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BBEAEHWE

B OCHOBHbIX HanpaB/fieHUAX 3KOHOMUYECKOT0 U COLMANbHOro
pa3suTua Y3bekuctaHa Ha nepuog ao 2010 roga npefyCMOTPEHO
+lMocnefoBate/lbHO MNOBbIWATL OPraHU3aLMOHHYO W TEXHOJNOrMU-
YecKyl rMOKOCTb NMPOM3BOACTBA. BHeapsATb aBTOMaTU3NPOBaHHbIE
CMCTEMbl B pasNnyHble cepbl XO3ANCTBEHHON feATeNbHOCTU, U B
nepByto o4yepedb B MPOEKTMPOBaHME, ynpasneHne 060pys0BaHNEM
M TEXHONOTMYECKUMU npoueccopamu. MogHATL YpOBeHb aBTOMa-
TW3auuuM npousBoACcTBa MNpUMepHO B 2 pasa. Co3gaBaTb KOM-
MMeKCHO-aBTOMATMU3MPOBaHHbIE MPOM3BOACTBA, KOTOPble MOXHO
6bICTPO U 9KOHOMMWYHO MepecTpanBaTb».

Bce atu 3afjaum OyfnyT pellatbcid NMPUMEHEHUMEM B OTPacnsx
HapO4HOr0 XO03SCTBA BbIYMCANTENbHOW TEXHWKW ” B MEPBYHO
oyepefb MUKPOMPOLLECCOPHOW TEXHUKM, MOCTPOEHHOI Ha 60/b-
LWNX UHTErpanbHbIX CXemax.

Mukponpoueccopbl (M) n mukpo-9BM 6narofapa peanu-
30BaHHOM B HUX BO3MOXXHOCTU MPOrpaMMHOro ynpasneHus o6na-
[al0T CBOWCTBaMM YHWMBEPCA/bHbIX YCTPOWCTB U MO3BONAKT NpU-
MEHATb CpPefcTBa M MeTOAbl LUGPPOBO 06pabOTKM [aHHLIX W
UM POBOro ynpasneHWa B TaKUX 0671aCTAX TEXHUKM U HApPOAHOrO
X0351CTBa, B KOTOPbIX paHee MUX UCNofb3oBaHWe 6bi0 3IKOHOMMU-
4YecKn HeonpasfaHHbIM.

MocToAHHO BoO3pacTawlWmnii 06bem npoussogcTea MM n
MUKPO-3BM, ynydylweHne UX TEXHUYECKUX XapaKTepucTuUK MU
CHUXEHWe CTOMMOCTM [alT BO3MOXHOCTb YTBepXAaTb, UTO B
6nmxanwme rogbl MMM 1 MMKPo-OBM 0OygyT oYeHb LWMPOKO WUC-
Mo/b30BaTbCs B YCTPOMCTBAX W CUCTEMax aBTOMaTWKW, Tenemexa-
HUKW 1 cBasn. OnbIT npumeHeHus MI1T n Mukpo-OBM B no-
KanbHbIX YCTPONCTBAX aBTOMaTUKMN CBA3WM M CUCTEMax ynpasiaeHUs
00beKTaMM U TEXHONOTMYECKUMU MpoLeccopamu CBUAETENbCTBYET
0 TOM, 4YTO ucnonb3oBaHne MI1 gaeT BO3MOXHOCTb CO34aTb CUC-
TEMbl aBTOMATUKM C KAYECTBEHHO HOBbIMU WHTE/EeKTYalbHbIMU
CBOCTBaMM, 4YTO obecneymBaeT LOCTMXKEHNE UCKOYNTENLHO Bbl-
COKMX TEXHWKO-3KOHOMWYECKMX MOKasaTenein u pacwnpeHune
(hYHKUNOHANbHbIX BO3MOXHOCTEW 3TUX YCTPONCTB U CUCTEM.
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B 1976 r. Ha Bonpoc aHKeTbl «KakoBo Balle nMyHOoe MHeHue
0 MMKponpoueccope» MNPefNOXKEHHbI aMEPUKAHCKUM >XYypHanoMm
«/IHCTPYMEHTEWLWH TEXHONOMKN* CBOMM 4uUTaTeNnsM - Mo/fib30Ba-
Tensa u paspaboTuMkam CpeacTB MPOMbILIJIEHHON aBTOMaTUKM,
0TBeTbl pacrnpegenunnce cnegyrouwmm obpasom «53% - «Hesepo-
ATHO, CKa3o4Ho!; 27% - MuKponpowueccopsbl HalngyT nNpuMeHeHue
B KauyecTBe 3/IeMeHTOB yrnpasneHus n 20% - MHeHue He odop-
MUWNOCb OKOHYATENbHO, HO NepBoe BpeMs paboTatb C HUMUK OygeT
TPYAHO».

B HacTosAwee Bpems, ecnu 6bl GbiN 3afaH Takoil e BOMPOC
BCe 100% oTBeTUNM Obl YTBEPAUTENIbHO, YTO HE TO/bKO Liesecoob-
pasHo, HO M HeobxoauMmMo npuMeHATb MI1. To ecTb BHeApeHue
MUHUATIOPHbIX 3/IEKTPOHHbLIX YMPaBAAlWMX MawnH, MUKPOMNpPO-
LLeCCOPOB W MPOMbILLJIEHHBIX PO60OTOB OTKPbIBaeT 6e3rpaHUyHbIe
BO3MOXHOCTW B CUCTEMAX >XeNe3HO40POXHOW aBTOMATWMKKM, Tene-
MEeXaHWKN N CBA3MN.

Ewe B nepsoli nonosmHe XIX B. aHrAMKACKNA MaTeMaTuK
Yapnb3 babobumk nonbiTancgd NOCTPOUTL YHUBEPCANIbHO BbIYUCIU-
TeNbHOe YCTPOWCTBO, TO €CTb KOMMbtoTep, (B3abbumax HasbiBan ero
AHanuMTnyeckolii MawmnHoW). MmeHHO B36bugx Bnepsble A04Y-
Mancsd L0 TOro, 4YTO KOMMNbLIOTEP [O/MDKEH CofepXaTb namsaTb U
YNpaBiATLCA C NOMOLLbIO NporpaMmbl. B36O6UAX XOTeN NMOCTPOUTH
CBOM KOMMbHOTEP KaK MeXaHM4YeCKOoe YCTPONCTBO, a MporpaMmm
cobupancs 3afiaBaTb MOCPeACTBOM, NephokKapT — KapT M3 MoT-
HO 6ymarn ¢ ¢opmauueil, HAHOCUMOW C MOMOLLbD OTBEPCTUIA
(oOHM B TO BpeMs yxe LWKUPOKO YynoTpebnanncb B TKaLKUX CTaH-
kax). OgHako J0BecTu [0 KOoHUa 3Ty paboTy B3b66uax He cmor —
OHa OKasanacb C/IMLWKOM C/IOXHON AN TEXHUKW TOr0 BPeMEHU.

Mepsble KomnbloTepbl. B 40-xogax XX B. cpa3y HECKO/bKO
rpynn uccnefosatenieid NOBTOPUAM MOMbITKY B36buaxka Ha OCHO-
Be TeXHMKM XX B. — 3/IeKTpOMexaHNYecKnx pene. Hekotopble u3
3TUX uccnegoBaTeneil HWYero He 3Hanm o pabotax Babbupxa u
NepeoTKPbIIN €ro uAen 3aHoBO. [1epBbIM M3 HUX Obl1 HEMeUKWi
nHxeHep KoHpag Llyse, koTopbiii B 1941 r. nocTpoun He60nbLIOW
KOMMbIOTEP HA OCHOBE HECKONbKWUX 3/IeKTPOMEXaHUYEeCKUX pese.
Ho u3-3a BOWHbI paboTbl Llyse He 6binv ony6aukoBaHbl. A B
CLWIA B 1943 r. Ha ogHOM w3 npegnpuaTuii dupmbl IBM ame-
pukaHey loBapg JlikeH co3fan 6onee MOLWHbIA KOMMNbIOTEP MOA
Ha3BaHMeM «Mapk-b. OH yXe Mo3BOAAN MPOBOAUTL BblUMC/IEHUA
B COTHU pa3 BbICTpee, YeM BPYUHYIO (C MOMOLWbIO apupmomeTpa),
M peanbHO MCNO/b30BaNCs AN BOEHHbIX PacyeTos.
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OfHaKo aneKTpoMexaHuyeckue pene paboTaloT BecbMa Mej-
JIEHHO W HejOCTaTO4YHO HafexHo. [MoaTtomy HaumHaa ¢ 1943 r. B
CLWA rpynna cneuxuanncTos nog pykosoAcTeom [)oHa Mounu un
Mpecnepa OkepTta Hayana KoHcTpyupoBaTb KomnbioTep ENIAC
Ha OCHOBE 3NEeKTPOHHbIX namn. Co3faHHblAi UMW KOMMbIOTEP
paboTan B ThicAuy pa3 bbicTpee, yem Mapk-1. OgHaKo o6HapyXu-
N0oCb 4TO 6OJMIbLWYIO YacTb BPEMEHM 3TOT KOMMbIOTEp npocTansan
— Befb 415 3aflaHns MeTofa pacuyetos (NporpamMmbl) B 3TOM KOM-
MbIOTEPE MPUXOAWUSIOCH B TEYEHME HECKO/bKMX YacoB WAN [axe
HECKO/NIbKUX [Hel NOACOEAMHATb HYXHbIM 06pa3som nposoga. A
cem PacyeT Mnoc/fie 3TOro MOr 3aHATb BCEro /iNlib HECKO/IbKO MU-
HYT UMW Jaxe CeKYHA.

KomnbloTepbl C XpaHUMOW B MamMsATW MporpaMMoii. YTo6bl
YNpoCTUTbL U YCKOPUTb MpoLecc 3agaHua nporpamm, Mounu u
3KepT CTanum KOHCTPYMpPOBaTb HOBbI KOMMbIOTEP, KOTOPbIA MOF
6bl XpaHMTb NporpamMmmy B cBoell namaTun. B 1945 r. k paboTe 6bin
nNpMBfeYeH 3HaMeHWTbIi MaTteMaTuk [>KOH (oH HelimaH, Ko-
TOpbI/i MOATOTOBWMA A0KNag 06 3TOM KoMMbioTepe. [oknag 6bin
pa3ocnaH MHOTMM YYEHbIM W MOMYYUI LIUPOKYH W3BECTHOCTb,
MOCKONbKY B HeM (hOH HeliMaH ACHO M MPOCTO CHOpPMYyNMpoBan
obuime NpUHLUNBI PYHKLMOHUPOBAHUSA KOMMbIOTEPOB, T.e. YHU-
BEpCa/ibHbIX BbIYMCANTENbHbLIX YCTPONCTB. VI g0 cux nop nopgas-
nsawouiee 60/bWNHCTBO KOMMbIOTEPOB CAenaHO B COOTBETCTBUM C
TeMyn NpUHUMNAMWN, KOTOPbIE MU3N0XW/ B CBOEM Aoknage B 1945 r.
[koH doH HeiimaH. MepBblii KOMMObKOTEP, B KOTOPOM 6biN BO-
nAoWeHbl NpUHUUNbI GOoH HeilmaHa, 6611 NocTpoeH B 1949 r. aH-
rAMiAcknM nccnegosaTeneM MoprucOM Y UIKCOM.

Pa3BnTure anemMeHTHOW 6a3bl KOMNbOTEPOB. B 40-x n 50-x
rofax KOMMblOTepbl CO3/aBalMCb HA OCHOBE 3/1EKTPOHHbLIX namn.
M03TOMY KOMMbKTEPbI ObIAM OYeHb 6GOAbWIKUMK, W (3aHUMaNK
OFPOMHbIE 3anbl), JOPOrUMU U HEHAAEXHbIMU — Beflb 3M1eKTPOH-
Hble flamMnbl, KaKk 1 06bl4Hble N1aMNOYKK, 4acTo neperopatoT. Ho B
1948 1. 66111 N306peTeHbl TPAH3UCTOPbl — MUHUATIOPHbIE U He-
[JOporne 3neKTPOHHble MNpPUBOPbI, KOTOPble CMOMAN *3aMEHUTH
3NEKTPOHHbIE NaMmnbl. 3TO NPUBENO K YMEHbLUEHWIO pa3MepoB
KOMMbIOTEPOB B COTHMW pa3 W MOBLILWEHUIO UX HagexHocTu. Mep-
Bble KOMMNbLIOTEPbI HA OCHOBE TPaH3UCTOPOB MOABWUINCL B KOHLE
50-x rofos, a K cepefiHe 60-x rofos 6bl/1 cO34aHbl U 3HAYUTENb-
HO 60fiee KOMMaKTHble BHELWHMWE YCTPOICTBa AN KOMMbIOTEPOB,
yto nossonuno upme Digital Equipment BbinycTuTb B 1965 T.
nepBbIl MUHU-KOMMblOTEp PDP-8 pasmepom C XONOAUNbHUK W
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cToMMOCTbi0 Bcero 20 Tbic. gon. (komnbtoTepbl 40-x 1 50-x rofos,
06bIYHO CTOUAN MUANUOHBI A0N.).

Mocne mnosBAeHWA TPaH3MCTOPOB Haubosee TPYyLOEMKOM
onepayuein nNpy NpoM3BOACTBE KOMMbIOTEPOB ObINO COEAMHEHME U
cnaiika TPaH3UCTOPOB AN CO34aHMA 3MEeKTPOHHbLIX cxeM. Ho B
1959 r. Pobept Holic (6yaywuin ocHoBaTenb thupmbl Intel) nso-
6pen cnoco6, nNO3BONAKLWMI CcO3h4aBaTb Ha OfHOW MacTuHe
KPEMHUA TPaH3UCTOPbl U BCe HEOOXOAUMbIE COEfMHEHUA MeXAay
HUMKU. TMonyyeHHble 3MEKTPOHHbIE CXeMbl CTa/ii Ha3blBaTbCA WH-
TerpajbHbIMU cCxemamu, unm ymnamu. B 1968 r. ¢oupma Burroughs
BbIMyCTUMA MEPBbIA KOMMbIOTEP Ha WMHTErpaibHbIX CXemMax, a B
1970 r. dpupma Intel Havana npofasaTb MHTErpasbHble CXeMbl Na-
MSATW. B fanbHelilem KOMM4YecTBO TPaH3MCTOPOB, KOTOpPOe yjaBa-
NOCb pasMecTUTb Ha eAuHMLEe NAOWaAN WHTErpanbHON CXeMmbl,
YBENNYMBaANOCL MPUOBAN3NTENBHO BABOE KaXAbld W rog, 4T0 ”
obecneymBaeT MOCTOAHHOE YMeHbLIeHWe CTOMMOCTU KOMMblOTe-
pOB ¥ NOBbILWEHWE ObICTPOLEACTBUSA.

Puc. 1L

Mukponpoueccopsl. B 1970 r. 6bin cgefaH ewe OAUH BaXHbIWA
Wwar Ha MNyTM K MNepcoHanbHOMY KommbloTepy — Mapwunad 3a-
BapZ Xogd u3 pupmbl Intel cKOHCTPYMpoOBan MHTErpasbHy cxe-
MY, aHaJiorTMYyHY0 N0 CBOMM (YHKLMAM LeHTpasibHOMY npouec-
copy 60nbWIOro KomnbloTepa. Tak NOSBUACA MepBblii MUKPOMPO-
ueccop Intel-4004 (cm. puc. 1), KOTOpbIA 6bin BbIMYyLLEH, B MNPO-
Jaxy B 197.1 r. 3To 6bIn HAcToOAWMI NpopbIB, OO MUKpoOMNpoLec-
cop Intel-4004 pasmepom meHee 3 cM 6bl1 MPOU3BOAUTENbHEE TU-
raHTckoin mawwnHel ENIAC. MMpaBga, Bo3mMoXHocTu Intel-4004
ObWN Kyfa CKPOMHee, YeM y LieHTpanbHOro npoueccopa 60nbwmx
KOMNbIOTEPOB TOr0 BPeMeHW, — OH paboTan ropasfo MefneHHee
M mor obpabaTbiBaTb O4HOBPEMEHHO TONbKO 4 6uTa WHGOpMa-
uuu, (npoueccopbl 60NbWINX KOMNbLIOTEPOB 06pabaTbiBann 16 un
32 6uTa OfHOBPEMEHHO), HO W CTOMN OH B [ECATKM TbiCcAY pas
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fewesne Ho pocT Npov3BOAUTENbBHOCTM MUKPOMPOLLECCOPOB He
3acTaBun ceba »xpgatb. B 1973 r. dupma Intel BbinycTtuna 8-
6uTOBbIA MuKponpoueccop Intel-8008, a B 1974 r. - ero yco-
BEpPLUEHCTBOBaHHYIO Bepcuto Intel-8080, koTopas Ao koHua 70-X
rofloB CTana CTaH4apToOM AN MUKPOKOMMbIOTEPHOW MHAYCTPUMK.

[MosiBNeHMe nepcoHaNbHbIX KOMMbOTEPOB. BHayane MUKPO-
npoueccopbl WUCMNOMb30BaNUCb B Pas/IMUYHbIX Cheunansn3nupoBaH-
HbIX YCTpOICTBax, Hanpumep, B Kanbkynstopax. Ho B 1974 r. He-
CKONbKO (hupM 06bABMAKN O CO3[aHWKM HA OCHOBeE MUKpoOMpoLec-
copa Intel-8080 nmepcoHanbHOrO KOMMblOTeEpa, T.e. YCTPONCTBA, Bbl-
MOMHAKOLWEro Te e (YHKLUMM, 4TO U 6O0MbLIOA KOMNbIOTEP, HO
paccyMTaHHOro Anf MHOro nosb3oBatensa. B Havane 1975 r. nos-
BMCA MepBblii KOMMEPUYECKN pacnpocTpaHseMblil NEPCOHabHbIN
KomnbtoTep AnbTamp-8800 Ha ocHoBe MuKponpoueccopa Intel-
8080. .9T0T KOMMbIOTEp npogasanca no ueHe okosno 500 gon. U
XOTS BO3MOXHOCTM €ro 6binnM BecbMa OrpaHuyeHbl (onepaTvMBHas
namsaTb, cocTaBnsana Bcero 256 6aiiT, knaBmatypa M 3KpaH OTCyT-
CTBOBANN), ero nosiBfieHNMe Obl/10 BCTPEYEHO C GOMBLIKUM 3HTY3M-
a3MOM: B MepBble e MecsAlbl OblI0 NPOAAHO HECKO/bKO ThICAY
KOMNAEKTOB MaluHbl. lMokynaTenn cHabXanu 3TOT KOMMbKOTep
LONONHUTENbHBIMU YCTPOWCTBAMWU: MOHUTOPOM [A1S BblBOAA WH-
thopmaynmn, KnaBumaTypoi, 6/710KaMn pacliMpeHUs namaTu u T.4.
Bckope 3Ty ycTpoicTBa CTann BbIMYCKaTbCA APYrUMU UpMaMu.
B koHue 1975 r. Mon AnneH n bunn leiitc (bygywme oCHOBATENM
thupmbl Microsoft) co3ganu gns KomnbioTepa «AnbTaup» UHTEpP-
npetaTop f3blka Basic, 4To M0O3BOAMMO NOMb30BaTENAM LOCTATOY-
HO MPOCTO 06LWATLCA C KOMMbIOTEPOM W NErKo nucatb A1 Hero
nporpammbl. 9TO TakXe Cnocob6CTBOBaNO MNOMYASPHOCTUM Mepco-
Ha/IbHbIX KOMMbIOTEPOB.

Ycnex AnbTtanp-8800 3acTtaBun MHOrMe (upmbl TakxXe 3a-
HATbCA MPOU3BOACTBOM MepPCOHaNbHbIX KOMMblOTEPOB. [lepco-
HaNbHble KOMMNbIOTEPbl CTaAn NPOAABATLCA YXe B MOMHOW KOM-
nnekTayuu, ¢ KNaBMaTypoi M MOHWTOPOM, CNPOC Ha HWUX cOCTa-
BUN LECATKM, a 3aTeM M COTHM ThiCAY WTYK B rog. [ossunocb
HECKOMbKO >XYPHAaN0oB, MOCBALWEHHbIX NEPCOHaNbHbIM KOMMblOTE-
pam. PocTy ob6bema npofax BecbMma CMocO6CTBOBAa/N MHOro4YucC-
NEeHHble MNoJfie3Hble nporpammbl, paspaboTaHHbIX ANA  [eN0BbIX
npuMeHeHni. T10ABUANCL U KOMMEPYECKM pacnpocTpaHseMble
nporpaMmMbl, Hanpumep, nporpaMma fAns pefakTUPOBAHUA Tek-
ctoB WordStar n tabnuuHblii npoueccop VisiCalc (COOTBeTCTBEH-
HO 1978 n 1979 rr.). 3T (U MHOrMe Apyrue) nporpamMmmbl caenanm
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MOKYNKY MNepCoHaNbHbIX KOMMbIOTEPOB BeCbMa BbITOAHBLIM A8
6u3Heca: ¢ MX MOMOLLbIO CTano BO3MOXHO BbINOMHATL Gyxrantep-
CKMe pacyeTbl, COCTaBNATb JOKYMEHTbl U T.4. cnonb3oBaHue xe
60MbWINX KOMMNbLIOTEPOB AN 3TUX Lenei 6bI10 CANWKOM AOPOro.

Mosasneuve IBM PC. B koHue 70-x rogos pacnpocTpaHeHue
MepcoHanbHbIX KOMMbIOTEPOB faXe NPUBENO K HEKOTOPOMY CHMU-
XXEHWI0 cnpoca Ha 60/blive KOMMbIOTEPbl U MUHU-KOMMNbIOTEPDI
(MUHNM-OBM). 3T0 cTano npegMeTOM Cepbe3HOro 6ecnokolicTea
(upmbl IBM (International Business Machines Corporation) —
Befyliell KOMMaHMW MO NPOM3BOACTBY 60MbLUIMX KOMMbIOTEPOB, U
B 1979 r. ¢upma IBM pewwnna nonpob6oBatb CBOW CW/bl HA PblH-
Ke MNepcoHanbHbIX KOMMblTepoB. OAHAKO PYKOBOACTBO (hUPMbI
HefooLUeHMNo ByayLy0 BaXXHOCTb 3TOr0 pblHKa U paccmMaTpuBasno
C03JaHne MNepcoHaNibHOr0 KOMMNbKOTepa BCEro NUlb KakK MenKui
3KCNEPUMEHT — YTO-TO BPOfE OLHOI W3 AeCATKOB NPOBOAUBLUMNX-
cAd B ¢upme paboT no co3faHWio HoBOro obopygoBaHudA. UTobbl
He TpaTUTb Ha 3TOT 3KCMEPUMEHT C/UWKOM MHOI0 [eHer, pyko-
BOACTBO (PMPMbl NPefOCTaBMIO NOApPa3fe/ieHNo, OTBETCTBEHHOMY
3a AlaHHbI NPOEKT, HEBMUaHHYI B upme cBo6oay. B vacTHoCTH,
eMy 6bifI0 paspelleHO He KOHCTPYMpOBaTb MepCOHasibHbliA KOM-
NblOTepP «C HYNs»; & UCNOMb30BaTb 6/10KW, U3FOTOBMIEHHbIE APYTU-
Mu upmamun. M 3To nogpasfeneHue cnojiHa UCNonb30Bano npe-
[lOCTaBNEHHbIN LLIAHC.

Mpe>xkne BCero, B Ka4eCcTBe OCHOBHOINO MUKpoOMpoLeccopa KoM-
nbtoTepa 6bin BbibpaH HOBelWWiA Torga 16-paspagHblii MUKPO-
npoueccop Intel-8088. Ero ucnonb3oBaHWe MNO3BOMINIO 3HA4YU-
TeNbHO YBENWYUTb MOTEHLManbHble BO3MOXXHOCTM KOMMbHOTEPA,
TaK KakK HOBbIA MMKpomnpoueccop Mo3sonsn paborate ¢ 1 Mbaii-
TOM namATW, a BCe MMeBLUMECA Torga KoMmnbloTepbl 6biinM orpa-
HU4eHbl 64 Kb6aliTamu. B KomnbtoTepe 6biAM MCNOMb30BaHbl M
4pyrve KOMNAeKTylowmne pasinyHbiX GUpM, a ero nporpammHoe
obecneyeHne ObINO MOpy4YeHO paspaboTaTb HE60MbLWON (upme
Microsoft.

B aBrycte 1981 r. HOBbI/Ai KOMMbKOTEP MOA Ha3BaHuWem IBM
PC (uutaetcd — AIli-bn-Om Mu-Cu) 6611 oPuymanbHo npeg-
CTaBfleH Ny6/MKe M BCKOpe Mocne 3Toro OH npuobpen 60MbLIYIO
NONynApHOCTb Yy Mofb3oBaTeneii. Yepes oAWH-ABa roga KoM-
nototep IBM PC 3aHAn Befyuiee MecTo Ha pblHKE, BbITECHUB MO-
fenn 8-6MTOBbIX KOMMbIOTEPOB.

B HacToswee Bpema IBM PC-coBMecTuMbie KOMMbHOTEPSI
npeBpaTuNCb B MOLLHbIe BbICOKONPOU3BOAMUTENbHbIE YCTPOWCTBA.
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Mo BcemM OCHOBHbIM MoKasatensim (ObICTpPOAeRCTBME, €MKOCTb
OnepaTuMBHOM W LUCKOBOW NamaTh W AP.) OHU B COTHWU pa3 npe-
BOCXOAAT MepBOHauyanbHyto Mmogens IBM PC, a cToAT 06bI4HO
paxe aewesne. ECJ/IM 66l TakKMMKM e Temnamu pas3BuBanoch, cka-
XXeM, aBTOMO6UNeCTpoeHne, TO ceilvac 3a HeCKOAbKO ThiCAY ON-
napoB npegnaranucb 6ol aBTOMO6UNW, NepeABUraroLLMecs CO CKO-
POCTbIO KOCMMWYECKWX pakeT W BMeLLaloLiMe COTHM YenioBeK. B
MUPEe eXerofHo MPOM3BOAUTCA HECKONbKO AEeCATKOB MU/IJIMOHOB
IBM PC cOBMeCTUMbIX KOMMbIOTEPOB, 370 6onee yem 90% Bcex
NMPOU3BOAMMbIX B MUPe KOMMbIOTEPOB.

Mpon3BOACTBOM KOMMOHEHT U ycTpoiicte gna IBM PC-
COBMECTUMbIX KOMMbIOTEPOB 3aHUMAKOTCH ThiCAYU QUPM; B ynucne
KOTOPbIX — COTHW TUTaHTCKUX MEXAYHapOAHbIX Kopropauuid, B
TOM u4ucne TakKuMX U3BeCTHbIX, Kak Intel, Toshiba, Fujitsu,
Siemens, Hitachi, Hewlett-Packat, Phillips, Samsung, Goldstar u
ap. KoHKypeHUMs B 3TOW 06nacTu ocTpelillas, pe3ynbTaTe LEeHbI
Ha KOMMNAEKTYKLWMe 1 BHELWHWe YCTPOWCTBa MOCTOSHHO NajaroT,
a XapaKTepucTukM uxX — ynydwarTca. MHorga u3MeHeHWs Ha
pblHKe ObIBAlOT NPOCTO HEBEPOATHLIMU, TaK, HauyuMHasa ¢ neta 1995
3a roj LeHbl Ha MWKPOCXeMbl OMepaTMBHON NaMATM NOAEeLIEeBeNn
6onee yem B nNATL pas!

Ocobyl ponb cpegn nNpousBofuTeNeld KOMMOHEHT wrpaet
thupma Intel — nuagep B ob6nactu pa3paboTKM M NPOM3BOACTBA
MWKPOMPOLLECCOPOB M  MaTtepuHCcKuxXx nnar gna  IBM  PC-
COBMECTUMbIX KOMMbIOTEPOB. VIMeHHO pa3paboTku dupmbl Intel B
3HAUUTENbHOW CTENeHW OnpefensloT MPOrpecc KOMMbIOTEPHON
nugyctpuu. Ho u Intel He sBnseTcs abCONOTHBIM MOHOMOIUCTOM
— C HUM KOHKYpupywT hupmbl AMD, Cyrix, IBM u gp.



MABA 1L MNKPOTTPOLLECCOPbI N MNKPO-3BM.
OCHOBHbIE OMPEAEJTEHUA

1.1. Knaccugmkanms

ONeKTPOHHO-BbIUNCINTENbHAA MalwKnHa (3BM) npegcta
eT c060i ycTpolicTBO, MpeAHa3HaYeHHOe A/ BbIMOMHEHUA
YNCNUTENbHBbIX OMepauuii U OCHOBHbIM ycTpoiicTBom 3BM 4
eTca npoueccop (BblUMCAUTEND).

MocnegHUM  JOCTMXKEHWEM  3N1EKTPOHHO-BbIYNCIUTENBHO
TexHUkn asnsawTcd BUC M NOCTpoOeHHble Ha WX OCHOBE MUMK™
npoueccopbl — YyCTPOICTBA, KOTOPble MPeAcTaBnslOT coboil of
NN HECKONbKO KPOXOTHBIX KYCOYKOB KPeMHWUS C (DYHKUMOHAT
HOW MNNOTHOCTbIO 35 M/H. 371eMEHTOB Ha KpucTtann u obnaga
LMe Cnoco6HOCTbIO BbIMOMHATL MOA MNPOrpaMMHbIM ynpasieHue
06paboTKy MHMOpMaLMK, BKAOYas BBOA W BbIBOA MHMopMal,
NPUHATUE pPeLleHniA, apudpmMeTUYeCcKe 1 Nornyeckne onepauum.

B obuwem cnyyae B coctaB MI1 Bxogat: apudmeTnyeck
noruyeckoe yctpoiicteo (AJ1Y); cxema ynpasneHUs W CUHXPOHMU
3auus; perucTp —akkKyMynaTop; CBepxonepaTvBHOE 3amnoMUHAl0
wee ycrtpoinicteo (CO3Y), nporpamMMHbIA CYETYUK; afpecHbI
CTEK; perncTp KomaHg u pewndgpartop kKoga onepauuu; napa/
NenbHble WWHBbI JaHHbIX W BBOAA-BbIBOAA; CXema ynpaBfeHus na-
MATbIO U BBOLOM-BbIBOAOM.

Mwnkpo-OBM - 3T0 BbluuCAUTENbHAA WAW ynpaBastoLwa
CuCcTeMa BbIMONHEHUS Ha ocHoBe MI1, B cocTaB KOTOPO Mory
TaKXe BXOAUTb: nporpammHas namsatb (06bIYHO-MOCTOAHHOE 3a
nomuHatowee yctpoiicteo (M3Y)); namaTe faHHbIX (06bIYHO
onepaTWBHOe 3anomuHalwee ycTpoiicTBo (O3Y)); ycTpoiicT
BBOZa-BbiBOAAa (YBB); reHepatop TaKTOBbIX CWUIHANO0B, a TaKX
Lpyrne yCTpOWCTBa, BbIMOJIHEHHbIE C MCMNOAb30BaHMeM BUNC wnnm
3/1IEMEHTOB C MeHbLUEl CTeNeHbl0 MHTerpauuu.

Ecnu nepsbiit MM nossunca B 1971 r. (Intel 4004), To B Ha-
CTOALLEE BPEMS YXKE UX HACUMTHIBAIOT COTHAMM Pas/IMYHbIX TUMNOB
(tabn.1).



Tabnmua Nel
TexHuueckne XapaKTepUCTUKM MUKPOMPOLIECCOPOB

Mpoueccopbl 70-x rogos
4004 8008 8080 8086 8088

BbIMyCKe 1

TakToBas vyac- 108 108 2 My 5 MIy, 5 Mru,
TOoTa KrU' KFLI, 8 MFLI,, 8 Mr'—'.
10 My

PaspsagHOCTb 4 6uT 8 ouT 8 out 16 6ut 8 6UT
WWHbI

KonnyectBo 2 300 3 500 6 000 29 000 29 000

TPaH3UCTOPOB (t0 (6 MUK- (3 Mmuk- (3 MUK-
MUK- POH) poHa) poHa)
POH)

Afpecyemas 640 16 64 1 M6 1 M6

namsThb bant K6aiit  Ko6aiit

BupTtyanbHasa -- — — — -

namaThb

Kpatkas xapak- MepBas O6pa- 10- 10- AmHanor

TepucTmkKa MUKpo- 60TKa  paTHbIl  KpaT- npouec-
cxema,  uudpo- pocT HbIi copa
BbIMOJ- BbIX U npous-  pocT 8086,
HAlOWas TeKcTo- BOAM- npou3- HO C 8-
apu-  BbIX TeNbHO- BOAU- paspsg-
METU-  AaHHbIX CTW MO  TeJbHO- HOM
yec-Kue CpaBHe- CTW MO  BHeLW-
BblUMC- HUIO C  CpaBHe- Hell
neHns npo- HUO C  LIWHOM

Lecc- npo-

COpOM  Lecc-
8008 copom
8080



Mo n—

O6baABNEHO
0 BbINMyCKe

TakToBas
yacToTa

PaspagHocTb
LWWNHbI

KonunyectBo
TpaH3ncTo-
pos

Apjpecyemas
namaTb

Buptyans-
Hag namAThb
KpaTkas

XapakTepu-
cTVKa

Mpoueccopbl 80-x rogos

80286
1/2/82

6 Mlu, 8
MTlu, 10

MTlu, 125
My

16 6ut

134 GO
(1,5 muk-
POH)

16 mera-
6anT

1 rurabait

Poct npo-
N3BOAM-
TENbHOCTYU
B 3-6 pas
no cpas-
HEHUIO C
npouecco-
pom 8086

Mukpo-
npoueccop
Intel386™
DX

17/10/85

16 MTy,
20 My,
25 MTy,
33 MIy

32 eut

275 000
(1 Muk-

POH)

4 rurabanT

64 Tepa-
banT

Mepsas
MWKPO-
cxeMma ap-
XUTEKTYpbI
X86, cno-
cobHas
obpabaTbl-
BaTb 32-
paspagHble
Habopbl
LaHHbIX

12

Mwukponpo-
Leccop
Intel386™
SX

16/6/88

16 My, 20
My,
25MTy, 33
MIy

16 6ut

275 000

(1 MMUKPOH)
4 rurabant

64 TepabaiiT

Hepoporoe
YCTPONCTBO
C BO3MOX-
HOCTblO 32-
paspsgHoi
06paboTKM
LOaHHbIX
6narogaps
16-6UTHOW
afpecHol
WnHe

LleHTpanb- 1
HbI Npo-
Leccop
Intel486™
DX

10/4/89

25 MTly, 33
My, 50
My

32 6ut

1,2 Mun-
NnoHa

(1 MUKPOH)
(0,8 MUK-
poHa Ha
yactoTe 50
MTy)

4 rurabait

64 TepabanT

BcTpoeHHasn
KIW-NaMaThb
1-ro ypoBH#A



O61bsB-
JIeHO O
BbIMYyCKe

TakToBas
yactoTa

Pa3psga-
HOCTb
WWHbI

Konunye-
CTBO
TpaH3n-
CcTOpoB

Appecye-
mas na-
MATb

Bupty-
anbHas
_.namsTb

KpaTkas
XapakTe-
pucTuka

Mpoueccopbl 90-X rogos

Mukponpo-
Lieccop
Intel486™

SX
22/4/91

16 My,
20 M,
25 MTu,
33 My

32 out

1,185 mun-
nvoHa (1
MUKPOH)

4 rurabant

64 TepabanT

KOHCTpYK-

TUBHbIA aHa-

nor
Intel486™
DX, HO 6e3

MaTtemMaTtmnye-

Mpoueccop
Pentium®

22/3/93

60 MIL, 66
M,

75 MIy, 90
My,

100 My,
120 MTy,
133 My,
150 My,
166 M

32 6uT

3,1 mun-
NnoHa
(0,8 Muk-
POH)

4 rurabaiit

64 TepabainT

MaTukpart-
HbIA pOCT
npon3BOLU-
Te/IbHOCTK
no cpaBHe-
HUIKO C npe-

13

npouec-
cop
Pentium®
Pro

01/11/95

150 My,
166 M,
180 My,
200 MTy

64 6uUT

55 Mun-
JINOHOB
(0,6 MuUK-
POH)

64 rura-
6anT

64 Tepa-
6ant

BbicoKo-
npomn3Bo-
antens-

HbI Mpo-
ueccop ¢
npumMmeHe-

Mpoueccop
Pentium®
I

07/5/97

200 My,
233 MTy,
266 M,
300 My

64 61T

7,5 mun-
NIMNOHOB

64 rurabaiT

64 TepabanT

[BoliHas
He3aBunCH-
Mas LWuHa,
AnHammnue-
CKoe uc-
NonHeHNe



O6bsBNEHO
0 BbINYyCKe

TakTtoBas
yacToTa

Paspaga-
HOCTb WH-
Hbl

Konnuect-
BO TpaH-
31C-TOPOB

Appecye-
mas na-
MATb

BupTtyanb-
Has na-
MATb

' CKOFO COMpO- L,eccopoM HWEM ap-  TexHOoNorus
Lleccopa Intel486™  xuTekTypbl Intel
DX 33-MTly anHamu- MMX™
6narogaps  4eckoro
npuMeHe- ncnosHe-
HUIO cynep- Hus
cKanap-Hom
apXUTEKTY-
pbl
Mpoueccopbl KoHUa 90-x rogos
Mpouec- Mpouec- [llpouec- Mpo- Mpo-
cop Intel® cop cop Intel® wueccop ueccop
Celeron™ Pentium Celeron™ Pentiu  Pentiu
(400, 366 ® Il m® Il m® lll
MTL) Xeon ™ Xeon™
(450
MTy)
04/1/99 05/1/99  25/1/99 26/2/99 17/3/99
400, 366 450 MI'y 266 n 300 450, 500,
MTIu; Ml u; 500 550
£ My Ml y,
64 6uT 64 6ut 64 6”T
19 mnH 75 mMaH 189 maH 9.5 MaH 9.5 MAH
(0.25- (0.25- (0.25-  (0.25-
MKM) MKM) MKM) MKM)
4 rurabaiit 64 rura- 64 rn- 64 run-
6ant ragat rabant
64 Tepa-
6anT



Mpoueccopbl 2000-x rogos

INTEL INTEL INTEL INTEL
Pentium 111 Pentium 111 Pentium IV Xeon
O6waBneno 18/01/2000 21/03/2001  27/08/2001 25/09/2001
o Bbinycke 19/03/2001 24/08/2001
21/05/2001
30/07/2001
13/11/2001
TakToBag  500MTu- 700- 1,4-2I'Ty 2;1.7;1,5n1,
yacToTa 1.13rry, 933MIy, arruy
Pa3psaa- 64 6uT 64 6uT 64 6ut 64 6ut
HOCTb LK~
Hbl
Konuuect- 0,13 0,18 0,18 0,18
BO TpaH3n- MuKp.Tex MwuKp.Tex Mwukp.Tex Mukp.Tex
CTOpOB
Agppecye- 64 T6 64 I'6 64 I'6 64 I'6
mMas na-
MATb
Buptyanb- —
Has na-
MATb
KpaTkas Paboune OducHble 1 OducHble 1 OdUCHbIE 1
XapakTepu- cTaHuuu, JOMallHMe  foMmallHWe  AoMallHue
CTUKa Mo6unbHble K. OgHo- MK OgHo- K. [Byx
MK, oduc- Bocmu npo- gABYx Npo-  npouec-
Hble 1 Liecccop- LLeCCOPHbIE  COpHble
nosb3oBa-  Hble pabo-  cepeepbl cepBsepbl K
TeNnbCKne Yyne cTaH- paboune
MK | Unn cTaHuun

1.2. Apxutektypa 3BM

Mog apxuTtekTypoih 9BM noHumaeTcs abcTpakTHOe npefg-
aBfeHWe MallMHbl B TEPMWUHAX OCHOBHbIX (YHKLMOHANbHbIX
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mogenei, Asblka ABM, cTpykTypa gaHHbIX. APXMTEKTypa He on-
pefenset 0CO6GeHHOCTEelW peanusayuy annapaTtHoi 4vactm IOBM,
BPEMEHW BbIMO/NHEHWUA KOMaH[, CTEMeHW napannenusma npu Bbl-
MOSIHEHUMN MNPOrpaMMbl, WWUPUHBLI WWH W APYTUX aHanornyHbIX
XapakTepucTukK. ApXUTeKTypa 0To6paxKaeT acnekTbl CTPYKTYpbl
OBM, KoTopble ABNAKTCA BUAWMbIMW ANA MONb30BaTENA: CUCTE-
Mbl KOMaHA, pexuMmbl afgpecauuu, gopmartbl U LJAUHY AaHHBIX,
Habop peructpoB OBM, AOCTYMHbIX Monb3oBaTento. OLHUM Clo-
BOM TEPMWH «apXWUTEKTypa» WCNOMb3yeTcA [ANA OMNUCAHUSA BO3-
MOXHOCTEN, npegocTaBnseMbix 3BM, a TepMUH «OpraHu3auuns™
onpefenseT, KaKk 3TW BO3MOXXHOCTU Peann3oBaHbl.

