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CIIUCOK COKPAIIIEHUM

AJTY — apudMeTUKO-TOTUYECKOE YCTPOICTRBO;

BUC — Gosnbiiasg UHTErpaibHAS CXEMa;

BAX — BonbT-aMIiepHas XapaKTepUCTHKA;

BB — BBOA/BBIBOI;

B3V — BHemHee 3anoMuHaroiiee ycTponcTBo;

BY — BHemHee yCcTponCTBO;

J1O3Y — nnHamMuyecKue onepaTuBHbBIE 3aIIOMUHAIOIINE YCTPONCTBA;

3V — 3an0MUHAIOIIEE YCTPOUCTBO;

3VIIB — 3anomMuHarolee yCTpOHCTBO C MPOU3BOJIBHON BEIOOPKOIA;

NMC — uHTErpaibHAsi MUKPOCXEMA;

KMOII — KOMIUIMMEHTAPHBIN METAJUT — OKCHUJI — ITOJIYTIPOBOJHUK;

KOII — xox onepanuu;

MJIOII — MeTaui—au3JeKTPUK—OKCHA—TI0JIYIPOBOIHUK;

MJII — meTanin—ausneKTpUK—TI0JIyIIPOBOIHUK;

MHOII — meTamt — HUTpUJ KPEMHUS — OKCUJ KPEMHHUS — MOJTyTPOBOIHHUK;

MOII — MeTaI—OKCUI-TIOTyTPOBOHUK;

MII — mukponpoueccop;

MIIC — mukpomnponeccopHas CUCTEMA;

MT — mukpomnpoueccopHas TEXHUKA;

O3Y — onepatuBHOE 3aIIOMUHAIONIEE YCTPOUCTBO;

[IBB — mopT BBO1a/BBIBOIA;

ITIT — mpsiMO¥ TOCTYII K ITAMSATH;

[13Y — nocTtostHHOE 3aIIOMHUHAIONIEE YCTPOUCTBO;

ITK — nepcoHaJIbHBIN KOMITBIOTED;

ITKII — mporpaMMupyeMblii KOHTPOJUIEP MPEPHIBAHUIM;

[MII3Y — nporpamMmupyeMbie MOCTOSTHHBIEC 3aIIOMUHAIOIINE YCTPOUCTBA;

POH — peructp o01iero Ha3HaAYCHUS;

CO3Y — crarnueckue onepaTUBHbIEC 3aIIOMUHAIOLINE YCTPOMCTBA;

TTJI — TpaH3UCTOPHO-TPAH3UCTOPHAS JIOTHKA;

YBB — ycTpolicTBO BBOJ1a/BBIBO/IA;

YV — yCTpOKCTBO yIIpaBIICHMUS;

IIT — ueHTpanbHbIi TpOLECCOP;

IITA — muHa angpeca;

[I/] — mmHa JaHHBIX;

LITY — mmHa ynpasiieHus,

OBM — 3JIeKTpOHHO-BBIUNCINUTENIbHAS MAIINHA;

CISC — Complex Instruction Set Computing (MUKpOIIpOILIECCOpP C MOJTHBIM
Ha0OpOM KOMaH/);

RISC — Reduced Instruction Set Computing (MUKpOIpOIECCOpP C COKpa-
IIICHHBIM HA0OPOM KOMaH[I).



BBEOEHUE

OBM nonyuniny mmMpoKoe pacnpocTpaHeHue, HaunHas ¢ 50-X romos.
[Ipexxne 310 ObUIM OYEHBb OOJBIIME M JOPOTUE YCTPOMCTBA, UCIOJIb3yEMbIE
JUIIb B TOCYAAPCTBEHHBIX YUPEXKICHUSX U KPYNHbIX (pupmax. Pazmeps u
dbopma 1udppossix IBM Hey3HaBaeMO U3MEHWIIUCH B pe3yJibTaTe pa3padoT-
KH{ HOBBIX YCTPOMCTB, Ha3bIBAEMBIX MUKPOITPOIIECCOPAMMU.

Muxponpoueccop (MII) — 310 nmporpaMmmMHO-ynpaBiasieMoe JIEKTPOH-
HOE HU(POBOE YCTPOWCTBO, MpPEJAHA3HAUYCHHOE I 00paboTKu IudpoBOi
uH(bOpMAINU U YIPABIECHUS TIPOLIECCOM 3TOM 00pabOTKH, BHITIOJIHEHHOE Ha
OJIHOM MJIM HECKOJBKUX MHTETPAIbHBIX CXEMaxX C BHICOKOW CTEIEHBIO MHTE-
rpaly AIEKTPOHHBIX 3JIEMEHTOB.

B 1970 roxy Mapmman OaBapa Xodd u3 ¢upmsl Intel ckonctpympo-
BaJl HHTETPAIBHYIO CXEMY, aHAJIOTHYHYIO MO CBOUM (YHKIHUSM IEHTPah-
HOMY Tiporieccopy Oousbmoit 9BM, — mepssiii Mukpornporeccop Intel-4004,
KOTOpbIH yke B 1971 rogy ObUI BBIMYILIEH B MIPOJIAXKY.

15 HOs10pst 1971 T. MOXKHO CUMTATh HAYaJIOM HOBOM 3pbI B 3JIEKTPOHU-
Ke. B 3TOT JieHb KOMIaHusl MPUCTYIMHIIA K TOCTaBKaM MEPBOTO B MUPE MUK-
ponpoiieccopa Intel 4004.

Oto Obu1 Hacrosmui npopeiB, 160 MII Intel-4004 pazmepom meHee
3 cM ObLT mpousBoauTenbHee ruranTcko Mammabel ENIAC. [IpaBaa pabo-
TaJl OH ropas30 MeajeHHee M Mor 00pabaThIBaTh OJHOBPEMEHHO TOJBKO
4 outa uapopmaruu (mpoueccopbl Oonbux I9BM obpabareiBasin 16 umu
32 OuTa OJHOBPEMEHHO), HO U cToui nepBbiii MII B necsiTku Thicsa4 pas je-
mensie. Kpucramn npencraBisi co0oii 4-pa3psiHblii TPOLIECCOp € KIIacCH-
YECKOM apxuTekTypoil 9BM rapBap/icKkoro Tura u M3roTaBiIvBaJCA MO Ie-
penoBon p-kaHanbHOM MOII-TexHOI0TMM ¢ MPOEKTHBIMU HOpMaMHu 10 MKM.
OnekTpuueckas cxema npudopa HacuutbiBasia 2300 tpan3ucrtopoB. MII pa-
O0otan Ha TakTOBOM uvactore 750 k['11 mpu AIUTENBHOCTH LMKJIA KOMAaH]
10,8 mxc. Yun 14004 umen aapecHslil cTek (CUETYMK KOMaH] U TPU PETHUCT-
pa creka tuna LIFO), 6aok POHoB (peructpsl cBepXonepaTuBHOW MaMsTH
WU perucTpoBbii (aiin — PD), 4-pazpsanoe mapamnenbHoe AJIY, akkymy-
JSITOP, PETUCTP KOMaH/ ¢ ACMUPPaTOpOM KOMaH U CXEMOU yrnpaBlieHUs, a
TaK)Ke CXEMY CBSA3M C BHEIIHUMHU yCTporcTBaMu. Bee 3Tu hyHKIMOHATBHBIE
Y3716l OOBEANHSUTHCH MEXIY co00it 4-paspsanuoit L], [Tamsats komMan moc-
turana 4 k0 (st cpaBHeHus: ooveM 3Y muHUOBM B Hawane 70-x romos
penxo npessiman 16 k6), a PO I nacuuTteiBan mecTHaauath 4-pa3psaHbix
PErUCTPOB, KOTOpPbIE MOXHO OBUIO MCHOJIB30BaThb M KaK BOCEMb
8-paspsaubix. Takasa opranusanus POHoB coxpaneHa u B MOCIEAYHOIINAX
MII ¢upwmst Intel. Tpu peructpa crexa oOecrieunBagyd TPU YPOBHS BIIOXKE-
Hus noanporpamm. MII 14004 mMoHTHpOBaJICSI B IJIACTMACCOBBINA WM Me-
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taymiokepamuueckuit kopnyc tuma DIP (Dual In-line Package) Bcero ¢ 16
BBIBOJIAMH.

B cucremy ero xomaHnj BXoauiao Bcero 46 HHCTpyKuuii. Bmecte ¢ Tem
KpHUCTaJUI pacrojiaraj BeChMa OrpaHMYeHHBIMU CpPEJICTBAMU BBOJIA/BHIBOJIA,
a B CHUCTEME KOMaHJ OTCYTCTBOBAJIH OIEPAIMH JIOTHYECKONH 00pabOTKH
nanubix (U, UJIWA, UCKIIIOYAIOIIEE NJIN), B cBsi3U ¢ 4eM UX TPUXO]IU-
JIOCh PEaNN30BbIBaTh C MOMOIIBIO CHEIUATIBHBIX HOANporpamMm. Moayib
14004 He umen Bo3MOXKHOCTH ocTtaHoBa (komaHiabl HALT) u o6paboTku
IIpEPbIBAHUM.

[uky KOMaHIBI IPOLECCOPa COCTOSUT U3 8 TAKTOB 3a/Ial0IIETr0 T'eHepa-
topa. beia myneruriekcupoBanas 1A (mmna agpeca)/llJ] (mmHa naH-
HBIX), afpec 12-pa3psaHblii epeaaBaics mo 4 paspsa.

1 anpens 1972 r. ¢upma Intel Havana mocTaBkM MEPBOTO B OTPaACIH
8-paspsnHoro mpuodopa 18008. KpucTamn uzroraBauBaiics 1Mo p-KaHaIbHOM
MOII-texnonorun ¢ npoekTHbiIMU HopMamu 10 MM u comepxan 3500
Tpan3uctopoB. [Iporeccop padoran Ha yactore S00 k['11 mpu ATUTETHLHOCTH
MamuHHOTrO 1ukia 20 Mxc (10 mepro10B 3aar01Iero reHeparopa).

B otiinume ot cBoux npeamectseHHUKOB MII nmen apxurektypy 9BM
MPUHCTOHCKOTO THUIMA, 4 B KAYECTBE MaMsTH JOIMyCKaJl MPUMEHEHUE KOMOU-
Hauuu [13Y u O3Y.

ITo cpaBuenuto ¢ 14004 yucno POH ymenpmmnock ¢ 16 g0 8, npuuem
JIBa PETUCTPA UCIOIB30BAINCH JII XpaHEHUs ajpeca MpU KOCBEHHOM ajpe-
canuu namsaTu (orpaHuueHue TexHojorun — 610k POH ananoruuyno kpu-
ctaiam 4004 u 4040 8 MII 8008 Obu1 peanu3oBaH B BUAE JUHAMUYECKOM
namsatu). [loyTn BABOE COKpaTHiiach JJIUTEILHOCTh MAIIMHHOIO IUKJIA (C 8
10 5 cocrosiHuit). JJiss CHHXpPOHU3AIMK Pa0OThl C MEIJICHHBIMH yCTPOUCT-
BaMU ObLI BBeAeH curdai roroBHoctd READY.

Cucrema koMaH]Jl HacuuThiBaia 65 mHcTpykumii. MII mor aapecoBath
namMatb 06beMoM 16 k6. Ero mpou3BoAUTENbHOCTD, IO CPABHEHUIO C YETHI-
pexpazpsaaabiMu MII, Bo3pocna B 2,3 pa3a. B cpenHem miig conpspkeHUs
mpoIieccopa ¢ MaMAThIO U yCTPONUCTBAMH BBOA/BBIBO/IA TPEOOBAIOCH OKOJIO
20 cxeM cpellHEeW CTENEHU MHTETPaLH.

B03MOXHOCTH p-KaHAJIBHOW TEXHOJIOTUU NJI1 CO3JaHUS CJIOKHBIX BbI-
CcOKOMpou3BoAUTeNIbHBIX MII ObUTM MOYTH HCUEpIIaHbl, TOITOMY '"HaIpaB-
JIEHHE TJIaBHOIO yapa' nepeHecnu Ha n-kaHajapHyro MOII-TexHonoruto.

1 anpenst 1974 MII Intel 8080 ObL1 mpeacTaBlieH BHUMaHUIO BCEX 3a-
MHTEPECOBAHHBIX JHL. braronaps mcnonp3oBaHuio TexHojgoruu n-MOII ¢
IPOEKTHBIMA HOpMaMu 6 MKM, Ha KPUCTaJUIE YIAlIOCh Pa3MECTUTh 6 ThIC.
TpaH3ucTopoB. TakToBas yactoTa npoieccopa Obuia goBeneHa a0 2 MI', a
JUIMTENILHOCTh IIMKJIa KOMaH/ cocTaBuia yxe 2 Mkc. O0beM mamsTH, ajape-
CyeMo# mporieccopoM, ObUT yBenudeH A0 64 k0. 3a cueT HWCIOJIb30BaHMS
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40-BpIBOJHOTO KOpItyca yaanocs pasaenuts LA u IIJ], obumiee yrcno Muk-
pocxeM, TpeOOBaBIIMXCS JJISi MOCTPOEHUSI CUCTEMbl B MUHUMAJIbHON KOH-
durypaiuu coKpaTHiIoch 1o 6.

B P® 6wutn BBeneHbI ykazaTenb CTEKa, aKTUBHO HCIIOJIb3yEeMbIH MPHU
00pa0oTKe MpephIBaHMMN, a TaKXKe JIBa MPOTPAMMHOHEAOCTYIHBIX PErucTpa
JUIsl BHYTPEHHUX nepecbUlok. biok POHoOB Obl1 peann3oBaH HaA MHKpOCXe-
Max craThndeckor namaAtu. Mckmodenune akkymymnsaropa u3 PO u BBenenue
ero B coctaB AJIY ynpocTuiio cxemy yInpaBJIeHUsI BHYTPEHHEN IIMHOM.

HoBoe B apxurexrype MII — ncnosb3oBaHre MHOIOYPOBHEBOW CUCTE-
MBI IIPEPBIBAHUM 10 BEKTOPY. TaKoe TEXHUYECKOE PELICHUE TO3BOIUIIO J10-
BeCTU 0O0llee YUCIO UCTOYHUKOB IpepbiBaHuid 10 256 (1o nossienus bBUC
KOHTPOJIJIEPOB MPEPBIBAHUN cXeMa (POPMHUPOBAHUSI BEKTOPOB MpPEPbIBAHUMN
TpeOoBaa npumMeHeHus A0 10 TOMOJHUTENBHBIX YUIIOB CPEIHEN MHTErpa-
un). B 18080 mosBuics MexanusMm npsimoro jgoctyna B namars (ITAIT) (kak
panee B yHuBepcaibHbix OBM IBM System 360 u ap.).

ITJIT oTKpbLI 3€NieHy0 yauly sl OpuMeHeHHs B MUKpoOBM Ttakux
CJIOKHBIX YCTPOMCTB, KaK HAKOIMTEIM HAa MAarHUTHBIX JUCKAX W JIEHTax
nuctien Ha DJIT, koTopelie u npeBpaTtnian MUKpoOBM B NOJIHOLIEHHYIO BbI-
YUCIUTEIBHYIO CUCTEMY. Tpaauiuen KOMIIaHWM, Ha4yMHAsl ¢ EPBOTO KpH-
cTajuia, cTaj Belyck He otaenbHoro uuna L1, a cemeiicta BUC, paccuu-
TaHHBIX HA COBMECTHOE HCIIOJIb30BAaHHUE.



1. OCHOBHbIe NOHATUA

Muxkponpoueccop (MII) — 3170 MuUKpocxema WM COBOKYIHOCTh HE-
OO0JIBIIOr0 YKCIIa MUKPOCXEM (COOTBETCTBEHHO OJMH HWJIM HECKOJBKO KpH-
ctasmioB BUC), BeimonHsIOmWAs Hal JAHHBIMUA apU(PMETHUYECKUE U JIOTHYE-
CKHME OIEpallH U OCYILIECTBIISIONIAs MPOTPAMMHOE YIIPABICHUE BBIYMCIIN-
TeJIbHBIM TIponieccoM [1, 2, 3, 4].

MukponpoueccopHbie CpeACTBA BbITYCKAIOTCS MPOMBIIUIEHHOCTBIO B
BUJIe HAOOPOB MHUKpocxeM (chip-set) COBMECTUMBIX 1O YPOBHSIM Hampsixe-
HUSl TIMTAHUSA, CUTHAJIAM W TPEJCTABICHUI0O MHQPOPMAIUU, BKIFOYAIOIINX
MII, MUKpOCXEMBI ONIEPATUBHOM U MOCTOSIHHOM NaMsATH, YIIPaBJIEHUS BBO-
JIOM/BBIBOJIOM, T€HEPATOPA TAKTOBBIX CUTHAJIOB U JIP.

Mukponpoueccopsl (MUKPOIPOLECCOPHBIE CPEACTBA) CIIyKaT OCHOBOM
JUISL CO3/IaHUS PA3IMYHBIX YHUBEPCAIbHBIX U CHEIUATU3UPOBAHHBIX MUKPO-
OBM, MHUKpPOIPOLIECCOPHBIX HHPOPMAITMOHHO-YIIPABISAIONIUX CUCTEM, TIPO-
rpaMMHUPYEMBIX MHUKPOKOHTPOJUIEPOB, Pa3HOOOPa3HbIX MHUKPOIPOLIECCOP-
HBIX TPUOOPOB U YCTPOMCTB KOHTPOJIS, YIIpaBiIeHUS U 00paObOTKH TaHHBIX.

Mukpo-9BM ninm MHKPOKOMIBITEPOM Ha3bIBalOT YCTPOWCTBO 00-
pabOTKM JTaHHBIX, COJEpXKAllee OJAMH WU HECKOJIBKO MHUKPOIPOIIECCOPOB,
BUC nocrosinHol u oneparuBHoi namsitu, bBMC ynpaBiieHus: BBOJIOM U BbI-
BOJIOM UH(OpPMAITUU B HEKOTOpkIe apyrue cxemsl [1, 3, 4]. MUKpOKOMITbIO-
TE€p TAKOI'0 COCTaBa MHOI/IA HA3bIBAIOT «TOJIBIM» H3-3a OTCYTCTBUSI B HEM
nepudepuitHbIX YCTPONCTB (BHEITHUX 3Y M yCTPOMCTB BBOJAA M BBIBOJA WH-
dbopmanmn). MUKPOKOMITBIOTEPHI B TAKOH KOH(PUTYpAIIMU 4acTO MPUMEHS-
I0OT B KQUE€CTBE BCTPAMBAEMBIX B PA3JIMYHbIC CTAHKU, MAIIUHbBI, TEXHOJIOTH-
YECKHE MPOLIECCHl YIPABIAIOMIMNX YCTPOUCTB (KOHTPOJIEPOB).

MUKPOKOMITBIOTEPHI MIUPOKOTO HA3HAYEHUS, MCIOJIb3yEMBbIE ISl BbI-
MOJTHCHUSI BHIYUCITUTEIBHBIX PabOT, YIPABICHUS CIIOKHBIMH TEXHOJIOTHYEC-
CKMMH MPOLIECCAMU, OCHAIAIOTCA HEOOXOIUMBIMU TEepUDEPUNHBIMU YCT-
poiicTBamMu (AUCIUIESIMH, TIEYATAIOIIMMH YCTPONUCTBaMHU, 3Y Ha TMOKUX JuC-
KaX, a”Hajioro-mu@poBbIMU U IU(POAHATOTOBBIMH MPEOOpa3oBaTEISIMU U
Jp.).

MuxkponpoueccopHnoii cuctemoii (MII-cucTemoii) 0ObIYHO HA3BIBAIOT
CHEIUATN3UPOBAaHHYI0 WH(DOPMAIMOHHYIO WM YIPABISIONIYIO CHCTEMY,
MIOCTPOEHHYIO Ha OCHOBE MUKPOIPOLIECCOPHBIX CpeacTB [1, 3, 4].

MUKpOKOMITBIOTEP € HEOOIBIIMMH BBIYMUCIUTEIBHBIMUA PECypcaMu |
YIIPOLIEHHOW CHUCTEMOM KOMaHJ, OPUEHTUPOBAHHBIA HE HA IPOU3BOACTBO
BBIYKCIICHUI, @ HAa BBIOJHEHUE MPOLEAYP JIOTHUECKOrO YIPABJICHUS pas-
JUYHBIM 00OpPYJIOBAaHHEM, HA3bIBAIOT MPOTPAMMUPYEMBIM MHUKPOKOHTPOJI-
JEPOM MJIM IPOCTO MUKPOKOHTpOJIepoM [ 1,4].



Jlornyeckas opranuzanus (apXUTeKTypa) MUKpPOIPOLECCOPOB (MUKPO-
MIPOILIECCOPHBIX CPEJCTB) OPUEHTUPOBAHA HA JOCTUKEHUE YHUBEPCATbHOCTH
MPUMEHEHUS, BBICOKOW MPOU3BOIUTEIIBHOCTH U TEXHOJIOTUYHOCTH.

YHuusepcanbHOCTh MII (MUKPOIIPOLIECCOPHBIX CPENCTB) OMPEACIISIETCS
BO3MOXKHOCTBIO MX Pa3zHOOOpPa3HOro MPUMEHEHHUS U 00eCredMBaeTCs IMpo-
rpaMMHBIM yripaBieHueM MII, mo3BOJSIONIMM TPOU3BOJUTH TPOTPAMMHYIO
HacTporiky MII Ha BeITIOTHEHWE OMpPEACIICHHBIX (DYHKIIMHN, MarucTpaabHO-
MOYJIbHBIM MPUHIIMIIOM TOCTPOCHHUSI, a TAKKE CHEIUATbHBIMU anmnapaTyp-
HO-JIOTUYECKUMU CPEACTBAMH: CBEPXONEPATUBHONW PETUCTPOBOIN NMaMSATHIO,
MHOTOYPOBHEBOUW CHUCTEMOW MpEephIBaHUS, MPSIMBIM JTOCTYIOM K IaMSITH,
MPOrpaMMHO-HACTPAUBAEMBIMU CXEMaMH YMIPaBJICHUS BBOJIOM/BBIBOJIOM U
T. II.

OtHOcuTENnbHO BbICOKas MpousBoauTeNnbHOCTE MII mocturaercst uc-
MOJIb30BAaHUEM IS HMX TOCTPOEHUS OBICTPOJICUCTBYIOMIUX OOJBIINX U
CBEpXOOJIBIIINX WHTETPATBHBIX JJEKTPOHHBIX CXEM M CHEIUATBHBIX apXH-
TEKTYPHBIX PEIICHU, TAKMX KaK CTEKOBas MaMsiTh, pa3HOOOpPA3HBIE CIIOCO-
ObI agpecanuu, THOKasi cucTeMa KoMaH/1 (MJIM MUKPOKOMAaH) | JIp.

TeXHOTOrHYHOCTh MUKPOIIPOLIECCOPHBIX CPEACTB 00ECIEUMBAETCS MO-
JyJIbHBIM TPUHIIMIIOM KOHCTPYUPOBAaHUS, KOTOPBIA MPEAIoiaraeT peainsa-
UI0 3TUX CPEACTB B BHjE Habopa (yHKIMOHAIBHO 3akoHYeHHbIX BUC,
POCTO OOBEIUHIEMBIX B COOTBETCTBYIOIINE BHIYMCIUTEIBHBIE YCTPOMCTBA,
MAaIllMHbl U KOMILUICKCHI.

Bricokas yHuBepcanbHOCTh U ruOkocTh MII, nocturaemas Giarogaps
IPOrpaMMHOMY YIPABICHHUIO, HHU3KAasl CTOMMOCTb, HEOOJBIIHE pa3Mephl,
MOBBIIEHHAs HAJIE)KHOCTh, BO3MOKHOCTh BCTPAUBAaHUSI MHUKPOIPOLIECCOP-
HBIX CPEJICTB B MPUOOPHI, MAIIUHBI U TEXHOJOTUYECKHUE TIPOLIECChI, obecte-
YUBAIOT MUKPOIPOLIECCOPAM HCKIIOUUTEIBHO IIMPOKOE MPUMEHEHNE B Pa3-
JUYHBIX YIPABJISIOMKUX U 00pabaThIBAIONIUX JTaHHBIC ITU(PPOBBIX YCTPOHCT-
BaX U CUCTEMaXx.

Hcnonp30BaHre MUKPOIIPOLECCOPOB MPUBOJIUT K U3MEHEHUIO XapaKTe-
pa mpOEeKTHOU pabOThl pa3pabOTYMKA YCTPOMCTB U CUCTEM aBTOMATUKHU: BO
MHOTHX CIIy4asX I[POEKTHUPOBAHUE CXEM 3aMEHseTCs pa3padOTKoOU Mpo-
rpaMM HacTPOMKH MUKPOIPOIECCOPHOM ammapaTypbl Ha BBIIIOJIHEHUE OIl-
peAesieHHbIX PYHKIUH.

[Ipu pa3paboTke cpeACTB MUKPONPOLECCOPHONM TEXHUKU HALUIM J1ajb-
Helee, 0osiee r1yOOKOe pa3BUTHE CICAYIOIINE MPUHIUIIBI: MOJTYJIHbHOCTH;
MarucTpaibHOCTh; MUKPOIIPOTPAMMHUPYEMOCTD; PETYIISIPHOCTh CTPYKTYPHI.

MoayjbHasi OpraHu3anms MPEANnoIaracT MOCTPOCHUE CUCTEM Ha OcC-
HOBE Habopa MoOAyJie KOHCTPYKTHUBHO, (YHKUIHMOHAIBHO U DJIEKTPUUYECKU
3aKOHYEHHBIX YCTPOWCTB, MO3BOJISIIOIIUX CAMOCTOSTEIBHO UM B COBOKYII-



HOCTH C JIPYTUMU MOAYJSIMU PEIIaTh BBIYUCIUTENbHBIC WM YIpaBiIeHYE-
CKHE 3aJlauu OIpeJICICHHOTo Kiacca [5, 6].

MoynbHBIM MOAXO0J CHOCOOCTBYET CTaHAAPTHU3ALMU JIEMEHTOB BCE
Oosiee BBICOKHMX YPOBHEH U COKpAILEHUIO 3aTpaT Ha MPOECKTHUPOBAHUE CHUC-
TEM, a TAKXKE yMPOIAET HApallMBaHUE MOIIHOCTH U PEKOH(PHUTYPALIUIO CHC-
T€M, OTOABUTAET BPEMSI MOPAJIbHOIO CTAPEHUSI TEXHUYECKUX CPEJICTB.

MHOroQyHKIIMOHANBHOCTh (YHUBEPCAIBHOCTD) U CHEIHATU3alus MO-
IyJiel — 3TU JiBa MPOTUBOMOJIOKHBIX KaueCcTBa MPUIAI0TCS MOAYJISIM B MPO-
ecce KOMIIPOMUCCHBIX PELIEHUH AJI Pa3iuvHbIX KIACCOB CHCTEM, UCXOJIA
U3 00eCnevYeHus] COOTBETCTBUS CTPYKTYPhl CHCTEMBI XapaKTEPY BBIMTOJIHSIE-
MBIX 3aj1a4.

[lenecoobpa3Ho co3naBaTh CUCTEMbI B BHJIE COBOKYMHOCTH MHOTO-
(GYHKIMOHANBHBIX U CHEHHAIU3UPOBAHHBIX MOAYJIEH, TPOOIeMHO U (YHK-
[IUOHAJIBHO OPUEHTHUPOBAHHBIX B PAMKax OMpeeIeHHBIX KJIaCCOB 3a/1ay, aji-
TOPUTMOB, QYHKIIHA.

MarucTpajbHOCTh — cIoco0 oOMeHa HH(popMaIueid BHyTPH MOJTyJIei
U MEXIYy MOIYJISIMU C MOMOLIBIO YHOPSAIOYEHHBIX CBA3EH (B OTIMYUE OT
MPOU3BOJIBHBIX CBSI3€H, PEATU3YIOMIMX HPUHIUI «KAXKIBIM C KaXIbIMY),
MUHUMU3UPYIOMUNA 4ucio cBs3eid. OOMEH OCYLIECTBISETCA C MOMOIIBIO
001X Maructpaiei (MuH), 00bEUHSIONTNX BXOJIHBIC ¥ BHIXO/IHBIC JTHHUU
OTJIEJIBbHBIX AJIEMEHTOB U MOJyJiel. MarucTpaibHOCTh — OJIMH U3 CIIOCOOOB
oOecrieyeHusi peryJIsipHOCTH CTPYKTYpbl CHUCTEMbl M CTaHAApTU3aLUUU HH-
tepdeiicoB. C TEXHUYECKOW TOYKH 3pPEHUSI — ITO CMOCO0 OoOMEHa B BUJIE
CO3JaHMs CIIELUATBbHBIX JIBYHAINpPaBIE€HHBIX Oy(epHBIX KackaloB C TpeMms
YCTOMYMBBIMU COCTOSTHUSIMU M HCIIOJIb30BAaHUS BPEMEHHOTO MYJIbTHUILICK-
CHUPOBaHMUsI KaHAJIOB 0OOMeHa |5, 6].

MukponporpaMmMmupyemMocTh — CIOCOO OpraHu3aluy yIpaBJICHHUS,
MO3BOJISIOLIUI OCYIIECTBUTh MPOOJIEMHYIO OPHUEHTALIUI0 CUCTEMBI. MUKpO-
IPOrpaMMHUPYEMOCTh MOBBIIIAET THOKOCTh YCTPOUCTB (32 CUET BO3MOXKHO-
CTU CMEHBbI MUKPOIIPOIPAMM), YBEIUYUBAECT PETYJISPHOCTh MX CTPYKTYPHI
(32 cueT MIMPOKOr0 MCIMOJIb30BAHUSI MATPUUHBIX CTPYKTYp THUIIA MaMSITH),
MOBBIIIAET HAJEKHOCTh YCTPOMCTB (32 CUET NPUMEHEHUS! CEPUIHO OCBOEH-
HeIXx BUC mamsTn), ynpomaer KOHTpoJIb (PYHKIIMOHMPOBAHUS yCTPOMCTBA
(3a cyeT TOro, 4TO KOHTPOJIb 0JIOKA MUKPOIIPOrPAMMHOTO YIIPABJIEHHUS CBO-
JUTCS, 10 CYIIECTBY, K KOHTPOJIIO COAEPKUMOro 3Y).

PeryasipHoCTh CTPYKTYPbI — MpeArojaraeT 3aKOHOMEPHYIO IOBTO-
PSEMOCTh AJIEMEHTOB CTPYKTYpPbhl M CBSI3€M MEX]y HUMU; PEryJspHOCTb
CTPYKTYpBI CUCTEMBI CJIEIyET pacCMaTpUBaTh HAa PA3IMUYHBIX YPOBHAX €€
OpraHu3alNH.

B nesnom moxHO otMeTHuTh, uTo MII Kak nporpamMmmupyemoe udpoBoe
YCTPOUCTBO 00pabOTKM WMH(MOpPMAIUU XapaKTEPHU3YETCsl CIEIYIONUMHU IO~
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Ka3aTeJsIMU U CBA3SAMU UX C BHYTPEHHEN M BHEIIHEW cTpykTypoirl MII: pas-
PAIHOCTh, €MKOCTh aJ[peCcyeMOM MaMsiTH; YHUBEPCAJIbHOCThH (CHenuain3a-
1[1s); YUCIO BHYTPEHHUX PETUCTPOB; MAruCTPajIbHOCTH, MHUKPOIPOrpaMM-
HOE YIIPABJICHHUE; BO3MOKHOCTh U KOJIMYECTBO YPOBHEMN MPEPHIBAHUS; HAJIU-
Y€ CTEKOBOW OpPraHu3alMyd MaMsITH U KOJIUYECTBO CTEKOBBIX PETHCTPOB:
HaJIM4YUe U COCTaB PE3UACHTHOTO U KPOCC-MPOTPAMMHOTO 00ECIICUEHU .

Muxkponpoueccopnasi apromatudeckas cucrema (MIIAC) — 310 aB-
TOMAaTUYECKasi CUCTEMA CO BCTPOEHHBIMHU B HEE CPEICTBAMHU MUKPOIPOILEC-
copHoii Texnuku (MT) [5, 6].
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2. Knaccudumkauma mmkponpoueccopoB

1. I1o yucny 6onvuux unmeepanvuvix cxem (BUC) B Muxkpomnporueccop-
HOM KOMIUIEKTE Pa3iudyaroT 0OHOKPUCMATbHbIE, MHO2OKPUCMATbHbIE U MHO-
2oKpucmanvHvle cekyuonuwvle [1, 2, 3] MUKpOIIpOLIECCOPHI.

[Ipoueccopsl gaxke caMbix MpocThix IBM umeror cioxuyto GyHKIHO-
HAJIBHYIO CTPYKTYpY, COJEepkKaT OOJBIIOE KOJIMYECTBO 3JEKTPOHHBIX 3Jie-
MEHTOB M MHOKECTBO PA3BETBJIECHHBIX CBs3€H. MI3MEHATH CTPYKTYpy IpO-
1eccopa HeoOXOIMMO TaK, YTOOBI TIOJIHAS TPUHIIMIHAIIbHAS CXeMa WJIU ee
YaCTU UMEIU KOJUYECTBO IJIEMEHTOB U CBS3EH, COBMECTUMOE C BO3MOXKHO-
ctsimu BUC. TIpu s3ToM MUKpOTTIpoiiecCOpbl TPUOOPETAIOT BHYTPEHHIOKD Ma-
TUCTPATIBbHYIO apXUTEKTYPY, T. €. B HUX K €IUHOU BHYTPEeHHEU nHpOpMaIiu-
OHHOW MarvucTpaJid MOJKIIOYAIOTCS BCE OCHOBHBIE (DYHKIIMOHATILHBIC OJIOKH
(apupmeTrko-moruuecKuii, pabounux PErucTpOB, CTEKA, MPEPHIBAHUMN, WH-
Tepdetica, ynpaBieHUs U CHHXPOHU3AINH | JIP. ).

Jliist o00cHOBaHUS KiIacCU(PUKALMKU MUKponpoueccopos no uuciay bUC
HAJ0 paclpeAesiuTh BCe anmnapaTHble OJOKH Ipolieccopa MEXAY OCHOBHBI-
MU TpeMsi (PyHKIIMOHAIBHBIMU YaCTSIMU: ONEPAIIMOHHOW, YIPaBISIONICH U
untepdeiricHoit. CI0KHOCTh ONEPAMOHHOW U yIPaBJISIOIICH YacTeil mpo-
[[eCCopa OMpeAesieTcsl UX pa3psaHOCTbIO, CUCTEMOW KOMaHA U TpeboBa-
HUSIMA K CHCTEME IPEphIBAHUMN; CIOXKHOCTh MHTEPPEHCHON YacTH pa3psii-
HOCTBIO M BO3MOKHOCTSIMHU MOJKIIIOUEHUSI Ipyrux ycrpoilctB 9BM (mamsi-
TH, BHEITHUX YCTPOUCTB, JATYMKOB U UCIIOJHUTEIbHBIX MEXaHU3MOB U Jp.).
Nurepdetic mporeccopa COAEPKUT HECKOJIBKO JASCATKOB HHPOPMAIIMOHHBIX
mvH nansbix (LJ]), anpecos (IIIA) u ynpasnenus (L1Y).

OnHOKpHUCTANIBHBIE MUKPOIPOLECCOPHI MOMTYUYAIOTCSl MPU peatnu3aiuu
BCEX alMapaTHbIX cpeAcTB mporeccopa B Bujae oaHoit bBUC umu CBUC
(cBepxO0o0JBIIION MHTETpaTbHON cxembl). [1o Mepe yBenTu4eHus] CTETICHN WH-
Terpaluu 3JIEMEHTOB B KPUCTAJIJIE M 4YKCJia BBIBOJOB KOpIyca MapameTpbl
OJTHOKPHUCTAJIBHBIX MHUKPOIMPOIECCOPOB yiyuiiaroTcs. OgHAKO BO3MOXKHO-
CTU OJHOKPHUCTAIBHBIX MUKPOIPOIIECCOPOB OrpaHUYEHBI anmnapaTHbIMU pe-
cypcamu KpucTtajia u kopmyca. i nmoaydeHuss MHOTOKPUCTaIbHOIO MHK-
porpolieccopa HE0OX0JUMO MTPOBECTH PA3OMEHUE €ro JIOTHUYECKOU CTPYKTY-
pbl Ha (PYHKIIMOHAILHO 3aKOHYEHHBIE YacTU U peain3oBaTh ux B Buje bUC
(CBUC). dynkimoHanbHas 3akoHYeHHOCTh bMIC MHOTOKpHUCTaTIbHOTO MUK-
pormpolieccopa 03HAYAET, YTO €ro YacTHU BBIMOJHAKOT 3apaHee OMNpeIeIICH-
HbIe QYHKIIUU U MOTYT paboTaTh aBTOHOMHO.

Ha puc. 1,6 nokazaHo (pyHKIHOHAJIbHOE pa30MEHUE CTPYKTYPhI IPO-
1eccopa npu CO3/1aHuM TPEXKPUCTATIBLHOIO MUKPOIpoIieccopa (IIyHKTUPHBIE
munun), conepxamiero bUC oneparmonnoro (OII), BUC ymnpasnsitomiero
(YII) u BUC untepdeiicuoro (MII) nporeccopos.
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Puc. 1. Qynkyuonanonas cmpykmypa npoyeccopa (a) u ee pazouenue
07151 peanuzayuu npoyeccopa 8 guoe komniekma cexyuonnvix bUC.

OnepallmOHHBIA MPOIIECCOP CIYKUT Il 0OpabOTKU JaHHBIX, yIpPaB-
JSTOIIMN MPOLECCOP BBIMONIHAET (PYHKIMUU BHIOOPKH, IEKOJUPOBAHUS U BbI-
YUCJIEHUSI A/IPECOB OIEPAHJIOB M TaK)K€ T€HEPUPYET IMOCIEA0BATEIbHOCTH
MUKpPOKOMaHJl. ABTOHOMHOCTh PaOOThl M Oombioe ObicTponeiicTBue YII
MO3BOJISIET BHIOMPATHh KOMAHBI U3 MAMATH C OOJIBIIEH CKOPOCTHIO, YEM CKO-
pocth ux ucnonaHenus: OIl. IIpu stom B VII obpasyercs oudepenn eiie He
WCIIOJTHEHHBIX KOMAaHJ, a TaK)Xe 3apaHee MOATrOTaBIMBAIOTCS T€ JaHHBIC,
koTopsie notpedytorcss OIl B cremyronmx mukiaax padotel. Takas omepe-
’Karolas BeiOopka KoMaH 1 SKoHOMUT Bpemsi OIl Ha okujiaHue onepaHjioB,
HEOOXOIMMBIX JIJIS BBINOJHEHHUS KoMaHJ mporpamMm. MHTepdeiicHbIl mpo-
1[ECCOp MO3BOJISIET MOJKIIOYUTh NaMsITh U NepudepuitHbie cpecTBa K MHUK-
pOIpoLIECCOPY; OH, MO CYIIECTBY, SIBISETCA CIO0KHBIM KOHTPOJJIEPOM IS
YCTPOMCTB BBOAA/BbIBOAA MHGopmanuu. HMHTEepdeiicHbil mpoueccop BbI-
MOJIHAET TaKKe (PYHKIIMU KaHaja MpsIMOTO JIOCTYTa K MaMsITH.

Bri6upaembie U3 namsiTd KOMaH/Abl PaCIO3HAIOTCS U BBITIOJHAIOTCS Ka-
XKIOW 4acThI0 MUKPOIIPOIIECCOpPa aBTOHOMHO U MOATOMY MOKET OBbITh 00ec-
NEYEeH PEKUM OJTHOBPEMEHHOM paboThl BCceX MHTETrpaibHbIX cxeM MII, T. e.
KOHBEUEPHBIN ITOTOYHBIN PEKUM UCIIOJHEHHUS TTOCIEA0BATEIBHOCTH KOMaH
IpOrpaMmbl (BBITIOTTHEHNE TIOCIE0BATEIBHOCTH C HEOOIBIIINM BPEMEHHBIM
casurom). Takoil pexuM padOThl 3HAYUTEIHLHO MOBBIIIAET MTPOU3BOIUTEIb-
HOCTb MHKPOIIpOLIECCOPA.

MHOrokpucTaabHble CEKIIMOHHBIE MHUKPOIPOLIECCOPHI TMOTYyYaArOTCA B
ToM citydae, korga B Bujne bUC peannsyrorcs 4acTu (CEKUMM) JIOTMYECKOM
CTPYKTYpBI Mpolreccopa npu (QyHKIIMOHATLHOM pPa3OMEHUU €€ BEPTHKAJb-
HbIMU TIOCKOCTIMU (puc. 1,0). Jliia mocTpoeHus MHOTOPa3psIHBIX MUKPO-
MPOIIECCOPOB MpHU MapaiebHOM BKiIodeHUU cekiuii BUC B HuX n006aB-
JISIFOTCS CPEACTBA "CTHIKOBKHU'.
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JInst co3maHust BBICOKOIPOU3BOAUTEIBHBIX MHOTOPA3PSAAHBIX MHUKPO-
IPOLIECCOPOB TpeOYyeTCsi CTOJIb MHOTO amlmapaTHBIX CPEJICTB, HE peaynsye-
MbIX B AocTynHbIX BYC, 4To MOXeT BO3HHUKHYTh HEOOXOIUMOCTh €IIE U B
(GYHKIIMOHATBHOM pa30MEeHUH CTPYKTYpPhl MUKPOIPOLIECCOpPA TOPU3OHTAIIb-
HBIMHM IUIOCKOCTSAMU. B pesynbTaTe paccMOTPEHHOro (PYHKIMOHAIBHOIO
paszeneHusl CTPYKTypbl MHUKpoOIpoleccopa Ha (PYHKIIMOHAJIIBHO M KOHCT-
PYKTUBHO 3aKOHYEHHBIE YaCTH CO3/Ial0TCS YCIOBHS pealu3aluy KaKJI0u n3
Hux B Buje bUC. Bce oHu 00pa3yroT KOMIUIEKT CEKIMOHHBIX HUHTErpaib-
HbIX cxem MII.

Takum oOpa3zoM, MuUKponpoueccopuasi cekuusi — 1o bUC, npegna-
3HAYEHHAas JJ11 00pabOTKH HECKOJIBKUX Pa3psA0B JAHHBIX WM BBIIIOJHEHHUS
ONPENENICHHBIX YNPABISAOMMX onepauuid. CEeKIHMOHHOCTh HHTErPAJbHBIX
cxem MII onpenensieT BO3MOXKHOCTH "HapamuBaHus" pa3psaHocTu oOpaba-
THIBAEMBIX JTAHHBIX WJIM YCJIOKHEHHUS YCTPOMCTB YIPAaBICHUS MHKPOIPO-
1eccopa npu "mapamiensHomM" BKIFOUeHUH Oosbirero urcia bUC.

OOHOKpHUCTANIBHBIE U TPEXKPUCTAIBHBIE MHTErpalbHbIX cxeM MII, kak
IIPABUJIO, U3TOTOBJISIOT HA OCHOBE MUKPOAJIEKTPOHHBIX TEXHOJIOTUH YHUIIO-
JSIPHBIX TOJYIPOBOJAHUKOBBIX MPUOOPOB, @ MHOTOKPUCTAIIbHBIE CEKI[MOH-
Heie BUC MII Ha ocHOBE TEXHOJOTMH OWIOJSIPHBIX MOIYIPOBOIHHUKOBBIX
npubopoB. Mcnonb3oBaHrEe MHOTOKPUCTAIBHBIX MHKPOIPOLECCOPHBIX BBI-
COKOCKOpPOCTHBIX OunosisipHbix bBUC, nmeronmx (QpyHKIIMOHATBHYIO 3aKOH-
YEHHOCTb MPU MaJol (pU3MUYECKOU pa3psIHOCTH 00padaThIBAEMbIX JTaHHBIX
YU MOHTHUPYEMBIX B KOPIYC C OOJIBILIMM YUCJIOM BBIBOJIOB, IO3BOJISIET Opra-
HU30BaTh PAa3BETBJICHHE CBSI3U B MPOLIECCOPE, @ TAKKE OCYIIECTBUTH KOH-
BeliepHbIe TPUHIUIBI 00pa0OTKH MHGOPMALIMK /SISl TIOBBIIIECHUSI €0 TIPOU3-
BOJUTEIBHOCTH.

2. Ilo nazuauenuro pa3nuyvarOT YHUBEPCAIbHbIE U CHeYUATUSUPOBAHHbLE
MUKpoIpoueccopsl [4].

VYHuBepcaabHble MUKPOIPOLECCOPHl MOTYT OBITh IMPUMEHEHBI JJIs pe-
HICHUS ITUPOKOT0 Kpyra pazHooOpasHbixX 3a1a4. [Ipu stom ux addexTuBHas
POU3BOJUTENHFHOCTh Ca00 3aBHCUT OT MPOOJEeMHON crernuduKy perae-
MbIX 3aaa4. Crnernuanuzamnust MIIL, 1. e. ero npoGiemMHas opueHTaIUs Ha yC-
KOPEHHOE BBITIOJTHEHUE OMPECNIEHHBIX (PYHKIIMM MO3BOJIIET PE3KO YBEIH-
YuTh 3(QPEKTUBHYIO MPOU3BOAUTEIBLHOCTh MPU PEHIEHUH TOJBKO OIpese-
JICHHBIX 3a]1a4.

Cpenun crenuanu3upOBaHHBIX MHUKPONPOLECCOPOB MOKHO BBIJEIHUTD
pa3IMYHbIE MUKPOKOHTPOJIJIEPHI, OPUEHTUPOBAHHBIE HA BBINOJHEHHUE CIIOXK-
HBIX MOCJIEIOBATEIBHOCTEN JIOTMYECKUX omnepauuid, Marematuueckue MII,
MpeAHa3HAYECHHBIE U1 MOBBILICHUS TPOU3BOIUTEIIBHOCTH IIPU BBIIOJIHEHUU
apu(pMETHYECKUX OIepaluil 3a cueT, HapUMEpP, MATPUUYHBIX METOJ0B HX
BbimosiHeHust, MII nist 06paboTKu JaHHBIX B PA3IMYHBIX OOJIACTAX TPHUMeE-
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HeHu# u T. 1. C nmomoinpio cnenranu3upoBanubix MIT MoxxHO 3pdexTuBHO
pelIaTh HOBBIE CIIOXKHBIC 3aJa4d MapayljiebHOW 00paboTku maHHbIX. Ha-
pUMEpP, KOHBOJIIOIHUS TTO3BOJIIET OCYIIECTBUThH 00JIE€ CIOXKHYIO MaTeMaTH-
YeCKy0 00pabOTKy CHUTHAJIOB, YEM IIMPOKO HUCIIOIb3YEMbIE METOJIBI KOppe-
nsiuuu. [locnenHre B OCHOBHOM CBOJSITCS K CPABHEHHMIO BCETO JIBYX Cepuid
JIAHHBIX: BXOJHBIX, TepeaBaeMbiX (popMoil curHana, U (HUKCHUPOBAHHBIX
OMOPHBIX, a TaKXE€ K OMNpeeseHnu0 ux noaoous. KonBonwonusa naer Bo3-
MOXHOCTh B PEaJbHOM MaciiTade BPEMEHHU HAaXOAUTh COOTBETCTBHE IS
CUTHAJIOB U3MEHSIoNENcst (GOPMBI IyTEM CPABHEHUS UX C PA3IUYHBIMU dTa-
JIOHHBIMU CUTHAJIaMU, YTO, HAIIPUMEP, MOXKET MO3BOJUTHh IP(HEKTUBHO BBI-
JICUTh TOJIE3HBIM curHai Ha ¢GoHe myma. PazpaboTaHHbIE OJHOKPUCTAIb-
HbI€ KOHBOJIBBEPHI MCIIOJIB3YIOTCS B YCTPOMCTBaX OMO3HaBaHUS 00pa3oB B
TeX CiIy4asix, KOrja BO3MOXHOCTU cOOpa JaHHBIX MPEBOCXOISAT CIIOCOOHO-
CTH CHUCTEMbI 00pabaThIBaTh 3TH JAHHBIE.

3. Ilo sudy obpabamuviéaemvix 6XOOHBIX CUSHANO08 PABITHYUAIOT Yuppo-
8ble U aHA10208ble MUKPOTIPOLIECCOPHI [3, 4].

Camu MUKpoOmpolLeccopsl — HUQPPOBBIE YCTPOWCTBA, OJIHAKO, MOTYT
UMETh BCTPOCHHBIE aHAJIOTO-ITU(POBBIC U ITUGPOAHATIOTOBBIE MPeoOpa3oBa-
tenu. [loaTomy BXOIHBIE aHANOTOBBIE CUTHANBI nepenatrorcs B MII gepes
npeobpaszoBaTeab B HPPOBOH Gopme, 00padaThIBAIOTC M IMOCIE 00paTHO-
ro npeodpa3oBaHusl B aHAIOroByl0 (hopMmy moctynaroT Ha Beixod. C apxu-
TEKTYpPHOU TOYKU 3PEHUSI TaKue MHUKPOMPOLIECCOPHI MPEACTABISIOT COO0OM
aHajoroBbie ()YHKIIMOHAIBHBIE MPEeOOpPa30BATEIN CUTHAIOB U HA3BIBAIOTCS
aHAJIOrOBBIMU MHUKponpoueccopamu. OHU BBINOIHAIOT PYHKIIUU JTHO0O0H
aHAJIOrOBOM CXeMbl (HampuMep, MPOU3BOJAT TeHEepali0 KojieOaHu, MOTy-
JSUI0, cMelleHre, GUIbTpaluio, KOAUPOBaHUE U JACKOAUPOBAHUE CUTHA-
JIOB B peajbHOM MaciiTabe BpeMEeHH U T. [I., 3aMEHss CJIOKHBIE CXEMBI, CO-
CTOSIIIME W3 OINEPALHMOHHBIX YCUJIUTEIEH, KaTylIeK WHAYKTUBHOCTH, KOH-
J€HCATOPOB U T. 11.). [Ipu 3TOM nMpUMeHEeHrEe aHaJIOTOBOr0 MHUKPOIPOLIECCO-
pa 3HAYUTENLHO TOBBIIIAET TOYHOCTh 0OPaOOTKM aHAJIIOTOBHIX CUTHAJIOB U
UX BOCIIPOU3BOJMMOCTD, a TAaKXKE paciiupsieT (yHKIIMOHATLHBIE BO3ZMOXKHO-
CTH 3a CYET MPOrpaMMHON "HACTPOUKH" 1TU(POBOI YACTH MUKPOTPOIECCO-
pa Ha pa3IHyYHbIe aJrOPUTMbI 00PaOOTKH CUTHAJIOB.

OOGBIYHO B COCTaBE OJTHOKPUCTANIBHBIX aHamoroBweix MII mmeercs He-
CKOJIBKO KaHaJIOB aHAJIOTO-IIM(GPOBOTO U HUPPOAHAIOTOBOTO MPeoOpa3oBa-
HUA. B aHamoroBoM MUKpOMpoIeccope pa3psIHOCTh 00padaThIBAEMbIX JTaH-
HBIX JocTUraeT 24 6ut u 60see, 00IbIIOE 3HAUCHUE YACISIECTCS YBEIUUEHUTIO
CKOPOCTH BBITIOJIHEHHS apU(PMETHUECKUX OTepaIuil.

OTnuuuTenpHas 4YepTa aHaJOTOBBIX MHUKPOIPOLIECCOPOB — CIOCOO-
HOCTbh K mepepadoTke 007bII0oro 00beMa YUCIOBbIX JAHHBIX, T. €. K BBINOJ-
HEHUIO OTIEPAIMI CJIOKEHUSI U YMHOXKEHHUS ¢ OONBIION CKOPOCTHIO MPHU He-
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00X0IMMOCTH JJaKe 3a CYET OTKa3a OT ONepaluii mpepbIBaHUN U IEPEXOI0B.
AHanoroBbIil curHal, npeodpazoBaHHbIi B UG POBYIO hopmy, 0OpabaThiBa-
eTCsl B pealbHOM MaciiTabe BPEeMEHH M IMepeaeTcss Ha BBIXOJ OOBIYHO B
aHajoroBoi opme yepe3 muQppoaHaIoroBhiil npeodpazoparens. [lpu aTom,
cornacHo TeopeMe KorenpHUKOBA, YaCTOTa KBAHTOBAHMSI aHAJIOTOBOT'O CHT-
HaJla JOJDKHA BJIBOE MPEBBINIATH BEPXHIOIO YACTOTY CUTHAJIA.

CpaBHenue 1U(GPOBBIX MHUKPOIPOLECCOPOB MPOU3BOIUTCS COMOCTaB-
JICHHMEeM BpPEMEHHU BBHITIOJHEHHUS MMM CHHCKOB omepanuii. CpaBHEHHE Ke
aHAJIOTOBBIX MHKPOIPOILIECCOPOB TMPOU3ZBOIUTCS IO KOJUYECTBY SKBUBA-
JIEHTHBIX 3BEHBEB AHAIOTO-UU(POBBIX (PUIBTPOB PEKYPCUBHBIX (DUIBLTPOB
BTOpOro mopsiaka. [Ipon3BOaUTENbHOCTh aHAIOTOBOTO MHKPOIIPOIIEccopa
OTIPEJIENSIETCS] €r0 CIIOCOOHOCTHIO OBICTPO BBITIOJHATH ONEPAIMU YMHOXKeE-
HUS: YeM OBICTpee OCYIIECTBIISIETCS YMHOXKEHHUE, TeM OOJIbllle YKBUBAJICHT-
HO€ KOJMYECTBO 3BEHHEB (MIIBTPA B aHAJIOTOBOM IpeoOpazoBaresiec U TeM
0oJiee CIIOXKHBIM aNropuT™M MpeoOpa3oBaHUsl NU(PPOBHIX CUTHAIOB MOKHO
3aJ]aBaTh B MUKPOIIPOLIECCOPE.

