10
crangaptHeix TTJI-BxomoB. IMHorma HCHONB3YIOT TEPMUH "Harpy3odHas CIOCOOHOCTh" BbIXOJA WU
"k03()(PUITMEHT Pa3BETBICHUS MO BHIXOAY'", M3MEPSIONIMICA YHUCIOM BXOJIOB, KOTOPBIE MOXKHO HOAKIIOYHUTH K
JaHHOMY BBIXOJY.

Juon Mexay SMUTTEPOM BEPXHErO TPAH3UCTOpPA M KOJUIEKTOPOM HIDKHErO TPAaH3UCTOpa BKJIIOYEH AN TOTO,
9T0OBl M30€XaTh OTKPBIBAHMS BEPXHETO TPAH3UCTOpA IIPH HU3KOM YPOBHE HAINpsDKEHHS Ha BhIxoze. llpu
MIEPEKITIOYCHAH BBIXOIHBIX TPAH3UCTOPOB B KAKOH-TO MOMEHT BPEMEHH OHH 00a OKa3bIBAIOTCSI OTKPBITHIMU U TOK
yepe3 HUX Pe3KOo BO3pacTaeT (B 3TOT MOMEHT TOK OrpaHMYMBaeTcs TOJbKO pe3uctopoM K). Peskoe Bozpacranue
TOKa MOXET CO3/1aTh UMITYJIbC IIOMEXH, PACIPOCTPAHSIOIIEHCS 110 LETIsIM IUTaHus. [ nofaBiaeHNs TaKuX IOMEX
HCTIONIB3YIOTCSL Pa3BsI3BIBAIOIINE KOHIACHCATOPHI, KOTOPHIC BKIIOYAIOTCS MEXKIY JIMHUEH NHTAHUS W OOIIHM
BEIBOZIOM B HETMIOCPEACTBEHHON OJM30CTH OT MUKPOCXEMBL. Pa3BsA3bIBAIOMINIT KOHACHCATOP MODKEH OBITH OAWH Ha
rpynmy He 6osee 10 MUKpocxeM H JoKeH UMeTh eMKocTh He MeHee 0,002 Mx®d Ha MHUKpOCXeMy.

JBa HopMmanbHbBIX TTJI-BBIXOAA HENB3d MOAKIIOUATH APYr K APYLY, €CIM BO3MOXKHA CHUTyallus, KOrJa Ha
OJIHOM BBIXOJIE€ BBICOKMH, a Ha APYrOM — HU3KHUHM YPOBEHb HANpPsDKEHUS, TOTOMY YTO TOTZa TOK, POTEKAIOLIUHA
4yepe3 OTKPBIThIE TPaH3UCTOPHI pa3HbIX TTJI-BBIXON0B, MOXKET IIPEBBICUTH NOIyCTUMOE 3HAUYEHHE.
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Puc. 5.7. BpIxoJl ¢ OTKPBITHIM KOJUIEKTOPOM

Puc. 5.8, CoemuHeHue HECKOJIBKHMX BBIXOJOB C
OTKPBITHIM KOJUIEKTOPOM

Bropoit Tum TTJI-BeIXOa — 3TO Tak Ha3BIBAEMBIA 6bIX00 ¢ OmMKpbimwbiM Koliekmopom. Kak ciemyer w3
Ha3BaHUs, BBIXOJ TAaKOTrO THIA IPEICTaBiIsAeT cO00M KOJUIEKTOp TpaH3zucropa (puc. 5.7). Hdas Toro 4ToOBI
o0ecrieuynTh HOPMaJIbHYIO Pa0OTy 3TOTO BBIX0/Ia, €r0 HEOOXOJMMO COSMHUTE Yepe3 PE3UCTOP C MONOKUTEIbHBIM
MOJIFOCOM MCTOYHMKA NHUTaHUs. Torna eciam TpaH3UCTOP 3aKPBIBAETCS C MOMOUIbI0 BHYTPEHHHUX YIPABIISIOMIUX
Leneil, To HanpsbKeHHe Ha BeixoJe Oonblie +2,4 B, 4To 1ocTaTOYHO AJS CO3aHus cTaHAapTHOTO Beicokoro TTJI-
YPOBHSI; €CJH € TPaH3UCTOP OTKPBIBAETCS, TO HANPSHKEHHWE Ha BBIXOJE MAaJaceT 0 cTaHAapTHOro Huzkoro TTJI-
ypoBHs. Ilpu 3aKkpbITOM BBIXOAHOM TPAaH3UCTOPE TOK I'yux TEYET OT TONOKHTEIBHOTO TONIOCA MCTOYHHKA
NHATaHUSA 4Yepe3 pe3ucTop R, MpPH OTKPHITOM TPAH3UCTOPE TOK 1%, Teder yepe3 TpaH3ucTtop. Pesucrop R
paccuuThIBaETCs TakK, 4TOOBI 00eCIeUnTh HEOOXOJUMBIE 3HAUEHUS TOKOB I 5y 1 IIBHX.

B ornuune ot cranmapTtHbIX TTJI-BBIXOIOB BBIXOABI C OTKPBITBIM KOJUIEKTOPOM MOXKHO COEIUHSATH APYT C
npyrom (puc. 5.8). B aToM citydae BBICOKHI ypOBEHb HAIIPSKEHUS MOJIEPKUBAETCS B TOUKE COSTUHEHUS TOJIBKO
TOT/Ia, KOTJIa 3aKPBITH TPAH3UCTOPHI BCEX BBIXOJIOB, MMOATOMY B 3TOH TOUKE peasM3yIOTCs Jorudeckas GyHkius 1
TIpY TIO3UTUBHOM JIoTHKe W Jorudeckas GyHknus MW npu HeraTtuBHOM joruke. Takas cxema 4acTo Ha3bIBaCTCS
"mMonTaxkroe " nnu "mMorTaxknoe MJIN" B 3aBHCHMOCTH OT UCTIONB3YEMOW JIOTHKH.

Tpetuit Tun TTJI-BBIXOJ0B - 3TO 6bIX00bI ¢ Mpemsa COCMOAHUAMY WIH, KaK MX €Ie HA3bIBAIOT, BBIXOBI C
TPETHUM COCTOSIHUEM BBICOKOTO COIMPOTHBIJICHUS (MIIM MPOCTO BBIXOJBI C TPETBUM COCTOSIHMEM). B oTnuuue ot
HopManbHbIX TTJI-BBIX0Z0B 006a BBIXOIHBIX TPaH3UCTOPa TAKOTO BBIXOJA C MOMOILIBIO BHYTPEHHUX YHPaBIIiO-
LIUX Lenei MOTYyT OBbITh 3aKpbITHl. B 3TOM cilydae yepe3 HUX MOXKET NpOTEKaTh JIUIIb HEOONBLUIOW TOK YTEUKH
(OOBIYHO HECKOJBKO MHKpPOAMIIEP) W TOBOPAT, YTO BBIXOIBl HAXOMATCS B OTKIIOUEHHOM COCTOSHUU WIH B
COCTOSIHUM BBICOKOTO CONpOTUBIEHHA. [l mepeBoja BBIXOJOB MHUKPOCXEMBI B COCTOSHME BBICOKOIO
COIIPOTHUBIICHUS, KaK MPaBUIIO, UMEETCsl CIIeLUANbHBIA YIPaBISIOMINUNA BXO, UM €CJIM 3TOT NEePeX0 MPOUCKXOIUT
BCJIEJICTBHE KaKHX-TMOO HEYNMpaBIIeMbIX BHYTPEHHUX MPOIIECCOB, TO UMEETCS CTICIUAIBHBIA BBIXOJI, COCTOSHHE
KOTOpOTO IOKAa3bIBAeT, MEPEBENEHB! JIU B COCTOSHUE BBICOKOTO CONPOTHUBIIEHUS IPYIHE BBIXOABI. BBIXOIBI C
TPETbUM COCTOSHUEM CKOHCTPYHPOBAHBI CIIEHUAIBHO U1 TOTO, YTOOBI MOXXKHO OBLIO MOJKIIIOYAaTh HECKOJBKO
BBIXOJIOB JJIsI YIPaBJICHUS COCTOSTHUEM OJHOM JuHUHM. Koria HECKOJbKO BBIXOJOB C TPETHHUM COCTOSHUEM
MOJKJIIOYEHBI K OJHOW JIMHUM, TO B ONPEAEICHHBIII MOMEHT BPEMEHM TOJBKO OJUH M3 HUX MOXKET YIpPaBJIATh
COCTOSIHMEM 3TOW JIMHUM (T. €. CO37aBaTh HAa HEHl ypOBEHb BBICOKOTO WJIM HU3KOTO HampsokeHus). OcTallbHble
BBIXOJIbl JOJDKHBI HAaXOJUTBCS B COCTOSHUM BBICOKOTO CONPOTUBIEHHS. B 3TOM COCTOSIHMM OHM HE CO3JAIOT
JIOTIOTHUTENFHYI0 HArpy3Ky Ha TPaH3HCTOpHI paboTaromiero Bbixoaa. EcTecTBeHHO, 4TO 3TO TpedyeT crie-
OUATBHBIX JJIEKTPOHHBIX CXEM, KOTOPHIC YIPABIIAIOT TEM BBIXOJOM, KOTOPBIA TOJDKEH PadoOTaTh B KaKOH-THOO
OTPE/ICIICHHBIII MOMEHT BPEMEHH.

BriBo MUKpOCXEMBI MOKET OBITh BXOJOM WM BBIXOJIOM M, KPOME TOTO, MOXKET COBMEIIATh STH (YHKIIUH.
OTO JOcTHTraeTcsl MyTeM OOBEIMHEHHS BHYTPH MHUKPOCXEMBI BXOJOB M BBIXOIOB C TPEMsS COCTOSHHSIMU WIIH
OTKPBITBIM KOJUIEKTOpOM. Il yrnpaBieHHs TaKUM BBIBOJOM y MHKPOCXEMBbI MMEETCS CIEeIHaJbHBIA BXOJ, B
3aBHCHMOCTH OT CHTHajla Ha KOTOpoM BbIBOJ padoTaeT kak TTJI-Bxox mmu kak TTJI-BEIXOA B pa3HbIe MOMEHTHI
BpemeHn. Himke OymyT BCTpedaThCsi MHKPOCXEMBI CO BCEMH pa300paHHBIMH THIIaMH BBIBOJIOB. HopmanbHbIe
TTJI-Bxonet m TTJI-BeIXOAsl B JanbHEWIeM OyJeM Ha3bIBaTh MPOCTO BXOJAaMU M BBIXOJAMH, a BO BCEX
OCTaJIBHBIX CITydasx OyJeM yKas3bIBaTh OMpEACTICHHBIN THII BBIBOJIA.



5.3. BPEMEHHbIE OUATPAMMbDI

SHCKTpI/I‘ICCKI/Ie CHUI'HAJIbI, KOTOpI)Ie COOTBCTCTByIOT OHpeZ[eJIeHHLIM JJOTHYECKHM COCTOSAHUAM, MOXHO
HaOII0JaTh HA BBIBOAAX Pa0OTAIONIMX MHKPOCXEM C IMOMOIMIBIO OCIMILIOrpada MM JIOTHYeCKoTo npoOHuKa. Ha
puc. 5.9,a mokasaHO HM300pakeHHWE Ha JKpaHe ocIuiorpada 3JIeKTPHUECKOr0 CHrHajia ¢ BbIBOAa HHU(POBOI
MHKpOcxeMbl. OCh BPEMEHH PACIIONIaracTCs TOPH30HTATIBHO, & OCh HAMPSDKEHHH — BEPTHKAIbHO. Bpems yBemu-
YMBAETCsI CJIeBa HANpaBo, T. €. M3 IBYX COOBITHI mpaBee OKaxercs Oojee mo3mHee. Takoe pacrojioXeHHe U
HaIpaBlICHHE OCH BPEMEHH TPAJAUIIHOHHBI U MCIIOJIB3YIOTCS BO BCEX OCIMLIOrpadax.
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Puc. 5.9. IUCKpETHBII CUTHAI:
a - Ha 3KpaHe ocumniorpada; 6 - ycioBHoe rpaduueckoe n3o0 -paxkeHue

DOJeKTpUYEeCKre CHTHAJBI C BBIBOJIOB IU(POBBIX MUKPOCXEM MPHHATO M300pakaTh B MPOIIECCE UX N3MEHEHUH
BO BpeMeHH (puc. 5.9,6). Takue ycloBHbIE Tpaduyeckrue N300pakeHIs HA3bIBAIOTCS BPEMEHHBIMH JHAarpaMMaMH.
Ha BpemeHHBIX AMarpamMMmax He HaHOCSTCS OCH HalpsDKeHUS U BpeMeHHu. HyneBas oTMeTKa BpEMEHM Takke He
HAHOCHUTCS, TaK KaK OOJBIIMHCTBO MPOILIECCOB MEPUOJNIECCKH MOBTOPSETCS M JOCTATOYHO M300pa3suTh MHTEPBAI
BpeMEHH HEMHOTO OOJBIIMM IIepHoJia MNOBTOPEHWS, UYTOOBI IHMarpaMMa cojiepykajga BCIO HEO0OXOANMYIO
UH(POPMAIHIO O IPOUCXOAAIIEM MPOLIECCE.

[IpuBeneM HEKOTOpHIE COTIIALICHUS, KOTOPBIE HCIIONB3YIOTCS MPH H300PaKEHHHU CUTHAIOB Ha BPEMEHHBI'X
quarpaMMax. BBICOKHMIT ypoBeHb u300pakaeTcs, Kak TIokazaHo Ha pwuc. 5.10,4, COCTOSHHE BBICOKOTO
COTIPOTHUBIICHUS - KaK Ha puc. 5.10,B, HU3KHUIl ypoBEHB -Kak Ha puc. 5./0,6. LLITpuxoBble TMHUH HA STUX PUCYHKaX
MIPUBEJICHBI TOJIBKO JIJIsl CPAaBHEHHS M 0OBIYHO He HaHocaTcs. Ha puc. 5.11 nmokaszano, kak n300paxaercs mepexo
C OZTHOTO YpOBHS Ha Ipyroi. [lepexox OT HU3KOTO YpPOBHS K BHICOKOMY HAa3BIBAaCTCS (DPOHTOM, a OT BBICOKOTO K
HU3KOMY — cpe3oM. MHorIa yrmoTpeOaioT Takke TePMUHBI "HapacTaIONIMiA U crafaroniuid GpoHT"”, "mepenHuii u
3anHuil GpoHT", "MONOKUTENbHBIM U OTPULIATENbHBIA (POHT" W HEKOTOpbIe Apyrue. Eciau mepexoa OT OAHOTO
YPOBHSI K JPYTOMY IIPOHUCXOJUT HE B KOHKPETHBIH MOMEHT BPEMEHH, a MOXET IPOU30UTH B JIOO0H MOMEHT
BpPEMEHH B TCUCHHE HEKOTOPOTO HHTEPBAJIa BpEMEHH, TO 3TO H300pakaeTcs Kak Ha puc. 5.12.
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Puc. 5.11. N300paxxenue GpoHTOB:

Puc. 5.10. U306paxeHne ypoBHEH HaPSKEHUS:
a - GpoHT; 0 - cpe3

a — BBICOKHM; 6 — HM3KHMN; 6 — COCTOSHHE BLICOKOI'O CO-
MIPOTHUBJICHHS
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Puc. 5.12. V3oOpaxeHue (QPOHTOB B HEONPE/ICICHHBIH
MOMEHT BpEMEHHU d )

Puc. 5.13. V300pakeHne 3aBUCHMOCTH OJHOTO CHTHaua OT
JpYyroro

M3MmeHeHne OJHOTO cHUTHala MOXET OBITh NPUYMHON W3MEHEHHs Jpyroro curHaia. Eciu u3MeHeHue
BBI3bIBacTCS (DPOHTOM CHTHAJA, TO 3TO M300paXkaeTcs Kak Ha puc. 5.13,51, ecm ypoBHEM CHTHaJIa -TO KaK Ha puC.
5.13,6. ITpu 3TOM Kpy>KOK OTMEUAET TOT JIEMEHT CHUTHAJIA, KOTOPHIH BBI3BIBAET U3MEHEHHE, & CTPEIJIKa YKa3hIBAeT
Ha HW3MEHEHHE 3aBUCHMOTO CHUTHana. V3MeHeHHe OJHOr0 CHTHajla MOXET OBITh NPUYMHOW H3MEHEHHH
HECKOJIbKHX CHUTHAJIOB, TOTJIa 3TO H300pakaeTcs, Kak MOKa3aHO Ha puc. 5.14, u HaoOOpOT, H3MEHCHHE
HEKOTOPOTO CHTHAJIa MOXET BBI3BIBATHCSA TOJBKO ONPENCICHHBIMH W3MEHCHUSIMA HECKOJIBKUX IPYTUX CUTHAJIOB
(puc. 5.15).

Puc. 5.15. N300pakeHne 3aBUCHMOCTH OJHOTO CHUTHaua OT
HECKOJIBKUX JPYTHX

Puc. 5.14. U300paxxeHne 3aBUCHMOCTH  HECKOJIbKHX
CHUTHAJIOB OT OJJHOTO

Puc. 5.16. I306paxeHne HEONPeIeICHHOT0 CUrHalIa

Ecmu ypoBeHb Ha BXOJ€ MHKPOCXEMBI HE BIUSET HAKAK HA €€ paboTy WM yPOBEHb HA BBEIXOJE HE ONpeIeiIeH
(He ycraHaBIMBaeTCs), TO ATO U300paxkaeTcs Tak, Kak Mmoka3zaHo Ha puc. 5.16. Eciu Heobxonumo n300pa3uth Ha
BPEMEHHO# muarpamMme COCTOsHHS U DPOHTHI HECKOJIBKHX CHTHATIOB, KOTOPHIC BEAYT CeOS OMUHAKOBO C TOUKU
3peHUs TEPEKITIOYEHUI, HO MOTYT MMETh pa3Hble YpPOBHHU, TO 3TO JENAeTcs Tak, KaK MoKa3zaHo Ha puc. 5.17.
JmUTenbHOCTH WHTEPBAJIOB BPEMEHH MEXKIY KaKUMH-THO0 W3MEHEHUSIMH CHTHATIOB M300payKarOTCsl ¢ TIOMOIIIBIO
OykB wiu 1udp Ha BRIHOCHBIX JuHUAX (puc. 5.18). Ha aTOM ke pucyHKe MOKa3aHO, Te MUIIYTCS OyKBEHHBIC
0003HaUCHUS CUTHAJIOB (CJIEBa PSAJIOM C COOTBETCTBYIOIICH BPEMEHHOM TUarpaMMoit).
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Puc. 5.18. VI300paxkeHne BpeMEHHbBIX HHTEPBAJIOB
Puc. 5.17. U300pakeHHEe HECKOJBKUX CHTHAJIOB,

BEOyIUX ce0sl MOCHTUYHO C TOYKH 3PEHUs IEPEXOIOoB C
YPOBHSI Ha YPOBEHB

5.4. MMKPOCXEMbI, PEAJTU3YIOLWWUE JTOTMYECKUE ®YHKLUNN

B atom u crienyromem naparpadax OyayT omMcaHbl MEKPOCXEMBI, UcTionb3yeMbie B [IM-OBM. Kak npasuio,
WHXEHEPOB, UMEIOMIUX JEJ0 C MHUKPOCXEMaMM, HE WHTEpECyeT MX BHYTPEHHee YCTPOICTBO, UX HMHTEPECYIOT
TOJIBKO BBIMOJMHSEMbIE UMM (YHKIUH W XapaKTEPUCTUKU BXOJOB M BBIXOAOB. DYHKIMM MHUKpOCXeM OymyT
OIIHCHIBATHCS C TIOMOIIBIO TaOJIHIl, B KOTOPBIX OYAyT YKa3bIBaTHCS BXOTHBIC M BHIXOTHBIC KOMOWHAIINN CHTHAJIOB
HU3KOTO W BEICOKOTO ypoBHe#. CHTHAI HU3KOTO YPOBHS OyzeT o003HavaThcs OykBoit L, Beicokoro — OykBoit H,
({bpoHT — cTpenkoii t, cpe3 — cTpenkoit 4. Eciiu curHan HUKak He BIUSET Ha paboTy MHUKPOCXEMBI B KAKOM-JTH00
pexxuMe, oH OyneT o0o3HaYaTbes cuMBOJIOM X. [l ommcaHusi pabOThI MHKPOCXEM OYIyT TaKKe MPHUMEHSATHCS
TaONHIIBI HCTHHHOCTH W BPEMEHHBIC AMArpaMMBL. JIJIs KakJoH MUKPOCXEMBI OyIeT MPHBOAUTHCS €€ YCIOBHOE
rpaduyeckoe uzobpaxkenne. Homepa BBIBOJOB, Ha KOTOpPbIE MOAAETCS HANpsOHKEHHUE MUTaHUA, U HOMEpa OOIIUX
BBIBOJIOB IIEPCUYNCIICHBI B IPUJIOKCHUU 3.
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Puc. 5.20. MuxpocxemaK589AI116 Kak

Puc. 5.19. Mukpocxema K5 89AII16 o
JIBYHATIPaBIICHHBIA Oydhep

Muxkpocxema K589AII16 (puc. 5.19). DTa MuUKpocxemMa CONEPIKHUT YETHIPE AIEMEHTa, KaKIbIA U3 KOTOPBIX
IpeJHa3HaueH I OpraHu3aluy OJHON JIMHUM JBYHANpPaBICHHOW IIMHBI MEpelauyd JAHHBIX U Ha3bIBAaeTCA
HIMHHBIM (hopMmupoBaTeneM. Bce ueTbipe anemMeHTa mMeroT obuiue ynpasmsiomme Bxofasl CS u S. Kaxnaprid
JIIEMEHT MMeeT BX0oJ A, BbIXoa C ¢ TpeMst COCTOSHUSIMU M BBIBOJ B, KOTOpEIN paboTaeT Kak BXOJ MM KaK BBIXOJ



¢ Tpems cocrosiHusiMu. Korma Ha ympasmsroniem Bxoae CS BbICOKHU ypoBeHb, Beixoasl C m B HaxomsTcs B
OTKJTFOYEHHOM COCTOSTHUU (Tabis5.1).

Ecan Ha Bxoge CS HU3KUI ypOBEHb, TO CUTHAJIOM Ha BXOJE S MOKHO YIPaBIISITh HANPABICHUEM IEpeauH.
[Ipu HM3KOM ypOBHE Ha BXOJIe S CHMTHAI mepeaaeTcsl OT Bxojaa A Ha BBIXOJ B, T. €. ypoBeHb CHUTHAa Ha BBIXOJIC
takbii ke, kak u Ha Bxoze. Beixon C mpu 3TOM HaXOAMUTCS B OTKIIFOUEHHOM COCTOSTHUU. [Ipy BBICOKOM ypOBHE Ha
BXOJIe S curHan nepeaaercs ot BxoAa B k Beixony C, a Beixoa B HaxonuTcs B OTKIIOYEHHOM COCTOSIHUH. Takum
o0Opa3oM, BeIBOJ B MoxeT paboraTh u Kak BXOJ s Bbixojga C, W Kak BBIXOJ JJIS BXOoAa A, W €ro MOXKHO
WCIIOJIB30BaTh ISl OPTaHU3aIluu OJHOW JIMHUYW JIBYHAIIPABJIICHHOHN IIWHBI /IS epeaadn NaHHbIX. BeiBoasl A u C
MOXXHO COENUHATH Apyr ¢ apyroMm (puc. 5.20), Torma 3TH BBIBOABI MOXHO TaKK€ HCIOJB30BaTh KaK OIHY
JIBYHATPaBICHHYIO JIMHUIO, HAIIPABJICHUEM TI€peIavu 110 KOTOPOH, YIIPaBIIsSeT BXO S.

Tabnuua5.1
YpoBeHb curHana Ha HanpaBneHue nepepgaun Bbixog B
ynpaBnfowmx Bxoaax oT-
curHana KNIOYEeHHOo
M
CS S oT Bxopaa K BbiXxoay —
COCTOSIHUM
HLL X Het AB HetBC B,CCB
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Puc. 521 Mukpocxema Puc. 5. 22I. Muxkpocxema Puc. 5.23. Muxkpocxema
K155JIH1 K155JIA3 K155JIA1

Muxpocxema K155JIH1 (puc. 5.21). DTa MHUKpocXeMa COAEPKHUT IIECTh JIEMEHTOB, KKIBI M3 KOTOPHIX
MMEET OJIMH BXOJ U OJIMH BBIXOJI U BBITIONHSET Jorumueckyro ¢ynkmuto HE (tabm. 5.2 u 5.3).

Mukpocxema KI155JIA3 (puc. 5.22). DTa MHUKpocXeMa COJIEPKHT YETHIPE DIEMEHTAa, KKIBIA M3 KOTOPBIX
HMEET JIBa BX0/Ia M O/IMH BBIXOJ M BhIonHseT ¢pyHkiuio 1 — HE npu nosutusHoit u ¢pyrxuuo NJIN — HE mpu
HeratuBHOW Joruke. Ha puc. 5.22 mpuBoaWTCS YCIOBHOE TpaduuecKkoe M300pakeHUEe dTOW MHUKPOCXEMBI MPH
MMO3UTHBHOH Jloruke. Tabmnuima 5.4 onuchiBaeT paboTy Ka)JIOTO JBYXBXOIOBOTO 3JIeMeHTa; Tabi. 5.5 u Tabmn. 5.6
— TabIUIBI ICTUHHOCTH [ TO3UTUBHOM U HETaTUBHOM JIOTUK COOTBETCTBEHHO.

Tabnumas.2 Tabnwia 5.3
Bxon Brixon Bxon Brixon
L H 0 1
H L 1 0
Tab numa 5.4 Tabawuias.5 Tabnumabs.6
Bxoapbl Bbixon Bxoabl Bbixon Bxoabl Bbixop
L L H 0 0 1 0 0 1
L H H 0 1 1 0 1 0
H L H 1 0 1 1 0 0
H H L 1 1 0 1 1 0




Muxkpocxembl K155JIA1 u K155JIA2. DTH MHKpPOCXEMBI BBHIMOJHSAIOT (DYHKIIUH, aHAJOTHYHBIC (DYHKIUSIM
mukpocxembl K155JIA3, 1. e. pynkuun U-HE npu nozutusao#t n Gpynkuuu UJIN-HE npu HeraTuBHOM JNOTHKAX.
Muxpocxema KI155JIA1 (puc. 5.23) coaep>XuT ABa YETBIPEXBXOJOBBIX AJIEMEHTA, U MOATOMY BBIOIHAEMAsS €10
¢hyskwst HazeIBaetcs U o0o3Havyaercss 41 — HE (4UJIN- HE). Tak kak moJiHbie TaOJIHIIBI, OTIMCHIBAIOIINE Pa0OTy
9TOW MHKpPOCXEMBI, ObLIM OBl BENWKH, MPHBEIEM HX B COKpalleHHOM Buzae (Tabm. 5.7-5.9). Tabmuma 5.7
OmuChIBaeT paboTy omHOro aneMeHTa MHUKpocxeMbl KI155JIA1, tabn. 5.8 u 5.9 - Tabnuupsl HCTUHHOCTH TpPH
MIO3UTUBHOI U HEraTUBHOM JIOTHKAX COOTBETCTBEHHO.

Ta 6 nnua5.7 Tabnuua 5.8 Tabnuua 5.9
Bxoabl Bbixop, Bxoabl Bbixop Bxoabl Bbixog
L X | X | X |H 0 X | X [ X [1 1 | X [ X | X |0
X L | X |X |H X 0 [ X | X |1 X1 [ X |X |0
X X |L |[X |H X X |10 [ X |1 X[ X [1 | X |0
X X | X |L |H X X | X [0 |1 X[ X [ X |1 ]0
H H|H | H|L 1 1 (1 |1 |0 0(0 (0O (0O |1
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! Puc. 5.26. Mukpocxema
Puc. 5.24. Mukpocxema K1551 14
K155J1A2 Puc. 5.25. Mukpocxema

K155JIE1

W3 tabn. 5.7 BumHO, YTO ecau XOTS ObI Ha OJHOM M3 YETHIPEX BXOJIOB 3JEMEHTA MPUCYTCTBYET HU3KUIl
YPOBEHB, TO Ha BBIXOZE OyJeT BBHICOKMI YpOBEHb. TOJBKO KOTJa Ha BCEX YETHIPEX BXOJaX BBHICOKHH YPOBEHb, TO
Ha BBIXOJI€ — HU3KHUH YPOBEHb.

Muxkpocxema KI155JIA2 (puc. 5.24, tabn. 5.10) comepXUT OMUH BOCBMHUBXOJOBBIM 3JIEMEHT, KOTOPBIi
BemosasgeT ¢yaknuo 81 — HE npu mosutuBHOU noruke (tadn. 5.11) n dyskmuro 8UJIM — HE (Tabdn. 5.12)
IIPY HEraTUBHOM JIOTHKE.

Muxkpocxema K155JIE1 (tabm. 5.13, puc. 5.25) conep>KUT 4eThIpe dJIEMEHTa, KaXKIbI U3 KOTOPhIX UMEET JBa
BXOJIa ¥ OJIMH BbIXoA U BbimonHsAeT GpyHkiuto MJIM — HE npu no3utuBHOM noruke(tabdm. 5.14) unu dyHkuuo U
— HE (tabn. 5.15) npu HeraTUBHOM JIOTHKE.

Tabmmma 5.10

Bxoabl Bbixog
L X X X X X X X H
X L X X X X X X H
X X L X X X X X H
X X X L X X X X H
X X X X L X X X H
X X X X X L X X H




Tabnuua 5.11

Bxoabl Bbixopg
0 X X X X X X X 1
X 0 X X X X X X 1
X X 0 X X X X X 1
X X X 0 X X X X 1
X X X X 0 X X X 1
X X X X X 0 X X 1
X X X X X X 0 X 1
X X X X X X X 0 1
1 1 1 1 1 1 1 1 0
Ta6nuua 5.12
Bxoabl Bbixopa
1 X X X X X X X 0
X 1 X X X X X X 0
X X 1 X X X X X 0
X X X 1 X X X X 0
X X X X 1 X X X 0
X X X X X 1 X X 0
X X X X X X 1 X 0
X X X X X X X 1 0
0 0 0 0 0 0 0 0 1
Ta6bnwuua 5.13 Tabnuua 5.14
Bxoabl Bbixopg Bxoabl Bbixop
L L H 0 0 1
L H L 0 1 0
H L L 1 0 0
H H L 1 1 0

Mukpocxema KI1551/14 (puc. 5.26, Ttabn. 5.16, 5.17). Dra MuKpocxema CcOIEpXKHT xaBa nemudparopa-
MYJIBTUILIEKCOPA.

[pexxae Bcero oOpaTMM BHHMaHWE HA TO, YTO BBIBOABI B M A sBisIOTCS BXOIaMu Aist 00ouX AeindpaTopos-
MYJIBTHILIEKCOPOB. Kaxkapii genmidpaTop-MyIbTHIDIEKCOP MMEET CBOM YIIpaBIsiomue BXoasl: BeIBoAbI SI, D u S2, E.
W3 Tabmn. 5.16 BuaHO, 4TO eciy Ha ympasiistonieM Bxojae S1 BBHICOKHI ypOBeHb, a Ha BXoae D HHM3KHIA, TO Ha BBIXOJaX
DO — D3 BbicOKHII ypOBEHb HE3aBHCHUMO OT TOTO, KakKMe ypoBHU Ha Bxomax B m A. Tak ke u ans BTOporo
nemrgparopa u3 Tadba. 5.17 BUAHO, UTO €CM Ha YHpaBisomuX Bxoaax S2 u E BbIcOkue YpOBHH, TO HA BBIXOJAX
EO-E3 Ttoke BBICOKHE YpOBHHM HE3aBHCHMO OT TOTO, Kakhe YpoBHH Ha BXomax B m A. IlodToMy, 9TOOBI
HCTIONIB30BATh 3Ty MUKPOCXEMY Kak ABa Aemmdparopa, HEOOXOIMMO MONATh Ha YIPABILIIOMIAE BXOIBl YPOBHH,
paspemaiomue paboTy BBIXOIOB (HHU3KHM M BBICOKMH YpoBHH Ha BXoAbl SI u D COOTBETCTBEHHO, 1 HHM3KHE
ypoBHH Ha Bxojbl S2 1 E). Torna B 3aBUCUMOCTH OT YpoBHEH (T. €. OT KOJ0BOW KoMOWHaNMK) Ha Bxojgax B u A
HU3KWW yPOBEHB NMOSBUTCS HA 01HOM U3 BbIxo7i0B DO-D3 u EO-E3.



Tabanua 5.15
Bxogbl  Bbixog

0o 1
0 1 1
1 0o 1
1 1 0
Tabmmua 5.16
Bxoabl Bbixoabl
S$1 D B A DO DI D2 D3
H X X X H H H H
X L X X H H H H
L H L L L H H H
L H L H H L H H
L H H L H H L H
L H H H H H H L

Tabanua 5.17

Bxoabl Bbixoabl
EO E1 E2 E3

rlr|lr|r| X T
rlr|lr|r| x| X m
I X r| rr| X| X
I r| | r| X| X >
I I X| rr| I X
I | r| | I X
I r| X | I X
| X | | I| X

Mynomuniexcopom Ha3bIBaeTCsl CXeMa, KOTOpasl I03BOJIAET IIepeiaBaTh CUTHAI, IIOCTYAIOMIUN Ha €€ BXO[, Ha
pa3Hble BBIXOABI, NPHUYEM TO, HAa KaKOMH BBIXOJ IME€peJaeTcs CUTHaJ, ONpelenseTcss KOIOM Ha JpYyTrux
yrpaBisiomux Bxogax. Mukpocxemy K155M/14 MOHO MCHONB30BaTh Kak JABa MyJbTHILIEKcopa. Kaxapii u3z
HUX MOXXET IIepeaBaTh CUTHAJ, IIOCTYIAIOIMI Ha €ro BXOJ, Ha YEThIPE pa3HBIX BeIXoJa. Bxomom mns ogHOro
MYJIBTHILIEKCOpPA MOXKET CIYXHUTh BbIBOA S1, mnst apyroro - BeiBox S2 wnu E. Torma mpu cooTBeTcTBYIOIEM
CUTHAJIE Ha BTOPOM YIIPABISAIOLIEM BXOJE U B 3aBUCHMMOCTH OT KOJa Ha BxoJax B u A Ha oJHOM U3 BBIXOZOB
(DO-D3 i ogaoro mynstuiuiekcopa 1 EO-E3 miast apyroro) 6yaer TOT jke CUTHA, 4TO ¥ Ha BXOJIE.

5.5. MUKPOCXEMbI, COOEPXALLUUE 3JIEMEHTbI NAMATH

Mukpocxema K155TM2 (puc. 5.27, tabn. 5.18). Ota mukpocxema coaepkut asa D-tpimrepa. [losicaum padory D-
TpurrepoB Mukpocxembl K155TM2, mons3ysice Tabn. 5.18. Kaxnpiii D-Tpurrep 3Toif MHUKpPOCXEMBI HMEET BXO.
IpeaycTaHoBKU S U cOpoca R. M3 Tabmuuel BUAHO, YTO NpH MOJade HU3KOTO YPOBHS Ha BXOX S Ha NPSIMOM BBIXOJE
Tpurrepa Q MosBUTCA BBICOKUIN ypOBEHb, & HA MHBEPCHOM BbIXoJe Q - Hu3kuil YpoBens. Huskuil yposens Ha Bxozxe R
YCTaHaBJIMBAET BBIXOJbI TPHITEPA B IPOTHBOIIOJIOKHBIE COCTOSIHUS. Ecnm Hu3Kuil ypoBeHb MPUCYTCTBYET XOTS OBl Ha
OJHOM M3 BXOZoB S mwiaH R, To curHans! Ha Bxogax C m D HHMKak He BIUSIOT Ha cocTosHue Tpurrepa. Eciom curnan
HHM3KOTO YPOBHSI [IO/IaBaTh OMHOBPEMEHHO Ha BXObl S " R, T0 Ha 060HX BhIXOAAX (IIPSIMOM M HHBEPCHOM) YCTAHOBHUTCS
BBICOKHI YPOBCHb; €CJIM 3TH CUTHAIIBI OAHOBPEMEHHO CHSTH, TO TPUTTEP MOXKET YCTAHOBHUTEHCS B IFOOOE COCTOSIHUE,
MOSTOMY TaKOH CUTyalluu HEOOXOIMMO U30€eraTh.
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Tabnuua 5.18

Purc. 527 Muspocucma HISSTM2
Puc. 5.27. Mukpocxema K155TM2

Bxoabl Bbixoabl
S R Cc D Q Q
L H X X H L
H L X X L H
L L X X H H
H H L X Qs Qs
H H H X Qs Qs
H H 1 X Qs Qs
H H t H H
H H t L H
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Puc. 5.28. Bpemennas quarpamma paboTsl MEKpocxeMsl K155TM2

BykBoit Qs B Tabm. 5.18 0003Ha4Y€HO COCTOSHUE TPUITEPA, KOTOpOoe OBUIO A0 TMOJA4Yd YKa3aHHBIX
YIpaBISIOMUX cUrHamoB. M3 Tabm. 5.18 BUAHO, 9TO HU3KUN ypOBEHb, BHICOKHH YPOBEHB, a TAaKXKe MEPEeXoj OT
BBICOKOI'O K HM3KOMY YpOBHIO Ha Bxoje C HHMKaK He BIUSIOT Ha COCTOSIHUE Tpurrepa. TosbKo mepexon OT
HU3KOT'O YPOBHSI K BBICOKOMY YCTAaHABJIHMBA€T Ha BBIXOJE TPUITEpa TOT YPOBEHb, KOTOPBIM B JaHHBIH MOMEHT
INPUCYTCTBYeT Ha BXoie D, a Ha MHBEPCHOM BBIXOJE YCTaHABIMBAET UHBEPCHBIM ypoBeHb. Ha puc. 5.28

MpUBelIcHa BpEMEHHAS JrarpaMmma, WITocTpupytomas padoty D-tpurrepa mukpocxemsl K155TM2.

Tabnuua 5.19

Bxoabl Bbixogbl
C D Q 0

L X Qs Qs

H H H L
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Puc. 5.30. Bpemennas quarpamma padboTsl Mukpocxemsl K155TM7

Puc. 5.29. Mukpocxema K155TM7

Mukpocxema K155TM7 (puc. 5.29, Tabn. 5.19). Ota Mukpocxema coaepXut uyetsipe D-Tpurrepa.

Kaxxnsiit Tpurrep umeer Bxog D, Beixoasl Q u Q u ympasistonuil Bxox C, HO yIpaBiIsIIOIIUE BXOJbI BCEX
TPUITEPOB HE MOJKIIOYEHBI K OTAEIBbHBIM BBIBOJAM MHKPOCXEMBI, @ COEIMHEHBI TIOMAPHO U MOJKIIOYEHBI K BBIBOJAM
4 n 13. [losTOMy TpHUITEpaMH 3TOH MUKPOCXEMBI HENIb3s YIIPABIIATE 110 OTACIBHOCTH. M3 Tabi. 5.19 BuaHO, 9TO ecnu Ha
ynpasistronieM Bxojie C HU3KUH ypOBEHb, TO yPOBEHb CHT'HANIA Ha BBIXOAE Tpurrepa Q ocTaeTcs HEU3MEHHBIM, a €CIH
BBICOKHH ypOBEHb, TO YPOBEHb CHTHAJIa Ha BBIXOJE TPUITEPa OBTOPAET YpOoBEeHb Ha Bxoae D. Bpemennas auarpamma,
MOSICHSIOIIAsE paboTy TpHUrrepa, npuBeaeHa Ha puc. 5.30. Tpurrep Takoro THUIA YacTO HA3BIBAIOT "3aIEIKON", TaK KaK C
€ro MOMOIIBI0 MOXKHO B JIF000I MOMEHT 3apMKCHpPOBaTh yPOBEHb KaKOro-IM00 CUrHaJa.

Muxkpocxema KP541PY2 (puc. 5.31). Ora MuKpocxema SIBISIETCSl ONEPATHBHBIM 3alIOMHHAIONIMM yCTPOHCTBOM
emkoctblo 4 KOur c¢ opranmsamueit 1024x4 Owuta. DTO 3HAUUT, YTO BHYTPU MHKpOCXeMbl cozaepxurcs 1024
3allOMHUHAIOIINE STYEHKH, KaXK/1asi U3 KOTOPBIX COCTOUT M3 YETBIPEX IBOMYHBIX pa3psiioB. st agpecanuu siueex mamsTu
BHYTpU MHKpocxeMbl mmeetcst 10 agpecHpix BxogoB AO — A9. Kaxaoli KOMOMHAIIMU CHTHAJIOB HA 3THUX BXOJAaX
COOTBETCTBYET onHa s4elka. [l mepenaum mHpopManuu B SYEHKH MaMATH HPHU 3alUCH U U3 AYEEK MaMATH IIpU
cunTeiBaHUN UMeroTcs BEBOABI QO — Q3. Ilpm 3ammcu mHPOpMAUK 3TH BHIBOABI Pa0OTArOT Kak BXOIBI, a IpH
CUMTHIBAHUHM — KaK BBIXOJBI C OTKPBITHIM KoJuteKTOpoM. Bxon WE ympapnser pekuMoM 3alMCH ¥ CUNTHIBAHUSA: MIPU
BBICOKOM YPOBHE Ha 3TOM BXOJAE MHUKpOCXEMa paboTaeT B PEKUME CUMTHIBAHUS, NPU HU3KOM — B PEXHUME 3aIHCH.
Bxon CS ynpasnser pabortoii BeiBogoB QO — Q3. Ilpu BEICOKOM ypOBHE Ha 3TOM BXOJle HH(POPMAITUs HE MOKET OBITh
CYMTaHa WM 3alicaHa. B pexxume cunThIBaHMS HU3KUH ypoBeHb Ha Bxoae CS paspemaer paboty BeiBo1oB QO — Q3
KaK BBIXOJIOB, 4@ B PEIKUME 3allMCU — KaK BXO/I0B. BpeMeHHble AuarpaMmbl pa6OTI)I MHUKPOCXEMBI B PCKHUMEC 3aIlIUCH
CUMTBIBAHUS NMPHUBEIEHBI Ha puc. 5.32.

Muxkpocxema KP556PT4 (puc. 5.33). Ota MuKpocxema SBISETCS MOCTOSHHBIM 3allOMHHAIOIIUM yCTPOMCTBOM
emkocTbto 1 Kout ¢ opranusauueit 256x4 6ura, T. €. BHyTPH MUKPOCXEMBI COJIEPXKUTCS 256 sUeeK MamsTH, KaKaas u3
KOTOPBIX COCTOMT M3 ueTblpex paspsmoB. Mudopmanus, zanmcannas B I13Y, He cTupaercs npH BEIKIIOYEHHH
HanpspkeHnst nutaHud. g 3amucn mHpopmannu B [I3Y ncmose3yercs crenuanbHOE yCTPOMCTBO, Ha3bIBAEMOE
npoepammamopom. Cxema nporpammaTopa st Mukpocxemsl KS56PE4 (crapoe rHasBanne mukpocxeMsl KPS56PT4)
PEXUM 3anucu HHGOPMAIMN HE IPUBOIATCS B 3TON KHHTE.

Mukpocxema KP556PT4 nmeer Bocemb Bxoa0B AO-A7 mist anpecannu S9eeK MaMsITH, YeThIPe BBIXOa C OTKPBITHIM
kosutekTopoM QO — Q3 11 CUNTHIBAHHS COAEPKUMOTO sST9eiku U 1Ba ynpapisttomux Bxoga CSO u CS1. CuutsiBanue
WH(pOPMAIMN MOXET IPOUCXOIUTh TOJIBKO TOra, Koraa Ha oboux Bxomgax CSO u CS1 Hu3kwii ypoBeHs (puc. 5.34).
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Puc. 5.31. Muxpocxema KP541PY2
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Puc. 5.33. Mukpocxema KP556PT4
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Puc. 5.32. Bpemennas nuarpamma padbotsl Mukpocxembl KP541PY2

Puc. 5.34. Bpemennas quarpamma padots! Mukpocxembl KP556PT4 npu cuntsiBaHul
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CTPYKTYPA
N ®YHKUMWOHUPOBAHUE MUKPOIPOLIECCOPHOI'O BJTIOKA

6.1. MUKPOMNMPOLIECCOP KP580UK80A

B mpenpiaymux riaBax ye MPHUBOAWINCH HEKOTOpBIE mAaHHBIE 0 MuKpomponeccope KPS80MKE80A. B 3roii riaBe
OyZeT IpOJOKEHO OMHCAaHHE 3TOr0 MUKPOIIPOIIECCOPa B OCHOBHOM C TOYKH 3PEHHS 3JIEKTPOHHBIX WM, KaK FOBOPSIT,
annapaTypHbIX OCOOEHHOCTeil ero ycrpoiicTBa M paboTel. Muxporponeccop KP580MKS0A mnpencrasiser coboit
HEHTPaJIbHBIN TPOLIECCOPHBIM 3JIeMEHT, BBIMOMHEHHbIM Mo H-MOII TexHOnorMu B BHIE OJHONH MHKPOCXEMBI.
Muxkpocxema yrakoBaHa B IPSMOYTOJIBHBIHN IIACTMACCOBBIN KOPIYC € IBYXPSAIHBIM PacIoi0okKeHueM BeIBo0B. Cepus
KP580 siBnsiercst passuruem cepuu K580 u comepUT HECKONBKO OONBIINX MHTETPAIBHBIX CXEeM, Ha 0a3e KOTOPBIX
MOXHO 3(QQEKTUBHO peaJn30BBIBATh Ppa3IMUHBIE MHUKpOIpOIeccopHble cucteMbl. Mukpocxema KPS5SS80MK80A
comepxut 5000 Tpar3ucTopoB U mMeeT 40 BEIBOAOB.

[IprBeneM HEKOTOPBIE THIIOBBIE XapaKTEPUCTUKH MUKPOIIPOIIECCOpa.

Jnana3oH pabounx temmeparyp, °C............... Ot -10 no+70
MakcumanbHast TakToBas yactota, MI............. 2,5
Hampspkenne ncTouHUKOB nuTanus, B:
Uleoooieim et +12+0,6
Ui +5 +0,25
L0 T -5 40,25
ITorpebnsiemast MOLIIHOCTB, MBT................. 1500
BricTponeiicTBre (KOJMYECTBO ONEPALMNA TUIIA PETHCTP-PETHCTP B CEKYHY )-nvnvervenvereaneanennes 625 000
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el Puc. 6.1. Muxponpoueccop KP580MK80A

Kaxmprit BBIXOA MHKpOIIpOIieccopa 00eceynBaeT IOBMX He Oonee 1,8 MA u Ilm,IX ue 6omnee 0,1 MA, T. €. MOKET OBITh
HarpyxeH omHuM craHmaptHeiM TTJI-Bxomom cepum K155. HampspkeHus nuTaHus HEOOXOIWMO IMOJABATh WIIH
OIHOBPEMEHHO, Wi B TmociexoBatensbHocTn U;, U, U3 u cHuMarh B OOpaTHOH IOCIIEZOBATEIBHOCTH.
Muxponporeccop KPS8OMK80A oTHOCHTCS K YHUBEPCATEHBIM MUKPOIIPOIIECCOpaM, OH HMEET BO3MOXKHOCTh PadOTaTh
B CaMBIX Pa3HOOOPA3HBIX pexXUMax. TOT MM HHOW PEXIM MOXKET HE HCIIOIB30BAThCS B KAXKJOH KOHKPETHON KOHCTPYK-
uun MUKpo-OBM. YcnoBHoe rpaduueckoe M300paKeHHE MHUKpPOIpolieccopa MpUBOAUTCS Ha puc. 6.1, a dyHkimu
BBIBOJOB — B Ta0iI. 6.1.