Bce 3BM copepxat cneaytolime gyHKLUMOHaNbHbIe 610KK
(puc. 1.1), nmelowme CBOK MUKPO apXMTEKTYypy: mnpoueccop, co-
CTOAWMA N3 apuOMETUKO-NOTMYECKOro YCTPONCTBA, aKKyMYynATo-
pa, perucTpoB, CYETYMKOB KOMaHA, YCTpOWCTBa ynpaBneHus, na-
MATb, YCTPOICTBa BBOAA W BbiBOAA MHGOpPMaLUN.
O6begmHeHne GYHKLMOHaNbHbIX 6/10K0B B ABM ocyulecTsnseTcs
NoCpeAcTBOM CheAytolell CUCTEMbl LIWH: LWWHbI JaHHbIX, 06pa-
WeHMe K pasnnyHbiM ycTpoiictBam OBM, v WWHbI ynpaBneHus
ONd nepefayn ynpaefsoOLWMX CUrHanos. [ns cBA3M MOMb30BaTENd
c OBM npegycmoTpeH nynbT ynpaBfeHWs, KOTOPbI/ NO3BONSET
BbIMONHATL TakuMe [AeincTBUS, Kak nyck 9BM, ocTaHoB, nmoj Aeli-
CTBMEM KOTOPOro npekpaiwjaeTcsd MOCTYMNNEHWe CUTHAaNO0B C TreHe-
patopa TaKTUPYIOLWMX CUrHANOB W NPOLEccOp MNepexoiuTt B CO-
CTOAHME OXMAaHWA. 3arpyska HayasbHOro afpeca nporpammbl
B MPOrpaMMHbIA CYETUMK, MHAUKALMWA COAEPXMMOro sveek na-
MATU W PErMcTpoB MpoLeccopa, NOLWAroBoe BbIMOMHEHNE KOMaH[
nporpammbl npu ee oTtnagke. Ans BBofa fgaHHbix B OBM moryt
6bITb MCMOMb30BaHbl 00bIYHbIE MepudepuiiHblie ycTpolictea: HICA,
TeneTann, knasmatypa, nepgopatop. [aHHble OT npouecca Wau
06beKTa ynpas/ieHUs MOryT OblTb BBefeHbl HENOCPeACTBEHHO. Ec-
NV [JaHHble MMelT aHa/lioroByto (HOpMy, Hanpumep, HanpsxKeHue
MUAN TOK, TO OHW LO/MKHbI O6bITb BHayane npeo6pasoBaHbl B LU®-
poByto thopMy, Tak Kak OBM MoxeT paboTaTb TO/NbKO MO ABOWNY-
HON cucTteme. TN NpeobpasoBaHNS OCYLLECTBAAKTCA C MOMOLLbIO
aHanoro-uugposoro npeobpasosatens (ALM). AHanoOrMyHo faH-
Hble ANA ynpas/eHWs NPOoLeccoM, MonyyeHHble Ha Bbixoge OBM,
MOryT 6bITb Mpeo6pa3oBaHbl B aHa/NOroByH (GOpPMY C MOMOLLbIO
umdpo-aHanorosoro npeo6pasosatens (LLAM).
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[JaHHble, NocTynarouue ¢ ycTpoiicTBa BBOAA, NepeaaroTcs Ha
WWHbI aHHBIX B BUAE 8-pa3psfHbIX NapanfiefibHblX UAU Nocneao-
BaTe/lbHbIX KOJOBbIX CUTHaN0OB yepe3 nMopT BBoAa. CenekTop aape-
ca onpefenseT NopT BBOAA, KOTOPbI/ NepefaeT faHHble Ha WNHY
[aHHbIX B HEKOTOPbLIA MOMEHT BPeMeHN.

"s UBJINCTeE a--------
7 Bu. TN uan



1.2.1. Cuctema WNH MUKpPO-OBM

Ons coegnHeHns pas3nnyHbiXx 6n1okos IBM ucnonbsyetcs Tay,
Ha3blBaeMas «LWWHHaA CTPyKTypa*. LLIMHa —3TO MHOTOXWUIIbHbI
kabenb. B Mnkpo-3BM umeeTcs TpU pasnnyHbie WWHbI: agpec!
JOAaHHbIX W yrpaBneHuns.

LnHa agpeca. Yucno AnHWIA B LWIKHe ajpeca onpegenseTe
yncnom paspAfoB B agpece naMmATU. BONbWMWHCTBO MUKPO-OBJI
nmetoT 16,20,32 n 36 paspsagHble agpeca. (8080 - 16 paspsagHbK
8086 —20 pa3psanHble,80486 —32 paspsfHble).

LuHa faHHbIX. Yucno NMHWIA paBHO ANNHE C/I0BA MUKPO
OBM, 1 cocTaBnsano Ha MnepsbiX nMpoLeccopax 8-paspAfoB Ha Mo
clefHUX Mofensx 64 paspsasa.

WwuHa ynpasneHns. CoOAepXWUT NUHWUW YMpaBieHUsa, uuei<
KOTOPbIX 3aBUCUT OT TUNa MUKPO-OBM. CurHansl, BKAOYaOLWM<
pas3nuyHble 610KM B paboTy, nepegaroTca Nno WWHe yrpas/ieHus.

Korfa roBopsit o wWunHax B MUKPo-OBM, To umeoT B BuUj]
BHYTpPeHHUE WUHbI. MrKpo-OBM umeeT pa3BeTBfIEHHYIO CTPYK-
TYPY BHYTPEHHMX LWIKWH, KOTOpas MokKa3aHa Ha puc.ll NYyHKTU
pPOM CTpenkKamu NOoKa3aHo npuHumaeT u (UAKW) nepefaeT CUTHab
AaHHbIA 610K. Ecnn curHanbl M NpMHMMAlOTCA U nepegarTcs, K
3TO COeAMHEeHMe LWNH Ha3blBalOTCA ABYHANpPaBAeHHbIMU.

MpumeyaHune 1. LLWHHaa CTPYKTypa NO3BOMIAET MPAMO NOA
COeAUHATb K MUKPO-3BM HOBble 610KM. ITO MMeeT 60MbLUOE
3HauyeHue.

MpumeyaHue 2. LW uvHa faHHbIX ABNAETCA LBYHanpas/ieHHO»
OTO ecTeCTBEHHO, He OTHOCUTCA K COEAUHEHUI0 MexXAay LIUHO!
JaHHbIX 1 MN3Y. r

1.2.2. Cnctema coefiHeHUs1 6/10KOB MUKPO-3BM

MHdopmaLna MOXET NocTynatb Ha JaHHYK LWKWHY TONbKO O
ofgHoro 650ka MUKpo-OBM. Hanpumep, uWHGpopmauus Moxe-
MOCTYNMUTb Ha WWHY AaHHbLIX TO/IbKO OT OLHOr0 W3 ChegyloLume
6nokos: LM, O3Y, M3y, ogHoro u3 nopTtoB BBOAA. And poctu
KEHUS 3TOr0 B KaXAYH BbIXOAHYIO IMHUIO LWWHBLI KaXKA0ro nopt
BK/lOUeHa bydepHas cxema.

CurHanbl, KOTOpble NepeknyalnT OydepHble CXembl B Tpe
fyemoe cOCTOfiHMe, NocTynaeT OT YyCTPoiCTBa ynpaBneHus YY
Takum o6pa3om, YY BbioupaeT 6510k OBM, KoTOpbii nepega?
fJaHHble B LWIUHY.
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1.2.3. O6MeH fj@aHHbIMW B MUKpP0-3BM

Ot UM k namatn (puc 1.2). Onepauus 3anucu B NamaTb
BbINOMHAGTCA 4N1A Nepefayn AaHHbIX 13 LM B BbiGpaHHYO Aueii-
ky namaTu. MpoucxoguT cnefyowmm obpasom:

1- nepegava agpeca

Puc. 1.2.

1. Apgpec ayeilky namaTh, B KOTOPYK HYXXHO 3anucaTb faHHble,
noctynatoT 13 LM B namaTe;

2. Appec gewmnpyeTca cenektopom agpeca CA;

3. LM nepepaet B namATb JaHHble M OLHOBPEMEHHO YMpaBnflo-
LKA CUTHaN 3anucu;

4. NaHHble 3aHOCATCA B AYeliKy MamAaTU MO 3a4aHHOMY agpecy.
Ot namatu K LIM (pucl.3). Onepauus cUUTbIBaHUA (UTEHUA)

M3 MamAaTW BbIMOMHAEGTCA ANA nepefayu [aHHbIX, UMelWwuxca B

BblOpaHHOW A4yeiike namaTtu, B LiM.

1. Agpec Ayelikm namsaTu, COAEPXUMOe KOTOPOW LO/MKHO OblTb
nepegaHo B LM, noctynaet 3 LI B namaTs;

2. Afpec fewntpyeTcs CeNleKTOpoM ajpeca;

- UM HanpasnseT B NaMATb CUTHaM CUUTbIBAHUSA,
CogepXxnmoe a4einkn namsTv noctynaet B LM,

19



4

Puc. 1.3.

W3 ycTpoiicTBa BBoga B LiIM (puc 1.4).
I

Puc. 14.

1. LM wHanpaBnseT agpec BbIGOPKM YCTpOCTBa BBOAA-BbIBOAA
(YBB) Ha moaynb BBOAA-BbiBOAA Yepe3 af|peCHY0 LUNHY U Te»
caMblM OMnpejensert, ¢ Kakoro nopra LO/MKHbI ObITb NoJsiyyeH!
JaHHble;

2. UTtob6bl nokasatb, YTO Tpebyetca onepauunsd Beofa, LM nocol
NaeT curHan Bsoga moay/no BB uepes WWHY ynpasneHus;

3. [aHHble, npeacTaBneHHble B Bbl6paHHOM MNopTe BBOAA, Nepe
nuceiBaroTca B LM, 1

OT LM Ha ycTpoiicTBO BbiBoga (puc. 1.5).

1 UM wHanpaBnseT agpec BbIGOPKM YCTPOACTBA BBOJAA-BbIBO;
(¥YBB) Ha mogynb BBOLa-BbIBOAA Yepe3 afipeCHYIO WUHY U Te
caMbIM OnpefenseTt, Ha Kakoi NOPT LO/MKHbI ObiTb BblBEAEH

flaHHblE;
20



9 YT06bl MOKasaTb, 4TO TpebyeTcs onepauus BbiBoga, LIM mockl-
naeT cUrHan BbiBOAa Moaynio BB uyepes WMHY ynpaBneHuUs;
3 JaHHble Haxogswwmeca B LIM nepenwucbiBaloTca B NOPT BbIBO-

aa.

Agpec
un w> C

faHHble BbiBog

% <X>-\JTX\XX\

Punc.1.5.
1.2.4. Tunbl NnamaTn

OcHoBHaa namatb cuctembl IBM cocTouT M3 namMatv npo-
rpaMmm v nNamaTu AaHHbIX.

Korga nporpamMma mnomeuiaeTcd B MmaMATb MOCTOSAHHO, OHa
00bIYHO pacronaraeTcs B YCTPONCTBE, Ha3blBaeMOM MOCTOSHHbLIM
3anoOMUHaKWMM  YCTPONCTBOM (N3Yy). lMocTosHHOE 3a-
NMoOMUHaKoLee YCTPOWCTBO fABAAeTCA 06bIYHO KPWUCTanjioM Mpo-
rpaMMUPYEMOI UHTErpasbHON MWKPOCXEMOW C HEU3MEeHAeMOW
nporpaMmmoi. MamaATb M3MEHAKLWNXCA AaHHbIX, Ha3biBaeMas one-
paTUBHbLIM 3anoMuHalWwmm ycTpoiicTeoM (O3Y) manm namaTbio C
NMPoOW3BO/IbHLIM LOCTYNOM (NepBoe Ha3BaHWe ucnonb3yetca Gonee
4yacTo), cocTaBnseTcs Takxe 06bI4HO U3 UNC.

NHhopmauus (yawe BCEro nporpamMma) MOCTOAHHO XpaHUTCA
B M3Y. Ee MOXHO TONbKO CUATbIBATb W HENb3d MEHATb WAM 06-
HOBMATL. MMetoTca Tpu tuna MN3Y:

1 TM3Y, 3anporpaMmMupoBaHHOE W3rOTOBUTENEM MUKPO-
OBM;

2. MporpammupoBaHHoe M3Y(MM3Y). MNMonb3oBaTens MOXeT
3anporpammuposats [lM3Y ¢ nomowbs nporpaMmMupyroLLero
YCTPOIiCTBA, KOTOPOE BbDKWFaeT agpecyemMble AMOAbI B MaTpuLe
MM3Y; nocne 3Toro fjanbHeiWmne W3MEHEHUS COAEPXMMOro na-
MATU HEBO3MOXHblI;

nrs3 (nePenporpammupyemble MM3Y) nau ctupaemblie

B 3Tux ycTpoicTBax WH(OPMALUsA MOXET CTUpaTbCs He-
CKO/MIbKO pa3 ¢ MOMOLbI ynbTpaguonetoBoro o6ayueHus. lMepe-
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nporpaMmMmMpoBaHMWe OCYLLECTBAETCA C MOMOLLbIO MporpamMmma
pytowero ycTpoiictea MM3Yy.

O3Y - omnepaTMBHOE 3aMOMWHalOLLEe YCTPONCTBO - 3TO Ma
MATb, M3 KOTOPOW MNpOLECcCOp MOXeT CYMTbIBATb WAM B Karopy]
MOXeT 3anucbiBaTb MH(OpMaLuio. MMo3TOMYy ee UCMONbL3YT A®
XpaHeHUs MPOMEXYTOUHbIX Pe3ynbTaToB BblYMCAEHUIA W nepe
MEHHbIX U 418 MUKPO-OBM o0Ha fBNAeTcAa CBOEro pofa 610KHO
TOM ana 3anuceii. Mpyu BbIKAHOYEHWW NUTaHUA MHGOpMalus
O3Y cTupaercs.

Mporpammbl N0Mb30BaTeNs, KOTOpble MO CBOel Npupoge us-
MEeHSeMbl, TakKXe MOoMellalTcs B OMNepaTUBHOW 4acTu namsan
BMecTe C pgaHHbiMu. Ha puc. 1.6 O3Y u TM3Y nokasaHbl pas-
[eNbHO, MOTOMY YTO OHW 06bLIYHO COCTaBMAOTCA pasfinyHbl

MU
Ao | o
x00(bl)

««usakm (KO
BSn8nr /iouevw

opsichi

A%Fecnaﬂ
(Cniinmidy  i-3

s

g

*Bopn'sB
Puc. 1.6. Tunosasa cTpyKTypa |v||_|/|Kp0-SBM.

MpusegeHHas Ha puc. 1.6 cuctema MOXET paccMaTpvBaTh
Kak o0606LWeHHas apxuTekTypa MUKpo-OBM. bonbwaa uvact
MUKPO-OBM coaepXuT, MO MeHblUeil Mepe, 3TU XapaKTepHbI
; CTPOICTBa, a TakXe W HekoTopble Apyrve. [ns ynpolieHus Ta
KUX CXeM 06bIYHO HEe MOKasbiBaT MUTaHWe, UCTOYHUK TaKTOBbI.
MMMYNbCOB (Y4acbl) M HEKOTOpble BXOAALIME B MWUKPO-3BM nn
HUKW, HeobXxoaMMble Ans ee paboThbl,

KoHTponbHbie BOMpOCHI
1. LleHTpanbHbIA npoueccop npeacTaBnseT coboi WHTe
panbHyl cXemy, Ha3blBaeMyto .

2. Kakoii 610K Ha puc. 1.6 AOMKEH paccMaTpuBaTbes Kak LiLL,
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3 MepeuncnuTb Tpu Tuna cBA3ed B MUKpo-IBM, npuse-
[eHHOI Ha puc. 1.6. .

4. AfpecHad WwwuHa Ha puc. 1.6 ANA KOAMPOBAHHOW WH-
(hopmaummn aBnseTca OAHOHaMNpPaBAeHHON, W NHa------- , HanpoTus,
ABNAETCA ABYHaNpaB/iieHHOMN.

5. O6bIYHO MOCTOSAHHbIE Mporpammbl pacnonaratTcd B bUC,
Ha3blBaeMo

6. Kakon Tmn namaTn cokpalieHHOo Ha3biBaeTcs M3Y?

7. Kakoil Tn namsaTu coKpalieHHO Ha3blBaeTcs O3Y?

8. BpemeHHble faHHble W MporpaMmmbl pacrnonaratTca B
BUC, HasbiBaemoii____ (O3Y, M3Y).

9. Pa3meuieHne fJaHHbIX B MUKPO-OBM BbinonHaeTCcA_
(BpemMeHHO, NOCTOSAHHO).

10. Pa3melleHne nporpamm B M3Y BbINONHAETCA (BPEMEHHO,

NOCTOSIHHO).
11. Beof wnu BblBOL MH(popMauun B (M3) MUKPO-OBM BbI-
MOJIHAETCHA C UCNONb30BaHUEM (mopTa, fatunka BPeMeHM).

1.3. PaboTa Ha MUKpPO-3BM

O6paTtumca Kk puc. 1.7, nnnwoctpupyrowemy paboTy MUKPO-
OBM. Ha atom npumepe nokasaHbl cnegyrouive npouegypbl: 1—
Ha)xaTue KnaBMWKW A KNaBULIHOrO YCTPOWCTBA; 2—pa3melleHue
O6ykBbl A B MamaTu; 3— BocnpoussefeHne 6yKBbl A Ha 3KpaHe
aucnnes.

Mpouenypa BBOg—pPa3MelLleHMe—BbIBOL, MOKa3aHHasa Ha puc.

.7, ABNAeTCA TUNMYHON. AnNnapaTHble 3MeKTPOHHbIE CPeACTBa,
MCNO/b3yeMble B TaKOW CXeme, 4OBOSILHO CAOXHbI.

puc. 17 [eiicTBusa Mukpo-3BM.

CcT°L’CCa nepefaym [laHHbIX MOMOXET MOHATb

30/1b Pas3fIMYHbIX \
CTPOICTB, COCTAaBNAOLWMNX cucTeMy. Bonee noa-
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pobHas cxemMa Ha puc. 1.8 NO3BOMIAET OCMbIC/IUTL TUMMYHYIO L,
uegypy B mMukpo-O9BM — BBOog—pasmeweHne—sbIBO4. [pe
BCEro, BHMMATE/IbHO pPacCMOTPUM COAEPXMMOe MpPorpamMMHO
namaTn Ha puc. 1.8. 3ameTum, 4YTO KOMaHAbl NpeABapuUTenbl,
OblNN 3arpy>XeHbl B LWeCTb MepBblX A4Yeek namatu. CornacHo p
CYHKY TEKYLWMMMN KOMaHAamu B NpOrpaMMHO namaTy ABAsAOT

Puc. 1.8. MoaTanHble AeACTBUA MUKPO-3BM B x04e BbIMOAHEHMS
KOMaHAbl MPOrpaMMHONi NamsTy.

1. BBECTW (INPUT) gaHHble yepe3 nopT BBoga 1
2. PABMECTUTb (STORE) paHHble, nocTtynatouwme ¢ nopra
1, B A4eiiKe MamsaTy AaHHbIX 200.
3. BbIBECTW (OUTPUT) paHHble 4yepe3 nopT BbiBoga 10.
3aMeTuMm, 4YTO NpuUBefeHHas Bbille NPOrpaMma COAEPXWUT TOMbKO
Tpn KOomaHgbl. O4HAaKO B NpOrpamMMHOi namstTM Ha puc. 1.8 ume-
eTCA -LeCTb KOMaHA4. 3T0 06YCNOB/IEHO TeM, UTO 06bIYHO KoMmaH-

24



Nbl AensiTcs Ha aBe 4yacTu.lepBasi 4acTb _ ~6bl a

Er e ?2 [ A~ A N HaablBa-
(nopt 1). nep” etocaa _ onepaHgom. Onepauua u onepaHp
gl\gueHFB fueiikM namaTu, MOKasaHHble Ha puc, |.SATC, Ka-

nepeo» ~ . H a M E c T n

COAEPXUTCA B sveiike namaTM iw,
onepaHg (MopT 1), KOTOpbI/i Ham YKasbiBaeT, OTKyAa MOCTYNWT

UHpopMmaumna.] s [lBa HOBbIX JJEMeHTa-perucTpbl. ITU-
MW 0BYMS CreunanbHbIMKU pPerncTpaMmmn ABNAKOTCA aKKyMynaTop u
perncTp KOMaHg.

MocnefoBaTenbHOCTb COOLITMIA, MNPOMCXOAAWMX B MUKPO-
OBM B Xof4e BbIMO/MIHEHUA NpUBefeHHOro Ha puc. 1.7 npumepa,
nofgpobHO nokasaHa Ha puc. 1.8. He 3abygem, uto MTI asnsetcs
LLleHTPOM BCex Npeo6pa3oBaHMil fJaHHbIX W onepauunii.

Ob6patumcst K puc. 1.8, 4To6bl NpoOCNeanTb BCe 3Tanbl.

Otan 1. Mukponpoueccop BbicTaBnseT agpec 100 Ha appec-
HYO WWHY. JIMHUA ynpaBneHua npusHaeT (MU aKTUBU3MPYET)
BBOJ CunTbiBaHua n3 NC nporpaMmMHO namsTu (CYMTbIBATb faH-
Hble 03Ha4yaeT KOMMPOBaTb MHPOPMAaLUID U3 AYElKW NamaTu).
3TOT 3Tan Ha puc. 1.8 0603HayYeH 1B Kpy>Ke.

Jrtan 2. [lporpammMHas namaTb BbICTaBMAET NEPBYO KOMaH-
Oy Ha WWHY faHHbIX (BBECTW paHHbie), a MM npuHumaeTt aty
KOAMPOBaHHYIO WHGpopMaunio. ITO Moc/faHne TMoMelaeTca B
creumnanbHoe npocTpaHcTBo namaTn MIT, HasbiBaemoe perncTpom
KomaHg. OHO pgekogupyeTca MI (MHTepnpeTupyeTcs), 3TOM KO-
MaHze HY>XeH onepaHg,.

Jtan 3. MwuKponpoueccop BbICTaBNAET Ha afpecHYK LWUHY
agpec 101. JIuHueli ynpaBneHUs aKTUBU3IUPYETCA BXOA CUMTbIBA-
HUA M3 NPOrpaMMHOI NaMATK.

3tan 4. MNporpaMMHas NamMaTb NOMeLWaeT onepaHa (M3bATbINA
13 nopTa 1) Ha WWHY JaHHbIX. DTOT ONepaHfj Haxoguncs B AYel-
Ke namatu 101. KogmpoBaHHOe nocnaHue (agpec noprta 1) B3ATO
Ha LWWWHE fJaHHbIX WU MOMELWEeHO B perncTp KomaHg. Tenepb MII
[JekoavpyeTr nonHyw komaHgy (BBECTW paHHble, nocTynaroluiume
n3 nopta \).

3tan 5. Mwukponpoueccop nobyxaaeT OTKpPbITb nopT 1 no-
CPeACTBOM afipeCHOl LWMWHbI W AWUHWUWU YMNpaBleHUs YCTPONCTBOM
M oja KoagumpoBaHHasa dopma A nepefaeTcs B aKKyMynsaTop, rge

PasMewaeTcsi. BaxkHo 3ameTuTb, 4yTo MI1 BCce Bpems AeicTByeT
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B MOCnef0BaTeNbHOCTN — U3BNeYEeHNe — [EeKOAWpOBaHNE — BbiN
HeHve. OH WM3BNEKaeT CHayana 13 NporpamMMHON NamaTu KoMma
3aTemM pacliM(pOBbLIBAET €e U, HAKOHEL,, BbINONHAET. pogon
Tenepb pPaccMOTPEHME MPOrpaMmmel.

OTan 6. MuKponpoueccop BbICTaBNAeT Ha afpecHyl LK
agpec A4Yenku namatTu 102 M aKTUBU3UPYET BXOL CUUTbIBAHMSA
nporpaMMHOl/ NamaT NOCPEACTBOM YNPaBASOLWUX NUHWIA.

Otan 7. Kog komaHgbl MOMECTWTD gaHHble cuMTbiBaeTe
C LWIWHBbI AaHHbIX, nNpuHumaeTcs MIT n nomewiaetcd B perucr
KOMaHg,.

JT1an 8. MukponpoLeccop AeKOANPYeT 3Ty KOMaHA4y ¥ on
[lenseTt, 4yto HyXeH onepaHi. OH BbICTaBNAET Ha LWWHY fLaHH
cnegytowmnin agpec 103 M akTMBM3MPYeT BXOL CUWUTbIBAHMA W3
NPOrpamMMHOI NamsTw.

3tan 9. Kog onepaHfja «B Adyeiiky namatn 200» mn3 na
(Mporpammbl) MoOMeLleH Ha WWHY faHHbIX, MI npuHumaeT one
paHf W noMewaer ero B peructp KomaHa. KomaHa-
MOMECTWTb paHHble, pacrnofioXeHHble B Adeiike namsatu 200
MOJIHOCTLIO M3B/IEYEHA U [eKOo4MpOBaHa.

Otan 10. Tenepb HayMHaeTcAa Mpouecc BbINOSHEeHUA. MUk
ponpoueccop BbICTaBMAET Ha afpecHylo LWKHY agpec 200 M aKkrn-<
BM3MPYeT BXOA 3anucu B NamATb (3anNncCb O3HayaeT, 4TO fAaHHble
BBeyTCA B NaMATh).

Jrtan 11. Mukponpoueccop BblfaeT NOMELLEHHYIO B aKKyMy
nATope WMHGpOpMauuilo Ha WUHY JaHHbIX (KoAupoBaHHasa (opM
J1). 9710 A 3anucaHo B a4velike namatn 200 ©n Takum 06paso
Tenepb BbIMO/IHEHA BTOPadA KOMaHAa. T

Otan 12. Tenepb MTI1 fonXeH u3BMeYb CefylOLWY0 KOMaH
ay. OH agpecyeT adveiiky namatu 104 n akTusBm3upyet Bxog cull'
TbIBAHWUSA U3 MaAMATU.

Ortan 13. KomaHga BbIBECTW paHHble noMeLlieHa Ha LK
JaHHbIX, MIT npuHumaeT ee W MOMeLIaeT B PErucTtp Koma
Mukponpoueccop [LeKOoAMPYeT MocnaHwe W ycTaHaBAuBaeT, 4T
HYXXEH onepaHg,.

Otan 14. Mukponpoueccop nomewaet agpec 105 Ha agpe
HYI0 WWHY U aKTUBU3MPYET BXOS CHMUTLIBAHUA U3 MaAMATU.

Otan 15. MMamATb nomewaet Kog onepaHaa B nopT 10
WWHY JaHHbIX. OTOT Kof npuHumaeTcs MI1, KoTopblii nmomella
€ro B PerucTp KoMaHg,.

Ortan 16. Mukponpoueccop  gekoaupyert KoMma
BbIBECTW paHHble B nopt 10 MOAHOCTbIO, aKTUBU3MPYET MO
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10 NOCPeACTBOM aJpecHOW LWWHbI U YNpaBAsOWeEen NMHUN YyCT-
poiicTBa BbiBoAU. OH nomewaeT Kog A (MOCTOSHHO Haxoaswuiics
B aKKyMY/ISITOpe) Ha LWMHY faHHbIX. HakoHely A nepegaetcs nop-

TOM 10 Ha BMAEOTepMUHaT.
BONbWMWHCTBO MUKPO-OBM nepefawT MHGpOpMaLUO OMK-

CaHHbIM Ceilyac M MokasaHHbIM Ha puc. 1.8 cnoco6om. Camble
6onbLIMe pa3Nnyusa cocpesoToueHbl B 3/leMeHTax BBOAa W BbiBOJA.
MoxeT 6bITb Tak, 4To NoTpebyeTca 60MblUe 3TANOB AN OCYLLeCT-

BNEHUA 3TUX Onepayuii.
BaxHo oTMeTuTb, 4YTo MI1 aBNAeTCcA UEHTPOM BCEX Onepa-

UMA ¥ NONMHOCTbO UMK ynpaBaseT. OH cnefyeT nocnefoBa-
TENbHOCTU — W3BNleYeHNe—LeKOMPOBaHNE—BbINONHEHNE. Bbl-
MOMIHAEMble OMepayuu, HampoTUB, AUKTYOTCA KOMaHgamu, no-
MELIEHHbIMU B NaMsATH.

KOHTpO!'IbeIe BOMpPOCbI

1 Cnucok KomaHA ANnA MCNofib30BaHMA B MUKPO-OBM co-
cTaBnser .
2. [porpamma nometsaeTcsa BHYTPU MUKPO-OBM B namatu

3. bonbWKHCTBO KOMaHA MUKPO-OBM cocTouT M3 ABYX 4Yac-
Teil—onepauum u .
4. KomaHfgbl, cocTaBaflolWwmne nmnporpamMmy MUKpPo-OBM,

06bIYHO BbINOMHAKTCA (nocnefoBatenbHO, cny4vaiiHo).
5. Mocne BbinofHeHns komaHabl BBIBECTW paHHble B nopT
10 MMM Ha puc. 1.8 obpaTuTCsA NO agpecy SUEKM NamsaTu 3a

cnegytouieii KomaHgoi.
6. CokpaweHune LM o3Hauvaet
7. CneactBmem Takoil KomaHabl, Kak MOMECTWUTb paH-
Hble B A4Yeilky namsaTu 201, 6blna Obl Mepefava cogepXawmxcs B
JaHHbIX B fiYeliky namath 201, pacrmofIOXEHHON B NamsTu

MFr TWTkPa™ MCA K puc' Pesynbtatom KomaHgbl [10O-
JaHHbIX M3 MM*Hble B aueliky namatu 202 6bina 6bl nepepava

tdc TTU N Y > pa”l0/10)KeHHbIX B aKKYyMynaTooe. perun-
CTpe komaHnz), B ﬂBeVIKy namaTm 0o3Y. (akkymy P

rga naHHblenTTT ---—-- Cl-II/ITbIBaH\I‘/IFI, 3an|/|cm) BbIMO/IHAETCA, KO-
To N KW3BNeKalTCsA M3 AYENKN NMamaTu.

pauuei ome/ “eHne [laHHbIX B A4YeillKy namaTu sABNAeTcA one-
-------- (cumTbIBaHUA, 3anucK).
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11. Ond BbIMNOMIHEHWS KaXAoin kKomaHwgbl MI1 peiicTByeT B
nocfiefoBaTeNbHOCTU: .

12. Mocne aTtana 16 (pmc 18) KakuM 6yfeT COLepXMUMOe aK-.
Kymynatopa M1 nocnie BbINMOMHEHUSA KOMaHAbl BbIBOAA AaHHbIX B
nopt 10.

13. O6patnTbea K puc. 1.8. CoxpaHATCAa M KOMaHAbl, pac-,
MONOXeHHble B Aueiikax namaTtu ot 100 go 105, nocne atana 16.
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IMABA 2 OCHOBHBbIE 3/IEMEHTbI L®POBOW
TEXHUKW

2.1. Jlornyeckue anemMeHTbl

OCHOBHOW 3neMeHTHOIi 6a30/ COBPEMEHHON [UCKPETHOI
TEXHUKWN ABNAETCA UHTErpasbHas MUKPO3NEKTPOHMKA.

Ha npakTvke pasnuyaloT cliefylouime UHTerpasbHble CXeMbl:
MWNC — manble nHTerpanbHble cxembl (10 anemeHTOoB); CNC —
cpefHue mHTerpanbHble cxembl (go 100); BUC —6onbwmne UHTE-
rpanbHbie cxembl (100-1000) m CBWMC — cBepxb6osblive uHTe-
rpanbHble cxembl ( CBbille 1000 3/1EMEHTOB).

B KayecTBe AaKTUBHbLIX 3/1EMEHTOB LU(PPOBLIX MUKPOCXEM
ceiluac MPUMEHAIOTCA fABa TWNa TPAH3UCTOPOB: OWUMONAPHbIE W
nonesble (YHUMNONsApHbIE). [locnegHue UMEKT CTPYKTYpy MeTass
— okucen —nonynposBogHNK (MOTT) unu, Kak ee ele HasbiBaloT,
MeTa/IT —AN3NEKTPUK —NonynpoBogHuK (MAMM).

Cnoco6 coefMHeHNs TPaH3UCTOPOB MeXAy co6oi B npegenax
OfHOrO 3/7eMeHTa onpefensieT UX NOrMYeCKUin 6asmc mnum, npoie
Nnoruky. W3 nornyecknx WHTErpanbHbIX CXeM Ha 6GUNONAPHBIX
TpaH3UCTOpax B HacTosAwWee Bpems Habonbliee pacnpocTpaHeHwue
MMeIoT: TPaH3UCTOPHO-TpaH3ucTopHaa noruka (TTJ/T) B HECKO/b-
KUX MOAU(UKaLMAX, IMUTrepHo-cBA3aHHaa noruka (3CI), unu,
Kak ee elle Ha3blBalOT, NOrMKa Ha nepekntoyarenax toka (MTTN),
N B MeHbLUEN Mepe - AMOAHO-TpaH3UcTopHas noruka (4T/1).

[ns co3gaHnma MUKPOCXeM € 60MbLUON CTeneHb0 WHTerpayum
BbICOKOTO KOHTPO-AeicTeunA NCMOMIb3YIOT  UHXXEKLMWOHHO-
WHTerpansHyto noruky (MW, nan N21).

MMKpOCXeMbl Ha MOMEBbIX TPAH3MUCTOPax TakXe LWWUPOKO UC-
Nnonb3yloTcA B HacToAwee BpemdA. Hawbonee pacnpocTpaHeHbl U
MepcrneKTUBHbI CXeMbl, OCHOBaHHble Ha COBMECTHOM BK/HOYEHUU
napbl TPaH3UCTOPOB C KaHanaMy pasHbIX BUAOB NPOBOAMMOCTH,

* "I, eMble kKomnnemeHTapHble CTpykTypbl (KMAM-
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2.2. byneBa anre6pa

MaTemaTuyeckmii annapaTt, OMUCbIBAKOLWWUIA AeAcTBUA gu<’
KpPeTHbIX YCTPOWCTB, 6asupyetca Ha anrebpe NOrUKN, UK, Kak ee
elle Ha3blBalOT MO MMEHM aBTOpa — aHrMICKOro MateMaTuk
oxopaxa bynsi (1815-1864 rr.) bByneoii anre6pe.

B npakTuyeckMx uensx NepBbIM MPUMEHU ero amepukaH-
CKMIl yuyeHbln Knog LeHHOH B 1938 r. mpu mccnegoBaHUMmM afek-
TpUYecKnX Leneid ¢ KOHTaKTHbIMU BbIKIHOYATENAMN.

ByneBa anre6bpa onepupyeT 4BOMUYHbLIMU NepPeMeHHbIMU, KOTO-
pble YCNOBHO 0603HayalTcsa, Kak 0 U 1, 1 MOAYMHSAKOTCA YCNOBUIO:
X=1ecnmx/ 0, u

X =0,ecnm x* 1.

B ee O0CHOBe NeXWUT NOHATUE MepekntoyaTenbHON, unn byne-
BOM, hyHKumm Bugaf(xh X2,..., X j OTHOCUTENbHO apryMEHTOB Xb
X2, .., XM, KOTOpas, Kak W ee aprymeHTbl, MOXeT MpPUHUMaTb
TONbKO fBa 3HavyeHus - 0 u |. Kak yacTHbli cnyyail, ABOUYHbIE
nepemMeHHble MOTyT MOCTOSHHO COXPaHATb OAHO M3 3HayeHuin —O
nn6o 1. flornuveckas PyHKLMA MOXET 6bITb 3ajaHa CNOBECHO, an-
rebpavyeckMm BbIpaXeHWem U Tabnuuein, KoTopas HasbiBaeTcs
Tabnmuein NCTUHHOCTMN.

[JelicTBusa Hag ABOMYHLIMKU MepPeMeHHbIMW MPOWU3BOAATCA MO
npaBunam NOrnYeckMx onepaumnii. Mexay 06bIYHON, MPUBbIYHON
Ham anrebpoil n anrebpoil NOrMKM MMEKTCA CyLlecTBEHHbIe pas-
ANYNA B OTHOLIEHMMN KONMYeCTBA M XapakTepa onepayuii, a Takxke
3aKOHOB, KOTOPbIM OHW NMOAYMHAKTCA.

MpocTelilnx nOrMyecKMx onepauuin- Yetbipe: OTpULLAHME
(uuBepcus, onepauma HE (NO)), nornyeckoe YMHOXeHUe
(koHblOKUMA, onepauns W (AND)), normyeckoe CHoXKeHue
(onsbroHKumMa, onepauus VAWM (OR)) u ucknovawolee croxe-
Hue (onepauma uckmovawuwee NI (XOR)).

Bonee cnoxHble nornyeckne npeobpasoBaHNs MOXHO CBECTM
K YKa3aHHbIM onepauunsm.

Onepauns oTpMLaHWsa BbIMOMHAETCA HaA O4HON NMepemMeHHOM
N XapakKTepu3yeTcs CnefytoLmnumm CBONCTBaMN: yHKLUA

y = 1npu aprymeHTe x = 0 u
y = 0 Npu aprymMeHTe x = 1.

O603HauaeTCca oTpuLaHMe YepTO Haj MepeMeHOol C KOTopo
NpoOM3BOAUTCS Onepauus:

y = X (Mrpek paBeH He UKC)
1 HaobopoT y =X.



Onepaumns NOrMYecKOro yMHoOXeHuUs (KOHBIOKWUUA) AN 4BYX
nepemMeHHbIX 0603HavaeTca cnefyowWwmum obpasom:

Yy =X,AX2 uam y =xt*x2

0-0=0; 01=0; 10 =0; 11 = 1.

Onepauuns N0TMYECKOro CNOXeHuUa (Au3bloHKuMa). O603Ha-

yaloT ee cnegytowmm obpasom
Y=Xvx2 wm y=1,+x2

ANs ABYX NEPeMeHHbIX

Ovo =0; Ovl=1Il Iv0o =1 1v1=1.

[BOWYHbIe NepeMeHHble, BXOAfAWME B JIOTMYECKUE YypaBHe-
HUSA, MOXHO NpeAcTaBUTb ABYMSA Pa3INUYHLIMU 3NEKTPUYECKUMU
curHanamu. [lyTem npeo6pa3oBaHuii 3TUX CUTHaNOB MNOAy4valoT
pyrve, TOXe [LBOWYHbIE CUrHaNbl, KOTOpPble COOTBETCTBYIOT pe-
3ynbTataM OnpefeneHHbIX NOrnYecKux onepawuunii.

Wmes 3anuck Bynesoii hyHKLMHK

y =f(xh x2 XJ,
MOXXHO COCTaBUTb Pa3BepHYTYIO 3MEKTPUYECKYOD CXeMy, KOoTopas
6ynet npeobpas3oBbiBaTb N0OrMYeckue curHanel x/, x2, ..., X, CO-
rNacHO yKa3aHHOW (PYHKLMN.

YcTpoiicTBa, BbINOHAKLME B annapaTtype /I0rMyeckue onepa-
LMW, Ha3bIBaKOT JIOFMYECKUMU 3NIeMeHTaMW. JTOrnyeckne 3NeMeHTbI
pasnuyaroTcs Mexay coboli xapakTepom peanunsyemoi QyHKLuUK,
4YnCNOM BXOAOB (MO 4MCAy OAHOBPEMEHHO AeiCTBYKOWUX Mepe-
MEHHbIX), YMCNOM BbIXOAOB W APYrMMuU npusHakamu. Pa6oTa umx
OLEHMBAETCA TOMIbKO C TOUYKM 3peHMs NOrnku, 6e3 yuyeta npakTum-
YeCKOro BOMOWEHNA (TeXHUYecKoin 6asbl, CMOCOObI MUTaHWUA U
T.N.).

