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NPEAHUC/IOBHE

TIlporpamMMHpyeMble MHKpOKanbKy/aaTopbl (IIMK) 3aBoeBanu npu3Ha-
HHe WHPOKOro Kpyra nojib3oBate/iedl B y4eOHbIX 3aBeleHHAX H PA3JIHUHBIX
OTpaC/siX HapOJAHOro XO3fHCTBAa KaK JIOCTATOYHO MOI(HbIE HHIHBHAYa/lb-
Hple BBIUHCJIHTE/IbHBIE YCTPOHCTBA, ofeclieuydBaioliHe BO3MOKHOCTb pellie-
HHs NOBCEJHEBHbIX 3a/1a4 IIPAKTHUECKH B JIOObIX ycJloBHSX. B cBA3H ¢ npo-
CTOTOH 3KCIJyaTalliH, HAJeXKHOCTbIO H HH3KOH CTOHMOCTbIO MalUHHHOTO
BpeMenH TIMK HesameHHMBbI BO BceX C/lyyasix, KOTJa pelleHHe 3ajlaiH Ha
3BM 60bluell IPOU3BOAHTE/ILHOCTH 3KOHOMHYECKH Heye/1eco06pa3sHo HJTH
IIPAaKTHYECKH HENpHeMJ/IeMO. .

Pewenne pazHoo6pasHbix 3ajad ¢ nomoubio [IMK paccmotpeHo B psie
kuur [1, 2, 5, 6, 8, 14—27] u apyrux nybiaukauusix. B Hacrosiuei kaure
KpoMe oOIHX CBeJeHH# 0 [TMK, ocBOEHHBIX POMBILJIEHHOCTHIO, AOCTATOY-
HO 10APOGHO OMHCAHbl OCOGEHHOCTH MX CTPYKTYPbI, 3JIeMEHTHO# 6a3sl, ap-
XHTEKTYPbl, NPHKJIAJHOTO NpPOrPaMMHPOBAHHS H NEPCHEKTHB DPa3BHTHA.
OTH cBefleHHsl NPEACTABJAIOT HHTEpeC AJf [0/1b30BaTe/eH, CTpeMSANiHXCH
pacuinpuTh cBoH 3HaHHA o [IMK a5 ux 6o/iee 3peKTHBHOrO HCNOJIB30BA-
HHS, 4 TAKXKe Ji/Ii MHOTOUHCJIEHHBIX PaJHOMIOGHTE el H ClIeLHAJIHCTOB pas-
JIAYHOTO IIPOPHUJIA, KOTODHE MOTYT PUMEHSATD JIOCTaTOUHO HajexHylo, Ma-
Jlora6apuTHYIO H HeNOpOryio sjieMeHTHylo 6a3y [IMK ans cosnanusi pas-
JINYHBIX BbIYHC/HTEbHBIX HJIH YHPaB/SIOWHX YCTPOHCTB.

ABTOpbI KHHI'H CTPEMHJIHCb H3JIOXKHTb MaTepHa/l Ha ypOBHe IpeanoJia-
raeMoro Kpyra uuraresiell, OrpaHHYHBAs YHCJIO HCHOJb3yeMbiX TEPMHHOB H
RaBaa ux onpenenenns. Hackoibko yaaunbiM okaxercs BLIOpAHHBIA CTH/Ib
H3JIOXKEeHHs!, MOTYT CYAHTb YHTATe/lH, Bce 3aMeYaHHs KOTOPbIX OyAyT C
6/1ar0/1apHOCTHIO IPHHATHL ABTOPAMH.



F'nmaBa |

OCHOBHbBIE OCOBEHHOCTH NPOTPAMMHPYEMDbIX
MHKPOKAJIbKYJIATOPOB

1.1. 3BM U MUKPOKAJIbKY/IITOPbI

OnHo# M3 OCHOBHEIX XapakTepHCTHK JBM sBasiercs npou3BOAHTENb-
HOCTb, KOTOpas ONpejesiseTcss eMKOCTbIO NAMATH, ofecreunBaiomei pere-
HHe CJIOXKHBIX 3aay 6e3 pa36ueHHs Ha 60/ee NPOCThbie, a TAKKe ObICTpoJeH-
CTBHEM CTaHJAPTHHIX ONMepaLHil BHyTpeHHero obmena nudopmauuesi. Ilpo-
H3BOAHTENbHOCTb 3aBUCHT OT TPY/IOBbIX HJIH S5KBHBAJIEHTHbIX JIeHEKHBIX 3a-
TpaT Ha pa3paboTKy, H3roToBjieHHe H npumeHenne IBM. IIpakThHueckn Hx
OLIEHHBAIOT [0 CTOMMOCTH 4aca MAlUHHHOIO BpeMeHH, PaBHOH OTHOUIEHHIO
BCeX 3aTpar Ha npHoOpeTeHHe H 3KcmyartauHio BM K 4Hc1y yacos ee pa-
60Tbl 3a nepHon amopTH3auHd. CTOHMOCTb MAlWHHHOTO BpemenH JBM npu-
MepHO NpPONOPLHOHAMBbHA ee NPOH3BOAHTEbHOCTH,

DKoHOMHYECKas 3(PpeKTHBHOCTb Henonb3oBaHHs DBM nosbiiaercs npu
cneuuannsanui. [TosTomy co3nasbl yHHBepcasibHble DBM, npennasHauen-
Hbie JJ1si pellieHHs] pa3HOO6Pa3HbIX 3a7,a4 06pab0oTKH HHOOPMALHH MO JIETKO
cMeHsieMbIM HDHKJaJHbIM MPOrpaMMaM, H clielHaJH3HpOBaHHbIE, NPENHA3-
HayeHHbie B OCHOBHOM [/l yNpaBJieHHS NPOH3BOACTBEHHbIMH H ADYTHMH
npoueccaMu. [Ipumenenne 3BM oiipesesieHHO NIPOH3BOAUTELHOCTH 3KOHO-
MHUYECKH ONIpaBJIaHO JIHIIb B TOM CJydae, eC/IH pacCMaTpHBaeMylo 3ajauy
HeJIb3sl PELHTh C MEHbIUHMH 3aTpaTaMH Ha DBM MeHbliieil 1POH3BOAHTEIb-
HOCTH WJiM 6e3 npuMeHeHus BM.

B cBsi3H ¢ 3KOHOMHYECKUMH TPeGOBaHHAMH B KaXKOM [IOKOJIEHHH CcO3a-
1orcs DBM pas/inuHoii [pOH3BOAHTENBHOCTH — OT cynepIBM, npennas-
HaueHHHIX /sl pelueHUsi HanGoJjlee CIOXKHBIX 3ajad, A0 npocrediwnx IBM
¢ MHMHHMA4/bHOH CTOMMOCTbIO MAUIHHHOTO BpeMeHH. Tak, elie B NepBoM
(namMnoBoM) okosieHUH HapsAay ¢ 9BM oTHocHTe/IbHO BBICOKOH IPOH3BOJM-
TeJILHOCTH ObLJIM CcO3JaHbl HacTosbHEEe DBM, npesnasnauenHble Jisi aBTO-
MAaTH3aLHH BHIOJHEHHS apu(pMeTHYeCKHX ollepalril HajJ YHCJIaMH IO KO-
MaHAaM, oJaBaeMbiM HaKaTHeM KjaBHul. Takue DBM B cOOTBETCTBHH C HX
HazHaueHHeM ObiJlM Ha3BaHbl KaJbKYyAATOPaMH *.

*CrenyeT OTMETHTb, YTO aHrjufickne raaroas to compute u to calculate ozn-
HAaKOBO nepeBOAAT Ha p)’CCKHf{ 136K — CYHTaTh, PaCCYHTLIBATb, BHYHCJAATL, HO

BTOPO# M3 3THX IJar0JjoB (CBA3aHHBIH C JATHHCKHM CJ0BOM calculus, 0603HauaBuIuM
p APeBHeM PHMe «CueTHHI KaMellleK») MO CMuICJHY GJIHXKe K CJI0BY «cunTaTbh». Kcrary,
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Bo BTOPOM (TPAH3HCTOPHOM) NOKOJIEHHH MOSIBHJHCH HACTO/IbHbIE KaJlb-
KyJISITOPbi, HA3BaHHbIE 3JI€KTPOHHBIMH KABHIUHBIMH BbIYHCAHTENBHBIMH
mawrHaMu (OKBM), Kortopbie BbUHC/AS/IM M 3JeMeHTapHble (DYHKLHH.
BakHoe 3Hau€HHEe HMeJIO co3aaHHe nporpaMmupyembix IKBM, BbinosusB-
[IMX BbIYHCJIEHHsS 110 NPHKJIAJHBIM POrpaMMaM, [IpeJBaPHTE/IbHO BBEIEH-
HBIM B NaMATb. XapaKTePHbIMH HX OCOGEHHOCTSIMH SIBJISIHCh OLHOCTPOY-
Hblli MHIHKATOP ISl OTOODaXKeHHS Pe3yJbTAaTOB BbIYHC/IEHHH B BHJE OT-
Jle/IbHBIX UHCe/, OrPAHHUEHHAS eMKOCTb IaMSATH M OTCYTCTBHE HaKomHTeell
uHdOPMALHH /15 JJIHTEbHOTO XPaHEeHH .

Paspa6oTka MHKpocxeM ¢ GOJbLIOH CTENeHbIO HHTErPALHH (UHCJIO0 3Jle-
MeuTOB Ha eiHHHuy mjiomanH kpucranna) — BHUC obycioBuna Bo3MOXK-
HOCTb CYIIECTBEHHOTO YMeHblI€HHs Pa3MepoB H MOBbILIEHHH NPOH3BOAH-
TesibHOCTH DBM. DTH BO3MOMKHOCTH MOIJIH OHITb DeasH30BaHH B MePBYIO
ouepenb NpH uarorobieHnd DKBM B CBA3H C HX OTHOCHTEJbHO# MPOCTO-
Toli M, CAefloBaTeNbHO, BoJbileil THOKOCTbIO Npou3BoacTBa. [lostomy Brep-
pue MaccoBoe npumerenve BUC u Hawanoch B npousBoicTBe MaJjioraba-
putHbix DKBM.

OnHa H3 HauboJee KPYIHBIX B MHpe NPOH3BOAHTEJEH ManorabapHTHbIX
3BM ¢upma Hewlett-Packard (CIIA) B 1972 r. npuctynuia k cepui-
HOMY BBIIYCKYy MHHHATIOPHBIX Hernporpammupyembix SKBM, nosyuusunx
Ha3BaHWe KapMaHHBIX KaJlbKyJiTOPOB H/JIH MHKDOKaJbKYJSATOPOB, a yxke
B C/elyIOlleM FOLy Hayaja cepuiitioe NPOH3BOACTBO KapMaHHBIX MPOrpam-
MHpyeMbIX MHKpoKanbKyJsaropos (IIMK).

Co3flaHHe MHKPOKa/bKy/ASITOPOB 3HAMEHOBAJIO [OSBJIeHHE MPHHUHIIH-
aJIbHO HOBOTO K/1acca HOCHMbIX BbIYHCJIHTEbHbIX CpeicTB. MaccoBoe npo-
'H3BOJACTBO HENpPOrPAMMHDYEMbIX H OCOGEHHO MPOrPaMMHPYeMbiX MHKPO-
KaJbKYJATOPOB 06eCeyHo BO3MOXKHOCTb aBTOMATH3aLHH LHPOKOTO KPYy-
ra NOBCEeHEBHbIX BBIYHC/HTENBHBIX 33aJa4 H CYLIECTBEHHOrO MOBBILICHHA
[IPOH3BOAHTENBHOCTH TPYyAa HX noabsosaresneii. [1pu atom [IMK, Kak H Ha-
cTosibHbie nporpamMvHpyembie DKBM, ornunyaiorcsi OT yHHBEPCAJbHBIX
DBM [pyrux KJaccoB B OCHOBHOM JIHIIb MajOH [1POH3BOAHTENbHOCTHIO,
CBSI3aHHOH ¢ HH3KOH CTOMMOCTBbIO MauiHHHOro BpeMenH. [locrenHee
06CTOSITe/IbCTBO ONpPENeasieT H SKOHOMHUECKH ONpaBJiaHHyio 061acTh MpH-
MeHeHHsT TIMK — OTHOCHTEJNBHO HEC/IONKHbIE BBIYHC/IHTE/bHblE 3aJauH,
pellieHHe KOTOPBIX Ha yHHBepca/ibHbix IBM Apyrux KnaaccoB CBfi3aHO C
60JIBIINMH  3aTPaTaMH BCJIeACTBHe GOJblUeil CTOHMOCTH MalllHHHOTO Bpe-
MeHH M 3aTpaTaMu pabouero BpeMeHH M0/b30BaTesis Ha Joctyll K 9BM u
OXKMJaHHe pe3y/ibTaTa pelleHHd 3ajauH.

B cootBetcTBHH ¢ HasHauetiveM [IMK ocHOBHbIM Tpe6OBaHHEM SIBJISIETCS
HH3Kasl CTOHMOCTb, OfecneunBamas A0CTyNHOCTh IIHPOKOMY Kpyry noJib-
3oBaresiedi. 1o TpeGoBaHHe PHBOJAHT K XKECTKHM OrpaHHYEHHAM Ha all-
naparypHbie 3aTpathi, Olpeje/isieMble KOJHYECTBOM H CTOUMOCTBIO MHKDPO-
cxeM. Tak Kak CTOHMOCTb MHKPOCXeM 3aBHCHT OT HX TeXHOJIOT'HH, TO B

B OTeueCTBeHHOH JiuTepaType nepsnie IBM HasbiBaiu 3JEKTPOHHBIMH CUETHBIMH Ma-
IWHHAMH (YTO COXpaHHJOch B HadBaHusx IBM cepun BICM), xots, cTporo roeops,
UX CJe0BaJ0 Ha3BaTh JOTHYECKHMH MalIHHaMH, TaK Kak aBTOMaTH3alHs BhUHCJe-
HHHE OCHOBaHa Ha JIOTHYECKHX OnepalHsx.
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MK nepBbix NOKOJIeHH#, KaK NPaBHJO, HCHOJb30BAJHCH MHKPOCXEMHBI,
H3rOTOBJIEHHbIE 10 OTHOCHTE/bHO Henoporoit MOIT-texHonornu. JlasbHei-
(iee pa3BHTHe NOJIYNPOBOJAHHKOBOH TEXHOJOTHH NPHBEJNO K CYLIECTBEH-
HOMY CHHMKEHHIO CTOHMOCTH MHKPOCXeM IPH HX MacCOBOM H3rOTOBJIEHHH.
MMostomy B HauGoJiee coBepuleHHbX H Aoporux IIMK cranu Hcnosb3oBaTh
MHKPOCXeMbl, H3TOTOBJIEHHbIe IO JPYTHM TEXHOJIOTHSIM, H B NepBYyiO oue-
peab no KMOTI-TexHOMOrHH, OCOGEHHOCTHIO KOTOPOH SIBJSIOTCS AONOJIHH-
TeJpHbIe (KOMIlJIeMeHTapHbie) TPAH3HCTODHbIE CTPYKTYPBI ¢ Pa3AHUHbIM TH-
1IOM NPOBOAHMOCTH. MHKpOCXeMBI, H3rOTOBJIEHHbE N0 3TOH TEXHOJIOTHH,
XOTH H JOpOXe MHKpocxeM, H3roroBjeHHbX 1o MOIl-trexnonorun, Ho
HMeIOT GoJibliee ObicTpoAeHCTBHE H NOTPe6/SAIOT 3HAYHTE/bHO MeHbILIE 3Hep-
ruH. Tocnennee ocofenHo cymecTBeHHO Aj1s1 HocuMbix TIMK ¢ aBTOHOMHBIM
IHTAHHEM OT aKKyMYJ/ISITOPOB H/IH CYXHX 3J/IeMEHTOB.

[ToBbillieHHe cTeNeHH HHTErpaudH MHKpPOcXeM o6ecleuH/1o TaKxke €03-
AaHHe [0JyNPOBOJHHKOBBIX 3aNOMHHAIOWHX ycTpoiicTB (3Y) Gonbliok em-
KOCTH H 3HEProHe3aBHCHMBIX 3¥Y, cOXpaHAIONIHUX HAGOPMALHIO PH BbIK/IO-
YEHHOM [HTAHHH. 3TO M03BOJIHAO 3HAUHTEIBHO PACIUHPHTb €MKOCTb laMmsi-
™ [IMK H KOMI/IeKTOBaTb HX BCTPOEHHBIMH HJIH BHEWIHHMH HAKOIMHTEJS-
MH HHPOPManHH Ha MHKPOCXeMax, a TaKXKe CMEHHbIMH MOAYJ/ISAIMH IS IO-
CTOSIHHOTO WJIH BPEMEHHOTO XpaHeHHs HHdopmaunH. B kapmanubix [IMK
(UHPOKOe TNpPHMEHeHHe HAIMH TaKXe 3KOHOMHYHbie MKHAKOKPHCTa1HYe-
ckue uHaHKaToph (DKKH).

Passutie [IMK cBsisano ¢ coBepuiencTBoBaHHeM DBM Apyrux K/accos.
C pa3pa6oTKoii MHKPOIIPOLECCOPHBIX Ha60POB (KOMIJIEKTOB COBMECTHO pa-
6OTaIOIMX MHKPOCXeM) YIPOCTHJIOCH CO3JaHHE [Ipex]e Bcero HeloporHx
ynpasJ/siolux MUKpoOBM (MuKpokoHTponsiepo). Tak Kak ynpasJjiseMble
(pU3HYECKHe BeJHYHHB HeJlb3s H3MEPHTb ¢ GOJIBILOH TOYHOCTHIO, TO GBICT-
pOZieficTBHE KOHTPOJIJIEPOB NOBbILIAT, 06pabaTbiBasi HeboJblIHEe NOPUHH
vupopManuH (C/10Ba) H HCHOJb3ys YHPOLIEHHble BbIYHC/IHTE/IbHBIE IIPO-
ueaypsi. Takue ynpasisiomHe 3BM ¢ «<KOpOTKHMH» CJIOBaMH H TNpoueny-
paMH [0JyYH/IH Ha3BaHHe MHHH-DBM, HeNocpejCTBEHHO He CBfi3aHHOE
BOIIPEKH CyIecTBYoleMYy MHeHHI0 ¢ pasmepamu IBM. [pocreiiiine MHHH-
3BM cofupaloT H3 MHKPOIPOLECCOPHbIX HA60POB HJIH H3TOTOBJSIOT B BHJE
onHokpuctaibibix BUC (ucnonb3yembix v B [IMK), HasbiBaeMbiXx HHOTJa
MHKpOMHHH-DBM — nepBuiil npedukc (MHKPO) yKa3biBaeT HA TeXHOJIOTHIO
H3rOTOBJIEHHsl, 4 BTOPOH (MHHH) — Ha 0COGEHHOCTH 06palOTKH HH@opMa-
ILHH.

Pa3sBuTHe MHKPO3/IEKTPOHHKH MOB/AHSAJO H Ha Da3BHTHE yHHBepCallb-
nbix BM BbicoKoit nipousBoauTenbHocTH. Crannonapubie 9BM storo kiac-
€a B CBSI3H C BBICOKOH CTOMMOCTbIO MAILIHHHOTO BPEMEHH OKYIAIOTCH JIHIIb
NPH NPAKTHYECKH HENpepPHBHOM PeIUeHHH JOCTaTOYHO CJIOXKHBIX 3ajau.
[Mostomy Takue SBM nepBbix NOKOJieHHH PaboTa/lH B aKETHOM pexuMme,
pH KOTOPOM IIOC/Ie0BATE/IbHO PELAlOTCs 3a[]aul 1o 3apaHee 3aroToBJeH-
HOMY H OTJIa)KeHHOMY 3amnacy (I1aKeTy) HpOTrpamM.

IIpu paboTe B IAKETHOM DexHMe OTAe/NbHble 3ala4H pewatoTcst GbICTPO,
HO BpeMsl OXKHJAHHsI OYepe]H MOXKeT 0Ka3aTbCs Go/ibiunM. [losTomy B COB-
peMeHHbIX cTalHOHapHbIX DBM BbicOKO# NPOH3BOAHTENBHOCTH HCMONB3Y-
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IOT PEXHM Pasjie/ieHHsl BPeMeHH MeXk]ly MHOXECTBOM yCTPOHCTB BBOJA-Bbl-
BoAa HH(opMauHH — TepMHHanaMH. Eine 6o/1ee 3ppeKTUBHBIMH OKa3aJuch
HepapXHYecKHe BBIYMC/IHTE/IbHbiE CHCTeMBl C LeHTpa/bHo# IBM BbicoKOi
TIPOH3BOJHTEBHOCTH H «HHTE/N/eKTya/lbHHIMH» TePMHHANamMH B BHie OBM
MeHblieH NPOH3BOAHTENLHOCTH, KOTOPHIE, B CBOIO 0Yepeb, MOryT paboraTh
C HECKOJIbKHMH TepPMHHaJ/aMH Io/b3oBaTesell. Pa3BHTHEM TAKHX HepapXH-
yecKHX CHCTeM SIBHJMCh ceTH SBM pasjinuHOH NPOH3BOJHTEABHOCTH ¢ 06-
MeHOM HHpOpManuei No JHHHAM CBS3H, KOTODHIMH IIPH ONpe/eeHHHX yC-
JIOBHSIX MOFYT C/AYXKHTb TenehOHHbie HJIH TeserpadHbie JHHHH.

MakcumanbHast 3QPeKTHBHOCTD HepapXHUYECKHX BBIYHC/IHTE/IBHBIX CHC-
TeM JOCTHraeTcsi MPH BO3MOMKHOCTH oOpall(eHHs [0/1b30BaTe/si K TepMH-
HaJibHO#t DBM ¢ J0CTATOUHO HU3KOH CTOHMOCTBHIO MALUHHHOIO BpeMeHH H
JIOCTATOUHOH MOLIHOCTbIO JJ1f pelneHHsl OOJIbIIHHCTBA 3aja4Y N0J1b30BaTe-
JIfi, KOTOpbi# NpH HEOGXONUMOCTH pelleHHs 6oJiee CJIOKHOH 3aJaUH MOXKeET
o6paTuTbcs yepe3 ceTb K IBM Gosibuiedt 1POU3BOAHTENIBHOCTH.

Buenpenne BUC, obecneunBuiee cyiecTBetiHoe NOBbillIeHHE NPOH3BOAH-
Te/IbHOCTH HacTo/1bHEIX DKBM H MHHHATIOpH3aUHIO YHHBepcabHbix IBM
BbICOKO¥ [IPOH3BOLHTE/ILHOCTH, NPHBEIO K pa3paboTKe MHIHBHAYaJbHBIX
9BM, KoTOpbi€ MOT'YT HCIOJ/1b30BATHCA H B KauecTBe TEPMHHA/I0B BHIYHC/IH-
TeJIbHOH ceTH. B 3aBHCHMOCTH OT [POM3BOJHTE/bHOCTH, CTOHMOCTH H Has-
HaueHHs! TaKHe MHKpoIBM, nosnyuuBuine Ha3BaHHe NepcoHa/bHbix IBM
(TIT3BM), MOXKHO YCJIOBHO Pa3fie/INTh Ha NPOdecCHOHAAbHBbE, KOHTOPCKHE
HJIH yupexjeHuecKHe, ObiTOBbi€ H KapMaHHbIE.

Ipodecchonasbueie [I9BM (nanpumep, EC-1840, EC-1841, «Heiipon
Y19.66», «dnekTpoHHKa-85»), npenHasHaueHHble /I pelieHHs HaHGoJee
CJIOKHBIX 3aJlaU KBaJIHpHIUHPOBAHHBIMH CIELHAJHCTAMH, [10 [POHU3BOJH-
TeJILHOCTH He YCTYNAlOT MHOTHM CTallHOHADHBIM YHHBepca/bHbiM DBM BbI-
COKO#l NPOM3BOIHTE/ILHOCTH TpeTbero nokoJienus. OnH CcHaGXKeHbl KOM-
MJIEKTOM JIOCTATOYHO COBEPIUEHHbIX BHEWHHX YCTPOHCTB, BK/OYas HaKoO-
nurejd HHpopMauuu 60/bLIOH €MKOCTH Ha JKECTKHX MarHHTHBIX JHCKaXx,
neyaTaloliie yCcTpOHCTBA H rpadonocTpoHTenH js AOKyMeHTHPOBaHHS
pe3yJsbTaToB 06paGoTKH HHPOPMALHH, UBETHbHE HAH MOHOXPOMATHUECKHE
MOHHTOPbI Ha 3JIeKTPOHHO-/1y4eBOH TpYOKe JJ/1sl OTO6paXkeHHsI TeKCTOB MPH-
KJaJHbIX NPOrPaMM, pe3yabTaToB JHATHOCTHPOBAHHS PaGoTH, a TAKXKe pe-
3yJ/1bTaTOB 06pabOTKH HH(pOPMaLHH B aJipaBHTHO-IAPPOBOK HAM TpadHye-
CKOH popme.

Kontopckne nin yupexaenueckue [I9BM (nanpumep, JIBK-2, «diekt-
ponnka J13-28»), npejnHa3HayeHHbie JJ1si pelueHHs Gojee MPOCTBIX 33134
06paboTkH HHPOPMALHKH H OOY4YEeHHS OCHOBAM fpPOrpaMMHPOBAHHS B yued-
HbIX 3aBeJleHHSIX, KOMIJIEKTYIOTCS MeHee NODOTHMH BHEUHHMH YCTPOHCT-
BAMH (B YACTHOCTH, HAKONHTENAMY HHGDOPMAUHMH HA MSATKHX MAarHHTHBIX
JAHCKAaxX HJIH MArHHTHOM JIEHTE) H 10 CTOMMOCTH 3HAUHTEAbHO OT/IHYAIOTCH
oT npodeccHoHanbHbix [I9BM.

Beirosoie TT19BM (nanpumep, I1K-1 nam BK-0010) npennasHaueHbl
IS HCTIO/Ib30BAHHS B OCHOBHOM B JIOMAIUHHX YCJOBHAX COBMECTHO C Obi-
TOBbIMH TeJIeBH30POM B KauyecTBe MHOTOCTPOYHOTO MOHHTOPA M MarhHHTO-
(OHOM B KauecTBe HaKoONHTensi HHPOpMAuHH GOJbIIOH eMKOcTH. TakHe
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[I9BM 06BI4HO KOHCTPYKTHBHO OGOPMJISIOTCH B BHJE MJIOCKOM KODOGKH ¢
KJIABHATYPOH H Pa3beMaMH ISl IPHCOEAHHEH S BHEUIHHX YCTPOHCTB, KOM-
IVIEKT KOTODHIX, Kpome ObITOBHIX NPHGOPOB, MOXKET JAONOJHHTEILHO CO-
A€pKaTb pa3/IHUHBIE NPHCNOCOG/eHHsl Ans Npeo6pasoBaHust H 0ToOpae-
HHS HHPOpMALHH.

Majiorabaputhbie HocuMble (kapManHbie) [I9BM 1o HasHaueHHio cos-
najaior ¢ [IMK u yame Bcero oT/iH4aI0TCs OT HUX MHOPOCTPOUYHBIM XK HKO-
KPHCTA/IJIHYECKHM HHAHKATOPOM H OCOO€HHOCTSAMH [IPOFPaMMHOTO NPEACTA-
BJIEHHs crioco6a peuleHus 3ajaud. OJHAKO MO Mepe COBepLIEHCTBOBAHHSA
[MK 3TH pas/HuHg npaKTHuecKH cTepjHch. Bosee TOTrO, HA 3J€MEHTHOH
6ase kapmanubix [IMK pa3pa6oTaHsl HacTo/IbHbIE ¢ Pa3beMaMH /15 npucoe-
AHHEHHs GbITOBHIX TEJE€BH30PA H MAarHHTOMOHA, SBJASIOMHKXCS OT/HYHTENb-
HOH O0COGEHHOCTBIO GONBILHHCTBA GbiTOBbIY [IIBM.

TakuM 06pasom, yixe ceifuac HeJlb3si NPOBECTH YeTKYIO rpaHHIy MeXy
IIMK u npocreiimnmu TI9BM. B nekortopbix clIydasix pasiHuHsi MeXAy
HHMH CBfi3aHbl C HCIOJIb30BAHHEM MHKPOIPOLECCOPHHIX HAGOPOB /1%
[I3BM u 3akasueix BUC pgns TIMK, Ho Bce 6Gosbiie MaJloraGapHTHBIX
[19BM cobupatorcs Ha 3akasusix BUC, B cBsasu ¢ ueMm 1 310 pas/Huue CTH-
paercs. Ilo 3To#i npuunte MHorue mManora6aputhbie [I9BM HasbBalOT npo-
TPaMMHDyeMbIMH MHKDOKaJ/IbKYJISTOPaMH, H B OylylieM, BeposiTHO, 3TO
Ha3BaHHe COXPAHHTCH 3a BceMH MaslorabaputheiMi [T9BM. Bo Besikom ciy-
uae pacrnpoctpanennoe cokpauietine [IMK B paBHOil Mepe npumernuMo Kak
K NpOrpaMMHpYeMbIM MHKPOKAJIbKYJIITOPAM, TaK H K II€PCOHAJILHBIM MHK-
POKOMIIbIOTEPAM, BHEIIHE OTJHYAMOUUMCS B OCHOBHOM JIHLIF BXOJHBIMH
A3BIKAMH.

1.2. OCOBEHHOCTH BXOJIHbIX $13bIKOB

Pewenne na 3BM J060ii 3anaun npeoGpasoBanus HHpopMauuu BO3-
MOXCHO JIHLIB N0C/I€ €€ PeLIeHHs YeI0BEKOM H ONHCAaHHA HM Criocoba pelile-
HHS 3a]a4H nporpamMmoi pa6otbi DBM, cocraB/ieHHON Ha «NOHSTHOM» Ma-
HHe si3pike. Cnoco6 peleHHst 3ajaun 0TO6PaXKAIOT AAc0pUMMOM, COCTOS-
IIIMM U3 TOC/IEI0BATEbHOCTH ONMCAHHH onepauHil, NPHBOASIIHX K HCKO-
MOMY pe3yJ/IbTaTy. AJIFOPHTM NPEJICTABIAIOT C10BECHO-DOPMYAbHBIMH OMH-
CaHHUSIMH, CXeMaMH H NporpaMMaMH.

Caosecro-gpopmyabroe onucarue aATOPHTMA COCTOHT U3 [OCAENOBATE b-
HOCTH OJHO3HAYHHIX C/IOBECHO-(POPMY/bHBIX ONHCAHHH OTAEbHBIX olepa-
LIHH (LIaroB anropuTMa), 0603HauaeMbIX NOPSIKOBBIMH HoMepaMH. Onuca-
HHA ONepaLHi B o6leM C/lydae Ha3bIBAIOT NIPENITHCAHHSIMH, HHCTPYKLHAMH
HJIA ONepaTOpamMH (NMpaBHAAMH BBIIOHEHHSl OlepalHil, 0603HAaUeHHBLIMH
CHeuHalbHEIMH cHMBOJIaMH). HecMoTpsi Ha pasHoo6pasue onepainuii, Bbi-
NOJHSAEMBIX IIPH pellieHHH NPHKJAJHbIX 3a1a4, BCe HX ONHCAHHS OTHOCATCS
K OHOMY H3 1IByX OCHOBHBIX THIIOB ONepPaTOpOB — NPHCBAHBAHHS HJH yc-
JIOBHBIX T€pPeX0JI0B.

Onepamopo npucsausanus, oToGpaxalolye ONepauntHd C OfHO3HAYHBIM
pe3yJ/ibTaToM, ONHCHIBAIOT HOPMY.JI0H

«yctb [ 1= Ay,



B apupMeTHYecKHX (BLIUMCTHTENBHBIX) ONepaTopaXx NpHCBaHBaHHS CHMBO-
nom | oro6paxaioT HMsi (HAeHTHHKATOp) NepeMeHHOM, 3HayeHHe KOTo-

poil 1oc/ie BbIMOJMHEHHs OllePaliHH PAaBHO UHCIY A, 3HauyeHHIO TNepeMeH-

HO# A HJIH Pe3ybTaTy BEIUHC/IEHHH No BeipaxerHio A. CHMBOM NpHCBaHBa-
HUS : —4acTO 3aMeHSIOT 3HAKOM PaBEHCTBA, KOTOPbIH B 3TOM CJyYae O3Ha-
yaeT «PaBHO NIOCE BHIOJHEHHA onepaudu» *. Tak, apHMETHUECKHH one-
patop «MycTb X == x—1» O3HauaeT, YTO B JajbHeileM nepeMeHHOH x NpH-
cBaHMBaeTcsl 3HaueHHe, Ha €JHHHIY MeHbluee INpeJblAyllero, a oneparTop
«nycTb y - a — b In o» o3Hayaer, uto nepeMeHHOH y NPHCBAHBaeTcA 3Ha-
yeHHe, paBHOE Pe3y/bTaTy BHIYHCJEHHH B NPaBoil 4acTH GOPMY.Jbl nocie
3aMeHbl HMeH NepeMeHHbIX HX UHCJIOBbIMH 3HaueHHsiMH. KitoueBoe c/10BO
¢NyCTb» MOXeT GbiTh 3aMEHEHO APYrHM (HAaNpHMep, «PHMEM» HJIH «BbIUH-
CJHTb») HAH ONyIlEeHO.

Onepartopbl NPHCBaHBaHHA MOTYT ObiThb TaKXke JOrHYECKHUMH (Ha-
(IPHMEp, «IYCTb X — He X») HIH OTOOPaXKaTh APYyrHe ONHO3HAUHbIE HIMEHE-
AHH cocTosiHus. TakHe onepaTopbl YacTO OMNHCHIBAIOT CJI0BaMH eCTeCTBEH-
HOTO $3blKa, HO MOT'YT OBITb 3allHCaHbl H B CTaHAapTHONH (opMe oneparopa
npucBanBaHus. Tak, onepatop 6e3yc/IOBHOTO mnepexoaa «mepedTH K wary
m» paBHO3HAYeH OfepaTopy «NyCThb IWIAT == /», a ONeparTop lpeKpalleHns
BLITIOJIHEHHS aATOPHTMA («CTOM», «KOHEW», «PeKPATHTb BbIYHCJICHHA» H
T.1.) 1O JOFOBOPEHHOCTH MOXHO 3aMEHHTb, HalpHMep, OlepaTopoM
«nyctb A = O», rae CHMBOJI A, orob6paxaroliHii cocTosHHe npouecca, Ha-
3bIBAIOT (PAQ2OM.

Onepamopot ycaoerbix nepexo0os OTOOPaXKaAIOT onepalHio BhiGopa cie-
JIOIIero l1ara ajJropHTMa B 32BHCHMOCTH OT BHIOJIHEHHS 3aJaHHOrO yc-
nopusi. OCHOBHas (hOpMa 3TOrO ONepPaTopa: «ecsaH <Iyc/aoBHe>, TO nepe-
TH K LLATY ..., HHaue — K wary ...». Ec/IH 1pH Hey 0B/ 1€TBOPEHHH nposepsi-
eMOro YCJIOBHS J0/12KeH BHIOJIHATBCSA CAENYIOUH# 0 NOPAAKY War aaro-
PHTMA, TO OGbIYHO HCTOJB3YIOT COKpalleHHYio (opMy onepatopa ycJloB-
HOro fepexosa

«eCaM << yC/A0BHE™>, TO NEePeHTH K wary ...».

OrepaTopkl, SIBJISIOUIHECS 3]EMEHTaMH (C/0BaMH) aarOpHTMa, MMEIOT
CAMOCTOSTE/bHBIE CMBICA H PAa3/IHYAIOTCS CEeMaHTHYECKHM (CMbIC/IOBBIM)
ypPOBHEM, COOTBETCTBYIOUIHM CJOMKHOCTH BbBINOJHHAEMOH OMepauHH. Tak,
oneparop «nyctb X = A-+BXC» orauvaercs GoJiee BHICOKHM ypOBHEM M0
OTHOLLEHHIO K ONepaTtopaM paBHO3HAYHOH M0C/AENOBATE/NbHOCTH «IyCTb

= B xC», «nyctb X = X + A». Onnako Kaxjplii H3 5THX NPOCTHIX Olle-
paToOpOB SIB/SIETCS CJIOXKHBIM 110 OTHOLIEHHIO K JIOTHYECKHM oliepaTopaw,
[10C/e70BATe/IbHOCTH KOTOPHIX COOTBETCTBYIOT BbIIOJIHEHHIO apu¢pmerHie-
CKHX oflepalinii. YDOBeHb CJOKHOCTH ONEPATOPOB 10JI2KeH BbIGHPATbCH
Hanbosiee BHICOKHM H3 BHIIIOJTHHMbIX HCIIOJIHHTE/IEM aJITOPHTMA — HEONpas.-
AaHHoe Apob/eHue onepaTopoB Ha GoJsiee MPOCThie YCIOKHSACT 3allHCh H Bbl-

*CHMBOJ NpUCBAHBaHHA @ = He cJeiyeT CMEWIHBAThb CO 3HAKOM ONpeleJeHus
: 1= (KOTOPHIH TaKike YaCTO 3aMeHSIOT 3HAKOM PaBEHCTBA), 03HAYAIOWHM B CeMAHTH-
yecknx GOPMyJax «paBHO Mo onpexpenenuio». Hanpumep, Buipakenne [ 1 = <Byk-
sa|Lluppa>> 03HauaeT, YTO HMS NePeMEHHOMH [ COCTOHT H3 GYKBBI H caeayoueii 3a Heil
undphl.
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no/iHeHue ajnropurma. Tak, aaroputm pe-
WeHHs] KBaJipaTHOTO YPaBHEHHH LA MOJ-
FOTOB/IEHHOTO  HCIIOJIHHTENS  JIOCTATOYHO
NPEICTABHTH OJHHM ONEPaTOPOM <«pelIHTb
«=-a,/2a, ypaBHeHHe a,x*+a,x+a, = O», 115 MeHee

| MOATOTOBJIEHHOTO  MCMOJNHHTENS, HAmpH-
Mep, B BHIE (pOPMYJIbl BHIUHC/ACHHS KOpHeH
«nycTh Xy, = /2a,%V (a,/2a,)’—a, a,)».
Ecin e ucnonHurenb He yMeer HaxoauThb
Hem ~ TI0 3TOH QopMy/e Bce Bo3MOXKHbIE pelie-

I=a’-a,/a,

HHS, TO €€ HeoOXONAHMO 3aMeH HTh 6oJiee ToI-
POGHBIM C/I0BECHO-POPMYJILHLIM OMHCAHH-
Ja €M, Hanpumep:
1. Ilyetb @ = — a,/2a,.
z =« -Vl 2. Ilyete D = o — gy/a,.
=+ VT 3. Ecan D < 0, 10 nepeiiti k wary 6.
4. BbluHCAHTL BelecTBeHHbIe KOpHH
— xy, =a— VD, x, =a+ VD.

| 5. Tlepeittn K wary 7.

6. Bbruncauth BemecTsenHylo W Muu-

Re ;; =a MYyI0 COCTaBASIOIHE KOMilJIeKCHO-COnps-

Im 2, = V-0 KEHHbIX KopHed Re x;, = a, Imx, , ==
=V —D.

7. 3aKOHUHTDb BbIUHCAEHHS.
st saraspHocTH  anroput™bl  npen-
CTaBaAOT cxemamu (puc. 1.1), ua koro-
pbIX oflepaTopbl NpHCBaHBaHHS 06O3Haua-
Puc. 1.1 IOT NPSIMOYTOJIbHHKAMH, a ONepaTopsl yc-
JIOBHBIX N1€PEXOJ0B — POMOAMH C BbIXOAAMH
«Jla» u «HeT», COOTBETCTBYIOIHMH YNOBNETBOPEHHIO W HeyJI0BJIeTBOpe-
HHIO npoBepsieMoro yc/oBHsi. Haualo u konew asroputma o6ossauator
oBanamH. Bce 06o3HaueHus onepaTopoB COENHHSAIOT JHHHSIMH, YKasbiBaio-
UWHMH Ha TOPANOK BBINOJHEHHS ONepauui.

HepasBeTs/ienHEIe anropHTMb, He colepiKaiiHe ONepaToOpPoOB YC/AOBHBIX
NEPEXON0B, HA3bIBAIOT Aunedvim. EC/IH OLMH U3 BbIXOLOB Onepatopa yc-
JIOBHOTO N€pPEXOJa COEAHHEH C NPEJBIYIeH YacThbio ajJropuTMa, To 06pa-
3YeTCsl 3aMKHYTasi CTPYKTYpa, Ha3biBaeMasi 4uK/I0M, ONlePALIHH B KOTOPOM
MHOTOKDATHO NOBTOPAIOTCSH J0 YIOBJIETBOPEHHS H/H HeyJNOBJeTBOpeHHs
YC/IOBH®, IPOBEP5IEMOr0 OlIePaTOPOM YC/IOBHOTO fepexosa.

AJIropHTMBI pellieHHs COKHBIX 3aa4 ANISl YIPOLLEHHS 3aMHCH CTPYK-
TYPHPYIOT, 3aMeHSs THIOBbE CTPYKTYPbl (IHHeHHble YACTH aJrOPHTMOB,
LHKJB H T.1.) COCTABHBIMH ONepPaTopaMu, OTO6PaKaeMbIMH otfipefiesIeHHLIMH
COYETAHHSIMH C/10B H/IH CHMBOJIOB. K HHM OTHOCSITCH, B YaCTHOCTH, ONepaTo-
pbl LHK/1a O6UIero Ha3HAYeHHs! «N0Ka < yC/I0BHE™>, BHINOJIHATb << Olle-
paTop>>», Tie ONIHCaHHe ONepanHH HA3bIBAIOT meaom yukia. Ecau onepa-
UMK B UHKJ/IE NIOBTOPAIOTCS M/ Psifla 3HAUEHHH MepeMeHHOH X, OT/JHYalo-
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QIMXCSl IOCTOSIHHBIM NIpUpallieHHeM Ax B HHTepBae (X;, X;), TO HCHIOIB3YIOT
onepaTop HHKJa
«IISL X = X; 1O X, War Ax BbINOJNHATH < ONepaTop=>».

Jlns ueNOoYMCJEHHBIX 3HAUEHWH nepeMeHHOM x npH ware Ax = | 3Ttor
onepaTop yipouaior:

«JI X = X; A0 X, BbINIOJHATDH <ConepaTop>».

IIpumeHeHHe COCTABHLIX ONEPaTOPOB YyIpOLLAET 3alHCh U YTeHHe a/iro-
PUTMa, €CJIH MX CMBICJI NOHSITEH HCTIOJHHTENIO aNrOpUTMa, B CBS3H C 4YeM
©O6bIYHO HCIIOAB3YIOT JHLb CTaHAAPTH30BAaHHbIE OHHCAHHUSA CJIOXKHBIX Ofle-
paumi.

HcnosnuteneM ajJroputMa MoxeT ObITb HE TOJIBKO YeJ0BeK, HO H aBToO-
MaT (B wactHoctH, DBM), conepxamuii ycTpoiicTBa BBOAA, pacio3HaBa-
HUS U BHINOJIHEHHUS ollepaTopoB airoput™a. B nocneanem ciayyae anropum™
pellleHusl 3allauM MpPeACTaBJSIOT NPO2PAMMOL HA BXOAHOM SA3biKe (A3blKe
NpOrpaMMHPOBAHHUS) ¢ oNpejleJleHHbIM MHOXECTBOM CHMBOJIOB a/paBHTa,
H3 KOTOPBIX B COOTBETCTBHUH C JIEKCHYECKHMH MNpaBW1aMH (HOPMUPYIOTCSH
c/oBa (onepaTopsl), paciiosHaBaemble M ucnoJHsiemMble IBM. Jlonycrumoe
MHOKECTBO OflepaTopoB BXOJHOIO si3blKa oGpa3yeT ero cJoBapHblil 3amac,
JOMyCTHMBIE T10C/IEIOBATENIbHOCTH ONlePaTOPOB B NPOrpaMMe ONpeae/sioTCs
CHHTAKCHYECKHUMHM NpaBHIaMU BXOJHOTO fA3bIKA.

B uudpposeix IBM undopmanms nepenaercst B IBOMYHbIX KOJAX B BHgE
10CJIeI0BAaTENBHOCTH COCTOsIHME, oTo6paxkaeMbix O uau 1. CmeHHble 1pO-
rpaMMmbl pelieHHsl NPHKJajHbIX 32/1a4, HasbiBaeMble NPUKAGOHbIMU 1pO-
2pammamy WIM NporpaMMaMu foJsib3oBarenis, Als nepBeix IBM Takxe co-
CTaBJSAJUCh B JBOMUHBIX KojaX. B cBsiau ¢ 6o/bILOH TPYAOEMKOCTbIO CO-
CTaBJIeHMS M BBOJla TaKUX HporpaMM BcKope IBM craau ponosnsarth ac-
cembarepamu — ycrpolictBaMu, (GOpMHMpYIOLIMMH JBOHYHbIE KOJbl KOMaHI,
ynpas/siiollle BHITOJHEHHEM NPOCTEHLINX onepaluil, npH BBOJAE C KNaBHa-
TYPHl Jlerko 3anoMMHamMXcs coueraHull 6ykB M 1udp. OpHako cocTas-
JleHHe TpOrpaMM pelleHHsi MPUKJIAJHBIX 33a]ay Ha fA3blKaX acceMbJepoB
(MHeMOKOaX) TaKkXe joctaTto4Ho TpyaoeMmko. [Toatomy no mepe paciimpe-
HHsI Kpyra noJn3oBaTesieil DBM, He UMeIOIHX cTleHalbHON OArOTOBKH 110
BHIUHCIHTEILHOR TeXHHKe, o6ocTpsijach HEOOXOAMMOCTb B CO3JlaHHH f3BI-
KOB NPOrpaMMHPOBAHHS BHICOKOTO YPOBHS, 00eCleyHBAIOLIUMX HEMOCpeacT-
BeHHOe 0ToOpaXXeHHEe CTaHAAPTH30BAaHHBIX ONHCAHUH aJTOPHTMOB pelIeHHUs
3ajau TekcTaMHu nporpamm paGotel DBM.

BOJlbmHHCTBO A3bIKOB HpOl‘paMMHpOBaHHH BBLICOKOrO YpOBH#A OTHOCHTCS K Ipyn-
ne aATOPHTMHYECKHX (HJH TPOUENYDPHBIX) A3BIKOB, OTOGP X AIOWKX CNOCOG PelleHHs
3ajAa4yy MocJeA0BaTeJbHOCTHIO ONMHCAHHH BBIMOJHAEMbIX onepaum‘fl. ﬂepBuM U3 Hah-
6oJlee M3BeCTHBIX A3BIKOB OB paspaGoTanuwil B 1954 r. ®oprpan (formulae trans-
lation — nepepox dopmyn), pasauUHBE BepPCHH KOTOPOTO HCMOJB3YKOTCA 0 HACTOS-
mero Bpemenn. Bosblue HageXAb BO3Jarajuch Ha s3biK AJron (algorithmic lan-
guage — aJrOPHTMHYECKH# f3bIK), MpelaoXeHHbl B 1960 r. Kak MexayHapOAHBIH
CTaH}lapT AJIA ONMHCaHHUs AaJITOPHTMOB H nporpamMm pememm MATEeMATHYECKHU X 3ajaay.
B HacTodlee BpeEMA 3TOT A3bIK, B OTJIHUYHE OT <I>opraHa, HCNOJIb3YyeTCH peaAKO H BCe

6olee BhITECHAEGTCA A3BIKAMH CJEAYIOIHX mokosenuit. Cpeau nocaelHnx caeayer
OTMETHTb JOCTATOYHO YHHBEPCAJbHBIH A3HIK NPOTPAMMHPOBAHHSA PL/1 (program
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language — A3bIK nporpammupoBanus) K ero Bepcuio APL/1 ¢ ylo6HbIMHE CpeacTBaMY
AOCTYna K NaMsiTH M 06paGOTKH NepeMeHHBIX Pa3iuuHoro Tuna. Cpefyu cneunaniucTos
LIMPOKYIO M3BECTHOCTh NMPHOGPes Takke AWK [lackaab, OTIHYAOIKICH YETKHUMH
TPaMMATHYECKHMH MPABUJIAMH M CPEICTBAMH OGPaGOTKH PA3NMYHBIX CTPYKTYP ARah-
HyiX. CPein IPYTHX SI3bIKOB BTOPOTO NOKOJIEHHS CJIelyeT OTMETHTh AHAJNHTHK, paspa-
Gotanuwiil B Mucruryte ku6epnetnku AH YCCP ¢ PyCCKHMH KJIOYEBBIMH CAOBaMHU,
KOTOPHIH, B YaCTHOCTH, OTJIHYAETCH BO3MOXKHOCTBIO MPEACTABJEHHS YHCEN, CONEpPHKa-
wux 10 999 fecATHYHBIX UMD, H NPEOGPA3OBAHUSA MATEMATHYECKHX BHIPAXKEHHH B
AHAMUTHYECKOM (CHMBOJIbHOM) Buje. [lepBhie BepcHH AHajlMTHKA NMPeAHA3HAYANHCH
anst mawnh MUP (Mawnns s Wuxkenepunix Pacyetos), B HacTosiiee Bpems AHa-
JIHTHK HCNOJb3YeTCs W M1 NPOrpaMMuPoBaHus Malmu cepuil CM 3BM u EC 3BM.

Buegpenne TOBM npuBeno K NOSBJIEHHIO MHOXKECTBA (QUPMEHHBIX A3bIKOB
NPOrpaMMHPOBaHHA U PA3THUYHBIX BePCHH TPARHUHOHHBIX SI3BIKOB, OPHEHTHPOBAHHBIX
Ha TI9BM onpenenennoro Tuna. HauGosibwee npuMenenyde Aas nporpaMMHpPOBaHKS
[19BM nawen s3ablk BHCOKOrO ypoBHs BeficMk, Ha3BaHMe KOTOPOro NMPOMCXOAMT He
OT aHIJIMACKOTO cloBa basic (ocHoBHOI), a aBasieTcst a66peBuarypoit BASIC or caos
Beginner All-purpose Symbolic Instruction Code — MHOTOUeeBONH S3LIK CHMBOJE-
HBIX KOJROB sl HaYHHAKOWHX.

OcHosuble npenmyiecTBa Bejichka — HarnsjHOCTL MpeACTaBJAEHHS anaropur-
MOB pellleHHsi 3aflay H NPOCTOTA PeajM3alHH AMaJOTOBOTO PEXHMAa NOAL3OBATENS €
3BM. Andasut ocHOBHOR BepcHHM si3bika Beficuk comepuT 26 NPOMHCHBIX aHTJHIi-
CKHX GYKB OT A no Z, pecsiTHYHble UHGPH, Pa3ReNHTENbHBE 3HAKH (TOUKa, 3anaTas,
TOYKa C 3ansiToH, ABOETOYHe, anocTPo¢ MJIH KABBIYKH, CKOGKHM), 3HAKH OTHOLIEHW I
(=, #, >, >, €, <), 3Haku apudMeTHYECKHX onepaumuii |-, —, * (yMHOXEHHE),
/ (nenenne), 1 (Bo3BeneHHe B CTeneHb), a TAKKE 3HAKH npoGesa ¥ nepexoja Ha HOBYIO
CTPOKY (nmepepona kapeTku). Kpome Toro, ajngaBuT BKJAIOYAeT CHMBOJIbI BHIYHCAEHH S
CTAHAaPTHHX (BCTPOeHHBIX) GYHKUHHA: TpuroHoMerpuueckux SIN(X), COS(X).
TAN(X), ATN(X), narypaabtoro aorapupma LOG(X), skcnonenrst EXP(X), xop-
ns kBaaparnoro SQP(X), a6comornoro snavenns ABS(X), uenoit INT(X) u apoGHoit
FRC(X) uacren, snaka SGN(X) uucna, a takxke RAN(X) — BH30Ba kBasgucayuaii-
HOTO 4YHCJIa ¢ paBHOMEpHBIM pacnpejesennem B uutepsane (0,1).

"HMmena nepemennbiX B 0CHOBHO# Bepcuu Belicuka ¢opmupyiorcss u3 GyKBb Han
GYKBEl M UHOPH, 4 MOPAJOK YHCAZ B NOKa3aTeNbHOH (OPME 3aMHCHIBAETCR MOCTe
6ykssl E (exponment — nopspok), Hanpumep —8.5E—2 uam —.85E—I, mpuuem
Apo6Hast 4alTb YHCNa OTJIEJSIeTCS OT UEJION, KaK W B GONbLIMHCTBE APYTHX S3BLIKOB
NPOrpaMMHpPOBAHHA, TOYKOH, a He 3ansTOMN.

Idns BBORA NOC/ENOBATENBHOCTH (MacCHBa) YHCEJ HCNOJb3yeTcs ONepaTop

DATA a,, a,, ..., ap,

rae nocje uMeHu onepatopa DATA (RaHHBlE) 3aNUCBLIBAIOTCA NOCJAELOBATENbHOCTL
YHCes, OTHeNsieMblX 3amAThIMH. FIMeHa 3THM YHCJIaM NPHCBAMBAIOTCS ONEPATOPOM
READ 1y, I,, ..., Iy,
rae nocae uMenn READ (4HTaTh) 3anuChBAlOTCS BbHIGPaHHBlE HMEHA NEPeMEHHBIX,
oTaensieMble 3anaThiMH. Onepatop DATA MoxeT GbiTh CYUHTAH HECKOJILKHMH Onepa-
TopaMH READ ¢ YHCJIOM NepeMeHHBIX, MEHbLIMM YHCJIA 3TE€MEHTOB MacCHBa JaHHBIX,
coJiepKHMOe KOTOPOTo NPH HeO6XOAHMOCTH BOCCTaHaBAUBaIOT onepatopoMm RESTORE
(BOCCTaHOBHTB).
YHcsioBhle 3HaYeHHs NepeMeHHbIM MOMXHO TaKMKe NPHCBAHBATL ONEPATOPOM NpH-
cBauBaHusa of6wWero Buja

LET I,=Iy= ... = I, = A,

nocje BHIMOJHEHHS KOTOPOTO HMeHaM nepeMeHHuX [y, ..., /[, npucBausBaerca 3Ha-
yeHHe yHcaa A, nepeMeHHOH C UMeHeM A HJIM pe3yJbTaTa BHYHCJEHHH NO BhIpaxe-
Huio A.

Oneparop ycJa0BHOTO nNepexoja

IF <ycaosne> THEN <merxa nepexona>

nocje kamueporo caosa IF (ecsn) copepHT nposepsieMoe ycaoBKe, NPH YI0BJAETBO-
pPeHHH KOTOPOTO ynpapJaeHHe Mepejaercsi OnepaTtopy, nepeil KOTOPBIM YKa3aHa MeT-
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#g, 3anucannas nocae crosa THEN (roraa). Jns coepnHeHus Berpell anropuTMa
HRNONb3YIOT onep aTop 6e3ycJ0BHOTO Nepexosa

GOTO < meTka nepexopa>
Ba3oBas BepcHs s3blKa DefiCHK COJepXKHMT Takxe onepaTop LHMKJAA C 3aToJ0B-

KOM,
.FOR I = a; TO a, STEP ajy,

rae nocJae kaoyesoro ciosa FOR (an14) sanuceisaeTcs MMs nepeMeHHO M papHoe el
B HAUZJIBHOM COCTOSIHHH 4YMCJO @y, nocje caosa TO — uncjo, paBHOe rpaHUYHOMY
3yaueHuio nepemeHHol, a nocie crosa STEP (war) — yKcJ0 ag, paBHOe NPHPalEHHIO
nepeMeHHO# Ha Kaxjoi uTepaunn. Ilocse 3arojopKa LHKJIA B MPOTPaMMe 3aNMHCHI-
BaKiT onepaTophbl, OTOGParxalolliHe BLINONHsIeMble NEHCTBHA Ha KaXJAOH HTepaumuu o
Ha3piBaeMble TeqoM uUMKJaa. Telo uMkaa okaHuusaercs oneparopom NEXT / (cae-
aviditee /).

© QcHOBHLIM OmepaTopoM BhiBOAa HHpopMauuu ssiasierca oneparop PRINT (ne-
YaTgTh), NOCJAE HMEHH KOTOPOTO 3aMHUCHIBAIOTCA BHIBOAMMBIA TEKCT, 3aKJIOYEHHbIH B
anocTpodbl MM KABHIYKH, H HMEHa MePeMEHHbIX, YHCJOBble 3HAaUeHHsl KOTOPBIX Bbl-
BOASITCA Ha JHCIJIeH AU neuarb.

B nporpaMme Kaxjabiii onepaTop 3aNHCbIBAeTCs C HOBOH CTPOKM M HauMHaerTcs ¢
MEeTKH B BHJe LEJOTo YHC/Aa. MeTKH 3aNHCBHIBAIOTCA B MOPAJKe BO3PACTAHHA 4YHUCE] ¢
HeKOTOPbIM HHTePBaJOM, 06eCleuHBAIOWHUM BO3MOXKHOCTb BBOJAa B peXuUMEe JAHAJIO-
ra NpoMeXyTOYHBIX ONepaTopos, Tak Kak IBM BhINO/HsET HX He B NOPsIAKE 3ANNUCH, &
B NOpsAKe Bo3pacTanus MeTok. HauGosbutas MeTka 3anucCeiBaeTcsi Nepej oneparto-
pom END (koHew) B KOHile MPOTPaMMbi, KOTOPas MOXET COjlepXaTh H onmepaTophl
STOP piis BPEMEHHOTrO NpeKpallleHHs BbINOJHEHHS NPOTPaMMBbl.

Bo muorux sepcusax Beiicuka MoxHO onyckartb kJjouesoe caoso LET (nycrs)
¥ 3aNHCHIBAaTh HeCKOJIbKO ONEPaTOPoB B ORHOM CTPOKe ¢ o6uieit MeTkoi. B atom cah
Yyae 3anuCb NPOrpamMmbi YNpolliaeTCst M, Hanpumep, aJropHTM peEUIEHUA KBaJpaTHO-
ro ypasHeHHs Ha puc. 1.1 MOXHO NpeACTaBHTH NPOTPAMMON

5 DATA 4qy, a1, a,

10 READ Ag, Al, A2

15 A= —.5xA1/A2; D A{2—AQ /A2

20 IF D<0 THEN 40

25 X1=A—SQR(D); X2~ A--SQR(D)

30 PRINT REAL ROOTS XI=",XI,"X2- ' X2

35 STOP

40 C=SQR(—D)

50 PRINT »’COMPLEX ROOTS REX: '",A."IMX- ",C

999 END

IMocsie BHMOJHeHHs 3TOl DporpaMMbl npH saxaruu kaasumu RUN (nvek) npu

ay=—3, ¢;=-2, a;=-1 Ha AucnJed niam neyatp GyleT BbiBeJeH pe3yabTaT
REAL ROOTS Xi= -3 X2-—1

a npn ag=>95, a;=1, a,== —1— pe3syabTar
COMPLEX ROOTS REX=—1 IMX-=:2

s ucnpasneHHs MM 3aMeHbl TEKCTa OMeparTopa JOCTaTOYHO BBECTH HCNpaB-
JIeHHbIA TeKCT M Haxarh KaaBumy RUN. Ananorsunbie onepauun BHIOJHAWOT NPH
BBOJE JIONOJHHTEJNbHOTO ONEPaTopa ¢ MPOMEXKYTUOYHBIM 3HAUYEHHEM METKH, 4To obec-
NeyHBaeT NPOCTOTY peasH3auMy AHANOra nosnsoparens ¢ 3BM.

B TI3BM TekcT BBOAMMOR NpOrpaMMbl H Pe3yJbTaThl ee BHNOJIHEHUS OGBIYHO
BLIBOASITCHA Ha 3KPaH QMCIUIEs, YTO CYLECTBEHHO YNPoUlaeT KOHTPOADb BBOAMMON Npo-
rpamMmbl M ee OTJIAAKY.