Tabmauma 6.1



O603Ha4YeHue
BbiBOAA
AO-A15 DO-D7 Bbixoabl, FIUHUKN WUHbI agpeca
[ByHanpaBneHHble JIMHUU WNHbI OaHHbIX
CurHanbl ynpaBrneHus liMHaMm

PyHKLUMOHaNbHOE Ha3Ha4YeHue BbiBOAa

DBIN Bbixoad, nMpu3HaK TOro, 4YTO LWKWHA AaHHbIX
HaxoauTcA B COCTOSIHUM npuema
MHdopmauumn

WR HOLD Bbixoa, nNpu3Hak TOro, 4TO LWMHA AaHHbIX

HaxoauTcs B COCTOAHUUN nepepayu
MHCbOpMaLIMVI Bxopn, nepesoauT LUNHDbI
AaHHbIX U appeca B COCTOAHME BbLICOKOIro

CONPOTUBIIEHNA

HLDA Bbixoa, NpU3HaK TOro, YTo WWUHbI AaHHbIX U
agpeca HaxopgsiTcsi B COCTOSHUM BbICOKOro
CONpoOTUBIEHNA

READY Bxoa, nepeBoauT MuKponpoueccop B
COCTOsIHME OXUAAHUA

WAIT Bbixoa, npu3Hak TOro, 4To MuUKponpoueccop
HaxoAuTCsl B COCTOSAHUM OXUAAHUA

O6o3HaueHue PyHKUMOHaNbHOe Ha3Ha4YeHue BbiBOAa

BbiBOAA

SYNC Bbixo4, npu3HaK TOro, 4YTo No WuHe AaHHbIX
nepepaeTcs ynpasnsmoluee CNnoBo
MuKponpoueccop

CurHanbl ynpaeneHusi npepbiBaHUSIMU

Bxoa, 3anpoc  npepbiBaHus  paGoTbl
INTERRUPT INTE M¥Kponpoueccopa Beixos, cooTeetcteyet

COCTOSIHUIO BHYTPEHHEero Tpurrepa,

ynpasnsowero npepbiBaHuem

MUKponpoLleccopa

CurHanbl CMUHXpPOHU3aLuUu

D1,02 BxoAabl Ans TaKTOBbIX MMNYJILCOB
CurHan HayanbHOro 3anycka

RESET Bxon, Bbi3biBaeT 3anuMcb B NPOrpamMmHbIN
CYEeTUYMK agpeca HYNeBOW A4eNKU NaMATU

6.2. CUHXPOHU3ALNA

Kak yxe wusBectHo u3 § 4.3, kaxkaasd KOMaHIa BBINOJHSAETCA MHKPOIPOLIECCOPOM HE MTHOBEHHO, a Kak
TI0CIIE0BATENFHOCTh MaTMHHBIX IMKI0B. Mukporponeccop KPSS80MK80A umeer 10 THIIOB MalIMHHBIX IIUKJIOB (Ta0II.
6.2), 1 Bce ero KOMaH/Ibl COCTOAT U3 KOMOMHAINH TOJIBKO 3TUX IIUKJIOB.

B cocraB KOMaHIBI MOKET BXOIWTH OT OJHOTO IO IATH LMKIOB. Ka)kIplii MalIMHHBIA LUKJI TaKXKe HE SBISETCS
HEeIeJIMMOIM omepanuel, a COCTOWT W3 MAIIMHHBIX TakKTOB. B COCTaB MamIMHHOTO IMKJIa MHKpPOIPOIECCOpa
KP580MK80A MoxkeT BXOOUTH OT TpeX A0 ISATH MAIIWHHBIX TaKTOB. MalIMHHBINA TAKT HE SIBJSETCS TAKUM K€ 3aKOH-
YEHHBIM IPOIIECCOM, KaK MAIIMHHBIA IUKJ, OONBIIMHCTBO CHUTHAJIOB MUKPOIPOLECCOpPA BBIPAOATHIBAIOTCS B OIHOM
TaKTe U CHUMAIOTCS B ApyroM. IlosToMy U1 MalIMHHBIX TAKTOB HEJb3s NPUBECTH TaKyHO K€ KIacCU(UKALNIO, KaK JUIs
MaIIMHHBIX UKIOB. Kak u B II1. 4, B TeKCTe W HA pUCYyHKax OyIeM 00o3HadaTh TakThl onHoro nukia Tl T2, ... u 1. 1.,
IMKJIBI ogHOM KoMauael C1,C2,... u T. 1.

Jnst Toro 4to0bl chOpMHUPOBATH MHTEPBAJ BPEMEHH, COOTBETCTBYIOLIMH OIHOMY MAIIMHHOMY TaKTy, Ha BXOJIbI
Mmukponponeccopa @1 u @2 momarTcs TaKTOBBIE UMITYJIBCHl (CHHXPOUMITYNbCHI). [UIMTENTPHOCTh MAIlIMHHOTO TaKTa
paBHSETCS OAHOMY NEPHOAY CHHXPOUMITYJILCOB. Bce BHYTpeHHHME oOllepali MHUKpPOINpoleccopa H (OpPMUPOBAHUE
BHEIIHUX CUTHAJIOB IIPOUCXOAAT B MOMEHTHI BpEMEHH, ONPEAEIISEMbIE CHHXPOUMITYIbCAMU.
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Puc. 6.2. TaktoBble MMnynbcbl Tabnuua 6.2

YnpaBnsioLiee cnoBo, cocrosiuiee u3
pa3paaoB WuHbI gaHHbIX DO — D7

Tun umkna DO DI D2 D3 D4 D5 D6 D7
BbIBOPKA L H L L L H L H
KOMAHAObI

YTEHUE U3 L H L L L L L H
NAMATHU

3ANUCb B L L L L L L L L
NAMATb

YTEHUE U3 L H H L L L L H
CTEKA

SAMMCBBCTEK L L H L L L L
BBOAC L H L L L L H
BHELUHEIO

YCTPOUCTBA

BblBOO HA L L L L H L L L
BHELUHEE

YCTPOUCTBO

NPEPbIBAHUE H H L L L H L L
OCTAHOB L H L H L L
NPEPbIBAHUE H H L H L H L L
BO BPEMA

OCTAHOBA

K ypoBHsIM HampshKeHHUs, 4acTOTe, (pOHTaM U (a3e CHHXPOUMITYJIbCOB MPEABSIBISAIOTCS 0CO0bIe TpeOOBaHUS
(puc. 6.2). Bxonst @1 u @2 ne ausrorea TTJI-BxogaMu. DTo eANHCTBEHHOE UCKIIIOUEHHE TSI MUKPOITpOIieccopa
KP580MKSO0A. st @1 u @2 HampsKeHHe CUTHaJIa HU3KOTO YPOBHS TOJDKHO OBITH B mpenenax ot -0,3 1o 0,8 B, a
HanpsOKEHWE CUTHaJla BBICOKOTO YPOBHS - B mpenenax oT 10 mo 12 B. YacToTa CHHXpOUMITYIBCOB JIOJKHA OBITH
He Oonee 2,5 MI'w, mepexox ¢ OMHOTO YPOBHS HAIPSDKEHHSI HA JPYTOH TOJDKEH UMeTh autensHocTh 20-30 He. Ha
puc. 6.2,51 TpUBOAUTCS BpeMeHHAas quarpamma curHainoB @1 u @2, kotopasi MOXKET OBITH HOIyYeHa C IOMOIIBIO
MHKpOCXeMBbl TakToBoro reHeparopa KP580I'dM24, koTopbhlil BhITyCKaeTCs CHENUANBHO IS MHUKpPOIpOIEeccopa
KP580MKS80A (cwm. § 6.4). 13 3T0it iuarpaMMbl BUIHO, YTO €CJIH YCIOBHO Pa3OUTh MEPUO]] CHHXPOUMITYJICOB Ha
JEeBATh WHTEpBalOB, TO curHan @1 OyneT uMeTh BBICOKUH YpPOBEHb B NEPBBIX JIBYX HHTEpBaJlaX M HHU3KHHA
YPOBEHB BO BCEX OCTANIBHBIX, a curHan P2 OyaeT MMeTh BHICOKUII YPOBEHb B MHTEPBAIAX C TPETHETO MO CEABMOMN
Y HU3KUH YPOBEHb BO BCEX OCTAJIbHBIX.

Curnanet @1 u @2 mMoryr uMers U Ooliee MPOCTYI0 BpeMEHHYyIO auarpammy (puc. 6.2,6). Ecnu He
NOJIb30BaThcd AN MX reHepanuu Mukpocxemoil KP580I'd24, To mosmyuuTh Takyw auarpaMmy INpOLIE, 4eM
cTaHmapTHy0. TpeOoBaHUS K ypOBHSAM, (pOHTAM M YacTOTE OCTAIOTCS TAKMMH K€, KaK W U1 CTaHAAapTHOU
BPEMEHHOI! quarpaMMel.

6.3. LUMHbI AOPECA, OAHHbIX U YINPABJIEHUA



[[una appeca. Mukponporieccop KPSS8OUKS80A wmmeer 16-paspsmnyro mmHy aapeca AO0-AlS5. Drta mumHa
BBINIOJIHSET ABe yHKUUU. [lepBas ¢pyHKUMSA COCTOUT B Iepegayue ajpeca siueiiku namsTu (cTeka) mpu odpamieHuu
K mamaTH (cTeky). C MOMOIIBIO 16 paspsiioB MIMHBI agpeca MOXHO apecosarh 2'¢ seek mamsu (T. e. 64
Ko6aiita). Bropas ¢yHkums muHB ajpeca — 3TO IepeAada aapeca BHEITHETO YCTPOICTBA MPH BBHIIOIHECHHU
koMmaua IN u OUT. B aTom ciaydae anpec BHEITHET0 yCTpoHCTBa NosBiseTca Ha JUHUAX AO-A7 u gyonupyercs
Ha nuHusIX A8-Al15. Tak kak ais mepenadd ajapeca BHEIIHETO YCTPOHCTBA MCHONB3YeTCs (PaKTUYEeCKH TOIBKO
BOCEMbB Pa3psI0B, TO MOXKHO aapecoBaTh 256 (2°) pa3nuuHbIX BHENIHMX YCTPOMCTB BBO/IA/BBIBO/IA.

Bpemennas nuarpaMma paOOThI IIMHBI aJpeca NpUBeAeHa Ha pHc. 6.3. AJpec NOoABIseTCsA Ha IUHE 10 PPOHTY
curHana 2 B takte T1 u nogaepxuBaercs Tpu TakTa 10 pponTa curHana @2 B rakre TX. Takt TX mMoxeT OBITh
4eTBepThIM TakToM (T4) MAIIMHHOTO IUKIIA, €CIH IMKJI HMEeT 0ojiee TpeX TaKTOB, U MOXKET ObITh TakToM T1
CJIEYIOLIETO MAIIMHHOTO LUKJIa, €CJIM JaHHBIA [IUKII UMEET TPU TaKTa.
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Puc. 6.3. BpemeHHas aHarpaMMa paOoThl IIMHBI aipeca

Kaxnas nuaus muHel agpeca spisiercst TTJI-BBIX0A0M ¢ TpeMsi COCTOSTHUSMH M Harpy304HOH CIIOCOOHOCTEIO,
paBHOl emuHHMIle. Tak Kak MMHY aapeca HeoOXOoAMMO TojaBaTh Ha MHorue Onoku [IM-DBM, To HeoOXoauMo
OydepH3oBaTh €¢ JIMHHUM, T. €. YBEIUYUTHh MX HArPy30YHYIO0 CHOCOOHOCTB. JIJIsl 3TOTr0 Kaskmas JIHMHUS ITOIKIIO-
yaeTcs K BXOAY CXEMBI, COCTOSIIEH M3 ABYX IIOCIEIOBaTENbHO BKJIIOYEHHBIX HHBEPTOpPOB (puc. 6.4). B
pe3ysibTaTe Ha BBIXOJIE BTOPOI'O MHBEPTOpa MMEETCSl CUTHAJ TaKoro >K€ YpPOBHS, KaK M Ha BXOJE MEpBOIo, HO
BBIX0J HHBepTOpa MuKkpocxeMbl K155JIH1 nmeet Harpy304Hyro criocoOHOCTh, paBHyto 10.

Muna nanaeix. Mukpomnpoueccop KPS80MKE0A nmeet 8-pa3paaHyto AByHANpaBiICHHYIO HIMHY JaHHBIX DO
— D7. llluna manHBIX BeIMONHAET ABe (pyHKuuu. IlepBas pyHKIMS — mepenada ynpaBisSIOLIEro CJIOBA, BTOPast
— oOMeH uH(popManmeil MeXIy perucTpaMu MHUKpoIporeccopa u O0JokaMu Mukpo-OBM. IlluHa maHHBIX —
€MHCTBEHHAs JByHalpaBlIeHHas IIMHA MUKpompoleccopa. Ee BBIXOIBI Takke SBIAIOTCA BBIXOAAMU C TpeMs
COCTOSIHHSIMU.

PaccmoTpuM (QyHKIMIO Tepelavyd yIpaBisomero ciosa. M3secTtHo (cM. § 6.2), 4TO MHKPOIPOIECCOP
KP580MK80A umeet 10 THIIOB MalIMHHBIX LUKI0B. MH(OpMAaIHs O TOM, KAKOTO THUIA IUKJI OYAET BHIMONHATHCS,
nepefaeTcsd B Hadasle KaKJOro IMKJIAa MO JMHUSAM IIUHBI JAHHBIX M HA3BIBACTCS YHpasiaiowum ciosom. Bce
YIIPaBISIOIINE CIOBA IIEPEIHCIECHBI B Ta0M. 6.2. YIpaBIiiiomiee CI0BO WIH TOIBKO €T0 YaCTh MOKHO 3aTIOMHHTE C
MTOMOIIBIO TOTTOJTHATENBHBIX TPUITEPOB M UCIIONIB30BATE 3aTeM JUT (HOPMHUPOBAHUS CUTHAJIOB IIWHEI YIPABICHHS.
Kak sT0 nemaercs, OyAeT onmucaHo HUXE.
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Puc. 6.4. lluna anpeca
Huis Toro 4utoOBI TOKa3aTh, YTO WAET MPOIECC Mepeladyd YMPaBIIAIONIET0 CIOBA, HCMOIB3YETCS BBIXOJ
mukponporeccopa SYNC. Bpemennas amarpamma mpuBoguTcsi Ha puc. 6.5. M3 Hee BuAHO, 4TO mepepada

YIPaBISIOIIET0 CJIOBA MO LIMHE AAHHBIX HauumHaeTcs mo ¢GpoHTy curHana @2 B Takre T1 M 3akaHUMBaeTcs IO
ToMy e (hpoHTy curHaia d2 B Takre T2.
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Puc. 6.5. BpemenHas ntuarpamma rporecca rnepejadd yrpasisiiomero cjioBa

PaccmoTpuM  BTOpyI0 (YHKIMIO IIMHBI JAaHHBIX — OOMEH HHGpoOpMared MeXIy perucTpamMu
MHKpoTIIpolieccopa u 0okamu Mukpo-OBM. Bo Bpemst mmkinos BBIBOPKA KOMAH/IbI, YTEHUE U3 ITAMSITH,
YTEHUE U3 CTEKA, BBOJ[ C BHEIIIHEI'O YCTPOMCTBA, ITIPEPBIBAHUE nndopmarius nepesactcs mo muHe
JaHHBIX B OJMH M3 BHYTPEHHUX PETUCTPOB MHUKPOIIPOLIECCOPa U3 KaKOro-nudo 6iioka Mukpo-2BM, a Bo BpeMs IIUKIIOB
3ATIACH B TIAMSITh, 3AIIUCH B CTEK, BBIBOJI HA BHEIIHEE YCTPOIMCTBO - 13 BHYTpEHHEr0 peructpa B
KakoH-1160 OJIOK.



Jnst ykazaHusl HaNpaBJIeHUsl nepeaad nH(opMaInK 1o MIMHE JaHHBIX MUKPOIPOLECCOp uMeeT 1Ba Bbixoaa: DBIN
u WR. Korga uadopmanmst mepenaercs B MUKpOTIPOIIECCOP, TO B 3TOM MaITUHHOM IKJe Ha Beixoqe DBIN nosBisercs
BBICOKHH YpoBeHb (puc. 6.6,a). Curnan DBIN nossisiercst mo ¢gponty curnana @2 B takre T2 u cHUMaeTcst 10 GpOHTY
@2 B takte T3. VIMEHHO B 3TO BpeMs BHEIIHHE CXEMbI JOJDKHBI IOMECTUTh HA IIMHY JAAHHBIX KOJ, KOTOPBII JOJKEH
OBITH 3alKCaH B OJIMH M3 BHYTpeHHHX peructpoB. Koraa mHdopmanus nepenaercs U3 MHUKPOIPOLECCOPa, TO B 3TOM
MAIlMHHOM LIMKJIE BbIpabarbiBaeTcs curHan WR Hu3koro ypoBHs (puc. 6.6,6). DTOT cUrHaj BbIpadaThIBacTcsi IO
¢ponry curnana @1 B Takre T2 u cHumaercs mo ¢gponry @1 B Takre T4 3TOro e MAIIMHHOTO LUKJIA (€CIU IUKI
COCTOMT OOJiee YeM U3 TpeX TAaKTOB) WM B TakTe T1 cileqylomero MalrHHOTO IIMKJIA (€CIH JaHHBIA IUKJI COCTOUT U3
Tpex TakToB). Ha mmue manapix EFO — D7 HemHoro paHee mosBieHHs curHaia WR MuKpomporeccop moMerniaeT
JAHHBIC ¥ CHUMAET MX TO31Hee CHATHA curHaia WR, MosToMy BHEUIHHE CXEMBI MOTYT HCIIOJIB30BATh 3TOT CUTHAM JUIS
YTIPaBIICHUS 3aITUCHI0 MH(OPMALIHH.
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Puc. 6.6. BpemeHHast quarpamMa paOOThI IIMHBI TaHHBIX

Kaxnass nuHUS INWHBI AAaHHBIX HMMEET EAMHUYHYIO HArpy304Hyl CIOCOOHOCTh M MOITOMY HY)KAaeTcsi B
Oydepusanun. [1ocKoIbKY JIMHUM IIUHBI JAHHBIX JBYHAIPABICHHBI, HEOOXOIUM W JIByHarpaBiieHHbIH Oydep. Cxema
takoro Oydepa, cocrtosmias u3 aByx Mmukpocxem KS89AII16 (D9, D10), npuBomutcs Ha puc. 6.7. Ha Bxomer /
mukpocxeMm D9, D10 nojnan HU3KHI ypOBEHb, U IOATOMY OHHM pabOTarOT BCe BPEMsI B peXXUME Iepeaun HHGopManum.
Hanpagienue nepenaun onpezensiercs ypoHeM 0ydepusoBannoro curiana DBIN, koTopsiii moakiroueH K Bxogam /5
MukpocxeM D9, D10. 3ameTumM, uTo HanpasieHue nepenauu He ynpasiuserca curHanamu WR u SYNC .

Ecnu yposens curnana DBIN Bricokuii, To mmHHBIE (JOpMHpOBATENN NepenatoT HHPOpMaNUIO B HANIPABICHUN K
mukporporeccopy (or DBO — DB7 k DO — D7), eciin Hetr — 10 B 06paTHOM Harpasiennu (ot EFO — D7 k DBO —
DB7), 1. e. HampaBieHue Tepeqaddl MIHHBIX (QopMupoBaTeneil mpu Hum3KoM ypoBHe curaaga DBIN coorBeTcTByeT
TOMY, KOTOPOE JIOJDKHO OBITH TpH BeIpadoTke curHamoB WR u SYNC.
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Puc. 6.7. llluna naHuHBIX
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Puc. 6.8. llluna ynpasneHus

lIuna ynpasnenus. Mukpormporieccop KP580MMK80A He o0iamaeT roToBOM INMWHOW yIpaBiieHHs, KaK ITHHON
afgpeca W MHUHOW JaHHBIX. [loATOMY 3Ta IIMHA OPraHU3yeTCs C MOMOUIBIO JOMOJHUTEIHHOW BHEUIHEH CXEeMBbI



(Muxpocxemsl D27, D29), Ha3zsiBaemoi mHOTAA cucTeMHBIM KoHTpoimiepoM (CK), koTopast HCIIONB3yeT yIpaBisiomiee
CIIOBO W YTIPABIISIOUINE CHUTHANBI MHKporporieccopa (puc. 6.8). Yacte paspsamoB ympasiustomero ciosa (D4, D6, D7)
¢ukcupyercsi B Tpurrepax Mukpocxembl KI155TM7 (D29) mo cpesy curnana SYNC (puc. 6.9). Curnan SYNC
NPOITYILIEH Yepe3 JIBa HHBEPTOpa JUIsl YBEIMUYCHUSI HArPY30UHON CIIOCOOHOCTH (3Ta CXeMa, XOTA U PaboTOCIOCoOHa, He
oyzner nmpumensTbes B [IM-DBM). To3nuee Oynet npuBeneHa cxema it (PUKCAIMK YIIPABIISIONIETO CJI0BA, TIC CUTHAI
Ha yNpaBJSIONIME BXOJbl TPUITEPOB OyeT BhIpaOaTHIBATHCS ¢ MOMOLIbI0 MUKpocxeMbl KP580I'®M24. CurHamnsl mIMHBI
yIIpaBJIeHUs BEIPaOaTHIBAIOTCS C IIOMOIIBIO CUTHAJIOB C BHIXOAOB TpUIrTepoB MUKpocxeM D29 u curnanos DBIN u WR.

SYNC

Q'If, QJ:, ﬂ-# j

Puc. 6.9. Bpemennas auarpamMa paboThl (PHKCaTOPOB YIIPABIISIOIIETO CIIOBA

B TIM-5BM koMaHpl, JaHHBIE U COAECPKUMOE CTEKa XPaHATCSA B €IUHOM OJoke mamsaTH, cocrosiueMm u3 O3V u
I3Y. IMostomy Jlns ynpaBieHuss dYTeHHeM H3 OJIOKa JOCTAaTOYHO HMMETh OJMH CHUTHalI R, KOTOpwId Oyaer
BBIPa0AThIBAThCs IPH BHINOJIHEHUH MalmMHHBIX ko BBIBOPKA KOMAH/IbL, YTEHUE U3 TAMSTU, YTEHUE
N3 CTEKA. HazoBem ycmoBHO 3Ty rpymmy nmkinoB UTEHUE. [lns ynpasieHus 3amucbio B OJOK Takke
JOCTaTOYHO UMETh OAMH CUTHald W, KOTOpbIi OyneT BeIpabaThIBaTHCS NPU BHIMOJTHEHWH MAIIMHHBIX LIHKIOB
3AIIMCH B ITAMATD, 3AITMCH B CTEK. Oty rpynmy rHazoem 3AIINCH.

Jlyia ynipaBiieHHs BBOJIOM M BBIBOJIOM Ha BHEIIIHUE YCTpoiicTBa HeoOxoauMmel qBa curHana OUT u IN, koTopbie
GyIyT BbIpabATHIBATHCS TPH BHIMOTHeHHH IukiaoB BBIBOJI HA BHEIIHEE VCTPONMCTBO u BBOJI C
BHEIIIHEI'O YCTPOMCTBA COOTBETCTBEHHO.

®DopMHUpOBaHNE CUTHAIIOB IMUHBI YIIPABICHUS MTOSICHUM, TTOJIB3YSCh Ta0I. 6.3.

Tabnuna 6.3
Tun umkna wnu Bbipaba- Ucnonb YpoBeHb HanpsikeHus Ha BbipabaTtbi:
rpynnbl LUKNOB ThiBae- 3yeMbl BbIXo Aax TpurrepoB D29 Baembin

MbIN pa3psa MUKPOCXeMbl curHan
curHan 9 1 16 10 WWUHbI
DBIN ynpas-
nnn WR neHus
YTEHUE DBIN D7 H H L L R, RW
3AMNMUCH WR D4 L H L L W, RwW
BbiBOO HA WR D4 L L H L ouT
BHELUHEE
YCTPOUCTBO
BBOAe DBIN D6 LH L H IN
BHELIJHﬁI'O
YCTPOU-

CTBA
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Puc. 6.10. BpemenHas auarpaMma IUKJIOB YTEHHSI U 3aITUCH C IEPEXOJIOM B PEKUM OXKUJAHUS:
a - LMK YTEHUs; O - LUKII 3aIIMCH

Huis dopmupoBaHust curHana R ecTecTBEHHO BOCIONB30BaThCS paspsiioM D7 ympaBisomero cioBa, Tak Kak
MMEHHO B 3TOM paspsijie UMEeTCsS CUTHAJ BBICOKOTO ypoBHs B nukiax rpymmnsl UTEHUE (cm. Tabn. 6.2), a mis
dopmuporanus curaanoB OUT u IN — paspsaamu D4 n D6, mOTOMY 94TO HMEHHO B 3THX pa3psaax CUTHAT UMEeT
BBICOKHI YPOBEHB MPH BBIMOJIHEHUN COOTBETCTBYIOMIUX LUKIOB M HU3KUKA YPOBEHBb BO BCEX OCTAJBHBIX IIMKIIAX.
Croxxaee 1emo 00CTOUT ¢ (OpMUPOBaHKEM cUTHaNIA W IUIS IIUKJIOB TPYIIIIBL

3AIIUCH. Kazanoch, ObIIO OBl €CTECTBEHHO BOCIOJBL30BaThCs paspsgoM D1 ympapisiomero ciora, B
KOTOPOM TepeaaeTcsi CUTHaI HU3KOro ypoBHs it uukioB rpynmnsl 3AITMCh. Ho B 3ToM pa3psie curHaa HU3KOro
ypoBHs ObiBaeT Takke u B 1ukie BbBIBOJ] HA BHEIIHEE YCTPOﬁCTBO, U TaKk KaK B ATOM IIMKJE TaKXe
BEIpabaThIBaeTCs curHall WR, TO IpUIIIIOCH OBl YCIOXKHATE CXeMY, YTOOBI COPMHUPOBATH NTBA Pa3HBIX CHTHanIa W
u OUT. Ilostomy s ¢opmupoBaHus curHana W UCIONB3YeTCS HMHBEPTUPOBAHHBIA paspsan D4.
COOTBETCTBYIOLINI €My CHUTHAJl CHHMAeTCS C HMHBEPCHOTO BbIXOJA TpUITepa (BBIBOA 7). DTOT CUTHANl UMeEET
BBICOKHIT ypoBeHb ¥ st iukinoB rpynmsl YTEHWUE n BBOJ C BHEIIIHETO YCTPOMCTBA (cMm. Tabn. 6.2), Ho
pu 3ToM He popmupytorcs curHansl W u OUT (Tak xak He B bIpabatbiBaeTcs curHaid WR), a dopmupyrores
suus curHansl R i IN (Tak kak BelpabateiBaetcst curHain DBIN).

Curnan Beicokoro ypoBHs RW dopmupyercs u3 curHana R miam W u ynpasnsier paboToit memmdparopa
agpeca (cM. § 7.2). B 3akiroueHue ONUIIEM €Ill€ HEKOTOphIE YNPaBISIOIME CHUTHAIBl MHUKPOIpOLEccopa
KP580MK80A u ux ¢pyHKunu.

Bxon READY wucnonp3yercs Iuisi TOrO, YTOOBI YAJWHWTH ITUKJIBI BBOJA M BBIBOJA HH(MOpMAIMH B
MHUKpPOTIPOIIECCOp U 00ECIIEUNTh TaKUM 00pa3oM BO3MOXKHOCTH €ro paboThl ¢ MEHee OBICTPOACHCTBYIOIINMU
ycrpoiictBamu. Ecnu Bo Bpemst BbIcOKOro ypoBHs curHana @2 B takte T2 kakoro-nu6o nukia Ha Bxox READY
MOJIaeTCsl BBICOKUI YPOBEHBb, TO MPOUCXOJUT HOPMAILHBIA LMK BBOJA WM BbIBojAa HMHGpopmarmu. Eciu xe
MOJACTCs] HU3KUH YPOBEHB, TO MHKPOIIPOIIECCOP C ATOT0 MOMEHTA MPEKpaIIaeT CBOIO paboTy, COXpaHssI Ha BCEX
BBIXO/IaX HMEIOUINeCs YpPOBHU CHUTHANOB (puc. 6.10). Takoil pexum Ha3bIBACTCS PEeHCUMOM  OHCUOAHUSL.
MHUKpOTIpOIIECCOp CUTHATU3UPYET O TOM, YTO OH HaXOJIUTCS B PEKUME OXMIaHUs, BEIpaboTkoi curHama WAIT
BBICOKOTO YypOBHs. B pexume oxunaHuss MHUKPOIPOLIECCOP HE BBINOJIHAET HHUKAKUX ONEpaluil M MOXKeT
HaXOAMTBHCA KaK YrOAHO JIOJT0 — A0 TeX Mop, moka He Oyaer mogan curian READY Beicokoro ypoBHs. Ilocie
3TOTO OH 3aBEpIIAET HAYaTYIO ONEPAIMIO M MIPOIODKACT Jajiee CBOIO paboTy.



Bxon RESET ucnonp3yercsa A Ha4yajdbHOTO 3allyCKa MHKPOIIpOLECCOpa M Ui MOBTOPHBIX IEepe3ayCKOoB.
[Ipu monmave BBICOKOTO YPOBHS Ha ATOT BXOJ MHKPONPOLIECCOP MPEKpallaeT CBOIO paboTy, MOMEIAeT BO BCE
paspsabl cueTuynKa KOMaH [ HyJid U 0e3/IelicTByeT /10 TeX mop, nmoka Ha Bxojie RESET ocraeTcst BbICOKUI YPOBEHb.
Kak Tonbko BbICOKUI YPOBEHb CHUMAETCS, OH HAYMHAET BBINOJIHATE KOMAaH/Y, PACIOJIOKEHHYIO B TUeHKe aMATH
C HYJIEBBIM a/IPECOM.

6.4. TAKTOBbI/ TEHEPATOP
N CXEMA MNMOLWIAIroBOro UCrnoJsiHEHUA NPOrPAMM

Jst Toro 94ToOBI TIOMYYUTh TAKTOBBIE UMITYJILCHI C HEOOXOMUMBIME JijIsi Mukpomporieccopa KPSSOMKE0A
napaMerpaMu (cM. § 6.2, puc. 6.2), MOXXHO HCTIONB30BaTh Mukpocxemy KPS580I'®D24 (puc. 6.11, Tadm. 6.4). Ota
MHKpPOCXEMa  SBISICTCS  TAKTOBBIM  T'€HEPAaTOpOM,  CIEIHATbHO  CKOHCTPYHPOBAaHHBIM  JJIA  JaHHOTO
MHUKPOIIPOLIECCOPA, M BBITIOJHSET €IlIe P/l TOMOTHUTENbHBIX (PYHKIUH.
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Puc. 6.11. Taxrosslii renepatop KP580I'd24

Tabnuma6.4

Ha3saHue HasHauyeHue BbiBOAa

XTALA1 BbiBoabl Ansi NOAKMIOYEHUA KBapueBoro

XTAL2 pe3oHaTopa

TANK BbiBoa, uUcnonb3yeMblid MNpU NPUMEHEeHUU
KBapLeBOro pe3oHaTtopa ¢ 06epTOHOM

0osC Bbixoa Ansa cuHycouaanbLHOro curHana c
YacTOTOW KBapLeBOro pesoHaTopa

D1.02 BbixoAbl Ansl TaKTOBbIX UMMNYIbCOB

2T Bbixoa AnA TakTOBbIX MMNyNbCcoB P2, HoO
TTJl-ypoBHA

SYNC Bxoa ansa curHana SYNC mukponpoueccopa

STSTB Bbixoa Ansi CUHXPOHM3MPOBAHHOIO CUrHana
SYNC

RESIN Bxoa anst aCMHXPOHHOro curHana coépoca

RESET Bbixoa Ansi CUHXPOHU3UPOBAHHOINO CUrHana
RESET mukponpoueccopa

RDYIN Bxop ans ACUHXPOHHOro curHana
rOTOBHOCTHU

READY Bbixoa Ansi CUHXPOHM3UMPOBAHHOIO CUrHana

READY mukponpoueccopa
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Puc. 6.12. BpemeHHbIe arpaMMbl CHHXPOHM3allUH CUrHAOB 1ipu nomouu KP580I'®24:
a - curnan RESET; 6 - curaan READY'; 6 - curaan SYNC

Onumem Oonee TOApoOHO (YHKIMH BBIBOJIOB TakToBoro reHeparopa. BeiBomst XTAL1 u XTAL2
MIpeIHa3HavYeHB! [UTS ITOAKIIOUEHHS KBapIEeBOrO pe3oHaTopa /Uil cTabWuiIn3aIiy 9acToThl reHepaTopa. [Ipu stom
9acToTa TaKTOBHIX UMIyIbcoB @1 nd2 paBHsercs 1/9 wacToThl KBapieBoro pesoHaropa (tak, B [IM-3BM mpu
pezoHarope Ha yactoTy 9 MII dYacToTa TaKTOBHIX HMMIynbcoB paBHa 1 MIm). Ha Beixogax @1 u D2
BEIpa0ATHIBAIOTCSl TAKTOBBIC HMITYJBCHI, YIOBJICTBOPSIOIIME BCEM IPEIBSBISIEMBIM JUII MHKPOIpPOIEccopa
KIT580UKS80A tpeboBanmsm. Ha Berxomge OSC BbIpabaThIBACTCSl CHHYCOMIANBHEIA CHTHAN ¢ YaCTOTOU, KOTOPYIO
MMeeT KBapLeBblil pe3oHaTop. Bee octaBmmecs BeiBoab! (T. €. kpome @1, @2 u OSC) paboTaroT ¢ CHUrHaJIaMH,
nmetonumu TTJI-ypoan. Ha Beixome @2T BripabaTsiBaeTcs curHai, uaeHTHIHbIH 2, HO umeromuit TTJI-ypo-
BEHB, KOTOPBI MOXKET OBITh UCIIONIB30BAH ISl CHHXPOHU3AINH KaKUX-TTHOO0 yCTPOHCTB B MUKpO-OBM.
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Puc. 6.13. Cxema IOAKIIIOUCHHS TAKTOBOTO T€HEPATOPA K MUKPOIPOLIECCOPY

Tpu Bxoma SYNC, RESIN, RDYIN sBnsitorcss BXogamMu JUIsl aCHHXPOHHBIX CUTHAJIOB. DTH CHUTHAJIBI MOTYT
MEHSATH CBOW YpOBEHb B JIF000i MOMeHT BpeMeHH. BHyTpu KP580I'D24 ¢ mOMOIIBIO CIIeUAbHBIX CXEM U3 3THX
curHanoB ¢opmupyrotcs Tpu BbixoaHsix curtana STSTB, RESET, READY, cHHXpOHU3UPOBAaHHBIX C TAKTOBBIMH
uMmnynscamu (puc. 6.12).

TakToBBI TeHEpATOp MOIKIIOYAETCS K MUKpPOMpOIleccopy, Kak mokazano Ha puc. 6.13. K Bxomy RESIN
nonkitoyeHa kHorka CBPOC. ITapamnensHo kHonike CBPOC noaxmioueH kouaeHncatop C/, Ecnu aTa KHOIIKa He
HaxkaTa, To kKoHneHcatop C/ 3apsbkeH u Ha Bxoa HESIN noctynaeT Bbicokuil ypoBeHb. CiiejoBaTenbHO, HA BXOJT
RESET mukpormporieccopa mocTynaeT HU3KAH YPOBEHb, YTO MO3BOJISIET €My HOpMaibHO paboTark. Ecnu HaxkaTh
kaHonky CBPOC, to Ha Bxox RESET moctynut BeicOKuil ypoBeHb U paboTa MHUKpoIpoLeccopa OyaeT mpepBaHa
(cMm. § 6.3). Kornencatop C/ ciayXuT Uil HAYaJbHOTO 3allyCKa MHKPOIIPOIIECCOpa MOCie BKIIOUCHUS IMUTAHMS.
ITocne Bkmouenust nmutanust C/ paspsbkeH u Ha Bxoa RESIN moctynmaer Hu3kuil ypoBeHb. 3aTeM KOHAECHCATOP
3apsbkaercs, HampspkeHue Ha Bxoae RESIN skcnoHeHIMaabHO BO3pacTaeT M B KaKOM-TO MOMEHT BpPEMEHH
JOCTUTaeT BBHICOKOTO YPOBHS. OTO MPUBOIUT K BBIpaboTke curHaga RESET Hu3koro ypoBHS, pa3pelaroniero
paboty wmumkpomponeccopa. Bxox RESIN wumMeer cnenmanpaylo cxemy (tpurrep IlImmnra), kortopas
nepepabaThiBaeT MEJICHHO MCHSIOIIUICS TpH 3apsae KOHACHCATOpa BXOAHOH curHan B HopMaibHbiid TTJI-
(hpoHT.

I[IM-2BM MOXHO CHa0IWTh CXEMOW IOIIArOBOTO BBHIMOJHEHUS TporpaMmsbl (puc. 6.13), mocTpoeHHOH Ha
mukpocxeme K155TM2 (D30) u nByx maBepropax (D31.3, D31.4). C moMomp0 3TOH CXEMBbI BBITTOJIHEHUE
MPOrpaMMbl MPUOCTAHABIMBAETCS B CEPElMHE KAXKAOr0 MAIIMHHOrO HUKiIa. COCTOSHUS IIWHBI JaHHBIX B 3TOT
MOMEHT MOXKHO HaOJr01aTh Ha WHAMKATOPaX OJHOTO U3 MOPTOB BhIBOAA (cM. §7.3).

CxeMa TOIIaroBOroO BRITOIHEHHSI IPOTPaMMBI pabOTaeT CIIEAYIOIUM 00pa3oM. Ecii KOHTaKTHI BEIKITIOYATEIS
K18 3aMkHyTHI, TO Ha BXoA 4 Tpurrepa D30.1 momaercs Hu3kuil ypoBeHb. Ha Bxox / Taxxke moaaeTcss HU3KUN
ypoBeHb ¢ BeIxoga WAIT ugepes Oydep, cocrosmmii U3 IByX HHBEPTOPOB. B pesynpraTe 3TOr0o Ha BBIXOZAE 5
TpPHUITEpa UMEETCS BBICOKHMI YPOBEHb, KOTOPBIH, moctymas Ha Bxox RDYIN, obecneunBaer curnan READY
BEICOKOTO YPOBHSI, YTO TO3BOJISIET MUKPOIPOIIECCOPY PabOTaTh B HOPMAITBFHOM pexkuMe. [ mepexona B pexkuM
MOIITar0BOTO BRIITOJIHEHUS TPOTPaMMBI HEOOXOANMO Pa30MKHYTh KOHTaKTHI BeIKIIouarens K/8. Torna Ha Bxone 4
tpurrepa D30.1 Oyner BBICOKHH YpOBEHb, a Ha BXoae /| — HU3KHH YpPOBEHb. DTO NPHUBEAET K TOMY, YTO Ha
BBIXO/I€ S IMOSBUTCS HU3KUIl YpOBEHb M MHKpOIpoleccop mepeiiner B pexxuMm oxunanus. Ilocie mepexona B



pexum oxunanus Ha Beixoge WAIT u Ha Bxoze / Tpurrepa yCTaHOBUTCSI BBICOKUN YPOBEHB. B 3TOM coCTOSIHUH
cXxema MOYKET HaXOAWThCSI HEOTpaHUYEeHHO Joiro. Ecnmu teneps moaars Ha Bxoxa 3 Tpurrepa D30.1 ¢poHT, TO Ha
BBIXOJIE 5 HOSABUTCS BBICOKMH ypoBeHb. Mukponpoueccop cHumeT curain WAIT BbICOKOro ypoBHs, 3aKOHYMT
Ha4yaThId MAIIMHHBIA UK U HAYHET BBITIONHATH cieaytomui MamuaAbN nukit. Curaan WAIT aHu3koro ypoBHs
BHOBBb YCTAHOBUT HA BBIXOJE J TPUITEpa HUZKUN YPOBEHB, YTO MPUBEACT K MEPEXOAY MUKPOMIPOLIECCOPA B PEKUM
0’KHJIaHUS B CEPEJIMHE CIIEIYIOMIETO MAITMHHOTO 1IUKJIA.
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Puc. 6.14. SIBnenue npede3ra KOHTaKTOB:
a - peaybHas BpeMEHHas JuarpaMma, Apedesr KOHTAKTOB; O - HealbHas BpeMEHHas JuarpaMma

g mogaum umnynbcoB Ha Bxof 3 Tpurrepa D30.1 ucnons3yrores xHomka KI7 U cxema Juid HOAaBIICHUS
npebesra KOHTAaKTOB. SIBneHme ape0Oe3ra KOHTAKTOB IPOMCXOAWT NPH 3aMBIKAHHH JIOOBIX MEXaHWYECKHX
KOHTaKTOB BCIICIICTBHE HEHICATFHOCTH HUX IOBEPXHOCTH. BMECTO OJTHOKpPATHOTO 3aMBIKAHUS WM Pa3MBIKAHUS
KOHTAKTBI 3aMBIKAIOTCA U Pa3MbIKAIOTCSl HECKOJBKO pa3. Tak, mpu HakaTHH Ha KHomKy K/7 Ha BbIBogax /3, 10
mukpocxeMbl D30.2 curHan mmeer (opMmy, H300paxkeHHyo Ha puc. 6.i4. UToOBl cPopMUpOBATH CHUTHAI,
UMEIOIINHA OJMH Cpe3, UCTONB3YeTCsl KHOMKA C JBYMs KOHTAKTaMH: 3aMBIKAIONIAMCS W Pa3MBIKAIOMIUMCS TPU
HaxxaTuu Ha Hee. Korja olMH M3 KOHTAKTOB KHOIIKHM, COCIWHEHHBIN ¢ BXomamu /0 m 13 mmkpocxemsl D30.2,
3aMBIKAeTCs, TO MEPBBIH U3 BOSHUKAIOIINX UMITYJIbCOB MepeOpachiBaeT TPUITEP, a OCTATIbHBIE UMITYJIbCHI YKE HE
BIIUSIIOT Ha €ro cocTosiHue. TakuM oOpa3zoMm, Ha BBIXOJE 9 GhopMHUpYIOTCS (GPOHT MPH HAXKATHU HA KHONIKY K17 u
Cpe3 MpH OTIYCKAaHUU 3TON KHOIKH.

7
CXEMblI
N OCOBEHHOCTH
PABOTbl OCHOBHbIX
BJIOKOB lNMM-3BM

7.1. OBLLUE NOJTIOXEHUA

Brimre Obia paccMOTpeHa IMUHHAS apXHUTEKTypa, Ha OCHOBE KOTOPOI CTpPOSITCS BCE COBPEMEHHBIE MHKpO-OBM.
CocraBHBIE YacTH WIH OJIOKH MHUKPO-DBM moakimodaroTcs K IIMHAM anapeca, NaHHBIX W YOPaBICHUS. DTH IITUHBI
CIIy’)KaT A mepemadnl WHQOpMAIWH OT OZHOTO OJIOKa K JAPYroMy, NMpHYeM B OIpEIeNICHHBI MOMEHT BpPEMEHH
MepeIaTIUKOM MOXKET OBbITh JIMIL OJUH M3 OJOKOB. B 1. 6 ObUIO pacCMOTPEHO YCTPOMCTBO MHKPOIPOLECCOPHOTO
0JI0Ka, KOTOPBIA XOTS U sABJsieTCs "'cepamneM’ MUKpo-OBM, HO HE MOXKET CaMOCTOSITENILHO paboTaTh 0e3 O10Ka maMsITH
U yCTpOWCTB BBOJA/BbiBOAa. [l03TOMY B JaHHOHW riiaBe paccMaTrpuBarOTCs (PyHKIMOHHUPOBAHHE U IMOJKIIOYCHUE K
MHKPOIIPOLIECCOPHOMY OJI0KYy Os10Ka namstu (§ 7.2), yCTpOWCTB BBIBOJIa — CBETOAMOJIOB M YCTPOWCTB BBOJAa — KJla-
Buatypsl (§ 7.3). Hanee, B § 7.4, npUBOJUTCS MOJHBIA TEKCT MPOTPaAMMBI-MOHHUTOpPA, KOTOpas ympasisieT paboToit
MUKpo-OBM, B TOM cityyae, KOraa OHa HE pelaeT Kakylo-JIMOO 3a/ady W MO3BOJISIET IOJIb30BATENI0 C MOMOUIBIO
KHOITIOK KJIaBHATYpPbl M HHAWKATOPOB BBOJUTH, OTJIAKMBATh 1 3aIyCKAaTh CBOHM IPOTPaMMBI.

7.2. CTPYKTYPA NMAMATU

brmox mamsatu cocrout, kak mpaswio, m3 O3Y u II3Y. B O3Y wu II3V xpassarcs naHHbIE W MPOTPAMMBI
nonb3oBarend. B II3Y momemarorcss Te JaHHBIE W HPOTPAaMMBbl, KOTOPBIE NOJKHBI COXPAHSTHCS NPH BBIKIIOYEHUN
nutanus. Bo-niepBeix, B sueiiku O3Y uHbopMaLust MOXKET MONanaTh, B pe3ysbrare paboThl Kakol-Ii00 IporpaMMsl,
BO-BTOPbLIX, IMOJB30BATEC/Ib MOKET CaM UBMCHUTH UX COACPIKAHUC ITPU TOMOIIHN KJIaBUATYPhI.

MakcuMmanbHOEe KOJIMYECTBO sideeK mamsatd (wim "o0beM mamsTn'"), K KOTOPBIM MOXET 00pamarhesi pyu MOMOIIN
cBOeii 16-paspsaHoii muHbI axpeca Mukponponeccop KPS8OMKS0A, pasHo 2'°, mmu 65 536. OGbIUHO TOBOPAT: HE 65
536 siueek, a 64 K (1 K paBusiercst 1024). [Iyist pemeHnst HEKOTOPBIX 33134 OKa3bIBACTCSI MAJIO M TAKOTO 00beMa IaMsATH,
HO Juisi OOJIBIIMHCTBA MPUMEHEHUH OCTaTOYHO HCIIOJIB30BATH JIMIIL €T0 4acTh. C Opyroil CTOPOHBI, 00BEM MaMATH,
coJiep KaIeiics B OQHOH MHKPOCXEME, MOKET OBITh MEHBIIIE, YeM MaKCHMAaJIbHBINH 00beM, KOTOPBI MOXKET aJpecoBaTh



MHKPOTIPOIIECCOP. DTH J1Ba OOCTOATENHCTBA, a TAKXKE M TO, YTO B COCTaBe MaMATH MHKpO-OBM HeoOX0IUMO MMETh
maMath ¢ pasHeiMH cBoiictBamMu (O3Y wu ITI3Y), mpuBomaT K CHEIUAIbHBIM TEXHHYECKUM PEUICHUSM TPHU
KOHCTPYHUPOBAaHUM NaMATH MUKpo-OBM.

PaccMoTpuM 3TH TeXHHYECKHE pelleHHs Ha puMepe Osioka namstu [IM-DBM. biok namsry, cocrosmuii U3 AByX
mukpocxem O3V u asyx [13V, noakimoyaercs K MIMHAM JaHHBIX, agpeca U yrnpasienus (puc. 7.1). B kauectBe O3Y B
[IM-3BM uwucnons3ytorcs MUKpocxeMbl cratudeckoi mamstn KP541PY2 (cm. ri. 4) ¢ opranusanueit 1024x4 Oura.
[MosTomMy mnst mosydenust oobema mamstu 1 Koaiir (1024 6aiita) HEoOXOAMMO MOAKIIOYUTH JBE MHKPOCXEMBI,
MPUCOCTUHIB BHIBOABI JaHHBIX OnHOW MHKpocxeMbl (D12) k nuausm DBO-DB3 muHBI JaHHBIX, a BBIBOABI JPYroi
(D13) — x muamam DB4 — DB7. OcransHble BBIBOABI MUKpocxeM D12 u D13 moakimodaroTcss K OTHUM U TeM Ke
nmuHusIM. Takum o6pazom coctaBisercs 610k O3Y emkoctrio 1 Koaid.

B xauectse 13V B [IM-OBM wucnone3ytorcs ase mukpocxeMbl KP556PT4 (D14, D15) ¢ opranmsanueii 256x4 6wur.
OHH BKIIFOYCHBI aHAIOTHYHO MUKpocxemam O3V, T. €. opraHu30BaHbl B 010K 25 6 0aiTOB.
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Puc. 7.1. Cxema 0s10Ka mamstu

Teneps paccmoTpuM, kak pasmemiaercsi 0mok O3Y oovemom 1 Kb6aiit u Onokx I13Y oGbemom 256 Oait B
MIPOCTPAHCTBE aJIPECOB, BBIPAOATHIBAEMBIX MUKpOIpoLieccopoM. [list TOro 4ToObl OCYIIECTBUTH NPUBS3KY 010K0B O3Y
n I13Y, crapumme paspsans! agpeca (uann AB10-AB15) nopatotes Ha cxemy pemmdpanuu aapeca (MUKpocxeMsl DS,



D11, pumc. 7.1). Hlects crapmmx paspsmoB aapeca AB10-AB15 ompenensior, kK KakoMy KIIO0aiTy mamsTH
MHUKpoIIporieccopa Oyaer npousBeneHo obpamenne. Jlecats mimaammx paspsagoB aapeca ABO-AB9 anpecyror GaiTsr
NaMsITH B Mpezesax Kaxaoro kuiobaiira. Kaxnomy xoay Ha AB10-AB15 cooTBeTcTBYeT OIMH KUIIO0AWT MaMsTH, HO
BCJIEZICTBHE TOT'0, YTO MHBEPTUpOBaHHbIe JTuHUM AB12-AB15 mimHbl agpeca nocrynarT Ha MEKpocxemy D8, curnan ¢
BBIXOJIa KOTOPOW paspemaeT WM 3ampemaer padoty nemmdpparopa D11, nemmudparop D11 Gynmer pabotaTh
TOJIBKO TIpYM HYJIEBBIX KOJaX Ha 3TUX JHUHMIX. B 3aBucuMocTu OT koma Ha JmHuax AB10 — ABI1S5 Huzkui
YpOBEHb OyIIET MOSABIATHCS HA OJTHOM U3 BBIXOJIOB 7, 6, 5 miu 4 nemmgparopa D11 nipu ycnoBuu, 4To Ha BTOPOM
YIIpaBISIONIEM BXoze Aemmdparopa (BeiBox /) OyneT BEICOKHN ypoBeHb. B Tabm. 7.1 maeTcs cOOTBETCTBHE KOAA
Ha uHusIX AB 10 — AB 15 Homepy BeiBoga D11.