Bxofbl 1 BbIXOAbl TOFUYECKUX 3N1EMEHTOB B 3aBUCUMOCTU OT
YPOBHS CMrHana npy KOTOPOM BOCMPWHWMAETCA MW BbipabaTbl-
BaeTCA OMNpefeneHHOe 3HayeHMe [LBOMYHOW MepeMeHOl, nogpas-
[enaTca Ha NPsAMble U UHBEPCHbIE.

Ha noruyeckue BXOAbl MOXHO MNOZAaBaTb MOCTOSIHHbIE JIOTHW-
Yeckume YpOBHU 11 0.

FOCT\ MAT WManbHbIX cxemax nornyeckme 3neMeHTbl COrNacHo
AnemeHT 2 O603HauYeHNa yCcnoBHble rpauueckne B cxemax,
B BepxHel LM(YpoBOiA TeXHUKM» M306paxKatoT MPAMOYTONbHUKOM

n 1 n 1 ?uK KOloporo ykasbiBatoT CUMBOJI Vfi)}I/HKu'MM: & pns
U. lona N ,, . , g,a NCKNKOYAKLWEE N puc.2.1
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nm nm nnn
AND OR XOR
n nnn NCK/TIOYAKOLWEE NN
Hanpuwmep, y =f(xj, x2
& x| =1
X:_
y =X, K; y =X,VX, y =X/ ©JT.
X y X 1 Yy X, =1
& il bl X
N-HE NNnN-HE
Y =y x: Y = X/vx: Y =X 0X
Puc. 2.1.

B Ta6nuue 2.1 npuBefeHbl CEMb OCHOBHbIX IOTMYECKUX 3NIEMEH-
TOB LM(pPOBbIX cxeM. B Tabnuue nctuHHocTM O 03HAUaeT HU3KWIA

ypoBeHb HanpsxeHusa (LOW), a 1 —sbicoknii (HIGH).
MprBefeHHbIE Ha puc. 2.2. NpUMeEP HECKOAbKO MNOACHAB!
cnoco6 npeobpa3oBaHns MHGPOPMALUK NOTUYECKUMW 3N1eMeHTaMK.]

Iif=

Tum 1]o]| 1

DC s A DC BA

Puc. 2.2.

CornacHo Tabnuubl UCTUHHOCTM Ha Bbixoge anemeHTa HE 6yge!
a=0, B=1, ¢=0, AB=1 Ha puc.2.3. nokKasaHbl Apyruve npumMepsl.
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Nornye-
CcKune

DYHKLUY

MHBepTOop
HE (NOT)

n
(AND)

HE - 1
(NAND)

nnu
(OR)

HE - UNU
(NOR)

e
NCK/oY
(XOR)
HE-UMN-
NCKoY
(XNOT -
OR)

CeMb NIOTUYECKUX (HYHKLIWIA

AnekTpuye- O6GO3Hauve-

CKUI 3KBU-

Ba/leHT

S

TXT

HWA norn-
YeCKKnX
3/1EMEHTOB

Oan B>
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Tabnuua 2. A

Tabnuua Bynes)
NCTUHHOCTK PYyHK-
. uus
Bxog Bebixog
A n
0 1 A=A
1 0
Bxogbl Bbixoabl
A B W HE-A AB =T
0 0 0 1
0 10 1 7H =,
10 0 1
1110
Bxogbl Bbixoabl
BANTNHE-NNTW
00 0 A+B=1
10 1
10 1
0 1 1 A+B=T
10
Bxogbl Bbixogbl
BA ORHE-XOR
0 0 0 1 A<asn=1
0 11 0
10 1 0 [<?=»
110 1



2.3. KomMbuHauumn normyeckux aneMeHToB

MucbooBble CUCTEMbI CTPOATCA Ha OCHOBe KOMOMHaUWA no-

ectore 3femMeHToB. Takme KOMOMHauMM MOryT 6biTb OnMcaHbl Tab-
™ A umctuHHocTM, BYNEBON DYHKLUMER WM TOTUHECKON CXEMOIA.

paccMoTpum Tabnmuy MCTUHHOCTM (Tabn. 2.2). DTa Tabnuua
OMUCbIBAET BCe BO3MOXHble KoMGUHaLMKM YeTbipex Bxofos (A, B,
C D) 3ameTtum, 4YTO TOonbkOo kKomGuuauyusa 1010 gact 1 mnm H-
CUrHaN Ha BbIXofe. OKBUBaNeHTHas 3TON Tabnauue UCTUHHOCTM
6yneBa (DyHKUMA npuBefeHa B 3aronoske Tabn. 2.2. Bxofbl nof-
YMHeHbl onepauun W, 4yto paet 6yneBy (yHkumiwo D*C*B*A= Y
(unTaetca kak D 1 HE-C n B n HE-A palT Ha BbIXoge Y),

Tabnuua 2.2.
MonyyeHne 6yneBoit iyHKUMM 13 TabnunLbl MCTUHHOCTK

D*C *B*A =K
D*C *B*A =Y

Bxogpl Bbixog Bxogbl Bbixoa
D c B A Y D C B A Y
0 0 0 0 0 1 0 0 0 0
0 0 0 1 0 1 0 0 1 0
0 0 1 0 0 1 0 1 0 1
0 0 1 1 0 1 0 1 1 0
0 1 0 0 0 1 1 0 0 0
0 1 0 1 0 1 1 0 1 0
0 1 1 0 o 1 1 1 0 0
o 1 1 1 o0 1 1 1 1 0

Jlornyeckas cxema MOCTPOEHa UCX0AA M3 6yneBol GyHKLUK (CMm.
puc. 2.4, a). Bxogbl A n C LONXHbI 6bITb MHBEPTUPOBAHbLI UHBEPTO-
pamu. Ha BbIXofe MCMO0Nb30BaH 3N1EMeHT W C YeTbipbMA BXOAamu,

BenieH H°  °Jlee "pocToii BapuaHT TaKO NOrMYECKOA CXEMbI MpU-
MATa 6' **a 3TOW CXemMe WHBEPTOPbI 0603HAYEHbI
Tonsie MAN! KPY”aMun, Ha3biBaeMbIMU KPY>KKamun WUHBEPCUU, KO-

ruMu cnosamu a’ n « TPVBaTbCA KK LOW-aK™BHbie Bxogbl. Apy-

BXoAbl A U T n aKTMBU3NPOBaTb anemeHT W, Ha puc. 2.4, 6

" n T bl6biTe LOW-2a “ «»“ B " D- HIOH. Tak

mMeHTa U, nx H a3 bl X n |b'1—lb A™ “lCFVIB 3anmn IK=
| aKTI/IBHbIMI/I BXO4aMu
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Puc. 2.4. TlocTpoeHne IOTNYECKUX CXEM
a) Ha OCHOBaHMW 6yneBoi PyHKLMKN; 6) YNPOLWEHHbI BapuaHT.

PaccmoTpum fpyryto Tabnuuy UcTuHHocTu (Tabn. 2.3).
fBe KOMOGWHauum BxofoB BbI30BYT 1 unm HIGH Ha Bbixoge. by
NneBON (yHKUWMEWH, COOTBETCTBYIOLEN 3TOW Tabnuue CTaHOBUTCH
Torga takaa: D* C* B* A + D *C *B* A = Y (uutaetca: D 11
HE-C n HE-B n HE-A nam D n C n HE-B un A paBHO Y Ha Bbl
Xoge).

MN-C-E-X

y-v -CE-a +d c -B-A
Puc.2.5.

3aTemM Ha OCHOBaHWW OyneBOi (PYHKLWUWM MOAYYaEM normye
CKyl cxemy (cm. puc. 2.5). 3ameTum, 4YTO Takasd OyneBa PyHKL NS
obycnoBneHa CeTbK NOrMYeckux 3anemeHToB W-WNW, 6nunxai
WnM K BbIXogy ssnaetca anemeHT WJW. Takaa cneumanbHas
CXeMa HasblBaeTca (POPMOI CyMMbl NPOW3BELEHUIA WA peann3oBaH
HOVi chopmoii 6yneBoit hyHKumK. Tabnuua 2.3 nokasbiBaeT COCTOA
HUe COCTaBMAKWMX peannu3yemoin OyneBoil HYHKLUU B KOMOHKE
BbIX04a Tabnuubl UCTUHHOCTKU, The Ha Bbixode nossnsetca 1.
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Tabnvua 2.3.

Tabnmua UCTUHHOCTK, CTLW O W (IO MM eHNKIW Yy Bbl-
paxeHuto D*C*B*A+D*C*B*A-Y

Bxoppl Bbixop, Bxogabl Bbixog,
Ore A Yy DCBA Y
6 00 o 0 10 10 000 1 1
000 1 0 10 10 10 11 0
00 1 0 0 1111 000 1 0
oot 1 0 1111 10 11 0
0 10 O 0 0
0 10 1 0 1
Olio 0 0
0 111 0 0

KOHTpOI'IbeIe BOMpPOCbI

1. 3anucaTb BblpaxeHune 6yneBoii yHKUUN Tabnuubl wuc-
rMHHOCTU (Tabn. 2.4).

2. HauyepTuTb /IOTMYECKYID CXEMY CUCTEMbl, COOTBETCT-
$ytowyto Tabnuue UCTUHHOCTU  (Tabn. 2.4).

3. O6patumcs Kk puc. 2.6,6. Bxogbl A, B n C (H-L-)
HCrMBHble, TOrga Kak sxof D (H-, L") akTuBHbIiA.
Tabnuua 2.4.
Tabnmua UCTUHHOCTU
Bxofb! Bbixog, Bxofb! Bbixoa
c B B
0 0 0 0 0 o o 0 0
0 0 o0 1 0 o 0 1 0
00 1 o 0 o 1 0 0
0 0 1 4 0 0 1 1 0
0
0 10 0 0 1 o 0 0
10 0 1 0 1 0
8 1 1 0 0 11 0 0
1 1 1 1 1 1 0



Puc. 2.6 Jlornyeckas cxema (a) u ee ynpouweHHbIn BapuaHT ((

4. 3anucatb BbipaxeHue 6ynesoil (yHKLUUN Tabnuubl
TUHHOCTK (Tabn. 2.5).

Tabnuua
Tabnvua UCTUHHOCTYK

Bxogapl Bbixopa Bxogapl T
D C B A Yy D C B A Y
0 0 0 0 0 1 0 0 0 0
0 0 0 1 0 1 0 0 1 1
0 0 1 0 0 1 0 1 0 0
0 0 1 1 0 1 0 1 1 0
0 1 0 0 0 1 1 0 0 0
0 1 0 1 0 1 1 0 1 0
0 1 1 0 0 1 1 1 0 0
0 1 1 1 1 1 1 1 1 1

5. HauepTuTb OFUYECKYIO CXEMY CMCTEMbI, COOTBETCTBYHO!

Tabnuue UCTMHHOCTU (Tabn. 2.5).
2.4. Tpurrepbl 1 3aLLlenKu

Nornyeckne uenu MoryT 6biTb pasgefieHbl Ha [Be 60MbLU
rpynnbl. MNepBas — uenu KOMOGUHALMOHHOW NOTMKK, cOCTaBfe
Hble U3 NOTUYECKMX 3/1EMEHTOB, BTOpas — MocnefoBaTesibHble N
rMYeckune Lenu, COCTOALLME W3 3NEMEHTOB, Ha3blBaeMblX TPUIT
pamun. Tpurrepbl 06beAUHAKOT B CUCTEMbI C Lienbl 06pa3oBaH!
nocneAoBaTeNlbHbIX JIOTMYECKUX Lenel, npejHasHa4YeHHbIX [
pasMelleHus faHHbIX, 06ecneyeHns HYXXHON BpeMeHHOW 3amepd
KW, BbIYMCNEHUA 1 hopMUpOBaHMA TpebyeMbiX MocneaoBaTenb!™
CTeli curHanoB. Tpurrepbl 061agaldT BaXXHON CNOCOGHOCTBLIO
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NOMWHaHWA. Tpurrep 3anOMHWUT CBOW BXOAHbIE CUTHaNbl Nax
TOrga, Korga 3T CuUrHanbl OyayT CHATbI. JIOrM4eckuii 3nemMeHT
HanpoTMB, He CMOXET 3aMOMHWUTb CBOE COCTOAHME Ha BbIX
ecnn 6yayT CHATbI BXOAHbIE CUTHANbI. xoge,
B npocTeiiluemM MCNONHEHUW Tpurrep npeacTaBnseT coboii

T I n CIW YPY 3 nornyeckn* anemeHtos U
- ﬁgnmo LI - E,”  oxBau€HHbIX HEDEerCTHOIIJ/I NONOXUTENb

cBa3blo' Takue ,purrepbl HasbiBa'oT

Puc. 2.7.

JTOT Tpurrep, cobpaHHbIi Ha ABYX NOTMYECKUX 3/IEMEHTaX
NN - HE (6uctabunbHaa s4yelika, A4velika namaTu, aCUHXPOH-
Hblii RS-Tpurrep) o6nagaet ABYMS YCTOWYMBBLIMU COCTOSHUAMM,
KOoTOpble 06ecneymBalOTCA 3a CUeT CBA3WM BbIXOLA KaXOro ane-
MEHTa C O4HWUM M3 BXOZO0B APYrUM.

CB060OAHble BXOAbl CAyXaT Ans YMNpaBfeHUs W Ha3blBalOTCA
NH(OPMALMOHHBIMKU AN NOTUYECKUMNA.

3a CYeT MepeKpPecTHOro COeaMHEHUs BbIBOAOB WM BXOAOB CO3-
[aKTCA YCN0BMSA, NPU KOTOPbIX MPW OTCYTCTBMM BXOAHbLIX CUTHa-
NOB OfMH W3 NIOTUYECKNX 3/1IeMeHTOB OyfeT 3anepT, a APYroi oT-
KpbIT.

CoCTOSIHMe TpuUrrepa 4acto OTOXAECTBAAKT C CMIHAAOM Ha
NPSIMOM BbIXOAE, T.e. TOBOPST, UTO TPUITEP HAXOAUTCA B efUHUY-
HOM cocTosiHUK, Korga (?=1,a@ =0, MW B HyneBoM, Korga Q =
O Q=1.

Bxof, N0 KOTOPOMY TpUITep yCTaHaB/MBAaeTCA B eAUHWNYHOE
coctoaHue (Q = ii3 Q =0, Ha3biBaOT BxofoM S (0T aHrn. Cno-
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Ba Set - ycTaHoBKa), a B Hyneeoe (C? = O, Q -1) —BX0

(reset —BoO3BparT).
B 3aBMCUMMOCTU OT CWUrHanOB, MOAABaeMbiX Ha BXOAbl S
TpUrrepa, OH MOXeT NPUHMUMATb CNeaytoL e COCTOSHNA.

R sn Qm Q

0 0 0

0 1 1

1 0 0

1 1 H/0 H/0 — Heonpepgene
COCTOSAHME

Momumo RS Tpurrepos wupoko npumeHsawTea IK, D(D
T(TV) —T1purrepbl, hyHKUNOHA/bHOE Ha3HauyeHuWe BXOAOB K
pbiX NpuBeAeHO B Tabn.2.6.

Tabnmua

YcnoBHoe 0603HavYeHUe Ha3HauyeHune
MHhopMaunoHHble BXOAbI

S YcrtaHoBka B 1

R YcTtaHoBKa B 0

I YcTtaHoBKa 1

K YcTtaHoska 0

T Bxog cueTHoro Tpurrepa (cuert

HblA BXOA)'

D Bxog yctaHoBkn D n DV B 1
Ynpasnswowme Kojpl

v MoAroTOBUTENLHBI BXOA4 paspe

WeHMa npvema MHMopmaLmnm
WcnonHuTenbHblA  BXOA4 NpuUeM

C MHpopmaumn. BXxon CUHXPOHWU3T
umn (TakTUpyrowmnii Bxom).

2.4.1. JK —Tpurrepsbl

3TOT TUM TPUITEPOB HE MMEET HeonpefeneHHbIX COCTOAHA
dyHKLMOHaNnbHas ocobeHHOCTb JK —TpurrepoB coctouT B TO
4TO NpPW BCEX BXOAHbIX KOMOWHaumax, kpome RS — tpurre{
npuyem Bxog J urpaeT ponb Bxoga S, a K —BX0A COOTBETCTB>
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| nxony [pu BXogHON KOMOGUHauum J" = K" = 1 B KaXgom
r “McecxopnT onpokuabiBaHWe Tpurrepa M BbIXOA4Hble CUTHa-
Nbl MEHAKOT CBOE Ha3HayeHwue.

JK  Tpurrepbl OTHOCATCA K YHMBepCasbHbIM YCTPOCTBaM.
N* yHuBepcanbHOCTb UMEET [ABOWCTBEHHbI XxapakTep. Bo-
MepBbIX 3TO TPUITEPbl, C PaBHbIM YCMeXoM MOryT 6biTb UCMOSb-
30BaHbl’ B pErucTpax, CYeTUMKax, AeUTeNsX 4acToTbl U LPYrux
Knax W BO-BTOPbIX, MYTEM OMpefe/ieHHOro COefWHEHWUS BbIBO-
[0B OHY Nerko obpauialTca B TPUTTEPbl PYrux TUMOB.

In K" Qn+l
0 0 Qn

0 1 0

1 0 i

1 1 on

Mo cnocoby ynpaBneHus JK- Tpurrepbl, Takxke kak n RS —
pUrrepbl, MOryT 6bITb ACUHXPOHHBIMU U CUHXPOHHbBIMU.

Jlornyeckasa CTpyKTypa MpoCTeiiero cMHXpoHHoro JK Tpur-
epa nokasaHa Ha puc. 2.8.

Puc.2.8. K564TB1 - JK-Tpurrep:
3,4 —3neMeHT 3a4epP>XKN BPEMEHMU

2.4.2. D - Tpurrepsl

D-Tpurrepbl B OT/MYME OT PACCMOTPEHHLIX TUMOB UMEKT ANs
CE’;I(I%H?KVI B cOCTOSAHUM 1 1 0 OfWMH MH(OPMALUOHHBIA BXxog (D
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®dyHKUMOHaNbHAA OCOOGEHHOCTb TPUITepoB 3TOoro Tuna J
CTOUT B TOM, 4YTO CUrHaN Ha BbixofAe Q B TakTe n + 1 NOBTO|
BXOA4HOIW curHan Dn B npegbigylieM TakTe M W COXpaHseT
COCTOAHME [0 ClefylouUlero TakToBOro umnynsca. Apyrumu cj
Bamu, D — Tpurrep 3afepXuBaeT Ha Of4WH TaKT WUHpopMaL,
CylecTBoBaBLWYy Ha Bxoge D.

TaKT —nN TakT —n +1
fag oK Qn+l
o o 0
0 1 1
1 0 0
1 1 1

Ha puc. 2.9 nokasaHa normyeckas CTPYKTypa CUHXPOHX
D —Tpurrepa co cTaTUYeCKMM ynpaBneHueMm. Tpurrep BbiL LI
Ha anemeHTax | —HE. 9nemeHTbl 3 1 4 06pa3ytoT a4eliky nai
™, a 1 1n 2 —cxemy ynpasneHus. B naysax mexgy TaKTOBbl
UMNynbCcamMn 1 U 2 3aKpbiTbl U Ha UX BbIXO4aX CYLLECTBYIOT C
Hanbl Qj = 42 = 1, 4TO CAYXWT HelTpanbHOl KoMOuHauuei }
OCHOBHOW fiYelKM namaTu.

Puc.2.9.

Ecnu B cxeme anemeHTsl N —HE 3ameHuTs Ha U —I
TO nonyuntca D - Tpurrep.
Ha puc.2.10., 2.11. nokasaH Tunosoi D-Tpurrep
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Puc.2.10. Puc.2.11.

Bxogbl Ra n Sa N aCMHXPOHHOI YCTAHOBKMW TpWUrrepa B Hy-
NneBoe U eANHNYHOE COCTOAHUSA.

2.5. Wndpatopsl, fewmndgpatopbl U ceMUCErMEHTHbIE
NHAMKAaTOpbI

PaccMoTpM (YHKLMOHANbHYIO Cxemy Kanbkynatopa (pwc.
1.12,a). B atoli umpoBoOi cucTeme nocTynawuias ¢ KnasmaTypsl
kcAaTnyHaa MHGoOpMaLma fomxHa O6bITb NepesefieHa B BOWNYHO-
(ecATMYHBIA KOA 3Ta onepaums (KOAMpoBaHWe} BbINOIHAETCS
WHpOoBbIM YCTPOWCTBOM, HasbiBaeMblM LMGpaTopoM. Bhixoas-
Laa nu3 LM pgBoMYHO-fecATMYHAA WH(OPMALUA MepeBofnTCS
>2unhpaToOPOM B CheumanbHblli KOS CeMUCErMEHTHOr0 MHAuKa-
Topa

Ha puc. 2.12,6 npueejeHa nornyeckas cxema lumgpaTopa fe-
ATuyHoro OAAK c npuopuTeTOM. Y 3TOro wwudgpatopa [LeBATb
0B, aKTUBU3NPYEMBIX L-CUrHanoMm, u YeTbipe BbIXofa, COeAu-
HeHHbIX CO CBETOBbIM UHAMKaTOpoM. CoefWHEHUA C KnaBuaTypoil
OKa3aHbl CfeBa, KaXAblli 3aHyMepOBaHHbI KN4 MOACOefMHEH
12°0TBetcTBYHOWMin BXOA WndpaTopa. B npuBefgeHHOM Ha puc.
Yne  MpumMepe nokasaHo, 4YTO 6blna Haxkara Knasuwa 7, B pe-

o6olr YO 3asemnnnaca BXo4 7 wudpaTopa. STO MOBAEYET 3a
BbIBOJ, ABOWYHO-LECATUYHOIO yucna 0111, 4yto Mbl MOXKEM
b Ha MHAWKaTOpe Ha puc. 2.12,6.
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Puc. 2.12. Cxembl:
a — PyHKUMOHaNbHaA CXeMa Kanbkynatopa; 6 — fiormyeckas
cucTema KnasuaTypa-wmnppaTop; B—J10rMyeckas cuctema fe-
WunpaTop-nHANKaTop.

BonbWKNHCTBO WndpaToOpoB 061ajaeT CBONCTBOM MPUOPUT
Ta. OTO 03HayaeT, YTO e€cAU 3anpoc MocTynaeT OT ABYX KNasu
OAHOBPEMEHHO, OYyAyT aKTUBU3MPOBaHbI BbIXOA4bl TON W3 HUX,
TOpas CoOTBeTCTBYET 60nee BbICOKON AecATUYHON BenuyuHe. G
BEPLWEHHO OYEBMAHO, YTO COeAMHeHUA WwWudgpartopa cnegosano (
JONOMHUTL MOJIHON CXeMOI CMCTeMbl NUTaHWA. B npuHywmne,
K 1 wudpatop MOXeT BbIMOAHATHCA B (popme KpucTanna u
rpasbHOW CXeMbl, HO OH MOT 6Gbl 6bITb COCTaB/EH U W3 OTAENbI
3NeMeHTOB (405 3TOro MX NoHago6maochk 66l 0KOMO 20).

PaccmoTpum cucTemy fewugparop-uHAUKaTop, MpUBeS
Hyt0 Ha puc. 2.12, B. I3TOT fewmndpaTop LBOUYHO-AECATUY»
Kofa C BbIBOLOM Ha CeMb cermeHTtoB nepesoguT 0111 40K B &
LECATUYHbIA 3KBMBANEHT 7, BbIBOAUMBIA Ha CEMW CETMEHT
MHAMKATop Ha (oToamofax. Mcnonb3yemblid B 3TOI cUCTeMe
AVKaTop MMeeT 06wWKniA aHog—BCe aHogbl cemu guogos (cop!
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X cemb CErMEHTOB) NOACOEAMHEHbI K BbIBOAY +5B 06Lero
NWCTOYHMKA MNUTaHusA. WHgumkatop Ha puc. 2.14, B uMmeeT L-
aKTUBHbIe BXOfbl, YTO MOXET ObITb YCTaHOBAEHO MO HaNUYUIo
kpyx xos WHBEPCUM HA BX0fax a—g. Takum o6pas3om, Ans akTu-
BM3aLUN CErMeHTa HYXeH OAuH L-curHan. OTMeTUM TakXke, 4To
fewngpatop nmeeT L-aKTUBHbIe COBMECTUMbIE BbIXOAbI.

CeMb CONpOTUBAEHUA MeXAy AewndpaTopoM M WHAUKA-
TOPOM ABAAKOTCS 3/1EMeHTaMW 3aWuThbl, MpejHasHaYeHHbIMK A4
orpaHuyeHus Toka. B npumepe, npuBefeHHOM Ha puc. 2.12, B,
aKTVBM3NPOBaHbl TONbKO BbIXOAbI @, b u ¢ gewwndgpatopa (no-
ruyeckuini 0). MIHAMKaTop Ha 3TOM PUCYHKe UMeeT TO/bKO OfHO
coefjMHeHWe ¢ UCTOYHMKOM +5 B, Torga kak wudpartop MMeeT ux
[Ba, OHW He MpUBEAEHbl Ha CXeme, YTOObl €e He YCNOXHATb. B
LencTBuTenbHOCTM  WKMpaTtopbl  ABOUMYHO-AECATUYHbLIA  KOA-
WHAMKATOp COAEpXaT Takxe BX0Abl A/iIA NOMHOrO cTMpaHus (no-
racaHve BCEX CErMEHTOB) U MPOBEPKM AWOLOB (3aXKWUraHuWe BCeX
CerMeHTOB).

KOHTpo/IbHbIE BOMNPOChI

1. Wndpatop Ha puc. 2.13 nepeBOAUT LeCATUYHbIE CUTHANbI C

KNaBWLWHOro yCTpoOicTBa B (ASCII, OBOUYHO-LECATUYUYHbIN
Kof).
BbIxozHoi
Erogel MHOMKATOp
UJVlfbpaTOﬁﬁ

no npuopwu-
TETY ol

C
11 1w\l TT N
/7 tth o\l > :
EIJthfT)I(r_ te\obTT;
Puc. 2.13

2' B3f®PaT°P HO PUC* 213 MMeert <H-’ L-aK-TUBHbIE)

JecatnyHomPe™ n A b 4_pasPAOHbe wuwHAauKauuy B [ABOWYHO-

ny~"oB u306pdeHHw BHaOpumnc”13Kaag0lfo W3 BX°AHbIX UM’
H-[ ecru® ;° (P Ha/« Cc. 2.14 no3BoNsieT MepeinTu OT ABOUY-
HOMY) Kogy. e (necaTuyHoMy, LWecTHajLaTepuy-
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5. BxofHble curHanel fewundparopa Ha puc. 2.14 aBndalTcs
(H-, L-akTUBHbIMW), a UX BbIXOA4Hble CUrHanbl __ (H-,
L-aKTUBHbIMK).

6. [lMepeyncnuTb [eCATUYHbIE BbIXOAHble CUrHanbl (Mo-
KasaHus MHAMKaTopa) AN KaxAOoro BXOAHOrO MMMNynbCa Ha puc.
2.14.

7. Mepeuncnnutb aKTWBHbIe CErMEHTbl AN KaXA0ro u3 WMm-
nynbLcos Ha pwuc. 2.14.

To ooo0oo0T\0 00—
0oTO0o 00T Op~7\0 —
ooTo\11 oo O—
o[7\0 oYTo+ TIEjT-_
j i Apf edc b a

Puc. 2.14.

2.6. MynbTunnexkcopbl 1 AemMybTUNIEKCOPbI
2.6.1. MynbTunnekcopsl

MynbTUNNEeKCOpbl Ha3blBAOT TakKXe CeNekTopamy [AaHHbIX.
[JelicTBue MexaHU4eckKOro KOMMyTaTopa, MOKa3aHHOr0 Ha pwuc.
2.15,a, WOEHTUYHO AEACTBUIO CefleKTOpa [AAHHbIX 3N1EKTPOHHOrO
MyfbTUNNEKCOPA.

Bpawarouimiics KoMMyTaTOp MMeeT BOCEMb BXOLOB W OfMWH
€4WHCTBEHHbIN BbIXO4. BpalieHneM MexaHU4yecKoi pyuyku AaHHble
c opHoro nto6oro Bxoga (0—7) MoryT 6bITb NepefaHbl Ha BbIXO4 U
OyAyT NOMHOCTbIO UAEHTUYHBLI BXOAHbIM.

Ha pwuc. 2.15,6 npueefseHa normyeckad cxema My/bTU-
nnekcopa-cefiekTopa faHHbIX Ha BOCeMb BX0A0B. O603HauMM unX
Kak l0—17 N efWHCTBEHHbIN BbIX0A Kak Y. OTMeTUM TakXe, 4To
nMeeTcs OAMH L-akTWMBHbIN BXOA4 akTuBu3aumu E. OTu BXogbl u
BbIXOJ MNpPefCcTaBAAlOT CO60M yCTpOKCTBO, MOMHOCTbIO aHanoruu-
HOe MexXaHW4YyecKOMY KOMMYTATOpy, U Mbl MOXEM paccMaTpuBaTb
BXOf akTuBM3auum £ Kak obwuii npepbiBaTens. BHWM3Yy Ha noru-
YEeCKOW cxeme Mbl 0603Ha4YMM BbIBOAbl YMpPaB/iEHUA CeneKuunen
faHHbIX Kak S2, S| , SO. BOMYHbIE faHHble, MOAAHHbIE HAa 3TU
BXOAbl, ONpefenstoT, Kakoii M3 BXOAOB faHHbIX COEAUHEH C BbIXO-
L,0M.
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Puc.2.15. MexaHW4YecKniAi KOMMyTaTop - aHanor
MynbTUNNEeKcopa/ cenekTopa faHHbix (a) u
MY/bTUNNEKCOP HAa BOCEMb BBOAOB (6).

Mpumep, npuBedeHHbIR Ha puc. 2.15,6, nokasbiBaeT, 4TO
nenb BKAKOYEHA wnu aKTUBU3MpPOBaHa L-curHanom Ha Bxoge E£.
Ha BbIBOAblI cefekuuu paHHbIX S2, S| , SO nogaHo 1012. 3ToT
curHan unsbupaet Bxog 5, uTo obecneymBaeT nepegavy norude-
CKoW 1 c I5 Ha Bxog Y. MynbTUNNeKcop C BOCEMbK BXO4amu MO-
XeT 6bITb UCMNOMb30BAH A9 nNpeobpa3oBaHWA OLHOro BXOLHOrO 8-
paspsLHOro cnoBa B NOC/ef0BaTe/bHbIA 3WeN0H WUMMIYAbCOB, Ne-
pekntoyaa 3-paspAfHblA CHETUYMK Ha BBOJax CENeKUUM [aHHbIX,
YTO OCYLLEeCTBNAET MOCNeA0BaTeNbHYIO Cenekuuio BXoAoB (10, 1b
b nt g.). MynbTUNNEKCOP-CENEKTOP AAHHbIX UCMNONb3YIOT TakXe
LNS pewweHuns CNOXHbIX NOTMYecKMxX 3ajau.

2.6.2.emynbTunnekcop

[emynbTunnekcop, npefcTaBneHHbIA Ha puc. 2.16, npeg-
HasHayeH [NA BbIMNO/JHEHWUA [eACTBUIA, 00paTHbIX LeWCTBUAM
MynbTUNNeKkcopa. e mynbtunnekcop 1x8 obnagaeT 0g4HUM TONIbKO
BXOAOM faHHbIX D n Bocembto Bbixofamu (0—7). Cxema umeer
OfMH L-BXOA aKTWBM3aLUUM W TPU BXOLA CENeKUUU LaHHbIX.

B npumepe Ha puc. 2.16 umeetcsa nornyeckas 1 Ha sxoge D. Lienb
aKTUBM3MpPYyeTCA OfHUM L-CUTHANOM W BXOAbl CEMeKUunUuU AaHHbIX
n36upatoT Bbixog 5 (1012). Mpn 3TUX yCNoBUSX BXOAHbIE faHHbIe
noasnaTCcA Ha Bbixoge J. CoefuMHeHMEeM BXOLOB CeNekuuu faH-
HbIX C 3-paspAafHbIM CYETYMKOM [MOC/Nef0BaTe/IbHO BXOAALLME
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JaHHble MOryT 6bITb pacnpefesieHbl Ha BOCEMb BbIXOAOB OfWH 3a
ApYrUM. My/bTUNAEKCOPbl U AeMY/bTUMIEKCOPbl MOTYT 6bITb
MCMOMb30BaHbl COBMECTHO A/ Npeobpa3oBaHUs HEMpPepbIBHOM
nHGopmaLum B (GOpMY nocnefoBaTeslbHOCTER.  MynbTUNAEKCOP
6yneT npeAcTaBnsTb COGOW 3IMUTTEP, AEMYNbTUMIEKCOP — MpU-
EeMHUK, KOTOpbI/ nepedaeT faHHble B UX HauyasbHON (opwme.

Aenynsll " 0 —
W &1C4P t
7*0 3
n 2
. JlcoviBaa -
/Knblie
A f*

(AKT/BAM-
e 7 ©

©» ©

Puc. 2.16. Cxema femynbtunnekcopa 1x8.

MprHLUWUN AelicTBUSA LEMYNbTUNNEKCOPA NOKa3aH Ha puc.
2.17.

N =Ax

Puc. 2.17.

OemynbTunnekcopbl TTJ1 ¢ 607bWMM YUC/IOM  BbIXOLOB
paboTalT Mo TOMY Xe MNpPUHLUNY, TONILKO UMeKT 60/iee COX-

HYI0 CXEMY.
Jlornyeckas CTpyKTypa NpocToro gemynbTunnekcopa suga 1:4

npejcrtasfieHa Ha puc.2.18.
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Puc 2.18. M/ Ha 1:4.

3pecb B u1 A —apgpecHble BXOAbl, X - MHPOPMAaLNOHHbIN BXOA,
V-paspewatouwmnii. Cxema QyHKLMOHUPYET cornacHo Tabnuue.

Tabnuua nctnHHoctn AMJ1 1:4 (nekopepa 2:4)

Bxoppbl Bbixogbl
B A X Vv Fo 11 E2 F3
0 0 0/1 0 0/1 1 1 1
0 1 0/1 0 1 o/ 1 1
1 0 0/1 0 1 1 0/1 1
1 1 0/1 0 1 1 1 0/1
0 0 X 1 0 1 1 1
0 1 X 1 1 0 1 1
1 0 X 1 1 1 0 1
1 1 X 1 1 1 1 -0

Ecnn y gemynbtunnekcopa 1:4 Ha MHpOpPMaLMOHHOM BXoje
noggepxusatb noteHuman U0 uav Ha paspewarowem sxoge —U 1
To npubop bynet paboTaTb Kak fewudpaTtop 2:4 .

Takum obpasom, mexagy oboummy TUNamu paccmaTpuBaeMmblx,
YCTPOWNCTB HET MPUHLWUNUANLHON pasHWULbI, a pasnuume ceogute”
K BUAY CUTHAN0B Ha O4MHOYHOM BXOAE: €C/IM OHM MeHATCca B<
BPEMEHU, TO 3TO e MYNbTUMNEKCOop, ecin HeT - gewudpartop. Y
Jewngparopa 3TOT BXO4 HEpPeAKO OTCYTCTBYET, M BbIXOAHbIE CUT
Hanbl UMEKT OfHO, Hanepén M3BecTHOe 3HayeHne. Ha YCNOBHbI™
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rpauyecknx 0603HavyeHUAX y e MY/NbTUNIEKCOPaX B OCHOBHOM
none nomewiaoT cumeon DM X,a gewndpatopbl 0603HaYalOT Kak
DC ( oT aHr. Decoder).

Jewndpatopbl “ AeMynbTUNAEKCOPbl CAyXaT B KadvyecTse
KOMMYTaTOpOB-pacnpegennteneil MHHOPMaLUOHHbIX CUTHaNoB W
CUHXPOUMNYNLCOB, ANA AEeMYNbTUNAEKCMPOBAHUSA [AHHbIX W Op-
raHusauum afpecHoin A4Yeilkn B OMepaTWBHbIX M NOCTOSHHbIX 3a-
MOMMHAKOLWMX YCTPOCTBax, a Takxe A/ npeobpas3oBaHMsA [ABO-
NYHO-LECATUYHOIO KOAA B AECATWUYHbIN C LEenblo ynpasaeHUs UH-
OVWKATOPHBIMM 1 MevyaTawlnumMm yCTpoicTBamu.

Mukpocxema K155UD3 cnyxuT gna npeob6pasoBaHUs 4veTbl-
pexpaspsgHOro ABOMYHOIO KoAa B Ko «1 M3 16 », B 3aBUCMMOCTHU
0T crnocob6a BKAOUYEHUA MOXET paboTaTb KakK Ae MyNbTUNNEKCOp
UNn Kak gewudgpartop.

AcC,
n —-1
23 o DMX 7

0 Y%
22 Ul B 4
* 5

21 '
T 19 (%
20 7& 8
B3 8 -9
9 0]
10 w1
n 3—----/15
<« n \o 12 3—a
10 13 915
——€ Vi n -—-16
b 917

Puc.2.19.

Ona co3paHua pexuma ge mynbtunnekcopa 1:16 oguH u3
BbIX040B V 3a3emnsatoT (T.e. co3gatoT ypoBeHb VO0), a gpyroi wuc-
MoNb3YylT B KayecTBe MH(POPMALMOHHOTO.

Ecnn Ha o6oux paspewsarolimx Bxofax MoALep>XuBaTb Ypo-
BeHb VO = VI = 0, mukpocxema paboTaeT Kak gewudpatop (4e-
Tbipe Bxofa — 16 BbIX0LO0B).
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2.7. TpuctabunbHble 31eMeHTbI

WHTerpanbHble 3nemeHTbl cemeiictBa TTJ1 (TpaH3UCTOpPHO-
TPaH3UCTOPHOM NIOTMKK) WCNONb3YKTCA OYeHb LWIKWPOKO. Bbixog
06bI4HOrO ycTpoiictBa TTJ1 MOXeT 6biTb NM6O normyeckolr 1 nu-
60 0 MO3TOMY HEBO3MOXHO MOACOEANHATL BbIXOAbl CTAHAAPTHBIX
anemMeHToB TTJ1 Ha 06wy WUHY MUKPO-OBM (WWHY AaHHBIX,
Hanpumep). Bbinn BBefdeHbl cneuunanbHble 3neMeHTbl TTJ1, BbIXO-
Obl KOTOPbIX MOTYT 6biTb 06beANHEHbI Ha 06Wel WKHe. ITK 3ne-
MEHTbl Ha3blBAIOTCA TPUCTabUNbHbIMU (MMELWUMN TPU COCTOA-
HKMA). M npucywn cocTofiHWe Ha Bbixoge noruyeckoro 0, noru-
4yeckoin 1 1 ocoboe cOCTOSAHME BbICOKOrO conpoTueneHus Z. Ko-
roa TpUcTabunbHbIA 31eMEHT Haxo4WUTCA B COCTOSHWUM BbICOKOIO
COMPOTMB/IEHNS Z, €ro BbIXOA OTCOEAMHAETCA OT LUMHbI BXO[L aK-
TUBM3ALUKN, a MPOXOoAALMe Yepe3 3/IeMEHT faHHble He WHBEPTU-
pytoTca. Korfa aneMeHT WMHHOTo 6ydepa cOpoLleH, ero BbIXOA
HaxoAWUTCH B COCTOAHWUW BbICOKOrO COMPOTUBNEHUS (MNnaBaeT) u
He OKa3blBAeT Ha LUMHbI HWKAKOro BAUAHWUA. B 3TOM coCTOSHWUU
BbIXOf, 3/IeMeHTa OTCOeAMHAETCA OT LWHbI, T. €. He BblJaeT Ha
WWHY U He NMPUHUMAET OT Hee HMKaKON MHGpopMaLnn.

Nlornyeckas cxema aneMeHTa WWHHOro 6ydepa npegcrasne-
Ha Ha puc. 2.20. 3T0T 6ydhep o6nagaetT TpUCTabUNLHBIMU BbIXO-
Jamu, n ero peiicteume onucbiBaetca Tabnuueli WCTUHHOCTM
(Tabn.2.7). Y wuHHOro bydepa nmeetrcs oauH L-aKTUBHBbIN

Puc. 2.20. W unHHbIA TpucTubanbHblli 6ydep.