OcoGennoctu BxopHbIX s36ikoB [IMK nepsbix mokosenuil, Takxe OT-
HOCAIIMXCH K TPONENYPHbIM SI3bIKaM NPOrpaMMHUPOBAHHSL  BbICOKOIO
YPOBH#, cBsi3aHbl ¢ TpeGoBaHHeM MHHHMYyMa annapaTypHbIX 3aTpart.
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Ilpu BbINONHERHH IPHKAAJHON NPOrPaMMBl Ha aJTOPUTMHYECKOM $i3bl-
Ke BBICOKOTO YpOBHs, nopoGHoro ®doprpany unu bBeiicuky, cuuthiBanue
KOJIOB ONlepaTopa NpHcBauBaHusi ¢ GOpMyJoH Buaa / = A NPUBOAMT K aB-
TOMATHYECKOMY BBI30BY M3 OCHOBHOH (OllepaTHMBHOM) MaMsTH B ObICTPYIO
(cBEpXonepaTHBHYI0) NaMATh (e XPaHATCH oNepaHjibl) 3HaUeHUH nepeMeH-
HBIX, UMEHd KOTOPBIX cojepxaTcA B BhipaxkeHud A. Pesysbrar BHNoJHE-
HHUSl OflepallMi aBTOMATHUYECKH 3achliaercsl B siuefKy NamMsiTH, KOTOPO# co-
OTBeTCTBYeT BbiGpaHHoe uMs | pesynbrata onepauud. Hanpumep, npu Bbl-
nosiHeHus omnepatopa X = X -+ Y u3 oCHOBHON NaMATH BLI3LIBAIOTCH 3HA-
YeHHn TNepeMeHHHX X M Y M nocjie HX COXKEeHUS Pe3yJbTaT 3achl1aeTcs B
fluefiKy NaMATH, rje npexjie XpaHHJIOCh 3HayeHHe onepania X.

Ilpu Takom o6MeHe uHbopMauMell Mexay GHICTPOR M onepaTHBHON Ta-
MSATBIO €MKOCTb MNoc/efHell He BCerja HCnoab3yercs MNOJHOCTbIO, TaK Kak
onepaTHBHas NaMATb pa3bHTa Ha 06/acTH /1Sl XPaHEHHS] KOJOB Nporpam-
Mbl, JaHHBIX Pa3/IMYHOTO THUNA H BCMOMOraTebHOH WHpOPMAIHH, H IpH 3a-
NOJIHEHMH OJAHOH M3 obsacTell NaMATH BHIYUCIEeHHsT npekpamatres. Orpa-
HHuyeHHas eMKocTbh namsti [IMK nepBeix nokosenuit sacrasuia paspaGor-
YHKOB H3MEHHTb crioco0 o6MeHa HHpopMalHeH Mexly GLICTPO H 0CHOBHOI
naMsIThiO B Iponecce 06paboTku upopmanni. [ noaHoro Henoab3oBaHHs
€MKOCTH NaMsTH BO BXOAHHX fisbiKax FIMK npeanycmorpens cneuuasnbHeie
onepaTopsl o0paulenHs K siuefikaM (peructpaM *) namst fauubix. Tak, Aas
BbI30Ba KOMUHU COAEPKHMOTO Peructpa namsiTH ¢ ajpecoM N HCnoab3yioT
onepatopnl FN, UINN (u3 namsitu), I[1— xN uau RCLN (recall — Bbi3-
BaTb), a /1S 3aCHJIKH pe3yJ/1bTaTa OllepauHH B ONePaTHBHYIO NaMATh — Orle-
patopbl PN, TIN, x — 1N uau STON (storage — 3anacars). Dtu onepa-
TOPB PaBHO3HAYHBI COOTBETCTBEHHO oONepaTopaM [pUCBauBaHMUs BUJA
«nyctb X = PN» u«nyets PN = x», rae cuMBOJIoM X 0603HaueHa TeKylas
nepemMeHHasi, a cMMBoJioM (MMeHeM) PN — cozmepxxumoe perucrpa naMmaTH
N. Taxkum o6pa3oM, B OT/IIHYME OT ANTOPUTMHUYECKHX BXOAHBIX SI3HIKOB,
IPH HCTIONb30BAHUH KOTOPHX 06MeH JlaHHBIMH MeXy GEICTPOH U oNepaTHB-
HOH TNaMSATBIO BHINOJHAETCA ABTOMAaTHUYECKH, BO BXOAHBIX fA3bikax SKBM
u [IMK pis sToft nenn ucnosp3yiorcst onepatopsl oGpamenusi K namsiTH.

Brictpas namsate [IMK copepxutr He MeHee ABYX permcTpoB, 06BIYHO
o603HauaeMblXx cuMBoJaMH X M Y, npHuem cofep:KuMmoe peructpa X (Ha-
3bIBA€MOrO BXOJHBIM) oToOpaxaeTcsl Ha HHAHKaTope. B npukaajHeix npo-
rpaMMax Ha BXOAHbIX si3bikax [TMK MmeHa TéKylUMX nepeMeHHBIX, COAEp-
JKAIMXCSH B 3THX PErHCTPaX, He YKa3blBaloTcs (YMAAYHBAIOTCH), a COOTBET-
CTBYIOLLHE OllepaTOpHl NPUCBAUBAHHA 0003HAYAIOT TONBKO CUMBOJIOM Ofle-
pauun. Hanpumep, onepatop «nyctb x = sin x» o6o3Hayaercs TOJBKO
sin, a ABYXMeCTHbIi onepartop «NycTb x = Yy -+ X» — TOJbKO 3HaKOM .
lNono6Hoe KoMNaKTHOe MpeACTaBE€HHE BHIYUCIUTENbHBIX (QYHKUHOHAMb-

*CnoBO «perucTp» («psif» B JOCIOBHOM nepesoje ¢ JaTHHCKOT0), 03HAYa0LIee yIo-
PAMOYEHHYIO 3aNHCh, B BLIYNUC/IHTEJbHOH TEXHHKE UCIONB3YIOT I ONpefleieHHs Kak
nopuui (cnoB) HHPOPMaUKH, OTOGPAXKAEMOR PAJOM JBOMYHBIX Pa3psA]0B, TaK H du-
JMYECKHX YCTPOHCTB AJIst HX XPaHeHHsi. YacTb perucrpa Takxe Ha3bpiBalOT PETHCTPOM,
a B C1yvasX, KOrja BCe PErHCTPbl HMeIOT OJJMHAKOBOE YHCJO Pa3pPsaROB, 3TO Xe CJ0BO
HCNOJB3YIOT M B KavecTBe paGouell e MHHUB H3MeDeHHMSI KOJHYecTBa MHGMOPMauHH.
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HblX) ONEpPATOPOB 3aTPYAHSIET YTEHHE IPOrpaMMbl, HO CYIIECTBEHHO YMNpo-
imaet koHcTpykuuio [IMK u cokpaiilaer Bpemsi BBoAa nporpamm.

Hcxopunie 3navenuss nepeMedusix B [IMK BBoasiT B ObICTpylO mamsTh
onepatopaMH Habopa JecATHYHBIX LMOP, pas3jeNHTeTbHOTO 3HAKa (3als-
TOH HJIM TOYKH), U3MEHEHHUs 3HaKa, 0603Ha4aeMOro CHMBOJAMH '— | + —
uan CHS (change sign — uaMenenne 3Haka), BBoja nopsinka n, BIl, EE
uan EEX (enter exponent — BBox mMopsiika) npH nokasaTtelbHOH dopme
npeicTaBJeHusl Yuces, a TaKe ollepaTopaMi HaGopa KOHCTAHT (HanpH-
Mep, uYhcaa T) M KBasHcAydalHbIX uMces ¢ cumBodamu CH wam RND
(random — cayuafiHbift). TH onepaTopbl UCIOJB3YIOTCH KaK Als npejsa-
pHTeNbHOM 3aCBIIKH MCXOJHBIX JAHHBIX B NMaMATh, TaK U Aas Halopa orfe-
paH/loB B Npouecce BblOJHEHUS! POrpaMMBL.

Ilns npumepa npupejieM NporpaMmy pelleHHsi KBagpaTHoTo ypasHeHns (puc. 1.1)
Ha BXoAHoM sisbika [IMK Programmable-59 ¢upmbr Texas Instrument, sanucas ee
0 CTpOKaM, GJIH3KHM K CTPOKaM nporpammbl Ha s3bike DBeficuk, B npeinosoxeuun,

YTO KOS(HUMEHTH dy, @y H 4, NPeJIBAPHTEIBHO 3aHECEHBl COOTBETCTBEHHO B pe-
rucrpu 0, 1 u 2:

RCL1 = RCL2 =~ 2 = +/— STO3
x2 — RCLO + RCL2 =STO4
x<<0? A

Vx STO5 + RCL3 = RCL3—RCL5 - R.S

LBSLA Vx R/S RCL4 +/— J/x RCL3
R’,

Ecan KOpHu ypaBHeHHs BelWECTBEHHbe, TO NOC/e BLINOJHEHHS 3TOW nporpam-
Mbl Ha HHIHKATOPE BHICBEYHBAETCS 3HAYEHHE OJHOIO H3 KOPHe#, a s BbI30Ba APYyroro
JAOCTAaTOYHO HaxaTb KjaaBumy X < T. Ecaun KOPHH KOMIJIEKCHO-CONPSIKeHHbIe,
BLICBEYHBAETC CHMBOJI OWIHOKH (MepenoJiHeHHs), NOCJe Yero CJAeAyeT HaxKaTb KJja-
suwy R/S (run/stop — nyck/cron). 3To npuBefeT K BHICBEYHBAHHIO BeLIECTBEHHOMN
YaCTH KOpHeW, a NpH JOMOJHHTEJNbHOM HaXaTHH KaAapHy X & T -— MOAyAS MHU-
MO#l 4acTH KOpHe#.

B npouecce BoiMOJIHEHHS ITOR n/porpaMMu B perucTpul 3 u 4 3acuaalorcs 3Ha-
yeHHst o0 = —a,/2a;, 0 D = a® — ag/a,. Yuutbisasi, 4To B peructpax 0, | u 2 xpa-

HATCS HCXOAHble KOI(PHUIMEHTH, 3Ta NPporpaMMa 0TOGPAXKAeT CAEAYIOUIMH AITOPHTM
pelieHHs] 3ajauyH:

Mycts o0 = —a,/2a,.

IMyete D = a? — gy/a,.

Ecan D < 0, To nepeiiTi K wary c MeTkoit A.
Myets x, = a + VD, x = a—'[/D.

Cron. _

A dlyers x = VD».

Cron.

IMycers Imx, , = V=n; Rexy , = a.
Cron.

Kaxpas CTPOKa TaKOTO ONHCaHH$ COAEPKUT MPOCTON MJIH CJOXKHBIA onepatop,
COOTBETCTBYIOIMA CTPOKE NpHBEAEHHOR paHee mporpammbl Ha DBeilicuke. 310 noa-
TBePKAAET BHICOKHA ypOBeHb BXOAHBIX A3bikoB [IMK, nospossiomux, kKak u anropur-
MuyeckHue 3bikH IBM Apyrux KnaccoB, NPaKTHYECKH HENOCPEACTBEHHO OTOGPaXaTh
CJI0BeCHO-(POPMYJIbHBE ONHCAHHS CNOCOGOB pelleHHs NPHKJAAAHBLIX 3ajlay C BBLINOJ-
HEHUSIMH ONepPauHil Haj NPEACTaBAEHHAMH YHces 6e3 MX Pa3GMeHHs Ha YacTH, YTO
XapaKTepHO A/ S3bIKOB HM3ILEro YPOBHSA.
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B jnaJsibHefileM A onpeAeJeHHOCTH NpolleypHble S3bIKH NPOrPaMMH-
pOBaHUSI BHICOKOTO ypoBHs, NofioGHble dopTpany uiu beficuky, Gylem Ha-
3LBaTh AJCOPHTMHYECKHMH, a BXOAHbE $3bIKH TpaauuHoHHbX TIMK—
KOMIaKTHEIMH.

B CBfI3H C COKpalIeHHBIMH 0603HA4YEHHIMH ON€PATOPOB BXOJIHBIE A3bIKH
[MIMK nHora ounGoYHO OTHOCAT K sisbiKaM acceM6JepoB. OfiHako nporpam-
Mbl Ha TAKUX fA3blKaX o6pa3oBaHbl NOCJEA0BATEIbHOCTSIMH CJI0B, yIIpaBJsi-
JOLIIMX BBITIOJIHEHHEM NPOCTEMIINX Ollepanuil Haj\ YacTAMH ABOMYHBIX NDEA-
cTaBJeHuil yuces, M, HaNnpUMep, NporpaMMa pelleHHsi KBajpaTHoro ypas-
HeHHsl Ha SI3BIKaX acceMOJepoB COAEPKHT HECKOJIbKO COTEH KOMaHA. |

Cnepyer 106aBUTb, YTO B GOJIBIIHHCTBE A3bIKOB IPOTPaMMHPOBAHHS BbI-
COKOro YpOBHsS (MCKJIOYeHHeM sIBsIeTCsl, HalpuMep, $i3blK NPorpamMmnpo-
panusi Dopr) MCNONb30BAHB CHHTAKCHYECKHE IPaBHJa BBOAA 1OC/IEN0BA-
TeJbHOCTEHl ONEpaTOpoB M ONepaHfioB, XapakTepHble Ans o6biuHON a/ire6-
panuecKoil 3anuck (opMyJ, oToGpaxaiolux B Gosbliel CTeNeHH OTHOLLE-
HHs MEXy YHC/IaMH, YeM N0c/e0BaTeIbHOCTb onepaunii. B nogoGHol 3a-
[IHCH CHMBOJIbl OJIHOMECTHBIX onepanHi 3alHCHBAIOTCA Nepej onepaHiom,
HanpuMep Sin X, a ABYXMECTHEIX — MEX]y ONepaHAaMH, Hanpumep x+y.
Onnako Takasi anreGpanueckasi 3anuch yAo0Ha ISl ONMCaHUsl OTHOLIEHHHA
MeXJy TepeMEeHHbIMH H He COOTBETCTBYET (PAKTHYECKHM OmepauMsiM, Bbl-
[oJIHsIeMBIM YeoBekoM Han DBM Toabko nocse BBoja onepanios. Tak, npu
BLIYMCJCHHAX [0 HecJOxHOH ¢opmyse y -= a—b In (¢/d) u cuuTHIBaHHH
CHMBOJIOB TIPaBOi UYACTH PaBEHCTBA CJeBa HANpPaBO NPHXOAMTCSH 3aMOMH-
HAThb Bce 3HAKH omepalMii H ONEePaHJoB H BbIMOJHSATH ONEPAaNHH JHIIb
[loc/le CYMTbIBaHMS 3aKpbiBaioLlell CKOOKHM. DTO CYIECTBEHHO YCJIOKHSET
KoHcTpyKuHio DBM, KoTOpasi 10/KHa He TONbKO 3alIOMHHMTh BCE BBOAHMbIE
CHMBOJIbI, HO M YUHTHIBATb JOMYCTHMbIA NOPSIOK BHIIONHEHHS PA3/IHYHBIX
onepauuii, HalpUMep, YMHOXEHHS Nepell BRIYHTaHUEM, Jle/leHus nepell Bbl-
yHcseHHeM Jorapudma.

B cBSi3H C NOJOOHBIMH HEAOCTATKAMH CHHTAKCHYECKHX npasua anreGpa-
HYecKOH 3aNMHCH BO BXOAHBIX sisbikax GoabluuhcTsa [IMK ucnonssyior
npaBuaa o6paTHOH (Ha3biBaeMOH TOJILCKOH AJISl JBYXMECTHBIX ofnepaumi)
3aMHCH: OJIHO- H JBYXMeCTHble (PYHKIHOHAJIbHBIE OMEepPaTopPsl 3alHCHBAIOT
nocle olepaHioB, Hanpumep x sin BMecTo sin x uau y I x + BMecTo
y + x = . Cumsoa 1, pasjensiomuii HaGHpaeMble onepaHjbl, COOTBETCT-
BYeT OnepaTopy 3achlIKM cOfepKHMoro peructpa X B peructp Y. ro 1o-
3BOJIMJIO CYIecTBeHHo ynpocTHTh Konctpykuio IIMK, rtak kak ornapaer
HeO6XOAHMOCTh B 3allOMHHAHHHM KOJOB 0le€PaTOpoB, KOTOPble MOTYT Bbl-
OAHSATHCS HeMoCPEACTBEHHO Nocjae MX cuuThiBanusi. Hanpumep, Bbluuc-
Nenus no gopmyse y = a — b In (c/d) cooTBeTcTBYIOT O6paTHOH 3amMCH
atbtcld-+ InxX — u BHNONHSAIOTCS HENOCPEACTBEHHO NOC/TE CHYHTHI-
BaHMs B nporpamMme (QyHKHHOHAJbHbIX ONEPaTopOB.

XapaKTepHoii 0CO0EHHOCTbIO BXOMHBIX A3blKoB [IMK ¢ cHHTaKCHU€eCKH-
MM paBHJIaMH 0OPATHON 3aMHCH ABJISIETCS 3aMeHa onepartopa = BbIBOAA pe-
3y/bTaTa (0653aTeNLHOTO BO BXOJHBIX f13bIKaX C a/ire6panyeckol 3aTHUChIO)
ollepaTopoM, oGosHauaembiM cumsosom I, B 1, Enter 1 (enter I — BBe-
CTH BBEpX) M OOBIYHO He BBOJMMBIM JJISl pasjieleHHsi ONepaHloB, BbI3bI-
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BaeMbIX M3 NMaMATH. [IpuMepoM MOXET CJYXKHMTb MporpaMMa Ha BXOJAHOM
S3pIKe ¢ CHMHTAKCHYECKHMM NpaBHaMu obpaTHoi 3amucu ana [IMK HP-
41C, npeicTaBAsOLLas aJlOPHTM pelUeHHs KBaJpaTHOro ypaBHEHHS
(npeanoJiaraercs npeBapUTeNbHbIA BBOA KOIGDHIMEHTOB ay, a; ¥ a4, B pe-
ructpbl namsith 0, 1 U 2 COOTBETCTBEHHO):

RCL! CHS RCL2 = 2 =+ STO3
x2 RCLO RCL2 ~ — STO4
x<0? GOTO 0!

V/x STO5 RCL3 +RCL3 RCL5 — R/S

0l  Vx R/S RCL4 CHS V/x RCL3
R/S

Dra nporpaMMa, KaK ¥ npeibliyulasi, 3alUCaHa 10 CTPOKaM, COOTBET-
CTBYIOILUM CTPOKaM rporpammbl Ha Deiicike, HO B oflieM cayuae MoxeT
6HITh 3aHCaHa M B BHAE MOCJEJOBATENBbHOCTH ONEPATOPOB, KaK B sI3bIKaX
PL/1 unu AHanuTHK. BBOI HCXOAHBIX JdHHBIX H BbIBOJ Pe3yJ/bTaToB AJf
3TOH M NpeAbiylled NporpamMMbl COBMAARIOT.

Cneayer o6paTHTh BHUMaHHe, 4To B NIPEAbIAYLIel NporpaMMe MeTka BBO-*
nutcsi cumBosiamu LBL (lable — meTka) 1 6yKBEHHBIM CHMBOJIOM METKH, &
o BxonHoMm s3bike [IMK HP-41C ucnoaesylorcs jBy3HauHble LEJNOYHC-
JIeHHblE METKH C NIepexoloM K HHM Mo onepaTopy 06e3yc/oBHOrO nepexoia
GO TO (go to — uATH Ha), BBOAMMOTO B COCT4B ONepaTopa yCJOBHOTO
nepexoaa.

MK HP-41C u Programmable-59 nauGonee poporue, ¢ Goabluoi em-
KOCTBIO NaMSITH, AONYCKAIOIIel BBOA Nporpamm, cojepxaiiux Gosaee 1000
maros. Bo BXxojaHbiX s3blkax MaccoBuiX [IMK ¢ HeGonbuiol eMKOCTbIO TNa-
MSATH ILAard nporpammel ajapecyiotcs unciamu 00, 01, 02, ..., mno KoTo-
PbIM M BHINOJIHSIETCS Nepexol K HYXHOMY onepaTopy. OHHu yKa3blBAIOTCH
TOJIBKO B OflepaTopax YCJIOBHEIX H Ge3yC/IOBHbIX MepPeXOol0B, a METKH yKa-
3BIBAIOTCSA B NpoOrpaMmax ABaxcAbl — KaK B oOllepaTopax Mepexolos, TaK
H Tlepe]l «OTMEYeHHBIMH» onepaTopamu. Ilepexoi Mo ajpecaMm I03BOJSIET
COKpATHTb AJIMHY NPOrPaMMbl, HECKOJILKO 3aTPYAHAS ee YTeHHe.

1.3. OCOBEHHOCTH APXHTEKTYPbI

Opranusauus o6MeHa uH(pOpMallell, Ha3biBaeMast apXHTEKTYPOH 3BM,
OCHOBaHa Ha NPHHIMNAX, cPOPMYAHPOBaHHbIX elle B 1945 r.:

MH(pOpPMaLMs TPeACTaBJAeTcs B JBOMUYHBIX KOA2X M pasGuBaercs Ha
CJ10Ba, MMEIOLIME CAMOCTOSITENBbHBIH CMHICH,

Pa3HOTHIIHBIE CJIOBA PA3JMYAIOT N0 CHOCOOY HCMOJb30BaHMSA, a He 10
cnocoby KoAHPOBaHHS,

cJIOBA Pa3MelIAlOT B fYeliKaX MaMaTH M 0603HAYalOT HOMEePaMH syeexk,
Ha3biBaeMbIX ajipecaMH CJIOB;

aJrOPUTM pellieRUsl IPHKJIaJHON 3ajaun 0TO6PaxaIoT OAHO3HAYHOH Mo-
C/IE0BATEALHOCTBIO YIPaBJSIOUIMX CJ0B, Ha3biBaeMBbIX KOMaHJaMH;

pellieHye 3alaYl  CBOJHMTCA K T10C/1€10BATe/IbHOMY BBINOJIHEHHIO KOMaHA
B NOPSAKe, ONpejensieMOM aJrOPHTMOM M Ha3HAu€HHEM KOMaH..
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BeiGop nBOHUHBIX KOJI0B As1 NpejcTaBieHus HHbopMannu B IBM o6y-
CJIOBJIeH NIPOCTOTOH peasu3anud cuMBoJoB 0 u | ABYMS JHCKPETHHIMH CO-
CTOSIHMAAIMM MaTepHaJibHBIX HOCHTeNel HH(OpPMalMH (HanpuUMep, «HeT» H
«eCTb® MAarHUTHOE M0Je HJH «BKJIOYEHO» U «BbIKJIOYEHO» 3JIeKTPHUEecKoe
Hanpsikene). [Isonunasn nosuuus ¢ cuMBosoM 0 uin | oto6paxaer MuHH-
MaJlbHOe KOJIHYECTBO HH(POpMAaLHH, Ha3blBaeMoe Oumom, a n-GHTOBBIM CJIO-
BOM NPEACTABJSAIOT A0 2" PAa3JHYHBIX COCTOSIHHH, COOTBETCTBYIOLIMX GOJib-
IUUM KoJuuecTBaM HHdopMauuu *.

Jns nBOMYHOrO nNpeAcTaB/eHHS] CHMBOJOB, BBOAHMBIX C KJdBHATYphH
WJIH JPYTHX ycTpoHcTB BBoja HHbopMauuH B DBM, o6bIMHO HCNOAB3YVIGT
CTaHjapTHbIe 7- uaU 8-GHTOBbLIE KOJAb. UHCNOBHE JaHHbIE Ualle BCEero npe;l
CTaBJfIOT B JABOUYHOH cHCTeMe CUHCJeHHS.

HaHOMHHM, UTO B NMO3HUHOHHBIX M-HYHbIX CHCTEMAaX CUYHCJEHHS C OCHOBAHUEM
m 1 unppamu 0, 1, ..., m — | uesble yncaa NpeicTaBAAIOT NOCAEI0BATENbHOCTAMH
arQr-y ... Q14 H03H11H17[, HagbiBaeMbiX m-HUYHLIMH pa3pslaMHu. HPH 3TOM 3Ha4ainas
(oTaHyaowancs oT HyJs) UHPa B paspsane g, oTo6paxaeT COOTBETCTBYIOLlee HATY-
pajJpHO€e YHCJIO, B ApYIHX paspsiax — YHCIO, B /M pa3 Gojbliee, YeM B COCelHEM

npasom paspsge. CyMMa HaTypadbHLIX YHCEJI, COOTBETCTBYIOUWIHX COLEPHKHUMOMY BCEX
Pa3spsoB mM-UYHOTO YHCJIA, PAaBHA HATyPajibHOMY (1€CHATHYHOMY) YHCAY

arm a4 ey ey mO <M — 1 (1.1)
HanpuMep, j1ecsAiTHyHOEe TpeiACTaBAeHWe HYHCIa
yg =687 ==6-102 1 8. 101+7.100 < 10° — | =999

COOTBeTCTByET LIeCTHAAUATEPHYHOMY NpeaCTaBJdeHHUIo uncaa** g, = 2AF, Tak kaxk
- 162+ 10 - 16" 4 15 - 16° = 687, ua¥ JBOHYHOMY npelICTaB.’leHHIO as =

= 1010101111, Tak kak | S0 98 ] . 24+ 0-20—1.24+0. 2+

4122 4+1.28 +1-20=512-+-128+32+—-8-—-4—+ 2— 1= 687.

CBA3b MeX]ly NPEACTABNCHUSAMHU YHCe] B ABOHYHON M JIPYFUX O3UIHOH-
HBIX CHCTEMaX CYMCJIeHHSA C OCHOBaHHeM m HauboJsee npocTasi, Korja m =2
KpaTHo AByM. B 3ToM cayuae comepxuMoe Kajoro m-u4Horo paspsiiia
0TO6paXKAETCA COAEPAKHMBIM £ IBOMYHBIX Pa3psioB. B uacTHocTH, KaxioMy
BOCbMEPHYHOMY paspsily COOTBETCTBYeT TpoiiKa, a liecTHajuaTepUyHo-
My — TeTpaja (ueTBepka) ABOMYHBIX pa3pSJOB, OTCYMTHIBAEMBIX CIIpaBa
(raba. 1.1).

Paa6up, Hanpumep, ABOHYHOe YHCIO ay ~= 010100111101 Ha Tpoilku paspsanos
010 100 111 101 ¥ 3aMeHMB KaX1yI0O M3 HHX COOTBETCTBYIOLIEHl BOCbMepPHUHON UH(-
poii (0, 1, ..., 7), noNyynm BoCbMEPHYHOE NpeJCTaBJEHHE TOTO XK€ YHcaa ag = 2475,

AHaJIOTHYHO Pa3GMB HCXOJHOE JBOMYHOE YUCJO (AJs NPOCTOTH M-UYHBIE NPeLCTaB-
JieHHsi a6CTPAKTHOTO TOHSATHS YHCJAA HA3bIBAIOT M-HYHbIMH YMCJA4MHM) Ha TeTpaasi
0101 0011 1101, nonyynum wecTHaaUaTepHYHOE YHCIAO a;3 — 53D. B cBsA3M ¢ ya06-
CTBOM NOJCOGHBIX Npeo6pasoBaHHii NPH ONHCAHMM paGoThl IBM jaBouuHbIe CJ0Ba
HE3aBHCHMO OT MX CMBICJIa PacCMaTPHBAIOT KaK NMpPeJCTaBJeHHsi YUCeT W YacTo OTO-
6paxaloT 6osiee KOPOTKHMH BOCHMEDHYHBIMM MJIM ILIECTHAAUATEPHYHBIMM UYHCJIAMH,

*B kKauvecTse elMHHI HM3MepeHHs GOJbLINX KOJHYecTB HHPpopMauuu (on-
pelessieMblX YHCJIOM BO3MOXHbIX COCTOSIHHH) HCNOJNB3YIOT GafiT (8 OMT), KHJIOGHT
(1 Kéur = 1024 6ur), kunao6aft (1 K6aht = 1024 Gait), mera6ur (1 M6ut =-
= 1024 K6ut) 1 merabaiit (1M6aiir = 1024 K6aiit).

**B mecTHaauaTePHYHOH CHCTeMe CUMCJIeHHS Mcnoab3yloT uudpw 0, 1, ..., A, B,
C, D, E, F, rae 6GyksaMu oGo3HayeHb! HATYpaJbHble yucjaa ot 10 po 15.
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Ta6anua 1.1

MpeacTapieHte NePBHIX YAEHOB HATYPAJLHOTO PAJA YHCEN B CHCTEMAX
CYHCJIEHHSt ¢ OCHOBAHHEM

m==10 m=10/2 m==2 m=—4 m==8 m=16
0 0 0 0 0 0
1 1 1 1 1 1
2 10 10 2 2 2
3 11 11 3 3 3
4 100 100 10 4 4
5 101 101 11 5 5
6 110 110 12 6 6
7 111 111 13 7 7
8 1000 1000 20 10 8
9 1001 1001 21 11 9
10 10000 1010 22 12 A
1 10001 1011 23 13 B
12 10010 1100 30 14 C
13 10011 .+ 1101 31 15 D
14 10100 1110 32 16 E
15 10101 1111 33 17 F
16 10110 10000 100 20 10
17 10111 10001 101 21 11
18 11009 10010 102 22 12
19 11001 10011 103 23 13
20 100000 10109 110 24 14
21 100001 10101 11 25 15
22 100010 10110 112 26 16
23 100011 10111 13 27 17
24 100100 11000 129 30 18
25 100101 11001 121 31 19
26 100110 11010 122 32 1A
27 100111 11011 123 33 1B
28 101000 11100 130 34 1C
29 101001 11101 131 35 1D
30 110000 11110 132 36 1E
31 110001 1t 133 37 1F
32 110010 100000 200 40 20
33 110011 100001 201 41 21

IeficTBUTeNbHBIE (B 001IEM c/yyae ¢ APoOHON yacTbiO) YHC/1a NPeACTaB-
JSIOT B M-UYHBIX TIO3HHHOHHBIX CHCTEMAX TOCJeJ0BaTeNbHOCTAMH pasps-

0B a,my... agm®, a_ym=* ...a_gm~* c 3ansaroil * nocie paspaia do.
Takoe npejcTasjenHe oToGpaxKaeT HaTypasibHOe (LeCHTHUHOE) YHCIO

o=, m" +a,_ m =+ . Fagmtaymtl L fa_ mT

NeficTBUTENbHBIE JIBOMYHBIE YHCJA B CHCTEMaX CUMCJIEHHs C KPaTHBIMH oOC-
HOBaHUSIMH OTOGPaXK4lOTCA TOYHO (IPH OTCUeTe pa3psjA0B OT 3alSTOH,

*B GoJbLIMHCTBE AJTOPHTMHYECKNX SI3BIKOB /ISl 3TOH LEJH HCNONB3YIOT TOUKY.

19



HO NPH HEKPATHBIX OCHOBAHHSX TOYHOE NPeNCTaBJeHHe APOGHHIX yHcen
MOXET OKa3aTbCsl HEBO3MOXHBIM B CBfA3H C GEKOHEUHBIM YHCJIOM pPa3psijoB,
TpebyeMbIM AJfl TOYHOTO OTOGpaXkeHus APOGHON uyacTH.

B 9BM opHoTHNHBIE ABOMYHBIE CIOBd XapAaKTEPUIYIOTCA PopMAMOM,
onpees oMM obliee YHCJ0 Pa3paioB (AJHHY) CI0BAa H MX pacipeeseHHe
MEXKLY MOJAMHM (4YacTAMH) CJOBa, HMEIOIMMH CAMOCTOSATENLHBIH  CMBICJ
(Hanpumep, mnoJie U3 opHoro OuTa AJsA NPeACTaBJEHHA 3HaKa YHCJa).
®UKCUPOBAHHOE YHC/IO AECATHUYHBIX HWJH [ABOMYHBIX Pa3psijioB (paspsij-
HOCTB YHCes WM pa3psijiHas cetka DBM) npesncraBienuii uucen orpaHuyu-
BaeT AHana3oH (Amn, Amax) HX a6COMIOTHHIX 3HAUEHHUH, & TaKXKe TOUHOCTb,
onpejiesisseMyl0 MaKCHMAJbHBIM YUCJAOM Pa3psiioB ApOGHOR YacTH.

[luanasoH JeCATHYHBIX YHCeNl ¢ k pas3psilaMH B €CTECTBEHHOM (opme
(c 3ansTOM, GDMKCUPOBAHHOM NOCE HeN0H YaCcTH) OTHOCHTEJbHO He6OJbILOH
M OTpaHHuYeH Nno abCOMIOTHBIM 3HaueHMsAM npeaenamMu Ay, = 10—*% u
Amax = 10% — 1, npuueM HHXHSASL PaHUla ONpelesieT U NPeleTbHYIO
TOYHOCTh NpeacTaBjeHUs yucen. [Toatomy B coBpemennnix DBM u IIMK
ReACTBUTE/bHBIC YMCa BBOAST M BHIBOAST B OCHOBHOM B JecATHYHOM
HOPMUAUBO0BAHHOW NOKA3aMeAbHOM (C TJaBalollel 3aNaTol) ¢gopme a,,—
= M-107, rne M — MaHTHCCa ¢ onpeieleHHHM T0JOXKeHHeM 3ansiTol, a
n — uesiptit nopsnok. B GoabwmrcTee IBM HCNONB3YIOT HOpPMAasiH30BaH-
HYyI0 QopMy ¢ 3anATOH Nepej nepBoi 3Hayanlell UMPPol MaHTHCCH, 3HAYe-
HUSI KOTOPO# HaXopsATcs B uHTepBate 0,1 <M < 1. B I[IMK wucnoassyior
HOPMAaJIH30BaHHYIO GOPMY C 3aNATOH Ioc/e NepBoil 3Hauaiel (UPpH MaH-
Tuccol, koraa I <M < 10. B nocneanem ciyuae npu k paspsjaax MaHTHC-
Cbl M [ paspsijax nopsjKa AManNa3oH NPejCTaBieHHs YHceJ OorpaHHYeH 3Ha-
ueHHsIMH Ay, = 1- 101—10' Apax = (10.—101%) 1010'—1, Tak, npu k=8
ml =2 A5 = 1107 1 apay = 9,999999- 10%°. [Ins cpaBHenus yka-
’KeM, YTo B OoJibliMHCTBE BepcHH s3pika PopTpaH nesouuc/ieHHbie 3Ha-
YeHHs NOoPsAKa JexaT B UHTepBaje — 32 < n < 32.

Takum o6pa3som, nokasartenbHas (opma NpeicTaBJeRMs yuce] obecile-
YHUBAET 3HAYUTE/IbHOE paclUMpPeHHe JHANAa30HA uYHCes 110 CPABHEHHIO C ec-
TeCTBeHHOH (hOPMOH, NPHUYEM ITOT AHANA30H B OCHOBHOM ollpejiesiieTcs pas-
PAAHOCTBIO NOPsAAKA, a NpejeibHas TOYHOCTb [IPEACTABJIEHHSA YHCEN —
KOJIHYECTBOM Pa3PAJ0OB MaHTHCCHI, BLIAEJsieMbIX AJisl IPeACTaB/IeHHs APob-
HOM YacTH yYyucJa.

B 9BM uucna npeacTaBasiioT ABOHYHBIMM KOAAMH, NPHYEM yalle BCErO
HCIO/IB3YIOT JBOMYHYIO CHUCTEMY CUHcC/AeHHsi. B cBsiau ¢ HekpaTHOCTBIO OC-
HOBAaHHH m = 2 u m = 10 fecATHYHOE UHCJIO He BCerjya MoXeT GbITb TOY-
HO NpeJCcTaBJIeHO B ABOHYHOH cucTeMe cuuc/eHus. B uactHocTH, pjis npea-
CTaBJ/ieHHs [ pa3psifioB NOpPSifiKa AECATHYHOro YMcJa B JIBOMYHON CHCTEME
cuucsienust Tpebyetcs //1g 2 paspsinos. Tak, upu | = 2 tpebyercs 2/1g 2~
26,644 < 7 pa3psi0B, KOTOPHIMH MOXHO NPEICTaBHTD nopsnok n < 127.
st otobpakeHust JeCATHYHOH MaHTHCCH ¢ & = 8 paspsinaMu Tpebyercs
He MeHee 8/1g 2 &~ 27 IBOMYHBIX Pa3Ps0B, KOTOPHIMH MOXHO NPEACTABUTH
LecsiTHyHoe 4yucao 2% — | =~ 1,3 - 108. [lecsTHuHoe uHcao a;, = 1,5
TOYHO TNPEJACT4BJSETCH ABOMYHBIM YHCJIOM @, = 1,1, HO jecATHYHOE YHCIO
dyy — 1,4 He MoxeT GbITb TOYHO NPENCTABJIEHO B JBOMYHON CHCTEME CYHC-
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JieHHsl, HaNpUMep, YHC/IaM C Pa3/JHYHbIM YHUCJIOM pa3psiioB ApoGHOH yacTH
a, = 1,0110; 1,01100110; 1,011001100110 cooTBETCTBYIOT NPUOAUKEHHbIE
3HaueHUs] HCXOZHOro JEeCATHYHOTO 4Hcaa a;, = 1,375; 1,3984375;
1,39999024. [lostoMy U BO3HHKaeT MOFPEIHOCTh MPEACTABJIEHHS JeCATHY-
HBIX 9HCe/ B IBOUYHOH CHCTEME CUUC/IEHHUS C OrPaHHUEHHOH Pa3psiiHOCTHIO.

B IIMK nast mpexcraBseHusi uuces OGBIYHO HCTIOJb3YIOT OecAmu4Ho-
0souynbiti K00, HaspiBaemblt kogoM K1 uau 8421, npu Kotopom coxep-
KHMOE KaXJ0oro JecsiTUYHOro paspsiia ApoOGHOH /M Lesol yacTd AelcTBH-
TEJIBHOTO JeCATHYHOrO YHc/1a MPeCTaB/sAoT TeTPafoi JBOUUHBIX Pa3psioB
OTCUHTBIBAaeMbIX OT 3ansitoil. Eciu B 3TOM ciyuae copepxumoe Terpansi
OoJiblie HAaTypa/dbHOro uucaa 9, To eAUHULY NEePeHOCAT B CEAVIOULYIO TET-
pany. B nBouuHOll cHcTeMe cuHC/IeHHsl TAaKOH NepeHOC BbIMOJHSIOT, KOTAa
cofepXumoe TeTpainl GoJiblie HAaTypalidbHoro ukc/aa 15.

JecsaTHuHO-1BOUUHOE MpeACTaBleHHe YHCEN MEHee SKOHOMHO, YeM JBO-
HYHas cucrema cuucieHusi. Hanpumep, misi npencraBijeHusi HaTypajbHO-
ro uucaa 10 tpebyercsi ogHa Terpaga 1010 B pBOMYHOB cHcTeme cuMcJle-
Hus, Ho aBe terpais 00010000 B IK . OnHako 3T0T Koz ofecreuHBaeT Tou-
HOe NPEACTaBJeHHe IeCATHUYHbIX YHCe/, HapHMep JeCATHYHBIE YHCIA dyy=
= 1,5 ¥ a;9 = 1,4 ToYHO OTOGpaxKAKTCHA AECATHUHO-IBOHYHBIMH KOZAMH
81972 = 0001,0101 u a,,,, = 0001, 0100.

Bce BbluMc/eHHs] CBOZATCS K IOCA€IOBATENbHOCTH apHOMETHUECKHX
onepauui, a mocjeiHHe — K onepauusiM cioxenus. CloxeHue onepaH-
JOB X + y = r B IO3ULIHOHHON CHCTEME CUHCJEHHSI C OCHOBAHHEM m ueJio-
BEK BbIMOJIHsIET MOC/ef0BaTe/bHO A5l KaXKAOro [-ro pa3psiia cJaraeMuix
C YYeToM [MepeHoca p; M3 MPEeAblAYLIero pas3psiia COMVIaCHO ajrOpUTMY:

1. Tlpunsats i = 0, p, = 0

2. Tlpunats s; = x; + y; + p;.

3. Eciu a; = 5, — m<< 0, 10 NpUHATD pyyy = 0, r; = s;, HHaye
NPUHATD Py = 1, r; = a;.

4. Tlpunsatb { = { + | u nepeiiTy K wary 2.

STOT aNrOpUT™M He/lb3si HENOCPeNCTBEHHO peatu3oBaTh Ha IBM, Tak
KaK OH OCHOBaH Ha MHTYHTUBHOM (XOTS ¥ U3y4aeMoM B wiKoJe npu m =10)
YMEHHHU CKJIajblBaTb M BblUHTATh Hebogbiiue ileblie uncaa. OnHako, Ha-
npumep, 1Js m = 2 NOJOOHBIA a/JArOPUTM MOMKHO MPEACTABHTDb MOC/eN0Ba-
TEJBbHOCTBIO JIOTHYECKHX BbICKA3blBaHHIA:

1. Tlpunsats { = 0, p, =

2. Ecau x;, y; ¥ p; paBHHl 1, TO OPUHATD p;4y = 1, r; = | U nepeittu
K wary 6.

3. Ecnux; v y;, win x; U p;, Wi y; ¥ p; paBHBI 1, TO OPUHATD p; =1,
r; = 0 ¥ nepe#tTH K wary 6.

4..' Ecau x;, wiu y;, wiu p; pasusl 1, 1o npundats p;, =0, r,=1, u
nepedTH K wary 6.

5. Tlpunsars Piys =0, r; =0.

6. Ilpunare{ = i 4 | u nepeiitu K wary 2.

Ins1 NOJHOTO OMUCAHUs OMNEPALUH CIOKEHUs YHCeN C 3aJaHHOM pas-
PALHOCTBIO MOJOGHBIE aArOPUTM JO/IKeH ObITb AOMOJHEH YCJIOBHEM OKOH-
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yanus BbluMc/aeHHH. Takue aqrOpUTMbl COAEPHKAT ONEpaLuH ABY3HAUHOH
MaTeMaTHUYeCKOH JOTHKM HaJ ABOMYHBIMH NEePeMEHHbIMH, MPHUHUMAIOUUMH
anauvenus O uad 1. Hap nByMs Takumu NepeMEHHHIMH MOXCHO BBINOJIHUTD
Bcero 16 omepauuit [16], HO Bce HX MOXHO 3aMeHHTb BbINOJHEHHEM OLHO-
MECTHBIX ONEepauuil JIOTMYECKOrO0 OTPHLAHHMA WM HHBEPCHU (JOTHYECKoe
HE) 0 =1 u 1 = 0 u ABYXMeCTHbIX JIOTHYECKHX OfNepPaUHi YMHOMKEHUs
(oruueckoe M) 0 A 0=0,0 A1 =01 A0=0,1 A 1 =1, croxe-
uus (qorumueckoe MJIM) 0\ 0 =00y 1 = 1,1 \y 0 =11V 1=1,
a  TakkKe CJOKEeHMs Hal nojem wmoayisd 2 (uckmouaromee HJIH)
0960 =001 =1100=11d1=0.

Hcnosibaysi cHMBOJIB JIOTHYECKUX Onepaldil, MOXKHO HECKOJIBKO YIpo-
CTHTb MOCJAEIHUH aJrOpUTM CI0XKEHHS HIBOMYHBIX YHCEJ:

1. Ipunsars { = 0, p, = 0.

2. Ecau x; A\ yi A\ pi =1, 10 npuHsTh piyy = 1, ry = 1 1 nepeittu K
wary 6. .

3. Ecn (o; A y) V (s A p) V (U: A\ pi) =1, To npunaTh Piyr=1,
r; = 0, nepe#itd K wary 6. ‘

4. Ecou x; \/ y; \V pi = 1, 10 mpuHats pyy = 0,1 = 1 u nepeit-
TH K wary 6.

5. Mpuusats p;y, = 0, r; = 0.

6. [puusats i = i -+ 1 u nepeittu k wary 2.

IIpeo6pasyst JOrHUeCKHe BbICKa3blBaHHs B COOTBETCTBHH C NpaBHJIaMH
6yJ1eBoit aJjre6pbl, MOXHO OTOOPa3UTb 3TOT ANTOPUTM JIA (-TO paspsiia
claraeMbix opmyJioi

pim=& ANy)V i Ap) Vg Ap) 7 =pia VX AYi Api)

TexHuueckass peaiu3auusi 3TOH (OPMYJbI C MOMOILbIO 3JEKTPOHHBIX
3/1eMEHTOB, BHIIOJAHSAIOIMX JOrHYeCKHe ONepalHi Hall UMITyJIbcaMU Hanpsi-
XeHus, orobpaxaembiMu | (umayabc) u O (maysa), npeacTaBJseT coboit no-
cJleoBaTe/bHbIH JBOMUHBIA CyMMaTop, MOPa3psiiHO CKJajbIBAlOUIUA ABO-
HuHble onepanbl. [10fo6GHBIM 06pPa3oM CTPOAT NapaJiebHble (BBITOMHSAI-
uiMe onepaiuy OZHOBPEMEHHO Haj BCeMHU pa3psiiaMH JBOHYHbBIX onepaHo0B)
WAM KOMGMHHPOBaHHble (MOC/eI0BaTeJbHO-NapaJie/bHble) CyMMAaTOPhI.

VMHOMXKeHHe JBOHYHBIX ONE€PAHAOB CBOUTCS K [IOOYEPEIHOMY CABHTY MHO-
JKHMOTO BJI€BO Ha OJIMH HJIH 1Ba (B 3aBUCUMOCTH OT COAEPKHUMOTO OYepeJHOTO
pa3psila MHOXHTeJIsSI) paspsiia ¢ NOCAEAYIOLHM CIOXKEHHeM TAKUX CMELIEH-
HbIX cJaraeMblx. HampuMep, Mpou3BeIEHHIO LECATHUHBIX YHCE/ 10-5=50
COOTBETCTBYeT JBOMuHoe mnpousBegenue 10100101 = 1010 + 00000 +
-+ 101000-+0000000=0110010. Cxeur Ha OAMH pa3psl BJEBO obecrneuu-
BaeTCsl TaKKe CJAOXKEHHeM olepaHja ¢ caMuM cofoH, Hanpumep 1010+
-+ 1010=10100.

BoiuuTaHHe pealu3yercs CyMMAaTopoM MpH KOAMPOBAHHH OTpULATE/b-
HbIX uMceJ [0 JonoJHeHuo. Tak, NpU BLIYMTAHHH C KOZHPOBaHHEM MO 10-
no/iHenuo | onepaHibl JOMOJHSIIOT CTAPUIMM 3HAKOBBIM PaspsiioM (3HaK
muHYyc oTo6paxaioT 1) U BHNOJIHSAIOT CJI0XKEeHUe 60J1b1LIETO 10 MOAYJIIO OIle-
paHja C HHBEPCHeH MeHbLIero [o MoAy./io, A06aBJsAs K Pe3y/braTy eiH-
Huny. Hanpumep, pa3HoCTb JeCATHYHBIX UHCE 3—10=—7 orobpaxaetcs
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onepauusiMu Hajy Ux ABoMUYHbIMHU Kogamu 000114 11010--00001 = 11100+
+-11010+00001 = 10111, uTO COOTBETCTBYET OTPHLATENBHOMY YHCIY— 7.

JlesieHne cBOXUTCS K BBHIIOJHEHUIO APYTUX apUdMETHUECKHX ONepauHii,
H, CJIefOBATeNbHO, C NOMOLIbIO ABOHUHOIO CYMMAaTOPa MOJXKHO BbiINOJHHTh
JMobple BHYHC/AeHUA. JIOMONHUB CyMMAaTop 3JeMeHTaMH, BhINOJIHSIOUHMH
OCHOBHble JIOTHYECKHE oflepalluy HaJ COAEPKHMBbIM KaxJoro paspsiia ore-
paHzoB, NOJAyualT apuPMeTHUecKO-JorHyeckoe ycrpoiictBo (AJ1Y), obec-
neyMBalomlee BHIOJIHEHHe J00bIX Npeo6pa3oBaHUil ABOMYHBIX CJIOB IO 3a-
JaHHOH mporpamme.

Taxum ob6pasoM, oToGpa3suB KaKablil onepaTop BXOXHOrO f3bIKA COOT-
BeTCTBYIOLIEH MOC/NeN0BATeNbHOCTbIO MHKPOKOMaHJ (MHKPONpOrpammoit),
YIPaBJ/ISIOUHX BHIIOTHEHHEM JIOTHUECKUMH 3JeMeHTaMu TpebyeMbiX ole-
pauuit B AJTY, MOXKHO BBINONHHTD JI06yI0 NpUKIafHyio nporpammy. OnHa-
KO HenocpeAcTBeHHOoe oToOpaXkeHHe NOC/Ie10BaTebHOCTH ONepaTopoB MpH-
KJAagHoH mporpaMMbl noc/e0BaTe1bHOCTSIMH MHKPONPOrpaMM CBSI3aHO CO
3HAYHTE/JbHBIMH aNllapaTyPHbIMH 3aTpaTaMH Ha UX XpaHeHHe, TaK Kak Io-
CJ1e0BATE/IbHOCTH MHKPOKOMaHJ, YNPaBJSIOLHX BLINOJHEHHeM MNpocTel-
KX onepauus, 6yAyT MHOTOKPAaTHO HOBTOPAThCA. [loatoMy uMcCmob3yiOoT
MHOrOCTYNEHYAaTYI0 TPaHCASUUIO (MepeBoi) HPUKIAAHON MPOrpamMbl ¢
BXOJHOTO sI3blKa Ha A3bIK MHKPOINPOrpamM, oToOpaXKasi Ha KaJoH cTyme-
HH CJIOBO si3blKa BBLICHIETO YPOBHS MOCJEZOBATENbHOCTBIO CJOB Ha s3blKe
HU3ILEro YpOBHS.

B ynuBepcanbHbix 3BM BBoguMmasi ¢ kJaBHATypbl NpHKJajHas Mpo-
rpamMma oTo6paXKaeTcs Hoc/ae J0BaTebHOCTBIO ABOHYHBIX KOZOB ONE€paTOopoB
H BBICBEUHBAETCS [/ KOHTPOJ/S Ha MHOTOCTPOYHOM JHCIJiee MOHUTOPHOTO
(uHEMKAaTOPHOrO) YCTpORCTBA B HMcXoaHOM Buze. C MNOMOUIbIO BCOMOTa-
TeJIbHOM NporpamMmpl (TPaHC/IATOPA) NPHKJAAjHAs NMporpaMma aBTOMaTHue-
CKM HEePEBOAUTCSA Ha SI3bIK MAIIXHHBIX KOMaH] (HeMoCpeACTBEHHO HJHU uepe3
NPOMEXYTOUHble YPOBHH). MaiMHHbIE KOMaHAbl OGLIYHO HMEIOT OAMHAKO-
BbIil popMaT U copepkar gBa HJU Gosee mosel sl Koga ofnepauui ¥ aape-
COB, XpAHALIMXCA B NaMATH FaHHbIX. TpaHC/IATOP UM Mporpamma-3arpys-
uMK (PpopMHpYIOMLAst B ONEPaTUBHOI MAMSITH IPUKJIAAHYIO IPOrPaMMy B BU-
Jle NOoc/Ie0BaTe/bHOCTH KOMaH ) TPHCBauBaeT KOMaHjaM ajpeca, ompene-
JSIIOHIME MX NOJIOXKEHHE B OMEPATHBHOMH MaMATH.

Komanzna Moxet cofepKaTh noJie 4J1s1 Koa (IpU3HaKa) aJpecal, eciH
HCHONB3YIOTCS pasJiduHble ee BUALL. TIpu npsiMoii agpecauuyt HoMep siuelikH
OnepaTHBHOM N1aMsATH, B KOTOPOH XPAHUTCS TPeGYyeMoe CJIOBO JaHHbIX, paBeH
ajzpecy 3Toro c/ioBa B xomaHge. IIpu kocBeHHON afpecailud B KOMaHJe yKa-
3bIBA€TCA ajpec (BTOPOro paHra) siueifiKH HaMsiTH, B KOTOPOH XpaHUTCA af-
pec (nepBoro paHra) siuefiKu A/ 3a[IOMHHAHHUSI HYXKHOTO cJIoBa. B 3Tom cay-
4ae HaJl aJpecoM BTOPOro PaHIa MOTYT BbIOOMHSATBLCH pa3JUuHble ONEpaLHty,
HalnpuMep ero uaMeneHne (MopuduKaluus) Ha efHHHLY MPH KaxaoM obpa-
IEHHH [0 3ToMy ajpecy. Yacto ucnosb3yeTcsi OTHOCHTEbHAS aApecauus,
P KOTOPO# ajnpec pa3buBaeTcs Ha MOJS C yKa3aHHeM ajpeca HauyajJbHOro
CJIOBA U3 XpaHsIerocsi B MaMATH MacCHBa MOC/AeJOBATeNLHOCTH U yKasza-
TeJls CMEIEeHHs — 4uc/a, PaBHOro Tpe6yeMoH Pa3HOCTH MeXAy aipecamu
CJI0B MaccHBa. Ajpec onepaHia He yKasbiBaeTcs (aJpecallnio Ha3bBaloT He-
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SIBHOI1), €CJIM ero BbI30B NPENYCMOTPEH KOLOM ONepaLHH. Hcnosns3yror Tak-
e HeMoCPeACTBEHHYIO aJpecaliHio — 3alHCh B KOMaHJe C/10Ba NaHHBIX (J1H-
TepaJia) BMECTO ero ajpeca.

KomaHasl NOCJe10BaTe1bHO BBOASITCS B ONEPATHBHYIO NaMAThb porpam-
MOIi-3aTpy3UMKOM H TPH MCTIOJHEHHH MPOTrPaMMbl BEI3HIBAIOTCS U3 NaMATH
¢ MOMOIIBIO CUETYHKA KoMaHA. [IpH BbIMOJHeHHH JHHeAHbIX yacTeit mpo-
TpaMMbl COZEPHKUMOE 3TOTO CUETYHKA NOC/Ie HCHOTHeHHs ouepeHOH KOMaH-
Ibl YBeJHUHBAeTCSl Ha eIMHHLY, M W3 ONepAaTHBHOH NaMsATH BbISHBAETCHA
M 3acbliaeTcsi B OCHOBHOE HCHOJHHTENbHOE YCTPOHCTBO ([poleccop, CO-
mepxamuit  AJIY) ouepepHas komauaa. IIpu CUHTbIBAHHHM H3 NaMATH
KOMaH/Ibl I€PEXOia ero ajapec 3achLIaeTcsi B CUETUHK KOMaHJ, KOTOPbIi BH-
3bIBaeT ceAylollell KOMaHIy C aapecoM Iepexoia, a 3aTeMm MoC/efylollHe
KOMaH/bl A0 CUHTBIBAHHS OYepelHO KOMaHIbl fepexona HJIH KOMaHAbl OC-
TaHoBa. JlaHHble, Haj KOTOPHIMH BHINOJHSIIOTCS ouepejHble ONepauuH, Bbl-
3bIBAIOTCS U3 ONEPATHBHOM NMaMsATH B NPOLECCOp NO aapecam, CoAepKallHM-
csl B KOMaHJax.

Ecnu Koj ouepeqHOro ofepatopa BXOZHOTO si3blKa HENOCPEACTBCHHO
oTo6paxaercsl [OC/1eI0BATENbHOCTBIO CJIOB Ha sI3bIKE HHU3WIErO ypPOBHA, TO
TPAHC/AATOP HA3bIBAIOT HHTEPIPETATOPOM H KOMIIM/ISITOPOM B MPOTHBHOM
cayuae. B yHuBepcaJsbHbX CTalHOHApHBIX IBM 0GBIYHO UCMOTB3YIOT KOM-
nunasitopsl, obecrneynparoiiue 6o.1ee hbeKTHBHOE NpeACcTaBIeHHe IPHKIA L~
HOll NPOrpaMMbl Ha sI3blKe MAlIMHHBIX KomaHl. [Ipu atom npencTaBieHue
NpPHKJIAJHOH MPOrpaMMpl NOCTeJOBATEIbHOCTBIO KOJOB ONEPAaTOPOB BXOL-
HOTO $i3blKa OBBIYHO HCIIOJIb3YeTCs JTHUIb IPH TPAHCJASLHH BBOLHMOH npo-
rpaMMbl H 1OC/1€ 3arPy3KH B NaMsATb NPeJCTaB/IeHHs NPOrpaMMbl Ha sISbIKE
MAIIHHHBIX KOMAH[ CTHPAeTCH WJH 3achliaeTcs B HAKONUTelb HHpopma-
L HH.

Cnenuduunoit ocoberHoctbio I[IMK siBaisieTcs 3achliika B ONEPAaTHBHYIO
namsTb NPOrpaMMbl Ha BXOJHOM fi3blKe M TPaHCJSLHs (MHTEpHpeTauus)
ee Ha 3bIK MAIIHHHBIX KOMAHI B NMPOLECCe HCIOJIHeHHs. 3TO CBA3AHO C
Heo6X0IHMOCTbIO ofecriedeHHs! BLIOJHEHHS ONepanii B HeNpOTrpaMMHpY-
eMOM pexuMe HaxaTHeM KJaBuul. [lo3toMy KOAbl ONEpPAaTOpOB KOMMAKT-
HBIX BXOJHBIX $3bikoB [IMK HMeloT oquHakoBblfl opmaT Ui GopMaThi He-
CKOJIbKHX THIIOB, HalnpHMep onepaTopbl O6palleHHss K NaMmsTH GIH3KU MO
CTPYKTYpe K MauiHHbM KomaHiaM. OnHako 3To nofoGHe JHLb popmab-
HOe: YPOBEHb KOMIAKTHbIX BXOJHBIX 5I3bIKOB COOTBETCTBYET yPOBHIO &JIr0-
PHTMUMUECKHX BXOIHHX SI3HIKOB H KaXKAblil HX OnepaTop orofpaxaercs B
npouecce HMCHOJHEHHsi MPOrpPaMMbl [OC/IEL0BATENbHOCTBIO MALIHHHbBIX
KOMaHJI.

Apxurextypa HeKoTopblx coBpemenHbix [IMK, coBnanawollx o HasHa-
yenuio ¢ npocreiuuMi [13BM, 6au3Ka K apXUTEKType YHHBEPCAJbHLIX
DBM Apyrux KJaccoB, HCHOJB3YIOUHX aJrOPUTMHUECKUE SI3bIKH, TPH 3a-
ChlJIKe B ONepaTHBHYIO NaMsiTh NPHKJaIHOH MpOrpaMmbl Ha si3bIKE€ MalHH-
HbIX KOMaHJ, KOMIHJIHPYeMO# H3 ONepaTOPOB HPOrpamMMbl Ha BXOJHOM A3bi-
ke. [Tpu 31oM B Hauboaee coepmenHbix [IMK nogo6Horo k/aacca npHK/al-
Hasl NPorpamMMa MOXKeT GbiTb BBeleHa KaK Ha KOMIAKTHOM HJH a/rOpHTMH-
yecKoM BXOJHOM Si3blKe, TaK M Ha si3blKe accembJiepa, MO3BOJAIOIEM He-

4



MoCpeCTBEHHO BBECTH B NaMsTb NPHKJAAHYIO NPOrpaMMy B BHJE focJe-
JOBaTe/TbHOCTH MaUIHHHBIX KOMaHI.