B Tabn. 7.1 mpuBoasTcs aiapec mepBoro 0Oaiita, aapec MOCIEAHETO OaiiTa W YCIOBHBIA HOMeEp KuiobanTa
MaMsITH, K KOTOPOMY HPOHUCXOAUT OOpameHue MpH OIpeneieHHOM Koae Ha muausix AB10 — ABI15. U3 maroit
CTpOKH Tabi. 7.1 Takke BUIHO, UTO €CIIU aapec, BhIpadaTbIBaeMblii MUKPOIIPOLIECCOPOM, JIEKHUT B AUANA30HE OT
010000Q mo 177 OOOQ, To HU HAa OJJHOM U3 BEIXOZOB JAemn(paTopa He OyAeT HU3KOTO YPOBHS, T. €. C IIOMOIIBIO
BBIXOJIOB 3TOTO Jiemudparopa Hellb3s apecoBaThCs K KHitodainTam ¢ 4-ro mo 63-i.

Brixoasl nemmudparopa UCIONB3YIOTCS IJsl MPHUBI3KA OTACIBHBIX OJIOKOB MaMsATH eMKOcThio 1 KoalT k
OTIpENICIICHHBIM 00JIaCTSAM B MPOCTPAHCTBE aPECOB MUKPOMPOIECCOpa; Il STOTO OHU COCTUHEHBI CO BXOJaMHU
MHUKPOCXEMBI ITaMSTH, Pa3pelIaioniiMi UX paboTy, a Ha aApecHBIe BXOABI MUKPOCXEMBI aMSITH ITOIAI0TCS MIaj-
1I1e pa3psaasl aapeca, KOTOpble OCYILIECTBIISIOT apecaliio suYeeK NaMaTH BHYTPU MUKPOCXEM.

Tabnuuya 7.1
Homep
BbiBOAA
D11.Ha HOnana3oH agpecoB Homep
Kog Ha JNIMHUAX KOTOPOM oOb6nacTtu namsaTu B agpecy
AB10— AB15 HU3KNKA BOCbMEpPUYHOM emoro
ypoBeHb Koge Kn-
Hanps-
XeHus
A1 A1 A1 A1 All A1 oT ao nobamr
5 4 3 2 0 agpeca appeca a
0O 0o 0 0 0 0 7 000000 001777 O
0 0 0 0 O 6 002 000 003777 1
0 0 0 0 1 0 5 004000 005777 2
0 0 0 o0 1 4 006 000 007 777 3
Jliobon apyron - 010 000 177777 4-63
Koa

Puc. 7.1. Cxema 010Ka ITaMsATH

biok u3 mukpocxem I[13Y moakirodeH Tak, 4TO OH 3aHUMAET caMble Mmuaiimme aapeca, HaauHas ¢ 000 000Q.
OTo caenmaHo Uil pasMelleHHs] MPOrpaMMbI-MOHUTOpPA, KOTOpas MOJKHA HauyuHATh padoTaTh cpasy IMOcCie
BKIItOYeHYsI MUKpO-OBM, mim Haxkatus kHonku CBPOC, B pesynbrate dero BeipabateiBaercs curdas RESET, mo
KOTOPOMY MHKPOIIPOIIECCOP HAYMHAET BBITIOJNHATH KOMaHIy, pacrioioxeHHyo mo aapecy 000 OO0OQ (1. e. B
I13Y). 3amerum,uro st aapecaruu 256 OaiitoB [13Y mocrarouno BockMu aapecHbix nuHuid ABO — ABT7;
muann ABS, AB9 msnuman n moatomy k [13Y He moacoeannensl. B pesynprare 3TOro HE3aBUCHUMO OT KOJa Ha
muausx AB8 u AB9 aapecyetcs 6ait [13VY, onpenensemsrit anpecom Ha auHUIX ABO — AB7. DT0 npuBOIUT K
TOMY, 4TO OJUH U TOT e O0aiiT [I3Y MOXHO cuuThIBaTh 1O agpecam, B paspsagax AB8, AB9 koTopbix HaxomsTcs
koael 00, 01, 10 wim 11. O6nacte mamaru [13Y, cocrosmas u3 256 Oaiit, moBTOpsieTcs 4 pa3a B HYJICBOM
Ki100aiTe maMsTH. SICHO, 9TO ATO IIOBTOPEHHE HE MemaeT paboTe MHKPOIIPOILIECCcopa.

Takas cxema aapecalldd C HEHUCIIONb30BaHHUEM YacTH paspsoB alpeca Ha3bIBaeTCsl CXEMOM ¢ HEmOoJIHOM
nemungppanueit aapeca. I[lpum HEOOXOOUMOCTH HCIONB30BaTh BECh HYJIEBOH KHIOO0AWT W TOMECTHTH B
MIPOCTPAHCTBO €T0 aJPEecoB elie TpU OJI0Ka MaMATH 1o 256 GalT B KaXKOM HYXKHO HCIIOJIb30BaTh IS Pa3psioB
AB8 1 ABY nonsblil gemmuparop, yCTpOSHHBIH Tak ke, Kak A pazpsgoB AB10 u AB11. Cxema ¢ HemosnHOM
nemurgpanyeit agpeca MPUBOJUT K TOMY, YTO MCIIOJIB3YETCsI HE BCE allpeCHOE MPOCTPAHCTBO, HO 3aTO TpedyeTcs
MEHBIIIE MUKPOCXEM AJIS €€ peau3aliy, 1 I03TOMY TaKas CXeMa 4acTo IPUMEHSETCS B IIPOCTBIX MUKPO-OBM.

Brok u3 mukpocxem O3V monkitodeH K Beixoay 4 nemmdparopa D11, u mostomy kuinobait O3V aapecyercs
Kak 3-i KUJI00alT B aJipeCHOM MPOCTPaHCTBE MUKpoIrpolieccopa. Ha puc. 7.2 mpuBeneHa KapTa pacrupeaeieHus
namsaTtu B [IM-OBM.



Ororo o0beMa MaMsITH JOCTATOYHO [T HOPMAIEHOH pabOThI, HO €ro MOKHO IPH HEOOXOIUMOCTH YBEIHUIHTH.
O6bem ucnonszyemoro O3Y MoxHO yBennuuth A0 3 KOaiiT, HHUYero He mepenenbiBas B cxeMe aemmdpanuu
azpeca, a MPOCTO TMOAKIIOUEHHEM JOMOJHUTENbHBIX OJ0koB O3Y emkocThio mo 1 KbalT k BhIXOAaM 6 U 5
nemmgparopa D11 (puc. 7.1). MoXHO Takke YBEIHYHTH 00beM Hcmojib3yeMoro 13V, ecnu mOCTpOUTh ero W3
MHUKpOCXeM OoJiblIeil eMKOCTH, Hanpumep U3 MukpocxeM K573P®1 ¢ opranuzanueii 1024x8 6ur (1 Kbaiit) nim
mukpocxeM KP556PTS5 emkocthio 4 Kbura u ¢ opranuzamnueii 512x8 out (0,5 Koaiita). B mepBoMm cinyuae Oyzaer
WCTIONB30BaThes Bech 0-i kuioOaiit, a Bo 2-M sueiku [13Y OyayT mMOBTOPATHCS BO BTOPOH mMosioBuHE 0-TO
Kujo0aiira.

000 000
n3y
000 377
000 400 lNoemopsiemcsi
000 777 n3y
001 000 loemopsiemcsi 0 u K 6aum
001 377 n3y
001 400 MNMoemopsimcs J13Y
001777
002 000
Mamsmb
omcymcmeyem 1-0 K 6atm
003 777
004 000
Mamssmb
omcymcmeyem 2-i K 6atim
005777
005 000
o3y 3-i K 6aitim
O6nacmb cmeka
007 777

Puc. 7.2. Kapta pacnpeneneHnus namsata

OcTanock pacCMOTPETh MOJKIIOYCHHE OJIOKa MaMATH K JIMHUSAM IIWHBI yrpasieHus. Jluaus R (puc. 7.1)
MOJIKITII0YeHa K BxojaM /3 mukpocxeMm [13Y u paspemraer ux paboty Bo BpeMs LIUKJIA CUNThIBaHuUS Oalita u3 [13Y.
Jluaus W moakmoueHa k BxoaaM /(0 mukpocxeM O3V u ynpasnser 3anucbio Oaiita B O3Y. Ecnu Ha He#l BO
Bpems nukia obpamenus k O3Y moaiepKuBaeTcss BBICOKHHA YPOBEHb, TO MPOHCXOIUT CYHTHIBAHWUE, a €CIIH
HU3KHH - TO 3anuch O0aiita. Curnan RW, BeipabaTeiBaromuiicss U cursayiom R, u curnanom W, ciyxur g Toro,
4yToOBl paspemarth pabory aemm¢pparopa DI1 Tonbko BO Bpemsl HHM3KOTO YpoBHS curiaioB R u W. 3Oto
HEOOXOMMO, YTOOBI CUMTHIBAHHUE W 3aITUCH B OJIOK MaMSTH IIPOUCXOIIIIN BO BpeMs BbIpa 60TKu curHamoB R u W,
KoTopele ¢opmupytorcsi curHamamu DBIN m WR wmmukpomporeccopa, OmpeneNsioniMi MOMEHT Tepenadyd HWH-
(dbopMmanuy 1o MmuHe JaHHbIX.
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Puc. 7.3. BpemenHas quarpamMma padoThl OJI0Ka HaMsATH IPH YTEHUH
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Puc. 7.4. BpeMeHHast fuarpaMma paboThl 010K MaMSTH IIPHU 3aIlUCH

CunrteBaane w3 O3Y mmkporporieccop MoxeT BeMoaHUTE B Iukinax BBIBOPKA KOMAHIY, YTEHUE U3
IMAMATHU, YTEHUE 13 CTEKA a cunteiBanme u3 [13Y - tonpko B nukiaax BBIBOPKA KOMAH/IbI 1 YTEHUE N3
[MTAMATU. BpemeHHbIe qrarpaMMbl CUTHAJIOB IIUHBI afpeca, JaHHBIX U YIpPaBJICHUS MPHUBEICHHI HA puc. 7.3. 3ammch
urpopmanru B O3Y MuKporporieccop MokeT BoimoaHHTh B mukiax 3AIIMCH B ITAMSTH, 3AIIMCH B CTEK.
BpeMeHHbIe muarpaMMBbl 3aliCy IPUBEICHBI HA pHC. 7.4.

7.3. KIABUATYPA U UHOUKALIUA

VYcTpoiicTBa BBOJIA/BBIBOIa HEOOXOMIUMBI IS CBSI3M MUKPO-OBM ¢ BHemmHMM MupoM. be3 Takoi cBsi3u ee pabora
ObuTa OBl OECCMBICIIEHHOH. Y CTpOMCTBA BBOIA/BBIBOIA OBIBAIOT CaMbIe PA3IMYHBIC MO KOHCTPYKIUH M OCOOCHHOCTSIM
paboTel. OTINYUTENEHOM OCOOCHHOCTBIO BCEX OTHX YCTPOMCTB SBISETCA HX CHOCOOHOCTh IIEPEKOIUPOBATH
nHpOpMAIIKIO U3 TOi (HOPMBI, B KOTOPOW OHA IMpejcTaBiisieTcss B MUKpo-OBM, B Gopmy, HEOOXOIUMYO IUIsi CBSI3U C
KaKUMH-JIM00 mpubopamu (s yCTPOMCTBA BBIBOJA), W OCYIIECTBISATH OOpaTHBIA MpoLecc AJIsl YCTpPOicTBa BBOAA.
CxeMma MHAMKAIMK U KJIaBuaTtypa Mukpo-2BM noakmtovatorcs Kk auausM DBO-DJB7 mmnbl nanneix, iuausam ABO —
AB7 mmnbl anpeca u guHUsAM IN 1 OUT mmwmnsbl ynpasienus (puc. 7.5, 7.6). Cxema MHAMKAIMU BBINOJIHEHA Ha 0ase
Tpex 0alTOBBIX (8-pa3psiHBIX) MOPTOB BbIBOAA (MUKpocxeMbl D16-D21), a cxema kinaBuatypsl — Ha 0ase oxHOro 4-
paspsaHOTo NopTa BBoJa (MUKpocxemsl D23).

Kaxaplil u3 mopToB BBIBOJA CXEMBI MHAMKALMU BBINONHEH M3 ABYX MukpocxeM K155TM7. DOra Mukpocxema
MpeNCcTaBIsieT co0oi deTeipe D-Tpurrepa ¢ mpsAMBIMH UM HHBEPCHBIMH BBIXOHamu (cM. T71. 4). Bxomsl Tpurrepos
MOAKJIIOYEHBI K JIMHUAM IIKHBI JaHHbIX. Kaxnaeid Beixox D-tpurrepa mukpocxembl K155TM7 umeer Harpy3ouHyro
CHoco0HOCTh, paBHYyIO 10, T. €. K HeMy MOXHO moacoenuHuTs 10 cranmapTHbX TTJI-BXOZOB, a 3TO 3HAYUT, YTO TPH
HU3KOM YPOBHE Ha BBIXOAE€ (HampspkeHue MeHbine win paBHO 0,4 B) B Hero moker BTekath TOK 10 16 MA. Ot0
MI03BOJISIET MOJKJIIOYATh CBETO-/[MOABI Ul MHAMKAIMKM COCTOSIHUI TPUITEPOB HEMOCPEICTBEHHO K MX BBIXOJAaM (pHC.
7.7). ConpOTUBIICHHE BKJIFOYACTCS MOCICAOBATESIBHO C CBETOAUOIOM [UIS TOTO, YTOOBI OIPAaHHYHMTH TOK 10 5-10 MA.
JIJiss MHAMKAIUE MOXKHO KCIIOJIh30BAaTh JIFOOBIC AMOMABI ¢ pabouum TokoM 5 — 15 MA, manpumep AJI102A, AJI102T,
AJI112A-M. Caeroauoasl MOAKIIOUEHB! K MHBEPCHBIM BBIXOAAM TPUITEPOB, MOITOMY OHHM 3aKHUIalOTCA, €CIU B
COOTBETCTBYIOIIMI TPUTTEP 3aMUChIBaeTCA 1, U TacHyT, eciu 3anucbiBaercs 0.

B cxemy mHmukanuu M KiaBuaTypsl Bxogut Mukpocxema K155 /14 (D24). Ota Mukpocxema ImpeacTasisieT coOoi
nBa aemmdparopa-MyJIbTUILIEKCOpa (CM. TII. 5), 00beMHEHHBIE B OJIUH e (paTop TPEeXpa3psaAHOTO TBOUYHOTO
Kodga B Koxa "OOWH M3 BOCBEMH". DTO HOCTHUTAETCS COCIMHEHHEM BXOJoB / W 75, a Takke BXxodoB 2 u [4
MuKpocxeMbl. Ha Bxon /3 momaercst mepBoIil pa3psia Kofa, Ha BxoJ 3 - BTOPOH, a Ha 00beINHEHHBIE BXOMHI 11 15
-TpEeTUil pas3psa OBOWYHOIO KOJAA, NpeJHAa3HAadeHHOro Uil IpeoOpa3oBaHuss B KoJ "OIUH H3 BOCHMH'.
OObeHEeHHBIC BXOMBI 2 M /4 ciyxat Jis 3anpeiieHusi padoThl aemudpartopa. [Ipu 3ToM Ha HEX JOJDKEH OBITh
MOJIaH BBICOKHH ypoBeHb. Takol pexxum padboTel Mukpocxembl K155T/14 npeacrasieH B Tadd. 7.2.
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Puc. 7.5. Cxema unIuKanuu (IpoIobKeHIE)

Muxpocxema K155UJ14 (D24) Bmecte ¢ mukpocxemoit KI155JIA2 (D25) coctaBisier cxeMmy Aeumudpanuu
aapeca sl BEIOOpa BHENTHHX YCTPOWCTB BBOZA M BHIBOAA. DTa cxeMa (YHKIIMOHHPYET CICAYIOIIAM OOpa3oM.
Bxomer 13, 3 u 1/15 mukpocxembl D24 noncoeamnensl k auHusM ABO, AB1, AB2 muHBI ampeca, a BXOJIBI
MUKpocxeMmbl D25 — mojicoeMHeHBI K MHBEPTUPOBAHHBIM JTMHUAM IUHBI anpeca AB3, AB4, ABS, AB6, AB7.
ITosTomy korma Bo Bpewmsi BoimonHeHus kKomauz IN mmm OUT Ha NMHUAX MIMHBI agpeca MOSBISIETCS aApec
BHEIIHEro yCTpoiicTBa (cM. ri. 6), Ha OJHOM M3 BBIXOJOB MHKpocxeMmbl U24 mosBiseTcs HU3KUNA YpOBEHb.
CootserctBue BbinonHaeMoil komaHabl IN wnu OUT Tem Bbixomam D24, Ha KOTOpBIX MOSABISETCA HU3KUN
YpOBEHb, NIpHUBEICHO B Tab. 7.3.
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— Puc. 7.7. CxeMa NOJKIIOYCHHUS CBE-TOIMOA K BBIXOAY ITOPTa BEIBOJA

Tabnuua 7.2
Bxoabl Bbixoabl
21 115 3 13 9 1 1 12 7 6 5 4
4 0 1
H X X X H HHH H H H H
T L L L L HHH H H H H
T L L H H L HH H H H H
T L H L H HLH H Ne H H
I, L H H H HHL H H H H
T, H L L H HHH L H H H
T, H L H H HHH H L H H
T, H H L H HHH H H L H
L H H H H HHH H H H L
Tabnuua 7.3
Komanga Kop Ha nuHMAX WKHLI agpeca BO Bpems BbiBog
BbINONMHEHNS KOMaHAbI MMKpO-
cxeMbl
D24 ¢
HU3KUM
YPOBHEM
AB AB3 AB
7 AB6 AB5 AB4 AB2 AB1 o
IN000Q unn 11 11 1 0 0 0 9
OuUT 000 Q
INOO1Quin11 11 1 0 0 1 10
OouT oo1Q
IN 002 Qunn 11 11 1 0 1 0 11
OuT 002 Q
INOO3Qumm11 11 1 0 1 1 12
OouT 003 Q
INOOAQurn11 11 1 1 0 0 7
OuUT 004 Q
INOO5SQuin11 11 1 1 0 1 6
OuUT 005 Q
IN 006Qunn 11 r1 1 1 1 0 5
OUT 006 Q
IN 007Qunun 1 1
OUT007Q 11 1 1 1 1 4
Tabnuua 7.4
MukpocxeMmbl, PyHKUUSA nopra
KomaHpa cocTaBnsilvWMe NOopT BBOAA uwnu
BBOAA UM BbiBOAAa BbiBoAa
OuUT 000 Q D16, D17 MHaunkauma ogHoro
6anTa
ouT 001 Q D18, D19 To xe

OuUT 002 Q D20, D21 To xe




ouT003Q D22 BbiBog  yetbipex
o6utoB ans
obcnyxuBaHus
KnaBuaTypbl

IN 003 Q D23 Beog yeTbipex
outoB ans
ob6cnyxuBaHus
KnaBuaTypbl

3ameruM, 4TO eciu BHIMOTHUTE KoMaHay IN mimn OUT ¢ OTiIHYHBIM OT MepevyrclIeHHbIX B Ta0l. 7.3 agpecoM
BHEIIHETO YyCTPOUCTBA, TO HM HA OJHOM U3 BBIXOJIOB MUKpocxeMbl D24 He mosiBUTCA HU3KOTO ypoBHs. V3 BocbMH
BO3MOJKHBIX a/IpECOB I MOPTOB BBOJA U BHIBOJA B CXeME MHAMKALIMU U KIaBUATYPhl HCIIONB3YIOTCS TP aapeca
000 Q, 001Q u 002 Q, KoTOpbIE MPUCBOEHBI MOPTaM BBIBOJA, CIYKaIllUM JJIsl MHAUKAIMK, U oauH anpec 003 Q,
KOTOPBII MPUCBOEH OJHOBPEMEHHO 4-OMTOBBIM IMOPTaM BBOIA M BBHIBOJA, OOCITY)KHBAIOLIIMM KJIaBHATYpPY (Tald.
7.4).

OctanpHble BBIXOABI Jemugpparopa D24 MOXKHO HCIONB30BaTh I TMOAKIIOUEHHS JOMOJHUTEIHHBIX
YCTPOWCTB BBOJA/BBIBOAA. Bcero mpu Takoi cxeme aemmdparyu ajapeca BHEIIHETO YCTPOWCTBA MOXKHO
MOJKIIOYUTh BOCEMb YCTPOMCTB BBOJA M BOCEMb BBIBOAA. sl TOro 4TOOBI elle YBETHUYUTh YHCIO YCTPOMHCTB
BBOJIa/BBIBOJIA, CXEMy JeIIU(parMy HEOOXOJUMO H3MEHHUTh M IOJBEprars Acmu(paiuu OoJbliee YHUCIIO
MJaIIIMX pa3psioB axpeca.

[pu BempaaeHnn ognoit m3 xoMann OUT, mepeuncneHHBIX B TaOm. 7.4, BO BpeMs ee TPEThEro IMKIA Ha
LIMHAX JTaHHBIX, aJipeca U YIpaBleHHs BbIpadaThIBalOTCS CUTHAJIBI, H300paKeHHbIE Ha puc. 7.8.

[Tpu 5TOM BBIpabaThIBaETCSl CUTHANI HAa COOTBETCTBYIOIIEM BbIXoe Aemudparopa D24 (cm. tadin. 7.3). Curnan
¢ BbIxoma nemmdparopa momaercs Bmecte ¢ curHasom OUT Ha BXoawl Mukpocxembl K155JIE1 (D26) wu
(hopMupyeT Ha ee BBIXOJE MOJOKHUTEIbHBIA UMITYJIbC. DTOT UMITYJIbC, MOCTYIAs Ha yNPaBIAIOMIUE BXOAbI 4, 13
D-TpurrepoB ogHOTO M3 MOPTOB, cBOMM (poHTOM (TIepexoa u3 0 B 1) mepemnuchiBaeT KOJ C MIMHBI JaHHBIX B
TPUTTEPHI, a CBOMM CPe30M (PUKCHpPYET ero TaM. Takum oOpa3oM, § OHT KOZa, COIEPKAMIETOCS B aKKyMYIISITOpe
nepen BoimoiHeHneM komannael OUT, BeicBeunBaroTcss Ha uHAaukaTopax moprta 000Q, 001Q wmmm 002Q. Yro
kacaetcst mopta ¢ agpecom 003 Q, To B Hero komannoit OUT 003 Q MoxHO nepenucarh TOJIBKO YETHIPE MITAIIINX
OWTa aKKyMyJIATOpa, TaK Kak IOPT COCTOHT TOJIEKO U3 YETHIPEX TPUTTEPOB.
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Puc. 7.8. BpemeHHast nuarpaMma paboThI ITOpPTa BEIBOAA

DTOT TOPT COBMECTHO C TopTOoM BBonma (¢ TeM ke ampecom 003Q), pealu30BaHHBIM Ha MHKPOCXEME
K589A10l6 (D23), mpegna3HadueH isi MOAKIIOYEHHs K MHKpo-OBM kmaBmarypsl (cm. puc. 7.6). Kuomku
KJIaBUATYPbI BKJIIOUYEHBI MEXKITy BbIXOAaMU MUKpocxeMbl D22 u Bxogamu D23. Bxoasr D23 depe3 conpoTHUBicHHE
5 kOM coeaMHEHBI ¢ HaNpsHKEHHEM MUTAaHUA. JTO CIENaHO JUIsl TOTO, YTOOBI MOJJCPKUBATH HA Ka)XJIOM BXOJE
D23 BeICOKHMIT YPOBEHB, €CITM HU OFHA KHOTIKA, CBS3aHHAs C 3TUM BXOJIOM, HE Ha)kaTta. 3HAUEHHSI CONIPOTHUBICHUH
(5 xOM) BBIOpaHBI C TeM pacdeToM, 4TOOBI HE Meperpykarth BhIXoasl D22, eciu kakas-HUOYAb KHOIKA HaXxara.

Cxema KJaBUaTyphbl padoTtaeT crneayrommm odpasom. CrenmansHas nporpamma SKL (cMm. § 7.4) 3anuceIBacT B
mopt ¢ agpecom 003 Q Takme KOABI, y KOTOPHIX B OJHOM M3 YeThIpex paspsanoB O, a B ocTambHBIX pazpsiaax 1,



npudeMm 0 mosiBIsieTcs mocnenoBarensHo B paspsaax O, 1, 2 u 3 u cooTBeTCTBEHHO Ha BbIxomax 16,15, 10 u 9
mukpocxembl D22, Tlocne TOro kak Ko 3alUcaH W Ha OJHOM M3 BIXOA0B /6, 15, 10 wnu 9 ycTaHOBHUJICS HHU3KHN
YpOBEHb, 3Ta mporpamMma npou3Boaut komanaoit IN 003 Q BBOJ B akKyMyJsITOp KOJA, KOTOPBIA B 3TOT MOMEHT
MPUCYTCTBYET Ha BXojax 4, 7, 9 u 12 mukpocxemsl D23. BBoa B akKyMyJsTOp MPOUCXOAUT BO BPEMsS TPETHEr0 LUKIA
komauzbl IN (puc. 7.9). Anpec BHemnero ycrpoiictBa 003 Q BbI3BIBacT MOSIBJICHME HM3KOTO YPOBHS Ha BbeIxoxe /2
MUKpocxeMbl D24. DToT HU3KHI ypoBeHb, Mmomanast Ha Bxox / Mukpocxemsl D23, pa3perraer ee paboTy, HO €€ BBEIXOJIBI
3, 6, 10 m 13 ocTaroTcs B COCTOSIHUH BRICOKOTO cOnpoTHBIeHNUs. [1o curHamy IN 3TH BBIXOIBI OTKPBIBAIOTCS M B YETHIPE
MJIAIIIAX Pa3psaa aKKyMyJIaTopa MHKPOIpPOIeccopa MEPenrChIBAIOTCS COCTOSHUS BXOH0B 4, 7, 9 u 12. Ecnu Hu oxHa
13 KHOIOK, COEIMHEHHBIX C TeM BbIX0#0M D22, Ha KOTOPOM MPHCYTCTBYET HU3KHH YPOBEHb, HE HAXAaTa, TO BCE YETHIPE
MIIJIIIKNX pa3psizia akKyMyJIsiTopa paBHBI 1, €CIM OfIHA U3 KHOIIOK Ha)KaTa, TO COOTBETCTBYIOLIMH pa3psia OyleT paBeH
0. ITo Tomy Koy, KOTOpHIi ObLT 3ammcaH B opT ¢ afapecoM 003 Q, u ToMy Koxy, KOTOpbIi 6pU1 cunta u3 mopta 003 Q,
MOYKHO OIIPEJIeINTh, Kakasi U3 KHOIIOK Hakara. Kak 3To Jenaercs, onucaHo B CleayomeM naparpade.
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Puc. 7.9. BpeMeHHast nuarpamMma paboTsl HOpTa BBOJA

7.4.NPOrPAMMA-MOHUTOP

[Tporpamma-MoHHUTOp (MJIM IIPOCTO MOHHUTOpP) — 3TO IpOrpamma, KOTOpas yIpasiseT paborod MuKpo-ODBM.
MOHHTOp BBINOJHSAET CleAyroUe (QYHKIMU: MOATOTOBKY K pabore ycrpoiictB Mukpo-OBM mnocie BitoueHHs
MUTaHUS ¥ TIOBTOPHBIX IIEpe3aryCcKoB, OOCITYy)XKMBaHWE WHIUKATOPOB M KJIaBUATyphl, BBIIIOJHEHHE YKa3aHWH
TI0JIH30BATENS IO peasTu3anny mporpaMmmbl. MuKkpo-OBM BBIIONHSAET IpOrpaMMy-MOHHUTOP BCE TO BpeMsi, KOTja OHa He
BBINOJIHSIET KaKyI0-THOO0 IporpaMMy I0JIb30BaTENS.

Hwxe npuBeneH NOJHBIA TEKCT NPOrpaMMbI-MOHUTOP. [Ipu nepBOM NPOYTEHUH MOKHO MPOIYCTUThH AAJbHEHIINN
TEeKCT JAaHHOTO maparpada, HO mpu omragke I[IM-ODBM u pabore ¢ HE HEOOXOOMMO UYETKOE ITOHWMAaHHE
(YHKIIMOHMPOBAHUS MOHHTOPA, [UISl Y€TO U MIPUBOIUTCS €€ IETATBHOE ONHCAHHE.

TeKCT mporpaMMBbl COCTOMT U3 TPeX CTOJI0I0B. [IepBbIii CTONOCI COAEPIKUT aapeca sTYCeK MaMsITH, BTOPOi CTOI0eI]
- COIEPIKUMOE ITHX SUEEK B BOCBMEPHYHOM KOJE, a TPETHI CTONIOEL] — acceMOJIEPHYIO 3aIUCh TPOTPAMMBI.

[Tocne monmaun Bcex HEOOXOOMMBIX HANpPsDKEHWH HAa MHKPOCXEMbI M MHKpOIpoleccop Mukpo-OBM HaumHaer
pabotath. Ilpu 3TOM COAECPKUMOE BCEX PErHCTPOB MHKpompolieccopa U sueek O3V ycTaHaBIMBAETCS CIydYailHBIM
obpazom. [ToaTromy B MuKpo-OBM npoucxomuT B 3TOT MOMEHT HEYNpaBisieMbI M Helpenckasdyemblii nporecc. s
TOTO0 YTOOBI OCTAHOBUTH €r0 M IIyCTUTHh 1O BIIOJHE ONpEACICHHOMY pyciy, B Mukpormporeccope KPS80MKS80A
nmeercst Bxox RESET (BeiBox 72). Ha 3TOT BXO/ 1MojaeTcst BRICOKMH YPOBEHb, KOTOPBIH BBIPa0aThIBAETCS IPH MOMOIIN
CIELMAJIBHON CXEMBI Cpa3y I0CiIe BKIIOYEHUs MUTaHus (cM. ri1. 6) wim npu Haxatun Ha kHonky CBPOC. Ilo atomy
CUTHAITy MHUKpoTmporeccop 3aHocHuT B cuetdnk kKomaHz (PC) Bo Bce pa3psamasl Hynd. DTO O3HA4YaeT, YTO CIIEIYFOIIas
KOMaHAa OyAeT CUMTBHIBaThCA W3 S4EEK C HyJEBBIM anpecoM. [lo sTomy azapecy pasMernaercss mepBas KOMaHAa
MOHHUTOpA. [[JIs1 TOro 4TOOBI MOHUTOP YK€ HaXOAWICS B MAMATH MUKpO-OBM mocne ee BKIIIOYEHUs, OH IIOMEIIaeTcs B
[13Y. Kpome Toro uro MmoHuTOop 3aHuMaeT namsaTh I13Y, oH, Kak U BcAKas mporpaMma, Ipu CBOEH paboTe MCIIONIB3yeT
sueiiku O3Y u peructpsl Mukpormporeccopa. Kakue saeiiku O3Y u kak OH HCIIONB3yeT, OyAET SICHO Mmocie pazbopa
CcaMOM MpOrpaMMBbl.

Wrak, mepBas KOMaHa MOHHUTOpA, pacnojokeHnHas mo aapecy 000000Q, - komannga 6e3ycinoBHoro nepexona JMP
M, koTtopast epeqaeT yrnpaBiceHHe KOMaHe, pacnojioxenHoi no aapecy 000070Q. Komanna JMP Ml 3anumaet Tpu
Oaiita. bBaiitet ¢ 000 003 Q mo 000 067 Q He wucnomp3yrorcsa. Oty obmacte [I3Y crieayeT ocTaBUThH
He3alporpaMMHUPOBAaHHOM, TaK KaK OHa MOKET ITOHaL0OUTHCS JUTS PAaCIIMPEHNs] BOZMOXHOCTEH MIKpo-OBM no pabote
¢ npepeBanusMu. Ilox metkoit Ml (mo anmpecy 000070Q) naxommrtcs xomanma LXI SP, 010000Q. Dra komanna
3arpyxaer koHcranty 010000Q B yxaszarens creka (SP), 4ToOBI OH yKa3bIBaJl Ha MEPBYIO HECYIIECTBYIOLIYIO SUCHKY
O3Y. Toraa npu NepBoM 3aHECEHHUH JAHHBIX B CTEK (sSUeiiku KoToporo pacrnoiaratorcs B O3Y) SP OyneT yBenuueH Ha
eIMHUIly W OyAeT yKa3blBaTh IOCIETHION S4YeiKy Qusndecku cymecTtBytomero O3Y, Kyaa W HOMECTATCA
nannele. [Ipu mampHEHIIMX OOpaIIeHMsIX CTeK OyAeT "pacTH" OT CcTapIidX aApecoB MaMSATH K MIAIIINM IIpU
3alKcy B HETO W "yMeHbIIaThcA" MpU cuUThIBaHUM. Eciiu monb3oBarens ganee OyaeT MpaBUIIBHO HCIIOJIB30BATh
KOMaHJIbl 3allUCH W CYHUTHIBaHHS (MX YHUCIO JOJDKHO OBITh OJIMHAKOBBIM), HHKOI/Ia HE MPOM30WUIET OUIHMOKH
obpameHnss K cTeky. OOparuM 3mech BHHMAaHHE Ha TO, YTO BOCBMEpHYHAs KOHCTAaHTA, 3alMCAaHHAs B
acceMOJIepHO# cTpoke moJ MeTkoi MI, mpuoOpena Apyryro KOJUPOBKY MpH 3anucH B namaTh B sueiiku 000071Q



u 000 072 Q. YroObl TOHITH, YTO TPOM3ONUIO TPH IEPEXOJe OT 3alHhCHh Ha accemMOiiepe K pearbHOMY
PacCIOJI0KEHUIO KOHCTAHTHI B IIaMATH, 3allMIIEM CHayalla 3Ty KOHCTaHTy B ABoM4HOM koze: 010000Q paBHseTcs
0001000000000000B. Ecnu tenepb pa3duTh 3T0 16-pa3psaHoe ABOMYHOE YHCIO Ha JBa OalTa, TO MOTYYHTCS
00010000B u 00000000B, nmu B BochMmepuuHoi cucteMe 020Q nu OOOQ. DT ymcna v 3amucaHbl B STYEUKH C
aapecamu 000 072 Q m 000071Q cooTBETCTBEHHO. DTOT MEPEBOJA KOHCTAaHTHI OT TOW ()OPMBI, B KOTOPOH OHa
3amucaHa Ha acceMOuepe, K pealbHOMY PACIONIOKEHHUIO B MTaMATH OYyJIeT BCTPEYaThCs €Ile BO MHOTUX KOMaHJaX
MOHMTOpA.

Crnenytomas xomanga LXI H, 006 000 Q 3arpyxaer mapy peructpoB H-L koncrtantoit 006 000Q. Dta
KOHCTaHTa sBJsieTcs agpecoM nepBoil siueliku O3VY. 3arpyska SP u H-L HayanbHbIMU 3HAUCHUSAMHU BBIIOIHAETCA
TOJILKO OJMH pa3 mpu BXozae B MoHHTOp (mocie curHaiia RESET). B nmanbHeiieM 3ta mapa peructpoB OyneT
HCTIONIB30BATHCS U XPaHEHHS afipeca TUYCHKN MaMsATH, C KOTOPOH B TaHHBIH MOMEHT paboTaeT MpOorpaMMICT.

HUrak, SP ycraHOBNeH TakuM 00pa3oM, 4TO MmoJie cTeka OyneT HaXOAUThes B cTapimux aapecax O3V, a B H-L
HaxonuTcs anpec mepBoit siueiikn O3Y. Crenyromue ceMb komana, 3anuMatomue sraeiikun ¢ 000076Q mo
000110Q, ciyskat Juist TOTO, YTOOBI BBICBETUTHh HA MHIAMKATOPAX aapec SUCHKU MaMATH, C KOTOPOU B HACTOsIICE
BpeMs paboTaeT mporpaMMucT, u ee conepxkumoe. Komanna M2: MOV C, M (ampec 000 076 Q) nepenuchiBaet
JaHHBIC U3 sTUCHKH, afpec KoTopoit xpaHures B H-L (mpu nepBoM npoxose AaHHOTO MECTa MPOrpaMMBI 3TO aapec
nepBoit stueiiku O3Y), B peructp C. Jlanee komanma MOV A, H mnepenuceiBaeT naHHbIe U3 peructpa H B
AKKyMYJISTOp, 4TOOBI ¢ momolubto cienyromeii komanasl OUT 001Q BeiBecTH €€ HA MHIUKATOPHI C aIpecoM
001Q. lanHble MEPENUCHIBAIOTCA B aKKyMYyJATOp IHEpea MX BBIBOAOM 3TOH KOMaHAOH (B IBYX HOCIIEAYIOLINX
AQHAJIOTUYHBIX ciydasx npumensiercs komanna OUT OOO0Q u OUT 002Q), motomy uto komanna OUT moxer
nepeciarb B YCTPOMCTBO BBIBOAA TOJIBKO coAepxkuMoe akkymyssatopa. [locae seimonnenns komanast OUT 001 Q
Ha COOTBETCTBYIOLMX HHAMKATOpax BBICBETUTCA cojepkuMmoe peructpa H. Kaxapii cBeroamnon, KOTOpoMmy
COOTBETCTBYET €AWMHHIA B KaKOM-THOO paspsime peructpa H, 3aropurcs, a KaXIbli CBETOANOJ, KOTOPOMY
COOTBETCTBYET HYJb B KaKOM-THOO0 pa3ps-ne H moracHer. AHamormyHo Ha cBerogmonaax mopra OOOQ BreicBe-
TUTCA copepkumoe peructpa L (komangst MOV A, L u OUT OOOQ) u nopra 002 Q - peructpa C (koMaH/IBI
M3: MOV A, C u OU 1 00?Q) IMocne storo BemonHsietcs komanga M4: CALL SKL, xotopas BbI3bIBacT
noanporpammy SKL, oOcmyxuBaroniylo KiaBuarypy. llpexne ueM mnepexoluTb K OINHMCAaHUIO 3TOH
MOATIPOrpaMMBI, OIUILIEM €lIle OAHY noArnporpammy DL, KoTopas BbI3bIBaeTCs U3 MoAnpo-rpammbl SKL.

[Moamporpamma DL ciykuT nmnst 3afep>Xku BbImoiiHeHUs: mporpamMMbl Ha 10 mc. Takume 3amepxkud vacto
HEOOXOIUMEI TIpU paboTe ¢ BHEITHUMH YCTPOHCTBAMH, OBICTPOACHCTBHE KOTOPHIX 3HAYHTEIFHO MEHBIIE, YeM Y
Mukpo-OBM. IloaTomy 3Ta moamporpaMma, HaXOAAIIAsCS W MCIIONIb3yeMas B MOHUTOPE, HamucaHa TakuM oOpa-
30M YTO COXpPAaHSAET 3HAYCHHE BCEX PETHCTPOB M S[UEEK MaMSATH BO BpeMs CBOoei paboThl. OHa MOXET OBITh
BBI3BaHa U3 JPYruxX mporpaMm mnojbs3oBatens. [loamporpamma DL maumnaercs c staeiiku 000 277 Q Komanapt
PUSH PSW u PUSH D mnepenuchiBalOT B CTEK COAEPKUMOE aKKyMYJIATOpa, PETUCTPA COCTOSIHMKA M Maphl pe-
ructpoB D-E mis Toro, 4ToObl 0CBOOOANTH 3TH PETUCTPHI M MCIOJNB30BaTh Jaliee il cBoeil padoThl, a mepen
BBIXO/IOM M3 MOANPOIpaMMbl BOCCTAHOBUThH MX CTapoe colepxaHue. 3aTeM napa peructpos D-E 3arpyxaercs c
nmomotipio koMauael LXI D, 001 016Q kouctantoir 001016Q. Creayromnue MATh KOMaHI 0Opa3yrOT LIHKIL.
Komanna N:DCX D ymenblaeT cogaepkuMoe napsl peructpos D-E, BeluuTast U3 XpaHsAIIErocss B HUX JIBOMYHOTO
4yHuclia eUHMIYY. 3aTeM cTapimid 6aiT napel D-E komannoit MOV A, D nepenuchkiBaetcs B akkymyisitop Hanee
komanna ORA E BwimonHseT mopaspsgHo joruueckyto omepauuto MJIM Haa comepKUMbIM akKyMyJsTOpa H
peructpa E u pe3ynbTar 3TON omepainiu 3alichIBaeTCA B aKKyMYJISITOD, [IPH 3TOM eciii cofepxumoe A u E (uu
D u E) He paBHO HyIF0, cOpackiBaeTcs (uiar mpu3HaKa HyJs pe3ynbrata Z. TO IPUBOJUT K TOMY YTO CIIEAYIOIast
komanaa JNZ N (aapec 000 307 Q) ocymectriser nepexoa k Metke N (aapec 000304Q) u pparMeHT mporpaMMbI
ot metku N 10 komauasl JNZ N (wnm, uTo TO ke camoe, oT aapeca 000304Q mo 000311Q) OyneT mOBTOPSITHCS 10
Tex TMop moka B obomx perucrtpax D u E He oOpasyrorcst Hymu. CienoBaTeldbHO 3TOT (PparMEHT NMPOTrpaMMBI
Beimosasgercs 001016Q pa3. O6o3HauuM OyKBOW N ¢ COOTBETCTBYIOIIUM HHISKCOM YHCIIO MAIIHHHBIX TaKTOB
OTpe/IeNIeHHOM KoMaHasl. Torma 9rciio TakTOB NPH OJHOKPATHOM BBIMIOJHEHHWH 3TOTO (parmeHTta Ny Npeyp + +
NuovaptNoraetNpzy = 5 + 5 +4+10=19.

Tak KaKk AIUTENEHOCTH OZHOTO TAKTa IPH UCIIOIb30BAaHUN KBApLEBOTO pe3oHaTopa Ha yacToTy 9 MI'n paBHsercs 1
MKC (CM. TJ1. 6), BpeMsi BbIIIOJIHEHHUs 3Toro Gparmenta 19 Mkc, a uroOsl BoinonHUTh ero 001 016Q pa3s, HyxHO 9994
MKC. CﬂeﬂOBaTeﬂbHO, BBITIOJIHCHUE DJTOM IporpaMMbl  3aJICPKUBACT BBIINIOJHCHUEC MPOrpaMMbl, BbI3BaBIIEH cc,
npumepro Ha 10 mc. TTocne Toro kak BeimosiHeHo 001 016 Q mukiioB u comepxkumoe D u E paBHo Hymo, duar Z He
ycranaBnuBaeTcs koMaHnoit OKA E u xomanznoit INZ N He nepenaet ynpanienue k Metke N. Torma BBIMOTHSIOTCA
xomanzel POP D u POP PSW, koTopble BOCCTaHABIMBAIOT COAEpKUMOE napel peructpos D-E, akkymynaropa u ciosa
cocroaHuil. 3areM koManaa RET mepenaer ynpasnenue komanje, cuenyrouier 3a Toil komanno CALL DL, xoropas
BBI3BaJa ATy MOANPOrPaMMY.

Paccmorpum temeps moamporpammy SKL. Ota moamporpamma obecriednBaeT pabOTy KIaBHATypsl MHKpo-OBM.
Ona pacnomaraercs B obmactu I13Y ¢ agpecamm 000 177Q - 000 276Q. Ilpu ee BezoBe xomanmoit CALL SKL
yIpaBJIeHHE TepenaeTcs KoMaHae, pacmonaraemoit o aapecy 000177Q. Komanna SKL: MVI A, 000Q 3arpyxaer B
akkymyisrop OOOQ, a crmemyromas komanga OUT 003Q 3ammchiBaeT COAEP)KUMOE MIIAANINX YETHIPEX OHTOB
akkymyistopa, 1. e. 0000B, B werpipe Tpurrepa mmkpocxem KI155TM7 (cm. mukpocxemy D22 wa puc. 7.7).



CrnenoBartenbpHO, Ha BEIXOJaX TPUITEPOB ATOM MHUKpOCXeMbI (BBIBOIEI /6, 15, 10, 9) ycranaBnuBatorcs Hynd. [Ipu sTom
eclii HakaTh XoTs Obl ogHy u3 KHomok K1 — K16, To Ha cooTBeTcTByromeM Bxone Mukpocxemsl KS89AIIL6 (D23)
yCTaHOBHUTCS Takxke Hyib. Jlanee cienyromas komanga M5: IN 003Q mepemucbiBaeT B 4eThIpe MIIAIIINX OuTa
AKKYMYJIATOPA TC JIOTHUYCCKUE COCTOSAHUSA, KOTOPbIC B MOMCHT BBITIOJTHCHUSA 3TOU KOMaHbI IPUCYTCTBYIOT Ha BXOAax
mukpocxembl D23. 3atem komanna ANI 017Q myTem BbIMOIHEHHS JTOTUYECKOW omepanuu W 3amuchIiBaeT B cTapuine
YeThIpe pa3psiaa akKyMyJsITopa HyJIHM, a MJIaJIIie YeThIpe pa3psia OcTaBisieT TaKUMH, Kakue oHn Obutu. Ilocne atoro
komanna CPI 017Q cpaBHuBaeT comepkumoe akkymynsaTopa ¢ korcrantoit 017Q (00001111B). B pesynerate 3Toro
CPaBHEHUsI B PETHCTPE COCTOSHUH Mpoleccopa OyAeT yCTaHOBIEH (iar HyJIeBOro pe3ysbTara, €Ciii IpH BHIOJIHEHUN
komaHael MS5: IN 003Q nHa Bxomax mukpocxemsl D23 (BeBoabI 4, 7, 9, [2) ObUIM €OUHMLEL, T. €. HU OJHA KHOMKa K-
K16 ue Opa HaxkaTa. Eciim X0Ts1 ObI 0JJHa M3 KHOTIOK OblTa HaXkaTa, TO (Jar HyJIeBOTO pe3yibTaTa IOCiIe CPABHEHHUS C
017 Q He OymeT yCTaHOBIICH W CleAyomas KOMaHAa YCIOBHOTO mepexona JNZ M5 BBI30oBeT mepexon K meTke MS.
Takum o0pazom, GpparMeHT MporpamMmbl, HaduHast ¢ MeTKH M5 U koHuast koMaHaoi JNZ M5, Gyner BBINOIHSITHCS 10
TeX TOp, TOKa BCE KHOMKHA HE OyAyT OTIyHIEHB. JTOT (parMeHT MPOTrpaMMbI HYXKEH IOTOMY, YTO MOCIE HaXKaTHA
KHOITKM MOHHTOD BBINOJHIET BCE HEOOXOAMMBIE ONEpalUH CTOJNb OBICTPO, YTO IOJIB30BaTElb €Il HE YCIeBaeT
OTIYCTHUTh KHOIIKY, a IporpaMmma y»e roroBa o0paboTaTh ciieayromiee Haxxatue KHolku. [TloaTomy eciu Obl He ObLIO
9TOro (parMeHra, OJHO Ha)KATUE KHOIIKM BOCIIPHHUMAJIOCH OBl KaK HECKOJIbKO Ha)KaTWil, 4TO HPUBOAWIO OBl K
HeNpaBWIBHON paboTe MOHUTODA.