OnHuM U3 HaIpaBiCHUN JalbHEHIIEr0 COBEPIICHCTBOBAHUSI aHAJIOTO-
BBIX MHKPOIIPOIIECCOPOB SIBIISCTCS TOBBIINICHUE WX YHUBEPCAIHHOCTH H
ruokoctr. [103TOMy BMecCTe C MOBBITIICHUEM CKOPOCTH 00pabOTKH OOJIBIIO-
ro o0bemMa MUQPPOBHIX JAaHHBIX OyAYT pa3BUBATHCA CPEICTBA oOeCIeueHUs
Pa3BUTHIX BBIYUCIUTENBHBIX MPOIECCOB 00paboTku 1udpoBoil nHbOpMa-
IIUU 3a CUET peaNM3alliyl anmnapaTHBIX OJOKOB MPEPHIBAHUS MPOTPaMM M
POrPaMMHBIX TIEPEXOJIOB.

4. Ilo xapaxkmepy épemeHHOU OpeaHu3ayuu pabomsl MUKPOIPOLIECCO-
PBI ACNAT HA CUHXPOHHbBIE U ACUHXpoHHble [3, 4].

CHHXpOHHBbIE MHKPONPOUECCOPbl — MHUKPOIPOIECCOPHI, B KOTOPHIX
HAYyaJIo U KOHEI BBITIOJHEHHUS Olepaluil 3a1at0Tcsl YCTPOUCTBOM yIIpaBJie-
HUs (BpeMsl BBITIOJIHEHUSI OTIEPAIIMA B 9TOM CITy4ae HE 3aBUCUT OT BHJIA BbI-
MOJIHAEMBIX KOMaH/] ¥ BEJIMYMH OTIEPAHJIOB).

ACHHXPOHHBIE MHUKPOIPOILIECCOPHI TO3BOJISIOT HAYall0 BBITIOJHCHUS
KaXIO0W CIIEAYIOIeld oIepanud ONpPeeIUTh MO CUTHATY (HaKTHUECKOTO
OKOHYAHMS BBITIOJHEHUS Npeabayieit onepanuu. g 6onee r¢dekTuBHO-
IO MCIHOJB30BaHUSI KaXJAOT0 yCTPOMCTBA MUKPOMPOIIECCOPHONU CUCTEMBI B
COCTaB aCHHXPOHHO PabOTArOMIMX yCTPOMCTB BBOIAT IJIEKTPOHHBIC IEIH,
o0ecrneunBamIIre aBTOHOMHOE (DPYHKIIMOHUPOBAHUE YCTPOWCTB. 3aKOHYHB
paboTy HaJ KaKoW-Tu0o0 omnepaiuend, yCTpoHCTBO BhIpabaThIBAET CUTHAI 3a-
poca, 03HAYaloUMi €ro rOTOBHOCTh K BBINOJIHEHUIO CIEAYIOIIEH omepa-
uuu. [Ipu 3TOM poJb €CTECTBEHHOTO pachpenenuTens padoT NPUHUMAET Ha
ce0st maMsITh, KOTOpasi B COOTBETCTBUU C 3apaHee YCTAHOBJICHHBIM MPUOPH-
TETOM BBINOIHSIET 3aPOChl OCTAIBHBIX YCTPOUCTB MO 0OECIICUEHHUIO UX KO-
MaHJIHOW MH(pOpMaIel 1 JaHHBIMH.
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5. Ilo opeanuszayuu cmpykmypvl MUKPONPOYECCOPHBIX CUCmEM Pa3ih-
4aloT 00HO- U MHO2oMa2ucmpanshble MUKpoOBM [5].

B onHoMaructpanbHbix MUKpoOBM Bce ycTpoiicTBa UMEIOT OJAMHAKO-
BbII MHTEpQEHC U MOAKIIOYEHBI K €IMHONW MH(DOPMAIMOHHON MarucTpaid,
10 KOTOPOM NEPENAIOTCS KOABI JAHHBIX, aAPECOB M YIPABISAIOIMIMX CHTHA-
JIOB.

B mMHoromaructpanbabsix MUKpoOBM ycTpoiicTBa rpynnaMu MOAKIIO-
4aroTcs K CBOeH MH(OPMAMOHHOW Maructpaiv. ITO MO3BOJISIET OCYIIECT-
BUTh OJJHOBPEMEHHYIO Tiepeaady MHPOPMAIMOHHBIX CUTHAJIOB MO HECKOJIb-
KUM (WM BCEM) MaructpaisaMm. Takas opraHu3zaiusi CUCTEM YCIOXKHSIET UX
KOHCTPYKIIUIO, OJHAKO YBEINYMUBAECT IPOU3BOAUTEIBLHOCTb.

6. Ilo konuuecmay 8bINOIHAEMbIX NPOCPAMM PAZTUYAIOT OOHO- U MHO-
20NPOSPAMMHbIE MUKPOIIPOLIECCOPBL.

B ogHOmpOrpaMMHBIX MHUKPOIIPOLIECCOPAX BBIMOJHIETCSA TOJBKO OJHA
nporpamma. Ilepexol K BBIIOJIHEHUIO APYTOM MTPOTPAMMBI IPOUCXOAUT T1O-
CJI€ 3aBEpILICHUS TEKyLIEN MPOrpaMMBbl.

B MHOro- wim MyJabTHUIPOTrPaMMHBIX MHKPOIIPOLECCOpPAaX OJHOBpE-
MEHHO BBITIOJHAETCS HECKOIBKO (0OOBIYHO HECKOJIBKO JECATKOB) MPOrpamM.
Opranmzaiuss MyJbTUIIPOTPAMMHON PabOThl MUKPOTPOIIECCOPHBIX yIPaB-
JAIOIMX CUCTEM MO3BOJSAET OCYLIECTBUTH KOHTPOJb 3a COCTOSHHEM U
yIpaBjieHUeM OOJIBIIIOr0 YHUCiIa MUCTOYHUKOB WJIM MPUEMHHKOB HH(MOpMa-
LIUH.
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3. ApxuTeKTypa MuUKpornpoLueccopa

3.1. MoHATME apXUTEKTYpPbI MUKpoONpoLeccopa

C Touku 3peHus mojbp3oBaTens (pa3paboTUyMKa aBTOMATHYECKUX CHC-
TeM) nipu BeIOOpe MII st pemeHrs KOHKPETHOW 3a/iayu IelIecoo0pa3Ho
pacnojiaraTb HEKOTOPBIMU OOOOIIEHHBIMU WJIM KOMIUIEKCHBIMH XapaKTepH-
CTUKaMHu BO3MOxHOcTe MII, T. €. BOCIpUHUMATh €ro Kak HEeYTO LEJbHOE,
UMEIOILIEE BIIOJHE ONpPENEIEHHbIE TOTPEOUTENbCKUE KauecTBa (CBOICTBA U
XapaKTEpUCTUKH). B KOHEUHOM HUTOre pa3pabOTUUK HYKJIAETCSA B YSACHEHHUU
Y NoHMMaHuu Juib Tex koMnoHneHToB MII u MIIC, kotopeie siBHO oTpa-
KAIOTCA B MporpaMMax M (WJIM) JOJDKHBI ObITh YYTEHBI NPU pa3paboTKe U
BBIITOJIHEHUU MPOrPAMM: YHCIIO U UMEHA MPOrpaMMHO-IJOCTYIHBIX PETUCT-
POB; pa3psAAHOCTh MAIIMHHOTO CJIOBA; CUCTEMA KOMaH; JOCTYIHBIN pazMep
u agpeca O3Y; osicTpoaericteue MII; cxemy 00pabOTKH MpephIBaHMIL; CIIO-
coObI agpecaru O3Y u BHEMTHUX ycTpoicTB. COBOKYMHOCTh TaKUX CBEJIE-
HUW TipeactaBisgeT onpeneneHnyo moaens MII (MIIC) ¢ touku 3peHus
nosib3oBatens (pazpadorunka MITAC).

VYKa3zaHHbIEC BbIIIEC XapaKTEPUCTUKUA M CBOMCTBA OIPEIACISAIOTCSA IOHS-
tueM apxurektypsl MII (MIIC, MOBM).

Apxurtektypa MII — 3T0 ero norndyeckas OpraHu3amnus, paccMaTpu-
BaeMas C TOYKHU 3PEHMS IOJIb30BATEIS]; OHA ONpeneseT Bo3MOKHOCTH MII
MO anmnapaTHOM, MPOrpaMMHOM M MHUKPONPOrpaMMHOM peanu3auuu (QyHK-
i, HeooxoaumbIx i noctpoenus MIIC u MITAC [2, 3].

ITonstue apxurexrypsl MII orpaxkaer:

® CTPYKTYpY, T. €. COBOKYITHOCTh KOMIIOHEHTOB, cocTaBiisttomux MII, u
CBSI3€M MEXKYy HUMU,

e crocoObl npecTaBieHus U (GopMaThl JaHHBIX;

e crnocoObl o0palieHus KO BCEM JOCTYIHBIM JJIsl MOJb30BaTeNs (Mpo-
IrPaMMHO-AOCTYIIHBIM) 3J€MEHTaM CTPYKTYphl (aapecauus K perucTpam,
sYeKaM OMepaTUBHOMN U MOCTOSTHHOM MaMsTH, BHEIITHUM YCTPOUCTBAM);

e Habop onepanuii, BemosHsIeMbIX MII, T. €. cucrema komang MIT;

® XapaKTEPHUCTHUKHU YNPABISAIOIIMUX CJIOB U CUTHAJIOB, BbIPAOATHIBAEMBIX
MHUKpoIporeccopom u nocrynatromux B MII n3sHue;

® peaklMI0 Ha BHEUIHWE CUTHaIbI (cxeMa oO0paOOTKH NpepbhIBaHUN U
T. J.) U Apyrue Xapakrepuctuku. Hike OyayT paccMOTpeHbl HEKOTOpBIE
AJIEMEHTHI APXUTEKTYPHI.
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3.2. OCHOBHbIe XapaKTepUCTUKN MUKpoOrnpoLeccopa

Mukponpoleccop XapakTepu3yeTcs:

1) TakTOBOI YAaCTOTOM, OMpPEICIAIONIe MaKCUMAIbHOE BPEMS BBIMOJI-
HEHUS MIEPEKITIOYEHUS JIEMEHTOB B DBM;

2) pa3psAIHOCTBIO, T. €. MaKCUMAaJbHBIM YHCIOM OJIHOBPEMEHHO 00pa-
0aThIBAEMBIX JIBOMYHBIX Pa3ps/I0B;

3) apXUTEKTYypOil.

Pazpsanocts MII o603Hauaercss m/n/k/ u BKIIto4aeT:

m — pa3psOHOCTh BHYTPEHHHX PErUCTPOB, OMPENEIAET MPUHAIIICHK-
HOCTb K TOMY WJIM HHOMY KJIACCy IPOLECCOPOB;

N — pa3psAIHOCTh LIWHBI JAHHBIX, OMPENEIAET CKOPOCTh Mepeaayu UH-
dopmanuy;

k — pa3psaHOCTh IIMHBI aapeca, ONpEeAeNseT pa3Mep aJpecHOro Mpo-
CTpPaHCTBA.

Hanpumep, MII 18088 xapakrepusyercs 3Hauenusimu m/n/k = 16/8/20;

[TonsiTHE apXUTEKTYphl MUKpPOIPOLIECCOPA BKIIOYAET B c€0s CUCTEMY
KOMaHJl U CHOCOOBI aJpecalyii, BO3MOXHOCTb COBMEILIEHUS BBINOJHEHUS
KOMAaHJ1 BO BPEMEHU, HAIMYUE JOMOJHUTEIBHBIX YCTPOMCTB B COCTABE MUK-
pormpoleccopa, MPUHIMUIBI U PEXUMbI €ro padoThl. Beiienstor moHaTus
MUKPOAPXUTEKTYPbl U MAKPOAPXUTEKTYPHI.

MUuUKpOapXuTEeKTypa MUKPOIIPOLIECCOpa — ATO anmnapaTHas OpraHu3aius
U JIOTUYECKasi CTPYKTypa MHUKPOIPOIECCOPA, PETUCTPhl, YIPAaBISIONINE
CXEMBbI, apU(PMETUKO-JIOTHIECKUE YCTPOICTBA, 3aIOMUHAIOIINE YCTPONUCTBA
U CBsI3BIBAIONINE MX UH(POpMaAIMOHHBIE MarucTpanu [1, 2, 3].

MakpoapxutekTypa — 3TO CHUCTeMa KOMaHJ, TUIBI 00padaThIBaEMbIX
JTAHHBIX, PEKUMBI APECAINH U IPUHITUTIBEI pab0THl MUKPOIIPOIIecCcopa.

B ob6mewm ciyyae non apxutrektypoit 9BM monumaetcsi abcTpakTHOE
MpeACTaBICHUE MAIIMHBI B TEPMUHAX OCHOBHBIX (DYHKIIMOHAJIBHBIX MOJY-
neu, s3pika OBM, cTpykTypsl nansbIx [1, 2, 3].
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3.3. Tunbl apXUTEKTYp MUKponpoLeccopoB

Bce Mukpomporieccopbl MOXKHO pa3eNiuTh Ha CIEAYIONIUE TPYTIIbL:

e MII ¢ rapBapackor apXUTEKTYpPOHU;

e MII ¢ hoHHENMaHOBCKOW apXUTEKTYPOK;

e MII tuna CISC (Complex Instruction Set Computing) ¢ moJiHBIM Ha-
OOpOM KOMaH/I;

e MII tuna RISC (Reduced Instruction Set Computing) ¢ cokparieH-
HBbIM HA0OPOM KOMAaHJI;

e MII tuma MISC (Minimum Instruction Set Computing) ¢ MUHUMAaTb-
HBIM HAOOPOM KOMaH/[ ¥ BEChbMa BBICOKUM OBICTPOJICHCTBHEM (B HACTOSIIIEE
BpPEMS ATH MOJIETN HAaXOSATCS B CTAIUU Pa3padOTKH).

3.3.1.["apBapackasa n oHHelMaHOBCKas apXuTeKkTypbl
MUKponpoLeccopa

ApPXUTEKTYpbl MHUKPOIIPOLECCOPOB PA3IUYAIOTCS MO HCIOJb30BAHUIO
namsatu. HanGomnpliee pacnpocTpaHeHue Moaydnin:

® rapBapjCKasi apXUTEKTypa;
e apxurekTypa ¢poH Heitmana.

I"apBapjackasi apxuTekTypa mpearnoiaraeT pa3eibHOe UCIOIb30BaAHUE
naMsITH TporpaMMm U JaHHBIX. OOBIYHO TaKyH apXUTEKTYPy HCIOJIB3YIOT
JUTS1 TIOBBIIIIEHUS OBICTPOACHCTBHS CUCTEMBI 3a CUET pa3fesieHus MMyTeu J10c-
Tylla K NaMsATH MPOrPaMM U JAHHBIX. BONBIIMHCTBO CIELUATU3UPOBAHHBIX
MHUKPOIPOLIECCOPOB (0COOEHHO MUKPOKOHTPOJUIEPHI) UMEIOT JaHHYIO apXH-
TEKTYpY.

AHTHUIION TapBapACKON — apxuTekTtypa ¢on Heiimana — npeanonaraet
XpaHEeHHE MPOrpaMM U JAHHBIX B OOIIEH MaMsITH W Haubosee XapakTepHa
JUIS. MUKPOIIPOLIECCOPOB, OPUEHTUPOBAHHBIX HA MCIOJIb30BAHUE B KOMIIbIO-
Tepax. [[ppumepom MOTyYT C1yKUTh MUKPOIIPOLIECCOPBI CEMENCTBA X86.

3.3.2.Mukponpoueccopbl Tnna CISC

Tepmun CISC o3HadaeT CIOXKHYIO CUCTEMY KOMaH]I U siBsieTcs: ab0pe-
BUATypou aHrmiickoro onpeaenenns Complex Instruction Set Computer.

BbonsmmacTBO coBpemennsbix [1K tunma IBM PC (International Business
Machine) ucnons3ytor MII tuna CISC, xapakTepuCTHKN HanOoJee pacipo-
CTPaHECHHBIX M3 HUX MMPUBEICHHI B Ta0I. 1.
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Xapaxmepucmuxu naubonee pacnpocmpanenuvix CISC MI1

Taomumna 1

Mo- | Paspsgnocts, | Tak- Anpecnoe |Yucmo| Ywucno I'on
JeJb our TOBasi |MpoCTpaHCTBO,| KO- | 3JIeMEH- |BBIMYC-
MIT  |nannbix|agpecaliacTora, OailT MaH/{ TOB Ka
MI1g
4004 | 4 4 | 477 4%103 45 | 2300 [ 1971
8080 | 8 8 | 477 64103 10000 | 1974
8086 | 16 | 16 [4,77u8 106" 134 | 70000 | 1982
8088 | 8,16 | 16 [4,77u8 106 134 | 70000 | 1981
80186 | 16 | 20 [8u10 106 140000 | 1984
80286 | 16 | 24 | 10-33 [*'106 (BupTy- 180000 | 1985
anpHoe 109)
16*106 (Bup-
80386 | 32 | 32 |[25-50| rtyamsmoe | 240 | 275000 | 1987
4%109)
16*106 (Bup-
80486 | 32 | 32 [33-100| tyamsmoe | 240 | 1,2x106 | 1989
4%109)
Pentium| 64 | 32 [50-150]  4*109 240 | 3,1*106 | 1993
i e;?(‘)‘ml 64 | 32 |66-200|  4*109 240 | 5,5%106 | 1995

OtMeTnM HEKOTOpBIE XapakTepucTuku MII:

e HauunHas ¢ MII 80386 ucnonb3dyercs KOHBEHEPHOE BBIMOJHEHHUE KO-
MaH]l — OJJHOBPEMEHHOE BBHIIIOJIHEHUE Pa3HbIX TAKTOB MOCJIEIOBATEIIbHBIX
KOMaH/ B pa3HbIX dactsax MII nipu HenmocpeACTBEHHOM Iiepeiaue pe3yJibTa-
TOB M3 oxgHou vactu MII B apyryro. KoHBeliepHOE BBINIOJIHEHUE KOMAaH]
yBennuuBaeT 3gpekruBHoe ObicTpoaeiicTBue [1K B 2—-3 pa3a;

e nHauyuHas ¢ MII 80286 nmpegycmarpuBaercss BO3MOKHOCTh pabOThl B
BBIYHCJIMTEIILHOU CETH;

e HauuHas ¢ MII 80286 umeercss BOZBMOKHOCTh MHOTO3aJa4HOM pabo-
Thl (MHOTOIIPOTPAMMHOCTB) M COITyTCTBYIOIIAs €i 3alIuTa NamsTy;

e mnauunas ¢ MII 80386 obecrieunBaeTcst moAAEPIKKA PEKUMA CUCTEMBI
BUPTYaJIbHBIX MAlllMH, T. €. TaKOro peKWMa MHOT03aJa4HOi padoThl, MIpHU
KoTopoM B ogHOM MII Moaenupyercssi kak Obl HECKOJIBKO KOMIIBIOTEPOB,
padOTaIIKX NapAJIIEIBHO U UMEIOIINX Pa3HbIe ONIEPALIMOHHBIE CUCTEMBI;

e HaunHas ¢ MII 80286 Mukpompolieccopsl MOTYT paboTaTh B JBYX
pexumax: peaabHoM (Real mode) u 3ammumennom (Protected mode). B pe-
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aTbHOM peXuMe uMuthpyercs (dmynupyercs) padora MIT 8086, ectect-
BEHHO, OJJHO3aJlayHas. B 3aluilieHHOM peXuMe BO3MOYKHA MHOTO3aJaqyHast
paboTa ¢ HEMOCPEACTBEHHBIM JOCTYIIOM K PAaCIIMPEHHON MaMsaTH (CM. MOI-
pasa. 4.5) ¥ ¢ 3aMMUTON aMATH, OTBEJICHHOM 3a7a4aM, OT IIOCTOPOHHUX 00-
paleHu.

Muxpornpoueccopsl 80586 (P5) 6onee u3BecTHBI IO UX TOBAPHON Map-
ke Pentium, xoropas 3amarentoBana (upmoit Intel (MII 80586 npyrux
¢upm umeroT unsie ooo3nauenus: K5y dupmer AMD, M 1 y ¢pupmsr Cyrix
u ap.).

OTH MUKPOIPOILIECCOPHI UMEIOT MATUCTYIIEHHYI0 KOHBEHEPHYIO CTPYK-
Typy, 00€CIEeUNBAIOIIYI0 MHOTOKPATHOE COBMEIIECHNE TAKTOB BBHITIOJIHEHUS
nocienoBaTenbHbIX kKoMan, 1 KOI-Oydep st komany yciioBHOM niepesa-
YY YNpaBJE€HUs, MO3BOJSIOMIUNA TMpEJCKa3bIBaTh HAINpaBiICHUE BETBICHUS
nporpaMm; 1Mo 3HPEeKTUBHOMY OBICTPOJCUCTBUIO OHM MPUOIMKAIOTCS K
RISC MII, BBIMOMHSIOMIMUM KaXAyH0 KOMaHIy Kak Obl 3a OJWH TakT.
Pentium umeroT 32-paspsanHyio aApecHyl MHUHY U 64-pa3psiHy0 HIUHY
naHHbIX. OOMEH MaHHBIMU C CUCTEMON MOJKET BBITIOJIHATHCS CO CKOPOCTHIO
1 T'6/c.

V¥ Bcex MII Pentium umeercs Bctpoennass KOUI-nmamsiTh, OTaeIbHO
JUIS. KOMaHJ, OTAEJIbHO JJI JaHHBIX; UMEIOTCSl CIeIMaTu3UPOBAHHBIC KOH-
BelepHbIC anmnapaTHbie OJIOKH CJIOKEHMS, YMHOXKCHUSI U JIeJICHUsI, 3HAYHU-
TEJIbHO YCKOPSIOLIUE BBIMIOJIHEHUE ONEPALMi C IUIABAOLIECH 3aIISTOM.

Muxkponpoueccops! Pentium Pro. B centsi6pe 1995 r. npouuu npesen-
tauuto u BeimymieHsl MIT 80686 (P6), Toprosas mapka Pentium Pro. biaro-
Japsi HOBBIM CXEMOTEXHUYECKUM pelleHussM oHM oOecrieuuBaroT misa 11K
0osiee BBICOKYIO MPOU3BOJUTEIBLHOCTh. YacTh ATUX HOBILIECTB MOXET OBITH
o0beIMHEHA TOHATHEM JWHaMH4Yeckoe ucronHeHue (dynamic execution),
4YTO B MEPBYIO OUYEpEIb O3HAYAET Halnuue 14-CTyneHHOW CylnepKOHBeWep-
HOUM CTPYKTYphl (superpipelining), mpelncka3aHus BETBICHUI IPOrPaMMbI
IpU YCJIOBHBIX nepenavax ympasienus (branch prediction) u ucnosHeHue
KOMaH/I [0 MpeArnojIaraéMoMy myTH BeTBIeHUS (speculative execution).

KOlIll-namsars emkocThio 256—512 k6 — 00s13aTeNbHBIN aTPUOYT BBICO-
KOIMPOU3BOJAUTENBHBIX CHCTEM Ha mporeccopax Pentium. Opgnako y HuX
BcTpoeHHass KOI-namsars umeer HeOobIyt0 eMKOCTh (16 k0), a ocHOBHas
€€ YacTh HaXOJUTCS BHE Mpolieccopa Ha MaTepuHcko mate. [loatomy 00-
MEH JaHHBIMU C HEHN NPOUCXOIUT HE HA BHYTpeHHen yactore MII, a Ha yac-
TOTE TAaKTOBOTO T'e€HepaTopa, KoTopasi 00bIYHO B 2—3 pa3a HUXKE, UTO CHUXKa-
eT obmiee ObicTpoericTBue kommnbroTepa. B MII Pentium Pro KOII-namsTh
E€MKOCThIO 256—512 kO HaXOUTCSI B CaMOM MHUKPOTIPOILIeCcCope.

Muxkponpoueccopsl OverDrive. TuTepec npeacTaBisioT Takke HeJaB-
HO paspabotannsie MII OverDrive, o cymiecTBy SBISIONIIMECS CBOEOOpas-
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HBIMHU compolieccopamu, odecrieunBaronumu it MIT 80486 pexumbl pa-
6otel U 3ddexTuBHOE OBICTpONEHcTBHE, XapakTepHbie st MIT Pentium.
[MosiBunmucey MII OverDrive, ynydmaroniyue XapakKTepUCTUKH U MHKPOIIPO-
reccopoB Pentium.

3.3.3.Mukponpoueccopbl Tnna RISC

Tepmun RISC o3HayaeT COKpaIIEHHYIO CUCTEMY KOMaH[ U MIPOUCXOIUT
ot arriuiickoro Reduced Instruction Set Computer.

Muxkpomnpoueccops! Tuna RISC coxepxat HabOp TONBKO MPOCTHIX, Ya-
IIe BCEro BCTpEYarIUXcs B mporpammax komasni. Ilpu HeoOxommmocTu
BBIMIOJIHEHMsI 00JIee CIOKHBIX KOMAaHJl B MUKPOIPOLIECCOPE MPOU3BOIUTCS
UX aBToMaTthyeckas cOopka u3 mpocThix. B atux MII Ha BbeImomHEHNE KaX-
JIOM MPOCTOM KOMAaHJBI 332 CYET UX HAJIOKEHUS U NApaUIEIbHOTO BBINOJIHE-
HUS TpaTUTCA | MalIMHHBIA TaKT (Ha BBIMOJIHEHUE JaXKe CaMOW KOPOTKOMU
koMaH bl U3 cucteMbl CISC 00bI4HO TpaTuTCs 4 TakTa).

Hexotoprie mukpomnporneccopsl Tuna RISC: ARM (Ha ero ocHoBe BbI-
nyckanuce [IK IBM PC RT) — oaun u3 nepBbix 32-pa3psannbix RISC muk-
pornpouieccopoB, umeroniuii 118 paznuunbix komang. CoBpemennsie RISC
mukporporeccopsl (80860, 80960, 80870, Power PC) sBusiorcs 64-
paspsaHbIMHU TIpU ObicTpoaericTBuM A0 150 mutH om./c. Mukpomnpoieccopsl
Power PC (Performance Optimized With Enhanced RISC PC) Becerma nep-
CIIEKTUBHBI U YK€ celyac IHPOKO MPUMEHSIOTCS B MalllMHaX-CepBeEpax U B
[1K tuma Macintosh.

Muxkpomnpouieccopsl Tuna RISC umeror o4eHb BBICOKOE OBICTPOEHCT-
BH€, HO IPOrpaMMHO He coBMecTuMbl ¢ CISC-npoueccopamu: IpH BBINOJ-
HEHUU nporpamm, pazpadoranssix st [IK tuna IBM PC, onu moryT nuib
smynupoBaTth (MoaenupoBaTh, umuTupoBaTh) MII Tuma CISC Ha mpo-
rPaMMHOM YPOBHE, YTO MPHUBOAUT K PE3KOMY YMEHBIICHHUIO UX d(PHEeKTUB-
HOU IPOU3BOJUTEIILHOCTH.

OnHako, HECMOTPSI HA IIUPOKYIO PACIPOCTPAHEHHOCTh 3TUX IOHSITHUH,
HE0OXO0MMO MPU3HAThH, YTO CAMH Ha3BaHUS HE OTPAXAlOT TJIABHOTO Pa3iu-
gust mexnay cucremamu komaHa CISC um RISC. Ocuosnas udes RISC-
apxumeKkmypbl — 3r0 TINATEIbHBIA MOJ00P TaKUX KOMOMHAIMNA KOJIOB OIle-
paruii, KOTOpble MOKHO OBLJIO ObI BBITIOJHUTH 32 OJUH TaKT TaKTOBOTO Te-
Hepatopa. OCHOBHOM BBIMIPBIII OT TaKOTO MOJIXO0JA — PE3KOE YIPOILECHHE
anmapatHon peanuzanuu L{II 1 BO3MOXKHOCTh 3HAUUTEIBHO ITOBBICUTBH €0
IPOU3BOAMUTENLHOCTh. Bce KOMaHIbl pabOTaloT C ONepaHJaMu U UMEIOT
OMHAKOBBIN (opmar. OOpaiieHre K HaMsITH BBIIOJHAETCS C MOMOIIBIO
CIIEMAJIBHBIX KOMaHJ 3arpy3KH perucrpa u 3anucu. I[Ipocrora cTpyKTyphl 1
HEOOJBIIION HAOOp KOMaHJ TMO3BOJSIET PEaTnu30BaTh MOJTHOCTHIO WX arma-
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paTHOe BbITIOHEHHWE U d(PPEeKTUBHBIA KOHBEHEp MpHU HEOOJIBIIOM 00BEME
obopynoBanusa. Apupmeruky RISC-mporieccopoB oTiaM4aeT BBICOKAS CTe-
NeHb ApOoOJICHUs] KOHBeHepa. DTOT MPUEM MO3BOJISIET YBEIIUYUTh TAKTOBYIO
4acTOTy (3HAYUT U MPOU3BOAUTEIILHOCTH) KOMITbIOTEpa. Uem Gonee rnemen-
TapHbIC JCHCTBUS BBITIOJHSIOTCS B KaXIoW ¢aze pabOThl KOHBeWepa, TeM
BbIIIE yacToTa ero padbotel. RISC-mporieccopsl ¢ caMoro Hauajia OpUEHTHU-
POBaHHBI HA PEATTU3AINIO BCEX BO3MOXKHOCTEH YCKOPEHUS apu(PMETHIESCKUX
orepalui, mo3TOMY X KOHBEHEphl 00J1a/1al0T 3HAUUTEIHLHO 00JIe€ BHICOKUM
osicTponerictBuem, ueM B CISC-nporneccopax. IToaromy RISC-nipoueccopsi
B 2-4 paza ObicTpee HUMEWIMX Ty e TakToByto uactory CISC-
MPOIIECCOPOB ¢ OOBIYHOM CHUCTEMOW KOMaHJ U BBICOKOIPOU3BOAUTEIBHEH,
HECMOTps Ha OoJnblIui 00BEM mporpamm, Ha (30 %). [eiis [larrepcon u
Kapno Cexyun cpopmynupoBanu 4 ocHoBHbIX npuHIuna RISC:

1. JIroGast omepaiusi TOKHA BBIOJHATHCS 32 OJAMH TAaKT, BHE 3aBHCH-
MOCTH OT €€ THUIa.

2. Cucrema KOMaHJ JOJDKHA COJEpPKAaTh MUHHUMAIbHOE KOJIUYECTBO
HamOoJiee YacTO MCMOJB3YEMbIX MPOCTEHIINX HHCTPYKIMA OJWHAKOBOU
JUTAHBI.

3. Omeparnuu 00pabOTKU JaHHBIX PeaTn3yIOTCs TOIBKO B (popmate “pe-
TUCTp—perucTp® (omnepanibl BEIOUPAIOTCS U3 ONMEPATUBHBIX PETUCTPOB MPO-
1eccopa, U pe3ysabTar olepaluy 3aluchIBAETCs TaKKE B PETUCTP; a 0OMEeH
MEX/y ONEepPAaTUBHBIMU PETUCTPAMU U TAMSATHIO BBITIOIHSAETCS TOJBKO C IO-
MOIIbIO KOMaH/T YTCHUS/3aITICH ).

4. CocTtaB cUCTEMBI KOMaH/I IOJKEH OBITh *“ y100€eH * /ISl KOMIMIISIITUN
OIIEpaTOPOB SI3BIKOB BHICOKOT'O YPOBHSI.

Muxkponporieccopsl ¢ apxutektypoir CISC (Complex Instruction Set
Computers) — apXUTEKTypa BBIUUCICHUH C MOJTHOM cHUCTeMOM KoMaH. Pea-
JU3YIOIME Ha YPOBHE MAIIMHHOTO SI3bIKA KOMIUIEKCHBIE HAOOPBHI KOMAaH]
Pa3IMYHON CIIOAKHOCTHU (OT MPOCTHIX, XapaKTEPHBIX 11 MUKPOIPOIEccCopa
MEPBOIrO IMOKOJICHHS], 10 KOMaH]l 3HAYUTEIbHON CII0KHOCTHU, XapaKTEPHBIX
JUISL COBPEMEHHBIX 32-pa3psaaHbiXx MUKponpouneccopoB tuma 80486, 68040 u

Ip.).
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3.4. ApXUTEKTYpHO-(hYHKLUNOHaNbHbIE NPUHLUMNbI NOCTPOEHUSA
3BM

OcHoBononaratoume npuHIuns tudposoit IBM ([xon ¢pon Heiiman,
1946 1.):

l. IlpyHUMI WCNOAB30BAaHUS JBOWYHOW CHCTEMBI HMCUYUCIEHUS IS
npeacTaBieHust nHdopmanuu B IBM.

2. Ilpunnun nporpaMmHoOro ynpasiaeHus BM.

3. IlpuHIUIT YCIOBHOTO MEpexo/ia.

4. ITpuHUUN XpAaHUMOW MPOTPAMMBI.

5. TlpuHIun uepapXu4HOCTH 3alIOMUHAIOIIUX YcTpoicTB DBM.

B 1mupoBBIX BBIUYUCIUTENBHBIX YCTPOHUCTBAX BCE OmNepamuu (MaTema-
TUYECKUE U JOTUYECKUE) MPOU3BOAATCS HAJ YUCIaMU (BEIUYMHAMU), TPE]I-
CTaBJICHHBIMH B KOJJOBOM BbIpakeHUHU. [IpnuéM B TaHHOM cliyyae Bce Olie-
paluu ITpOU3BOJIATCS B OJTHOM U TOM Xe y3Jie. bonbImuHCTBO 3a1au nudpo-
BOIl 00pabOTKM MOXKET OBbITh PEUIEHO MPHU MOMOLIU YCTPOMCTB, MaTeMaTH-
YyecKasi CTPYKTypa KOTOPBIX U300pakeHa Ha puc. 2.

X, BXxogHas

NHdopmaLms
____c_li____ [Mporpamma
Si
Mamats [« Yp, |:xi9Si—1 (ai)]
S
i—1 |
> S, [xl.,sl._l (al. )]

Vi BbIxogHas
nHdopmauma

Puc. 2. Cxema koneunozo asmomama ¢hon Hetimana

Ha Bxon manHoro ycrpoiictBa (puc. 2) moiaércsi MacCUB BXOJIHOW WH-
bopmanuu

X, :{ai,pi,xl.(o),xi(l),...,xl.(")}, (1)
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IZie a, — aApecHas 4acTb MACCUBA, YKa3bIBaIOLIas STUEHKY (SUEHKN) IaMsTH,
colepKaHue KOTOpoil s, (a,) Heobxoaumo s oOpaboTKU HH(OPMALIHH;
p; — HOMEp mIporpammsl (aapec IporpamMmsl), IO KOTOPOH TOJIKHA OBITH
0

@) ..., x"") — MHOKECTBO BXOZHBIX BEJIMUHH, HAN-

i i

nmpousBeieHa 00paboTKa; X

0o0Jiee MOTHO U TOYHO OTPAXKAIOIIEe BXOAHYIO HH(POPMAIIUIO BETUYUHBI X .
B xome 06paboTku mosty4aeTcsi BBIXOAHOW MacCHB

Yi=Vy, |:'xi’si—1 (%)]9 2)
I€ J, — BBIXOAHOM MacCUB, KOTOPBIA 0Opasyercs IyTéM oOpabOTKHU x,
mporpamMMoi p, 1o azpecy s, (a,).

BBIXOI[HOﬁ MacCcCuB y; MNPEACTABIIACTCS HYCPE3 MHOKCECTBO BBIXOIAHBIX

3JIEMEHTOB
= (). 3)
B mamsars 9BM nomemaercs MaccuB
S; =5, [)c[.,s[._1 (a[.)] , 4)

T. €. HOBBIA MAaCCHUB TTaMSTH.

3.5. CtpykTtypa Tunoson 3BM (nepcoHanbHOro KomnbrTepa)

3.5.1.0cHoBHble 6noku MK n nx HasHaveHune

ApXMTEKTYpa KOMIbIOTEpPa OOBIYHO OIpPEACNAECTCS COBOKYMHOCTBIO
€e CBOWMCTB, CYHIECTBEHHBIX Il Mojb30oBaTeasi. OCHOBHOE BHMMaHHUE MpU
ATOM YJIEISETCS CTPYKTYype U (YHKIHMOHATIBHBIM BO3MOXHOCTSIM MAlllUHBI,
KOTOPbIE MOKHO Pa3/eIUTh HA OCHOBHBIEC U JJOTIOJHUTEIbHBIE.

OcHosnble GYHKIIUU ONpeNelsaoT HasHadeHue DBM: oOpaboTka u
xpanenune uHpopmaiu, oOMeH uHpopmalmeld ¢ BHENTHUMHU OOBEKTAMH.
JononnumenvHole GYHKIUU TOBBIIAIOT 3(PPEKTUBHOCTh BBIOJIHEHUS OC-
HOBHBIX (DYHKIHMI: oOecrieunBaroT 3(P(HEKTUBHBIE PEXUMBI €€ pabOThI, qUa-
JIOT C MOJB30BATENEM, BBICOKYIO HaJEKHOCTh M Jp. Ha3zBanHble (yHKIHNH
OBM peann3yrorcs ¢ MOMOLIBIO €€ KOMIIOHEHTOB: aIlllapaTHBIX WU IIPO-
IPaMMHBIX CPEJICTB.

CTpyKTypa KOMIOBIOTEpPa — 3TO HEKOTOpas MOJENb, YCTaHABIUBAIO-
1asi COCTaB, MOPSAOK M MPUHIIUITH B3aUMOJICHCTBHUS BXOSIINX B HEE KOM-
MOHEHTOB.

Hepconanbubiii komnboTep (IIK) — 3T0 HacToNbHAs MM NEPEHOC-
Hass DOBM, ynoBnerBopsitoias TpeOOBaHUAM OOUIEAOCTYITHOCTH U YHUBEP-
CaJIbHOCTU MTPUMEHEHUSI.
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HocrounctBamu 11K siBisiroTCs:

® MaJiasi CTOUMOCTb, HaXOAsIIasics B Mpeenaax JOCTYIMHOCTH JJIsl MHU-
BUJIyaJIbHOIO MOKYMaTEs;

® ABTOHOMHOCTb JKCIUTyaTalluu 0e3 ClieluaabHbIX TpeOOBaHUN K yCIIO-
BUSIM OKPY’KAIOLIEN Cpesl;

® THMOKOCTh apXUTEKTYphl, oOecreunBaronias ee aJanTUBHOCTh K pas-
HOOOpa3HbIM MPUMEHEHUSIM B cepe ynpaBlieHUs, HAyKU, oOpa30BaHUsl, B
OBITY;

e "IpyKECTBEHHOCTh'" ONEPALMOHHON CUCTEMBI U MPOYErO0 MPOrpAMM-
HOro o0ecreueHrs, 00yCIOBIMBAIOIIAs BO3MOKHOCTb Pa0OTHI C HEH IMOJIb-
30BaTels 0e3 CrenuaibHON MPOoQPecCHOHATBHON OATOTOBKY;

® BBICOKAs HaJIGKHOCTh pabOThI (00Jiee 5 ThIC. 4 HAPaOOTKH Ha OTKA3).

CrpykTypa TunoBoit 9BM npezacrapieHa Ha puc. 3.

Mwukponpoueccop .
MaTtemaTuueckumn
. Mwukponpo- ApumeTuko- conpoueccop
y.f?:;:'g;i; ueccopHas rnormyeckoe
y p(yy) namsitTb yCTPOMCTBO
(mnn) (AnY)
[eHepaTop TaKTOBbIX
MHTepdeiicHas cuctema MMnynbLcos
(FTN)
OcHOBHas namMsTb BHelwHAA namMATb
Kor;lTepon- MocTosiHHOE OnepaTtuBHoe HakonuTens Ha HakonuTene Ha
noe pbl_ Tarimep 3anomMmuHaouee 3anomMuHapLee KEeCTKOM rmékom
BpaHpVII7I YyCTPOMCTBO YCTPOWCTBO MarHUTHOM MarHUTHOM
(n3y) (03Y) aucke (HXXKMA) aucke (HFMA)
I [
Apantep Apantep
HXMO HrMAO
[ [
— O CucTeMHasi WuHa O
[ [ [ [ [
WHTepdeiic Apantep NcTouHunk CeTeBon Z
Bupeoapantep
KnasuaTtypsl npuHTepa nuTaHns apganTtep
Kanan
CBA3N
Knasunatypa BupoeomoHuTop MevaTtawuee
(ancnnen) yCTPONCTBO
(NnpuHTEp)

Puc. 3. Cmpykmypa munoeoti 9BM

Mukponpoueccop (MII) — sto nenrpanbsubiii 010k [1K, nmpennasna-
YeHHBIA JJIs1 yIpaBieHus: paboToil Bcex OJIOKOB MAIIMHBI U JIJIS BBITIOTHE-
HUS apu(PMETUYECKHUX U JIOTHYECKUX OTepaluu HajJa nHpopMalmen.
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B cocraB Mukpormnpouneccopa BXOIST:

e ycmpoiicmeo ynpasnenus (YY) — GopMupyeT 1 ToJIae€T BO BCE OJIOKH
MalIMHbl B HY>KHbI€ MOMEHTHI BPEMEHHU OIPEACIICHHbIE CUTHANBI yIIpaBJie-
HUs (YIpaBJISIOLIME UMITYJIbChI), OOYCIOBIEHHBIE CIIEUU(PUKON BBITOIHSIE-
MOl onepaluu U pe3yjbTaTaMy NPeabIAyIIUX onepaunii; GopMHUpyeT aape-
ca A4eeK MaMsATH, MCMIOJb3YEMbIX BBINOJHAEMON olepanued, U nepenaer
3TH azapeca B cooTBercTByrome 0goku IBM. OnopHyto mocliieoBaTelb-
HOCTh UMITYJIbCOB YCTPONCTBO YIPABJICHUS MOJIy4aeT OT T€HEepaTopa TaKTO-
BBIX UMITYJIbCOB;

® apughmemuko-nocuueckoe ycmpoticmeao (AJ1Y) — npennasHadeHo ais
BBIMOJIHEHUS BCEX apU(METHUYECKHX M JIOTUYECKUX ONepanuil HaJ 4Yucio-
BOW M CUMBOJILHOM MH(pOpMarmeit (B HekoTopbix Moaensx [1K mis yckope-
HUs BBINIOJHEHHUs onepaunii K AJIY moakirodaeTcss AOMOJHUTEIbHBIA Ma-
TEMAaTUYECKUM COMPOIECCop);

® mukponpoyeccopuas navsame (MIIII) — cayXuT I KpaTKOBpPEMEH-
HOT'O XpaHEHHUs, 3alIUCH U BblIauu HH(OpPMaALIMU, HEMTOCPEICTBEHHO HUCIIONb-
3yeMOM B BBIYMCICHUSX B OJbKauimwe TakThl paboThl Mamuubl. MIIII
CTPOUTCS Ha PETHCTPaX U MUCHOJIB3YETCs JUIsl 00€CTIeUeHUs BHICOKOTO OBICT-
pOJIeHiCTBHS MAIIMHBL, T. K. ocHOBHas mamsTh (OIl) He Bcerna obecrnieunBaet
CKOPOCTb 3aIlKCH, MOMCKA U CYUTHIBAaHUS MHGOPMAILINH, HEOOXOIUMYIO IS
s dexTuBHON pabOTHl OBICTPOCUCTBYIONIETO MHKpoIpoIieccopa. Perucr-
pbl — OBICTPOJICUCTBYIONINE SYEHKU TTAMATH PA3TUYHON JJIUHBI (B OTJIMYUE
ot stueek OIl, umeronux cranmapTHyro JuHy 1 O0alT U Gojee HU3KOE ObI-
CTpOJICUCTBUE);

® uHmepqhelicnas cucmema MUKpOnpoyeccopa — Peallu3yer COoIpsiKe-
HUE U CBA3b ¢ Apyrumu ycrpoiictBamu [1K; Bkitouaer B ceOst BHyTpEHHUN
untepdeiic MII, OydepHbie 3anOMHHAIONINE PETUCTPHI U CXEMBI yIpaBJe-
Hus moptamu BBoja/BeiBojga (IIBB) m cucremuoii munoi. UHTepdeiic
(interface) — COBOKYMHOCTh CPEACTB COMPSKEHUS M CBS3H YCTPOMCTB KOM-
nploTepa, obecneunBaromas ux 3pdexkruBHoe B3aumoeiicteue. Illopt BBo-
na/sbiBoga (I/O = Input/Output port) — anmaparypa CONpsKEHUs, TO3BO-
JIAIOIIAs MOAKIFOYUTh K MUKpOIIporieccopy npyroe ycrpouctso T1K.

I'eHepaTop TaKTOBBIX MMIIYJIbCOB I'€HEPUPYET IOCIEI0BATEIBHOCTD
IIEKTPUYECKUX UMITYJIbCOB; YACTOTA TEHEPUPYEMBIX UMITYJICOB ONPEIEIs-
€T TAKTOBYIO YacCTOTy MAalIMHbL. [IpoMeXyTOK BpEMEHU MEXKIY COCEIHUMU
UMITYJIbCAMH ONPENEISeT BpeMs OJHOTO TaKTa paOOThl MAIIMHBI WU MPO-
CTO TaKT padOThI MAIIIUHBI.

YacroTra reHepaTropa TaKTOBBIX UMITYJbCOB SIBJISIETCS OAHOW M3 OCHOB-
HBIX XapaKTEPUCTHUK MEPCOHAIBHOIO KOMIIBIOTEPA U BO MHOT'OM OIPEACIISET
CKOPOCTh €ro paboThl, MO0 KaxkJas omepalys B MallMHE BBIMOJIHSAETCS 3a
ONpPEIECIICHHOE KOJINYECTBO TAKTOB.
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CucreMHasi IIMHA — 3TO OCHOBHAsI MHTEp(eEicHAasl cUCTeMa KOMIIBIO-
Tepa, 00ecreunBaroIas CONpsHKEHUE U CBSA3b BCEX €0 YCTPOMCTB MEXIY
co00i1.

CucremHas mMyHA BKIIOYACT B CeOS:

® x0008y10 wuny oannvix (KIIIJ]), cogepxaliyro nmpoBojJia U CXEMbI CO-
NpsDKEHUS U1 MapajuleNIbHOM TMepeayd BCEeX pas3ps/ioB YHMCIOBOTO KoOJa
(MaImMHHOTO CJI0BA) ONEpaH/Ia;

® x0008y10 wuny aopeca (KIIIA), BKIIOYAIONIYIO TTPOBOJA U CXEMBI CO-
NpsHKeHUS J1A NapajuieIbHOM mepeaun BceX pa3psioB KoJa ajpeca ssuehku
OCHOBHOM MaMATH WUJIU TIOPTa BBOJIa/BBIBOIA BHEITHETO YCTPOIMCTBA;

®  x0008y10 wuny uncmpykyuu (KILIH), conepairyto mpoBoJa U CXEMbI
COTIPSDKEHUS I TIepeladyll WHCTPYKIUN (YIPABJSIFONIUX CUTHAIOB, WM-
MyJILCOB) BO BCE OJIOKU MAIIMHBI,

® UMY NUMAaHUs, UMEIOLTYI0 MIPOBOJA U CXEMbI CONPSKEHUS ISl MO~
kitouenus 61okoB [1K k cucreme sHepronutanus.

CucremHas muHa oOecrieyuBaeT TPU HaIpaBieHUs mepenadyu uH@op-
Malllu:

1) Mex 1y MUKPOIIPOLIECCOPOM U OCHOBHOM MaMSATHIO;

2) MeXIy MHKPOIPOIIECCOPOM U TIOPTAaMU BBOJA/BHIBO/IA BHEITHUX
YCTPOWCTB;

3) MeXIy OCHOBHOW MaMSThIO M NOPTaMU BBOAA/BBIBOJIA BHEIIHUX
YCTPOMCTB (B PEKHUME MPSAMOI0 JOCTYIA K MAMSITH).

Bce 0510kH, a TOuHEee X MOPThHI BBOJA/BBIBOJIA, YEPE3 COOTBETCTBYIO-
e YHU(DUIMPOBAHHBIE Pa3beMbl (CTHIKM) MOJKIIOYAIOTCS K IIMHE €IUHO-
00pa3HO: HEMOCPEACTBEHHO WU YePe3 KOHMpOoaLepsl (adanmepul). YIpaB-
JIeHUE CUCTEMHOM IIMHOW OCYIIECTBISETCS MUKPOIPOIIECCOPOM JIMOO He-
MOCPEJCTBEHHO, MO0, YTO Yallle, 4epe3 JOMOTHUTEIbHYI0 MHUKPOCXEMY —
KOHmMpoiep wutbl, OPMUPYIOIINI OCHOBHBIE CUTHAJIBI YITPABICHHUS.

OcHoBHasi MaMATH MpeJAHA3HAYEHA MJIi XPAaHEHUS] U OMNEPATHUBHOTO
oOMeHa mHpopmanueit ¢ npounmu Oiokamu mammsbl. OIl comepkur nBa
BHJIA 3aIIOMUHAOIINX YCTPOMCTB: MOCTOSSHHOE 3alIOMUHAIOLIEE YCTPOUCTBO
(IT3Y) u oneparuBHOE 3anmoMuHaroliee ycrpoructro (O3Y).

[13Y cayxkuT nj1s XpaHEeHUsT HEU3MEHSIEMOW (MOCTOSHHOM) Mporpamm-
HOM M CHpaBOYHON MH(pOpMAIMH, MO3BOJIIET ONEPATUBHO TOJBKO CUUTHI-
BaTh XpaHAUIYIOCS B HeM HHpopManuio (Mu3MeHuTh MHpopmanuio B 13V
HEJIb35).

O3Y npenHazHadyeHO IJIsl ONIEPATUBHOM 3aMMCH, XPAHEHHUS U CUUTHIBA-
HUs uHOpMaIuu (MporpaMM U JTaHHBIX ), HEITOCPEICTBEHHO yYaCTBYIOIICH
B MH(GOPMAIIMOHHO-BBIUUCIUTENBHOM TIpouecce, BbinonHsemom 1K B Te-
KyUIuil nepuoja BpeMeHu. [ TaBHBIMH JJOCTOMHCTBAMH ONIEPATUBHOM MaMATH
SIBIISIFOTCSL €€ BBICOKOE OBICTPOIECHCTBHE U BO3MOXXHOCTh OOpaIeHHsI K Ka-
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JIOM siueiike maMaTH OTAEIbHO (MPSMON apecHBIN TOCTYM K sueiike), B ka-
yecTBe Henoctatka O3V cielyeT OTMETUTh HEBO3MOYKHOCTH COXPAaHEHHSI
uHGOpMaIMU B HEHM MOCIE BBIKIIOYEHHS MUTaHUs MalluHbI (SHEPro3aBUCH-
MOCTb).

BHeuHsAs mamMsaTh OTHOCUTCA K BHEIIHUM ycTporcTtBaM [IK 1 nenoss-
3yeTcsl Ui JOJATOBPEMEHHOTO XpaHEeHHs JI00W HH(pOpMAaIuH, KOoTopas
MOET Korja-mbo rnorpedoBaTbes [UIsl pelieHus 3ajad. B yacTHOCTH, BO
BHELIHEH MaMATH XPaHUTCS BCE MPOrpaMMHOE 0OecreueHne KOMIIbIOTEpA.
BHewHsAss nmaMsaTh COAEPKUT pa3HOOOpa3Hble BUJbI 3alOMHHAIOUIUX YCT-
pOICTB, HO HanboJiee pacIPOCTPAaHEHHBIMH, UMEIOIIUMHUCS TPAKTUYECKU Ha
J1000M KOMIBIOTEpE, SABIAIOTCS HakonuTenan Ha skecTkux (HXKMJ) u ru6-
kux (HI'M/]) MarHuTHBIX THCKaX.

Haznauenune 3THX HakomuTened — XpaHeHHe OoJbIIMX OOBEMOB HH-
(dopMmanum, 3anuch U BblJa4a XpaHUMON HH(OpMAaLMU 1O 3anpocy B ornepa-
THUBHOE 3anioMuHarouiee ycrpoructBo. Pazmnuarorcs HXXM/L u HI'M/I nums
KOHCTPYKTUBHO, 00b€MaMU XpaHUMOW HMH(POpPMAIMU U BPEMEHEM IOMCKa,
3aIliCH ¥ CUNTBHIBAHUS HH(DOpMALIHH.

B kadecTtBe yCTpONCTB BHEIIHEH NAMSITU HCIIOJIB3YIOTCSA TaKXe 3aro-
MUHAIOIINE YCTPONUCTBAa HA KACCETHOM MAarHMUTHOM JiIeHTe (CTpUMEpHI), Ha-
konuTenan Ha ontuueckux auckax (CD-ROM — Compact Disk Read Only
Memory — KOMIaKT-JUCK C MaMsIThIO, TOJIBKO YUTAEMOM) U Jp.

HcTouynuk nuranust — 310 OJIOK, CoAep KA CUCTEMbI aBTOHOMHOTO
u cereBoro >Hepronutanus 11K.