Tabnuua 2.7.
TabnuLa UCTUHHOCTY TPUCTAGHNBHOTO LMHHOO Gythepa
P YHKUMOHANLHOE CO- Bxogpbl BbIxog
cTosHMe Y

E A
0 1 01

BOpOLLIEH 1 0  BblCOKOE COMpPOTMBAe-
1 1 Hune
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KOHTpO/IbHbIE BOMPOCHI

MeHTa TTJ1 MOXeT 6bITb NM60 B COCTOAHWUU N0-
.to B cocToAHUM norumyeckoro 0, NM60 B COCTOA-
/<0ro, HM3KOro) CONPOTUB/EHMUS.

al/lHHoro 6ydepa Ha puc. 2.21 WMeeT OfWH BX0[
/{ABusnpyembiii____ (H-, L-curHanom).

Y «HCba

J? o[TT\o otzzzt™ *=*

Puc. 2.21.

1.2i. Mepeuncnnte BbIXOAbl 3N1EMEHTOB LWMHHOIO
NU3yIoLLIMe KaXKAOW M3 CeMW Trpynn MUMMNYNbCOB Ha

*.A. MonynpoBogHMKOBasA NamMAThb

A 3awlenka) ABnAeTCA OCHOBHbIM 3/1EMEHTOM nMa-
«MbIM B MHOFOYUCNEHHbIX YCTPOWCTBaxX Bbl-
FXHWKW. TlaMATb B OCHOBHOM [EeNUTCA Ha [Be
MHYIO 1 onepaTuBHylo. Camu Ha3BaHWS MoOKa-
Mexgy 3TUMu AByms Tunamu namatu. B no-
A HYM W eAuHMUbl pacnosaraloTcs B COOTBeT-
FHHOM nporpammoin paspaboTumka. OnepaTuBHas
bITb MPOCTO 3aNpPOrpaMmMupoBaHa, YHUUYTOXKEHa U
PiiaHa nonb3oBaTenem.
poiiaHMe O3HauaeT MpoLecc 3anucu B MNamATb,
FHMbIX M3 MamATn 6e3 paspylleHus ee cogep-
anuet coboii onepauuio CUATbIBAHAA M3 MamATH,
OfIHHON NamATU HasbiBatoTCA MM3Y (NOCTOAHHbIE
TpoiicTBa), a onepaTuBHoin— O3Y (onepaTwus-
ke ycTpoiicTBa). Kak npasmno, nporpammsl O3Y
3HayaeT, 4yTO OHW TepAlTCA, €CNK MpepbiBaeTCs
@ Ha KOpoTKoe BpemA. TUMNUYHLIMU HABMAKOTCA
fJagve oba tmna namAatTu — MN3Y n O3Y. Haunbo-
namsaTn ABMIAKOTCA COAEPXKUMBIM PasNyHbIX
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CyulecTByloT 4eTblpe pasHoBugHoctn T[13Y. CraHpapTHble
M3Y nporpammupytoTca paspaboTunkom. [llporpammupyemble
N3y (NMN3Y) wmoryT O6biTb 3anporpaMmuMpoBaHbl MOCTOSHHO
nonb30BaTeNeM WAN 3aroTOBUTENEM Ha chneyuanbHOM o06opy-
J0BaHUK, 3TO NporpaMmmupoBaHne HeobpaTumo.

Ctupaemble MM3Y (CMM3Y) moryt 6b6ITb NporpaMMupyemsl
M CcTUpaembl NoJfib30BaTenemM. JlaHHble, pPacMoNOXeHHble B
CMN3Y, moryT 6biTb CTePTbl YyAbTPaUONMETOBLIM 06MyYEHNEM
60MbWONA WHTEHCMBHOCTM. CTupaemble 3nekTpuyeckn MMN3Y—
3T0 gpyroi tmn cTtupaembix MM3Y (C3M3Y), onepayus ctupa-
HUA OCYLLECTBASETCA Ha CreuuanbHoM o6opyfoBaHuu B nepe-
MEHHOM 3/IeKTPUYecKoMm noje 6e3 NpuMeHeHUs ynbTpauonero-
BOro 06nydyeHus. PaccmoTpeHHble M3y, MMN3Y, CHAMN3Y wu
C3M3Y aBnsTCA YCTPOWCTBAMW MOCTOAHHON NamMsTM W He Te-
pAOT CBOEr0 COAEPXMMOro nNpu npepbiaHMn nutaHua UC.

Mpynna O3Y penutca Ha gee nogarpynnel. Ecnm O3Y co-
LEPXUT B KayecTBe 3/1EMEHTapHbIX AYEeK namsaTu uenu Tuna
TPUITEPOB, OHO Ha3blBaeTcAa cTaTuyeckum O3Y (unum cratuye-
CKOW onmepaTMBHOI MamsTbio); AuHamuyeckne O3JY cTposTca 60-
Nlee NPOCTO M OCHOBaHbl Ha CBOWCTBAaX 3/IEKTPUYECKOW EMKOCTM,
HO OHW [OMXKHbI MOATBEPXAATb COAEPXKUMOE fYeeK MPUMEPHO
HECKO/IbKO COTeH pa3 B cekyHay. Ctatnyeckune O3Y He HYXAalT-
CA HW B KAKOM MOATBEPXAEHWUW, U UX LBOUYHOE COLEPXKMMOE CO-
XpaHfeTca 4o Tex nop, noka coxpaHsaetca nutaHue NC.

OnepaTuBHOE 3anOMWHalOWee YCTPONCTBO MUKPoO-3BM
CNYXWT ANA pasMelleHns Ha OnpefeneHHOe BPeMs Mporpamm wu
[aHHbIX nosb3oBatend. MNMOCTOSAHHOE 3anoOMWHaKoLLee YCTPOKCTBO
MCronb3yeTca ANA pasMelleHWs KOMaH[ Ha MalWwWHHOM A3blKe,
KOTOpble MpeAcTaBnadT coboil nporpammy-MOHUTOP (COKpaLLeH-
HO—MOHUTOP). MOHUTOP cOfepXUT B cebe Heu3MeHAoLMecs
nognporpaMmbl MHUUManu3auuMn, BBOfa/BbiBO4A U apupmeTnye-
CKUX anropuTMoB.

KOHTpobHbIE BONPOCHI
1- B BbIYUCAUTENbHON TexHWKe cokpauieHue [13Y o03HavaeT

2. B npaktuke onepaTuBHad namaTb 0603Ha4yaeTca co-
KpalieHnem (03y, N3Yy).
3. B BblUNCAUTENLHOW TeXHWKe cokpaweHune O3Y o3HauvaeT

4. CokpaweHue MM3Y o3HayvaeT .
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KOHTpO/bHBLIE BONPOCHI

1 Bbixog anemeHTa TTJ1 MOXeET 6bITb MO0 B COCTOSHUWN NO-
rMyeckoi 1, NMM6O B COCTOSHUM flormyeckoro 0, NMGO B COCTOS-

HUK (BbICOKOI0, HM3KOr0) CONPOTUBNEHUS.
2. DNEeMeHT LWWHHOro 6ydepa Ha puc. 2.21 MMeeT OAUH BXOS
aKTMBM3aLUKN, aKTUBN3NPYEMbIA (H-, L-curHanom).
Y1#
Yy *a c b a
00
Puc. 2.21.

3. CwMm. puc. 2.21. TlepeuyncnnTe BbIXOAbl 3NEMEHTOB LIWHHOIO
6yepa, COOTBETCTBYIOLME KaXAOA U3 CEMU TPynmn MMMYAbCOB Ha
BXOJe.

2.8. MMonynpoBoAHMKOBasA NamATb

Tpurrep (unu 3allenka) SABNAETCA OCHOBHbIM 3/1eMEHTOM na-
MATU, WUCMOMb3YEMbIM B MHOTFOYUCAEHHbIX YCTPOWCTBaxX Bbl-
UNCINTENbHON TexHMKW. [MaMATb B OCHOBHOM [eNNTCA Ha ABe
'Pynnbl: NOCTOAHHYIO W onepaTuBHYl. Camy Ha3BaHWS MoKa-
3blBAtOT PasHULY Mexay 3TUMK [BYMA Tunamu namatv. B no-
CTOAHHON NaMATU HYNU WU efWHMWLbI pacnonaralTcs B COOTBET-
cTBUK C onNpeaeneHHON nporpamMmmoli paspaboTumka. OnepaTuBHas
MamAaTe MOXeT OblTb MPOCTO 3anporpaMMuUpoBaHa, YHUUTOXEHA U
MepenporpammmpoBaHa nosb30BaTe/eM.

MporpammupoBaHMe O3HayaeT MNpPOLECC 3anucu B NamAThb.
KonupoBaHue faHHbIX M3 namATyM 6e3 pa3pylueHWs ee comep-
XUMOT0 npeacTaBnseT coboii onepauuio CUMTbIBAHWSA U3 NaMATK.
; CTPONCTBA MOCTOAHHOI MamATK HasbiBaroTca M3Y (NOCTOSHHbIE

NMoMMHalLLMe yCTpoicTBa), a onepatuBHoin— O3Y (onepaTwus-
Hble 3anoMMUHatoLLMe YCTPONCTBA). Kak npasuno, nporpammbl O3Y
cMeHseMbl; 3TO 03Ha4aeT, YTO OHW TEPAIOTCH, ecnu MpepbiBaeTcs
"taHne NC paxe Ha KOPOTKOe BpeMsA. TUMWYHLIMWU SBAAKOTCS
cUcTemsbl, cogepxaline oba Tuna namatn — M3Y n O3Y. Hanbo-
Nnee 4acto 06a TMNa NamATU ABNSAKOTCA COLEPXMUMbIM PasINUHbIX
He.
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CyulecTBYIOT 4eTblpe pasHoBupgHocTn TM3Y. CTaHAapTHble
M3Y nporpamMmmupytoTca  paspaboTyunkom. [porpammupyemble
N3y (MM3Y) Moryt OblTb 3anporpaMmMupoBaHbl  MOCTOAHHO
nosb3oBaTeNeM WA 3aroTOBUTENEM Ha creunasbHOM 060py-
[0BaHWW, 3TO NPOrpaMMmMpoBaHne HeobpaTUMO.

Ctupaemble MM3Y (CMM3Y) moryT 6bITb Nporpammupyemsl
W CTUpaembl Mofib30BaTefieM. [laHHble, pPAacnofioKeHHble B
CMNN3Y, wmoryT 6biTb CTepTbl YNbTPAPUONETOBLIM 061yYEHMEM
00MbLLIOA WMHTEHCMBHOCTM. CTupaemble 3nekTpuyeckn MM3Y—
3T0 Apyroi Tun ctupaembix MM3Y (C3M3Y), onepauus ctupa-
HWA OCYLLECTBAAETCA Ha CcneuvanbHOM 060pyfoBaHUM B Mepe-
MEHHOM 3/IEKTPUYECKOM Mofie 6e3 NpUMeHeHUs ynbTpaduoneto-
BOro 06nydeHuns. PaccmoTtpeHHble M3Y, MMN3Y, COAMN3Y wu
COl3Y sABnfAlTCA YCTPOMNCTBAMU MOCTOSAHHON MamATW U He Te-
pAOT CBOEro COAEPXMMOro npu npepbiBaHuy nutaHus LC.

Mpynna O3Y pgenutca Ha fAee nogrpynnel. Ecnn O3Y co-
[LEPXUT B KayeCcTBe I3/IEMEHTAPHbLIX fAYEeK MNamaTU Lenu Tuna
TPUITEPOB, OHO HasblBaeTCcAa cTaTwyeckum O3Y (unu craTude-
CKO onepaTMBHOWA MaMATbIO); AMHammueckne O3Y cTposaTca 60-
Nlee NPOCTO M OCHOBaHbl Ha CBOWCTBAaxX 3/1EKTPUYECKOW EMKOCTH,
HO OHW JO0/MKHbI MOATBEPXKAATb COAEPXMMOE SA4eeK MPUMEPHO
HECKO/IbKO COTeH pa3 B cekyHay. Ctatnyeckne O3Y He HyxjatoT-
CA HW B KaKOM MOATBEPXAEHUN, U UX ABOUYHOE COLEPXKMMOEe CO-
XpaHsAeTcs J0 Tex Mop, noka coxpaHseTcs nutaHue UC.

OnepaTvBHOE  3anoMWHalOLLlee YCTPOWCTBO MUKPO-3BM
CNY)XUT ANA pasMeLLeHUs Ha onpefeneHHOe BpeMms nporpamm u
[aHHbIX Mosib3oBaTens. [OCTOSHHOE 3amoMMHaloLee YCTPOWCTBO
MCronb3yeTcsa AN pasMelleHns KOMaHg Ha MalUMHHOM S3blKe,
KOTOpble NPeACTaBAAKT c060 NporpaMMy-mMOHUTOP (COKpaLLeH-
HO—MOHUTOP). MOHUTOP CcodepXMT B cebe Henm3MmeHswLmecs
noanporpaMmsl MHULManM3auumn, BBoAa/BbIBOAA U apudmMeTnye-
CKUX aNropuTMOB.

KOHTpO/bHbIE BONPOCHI
1 B BblMMCNWUTENbHOW TeEXHUKE cokpalieHue [M3Y o3HauvaeT

2. B npaktuke onepaTtMBHas namAaTb 00603Ha4aeTcs CoO-
KpaLLeHnem (03Y, M3Y).
3. B BbluMCANTENbHOW TeXHUKe cOKpauieHne O3Y o03HauaeT

4. CokpauleHue TIM3Y o3Havaer .
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5. MNocTosHHOEe 3anoMuHalollee ycTpoWctBo n _ (0O3Y,
MMN3Y) aBnaTcs YCTPOWCTBAMW pasMeLLeHMs AaHHbIX, COoxpa-
HAEMbIX NOCTOSAHHO U HeobpaTUMbIX.

6. OnepaTuBHOe 3arMoMKHalOLLEe YCTPOMNCTBO NpefHa3Ha4yeHo
ONS XpaHeHus (CTUpaeMblX, HE CTUPAEMbIX) AaHHbIX.

7. CokpauweHue CrIIM3Y osHavaeT .

8. CokpaleHne COTl3Y o3HavaeT .

9. JnekTpuuyeckn ctupaemble M3Y ABAAKOTCA YCTPOMCTBaMU
pasmelleHuns__ (nepemMeHHbIX, NOCTOSAHHbIX) AaHHbIX.

10. YcTpoiicTBa OnepaTMBHOIM NamMATU AeNATCA Ha CTaTUYecKue
n oa3y.

11. JnemeHTapHble fYeNKM namATM _ (CTAaTUYECKUX, Au-
Hamuuyecknx) O3Y MpakTUYECKWU COCTOAT U3 CTaHLAPTHbIX TpUr-
repos.

12. (ctaTnyeckue, guHamuyeckme) O3Y HyxpalTcs B
pereHepaluy NaMmaTh HECKO/IbKO COTEH pa3 B CEKYHAy.

13. TlporpaMmupyemble MOCTOAHHbIE 3arMoMuHalwme YycT-
poiicTBa B MUKPO-3BM MOryT npefiHazHauyatbcsa AN pa3MeLLeHuns
____ (nporpammbl MOHWTOpA, BPEMEHHOW Mporpammsl MO/b30Ba-
Tens).

2.8.1. Vicnonb3oBaHWe orepaTyBHOM M MOCTOAHHOM MamsiTn

Opranuszaumsa M3Y unm O3Y MoxeT OblTb HarnsagHo npeg-
CTaBfieHa CBOeoOpasHO Tabnuuein WUCTUHHOCTWM. Tabnuua 2.8
npeacTaBnseT cob6oil OfMH M3 BO3MOXHbIX BapuMaHTOB OpraHu-
3auun a4eek namsATu. 3aecb peyvb maet 06 O3Y 16X4 6uT, 0 Yem
Mbl MOXeM cpenatb BbIBOA, WMes 16 4-pas3psagHbix rpynn (3Tu
rpynnbl COCTaBAAT cfoBa namsaAtu). B Tabn. 2.8 601bLUIMHCTBO
AYeeK namATM NYCTbl, 3a WUCK/IKHYEeHWEM croBa 12, KOTopoe Co-
AepPXNT gaHHble 0101. B geicTBuTeNbHOCTU MycCTble, fYEliKM nNa-
MATW MOTFYT COAEPXKaTb HEM3BECTHbIE COYETAHWUA HYNeW 1N eguHUL.
Ha puc. 2.22 npeactaBneHa normyeckas cxema O3Y 16X4 6ut. B
3aToM cnyyae O3Y c 06beMoM namaTh 64 6UT BbLINOMHSET onepa-
UMK 3amucy MOCTynarWwmx AaHHbiXx 0101 B SfiYeilKy namsTy
12m(1K002). Ha BXofbl faHHbLIX MOCTynaeT Ans 3anucu B NamsaTb
cnoso OIOI2, a nonoxeHne cnoBa B fveiike ¢ agpecom 12t0 onpe-
[eneHo BenmMumHoin 1K (12t0), mocTynatolleid Ha agpecHble BXO-

abl.
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Puc. 2.22. NNornyeckas cxema O3Y 16x4 ouT.

Tabnmua 2.8.
Ctpyktypa O3Y 16x4 6ut

Apnpec but D but C but B but A
Cnoso 0

CnoBo

Cnoso
Cnoso
Cnoso
Cnoso
Cnoso

1

n
12 0 1 0 1
13
14
15

3aTem fBe KomaHgbl ynpasneHns CS n W nepesogsat O3Y B
COCTOAHME 3anucu. 3aMeTWM, 4TO BXOAbl aKTWBM3ALMW 3anucu
WE 1 Bbl6opa KpucTanna CS go/mkHbl 6biTb B L-COCTOAHUM Ana
TOro, 4tobbl BbINOMHANACL onepauumsa 3anucu. daHHble OlIOI2 no-
MeLlalTca Torja Ha MecTo c/ioBa NamsATWM Mo agpecy 1210, Kak
NnokasaHo Ha puc.2.24. HekoTopble KOHCTPYKTOPbI BbI3bIBAIOT akK-
TMBM3aUMIO NamMaTu no Bxogy ynpasneHua CS. B T1abn. 2.9 npwu-
BefieHa Tabnmua UCTUHHOCTM Takoro O3Y ¢ o6bemMoM namsTn 64

ouT.
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Tabnmua 2.9.
Tabnuua nctmHHoctn O3Y 16x4 6ut

®yHKUWOHanbHoe Bxofbl ynpas- Bbixoapb!
COCTOAHMNE neHusa
CS WE 0
3anuco 0 0  CocTosHMe noruyeckon 1
CunTbiBaHne 0 1  WHBepcus pa3MeLleHHbIX
+  BaHHbIX
OxwnpaHue 1 CocTosiHUe nornyeckoin 1

MpumeyaHue: * — He MMeET 3HaYeHUs.

OnepaTnBHOE 3anoMuHaloLLee YCTPOMCTBO HaxoAuTcA B CO-
CTOSHUW 3anucun, Korpa fse nNuHWMK ynpasneHms CS u WE Ha-
xoaatcs BJL-cocTosiHun. B xoge onepauyun 3anucu 4 6UT gaHHbIX
(M4, D3, D2, Di) 3arpyxatTcsd B AYeliKM NamAaTU, Ha KOTOpYIo
yKa3blBaeT afpec, U B TeyeHMe 3TOro BpemeHU Bbixogsl (04, 63,
02, Oi) pgepxatcs B H-cocTosHMK. Korga Bxogbl KomaHp CS=0
n WE=1, O3Y HaxoAuTCf B COCTOAHMUM CUMTbLIBAHWA W3 HErO
LaHHbIX.

B xoge onepauuu WHBEPCHOe 3Ha4YeHWe C/ioBa [AaHHbIX, Ha
KOTOpOEe YKa3blBalT afpecHble BXOAbl, MOABAAETCA Ha BbIXOAAX.
[aHHble, pacnonoxeHHble B O3Y, He paspyllaloTcs onepauueit
CUMTbIBAHNA. B COCTOAHMU 0XMLAHWUA BCe BbLIXOAbl MEPEXOAAT K
H-ypOBHIO 1M HMKaKue faHHble He MPOXOAAT yepes Bxohbl D.

KOHTpoNbHbIE BONPOCHI

1. OnepaTuBHOe 3anoMWHalOLLee YCTPOWCTBO C NAMATHIO
obbeMom 64 06uT, NpuMBEAEHHOE Ha puc. 2.23, HaxoauTcs B
COCTOAHMM __ (OXWAaHMsA, 3anucu) BO BPEMSA MPOXOXAEHUS
nmnynbcoB a. CnefoBatensbHO, BCe BbIXOAbl HAXOAATCA B _

(H-, L-cocTosiHun).

2. Cm. puc. 2.23. Bo BpeMs NpoxoxaeHus uMmnynscos b, ¢, d
n e O3Y HaxogsaTcs B COCTOSAHUM __ (3anNMCK, YTEHUA).
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3. O6patntcs K puc. 2.23. B TeyeHne nmnynocos/ g, Nun /
O3Y HaxopaTca B COCTOAHUU____ (3anucK, YTeHUs).

4. O6patutbca K pwuc. 2.23. [lepeumcnuTb agpeca pas-
MeLLeHNa U JaHHble, nomewaemblie B O3Y, B X04e onepauum 3a-
nucy B TedeHWe UMNYNbLCOB b ¢, d, e.

5. Cm. puc. 2.23. lepeuncnntb agpeca U faHHble, KOTOpble
nosiBNAOTCA Ha Bbixogax O3Y BO Bpems OnepaLuy CUUTbIBAHUSA,

B TeYeHMe NPOXOXAeHUs uMnynobcos/ g, h, i.
6. Ecnn O3Y, nokasaHHOe Ha puc. 2.23, ctano 6bl M3Y, Ka-

Kve BXOfbl Ha PUCYHKE CNefyeT YCTPaHUTh?
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MMABA 3. APUGMETNHECKWME OCHOBBbI LN®POBOW U
MWMNKPOMPOLLECCOPHOW TEXHUKWN

3.1. Cuctembl cymcneHnsa

Mog cucTeMoli cuMcreHnsi MOHMMAETCA CNOco6 MpefcTaB/ieHNs
ynces ¢ NOMOLLbLIO creyuanbHoro Habopa cumsosnos (Uudp). Cuc-
TEMbl CYUCNEHUA LENATCA Ha NO3ULUOHHbLIE N HEMNO3ULVOHHBIE.

B NO3MLMOHHBIX CUCTEMAxX CYUUCNEHMUSA KONIMYECTBEHHAA Xa-
PaKTEPUCTMKA KaXKAol Lndpbl 3aBUCUT OT €€ MecTa pacnosioxe-
Hus (no3uummn) B yucne. Hanpumep, B unucne 52,25 nesas uudpa
5 B 1000 pa3 npeBOCXOAUT aHaNOrMYHYH UNGPY, PACMONOXEHHYIO
B KOHLLe yucna.

B HenosMuMOHHbIX CUCTEMAaxX CYWUCNEHUA  KONMMYeCTBEHHOe
3HayeHWe LU(ppP He 3aBMCUMT OT MUX MecTa B uucne. Hanpumep, B
yucnax XIV n IX uymcna X He3aBUCMMO OT KX PacnosioXkeHus
NMEKT OANHAKOBbIN «BeC» paBHbIl 10 eANHULAM.

Bcakas Mno3vLMOHHAA CMCTEMa CUYMC/IEHWA XapakTepusyeTtcs
OCHOBAHWEM - KO/IMYECTBOM LUPP, MPUHATBLIX AN 3aNUCK YuCcen.
Tak, gecatuyHaa cuctema (decimal) cumcneHns mcnonb3yeTt Ans
3anucy ymucen 10 umdp: 0;1;2;3;4;5;6;7;8;9, ABOMYHaa ABe uUup-
pbl:0;1, BOCbMepUYHas - BoceMb Ludp: 0+7, B LiecTHagLaTepunu-
HOIA (hexadecimal)  cucteme  —  WecTHaguatb  UmMdp:
0+9,A,B,C,D,E,F. B Hein 6bykBbl A,B,C,D, E, F ncnonb3sywTcs B
KayecTBe LMPpoBbIX 3HAKOB Tabnuua 3.1.

Tabnumua 3.1.

az2
0000
0001
0010
0011
0100
0101
OHO
0111

>
B
~o o u:n3p4<3%;

~NoOUITDNWN R O
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Jllo6oe umcno Ap B NO3NLMOHHOW CUCTEME CUMUCNEHMA C OC-
HOBaHMEM P. MOXET ObITb BblpaXeHO CYMMOW MNpou3BeLeHWi
KO0 undpbl YMcna Ha OCHOBAHUWU CUCTEMbl CYUCNEHWSA B CO-
OTBETCTBYHOLLEA MX MNO3NLMWMN CTENEHN:

Ap=an-r P"'1+an-2‘P"'2+ a,3- p“'3+ ... +a,.0-p"-"+
+ar-p-1+ ap+1-p-2 + ... (D

rge, M- KOMIMYECTBO paspsAoB umcia Leno yactu,
LU- KO/IMYECTBO paspsafoB ApO6GHOW YacTu yucha.
Hanpuwmep, uncno 124,69 B AeCATUYHOA CUCTEME CUMCNEHUS
MOXeT ObITb NPefCTaBleHO Kak,

A= IxIO2 + 2X101 + 4x10° + 6x1(H + 9x10-2

B pfBou4HOW cucteme cumcneHms umcno 1111100, 10110
npescTaBnseTcs:

A2=1x26+1x25 +1x24 +1x23 + 1x22 +0x2°+1x2-" +0x22 +
+ 1x2-3 +1x2-4+ 0x2*5

W, HakoHeL, WecTHajuaTepmyHoe umucno 2A5, F4.
Al6=2x162+ Ax16* + 5x16° + FxI6-> + 4x16*2.

[BonyHaa cucTema cumcneHus. Jliobas OBM cospaéted u3
3M1EKTPOHHbIX 3/1EMEHTOB, KOTOPblE MOrYT HaxOAWUTLCH TOMbKO B
[BYX COCTOSHUAX. OJHO COCTOAAHME, KOrja 3/IEMEHT 3anepT u
yepes Hero TOK He NPOXOAWT, a Apyroe —Korga 3NeMeHT OTKPbIT
M Yepe3 Hero MAET TOK. 3aKpbITOE COCTOAHME 3fleMeHTa 0603Ha-
yaeT 0 low(HH3Koe), a OTKpbITOe 1 high(BHCOKoe). CnegoBatenb-
HO, BCA MH(OpMaLMs, KOTopas HaXoAUTCA BHYTPU MaLlUHbI, MO-
XeT MpeacTaBnATbCA TONbKO 3TUMM CMMBONAMW. 3HAYUT OYKBbI
anasMToOB U UUDPbl B MalMHe KogmpytoTcs yepe3 0 n 1.
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Takum o6pasom, B OBM wncnonb3yeTcs ABOMYHasA CUCTEMa
cuncneHus. OHa MMeeT OCHOBaHMe P = 2, KOTOpPOe 3anuncbiBaeTcs
Kak 102. Ana obpa3oBaHUS LBOMUYHbLIX YMCEN UCMOMNL3YETCS TO/b-
KO age ungpsbl 0 n 1. 3TU ABOMYHbIE YMCNa Ha3bIBAKOTCA GUTaMK
(oT aHrnuiickoro binary digit). MpumeHeHMe ABOWYHOIA CUCTEMBI
CYMCNEHMNA NO CPaBHEHWUIO C AECATUYHOM CUCTEMOW crnocobCTByeT
3HaYUTEIbHOMY YNPOLWEHUO cxeM 3BM.

MpaBuna BbINOAHEHNSA apUPMETUYECKMX onepaluii ¢ ABONY-
HbIMW YMCNaMu MNPOCThbI:

CnoxeHue BbluntaHue YMHOXeHMUe
0+0=0 0- 0=0 0x0=0
0+1=1 1-0 =0 1x0=0
1+0=1 1-1 =0 0x1=0
1+ 1=10 10- 1=1 Ix1=1
0- 1=-1
MpuBefem npaBunia A4eCATUYHOTO YMHOXEHUS;
MHoXunmoe 0 10 1
X X X X
MHoXuTenn 0 0 11
MpowunsBegeHuns 0 0 0 1

[Ba nepBbiX MpaBufia He TPeBYOT HUKAKUX NOSAICHEHUN. B
LBYX CNefylolWmnx MHOXWUTeNeM fABAfeTCA 1; KOrga MHOXUTeNnem
AngeTca 1, nNpyM ABOMYHOM YMHOXEHWUM MHOXWMOE CTaHOBUTCA
pe3ynbTaToM W npeacTaBnseT coboil npomssefeHue. Korga MHo-
Xutenb 0 npoussegeHune Bcerga 0.

BbinonHum ymHoxeHune 1101 Ha 101. Kak u ¢ cnyyae yw-
HOXEHUA OECATUUYHDBIX YMNCEN, MHOXMMOE CHayana yYMHOXaeTca Ha
yucno, cToflee B Mnafwem paspage (B paccMaTpuBaeMoM Cry4ae
—O6UT B KONOHKe Beca 1).

MHOXnMoe 1101 13
X X

MHOXnTenb M 5

1-e YyacTM4YHOE MpounsBefeHue 1101 65

2-€ YaCTU4YHOe npousBefeHue 0000

3-e yacTM4YHOe npounsseneHue 1101

KoHeyHoe npousBefeHue 1000001

MockoNbkKy 6MT MHOXWTeNa B pa3page Beca 1 Ansetca 1,
MHOXWUMOE KOMUpyeTcd W COCTaBNAET MepBoe 4YacTUYHOe MNPOoun3-
BefleHne. BTopbiM 6UTOM MHOXUTens saensetca 0, Torga BTOpoe
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YyacTUyHoe npoussegeHne ectb 0000 (3aMeTMM, YTO OHO CABUHYTO
Ha 04HYy Mo3uuMio BNeBo). buTom paspsiga Beca 4 MHOXUTeNs SAB-
naetca 1, Torga 4na nosiyvyeHUs TPeTbero 4aCcTUYHOro MnpousBege-
HUS CHOBa CnefyeT KOMWPOBaHME MHOXWUMOro (3aMeTuMM, YTO KO-
NnMpoBaHWe 3aBepLUaeTCs HOBbIM CABUIOM Ha OAHY MO3ULUIO Bie-
B0). lMocne 3TOro BLIMOMHAEM CNOXEHWE TPEX YACTUUHBLIX MPOU3-
BeAeHUn, yto gaeT pesynbTaT 10000012, MMonyyeHHbIn pesynbTat
11012 x 1012 = 10000012 cOOTBETCTBYET MPOM3BELEHMUIO LECATUY-
HbIX ymncen 1310 X 5t10= 6510

[BONYHO-feCATMYHAA CUCTEMA CUYMCNEHUS. 3Ta cucTema
CUYMC/ieHMa nHorga ucnonb3yetrca B OBM ana npepcTtaBfieHns ge-
CATUYHbIX 4yncen. B ABOMYHO-AECATUUYHOM M306paXKeHUU Kaxpaas
fJecATnYHaA uupa nNpeacTaBnseTcs YeTblpéxpaspafHbIM ABOMY-
HbIM YMCNOM, Ha3blBaeMbIM TeTpasoW.

JecatnyHas 0 1 2 3 4 5 6 7 8
undpa
[BonuyHo- 0000 0001 0010 0011 0100 0101 OHO 1000 1001
[ECATUYHBINA Kog,

Mpun BbINONHEHUN apUPMETUYECKMX LeWACTBUIA B 16-HOR cuc-
TeMe CUUC/EHUA PacCMOTPUM C/IOXKEHMe W BblYUTaHWe, KOTOpble
BbINO/IHAKTCA C WMCMOMb30BaHWEM ClefytoLeil Tabnnubl Cnoxe-
HUnS:

+ 0 1 2 3 45 6 7 89 A B CDE F
0 012 3 456 7 8 9 A BZCUDEF
112 3 4 5 6 7 8 9 ABCDE F 10
2 2 3 45 6 7 8 9 ABCDEF 101
3 345 6 7 8 9 A BCDETF 101 12
4 4 5 6 7 8 9 A B CDE F 1011 12 13
5 5 6 7 8 9 A B CDEF 101 12 13 14
6 6 7 8 9 A B C D E F 10 11 12 13 14 15
7 7 8 9 A B CDE F 101 12 13 14 15 16
8 8 9 ABCDEF 1011 12 13 14 15 16 17
9 9 ABCDEF 1011 1213 141 16 17 18
A A BCDEF 101 12 13 14 15 16 17 18 19
B B CDE F 10 1 12 13 14 15 16 17 18 19 1A
C C D E F 10 1 12 13 14 15 16 17 18 19 1A 1B
D DE F 1011 12 13 14 15 16 17 18 19 1A 1B 1C
E E F 10 1 12 13 14 15 16 17 18 19 1A 1B 1C 1D
F F 10 1 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E

()]
=



Hanpumep: 35268 39548
+9H33 - 17058
C669B 22490

Bonpocbl ana camonpoBepku. [JaHbl fBa ABOUYHBLIX  W”
WeCcTHaAUATUPUYHbLIX  YMCha, BbINOAHUTL  HAA4  HUMWU  BCe
apumeTnyeckue onepaymu.

1) 1110111,1 77,8
1101,1 38

2) 101111101,1 138
11101,1 32

3) 10111101,01 54,4
1101,11 52

4) 1111010,1 70,8
1111,01 54

5) 1110101,11 75,2
1110,01 44

6) 1110001,01 71,2
1011,1 18

7 1011110,01 54,4
1101,01 34

8) 1010101,01 55,4
1010,11 0,2

9) 110110,01 63,4
1011,1 18

10) 11010111 61,8
1111,01 54

3.2. [lpaBuna nepeBofa YnCen U3 0HOI CUCTEMbI CYUCNEHUS
B Apyryto

Uucna, 3anucaHHble B 4eCATUYHOM, ABOMYHOI W LieCcTHagLa-
TEPUYHOW CcUCTeMax CUYUC/IEHUA MOryT ObiTb MepeBefeHbl M3 04-
HOW CMCTEMY CUMCNEHMS B APYryl0 MO CheunanbHbIM MpaBuaam.

[nsa nepesoga Lenoro ymcna m3 LecATUYHON CUCTEMbI CUUC-
NEHNS B P -0 HY)XXHO pa3fennTb YNC/O0 AECATUYHOI CUCTEMbI Ha
OCHOBaHMe p -0l cucTembl. [OAYYEeHHbI ocTaToK 6ygeT mnag-
LIMM pa3psaoM MCKOMOFO umucna B p - ol cucteme. OcCTaTok OT
CneayloLlero aeneHua OyaeT cneaylolum paspsagom yucna B HO-
BOW CUCTEME CUMCNEHUS U T.A4.
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[JeneHve npogosmkaem [0 MONYYEHUA 4YaCTHOrO, MEHbLLUErO,
4eM OCHOBaHMWe. JTO 4acTHOe U ByaeT cTaplwuM paspsafom yucna
B p -0 cucteme. OcCTanbHble LUGpbl NOAyYalOTCa NpW 3anucu
OCTaTKOB CrpaBsa Haneso.

Hanpumep:

Uuncno 14710 gecATnyHoe, Heo6Xo0aMMO NEPEeBECTU B ABOUUYHYIO U
LIeCTHaALATEPUYHYIO CUCTEMbI cyucneHua. na Hero yucno 147
Jenum Ha 2, 16.

14710 -» A2
147 1 2
146 73 j 2
I 72 361 2
I 36 18J 2
0 18 9 !
J 0 8
|

oA DN

O NN DN

nonyyaem A 2 = 10010011 147,0 —A |6 = 93

[na nepesofa ApO6HbLIX Uncen M3 LeCATUYHON CUCTEMBI B P -
0 CUCTEMY BHauane Lenyk 4acTb MepeBoAAaT Mo crnocoby, onu-
CaHHOMY BbilWe, a Apo6GHYK YacTb MO Credylolemy Crocooy:
Opo6HOe 4nucno B JECATUYHON CUCTEME YMHOXaeTcsi Ha OCHOBa-
HWe p - A CUCTEMBDI.

Llenasg 4acTb MOAy4YeHHOro npousBefeHUs OyfeT cTapLium
pa3psaoM Apobu B HOBOW cucTeme. 3aTeM ApPOGHYH 4YacCTb 3TOro
npon3BefeHns CHOBa HAfl0 YMHOXWTb HaA OCHOBaHMe p - i cuc-
TeMbI.

Llenas yacTb HOBOro npou3BefeHWs OyfeT crnefytoWwum pas-
psgoM Apobu B p- cucTeMe cumcneHums u 1.4. MNepesog npogon-
XatT J0 Tex nop, noka npasas 4acTb He GyAeT COCTOATb M3 0Of-
HUX HyNeil WKW MokKa He nosiyyaT TpebyeMoe KOMMYeCcTBO pasps-
[lOB MepeBoAMMOro yucna.

Hanpumep:

147,6910 — A2
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1*04 wnta.

A 2 = 10010011, 1011

MepeBof ynucen U3 ABOWYHOW W LIECTHAALATEPUYHON CUCTEM
CUMCIEHNS B AECATUYHYIO CUCTEMY CUWUCNEHUSA NPOM3BOAMTCH MO
thopmyne (1) nyTem pasfioXXeHUs YMCen No CTEMEHSM.

Hanpuwmep:

10010011,10112—» A0
A = 2T HXN - x25+1x24+H0x23+H0x2 2+ 12 | +1x20+ 1>2~1 +1x2 - 2+1x2 - 3+

1x2~=128+16+2+1+0,5+0,0125+0,00625=147,69
93,B116 A

A - 9x161+3x16°+1 IxI16“1+Ir16-~+Ix16~"=144+3+0,6875+0,003=
-147,69

MepeBog uncen w3 [BOWMYHOW CUCTEMbI B LecTHag-
LaTepuMyHyi0 M HaobopoT MNPOM3BOAMTCSH COrnacHo Tabauubl Neo
3.1

Mpu nepesofe ABOWYHOW CUCTEMbI B LUECTHaALATEPUUHYIO
CUCTEMY MONL3YIOTCA TeTpafamu, T.e. KKAYK YeTBepKy [ABOMY-
HbIX YMCeN 3aMEHAIOT 3KBMBA/NEHTHON el 16-Holi uudpoil.

Hanpumep: 1001 0011, 1011

9 3, B
A i6= 93,B

OG6paTHbIn MepeBOf OCYLLECTBAAKOT B 06paTHON nocrnefo.a-
TeIbHOCTM, KakK BUAHO 13 Tabauubl Ne 3.1 uudgpe 9 ¢ wecTHagua-
TEPUYHON cucTeMe coOTBeTCTBYeT 1001 B ABOMYHOWA CUCTEME,
ungpe 3 cooteetcTByeT uncno 0011, 6ykee B cootBetcTBYeT 1011
B UTOre nony4yaem *

10010011, 1011

Bonpochkl 415 camonpoBepKU:

MepeBeanTe yucna U3 OLHOW CUCTEMbI CUUCNEHUA B APYTYHO:



1) 1352,45

2) 2AB.3C

3) 1101011, 10101
4) 540,35

5) 447,28

6) 1111010, 101
7) 232,67

8) 45,47

9) 4573,725

10) 100010111,101101
11) 347,48

12) 3T, AB

KOHTpONbLHbLIE BONPOCHI

1 Kakoe oTinuyve Mexay no3VUWMOHHBIMW W HEMO3ULNOH-
HbIMW CUCTEMaMiA CUMCNIEHNA?

2. Uem BbI3BaHO MPUMEHEHWA [ABOWYHON CUCTEMbl CYUCe-
HUa?

3. KakoBa pofib LWecTHaAuaTepuyHOli CUCTEMbl CHUCIEHUS?

4. Kak nepesojAT LE/y0 YacTb LECATUYHOIO Ymcna B Apyrue
CUCTEMbI CUMCNIeHnA?

5. Kak nepeBogAT ApO6HYO 4YacTb AeCATUYHOro Yucna B Apy-

rme CUCTEMbl CYUC/IEHUA?

6. Kak nepeBogsaT umcna u3 NoObIX CUCTEM CUUCNEHMUA B fe-

CATUYHYIO?

7. [1BOM4yHaa cuctema CUUCNEHUA W LWecTHajuaTepuyHas
MMEIOT KpaTHble OCHOBaHWe - 24 =16 , cBA3aHO /1N 3TO C TeM,
4TO MPW MEpPeBOofe Yncesl B 3TUX CUCTEMAX OLWH paspaf LUecT-
HaJLaTepUYHOro 4YMcna 3ameHAlT YeTbipbMA paspagamun ABo-
NYHOro?