[1pu HcHOMHEHHHU NPUKAAZHOH NPOrpaMMbl B aBTOMATHHECKOM peXKHMe
ouepegHasi KOMaHAa HEMOCPEeACTBEHHO UJH uyepe3 INPOMEKYTOUHblE YPOBHH
TpaHCJAUpyeTcs: MOCJAejOBaTe/IbHOCTBIO MHKPOKOMaHX (MHKPOIpOrpam-
MoH), popmMupYIOLIefi MHOXKECTBO yNPaBJ/AIOMIUX CUIHAIOB B BUAE UMAYJ/Ib-
COB Halpsi)KeHHs!, NOChLJIaeMbIX Ha JIOFHUECKHe 3JIEMEHThI /51 BbIOJHEHHs
IpOCTeHIINX onepauuil Hal COZEPXKHMBIM JABOUYHBIX pa3psiioB AaHHBIX.

O6men u npeo6pasoBaHue HHpOpMauuu B IBM ofecreuuBaercs BCllo-
MOFaTeJbHbIMH [POrpaMMaMH (BKJAO4asl TPAHCJATOPbI, 3arpy3uuKH s
3aChlJIKH HHQOPMAalUM{ B 3allOMUHAIOHIME YCTpPOHCTBa, ApaiBepsl qis yi-
paBJjieHds1 paGoTOH BCHOMOraTe/bHbIX YCTPOHCTB NMpeo6pa3oBaHusi HHGOP-
MalHY, MOHUTOPBI AJ yNpaBJ/eHUs NOTOKOM HHbOPMauHH U pabotoil npy-
THX MPOrpamMM, NMPOrPaMMbl-PefaKTOPLl U T. M.}, COBOKYHHOCTb KOTOpPBIX
HA3bIBAIOT onepayuontod cucmemoti. OnepauuoHHasi CHCTeMa SBJSIETCS
4acTbl0 MareMaTHueckoro ofecneueHusi 3BM, BKJouaomero ¥ npukJai-
Hble TPOrpaMMbl Ha BXOZHOM sI3bIKe HJIH UX QparMenThl, XpaHsUIHecs B Ha-
KONUTeNsAX HHQOPMaLUH.

MaremaTtHueckoe ofecrneyeHue pa3iefsiioT Ha «KECTKOe», peajusyemoe
COeJHHEHUEM JIOTHYECKHX 3JEMEHTOB, «TBEPJOE» Ha MMOCTOSIHHBIX 3aMOMH-
Hatomux ycrpoiictBax ([13Y), 3anojHsieMbiXx MpH H3rOTOBJCHHM, U «MAT-
KOe», XpaHslueecss B HaKONHTeIsIX HHPOPMAUUH Ha MOJYNPOBOLHHUKOBBIX,
MarHHTHbIX X APYTHX HocHTeasix uHpopmaunu. B 3BM Bricokoit npousso-
AMTEeNbHOCTH, BKJ/ouas npodeccuoHanbHbie [T9BM, onepauuonHasi cucre-
Ma 3allMcaHa Ha CheMHbIX HaKOMHTeAsIX HHPOpMaluu, U MpH HeoGX0JUMO-
CTH MOXHO 3aMEHHUTb He TOJIbKO TPaHC/JIATOP NPUKAATHOH NPOrpaMMbl, HO
H BCIO ollepalHOHHYIO0 cucteMy. MckmoueHueM siBasiiorest 9BM ¢ BxogHbI-
MH $I3bIKaMH BLICOKOTO YPOBHA (Hampumep, AwHaautuk wiad Jlucno), «Ha-
TPYXeHHLIMH» ONepauHoHHOH cucTemoli. B Takux 9BM Kak Tpancasitop,
TaK Y ofepallMoHHAs CHCTeMa peaJsiu30BaHBl TOJNBKO alNapaTypHo.

B IMK onepanuonHas ciucrema xpaiutcs B [13Y u peanusyercst «xke-
ctkuMu» 3Y. KOHKpeTHBbI! cocTaB ¥ O6BEM OMepaluOHHON CHCTEMbl 3aBH-
CHT OT Ha3HaueHHsl ¥ cTPYKTyphl [IMK, npuuem no mepe coBepuieHCTBOBa-
Husg [IMK u nmepexoply K HCHNO/Ib30BaHHIO aJTOPHTMHYECKHX SI3BIKOB HX
onepalyoHHbie CHCTEMB! COMHAKAIOTCA ¢ OePallHOHHBIMY CHCTEMaMHU P YTHX
YHHBepcaJbHbIX MHKPOIBM. .

Cnenyer n06aBHTb, UTO He BCerja yAaeTCsi pasTpaHUYUTb KECTKOE»,
«TBEPOe» H «MATKOE» MaTeMaTHueCcKoe ofecneueHue, TaK Kak, HanpuMep,
[13Y peanusylorT pa3nuuHbBIMH crioco6amH, a 3aMeHa MaTHUTHBIX HOCHTe-
Jei MHQOPMaLHH NMONYNPOBOJHHKOBBIMH CTHpPAeT M T'PaHH MKy «MsTr-
KHM» H «TBEpABIM» MaTeMaTHYeCKHM obGecrneuenueM. OCHOBHBIM XKe KpHTe-
pHeM JUTst BLIGOpA MaTepHaJbHO peajiu3aldd MaTeMAaTHYECKOTO obecnedes
Hus [IMK apasiiorcs MUHUMaJIbHBIE aNIapaTypHble 3aTpaThl [IPH 3a1aHHOM
{IPOH3BONUTENLHOCTH.
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1.4. OCOBEHHOCTH CTPYKTYPbl

Jiob6asi 9BM, Bkiouas u [IMK, siBasiercst BBIUHCJHTENbLHOH! CHCTEMOH,
CTPYKTYpa KOTOPOil ONpene/isieTcs Croco6oM COEAHHEHH: 3/EMEHTOB, a
napameTpsl — HX XxapakrepucTHKaMH. OCHOBHBIMU 3/EMEHTaMHU 9BM sB-
JIAIOTCS LeHTPaJbHb npoueccop (GyHKIHH KOTOPOTO MOTYT 6biTb pacrnpe-
JeJIeHbl MEXKY HeCKOJbKHMH Ipoleccopami) ajis o6paGoTkA AaHHBIX B CO-
OTBETCTBHH ¢ NPHKJIAIHOM NPOrpaMMol, onepaTHBHAs (OCHOBHAs) NaMdTh
A XpaHeHHsl MPHUKJIAZHOR MPOrpamMMpl M OTHOCSIIHUXCH K Hell TeKyLIHX
JAHHBIX, HHDOPMalLMOHHbE UIMHBI I OOMeHa uHopMaLHed Mexay pas-
JHUHLIMH 3JeMeHTaMH, a TaKxe nepudepuiiHble UM BHELIHHe (N0 OTHOLIE-
HHIO K LIEHTPa/JbHOMY MpOLECCOPY H OCHOBHOH MaMsiTH) ycTpolicTBa /A
BBOJA, BHBOAA, HAKOMJEHHs H NPOMEXYTOUHOTO Npeo6pasoBaHus HHOOP-
MalHH.

TunoBast CTPYKTypHasi cXeMa yHHBepCaJbHOM mukpodBM npuseneHa
Ha puc. 1.2.

KsnaBHaTypa mnpesHasHadyeHa jyisi BBOAA MH(OpMaUuH, HHIHKATOPHOE
(MOHHTOPHOE) YCTPOMCTBO J/If ee OTOOpaXKeHus, ynpasJsiollue yCTPOHCT-
Ba (HIH KOHTpOJUIepbl) ofecrednBaioT NpeobpasoBaHue uHpopMalUHH NpH
ee BBOJie C KJaBHATYphi, BHBOJE HA MHAHMKATOP, a TAKXe COr/IacoBaHHE BO
BpemeHH (MHTepdelic) oOMeHa uHbopMaLHell MEXIy CHCTEMHOH MarHcT-
pajiblo H BHEIHHMH YCTPOHCTBAMH. Kpome Toro, MukpodBM o6hYHO CO-
pepxut [13Y nasi xpaHeHus BCeH HJM 4acTH onepanHOHHOR CHCTEMBI.
LlenTpanbHblii NpoLeccop, OCHOBHAsl MaMmsTbh H BHELIHHUE ycTpoHcTBa  CO-
jepxar coGCTBeHHble YNpaBJsiomHue yCTPOHCTBA C GydepHOH naMsIThIO,
obecneunsaioliell BpeMeHHoe XpaHeHue HHPOpPMalHH, 0co0GeHHO Heo6XoaH-
Moe npu obMere HHpopMaLHeH Mexny yCTPOHCTBAMH € pas/MYHOR CKOpO-
CTBIO ee 06paGOTKH. Y IPaBJIsIoNHe YCTPOHCTBA KOHCTPYKTHBHO BHINOMHA-
{OT KaK Ha GKECTKO[ JOTHKe» B BUAE COeJHHEHUH JIOTHUECKHX 3JIEMEHTOB,
BhIpaaTHiBAIOLKX TPefyeMble NMOC/NeJ0BaTeIbHOCTH yIIPABJISIOLUHX CHTHa-
/OB, TaK H B BHJE NPOTPaMMHPYeMBIX YCTPOHCTB MM YNPAaBIAIOUHAX MUK~
podBM (muHu-MHKPOOBM), pabotalouiux no nporpammam ofiepaLHOHHOK
CHCTEMBI, XPaHAIHMCS B MECTHOM HJTH obwem [1I3Y.

IlenTpa/ibHbiii NpoUECCOp OOLIYHO peaTH3yIoT CTaHJAapTHOK MHKpOCXe-
MO#, HA3BIBAEMOH MHKpONPOLECCOPOM, HHOTAA JIONO/HsEMOH CeuHa 13-

Hnduramaopnoe A Munponpo - Onepamubnag
yempodembo onmpernep yeceop namams
N Nonmponnep :
Knabuamypa = Kowmponnep 73y unmeppeica
Puc. 1.2
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Ynpabnsroiee yempodembe
.y 3y quw 3y Cunxpozenepamop
HUKPORPOZLA MK HukpoKorand
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Puc. 1.3

POBaHHBIMH (HampuMep, A5l YCKODEHHSl OIePallMH YMHOXEHHs) HJIH
mapasJieJbHBIME (111 YCKOpeHUs1 06paboTKH HH(POPMaIMH) MHKPONpPOLEC-
copaMu. THIHYHAsi CTPYKTYpHasi cxeMa MUKPOIpoLeccopa, BbINOJIHSIOME-
ro GyHKLUHH UEHTpasbHOro mpoueccopa (puc. 1.3), CONepXHUT CUCTEMHYIO
HMHPOPMALMOHHYIO ~ MarucTpajb, CBS3bIBAIOMIYI) OCHOBHBIE 3J€MEHTHE
MeX 1y Co60H U uepe3 MYJIbTHILIEKCOP C BHEWHHMH OTHOCHTEJNbHO MHK
pompoueccopa YCTPoHCTBaMH,  BKJIOYasi OCHOBHYlo  (onepa THBHYIO
namsTh.

OCHOBHbIM. OMEpaLHOHHBIM YCTPOHCTBOM MHKpOIpoleccopa sIBJsAeT-
cs apu@MerudecKo-Joruueckoe ycrpoiictso (AJIY), Buinodusiouee apudg-
MeTHYeCKHe H JIOTHYECKHe OMepalyd Haj cl10BaMH TEKYIUX ZaHHBIX, KO-
Tophle BPeMEHHO XPaHATCH B PerHCTPe-akKyMyJsATope H peructpax obuie-
ro HasHauenusi (POH), o6pasytouux 6bICTpyIO HJIH CBepXOlepaTHBHYIO na-
MaATb MUKPoIBM. K Hell OTHOCSITCSl PerucTp COCTOSIHHA, B KOTOPOM Xpa-
HATCH MpusHakH (¢uiaru), xapakTepusyloue pexuM paboThl, COCTOSHHE
mpouecca BbIIOJHEHHs! MPUKJ/IafHOH MporpaMMbl H 3HaK onepaHja (Cpas-
HUBAEMOTrO ¢ HYJIeM), XpaHserocs B perucTpe-akKymyJasTope, a Takxe pe-
rucTp kKozna onepauuu (KOIT) u perucrp-cueTynk KOMaH, COeIHHEHHBIH C
afpecHsIM CTEKOM (CTEKOM BO3BpaTa M3 MOANPOTPamm).

Cmexom * Ha3blBAIOT TaKoe COEAUHEHHe DErucTpoB, NPH KOTOPOM IO
YIpaBJ/IsIOIHM CHIHAJAM COZEPKUMOe KaXKIoro U3 HHUX INepechiiaetcsl B
cocefHUR perucTp. Pasnuuaior maeasunnbui U Koavyesol pesxcumbt paboThl
crekoB. [lpH MarasuHHOM peX<HMe CMellleHHe COAEPIKHMOTO pPerucTpoB
CTeKa «BBepX» (HUXKHHM YCJOBHO Ha3biBAlOT BXOZHOH DeTHCTP CTeKa) NpH-
BOIMT K CTHPAHHIO CONEpPIKHMOro MNOc/eIHero perucrpa, KoTopoe samena-

* Aurauniickoe cjaoBo a stack oznauaer ynopsiioueHHyo Kyuy npeametoB (Apos,
CHOMOB), CMeWlaOUUXCS MPH yAad eHHH HHIKHEro H3 HHX.
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€TCsl MPEXHUM COZEePXKHMBIM NpeinocieiHero peructpa (puc. 1.4, a).
[1pu cmeleHHy COREPIKUMOTO TaKOTO CTeKa «BHU3» (pHuc. 1.4, 6) copepxH-
MO€e BXOJHOTO PerucTpa 3aMelaercst cOAepkKHMbIM, paHee XpaHUBILMMCH B
ciaenyiomeM peructpe. B marasuHHOM cTeke cJIOBO AaHHbIX, BBEIEHHOE I10-
CJ€IHUM BO BXOJHOH PerucTp cTeka, BHIBOAUTCS, Kak H NAaTPOH B Marasu-
He (060Me) CTPeJKOBOTO OpYHsi, NEPBbIM MPH CMELIEHHH CTeKa «BHU3Y
(«rmoc/IeXHUM BoileJl — [EepPBLIM BBIILIEN»).

[Ipu paborte cTeka B KOJbLEBOM PeXHME CMellleHUE «BEPX» MPHUBOAMUT K
NepechliKe MpPeXHero COAepAKHMOTO [OC/AeJHEero perucTpa B [epBbif
(puc. 1.4, 8), a cMeuleHHe «BHU3» — K 3aChlIKEe [PEKHETO COAEPIKUMOTO
MepBOro peructpa B nocaegHuit (puc. 1.4, 2), npuuem B 060HX cayuyasix Hc-
XOnHaa HHPOpMaLHA coxpaHsieTcs B creke. CMelIeHHs COLepXKUMOTO perH-
CTPOB KOJIbIIEBOTO CT€Ka HasblBAalOT [OBOPOTOM KOJbIEBOrO CTeKa HO H
NPOTHB 44aCOBOH CTPE/KH.

Mukponpoueccop cogepKHT Tak¥kKe CUHX poreHepaTop (MHOTrAa Ha3blBae-
Mblil «yacaMi»), HOPMUPYIOIHA KOPOTKHe HMIYJAbChl Hauaia PUKCHPOBAH-
HBIX OTPE3KOB BPeMEHH (TAKTOB), a TaK¥Ke yNpaBJsIOUIME UMIYJILCH AJH-
TEJLHOCTBIO, COOTBETCTBYIOIEHR ONpPeReeHHOMY KOJIHYECTBY TaKTOB.

YrnpapJsiolee ycTpoHCTBO MHKPOIIPOLECCOPa CONEPHKUT AeuInppaTophbl
(A) u TI3Y anst XpaHeHHs COB NPOMEXYTOUHBIX CEMAHTHYECKHX YPOB-
Heil, ofecneyrBaloOLIHX MHOTOCTYNEHUATYIO TPAHCASILHIO IPUKJIALHON Npo-
rpaMMbl B IIOC/I€NOBATENbHOCTL MHUKPOKOMaHA. Kaxzas MHKpPOKOMaHAA
(GOPMHPYET Ha COOTBETCTBYIOLIEM TaKTe MUKPOOMNEPATOpbl H/IM MUKPOIPH-
Ka3pl, yIpaBJjsiollMe B TeUeHHe 3TOro Takra paboToi JIOTHUECKHX 3JEMeH-
T0B. Takum o6pasoM, ympaBJjsiioliee YCTPORCTBO BbINOJHSET (YHKUHH
TpaHC/AATOpa-UHTEepIpeTaTopa, Npeobpasyst ¢ MOMOLbILO AetHdpaTopos
u [13Y Kop ouepenHoil KOMaHIbl, CUMTHIBAEMOIl H3 PErHCTPa KOMaH[, B NO-
C/IeI0BATE/IbHOCTb KOJOB MHKponporpamMM. B cBoio ouepenb, Kaxublit Kon
MHUKpONporpamMmbl oTo6paKaeTcsi MOCAeZ0BATeNbHOCTBIO KOJOB MHKPOKO-
MaHJ (MHKponporpammoil). Kaxkaas MUKpoKoMaHia, ynpasJsiowasi pa6o-
TO# MHKpOMpoLeccopa B TeYeHHe OZHOTO TakTa, oTobpaxaercs nocjaeiosa-
TeJNIbHOCTBIO 0JHOGHTOBBIX MHKPONPUKA30B (MUKPOOIEpPaToOpoB) B BHIE Ha-
NpsKeHUH ypoBHs Joruuecko# | wiu Jjoruueckoro 0 Ha BbiBOZax napad-
JieJIbHO# BBIXOJHOH WIHHB YIPaBJSIOUEro YyCTPOHCTBA MHKPOH poLeccopa.

— = =] b~ [=~_~
— = ~ Pt ~ Y=
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Puc. 1.4
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Puc. 1.5

OTH BBIBOJbI COEMHEHB C YNPABJSIIOUIMMY BXOLAMH JIOTHYECKHX SJeMeH-
TOB (yHKUHOHAMbHBIX Y3/0B MHKpompoueccopa — AJ1Y, peructpos na-
MSITH, MYJBTHI/IEKCOPA, CUCTeMHOMR MarucTpaau. ClenoBaTeqbHo, Kakpas
KOMaHla peanusyercs B TeUeHHe ONpPENeNeHHOTO YHC/A TaKTOB, PaBHOTO
YHCIY MMUKPOKOMaHA B NOC/I€OBATENbHOCTH MHKPOMPOrPamMM, yNpaBJsiio-
LMX COTJIACOBAHHOH BO BpeMeHH PaGoTo#t BeeX y3/10B. MyJibTHILIEKCOp 06e-
CHEYUBAeT cOrsiacoBanue (HHTepdeiic) Bo BpemeHu o6MeHa HHDOpMalmeli
MEXLy CHCTEMHOH MarKCTPaJbio M BHEUIHHMHU M0 OTHOWEHHIO K MUKPOIIPO-
Heccopy ycTpoiicTBaMu MUKpPoIBM.

SJeKTpHUeCKHe e MUKPOIBM 06bIuHO 06pasoBaHbl COETHHEHHEM He-
ckoibkux BHC, onHo#t u3 koropuix sBasiercs BUC MHKponpoleccopa.
Jlnsi ymeHbuieHusi rabapuTHbix pasmepoB TIMK COOHPAIOT U3 HeGOJBIIOTO:
uncna BHC, B koTopbix dynKuHu Mukponponeccopa o6bIuHO cOBMemeHb ¢
GyHKuMsME  ApYTHX y3/0B. TIMK MOXeT SBIATBCH CJAOMKHON BHIYHCH-
TeJbHOH CHUCTeMOH, conepalieil HeCKOJbKO HeHTpasdbHbIX NpOLECCOPOB
HJIH JlaXKe HECKOJIBKO OTAe/NbHbIX OXHOKPUCTAIbHBIX MUKPoIBM. Hesapu-
CHMO OT peaJIbHOH CTPYKTYphl KOHKpeTHoro tuna [IMK, onpenensiemoil
cnocoboM coenuHenust M HasHaueHnem BUC, BaaumopeficTBHe ero oTaesb-
HBIX (QYHKUHOHANBbHBIX Y3J0B yIOOHO PacCMaTpHBATb C MOMOUIbIO SKBH-
BaJICHTHOH CTPYKTYpHO# ((DYHKLHOHATBbHOM) CXeMbl, [OXOGHOH MOKa3aH-
HOH Ha puc. 1.5.

B pexume nporpaMMupoBaHHs (BBOAA MPHKJIafHOA NPOrpammbi B na-
MSITb) C KJIaBHATYPHi IPH KaXKJIOM HaXKaTUH KJaBHILHU KOHTpOJlJIep KJaBua-
TYpbl BHIPaGaThIBaeT KOJl BBOAHMOTO CHMBOJIa BXOZHOTO $I3blKa, a MOCAEN0-
BATEJBHOCTb TAKHX KOJOB B COOTBETCTBHH C JIEKCHYECKMMH MPaBUJIAMH
BXOJHOTO si3blka oToGpakaeT Koj onepatopa. [loc/ienoBaTesbHOCTb KOJOB
OMepaTOpOB, OTOOPAXKAIIHMX NPHKJIAZHYIO NPOrpPaMmy, B 60/bILHHCTBO
HacTonbHbIX MHKPOIBM u Hekotopeix IIMK npeo6pasyercsi Konrpouie-
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pOM KJaBHATypbl MOJ YIpaBjeHHeM NPOTrPaMMBI-TPaHC/IsiTOpa HJH OT-
AEJIbHEIM TPAHCAUPYIOUIUM YCTPOHCTBOM B [OC/IEA0BATENBHOCTD MAIIMHHBIX
KOMaHJ, 3achlJlaeMbiX B onepaTHBHyI0 namstb. OxHako B GoabmuHcrse [IMK
(B 0COGEHHOCTH C KOMMNAKTHbIMM BXOLHBIMH SI3bIKAMH) /sl YMEHbIUEHHS
TpeGyeMO#l eMKOCTH onepaTHBHOH NaMATH B Hee 3acbllaeTcsl MOC/eL0Ba-
TEeJIbHOCTH KOJOB ONepaTopoB, oToOpaxkalolUX IMPHK/IaJHYI0 NPOrpamMmy,
a HHTeplpeTalHsi 3THX KOZOB MOCJ/ef0BaTeNbHOCTSIMH MAIUMHHBIX KOMaHJ
BHIIOJIHSIETCSl B MIPOLIECCE €€ MCMOJIHEHHUs. D10 yBelH4YUBaeT BpeMs Cueta,
HO CYIIECTBEHHO CHHXKaeT TpeGOBaHUSl K €MKOCTH ONePaTHBHOH MaMsTH.

OneparuBHasi namsitb [IMK pasbura Ha o6JacTd nporpamMm ¥ HaHHBIX,
MpHYEM TpaHHLA MeXKAYy HHMHU MOXKeT ObiTb MOCTOSIHHOM, uTO yMpouiaer
KOHCTPYKIHIO, HJIH NepeMeHHOMH, uTo NoBbillaeT 3pHeKTHBHOCTb HCNOJIbB30-
BaHHA pecypca namsTH. McxonHbie jaHHble 3acbl1aloTcsl B ONEPaTUBHYIO
NaMsiTh nepes UCHIOJAHEeHHeM IMPOTrpaMMbl, @ pe3yJbTaTbl BbINOJHEHHUS Ofe-
pauuit — B mpolecce ee UcNoJHeHHsl. BBojuMble B peXume NporpaMMHupo-
BaHUS [OpHKJajHasi NporpamMMa U nepej MyCKOM TNPOrpamMmbl HCXOZHbBIE
AaHHble 151 KOHTPOJs oTo6paxalorcs Ha MHAMKaTope.

[Mocne mycka nporpaMMbl KOAbt OnepaTopoB (MPH NpPEACTaBJIEHHH Npo-
rpaMMbl HX NOC/1€0BATEJIbHOCTAMU) [OOYEPEIHO BHI3BIBAIOTCA M3 0b/1acTd
NporpaMMsl oNepaTHBHOM MaMsATH B perucTp Koxa onepatopa KOII B co-
OTBETCTBUM C MX aJPecoM, PaBHEIM COZepKHMOMY CUETUHKA LIAroB [po-
rpaMMBbl, aBTOMATHYECKH YBEJHUYHBAIOLIEMYyCA Ha eJHHUIY MOCJe BbIIOIHE-
HHA KaXX[0To OUepeHOro uara nporpamMmsi.

[pu cuutbiBanuu B perucrp KOIl kona onepartopa npucBauBaHHA OH
HHTepHIpeTHpyeTcs MNOCAeNOBATeNbHOCTbIO KOMaHI, Kamjas H3 KOTOPbiX
TPaHCJAHPYeTCst B MOC/Ae[0BaTENLHOCT MUKPONIPOT PAMM, COCTABJIEHHBIX H3
MHKPOKOMaHJ, YMPAaBJsiiOU(MX BHIIOJTHEHHEM COOTBETCTBYIOMIHX JOTHYE-
CKHX Olepanyil Haj IBOHUHBIMH Pa3psiAaMH COIePXHMOro pabouHX pertcr-
poB X 1 Y (unu X mpH oIHOMECTHBIX OnepaiiHsax) ofepalioHHoro cTeKka ¢ 3a-
CHUTKO#M peayJibrara onepanuu B pervctp X. B I[IMK ¢ koMnaKTHbIMH BXOA-
HBIMH I3bIKAMH J@HHbBIE U3 NaMsTH BHI3HIBAIOTCA B peructp X, a KOMHH Co-
gepxumoro peructpa X 3achu1aloTcsl B NaMsTh AAHHBIX TOJBKO MDH CUH-
THIBAaHHH COOTBETCTBYIOUIEro onepatopa obpauenns k namard. B [IMK ¢
aNITOPHTMHYECKHMH BXOJHBIMH sI3bIKaMH JaHHble BHI3bIBAIOTCS U3 TAMATH 110
HMEHaM MepeMeHHbIX, 3alHCAHHBIM B MpPaBOH uacTH ollepaTopa NPHUCBaM-
BaHHS H COOTBETCTBYIOHIWM ONpeje/eHHbIM siuefiKaM namsTH jaHHbIX. Pe-
3yJIbTAT ONEpaLHy B 5TOM C/ydae 3achbllaeTcs B s4efiKy MaMsATH, KOTOPOH
(IP¥ TPAHCJALMH NPOTPaMMBl MPHCBOEH ajipec, COOTBETCTBYIOLUIHH HMEHH
nepeMeHHoM B JIeBOH YacTH oNepaTopa MpHCBaUBaHHUA.

Conepxumoe perucrpa-cueTdyka yBeJHYMBaeTcsl Ha eQUHMIY TONbKO
Moc/ie BRIMOJHEHHs! ONepaTopa H YCTAaHOBKH (Jara ero UCMOJHEHHs B pe-
ructpe cocrosinuit. [Tpu cunteiBanuy u3 namsita B peructp KOIT koza one-
patopa 6e3yc/J0OBHOrO Mepexofa ajpec Nepexojia 3achliaercs B perucTp-
cYeT4HK U ciepyromum B perctp KOIT BhisbiBaeTcsi Kog onepaTtopa, aapec
KOToporo paseH agpecy nepexoga. Ecau B peructp KOII BuizBaH Koi ome-
patopa YCJOBHOIO Mepexoja, TO BHINOJHEHHE COAEpKallerocs B HeM ycio-
BHS NPOBepsAeTCs Mo COJIEPKUMOMY (J1aroB B COOTBETCTBYIOUIMX paspsaax
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perucTpa cocTosiHHii. B 3aBHCHMOCTH OT CO. €pXKHUMOrC ' THX (u1aroB B per-
CTP-CUETUHK 3acbijaeTcsl ajJpec YCJIOBHC "0 [epexuia HJH 3Ta 3achiiKa
GJIOKHPYeTCS W CAepYIOUUM BbI3bIBAETCS KOJ OlNepaTopa, 3alucaHHblid B
nporpaMme 1ocJje orneparopa ycJAOBHOTO Nlepexoja.

[lpu cunTbiBaHuu H3 namsiti B peructp KOIl koga onepartopa o6Gpalie-
HHSl K [MOANPOrpaMMe COAEPKHMOE aJPECHOr0 CTeKa CMelLlaeTcsl «BBEPX»
(npepinylilee cojlepAKHMOE PErHCTpa-cYeTYHKA 3aHOCUHTCS B CJIeLYIOLIHH pe-
THCTP aJPecHOro cTeKa), a B PerucTp-CUeTYHK 3aHOCHTCS ajpec oGpalleHHus
K noanporpamme. Ilocsie 3Toro conep:xumoe peructTpa-cyeTydka yBeJHYH-
BaeTcsl Ha eAHHHULY, H B perdctp KOIT BhisbiBaeTcsd ko oneparopa noanpo-
rpaMMBbI C 3JipecOM, paBHBIM COJEPXXHMOMY perucrpa-cueryuka. [locsie Bbi-
nosiHeHHs nognporpaMmst B peructp KOIT cuuThiBaeTcst KOA 3aMHCaHHOrO B
KOHLe NOANPOrpaMMEl orepaTopa BO3BpaTa, HCNOJHEHHE KOTOPOro NpuBO-
JAHMT K CMELIEHHIO «<BHH3» COAEPKHMOrO aJPecHOro cTeKa (cTeka Bo3Bpara),
¥ B pericrpe-cueTyHKe OKasblBaeTcsi ajpec ajgpeca obpalleHHsi K MOANPO-
rpamme. [locjie aBTOMaTHYECKOro YBeJMUYEHHS] COJNEPKUMOrO perHerpa-
cyeTydka Ha efuHuLy B peructp KOII BbisniBaercst Koj onepartopa ¢ aape-
COM, Ha eJHHHIY 6O/bLIMM ajfpeca aapeca obpaileHHs K NOANPOrpaMMe,
3alHCaHHOrO B [IporpamMme IocJie oneparopa obpaileHusi K NOANporpamme.

Takum o6Gpa3om, aapecHbifi cTeK (cTeK BOsBparta) IocJje KaXkKACro Bhi-
NOJIHEHHSI NOANporpamMmbl obecrieyyBaer Nepexof K ONeparopy, 3amHcaH-
HOMY B Niporpamme nocJse olepatopa obpaieHns K noanporpamme. Anpec-
HBIH CTEK obeclleuHBaeT Tak»Ke BO3MOXHOCTb OOPALIEHHsT H3 IOANPOrPaMMBbl
K JIpyroil noanporpamme (BioxeHue noanporpamm). Ilocae kaxaoro tako-
ro o0pauieHusl coaep>KUMOe aJ[peCHOro CTeKa CMelaeTcsi <BBEpX», H MAKCH-
MaJsbHOe YHCJIO BJIOXKEHHH MNOANPOrpaMM ONpefessieTcsi YHCIOM PErHCTPOB
aJIpecHOTO cTeKa.

Ilpu cunTbiBaHHH U3 nporpamMuoil naMsith B peructp KOIT kona one-
patopa «Cron» B perucrpe COCTOSIHHH ycTaHaBJjuBaercsi (uiar npekpatie-
HUs1 BBINOJIHEHHUS] NPOrPaMMBI U HA HHIMKAaTOpe 0TOGpaXKaercsi CONeprKUMOoe
peructpa HHAMKaLHH. B 3TOM ciiyyae B perucrpe-cueryuke coxpaHsercs
ajpec omeparopa «CToll» H MpPH NOCJeAyloUleM IycKe nporpaMmut 6e3 ouu-
CTKH 3Toro peructpa B peructp KOIT 6yzer BhI3bIBaTbCS COAEPIKUMOE sue-
€K MporpaMMHOl NMaMsiTH ¢ ajgpecaMu, CJAENYIOLIHMHU locJie ajpeca onepa-
Topa «Cron».

IMpocrefimumu snementamu crpykrypsl [IMK sBasioTCA onepaumHOHMBE JOTH-
YeCKHE YCTPOHCcTB4, 06Pa30BaHHBle JOTHYECKHMH 3JieMeHTaMH, uaute Bcero THina HE,
H u WIA. Snemenr H (puc. 1,6, a), oGo3nauaemnifi Ha cxeme cumpojoM & (H),
BHIMOJHAET ONEPALHIO JOTHUECKOTO YMHOXKEHHS ABYX HJH 6oJiee ABOHYHBIX [1€PEMeH-
HBIX, 0TOGPaXKaeMHX BKJIOYeHHeM (CHMBOJ 1) HAH BbKAOueHHeM (cumBoa 0) BXOA-
HHIX HanpsxeHHA. Ha spixome (cnipaBa Ha cXeMe 3JieMeHTa) NOJYy4aloT CHPHal, OTO-
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Opaxalomui GyHKuUio (NPOH3BeeHHe) BXOAHBIX CHIHAJOB, Ha3bIBaeMYi0 KOHBIOHK-
uHed x\y.

AneMent U poinoaHseT QyHKLHIO KJII0OUa, TEPEAIOLUIET0 CHIHAN X Ha BbIXOA TOJIb-
KO TPH nojade ynpasasioutero chriata y = 1. [Ipn HHBepCHH BXOJHOrO CHrHala
(HHBEPCHIO Ha CXeMax 0603Ha4aloT KPYXKOM Ha COOTBETCTBYIOLIEM BLIBOJE 3JeMeH-

1a) saemedt U (puc. 1.6, 6) peannayer norudeckyio pyHnkuuio x Ay, HasbiBaeMyio «3a-
IPETOM», B 3TOM CJiyuae BPH y = | CHCHaJ X He mepepaetcs Ha Bhixoa. IIpH WHBepCHH
BLIXOZHOTO CHrHana (pHc. 1.6, 8) paccMaTpHBaeMblii 3JeMeHT peaiH3yeT QyHKUHIO
x/\y, Ha3blBaeMyl0 OTPHLAHHEM KOHBIOHKUHH HIH dyukuued Illedepa.

Anemeut UJIM, o6o3nauaeMblit Ha cxemax 1 (pHc. 1.6, 2), BHIIOJHAET OflepaluUio
JIOTHYECKOTO CJOXKEHHS BXOAHBIX CHTHAJOB C Pe3yJibTaToM X\ Yy, Ha3biBaeMBIM IH3B-
OHKIHef, a NPH HHBEPCHH BXOAa HJIH BBIXOXA — JOTHYECKHE QYHKUHH xV y, x\y
HiaH x Ay coorsercteeHHo (pHc. 1.6, d). TIpH HCnoONBL30OBAaHHH TOJBKO OJHOrO BXOJAa
(puc. 1.6, ¢) anemenr HE peasiHayer onepauHio JOrHYECKOH HHBEPCHH BXOQHOIO CUT-
HaJa.

CoeiHuAsl PaCCMOTPEHHHE JOTHYECKHE 3JeMEHTHI, MOXHO peaiH30BarTh JioChie
CJIOKHBIE JJOTHYECKHe OfiepaliHH, a 106aBJAs K TAKHM CO€HHEHHAM BpeMA3afalowHne
HENOYKH — reHepaTopbl HeMPEePbIBHLIX INOCJH0BATeNbHOCTEH (MyJILTHBHOPATOPb)
HIH OJHHOUHBIX (OZHOBHOPATOPHI) HMNyJbcoB. TakHe HMAYJbCH C 3afaHHOH I/n-
TENBHOCTBIO HCNOJB3YIOT B KaYeCTBe KOPOTKHX CHHXPOHH3HPYIOWHX, pa30BHX (an14-
TENLHOCTBIO MEHee TaKTa), TAKTOBHX (INHTeJBbHOCTbIO OXMH TaKT) H CTPOGOBHIX (AJH-
TeJAbHOCTHIO HECKOJNBKO TAKTOB) YHPaBJAAIOUIHX CHCHAJOB.

CoegHHeHHe JOTHYECKHX 3JEMEHTOB C HHBEPCHBIMH BLHIXOJHBIMH HaNpAXKEHUs-
MH, «ONPOKHABIBAIOUIHMHCA» (APHHHMAIOIHMH NPOTHBONOJNOKHBIE JIOTHYECKHE YPOB-
HH) [IPH NOfaYe Ha BXOX KPATKOBPEMEHHOrO BXOAHOTO HanpsKeHHA, Ha3HBAIOT TPHI-
repoM. TpHrrep, BbIXOQHOE HaHPAXKeHHE KOTOPOro COOTBETCTBYET JOTHUECKOMY YpOB-
HIO MOCTYMHBLIErO PaHee BXOLHOrO CHrHana, HCNOJNB3YIOT KaK OJHODPa3psAHble AueH-
KH NaMATH 118 XpaHeHust ogHoro 6Hta uHdopmauuH. CoeqrHHeHHe n TaKHX TPHrre-
POB, Ha3BBaeMOE PeFHCTPOM, 06ecednBaeT xpaHeHHe n-pa3paIHOro cJl0Ba HHPOPMa-
UHH, HO CMOCOGH €ro 3alHCH H CUHTHIBAHHA 33aBHCAT OT BHAA perHcrpa.

BXOZH f4€eK PerHCTpa MOTYT COENHHATHCS ¢ BHelnHeH HHGOPMaUHOHHOR LIHHOM
yepe3s JIOTHUECKHe KJlowH (HanpuMep, tuna H), sambixaouHecs npH nojpaye ynpas-
NSI0WEro CHrHala. B atoM caiydae n-6HToBoe C/10BO HHPOPMALHH, OTOOpaXKEHHOe Ha-
npsKeHHeM Ha BBIXOZaX WHHE, 3allHCHBAeTcst NPH 3aMbIKaHHH Kalouedl B A4edKH
TAKOro pPerHcTpa B TeYeHHe OQHOTO TaKTa. AHaJOrHUHO XpaHslleecs B perHCTpe CJ0-
BO MOXET GHITh Mapa/iaenbHo NepejaHo B TeyeHHe OZHOrO TakTa B HH)OPMAUHOHHYIG
WHHY, BHIXOAH KOTOPOA 3aMBIKAIOTCA KJIOMaMH Ha BBIXOJbl siieeK periHcrpa.

TpurrepHbie PerHCTPH!, BHIXOAH sYeeK KOTOPHIX yepe3 KAIOYH COEHHEHH CO
8XOaMH CeRYIUHX siYeeK (BHIXOJ MOCJeqHell H BXOJ NePBOH sYEEK COENHHAIOTCH
yepe3 KAIOYH C BHEUHHMH OJHOBXONOBHIMH HHGOPMALHOHHBIMH IUHHAMH), HA3BIBAIOT
cdsuzoenimu. TIpH 3aMbIKaHHH KJI0YeH B TeuyeHHe NepBO# yacTH ((asbl) TakTa Ha BXO-
Jbl 4€EK CABHTOBOrO PETHCTPa OAIOTCA BHIXOAHbIE HanpPsXKeHH APEABIAYILHX AYeeK
(1a BXOJ MepBOR sAYeliKH HanpsKeHHe BXOAHOH LIHHbI, a HanpsKeHHe C BBIXOJAA 0O-
chepHell AUEHKH B BEIXOAHYIO JIHHHIO), HO TPHITEPH siueeK B CBA3H C 3afaHHOA HHep-
UWHOHHOCTbIO He YCHEBAalOT «ORPOKHHUYThCS». Ha caeayioueli vactn (dase) rakra
KJIOUH Pa3MBIKZIOTCH, TPHITEPH SY€EK «ONMPOKHABLIBAIOTCHA», H Ha HX BHIXOjaxX ycCTa-
HaBJHBAIOTCH HaNpsKEHHS C JOTHYECKUM yDPOBHEM BXOXHbIX Hanpsukeuuii. Cregosa-
TeNIbHO, €CH Ha KaXKJAOM TaKTe HOxaBaTh (a3oBbie CHIHaJbl, 3aMBIKAIOLLHE KJIOUH,
TO copepXKamascs B CABHIOBOM perHctpe HHdopMmauHsa OyneT nepeMelmarbCs Co
CKOpOCTBIO 0HOrO GHTa 3a TaKT H Yepe3 n TaKTOB COAEPXKHMOE n-pa3pAAHOro CABH-
rOBOTO PerHCTPa OKaeTcCs NMOJIHOCThIO NepefaHHbIM B BHIXOAHYIO LIHHY, a B Perucrpe
6yJeT 3anHCaHO CJIOBO, NOCJAEAOBATEbHO IPHHHMaeMOe O Pa3pAaaM C BXOQHON LIH-
ubl. [TpH OXBaTe TaKOro perucrpa menblo o6parTHoii cBsi3H (pHc. 1.7, a) yepes n Tak-
TOB €ro cogepxHMoe GyjeT NepenHCaHO B PETrHCTP-NpHeMHHK H BOCCTZHOBHTCH B
perscrpe-nepeaaTynke.

C 1oMOoLLbIO JIOTHYECKH X 3JIeMEHTOB MOXKHO oGeclieduTh PaboTy siueeK CABHIOBOrO
PerHcTpa COrJNAacHO CJAEAYIOULHM HpaBHJAAM:
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Pne. 1.7

1. Tlpn nogave curHaia 0 Ha BXOJ siueiiki ¢ COCTOSHK €M (YPOBHEM BBHIXOJHOTO Ha-
npsixeHns) 0 OHO He H3MeHseETCH. '

2. Tlpu nonave curHana | Ha BXOA siYelKU C COCTOsIHHEM () OHO NEePEXOAHT B CO-
CcToOsiHKe 1.

3. llpu nonaue curnana | Ha BXOA AYEHKH C COCTOSHHEM | OHO NEPEXOAHT B CO-
ctosnue 0, a curHana ¢ yposHeM | nopaercs Ha BXOA clepyioulell ssueilku,

Perucrpnl, paGoraioliide 10 3THM APOCTHIM NpaBUJaaM, HCIOJNB3YIOT B KayecTse
CYETYHKOB CUTHAJNOB | (HanpuMep, cueTYHKOB KomaHa). ColepkHMOe TaKOTO PerucT-
pPa-CyeTUHKa yBEJHYHBAETCS Ha eAHHHLY NPH KaXK]OM NOCTYyllJIeHHH BXOJHOIO CHIHa-
N3 norudeckoi . Tak, nocje nogaun yeThipex TAKHX CHIHAJIOB Ha BXOX PerHCTpa-cyer-
YHKa ¢ cocTosinuem siyeexk 1001, coOTBETCTBYIOUHM ABOHYHOMY KOAY HAaTypaJbHOFO
yucaa 9, sueliky nepelAyT B coctossuue 1101 (puc. 1.7, 6), paBHOe JABOHYHOMY KOARY
HaTypadbHoro udcaa 13 - 9 + 4.

B03MOXHOCTH CABHIOBBIX PErHCTPOB PACUIHPSIOTCH [PH AONOJHHTENLHOM Bbi-
BOJe Yepe3 KJIOUH ero BXOAHBLIX HJIH BbIXOZHBIX HanpsiXKeHHH, o6GecneYHBAIOLHX KakK
nocJefoBaTe]bHbH, TaK H NapaJjJjebHblii 06MeH WHPOPMaUHEA MEXKAY PErucTPOM M
BHEIUHHMH HHPOPMaLKHOHHBLIMH WIHHAMHK. B yacTHOCTH, NAPH NOXKJIIOYEHHH Ha K-M TaK-
Te ORHOPa43pAAHOH HHPOPMALHOHHOA WIKHB K k-Hl siuefiKe CABUIOBOIO perHcrpa, pa-
60TaoUero no npuBefeHHbIM TIPaBHJaM, PealH3yOTCs QYHKUHMH ABOHYHOrO CyMMa-
TOPa COAePKUMOro PerucTpa H nepefaBaeMoro NOCAeJ0BaTeNbHO (HaUHHAs ¢ MAAZIKX
pPa3psinoB) no BHemHel LWIHHe ABOHYHOTO KOAa uHcaa. Tak, ecJH B Perucrpe XpaHuJ-
cs kop 100! narypanbHOro 4yucia 9, To npu NOZAaYe B WIHKHY, NOCAEAOBATENBHO MOA-
KJI04aeMyio K sueikam perucrpa, koga 010! uatypansHoro uyucha 5 depes 4 TakTa
COJepKUMOe perucTpa (puc. 1.7, 6) cTaneT paBHLIM Koxy 1110 HaTypanbHOro ynchaa
14 9 4 5.

C noMowbio 10rHYecKHX 3J1eMeHTOB 06ecneduBaeTcsl M BHINOJHEHUE BCeX onepa-
uHit 06pabOTKH, BPEMEHHOTO XpaHEHUS W Nepepayd HHPOPMaUHMH, BRAOYAs AemH-
POBKY aapecoB sideexk NaMATH, HHPOPMAUHOHHBIX MIHH HJM BXOJOB H BHIXOJOB Pal-
JHUYHBLIX ycTpoHCTB. B KauecTse npocTeiiero npumepa Ha puc. 1.8 nokasaHa cxema
hewndpatopa Ha 8 aapecoB g = a,a,ay BHIXOLOB, C KOTOPLIMH COEIHHSETCS BXOR X
(KHPHLIMH JIMHHAMH Ha PUCYHKe NOKa3aHO COeMHEHHe 3TOrO BXOAa C BHXOAOM MO
appecy a -~ 0l11).

CoeiHHEHHS JIOTHYECKHX 3JeMEHTOB, ONEPallMOHHbIX YCHJAUTeNed, PEe3HCTOPOB,
KOIL1eHCaTOPOB, TPAH3IHCTOPOB W [HOAOB, H3rOTOBJISleMbIX B €AHHOM TeXHOJOFHYec-
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Y g | 060 xoM mpouecce Ha MOJYHRPOBOXHHKOBOM
| | —— KpHCTaJjie, OUPeAefOT CTPYKTYpy oOT-
¥ < poy Aeabubix BHUC. Coeansenue takux BHUC
) & |— Mexay cOoGOH, a TakkKe C KJaBHAaTypo#,
Yo b & HHAHKATOPHBIM YCTPOMCTBOM, HCTOYHHKOM
gt grp VHT@HHA H PAa3BEMaMi ANS MIPHCOCHHEHNS
- Bal BHEWHHX YCTPOHCTB OlipejesisieT CTPYKTY-
H py NMK. B orauyHe OT GOJMbLUIHHCTBA
z L-—q z 197 MmukpodBM apyrux xnaccos, coGupaeMbix
x L = H3 MHKpompoleccopHbX HaGopos, IIMK
L KaxXJOro THII3a OTJHYaeTcss CTPYKTYPOi
‘ & | ol 100 cneunanunsupoBaiHbix BHC uan cnocobom
_"I I t—— HX COEZHHEeHHS.
— 4 I—H 101
= 4 é 1 15 OCHOBHBIE XAPAKTEPHUCTHKH
D& g 10 OcHoBHbIMH ~ cBoiictBamMH [IMK,
- & l— [PEeACTaBIAIOIHX ﬂepBOCTeﬂeHHblﬁ
L 67 1117 uHTepec aus noJb3oBaTenei, sBJSR-
IOTCS NIPOU3BOAUTENBHOCTL H CTOH-

MOCTb. PasinuHble rpynnbl MoJIb30-
Puc. 1.8 BaTesiell MPeAbSBAAIOT pa3Hble Tpe-
6oBaHHsl K [1POWU3BOAMTENbLHOCTH H
CTOUMOCTH, HO IASl KAXKIOH M3 TAKHX IPYNI OCHOBHBIM KpDHTEpHEM Kaue-
ctBa [IMK siBasiercst oTHOlIeHHe OOGOOLIEHHOH KOJIMYECTBEHHOH OLEHKH
NpPOU3BOAUTEBHOCTH K cToMMocTH. [lpousBoauteibHOCTh Tpyaa NoJsb30Ba-
tensi OBM B oblieM ciyuae 3aBUCHT OT ero yMeHHsl Haubonee speKTHBHO
HCNOJIB30BATh €e W, MpexxJe BCero, COCTaBJATb HJIH TPHMEHSTb [1POrpaM-
MBI, O6ecrneyuBawllie peleHHe MNPHKIAJHbIX 3aJay ¢ MHHHMaJbHbIMH
3aTpaTtaMu BpeMeHH. B cBSI3n ¢ BbICOKOH CTOMMOCTBIO MALUMHHOTO BpeMe-
HH TIPOM3BOJHTE/ILHOCTb TpYZAa TIOAb30BaTe/ied cTalHOHapHblX JBM
OGbIYHO OLIEHHBAIOT [0 [POH3BOAHMTENbHOCTH 3THX MalUUH NPH aBTOMAaTH-
YeCKOM BBINIOJIHEHHH MPOrpaMMbl PElUeHHs] NPHUKJAJHOH 3ajauu.

BrictponeiictBue yHuBepcanbHbiXx DBM BLICOKO NMPOH3BOAHTE/NBHOCTH
O6GbIYHO OLIEHHBAIOT O YHCJY Ollepanui oNpele/ieHHOro THIIa, BbIOJHSe-
MbIX B TeueHHe ceKyHAbl. Takafl olleHKa HeJOCTaTOUHO OObEKTHBHA B CBSi-
3u ¢ pa3HooGpaszHeM BbINOJHsIeMbiXx DBM onepanuil 1 HEOAHHAKOBOH CKO-
POCTBIO BBINOJIHEHHS pas3JjuyHbIX onepauuit IBM pasxoro Tuna. [losromy
4acTo ObicTpojeiicTBHE OLEHHBAIOT IO 3aTpaTaM BpeMEHH Ha pelleHHe TH-
NOBbIX 3ajla4, HO TaKasl OLEHKA TakKKe B OCHOBHOM CBfi3aHa C BLIGpaHHbIMH
3ajayamu.

BrictponeiicTBie MUKpODBM uale Bcero OLEHHBAIOT [0 TaKTOBOH da-
CTOTE (YHCJ/Iy TAKTOB B CEKYHAY) H pa3psAZHOCTH LEHTpajbHOrO npoleccopa,
TaK Kak Npu ee yBeJIHYEHHH YMeHbIIAIOTCA 3aTpaThl BpeMEHH Ha o6pabOTKY
CJIOB HHpopMalHH, Pa3psIHOCTb KOTOPHIX OObIYHO KpaTHAa pa3psjHOCTH
npoueccopa. :

TlpousBoaurtenbHOCTb Tpyaa nojbsoBarened [IMK B MeHbwei crenenu
CBsi3aHa ¢ UX GbICTpOAEHCTBHEM, TAK KaK BpeMs cyera OObIYHO COCTaBJIsIET
JHWb HeGONBIIYIO YacTh 3aTPAT BpeMeHH Ha peleHHe NPHKJIAAHBIX 3aj1ay.
[lpu 3TOM BesiefcTBHE HH3KOH cTOMMOCTH MawuHHOro BpemendH FIMK oc-
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HOBHBIM 3KOHOMHYeCKHM (PAKTOPOM CTAHOBSITCA 3aTpaThl paboyero BpeMeHH
nosib3oBateasi, beicrponeitcraue [IMK oiyTHMO B OCHOBHOM JIHIUb [IPU BbI-
NOJIHEHHH NPOrpamMM ¢ GOJIbILHM BpeMeHeM cueTa, olpejeisiiollUM U 3aTpa-
Tbl paGoYero BpeMeHHu [0Nb30BaTeN .

CKopocThb BBHIUIOJIHEHHS onepaluil nepelayd H npeo6pa3oBaHusi HHop-
maiuu B [IMK onpeznensiercst rnaBHbIM 00pa3oM TEXHOJOTHEH H3roToBJle-
HHUsI HX 3JIeMeHTHOH 6a3bl. B wacTHocTH, HAaUMEHBIIUM GLICTpOAEeHCTBHEM OT-
auyatotes BUC, ucnonbayemblie B ITMK nepBbix nokoJieHHH H H3rOTOBJEH-
tisie o MOIT-TexHosorHu,

[1pousBonurenbhoctb [IMK B 3HauHTeIbHO# CTEllEHH 3aBHCHT OT eMKO-

CTH NaMsTH, OTPaHHUUBAIOLIEH CJIOXHOCThL 3alay, peliaeMbix Ge3 pa3bue-
HHSI Ha Noce/loBaTeNbHOCTh 6oJlee NPOCTHIX 3aJay H COOTBETCTBYIOLIEIO yBe-
JuueHus 3atpar Bpemedd. B IIMK nepsoix nokosieHuil onepatHBHas na-
MSTb, KaK [1PaBMJO, COCTOHT H3 (PUKCUPOBAHHBIX ob/acTed NporpaMMHOM
NaMATH U NaMATH AaHHBIX. [Tpy 3TOM eMKOCTL NporpaMMHON NMaMsATH Yaile
BCEro OLEHHBAIOT M0 YHCAY siueeK IJ151 XpaHeHHs] OObIYHO 8-GHTOBBIX MpO-
TPAMMHBIX CJIOB (LJAroB MPOrpaMMbl), EMKOCTb NaMAITH JAHHBIX — MO YHC-
JIy perucTpoB NIaMATH, lIpefHAa3HAYEHHBIX /sl XPaHEHH s OTAebHbIX YHCEJ.
Texnuueckoit xapakrepucrukod [IMK sBuasercs u paspsiaHOCTh TakuX
PEerHuCTpPOB, Olpelesiiollas YHC/IO AeCSITHYHBIX pPa3psiioB MaHTHCCHI H [10-
pfAKa NpelcTaBJeHUs 4Hcesd, TaK KaK OT KOJHYECTBa TAKHX pa3psiJioB 3a-
BHCUT AMANA30H H TOYHOCTb NpelcTas/eHus uucen B [IMK.
" CyuectBeHHbIMH JJisi xapaktepucTuku [IMK Kak HOCUMBIX BbIUMC/IH-
TeJBHBIX CPEeJACTB SIBJSIOTCS WX raGapuTHbie pa3Mepbl, Macca H noTpef-
JleHHe 3HepTuH, onpejessiouiee YHcao yacos paborst [IMK B aBTOHOMHOM
pexkxume 6e3 noakJoueHust K BHeiuded uenud nutaHdsa. Cuenyer nob6aBuTh,
yto B [IMK Ha snemeHTHO# Gase, usrorossieHHo# no MOII-texHosoruy,
notpebJ/eHHe 3HEPTHY OTHOCHTENLHO BEJUKO H OT'PaHHYMBAET BO3MOXKHOCTD
nutaius FIMK oT BCTpOeHHBIX aKKyMYJIATOPOB UJiH CYXHX 3JIEMEHTOB B Te-
YyeHue JIHUIb HECKOJIbKHX YacoB.

[MpousBonuTesbHOCTL Tpyaa noJn3oBatededl [IMK 3aBucuT Takke ot
yAo6cTBa N0JB30BaHUsl, ONpele/iseMoro ocobeHHOCTSIMU BXOLHOrO s3biKa,
ycTpoiicTBaMu BBOJA, HAKOINJEHHs1 M OTOOpaXkeHUsi HHGOpMALHY, a TaKxKe
HaJluuueM MPUKJIAZHOro MaTeMaTHuecKoro obecnedeHusi B Buie 6HOIHOTEKH
HaW (NP HaJMYUKU HaKornuTesell uHPopManuu) NakeToB NPUKJAALHbLIX NPO-
rpamm.

3aBHCHMOCThL NPOU3BOAHTEBHOCTH TPYAA NOJIb30BaTe el OT 0cOOeHHO-
cTeHl BXOZHOrO SI3blKa B 3HAYUTE/NbHOH Mepe onpenensieTcs cyOGbeKTUBHBI-
Mu dakropamu. [TosTomy npu KoJsiHuecTBEHHOH olleHKe ocoGeHHOCTeH BXO-
HBIX KOMNAKTHBIX $I3bIKOB OFPaHHYMBAIOTCS YKA3aHHEM YHcsla 3JIEMEHTOB
ancdaBHTa (WM KJAaBUI JJsi MX BBOJA), YHC/AAa H BHAA CTAaHAAPTHBIX
(BcTpOeHHBIX) YHKIUH, a TaKXKe yKazaHWeM cnocoba ajgpecalUH nepexo-
0B 1 MaKCHMAa/IbHOrO YHCJ1a BJIOXEHHH MOJNpPOrpamM.

[Nosuienue npoussoguresbHoct [TMK npu yBesuueHHu GbicTpojei-
CTBHSl, €MKOCTH NaMATH, aCCOPTHMEHTA BHELUHHX YyCTPOHCTB, pacuHpe-
HUM NPUKJIALHOrO NPOrpaMMHOro obecrneueHHsi U YCJOXKHEHHH BXOAHOTrO
f13biKa Heu30exHO NPUBOAUT K noBbilieHuio croumoctu [IMK, H, cienosa-
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TeJbHO, €ro JOCTYIHOCTH WHPOKOMY KpyTy nosib3oBaresieil. [ocaegnee, B
CBOIO ouepesib, IIPHBOAUT K yMeHbleHHI0 o6beMa Boinycka [IMK u gonosn-
HUTEJNbHO MOBbIIAET €ro CTOUMOCTb, CHHXKAIOULYIOCH [PH GOJIbILHX O0be-
Max npoussoactsa. [lostomy ocHoBHo#t npoGiemoit paspa6orku [IMK siB-
JIAETCS MIOMCK KOMIIPOMHCCA MEXKAY HX IPOM3BOLHTEJBHOCTBIO H CTOMMO-
CTBIO.

Pewenue 310l npo6JieMbl Ha onpenesieHHbIH NepHOX — BbITYCK WHPO-
koro accopTumenTa [IMK pasjiuuHOH npOM3BOAHTENLHOCTH H, cJeloBa-
T€JIbHO, PasJMUYHOH CTOHMOCTH. DoJsee o MeTOA yCTpaHeHHs1 IPOTHBO-
peuHsi MeXIy CTOMMOCTBIO U [IPOH3BOAUTE/LHOCTBIO OCHOBAH Ha yMeHbLJe-
HHUM annaparypHbIX 3aTpat Ha uarotosJieHHe [IMK npu oxHoBpemenHOM 1o-
BbIWIEHHH HX [IPOHU3BOAHTE/JbHOCTH 3a CUET COBEPUIEHCTBOBAHHS CTPYKTYD,
apxuTekTypbi H KoHcTpykuHu [IMK, a rakxxe (B 0cOGeHHOCTH) yJyUIIEHHS
TEXHOJIOTHH U3TOTOBJIEHHS] UX 3JIEMEHTHOI Gasbl.

OTH NPOTHBOPEYHs] BO3HHUKJIM elle npu paspaborke neppuix [IMK, Mac-
COBOE I1POM3BOACTBO KOTOpbIX Hauasoch BbINyckoM B 1973 r. ¢upmoi
Hewlett-Packard (HP) IIMK tuna HP-35. B to Bpems npombiuiieH-
HOCTb TOJIbKO Hauajla cepuHHbIfl BBINYCK nosynpoBognukosbix BUC, Ha-
IIEIIHX NepBOe MaccoBOe NPHMeHeHHe B MHKDOKAJIbKYJ/ISITOpax. JTd MHK-
pocxembl OTJIHYA/UCh BLICOKOH CTOHMOCTBIO H OTHOCHTEJIbHO HH3KOil cre-
IIEHbIO HHTErPalHH, YTO CYILEeCTBEHHO OrpaHHYHBAJIO POH3BOAUTE/BHOCTD
[IMK npu ctouMocTH HX NPOH3BOACTBA, obecneynBaBiieil JOCTYITHOCTD K-
POKOMY Kpyry noJb3oBatesied. B 3Toi cHUTyaluu eHHCTBEHHBLIM BbIXOJOM
Aans paspaborunkos [IMK 6bulo cBeleHue K MUHHUMYMy annaparypHbIX 3a-
Tpar ¢ obecrneyeHHeM npuemJieMoi NpoU3BOAHTENbHOCTH NYTeM PAlluOHA/b-
HOro BbIOOpa BXOAHBIX SI3bIKOB H APXHTEKTYDBhI.