Tajimep — 3TO BHYTPHUMAILIMHHBIE 3JEKTPOHHBIE YaChl, 00ECIIEYNBAIO-
M€ NMpU HEOOXOIUMOCTH aBTOMAaTHYECKUM CheM TEKYLIEr0 MOMEHTa Bpe-
MeHH (roJi, Mecsll, 4achl, MUHYTbI, CEKYHJbl U JIOJIU CEKyH). Talimep mou-
KJIFOYAeTCs K aBTOHOMHOMY MCTOYHUKY NHUTaHUS — aKKyMYJISITOPY — U NpHU
OTKJIFOUEHUU MAIlIMHBI OT CETU MPOAOIKAET padoTaTh.

BHemHue ycTpoiicTBa — 3TO BaKHEHINIasi COCTaBHAs 4acTh JHOOOTO
BBIYUCIIUTEIBLHOIO KOMILIEKca. JlocTaTOuHO CKa3aTh, 4YTO IO CTOMMOCTH BY
uHoraa coctaistoT 50-80 % croumoctu Beero 11K. Ot cocraBa u xapakre-
puctuk BY Bo MHOTOM 3aBHUCAT BO3MOKHOCTh U 3(P(PEKTUBHOCTH MTPUMEHE-
Hus [IK B cucteMax ynpasieHus U B HAPOJIHOM XO3SMCTBE B LIEJIOM.

Buemnue ycrpoiictBa I1K oGecnieunBaroT B3auMoIeCTBUE MAILIUHbBI C
OKpYXalollel Cpeaoii; MOJb30BaATENAMU, 0ObEKTAMU YIPABICHUS U APYTH-
Mu OBM. BY Becbma pazHooOpa3Hbl U MOTYT ObITh KIacCU(PUIUPOBAHBI 1O
psAay Npu3HaKoB. Tak, IO HA3HAYEHUIO MOYKHO BBIICIINTD CICAYIOIINE BUIBI
BY:

e BHEIIHWE 3anoMuHamue yctpoictsa (B3Y) unu BHemHss nmamsrthb
IIK;
e IMAJIOTOBBIE CPEICTBA MOJIb30BATENS;
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® yCTpOKMCTBa BBOJIa MH(MOPMAITUY;
® yCTpOIiCcTBa BbIBOJIa MH(OPMALIUY;
® CpE/ACTBA CBS3HM U TEJIEKOMMYHUKALIUH.

Huanoeosvle cpeocmea nonvzosamesns BKIIOYAIOT B CBOW COCTaB BH-
JCOMOHUTOPBI (TUCIUIEH), PEKEe — IMyJIbTOBBIC MUIIYLIUE MAIIWHKHU (TIPHUH-
TEpHI C KJIIABUATYPO) M yCTPOICTBA PEUE€BOr0 BBO/IA/BhIBOJIa MH(OpMAIUH.

Buoeomonumop (Oucnneti) — yCTpOUCTBO JJisi OTOOpaKEHUsI BBOJIUMOM
u BeiBoiuMoi u3 I1K uadopmanmm.

YcTpoiicTBa peyeBOro BBOAA/BBIBOJA OTHOCSITCS K OBICTpOpa3BUBAIO-
IIUMCSI CPEACTBAM MYJIbTUMEINA. Y CTPOICTBA PEYEBOr0 BBOJA — ATO pas-
JUYHbIE MUKPO(OHHBIE aKyCTHUECKHE CHCTEMbI, "3BYKOBBIE MBIIIN", Ha-
IpUMEP, CO CIOKHBIM IPOrPAMMHBIM OOECIIEYEHHEM, MO3BOJISIOIIUM pac-
NO03HABATh MPOU3HOCUMBIE YEIOBEKOM OYKBBI U CJIOBA, UAECHTU(DUIIMPOBATH
UX U KOOUPOBATb.

Yempoticmea peuegozo 6vi600a — 3TO pa3nMUHbIE CUHTE3aTOPHI 3BYKa,
BBITIOJIHAONIME TIpeoOpa3zoBaHue HUPPOBBIX KOJOB B OYKBBI M CJIOBa, BOC-
IIPOU3BOJMMBIE YEPE3 IPOMKOTOBOPUTENMN (AMHAMHUKN) WU 3BYKOBBIE KO-
JIOHKH, MOJICOEIMHEHHBIE K KOMIIBIOTEPY.

K ycTporictBam BBOa MHPOPMAIIUHA OTHOCSITCS:

® K1asuamypa — yCTPOWCTBO JJIsl PyYHOI'O BBOJA YMCIOBOM, TEKCTOBOU
u yrpasisitomei napopmanuu B 11K;

® cpaguueckue niaHuiemol (OUONCUMAU3epvl) — JUIs PYYHOTO BBOJA
rpaduueckoil nHGOpMaUKU, U300paKEHUI MyTEM MEepeMEeIeHUs O TUIaH-
HIeTy CHeluaIbHOro ykKazarens (repa); mpy NepeMelieHUH rnepa aBToMaTH-
YECKH BBITIOJHSAIOTCSA CYUTHIBAHUE KOOPAUHAT €r0 MECTOMOJIOAKEHHUS U BBOJI
aTux KoopauHat B I1K;

® CKaHepbvl — JUIsl ABTOMATUYECKOTO CUYUTHIBAHUSI C OyMa)KHBIX HOCHUTE-
neit u BBojia B [IK MammHOMUCHBIX TEKCTOB, Tpa)UKOB, PUCYHKOB, UepTe-
KeH; B yCTPOICTBE KOJUPOBAHUS CKaHEPA B TEKCTOBOM PEXKUME CUUTAHHBIE
CUMBOJIBI [TOCJIE CPABHEHMSI C ATAIIOHHBIMU KOHTYpPaMHU CIIELIMAIbHBIMU MIPO-
rpamMamu nipeoOpasyrotcst B koasl ASCII, a B rpaduueckoM pexumMe Cuu-
TaHHbIE TPAPUKHA U YEPTEXKHU NMPEe0OPa3yIOTCs B MOCIEIOBATEILHOCTH JIBYX-
MEPHBIX KOOPJIMHAT;

® MaHunyiamopwl (YCmpoucmea yka3arus): JHKOUCTUK — pblYar, MbIIlib,
TpekOoJI — IIap B OIpaBe, CBETOBOE IMEPO U JIp. — JJIs BBOJA Ipaduyueckoit
uH(bOpMAIMM Ha SKpaH JUCIUIes IyTeM YMpaBlIeHUs TBUKEHUEM Kypcopa
[0 3KpaHy € MOCJIEIYIOIUM KOJUPOBAHMEM KOOPAMHAT Kypcopa U BBOIOM
ux B IIK;

® CceHcopHble 9KpaHbl — IS BBOJA OTIEIBHBIX AJIEMEHTOB H300paxe-
HUs, IPOTPAMM WJIM KOMaHJ ¢ noiaudkpana nucruies B [1K.
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K ycrpolicTBam BbiBO1a MH(OPMAIIUU OTHOCATCS:

® npunmepdvl — TEUATAIONINE YCTPOMCTBA JJIs perucTpanuu uHpopma-
MU Ha OyMa)KHbIA HOCUTEND (CM. moApasa. 4.5);

® 2pacghonocmpoumenu (nrommepol) — JIJs BbIBOJA TpapuUecKol HH-
dbopmanmu (rpaduxos, yeprexen, pucyHkoB) u3 11K Ha OymakHslii HOCH-
TEeJb; TUIOTTEPHI ObIBAIOT BEKTOPHBIE C BEIYEPUUBAHUEM HU300paXKEHUS C MO-
MOIIIbIO T€pa U PacTPOBBIC: TepMoOrpapuyeckue, 3JIEKTPOCTATUYECKUE,
CTpyHHbIe U yazepHble. [[0 KOHCTPYKIMH IJIOTTEPHI MOAPA3AEISIOTCS Ha
IUTaHIIeTHbIe U OapabaHHbie. OCHOBHbBIE XapaKTEPUCTUKHU BCEX IIIOTTEPOB
IPUMEPHO OJIMHAKOBBIC: CKOPOCTh BhruepumBaHusi — 100-1000 mm/c, y
JTYUIINX MOJEIeH BO3MOKHO IIBETHOE HM300pa)K€HUE W Tepeaada IMOyTo-
HOB; HAMOOJBIIIAs pa3pelaromas ClioCOOHOCTh U Y€TKOCTh M300paKCHUS —
y JIa3epHBIX IUIOTTEPOB, HO OHU CaMbI€ I0POTHE.

VYceTpolicTBa CBA3M U TEIEKOMMYHHUKALUKA UCHOJB3YIOTCS ISl CBSI3U C
npubopamMu U APYTMMH CpPEACTBAMHU aBTOMAaTH3alMU (COIJIACOBATENU HH-
TepdeiicoB, amantepsl, HUPPOAHATOTOBLIE U aHAIOTO-IU(PPOBBIE TTPeoOpa-
3oBarenu U T. 1m.) U s noakiarodeHust [IK k xanamam cBsi3u, K Apyrum
OBM 1 BBIYUCIUTENBHBIM CETSIM (ceTeBble MHTEPhEUCHBIC TUIAThI, "CTHIKH",
MYJIBTUILIEKCOPHI Nepeadyn JaHHbBIX, MOJEMBbI).

B yacTHOCTH, TOKa3aHHBIN HA pUC. 3 CETEBOM ajanTtep SIBISETCS BHEIII-
HuM uHTepdeiicom [IK u cayxuTt /Uit MOAKITIOYEHUSI €r0 K KaHaly CBS3U
U1t oOMeHa uadopmanueit ¢ npyrumu IBM, 115t paboThl B cOCTaBe BBIYHC-
JUTENBbHON ceTu. B rmo0anbHbIX CeTsSX (YHKIMU CETEBOro ajanrtepa Bbl-
NOJIHAET MOAYJIATOP-AEMOAYIISATOP.

MHorue 13 Ha3BaHHBIX BbIIIE YCTPOMCTB OTHOCATCSI K YCIIOBHO BbIJIE-
JICHHOM T'pyIINe — CPeICTBAM MYJIbTUMEHA.

Cpeocmea mynemumeoua (multimedia — MHOTOCPEOBOCTh) — 3TO KOM-
IJIEKC anmapaTHbIX U MPOTPAMMHBIX CPEACTB, MO3BOJISIONIMX YEJIOBEKY 00-
HIaThCSl C KOMITBIOTEPOM, HUCIIONB3YS CaMbIe Pa3HbIe €CTECTBEHHBIE /IS ce0s
CpeIbl: 3BYK, BUJI€0, TpadUKy, TEKCThI, aHUMAITUIO U JIP.

K cpeactBam MynbTUMEIHMa OTHOCATCS YCTPOMCTBAa peueBOro BBOAA U
BBIBOZIa MH(OPMAIUK; MIHPOKO PACTIPOCTPAHCHHBIC YXKE Ceiluac CKaHEephl
(MOCKOJIbKY OHU MO3BOJISIFOT aBTOMAaTUYECKU BBOJIUTH B KOMITBIOTEp TEYaT-
HbI€ TEKCThI U PUCYHKH); BBICOKOKAYECTBEHHbIE BUJI€0- (Video-) U 3ByKOBBIE
(sound-) mnatel, matel Buaeo3axsata (videograbber), cHumaromue n3obpa-
YKEHHE C BUJICOMAarHuTo(PoHa WK Bujeokamepsl U BRojsue ero B [1K; BbI-
COKOKAaYECTBEHHbIE aKyCTUYECKHE U BHUACOBOCIPOU3BOISIINE CUCTEMBI C
YCUJIUTEISIMUA, 3BYKOBBIMU KOJIOHKaMH, OOJBIIMMHU BUJeo’KpaHamu. Ho,
MOKaJy#, e1le ¢ OOJIBITUM OCHOBAHHEM K CPEICTBAM MYJIbTUMEINA OTHOCST
BHEIITHUE 3allOMUHAIONINE YCTPOMCTBA OOJBIION €MKOCTH Ha ONTHYECKUX
JIUCKAX, 9aCTO UCIOJIb3yeMbIe ISl 3aITMCH 3BYKOBOU U BHICOMH(OpMAIUH.
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CroumocTh KOMIakTHbIX JuUcKOB (CD) mpu UX MaccoBOM THpPaXKHpO-
BaHUM HEBBICOKAs, a YUUTHIBAs UX OOJIBIIYI0 eMKOCcTh (650 MO, a HOBBIX
TumoB — 1 ['0 1 BhIIIIE), BRICOKYIO HAJIEKHOCTh U IOJITOBEYHOCTh, CTOMMOCTD
xpanenust nHGopmanuu Ha CD 1151 mosib3oBaTeNsi OKa3bIBa€TC HECPABHHU-
MO MEHBIIICH, HEXKETU HAa MArHUTHBIX JUCKaX. DTO yXe€ MPUBEIO K TOMY,
YTO OOJILIIMHCTBO MPOTPAMMHBIX CPEJICTB CAMOT0 Pa3HOTO Ha3HAYECHUS TO-
craBisgercs Ha CD. Ha kommakT-muckax 3a pyOexkoM OpPraHU3yIOTCS 00-
HIMpHbIE 0a3bl JaHHBIX, LieNble Oubanoreku; Ha CD npencraBieHsl cloBapH,
CIIPaBOYHUKH, DHITUKIIONEIUN; O0yYaIOIIUe U Pa3BUBAIOIIKNE TIPOrPaMMBI 110
00111e00pa30BaTEIbHBIM U CIEIIUATBLHBIM MTPEIMETaM.

CD mupoko MCHOJIB3YIOTCS, HAPUMED, NMPU U3YUYEHUH WHOCTPAHHBIX
S3BIKOB, TIPABWJI JIOPOXKHOTO JBMKEHUS, OyXrajTepcKoro y4yera, 3aKOHOa-
TEJIBCTBA BOOOIIE W HAJIOTOBOT'O 3aKOHOJATENhCTBA B YaCTHOCTH. 1 BCce 31O
COTPOBOXK/IA€TCA TEKCTaMU M PUCYHKaMU, peueBod mHMOpMaIuein U MyJib-
TUTUTUKAIMEH, MY3bIKOH U BUAeo0. B dncto ObiToBOM acmekte CD MOXHO
WCIIOIb30BaTh JI XpaHEHUs ayJAuo- U BUJICO3AUCEH, T. €. UCIOIb30BaTh
BMECTO IUIEMEPHBIX ayJuOKacceT U BuaeokacceT. Cineayer ynoMsiHyTh, KO-
HEYHO, U O OOJIBIIIOM KOJUYECTBE MPOTrpaMM, KOMIIbIOTEPHBIX UTP, XpPaHU-
MbIX Ha CD.

Takum o6pazom, CD-ROM oTkpbiBaeT A0CTyn K OrPOMHBIM 00beMaM
pa3Ho00pa3Hoi U Mo GYyHKIMOHATHLHOMY Ha3HAYEHUIO, U 10 CPeJie BOCIPO-
u3BeICHNS MHGOPMAIIMH, 3alTUCAHHON Ha KOMITaKT-AHCKaX.

Jlononnumenvuvle cxemvl. K CUCTEMHOM IIMHE U K MUKPOIPOIIECCOPA
[1K, Hapsiny ¢ TUMOBBIM BHEIIHUMH YCTPOMCTBAMHU, MOTYT OBITh MOJKIIOYE-
Hbl 1 HEKOTOPbIEC JOMOJHUTENIbHBIEC IUIATHl C MHTEPAIIBHBIMU MUKPOCXEMa-
MU, PACIIUPSIONINE U yIydiarmue (yHKIHOHATbLHBIE BO3MOKHOCTA MUK-
pormpolieccopa: MaTEMAaTHUYECKU COMPOLIECCOP, KOHTPOJUIEP MPSIMOTO J10C-
Tyna K MaMsiTH, COMPOIIECCOP BBOJA/BbIBOJIa, KOHTPOJUIEP MpPEpPhIBAaHUN U
Ap.

MartemaTH4eCKUH COMPOLECCOP IIHMPOKO MCIOJIb3YETCA I YCKO-
PEHHOTO BBINIOJIHEHUS ONEpalyii HaJl ABOMYHBIMU YHCIIAMH C TJIaBaroOLIeH
3ansiTOM, HaJ JIBOMYHO-KOJUPOBAHHBIMU JIECSITUYHBIMU YMCIIAMH, JIJISI BbI-
YUCJICHUS HEKOTOPBIX TPAHCIIEHIEHTHBIX, B TOM YHUCJIE TPUTOHOMETpUUE-
CKMX, QyHKIMI. MaTeMaTH4ecKuii COMpoIeccCop UMEET CBOK CUCTEMY KO-
MaHJl U paboTaeT mapajuieJbHO (COBMEIIEHHO BO BPEMEHH) C OCHOBHBIM
MII, HO moA ynpaBIIEHUEM TTOCIEAHETO. Y CKOPEHUE ONEPALIUNA TPOUCXOIUT
B necaTku pa3. [locnennue moaenu MII, naunnas ¢ MIT 80486 DX, Bkiito-
YaroT COIMPOILECCOP B CBOKO CTPYKTYPY.

Koutpoasep mpsimoro gocryma k mamsitu ocBoboxmaer MII ot
MPSIMOTO YNPABJIEHUS HAKOMUTEIIMU HAa MAarHUTHBIX JUCKaX, 4TO CYILIECT-
BeHHO ToBhIMaeT 3 dextuBnoe ovicTponeiicteue [1K. be3 atoro xoHTpoO-
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aepa oomeH nanHbiMu Mexay B3Y u O3V ocyiecTBusiercss yepes3 peructp
MII, a npu ero HaJIWM4YWK JAHHBIE HEMOCPEICTBEHHO IEPEHAIOTCS MEXKIY
B3V u O3V, munys MII.

Conpoueccop BB0Ja/BbIBOJA 33 CUET MapajuieabHON padoTel ¢ MII
3HAYNUTEIHHO YCKOPSIET BBIOJHEHHUE MPOIICAYP BBOJIA/BBIBOMIA TIPH 0OCITY-
KUBAaHUHM HECKOJIbKMX BHEIIHHUX YCTpOWCTB (nucruied, npuntep, HXXM/,
HI'M/JI u ap.); ocBo6oxkaaeT MII oT 06paboTKu mporieayp BBOIa/BHIBOIA, B
TOM YHCJIE PEATU3YET U PEKUM MPSIMOTO I0CTYyNa K MaMATH.

Baxueitmyto pons urpaet B 11K koHTpOep npepriBaHui.

IIpepbiBaHMe — BPEMEHHBIN OCTAHOB BBIMOJIHEHHUS OJIHOW MPOrPaMMBbI
B IIEJISIX OMNEPATUBHOIO BBHIMIOJHEHUS APYro, B JIaHHBIM MOMEHT Oosee
BaYKHOU (MPUOPUTETHOMN ) MPOTPAMMBI.

[IpepbiBaHMsl BO3HUKAIOT TMpU PabOTE KOMIBIOTEpA MOCTOSHHO [4].
JlocTaToyHO cKa3aTh, UTO BCE MPOLEAYpPHl BBOAA/BbIBOIA MH(OpPMAIIUU BbI-
MOJIHAIOTCS N0 mpepbiBaHusAM. Hanpumep, npeppiBaHus OT TaliMepa BO3HU-
KaroT ¥ 00CITy>KHBAIOTCS KOHTPOJIEPOM IIpephiBaHui 18 pa3 B cekyHy (ec-
TE€CTBEHHO, MOJIb30BATEIb UX HE 3aMEYaET).

Koumponnep npepviganuti 00CITyXKUBAae€T MpOLENYypbl NpPEpbIBAHUA,
MIPUHUMAET 3alpOC Ha MPEPHIBAHUE OT BHEIIHUX YCTPOMCTB, ONPEACIISIET
YPOBEHb MPUOPUTETA ITOTO 3aMpPOCa U BBIJIAET CUTHAI NpepbiBaHus B MII.
MII, nony4yuB 3TOT CUTHAJ, IPUOCTAHABINBAET BHIITOJIHEHUE TEKYLIEH MPO-
rpaMMbl U MIEPEXOJUT K BBIITOJHEHHUIO CHEIUAIbHONW MPOrpaMMbl 00CITYKH-
BAaHMS TOTO MPEPBIBAHUS, KOTOPOE 3alIPOCHIIO BHEIIHEE yCTporcTBO. [locne
3aBEpILCHUS MPOTPaMMbI OOCTY>KUBAHHUSI BOCCTAHABIMBAETCS BBIIIOJIHEHHE
IIpepBaHHOM nporpammMbl. KOHTposiep npeppiBaHUM SBJISETCS MPOrpaMMHU-
pPyEMBIM.

daemenTbl KOHCTpYKIun ITK

Konctpyktuao IIK BbINOJIHEHBI B BHUJIE LIEHTPAJIBbHOIO CUCTEMHOIO
0J10Ka, K KOTOPOMY 4epe3 pazbeMbl MOAKIIOYAIOTCS BHEIIHHE YCTPOMCTBA:
JIOTIOJIHUTEINIBHBIE YCTPOWCTBA MAMSTH, KJIaBUATypa, IUCIUIEH, IPUHTEDP U
zp.

Cucmemnwiti 610k OOBIYHO BKIIIOYAET B Ce0sl cucmemuyro naamy, OJI0K
MATAHUS, HAKOIUTEIM Ha AUCKAX, Pa3beMbl ISl JOMOJHUTEIbHBIX YCT-
PONCTB U niamwvl pacuiupenus ¢ KOHTPOJUIEpaMH — aJanTepaMy BHEIIHUX
YCTPOMCTB.

Ha cucremHoil miare (4acTo ee Ha3bIBalOT MATEPUHCKOM IJIATOM
Mother Board), kak mpaBusio, pa3MemaTcs :

®  MHUKPOIPOLECCOP;
® MaTeMaTHYECKHI COMPOLECCOP;
® T[ECHEPATOP TAKTOBBIX UMITYJIbCOB;
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omoku (Mmukpocxemsl) O3V u [13Y;
agantepsl knasuarypsl, HXKM/[ u HI'M/I;
KOHTPOJLIIEp NIpEepPhIBaHUN;

Tarmep u Jp.

3.5.2. BHyTpUMaLLMHHbLIA CUCTEMHBIN MHTEepdenc

BHyTpUMAIINHHBIA CHCTEMHBbIH HHTepdeiic — cucrema CBSI3H U CO-
npspKEeHUsl y3710B U 6510koB OBM Mexay coboit — mpenctaBisieT co0oi co-
BOKYIHOCTb 3JIEKTPUUYECKUX JIMHUI CBSI3U (IIPOBOJOB), CXEM CONPSIKEHUS C
KOMIIOHEHTaMH KOMIIbIOTEpa, IPOTOKOJIOB (AJITOPUTMOB) MEpEeAayu U Impe-
00pa3oBaHUs CUTHAJIOB.

Cy1miecTByIOT ABa BapuaHTa OpraHU3allMd BHYTPUMAIIMHHOTO WHTEP-
deiica.

1. Mnoeoceasuwii unmepgetic: xaxapiii 6ok IIK cBsizan ¢ mpounmu
OJIOKaMH CBOMMH JIOKaJbHBIMU IPOBOJAMH; MHOTOCBSI3HBIM HHTEp(erc
NPUMEHSETCS, KaK MPaBUIIO, TOJBKO B IpocTermnx ObIToBbIX [1K.

2. Oonocesasuviii unmepgetic: Bce 6moku 11K cBsizaHbl Apyr ¢ Ipyrom
yepe3 00LIYy 0 WM CUCTEMHYIO HIMHY.

B nopasnstomem 6ombirHCTBE coBpeMeHHbIX [IK B kauecTBe cucrem-
HOro MHTepdeiica ucnonp3yercss cucreMHas ImmuHa. CTpPyKTypa U COCTaB
CUCTEMHOM IMUHBI OBUIM PAcCMOTpPEHBI paHee. Baxuelmmmu QyHKIHO-
HaJIbHBIMM XapaKTEPUCTUKAMH CHCTEMHOW IIMHBI SBIIIOTCS: KOJIMYECTBO
00CITy’KMBaeMbIX €10 YCTPOMCTB M €€ MPOIyCKHas CIIOCOOHOCTh, T. €. MaK-
CHUMaJIbHO BO3MOXKHAsI CKOPOCTh Tnepenayn nHpopmanuu. [Ipomycknas cmo-
COOHOCTB IIMHBI 3aBUCUT OT €€ Pa3psAHOCTU (€CTh MHHBI 8-, 16-, 32- u 64-
pa3psiHbIE) U TAKTOBOM YaCTOThI, HA KOTOPOW IMHA pabOTaeT.

B kauectBe cucremHoil mmHbI B pa3Hbix 11K ncnons3oBanuce u Moryr
HCIIOJIb30BaThCA:

® WuHbl pacuiupenuli — IUHBI OOILEro Ha3HAYEHHMs], IMO3BOJISIOIINE
MOJKJII0YATh OOJIBIIOE YHCIIO CAMBIX Pa3HOOOPAa3HbIX YCTPOUCTB,

® JIOKalbHble WUHGI, CIECHUATU3UPYIOUIMECS Ha OOCIY)KUBAHUU He-
OO0JIBILIOTO KOJMYECTBA YCTPOMCTB ONPEIEICHHOT 0 Kiacca.

CpaBHUTENBHBIE TEXHUYECKUE XAPAKTEPUCTUKNA HEKOTOPBIX IIWH IpH-
BEJIEHBI B TAa0II. 2.

IIunbl paciuupeHui

o Illuna Multibusl umeer nee momuduxauuu: PC/XT bus (Personal
Computer eXtended Technology — IIK ¢ pacmmpenHol TeXHONOTHEH) U
PC/AT bus (PC Advanced Technology — IIK ¢ ycoBepiieHCTBOBaHHOM TeX-
HOJIOTHEH).
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o [lluna PC/XT bus — 8-pa3psigHasi mMHA NaHHBIX U 20-pa3psiaHas M-
Ha aJjpeca, pacCUMTaHHAsl Ha TaKTOBYIO yacToty 4,77 MI'l; umeer 4 nuHUM
JUISl anrapaTHbIX MpepbiBaHUN U 4 KaHana Jyis IpsIMOTo JIOCTyIa B MaMsTh
(xananer DMA — Direct Memory Access). [lluna anpeca orpaHuunBaia aj-
pecHOe MPOCTPAHCTBO MUKpompolieccopa BenuunHo 1 M6. Mcnonb3yetcs
c MII 8086, 8088.

o Illuna PC/AT bus — 16-pa3psimHas IIMHA AaHHBIX U 24-pas3psaHas
mIMHa ajapeca, pabovas TakroBas yactora 10 8 MI', HO MOXET UCIOJIb30-
Batbcad U MII ¢ taktoBO# wacTtoToi 16 MI'l, Tak KaKk KOHTPOJUJIEP IIMHBI
MOXKET JIeJIUTh YACTOTY MOMOJaM; UMEET 7 JIUHUMN AJIsl annapaTHbIX MPEpPbI-
BaHuii u 4 kanaa DMA. Mcnons3yetcs ¢ MIT 80286.

o [lune /SA (Industry Standard Architecture — apxurekTypa MpOMBbIIII-
JIEHHOrO CTaHaapra) — 16-pa3psiiHas IMHA JaHHBIX U 24-pa3psaHas MIMHA
anpeca, paboyast TakToBas yactrota 8§ MI'1, HO MOXET HMCHOJIb30BATHCS U
MII ¢ TaktoBoif yactoroi Beiie 8§ MI' (koapdunmreHT neneHus: yBenu-
yeH); o cpaBHeHuto ¢ muHamMu PC/XT u PC/AT yBenuueHO KOJIUYECTBO
JIMHUM amapaTHBIX OpepbiBaHuil ¢ 7 10 15 ¥ KaHAIOB MPAMOTO JOCTYyIA K
namsitd DMA ¢ 7 no 11. bnaronaps 24-pa3psaHoil muHe aapeca, aipecHoe
IpocTpaHCTBO yBenuumwiioch ¢ 1 g0 16 MO. Teopernueckas npomyckHas
CIIOCOOHOCTH IIMHBI JaHHBIX paBHa 16 MO/c, HO peanbHO OHA HUXKE (OKOJIO
4-5 MO6/c), BBUaY psia OCOOCHHOCTEHN ee HCIoiab30Banus. C MOSBICHHEM
32-pa3psannbix BbICOKOCKOpOCTHBIX MII mmua ISA crana cyuiecTBeHHbIM
npensTcTBUEM yBenanueHus Obictponeictaus [1K.

o Illuna EISA (Extended ISA) — 32-paspsanas muHa AaHHBIX U 32-
paspsiaHas muHa aapeca, co3gana B 1989 r. AxpecHoe mpoCTpaHCTBO IIMHBI
4 T'0, nponyckHas ciocooHocts 33 M6/c. ITpuuem ckopocTh 0OMeHa 1o Ka-
Hany MII-KOII-OII onpenensercss mapaMeTpaMud MHKPOCXEM IAMSTH,
YBEJIMYEHO YUCIO Pa3beMOB PACHIUPEHHUH (TEOPETUYECKU MOKET MOJIKIIIO-
yathes 10 15 ycTpoiicTB, npaktuuecku — 10 10). YiydineHna cuctema mpe-
peiBanul, muHa EISA obGecnieunBaer aBTomMaTrueckoe KOHGUTYPUPOBAHHE
cucTtemsl 1 yrpasieHue DMA; nonHocTso coBMecTMa ¢ mHUHOU [SA (ecth
pazbeM Juis nojkiodeHuss ISA), mumHa noaiepKMBaeT MHOTOIPOLIECCOP-
HYIO apXUTEKTYpy BbluMcauTeNbHbIX cucteM. [lIluna EISA Becbma poporas
u ipuMeHsieTcsi B ckopocTHbBIX 1K, ceTeBbIx cepBepax u pabounx CTaHITUSAX.

o Illuna MCA (Micro Channel Architecture) — 32-pa3psinHas 1uHa,
co3nganHas ¢upmoii IBM B 1987 r. [Insg mammn PS/2, npomycknas cnoco06-
HOCTBh 76 MO/c, pabouas yacrora 10-20 MI'u. ITo cBoMM mpouuM XapakTte-
puctukam O6nm3ka k muHe EISA, Ho He coBmecTuMa Hu ¢ ISA, Hu ¢ EISA.
[Tockonpky 9BM PS/2 He momyuywinu mHMpPOKOro pacripocTpaHEHUs, B Mep-
BYIO OuY€pe/ib BBUIY OTCYTCTBUS HapaOOTAaHHOTO OOMIIMS MPHUKIAAHBIX MPO-
rpammM, mmHa MCA TakXe UCIOJIb3YETCA HE OYEHB LIHUPOKO.
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JlokajbHbIE IIUHBI

CoBpeMeHHbIE BEIYMCIUTENBHBIE CUCTEMBI XapaKTEPU3YOTCA:

® CTPEMUTEIBHBIM POCTOM OBICTPOACHCTBUSI MUKPOIPOIIECCOPOB (Ha-
npumep, MII Pentium MoxeT BbIAaBaTh TaHHBIE CO CKOPOCThIO 528 M6/c mo
64-pa3psAHON IIMHE JAHHBIX) U HEKOTOPBIX BHEUIHUX yCTpoMcTB. Tak, mis
oToOpaxeHus IU(POBOro MOJHOIKPAHHOTO BHUACO C BBHICOKMM KAaue€CTBOM
HEeo0XoarMa MPOMyCKHas crocoOHOCTh 22 M6/c;

® [OSBJICHUEM IPOrpamm, TPEOYIOMIMX BBIOJHEHUS OOJIBIIOTO KOJIH-
yecTBa MHTEPQEHCHBIX omnepalruil (HanpuMep, mporpaMmbl 00pabOTKU rpa-
¢buku B Windows, padoTta B cpene Multimedia).

B »Tux ycnoBusix MpOmyCKHOM CHOCOOHOCTH IIMH pacIIMpeHus, 00-
CIIY’KUBAIOIINX OJJTHOBPEMEHHO HECKOJIbKO YCTPOMCTB, 0OKA3aJ0Ch HEIOCTa-
TOYHO JJis1 KOM(OPTHON pabOThl MOJb30BaTENEH, KOO KOMIBIOTEPHI CTAIH
IIOJ0JITY "3aayMbIBaThCA .

Pa3pabotunku uHTEp(EiicOB MOUUIM MO MYyTH CO3JAHUS JIOKAJIbHBIX
IIWH, MOJKIII0YaeMbIX HenocpeAcTBeHHO K muHe MII u paboraronux Ha
TakToBOM yactore MII (HO He Ha BHYTpeHHel pabouell ero 4acTore), a Tak-
&Ke 00eCleunBaONINX CBSI3b C HEKOTOPHIMU CKOPOCTHBIMU BHEIIHUMH TIO
otHomeHuto Kk MII ycrpolicTBaMu: OCHOBHOM U BHELIHEW MaMAThIO, BUIECO-
CUCTEMaMHU U Jp.

Ceiluac cymecTBYIOT JBa OCHOBHBIX CTaHIApTa YHUBEPCAIBHBIX JIO-
kanbHbIX KH: VLB u PCI.

[unra VLB (VESA Local Bus — nokanpHas mmHa VESA) — pa3pabota-
Ha B 1992 r. Accoumanueid crangaptoB BujaeoobopynoBanus (VESA —
Video Electronics Standards Association), mO3TOMYy 4YacTO €€ Ha3bIBAIOT
mmHo VESA.

[ITuna VLB, 1o cyuiectBy, ABIsETCS paClUMPEHUEM BHYTPEHHEN [IWHBI
MIIT gnst cBsizu ¢ BUACOQAANTEPOM U PEXKe C BHHYECTEPOM, IUIaTaMu
Multimedia, ceTeBbIM amanTepoM. Pa3psigHOCTh MIMHBI — 32 OWTa, HA MOJI-
xoze 64-pa3psIHblid BapuaHT MIMHBIL. PeanibHas CKOpPOCTh Mepeayu TaHHbIX
no VLB — 80 M6/c (Teopernuecku goctmxumas — 132 Mo6/c).

HenocraTku muHeL:

e paccuntana Ha padoty ¢ MII 80386, 80486, moka He aganTUpoBaHa
st iporieccopoB Pentium, Pentium Pro, Power PC;

® JKECTKas 3aBUCHMOCTH OT TakTOBOM "yacToThl MII (kaxknas mmHa VLB
paccuuTaHa TOJIbKO Ha KOHKPETHYIO YacTOTY);

® Majoe KOJIMYECTBO IMOJKIOYAEMbIX YCTPOUCTB — K MHe VLB mMoryt
MOAKJIFOYATHCS TOJIBKO YETHIPE YCTPOMCTBA;

® OTCYTCTBYET apOUTPaX IIMHBI — MOTYT OBITh KOHQIUKTHI MEXKITY
MOAKIIFOYaEMbIMHU yCTPONUCTBAMU.
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[una PCI (Peripheral Component Interconnect — coearHeHHEe BHEIII-
HUX YCTPOWCTB) — pa3padoTana B 1993 r. pupmoii Intel.

[una PCI sBnsiercs HamHOTO 60JI€e yHUBEpCcabHOH, yeM VLB, numeer
CBOU amanTtep, MO3BOJISIIOIININ €il HacTpauBaThcs Ha paboty ¢ odsM MIT:
80486, Pentium, Pentium Pro, Celeron, Pentium 2 — Pentium 4, Power PC n
ap. Ilo3zBonser nonkimouars 10 ycTpolCTB caMOM pa3HON KOHPUTypaluu C
BO3MOXHOCTbIO aBTOKOH(UTYpUPOBaHUs, UMEET CBOW "apOuTpax'", cpeact-
Ba yNpaBJICHUs Nepeavyeil TaHHbIX.

Paspsinnocts PCI — 32 6uta ¢ BO3MOXXHOCTBIO paciivpenus A0 64 Our,
TeopeTHuYecKas MporyckHas cnocooHocts 132 M6/c, a B 64-0utoBOM Bapu-
aHnTe — 263 MO/c (peasibHast BIBOE HIKE).

[una PCI xoTs u siBNseTCS JIOKAJTbHOM, BBITIOJIHAET U MHOTHUE (PYHK-
MY [IWHBI PACIIMPEHHUs, B YaCTHOCTH, MHBI pacmmpeHus ISA, EISA,
MCA (a oHa coBMecTMMa ¢ HUMH) Npu Hamnunu muHbel PCI noakmtoyaroTcs
He HernocpencTBeHHO K MIT (kak 3To MMeeT MecTo IpH UCIOJIb30BaHUU IIH-
el VLB), a k camoii mmuae PCI (yepe3 uaTepdeiic pacmmpenus).

Bapuantel koHpurypanuu cuctem ¢ mmHamu VLB u PCI nokazansl,
COOTBETCTBEHHO, Ha pUC. 4 u 5. Cneayer UMETh B BUALY, YTO UCIIOIb30BAHUE
B [IK mua VLB u PCI BO3MOXHO TOJIBKO MPU HATUYUKU COOTBETCTBYIOIICH
VLB- unu PCI-MaTepuHCKOMN IJIATHI.

l on Opyrue yctponcrea
6 Wunha VLB )
ApanTtep WnHbI Apantep BugeomoHuTop
6 Lnna ISA/EISA )
ApanTtep gucka ApanTtep ceTu [pyrue yctponctea
HXMIO

Puc. 4. Kongueypayus cucmemor ¢ wunot VLB
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M1 on

Hpyrue yctpounctsea

6 Inna VLB )
ApanTtep WKWHbI ApanTtep BuoeomoHuTOp
. Iinna ISA/EISA )

ApanTtep gucka

ApanTtep cetu

Hpyrne yctponcrea

H>XXMI

Puc. 5. Kongueypayus cucmemsot ¢ wunoti PCI

Tabaura 2

OcHogHble xXapakmepucnuku wur

[TapameTp ISA |[EISA IMCA |[VLB [PCI
Pa3psgHOCTh IIMHBI, OUT 16 |32 32:64 |32;64 |32; 64
JlaHHBIX 24 |32 32 32 32
Anpeca

Pabouas gactora, MI'11 8 8—33 1020 jmo 33 |mo 33
[Iponycknast cnocoobHoCTh, M0O/C 4 33 76 132 [132;264
TEOPETUUECKAS 2 8 20 80 50;100
MpaKkTUIecKas

Uucno noakiIroyaeMbIX YCTPOUCTB, IT. |6 15 15 4 10

3.5.3. ®yHKUMOHanbHbIEe Xxapaktepuctunkn MK

OcHoBHabIMM XapakTepuctukamu 1K sBisrores:
1. beicTpoaeicTBHE, TPOU3BOAUTEIBHOCTD, TAKTOBAS 4YacCTOTA.
Ennnnnamu uzMepeHust ObICTpOIEHCTBUS CIIyXKart:
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o MMUIIC (MIPS — Mega Instruction Per Second) — munnnon oneparuii
HaJ YriciIaMu ¢ GUKCHPOBAHHOM 3araToi (TOYKOM);

o M®JIOIIC (MFLOPS — Mega FLoating Operations Per Second) —
MUJITMOH OTIepalvil HaJl YMCIIaMU C TUTaBAIOIICH 3arsiToi (TOYKOM);

e KOIIC (KOPS — Kilo Operations Per Second) 1151 HU3KOIpOU3BOI1-
TenbHbIX OBM — ThICSIYa HEKUX YCPENHEHHBIX ONEpaldil HaJl YNCIIaMH;

o ['®JIOIIC (GFLOPS — Giga FLoating Operations Per Second) —
MUJUIHAP ONlepaldii B CEKyHAY HaJl YMCJIaMU C IUIABAIOIIEH 3anmaToi (Tou-
KOM).

Ouenka npousBoautenbHocTd OBM Bceraa mnpubiau3uTenbHas, MO0
IIpU 3TOM OPUEHTUPYIOTCSI HA HEKOTOPbIE YCPEAHEHHBIE WM, HA000pOT, Ha
KOHKPETHBIE BUJIbI Olepainii. PealbHO npu perieHur pa3iudHbIX 3a7ad 1c-
NOJIB3YIOTCSl U pa3iMuHble Ha0Opbl onepaiuil. [loaToMy 17151 XapakTepuCcTH-
ku [TK BMecTO mpou3BOIUTENHHOCTH OOBIYHO YKa3bIBAIOT TAKTOBYIO YaCTO-
Ty, 00JIee OOBEKTUBHO OIPEACIIAIONIYI0 OBICTPOICHCTBHE MAITUHBI, TaK KaK
KaXKJ1asi orniepaiusi Tpe0yeT JUIsl CBOETO BBIMIOJIHEHUS BIIOJIHE ONPECICHHOTO
KOJIMYECTBA TAaKTOB. 3HAas TAaKTOBYIO YacTOTY, MOKHO JOCTaTOYHO TOYHO
OMPENIeNIUTh BPEMS BBIIIOTHEHHUS JIFOOOM MAIIMHHOM Onepaluu.

2. Pa3psimHOCTD MaIMHBI ¥ KOJIOBBIX IIWH WHTEpderica.

Pa3psimHOCTh — 3TO MakCMMaJabHOE KOJHWYECTBO Pa3psiioB ABOMYHOTO
qucia, HajJ KOTOPbIM OJTHOBPEMEHHO MOKET BBIMOJIHITHCS MAalllMHHAS OTle-
palysi, B TOM YMCJIe U Olepalus nepeaadyu nHpopmamuu; yem 0oJiblie pas-
PSAIHOCTB, T€M, MPU MPOYUX PABHBIX YCIOBHUAX, OyAeT OOJbIIE U MPOU3BO-
muteabHOoCTh 1K,

3. Tunsl CUCTEMHOTO U JIOKAJIbHBIX HHTEP(EHCOB.

Pa3nbie Tumbl nHTEpdEiicoB 0OecneynBaloT pa3Hble CKOPOCTH IMepea-
9y UHPOPMALIUUA MEXAY y37aMH MAIllUHbI, MO3BOJIAIOT MOJKIIOYATh Pa3HOE
KOJIMYECTBO BHEIIHUX YCTPOMCTB M Pa3IMYHbIE UX BUIBI.

4. EMKOCTb OnepaTUBHOM MaMSITH.

EMKOCTh omnepaTuBHON MaMsITH U3MEPSIETCS Yalle BCEro B MeradanTax
(MO), pexxe B kunobaittax (k0). Hanomunaem: 1 M6 = 1024 k6 = 1048576
OairT.

MHorue coBpeMEHHbIE MPUKIIAIHbIE MPOrpaMMbl IMPU ONEPATUBHOUN
naMsITH €MKOCTbIO MeHbIlle 8 MO mpocTo He padoTaroT 11b0 paboTarT, HO
OYEHb MEJJIEHHO.

Crnenyer UMETh B BUIY, YTO YBEIMUYEHUE EMKOCTH OCHOBHOW MaMSITH B
2 pasza, MOMHUMO BCETO MPOYETO, AaeT MOBbIICHUE Y (HEKTUBHON TTPOU3BO-
mutenbHocTi DBM npu penieHnn ciokHbIX 3a7a4 npuMepHo B 1,7 pasa.

5. EMKOCTh HaKOMUTENS HA AKECTKUX MAarHUTHBIX JIUCKaX (BUHYECTED).

EmMkocTh BuHYECTEpa M3MepsieTcs OOBIYHO B MeradaiTax win ruradai-
tax (1 I'6 = 1024 MO).
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6. Tun 1 eMKOCTh HAaKOMUTENEeH Ha TMOKUX MAarHUTHBIX JIHCKaX.

Celiuac MpUMEHSIOTCS B OCHOBHOM HAaKOMUTEIN Ha THOKUX MarHUTHBIX
JMCKaX, UCIIOJIB3YIOIIHNE JUCKETHI JuameTpom 3,5 u 5,25 mroiima (1 mrorim =
25,4 mwm). IlepBbie MMEIOT CTaHIApPTHYIO €eMKOCTh 1,44 MO, BTOpBIE —
1,2 M6.

7. Bunsl u emkocts KOIII-mamsitu.

KOIlI-namsats — 310 Oy(epHas, He TOCTyIHas AJi T0JIb30BaTeNs ObICT-
POJICUCTBYIOIIAS TAMSTh, aBTOMAaTUUECKHU HUCIIOIb3yeMasi KOMIIBIOTEPOM JIJIst
YCKOpEHHUs omepanuii ¢ uHdopmaiumen, xpaHsienics B 0ojee MeIJIEHHO
JNEHUCTBYIONIUX 3allOMUHAIONIUX ycTpoicTBax. Hampumep, s ycKopeHUs
ornepanui ¢ OCHOBHOM NaMsAThIO opranusyercs peructponas KOUI-namsTe
BHYTpH Mukponpoueccopa (KOII-namsaTe mepBoro ypoBHs) UM BHE MUK-
ponporueccopa Ha MarepuHckoi mate (KOII-nmamsaTe BTOpOro ypoBHs); s
YCKOpPEHHS omnepaluii ¢ AMCKOBOM nmaMsThio opranuzyerca KOII-mamsaTe Ha
AYEUKAX JJIEKTPOHHOU MaMSTH.

Cnenyer umets B Buay, uro Hanmuue KOIlI-mamsatu emkxocTsio 256 kO
yBeauuMBaeT npousBoautenbHocTs 1K npumepno Ha 20 %.

8. Tum BujeoMoHUTOpA (UCILIES ) U BUJICOA IaITepa.

9. Tun npunTEpA.

10. Hannuue MaTeMaTU4YECKOTO COMpolieccopa.

MaremaTu4ecknii compoueccop MO3BOJSET B JIECATKH pa3 YCKOPHUTh
BBIITOJTHEHUE OTEPALNil Ha/l ABOMYHBIMU YHCIIAMH C TUIABAIONICH 3aMATON U
HaJl ABOMYHO-KOJAUPOBAHHBIMU JECATUYHBIMH YHNCIIAMH.

11. Wmeromeecs mporpaMMHOe oOecTieueHHUE W BHJI OIEPaAIlMOHHOMN
CUCTEMBL.

12. AnmapatHasi ¥ MporpaMMHas COBMECTUMOCTh C APYTUMHU THUIIAMHU
OBM.

AnmnapaTHasi U IporpaMMHasi COBMECTUMOCTh € IpyruMu Tuniamu OBM
03HayaeT BO3MOXKHOCTh MCIIOJB30BaHUS Ha KOMIIbIOTEPE, COOTBETCTBEHHO,
TEX K€ TEXHUUYECKUX AJIEMEHTOB M MPOTPAMMHOTO OOECIEUEHHUsI, YTO U Ha
JOPYTUX TUIAX MaIIWH.

13. BO3MOXHOCTb pabOThl B BHIYMCIUTEIHLHON CETH.

14. BO3MOXHOCTH pabOThl B MHOT033/Ia4HOM PEKUME.

MHoro3ajayHblii peKUM MO3BOJISIET BBINOJIHITh BBIYMCICHUS OJIHO-
BPEMEHHO 10 HECKOJIbKUM IMporpaMmaM (MHOTONPOTPAMMHBIN PEKUM) WU
JUIS. HECKOJIBKMX TI10JIb30BaTesiel (MHOIrOMOIb30BaTeNbCckuil pexuMm). Co-
BMEIIICHUE BO BPEMEHHU pabOThI HECKOJBKUX YCTPOWUCTB MAIIUHBI, BO3MOXK-
HOE B TaKOM PEXHME, MO3BOJIACT 3HAYUTEIHHO YBEIUYUTH A(PEKTUBHOE
owicTponeiicTue OBM.

15. HagexHOCTE.
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HanexHocTh — 3TO COCOOHOCTH CUCTEMBI BBINMOIHATH MOJHOCTHIO U
npaBWIbHO Bce 3amaHHblie ed ¢yHkuuu. Hanexxnocts ITIK wusmepsiercs
O0OBIYHO CPETHUM BpeMeHEM HapaOOTKU Ha OTKa3.

16. CtoumocTsb.

17. T'abapuTsl 1 Macca.

3.6. Cucrema KomaHg MUKponpoLleccopa

Pemenue 3amau Ha O9BM peanusyercst nporpaMMHBIM CIIOCOOOM, T. €.
IIyTEM BBINOJHEHHS MOCIEA0BATEILHO BO BPEMEHU OTAEIBHBIX ONeparui
HaJ HHPOPMAIIUEH, TPEAYCMOTPEHHBIX AJITOPUTMOM PEIICHHUS 3aa4H.

AJITOPUTM — 3TO TOYHO ONpPE/CIICHHAsl MOCIIEI0BATEIIBHOCTh JEHUCT-
BUIA, KOTOPhIE HEOOXOIUMO BBITIOTHUTH HAJl UICXOAHOW MH(]OpMaIuei, 9ro-
OBbI OJIyYUTh PELICHUE 3aJaUH.

ANTOpUTM pEIICHUS 3a7a4M, 3aJlaHHbIi B BHUJE MOCJIEA0BATEILHOCTH
KOMaH/I Ha S3bIKE BBIUUCIUTEILHOW MalIuHbI (B KOJAaX MAalllMHBI), Ha3bIBa-
eTCA MawuHHou npoepammou [2, 6].

[IpoexkTrpoBaHUE CUCTEMBI KOMaHJ OKa3bIBAE€T BIUSHHUE HA CTPYKTYpPY
OBM. OnTuManbHyl0 CUCTEMY KOMaH] MHOTJA ONPEACISIIOT KaK COBOKYII-
HOCTb KOMAaHJI, KOTOpas YJOBJIETBOpPSAET TpeOOBaHUAM IMPOOJIEMHO-
OpPUEHTUPOBAHHBIX MPUMEHEHUH TaKUM 00pa3oM, 4TO M30BITOYHOCTh allla-
paTHBIX WM aNnmnapaTHO-MPOrPAMMHBIX CPEJCTB HAa peaju3alui0 PeIKO HC-
MOJIb3YEMbIX KOMAaHJ OKa3bIBAE€TCS MUHUMAJIBHOW. B paznuuHbIX mporpam-
Max OBM wyacToTa mosiBIEHUS] KOMaH]l pa3iinyHa; HAMPUMEP, MO JAHHBIM
¢upmel DEC B iporpammax 1yist 9BM cemelictea PDP-11 nanbonee yacto
BCcTpeuaeTcss komanja nepenaun MOV(B), Ha ee 1010 NPUXOAUTCS TPHU-
onu3utenbHo 32 % BceX KOMaHJ B TUIHUYHBIX Iporpammax. CucreMy Ko-
MaHJ| cJielyeT BBIOMpPATh TAKUM 00pa3oM, 4TOObI 3aTpaThl HA PEJIKO UCTIONb-
3yeMble KOMaH bl ObLTH MUHUMAJIbHBIMHU.

[Ipu HaNMUUK CTATUCTUYECKUX JAHHBIX MOXHO pa3paldoTaTh (BHIOpaTh)
OBM c ¢ dexTuBHOM crucTemMoit komaHa. OaHUM U3 MOJIX0JI0B K JIOCTHIKE-
HUIO JAHHOW IIeJIU SIBISIETCS pa3pabOTKa KOMaH[ JUIMHOW B OJHO CJIOBO U
KOJJMPOBAHHUE WX TaKUM 00pa3oM, YTOOBI pa3psibl TAKUX KOPOTKUX KOMAaH]
MCIIOJIB30BaTh ONTUMAJIbHO, YTO IMO3BOJIUT COKPATUTh BpPEMs peaau3aluu
MPOrpaMMBbl U €€ JIJTUHY.

JpyruM moaxoA0M K ONTHUMHU3AIMUA CHUCTEMbl KOMaH/]l SIBJISIETCS HC-
MOJIb30BaHUE MHUKPOMHCTPYKIMM. B 3TOM ciiydae oTaeiabHble OWUTHI WU
IPYIIbl OUT KOMaHJIbl UCIOJIB3YIOTCS IS KOJAUPOBAHUS HECKOJBKUX DJIe-
MEHTApHBIX OMepaIuii, KOTOPbIC BHITOJHIIOTCS B OJHOM KOMaH/JHOM ITUKJIC.
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OTH 3JIeMEHTapHbIE onepaluy He TpeOyroT oOpalieHus: K mamsiTi, a Mmoclie-
JIOBaTEIbHOCTh UX PEAIU3alMU ONPEAEIIIeTCs anlapaTHON JOTUKOM.

CokpallieHue BpPEMEHM BBINOJHEHUS MPOrpaMM U €MKOCTH MaMsTH
JIOCTUTAETCS 3@ CUET YBEJIMUECHUS CIOKHOCTH JIOTUKU YIIPABJICHHUSI.

BaxHoil xapakTepucTUkodl KoMaHIbl SIBIsETCS €€ opmar, ompene-
JSIOMIUN CTPYKTYPHBIE JIEMEHTBHl KOMAHJbI, KaXblii U3 KOTOPBIX HHTEP-
MIPETUPYETCSl ONpe/IeIEHHBIM 00pa3oM Mpu ee BhIMoNHeHUuU. Cpeau Takux
AJIEMEHTOB (T0JIeH) KOMaH bl BBIJICIISIOT CIEIYIONINE: KOO onepayuu, onpe-
JEJSIFOUIUI BBITOTHSEMOE IEUCTBUE; adpec STUEHKU MaMATH, PETUCTpa mpo-
1[eccopa, BHEITHETO0 YCTPONCTBA; PEKUM aJIpecalliu; onepaH MPU UCTOJb-
30BaHUU HEMOCPEACTBEHHOW aJpecaluy; KOJ aHAIM3UPYEMbIX MPHU3HAKOB
JUIs1 KOMaH/]1 YCJIOBHOTO Tiepexoa [2, 6].

Knaccudukaiuys kKoMaHI 10 OCHOBHBIM TpHU3HAKaM IpejCTaBieHa Ha
puc. 6.