8. Kak MOXHO mnepeBecTv 4UCNO W3 ABOUYHOW CUCTEMbI

CUMCNEHNS B LUECTHaALATepPUUHY 1 HaobopoT?

9. BbINONHUTL CneayroLwme CNoXKeHNs ABOUYHbIX YMCeSI:

a) 1010 6)1101 B) 01011011 r) 00111111

+ + + +

- 0101 0101 00001111 00011111

10. BbINONHWTbL CReAytoLiMe BblYATAHUSA ABOVYHbBIX YMCEN:
a) 1110  6)1010 B) 01100110 r) 01111000

1000 . 0101 00011010 00111111.
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11. lMepBoe 4MCNO MPU YMHOXEHUWN Ha3biBaeTCs , BTO-
poe-MHOXUTENEM, a pe3ynbTar cocTaBnaeT .

12. BbINOMHUTb CNeAytoline YMHOXEHUS ABOMYHbIX YNCEN:
a) 1001  6)1101 B) 1111  r) 1110

v WV Xt 2.

3.3. LoNONHNUTENbHBIA Kog

Cama O9BM o6pabaTtbiBaeT MHpOpMaLnio 06bIYHO B ABOMY-
HOM Koge. OflHAKO ec/iv HYXHO MCNOo/Mb30BaTh YWUCMIA CO 3HAKOM,
MCMO/Mb3yeTCs cneunanbHblil JOMOMHUTENbHBIA KO, YTO ynpoLaeT
annapartHble cpeacTsa OBM.

Ha puc. 3.1, a npuBefeHO 06blMHOE N30OpaXKeHMe perncrpa
MM namn sayeilkn namsaTu BHe MI1. Takoi perucTp npeacTaBnsioT
NPOCTPaHCTBOM K3 8 6UT faHHbIX. Mo3uumMmM 6UT NPOHYMEPOBaHbI
oT 7 fo 0, a Beca 4BOMYHbIX NO3ULWIA yKa3aHbl B OCHOBaHWUW pe-
ructpa, 6utT 7 umeeT Bec 128, 6uT 6—64 1 T.4.

Ha puc. 3.1,6 1 B noKasaHbl TUMOBbIE CTPYKTYpbl 8-pas3psaj-
HbIX PErncTpoB 415 pasMeLLeHus uucen co 3HakoMm. B oboux cny-
yasx 6uT 7 aBnfetca 3HakoBbiM. OH YyKa3blBaeT, ABASETCA /n
YUCNO NONOXUTENbHBLIM (+) uan oTpuuatencHbiM (-). Mpu 0 B
3HaKOBOM 6WUTE YMCNO MONOXUTENLHO, NpU 1 — OTPULLATENBHO.

7B5*3210 765* 3210 763*3210
1111 M1 M1111111 't b
7236*3216 B* 2 I (#6*3216 B* 2 1 ;\-)
Bec Bec
BOVYHOW But BBoauyHou onT 3anucb
asnmnn 3HaKa nosuLuu 3Haka BonasHWTB/b-
a) B) B) VOMkLU

Puc. 3.1. N3o6paxeHue pernctpa MM nam aueikn namaTu:
a—pPacnosioXXeHne ABOUYHbIX NO3UUUIA; B6—MnaeHTUhKKaALMSA
NONOXMUTENbHbLIX YACEN HYNEM B 3HAKOBOM 6UTE;

B — MAeHTUUKaALNSA OTPULATENbHBIX YNCEN efWHULEA B 3HAKO-
BOM 6uTE

Ecnn, Kak nokasaHo Ha puc. 3.1,6, 44C/l0 NOMNOXUTENbHO, OC-
TaBlINecs AYeilkm namatn (6—0) copgepXkaT ABOWYHOE 7-
paspagHoe 4yucnio. Hanpumep, ecnu peructp Ha puc. 3.1,6 co-
aepxkmt 0100 0001, 37O cOOTBETCTBYET umcny +65t0 (64+1, 3Ha-
KOBbIA 6MT nonoxuteneH). Ecnn B Hero 3anmcaHo 0111 1111,
COAePXUMbIM 6yaeT +127t0 (3HAKOBbIA OUT MONOXWUTeNeH: +64
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+32 +16 +8 +4 +2 +1), yTO ABNsETCS H " UBO
TelgbBblM YncnoM, KOTOROE MOXET cofepxart.

Tb /-paspsigHbIi pe-

Ecnun, Kak 3TO MokKas3aHo Ha puc. 3.1, B, _
K€ 4Yucno co 3HaKoM, HO OTpuuaTenbHoe, OH 57 CDLI,eP»(MT
[IOMONHNTENbHbIA KOA 3TOro uyucna. B tabn i y T CO e
nBe a 3a—
MUCb B LLONOSIHNUTENILHOM KOZE MOJIOXUTENbHbIX |/|
yucen. 3amMeTMM, 4YTO BCe MOJIOXKMUTENbHbLIN l—%: Tpuuatens!
cTapLuem ﬁ/ITe ocTa/lbHble 6UTbl COCTaBNAB indlof 0
Bce oTpuuaTenbHble yucna MMeroT 1 B CTaplwm WYyHOe unE
CcMOTpuM cTpoky +0 B Tabn. 3.2.: 3anucb B JONOMTHEHHOM KOfe
+ ~ ~ ~ " N
0 6yget 0000 0000. B 6nmxkaiweit HIKHey ge’éh'ﬁ%%,}(&m
3anucb B AOMOJIHUTENBLHOM Kofe—1 cnefyioL i o
CMOTpPMM MOLIAroBoe nepemelyeHme B 06paTL,oM * a
0000 0000 po 1111 1111. HanpasBneHUn o
Kakoin 6yaeT 3anucb B AOMNONHMTENbHOM <(f
PaccMoTpum 3TKNbl npeobpaszoBaHuss. OHK c»elT0lumeHCa

JecatnyHoe umucno 9 Ortan 1. 3anucb gerrr,,

6e3 3HaH® (” YHOIO YAC3
Jr1an 2. Tpeo6 padEall

JLNYHBI
kog (0000 ioqgj,
3131 3- . m»»
n To Ycna 3ameHoun
CuHuuamuy, a efu-
dran4. i £ N « ,,,1°111?
paTHoy koNYHALLY K 06
3paeckb np,,6atWb , K
... 0L wuTO paet
11110111
MonyyeHHbIN pesynbTaT aBnseTca JononHuTenbHbIM - KIjioM
MOMIOXUTENBHOTO AEeCATUYHOro uyucna. B npviseaeHHOM e
JOMNONHUTENBHBLIM KOZOM yucna 9 asnsetca 1111nii< ,npume{7
YTO 3HaKOBbIA 6UT — 1, 3TO O3HA4aeT, uTo ametuM,
yncno (1111 0111) oTpuuatensHo. (Ycmatpusaemoe
Kaknm OyfeT AecATUYHbIA 3KBUBANEHT uucia UM Nrwi
NUCcaHHOro B hopme AONONMHUTENbHOro Kogda? v, T3
Pa3oBaHMWil B 3TOM Cly4yae ChefytoLlas. Ame,u,ypa npeo6-
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JononHutensHeld 1111 0000

Kop,

JononHeHne go 1 0000 1111

Jtan 1 3anucb AONOAHK-
TenbHOro koga (1111 0000).

JTan 2. MNony4vaetca obpaT-
Hblli KO AOMOMHUTENIbHOrO
KofJa 3aMeHO Hynein eau-
HULUAMKU, a eaNHUL—HYNAMN
(0000 1111)
Jtan 3. [o6asntb 1
00001111
+ L
00010000 = 16

Tabnumua 3.2.

[ecATUUHbIE YMcna Co 3HAKOM W UX MpefCTaBNeHNe
B AAOMONHUTENIbHOM KOfe

JecATnYHble

+127

+8
+7
+6
+5
+6
+3
+2
+1
+0
-1
-2
-3
-4
-5
-6
-7

-128

MNpeacTtaBneHue

yuncen co 3HaKom

0111

1111

0000 1000
0000 0111
0000 0110
0000 0101
0000 0100
0000 0011
0000 0010
0000 0001
0000 0000

1111
1111
1111
1111
1111
1111
1111
1111

1111
1110
1101
1100
1011
1010
1001
1000

1000 0000
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cTaBfieHbl B (hopMe LOMNO/HU-
TeNbHOro Koja



Takum obpasom, opmupoBaHune o6paTHOro Koga W fo6aB-
NeHve 1 gBnalTCa TeMu Xe npoueaypamu, KOTopble Mbl Mpo-
BOAMAM MpWU Npeobpa3oBaHUM ABOUYHOIO 4ucnia B LOMNOSHUTENb-
Hbli koA. OfHAKO cnefyer OTMETWUTb, UTO, XOTS Mbl MOMYHYUAN
ZlBOMYHOe uucno 0001 0000 = 1610, McxoAHaa 3amnucb AOMOHU-
TeNnbHOro kKoga 11110000= -16, T.e. UMeeM OTpuULLATENILHOE YUCHIO,
MOCKO/IbKY CTapLiunii 6UT B AJONOSIHATENLHOM Kofe fiBnsetcs 1.

KOHTpPO/1bHbIE BOMPOCHI

1. Korga umcna co 3HaKOM MOMeLLAKTCA B 8-pa3psfHbIin pe-
rMcTp MUKponpoueccopa, ctapwmnii (7-in) 6UT HasbiBaeTCs

2. YCTaHOBUTb, ABAAKOTCA MW Clefyloline 4yucna B [Ao-
MOJIHUTE/IbBHOM KOZe MOJIOKUTESIbHbIMU WUAN OTPULATENIbHBIMMN:

a) 0111 0000; 6) 1100 1111; B) 1000 1111; r) 0101 0101.

3. Wcnonb3ys Tabn. 3.2. gaTb AOMOMHUTENbHbIA Kopg cre-
OYIOLWMX OeCATUYHbIX YnUCeN CO 3HaKoM: a) +1; 6) +5; B) +127; 1)
-1; 0) -2; e) -128. "

4. Vcnonb3ys npoueaypy, npveedeHHyt B 8 3.3, gatb fo-
NOMHUTENbHBIA KO CnefyroLWmX AeCATUYHbIX YUCEN CO 3HAKOM: a)
-10; 6) -21; B) -34; 1) -96.

5. PacnonoxeHue 6UT B AOMNOMHUTENbLHOM Koge (B
OOK, B ABOMYHOM KOLE) O4MHAKOBO 415 MOMO0XUTENbHbIX ABO-
WNYHbIX Ymcen.

6. Mcnonb3ys npoueaypy, npveedeHHyt B § 3.3, gaTb gecs-
TUYHbIE 3KBUBAJNIEHTHI CNefyLWNX Ynucen B JOMOSIHUTE/IbHOM KO-
fe: a) 1111 1011; 6) 0000 1111; B) 1000 1111;r) 0111 0111.

3.4. ApudmeTrKa B AOMNOHUTENIbBHOM Koje

MuKponpoLeccop MOXEeT WCMoMb30BaTb 4ucna B Qopme
[LOMOMHUTENLHOIO Kofa, MOTOMY YTO OH B COCTOAHMU BbINOMHATH
onepauun  AOMNONHEHMST  (MHBEPCUW), WHKPEMEHTMpOBaHMSA  (4o-
6aBneHNs 1 K unucny) W CAOXKEHUS ABOUYHBLIX umucen. MuKpo-
npoLeccop He NpucrnocobnieH And nNpsMoro BbluMTaHUs. OH uC-
nosib3yeT CyMmaTopbl W A5 BbINOMHEHWUS BblYUTAHUA OMepupyeT
Haj LOMOHUTENbHBIM KOLOM.

Cnoxum fecATuyHble yncna +5 u +3. PaccMoTpum npo-
Lefypy AeACTBAM B Cnyvyae OAHOBPEMEHHOIO CNOXEHWSA YWUCEN B
JecaTMyHom 1 B JONOSTHUTENIbHOM KOpax:

1-e uncno (+5) 0000 0101
+ +

69



2-e 4ucno 1+

C acHo Tabn. 3.2. +5 =0000 0101 B 4ONONHUTENLHOM KOAE
*
aHanoPrﬂ%o 0000 0011. Torga uucna B AOMOSIHUTE/ILHOM
kone 0000 0101 m 0000 0011 cknagbiBatoTCH, Kak OOblYHble 4BO-
WYHbLIE 4yucna, pgaeBasg cymmy 0000 1000 B AOMOJIHUTENLHOM Kofe,
T.e. 0000 1000= +8HO Cnrn, nun
MyCcTb Hafo CNOXMWTb AECATUUHbIE yncna +7 u —3. CornacHo
Tabn 32 +7=0000 0111 wn -3=1111 1101 COOTBETCTBEHHO B [0-
» 7 HOM koge. OHM 3aTeM CKNajbiBalOTCH, KakK OO6blUYHbIE

[BOWYHbIE 4Ymucna, u pe3ynbtaTt 1 0000 0100 nony4aetca B A0OMNOJ-

HUTeNbHOM KOoA4* 000001,
1-e yucno v '+
2-e ynucno

MpeHebpeyb NepenosiHEHNEM.
Crtanwuii 6ut ABNdeTCca nNepenosHeHWeM 8-paspsfHoOro pe-
rmcTpa M MM MOXHO npeHebpeub. MMonydyaem cymmy 0000 0100

rlin”~41° necat™uHble yucna +3 m —8. CornacHo Bce TOW XXe

Tabn 2*10 +3=0°00 0011 n —8= 1111 100°- WMIX AOMNONHUTENbHbIE
> nnn0 0011 n 1111 1000 cknagbiBatoTcsA, KakK 06blYHblE [BO-

dHBIE JUEA], “TO AReT 66660610111_ -0

1-e yucno

2-e yucno $ -K X

I «MM [ecATUYHble yucna —2 n —5. B gONONHUTENIBHOM
Koge cornacHo Tabn. 3.2.-2=1111 1110 n—5=1111 1011. [pBa
nun 1110 n 1111 1011 cknagbiBatOTCH, KakK 06blYHble Ae-
CATUYHbIE uncn3. ™ paet 11111 1001:
Ny Yhcno j-2)

2-e yucno jVi'i 11001
MpeHebpeyb NepenoHEHNEM.

Crapwuit OUT pesynbTara ABNAETCA NepernosHeHWeM 8-pas-

M perucTpa. U UM npeHebperaem. Taknm o06pas3om, cyMMOiA

neyx umcen 11M 1M0 u 1111 1011 B AONOAHUTENLHOM Koge Oy-
fet 1111 1001. CornacHo Tabn. 2.10cymma 1111 1001= -7w).
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BbluteM Tenepb AecATUYHOE YMCNOo +5 U3 AeCATUYHOro yucna
+8. lNMepBoe umcno +8=0000 1000, sTopoe +5=0000 0101. B go-
NOMHUTENbHbIA KoA (MHBEPTMPOBaTb U A06aBUTbL 1) AO/MKHO ObITh
npeobpasoaHo ymucno 00000101, uto gaet 1111 1011. 3atem nep-
Boe 4mcsio 0000 1000 cknagbliBaeTcs C AOMOSIHUTENbHLIM KOAOM
BTOporo 11111011, KaK C 06bI4HbIM ABOWYHbLIM YMCOM, YTO AaeT
1 0000 OOQfrT:

1-e uncno (+8) 00001000
2-e yucno +5) 0000 0101 MdononHuTenbHbIA kog 11111011
100000011

ﬂpeHereqb nepenosiHEHNEM.

CTrapwunin 6uT aBnseTcs nepenoiHeHWEM perucTpa, UM mnpe-
Hebperaem, 4To fgaet pesynbtaT 0000 0011= +310 3ameTum, 4TO
BTOpOe 4mucno 6bin10 nNpeacTaBfeHO B AOMOMAHMTENbHOM KoAe, 3a-
TEM C/IOXKEHO C”nepBbiM. VICNonb3ys AOMNONHWUTENbHBIA KOA4 U CyM-
MaTop, MMKPOMPOLIECCOP BbIMNOHAET BblUMTaHME.

BbluTem Tenepb 60nbliee AeCATUYHOE 4McNo +6 W3 gecs-
TUYHOTO Ynucna +2:

l-e yncno (+2) 00000010

2-eyncno  (+67°=00000101 [dononHuTenbHbIR Ko 11111010
(-4) 11111100
MpeHebpeyb NepenosiHeHNEM.

[ononHuTtensHbId Kog nepsoro yucna +2=0000 0010 BTopoe
yncno +6=0000 0110, ero AONONHUTENbHbIA KOA (MHBEPCUS W
fobasneHme 1)—1111 1010. Ob6a 3TV Koga CNOXEHbl 3aTeM, Kak
00blYHble ABONYHbIE YnCna, YTO faeT 11111100, a cornacHo Tab.
2.10 1111 1100= - 4,0.

KOHTpOLHbLIE BONPOCHI

1 CnoxnuTb cnefytolime AeCATUYHbIE YMCNA CO 3HAKOM, WC-
nonb3ys MeTof AOMONHUTENBHOTO KOJa:

a) (+7) 6) (+31)

+ +

L) (+26).
2. CNoxuTb cnegytoLive AeCATUYHbIE YMCna CO  3HaKOM,
MCMoNb3ys METOA AOMNONHUTENBHOIO KopAa:
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a) (+8) 6) (+89)
+ +
L -L46).
3. CnoxXuTb crefyrouime gecATUYHbIE YMCNa CO 3HAKOM, MC-
Nonb3ys MeTof LOMNOMHUTEIbHOIO KOpfa:
a) (+1) 6) (+20)
+ +

4. CNOXUTb CNeflytolime AeCATUUHbIE YMCa CO 3HAKOM, UC-
nofib3ys MeTof LOMOSIHUTENbHOr0 KoAa:

a) (-3) 6) (-13)
+ +

1=4} (zIlL
5. BblUecTb crefytollmne gecATUYHbIE Yncaa Cco 3HAKOM,
NCMNonb3ys MeToA AOMOSIHUTENBHOTO Koga:

a) (+7) 6) (+113)

+21 + T
B. BblYecTb cnefytowme gecATUYHbIE Yucna co 3HaKOM,
ncnonb3ya Metond AO0NOSHUTENLHOIO Kofa:

a) (+3) 6) (+12)

(£31 1+631

3.5. ByKBEHHO-LM(POBOI KOf

Korga mnkpo-9BM B3anmogeicTByeT ¢ TeneTannom wunm Bu-
feoTepMuUHanom, Heobxogmmo npuberatb K Kogy, KOTOPbI OfHO-
BPEMEHHO BK/OYaeT B cebsi YUMCNOBble U andaBUTHbIe 3HaKW. Ta-
Kne KOfbl Ha3blBaOTCSH OYKBEHHO-LM(POBLIMMU.

Hanbonee pacnpocTtpaHeH OykBeHHO-uuposoit kog ASCII
(nponsHocutca ACKWM)—cTaHAapTHBIA amMepuKaHCKWiA Kod 006-
MeHa I/IHd)OpMaIéI/II/I

Tabn npuBefeHa BblgepXKka 7-pa3pafHoOro Kojga
ASCIIl. B 3TOT CNUCOK BXOAAT 7-paspafgHble Kodbl uugp, npo-
MUCHbIX BYKB W 3HAKOB nyHkTyauuu. [onHblA Kog ASCII BKAto-
YyaeT KoAupoBaHME CTPOUHbIX OYKB M MPU3HAKOB KOMaHA,.
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Tabnmua 3.3.
Bblgepxka 13 angasnTHo-LMgpoBoro koga ASCII

CwvwmBon Kog Cum-  Kog ASCII  Cum  Kopg ASCII

ASCII BON BON
Maccmus 010 0000 0 011 0000 | 100 1001
; 010 0001 1 011 0001 J 100 1010
« 010 0010 2 011 0010 K 100 1011
# 010 0011 3 011 OQr1 L 100 1100
$ 010 0100 4 011 0100 M 100 1101
% 010 0101 5 011 0101 N 100 1110
& 010 0110 6 Oil 0110 0 100 1111
) 0100111 7 Oil 0111 P 101 0000
( 010 1000 8 Oil 1000 Q 101 0001
l 010 1001 9 Oil 1001 R 101 0010
010 1010 A 100 0001 S 101 0011
+ 010 1011 B 100 0010 T 101 0100
1 010 1100 C 100 0011 " 101 0101
. 010 1101 D 100 0100 \Y 101 0110
: 010 1110 E 100 0101 w 101 0111
/ 010 1111 F 100 0110 X 101 1000
G 100 0111 Y 101 1001
H 100 1000 z 101 1010

KOHTpO/bHbIE BOMPOChH!

1. ABONYHBIN KOA, UCNOMb3YEMbIA 06bIYHO ANA KOAMPOBaHUA
ungp n 6yks, HasblBaeTCA KOZOM.

2. Hynb B koge ASCII npegcraBnserca kak 011 0000, 9 —
Kak :
3. Ecnn mackuposatb Tpu cTapmx paspsaga uudp ot 0 go 9
B koge ASCII, 4To OoCcTaBUT Macka B utore?
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INABA 4. OCHOBbI MVUKPOMPOLECCOPHOW
TEXHUKN

Korga nporpammuct BOCMPUHUMAET WH(OPMAaLUI O HOBOM
Tune MI1, OH [O/MKeH BbIACHUTL CNeAyloLlmMe BOMPOChl: apXu-
TekTypa MI1; cucTtema KOMaHj, npocTeiine CUCTEMbI, WUC-
nonb3ylowmne AaHHbI MI1; curHanbl ynpaBneHWs; HasHauveHue
BbIBOAOB.

[MOHATME apXUTEeKTypbl OTHOCUTCH K OpraHu3auun peructpos
LLeHTpasbHOro YCTPOMCTBa, 4nucna GUT LWWMH aApecoB, AaHHbLIX W
T. 4.

Cuctema KOMaHf — 3TO CNWCOK onepauuidi, Kotopble MIT
MOXeT BbIMNONHWUTL. OHa BKOYaeT B cebs nepefady [aHHbIX,
apupmMeTMyecKkme M noruvyeckue onepaluu, KOMaHAbl TeCTUPO-
BaHMA AaHHbIX W BeTBMeHWI, onepauun Beoga/seiBoga (BB). B 10
XKe BpeMsi KOMaH/bl UCMO/b3yHT pas3/iMyHble CNocobbl agpecauun.

Cxema, npeacTaBnswoWwas MpocTyrd WHMOOPMALMOHHY CU-
CTEMY, MOKa3blBaeT, KaK COeAWHEHbl pa3n4YHbie YCTPONCTBA C
M. TMpocTad cuctema MOXET cofepXkaTb MI1, reHepaTop TakTo-
BbIX umnynbcos (F'TK), O3Y, MN3Y, noptel BB, gewudgpatop aa-
PECOB M UCTOYHWUK NUTaHWUA. VIHOrga atm yHKLUMK BbINOMHAKTCA
NC wvnu pasnnyHbIMKM NMPOYUMMM COCTaBAKOLWMMU; OLHAKO MHO-
rMe MMWKPOMPOLLECCOPHbIE YCTPOIWCTBA COAepXaT 60MbLUMHCTBO
Ha3BaHHbIX 3/1eMEHTOB.

CurHanbl ynpasneHUs ABAAKOTCA BbIXOAHbIMW W YMNPaBAAOT
apyrumm NC (03Y, M3Y n noptamn BB). HekoTopble curHasbl
MOryT YNpaBnsTb oOnepauvamMu 4YTeHus/3anucu B NamaTn wan
yTeHus/3anucu B yctpoiicteax BB (YBB).

HakoHel, n3y4yeHue BbIBOAOB Kaxaol WC obecneuynBaeTt Ao-
NOMHUTENbHY MH(OPMaLKio O CneumnanbHbIX BXO4ax W BbIXO4axX
M. Cpegu npoynMx BbIBOAOB Mbl HalileM BbIBOAbl MUTaHUS,
'MW, BBOAA-BbIBOAA MOC/EAOBATENbHbLIX AaHHbIX, BXOLOB Mpepbl-
BaHUM 1 ynpasneHUs LWMHAMMK.
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4.1. ApxutekTypa npocToii Mnkpo-O9BM

Ha puc. 4.1 npusefeHa apXuUTeKTypa MPoOCTOM MUKPO-OBM.
Mukponpoueccop SBASETCA LIEHTPOM BCeX onepauuini. Emy He-
06X0MMbI MUTaHWE W TAKTOBble UMMYMbCbl. [eHepaTop TaKTOBbIX
NUMMYNbCOB MOXET OblTb OTAE/MbHLIM YCTPONCTBOM WM BXOAWTH B
cocTaB Kpuctanna MI1. Tunosoit MIT MoxeT cogepxatb 16 af-
PECHbIX NIMHWIA, KOTOpble COCTaBAAKT OfHOHAMPABMEHHYIO LUMHY
afipecoB, a TakXe 0ObIYHO BOCEMb /IMHWIA, KOTOPble COCTaBASANT
[BYHarpaBNeHHYI0 LLUNHY JaHHbIX.

KnasvaTypa
.-...--..4 J» —

WHTepdpeiic
Beoga

kel ur MuTaHue

AfpecHas WuHa
AP76/'IMHI/II71) ~ rm

UJMHanqaﬂHbIX
" (BnvHuia)

M3y

(004

NunHuns Bbibopa
— KpucTanna

WHTepcheiic
BbiBoza

LI .
Bugeo

Puc. 4.1. Apxutektypa MUKpo-3BM.

ApxuTeKTypa, npeacTtaBneHHad Ha puc. 4.1, pasnuyaeT ABa
TMNa MONynpoBOAHUKOBOW MaMaTW, WCMONb3YEMO CUCTEMOIA.
MocTosiHHOe 3anomuHatollee ycTpolicteo M3Y npefcraBnser co-
60/i MOCTOSIHHYK nNamaTb, KOTOpas COAEPXWUT nNporpaMmmy-
MOHUTOP cucTeMbl. OHO COLEPXUT afpecHble BXOLbl, a TakXe
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BXO[bl aKTMBM3aLMMN TOMBKO UTeHWUS U Bbibopa Kpuctansia, a Tak-
Xe TpucTabunbHble BbIXOAbl, NOACOEAMHAEMble Ha LWKHbI. Oye-
BMAHO, M3Y uMeeT Takke NOACOeAVHEHWE NMUTaHWA, KOTOPOE Ha
cxemax 06bl4HO He NoKasblBaeTcs.

ApxuTektypa Ha puc. 4.1 cogepxut O3Y, T. e. yCTPOACTBO
BPEMEHHOI0 pasMmelleHnsa faHHbIX. B Hero BxofdT afpecHble BXO-
Obl, a Takke BXofbl BblbOpa KpucTania U akTuBM3auum ure-
Hua/3anmncn. 3170 O3Y MMeeT BOCEMb BbIXOOB C TPEMS COCTOA-
HUAMU, NOLCOEAMHEHHbIX K LUMHE faHHbIX. 3[eCb NoKasaH Takxe
NCTOYHMK NUTaHUA.

MpuBefeHHaa cuctema MUKPO-OBM ucnonb3yeT KnasuLLHOE
YCTPOWCTBO BBOJA. Ha aToii cxeme nokasaHbl LEnuW MNuUTaHus, a
TaKXXe COOTBETCTBYIOLLME NIMHUU [AHHbLIX, CBA3aHHbIE CO CMeLu-
anbHbIMn N C—unHTepdeiicom BBoga C KnaBnaTypbl. B 3agayy WH-
Tepdelica BXOAUT pasMeLLeHue faHHbIX U YMpaBieHue X BBOAOM
C KnaBuaTypbl. B HyXHbIli MOMEHT MHTepdeiic KnaBmaTypbl npe-
pbiBaeT MI1 no cneynanbHOn NMHUK npepbiBaHWA. CurHan npe-
pbiBaHMA 3acTaBngaet Mrl:

1) 3aKOHUYUTb BbIMOMHEHNE TEKyLLeli KOMaHAbl; 2) noggep:
XXUBaTb CBOK HOpPMa/bHYK paboTOCNOCO6GHOCTL; 3) MepelTn K
BbIMOIHEHMIO CNeunanbHOW rpynnbl KOMaHj B CBOEM MOHMUTOpE,
Mo KOTOPbIM BefeTCs yrpas/ieHWe BBOAOM AaHHbIX, UCXOAALLMX C
KNaBMLIHOrO YycTpoiicTBa. Cuctema WHTepdeiica C KiaBMaTypol
CHabXxeHa afpecHbIMU BXOLamW, NMHUAMW BblbOpa KpucTanna u
KOMaHj aKTMBM3auuu yCTpoicTBa. AKTMBM3NPOBAHHOE OfWH pas3
YCTPOWCTBO MHTepgeiica ¢ KnaBmaTypoli nepefaeT AaHHble, MO-
CTynaroliMe C KMaBULIHOrO YCTPOMCTBA HAa LMWHY [aHHbIX, MUK-
ponpoLeccop Ux NpuHUMaeT. Ecan TpuctabunbHble BbIXOAbl WH-
Tep(eiica He aKTUBM3MPOBaHbI, OHW BO3BpALLalOTCA B CBOE CO-
CTOSIHME BbICOKOr0 COMPOTUB/IEHNUS.

lMpuBegeHHad Ha puc. 4.1 MUKPo-OBM unMeeT B KayecTse
BbIX0Za rpynny ceMUcerMeHTHbIX MHAMKATOPOB. VHAMKATOpbI 3a-
MUTaHbl OT MCTOYHMKA, MOKAa3aHHOro Ha cxeme cnpasa. Cucrtema
nunn cneynansHas VC uHTepdeiica BbIBOLA HA MHAMKATOPLI Cy-
XUT ANA pasmelleHns AaHHbIX U YNpaBneHUs COCTOSHUEM WHAW-
KaTopoB. Mpu aKTMBU3aLWUW 3TOr0 MHTepdeiica Mo agpecHOn Wun-
He, IMHMAM Bbl6Opa KpucTania M akTuBM3auMm OH NPUHUMaeT
[aHHble, nocTynawowme C LWWHbI [JaHHbIX, W pa3MellaeT ux, a
TaKXKe ynpasfseT MHAMKATOPOM, Ha KOTOPOM pa3MeLleHHble faH-
Hble BbICBEYMBAIOTCS.

ApapecHas NUHUA coaepXnT 65 536 pasnuyHbIX couyeTaHuit O
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n 1(216). JINHUM aapecHON WWHbI MOTYT 6biTb MOACOEANHEHBI KO
MHOrMM YCTpPOWCTBaM, Takum, Kak O3Y, M3Y, apyrve nHtepgeii-
Cbl. 4na TOro 4tobbl aKTMBU3NPOBATL (BKIKOUUTL B paboTy) Tpe-
O0yeMoe YCTPOICTBO, AelngpaTtop agpeca CUMTbIBAET faHHblE C
aApecHoOi WunHbl. KoMOMHALMOHHON NOrMKON gellndpartopa aj-
peca akTUBM3WUPYeTCA NIMHUA Bbl6Opa COOTBETCTBYIOLLENO KpU-
cTanna, akTUBM3WpYs, TakuMm 006pa3oMm, BblbpaHHOe YCTPOWCTBO.
3aMeTum, 4TO A8 YNpoLleHUs cxembl BCe 16 NWMHWIA afpecHOi
LUMHbI He MoKa3blBalTCH.

KoHTpOnbLHbLIE BONPOCHI

Bce ynpaxkHeHua 3Toro pasgena cBfAsaHbl C¢ puc. 4.1. Ha-
CTOATE/IbHO peKOoMeHAyeM 06paLlaTbCcs K HEMY MOCTOSAHHO.

1. LleHTpom Bcex onepauuii ynpaBneHuss MMKpo-3BM sBns-
eTcs (MnN, 03y, MNay).

2. WwHa _ (agpeca, [aHHbIX) ABNSETCA O[HOHA-
npaBfeHHON.

3. Mocpeactsom 16 NUHUIA afpPeCcHON WKWHBI MOXHO MONYYUTb
Joctyn K__ (16384, 65536) Aueiitkam namaTu 1 nopTam BB.

4. Ha3BaTb N0 MeHblUel Mepe Tpu TuMa BbIxoLoB MIT.

5. Ha3BaTb N0 MeHbLUen Mepe YeTbipe TuUMa BXxogos MIT.

6. O6blyHO M3Y cogepXuT nporpammy__ (MOHWUTOpaA, W3-
MEHSIEMY10).

7. HasBaTb N0 MeHbLLUER Mepe YeTbipe Bxoda M3Y.

8. HasBatb Bbixogbl M3Y.

9. HasBaTb MO MeHbLUEW Mepe YeTbipe Tuna Bxogos O3Y.

10. Ha3Batb Bbixoabl O3Y.

11. Has3BaTb NO MeHbLUE Mepe NATb TUMOB BXOAOB Crie-
LManbHOro anemeHTa MHTepdeica KnaBmaTypsl.

12. Ha3BaTb MO MeHbLUE Mepe ABa TUNa BbIXOAOB 3/1eMeHTa
nHTepelica KnaBnaTypsl.

13. KakoBa ponb BbIXo4a MpepbiBaHWI anemeHTa UHTepdelica
KnaBmaTypbl?

14. Kakue pelictBusa npegnpuHmumatotca MM, korga nuHus
NpepbIBAHUIA aKTUBU3UPYETCA KNaBULLHbLIM YCTPOACTBOM?

15. HasBaTb MO MeHblUeli Mepe NSATb TUMNOB BXOAOB Cre-
LManbHOro aneMeHTa MHTepgelica nHaMKaropa.

16. Ha3BaTb BbIX04bl UHTEP(Elca MHAMKATOpA.

17. KakoBa ponb fgewmngparopa agpeca?
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4.2. CTpyKTypa npoCTeliLlein namaTu

3anucb B NamsTb WAW CUMTbIBaHWE U3 HEe MPOUCXOAUT npu
HanMuum gocTtyna B NamsATb. OBbIYHO MamMATb BbINOJMIHAETCA C NO-
CnefoBaTe/lbHbIM UM MPOU3BO/LHBIM A0CTYNOM. [locnegoBatesib-
HbIl 4OCTYN O3Ha4aeT, YTO K TpebyeMbIM AaHHbIM HYXHO nocre-
[0BaTeNbHO MPOATK Yepe3 BCIO NamATb, PACMONOXKEHHYIO A0 pas-
MeLLEHNS UCKOMBIX AaHHbIX.

B cnyyae npov3BOnALHOrO AOCTyMa AaHHble MOryT ObITb 3a-
nncaHbl B NIOOYI0 A4eliky NamaTh WAU CUUTaHbl U3 Hee 3a onpe-
JeneHHoe (hMKCMPOBAHHOE BPeMs, Ha3blBaeMOe BPeMeHeM focTyna
B NamsTb. OnepaTuBHbLIE U MOCTOSHHbIE 3aNMOMUHAKOLLME YCTPO-
cTBa MWUKPO-OBM #ABAAOTCA YCTpOWCTBAMM NaMATM C NPOU3-
BO/IbHbIM JOCTYMOM, CYLLECTBEHHO 60/iee BbICTPOAECTBYIOLLUMY,
yem YCTPOIACTBa C NOC/ef0BaTeNlbHbIM AOCTYMNOM.

WN3yuaembllii TUN MUKPO-OBM 06nagaeT agpecHoOn WWMHON U3
16 nuHWiA, KoTopble MOryT ob6ecneuyntb 65536 (216) pasnn4HbIX
Kom6uHaumii 0 u 1 Ha puc. 4.2 npvMBeaeHO MHOXECTBO ABOMWY-
HbIX KOMOWUHaLmWiA. OBbIYHO MPUHATO ABOWYHLIA agpec npeacTas-
NATb B LIeCTHafgLaTepu4Hoi Kak BugHO u3 puc. 4.2,
0000 0000 0000 00002=0000H c808016

HanomHum, uTo 3gecb H ykasbiBaeT Ha TO, YTO peyb MAET O
LecTHaAUaTepuyHoin cucteme cumcneHus (H-kog). Haubonee
3HaYMMbIM afpecom Ha puc.4.2 6ygetr 1111 1111 1111 111 b wnu
FFFFH.

L&cTHaa-
MAKAE%MH - AdpecHas LWuHa T

3anucb Als 1 2Jly  *9 *6 *7 A6 Aj JTaj /2 Af AC{-

111 w w |h|111
0O 00O0OO0OODODOODO
0O0O0OO0O0O0OOOO0ODO0

MM

(0000» 0000
0001H 0 00O0O
FFFEH 1111111111111 110
FFFFH 1111111111111 111
Crapuiii 6aiiT Mnagmii Ganr

Puc. 4.2. AgpecHasa cuctema MUKpo-OBM.

Cxema Ha puc. 4.3 npefcTaBnseT coboil Boobpakaemyto na-
MATb  MUKPO-OBM. AgfpecHasd LwWunHa Mukponpoueccopa 16-
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paspsgHas, OHa MOXeT cgopmuposBatb 65536 (0000—FFFFH)
NHAMBUAYANbHBIX aApecoB (HEKOTOPble W3 HWUX MpeAcTaBNeHbl B
LIeCTHaALATEPUYHON 3anucu cnesa Ha puc. 4.3). B cnyvae 3Toii
cneumnanbHoii MMKpo-OBM nepsble 256 (00—FFH) Auyeek namatu
ABNAIOTCA cogepXumbim M3Y ¢ o6bemoM namstTn 256x8 6uT (T. e.
256 cnoB no 8 6uT). Ecnm agpecHas wwuHa hopmupyeT agpec
0000H, M3Y nepegaeT nporpaMMuUpoBaHHY0 KoMOuHauuto m3 0
1 1, cogepxkallyrocs B NOCTOAHHOI namsTu (cnoso 1100 OOMM).

Lns nogei, HaumHarowmx pabotaTb B 061aCTU MUKPOMpPO-
LIECCOPHOW TEXHWUKMW, yA06HO, Koraa 256 (00—FFH) nepBbix 6uUT
Uy cnoB faHHbliX B MNM3Y nomeuieHbl Ha cTpaHuue OOH. 3ame-
TUM, YTO HOMEpP CTPaHMWLbl paBeH MNPeACcTaB/EHUIO B LUeCTHaALa-
TEPUYHOM Kofe CTapulero 6aiita agpeca (puc. 4.3). Mpn 3TNX yc-
NoBMAX, MaHUNyNMpya faHHbIMW Ha cTpaHuue OOH, paccmatpu-
BAlOTCA TOJIbKO fBe LUeCTHaAuaTepUyHble UUPPbI MNafLiero pas-
pafa agpeca. HekoTopble MUKPOMPOLLECCOPbl MCMOMb3YIOT YMpo-
LWEeHHble KOMaHAbl 418 JOCTyNa K fA4YeilkaMm namsaTu MepsBo cTpa-
HULbI NaMATK.

Boobpakaemasd anemeHTapHas namsaTb Ha puc. 4.3 noka-
3blBaeT, 4to cTpaHuubl oT 01H go 1FH (agpeca ot 0100H pgo
1FFFH) B 3TOM OTAeNbHOM Cfydae He cofepXXaT faHHbIX B nams-
M. ToflydeHue [OCTyNa B 3Ty OTKPbITYHO 30HY MOB/IEYET HEMpesn-
BUAEHHbI pe3ynbTaT, NOCKO/IbKY OHa He COAEPXMT HU onpefe-
NEeHHbIX AaHHbIX, HWU nporpammbl. OnepaTuBHAA NamATb AN 4Te-
HUS-3aMUCK pacronoxXxeHa Ha cTpaHuue 20H (puc. 4.3). YcTpoii-
CTBO pasmMelleHns gaHHbIX—aT0 O3Y 256x8 6uT.

CocTaBMTeNU 3TON CUCTEMbI MOFAM Obl PACMONOXWUTL 3TO
O3Y Ha ntoboit gpyroin cTpaHuue JMocTyn K cTpaHumuam 21H—
FFH B 3Tom cnydyae BbI30BET NOABNEHWE HeMpeABUEHHOro pe-
3ynbTata No Mepe BXOX[AEHWS B 3Ty 30HY, 34eCb He CYLLEecTBYeT
HWKaKON onpefefieHHON MHGpopMaLnu.

Ecnm  noHagobutcs 3anucatb  AaHHble B fYeliKy namsaTu
2000H (pwuc. 4.3), BOCEMb 3MEMEHTAPHbIX fiUeeK NamsaTh B Hayane
O3Y 6yayT 3anofiHeHbl COYETAHWEM HYMen W eanmHuL, MOocTy-
MaroLWwmx C WUHbI AaHHbIX. ECiv MUKPOMPOLECCop 3axX0YeT 3aTem
cymTaTth M3 AYeiikM namaTu no agpecy 2000H, B O3Y 6yaeT npo-
YMTaHO TO XKe COYeTaHue Hynei 1 eguHUL.