OCHOBHBIMH H3 TaKHX peweHHil SBJSJIHCH BbIGODP 110C/I€10BaTENBHOIO
cnocoba nepejayd HH(popMallHH, a TaKXke KOMIAKTHBIX BXOJHBIX $I3BIKOB H
HHIMKATOPHBIX YCTPOHCTB A/l BH3YyaJIbHOro oToOpakeHusi HHQOPMAIHH,
aHaJIOTHYHBIX HCNOJIb3YEeMbIM B HacTOJbHEIX DKBM npeapiayinux nokoJe-
Huii. B yactHocTH, B KauecTBe OCHOBHOTO yCTPOHCTBA OTOGpaXKEHHS MH-
¢dopMaluH 6bliIH BHIGPaHBl HHAWKATOPHBIE YCTPOHCTBA (HMCIIEH) C raso-
HanoJHEHHBbIMH, CBETOAUOAHBIMH HJIH JKUAKOKPHCTAJIHUECKUMH CErMEHTa-
MH, fIpH NOjaye HaNpsXKeHUs Ha KOTopble GOpMHPOBANTHUCH NeCATHYHBIE HJIH
1ecTHauaTepHYHble LHPPH U APYTHe 3HAKH JJIst NPEACTABJIEHU S UHCIOBBIX
pe3y/abTaToOB H KOAOB BBOJIMMBIX IpOrpamu.

[NocnenosatesbHas fepefaya n-paspsaHOro IBOHUHOrO CJIOBA 110 OJHO-
paspsilHOH UIMHe B A pa3 MejsieHHee NapaJulelbHOU Nepejauyu 3TOrO Ke
¢/10Ba Mo n-paspaiHoOi WHHe, HO OOeCTIEYHBAET CYIECTBEHHOE CHHXKEHHE
annapatypHeIX 3aTpat H, /e oBaTe/bHO, CTOUMOCTH u3rotosjaeHns [TMK.
Muoropaspsigibie HHPOPMALHOHHBIE WHHBI 3aHHUMAIOT 3HAYUTEBHYIO YacThb
wiomaay kpucraana BUC, uto cHuKaer creneqb UX UHTErpaliuy H IPHUBOAUT
K yBesiuueHHio Tpebyemoro uncna BHUC, a kpome toro, Tpebyer nonosnuu-
TeJbHBIX 3aTpaT Ha nosbilieHue HagexHoctd. [lostomy B [IMK nepBbix
{IOKOJIEHHH HCIO0/1b30BaHA, KaK MPaBHJIO, MOC/eloBaTe/bHAas Nepenadya u
{Bo MHOTHX cy4asix) obpaGoTka HHDOPMALKH, YTO 06eCneYHao MUHHMAJ b~
Hble annapaTypHble 3aTpaThl.
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BxonHuie si3bikd [IMK nepsbix nokoneHuii, Kak NpaBHJIO, cOzeprKaJiu
CHHTaKcHYecKHe npasusa obpatHoil (nonbcKoil) 3anHCH pacueTHHIX Bbipa-
JK€HHi1, UTO MO3BOJISNO CYLIECTBEHHO YNIPOCTHTH KoHcTpyKuHio [IMK, rak
KaK HCKJ/0YaJlo Heo6XOAHMOCTb XpaHEHHs] KOAOB ONEpaTopoB, BHINOJHsIE-
MBbIX HENOCPEJCTBEHHO II0CNe HX CYUHTHIBAHHS H3 [IPOTPAMMHOHN MNaMsITH.
[Mpu stom ecau nepsuie [IMK orinuanuch npocTeHMMH BEPCHSAMH KOM-
NAKTHBIX BXOJAHBIX SI3bIKOB C HeGOJBLIUM YHCJOM BCTPOEHHBIX (DYHKIHH
npsMoit ajpecaiyeli nepexofos B porpaMMax H MaJsiodl eMKOCTBIO aMsITH,
TO 1O Meépe HAKOIJIEHHs OnbiTa B pa3paboTKe H NPOH3BOACTBE TEXHHUECKHE
xapaktepucTHk# [IMK nocrenexno coBepLieHCTBOBAJIHCD.

TunuuHbiMH 115 niepBbIX nokoseHuit [IMK ¢ BXOAHBIMH KOMIIAKTHHIMH
13bIKaMH, OTJHYAIOUIUMHCS CHHTAKCHYECKHMH NpaBuJiaMu ofpaTHO#H 3anu-
CH, SIBJIFIOTCH TEeXHHUECKHE XapAKTEPHCTHKH HEKOTOpPhIX HauboJiee pac-
npoctpateHHbix [IMK ¢upmer HP, ykasanHbix B Tabu. 1.2 B nopsgke ux
pa3paboTKH. B mnepBbiX H3 HHUX BXOJHbie SI3bIKH WUMEJH JHWb NpPsMbie
{I'l) nepexoas! B nporpaMMax, B OCHOBHOM HeGOJIbIUYIO Pa3psiAHOCTb MaH-
THCCBI NIPEACTABJCHUST UHCEN, a TaK)Ke HeBGO/blIYI0 eMKOCTh NMaMsiTH INpo-
rpaMM W naHHblX. Bo BxoxHbix snsbikax [IMK Gosee nosguux Mopesedt
BO3MOXKHA Kak NpsiMasi, Tak H kKocBeHHas (K) afpecanus nepexonos B npo-
rpaMmax noJib3oBatessi. [loBbiieHue npoussogutenbhoctH 3tHX [IMK
talke ObLI0 CBA3aHO C HCMOJIb30BAHHEM SHEPrOHe3aBHCHMOI OnepaTHBHON
naMsTH, coxpausiouleit HHPOPMAaLHIO NPH BHKIOUeHHOM nutanuu *. He-
koropble [IMK (nanpumep, HP-19C) cHa6xanuch BCTPOEHHBIMM MHUHHa-
TIOPHBIMH TE€PMOINEYATAIOUIHMH yCTPOHCTBAMH, HO TAKOE KOHCTPYKTHBHOE
peleHHe 0Ka3anoch 3KOHOMHUECKH Helie/1ecoo6pa3HbIM: CyHLECTBEHHO NOBbI-
waJno crouMmocTh HarotosjeHus [IMK. Illostomy nocsenyiomiue Moaenu
‘TIMK (nanpumep, HP-67C u ero nactosbbiil avanor HP-97C) umeror auwnb
‘yerpoiictBa vHTepdefica A/l BHEIIHHX yCTPOHCTB, IPHCOEAHHSIEMBIX Uepes
‘pasbembl, BKJIOUAs M nedararomue ycrpoiictsa. [logobHas crpykrypa oka-
3asachb 5KOHOMHUECKH GoJiee BbIFOAHOM: N0/1b30BaTe b MOT pa3jesibHO NpH-
‘o6peraTb oTHocHTeNbHO Hegoporoit [TMK u uHTepecylouiue ero sBHemHHe
yCcTpoUCTBa.

3HauuTeNbHBIM LIATOM B MOBBIIEHHH NpousBoautesnbHoctH [TMK ssu-
Jloch cO3JaHHe HEeJOpPOruX U AOCTATOYHO 3(PEeKTHBHBIX HaKoNHTeNell Ha
MaruuTHBiX KaptoukaXx (HP-67), npenHasHaueHHBIX ANfl 3alMCH U CUMTHI-
BaHH? NPOrpaMM U JAaHHBIX M0JIb30BaTeJIt, a TaKXKe JJ/sl XpaHEHHS NaKe-
ToB INpukJagHBIX TNporpamM, [OATOTOBJEHHBIX NPOpecCHOHAILHBIMU
nporpaMmuctaMu. JLis CAUTBIBAHUSA HAH 3aNUCH HH(OPMAallMH, XpaHUMOH
Ha MarHMTHBIX KapTO4YKaX, HX BCTaBJSIIOT B Npopesb B Topue [IMK u 3s1ek1-
poMexaHUUeCcKoe yCTPOHCTBO ¢ MHHHATIODHBIM 3JE€KTPOJBHIATENeM NPOTS-
THBaeT KapTouKy, peasiu3ys o6MeH HHDOpMallHeil ¢ ollepaTHBHOM NaMsIThiO.
TlpumeHeHue HaKonuTe/ el HA MATHUTHBLIX KapToOuKax ofecleuyuno H Gonee

*Byksa C Bo6osnavenuax [IMK oupmb HP ykasbiBaeT Ha sHeproHesaBHCHMY1O
OnepaTHBHYIO NaMsATh, a 6yksoil E 06osnavens [IMK, B KOTOpHIX anst 0TOGP aeHus
YHCeJl B eCTeCTBEHHON - GOpMe MOTYT AO{IONHHTEILHO HCHOJIB30BATbCA Pa3psabl, npea-
HadHaueHHbIe A1 OTOGpaMeHHs NMOPAAKA NPH NOKasaTeNbHOH (¢ NJasaloulell 3ans-
TOH) ¢opme NpeACTaBJAeHUS uHCe.

37



S1X08X871 |reX18XaS1 [0£X89X0€T [0£X89X0€1 [0€X89X3G1 {08.X89X0ET |0€X89X0€1 WA ‘mdoweed amnindege ]
134 L7 « « « « « 081000414 F3TNOIRLBRI] |
a1y oY 13Y Y 4 LY 13Y 1Y xeldey

XMHLIHHJEW BH  qIP9LHIOMRH
AU XU XU u u 11 u IWNEd]

-odll € "ovoxedou BUMEIIAYY
8 68 GL L 89 44 09 riHERGI'R HOFOEWHD OIOHR
V(44 86 86 ‘6% 67 66 6% ) wwed.

-odil HIKWEU  MI3hE OIdHp
93 0g o€ 8 02 etd 8 XMHHEY

HIKWRE  H0dLdWId  ODHR
/o1 Gl/8 k] /8 /01 i /L pFEdon

/maoninew  aovsdeed oroup
19-dH 061-dH 265-dH 29%-dH e¢-dH ARE-dH ace-dH ny,

g1 euunrge]

HHHIrOXOU XMadou
preyoed-RoImoH MWdHd NWII WHHIOHAILNBARX IHMIFhHHXIL IMHEOHI()

38



TOEIHR QOHYUBKWHINER OHBERMA

. s ry b ¢ o 'Y SHHRBLIHE (D)
oY D'V 2V oV v v V¥ 2083190  HIH
(¥) 9ouwonolgy
e0g 0¥ 082 €01 €01 Q0 %4 0g¢ 1 ‘BRW
o x12 | Xesiror |ogxost xos |orxos1 o6 Wi ‘nd
X ; 5 L CLIXYOL 0€ X051 X08 0¥ X09
LEXEIXPIT | XZ8 - 491[seX 18X LY [96X b 1 X 1L |96XFPIX] -aweed sMuINdEQE |
. 27 1o 1o 19 « « BEId
410 1109 RIoK| H H H -yodiok ounmong
2T 3 BY! v LY LaH 4LEWRI KBW
i ¥ ‘T v I T -HOHLREIHOIdIHE
S 831 g 144 001 WHedJ
096 o8¥ o<l 9se -odn mm_.:wa OIrdUp
4 I o1 ot 02 XHKH
0oT1 09 8 G HEY  uisWen
80d1oHIad  OOHE
g/o1 0] glot /o1 gfo1 a8 g/o1 g/o1 eNTEd
-OLI/MDIOHLHB W
gorsdeed  OIdHK
6¢-d Il 86-d 11 6d 1L dg0s-Xd d108-Xd d303-Xdd 9g-4s 1L 39-ds 1l umy

g1 eNnrge]

BOMMEE XMHYOXE XMHINPUWOX

WOIHINELHHD «WHNIIhHRAQIIrES D Y W]I OMHHEY IUMIShHHX? [

[=2]
[



%0 §3'0 820 €1 6€'0 ' €' 6£°0 i ‘eddey
8reX 9gX 09X 8% X 8rX 8¥X 8¥ X

X8LXB1E  |X8LXL91]|9eX8LX 291 | XC0TXB0T | XG05XS81 | X0pz X083 | X0¥gX08z | X001X981 WK ‘rdon
-eed amHiMdege ]
19y 13 L3H 13§ 19 4103 19y LY BELD
-MOdLOA JMHMHY
b 8 ‘U | 3 ‘U M ‘I u u E mannediodn goy
-oxadan BuNEdRdYY
08 8L ¥9 ¥9 v9 6% 8y Ly elngedre
H0rOHKHD  OUDHh
g 4 G q I F4 4 4 20diondad xmb
-HoHnedalo OWIHEK
Sul 801 86 86 86 99 99 09 HLEWeU HOHWWEd)
-0du  MI9hK OUDHR
o/ 8 HE] al8 8 a8 /8 a8 eavBdou/mIdULHEW
gorsdeed  OUdHE

AW To-Nw Po-NW 9G-HW ye-€g PO-NW 9WAW 1269 uny

uHHIroNoU X[aadan «euuodiNore» MWL

Fl vnwnroe]

XME0JIENW IMHHEBY IHNIOhHHXIL INHAOHI()

40



3(¢xpeKTUBHOE HCIO/b30BaHHe ONepaTHBHOH NMaMATH GoJiblled eMKOCTH —
He Tpedyercs HaBUPATh LAHHHYIO TPOTPAMMY C KNaBHATY b Nepel KaXAbiM
ee BbINIOJIHEHHEM.,

KoMmnaKTHsle BXOJHBIE f3bIKH C CHHTAKCHYeCKMMH fpaBuiaMH obpat-
HOW 3aMHCH PacueTHHIX GopMya, XapakrtepHbimu aas [IMK ¢upmbs HP,
HeNpHBBIYHB A/ HAUMHAIOUIKX N0J1b30BaTeNefl, 3HAKOMBIX TOJBKO C OObIU-
HOH aire6pauyecKoll 3amucbio GOPMYJl, HCNOAb3yeMOH W B GOJIBIIHHCTBE
HeporpaMMHpyeMblX MHKpoKajbKyasTopax. Ilostomy psia 3apyGexHbiX
¢upm B [IMK nepBbiX NoKoJeHHH CTaJl HCIONBL30BATh KOMMAKTHbIE BXOA-
HHe 3bIKM C CHHTAKCHUECKMMH TNpaBHAaMH OObIYHOH asireGpavyecKod
sanucH. TeXHHUeCKHe XapaKTePHCTHKH HEeKOTOPBIX M3 HauboJee pacnpocT-
paseHHpix [TMK ¢ TaKMMH BXOAHbIMH AI3bIKAMH, H3FOTOBJEHHbIX (HPMOH
Texas Instrument (TI) u sinouckoit ¢upMoir «Kacuo», npuBenennl B
ra6a. 1.3. Hauboaee cobepwennbiMu W3 Hux sisastorca [TMK tuna P-58
n P-59 ¢ ycraHaBivBaemoi nosb3oBaTesleM IpaHulledt MeXAy 0671aCTAMH
nporpamm H AaHubix onepatusuoil namatu. dtu [IMK Takike cnabxensbl na-
KOMHUTENAMH HA MaTrHUTHBIX KAPTOYKAX U CHEMHbIMH HHTErpaJjbHBIMH MO-
AYJAAMH JJIl TOCTOAHHOrO XPAHEHH S NaKeTOB NPUKJ/IAJHBIX NPOTPaMM.

MaccoBbte otevectBenbie [IMK nepsbix nokonenuit (taba. 1.4), cepuit-
HOe MPOH3BOACTBO KOTOPHIX Hayanoch Buinmyckom B 1975 r. TIMK Snekr-
poHuka B3-21», Xxapakrepu3ylOTCs apXMTEKTYPHBIMH H KOHCTDYKTHBHMI-
MH pelieHUsIMH, 0GecneyHBalOIMMH MHHHMaJbHble annapaTtypHbie 3aTpa-
Tbl, B YaCTHOCTH NOC/JE0BATE/NbHOM Nepenaved 1 06paGoTKo# HHpoPMALKH H
BXOAHBIMH f3BIKAMH C CHHTAKCHYECKHMH MpPaBHJIaMH OGpaTHOM 3amucH
pacueTHbix BhipaxeHuir. [loapo6Hoe onucaHue ycTpOHCTBA 3THX [TMK
NpHBEJEHO B CAEJYIOWHX rjaBax.

Fmasa 2

NMPOrPAMMHPYEMbBIE MUKPOKAJIbKYJIATOPDI
MOCJELOBATEJbHOIO JEACTBHSA

2.1. OCOBEHHOCTH CTPYKTYPbl U APXHTEKTYPbI

Mepenaua u o6paboTKa HHPOPMALHH MOXKET OCYUIECTBAATHCA napas-
JeNbHO M TMOCAeNOBaTebHO, a4 TaKxe TMapaJijelbHO-Noc/e]0BaTebHO.
B nogasasntoweM GoapinHcrBe DBM Hcnosnb3yercs napaJdenbHasn nepeia-
ya COAePIKUMOrO BCeX ABOHYHBIX Pa3psloB n-GHTOBOrO C/0BA 33 OAHH TaKT
110 1 AMHUAM. DTOT cocol Nepejayy CBA3aH CO 3HAUMTENbHBIMH aNNapartyp-
HBIMH 3aTPaTaMH, HO OHM OKYMalOTCf TOBblIEHHeM ObICTPOACHCTBHA H,
cJeJ0BaTelbHO, TPOH3BOJHTENbHOCTH OBM.

Tlpu napaasienbHofi nepepaye WHpopMauHH B MHKpoIBM muorompo-
BOJIHble MHGOPMALHOHHBIE LIHHB 32aHUMAIOT 3HAUHTE/IbH Y10 yacTb NJ0mAAH
KPHCTaJ/1a, YTO MPHBOAHT K yMEHbIIEHHIO CTENEHH HHTErpallii MHKPOCXeM.
B stom ciyuae TpeSyercst 6osibiuee uncao BUC. Ocobenno HexenarelbHo
yBeqHueHHe annapaTypHbix 3atpaT Ans Maccosbix [IMK, nosbiienne cto-
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HMOCTH KOTOPBIX YMeHbLUAeT UX JIOCTYMHOCTb LIHPOKOMY KPYTY NoJb30Ba-
TeJlel, YTo, B CBOIO Ouepe/ib, CHHIKAET CIIPOC, @ 3HAUHT, AOMOAHHTENbHO N0~
BbllIdeT CTOMMOCTb MPOH3BOACTBA.

Croumocts BUC nepBbix nokoseHit 6bl1a OTHOCHTENBbHO BLICOKOI,
cTeneHb YHTErPALHH HU3KOH, 4TO, B YACTHOCTH, OTPAHHYHBAJ0O eMKOCTh Na-
mATH. [To3ToMy cosnatenu neppbix KapMaHHbIX DBM BIHYMIeHb GbliH Bbi-
6path nocJlenoBaTe/IbHYIO nepeaavy n-6MTOBBIX CJIOB 33 71 TAKTOB MO OAHO-
paspaanbiM wunaM. HecmoTpsi Ha cyuiecTBeHHOe CHHXKeHHE CTOMMOCTH
MHKPOCXeM B CJ/IefylolHe TOAbl, 3TOT cocob nepefaud HHPOPMALlHH COXpa-
HUJCA B GOMbUIHHCTBE COBPpEeMEeHHBIX MaccoBbix TTMK.

Cnenyer no6aButh, uTo B MUKpoIBM npu napaiieapHoit nepejaue Huc-
NMO/NbL3YIOT MOCNENOBATENbHBIE HJH T0C]eR0BATEbHO-NapaniesbHble CyM-
MaTOpbl ¢ MapajniebHOR 06pabOTKOMH CONEPMUMOTO KaXKAbIX YeThipex ABO-
HYHBIX PA3PANOB. Mexy TeMm npu nocllefoBate/bHOf nepefaue HHdopMa-
UUHH JOCTATOYHO HCMONB30BATh OAHOPA3PANHBIE CyMMATOPHI, HENOCPeUCTBEH -
HO oGpalbaTbiBalollHe HAa KaM{IOM TaKTe GMT NMPHHHMAaeMo HHDOPMALHH,
4TO MO3BO/ISAET IONOJHATENbHO YMEHBLIHTD afllapaTypHble 3aTPaThi.

B nanpneituem [MK c nocnienoBatensnoft nepenaueii 4 06paGoTKofi-HH-
dopMauuu Gynem naseiBath [IMK nocsenoBartenbHoro aeiictus.

Ipu TpapuuHOHHOM BHIYHCAHTENBHON CTPYKTYpe ¢ pasfenbHbIMH 6Ji0-
KaMH UeHTpaJ/IbHOTO Npoleccopa H ONlepaTHBHON NMaMATH MOBLILIEHHe GbICT-
pOnEHCTBUA [OCTHFaeTCA B OCHOBHOM yBeJHUYEHHEM TAKTOBOM uacCTOTHI
(uncaa TakToB B CeKyHAy). DTOT NMyTh XapaKTepeH AAfl GO/BLIMHCTBA 3a-
pybGexxuseix Maccosux [TMK,

Ipu cospanuu MaccoBeIX oreuectBennbix ITMK aas yMeHbluenus an-
MapaTypHBIX 3aTpaT TaKKe GpliM BbIOpaHbl Noc/enoBaTeNbHas Nepeaaya i
06paboTKa MHPOPMALHUH, HO MOBbILIEHHe GLICTPOACHCTBHSA O6ECeYHBaIoCh
konBeHepHoOi 00paboTKo# TeKylueli HHPOPMALUH ABYMA WU Gosee OJHO-
KpHCTaNbHLIMH MHKPODBM c oanopaspanusiMu AJTY. B oTauume oT MUKPO-
npoueccopos takue BHC, npennasnavennvie ans o6paborku ungopMaiuy
B COOTBETCTBHH C MPHKJaJHOA MpPOrpaMMoi, collepXar Kak mnpoleccop,
TaK Y ONEepaTHBHYI0 namaTh. Ha npuHuMNHaAbHBIX cXeMaX mNoOAOGHBIE
MHKPODIBM o6osnauaior SMR GCT, ykasbiBatomum, yTo oHH COJIepPIKAT CYM-
matopbl SM, casurosbie peructpsl RG u cueruuxu CT, XapakTepHble s
MuHU-DBM nocsienoBatesibHoro aeficTBus.

OCHOBHBIMH CTPYKTYPHBIMH 3/1eMEHTAMH OAHOKPHCTAbHBIX MHKpoIBM,
ucnonbdyembix B IIMK mnocnenoBatenbnoro pmeiictsus, spasiores AJIY
B BHAe OAHOPA3PAAHOTO CyMMaTtopa, capurosele peructpst O3Y ans xpa-
HeHUA TeKyuled nHpopmaunu u F13Y fis xpaHeHHs cHCTEMHOTO mporpam-
MHOro oGecrieyenHsi. HeckonbKo CABHIOBBIX DErHCTpOB AAfl XpaHeHHs
ONEPAHAOB U AYEEK ANA XpaHeHHs (P1aroB (NPH3HAKOB BHIONHEHHS ONpe-
AEJIEHHBIX YCJI0BHIA) 06Pa3yIOT GHCMPyY0 U CBepXONEPAMUBHYIO NAMAMb
MHKPOIBM. OnuH M3 CIABHIOBBIX DETHCTDOB Yepe3 BHELIHHE BXOJ U BHIXOJ
COEJHHAETCA C OCHOBHOH OJHOPA3pAAHON HH(popMalHoHHOH wHHOH [TMK,
Ha3bIBaeMOH cucmemnol macucmparvro. KosbleBoe coeuHeHHe yepes cHc-
TEMHYIO MAarHCTpajb MOC/e[0BAaTeJbHOCTH 3THX CABHTOBBLIX PerHCTPOB
MHKPOIBM u caBurosbix peructpos O3Y (perucTpoBbix 0O3YVY) obpasyer
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Aunamuueckyro onepamusnyro namame TIMK (puc. 2.1), comepxumoe Ko-
TOpOi MNepeMmelaeTcss Ha KaXJAOM TaKTe HA OJHMH pa3psa.

Onna u3 MHKpoOBM sBasietcs Beayulei. Kpome o6paGoTkH Tekyuiei
uHpOPMALIMH, OHa yTpaBaseT GOPMUPOBAHHEM JBOHUHBIX KOJOB HCXOAHBIX
AAHHBIX, ONEPaTOpPOB MPUKJAZAHOH MPOTPAMMbl H JMPEKTHB (C/1YXKeGHBIX
KOMaHJ1), BBOAUMBIX C MyJIbTa yNpaB/ieHHsl HaXKaTHeM KJIaBHIL, a TaKXKe Bbi-
BOZOM Ha MHAHKATOp pe3y.bTaToB omepauuii. Octanbhple MHKpoOIBM ox-
HOTHIHblE, OT/IHYAIOUWHECH JHLIb HCTOJb30BaHHEM BbIBOAOB H 3al1HCaHHBIM
8 T13Y nporpaMMHbIM ofecriedeHHeM, B OCHOBHOM TOJIbKO 006paGaThiBaloT
TEKYILYI0 HHPOPMALIHIO B COOTBETCTBHH C NPHKJIAZHON MPOrpPaMMOH.

TIMK, npepuasnauenHbie Ais paGoThl ¢ BHEIIHUM YCTPOHCTBOM, COA€P-
XKaT TaKKe KOHTPOAJEpH B BUAE OAHOKPHCTaIbHbBIX MUKPOOBM, ynpass-
foluX o6MeHoM HHpopMalHei ¢ BHEIUHHUMH YCTPOACTBAMH, HA MPHHLHMH-
a/lbHBIX CXeMaX HHOTAa 0Go3HauaeMbix Kak SMR GM. Peructp onepaTuBHO#
naMaTH 3THX MUKpoOBM He BK/IOYeH MOC/IENOBATE/NbHO B CHCTEMHYIO Ma-
rucrpaab [IMK u ucnonbsyercst Kak GydepHblii /11 BpEMEHHOTO XpaHeHHs
uHbOPMALHH, KOTOPOH OfepaTHBHas NMaMsATb OOMeHHBaeTCs C BHEUIHHMH
ycrpoiictBaMu. CopepiKUMoe oflepaTHBHON NMaMATH, CMellaoleecs Ha Kax-
7IOM TaKTe Ha OJMH OHT, KOFAa momajaer B NpHeMHble AYEHKH MHKPOIBM,
MOXET CUMTHIBATbCA B GbICTPYIO MaMATb HJM 3aMellaTbCs pe3y/ibTaTaMH
BbINOJIHEHHBIX B MUKPOOBM onepanuii, XpassiwuMucs B OblcTpoit na-
MATH.

Takum 06pa3oM, NpH NocieloBaTe/lbHOH Nnepeaaue HHGbOPMALMK B ome-
paTHBHO#H naMaTH MUKpoIBM nudopManus Moxer o0pabaTeBaThCA MPAK-
THYECKH TMapajJenbHo (CO CABHTOM BO BpPeMEHH, YTO HEOOXONMMO A/ Bbl-
noJiHeHUs onepaiuu npeabiayuwedi MUKpodBM). TlopoGuan KowBefiepHas
06paboTka MHbDOPMAUMH TIPH MPOYHX PaBHBIX YCAOBHAX (B YaCTHOCTH,
NpH OAMHAKOBOH TAKTOBOM yacToTe) ofecneynBaeT 3HAYHTENbHOE MOBbILLIE-
HHe ObICTPOAEHCTBHS MO CPaBHEHHIO C Tpaf1I{HOH HOH ONHOKOMIBIOTEPHOH
crpykrypo#i. [Ips 3ToM, TaK KakK agpec KaXporo ABOHYHOro paspsjia c/1osa
B AMHAMHYECKOH NMaMATH onpefe/nsieTcsl HesBHO MO YHCAY TAKTOB, OTCUHTHI-
BaeMblX OT HaYaJbHOTO MOMEHTa BpeMeHH, H MOBTOPSAETCH yepe3 Kaxublil
MepHO NOJIHOTO MepeMellieHns HHHOPMalHH MO KOJblly ONepaTHBHOM na-
MATH, YMEHBLIAIOTCH annaparypHble 3aTpaThl — AeltH(dpaTopsl aapecos
CONEPIKHMOTO ONepaTHBHON NAMATH MOXHO HCKJIIOUHTD.

YMenbllleHHe aninapaTypHbIX 3aTPaT B paccMaTpHBaeMOi# MHOTOKOMIIb-
IOTepHOM BBIUHCAHTENBHOM CHCTEME COMPOBOXKAAETCH YCJAOXKHEHHEM apXH-

43



TEKTYPHI (B NepByIo ouepeb oOMeHa HHbOpMaLHeli MeXAy onepaTHBHOM Ma-
MATBIO U poleccopaMu MHKpPoIBM) u Tpebyer ueTkoil cHCTEMB BpeMEHHBIX
KOOpAHHAT, ofecneuHBaloLleH HesBHYIO (BpeMeHHYI0) aapecauuio HHpopMa-
UMK B ObICTPO# M ONepaTUBHON NMAMATH NPH XKECTKOM COracOBaHHH BO Bpe-
MeHH paboThl BceX Joruueckux snementoB [TMK.

Buinosinenue /11060fi onepauHy Haj COAEPKUMBIM CABHIOBOTO PErHCcTpa
B TeyeHue OJHOTO TAaKTa pacnafiaeTcs Ha HeCKoJbKO (a3 BLIGOPKH CONepXKHU-
MOTO M BHIMOJIHEHHA Haj HUM JOTHYeCKHX onepauuii. [losroMy Ha Bce
MUKPOIBM u peructposbie O3Y B Teyenue Kaxaoro TakTa ot CHelHaabHO-
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ro reseparopa nojaloTcsl ynpasasiolue dasossie curnaasl Of, O2, d3 1
d4 ¢ nepHonoM MOBTOPEHHR, PaBHbLIM ANMTENbHOCTH TakTa B (pHc. 2.2).

Mpu obpaborke unpopmauuu B [IMK cyuiecTBeHHoe 3HaueHHe HMeeT
KOJIHYECTBO HH(pOPMALlMH, COAepKallleecss B TeTpajax (ueTBepkax) pasps-
noB caoB uHpopMmaiuu. Coaepxumoe TeTpalnl OToOpaxcaer HaTypajbHoe
YHCJ0, COOTBETCTBYIOIEE LIeCTHAAUATePHYHOMA LMppe NPH ABOMYHOH CHC-
TeMe CUMC/JeHHS! WAH AeCATHYHOR Ludpe NpH JecATHYHO-ABOHMYHOH (Koa
8421 uau AKJ1). B o6oux cayuasnx npu obpaborke HHPOPMALUH, coaepxKa-
uefics B TeTpaje KaXAoro pa3psija, BHMOJHAIOTCA OJMHAKOBBIE ONePAlUKH,
YTo ympouiaer ynpasieHde paGoToil Joruyeckux 3jementoB. Pasnuune
3aK/I04aeTcsl B (iecTHaAllaTepPUUHOM NepeHoce cHMBosa | B cTapluyio Tet-
pajy nocJle nepenoJiHeHHs CTapllero paspsja TeTpajibl Ipu ABOHYHOH CHC-
TeMe CuMc/eHHs U JecATHYHOM epeHoce cHMBoJa | B caenyioulylo TeTpany
(KOrza cojlepKHMOe JaHHOM TeTpajbl MpeBblIIaeT HATypaibHOe YHCIO 9)
npH Aecsi THIHO-ABoMYHOH . OToOpakenHe HHPOPMALMH HA yPOBHE COJIePXKH-
MOrO TeTpaj WeCTHAAllaTePHUHbIMH HJIH JeCATHYHBIMH 1IH(PaMH ynpouiaer
OfHCaHHe BbIMOJAHAEMBIX ONepaluil H CO3JaHHe HX NMPOrpamMMmHoro obecre-
yeHus.

Ilns obpatueHust K pa3iduHbIM pa3psAjaM TeTpajbl HCNOJb3YIOTCA yiI-
paBasiouue (crpoGoBeie) curnaiast Bl, B2, B3 u B4, nepuon nostopenust
KOTOPBIX paBeH AJAMTEIbHOCTH MepejayH WM oOpaGoTku MH(OPMAaLHH, CO-
JepKaefica B ueTslpex siuefikax casuroBoro peructpa, E = 4B. [lpu Bbi-
YUCAEHHAX AR 3aMHCH JAecATHYHOR LUdPH pe3y/bTaTa J0CTaTOYHO OAHOH
TeTpajsl, HO 11 ee noaydyeHus B ofiieM cayyae TpeGyetcs 06paboTKa ABYX
TeTpaj OJHOro NOPALKA HCXOAHBIX onepanpoB. s nonyyeHus pesyJ/ibTaTa
JIOTHYeCKHX onepalHii B BHAe OAHOM IeCTHa{uaTepHyHOH 1H@pH B 00u1eM
cayyae Tpebyercs TpH TeTpaanl. [ToatomMy ans NoBblIeHHs GHICTPONEACTBHA
06paboTKH C/IOB JaHHBLIX B CIABHIOBble PerucTpbl ObICTPOH MaMATH MHKPO-
OBM nocnenoBaTebHO 3aMHChIBAIOT TeTpaibl AeCATHYHOTO WU LIeCTHaN-
HaTepUUHOTO pa3pfja OJHOro MOpsjAKa TpeX Ppa3/iHYHbIX CJOB AAHHBIX.
B 3ToM c/yuae BblieseHHe KaXAOM H3 ITHX Tpex TeTpal obecreuyHBaercs
ynpasastownmu curuaiamu E1, E2 u E3 ¢ nepuonom nobropenus I =
— 3E. WntepBansl BpeMeHH, COOTBETCTBYIOIIHe Nepenaue Han obpaboTke
CONEePKUMOro TPeX ouepeiHbIX TeTpaj, BHIAENAIOT yNpaBJfilOMUMH CHrHA-
aamu 11, 12, ..., Ha3bIBaeMbIMH pa3padHoimu, anutenptoctbio J1 = 3E =
= 12B u nepuonoM noBTOpeHHs, oMpeje/fieMbiM BHIOPaHHbHIM (HOPMATOM
CJIOB HH(OPMAIHH, :

B IIMK nocsenoBaTeqbHOro AeACTBUS AeRCTBHUTENbHBIE (CO 3HAKOM H B
obuieM c/iyyae APOGHON YACThiO ) AeCATHYHbIE YHC/a MPeicTaB/ieHbl B MO-
Ka3aTe/JbHOH opMe ¢ 8 JecATHYHbIMH Pa3pAAaMH MaHTHCCBI U AByMs pas-
panamu nopsjaka. dtH udcaa B namatd [IMK ortobpaxatotcs B JBOMYHO-
necatuunoM kKoge (LK) mBouynbiMM cioBaMmu ¢ 12 Terpajamu pasps-
OB, H3 KOTOPBHIX jBe BbliejeHbl Ansi 3HakoB mopsiaka (3[1) u MaHTHcCH
(3M), a octaapbhbie — aaa uupp Mautuces (M) u nopaaka (I1). WUsbeirou-
HOCTh MOAOOHOTO OTOGPaXKeHHsl 3HAKOB MJIOC U MHHYC (/18 4ero JocraTtoy-
HO OIHOTro pa3paja) obecneynBaeT OAHOPOAHOCTb ONEPAIMA Hall pa3pAflaMH
TeTpaj ¥ PaBHOMEPHOCTb H3 INepefayH BO BpeMeHH.
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Pacnpenenenue tetpan ot 0 no 11 HauuHan ¢ MaallIUX Pa3pANOB MeXLY
NOJIAMK C/10BA JaHHBIX MOXHO NPeACTaBHTb B BUAE

<PN> = <3I(I1)> <1 (10:9)> <3M@B)> <M (7:0)>, (2.1)

rlle ABOETOUHEM OTAe/IeHbl HoMepa KpaiiHHX TeTpaj noJf, cojepxariero 6o-
Jee OfHOM TeTpaibl. Kaxnas Terpaja c/0Ba NaHHBIX flepechllaeTci HJH
o6pabatbiBaercs B Teuenue unrepsana El, E2 unu E3 onpepenennoro pas-
pannoro curnana M1, ..., JI12. CoorBercTBHe HOMepOB TeTpaj B dopMare
cjoBa jAaHHbIX (2.1)  pa3paaHBIX CHrHAJA0B MoKa3aHo Ha pHc. 2.3. Pop-
mat (2.1) coBa JaHHBIX cocTaBasneT 12 TeTpan, H MOITOMY pa3paaHble CHT-
nHaast 11, ..., J12 nosropsaworcsa ¢ nepuopom [1 = 12]] = 36E = 144B.
Cnosa aaHHBX BeiGpanHoro paspaborunkamu [IMK ¢opmaTta xpaustca B
AYeHKax ONEpPaTUBHON TAMATH, Ha3biBaeMbIX pesucmpamu  GaHHbiX.
KonuyecTBO TAKUX PErucTPOB OlpeAe/isieT MaKCHMalbHOe KOJHYECTBO CJ10B
JaHHBIX, KOTOPOE MOXKEeT OJHOBpeMeHHO XapaHHUTbCH B onmepaTHBHOH MNa-
MSATH.

B 3BM c TpaAHIHOHHOH CTPYKTYpO# AJA KaXNOro pericrpa AaHHbIX
Bbiie/ieHa onpeje/ieHHas fiuefika onepaTHBHOH NaMATH, HOMep KoTopo# fB-
JfieTca ajpecoM XpaHsulerocs B Hefi cioBa AaHHeiX. B IIMK nocaenoBa-
TeBHOTO NEACTBUA CONEPIKUMOE PErHCTPOB JAaHHLIX BMecTe cO BceM cofiep-
»KHMBIM OTIepPAaTHBHOM NMaMATH HelpepelBHO NepeMelaeTcs B CABUTOBBIX pe-
FHCTPaxX BIOJb CHCTEMHOH MarHCTPajiH CO CKOPOCTbIO | OHT 3a TakT.
B 3TOM caiyyae aapeca perucTpoB (C/10B) JaHHBIX ONpeAeasloTcs HeABHO MO
YHCAY TaKTOB, MPOLIEAUIHX C HAYaJbHOTO AJ1f LIHKJAA NepeMelleHHs coaep-
XKHMOTO ONEepaTUBHOH NMaMATH MOMeHTa BpeMeHH, COOTBETCTBYIOHIETO crie-
UMAAbHOMY CHTHaly — KO@y «MeTKa». KpoMe copepXHMOro perucTpos
JaHHpIX B onepatuBHOi namATH [IMK xpaHsitcs Koapl onepaTopoB NpHK-
JaJiHOH NMpPOTPaMMbl, COAEPHKHMOE PerucTpoB OMNepPallHOHHOro CTeKa H Cay-
xebHaa HHPopMauus, obecnieurBatoman TpebyeMylo Moc/aea0BaTenbHOCTD
BbIMOJHEHUSA NPUKAAAHOH NporpaMMbl H oOMeH HH(pOPMalHed MeXNy MHK-
poOBM H onepaTHBHOH MaMATHIO.

Onepatusnas namsats [IMK nocienoBatenpHoro nefictBus pasbura Ha
Tpu 610Ka MI, M2 § M3 ¢ OlHHAKOBLIM YHCJIOM CTPaHHIL, AJHHA KOTOPBIX
npu dopmare cioBa aanHbixX (2.1) paBua 12 terpanam, T. e. 48 6ut. Baoku
M1 4 M3 B OCHOBHOM NpeaHa3HayeHbl A9 NaMATH JaHHBIX My H NporpamMm
M,, a B 610ke M2 xpaHuTcA cayxe6Has HHpopMauHsa (C10Ba COCTOAHMS
npoluecca BHIYMC/AEHHH, CYETYHKA WIATOB M aJAPECHOTO CueTyuKa H T.A.)

Pacnpenenenue uHpOpMalUKH B onepaTHBHOM naMATH H ee o0beM 3aBH-

a7 | opwdox | IM Mawmucca

nNirwys|18ll7|16j5]1413|12|7]|¢

/. b
a2 | g\ ao\ 49 \ a8 | a7\ 46\ 45 | ge | 43 Va2 | 41 Puc. 2.3
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M1 b/

M2 c6les)eslcilez| er xe |"ea”

milpu|rslprr|rslrs|pPelplrz] vy |

Puc. 2.4

car or tuna [IMK. B nepBom oteyectsennom [TMK «3nekrponnka B3-21»
Kaxapi#t 670K onepaTHBHOMA NaMaATH pa3out Ha 10 crpanuy (puc. 2.4).

B 6noke MI na Kaxpo# cTpaHdue XxpaHutcs no 6 nporpammueix 8-
GHTOBBIX CJIOB (L1AaroB NporpaMMmbl). B npuknapusix nporpaMmax appeca ab
KaXJ0# TaKo# siueliKM oOpa3yloTcsi HoMepoM crpanuist a =0, 1, ..., 9 u
HOMepOM fAyeliK Ha 910l ctpanute b = 0, 1,..., 5. [lpu pabore [TMK sty
ajpeca «1nepeBOAATCHA» BO BpPeMeHHbIE ajipeca, COOTBETCTBYIOLIHE POXOXKe-
HHIO NPOTrpaMMHBIX CJIOB yepe3 MHKpPODBM, peaausyioulyto onpeneneHrtii
ofnepaTop npuKJaagHo# nporpammet. Koraa Bee 10 crpanui o6aactu namatu
nporpaMM 3afosiHeHsl, NpH BBOAe M30BITOUHBLIX KOJOB B pexKuMe [po-
rpaMMHPOBaHHS CYETUYHK LLIATOB MPOJO.IKaeT GOPMHPOBATH ajipeca C LIeCT-
HallaTepHYHBIM HOMEPOM A CTPaHHUbL, KOTOPHIH BOCIpPHHUMAeTCs KaK aj-
pec 0, 1 H36BITOYHBIE KOJIbl 3AHOCATCS HAa MECTO KOAOB HAaua/bHBIX ornepa-
TOpoB nporpaMmMsel. [To3ToMy Anfl KOHTpOAA 3anoJiHeHHN 061acTH NaMSATH
NporpaMM COJEPMKHMOe CYETUHKA (ArOB BBHIBOAHTCH Ha HHAMKATOp.

B nepBoii cTpanuile 6/10Ka M2 XpaHuTca KOA «MeTKa», OT KOTOPOro oT-
CUHTBIBAIOTCA HeABHble (BpeMeHHble) ajpeca BCeX Pa3psiloB COAEPHKHMOro
onepaTuBHOil namaTH. Ha caenyioweit cTpaHuile oaHa u3 Terpaj Bhijele-
na nol kanan cessu (KC), yepes KOTOpBIf NPOHCXOAHT 0OMeH caykeGHOHK
uudopMalmeli Mex1y MHKpPOIBM BbluHC/IHTENBHOH CHCTEMSI, CeaylolHe
TeTpajbl Builesienbl noja perdctpsl Aanupix Cl, ..., C6, o6pasyiouue smec-
me ¢ peructpoM X KoJ/iblleBOH cTeK naMsiTH laHHbIX. OcTajibHble CTpaHu-
Hbl HCTIONB3YIOTCA IS XPaHEHHHA CayxeOHOA HHbOpMAUHH.

BJsiok M3 npeanasHayen A XpaHeHHS COACPIKUMOrO PerucTpa uHAUKa-
unu (PH), onepauonnnix peructpoB X H Y, a TakKe apecyeMbIX Peruct-
poB daHHbIX ¢ Homepamu (aapecamu) 2 ... 8. Cogepxkumoe PU orobpaxaercs
Ha MHIMKATOpE U B pPsjie C/yyaeB OTIHYARTCA OT COAEPKHUMOro peructpa X.
B wactHocTH, npd BBOJAE NMpPOrpaMMbl B pexxuMe NporpaMMmHpoBanust B PU
XpaHsiTCA KOAbl BBOAHMbBIX OMEPAaTOPOB MPOTPAMMBI H COAEPHKHMOE CUeT-
YHKa 11aroB, a B perucrpe X coxpaHsieTcsl npeplayiiee coiepx HMoe, HHIAU-
uMpyeMoe npH nepexode B pabouHil pexum.

B ocranpunix IMK cemeiictBa «Onektponuka MK-64» (kpatko pac-
cMatpuBaeMbiX B § 2.2) KaXKAblil 3 TpeX G/IOKOB OnepaTHBHOH MaMATH CO-
JepXut 1o 11 cTpaHull, YTO NO3BOJIHIO YBEAHUYHTb YHC/AO afpecyembiX pe-
FHCTPOB AaHHBIX J10 8 (¢ ajpecamu oT 2 10 9) ¥ YHCAO MPOrpaMMHLIX CJIOB
Jo 66.

Takum o6pa3oM, obuias eMKocTb onepatuBHOH namatH [IMK «dnekt-
ponuka B3-21» cocraBaser 30 crpanuu, uau 30- 12=360 rerpan, uau 360 >
X4 = 1440 6ur, ocraapubix [IMK cemefictBa «dnekrponuka MK-64»— 33
cTpaHulbl, uau 1584 6ur.
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ConepxuMoe onepaTHBHOA naMATH 06pa3oBaHo MOCAe0BATENbHOCTAMH
TeTpaj, BbIOPAHHBIX MO OAHOH OT KaXpo# crpaHuusl O6aokoB M, M2 u
M3, uyto yckopsier ooMen uHdopmauueill u ee 06paboTky. Tak Kak Kaxaasn
-Terpaja nepechijaeTcs HiH o6pabaTbiBaeTcsl B TeueHHe HHTepBaJia BpeMeHH
E = 4B, To Kaxjaan U3 TPEX ouepeAHBbIX TeTpaj Mepechbliaercs COOTBETCT-
BenHo B uHTepBansl BpemeHu El, E2 u E3 u, cnefoBatenbno, kaxaas Tpoi-
Ka TeTpaj NepechlaeTc B TeYeHHe MJIHTeNbHOCTH pPa3psAJHOTO CHTHAAa
Al, ..., 112, a 3a unrepsaJ spemend 12]1 nepecnliaeTcs TPH CTPAHHUILI OT
KaxJoro 6JioKa naMsaTH. B npeaenax KaXXablX TpexX CTPaHHIL aipec TeTPalsl,
nepecoliaeMoii yepe3 GUKCHPOBAHHYIO TOUKY CHCTEMHOM MarucTpajiu, onpe-
JensieTcs HefIBHO CoueTaHHUAMH HHTepBaJoB BpeMmeHHu [1kE(, a aapec Kaxjo-
ro paspsaja — COUeTaHHSIMH (BPEMEHHBLIM aJPecoM) HHTEPBAJOB BPEMEHH
JkREiBj. INocne nepechlIKH Kaxjao#l cTpaHULB OAHOrO 6/0Ka maMsTH (4To
COOTBETCTBYET MEPECBHIIKE TPEX CTPAHHL, MO OXHOH OT Kaxpuoro 6J0Ka) B
uHrepsase Bpemenu 112E3B4 Benywan MukpodBM nepecbinaer Ha BXOAbI
ocTaJbHbIX MHMKpOIBM KopoTkuit cuuxpouusupyiowuit umnyasc (CH).
Uucno Takux CH nocne kona «merka» onpeaensier aapec CrpaHuusl, a ai-
pec uHdoOpMalLKH BHYTPH KaXKAOH TAKOH CTpPaHHUM onpeaensercs HHTep-
BasamMu JJREiBj. B cOOTBETCTBHU ¢ HEsIBHBIMH (BPEMEHHBIMH) ajpecaMu Co-
JiepIKHMOe ONnepaTHBHOH MaMATH MOXET CUHTHIBATLCA B /100YiI0 MHKpoIBM
W/ 3aNHCHIBATLCA B ONEPATHBHYIO NaMAThb H3 OHCTPO# (cBepxomnepaTHB-
Hoil) namatd MHKpoIBM, rae npoucxomHT o6pabGoTka Tekyuiel HHbOP-
Mallid M3 onepaTHBHOR namaATH. [locse Ka)kporo moJjiHOro nepemereHus
CONEPIKHMOTO ONEePaTHBHOA NMaMATH BAOJh KOJbLEBOH CHCTEMHOH Maruct-
paJii OHO HAXOAUTCA B OJHHX H TeX XKe AueilKaX CABUTOBBLIX PETHCTPOB, UYTO
ynpouiaer ooMeH HHdopMauHel Mexay MUKPOIBM, 06pabaThiBalOUIUMH HH-
(opMaLHIO, H OepaTHBHOH NaMATbIO.

Bpems No/iHOro nepeMelleHHs COAEPIKHMOTO OflepaTHBHOR NaMsiTH Oll-
pesensieTcs €€ eMKOCTbIO M TaKTOBOH uacToToii. Tak, BpeMsi MOJHOro UHK-
na [IMK «3nektrpouuka B3-21» ¢ oneparuBHOM NaMATbiO emKocThio 1440
6ut npu TaktoBo# yactote 100 k' coctaBasier 1440/10° = 14,4 mc, a [IMK
C onepaTHBHOM NaMATbIO eMKoCThbio 1584 GUT NpH TO#H e TaKTOBO# yacToTe
15,84 mc.

Takum ob6pa3oM, pacnpejeneHHe HeNmpepblBHO MepeMelaomedcs HH-
<bopmauun B jHHaMHUecKol onepaTtHBHoii namaTH IIMK cymecrBenuo ot-
JIHYaetcd OT pacnpefejeHHA RAHHBIX H NMPOrPaMMHBIX CJOB B OTAENbHBIX
fiyeliKaX 3aMOMHHAIOIIHX YCTPOMACTB, XapakrepHblx AJs IBM c Tpaauuu-
OHHOH apxuTeKTypoil. TIpH 3TOM pervucTphl ONepaliHOHHOTO CTEKa TaKXKe
pasmMeleHbl B ONEPaTHBHOM, a He B GLICTPOH NaMATH, YTO TUMHYHO AJA TPa-
IHUHOHHOH apXHTeKTypnl. OAHAKO 3TH Pa3NHYHA NPAKTHYECKH HeOllyTH-
Mbl A/ NOJb30BATeNsA, KOTOPHH B 060HX cJyuadax AJf onpefie/leHHs pe-
3yJIbTATOB NeEpechblIKH H 006paGOTKH HHOOPMAlHH MOXeT HCNo/b30BaTh
cxemy IIMK, nokasaunyio Ha puc. 1.4.

[IMK pa6ortaior B JBYX OCHOBHBIX pPeXXHMaX — MPOrPaMMHPOBAHHA H
aBTOMaTHYecKOM. B pexXHMe nporpaMMHpOBaHHA HaXaTHeM KJaBHII
yJabTa YNpaBJeHHsA B NPOTrPaMMHYIO NMaMATb BBOAAT KOAb ONEPATOPOB.
B pexuMe aBToMaTHuecKoH paboThl HaXKaTHEM KJaBHLU BLIMOJHAIOTCH Bbl-
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YHCJEHHA, KaK B HeNpOrpaMMHPYeMbIX MHUKPOKA/bKyAsTOpax: BBOAATCH
B NaMATh HCXOAHBIE NaHHBIE U HCNOJHACTCA BBefleHHas B MaMATb Nporpam-
Ma 110 maram (npu oT/ajKe) Uik aBTomMaTHUecKH. B o6oHX pexxuMax Haxa-
THeM KJAABUII MOTYT BBOJMTBLCS [AHPEKTHBBI, ynpasjsiouide paboroit
IMK.

Ipu BKJIIOYEHHU NMUTAHUA B CJIOBE COCTOAAHMS MpoOLEcca YCTaHaBJUBa-
ot duaaru pexxuma OP: =0 u ucnoanenus ®H: = 0, B caBuroswie pe-
FHCTPbl AHHAMHYECKOH MaMATH OT Beiayuied MHKpoOBM BBoputcs Koa
«MEeTKa» M COJlePIKHMOE 3THX PEerHCTPOB IlepeMellaeTcs.

Mpu ycravosiaenuu ¢aara pexxuma paborsl P : = 0 onepartopsl BXoa-
HOro $13blKa, BBOJAMMble Ha’KaTHeM KJIaBHlL, HeMeATeHHO HCIHOJHSIOTCH, H
pesyJ/ibTaT BbINOJNHEHHs ollepallui NMosiBAferca Ha HHAMKaTope. [1pu BBOsIE
AHPEKTHBBI EPEXOAa B PEKHM NPOrpaMMHPOBAHHA yCTaHaBJHBaercst ¢aiar
®P : = F, u BBofuMble KOl ONepaTOPOB He HCIOJHAITCA, a 3aChl1alOTCH
B 06/1aCTh MaMATH Nporpamu 1o aapecam, GOPMHPYEMbIM CYETUHKOM LLIATOB.
OnHoBpeMeHHO A/ KOHTPOJs Ha HHAMKATOpPe BbICBEUHBAIOTCA KOABI TpeX
NpOrpaMMHBIX CJ10B, BBEEHHBIX OCIEHHMH, H B 3HAKOMECTaX MOPSIAKA ~ -
ajpec liara NporpaMMel, BBOJHMOTO CJEAYIOILHM (COAEPXKHMOe CUETUHKA
111aroB).

[Tocne BBOAa MpHKJIaAHOH MPOrpamMMbl B ONEPATUBHYIO MaMATb JHpeK-
THBOR Ilepexoja B PeuM aBToMaTHueckoit pabothi (PP := 0) MmoxHo He
TOMbKO BBIMOJHATDL BLIYHCIEHHs HAaXKATHEM KJABHII, HO H 3aHOCHTDH B Ma-
MSITh HCXOJHbIE JaHHble Jf BHIMOJHEHHS NPHKAANACH NPOrPaMMBbl H HC-
NOJHATL ee B pexuMe nowmaroBoro npoxoxaenus (INI1) npu otnaaxe uian
aBTOMaTHYeckoM. B mepBoM ciyyae moc/ie KaXporo HaxaTHst KJaBHLIH
I[1IT u3 naMaTH BbI3bIBaeTCA OUYEpeNHOH oflepaTop NpPOrpaMMbl MO anpecy,
PABHOMY COIEPXKHUMOMY CUETUHMKA LIAaroB, H Ha BPeMA ero HCIOJHEHUst yC-
tanaBausaercs ¢uar PH : =: F. Bo BropoM ciyyae npu BBoje AHPEKTHBBI
C/T1 (ITyck) ¢nar @Y := F ycraHaBaAUBaeTCs A0 CYHTBIBAHUA U3 IpOrpam-
MHO#t namsitd koja oneparopa C/I1 (Crom), nmocie HcnojJHeHHUsS ouepeaHoro
ofepaTopa COJEPXXHMOe CYeTYHKA LIAaroB aBTOMATHYECKH YBEIHUHBAETCH
Ha eJMHUILY, U3 TPOrPaMMHON NaMSITH BHI3BIBAETCSH H HCMOJAHAETCA ouepes-
HOi1 onepatop nporpammst. [1pu cuuteiBanuu Koxa onepartopa C/I1 ycranas-
auBaerca ¢aar ®H := 0, uTo NPUBOAUT K BHIBOAY Ha HHAHKATODP COAEPHKH-
Moro perucrpa X.

TakuM oO6pa3oM, HCMOJNHEeHHe POrpaMMbl NIPH HAXKATHH KJIaBHLI H [IPH
ee CUYHTHIBAHHM U3 MaMATH MPOUCXOAUT OAHHaKoBO. OT/HYME COCTOHT B
TOM, YTO B TpOrpamMMe aBTOMATHYECKHX BBIUHC/JAEHHH HCMOJB3YIOTCA Ofle-
paTopbl Mmepexoja, KOTOPble NpU PYUYHBIX BbIYHC/AEHHAX YeI0BeK BbINOAHA-
€T B COOTBeTCTBHM C NepexofaMH B aJropuTMe pelleHHs 3ajavy.

[Ipu cuuTHiBaHHH B nporpamMMe Koja POBepPKHU yC/I0BHA, ABJAOLLErOCs
MepBbIM LIATOM OflepaTopa YC/JIOBHOTO Nepexofa, NpoBepseTca CojepKuMoe
COOTBETCTBYIOLIMX Pa3PA]0B COBAa COCTOAHMA TMpouecca HcnoaHenust. Ec-
JIH TIPOBEPAEMOe YCJIOBUE He BHIMOJHEHO, TO B CYETYHK 11aroB 3acbliaerca
ajpec nepexoja, 3aKoAMPOBAHHBI BO BTOPOM luare ofnepaTtopa yc/lOBHOTO
nepexoja, U U3 NaMATH c/eqyIOLLUM BbI3bIBa€TC KOJ OflepaTopa ¢ aApecoM
nepexoja.
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Tax kak copep:KuMoe cueTYHKa LIATOB Moc/ie BHIMOJHEHHS KaXAOro
OUepeHOrO Liara aBTOMATHYECKH YBe/JHYHBAeTCs Ha eAUHHILY, BBHIMOJIHE-
HHe MPOTPaMMbl NPOJOJNKAETCS ¢ ITOTO oneparopa.

Ilpu BBI3OBe W3 NMamsiTH NMEPBOTO wiAra ofnepatopa Ge3yciOBHOTO nepe-
xona BITab cnenytouuiit 3a HuM appec nepexona 3achbliaerca B cyeTYHK lua-
TOB, M BBINOJHEHHE MPOrPaMMbl TPojoJIXKaeTcst ¢ 3toro ajpeca. I1pu Bri3o-
BE€ H3 NaM#ATH llepBOro mara ofepatopa nepexoaa k noanporpamme I ab
CIeAYIOUIMA 32 HUM ajpeC ab Tak¥Ke 3achl]aeTcsl B CYETYHK LIaTOB, ORXHO-
BpeMEHHO ajpecHbllt cTek (CM. pHc. 1.4) cMewaercst «<BBepX» M MpexKHee CO-
JepxuMoe cyeTyHKa, paBHOe ajpecy BTOPOTo Iuara onepatopa nepe-
X0la K MOAMporpamMe, 3achbljaercsl B COCEAHHUIA perucTp ajpecHoro creka.
[locsie BbINONHeHHs MOANPOrpaMMBI ¢ 3alaHHOTO ajpeca NepexoAa CYHTHI-
BaHHe 3aMHCLIBAEMOro B KoHlle noanporpaMMsl onepatopa B/O (Bo3spar)
NPUBOAHUT K CMEIIeHHIO aipecHOro cTeKa «BHH3» M 3aHeCEHHIO B CYETUHK Lua-
TOB MPEXHEro COAEPKHUMOTo COCeiHero perucTpa ajfpecHoro creka, paBHoO-
ro azpecy BTOpOro wiara onepartopa ofpaieHds K nognporpamme. [Tocae
3TOTO COAEPKHMMOE CYUETYHKA ILIATOB YBeJHYHBAETCA Ha eHHHIY, U U3 Npo-
TPaMMHOH NaMsITH BBI3bIBaeTCH ONepaTop, 3alHCAaHHBIA B nporpaMme foc-
Jie onepatopa ofpallleHHs K MOoAnporpamme.

[Nopo6Han mpoueaypa ucnoineuus oneparopos [1I1 ab u B/O obecne-
YHBaeT BO3MOXXHOCTb OGpallleHdss K OJHOH H TOH XKe MoAnporpamme ofepa-
Topamu [T ab, pacnosioxkeHHbIMH B Pa3/iHUHBIX MecTax mporpaMMel, Yuciao
oOpaleHuii U3 NOANPOrpaMMbl K MoAnporpamme (BJAOXKEHHH MOANpPOrpamMMm)
onpeiensieTc YHCAOM PerHcTpPoB ajipecHOro cTeKa U B PaccMaTpPHBAEMbIX
MK pasno 5.

Cheapyer no6aBuTh, YTO NPH OTCYTCTBHU MOANporpamum onepartop [1Ilab
MCTIOJIHACTCA KakK onepatop GesycioBHoro nepexoja obuiero Buga bIl ab,
a NpU HYJIeBOM COZleP>KHMOM «BepXHHX» PErHCTPOB aAPeCHOro CTeKa CUHTHI-
BaHHe Kopa onepatopa B/O npuBoaHT K CMEllleHHIO a{PecHOro cteka «BHH3Y,
3achlike B cueTuyHK wwaroB appeca 00, yBenduyeHUIO ero Ha eMHULY H, cJje-
AOBaTe/bHO, MPOAOJXKEHHIO BbIIIONHEHUA nporpaMmsl ¢ aapeca 01.