KomaHgbl
Mo dyHKUMOoHanNb- Mo uucny Mo cnocoby Mo gnuHe Mo cnocoby
HOMY Ha3Ha4eHuto agpecoB KoaAnpoBaHUA KoOMaHAbl agpecauun
KoMaHg
|| Nepepava | | BesappecHble C dukeu- || AnuHot B oaHo
OaHHbIX (HynbagpecHble) | | | POBaHHbIM crnoso (6anT)
nonem
KOorn
| | O6paboTka || OnHoanpechbie || Anuxon B ABA
OaHHbIX crnoea (banta)
C pacwn-
PAOLLUM
O nonem n -
|| Mepepaua || KOnM || AnvHon B Tpu
ynpaBneHus fisyxanpecheie cnosa (bawnTta)
|| HononHu-
TeNnbHblE

Puc. 6. Knaccugpuxayus komano

BaxxHelInM CTpYKTYpPHBIM 3JIEMEHTOM (popMarta 000 KOMaH/bI SIB-
nsietest koo onepayuu (KOII), onpexnensitoieid necTBUe, KOTOPOE JOHKHO
ObITh BbITIONTHEHO. bonbioe uncno KOII B mporieccope odeHb Ba)KHO, Tak
KaK anmnaparHas peajlu3alus KOMaHJ SKOHOMUT mamsaTh U Bpems. Ho mpu
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BbIOOpe DBM HE00X0aUMO KOHIEHTPUPOBATH BHUMAHHUE HA TMOJHOTE OIle-
pauuii ¢ KOHKPETHBIMU THUIIAMU JAaHHBIX, & HE TOJbKO Ha YUCJIE KOMaHJ, Ha
JOCTYIIHBIX pexkumax ajapecaruu. Yucno 6ut, orBogumoe noa KOII, sBis-
eTcsi GyHKIMEH MOJTHOT0 Habopa peann3yemMbix KoMaH/ |3, 6].

[Tpu ucnonp3oBanun GukcupoBanHoro yucia out nox KOIT mis koau-
poBaHusi Bcex komaHj HeoOxoaumo B noje KOII BeiienuT m ABOMYHBIX
pa3psanoB. OqHAKO, YUUTHIBAsI OIPAHUYECHHYIO JJIMHY CJIOBA MUHHM- U MHK-
poOBM, paznuuHoe (yHKIIMOHAIBHOE HAa3HAYCHUE KOMaHJ, UCTOYHUKU U
MPUEMHHKU PE3yJIbTATOB OMNEpallvii, a TakKe TO, YTO HE BCE KOMAHJbI CO-
JepKaT aApecHYIO YacTh JJIsl OOpallleHus K MaMsITH U nepudepuitHbIM yCT-
poiicTBam, B Masibix DBM 1151 KoJlupoBaHUS KOMaH I IIIMPOKO MCIOJIb3YETCS
OPUHIIMI KOAUPOBAHMS C TEepeMeHHBbIM uucioM OuT mon none KOII mns
Pa3JIMYHBIX TPYIIT KOMaH/I.

B HekoTOphIX KOMaHJaX HEOOXOIUM TOJILKO OJMH OIEpaHj] M OHU Ha-
3BIBAIOTCSI 0OHOONEpaHOHbiMy (MU OJTHOAJIPECHBIMU) KOMaHJIaMH B OTJIU-
9he OT 08YXOneparHOuvix (WA NBYXaJAPECHBIX), B KOTOPHIX TPEOYIOTCS 1Ba
onepanzaa. [Ipy HanM4uM IBYX ONEpaH]IOB KOMAaHAOW OOBIYHO HU3MEHSIETCS
TOJIKO OJAWH W3 HUX. Tak kKak uH(opmarusi OepeTcs TOJbKO W3 OJIHOU
SIYENKH, OTY SYCUKY HaA3bIBAIOTCS UCIOYHUKOM; YUK, COAEPKUMOE KOTO-
pOI UBMEHSETCSI, HA3BIBAECTCS NPUEMHUKOM.

3.6.1.CTpyKTYypa v BUObl KOMaHA

Komanna mammHHON mporpaMMbl (MHaYe, MallMHHAs KOMaH/Ia) — 9TO
DJIEMEHTAapHAas WHCTPYKITUSI MAIlIMHE, BHITIOJNHAEMAas €10 aBTOMAaTUYECKH 0e3
KaKHX-JT10O0 TOTIOTHUTEIbHBIX YKa3aHUHN U MOSICHEHHH.

MamuHHasi KOMaHJa COCTOUT M3 JABYX YacCTEW: ONMEpallMOHHOW W aj-
PECHOI.

Onepayuonnas 4acTb KOMaHJIbl — 3TO TpyIIa pa3psaoB B KOMaHJE,
npeaHa3HaYeHHas JJid MPEeACTaBICHUS KOAa Onepaluy MalluHbl.

AopecHas 4acTh KOMaHAbl — 3TO TPYyIINa pa3psA0oB B KOMaHE, B KOTO-
pOIi 3aIUCHIBAIOTCA KOJIBI ajipeca (aapecoB) sSUeeK MaMATH MAIWHBI, Pe-
HA3HAYEHHBIX JJIS ONEPATUBHOTO XpaHEHUs] MH(POPMAIIUK WM UHBIX 00BEK-
TOB, 3aJ€CTBOBAHHBIX MPHU BBINOJHEHUH KOMaHIbl. YacTo 3TH ajapeca Ha-
3BIBAIOTCS aIpECaMU ONIEPAHJIOB, T. €. YUCEJI, YYACTBYIOIIHUX B ONEPALIMH.

[lo xonMyecTBY aapecoB, 3allMCHIBAEMBIX B KOMaH/€, KOMAaH bl JIEJIAT-
csl Ha Oe3aApecHbIe, OJJHO-, IBYX- U TPEXaJPECHBIE.

Tumnosas CTpyKTypa TpexaapecHON KoMaH kbl [2, 3, 6]:

KOII al, a2, a3,
rjae al u a2 — agpeca siueek (PErucTpoB), II€ PaCcoIOKEeHbI, COOTBETCTBEH-
HO, [IEPBOE ¥ BTOPOE YHCIIA, YYACTBYIOILUE B ONEPALINH;
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a3 — agpec sUeiiku (perucTpa), Kyjaa cieayeT MoMeCTUTh YHUCIO, TOJTy-
YEHHOE B PE3YJIbTATE BBINOJHEHHS ONEPALNH.

TurnoBas cTpyKTypa ABYXaJIpEeCHON KOMAH/bI:

KOII al, a2,

rae al — 3To 00BIYHO ajpec suelku (perucTpa), TIe XPAaHUTCS TEPBOC U3
YuCeJ, YYacTBYIOIIMX B OMEpallMu, W KyJa MOCJie 3aBEpIICHUs Omepanuu
JIOJKEH OBITh 3alUCaH Pe3yabTaT ONepaluu;

a2 — oObIYHO ajpec siYeUKHu (perucrpa), rjie XpaHUTCs BTOPOE ydacT-
BYIOIIIEE B OTIEpAI[UU YHUCIIO.

Tumnosas cTpyKTypa OAHOAAPECHON KOMAaH/IbI:

KOIT al,

rae al B 3aBUCUMOCTH OT MOJAU(HUKAITUNA KOMaHIbl MOXKET 0003Ha4YaTh JIMOO
azpec sUeiiku (perucTtpa), TIe XPaHUTCS OJIHO U3 YMCENl, YYACTBYIOIINX B
orepanuu, Tu00 aapec ssUeKu (peructpa ), Kyjaa clieyeT IOMECTUTh YUCIIO
pe3yJabTatT ONepalum.

be3aapecnas koMaHma CONEPKUT TOJBKO KOJ oreparuu, a uHpopma-
1Ys 11 Hee JI0JKHA OBITh 3apaHee MOMeEIleHa B ONpPEAeTICHHbIE PErUCTPhI
MalvHbl (6e3aipecHble KOMaHIbl MOTYT HCIIOJIb30BaThCS TOJBKO COBMECT-
HO C KOMaHJIaMH JIpYTOoi aIpeCHOCTH).

[Tpumep. IlocTynuiia mpeacTaBieHHass Ha SI3bIKE CUMBOJIUYECKOTO KO-
TUPOBAHUS KOMaH/A!

CJI0103, 5102.

Takyro komMaHay cieayeT pacmu@poBaTh Tak: "CIOXHUTH YHUCIIO, 3aIHU-
canHoe B sueiike 0103 mamsiTu, ¢ 4MCIIOM, 3alIMCaHHBIM B s4eiike 5102, a
3aTeM pe3yibTaT (T. €. CyMMY) MOMeCTUTh B stueiky 0103".

3.6.2.0cobeHHOCTN NporpamMMHOro 1 MMKpOMNporpaMmmMHoro ynpasrne-
HWSA

B Mukpormpoleccopax MCIONB3YIOT IBa METOAA BHIPAOOTKH COBOKYII-
HOCTH ()YHKITMOHAIBHBIX YIPABISIONIMX CUTHAJIOB: MPOTPAMMHBIN M MHK-
pornporpamMMHsbIi [2, 3, 6].

Brinonnenue onepaiuii B MalliiHE CBOJUTCS K AJIEMEHTapHBIM TIPeo0-
pazoBaHusM uHpopManuu (mepenada uHGoOpMaIKU MEXAY y3J1amMH B OJ0-
Kax, CABUT WHGPOPMAIMKM B y3/1aX, JOTHYECKHE TMOPA3PsAHBIC OTEpaIlHH,
MpOBEpKa YCIOBUHM U T. JI.) B JOTHYECKUX DIJIEMEHTAX, y3/axX U OJIOKaX MOJ
BO3/IeCTBUEM (DYHKIIMOHAJIBHBIX YIIPABJISIONIUX CUTHAJIOB OJOKOB (yCT-
pOICTB) yIpaBiieHHs. DjIeMEHTapHbIe TpeoOpa3oBaHusi, HEPA3IOKUMBIE Ha
0oJiee MPOCThIC, BBHIMOJHAIOTCA B TEUEHHE OJTHOIO TaKTa CUTHAJIOB CUHXPO-
HU3ALIMU ¥ HA3bIBAKOTCSI MUKPOOTIEPALIUSIMH.
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B anmapatHbiX (CXE€MHBIX) YCTPOWCTBAX YIpaBJICHHUS KaXKJI0M orepa-
UM COOTBETCTBYET CBOW HAaOOp JIOTMYECKHUX CXEM, BhIpAaOATHIBAIOLIUX OIl-
peneseHHble PYyHKIIMOHAIBHBIC CUTHAIBI JUISI BHITTOJIHEHHUS] MUKPOOTIEPALIHiA
B OINpe/ielieHHbIe MOMEHTHI BpeMeHH. [Ipu 3ToM crocobe mocTpoeHus ycT-
poiicTBa yHpaBIICHHs peain3alisl MUKPOOIEPALMIA JOCTUTAETCS 34 CUET O~
HaXbl COCAUHEHHBIX MEXKIY CO000#l Joruueckux cxem, mosromy OBM c
arrmapaTHbIM YCTPOWCTBOM yIpaBlIeHUs Ha3biBaloT OBM ¢ xecTkoil joru-
KOM yInpaBlieHus. ITO MOHATHE OTHOCUTCA K (PUKCALMU CUCTEMBI KOMAH]I B
CTpYKType cBsizei DBM 1 03Ha4aeT MpakTUYECKYI0 HEBO3MOKHOCTh KaKUX-
JIM00 U3MEHEHUH B cucTeMe KoManx DBM mociie ee U3roroBiieHus.

[Ipu MukponporpaMMHON peanu3alyyd yCTPOWCTBA YIIPABIIEHUS B CO-
CTaB MOCIEAHETO BBOAUTCA 3Y, KaXABIA pa3psii BBIXOAHOIO KOJa KOTOPOIo
OTpesieNIsieT MOSBICHHUE ONPEAEICHHOr0 (YyHKIIMOHAIBHOIO CUTHANA YIpaB-
nenus. 11oaToMy KaXxa0¥ MUKpPOOIIEpAlMU CTABUTCS B COOTBETCTBHUE CBOU
uHGOPMAIIMOHHBIN KO — MUKpOoKoMaHa. Habop MukpokoMaH u mocneno-
BaTEJIBHOCTh MX peau3aliy 00eCreUnBAIOT BBIIOJIHEHUE OO0 CII0XKHON
onepanuu. Habop Mukpoomnepanuii Ha3pIBalOT MUKporporpammamu. Cro-
co0 ymnpaBlieHHsI OmnepanusiMyd MYTEM IOCJIEI0BATEIbHOTO CUUTHIBAHUS U
MHTEpHpeTauud MUKpokomana u3 3V (Hambojee 4acTo B BHUJIE€ MUKPOIPO-
rpaMMHOTro 3Y HCHOJB3YIOT OBICTPOJAEHCTBYIOLIUE MPOrpaMMUPYEMBbIE JIO-
IMYECKUE MATPUIIbI), @ TAKXKE UCIOIb30BaHUS KOJOB MUKPOKOMAH/ IS Te-
Hepauu GyHKIMOHATBHBIX YIPABISIONUX CUTHAJIOB HAa3bIBAIOT MUKPOIIPO-
rpaMMHBIM, 2 MUKpOOBM ¢ TakuMm cmnocoboM yrpaBieHUsST — MHKPOIPO-
IrPaMMHBIMU UJTU C XPAaHUMOU (TMOKOM) JIOTHKOM yIIpaBIeHUS.

K wmukponporpammam NpeabsBisSioT TpeOoBaHUsS (YyHKIIMOHATHHOM
MOJIHOTHI 1 MUHUMAaIbHOCTH. [lepBoe TpeboBaHme HEOOXOAMMO Il 0Oec-
MEYEHUs] BO3MOXKHOCTH Pa3padOTKH MUKPONPOrpaMM JIFOOBIX MAaIIMHHBIX
oIepaluii, a BTOPOE CBS3AHO C KEIAaHUEM YMEHBIIUTh 00BEM HCIIONIb3YyEMO-
ro obopynoBanus. Yuetr (akropa OBICTPOIACHCTBUS BEIET K PACIIUPECHUIO
MUKpPOIIPOrpaMM, TMOCKOJIbKY YCIIO)KHEHHE MOCIEIHUX MO3BOJISIET COKpa-
TUTb BPEMS BBITIOJIHEHNS] KOMaH/I TPOTPaMMBL.

[IpeoOpa3zoBanue nHGOPMAIIUU BBIMOIHSAETCS B YHUBEPCAIBHOM apud-
METHUKO-JIOTHYECKOM OJioke MuKponporeccopa. OH 0OBIYHO CTPOUTCS Ha
OCHOBE KOMOMHAIIMOHHBIX JIOTUYECKUX CXEM.

JI71s1 yCKOpEHHUS BBIMOJHEHUS ONPEEIECHHBIX ONepaluii BBOASTCS J10-
MOJIHUTENBHO CHEUUANIbHbIE OMEPAllMOHHbBIE y3IIbl (HAapuUMep, y3€l [UKIIU-
yeckoro cipura). Kpome Toro, B cOCTaB MHUKPOIPOLIECCOPHOTO KOMILIEKTA
(MIIK) BUC BBOasTCS ClieHUaTM3UPOBAHHBIE ONEpPATUBHbBIE OJIOKH apup-
METHYECKUX PACIIMPUTEIICH.

OnepalmoHHbIE BO3MOKHOCTH MHUKPOIIPOLIECCOPAa MOKHO PaCUIUPHUTD
3a CUeT yBEJIMUYEHHUA YKciia peructpoB. Eciu B peructpoBom Oydepe 3akpe-
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1ieHue (PYHKIUN pEerucTpoB OTCYTCTBYET, TO MX MOXKHO MCIOJIb30BaTh Kak
JUISL XpaHEHUs! JaHHbIX, TaK U JUIs XpaHeHus aapecoB. [logoOHble peructpsl
MHUKpOITpoIieccopa Ha3bIBalOTCS peructpamu obmiero HazHadeHus (POH).
Ilo mepe pa3BuUTHS TEXHOJIOTMH PEaJbHO OCYLIECTBICHO W3rOTOBJIICHUE B
Mukpormnporueccope 16, 32 u 6oee perucTpos.

B nenom ke, mpuHUMII MHKponporpamMMmHoro ympasieHus (IIMYVY)
BKJIIOYAET CIEAYIOIINE TO3UIUU:

1) mobas oneparus, peainzyemMasi yCTPOMCTBOM, SIBISIETCS MOCTIE0Ba-
TEJIBHOCTBIO AJIEMEHTAPHBIX JAEHCTBUN — MUKPOOTIEPALINA;

2) nas ynpaBlieHUs MOPSIKOM CIEAOBAHHUS MHUKPOONEpPALUd HUCTOIb-
3YIOTCS JIOTUYECKHUE YCIOBUS;

3) mpotiecc BBIIOJHEHUS ONepaluii B yCTPOUCTBE ONMUCKIBAETCA B (HOp-
M€ aJIrOpPUTMA, IPEACTABIIIEMOTO B TEPMUHAX MHMKPOOIIEpAlMil U JOoruye-
CKHMX YCJIOBUU, HaA3bIBAEMOI'0 MUKPOIIPOTPaAMMOM;

4) MUKpomporpaMMa MCIHoJb3yeTcsl Kak (opMa mpeactaBieHus (yHK-
LIMA YCTPOMCTBA, HA OCHOBE KOTOPOU OIPENENSAIOTCS CTPYKTYpa U MOPSIOK
(GYHKIIMOHUPOBAHMS YCTPOICTBA BO BPEMEHH.

[IMVY o6GecneunBaeT ruOKOCTh MUKPONPOLECCOPHOM CHCTEMBI M IO-
3BOJISIET OCYIIECTBIISITH TPOOJIEMHYIO OPUCHTAITUIO MUKPO- 1 MUHHOBM.
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3.7. CTpyKTypa MUKponpoLeccopa

3.7.1.TvnoBaga CTpyKTypa MuUKpornpouleccopa

Tunosas ctpykrypa Mukpomnpoueccopa [1, 3, 7] npuBenena Ha puc. 7.
Mukponpoiieccop COCTOUT M3 TpPeX OCHOBHBIX OJIOKOB: apudmeTHko-
jgoruyeckoe yctpoilctBo (AJIY), 610Kk BHYTPEHHUX PETUCTPOB (MHUKPOIIPO-
[IECCOpHasl MaMATh) U YCTPOUCTBO ympasieHus. /s nmepenayn JaHHBIX Me-
KTy OTUMHU OJIOKaMU UCTIONB3YETCs] BHYTPEHHSISI IIMHA TaHHBIX.
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namsaTu

WwnHa CurHansbl AppecHas
AaHHbIX ynpaBneHus LInHa

Puc. 7. Tunosas cmpykxmypnas cxema Mukponpoyeccopa

Apu(pMETHKO-TOTUYECKOE YCTPOMCTBO BBIMOJHIET OAHY W3 TJIABHBIX
GbyHKUMNA MUKponpoueccopa — 00padoTKy naHHbIX [7]. [lepeuens pyHKUMN
AJIY 3aBucut oT Tumna Mukpomnpoieccopa. Hekoropsie AJIY criocoOHBI BbI-
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MOJIHATh MHOXECTBO PA3JIMYHBIX OMEpalnid, y Ipyrux HaOop omeparuii or-
pannueH. Oynkuuu AJIY onpenensitoT apXUTEKTypy MHUKpOIpoleccopa B
nenoM. Oneparuu, BoimosHsemMbie AJIY, G0JBITMHCTBA MUKPOTIIPOIIECCOPOB
ciaenywomue: cioxenue, Berautanune, M, MJINU, uckmouaromee MJIN, un-
BEPCHsI, CABUT BIIPABO, CABUT BJIEBO, IPUPALIEHUS MTOJIOKUTEIBHOE U OTPHU-
LIaTEJIbHOE.

BaxHas coctaBHas 4aCTb MUKpOIIpoLieccopa — peructpol. Kaxapii pe-
TUCTP MHUKPOITPOLIECCOPA MOYKHO HCIIOJIB30BaTh ISl BPEMEHHOTO XPaHEHUS
OJTHOTO CJIOBa JaHHBIX. HEKOTOpBIE PETUCTPBI UMEIOT CHEYUATIbHOE HA3HA-
yenue, npyrue — MHorouenesoe. [locieqnue Ha3pIBAIOTCA PETUCTPAMU 00-
wezo Haznavenuss (POH) n MOryT HMCHOIB30BATHCS MPOTPAMMHUCTOM TIO €0
ycMOoTpeHut0. Koan4ecTBo M Ha3Ha4YE€HHWE PETUCTPOB B MHUKPOIIPOLIECCOPE
3aBUCAT OT €r0 apXUTEKTYPHL.

PaccMoTprm HazHaueHME OCHOBHBIX PETUCTPOB, UMEIOIIUXCS ITOYTH BO
BCEX MHUKPOIPOLIECCOPAX.

AKKYMYJSITOPp — 3TO TJaBHBIA PETUCTP MHUKPOMIpPOIECCOpa MpH pas3-
JUYHBIX MAHUMYJISALIUSX C TaHHBIMU [7]. BONBIIMHCTBO apru(pMETHIECKUX U
JIOTUYECKUX ONEpalnid OCYIIECTBISAETCA IMyTeM ucnoib3oBanus AJIY u ak-
KyMyJsitopa. JIro0as u3 Takux onepauuidi HaJ AByMs CJIOBaMU JaHHBIX (ore-
paHAamMu) MpeanoJiaraeT pasMEUIeHUEe OJTHOIO M3 HUX B aKKyMYJISITOpE, a
ApYyroro B MaMsTH WM KaKOM-TMOO peructpe. Tak, Mpu CIOXKEHUU IBYX
CJIOB, Ha3bIBaEMBIX YCJIOBHO A M B M pacmoyIOKEHHBIX B aKKyMYJISITOPE U
MaMsITH COOTBETCTBEHHO, pe3ynbTupyronas cymma C 3arpykaercst B aKKy-
MYyJSTOp, 3aMerias ciioBo A. Pesynprar BeinonHeHus onepauu AJIY toxe
OOBIYHO pa3MeENIaeTCsi B aKKyMYJISITOPE, COJIEPKMMOE KOTOPOTO MPHU ITOM
TepseTcs.

Onepauueil npyroro Tuma, WCIOJIB3YIOUIEH AKKyMYJSITOp, SIBISAETCS
IIporpaMMMpyemMas nepenada JaHHbIX U3 OJHOW 4acTHU MHUKpOIIpoleccopa B
npyryro. Hampumep, mepecbiika JaHHBIX MEXTY MOPTOM BBOJA/BBIBOJA H
MaMATHIO, MEXAY IBYMs 00JaCTSIMU MaMATH U T. 1. BeimonHeHne onepamnum
«mIporpammupyeMas nepefadya JaHHbIX» OCYIIECTBISETCS B JBa dTana: CHa-
yaja BBINIOJHACTCS MEPEChUIKA JAaHHBIX M3 MCTOYHUKA B aKKyMYJISTOD, 3a-
TEM — U3 AKKyMYJISITOpa B IIYHKT HA3HAYEHUS.

Mukponpoueccop MOXKET BBIIOIHATh HEKOTOpPbIE NEWCTBUS HAJl JaH-
HBIMU HETIOCPEJICTBEHHO B akKymyJiatope. Hanpumep, akkymyJsaTop MOKHO
OYHCTUTH IyTEM 3aIKMCHU JBOUYHBIX HYJIEH BO BCE €r0 pa3psiibl, YyCTAHOBUTh
B €JMHUYHOE COCTOSHUE MMYTEM 3aIlMCU BO BCE €0 pa3psbl JBOUYHBIX €IU-
Hull. CoJlepKUMOE aKKyMYJISITOpa MOXHO CIBUTaTh BJIEBO WJIM BIPaBO, MO-
Jy4aTh €r0 UHBEPTUPOBAHHOE 3HAYEHHE, & TAKXKE BBIIIOJHATH IPYTUE OIle-
paruu. AKKyMyJIsITOp SIBJISIETCST HamOoliee YHUBEPCATbHBIM PETUCTPOM
MUKpOIIpoLieccopa: Ajsl BBIOJHEHUS JI000H onepanuu Haj JaHHBIMU Ipe-

49



7€ BCEro HEOOXOMMO TTIOMECTUTh UX B aKKyMYJIsiTOp. [JJaHHbIe mocTynaroT
B HErO C BHYTPEHHEHU WIMHBI JAHHBIX MUKpOIpoueccopa. B cBow ouepens,
AKKYMYJISITOP MOKET IIOChUIaTh JaHHBIE HA ATy LIUHY.

KosmmuecTtBO pa3spsaoB akKyMyJsITOpa COOTBETCTBYET JJIMHE CJIOBA
MHKPOIIPOLECCOPA, OAHAKO HEKOTOPBIE MUKPOITPOLIECCOPHI UMEIOT AKKYyMY-
JATOPBI IBOMHOW JJIMHBL. B OMOTHUTENBHBIE pa3psaabl aKKyMYJISITOpa 3a-
MUCHIBAIOTCA MPU 3TOM OUTBI, MOSBJISIONIUECS MIPU BBHIMOIHEHUH HEKOTOPHIX
apudmMeTiecKkux omneparui. Hampumep, npy yMHOKEHHUH JIBYX 8-OUTOBBIX
cioB pe3yibTar (16-0uToBOE YKCIIO) pa3MelaeTcsl B aKKyMyJIsITOpPE JIBOM-
HOM JUUTUHBI.

CueT4YuK KOMAaHJ — 3TO OJUH U3 Haubojee BAXKHBIX PETUCTPOB MHUK-
ponpoueccopa [7]. Kak u3zBecTHO, npocpamma — 3TO MOCIAEAOBATEILHOCTD
KOMaH/| (MHCTPYKIIMIA), XpaHUMBIX B MaMsITH MUKpoOBM u npennasnaven-
HBIX ISl TOTO, YTOOBI MHCTPYKTUPOBATh MAlIMHY, KaK peuiaTh MOCTaBJICH-
HYIO 3a7a4y. /I KOPPEKTHOTO €€ BBINOJHEHUS] KOMaH/bl JOJDKHBI TIOCTY-
naTh B CTPOTO OMpeaeneHHOM mopsyke. CueTuynk KoMmaHz oOecreunBaeT
dbopMupoBaHUe agpeca OYepeTHOM KOMaH/IbI, 3aIIMCAHHOM B TIAMSTH.

Korna mukponpoiieccop HaumHaeT paboTaTh, TO MO KOMaHJE Haydallb-
HOM YCTAHOBKHM B CUETUMK KOMaHJ 3arpy»KaroTcsi JaHHbIC U3 00JacTH mamsi-
TH, 33JJaHHOM NPOEKTUPOBUIMKOM MHKporpoueccopa. Korma mporpamma
HAYMHAET BBIMOJHATHCS, MEPBBIM 3HAUYCHUEM COJCPKMMOI0 CUETUMKA KO-
MaH/I SIBJISIETCS ATOT, 3apaHee ONPEAECICHHBIN aapec.

B oTnnune oT akKymyJsITOpa CYETYMK KOMAHJ HE MOXKET BBINOJHATH
orepanuu pa3nuyHoro tuna. Habop komaHja, ero MCMoIb3yIONIUX, KpaiHe
OTpaHUYEH 10 CPABHEHUIO C MOJAOOHBIM HAOOPOM ISl aKKYMYJISITOpA.

[lepen BbIMOMHEHHWEM MPOTPAMMbl CUETYHMK KOMAaHJ HEOOXOAMMO 3a-
IPY3UTh apPECOM, YKa3bIBAIOIIMM Ha MEPBYIO KOMaHy MPOrpaMmbl. Anpec
MEPBOM KOMAaHJbl MPOrpaMMBbI MOCBHUIAETCS MO AAPECHOM IIUHE K CXEMaM
YIIPABJICHUA MAMATBIO, B PE3YJIbTATE YETO CUUTHIBAETCS €€ COAEPKUMOE IO
yKazaHHOMY azpecy. Jlanee 3Ta KOMaHJa NEPEAACTCA B CIEUMAIBHBIN pe-
TUCTP MUKPOIIpOLIECCOpa, Ha3bIBAEMBbIN pecucmpom komauo [7].

[Tocne m3BIEUEHUS KOMAaHbl U3 MaMSTH MHUKPOIPOILIECCOP aBTOMATH-
YECKHU JIA€T MPUPAIICHUE COACPKUMOMY CUETUMKA KOMaHJ. DTO IpHUpalle-
HUE CUETYMK KOMaHJ I0JIy4yaeT B TOT MOMEHT, KOT/1a MUKPOIIPOLIECCOP Ha-
YUHAET BBINOJIHATH KOMAH/y, TOJIBKO YTO U3BJICUEHHYIO U3 naMmsaTu. Cieno-
BATEJBHO, C ’TOI0O MOMEHTA CUETYUK KOMAaHJ COJIEPKUT aJpecC CIEAYIOLIEH
KOMAaH/IbI.

CdeTunK KOMaHJ MOKHO 3arpy3uTbh WHBIM COJIEPKUMBIM IIPU BBIMOJI-
HEHUU 0CO0O0W TpymIbl KOMaHA. MOXEeT BOSHUKHYTh HEOOXOJIUMOCThH BHI-
MOJHUTh YaCTh MPOTPAMMBbI, KOTOpas «BBINAJACT» U3 IMOCIEI0BATEIbHOCTH
KOMaH/I OCHOBHOU (TJIaBHO#) mporpamMmbl. Hampumep, Takyr 4yacTb MHpo-

50



IpaMMBbl, KOTOpasi IIOBTOPSETCS B IPOLIECCE BBIIOJIHEHUS BCEH IIPOrPAMMBI.
Bmecto Toro ytoObl mucaTh 3Ty 4acTh IMPOrpaMMbl KaKIbld pa3, Korjaa B
Hell BO3HUKAeT He0OXOJUMOCTb, €€ 3alUChIBAIOT OJIMH pa3 U BO3BPALIAIOTCS
K €€ [IOBTOPHOMY BBINOJHEHUIO, OTCTYIAsl OT YKa3aHHOM ITOCJIEI0BATEIbHO-
cti. YacTh mporpaMmsl, BBITOJIHSIEMAs: IyTEM OTCTYIUIEHHS OT IOCJEI0Ba-
TEJIBHOCTH KOMaHJ TJaBHOW INPOTrPaMMBbl, HA3bIBAE€TCS MOANPOrpaMmon. B
JAHHOM CJIy4ae B CUETYMK KOMAaH]l HEMOCPEJCTBEHHO 3aIllMCHIBAETCS Tpe-
OyeMmplii azipec.

Yacto c4eTynK KOMaHJl UMEET HaMHOTO OOJIbIlIE pa3psiioB, YEM JIIMHA
CJIOBa JJAHHBIX MUKporpoleccopa. Tak, B OOJbIINHCTBE 8-pa3psIHbIX MUK-
pOIPOLIECCOPOB YUCIIO PA3PSAAOB CUETUYMKA KOMAH/ paBHO 16.

Perncrp KoMaHA COAEPKUT KOMaHAy B IIpoLecce ee AeuppoBaHus U
BBINIOJIHEHUS. BXOAHBIE JaHHBIE NTOCTYNAKOT B PETUCTP U3 NAMATH IO Mepe
1OCJIe10BaTENbHON BBIOOPKH KOMaH[. OOBIYHO CYILECTBYET BO3MOXKHOCTh
3aMyCcy JaHHBIX B PETUCTP KOMaH/ MPU MOMOIIM Habopa nepekitoyaTeseil u
KHOIOK Ha myJibTe ynpasineHuss OBM. Kak npaBuio, 3Toil BO3MOKHOCTBIO
MOJIB3YIOTCS JJIA NIepeady yIpaBiIeHUs B HAYaJIO IPOIPAMMBL.

Peructp agpeca mamsTH Npu KaxaoM OOpallleHUH K MaMATH MUKPO-
OBM yka3biBaeT agpec 00JacTH MaMSTH, MOJJIeKAIICH HCIIOIb30BAHUIO
MUKpoOIpoleccopoM. Peructp aapeca namsiTu COAEPKUT ABOMYHOE YUCIIO —
aapec obnactu namsTu. Beixoa 3Toro peructpa Ha3bIBae€TCs aApecHOi miu-
HOM U UCIONb3yeTCcs ns BbIOOpa OO0JacTM MaMsATH WIM IOpPTa BBO-
na/BeiBoja [7].

B TeueHue BHIOOPKM KOMaHABI U3 MAMSITH PETUCTPHI aapeca MamsITH U
CYETYMKA KOMAHJ UMEIOT OJMHAKOBOE COAEPKHUMOE, T. €. PEruCTp aapeca
IaMATH YKa3bIBAET MECTOIIOIOKEHNE KOMAaH/Ibl, U3BJIEKAEMOMN U3 ITaMSITH.

[Tocne nexoaMpoBaHHsS KOMaHIbl CYETYMK KOMAHJ MOJydYaeT Mpupa-
IIEHUE B OTIMYHUE OT PETUCTPA aJpeca NaMsATH.

B npouecce BhINMOIHEHUST KOMaHbl COAEPKUMOE PETUCTpa ajapeca ma-
MSITU 3aBUCHUT OT BBINIOJIHIEMON KOMaHAbl. ECiin B COOTBETCTBHM C KOMaH-
JIOM MUKPOIIPOIECCOP AOKEH MTPOU3BECTH €IIIe OJHO O0pallleHUe K MamsiTu,
TO PErHCTp aJpeca NaMsATH MOJJIEKUT BTOPUUHOMY HCIIOIb30BAHUIO B MPO-
necce 00pabOTKU 3TOM KOMaHABL. [ HEKOTOPBIX KOMaHJ, HampuMmep Ko-
MaH/bl OYMCTKU aKKyMyJIITOpa, ajpecanus K namartu He Tpedyercs. [lpu
00paboTKe TakMX KOMAaHJ PETUCTP ajpeca MaMsITH HCHOJIb3YEeTCs JIHIIb
OJIMH pa3 — B TEUEHUE BBIOOPKH KOMaH/Ibl U3 MaMSTH.

B OonblImHCTBE MUKPOIPOIIECCOPOB PETUCTPHI ajipeca NaMsATH U CUET-
YhMKa KOMaHJ MMEIT OJMHAKOBOE KOJIMYECTBO pa3psaAnoB. Kak m cuerumk
KOMaH/l, PETUCTpP aJpeca NamMsATH JOJDKEH pacnosiaraTb KOJIMYECTBOM pas3psi-
JIOB, JIOCTaTOYHBIM JIJIS ajpecanuu Jr0oi oblacTu maMsaTd MUKpoOBM. ¥V
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OOJBIIMHCTBA -pa3psIAHBIX MUKPOIPOILIECCOPOB KOJIUMYECTBO PA3PSIIOB pe-
TUCTpa ajipeca nmamsiTu paBHoO 16.

[TockoibKy perucTp ajapeca mamsiTd NOAKIIOYEH K BHYTPEHHEW IIMHE
JAHHBIX MHKPOMPOLIECCOPA, OH MOMKET 3arpyaThCsi OT PA3JIUYHBIX HUCTOY-
HUKOB. BOJBIIMHCTBO MHKPOMPOLIECCOPOB PACHOaraloT KOMaHJIaMH, IO-
3BOJISIFOLIIMMH 3arpy’KaTh 3TOT PETUCTP COJAEPKUMBIM CUETUYMKA KOMAH]I, pe-
rTUCTpa OOIIEro Ha3HAYCHUs WM Kakou-mnbo obnactu namsatu. Hekoropsie
KOMaH/Ibl MPEIOCTABISIOT BO3MOXHOCTh M3MEHATHh COJICPKHUMOE PErucrpa
aZpeca MaMsITH MYTEM BBIMOJHEHUS BBIUYMCICHUM: HOBOE 3HAYCHHUE COJIEp-
YKMMOT'0 3TOT'0 PErUCTpa MOJyYaeTCs MyTeM CIIOKEHUS WU BBIYUTAHUSI CO-
JEP)KUMOTO CYETYMKAa KOMAaHJ C YHCJIOM, yKa3aHHBIM B CaMON KOMaH]IE.
AJlpecanidsi TaKOro THUIA Ha3bIBAETCA aJpecaluell C UCIOJIb30BAaHUEM CMeE-
HICHUSL.

Bydepnblii perueTp npenHa3HauyeH sl BpEMEHHOTro xpaHeHus (Oy-
dbepupoBanusi) qaHHBIX [7].

PerucTp cocTOsIHUAI NpEeIHA3HAYECH U1l XPAHEHUS PE3YJbTaTOB HEKO-
TOPBIX MPOBEPOK, OCYHIECTBIISIEMBIX B MPOIECCE BBHIMOJHEHUS MPOTPAMMBI.
Pa3psipl peructpa COCTOSHUI MPUHUMAIOT TO WJIM UHOE 3HAYEHUE MPU BbI-
MOJHEHUU Oomnepannii, ucrnoiap3yromux AJIY U HEKOTOpbIE PErucTphl. 3aro-
MUHAHUE PE3yJIbTATOB YMOMSIHYTBIX MPOBEPOK MO3BOJSET HCIOIL30BaTh
MpOTrpaMMBbl, COJIepKaIue Mepexoabl (HapyIlIeHHus €CTECTBEHHOM MOCien0-
BAaTCILHOCTH BBHITIOJIHECHHUS KoMaH) [7].

[Ipn Hamuuuu B mporpaMme Inepexoaa Mo 3aJaHHOMY IPHU3HAKY BbI-
MOJTHEHHWE KOMaH]I HAUMHAETCS C HEKOTOPOW HOBOM 00JIacTH MaMsITH, T. €.
CUETUYMK KOMAaHJ| 3arpyaeTcs HOBBIM YHMCJIOM. B cilyyae yciOBHOTro mnepe-
X0J/la TAKOE AEHCTBUE UMEET MECTO, €CIIM PE3yJIbTaThl ONPEAEIEHHBIX MPO-
BEPOK COBMNAAAIOT C OXUJAEMbIMH 3HAYEHUSAMH. YKa3aHHbIE PE3YJIbTaThl
HaXOJSITCSl B PETUCTPE COCTOSAHUS. PEruCTp COCTOSIHUSA MPEAOCTABISET MPO-
IrPaMMHCTY BO3MOXKHOCTh OpPraHWU30BaTh padOTy MHUKpPOMIpOIleccopa Tak,
9TOOBI TPU OMPEAETEHHBIX YCIOBHIX MEHSUJICS TOPSIOK BBITIOJIHCHHS KO-
MaH]I.

Paccmotpum HekoTOpbie Hanbosiee 4acTO MCIOJIb3yEeMbIe pa3psiibl pe-
TUCTPa COCTOSIHUS.

1. Ilepenoc/3aem. JlanHbBIN pa3pssi yKa3bIBaeT, YTO MOCIEIHSS BBIOJ-
HEHHAas omnepaunus CONpPOBOXKIAJach MEPEHOCOM WM 3aliMOM (OTpULIATEIb-
HBIM ITIEPEHOCOM). 3HAUYECHHE pa3psjia IepeHoca yCTaHABIMBAETCSA PaBHBIM 1,
€CJIM B pe3yJIbTAaTe CJIOKEHHS JBYX YUCET UMEET MECTO MEPEHOC U3 CTapIlie-
ro pazpsaa AJIY. OrpuniatensHbiil iepeHoc (3aeM) GUKCHPYETCS B PETHUCT-
PE COCTOSIHUS MPU BEIYUTAHUH OOJIBIIIETO YMCIIa U3 MEHBIIIETO.

2. Hynesou pezynromam. [IpyHUMAaeT eIMHUYHOE 3HAYEHUE, €CIIU MOCIIE
OKOHYaHUS OTEpaIliy BO BCEX pa3psijax peructpa pesyjabrara 0OHApyKEHbI
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JIBOUYHBIE HYJIM. Y CTaHOBKA ATOTO pa3psiaa B 1| IpOUCXOOUT HE TOJIBKO MPHU
OTPHUIIATEIFHOM MPUPAIIEHUNA COJECPKUMOTO PErucTpa, HO U TMpHU JIFOOOH
JIPyTrOU onepaunu, pe3yiabTaT KOTOPOU — YHCIIO U3 JBOUYHBIX HYJICH.

3. 3uakosviu. IIpuHUMaeT eqMHUYHOE 3HAYEHUE, KOT/Aa CTapIIuil 3Ha-
qalmuid OUT COAEPKUMOIO PETrUCTpa, MPEAHA3HAYEHHOTO MJisl 3alliCH pe-
3yJbTara omneparuu, CTaHoBUTCS paBHbIM 1. [Ipu BeimonHeHuu apudmeru-
YECKUX ONEpalMil ¢ YUCIaMu B JOMOJIHUTEIBHOM KOAE €AMHUYHOE 3HAYe-
HUE CTaplIero 3Hayalero OuTa moka3bIBaeT, YTO B PETUCTPE HAXOAUTCS OT-
pULATENIBHOE YMCIO. MHOrHe MUKPOIPOLECCOPBl PACHOJIAra0T JOMOJHHU-
TEeTBHBIMUA pPa3psaMi COCTOSTHUN. B HEKOTOpPBIX MpeayCMOTPEHBI CIEIH-
aJIbHble KOMaH/IbI 17151 COpOca WIIM OYMCTKU BCEX PA3PsA0B COCTOSHUS.

Peructpsol o6mero naznauyenusi (POH) [7]. boasmuucteo MIT umerot
B CBOEM COCTaBe HAa0Op PEruCTPOB, MCHOJB3YEMbIX B KaueCTBE 3allOMH-
Harouumx ycTpoicTB. Tak kak AJIY MOXKET coBepiaTh Onepaiuu ¢ Coaep-
»xuMbiM POH 06e3 BpIx0/1a Ha BHEITHIOI0 MAarucTpalib aJipecoOB U JAHHBIX, TO
OHH TIPOUCXOISIT MHOTO OBICTpEE, YeM OTepallii C BHEIIHEH namsTeio. [1o-
sromy uHorga POH Ha3zbpiBaloT cBepxonepatuBHON mamAThio. KoamdyecTBo
POH u BO3MOXXHOCTH ITPOTPaMMHOTO JOCTYIIa K HUM Y PaBHBIX MUKPOIIPO-
LIECCOPOB PA3JINYHBI.

Ykaszareab creka. Cmex — 3T0 HabOp PErMCTPOB MHUKpOIpoLeccopa
WU sTYEEK ONEpaTUBHOM MaMsTH, OTKYJa JIaHHbIC WJIU aJpeca BhIOUPAIOTCS
«CBEPXY» MO MPUHITUITY: MEPBBIM — MOCTYyNUBIINKN ntocieanuM. [Ipu 3amucu
B CTEK OYEPEAHOTO CJIOBA BCE pAaHEE 3allMCAHHBIE CIOBA CMELIAIOTCS Ha
OJIMH peructp BHU3. [Ipu BeIOOpKE ClOBa M3 CTEKa OCTaBIIMECS CIIOBA Iie-
pPEMEIAIOTCS Ha OJUH PETUCTP BBEPX.

VYkaza"Hble TPOLIEAYPHI WILTIOCTPUPYET puUcC. 8 [7]. 31€Ch CTEK COCTOUT
U3 CEMHU PEerucTpoB. Eciu B cTeK 3arpyaercs Kakoe-Iubo CIOBO, HAIpH-
Mep AS, TO OHO 3alUCBHIBAETCS B BEPXHEM PETHUCTPE, a KaxkJ0€ U3 CJIOB
Al ... A4 nepememaercsa B cocelHhe HUXKHUE peructpbl. Ecinu ke AS us-
BJIEKAETCS M3 CTeKa, TO Kaxjaoe u3 cioB Al ... A4 nepemMeraeTcsa B cocel-
HUEe BepxHue peructpol. Hemp3s uzBieus A4 panbiie AS, T. €. aBTOMaTH4e-
CKH peaiu3yeTcsi OTMEUEHHBIN BbIle NpUHIUI. CTEK 0OBIYHO UCIIOIB3YETCS
B MHUKPOMPOLECCOpax ISl XpaHEHUs aJpecoB BO3BparTa Mpu OOpalleHuH K
NoANpOorpaMMam, a TaKKe JJIsl 3alIOMUHAHUS COCTOSIHUSI BHYTPEHHUX PErH-
CTpoB mpu 00paboTke mpepbiBaHud. [Ipu opranuzanuu creka B NaMATH
BpeMsi Ha oOpallleHHe K HeMy OyJeT paBHO IUKIY OOpallleHUs K TMaMsTH.
Ota omepaliusi BBIIOIHICTCS 3HAUYUTEILHO OBICTpPEE, €CIIM CTEK B BHJIC Ha-
Oopa perucTpoB BXOJUT B COCTAB MUKpOIIpolieccopa. BaxkHbIM mapameTpom
B TAKOM CJIy4ae SBJISETCA YMCIO PETUCTPOB cTeka. [Ipu momnbITke 3anucarh B
CTEK OOJIbIlIEEe KOJIMYECTBO CIIOB, YEM YHCIIO €TI0 PETMCTPOB, MEPBOE CIOBO
Oyzer yTepsHo. B HEKOTOpPBIX MUKpPONPOLECCOPAX MPU MEPENOJTHEHUH pPe-
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TUCTPOB CTE€Ka COOTBETCTBYIOLIME CJIOBA 3AMUCHIBAIOTCS B CTEK MaMsATH. Ta-
KM 00pa3oMm, Iporiecc ero GyHKIIMOHUPOBAHUS HAIOMUHAET paboTy ¢ mad-
KOW JIOKyYMEHTOB, KOI'J1a Ka)K/Ibli HOBBIM JOKYMEHT KJIAJIETCS CBEPXY MAYKH.

AS\ A5 1\

A4 A5 A4
A3 Ad A3
A2 3arpyska A5 N A3 N3BneyeHne A5 A2
'\
A1 | ) A2 | ) A1
4 14
A1

Puc. 8. Ilpunyunv pabomul cmeka

B npuBeneHHOM NpuMepe MpH 3alliCH B CTEK HOBBIX JAHHBIX BCE €r0
COAEPKUMOE TIEpEMEIIAETCA Ha OAUH perucTp. B peansubix MII Takon cro-
co0 HE NPHUMEHSETCS, TaK KaK OH COINpSKEH C OONBIIMM KOJIHMYECTBOM
BCIIOMOTATEIbHBIX ONEPALH 0 TEPEHOCY COCETHUX PETUCTPOB CTEKA.

B peanbpnpix MII nannbie Mexay s4yeKaMy HE NEPEHOCATCA, a Ui
XpaHEHUs aapeca IMOCIETHEr0 MO0 BPEMEHM MOCTYIUICHHS JJIEMEHTA CTEKa
UCHOJIb3YETCs ClIEHUaIbHbIN perucTp — ykaszareib creka (YC).

Ha puc. 9 yka3zarenp creka npeacraBisieT coO00N TpexpaszpsaHblii pe-
THCTP C JBOMYHBIM MpeACTaBIeHUEM HHPopMaIu [7].

[TepBoHauanbHO yKa3arenb creka coAepkuT uncio 0112. Jto o3Haua-
€T, YTO MOCJIEHUM AIEMEHT — «BEPXYLIKa CTEKa» — HAXOJUTCS B PETUCTPE C
agpecom 0112 (umm 310). Ilpu onepauun 3arpy3ku B peructp 410 3anucol-
BaeTca 4ucio AS, a colepKMMOE yKa3aTellsd CTeKa U3MEHSETCS TaK, YTO OH
ykazpiBaeT Ha peructp 410. [Ipu onepauun n3BIeYeHUs U3 CTEKA MMPOU3BO-
AsTCsl OOpaTHbIE NEUCTBHUS.
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A5 A5
Crek \ \

YkasaTenb 7 7 7
cTeka
6 6 6
0 1 1 1 oo 0 1 1
5 5 5
4 \»4 A5 4
3 A4 3 A4 3 A4
Onepauus Onepauus
2 A3 3arpysku 2 A3 N3BneYvYeHus 2 A3
1 A2 1 A2 1 A2
0 A1 0 Af 0 A1

Puc. 9. Adopecayus snemenma cmexa c ucnonvzoganuem ykazamens cmeka

Cxembl ynpasyenusi. Poiib cxeMm yIpaBiieHHs] B MUKPOIIPOIIECCOPE 3a-
KJIFOYAETCsl B MOJAJICP>KaHUMN TPeOyeMoil ToCiIe10BaTeIbHOCTH (DYHKIIMOHU-
pPOBaHUS BCEX OCTaJbHBIX €ro 3BeHbeB. [l0 curnamam cxem ynpaBieHUS
ouepeHas KOMaHJla U3BJIEKaeTcsa U3 peructpa komaua. [Ipu atom omnpene-
JSI€TCS, YTO HEOOXOAUMO JeNaTh ¢ JAHHBIMH, a 3aTeM oOecreynuBaeTcs IMo-
CJIEI0BATEJILHOCTDL JEUCTBUU JJIs1 BRIIIOJHEHUS MOCTABJIECHHOM 3aJauH.

Opnna u3 rnaBHBIX (QYHKIMA CXeM yIpaBieHHUS — JEKOJAUPOBAHUE KO-
MaH/Ibl, HAXOJSIIEICSl B PETUCTPE KOMaH/, TOCPECTBOM JieiudpaTopa Ko-
MaHJl, KOTOPbIA B pe3yJibTaTe BBIJAET CUTHAJIbI, HEOOXOAUMBIC /JIsi €€ BbI-
MIOJIHEHUSL.

IToMuMO yKa3aHHBIX BBILIE ACHCTBUNA, CXEMbI YIIPABICHUS BBITIOJIHSIIOT
HEKOTOpbIE CHeIUaIbHbIe (DYHKIUU: YIPABICHHUE TIOCIEA0BATEILHOCTHIO
BKJIFOUCHUS MUTAHUS U MPOLIECCAMU NpepbIBaHuM. [Ipepvisanue — 3TO CBO-
€ro poja 3arnpoc, MOCTYNAIOIIMKA Ha CXEMBI YIPABJICHHUS OT APYTHX YCT-
poiicTB (mamsTH, BBOAA/BbIBO/A). IIpepbiBaHrE CBSI3aHO C MCIOJIb30BAHUEM
BHYTPEHHEW IIMHBI JAHHBIX MUKpompoleccopa. CXxemMbl yIpaBlIeHUsS MpPH-
HUMAIOT pEUICHHE, KOT/Ia U B KAaKOUW IMOCIEA0BATENBHOCTH JIPYTUE YCTPOM-
CTBA MOTYT MOJIb30BAaThCSl BHYTPEHHEW IIMHOW TAHHBIX.

Cucrema muH. Ha XxapakrepucTuku MUKpompouLeccopa OOJbIIoe
BIIMSIHUE OKa3bIBAET CIOCOO OpraHu3allid €ro CBSI3W C BHEUIHEH cpeion —
ycTpoiicTBaMu BBoja/BbiBofa (YBB) m 3amomuHaronmMu ycTponcTBaMu
(3Y). Ilo cmocoOy opraHu3anvu CBs3€H C BHEITHEH Cpeod paszinyaroT
MHUKPOITPOLECCOPBI € MYJBTUINIEKCUPOBAHHOW IIMHOW aJpeca U JaHHBIX
(puc. 10,a) u ¢ pazgenbHBIMH ITUHAMU afipeca U JaHHbIX (puc. 10,0). Muk-
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poripoleccop ¢ pa3fesIbHBIMU IIMHAMM aJpEeCOB U JaHHBIX M300pa)K€H Ha
puc. 7.

B Mumkpornponeccopax ¢ MyJbTUIUIEKCUPOBAHHOM LIMHOM aJpec Xpa-
HUTCSl HA IIMHE TOJIBKO KOPOTKUHM NMPOMEXYTOK BPEMEHH, ITIOATOMY YCTPOM-
CTBaM, MOJKJIOYEHHBIM K IIMHE, TpeOyroTcs peructpsl aapeca (PrA). s
opraHuzanuu oOMeHa MH(pOpMaIMeil B TaKUX MHUKpPOIIpolieccopax HeoOxo-
JUMO HCIIOJb30BaTh YNPABIAIOMIMK CUTHAN adpec—oanHvle. 1lpu pa3nensb-
HBIX IIMHAX ajpeca W JaHHBIX TaKOW YNPaBISIOIIMNA CUTHAJI HE HYKEH.
Kpome Toro, y ycTpoilcTB, MOJKIIOUEHHBIX K IIMHAM, OTHAJaeT HEOOXOau-
MOCTb B PErHCTpe aJpeca, TaK Kak OH MOKET ObITh pa3MElIeH HEeMOCPEACT-
BEHHO Ha KpHUCTaUIe MHUKponpoueccopa. PaspsaHOCTb agpecHOW WIHMHBI B
TaKMX MUKPOIIPOLIECCOPaxX HE CBS3aHa C Pa3psAHOCTHIO IIWHBI JAHHBIX.

MWKPOIMPOLECCOP MWKPOIMPOLECCOP
A A A
PrA  |[¢—Ppi¢—Pp] PrA
< i< P
YBB [€¢—Ple¢—»| T13Y YBB nay
< i< P
PrA |[¢—Pl¢—» PrA
< i< P
YBB |[¢—Ppje¢—p] O3Y YBB o3y
< L P
v v \4
LUNHA LLUMHA LUNHA
AOPECA / AAHHBIX AJPECA OAHHbIX
a) 0)

Puc. 10. Cucmema wiun muxkpoOBM
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3.7.2.YCTpONCTBO yrnpaBneHus

OcHOBHBIE PYHKIIUU:

1. ®opmupoBaHue agpeca UHCTPYKIHUU.

2. CuurbiBanue uHcTpykuuu u3z O3V (II3Y) u e€ xpaneHue Bo Bpems
BBITTOJTHEHUS.

3. emmdpanus Kkoa onepamum.

4. ®opMHUpPOBAHUE YTIPABJISIIOLINX CUTHAJIOB.