®dusmyeckn O3Y [OMKHO ObITb, OYEBUAHO, COCTaB/EHO
eanHcTBEHHOM WMC. Ho nonyvaetcs, OfHAKO, YTO O4YeHb 4acTo
°3Y cTposaTcs mHaye. Ha puc. 4.3 3aliTpUXOBaHHaA 4acTb pas-
Melllenns paHHbIX B O3Y pasfefnieHa nocpefguHe BepPTUKa/bHO.
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3T0 yKas3blBaET Ha TO, YTO B 3TOM C/lyyae 30Ha pasMeLleHus faH-
HbIX Ha cTpaHuue 20H (U3NYECKU COCTOUT M3 ABYX PasUyYHbIX
NC. 3pecb ansa peanusauuy 30Hbl NamatTn 256X8 Ha cTpaHuue
20H Mukpo-OBM ucnonb3oBaHbl gBa O3Y 256X4 6uUT.

sy
256 6aiT

cBoboaHas
06nacTb

o3y
256 BaiiT

CaobogHas
06nacTb

Puc. 4.3. YNpow,eHHoe npefcTaBeHne namaTtu.

Ha puc. 4.4 npuBefeHbl Tpu BapuaHTa peannsyemblX YCT-
poiicte UIC nonynpoBogHukoBoro O3Y. Ha puc. 4.4, a eaguHas
NC opraHnszoaHa B O3Y 256X8 6uT, Ha puc. 4.4, 6 gse NC co-
CTaB/AOT TAKYH Xe 30HY pasmelleHuns AaHHbIX W, cnefoBaTenbHO
ABa O3Y 256X4 6UT No3BONSAKOT COCTaBMTbL CMOBO M3 8 6uT. Ha-
KOHel, BoceMb O3Y Ha puc. 4.4, B hOpMUPYIOT TaKXe YCTPONCT-
BO pasMeLleHnsa ans 3anucu-4yTeHnsa faHHbIX 256x8 6uT.

YCTpoinCTBO, MpeAcTaBneHHOe Ha puc. 4.4, B, WUMPOKO MC-
nonb3yeTca AN cocTaBfeHns o6wwupHoi namatu. OO6bIYHO wuc-
noneb3ytotT MC O3Y 1024X1, 4096X1, 16384x1 6ut. Kcnonbays
cnocob, MokasaHHbIi Ha puc. 4.4, B, Bocemb O3Y 4096x1 6uT

80



OyneT [OCTaTO4MHO AN (POPMUPOBAHMS OMEpPaTMBHOW NamsaTy
4096X8 6UT. OTMETUM, YTO B 3TOM TWUMNe KOHUrypauum Takue
O3Y 6yayT aKTMBM3MPOBaHbl OAHON W TOW >Xe NUHMWel BblGOpa
KpucTanna, UCXonsawein u3 gelimgparopa agpecos.

B cucteme Mukpo-3BM o6bem namAtu (Mnu namatb 4096x8
6uT) cocTaBnseT 4 K6aiiT (4 K=4096t0 6ainT namaTn).

Puc. 4.4. Tpu crnocoba popMnpoBaHMa NamMaT MMKpPo-3BM:
a—Ha 0JHOM KpucTanne; 6—Ha ABYX KpucTannax;
B—Ha BOCbMW KpucCTaniax.

KOHTpOnLHbIE BOMPOCH!

1 3anucb B fiUYeKM MaMATU UAU CYUTbIBaHWE U3 HUX Mped-
CTaBnseT cobol (pocTyn B, MOMCKM) NaMATb.

2. OnepaTvBHOE M MOCTOSIHHOE 3arnoMMHaloLWMe YCTPOMCTBa,
ncrnonb3yemble B MUKPo-OBM, fBnfOTCA npuMepamu namatu C
____(npou3BonbHbLIM, NOCnefoBaTebHbIM) AOCTYNOM.

3. Cm. puc. 4.2. 3Has agpec, BLICTABMEHHbIN Ha afpecHyto
LUVHY, 0010 0000 0000 0000, onpenennUTb Kakas
A4eiika NamsaTy (B LIeCTHaALATEPUYHOM KOAe) JOCTyNHa MUKPO-
npoveccopy?

N4, Cwm. puc. 4.3. 3Has, 4TO ajpecyeTcs siuelika NaMsTu MUKpO-
M 0001H,  (N3Y, O3Y) BbigacT (npuBecTn 8 6MUT).

81



5. Cm. puc. 4.3. YTo NOABUTCA Ha LWINHE JaHHbIX, ecnu M
CUMTBIBAET COAEPXKMMOe AYeiikn namatn FFFFH?

6. Cm. puc. 4.3. 3Has, 4To agpecyetcs fuelika namstn 2001
H MUKpo-OBM ¥ 4YTO 3fieMeHT NaMATU HaxXo4MTCA B COCTOAHUM

3anucK, Kakom (6airT, TeTpaga) OymeT 3anucaH B
(03y, N3y)?

7. Ha puc. 4.3 (0O3Y, M3Y) coCTOUT U3 €ANHCTBEHHOIA
nc.

8. OnepaTMBHOe 3amoMMHalOLlEe YCTPOMACTBO Ha puc. 4.3
pacrnofioXXeHo Ha cTpaHuue .

9. Bocemb NC O3Y 16 384x1 6uT Mmornu 6bl 6GbITb CO-
CTaBneHbl Kak MC Ha puc. 4.4, B gns TO0ro, 4tobbl obpasosaTtb
namsATb 16 384x8 6uT, 4yto coctaBut K.

10. Cm. puc. 4.3. Kakasd Haubonblias eMKOCTb NaMATM MO-
XeT 6bITb agpecoBaHa 16 afpecHbIMU NTUHUAMMN?

4.3. CocTtaB KOMaHf

Fpynna KomaHf, KOTOpbleé MOXET BbIMOJHATb AaHHbIA MIT,
Ha3blBaeTCA ero cocrTasoM KomaHa. CoctaB KomaHg MIT moxet
cofepxaTb Kak Manoe 4ucno (Bocemb), TaK W 60/bLIOe 4YMUCNO
(200) ocHOBHbIX KOMaHf. CoCTaBbl KOMaH[ He fBAAOTCA HOpMa-
NM30BaHHbIMKU. 3TO HeyA06CTBO CBA3AHO Kak C MHAMBUAYA/bHbIM
noaxofoM K pa3paboTke, Tak U C PasIMUUAMU apXUTEKTYPbl U
HasHauveHunin MI.

WmeeTcss MHOro cnocoboB KnaccugukaLuy KomaHg OfHOro
coctaBa. B aToii rnaee cornacHo HopmaTuBaM, NPeA/IoKEHHbIM
HayUHbIM O6LLECTBOM WHXEHEPOB-3/IEKTPOHLLUKOB, Mbl WU3Yy4UM
cnefylouine KOMaHfbl: apuMeTUyeckue, NOrnMYeckue, nepegaum
[aHHbIX, Bbl30Ba mognporpamm, Bo3Bpara M3 mognporpamm, npo-
yue.

JnemeHTapHbli MM 6ygeT npeAcTaBfieH CReayloWuUM Co-
CTaBOM apU(METUYECKMX KOMAHL: C/IOXKeHWe, BblYUTaHWE, WH-
KpeMeHTUpOBaHWe, CpaBHEHWE, OTPULAHME.

HekoTopble KOHKpeTHble MIT moryt o6nagatb Apyrumu
apupMeTMUYeCKUMU KOMaHAamu, TakKUMK, Kak C/NOXEeHWe C nepe-
HOCOM, BblYMTAHWE C 32EMOM, YMHOXEHWe U [efneHue.

dnemeHTapHbIi M Hagensertcs cnegyroWwmMmmn 10rmMyecKuMu
KomaHgamun: W, WNIN, WUIN WCKNKOYAKWLWEE, HE (oT-
puLaHue), cABUT BNpaBo, CABUT BEBO.

HekoTtopble MTI1, Kpome TOro, HafeneHol TakKUMW fiornyec-
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KUMKW KOMaHAamu, Kak apu)MeTuyeckuii cABWr BMpaBo, LUK-
NIMYECKNe CABUIN BMNpPaBO W BeBO, LUWKIMYECKUE CABUTU BrpaBo
N BfIEBO C MEPEHOCOM U TeCTUPOBAHME.

Hall >xke 3anemMeHTapHbI npoueccop Bcerfa Hafensercs Ko-
MaHZaMn nepefjaun  [aHHbIX:  3arpysku, pasmelleHus, nepe-
MellleHus, BBOJa, BbIBOAA.

Bonee cnoXHbIn cocTaB ByaeT cofepXxaTb KOMaHAbl 00MeHa,
cbpoca U UHULMann3aLmm.

UTo KacaeTCs KOMaHf BETBMIEHMS, OHW chnegylolne: 6es-
YC/OBHbIW Nepexof; Mepexof, ecin Hyfb; Mepexof, ec/in He Hyfb;
Mepexof, eCnn PaBeHCTBO; Mepexof, ec/M HepaBeHCTBO; Mepexofq,
€C/IX MOJIOXMUTENBHO; Mepexod, ecnnm OTpULaTesSbHO.

[pyrne KomaHibl YC/OBHbIX MEepPexofoB, MMelLWMecs B He-
KOTOPbIX MWKPOMpPOLLeCCopax, MOryT 3aBUCETb OT Takux YCM0BUIA,
Kak: 60/blle WM MeHbLUe, CABWUM WAW HET, NepenosiHeHWE Wn
HeT. KomaHAbl BETBMIEHUA ABAAKOTCA KOMaHAMWU MPUHATUA pe-
LUEHWIA.

AnemeHTapHbIA MuUKponpoueccop 6yfeT HafeneH KOMaHAOoM
Bbl3oBa nognporpammbl, (06bI4HO CALL—BbI30B), 4TO6bLI NpPO-
rpaMMa Morna nepemTy K cneumansHOW rpynne KOMaHz, KOoTopble
pelarT NocTaBneHHy 3agady. Bce MIT o6nagaloT KomaHAow
6€e3yC/I0BHOrO BbI30Ba, a HEKOTOPble HajefieHbl KOMaHAOW YCNoB-
HOro BbI30Ba, Hanpumep, CALL, ecanm Hynb; CALL, ecnn He
Hynb; CALL, ecnv NonoXuTenbHO UAN He MONOXUTeNbHO, U T. 4.

B KoHue BbINoNHeHMA nognporpammbl MIT [OMKEH UMeTb
BO3MOXHOCTb BO3BpaTa B TOUKY OTMpPaB/eHNs U3 Haya/ibHOW Mpo-
rpaMmMbl. dTa OMepauus BbINOSHSETCA KOMaHAoi Bo3BpaTa. dTa
KOMaHfa 06blYHO 6e3yCnoBHa, HO HekoTopble MIT cHabXeHbl ©
YC/MOBHbIM BO3BPATOM.

HakoHel, npounmmn KoMaHgamu anemeHTapHoro MIT 6yayT:
HeT onepauuun, MOMECTUTb B CTEK, BbIATU W3 CTeKa, OXWAaHue,
OCTaHOB.

BO3MOXHbI M [Apyrne KOMaHAbl: MNpepbiBaHUA aKTUBU3aLUK
1y cbpoca, 0CTaHOBA, AECATUYHON KOppeKL K.

MMonb30BaTenM MWUKPOMPOLECCOPHbLIX CUCTEM BCTPeYarTCsd C
MHOTFOUYMCNEHHBIMW CNOCO6AMUN BbIPKEHUSA OLHUX U TEX XKE KO-
MaHZ. V3 3TOoro MHOXecTBa npuBefeM KOMaHAy CIOXEeHUs ABYX
yucen ans mukponpoueccopa Motorola 6800. ma KomaHAbl SiB-
NAeTCA aKTUBHOW (hopmoli rnarona W HasbiBaeTcs onepauuvei. B
Tab 4.1 BbIMOMHAEMOW onepauneidl ABAETCA CNOXEHME.
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Tabnuiua 4.1.
OnucaHve KomaHabl ADD

Onepauns MHemoHn- KOI CumBonvka (Bce 0603HauveHUs

Ka PErncTpoB ABNAOTCA UX CO-
LEePXKMUMbIM)
Cnoxuts ADD M 8BH A+ M -»A
AKKYMYSiTOp AKKyMyNaTop
0001 1K10 00/0 1101
Jo onepauyn Mocne onepauyu

Puc. 4.5. KomaHga ADD.

Monb3oBaTenn paboTaldT 4YacTO C COKpaLLeHHbIMKU hopmamu
BblpaXXeHUs onepayuuv, MHeEMOHuM4Yeckmmu. B Tabn. 4.1 ADD M
(OTMETMM, YTO MHEMOHWKW BCerga 3anucbiBatoTcs 60nbWMMK BYy-
KBaMu). Peructp KomaHj W CXema [eKOAMPOBaHUS MOHMMaloT
TONbKO A3blK Hyneir u eanHuy. Kop onepauum (KOIM) apnsetcs
LeCTHaALUATEPUYHBIM MpesCcTaBieHUeM 8-paspsgHOro 4BOUYHOIO
Kofa, KoTopblii 3acTaBnsieT MI1 BbIMONHUTL 3Ty KOMaHAy. B Ta6n.
4.1 KON pgna MM Motorola 6800 ana ADD M 6yaet 8BH (1000
FOM2). B KONOHKe CMMBOAUKN B Tabn. 4.1 nokasbiBaeTcsi, YTO CO-
fepxumoe namatn (M) cknafblBaeTcs ¢ COAEPXMUMbIM aKKyMy/s-
TopoMm (A) B M, cTpenka ykasblBaeT, YTO pe3y/bTaT nomelaercs
B akKKymynsatop A.

Ha pwuc. 4.5 npvBefeH npvmep MUCMOMNb30BaHUA KOMAaHAbI
cnoxeHns ADD M. Cogepxumoe (A) akkymynatopa (00011110)
cknafbiBaeTca ¢ cofdepxumbiM (M) namaTtu (00001111), cymma
(00101101) nomeuiaeTca B akkymynatop (cnpasa). 3ameTUM, 4TO
COAEPXMMOE fYeKM MaMATU He WM3MEHWO0Cb, TOrja Kak copep-
XMUMOE aKKyMynfaTopa Ctano Apyrum.
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KOHTpO/bHLIE BOMPOCHI

1. Tpynna onepauuii, KOTOPbIE MOXET BbINOMHUTL MIT,
NnpeacTaBnsieTr ero___ .

2. epeyncnuTtb cemMb Fpynn coctasa KomaHg M.

3. Onepaumss ADD BbINONHSAETCA N0 KOMaHge apudgme-
TUYeCKUX [elcTBWIA, Torga Kak onepauus W/ BbinonHseTcs no
KOMaHfae__ AelicTBWIA.

4. Onepaums caBura BbINOMHAETCS KOMaHAOM _ feiicT-
BUIA.

5. MNepeuncanTb MATb OCHOBHbLIX ONepauuin nepefayn fAaH-
HbIX, KOTOpPble MOXHO HaliTu B cocTaBe KoMaHg MIT.

6. OnepauuMn NPUHATUA pPELIEeHWn BbLIMOMHAKTCA N0 KO-
MaHjaMm

7. lNepeuncnutb KOMaHAbl YC/IOBHOrO repexoga coctaBa Ko-
MaHg MIT.

8. CneunanbHasa rpynna KoOMaHz, KOTOpas B XOAe peLueHus
TeKylleld 3afjayy MOXET 4acTO MOBTOPATLCA, Ha3blBaeTca _
(MHL4EeKcOoM, nognporpammont).

9. Kakylo Tekyulyto KomaHgy oTpabaTbiBaeT MI1, oT-
BETBNAACL B MOAMNPOrpamMmmy?

10. Kakas komMaHfa B KOHUe nognporpammbl npusogant M1
B OCHOBHYH Mnporpammy?

11. MepeuyncnuTb NATb PasINUHbLIX KOMaHZA, npuHaanexawmnx
COCTaBy KoMaHg MHormx Mri?

12. Cm. Tabn. 4.2. YTto cnepyet 3anucatb B BepxHell CTpOKe
Tabnuubl Npy onepauuy BbIYUTAHUA?

Tabnmua 4.2.
Onepauus BblYATaHMA
Onepauus ? ?  CumBonuka (0603HaueHMe perncr-
pa—ero CoAepXXMMoe)
Bblyects SUB M 80H A—M —A

13. Cm. puc. 4.6. UYucno 80H (H-kopm) npeacTaBnsieT co6oii

14. Cwm. puc 4.6. MNMocne BbinosHeHUsa onepaunn SUB A B ak-
Kymynsitope 6yaeTt :
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AKKyMyNSTOp AYMIFTD

?
[0 onepauun _ TTTccne onepauwm

MamsaTb

Puc. 4.6. lMpumep BblYMTaHNS.

4.4, CTpyKTypa 3/1eMeHTapHOro MuKponpoLeccopa

OCHOBHbIM YCTPOWCTBOM BCEX MH(OPMALMUOHHBLIX CUCTEM
ABNAETCA LeHTpanbHbii npoueccop (LLM). 3 MHOroumcneHHbIX
NC ponb LM cucteM BbINOAHAKOT Mukponpoleccopbl. O6bIYHO B
TEXHOMOTUN  MUKPOUH(OPMALMOHHOW TEXHUKW NPOrpammHyto
namaTb, NaMsATb JaHHbIX, MHTepdelic BBOAA-BbIBOAA, AellungpaTop
afipecoB BbLIMOJIHAIT Ha pa3nyHbiX MC, Kak 3T0 MOKa3aHO Ha
puc. 4.1.

LleHTpanbHbIM YCTPOMCTBOM CUCTEMbI SBASIETCA MMKpPOMpoLec-
COp, KOTOPbIA COAEPXWUT OObIYHO 3N1EMEHTbl pasMeLleHns AaH-
HbIX, Ha3blBaeMble perucTpamu, 1 YCTPOWCTBO cueTa, Has3blBaemoe
apuMeTUKO-Iormyeckum yctpoiicteom  (AJTY). LleHTpanbHoe
YCTPOMCTBO COAEPXUT TaKXe Lenb [LEeKOAUPOBAHUS KOMaHfg W
CEKUMIO YMpaB/feHUs U CUHXPOoHM3aummn. OHO CHabXeHOo Takxe
Heo6X0AUMBIMU COEAUHEHMAMMN C YCTPOMCTBOM BBOLA/BbIBOAA.

OCHOBHbIMU (PYHKLMAMU LEHTPanbHOro YcTpoiicTBa MUKpPO-
OBM gBnaioTca cnegylowme:

1) u3BneyeHue, AeKOAMPOBAHME W BbIMOAHEHUE KOMaHf Mpo-
rpaMmbl B YKasaHHOM MOpPALKe;

2) nepefaya AaHHbIX M3 namsaTv U B namsaTb U u3 YBB un B
YBB;

3) 0TBETHl HA BHELUHWE MPepbIBAHUS;

4) yCTaHOBKa 06Leil CUHXPOHU3ALMMW 1 CUTHAMOB YMpaB/ieHUs
[N BCEA CUCTEMBI.

BOMbLIMHCTBO LEHTPaNnbHbIX YCTPOWCTB COLEPXUT NO
MeHbLUed Mepe 3MEMEHTbI, CXeMaTU4eCKU MpeAcTaB/ieHHble Ha
puc. 4.7. Hanbonee BaxHble CEKLMW COAEPXKAT Pas/iMyHble peru-
CTpbl, AJTY, gewndgpartop KoMaHg,
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Puc. 4.7. ¥YnpolleHHaa apxuTeKTypa LLeHTpanbHOro npoteccopa.

YCTPOIiCTBa YNpaBMeHNs U CUHXPOHU3aUMuK, a Takke YBB. B Ha-
cToslllee Bpemsi BONbLIMHCTBO MMWKPOMPOLECCOPOB  COfepxaT
MHOXECTBO AOMNOSHUTENbHbLIX CheunanbHbIX PerucTpoB (Ha puc.
4.7 He NOKa3saHbl).

ApupmeTnKo-normyeckoe yctpoictso LM BbINOMHAET Takue

orepauumn, Kak CnoXkeHue, cBuUr/nepecTtaHOBKa, CpaBHeHWe, WH-
KPEMEHT, [EeKPEMEHT, oTpuuaHue, n, nnn, g
NCKMKOYAKLULEE, gononHeHune, cbpoc, nHUUnannsaumns.
Ecnn AJTY [O/MKHO BbINOMHWUTL OMepauunio CA0XeHUa nocpes-
CTBOM KoMaHAbl ADD, npoueaypa mMorna 6bl 6biTb aHan0rM4YHONA
npeacTaBneHHoOn Ha puc. 4.8, 0. 34ecb COAEpPXUMOE  aK-
Kymynatopa OAH cknafblBaeTcsi C COLEPXUMbIM perucrpa Bpe-
MEHHOro XpaHeHuMs fgaHHbiXx 05H. Cymma OFH nomelleHa B ak-
KyMY/IATOP.

Ha puc. 4.8,6 npuBefeHbl OCHOBHble (DYHKLMWOHaNbHbIE 3/e-
MeHTbI TUMoBoro AJTY. OHO COAEPXWUT CyMMaTop U YCTPOWCTBO
caBura, a pesy/bTaTbl MepechblNaloTCs B akKymynsaTop nocpejcT-
BOM BHYTPEHHEN LUWHbI JaHHbIX.

Peructp coctosHua cnoea B AJIY fBNseTca YCTPOWCTBOM

'« H 0 BaXHbIM (ero HasblBalOT MHOrJa PerucTpom Koja
Tpurr W VHO/KaTOPOM)- STOT perunctp CoCTOUT U3 rpynnbl

*»». K°T°pble MOryT ObiTb YCTaHOB/IEHbl WAW COPOLLEHbI
Any 37,3 Pe3YibTaTOB MocneAHeid onepauun, BbIMOAHEHHOM
orpvuat ATpurrepbl UM MHAMKATOPbLI COAepXKaT yKasaTenu Hyns,

Monb3ytg /BHO'O pe3MibTaTa>nepeHoca M 1. A. VHAMKATOPbI UC-
ca ANA NPUHATUA peLleHnin, Korja BBOAATCH KOMaHZbl
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BETBMEHWNIA. AKKYMYNATOp O6bIYHO Ucnonb3yetcs B Xofe 60/b-
LUMHCTBA Onepauunii, BbINOAHAEMbIX LeH'T PanbHbIM YCTPOMNCTBOM,
HanpuMep, nepefayn faHHbIX.

Puc. 4.8. BbinonHeHue onepauyun ADD (°) n "PY" YP3 NOm

YCTPOACTBO YNpaBNeHNs1 U cuHxpoH”sanmn (cm- Puc- 4.7) siB-
nfeTca Hambonee CNOXHbIM B LEeHTP3MbHOM npoueccope. OHo
BAMAET Ha BCe coObNMA W ynpasBnfeT ,X MPOTeKaHWEM BHYTPU
LIeHTpaNbHOro YCTpOiiCTBA U BO BCeil M»KPo-3BM. Mbl ynomu-
Hann B npeaplaywiein rnase, yto KaXXJ” KoMaHga nporpammbl
MOXeT ObNb pa3feneHa Ha 3Tanbl vBB-leyeHUs U BbIMONHEHUS.
Kaxgblii U3 HUX B CBOIO 04epeab MO#ET 6biTb PasfeneH Ha ane_
MeHTapHble MuKponporpaMmbl. Mukp°nPorPammbl KaXa°i Ko _
MaHAbl Haxofdtca B CeKuuu pekoflPoBaHWA W BbINOHAKOTCA
6/10KOM ynpaBneHUs U CUHXTPOHM3au HeliTpasbHOrO YCTPOMCT-
B;.

LLlecTHaaLaTMpaspaAcHblii perCTP’ Ha3blBaEMbIl CUHETUM-
KOM KOMaHf, MpeAcTaBfieH Ha puc. ™ KakK 3/1EMeHT> COCTaB-
NAKWNIA YacTb LEHTPANbHOI0 YCTPONC'183- 3ToT PernctP cnyxut
ANS XpaHeHusa agpeca cnefaytollein koVaHObI>4TOGbI M3BNEYL €€
M3 namMATW. TakK Kak KOMaHAbl BbINONHAKTCA MOC/E0BaTe/bHO,
CYETUMK KOMAaH[ CUMTaeT MNPAMbIM CYETOM, EC/IN TO/bKO HEeT
KOHTpropaaka. bonbwaa 4 actb BbiNYcKaeMbiX MUKpoOMNpoLecco-
POB UMeeT 16-pas3psgHblii C YETUMK KOMaH/I> KOTOPbIA MOXET af-
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pecoBaTb 64 K c/ioB namsiTu NOCPeACTBOM afpecHOl LUWUHBI.
HopmanbHad nocnegoBaTelbHOCTb BbIMO/IHEHUA KOMaHg npo-
rpammbl  MOXeT OblTb W3MeHeHa chneunanbHbIMU  KOMaHAamm
BETB/IEHUS, Bbl30Ba MOAMpOrpamm, BO3BpaTa M3 MoAnNporpamm
NN npepbiBaHMA. 3TN KOMaHAbl MOBJEKYT Mepexos COAep>KMMOro
CYETUMKA KOMaHZ Ha ApYryt BeIMUYMHY, OT/IMYHYIO OT CliefytoLle-
ro crapwero agpeca. Y1obbl BepHyTb nporpammy B UCXOAHOE CO-
CTOAHME nocfie MocnefoBaTeNbHOCTM ee 3amnycka, orepatop Aon-
)KEH BOCCTAHOBWUTb B CYETYMKE KOMaH[ HOMEpP MNepBoOii KOoMaHApbl
nporpamMmmbl.

MocnefoBaTeNbHOCTL U3B/EYEHME- [eKOAMPOBaHME- BbINO/IHEHME
KOMaHf fBMSeTCH OCHOBOW (PYHKLMOHUPOBAHUSA BbIYNCAUTENbHOM
MawuHbl. lMepBas KOmaHga, W3B/EYEHHad M3 NamAaTu nporpam-
Mbl, onpefenseT Kog onepauuy NepBOil KOMaHAbl U MOMeLLaeTCs
B perucTp KOMaHj YCTPOWCTBOM YMpaB/ieHUs LeHTpasbHbIM Npo-
Leccopom. Kog onepaumm MCTONKOBbIBAeTCA AeLIN(PaTOpPOM KO-
MaH[, KOTOpbI/i yKa3blBaeT 3aTeM MpoLeccopy npoueaypy ynpas-
NEHNA W CUHXPOHM3ALMKN, KOTOPOIN A0MXHA ClefoBaTb Nporpam-
Ma Ans BbINO/IHEHWS 3afaHHO KOMaHAbI.

LleHTpanbHOe YCTPOIACTBO, MOKa3aHHOE Ha puc. 4.7, ABnseTca
aneMeHTapHbIM. bonblias 4YacTb LEHTpanbHbIX YycTpoicTs MI
COAEPXXUT, MO MEHbLUEA Mepe, HECKONbKO AOMOMHUTENbHbIX peru-
cTpoB (8 n 16 6uT). CywecTBYHOT O4YeHb 60MblUME pa3nnuns B
KO/IMYeCcTBE U TUMe PErncTpoB B 3aBMCUMOCTM OT TUMNoB MIT.

KOHTpONbLHbIEe BONPOCHI

1. Kakyl 4YacTb MUKp0o-3BM 0603Ha4al0T COKpaLeHUEM
Lin?
2. Cm. puc. 4.1. I'me pacnonaraetcst LM B 610Ke Bceit cuc-
TeMbl MUKPO-3BM?

3. LleHTpanbHbIii NpoLeccop 06bIYHO COLEPXUT:

a) YCTPOWCTBO pasmelleHns fAaHHbIX, Ha3blBaemoe

6) YCTPOICTBO cyeTa, Ha3blBaemMoe _ ;

B) ycTpolicteo____ ;

r) YCTPOMCTBO U CUHXPOHM3ALUMN.

4. Kakue 4eTbipe 0CHOBHbIX HazHayeHus LM B MMKpo-OBM?

5. Kakoe yCcTpoicTBO MUKP0-OBM COKpalleHHO Ha3bliBaeTCs
ANY?

6. Cm. puc. 4.9. KakoBO COAep>XMMOEe aKKyMynsTopa nocrne
onepauun N?
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7. Cm. puc. 4.9. Mocne onepaumn N nHgmMkaTop Hyns 6yaet
(ycTaHoBNEH, COpOLLEH).

8. Peructp coctosiHUin AJ1Y HasblBaeTCa TakXe PerucTpom
Kofa , @ TPUITEepbl HasbiBalOTCA
AKKYyMynaTop AKKYyMynaTop
IOlOlOJOJ
Mocne

0
one;ﬁ%umm u AY onepauuun n

Loooooooo 1 gSjjfle [t
PaHBHmA Koy

Ecnu 8 akkymynaTope OOH,Z=1
Ecnn o akkymynaTope He OOH 2*0

Puc. 4.9. K ynpaxHeHusam 4.47 v 4.48.

9. Kakasd BaxHas 4yacTb LIIT npegHasHavyeHa A4Na ynpasneHuUs
BCEMU COOLITUAMU BHYTPU CUCTEMBI?

10. Pernctp UMM, yaepXuBarownii agpec nocneaytoLlein Ko-
MaHAbl, W3BfieKaemMolW W3 MNPOrpaMMHOMA NamaTh, Ha3biBaeTcs

11. O6bIYHO CYETUYUK KOMaHf WHKPEMEHTUPYETCS B MPSMOM
HanmpaB/feHWV ANS afpecauun KOMaHf B MPOrpaMMHO namatu B
nopsfke Bo3pacTaHUsA afpeca, 3a WCKIOYEHWEeM CfydvaeB, Korga
ero COLEPXKMMOE U3MEHSETCA KoMaHaamu

12. B Hayane npoueaypbl BbiNonHeHUAa KomaHabl KOT1 nep-
BOM KOMaHAbl MoMeLllaeTcs B peructp___ (akkymynsTopa, Ko-
MaHg) M.

13. Yacte MM, uHTepnpeTtupytowas KOT1, nomelleHHbIi B
pc.MCTp KOMaHf, W Onpefendlollad Mocnieayowy npoueaypy
YMpPaB/EHNA U CUHXPOHU3AUNN ANA BbINONHEHUSA KOMaHAbl, ABMA-
eTcs

4.5. ®YHKUMOHNPOBaHNE MUKPO-OBM
MycTb TpebyeTca BbIMOAHUTL NPOCTYIO ONEpauuio CaoXeHUs
Tpex uyucen, Hanpumep 10+5+18=33i0- KopoTkas u npocrtas

MWKPOMpPOrpaMma BbIMONHEHUS 3TOW onepauun morna 6bl 6bITh
3anucaHa B CNefytoLLein nocnefoBaTelbHOCTH.
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KomaHga 1: 3arpy3uTs (LOAD) nepsoe uucno (10t0) B LiM.

KomaHga 2: cnoxuts (ADD) BTopoe uuncno (5t0) ¢ nepsbiM.

KomaHga 3 cnoxutb (ADD) Ttpetbe uucno (1810) c asyms
npeabioyLWwmMu.

KomaHga 4: nomectutb (STORE) cymmy (3310) B Aueiiky na-
maTn 2000H.

MMocne 3arpysku B namATb MpPOrpaMmbl 3TWU KOMaHAbl MOrv
Obl M3BNEKATbCH W3 Hee Kak KOMaHfbl namaTu, NOKas3aHHOW Ha
puc. 4.10! 3ameTuM, 4TO Mepsas KomaHga nporpammbl HaYMHaeT-
csa ¢ agpeca 0000H. O1a komaHga (LOAD uucno OAH) ncnonb-
3yeT 2 6GaiiT mamsATu. MepBblii 6ailT NamMATM COAEPXXUT OMepaTuB-
HYlH0 4YacTb KOMaHAbl, apyroin—onepaHa. Kopg onepauymm LOAD
N8 MuUKponpoleccopa, WUCNoMb3yemoro B 3TOM npumepe, OyaeT
86H (1000 Oro02. OnepaHg OAH (0000 HOHO2) aBnseTcs nep-
BbIM YMCNOM, MOA/IeXKAaLUM 3arpy3ke B aKKyMynsTop MWUKPOMpPO-
Leccopa. 3ameTum, 4T0o puc. 4.10 ABNAETCA LWMPOKO pacrnpocTpa-
HEHHbIM NpejcTaB/ieHNeM COLEPXKMMOro nNamaTv 1 afpecos B LUe-
CTHaALATEPUYHOI 3anucu. B peanbHON [AeicTBylOLLEA MallWHe
Takas uMHpopmaLma npeacraBnfeTcs B Gopme HanpsxeHus H- u
L-ypoBHEelA.

MpegnonoXxum, 4To nporpamma pasmelleHa B 6noke O3Y
MUKPO-3BM (puc. 4.1), B KOTOPYIO BXOAAT YCTPOACTBa, Npea-
CTaB/ieHHble Ha puc. 4.7. B Takom cnyyae puc. 4.11 unnoctpu-
pyeT kaxgyto onepauyuto nporpammbl (LOAD, ADD, ADD,
STORE).

Onepauus 3arpy3kn (LOAD) nepBoii KOMaHAbl NOAPOGHO
npusejeHa Ha puc. 4.11, a n nokasblBaeT, 4YTO COAepXnNMoe
Auelikn namatn 0001H 3arpyeHo B akKymynaTop, KOTOpbIi
coaepXuT nocse atoro 0000 10102 — nepBoOe cnaraeMoe 4Yucro.
B pesynbTaTe onepauuu 3arpysku cTupaeTca npegbigyllee wu
3anucbiBaeTCA HOBOE COfepXXuMmoe akkymynaTopa. Brtopas Ko-
maHga, onepaums ADD, pgetanusmMpoBaHa Ha puc. 4.11,6. Co-
AepxXumoe Aveiikn namatym 0003H (0000 01012) cknagblBaeTcs C
cogepXnmbIiM akkymynatopa 0000 HOHO2, uto pgaet cymmy 0000
11112, nomelLaemMyo B aKKyMynaTop, U Mbl MOXEM 3aMeTUThb,
4YTO COJEpPXUMOE aKKyMynatopa W3MeHfeTcs npu omnepayum
ADD.
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MamMaTb BaHHbIX

2000
7001
200z

Puc. 4.10. YacTb nporpammbl cnoxeHua 10+5+18.

Ha puc. 4.11, B nokasaHa BTopas onepayua ADD (koMaHga
3); cogepxxumoe akkymynatopa—cyMma 000011112 cnoxeHa ¢ cO_
JEPXKUMbIM A4yeiikn namaTtu 0005H, T. e. BbIMOMHAETCA onepaLms
0000 1111 +0001 0010==0010 0001. OkoHuatenbHo 0010 00°1
nosiBASAETCSH B aKKyMynaTope nocse BTOpoi onepauum ADD.

Onepayna STORE (PASMECTWTbL) no komaHge 4 npepj-
cTaBneHa Ha puc. 4.11,r. Copgepxumoe akkymynstopa (0010
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0X012) nepefaHO M pasMeLleHO B fYeilke MamATM No agpecy
2000H. 3ameTuM, TaK XaK 3TO Ba)KHO, YTO AYElKM NamsiTU [aH-
HbIX OblIM WAEHTU(PUMPOBaHbLI B NaMATU MPOrpaMmMbl ABYMS
pasgenbHbiMu 6aiitam? (0007H n 0008H). Aueiika namsaTu npo-
rpamMmmbl 0006H cogepxut KOIM B7H npsmoit komaHabl STORE
(cm. puc. 4.10).

PaccMOTpUM  M3BfEYEHVe, [LEKOAMPOBAHME W BbIMOSHEHNE
koMmaHabl LOAD no agecam 0000H u 0001H B nporpamme.

JTOT TWM KOMaHAbl OyAeT BbIMOMAHEH, BEPOATHO, 3a BpeMs
0K0N0 2—6 MKC 601bMMHCTBOM MWUKPO-3BM. PucyHok 4.12 un-
NOCTPUPYET Npouesyp BbINOMHEHUS LeHTPanbHbIM MPOLECCOPOM
3TOW cneunanbHORM onepauun.

PaccmMoTpum cBe:Xy CneBa HampaBo MOC/eL0BaTe/IbHOCTb
JencTBuin Ha puc. 4.11 cueTUMK KOMaH[ npexpie BCero ycraHas-
NMBaeT afipec MepBOro 3tana nporpamMmmbl.

Mocne aTtoro 16-:a3psfHbIA afpec nepefaeTcs B afpecHbli
PerucTp, 3aTeM Ha afpKHYH LWWHY U B NMamATb Mporpammbl. Jns
aKTUBM3aUMmM namatu :porpamMmbl LI BblAaeT CUrHan CYMTbIBA-
Hus nporpaMmbl (1 HanuHum R/W), B TO BpeMs Kak felundpa-
TOp agpecoB (KOTopbl* He BX0AMT B cocTaB LIIM) akTueusmpyet
BbI6Op KpucTanna CS aynem. 3aTeM CUETUMK KOMaHL WHKpPeMeH-
Tupyetca go 0001 H, melika namatu nporpammbl 0000H cTaHo-
BUTCS JOCTYMHON N €2 COLEPXXMMOe CUMUTBLIBAETCA Ha LUWHY faH-
HbiX. Kop onepauymn $H) komaHgabl LOAD nepepaetcs B pe-
ructp LIM. 3tan mnssnevenms KOTT komaHgbl LOAD 3aBepLueH.

AKKyMynsTOp “yMynsTop AKKyMynsTop AKKymMynsTop
C ] Qroton r 00001010 1 I QoL o
[Mocne AO Mocne

ongbgumw LOAD  onepalyu onepaLum onepaﬂmm
00001010 | $O0Tr1, a) 1 0000 0101 6)

AKKyMynaTop M/MynaTop AKKYMYyNaTop AKKyMynsITOp
00001111 J p '100001 | 0o0axa 0010 0001

0 "—' 'V Tlocne AO .
onéqpaqmm onepauym onepauyym ~ STOfie o.ﬂe%%ﬂim
1 orrrooio\(%fflk B) r (roooH) 1 aoto ooof\

tyc. 4.11. KomaHgbl:
a-LOAD; ~-ADD,; s—ADD; r - STORE.
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0ornepaTopom

CyeTumk ' ~1 AnpeEvbm
KOMaHz [ (0000H 0000H 3™ heguctp
i LLvHa agpeca
pibierp’ oo} QOH s
Bobisog K/W HT1 E;&Q'WRV{W
M3Bne- BbiBOg fewmdpaTopa 7 | Bxog C$
YeHMe  agpeca uLJ n namaTu
CyeTUnK ViHKpemeHT CUeTumK
KOMaH, 0000H 0001H KOMaH
MporpamvHas 8H BOISH | LLnHa AaHHbIX
ravHT (0000H
LLItHa AaHHbIX M \- BeH Eg&gﬁzp
feko- (-
vpo - <PerucTp KonaHa ISH 86H
BaHWe K }eoeee
'CyeTUnK ““l PerncTp
KOMaH, 0001H 0001H __lHomang
i J ] LLvHa agpeca
ﬁ@?ﬁﬂbﬁ” |- I u n J+namaTs
BbiBog R/w M1 n > L E;OM'C;"*.%W
M3sne- Bbisog fewmcppaTopa ™1 Bxog CS
YeHve aapeca 1 r n namaTu
WHKpemeHT “1C
CueTumk UETUMK
KoMaH] .0001H { oooH 3 Komarg
MporpaMmHas
namaTb (0001H PAH [ \" PAH LLHa fjaHHbIX
LLInHa faHHbIX 0o+ AKKYMynaTop

Puc. 4.12. Mopgpo6HbIi aHann3 komaHabl LOAD

HENocpeACTBEHHbIX AaHHbIX.

3aTtem KOI (86H), copepxauwimiica B PerucTpe KomaHfbl
MHTEpnpeTMpyeTca AdewndpaTtopom KomaHi. B pgaHHoOM

cnyyae LM onpepensetr, nger nn pedbs 0 kKomaHge LOAD He-
MoCpPeACcTBEHHO, YTO O3HAyaeT 3arpysky MM COAEPXWMOro na-
MSTW, afpec KOTOpoi crneayeT HemocpeacTBeHHO 3a KOTI, B ak-
Kymynatop. Cogepxumoe cuyeTunmka KomaHpg (0001 H) nepe-
[aeTcs B afPeCHbI PerucTp, Ha afpecHyo LWWHY U B NaMAaTb.