[Ipexae yeM paccMaTpuBaTh Jaiblie padbOTy MOAPOrpaMMEI, 0OpaTUM BHUMAHHE Ha TOT ()aKT, YTO MPU HAXKATUU
kHONOK K/-K16 npoucxomuT apede3r KOHTAKTOB, pACCMOTPEHHBIN B 1. 6. TaM ke MpHBOAMIACEH CIICIATbHAS CXEMa,
MTO3BOJISIONIAST YCTPAHUTH ATO siBieHHE. [Ipebe3r KoHTakToB (cM. puc. 6.14) mpuBOAMT K TOMy, 4TO Ha BXome D23
BMECTO HIEaTBHOTO MEepeXxoAa W3 HyJsS B SAWHUILY MPH pa3MBIKAHUN KOHTAKTOB KHONKH W W3 €IWHUIEI B HYIb MPH
3aMBIKaHUH KOHTAKTOB KHOIIKM UMEETCSI ceprs iepexo10B. Kaxkaplil Takoi epexoa MOKET OBITh BOCIIPHHSAT KaKk HOBOE
Ha)kaTHe Ha KHOIIKY, IT0O3TOMY HEOOXOIMUMO NMPHUHSTH CIIEHATbHBIE MEPhI, YTOOBI 3TOTO HE MPOU30III0. MOXKHO OBIIO
06l cHAOOUTH KaXKIYI0 KHOIIKY AJIEKTPOHHOH CXeMOM IS oJaBiieHust Apedesra KOHTaKToB (cM. puc. 6.13), HO MOXHO
BOCTIOJIB30BaThCSI IPOTPAaMMHBIM METOJIOM, ONHCHIBAEMBIM HIDKE. B mommporpamme uis 3Toro mociie komaniasl JNZ
M5 uner xomanna CALL DL, koTopas BbI3bIBaeT HOINPOTpaMMy BPEMEHHOH 3aJepXKu. BeimosHeHne mporpaMMel
3anmepkuBaercs Ha 10 mMc. 3a 370 Bpemst pede3r KOHTAKTOB 3aKaHYHUBACTCS.

Crnenyromuii pparMeHT mporpaMMsbl "oxUIaeT" HaXKaTHsl KHOMKKA U BBOJUT KOJ HAXKATOW KHOIIKK B aKKyMmyJisaTop. B
KadyecTBe paboyMx pErucTpoB OyayT ucnonb3oBarkest mapa D-E u akkymynsitop, mostomy komanmod PUSH D
conepxkumoe napsl peructpoB D-E coxpansiercs B creke. Cnenytonue ase komanast M8: MVI D, 003Q u MVI E,
376Q 3arpyxatt B peructpel D u E xonet 003 Q u 376Q coorBerctBeHHO. 3atem komanna M7: MOV A, E
MepennChIBacT coaepkumoe peructpa E B akkymymsarop, a komanga OUT 003Q mepenuchBaeT 4eThIpe MIIAIIINX
paspsma akkymyisaTopa B Tpurrepbl Mukpocxembl D22. Tlocme storo komanma RLC caBuraer comepxumoe
aKKyMyJISITOpa Ha oauH OHT BieBo, a komanaa MOV E, A nepenwuceiBaer ero B peructp E. ComepxuMoe perucTpoB u
COCTOSIHHE BBIXOJOB TPUITEPOB MUKpOCXeMbl D22 B IBOMYHOM KOJE B 3TOT MOMEHT IPEACTaBICHO B MEPBOM CTpPOKE
Tabm. 7.5.

Tabnuma7.5
Homep
CTPOKM,
Homep Copaepxumoe perucTpoB CocrosHue BLIxoA0B
TpurrepoB D22
npoxoa
D E 9 10 15 16
1 00 000 01 1 1 111 101 1 1 1 0
2 00 000 010 1 111 011 1 1 0 1
3 00 000 001 1 110 111 1 0 1 1
4 00 000 000 11 101 111 0 1 1 1

Hanee xomanaa IN 003Q BBOIUT B aKKyMYJISTOP COCTOSIHMA BXOZ0B MHUKpocxeMbl D23, komanna ANI 017Q
YCTaHABIMBACT B CTApIIMX YETHIpEX paspsaax akkymyistopa Hynmu, a xkomanma CPI 017Q cpaBuHuBaer ero
conepkumoe ¢ koHctantoi 017Q u ycraHaBiauBaeT Quar HyJs pe3ysbTara, eciu coaepxxumoe paBao 017Q. Bto
MPOU30IIET B TOM CiIy4ae, €clii HU ofHa W3 KHOMoK K4, K8, K12, K16 ne Haxara. PaccMOTpUM 3TOT BapuaHT.
Torna cnegyromiast komanna JNZ MO He oCyIIecTBIsSIeT YCIOBHBIN Mmepexo]l (Tak Kak yCTaHOBIIEH (uar HyJs) U
BbInosHsercs koManaa OCR D, koTtopas ymeHbIIAaeT coepKuMoe peructpa D Ha eauHuiy. 3aTeM comepKuMoe
peructpa D mepechiiaerca B akkymysaTrop komanaoih MOV A, D u cpaBHuBaercs xomangoit CPI 377Q c
koHcTaHTOW 377 Q, M TOCKOJNIbKY paBeHCTBa HeT (Tak kak B peructpe D kox 002Q), xomanma JNZ M7
OCYyIIECTBIISET mepexo k komanae M7: MOV A, E u ¢parment nporpammsl o M7: MOV A, E no INZ M7
moBTOpsieTcsl. DTOT (pparMeHT OynmeT BBIMONHATHCS 4 pasa (IIpH YCIOBUH, YTO HM OJHA KHOIKA HE Ha)Karta).
CocTosiHUS BBIXOZOB TPUITEPOB MHKpocxeMbl D22 u coxepxumoe peructpoB D u E mocne BblonHEHHA
koMauael MOV E, A (aapec 000230Q) yka3zansl B TabJ. 7.5 1S KaXXI0T0 IPOXO0/Ia.



Bo Bpems ueTBepTOrO Mpoxoaa coepKUMOe perucTpa ctaHeT paBHbIM 377Q u komanna JNZ M7 (agpec 000
246Q) He ocyuiecTBUT mepexon K M7, a OyAeT BBINOJHATHCS clenyrolas 3a Heil -KoMmaHOa 0e3ycIOBHOTO
nepexoaa JMP M8, B pesynbrate yero komanasl M8: MVI D, 003Q u MVI E, 376Q 3arpyssar peructpsl D u E u
¢parment or M7: MOV A, E no JNZ M7 noBToputcs onsTh 4 pasa. DTOT mporece OyIeT MOBTOPSATHCS 10 TEX
1op, MoKa He Ha)kaTa HU OJIHA KHOIKAa W Ha BXonax 4, 7, 9, 12 mukpocxemsl D23 HaxoasTcsl BEICOKME YPOBHH, a
CJIEJIOBATENBHO, B aKKyMylsiTope mocie BeimonHeHus: koManasl ANI 017Q (ampec 000 233 Q) HaxomuTcs KOA
017Q. Ecnm kakas-mmb0 KHONKAa HakaTa, TO KOJ B akkymyisatope He paBeH 017Q m xomanma JNZ MO
ocylecTBigeT nepexoxa k komanae M6: CALL DL, koTtopast BbI3bIBa€T MOANPOTPaMMy BPEMEHHOM 3a1€PiKKH 11
TOT0, YTOOBI MepekaaTh ApeOe3r KOHTAKTOB TOCIE Ha)KaTUsl KHOIMKH. 3HA4YeHHUs KOJa B aKKyMYJISATOpE Mocie
BoinosiHeHusT kKomauAsl ANI 017Q B 3aBUCHMOCTH OT KOJla Ha BBIXO/JaX TPUTTEPOB MUKpocxembl D22 u ot Toro,
Kakasi Ha)kaTa KHOIIKa, IPUBEEeHbI B Ta0. 7.6.

Tabnuua 7.6
Bbixopg Bxon muk-
pocxembl
Homep ;purrepa MUKpO- Haxartaa D23, Ha oA B
ctpokn oA B PE-CXeMBbl . onka  kotopom  2KKYMY-
ructpe D B22,Ha - narope
HU3KNA
KOTOpPOM YpPOB€eHb
HU3KUN
YyPOBEHb
1 9 00 000 000 K1 4 00001 MO
K5 7 00001 101
K9 9 00001 011
K13 12 00000 111
2 10 00000001 K2 4 00001 o
Ko6 7 00 001 101
K10 9 00001 011
K14 12 00000111
3 15 00000010 K3 4 00001 110
K7 7 00 001 101
K11 9 00001 011
K15 12 00000111
4 16 00000011 K4 4 00001 110
K8 7 00 001 101
K12 9 00001 011
K16 12 00000 111

ITocne Bemonnenus noanporpammsl DL xomanga M10: RRC cinBuraer copepskuMoe akKyMyJsSTOpa Ha OJUH
OWT BIpaBo, a caMblid MJIAIIMN OWT MpH 3TOM momangaer B ¢uiar meperoca. Crenyromas komanga JNC M9
OCYILIECTBIIAET YCIOBHBIN Mepexo, eciau (iar mepeHoca He ycTaHoBieH (mepeHoc C paBe« Hylo). Paccmorpum
BapUaHT, KOT/la MepeHoC He paBeH Hymo (cTpoku 2 — 4 Tabn. 7.5) u mepexona k M9 ne npoucxonut. Torma
cnenytomras komanga PUSH PSW coxpansier conepxuMoe akKyMyJIsiTopa U CIOBO COCTOSTHUN MUKpOTIpOIleccopa
B CTEKE JUIS TOTO, YTOOBI MOKHO OBLIO Hajbllle HCIONb30BaTh akkymysitop. Komanma MOV A, D nepenuceiBaet
cozepskuMoe peructpa D B akkymyinsatop, a komanaa ADI 004Q mpu6aBisieT K COAEp)XKUMOMY aKKyMYJISITOpa
koHcTaHTy 004Q. ITocne sToro komanga MOV D, A mepenuceiBaeT pe3ynbTaT ciaoxenus B peructp D, a komanga POP
PSW BoccraHaBnMBaeT cOAEPKUMOE aKKyMYyJISTOpa M CIOBO COCTOSHHII MHUKpPOIIPOLIECCOpa, CUMTHIBAas HX M3 CTeKa.
Hanee xomanma 6e3ycnoBHoro mepexoga JMP M1C ocymectiser nepexon k komanae M10: RRC, 1. e. moBTopsier
¢parment nporpammbl, HaunHas ¢ M10. Temepp sICHO, YTO B 3aBUCHMOCTH OT Koja B akkymyJjsrope (tabm. 7.6)
¢parment nporpamMmel 0T koMaHasl JNC M9 (agpec 000 260Q) mo xomanas: JMP M10 (agpec 000 271Q) Oyzmer
BBITIOJIHATBCS HyJb pa3 AJIsl EpBOW CTPOKHM TaOnuupbl, 1 pa3 — aist BTOpoit. 2 paza — aus TpeTbel u 3 paza — st
YeTBEpTOH. DTO 3HAYUT, YTO K KOy B perucrpe (cM, Tabia. 7.6} COOTBETCTBYIOIIEE YMCIIO pa3 MPUOABUTCS KOHCTAHTA
004Q. CnenoBarensHO, B peructpe D nocine BeimonneHus koManasl JNC M9 Oyzer conepikaTbest KO, 3aBHCSIIUI OT
Ha)kaToi KHOIKK. Bce BO3MOXKHBIE KOAIBI ITEpeYrCIIeHBI B Ta0. 7.7

Tabnuma 7.7
Haxatas Kog B perunctpe D B Koa B peructpe D MHeMoHu4ec
KHOMKa [ABOMYHOM CUCTeMe B BOCbMEpPMYHOM KOe Ha3BaHue

cucreme KHOMKU
K1 00 000 000 000 0
K2 00 000 001 001 i




K3 00000010 002 2
K4 00000011 003 3
K5 00000 100 004 4
K6 00 000 101 005 5
K7 00 000 110 006 6
K8 00 000 111 007 7
K9 00 001 000 010 Cb
K10 00 001 001 011 MB
K11 00001 010 012 K
K12 00001 011 013 n
K13 00 001 100 014 -
K14 00001 101 015

K15 00001 110 016 =
K16 00 001 111 on =

ITocse mepexona B pe3ysbTaTe BbIIONHEHHS KoManasl JNC M°-Bbinonusercs komanga M9: MOV A, D, kotopas
MIePEUCHIBaB-: cofepkuMoe peructpa D B akkymymsarop. 3atem komauaoit POP I' BoccranaBnmmBaeTcst TO conepkaHue
peructpa D, koTopoe ObLI0 70 Havyasa padoTel moanporpammel SKL. Ha aTom paboTa moamnporpaMMbl 3aKaHYHBACTCS U
komanna RET 3arpyxkaer B cUeTUYMK KOMaHJ aJgpec KOMaHIbI, CIEAYIOIIeH 3a TOHM, KOTOpas BbI3Bajla NEPEXoi K
noanporpamMme. 3amerum, uro noamnporpammsl SKL m DL He mopTsar npu cBoeit paboTe copepKMMoe Kakux-Ji0o
peructpoB. Pesynbrar cBoeil paboTBl — KOJ, COOTBETCTBYIOUIMH HakaToil KHomke, — moanporpamma SKL
BO3BpAIllaeT B akKyMmyJsTop. Mrak, Opita Haxkata KHoOmnka, moamnporpamMma SKL Beipabortana kKo, cOOTBETCTBYIOUIIMH
STOW KHONKE, M MOMECTHIIa €ro B akKymyisitop. Pabora mommTopa mpomormkaercs ¢ komaaasl CPI 010Q (ampec
000113Q). Dra KoMaHOa CpaBHUBACT COACPKUMOE aKKyMyisiTopa ¢ koHcTaHToi 010Q. DTO cpaBHEHHE MPOUCXOAUT
IMyTeM BBIYUTAHUS U3 KOJa, XPAHAIIETOCA B akKyMyisTope, kona 010Q (mo mpaBmiaM ABOMYHOTO BBHIYUTAHHSA), XOTS
COZIEPKUMOE aKKyMyJIsITopa He mopTutcs. [Ipm 3ToM ecim 3HaYeHHWEe TBOMYHOTO YHCIIA, KOTOPOE BBIPAKEHO KOIOM,
cofepKanmmMces B akkymyistope, Messie 010Q (nmm 8D), To mo mpaBuiiaM JBOMYHOTO BBEIYUTAHUS ITPOUCXOIUT 3aE€M
u ycranasiuBaercs: (iiar nepenoca C, eciu 6oubine win pasHo 010Q - To ¢uar He yctaHaBnuBaercs. 3aTeM KOMaH/a
INCM11 ocymectrisier nepexon k Metke MIT (axpec 000134Q), eciu ko HaxkaToil KHONKK Oosbie win pased 010Q,
€CJIM HET, TO BBIMONHAIOTCA KoMaH bl cienyromue 3a JNC MII. Konpl, menbmne 010Q, cooTBeTcTBYIOT KHONKaM K-
K8 wn obpabarsiBatorcst MOHUTOPOM [10-OCOGoMy, HOTOMY YTO 3TH KHOIIKH KOJAUPYIOT BOCBMEPHYHBIE HU(PHI OT
0 mo 7 (cm. Tabn. 7.7) nns BBoza B MuKpo-OBM. OcTabHbIM KHOIIKaM IPHCBOCHBI CIICHHANBHBIE (DYHKIMH, KOTOpPbIE
BBINOJIHSIOTCSI MOHUTOPOM (CM. HIKE).

PaccmoTpuM, Kak MOpPOUCXOOUT BBOJ BOCbMEPUYHOro uucia B Mukpo-OBM. Hanomuum, yro peructp C
HCTIOTB3YETCs U BPEMEHHOTO XpaHeHHs BBEJICHHOTO YMCIIA IO TOTO MOMEHTa, KaK OHC OyJeT Mepernucano B IaMsTh
o afpecy, xpansmemycs B mape peructpoB H-L. TTocre Toro kak Opia HakaTa omHa w3 KHONok K/-K§, mporpamma
nepexout k komarne MOV B, A (axpec 000 120Q), koTopast mepernrchBaeT KO HAKATOH KHOIIKH U3 aKKyMYJISITOpa B
peructp B. 3arem kox, comepkammiicas B peructpe C (3TOT koj ObIT BBICBEHYeH Ha MHAMKartopax mopra O00Q),
MepenuChIBacTCa B akkyMyJssitop komannoit MOV A, C u casuraetrcs Tpems komangamu RAL Ha Tpu Omrta BieBoO.
ITocne atoro ¢ momomipio komauasl ANI 3 70Q ouumiaroTcst Tpy MIaAmUX OuTa, a ¢ momomsio koManasl ORA B Ha
9TH MeCTa 3alMChIBAIOTCS HOBBIE TPK pa3psijia KoJia HaKaToil KHONKH. B pe3ynbraTe B akKyMyJIsITOpE TOTOB HOBBIH KOJT
JUTsl MHIMKaUM Ha wHaukatopax mopra O0O0Q, Jlanee comepxkumoe akKymylsiTopa nepenucbiBaercsi B peructp C
komannoit MOV Cs A, a 3atem xomarga JMP M3 ocymiecTBiser nepexo K (parMeHTy IpOorpaMMBIL, peallu3yIoIIeMy
WHIUKALHIO.

Ha wunnukarope mnopra OOOQ mosb3oBarenb BUAUT cienyomee. Eciu 10 HaxaTvs KHONKUA COCTOSIHUS
nHaukaropos 66t XO — X7 (puc. 7.10,1), TO mociie Ha)xaTHs 3TH COCTOSIHUS CABHIAIOTCS HA TPU MHIWKATOPa BJIEBO
(mpuuem X5 — XV mponanator), a Ha mecte XO, XI, X2 BbicBeunBaeTcs KOJ BHOBb Ha)KaTOW KHOIKH (pHC.
7.10,6, Tabm. 7.8).

d)

Puc. 7.10. CocTosiHUS ”HINKATOPOB MOPTa BbIBoAa ¢ aapecom O00Q:
a - J10 HaJKaThs KaKo-11u00 u3 KHomok 0-7; 6 - mocie HakaTusl KaKoh-1100 13 KHOmok 0 — 7



CrnenoBaTenbHO, HaXKaB TPH HEOOXOAWMBIE KHONKH W3 KHOMOK K/-K§, monp3oBaTens MOKeT HabpaTh Ha
BoCchbMH HHAMKaTopax nopra OOOQ nobdoe HY>KHOE €My ABOMYHOE YUCIIO UIMHON 1 GaiT.
PaccmoTpuM Temneps, Kakue crienanbHble (YHKIUN U KaK BHITTOTHIIOTCSI MOHUTOPOM.

Ta6inuna 7.8
KHonka Kop B paspsgax
Y2 Y1 YO

K1 0 0 0
K2 0 0 1
K3 0 1 0
K4 0 1 1
K5 1 0 0
Ko 1 0 1
K7 1 1 0
K8 1 1 1

Kozpl Bcex KHOMOK, BBI3BIBAIOIINX BBHIIOTHEHHUE CHIEIIMAIbHBIX (pyHKINH, Oombine win paBHbl 010Q. [TosTomy
komanga JNC MI11 (agpec 000115Q) Oyner ocymectBisite nepexon k komange MU: CPI 010Q, xotopas
CpaBHHUBAET KOJ HakaToi kHomku ¢ koHcTaHToi 010Q. Ecim ko He paBed 010Q, To komanaa JNZ M12 Be13oBeT
niepexo kK MI2, ecnu paBeH, TO 3TO 3HAYUT, 4TO Hakara kHomka K9 (Ch) u Mpou30UIET Clenyrollee: KOMaH a
MOV H, C nepenuier conepxumoe peructpa C B peructp H, a 3atem xomanga JMP M2 Bbi3oBeT 6e3yCIOBHBIH
nepexoq kK M2. CMBICT 3THX JCHUCTBUI B TOM, 4To OaiiT, XpaHsmmiicsa B peructpe C, CTaHET CTapiiuM OalToM
azpeca TOH sUelKH, C KOTOpOil paboTaeT Mmoyib30BaTeNb. DTOT HOBBIM CTapmIMi OalT agpeca BBICBETUTCS Ha
unaukaropax nopra 002Q, a copepkuMoe SUEHKM MaMATH C HOBBIM aJpPECOM, COCTaBIECHHBIM M3 HOBOTO
cTapmero OaiiTa M cTaporo Miammero Oaita ampeca, BBEICBETHTCS Ha mHAWKaTopax mopra OOOQ. Takum
o0pa3oM, (yHKIHS, BBIIONHAEMAas MOHUTOPOM IpH HaxaTuu Ha KHomky K9 (CH — crapmmuii 6aiT), — 3TO
(dhopmupoBaHue crapuiero OaiiTa HOBOro aapeca. Ero 3HadueHue MoOKeT OBITh TpEABApUTENHFHO BBEICHO C
moMonibio KHOToK K/ - K8 (tudpert 0 — 7) B peructp C u BbICBeYeHO Ha WMHAMKaropax mopra OO0Q. Ha
WHAMKATOpPax MOJb30BaTeNb BUIUT cieaytomee (puc. 7.11). [Mokazanus uaaukaTopos mopra OOOQ mocne Haxa-
tusi CH mepemMeniarorcs Ha wHAMKATOpBl mopta 002Q (puc. 7.11,6), Ha unamkaropax mopra OOOQ mocie
Haxatuss CH BBICBEUMBACTCS COINCPKUMOE STEHKHM MaMATH C aApecoM, CTapimii 0aiiT KOTOPOro BHICBEUYCH Ha
nHaukaropax nopta 002Q, a mmagmmii — moprta 001Q.

AHanornyHyio QyHKIUIO, TOJIBKO N0 (hOpMUPOBAHUIO MIIaJIIero 6aiTa axpeca, BBIIONHAIOT kKHonka K10 {MB
— MJIaammid OalT) W CBS3aHHBIN ¢ HEl (QparMeHT mporpaMMbl oT koMmaHasl M12: CPI 011Q mo JMP M2. Ilpu
HaXXaTUU Ha 3Ty KHOIKY cojepxumoe peructpa C, BeICBEUEHHOE Ha MHIuKaTopax mopra OOOQ, mepenucsl-
BaeTcsl B peructp L, craHOBsICH MilagmuM OaiiToM ajgpeca TOM s4elKH, ¢ KOTOpOH paboTaeT Moib30BaTelb, U
BbICBeuMBaeTca Ha wuHAuWKaropax mopra 001Q (puc. 7.12). Ha wunmmkatopax mopra OOOQ mpu 5TOM
BBICBEUHBACTCS COACPKUMOE STICHKH IMaMATH C aPeCOM, COCTABICHHBIM M3 HOBOT'O MJIAIIEro OaiTa W CTaporo
crapiero Oaiira.

Crnenytomas kHomnka K/ (M — wHAUKALIUSA COACPKUMOTO SUYCHKU MaMATH U €r0 U3MEHEHHUE) BBHIMIOIHSET JIBE
(YHKIUHM: TIPOCMOTP COICPKUMOTO SYEeK NaMATH W H3MEHEHHE COACPKMMOTO Ha HOBOE B CIydae
HeoOxoaumoctd. Ilpu HaxkaTum Ha 3Ty KHomky mnoamporpamma SKL BripabateiBaeT xon 012Q, mostomy
cpabaThIBalOT KOMaH/BI yclIoBHOTO mepexoaa JNZ MI12 u JNZ M13. Tlocne atoro komanma M13: CPI 012Q
yCTaHaBJMBAeT (uiar paBeHCTBa Hy/r0 u komaHna JNZ M14 He ocymecTBisger nmepexon k M14. 3arem koMmaHaa
MOV M, C nepenucsiBaer cogepxumoe peructpa C (3T0 COAEpKUMOE IMOJIb30BaTeNb BUAUT Ha MHAMKATOpax
nopta OO0Q) B sueiiky namsTu, agpec KOTOpoil coiep:kutcs B nape peructpoB H-L (3T0T aapec moap3oBatenb
BHIUT Ha mHAMKaTopax moproB 002Q m 001Q). Cnenyromras komanna INX H yBenumuuBaet conepxxumoe H-bua
¢JIMHUILY, a 3aTeM MPOUCXOIUT Oe3yclOoBHBIN mepexon (komanaa JMP M2) Ha ¢parMeHT mporpaMMbl, KOTOPBIH
BBICBEUMBAET HA MHAMKATOPAX aJlpec U COACPKUMOE CIEAYIOUIeH MO MOPAAKY BO3pACTaHUs JBOUYHBIX aJpEcOB
A4eiiky namsaTH. Tenepb SICHO, 4TO €CJIM HaXUMaTb TOJIBKO KHONKY K7/, TO MOYHO IOCJIENOBaTEJILHO
MIPOCMaTpUBaTh CONEPKUMOE SUE€eK NaMsiITH B IMOPSJKE BO3PAacTaHHUA UX aAPEcOB (aapec BBICBEUMBAETCS Ha
unaukaropax nopta 002Q u 001Q, a copepxumoe — Ha OOOQ) ; HO ecu Mexay HakaTueM Ha KHonKy K1/ ¢
noMoIIbi0 KHONOK K'/-K§ BBecTH B peructp C u Ha mHAUKaTOpH! mopra OOOQ Kakoe-1160 JBOUYHOE YHCIO, TO
MOCJENYIOMKUM HakatneM Ha K/ MOXXHO TMepenucarh 3TO YHCIO B TEKYIIYIO SUYEHKy MaMsATH W TEPEeUTH K
WHAMKAIMK a/Ipeca U COACPKUMOTO CIeyIomel SUedKr naMsITH.



Puc. 7.11. CocTossHUSI HHIUKATOPOB IIOPTOB BBIBOJA:
a - no Haxarus kHouku CB; 6 - nocie HaxaTus kHonku ChH

Kuonka K12 (II — Tmyck mnporpaMMbl) BBITONHSACT (YHKIUIO 3alycKa MpOrpaMMBbl, 3alliCaHHOMN
none3oBateneM B O3Y ¢ aapeca, KOTOpBI cofepkutcs B mape peructpoB H-L U BbICBEUEH Ha MHAMKATOpax
noptoB 002Q u 001Q. IIpn HaxxaTHu 3TOH KHOMKM mMporpamma BeIpabGareiBaeT kox 013Q u komauasl INZ MI2,
INZ M13, INZ M14 ocymectBistor niepexoq k M14: CPI 013Q. Dra xomaHja ycTaHaBIuBaeT ¢uiar paBeHCTBa
HyIo, koManaa JNZ M4 ne ocymecTsiseT nepexon k M4, u cnenyromas komanna PCHL 3arpyskaeT B cueTyuk
KOMaHJ COAEpPKUMOe Mapbl perucTpoB H-L, uTo BBI3BIBAaET MEpeXOJ K BBHIIOIHEHHIO KOMAaH/bl, PACIIOIOKEHHON
0 3TOMY aJpecy.
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Puc. 7.12. CocTossHUSI HHIUKATOPOB IIOPTOB BBIBOJIA:
a - 00 HaxkaTus KHOnKU MK 6 - rocie HaxkaTtus KHONku MB



Kuonku K13-K16 He 3a1eliCTBOBaHbI, 1 MOHUTOP HE BBIMOJHSACT HUKAKUX (YHKIMHA NMPH HAKATHH Ha HUX.
DT KHOIIKM OCTaBJICHbI I JalbHEHIIEro paciiupenus GyHKIUA MOHUTOPA.

IIporpaMMa-MOHHTOP:

000000303 JMPM1
000 001 070

000 002 000

000070061 Ml: LXISP, 010 OO0Q
000071 000

000 072 020

000073041 LXIH.0060000
000 074 000

000 075 004

000076 116 M2: MOV CM
000077174 MOV A, M
000100323 OUT 0010
000 101 001

000102175 MOVA.L
000103323 OUT 0000
000 104 000

000105171 M3: MOV A, C
000106323 OUT 002Q
000 107 002

000110315 M4: CALL SKL
000 111 175

000112000

000113376 CP1 010Q
000114 010

000115322 INCM11
000 116 134

000117 000

000120107 MOVE, A
000121 171 MOV A, C
000122027 RAL

000 123 027 RAL
000124027 RAL
000125346 ANI 370Q
000 126 370

000127260 ORAB
000130117 MOV C, A
000 131 303 JMPM3
000 132 105

000 133 000

000134376 Mil: CPI1010Q
000 135010

000136302 INZM12
000137 145

000 140 000

000 141 141 MOVH, C
000142303 IMPM2
000 143 076

000 144 000

000145376 M12: CPIO11Q
000 146 Oil

000147302 INZM13
000 150 156

000 151 000

000152151 MOVL, C
000153303 IMPM2
000 154 076

000 155 000

000156376 M13: CPI1012Q
000 157 012

000160302 INZM14
000 161 170

000 162 000

000163161 MOVM, C
000 164 043 INXH
000 165 303 IMPM2
000 166 076

000 167 000

000170376 M14: CP1013Q

000171 013



000172302
000173 110
000 174 000
000175351
000176000

000177076 SKL:

000 200 000
000201323
000 202 003
000203333 MS5:
000 204 003
000205346
000206 017
000207376
000210 017
000 211 302
000 212 203
000 213 000
000214315
000 215 277
000 216 000
000217325

000 220 026 MS:

000 221 003
000222036
000 223 376
000224173 M7:
000225323
000 226 003
000227 007
000230137
000231333
000 232 003
000233346
000 234 017
000235376
000236 017
000 237 302
000 240 254
000 241 000
000 242 025
000 243 172
000 244 376
000 245 377
000 246 302
000 247 224
000 250 000
000251303
000 252 220
000 253 000
000254315 M6:
000 255 277
000 256 000

000257017 M10:

000 260 322

000261 274

000 262 000

000 263 365

000264172

000 265 306

000 266 004

000 267 127

000270361

000271303

000 272 257 000 273 000
000274172 MO:
000275321

000276311

000 277 365 DL:

000 300 325
000301021

000302016 000303 002
000 304 033

000305 172

INZ M4

PCHL

MVI A, 000Q
OUT003Q

IN 003Q

ANI 017Q
CPI017Q

JNZMS5
CALLDL
PUSH D

MVI D, 003Q

MVIE, 376Q

MOV A, E
0OUT003Q

RLC
MOVE, A
IN003Q

ANIO17Q
CPIO17Q

INZ M6

DCR D
MOV A, D
CPI 377Q

INZ M7

JMPMS

CALL DL

RRC
INC M9

PUSH PSW
MOV A, D
ADI 004Q

MOV D, A
POP PSW
JMPM10

MOV A,D
POP D
RET
PUSH PSW
PUSH D
LXID, 0010160

0OCX D
MOV A, D



000 306 263 ORAE

000 307 302 INZN
000310304 000311 000

000312321 POPD
000313361 POP PSW
000314311 RET

Teneps MOXXHO C(HOPMYIHPOBATH HHCTPYKIHIO 10 padoTe Ha MUKpo-OBM.

7.5. AHCTPYKLUUA NO PABOTE HA MUKPO-3BM

1. Tlocne BxmoueHus Mukpo-OBM nHa nnaukatopax moptoB 002Q m 001Q BeIcBeTHTCA ajgpec MIaalled sueiKku
O3V 00001100B u 00000000 B coorBercTBeHHO, a Ha MHAUKaTOpax mopra OOOQ BBICBETUTCS COAEPKHUMOE ITON
SIYCHKH.

2. Jlast Toro 9TOOBI IOCMOTPETH CONEPKIMOE MPOU3BONIbHON stueiiku O3Y, Heo0X0auMO:

a) HaOpaTh ¢ moMomblo KHOMOK 0 — 7 Ha mHAMKartopax mopra OOOQ crapmmii 6aiiT agpeca TOH SUCHKH H
Ha)katueM Ha KHONKy Ch mepecnaTh ero Ha nHAnKaTops! mopra 002Q);

0) HabpaTh ¢ OMOIIBIO KHOMOK () — [/ Ha mHAMKaropax mopra OOOQ muammmi 6alT agpeca dTOW SUSHKH U
Ha)kaTueM Ha KHONKY MK mepecnath ero Ha nHaukatopsl mopta 001Q. ITocne storo Ha mHAMKaTopax mopra OOOQ
BBICBETUTCS COAEPIKMMOE HEOOXOIUMOIT STUCHKH.

3. Jlost TOro YTOOBI 3aMKMCaTh B MPOU3BOJILHYIO SYCHKY HEOOXOMMBIN KO KOMaH bl WK TaHHBIC, HY)KHO:

a) BBIMOJIHUTS 1. 2 IHCTpyKIHH;

0) HabOpatp ¢ momormblo KHOMOK 0 — 7 HeoOXOomuMBIA KoJ Ha mHauKaTopax mopra OOOQ. DTOT KO Takke
norazieT B peructp C;

B) HaXaThb KHONKY //, 4TO BBI30BET 3aIlCh KOJAA B SUEHKY NaMATH M OJAHOBPEMEHHO WHAMKAIMIO ajpeca U
COJZIEP>)KUMOTO CIIEAYIOIIEH TUEHKH.

4. ns TOTO YTOOBI 3aIIyCTUTH IPOTPAMMY, HYKHO:

a) 3amucath ee B mamsTh (cM. m. 1, 2, 3 MHCTpyKIm™) ;

0) HaOpaTh ¢ MOMONIbI0 KHOMOK 0 — 7 crapmmii O0alT agpeca KOMaHJbI, ¢ KOTOPOW MOJKHO HAYaThCs
BBITNIOJTHEHUE TIPOTPaMMBI Ha nHAMKaTopax nopra OOOQ, n HaxkatueM Ha KHONIKY Ch mepeciaTh €ero Ha HHIMKATOPHI
nopta 002Q;

B) HaOpaTh ¢ nomouiplo KHOmok 0 — 7 muammumii GalT axpeca KOMaHZIbI, C KOTOPOM JIOJDKHO HadyaThes
BBINOJIHEHHE MPOrpaMMbl Ha HHAUKaTopax nopra OOOQ, n HaxaTueM Ha KHONKY MDb mepeciarh ero Ha MHIUKATOPHI
nopta 001Q;

) 3alyCTHUTh IPOrpaMMy HaXKaTHEM Ha KHONKY 77.
5. Jnst Toro uyToObI IPEepBaTh BHIIOJIHEHHE IIPOrpaMMBbI, HE00X0 MO HaxkaTh Ha KHonKy CBPOC.

8

CBOPKA
N OTNAOKA
NMv-3BM

8.1. 3TAlbI CBOPKU U NPOBEPKW Y3J10B

Uurarenas 03HAKOMUJICS C MPUHIMIIAMHA PabOThl MUKpoMpoIieccopHoi cuctembl Ha 6aze MII tunma KP5S80MKS0A,
CHCTEMOI KOMaHJI MUKpoIpoIieccopa u cxemoii [IM-DBM, noctpoeHHo# Ha 06a3e TaHHOrO MHUKpoIpoieccopa. Tenepn
€My MpeACTOUT coOparh MHKpo-OBM u, HCHONb3ys NPOCTEHINNE CpEeICcCTBa OTJIAJIKH, JOBECTH €€ 10 paboyero
COCTOSIHUSI.

Jnst coopku HeoOxoanMa IuiaTa, Ha KOTOpOH OyJIyT pacrosaraTthCs MUKPOCXEMBI M Apyrue sneMeHTsl [IM-OBM.
[InaTa u3roToBiseTCA U3 CTEKJIOTEKCTONUTA WM TeTHHaKca TonmuHo 1,5 — 2,0 MM pasmepom npumepno 210x240
MM. B 3aBHCHMOCTH OT HMEIOIIMXCSI BO3MOKHOCTEH MOHTaX TUTATHI MOYKET OBITH BBITIOJHEH IO-Pa3HOMY.

Ecmn mnara He U3 (QONBrHPOBAaHHOTO Marepwaia, TO IMPEIBAPUTENHFHO JETaeTcs pa3MeTka Ha MIDIMMETPOBKE
pa3MemmieHus [eTalei, 3aTeM MHIJUIMMETPOBKAa HAKIIEHBACTCS Ha IUIATy W CBEPISITCA OTBEPCTHUS IIOA BCE BBIBOJBI
neraneii. [lpu HeOOIBIIMX pa3Mepax IJIaThl MUKPOCXEMBI MOYKHO PACIOJIONKHUTh HEPIEHANKYIISIPHO JUIMHHON CTOPOHE
IUIaThl B JBa psAAa, CIeNaB MPONMIBI TOHKOH HOXXOBKOHM IS BBIBOJOB. B 3TOM ciydae oTmamaer HEOOXOAMMOCTH
CBEPJINTH OTBEPCTHS IO KaXIbli BBIBOJ. [lociie OTMBIBaHMS MHJUIMMETPOBKH JETAM yCTAaHABIMBAIOTCS Ha IUIATE C
OJTHOI CTOPOHBI TaK, YTO MX BBIBOJBI MONAJAalOT B IIPOCBEPJICHHBIE OTBEPCTHS U CIErka OTrMOAIOTCS, MPENsTCTBYS
BBINIAJICHHIO JieTasieil. MUKpOCXeMbl, TIoKa OHM HE MOJMasHbI, TPEOYIOT OCTOPOKHOTO OOpalieHUs] BBUIY OIACHOCTH
MOBPEXJICHUS Pa3psAAOM CTaTHUECKOTO 3IeKTpudecTBa. bepure ux He 3a BBIBOABI, a 3a KopIryc!



BriBoab! neranel B COOTBETCTBUU € NPUHLUIMAIBHON CXEMOM COEIMHSIOTCS NPOBOJAMU IyTEM NANKU MPUIIOEM
[MOC-60 ¢ xuakuM KaHU(OJBHBIM (QIOCOM MAaJOMOIIHBIM HHU3KOBOJBTHBIM TAasUIbHUKOM, KOPIYC KOTOPOTO
MOJCOEAMHEH K 3a3eMJICHHIO Yepe3 PEe3UCTOP COMPOTHUBICHHEM HECKOJIBKO COTEH KWJIOOM. [l MOHTaka MOXHO
UCIONIb30BaTh, Hanpumep, mpoBoa MI'T®-0,05, 3aunieHHbIH C KOHIIOB HA 5 MM C NIOMOIIBIO KyCayeK, B KOTOPBIX
CJIeNaHbl ClielnallbHbIe BBIEMKH IITyOHHON 0K0J10 0,5 MM.

Ecnu nns MoHTaXa UCHIONb3yeTCs MAaKeTHAs IlaTa ¢ METaJUIM3UPOBAHHBIMU OTBEPCTUSMU IS BEIBOJOB JA€Tallell U
KOHTAKTHBIMH IUIOIIAAKAMHU A7 MOANANKH COEUHHUTENBHBIX NIPOBOAOB, TO MOCIE Pa3MEIIEHUSI MUKPOCXEM U JPYTUX
JieTaJieil Ha IUIaTe OHM IOATIAMBAIOTCSI ¢ OOpaTHOW CTOPOHBI K IIJIATE, a 3aT€M COEJUHSIOTCS IPOBOJAMH aHAJIOTUYHO
MIPEIBIAYIIEMY.

OT KadecTBa MaliKW CYIIECTBEHHBIM 00pa3oM 3aBHCHT HaIEKHOCTH pabotel Oymymieit [IM-DBM. Hcnonp3oBanue
CIENHANTBEHO pa3pabOTaHHON MEYaTHOH IUIaThl O0JIeryaeT MOCIeAyIoIIne MOHTAX, OTJIAAKY W TMOBBIIIACT HAJEKHOCTh
pabotsr ycrpoiicta. [ [IM-DBM MoxeT OBITh MCTIONB30BaHA KaK OJHOCTOPOHHSS, TaK M JBYXCTOPOHHSSA IUIATA.
Ecim mmaTa oXHOCTOPOHHSS, MPHIETCS YacTh MOHTa)Ka BBIIIOJHHUTH HABECHBIMH HPOBOJHHKAMH. B NBYyXCTOpOHHEH
IUIaTe, €CIM CKBO3HBIE OTBEPCTHUS, NMpPEIHA3HAYEHHBIE JUIS COSAMHEHMs IeYaTHBIX IMPOBOJHHKOB C Pa3HBIX CTOPOH
IUIaThl, HE METAIM3UPOBAaHbl, B HUX HEOOXOIMMO BCTaBHTh KYCOYKH IPOBOJA M TpomasTh ¢ o0eux cropoH. Ecim
HYXHO IPOM3BECTH HM3MEHEHMs B IJIaTe€ C NEYaTHBIM MOHTAXKOM, JIMIIHHWE COEAWHEHHs JMKBUIUPYIOTCS, AJS Yero
JBaKJbl pa3pe3aeTcsl Me4aTHbIA MPOBOJHUK OCTPBHIM HOXKOM Ha paccTosiHMM 1-2 MM M cepenuHa ynansercs. HoBele
COE/IMHEHUSI MOYKHO CJIeIaTh HABECHBIMH ITPOBOAHMKAMH. MOHTa)X Ka)X10ro M3 OJIOKOB: MUKPOIPOLIECCOPHOTO, TTAMSITH
1 YCTPOMCTB BBOAA/BBIBOJIA - MOYKHO BBINOJHHUTH HA OTJENBHBIX IIaTax, YTO B KaKOH-TO Mepe obierdaer omiaaky. B
KOHCTPYKIINH, BHIITOIHEHHOH aBTOpamu, [IM-DBM pasMenieHa Ha 1uiaTe ¢ ABYXCTOPOHHUM I€YaTHBIM MOHTakoM. Ha
TOPIIEBOM CTOpPOHE IIATHl MMEIOTCS JBa pazbema. Uepe3 OAWH pa3beM IOAKIIOYAOTCA KIaBHATYpa M HWCTOYHHUKH
MMUTAaHWA, a Yepe3 APYroi BEIBEACHBI BHyTpeHHNE IUHBI MII CHCTEMBI, UTO MTO3BOJISET MOAKIIOYATh Pa3IMIHBIC PACIIIH-
pstorue OJI0KH.

Otnaaky IIM-3BM MOXHO mpOW3BOAWTE MOATAITHO IO Mepe cOopku B mepByio ouepenp HE0OXOmUMO coOpaTh
ook mporeccopa (mmkpocxembl D1-D7, D9, D10, D27, D28, D30, D31), mpuuem nmns Mukpocxembl DI
(MuKpompolieccop) KpailiHe JKeJIaTeNnbHO IIOCTaBUTh MaHenbKy. IIpoBepbTe MpaBUIBHOCTH MOHTaXKa, BBIHBTE
MUKpPOIIPOLIECCOP M3 MaHENbKU W Iojaire nuraHue. IIpoBepbre TecTepoM HanuuMe IMUTAKOIUX HANPSOKECHUM Ha
BbIBOJIaX MHKpocxeM. [Ipu Hanmmunu ocummiorpada nposepbTe padOTy TaKTOBOro reHeparopa - Ha BeiBonmax [0 x 11
MUKpocXeMbl D2 1MoDKHBI HAOMIOAAThCS TaKTOBbIE HMITYyNbChl D2 u @D1. BEIKIIOYNTE TUTAHUE W BCTaBBTE
MHKPOIIPOLIECCOP B MaHENbKY, MoaKIrounTe pesuctopsl o 300 510 Om Mexay oOuMM NpOBOJOM M JIMHUSAMH LIMHBI
naaHeix DB7 — DBO. Tem cambiM uMuTHpyercsi cuutbiBanue koMmaHasl NOP (kox OOOQ). IlocraBbre
nepekogarens K18 B monosxkenne ABTOMAT, mopafite nmuTtaHue ¥ IPOBEPHTE C MOMOIIBIO OCIIILIO-Tpada HaInIne
AMITYJIHCOB Ha MHHUAX MUHE agpeca AB11 — ABO u AB15-AB12. JInuTensHOCTS HMITyTTECOB (JTTUTEIHHOCTD YPOBHS
JIOTUYECKOTO HYJSl WIH JIOTHYeCKOl eawHuIsl) Ha nuHHA ABO 1MomKHA COCTaBUTH YeThIpe TAKTOBBIX HHTEpBaja
(MammHEHBI KT KoMaHabl NOP), 1. e. 4 Mkc. ATUTENTsHOCTh MMITYJIBCOB Ha CIEAYIOMIMX JHHMSAX IIUHBI aapeca
MoCIeIOBaTeNbHO yABamBaercs. Ecin Ha KakoW-mOO JIMHHM HET WMITYyJIbCOB, IPOBEPHTE ITOCIEIOBATEIHHC
MpoxoxkaeHue curyHana ot BeiBoga MII no coorBercTByromel muHuU. Ecnu curnana Het u Ha BbeiBoge MII, To MoxHO
NPEANOIOKUTh MO0 3aMblKaHHE JaHHOM CHUTHAJbHOW JIMHMM Ha KakOW-IMOO TIOCTOSIHHBIA YpOBEHb, JHOO
HeucnpasHocTh MII o naHHOMY BbIBOAY. ECiIM MMITYJIbCOB HET HY HA OJHOW M3 JIMHUI IIUHBI apeca U Ha COOTBETCT-
Byrommx BbiBogax MII, To, ckopee Bcero, HemcnpaBeH MII. Ho k torma mpexae dem 3abpakoBats MII, cHawana
MIPOBEPHTE HANpPsDKEHUS M CUTHANBI Ha BceX ero BelBoAax. JKematenbHo mpoBepuTh MII. BCTaBHB €ro B HaHENbKY
3aBegioMo ucnpaBHoil MII-cuctempl. Ecnu curnan ucyesaer nmo mytd or MII k ajgpecHOM mIMHE, HETPYAHO JO-
KalTM30BaTh HEUCHPABHOCTh, KOTOPas MOXET OBITh BBI3BAHA CIEAYIOIIUMH MPUIMHAMHU: OIIMOKAMH B JIOTHYECKON
cXeMe, OIMMOKaMH B MOHTaXe, CIIyYalHBIMH 3aMBIKaHUSMH WM OOpBIBAMH TPOBOISIIUX JIHHUH, HEUCIPABHOCTHIO
COOTBETCTBYIOINX MHKpocxeM. [Ipexae 4eM BBITanBaTh HEUCIPABHYK MHKPOCXEMY, YOSIUTECH elle pas, 9To APYTHX
MPUYUH HEWCIPAaBHOCTH HET, TaK KaK 3aME€Ha MHKPOCXEMBI, OCOOCHHO B MEUYAaTHOH IUIaTe, — IIPOIECC BECHMT
Tpyaoemkuil. Ecnmn Mukpocxema 3aBeIoMO HEWCIIpaBHA, MPOINE BCErO €€ M3BJeYb, NEPEeKyCHB KyCauKaMH HOXKKH.
3areM y>Ke MOKHO M3BJIE€Yb 110 OTAEIHHOCTH OCTATKH KaXKIOW HOXKKH C TIOMOIIBIO MMUHIETa U MasJIbHAKA U IPOYHUCTHTD
OTBEPCTHSI C IIOMOIIBIO 33a0CTPEHHOW CIMYKM WJIM BBICBEPIUTH TOHKHM CBepsioM. I3Bieub MHKpocxemy 0e3
NOBPEX/ICHNSI 3HAYMTENBHO CioKHee. s 3Toro HeoOXOIUMO HMMeTh JHOO NasuIbHUK C MHOTMMH JKajlaMHd HWIIU
HIMPOKHM >KaJIOM, JINOO NasiIbHUK C OTCOCOM.

[Toce nmpoBepkyu MIMHBI a/ipeca NPOBEPhTE C MOMOIIBI0 ocumniorpada Belgady curHana R (urenne) Ha BoiBoge //
Mukpocxembl D27 u curnana RW (oOpamenune k mamsitn) Ha BbiBope 3 MuKpocxembl D28. Ecim curnanos Her,
npoBepbTe Hanmmuue curHamoB DBIN Ha BeiBomax /0 x I3 mukpocxembl D27, MR Ha BoIBoze /2 mukpocxemsl D27,
STSTB na Hoxkax 4 u [3 MukpocxemMbl D29 W COOTBETCTBYIOIIETO MAIMUHHOMY IHKIy YTEHUS KOMAaHJBI
yrpasisronero ciosa (ero kox 242Q) Ha muae qanHEXx DBO-DB7, 1. €. Ha BRIBomax 3, 6, 10, 13 mukpocxemsl D9 u 2,
3, 6, 7 mukpocxembl D29 coorBeTcTBeHHO. ECnu Kakoro-nmmbo curHaiza HeT, IPOBEPhTE 10 IEMOYKe JIOTHYECKUX CXEM
TOCJIeIOBATENLHO, TPHUAS K BhIBOAaM muHBI qaHHBIX, DBIN 1 SYNC mukpomnponeccopa Ha BeiBogax 10, 9, 8, 7, 3, 4, 5,
6, 17, 19 coorBercTBeHHO. IIpoBeprTe pynkmonnpoanne kHonku CBPOC. IIpu ee naxxatun MII He BpIgaeT HUKaKHX
CUTHAJIOB, ITPU OTITYCKAHUU BHOBB MOSBJISIIOTCS ONMCAHHBIE BBIIIE CUTHAJBI.

ITocraBpTe nepexmtodarens K8 B nonoxxenue LIATI, Haxxmute u otmycture kHonky CBPOC. IIpoBepsTe TecTepom
WIN JIOTHYECKAM TPOOHHUKOM COCTOSIHHE IIHHBI agpeca, Ha KOTopod aomkeH ObiTh aapec 000Q 000Q, namuuue
curdanoB R, DBIN u RW, a taxxxe Hanuuue koga 000Q na mune nanusix MII. Haxkumaiite knonky K17. [pu kaxnom



Ha)KaTUM KHONKH Ha IIMHE ajpeca JOJDKEH MOSBIATHCS aApec, Ha €IUHUIy OONBIIMHA HPEIBIAYINEro, a COCTOSHHE
OCTalIbHBIX KOHTPOJHUPYEMBIX JMHUM HE JOIDKHO M3MEHAThCSA. Eciam 3TOro He MpOMCXOAWT, MPOBEPHTE MCIPABHOCTH
CXeMblI I1aroBoro pexxuma (Mukpocxemsl D31.3, D31.4, D30).