5. CuuThiBaHME U3 PETUCTPA KOMAaHJI U PETHCTPOB MUKPOIPOLIECCOP-
HOU MaMsTH OTAEJIBbHBIX COCTABJISIIONIUX aJIPECOB OMEPaH0B (UUCeN), y4a-
CTBYIOIIUX B BBIYUCIICHUSX, U (DOPMUPOBAHME MOTHBIX aJPECOB ONIEPAH/IOB.

6. Bribopka omepanaoB (1o chOpMHPOBAHHBIM aJpecaM) W BBITIOTHE-
HUE 3aJ]aHHOM omepaluu 00padOTKH 3TUX ONEPaHIOB.

7. 3anuch pe3yJIbTaTOB ONEPALUH B MTAMSTh.

8. @opMupoBaHus agpeca CAeAYIOIIEeH KOMaH bl IPOrPAMMBI.

VYrpoiieHHas CTpyKTypHasi cxeMa ycTpoicTBa ynpasiaeHus (YY) moka-
3aHa Ha puc. 11 [3, 4, 7].

KopgoBas LinHa

4 WHCTPYKLNN R
4 )
A\ L4
Kopg
WHCTPYKLNN
OT MuKponpoLeccopHom
n3y
namsaTn (OT perncTpos)
MUKponporpaMmm
ﬂ e
OT rexepatopa HewndpaTop Y3en doopMupoBaHms Koa appeca
TaKTOBbIX KOMaHz, agpeca
UMMNYNbCOB T5 =5
‘V’
KogoBas wwiunHa
KOTn Apgpeca onepaHgoB anpeca

Pernctp komanpg

Kop komaHAbl

Pa
U

KopoBas WnHa gaHHbIX

Puc. 11. ¥Ynpowénnasa cmpykmypHas cxema ycmpoucmea ynpasieHus
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CocTaB CTPYKTYpPHOU CXEMBI:

Pezucmp komano — 3aIOMUHAIOIINIA PETUCTP, B KOTOPOM XPAHUTCS KOJT
KOMAaH/Ibl: KOJ BBINOJIHSIEMON ONEpaluu U aJpeca ONepaHIoB, y4aCTBYIO-
IIUX B ONEPALUH.

Jewugpamop onepayuii — TOTUUECKHUA OJIOK, BBRIOWPAIONTUN U3 PETH-
ctpa koManJ kox onepanuu (KOIT).

llocmosannoe 3anomunaiowee ycmpoucmeo MUKpoOnpozpamm — XpaHuT
B CBOHMX sUeHKax yIpPaBJSIONIME CUTHAJBI (MMITYJIbChI), HEOOXOIUMBIE IS
BbINIoTHEHUs B Onokax [IK omepanwmit o6pabotku mHpopmarmu. Mmiynse
1Mo BeIOpaHHOM JAemudppaTopoM OIepaiuii, B COOTBETCTBUHU C KOJOM, OIle-
patuu cuuThiBaeT u3 [13Y MukpomnporpaMm HEOOXOAUMYIO MOCIEI0BATEIb-
HOCTb yIIPaBJISIOIINX CUTHAJIOB.

Vzen gopmuposanusi adpeca — yCTpOWUCTBO, BBIYUCIISIONIEE MOTHBIMI
azipec STYEHKU MaMsTH (PEerucTpa) Mo PeKBU3UTaM, MOCTYHAIOIIUM U3 PEru-
CTpa KOMaH]l U PETUCTPOB MUKPOIPOIIECCOPHOU MAMSITH.

Kooosvie wunbr dannvix, aopeca u uHcmpykyuii — 4acTh BHYTpPEHHEU
uHTEepEHCHON IMMHBI MUKPOTIPOIIecCcopa.

3.7.3. ApudMeTUKOo-r1ornyeckoe yCTpomcTBo

OcuoBuble Qpynkimn AJIY:

1. ITpuém onepannoB 3 O3Y u perucTpoB (MUKPOIPOUECCOPHOM Ma-
MSATH).

2. BeimonHeHue apuMETHIECKUX U JIOTHYECKUX OTIEPAIIHiA.

3. Ilepenaya pe3ynpTaToB B peructpol 1 B O3VY.

4. ®opMupoBaHHE NMPU3HAKOB PE3YJIbTATOB BBINOJHEHUSA ONEPALUN U
MX 3aIICh B PETUCTP CJIOBA COCTOSHUS IPOLIECCOPA.

B coctaB AJIY BXOAAT CyMMAartophl, KOTOPbIE HEMOCPEICTBEHHO BbI-
MOJTHAIOT AJIEMEHTAPHBIEC ONEPalU, PETUCTPHI IJIsI XPAHEHUS] ONIEPAH]IOB U
pe3yabTaTOB, CABUTOBBIE pETUCTPHI, Joruueckue cxemol U, NJIN, HE, cxe-
MBI JIJ1s1 TpeoOpa30BaHus MPSMOT0 KOJIa YKCIIa B IONMOJHUTEIbHYIO (hopMy U
JIOITOJTHUTEIIBHBIE CXEMbI aIlllAPATHOTO YMHOXEHHS U JCJIEHUs U LEJO-
YUCJICHHBIX ONEPAHIOB.

VYrpoieHHas cTpykTypHas cxema AJIY noka3ana Ha puc. 12 [3, 4, 7].
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Puc. 12. ¥Ynpowennaa cmpykmypnas cxema AJ1Y

CocTraB CTpYKTYpHOU CXEMBI:

Cymmamop — BBIYUCIUTEIbHAS CXEMa, BBINOJHSIOWIAS MPOLENYPY
CJIOKE€HHMS TIOCTYTIAIOLIMX Ha €€ BXOJ JBOMYHBIX KOJIOB; CYMMaTOp HWMEET
Pa3psIHOCTh IBOMHOTO MAIlIMHHOTO CJIOBA.

Pezucmpol — 6pICTPOICHCTBYIONINE STYCHKH TTAMSTH PA3IMYHON JUTHHBIL:
peructp 1 (Prl) umeer paspsiaHOCTh ABOMHOTO cioBa, a peructp 2 (Pr2) —
pa3psaHOCTb CIIOBA.

[Ipn BEIMONHEHMM onepanuil B Prl nmomemaercs nepBoe 4mciio, y4act-
BYIOIIIEE B ONEpallMu, a MO 3aBEPIICHUH ONEpaluu — pe3ynbTar; B Pr2 —
BTOPOE€ YMCJI0, YYACTBYIOIEE B onepanuu (1o 3aBepIICHUU ONepaluyd HH-
(dopmars B HeM He u3MeHnsercs). Peructp 1 Moxer u npuHuMaTh uHGOP-
MAaIMI0 C KOJIOBBIX IIMH JaHHBIX, U BblAaBaTh MH(MOpPMAIMIO HA HUX, pPe-
TUCTpP 2 TOJBKO MOJy4aeT UHPOPMALUIO C STUX IIKH.

Cxembl ynpaénenus TPUHUMAIOT IO KOJOBBIM IIWHAM HWHCTPYKUUN
YIOPaBISIOLIUE CUTHANIBI OT YCTPOWCTBA YIIPaBJICHUS U MPEoOpa3yloT UX B
CUTHAJIBI IJIs1 yTIpaBJIeHUs paboTol peructpoB u cymmaropa AJIY.

AJIY BeimonnsieT apudmerndeckue omeparuu (+, -, *, ) ToapKko HaA
JIBOMYHON WH(pOpMaIued ¢ 3amsiToi, (PUKCHPOBAHHOMN IOCIE IOCIEIHEr0
pa3psiia, T. €. TOJbKO HaJ| LeJIbIMU ABOMYHBIMU YUCIIAMH.

BrlnonHenue onepauuii Hajl IBOUYHBIMHU YHCIIaMH C TUTABAIOLIEH 3ars-
TON U HaJ| IBOUYHO-KOJUPOBAHHBIMH JIECATUYHBIMHU YHCIAMU OCYIIECTBIIS-
eTCsl WIM C IPUBJICYEHUEM MATEeMaTHUYECKOT0 COMPOIECCOpa, UM 1O CIeLH-
aJIbHO COCTABJICHHBIM ITPOTrpaMMaM.

OcHnosnule snemenmol AJ1Y. OcHoBoil AJ1Y sBiseTCs OQHOPA3PsIHBINA
CyMMaTop, CXeéMa KOTOpPOTo 00ecrneyrmBaeT CyMMHpPOBaHHUE IU(GPHI OJAHOTO
paspsiga 2-ro yncia ¢ yuérom OuTa MepeHoca U3 COCEIHEro MIaIero pas-

59



psaga 1-ro umcna. Cxema OJHOPA3PSIHOTO CyMMaropa MpeICTaBiIcHAa Ha
puc. 13.

&
& 1 S
o
P
Monycymmarop
1
[ S
&
& 1 S
[
c 1
¢ P

Puc. 13. Oonopaspsounsiii cymmamop

PaccMOTpeHHBII CyMMaTOp BBITIOJIHSET OIEPAIMIO CIIOXKCEHUS B COOT-
BETCTBHUH C TabII. 3.

Tabmua 3
a b c S’ P’ S P
0 0 0 0 0 0 0
1 0 0 1 0 1 0
0 1 0 1 0 1 0
1 1 0 0 1 0 1
0 0 1 0 0 1 0
1 0 1 1 0 0 1
0 1 1 1 0 0 1
1 1 1 0 1 1 1

[Tpumeuanue: a — COOTBETCTBYIOIIMI pa3psia 1-ro yncna;
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b — cOOTBETCTBYIOIIHIA pa3psi 2-T0 YUCIIA;

¢ — OUT mepeHoca U3 COCEHEro MIIAJIILIEro pa3psiia;

S’ — 3HaueHue nUpsl CyMMBbI B JAHHOM pa3ps/e MOIyCyMMaTopa;

P’ — mudpa nepenoca B cnenyronuii (crapiuii) paspsa norycyMmMaTopa;

S — 3HaueHue uuQprl CyMMBbI B JAHHOM Pa3psilIe;

P — mudpa nepenoca B cneayromuii (ctapiuii) papsa.

[Ipaktruecku Bce omepanuu B AJIY CBOASTCS K CIIOKEHUIO W JOMOJTHUTEIBHBIM
olepanusM CIBUTa U peoOpa3oBaHus KoJa.

3.7.4.TMocnegoBaTtenbHOCTL paboTbl MUKpoONpoLeccopa

ITocne 3amycka B peructpe cyeT4Yuka KOMaHJ MUKPOIIpoIeccopa ycra-
HaBluBaeTca azapec suedkun O3Y, B KOTOpOW HAaXOAUTCA Hadayo (mepBast
KOMaH/1a) MPOTrPaMMBI.

[Tocne 3TOro aBTOMATUYECKHM HAYMHACTCS BBINOJHEHHE KOMaH] MpO-
rpamMMbl apyr 3a apyroM. Kaxnas komanja TpeOyeT JJisi CBOEro MCIOJIHE-
HUS HECKOJIbKUX TaKTOB PA0OThI MAIIUHBI (TAKThI ONPEISISIOTCS MEPUOIOM
CJIeIOBaHUS UMIYJIbCOB OT F€HEpPaTOpa TAKTOBBIX UMITYJILCOB).

B nepBoM TakTe BBITTOJHEHUS JTIOO0W KOMAHbI TPOU3BOJISATCS CUUTHI-
BaHME Koja caMoi komanasl u3 O3V 1o aapecy, yCTAHOBIEHHOMY B pEru-
CTpE-CUETUMKE KOMAaHJI, U 3alUCh 3TOTO0 KOJa B OJIOK PErMCTPOB KOMAaH]I
ycTpoiicTBa ynpasieHud. ColepaHue BTOPOrO U MOCHEAYIOIIMX TAKTOB
WCIIOJTHEHUS ONpENIeNsAeTCs pe3yIbTaTaMH aHaJIu3a KOMaH Ibl, 3alITMCAHHOU B
OJIOK pErUCTPOB KOMAaH/, T. €. 3aBUCUT YK€ OT KOHKPETHOU KOMaH/IbI.

[Tpumep. BrimonHeHne KOMaH/Ibl CIIOKEHUS aKKyMYJISITOpa C MPsSMOa/I-
peccyemoit siuerikoit namsatu O3V (nuHa KoMaH sl 1Ba Oaiita) [1, 4, 8]:
add a, addr.
[Ipy BBIMOJHEHUU JAHHOW KOMaHJbl OYyAYyT BBITIOJIHEHBI CIEAYIOIIUE
EeHUCTBUS:

e [lepsbiii TakT: cuursiBanue KOIT uz O3V no aapecy, ycTaHOBIEHHO-
My B PETUCTPE-CUETYMKE KOMaH/, 3alliCh 3TOr0 KoAa B OJIOK PErucTpOB KO-
MaH]l ycTpoicTBa ymnpasieHus, nekoauposanue KOII, npupamienue peru-
CTpa CUETYMKA KOMAH/I.

e BTopoii TakT: 3amuCh CONEPKUMOTO aKKyMyJisiTopa B OydepHbIit pe-
ructp AJIY.

e Tperuii TakT: cuuthiBanue u3 sueiiku O3Y mno aapecy addr Broporo
CJIaraeMoro M NepeMelleHne ero Bo BTopoi Oydepnsiii peructp AJIY, npu-
palleHUE perucTpa CYETUYMKA KOMaH/;
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o UerBEpThiit TakT: cnoxenue B AJIY mepemanHbIx Tyaa uucen u dop-
MHUPOBAaHHUE CYMMBI.

e [lareri TakT: cumthiBanue U3 AJIY cyMMBI yucen U 3amuch €€ B ak-
KyMYJISTOD.

Hanee MII npucTynuT K BBITOJIHEHUIO CIEAYIOIIEH KOMaH/AbI 110 aape-
Cy, COJEpKallleMycsi B perucrpe-cuéruuke komana. Komanael OyayT BbI-
IIOJIHATHCA IIOCJIEA0BATEIbHO OJHU 3a JAPYIOM, IOKa HE 3aBEPIUUTCA BCs
porpamma.

IIpy Hasmuum B IporpaMme Iepexoa I0 3aJaHHOMY IIPU3HAKY BbI-
MOJIHEHUE KOMaH/ HAauMHAETCsl ¢ HEKOTOPOW HOBOM 00JacTu maMmsTH, T. €.
CYETYMK KOMAaHJ 3arpy’Kaercs HOBBIM YHUCIOM. B cilydae yCIOBHOTO Iepe-
X0J1a TAKOE JEHUCTBUE UMEET MECTO, €CIIM PE3yJIbTaThl ONPEAEICHHBIX MPO-
BEPOK COBHNAJAIOT C OXKMUJAEMbIMHM 3HAYCHUSMU. YKAa3aHHBIC PE3YJIbTAThI
HaxXOJSTCS B PETUCTPE COCTOAHUSA. PETUCTp COCTOSIHUSA MPEAOCTABISAET MPO-
IrPaMMHCTY BO3MOKHOCTh OpPraHM30BaTh padOTy MHUKpOIpoLeccopa Tak,
YTOOBI MPU ONPENEIECHHBIX YCIOBHSIX MEHSUICS MOPSAIOK BBIIOJHEHHS KO-
MaHJI.
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3.7.5.Pexxnmbl agpecaumm

JI71s1 B3aUMOJICUCTBUSA C Pa3NuyHbIMU MoyIsiMu B DBM 10JKHBI OBITH
CpeACTBa UACHTU(UKAIIMN SYECK BHEIIHEH MaMATH, sSTYeEeK BHYTPEHHEH ma-
MsATH, peructpoB MII u peructpoB ycTpoiicTB BBoaa/BeiBoja. [loaTomy Ka-
KIOW M3 3alOMUHAIOUIUX SYEEK NMPUCBAUBAETCA aJpec, T. €. OJHO3HA4YHas
koMOuHanusa out. KomudyecTBo OUT orpeaenseT Ynucio UASHTUPUITUPYEMbIX
sueek. O0bryHO DBM nmeeT pa3znuuHble aJipecHbIe MPOCTPAHCTBA MAMATH U
peructpoB MII, a nHOT1Aa — OTAEIBHBIE AAPECHBIE TPOCTPAHCTBA PETUCTPOB
YCTpOWCTB BBOJa/BBIBO/IA U BHYTpeHHeW nmamsaTu. KpoMe Toro, mamsite xpa-
HUT Kak JaHHbIE, TaKk U KoMaHabl. [loaTomy mist 9BM pazpaborano MHOXKe-
CTBO CITOCOOOB 0OpaIIeHNs K MaMATH, HA3bIBAEMBIX PEKUMAaMH aJpecaliu.

PexxuMm agpecannu naMaTv — 3TO INpoUEaypa WIM cXeMa Ipeodpa3oBa-
HUs afpecHor nHpopmauu o0 onepaH]ie B €ro UCIOTHUTENIbHBIN apec.

Bce cnioco0bl aapecanny naMsTH MOKHO pa3/ieuTh Ha:

1) npsMoM, KorJa UCHOJHUTENbHBIN ajpec OepeTcs HeMmoCPEACTBEHHO
Y3 KOMaHbl WM BBIUUCIIAETCS C UCIOJIb30BAaHUEM 3HAUYCHUS, YKA3aHHOTO B
KOMaH/JIe, U COJEPKUMOI0 KaKoro-imbo perucrtpa (mpsimasi agpecarusi, pe-
rUCTpoBasi, 0a30Basi, MHAEKCHAS U T. [1.);

2) KOCBEHHBIN, KOTOPBIA MPEANOIaraeT, YT0 B KOMAaHIE COAECPKHUTCS
3Ha4YeHUE KOCBEHHOI'O ajpeca, T. €. aJpeca sYEUKH MamMATH, B KOTOPOU Ha-
XOJIUTCSA OKOHYATEJIbHBINA UCIIOJIHUTEIBHBIN aipec (KOCBEHHAs apecariys).

B xaxnonn MukpoOBM peann3oBaHbl TOIBKO HEKOTOPHIE PEKUMBI aJl-
pecanyy, UCIOJb30BAHUE KOTOPBIX, KaK IPABUIIO, ONPENEIACTCS apXUTEK-
Typoii MIL.
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4. NMamMATb MUKPONPOLIECCOPHON CUCTEMBI

Jis XpaHeHus: MH(OpMAUMU B MHKPOIIPOIIECCOPHBIX CHUCTEMax HC-
MOJIB3YIOTCSl 3alIOMUHAIOIME YCTPOWCTBA HA OCHOBE MOJYNPOBOAHUKOBBIX
MaTepHaJIOB, a TAK)KE MArHUTHBIE M ONITUYECKHE BHELIHUE HOCUTENH. BHYT-
PEHHSIS TaMSITh KOMIIbIOTEpPA MPEJCTABICHA B BUJIE OTIEIbHBIX UHTErPAIb-
HbIX MUKpocxeM (UMC), cOOCTBEHHO MaMsITH U 3J€MEHTOB, BKIIFOUEHHBIX B
coctaB pyrux UMC, He BBINOJHSIOMMUX HEMOCPEICTBEHHO (YHKIIUIO Xpa-
HEHHUSI MPOTPaMM M JAHHBIX — 3TO U BHYTPEHHSIA MaMSTh LEHTPAIbHOTO
nporeccopa, U BUJIEONaMsATh, 1 KOHTPOJUIEPHI Pa3INYHbIX YCTPOMCTB [2, 5,
6, 9].

JUtd co3maHus 3J€MEHTOB 3allIOMUHAIOIIUX YCTPOWCTB, B OCHOBHOM,
npumensitor CBUC co crpykrypoir M/II (MeTami—ausaeKTpuKk—Ioiaynpo-
BOJHHMK) HAa OCHOBE KpPEMHHUS (B CBSI3M C TE€M, YTO B Kau€CTBE UAJIEKTPUKA
yaIie BCEro MCMONb3YIOT ero okcuj Si0,, To ux 00bvHO HaszbiBatoT MOII-
CTPYKTypamH (METAJII—OKCHI—TIOJIyITPOBOJHUK)).

JUist GyHKIMOHUPOBAHUSL KOMIIBIOTEPHOM CHUCTEMbl HEOOXOIMMO HAJHU-
Yyye Kak OMNepaTUBHOIrO 3armoMuHaromiero ycrpoiictsa (O3Y), Tak U mocTo-
SHHOTO 3arnomMuHaromiero ycrpoictsa (I13Y), obecneunBaromiero coxpate-
Hue uHpopMaIuu Mpu BeIKIOUeHUU nuTanud. O3Y MoxkeT ObITh cTaThde-
CKMM M TUHamMuyeckuM, a [I13Y — omHOKpaTHO WM MHOTOKpPATHO IpOrpam-
MHUPYEMBIM.

Crenenp WHTErpanuu, OBICTPOACHUCTBHE, SJIEKTPUUYECKUE IMapaMeTphl
3V mnpu 3anucu U XpaHEHUU HHQPOpPMAIUH, TOMEXO0YCTONYUBOCTD, J10JIFO-
BpEMEHHAasl CTa0MWIbHOCTb, CTAOMJIBHOCTh K BHEIIHUM HEOIArompHUsITHBIM
dbaxkTopam npu QYHKIMOHUPOBAHUM U T. J. 3aBUCAT OT (PUBMUECKUX TMPHUH-
LUIIOB pabOThl MPUOOPOB, MPUMEHIEMBIX MAaTE€PUATIOB MPHU MPOU3BOJICTBE
NMC u mapaMeTpoB TEXHOIOTHUECKUX MPOLECCOB MPHU UX U3TOTOBIICHUH.

Ha pa3Butre MUKpOIIPOLIECCOPHON TEXHUKHU PEUIAIOIIEE 3HAYCHHUE OKa-
3bIBAET TEXHOJIOTUS ITPOU3BOJICTBA UHTEIPAIIBHBIX CXEM.

[TonynpOBOJHUKOBBIE WHTETPAJIbHBIE MHUKPOCXEMBI MOAPA3ACISAIOTCS
Ha Ounonspusie UMC- u MOII-cxembl, mpudem mepBbie — 60jee ObICTpO-
JeMCTBYIOIINE, @ BTOPhIE UMEIOT OOJIBLIYIO CTEIIEHb HHTErPAllui, MEHbBIIIYIO
noTpedsieMy0 MOIIHOCTh U MEHbIIYI0 cTouMocTh. L{udposrie Mukpocxe-
MBI MOTYT IO U/IE€0JIOTUH, KOHCTPYKTOPCKOMY PEIICHHIO, TEXHOJIOTUN OTHO-
CUTCSl K pa3HbIM CEMEICTBaM, HO BBINOJHATh OJIMHAKOBYIO (DYHKIIHIO, T. €.
OBITh UHBEPTOPOM, TPUITEPOM WM MpoueccopoM. Hanbonee nomnynsipasIMu
ceMeicTBaMu MOKHO Ha3Bath y Oumnonspusix UMC: TTJI (TpaH3ucTopHo-
tpan3zuctopHas joruka), TTJII (¢ muomamu [ottku), DCJI (3muTTEpHO-
cBsi3anHas jioruka); y MJIIT: n-MOIT u KMOII.
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bazoBeiM MartepuanoM st uzrotoieHuss UMC sBiseTcss KpeMHHUIA.
HecMoTtpst Ha To, 4TO OH He 00JaAaeT BHICOKON MOJBUKHOCTHIO HOCUTEINCH
3apsia, a 3HaAYUT NPUOOPHI HA €r0 OCHOBE TEOPETUYECKU OYYyT yCTynaTh 10
ObICTpoAElicTBUIO puOopaM Ha OCHOBE apceHuja ramaus GaAs, OJHAKO
cuctema Si-Si0, cymecTBeHHO Oonee TexHosiornyHa. C Apyroi CTOPOHBI,
npuOOpbl Ha KPEMHHUEBOM OCHOBE KPEMHHUI — OKCHJ KpEeMHUS) 00JagaroT
COBEpIIECHHOM Trpanulie pasnena Si-Si0;, XUMHUUYECKON CTOMKOCTBIO, JICK-
TPUYECKON MPOYHOCTHIO U IPYTUMHU YHUKAJIbHBIMU CBOMCTBAMHU.
TexHnonornueckui nuki npousBoacrea UMC Bkirouaer:
® DJIHUTAKCHAIIBHOE HAPAILUBAHUE CJI0S1 HA TOATOTOBJIEHHYIO MOJJIOXKKY;
e HapamuBaHue cjaos SiO, Ha SMUTAKCHAIBHBIA CIIOH;
® HaHeceHHe (POTOPE3UCTa, MACKUPOBAHUE U BBITPABIMBAHHE OKOH B
CJI0€;
® JIETMpPOBaHUE MPUMECKIO IyTeM AU GY3UH UK UMIUIaHTaIUEH;
® AHAJOTMYHO NOBTOPEHHUE OINEpaluii I MOATOTOBKH IPYTUX JETHPO-
BaHHBIX 00JIaCTCH;
® I[IOBTOPEHHE OIECpAalMM I CO3JaHUS OKOH IIOJ KOHTAKTHBIE ILIO-
IAJKH;
¢ METAJUIM3ALNIO BCEU MOBEPXHOCTH AIFOMUHUEM WIH MOJUKPEMHUEM;
MIOBTOPEHUE ONEpalvid ISl CO3[JaHUsI MEXKCOEANHEHHN;
yAAJIIEHUE W3JIMIIKOB AJIFOMUHUS WIH ITOJTUKPEMHUS;
KOHTPOJIb (DYHKIIMOHUPOBAHUS;
MOMELIEHUE B KOPITYC;
BBIXOJIHOM KOHTPOJIb.
Haubomnee kpuTHYHBIM U1 YBEIUUEHUS CTETIEHU UHTErPalluy SIBISETCS
npouecc Jutorpaduu, T. €. Ipolecc NepeHoca reOMETPHUUECKOro prucyHKa
1m1ab0Ha HAa MOBEPXHOCTh KPEMHUEBOM MmiacTUHBL. C MOMOIIBIO 3TOTO pU-
CyHKa (DOPMHUPYIOT TaKUE IIEMEHTBI CXEMbI, KaK 3JEKTPOJIbl 3aTBOpa, KOH-
TaKTHbIE OKHA, METAJUIMYECKHE MEKKOMIIOHEHTHBIE COEMHEHHS U T. II. Ha
nepBoy craauu u3rorosiieHns MMC nocne 3aBepHieHns UCIIBITAHUM CXEMBI
WIM MOJENMpPOBaHus ¢ noMouibio 9BM dopmupyioT reomeTpuueckuii pu-
CYHOK TOIOJOTHHM cXeMbl. C MOMOIIBIO 3JIEKTPOHHO-IYYEBOIO yCTPOKCTBA
WIM 3aCBETKU JPYTUM CIIOCOOOM TOMOJIOTMYECKUH PUCYHOK CXEMBbI MOCIe-
J0BaTeIbHO (YPOBEHb 32 YPOBHEM) MOXKHO IEPEHOCUTHh HENOCPEICTBEHHO
Ha IIOBEPXHOCTh KPEMHHUEBOM MJIACTUHBI, HO Yallle Ha (POTOUYBCTBUTEIIbHbBIE
CTEKJISIHHBIE IJIACTHHBI, Ha3bIBaeMble (oTomadioHaMu. Mexay nepeHocomM
TOTOJIOTMYECKOT0 PUCYHKA € JIBYX IIA0JIOHOB MOTYT OBITh NMPOBENIEHBI OIIe-
panyy HOHHOW UMIUIAHTALlUK, 3aTOHKH, OKMCIIEHUS U MeTaium3anni. [locie
DKCIOHUPOBAHUS IUIACTHUHBI ITOMEMIAIOT B PACTBOP, KOTOPBIA IPOSBISAET
n300pakeHHnEe B POTOUYBCTBUTEIIBHOM MaTepuaie — (hOTOPE3UCTE.
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VYBenuumnBas 4acToTy KoJieOaHUN CBETOBOW BOJIHBI, MOKHO YMEHBIIUTh
LIMPHUHY JUHUU PUCYHKA, T. €. COKPATUTh pa3Mepbl MHTETpasIbHBIX cxeM. Ho
BO3MOXHOCTH 3TOW TEXHOJOTHH OTPaHUYEHBI, ITOCKOJIbKY PEHTIE€HOBCKHE
JAy4u TpyIAHO cdokycupoBatb. OIMH U3 BapUAHTOB — MCHOJIb30BaTh CaM
CBET B KadecTBe MIA0JIOHA (TaK HAa3bIBA€MOE IMO3HIIMOHUPOBAHUE ATOMOB
(OKYCUPOBAHHBIM J1a3€pHBIM JIy4OM). DTHUM CHOCOOOM, OCBETUB IBYMS
B3aMMHO NEPHEHAUKYJSAPHBIMU Ja3€pHbIMH ITyYKaMu, MOXKHO H3IOTOBUTH
pElIeTKYy Ha KPEMHHUEBOM IUIACTHHE M3 XPOMHUPOBAHHBIX TOYEK Pa3MepoM
80 M. CxaHupys Ja3epoM MOBEPXHOCTH JJIsl CO3/IaHUS MPOU3BOJIBHOTO PU-
CYHKa MHTETpalbHBIX HAHOCXEM, TEOPETUUECKH MOKHO CO3/1aBaTh CXEMBI C
LIMPUHON JTMHUM pUCyHKa B 10 pa3 MeHbIIeH, yeM ceroaHsAuHue. Bropoe
OrpaHMYEHUE NPU JIUTOrpapuu HaKIaAbIBACT OpraHnyeckas npupozaa ¢oTo-
pesucra. IlyTh ee pemeHus — NPUMEHEHUE HEOPraHMYECKUX MAaTEepUasoB,
HaIpuMep OKCHJIOB BaHA U

du3nyeckre NpoLecChl, TPOTEKAIINE B U3AEIHUIX MUKPOIIEKTPOHU-
KA (M B MUKpOCXEMaXx MaMSTH TOKE), TEXHOJOTHUsI U3rOTOBJIECHUS U KOHCT-
pyktuBHble 0cobeHHocTH UMC BBICOKOW CTENEHH WHTETPAIlMN MOTYT BIIH-
ATh HA apXUTEKTYypy M METOIbl npoektupoBanus OBM u cucrem. Ecrect-
BEHHO, YMEHBIIEHUE T€OMETPUUECKUX PAa3MEPOB TPAH3UCTOPOB MPUBOAUT K
YBEIMYECHHIO 3IEKTPUUECKUX M0JIeH, 0COOCHHO B pailoHE CTOKA. DTO MOXET
MPUBECTU K PA3BUTHIO JJABUHHOTO MPOOOS U, KaK CIIEJCTBUE, K U3MEHEHUIO
BbIxoiHOU BAX MOII-Tpan3ucropa:

® BKIIOYEHHUIO Tapa3uTHOTO OUIMOISPHOrO TpaH3UCTOpa (UCTOK—
MOJIOKKA—CTOK);

® HEpPaBHOMEPHOMY 3apSKEHUIO TUAJIEKTPUKA y CTOKA;

e Jerpajanuy NpUIIOBEPXHOCTHOM 00JACTH MOTYIPOBOIHUKA;

e 1poOO0I0 JUAIEKTPUKA.

[ToaToMy HeoOxonuMo yMeHblieHue Hanpsbkenust nutanuss CBUC no
3.6, 3.3, 3 B u 1. n. [Ipu 5TOM M3BECTHO, UTO OJIOK MHUTAHUS KOMIIbIOTEpa
obecrnieunBaeT 0OBIYHO HamnpspkeHus +5B, +12B, —12B.

OpHako MHXKEKLIHS W 3apsDKEHUE JMAJIEKTpUKa — HE BCErJa Ipolecc
OTPULATEIIbHBIA WM TMApa3UTHBIN. YMEHBIICHUE HANPSOHKCHUS 3allUCH WH-
dbopManoHHOTO 3apsifa B pernporpammupyembix 3Y Hike 12 B mosBosser
UX TIPOrpaMMHUPOBATH BHYTPU MHUKPOIIPOLIECCOPHOM CUCTEMBI, a HE CIIELH-
albHBIM YCTpPOWCTBOM (mporpammaropoM). Torma s pazpaboTyuka OT-
KPBIBAIOTCS OOJIBIINE BOZMOXHOCTH JJI MPOIPaMMHUPOBAHUS HE TOJIBKO -
peca MUKpPOCXEM KOHTPOJUIEpA WM aJalTepa B IMPOCTPAHCTBE YCTPOMCTB
BBOJIa/BbIBOJIa WJIM HOMEpa MPEpPbIBaHUs, HO U TBOPUTh HEOOXOJIUMOE YCT-
poiictBo camomy (ecnu umeTh Takyro MMC). OnHako oTMETUM, 4TO KpoMe
"X035iMHA" 3TO MOXKET CleNlaTh U KOMIIBIOTEPHBIM BUPYC, KOTOPBIA OyIeT,
€CTECTBEHHO, pa3pyllaTh, a HE CO3UIaTh YTO-JIN0O.

66



4.1. OCHOBHbIe XapaKTepUCTUKU NONTyNPOBOAHNKOBOU NaMsATU

[TonynpoBoiHUKOBAs TTaMITh UMEET OOJBIIOE YHUCIO XapaKTEePUCTUK U
napaMeTpoB, KOTOPbIE HEOOXOIUMO YUYUTHIBATh MPHU MPOCKTUPOBAHUU CHC-
TeM [2, 5, 6, 9]:

1. EMKOCTh maMsaTH OmpenessieTcss YucioM OUT XpaHuMOW uHpOpMa-
1y, EMKOCTB KpHcTaijia 0OBIYHO BBIpAXKAeTCsl TaKKe B OMTaX U COCTABIIS-
etT: 1024 6urta, 4 x6ut, 16 KOUT, 64 KOUT M T. . BakHOW XapaKTepUCTUKON
KpUCTayuia siBIsieTcs WHGOPMAIIMOHHASI OpraHW3alus KpHUCTalla MaMITH
MxN, rae M — gyucno cnoB, N — pa3psaaHocts cinoBa. Hanpumep, kpucraimn
E€MKOCThI0 16 KOWT MOXXET MMETh Pa3INYHyI0 OpraHu3anuio: 16 xout x 1,
4 x6ut x 4, 2 xout x 8. [Ipn ogMHAKOBOM BpeMEHH OOpaIIeHUs MaMsTh C
0oJbIIeH HMPUHON BBIOOPKH 00s1aaeT OoJblied HH(OOPMAMOHHOW €MKO-
CTBIO.

2. BpeMeHHbIE XapaKTePUCTUKU MMaMSITH.

Bpewms noctyna — BpeMEHHOM MHTEpBaJl, ONPEIEIsIEMbld OT MOMEHTA,
KOT'/Ia IIEHTPaJIbHBIM MpOIECCOop BHICTABUII Ha IIKMHY ajpeca ajapec Tpedye-
MOH SYEWKHM MaMsATH U MOCJAJI MO IIMHE yIPaBJIEHUs IPUKA3 HA YTECHUE WJIU
3aMuCh JAHHBIX, 10 MOMEHTA OCYIIECTBIICHUS CBSI3U aJIPECyEMOM SUEUKHU C
IITHON JaHHBIX.

Bpemst BoccTaHOBIEHHUST — 3TO BpeMsi, HEOOXOAUMOE MIJisi TPUBEICHUS
MaMsATH B UCXOJHOE COCTOsAHUE nocne Toro, kak LII cusn ¢ LIA — axgpec, ¢
IITY — curnan "yrenue" nwim "3anuce” u ¢ /] — manHbIe.

3. YaenbHas CTOMMOCTBH 3allOMHMHAIOLIETO YCTPOMCTBA ONPENEIIAECTCS
OTHOILIEHHEM €T0 CTOMMOCTU K MH()OPMALIMOHHOM €MKOCTH, T. €. ONpees-
€TCsl CTOUMOCTBIO OWTa XpaHUMOU MH(OpMAIUH.

4. Tlorpebnsemas 3Heprus (MM paccernBaeMasi MOITHOCTb) MPUBOIUTCS
JUTSL IBYX PEKUMOB pabOThI KpUCTAILJIA: PEeKUMaA TACCUBHOTO XpaHEHUs WH-
dbopManyy ¥ aKTUBHOTO PEXMMa, KOTJa OIepaluy 3alucCyd U CUUTHIBAHUS
BBITIOJIHAIOTCSI C HOMUHAJIBHBIM ObIcTpojiericTBueM. Kpucramisl quHamude-
ckoit MOII-mamsiTu B pe3epBHOM PEKUME TOTPEOISIOT IPUMEPHO B JIECATH
pa3 MEHbIIIE YHEPTUH, YeM B aKTUBHOM pexknme. HanbombIiiee motpebieHme
SHEPI'UM, HE 3aBUCSIIECE OT pekuMa pabOThl, XapaKTEPHO JJIsi KPUCTAILIIOB
OUMOJSPHON MAMSITH.

5. IIOTHOCTH yHaKOBKM OMNpENeseTcs MUIONAAbi0 3allOMHHAIOIIETO
AJIEMEHTa U 3aBUCHUT OT YHCJIa TPAH3UCTOPOB B CXEME DJIEMEHTA U UCTIOJb-
3yeMoi TexHoJioruu. HanbosmbImas mioTHOCTh YIAKOBKH JIOCTUTHYTA B KPH-
crtajuiax quHamMuuyeckol MOII-mamsaru.

6. JlomycTumasi Temmneparypa OKpy>Karomieil cpesibl 0ObIYHO yKa3bIBa-
€TCsl OT/ACJIBHO NIl aKTUBHOW padoOThI, /sl TACCUBHOTO XpaHEeHUsI UHOOP-
Malliy 1 JJ11 HepaboUyero COCTOSIHUS C OTKJIFOUEHHBIM MTUTAHUEM.
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VYKa3bIBaeTCs TUII KOPITyCa, €CJIM OH CTaHAAPTHBIN, WIIH YEPTEK KOPITY-
ca C yKazaHMEM BCEX pa3MepoOB, MAPKUPOBKOM M HyMepalueldl KOHTaKTOB,
ecJid KopIyc HOBBIN. [IpuBonsATCS Takke ycClIOBUSA dKCIUTyaTaluu: pabouee
MOJIOKEHHE, MEXaHUYECKHUE BO3JEHCTBUS, JOIYCTUMAs BIIAXKHOCTh U JIp.

4.2. NocTosIHHbIE 3aNnOMMNHaKOLWKUe YCTPONCTBA

[Iporpammupyemsbie TOCTOSTHHBIE 3arioMuHarome ycrporcraa (I1I13Y)
JEJISITCS. Ha OJTHOKPATHO MporpaMMupyembie (Hampumep, oumnosnspusie [13Y
C IUIABKUMHU COEIMHEHUSIMH) W PacCMaTpUBAEMbI€ 31€Ch MHOTOKPATHO
anektpuuecku nporpammupyembie MOII T13Y. 310 nmoneBoil TpaH3UCTOpP C
riaBarouM 3atBopom U MJIOII-Tpan3uctop (MeTami—Iu3aeKTPUK—OKCH I~
MOJYNPOBOJHUK). OOBIMHO B KAaYECTBE NUAJIEKTPHUKA HUCIOIb3YIOT HUTPU]L
KpemHus [2, 5, 6, 9].

4.2.1.NoneBoun TpaH3NCTOP C NfaBaloWmMmM 3aTBOPOM

KoHcrpykiust 1 0o003HaueHUE TMOJIEBOTO TPAH3UCTOPA C IJIABAIOIIUM
3aTBOPOM MPEJICTABJICHBI HA puc. 14.

Jateop

BLIGOPKH Mnaeawwmi g 1 '
..... 3aTBOp |
................ |
|
|
: AL
"'-"” vtB Vtu
p-Si nonaoxka

3an31|

CTOK
BLIGOPKH |-J| HCTOK

Puc. 14. MOII-mpan3zucmop ¢ niasarouum 3ameopom

'U'tB— nopor CHHTHEBEAHHA

OTO0 p-KaHANBHBIA HOpMaIbHO 3aKpbIThiil MOII-npubop. 31eck xe mno-
Ka3aHbl BOJbT-aMIiepHble xapakTepucTuku (BAX) TpaH3uctopa B cOCTOSI-
HUU JIOTUYECKUX €AUHUIIBI U HYJIA (10 U Mocie 3anucyu HH(POPMAIIMOHHOTO
3apsiia). [lnaBaromuii 3aTBOp mpeAcTaBisieT coO00M 001acTh MOJUKPEMHUS,
OKPY>XEHHYIO CO BCEX CTOPOH JIMDJICKTPUKOM, T. €. OH 3JICKTPHYECKU HE
CBSI3aH C JPYTUMH JJIEKTpoAaMud M ero moTeHnuan '"miaaBaet". OOBIYHO
TOJIIIIMHA HIKHETO JAUAJICKTPUUYCCKOTO CIIOSI COCTABIISET JCCATKH aHTCTPEM.
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OTO MO3BOJISIET B CUJIBHOM JJIEKTPUYECKOM I10JIE HHIKEKTUPOBATH JJIEKTPO-
HBI B IJIABAKOIIHAM 3aTBOP:

WIN CKBO3b MOTEHIMAIBHBIN Oapbep Si-Si0, myTeM KBaHTOBOMEXaHU-
YECKOI'0 TYHHEJIIMPOBAHUS;

Wi HaJ 6apbepoM "Topsiuux" HOCHTENEH, pa30rpeThiX B MOMEPEYHOM
WJIM MPOAOIBHOM MOJI€ TP MPOO0E KPEMHHUEBOU MOAJIOKKH.

[TonoxuTenbHOE CMEIIEHHE HAa BEPXHEM 3aTBOpPE (OTHOCUTENBHO IO-
JYNPOBOJAHUKOBOM TOJJIOKKHK) BBI3OBET HAKOIUIEHUE 3JIEKTPOHOB B ILja-
BAIOIIEM 3aTBOpPE MPHU YCIOBHUH, YTO YTE€UKA AIEKTPOHOB YEPE3 BEPXHUU JIH-
ANEKTPUYECKUN clloM Masia. BennuunHa 3apsana QQ, HAKOIIEHHOTO 3a BpeMs t,
a 3HAYUT U IIOPOTOBOE HANPSHKEHUE, ONPENEIAECTCS KaK

0=[J(t)dt, (5)
rae J(¢) — BeInYnHa MHXXEKIIMOHHOI'O TOKa B MOMEHT BPEMEHU ¢ .

JlaBuHHBIN TTPOOOH MOJIOKKHU BOJIM3U CTOKA MOXKET IMPUBOIUTH K He-
OJHOPOJIHOW JeTrpajaliii TPAH3UCTOpPA W, KaK CIEJICTBUE, K OrPAHUYCHUIO
[0 YUCITy MEPEKI0YeHUM 3meMenTa namatu. M/III-tpan3ucrop ¢ ruraBaro-
MM 3aTBOPOM (pHC. 15) MOXeT ObITh UCIOJIb30BAaH B KaY€CTBE DJIEMEHTA
MaMsITH C BPEMEHEM XPAaHEHUS, PABHBIM BPEMEHHU JUAJIEKTPUUYECKON penak-
Calluu CTPYKTYPbI, KOTOPOE MOKET ObITh OYEHb BEJIIMKO U, B OCHOBHOM, OTI-
penenseTcss HU3KUMU ToKamMH yTedku yepe3 0aprep Si—Si02 (de = 3.2 3B).
Fe — BpIicoTa moTeHmansHOTO 6aphepa. Takoi AIEeMEHT MaMsITH 00eCTeUH-
BaeT BO3MOXXHOCTh HEMPEPHIBHOTO CUMTHIBAHUS 0€3 pa3pyiieHus nHhpopma-
MU, TPUYEM 3alUCh U CUYUTHIBAHUE MOTYT ObITH BBINIOJIHEHBI B OUYEHb KO-
POTKOE BpEMSI.

Puc. 15. Huorcexyus copsauux snekmpornos 6 ousnekmpux MII-mpansucmopa
u Opyeue npoyeccul, npoxoosujue npu J1asUHHOM NPoboe NOOIONHCKU
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MHOI-TpaH3ucTop

Ha puc. 16 npusenena xonctpykuuss MHOII-tpan3ucropa (Meramn —
HUTPUJ KPEMHHUS — OKCHJl KPEMHHS — MOJYNPOBOAHMK). DDPEeKT mamaru
OCHOBaH Ha M3MEHEHHH MOPOTOBOTO HAMPSHKEHUS TPAH3UCTOpa MpH Halu-
YUM 3aXBAYEHHOTO B IOA3AaTBOPHOM JIUAJIEKTPUKE IOJIOKHUTEIBHOTO WU
OTPHULIATENILHOTO 3apsa, KOTOPhIM XpaHuTcs Ha riayOokux (1.3—1.5 3B) no-
BYIIKaX B HUTpUJIe KpeMHHUs BOIU3H rpaHulsl Si0,—Si3Ny.

Puc. 16. Koncmpyxkyus MHOII-mpanzucmopa:
1 — memannuueckutl 3ameop; 2,3 — obracmu ucmoxa u
CMOKA, COOMBEMCMBEHHO, 4 — NOON0HCKA

3anuch HGOPMALIMOHHOTO 3apsna (cM. puc. 17) MPOUCXOIUT TaK Ke,
kak 1 B MOII-Tpan3ucrope ¢ miaaBaroIuM 3aTBOpoM. Beicokas sdpdexTus-
HOCTh 3aXBaTa 3JEKTPOHOB (WJIHM JBIPOK) CBsI3aHa C OOJBIIUM CEYEHHEM 3a-
XBaTa Ha JIOBYIIKH (mopsimka 10—13 cM”) U ¢ GOJBLIOH MX KOHIEHTpAIMei

(mopsizmka 1019 cnr).
\ 'JDI
Jtot

\

n-Si  Sio,

Si3 N4 Me

Puc. 17. Onepayusa 3anucu ¢ MHOII-cmpyxkmype
(30HHA5 duacpamma)
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Tok B okucne J,, — TyHHENBHBIH TOK MHXKEKIMH, TOK J, — TOK CKBO3-

HOM MPOBOJAMMOCTH B HUTpHUJIE. B cilyyae mpsMOro TyHHEIMPOBAHUS DJIEK-
TPOHOB B 30HY MPOBOIUMOCTH S10; CKBO3b TPEYTOJIbHBII 0aphep TIOTHOCTH
TOKa onpezensercs ypasHenuem Paynepa—Hoparenma:

J, = AE’ -eXp(—%j, (6)

rae A — KOHCTaHThbl, £ — HanpsiKEHHOCTh AJeKTpuieckoro noss. [lo mepe
HAKOIUICHUS 3apsa IO0JIE HAa KOHTAaKTE YMEHBIIAETCSA, YTO NPUBOAUT K
YMEHBIIEHUIO CKOPOCTH 3anucu. DG (HEKTUBHOCTD 3alUCU 3aBUCUT TAKKE U
OT TOKa CKBO3HOM MTPOBOANUMOCTH B HUTPU/IE.

Crupanue uapopmanuu (Bo3BpaT CTPYKTYPHI B UCXOJHOE COCTOSTHUE)
MOYET OCYILECTBIATHCS:

e yIbTPa(HOIETOBBIM U3IYyYECHHEM C dHEprueil kBantoB Oomee 5.1 3B
(mMpuHa 3anpeneHHON 30Hbl HUTPUJIa KPEMHUS) YEPE3 KBAPIIEBOE OKHO;

e [0Ja4Yel Ha CTPYKTYPY UMITYJIbCa HANPSHKEHUS, MPOTHUBOMOI0KHOTO
10 3HAKY 3alKChIBAOIIEMY.

B coorBerctBun ¢ I'OCTom, Takue UMC mMmeroT B cBoeM Ha3BaHHUU
autepel P® u PP, coorBercTBeHHO. Bpemsi xpaHenus wuHboOpManuu B
MHOII-Tpan3uctope 00yCIOBIEHO TEPMUUECKON SIMUCCUEN C TITyOOKHX JI0-
BYLIEK M cOCTaBisieT nopsiaka 10 jieT B HOpMaJIbHBIX yCIOBUSX. OCHOBHBI-
MU (pakTOpaMH, BIUSIONIMMHU Ha 3alUCh W XPaHECHHE 3apsja, SBISIOTCS
ANEKTPUYECKOE TOJE, TemIeparypa u paauanusa. KonuuectBo snekTpuye-
CKUX LIUKJIOB 3anucb-cmupanue odbrauo He Mexee 10°.

4.3. OnepaTtuBHbIe 3anNOMUHaKOLWMe YCTPOUCTBA

[ToynmpOBOTHUKOBBIE 3allOMUHAIOLIUE YCTPOMCTBA MOAPA3IEIAIOTCS
Ha 3Y ¢ npousBosibHON BBIOOPKON U 3Y ¢ mocienoBaTeIbHBIM JOCTYTIOM.
3VIIB noapasaenstores Ha [5, 6, 9]:

® CTAaTHYECKHUE OlepaTUBHBIC 3arioMuHaronme ycrpoiictea (CO3Y);

® JMHAMUYECKUE ONEpAaTUBHBIC 3arlOMHUHaroIIMe ycTpoiicTa (JO3Y).
3V ¢ nociie1oBaTeNbHBIM JOCTYIIOM MOAPA3AECIAIOTCS Ha:

® DETHUCTPHI CIIBUTA;

e 1pubOpHI ¢ 3apAn0Boil cBsa3bio (I13C).

B ocnoBe 6oibmHCcTBa coBpeMeHHBIX O3V iekaT KOMIUIUMEHTApPHBIE
MOII (KMOII) UMC, koropble OTIMYAOTCS Majod NmoTpedssieMoil Moul-
HOCTBIO. DTO AocTUraeTcs npuMeHeHuem napel MOII-TpaH3ucTopoB ¢ pas-
HbIM TuroM kaHana: n-MOII u p-MOII. Kak Bunno Ha puc. 18, B KMOII-
MHBEPTOPE KaK MPU HU3KOM, TaK U IIPU BHICOKOM YPOBHE CHTHAJIa HA BXOJIE
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OJIMH W3 TPaH3UCTOPOB 3aKphIT. [l03TOMY MOTpEOICHNE YHEPTUU TTPOUCKO-
JUT TOJBKO TipH nepekitouennn "1" B "0" (1 06patHO).

Puc. 18. Cxema KMOII-uneepmopa

UYro0bl peann3oBaTh Ha IMOJUIOKKE N-TUIA HE TOJIBKO p-KaHAJIBHBIN
TPaH3UCTOP, HO U N-KaHAJIbHBIM, MOCIEAHUN MU3rOTAaBIMBAECTCS B TaK Ha3bl-
BAEMOM KapMmare, KaK IMOKa3aHo Ha puc. 19.

OB Upx Unur

Al

...... H OxpaHHble
KOnbLia

n-5i

Puc. 19. Koncmpyxyus uneepmopa na KMOII-mpanzucmopax

Amnanornyto Ha detbipex MOII-tpan3uctopax (2 n-MOII u 2 p-MOII,
BKJIIOUEHHBIX MapajuleSIbHO U MOCJIEA0BATEIbHO) MOKHO MOCTPOUTH U APY-
rue 0a3oBblie Jorudeckue 3neMeHTel "U" u "UJIN" u, coOOTBETCTBEHHO, HA
UX OCHOBE CTPOSITCSI BCE JIpyTHe 00JIee CIO0KHbBIC JOTUUECKUE CXEMBI.

Kak usBectHo, ObicTponeiictBue MOII-TpaH3ucTOpOB B MEPBYIO Oue-
pelb OTpaHUYMBAETCS OOJIBIION BXOJHOM €MKOCTBIO 3aTBOP-UCTOK (TOA-
JI0’KKa). YMEHBIIICHUE T€OMETPUUECKUX pa3MepOB MPUOOPOB (IUIOMIAAN 3a-
TBOpA U JIJIMHBI KaHaja) MPU yBEIUYECHUH CTENIEHU UHTETPAI yBEINYHUBa-
€T TPaHUYHYIO YaCTOTY.
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Marnoe notpebieHue sHepruu mno3podisietr ucnonbzoBate KMOII unTe-
rpajbHble MUKPOCXEMBI ¢ TUTaHUEM OT MUKpobOatapeu kak [13VY, raoe pac-
M0JIaraeTcsi 4acTh OINEPALMOHHOW CHUCTEMbI, KOTOpash OCYLIECTBIISET Ha-
YaJlbHYIO 3arpy3Ky BCel cUCTEeMBI (IporpamMma Setup).

4.3.1.CTaTmnyeckune sanomMmHarLme yCcTpomncTea

DneMeHTapHOM stuelikoit crarudeckoro O3Y ¢ mpou3BOJBHONW BBIOOP-
KOU siBisieTcs Tpurrep Ha Tpanuctopax T1-T4 (puc. 20) ¢ kimrouamu T5-T8
U1l goctyna K muHe gaHubiX. [Ipudyem T1-T2 — sto Harpy3ku, a T3—-T4 —
HOPMAaJIbHO 3aKPBIThIE AJIEMEHTHI |3, 6, 9].

IVSSZE B
JI:I Ty T I:||_ BHBOPKH
no
| TT TruneY

5 7 8 16

LIHHA l LUHHa
M AHHBIX N AHHBE

Puc. 20. Auetika cmamuyueckozo O3Y

ConpotuBnenue 3nemeHToB T1-T2 nerko perynupyercs B mpoliecce
M3TOTOBJICHUS] TPAH3UCTOPA MyTEM MOJITOHKH MTOPOTOBOT0 HAIPSKEHUSI MTPU
JIETUPOBAHUHU TOJIMKPEMHUEBOTO 3aTBOpPAa METOJAOM MOHHOW HMILJIAHTALIUH.
KonuuectBo TpanzuctopoB (6 uinu §) Ha siUeHKYy 3aBUCUT OT JIOTHYECKOMU
OpraHuU3allluy MaMsITU MUKPOTIPOLIECCOPHON CUCTEMBI.