[Nocne BBojga nporpaMMsl B ofiepaTHBHYIO TaMATh B PEXKHUME NPOrPaMMH-
POBaHHA COJAEPIKHMOE cUeTYMKa IIAroB, Ha elHHHIY GoJbliee ajpeca NHo-
CJefIHero wara BBeJeHHOH NporpaMMel, cOXpaHfieTcsl U npu nepexope B
pabouuii (aBTOMaTHuecKui) pexuM. [loaToMy jas nycka nporpaMmel ¢ Ha-
yaJibHOTO miara cieayer BBectdH aupektuBy B/QO (Ouuctka), BoiNoJHeHue
KOTOpO#l  NMPHUBOAHT K MPUCBOEHHIO COAEPKHMOrO CYETUHKA LIATOB
PC := 00 u nocne BBoaa aupexktuBol C/T1 (Ilyck) K BunosineH o Nporpam-
MbI € 3Toro afapeca. Ecau TpeGyercs 3anycTHTh NPOrpaMMy ¢ 3afaHHOr0 aj-
peca ab, to nepen aupekrusoi C/I1 BBogsat aupekrtuy BIlab, ucnonnenue
KOTOPOH NPHBOAHMT K 3aHeCeHHIO B CUeTYHK 11aros ajpeca ab, ¢ KOToporo H
HayHeTcs BbINOJIHeHHe nporpaMmsl npu aupektuse C/I1.

[1pu BBOne nporpammsl B pexxume NPOrpaMMHPOBAHUA HCTIO/NB3YIOT AH-

—> -«
pextuspt HII" (Ilar Bnepen) u IUT (Illar nasan), usMeHsiowye Ha eAHHUILY
COEPXKHMOE CUETYHKA LIATOB H COOTBETCTBEHHO BbICBEUHBaeMble Ha HHAH-
KaTtope KOAH oOuepefHbIX onepatopoB. UTo6bl UCK/IIOYUTH BBEAEHHE OLIM-
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GouHOro 11ara NporpaMMel, ero MoxHo 3aMeHHTh oneparopom HOIT (Her
onepaiuu), NpH UCIIOJHEHHH KOTOPOTO COAEPXKHMOe CUeTUHKA LIaroB yBe-
JHUYHBAETCSl HA eHHHILY, YTO COOTBETCTBYET MPONMYCKY Llara MmporpamMmMsl.
[Tpu Heo6XoQUMOCTH KOHTPOJA Ha HHAHKaTope KOJOB MPOTPaMMbl, pacno-
JIO’KEHHBIX Ja/leKOo OT BBICBEUHBAEMBIX, MEPeXOJST B pPeXHM aBTOMaTHue-
cKkoil pa6otsl, BBOAAT AupekTHBY B/O unu Bllab u Bo3Bpawaiores B pexum
nporpaMMHpoBaHHa. B 3ToM ciydae Ha HHAHKATop BLICBEUHBAIOTCHA KOABI
ONepaTopOB C 3aJaHHBIMH afipecaMH.

[lonaganue pesyabrata onepaludd B 06J1acTh MalIHHHOA GeCKOHEYHO-
cTH (nepenoqHeHHe pa3psAHON CETKH) H NOMNBITKA BBINIOTHEHHA HEKOPPEKT-
HOfi onepalHH (feneHHe HAa HYJb HIHW BEUHCAEHHe GYHKLUHH 3a npejeaMH
JonycTuMoil 061acTH onpefeneHdsl apryMeHTa) NPHBOAAT K MpeKpalleHHIo
HCIIOMHEHHS ONepaTOpPoB U BHIBOAY HA MHAHKATOP CHTHAana OMHOKH, ¢Gop-
MHPYEMOro B perHctpe HHAHKaluH. B aToM ciyuae cogepxumoe perucrpa X
COXpaHsAercsl, H MocJe HCNpPaBJeHHsA OLIHGKH BBHIYHC/JIEHHS MOTYT NpPOAOJ-
XKaThes.

2.2. TIMK CEMEHNCTBA «3JIEKTPOHHKA MK-64»

IMepsbiit oTeyecTBennbili MaccoBbii [IMK «3aektponnka B3-21» (puc. 2.5) 6bin
pa3pa6orad B 1975 r. u cepuiino Beinyckaics ¢ 1977 no 1982 rr. Ha 6a3e storo xap-
mansoro [IMK paspaGoranbi Maccosbie HactoNbHbie [IMK «3nekrponnka MK-46» u
«dnekTpoHHKa MK-64», npengHa3dHayenHbie KaK AJAst BbiYHCJAEHHH, TaK H aJas paboTbi
C BHEWHHMH aHa/loToBo-UH(poBLIM npeobGpasosatenem (ALIT) W mHdpoBbiMH neua-
TaoiwmMH yerpoiictBamMH (LTTY).

Onepannonusiit crek 3tux IIMK conepkur asa pa6ounx perucrpa X H Y, a one-
paTHBHAsl NamsTb HMeeT Pa3JHuYHylo eMKocTh. [IMK «3nekrponnka B3-21» umeer 13
PETHCTPOB AaHHbIX, B TOM YHcJe 7 ajpecyeMbiX ¢ NPOH3BOJNbLHOI BbiGopKoii (2, ..., 8)
H 6, coe[HHEHHBIX BMecTe ¢ perHCTPOM X B ABYCTOPOHHHH KOJbIEBOH CTeK NaMSTH
¢ 6 perucrpamu Cl, ..., C6, a TakKe NPOrPpaMMHYI0 NaMATb H3 60 siueek A/t XpaHeHHSH
8-6HTOBBIX mMporpaMMHbIX cjoB. OnepaTHBHasi namsiTbh OcTaabHbix [IMK cemeiictBa
COJAEPKHT AONOJHHUTENbHbIH PEeTHCTP JaHHBIX ¢ afpecoM 9, HO KOJbLEBOH CTeK nams-
TH paboTaeT B OJHOCTOPOHHEM DeXHMe — COJePXKHMOe peTHCTPOB MNepechiaeTcs
TOJILKO B OJHOM HamnpasJeHuH. [IporpaMMHas namsath 3THX [IMK cocTtout u3 66 siue-
eK.

[Myast ynpasiaesns [IMK sToro cemeficTBa comepHT KJaBHaTypy AJs BBoAa
JHPEeKTHB H onepatopos nporpamm. CloBapHbIi 3amac BXOJZHOTO s3biKa, BKJKWYas
oneparopbl Mepexoj0B H OOpailleHHs K MaMATH TOJBKO ¢ NpsAMOil ajpecamueif, He-
60bIIOH, CHHTAKCHYeCKHe NpaBHJ/a NpocThie — BBOJ ONepaTopoB Tnocje onepaH-
n0B. Oneparopbi pa3GHBAOTCA Ha HECKOJIbKO TPYNN B COOTBETCTBHH ¢ HX Ha3Haue-
HHEM.

[ns BBOAQ YMCea NpefHa3Ha4yeHbi oneparopbi Habopa AeCATHYHbIX HHGp oT 0
J0 9, HeCATHYHOTO Pa3fe/IHTeJbHOTO 3HaKa (3aNMATOH HJIH TOYKH), H3MeHeHHS 3HaKa
—/, BBoja nopsaaka (BIT) u BBOAa uncaa n = 3,1415297. O6pameHue K naMsTH AaH-
HbiX o6GecneyHBaercs onepaTopaMH PN a/isi 3achbiIKH KONHH COePIKHMOTO peTHCTpa
X B aapecyembiit peructp N mamsTH, onepatopaMi FN a4 BhizoBa B pernerp X Ko-
NHH COJEPKHMOTO aJpecyeMOTO perHcTpa, a Tak)ke ONepaTopbi NOBOPOTAa CTeKa ma-
MSITH 1O H NPOTHB YacOBOH CTPeJKH, 0603HayeHHbie Ha KJaBHaType (pHc. 2.5) KpyX-
KaMH CO CTpPeJIKaMH, KOTOpbie BBOASATCS MNOcJe HaXKaTHs NpedHKCHON KJaaBHIIH P
(Bo BxoxaHom s3bike [IMK «3nexkTpoHnka MK-64» u «Daextponnka MK-46» Toabko
OJHH ONepaTop NOBOPOTa KOJBLEBOTO cCTeKa naMsTH). IIpH BbinOJIHEHHH STHX Onepa-
TOPOB cOjiep3KHMOe perHcrpa X 3achllaeTcs B OJAHH H3 KpafiHHX DeTHCTPOB cTeka,
COJlepKHMOE KOTOPOTO CMeIllaeTcs Ha OJHH PerHctp, H B perHcrp X 3aHOCHTCS Npex-
Hee COfePIKHMOe JAPYToro KpafHero perncrpa Creka.
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HameHenne copepxumoro peructpos X H Y onepalHOHHOTO CTeKa 06eCNEeYHBAOT
«CHHTaKCHUeCKHe» OnepaTopbi: 4 — AJs 3acH/IKH COlepxmHMOro perucrpa X B pe-

— )
rictp Y, XY — ans o6MeHa cogepxxHmbiM perHerpos X H Y H CX — W/1st CTHPAHHSA
-

ColepXKHMOTO perHcTpa X 6e3 H3MeHeHHs coflepxumoro pernctpa Y. Ilpu naGope
yHc/la nocde BceX onepaTopos, kpome Cx H §, npeHee cogepumoe perucrpa X
3achlaercs B perHerp Y.

OXHOMeCTHHE ONepaTOPh BHNOJHSAIOTCS Haj COfepKHMBIM pernctpa X Ge3 H3Me-
HeHHsi cojepHMoOro peructpa Y. K Takum ¢yHKuUHOHa/bHBIM onepaTopamM OTHO-
carca F1/x, Fx2 u FY ans BHYHC/IEHHs NPOCTeflIIHX CTeneHHHX ¢GyHKUHH, a Tak-

xe oneparopu Fln, Fe*, Fsin, Fcos u Fe'*, nocie BHNOMHEHHS KOTODHX B PECHCTPI
Y # X COOTBETCTBEHHO 3aCH/AIOTCSA 3HAYEHHS SiNX H COSX H AJA BHYHC/IeHHS QYHK-
WHH tgx JOCTAaTOYHO AOTOJNHHTEALHO BBECTH oneparop = (AeneHHs). ApTyMeHTHl TPH-
FOHOMETPHUECKHX GYyHKIHA AOJMKHH GHTh BHpaXeHh B pajHaHax.

Pe3y/bTaT BHAOMHEHHst ABYXMEeCTHHX onepaTopos -+, —, X, <+ H x¥ uag co-
nepxumMbiM pernctpoB X H Y 3achilaeTcsi B perHcTp X 6€3 H3MeHeHHs Npepbiay-
wero cojepXuMoro perscrpa Y. CieayeT 106aBHTh, YTO B NPOrpaMMHON NaMsaTH
(.—- — perHetp Y HMeeT ajpec | H npH
(- A BBoje omeparopa Fl xomus copep-
JKHMOTO peTHcTpa Y 3achllaercs B
perdctp X, YTO COOTBeTCTBYeT CMe-
LeHHIO «BHH3» COJAEPIKHMOTO perH-
_ 1 2;"‘ 5 6 ? _ DB CTPOB ONEepamHOHHOrO cTeka.

) Bce paccMOTpeHHBle OTIepaTOph
MOTYT HCNOJIb30BaThCst KakK NpH BH-
YHCJAEHHSIX Ha)KaTHeM KJaaBHIi, Tak
H NporpaMMaXx aBTOMaTHYECKHX BH-
(. | YHCJAeHHI, XRaHHMBIX B NpOrpaM-

8RN MHO#t namaTH. [las ynpaB/ieHHs XO-
JIOM BHINOJIHEHHS NPOTPaMMbl aBTO-
MAaTHYeCKHX BBHIYHCIEHHH HCMOJb3y-
oTes onepatopu: C/IT (Crom), B/O
(Bosspar u3 mnoanporpammu), F
HOII (Her onepanuu) gas nponycka

IE/?I I(y/_rl IB/DI l&'//ll mara nporpammsl, BIl ab ans Oe-
3YC/JI0BHOTO NepexoAa mo aapecy ab,
Hn - z=0 zx<0 T gb a5 mepexona K NOANPOTPaM-
[ﬂx] I P l IXYI li/]l lﬂJ Me no ajapecy ab ee onepartopa, a
T TaKKe Oneparoph YCJAOBHBIX nepe-
tn e xon0B X<< 0 ab, x=0 ab, x=0
7 ab u x=%=0 ab ¢ nepexogom no
l——J [ﬂ Lf—' agpecy ab npH HeBHNOJHEHHH NpO-
r sin BepfeMOr0 YCJAOBHS /sl COAEPHKH-

n moro perucrpa X.
[1’] Iil Ibl le[+l Crpykrypa TIMK Hna yposHe
eT  cos HeJeJHMBX KOMNOHEHTOB ONpefesnsi-
eTcsi ero MPHHUHNHAJIBHOH CXeMOH.
I 1 l I 2 l I J l I-;-l l-—l Tak Kak CXeMbl 8H4UCAUMEAbHO20
Dz =2 v 6a0xka TIMK paccmatpHBaeMoro ce-
MeHCTBa Pa3HYaIOTCA He3HAYHTENb-
[ 0 ] l . l I/._/l Ig/)l l F l HO, TO OTPaHHUHMCSH PacCMOTPEHHEM
€ro TPHHUHMHAJBLHOH CXeMb MJs
O O MMMK «dnextpounka MK-64» (puc.

2.6), yKa3aB ee OTJIHUHS OT CXeM
apyrux [NMK asrtoro cemeficTa.
OnepatHBHass naMaTh 006pa3so-
BaHa NOCJIe0BaTeNbHOCTBIO 3aMKHY-
Puc. 25 THX B KOJbLO Yepe3 CHCTCMHYIO
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MarHcTpanb CJBHTOBbIX peructpos Bepyiteit MukpodBM DD2 (K145HKS502I1), peru-
crposoro O3Y DD5 (K145HPII), a rakxe asyx mukpo3BM DD3 (K145MK5011T)
# DD4 (KI145MK503), otaHualomuXxcs OT Beaylied JHMb COAePKallHMCE B HHX
NpOrpaMMHbIM O6ecTieYeHHEM Pa3JHUHbiX ONepalHii H HCIONb30OBAHHEM BHEIIHHX Bbi-
8010B. CHABHrOBbie PerHCTPbi 3THX MHKPOIBM BK/II0YeHBI B CHCTEMHYIO MarucTpanb
yepe3 BHEUIHHE BXOAb H BbXOAbl, 0603HaYeHHbie HA cxeme Pr. B paspbis cHcrem-
Hoil marucTpain Mexay DD3 u DD5 Bkiaouena HaXoasmasics B UH(ppoBoM GioKe
ynpab/JeHHsi paGoTOR BHewHHX ycrpolicTs MHKpoIBM (K14HMKI81HI), Bhinoasnsio-
wass GQyHKIHH KOHTpoOJIepa.

Ha kaxayiwo u3 3tux BHUC noaaercs nanpsxenne nurauus Ung = —27 B, a rak-
e pa3opbie curHaab @1, 2, &3 u @4 (115 ynpOuleHHs! CXeMbl WHHbI (pa30BLIX CHT-
HaJ0B He MOKa3aHbl) OT reseparopa ¢a3osbix cHrHasos DD6 (K165I'®2). [nuTens-
HOCTb (ha30BbiX CHTHAJIOB H NEPHOJ HX NOBTOpPEHHs, paBHbil TakTy padorhi [IMK, om-
peflenfOTCA TNapaMeTpaMH Bpems3ajaloilelfl umend u3 pesucropos R50 (30 kOwm),
R51 (100 xOm), kouaescaropos Cl u C2 (emxocteio 1500 nd xaxawil) H AHOAA
VD3 (K/1522B). Pesucropsi R48 (2 xOm) H R49 (2 MOM) 0o6pa3yioT pelHTerb Ha-
NpAXKeHHs A5 AOMOJHHTeJhHOTO THTaHHSI reHepaTopa (asoBbiX CHTHAJIOB.

Paspsanubie curuaasi J1...J10 seaymei muxpodBM DD2 nopaworcs na 10
BXOJHLIX IUHH KAaBHAaTypbi nyabTa ynpasaedus (puc. 2.7). [lpy HaxaTHH K/JIaBHIIH
COOTBETCTBYIOLHI PaspsiAHLi CHI'HAJ NOJaeTCs Ha OAHY H3 TPeX BHIXOAHBIX WHH, cOe-
\HHeHHbIX cO BXxoaamH MHKpocxembl DDI1 (K172JIM1), KoTopas cofepHT ABa JIOTH-
yecknx sinemeHtra U—HJIM (puc. 2.6). C Bhixoga MHKpocxembl DDI1 paspsaanii
-CHTHan yepea paspeauTenbbie gnoxsi VDI u VD2 (K/1522B) nonaerca Ha OfHH HJH
o6a Bxoaa Kl u K2 Beaymeii MmHKpoIBM, dopmupylomel KOAbi BXOAHBIX CHTHANOB,
JHPEKTHB H oneparopos nporpamm. Kpome Kiasuuied A/1si BBOAa CHMBOJIOB MyJIbT yN-
paBaenus coaepxuT knasHmy [TYCK ans BKaoueHHs 6/10Ka ynpap/ieHHst BHEIIHHMH
ycTpoiicTBaMH. Bhixoanbie WHHBI KAaBHaTyphi H nenk kaaBumH [TYCK uepes pesnc-
Topsl R1...R5 (100 KOM) coepHHeHbi ¢ IHHOA NOCTOAHHOTO Hanpsikenns —27 B.

C Buxona peayiiesi MEKpodBM DD2 paspsigunie curianabi [11,...,/T12 # cermeHT-
Mbe cHTHanbi I1,...,18 uepe3 ycuautenan Al, A2 u A3 (K161 KHI) nogaiorcest Ha HH-
Aukaropuoe yerpoiictso VLI tuna UBJII-8/13. Bce BbixoaHbie WHHbI 3TOH MHKpO-
3BM uepes 640K pesHcTopoB R6...R26 (68 kKOM) coelHHeHbi ¢ INHHOH HanpsKeHHd
—27 B. Tak Kak Hanpsi:keHHe HMOYJbcHbX curdanos 1, ..., 112 u I1,...,18 okoao
27 B, TO NpH HX NOjaye Ha COOTBETCTBYIOMHX IIHHAX YCTAHABAHUBAETCS HaNpsKeHHeE,
6JH3KOe K HYJI0 OTHOCHTEJIbHO Kophyca.

HuaHKaTopHOe yCTPOHCTBO COAEPIKHT 12 3HaKOMecT, H3 KOTOPRIX 2 npeiHasHa-
YeHH AJs OToOpakeHHss OTPHHATeNbHbBiX 3HaKOB MaHTHCCH H TMOpsAKa, 2 — aas
UHOp MOpsiAKa H 8 — A1t LHGP MaHTHCChi YHC/A, COfePIKalllerocst B perHcTpe HHAH-
KamuH. Kaxjo0e 3HaKOMeCTO MpeAcTaB/sieT co60f ra3opa3psaiHbill TPeXIeKTPOAHbI

x* Hom xx0 %=0 %<0 x*0 NP ABT
7= P F 3T B TEm Tmi wm g @b
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npuGOP, KATOAOM KOTOPOTO CJYKHT HHTb HaKaJa, Ha CeTKY MOJaeTcsi OfHH H3 pa3-
PAAHBIX CHTHaJI0B, a GyHKIHH aHOAOB BHINOJIHsET 8 CeTMEHTOB, 0TOGpaXKalolHe Ha HH~-
AHKaTope 3JeMeHTbl AeCATHYHBIX 3HaKoB. TakK KaK yHC/a Ha HHAHKaTope OTOGpaka-
w0Tcs B GpopMe, aHaJOTHYHOH NOKa3aTeJbHOH (opMe 3amHCH YHCEJ, TO Ha3HaueHHe
3HaKOMeCT, NPOHYMepOBaHHbIX cnpaBa Ha/JeBo LHbpamH ot 0 10 11, oTiIHyaercs ot
Ha3HayeHUs TeTpaj B perHcrpe jaaHubix ¢opmara (2.1):

<HY> = <3M(11)><M(10:3)><3I1(2)><TI(1:0)>. (2.2)

B cooTBETCTBHH ¢ 3THM (OPMATOM Ha CETKY 3HAKOMECT H MOAAIOTCA pa3psiaHble CHIHa-
avi 12,...,013 (puc. 2.8, a), onpegeasiomue coaepxuMoe perHcTpa HHAHKalHH
(puc. 2.4), oro6paxaemoe Ha HHAHKaTope. Kakjpoe 3HakoMecTo COaepkKHT 7 cerMeH-
TOB A/l OTOOp axKeHHsa NHPP, Ha KOTOpbie COOTBETCTBEHHO NOAAIOTCS CHTrHadah I1,...,17
(puc. 2.8, 6), M OTAC/bHbIA CErMeHT AJ% OTOGDaXKEHHS 3aNsTOH NPH NOJaye CHrHajda
I8. Bce oaHOTHNHBIE CerMeHTbi 3HAKOMECT HHAMKAaTOPHOTO YCTPOHCTBA COeHHEHbI
Mexay co60i, H onpefeJeHHBbIH CeTMeHTHBIH CHTHa/J NOJAaeTCs Ha BCe 3TH CErMeHTHi
OJlHOBpPEMEHHO.

Bxoabi CerMeHTHbIX H Pa3psJHBIX CHTHaJOB HHAHKaTOPHOTO YyCTPOHCTBA COe/IH-
HeHbi Yepe3 610K pe3ucropos R27...R47 (68 xOm) ¢ muHo# nutanua —35 B. Hanpsa-
JKeHHe NHTaHHst HHTH HaKaJla HHAHKAaTOPHOrO ycrpoiicTBa nepemedsHoe 5 B, OHa coe-
JAHHEHa TaKKe yepe3d ABYCTOpOHHHH crabuanTpor VD11 (KC170A) ¢ wuHO# nHTauns
—35 B (B undposom 610ke). [T03TOMY NPH OTCYTCTBHH Pa3psiiHOTO HJH CETMEHTHOTO-
CHTHaJla Ha COOTBETCTBYIOIleM BXOJe HHAHKATOPHOIO YCTPOHCTBA YCTaHaBIMBaeTcs
HanpsixkenHe, GIH3KOe K HYJI0 OTHOCHTE/bHO Kopnyca. [IpH nopaue cerMeHTHOrO HJAH
Pa3psIHOTO CHrHa/a C BHXOJa YCHJIHTE/St Ha 3TOM BXOJe HHAHKATOPHOTO YCTPOHCTBa:
ycTaHapauBaercst GIH3KOE K HYJI0 HanpskeHHe OTHOCHTE/ILHO KOpNyCa M Hanpsike-
HHe 0K0J0 35 B OTHOCHTeNbHO HHTH HaKaja. [IpH OZHOBpeMeHHOH NMOjaye 3THX CHI-
HaJIOB Ha CETKY H CETMEHT 3HAKOMEcTa BO3HHKaeT CBeTAIIHACS TasoBLI paspsi
B6JIH3H COOTBETCTBYIOILETO CETMEHTA.

Paspsianbie curnans [I,...,J112 nogaoTcs Ha CeTKH 3HaKOMECT B HHTepBaJbi
BpEMEHH, COOTBETCTBYIOU[HE 5THM CHTHaJaM, a CeMEHTHbie CHTCHaJbl — Ha OJ(HO-
POAHBIE CETMEHTbI 3HaKOMECT B TeYeHHe JJIHTENbHOCTH COOTBETCTBYIOILETO P a3pPsAHOTO
curaana. Jins GOpMHPOBaHHsA 3ansiToH Ha OJHO M3 3HAKOMECT MaHTHCChi MOAaeTcs
curuan 18, a gopMHpoBaHHe OCTaJbHBIX CETMEHTOB 3aBHCHT OT BHAa OTOGpakKaeMoro-
3Haka. Tak, ans oTo6paxenHs OTPHLUATENbHOTO 3HaKa NOAAETCS CeTMEHTHbIH CHIHAMX
14 B uHTepBanax paspaaubix curuanos 9 uan J12. [ogo6HbiM 06pa3oM 0TOGP 1KaKT-
¢ M necsiTHYHble UHGPB O (cerMeHTHbie cHrHanb I1, 12, 13, 15, 16, 17), | (caruans
13, 16), 2 (11, I3, 14, 15, 17), 3 (11, 13, 14, 16, 17), 4 (12, 13, 14, 16), 5 (II, 12, 14,
16, 17), 6 (11, 12, 14, 15, 16, 17), 7 (I1, 13, 16), 8 (11, 12, 13, 14, I5, I6, I7),
9 (I1, 12, 13, 14, 16, I7).

ITpn nonajaHHH pe3yJbTaTa BHIYHCAECHHH B 06/JacTb MALIHHHOH 6eCKOHEYHOCTH
(nepenonHeHHe peTHCTPOB AAaHHBIX) H NMONBITKE BBiNOJHHTH HEKOPPEKTHYIO ONEPanHio
(HanpuMep, Aesende Ha 0 HJIH BHIYHC/IEHHe JOrapHdMa OTPHUATETBHOTO YHCAa) Ha HH-
AHKarope GOpMHpPYeTCs CHIHaJ OWHGKH B BHJe HYJsl B 3HaKOMecTe 3HaKa MaHTHCChi.
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CxeMa BbiUHCJIHTeabHOTo 610Ka HactoabHOro TIMK «dnektponnka MK-46» ta-
Kafl XKe, HO OTJIHHaeTcsi OT cxemu 3toro 6aoka [IMK «dnekrponnka B3-21». B no-
cJeHeM HCMOJNb30BAHO MaJoraGapHTHOe CBETOAHOJHOE (KpaCHOe cBeYeHHE) HIH ra3so-
Hano/MHeHHOe (3e/eHoe cBeYeHHe) HHAHKATOPHOe YCTPOHCTBO C MEHBIIHM Hanpsxe-
HHeM NHTAHHR CEeTKH H CeTMeHTOB 3HaKOMecT. B CBs3H c 3THM BeAymas MHKpOIBM
HeTNOCPEJCTBEHHO COeHHEHa ¢ COOTBETCTBYIOUIHMH BXOJaMH HH/JHKaTOPHOIO YCTpOii-
CTBa H OTCYTCTBYIOT He TONBKO ycHaHTedd Al, A2 u A3 u 6aox peaucropos R27..
... R47, vo u wHHa nHTanus —35 B.

B nekoroprix [IMK 3T0ro cemeiicTBa HCno/Ib30BaHO HHAHKATOPHOE YCTPOHCTBO,
B KOTOPOM CeTMEeHT 3ansTol pacno/oKeH B cepellHHe 3HaKomecT. TaK KaK OJHO 3Ha-
KOMECTO OTBOAMTCS TOA 3aNsATYI0, BhiCBeYHBaeTcs TOABKO 7 HHGpP APOGHOH MAHTHCCHI,
BoCcbMasi UH(Pa MaHTHCCHi COXpaHsercs B PerHCTpe HHAHKAlUHH H MPH HeOGXOAH-
MOCTH ee MOXHO Bbi3BaTb Ha HHAMKATOp, YCTPaHHB cTapiuyio undpy MaHTHcebi. Ha-
npHMep, NPH Bbi30OBe YMCAa Nl HAa HHAMKaTOpe BbicBeuHBaeTcs 3,141529, wo npu Jjo-
NOJHHTENLHOM BHIYHTaHHH 4YHcAa 3 — uHeao 1,415297 — 01 ¢ HckOMOH BOCHMOI
nHpoii.

Kpome Toro, cHMBOJIb onepaTtopoB Ha kaasHatype [TMK «3nexrponnka B3-21»
(puc. 2.5) HeCKONBKO OTJAHYANOTCH OT CHMBOJOB Ha KJaaBHaType octaaphmx [MMK
cemeiicra (cp. pHe. 2.5 u 2.7). B uactHoctH, BxoaHoll asmk [IMK «3aektponuka
B3-21» coaepxHT OnepaTopbl MOBOPOTA KOJbIEBOr0 CTeKa MaMATH MO H MPOTHB Ya-
COBOMl CTPeNKH, HO He cofepkHT onepatopa f[(SCN), otcyrcrayer H kaabHma [MYCK,
Tak kak 370T [IMK Me npeanazHaueH /1% paGOTbi C BHEIUHHMH yCTPOHCTBaMH.

Hctounukom aBToHomHoro nutanus [IMK «Qnexrponnka B3-21» sisercs Gara-
pes H3 4 axkymy/asTopos tHna J{055C o6uum HanpsikenHem 4 B. Jlaa nutauus o7
ceTH nepemeHHOro HanpsiKenns 220 B, 50 ' H noasapsiiku aKKyMyJ/sTOpOB npei-
Ha3HaueH CbeMHBbIil GJOK NUTaHHs (BHJKa-BbnpsiMHTenb) THna BI12-3 ¢ nepekawua-
TeJeM /s VCTAHOBKH peXHMa NMHTaHWsa uiau noasapsakd. Ocranphbie [IMK cemeit-
CTBa2 NHTAIOTCS TObLKO OT CETH NlePeMeHHOTO HaNpsKeHHs Yepe3 BCTPOEHHBH GNOK
THTaKHuA,

Baok ynpasrenus (undposoi) paGoroii pHemHHX ycrpoiicts (puc. 2.9) IIMK
«dnekrponnka MK-64» cozepxur mukpo3BM DD10 (K145HMK1801), Bk/I0YeHHYIO
B pa3pbiB CHCTEMHOH MarHCTpaJdH K BbINOJHAMYIO GYHKIHH KOHTPOJJepa BHEUIHHX
yerpoiiects. Ha BXoiabi 310 MHKpPODBM nojawTcss CHTHaJ CHCTEMHOH MarucTpay
(Pr), cnuxpocuruan (CH) or Benyueii MEKpodBM, dasoBbie CHIHAJIW C BbiXOAOB Fe-
HepaTopa ¢a30BbiXx CHTHa/10B DD6 BLIYHC/IHTENBHOTO 6J0Ka (WHHbI (ha30BbIX CHTHa-
J10B He NOKa3aHbi), a TaKxke cHrHadbl P1 ... P12 ¢ suxopna BHewnero AL, Bxoasi cur-
naios P9...P12 uepes paspenntenvubie 1uoabi VD7...VDI10 (KI[5226) coeaunensi ¢
B X0A0M cHHXporeHeparopa DD9 (KPI27T®II'). Ha Bxox redeparopa, 3almyHTH-
poBaHHbill pe3ancTopoM R53 (100 kOm), npu HaxkathH kaapumH ITYCK nopaercs na-
npsxenne —27 B, sanyckawuiee reHepatop, KO BXOJAaM KOTOPOrO MPHCOEAHHEHb
peanctopbi R54 1 R55 (1 MOM), o6pasyiomte Lenb geJauTeas Hanpsxenus —27 B,
u Kongencarop C3 (6800 n®). Ha Bce Boixoani MHKpoDBM DDI10 uyepes 610k pesH-
cropos R58...R69 (100 xOM) nogaercs nanpsixkeHne —27 B. 310 nanpsxkeHHe WYH-
THpOBaHO KoHpeHcatopamu C5 (20 mx®), C6 u C7 (0,047 mxP).

Beixoaubie curHanbsi MHKpodBM DD10 nopalprcss Ha pa3beMbi BHIXOAHBIX YCT-
poiicTs, a curuan Y11 uepes xongencarop C4 (0,68 mx®) na Bxog MHKpocxeMbi DD7,
WIYHTHpYyeMbifi peaucropom R52 (100 xOm) u anozom VD6 (K/1522B). Ilpu cosnane-
HHH cHrHaja Y11 ¢ Brixona muxkpodBM DD10 u paspspuoro cursana JI8 ot Beayumeit
MHKpoOBM BhiuHcaHTenbHOro Gn0ka MHkpocxemo DD7 u DD8 (K172JIK1), co-
JepXKalliHe ABa JorHueckKuX snementa UJIM—H, GopMHPYIOT BHIXOAHOM CHTHAJI. DTOT
BbIXOJHOH CHTHaJ Yepes pa3jenuTeabubie 1Hoxs VD4 u VD5 (KI1522B) noaaercs He-
nocpeacTeHHo Ha Bxonbi K1 n K2 peaymeiit MukpodBM. Bhixoanbie curaanb Y6,
V7, Y8 u Y12 nopalotcs Ha BXoabi gewudparopa DDI1 (K501 KIIIT), nuraeMoro
or aeJHMTelst HanpsikeHHs Ha peaHctopax R56 (12 kKOm) u R57 (10 xOm).

Bbixopsbie CHIFHaJbl JelIHGpPaTopa MOJAITCA (COBMECTHO C CHTHAJOM OT TeHe-
patopa DD9) na sxoan muxpocxem DD12, DD13 u DDI14 (K172TPIl), kaxpas u3
KOTOPBbIX COAEPIKHT ;1Be TPHITepHble siuefiKH ¢ BbiXOJHbIMH JOTHYECKHMH 3JeMEHTaMH
*1/IN. Boixopnble citrnadsi 3THX MHKPOCXeM TNONAOTCS Ha BXOAbl HHAHKATOPHOIO
yetpoiictBa VL2 (una UB-26) aas KoiTposasa paGoThl BHELUHHX YCTPOHCTB M Ha Padb-
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¢M YNpaBAslWHX CHTHAJIOB BHEWIMHX YCTPOACTB. HHTL HaKala HHAHKaTOPHOTO
yCTpoiicTBa coefuHena ¢ mHHoi —35 B uepea craburpon VDI (KC170A), Hanpsxe-
HHe NHTaHHs NepeMeHHoe ~5 B uepe3 pesncrop R70 (43 Owm).

Ocxosubie pasnnuns mekay [IMK «daexrponnka MK-46» v «DaeKTpoHHKa
MK-64» cBsI3aHbi ¢ KOHCTPYKTHBHbIM OpopmaenHeM 6aoka ALIl. B nepsoM Hcnoae-
3yercst OTAebHbI 640K AL, a BO BTOpOM 3TOT G6JOK OQopMJ/IeH B BHAe CbeMHOH Kac-
CeThi.

Baok ALLTT (puc. 2.10) comepxut Kommyrarop Al, cpaBHHBawilee yCTPOHCTBO
A2, ynpasasionee ycTpoicTBo A3, pOPMHPOBATeJH MOJOXKHTeIbHOTO A4 M OTpHUa-
TeNbHOTO A5 CTyneHYaThiX HanpsiKeHHH, a TaKxke 12-pa3psiHbifi NeCATHYHO-ABOHY-
ubill cueTYHK AG6.

Baok ALl npegsasHaued js npeoGpasoBaHHs aHaJOTOBHX (HeNpepbiBHLX)
cHrHanos HanpsixkenHeM ot 0 a0 9,99 B M Q/IHTENBbHOCTEIO He MeHee 15 He B nocJae-
NOBaTeALHOCTH nojaBaeMbhXx Ha [IMK ABOHUHO-JeCATHYHBIX KOAOB, OTOGpaXKaloUHX
OTCYeThi HANpAKEHHS TPEX3HaYHbIMH JeCATHYHBIMH UHCJaMH. 310 npeolpa3osaunue
peaju3yercst cCpaBHeHHeM HaNpsKeHHs uyepe3 onpejfeleHHbie NPOMEXKYTKH BPeMeHH
C 3TaJOHHBIM CTYNEHYATHIM HanpsKeHHEM COOTBETCTBYWOUIEH MOJISAPHOCTH.

Ha BX0OAB KOMMYTaToOpa ¢ BXOZHHM CONPOTHBIeHHeM He MeHee 2 MOM H BxoHOM
eMKOCThio He Gosiee 100 nd nopaloTca A0 8 Pas3/HYHbBIX aHaJOTOBHX CHTHanoB. OnHH
¥3 HHX B COOTBETCTBHH C ajpeCHbiM KOJIOM, 00pa3oBaHHbIM cHTHanamH Aapl, Aap2
u Aap3, bopMHpyeMbiMH KoHTpoJsepoM DD10 B undpoBoM 6/10Ke ynpasaenus MK,
flOfaeTCs Ha CpaBHHBaKOllee YCTPORCTBO A2, KOTOPOe CORepKHT Komnapatopbi DAL n
DA2 n/1% cpaBHeHHst BXOAHOTO CHI'Hala ¢ OTPHUATE/NbHbIM HJIH NOJIOMHTENbHbIM 3T~
JIOHHBIM CTYNEHYaThiM HanpsKeHHeM. ITH 3TaJOHHbIE HaNpsIKeHHs CHHMAIOTCS € Bh-
xofos dopmHpoBateneit A4 H A5. Baok A5 copepxuT 10-paspsiaubiil cueTyHK DAS,
COllepKHMOe KOTOPOTO Napa//iedbHbiM KOJOM Nepechaercsi B WH(POaHAIOTOBH
npeo6pasosarens (ILAIT) A3, KOTOpbifi NPH KaXKAOM YBeJHUYEHHH COREPIKHMOrO CHET-
YHKa Ha eJHHHIY (GOPMHpYeT OuepenHOe NpHpaileHHe («CTyNeHbKY») 3TaJOHHOTO
CTYNeHYaToro HaNpfiKeHHs, KOTOpOe yCTaHaBaHBaeTcs noTeHuHomerpoM RPI. Ju-
HEeHHOCTb Orubaloiieil cTyneHYaToro HanpsKeHHS OGeCNeYHBAeTCs Lenblo OTpHUA-
TeJbHOH 06paTHOH CBSI3H, OXBAaTHBalollell ONepalHOHHHIH YCHIHTEDb DA4,c Bbixoja
KOTOPOTO CHHMAETCs MOJIOKHTENbHOE CTYNeHYaToe Hanpsxkenne. OTpHUATENpHOE CTY-
meHuaToe HaNpsKeHHe CHHMAETCH C BHXOAa OnepallHOMHOTO ychautens DAS u xop-
peKTHPyeTcs moTeHuHomeTpoM RP2.

Paborofi 61oka AL ynpapnser uupposoii 610k ynpasnenns [IMK, curiann
€ KOTOpOro TMOAAKTCS Ha ynpasasiwoilee ycTpofictso A3. IIpH nonave Ha 310 yCT-
poiictBo curHaioB «or. BY» (loToBHOCT: BHELIMHX YCTPOHCTB) H «lyex AIlM»
ypoBHs Jorsueckoil 1 HMnyascHbe ¢asoBue cHruaisl 1 oT reneparopa DD6 B

Tom. /ch/t Ynp.
ABp7 Adp2 Adp 5 |-—____ 8Y  AYT AYN o1
A2 |

&t l! & lr | JAT | l &
fx8: Al A
; i | Hezomod
L—.—_._J A€
. — P12
A5 A4 eTio g
[_m r i -H--\—*;Z,
| A3 - 2 5
l T DAS | HE—— >
o
7 | s e R || B N
orz _n___z__»
L_. . . Puc. 2.10




BbHIYHCAHTebHOM 6J0Ke [TMK nogawoTcst Ha BXOAHYIO WIHHY «cyeT» cueTYHKOB DAG6 u
A6, B nepBOM H3 HHX 4YHMCJIO HMnyancoB @ orobpakaercs B JBOHYHOM KOJje, a BO
BTOPOM — B JBOMYHO-fecsiTHYHOM. OpHOBpeMeHHO dopMHpyeTcsi cHrHald «Herortos-
HOCTb», GJIOKHPYIOILHI nepefayy cojaepKHMOro cyetynka A6 Ha Bxoanl MHKpoIBM
DD1o0.

Koraa stajsonHoe crynenyaroe HanpsKeHHe, GOpMHpyeMOe CHHXDOHHO C yBe-
JHUEeHHEM COjepKHMOro cyerynka DAG, focTHraeT ypoBHS BXOJHOTO aHa/JlOTOBOTO
CHrHaJsa OT ycTpoiicTBa A2, Ha BXOA ynpasasioero ycrpoictsa A3 nogaercst cHrHalgl,
3anpemanomHtil nogayy umnyaocop @1 Ha WHHY «cueT» H CHHMawouui cHTHaa «He-
rorosHocTb». [IpH 3TOM cojepikHMOe cueTuHKa A6, oToGpaxalouiee ABOHYHO-AeCATHY-
HbIM KOJOM (COOTBETCTBYIOUHM YHCJY C TPeMst NeCATHYHBIMH Da3psjiaMH) HanpsKe-
HHe BXOJHOTO CHTHaJa, nepechiiaeTcst Ha BXoabi MUKpoOIBM DDI10. dra Mukpo3IBM
BhipaGarbiBaer curaan «Ynp. ALI» (Ynpasnenne AUII) yposus Joruyeckoit I, mo-
CTynJieHHe KOTOPOTO Ha YCTPOHCTBO A3 NPHBOJHT K npeKpatenuio paGorbi ALLIT na
BpeMst epechJIKH COAepKHMOTO cueTyHKa A6 s ycTpaHeHHst HCKaXKeHHH nepejaBae-
MOii HHpopMauHH. EcaH BHellHee ycTpOHCTBO HE roTOBO K Bbijaye HHPOPMaHHH, TO
nocje nNpHemMa KOAOB BXOAHOTO HanpsikeHusi MHKpodBM DDI10 curunan «for. BY»
HMeeT YPOBeHb Joruyeckoro 0, YTo NMPHBOAHT K Nepechike HMNyabcos Pl Ha mHHY
«c6poc» /151 OYHCTKH COAepKHMOro cyeTyHkoB DA6 u A6. [IpH nocrynjeHHH CHTHal0B
«ITyck ALII» u «T'ot. BY» ypoBHs JlorHuyecKo# | umMnyabchi Pl HayHHAIOT N0OAaBaTh-
Csl Ha WIHHY «CYeT», H IMKJ npeoGpa3oBaHHs OTCYETa BXOJAHOTO HAMpsKeHHSA B UHG-
poBoit kox nosropserca. Ecau Bxogbi «¥Ynp. AILIT» u «T'or. BY>» He Hcnoab3ylorcs,
TO COOTBETCTBYIOIIHE YNPaBJsIONIHe CHTHa/bl GOPMHPYIOTCH B yCTpoiicTBe A3J.

BpeMs npeo6Gpa3oBaHHsi OTcYeTa BXOAHOTO HanpsikKeHHs 3aBHCHT OT €T0 ypOBHSA
W TakTOBO# yYacroThi. [IpH TakToBOH uactore 80 kK['l 310 Bpems cocraBaser ot 0 Ao
14 Mc. Ecau BxopHOe HanpsixkeHHe He npesbimaer 4 B, Hcnoab3yercss CHHXpPOHHBIN
peXHM — uH}pOBbie KOAbI OTCYeTOB nepechinatorcst Ha Bxoabi BUC DDI10 npumepHO
dyepe3 Kaxibie 5 Mc nocje nocrynienus curuaia «Ilyck AIID». Ecau HanpsikeHHe
6onbine 4 B, HCno/b3yeTCst aCHHXPOHHBIN PeXKHM, NPH KOTOPOM BpeMs IHKJa pa6o-
Tbi ALIIT B 3aBHCHMOCTH OT HanpsiKEHHS COCTaBaseT OT 5 A0 15 Mc. ACHHXpOHHbi}
peXHM rapaHTHpPYeT NOJy4YeHHe JOCTOBepHOH HHGMODMaIHH, TaK Kak HH(poBOH KOJ
OYepeRHOro oTcyeTa nepechiaercs ¢ MHKpOIBM DDI0 TosbKO nocse 3aBepieHHS
npeo6pa3oBaHHs BXOJHOIO aHaJOrOBOTO CHTHaJja.

Ynpasnenne paGotoii uHpposoro neyarawpitero ycrpoiicrsa (LITY) sasucur
OT €r0 THNa H ONHCaHO B PYKOBOACTBe NO Hcnosb3osanHio LITY.

2.3. IIMK PACHIMPSIOWIETOCH PSAOA

OnwbiT coznanua u npousBoacrea [IMK cemefictea «dnektponnka MK-
64» 611 HCnob3oBaH NpH paspaborke [IMK pacumnpsiiomerocs psaga. Hc-
nonp3oBanne BUC ¢ Gosbliefi eMKOCTBIO 3a[IOMHHAIOIIHX YCTPOHCTB ofec-
NeYH/0 BO3MOXKHOCTb YBeNHUEHHS] eMKOCTH ONepPaTHBHOH NaMATH MPH op-
raHH3alHH oNepallHOHHOro cTeKa ¢ natbio perucrpamu X, Y, Z, T u gonoa-
HHTENbHbIM perHctpoM X1 n/s XpaHeHHsl NpeAbAYLIEro (10 BHINOJHEHHS
onepauuu) cojgepxumoro perncrpa X. 310 Xe 06eCneynsio BO3MOXKHOCTD
ONHCAHHA NPOrpaMM pellleHHs NPHKIAAHBIX 3a]au Ha 6oJee COBEPLIEHHBIX
KOMIIAKTHBIX BXOJHHBIX SI3BIKAX BBICOKOTO YPOBHS C JOCTATOYHO GOMBIUHM
C/I0BapHBIM 3a11aCOM [PH HCMOJb30BAHUH HE TOJNBLKO NPAMOH, HO H KOCBEH-
HOM (IeCTHAAUATEePHYHOH) afipecallii PerHCTPOB JaHHBLIX H MPOrPaMMHBIX
CJIOB.

CrpyKrypHas cxeMa, NoKazaHHas Ha puc. 2.1, jonosHeHa BKJIOYEH-
HBIMH B CHCTEMHYIO Maructpanb AByMs HiaH Goaee mukpodBM K1456HMKi13
(K745MK13) u oauuM unu Gosee perucrposeiv O3Y K14511P2 (K745HP2),
a TaK¥Ke NpH HCIl0/1b30BAHHH BHEITHHX YCTPOHCTB OXHHM HJIH Gosiee KOHT-
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posniiepaMu o6MeHa HHGpOpMalHed Mex1y CHCTEMHOH MarHcTpasblo ¢ BHell-
HHMH ycrpoiicTBaMH Ha MHKpoDBM K145MK18 (K745MK18).

Munumanenas crpykrypa atux [IMK coorBercTByeT BK/IOUEHHIO B CH-
CTeMHyI0O Marucrpaib AByX MHKpodBM K145MK13 (K745MK13) u oauo-
ro perucrpoeoro O3Y KI1456MP2 (K745MP2). Ysenuuenue yucia TakHX
MHKpoIBM o6ecrieyuBaer yBeHueHHe €MKOCTH JHHAMHUYECKOH MNaMsTH,
yucaa AJ1Y npu napannenbHoil o6paGoTke HAGOPMALHH H B CBSI3H C yBe-
JHYeHHeM cyMMapHo#t emkoctd [13Y yBenHuenune cioBapHoro 3anaca BXOJ-
HOTO fI3bIKA NPH COXPaHeHHH HeM3MEeHHBIMH CHHTAKCHYECKHX MpaBui. JTo
obecrnieuHBaeT BO3MOXHOCTb pacuipenust psga atux [IMK npH coBmecTH-
MOCTH CHH3Y BBEDX (OT MHHHMA/JbHOH CTPYKTYpPbI) €ro apXHTEKTY pbl.
B wacTHOCTH, BCe NMPHKaAHbBE IPOrPaMMBl, COCTABJIEHHBIE HAa BXOJHBIX f3bI-
Kax MJAAUIHX YIEHOB 3TOro psja, shinoauuMel Ha [IMK c Gonee cnoxHo#t
CTPYKTYPO# 1 GOJBIIHM CJOBAPHBLIM 3a11aCOM BXOAHKIX SI3BIKOB.

Boinoanenye oneparopoB NPHKIaJHLIX NPOrpaMM, BBOJHMBLIX Ha)KaTHEM
KJAABHII NPH COGJIOJEHHH NPaBHJ BXOJHOTO fi3blKa HWJH CUUTHIBAHHEM H3
NPOrpaMMHON NaMSATH, BBINOJNHAETCHA B CJelYolleHd M0ce10BaTe/1bHOCTH:

1) dopmupoBaHHe HJIH CYHTHIBAHHE W3 NporpaMMHoil namsiTH Koja one-
paropa Beayuiell MUKpoDBM, cBsi3aHHOH ¢ NMyJbTOM YNpaBJeHHs;

2) u3MeHeHHe COCTOSIHHSl PErHCTpa-cyeTYHKa NPOrpaMMHBIX CJIOB (lua-
roB NporpaMmbl) AJst YKa3aHHA ajpeca c/elyiolero Koja oneparopa,

3) onpenenende BHAA ONepalyHy,

4) nepecblika Koja onepaluu B MHKpodBM, coaepxameit B [13Y npo-
rpaMmHoe ofecreyeHHe BHINOJHEHHS! COOTBETCTBYIOWieH oOMnepaiuy;

5) BuIMOAHEHHE ONepaluH;

6) nepechiKa pe3y/brara olnepauuH B perucrp X ONEpanHoOHHOro cre-
Kd, COAEpXKAIErocs B ONEPaTHBHON NaMATH, C H3MEHeHHeM NPH HeoGXonH-
MOCTH COAepKHMOrO OCTaNBHBIX PErHCTPOB ONEPAHOHHOrO CTeKa.

ITpu BeinOIHEHHH ONepaTopOB, BBOAMMBIX HaXKaTHEM KJIaBHLI, HJIH TIPH
CUMTHIBAHHHM M3 nporpammuoii namsiti kopa oneparopa C/TT copepxumoe
peructpa X nepechlJaercsi B PETHCTP HHAHKAallHH, H Belymias MHKpodBM
BblpaGaTeiBaeT CHTHa/bl, YMpaB/siouiHe OToOpaXKeHHEM Ha HHAHKaTope
pe3yJabTaTta onepalHy B AeCATHYHOM HJIH LIECTHAJAUATEPHYHOM KOJe.

TIpu BBOZe AMPEKTHB C MyJbTa ynpaBJeHus BeAyllas MHKpoIBM ¢op
MHpYeT MX KoOAbl, B COOTBETCTBHH C KOTOPHIMH BHINOJMHsieTCS Tpebyemas
onepanus u3meHeHus pexxuma pa6orsl [IMK. B pexume nporpaMMHpoBa-
HHUS Ha HHIHKaTOpE BbICBEYUBAETCH COAEPIKHMOE CUETYHKA IAarcB B obueM
clyyae B IeCTHaAUATEPHYHO-AECATHYHOM Koje, COOTBETCTBYIOINEM ajpecy
B NPOrpaMMHOH NaMATH CJAeAYIOUEro NporpaMMHOro CjioBa, H B LIECTHAN-
LATEpPHYHOM KOJie TPeX NPOrpaMMHBIX CJIOB, BBEIeHHBIX TIOCIeAHHMH. B or-
auune ot [IMK cemeiictBa Qnekrponnka MK-64» B [IMK pacunpsiomero-
csl psilla ajpeca NepexofoB HaOGHPAIOTCS € K/aBHATYPbl CHMBOJAMH JieCsi-
tHuHbIX HaH (B [IMK ¢ 6o/iblueit eMKOCTBIO aMATH POrpaMM) eCTHaALa-
TepuuHbX uu¢pp. Jlas npoBepKH nporpaMMbl MOXKET HCNOJIb30BATBCHA JH-

— -

pextupa IHT unau IUT, uaMensiomlasi Ha eMHHIY COAEPKHMOe CUETUHKOB
LIATOB H COOTBETCTBEHHO COlepXKMMOE perHctpa HHauKauuu. [Lis ycraHos-
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KH COLEPXKHMMOTO CUETUHKA L1aroB, PaBHOTO HaualbHoMy aipecy 00 wiu
NPOU3BOJBHOMY ajpecy ab, 10CTaTOYHO NOC/]E JHMPEKTHBH FABT nas nepe-
X04a B paGouHii pexuM BBecTH cooTBeTcTBeHHO (Kak M B IIMK cemeiictsa
«dnexktpornka MK-64») nupektuy B/O (Ounctka) uan BIlab (Besycnos-
Hblll nepeXol No aapecy ab). ITH Xe NMPEKTHBb HCNIONB3YIOT H NIEpeN Iy~
CKOM NpOrpamMmbl aBTOMaTHYECKHX BBHIUHMC/IEHMH C HYXHOTO wara AHpeK-
tusol C/T1 (Ilyck).

JIs OoTMajKM TpOrpamMMbl aBTOMaTHUYECKHX BbIUHCJEHWH NpU ee no-
1IarOBOM MCIIOHEHHH MOTYT TaKie Hcnmoab3oatbest aupektusbl T (TTo-
waroBoe npoxoxienHe), CF Aas ycTpaHeHHs NOCIEACTBHI OLIHGOUHOTO
HaxaTst KaaBuix F U Hexotopeix Apyrux kaasuu, FTIPT s nepexoaa B
peXHM NpOrpaMMHPOBAHHA.

B IIMK c BHeluHUMH HAKONHUTEASIMH HHPOPMAIIMH HCIIOJIB3YIOTCS TaKXKe
NMpeKTHBH A4 I/15i 3aCHUIKH B KOHTPOJLIep ajpeca ofpallieHns K dpar-
MEHTY HHGOpPMALHHU B NaMATH HaKONUTEAs H | s obmena HHGOpPMALH-
efi MeXIy NaMsTbiO HaKonuTels M ONePaTHBHOH NaMATHIO IMK. Tlpn
3TOM ajpec yuacTKa NaMsiTH HaKomuTels 3ajaetcs HaGopoM nocJeloBa-
TeJabHOCTH AecaTHuRbIX uHpp LJAAAAIL, rae I — moGas 3nadawmas (o1-
NMuHas ot Hyas) undpa, AAAA — paspslbl ajpeca HauaJbHOH TeTpajbl
Tpe6yeMOro yuacTka naMsTH HaKONHTe s unpopmanuy; UL — AanHa
3TOr0 yuacTKa B 6aiitax (UMCJIO NPOrpaMMHBIX CJIOB), KpaTHas UHCTY 7 (eg-
JIH 5TO UHCJIO 3aJaHO APYTHM, TO KOHTPOJUIEp YBEJIHUHBAeT ero Jo GIHxad-
IEro LeJMOro yMcaa, KpatHoro 7).

Kpowme BuIK/MiouaTessi NHTaAHHs HA nyJbTe yNpaBIeHUs [IMK ecTb nepe-
katouateap P-—I° wan P—IPI—T ans ycraHOBKH pasMEpHOCTH apry-
MEHTa TPUIOHOMETpHYeCKHX (GYHKUHH H 3HaueHHil OGPATHHIX TPHTOHOMET-
puueckux dynkuui B paguanax (P), rpaaycax (I') WM JeCATHYHBIX IpaRy-
cax — rpagax (IPJl), cooTBeTCTBYIOIHX Je/IeHHIO NPAMOro yraa Ha 100
PaBHBIX YacTeH M CBSI3AHHBIX C APYTHMH eJHHHIaMH Pa3MEpHOCTH OTHOUIE-
gusmu TP = 0,9 T = 200 P/x.

llectHaauarepuunbie uudpst A, B, C, [l u E Ha HHAUKATOPE BHICBEUH-
BaloTcs (pHc. 2.8, 6) COOTBETCTBEHHO KakK — (cerMeHTHBI!i curHAJ 14),
L (cermenTHbie currasb 12, 15 u 17), C (cermenthute currais 11, 12, 15, 17),
I (cermentble curianst 1, 12, 15) 1 E (cermenthbie currams 11,12, 4, 15,
17), a uudpa F He BhlcBeuuBaercsi, obGecneunBasi popmHpoBaHHe Npobesa.
IMostomy curuan own6ku ETTOI cooTBeTcTBYeT COfEpKHMOMY (1ecTHAAUA-
tepruuHomy) peructpa uHaHKauun EDDODFFF. 9tor curnan BeicBeunBaert-
cs (kak u 0 B 3Hakomecte manTHech TTMK cemefictBa «dnektponuka MK-64»)
NpH nepenoJHeHHH perdctpa X M NONBITKE BHIIONHEHHs HEKOpPEeKTHORH
onepaudu. B nocnennem cayuae coflepkuMmoe perdcrpa X coxpaHnsercs, H
nocJie ycTpaHeHHst NPHYHHB! OLUHOKH BBIYHCIEHH S MOTYT GbITh IIPOIO/IXKEHDI.

B kapmanubix [IMK pacwxpsioinerocs psjia BenoJb30BaHO HHIHKATOP-
Hoe ycrpoiictBo Tuna UBJ12-8/12, cxema KoTOporo ¢ HoMepaMH BLIBOAOB
3JIEKTPOJOB NOKa3aHa Ha pHc. 2.11.

Cesizb Mexay MHKpoIBM, BK/IOYEHHBIMH B CHCTEMHYIO Marucrpasb,
OCYLIECTBJIsIeTCs] B HHTEPBaJbl BpeMEHH, COOTBETCTBYIOIiHE NPOXOXKIEHHIO
yepe3 MHKPoDBM yuacTka onepaTHBHON NaMsATH, BbIAEJEHHOTO MNOA KaHaJ
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cBfi3H. AGoHeHT — MHKPODBM cHcTeMHON MarHcTpasd — NpH o6palieHHH
K JpyroMy aGoHeHTy nepeJaeT B KaHaJ CBA3H ero ajpec H KoJ OoNepaiuH.
AGoHeHT-npHEMHHK, BHINOJHHB OlEpaltio, Nepefaet B KaHaJ CBSI3H MOAT-
BepXK/eHHe 0 ee BhiNoJIHeHHH. TIpH 3TOM aGOHeHTHI pas3/IMuYalTCs MO ajpe-
caMm, a He M0 MECTY BKJIIOUEHHUS! B MArHCTPaJib.

Bo Bpevist BhONHeHHsA onepauud ofHOH MHKpPoIBM apyras BuGHpa-
€T U3 ollc): | IBHOH NaMSTH KOA CJEAYIOolel onepantH, uTo NoBblaeT ObICT-
poneiicTBite. JTOM Ke 1eJIH CJAYKHT H 0cBOOOXK/IEHHEe (OUMCTKA) KaHaJa CBsi-
34 JI0 MOJIHOTO 3aBeplleHHst BHINOJHSEMOH onepauuH, uto obecrneudBaer
BO3MOXKHOCTb CBSI3H MeXJAy APYTMMH MHKpoOBM u nosbinaer sdpdeKTHB-
HOCTb MX napaJsJesbHOR paboTel. MHKpoIBM, BKIOYeHHas B CHCTEMHYIO
MarHCTpasb, MOXKET NepeBecTH ee B PeXXHM OKHIAHUA H obecneydThb cebe
JOCTYNl K yNpaB/JeHHIO TOH 4YacThiO BBHIYUCIHTENBHOH CHCTEMBI, KOTOpas
TIoJIyuaeT Ko[bl ONEepaTopoB N0 KaHajly CBA3H.

CorjyiacoBanue Bo BpeMeHH (MHTepdefic) oOMeHa HHGOpMaLHed MeXay
CHCTEMHOl MarucTpaJibio H BHEIIHHMH yCTpPORCTBaMHU obecneudBaeT MHKpO-
OBM K1451K18 (K745HK18), caBHroBble perucTpbi KOTOpoH NPHHHMAIOT
OT CHCTEMHOH MarucTpajH WM NepejaioT B Hee HHPOPMALHIO uepe3 BHEHI-
HHe BXOJ M BHIXOJ. B KauecTBe BHELIHHX yCTPOHCTB MOTYT MCIOJb30BAThCA
[13Y pna XpaHeHHs NPHKAAJHBIX NPOTPAMM, HAKOIHTENH AJI5 JJIKTETbHOTO
XpaHeHHst nporpaMM H JaHHbIX 4 O3Y a4s pacliMpeHHs onepaTHBHOH Na-
mat [IMK, a rakxke 3Y nevataiomiux 4 ApyrHxX BHEWHHUX YCTPOHCTB mpe-
obpasoBandsa HHpopMauud. B 3toM cayuae pist obecneueHuss o6MEHOM
HHpopmanueii ¢ oneparuBHoN NaMaThio [IMK Hcnonb3yioT aMy/1ATOphHl Ha-
KoNHTe/leli BHEUIHMX 3anoMHHaowux ycrpoiicts (B3Y) B BHae oxHomep-
HBIX MacCHBOB ynpapisoweli HHpopMauHH. DyHKIHH SMYJIATOPOB HAKO-
nureneii B3Y moryr Buinonuate H MHkpodBM K145MK13 (K745HK13)
¢ cootBercTBylouinM cofepxumbiM I13Y. Takue MuKpodBM BMecTe ¢ KoH-
TposjepaMud Ha MUKpoOBM K145H1K18 (K745MK18) obecneunBaior oTo-
6paxkeHHe aipecHOTO NPOCTPAHCTBA Beeli NaMsTH BHIYHCJIHTEbHOH CHCTEMBI
Ha ajJpecHble NmpocTpaHcTBa 3V.
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B cayuae Gonbuioro yucia 3MyJisiTOPOB B pa3pbiBbl CHCTEMHOM MaruceT-
pand BKJIOMAIOT BXOJAB HeueTHoro uucia rakux BUC, a ux Beixonsl noa-
KJAI0YaloT K MarucTpaJii yepes jgoruueckuii saement Hekaouaomee UJ1N.
B 3toMm ciiyuae HCTOYHHKOM HOBOH MHGOPMALHH B CHCTEMHOH MarucTpasu
Oyaer ToabKo ogHa BUC, srinonnswomas GyHKIUHH 3MYISTOPA HAKOTIHTEN S
B3Y. INpu uetHOM uucie 3MYASTOPOB OAHH M3 HEUETHBIX BbIXOJOB /EMEH-
ta Hckmouaromee HMJTH moxer GbiTh cOefMHEH ¢ Pa3pbiBOM CHCTEMHOM
MAarHCTpaiu HenocpeACTBEHHO WM 4epe3 CABHTOBBbIA PErHCTp B 3aBHCHMO-
CTH OT cnocoba BKJIOUEHHS SMYJATOpA.