[Tocne mnpoBepKH MHUKPOIPOLECCOPHOTO OJIOKA CHUMHUTE MHUTAIOIIME HAIPSOKEHHS, OTKJIIOYHTE DPE3UCTOPHI,
BPEMEHHO IMOJMNAsHHBIC K [IMHE JAHHBIX, U COOEpUTE OJIOK MaMsATH, COCTosImuUi u3 Mukpocxem D8, D11-D15, noka He
noananBast Mukpocxembl O3Y (D12, D13). Iloxknrounte nutaHue, mocraBbTe nepexmodaresns K18 B mosnoxeHue
IIAT", rasxxmute u otmycture kHonky CbPOC. HaunnaeTcst HCOIHEHUE NPOrpaMMbl MOHUTOPA B IIATOBOM PEKUME IO
MalMHHBIM nukiaaMm. IIpocieaure ¢ momolpro TecTepa, NpoBepsAs KOAbl HA IIMHE JAHHBIX, MCIOJHEHHE KOMaHJ
MOHHTOpA, HaunHasg ¢ koMmaHael JMP mo ampecy 000Q 000Q u xonuas komanmoi IN mo ampecy 000Q 203Q. Ecnum
KOMAaH/IbI CITOJHSAIOTCSI B COOTBETCTBHH C IPOIPaMMOH M B COOTBETCTBYIOIIMX MECTax MPOTpaMMbl BBIPAOATHIBAIOTCS
curgaiel R, W. IN u OUT, To MOYXHO IPUCTYIHUTH K CIEIYIOIEMY 3Tally U3rOTOBICHHS U oTiaanku [IM-OBM; ecnu e
HET, TC HEOOXOANMO HPOBEPATH: LIEIb MPOXOXKAEHHUSA KOJAa CIMTHIBAEMONW KOMaH/bI JI0 BHIBOJOB INWHBI JaHHBIX MII,
MPaBUIBHOCTH AemUpayy aapeca Mo CUrHajiaM BIOOPKH MaMsATH Ha BeiBoJax & Mukpocxem D12, D13 u BeiBogax /4
MmukpocxeM D14, D15, npaBunbHOCTE BbIIa4M YNPABISAIONIETO CIOBA IO COYETAHMIO HA BBIXOJAX MHUKpocxeMbl D29,
Hanuuue curdana WR Ha Beixone MII npu ucnonHeHUH MalIMHHBIX LUKIIOB 3aIIUCHU B IAMSTh U BBIBOJA.

[TpoBepuB paboTy MUKpOIpolecCOpHOro Oinoka coBMecTHO ¢ [13Y B miaroBom pekumMe, OTKIIOUUTE IHUTaHUE U
cobepuTe oCTabHYI0 YacTh cxeMbl [IM-OBM, Bnasie B ToM uncie u mukpocxembl O3Y. Tlogaiite muTaHue, mocTaBbTe
nepexmoyarens K/8 B monoxenne ABTOMAT, naxmure n ormycture kHonky CBPOC. Ecmm cxema coOpana
MIPABUIIBHO U BCE BHOBb BKJIIOUEHHBIE 2JIEMEHTBI UCIPaBHEL, TO Ha uHAUKaTopax noptos 001 u 000 BeIcBeTUTCA anpec
HavaJbHOH stueiiku oneparuBHOM mamsatu 014Q OOOQ, a uaaukatops! mopta 002 BEICBETAT COAESPIKUMOE ITOH SUCHKH.
[IpoBeppTe paboTy KiIaBHATYpHI, ee MH(POBOH M PYHKIMOHANBHON dacTei. Ecmu paboTa COOTBETCTBYET OIMCAHMIO,
MPUBEICHHOMY B TJ. 7, TO JajbHEUIIHE MPOBEPKH OyAyT YHCTO MPOTpaMMHBIMH, Hampumep mpoBepka O3Y. Ecim
KIlaBuaTypa (DyHKIHMOHMPYET HENpPaBHIBHO, B LENAX NpOBepKu cogepkumoro II3Y BeIsicHHWTE, HE paboTaeT u
knaBuma npocmotpa mamata U. Iepeseante [IM-DBM B maroBelif pexum, HaxMute u oTyctute kKHOnKy CBPOC n
TIPY MIOCJIEZ0BATEIbHOM HCIIOJIHEHUH KOMaH]I MOHUTOPA MPOCIEeIUTe MPOXOXKICHNE BCeX CUTHaIoB. Ha kaxgom miare
nopt 002 Oyner orobpaxxaTh HHPOPMALIMIO HA MIMHE JaHHbBIX, B TO BpeMs kak noptsl 001 u 000 OyxyT otoOpakarh UH-
¢dopmanuio, BbiaBaemyto no komangam OUT B cooTBeTcTByloOIIME NOPTHL. B mIaroBoM pexume 3aTpyIHHTENBHO
NPOBEPUTH TPABHIBHOCTh (YHKIMOHUPOBAHUS IPOrPAMMBI-MOHUTOpa B TOM YacTH, I/Ie AHAIM3HUPYIOTCS KOJbI
Ha)XaThIX KJIABHUII, TaK KakK MMeEIOIIeecs B HeH oOpallleHne K MOJIporpaMMe BPEMEHHOHM 33/IepXKKH 3aHUMAaeT COTHH
MAaIIMHHBIX [UKJIOB U MaJIo Y KOT'O XBAaTHT TEPIICHUS JOWTH O KOoHIa. Ecian HencnpaBHOCTh HE yAaiI0Ch 0OHAPYKUTH U
YCTPaHUTh, TO HEOOXOJUMO COOpaTh HECTIOXKHOE YCTPOUCTBO — CTATHUECKUH anmapaTHbIA 3MYJISITOP, OIMCHIBAEMBIH B
§ 8.2. MoxHO 1 HayaTh C ero COOPKH, MPEeXIe YeM MPUCTYIATh K cOopke u oTnanke [IM-3BM, u Tem cOepeus HEMaIO
BpeMeHH. B 3axuodenue enie pa3 HallOMHUM, YTO B IPOLECCE OTIAIKK MUKPOCXEMBI CIIEIyeT BCTABIATh M BHIHUMATh
TOJBKO TIPH BBIKIIOYEHHOM IUTAHUM M IIOCIE KaXKIOH MepeneNiku, BKIIOYMB IHTaHUE, CIEAYET IPEXIE BCETO
MIPOBEPHTH, IOJAETCS JIM OHO Ha BCE MUKPOCXEMBI.

8.2. CTATUMECKUW AMMAPATHbIA 3MYNATOP

OrpaHnuMB TOCTABICHHYIO 3a7ady IPOBEPKOH IPAaBWIBHOCTH (PYHKIMOHMPOBAHHUA JIOTHYECKHX CXEM,
obpamisrormux MII, mcmomszyem ToT Qakt, uro B MIl-cucremax Ha 6aze mukpocxemsl KPSS8OMKS0A mepemaua
nuHdopManuy ocyuecTBisercs ypoBHAMU. CienoBatenbHO, eciau 3aMeHUTh MII ycTpoiicTBOM, BBIpaOaTHIBAIOIIUM B
CTaTHKE TAaKHE K€ BBIXOJHbIE CUTHAJIBI, MOKHO IIPOBEPUTH PabOTy BCEX 3aBUCAIIMX OT HETO Y3JIOB, T. €. IPaBUIbHOCTh
aJpecanii MUKPOCXEM, IPaBWIBHOCTh BBOJA/BBIBOJA, PabOTy MHMKPOCXEM B CTAaTHKE, NMPaBMIBHOCTH KOMMYTALHH.
Takoif MeToJ NPOBEPKU HA3BIBACTCA MECMUPOBAHUEM CMAMUYECKUMYU CUcHAnamu. YCTPOHCTBO TECTUPOBAHUSA
MpeICTaBIsSeT CTaTUUECKU anmnapaTHblid amMyJsTop Mukpomponeccopa (CAD). Ha puc. 8.1 npuBenena cxema CAD. B
YCTPOMCTBE MCMOJIB30BAHO MATH MUKpocxeM Tpex TumnoB. CAD ocymiectBisier ynpasieHue MII-cuctemoii TOUHO Tak
ke, KaKk U MuKpompoueccop. B ero cocraBe umerorca nepexmodarenu A75-40. Kaxnapli U3 HUX OJHUM KOHLIOM
COE/IMHSIETCS C OOIIUM IPOBOJIOM, & JPYTHMM — C COTJIACYIOMMM pe3ucTopoM 4,7 KOM, NOAKIIIOYEHHBIM K UCTOYHHKY
nmuranusg + 5 B. B 3aBucHMOCTH OT HOJIOKEHMs IepeKIitovaTesiel yepe3 Kabesnb Ha HOXKKA KOMMYTAIIMOHHON KOJIOJIKH,
COOTBETCTBYIOIIIME aIpPECHBIM BBIXOJaM MHKporporeccopa A15 — AO, momarorcs normveckne ypoBHu 0 wimm 1,
AMUTHPYA curHaisl anpecHoi mmHBI MII. B cocraBe CAD umerotes Taxke nepekmtodarenn D7-DO. C UX MOMOIIBIO
mormueckue ypoBHH O wmimm 1 momarorcs Ha BXoabl mukpocxem DI nD2 tuma KS589AII16, mpencTaBiasiommx
JIByHarpaBjieHHble Oy(depHble YCHIUTENN C BHICOKOW HArpy304HOU criocoOHoCThI0. Jlornueckue ypoBHu 0 mwin 1 uepes
DI n D2 noparoTcs Ha HOXXKKH KOMMYTAITMOHHOW KOJOAKH, COOTBETCTBYIOIIKE BBIBogaM D7-D(O MHKpOIIpoIieccopa,
UMUTHPYS BBIXOJHBIE cUrHaNIbI mMHBI JaHHBIX MII. K 3TuM ke HOXKaM MOAKIIOUEHBI BXOJbI MUKpocxeM D3 u D4
tuna K589AI126, npencraisiomnx MHBEPTHPYIOIIKE JAByHaIpaBieHHble OydepHbie ycunutenu. Boixonst D3 u D4
Harpy»€Hbl Ha CBETOANOJAHBIC MHAUKATOPHI, IOCTOSIHHO 0T06pa)1<alou11/1e COCTOSAAHHME IHMHBI JaHHBIX MUKpOIIpoLeccopa.

Ocobenrocthio Mukpornporeccopa KPS80MK80A sBusiercs MCIONB30BaHWE IIMHBI JAHHBIX B Havaje KaxJIOTO
MAIIMHHOTO IIMKJIA JJIsl BBIJIAYH YIIPABIISIONIETO CIIOBA, KOTOPOE ONPEAENIIeT OMH U3 IECSITH TUIIOB MAIIMHHOTO IUKJIA.
[To sroii mpuunHe mpexzae yem ¢ nomouipio CAD ocymecTBIATh nepeaady WHGOpManuy MO LIMHE AAHHBIX MEXIY
CAD, nmutupytormmmM MII, u mamsateio mmu Mmexay CAD u YBB, HeoO0xoanMo 3a1aTh COOTBETCTBYIOIIMNA THIT MAIITHH-
HOTO IIMKJIA ITyTeM BBIJaYl KOZA YIPaBIIONMIETO ciIoBa 1o muHe J{aHHbIX 1 cTpobupoBanus ero curHagom SYNC. ITo
curHairy SYNC TakTOBEI TeHepaTop TECTUPYEMOil crcTeMbl BhIpabaTeiBaeT ummyibe STSTB, ctpobupyrommuii mpuem



U (UKCALUIO YIPABIIAIONIETO CJI0Ba CHCTEMHBIM KOHTPOJUIEPOM TecTupyemoi cuctemsl. [Tocne cHatus curnana SYNC
MOKHO IlepeliaBaTh MH(POPMALHIO 110 IIMHE JaHHBIX B COOTBETCTBHHM C 3aaHHBIM YIPABJISIOLIMM CJIOBOM, TaK KaK HO
LIMHE yNpaBjeHust OyayT BbIAABAThCS COOTBETCTBYIOLIME YNPABISIONINE CUTHAJBL. Tak, eciy 3aaH MalluHHBIN [HKII
BbIJIau MH(GOPMAIMK U3 TIpolieccopa B namsth, Y BB wmn crek, HeoOxonumo nepexiouatensimu D7-DO Habpath KoJ
yIpaBJSIOLIEro cioBa, nepeBectu mnepekmodarenb SYNC u3 nonoxenus O B mnonoxenue 1 u oOparHo, 3aTeM
nepexmoyarenssMu D7-DO HaOpaTh Kox mnepepaBaeMoi mHpopmaiuy, nepeximodarensimu A7/5-A0 nabpath aapec
STEWKH TaMsATH WK TIOpTa BBIBOJIA U ITepeBecTH nepekimodaresis WR u3 nonoxenust 0 B monoxxenue 1 u obparno. [Ipu
9ToM 10 curHaimy WR ¥ Ha ocHOBaHMM 3a()MKCHPOBAHHOT'O YIIPABJISIOUIETO CJIOBA CHCTEMHBIH KOHTPOJUIEP TECTH-
pyeMoii cucteMsl BeIpaOaThiBaeT yrpapisttommid curHan W wim OUT cooTBETCTBEHHO, IO KOTOPOMY HH(OpMAIHS,
BblanHast CAD 10 IIMHE JaHHBIX, 3alMIIETCS B 3aJaHHYIO SUCHKY MaMATH Wik OyneT NpHHATA 3aJaHHBIM HOPTOM
BeIBoja. Ecii 3amaH MamIMHHBIA [OWKI mpHeMa WHPOpManuu w3 mamsatdH, YBB wmm crteka, HeoOxommmo
nepexogaresMu D7-DO HabpaTh KOl YHPABISIONMIETO CIIOBa, epeBect nepekmodarens SYNC u3 monoxerns O B
mosiokeHne 1 u obpatHO, 3aTeM HaOpaTh nepekarouatessiMu JI115 — AQ aapec sYCHKM MaMATH WM MOPTa BBOAA W
nepeBecty nepexmodarens DBIN u3 monoxenuss 0 B nosnoxenue 1 u obpartHo. Ilpu 3TtoM B monoxennu 1 Ha
CBETONMOAHBIX MHAMKaTopax CAD Oynmer oToOpakaTbesi NpuUHHMaeMas MH(OpMalus. AHAJIOTMYHO HPEIbIIyIIEMY
CHCTEMHBIH KOHTPOJUIEp TECTHPYEMO#l CHUCTEeMbl BbIpadaThiBaeT yrpaBistomuid curHan R wmm IN, mo xoropomy
nHpOpMaNys U3 3aJaHHON STYSHKH MaMsITH WIX I0pTa BBOJIa IiepeiaeTcs 1o muHe aaHHbx B CAD.
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Puc. 8.1. Cxema CAD

3ameTnM, YTO C IIeJbl0 rameHus apedesra KoHTakToB K nepeximouarensiv DBIN, WR u SYNC noaxitoueHs!
TPUITEPHI, IOCTPOEHHBIE Ha HHBEePTOpax Mukpocxemsl DI tuna K155JIbI1. [TockonbKy ocTanbHbIE MEpEKItOYaTeny He
OCHAIIEHBI CXEMaMH TalleHus Apedes3ra, OHU JOJDKHBI MEepeKIodaThes TONMbKO Torma, korma DBIN, WR u SYNC
HaxogsTcs B mojoxxeHuu 0.

Bo u3bexanne KOHQIMKTHONW CUTyally HA MIMHE AAHHBIX IPH HEMPEAYCMOTPEHHOM IOJIOKCHNH IEepeKIodaTench
npu nosioxkenun nepexitouatenss DBIN B 1 6nokupyercs Bbigaya nHdopmanuu ¢ nepekirouareneid D7-DO Ha minHy
JAHHBIX ITyTeM MOJAaYM JOrHYecKor 1 Ha BXOJbI BBIOOPKHM KpUCTaiIa MUKpocxeM D/ u D2, 4To NEepeBOANUT UX BBIXOIbI
B TPETbE COCTOSIHUE.



Otnanka muHbl aapeca [IM-OBM. Onpenennm, Bo3MOXKHA JIH Tiepenada jJorudeckux 0 u 1 1mo agpecHbIM JTUHUSAM
AB15 — AB12 u AB11-ABO. C 3toii uensio BBeaem CAD B mposepsemyo [IM-3BM Bmecto MII nyTem ycTaHOBKH
KoMMyTannoHHOM konoaxku CAD B nanensky MII u noganum nuraromue HanpsbkeHus Ha [IM-OBM.

IIpoBepsem, 4To U1 BCEX aapecHBIX JIMHUI MPOU3BOIUTCA MEepeKIoueHre curHaia ¢ yposHs 0 Ha ypoBeHb 1 mop
ynpaeinenuem MII. Eciu oOHapykeHO, YTO JUIs HEKOTOPBIX JMHHUH TaKoe MEepPeKNII0YeHHE OTCYTCTBYET, MOTpedyeTcs
JanpHeimee uccnenoBanue. C 3TOH LENbI0 OCYIIECTBISIETCS POBEPKA KaXKJOW ey MyTeM MPOCIEKUBAHUS YPOBHS
HaIpsDKEHMs B BBIOPaHHBIX TOYKaX Ha MPOTSDKEHUH BCEro HHPOPMAIIMOHHOTO KaHaa.

Otnanka mueel ynpasiaenus [IM-OBM. Ilpu ommaake mmnbl ynpasnenust [IM-DBM Oynem ucrosis30Bath
ynpasisrone nepexmodatenn CAD — DBIN, WR u SYNC. Otmagka COCTOMT M3 IBYX JTallOB: Ha IIEPBOM
TIPOBEPSIETCS] TPABUIBHOCTh 3AIMCH KOJa YIPABIISAIOIIEro CJIoBa HAa MHKpocxeme D29, Ha BTOPOM — MPaBHIBHOCTh
(dhopmupoBaHUs CUCTEMHBIM KOHTposutepoM [IM-3BM ympasnstomux curaanos. [Ipu sTom nepexirodaternsiMu A15-40
Habpan kox 200Q 200Q.

YcranaBnmBaeM, 9TO BBIXOJIHBIE yIpapisiomue curHaiasl [IM-DBM npaBriibHO OTpakaloT BXOAHBIE BO3ICHCTBUS
MHKpolporeccopa. Ecian Ha kakoM-To miare npoueaypsl OyJer oOHapy»KeHO HapyIeHHEe 3TOT0 COOTBETCTBHSI, MOKHO
JIETKO OCYIIECTBUTh CTaTHUECKYIO MIPOBEPKY JIOTHUECKUX CUTHAJIOB U JOKAIM30BaTh HEUCTIPABHOCTb.

Otnanka mmwmHB JadHelXx [IM-DBM. Ilpu oTnagke MmMHBI JaHHBIX OyZeM IPOBEPSTH BO3MOXHOCTH
JByHamnpaBiaeHHOH nepenaun gaHHeIx oT MII x O3Y u YBB u or I13V, O3VY u YBB k MII. Kak u B npeasiaymmemM
paszene, Bo n30exaHue HeKelaTelnbHON BHIOOPKH YCTPOMCTB M BOSHUKHOBEHUS! KOH(JIMKTA HAa ¥ TaHE JIAHHBIX Iepe-
kmovaressimu 4 15-A0 vabpan xox 200Q 200Q.

Ecnu BeIXOAHBIE CHTHAJBl Ha INMHE JAHHBIX HA HEKOTOPOM MIare MpOLEAYpbl HE SIBISIOTCS KOPPEKTHBIMH,
HEOOXOJMMO OIPEICINTh IPUYMHBI HEHCIPABHOCTH. JTO IOCTUTACTCS IyTEM IPOBEPKH CTATHYECKUX CHTHAJIOB Ha
MIPOTSHKEHUH MH(POPMALMOHHOTO KaHaa.

YcnemHoe 3aBepIeHne MpoLeayphl 03HaYaeT, 9To muHa JaHHBIX [IM-2BM npu BeIBOAE TaHHBIX (PYHKIIHOHHPYET
MIPaBUIIBHO, T. €. IIMHA JAHHBIX JOJKHA BHIBOAUTH HH(POPMALINIO, COOTBETCTBYIONIYIO curHanaM ot MII.

Otagka cxeM pemupanyy agpeca U BBIPaOOTKH CHTHAJIOB BRIOOPKH yCTpoHCTB. Ilpu oTnaake Oyaem mpoBepsATh
HaJIMyle CUTHaJOB BBIOOPKM YCTPOWCTB B YETHIPEX PEXKUMAX: YTEHHs M3 MaMATH, 3aIllCH B IaMsTh, BBoja U3 YBB,
BbIBOJIa B YBB.

VYckopennas mposepka [IM-OBM. IlpuBenenHas MeToanKa MPOBEPKH MO3BOJISET MOJHOCTHIO M MOCIEI0BATEIHHO
MIPOBEPUTH B CTaTHKE paboTy Beex ycrpoiicts [IM-DBM. OnHako 4acTo MOKHO OTpPaHUYHTHCS MIPOBEPKOH 10 paszeiy
"OTnanka cxeMm Jemudpanny agpeca W BHIPAaOOTKH CHIHAJIOB BBIOOPKM YCTPOWCTB", TaKk Kak IaHHas IpOBEpKa
sIBIIsieTCsl UTOroBoil. Eciim oOHapy)keHb! Kakne-1M00 HEMCIPaBHOCTH, TO HEOOXOJMMO MPOBECTH IOJHYIO HPOBEPKY.
XO0Tsl BEpOSITHOCTh HOPMaJIbHOW pabOTHI ITPH BEIOPAaHHBIX MapaMeTpax CXEMbl BECbMa BBICOKA, IIPOBEPKA B CTATHKE HE
rapanTupyer paborocmocooHocTs [IM-DBM B IWHAMHUYECKHX YCIOBHAX, TaK Kak HE IPOBEPSIOTCS BPEMECHHBIC
COOTHOIIECHHUS MEXIy CHTHaJaMH B CHCTEME, HE H3BECTHBI JACHCTBUTENbHBIC 33JEPKKU JIOTHUECKHX CXEM M HE
HCKJIFOYEHO, YTO K KaKOW-HUOYIb CUTHAJIBHOM JIMHUU 10 OMIMOKe MoAmasH KoHaeHcatop. Kpome Toro, Her rapanTum,
yro Bce sueiiku O3Y ¢yHKimoHnpyoT HopManbHO. [TosTomy mocie ormnaaku [IM-DBM ¢ nomouipto CAD, koraa
HOpPMaJIbHO (DyHKLIMOHHUPYET KJIaBUaTypa, BBOAUTCS U CUMTHIBAECTCS MH(OpMaLusl, cieayeT MPOU3BECTH POrpaMMHBIE
MPOBEPKH, OMUCHIBaeMbIe B § 8.3.

8.3. OTNNAAKA
B PABOYEM PEXUME

Urak, [IM-DBM cobpana, pearupyeTr Ha Ha)KaTHs KJIaBHII, WHIUKALM 3aropaeTcsi U racHeT, I0-BUANMOMY, TakK,
Kak HyHO. Ho 3to eme He 3HaunT, yto [IM-DBM nonHoCThIO IpoBepeHa U (PyHKIMOHUPYET NMpaBHiIbHO. ['apaHTHpO-
BaTh CTONPOLEHTHYIO IIPOBEPKY BBHIYMCIMTEIBEHON CUCTEMBI BOOOIIIE HEBO3MOKHO, TEM 00JIee C MTOMOIIBI0 HMEIOLINXCS
y 9MTaTens npocTedmux cpeacts. MII MOXXeT HEeNpaBHIBHO BBIMONHATH HEKOTOPBIE ONEPALMK U MIPUTOM TOJBKO UL
HEKOTOPBIX COYETaHMI KOJOB, MUKPOCXEMBI 3aIIOMHHAIOIINX yCTPOWCTB MOTYT UMETh HEUCIIPaBHbIE MIIM HEHAAEKHBIC
AYEHKH, MCKaKAIOIEe HEKOTOpble codyeTaHusi KojoB. OtaenbHble 3nmeMeHTsl OBM Moryt paboTaTe B IpeleNbHBIX
pe)MMax 1o Harpyske, [0 BpEMEHHBIM JIOIyCKaM, 10 MUTaHHIO, II0 YPOBHIO TIOMEX M BbIAABaTh COOM MPU WU3MEHEHHU
BHEIIHUX YCJIOBHH. PaHO MM MO3HO 3TO BBIIBUTCS B Ipolecce dKcIuryaTanuy. OfHaKo HaaJexkalle NPOBEICHHbIC
UCIIBITAHUS B HaYaJle SKCIUTyaTallH MO3BOJIAT BBISBUTH 3HAYMTENILHYIO YacTh Je(EKTOB U YCTpaHuTh uX. IlepBoe, uTo
HEOOXOAMMO ClIeNaTh, - 3TO MPOBEpUTH padoTocnocodHocTh O3Y. [Ipocreiimmii cioco0 - 3amuckiBath B stueiiku O3Y ¢
TIOMOIIBIO KJIaBUATYPhl PA3IMYHBIE KOJBI, a 3aTE€M IIOCIEA0BATEIFHO CUMTHIBATh WX, NPOBEPsis coBmaaeHue. Takon
METOJ] OYEeHb TPyHOoeMOK, Tak kak IIM-OBM umeer 1024 sueitku O3V, k ToMy k€ HEKOTOpBIE S4YEHKU, HAJCKHbIE B
CTaTHKe, B TMHAMHKE MOTYT BbIJaBaTh HEBEpHBbIC KOJbl. IIpHBeneHHass HMKE MpOrpaMma MO3BOJISIET aBTOMAaTHYECKH
3arcaTh 3alaHHBIA KO/ B IIPOM3BOJIBHO 33JaHHYIO 30HY ONepaTHBHON mamsaTH. [IporpaMma 3amnmceIiBaeTcs, HAUMHAS C
saeiiku O3Y ¢ agpecom 014Q OOOQ u 3anmmaer 24 sdeiiku. 30HA MAMSTH, B KOTOPYIO 3aHOCHTCS KO, MOXKET
HaunHaTheA ¢ staeiiku 014Q 030Q. DroT agpec 3aHOoCcHTCs B peructpoByto napy H komanmoit LXIH. Anpec koHIIa 30HBI
3aHOCHTCS B perucTtpoByio mapy D xomanmoit LXID. YcranaBnmuBaemblil KOJA 3alaeTcs BTOPHIM OallTOM KOMAaHIBI
MVIM agpeca 014Q 007Q um 014Q 024Q. IIpoBepky HpaBIIBHOCTH 3alMCH MOXXHO MPOHM3BECTH BPYUYHYIO,
MIOCIIE0BATENbHO IIPOCMATPUBAs! TAMSITh!

014000041 MI: LXIH, 014Q 030Q



014001 030

014002014

014003021 LXI D, 017Q377Q
014 004 377

014005017

014006066 M2: MVIM, O00Q
014 007 000

014010043 INXH
014011 174 MOV A, H
014012222 SUBD

014 013 302 INZ M2
014014 006

014015 014

014016173 MOV A,E
014017225 SUBL

014 020 302 INZ M2
014 021 006

014022014

014 023 066 MVI M, O00Q
014 024 000

014025303 JIMPM1
014 026 000

014027014

HyTeM HE3HAYUTECIBHOI'O YCJIOXHEHUSA MPOTpaMMbl MOKHO aBTOMATU3UPOBATH IMMTPOBECPKY NPABUIIBHOCTU 3aITUCH:

014 000 006 MVI B, 000Q
014 001 000

014002041 MI: LXI H, 014Q 055Q
014003055

014 004 014

014 005 021 LXI D, 020Q OO0Q
014 006 000

014 007 020

014010160 M2: MOV M, B
014011 170 MOV A, B
014012226 SUBM
014013302 INZM4
014014 035

014015 014

014016043 M3: INX H
014017174 MOV A, H
014 020 222 SUB D
014021302 INZM2
014022010

014023 014

014024 173 MOV A, E
014025225 SUBL
014026302 INZ M2
014027010

014030014

014031000 NOP
014032303 JMPM1
014033 002

014034 014

014035174 M4: MOV A. H
014036323 OUT 0010
014037 001

014040175 MOV A,L
014041323 OUT 000Q
014 042 000

014043 176 MOV A, M
014044323 OUT002Q
014045 002

014046315 CALLSKL
014047 177

014050000

014051303 JMPM3
014052016

014053 014



B nmannoi#l mporpamme mpoBepouHbIi kon 3aHocuTcs 1Mo anpecy 014Q 001Q. Cepka K0J0B TIPOU3BOIUTCS
MOCIeI0BaTENIFHO B TOPSIIKE BO3pacTaHus aapecoB. [Ipu oOHapy:keHUHM OLUIMOKHM MporpaMma BBIBOJHUT aJpec B
nopt 001 (crapmue paspsabpl) u B mopT 000 (Miaamve paspsiabl), coaepxxumoe siueiiku — B opt 002 u mepexo-
IUT B PEXUM ompoca KinaBuaTypsl. Haxarue 11000l KHONKH 3allycKaeT MporpaMMy Ha MPOBEPKY CIIETYIOLIUX
s;ueeK 10 HOBOM omMOKH, U Tak jAajee 10 KOHIA IpoBepsieMoi 30HbL. [y Oonee mOTHON MPOBEPKU HEOOXOAUMO
3a/1aBaTh pa3iMyYHbIe MPOBEPOUYHBIE KOJBI, B mpeenbHoM ciaydae — oT OOO0Q mo 377Q. IloctaBuB Ha MecTo
koMauabel NOP mo aapecy 014Q 031Q komanmy INRB (xoxm 004Q), mosydnM mporpamMmy aBTOMATHUECKOM
MIPOBEPKH MaMsITH JUIA BceX KOA0B. UuTarenp" MOXKET caM OLEHHTb, Kakas mporpaMma yoOHee B SKCILUTyaTaluy.
HeoOxoaumo 3ameTnthb, uto sueiiku O3Y, oTBelNeHHBIE AJS MPOTPaMMbI MPOBEPKHU, JOJDKHBI OBITH 3aBEIOMO
HCIPaBHBIMHU, M YEM JUIMHHEE NIporpaMMa, TeM TpyJHEE HaliTU 30HY AJIS €€ pasMELLECHMUsL.

B pesynpraTe mpoBepkH BBLICHSACTCS, Kakoi dacTeio O3Y MOXHO pacmonarath It pabotel. Jlyume Bcero,
korga Bce suediku O3V ucnpaBHBI M, 3HAYMT, IPOrpaMMbl MOTYT IIOCJIENOBATEIbHO pa3MeLIaThes B Aucilkax
mamsaTd. OfHAKO M MPY HAIWYHU Ne(EKTHBIX sSTYeeK (€CJIM UX He CIUIIKOM MHOTO) MOYKHO HCIIONB30BAThH ITOYTH
BECh OCTaBIINHCS 00BEM TaMATH, 00X01 Je(eKTHBIE MECTa C MOMOIIBI0 KoMaH sl JMP.

C noMomIpi0 NpocTedInX NpoOHBIX MPOrpaMM HEOOXOAMMO TaKXKe MPOBEPUTH HCIOJHEHHE BCEH CHCTEMBI
xomann MII. Hanpumep, nporpamma MVI A, OPERA ADI, OPERB OUT PORTI! mnposepsieT HCHOJHEHHE
komang MVIA, ADI u OUT.

8.4.MOAIrOTOBKA NV-3BM K PABOTE

ITocnme TOro Kak mNpOBENEHHBIE TPOBEPKU MOATBEPAWIN paboTOoCcnocoOHOCTE MHKPO-OBM, MOXHO
OPUCTYNIUTh K ee OKciulyatamud. OT YCIOBHH OKCIUTyaTalldd 3aBUCUT OKOHYATENbHOE KOHCTPYKTUBHOE
opopmienne I[IM-DBM. B maGopaTopHBIX YCIOBUSIX MOMKHO OCTaBUTh BCE B TaKOM BHJE, B KaKOM
MPOM3BOAMIACE OTIAAKa, T. €. COCOUHEHHBIC IPOBOJAMH WM IDIOCKUMH KaOelIsIMH OTHENbHBIC ILIATHL,
KJIaBHATypy U J1aDOpaTOpHbIE WMCTOYHWKH MHUTAHUS, MPHUBEAS TOJIBKO B TOPSIOK MPOBOAKY U TPOBEPHB BCE
COEIMHEHHS.

Ecnu npeanonaraercs skciuryatupoBath [IM-OBM B cranoHapHBIX YCIOBHSX Kjacca WM ayJUTOPUH, TO
JKEJATeNIbHO KOHCTPYKTUBHO O(GOPMHUTH €€ B BHUJIE OTIENBbHOTO CTEHJa, Ha KOTOPOM JOJDKHBI OBITH JKECTKO
3aKpEeIICHBI BCE Y3JIbI M YCTPOUCTBA € aKKypaTHO BBIOJHEHHBIMH CBS3SIMH MEKIY HUMH C TIOMOIIBIO Kabemen
HaMMEHBIIEH BO3MOKHOU JIHHBL [IpH 5TOM MOKHO TOJIE30BATHCS KO0 J1a00paTOPHBIMU HCTOYHUKAMHE MTUTAHS,
n100 BCTPOCHHBIMH B CTEHJ aBTOHOMHBIMU. [IM-OBM mnotpebnser (0e3 AOMOMHUTENBHBIX NepU(epUilHbIX
yCTpoiicTB) oT ucrounuka + 5 B mpumepno 1,3 A, ot ucrounuka + 12 B npumepro 30 MA u oT ucTouHuka -5 B
npumepro 30 MxA. JKenmaTenbHO MMETh HEKOTOPHIN, HAIPUMEDP IABYKPATHBIN, 3amac M0 MCTOYHHKAM THTaHUSA,
“Mes B BUAY MOAKIIOYEHHE JOTIOIHUTENBHOM NaMATH, nepudepruitHbIX MUKPOCXEeM U YCTpOoUCTB. B mepeHocHOM
Bapuante [IM-DBM gnerko pasmemaercss BMeCT€ C HCTOYHMKAMH IHUTaHHs B HEOOJBIIOM YEMOIAHYHKE
pasmepamu 360x 250x 80 MM 1 Maccoii He Oonee 3 KT.

ITocne Bxmrouenus: [IM-25BM nepesenute nepexntouarens K8 B monoxxenne ABTOMAT u Ha)XMHTE KHOTIKY
CBPOC. Ilocne otnyckanus kHonku CbPOC na nnaukaropax noprtos 001 u 000 BbIcBETHTCS agpec HadaJIbHOU
sueiikn O3Y (014Q O0O0Q), a Ha nHAMKaTopax nopta 002 — coxepkumoe dToH stueliku. Haxumas kHonky U,
yoenutech, 4To aapec, naaunupyemblid moptamu 001 u 000, mpu Ka)KAOM HaXKaTUW YBEIIMYMBACTCS HA CITUHMILY.
CHoBa Haxxmute kHonky CBPOC u yb6enurech, 4to nnupoBbie KIaBHIIN (YHKIIHOHUPYIOT HOPMAJIBHO, T. €. IIPH
KaKIOM HaxaTuu uHIunupyemoe mnoptoM 002 uucio chaBuraercss Ha TpU JBOMYHBIX pa3psaa BJIEBO H
0CBOOOMBIIEECS MECTO 3aIONHSACTCS YHCIIOM, COOTBETCTBYIOIIMM Ha)XaTOW KJIaBUIIE. YOEOUTECh TarKKe, UTO
npHu HaXkaTuu kHonok CH unu Mb undopmanus, naaunupyemas nmoptoMm 002, nepementaercs B noptel 001 mmm
000 coorBerctBeHHO. CHoOBa Haxmure u ormycture KHonky CBPOC u nepesenurte nepeximtodarens K18 B
nonoxenne I[IAT. Ilopr 002 wuHAWIUPYET COCTOSIHHE IIMHBI JAaHHBIX, COOTBETCTBYIOIIEE HCIOIHEHUIO
MaIIMHHOTO LWKJIa OAHOM M3 KOMaHJ MporpamMbl-MoHUTOpa OoT agpeca OOO0Q 220Q mo OO0O0Q 251Q. Ipu
HaxaTuy kaonku K17 MAIIMHHBIN IIAKJT nocie oBaTebHO HCIOMHSIIOTCS KOMAH/IbI MEXy JaHHBIMU ajpe-
caMmy. DTOT TIPOIECcC TOBTOPSETCS HEOTPAaHUUEHHO JOJIT0 — IO TeX 0P, IMOoKa He OyAeT HakaTa Kakas-inoOo u3
KHOTIOK KJ1laBHatypsl oT K/ 10 K16, u Tora Ipou30iaeT mepexo K moAImporpaMMe BpeMeHHOH 3aaepxku. CHOBa
HaxwmuTe 1 otiryctute kHonky CBPOC. IMopt 002 unauumpyet koxa 303Q. 3to kox komanasl JMP M1, komaHabl
MPOTpamMMBI-MOHHUTOpa, Haxomsmelcs mo aapecy OOOQ OOOQ. IlocnemoBatenbHO HaxkuMmasi KHomky K17
MAIIMHHBIA UKL, MoxHO MPOCHEINTh HCIOJHEHHE MPOrpPaMMbI-MOHUTOPA IO MAIIMHHBIM ITUKJIAM.
[IpocMoTpeTh Mo maram UCIONHEHHE pabodel mporpaMMbl MOXKHO TOJIBKO B TOM CJIydae, €ClIM OHA [IUKIMYEeCKasl.
Torna mepexmouarens K/8 mepBoHawanbHO AOKEH HaxonuThes B mojoxkeHnun ABTOMAT. Haxumaem u
ormyckaem kaHonky CBPOC, BBoMM HadanbHBINA afpec pabodeil mporpaMMbl B COOTBETCTBUH ¢ MHCTpYKIUEH (§
7.4), naxxumaem kHonky I1 u mepexntouaem K/§ B monoxenue AT [Hopt 002 MHANIUPYET COCTOSIHUE IIMHBI
JAaHHBIX, COOTBETCTBYIOIEE HMCIIOJHEHUIO MAIIMHHOTO IMKJIAa OJHOW M3 KoMaHia paboueit mporpammel. [lpu
HAKaTHM KHOMKH K7 TOCIeNOBaTeIbHO HCIONHSIOTCS KOMaHIBI pabodell mporpaMmbl. [IpaBHIIBHOCTE HX



WCTIONIHEHHsT TpoBepsieTcss mo wmHAukatopam moptra 002. He 3a0piBaiiTe mepen HawdaaoM pabOTHI MEpeBECTH
nepexntoyarens K8 B nonoxxenne ABTOMAT u naxkats kHoniky CBPOC.

9

PABOTA
C NMM-3BM

9.1. MTPOrPAMMUPYEMbIN
KANbKYNATOP

[lepBast umes, koTopas MPUXOJUT B TOJIOBY YHTATENIO, monyduBiiemy B pyku [IM-OBM, T. e. Borumciu-
TEJNbHYI0 MAallMHy, — HCIOJb30BaTh €€ AN BBIYUCICHUH. JIuimb motoMm, mpuoOperas HEKOTOPBIA OMBIT, OH
MOWMET, YTO BBIYUCIIEHHS] — BEChMa MaJIbli KIIOYOK OOIIMPHOTO MO BO3MOXKHBIX IPUMEHEHUI MUKpO-OBM.

Cucrema komang Mukponporieccopa KPS5S80MK80A, wucnoms3oBannoro B I[IM-DBM, mnoszBomsier
HEMOCPEJCTBEHHO BBINOJIHSTH JIOTHYECKHE ONEPaLdy U ONEPalU CIOXKEHHS M BbIYUTAHMUA Hall IBOMYHBIMU U
JBOMYHO-KOJUPOBAHHBIMHU JIECATUYHBIMU YHCIAMH, UMEIOIUMHU (opMaT oauH uiM 1Ba Oaiita. Tem He MeHee,
WCTIONB3ysl TOT (hakT, 4ro MHUKPo-OBM — mporpamMmupyeMoe YCTpOMCTBO, HMMEKIIEe NaMsTh, MOXKHO
pea30BaTh MPAaKTUIECKH HEOTPAaHMICHHOE MHOJKECTBO PA3NUYHBIX OomNepanuil (apu(pMETHIECKUX, TOTHUECKUX,
(hYHKIIMOHANBHBIX U T. J.) HaJ UCXOAHBIMU NAHHBIMH, NPEACTAaBICHHBIMH B MPOU3BOJIGHO 33aJaHHOM (opmare.
OTH omepanuu 00BYHO O0(OPMIICHBI B BUAE CTaHAAPTHBIX MPOTrPaMM U COCTABISIIOT OCHOBY spa MPOrpaMMHO-
MaTeMaTh4eckoro obecnedeHuss Mukpo-OBM. 3amporpaMMUpoOBaB CaMOCTOSATENBHO Pl BEIUMCIUTENBHBIX 3a1a4
Oosbliell WM MEHbIIEH CIOXHOCTH, YWTAaTelhb BCKOPE BBIHYXIEH OyIeT oOpaTUThCS K YK€ HMMEIOLIMMCS
OuOIMOTeKaM CTAaHAAPTHBIX IPOrpaMM M IAKeTaM NPHKJIAAHBIX MPOTpaMM, HOCKOJIBKY OH yOemauTcs, Kakon
KOJIOCCATBHBIN 00BeM MHTEIUICKTYAIFHOTO KOJJICKTUBHOTO TPYZa yKe BIOXKEH B HAX U YTO HUKTO B OIMHOYKY HE
B COCTOSIHMM IIPOMTH 3aHOBO BECh 3TOT MYTh U pa3padoTaTh MOJHOCThIO MaTeMaTuieckoe odecreuenne DBM.

Jlng Hauana BBeaeM B naMats [IM-OBM nporpammy:

014000076 MVIA, 002Q
014001 002

014 002 306 ADI, 0030Q
014003 003

014 004 323 OouT, 000Q
014005 000

014 006 166 HLT

IIporpamMmMa BBITIOJIHSET CIOXKEHUE ABOMYHOrO ymcia (B nanHoM ciaydae 002Q), momenieHHoro B stueiiky O3V mo
aapecy 014Qt)01Q, ¢ yucnom (B manHom ciydae 003Q), momemienHbiM B sueitky O3Y mo aapecy 014Q 003Q, u
BBIBOIUT pe3ynbTar (B manHoM ciydae 005Q) B mopt 000. JInst Toro 4rtoObl 3T AEHCTBUSI OBLIM HCIIOJHEHBI,
JIOCTaTO4HO Mocie BBoAa mporpaMmel HaxaTh kHoOnky CBPOC, a 3arem xHonky Il — Ha mHaukaropax mopta 000
BeicBeTuTCs aBomdyHOoe yrciao 00000101, skBuBajIeHTOM KOTOpOro sBisieTcss BochMepuuHoe uymcio 005 Q. UrtoOwr
CIOXUTH Apyrue uncaa B guanazone or OO0Q 1o 377Q, ux Halo HOMECTUTh IO YKa3aHHBIM BbIILIE aJpecaM, HE MEHsIst
OCTaJBHOW YacTH MpOrpaMMel, 1 cHoBa HakaTh KHOTKA CBPOC u I1. JIns BeYUTaHUS YKCIIa, TIOMEIIEHHOTO TI0 aApecy
014Q 003Q, u3 umcna, momemierHoro o aapecy 014Q 001Q, mocrarouHo momersaTs komManny ADI (kox omepammmn
306Q) na xomauay SUI (kox omeparu 326Q). UT0OB MPOU3BOANTE ONEpAIH HAll NECATHIYHBIMHU YHCIAMH, UX HATO
MPEICTaBUTH B ABOMYHO-KOAUPOBAHHOM BUAE, TAK YTOOBI KaXIBIH OalT n300pakasl ABYXpa3psaHOE JECATUIHOE YUCIIO
ot 0 10 99:

necsaTudHoe OBOMYHO-KOIMPOBAHHOE BOCBMEPMYHOE IIECATUYUHOE
00 0000 0000 000

01 0000 0001 001

02 0000 0010 002

97 10010111 2217

98 1001 1000 230

99 1001 1001 231

B npuBenmenHoil BbIllle mporpamMMme IJsi CIOXKEHHS, Hampumep, umcen 25 u 47 mocie KOMaHIbI CIOXKECHUS
HEOOX0AMMO ITOCTaBUTh KOMaH/y JIECSITUMHON KOPPEKLMH pe3yJibTara cioxeHus DAA:

014000076 MVIA.25D
014001 045

014002306 ADI.47D
014 003 107

014 004 047 DAA



014005323 OUT, 0O00Q
014 006 OOU
014 007 166 HLT

B pesynbrare mopt 000 mocie uctonmHeHus mporpamMMel naauupyet yuciao 0111 0010B = 162Q=72D.
s Toro 4ToOBI MPOCIETUTH HCIIONHEHUE OIEpaIiy IeCITHYHON Koppekiud, BeeaeM B [IM-DBM cnexyromyio
MIporpamMmmy:

014000257 XRA, A
014001 306 Ml: ADL001Q
014 002 001

014 003 047 DAA

014 004 006 MVI B, 040Q
014005 040

014006315 M2: CALL DL
014007 277

014 010 000

014011005 OCR B
014012302 INZ, M2
014013 006

014014 014

014015323 OUT, 002Q
014016 002

014017303 JMP, M1
014020 001

014021 014

[Iporpamma mpowsBoguT mpuMepHO Kaxnaeie 0,5 ¢ CyMMHpOBaHHE COACPKAMOTO aKKyMYISATOpa C CIUHHICH
(MHKpPEMEHT), BEITIOJHSCT ONICPAIHIO JECATUIHON KOPPEKIMH U BRIBOAUT pe3ynbTat B mopt 002. Onepanus gecaTHIHON
KOPPEKIUH JJAaeT MPABWIBHBIA PE3yIbTAT TOJBKO MOCIE OMepanuu cloKeHus. [103TOMy JUIs BBIIOJHEHUS BRIYATAHHS
OJTHOTO JIBOMYHO-KOJMPOBAHHOIO JECSATUYHOIO YHCIA W3 JPYroro HeoO0XOAuMO JubO 3aMEHUTh BbUHMTAHUE
npuOaBJIeHUEM K YMEHBIIAEMOMY BBIYUTAEMOr0, IPEJICTABICHHOTO B JIOMNOJHUTEILHOM KOJAE, a 3areM YxKe
MIPOM3BOAUTH JIECATUUHYIO KOPPEKIIUIO Pe3yJIbTaTa, JIN00 MPUMEHHUTh IKBUBAJICHTHBIC STOMY UCKYCCTBEHHBIC MIPUEMBI.
s mpumepa BBexeM B IIM-OBM mporpammy BerauTanus coaepxkumoro sdeiiku 014Q 005Q (3mecs 28) u3 conmepxu-
moro staeiiku 014Q 007Q (3mech 75) :

014000076 MVIA, 99D
014001 231

014002306 ADI, 01D
014 003 001

014004336 SBI, 28D
014005 050

014 006 306 ADI, 75D
014 007 165

014 010 047 DAA
014011323 OUT, O00Q 014 012000
014013166 HLT

B mamnO#ft mporpamme Bbruuranue uncia 28D w3 umcma 99D + ID skBUBaneHTHO (OPMHUPOBAHUIO B
aKKyMYyJISITOPE BBIUUTAEMOIO B JOMOJHHUTENBbHOM Koje. IloaToMmy mpubaBneHue yMmeHsiaemoro (3geck 75 D) ¢
HOCNIEAYIOIEH NecaTHYHOM KoppeKIyeil faeT npaBUiIbHEINA pe3ynasTat (47 D), nnaumupyemstii moptom 000.

Hcnonp30Banue KOMaH/ CIOKEHHSI M BEIYUTAHMS C IIEPEHOCOM (3a€MOM) MTO3BOJISIET OPTaHU30BATh CIOKEHUE
Y BBIYUTAHUE LIETBIX YUCEN HEOTPaHUYEHHOH pa3psnHoctu. Beenem, Hampumep, B [IM-2BM mporpammy

014 000 021 LXID, ALPHA
014 001 000

014002015

014003041 LXIH, BETA
014 004 000

014 005 016

014 006 016 MVIC, 8H
014007 010

014010257 XRAA
014011032 Ml: LDAX D
014012216 ADCM

014 013 000 NOP
014014022 STAXD
014015043 INXH
014016023 INXD

014017015 OCRC



014020302 JNZ, Ml

014021 Oil

014 022014

014 023 166 HLT

C nomMo1ipio 3TOM MporpaMMbl ABOUYHOE 64-pa3psiHOE YKCIO, CoiepKalleecs B OCIEA0BATEIbHBIX SUehKax
3V, HaumHas (MiammMe paspsapl) ¢ sYeHkH ¢ cuMBoimueckuM anpecom ALPHA (3mecs 015Q OOO0Q),
CKJIazbIBaeTcs ¢ 64-pa3psAaHbIM YHUCIOM, COAEpKALIUMCS B MOCIEI0BATENbHBIX sSueiikax 3Y, HauuHas ¢ SYehKu ¢
cumBonmueckuM aapecom BETA (3mecy 016Q OOOQ), m pe3ynbTaT momemaeTrcs B sueku 3Y, HayWHas C
sueiiku ¢ anpecom ALPHA. 3amenus komanay NOP mo aapecy 014Q 013Q xomaHAON AECATUYHOW KOPPEKIIHH,
MOJIy4YUM TIPOrpaMMy CIIOKEHHUS NBYX 16-pa3psIHBIX JECSATUYHBIX YHCEN, HaXOIAIIMXCS B SUYEHKax MMaMsTH,
HauMHasi ¢ stueek coorBeTcTBeHHO ALPHA u BETA.