4.3.2.[iInHamnyeckne 3anoMmuHarLne ycTpomcTea

B otnuuue ot cratuueckux 3Y, KOTOpbIE XpaHAT MHGOPMAIIMIO ITOKA
BKJIFOUEHO MHUTAaHUE, B IUHaMUYecKuX 3Y HeoOXo/aruMa MOCTOSIHHAs pereHe-
parust uadopmarmu. OTHAKO MPHU ATOM JIsl XpaHeHus oaHoro outa B JIO3Y
HY>KHbI BCEro 1—2 TpaH3HWCTOpa M HAKOMMTEJbHBIM KOHJEHcaTop (puc. 21)
[5, 6, 9]. Takue cxembl 00JIe€ KOMITAKTHBI.
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EctecTBeHHO, 4yTO B MUKpocxeMe auHamudeckoro O3Y ectb 0AMH WM
HECKOJIbKO TAKTOBBIX T€HEPATOPOB M JIOTHYECKAsi cXeMa JIJIsi BOCCTAHOBJIE-
HUS WH(POPMAIIMOHHOTO 3apsijia, CTEKAIOIIEro C KOHJEHcaTopa. JTO He-
CKOJIbKO "yTsikenaeT" koHcTpykiio UMC.

aNpPECHAA LUHHA LHHA .l].EIHHI:IX.
CTpOKa — T
Tq Iﬁ —
C I CTOAGEL, _l Tz
C
paspAnHad I

LUHHAa

Puc. 21. 3anomunarowas saueiixa ounamuveckozo O3y

Yame Bcero u CO3Y, n /JIO3Y BeimoaHeHs! B BUAE 3Y ¢ IPOU3BOIBHON
BBIOOPKOM, KOTOPBIE UMEIOT Pl IpeuMyLIecTB nepes 3Y ¢ nocienoBareib-
HBIM JIOCTYTIOM.

paspagHasa
uEHa

Puc. 22. Koncmpyxkyusa auetiku J{JO3Y (cm. puc. 21, cnesa).
(Cnuzy npeocmaenen paspes cxemul no aunuu A—A)
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4.4. 3anoMmuHawoLwme yCTPpOMCTBa C NPON3BONIbHOW BbIOOPKOWN

Ha puc. 23 noka3zano 0603HaueHHE 3alIOMUHAIOLIEE YCTPOUCTBO C MPO-
n3BOJIbHOM BeIOOpKOI (3YIIB) 1 ero BHyTpeHHsIst cTpyKTypa [2, 9].

DI
» DO

— D4 _
— D3 Q4 ¢—
— D2 .
—oWE Q2 —
—9P ~Q _
CS T
A3 A2 A1 AQ
1
a)
WE__| y—— —
RAS > YCTponCTBO > YCTpOUCTBO
CAS .| ynpaBneHnus BBOAa/BbIBOAA
A0 > s » [ewmndopaTop
ﬁ; > 2 5 cton6buos
p T <
A3 > § 'g §_ Yeunurens
A4 » 5= 5 CYUTbIBAHUSA
pm_o 2 |8
S E O o ©
M es gl ¥
= 3 HakonuTenb
(= P
6)

Puc. 23. O3Y ¢ npoussonvroti evibopko: a) O3Y 16x4 oum,; 6) O3Y 64 koum x1

(KP565PV5)

3nech: D1-Dn (cnpasa DI) — unpopmannonnsie Bxobl; Q1-Qn (crmpa-
Ba DO) — unBepcHble BoIx0Abl; Al-An — anpecHsie Bxoabl; WE# — 3a-
nuck/utenue; CS# (Chip Select) — BwriOOp kpucramia; CAS# (Column
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Address Strobe) u RAS# (Row Address Strobe) — curnan BeiOOpKH cTOJIO1A
Y CTPOKH COOTBETCTBEHHO.

[IpencraBnennoe 3neck 3YIIB — 3to JIO3Y ¢ opranuzaiuei XxpaHeHus
uHdopmaruu 65536 6ut Ha 1 paspsa. HakomutenbHass maTpuia ¢ OJHO-
TPAH3UCTOPHBIMM 3alIOMUHAIOIIMMH JJIEMEHTaMM MMeeT pasmep 512x128.
Jlns yMeHbIIEeHUs KoJinuecTBa 3ajeicTBoBaHHbIX HOoxek y MMC (16-
BXx0/10BbIi DIP-kopmyc) mpumeHeHa MyJIbTHIUIMKALUS aJpeca, YTO BUAHO
Ha PUCYHKE IO HAJIMYMIO OTAEIbHBIX IeU(PaTOpPOB CTPOK U CTOJIOIIOB.
VYeTpoicTBO yIpaBiieHHs BKIIIOYAET JIBa F€HEPATOpa TaKTOBBIX CUTHAJIOB U
reHepaTop CUTHAJOB 3alUCU M obecnieunBaeT 4 pexxuma paboThl: 3alKCcH,
CUUTBIBAHUs, pPET€HEpAallM U MYJbTUILIMKAUUU aapeca. Bpems perenepa-
U — 2 MC.

Jlns cpaBHeHust Ha puc. 24 nokazaHa koHctpykuus [III3Y ¢ ynerpa-
duoneroBeiM (Y®) crupanuem nHa MHOII-cTpykTypax ¢ opranusanuei
npenctaBienus nadopmanuu 2 k6 x 8 (16384 6ura).

4.5. MukpocxemMbl NaMAATU B COCTaBe MUKPONPOLIECCOPHOM

CUCTEeMblI
AppecHas wuHa A0 — A15
] A0 — A10 A0 — A10
21; T{pc|O A [RoM & A IrRaM[©
2 1 b= 0 - 0 -
AT31 4 2 ) D ) D
" 3 10 0 10 0
o4 E 4 o -
5 cs 7 cs 7
Aldse 6 OE OE
ATS 7 PG WR
i 1§ i

LLUvHa gaHHbIx DO — D7

»,
P

[
>

Puc. 24. Muxkpocxemvr O3Y (K573PY9) u LIII3Y (K573P®35)
8 cocmase MUKpOnpoyecCcopHoLl CUCHEMbL

Ha puc. 24 npexacrasineno Bzaumopeiictsue K573P®D2(5) u K573PVY9,
UMEIOIINX OJIMHAKOBYIO OpPTaHM3alnio 2 KOWUT X §, ¢ CHCTEMHOI MarucTpa-
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aet0 [9]. baliT maHHBIX ¢ MUHBI JaHHBIX (MuHUd D0-D7) cuuteiBaeTcs (Wiu
3alMUCBHIBAETCS) MO aApecy, BBHICTABICHHOMY Ha IuHE aapeca (JuHun AQ-—
A10). EctecTBenHo, uncio aapecyeMbix sueek cocrasisier 211 = 800h =
2048. Mukpocxema-nemudpparop K555M]J17 mocpenctBom curnama CS#
(BpIOOp KpHCTa/LIa) MO3BOJIsIET BhIOpaTh nojoxenne UMC 3V B agpecHoM
npoctpancTBe. [ns manHoro caydas 3to aapeca 0000h—07FFh s
I[I3Y(ROM) u 0800h-OFFFh nns O3Y(RAM). Huszkuii ypoBeHb CUTHAJIOB
ynpasiennss MEMW# u MEMR# akTUBU3HUPYET MPOLECC 3aIIUCH U UYTEHUS,
COOTBEeTCTBeHHO. Hamomuum, uyTo 3anuce uHpopmauuu B gaHuyro MMC
[ITI3Y BO3MOXKEH TOJIBKO BHE MHKPOIIPOLECCOPHOU CUCTEMBI B CIELHAb-
HOM Iporpammarope nocie Y ®-ctupaHus MyTeM MOJAYU JOCTATOYHO BbI-
COKOro HamnpsbkeHus Ha BxoJ PG.

4.6. bydepHasa namaTb

B BBEIMHCIUTETBHBIX CHCTEMaX HCIOJIB3YIOTCS TMOJCUCTEMBI C pa3iind-
HBIM OBICTPOJICHCTBUEM, U, B YACTHOCTH, C PA3IMIHON CKOPOCTHIO MepeIavn
naHHbIX (puc. 25). O6pIYHO 0OMEH JaHHBIMU MEXK]Iy TAKMMH MOJCUCTEMaMHU
peanmu3yeTcs C MCIOJIb30BaHUEM TPEePhIBAHUIN WIIM KaHajla MPSMOTo JIOCTya
K maMmsTH. B mepByro odepenb, mojacucrema 1 ¢opmupyeT 3ampoc Ha 00-
CITy’KHBaHHUE 10 Mepe TOTOBHOCTH JIaHHBIX K 00MeHy. OHaKo 0OCTyKHBa-
HUC TPEPBIBAHUI CBA3aHO C HEMPOU3BOJUTCIHHBIMHU IOTEPSIMH BPEMCHH U
IIPH MAKeTHOM OOMEHE MPOM3BOAUTEIBLHOCTh TOJCHCTEMBI 2 3aMETHO
ymenbInaercs. [Ipy oOMeHe MaHHBIMHU C WCIOIB30BAHUEM KaHajla MPSIMOTO
J0CTyIa K IaMsATH TOJICKHCTeMa | TiepeiaeT JaHHbIC B TAMATh MOACUCTEMBI
2. JlanHsbIit cnoco6 oomMeHa 10cTaTtoyHO A(PPEKTUBEH C TOUKHU 3PEHUs ObICT-
POACUCTBUSI, HO JJIsl €r0 peain3alui HEOOXOAUM JI0BOJBHO CJIOKHBIA KOH-
TPOJUIEP MPSAMOTO AOCTYIA K TaMSTH.

[laHHuE [laHHuEe
MopcHecrema 1 ::> BydgepHan ::> Monacucrema 2
[MeaneHHo- NaMATh [euicTpo-
NEACTBYH Wad) ' FIFO ' NEACTBYH LLaA]
Januch CyHTHEAHHE

Puc. 25. [lpumenenue 6yghepnoti namamu

Haub6onee r¢dekTuBHO 0OMEH JaHHBIMU MEXKIY MOJCUCTEMaMHU C pas-
JMYHBIM OBICTPOICHCTBUEM PEATU3YeTCsl MPH HAIWYHH MEKIY HHMHU CIie-
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nuanbHor Oydepnoit nmamsaru [2, 9]. JlaHHbIE OT TOACUCTEMBI 1 BpeMEHHO
3alIOMHUHAIOTCS B OyepHOii MaMsITH 0 TOTOBHOCTHU TOJICUCTEMBI 2 TIPUHSTH
ux. EMkocTh OydepHoii maMsT TOJKHA OBITh JOCTATOYHOM ISl XpaHEHUS
Tex OJIOKOB JaHHBIX, KOTOpBIE mojcuctemMa 1 GpopmMupyetr Mexay CUMTHIBA-
HUAMH UX nojcuctemMort 2. OTIuYUTeIbHON 0COOEHHOCTRIO OydepHOil mna-
MSATH SIBJISIETCSI 3alKCh JAHHBIX C OBICTPOACHCTBUEM M TOJ YNPABICHUEM
MOACUCTEMBI 1, a CUMTBHIBaHUE — C OBICTPOACHCTBUEM U MOJ YIPABICHUEM
noacucteMbl 2 ("amactuuHas mamsaTe"). B o0mieM ciyudae maMsTh J0KHA
BBITIOJTHATh OIEpalMK 3aliCH U CUMUTHIBAHHUS COBEPIICHHO HE3aBUCUMO U
JIa)Ke€ OJTHOBPEMEHHO, YTO YCTPaHSIET HEOOXOAUMOCTh CUHXPOHU3AIIUU IO/~
cucteM. bydepHas namsaTh A0HKHA COXPAHITH MOPSAAOK MOCTYIUICHUS JTaH-
HBIX OT MOJCHUCTEMBI 1, T. €. paboTaTh MO MPUHIMITY "TIEPBOE 3aMHCAHHOE
cioBo cuutbiBaercsa nepBbiM” (First Input First Output — FIFO). Takum 06-
pasom, noja O6ydepuoit mamsteio tuna FIFO monumaercs 3YIIB, xoTtopoe
ABTOMATHYECKHU CJIEIAUT 3a MOPSAIKOM MOCTYIJICHUS TaHHBIX U BBIJAET UX B
TOM K€ MOPSAIKE, TOMYCKasl BBIOJIHEHUE HE3aBUCUMBIX U OJJTHOBPEMEHHBIX
omnepanuy 3arnucyu U cuuTeiBaHns. Ha puc. 26 npuBeneHa cTpyKTypHas cxe-
Ma Oydepnoit namstu tuna FIFO emkocthio 64x4.

Ha kpucranne pasmeniensl 64 4-OMTHBIX perucTpa ¢ HE3aBUCUMBIMU
LETMSIMU CJIBUTA, OPTaHU30BaHHBIX B 4-X MOCJIEA0BATEIbHBIX 64-OUTHBIX pe-
TUCTpax JaHHBIX, 04-OUTHBINA YHPaBISAIOUIUNA PErucTp, a TakXKe cXema
yrpasieHus. Bxoguele nanueie nocrynator Ha Juauu DIO-DI3, a BeIBOX
JAHHBIX ocylecTBisAeTcss yepe3 koHTakTel DO0-DO3. BBoj (3anuch) gaH-
HBIX MPOU3BOAUTCS yrpaBisitoniuM curHanoM Sl (shift in), a BeIBoa (cunTHI-
BaHue) — curnaigom BeiBoga SO (shift out). BBox manHBIX ocymiecTBiseTcs
TOJIBKO TIPY HaJW4HMH CUTHaJIa TOTOBHOCTH BBOJa IR (input ready), a BeiBOA
— TpW HAJIWMYUU CUTHaJIa ToTOBHOCTH BbIBoga OR (output ready). Ympas-
nsiromuil curdan R (reset) mpousBoaut copoc coaepkumoro 0ydepa.

DI0— D00
DIl——— BxonHo# Perucrpu Buxonnon |——DO1
DI2Z—— perucrp P1 naHHuX 64 x 4 peructp P64 |——DO02
DI3— L D03
| ] I
3| ————{Ynpasnenne dnpaeneHHe J|Ynpaenenne——— S0
IR ¥————— pxopnomM NepenayvamH emxonom [—0OR

Puc. 26. Cmpyxmypnas cxema 6ygepa 64x4
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[Ipu BBOAE 4-OMTHOTO CilOBa MO JAeWcTBUeM curHaina Sl oHO aBTOMa-
TUYECKU TIEpEeIBUTaeTcsa B OMMKAUIINI K BBIX0y cBOOOAHBIN peructp. Co-
CTOSIHME PETHCTPA JAHHBIX OTOOpa))KaeTcsi B COOTBETCTBYIOIIEM €My yIpaB-
JSIOIIEM TPUTTEpPE, COBOKYITHOCTh TPUTTEPOB 00pasyeT 64-OMTHBIN yIpaB-
AN peructp. Ecim perncTp COAEpKHAT AaHHBIE, TO YIPABIISIOLIUN
TPUTTEP HAXOJUTCSA B COCTOSIHUU 1, a €CliM pEerucTp HE COACPKUT JAaHHBIX,
TO Tpurrep Haxoautcs B coctostHuM 0. Kak TonbKo ynpaBisitonuii OUT co-
CEJHEro crpaBa perucrpa usMenserca Ha 0, CIIOBO IaHHBIX aBTOMAaTHYECKU
casuraercst k Beixony. Ilepen Hadamom paGoTel B Oydep momaercs: curHain
copoca R u Bce ympaBisrone TpUrrepbl nepeBoasites B coctosiaue 0 (Bce
peructpsl Oydepa cBoboub1). Ha BeBosEe IR dopmupyercs norudeckas 1,
T. €. Oy(ep roroB BocipuHUMAaTh BXOJHBIE NaHHbIE. [Ipu AeiicTBuu curHana
BBOoJ1a SI BXoAHOE CIOBO 3arpysaercs B peructp Pl, a ynpasnstomuii Tpur-
rep ATOro PEerucTpa ycTaHaBiIMBaeTcs B coctostHue 1: Ha Bxone IR dhopmu-
pyercs norudeckuii 0. CBsi3u MEXIy perucTpaMu OpraHUu30BaHbl TAKUM 00-
pazoM, yto noctynusee B P1 cioBo "cnoHTaHHO" KomUpyeTcst BO BCEX pe-
ructpax aaHHbIX FIFO u nosiBnsercs Ha Beixoaubix JuHUsX DO0-DO3. Te-
nepb Bce 64 peructpa 0ydepa comepxar OAMHAKOBBIE CJIOBA, YIIPABIISIONTUN
TpUrrep nociennero perucrpa P64 naxogurcs B coctossHuM 1, a ocTanbHbIE
YIOPABIISIONINE TPUTTEPbl COpPOIICHbI MPHU Tepelaye JAHHBIX B COCEIHHE
crpaBa peructpbl. CocTosiHME yIpaBisitollero Tpurrepa P64 BoiBeneHo Ha
JTUHUIO TOTOBHOCTH BbixoAa OR; OR npuHumaet 3HayeHue 1, korjga B Tpur-
rep 3anuceiBaercs 1. [Iporecc BBoga MOXKET NPOJOIKATHCS 10 MOJTHOTO 3a-
noJiHeHus Oydepa; B 3TOM cilydae BCE YIPABISIONINE TPUTTEPhl HAXOIATCS
B coctosiHuu 1 u Ha nuHuu IR coxpaunsercs nornueckuii 0.

[Ipu nmogaue curnana SO NPOU3BOAMUTCS BOCHPHUATHE CIIOBA C JIMHUI
DOO0-DO3, ynpanstouuii Tpurrep P64 mepeBoautcsi B coctosiHue 1, Ha
munuu OR mosiBiisieTcst noruueckas 1, a ynpasistomuii Tpurrep P64 copa-
ceiBaetcs B 0. 3aTeM 3TOT mpoLecc NOBTOPSETCS ISl OCTaIbHBIX PETUCTPOB
U HYJIb B YIPABIIAIOIIEM PETUCTPE NEPEMEILAETCS KO BXO1y IO MEPE CIBUTA
JAHHBIX BIIPABO.

B nekotopeix kpucramiax Oydepa FIFO umeercs aomojHUTENbHAs
BBIXOJIHAS JTUHUS (hJIakKa 3armojHeHus1 HanonoBuHy. Ha Helt hopmupyercs
CUTHaI 1, eCclIM 9uCiIo CIIOB COCTaBIIIET O0JIee MOJIOBUHBI eMKOCTH Oydepa.

Paccmotpennsiii npunnun opranuzanuu FIFO gomyckaer BeIoJiHEHUE
3allUCHU M CUUTHIBAHUS JIAHHBIX HE3aBUCUMO M OAHOBpeMEHHO. CKOpOCTh
BBOJIa OIPEAEIIAETCS BPEMEHHBIM MHTEPBAJIOM, HEOOXOAUMBIM IS Iiepesa-
yu JaHHbIX U3 Pl, a BBIBOAUTH NaHHBIE MOXHO C TaKOM K€ CKOPOCTHIO.
EnuHCTBEHHBIM OTpaHUYEHHUEM SIBJISIETCS BPEMSI PACIPOCTPAHEHUS JTaHHBIX
yepe3 FIFO, paBHOe BpeMeHM mepenadyd BXOJHOTO CJIOBAa HAa BBIXOJ HE3a-
nosHenHoro 6ygepa FIFO. OnHo paBHsieTCS MPOU3BEICHUIO BPEMEHU BHYT-
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PEHHETro cIIBUTa W 4ucja peructpa gaHHeix. B 0ydepax FIFO, BeimonHeH-
HbIX 110 MOII-TeXHOI0THH U UMEIOIMNX €MKOCTh 64 CJIoBa, BpeMs pacipo-
cTpaneHus coctapisieT npumepHo 30 mkc, a B ounossipasix FIFO Takoit xe
€MKOCTH — IIPUMEPHO 2 MKC.

Bydepsl MOKHO HapanuBaTh Kak MO YUCIY CJIOB, TaK U MO UX JJIUHE.

4.7. CtekoBass namMmAaTb

CrexoBOll Ha3bIBAlOT MaMsATh, JOCTYIl K KOTOPOW OpraHM30BaH I10
OPUHITUIY: MOCIeaHUM 3anucad — nepbiM cuutal (Last Input First Output
— LIFO). Wcnonbs3oBaHue NpUHIMIIA JOCTyNa K MaMsSITH Ha OCHOBE MeXa-
Huzma LIFO navanocs ¢ 6onbmux OBM [2, 9]. [IpuMeHeHue cTEKOBOM Ma-
MSTH OKa3aJI0Ch O4€Hb 3(P(EKTUBHBIM MPU MOCTPOECHUN KOMIHIUPYIOMINX U
MHTEPHPETUPYIOUIUX [POrpamMM, NPHU BBIYUCICHUH apu(PMETHUECKUX BbIpa-
KEHHI C HMCIOJIb30BAHUEM IOJILCKOW MHBEPCHOM 3amucu. B mansix OBM
OHa cTaja IIMPOKO MCIOJB30BAThCS B CBSA3M C YyAOOCTBaMM peanu3aluu
IPOLIETyp BbI30BA MOANPOrpaMM U Mpu 00pabOTKe MpephIBaHUM.

[IpuHiun paboThl CTEKOBOW MaMATH COCTOMT B CJEAYIOIMEM (CM.
puc. 27). Korga cioBo A momerniaercst B CT€K, OHO pacrioyiiaraercs B mepBoi
cBOOOHOM stueiike mamaTu. Crenyromiee 3anicbiBaeMoe CJI0OBO MepeMeIiaeT
IpeabIAylee Ha OJHY SYeUKY BBEPX M 3aHHMAET €ro MECTO M T. J. 3aIluch
8-ro xona (mocie H) mpuBOIUT K MEPENOTHEHUIO CTEKAa U MOTepe Koja A.
CunTbIBaHUE CJIOB U3 CTEKAa OCYIIECTBISETCS B 0OpPaTHOM MOPsIIKE, HAUMHAS
c kojma H, kotopserit ObuT 3amucaH MOCIEAHUM. 3aMETHUM, YTO BBIOOpKA, Ha-
npumep, kona E HeBo3MoxkHa 10 BbIOOpKH Koaa F, uTo onpenensiercs mexa-
HU3MOM OOpareHust npu 3anucu ¥ urenuu tuna LIFO. J{nsa ¢ukcanuu ne-
PENOJIHEHHUSI CTEKa JKeJlaTeabHO (OPMUPOBATh MPU3HAK MEPEIOTHEHHUS.

¥

TIm|Mo|o|@)] =

=]
== [[{1]]

Hu3z cTeka

Puc. 27. Ilpunyun pabomuvl cmexogoti namamu
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[lepemenienne AaHHBIX MPU 3allUCU U CUUTHIBAHUU HMHQOpPMALUU B
CTEKOBOM MaMsATH MOJOOHO TOMY, KaK 3TO UMEET MECTO B CIBHUTAIOIINX Pe-
ructpax. C TOUKH 3peHUs peaiu3allid MEXaHu3Ma JOCTyMa K CTEKOBOW Ma-
MSATH BBIACISIIOT anmnapaTHbIi U anmapaTHO-IPOrpaMMHbINA (BHEITHUM) cTe-
KHU.

AnmapaTHbeli CTE€K MPEJCTABISIET COOONM COBOKYIMHOCTh PETHUCTPOB,
CBSI3U MEXJy KOTOPBIMU OPraHW30BaHbI TAKUM 00pa30M, UYTO MPU 3alUCU U
CUUTHIBAHUU JTAHHBIX COAEPKUMOE CT€Ka aBTOMATUYECKH CJIIBUTACTCS.
OOBIYHO €MKOCTh amnmapaTHOro CTeKa OrpaHUYeHa UaNa30HOM OT He-
CKOJIBKMX PETUCTPOB JO HECKOJbKUX JIECATKOB PETUCTPOB, MOITOMY B
oonpinHcTBE MII Takoi cTEK MCMOIB3YyeTCs JUIsl XpaHEHUs COACPKUMOTO
IPOrpaMMHOI0 CUETUYHMKA M €r0 Ha3bIBAIOT CTEKOM KoMaHA. OCHOBHOE J10C-
TOMHCTBO aIllapaTHOTO CT€Ka — BBICOKOE OBICTPOJCUCTBHUE, a HEAOCTATOK —
OTPAHUYEHHAS EMKOCTb.

Hanbonee pacnpocTpaHeHHBIM B HACTOsSIEE BpeMs H, BO3MOXKHO,
Jy4IlIUM BapUAaHTOM OpraHu3anuu cteka B OBM sBiseTcss MCnoab30BaHUE
obnactu mamatu. [[s agpecanuu cTeka UCTIOIB3YEeTCs yKa3aTelnb CTeKa, KO-
TOPBIN MPEIBAPUTEIBHO 3arpy>KaeTcsi B PECUCTP U OMNPEACISIET aJpec Mo-
cnenueit 3anarou aueiiku. [Tomumo komang CALL u RET, no koTopsiM 3a-
MHACBHIBAETCS B CTEK W BOCCTAHABIMBAETCS COAECPKUMOE IPOTPAMMHOIO
cuetunka, umerorcss komanasl PUSH u POP, koTopble UCNONB3YIOTCS AJIs
BPEMEHHOI'0 3alIOMUHAHHS B CTEKE COAEPKHUMOTO PErMCTPOB U UX BOCCTa-
HOBJIEHUS, COOTBETCTBEHHO. B HekoTopsix MII comep:kuMoe OCHOBHBIX pe-
TUCTPOB 3alIOMMHAETCSl B CTEKE ABTOMATHUYECKU IIPU IPEPHIBAHUU IIPO-
rpamM. CoAep:KMMO€e PErucTpa ykasarels CTeKa MPU 3alUCU YMEHBIIAETCS,
a MpU CUUTHIBAaHUU yBeauunBaeTcs Ha |1 mpu BeinmoaHenuu komana PUSH u
POP, cooTBeTCTBEHHO.
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5. OpraHusauusa BBoaa/BbiBOAAa B MUKPOMNPOLLECCOPHOU cCUCTe-
me

Brogom/BeiBos1IoM (BB) Ha3zbiBaeTcs mnepenaya TaHHBIX MEXIY SAPOM
OBM, BximoyaroumMm B ce0s MHUKPONPOLECCOP M OCHOBHYIO MaMsTh, U
BHeIHUMU ycTpoiictBamu (BY) [5, 6]. DT0 enquHCTBEHHOE CPEACTBO B3au-
MozerctBust OBM ¢ "pHemmHuM mupom", u apxutektypa BB (pexxumsl pa-
00ThI, opMaThl KOMaHJ, OCOOCHHOCTU MPEPHIBAHUMI, CKOPOCTH OOMEHA U
JIp.) HEMOCPEACTBEHHO BIIMSAET Ha 3(PPEKTUBHOCTH BCEH CUCTEMBI. 3a BpeMs
somoruu OBM moacuctema BB mpereprniena HambombIMe U3MEHEHUS
Omaromapsi pacmupenuto cepbl npuMmeHeHuss IBM U MOSBICHHIO HOBBIX
BHEITHUX yCTPOHCTB. OCOOCHHO BaXHYIO POJb cpeactBa BB wurparmor B
yopasisitouux OBM. Pa3zpaboTka annapaTHbIX CPEeACTB M IPOrPAMMHOIO
oOecrieuenusi BB sBisiercss HanOosee CIOXKHBIM 3TarloM MPOEKTUPOBAHUS
HOBBIX cucTeM Ha 0aze OBM, a Bo3moxkHocTy BB cepuiiHbix MallivH npe-
CTaBJISIOT COOOM OJWMH K3 Ba)XXHBIX IMapaMETPOB, OIMPEACINISIONINX BBHIOOD
MAaIlVHBI 1151 KOHKPETHOTO TPUMEHEHHUS.

5.1. MporpammHas moaenb BHELWHeEro yctpomcrea

ITonximroueHne BHENIHUX YCTPOMCTB K CUCTEMHOMW IIMHE OCYIIECTBIISA-
€TCsl MOCPEICTBOM 3JIEKTPOHHBIX CXEM, Ha3bIBa€MbIX KOHTposuiepamu BB
(uarepdeiicamu BB). OHu cornacyroT ypoBHHU 3JIEKTPUUECKUX CHUTHAJIOB, a
TaK)Ke MpeoOpa3yroT MallIMHHbIE JaHHBIE B JopMaT, HEOOXOUMBIN yCTPOU-
CTBY, U Ha000poT. OOBIYHO KOHTpOIEpsl BB KOHCTpYKTUBHO 0hOpMIIAIOT-
Csl BMECTE C IIPOLIECCOPOM B BUE UHTEP(PEHCHBIX TUIAT.

B mnpouecce BBona/BbIBOAa mepenaercs HH(oOpManMs ABYX BHUIOB:
YHOpaBISIOLUIME JlaHHBIE (CJI0Ba) M COOCTBEHHO JaHHbIE, WM JIaHHBIE-
cooOLIeHUs. YIpaBIsAOLIMe JaHHbIE OT IMPOLIECCOpPa, Ha3bIBAEMbIE TaKXkKe
KOMaH/JHBIMH CJIOBaMHU WJIM IPUKA3aMU, WHULHMHUPYIOT JEUCTBHS, HE CBS-
3aHHbBIE HEMOCPEACTBEHHO C MEepeAadei JaHHbIX, HAIPUMED 3aIlyCK YCTPOil-
CTBA, 3aMPEUIEHUE TPEPHIBAHUNA U T. . Y IPABIISIIONINE JAHHBIE OT BHEIIHUX
YCTPOMCTB HA3bIBAIOTCA CIIOBAMU COCTOSIHUS; OHU COZAEpKaT MHPOPMaLUIO
00 ompeAeNieHHbIX MPU3HAaKaX, HaAlpUMEpP O TOTOBHOCTH YCTPOMCTBA K Iie-
penade TaHHBIX, O HAJTUYUHU OMOOK Mpu oOMeHe U T. . CocTossHUE O0bIU-
HO MpPEJCTaBISETCS B JIEKOJUPOBAHHOM (popme — OJIMH OMUT Uil KaKJI0ro
IpU3HaKa.

Peructp, copepamuii rpymnmy OUT, K KOTOpOil mporieccop oopamaercs
B onepamnusix BB, o6pasyer mopt BB. Takum ob6pazom, Hanbosee obOmias
IIpOrpaMMHasi MOJI€JIb BHEUIHETO YCTPOMCTBA, KOTOPOE MOKET BBINOJHATH
BBOJl U BBIBOJ, COJIEPKHUT YeThlpe peructpa BB: peructp BBIXOJIHBIX AaH-
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HBIX (BBIXOJHOM MOPT), PErUCTP BXOAHBIX JAHHBIX (BXOJIHOM MOPT), pETUCTP
yIpaBI€HUSI U peructp coctostHust (puc. 28). Kaxaplil U3 3TUX pPErucTpoB
JIOJDKEH UMETh OJHO3HAYHBIA aJpec, KOTOPbI UASHTUPUIUPYETCs Aemnd-
paTopoMm ajzpeca. B 3aBUCHUMOCTH OT OCOOEHHOCTEH yCTpOWCTBa 001Iass Mo-
JeNnb KOHKpeTusupyercs. Hampumep, OTHENbHbIE PETUCTPbl COCTOSHHS U
yIpPaBJIECHUS 00BEIUHSAIOTCS B OJIMH PETUCTP, B YCTPOMCTBE BBOJIa (BHIBOJA)
UMEETCSl TOJIBKO PETUCTP BXOJHBIX (BBIXOJHBIX) JAHHBIX, /UIsl BBOAA U BbI-
BOJIa UCMOJIb3YETCs JBYHANPABICHHBIN MOPT.

( CHcTedHbIl MHTEpeRC )
N Py v
Peructp BXoaHLIX N \ Perucrp
P A rZ'.* r:.'r BLIX0AHLIX
AaRHBIX JAHHLIX
Perncrp ‘) Ay Perncrp
COCTOAHMA J Y YNpaeneHun
T

Puc. 28. I[Ipoepammnas mooenv eneutne2o ycmpoucmeda

HemnocpencTBenHbie neiCTBUSA, CBSI3aHHBIE C BBOJOM/BBIBOJIOM, pealu-
3YIOTCSI OJTHMM U3 JIBYX CITIOCOOOB, Pa3IWYAIONIUXCS aJipecaliueil perucTpoB
BB.

Nurtepdeiic ¢ U30JMPOBAHHBIMU IIMHAMHU XaPAKTEPU3IYETCS pa3lieiib-
HOM azipecanueil NaMsATH U BHEIIHUX YCTPOMCTB MpHU 0OMeHe HHPOpMALIHEH.
N3onupoBannslii BB mpeanonaraer Hanuyue CneUUalbHBIX KOMAaH] BBO-
J1a/BbIBOJIA, OOIIMM (popMaT KOTOPHIX MOKa3aH Ha puc. 29. [Ipu BbIONTHEHUH
komaH bl BBoja IN comepxkumoe aapecyemoro BxogHoro perucrpa PORT
nepegaeTcsa BO BHYTPEHHUM peructp npoueccopa — REG, a npu BeInosiHe-
Huu koMauasl OUT conepxumoe peructpa REG nepenaercs B BBIXOJIHOU
nopt PORT. B nmporeccope MoryT ObITh U JIpyrue KOMaHIbl, OTHOCSIIUECS
k BB u cBsi3aHHbBIE ¢ TpOBEpKON U MoaU(UKALIUEH CONEPKUMOTO PErucTpa
YIIPABJIEHUS U COCTOSHUSL.
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KOI [IN] REG PORT

KOM [OoUT] PORT REG

Puc. 29. Komanowi 6600a/evieo0a (oowuii hopmam)

HerpynHo 3aMeTHTh, 4TO B 3TOM CIOCOOE aJpPECHOE MPOCTPAHCTBO
IIOPTOB BBOJIA U BBIBOJIA H30JIMPOBAHO OT AJPECHOT0 IIPOCTPAHCTBA ITAMSTH,
T. €. B OBM o1MH 1 TOT ke aapec MOryT UMeTh nopT BB u Adelika mamsry.
Pa3nenenue agpecHbIX MPOCTPAHCTB OCYLIECTBISIETCS C MOMOILBI yIIPaB-
JISIOIIMX CUTHAJIOB, OTHOCSIIUXCS K cucteMam BB u mamsatu (MEMRD# —
CUMTBIBaHHE NaHHBIX W3 nMaMsath, MEMWR# — 3anuch JaHHBIX B IaMsATh,
IORD# — urenue nopra BB, IOWR# — 3anuces B nopt BB) (# — akTuBHBII
HU3KUN YPOBEHb CUTHAJIOB).

B OBM, paccuuTanHo#l Ha u30aupoBaHHbI BB, HEeTpyaHO nepentu k
BB, oto0paxkxenHoMy Ha nmamsThk. Eciu, Hanpumep, agpecHOe MPOCTPAHCTBO
namsatu coctaisier 64 k6 (IIIA coctout m3 16 6ur), a 11 TPOrPaMMHOTO
obecrieuenus goctatroyHo 32 kO, To obmacte aapecoB ot 0 mo 32 k6-1
(mmamgmme 8 6ut IIIA) ucnons3yercs aisg mamstu, a oT 32 k0 mo 64 x6-1
(crapmme 8 out LIIA) — nust BBoja/BeiBoga. Ilpu aToM nmpuzHakom, audde-
PEHLMPYIOMKUM 00pallieHusl K namMsatu u noptam BB, moxer ObITh cTapuiuii
ouT azapeca.

Takum oOpazomMm, untepderic ¢ o0IKMU MMHAMH (BBOJI/BBIBOJ C OTO-
OpakeHueM Ha MamsiTh) UMEET OPTraHM3alMI0, MPU KOTOPOU YacTh OOLIETro
aJpPECHOT0 MPOCTPAHCTBA OTBOAMUTCS IJI BHEUIHUX YCTPOMCTB, PETUCTPHI
KOTOPBIX AJIPECYIOTCS TaK ke, KaK M S4YEUKU naMmsaTu. B atom ciyvae mis
agpecanuu noproB BB  ucnonb3yroTCA TOJNHBIE AAPECHBIE CUTHAJIBI:
READ — urenue, WRITE — 3anucs.

B omepamuonnsix cuctemax OBM wumeercs Habop mnoamporpamMm
(npaiiBepoB BB), ympanstonux onepauusiMu BB cTaHapTHBIX BHEHTHUX
yCTpoicTB. biarogaps UM, moyib30BaTeNb MOXKET HE 3HATh MHOT'MX OCOOEH-
HocTeil BY u untepdeiicoB BB, a npuMeHsTh 4YeTKHE MporpaMMHbI€ IPOTO-
KOJIBI.
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5.2. ®opmaTbl Nnepenavm AaHHbIX

PaccMmoTpum HeKOTOpBIE OOLIME BOMPOCHI, CBA3aHHBIE C OOMEHOM JaH-
HbIMU Mexay BY u mukpoOBM. CyiiecTByloT ABa crioco0a nepegadu CioB
uH(pOpMalMU MO JIMHUAM JaHHBIX: NapajilesbHbIA, KOTJa OJHOBPEMEHHO
MEePeChIIAIOTCA BCe OUTHI CJIOBA, M MOCIEI0BATENbHBINA, KOTJa OUTHI CIOBa
MEPEChUIAIOTCS OOYEPEAHO, HAUNHAS, HAIPUMEP, C €r0 MIIAJIIEr0 pa3psiaa.

Tak Kak MeX1y OTIEIbHBIMA POBOJIHUKAMH IIMHBI IJIs1 MAPATIIETbHON
NepeIavn JaHHBIX CYLIECTBYET JIEKTPUUYECKAs] EMKOCTh, TO TP U3MEHEHHUH
CUTHAJIA, MIEPEJaBa€MOro Mo OJHOMY M3 IMPOBOJHUKOB, BO3HUKAET NOMEXA
(KOpOTKHi BEIOPOC HANIPSHKEHUS) HA APYTUX NpoBoAHNKAx. C yBelInueHUEM
JUTMHBI IIUHBI (YBETMYEHUEM €MKOCTH MPOBOTHUKOB) TOMEXHU BO3PACTAIOT U
MOTYT BOCIIPUHUMATHCA IPUEMHUKOM Kak curHaisl. [loaromy pabouee pac-
CTOSIHME JJI1 ILIMHBI NapaJjiebHOW Mepesayd JaHHBIX OTrPaHUYMBAETCS
JUIMHOM 1-2 M, M TOJBKO 3a CYET CYLIECTBEHHOI'O yAOPOKaHUS LIWHBI WU
CHIWKEHHSI CKOpPOCTM Iepefayd JUIMHY I[IHHBI MOYKHO YBEIWYUTH [10
10-20 m.

VYkazaHHoe 00CTOSTEIHCTBO U >KEJIaHUE HCIIONB30BATh JIJISl TUCTAHIIU-
OHHOU mepenaun MHbopmaruu Tenerpadubie U TeaedOHHBIE JTUHUU O00Y-
CJIOBWJIM IIUPOKOE PACIpPOCTpPaHEHHUE CIocoba MocieI0BaTeIbHOr0 oOMeHa
naHHbIMUA Mexay BY u mukpoOBM u Mexay HecKoJbkuMH MUKpoOBM.
Bo3MOHBI 1Ba pexuma MOCIeA0BAaTEIbHON NEepelayu JTaHHbIX: CUHXPOH-
HBIN ¥ ACUHXPOHHBIM.

[Ipn CMHXPOHHOW IOCIENOBATEIBHON IEpeadye KaKIbld NepenaBae-
MBIl OMT JAaHHBIX COIPOBOXKIAETCS HMMITYJIBCOM CHHXPOHHU3AIMHU, UH(DOP-
MUPYIOIIUM TMPUEMHUK O HaJUYMM Ha JIMHUM WH(OPMAIMOHHOrO OuTAa.
CrnenoBatelibHO, MEX]y NEepeaaTINKOM U MPUEMHHUKOM JIOJKHBI ObITh MPO-
TAHYTHl MUHUMYM TPH IPOBOJA: JIBa JJIS MEPENAYd UMITYJIBCOB CUHXPOHH-
3aIluy U OWT JTAaHHBIX, a Tak)Ke OOIIMK 3a3eMIICHHBIN TpoBOAHUK. Ecnu ke
nepegaTyuk (Hanpumep, MUKpoOBM) u npuemMHuk (Hampumep, JUCILIIEH)
pa3HECEeHbl Ha HECKOJBKO METPOB, TO KaXIbIi M3 cUTHAJIOB (MH(OpMaIu-
OHHBIA M CHUHXPOHU3HUPYIOLIUI) MPUAETCS MOChUIATh JIMOO MO 3KPaHUPO-
BaHHOMY (TEJICBU3MOHHOMY) Kalento, MO0 ¢ MOMOIIbI0 BUTON mapbl Mpo-
BOJIOB, OJIMH M3 KOTOPBIX 3a3€MJIEH WJIM MEpeaeT CUTHAJl, NHBEPCHBIN OC-
HOBHOMY.

CuHXpOHHas Mocien0BaTeNbHas Nepeaadya HaYMHAETCs C IEPECHUTKH B
IMPUEMHUK OJIHOTO WMJIM JIByX CMMBOJIOB CHHXPOHHU3AIMKU (HE MyTaTh C UM-
myJIbCaMu CUHXpOHM3aIMK). [loydnB Takoil CUMBOJI (CHMBOJIBI ), TPUEMHUK
HAYMHAET MPUEM JIAHHBIX U MX MpeoOpa3oBaHUE B MapajuielbHbIN (opmar.
EcrecTBEHHO, 4TO IIPU TaKOM OPraHU3alU¥ CUHXPOHHOU MOCJIEA0BATEIbHON
nepesadyy oHa LesnecooOpa3Ha JMIb JUIsl IEPEChUIKM MacCHBOB CIIOB, a HE

85



OTJIETTbHBIX CUMBOJIOB. JTO OOCTOSATENHCTBO, a TaKKe HEOOXOJIUMOCTh HC-
MOJIb30BaHUS I OOMEHA CPAaBHUTENBHO JTOPOTHX (YETHIPEX MPOBOJIHBIX
WK KaOeNbHBIX) JIMHUW CBA3U TOMEIAJO IIUPOKOMY PacCIpOCTpaHEHUIO
CHHXPOHHOM MOCJIEI0BATEIbHOCTH MEePeIaun JaHHbIX.

ACHHXpOHHas MOCJeA0BaTeNbHasd Mepeadya JTaHHbIX O3HA4daeT, 4To y
nepeaTyuka U MPUEMHUKA HET OOILEero reHepaTtopa CUMHXPOUMITYJIBCOB U
YTO CHHXPOHU3HUPYIOIIUM CUTHAI HE MOCHUIAETCA BMECTE ¢ JaHHbIMH. Kak
€ B TAaKOM Clly4yae MPUEMHHUK OyneT y3HaBaTb O MOMEHTax Hayaja W 3a-
BEpIICHUS Niepeiayu OUT AaHHbIX? ONUIIeM NPOCTYIO MPOLEIypy, KOTOPYIO
MO>KHO MCIOJIb30BaTh, €CJIM MepeaTuuK U MPUEMHUK aCUHXPOHHOM MocJe-
JOBaTEJIbHOW NEpelayu JaHHBIX COTJIACOBaHbI MO (opMaTy U CKOPOCTH Tie-
penaun.

CrangapTHblii  (opMaT aCHHXPOHHOW IMOCJENOBATEIBHON Iepeaadn
JTaHHBIX, ucnonb3dyembiii B OBM u BY, comepxkutr n nepechuiaeMbix OWUT
nH(popmanuu (Mpy NEPECHUIKE CUMBOJIOB N paBHO 7 miu 8 outram) m 3—+4
JIOTIOJTHUTENIBHBIX OWTA: CTAPTOBBIN OUT, OUT KOHTPOJS YETHOCTH (MM He-
yeTHOCTH) U | mwnm 2 cronoBeix Outa (puc. 30, a). but yetHoctu (Mau He-
YETHOCTH) MOXET oTcyTcTBOBaTh. Korma mepenatuuk Oe3nedcTByeT (nIaH-
HbI€ HE MOCHUIAIOTCS HA JMHUIO), HAa JIMHUHU COXPAHAETCS YPOBEHb CUTHAJIA,
COOTBETCTBYIOIIUI JToruyeckoit 1 [5, 6].

a) Hanpaenenue nepecoinim
Het Crono- Burt KOHTpONA Crap- Her
nepe- BbIA  YeTHOCTH TOELIA Nepe-
CEINKM OMT 1 oMt CLINKA
L
I I S I
n-1 n? 2 1 1]
) bBMT KOHTpONA
YETHOCTH
Her  Crono- 1 Crap- Her
nepe- BbIA TOELIA Nepe-
ChINKH OUT ] T T T ] ] ] T OWT  CbINKW

A S R B

Puc. 30. Dopmam acurxponroii nocredosamenvbHol nepedaiu
OaHHbIX

[lepemaTunk MOXKET HadaTh TMEPECHUIKY CHUMBOJIA B JIO00N MOMEHT
BPEMEHH TIOCPEJICTBOM T€HEPUPOBAHMS CTAPTOBOTO OWTA, T. €. MEpeBoAa
JIMHUU B COCTOSIHUE JTOrn4yeckoro 0 Ha Bpemsi, TOUHO paBHOE BPEMEHHU Iepe-
nauu OuTa. 3aTeM MPOUCXOAUT Nepedadya OMTOB CUMBOJIA, HAYMHAS C MJlaj-
IIEr0 3HaYaIero OuTa, 3a KOTOPbIM CJIEAYET JIOMOTHUTEIbHBINA OUT KOHTPO-
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Js1 IO YEeTHOCTU WJIM HEYETHOCTH. Jlajee ¢ moMOIlbI0 CTONOBOro OuTa JIM-
HUSl TIEPEBOJIUTCSA B COCTOsIHUE Jormdeckoil eaunHuubl (puc. 30, 6). Ilpu
eIMHUYHOM OUTE KOHTPOJISl CTOMOBBIM OUT HE U3MEHSET COCTOSTHUS CUTHAJa
Ha JUHUU. COCTOSIHME JIOTMYECKOW €IMHMIBI JOJDKHO MOJJIEPKUBATHCS B
TE€YEHUE MPOMEKYTKA BPEMEHH, PABHOrO 1 Wi 2 BpeMeHaM nepeaadn OuTa.

[IpomexxyTOK BpeMEHH OT Hadajla CTapTOBOrO OMTA 10 KOHIIA CTOIOBO-
ro Outa (CTOMOBBIX OWUT) Ha3bIBaeTcs KagpoM. Cpa3y Mmocje CTOMOBBIX OHUT
nepeIaTyuK MOXKET OChLIaTh HOBBIM CTAPTOBBIN OUT, €CIIM UMEETCS APYTron
CUMBOJI JIJISl IEPE/Iauu; B MPOTUBHOM CIIy4ae YPOBEHb JOTHYECKON eIMHUIIbI
MOXXET COXPaHAThCS Ha MPOTSKEHUE BCETO BPEMEHH, MOKa Oe3/l1eicTByeT
nepenatyuk. HoBblil cTapTOBBIN OUT MOXKET OBITh MOCJIAH B JIIOOOH MOMEHT
BPEMEHH T10CJIE OKOHYAHUS CTONOBOIO OMTa, HAPUMED, YEPe3 MPOMEXKYTOK
BpeMeHH, paBHbIi 0.43 win 1.5 BpemeHu nepenayu oura.

B nuHusAX nocinenoBaTeNbHON NEpeAadr JAaHHBIX NEpPENaTdyduK WU IpU-
€MHHK JOJDKHBI OBITH COTJIACOBAaHBI MO BCEM MapameTpaM (opmara, u30-
OpaXeHHOTO Ha puc. 8, BKJIIOYass HOMUHAJIbHOE BpeMs nepenadyu ourta. J{ms
3TOr0 B IPUEMHUKE YCTAHABIMBAECTCS FEHEPATOP CUHXPOUMITYJIBCOB, YACTO-
Ta KOTOPOTO JOJDKHA COBIIAIATh C YACTOTOM aHAJOTMYHOI'O reHepaTopa Iie-
penatuuka. Kpome Toro, jmisi obecrniedeHUs: ONTUMAIBHOM 3alUIIIEHHOCTH
CUTHAJIa OT HCKaXEHHs, IIyMOB M pa30poca YacTOThl CHHXPOUMITYJIbCOB
OPUEMHUK JOJDKEH CUMUTHIBaTh NMPUHUMAEMbId OUT B CEpeluHE €ro AJiu-
TeJbHOCTH. PaccMoTpuM paboTy NmpHeMHHMKA ¢ TOTO MOMEHTA, KOTa OH 3a-
KOHYMJI MIPUEM CHUMBOJIa JAHHBIX U MEpPELIEN B PEKUM OOHapy>KEHUs cTap-
TOBOT'0 OWTa CIEIYIONIETO CJIOBA.

Ecnu nrvHMS nepenuia B COCTOSHHUE JIOTHYECKOTO HYJIS U HaXxOJIWUTCA B
TOM COCTOSIHUH B TE€YEHUE BPEMEHHM HE MEHBILIETO, YEM IOJIOBUHA BPEMEH-
HOT'O MHTEpBaJia nepeaadn Ourta, TO MPUEMHHUK MEPEBOAUTCS B PEKUM CUU-
ThIBaHUsI OUT MHPoOpMauuu. B mpoTUBHOM cllyyae MPUEMHHUK OCTaeTCs B
pexxuMe OOHapY’>KEHHUs, TaK KaK BEpOSITHEE BCEro 3TO ObLI HE CTAPTOBBIM
ouT, a urymMoBasi moMexa. B HOBOM pekrMe NMPUEMHHUK BbIpaOaThIBAET CHUT-
HaJIbl CYUTHIBAHUS Y€PE3 MHTEPBAJIbI, paBHbIE BpEMEHU Niepeaun OuTa, T. €.
BBITOJIHAET CUUTHIBAHME U COXPAHEHUE MPUHUMAEMBIX OUT MPUMEPHO Ha
cepelrHe UX Iepenadu. AHaJOTUYHBIM 00pa3oM OyAyT CUMTaHbl OUT KOH-
TPOJISi YETHOCTU M CUTHAJI JIOTUYECKOW eIUHUIIBI (CTOMOBBIM OuT). Ecnm
0Ka3aJ10Ch, YTO HA MECTE CTOMOBOr0 OMTa OOHAPYKEH CUTHAJ JIOTUYECKOTO
HyJg, To mpousonia "Omubka Kajpa" M CHUMBOJ MPUHSAT HEMPaBUIBHO.
WNuaye nmpoBepseTcs, YETHO JM OOLIEe YUCIIO €IUHULl B MH(POPMALIMOHHBIX
OuTax u OUTE KOHTPOJIS, U €CJIA OHO YETHO, MPOU3BOJIUTCS 3aUCh IPUHSIITO-
ro cuMBOJIa B Oydep npruemMHuUKa.
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[lepenHuii GpoHT cTapTOBOrO OMTA CUTHAIM3UPYET O Hayalle MOCTYII-
JeHHsl epesaBaeMoil nHpOpMaluy, & MOMEHT €ro MOSBJIEHUS CIY>KUT TOU-
KO OoTcueTa BpEeMEHM JJIsi CUUThIBaHUS OUT JaHHBIX. CTOMOBBIN OUT mpe-
JIOCTaBJISIET BpeMs Ul 3allMCH MPUHITOrO CUMBOJIAa B Oy(dep nmpueMHuKa u
oOecreuynBaeT BO3MOKHOCTh BBISIBJICHHUS OIIMOKH Kaapa. Hambosee wacto
OLIMOKH KaJipa MOSBIIAIOTCS TOI/A, KOr/la IPUEMHUK OIIMOOYHO CHHXPOHHU-
3upoBaH ¢ OuToM 0, KOTOPBINA B JEHCTBUTEIBLHOCTH HE SIBISIETCS CTAPTOBBIM
ouroM. Ecnu nepenatumk Oe3neicTByeT (MOCHUIAET CUTHAN JIOTMYECKOU
€IMHUIIBI) B TEUEHUE OJHOTO KajJpa win 0oJiee, TO BCEra MOKHO BOCCTaHO-
BUTH MPABWIbHYIO CHHXPOHHU3AIMIO. XyX,e OOCTOUT JIeJI0 IPHU PACCHUHXPO-
HU3alMKM T€HEpPaTOpOB IEpPEelaTyuKa U MPUEMHUKA, KOTrJa BPEMEHHOU WH-
TepBaJl MEX/1y CUTHaJaMH CUMUTBHIBAHHS MPUHUMAEMBbIX OUTOB OYyJET MEHb-
11e Win OOJIbIIIE BPEMEHU TIepeiaun OuTa.