Hns soinondenuss B3Y wuau mukpodBM KI145UK13 (K745UK13)
GyHKUKA 3MYJATOpPA CIOBapHHIH 3anac BXOAHOro f3blKa HekoTopbix [IMK
cogepxkut onepatop KP (rae P = 3,4, ..., E). tcau B cHcremy BKJMW-
yeHO HECKOJIbKO 3MYJIsiTopoB HakonuTeseit B3Y, to nepen stuM oneparopom
Ha6Hpaetca ero aapec 26, 27, ..., 2C. Azxpeca 26, 27, 28, 29, 2A BBogaTcs
¢ nyjibTa YNpaBJeHHs HaXaTHeM cOOTBeTCTBEHHo kJaaBuui K +, K—,
Kx, K=, K<, a agpeca 2B u 2C MoryT GbiTb 3aHeceHsl B B3Y uuau smy-
natop Hakonureas B3Y. Ilpu ogHoMm smyasiTope ero agpec He BBOAMTCA.

Onepatop KP azapecyercsi K BbHIGPaHHOMY 3MYyAiTOPY HaKONHTE/sA
B3Y co cnickom napaMeTpoB, onpefie/isieMblM yKa3aTeqaem P, oro6paxaio-
(UM aApec 3aJaHHOTO cermMeHTa H ero AnuHy. IIMK ¢ smynstopamMu Ha-
xonutenedl B3Y umeior knasumu A1a BBoga AupektHB A £ u |, a takke
nepeksoyatean C — 3 — CU s BuiGopa pekuma CTHpaHKs, 3aTHCH HJIH
CUMTBHIBAHUA H mepekmouateab I1-— [ qnis obmena undopmanuei ¢ obna-
CTbIO MPOTpaMM HJH JaHHBIX onepaTuBHol namaTtu [IMK.

B TIMK pacmmmpsiomerocst psiia 4ncia npeiactaBiens B gopmare, no-
Ka3aHHOM Ha pHC. 2.3, HO PerucTpbi JaHHBIX JONOJIHEHB ABYMS TeTpaaaMH
A1 XpaHeHU s ajpecoB MJIH BcrioMorateibHOH uHdopmanuu. C yuerom Ter-
paj ajipeca COAEpKHMOe PerucTpa AaHHBIX pa3bUTO Ha 14 TeTpaj U B OT/H-
ude ot ¢opmara (2.1) npencrapasiercs B BUje

<PN> = <A (13:12)> <3M(11)> <I1(10:9)> <3M (8)>
<M (7:0)>. (2.3)

CrpaHHubl nporpaMMHoli nNaMsTy npeJHa3HaueHbl A5 XpaHeHus 7 of-
HOOGaHTOBLIX MPOTPaMMHBIX CJIOB, M, CJe0BaTe]bHO, WX AJAMHA TaKxe CO-
crapisier 14 Terpan, uad 56 6uT. EMKOCTb cTpaHHuBl, paBHasi eMKOCTH
perucTpa NaHHBIX, sIBJSETCS OAHOH M3 OCHOBHBIX €JHHHL, U3MEPEHHS KO-
JyecTBa HHPOpPMAUKUH B AHHaMHuecKoii namath. ColepKumoe 3Toft Namsi-
TH pa3GuTO Ha TpH Groka M1, M2 u M3 eMKOCTBIO 72 CTPAHHIL B KaXKJAOM.
Has TIMK MmuHHManbHOM CTPYKTYypH ¢ ABYMs MHKpodBM K145MK13
(K745MK13) B 610Ke 14 ctpanuu. CiiefoBaTe/bHO, eMKOCTb KaXaoro 6J10-
Ka 14-14=196 terpan, nnu 424 GuT, a eMKOCTb Beeli onepaTHBHOI nams-
TH 42 cTpaHHLbI, WK 42- 14=588, Terpan, nau 588-4=2352 Gur.

Bkiiouenne Kaxpo#h  nonofHHTeabHON  MukpodBM  K145MK13
(K745/K13) B cHcTeMHYI0 MarHCTpa/ib YBEeNTHYHBAET YHCJO CTPAHHI 7 HA
eAHHHILY, HO ONTHMAJIbHOH fIB/fieTCA CTPYKTYPa, COOTBETCTBYIOULAf 1 —
= 16; npu GoJiblueM YHc/e 7 aJipecallsi ONHO3HAUHBIMH LIECTHAALaTepHY-
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HbIMH (M(pPAMH HETIPHMEHHMA H CeNyeT nepexoiHuThb K bonee CAOXKHOH CH-
cTeMe alpecalli CTPaHHMIL NaMiATH, COOTBETCTBEHHO YCJIOXHHB CHCTEMHOE
fiporpaMMHoOe obecneuenne. [Ipu n < 16 agpeca CTpaHHIL B KaXIOM 6J0Ke
onepaTHBHOH TNaMsTH (puc. 2.12) onpeneasiorci LecTHaAuaTepHYHbIMH
uubpamu no popmyiae 1 — 7. Tlostomy npu n = 14 appecauus CTpaHHLL
naunHaercs ¢ nudphb 7, a MpH 1 = 15— ¢ uugpsi 8 (anpeca cTpanHL 14
3THX CJy4aeB NoKa3aHbl Ha pHC. 9.12 cOOTBETCTBEHHO CBEPXY M CHH3Y CHM-
Bo.1a 6J0Ka).

Brok M1 onepaTuBHOi NaMsATH BbLIETEH i obaacTH JaHHBIX M H
COZIEPIKHT 1l PErHCTpOB AaHHbIX C yKa3aHHbIMH BbilLIE lLIeCTHAAllaTepHYHbIMH
aapecamu ot 0 10 1 — 1. B nepBoi cTpaHHLe 0J10Ka M2 1o aapecy 7, 8 HaH
Q B 3aBHCHMOCTH OT YHC/a 1t HAXOAHTCA KOA «MeTKa», ABJsOULHACS HauaJIoM
orcyera HeABHBIX (npocrpaHcrnenno-spememu;lx) ajpecoB CTpaHHl, B
caeayoleit cTpaHuie — KaHai cesasu (KC). Caenyouite 5 cTpaHHIL 3TOrO
6/10Ka BbiieJeHbl 15l XpaHeHHs COZIEpKHMOTO PErucTpoB onepanHoHHOro
cteka X1, X, Y, Z u T, a ocraBuiHecs i —= 7 cTpaHHIl NpH COOTBETCTBYIO-
{1eM MpOrpaMMHOM obeclieueHHH onepauHit B CHCTEME MOTYT 6biTh 3aHATHI
NaMsAThIO POTPaMM WJH JaHHBIX Ms. Bsiok M3 BbieseH /st 06.1aCTH npo-
rpaMm Mp, B KOTOpO# MOTryT XPaHHTbCH 7n waros (NporpaMMHBIX CJI0B)
NpHKJIaAHO# NpOrpamMmbl emKkocTbio 1 GafiT (8 6uT), HAH 2 TeTpanbi, Kaxaoe.

B caBHroBBIX perucTpax NMHAMHM4ECKO#H NaMATH CTPaHHLLB 6JI0KOB C OlH-
HAKOBBIMH aJipecaMH NpeicTaBJ/eHbl [oc/IeI0BATEJIHOCTAMH H3 TpeX TeT-
paji, BHIOHPAEMBIX MOOUEPENHO 1o ofHo#1 TeTpaje OT KaxJoro 6noka M1, M2
1 M3. Kaxgas u3 Tpex Terpal 61okoB M1, M2 u M3 nepememaercs B pe-
THCTpaX NMaMsTH uyepes3 (pHKCHPOBaHHYIO HauaIbHYIO TOUKY B TeueHHe COOT-
BeTCTBEHHO HHTEPBAJIOB BPEMEHH El, E2 u E3 pa3psiiHbiX CHIHAJIOB It ...
J114. Tlocne nepenaix ouepeHoll CTpaHHIib Belyllas MHKpoOBM nepechi-
1aeT B octadbHEe MHKpoIBM KOPOTKHH CHHXPOHH3HDYIOUIHA HMIYJIbC
(CH), cosnajatoliui ¢ (ppoHTOM pa3pPsIHOTO CHrHAMA Ji1. TTosToMy nocJe
fepenauu Koja «Merka» no yucay CH moxer OwiTb onpeieiet ajgpec Tpe-
Gyemo# CTpaHHLpl NMaMATH, Ha KOTOpOil C MOMOLLbiO CHPHAJOB HOREIBj
voKeT GhITb OPTaHH30BAHO pacTpene/ente CTpaHKIL orepaTHBHO# nams-
TH.

PasMellieHHe COAEPXHMOro CTpaiuil onepaTHBHO# NaMaTH 0Ka3aHo Ha
puc. 2.13. B Gnoke M1 Terpaibi pericTpoB AaHHLIX, ajapecyemble HOMEpa-
wi ot 0 1o 13 coraacuo (2.3), COOTBETCTBYIOT paspsilHBIM CHrHaIaM Ol...
Nl14 u uurepsatam EIl B reueHue ANUTEJNBHOCTH KaXIOro U3 HHX. Koa
«meTKa» ortobpaxaercs Ha wauaabHol cTpauuue 6n0Ka M2 undppamn F
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B nepBbiX 9 TeTpajax (1 B ka0l ABOMUHOI siuefike 3THX Terpan). Ilox Ka-
Han cBssH (KC) Buigesnens JBe Tetpajlbl, COOTBETCTBYIONIHE MHTepBajiaM
BpeMeHH E2 B Teuenue AiuTesbHOCTH pa3psiHbiX curiagoB J11 u J112.
Crenyer no6aBuTh, uTo CUMTHBAHHE KOJA «MeTKa» yiKe B MepBoil Terpaje
NPHUBOAMT K HauaJly OTcueTa BpeMEHHbIX KOOPAHHAT B MHKPOIBM BhIuHC/IH-
TeJIbHOH cHcTeMbl H GopmupoBaruio CH B Beaymel MukpodBM.

Azpecauus 8-6UTOBBIX slyeek TpPOrpaMMHONi MaMSATH 3aBHCHUT OT HC-
fnosb3oBaHUs cTpaHul 67oka M2. B TIMK 6e3 namstu nporpamm uiu AaH-
HBIX NnepBas Terpajla HauyaJbHO# sueHKH NPOrPaMMHBIX CJIOB Ha CTpaHHIle
6;10ka M3 HaXoauTcs B nocaeaHel siueike crpaluupl, a B [IMK ¢ namsitbio
NporpaMm-lasHbiX nepBasi Tetpaja Tnoc/ejHed sueKH NPOTPAMMHBIX
CJI0B — B HayaJje cTpaHHUb. AJlpecanisi NPOrpaMMHBIX CJIOB yKa3aHa Ha
pHc. 2.12 coOTBETCTBEHHO CBEPXY M CHH3Y CHMBOJA CTpaHHubl. TakHm 06-
PasoM, OT YHCJa n CTPAHHI 3aBHCHT YMCJO PErHCTPOB JAaHHBIX, CTPAHHIL
NPOTPaMMHOH NaMSITH M PerMCTPOB JAHHBIX HJIH CTPAHHI NPOrpaMm B na-
MATH NPOTrpaMM-JIaHHBIX, €CJIH OHAa NpPelyCMOTPeHa NporpaMMHBIM obecne-
uendeM [IMK,

Masocepuiinbie anasord maccobix [IMK pacumpsiomerocst psija ¢ na-
MATBIO TIpOTpamMM-JaHHBIX umetot onepatopel KIIB u KO/ (cuMBOABI KO-
TOPHIX 0603HaueHbl Ha KJAaBHaType). OHU NpeJHa3HaueHbl COOTBETCTBEHHO
AJist OOMEHA COAEPHHUMBIX PETHCTPOB JAHHBIX C NAMATBIO AAHHBIX HJH CTpa-
HHIAMH NPOTPAMMHBIX CJOB C HAMATHIO NPOTPAMM.

B o6uiem cyuae nonb3oBatemo J0cTYNHO cofepKuMoe NaMsITH JaHHBIX
Mz, nporpamm Mp u namsiTH nporpamm-AaHHBX Ms, ec/iM oHa NpenycMoT-
P€Ha, a TakXKe pPerucTpoB ONepalMOHHOTO cTeKa SP u afpecHoro creka
SPC ¢ BXOnHBIM perucTpoM-cueTunKoM waros nporpammsl PC. Kpome Toro,
npu Hcnoab3oBaHud [IMK ¢ BHEIIHHMH HaKONMTENSMH N0Jb30BATENIO
AOCTYNHA NamATh HaKonurteed Me u aapecHoe npocTpaHCTBO 3MYJATOPOB
Hakonurese#i B3Y, oGosHauaemoe Mx.

3aBUCHMOCTL eMKOCTH NaMsiTH Mp, Ma u Ms ot ukcaa crpaHHL n noka-
3aHa Ha puc. 2.14 AuarpamMmamy (c/ieBa y CHMBOJIA KaXIoi NaMsATH yKa3a-
Hbl aJipeca ee KpalHHMX NPOrpaMMHBIX CJIOB, a cnipaBa — Tetpan). CiaenoBa-
TeJIbHO, NIPH 11 == 14 B NaMATH NporpamMm MoXKeT XpaHHTbCst 1o 98 nporpam-
MHBIX cJ/0B ¢ agpecamu ot 00 g0 97, B namsiTH [aHHBIX — COHEPKHMOE
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14 peructpoB ¢ agpecamu or 0 1o D, a B namsTH Nporpamm-AaHHbIX 10
49 nporpaMMHBIX CJI0B (WIH 7 perdcTpos AaHHbiX). Ilpu n = 15 B namaTH
nporpamMM MoxeT XpaHHTbcA 10 105 NporpaMMHBIX CJIOB ¢ aJpecaMH oT 00
10 A4, B naMsTH JaHHEX — cojepxuMoe 15 peructpos c aapecamu ot 0
10 E, a B naMsATH NporpaMM-1aHHBX — 56 NporpaMMHbIX cJI0B (10 8 pern-
CTpOB AaHHBIX). [l ONTHMAJBHOM CTPYKTYDHl NIPH = 16 B NamsTH Mo-
JKeT XpaHuTbest 1o 112 nporpaMMHBIX /0B ¢ anpecami ot 00 10 B1, conep-
*HMoe 16 perucTpoB faHHBIX ¢ afipecamt o1 0 1o F 110 63 nporpaMMHBIX ¢J10B
(10 9 perucTpoB AaHHbIX).

B IIMK ¢ naMsThio porpamMmM-aHHBEIX BO3MOXKEH OOMeH ee COAEpXKHMO-
ro ¢ NaMATbIO AAHHBIX HJH NPOTPaMM MO CTPaHMLaM WM PEerHcTpam JaH-
HuIX ¢ agpeca 00. OfHaKo BO3MOMKHA TaKXKe H HenpsAMasn (pHKCHpoBaHHas).
ajipecalus, ofecreyHBaioWas A0CTyN Ko Beell HHOPMALHH B NaMsTH Npo-
rpaMM-JaHHBIX, KOTOPas NOJHOCTBIO OGMEHHBAETCS ¢ COAEPKHMBIM NaMATH
JaHHBIX HJIH OpPOTPaMM.

B TMK ¢ B3V noab3oBaTemo JOCTyHA NaMaTbh Me 3MyJisiTOpa HaKo-
nutenss B3Y emkoctbio 10 777 nporpaMMHLIX ¢JI0B (8-6HTOBBIX) ¢ afpecaMH
ot 000 110 776 uaiu o 111 perucTpoB AaHHBIX ¢ afpecamu ot 00 1o 110. Kpo-
Me TOro, NOJb30BaTeTIO MOXeT ObITh HeNoCPeACTBEHHO JOCTYNHA MaMATh
HaKoNHTeJeli eMKOCTbIO 512 MpOorpaMMHBIX CJIOB (HAH 72 pEerHCTpOB  AaH-
HBIX) HJH KpaTHO#H eMKocTH. [lisi oGpalleHns K NaMsTH B3V ucnoabsyor-
Cfl pa3/HuHblE CNIOCOGH! afpecauiH. B yacTHOCTH, /1A 0OpalenHs K SMy.a-
Topy Hakonutens B3Y onepatop KP MoxeT aJpecoBaTbCsi K OAHOMY H3
12 nporpaMMHBIX CerMeHTOB /M CErMEHTOB AAHHBIX.

dopmar u pacnpeeieHre HHPOPMALHH B perHCTPaxX AaHHBIX Pas/IHUHBIX
yCTpOHCTB NaMsTH onpeensiores (2.2), a B KoJlaX onepaTopos NpHKIaLHOM
NpOrpaMMbl 3aBHCST OT HX Ha3HaueHHsl. BobIIHHCTBO ONEpaTopoB oroGpa-
XKaeTcsi OHHM NPOTPAMMHBIM CJIOBOM H3 1BYX TeTpal. B Konax onepaTopos
Habopa uYHcen (JMTepajaXx) M ONepatopoB OGpalleHHs K NaMATH,
a TaKxe onepaTopoB KOCBEHHOH aJpecauMH cTaplias Terpaja npeinasha-
yeHa a1 Koja onepaund (KOIT), maanwas terpaia A1s Kola YHc/a, KOTO-
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pbIM MOXKeT ObITb M aJpec perucrpa xon N Kon
naMsaTv JaHHbX (puc. 2.15, a). B xo-
AaX CHHTAKCHYECKHX H (PYHKIHOHA/b- a) 0)
HBIX OTEPATOPOB, a TaKkKe KoAax yi-
paBJeHHA XOJOB BBINOJHEHHA [1PO- Ko FA
rPaMMbl aBTOMaTHYECKHX BHIYHCAEHHH
o6e TeTpaAbl OTBEZEHB OJ KOX One- 4)
pauun (puc. 2.15, 6). Hckawouenue
COCTABJIAIOT ONIEPATOPbl LHKIA Home- | . 4ump Kon P
paTopbl NPAMBIX Ge3yCAOBHBIX (BKJIO-
yas onepatop obpauieHus K MOANpO- 2)

rpamme) H YCJAOBHHIX MEPEXOMLOB,

oto0pa)kaeMblX JBYMsl [pOrpaMMHbi- Puc. 2.15

MH cJ1oBaMH (puc. 2.15, 6): nepsoe -—

KOJl onepalii¥ nepexofa HJH NpoBepKH YCJOBHA, a BTOpoe — JABY3Hau-
Hblif McroNHHTENbHBIE agpec EA nporpaMmioro cJ/ioBa, BBINOJIHAEMOrO
nocie nepexofa. Onepatop KP ofpalieHHs K namsarH 3MyJsiTopa Hako-
nutenn B3Y rtakke orobpaxkaercs B ofiieM c/yyae ABYMA [pOrpaM-
MHBIMH cJioBaMH (puc. 2.15, ¢): nepsoe — axgpec Me (AMe) smyasrtopa,
a BTOpOe — KOJ oNepallku B crapluell TerpaZe u napamerp P B maaneii.

2.4, IMK CEMENCTBA «3TEKTPOHHKA MK-54»

Paccmartpusaemoe cemeficTBo BKJOYaeT maccoBble xapmanHsle TIMK
«nextpounka B3-34», «Anekrponuka B3-54», «AnexTpoHuka MK-54»,
a Takxe HactosbHbil [IMK «Qnextponuka MK-56». 3tu [IMK xapaxtepu-
3YIOTCSl MHHHMAJbHOH CTPYKTYpOH DacUIMpPSIOLIETOCH Pslia — B CHCTEM-
HYI0 Maructpajb BK/OYeHbl JBe MHKpoIBM K145MK13 (K7451K13) u
aBa peructposeix O3Y K145MP2. Kaxablii 6710k onepaTHBHOM namMsiTH
atux [IMK conepxut n = 14 cTpaHHL, YTO COOTBETCTBYET COLAEPHKUMOMY
14 pervcTtpoB namaTu aHHBIX ¢ agpecamu ot 0 go D u 14 cTpanunam nams-
TH nporpamm ¢ 98 nporpaMMHbIMH cl0BaMH (8-GUTOBBIMH) C afpecaMu OT
00 no 97.

TlepBbiii B 5TOM cemedicTe no BpeMeRH pa3pabotku [IMK «dnekTponuka
B3-34»> (puc. 2.16) cobpan na mukpocxemax cepuu K145 B xopnyce, ana-
AoruyHoM Kopnycy [TMK «9nektponuka B3-21». Ou cHabkeH aBTOHOMHBIM
HCTOYHHKOM MNHTaHU$i B BHAe Oataped M3 uyetbipeX akkymyJastopos JO,
35C, c obulMM HanpsixkeHHeM 4B, moasapsikaeMbM OT CheMHOro 6/10Ka Mu-
TaHHus (BUAKH-BHIOpAMuUTENs) [12-10, colepxauiero TpaHchopMaTop, NOHH-
AaiouHi cereBoe fiepemMeHHoe HanpsxeHue 220 B, BHINpAMHUTENbHBIH MO-
CTHK U3 yerbipeX fHonoB JI814A u wyRTHpyomui Konaencatop K50-16 em-
KocTbio 2000 Mx® npu Hanpsixerun 10 B. Bo Bcex octanbHbIX KapMaHHBIX
[IMK pacwmmupsiomerocs psiga (BK/Iouasi U BHINYIEHHBIH HeGOAbIWIONH ce-
pueit [IMK «9nektponuka B3-54» B xopnyce, aHanornunom Kopnycy ITMK
«AnekTponuKa B3-34») HCTOUHHKOM MePBHUYHOTO MUTAHHS CJIYKHT Gatapes
H3 NOCJIEA0BATENBHO COCIMHEHHBIX CYXHX 3/eMeHTOB THNa 316, a B cTanHo-
HapHBIX YCJIOBHSX MCMOJB3YIOTCA CheMHbIe 6IOKH NHTAHUA (BUAKH-BHIIPS-
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MHTEH), NOHHIKAIOIMe U BHIMPAMJISIOIHE CeTeBOe NepeMeHHoe Hanpsxke-
uus 220 B.

Oco6ennoctbio TIMK «3nekTponnka B3-34» sBjsierca Takxke JABYXNo-
3HIMOHHBIE nepekaiouareqb P — I', BO BceX OCTanbHBIX [TMK cemeficTBa
OH 3aMeHeH TPeXNO3MUMOHHbIM Nepekmiouatenem P — I'PI — I' (papu-
aHbl — Ipajbl — rpagychl). Kpome TOro, CHMBOJIH Ha KJaBHaType MK

«unextponnka B3-34» I, UI1, ¢ ,?Y, arcsin arccos 4 arctg Ha KJaBH-
—

atypax Bcex octanbhblx [IMK cemeficTBa 3aMEHEHbl COOTBETCTBEHHO CTaH-
AapTH30BanHbIMH cHmBoiamH X — I, T1—x, B4, « sin-1, cos~! u tg-l.

[IMK aexrponuxka MK-54» (puc. 2.17) cobpan Ha MHKpOCXeMax ce-
puu K745 B Gosee coBpeMeHHOM KOpnyce MEHbLIHX raGaputoB. B crano-
HapHBIX YCJOBHSAX JJIfi IATAHHS OT CeTH NEPEMEHHOro TOKa 220 B ucnoap-
syeTcs 6ok tuna J12-10M, conepxaiiuit NOHHKAWILHA TpaHchHOpMaTOp,
BLINPAMHUTE/NbHBIE MOCTHK Ha JABYX JAHOJax KIO814A u nByX JaHopax

( =
V -1,2345678-09

~1, 2345678 - 09

(mm W-274 PCERS

TLY =0 zp0 xZ#0

Pl
S A
Lo U L2 L3 <l =0 T30 x»0
3] () (7] [e7] (7] (7] ) B0 &4 e/
sin 05 tg v Yz o L1 L2 L3
aialaial=a (] (-3 kA () (o)
arcsin arccos arctg A x? Sin - cos 10 X
8
oalalols [ D E
ninlalan EINEAEAIEIREY
g n
1w Y AT ANPr (F 1 ? 3
nlalzjoln [ L L B B
il el (1] [ (A (2] [es]
¢ d

non a b

Puc. 2.16 Puc. 2.17
"8



S0 &% tg In sin'oos g sin cos g
wn 1 2 3 4 5 ¢ 7 8§ 3
e o e T G T T [ T
w|v | 2|/ X O ABTVIPT} CF | Bx
F|=|x[Fl=ZEFZ] ey S 2
et VL LEVE Ls a1 gz
il s\ a1 n | (| o s | | o
B P L P 2 T P A |
e/n\ 5 |8/0) n0 |==71| T |7=2 uT- 7 el r low
# A rrrrrararararara
¥ A2VAZV 44 VA5V 46V 27V 48 | 49\ p10) 411 /W|ﬂ/0|ﬂll|lll| I

Puc. 2.18

KIL105B, a taxxe WyHTHpYIOIWHE HanpsokeHue 4 B snekTpoanTHueckHuii
xoHgeHcatop K50-16 emkoctbio 2000 mk® npu 10 B.

HacrosnbHpiit [IMK «3nextponnka MK-56» cHabxeH KJaBHaTypol u
MHAMKATOPHHIM YCTPOHCTBOM GOJIBIIHX Pa3MepoB AJsi yA06cTBa MOJbB30Ba-
HHS B CTALlHOHAPHBIX YCAOBHAX, MHTAHHE TOJBLKO OT CETH NePeMEeHHOro To-
Ka uepe3 BCTPOeHHBbIR 6JI0K.

Kpome ykasauubix Bbime orauuuit Aas [IMK «dnektponuka B3-34»
cxembl NyabToB ynpasiaenus Bcex [IMK paccmarpuBaemoro cemefictsa
cosnajatoor (puc. 2.18). IlyabT comepuT BHIKJIIOYATEAb MHTAHHA, BKJIO-
YEHHBIH B Pa3phiB WHHH — 4 B HMCTOYHHKA NepBUYHOrO NUTAHHA (LIHHA
4 B coennnena c Kopnycom), u nepexiwouatesb P—I'P/I—T, Ha KoHTakTh
P, TPJ] u T xoTOporo nojawrcs cOOTBETCTBEHHO pa3psigHble curHabl 110,
H12 w [11. KnaBuatypa MaTpuuHoro Tuna o6pasopana 10 BXOAHBIMH LIK-
‘HaMH, Ha KOTOpbie noaarTcs paspsausle curaanbl 12 ... 111, u Tpems sui-
xonHbiMH wHHamu K1, K2 u K3, Ha KoTOphle NpH HaKaTHH KAABHIL 110-
AAIOTCS COOTBETCTBYIOUIME paspsiHble curHaabi. JIJs BBoAa onepatopos,
0003HaueHHbIX Hall K/JaBHLIAMH, TpeJBAPHTENbHO HAXKHUMAIOT NPedUKCHYIO
knasuuwy F, a 115 BBola onepaTopoB KOCBEHHON alpecaliid ¥ olepaTopa
HOIT — npedurcuyio kiasuy K. Afpeca perucTpoB NaHHBIX HaGHpaIOT
HaXKaTHeM KJaBHUI nocsie HaxkaTHa KaaBHw [1— x uau x — 1, oneparo-
PBl KOCBEHHBIX NepexofioB — Iocje HabGopa cumBosos K w BIT, TITI,
X<<0, x=0, x >0 nwu x 5= 0. [IBy3HauHble afpeca MNPOrpaMMHbiX
CJIOB NpH BBOJE NPOrpaMM H AMPEKTHBH 3aChIKH aJipeca B CUETUHK ILArOB
HabupaioT nocje BBofa cumBoioB BIT, M1, x = 0, x << 0,x > 0, x 5= O u
cuMBoJIoB LN B HTEpaTHBHBIX LHKJAAX.

Crpyxkrypa [IMK paccmarpuBaemoro cemeiictBa onpenensiercs Ha ypos-
He HeJeJIMMbIX KOMIIOHEHTOB BBIMHCAHTENBHOTO 6JI0KA, CXeMa KOTOpPOro A
[IMK «3nektponnka MK-54» nokasana na puc. 2.19.

B cuctemnyio MarucTpaJb uepes BHellIHHE BXOABI H BhIXOAH Pr BK/IOUE-
Hbl CABHTOBHe perdcTpbl BeAymwe#d MHKpodBM DDI (K745MK1302-2),
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w#KpodBM DD2 (K745MK1303-2) u nsa perucrposeix O3Y DD3 u DD4
(K7451P2-2).

Or renepaTopa ¢a3osbix curiasos DD5 (K745I'®3-2) na Bxoanl Bcex
MHKpoIBM u peructposbix O3V nogatorest pasosble curHaas @1, 2, @3
u O4 (UIMHB KOTOPBIX JJIS YNPOLIEHHsA CXeMbl NOKasaHbl HesiBHO). Bpems-
3ajaronas Lienouka, coctosnlas M3 pesucropa R21 (MJIT-0,15, conporus-
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Jenue 2,3 MOm) u kounencaropa Cl (K10-7B, emkoctb 0,01 Mx®), coenn-
HeHa ¢ BbIBOJlaMH TeHepaTopa, OJHH H3 KOTOPbIX COEJHHEH C KOpPINyCOM
yepe3 pesucrop R22 (MJIT-0,15, HoMuHa/bHOE conpoTHBJeHHe 5,6 KOm,
KOTOpoe MoXet OblTb H3MEHEHO NpH peryJHpoBKe TAaKTOBOH YaCTOTHI).
Ko Bcem BHC or npeo6GpasoBateis HanpsiKeHHs NOJAHO TaKXKe Hanpske-
HHe nutanus Uy = —15 B (nHa KoToporo 1Jisi ynpolleHHs CXeMbl TaKKe
NOKa3aHa HesBHO).

Paspsannsie curnans [12. ..., 113 senyweit MUKkpo3BM DDI noaaiotes
Ha CEeTKH 3HAKOMeCT, COepXHMOe KOTOPHIX OTOOpamaer COojepKHMoe pe-
THCTPA HHAMKALKMHK B COOTBETCTBHH ¢ hopmaToM (2.2), HO ¢ YUETOM CJIBUIa Ha
OfIMH pa3psianbifi CHIHAJ, HeOGXONHMOro A7f NepechbiiKH HHPOPMALHH B
PErucTp HHAHKAaUKH. B 3aBUCHMOCTH OT ero cofiep>XHMoro BripaGaThIBalOT-
Cfl TaKXKe cerMeHTHbIe cUrHaabl (puc. 2.8, 6), nocbliaemMbie Ha CErMeHTH BHi-
BOJOB WHRHKaTopHoro ycrpofictea VLI tuna MBJI2-8/12. OnxoBpemenHo
€ BBIXOZI0B Benyuleil MUKpoIBM paspsanssie curuanst [12, ..., 111 nocuaa-
I0TCsl Ha BXOAHBIe IUMHbI KJNaBHATypH, a curhaian 110, .., 112 — Ha coor-
BETCTBYIOLIlHE KOHTaKTHl nepekmiouvareass P — I'PI] — T

Ilpy BBoe 1HPEKTHB HJIH ONEPATOPOB NPHKJ/IaJHON NPOrpaMMbI pa3psa-
Hble CHT'HaJIbl C BBIXOAHBIX IUMH KJAaBHATYypH W pa3paaHbiii cirian J113 ¢ Bu-
xoja Belyuwed MHUKpoIBM uepes paszenutenbsbie auomst VDI ... VD4
(KI1522B) nonatorcsi Ha Bxoan K1 v K2 3roit e MHKpOIBM., dopMupyto-
HeH KOAbI JHPEKTHB WJIH ONEepaTopoB NpHKJIanHo# nporpammbl. C BIXoAa
Befyutefi MHKpoIBM rnocne nepechiiKH Kaxa0i CTPaHHIB AHHAMHYECKOM
ofNepaTHBHONH NaMATH Ha BXoA Apyroii MHKpoIBM nopaercs koporkuit CH.

Ha Bce Buixoan Beaymei MUKpodBM ot wuHs! nutatus — 27 B noaa-
€Tcst HanpsikeHde yepe3 6ok pesucropos R1...R20 (MJIT-0,15, conpo-
THBjaenHe 100 kKOm). Tak kak nHanpsxenHe — 27 B nojaHo Takxe Ha HUTb
HaKajla MHIHKaTOPHOro YCTPOHACTBA, TO MPH OTCYTCTBHH pa3pslHbIX H cer-
MEHTHLIX CHI'HaJIOB Ha CeTKe H CerMeHTaX 3HaKOMeCT HanpsiKeHHe GlH3KO
K HYJIIO OTHOCHTE/IbHO HHTH Hakasa. [lns nojgorpeBa HHMTH Haka/a Ha ee
BbIBOAH OT NpeoGpa3oBaTelisn HaNpsKeHHs nonaercs nepeMeHHoe (HYJbCH-
pywuee) Hanpsikenue ~ 2,4 B. [lpu nogave Ha 35aKomecTo pa3psijIHOFO
H CerMeHTHOTO CHI'HaJOB OT Befyliell MHKpoOBM HanpsikeuHsi Ha ceTke H
CerMeHTaXx 3HAKOMECT CTAHOBATCH MOJIOXKHTE/NbHBIMH OTHOCHTENBHO HHTH
HaKaJia ¥ B6/IH3H CerMeHTa BO3HHKaeT cBeTALLHiicA ra3oBbtil pa3psi.

Hcrounuk sropHuHoro nurtanus (npeoGpasoparenb Hanpsixkenus) [IMK
«nektpounka MK-54» npeoGpasyer nanpsikedne 4 B B nepemeHHoe
~ 2,4 B pas nuTaHWs HMTH HaKaJa, NOCTOsiHHOoe Hanpsikende —— 27 B
AJsi MHTaHUA CETOK H CerMeHTOB 3HaKOMECT WHAMKAaTOPHOIo yCTPOHCTBA,
a TaKxe HOCTOsiHHOe HanpsikeHHe — 15 B ans nuranus BHC. OcHoBHbIM
y3JoM MpeoGpa3oBaTesisi HanpsiKeHHs sABJAsiercs GJOKHHI-TeHepaTop Ha
TpaHaucrope VT3(KT814B) u uernipexo6morouHoM tpaHcdopmarope Tl
(puc. 2.20). C obMorku II1 TpancpopmaTopa cHUMaercs nepemeHHoe Ha-
npsikense 2,4 B nns nuTaHMs HUTH HaKajla HHAHKAaTOPHOrO YCTPOHCTBA.
Ara obMotka uepe3 pesucrop R3 (MJIT-0,15, conporusienne 8,2 kOm),
myHTHpoBaHHLIA KoHaeHcatopom Cl (K10-7B, emkocrs 0,022 mx®), coe-
JHHeHa ¢ WHHOA HocTOsHHOro Hampsxkenus — 27 B. Hanpsixkenue c no-
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Bhilnaioleii o6Mmorkn IV TpaHcdopMmaropa, BHINPSAMJIEHHOE JIHOZOM
VD2 (KI522B) u wyHTHpoBaHHoe KouuercatopoM C3 (K50-16, emkocTh
10 mxd), nogaercs Ha WHHY HaNpsKEHHA NHTaHUA — 15 B BhYHCAHTEb-
Horo 6/10Ka. Jlono/aHHTelbHOEe HanpsKeHHe, CHHMaemoe ¢ 06MOTKH 11, BbI-
npsmientoe aHogom VD1 (KA522/1)u wyHTHpOBaHHOE KOH1eHcaTopoM C4
(K10-7B, emkoctb 0,033 MK®D), cyMMHpYyeTCS ¢ IOCTOSAHHBIM HaNpsKeHHeM
nutauus BUC u nonaercs sa wuny — 27 B.

Iaa  crabunusauud paGoThl GJOKHHI-TeHeparopa H  yMeHbIIEeHHs
nyJbcalxii NOCTOAHHBIX HaNpsXKEHHHA Ha BhIXOAE npeoGpasoBaTess Hanps-
KEHHs OH CONEPXKHMT LeNb rJyGoKoil oTpHLaTelbHOH oOpaTHOH cBA3H Ha
tpausucropax VT1 (KT361T), VT2 u VT6 (KT315I'). Ha tpaHnsucrope
VT4 cob6paH onepalHOHHBIH YCHIHTENb C REIHTEJ]EM HaNpsiKeHHS B UenH
6a3ut Ha pesucropax R4 u RS (MJIT-9,15, conpoTuB/ieHHe COOTBETCTBEHHO
100 kOm u 80 ... 100 kOwM, TouHOe 3HaueHHe NosbupaeTcs NPH peryaHpos-
Ke HanpsiKeHHs MHTaHHs). IMHTTEP 3TOr0 TPAH3HCTOPA COEAHHEH C INHHOMH
nurauus — 15 B yepes craéuautpon VD3 (KC175)K), a B uenb Koasekropa
BKJIOYeH pe3sucrop R6 (MJIT-0,15, conporusienue 5,6 KOM), wyHTHpOBaH-
Hbilt Kongencatopom C5 (K10-7B, emkocts 0,01 Mx®). C 3Tofi Harpysku Bbi-
XOJHO€ HanpsiXKEHHE ONEepaLHOHHOro ycuaurens yepes peaucrop R7(MJIT-
0,15, conporusnende 1 kKOm) nopaercs Ha 6a3y TpaHaucropa VT2.

OnepaunonHnbil ycuiaureab Ha tpanaucropax VT1 u VT2 co6pan no
KacKOIHOM cXeMe NpH HanpsiKeHHH NHTaHHA Ha BXoje 18 unpukatopHoro
YCTPOHCTBA, OT/IHYAIOLIEMCS OT HanpsixkeHHs Ha wHHe — 27 B nagennem
HanpsikeHust okosio 3 B Ha 6noke pesucropoB R1... R20. Harpyskoi
3TOr0 yCHJHTE/s SIBJsieTcs BXOJHOE CONpOTHBJIEHHe yyacTka 6asa-3MHT-
Tep TpaH3uctopa VT3, Tok 6a3bl KOTOPOro paBeH NOCTOAHHON COCTaBJsIO-
el ToKa KoJsiekropa TpaHsucropa VT2, myHTHPOBaHHOro HO nepeMeH-
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HoMy TOKy Koulencatopom C2 (K10-7B, emxoctb 0,022 vk®d). Hanpsxe-
HHe NHTaHHA Ha 6a3y TpaH3ucropa VTI nopaercs or aenutens Hanpsxe-
Hus — 27 B na pesucropax R1 u R2 (MJIT-0,15, conporusienue cooTBer-
crBeHHo 51 kKOm u 11 ... 18 KOM, TouHoe 3HaueHHe noa6Hpaercs npH pery-
aupoBke). Kpome Ttoro, Ha 6a3y 3TOro TpaH3HCTOpa yepe3 KOHJEHcaTop
.C6 (K10-78, emxoctb 1500 nd) nonaercs HanpsikeHHe 4 B oT HcTOuHMKa
(IePBHYHOTO MHUTAHMS.

Taxum o6pasoM, NpH nepeMeHHOM HanpsXKEHUH UCTOYHHKA N1E€PBHYHOIO
NUTaHUSA, H3MEHEHUAX HanpsxeHnit — 15 B u —27 B ok 6a3bl TpaH3HuCTO-
pa VT3 u3MmeHsieTcs B NIpOTHBOGhA3€ OTHOCHTENLHO 3THX HU3MEHeHHH Ha 6a-
3ax tpanadcTopoB VT1 u VT2, 4to npHBOAHT K H3MEHEHHUIO peXHMa paboThi
OMOKHHI-reHepaTopa, YMEHbILAIONIeMy BJIHSHHE BCeX [ecTaGHJH3HPYIO-
HIMX (PaKTOpOB.

Dopma UMIYbCOB G/IOKHHI-TeHepaTopa, H3MepeHHbIX MEXIY KOpIycoM
M KoJlekTopoMm TpaH3ucropa VT3, orobpaxaercsi oCLMAJIOrpaMMol Ha
puc. 2.21, a. JInutenbHocTb HX OT 2 10 4 MC NpH nepuoje NOBTOPEHHS OT
8 no 12 mc. C o6morku 111 Tpanchopmaropa T1 Ha HuTb HaKasa HHAMKaTOpa
(IOJAI0TCH COOTBETCTBEHHO MEHbLIHE HMINYJbCH HalPSXKEHHs ¢ TOH XKe 1/H-
TEJIbHOCTBIO H TIepHOJOM noBTopeHHs (puc. 2.21, 6). Ha 3ToM ke pucyike
fioKa3aHa popmMa UMNYJ1bcoB (Pa30BbiX cHrHasoB D1, ©2 (BepxHuUi rpaduk
Ha pHc. 2.21, 6) u O3, P4 (suxHUl rpaduk Ha puc. 2.21, ), a TakKe pop-
Ma pa3psIHbBIX CHI'HaJ0B (pHc. 2.21, 2), H3MepeHHbIX COOTBETCTBEHHO Ha da-
30BBIX H BBIXOJHBIX IIMHaX Beayued MUKpoIBM oTHocHTeNbHO Kopmyca.

25 [IMK CEMEVICTBA «3JIEKTPOHUKA MK-523»

PaccmaTpuBaemoe ceMeficTBO BKJIO4aer MaccoBble KapmanHbe [TMK
«Qnexktponnka MK-61» n Anextponnka MK-52», a Takike HX MasocepHii-
Hble aHAJOTH C NaMATbIO NPOrpaMM-IaHHLIX HJIH OnepaTopaMH obparie-
HHSA K 3MyJsATOpamM HakonHreneli B3Y, npejsaznayeHHble, B 4acTHOCTH,
A5t 06pabOTKH MERHLHHCKOH (KapAHOJIOIrHYECKOoi) HHOPMALIHH.

B cucremuyw marucrpans srux [IMK BK/oyeHst Tpy MHKpodBM
K7451K13 u gBa perucrposbix O3Y K745UP2, 4T0 n03BoAHIO YBEJIHUHTD
YHCJIO CTPaHML B 6JI0Kax onepaTHBHOM NaMsATH rno cpasHenuo ¢ [TMK
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cepmelictBa «yektpoHrka MK-54» 1o n =15 u obecneunBaTh BO3MOXHOCTH
RoCTyna nojib3oBaTenio K 15 perucrpam aasHbIx ¢ agpecamu ot O jo E u
IS cTpanHuaM nporpamMHoil MamMsATH A1 XpaHeHus o 105 nporpaMMHBIX
c10B ¢ agpecamy ot 00 go A4.

[lpsamast agpecauus nporpaMMHbIX /OB ¢ ajgpecamd Ab or A0 o A4
obecnieynBaercsi npu Habope ajpeca nepexoia nocJie BBOAA ONepaTopoB Ge-
3YCJIOBHOrO 1epexoja WK NDOBEPKH YCJOBHS HaXKaTHeM KJaBHIUM, [I04
KOTOpO#H 00603HayeHa luiecTHajuaTepuyHas uudpa A (Ha knaBHie 06O3Ha-
4eH JEeCATHYHbIA Pa3je/MTeNbHBI 3HaK B BHIE TOYKH), H claejylonieii Kna-
BHIIH /15 Hab6opa unppul b = 0,1, 2,3 unu 4. [IpH KocBeHHBIX mepexogax
B NpOrpaMmax MPHXOAMTCH NpelBapHTe]bHO (opMHpoBaTh aiapeca Ab
B PErHCTPaX MAMATH, HCHONb3yaMbIX B ollepaTopaX KOCBEHHOH ajpecalluy.
Takue anpeca npoute Bcero GopMHpPOBaTh, HOCJEN0BATENbHO HaXKUMas Kaa-
BHILH

1256 Bt 180KV K|x|BIT 2 KHON TN

4TO APHBOJHT K BHICBEUHBAHHIO Ha WHAHKaTOope (B BHue — b) anpeca Ab
M 3acblike ero B perdctp N namatd. s npoBepKH JOCTATOYHO HaXKaTb
knaBuwy BIT N F TP, u Ha unaukarope B 3HaKoMecTax NOpsifika, Bhije-
ASIeMBIX B pEeXHMME NPOrpaMMHPOBAHHA 11 XPAHEHHS CONEPIKHMOIO Cyer-
yuka nporpammubix cios (PC), BuicBeuHBaercsi aapec Ab. Cienyer yuuTol-
BaTb, yTo nNpH N < 7 anpec Ab moaudpHUHpYeTcst NpH KaXKaoM BbNoaHe-
HHH OMlepaTopa KOCBEHHBIX NepPexo/ioB. .

IIpu Heo6xonuMoOCTH (opMHpPOBaHHs ajpeca Ab B mpouecce BhNOAHE-
HHSl NMPUKJAJHOH MpOrpaMMbl B aBTOMAaTHYECKOM peXHME CJelyeT BBECTH
B Hee ¢parveHTt

Un7 U1s Kv Kjx| Bt BIT 2 1IN

NPeBAPUTENIbHO BBEAA HCXOAHbIe AaHHble 12b = P7, 180 = P8. Ecau
HCMOJb30BaHHE PErHCTPOB NaMATH AJist XpPaHEHHS HCXOAHBIX JAHHBIX Hexe-
AaTesbHO, TO MOXKHO HCI0/1b30BaTh GoJlee AJMHHHBIA PparMeHT

12bBt 180KV K|x| Bt Bl 20N

OTVIMYAIONIHHACH OT NpHBeAeHHOro /1A BBOJA HAXKATHEM KJABHUI onepaTo-
pom B 4, Ges KoToporo B aBTOMaTHYECKOM pEXHME HCKOMBIli pe3y/bTaT
He OGyJeT NoJyuyeH.

Bo3moXHB W apyrie cnocoGbl (GOPMHPOBaHHS ajpecoB MEepexoioB
Ab (paccMoTpeHHble B 1. 4).

[IMK paccmatpuBaemoro cemeficTBa ¢ NaMATHIO NPOrpPaMM-JaHHBIX OT-
AuyaoTcs 0603HaYeHHbBIMH Ha KJaBHaType cumBosiamH K 1B u K Ol ans
onepatopoB o6MeHa COOTBETCTBEHHO CTPAHHLUAMH NPOrpPaMMHON MaMATH
HJIH PerucTpaMH MaMsATH JaHHBIX.

Maccosniii TIMK nektponnka MK-61» (puc. 2.22) KOHCTPYKTHBHO
odopmiieH B Kopriyce, ananoruyHoM Kopnycy [IMK «3nekrponuka MK-54»,
HO BHeLLHe OTJIHYAeTCA OT Hero GOJIbLINM YHC/IOM CHMBOJIOB Ha KJ1aBHAType.
CumBosibl, 0603HaueHHble c/leBa Haj KJaBHIWIAMH, BBOAAT Nocje HaXaTHs
npedukcHO# KaaBHWwH F, a cHMBOJIbI, 0603HayeHHbIE CIPaBa Haj KNaBHIIA-
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MH, H onepaTtophl KOCBEHHOH ajpeca-
LHH — AocJle HaxkatHsa kaaBHwu K.
3neKTpHYecKas cxeMma KJaBHaTypHl
storo [IMK nogo6Ha cxeme KnaBHaTyphi -1,274567H - 09
[MMK «Anekrponnka MK-52», Ho Ha
nocsiefiHel  0603HayeHbl . JONOJHHUTEb-
Hble KaaBuwu A4 u 4§ (puc. 2.23) ans
BBOAA AHDEKTHB, 06ecneyuBaoHiuX 06-
MeH uHpopMalHeill ¢ BHEHLIHUMH yCTpoii-
cTBaMH. KOHTaKThl 3THX KJaBHLU NpH-

CoeJJHHEeHH K BXOJHBIM IUWHaM pa3psl- i
HbIX cHrHanos J13 u [14. reg
MNyasr ynpasnenus [MMK  nek- o 5x7 4 mmp

TponHka MK-52» (puc.2.24) xpome kaa- T<0 220 730 740
BHATypbl H NepekJoyarteseli A BKJIO- 71 GE) [ im /7
YeHHS NHTAHHA H BHIOpa pasMEpPHOCTH - - z-o ‘ZE; 17 L-J

aprymeHra TPHrOHOMETPHYECKHX H 3Ha-
yeHHH OOpaTHBIX TPHrOHOMETPHUECKHX L« l=a) [e=r] [ 57] [ 77] u

. in[x] cos{x) tgmax VvV~ 1/7
(GYHKUHMA  CONEpXKMT JONOJHHTE/bHbEe sﬁ t
nepekmoyatean: C — 3 — CU (crupa- s, _’;3'” t‘@ﬁ' E% Ez]
HHe — 3alHCb — CYUTHIBaHHE) 1S Bbi- Tzl cos R O % x
60pa pexuma oO6MeHa HHpopmalHel L« e e ] +1[x]

C BHEWHHMH ycTpofictBamu H [T — ]I ef 19 nD"X"0" sz ey
151 oOMEHa ¢ HAKONHTENeM CONEepIKH- L 2] ] [==][84]e
MbIM NPOrpPaMMHOH NaMATH HAH NaMsl- 107HONQ A ABT V [1PT® CF Uk,
TH AaHHbX TIMK. Lo )~ [87] [e=]
MK QuaekrpoHnka MK-52» umeer a & ¢ 4

ABa pazbema NJ1Sl NpHCOeAHHEHHsl BHelu-
HHX YCTPOHCTB, @ TaKxKe BCTPOEHHbIH
HaKoIHTe]b HHOOPMALIHH B BHle penpo-
rpaMMHpyeMOro (nepenporpaMMHpyeMmo-
ro) 3Y (PII3Y) KP1601PP7 co crupa-
HHeM H 3amucbio HHdopmauuu emkoctbio 1024 Tterpajnl pa3psijoB, yTo
06eCneyHBaeT BO3MOXHOCTH AJIHTENbHOIO XPaHeHHA (C AONYCTHMbIM 4HC-
JloM LHKJIOB nepesanucu o 10 000) xo 512 nporpamMmHbix 8-GHTOBHIX cJ10B
HJIH COJIePIKHMOTO 72 perucTpoB JaHHLIX.

Puc. 2.22

DiieKTpHUecKas cxeMa BhiuHcauTenbHoro 6iaoka [TMK «3nexkrtponuka
MK-61» u ero MaJlocepuiiHbIX aHaJIOrOB NPAKTHYECKH COBIAfaeT ¢ 4acThio
cxembl [IMK «dnexrpounka MK-52», nokasanHofi Ha puc. 2.25. B 3roh
YacTH BHIYHCJIHTENbHOrO Gjoka Bepymas MukpodBM K745HMK1302-2
COoeHHeHa C CHCTEeMHOI MarucTpasiblo (Yyepes BXoJ H Buixoj Pr), B KoTopylo
BKJIIOYeHH  Takke MHKpodBM DD2 (K745MK1303-2) u DDG6
(K7451K1306-2), a takxe perucrposoie O3Y DD3 u DD4 (K745HP2-2).
B pa3pniB cucreMuoit marucrpanu [TMK mexay mukpodBM DD2 u DD 6
BKJIIOYeHb! YCTPOHCTBA BBOJAa-BbiBoia 6/10Ka oOMeHa HHbopMaiHeid c BHe-
IIHHMH ycTpofictBamMH (cM. pHe. 2.26).
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Puc. 2.23

Or renepartopa ¢asoBsix curianos DDS (K745I'®3-2) ¢ Bpemssanaio-
muMH LenoukaMu Ha KoHjencatope Cl (K10-715, emkocts 0,01 mxd)
u peaucropax R1 u R2 (MJITO0,125, conporHB/eHHsi COOTBETCTBEHHO 1 H
5,6 kKOM) Ha Bce MHKPOIBM u pasbembl BHELIHHX yCTPOHCTB nojaloTes ¢a-
30Bbie curHaian D1, ..., P4 (wuHH (a30BLIX CHrHAJNOB MJISl YNPOLIEHHS
cXeMbl NOKa3auw HesiBHO). Ha Bce MHKpocXeMmbl oT npeoGpasoBaTensi Ha-
npshkeHUs nojaercs HanpshkeHde nuranua U, = — 15 B (muHa xotopo-
ro Ha cxeme TaKxKe NOKa3aHa HesiBHO).

C Boixoga Beaymeit MHkpodBM DDI1 paspsagnble curnanm 12, ...,
111 noaalotcs Ha BXOAHBIE IUHHBI KJIaBHATyphl, a curyaast J12, ..., 13—
Ha COOTBETCTBYIOIIHe BXOAH HHIHKaTopHOro ycrpoiictsa VL1 UBJI2-8.Ha
BBHIBOJABL CEeTMEHTOB HHAMKATODHOTO YCTPOHCTBA MOJAIOTCA COOTBETCTBYIO-
HiMe cerMeHTHble cHrHadw I1, ..., 18. Bce BbIXOAB CerMeHTHHIX H paspsai-
HBIX CHI'HAJNOB Yepes 6JokH pesucropos R1 ... R20 conporusiennem 100
KOM Kaxablii coefrHeHbl ¢ wHHOH — 27 B npeo6pasoBartens Hanpsxe-
nua. Ilpu atom B [IMK «3nekrponnka MK-52» 310 HanpsxeHHe nojaet-
Cfl Ha BBIXOJ CEIrMEMTHOro cHruaja I4 uyepes pasmenurenbHblii auos VDS
KI15226 (orcyrcrBytomuii B cxeme MK «dnextponuka MK-61»), ot Ko-
TOpOro Hanpsi:KeHHe OTBOAUTCA K YCTPOHCTBY, NOKa3aHHOMY Ha Cleaylomei
cxeme. Paspsnnbie curnann 110, 112 u [L11 nojaorcsl Takxke Ha KOMTaK-
o P, T u TP/l coorsercTBenno nepekmouarens P — I'PI — T, a pas-
paaHutit curnan J13 uyepes paspenurensunie aHoant VDI ... VD4
(K/1522B) sMecTe ¢ cHrHaJIaMH BBIXOLHBIX [UHH KJIaBHaTYphl — Ha BXOAB
K1 u K2 Beaymeit MukpodBM DDI.
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[Tocnie nepemenniennsi B COBHIOBOM pericTpe ONEpaTHBHOH NaMSATH
MHKpoIBM DD1 kaxpaoit cTpaHHIBI cOAepKHMOro NaMATH BulpabaThiBaer-
cA M nocbinaercs Ha Bxoabi MHKpo3BM DD2 u DD6 kopoTKHil (aaHTebHo-
CThiO OKoslo 10 mMKc) cuuxpouusupytomuii curuan (CH), nocae Koroporo Bo
BpemeHHbIX HHTepBanax [IRE(Bj
MoxeT OBITh CYHTAHO WJIH 3amHca-
HO cofepxHMoe Jo6oro yyacrka
ONEepaTHBHOH NaMATH C TOYHO-
CTbiO 0 onHoro Guta. Kpome Toro,
¢ nepekmouarens P—I'POA—T
B 33aBHCHMOCTH OT €ro NoJIoXeHHs
paspagHuit curan 10, J11 unu
12 nonaercs Ha Bxoa 1D mMukpo-
3BM DD2, comepxameii B [13Y
nporpammHoe obecreyeHHe /151 Bbl-
YHC/eHHA TPHIOHOMETPHUYECKHX H
06paTHLIX ~ TPHTOHOMETPHYECKHX
¢yukuuii. Kcratd, MHKpo3BM
DD6 coaep:xuT nnporpamMMmuoe ofec-
neyeHHe BLINOJHEHHS BCeX TeX
ONepaTopoB BXOAHOTO f3bIKA, KO-
TOPBIMH OH OT/IHYaeTcsi OT BXO[-
voro ssbika [IMK cemeiicTBa
«dneKkTpoHHka MK-54».

YnpaeasiolHe H pa3psiiHble
CHrHaJIbl NpeACcTaBJsAoT co60i HM-
nyJbChl HampsiKeHHs okoJio 15 B.
Ilpn 3ToM AnHTENBHOCTb (PAa30BLIX
curiasos ®1 u @3 2,6 ...3 MKc,
a ®2 v P4 oxoso 5,6 MKc ¢ nepHo-
AOM MOBTOpEHHSI KaXJO0ro H3 HHX
13,1 ... 15,5 MKC, paBHBIM BpeMe-
HH TaKTa H, COOTBETCTBEHHO, IJIH-
TeNbHOCTH cHrHajoB Bj. Ianrenb-
HOCTb pa3psAaHbIX cHrHazoB 0,12, ..
0,15 Mmc, nmepHox  HOBTOpeHHS
1,88 ... 2,25 Mc B 3aBHCHMOCTH OT
TakroBoii uacrorel [IMK, onpege-
JAsieMOH  reHepatopoM ()asoBBIX
CHTHAJIOB.

Taxkum o06pa3oM, BHIUHCAHTENb-
HHfl 6ok [IMK «3nektponuka
MK-61» u coorBeTcTBYIO1Iast YaCTb
BelUHc/HUTENbHOTO Oiloka [IMK
«nektpornka MK-52» u ero ma-
JIOCepPHAHBIX aHAJIOFOB OTJIHYAIOT-
cfl OT BbIYHCJ/HTENbHOro 6J10Ka Puc. 2.24
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[IMK cemeiicTBa «dnekTpoHHKa MK-54» B OCHOBHBIM JIHILIb BKJIOYEHHEM
B CHCTEMHYIO MarucTpa/b JAONOJHHTebHO# MHKPOIBM THRa K745UK 1306
C COOTBETCTBYIOUIHM NPOrPaMMHBIM OGecreyeHHeM.

TlonoaHHTeNbHAs YacTh BhluHCAHTEAbHOro 610ka [IMK «OaekTponuka
MK-52» (puc. 2.26) comepxut mukpodBM DD7 (MK7451801-2), Brinos-
HAIOLLYI0 QYHKLHH KOHTpOJI1epa BHEUIHHX YCTPOHCTB, BCTPOGHHHIH BHELU-
uuli Hakonureab B Buie PII3Y DD8 (KP1601PP7), mukpocxemy DD9
(K561JTA7) ¢ yeTbipbMst IOTHYECKHMH 3J/leMEHTaMH N—HE. [Ins nojcoenu-
genus B3Y (O3Y Ans XpaHeHHsi IPHKAAAHBIX porpamM, GIOKOB pacLuH-
peHHs oNepaTHBHOH NaMsATH, HaKonHTe/leH uHdopmalHi), obMeH HHpopMa-
UHH C KOTOPHIMH KOHTPOJHpYeTcsi MHKpoKoHTpoJiepom DD7, npeanasua-
gen pasbeM XS3 tuna OHn-KT-22-22. Pasbem XSl tuna OHn-KT-22-15
apeiHasHaueH A1s nojcoequenuss B3Y ¢ co6CTBEHHHMH KOHTpoJulepa-
MH, BKJIOuYaeMbiMH napaiienbio mMukpodBM DD7 B pasphiB cHCTeMHOH
Marucrpasy.