LleHTpanbHbIA npoueccop BbigaeT umnynsc HIGH cuntbiBa-
Ha Bxof R/W namatu. Wmnynsc LOW nocTynaeT Ha BXof

94



CS namsTu, 4To aKTUBU3UPYET NamMsiTb. B TpeTbeil cTpoke (CHM3Y)
Ha puc. 4.12 CYeTYMK KOMaHf UHKpemeHTuUpyetcs go 0002H, uto
NOAroTaB/IMBaET €ro K W3BAEYEHUIO MOCNeAytoLeli KOMaHAbI.
Aveiika nmamATM 0001 H cTaHOBWTCA AOCTYMHOW, M ee COAEPXU-
moe (OAH) nocTynaeT Ha LWWHY AaHHbLIX, 3aTeM MepefaeTca B
akkymynaTtop. B xoge atana usBneveHns KOI Bcerga nomeriaet-
CA B PErucTp KOMaHg.

KOHTpONLHbLIe BOMPOCHI

1 [lBe 4acTu KOMaHAbl MWKPOMPOLLECCOPOB HasbiBaKOTCA
onepauuven n .

2. Cm. puc. 4.10. Korpga adelika namatu 0002H goctynHa, ee
cofepXumoe nepepaetca B peructp LI yepes wuHy
(agpeca, AaHHbIX).

3. Cm. puc. 4.10. Aueiika namatn 0003H cogepxxmt 05H, uto

paccmaTtpuBaetcs LM kak__ (onepaums, onepaHj) KOMaHpbl.

4. [BouyHoe 16-pa3psfHOe 4UCAO MOXET ObiTb npej-
CTaB/IeHO LWeCTHaALaTEPUUHBIM YNCI0M undpamum.

5. MNpuBecTn Tpu MocnefoBaTe/lbHbIX 3Tana LMKia KOMaHibl
MUKporpoLeccopa.

6. Cm. puc. 4.12. 3T1an M3BNEYEHUA ABNAETCA OCHOBHbLIM MpU
onepaumm _ (CynTbIBaHWA, 3anucu), COAEPXKMMOE NamaTu
nomewlaetrca B (aKKyMynsTop, perucTp KomMaHfj) MUKponpo-
Lieccopa.

7. B xofe u3BnevyeHus (fLelmdpatop KOMaHA, CYHETYUMK KO-
MaHfa) ykasbiBaeT agpec KOl n3BneyeHns u3 namstu.

8. CM. puc. 4.12. Kakue fpyrve BXoAbl NamMaTv Heo6XOLUMbI
N8 aKTUBM3aLUKU CUUTbIBAHMA 6GaiiTa KpOMe afpecHoro Bxoga?

9. Cm. puc. 4.10. Kakoe LlecTHagLaTepuyHoe YMUCNO AOMXKHO
OblTb MOMeLleHO B siYeiiKy namsatm 2000H nocne BbIMOMHEHWS
LM komaHAbl 4?

10. Cm. puc. 4.12. lMocne nocnefoBaTe/lbHOro0 BbIMOIHEHUSA
nocnefoBaTe/lbHOCTM AEACTBUIA CYETUMK KOMaHf BOCCTaHaBU-
BaeTcs (newndpaTopom agpeca, OnepaTopom).
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Jax. OnepaunMoOHHOEe YCTPONCTBO BbIMOMHAET KOMaHAbl, 0OMeHMBa-
eTCs faHHbIMU W afpecaMn C LIWHHbIM WHTepdeincom, onepupyet
obWwmMmMmn peructpamm n naxkamu. B ero coctaBe mmeetca 610K
MWUKPOMPOrpaMMHOro ynpaeneHns (YY), KOTOpbiid gelumngpupyet
KOMaHfbl 1 (hopMUpyeT He0BXOAUMbIE YNpaBAstoLWme curHanbl. Kak
BMAHO M3 puc.5.1la B MIM 8086 umeetcsd 14 16-OUTHLIX PerucTpos
(BMecTO ceMun 8-6UTHBLIX pernctpoB B 8080, B ckoOKax ykasaHbl CO-
OTBETCTBYtOLMe perncTpbl M1 8080), koTOpble MO CBOEMY Ha3Haue-
HUIO MOXHO pasfefinTb Ha TpY TPynnbl.

Pernctpbl AX, BX, CX, DX puc.5.16 o6pa3sytoT rpynny pe-
rMcTpoB o6uero HasHayeHuss (POH) n o06nagatoT CBOMCTBOM pas-
fenbHoW agpecauny ctapwmx (H) m mnagwmx (L) 6aiitos, T.e.
KaXAbI M3 HUX MOXHO WCMOMb30BaTh Kak 16-6UTHBLIA  peructp
nnn aBa 8-6UTHbLIX perucTpa. 970 obecneymBaeT NPOCTyHD 06pa-
60TKY 8- N 16-6UTHbIX AaHHbIX (6aiT U cnoB). OcTanbHble perun-
cTpbl MIT MOXHO MCNOMb30BaTh TO/ILKO KakK 16-6UTHble. 3TN pe-
rMCTPbl NpeAHa3HavyeHbl B OCHOBHOM [N XPaHeHWS AaHHbIX, OHU
Haxo4AaTCcA B MOMHOM PacnopsXXeHuu MnporpaMMucTa m MoryT yua-
cTBOBaTb 6e3 orpaHW4eHuii B BbIMOJHEHUN apUMETUYECKUX U
NOrnyeckmx onepauunin. OAHAKO WMMEeTCAs MHOFO KOMaHj, KOTO-
pble Creuuanu3vMpyroT perucTpbl AaHHbIX Ha OnpefeneHHble
(hyHKUMKM Tabn.5.1.

Tabnmua 5.1.

Pernctp HasHauyeHue dyHKLMA
AX AKKYMyniATOp YMHOXeHWe, fefleHWe W BBOJ-BbIBOJ
cnoB
AL AKKYMYNaTop YMHOXeHWe, fdefeHne W BBOA-BbIBOS
(Mnagwnin)  6aiT
MpeobpasoBaHue, fecATMYHas apud-

MeTuKa

AH AKKYMYNsTop YMHOXEHUWe U feneHne 6ant
(cTapLunin)

BX basa ba3oBblil pernctp; npeobpasoBaHue

CX CyeTumnk Onepauun ¢ Lenoyvykamu; LUUKNb

CL CueTunk OunHamunueckune casurn n pabauuu
(MnagLwmnin)

DX JaHHble YMHOXeHWe u [eneHve Cnos; Koc-

BEHHbII BBO/-BbIBOA
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SE™ Ykasateno  CTeKOBble onepayuu

cTeka
Bl YKasatenb  ba3oBblii perucTp
6a3bl
Sl NHpekc uc- Onepayun ¢ LenoYkamu; WHAEKCHbIN
TOYHMKA perucTp
DI WHpekec nony- - «-
yatens

Mporpammbl nonyvatoTcsd Haubonee KOMMNAKTHbIMU, €cnn B
KOMaHax apumeTnyecKnX W NOrMYecKUX onepauuin n B KOMaH-
[ax MepecbliKN JaHHbIX UCMOMNb30BaTh akkymynatop AX. Peructp
AL B OCHOBHOM COOTBETCTBYeT akkymynatopy A 8080. Peructp
BX noytu 3KBMBaNeHTEH OCHOBHOMY YyKasaTeno namatu Mr1
8080 - perncTtpoBoi nape HL .

Pernctpbl SP, BP, Sl n DI o6pa3sytoT rpynny ykasaTenbHbIX
N NHOEKCHbIX peructpos. OHW npefHasHayeHbl AN XpaHeHus 16-
OUTHBLIX 3HAYEHWI CMeLleHUl, WUCMOoNb3yeMbIX ANA afpecauun B
npefenax TekyLl,ero cermeHTa namaTu U obecneymBaroT Npu 3TOM
KOCBEHHYIO afpecauuto U AUHAMWUYECKOE BblUUC/IeHUe 3Pdek-
TUBHOrO afpeca namATu. MNpu aTom peructpbl-ykasatenu SP n BP
cofepxXaT cMellleHUs afpeca B npefenax TeKyLlero cermMeHTa na-
MATK, BbIAENEHHOr0 MOoA CTeK, a WHAEKCHble peructpbl Sl. u DI
cofepxaT CMeLLleHUs afpeca B npefenax TEKYL,ero cerMeHTa na-
MATW, BbIAESIEHHOrO MO AaHHbIe.

Pernctpol CS, DS, SS u ES, ob6pasywouwme rpynny cer-
MEHTHbIX PErucTpoB, MrpalT BaXHYK POMb BO BCEX AEWCTBMAX
LIM, cBa3aHHbIX ¢ afgpecauueid namatv. Xota MIT umeet 20-
OWUTHYIO LIWHY (DU3MYecKOro afgpeca namsaTu, OH onepupyeT 16-
OGUTHBIMW NOrMYeCKUMU afpecamu, COCTOAWMMU M3 6a30BOro aj-
peca CerMeHta W BHYTPUCErMEHTHOro CMelleHus. BHyTpeHHee
YCTPOiCcTBO Mpeobpa3oBaHWs afpecoB MpeBpaliaeT fABa Noruue-
CKUX afpeca B 20-0UTHbIA (hmM3nyeckuii agpec.

MpocTpaHcTBO MamsATM | M 6GaiiT pa3deneHo Ha noruyeckue
CErMeHTbl eMKOCTbto 64 K 6aitT. BbinonHsas nporpammy, MIT MOXeT
O[HOBPEMEHHO 06pawaTbca K 4YeTblpeM cermMeHTam. KVx 6a3oBble
(HavanbHbIE) afpeca CoAepXKaTcsi B CErMeHTHbIX permctpax CS (npo-
rpammHbliii), DS (gaHHbIX), SS (cTeka) 1 ES  (ZONOAHUTENLHbIN).
Cogepxxmmoe N060ro M3 3TUX PerncTpoB onpefenseT TeKYLW WA Ha-
YaNibHbIA afipec CerMeHTa NamMsATy, BblAENEHHOrO MO/b30BaTeNIeEM MOf
MHHOPMALMIO, COOTBETCTBYIOLLYIO Ha3BaHWIO PErucTpa.
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Copepxumoe peructpa CS yKasblBaeT Ha TEKYLMiA CErMEHT
koga (nporpaMmbl), OTKyga BblbupaloTca KomaHAabl. Bblbopka
0YepefHON KOMaHAbl OCYLLECTBAETCA OTHOCUTENbHO COLEPXKMMO-
ro CS c ucnosb3oBaHWemM 3HauvyeHUA ykasatensa KomaHpg IP. Pe-
rmctp DS ykKasbiBaeT Ha TeKYLLUIA CErMEHT fJaHHbIX, B KOTOPOM
cofepkaTca nepeMeHHble. PerncTp SS agpecyeT TeKYLUNA CErMeHT
CTeka, B 3TOM CErMeHTe peann3yroTC BCe CTEKOBble Onepauuu,
BK/OYAA U Te, KOTOPbIE CBA3AHbI C OfepauuaMun Bo3spaTa. Hako-
Hel peructp ES onpegenseTr Tekywuid [ONONHUTENbHbIA Cer-
MEHT, KOTOPbIA 06bIYHO UCNONL3YeTCA AN XpaHEeHUS AaHHbIX.

MocnegHioto rpynny pernctpos MI o6pasytoT 16-6UTHblE yKa-
3atenb KomaHg IP  (aHanor nporpaMMHOro cyetymka PC) u peructp
(hnakkoB F. LLUWHHLIA WHTepdeic ocyLlecTBASeT U3MEHeHue Co-
fepxumoro PC TakMM 06pa3om, U4TO OH COLEPXWUT CMELLEeHWe crie-
OyIoLeil KOMaHbl OT Havasa TeKyLLero cermMeHTa Koga, T.e. yKasbl-
BaeT Ha C/ieflylolyo No nopsgky komaHay. Mpu o6bl4HON paboTe
PC coaepXuT cMmeLleHne cneaytoLeli KoMaHabl, KOTOPYH O6yAeT Bbl-
6vpaTb WWHHBIA UHTepdeinc ng namatyn nporpamMm. OHO coBmafjaeT
CO CMeLleHMeM TOl ouyepefHON KOMaHAbl, KOTOpPyK 6yaeT BbiNof-
HATb OnepauroHHOe YCTpoincTBO. IMO3TOMY MpM 3anOMWHAHWK CO-
fepxumoro PC B cTeke, HanpuMMep npu BbI30BE MNOAMNPOrpammbl,
OHO aBTOMAaTWUYeCKM KOPPEKTUpyeTcs, 4TOObl afpecoBaTb Cheayto-
Wy KOMaHAy, KoTopas OyfeT BbIMOMHATbCA. HemnocpeacTBeHHbI
fgoctyn K PC “MeloT KOMaH/bl nepejayn yrnpasieHus.

B peructpe F puc.5.2 ucnonb3yroTcd Ccnegyrolime AeBATb
paspsagos: CF - nepeHoc, PF - yeTHocTb, AF - BCoMoraTe/bHbli
nepeHoc, ZF - HyneBoli pesynbTaT, SF - 3Hak, TF - nowarosblii
pexum, IF - pasmelieHue npepoiBaHua, DF -HanpaeneHue, OF -
nepenosniHeHne, X - COCTOSAHWE He OMNpefenieHo.

[<==mm==m= e >1
5 14 13 211 09 8 7 6 5 4 3 2 1 0
X X X X OF DF IF IF SF|ZF| X AF X PF X CF|

Puc.5.2. CTpyKTypa perncTpoB (hnaxkKos.

®narn AF, CF, PF, SF n ZF 3KB/MBaneHTHbl COOTBETCT-
BylOLMM npusHakam MIT K580 n xapakTepusyloT Npu3Haku pe-
3ynbTata nocnegHen apugmMeTUYECKOW, NOTMYECKON WAN WNHOW
onepauunn, BAUSIIOLLEA Ha COCTOSIHME 3TMX MPU3HAKOB. YCTaHOBKA
TOro WK Apyroro ¢nara NPoM3BOAUTCA B CNEAYIOWUX ClyYanX:
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CF- npn nepeHoce "I" n3 cTapwero 6uta uam Npu 3aeme efuHun-

bl B CTapWwunin 6uT;
AF- npu BbINONHEHWX onepauun MNpousBoaMTCcA nepeHoc "IN u3
mnagweli TeTpadb; 6GaiiTa B CTaplUytd WAM OCYLLECTBAAETCSA
3aem "I" 13 cTapLuen TeTpaabl;
ZF - ecnu B pe3ynbTare BbINOSHEHUSA OMNepaLuu MofyyeHo Hyne-
BOE 3HAYeHMue;
SF - npn nony4yeHun "I" B cTapliem 6ute pesynbTara;
PF- ecnu B npefcTaBfieHMM pe3yfibTaTa Onepauum COLepXuTcs
YeTHOEe YMCNO eAMHNL.
K atoin rpynne naroB oTHocuTca Takxke nar OF, KoTopblit
YCTaHaBNNBAETCA MPU HaNNUYUKN MEPENOSIHEHNUA B pesy/nbTare Bbl-
NOSIHEHNA apuPMeTUHeCKUX onepaLmili Haf YMciammn co 3HaKoM.
Tpy fONONMHUTENbHLIX (flara nNpefHasHayvyeHbl AN ynpasie-
HUA HEKOTOPbIMU elCTBUAMU MUKpPONpoLeccopa:
DF - ynpaBnseT HanpaB/ieHNEM
06paboTKa AaHHbIX B Onepauuax c Lenovykamu 6aiiToB
unu cnos. Mpu DF=1 uenoyka obpabaTbiBaeTCA CHU3Y
BBEPX, T.e. MPOUCXOAMT aBTOMATMUYECKOE YMEHbLUEHWE af-
peca TeKkyllero ssiemeHTa uenouku. NMpu DF=0 uenouka
o6pabaTbiBaeTCA CBepXY BHM3, T.e. NPOUCXOAUT aBTOMATU-
yecKoe yBeNnYeHue afpeca;
IF - npegHasHavaeTca ANnA paspeweHns WAu 3anpewieHuns (mac-
KWPOBaHMA) BHeWHMX npepbiBaHnii. Mpu IF=0 BHewWw-
HWe npepbiBaHWA 3anpeLleHbl, T.e. MPOLECCOpP He pea-
TMpYyeT Ha MX 3anpochl;

TF - npumeHsaeTca ANa 3ajaHusa NpoLeccopy noLlaroBOro pPexxu-
Ma, MPXU KOTOPOM MPOLLeccop MOoC/ie BbIMOSHEHUSA Kax-
0O KOMaHAbl OCTaHaBNMBAETCH W XXAET BHELUHero 3a-
nycka. olwaroBblii pexxuM 3afaeTcsl YCTaHOBKOW ¢hnara
TF= 1 1 06bIYHO HEOOXOAMM NpPKU OTNafAKe NPOrpamm.

Kpome Bbille MNepeuncneHHbIX Y3N0B LUUMHHBLIA WMHTepdeic
MMeeT TakKxe cymmartop agpeca - CM ons BblYUCNEHUS afpecos
namsaTu.

CBA3b BHYTpeHHUX y3n0B MI ¢ LLUA/D ocyuiecTBnseTcs ye-
pe3 6ydep WuHbl BLU.

KOHTpONbHbLIE BOMPOCHI

J-/3 Kakunx ycTpoiicTB coctouT MI?
NaKue perucTpbl COAEPXKUT OnepauroHHOe YCTPOCTBO?
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3.YKaxuTe rpynny pernctpoB o6uiero HasHaueHns?
4.Tepeyncnute rpynny CErMeHTHbIX PEerncTpos?
5.HasHauveHue pernctpa Gnaxkos?

5.3. OpraHusauusa namaTtu

MIM 8086 ob6ecneumBaeT agpecauyuto NamaTi eMKOCTbO |
M 6aiiT. AApecHoe NPOCTPaHCTBO MaMATW, MOKa3aHHOE Ha puc.
5.3 npeacTtaBnsieT cob60il 0AHOMEPHbI MaccuB 6aiiT, KaxAblii 13
KOTOPbIX UMeET 20-OMTHbIN PU3NYECKNIA aapec.

AnDec 7 (0]
00000 CD BaiiT CD
0000! 05
m c/1oBo E605

00002 E6
oooa3 01 BaiiT 01

FF EaflTFF

B3

Cc2

CA
FFEEE A5 [ cnoso A5CA

Puc.5.3.

Mpwn ncnonb3oBaHunm MI1 8086 namsiTb MUKPO-OBM hunsu-
YeCKW opraHusyeTcs B BUAe NOCAefOBaTe/lbHOCTU CfoB puc. 5.4
B OT/IMYMe OT MUKPO-OBM Ha 6ase 8080, rae namatb v pusnye-
CKWN W NOTMYECKN OpraHun3yeTcsi B BUAe nocnegoBaTenibHOCTK Gai-
TOB.

Appec Agnpec
HEYETHbIN YeTHb I
0001 05 CcD 0000
0003 oL E6 0002
0005 0004
FFFF A5 B3 FFFE
Puc. 5.4.
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Jiobble gBa CMEXHbIX 6aiiTa B NamsaTu 06pasytoT 16-6uTHoe
cnoso. MnagLwwnii 6aiiT cnoBa UMeeT MeHbLUUIA agpec, a CTapLuunia
- 60NbLINA.

AJpecom cnoBa CYMTAeTCA agpec ero Mnafliero 6aita. Takum
06pa3om, 20-OWUTHbIA agpec MamMAaTh MOXHO paccMaTpuBaTb U Kak
agpec 6ainTa u Kak agpec cnoa. Hanpumep, B COOTBETCTBUM C puC.
5.3 agpec 00000 moxeT 0603HayaTb WM GailT C 3TUM aAgpPecoM, 4To
yCNoBHO 3anucbiBaetca B Buge ([00000]) = CD, u cnoBo ¢ Takum
Xe agpecom, 4To 3anuckiBaetcsa B Buge ([00000]) = 05CD.

KomaHabl, 6aiiTbl 1 cfioBa faHHbIX MOXHO CBOGOLHO pa3me-
WwaTte no no6omy afgpecy 6alita, 4TO 3KOHOMUT MamATb 3a cyeT
NAOTHOW YnakoBKM nporpamM. OfHako LenecoobpasHo pasme-
laTb CnoBa B NamATh MO YETHbIM agpecam puc.5.4, Tak Kak MI1
MOXeT nepefaBaTb Takue CNOBa 32 OAWH LUK/ LWUHBI.

B MI1 8086 agpecHoe nNpoCTpPaHCTBO MamsATU YCNOBHO MOX-
HO pa3buTb Ha CermMeHTbl Mo 64 K 6aiT. KaXaoMmy CErmeHTy
nporpammoii HasHauyaeTcs 0a30Bblii (HavanbHbIA) agpec, ABAAO-
LW nincs agpecom ero nepeoro 6aiTa B afpecHOM MpPOCTPaHCTBE
namaTn. Bce cermMeHTbl HauMHatoTCA Ha 16-6aliTHbIX TFpaHMLax
namaTn. CerMeHTbl MOTyT ObITb COCELHMMU, He MepeKpbIBakoLL M-
MUCA, YaCTUYHO UAWN MOJSIHO MepeKkpbiBaloWmmMmuca puc. 5.5

03025

20012

>0251

45000

Pnc.5.13.

du3nyeckan Ayeiika NamaTv MOXET MpUHaAIexatb OLHOMY
NN HECKO/IbKMM CerMeHTam.

CermeHTHOe peructpa CS, DS, SS u. ES cogepxXat Ha4vasb-
Hoe agpeca (6asbl) YeTblpex TEKYLMX CerMeHTOB: CerMeHTa Koja
(nporpaMmbl), CermMeHTa [AaHHbIX, CerMeHTa CTeka W [ONOSHU-
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TeNIbHOTO CerMeHTa faHHbIX COOTBETCTBEHHO. [AnsA obpalieHus K
KOMaH[am M AaHHbIM, HaXxoAsWwMMcs B APYrUX CermeHtax, Heob-
XO4MMO W3MEHATb COAEPXUMOe CErMEeHTHbIX PErucTpos.

Y[06HO cunTaThb, YTO Kaxjdas fdyeiika namsTu UMeeT ABa aj-
peca: hU3NYECKUA N normdecknii. Pusnvecknii agpec npencras-
naet coboit 20-6MTHOe 3HayeHMe B Amana3oHe oT 00000 po
FFFFF. VIMeHHO (hn3nyeckunii agpec BblgaeTcs Ha WMHY agpeca B
Hayane KaXAoro HMKNa WWHbI, CBA3AHHOIO ¢ obpalleHneM K na-
MATH.

MporpaMMbl OMEPUPYIOT He (PU3NYECKUMU, a NIOrMYECKUMM
agpecamu. Jlormyeckmii agpec COCTOUT U3 ABYX 16-OUMTHbIX 6e3
3HAKOBbIX 3HAYEHWIA:

6a30B0Oro (Ha4yanbHOro) agpeca CermeHTa, KOTOPbI/ Ha3blBa-
eTCA TaKXXe MPOCTOi 6a30il UM CErMEHTOM, W BHYTPUCErMEHTHO-
ro agpeca wnum cmeweHusa. Ons no60i a4veiikm namsTu 6asa
NAEHTUOUUMPYET MepBblli 6aiT CcofepXKallero ee CermMeHTta, a
CMelleHMe onpejenseT pacCcTosiHMe B HaiiTax OT Hadvana CerMeHTa
[0 3TON AYENKMN.

Korga ycTpoicTBO LIMHHOIO MHTep@eiica obpaliaeTca K na-
MATU 419 BbIOOPKU KOMaHAbl UAM CYUTbIBAHMA/3aNUCK AaHHbIX,
OHO 06pasyeT U3 NI0FMYECKOro agpeca CerMeHT: CMelleHne (usn-
yecknit agpec (Hanpumep 1758:0100, roe 1758 —noruvyeckuii aj-
pec cermeHTa, 0100 NOrMYecKnin agpec BHYTPUCErMEHTHOFO CMe-
weHunsa). Ana storo B CM 6a3a cermeHTa cABuraeTcsi Bneso Ha 4
6uTa U cymmmpyetcs co cmelleHnem (puc. 5.6).

YCTPOIACTBO LIWMHHOIO WHTepdeiica nonyvaeT NOFMYECKUiA
afipec fAYekyM nNamsiTM W3 Pas3IMYHbIX WCTOYHWKOB B 3aBU-
CMMOCTW OT TUNa BbIMOJHAEMOro 06palleHna K NamaTu.

KomaHgbl Bcerga BbloupatoTcs U3 TEKYLLEro CermeHTa Koga -
6a30BblIlii afjpec cermMeHTa HaxoauTcs B peructpe CS , a cmelleHue
B peructpe IP. CTekoBble KOMaHAbl Bcerga obpallaroTcs K TeKy-
LEMY CErmMeHTy CTeKa: 06a30Bblii afpec HaxoAMTCS B PerucTpe
SS, a cmeweHne - B peructpe  SP. [laHHble BblbupatoTCcs U3 pe-
ructpa DS, HO nporpaMMucT MOXeT 3acTaBute MIT obpallaTbes
K faHHON, HaxoAsLelics B ApYrom CermMeHTe.

CwmelleHne faHHOW BblYMCAAeT onepauvoHHOe YCTPOMCTBO B
COOTBETCTBUM C ONpefeneHHbIM B KOMaHAe pPexuMoM afpecaluu.
PesynbTaT 3TOr0 BbIYMCAEHUS Ha3blBaeTCA 3MPEKTUBHLIM UK
NCNONHUTENbHLIM agpecoM EA onepaHga B namaTtu. pu BblYmMc-
neHmn EA nepeHoc 13 cTapLuero 6uta UrHopupyercs.
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Jlornyeckwe agpeca

CymMmmartop aapecoB OCYLUECTB/ISIET, Hanpumep, Ccnegywoliue
BbluncneHuns: CS+IP - npu BbIGOpKe ouyepedHOl KoMaHAbl, SS +
SP- npu obpaweHun K cteky, DS + SI n ES +DIl - npu obpa-
60Tke cTpok, DS + EA - npu obpawleHny K 3anoMuHatoLLemy
YCTPOWCTBY C NMPOM3BO/LHON BbIGOPKOIA.

KOHTpO/IbHbIE BOMPOCHI
Kakyto agpecaumto namatn obecneumsaetr MIT 80867
Ha 4To ycnoBHO MOXHO pa3butb namsatbe MIT 80867
UTo Takoe NOrMyecknii u PU3NYECKUIA agpeca MU KaK OHM
onpegenatTca?
4. YT0 Takoe cmelleHune?
Onpegennte GU3NYECKUiA agpec:
6. 0250:0100, 3C20:2830, 4A40:0000, F520:3540, 4000:2000,
AABC:2F3A.

wWN

o1

5.4. CncteMa KOMaHz

B otnnumne ot MIM 8080 B MIT 8086 A3blk accembnep 60nee
CNoXeH, Tak Kak B MI1 8086 npumeHeHa cermMeHTHas opraHusa-
UMS NamsATU U OpraHM3auus OJHOBPEMEHHOWN aApecaLyun YeTblpex

CErMeHTOB.
B sa3blke umeeTca 60onee 100 6a30BbIX CUMMBOMMNYECKUX KO-
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MaHf, B COOTBETCTBUM C KOTOPbIMW accembnep reHepupyet 6osnee
3800 MaWMHHBLIX KOMaHh. Kpome TOro, B pacnops>KeHuu npo-
rpaMMucTa MMeeTcs 0Kono 20 AMPEKTUB, NpefHa3HaYeHHbIX A5
pacnpefeneHus nNamsaTn, UHULMaNU3aLMM NepeMeHHbIX, YCNOBHO-
ro accembnmpoBaHua u T.4.

B 3aBMcuUMOCTM OT TUMa KOMaH[ orepaHf MOXET NpenCcTas-
NATb co60i 6alnT uam cnoBo M xpaHuTbes B POH unm namstu. B
60NbLIMHCTBE KOMaHA ANns ajpecauuu OMepaHAoB MCMNOMb3yeTcs
crneuunansHblii 6aiiT, KOTOPbIA Ha3biBaeTCcA MOCTOANTOM U pasme-
LaeTca BCned 3a MepBbiM 6aliTOM, COAepXaliMM KO onepauuw.
MocT6aitT, CTPYKTypa KOTOPOro npefcTaB/fieHa Ha puc.5.7, yKasbl-
BaeT crnocob agpecauuym OAHOro WM ABYX OMepaHAoB WU COCTOUT

13 Tpex noneir. Mons mod n r/T B COOTBETCTBUM C Tab6/.5.2.

5 43 2 10
Mod reg r/m

Puc.5.7.
Tabnmua 5.2. Tabnmua 5.3.
Kopg peru- Peructp Koa B 3HayeHWe UCNOJIHU-
cTpa none TefnbHOro agpeca EA
16-pa3-  8-pas- 000 (BX+SI)+disp
PALHBIA  pAgHbIRA
€89 AX AL 001 (BX+DI)+disp
001 CX CL 010 (BP+SI)+disp
010 DX DL 011 (BP+D1)+disp
OH BX BL 100 (SD)+disp
100 SP AH 101 (DD)+disp
101 BP CH 110 (BP)+disp
110 sl DH 111 (BX)+disp

111 Dl BH

Ecnm moduli, To B nonsx mod u /T cogepxmutca nHgop-

MaLus, COr/laCHO KOTOPOi/ YCTaHaBNMBAeTCs OAWH U3 CrMoco60B
agpecauun —npsamMas, KOCBEHHas peructposas, no 6ase, WHAEKC-
Has M no 6ase C MHAEKCMpOBaHWeM. Ecnu Ans peanusauuu Bbl-
6paHHOro crnoco6a agpecauun TpeGyeTcs AONONHUTENbHAs afpec-
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Has MH(OopMaLMs, TO OHa YKa3blBaeTCA B OLHOM WU ABYX GaiiTax
B BuAe nocTbaiiToM. Hanuume wnam OTCYTCTBME CMELLEHWUA U €ro
pasMepHOCTb ONpeaenatnTcs nonem mod cnegyowmm 06pasom:

Ecnn mod=00, To disp OTCYyTCTBYET;

Ecnn mod=01, To disp pasmepHOCTbO 1 6aiiT yKasbiBaeTcs 3a
nocT6ainTom, mpuuyem Mepes MCMoOAb30BaHWEM 3TOT0 CMELUeHUs
npu HOpMMpPOBaHMM UCNONHUTENLHOTO aapeca EA oHO paclimps-
eTcA co 3HakoM Ao 16 pa3psgoB (paclimpeHue CO 3HaKOM Mmogpa-
3ymMeBaeT 3anofIHeHWe CcTapluero 6anTa 3HaYeHMeM 3HAKOBOIo
paspsja, ykasaHHoro B disp);

Ecnm mod=10, To 3a nocTbainTom cneayet 16-paspagHoe
cmeweHue disp, paccmaTpMBaeMOe Kak YMCMI0 CO 3HAKOM.

[ns kKaxpoh kombuHaumu 3HadeHuid nons mod=00, 01 wnwm
10 dopmupoBaHne WCMONHUTENBHOIO agpeca EA onpegensertcs

nonem r/T B COOTBETCTBUM C Tab6n.5.3.
VicKknioueHWe M3 OMMcaHHbIX CMOCOB0B KOAMPOBAaHUS MoONel
mod un r/T cocTtaBnset cayyah mod=00, r/T =110, COOTBETCT-

Bytowmii EA?disp, npuuem disp —ecTb 16-pa3psgHoe CMeLleHue.
Taknm 06pa3oM, Npu 06paweHnn K NamaTn nmeeTcs 24 BapuaHTa
BblUMCEHUs agpeca EA, UCMOMb3yeMOro B KayecTBe CMeLeHUs B
CerMeHTe MpU BbIYMCAEHUUN (PU3MYECKOTO afpeca.

Mone reg noctbalita Mcnonb3yeTcs ANA ajpecauuy Torga,
Korfa B KOMaHfe 3ajaloTcs Ba onepaHga. B aTom cnyyae BTOpOit
onepaHj, BCerga HaxoguTcs B PerncTpe, Koj KOTOPOro yKasbiBaeT-
cs B Mone nocTtbainTa B COOTBETCTBMMU € Tab6n.5.3. B KomaHAgax, rae
TpebyeTca TOMbKO OAUH OMepaHf, nose reg moctbaiita MCNOnb3y-
eTca COBMeCTHO ¢ 6aiiTom koga onepauyumn (KOMM) gna ysenuue-
HUS BapuMaHTOB KOAMPOBaHWA onepauuniti. Becero B 8086 mncnosnb3ay-
eTcs BOCEMb CMOCOOOB afpecauun, U3 KoTopbIX NATb peansytoT-
cA C nomouiblo noctbarita. Ha puc.5.8 npeactasneHsl opmaTsl
KOMaHj, WANIOCTPUPYHOLLME 3afaHne pasfnyHbIX CNocoboB afpe-
cauun. (HekoTopble (opmaTbl MOFyT 3afaBaTb pasHble CMOCOObI
ajpecauun B 3aBUCUMOCTU OT 3HAYEHUS KOHKPETHLIX MOfei).

PeructpoBasi agpecauyusi. OnepaHj HaxoguTcs B OLHOM U3
POH, kop KoToporo ykasbiBaeTcs B Gaiite KOIM (puc.5.8a) nnm B
noctb6aiite npu mod=Il (puc.5.8 6, B, 4). B KOMaHAax c ABYMS
onepaHamu MOXeT 6biTb MCMO/Ib30BAHO fABa PErucTpa, Npuyem
KO BTOPOro 3ajaeTcsa NojeM reg nocTbaiiTa B COOTBETCTBUM C
Ta6n.5.4. B komaHgax, onepupyrowmx cnosamu, 6ait KOI co-
JEPXUT (=1 W Kopa peructpa onpegenseT ogWH M3 BoCbMK 16-
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pa3pagHbIX peructpoB AX-DI. B komaHfax, ornepaHgamn KOTo-
pbIX SBAAOTCA 6aiiThl (Ww=0), KoL peructpa onpegensier O4uvH 13
BOCbMW 8-paspsagHbiX peructpos AL-BH B cootsetctBuM C
Ta6n.5.3.

4 32 o] 7 0
A KOT reg [aHHble [aHHble npn =1
2107 45 32 07 0 7

B) Kon Sw mod reg r/m [laHHble $«Swdl

7 2 1 07 45 32 0
B) Kon d w mod reg r/m

7 10 7 0 7 0
O Ko a MLLA.6alAT agpeca crap. 6aifT, agpeca

7 2 1 07 07 07 0
O-  Kon w mod  reg /m mnag, GaifT agpeca 3.6aHTagp

7 4 3 07 0
E) Kon ycnosve | | cMeLLieHve

Puc. 5.8. dopmart KomaHg MuKponpoueccopa 8086.

HenocpencteeHHas agpecaums. OnepaHg COLEPXMTCH B
(hopmaTe KOMmaHAbl B BUAe OAHO- WM [BYX6aNTOBOW KOHCTaHTbI
(puc. 5.8., a, 6). OTOT cnocob 3agaeTcs 0COOOM KOMOWHaLMeEN
3HayeHui paspsgos B none KOM 1M MOXeT ObITb MCMNONb30BaH B
O0/IbLUVHCTBE KOMaHA C [BYMs oOrnepaHgaMu. Takue KOMaHAbl
MMET MNOCTOaiT, 4YTO fAenaeT BO3MOXHbLIM BbINOJHEHME Onepa-
UMA HaL KOHCTAHTOM W onepaHAOM PacnosioXeHHOM B MamsTtu
nnn pernctpe. Cnocob HenocpeAcTBEHHOW aapecalmn Henpume-
HAM B KOMaHfax 3arpy3kuv CEerMeHTHbIX PerMcTpoB M B KOMaHze
3aHeCeHUs JaHHbIX B CTeK. B 3Tux cnyyasx ucnonb3yeTcs npome-
XYTOYHaA 3arpy3ka KOHCTaHTbl B OAVH W3 PETUCTPOB, YKa3aHHbIX
B Ta6s1.5.3.

B komaHgax ¢ ogHo6aiToBbIMM onepaHgamu ( co=0 ) one-
paHg vMmeeT 4JiMHY | 6GaliT M pacrnonaraeTcs B KOHLUe KOMaHZbl
(puc. 5.8 a, 6) B nonme AaHHbIX. B komaHgax c onepaHgamu-
cnosamu (co=/) onepaHp 06bIYHO 3aHMMAET MO/e AaHHbIX A/MHONA
2 6aiiT (pnc.5.8 a). OgHaKO HEeKOTOpble KOMaHAbl C onepaHaamu-
CfoBaMn MOryT MMETb OAHOOAMTOBLIA OnepaHf, YTO yKa3blBaeTcs
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C MNOMOLLbI npucsBoeHns 1-paspagHoMy nono S 3HadveHus |
(pnc.5.8 6). Ecom S = I, TOo ofHO6aNTOBOE MOJe [LaHHbIX, CO-
JlepXalleecs HenocpeACTBEHHO B KOMaHfe, nepes Mcrosib30BaHu-
eM B Ofepauum paclumpseTcs cCo 3HakoM [0 16-pa3pafgHoro cro-
Ba. PacluvpeHue co 3HakOM [MO03BOMIAET MCMOMb30BaThL  16-
paspsidHble OMnepaHfbl B AMana3oHe 3HavyeHuii oT -128 pgo +127,
KOTOpble B KOMaHfe 3anucbiBatoTCs O4HO6aTOBbIM OmnepaHoM
BMECTO [ByxbaiiToBoro. [Byx0aiiToBblii OnepaHz WCMonb3yeTcs B
cny4yasx, Korga 3HadeHve Tpebyemoro onepaHga (KOHCTaHTbI) Bbl-
X0AUT*3a npejenbl yKasaHHOMo AuanasoHa.

Mpsmas agpecaumsi. MicnonHWTeNbHbIA aapec onepaHaa 3a-
[laeTcs C MOMOLUBI0 ABYX 0aliTOB, KOTOpble C/iefytoT 3a MepBbiM
6alitom (puc.5.8 r) nam 3a noctbaritom (puc.5.8 a). Mnagwwii
6aliT agpeca nget no nopsgky nepsbiM. lMpsmas agpecaums no-
3BONIAET ObOpaliaTbCAa K onepaHiam B Mnpefenax O4HOro CerMeHTa
namsTn EMKOCTbiO 64 K Gailr.

Bo3MoOXHa Takxe ANMHHaA npsmMas agpecauus, npu KOTopon
KOMaHaa coaepXuTt  16-paspsaHblii 6a30BbIfi afpec CermeHTa, a
Takke 16-paspsagHoe CMelleHVe B CerMeHTe (MCMOMHUTENbHBIN
afipec), 4TO MO3BONSET MPU MPOrpamMUpPOBaHNN  OCYLLECTBUTb
obpalleHVe K onepaHAy, Haxofsliemycsi B MPOW3BOSIbHOM (He
TeKyLLEeM) CermeHTe, T.e. B npegeniax BCeW NaMsATU eMKOCTbi B 1
M 6aiiT. OfiHako Takoi cnoco6 npsMoi agpecaumn MPUMEHUM
TONbKO B KOMaHZax MNepexofoB M KOMaHAax Bbl30Ba MOAMNPO-
rpamM, B KOTOPbIX OH MO3BOJISET OCYLLECTB/IATL MEXCEerMeHTHbIe
nepexofbl. HeBO3MOXHOCTb MPUMEHeHWs 3TOro crocoba agpeca-
MU B KOMaHAax, 3afarolmnx ornepauun Haf faHHbIMKW, NpeacTas-
NnseT onpeeneHHoe Heyfo6CTBO.

KocBeHHas peructpoBas agpecaums. WcnonHWTeNbHbIA aj-
pec ornepaHja cofepXuTca B OogHOM K3 peructpos BX, Sl wau
DI, kog koTOpOro 3afaetca B noctoaiite (puc.5.86, B, O).