"EpE,ﬂ,aBaEIII:IE AdHHEIE

BMT KOHTpONA
YETHOCTH

Cmnu-l CrapToBbIH
BbIM oMt
P GHT 0 7 H 7 0 0 0 H l

HyacTtor I_I i i I M M I I I
reHepaTopoe
NPHEMHNED U I_lplIHl'IMaEMI:IE AaHHbIE
nepenariika

1.00 L1111 . ot11000

0.94 \L | | 1 1 | I/ 01110001

[ |
082 N TR
CTONoELIe ﬁmbx/ MNepexon B peXUM NPHEMa %ﬂanu npuema

Puc. 31. Owubka usz-3a paccunxpoHuzayuu ceHepamopos nepeoamyura u
npuemHuKa

Hanpumep, ecnu npu cUUTHIBAHMM OMTOB IOCHUIKHM, MOKa3aHHOW Ha
puc. 3.3 6, BpeMEHHOW MHTEpBaJl MKy CUTHAJIaMU CUYUTBHIBAHUS CTaHET Ha
6 % MeHbllIe, YeM BpeMs mepefaud OuTa, TO BOCBbMON U JIEBATHIN CUTHAJIBI
CUMTHIBaHUS OyIyT BbIpaOOTaHBI TOTJAa, KOTJAa HA JHMHUM HAXOIUTCS OUT
KOHTpoJist yeTHOCTH (puc. 31). CnemoBarensHO, HE OyIeT OOHApYX EH CTO-
MOBBIN OMT U OyAeT 3aduKkcupoBaHa OIMIMOKA Kajpa, HECMOTPS HAa IPABUIIb-
HOCTh NpuHATON nHPopmanuu. OnHako npu 18%-i1 pacCUHXpOHU3ALMH Te-
HepaTopoB, korjaa BMmecTo koja (01110001) mpuemHukK 3adukcupyer Ko
(11100001), Hukakux omMOOK HE Oy/IeT OOHAPYKEHO — YETHOCTh COOJIIOIEe-
Ha ¥ CTOIOBBIN (JIEBATHIN MO NOPAAKY) OUT paBeH 1 (cm. puc. 31).
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5.3. MapannenbHasa nepegaya AaHHbIX

[TapayutenbHas nepenada JaHHBIX MEXIy KOHTposuiepoMm U BY saBiuser-
Csl TI0 CBOEW OpraHuzaiuu HauOosiee MPOCThIM criocoOoM obmeHa. Iyt op-
raHu3aluy napauielIbHON Tepefadyu JTaHHBIX MOMUMO IIUHBI JAaHHBIX, KO-
JUYECTBO JIMHUM B KOTOPOM PaBHO YHCIY OJHOBPEMEHHO IepeaBaeMbIX
OWTOB MAaHHBIX, MCIOJB3YETCSd MHHHUMAJIbHOE KOJWYECTBO YMPABIISIONIMX
CUTHAJIOB.

B npoctom xonTpomiepe BY, obecneunBaroieM nodaiTHyo nepenaqy
JAHHBIX HA BHEIIHEE YCTPOMCTBO (puc. 32), B mmHe cBA3u ¢ BY ucnomnniy-
IOTCSl BCErO J[Ba YIPABISAIONIMX CUTHaua: "BBIXOJIHbIE JaHHBIE TOTOBBI"' U
"lanuble ipuHATHL" [2, 5, 6].

Peructp
e JAaHHbx Al
1]
Wuna |Mpueuo. 1 = HaHHbIe
— nepenar. o — S
YHKM " BY
AAHHBIZ  HbI "0" - BY rotoeo . AnA
AAHHBIX [ 00ueHy
o —
- Januce B 7
E permctp Al 1
E L 1] [ 1]
Z | "Beoa™ > Kk BY
’E ’ "" . BolXx0aHbIE
Z |"Brieoa”| Normka T }
z { ynpas AaHHbIE FOTOEDI
i ) "1" - JaHHbIE
3 L?]Ei_ NEHna |8 BY npunatu 1fl]
* BY" YcTaHoBKa Copoc
ﬂ BrixoaHbie JaHHbIe
AAaHHbLIE TOTOBLI NPUHATEI
Wuna | Npuewn-
HHKH PerycTp cocToAHuA
::} WHHEI M ynpaeneHua A2
aapeca | appeca

o

Puc. 32. [Ipocmotui napannenvhsiii KOHMPOJLLEpP 8b1800d

Jlns hopmupoBaHUsl yrpasiisitoiiero curiaia "BbeixoaHbie JaHHBIE TO-
TOBBI" M pueMa u3 BY ynpasidromiero curiana "JlaHHble IPUHATHI' B KOH-
TPOJUIEPE UCIOJIB3YETCA OJHOPA3PSIAHBIN aIPECYEMBIN PETUCTP COCTOSIHUS
U ynpasieHus: A2 (0ObIYHO UCIOJIB3YIOTCS pa3/ieNbHbIE PETUCTP COCTOSHUS
U peructp ympanieHusi). OJHOBPEMEHHO C 3alHChli0 O4yepenHoro Oaiita
JaHHBIX C IIMHBI JAaHHBIX CUCTEMHOTO MHTepdeiica B apecyeMblil perucTp

89



JAHHBIX KOHTpoJuiepa (MopT BbiBoAAa Al) B pEruCTp COCTOSIHUS M yIIpaBiie-
HUS 3alMChIBAETCs JOoruueckast eAuHuna. TeM cambiM (popMmupyeTcs yrpas-
JISTFOIMM curHai "BeIXoaHbIe JaHHbIE TOTOBBI" B IIMHE CBsA3U ¢ BY.

Bremnee ycTpoilcTBO, MpUHSB OalT JaHHBIX, YIPABISIIONIAM CHUTHA-
joM "JlaHHble MPUHATH" OOHYJISET PETUCTP COCTOSHUA KOHTposuiepa. [Ipu
3TOM (OPMUPYIOTCS YHPABIIAIONINI CUTHAN CUCTEMHOro uHTep(eiica "Io-
ToBHOCTh BY" 1 nmpusnak rotoBHoctu BY k 00MeHy, nepenaBaemblil B po-
LECCOop MO OJHOM M3 JIMHMM IIMHBI JJaHHBIX CHUCTEMHOro HMHTepdelica mo-
CPEACTBOM CTaHAAPTHOM OIEpalMd BBOJA IIPU peaau3aluyd IpOorpaMMbl
ACUHXPOHHOT0 OOMEHa.

Jloruka ymnpaBiieHHs KOHTpOJUIepa OOECIEUYMBAET CEJEKIMIO apecoB
PETUCTPOB KOHTPOJUIEPA, MPUEM YIIPABISAIONINX CUTHAIOB CHUCTEMHOTO WH-
Tepdetica u popMupoBaHUE Ha UX OCHOBE BHYTPEHHUX YIPABJISIONIUX CUT-
HAJIOB KOHTpoJUIepa, (pOpMUpPOBAHUE YHIPABISIOLIEIO CUTHAJIa CUCTEMHOIO
untepdeiica "T'otoBHOCTH BY". [Nt compsikeHUsT perucTpoB KOHTPOJLIEpa
C IIMHAMHU aJpeca U JaHHBIX CHCTEMHOro MHTepdeica B KOHTPOJUIEpPE HUC-
MOJIB3YIOTCSI COOTBETCTBEHHO MPUEMHMKH IIWHBI aJIpeca U IpHeMoIiepeaar-
YUKU [IUHBI JJAHHBIX.

Paccmorpum Ha npumepe, kakum oopazom koHTposuiep BY obecneun-
BACT IapaJJICIbHYIO IIepenady JaHHbIX B BY nojx ynpasieHueM nporpamMmmsbl
ACUHXPOHHOTO OOMEHA. AJITOPUTM aCUHXPOHHOTO OOMEHA B IAHHOM Clly4dae
nepegavyu npocr.

1. ITpoueccop MmukpoIBM mpoBepsier roroBHOCTh BY k npuemy nan-
HBIX.

2. Eciu BY roToBo Kk npueMy JaHHBIX (B IaHHOM CIIy4ae 3TO JIOTHYe-
ckuii 0 B HyJIEBOM pa3psifie peructpa A2), TO TaHHbIE IEPEAAIOTCS C IIUHBI
JAHHBIX CHUCTEMHOTOo uHTep(deiica B peructp naHHbIXx Al KoHTposuiepa u
nanee B BY. lnaue nosropsiercs m. 1.

[Ipumep 1. @parmMeHT mporpammel mnepenayu OailTa TaHHBIX B acUH-
XPOHHOM pPEXHME C HCIIOIb30BAHUEM IIApaJUIENIBHOTO KOHTpoJuiepa BY
(puc. 32). Jlns HanucaHusi MPOrpaMMbl aCUHHXPOHHOM Mepejaul BOCIOJIb3Y-
eMcsl KoMaHiaMu mporueccopa 8086.

MOV DX, A2; HoMep nopta A2 nomemaem B DX

ml: IN AL, DX; yTeHue Oaiita u3 mopra A2
TEST AL, 1; MPOBEpKa HYJIEBOI'O COCTOSAHUS peructpa A2
JNS ml; nepexoj Ha MeTKy ml eciiu pa3psii He HyJIeBOM
MOV AL, 64; BBIBOIMMBIN OalT MaHHBIX oMemaercs B AL
MOV DX, Al; HoMmep nopta Al 3anuceiBaem B DX
OUT DX, AL; coxepxumoe peructpa AX nepenaem B nopt Al
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Komanzaa Bo BTOpOI CTPOKE MPUBOJUT K CIEAYIOIIUM JIelcTBUAM. [Ipu
€€ BBIIIOJHEHUH MIPOLECCOP 110 LINHE ajpeca MepeaeT B KOHTPOJUIEP aapec
A2, conpoBoxpaas ero curaaiioM "Beox" (IORD#; 3neck u nanee B ckoOKax
yKa3aHbl curHaiiel Ha muHe [SA). Jloruka ynpaBieHusi KOHTpoJuiepa, pea-
TUpYs Ha 9TU CUTHAJBI, 00ECIICUYNBAECT MEepeiady B MPOLIECCOP CONEPKUMOTO
peructpa coctossHus A2 1O MIMHE JAaHHBIX CUCTEMHOI'0 MHTEpQeca.

Komanza B TpeThell CTpOKE NPUBOAUT K CIEAYIOIIUM IeUCTBUAM. [Ipo-
LIECCOP IPOBEPSET 3HAYEHUE COOTBETCTBYIOLIETO pa3ps/ia MPUHITHIX JaH-
HbIX. HyJIb B 9TOM paspsijie yKa3bIBaeT Ha HETOTOBHOCTL BY k nmpuemy naH-
HBIX U, CJI€I0BAaTEIbHO, HA HEOOXOIUMOCTh BO3BpATa K MPOBEPKE COJEPIKH-
Moro A2, T. €. MpoOUECCOp, BHITOIHSAS TPU NEPBbIE KOMaHbI, OKUJIAET TO-
ToBHOCTU BY Kk mpuemy nanubix. EnquHuna B 3TOM paspsige MoATBEPXKAACT
roToBHOCTH BY H, ciemoBaTenbHO, BO3MOXKHOCTD Mepeiaun 0alTa JaHHbBIX.

B cenpMoii CTpOKe OCYIIECTBIIIETCS MEPECHUIKA JAHHBIX U3 PETUCTpPA
AX mpoueccopa B peructp aaHHbIx KoHTposuiepa Al. Ilponeccop nmo mune
azpeca nepenaet B KOHTpoJuiep ajapec Al, a 1o muHe JaHHBIX — OalT JaH-
HBIX, conpoBoxaas ux curHaiom "BeBoa" (IOWR#). Jloruka ynpaBiieHus
KOHTpOJUIepa O0ECNeYMBaeT 3alUCh JAHHBIX C IIWHBI JJAHHBIX B PETUCTP
JTaHHBIX Al ¥ yCcTaHaBIMBAET B HYJIb OUT FOTOBHOCTH PETMCTPA COCTOSHHUS
A2, popMupys TeM cambIM ympaBistonuil curHan ans BY "BeixogHble
JaHHBIE TOTOBBI". BHeNIHee yCTpoiCTBO MpUHUMAET OalT AaHHBIX U yIPaB-
JSFOIIUM cUTrHajoM "JlaHHbIE TPUHATHI" YCTAaHABIMBAET B €IMHUILY PETUCTP
cocrosaust A2. Jlanee koutposuiep BY no satomy curnamy moxer chopmu-
poBath U nepeaaTh B npoieccop curHai "['oroBHocts BY", KoTOpBIN B 1aH-
HOM CJIy4ae M3BEIIAET IIPOLECCOP O NpPUEME NAaHHBIX BHEIIHUM YCTPOMCT-
BOM U pa3peliaeT Mpoueccopy CHATh curHai "BeiBog" U TeM cambIM 3aBep-
IIATh [MKJ BBIBOJA JAHHBIX B KOMAaHJIE IE€PECBUIKH, oaHako B IBM-
COBMECTUMBIX MEPCOHAIBHBIX KOMITbIOTEpax ¢ muHOU [SA curnan "['oToB-
HocTh BY" He popmupyercsa, a umeercs curnan [O CH RDY#, no3Bossito-
U NpOAJIUTh LUK OOMEHA, €ClIM yCTPOMCTBO HEJAOCTATOYHO ObIcTpoe. B
JTAHHOM CJTyyae HeT HeoOxoauMocTH B curHaie "['oroBHocTh BY", T.K. mu-
Ha [SA sBnsieTcss CHHXPOHHOU M, CIIEIOBATENIBHO, BCE OMEPAIIUU BBITIOIHS-
FOTCS IO TAKTOBBIM UMITYJIbCAM.

biok-cxema mpoctoro kontpoiuiepa BY, obecneunBaromiero mooant-
HbII npueM JaHHbiX U3 BY, npusenena na puc. 33 [5, 6]. B aToM KOHTpOJI-
Jepe IpHu B3aUMOJEHCTBUU C BHEIIHUM YCTPOMCTBOM TAKXKE MCIOJIb3YIOTCS
nBa ynpasisiromux curxana: "Jlanasie ot BY roross" m "JlanHble npuHs-

n

ThbI .
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Puc. 33. [Ipocmoti napannenvhsiii KOHMpPoJiep 6600a

Hns dopmupoBanus yrpasisitomiero curHana "J[aHHple TPUHATH" |
npueMa u3 BY ympasnsroniero curnana " Jlanasie ot BY rotoBsl" ncnosnb-
3yeTcs OAHOPA3PSIHBIN aIpeCyeMblid PETHUCTP COCTOSHMS U yIpaBiaeHUs A2.

Breninee yCcTpoiCTBO 3aIMCHIBAET B PETUCTP AAHHBIX KOHTpoJuiepa Al
ouepeaHoON OalT NaHHBIX W YNpaBsOMKUM curHaiom "Jlanueie ot BY ro-
TOBBI" YCTAHABIMBACT B €AMHUILY PETUCTP COCTOSHHUS U YIIPaBIeHUA A2.

[Ipu sTOM QOopMUPYIOTCS: YNPABIAIOMINA CUTHAI CUCTEMHOTO MHTEp-
¢etica "I'otoBHoCcTh BY"; npusnak roroBHoctu BY k oOmeny, nepenaBae-
MBII B MPOLECCOP MO OJHOW U3 JIMHUW IIMHBI JTAHHBIX CUCTEMHOTO WHTEpP-
(eiica mocpeACTBOM olepalny BBOJA MPHU pealin3alluyd IpOorpaMMbl acUH-
XPOHHOTO OOMEHa.

TeM camMbIM KOHTpOJUIEp U3BEILIAET MPOLIECCOP O TOTOBHOCTH JAHHBIX B
peructpe Al. Ilponeccop, BBINONHSS NporpaMMy aCHUHXPOHHOTO OOMEHa,
yuTaeT OalT JaHHBIX M3 PErucTpa JAHHBIX KOHTPOJUIEpa U OOHYJSET pe-
rucTp coctosHus u ympasienus A2. [lpu stom opmupyercs ympasmsio-
i curdan "'J[aHHele MPUHATHI" B IWHE CBS3U C BHEIIHUM YCTPOHWCTBOM.
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Jloruka ympaBieHUsT KOHTPOJJIEpAa W IMPUEMOIEPEIAaTYNKU IIHH CHC-
TEMHOT0 MHTep(eiica BBIMONHIIOT T€ K€ (YHKIMH, YTO U B KOHTPOJUIEpE
BbIBOJIA (CM. puc. 32).

Paccmotpum paboty mapamienbHOro nHTepgdeiica BBoJa Mpu peanusa-
[IUU TPOTPaMMbl ACHHXPOHHOTO OOMEHa. AJNTOPUTM aCHHXPOHHOTO BBOJIA
TaK K€ MPOCT, KaK U aCHHXPOHHOI'O BBIBOJIA.

1. IIpoueccop mpoBepsAET HATWYME JAHHBIX B PETHCTPE JAHHBIX KOH-
Tposutepa Al.

2. Ecnu nanHble roToBbl (Jiornueckasi 1 B peructpe A2), To OHM mepe-
JA0TCS U3 PETUCTPA NaHHBIX Al Ha MIMHY JAHHBIX CUCTEMHOI0 UHTEpderica
W Jlajiee B PErucTp IpOLECCOpa WM AYEUKY MaMsITH MHUKPOKOMIIBIOTEpA.
Nuaue nosropsiercs 1. 1.

[Tpumep 2. dparmeHT nporpamMmsel prema OaiiTa JaHHBIX B ACHHXPOH-
HOM PE&XHME C MCHOJIb30BaHUEM IMMapaiebHOrO uHTepderica (KOHTpoIIep
BY, puc. 33):

MOV DX, A2; HoMmep nopta A2 nomemaem B DX

ml: IN AL, DX; yTeHue OaiiTa u3 mopra A2
TEST AL, 1; IIPOBEPKa HYJIEBOT'O pa3psia COCTOSHUS peructpa A2
JZ ml; nepexoj Ha MeTKy ml eciiu pa3psia He HyJIeBOH
MOV DX, Al; HoMmep nopta Al 3anuceiBaem B DX
IN AL, DX; coaepxxkumoe peructpa Al nepegaem B peructp AL

B Tperbeii cTpoke BBIIOIHAETCS TPOBEPKA COAECPKUMOTO perucrpa A2,
T. €. IPU3HAKa HAINYKS JaHHBIX B peructpe naHHblXx Al. Komanga Beimosn-
HSIETCSl TOUYHO TaK ke, Kak u B npumepe 1. Enunuiia B HyiaeBoM paspsizie (co-
JIepKuMoe peructpa A2) moJATBEpKIaeT, YyTo JaHHble OT BY 3amucanbl B
PETUCTp AAHHBIX KOHTPOJUIEpAa U HEOOXOAMMO IMEPECIaTh UX HA LIUHY JaH-
HbIX. Hysb B 3HaKOBOM paspsizie YKa3bIlBaeT Ha HETOTOBHOCTH JAaHHBIX OT BY
U, CJIEIOBATEIbHO, HA HEOOXOAMMOCTb BEPHYTHCS K MPOBEPKE TOTOBHOCTH.

IN AL, DX — nepechlika JaHHBIX U3 PETUCTpa JaHHBIX KOHTpPOJUIEpa
A1l B peructp npoueccopa AL. [Iponieccop nepegaer B KOHTPOJUIEP IO LIU-
HE ajJjpeca CUCTEMHOTo nHTepdeiica aapec Al, conpoBoxkaasi €ro CUTHAJIOM
"Brox". Jloruka ymnpaBieHusi KOHTpoJuiepa B OTBeT Ha curHaid "Bsoxg"
(IORD#) obecnieunBaet nepenauy OaiiTa JaHHBIX M3 PETMCTpa JaHHBIX Al
Ha IIMHY JaHHBIX U, B o0meM ciaydae, Ho He B IBM-coBMecTumMoM mepco-
HaJIbHOM KOMIIbIOTEpE ¢ MHOM [SA, conpoBoxkaaeT ero curaaiom "['oToB-
HOCTh BY", KOTOpBIN MOATBEPKIaE€T HANMYKE AAaHHBIX OT BY Ha mmHe naH-
HBIX U TI0 KOTOPOMY MPOLECCOP CYUTHIBAET OANT C IIMHBI JAHHBIX U TIOMeE-
IIAET €ro B YKa3aHHbIKd peructp. B IBM-coBMecTUMOM NEpCOHAIIBHOM KOM-
neloTepe ¢ muHou [SA mporeccop cuuThIBaeT OANT C MIMHBI TaHHBIX IO UC-
TEYEHUU OIPEACIICHHOIO BpeMEHHU mociie ycTaHoBku curHaina IORD#. 3a-
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TEM JIOTMKa YIPABJICHUS OOHYJISIET PETUCTP COCTOSHUSA W yIpaBieHus A2,
(GopMupys TEM caMbIM YIPaBISIIOIIMA CUTHAN JJIi BHEUIHETO YCTPOMHCTBa
"lannbie ipuHATH". Takum oOpa3oM 3aBepiaeTcs MUK BBOJIA TAHHBIX.

Kak BHJIHO M3 pacCCMOTPEHHBIX NPUMEPOB, I MIPUEMA WM HEepeladn
ofHOTO 0aiiTa MAaHHBIX MPOLIECCOPY HEOOXOIMMO BBINIOJHUTH BCETO He-
CKOJIbKO KOMaHJ, BpEMsI BBIIIOJHEHUS KOTOPBIX U ONPEIEISIET MAaKCUMAJIbHO
JOCTHKHMYIO CKOpPOCTh OOMEHa JaHHBIMU IPH IMapauiebHOM mepenaye.
Takum 00pa3oM, IpH MapaieNbHON nepegadye odbecrneunBaeTcsi 10BOJIbHO
BBICOKAsi CKOPOCTh OOMEHa JaHHBIMU, KOTOpasi OrPaHUYUBAETCA TOJIBKO ObI-
crpozaercTesuem BY.

5.4. NMNocnepoBaTenbHaa nepeaaya AaHHbIX

Hcnonp3oBaHre TOCIIEIOBATENBHBIX JIMHAA CBSI3U ISl OOMEHA JTaHHbI-
MU C BHEUIHMMU YCTPOWCTBAMH BO3jaraeT Ha KOHTposuiepsl BY nomnosHu-
TeJbHBIE, TI0O CPABHEHUIO C KOHTPOJUIEpAMM Uil MapajlieIbHOro oOMeHa,
dbyukiuu. Bo-nepBbIX, BO3HHKAET HEOOXOIUMOCTh TpeoOpa3oBaHust (op-
MaTa JIaHHBIX: U3 MapajuieNbHOro ¢opmara, B KOTOPOM OHU MOCTYIAIOT B
koHTpouiep BY u3 cucremuoro untepdeiica mukpoIBM, B mocnenosa-
TEJIbHBIN TIpU nepenade B BY u u3 mocinenoBaTenbHOrO0 B NapajuielbHbIN
npu npueme gaHHbix u3 BY. Bo-BTopbix, TpeOyeTcsl peann30BaTh COOTBET-
CTBYIOITUH peXUMY pabOThI BHEIIHETO YCTPONCTBA CIIOCOO OOMEHa JaHHBI-
MH: CUHXPOHHBIA WJIK ACUHXPOHHBIN.

5.4.1. CUHXPOHHbIN nocnegoBaTenbHbIn UHTEPdENC

[IpocToi KOHTpOJUIIEp MJIsi CHHXPOHHOM Tiepenayu 1aHHbIX B BY mo mo-
CJIeIOBAaTEIbHOM JMHUM CBSI3U (ITOCJIEIOBATEIbHBIN UHTEpQEICc) mpenacTas-
JieH Ha puc. 34 [2, 5, 6].

Bocemupaspsnsblit agpecyemsblii 0ydepHblil peructp koHTposuiepa Al
CIIYKHT JJIsl BPEMEHHOTO XpaHeHHs 0aliTa JaHHBIX J0 €ro 3arpy3kH B CABU-
TOBBIN pPEerucTp. 3anuch OaiTa JaHHBIX B Oy(depHBIN perucTp ¢ MIUHBI JaH-
HBIX CHUCTEMHOTO MHTepdeiica MPOU3BOAUTCS TaK ke, KaK U B Mapajlielib-
HOM uHTep(deiice (cM. pa3a. 5.3 u puc. 32), TOJbKO NPU HATUYUK SAUHUIBI B
OJIHOPA3PAIHOM AJAPECYEMOM PETUCTPE COCTOSAHUS KOHTpoJuiepa A2. Enu-
HUIIa B PETUCTPE COCTOSHMS YKa3bIBa€T HA FOTOBHOCTh KOHTpPOJIIEpA IMpH-
HATH OuepeHO 6alT B Oydepubiit peructp. Coaepxxkumoe peructpa A2 me-
penaercsi B mpoleccop Mo OAHOW U3 JIMHUM IIMHBI JAHHBIX CUCTEMHOTO WH-
Tepdeiica U ucnonb3yercs st (GOPMHUPOBAHMS YHPABIAIONIETO CUTHAIA
cuctemuoro untepdeiica "['oroBuocts BY". Ilpu 3anucu ouepeaHoro Gaiita
B Oydepublii peructp Al oOHyIsI€TCS pEruCTp coCcTOHUS A2.
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Puc. 34. Koumponnep nocnedosamenvHoil CUHXPOHHOU nepedayu

[Iporpamma 3anucu OaiiTa MaHHBIX B OydepHBI PETUCTP aHAJIOTHYHA
nporpamme U3 npumepa 1 (cm. pa3a. 5.3) 3a UCKITIOYEHHUEM KOMaH/bI Iepe-
xo/a: BMecTo koMaH bl JNZ ml (mepexoji, eciu He HyJIb) HEOOXOAUMO HC-
MoJIb30BaTh KoMaHy JZ ml (mepexo, eciau HyJib).

[IpeoOpa3zoBaHne AaHHBIX U3 MapaieIbHOroO (popmaTa, B KOTOPOM OHU
MOCTYNUIIU B Oy(QepHBIN PErUCTP KOHTPOJUIEPA U3 CUCTEMHOr0 MHTEpdeiica,
B IIOCJIE/IOBATEIbHBIN M Iepefadya MX Ha JIMHUIO CBSI3M MPOMU3BOJIATCS B
CABUI'OBOM PETUCTPE € MOMOLIBIO T€HEPATOPA TAKTOBBIX HMITYJIbCOB U JBO-
MYHOT'O TPEXPa3psIHOTO CUETUMKA UMITYJICOB CIEAYIOIUM 00pa3oMm.

[TocnenoBarenbHas JIMHUA CBI3U KOHTpoiuiepa ¢ BY nmoakmrodaercs k
BBIXOJly MJIAJIETO pa3psiia cABUIroBoro perucrpa. Ilo ouepenHomy takro-
BOMY HUMITYJIbCY COAEPKUMOE CIBHIOBOTO PETMCTpPA CIBHUIaeTCs HA OJMH
paspsii BIPaBO U B JIMHUIO CBsI3U "J[aHHBIE" BbIAAETCS 3HAYEHUE OYEPETHO-
ro pazpsga. OMHOBpeMEHHO co caBUroM B BY mepenmaercs mo oTaenbHOU
auHuM "CuHXpoHU3auus" TaKTOBBIA MUMMYJbC. TakuM o0pa3oM, KaxKIblid
nepenaBaemblii Mo auHUM "J{aHHbIE" OUT MH(pOPMAIMK COMPOBOXKIAETCA
CUHXPOHU3HUPYIOIUM CUTHAJIOM 10 JuHUM "CuHXxpoHu3aius", yto odecrne-
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YUBAECT €ro0 OJHO3HAYHOE BOCIPUATHE HA IIPUEMHOM KOHIIE IIOCIIEI0BATENb-
HOU JINHUU CBSI3HU.

KonuuecTBO mepenaHHbIX B JIMHUIO TAaKTOBBIX CUTHAJIOB, a CJIEIOBA-
TEJBbHO, U MEPEAaHHbIX OUT MH(POPMALIMK TOJCUUTHIBACTCS CYETYUKOM TaK-
TOBBIX UMITYJIbCOB. Kak TOJIBKO COJIEP>KMMOE CUETUYMKA CTAHOBUTCS PABHBIM
7, T. €. B TuHUIO nepenanbl 8 out (1 Oaiit) mHpopmauuu, Gopmupyercs
YOPABISIIONIMI curHai "3arpyska', o0ecrneunBaromuid 3auch B CABUTOBBIM
perucTp odyepenHoro Oairta u3 OypepHOro peructpa. ITUM ke yIpaBIIsio-
IIUM CUTHAJIOM YycTaHaBiauBaeTcs B "1" peructp cocrosHus. OuepenHbiM
TaKTOBBIM UMITYJIbCOM CUETUUK Oyzaer copouieH B "0", u HauHeTcsa ouepen-
HOM IIMKJI BbIJAa4d BOCBbMH OMTOB MH(GOPMALIMKM U3 CIBUTOBOTO PETHUCTPa B
JIMHUIO CBSI3U.

CuHXpoHHas MoclieZloBaTeabHas Mepeaaya OTAEIbHBIX OUTOB JaHHBIX
Ha JIMHUIO CBS3M JOJDKHA MPOU3BOAMTHCS O€3 Kakoro-imubo InepepbiBa, U
CJIEIYIOIMI OalT JaHHBIX JOJDKEH OBITh 3arpyeH B Oy(epHBbIil peructp u3
CHUCTEeMHOT0 MHTepdeiica 3a BpeMsi, HE MPEBBILIAIOIIEe BPEMEHU Mepeaadn
BOCbMH OMTOB B MOCJIEIOBATENbHYIO JINHUIO CBS3H.

[Ipu 3anucu Oaiita JaHHBIX B Oy(QEepHBIA PETUCTP OOHYISAETCS PETUCTP
COCTOSIHUSI KOHTposuiepa. Hylib B 3TOM perucrpe ykasblBaeT, UTO B JIMHUIO
CBSA3M MepeaaeTcss OalT NaHHBIX U3 CIBUTOBOTO PETHCTPA, a CIEAYIOIIUN
nepeaaBaeMblil 0ailT TaHHBIX 3arPy’KEH B CABUTOBBIM PETUCTD.

KoHTposuiep ajig mocieqoBaTelbHOIO CUHXPOHHOTO IPHUEMa JIaHHBIX
3 BY cocrout u3 Tex ke KOMIIOHEHTOB, YTO U KOHTPOJUIEP JUIsl CHHXPOH-
HOM MOCJIEA0BATENbHOM NIEpelauy, 32 UCKIFOYEHHEM I€HEepaTopa TaKTOBBIX
UMITYJIbCOB.

5.4.2. ACMHXPOHHbIN NnocnegoBaTenbHbIN UHTEPGENC

Opranusanusi aCHHXPOHHOI'O MOCIEA0BATEIbHOIO OOMEHA JTaHHBIMU C
BHEIIHUM YCTPOMCTBOM OCJIOKHSIETCS TEM, YTO HA MEPENAIOLIEH U IIPUEM-
HOHM CTOPOHE IOCJEA0BATENBHOM JJMHUN CBA3U UCIOJIb3YIOTCSI HACTPOEHHBIE
Ha OJIHY YacTOTY, HO (PU3MYECKHU Pa3HbIE T€HEPATOPbI TAKTOBBIX UMITYJIHCOB,
U CJEeN0BaTeNbHO 00IIas CHUHXPOHM3ALMs OTCYTCTBYeT. Paccmorpum Ha
IpUMepax OpPraHu3alli0 KOHTPOJUIEPOB IMOCIEAOBATEIbHBIX UHTEP(hENcOoB
JUISL IOCTIEA0BATEIBHBIX ACHHXPOHHBIX MEPEJayu U PUEMa JaHHBIX.

[Ipocrenmmii KOHTPOIUIEP U1l ACUHXPOHHOM Nepeaadyu JaHHbIX B BY
0 TMOCJIeI0BaTEIbHON JIMHUM CBSI3U TIpejcTaBiieH Ha puc. 35 [2, 5, 6]. On
npeaHa3HavyeH NI Iepeadyn JaHHbIX B (opMaTe C JABYMs CTOINOBBIMHU OU-
TaMH.

[locne nepegaun odyepeaHoro OaiiTa JaHHBIX B PETUCTP COCTOSIHUSA A2
3anucbiBaeTcs 1. ENMHUYHBIN BBIXOHOM cUTHAN peructpa A2 uHpopMupy-
€T IpoLEeccop O FOTOBHOCTU KOHTpOJUIEpa K MpUEMy cieayrollero Oaiita
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JAHHBIX U Mepeaye ero mno JUHUMU cBsi3u B BY. DTOT ke curnan 3amnpeniaer
(dbopMHpOBaHNE UMITYJIHCOB CO CXEMbI BBIPAOOTKH UMITYJICOB CIIBUTA — JIE-
JIUTENSL YaCTOThl CUTHAJIOB TAKTOBOIO reHepaTopa Ha 16. CueTyuk ummnylib-
coB capura (cyetuuk 1o mod 10) HaxomUTCS B HYJIEBOM COCTOSIHUM, U €0
€MHUYHBIN BBIXOJHOW CHTHAJI MOCTyMaeT Ha BeHTWIb W, moaroraBiauBas
1[ETb BRIPAOOTKHU CUTHAJA 3arPY3KH CIABUTOBOTO PETUCTPA.

[Iponecc nepenaun 6aiiTa TaHHBIX HAYMHAETCS C TOrO, YTO MPOIIECCOP,
BBITIONTHSASE KOMaHAy "BbIBOA", BBICTABISET 3TOT OalT HaA IIMHE TaHHBIX.
OnHOBpEMEHHO TpoIeccop GopMHUPYET YIPABISIOMIMN CUTHAI CHCTEMHOTO
uHTepdeiica "BriBoa", Mo KOTOpoMy MPOU3BOJATCS 3aMKUCh MEPEIaBAEMOI0
Oaiita B Oydepnbiii peructp Al, copoc peructpa coctosiuust A2 u hopmu-
poBanue Ha BeHTmwie M curnana "3arpyska". [lepegaBaemsblii 6aiiT nepemnu-
ChIBa€TCS B paspsiasl 1, ..., 8 CABUTOBOTO PErucTpa, B HyJEBOW pa3psi CABU-
roBoro perucrpa 3amucbiBaercs 0 (cTapToBbIil OMT), a B paspsanst 9 u 10 — 1
(ctonoBeie OuThl). Kpome Toro, cuumaercsi curHan "CoOpoc" ¢ aenutens
YacTOThl, OH HAYWHAET HAKAIIMBATh UMIYJIbChl F€HEpaTOpa TAKTOBOM yac-
TOTBHI 1 B MOMEHT TIpHE€Ma MIECTHAIIATOTO TAKTOBOTO MMITYJIhCa BHIpabaThI-
BaeT UMITYJIbC CABHUTA.

S
BydepHbin
WuHa I:leppmeeﬂn/;-_ L peructp A1
{‘ "} KA 3anmcb [ T 1 T |
\ , 17 6 o 10
OaHHbIX WnHBI “ “0
RaHHbIX | R L. .
[&]
= 3arpy3ka _VVVY \A 4 l_
g_ Cqu:. i LNaHHble kK BY
2 109 8 7 s 210 | »
§ CABUroBbIi
E perner
3 “Beop” [eHepaTop
s > TaKTOBbIX
E “BbiBoa” | Norvka MMMyNbCcoOB
e »| ynpas-
© _ “l'oToB- newuns | CueTyrk no mod 9 Henutens Ha 16
oot BY ol e]2]]0]
1/0
Lnna A Mprewm- Cbpoc YcTtaHoBKa C6poc
Y HUKM WNHBI
<_’ anpeca "I anpeca Peructp coctosiHua A2

Puc. 35. Koumponnep nocredosamenvroti acunxpoHHoU nepeoaiu

Ha BeixogHo! nuHum koHTposuiepa "/laHHble" mopaep:kuBaeTcs CoO-
crosinue 0 (3HaYeHUE CTapTOBOIO OUTA) /10 TEX MOp, MOKa He OyAeT BbIpabo-
TaH TIEPBBIA UMITYJIbC CABUTA. VIMITyIbC CIBUTA U3MEHHUT COCTOSIHUE CUET-
Y1Ka UMITYJILCOB CIBUTA U MEPEMUIIET B HYJIEBOU pa3psii CIBUTOBOIO PEru-
CTpa nepBbld MHDOpPMAIMOHHBIA OUT TmepenaBaemMoro Oaiita manubix. Co-
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CTOSIHME, COOTBETCTBYIOIIEE 3HAYEHHUIO ITOr0 OUTa, OYJET MOAIEPKUBATHCS
Ha quHuM "JlaHHble" 10 CeayIONIeTo UMITYJIbCa CIBUTA.

AHanornyHo OyayT TepelaHbl OCTalbHbIe WH(OPMAIMOHHBIE OWTHI,
MEPBBIM CTOMOBBIA OUT W, HAKOHEI, BTOPOM CTOMOBBINA OWUT, MpHU TNepeaade
KOTOPOT'O CYETYHK MMITYJIbCOB CJIBUIa CHOBA YCTAaHOBHUTCS B HYJIEBOE CO-
CTOSIHME. DTO NMPUBENAET K 3anmucu | B peructp coctossnus A2. EquHUYHBIN
CUTHAJI C BbIXoJAa perucrpa A2 3anpetutr (OpMUPOBAHUE UMITYJIbCOB CJIBH-
ra, a Takke HTHGOPMHUPYET MPOLIECCOpP O TOTOBHOCTH K IIPUEMY HOBOTO Oaii-
Ta naHHbiX. [locne 3aBepiieHus nepegayd ouyepeaHoOro Kajapa (CTapTOBOIrO
6uta, nHGOpMAIMOHHOTO OaliTa U JABYX CTOMOBBIX OWUT) KOHTPOJUIEP MOA-
JIEP’KUBAET B JIMHUU CBSI3U YPOBEHb JIOTHYECKON €AUMHUIBI (3HAUEHHE BTO-
pOTO CTOIOBOTO OUTA).

‘Ah
BydepHui y
pervcTp Al [ u ¥
| I Tk TeHMEe Mpuemo.
7 6 + + + 1 0 :33"“[“" nepedat| UuHa
CABHroBLIA ﬂ ;:::I H—
HNanHoie DTB'.‘:"L I F;E”“:TP I | nannbix JaHHbIX
Caeur )y 5 T2 1 0
8-it Gur ;E
=1
iy
Oenutens Ha 16 Cyerydk nomod 9 "Beon™ '_E-_
ol1|2]3 13[2|1]0 ‘ 2
F Noruka |"Beieon™| £
Cepoc ynpae- [ E
neHuA “ToToe- | =
HOCTB “
lenepatop BY"
TAKTOBRIX
HMNYNLCOE |_1fl]—| I'Iﬂ
Ycranoeka| [Copoc I_E]:EHM' Luna
L 1
- WHHLI :
Pervcrp cocroaHua A2 anpeca |agpeca
o

Puc. 36. Koumponnep nocnedosamenbnoco acuHxpoHHo20 npuema

YPOBEHB JIOTHYECKOW €AVMHULIBI ITOCTYNAET M0 JUHUK " J[aHHBIE" B KOH-
TpOJIIEP JII ACHHXPOHHOTO TpUeMa JaHHbBIX (puc. 36). DTOT ypOBEHb CO3-
JaeT YCIJIOBHS JJisi BBIPAOOTKM CUTHAjA, 3allpeliarolero padoTy IeauTens
4aCTOTHl T€HEPATOPa TAKTOBBIX UMITYJIbCOB. J[€MCTBUTENBHO, MOCIIE TIpUeMa
npeablayIero 0aiTa JaHHBIX CYETYUK UMITYJIbCOB CABUTA (CYETYMK 1o mod
9) HaxoIMUTCSl B HYJIEBOM COCTOSIHUM M Ha BEHTWJIb M mocTynarT JBa €au-
HUYHBIX CHUTHAJIA: CO CUCTUMKA CABUToB M u3 auHuU "Jlanueie". Ha Beixoae
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BeHTUs1 W BbIpabaThiBaeTCs cUrHai cOpoca JEIUTeNss YacTOThl CUTHAJIOB
TAaKTOBOT'O F€HEPATOPa, 3alpelarouil poOpMUPOBAHUE UMITYJIbCOB C/IBUTA.

B MOMEHT cMeHBI CTONOBOTrO OWTA HA CTAPTOBBIM OMT (MOMEHT Hauasa
nepesayl HOBOTO Kajpa) Ha JuHUU "JlaHHbIE" MOABUTCA YPOBEHb JOTrHYE-
CKOTO HYJII U TEM CaMbIM OyJeT CHAT CHUTHAJI cOpOca C JETUTENS] YaCTOTHI.
Cocrosinue 4-pa3psiIHOTO ABOMYHOTO CUETUYUKA (JICIUTENIS YaCTOThl) HAYHET
n3MeHAThesA. Korja Ha cueTynke HaKOMUTCs 3HaYEHUE 8, OH BBIAACT CUTHAJ,
MOCTYMAIOIMIMA Ha BXOJbI CABUIOBOIO PETUCTPA M CUETYMKA HMITYJICOB
caBura. Tak Kak 4acTOTa CUTHAJIOB T€HEPAaTOpa TAaKTOBBIX UMITYJIbCOB MPH-
€MHHUKA JOJDKHA COBMAJaTh C YaCTOTOM reHepaTopa TAKTOBBIX MMITYJIbCOB
nepeaaTyruka, TO CABUT (CUMThIBaHWE) OMTaA MPOU30IAET NPUMEPHO HA Ce-
penrHe BpEMEHHOI0 MHTEpBaJla, OTBEIEHHOTO Ha Nepeiady OMTa JaHHBIX, T.
€. BPEMEHHU, HEOOXOJUMOro JJisi BbIPAOOTKH IIECTHAALIATH TAaKTOBBIX HM-
MYyJBCOB. DTO AENAeTCs ISl YMEHBIICHNUS BEPOSTHOCTH OMIMOKU M3-3a BO3-
MO>KHOI'O Pa3jauy4Ms 4acTOT F€HEPATOPOB MepeaaTuNKa U MPUEMHUKA, UCKa-
XKEeHHsI (POpPMBI TMEepelaBaeMbIX CUTHAJIOB (IIEPEXOAHbIE MPOLECCHl) U T. II.
Crnenyroommii cIBUT TPOU30UJIET TOCIE MPOXOXKIAECHUS ECTHAAIATH TaKTO-
BbIX MMIIYJILCOB, T. €. HA CEPEJMHE BPEMEHHOI0 MHTEpBaJia Nepenayu nep-
BOT'0 MH(OpPMALIMOHHOTO OUTA.

[Ipu npueme B CIBUTOBBIA PETUCTp AEBATOro Outa Kajapa (BOCHBMOIO
nH(OPMAIMOHHOTO OMTa) U3 HETrO "BBIABUHETCA" CTapTOBBIM OUT U, ClIE0-
BaTeJIbHO, B CABUTOBOM pEerucTpe OyAeT pa3MelleH BeCh MPUHSATHIN OauT
uHpopmali. B 3TOT MOMEHT CUETYMK UMITYJICOB CIIBUTa MIPHUIET B HYJIE-
BOE COCTOSIHHME M Ha €ro BbIXOJE OyJeT BrIpabOTaH €IUHUYHBIN CUTHAI, 110
KOTOPOMY COJIEPKMMOE CIBUTOBOTO PErHCTpa MepenuiieTcs B OydepHbIi
peructp, B peructp coctosus A2 3amumercs 1 u oH Oyaet uHGOPMHUPO-
BaTh Ipoleccop 00 OKOHYAHUU MpHeMa odepeaHoro OaiTa, BeHTHwIb U moa-
TOTOBUTCS K BbIpaboTke cur"ana "Copoc" (3ToT curHan chopMupyercs mo-
cJie MPUX0ja IEPBOI0 CTOMOBOTO OUTA).

[TonyuyuB curnan roroBHoctu (1 B peructpe A2), mpoueccop BBIIMOTHUT
koMmanay "BBoa" (cMm. mpumep 2 B paza. 5.3). Ilpu sTom BeIpabaThiBaeTCs
YIOPaBJISAIONIMN CUTHA cUCTeMHOTo wuHTepdeiica "BBox"', mo koTtopomy
MPOU3BOSTCS MEPECHUIKA MPUHITOrO OaiiTa TaHHBIX U3 Oy(epHOTro peruct-
pa B iponieccop (curnan "Urenue") u cOpoc peructpa coctossaust A2.

OTMmeTuM, 4TO JIJIsl TPOCTOTHI U3JI0KEHUS B KOHTPOJUIEpE Ha puc. 36 He
MTOKa3aHbl CXEMbI KOHTPOJIA CTOIOBBIX OMT NpHHUMaeMoro kaapa. He noka-
3aHbl TAKXKE CXEMbl KOHTPOJII YETHOCTH MJIM HEYETHOCTU (IapuTeTa) nepe-
naBaeMoil MH(popManuu (0OBIYHO B IEpenaBaeMoM OaliTe BOCBMOMY OHUTY
npuaaercs 3HadyeHue 0 wim 1, Tak yToObI B 3TOM 0aiiTe ObUIO YETHOE KOJIH-
YEeCTBO €/IMHUIL). B peanbHbIX KOHTPOJUIEpax UMEIOTCS TAKUE CXEMBbI, U €CIIH
KOHTPOJUIEp HE MPUHUMAET U3 JUHUHU CBSI3U HYKHOT'O KOJMYECTBAa CTOIO-
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BbIX OMT WM BbIpa0aThIBAETCSl CUTHAJ OLIMOKM NApUTETa B CXEME KOHTPOJIS
YETHOCTH, TO NMPUHATHIE B TEKYIIEM KaJpe OUThbl JaHHBIX UTHOPUPYIOTCSA U
KOHTPOJIJIEP 0’KUJAET MOCTYIJICHHUSI HOBOTO CTAPTOBOIO OUTA.

O6meH nanHbIMH ¢ BY 10 nmocnieoBaTenbHbIM JIMHUSM CBSI3U IIUPOKO
UCTIOJIb3yeTcsl B MUKPOOBM, 0coOeHHO B TeX ciydasx, Korja He TpeOyercs
BBICOKOI cKkOopocTu oOMeHa. BmecTe ¢ TeM npUMEHEHUE B HUX MOCIE0Ba-
TEIbHBIX JUHUN CBA3M ¢ BY 00ycnoBieHO NByMs BaKHBIMU MPUYHHAMH.
Bo-nepBbIX, nocienoBaTenbHbIe JIMHUUA CBSI3U IIPOCTHI 110 CBOEH OpraHM3a-
LMK: JBA MPOBOJA IPU CUMIUIEKCHOM U IMOJYAYIUIEKCHOM Ileperadye U Mak-
CUMYM YE€TBhIPE — IPU AYIUIEKCHOU. Bo-BTOpBIX, B MUKpOOBM HCnonb3yroT-
Csl BHELIHUE yCTPONCTBA, OOMEH C KOTOPHIMH HEOOXOJUMO BECTH B IOCIIE-
JIOBaTEIILHOM KOJIE.

5.5. Cnocob6bl o06MeHa uHopMaLmen B MUKPONPOLLECCOPHOMU
cucteme

B OBM npuMeHSIOTCS TpU peKHMMa BBOJA/BBIBOJA: IMPOTPAMMHO-
ynpasisiemblii BB (Ha3zpiBaeMblil Takke MporpaMMHBIM WM HEPOPCUPOBaH-
HeiM BB), BB no nipepsiBanusam (bopcupoBannbsiii BB) u mpsimoit noctym
naMsaTH. [lepBblii M3 HHUX XapaKTEpHU3yeTCs TEM, YTO HHULHUHUPOBAHHE U
yrpasieHue BB ocyiiecTBisieTcs mporpaMMOn, BBITIOJHIEMOW ITPOLECCO-
pOM, a BHEUIHUE YCTPOWCTBA UIPAIOT CPABHUTEIBHO ITACCHBHYIO POJIb U
CUTHAJIM3UPYIOT TOJIBKO O CBOEM COCTOSIHUM, B YaCTHOCTH, O TOTOBHOCTH K
orepanusM BBOJa/BeiBosIa. Bo BTOpoMm pexume BB nHunmmpyercs ve mpo-
LIECCOPOM, a BHEIIHHM YCTPOMCTBOM, I'€HEPUPYIOIIUM CHELIUAIBHBIA CHI-
Haj npepsiBaHusa. Pearupys Ha 3TOT CUTHaJI TOTOBHOCTH YCTPOMCTBA K ITe-
penade JaHHBIX, IPOLECCOpP MEpPEeAAeT YIpaBJICHHE MOANPOrpaMMe 00CIy-
YKUBAaHUS yCTPOWCTBA, BBI3BABIIETO MpEpbIBaHKE. [[elCTBUS, BBIIIOIHSIEMbIC
3TON MOINPOTPAMMOM, ONPEAEIIAIOTCA IOJIb30BATENEM, & HEMOCPEICTBEH-
HbIMU onepauusMu BB ymnpasisieT npoueccop. Hakonen, B pexxume mpsmo-
ro JIOCTyIa K MaMsTH, KOTOPBIH UCIOJIb3YETCs, KOTAa MPOIMYCKHOM CIIOC00-
HOCTH IIPOLIECCOpPA HENOCTATOYHO, NEUCTBUA IpOLEccOopa IPUOCTaAHABIIN-
BAIOTCs, OH OTKJIFOYAETCSA OT CUCTEMHOM IIMHBI U HE yYAaCTBYET B Iepenadax
JAHHBIX MEXK/y OCHOBHOW MaMSThIO U ObICTpoaeicTByomuM BY. 3ametnm,
YTO BO BCEX BBIIIECYKA3aHHBIX CIIy4asX OCHOBHBIE JIEUCTBUS, BBIITOIHAEMBIC
Ha CHCTEMHOU maructpaiu OBM, nogunHAIOTCS IByM OCHOBHBIM IIPUHIIU-
nam [5, 6]:

1. B mporecce B3anmMoaeCTBUSI JIFOOBIX IBYX ycTpoiicTB DBM on1HO 13
HUX 00s13aTEJIbHO BBHINOJIHAECT aKTUBHYIO, YIPABIAIONIYIO POJIb U SIBIAETCS
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3aJaTYNKOM, BTOPOE OKAa3bIBA€TCs YyMpaBIsAEMbIM, UcCHOIHHUTENeM. Yare
BCET0 3aJaTYUKOM SIBJISIETCS IIPOLIECCOP.

2. JIpyruM Ba)KHBIM IPUHLHAIIOM, 3aJI0KEHHBIM B CTPYKTYpy HHTEp-
deiica, sBiseTcd NPUHIUI KBUTUPOBAHMS (3ampoca-OTBETa): KaXJbli
YOPABJSIIONIMI CUTHAJ, MOCIAHHBIM 33JaTYMKOM, MOJITBEPKIAAETCS CUTHA-
JoM ucnosHutens. [Ipu OTCyTCTBUM OTBETHOIO CUTHAJIA UCTIOJHUTENS B Te-
YEeHUE 3aJaHHOTO0 WHTEpBaja BpeMEHU (OPMHUPYETCS TaK Ha3bIBAEMbIi
TaliM-ayT, 3aJaTYUK (PUKCUPYET OMHUOKYy OOMEHa M NpeKpallaeT JAHHYIO
oIeparuio.

5.5.1.TporpammHo-ynpaBnsemMbsin BBOA/BbIBOS,

JIaHHBI pEXHUM XapaKTEepU3yeTCs TEM, YTO BCE JEHUCTBUSA IO BBO-
Ty/BBIBOJTY peaTu3yIOTCS KOMaHJaM{ TPHUKIaIHON mporpamMmbl. Hambomee
MPOCTBIMHA 3TU JIEHCTBUS OKa3bIBAKOTCA I '"'BCErJa TOTOBBIX' BHEIIHUX
YCTPOMCTB, HAaIpUMEP MHAMKATOpa Ha cBeToauojaax. [Ipu HeobxomumocTu
BB B cOOTBETCTBYIOLIIEM MECTE MPOrpaMMbl UCIOJIB3YHOTCS KOMaHabl IN
niu OUT. Takas nepegava JaHHBIX HA3bIBA€TCSI CUHXPOHHBIM WM O€3yc-
710BHBIM BB.

Omnako mis GonbmuHCTBA BY 10 BhIMoOnHeHus omepanuii BB Hamo
yOenuTbcsi B MX TOTOBHOCTH K OOMeHy, T. €. BB sBisercss acHHXpOHHBIM.
OOmiee cocTosTHUE YCTPOWCTBA XapakTepu3yeTrcss (aroM TrOTOBHOCTH
READY, Ha3piBaeMbiM  Takke  (uraroMm  TOTOBHOCTH/3aHSTOCTH
(READY/BUSY). UHorna cocTostHUSI TOTOBHOCTH M 3aHSTOCTH HICHTUDU-
upytorcs otaensHbiME ¢Guiaramu READY u BUSY, Bxoasmmmu B ciI0BO
COCTOSIHUSI YCTPOMCTBA.

[Iporeccop npoBepsieT (iar roOTOBHOCTH C MOMOIIBIO OJHOW WM He-
CKOJIbKUX KOMaH[. Eciu ¢uiar ycTaHOBII€H, TO MHUIIUUPYIOTCS COOCTBEHHO
BBOJI WJIM BBIBOJ| OJTHOTO WJIM HECKOJBKHMX CJOB JaHHbIX. Korma ke dmar
cOpoOIIIeH, TPOIECCOpP BBIMOIHSAET UK U3 2—3 KOMaH]l C TOBTOPHOM Mpo-
Bepkoit (pmara READY nmo Tex mop, moka ycTpoucTBO He OyAeT rOTOBO K
onepanusMm BB (puc. 37). JlaHHbBIN UK HA3bIBAETCSI IUKIIOM OXKHJIAHUS T'O-
ToBHOCTH BY 1 peanusyercs B pa3idyHBIX MpolEccopax Mmo-pazHomy [2, 5,
6].

OCHOBHOM HEIIOCTATOK MporpamMmMHoro BB cBsi3aH ¢ Henpowus3BOIH-
TEJIbHBIMU MOTEPSIMU BPEMEHU IMpOIIECCOpa B HUKIax oxuaaHus. K mocro-
HMHCTBaM CJIEyeT OTHECTH MPOCTOTY €ro peaausaiuu, He TpeOyromen 1o-
MOJIHUTENBHBIX allllapaTHBIX CPEJCTB.
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Cyurathb
WHopMauMIo
O COCTOAHMM
YCTPOUCTEA

YcTpoHcTED
roTOED
K 0DMeHy?