Mukpo3BM DD7 uMeer Bxogbl A5 (a30BBIX CHrHaJOB H NHTaHHA
—15 B (ua cXeMe WwHHBI 0Ka3aHsl HesiBHO), BXOA Pr 15 npuema nudopma-
UHH ¢ cucTeMHOi MarHcrpaiu (vexay DD3 u DD2), Bxon Ans paspsiHoro
curuana 113 ¢ Buixoaa Beaymeit MukpodBM DD1 1 Bxoabt K1 u K2, Ha oauu
H3 KOTOPbIX HJ1H 062 B 3aBHCHMOCTH OT MOJIOXXEHHs MepeKJoyares Im—
Il nonatorest curdaibl J3 u JI4 cOOTBETCTBEHHO NpH BBOJE AMPeKTHB A 4
u {| . Kpome Toro, 3Ta MHKPOIBM uMeer napaJebHyio 4-pa3paiHylo K-
HY JaHHBIX C BXOJaMH «l», «2», «4» «8», yepe3 KOTOpBIE C BCTPOEHHOrO
PII3Y uau B3Y nocrynaer ungopmauus, nepecbijaemas noc/1el0BaTeNb-
HO B CHCTEMHYIO Marucrpaisb ¢ Bbixoaa Pr. .

[pu obMeHe MHbopMalHeli MeXIy CHCTEMHOH Marucrpaiabio H B3Y¥Y
¢ Buxoga MHy MukpodBM DD7 curean 14 (yepes pasjeHTe/bHbIH JHOA
VD5 (KJ15225) Ha puc.2.24) nojaercsi Ha HHIMKAaTOPHOE YCTPOHCTBO IS
BLICBEYUHBAHMS CHIHaJja ofMeHa B BHJe 3HaKa «MHHYC» BO BCeX 3HaKoMec-
Tax M uepes JeJjTeNb HaNpsKeHHs Ha pesucropax R7 (18 xOm) 1 R8
(68 kOwm) tna MJIT0,585 Ha Gasy Tpansucropa VTI (KT315T"). Tpansu-
CTOp OTKPLIBAeTCsl, H Yepe3 Hero HanpsikeHHe C LUHHBL — 17 B nopaercs
ua Bxox U, Hakonutens DD8, a uepes 6.0k pesrctopoB RN conpoTuBJe-
uueM 15 kKOM Kaxblil — Ha BCe BHIXOJHBIC LIHHbI aAPECOB H JaHHBIX MHK-
podBM DD7.

C Bnixona 3/C (3anmuch/CYHTHIBAHHE) HampsKeHHe nonaercsi Ha 6asy
tpanauctopa VT2 (KT361T) ¢ pesucropamu R9 (100 kOm) ¥ R10 (18 xOm)
tupa MJITO,15 B uensix nHTaHus. DBHXOAHO# CHrHAJM C KOJJIEKTOPa
VT2 nopaercsi Ha BxoJsi MHKpocXxeMbl DD9, cOOTBETCTBYIOIIHE PEXHMY
CUMTBIBAHHSA M 3amucH. [IuTaHHe Ha ycuautenb Ha Tpansucrope VT2 no-
fAaercs ¢ WHHH — 12 B, Ha KOTOpYIO HanpsKeHHe NOCTYNaeT C IMHHLI npe-
o6pasoBarens Hanpsikenus — 17 B uepes pesncrop R16 (MJITO, 125, co-
nporusiente 5,6 kOm). C wunel — 12 B, 3auIyHTHPOBaHHO# KOHAEHCATO-
pom C3 (0,01 Mk®D) u crabuanrporom VD13 (KC212K), nanpskeHnue yepes
pesucropsl R18, R19 1 R20 (MJITO(,125, conpoTuBiente 100 kOm) nocry-
naer Ha KoHTakTh nepek/wouarenss P — I'PI1 — T u coorBercrayoiye
BxoAbl MHKpocxembl DD9.
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[Tpu ycraHoBke mepek/mouarenss P—I'PJI—I' B tpeGyemoe nosnoxenue
cborBercTByomHi Bxog DD9 3aMbikaercsi, pe3y/bTaT JIOTHYUECKOrO YMHO-
€HHsl CTAHOBHTCH DPaBHBIM HYJIO, HHBEPTHPYETCH B CHIHAJ JIOrHYECKOH
1} C BoixonoB MuKpocxeMbl DD9 cooTBeTcTBYIOIIHE CHTHANB HEMOCPEACT-
BEHHO HJIM 4Yepe3 pasjlenHtesbHble fuoin VD11 u VD12 nopaiorcs Ha BXxo-
apt 3 u C Hakonuteans DD8. Ilpu 3ToM curHan cuMTbiBaHHA nojaercsi Ha
aponel VD7 ... VD10 (KI1522B), a na sxoa CU PI13Y nocrynaer unBepTH-
poBaHHBIN B MHKpocxeme DD9 curnan.
| CurHana 3anucu c Beixoga DD9 nopaercs Ha pasbem XS1 u aenurtens
Hanpsikenus Ha pesucropax K12 (CI1-38, nosynepemeHHoe comporus.ie-
nre 33 kOM) u R13 (MJITO, 125; 18 kOm). C Bbixoza uenu, o6pa3oBaHHOM
tpausucropamH VT3 (KT361B) u VT4 (KT315B), pesucropamun R14
(18 kOm), R15 (5,6 xOm), R17 (24 xOM) Tuna MJITO,125, xkoHaeHcaTopoM
C2 (0,01 Mx®), auonom VD6 (K1552B), u nuralomerocs or muHe — 40 B
npeo6pa3oBaTe/isi HanpAXKEHHUA cHrHaJ moflaeTcs Ha BmiBojwl U, HakonH-
tenss DD8 u pasvem XSl.

O6men aanubiMH Mexxly BMC DD7 u DD8 o6ecneunBaercs ycTpoiicT-
BOM BBOJa-BhBoAa JaHHbix PII3Y c¢ 4-paspsajpHoi napajinensHoi -
Hoil (BbIBOIBI «l», «2», «4», «8»), coennneHHOl ¢ pa3bemoM XS3 Henocpen:
CTBEHHO, ¢ AapaiJjenbHol WHHONH AaHHBIX DD7 uepe3 pesucropm R3 ...
R6 (MJITO,125, conporuBnenne 15 KOM) H C LIHHOM BBOAA JAHHBIX Ye-
pe3 pe3uctopel R21 ... R24 (MJITO0,125, conporusaenne 100 kOm). K BriBO-
JaM pa3beMa XS!| nojiBejeHnl (CulTas cieBa HanpaBo) curHaan CH, ©3, 94,
®2, Pr DD7, curnaa 3anmucH U, c Mmukpocxemsl DD9, cHruad ¢ Lenu KoJ-
Jiektopa TpaHsucropa VT4, Hanpsixenue U, = — 15 B ot napeobpasosatens
HaMpsKeHHs H CHrHan cTHpaHus ¢ MHKpocxeMbl DD9. C paswemom XS3
coefHHeHbl (c/eBa HanpaBo) curHalbl @2, &4, P3, ajgpecHble curHanb
X64, X128, nanpsixkenue nuranus — 15 B, xopnyc, anpectbie curiann Y1,
Y4, X1, Y8, X32, X16, curHansl BXOJHOH mapannelbHOR WIHHBL «1», «2»,
«4», «8» MHKpokoHTpoJsepa W curHan BUC or B3V, noaasaembii Ha
Bxojg DD8 u myHTHpyemsit pesnctopoM RIl (MJITO,125, conpotnBae-
Hue 18 kOm).

Ocob6ennocTd ofMeHa HHGOPMaLHeH ¢ BHEIIHHMH YCTPOHCTBAMH yepe3
pa3beMbl 3aBHCAT OT HX Ha3HAueHHs W ONHCaHbl B PYyKOBOACTBAX MO HX
npuMeHeHuto. [Ipu o6MeHe uHboOpmaluedl ¢ BHEHIHHM YCTPOHCTBOM, ApH-
coellHHAeMbIM K pazbeMy XS3, BCTpOEHHBII HaKOMHTeAb HHGOPMALHH BH-
noJaHser QYHKUHH OydepHoro ycTpoiicrsa.

O6nactb namsitih BerpoeHHoro PII3Y DD7 cocrout u3 1024 4-paspsia-
HbIX siveek ¢ agpecamu ot 0000 no 1023, pa3butbix Ha 24 cTpoku no 16 sde-
eK B Kaxaoi. O6Men uHdopMauueil ¢ oneparuBHoil namatbio [IMK peadu-
3yeTcs M0 CTpaHHLAM 8-GHTOBBIX NMPOrpaMMHBIX C/OB, MpPHUYEM B KaxJIoH
crpaunue namatu PI13Y uauanbHasn ee sueiika (suefika ¢ Haya bHBIM aj-
pecoM) pacnoJioxeHa B KoHle cTpaHdubl (ta6éa. 2.1). [ostomy B ajpece BH-
Aa UAAAAINI ans obpauieHus K yuacTky naMstu ¢ aapecom A5 Ha-
YanbHOH AYEeHKM ATHHA y4yacTKa, 3ajaBaeMas JecATHYHBIM unciioM JLIL npo-
TPaMMHBIX €J10B, AOJ/KHA GbITb KpaTHOM 7 (ecAH B ajipece yKasaHo APY-
roe 4Mc/0, TO obpalleHude BHIIOJHAETCS K 60JbUIEMY UHCIY fyeeK, Kpart-
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xst
R1 §1

VDZ... vp5

EZMB

Puc. 2.27 T T

Homy 7). O6Men conepxumbiM PII3Y 1 nporpaMmHoii NamMATH HauKHaeTcs
¢ ee HauaJbHoro aapeca 00, a oOMeH perHcTpaMH JaHHbIX — c ajpeca 0 pe-
rucTpoB AanHbix namAtd [IMK. MakcuMasibHoe AByxpaspsiiHoe JeCATHY-
#oe uncao [, kparHoe 7, paBHO 98, H, c/lelloBaTe/IbHO, OJIHO O0palleHHe K
PII3Y o6ecneurBaer 3afHCh B HETO HEMOJHOTO COJAEPKHMOro f1pOrpaMMHOR
namstd [IMK uau 14 perucrpoB aaHHbIX ¢ aapecamy ot 0 1o D.

MakchManbHylo AjnHy yuactka namath PI13Y npu ontoM ofpameHnH
MOXKHO PaCIUHpHTB Ha 4 NporpamMMmHbIX cioBa (8 TeTpal), copMHpOBaB
¢ TIOMOIIbIO JIOTHYECKHX ollepaTopoB aapec ¢ uuciaoM [ == A2 (nanpumep,
surtonHuB 1A SAA82V2AA4420 = 8, AASASIA2). B srom cayuae moxHO
nepenucaTh 3a oAHo obpamenne k PII3Y 10 102 waros nporpaMmHo# na-
MATH HJH COAEPKHMOe NepBuiX 14 perucTpoB JAaHHbIX C ajapecamu ot 0 Xo
D u ne/yio MaHTHCCy 6€3 3HaKa COJePKHMOro perucrpa E (orpunarenbHble
3HAKH H NOPSIOK COXPaHsIOTCA noc/ie o6MeHa B perdcrpe E naMsaTH AaH-
uux [IMK).

[MMK «Anektpounka MK-61» u ero majocepHiiible aHa/orH cHabxe-
#bl MCTOUHHKOM aBTOHOMHOIO MepBHYHOTO MHTaHHA 4 B B BHJe GaTaper U3
TPeX CYXWX 3JeMeHToB THNa 316 u A5 NHTaHHS OT CETH MePeMEeHHOro Ha-
npsxenns 220 B, 50 ', cbeMHBIM 6/10KOM MHTaHHA (BHJIKON-BHIIPAMHTE-
nem) tina J12-10M. HcrounnKom aBToHoMHoro nutanusi [IMK «Dnektpo-
#wuKka MK-52» nanpsixenueM 5 B siBnsiercs 6atapesi H3 yeTblpex CyXHX dJje-
meHTOB THNa 316, a 115 NHTAHHA OT CeTH HcmoJb3yercs 610k Thia BI12-
3K (pHc. 2.27). ror 610K KpoMe TpaHcdopMaTopa, NMOHHXKAIOLIETO fepe-
MeHHoe cereBoe HanpsikeHue 220 B, u BHINPAMHTE/NBHOTO MOCTHKA H3 4
cusoBbix JuojoB VD2 ... VD5 (K/L105) coaepkHT cTabuiaM3aTop BBIXOA-
#ioro Hanpsixenuss — 5 B Ha Tpansucrope VT2 (KT961) c uenbio otpuua-
TesLHO# o6paTHOil ¢BfA3H Ha TpansucTope VT1 (KT381B) u crabunnrpone
VD1 (KC156A). B uens nHTaHHA TPAaH3HCTOPOB HCHOJIB3YIOTCH PE3HCTOPHI
R2 thma MJITO,5 (470 xOm), R3 tuna MJITO,125 (2,4 xOm), a Takxke
koHaeicatop C2 tuna AM-5B emkoctbio 500 MK®. BrixoaHoe HanpsixeHHe
crabusu3aTopa WwyHTHpyercs Kongetcaropom Cl tuna K50-16 (0,1 mMx®).
Llenb noasapsaKK akkyMy.asitopa ¢ pesucropom R1 thna MJITI (200 Om)
u Boikaoyaresiem S1 thna I1/19-2 atoro 610ka npu nutaHnn [IMK «Anekt-
ponnka MK-52» He Hcno/ib3yercs.
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HHSA [IMK  «3aektponrka

o5 MK-61» u  «3nekTpoHHKa

- MK-54» npakrtHyeckn coBnaja-

T vy I§¥ c§ oT. Cxema npeoGpasopateiis

e | ! - I Hanpsikenua TIMK «aekrpo-

L 18 vz [§+ 7 HHKa MK-52» nokasaHa Ha

L 21 {l— puc.2.28. OcHOBHBIM yanioM Nipe-

[]kt [ | Vo3 ‘5* cs obpasoBatessi sBJsercs GJo-
: { iy I KHHI-TeHepaTop Ha Tpexobmo-
| AT & TOYHOM TpaHchopmatope T1 u
p \5? wr|| Tpamsmcrope VI3 (KT814B),
I RS BbIBOA 6a3bl KOTOPOTro 3aLIyHTH-

v e " v poBaH Ha KOphyc KOHAEHcaTo-
R —@} P pom C4 (KI10-7B, emxocTb

— 4 4700 n®). OxHa M3 BTOPHUHBHIX

w2 L. L, ¢ " [D I o6MoToK TpaHchopmatopa Tl
[I]—l T npefHa3HayeHa Ajad NUTaHHA
- HATH HakKa/ja HHAHKaTOpHOro

yCTpPOACTBA H COEAMHEHA C LIH-

Puc. 2.28 Ho#i — 27 B uepes pesucrop R3

(MJITO, 125,  compotuBaeHHe

7,5 kOm), 3amyHTHpoBaHHMH KoHzeHcatopom C3 (K10-7B, emkocrtb
0,033 mMx®).

C oTBOz0B NOBHILAlOLIEHi OGMOTKH TpaHchopMaTopa yepe3 anoasl VDI,
VD2 u VD3 (KI522B), myHTHpyemble cOOTBETCTBEHHO KOHAEHCATOPaMH
C6, C7, C8 (K50-16, emxoctb 5; 5 u 10 MK®), BHIpAMJIEHHHE HanpsKe-
HHs nojaoorcs Ha WHH —17, —27 u —40 B. C wmuue — 17 B uepes no-
clefloBaTeNnbHO coeanHeHHue anoan VD4, VD5 u VD6 (KI1522B), wyHTH-
pyemsie KoHaeHcaTopoM C5 (K50-16, emxoctb 2 Mk®D), HanpsikeHue noaa-
eTcs Ha WuHy nHtaHus — 15 B.

K wuHe —17 B noakatoueH ycuJuteab Ha TpaHaucrope VT4 (KT3151)
co crabuintpoHom VD7 (KCI75K) B uenn amutrepa. Hanpsixkenue Ha Ga3y
3TOro TpaH3HCTOpa CHHMaercs ¢ Jeiurteds Ha pesucropax RS (MJITO,
125, conpotusaenne 68 xOm) u R6 (CI13-38, HoMuHa/IbHOe NOJynepemeH-
#oe conpotuBienHe 100 kOMm). Harpysko#t B Lenu koJJexktopa siBjasiercs
R7 (MJITO,125, conportuB/ienne 5,6 kOM), WYHTHpPYeMbli KOHAEHca-
topom C9 (K10-7B, emkoctb 0,015 Mk®). IocTosiHnas cocrasasiiomas na-
JeHHsi HanpskeHHs Ha pesHcrope R7 uepes pesncrop R4 (MJITO,125,
conporuBiaerde 1 kOm) nomaerca Ha Gazy TpaHauctopa VT2 (KT315T).
Tpansucropu VTI (KT36IT) u VT2 coeanHeHn Mo KacKoRHOH cxeme ¢
NMHTaHHEM OT HanpsKEeHHS Ha BLIBOAE /1Sl CerMeHTHoro curHaja I8 wHau-
KaTopHoro ycrpolcrBa. HanpsikeHue nutaHus Gasbml TpaH3auctopa VTI
CHHMaeTcs C AeJHTeNsl HarnpsKeHHs Ha pesncropax R1 ((MJITO,125,
conporuaenHe 51 kOm) u R2 (CI13-38), conporuB/ieHHe Kotoporo ycra-
HaBJHBaeTcsl NIpH perynHpoBKe (HOMMHaJbHoe conpoTHBaeHHe 33 kOm).
Kpome Toro, BmBoa 6a3bi 3TOrO0  TPaH3HCTOPa COGAHHEH u4epe3s
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koHpencatop Cl (KI0-7B, emkocts 1500 n®) c wHHOK nepBHYHOrO
nuraHua — 5 B.

Tok koanekropa TpansncTopa VT2, nepemennas cocrapasiouass Koto-
poro 3aMbiKaercs Ha Kopayc vepe3 Koujencatop C2 (K10-7B, emkocrb
0,015 mMx®), yepes nepBuuHyio 06MOTKY TpaHcdopMatopa T1 mopaercs Ha
6asy tpansucropa VT3. Tak kak H3meneHus HanpsxeHus — 17 B na
tpaH3ucrope VT4, — 27 B ua tpausucrope VT! u Hanpsixenus nHTaHus
Ha 6ase VT1 npuBoaaT K NpoTHBOGhA3HLIM H3MEHEHHSIM TOKA Ga3bl TPAH3H-
cropa VT3, To uenb o6patHoi cBA3H CTaGH/AH3HpYyeT pabOTy GJIOKHHT-Te-
HepaTopa H BLIXOJHble HaNpsKeHHs npeobpa3oBarelis.

Fnmasa 3

3JIEMEHTHASA BA3A NPOTPAMMHUPYEMBIX
MHKPOKAJILKYJATOPOB NOCJENOBATEJIbHOIO
NLEACTBUSA

3.1. OCHOBHBIE XAPAKTEPHUCTHKH MUKPOCXEM

C cHcTeMHOH MardcTpanbio BhlUHCAMTENbHOH cHcteMbl [IMK B ocHoB-
HOM CcBsi3aHbBl MHKpocxeMbl cepuit K145 u K745, usrorossennsie no MOII-
TeXHonorHH. MUKpocxeMbl cepru K145 KOHCTPYKTHBHO 0OPMIIEHEI B CTaH-
AAPTHBIX 1aCTMAcCOBHIX 48-BBIBOJAHBIX KOPIyCax, a MHKPOCXeMbl CEpHH
K745 6eckopnycHble. B cucremuyio marucrpaib [IMK BK/IOUeHB AHHAMH-
YeCKHe CABHIOBHI€ pDErHcTPbl OZHOKPHCTANbHBIX MHKpodBM K145UK5
wian K145HK 13 (K7451K13) u perucrposeix O3Y K145UP1 uau K145UP2
(K745UP2).

[lepechiika WHpOpMALMK B CABHIOBBIX perucrpax MHKpodBM u pe-
ructpoBeix O3Y Ha KaXOM TakTe pa3GHBaercsi Ha HeCKONbKO COCTOSHHMI
($as), coorBercTBYIOUIHX (hA30BLIM CHIHAJAM, OCTYNAKOUIMM OT TeHEepaTo-
pa K167T®2 uau K145I®3 (K7457 $3). TH MHKpOCXeMbl cofepKaT MyJib-
THBHOpATOpbl HAa JIOTHYECKHX 3JeMeHTaX, (OPMHDPYIOLHX IIpH BKJlOYe-
unu [IMK nocnenoatenbHocTn dasoBbix curnanos ®1, 02, @3 u @4 ¢ me-
PHOAOM MOBTOPEHHSA, PaBHbIM JJuTeJdbHOCTH B TakTta. TakrtoBas wacrora,
ofipejensieMas napameTpaMi BHelIHHX (HaBecHbiX) RC-ueneit, 75...100 k[,
YTO COOTBETCTBYeT AMHTeNbHOCTH TaKta 10 ... 13,3 MKc.

Pa6oTy caBurosnix perucrpoB MHKpoIBM u perucrpobbix O3Y yao6HO omHChI-
BaTb IKBHBAJIEHTHOM CXeMOA ABOHYHOA fuefikH, conepxkautefi ochoBuylo C u Gydep-
Hylo C’' eMKOCTH, a Takxke kaloud SW1...SW4, 3ambiKaownecsi noj BO3AeHCTBHEM CO-
OTBETCTBYIOIHX a30BhiX curuanos d1,..., 04 (puc. 3.1). ITH eMKOCTH He6OAbllHE H
MO3TOMY YCNeBAalOT 3aMeTHO 3apAAHTLCH B TedeHHe rakTa MaJjod AJMHTENbHOCTH, a
NpH GOJBIIOM HHCJE TAKTOB HaNpsiKeHHe, COOTBETCTBYIOUEE YPOBKIO JOrHYECKO#
1, nomnepxupaercs Hanpsxeunem nutanuss BHC. Tlpu nocrynaennu ¢asosoro
curdana @1 kaoun SW1 sambixaiorest, H Ha 6ydepubix emkoctsix C' ycTanaBaupaeTcs
HanpsikeHHe, COOTBETCTBYlOulee YPOBHIO JorHueckoro 0, — ¢a3a ounctkn 6ydepa.
B Teuenue csepyioumero ¢asoporo curnaina ®2 zamuixaiorcs KalouH SW2, u Ha 6y-
depubix emxocTsx C’ ycTanaBAHBAIOTCA HANPSIKeHHS, COOTBETCTBYIOLLHE YPOBHIO
Joruyeckoro 0 un 1 Ha ochoBHbIX eMKocTax C, — ¢a3sa Bu6opku. [Ipu noctynaennu
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o ' ? caeayioutero cuiriana ®3 3ambl-
kawoTtes kaoun SW3 H Ha OCHOB-
-/ SW. SWh SW2 > Hbix emxkoctsx C ycTaHaBlIHBaeT-

Csl HanpsXXeHHE YPOBHA JOrHYe-
‘ ckoro 0 — ¢asa OYHCTKH sueek.
¢ =

Hakoneu, B TedeHHe NOCHAeJHero
1 Ha TakTe ¢a3oBoro curiana ®4

Sw3 swr_‘— SWJ Swi sambikalotcs kaloun SW4 n ua

l ] J 4 ocuoBHmX emkoctax C ycraHas-

) ) JIHBAIOTCH HanpsikKeHH YPOBHS

Puc, 3.1 aoruyeckoro 0 uak 1, coorercr-

BYIOLIHE COJePKHMOMY Npeablay-

meft sAvefikh B Havajge Tak-

Ta, — (pa3a nepechlikH. [Tog06HbIE COCTOSHHA, NOBTOPAACE HA KAXKIOM TaKTe, o6ec-
neuHBaloT nepeMeulenne HHGOPMAIHH.

Ins CYMTHIBAHHS COLEPXXHMOTrO perHcTpa B OLHOPA3PSAHYIO HIHHY ROCTATOYHO
MOICOERHUTD € K eMKOCTH C OZHOft K3 UeeK Yepes JONOAHKTEbHEA KIi0u SW2 Han
SW4, torna npM KaxaoM nocrynjaeHun ¢asosoro curnana ®2 uan ®4 nocnenosa-
TenbUblt NOTOK HHGPOPMaLHH Yepe3 perHcTp GyAeT OTBETBIATLCS B JONOJHHTENbHYIO
WIHHY (HaNDHMep, COEJMHERHYIO C BXOZOM Apyroro peructpa). Ecan ee coeauHHTh
depe3 JONONHHTENbHBION K104 SW4, TO NOCTYNAOMHA OT WHHM nocse 0BaTeNbHbl
QOTOK HHGOPMALHH 6YAeT CYMMHPOBATLCH € NMOTOKOM HHGOPMAaUHH, NPOXOAALIHM e-
pe3 aueiiKy npeibiylleR YACTH PerHcTpa, B MOCAEAYIOULYIO 4acTe KOTOpOro Gyier
3aMKCHIBATHCS NPOH3BeJeHHE OGOHX NOTOKOB HH(popMaukH. Ec/i XKe Ha BpeMs 3aNHCH
3aGAOKHPOBATh 3aMbIKaHHe COGCTBeHHOro kaioua SW4 suefiku, To B perucrp Gyaet
3aMHCHIBATLCA TONLKO HHGOPMalHs, NOCTYNAIOWaA C OJHOPa3PAAHOA UIMHML.

BLINO/NHNB HECKOJBKO OTBOJOB OT C CMEXHBIX siieeK, MOXKHO Ha COOTBETCTBYIO-
ulnXx (a30BLIX CHIHANaX CYHTHIBATL HHQOPMALHIO B NapajjefbHylo WIHHY HJAH TpH
OCOOTBETCTBYIOLIEH KOMMYTAlHH KAIOUEHR 3anHCHBATh 32 OJHH TAKT B COOTBETCTBYIOULYIO
4acTb perucTpa HHGOPMAUHIO C NapanieNbHOW IHHBL,

Perucrposbie O3Y K145HP1 coaepxaT caBHroBbiii perHCTp €MKOCTBIO
{ K6ut, HO B cootBercTBHH ¢ dopMaToM ollepaTHBHOH namath [MMK nc-
nosb3yercs Toqbko 1008 GuT.

B onHOKpHcTaabHBIX MHKPOODBM npHMeHsioTCs NoJ0CHbBIE CABHTOBbLIE
perucTphi, Ho MeHbluel emkoctH. B MukpodBM K145HKS aBa casurosbix
peructpa R u M emxocTbio 36-4 OHT Kaxablii W 4-pa3psiiublii perucTp-
akkymyJatop S (pic. 3.2). Peructp M yepes BHelHHe BXOA H BHIXO BKJIO-
Yed B CHCTEMHYIO MarucTpanb, o6pa3ys 4acTb oflepaTHBHON NaMATH TMK.
OnepaiHnoHHb perdcTp R BMecTe ¢ akkyMyasiTopom S u siueiKamu s
XpaHeHHsi uiaroB ofpasyeT ObICTPYIO (WM CBEpXONepaTHBHYIO) NaMATb
MHKpoIBM.

EMKocTb perdctpoB R # M obecneuliBaeT XxpaHeHHe B HHX HHpOPMallHH,
cojiepxatieiics B Tpex 6/10KaxX CTPaHHILI ONEPAaTHBHOH NMaMATH, B YaCTHO-
CTH B Tpex perucrpax fauHbiX. CofepKHMOe TPEX PErucTpoB AaHHBIX, COOT-
BETCTBYIOUIMX JBYM One€paHjaM H pe3yibTaty ONlepauuu B copmare
(2.1), xpanurca npu Buiukcaenusix B peructpe R. [lonoGHoe pacupenene-
Hue mH(popMalky B perncTpax R 1 M ynpomraer ee anpecaunio n o6pabot-
Ky B apH(pMerHuecKo-/ioruueckoM ycrpoiicrse (AJTY). Tak, Kaxnasie TpH
Terpadpl, HauyHHasA ¢ MaaawHx B Qopmarte (2.1), CYHTHIBAIOTCS C BbIXOAA
perucrpa R B nutepBasin Bpemenn E1,E2 u E3 coorBetctBeHHO, a cymmap-
Huifi MHTEpPBaN nepechiiku H o6pabotku B AJIY Kaxuuix Tpex TeTpaj Coot-
BETCTBYET AJIHTEJbLHOCTH paspsaubix cHruados. JI1 ... J112 (cm. puc. 3.2).
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CaenoBaresbHo, curianamu JIREiBj MoxxHo ynpaBasaTh o6paboTkoii HHpOp-
MalHH HE TOJbKO B Ka¥Joil TeTpaje, HO H B KaxK/loM pa3psje pericrpa RO.

Ecau onepauus (HanpuMep, c/joXeHHe) HaJ COAEPKHMBIM periHcTpa R
BbIIOJIHAGTCA 32 OAHY MNEpechbUIKY, TO pe3yJbTaT BbIUHCJAEHHH MOXeT He-
NoCpeACTBEHHO BLIBOAHTBCA B Te e GJOKH oflepaTHBHOH NaMATH, OTKYAA
GblIH cuHTaHbl B perHcTp R HexoaHble fauHble. Eciu TpeGyercsi MHOroKpar-
HOe NOBTOpeHHe ollepalHil (HANpHMep, YMHOXeHUS) Hall CORePHKHMBIM pe-
rictpa R, TO oHO nepeMelnaetcs B KOJIbLIEBOM peXHMe Tpebyemoe YHCAO
pas. Eciu 310 uHc/0 MeHblle yHc1a 6J10KOB ONepaTHBHOH MaMATH, TO Nepe-
melieHHe HHpopMalHK B peructpe R npofokaercs Ao Tex fop, Noka B pe-
ricrpe M He mosBHTCA HyXXHOe cofepXumoe. [lis 3Toro Heo6X0AHMO, 4TO-
6bl eMKOCTb OfepaTHBHOH NaMATH 6bl1a KpaTHON eMKOCTH perHcTpoB R B
M, 4TO H NPHMBOAHT K HCHOJIB30BaHHIO TOMAbKO 1008 ABOHUYHLIX Aiueek pern-
crposuix O3V .

BpeMmenHas ajpecalus H cor/acoBaHHe BO BpeMeHH ofiepalldii ofpa-
6oTKH MHpopMauHH B MHKPoOBM, a takxke ee oOMeH c ofepaTHBHO# na-
MATBIO BBIYHC/AHTEJIBHOH CHCTeMbl 00eceYHBalOTCS PErHCTPOM CHHXDOHH-
saunt (PCX), cdopmupyomuM nocjieloBaTeIbHOCTh YAPABJSIOMIKX CHI-
wanos /11, ..., 112, El, E2, E3u B1, ..., B4. Kpome Toro, noc/ie nepecuiiKn
KaxJoH CTpaHHUbl ONepaTHBHOH [AaMATH Ha TaKTe C BPeMEHHBIM aJpe-
com [112E3B4 B PCX ¢dopmupyercs cHHxpoHusupywowwuin umnyabe (CH),
fnepefaBaeMbiii ¢ Beaymell MHKpodBM Ha apyrue. Beaymas MukpodBM
K145MK502 umeer Bhixoawm aas curhajos 11, ..., J12, nogaBaeMbix nHa
KJaBHAaTypy H HHIMKAaTOPHOE yCTPOHCTBO.

CuHXpoHHOCTD 06paGoTKH HHGOpMalliK NO 3aJaHHOH MpHKJIagHOR
nporpamme B AJ1Y uau caexyomnx MHKpoSBM H o6MeH cofepKHMbIM Ghi-
cTpoit mamMaTH MHKpoOBM 1 onepaTHBHOH NaMATH BHUHCJAHTEbHOH CHCTE-

Pry,

Proe
AT .-~ - JOHHH

T CYAK bey K -_-EM nen Boecy 1Mx J§
7 =:
S
4142 JJ QIO Q1 412 E1 F2 F3 8182 B3 8% Ty
TN YYYYYINEY 7
PCX 16%8
YYVvVy ---¥vy YYVYYYYYY
Pue. 3.2 S J142 43 410 jnt g2 It 1213041516 1718

87



K F—'— .
1] P8 CYAK e RN A
X2 N Y AR Y
| 127
' ﬂ H :‘ ‘: ‘\ N 'Y \, ;Z
x_f._._L_l /J J wn
Jl}l J AN Al
T T | I
HeC. O,
ML K2 K ol Pyue. 33

Mbl 00€CNeuHBAIOTCA YNpaBAAIOUWHMH ycTpoiicTBaMH MHKpodBM c T13Y,
rAe XpaHHTCA TpOrpammHoe obecreyeHHe BHINOJHAEMBIX omepauuil, pas-
GHTOE Ha TPH CeMaHTHYeCKHX YPOBHS, COOTBETCTBYIOUIHX CJOMXHOCTH OTO-
Opaxaembix onepauuii: namarb Komana (I1K), cuuxponporpamm (IICIT) u
mukpokoMan (IIMK). MiukpodBM K145UK5 umeer IK emxocrtbio 128- 19
6ur, TCIT emxoctbio 32- 3-6-5 6ut ¥ [IMK emkocThio 32- 18 64T, rae no-
cle/IHHe MHOXHTeJNH YKa3blBAlOT pa3pAAHOCTb BBLIXOAHBIX CJ0B. [laMATb
CHHXpoNporpamMm pa3bura Ha 6/10KH flo 32 c/loBa, GopMHpPyeMble B HHTEp-
Ba/ibl Bpemend E1, E2 u E3 kaxnoro u3 paspsauwix curuanos M1, ...,

12

[puK/iagHyl0 IporpaMMy MOXHO OTO6pPa3sHTb 110C/IeA0BATENbHOCTHIO
ofepaTopoB

<Ilpuknaanas nporpamma> = <<Oll> <Oll><Oll> ... <OIT>,
(3.1)

XpaHsAUKXCA B 06J4aCTH APOrpaMMm OMNEPATHBHON IAMATH HJH BBOAHMEIX
¢ fOyJbTa YOpPaBJEeHHS Ha)KaTHeM KJAaBHIL.

"B pa6oueM pexxuMe NpH BBoJAE AHPEKTHB HJH ONEPATOPOB MPHKJIALHOM
AporpaMMel HaxaTtHeM K/asuil Ha Bxoipl K1 u K2 MukpodBM nocrynaior
paspsiiible CHTHa/Bl. B COOTBETCTBHH ¢ 3THMH CHTHA/aMH Ha BbIXOJe pe-
ructpa appecos koMaha (PAK) ynpasasiouwero ycrpoiictsa gopmupyercs
NOC/e0BATEAbHOCTb 7-6MTOBHIX €/10B — aApecoB Komaua (AK):

<OIM> = <AK> <AK><AK> ... <AK>. (3.2)

Anpeca komanna ¢ Bbixoga PAK nociiefioBaTe/ibHO NOAAIOTCA HA AElLH-
¢dparop DC namaTH KoMaHj, KoTophlii fepechbliaeT Ha oaHy u3 128 ropm-
30HTa/IbHBIX IIHH, COOTBETCTBYIONLYIO aApeCy KoMaHabl (pHc. 3.3), UMAyJibe
HanpsiKeHUs. ITOT HMIY/bC Yepe3 pasfleJlHTe/bHble JHOAb ([I0Ka3aHbl Ha
CXeMe KOCBIMH JIHHHSIMH) 10J]aeTcsi Ha Bce HJH HeKotopble H3 19 BeprH-
Ka/bHBIX WIHH, ¢ BbIXOAA KOTOPBIX NapaJJenbHo cuHThiBaerca 19-6uToBOe
€JI0BO — KOMaHJa, COCTOAILAs H3 ueThipex MoJel

<K> = <Kl > <K2> <K3><MO/>. (3.3)

Conepxumoe 7-6iroBoro nons K1 npeacrasasier coboit aapec caenyio-
el KOMaHIbl 'LTH HCMDJb3YeTCH IS ero ofipeleieHHsl B COOTBETCTBHH C
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conepXHMBIM 3-6uToBoro foJis K2, nocbiiaeMbIM Ha CUETUHK ajpecoB Ko-
manf (CHAK). Conepxumoe 5-6utoBoro noas K3 saBiaserca ajpecoM cHH-
xponporpammbl (ACIT), cocraBasiomse KoTOpo# BbIIOJHSIOTCA CTPOro B
ofipe/ie/ieHHble HHTEPBA/bl BpEMeHH, [O3TOMY OHa K Ha3bIBAeTCH CHHXPO-
nporpammoii. CoziepxuMoe nepBbIX TpeXx 61uToB 4-6uToBoro nosas MOJL mo-
AMPHLHPYeET BHIXOAHOE CJIOBO NaMATH CHHXPONPOrpaMM, a CoJepKHMoe fo-
caepHero 6ura MOJL onpeseasier, nepecbliaercs JH coaepxnmoe AJIY B
oflepallHOHHBI PErHCTP NaMATH Tocje  BbIIOJHEHHS] COOTBETCTBYIOUIEH
OnepalHH.

Aapec CHHXpONpOrpaMMbl fIOAaeTCs Ha JelHdpaTop NaMATH MHKPOKO-
MaHJ, BblpabaTHIBAIOUIMH HMIYJ/bC HalpsXKeHHS, KOTOPbH MoJaercs Ha
OAHY H3 32 TOpH30OHTAJbHBIX LIHH, COOTBETCTBYIOLLYIO 3alaHHOMY ajpecy
(puc. 3.4). BepTHKa/bHble WHHBI Pa30UTBl Ha TpH G6JI0Ka, B KaXJAOM o
12 rpynn u3 5 wxd. Ha xaxaeiit 6J10K N0AAIOTCA yNPaBJsiiOlHe CHTHAJIb
El, E2 u E3, a na kaxaywo rpynny — pas3psaause cursaas 11, ..., 112,
B pesyabrare B Kaxom HutepBane E1, E2 u E3 paspaausix curnanos 1,
..., 112 Ha BhIXOR NaMsATH CHHXponporpamMm OyAyT fI0AaBaThCs pa3JjiHyHbIe
WIH coBiafaioiide 5-GHTOBble CJI0Ba, fABJAIOUIHECS alpecaMH MHKDOKO-
manj (AMK). CaenoBate/ibHo, KaKaas CHHXpofporpamma oro6paxaercs
nocJe0BaTeNbHOCTHIO H3 36 cJioB:

<Cll> = <AMK> <AMK> <<AMK> ... <<AMK> (3.4)

[pu 3TOM Kaxj10e H3 3THX CJ10B 3aBHCHT Kak oT ACI], taK H oT HHTepBa/oB
BpeMeHH, B TedeHHe KOTOPbIX OHO fepejaercs:

<AMK> = f < ACI], HkEi> (3.5)

BrixonHoe 5-6utoBoe cioBo AMK mnopaercs nHa Aeminppatop nNaMATH
MHKpOKOMaHj] (pHc. 3.5), BhipaGaThiBalOUIMi HMNYJbC HANPSXKEHHs, KO-
TOPLIN NOfaeTcs Ha FOPH3OHTAJNBHYIO LIHHY, COOTBETCTBYIOILYIO 3aJaHHO-
My AMK, a uepe3 pasjenHTenbHble JHOAbB — Ha Bce HJH HEKOTOpble H3
19 BepTHKa/NbHBIX UIHH, 06pa3ys HanpsikeHHs YPOBHSA JOTHuYecKo# | HiH
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0, Ha3blBaeMble MuUKponpuxkasamu HIH MUKpoonepamopamu, H, CJleA0Ba-
TEeJbHO.

<MK> = <MIl> <Mll> <MIl> ... <MIll> (3.6)

Mukponpukasel (ynpas/sioune HanpsixeHHs)c BbIXoAa MaMATH MHK-
POKOMaH] NepefaloTCs HEeNMoCPeACTBEHHO Ha JIOTHYeCKHe 3J1eMeHTh MHKpO-
IBM, KoTOpble CORNHHAIOT MEXLY COGOM BXOAbI H BbIXOAbI ONMPee/aeHHbIX
y370B MHKPODBM, ecau HanpsixeHHe ypoBHS JOrHuecKoil 1.

B saBucHMoCTH OT HasHaueHHS MHKpPONpPHKA3bl pacrpefeseHbl Mexay
HECKOJ/IbKHMH ROJAMH MHKpOKOMaHAbt. s npumepa B taba. 3.1 nokasauo
pacnipelesieHHe MHKDONPHKa30B MexJ1y MOJAMH MHKDPOKOMaHJ MHKpO-
3BM KI45MK502 (K745K502) u npuBeieHo HeCKONBKO MHKPOKOMAaH
H X agpeca (AMK).

Ta6auuwa 3.1
Nons Muxkpoxomaua oguoxpuctansuoi MukpodBM KI145HK502
Bxon a [ v-Bl1 R1 R2 M1 L]s
Buixoa ﬁ)l Ro] Mo| aL| s | S | RO| 6 | T | L | ! Ro\ R33| s | rizz | moss [ Lm|s/z
AMK Mukponpukassl
oL fojt1f(ojlojojofjojtjofolol1]l o]0 0 0 0|1
02 |ojt1jojof1]lojojlofojoloj1]o]oO 0 0 1 {1
03 |ojojoftr|jtr]jojololofololi1fojo 0 0 0fo0
04 ofrjofjojrjolojojlolirjoiytr}jojo 0 0 | |

[lepBoe none MHKPOKOMaHJbl 0GeCneuHBaeT COEMHEHHEe BXOAA O CYyM-
matopa ¢ npsambiM RO 1 uuBepcHbiM RO BhIXxogaMy perucrpa R, BhiXogom
MO perucrpa M u nojauy Ha BXoJA o KOJa WIECTHAALA1SPHYHOH LUPpPH A,
Korja siuefika L. ouHineHa, WM HyJsA, Korja sueitka L coaepxur 1.

Bropoe nosie MHKpokomaHApl ofecrieunBaer nojauy Ha BXoA P cymma-
TOPa CHrHaJja C NPsIMOro S HAH KHBEPCHOro S BbIX0JA PerucTpa-aKKymyqis-
Topa, Bxojaa RO onepaunnoHHoro perucrpa H Koja uncaa 6.
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Tperbe nose oGecneynBaer Nofayy Ha BXOJA Yy CyMMaTOpa B HHTepBaJbl
BpeMenH Bl uHBepcHOro conepxuMoro sueilku, coaepxauteil | B reue-
HHe BPeMEHH HaXKaTHA JIOGOH KNaBHLIM Ha NyJbTe yNpaBJeHHs, H COlep-
XKHuMOTO siYefikH L, a Takxke Kosa yucaa 1.

UersepToe nosie obecneynBaer coelHHeHHe BXola sAveiiku R1 onepauu-
OHHOTO peructpa c BuixoAaMH RO onepaunoHHOro perucrpa, siueilku R33
u S perucrpa-akKymyJasropa.

Cnenylolise nons obecniedHBaloT coelHHeHHe BXoja fivedkH R2 ¢ Bbi-
Xozom npemmiayileil suefiku R1 w Boixopom AJIY I, Bxoaa sivefiku M1 ¢
BBIXOJIOM npeabinyuielt siuefiku MO U BHXOJOM perHcrpa S, 3anuch nepeHoca
B Aveilky L u BoixoaHoro curiana AJIY I B perncTp-aKKyMyJsTop.

Takum o6pa3oM, KaXKiblil onepatop NpPHKJAJAHOH NporpamMMbl HJH IH-
PEKTHBA OTO6PaXKAIOTCS (HHTEPIPETHPYIOTCS) YNIPABSIONIHM YCTPOHCTBOM
nocJel0BaTENbHOCTBIO MHKDOKOMaH]l, YNpaBJsiOUHX onepallHOHHEIMH pe-
rucTpaMu MEKpoIBM B TeueHHe onpejieleHHbIX MOMEHTOB BPeMeHH, COOT-
BETCTBYIONIHX NepechliKe yepe3 perucrpbl MHKpoIBM onpefelieHHbIX nop-
1Hil HHOpPMALIKH.

Ipu Bknovennn [IMK Benymwas MukpoIBM sacuiaer B IHHAMHYECKYIO
naMsTh KOJ «MeTKa», OuHllas ocrajbHble cTpaHuubn mamsatH. [lpu BBoae
onepatopoB Ha6opa NECATHUHBIX 3HAKOB Ha)KaTHeM COOTBETCTBYIOLIHX
KJaBHL ynpaBasiollee ycTpoHcTBO GOpMHpYET B ONePallHOHHOM DErHcTpe
KOJIbl 3THX 3HAKOB, KOTOpblE B COOTBETCTBYIOIIHE HHTEPBAJIB BPEMEHH nepe-
chialoTest B peructpul X onepatuBHoi namaTH. [lpu BBoAe CHHTAKCHUe-
CKHX onepaTopoB (Hanpumep, B 4 uAH <« ) HIH onepaTOPOB 3aChlIKH CO-
jep¥umoro perucrpa X B pPETHCTp NaMsTH ynpasisiollee yCTPOHCTBO
nepesanuchiBaeT cojepKuMoe perncrpa X B ONepalMOHHHH perucrp, or-
Ky/la nepecbliaeT ero B HHTEpBaJbl BpeMeHH, COOTBETCTBYIOLIHE NPOXOX-
JIeHHIO TpeGyeMo# CTpaHHILI ONlepaTHBHON NaMATH yepes peructp M, B 3a-
JaHHBI PEerHcTp NaMsiTH AaHHbX. IIpH BHINONHEHHH OAHOMECTHOrO (YyHK-
LIHOHAJILHOTO oflepaTopa coiepxumoe perucrpa X Bbi3bIBaeTcsi B onepa-
uHoHHH peructp MukpodBM, B [13Y kortopoil xpauurcs mporpammHoe
obecneueHHe 3ajaBaeMoii onepauuu (cooblieHHe 06 3TOM fepejaercs OT
Benyiteit MEKpoOBM), nocsie yero BuNOJHsieTCsl 3ajlaHHas onepaluus, a ee
pe3y/bTaT NepechiiaeTcsi B peructTp X onepaTHBHOM NaMsTH. AHanoruu-
HO BHINOJHSIOTCS JBYXMECTHbHIE ONIEPaTOpEl, HO B 3TOM c/lyuae B OflepallHOH-
HHIHl perHcTp coorBercTBylolled MHKpOOBM BhibBaeTcs COfepXKHMOe Kak
perucrpa X, TaK H perucrpa Y.

B pexume nporpaMMHPOBaHHS KOJbl ONEPaTOPOB He HHTEPNPETHPYIOT-
cfl BLNOJHSIEMBIMH MHKPONpPOTpaMMaMH, a NEPecHIAoTCs B AYEHKH Npo-
rpaMMHO# naMsaTH. Brino/iHeHHe BBe/leHHOR TaKHM 06pa3oM B NaMATb NPH-
KJaJHOH NIPOrPaMMbl OTJIHYAeTCsl OT ee BHIMOJHEHHsi B pabouem pexume
Ha)<aTHeM KJ1aBHII JIHLIL TeM, YTO KOABl onepatopoB He (GOPMHpYIOTCA B
PAK ynpasasiowero ycrpoiictsa, a nooyepejHO 3achiJaloTCsi B HEro H3
nporpaMMHOi NamsTH.

Jlns ynpaBienuss paGoTodl HHAHKATOPHOTO YCTPOHCTBA MUKpoIBM
K145UK5 conepHT BHXOAHOH peructp ¢ AewudparopoM (puc. 3.6), npe-
06pa3yIolIHM BLIBOJHMYIO OUePeIHYIO TeTPajly CONEPKHMOTO perucTpa AaH-
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HBIX B CHT'HaJIbl, fI0JlaBaeMble B COOTBETCTBYIOLIHEe HHTepBajnl Bpemenu [11,

-.» J112 Ha BepTHKa/IbHbIE WHHBI, C KOTOPHIX OHH MOJAlOTCS Ha Bce HJH
HEKOTOphIe U3 7 rOPH30HTA/IbHBIX IHH, COOTBETCTBYIOUIUX CErMEHTHLIM CHT-
nanam I1, ..., 18, BuBoaumbiM Beaymieli MukpodBM K145MK502 Ha unan-
Katop. CurHan I8 dopMHpyeTcs B TeueHHe JVIHTENBLHOCTH COOTBETCTBYIO-
mero paspsfHoro curvaia 11, ..., /I8 B 3aBHCHMOCTH OT COAEPMKHMOTO
AAYeHKH ¢uiara 3anaToil B cloBe cocrosiiusa npouecca. B [IMK cemeiicTBa
«nekrponnka MK-64» ucnioib3yloTest JIHIIb cOYeTaHHs CEFMEHTHBIX CHTHa-
JI0B A5l JIECATHYHBIX LUDp B 3a04TOH, a A5 OTPHLATEIbHBX 3HAKOB MaH-
THCCHl H fIOPSiKa — HAG0Op cerMeHTHHX CHTHAJIOB /1Sl IPHHATOrO OTOGPa-
XKEHHA Ha Jucillee WecTHaALaTepHyHOH UKl A. [1pu 3acblike B BHIXOH-
Hoil peructp koma 1111 wecrHaguatepuytoit uudpn F cermentnbie curHa-
JIHl He NOAAIoTCs, YTO COOTBETCTBYeT OTOGpaXceHHIO npobesna B COOTBETCT-
BYIOLIEM 3HaKOMecTe.

Onnokpucranphble  MukpodBM  K145MK13 (K745MK13) pa6oraiot
NofoGHHIM 06pa30oM, HO OTJIHYAIOTCA GONBIIEH eMKOCTBHIO H 6oJee CAOXKHON
crpykrypodl namsatH. B stux BHUC pna xpanenus tpex crpanuun namsith
¢opmara, npunsrtoro aas [TMK pacumpsiiomerocs psaa, Takxe HcloJb3yer-
csl perHcTP M ¢ BHEIUHHMH BXOJOM H BHIXOJOM /1Sl BKJIOUEHHSl B CHCTEM-
HYIO MaTHCTpanb, HO ero eMKocTb 42: 4 =168 6ur. Takas xke eMKoCTb y one-
palHOHHOro perucTpa R H gononHHTenbHOro peructpa SR 6bicrpoit nams-
4. [locnennnit oTiiHuaercs creKoBoii opranusaiueil ¢ nepechlaKoit coaep-
xumoro crpannn SR ([IRE1), SR (1kE2), SR ([1kE3) kak B MarasuHHOM,
TaK H B KOJIbLIEBOM pexkuMe. ITo obecneyHBaeT BOSMOXKHOCTb BHINOJHEHHS
onepauni co cKo6KaMH, a TaKXe OpraHH3allHIO MOANPOTPAMM C TPeMsi
YPOBHSIMH BJIOXKEHHSI, YTO N03BOJIsIET YCKOPHTH BhlyucaeHusi. Kpome toro,
B GbICTPOH NaMsiTH HMEIOTCSA Ba 4-pa3psilHEIX perucrpa obllero HasHaue-
Hus (POH), onnn 3 Koropbix umeer BHewnuit BXxoA. OOGUIMM A5 MHKpO-
IBM K745UKI13 sBasiercs pacnofoxeHnHe NpOTPaMMHOTO CYeTUHKAa B
CTapLIKHX TeTpajax perucrpa AaHHbX R1.
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Ynpaeasiomee ycrpoiictBo MUKpoIBM K745HK13 umeer oTHOCHTeN1b-
Ho Gosbluyio emMkoctb [13Y — namsarb KomaHn 256- 23 GHT, naMATh CHH-
xponporpamMm 128-3-3-6 6ur U naMsATb MHKPOKOMaH] 68-28 6ur, HO MoO-
C/lefloBaTeNbHOCTh YPOBHEH HHTEpNnpeTallHH JHPEKTHB H ONepaTOpoB TakK-
XKe cootBerctByer popmyJam (3.1)—(3.6).

B IIMK pacumpsiomerocs psiia ¢ BHElIHUMH YCTPOHCTBAMH B KauecTse
MHKpOKOHTpOJepa ucnoab3yercs MukpodBM K745HK18 co cpeacteamu
napaasenbHoro o6Mena undopmalineii ¢ B3Y n nociepoBatenbHoro o6me-
Ha uH(OpMallheli ¢ CHCTEMHOM MarucTpabio. Tak Kak eMKOCTb PerHcTpoB
M MukpodBM K745MK13 n K745UKI18 neoaunakosa, B NocileiHeH H3
3THX MHKpOOBM He MOXeT HCNO/bL30BaTbCA KaK 4acTb ofiepaTHBHOA na-
MSATH BHIYHCJAUTENBHON CHCTEMBH M O6MeH HH(pOpMallHedl peasiu3yeTcs CUM-
ThiBaHYWeM HH(QOpPMALIMK ¢ Pa3phiBa CHCTEMHOH MarucTpajH yepe3 BXOX pe-
ructpa M wiH BBOJA B CHCTEMHYIO MarHCTpajib C BbIXOJAa 3TOrO perucrpa.

3.2. MOJEJIMPOBAHHE PABOTHI NPOLIECCOPA

dyukuun npoueccopa ¢ AJIY, GHCTpOHl NaMATHIO H YCTPOHCTBAMH yII-
paBieHHsl H o6MeHa HH(OpMalHed ¢ onepaTHBHON NMaMATHIO B pacCMaTpH-
saembix [IMK BBHIOMHSAIOT OAHOKPHCTaIbHBE MUKPOOBM, 3a uckniouenu-
em peructpa M. TlpH aecATHYHO-IBOMUHOM HJIH [BOHYHOM KOAMPOBAaHHH
C/I0Ba Pa3GHMBAIOTCA HA TeTPaibl PaspAioB, COflepKHMOe KOTOPHIX oTobpa-
XKaeT JleCSITHYHbIE HJH IIeCTHajlaTepHuHble LHPPH. 31O NO3BOJsET CBECTH
npeo6pasoBanue HHGOPMAIIHH B OCHOBHOM K 06paboTke «lindpa 3a uHppoft»
H NpH paccMOTpeHHH paGoTHl Mpolieccopa OJHOKPHCTAIbHBIX MHKpoOBM
HCNOJ/b30BaTh ero yNpolleHHylo cxeMmy (pHc 3.7), colepxaulylo cyMMaTop,
1Ba 4-paspaauix peructpa R u S, a rakxke Auefiky L 151 xpaHeHHs nepe-
HoCa NPH C/I0XKEHHH OflepaHoB H (uiara fepenoHeHHs NPH COXKEHHH Co-
AEPXKHMOrO CTapIIKX PaspsiioB YHce.

Pa6oTy cABHIOBOTO perucr-

pa ¢ uveThlppMsi sdefikaMu S4, s
§3,S52 u S1 ans xpaneHHs B Hc-

XOQHOM  COCTOSHHH paspsajaos /

§
cjopa COOTBETCTBEHHO MOXHO / 4
oNHcaTh NocCaeaonaTelbHOCThIO «

01

npHCBOEHHH
S1:=82; §2:=83; §3:=54;
= R
S4:=X, -
rae X — ABORUYHbI CHrHAA, NO- B ri213]+4

naBaeMbifi Ha BXOAHYIO fYeHKY
S4. Ecan Takofi perncrp oxpa-
yeH KOJbUOM, TO TNPH nepenave
COAEpPHMOTO BBLIXOAHOH fYeAKH °
S1 Ha Bxoa fuefixn S4 ero pa- 7

6oTa OMMCHIBAETCH MOCAEA0BA-
TeNbHOCTLIO TIPHCBOEHHA I

X := 81; S1=52; §2:=83,;

$3:=84; S4:= X, Puc. 3.7
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Ecau B TakoM perncrpe xpamurcs asowuHoe cnoso 1001 (S1 = 1, $2 = 0, S3 = 0,
S4 = 1), To Ha KaXOM TaKkTe ero cojiepXHMoe GyJeT NepeMellaTbcs Ha OIHY ABOHY-
HYIO suediKy (pa3psn):

TakTt S! S2 S3 S4

Ot e O

NN — O
cCoO—~—oD
—_eO——O
—_— D

Tak kak ucxoaHOe colepKHMOe PerHcTpa BOCCTAHAaBARBAETCH Yepes Kaabe de-
THpE TAaKTa, TO B MOMEHTH BPEMEHH, COOTBETCTBYIOUIHE KAXIOMY 4-MY TakTy, cojep-
HKHMOe peructpa 6yleT NOCTOSAHHHM.

CocTosnue cABHrOBHX PerncTpoB R ¥ S B KONLLEBOM peXXHMe ONHCHBAETCS MO-
CJIeA0BATETbHOCTLIO NPHCBOEHHH

X:=81; S1:=82; $2:=83; S3:=54; S4:=X;
Y:=RI; R1:=R2; R2:=R3; R3:=R4; R4:=Y.

Toraa nepechika HHQOPMauKH B OGOMX perucTpax. HanpHMep, NMPH HCXOZHOM
cofiepxuMoM S = 1001 1 R = 0011 ortoGpaxaercs Tabnnueil

Takt S1 S2 S3 S4 R1 R2 R3 R4
0 1 0 0 1 1 1 0 0
1 0 0 1 1 1 0 0 1
2 0 1 1 0 0 0 1 1
3 1 1 0 0 0 1 1 0
4 1 0 0 1 1 1 0 0
5 0 0 1 1 1 0 0 1

3ameTHM, uTO BHOpaHHHe HaYadbHble COCTOSHHA PETHCTPOB Uepe3 HeCKOAbKO
TAKTOB NOBTOPSAIOTCA B Pa3HbIX PerHcTpax, HO NIPH CMeHe HayadbHHX COCTOSHHI
(nanpumep, 1001 u 1010) 370 He HaGmiogaeTcs.

ITpn MopenupoBanuu paGoTH CyMMAaTOpa OCHOBHOe BHHMaHHe GyjaeM yneaAsThb
CHHXPOHH3AUKH COCTOSHHA OTAENbHLIX Y3/10B Npoueccopa, a He OnepauHsaM CYMMH Po-
BaHH{, BLINOJHAEMBIM JIOTHUECKHMH 3JIeMEHTaMM CyMMmartopa.

OnepauHio CI0XEHHS MOXHO ONHcaTh npHcBoeRHeM C:= X-+Y--I1, rge cna-
raeMbie — COREPKHMOE BHIXOJAHBX fiveek S| H R1 H Auefixn nepenoca L Ha KaxjoMm
TakTe. Tak KaK 3TH ClaraeMule TPHHHMAIOT TOJBLKO 3HaueHHs 0 HaK 1, To cymma C Mo-
XeT NPHHAMATb 3HAYEHH I, COOTBETCTBYIOLLHE fecATHYHOMY yHeay C ot 0 o 3, koTopoe
MOJXKHO NPeJCTaBHTL JBOHYHLIM YHCJIOM C,oCy, FJ€ COJEPXHMOe CTapuiero paspsja c,
paBHO nepeHocy B ctapwHi paspsan I1 Ha caeaywouiem Takte, Torna BO3MOMHLI 3HA-

C=0(;=0,c,=0) nap X =0, 11 =0,
C=1(,=1,¢c=0nmu X=1, =0,
C=2(,=0,c,=1)wn X=0, 1= 1,
C=3(=1lca=NHpmX=1T1I=1,



Tak Kak yacTHOe OT AeJIeHHR Cg, C; Ha 2 paBHO Cy, €y, TO MOAOGHYIO TAGMHIY COOT-
BeTCTBHII MOXHO 3a1aTh GyHKuHaAMH X(C) B TI(C) nHCKpeTHOro apryMenTa, peaiHsye-
MbIMH, HanpuMmep, cooTHoweHusMu X = 2+« FRC(C/2), 11 = INT(C/2). B peiictBu-
TeNbHOCTH CYMMHPOBAHHE OCYLIECTBIAETCA JOTHUECKHMH 3J€MeHTaMH B COOTBETCT-
BHH, HalpKMep, C JOTHYECKHMH OTIepPaLHAMH, PaCCMOTPEHHBIMH B 1. |, HO Ans MonRe-
JHPOBAKHA NPHHUHNA CHHXPOHH3aUHH YIO6HO HCNOML30BATL MOAOGHYI0 YCJOBHYIO
3aMHCD.