J1st BBIYMTAHUS NECATUYHBIX |6-pa3psmHbIX Yrcell, KOTJa YMEHbBIIAeMOe pacrojiaraetcst B 3Y, HauuWHas C
staetikn ALPHA, a Berantaemoe - HaunHast ¢ stueiiku BETA, momydnM Takyio mporpaMmy:

014 000 021 LXI D, ALPHA
010 001 000

000 102 015

000 003 041 LXIH, BETA
000 004 000

014005 016

014 006 016 MVIC, 8H
014 007 010

014 010 067 STC
014011076 Ml: MVI A, 99D
014 012231

014013316 ACL,0
014014 000

014015226 SUBM

014 016 353 XCHG
014017206 ADDM

014 020 047 DAA
014021167 MOVM,A
014 022 353 XCHG

014 023 023 INXD
014024043 INXH
014025015 DCRC
014026302 INZ, M1
014027011

014030014

014031166 HLT

PesynbraT BeIuMTaHHS TIoMelaeTcs B sueiiku 3V, HaunHast ¢ ALPHA. B mpouiecce paboThl ¢ MOMENICHHBIMH
BBIIIIE TMPOTPAMMaMH MBI CMOTJIM YOEOUThCS B OOJBIIMX HEYMOOCTBaX BBOJAA ACCATHYHON uH(OpMaIu ¢
MIOMOIIBbI0 BOCEMEPHYHON KJIABHATYPHI, MOCKOJIBKY KaXIYIO0 Mapy AECSITUYHBIX HU(P HYXHO IPEABAPUTEIHHO
MEPEeBECTH B BOCBMEPUYHBIA KOJA. MOXKHO Hamucath CICIHAIBHYIO MPOrpaMMy BBOJAA AECATHYHBIX mHP,
HCTIONIB30BaB TOT (DaKT, YTO MPU HAXKATHU ONPEICICHHBIX KJIABHII BBHIPA0aThIBAIOTCS HE TOJBKO KOABI yrcen oT ()
1o 7, HO M koAbl uncen ot 8 1o 15. leiictBurensHo, BBeAst B [IM-OBM crienyromiyo mporpammy:

014 000 315 Ml: CALL, SKL
014001 177

014 002 000

014 003 323 OUT, O00Q
014 004 000

014005303 JMP, Ml

014 006 000

014007 014

Ha)XMMasl pa3Hble KHOIKK W HaOmroaas mHAuKamuio nopra 000, yoenumcs, 9To nMpu 0OpanieHuH K KIaBHAType
¢ nomoibio komauael CALL SKL B akkyMyssiTOp MOMEIMIAIOTCS KOJBI B COOTBETCTBHM C Tabm. 7.7. B wacTHOCTH,
kHornke C b coorBerctByeT koa 0000 1000, T. e. kog uucna 08 D, a knonnke Mb — ko 0000 1001, T. e. xox yucna 09D.
CnenoBareiabHO, HE3HAYUTENIBHO U3MEHUB TEKCT MPOTPaMMbI-MOHHMTOpPA B YAaCTH aHAJIW3a BBEIEHHOIO YMCIIA, MOXKHO
BBOAWTH W pa3Mmemath B mamsata [IM-DBM wuHpopManuio HEMOCPEIACTBEHHO B AECATHYHOM Buie. lIpemoctaBum
YUTATENI0 BO3MOXKHOCTh CAMOMY COCTAaBUTh TaKylO MpOrpaMMmy U pa3mecTuTh ee B O3Y wiu B JONOJHUTEIbHBIX
Mukpocxemax [13V.

3HAKOMSCh C JUTEPATypOl W TEXHHUUYECKOW NOKYMEHTAIleW, YHTaTelb BCKOPE OOHAPYXKHT, 9TO OOJBINAS YacTh
CTaHIAPTHBIX MIPOTPaMM OTIEPHPYET HE C AECATUIHBIMU YHCIIaMH, a C IBOMYHBIMU. [lepexo]] OT NeCATHYHON CHCTEMBI K



JIBOMYHON M OOPATHO OCYIIECTBIISIETCS C MOMOIIIBIO CIIEHHAIBHBIX MPOTPAMM HPHU BBOJIE M COOTBETCTBEHHO MPH BBIBOJIE
unpopmarnmu u3 IBM.

PaccMoTrpuM crienyroniyo nporpamMmy, MepeBOJIIYI0 MATHPA3PsIHOE LeNoe AECATHYHOE YUCIO B JHara3oHe OT
00000 mo 65535, BBomumoe ¢ kinaBuatypbl [IM-OBM (s uudpsr 8 ucnonsdyercs kunonka Cb, a st undper 9 —
kHornka MB), B 16-pa3psiiHOe ABOUYHOE YHCIIO, CO/IepKaIlieecs: B perucTpoBoii nape H:

014000041 LXI H, 000Q 000Q
014001 000

014 002 000

014003016 MVIC, 0050
014 004 005

014005315 ML: CALL SKL
014006 177

014 007 000

014010376 CPL, 012Q
014 0il 012

014012322 INC, Ml
014013 005

014014 014

014015345 PUSHH
014016321 POPD

014 017051 DADH

014 020051 DADH

014 021031 DADD

014 022051 DADH

014 023 137 MOVE, A
014 024 026 MVI D, 000Q
014 025 000

014 026031 DADD

014 027015 OCRC

014 030302 INZ M1

014 031 005

014 032014

014 033 174 MOV A, H
014 034323 OUT, 001Q
014 035 001

014036175 MOV A, L
014037323 OUT, O00Q
014 040000

014041 166 HLT

IIporpamma obpamaercs x I1I1 onpoca knaBuatrypsr SKL u npu Haxxatnu 110001 KHOIIKM aHAIM3UPYET BBEACHHBIN
koa. Ecimu kon cootBercTByeT nudpam ot 0 10 9, comeprkarieecss B peructpoBoit mape H uuciio (komMaHsl ¢ agpeca
014Q 017Q mo 014Q 022Q) ymuoxkaeTcs Ha 10 U K HeMy mpHOaBISIETCS BHOBb BBeICHHOE uucio. [Iporpamma c
MTOMOIIBI0 CYETYHKA, OPTaHU30BAaHHOTO Ha peructpe C, OTCUUTHIBACT IATh TAKHX IMKIOB, TO3TOMY BBOAMMOE YHCIIO
00s13aTeNbHO JOJDKHO OBITH mATHpaspsaHbiM (Hampumep, 00512). Komannsr ¢ aapeca 014Q 033Q wucnonb3yrorcs B
JIEMOHCTPAIIMOHHBIX TENAX JUIS BBIBOJA MPEOOpa30BaHHOTO B NMBOWYHBIN koj umcina B mopTel 001 m 000. Ecim
TporpamMma J0JDKHA HCHOoIb30BaThes B kKadectse I111, To mo aapecy 014Q 033Q momxkHa ObITh 3anmicana komanaa RET.

Beenute mporpammy B [IM-DBM, maxwmure kHomkum CBPOC wm I, 3atem BBemmte mecstuuHoe umcino 10 000,
mocnenoBare’abHo HaxkuMas kHorke 1, O, O, O, O. B moprax 001 u 000 BeicBeTHTCs wmcio 0010 0111 0001 0000,
SIBJIIOINEECS] TBOUYHBIM dKBHBaJIEHTOM aecsatudHoro uuciaa 10 000. [IpoBepsTe MpaBMIIBHOCTH PabOTHI MPOTPAMMBEI,
BBOJSI IpyTHe AecATHYHBIE uncia, HampuMep 00512, 01024, 02048, 04096, 08192, 16384, 32768, 65535: Kakue nony-
HBIE YMCIa JOJDKHBI MHAUIMpoBaTbes moprtamu 001 u 000?

PaccmoTtpum Temeph mporpamMmy mpeoOpa3’oBaHUs ILEIOT0 JABOMYHOTO 16-pa3psaHOrO 4YMCIIa, COACPXKAIIETrocs B
perucTpoBoii nmape D, B ABOUYHO-KOAMPOBAHHOE JECITUIHOC YHCIIO, KaXKIBIA pa3psii KOTOPOro MOMEIIACTCs, HaunHast
C MJIAJIIIEro, B ocieaoBaTenbHble sueiiku O3V, HaunHas ¢ S4elkH, CUMBOIMUYECKUH aapec koTopoit ED (MammHHBIH
aapec 015Q O00Q):

014000041 LXIH, ED
014001 000

014002 015

014003016 MVIC,005Q
014 004 005

014005066 ML: MVIM, O00Q
014 006 000

014007043 INXH
014010015 OCRC
014011302 INZ M1
014012005

014013 014



014014053 DCXH

014015001 LXI B. 33003600
014 016 360

014017 330

014020315 CALLCF
014 021 060

014022014

014023001 LXI B, 374Q030Q
014024030

014025 374

014026315 CALLCF
014027 060

014 030014

014031001 LXI B, 377Q234Q
014 032 234

014 033 377

014034315 CALLCF
014 035 060

014036 014

014037001 LXI B, 377Q366Q
014040366

014 041 377

014042315 CALLCF
014 043 060

014 044 014

014 045 163 MOVM, E
014 046 166 HLT

014 047 021 LXI D (uucno)
014050377

014051 377

014052166 HLT
014060345 CF: PUSH H
014 061 353 XCHG
014062011 DAD B
014063322 INC, M2
014 064 074

014065 014

014 066 353 XCHG
014067341 POPH

014 070 064 INK M
014071303 IJMP, CF
014072060

014073 014

014074 171 M2: MOV AC
014 075 057 CMA

014 076 137 MOVE, A
014077170 MOV A, B
014100057 CMA

014 101 127 MOVD, A
014 102023 INXD
014103031 DADD
014104353 XCHG
014105341 POPH

014 106 053 OCX H
014107311 RET

[Iporpamma mocTpoeHa Ha MPUHIIAIIE TIOCIEI0BATEIEHOTO UCYEPITBIBAHMS: KXKIBIN NECATHYHBIN pa3psn, HAaYMHAS C
JECSITKOB THICSY, OMpEIeNseTcs IyTeM IOJCYeTa KOINYeCTBA CYMMHUPOBAaHUN C MpeoOpa3yeMbIM YMCIIOM JBOMYHOTO
4mcia, cooTBeTcTByomero nomonHernto 10 10 000, 3arem mo 1000, 3atem mo 100, 3atem mo 10, xaxmerid pa3 oo
TIOSIBJICHMSI TIepeHoca. BeIauciieHHbIe 3HAaYeHUS 3aChIIatoTCs B siueiiku cootBerctBenHo ED + 4, ED + 3, ED + 2, ED +
1. B octaTke ocTaroTCs eMHHIIBL, 3achlilaeMble B sueiKy mamsatu ED.

Ecnu mporpamma nmoimkHa ucmosib3oBaThes B kadectBe I1I1, To mo aapecy 014Q 046Q momxkHa ObITH 3ammcaHa
xoma"ga RET. B ganHoM mpumepe s 3arpy3kd perucTpoBoil mapsl D ucmonp3oBaHa HeOousblas Mporpamma,
HaunHaromasics ¢ aapeca 014Q 047Q.

Beenute nporpammy B [IM-OBM, Haxkmute kaonky CBPOC, Habepute uncno 047 u Haxkmute kHonku Mb u I1.
PerucrpoBas mapa D 3arpyxeHa MakCHMaabHBIM TBOMYHBIM YHCIOM (BO BCEX Pa3psAAax CIUHHIGI). Teneph HAKMHUTE
kaonkd CBPOC u I1, 3arem naxkmute kHoriky CBPOC, Habepute uncio 015 u Haxkmute kHOonky CB. ITopt 002 Gyner
naaunupoBaTh gucio 0000 0101, T. e. mBomuHO-mecaTHUHBIN Kox gucna 05. Haxxmure kaonky U - mopt 002 Gymer



naanupoBats 0000 OOH, 1. e. 03. ITocienoBaTenbHBIM Ha)kaTHeM KHONKH M momyumm cootBercTBeHHO 05, 05, 06.
D710 03HayaeT, 4To B sueiikax O3Y xpaHuTcs 9ucio 65 535, apisroneecs: JeCATUUYHBIM 3KBUBAJICHTOM MaKCHUMAaJIbHOTO
16-pa3psimHOrO ABOMYHOrO uucia. 3arpyxkante B suediku 014Q 050Q u 014Q 051Q pasnuunbie uncna. [loBTopsis
OIMCAHHYIO BBIILE MTPOLEAYPY, MOKHO YOSIUTHCSI, 4TO IPeoOpa3oBaHne OCYILECTBISETCS IPAaBUIIBHO.

Yro0bl peanuzoBath Ha [IM-DBM mnporpaMMupyemblii KaJlbKyJISTOp, BBIIOJHSIOIINI 4YeThIpe apu(MeTHYecKue
JIEWCTBHS, NTPHUBE/ICHHBIEC BBIIIE NMPOrpaMMbl HEOOXOJMMO IOIOJHUTH IPOrpaMMaMH YMHOXKEHHsI M jaeneHus (Ooiee
CJIOKHBIE TIPOTPaMMBI, B TOM YHCJI€ IPOrpaMMBbl BBIYHCIICHHS 3JIEMEHTAPHBIX (YHKIMH, MO’KHO HAHTH B CHPaBOYHON
JMTEPAType, 31€Ch OHU HE IPUBOAITCS 3 HEJOCTATKOM MECTa).

9.2. NPOrPAMMWPYEMOE YMPABJAKLWEE YCTPONCTBO

YcrpoiictBa nndpoBoil aBTOMATHKH SIBJISIOTCS 001aCThIO HanOOJIee MacCOBOTO MMPUMEHEHHS MUKPOIIpo1eccopoB. B
Ka4yecTBe MpUMepa KOHCTPYNPOBAHUS yIIPABIISIIO-

miero ycrpoiictsa Ha 6aze [IM-DBM paccMOTpuUM KOZOBBIH 3aMOK, peJHa3HAUEHHBIN I UCTIONIb30BaHUS B
JKUJIOM TOMEIIEHHH WK B Apyrux uensx. [loctaBum 3agady Tak, 4ToObI MCHOIB30BATH MUHHUMYM J100aBOYHOTO
obopynoBanus. Beegem B [IM-DBM Takyro nporpammy:

014 000 006 MVI B, 006Q
014 001 006

014 002 041 LXI H, (aap. koaa)
014 003 040

014 004 014

014005315 MI: CALL SKL
014006 177

014 007 000

014010276 CMPM
014011 302 JNZ M3
014012026

014013 014

014014043 INXH
014015005 DCRB
014016302 INZ, MI
014017005

014020014

014021076 M2: MVI A, 001Q
014 022 001

014 023 323 OUT, 000Q
014 024 000

014025166 HLT
014026074 M3: INRA
014027323 OUT, 001Q
014 030 001

014031315 CALLDL
014 032 277

014 033 000

014 034 303 JMP, M3
014 035 026

014036014

014040001 Kon: 123481
014041 002

014 042 003

014 043 004

014 044 010

014 045 001

3nechk ¢ moMomslo koMa"asl MVI B opranuszoBaH cueTdnk KojmuecTBa Iu(pp B HAOOpEe KOIOBOTO 3aMKa.
Komanmoit CALL SKL HempepsIBHO ompaimnBaeTcsi KJIaBuaTypa, Mpu HaKaTUW OJHON M3 KHOIIOK IMOJYYeHHBIN
KOJI CPaBHUBAETCS C KOJOM, XpaHALIUMCS B ssueiikax naMatu. Eciau koAbl He COBMANaloT, IPOUMCXOAUT MEePEX0 Mo
MeTke M3 K 4acTH MporpaMMbl, NpeJHAa3HAuYeHHOH Ui moaayu curHaia tpesoru (B mopt 001 BeBomuTCS
WHKpeMeHTupye-moe uepe3 kaxapid 0,01 ¢ comepkumoe akkymyssitopa). Ecinm Koasl coBmagaroT, mporpamma
BO3BpAIIaeTCs K OMPOCy KIaBHaTypsl (MeTka M) 1 oxugaeT HOBOTO HaXKaThsl KHOIKH, IPH KOTOPOM ITPOUCXOIHT
CpaBHEHHE MOIYYEHHOTO KOJa C COIEPKUMBIM CIEAYIOLIEH sueiiKu maMsITH, U T. 1. 10 Te€X MOp, MOKa KOJHMYECTBO
HakaTHil He OyJeT paBHO 3anporpaMMupoBanHoMy komanzoit MVI B. Toraa B mopt 000 GyaeT BBIBEEHO YUCIIO
001Q, T. €. 3aropuTcs CBETOAUOIAHBIN MHAUKATOP, COOTBETCTBYIOIUI MiaaumeMy paspsay. CurHain ¢ mMiaaiiero
paspsna nopta 000 MokeT ObITh UCTIONB30BAH AJIS YIIPABICHHS SIEKTPOMAarHUTOM, OTITUPAIOLINM 3aMOK.

Bsenem nporpammy B IIM-2BM, nHaxkmem kHoniku CBPOC u 11, a 3aTem nmoouepeano kHonku 1, 2, 3,4, Cb, 1,
COOTBETCTBYIOIINE KOJIOBOM kKoMOuHarmu 3amka (kHomnka Cb coorBercTByet nudpe 8, a kHorka Mb - miudpe 9).
[Ipn wakatum mocnenned kHomku Ha wHAuMKaropax mnopta 000 mosBurcs uumcmo 001Q. Jlns Bo3Bpata K
HCXOJHOMY COCTOSTHHIO HeoOxoaumo cHoBa Haxath kHomku CBPOC wu I1. Tenepp mpu Habope koja caemnaite



ommuoOKy - Toryac B mopte 001 HAYMHAIOT MUTATh CBETOANOTHBIC WHANKATOPEL, @ €CIIH MEX Iy BeIxogoMm mopta 001
(BeiBox 16 mumkpocxembl D18) u uctounukom + 5 B uepe3 pesucrop 200 OM MNOAKIIOYUTH HAYIIHUK WM
PENpPOAYKTOP, MOCIBIIINTCS TPEBOKHOE I'yJIEHUE, IPEKPATUTH KOTOPOE MOKHO, TONbKO HaxkaB kHonky CBPOC.

Brops pasnbie uncna B stueiiky O3V no agpecy 014Q 001Q, MOXHO H3MEHSATh KOJUYECTBO ITU(PP B KOJOBOM
KOMOWHAIMK, a BBOJS pa3nuyHbie uncia B saerikun O3Y, Haunnas ¢ 014Q 040Q -3amaBaTh pa3inyHbIe KOJOBBIE
koMOuHanu. TakuM 00pa3oM, HE WCHOIb3ySd HHUKAKOTO J100aBOYHOTO OOOPYAOBaHUS, MBI MPOMOJCINPOBAIH
paboTy KoJOBOTO 3aMKa. [ peanusannu KOJAOBOTO 3aMKa, Kak TOBOPSAT, "B ikele3e" HeoOXOTUMO BBIHECTU B
HabOpHOE MoJIe 3aMKa KHOIKH, MapanjenbHbele kHonkaM kinaBuarypsl 0-7, Cb, Mb, CBPOC, II. Ilocnennue ase
KHOIIKH HEOOXOAMMBI, YTOOBI NPHU HENPaBUIBHOM HaOOpe BEPHYTHCS K HCXOAHOMY cocTosHuio. Kpome Ttoro,
HY>KHO OpPTaHHW30BaTh YIPABICHHE MEXaHM3MOM 3aMKa, a JUIS TOTO YTOOBI IOCNE CIyYaiHOTO TPEKpaIleHHUs
MUTAaHUS 3aMOK TIPABIWIBHO (DYHKIMOHUPOBAJ, MPOTpaMMy BMECTe C KOJOBOH KOMOHMHAIMeld HeoOXOoAanMO
xpaHuts B [13V.

Mpbl BHIUM, YTO TPH BCEH MPOCTOTE peaiau3alk KOJOBBIM 3amMok Ha 0Oaze IIM-DBM mnpexacrasiser
3aKOHUCHHYIO CHCTEMY IH(POBOTO YIpaBICHUSA: OH XPaHUT NPOTrpaMMy H HCXOTHBIC NaHHBIE (YCTaBKH),
MIPUHUMAET BXOJHBIE YIPABJISIOIIME BO3ACUCTBUS (HaXaTUsl KHOMOK), BhIpabaThIBa€T BBIXOJHBIC YIIPABISIOLINE
CUTHaNBI (CHTHAJl TPEBOTM WJIM CHTHANl paspellieHHs UId MeXaHu3Ma 3aMKka). UuraTenb MOXET M0 CBOEMY
YCMOTPEHHUIO YCIOKHUTh AITOPUTM PabOTHl 3aMKa C IEJBI0 MOBBIIICHUS 0E30MACHOCTH WM C LEJbI0 YIPOILCHUS
KOMMYHHUKaLUH.

9.3. CBOP
N OBPABOTKA AAHHbIX

Cucremsl cOopa 1 00pabOTKH JTaHHBIX, KaK MPABHUJIO, SBIIIOTCS YaCThIO HEPAPXUIECKUX CHCTEM YIPABIICHUS HIH
KOMMYHHMKAlIlM¥ M IIpeAHAa3HA4YeHBl IS NpHeMa AAHHBIX, NPEICTaBICHHBIX B BHIE AaHAJOTOBBIX MM IH(PPOBBIX
CHTHAJIOB pa3JIMuHbIX YpOBHEW M (OpMaToB, MpeoOpa3oBaHHs MX B CTaHAApTHYI LuppoBylo ¢opmy, 0OpabOTKH B
COOTBETCTBHH C 33JaHHBIM aJTOPUTMOM M BBIAaYM OOpaOOTaHHBIX JAHHBIX HA WHAMKAIIMOHHBIE YCTpOMCTBA WM B
CTapIIy0 UEPAPXUYECKYIO CTYIIEHb CUCTEMBI.

B kauectBe mpumepa cucteMbl cOopa n 00paOOTKM JaHHBIX PACCMOTPHM KOHCTpyHpoBaHHe Ha 0aze [IM-DBM
CUeTUHKa ClTyJailHbIX coObITHi. BBenem B [IM-DBM nporpammy

014 000 006 MVI B, 000.Q
014001 000

014002016 MVIC, O00Q
014 003 000

014 004 026 MVI D, 000Q
014 005 000

014006315 MI: CALL SKL
014007 177

014 010000

014 Oil 170 MOV A, B
014012074 INR A
014013 047 DAA
014014323 OUT, 000Q
014 015 000

014016 107 MOV B, A
014017171 MOV A, C
014020316 ACI, 0000
014021 000

014 022 047 DAA
014023323 OUT. 0010
014024 001

014025 117 MOVC, A
014026 172 MOV A, D
014027316 ACIL, 000Q
014030000

014031 047 DAA
014032323 OUT, 002Q
014 033 002

014034127 MOVD. A
014035303 JMP, M1

014 036 006

014037014

Iocne BBoma mporpammel HaxkmeM kHomku CBPOC u I1. B moptax 002, 001, 000 mHANOHPYIOTCS COOTBETCTBEHHO
006Q - xox mepBoii komaHsl porpaMmel 1 014Q OOOQ — ee aapec B mamsaTu. Teneps OyaeM HaKUMarTh JTHOOYIO
KHOTIKY KmaBuaTypsl (kpome kHonku CBPOC) - B moprax 002, 001, 000 nHAMIHpPYETCS KOTUIECTBO HAKATUI KHOIIKH,
BBIp@)XCHHOE B JBOWYHO-IecATHYHOM Kone, HaumHas ¢ 000 001D u xonuas 999 999D. Jlns oOHyJEHHS CUETUIHKA
nocraroyno Haxarth kHonku CBPOC wu II. Takum o0pa3om, 4YMCTO NpPOrpaMMHBIM IIyTeM HaMu peai30BaHa



MpocTeinas cucteMa coopa u 00paboTKH MH(POPMAINH, PETUCTPUPYIOMIAS HAXKATHI KHOIOK, ITOACYUTHIBAIOIIAS ATH
HaXXaTHs ¥ BbIJIAIONIAs HA MHUKALUIO B IBOMYHO-JECATHYHOM (hOPME YUCII0, pABHOE KOJMYECTBY HAXKATHIA.

9.4. PEAJIU3ALUNA OANANOIOBOIO PEXXUMA

JlnanoroBelil pexxuM peanusyer

B3aUMO/ICHICTBHE UEJIOBEKA C BBIUYMCIMTENHbHONH MammHOW. Haumbomee ynoTpeOMTENBHBIMH TEXHHYECKHMH
cpeacTBaMu, 00ecTIeYnBaAIOIMMU 00OMEH HH(pOPMAIHEH MEX/Iy YEeITOBEKOM M MAIIMHOW B IPOLIECCE TUAJIora, SIBISIOTCS
KIIABUIIHBIE YCTPOUCTBA M YCTPOMCTBA BHU3yalbHOTO oToOpakeHus (mucmuien). [Tockombky [IM-DBM mmeet, x0T 1
OTPaHWYCHHBIE 110 CBOMM BO3MOXXHOCTSIM, KJIAaBHaTypy M CBETOAMOIHYIO WHAMKAIMIO, MOXHO IIOTBITATHCS
OpraHM30BaTh Ha HEW IWajoroBblii pexkuMm. Beemem B IIM-OBM crnemyromnyio mporpamMmy, mpenHa3HAuYCHHYIO IS
OLICHKH PEaKINU OIlepaTopa B AUAIOTOBOM PEXUME:

014000041 MI: LXI H, TAB
014001 110

014002 014

014003257 M2: XRA A

014 004 323 OUT, O00Q
014005 000

014006323 OUT.001Q
014007 001

014010323 OUT, 003Q
014011 003

014012107 MOV B, A
014 013 117 MOVC, A
014 014 057 CMA
014015323 OUT, 002Q
014 016 002

014017176 MOV A, M
014 020 267 ORA A
014021312 JZM1

014 022 000

014023014

0140243-15 M3: CALL DL
014025 277

014 026 000

014027075 DCRA
014030302 INZ, M3
014031 024

014 032014

014033323 OUT, 002Q
014034 002

014035333 M4: IN, 003Q

014 036 003

014037057 CMA

014 040 267 ORA A
014041312 JZ.M6
014042061

014 043 014

014044171 MOV A, C
014045323 OUT, O00Q
014 046 000

014047170 MOV A, B
014050323 OUT, 001Q
014051 001

014052333 MS5: IN, 003Q

014 053 003

014 054 057 CMA
014055267 ORA A
014056302 INZ M5
014 057 052

014 060014

014061315 M6: CALLDL
014062277

014 063 000

014064171 MOV A, C

014 065 074 INR A



014 066 047 DAA

014067117 MOVC, A
014070170 MOV A, B
014071316 ACI, 000Q
014 072 000

014073047 DAA
014074107 MOVB.A
014075376 CPL005Q
014076005

014077332 JIC, M4
014 100035

014 101 014

014102043 INXH

014 103 303 IMP, M2
014 104 003

014 105014

014110377 TAB:

014 111 200

014 112300

014 113 330

014 114000

ITocne BBoga nmporpammbl HaxkmeM kHorku CBPOC u I1. TTopt 002 BeicBeTHT uncio 377Q (Bce eqUHMIIBI), a
unaukaropsl moptoB 001 m 000 moramensl. Yepe3 HEM3BECTHBIN OmepaTopy MHTEPBAN BPEMEHU WHAHWKATOPHI
nopta 002 racHyT. B 3TOT MOMEHT omeparop AoJbKeH Haxarh Jroo0yio (kpome CBPOC) kHOmKy KitaBuaTyphl. B
noptax 001 u 000 BbICBETUTCS BBIPA)KEHHOE B TBOMYHO-IECATUYHOM KOJIE BPEMS 3aJIEP>KKH MEKIy MOTracaHueM
nHaukatopoB mopra 002 u Hakarmem kHOMKHU. [lopt 001 WHIUTIMPYET NECATKM W €AWHUIBI CEKYyHA (cuuTas
ciea), a mopt 000 — mecsAThie W COTHIE AONH CEKYHJBI. [lociie OTIMycKaHus KHOMKH Yepe3 3aJaHHbI UHTEepBall
Bpemernn nHAuKaTopbl moptoB 001 1 000 racHyT, a mHAUKATOPHI TopTa 002 CHOBa 3aroparoTcsi, YTOOBI IOTACHYTh
Yepe3 HEM3BECTHBIM HHTEPBAJ BpeMeHH. Eciy Hi o[THa KHOIIKAa HE Ha)kaTa IoCJe IMOoTacaHus HHIANKATOPOB MOpTa
002, uepe3 3aaHHBIA UHTEPBAJI BPEMEHU OHU CHOBa 3aropsTcs. Eciiu KHOMKa Ha)kaTa JI0 MOracaHus WHAWKATO-
pos, o moptamu 001 n 000 nHAMIIMpYETCS HyJIeBas 3a/IepKKa, T. €. HE 3aropaeTcs HU OJIMH MHAUKATOP.

O1eHKN BpEeMEHH peakiny oneparopa (B CeKyHIax):

0,00 — 0,09 — ommbo4YHOE 3HaUEHHE, BBl MOTOPONIIUCH, MOPOOYHTE CHOBA;
0,10 — 0,14 — uckIrounTENBHAS, IOYTH (PAHTACTHYSCKAS PEaKITUs;

0,15 — 0,19 — ouens xopormias;

0,20 — 0,24 -HopmasbHas;

0,25 — 0,29 -mocpencTBeHHas;

0,30 — 0,34 — mmoxast;

0,35 — 5,00 - Bel, BeposATHO, YCHYIH.

[Tporpamma MOXeT OBITH MCIIOJIB30BAaHA KaK ISl OIIEHKH, TaK W UL TPCHUPOBKU peaknuu. Bpems 3amepkku
rameHuss nHAMKaTopoB noprta 002 3ajmaeTcsd KOJMYECTBOM IMKIJIOB 3aJepKKM, HauMHaroumxcs ¢ metku M3. B
AKKyMYJISTOp IpU KaKIOM 3aMepe 3aHOCATCS MOoCIeloBAaTeNbHO YHcia W3 TaONWIbl, XpaHAIIEHcs B sueiikax
naMmsITH, HauWHas ¢ ajpeca, 3ajaBaemoro komanaoii LXIH. J{nuHa Tabmuip! npakTuiecku HeorpaHuveHHas. Ecnu
B Tabymie nomenieHo uncio OOOQ, To mpH ero 3aHECEHHWH B aKKyMYJISATOP Ha OYEPEAHOM IIare MpPOMCXOIUT
BO3BpAaT K Hayajgy MporpamMMbl M, CJIENOBAaTENbHO, K Hadaimy TaOmuubl. LleHa mmammero paspsiia, 3allaromiero
3aJIep)KKy 4YHcia, paBHa 3az1epxkke, BeipadarsiBaemoii 111 DL, T. e. 10 mc. Ilocne Toro xak mHankaTtopsl nopra 002
moramreHsl (komanaa mo aapecy 014Q 033Q) m g0 HakaTHSd KHONKHU C IOMOIIBI0 CYCTYMKA, OPTaHW30BAHHOTO Ha
perucTpoBoii mape B, moacunTeiBaeTcss KOMUIecTBO MUKIOB oOparienus k [111 DL (komanapl, HaunHas ¢ meTku MO). B
CUETUYHMKAxX MCHONb3yeTcs: Komanaa DAA, mo3ToMy pe3ysbTaT HOTydaeTcsl B JBONYHO-AECITHIHOM Koge. [1pn HaxaTnn
KHOTIKH cofepxuMoe peructpoBoid mapsl B BerBogutcs B mopTsl 001 u 000. CyeTynk IMKIOB CHOBA 3a/eiCTByeTCA
1I0CJIE€ OTIYCKaHMS KHOIKH, W TIOCHE JOCTIKCHHUS 3aJlaHHOTO YHClIa IMKIOB MPOMCXOIUT BO3BpaT K MeTke M2
MIPOTrpaMMBbl, IIPH 3TOM perucTposas mapa H MHKpeMeHTupyercsi, B pe3yibTaTeé 4Hero HpH CIEAYIOIIEM 3aMepe B
KauyecTBe MapaMmeTpa 3a/epKKH H3BJEKaeTcs CleAyrollee Yucio u3 Tadiuusl. [lapamerpsl, omnpenenstoimue padoTy
IpOTrpaMMBI, MOMEIIAOTCs 1Mo cieayronmm agpecam: 014Q 001Q, 014Q 002Q — aapec Havana tadmuip; 014Q 076Q
— BpeMsl, B TeUeHHE KOTOpOro nHANKaTops! opra 002 noraieHsl; lieHa MJaIiero paspsaa — okoio 1 c.

OOparuM BHUMaHHE Ha TO, 4TO JUIs BBOAa MH(opManuu ¢ KiaBuatypsl He ncrnosszoBana [1IT SKL, tak kak npu
00palleHnH K Hell HEBO3MOXKHO OPTaHM30BaTh CUET BPEMEHH (/10 HaXkKaTusl KHOTIKH Iporieccop He Bbixoaut u3 [I1).
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PACLUWPEHME
BO3MOXHOCTEW
nv-aBM

10.1. KNIABUATYPA U UHOUKALIUA

B mpenpiaymieii riaBe MBI MO3HAKOMIIIUCH C pa3IHYHBIME criocobamu npumeneHus [IM-DBM. Broio mokazaHo,
YTO, HE HMCIOJIB3YsI HUKAKOTO JIOTOJHUTEIHHOTO 000pYJOBAaHMS, MOXHO PEaIM30BaTh IIUPOKHN KPYT MPAKTHIECKUX
3amad. Ynrarens, 03 COMHEHHS, CYMEeT HAalTH U IpyTre BO3MOXKHOCTH nmpuMeHeHus [IM-OBM.

Herpynno noranaTscest, 9T0 MPOU3BOAUTENFHOCTE M BRIYHMCIUTENBHAS MOIIHOCTE [IM-OBM MoryT OBITH yBETHUEHBI
IyTeM IOCIEIO0BATENbHOIO HapallBaHMsA BHYTPEHHEH M BHEINHEH NaMATH, YCTPOICTB BBOAA/BBIBOJA U
nepudepuiiHoro  obopyaoBaHus. UuTaTrento MPEACTOMT CaMOCTOSITENBbHO OLEHHWTh, Hackoibko [IM-DBM
YIIOBJIETBOPSIET €r0 MOTPEOHOCTH, M HYXKHO JIM €€ YCIIOKHSTh, €CIIM CTOSIIIHME 3a/la4d MOTYT OBbITh PELICHBI IPOCTHIMU
cpeacTBaMu. Bceerna cienyer uMmerh B BHIY, YTO BPEMSI M TPYAOEMKOCTh pa3pabOTKU MPOrPaMMHOIO OOECIHeueHuUs
OOBIYHO SIBJISIOTCS PELIAIOIMMH (haKTOpaMHU B IPOIIECCE CO3/aHus cucteM Ha 6ase MII.

I[IM-5BM MoxeT OBITh UCIIOB30BaHA B YYCOHBIX IIEINIAX, B KAYECTBE YCTPOWCTBA OTJIAIKU MPOTPaMM JUIsl BHOBb
paspabatsiBaeMbix MII-cucTeM, B KaueCcTBE MAaKETHOTO yCTPOMCTBa JJIsl OTPaOOTKHM amiapaTHO 4acTH, B Ka4eCTBE
CaMOCTOSTENILHOM BBHIYMCIMTEIFHON MalIMHBI U Kak ynpasistonias OBM. Kak pabounii nacrpyment IIM-2BM nmeer
PSR OYEBUAHBIX HEIOCTATKOB: MH(OpMAanus B HEe BBOJWUTCS TOJBKO C KJIABHATyphl M TONBKO B IU(poBOH (opme,
JBOMYHASI MHAWKAIMS TPYAHA JUIS YTEHUs] M HHTEPIPETAllH, IPH BBIKIIOYEHUH ITUTaHUS TepsaeTcs 3amucaHHas B O3Y
nHpOpManys, TaK 4YTO MIPH BKIOYEHUH HAJIO 32aHOBO BBOJUTH IPOTPAMMBbI U HCXOIHBIE JJaHHBIE.

3aMeTHM, 4TO HEKOTOPBIE M3 ATHX HEJOCTATKOB JIETKO yCTpaHUMBL. B 4acTHOCTH, HapacTUB MOPTHI BBOJA U
BeiBosIa 003, oOCITyKHMBaroIie KJIABHATYPY IO TMOJHBIX BOCBMHU pa3psaoB, TMOJIYYHM KOHTAKTHYIO CETKy 8X8,
00pa3yromIyio KIaBuaTypy U3 64 KHOMOK, JOCTaTOYHYIO U BBOJAA an(aBUTHO-IIU(POBOH nHpopMalin. B cBszn
C 3TUM TOTpedyeTcss mepenenaTb NPOrpaMMY-MOHHTOP M HCIOJNb30BaTh CIHEIHAJIbHBIE MPOrpamMMbl [UIs
00paboTku andaBUTHO-ITUDPOBOI HHPOPMAIIHH.

s BeIBOJa MH(MOpMaIK MOKHO HapactuTh moptel 002, 001, 000 cxemamu mpeoOpa3oBaHUs JBOUYHOTO
KoJa B ceMucerMeHT-Hbli (puc. 10.1), mpu 3TOM UHAMKALMA Ha CEMHCETMEHTHBIX HHAMKATOpax Oyaer
MpeACTaBieHa BOCBMEPUYHBIMU WM € JECATUYHBIMH dYHclIaMd. M3 Tex xXKe MOpTOB BHIBOJA MOXKHO
OPTaHM30BaTh TUHAMUYECKYIO CHCTEMY WHAMKAINH, 00€CIIEeUNBAIONIYIO BEIBOI JIFOOBIX 3HAKOB (IIH(p, 3HAYKOB U
HEKOTOPBIX OYKB KaK PyCCKOr0, TaK W JIATUHCKOTO an()aBUTOB) Ha AMCIUIEHHOE yCTPOMCTBO, coaeprkaliee A0 16
CEeMHCETMEHTHBIX HHAMKATOpoB (puc. 10.2). IlporpamMmbl [t MHAMKAIMM OOBIMHO BKJIIOYAIOT B COCTaB IIPO-
rpaMMBI-MOHHUTOpA. B memsix n3yuenns croco0oB 00CTyKUBaHUS YCTPOUCTB IUHAMHYCCKON MHINKAIINK BBEIEM
B [IM-2BM crnenyrolyio nporpaMmy:

014000001 MI: LXI B, TAB

014 001 060

014002 014

014003041 LXIH, 000Q001Q
014 004 001

014 005 000

014006012 M2: LDAX B
014007323 OUT, 002Q
014010002

014011 174 MOV A, H
014012323 OUT, 001Q
014 013 001

014014175 MOV A, L
014015323 OUT, O00Q
014016 000

014017003 INX B

014 020 026 MVI D, 100Q
014021 100

014022315 M3: CALL DL

014023 277

014 024 000



014025025 DCRD

014 026 302 INZ, M3
014 027022
014030014
014031051 DADH
014032322 INC.M2
014033 006
014 034014
014035303 JMP, Ml
014 036 000
014037 014
014 060 000 TAB:
014061 001
014 062002
014063 003
014 064 004
014 065 005
014 066 006
014067 007
014 070010
014071 O11
014 072012
014073 013
014 074 014
014 075 015
014 076 016
014077017
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Puc. 10.1. Cxembl mpeoOpa3oBaHus ABOMYHOTO KOJIa B CEMUCETMEHTHBIN

Haxxmem kHonku CBPOC u I1. B noprax 000 u 001 moracHyT Bce MHAMKATOPBI, 33 UCKJIIOYEHUEM MIIa IIEro
paspsana nmopta 000. Yepes monceKyH b 3arOpUTCsl HHIUKATOP CISAYIONIEro pa3psaa, a NpeabIAyIIUi ToracHeT U
T. A., TIOKa HE 3aropuTcs HMHAMKATOp crapuero paspsaa mopra 001. [lpu sToM KaxaoMy 3aX KEHHOMY
WHIMKATOPY COOTBETCTBYeT Konx ro Tabiuubl TAB, wnauunupyemsiii moprom 002. LMk ckaHUpOBaHHA
MIOBTOPSIETCS JI0 TEX IOp, IToKa He OyaeT Haxara kHonka CBPOC.

Ora mporpamma JeMoHcTpanuoHHas. OHa TO3BOJSET OTIATUTh CXeMy, HM300pakeHHYr Ha puc. 10.2,
yCTaHaBIUBasl pa0OYMil TOK WHAWKATOPOB IMOIOOPOM PE3NCTOPOB W 3a/aBas BPeMs CKAHUPOBAHUS 3HAYCHHUEM
napaMmerpa, XpaauMoro B peructpe D (sueiika 014Q 021Q). B mporpamme nCnonb3yrOTCs MOUYTH BCE PETUCTPHI
MII, mosTomy mpu mpuMeHeHWH ee B KadecTBe craHmaptHoil [1I1 BeIBoma Ha WHAMKAIMIO CIIETyeT BHaJale
nomectuth komaunasl PUSH PSW, PUSH B, PUSH D, PUSH H, a B koHme nporpaMmsl — KoMaHIbl XRA A,



OUT O00Q, OUT 001Q, OUT 002Q, POP H, POP D, POP B, POP PSW, RET, uckirouns komanagy CALL DL
BbI130Ba I BpeMeHHOM! 3a1epKKU U KOMaHly BO3BpaTa K Hauany nporpammsl JMP, M1

B cootBercTBUM co cxemoil puc. 10.2 KakAOMy CEIMEHTY CEMH-CEIMEHTHOTO MHIHUKATOpa COOTBETCTBYET
OTIpeNIeTICHHOE YUCII0, BBIBonuMoe depe3 mopt 002: cermenty a - 0000 0001 (001Q), b - 0000 0010 (002Q), c-
0000 0100 (0040), d-0000 1000 (010Q), e - 0001 0000 (020Q), f - 0010 0000 (040Q), £- 0100 0000(1000), A -
1000 0000 (200Q). CnenoBatensHO, H300paXxkaeMblif MHAMKATOPOM CHUMBOM (uu¢pa, OykBa HIN OPyroi 3HAK)
MPEACTaBIISIETCd BOCBMHUPA3PAAHBIM JBOMYHBIM UYHCIIOM, SBISIOIIUMCA CYMMOH 4YHCEN, COOTBETCTBYIOILUX
TOpsILIMM CerMeHTaM MHAuKaTopa. Hampumep, mecsituunble uyucna oT 0 10 9 MpencTaBIsIOTCS CICRYHOLIUMU
guciaamu: 0-0011 1111 (077Q), 1 - 0000 OHO (006Q), 2 -0101 1011 (133Q), 3 - 0100 1111 (117Q), 4 -
01100110(1460), 5 - OHO 1101 (155Q), 6 - 0111 1101 (175Q), 7 - 0000 0111 (007Q), 8 - 0111 1111 (177Q), 9 -
OHO 1111 (157Q). C ompeneneHHBIMA YCIOBHOCTSIMH MOTYT OBITh M300paKeHBI TaKkke OYKBBI JJATHHCKOTO U
pycckoro anaBUTOB U pa3lINYHbIC 3HAKH.
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Puc. 10.2. TucrineitHoe ycTpoHCTBO U3 16 CEeMUCErMEHTHBIX HHIUKAaTOPOB

Honxrounm k IIM-23BM cxemy, n3o0paxeHHyto Ha puc. 10.2, 1 BBeIeM CIEIYIONIYIO IPOTpaMMy:
014000001 MI: LXI B, TAB

014 001 060

014 002 014

014 003 305 PUSHB

014 004 036 MVIE, 040Q
014 005 040

014006301 M2: POP B
014007041 LXIH, 000Q001Q
014010001

014011 000

014012012 M3: LDAX B
014013 323 OUT, 0020
014014002

014015 174 MOV A, H
014016323 OUT, 001Q
014017 001

014020175 MOV A, L
014021323 OUT, O00Q
014022000

014 023 003 INX B

014 024 026 MVI D, 2000
014 025 200

014026025 M4: OCR D

014027302 INZ, M4



014 030026
014031 014
014032051
014033322
014034 012
014035 014
014036035
014037302
014 040 006
014041 014
014 042 073
014 043 073
014 044 301
014 045 003
014 046 305
014047012
014 050 376
014 051 060
014052312
014 053 000
014 054 014
014055303
014 056 006
014057 014
014 060 077
014 061 006
014062133
014063 117
014064 146
014 065 155
014 066 175
014 067 007
014070177
014071 157
014 072 000
014 073 000
014 074 060

TAB:

DADH
INC, M3

DCRE
INZ M2

OCX SP
DCX SP
POP B
INX B
PUSH B

LDAX B
CPI, 060Q

JZ, Ml

JMP, M2
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Puc. 10.3. Cxema rameHnusi HHAUKaTOPOB

[Iporpamma, moctpoeHHas Ha 6a3e MpeablIyIei, BRIBOIUT Ha JUCIICH, 00pa3oBaHHBINA 16 ceMUCErMEHTHRIMU
WHIMKATOPaMH, IBHXKYIIMKUCSA TeKCT (B JaHHOM mpuMepe 1udpbl ot 0 10 9 u nBa npobena), xpanumeiid B O3V,
HaunHas ¢ suciiku 014Q 060Q. Konell TekcTa momMed4aceTcss CHMBOJIOM, HE HCIIOJIB30BAHHBIM IS 0003HAUCHHS
OykB u nu¢p (B ranHOM npumMepe cuMaoll 11, ero kox 060Q). On xpanurcs B stueiike 014Q 051Q u cpaBHUBaeTCs
C CUMBOJIOM TEKCTa, BHIBOJMMBIM Ha KpalHMI JIeBbIM MHAMKATOp AucIuled. Kak TOJbKO OMO3HaH CHMBOJI KOHLA
TEKCTa, IporpaMMma BO3BpalllaeTcsd K Hauyaly Tekcra. Bpems LMKiIa CKaHMPOBAaHHUS 33/JaeTCsl YUCIOM B SUelKe
014Q 025Q, a Bpems, Ha KOTOPOE TEKCT OCTaHABIUBAETCs, — 4UCIIOM B Aueiike 014Q 005Q.

[Tporpamma MOXeT OBITH HCIIOJNB30BaHA U TOATOTOBKM M PEIAKTUPOBAHUS TEKCTOB, BHIBOJAWMBIX Ha
BHEUIHHE YCTPOHCTBA.

Bo uzbexxanue neperopaHus WHAMKATOPOB MPHU HEMPETyCMOTPEHHOM MpEeKpalleHHH CKaHUPOBAaHUS CXEMY,
n300pakeHHyro Ha puc. 10.2, cinenyer TOMOTHUTH YCTPOHCTBOM TallleHUs] HHIUKATOPOB, TOCTPOSHHBIM Ha OCHOBE
omHoBuOparopa (puc. 10.3). YCTpoWCTBO OTKIIIOYACT WHAMKAIWIO Yepe3 3aJdaHHblid Ienoukod RC uHTEepBan
BpEMEHH MOcTe MoAaYl UMITylibca BeIOOpKU nopta 002. Takum o0pazoMm, HHAMKATOPHI HEMIPEPHIBHO (I IJ1a3a
HaOMI0aTeNs) ropsT TONbKO NPHU NepHOANIECKOH BeIaue nHpopmarmu B mopT 002.

PaccmoTpenHas cxema WHAWKAIlMM BechbMa YHHBEpcalbHa M o00mamaer rbpa3mo Oonee MIMPOKHMHU
BO3MOKHOCTSIMU JJIsl O0ECTIeUeHHs JUAOTroBOro pexuma padbotsl [IM-OBM 1o cpaBHEHHUIO ¢ TPOCTOM ABOUYHOM
WHIUKAIHEH.