Puc. 37. L{uxn npoepammnozo oxcuoanus
20MOBHOCMU GHEUIHE20 YCMPOLUCEa

5.5.2.OpraHnsaumna npepbiBaHnini B MMKpoOBM

OpHoOl M3 pa3HOBUIHOCTEHW MPOTrpaMMHO-YIIPaBIsiEMOro OOMEHa JaH-
HeiMH ¢ BY B MukpoOBM sBnsiercs oOMEH ¢ IpepbIBaHUEM MPOTPAMMBI,
OTJIMYAIOIIMNCA OT ACHHXPOHHOIO IPOTrPaMMHO-YIIPaBIsIeMOro oOMeHa
TEM, YTO TIEPEXOJ K BBITIOJHEHUIO KOMaHJ, (PU3NYECKU peaTnu3yomux 00-
MEH JAHHBIMH, OCYILIECTBISETCS C MOMOIIBIO CIELHAIBHBIX aIapaTHBIX
cpeactTs [5, 6]. Komanasl oOMeHa TaHHBIMU B 3TOM CJIy4dae BBIACISIOT B OT-
JeNbHBIA MPOTPAMMHBIN MOAYJIb — OANPOTrpaMMy 00paOOTKHU MPEPHIBAHMUS.
3amauelt anmapaTHbIX CPeACTB 00paObOTKH MpephIBaHUS B MPOLECCOPE MUK-
poOBM kak pa3 u sBseTCS MPUOCTAHOBKA BBHIOJIHEHUS OJTHOM MPOTrpaMMBbI
(ee elie Ha3bIBAlOT OCHOBHOW MPOTrpaMMOM) U mepefavya yrnpaBlIeHUs MOJ-
nporpamMme 00pabOTKU MpepbiBaHUs. JeHCTBUS, BBINOJIHIEMbIE MPU 3TOM
IIPOLIECCOPOM, KaK MPaBUJIO, T€ K€, YTO U IpHU OOpalleHUN K MOANPOrpaMm-
me. Tonbko Ipu oOpallleHuu K NOANpOorpaMMe OHU MHULIMHUPYIOTCS KOMaH-
JI0M, a mpu 00pabOTKe MpephIBaHUs — YNPABIAIOMIMM cUrHaioM ot BY, ko-
TOpBIM Ha3piBatOT "3ampoc Ha mpepbiBanue" win "TpeGoBaHue HpephiBa-
HUS'.

Ota BaxkHasi 0COOEHHOCTh OOMEHA ¢ MpPephIBAHUEM MPOrPaMMBbI MO3BO-
JSIeT OpraHu30BaTh OOMEH AaHHBIMU ¢ BY B Ipou3BOJIbHBIE MOMEHTHI Bpe-
MEHH, HE 3aBUCSALIME OT MPOTPaMMBbl, BBINOJHAEMON B MUKpOOBM. Takum
o0pa3oMm, MOSBISETCSI BO3MOXKHOCTh 0OMEHa naHHBIMU ¢ BY B peasbHOM
Mmaciitabe BpEMEHH, ONPEeNIIeMOM BHEIIHEH 10 OTHOLUEHUI0 K MHKpO-
OBM cpenoit. OOMeH ¢ TpepbIBaHUEM IMPOTpPaMMBbl CYIIECTBEHHBIM 00pa-
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30M 3KOHOMHT BpeMs MpOIEccopa, 3aTpauyMBaeMoe Ha OOMeH. DTO Mpouc-
XOJUT 3a CYET TOro, YTO HMCUYe3aeT HEOOXOJMMOCTh B OpraHU3allUu IPO-
IrPaMMHBIX LUKJIOB OXWJaHUs roTtoBHOocTH BY (cM. mpumepsr 1 u 2,
pa3a. 5.3), Ha BBINOJHEHHWE KOTOPBIX TPATUTCA 3HAYUTEIBHOE BpEMs, OCO-
OeHHO npu 0OOMeHe ¢ MeJIeHHbIMU BY.

[IpepsiBanue nporpamMmsl o TpeOoBaHHiO BY He MOIKHO OKa3bIBaTh
Ha MPEPBAHHYIO NPOrpaMMy HUKAKOT'O BIIMSIHUS, KPOME YBEINYEHUs BpEMeE-
HU €€ BBINIOJIHEHNUS 3@ CUET NMPUOCTAHOBKHA HA BPEMs BBINIOJHEHUS MOAPO-
rpaMMbl 00pabOTKH mpepbiBaHus. [10CKOJBKY ISl BBIMOJIHEHUS MOAINPO-
rpaMMbl OOpaOOTKM TMpEpPhIBAHMS HCHOJB3YIOTCS PA3IUYHBIE PETUCTPHI
npoiieccopa (CYETYUK KOMaHM, PErucTp COCTOSHUSA U T. 1.), TO uHpoOpma-
IIUIO, COJEPXKAIIYIOCSd B HUX B MOMEHT NpPEpbIBAHUSA, HEOOXOAUMO COXpa-
HUTH JUIA NTOCJIEAYIOLIEr0 BO3BpATa B IPEPBAHHYIO IIPOIPAMMY.

OObIYHO 3a7]aua COXpPaHEHUs COACPKUMOIO CYETUYMKA KOMaHJ U peru-
CTpa COCTOSIHMS IPOLIECCOpa BO3JIAraeTcsl Ha almapaTHble cpeacTBa oOpa-
00TkH npepbiBaHua. CoXpaHEHUE COAEPKUMOI0 IPYTUX PETHCTPOB MPOLIEC-
copa, HUCIOJIb3YEMBIX B MOJIporpamMme o0pabOTKH NpepbIBaHUs, IPOU3BO-
JUTCS HEIMOCPEACTBEHHO B moanporpamme. OTCroa Cleayer AOCTaATOYHO
OUYEBUIHBIN (PakT: yem OoybIIMi 00beM HHGOPMAIUU O TIPEPBAHHON MPO-
rpaMMe COXPAHSETCS MPOrPAMMHBIM IyTE€M, T€M OOJIbllie BpeMsl pEaKlUH
MUKpoOBM Ha curnan npepsiBanus, U Ha000poT. [IpenmnodyrurensHbBIMU €
TOYKH 3PEHHUS TTOBBIIIEHUS MPOU3BOIUTEILHOCTH MUKPOOBM (cokpatienus
BPEMEHHU BBINOIHEHUSI MOAMPOrpaMM OOpabOTKH, a ClIeIOBATEIbHO M OC-
HOBHOW IpPOrpaMMbl) SIBJISIFOTCSI YMEHBLICHHE 4ucia KOMaHJl, oOecrnedu-
BAaIOIUX COXpaHEeHUEe MHGPOpPMAIUU O MPEPBAHHON MpOrpaMMe, U peanu3a-
U OTUX (PYHKIIMH annapaTHBIMU CPEACTBAMH.

®opMUpOBaHUE CHUTHAJIOB MPEPBIBAHUN — 3ampocoB BY Ha obcimyxu-
BaHUE — MPOUCXOJUT B KOHTPOJUIEpax cOOTBETCTBYyromUX BY. B mpocrten-
X CJIy4YasX B KadyeCTBE CHUTHAJIA NPEPHIBAHUSA MOYKET HMCIOJIb30BATHCS
curHan "['oroBHocts BY", mocrynmaromuii u3 xonrposuiepa BY B cucrem-
HbIl uHTEepdeiic MukpoDBM. OmgHako Takoe MpoCToe pelieHue o0JagaeT
CYILIECTBEHHBIM HEJIOCTATKOM — IIPOLIECCOP HE UMEET BO3MOKHOCTU yIIPaB-
JSATh MPEPBIBAHUSAMM, T. €. pa3peliaTh WIW 3aMpellaTh WX I OTACIIbHBIX
BY. B pe3ynbraTte opranu3zanus oOMeHa JaHHBIMU B PEXXUME MPEPHIBAHUS C
HECKOJIBKUMU BY CyIIECTBEHHO yCI0KHSAETCH.

JIist pemenust 3Toil mpoOIeMbl PETUCTP COCTOSIHUS U YIIPABIECHUS KOH-
tposuiepa BY (puc. 38) nononHsoT eie ogHuM paspsiaoMm — "Pazpenienue
npepsiBanuA'. 3anuch 1 wim 0 B paspsn "Pa3pemenne npepbiBanus’ npous-
BOJUTCS MTPOTPAMMHBIM ITyTEM IO OJHOM W3 JIMHUM IIWHBI TAHHBIX CUCTEM-
HOro uHTep(eiica. YmpaBisiomuii CUTHAI CUCTEMHOTo MHTep(deiica "3a-
poc Ha mpepbiBaHue" GopMUpyeETCs C MOMOIIBIO CXEMbI COBIAJCHUS TONb-
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KO TpU HanuWyuu eauHull B paspsanax "['oroBHocte BY" u "Pazpemienue
NpepbIBaHUA" PETUCTPa COCTOSHUS U yIPaBJIEHU KOHTpoJiuiepa [2, 5, 6].

AHaIOTUYHBIM TTyTEM pemraeTcsi nmpobjemMa yrpaBieHUsl MpephIBaHUS-
MU B MUKpoOBM, B 1iesiom. JlJist 3TOro B perucTpe COCTOSHUS Mpolieccopa
BBIICIIAETCS pa3psll, COAEPKHUMOE KOTOPOro ONpPENENsieT, pa3pelieHbl WIN
3anpelIeHbl IPEPBIBAHUS OT BHEIIHUX YCTPOMCTB. 3HAYEHUE HTOTO paspsaaa
MOXKET YCTaHABIUBATHCS MPOTPAMMHBIM ITYTEM.

.-hh.
K perncTpy aaHHEIX
UWuna |MPuemo. KoHTponnepa BY
o )
yuek | )
AGHHBIZ] ) i Peructp cocroAaHuA
AAHHBIX W YNpaegneHuA
o - o+ 110 110 - o+ #
b
=¥}
=
= " "PazpeweHue “r BY"
= BBD,II,: npepeiBanma” OTOEHOCTL
=
£ |"Buieon™
3 ;
E Janpoc Noruka
S | Ha npe-
pbiBa- ynpas-
aue” | MEHNA )
" H ;
"ToToe-
~ HOCTB
N Byll
e

Puc. 38. Dpaemenm baox-cxemovl konmpoanepa BY ¢ pazpsaoom "Paspe-
wienue npepvieanus’” 6 pecucmpe coCmosiHUs U YNpasieHus

B Mukpo3BM 00bI1YHO HCHIONIB3YETCS OJJHOYPOBHEBAS CUCTEMA MTPephI-
BaHMM, T. €. CUTHaNBI ""3anpoc Ha npepbiBaHue" oT Bcex BY mocrynaror Ha
oauH BXxoJ mpoueccopa. [IoaToMy Bo3HHKaeT mpoOiema HACHTHPUKALUH
BY, 3anpocuBiiero o0ciay>KMBaHHe, U pealu3aliy 3aJJaHHON OuepeaHOCTU
(mpuoputeta) oOciayxuBaHuss BY npu ogHOBpEeMEHHOM MOCTYIUIEHUU He-
CKOJIbKMX CHUTHaJIOB MpepbiBaHus. CyllecTBYIOT JBa OCHOBHBIX cCIlOcO0a
uaentudukanuu BY, 3anpocuBmmx o06CmyKUBaHUS

® [IPOrpaMMHBIM OMNPOC PErucTpoB cocTossHuA (pa3psa "T'OoTOBHOCTH
BVY") kontponnepos Bcex BY;
® CIOJIb30BAHHE BEKTOPOB MPEPHIBAHNUS.
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Opranuzanusi npepblBaHUNM C MOPOrPpaMMHBIM ONPOCOM TOTOBHOCTH
MpeanosiaraeT Haau4yue B mamMsatd MUkpoOBM eauHoil moanporpamMmsl 00-
CIIY’KUBaHUS NPEPHIBAHUI OT BCEX BHEIIHUX yCTPOUCTB. CTpyKTypa Takou
MOAIPOrpaMMBbl ITpUBEIeHa Ha puc. 39.

O6cnyxuBanue BY ¢ momomipio e1nHON MOAmporpaMmbl 00pabOTKH
MpPEPBIBAHUN MPOU3BOAMUTCS CIEAYIOIIMM 00pa3oM. B KoHIE mociienHero
MAaIIMHHOTO IMKJIA BBINOJHEHUS O4YEPEIHOW KOMAHIbl OCHOBHOM IIPOrpaM-
MBI MPOLECCOP MPOBEPSET Hanuuue TpedoBaHus npepbiBanus oT BY. Ecnu
CUTHAJ IPEPBIBAHUSA €CTh U B MPOLECCOPE MPEPBIBAHUE PA3PEIIEHO, TO MPO-
LIECCOp MEPEKIII0YAETCST Ha BBIMOJIHEHHE MOJIpOorpaMmMbl 00pabOTKHU Tpe-
PBIBAHUM.

ITocne coxpaHeHUs COAECPKUMOrO PETMCTPOB MPOLIECCOPa, UCIIOIb3Ye-
MBIX B IOAIIPOrpaMM€, HAYMHAETCSA IOCJIEI0BATENBHBIN OIPOC PETrUCTPOB
COCTOSIHUSI KOHTPOJUIEpoB Bcex BY, paboraromux B pekuMe IMpepbIBaHUA.
Kak Tonpko moamporpamma oOHapyKUT ToToBoe kK 00MeHy BY, cpa3y Bbi-
MIOJTHSFOTCS ISUCTBHSI TIO €r0 OOCTY)KMBAHHIO. 3aBEPIIACTCs TOANMPOTpaMMa
00pabOTKHN IpepbIBaHUs MOCJE OIpoca rOTOBHOCTH Bcex BY u BoccTaHOB-
JIEHUS COAEPKUMOTO PEFUCTPOB MPOLIECCOPA.

[Tpuopurer BY B MukpoOBM ¢ nporpaMMHBIM ONPOCOM T'OTOBHOCTH
BHEIIIHETO YCTPOMCTBA OJHO3HAYHO OIpEIEsAETCsS MOPSAAKOM HX OINpoca B
nojanporpaMmme o0padoTKu npepbiBaHuil. UeM paHblile B MOAIPOrpaMMe Ofl-
pammBaeTcsi TOTOBHOCTh BY, TeM MeHbllle BpeMsl peakuu Ha €ro 3amnpoc u
BbIlIe npuoputer. HeoOXoauMoCcTh MpOBEPKH TOTOBHOCTH BCEX BHEIIHHMX
YCTPONCTB CYIIECTBEHHO YBEIMYMBAET BpeMs oOciyxuBaHus Tex BY, ko-
TOPBIE ONMPAIIUBAIOTCS NOCIEIHUMU. DTO SBIIAETCS OCHOBHBIM HEJOCTATKOM
paccMaTpuBaeMoOro crocoba opraHuzanuu mnpepeiBaHuii. [losTomy o06cCy-
KMBAHUE NIPEPBIBAHUN C OIIPOCOM FOTOBHOCTH BY mcrnonb3yercst TOJIBKO B
TeX CIydasx, KOrjJja OTCYTCTBYIOT JKECTKUE TpeOOBaHUS Ha BpeMsi 00padoT-
KM CUTHAQJIOB MPEPHIBAHUS BHEIIHUX YCTPOMCTB.

Opranuzanust CUCTEMBI NpepbIBaHUN B MUKpOOBM ¢ ncnosnb3oBaHnnem
BEKTOPOB NPEPHIBAHMI MO3BOJISET YCTPAHUTH yKa3aHHbIA HegocTaTok. [Ipu
TaKoW OpraHM3alluu CUCTEeMBI MpepbiBanuii BY, 3anpocusiiee o6cmyxuBa-
HUS, caMO UIEHTU(GUUIUPYET ceOsi C MOMOIIBI0 BEKTOpa MpephIBaHUS — ajl-
peca siYeWKU OCHOBHOM mamsité MHUKpoOBM, B koTOpo# XpaHUTCS OO
nepBasi KoMaH/1a MoANporpaMMbl 00CITy)KUBaHUS MpepbIBaHus 1aHHOTO BY,
an0o azpec Hayasia Takoil MOANpPOTrpaMMBbl.

Takum 00pa3om, Mpoueccop, NOJIyYUB BEKTOP IpepbIBaHUd, cpa3y Ie-
PEKIII0YAETCSl Ha BBIMOJIHEHUE TpeOyemMoi moanporpaMmbel oOpabOTKH mpe-
peiBaHusl. B MukpoOBM ¢ BEKTOPHOM CHCTEMOM IpephiBaHus Kaxaoe BY
JOJIKHO UMETh COOCTBEHHYIO MOANPOrpaMMy 00paObOTKH MpephIBaHUSI.
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CoxpaHeHune
COREPKUMOTOo
PETMCTPOE
npoueccopa

ObMeH BAHHBLIMH
c BY 1

"[OTOBHOCTL
B¥Y 1" =17

OcHoBHaA NporpaMmMa

Hert

3anpoc Ha
npepeiBaHue OBMeH AaHHBIMK

c BY 2

"ToTOBHOCTL
By 2" =17

ObMeH BAaHHBLIMH
cBY N

"ToTOBHOCTL
BY H" =17

HeTt

BoccrtaHoeneHuwe
COAEpHUMOTD
perucTpoe
npoueccopa

Puc. 39. Cmpyxmypa edurnoii npoepammvl 06pabomxu npepvi8anuli u ee Cé;a3b C
OCHOBHOU NPOCPAMMOU

Pa3nnuarloT BEeKTOpHBIE CUCTEMBI ¢ MHTEPHENUCHBIM U BHEUHTEpQerc-
HbIM BEKTOpOM. B mepBoM ciydae BEKTOp MHpepbiBaHUs (POPMUPYET KOH-
Tposuiep BY, 3anpocusuiero oociykuBaHus, BO BTOPOM — KOHTPOJLIEP Tpe-
pBhIBaHUM, OOIIMIA JJI1 BCEX YCTPOMCTB, padOTAaIOUIUMX B PEKMME MpephIBa-
Huii (IBM-coBmecTrMBbIe MepCcoOHaIbHbIE KOMITBIOTEPHI).
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PaccmoTpuMm  opraHuzanuio BEKTOPHOM CHUCTEMbI C UHTEPPEHCHBIM
BEKTOpOM [5, 6]. BekTop mpepbiBaHUsI BBIIAETCS KOHTPOJIEPOM HE OJIHO-
BPEMEHHO C 3alIpOCOM Ha IPEPBIBAHUE, a TOJIBKO IO Pa3pELICHUIO MPOLEC-
copa, Kak 3TO peaJin30BaHO B cxeMe Ha puc. 40. ITo aenaercs Al TOro,
YTOOBI UCKJIIOYUTH OJHOBPEMEHHYIO BbIJauy BEKTOPOB MpPEPHIBAHUS OT HE-
ckonpkux BY. B orBer Ha curnan xonTposepa BY "3ampoc Ha mpepriBa-
Hue" npoueccop popmupyet yrpapnstonmii curdan "Ilpenocrasienue npe-
pbiBaHus (BX.)", KOTOPBINA pa3pemiaer koHTposuiepy BY, 3anpocusiiemy o0-
CIly’KMBaHUE, BbIJIauy BEKTOpA MPEPHIBAHMUS B LIMHY ajJpeca CUCTEMHOIO
uHTepdeiica. s 3Toro B KOHTPOJUIEPE HMCHOIB3YIOTCS PETUCTP BEKTOpa
npepbiBaHus U cxeMa cosnaaenuss M3. Peructp BekTopa mnpepbiBaHUsA
OOBIYHO pealn3yeTcsi C MOMOIIBI0 MEPEMBIUCK WM NepeKtoyaTesield, uTo
MO3BOJISIET MOJIB30BATENI0 YCTAaHABIMBATH JJII KOHKPETHBIX BY TpeOyembie
3HA4YEHUSI BEKTOPOB IIPEPHIBAHUSI.

th
K perucTpy naHHbIX
Wuna |Mpuemo. ‘ KoHTponnepa BY .
(————y|"epeAaT ;
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= | npepriga- | NEHWA 1413
i - 3
E HHA (Bh‘..}: Y7
"Tipeaoc- - =
TaBNEHHe 11 I]_“— 170 E
npepoisa- H2 1 —110 =
HHA (BbIX.}" — %
. —1 =
o
ﬂ Peructp eekTopa =
Wana Mpuem- NpepLIEaHnA =
HUKH | _ £
— A 7 =10 3
anpeca | agpeca
S

Puc. 40. @opmuposanue 6exkmopoe npepvieanus 6 konmpoiepe BY

VYmpasnstomuii curnan "llpempocraBnenue mpepsiBaHusi (BbIX.)" Qop-
MupyeTcs B KoHTposuiepe BY ¢ momMoupto cxembl coBnajenus M2. Jtor
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CUTHAQJI UCHOJIB3YETCs JUIsl OPraHU3aliuy IOCJIEN0BATEIBHOTO allapaTHOro
orpoca rotroBHOcTH BY u peanuzanuu teM caMbIM TpeOyeMbIX MpUOpHUTE-
toB BY. Ilporneccop npu mocTyIjieHHH B HEro MO OOIIeH JTUHUHM CHCTEMHO-
ro u"Tepdeiica "3ampoc Ha mpepbIBaHUE" CUTHAIA TIPEepPhIBAaHUS POPMUPYET
ynpasisitonnii curnan "llpegocrasienue npepbiBanus (BX.)", KOTOPBIHA MO-
CTyMaeT cHavyayia B KoHTposuiep BY ¢ HauBbicium npuopureroM (puc. 41).
Ecnu sT0 ycTpoiicTBO He TpeboBamo OOCITyXHBaHUS, TO €r0 KOHTPOJUIEP
nponyckaer curHan "[IpemocraBiieHre NpepbiBaHMs" Ha CIAEAYHOLIUNA KOH-
TpoOJUIep, MHAYE JalbHEWIee PaclHpOCTpaHEHUE CUTHalla MpeKpalaeTrcs U
KOHTPOJUIEp BBIAET BEKTOpP MpPEphIBaHUS Ha aJpPECHOMH(POPMAILMOHHYIO
HIVHY.

AmnmnapatHelii onpoc rotoBHocTH BY mpousBoaurcs ropasno OwicTpee,
HEeXeu nmporpaMMHbIi. Ho ecian oOcimyuBaHUS 3apOCUIIN OJTHOBPEMEHHO
nBa uinu 6osee BY, obcnyxuBaHue MeHee nMpuopuTeTHhIX BY Oyner oTio-
KEHO Ha BpeMsl 0OCHyKHMBaHUA OOjee MPUOPUTETHBIX, KAK U B CHCTEME
IIPEPBIBAHUS C IPOrPAMMHBIM OIIPOCOM.

BY 1 BY N
Ln nne {Bx']: Y¥poeeHb nne {ﬂ"x_']_ —| ¥poeeuw
NpUOpUTETA MNP (ex.) | npuopuTeTa
0 BexTop N

"Janpoc Ha npepbIBaHuA

npepuiBanne™ |
A e M
( AnpecHo-wHdopMauMoOHHAA WHHAE )

L] ¥

Puc. 41. Peanuzayusa npuopumemog BY 6 mukpoIBM c eéexkmopnoii cucmemoti
npepvisanuil. C unmepgeticnvim sekmopom (1P (8x.) — "[Ipedocmasnenue
npepuvisanus (6xoonou)"; "II1IP (evix.) — [Ipedocmasnenue npepvieanus
(6vix00HO1L)")

PaccmoTpenHast BEKTOpHas CUCTEMA MPEPHIBAHUI MPAKTUYECKH TTOJIHO-
CTBIO COOTBETCTBYET CUCTEME IPEPbIBAaHUM, peaau30BaHHON B MUKpoOBM
"OnexTponuka-60". BocbmupaspsaHblii BEKTOp NpepbIBaHUS B "IIEKTPO-
HuKe-60" yka3pIBaeT OJHYy U3 siueeK naMsaTu ¢ aapecamu ot 0 1o 255, B KO-
TOPOM pa3MeIaeTcs apec Havajaa NoAIporpaMmmMbl 00pabOTKH MpepbhIBaHUS.
B crmenyromeln 3a yka3aHHOW BEKTOPOM IPEPBIBAHMS SUEMKE MaMITH Xpa-
HUTCSI HOBOE COJIEPKUMOE PETUCTpa COCTOSHUS MPOLECCOpa, 3arpyKaemMoe
B HEro Npu MEPEeKIIOYeHUHU Ha MOANPOrpaMMmy OOpaOOTKU MpepbIBAHMUS.
OauH U3 OUT HOBOI'O COJIEPKUMOIO PErMCTpa COCTOSIHHS Mpoleccopa 3a-
NpEMaeT WIK pa3pelaeT npepsiBanus oT apyrux BY, uto no3somnser BY ¢
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Oosiee BBICOKMM INPUOPUTETOM IPEPBIBATH MOANPOrPAMMBI OOCITYKUBaHUS
BY ¢ MeHbIIMM IPUOPUTETOM U HAOOOPOT.

BexTopHas cuctema ¢ BHEMHTEP(EIHCHBIM BEKTOPOM IpPEPBIBAHUS UC-
none3yerca B IBM-coBMeCTUMBIX TNEPCOHANBHBIX KOMIBIOTEpax. B aTux
KOMIIBIOTEPAX KOHTPOJUIEPHI BHEIIHUX YCTPOMCTB HE UMEIOT PETUCTPOB IS
XpaHEHMs] BEKTOPOB MpEphIBaHUsA, a Il WACHTH(PUKALHUH YCTPOMCTB, 3a-
IPOCUBIIUX OOCITY>KMBaHUs, UCIOIb3yeTCs 00ImMid 1 Bcex BY koHTpoOIn-
jaep npepsiBaHui. Huke npuBeaeH mnpuMep KOHTpOJUIepa IIPEepbIBAHUUN
INTEL 8259A.

BUC mnporpammupyemoro kontposuiepa npepbiBanuii (IIKII) npen-
CTaBJIIET COOOM yCTPOMCTBO, peaIU3yIolIee 10 BOCBbMH YPOBHEH 3alpOCOB
Ha MPEPBIBAHUS C BO3MOYKHOCTBIO IIPOIPAMMHOIO MAaCKUPOBAHUS U U3MEHE-
HUS MOpAJIKA 00CITy>)KMBaHUs IPEpPhIBaHUM. 3a CYET KaCKaJHOTO BKIIOUEHUS
BUC TIKII uucno ypoBHE# npephiBaHUS MOXKET OBITh pacuIupeHo a0 64 (B
apXUTEKType nepcoHanbHoro komnerorepa IBM PC AT).

CrpyxrypHas cxema IIKII npuBenena Ha puc. 42 [2, 5, 6].

IINTR l INTA#

cu
D7-0{) BD [——) = —¥
H R
—— RO
——— RO 2
. _|PRB RG| p—IRQ3
p——— RO 1
—— |RO5
—— IRQE
p————— |RQ 7
RD —
WR ——{pwicup— {:’ RGM
A —
cg—
CASD +—
CAS1 ¥—CMP p—
CAS? +—
Sp—

Puc. 42. Koumponnep npepvisanuii Intel 82594

B coctas BUC Bxoadr:
RGI — peructp 3anpeTroB npepbIBaHU; XpPaHUT BCE YPOBHH, HAa KOTO-
pble ocTynaroT 3anpockl IRQX;
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PRB — cxema npuHsTUS pellleHui TI0 TPUOPUTETAM; cXeMa UACHTU(U-
UPYET IPUOPUTET 3aMPOCOB U BHIOMPAET 3aMPOC C HAUBBICIIUM MPUOPHUTE-
TOM;

ISR — peructp oOcCiy)XKUBaeMbIX MPEPHIBAHUI; COXpPAHSIECT YPOBHU 3a-
MIPOCOB TIPEPBIBaHUM, Haxo suecs Ha oocmyxxuBanuu [1KII;

RGM — peructp mackupoBaHus NpepbIBaHUI; 00ECIEUNBAET 3ampere-
HUE€ OJHOM WJIM HECKOJBKUX JINHUM 3aIpOCOB ITPEPHIBAHNS;

BD — 6ydep nannbix; npeanaznayen 1is conpsbkenus [IKII ¢ cucrem-
HOM IIIMHOM JaHHBIX;

RWCU — 0610k ynpaBieHHs 3alUChIO/UTEHHUEM; NMPUHUMAET YIpaB-
JSIOIIME CUTHAIIBI OT MUKPOIPOLIECCOPA U 33J1a€T PEeKUM (DYHKIIMOHUPOBA-
nus [1K1I;

CMP — cxema kackajgHoro Oygepa-koMmmapaTopa; UCHOJIb3yeTCs AJis
BKJIIOUEHUA B cucteMy Heckoiapkux [IKII;

CU — cxema ympaBieHHs; BbIpaOaThIBA€T CUTHANBI MPEPHIBAHUS U
dbopmupyeT TpexbaittoByto komanay CALL st Beiiauu Ha MIUHY JaHHBIX.

VYcranoska IIKII B ucxognoe coctosinue u "HacTpoika" ero Ha ornpe-
JIEJICHHBIA PEXUM OOCTYKMBaHUSI MPEPHIBAHUN MPOUCXOJUT C MOMOIIBIO
JBYX TUMOB KOMaH: koMana nunnnuanuszanuu (ICW) nu koMan ynpaBiieHus
onepanusimu (OCW).

[Tporpammupyemsiii kouTposiep npepoiBanuii (ITKIT) umeer 16 BXo-
noB 3anpocoB npepbiBanuii (IRQ 0 — IRQ 15). KonTposnep cocTouT us
JBYX KacKaJgHO BKIIFOYEHHBIX KOHTposuiepoB — BbIxoa INTR (3ampoc Ha
pephIBaHKE) BTOPOro KOHTpoJuiepa nmoakiarodeH ko Bxoay IRQ 2 mepsoro
KOHTpoJuiepa. B kauectBe npumepa ormeTuM, uto K JuHUU IRQ 0 moax:ito-
YEH CUCTeMHBIN Talimep, Kk auHuu IRQ 1 — kimaBuatypa, k nuaun IRQ 8 —
4achl pEAIbHOTO BPEMEHHU U T. 1.

VYhpomeHHas cxema B3aWMOJEHUCTBUS KOHTPOJUIEpa MPEPhIBAHUNA C
IPOLIECCOPOM U KOHTPOJJIEPOM IIMHBI HMMEET CIEAYIOHM BUA (CM.
puc. 43).

Ota cxema (YHKIMOHUPYET clieayronum ooOpa3zoMm. Ilycts B HekoTo-
pbIii MOMEHT BPEMEHHM KOHTPOJUIEP KIABUATYPhI C MOMOIIBI €IUHUYHOIO
curHasia o jguHu IRQ 1 M3BECTUI KOHTpOJUIEp MPEPBIBAHUI O CBOEH Io-
TOBHOCTH K 0OMeHy. B oTBeT Ha 3ampoc KOHTpOJUIep NMpepbIBaHUIN reHepH-
pyet curHan INTR (3anpoc Ha npepbsIiBaHUE) U MTOCHUIAET €r0 HA COOTBETCT-
BYIOIIMM BX0J mpolueccopa. IIpoueccop, ecnu Mackupyemble IpepbIBaHUSA
paspeuieHsl (T. €. ycraHoBiieH ¢uar npepeiBaHuil IF B peructpe ¢iaaros
npolieccopa), MNOChUIAET Ha KOHTPOJUJIEP IIMHBI CUTHAjbl R# — uytenue, C# —
ynpasienue u [O# — BBOJ/BBIBOJ, ONPENEAIOIINE TUIT KA MHHbL. KoH-
TPOJUIEP LIMHBI, B CBOKO 0YEPEAb, TEHEPUPYET JBA CUTHAIA OATBEPKACHUS
npepeiBanua INTA# u HampaBisieT UX Ha KOHTpoJuiep mpepbhiBaHui. Ilo
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BTOPOMY MUMITYJIbCY KOHTPOJIJIEP NPEPHIBAHUI BBICTABIIAECT HA IIMHY TaHHBIX
BOCBMUOUTHBIN HOMEp BEKTOpa MpEephIBaHUS, COOTBETCTBYIOIIUN JaHHOM
nuaum IRQ.

B pexume peanbHoro aapeca ('peanbHOM" peXUME) BEKTOPBI IPEPbI-
BaHUI XpaHATCS B TaOJIMIlE BEKTOPOB MPEPHIBAHUM, KOTOpas HAXOAUTCS B
NEepBOM KWJI00aiTe onepaTUBHON mamsTH. [loa KakIplii BEKTOp OTBEAEHO
4 OGaiita (2 OaifTa moj aapec cermMeHTa W 2 OailTa Moj CMEIIECHHE), T. €. B
TaOJIUIle MOXET cojiepkaThes 256 BEKTOpOB. AJpec BEKTOpa B TaOJIUIE —
HOMEp BekTopa * 4.

W/RY
un D/C# | KonTtponnep
M/ 10 HHHEI
1
Eol! | INTR INTA#

Koutponnep
npepoiEaHUN

JaHHLBIX

IRQ 0

Puc. 43. Ynpowennas cxema 63aumooeticmaus
KOHMPOJNEPa NPepul8anuii ¢ Npoyeccopom u
Koumpoanepom wiunvl 8 IBM-coemecmumuoix [IK

Janee npoueccop cUUTHIBAET HOMEP BeKTopa npepbiBaHusi. CoxpaHseT
B CTEKE CO/IepKUMOe peructpa (aaro, cOpaceiBaeT (iar npepbiBanuii IF u
MOMEIIAET B CTEK aJpec BO3BpaTa B MpepBaHHYIO nporpammy (peructpsl CS
u IP). Ilocne aToro mporeccop M3BJIEKAET U3 TaOIUIBI BEKTOPOB MpephIBa-
HUI agpec MOoAmporpaMMbl 0OpaOOTKH TPEepBhIBAHUN JJISl JAaHHOTO YCTPOK-
CTBa M MPHUCTYTAET K €€ BBHITIOJHEHUIO.

[Iponeypa 006pabOTKH anmapaTHOro MpepbIBaHUs JTOJKHA 3aBEpIIATh-
cst komanaou koHua npepsiBanus EOI (End of Interruption), moceuiaemoit
KOHTpOJIIepy npepbiBanuil. s 3Toro HeoOxoammo 3anucath Oaiit 20h B
nopt 20h (st mepBoro kouTposepa) u B mopt AOh (11t BTOporo).

B IBM PC/XT/AT ucnons3yercs pexkxum MnpepbiBaHUN ¢ PUKCUPOBaH-
HBIMHU TIPUOPUTETAMU. BBICIITUM MPUOPUTETOM 00JIaJaeT 3ampoc MO JIMHUH
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IRQ 0, Hu3mum — [RQ 7. Tak Kak BTOPON KOHTPOJUIEP NOAKIIOYEH K JTUHUU
IRQ 2 mepBoro koHTpoJiepa, To npuoputeThl TuHuid IRQ B mopsiake yoObI-
BaHUS MPUOPUTETA pacmojiaratorcs cieayromum odpazom: IRQ 0, IRQ 1,
IRQ 8 —IRQ 15, IRQ 3 — IRQ 7. Eciu 3ampoc Ha 00CITyKHUBaHUE TTOCHUIAIOT
OJIHOBPEMEHHO JIBa YCTPONCTBA C Pa3HBIMU HNPUOPUTETAMH, TO KOHTPOJLIEP
00CITyKUBAET 3apoc ¢ OOJIBIIUM IPUOPUTETOM, & 3AMPOC C MEHBIIHUM IPHU-
oputreToM OJIokUpyeT. BiokupoBka coxpaHseTcss 10 MOJy4YEHUS KOMaH]Ibl
EOL

5.5.3.OpraHnsauuns npaMoro gocTtyna K namaTu

Opnum u3 croco6oB oOMeHa gaHHbIMU ¢ BY sBisieTcs oOMeH B pexu-
me mpsimoro aoctyna k mamatu (ITI1, DMA — direct memory access). B
3TOM pEXHUME OOMEH NaHHBIMU MeXay BY M OCHOBHOI MaMsThlO MUKpPO-
OBM mnpoucxoaut 6e3 yvactus mporeccopa. Oomenom B pekmme I[TJIIT
yOpaBiseT HE MPOTrpaMma, BBINNOJHSAEMAs IMPOLECCOPOM, a JJIEKTPOHHBIE
CXEMbl, BHEIIHUE MO OTHOUIEHHUIO K mpoueccopy. OOBIYHO CXEMBbI, yHpaB-
astomue oomenom B pexkume [T/II1, pasmemiaroTcss B crielMaibHOM KOH-
TpOJIIEPE, KOTOPBI HA3BIBAETCS KOHTPOJUIEPOM MPSAMOTr0 JOCTYIA K MaMSITH
[5, 6].

O6men pganabiMu B peskume [T/II1 mo3BossieT ucnonb3oBaTh B MUKPO-
OBM ObICTpOACUCTBYIOIINE BHEIIHUE 3allOMUHAIONINE YCTPOUCTBA, TAKUE,
HanpuMep, KaKk HAKOMMUTEIM Ha JKECTKUX MArHUTHBIX JIUCKAX, MOCKOJIBKY
[TJIT moxer obecnieunTh BpeMsi OOMEHAa OJHUM OAalTOM MaHHBIX MEXKIY
namsTeio U B3V, paBHOE UKy 00paleHust K maMsTH.

Jlnst peanuzauuy pekuMa MpsMOTO JO0CTyHa K MaMsITH HEOO0XOIUMO
o0ecreyuTh HEeMoCpPEeACTBEHHYIO CBsi3b KoHTposuiepa [T u nmamaru muk-
poOBM. [Ins 3T0M 1€ MOKHO OBLIIO OBl MCIIOJIB30BATh CIEIUAIBHO BhIJIC-
JIEHHBIEC IIMHBI aJIpeca U JaHHBIX, CBA3bIBaromue xkoHTposuep IIIIT ¢ oc-
HOBHOU namAThi0. Ho Takoe perieHue Henb3s MpUu3HaTh ONTHUMAIbHBIM, TaK
KaK 3TO IMPUBEAET K 3HAYUTEIbHOMY YCIOXKHEHUI0O MUKpoOBM B 1enowm,
0COOEHHO TpH MOJKIIoUeHUH Heckoilbkux B3Y. B nensx cokpaimieHus xo-
JUYEeCTBA TUHUM B mmMHaX MUKpoOBM kontposnep ITIIT noakmtouaercs
MaMSTH TTOCPEICTBOM IIIWH aJpeca U TaHHBIX CUCTEMHOTO uHTepdeiica. [Ipu
3TOM BO3HHUKAET MPOOJIEeMa COBMECTHOIO MCMOJIb30BAHMS IIIMH CHCTEMHOTO
uHTepPeiica nporeccopom u koHTposuiepom IIJII1. MoxxHO BBIAEAUTH B
OCHOBHBIX CIlOc00a ee pelieHus: peanuszanus oomeHa B pexxume I[TJIIT c
"3axBaToM 1ukiIa" u B pexxume 1111 ¢ 6okupoBKo# mporieccopa.

CymiecTByIOT IB€ pa3HOBHUIHOCTU IPSMOI0 JOCTyNa K MmamsTa ¢ '"3a-
xBatoM nukia". Haubonee mpoctoit ciocod opranuzaruu [1JII1 coctout B
TOM, 4TO JUIsi OOMEHA MCMOJB3YIOTCS T€ MAIIMHHBIC IUKJIbI MPOIECCOpa, B
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KOTOPBIX OH HE OOMEHMBAETCS JAaHHBIMU C MaMsThl0. B Takue IUKIIBI KOH-
tposuiep ITJIIT MmoxeT 0OMEHHBATHCS JTAHHBIMU C TAMATHIO, HE Meras pado-
Te nponeccopa. OTHAKO BO3HUKACT HEOOXOMMOCTh BBIJICICHUS TAKUX ITUK-
JIOB, 4TOOBI HE MPOU3OILIO BpeMEeHHOTro mnepekpbiTusi oomena I[1/II1 ¢ ome-
pauusMu oOMeHa, UHUIIMUPYEMBIMH TpolieccopoM. B HEKOTOPBIX mpoliec-
copax (opMUPYETCSl CIEUUAIbHBIA YIPaBISIONIMN CUTHAN, YKAa3bIBAIOIIUI
IUKJIbI, B KOTOPBIX MPOIIECCOpP HE 0OpamiaeTcs K CHCTEMHOMY HHTEpdENCy.
[Ipu UCTIONB30BAaHUM APYTUX MPOLIECCOPOB ISl BBIJICICHUS TaKUX IIMKJIOB
HeoOXxonuMo mnpuMmeHeHne B KoHTposuiepax [IJII1 crmennaibHBIX CENEeKTH-
PYIOIIUX CXEM, YTO YCJIOXKHSIET MX KOHCTPYKIMIO. [IpruMeHenue paccMmort-
penHoro crnoco6a opranuzanuu I[IJIII HEe cHMXKAaeT NMPOU3BOIUTEIBLHOCTU
MukpoIBM, Ho nipu 3TOoM 00MeH B pexkume [1/II1 Bo3mMoxkeH ToJbKO B CITy-
YailHble MOMEHTHI BPEMEHH OJJMHOYHBIMU OaliTaMU WIIA CJIOBaMHU.

bonee pacnpoctpanennsim sBaserca I[TJI1 ¢ "3axBarom nukia" u npu-
HYAUTEIBHBIM OTKIIFOUEHHEM IMPOIIECCOpPA OT IIMH CUCTEMHOTO UHTEpdelica.
s peanuzanuu Takoro pexkuma [1/I11 cuctemusiit untepdeiic mukpoOBM
JNOMOJIHAETCS ABYMSI JIMHUSAMHU JUIsl TEPENAayd yIPaBISIOMIMX CHUTHAJIOB
"TpeboBanue npsimoro nocryna k namsatu" (TITIII, DRQ — Dma ReQuest)
u "llpenocraBnenue npsmoro noctyna K namsatu" (I, DACK — Dma
ACKnoledged).

VYpasnstomuid curnan TIIAIT dopmupyercs KOHTpoIIEpoM IPSIMOTO
noctyna K namsTtu. [Iponeccop, MonyduB 3TOT CUTHAJ, MPUOCTAHABIMBAET
BBIMTOJITHEHUE OYEPEIHON KOMAaH[Ibl, HE JOKHUAASCh €€ 3aBEPILICHUS, BbLAACT
Ha cucTeMHBbIN naTepdeiic ynpasstonuii curdan [T/l u orkirogaercs ot
MUH cUcTeMHOTO uHTepdeiica. C 3TOro MOMEHTa BCE MIMHBI CHCTEMHOTO
unTepdeiica ynpasnsrorcss kontposuiepom [T/I1. Kontpomrep ITAII, wuc-
MOJIB3ysl IIMHBI CUCTEMHOTO WHTEpdeiica, OCYIIECTBISIET OOMEH OJHHUM
0aliTOM WK CJIOBOM JaHHBIX C MaMATbi0O MUKpOOBM u 3aTeM, CHSIB CUTHAJ
TIIAII, BO3BpalIaeT ympaBieHUE CHUCTEMHBIM HHTEp(EHcoM IpoIeccopy.
Kaxk tonbko koutposuiep I1JII1 OyaeT roTroB kK 0OOMEHY ClIeAyOImMUM OalToM,
OH BHOBb '3aXBaThIBaeT' IUKJI MpoLEccopa U T. 1. B mpomexyTkax MexIy
curHanamu TII/II mpoueccop mpoaoIKaeT BBIIOIHATh KOMAaHIbl IPOrpaM-
Mbl. TeM cambIM BBIIOJHEHUE MNPOrpaMMBbl 3aMEIJIAETCS, HO B MEHbIIECH
CTETIEHH, YeM MPU OOMEHE B PEKUME TIPEPHIBAHUM.

[Tpumenenue B MukpoOBM obOmena ganueiMu ¢ BY B pexume TTJII1
Bceraa TpedyeT MpeaBapUTEIIbHON MOATOTOBKH, @ UMEHHO: JIJIsl KaKa0ro BY
HEOOXOJMMO BBIIECIUTh 00JACTh MaMATH, MCIOJb3YEMYIO NMpPU OOMEHE, U
yKa3aTh €€ pa3Mep, T. €. KOJIMYECTBO 3aMUCHIBAEMBIX B MaMSTh WA YHUTAC-
MbIX W3 MamsaTu Oat (cioB) mHpopmanuu. CrienoBaTeibHO, KOHTPOJUIEP
ITIT nomxeH o0s3aTEeILHO UMETh B CBOEM COCTaBE PETUCTP aJpeca U CUeT-
guk O0aiT (cioB). [lepen naganmom oomena ¢ BY B pexume TT/I1 npouieccop
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JOJIKEH BBIMOJHUTH MPOrpaMMy 3arpy3ku. JTa mnporpamma o0ecreynBaeT
3aIliCh B yKa3aHHble peructpsl KoHTposuiepa [IJII1 HayaneHOrO agpeca BbI-
nenenHor BY mamstu u ee pasmepa B 6aiiTax Wiv CJI0BaxX B 3aBUCUMOCTH OT
TOTO, KaKUMU TTOpUusIMH HHPopmaruu BeaeTcss oomeH. CkazaHHOE HE OTHO-
CUTCA K HAYAJIBHOM 3arpy3ke IporpamMm B namsAth B pexxume 1IJ111. B atom
CIIy4yae COAEPKUMOE PErucTpa ajgpeca U cueTdyrnka OalT CJIOB yCTaHaBIIMBa-
€TCA MEPEKIIOYATENIMU WM TMEPEMBIYKAMU HEMOCPEICTBEHHO HA ILIATE
KOHTPOJLIEPA.

brnok-cxema mpoctoro kontposuiepa IIJIII, obecneunBaromiero BBOJ
JaHHBIX B naMaTh MUKpOoOBM no ununmatuse BY B pexume TT/I1 "3axBar
nukia", mpuBeaeHa Ha puc. 44.

T Peructp panueix (PH)
n 1]
luna pUEMD. —| HszBY
— '
yukn |* [
AaHHbIX |
AAHHBLIX
UteHue
Pra 7| "Beog
¥ JAaHHbIX"
"Tpebo- ,_E_ 1.
2| Banne 1 1 CHeTymk DaiToE
21 nan* ==
=11 -1
=k — ?I ] 1 II] 4
= _ ||"|2I ’
- Mpeao Noruka
% CTagne- ynpaB. :7 \_\7
F HHE PR
FE_-‘ nan* neHuA
[=] F
=
U i
"Beoa" ) H
Urenue PA ]
ﬂ Jarpyaka PA™| 7 - 1.0 +1
Wuna | Mpuem- g L1
HHEM . ] |
':’ wHHBL [, Pernctp appeca (PA)
aapeca | agpeca
e

Puc. 44. Koumponnep IT/[I1 onsa 6600a oanuvix uz BY & pescume "3axeam
yukaa" u omKoYeHuemM npoyeccopa om WuH CUCmemMHo20 unmepdgetica

Ilepen Hauanom oudepeIHOro ceaHca BBOJA NaHHBIX W3 BY mponeccop
3arpy»KaeT B PETUCTPbl €ro KOHTPOJUIEpPA CIEAYIOUYI0 HH(OpMaLHUIO: B
CUETYMK OalT — KOJIMYECTBO NMPUHUMAEMBIX OalT NaHHBIX, @ B PETUCTp aJl-
peca — HavalbHbIN ajpec 00JIacTu MaMATU JUIsl BBOAUMBIX JaHHBIX. TeM ca-
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MBIM KOHTPOJUIEP MOATOTaBIMBAETCS K BBIITOJIHEHUIO ONEpAallMK BBOJAA JIaH-
HbIX 13 BY B namsate Mukpo2BM B pexume [T/I1.

baiTel nanHbpiX U3 BY mocTynaroT B perucTp HaHHBIX KOHTPOJUIEPA B
MOCTOSTHHOM Temrie. [Ipu 3ToM Kakapiii GalT COMpPOBOXKIAETCS YNPABIISIO-
muM curHaigom u3 BY "BBoa nansbix", KOTOpBIN 0OecleuMBaeT 3amuch
OaiiTa JaHHBIX B PErHCTP JAaHHBIX KOHTpoJuiepa. Ilo 3ToMmy ke curnamy u
IIPY HEHYJIEBOM COCTOSIHMM CHYETUMKa OalT KOHTpOJUIEp (OPMHUPYET CUTHAI
TITAIL ITo orBeTHOMY curHaiy npoueccopa IIII/II1 kouTposiep BbIcTaBIIS-
€T Ha IIMHBI aJJpeca U JaHHbIX CUCTEMHOT0 MHTepdeiica coiepKUMoe CBOUX
PETUCTPOB aipeca U JaHHBIX, COOTBETCTBEHHO. POpMUPYsI YIPABIAIOLIIMN
curHan "BwiBoa", koutposuiep IIIl obecneunBaer 3anuch OalTa JaHHBIX
U3 CBOETO perucrpa JaHHbIX B naMsaTh MUKpoOBM. Curnan ITITAIT ncnomns-
3yeTcsi B KOHTposuiepe u Juisi MOAUGUKAIIMKN CUeTYHKA OalT U perucTpa aj-
peca. Ilo xaxxnomy curnany IITTII u3 conepkumoro cueTynka OalT BHIYH-
TaeTCs €AMHUIA, U KAK TOJBKO COAEPKUMOE CUETUMKA CTAaHET PABHO HYIIIO,
KOHTPOJIJIEp TPEeKpaTuT (GopmupoBanue curHainoB "TpeboBaHue mpsMoro
JOCTYIIA K MTaMsTH'.

Ha mpumepe npocroro xontposuiepa ITJIII mMbl paccMmoTpenn TOIBKO
IIPOLIECC OATOTOBKU KOHTPOJUIEPA U HETIOCPEACTBEHHO NEPENAady JaHHBIX B
pexume [1/I1. Ha npaktuke mo6o0ii ceanc oOMeHa naHHbIMHU ¢ BY B pexu-
me IIJIIT Bcerna nHULMUPYETCS NIPOrPaMMON, BBITTOJIHIEMOU MPOLECCOPOM,
Y BKJIKOYAET J[BA CIEIYIOLINX ATala.

1. Ha stane noaroroBku BY k ouepenHoMy ceancy ooMeHa mpoieccop
B PEeKMMeE MPOrPaMMHO-YIIPABISIEMOTr0 0OMEHa OMpaIiruBaeT coctosure BY
(mpoBepsieT ero roTOBHOCTh K 0OMeHy) U mockuiaeT B BY komanzsl, obec-
nednBaromue noarotoBky BY k oOmeny. Takas moAroroBka MOXKET CBO-
JUTHCS, HAIpUMEpP, K MEPEMEIICHUIO0 TOJIOBOK Ha TPEOYEMYIO JTOPOXKKY B
HAKOIMUTENE Ha JKECTKOM JUCKE. 3aTE€M BBINOJHAETCS 3arpy3ka perucTpoB
kontposuiepa IT/I1. Ha stom nmoaroroska k ooMeny B pexxume 1111 3aBep-
HIAETCS U IMPOLECCOP NEPEKIIOYAETCS HA BBIITOIHEHNE APYTOM TPOTrPaMMBL.

2. O6men ganubiMu B pexume [IJII1 HaunHaercsa mocie 3aBeplICHHUS
MOATOTOBUTENBbHBIX orepanuii B BY no nnuimatuse a1u6o BY, kak 310 ObI-
JIO pacCMOTPEHO BbIlIE, JIMOO Tpoueccopa. B 3ToM cinydae KoHTpoiiep
[TAIT HeoOXoauMO AOTONHUTH PETUCTPOM COCTOSIHHSI U YIPABJICHHS, CO-
JEP>)KUMOE KOTOPOTro OyAET ONpeeNsiTh pekuM padoTsl KoHTposepa TTII1.
OnuH U3 pa3psAIoB 3TOTO peructpa OyeT MHUIIUUPOBATH OOMEH JTaHHBIMU C
BY. 3arpy3ka uHpopManyu B perucTp COCTOSHUSA U YIPABJICHHUS KOHTPOJI-
nepa ITAI1 mponsBoauTcss mpOrpaMMHBIM ITYyTEM.

Hanbonee pacnpocTpaHeHHBIM SIBISETCS OOMEH B PEXUME MPSIMOTO
JOCTYN K maMsTu ¢ OJokupoBko# nponeccopa. On otrnuuaercs ot ITJIII ¢
"3aXBaTOM LIMKJIA" TE€M, YTO yIpaBjieHHE CUCTEMHBIM UHTep(deiicoMm nepena-
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ercst koHTposuiepy IIJIIT He Ha BpeMst oOMeHa ogHUM OalTOM, a Ha BpeMs
oOmMena 61okoMm naHHbIX. Takoi pexum [T ucnonsiyercs B Tex ciydasx,
Korja BpeMsi oOMeHa oJHUM OaiitoMm ¢ BY comoctaBuMo ¢ ITUKIOM CHUCTEM-
HOM LIVHBI.

B Mukpo2BM MoxHO HCIONb30BaTh Heckonbko BY, pabortaromux B
pexume [I/I1. IIpegocraBnenne Takum BY muH cucremHoro mHrepdeiica
JUIst OOMEHa TaHHBIMU MTPOU3BOAMUTCS HA IPUOPUTETHOM ocHOBe. IIpuopure-
Tel BY peanusyroTcs Tak e, Kak ¥ npyu 0OMEHE JaHHBIMU B peXUME Mpe-
pBIBaHUS, HO BMECTO YIPaBJISIOIUMX CUTHAIOB "TpeOoBaHue npepriBaHus"
u "llpenocraBnenue npepbiBanusd" (puc. 40) ucnonb3yrorcs curHaisl "Tpe-
O6oBanue npsimoro jaocrymna" u "lIpegocrasieHue mpsMoro aocrymna’, coot-
BETCTBEHHO.
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