Ecan ¢ noMombio KA4Ya (pHc, 3.7) pa3opsaTh KOJbIeBYI0O CBSi3b H Ha BXoj pe-
ricTpa S nogaBath CHrHad X c BBIXOJa CYMMaTopa, TO NPH NOCTYINEHHH KOMAaHAbl
cyMMHpoBanHs (HanpuMep, A0) Ha nanHoM takte X:= 2«FRC ((X-+Y-+I1)/2);
M:=INT((X+ Y+T1)/2), B npoThBHoM cayuae X:=X. Toraa ans BHMOJHEHHA Ofe-
paiysy CAOXKEHHSA COJePHHMOTO ABYX 4-pa3pAnHLIX perucTpoB S H R notpebyercs cie-
Aylomas NoCJHeR0BaTeNbHOCTh KOMaH] H BHMOJHAEMBIX ONepauni:

komataa AQ (na 1-m takre) [T: =0; X:=S81; Y:=RI1: X:=2«FRC((X ~ Y—+TI1),/2),
1:= INT((X+ Y+11)/2); S1:=82; $2:=83; $3:=54; S4:=X; R1:=R2; R2:=R3;
R3:=R4; R4:=Y,

koMaHaa Al (Ha 2-M, 3-M, 4-m Ttaktax) IT:=II; X:=S81; Y:=RIl; X:=2*FRC
(X Y+T1/2); TME=INT(X+Y-+I1)/2); S1:=82; S2:=83; S$3:=54; S4:=X;
R1:=R2; R2:=R3; R3:=R4; R4:=Y;

komaHaa B (Ha 5-M » caeaylomux rtakrax) IT:=TI1; X:=81; Y:=RIl; X:= X;
S1:=82; $2:=83; $3:=54; S4:=X; R1:=R2; R2:=R3; R3:=R4; R4:=Y.

KoManan A0 H Al oTJIHY2I0TCH JHIIb HAYANLHBIM 3HaYeHHeM lepeHoca, KOMaHJOMH
B HasBaHa oNepauds NepeMelleHHS 1O KOJNbUY COAEPKHMOTO perHcTpoB S H R Ges
ero uameHenrs. Ecian, HanpuMep, ncxoaHoe cogepxumoe S = 1001 u R = 0011, co-
oTBeTCTByIOllee NeCATHYHOMY NnpeacTaBjeHHio 1 - 23 + 0. 22+ Q. 21 -1 . 20 ==
=9u0.22+0-22+1-2+1.2° =3 usMeHseTcsa B Npolecce BLIMOJHEHHS
komaHa AQ, Al 1 B, To 3TH H3MeHeHus NpH cJoxeHud oTobGpaxaloTcs TaGaHueh

TaxkT n S1 S2 .83 S4 R1 R2 R3 4R Komanaa
0 0 1 0 0 1 | 1 0 0 A0
1 | 0 0 1 0 | 0 0 1 Al
2 1 0 1 0 0 0 0 1 1 Al
3 0 1 0 0 1 0 I 1 0 Al
4 0 0 0 1 I | 1 0 0 B
5 0 0 1 | 0 1 0 0 |

B 3Tofi TaGnHUe CHMBOJ KOMaHAH 3alHcaH NOCJe COAEPKHMOro fiveek Ha NaHHOM
TakTe, TaK KaK KOMaHJa onpeleisieT BHNONHEHHe TpeGyeMbIX MHKPOONepauni Ha
cneayiomeM takte. Kak creayer na tabanunl, Ha 4-M TaKTe COAepKHMOe PerucTpa
S = 1100, 4To COOTBETCTBYET AECATHUYHOMY mpeacTtasieHHio | - 2% + 1 . 22 4 0 X
K 2L+ 0-2=12= 9 + 3. TakuM 06pa3oM, onepauHsi CJIOXKeHHH 4-GHTOBBIX
C/IOB BLINOJNHAETCA 32 4 TaKTa, €e Hayaldo JONKHO GHTb TOUHO CHHXPOHH3HPOBAHO €
HCXOJHBLIM PacroJOXeHHeM COJIePKHMOTO PErHCTPOB, KOTOpOe CMeliaeTCs C OAHHAKO-
BOH CKOPOCTBIO KaK NPH BHINOJNHEHHH OllePALHH CAOKEHHH, TaK H NPH OXKHIAHHH clle-
ayomend onepanHH.

Hamensas sux pynkuns X = f(X, Y, IT), HecTOXKHO NONYUHTh ONHCAHHS H HEKO-
TOpPLIX APYrux onepauxii. Tak, ecan X == Y, TO nMoNyyHM onepauuio Nepelayn co-
JdepxxnMoro peructpa R B perdctp S, BunoaHseMylo 3a 4 Takta. O6G03HaUHB KOMaHAY
BHINIONHEeHH S NofoGHOH onepaumnn C, MOXKHO OTOGPa3HThL ee BLIIOJHEHHE AN paHee
BbIGPAHHOTO HCXOJHOIO COAEPKHMOro PEerHcTpPOB caepyloweil Tabnnuei:
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TakTt St S2 S3 S4 R1 R2 R3 R4 Komanaa
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Taknm o6pasom, conepiKumoe peructpa R NepenucuiBaetcss B perucTp S 3a 4 Tak-
Ta, NpHYEM 32 BpeMs BHINONHeHHS KOMaHAb C MHbOpMauHs NepeMeliaercs B fuefi-
kaXx 060X PerHcTPOB TaK, KaK eC/H Gbl OHH 06pa30BaJH OAMH 8-pa3pANHbIfl perucTp.

PaccMaTpyBas ToNbKO OllepallMH, BHIONHAEMbHE 3a 4 TaKTa, MOXHO YNIPOCTHTB
On{caHHe Pe3yJNbTaTOB MONETHPOBAHHS IPOHECCOpa, OCTaBAAA B TaGJHUAX Kb
HayalNbHOe ¥ CPOPMHpPOBaBLIEECH Yepe3 HHTePBaNH BPeMeHH, KpaTHHE 4 TaKTaM, co-
AepKHMOe perHcTpoB. Toraa, HanprMep, ONHCAHHE CJOXEHHA M Iepe3aluCH co-
JNepKHMOro PEerHcTPOB MOXKHO NpeACTaBHTL Tabanued

Takr S1 S2 S3 S4 R1 R2 R3 R4 Komanaa
0 1 0 0 1 1 1 0 0 A

4 0 0 1 1 1 1 0 0 B

8 0 0 1 1 1 1 0 0 C
12 1 I 0 0 1 1 0 0 B
16 | 1 0 0 1 | 0 0

Ty TaGaHIY MOXHO enle GONblIe YNPOCTHTL, 0G03HAUHB COLEPIKHMOE perucTpos
R ¥ § wecTHaguaTepHuYHbIMH UHPpaMH:

TakTt S R Komanaa Comepanune KOMaHAB
0 9 3 A S$:=S-+R; R:=R
4 C 3 B $:=S; R:=R
8 C 3 C S:=R; R:=R
12 3 3 B S$:=S; R:=R
16 3 3

Hcnonbsyn nopo6uylo 3anuch, yao6Ho ynpouwats ¥ onucatne komang. O6o3Ha-
ueHne KoMaiil 6ykBamu A, B, C, ... MOXHO paccMaTpHBaTb KaK IIeCTHAXLATEPHUHbIE
KOAbl CJIOB, NPEeACTABAAIOMNX KOMaHIy NOCAe10BaTeNbHOCTHIO YHPaBAAIOUWHX CHT-
HanoB. [loficHHM TaKoe npeacTaslienye Ha NpHMepe ONHUCAHUA PaGOTHI CyMMaTopa Jo-
THYECKHMH ONEpaTOpaMH.

Ilpexne Beero samerum, uto aas cymmbl C= X+ Y[, korga C=0 uau C=1,

BuxoAHO# crrHan IT" = 0, a sHavende gynkunu X' cosnagaer c C. dra $GyHKUHA fB-
JACTCS Pe3y/nbTaTOM JoTHYeCKHX onepaunit X' = (XV YVI)AIT, a ecan IT' = 1,
10 X' = | TOAbLKO B cayyae, kKoraa X=Y=[I=1. Tak kax X'=XAYATIAIT,
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TO Ans Mo6ux sHayenuin 1" cnpaseannso coortHowenne X' = ((XVYVIDHAIT)V
V(X AYAT). Bropoe Jorsueckoe ciaraemoe 3anncaio B 3Toii popmyJie 6e3 MHOXKH-
teas I1', Tak kak oHo paBHO 1, Toabko Koraa I1' = 1. 3r10 cjeayeT H3 JorHueckoi
¢yukunn IT" = (XAY)V(IIAX)V(ITAY) H CcoOTBeTCTBYeT CNOBECHOMY ONKCa-
HHIO: NlePeHOoC NOABASETCH, KOr1a XoTs Gbi 1Ba H3 Tpex 3Havenudt X, Y u [1 paBuu 1,
HO eCJIH BCe TPH 3HauYeHHs paBHH |, TO Jio6ble ABa H3 HHX TaKXe PaBHbI 1.

Haa nonyyenns X’ Heo6GX0OAHMO 3apaHee NOJNYUHTb 3HaveHHe [1', yTo peannsyer-
Cs JJOrHYeCKHMH 3J1eMeHTaMH, HHBEPTHPYIOUIHMH JBOHUHbIE [lepemeHHble C MHHRMAMb-
HOMl 3ajep:KKoil, MeHbwel AMHTETbHOCTH TakTa. [if NOJyueHHA HEHHBEPTHPOBAH-
HOTO (MpSMOro) HJH [BaXAbl HHBEPTHPOBAaHHOro 3Hauenus [1 TpeGyercs eme OAHH
MHBEPTOP, HO TaK KaK NPAMON CHrHaJ HCnoJib3yercs TOJAbKO Ha cJeiylouleM TakKTe,
TO MOKHO 0GOATHCH Ge3 JONONHHTENbHOTO 3JeMeHTa NaMsATH.

Onxnako cymMMaTop COJilepXXHT He TOJNbKO svefiky L. aaa 3anoMuHHaHHA 3HauyeHHS
nepeHoca, HO H HCTOYHHK clenxanbHoro 3-6GutoBoro cHrHagta (P)=(P1){P2)(P3),
YKa3HBAIOUIEr0O MOMEHTH BPeMeHH, KOrja HYXHo 3anoMuits I1:=IIl u Korga HyXHo
npucBoHTh I1 3HavenHs O HAHM 1. JTH CHTHAJAH NO3BONAIOT MOAHQHUKPOBATL pealii-
3yeMylo cyMMaTopoM GYHKUHIO

"= ((XAY) APV (((PZAT) VP3) A(XVY))

Pasanunbe curHansl P, BBOANMble A/ MOAH(HKAUHH npeoGpasoBaHHi, cOOTBeT-
CTBYIOT H pa3siMuHbLIM 3HaueHHAM I1 Ha Bbixoje cyMMaTopa:

P3 P2 Pl 11

0 1 1 (XAY)VIIAXVY))
1 0 0 XVY

0 0 1 XAY

CrenoBaTtenbHo, €CIH paccMaTpHBATh IlocJejoBaTelbHOCTh CHrHajos Pl, P2, P3
Kak o6paTHylo 3anHch jaBoHunoro ciaosa P3P2Pl, To TpeM ONHCaHHLIM BapHaHTaM
3TOro cJoBa COOTBETCTBYIOT HX luecTHajuaTepuyHble KojAH P=3, P=4 n P=1.

PaccmorpenHas Mofenb cymMMaTtopa ¢ AByMA 4-paspsaJHbIMH CABHIO-
BbIMH DETHCTPAMH COOTBETCTBYET apXHTEKTYDHOMY YPOBHIO MHKpOKOMaHJ,
BHI[IOJIHAEMBIX HAa KaX<IOM TakTe W 06pabarhiBalOlIHX ABOHUYHBIE Pa3ps/ibi
cnoB. Ilepechinka mau o6pa6orka Kaxao#l TeTpajibl CJ0Ba BhIIOJHAETCH
lOC/IeIOBAaTENbHOCTAMH OAHHAKOBBIX MHKpOKoMaHJ 3a 4 Ttakta. CiefoBa-
TeJIbHO, MOXHO paccMaTpHBaTb pabory npolieccopa B TeyeHHe HHTEPBAJIOB
BpeMeHH, paBHbIX 4 TaKTaM, KOTOpbie MOXHO Ha3BaTb MaxKpomaxmamu.
PeayabraTh onepauuil Haj TerpajlaMH CJIOB B TeUeHHe KaXoro MaKpoTak-
Ta YAOGHO NPeACTaBJATh AeCATHYHBIMH HJIH IHeCTHAALATEPHYHHMH LHpa-
MH, OTOGPaXKalOLIHMH COAEPIKHMOe KaXJoH TeTpaibl, HTO TaKxke CYIECT-
BEHHO YNpollaer MojieupoBaiHe pa6orei MUKpoOBM. Tlpn sToM KaxaoMmy
MaKpoTakty coorBercTByer BpemenHoil agpec A1E1, I1E2, O1E3, N2El,
H2E2, ..., onpenensionuit Kak OTHOCHTe/1bHBle HHTEpBaabl BpeMeHH ofpa-
GOTKH onpejieleHHBX TeTpajl CNOoB B COOTBETCTBHH C HX (opMaToM, TaK H
pacnpefesienne 3THX Terpajg B perucrpax mamaTH. IlocienoBaTesnbHocTb
MHKDOKOMaHj, BHITOJHAEMBX B TeyeHHe OJHOTO HAH HEeCKOJbKHX MaKpo-
TaKTOB, YAOGHO paccMarTpuBaThb KaK MAKPOKOMAHOY, COOTBETCTBYIOLLYIO
Gosee BHICOKOMY apXHTEKTYPHOMY YpoOBHIO paGoThl MHKpoIBM, oroGpa-
Xas ee pe3yJbraThl B o0lleM cayuae LIeCTHAALATEPHYHBIMH LIH(pPaMH.
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O6osnauas 4-pa3psaanbit peructp R (/) ¢ HHIEKCHLIMH CKOGKaMH,
MOXHO pPaccMaTPHBATh TAKYIO AUeflKYy NAMATH KaK 3JeMEeHT MacCHBA TAKHX
Xe siueeK C NopsAAKOBbIM HoMepaM (HHIekcoM) /. Toraa mMofennbio JHHAMHE-
YeCKOH naMATH MHKPOOBM Moxer ci1yXHTh Noc/lefloBaTe/IbHOCTb NPHUCBOE-
HHUM

X:=R(1); R (1):=R(2); R(2)=:=R 3); ...; R (N):=R(N+1); ...

B 3aMKHYTOM B KOJIbLIO perucTpe (KoJIbLEBOM) ¢ NOAOGHEIMU siueliKaMH Gy-
JeT [oc/eOBaTe/IbHOCTD NIPHCBOEHHH ¢ BHIXOAHBLIMH CHrHajJamMu X, moja-
BaeMbIMH Ha BXOJ] LENOYKH fiveeK. Jlas uenouku sveek or 0 go K — 1 (c
BXogHoil siuefigod R (K — 1) u Brixomnoit R (0)) sty 3anuce MoXHO yn-
POCTHTb, BOCHOJb3OBABLIHCH ONEPATOPOM IHKJA:

X:= R(0);
aast | =0 war | no K—2 peimoasnts R(/):=R (/ 4 1); R(K—1):=X.

CnenoBaresbHO, T0C/Ie BHINOMHEHHS NEPBOTO NPHCBOEHHS, Onpeesio-
niero 3HaveHue nepeMeHHOH X Ha BBIXOJAHOH sAuefiKe, NOJXKHH GLITh BH-
NOJIHEHH BCe NMEPeChiIKH B CMEXHBIX PErHCTPax ¢ MEHLIUIHMH HOMepaMH,
06yc/IOBJ/IEHHBE COOTBETCTBYIOIHMH MaKPOKOMaHIaMH, B pe3yJibTaTe Gy-
JeT noayyeHo 3HaueHHe X BO BXOAHON fiyeiiKe.

Ecaun npennucano X : = X, To B 3aMKHYTOM B KO/IbLIO PErHCTpe HCXOA-
HOe COllepXKHMOE siYeeK BOCCTaHABJ/IHBaeTcs yepes Kaxable K MaKpOTaKTOB.
Tak kak goctyn K pernctpy R peanusyercst B paccMaTpHBaeMOM cJjyuae
TOJIbKO yepe3 CHCHA/IbHYI0 WHHY X, COeIMHSIONLYIO BHXoAH siveek R (0)
u R(K — 1), To aas npeo6pasoBaHHsi HHHOPMALHH HEO6XOAUMO BHEPATh
COOTBETCTBYIOIIHA HHTEPBAN BpeMeHH,

Ecnn opranusoBats cuetyuk B svefike R(0) (3anucwBasi B Hee yHc/o
KOJIbLIeBbLIX CABHTOB) NIPH HYJIEBOM COleP’KUMOM perucTpa R, To BBeJeHHH
Ha nepBoM Makporakre B sueiky R(K — 1) curiana X = | nosasurcs
B BHIXOAHOH Aueiike R(0) wepes K takroB. [lns opraHH3alUM cueTyHKa
0603nauuM nepBylo KoMaHAay npHcBoeHueM X := X 4 1, a nocaeayio-
mune—npucBoennusaMn X:=X. Torga noc/je BHOAHEHHS NePBOH KoMaHIbl
3HauenHe X yBeJIHUHTCSA Ha eUHHLY, 6yler NPHCBOEHO siueiike R(K — 1)
H nonafer B Aueiiky R(0) anmb yepes K — | MaKpOTAKTOB, «XOJOCTHIX?,
coorBercrBylomiix KomangaM X := X. Ilogo6uyio mnoc/efoBaTe/bHOCTD
KoMan] Ha K Makporakrax (R (0) :=-= R (0)+1 HazoBeM makpoKoMaHiOii.
ChenoBaTte/bHO, 3Ta MakpOKOMaHAa orolpa)kaerTcs Ha 1-M MaKportakTe
f10C1e10BATE/IbHOCTBIO MHKPOKOMAH, A06ABJSAIOLIHX €AHHHLY K COflepIKH-
MoMY TeTpainl, H Ha (K — 1)-M MakpoTakTe — MHKpPOKOMaHjaMH, ofecne-
YHBAIOUIMMH CABHI COAEPXHMOTO siueek KOJAblla Ha OfHY sueliky. [lns
MaKpOKOMaH/[H, H3MeHAIoUleH colepXXHUMoe ao6oi aApyroi siveiku R([)
perncrpa R, Heo6X01HMO B enoyKe MUKPOKOMaHJ Ha /-M MHKDOTaKTe BBE-
cTH TpebyeMoe npeoGpa3oBaHue. B obieM cayuae MakpoKoMaH[a B Teue-
HHE KaXXJIoro MakKporakTa o6pabATHIBAET COJAePHKHMOE HECKONbKHX siueeK
M BpeMs Ha XoJocThle NlepechlIKH HHGOPMALIHH HE 3aTpayHBaercs.
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Takum 06pa3oM, NpH aHaJH3e H MOJIe/iHPOBAHHH NPOLIECCOB B OJHOKPHC-
TaJbHBIX MHKPOOBM MoXHO He yKa3biBaTb LMKJbl IPHCBOEHHH, peaiu3y-
IOLMX CABHCH Ha KaXKJOM IHKJe pa6orhl MHKpoOBM, orpannunsasch 3a-
IMCbI0 MAKPOKOMAaH[HI.

Jlns yno6eTBa aHaH3a MOXKHO NPENCTABHTD COJEPXKHMOE PErHCTPa He-
NOJABHIXHBIM, 8 06paBaThIBaIONIHH HHGPOPMAIHIO [poleccop (B AaHHOM CaIy-
yae npeoGpasyrouluil 3Havenne X B X) — nepemeljaeMbiM Ha KaX/OM
MaKpOT4KTe Ha OJHY fiYeHKy BJOJIb KOJBLEBOrO PErHCTPa B COOTBETCTBHH C
nameHeHueM HHlekca X. [lojo6Hbiil HOAXOA aHAJOrHueH nepexony K nof-
BHXKHOH CHCTeMe KOODAHHAT AJISl ABHXKYLIMXCA OOBEKTOB, C MOJIOXKEHHEM
KOTOPbIX CBi3aHO Haua/o orcyera KoopauHar. [Ipu stom Homep [ AueiKH
R (/), paBHblil agpecy / copepXHmOro 3ToH siyedKH, OJHO3HAYHO omnpeje-
JSleT H HHTEPBaJ BpeMeHH, COOTBETCTBYIOLIHH HOMEDY MaKpOTAKTa.

Tak kak B I[IMK noc/enosarenbHoro AeCTBHS HH(pOpMaliHs OLAHOBpe-
MEHHO NepeMell[aeTcsl B HeCKOJIbKHX KOJIbIIEBbIX CJBHI'OBbIX PerHcrpax pas-
HOil JJIHHB, TO HeOOXOLHMO UYETKO KOHTPOJHPOBAaTb H3MEHEHHe HOMepa
(MHIeKca) fiueek KaMIOro MacCHBa B KOJIbLEBbIX perncrpax. Ilosromy we-
Necoo6pa3Ho BLIGpaTh TAKyl0 HyMepallHi0 MaKpOTAaKTOB, KoTtopast oGecrie-
YHT HaHGOJBILYIO NPOCTOTY ONpeJie/ieHHs HoMepa 1S A0CTyfla K HyXXHOMY
COlEPKUMOMY fYeeK.

B onHokpHcTaabHbix MHKpoIBM K145MK18 (K745HMK18) kpome pe-
rucTpa M coflepxatcs KosbueBbie pernctpsl R u3 36 siueek R (/) n RIN
(J) u3 3 siveek. TlosTomy HOMEp MAKpOTaKTa YAOOHO NPENCTaBHTb B CHCTe-
me cuucienust PIIE, rae E npunumaer 3HaueHHs or O 10 2 (B HHTepBaJbl
Bpemenn El, E2 u E3 coorsercrBenno), 1 — or 0 g0 11, a P —or 0 1o
HyxHoro 3nauennsi. Torna ans ykasanHusi HHleKca J ieslecooGpa3HO HC-
NoJb30BaTh NoJje (yactb ciaoBa) E, a nis unpekca I — dopmyny /=A%
x 3+E. Maccus R, HoMep siueilKH KOTOporo onpeiensitcs no 3ro# ¢op-
MyJle, MOXKHO paccMaTpHBaTb KakK aByMepHui#i maccuB R (K, J), pa3bu-
Thifi Ha Tpu maccuBa RA (K), RB (K) 1 RC (K). Toraa saMKHyTast B KOJb-
10 MOCJeN0BaTe/]bHOCTh fiyeek MaccHBa R oTo6pakaercs nocjeaoBare/b-
nocteio cuMBoaoB RA (0), RB (0), RC (0), RA (1), RB (1), RC (1), ...
..., RA (N), RB (N), RC (N) 1 na KaxJ0M MakpoTaKTe OKaxercsi J0CTy1-
HOil stuefika c onpegenennniM aapecoM R (K, J). Tlopo6noe pasbuenne
3/1eMeHTOB MaCCHBa, KaK MOKa3aHo JaJjlee, HMeeT CYIIEeCTBeHHOe NpeuMymie-
CTBO NPH MOJENTHDPOBAHHH NPOLECCOB B OJHOKPHCTA/JbHBIX MHKPOIBM ce-
puu K145 (K745) 1 ynpoliaer npoBepKy # cO3AaHHe UX NPOrpaMMHOro
obecrieyeHHs.

PaccMoTpenHbie cnoco6bl onucaHHa paboThl CIBHIOBBIX PErHCTPOB HoO-
3BOJIAIOT MOCTPOHTL MOZENb APXHTEKTY Dbl OJHOKDHCTANbHHIX MHKPOIBM,
fiepeyHC/IHB BCe 3JIEMEHTH IAMATH H IONYCTHMbIE V11 YCTPOHCTBA ynpasie-
HHS ollePallMH NepPechlIKH H peo6pa3oBalusa HHpopMmaluHu. Tak Kak BHYT-
PeHHsisi OpraHH3alMs obMeHa HH(pOpPMalHMeli pas/HyHa W18 MHKPoOBM
K145MK13 (K745MK13) u KI145MK18 (K745MK18), ucmonb3yemeix B
[IMK pacumpsiomerocsi psifa, To pacCMOTPHM OT/e/bHO paGoTy Kamao#
H3 HHX.
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3.3. ONUCAHHE PABOTbl MHKPO3BM K145HK I3 (K745UK13)

OneparuBnas namatb 31oft MHKpoIBM cocrout us perucrpa M, a 6bi-
CTpafi WJH CBepXoflepaTHBHAf — H3 KoJblieBHX peructpoB R u ST, kax-
Abi H3 KOTOPBIX cofiepXHT 42 sueiiku. [octyn x onpeneneHHoit sueiike
KO/IbLIEBOTO PErHCTPa BO3MOXEH JIHIIL Yepe3 OJMHAKOBHE NPOMEXYTKH
BpeME€HH, Heo6XOlAWMBble /ISl NOJHOTO KOJbLEBOTO CABHTA COJEpPKHUMOTO
perucrpa H NOJKJ/IoueHHsA TpebyeMmol siuefiKH K ILIMHe, cOefHHSIOLLE! BH-
XofHylo AueliKy perucrpa. Onnako B MEHKpo3BM umeiorcs Takxke ABa pe-
rHcTpa o6lero Hasnadyenus S U Sl, 10CTYD K KOTOPBHIM BO3MOXEH HAa KaX-
JOoM OuepellHOM MaKpOTaKTe.

Anpec siveex peructpoB M, R u ST 6yneM 0603HauaTh HHAEKCHHIMH
cKko6kaMH, Hanpumep R (/), rae / npunuMaer snauenus or O fo 41. Las
HyMepaliHi MaKpOTaKTOB Hchoib3yeM topmyay / = 3x I 4 E, rae I
LHKJAHYeCKH u3meHserca oT 0 fo 13, a E — o1 0 10 2. YMeHblueHne uau
yBeJIHUeHHe HHJeKca / 11e/1ecoo6pa3Ho ONMKCHIBATH NO J0NONHEHHIO 10 42 (1o
mofysio 42), Tak, / + 1 =0ana / =41, a /] —1 =41 gaa / = 0.

CrpoGosuie curnannt [l u E, onpesensiomue cooTseTcTByIOLHe HHTEp-
Ba/Ibl BPEMEHH, BHIPA0GaTHIBAlOTCA PETHCTPOM CHHXDPOHH3ALMH MHKPOIBM,
[lostoMy B Kaxabiii HHTepBa/l BpeMeHH, COOTBETCTBYIOLHH MaKpOTAaKTy
¢ BpeMeHHEIM ajipecom JIE, u3BecTHO 3HaueHHe HHAEKca /, YKa3LIBaloLero
ajpec COAEPKHMOro siYeKH Ko/bleBOoro perucrpa. Ilpu onucauuu pa6otnl
MHKPODBM npHXonHTCA HCHONB30BAaTH KOMaHAy, YMEHbIIAIOM[YIO HHIEKC
I Ha eqnHHLY 1O MOAYJIIO 42, NS yero MOXHO BOCNO/Nb30OBATbCA TPaLHIlH-
OHHOH 3alHCbIO HTEPALHOHHOTO IHKJA. ’

YerpoiicTBo ynpasienns MHKpoIBM oGecneunBaer popmupoBanue no-
CJ1e/l0BaTe/IbHOCTH MHKPOKOMaHJL, ONIpefie/ SIOIHX OfepaluH npeo6pas3oBa-
Husl, BoinosHsieMble AJ1Y, U onepalMH NepechlIOK, BHINONHSEMbIE alnapa-
TYPHHIMH cpefcTBaMH. MHoroyposHeBas oOpraHusalusi ynpapJeHHs,
yMeHblualomas obuyio JJHHY ynpasasiomed HHPOpMAUHH U 1OTPeGHOCTD
B alflapaTypHOM oGecreyeHHH, obJieryaeT TaKKe aHajlu3 paGoTbl MHKpO-
9BM, orBeuaer NpHHLMNAM CTPYKTYPHPOBAHHOTO NPOTPAMMHPOBAHHA.

Paccvotpum onepaurn npeo6pa3oBaHHsl M NepechiiKH HHQPOPMALHH.
OcCHOBHEIM y3/10M, BLINOMHSIONHM apHbMeTHUECKHe ONepaliiH, SABJSETCH
CYMMAaTop, TPH BXOAa &, f} H y KOTOpPOTO OCYIIECTBIAIOT ONEPALHMIO JIOTHYe-
CKOro CJIOXKeHHs (AH3BIOHKIHIO) CHTHAJIOB, TMOCTYMAIOMHX OT Pa3/JHYHBIX
HcToyHukoB. CheuHa/bHBle CHTHa/Ibl yOpaBieHHs, BupabaThiBaeMbe Ha
HHXKHEM YPOBHE ylpaBJIeHHS, ONpefe/siiOT, CHTHA/IL KaKHX HMEHHO Hc-
TOYHHKOB MIOJAIOTCA Ha BXoAbl cymMmaTopa. [lasi nporpamMmupoBaHusi Ba-
pHaHTa ynpaB/eHHsl BXOAaMH CYyMMAaTopa HCHoJ/b3yercsi GUHApHasi noc/e-
A0BaTE/NbHOCTb, GHTH KOTOPOH YKa3biBAIOT Ha NOAKJ/IOYAaeMble HCTOYHHKH.
Ha6opw Takux noc/efoBatesbHOCTeH 3anucabl B NaMATH MHKPOKOMaHJ,
YTO MO3BOJIAET N0 afpecy MHKPOKOMaHIbl AJHHOH ToJbKO 6 GHT BHGpATh
O/lMH M3 3apaHee NOATOTOBJIEHHBIX BapHAaHTOB ympaBieHusi. TakuMm o6pa-
30M, MHKPOKOMaH[a oToGpaxkaeTcs aapecoM LJHHON 6 GHT H pealu3yercs
CJIOBOM MHKPONPHKA30B AJHHOH 32 GHT, 4yTO MO3BOJISIET COKPATHTH O6BEM
HHGOPMALIMH @ 3HAYHT, YNPOCTHTH POrpaMMHpOBaHHe.
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[TamsTb MUKpPOKOMaHA (aKTHYECKH CONEPMHUT OMNMUCAHHE CHCTEMBI MHK-
pOKOMaHA, HCMOJAb3yeMbIX NMPOrpaMMHCTOM MpPH COCTABAEHHH MPOTpaMMbl
pa6orbl MUKPoOBM a5 pelenys KoHKpeTHo#l 3ajaud. Bo3MOXHOCTB H3-
MEHEHUsl CONEPKHMOro naMsTH MMKpoKoMmaHA obeclieyHBaer NepecrpauBa-
eMOCTh 3TOH CHCTEMBI 10 YCMOTPEHHIO NPOrpaMMHcTa. Tak Kak apXHTEKTy-
pa MHKpPODBM 3anaercs cucreMoH MMKpOKOMaH[, To MOXOGHas BO3MOX-
HOCTb MO3BOJISAET NPOrPAMMHCTY BJHMATL HAa apXHTEKTYPYy HHXKHETo YypOB-
HA.

Boi6op cHCTEMBI MUK POKOMAHJ NPH MOAETHPOBAaHHH paGoThl MHKPODBM
Ha paccMaTpHBAaeMOM YpDOBHE MOXKHO OCYIIECTBMTb MO KpaiHedl Mepe
ABYMsl NyTSAMH (BBIGOp TAKOrO MYTH MOXKET OKa3aTbCsl OCOOEHHO CYLIECT-
BEHHBIM NPH MojeaMpoBaHuH pabotbl MUKPOOBM Ha yHuBepcasbHoi DBM
ApYyroro Kiacca). B nepBoM BapHaHTe HCNOJb3yeTcsi MACCHB BHYTpEHHeR
namsatd Mukpokomani (BIIMK), kaxaulfi 37eMeHT KOToporo nosposser
IPMHUMATH PelieHHe O BHIMOJHEHHH ONepalHHy NPHCBOCHHS, AONYCTHMOH B
mojienupyemMom ycrpoHcrBe. [Ina BoiGopa u3 maccuBa BIIMK uyxHoro
3J1IEMEHTA UCMONb3YIOT aJpec MHKPOKOMAaH/bl, ONlpefeifeMblil COAEePKHUMbIM
auelixy PAMK.

B mukpodBM K145HK13 Ha BXOA @ cymmaTopa MOryT ObiTb NOAaHbI
fIpsIMOH ¥ MHBEPCHBIH CHrHabl ¢ BeiXoAa perucTpoB R, M u S. Marematu-
yecKoe ollHcaHue AOKHO obecleudBaTh NOOYEPEAHYIO NPOBEPKY pasps-
J0OB YOpaBJSIONIErO CJIOBa, ONpEJESIOIEr0 NPOXOXKAEHHE CMTHAMNOB, H
fpH HeoGXOAMMOCTH MOAEIHMPOBATb JOTHYECKOEe CJIOXKEHHe Ha BXoje o.

OnpenenuTh coiepxumoe k-ro paspsja cjoBa a, ... 4,a,, otobpaxae-
MOTO JAECATHYHBIM uHCIOM A = ap-2" + a,_,2" 14 ... + a,-2'+a0-2°,
MOXHO cieaylomum obpasom. YactHoe ot fenenus A Ha 2% npeicraBaser
AeHCTBUTEAbHOE YHCIO Apdy_y ... Ay, Qp_y --. Qg C 3a0ATOH Nocae cojep-
®umoro k-ro paspsiia. Ecau Ttenepp BHAEIHTH LENYyI0 4acTh 4acTHOTO H
pasjenuTh ee Ha 2, To APOGHOH 4acThiOo pesyabrata H OyAeT aj. YMHOXMB
ee Ha 2, NONyYHM YHCJIO @y, paBHoe O HaH 1. 1o MoXKHO 0TOGpa3UThL HOpMY-
noii

a, = 2xFRC (INT (A/2¢)/2).

AHaJlorHyHO MOXKHO NOJYYHTh TOT XKe pe3yabTaT no hopmyJie
a, = INT (2 xFRC (A/2+/2)).

Tak Kak A1 BBINOJHEHHS JOTHUYECKOTO CAOXKEHMA HeoOXOAMMO JHIb
onpejetTb, PaBHO JH COAEPKHMOE k-To pas3pAia HYJIO (B POTHBHOM cJ1y-
yae OHO PaBHO €AMHHIIE), TO AJTOPHTM JIOTHUECKOTO CJIOXKEHHA (AH3BIOHK-
UMH) NpH ONpee/NeHHH paBeHCTBA HYJO COAEPKHMOro paspAloB ynpapas-
I0I1IEr0 CJ10Ba MOXKHO NPEACTABUTH CJACAYIOIIHM 06pa3oM:

1. ¥Ynpasasiouiee cnoBo u3 MaccuBa BIIMK nepegatb ans ananusa B
sueiixy R uau R := BIIMK (PAMK).

2. MNpuuste 2, = 0.

3. Eciu FRC (P/2)50, 10 Zqg:=Z4 \/ RIIL

4. R := INT (P/2).

5. Eciu FRC (P/2) 0, 10 Z4 = 24 \/ R [1].
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6. R := INT (P/2).

7. Ecau FRC (P/2) 540, 10 4 := 24 \/ MII].

8. R := INT (P/2).

9. Ecin FRC(P/2) £ 0, 10 Z4 = Z, V S.

Cama npouenypa JJOruyeckoro cJOKeHUs NpeAcTaBaAseT co6oil aHa 0T Hy-
HYIO MOCJeXOBaTEJbHOCTh ONEPATOPOB, HO G MOXKHO ©TO6pasuTh ¢ NO-
MOLIbIO ONMHcAaHHA LuKJa. Ecad yuecTb, 4TO A5l OAMHADPHBIX NEpeMEeHHBIX
cnpaBelJUBLl cooTHoweHHA a \/ b = (@ + b) — (axb); a A b == axb;
a~b=(a+ b)—2xaxb, ya = |l—a (cuMBONBI JOrHUECKUX omfepa-
UM paccMOTPEHB! B V1. 2), TO ONEpanuio AM3BIOHKIIHH MOXHO OTOOPAa3UTh
onMcaHHeM

X:=A4B; aaa K=1 war 1 go 4 Bunoauuts (X := X—24
(K — 1)XINT (2xFRC (A/24 K)) x INT (2xFRC (B/24 K))); A:=X

B 3TOM onHcaHMH HCNONB30BAH CTAHAAPTHHIA ONEpPaTOP LUHKJIA M CHMBOI
4 BO3BEeJEHHA B CTENEHD ANTOPHTMHYECKOTO A3blKa AHanuTHK (cM. ra.l).
CanenoBatesibHO, MojenupoBaHue paGotel AJ1Y no nepBoMy BapuaHTy
fipeANoaraeT HeNoJb30BaHHE OJHOH J0OCTaTOMHO ATMHHON nMporpammel (Ko-
TOpas MoKeT ObITh 3aMeHeHa MHOTOKPAaTHLIMM OllepalHfAMH B LHKJE), CO-
Repxailell TaKoe YHCJI0 YCJIOBHBIX ONlepaTopoB, KOTOPOE paBHO YHUCIY pas-
pAAOB ynpasJjsiolero cjopa. [losxeH takxke O6uTh 3afaH MaccuB BIIMK,
TaK KaK ero coaepxuMmoe onpejeiseT BbIOOP CHCTEMH MHKPOKOMAaHI.

Bropo#t BapuaHT MoAe/NHpoBaHHA NpeiycMaTpHBAeT ONHCAHHE KaXAo#
MHKPOKOMaHJbl OT/ebHOH NpoueAypol (moanporpammoit). Ilporpammucr,
OCYLIEeCTB/IAA BLIOOP cHCTEMbl MHKPOKOMAaHJ, cocTaBJjsier Habop TakMX
mHkponporpamm. Bwmecro ajapeca maccua BIIMK onpegeaserca appec
noinporpamMmel (aApec MHKPOKOMAaHABI), peasM3ylollei#f MHKPOKOMaHAY.
Tak kKak TeKCT NOANPOrpaMM OTHOCHTENBHO JIerKo YHTAeTcH, TO 3TOT Ba-
pHaHT ofnajaer GoJblUeH HarjsagHOCTBHIO.

IlycTh, HanpuMep, B NpHBEAEHHOM BbIllie NpHMepe MO BHIOpAaHHOMY B
PAMK anpecy u3 namsatd MK npouuran kox R:= [IMK (PAMK)=3.
Ipeanonoxum, uro ans R (I} = 5 Homep sueiixu | = 2. Toraa nocse npu-
cBoeHHA Zgq:==0 Ha nepBoil nposepke FRC (3/2) = 0 6yzer BbinoJiHeHa
onepauus X, = Zq \/ R (/) = 5. Toraa R:= INT (3/2) = 1, u Ha cne-
aytouieit npoepke FRC (1/2) 5= 0, urto cooTBercTByer Z4 1= Z4 \/ R ().

Hasa auelixy MakcuManbHoe cofepxumoe 1111 coorBercrByer wectHan-
uatepuutoMy koay F = 15 H, cJjeRoBartenbHo, RONOJHEHHe (MHBepcHs)
cojepxuMoro Auediku R (/), paBHoe B ecTHaguaTepyuHoM KoAe R (2 )=5,
6yzer paBHO R (2)=15—5=10. [1peacraBuB B ILeCTHAAUATEPHYHOM KOZE
IM3BIOHKIUIO 2g = 5\/ 10 B cOOTBETCTBMU ¢ HpUBeJeHHO# Bbluie HOpMy-
J10#, nonyyum Z, = 15.

BriGop aonycTHMBIX HCTOYHHKOB CHI'HAJOB AJ15i BXOAOB CyMMaTtopa Mo-
3BOJISIET OCYIIECTBAATD ONEePaLH CJI0KEHHS, BRIUNTAHUSA, AeCATHYHOH Kop-
PeKLHH (nepeHoca NPH WeCTHAALATEPUYHOM MpeACcTaBJAeHHH COAEPKUMOTO
peructpa R (/) > 9), cJoxeHUs ¢ KOHCTAHTOH M MACKHPOBaHMA OTAEdb-
HBIX pa3spsjoB AAs npoBepkd. Bce onepannwi, B3siThle U3 peructpoB R, M
n ST, onpegensilotca no TeKylleMy 3HaYeHHIO HHAeKkca /.
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PeayabTaT onepauuH, BBINOJHEHHOH CyMMaTtopoM, MOXeT 6bITh nepe-
cnau B sueitku R {11, R/ — 11, M [1], ST [1], S u S1. Kpome Toro, nepe-
HoC (ZOMONHUTENbHBIH 5-# pa3psii COAEPHKHMOrO CyMMaTopa) MOXeT ObiTb
3anucaH B crneuManbHyio sueiiky L. [loatoMy npu BhINOJTHEHHH UENOUKH
MHKDOKOMaHJ MOTYT HCMOJIB30BAThCH 3HAUEHHS COJAEPIKHMOro AUEEK L,
S u S1, noayueHHbe Ha NPEAbIAYIIHX TAKTaX.

3a OAHH CABMI MOTYT ObiTh BHIOJHEHH He Bce onepaund. Hanpumep,
mukpokomanaa S := S 4 1 moxer ObiTh NOBTOpEHA, €CJIH Heo6X0AHMO
npu6aBUTh K PErHCTPy S NPOM3BOJNBHYIO KOHCTAHTY OT 2 g0 15. Yrobu
OTpaHHYMTb YHC/IO MHKPOKOMAHJ, Ha BXOJBl CyMMAaTopa MOryT 6biTh NoAA-
Hbl annapatypHo NMOATOTOB/eHHbE KoHctaHTH 8,2 4 6. Oco6yio poJib HI-

paer komaHga 10 XL, Tak Kak npH yMHOXEHHH Ha L. 3HayeHHe KOHCTAHTH

WsMeHsiercst B 3aBucHMocTH ot 3Hauenns L. Ecain L = 0, To L = 1 1 Kon-
cranTa paBHa 10, B NPOTHBHOM cJlyuae OHa paBHa HYJIO. [Tpumepom Hc-
MOJIb30BAHHA TAKOH KOHCTAHTBI ABJIAETCA ONEpanus AECATHYHOTO CJI0XKe-
Hufl.

B coorBercTBuY ¢ Ta6a. 1.1 gBouunblil Kox uudp ot 0 1o 9 nerko noday-
YHTb, NOC/ENOBATENbHO pa3buBasi NPeACTaBIeHHOe LHUPPOH HATYypalpHOE
uucso Ha coctapasiionye 8,4, 2 u 1. Ilpeanonoxum, yTo CyMMy COAEPIKHMO-
ro siveek R (7) ¥ R (8) nyxHo sanucath B Aueiiky R (8), a ncxoanoe colep-
xumoe siueek R (7) ¥ R (8) ne npesbimaer 9. B 3T0oM ci1ydae BO3MOXKHH
TPH HCXOHa:

1) cyMma He npeBbiaer 9 — 3aHOCHTCS B fueHKy R (8);

2) cymma Goabine 9, Ho He Goabue F = 15 (He BO3HHK «llECTHAALATE-
pUYHLIAY NEPEHOC B CJAEAYIOILYIO fiyefiky) — BBHIUECTb H3 pe3yJbTaTa YHCJIO
A = 10 1 ycTaHOBUTH NPH3HAK JecsTHYHOrO NepeHoca L := I;

3) cymma Gosbiue F = 15 (nosiBuics nepeHoc B CJAEAYIOLLYIO Terpany),
a pe3ay/bTaT paBeH Pa3HOCTH CYMMbl H (F + 1) — nepeHoc 3aHoCHTCA B
aueilky L, a K cymme (a1s obGecneueHHs AeCATHIHOTO pesyaprara) go6aB-
aserca 16—10 = 6.

B ecsiTHYHON cCHCTEME CUMC/IEHHA MOJeb CTOKEHHS ABYX AECATHYHBIX
OJIHO3HAYHBIX YHCeJ ONHMCHIBAeTCcH MOC/AeA0BATENbHOCTHIO ONEepaToOpoB

X:=X+Y;L:=0;eciu X>9, 170X := X — 10; L := 1.

Jlna ynpouleHusi aHa/lM3a CHTyauui, BO3HHKAIOUMX NpH LIECTHALLA-
TEpPHUHOM CJOXKEHHH JECATHUHBIX UYHCEe], H3MEHMM HECKONbKO NOpA0K
BoiuMcaeHuH. Tak Kak Ha cyMMaTtop MOTyT ObiTb NOJAAaHbl TOLKO BHIXOLHBIE
CHrHaJbl siueek peructpoB R, M u ST ¢ ungekcoM / Texymero cisura, To
Heab3s 3anuchiBaTh cyMMy R (7) -+ R (8), Tak Kak pocTyn K siueHKaM ¢
HYXKHbIM COZEPMHMBIM Peaqu3yercsi Ha Pa3HuHbIX MaKpoTaKTax I.

PaccMoTpuM CIeAYIOLLYIO TI0CAe]0BaTeNbHOCTD ONepalui:

I=7: §:=R(7)+6;

I=8: S§:=R(8)-+S; ycranosats L: =1 mpu mepeHoce;

I=9: R(8): =AXL+S;

Jlo6aBJenye 6 K uncay, He NpeBbiualleMy 9, aaer uucIo, He NPeBbl-
matomee F = 15, u nepeHoca He Bo3Hukaet. [Tosromy B S Gyzer 3an#ucaHo
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4UCJI0, OLAHO3HAYHO COOTBETCTBYIOUIEE HCXOXHOMY COAEPKHMOMY siueliku
R (7). Homep makporakra COOTBETCTBYET HOMepY (HHIEKCY) AUElKH Peruct-
Pa, BHIXOXHOM CHrHaJl KOTOPO# NMojaetcs Ha CYyMMarop, a KOHCTaHTa 6 Mo-
XKeT OHITh NoJaHa Ha APYrofi BXox cymMaropa.

Ha 8-m rakte (I = 8) npoucxoaur IIECTHAAUATEPHYHOE COXKEHHE
coaepxumMoro sueek R (8) u S co caenyrommumu nexonamu:

LR® +R((7) <9, toraa RB) +S=R@+R(7)+6<
< F = 15, nepenoc ne Bosuukaer, no a1s NOJTyYeHHS AECATHYHON CyMMBI
CJelyeT BHyecThb 6.

2. R(8 + R (7) + 6>F, posuukaer nepedoc, Ho R (8) + R(7)
ABJIACTCS NECATHYHOH CYMMOH, JAfl KOTOpO# NMepeHoc MOMKHO paccmartpu-
BaTb KaK JECATHYHBIH. A TaK Kak cjoxeHHe IIeCTHALATePHYHO., TO pe-
3yJbTaTOM GyJeT AecATHYHas cymMa. 1o NOATBEPXKIAAETCH U ONHCAHHEM
LeCTHAAUATEPHUYHOTO COKEHHS;

Xi=X4+Y;, L:=0; ectu X> 15, 10 X:=X—16; L:=I;

ITyete Y =Z + 6, L:=0, torna X := X 4+ Z+6, L:=0; eciu
X>1510X:=X—16;L:= 1. Ho nposepka X > 15 cootBercTByeT
nposepke X —6>9, a onepatop X := X — 16 — onepartopy
X:=(X—6)—10. [lostomy wmoxHo sanmcate: X — 6: — X +
+Z; L :=0; eciu X — 6> 9, 10 X:=(X—6)—10; L:=1. Cre-
A0BATe/LHO, NpH NOSABJICHUH IIECTHANLATEPHYHOTO NEepeHoca cozepxKUMoe
PE3yJIbTaTa COOTBETCTBYET AECATHUHOMN CYMME, a IIPH OTCYTCTBHH nepeHoca
A#t TONYYeHHA NECATHYHON CYMMbl CEJYeT BLIYECTb 6 M3 CyMMbL.

Ha 9-m makporakre (I = 9) suinoansercs yCJOBHOE BBIYHTaHHE 6,
NIpHueM MHJIeKC siueliku peructpa R papen 8, a ue 9. B sTom cJyyae BO3-
MOXHO Hcnonb3oBanue Aueliky R [/ — 1] B KauecTBe npuemuuka curnana
CYMMaTopa, a BHIYHTAHHE eJMHMUbI BHMOJHAETCH 1O MOAYMO 42 u pas-
HocTh O—1 paBna 41. [lo muKpoxomange, COOTBETCTBYIOMIEH onepaTtopy
A XL, conepxumoe L He uameHsercs, XoTsi Bo3HUKaeT IIeCTHaALATep Hy-
HBI NepeHoc, Tak Kak S > 6, ecin L — 0, T. e. MIMEHHO B TOM clyyae, Kor-

Aa AXL = 10. dror nepetoc He HCNOJIL3YETCA NOTOMY, YTO NpHGaBAeHHE
A = 10 cootBeTcTBYeT BBUMTaHMIO 6. [Tposepum 310  yTBepXKIeHue.
IMycte X > 6, Torga X := X + 10; L :=0 (tak kak o6s3aTeqbHO HOBOE
3Hauenve X > 16), mectu X > 15, 10 X:= X — 16; L := 1. Cnepo-
BaTe/lbHo, noc/iefoBaTtelbHOCTb onepauuit X:= X + 10; X :=X — 16;
L := 1 sxBuBanentna nocnenoBatenbhoctH X:= X — 6; L :=1.

Tak xak coxenune aBOHuHOTO Koxa A ¢ KoioM 6 naeT Hyau B NepBbIX
YeThIpex paspsjax ¢ nepeHocoM 1, To ero MoxXHo paccMaTpuBaTh Kak 060-
SHAYCHHE OTPHUATENLHOrO yHcIa—6 B JONOJHHTENBHOM KOjie. Cymma or-
PULATENLHOTO YMC/a H ero MOLYJ/ifl PaBHA HYJIO, KAK U NPH CJIOKEHUH KO-
0B A 4 6 B pesyabTare, B CBA3H C uyeM nepeHoc ! MOXKHO MIHOPMpPOBATD.

B ofuiem ciyuae npu BhinosHenuu apuMeTHYECKHX Onepauui Haj uMc-
JIaMH B LOTIOHHTE/ILHOM KOAE HEeOGXOAMMO pas/HuaTh MOJONKHTENbHBE U
OTpHUuaTe/bHbIE yucaa. Ecan uncio otpunartensHoe, To npeanosnaraercs 3a-
€M MepeHoca 3apaHee, MOITOMY NpPH NOABJAEHHMH IEpPeHOCA OH CoKpautaer-
Csl C 33eMOM H HE YUHThIBaeTCH.
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Hasnauenue perucrpa L He orpaHnuuBaercs AeCATHUHBIM NE€PEHOCOM H
NPH BBHINOJIHEHMH OMNepalHil HaX MHOropa3pAAHbLIMA JECATHUHBIMY  UHC-
JaMH TpPHXOAMTCS Y4HTHIBATb NEPEHOCHl U3 paspsifa B pa3pal. Hanpu-
Mep, MpH CAOKEHHH ABYXPa3pAAHBIX AECATHUYHBIX UMCe] BO3MOXHA TaKas
NOC/Ie0BATE]bHOCT MHKPOKOMAHA!

: S: =R(7) 46
: §: =R(8)+S; vc1anoBuTs L no nepenocy;
: R@B): =AXL+S;

i

(I

0: S: =R(10) 46
1:  S:=R(11)+S+L; ycTaHoBuTH L no nepeHocy;
2:

7
8
9
1
1
1 R(11): =AXL+S;

Py P

B 3ToM cayyae NpoSBAAIOTCA OCOOGHHOCTH apXMUTEKTyphl paccMmart-
puBaemoit MHKpoDBM. Tak Kak JeCATHYHOE CIOMKEHHE C KOp peKiiuei
3aHANO0 3 MaKpOTAaKTa, CAELYIOUHe AECATHYHBE LHPH, orto6paxKarolue
OZHO3HAUHBIE HATypaJibHbe UHCIA, IPHXOAUTCS BHIGHPATb U3 AYEEK R(10)
u R(11), mponyctuB R(9). 3amMeTHM, 4TO COAEPKMMOE OUEPEAHBIX paspsi-
JIOB ECATHUHOrO YHCJIA XPaHUTCS B AueliKax peructpa R ¢ mpupaulennem
unaekca / na 3, nanpumep R(7) u R(10), R(8) u R(11). Ecau ucnonb-
30BaTh pPacCMOTPEHHYIO paHee HyMepalHio I u E, o BceMm paspsinam jecs-
THYHOTO YHC/1a GYAET COOTBETCTBOBATh OJMHAKOBBIA MHIEKC. Onepauus Ha
MakpoTakTe 12 B pacCMOTPEHHOM MpHMEpe MepeHOCHTCS NMPH CJIOKEHUH ul-
cen ¢ Gonblueil pa3pAAHOCTBIO HA 3aBEPIIAIOLLMI TaKT. BMmecre ¢ 3TUM 3Ha-
yeHHeM nepeHoca L MoXKeT oKa3aTbCst MPH3HAKOM BETBJIEHHS [pOrpaMMbl,
MOABJSIOUAMCA NPH MOAETHPOBAHMH BEPXHMX yPOBHeH yNpaBJeHud.

Jlns BHNOMHEHHs Olepaly BLIUMTAHUA HEOGXOAMMO NEPEBECTH BbIUH-
TaeMO€ B JONOJHHTENbHBIH KOJ U BHIIONHHTD caoXKenue. [lonoHiTeIbHbIM
KozoM aecsituuHol uudpet X 6yaer 10—X, uto MOXKHO 3anucarh Kak 10—
— X=— X mod 10. B o6uieM cayuae onepalHio BllunTanus 9—3=6 Mox-
HO 3aMeHHTDb onepalueil caloxenus 9+7=6 mod 10, rae 7— 10NOJHHTENb-
Hbllt KoX — 3. CMBICA TaKoH 3aMeHbl MOXHO NOSICHUTE [OC/EA0BATE/ILHO-
cTblo onepauyii: 9—3 = 9-+(10—3)—10=9+47—10=9+7 mod 10. 3a-
nHchb uncaa—3 B Bujae 7—10 v cooTBeTCTBYET 3a€MY M3 CTapuiero paspiia
npH 3aMeHe BHIUMTAHHS CJIOXKEHHEM.

Jlns nepeBoja OTPHIATENBHOrO 4YHC/IA B JOTIOTHATEIbHBIA AeCATHUYHBIN
Koi no ¢opmye 10 — X cienyer yuectb, UTO Onepauus MHBEpCHH Hal
yeThbipeXGMTOBBIM JIBOHYHBIM [NPEACTaB/ICHHEM urecTHaAATEpHYHOH LHD-
pBl MOZeNHpYyeTcs BhluHTaHHeM X = 15—X. Ecau nocTpouTh Noc/Ae10Ba-
TENbHOCTh MMKPOKOMaHJ, BHIIONHSIOUKX ASCATHYHOE BbIUHTAHHE R(8):=
= R(8) — R(7), To Ha 7-M MakpoTaKTe C/IELyeT BBECTH ONepauuio nepe-
Boga R(7) B mecATHYHBIA JONONHUTENBHRH Ko, A06aBHB HeoOXoauMble
JAA NOCAeLYIOUIUX oNepaunii KOHCTaHTH 6: S:= R(7) + 1, uro 3KBMBa-
neHtHo S 1= 15 — R(7) + 1 = (10 — R(7)) + 6. Toraa

7: S=R(M+1
8: S: =R(8)-+S; ycranosuts L no nepenocy;
9: R(8):=AXL+S:

i

I
I
I =
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Ilopo6Huas mnocnenopatenbHocTs onepauuil BeINONHMMA MHKpodBM
K145HK13, Ho ananus srtoro aJqropMTMa MOKa3blBaeT, YTO BhIUHTAHME,
BHNOJIHeHHOE NOJOGHHM 06pa3oM, uMeeT ocoboe cocTosiHue, npuBoAsilee
K owHGouHOMY pesysibraty. PaccMotpuMm 310 COCTOSIHME, TaK KaK Mofob-
HBIH aHA/IK3 4pe3BbYANHO BaMKeH A5 COCTABJEHUS aJropuTMOB paboThl
MHKPOIBM.

IlpoBepss BhiNonHeHHe paccMorpenHoro aJIrOPUTMa BBIYHUTAHUA AIA
PA3JIHYHBIX YHCEJ, MOXHO YOenuThbes, uto npu R (7) = 0 NOJTyuHM Ccllefly-
IOUA pe3ysibTart:

npu [ =7 S:=0, rak Kak R (7) = F, a F + 1 gacr HYJH B YeThl-
PeX paspsinax pesy.ibTarta ¢ eIHHMLEH NepeHoca;

npu I =8 S := R(8); L :=0, tak kax npu npubasienus O nepexoc
He BO3HMKaer;

mpu/ =9 RB):=R (8) + A, tak kak L = |.

Pesynbrat omnGounsiit: npu Buunranuu HYJI5l OH He JOJIXKEeH U3MEHATh-
cfi. OWHGKY B ONMCAHHY JIETKO HCNPABUT, NPHHAB CJIEAYIOULYIO NOC/EN0-
BaTEbHOCTh MHKPOONEpaLHii:

I=7: S:=R(7);
I=8: § :R(8)+S+1; ycTaHoBHTh L no nepenocy;
I=9: R(8):=S-+AxL;

[lepenoc noGaBaenvs exMHHULb U3 7-TO MaKpoTakTa Ha 8-if npHBOAMT K
TOMY, YTO Ha 7-M MaKporakte S = F u Ha 8-m MaKpOTAKTe NPHU CAOKEHUH
0643aTe/IbHO BOSHHKHET MePeHoc, KOTophill CKOMIIEHCHpYeT AeHCTBHE Kop-
pekuUuH Kollom A Ha 9-m MakporakTe.

IIpn BhHuKTAHUH MHOrOpa3pAHLIX UHCE] JOMONHHTEbHBIH Kol obpa-
3yercsi kKak 10 — X tonpko pas maajmero paspsza, a A1s OCTaNdbHBIX
9 — X, uto coorBercTBYeT NpEeAnonaraeMoMy 3aeMy eIMHMUb H3 CTAapILMX
pa3psnos, Hanpumep 347—125=347—1-100—2-10—5=2347—1-100—
—10+-5. Takum o6pasom, onepauuio BHuUTaHHS ABYXPa3pAAHBIX JecATHY-
HBIX YHCEJ MOXKHO NpPeJCTABHTL ONMUCAHHEM
S: =R(7);
S: =R(8+S+1; ycranosuts L no nepeHocy;
R(8): =AXT+S;
=10:  S:=R(10);
=11:  S:=R(I1)}S+L; yeranosuts L no nepeHocy;
12 R(I1): =AXL+S;

Eciu cpaBHuTb nepBrie TpH MHKpooNepauuy ¢ Tpems MoCaAeAYIOUMH,
TO €AHHCTBEHHOe oT/IMuHe — goGaBnenne | Ha 8-M MakpoTakTe BMecTO
L na 11-m makporakte (npu CpaBHEHMM C oNepaluet CIOXKEeHHs1 MOXKHO 3a-
METHTDb, 4YTO TaM BMeCTO cJoxeHus c¢ 1 caoxenue ¢ 0). Eciu sanucate no-
CJIEOBATEIBHOCTb MHKPOONIEpAUHH AeCATHYHOTO CJAOXKEHHS yrce] 60biIei
PaspsIHOCTH, TO OKaXercs, YTOo BCe TPOWKM MHKPOONEPaLMit Haj CTapIuH-
MH paspAlaMH, KaK H CJelyeT OXMAaTb, HICHTHYHBl, TAK KaK pasnuuus
NOABJAIOTCA TOJNbKO B HOMEPE MaKpPOTaKTa, Ha KOTOPOM BHINOJIHSAETCS
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