10.2. BHEWWHAA NAMATDb

[TocTreneHHO ocBamBask METOIBI MPOTPAMMHPOBAHUS U MpHeMbl paboTel Ha [IM-DBM, unraTens paHo wiH
MO3IHO CTOJIKHETCSI ¢ HEOOXOIUMOCTEIO, BO-TIEPBBIX, YBEIHMUYCHUSI 00beMa MaMsATH UL pa3MeEIIeHus Bce Ooiee
JUIMHHBIX MPOTPaMM U, BO-BTOPBIX, COXPaHEHHs y>K€ OTpaOOTaHHBIX MPOTpaMM B MaMATH NPH MHOTOKPATHOM
BKJIIOYCHNH W BBHIKIIOUeHMH mnuTaHus. [lockonpky [IM-DBM mocTpoeHa B COOTBETCTBHHM CO CTaHIAPTHOMN
ApPXUTEKTYPOH BBIYUCIUTEIBHBIX cucTeM Ha 6aze MII tunma KPS80MKSO0A, ee mpsiMo agpecyemasi maMaTh MOXKET
OBITH JIETKO pacHIMpeHa 10 MaKCUMalbHOTo o0beMa 64 Kobaiita.



Henocpencteenno Ha miate [IM-29BM MoryT OBITH JOIONHUTEIHHO YCTAHOBICHB MUKPOCXEMBI TAMSTH Ha 2
Ko6aiita. IIpu 3TOM He moTpedyeTcs HUKAKOro AOMOJHUTEIBHOTO 000PYNI0OBAaHUS, TaK KaK IS BbIIAYM CHUTHAJIOB
BBIOOpKH MukpocxeM O3Y wHCHONB3yIOTCS paHee HE 3aJelcTBOBAaHHbIC BHIBOABI aAemmudpatopa K155M14
(mukpocxema D11).

ITamsTh Gonblero o6bemMa NOTpedyeT Al CBOEr0 Pa3MEICHUs JOTOJIHUTENBHON IIIAThI, HA KOTOPOH JOIKHBI
OBITH yCTaHOBJIEHBI CBOM aJpecHbIC JCIU(PPATOphl U APYTHEe MHKPOCXEMBI (KpOME MHKPOCXEM IaMsTH),
obecrnieunBaroue HOPMAIBHYIO paboTy ycTpoiicTBa. B 3ToM ciiydae Ha tuate [IM-DBM HeoOxomumo ycra-
HOBUTbH IIUHHBIE Oy(ephl-hopMUpoBaTENU I YMOLIHEHUS IIIUH apeca U JaHHBIX (HaIpUMep, Ha MUKpOCXeMax
tuna KS589AII16), npuuem Oydepsl IMUHB AAHHBIX JOJDKHBI OBITH JBYHAIPaBICHHBIMU. AHAJIOTHYHO
BHyTpeHHeMy Oydepy MmHBI HaHHBIX (MuKpocxeMbl D9 u D10) mns ynpaBieHHs HamnpaBiICHUEM Iepenadyu
JAaHHBIX UCTIONB3yeTcs OydepupoBanHbiii curaan DBIN.

Jns dhopMupoBaHMS SHEProHE3aBUCHMOM 4YacTH MaMATH MOTYT OBITH IpUMEHEHBl Mukpocxemsl II3V c
OJTHOKpATHOM 3amuchio nHpopMaruu, Harpumep Trima KP556PT4, kotopsie yxe ucnoib3oBanbl B [IM-OBM s
XpaHEeHUs TPOrpaMMEI-MOHUTOpa. bonee ymoOHBIME MOTYT Oka3atbesi MUKpocxeMbl [III3Y ¢ amextpudeckoit
3aMKChI0 U yIbTpaduosieToBbiM cTupanueM THIOB KS573P®1, KS73P®2, K573Pd4, K573P®5. Hakonern, MoryT
ObITh HcHonb30BaHbl MHUKpocxeMsl IIII3Y ¢ anekTpudeckoil 3amuchio M CTUpaHHEM HH(pOpMalWHU, Halpumep
tunos KP558PP1 u KP558PP11.

Jns coxpaHeHus MH(OpMAaLUU MOTYT OBITh HUCIOJIB30BAHBl BHEIIHHE HOCHUTENH, TaKue, HampuMep, Kak
nep¢oICHTa WIM MarHUTHAs JIEHTa. B 3TOM ciTydae mocTynaioT cieIylonmM 00pa3oM: ¢ TOMOIIBIO CIICIUANbHON
MporpamMMBbl BbIBOJia cozepkamytocs B O3V mHopMaruio nepeaarotr modalTHO (MapayuieNbHBIH BBIBOJ) WIIH
NOOUTHO (TOCIENOBaTENbHBIM BBIBOJ) Yepe3 YyCTpOHCTBO BBIBOJA Ha mepdoparop HMIM Ha MarHUTO(OH.
3anucaHHas Ha BHEIIIHEM HOCHUTENEC HH(POPMAIUS MOKET XpaHUThCs HeorpaHndeHHo foiro. Ilpu Heobxoaumoctu
BoccTaHOBUTE B O3Y paHee BRIBEICHHYIO MH(MOPMAIIMIO OHA CUUTHIBACTCS C TOMOIIBIO IEP(POCUUTHIBAIONIETO
yCTpoOiCcTBA WIM MarHuTo(OHa W BBOIUTCS depe3 ycTpoiictBo BBoga B O3Y mukpo-OBM mon ymparieHHEM
nporpammsel  BBoga. IlomdyepkHeM, uyTo wuHGpopManus (AaHHBIE, IPOTPAaMMBI), CUHTHIBaeMass W3 BHELIHETO
HaKOIUTENsI, OOBIYHO HE HCIONB3YeTCs HEMOCPEICTBEHHO NPH HCIIONHEHUH padodeil mporpaMMebl, a CHadaia
MOMEIaeTcs B BUAE OJTHOTO WIIM HECKOJbKUX MaccuBOB B O3V, a 3aTeM yKe UCHOJIb3yeTcs B paboTe.

10.3. HAKOIMUTEJb HA BA3E BbiITOBOIO MArHATO®OHA

CoxpaHeHue nmporpaMM Ha MPOCTOM OBITOBOM MarHUTO(oHE He TOJIBKO 3()h(HEKTHBHO, HO U HEOOXOAUMO IS
3amucu Oosiee JUIMHHBIX IporpamMM 0e3 HCIOIb30BaHUS JOPOTHX HHU(POBBIX MarHUTO(QOHOB, a TaKKe B3aMEH
3amucu Ha nepgoieHTy. [lemieBble OBITOBBIE MarHUTO(GOHBI MMEIOT OTPAHHYCHHYIO IIOJIOCY IPOITYyCKaHHUS,
BBICOKMH YPOBEHb IIYMOB M HEMOCTOSHHYIO CKOPOCTh NPOTSXKKW. B oTnuume OT mpuHATOW B HHM(POBBIX
MarHuTo(poHax CXembl, TJIe 3aMHUCHIBAEMBI CHUTHANT C TMOMOIIBIO CIENUATBHOTO YCTPOWCTBA MOIYJIUpPYETCS
PasHBIMH 9acTOTaMH UIsL Jorndeckoro () M JIOTHYECKOH 1, B OMHMCHIBAGMOM 31€Ch METOJEC 3alHMCH TpeOOBaHUS,
MpenbsBiIsgeMble K KaHaldy [epeladyd AaHHBIX, MUHHMMaJlbHbl. BMecTO mepenauud ypoBHEH, COOTBETCTBYIOIIUX
noruyeckoMy O u jormueckoil 1, maHHBIE IEepeNaroTCs B BUAE MAadeK MMITYJIBCOB 3aJaHHOM YacTOTHI (TOHA) ¢
Pa3HBIM KOJIMYECTBOM MMITYJIbCOB B Mauke. OCHOBHAsI YaCTOTA JOJDKHA JIEXKATh B IIPeJesIax M0JIOCH! IIPOIyCKaHMs
MarautodoHa. Kaxnperii 6ut nmepenaBaeMoii mHGOPMaLUH MPEACTABIIETCS B BHAEC UMITYJIECHOH MAYKH, 32 KOTO-
poii cnenyer may3a. [lepsas TpeTs nepuoja nepegadu OuTta BCeraa 3aHsATa UMIYJIbCaMH, BO BTOPOU TpeTH Jr00
HUMITYJIECBl TIPOJIOJDKAIOTCS, JINOO HACTymaeT Iiay3a, 9TO O3HAdaeT COOTBETCTBEHHO JIOTHUYECKyI0 | wim
norudeckuit 0, moceaHss TpeTh meproaa — Beeraa naysa (puc. 10.4). Takum oOpa3om, 3HaUeHHE OWTA TAaHHBIX
3a/laeTcsl OTHOLIEHHEM JJIMHBI MMITyJIbCHOW TMayku K AiuHe may3bl. (VI3BECTHBI M APYrHE CHUCTEMBI 3aIluCH,
HANpUMEp OCHOBaHHBIE HA KOJIMYECTBE MMITYJIHCOB B Tauke.) s u3ydeHUs MeTomoB (pOpMHUPOBaHUS TaKUX
AMITYJLCHBIX TTauek BBenieM B [IM-DBM cnenytorniyto yaeOHyO Mporpammy:

014000016 MVIC, 252Q
014001 252

014002006 MI: MVIB, 011Q
014003 Oil

014004257 M2: XRA A

014 005 323 OUT, O00Q
014 006 000

014007315 CALL IMP
014010060

014011 014

014012171 MOV A, C
014013037 RAR
014014117 MOV C, A
014015322 INC, M3
014 016 026

014017014



014 020 257 XRA A

014 021 323 OUT, O00Q
014 022 000

014 023 303 JMP, M4
014 024 032

014025 014

014026076 M3: MVI A, 377Q
014027377

014 030 323 OUT, O00Q
014031 000

014032315 M4: CALL, IMP
014 033 060

014 034 014

014035257 . XRA A

014 036 057 CMA

014 037 323 OUT, 000Q
014 040 000

014041315 CALL, IMP
014 042 060

014043 014

014044171 MOV A, C
014 045 323 OUT, 002Q
014 046 002

014 047 005 DCR B
014050302 INZ M2

014 051 004

014052014

014 053 166 HLT

014 060 026 IMP: MVI D, 010Q
014061 010

014062257 XRA A
014063323 MS5: OUT, 001Q

014 064 001

014 065 036 MVI E, 040Q
014 066 040

014067315 M6: CALL DL

014 070 277

014071 000

014072035 DCRE
014073302 INZ.M6

014 074 067

014075 014

014076074 INK A

014 077 025 OCRD
014100302 INZ M5

014 101 063

014 102 014

014103311 RET
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Puc. 10.4. luarpamma nepeiayu OJHOr0 ABOUYHOIO paspsia

IIporpaMma, HauuHasg ¢ MIAAIIETO paspsaa, nIpeodpaszyeT OalT uHbopmauy, xpansamuiics B perucrpe C, B
MOCIIEI0BAaTEIBHOCT IOCBUIOK, Habmomaemyto B oprax 000 n 001. Mugukarops! mopra 000 morarieHsl B Tex
YacTAX MEepUoAa Nepeaadn Kaxxaoro Oura, KOTAa JOJDKHA BBIIABAThCA UMITYIbCHAS MayKa, U TOPST, KOTJa OHA He



JOJDKHA BBIIABaThed, T. €. Joruueckomy O COOTBETCTBYET IOCIJIEAOBATEILHOCTh: HE TOPUT — TOPUT — TOPHUT, a
J0ru4eckoil 1 — He TOpUT — He FOpUT — TopHUT. VIMIYyNbChl C 33aHHON YacTOTON CIeJ0BaHUs MOSBISIOTCS B
minaqmeM paspszae nopra 001, a B nenoMm uHpukatopsl nopra 001 moxcuuTeiBaioT 3TH MMITyJbChl. Yacrora
ClIeToOBaHUs UMITyTECOB — TpuMepHo 2 I'm. TTopt 002 mo3BomsieT HaOMOAATh Ipeodpa3zyeMoe YHCIIO, KayIbId
pas3psan KOTOPOro MOCIENOBAaTEeAbHO aHAIM3UPYETCs MPOrpaMMoii MyTeM CIABUra B paspsj HepeHoca. B sueiike
014Q 003Q xpaHuTCS mapameTp, 3aHOCHMBIN B peructp B, 3amaromuii KOIUYECTBO NMpeoOpa3yeMbIX paspsaoB
grcia. 34eck 3TOT MapaMeTp paBeH NEBSTH, TaK KaK KpOME BOCHBMH MH()OPMALIMOHHBIX Ia4deK Ui 0003HAYCHHUS
KOHIIa Mepefauyd 4Yuciaa MepefaeTcs MMIYNbCHas Madka, COOTBETCTByromas Hymwo. Ilogmporpamma
(hopMHpOBaHMS UMITYJIECHOM Mauku uMeeT MeTky IMP. KonndecTBo MMITy/IECOB B ITauKe PaBHO MOJIOBUHE YHCHA,
xpansmierocs B sueiike 014Q 061Q, koTopoe 00s3aTeIbHO JODKHO OBITH YETHBIM. J[TUTEIHHOCTh MMITYJIbCA B
TMayke OIpeAeNseTcss 3aJepXKKoi, 3amaBaemMoll uucioM B sueiike 014Q 066Q. B yueOHON mporpamme
JUINTEIBHOCTh MMITYJIbca JUIl HAOJIOZAEMOCTH 33JlaHa PAaBHOM IPOU3BEICHUIO 3TOTO YHCIA Ha 33AEPXKKY,
omnpeneisiemyto [T DL. Jlns ucnonp3oBanus 'l B kauectBe paboueit HeoOxomumo w3 IIIT IMP wu3bsare
obpamenwue k 111 DL, u3 ocHOBHOTO TekcTa U3bITh KOMaHay BbiBoAa B opT 002 (ampeca ¢ 014Q 044Q mo 014Q
046Q), a Bmecto xomanasl HLT BBectu komanay RET. UrtoOwl copmupoBaTh CHUTHAN, KOTOPBI MOXKHO
N0JIaBaTh HETMOCPEACTBEHHO HA BXOJ 3alMCH MarHUTO(OHA, UCHOIb3YeM CXeMy, IpecTaBieHHy o Ha puc. 10.5.
Ora cxema M03BOJIIET PEryJIMpPOBaTh YPOBEHb 3alMCH U JJUKBUIUPYET NOCTOSHHYIO COCTABISIONIYIO CUTHAIA.
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Puc. 10.5. Cxema popmupoBaTensi CUTHANA JUTA 3aIIICH Ha MArHUTO(OH

3amaauMcs MpUeMIIeMO ISl 3alTUCH U BOCIIPOM3BEACHUS Ha OBITOBOM MarHUTO(hOHE YaCTOTOW UMITYJIBCOB B
maykax, paBao# 2 k[ . Torna erko moacyuTarh 9ucio, 3anocumoe B peructp E. JlelictBurensHO, MporpaMMHBIN
nuks ot komauael DCR E 1o xomanaer JNZ 3anumaer 15 takroB. B [IM-OBM TakroBas yacrora pasHa 1 M.
CrnenoBaTenbHO, YTOOBI TIOMYUYHUTh 33JIEPHKKY, PABHYIO TIOJOBHUHE MEPHOJa MOBTOPEHUsT UMITYIbcoB 1/(2000-2) =
250 Mkc, HeoOxoaumo 3anath 250/15 ~ 16 nporpamMHbIX mukioB. B peructp E Hano 3anectn 020Q = 16. Ecnu
KOJIMYECTBO HMITYJBCOB B MAayKe PaBHO 4YeThIpeM (Kak 3aJaHO B Hallled Mmporpamme), CKOpOCTb IMepenadu
urpopmanuu cocrasut 2000/(4-3) ~ 167 dur/c.

%U‘\/— CUSNTT & A3 ST RD O

- oo o Heofiewh oacEerd

' 1 ! f ‘ SI#EH'H.—? ToC1e ,&"E'v'.-"-ﬂﬂ'.ﬂ"'!ﬂﬂ i
KOC T B0 SEREEE SR — I

. sbmesn

T

. Cunea wo faofe M- 260

Puc. 10.6. DopMupoBaHue BEIXOIHOTO CHTHANA ¢ MarHUTO(GOHA

s BBOa mH(MOpMAIUK ¢ OBITOBOTO MarHUTO(OHAa HEOOXOTUMO W3 IMONyUYEHHOTO CHrHalla c(hOpMHUPOBATH
HOpMaJbHbIEe Jornueckre nocbutkd Ha TTJI-ypoBHSIX, MpU4eM BOCIPOU3BEICHUIO MMITYJILCHOU MAuKH JOJDKEH
COOTBETCTBOBAThH YPOBEHB JIOTHUECKOH 1, a may3e -ypoBeHb gorudeckoro 0 (puc. 10.6). KoanyecTBo UMITyECOB B
nayke He MPUHUMAETCSl BO BHUMaHHe. Takyro cXeMy JIETKO peajn30BaTh Ha ONEPALMOHHBIX YCHIMTESIX WIIK Ha



OOBIYHBIX TpaH3ucTOpaxX. PopMupoBaTens MOKET OBITh MOJKIIOYCH K OZHOMY U3 BXonoB nopra 003, Hampumep
BBIBONY 4 MuKpocxembl D23. B aToM ciyyae nanbHEHIINE onepalidl HIMEIOT YUCTO JIOTHUECKUH XapaKkTep, JEerKo
peanusyeMsblil mporpaMMHbeIM IyTeM. Beenem B [IM-OBM crenyronyto JEMOHCTPALMOHHYIO MPOrpaMMy, KOTOPYIO
IIOTOM MO>KHO TpeoOpa3oBath B pabouyto [1I1 BBosa nHpopMaruy ¢ 66IToBOro MarHurodoHa:

014 000 006 MAG: MVIB, 010Q
014001 010

014 002 026 MVI D, 000Q
014 003 000

014004315 MI: CALL IMP
014005 120

014 006 014

014007332 JCM1
014010004

014011 014

014012315 CALL IMP
014013 120

014014014

014015332 JCM1

014 016 004

014017014

014020315 M2: CALL IMP
014021 120

014022014

014023322 INC, M2
014 024 020

014025014

014026315 CALL IMP
014027 120

014030014

014031 322 INC, M2
014032020

014033 014

014034025 M3: OCRD
014035315 CALL IMP
014 036 120

014037014

014040332 JC, M3
014041 034

014042014

014043315 CALL IMP
014 044 120

014045014

014046332 JC, M3
014 047 034

014 050 014

014051024 M4: INR D
014052315 CALL IMP
014053 120

014054 014

014055322 INC.M4
014056 051

014057014

014060315 CALL IMP
014061 120

014 062014

014 063 322 INC, M4
014064051

014065 014

014 066 172 MOV A, D
014067.027 RAL
014070171 MOV A, C
014071037 RAR
014072117 MOVC, A
014 073 026 MVI D, 000Q
014 074 000

014075005 OCR B
014076302 INZ M3
014077034



014 100014

014 101 171 MOV A, C
014102 323 OUT, O00Q
014 103 000

014104257 XRAA

014 105117 MOVC, A
014106303 IMP.MAG
014 107000

014 110014

014120036 IMP: MVIE, 377Q
014 121 377

014122035 M5: DCR E
014123302 INZ, M5
014 124 122

014 125014

014126333 IN,003Q
014 127 003

014130037 RAR

014 131 311 RET

[Iporpamma nopaspsaao Gopmupyer B peructpe C 4HCIO, HOCIEIOBATEIBHO BBOIMMOE Yepe3 MIIAIIINNA pa3psi]
nopta 003 ¢ momorsio ITIT IMP, koTopast mpou3BOAUT OMPOC TIOPTA B 3aIaHHOM TeMIle. B OCHOBHO# 4acTH MporpaMMbl
B peructpe D MOICUHUTHIBAIOTCS OMPOCHI U (POPMHUPYETCS 3HAKOBBIA paspsiji YKMCiIa B 3aBHCHMOCTH OT COOTHOIICHHUS
JUINTENIBHOCTH MAayKu M May3bl: €clM Mayka JJIMHHEe May3bl — B 3HAKOBOM pas3psane 1, eciu Kopoue — B 3HAKOBOM
paspszne 0. buTsl 3HaKOBOro paspsaa mocienoBaTenbHO 3aHocsTcs B peructp C. Temm ompoca 3agaeTcss 4HCIOM IO
aapecy 014Q 121Q, 3anocumeiM B peructp E. B nannom ciydae 3aaepxka pasHa 15-256 = 3840 mxc, a yacToTa onpoca
cootBercTBeHHO paBHa 1/0,003840 ~ 260 I'. CienoBarenbHO, PH JUIMHE UMITYJIbcHOM madku 10 0,5 ¢ B peructpe D
HaKOITUTCS YUCII0, He Oonbiree 130, 4To rapaHTUPYET OTCYTCTBHE IIEPETIOIHEHHS PErUCTpa.

Iepen BBogoM mporpamMmser B IIM-3BM nogxmoguM K BEIBOLY 4 MukpocxeMbl D23 BeBon /6 MukpocxeMbl D16
Bropoit [IM-DBM, B KOTOpyIO BBeIEHA ONFCAaHHAs BEIIIE MPOTpaMMa BBIBOAA, HACTPOCHHAsS HAa JIUTEIHHOCTH
AMIyJIbCHOM mauku He Oomee 0,5 c¢. Bmecto Bropoit [IM-DBM MOXHO MOIKIIOUXTH NpUBEACHHBIH Ha puc. 10.6
¢dbopmupoBaresis M MarHMUTO(OH, Ha JIEHTY KOTOPOro NpeaBapuTeibHO 3amucanbl ¢ [IM-DBM  ummynbcHbie
MIOCIIE0BATENbHOCTH AJIsl OAMHOYHBIX OalTOB, HO TOT/IAa MbI CTAJIKUBAEMCSI C TIPOOJIEMaMH OTIIaKU Bcero Tpakrta: [IM-
OBM — BeIXO#HOH (opMupoBaTenb — MarHUTOGOH B pEKHME 3aliCH, a 3aTeéM MarHuTOQOH B pexXUME
BOCIpOM3BeIeHUsI — BXOJHO# (opmupoBarens — [IM-DBM. B To e BpeMms npu HENOCPEICTBEHHOM CBSI3U MEXIY
neymsi [IM-DBM ornaznator npobieMbl COrliacoBaHUsl YPOBHEH M IIPU 3TOM MOTYT OBITh 3ajaHbl JIIOOblE BpEeMEHHBIE
XapaKTEePUCTUKH CUTHAJIOB.

Hactpoum nporpammy BeiBozia nepenatorueii [IM-3BM Ha Beiauy onHoro Oaiita nHdopmanuu u3 perucrpa C, 1. €.
HCIIOJIB3yEM IIPOrpaMMy B TOM BHJE, KaK OHa IpHBeJeHa B TekcTe. [y BhIBoAa OaiiTa HEOOXOIMMO HaXKaTh KHOIKU
CBPOC u I1. Ecii mo atoro B npuauMaromnieit [IM-2BM 6bumn Taxoke HaxkaTsl kKHOKH CBPOC u I, wepe3 3 — 4 ¢ Ha
nHaukaropax ee mopra 000 MoxxHO OymeT HaOMIOAATh KO YHCIA, WACHTUYHBIA KOy, XpaHamlemycs B peructpe C
nepenaromeii [IM-DBM. Uto0s1 cHOBa mepenath OallT mH(OpMamnmu, HYXHO cHoBa HaxaTh kHomku CBPOC u II.
Memnsisa conepxxkumoe peructpa C mepenatomieid [IM-DBM, M0XHO MPOBEpUTH MPABHIBLHOCTD MEpenadu sl JTIOOBIX
konoB. Ilocie Takoi MPOBEPKH MOXKHO NMPOHM3BECTH NPOBEPKY HPaBHIBHOCTH Iepeadd mMaccupa nHpopmanuu. s
sToro B mamsATh nepenpatomerd [IM-OBM Hy)XHO JOTOJTHHUTENHFHO BBECTH YIIPABISAIONIYIO MPOTPaMMy M BHECTH B OC-
HOBHYIO IPpOIrpaMMy YKa3aHHbIC BbBIIIC U3MCHCHUS. ynpaBJ’lﬂIOLLlaﬂ nmporpamMmma UMEET BUJ

014110041 MM1: LXI H, ADM
014 111 000

014 112 015

014113116 MM2: MOV C.M
014114315 CALL M1
014 115 002

014 116 014

014117054 INRL
014120302 JNZ,MM2
014 121 113

014 122014

014 123 166 HLT

3nece ADM = ADMHQ ADMLQ - cuMBOJHYECKHHA aJpec Hadaja MacCHBa YHCEIl, 3aHOCHMBIA B PETHCTPOBYIO
napy H; Ml - meTka Hayana nporpamMsl BeiBoja HH(opManuu. MakcuMallbHas JUIMHa TIepeJaBaeMoro mMaccusa - 256
Oaiit, eciiu oH HauuHaercs ¢ aapeca ADMHQ OOOQ u konuaercs agpecom ADMHQ 377Q.

Jlyis mpoBepKH MPaBWIBHOCTH Tepenadnd Heooxomumo Haxath kHomkdu CBPOC u I1 mpunumaromein [IM-3BM,
HaxaTth kKHonky CBPOC, naOparb angpec Hawana ympasisomed mnporpammbsl (Metka MMI1) u Haxare kHOmKy I1
nepenatomeii [IM-5BM. Ha nnaukaropax nopra 000 npuauMmatomeit [IM-O9BM OyayTt nocienoBaTeabHO MOSBISTHCS
KO/l repeaBaeMoro MaccuBa. Koxmpel MaccuBa MoryT ObITh 3aHeceHsl B O3Y mpunumaromeii [IM-OBM. /s atoro



Bmecto komaaasl MOV C, A mo agpecy 014Q 105Q neobxommmo 3anectu komanay RET u BBecTH HOTOTHHUTENHHO
YIPaBISIOLLYIO IIPOrpaMMy BUJIA

014 041 MA1: LXIH,ADM

014 141 000

014 143 161 MA2: MOVM,C
014 144 315 CALL MAG
014 145 000

014 146 014

014 147 054 iVrS » n
014 150 302 JNZ, MA2
014 151 143

014 152 014

014 153 166 HLT

Teneps ams 3amycka nmporpamMMsl npuHEMatomniei [IM-2BM reobxoammo nocie Haxatus kHonka CBPOC Habpath
ajpec Hayanma yrpasisiomend mporpammbel (Metka MAL), a 3arem Haxars kHomky II. IlpmHMMaeMsle Kompl mO-
npexxHeMy HaOtoparoTcs Ha uHaukaropax nopra 000, HO mocie OKOHYAaHUs Tepenaydl NPaBHIBHOCTh HPUHATOTO
MacCHBa JIETKO MPOBEPUTH, CUMTHIBAS €r0 MOCIeA0BaTeIbHO Ha MHAMKaTopax nopra 002 npunumMatomnieit [IM-9BM c
NOMOIIIBIO KJIaBHATYphl. [locie Takoil IpoBepKH MOXKHO YK€ OTJIaAuTh nepenady MHGopMauuu ¢ padboueil CKOpoCThIO
nopsinka 150 Out/c, 3aTeM BKIIOYUTH MeXAy nepenaromied u npuHumaromed [IM-ODBM BbIXogHBIE M BXOJIHBIE
(dbopMupoBaTesn, CHOBa IIPOBEPUTH MEPEAAdy U JIUIIB ITOCIE ATOTO BKIIOYaTh MarHUTO(OH.

10.4. QUCNNEN HA BA3E BbITOBOIO
TENEBU3OPA UMK OCLUUITTIOTPADA

TeneBU3NOHHBIA AWCIUIEH — ONHO W3 HamboJee MOIIHBIX CpPEACTB OOMICHUS YEIIOBEKa C BBIYMCIUTEIHHOM
MamuHOH. VHQopMannoHHAs €MKOCTh TEJICBU3MOHHOTO JKpaHa BEJHMKA, a CKOPOCTh HM3MEHEHWs HH(OpManuu
COTJIaCOBAaHA CO CKOPOCTBIO PEAKLUH 4YEJIOBEKA. 371eCh Mbl OyJeM MMETb B BHIY JHOO TEJIEBHU3HOHHBIA MPUEMHHUK C
BXOZIOM, MTO3BOJISIIOINNM TI0/1aBaTh OOBIYHBIA BUAECOCUTHA, JINOO CIIEIUAIBHBIN BHICOMOHUTOP, B KOTOPOM Pa3AeieHbI
BXOJIHbIE KaHAJIbI CUHXPOHU3ALMU FOPU30HTAIBHOM, BEPTUKAIBHOM Pa3BEPTOK U MOAYJIALMUU SIPKOCTU. MOIyJIATOpSI,
MpCeAHa3HAYCHHBIC U1 MMOJJa4Yu CUT'HaJIa Ha AHTECHHBIN BXOJ TCJICBU30pa, HC paCCMaTprUBaArOTCA.

Yuratenb ODKEH CTPOro COOJIONATh MpaBWia TEXHUKH O€30MacHOCTH NpU paboTe C TaKUM BBICOKOBOJBTHBIM
IprOOPOM, KaK TeJIEBH30p, OCOOEHHO €CJIM OH Oy/IeT KaKUM-TIH00 00pa3oM IepeenbiBaTh ero!

B TeneBusope nBa reHepatopa pa3BepTKH OTKIOHSIOT JIEKTPOHHBIN JIyd, MOIYJUPOBAHHBIM M0 MHTEHCHBHOCTH.
[lepBrIii HepeMeIaeT J1yd rTOpU30HTAIBHO U OBICTPO BO3Bpamiaercs. [lepruon cocrariss! 64 mMkc (vacrora 15,625 xI'm),
MIPUYEM YeTBEpTasi 4acTh NIEPHUOAA 3aHSATa OOPATHBIM XOJIOM Jyda. BTopas OTKJIOHSIOAS CHCTEMa IEepEeMeIacT JIyd
BeptukanbHO ¢ mepuoaoM 20 mc (50 I'm). Takum oOpa3zom, Ha SKpaHe MOSBIAIOTCA 312 TOPHU3OHTAIBHBIX JTUHHUN
(cTpOK), M eclii UMIYJIbC OOPATHOTO .BEPTHKAIBLHOTO X0/ Jiyda (opMupyercs Bo Bpemst osiBiIeHUs 313-i cTpoku, TO
obecreunBaeTcst OObMHAS CTaHAAPTHAS pa3BepTKa B 625 CTPOK.

Junst andasutHo-1dpoBoro nuciies MII-cuctembl He TpeOyeTcs pa3periaroias CiocoOHOCTh B 625 CTPOK, BIIOJIHE
moctatouHo 312, 4ro ympomiaer cxemy AMCIUIeS. Y CTpOICTBO, ympasistomiee TeneBU3nOoHHBIM (TB) monHTOpOM,
BbIpa0aThiBaeT Tpu curHayia. GpoOHT MMITyJIbCa CHHXPOHHM3ALMK TOPU3OHTANBHOI pa3BepTku H ompenensier Havaio
oOpaTHOro xona Jiyda. MuHHMMallbHas UTUTENbHOCTh umiyibca H 3aBucur or TB monutTopa. ®dpoHT MMIysbca
BEPTHKAJIbHOW CHHXPOHM3aMU V OINpeJielisieT Hayaio oOpaTHOro X0/a Jiy4a 110 BepTHKaIH. MOIyJISIMOHHBIA CUTHAI
WHTEHCUBHOCTH Z B ciydae HU(POBOTO IHCIUIES SBISETCS JBOMYHBIM, T. €. NPUHMMAeT TOJNBKO [Ba 3HAYEHHUS.
TeneBnznoHHble MOHUTOPHI C IU(POBBIM yNpaBlIeHHEM HMEIOT TPU HE3aBUCHMBIX BXona [uisi curHanoB H, V u Z.
BonpmmacTBO TB-MOHUTOPOB M HEKOTOPBIE OBITOBBIE TENEBU30PHI MMEIOT BXOA Al cMemaHHoro curuana C ¢ Oomee
KECTKUMH OTPAaHWYCHUSIMHA MO JJIUTENBHOCTH W TIOJIOKCHMIO CHHXPOWMITYyJIbcOB. CHIHalm Ha aHTEHHOM BXOJE
OBITOBOTO TEJICBU30pPa 3KBUBAJIICHTEH BEICOKOYACTOTHO-MOAYJIMPOBAaHHOMY MOJTHOMY curnaiy C.

Pazpemratornast ciocoOHOCTh 3KpaHa MO TOPU30HTAIN OIPAaHUYEHA IIMPHHON MOJIOCH! MPOITYCKAHUS U SJIEKTPOHHON
TpyOKoi. [{ng o6sranoro TB-npruemHnKka mosoca mpormyckanns He mpeBbimaet 5 MI .

JIro60#1 cuMBON MOXXET OBITH CTEHEPHPOBAH Ha SKpaHE IIyTEM COOTBETCTBYIOLIEH Monynsmuu curHama Z. Ha
NPaKTHKE 3HAKOTEHEPATOPbI CTPOSITCS Ha MHTETPANIbHBIX MHUKPOCXEMax, 00JIa/latoliX 3apaHee 3arporpaMMHUPOBaHHON
NaMAThIO, CTABSIIEH B COOTBETCTBUE KaXKIOMY KOy CHMBOJIA ITOCIIEA0BATEILHOCTh TOUEK, IPEICTABIIAIONINX 3HAK. JTa
HIOCJIE/IOBATENILHOCTh (JOPMHUPYETCS Ha CTPOKE ITyTEM MOJYJISILIUKM CUTHAJIOM Z.

BaxxHblil mapameTp - Bpemsl OTKJIMKA, T. €. MOJHOE BpeMs Ha TeHEepaliio CUMBOJIa C MOMEHTA 3a1aHus agpeca B 3Y.
HyHO JOCTUTHYTH XOPOIIEro KOMIPOMHUCCA MEXY INIOTHOCTBIO CUMBOJIOB, UX YUTAEMOCTBIO Ha 9KpPaHE U MPOCTOTOH
uernei ynpaBineHus. J[ns  Xopomiel UMTaeMOCTH KaKABIM CHUMBOJI JIOJDKEH OBITh OKPYXKEH JOCTaTOYHBIM
TIPOCTPAHCTBOM.

HeobxoanmMbie curHanbl GopMUPYIOTCS HEMOYKoi nenutenei. [IepBoIif qenuTens onpeaenseT KOIMIecTBO TOYEeK Ha
CTPOKE JUISl KXKJIOTO CHMBOJIA, BTOPOH - KOJIMYECTBO CUMBOJIOB Ha CTPOKE C Y4€TOM (DMKTHBHBIX 3HAKOB - MIPOITYCKOB
BO BpeMs 00paTHOro X0ja Jiyya. TOT CUETYHK FCHEPHPYET CHHXPOHUMITYJIbCH TOPH30HTAIBLHON Pa3BePTKH U TAICHUS
obpaTHOro X042 JMy4da H, cnemyromuii - KONM4ecTBO CTPOK pa3BEPTKH Ha (POPMHPOBAHHME ONHOTO Psia CHMBOJIOB C



Y4€TOM pa3aCINTEIbHBIX JIMHAM. HOCJ’IC,IIHI/Iﬁ ACIUTENIb ONIPEACIIACT KOJINMIECTBO PSAAOB CUMBOJIOB Ha SKpaHE, BKJIrOYas
HEBHMMBbIC HAa SKPaHEe CTPOKH, KOT/Ia TEHEPUPYIOTCS CHHXPOUMITYJILC BEPTUKAILHOM pa3BepTKH U TalleHHus 00paTHOTO
xona jy4a V. IapauienbHbIi KOX € .BBIXOJa 3HAKOrE€HepaTopa mpeodpasyercs ¢ MOMOIIBI0 CABUIOBOIO PErucTpa B
[OCJICA0OBATEIFHOCTS OMTOB, 33JAIONIMX PHCYHOK IAaHHOTO CHMBOJIAa Ha CTpoke. Bexomsr Q m R cueruymkoB
COOTBETCTBYIOT aJpecaM CUMBOJIOB Ha dKkpaHne (puc. 10.7).
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Puc. 10.8. Cxema npucraBku st GopMUpOBaHUs OYKBEHHO-LU(PPOBBIX CUMBOJIOB Ha dkpaHe TB

CrpaHuua TeKCTa 3allOMUHaeTcsi B crenuaibHoM MecTHOM 3Y, CHMBOJIBI NepeAaroTcs Ha JUCIUIel
napajuieibHO, COACPKUMOE TaMSITH TiepeAaeTcsl Ha 3HaKOT€HEpaTop NPU CUHXPOHU3ALINH C eI~

tenerd (puc. 10.8). Ilpomeccop mMoxer Momuduiposats cojepxkumoe 3Y Tekcra. [lpu 3Tom OiokupyeTcs
obpamenue k 3Y oT AucCIUIes.

10.5. NIPOCTON FrPA®UYECKUA OUCNINEN

3amomuHaIIee yCTPOHCTBO HA 256 cioB 1o 8 OWT mo3BoiisieT otoOpaxkaTth 2048 Todek Ha DKpaHE B BUJC
ceTkH 64x32 snemenTa. B 3ToM ciyyae 3HaKOreHepaTop He TpedyeTcs, NOCKONbKY KaX /bl OUT U3 MaMsATH MPSMO
otobpaxaeTca 0e3 mpeobpaszoBanus. Cxema Takoro ycrpoiicTBa MHIMKanMu gaHa Ha puc. 10.9. Kaxnas touka
(dopMHpyeTCs M3 BOCBMU COCEJHUX TOPU30HTAIBHBIX CTPOYEK PA3BEPTKH.



Jloruka pabotel TB-muiciuiess TOBONBEHO TIPOCTa W MOXKET OBITH 0€3 Tpyna peain3oBaHa Jake Ha TaKoi
MPOCTOH BBIUUCIUTENHHON MamnHe, kak [IM-DBM. Bcest ciioxHOCTh B TOM, uTo ObicTpoaeiicTBre [IM-OBM, na u
MHOTHX JIPYTHX MalliH OoJiee BBICOKOTO KJIacca, HEIOCTATOYHO, YTOOBI YJIOXKHUTHCA B KECTKUE PAMKH TelIeBH-
3MOHHOTO CTaHmapra. BBIXox 3akmroyaercss JuOO B CO3JaHUU CHCHUATU3UPOBAHHOTO MEpUPEPUITHOTO
mpoueccopa —  KoHTposiepa OJIT, KakoBBIMH  SBISIOTCS  PAacCMOTPEHHBIE  BBIIIE  YCTPOMCTBa
(IPOMBIIIJICHHOCTBIO  BBIITyCKAETCS CIeUaTu3upoBanHas MukpocxemMa KP580BI'75 - mporpamMupyeMsiit
koHTpoiuiep DJIT), mnbo B OTCTYIIICHHH OT CTaHAaPTa, €CJIA TPeOOBaHUS K HHOOPMAITMOHHOW EMKOCTH JTUCTLIC,
KakK B HallleM CJIy4ae, He BEJIHUKH.

[TokaxkeM, 4TO, HEe HCMOJIB3YS MPAKTHUYECKH HUKAKOW JTOTIOJHUTENILHOW anmapaTypbl, MOKHO pealn30BaTh
BBIBOJl MOJIA TaMiTH o0beMoM 256 OaiiToB (ceTka 64x32 snmeMeHTa) Ha SKpaH OOBIYHOTO OCIHUIOrpada.
[Moaxmrourm k [IM-DBM cxemy, nokazannyto Ha puc. 10.10. 3meck mopt 000 ciyKUT 1T ApaJIENbHON BBIIaYN
COJIEPKUMOT0 siueek mamsTh. CHBHUTOBBIM peructp mpeoOpasyeT MapalieNbHBI KONl B ITOCIEOBATENbHBIM.
Curzai ¢ BBIXOJ]a CIBHTOBOTO PETHCTPA MOXKET OBITH ITOJIAH HETIOCPEACTBCHHO Ha BXOZ Z MOAYJSIHMU SIPKOCTH
ocumiutorpada. [Topt 001 cmyXuT Jis BBIBOAA CHHXPOUMITYJIbCAa CTpOYHOM pasBepTkd H, a mopt 002 — mis
BBIBOJIa CHHXPOUMITYJIbca KaJpoBoil pa3BepTku V. KaapoBast U cTpouHasi pa3BepTKH MOTYT ObITh c(hOpMUPOBAHBI
C TOMOUIBIO TMPOCTHIX TMACCHBHBIX IIeTIeH HEMOCPEACTBEHHO W3 COOTBETCTBYIOIIMX CHHXPOUMITYJIBCOB.
BrigaBaembie moptamu 000, 001 1 002 curHaisl GOPMUPYIOTCS ¢ TOMOIIBIO CIEAYIOMEH MPOrpaMMBbl:

014 000 176 MI: MOV A, M 7 - KOJIHYECTBO TAKTOB
014 001 323 OUT,000Q10 014 002 000
014 003 167 MOV M, A7

014 004 000 NOP 4

014 005 054 INRLS5

014 006 035 DCRE 5

014 007 302 INZMI1 10

014 010 000

014011014

Uroro: 48 TakToB
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Puc. 10.9. Cxema npuctaBku 1is GopMupoBaHHs rpaduueckoil HHpopManuy Ha s3kpane TB

Ora 4JacTh mporpaMMbl BeIBOIUT B mopT 000 ouepenHoi OaiT u3 mamaru. Komanaer MOV M, A u NOP
BCTABJICHBI, YTOOBI IMOJYYHUTh BHIPAKCHHYIO B TaKTaX [UIUTEIHHOCTH JTOTO (pparMeHTa MporpaMMBl KpaTHOU
BOCbMU. B urore nomyyaem 48 TakTOB. DTO 3HAYUT, YTO CTOSIIIMI Ha BBIXO/E CIIBUTOBBIA PErvCTp JOJIKEH BbIaA-
BaTh OYEPEIHOM pa3psi YHCiIa Yepe3 Kakiple 6 TaKTOB, YTOOBI 3aBEPIINTH BhIJAUy BCEX BOCHMH pa3psioB 3a 48
takToB. [lociie BOCKMH IUKIIOB MPOXOKICHHUS MEPBOTO pparMenTa mporpaMMBl coliepkuMoe peructpa E craner



PAaBHBIM HYJIIO W HAYHCT HCIIOJHATBHCA CJ'ICI[y}OH_II/Iﬁ (bpal"MeHT nporpamMmal, Hpe,I[HaBHa‘IGHHBIfI I BblJa4du
CUHXPOUMITYJIbCA CTpO‘-IHOﬁ Pa3BECPTKHU, 3ACCH KE€ NPOUCXOJUT U 3arpys3Ka peructpa E:
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Puc. 10.10. Cxema npuctaBky i popMUpoBaHHS IpaduuecKoil HHPOpPMAIMK Ha SKpaHe ocumniorpada

014012257 XRAA 4
014013323 OUT.000Q 10
014 014 000

014015323 OUT,001Q 10
014016 001

014017036 MVIE, 010Q 7
014 020 010

014 021 000 NOP 4
014 022 000 NOP 4
014 023 000 NOP 4
014 024 000 NOP 4
014 025 000 NOP 4
014 026 000 NOP 4
014 027 000 NOP 4
014 030 000 NOP 4
014031000 NOP 4
014032057 CMA 4
014033323 OUT, 001Q 10
014 034 001

014035025 DCRD 5
014036302 INZ M1 10
014037 000

014040014 e

Hroro: 56.TakToB

OTOT (parMeHT MpPOrpaMMbl UMEET MPOJOJDKUTEIHHOCTh 96 TAaKTOB, T. €. BABOE OOJbIE BPEMEHH BbIIA4H
omHOro Oaiita n3 mamsaTH. CienoBaTeNbHO, 00IIast MPOAOIKUTEIFHOCTD IIUKIIA CTPOYHOIN Pa3sBepPTKH COCTABISIET
48-8 + 96 = 480 taktoB (1. e. 480 Mkc). KomuuectBo cTpok onpenensiercst yucioM 32 (040Q), 3arpyxaemMbiM B
peructp D cneayrommm pparMeHTOM MPOrpaMMBbL:

014041257 XRA, A 4
014042323 ouT, 002Q 10
014 043 002

014 044 026 MVI D, 040Q 7
014 045 040

014046041 LXIH, ADM 10
014 047 000

014050015

014051315 CALLINP 17
014052 X

014053Y

014 054 057 CMA 4
014055323 OUT, 002Q 10
014 056 002

014057303 JMP, Ml 10
014 060 000

014061 014

Wroro: 72 + Bpems ucnonuenus 111 BBoga IMP (3840 TakToB)



B stom ¢parmeHTe MPOUCXOIUT BBIada CHUHXPOHMMITYJIbCA KaJPOBOM pa3BepTKH M 3ajaeTcd aJpec Havaja
MaccuBa MH(OpMAIMK, BBHIBOAMMOW Ha naucmiei. OTBens Ha oOpaTHBIM XOJ Jyda BpeMs, paBHOE UYETBEPTH
JUIUTEJIBHOCTU MPAMOTO XO0Ja JIy4a /Ul BepTUKaJIbHOW pa3BepTKH, NOJYYUM NEPHOM KaJpOBOI pa3BepTKH, paB-
Hb1i 480-32 + 480-8 = 19 200 mxc. OTcroia moyry4aeM 4acToTy KaJpoBOH pa3BepTKH, paBHYyI0 npumepHo S50 I,
YTO Hac BIIOJIHE YJOBIETBOpsieT. B mociennem ¢parmente mporpammsl, ansmemcs 3840 MKc, mpeaycMOTpeH
Bb130B [1I1 BBOJ2a mHDOpMaruu B O3Y ¢ KiIaBUATyphl WM BHEIIHETO YCTPONCTBA JUIS M3MEHEHUS KapTUHKU Ha
skpane nucries. Ota Il pomkHa HMMETh CTPOTO OINPENENeHHYI0 AIUTEIbHOCTh, HEOOXOOUMYIO s
CTaOMIIBHOCTH TIapaMeTpPOB Pa3BepTKU. Eciu B 3TOM NMPOMEKYTKE BPEMEHHW HCIOIHSIOTCS JPyTrue MpOrpaMMbl
HEU3BECTHON AJUTEIbHOCTH, HA/I0 OPraHU30BaTh CUCTEMY C BHEIIHUMM IIPEPhIBAHUSAMU.

10.6. 3BBYKOBAA CUTHAINTU3ALIUA

B paccmotpenHoit B § 9.2 KOHCTPYKIIMU KOJIOBOTO 3aMKa MBI YK€ HCIIOJIb30BAIN 3BYKOBYIO CHUTHAIM3AIIHIO
JUIA TIOJJa4M CUTHAJa TPeBOTW. J[JIsl 3TOro HayUIHMK MM PENpONyKTOp MoAkKIodancs uepes3 pesuctop 200 Om k
Miaamemy paspsgy nopta 001 mexny BeiBogoMm /6 mukpocxembl D18 m uctounukom +5 B. OnpeneneHHbIi
3ByKOBOW TOH Toiydajicss B pe3yiaprate Toro, 4rto B mopt 001 BeIBOAMIOCH COAEp)KaHUE DPETUCTPA,
WHKPEMEHTUPYEMOI'O B IIOCTOSHHOM Temrie. YacTtoTa curxaia, mojiy4aeMoro ¢ Mjajallero paspsaia rnopra, paBHa
MOJIOBMHE YaCTOThl MHKPEMEHTUPOBAHHS U 33/1a€TCSl BPEMEHHOM 3aJIepyKKOI COOTBETCTBYIOIIETO MPOrPaMMHOTO
nukia. B cnepyromem paspsizie yactora BOABOE€ MeHblIe U T. A. CienoBaTenbHO, NOAKIIOUAs PENPOSYKTOpP HE K
MJaaIIeMy paspsay HopTa, a K CTapUIMM, MOJYyYUM TOH Ha COOTBETCTBYIOLIEEe YUCIO OKTaB Huxke. [lomaBas Ha
PENpOAYKTOP Yepe3 pPe3UCTOPBl CUTHAIBI C Pa3HBIX Pa3psAA0B MOPTa, MOTYyYUM 3BYKH OJHOTO TOHA, HO C Pa3HbIM
coJiep)KaHHeM TapMOHHUK. Eciu ke B HECKOJIBKO TOPTOB BBIBOJUTH COJACPKUMOE PETUCTPOB, K KOTOPHIM C
MIOCTOSTHHOM YacTOTOW MPUOAaBIIAIOTCS pa3IMuHble YHCia, TO, HOJKIIOUNB PENPOLYKTOP, K BEIXOaM IOPTOB Yepe3
PE3UCTOPBI, MOXKHO MOJIyYUTh Pa3iINyHbIe aKKOPIBI.

Takum 00pa3zoMm, 3BYKH Pa3HBIX YaCTOT MOYKHO MOJy4aTh, MPUOABIISSA K COJAEPKIUMOMY PETHUCTpa pa3HbIe YHCIa
WJIM K€ MEHsS 4acTOTy CyMMMPOBAHUSI.

IMoaxmounm pernpoaykrop u BBeaeM B [IM-DBM crenyroriyto nporpaMmmy:

014000061 MI: LXISP,TAB
014001 036

014002014

014003301 M2: POP B

014 004 170 MOV A, B
014 005 267 ORAA
014006312 JZ.M1

014 007 000

014010014

014011171 M3: MOVA.C
014012267 ORA A
014013312 JZ,M4
014014 023

014015 014

014016034 INRE
014017173 MOV A E
014020323 OUT, 0010
014 021 001

014022171 MOV A, C
014023075 M4: DCRA
014024302 JNZ,M4
014025 023

014026014

014 027 005 UCRB
014030302 JNZ,M3
014031 Qil

014032 014

014 033 303 JMP, M2
014 034 003

014035 014

014 036 175 TAB: o
014037 145

014040160 pe
014041161

014 042 144 MU

014043 177



014 044 136 da
014 045 207

014 046 124 conb
014 047 230

014050113 na
014 050 252

014051102 cun
014 052 277

014 053 077 o
014054 313

014 055 000

014 056 000

Haxmem xnonku CBPOC u 1. PenpoaykTop HauMHAaeT HaurpblBaThb raMMy. BocmpousBoaumas Menonus
3amporpaMMHUpoBaHa TaOnuIeld, HaunmHaromeicss ¢ MeTkd TAB. Tabmuma comepKUT TMapbl  9HCe,
MOCIEJ0BAaTEIbHO U3BJIEKAEMbIE IPOLECCOPOM U3 MAMSTU ¢ MoMolbio koManasl POP B. Ilepsoe uncno u3 napst
3aHocutrcs B peructp C U 3a7aeT BBICOTY TOHA, BTOPOE UUCIIO 3aHOCUTCS B PETUCTP B U 3amaeT NIMTENbHOCTD
3By4aHUst HOTHL. Ecim B peructpe B okaspiBaeTcst Hyib, IporpaMMa BO3BpaliaeTcs K Hadamy Tabmunbl. Ecom B
peructpe C oOKaspIBaeTCs Hylb, (QopMupyercs maysa. [loacuuTaB AIUTENFHOCTH MPOTPAMMHBIX IIHKIIOB,
HETPYAHO OINpeNeNnTh, KaKue 4ucia B TaOIMIlE COOTBETCTBYIOT PAa3IMYHBIM HOTaM, M 3alporpaMMHUpPOBATh
mo0yro Menoanio. Hano mMmers B BUAY ciemylomiee: Al TOTO YTOOBI pa3iMYHBIE HOTHI MMEIH OJUHAKOBYIO
IUTATEIHHOCTE 3BYYaHUs, IPOU3BEICHNE IIEPBOTO YHCIIA M3 Maphl HAa BTOPOE TOIDKHO OBITH TIOCTOSHHBIM.

YuraTenb MOXKET YCIOXKHUTH MPOrpaMMy, YTOOBI MOTY4UTh Oojice MHTepecHOe 3BydaHHe. OH MOXKET TaKxe
CaMOCTOATENIEHO pa3padoTaTh MporpamMMmy '"MY3BIKAJBHOTO SINWKA", TO3BOJIIONIYI0 CaMOMY HaWTPBIBATh
pa3nuYHBIE MEJIOJIUH, TOJB3YsIch kinaBuatypoil [IM-DBM. Mup MamuHHONW MYy3bIKM HEOOBATEH, M HadaB C
MPOCTEUIINX TPOrpaMM, YUTATENb MPU JKETAaHUU MOXET AOCTHYh B ITOH OOJIACTH HOBBIX M OPUTHHAJBHBIX
pe3yJIbTaToB.

10.7. APYTUE BO3MOXXHOCTU NMM-3BM

B »T10it rmaBe mMbl paccMoTpenu pacmrpenue Bo3MoxHocted [IM-OBM B yactu knaBuaTypsl U UHIUKALIWU,
MaMsTH, BHENIHero Hakomutedss u TB-mucmies. OOciyXMBaHHE BCEX OTHX YCTPOKMCTB OCYIIECTBISIIOCH
MPOrPaMMHBIM ITyTeM, 0e3 3HAYMTEIBHOTO YCIOKHEHHS cXeMbl camoit [IM-DBM wu ee ycTpolcTB BBO/Ia/BBIBOIA.
[IporpammHoe 00cCIy)KMBaHHE BHEIIHUX YCTPOMCTB CO CTOPOHBI LIEHTPAJIBHOTO IMpoleccopa TpedyeT OONbIIuX
3aTpaT MalIMHHOTO BPEMEHHM 3a CYET HWCIOJHEHUS OCHOBHOM IpPOrpaMMbl M CHMKACT NPOU3BOAUTEIBHOCTD
BBIYUCIUTEILHOW CHUCTEMBl. Vlcmonp3oBaHue mpephiBaHui, mpsMoro naoctyma k mamsata (IO wu
MIPOrpaMMHUPYEMbIX TepuepUHHBIX MHUKPOCXEM TIO03BOJISIET TOBBICUTh MPOU3BOAUTEIBHOCTh MU THOKOCTD
BBIUMCIIUTENBHOM cucTeMsbl. [lepudepuiiHbie mporpaMMupyeMble MUKPOCXEMBI SIBIISIFOTCS CTIEIMATU3UPOBAHHBIMA
nepuepuHBIMU TIPOIIeCCOpaMH, OepymuMu Ha ce0s 4acTh 3agad LEeHTpaabHOTo mpomeccopa. [Ipm stom
TEXHUYECKas! CI0)KHOCTh CUCTEMBI 3a4acTyI0 HE BO3pAcTaeT U aKe YMEHbIIAETCSI.

OTeuecTBEHHOH  MPOMBIIUICEHHOCTBIO  BBITyCKAeTCA  IIUPOKas  HOMEHKJIATypa  mepuQepuitHbIX
MIPOTPaMMHUPYEMBIX MUKpocxeM, co-Tracyembix ¢ MIT tuna KPS80BMSO0A.

Hcnonp3oBaHue NporpaMMHUpPYEMBIX MHUKpPOCXeM B KOHKpeTHOH MII-cucreme cBsa3aHo: 1) ¢ 3amaHuem
peXHUMOB ee paboThl B CUCTEME, aJipecallieil U ONpeneIeHueM eKTPUIECKUX CBI3ed ¢ BHYyTPEHHUMHU IIMHAMHU
MII-cuctembl U TepUPEPUIHHBIMU yCTPOUCTBAMH; 2) ¢ BBOJOM (parMeHTa MPOrpaMMbl, 3aJal0Ield pPeKUMBI
paboThl MUKPOCXEMBI (IIporpaMMa MHULMANIU3alUKn); 3) ¢ oOpallieHueM K MUKPOCXEeMe B Ipoliecce UCIIOIHEHUs
paboueii mporpaMmsl.

KommuaectBennnrit poct MIl-cuctemMbl BeeT W K €€ apXUTEKTypHOMY YyCIOXXKHEHHIO. Bo3Hmkaer
HEOOXOJMMOCTh KAaKMM-JIHOO 00pa3oM CTaHOapTH30BaTh CBI3M MHKpo-OBM. lM3BecTHO MHOTO CTaHIApTOB
BHyTpucucTeMHbIX WUH MII-cuctem. dnsa MII cepun KP580MK80A naubGonee uzBectHsl muasl MULTIBUS u
8=100, mo3BossroNIEe OOBEAMHATH B CHCTEMY IepudepuilHble, NPOIECCOPHbIC OMOKM M OJIOKM IaMsITH
Pa3IMYHBIX U3TOTOBUTENEH.

Bonbmas MII-cuctema Tpebyet cnenuanbHOro MmaremaTudeckoro odbecneuenus (MO). Ecnu npu Hanmucanuu u
OTJIajJKe MporpaMM eMKocThio 10 1 K6alT MOoxHO c ycmexoM 00OHTHCH HMpOTrpaMMHMPOBaHHMEM B KOJax, TO
MpOrpaMMBl  OOJNIBIIETO pa3Mepa MHOIYTCS OOBIYHO Ha S3BIKAX pA3IMYHBIX YPOBHEHW, B TOM UYHCIE H Ha
CHENHMaIU3UPOBAHHBIX S3BIKaX BBICOKOTO YpOBHA. s MepeBoja TaKUX MPOrpaMM HAa MAIIMHHBIA SA3BIK
HEOOXOIMMBI MPOTrPAMMbI-HHTEPIIPETATOPBL, & I OTIaJKH — POrpaMMbl PEIAKTUPOBAHUS U OTIaAKU. YTOOBI BECh
KOMIUIEKC IPOrpaMM MOT YCIICIIHO (YHKIMOHHPOBATh, HEOOXOIMMO HCIHONB30BATh KaKy-THOO ONEepalMOHHYIO
cucremy (OC). Bee 3t0 moBogut o6mryro eMkocThb MO 110 HECKONBKHX COTEH KWIIOOAHT W TpedyeT Uit XpaHEeHUs
CHenraNbHeIX Hakomwmrened. [losToMy He mMeeT cMbiciia, Kak TOBOPAT, "¢ Hyns" HpPOEKTHpoBaTh Oompmryo MII-
cucteMy. [opa3mo pasyMHee HCHOJIB30BaTh YK€ HMEIOIMICA OINBIT, B34B B KadecTBe oOpasma TOTOBYIO
IIPOMBILUICHHYIO CHCTEMY.



Jlnst mo0ol cUCTeMBI, COCTOSIIEH W3 3aJaHHOrO Habopa JJIEMEHTOB, €CTh MPEAEN CIOKHOCTH, OINpPEaeseMbIi
HaJIe)KHOCTBIO BXOIIIMX B HEE OJJIEMEHTOB, HAJECKHOCTBIO CBs3ell MEXKAYy JJIEMEHTAMH, JMAOMYyCKAMH IIpU
NPOEKTUPOBAHHH, TPOTPAMMHBIM 00ECIICUCHUEM, aPXUTEKTYPOU CHCTEMBbI, BHEIIIHUMHU YCIIOBHSMH U TEMU (DYHKLHUSMH,
KOTOpBIE CHCTEMa JI0JDKHA BBINMOJHATH. He craBbTe mepen coOoil cBepx3ajay M He MepeyCIIoKHINTE CUCTeMy, HHAYe
oHa OynmeT HepaboTocmocoOHOW. MMeHTe MyXKecTBO OTKa3aThCsAd OT JAJbHCHIIETO0 HapallWBaHHUs YyKE HUMEIOMICHCS
CHCTEMBI, KOT/Ia €€ Ha/Ie)KHOCTh IMa/laeT 10 HENPUEMIIEMOrO YPOBH:, YTOOBI 3aHOBO NEPENPOSKTHPOBATh CHCTEMY Ha
COBPEMEHHOM HJEC0JIOTHYECKOM U TEXHHUUECKOM YPOBHE.

PaccmMoTpuM KOpPOTKO XapaKTEPUCTHUKU HEKOTOPBIX IPOrPaMMHUPYEMBIX MHKPOCXEM, HaXOIAIIMX IIHPOKOE
npumeHenue B MII-cucremax.

MuxkpocxeMa IporpaMMUupyeMoro mocienoBarensHoro naTepdetica Tuma KPS80BBS51A sBnsercs yHHUBepcalTbHBIM
CHHXPOHHO-aCHHXpOHHBIM mpuemornepenaTaukom (YCAIII), npeanasHadeHHBIM [JIs OCYIIECTBIICHHS CBS3H B
nocienoBarenbHoM (opmare Mmexay MII-cucremoii ¥ BHEUIHMM aOOHEHTOM. MUKpOCXeMa HCIOJIb3yeTCs Kak
nepudepuiiHoe yCTPOUCTBO, MPOrpaMMHUpyeMOe IeHTpalbHbIM Mpolieccopom MII-cucrembl moYTH Ui JH0OOTO
CTaHJapTHOTO MPOTOKOJIA MOCJIEA0BaTENbHON Nepenaun JaHHbIX. Mukpocxema npuHuMaer naHHble oT MII-no mmunHe
JaHHBIX B IMapaljiCJIbHOM (bopMaTe u npeo6pa3yeT ux B HerepblBHbel IIOTOK IIOCJICAOBATCIIbHBIX JaHHBIX JJIA
nepenaud aboHeHTY. MHMKpocXeMa MOXET OJHOBPEMEHHO C OSTHM IPUHHMATh IOCIIEOBaTENbHbIE JIaHHBIE,
MpeoOpa3oBbIBaTh HMX B MapaiedbHBId ¢GopMaT M mepenaBaTh MHKpomnpoueccopy. OHa cuUrHanmu3mpyer
MHKpOIIPOLIECCOPY O TOTOBHOCTH K IIPHEMY HOBOTO CJIOBa, NpEAHA3sHAYeHHOTro I Mepenadyd aOOHEHTY B
Trocie0BaTeNbHOM (opmare, a Takxke 0 TOTOBHOCTH Iepenath MII-npunsaToe ot abonenTa cioBo. MII-moxer B 000
MOMEHT BPEMEHH CUYHMTAaTh M3 MHUKPOCXEMBI CIIOBO COCTOSHHSA, YKa3bIBaIOIEe Ha BO3MOXKHBIC OIIMOKM IPH MpUEeMe
MH()OPMALNH U COAEPXKAIIEe IPH3HAKN HAINYNS YIPABIISIOMINX CUTHAIIOB.

Muxkpocxema tunma KP580BHMS3 mpencraBiser mporpaMMHUpPyEeMBI TaiMep/CUeTddK, IpenHa3HAdYeHHBI s
paboThl B kaudecTBe nepudepuitnoro ycrpoiicrBa MII-cucrembl. Mukpocxema COCTOMT M3 TpeX HE3aBUCHMBIX 16-
OMTOBBIX CUETUYHKOB C MaKCHMaJbHOW YacToToi cdera 2 MI'm. Kaxmplii cueT4nmK MHKPOCXEMBI MOXKET paboTaTh B
OJIHOM M3 IIECTH 3alPOrpPaMMHPOBAHHBEIX PEeKUMOB. C IOMOLIBI0 MUKPOCXEMBI TaliMepa/c4eTyrKa peraeTcsi OJHa U3
Hanbonee 4vacTo Berpedarommxcsi B MII-cucremax 3agad — reHepUpOBaHHE TOYHBIX INPOIPaMMHO 3a]aBaeMbIX
BPEMEHHBIX 3aJepXKEK B3aMEH OpraHU3allMM XOJIOCTBIX MPOTPaMMHBIX IUKIOB. [lonb30BaTens MOAKIIIOYAET
COOTBETCTBYIOLIUM O6p8.30M MUKPOCXEMY, 3arpyKa€T OAWH U3 CHETYUKOB HYKHBIM YUCJIIOM, IOCJIC Y€r0 B PE3YJIbTATEC
0JJa4M KOMaH/bl CYETYNK OTCUUTHIBACT 3aJaHHYIO 33/IEPXKKY U BbIpabaThIBaeT CUrHAN npepbiBaHus At MII-cucremsl.
MukpocxeMa MOXKET BBIINOJHATh (DYHKLIMH HE TOJIBKO T€Heparopa 3a/IepXKH, HO U NPOrpaMMHpPYEMOro IreHepaTopa
3aJJaHHOM YacTOTHI, CYETYMKA COOBITHH, TaTYNKa PEaIbHOTO BPEMEHH H Jp.

Muxkpocxema TtHma KPS580BBS5SA mpencraBmser co0oif  mporpaMMupyeMblil mepudepuiiHelid  mHTEpdeiic,
NpeAHa3HadYeHHbIH At mpuema B MII-cucteMy m BbIIaum M3 Hee MHGOpPMAIMU B NMapaJUIeIbHOM Koje, (QYHKIHMU
MHKpPOCXEMBI B CHCTEME 33/1al0TCS MPOrPaMMHO, TIO3TOMY, KaK IPaBHIIO, HE TpeOyeTcs MOAKIYATh KaKue-I11oo 1o-
MIOJTHUTEIIbHBIE JIOTUYECKHE CXeMbl. lIpenHa3HaueHHbIE [UId BBOJA M BBIBOJA BHEINHEH MHpOpManuu 24 HOXKH
MHKPOCXEMBI MOTYT OBITh HHIVBHAYAIBEHO 3alIPOrPaMMHUPOBAHBI IPYIIIAMH 110 12 ¥ MCIIOIB30BaHbl B TPEX Pa3IMYHBIX
pexumax paborel. B mepBom u3 Hux (Pexum 0) B kaxkmoil rpymme w3 12 HOXEK 4YacTh MOXET OBITh
3arporpaMMHpoBaHa Ha BBOJI, @ YacTh — Ha BbIBOJ. Bo Bropom pexume (Pexxum 1) rpynmna nporpaMMupyeTcs Tak, 4To
8 HOXKEK CJIyKaT IJid BBOJa WJIM BbIBOJA, a 3 HOXKKM U3 ocTaBIIuxcs 4 npe€aHa3HauYCHbl 111 CUTHAJIOB KBUTHPOBAHUA
(3ampoc — moxATBepKIeHNHE) U NpepbiBaHuA. B Tperbem pexxume (Pexxum 2) u3 8 HOxek opraHusyercst 8-paspsiaHas
JIBYHAIpaBjeHHas IIMHA, a 5 HOXEK (C 3a-eMOM M3 JPYroi IPpyNIIbl) IpeIHa3HAYeHb! JUIS CUTHAJIOB KBUTUPOBAHUS U
TIpepbIBaHUSL.

Muxkpocxema trma KPS580BTS57 mnpencraBiser co0O deTHIpeX-KaHAIBHBIM IMPOrPaMMHPYEMBIH KOHTPOJIIEP
mpsimoro moctyna k mamsatu (III1), mpemHasHaueHHBIH U1 OpraHW3aldd BBHICOKOCKOPOCTHOTO OOMEHA JaHHBIMH
MeXIy TepuQepuiiHbIME yCTpoWcTBaMH H maMmsAThio MII-cicTeMBl, TOCTPOCHHOW Ha 0a3e MEKpOMIpoIeccopa
KP580BMS80A. @yHKINSI MUKPOCXEMBI 3aKJIIOYeHA B OCHOBHOM B

MBI IMEIOT HHpOpMaHOHHY0 eMKocTh 2K X 8 1 mporpamMmupyrorcs modaiitno nmmynbcamu Ha TTJI-yposHe.
MuxkpocxeMa IpUBOAUTCS B UCXOJHOE COCTOSHHUE (KOTIa BO BCEX paspslax CTOAT €AMHHUIBI) MyTeM OOIydYeHHs
yIbTPa(UOIETOBEIM HCTOYHUKOM CBETa, B Ka4eCTBE KOTOPOTO MOXKHO HCIIOJIb30BaTh C COOTBETCTBYIOLIUMH
MIPEIOCTOPOKHOCTAMH OOBIYHYIO OBITOBYIO KBAapIIEBYIO JAMITY, a B Ka4ecTBe IporpammaTopa — camy [IM-DBM.

IMPHUJIOKEHUA

Cuctema xomang mukponpoueccopa KPSSOMKE0A

I[IPUJIOXEHNUE 1
JIMHA
A Yucno
MHEMOKOJI KOMaH/Ibl OnucaHue KOMaH/Ibl KomaH1 , M3meHsiemble daru
o TaKTOB
bl OaiT
INRr YBenuueHne CoAepsKUMOro perucTpa I Ha eu- 1 Z,S,P,AC 5

HHILY
INRM VBenudeHune Ha eAUHHIYY COISPIKUMOTO SIYCHKU 1 Z,S,P,AC 10



[aMsITH 110 apecy, yka3aHHOMY B peructpax H

ulL

DCRr YMEHBIIEHUE COJCPKUMOTO PETUCTPA T Ha e/IU- 1 Z,S,P, AC? 5
HHULLY

DCRM VYMeHblLIeHHE Ha SAMHHILY COASPKUMOTO SIUCHKU 1 Z,S,P, AC? 10
MaMsTH 10 aJipecy, ykazaHHoMmy B perucrpax H
ub

MOVrLr2 Iepechiika faHHBIX U3 peructpar 2 B peructp rl 1 - 5

MOV M, r Ilepecbuika NaHHBIX U3 PETHCTPA I' B AYEHKY Ia- 1 - 7
MSTH I10 aJipecy, ykazaHHOMY B peructpax Hu L

MOV r, M ITepechblika JaHHBIX B PETHCTP T U3 sYEHKH mams- | - 7
TH 10 ajpecy, ykazaHHoMy B peructpax Hu L

ADDr CyMMHpOBaHUE CONEPKUMOTO PETUCTpa I U Co- 1 Z,S,P,C,AC 4
JIEP>)KUMOT0 aKKyMyJIsiTOpa

ADDM CyMMUpOBaHHE COJIEPKUMOTO STUECHKH MaMSITH 1 Z,S,P,C, AC 7
10 ajpecy, ykazaHHoMy B peructpax Hu L,
C COJEPKUMBIM aKKyMYJISITOpA

ADCr CoXeHHEe C YUEeTOM MepeHoca COEPKUMOTo pe- 1 Z,S,P,C, AC 4
TUCTpa I ¥ COAEP)KUMOTO aKKyMYyJISITOpa

ADCM CrnokeHHe ¢ y4eTOM MepeHoca CONePKUMOT0 1 Z,S5,P,C,AC 7
SIYEHKHU MIaMSTH 110 a/Ipecy, YKa3aHHOMY B pe-

IIpodoncenue npunoorc. 1

MHEMOKOI KOMaHIbI Jnuna Onucanne KoMaHabl KoMaH b, Vi3ameHsiemble ¢aaru GaiT Yucio

TaKTOB

ru crpax H u L, ¢ coepKuMbIM akkyMyJIsTopa

SUBr Berauranue copepxumoro peructpa r u3 coxgep- 1 Z,S,P, C, AC 4
JKMMOT'0 aKKyMYJISITOpa

SUBM Berunranue u3 conepxxkumoro akkymyisitopa 1 Z, S, P, C, AC 7
COZICP)KUMOTO STYEHKH TaMSTH 110 aJipecy, yKa-
3aHHOMY B peructpax Hu L

SBBr Berruuranue ¢ 3aemom coaepxkumoro peructpar 1 Z, S, P, C, AC 4
M3 COJICPIKMMOT0 aKKyMYyJISITOpa

SBBM Brrauranue ¢ 3aemom u3 copepkumoro akkymy- 1 Z,S,P,C , AC 7
JSITOpa COAEPHKUMOTO SIUSHKH MaMsITH 10 aapecy,
yKka3aHHoMY B peructpax Hu L

ANAT Tlopaspsianoe U Han conepxxumbim peructpar 1 Z, S, P,C=0, AC=0 4
U aKKyMyJIsTopa

ANAM ITopaspsiaroe U Han conepxumMbiM akkymyisi- 1 Z, S, P, C=0, AC=0 7
TOpa M SIMEHKH HaMsITH 0 aJpecy, yKa3aHHOMY
B peructpax Hu L

XRAr TTopaspsiaroe UCKJIFOUAIOILEE MJIU nagco- 1 Z, S, P,C=0, AC=0 4
JIEPIKMMBIM PErUCTpa I' U aKKyMyJITOpa

XRAM Topazpsanoe MCKJIIFOYAIOUIEE UJIN nan co-1Z, S, P,C=0, AC=0 7
JIEPIKUMBIM aKKyMYJISITOPA M STYSHKH HaMsTH
I0 ajpecy, ykazanHoMmy B peructpax Hu L

ORAr IMopaspsimnoe NN wax conepxxumbiM peruct- 1 Z,S,P,C =0, AC=0 4
par ¥ akKymyJsiTopa

ORAM TTopaspsigroe NJIN nax conepxumem akkymy- 1 Z, S, P, C=0, AC=0 7
JSATOpA U STYEHKH MaMsITH 1O aipecy, yKa3aHHO-
My B peructpax Hu L

CMPr CpaBHEHHE COJIEP)KUMOT0 perucTpa r u akkymy- 1 (Z, S, P, C, AC)3 4
JsTOpa

CMPM CpaBHEHHE COEPKUMOT0 aKKyMyIsTopa u seii- 1 (Z, S, P, C, AC)? 7
KM TIaMATH 110 aJipecy, yKa3aHHOMY B PErucT-
paxHulL

INXrp YBenuueHue Ha eJUHULLY COIeP>KUMOro Hapsl pe- 1 - 5
ructpos rp (B, D, H, SP)

DCXrp ‘YMeHbIlIeHHE Ha €UHHILY COAEPKUMOro napsl 1 - 5
peructpos rp (B, D, H, SP)

DADrp CroxeHHe cofepxKUMoro napel peructpos Tp 1 C 10
(B, D, H, SP) ¢ conep:xiuMbIM Hapbl pErUCTPOB
H u L u xpanenue pesynaprataB Hu L

POPrp Bbl1aua JaHHBIX B3 cTeka B mapy peructpos rp 1 (Z, S, P, C, AC)° 10



(B, D, H) nnu B akkyMyJsiTop U perucTp npu-
3HaKoB PSW

PUSH rp 3aHeceHHe B CTEK COAEPKUMOTO Mapbl PErUCT- 1 - 11
pos rp (B, D, H) miu coaepxumMoro akkymyJisi-
TOpa U perucrpa npusHakos PSW
STAXrp 3ammch COAEePKUMOro akKyMyJIaTopa B stueiky 1 - 7
NaMsITH, KOCBEHHO aIpecyeMylo Iapoil perucr-
pos rp (B, D)
LDAX rp 3amuce B aKKyMyJIATOP COIEPIKUMOro siueiku 1 7
naMsTH, KOCBEHHO aipecyeMoi mapoii perucr-
pos rp (B, D)
RNZ BosBpar u3 noanporpaMmsl npu OTCyTCTBHH 1 - 5/11
Hy1s (¢uar Hyns B coctosiHuu 0)
RZ BosBpar 13 noanporpaMmel npu HaIM4YuU HyJs 1 - 5/11
(cbmar mHyns B cocrostHuU 1)
RNC Bo3sBpar u3 noanporpaMmsl pu oTCyTCTBUH 1 - 5/11
nepenoca (¢ar nepenoca B coctosiHuu 0)
RC BosBpar 13 noanporpaMmel py HalIu4uy me- 1 - 5/11
penoca (¢ar nepeHoca B coctosiHuU 1)
Ipooonocenue npunosc. 1
MHeEMOKO1 KOMaH/IbI OmnucaHyue KOMaHIbI Juna komanael, U3mensemsle ¢iaarun Yucio
OaiT TaKTOB
RPO Bosspar 13 noanporpaMmsl pu OTCYTCTBHH 1 5/11
yetHocTH ((hiar ueTHOCTH B cocTosiHIH ()
RPE Bo3sBpart 13 noamnporpaMmel Ipy HATHYHH YET- 1
HOCTH ((py1ar YeTHOCTH B COCTOSIHHU 1)
RP Bo3sBpat 13 noamnporpamMmel py MOJIOKUATETEHOM 1 5/11
pe3ynbrare (¢uar 3Haka B coctostHun 0)
RM BosBpar u3 noanporpaMmsl Ipy OTpHIATEIEHOM 1 5/11
pe3ynbrare (¢iar 3HaKa B COCTOSHHU 1)
RET Be3ycnoBHBII BO3BpAT U3 MOAMPOTPaMMBI 1 c 511
RLC Iuknn4eckuit CABUT COACPIKMMOTO aKKyMYJIsi- 1c¢
TOpa BIEBO 1ct
RRC ITuKnyecKkuii CIBUT COIEPKUMOTO aKKyMYyJIsi- 1C
TOpa BIIPaBO
RAL uxmuyeckuit CABUT COAEPKUMOI0 aKKyMyJIsi- 1ct
TOpa BIIEBO, BKJIIOYas (hiar nepeHoca 1ct
RAR Iuxmudyeckuit CABUT COAEPKUMOI0 aKKyMyJIsi- 1c
TOpa BIPaBO, BKIOYAsH (iar nepeHoca
XCHG OOMeH JaHHBIME MEX/y apaMu peructpos H, 1 4
L HD.E
XTHL OOMeH JaHHBIMH MEXIy JBYMsI BEDXHHUMH sSUeii- 1 18
KaM# cTeka 1 napoi peructpos H, L (cnauana
camast BepxHsisi oOMeHuBaercs ¢ L , 3atem cie-
nyromast ¢ H)
SPHL Ilepenaua B yka3zaresnb cTE€Ka COAEPKUMOTO pe- 1
ructpoB Hu L
PCHL Ilepenaua B cueTYNK KOMaH] COIEPIKUMOTrO mapsl 1 - 5
peructpos H u L ¢ mociieyronym BeIMOIHEHHEM
MIPOrpaMMBI € aipeca, paBHOr0 HOBOMY COJIED-
JKMMOMY CUETYHMKa KOMaH] (110 CyLIECTBY KOMaH-
Jla riepexo/a)
HLT OcTaHoB nporpammsl 1 - 7
NOP OtcyTcrBHe onepanyu 1 - 4
DI 3amnper Ha npepbIBaHUE POrpaMMsbl 1 - 4
EI Paspenienne npepBaTh nporpamMmy | - 4
DAA IlepeBo 1BOMYHOIO NPEACTABICHUS COAEPKUMO- 1 — 4
IO aKKyMYJIITOpa B JIBOMYHO-AECATHYHBIA KOJ
CMA IMopa3psHOe HHBEPTUPOBAHUE COAEPIKUMOTO | - 4
AKKyMYJIsiTOpa
STC VYcranoska ¢uara nepenoca C B equnuiy 1 C =1 4
CMC HuBeprupoBanue 3HadeHus ¢uara nepesoca 1 C=C 4



RSTA

IToBTOpHBII1 3ammyck IporpamMMsl ¢ ajpeca | -
8A1p = (OA0g)

ADI<B2>

ACI <B2>

SUI <B2>

SBI <B2>
ANI <B2>

XRI <B2>

CrnoxxeHnue coznepxumoro Oaiita B2 ¢ conepxu- 2 Z,S,P, C, AC

MBIM aKKyMyJISITOpa

CroxxeHne ¢ yuyeToM nepeHoca congepxxumoro 2 Z,S, P, C, AC

Oaiita B2 ¢ comepXxuMbIM aKKyMyJsiTopa

Beruuranue copepxumoro Oaiita B2 u3 conep-2 Z, S, P, c! R AC?

JKIMOTO aKKyMYJIsITopa

Beruuranue ¢ 3aeMoM conepkumoro Oaiita B22 Z, S, P, C! s AC?
U3 cofiepKuMoro akkymyJsitopa I[lopaspsianoe U Han conepxxumbiM G6aiita B2u2 7 ,S,P,C=0, 7

AC=0
COZIEPKUMBIM aKKyMYJIATOpa

ITopaspsaroe UCKJIFOUYAIOUIEE NJIN wan co-2 Z, S, P, C=0, AC =0

JepKuMbIM Oaiita B2 1 comepKuMbIM akKymy-
nsTopa

Ipoooncenue npunooc. 1

7

Jnuna

Yucno
MHEeMOKO/L KOMaH bl OnucaHue KOMaHIbl koMaHa M3mensemsie diaru
51, GaiiT TaKTOB
ORI<B2> Tlopaspsianoe MJIN Han conep:xumbiM Oaiita B2 2 Z,S,P,C=0,AC=0 7
U COACPIKUMBIM aKKyMYJIITOPa
CPI <B2> CpaBHenue copepxxumoro 6aiita B2 ¢ conepxu- 2 Z,S,P,.C, AC)3 7
MBIM aKKyMyJIsATOpa
IN <B2> BBoa gaHHBIX B aKKyMYyJISITOpP U3 ITOPTa BBOAA, 2 - 10
OIIpeIeIIsIeMOro agpecoM B Oaiite B2
OUT<B2> BeIBOZ JaHHBIX U3 aKKyMYJISTOpa B TIOPT BbI- 2 - 10
BOJIa, OIIpeesIeMbIil aapecom B Oaiite B2
MVIr <B2> 3anecenue copepxkumMoro Oaira B2 B peructp r 2 - 7
MVIM <B2> 3anuch cogep:kumoro Oaiita B2 B siueiiky namsi- 2 - 7
THU TIO a/Ipecy, yKkazaHHOMYy B peructpax H u L
INZ<B2><B3> Ilepexon B mporpamMme K BBIIOJHEHHIO KOMAHIbI 110 3 ) 10
anpecy B B2, B3 npu orcyrcTBun Hynst (¢nar Hyns B
cocrossHuu 0)
JZ<B2><B3> Ilepexon B mporpamme K BBINOJIHEHHIO KOMaHABI MO 3 - 10
aapecy B B2, B3 npu nHanmunumum Hyns (¢nar Hyns B
coCTOSTHHU 1)
INC<B2><B3> Tlepexon B mporpamMMe K BBIIOJHEHHIO KOMaHIbI 1Mo 3 3 - 1010
JC<B2><B3> aapecy B B2, B3 mpu orcyrctBum nepenoca (¢uar
nepenoca B coctostHuu 0) Ilepexon B mporpamme k
BBIMIOJIHEHUIO KOMaHAbI mo azapecy B B2, B3 mpu
HaIM4uu nepenoca (¢iar nepexoca B cocrosHun 1)
Ilepexon B mporpamMme K BBIIOJHEHHIO KOMAHIbI 110
JPO<B2><B3> anpecy B B2, B3 npu namuuuu HedeTHocTH (duar 3 . 10
4eTHOCTH B coctosiHuH ()
JPE<B2><B3> ITepexon B mporpaMme K BBITIOTHEHUIO KOMaHIbI 3 — 10
no azxpecy B B2, B3 mpu Hammumm uetHoctH (paar
YETHOCTH B COCTOSIHUU 1)
JP<B2><B3> Ilepexon B mporpaMme K BBIIOJIHEHHMIO KOMaHIbI 1O 3 10
agpecy B B2, B3 mnpu monoXuTENbHOM pe3ylbTare
(¢pnar 3Haka B cocrostHuu 0)
IM<B2><B3> Ilepexon B mporpaMme K BBIIOJHEHHMIO KOMaHIbI 1O 3 10
aapecy B B2, B3 npu otpurarensHom pesynbrare ((iar
3HaKa B COCTOSTHHU 1)
IMP<B2><B3> be3sycnoBHblii nepexon k koMan/e 1o ajgpecy B B2, B3 3 — 10
CNZ<B2><B3> Br130oB moamnporpaMMbl npu OTCYTCTBHHM HyJst (¢uar 3 11/17°
HyJ14 B cocTossHuu 0) ¢
CZ<B2><B3> BrI30B moAmporpaMMsl Ipy Hanuuuy HyIs (¢uar Hyns « 3 ~ 117
B coCTOSsIHUH 1) ¢
CNC<B2><B3> Bb130B  moamporpaMMbl TP OTCYTCTBHM IEpEHOC, i3 — w17
(¢pmar mepenoca B cocrostauu 0)
CC<B2><B3> Be130B noamporpamMmel npu Hanuuuk nepenoca (¢uiar 3 — w17z
nepeHoca B cocTossHuM 1)
CPO<B2><B3> BbI130B  moamporpaMmbl IpU  HAIMYUM  HEYETHOCTH 3 — 11/17°
(¢pmar wernoctu B cocrosiuu 0)
CPE<B2><B3> Br130B noamporpaMmel npu Hanuuuk 4etHoctu (¢uiar 3 — w17z

YETHOCTHU B COCTOSTHUU 1)



CP<B2><B3> BbI30B noanporpaMmbl IpH HATMYUU HOJIOKUTENBHOTO 3
pe3ynbrara (¢uar 3Haka B cocTossHuH 0)

w17

CM<B2><B3> Br130B mognporpaMMel IpH HAIMYUH OTPUIATETIBHOTO 3 w17
pe3ynbrara ((uiar 3HaKa B COCTOSIHUH 1)

IIpoodonawcenue npunosxc. 1

MHueMoKO1 KOMaHIbI Jmuna Onucanue KoMaHIsl KoMaH b1, Vi3amensemble ¢uiaru Oait TaKT‘(‘)I:cno

CALL<B2><B3> BbI30B HoANIpOrpaMMBbI U3 MAMSITH 110 ajpecy, 3 - 17
yKa3aHHOMY B Oaiitax B2, B3

LXIrp<B2><B3> 3aHeceHue cozepKUMoro AByx Oaiiro B2, B3 3 - 10
B napy peructpos rp (B, D, H, SP)

STA<B2><B3> 3anuch COACPKUMOro aKKyMyJIsITopa B siueiiky 3 - 13
namsTH 1o agpecy B B2, B3

LDA<B2><B3> 3anmch B aKKyMYJIATOP COAECPIKUMOTO STIESHKH 3 — 13
maMsITH 1o aapecy B B2, B3

SHLD<B2><B3> 3anecenue conepxkumoro peructpoB H u L B ma- 3 - 16
MATh: cofepkuMoe L nmepecbuiaeTcs B sUeHKy
o azapecy B B 2, B3; conepxumoe peructpa H -
B sIUEHKY, afipec KOTOPOH Ha eAUHHUILy Oosble

LHLD<B2><B3> 3arpyska B peructpsl H u L copepxumoro sueex 3 - 16

naMsTh: B L mepechlIaloTcsl JaHHbIE U3 SIYCHKH Ta-
MATH 10 anapecy B B2, B3; B H — u3 sueliku, an-
pec KoTopoii Ha eqUHUILY OOJIbIIe

IIpumeuanns [14]:

1. ®nar ycTaHaBIMBaeTCs PU HAJMYUK 3a€Ma B CTApLINii pa3psijl, B IPOTUBHOM Cilyyae cOpachiBaeTcsl.

2. ®nar ycTaHaBIMBASTCS NPH HAJIMYUM 3a€Ma U3 CTApIIUX YETHIPEX Pa3psioB B MIIAJIINE, B IPOTUBHOM cilyyae cOpachiBaeTcs.

3. @unar Hyns Z yCTaHABIMBACTCS, €CIIH COJICPKHUMOE PErucTpa WM Oaiita JaHHBIX COBIANAeT C COACPKUMBIM aKKyMYyJsTOpa; (iaru
3HaKa U nepeHoca S u C yCTaHABIMBAIOTCS, €CIIM COJICPIKMMOE PErHCTpa MM OalTa JAaHHBIX OOJbIIE CONEPKUMOro aKKyMyssTopa; quar
BCrioMorarebHoro nepeHoca AC ycTaHaBIMBAETCs, €CIM COAEPKUMOE MIAALINX YETHIPEX PaspsiioB PerucTpa wiy Oaira JaHHBIX Oosblie
COJIEP)KUMOT'0 COOTBETCTBYIOIINX pa3psA0B aKKyMyJsiTopa; (uiar YeTHOCTH P ycTaHaBIMBAeTCsl, €CIIM OANT pa3sHOCTH MEKAY COAEPKUMBIM

AKKyMYJIATOPA M COAEP>KUMBIM PETuCcTpa Wi OalTa JaHHBIX COAEPKUT YETHOE YHUCIIO CIUHHUIIL.
4. CocrosiHue (hara paBHO 3HAYEHHIO BBIIBUI'AEMOTO U3 aKKyMYJIATOpa JBOMYHOTO pa3psija.
5. Bomnbliee 3HaueHHe (32 KOCOW YEPTOI) YKa3bIBAET Ha YKCIIO TAKTOB IPH BBIIIOJIHEHNH YCIOBHUI, MEHbILIEE — IIPY HEBBIIOJIHEHHU.

6. Ilo xomanne POP PSW ¢aru ycranaBiauBaioTcs B COOTBETCTBUH CO 3HAUCHUEM Pa3psiOB CIIOBA, XPAHSIIIErocs B CTEKE; MPH Bblaue

JaHHBIX U3 CTCKA B IPYIrUe pEerucCTphbl (bnarn HEC MCHSIOTCHA.

MpunoxeHue 2. CXEMA INMM-3BM



Mpunoxenne 2. Uxema Im-3om
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[punoxenue 3. Tabnuia aneMeHTOB, HCHOJIB3yeMbIX B cxeme [IM-DBM
BI)IBOL[LI MHUKPOCXEM

O6o3HaueHue Tun [T T—
MHKPOCXEMBI MHKPOCXEMBbI
+ 5 B o0mee
Dl KP580MKS0A JlaHHBIC B TEKCTE
D2 KP580I'd24 JlaHHbIe B TEKCTE
D3-D7, D31 K155JIH1 147
D8 K155J1A1 147
D9, DIG, D23 K589AI116 16 8
Dll, D24 K1551 14 147
D12,D13 KP541PY2 189
D14, D15 KP556PT4 16 8
D16-D22, D29 K155TM7 512
D25 K155J1A2 147
D26 KI155JIE1 147
D27, D28 K155J1IA3 147
D30 K155TM2 147
IIpumeyanus:
KB -9 MI'n
C1-0,15 Mmx®
RI-R6 - 1 kOm
R7 — R30 — B 3aBucumocTn ot Tuna VI — V24
R31-R34- 5,1 xOm
V1-V24 - AJI102A, AJ1102T°, AJT112A-M
CNMUCOK

PEKOMEHOYEMOW NIUTEPATYPbI

1. Hecrepos I1. B. Mukponpoueccops! 1. Apxutektypa u ee ouenka. M.: Briciias nikona, 1984.

2. Baiina ®., Yakanb A. Mukpo-2BM: Ilep. ¢ Benrep./ [Tox pen. B. B. Cra-muna. M.: Duepras, 1980.

3 Illanerun B. @., Koctun A. E. Muxponponeccops! 2. OpraHusaiys BBIUUCIUTENIBHBIX IPOLECCOB Ha MUKpo-OBM. M.:
Bricmas mkoia, 1984.

4. TopsueB A. B., lumkeBua A. A. Mukponporieccops! 6. MHbOpManOHHO-YIPABISIONINE BEIYUCIUTEIbHbIE CUCTEMbL. M.:
Bricimas mkoia, 1984.

5. Kmmarman O. [IpoektupoBaHue MUKPOIIPOLIECCOPHBIX CHCTEM. M.:

Mup, 1980.

6. Byn A. Mukporporeccopsl B Borpocax u otBeTax: [lep. ¢ anri./ [Tox pex. J1. A. Tlocrienosa. M.: Dueproatomusaat, 1985.

7. Tlocmenos [I. A. Jlornyeckue MeTOJIbl aHAJIN3a U CUHTEe3a cxeM. M.: Dueprus, 1974.

8. Tpauuk B. [luckperHsie ycrpoiictBa apromaruku: Ilep. ¢ monbek./ Ilon pexn. 1. A. ITocnienoa. M.: Dueprus, 1978.



9. Koddpon Jx. Texunueckue cpeacTsa MUKpONpoueccopHsix cucteM: [Ipakrnueckuit kypc: Ilep. ¢ auria. M.: Mup, 1983.

10. HWurerpansubie Mukpocxemsl: CrnpaBounuk/ [Tox pen. b. B. Tapa6-puna. M.: Paguo u cBsi3b, 1983.

11. I'puropses B. JI [Iporpammuoe obGecrieueHre MUKPOIIPOLIECCOPHBIX cucTeM. M.: DHeproaromusaar, 1984.

12. Hasapos H. A. IIporpammarop asis mukpocxem K556PE4// B momorup pamuomodurento. 1983. Beim. 83. C. 26-31.

13. Xoposun I1., Xumn Y. UckycerBo cxemotexuuku: Ilep. ¢ anrn./ [log pea. M. B. T'anbnepuna. M.: Mup, 1983. T. 1, T 2.

14. Amnexcenko A. I'., Tamumeia A. A., WBanaumkoB A. JI. [IpemupoBanue paguodJIeKTPOHHOH ammapaTtypsl Ha
MuUKpornpoueccopax: IIporpaMMmupoBaHue, TUIIOBBIE PELICHUS, METOABI oTnagku. M.: Panuo u cBs3p, 1984.

15. HBanos b. H. Camonensasrit 6i1ok nutanust// B momoms paguomro6urento. 1983. Bem. 84. C. 62-73.

16. BacunseB H. II., T'oposoii B. P. Mukponpoueccops! 5. AnnapaTypHo-IIporpaMMHble cpecTBa omiaaku. M.: Beicias
mkoia, 1984.

OTJIABJIEHUE

IIpenucnosue

Inasa 1. YTO TAKOE MUKPO-2BM?

1.1. Tumnsl Mukpo-9BM u o6nacT UX NpUMEHEHUS

1.2. MoxHOo 1 caMmoMy mocTpouts IBM?

I'nasa 2. KAKYIO MUKPO-3BM MbI BYIEM CTPOUTDb?
2.1. OcHoBHbIe 06110KH MUKPO-OBM

2.2. CopepkuMO€ LIEHTPAIBHOTO OJI0Ka

2.3. Kakyto mukpo-OBM MbI Oyiem Ha3biBath "mpocTeiimeii"?
I'nasa 3. HEKOTOPBIE OBIIME CBEJEHUS O PABOTE MUKPO-3BM
3.1. JlaHHbIE U IPOrpaMMBbI

3.2. OcHOBHBIE JIOTHYECKHE ONEPAIIIHI

3.3. OcHoOBHBIE apH(pMETHIECKUE OTIEPALIN

Inasa 4. APXUTEKTYPA IIM-2BM U KOMIIOHEHTOB
4.1. KoncrpyxrusHoe odpopmiaerue [IM-5BM

4.2. OCHOBHBIE CBSI3U U CTPYKTypa IIUH

4.3. Ob6was ¢pyHkronanpHas cxema [IM-DBM

4.4. DyHKIHOHATBHAS CXeMa MUKPOIIpoIeccopa

4.5. Kak MHKpOIIpOLECCOp BBINOIHAET KOMaHy?

4.6. CucrteMa KOMaH/ U CIIOCOOBI afpecariu

4.6.1. I'pynma KOMaHA NEpEChUIKH JaHHBIX

4.6.2. I'pynmna apudMeTHIECKUX KOMAH]

4.6.3. T'pynma 1oru4eckux KOMaH

4.6.4. TI'pynmna KoMaH/1 IEPEeX0a10B

4.6.5. I'pynmna KoMaH yIpaBJIeHHUs U pabOTHI CO CTEKOM

4.7. Ilporpammuposanue IIM-DBM

I'nasa 5. ACIIOJIb3YEMBIE MUKPOCXEMBbI

5.1. OOume Bonpocs

5.2. TTJ-Bxoasl u TTJI-BBIX0aBI

5.3. BpemeHnHbIe 1HarpamMmel

5.4. MHUKpOCXEMBI, peau3yIoIIne JOrnIecKue QyHKIHN

5.5. MukpocxeMmsl, coeprKaliye 3JeMEeHThl TaMsTH

I'nasa 6. CTPYKTYPA U ®YHKIIUOHUPOBAHUE MUKPOIIPOLIECCOPHOI'O BJIOKA
6.1. Muxpomporeccop KPSS8OMKE0A

6.2. CuHXpOHHU3AIHMS

6.3. Illunsl agpeca, JaHHBIX U YIIPABICHUS

6.4. TaxToBBI FeHEPATOP U CXEMa IIOLIArOBOTO HCIIOIHEHUS IIPOrpaMM
Inaea 7. CXEMbBI 1 OCOBEHHOCTH PABOTbBI OCHOBHBIX BJIOKOB IIM-9BM
7.1. O6ume moI0KeHUI

7.2. CrpykTypa namsaru

7.3. KnaBuarypa u MHIUKAIMS

7.4. Ilporpamma-MOHUTOP

7.5. Wucrpykuws no pabote Ha MuUKpo-OBM

I'nasa 8. CBOPKA U OTJIAJKA IIM-9BM

8.1. Dramnbl cOOpKU U IPOBEPKH y3JI0B

8.2. Craruveckuil anmapaTHbIi SMYJISATOP

8.3. Ortnanka B pabodyeM pexxume

8.4. Tloaroroeka [IM-2BM k pabore

Inasa 9. PABOTA C IIM-3BM

9.1. IIporpaMmupyemslii KaJIbKyJIsATOp

9.2. Tlporpammupyemoe yrpasJsioliee yCTpOHCTBO

9.3. CO6op u 06paboTKa JaHHBIX

9.4. Peanu3zanus AUanoroBoro pexuma

I'nasa 10. PACHIMPEHUE BO3MOKHOCTEM IIM-3BM
10.1. KnaBuarypa v HHOUKALUSL

10.2. BnemnsAg naMarh

10.3. Haxommtens Ha 6a3e OBITOBOrO MarHUTO(OHA

10.4. Jucrueit Ha 6a3e GBITOBOrO TEJIEBH30pa WM ocLiuIorpada
10.5. TlIpocroii rpaduueckuii aucrieit

10.6. 3ByKOBas CUTHANU3ALMA

10.7. Hpyrue Bozmoxuoctu [IM-ODBM



Ipunoocenue 1. Cucrema komana Mukpornponeccopa KPS§OMKE0A
Ipunoocenue 2. Cxema [IM-3BM

Ipunoowcenue 3. Tabnuia 31eMEHTOB, NCTIOIB3yeMBIX B cxeme [IM-OBM
CIIHUCOK peKOMEeH lyeMOMH JINTepaTyphbl

Hayuno-nonynaproe usnanue

BYPEEB JIEB HUKOJIAEBUY
AYJKO AJIEKCEHN JIbBOBY
3AXAPOB BAJIEPMI HUKOJIAEBUY
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