Agpapecauma no 6ase. Peanu3yeTcs € MCNONb30BaHWEM MO-
cTbalitTa, B KOTOPOM YKa3blBaeTCH OAWMH M3 pernctpos BX, BP unn
DI, copgepxawunini 16-pa3psaHblii 6a30BbI agpec. VicnonHuTeb-
HbIiA agpec onepaHaa (POpMUPYeTCA NyTeEM CIOXKEHUS 3TOro 6aso-
BOro agpeca n 8- uam 16-paspAagHOro CMeLeHNs YKasaHHOro B
KOMaHAe HenocpeAcTBEHHO 3a nocTbaintom (puc.5.8 6); 8-
paspsgHOe CMELLeHWe paccMaTpuBaeTCs KakK YMCIO CO 3HAKOM,
T.e. ero 3HauyeHve NeXUT B AmnanasoHe ot -128 go +127. Vicnonb-
30BaHMe afpecauun no 6ase No3BOMAET  OCYLUECTBUTbL LOCTYM K
afleMeHTaM YnopsA0YeHHbIX CTPYKTYP [aHHbIX, KOrja CMeLleHue
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KOHKPETHOr0 3/1eMeHTa [JaHHbIX W3BECTHO, a 6a30Bblii  afpec
CTPYKTYPbI BbIYUC/ISETCA MO NpPOrpamme.

Afpecaums ¢ nHaekcupoBaHueM. B hopmaTe KomaHAbl Hemno-
CPeACTBEHHO 3a MOCT6aTOM 3afaeTca  16-paspsifHblii 6a30Bblit
afpec, a B nocTbaliTe yKasbiBaeTCs OAMH M3 peructpos BX, BP,
SI vnn DI, B KOTOpPOM XpaHuTCA UHAEKC (puc.5.8 o). Agpecauus
C WHAEKCUPOBaHWEM JIOTMYeCKN 3KBMBASIEHTHA ajpecauuu no 6a-
3e ¢ 16-pa3psfHbiM CMmelleHreM. Pasnnuve 3aK/1i4aeTcsa B TOM,
yto 16-paspsgHoe CMeLleHMe WHTeprpeTupyeTca Kak 6a30Bbli
afpec, a Pernctp XpaHuT uHaekc. OfHaKo MOCKO/MbKY Nto6oi U3
YKa3aHHbIX YETbIPeX PErucTpoB MOXET MPUMEHATLCA Kak npu ag-
pecaumn no 6ase, Tak WU Npu agpecauuv C WHAEKCMPOBAHUEM,
yKa3aHHOe pas/iume SBMFETCA HECYLLECTBEHHbIM.

Agppecauna no 6ase ¢ nHAaekcuposaHuem. Ecnv B npefpblgy-
Wux crnocobax agpecauun nmbo 6asbl, MB0 CMeLleHUs Obln
(PMKCUPOBAHbI NPU BbINOMHEHUM KOMaHAbl W 334aBanucb B hop-
mMaTe KOMaHbl HEemnocpeACTBEHHO, TO ajpecauus no 6ase C WH-
[eKCupoBaHvieM MO3BOMAET 3a4aBaTb 06a 3TUX MapameTpa B peru-
cTpax (puc.5.8 6, B). 31O JaeT BO3MOXHOCTb BbIYMC/IUTL BO BPeEMSA
BbINOSIHEHWSA NPOrpamMMbl Kak 6a30Bblli afpec CTPYKTYPbl AaHHbIX,
Tak U CMeLleHne OLHOro U3 ee 3/1EMEHTOB.

MockonbKy nto6ol 13 pernctpos BX n BP MOXeT ucnonb3o-
BaTbCA B KadyecTBe 6a3oBoro, a noboin us peructpos Sl m DI
MOXET CNYXXUTb WHLEKCHbIM, WUMEETCH YeTbipe pasINyHble KOM-
OMHaLMM pPerucTpoB, KOTOPble MOrYT peasiv3oBaTb afpecaluio no
6ase ¢ nHpekcuposaHuem. Kpome Toro, agpecaums no 6ase ¢ UH-
[EKCMPOBaHNEM MOXeT 6blTb OrMosiHeHa 8- unn 16-paspagHbiM
CMeLLeHVEeM, KOTOPOe AB/ISETCA TPETbMM CharaeMbiM MpW BblYMUC-
NeHNV WCMONIHUTENBHOTO afpeca EA; 8-pa3psafHoe CcMelleHue,
Kak paHee, pacCMaTpMBAaETCA Kak UWC/O CO 3HAKOM, HaxoAsdLlem-
Cr B AmanasoHe oT -128 go +127.

OTHocuTeNbHaa agpecaums. McnonHUTeNbHbIN agpec BblUUC-
NIFeTCsA Kak CyMMa COAepXUMOro ykasatend KomaHg IP v 8- vnn
16-pa3pAgHOro CMeLleHus co 3HaKOM, 3afaHHOro HernocpeacT-
BEHHO B KomaHge (pvc.5.8e). CnegyeT MOAYEPKHYTb, YTO B MO-
MEHT BbIYNCNEHUSA WCMOMHUTENBHOIO afipeca 3HaYeHue ykasaTens
KomaHf IP paBHO afpecy nepBoro 6aiita cnegytoweli KOMaHAbl.
Cnocob OTHOCWUTE/IbHOW afpecauny Tak e, Kak 1 npamas agpe-
caums, UMeeT OrpaHUYeHHOe MPUMEHEHME W UCMOMb3YeTCs TOJlb-
KO B KOMaHZax MepexofoB, Bbl30Ba MOAMPOrpaMm W ynpasfieHWs
LMKNaMu.
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B 3aBepLueHMe pacCMOTPEHUs pas3IMyHbIX CrocoboB afpeca-
UMM OTMETUM, 4TO WCMONHWUTENbHbIE agpeca EA, nonydvaemble
ONUCaHHbLIMU Bbllle crnocobamu, ABNAKTCA B AeNCTBUTENbHOCTU
16-pa3psAgHbIMUA - CMeLLIeHUAMU B cerMeHTe. Kak 6bino nokasaHo
Ha puc. 5.,  20-pa3psaHblil (hM3NYECKUIA afpec Nony4vaeTcs ny-
TEM C/IOXKEHUA CMELLEeHWs B CEerMeHTe C MNpeBapuTeNbHO CLBUHY-
TbIM Ha YeTbipe paspsfa BneBo 6a30BbIM afpecoM cermeHTa. [lo-
CKOJIbKY WMEeTCH 4YeTblpe cermeHTHbIX peructpa CS, DS, SS wu
ES, ons BbINOMHEHUS KaXX4Oro npeobpa3oBaHus /IOrMYecKoro aj-
peca B (PU3NYECKMIN [O/MKeH OblTb Bbl6paH OMpefeneHHbI pe-
TUCTP, COAepXalLlmii 6a30Bblii ajpec COOTBETCTBYIOLLEIO CErMeHTa.
ST0 OCyLIeCTBNAIOT arnnapaTHble CpeLcTBa MUKPOMpOLIECcopa,
KOTOpble aBTOMATWYECKM BbIGUPAOT CErMEHTHbIA pPerucTp co-
rNacHo Lenu Kaxaoro obpauieHus K namsaTv, Kak MokasaHO B
Tabn. 5.4. B Tabnuue ykasaH TakXXe WCTOYHUK NIOrMYecKoro aj-
peca, OnpeaenstoWwmnii CMeLLeHe B CErMeHTe.

J

Tabnuua 5.4.
Bug obpalleHmns K namaTu CerMeHTHbI  JTornmyeckui

perucTp afpec
Bbi6OKa KOMaH/b! CS IP
Onepauum co CTeKoM SS SP
OobpaLleHne K UCXOLHON CTPOKe DS Sl
OG6palLeHne K CTpoKe —pe3y nbTaTy ES DI
WMcnonb3oBaHne BP B kadecTBe 6a- SS EA
30BOr0 perucrpa
Mpoure ob6palleHns K nepeMeHHOw D5 EA

B psge cnyyaeB ana ahPeKTUBHON nepefayn AaHHbIX Mexay
cerMeHTamMu yfo6HO M3BfeKaTb OnepaHAbl, Haxojsumeca B CTe-
KOBOM CermMeHTe, He npuberas K onepayusiM CO CTEKOM, XTO OT-
HOCMTCA, HanpuMep, K W3B/IEYEHUIO MapaMeTpoB MOANPOrpamMm,
KOTOpble HaxofsaTcs rnyboko B creke. [ns NOAoGHLIX Lenei cy-
LEeCTBYET cheuuanbHblil B4 06palleHns K namsaTv C MUCMob30-
BaHMeM 6a30BOro permctpa BP. [laHHble, Ans AOCTyNa K KOTOPbIM
ncnosbayetcs peructp BP, BbIGUpatOTCA M3 CTEKOBOrO CErMeHTa,
npuyemM COLEP>KUMOE PeruncTpa.
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SS chyxun'l B8 3TOM CnXiae 6a30BbIM ajpecomMm, a CMeLleHne

3afaeTca MCnoHUTeNbHbIM afPecom A, B (DOPMUPOBAHUUN KOTO-
POro y4acTByeT COAep>Kumoe peructpe BP.

Moy BbIN<?THEHMM KOMaHL 06paboTKM [aHHbLIX MOXET Mos-
BUTbLCA Heobxo/WMOCTb afipecoBaTth OnepaH/bl, HaXxoAALMecs BHe
TeKyLLEero cermM”™Hra> BblbMPaeMoro npoLLecCopoM aBTOMATUYECKM.
Ana stux yen”™’ Kak 0TMeYasiocb, MPUMEHSAETCA MNpedmrKe
3aMeHbl cermMeHTa’ umek)Wwmii pasmepHocTb | 6aiT. Mpeduke no-
MeLLaeTca Hen‘,cpefAcTBeHHO nePeq 6aliTom Kofa onepauun u co-
LepXuT Koj cdTMEeHTHOro pernctpe, WCMONbL3YEMOr0 B KauyecTse
3aMeHbl.

Cuctemy YomaHg 8086 MOXHO pa3buTb Ha LUECTb rpymnn: Ko-
MaHAbl nenesa‘’|l AaHHbIX, apumeTUHecKMe KoMaHAbl, lornde-
CKWe KOMaHbl U CABUIN>KOMaHAbl aHanmsa v npeobpasoBaHuUs
CTPOK, KomMaHAIl nePefaun ynpasneHUs U KOMaHAbl YrnpasineHus
MUKponpoveccopOl*

5.4.1. KomaHfbl Nepefayuun JaHHbIX

KomaHgpl nepegaun faHHbIX YAOOHO pa3fennTb Ha YeTbipe
nogrpynibt
- obwme KoM a” lnepegaun JaHHbIX;
komaHga ne(efiaun AaHHbIX C MpuUB/eYeHWeM cTeka (CTeKOBble
KOMaHApbl)-
- KOMaHAb! BBC-18 BbIBO/S;

- KOMaHgbl nefrflaun uenoyek 6ant . c*106-
KomaHga MO” (nepecnatb), 06WMiA BUA KOMaHLb!

MOV poi jst
rae jet - WCTOYHMK
pol - n_~ aTenb
KomaHia MO’ nmeeT HecKONbKO (hOpMaToB:
MOV mem/regi' mem/reg2 - peructp o pPeructp;
MOV mem/reg-data “ PeructP/ namaTb <- AaHHble;
MOV reg data' Pe™cTp «- laHHbIE;
MOV ac mem" 3KKyMYnATOP «- NamsTb;
MOV T éT ac" namatb <- akKymynatop;
MOV Sree \nexl re8 —CermMeHTHbIN PerncTp <> namaTb/perucTp;
MOV mem/rei*  ®—namsATb/PerncTp  CErMeHTHbI Permcrp.
CamMoil N<Koii M YHuBepcanbHoli fBNSeTCA KomaHga MOV
mem/reg OHa CofePXMT nocTbavT pexuma agpeca-
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LMK, C NOMOLLLH KOTOPOr0 MOXHO 33faBaTb /1060 A0NYCTUMbINA
PEXMM agpecaLmu.

C NOMOLLbKO OAHOW 3TOM KOMaHAbl OCYLLECTBAAKTCA Mepe-
[ayun perncTp-perncTp/naMsaTb U NamsaTb-perncTp, Npuyem perun-
CTPOM MOXET OblITb /11060 06K perucTp. [AMHa KOMaHAbl Co-
cTaBnsaeT 2, 3 unn 4 GanTa.

Mpumep 1 lNMepegatb CAOBO M3 NaMATU B PErUCTp
(SI) = 3456 MOV CX, [SHJ
(DS) = ABCD (CX) = 3AAD
(AF126) = 3AAD

Mpumep 2. MNepegaTb CNOBO M3 perncTpa B NamsaTtb
(BX) = 159D MOV [DlI], BX
(SI) = 3456
(AF126) =159D
(DS) = ABCD
(AF126) = 3AAD,

Mpumep 3. MNepeaaTb 6aT perncTp-namsaTh
MOV [DI], CL

Mpumep 4. Mepefatb CNOBO PErncTp-perncTp
MOV BX, DX

Mpumep 5. MNepegatb fJaHHbIe B NaMATb WM PerucTp
(D) = 1000 MOV word ptr [DI], 8400 H
(DS) = A345 (A4450) = 8400
MOQV byte ptr2 [BX], 34 H
MOV [BP], [SI], 2CH
MOV word ptr CX, 1000H

Mpumep 6. MepefaTb AaHHblE M3 MaMATU B aKKyMynsTop W
HaobopoT
MOV AL, [DI]
MOV [BP], AX

MNpyvmep 7. nepefaTtb faHHbIE U3 CErMEHTHOrO perucrTpa B
namsaTb/perncTp
MOV [BX], ES
KomaHga o6meHa XCHG umeeT fga (opmata:
XCHG reg, mem/reg;
XCHG ac, reg
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Mpumep 8. Mpoun3BecT 06MeH MeXay NaMsATbH U PErUCTPOM
(CX) —37AA
(BP) = 2346 XCHG CX, [BP] (A2346) = 37AA
(SS) = A000 (CX) = DCBA
(A2346) = DCBA

KomaHgbl LEA, LDS, LES cnyxat ana nepefayn B peructpbl He
[aHHbIX, a agpeca.
dopmaTbl KOMaH[
LEA reg, mem;
LDS reg, mem;
LES reg, mem.

Mpumep 9.
(BX) = 0400 LEA BX, [BX] [SI]
(SI) = 0030 (BX) = 0430
KomaHabl LDS n LES BbINOAHSOT NOYTWM OJHU U Te XXe AENCT-
BUS: BbluMcnseTca aPQeKTUBHbIA agpec EA namsaTu, KOTOpbIi
CYMMUPYETCHA C COfepXuMMbIM peructpa DS; 3atem cnoso 13 na-
MATU MO NOJSyYeHHOMY afipecy 3arpy>xaeTcs B afjpecyemoil Ko-
MaHAO0n O6LIMIA perncTp, a Cnepytollee CNOBO M3 NamsaTn 3arpy-
xaetca B peructp DS (komaHga LDS) nnm ES (komaHga LES)

Mpumep 10.
(DS) = C000 LDS SI, [DI] (S1) = 0180
(DI) = 0010 (DS) = 2000

([C0010]) = 0180
([C0012]) = 2000
KomaHgbl BBoga-BbiBoga IN n OUT
dopmaTbl KOMaHA, CnefytoLpme:

IN ac, port;

IN ac, DX;

OUT port, ac;

CJT DX, ac.

[Byx6aiiTHble KomaHabl IN ac, port. OUT port, ac cogepxart
BO BTOPOM 6aiiTe npsiMoli agpec nopra.

OpHobGaliTHble KomaHAbl IN ac, DX, OUT DX, ac Takke
[ONyCKaloT nepefayun 6GaiT u €noB, HO Tenepb 16-OMTHbIN aaPeC
nopta Haxoautca B peructpe DX v MakCUMasibHbIN afpec nopt3
paBeH FFFF. KocBeHHas agpecauns yepes permctp DX ynobHa B
TeX Cny4yasnx, Korga ajpec HY>KHOro nopta BbIYUCNAETCA MO XOf.
BbINO/IHEHUS NPOrpPaMMbl.
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Mpumep 11.
IN AX, 90H - BBOAa cnoBa
IN AL, DX - BBOpa 6aiiTa
OUT 92H, AL - BbIBOA GaiiTa
OUT DX, AX - BbIBOZ C/i0Ba

5.4.2. KomaHpb! apudMeTUYeCcKnX onepavuii

KomaHgpel cnoxenus ADD, ADC, INC.

dopmatbl KOMaHz, cregytoLme:
ADD mem/regi, mem/reg2 — CNoXuTb cogepxumoe Lla-
MATb/PerncTp-namaTs/perncTp;
ADD mem/regi, data —CNnoXuTb cogepXnmoe naMmaTb/perncTp -
[aHHble;
ADD ac, data —CnoXXuTb COAEP>KUMOe akKyMynaTop —AaHHbIe?;
ADC mem/regi, mem/reg2- CNOXWTb C MEPEHOCOM;
ADC mem/regj, mem/reg2,
ADC ac, data;

INC mem/reg —WHKpPEMEHTMPOBATb NaMATL/PErncTp.

Mpumep 12.
a) (CX) = 0049 ADD SI, CX (SI) = 0A33
(Sl) = 09EA
6) (AX) = ADA0  ADD AX, [DI + §] AX = Ab46
(DI) = 3000
(DS) = 1000
(13000) = B456
B) (CX) = 4567 ADD CX, OABCH (CX) = F13<4
N (AL) = 4E ADD AL, 0C5H (AL) = 13
Mpumep 13.
8 (AX)=89AB  ADC [DI], AX (12300) = COF4
(D1) = 0300
(DS) = 1200
(12300) = 3748
(CFH =1 . (hnaxkok nepeHoca
6) (AL) = F4 ADC AL, 35H (AL) = 29
|~F) —0 - (pnaxok nepeHoca
Mpumep 14.
d (D)= FFOO  INC [DI] (AFF00) = 0
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(DS) = AOO

(AFFOO) = FF
(CF)=0 - (hbnaXxoK nepeHoca
6) (SI) = OOFF INC SI (SI) = 0100

(CF) = 1 - dnaxok nepeHoca

5.4.3. KomaHgbl BbluntaHma SUB, SBB, DEC, NEG

dopmaTbl KOMaHj, cnegyroLume:
SUB mem/regb mem/reg2 — BbluMTaHWE COLEPXKMMOro Mna-
MATL/PETVNCTP- NaMATL/PErNCTP;
SUB mem/regb data —namsaTb/pernctp —aaHHble;
SUB ac, data —akkymynaTop —faHHble;
SBB mem/regi, mem/reg2 — BblUMTAHME C 3aeMOM na-
MATL/PErncTp —namsaTb/perncTp;
SBB mem/regi, data —namaTb/ peructp —aaHHble;
SBB ac, data - akkymynaTop- faHHble;
DEC mem/reg - [AeKpeMeHT namsaTb/perucrp;
NEG mem/reg - mn3meHeHue 3Haka (Ui obpa3oBaHue LOMONHU-
TeNIbHOr0 KOofa).

Mpumep 15.

a) (CL)=283 SUB CL, [BP + 8] (CL) = E9
(SS) = 1000
(BP) = FFFF
(20006) = 9A

6) (SI) = A000 SUB [SI + 20H], 2AAH
(DS) = 2500 (2F020) = 31AC
(2F020) = 3456

B) (AL) =73 SUB AL, 0B7H (AL) = BC

N (BH) =78 SBB BH, DH (BH) = 6F
(DH) = 08
CRH =1

4, (BP) = OF6A SBB [BP+40H], 5555H
(SS) = 2F00 (2FFAA) = CAAB
(2FFAA) = 2000
(CFH)=0

e) (AX) = 6B3A SBB AX, 4D2CH (AX) = 1EOD
(CF)=1

X) (SI) = 6000 DEC [SI] (30000) = 4F
(DS) = 2A00

(30000) = 50



(CF) =1

3) Eg;()) —0000 DEC DX (DX) = FFFF
) (BX) = 0006 NEGBX (BX) = FFFA

5.4.4. KomaHgb! ymHOXeHna MUL n IMUL

dopmaTbl KOMaH[, CrefytoLue:
MUL reg - npou3BecTM YMHOXEHME COAEPXKMMOIo peructpa c
COAEPXMMbIM aKKyMyNAaTopa,;
MUL mem - npou3BecT YMHOXEHME COAEPXMMOro AYeiikn na-
MATU C COLEPXKMMBIM aKKYMYNATOPa;
IMULreg;

« - YMHOXEHWe 3HaKOBbIX YunCen

IMUL mem

B onepaunn Hag Gaintamm (yHKUMM aKKyMynsTopa Bbinos-
HAeT perucTp i"L, a 16-6uTHOe npousBeaeHne obpasyeTcs B peru-
cTpax AH-AL. Pernctp AH HasbiBaeTcs pacluMpeHneM aKKyMyns-
Topa AL. Ecnu reg nam mem nAeHTUQUUUPYET C/IOBO, OHO YM-
HOXaEeTCA Ha CofepXumoe akkymynatopa AX, a npoussefeHue
ANnHOW 32 6uTa thopmmpyetcs B peructpax DX-AX. B aToin one-
paunn pacwimpeHune akkymynartopa AX asngetca permctp DX

Mpumep 16.

a) (AX)= A950  MUL DL (AX) = 1200
DL) = 20

6) §Ax§ = 0350 MUL [SI + 15H] (AX) = BAOO
(DS) = 1000 (DX) = 0003
(SI) = F000

(1F015) = 0120

KomaHga [IMUL ocyllecTBnseTca NpakTUYECKU TakKue e
[encTens, 4to u komaHga MUL, HO COMHOXMWTeNM 1 Npou3Befe-
HMe WHTEepPnpeTMpyrTCA KaK 3HaKOBble ABOWYHbLIE yucfa B [J0-
NOSIHUTE/IbHOM KOpe.

Mpumep 17.
(AX) = A590 IMUL DI (AX) = F200
(DL) = 20

5.4.5. KomaHgbl geneHna DIV u IDIV

dopmaTbl KOMaHz crefyroLme:
DIV reg - npou3BecTn [eNeHue COLEPXKMMOIro akKymynatopa Ha
COLEePXMMOe perncTpa, pPesynbTar 3aHecTu B aKKyMynaTop;
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DIV _mem -

Ha Co,qem NPoun3BecTN AeneHne COoAep>XMMOro akkKymynaTtopa
TOp. Hvpe auenkn namaTu, pe3ynbTaT 3aHECTUN B aKKYyMY/IA-
IDIV reg

IDIV Tew, * " geneHwe 3HaKOBbIW yncne

AX) "1 [e'eHun yacTHoe opmupyetca B peructpe AL (nnm

pyrnsetca73l, )K B PeructPe AH (unn DX). [po6bHoe 4acTHOe OK-
3ynbtata [' uenoro nytem oT6pacbiBaHUA ApPOGHOW 4vacTu pe-

Mpumep jg
3 , , Irp2D DIV CL (AX) = 0307
6) (AX) = pp57
<CH) = p3 IDIV CH (AX) = 000D
5.4.6. Kt
*MaH/bl! /lorM4ecKmnx onepaunn N KomMaHabl coBu1roB
Jlornuex
Lieccorie Kve onepaunn peannsyemble B 18 paspsgHOM npo-
ckoe ' "[aBneHbl 6YeBbiMu onepatopamu AND (noruve-

varowee HJVeHtte™ ~  (normyeckoe cnoxeHue),XOR (ucknto-
komaHgolr 1 ’Te’ 0,0X611116 no moaynto 2), NOT (uHBepcus) n
HO He 3l ~ k01,073l BbINOMHAET KOHBLIOHKLNIO OMepaHAos,

nnnnnn Me>19eT X 3HavyeHmMin (Hepaspyluarollas MpoBepka). Bee

loTCcA He3lWC onePaunn ABNAKOTCA NOpa3pALHbIMU, T.e. BbIMOJSHSA-
__  NEumvo gns Bcex BUT onepaHoB.

AND\ a*bl KOMaHg cnegytoLupe:

OR

XOR Tew/n g[,mem/reg2

TEST

AND

XOR Tem'/rsqg,data

TEST
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AND

OR —q, data
XOR\

TEST
NOT mem/reg

KomaHga nopaspsagHoin KOHBbHOHKUMM AN|[> B OCHOBHOM
NPUMeHseTCA A/ MepeBoda B Hy/eBOe COCTOAYLE Tex 6UT one_
paHfa, KOTopble OnpefensoTca Apyrum ornepaHom _ Mackoi
Macka [o/mKHa cogepXatb Hynn B cbpacbiBaeMux 6utax n egu-
HULbI B OCTa/IbHbIX.

KomaHaa nopaspsgHoil aAm3bloHKUuuMKM OR TMpumeHseTcs ans
YCTaHOBKM B 1 onpefenieHHbIX 61T onepaHga ¢ MoMOoLLb Macku
a TaKxke YMNakoBKM 6GalT wam cnoB u3 nonei Auy”X 3n1emMeHTOB
[aHHbIX.

C nomowbo KomaHabl ucknwoyarowero Wy XOR MOXHO
VHBEPTUPOBATbL OMpefefieHHble 6UTbI onepaHAa, CpaBHMBaTb One-
paHAbl Ha abCoMOTHOE PaBEHCTBO W MEPeBOAUTL PErncTp B HyJe.
BOe COCTOSIHME.

Mpumep 19.
a) (AX) = 3456
(SI) = F260 AND AX, [SI + HOH] {AX) = 2(LL
(DS) = EA40
(F9670) = AAAA
6) (DL) =33
(DS) = 1000 OR TEMP, DL (TEMP) = BF
(TEMP) = BC
B) (AX) = 7777
XOR AX, DX (AXj _ CB49
(DX) = BCDE
(CX) = 1234
(SI) = 6000
TEST [SI], CX
(DS) = CC00
(D2000) = 0010
(DI1) = 3500
0oy (BP) = 6000
AND [BP] [DI], OFOOOH dBisooi) = 3000
(SS) = A800

(B1500) = 39AF
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e) (opx) = 332F OR b x, OFOFOH (DX) = F8FF
X) (BX) —FF20
(DS) - 2000 XOR [BX], 00FH ([3BF20]) = 3750
(3BF20) = 375F
3) (CX) = 5678 NOT CX (CX) = A987
n) (SI) = 8800
(DS) = CCOO NOT [SI + 100H] (D4900) = FOFO
(D4900) = OFOF

5.4.7. KomaHbl Nepegaun ynpas/eHUs

KomaHapbl nepefauv ynpaBneHWs MNoApasfensitorcs Ha Ko-
MaH/bl 6€3yCNOBHbIX MEPEXOAO0B, YC/OBHbLIX MEPEXOAOB, BbI30BOB,
BO3BPATOB, YNpaBNeHUs LMKIaMU U KOMaHAaMU NpepbiBaHuiA.

5.4.7.1. KomaHabl 6e3yCNnoBHbIX NEpexoioB

dopmatbl KOMaHf, crefytoLpe:

JMP disp L;
JMP disp;
JMP mem/reg;
JMP addr;
JMP mem.

Mpy BbIMNOSIHEHUM KOMaHA 6e3yCnoBHbIX MepexofoB Mpouc-
xogut mogmgmkauma IP mnam IP n CS, a nx npexHee CofepXu-
MOe TepseTcs.

[Byx6aiiTHasd KomaHga JMP disp L cogepXut BO BTOPOM
GainTe CMeLLeHMe, KOTOpOe MHTEPnpeTUpyeTcs Kak 3HaKOBOe Lie-
noe. Tpwn BbINOMHEHUW KOMaHAbl 3Ha4YeHUe CMeLLeHns npubasns-
eTca (C paclumpeHneM 3Haka Ao 16 6ut) kK cogepxmumomy PC, Ko-
TOpOe COOTBETCTBYET ajpecy KOMaHfbl, HaxopsLiencs nocne Ko-
MaHabl JMP. [lnana3oH 3Ha4eHWin 6aiiTa CMeLLLeHNs COCTaBASET -
128 + + 127. Ecnv CMeLLeHne MOoXNUTeSIbHOe, OCYLLEeCTBNAETCA
nepexof, Briepes, a ecv oTpuuatelbHoe —nepexos Hasag.

Mpumep 20.

(IP) = 2A72 JMP 14 (IP) = 2A86

Tpex6ainTHast kKomaHaa JMP disp nNpou3BOAMT TaKoe e [eli-
CTBME, KaK Mmpeapblaylias KoMaHAa, HO COAEPXMT 16-OMTHOE Cme-
weHve. OHO MO NPeXHeMy MHTEPrPETUPYETCA KakK 3HaKOBOe Lie-
noe, No3aTomy 06n1acTb nepexoja yBenuumeaetca fo —32768 + +
32767 GaliT OTHOCUTENBHO aapeca KOMaH/bl, HaxosLleics nocne
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KomaHgb! JMP disp.
([P) X ’ JMP 0002 (1P)-4060

KomaHga JMP mem/reg peasim3yeT KOCBEHHbI 6€3yC/IOBHbIi
nepexoa B npodamme. 34ecb afpecom Mnepexoia, 3arpyaembiM B
PC  CMYXUT COAepXmMmoe 16-6UTHOro permcrpa uam ciosa nams-
Tu/onpegensemoe nNoct6aiToMm pexxuma agpecaumm.

Mpumepsb! 22.
(BX) = 30BA JMP BX (1P) = 30BA
(BX) = 3542 JMP [BX] (IP) = ABCD
(DS) = 421A

(456E2) = ABCD
MocnefHve e komaHabl JMP peanusytoT npsmoin n Koc-

BEHHbIA MEXCErMeHTHble Mepexodpl, T.e. AOMYCKakT nepegady
yrnpaBneHns No60oi suelikn B apeCHOM NPOCTPAHCTBE MaMSTH.

Mpumep 23.
(IP) = A23B JMP7AF0 1234 (IP) = 7TAFO
(CS) = 15A3 (CS) = 1234
(DS) = 3000
(DI) = 2F30 JMP [DI + 100H] (IP) = F34A
(32B30) = F34A (CS) = 015F

(32B30) = F34A
(32B32) = 015F

S.4.7.2. KoMaHAb! YCNOBHbIX MEpexoos

B cucteme komaHfg 16-pa3pafHbIX MUKPOMPOLIECCOPOB €eCTb
19 nByXGalTHBIX KOMaHZ Y/0BHbIX MEPeX0f0oB, Ha3blBaeMbIX Tak-
Xe pasBeTBNeHUAMU. Bce OHM VMEKOT eAuHbIA (opmart, npea-
CTaB/EHHbIA Ha puc.5.9. TIpn BbINOMHEHWN 3TUX KOMaHA aHanu-
3MpyeTCcA HEKOTOPOe YC/oBME, 3aKOAMPOBaHHOE TEKYLMMU CO-
CTOAHUAMKN (PIaXXKOB (2 B KoMaHae JCXZ —eofepXXUMbIM peru-
CTpa CX)> 1 B 3aBMCUMOCTU OT YAO0B/IETBOPEHUS YCNOBUA MEPEXOL,
OCYLLECTBNSAETCA UM HeT. [aHHble KOMaHbl MO3BOMAT MpoBe-
pUTb 062 COCTOSHUA BCEX (DIAXKKOB apuiIMeTUYECKUX onepawuii
CKO°Me "N nakka AN> a Takke psj KOMOMHaUMIA COCTOSHUIA He-

NbKMX (pIaXKKOB. ECMn yCcroBMe WCTUHHO, Yrpas/ieHWe mnepe-

CA M0 ajpecy repexofa nyTem npubasfieHNs K COAEPXUMOMY

121



e) (DX)=332F  OR DX, OFOFOH (DX) = F8FF
%) (BX) —FF20
(DS) = 2000  XOR [BX], 00FH ([3BF20]) = 3750
(3BF20) = 375F

) (CX)=5678  NOT CX (CX) = A987

) (SI) = 8800
(DS) = CCO0  NOT [SI + 100H]  (D4900) = FOFO
(D4900) = OFOF

5.4.7. KomaHAbl nepegayn ynpasneHUs

KomaHgbl nepefauy ynpaBieHWst MoapasfenstoTcs Ha Ko-
MaH/bl 6e3yCOBHbIX NMEpPexofoB, YC/IOBHbIX MEPEXOAOB, BbI30BOB,
BO3BPATOB, YNpaB/MeHUs LMKAaMU U KOMaHAamMm1 NpepbiBaHniA.

5.4.7.1. KomaHgbl 6e3yCNnoBHbIX NEPEXOA0B

dopmaTbl KOMaHf cnegytoLme:

JMP disp L;
JMP disp;
JMP mem/reg;
JMP addr;
JMP mem.

Mpy BbINOIHEHMM KOMaHA 6e3yC/ioBHbIX NEepexofoB Npouc-
xogut mogudukaumsa IP nnn IP 1 CS, a Ux npexHee comgepxu-
MOe TepsieTcs.

[Byx6aliTHas komaHga JMP disp L cogepXvuT BO BTOPOM
6aiiTe CMeLLeHMe, KOTOPOe MHTEPNPEeTUPYeTCs Kak 3HaKoBoe Le-
noe. Mpu BbINOMHEHUM KOMaHAbl 3Ha4YeHWe CMeLleHns npubasns-
eTca (C paclimpeHveM 3Haka Ao 16 6ut) K cogepxumomy PC, Ko-
TOpPOe COOTBETCTBYET afpecy KOMaHAbl, HaxoAsAleincs nocne Ko-
maHabl JMP. [lnana3oH 3Ha4yeHWUin GaiiTa CMeLeHNs CoCTaBNseT —
128 + + 127. Ecnv cMeLleHue MnosioKUTENbHOe, OCYLLIECTBARTCH
rnepexoq Briepes, a eciv oTpULaTeNbHOe —repexos Hasag,

Mpumep 20.

(IP) - 2A72 JMP14 (IP) = 2A86

Tpex6aliTHad komaHaa JMP disp NpoM3BOAMT Takoe ke Aeii-
CTBMe, KaK npefplayllas KomMaHga, HO cofepXut 16-6UTHoe cMme-
weHne. OHO MO MpPeXXHeMy WHTEPrpeTMpyeTcs Kak 3HaKoBoe Lie-
noe, Mo3aToMy 06/1acTb Nepexoja yBenuumeaetcs go —32768 + +
32767 6ailT OTHOCUTENbHO afpeca KOMaHAbl, HaxoAsLecs nocne
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KomaHabl JMP disp.
Mprmep 21.
(IP) = 3E60 JMP 0002 (P) = 4060

KomaHga JMP mem/reg peanusyeT KoCHbIn 6e3yCnoBHbIN
nepexof B nporpamme. 34ecb agpecom nepeda, sarpy>kaeMbiM B
PC, cnyxxuTt cofilepXXUmoe 16-6uTtHoro Pe) WCI> UK cioBa nams-
T, onpegensiemoe NocTéanTom pexkmma riioCLLA

Mpumepsb! 22.
(BX) = 30BA JMP BX (ip)* 30BA
(BX) = 3542 JMP [BX] (IP) = ABCD
(DS) = 421A

(456E2) = ABCD

MocnegHve aBe KomaHabl JMP pea”~T npsmoin u Koc-
BEHHbIA MEeXCerMeHTHble Mepexofbl, T.* MNycKatoT nepegadvy
yrnpas/eHus No60oi ayelikn B agpecHoM Jdll-laHCTBE NaMATK.

Mpumep 23.
(IP) = A23B JMP 7AFQ 1234 ,P) = 7TAFO
(CS) = 15A3 = 1234
(DS) = 3000
(DI) = 2F30 JMP [DI + 100H] P) = F34A
(32B30) = F34A IS) = 015F

(32B30) = F34A
(32B32) = 015F

5.4.7.2. KomaHAb! YCMOBHbIX M1040B

B cucteme komaHp 16-paspagHbIX MUC POMECCOPOB ECTb
19 nByXx6aiiTHbIX KOMaHZ ynoBHbIX nepe>CHfl HasbiBaeMbIX Tak-
Xe pa3BeTB/ieHMAMU. Bce OHM WMeKOT eayBiA (opmat, npej-
CTaB/IeHHbIA Ha puc.5.9. Mpu BbINOMHEMUA X KOMaHZ aHanu-
3MpyeTcsa HEKOTOpOe YC/oBWE, 3aKOAMPOBAH" TEKYLUWMMK CO-
CTOAHUAMU (h1aXXKOB (a2 B KOMaHze JQ z -OfepXWMbIM peru-
ctpa CX), 1 B 3aBUCUMOCTU OT Y/OB/IETBOPW# YCNOBUA MEPEXOs,
OCYLLeCTBNAETCA WM HeT. [laHHble KOM*LLb F03BONAOT MpoBe-
puUTb 00a COCTOSHMA BCEX (PNaXKKOB appthUecKmx onepauuii
(kpome cnaxka AF), a Tawke psg Komimk2{ini cocTosHWIA He-
CKOMbKNX (hNnaXKKoB. ECnu ycnoBme WCTHHHC/NpaBneHne nepe-
[aeTca No agpecy nepexoja nyteM Mpub*LW«IA K COAepXXMMOMY
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IP 0gHO6ANTHOrO 3HAKOBOIO CMELUEHUS (C pacCLUMPEHUEM 3HaKa
[0 16 6UT), a ec/im yCcioBMe NIOXHO, BbIMOJIHAGTCA CrefyroLias no
nopsAKy KomaHga. Takmm 06pa3om, BCe YC/OBHble Mepexodbl B
MIT 8086 sBnAlOTCA KOPOTKMMW. Bpems BbIMOMHEHUS  KOMaH.
COCTaB/IfET YeTblpe TakTa (Nepexof He OCYLLEeCTBNAETCA) WU BO-
CeMb TaKToB (Nepexof OCYLLECTBAETCA) CUHXPOHM3ALMS.
7 0 7 0
Korn dispL

Puc. 5.9. ®opmaT KOMaH/ YCNOBHbIX NEPEXOA0B.

Mpumep 24.
(IP) = 3560
JNC AO (IP) = 3500
(CF)=0
Mpumep 25.
(IP) = A000
JCXZ 80 (IP) = A000
(CX) = 0005

KomaHgy JCXZ yao6HO nomellaTh B Havane LMKAa, 0CO6eH-
HO B TOM C/lyyae, ecim BO3MOXHO CUTyauus, Npu KOTOPOWA LMK
(co cyetunkom CX) He BbIMOHAETCA HU pasy.

Mpy nporpaMMMpoBaHMN MOXET BO3HUKHYTb HEOOXOLMMOCTb
nepefjayv ynpasneHus 3a npefenbl LeACTBUA KOMaHZ YC/I0BHOIO
nepexopga. lMyctb, Hanpumep, npu ZF=1 HeobXOAMMO nepenatb
ynpaBneHne KoMaHfe ¢ MeTkoil MORE, koTopas Haxogutcs de-
pe3 0400 6ainT OT AaHHON TOYKM B Mporpamme. B aTom cnyuae
MPUXOANTCA MCMO/b30BaTh [ABE KOMaHAbI:

JNZNEXT; d¢naxok ZF=0

JMP MORE; gnaxok ZF=1
NEXT:

Accembnep cgopmmpyeT KomaHgy JMP ¢ gByx6aiiTHbIM
CMELLIEHNEM.

Crefyet OTMETUTb, YTO GOJbLUMHCTBO KOMaHA YC/OBHbIX Me-
PEXO0B MMeeT fBe (M faXe TPM) MHEMOHWKW, MOAYEpPKMBAtOLLVe
COZlePXXaTe/IbHbIA CMbIC/T MPOBEPAEMOr0 YCNOBUS U BBEfEHHbIE
4N19 ygo6eTBa nporpaMMmpoBaHus.

KomaHgbl Mo3BONAIOT NPOBEPUTL BCE OTHOLUEHWUSA MEXay
3HaKOBbIMM 1 63 3HaKOBbIMU yncnamu. PuUrypvpyrowue B ornpe-
JeNleHN KOMaH[ TepPMUHbl «BOfblue» M «MeHblle» OTHOCATCHA K
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3HaKOBbLIM 4uCfaMm, MpefcTasfneHHbIM B AONONHUTENBHOM KOJe, a
«BblLLE» W «HWKe» - K 6e3 3HakoBbIM. Hanpumep, uucno BE
«MeHbLLE» N «BblLe» yucna 37.
JocTtaTouHo nogpobHas MHGopMaLus 0 BCEX KOMaHpax yc-
NOBHbIX MEPEXOLO0B COAePXMTCA B Tabn.5.5.
Tabnnua 5.5.
KomaHzp! YC/IOBHbIX NMepexonos

MHemMoHKn- Ycnosume OTHo- KO PyHKLMA
Ka LLIeHVe
Mepelitn, ecnu

JA/JNBE CFVZF=0 > 77 Bblwe/He HWXe UM paBHO
JAE/INB CF=0 > 73 Bblwe nam paBHO/He HuKe
JB/INAE CF=1 < 72 Hwxe/He Bbilwe vy paBHO
JBE/JJNA CFVZF=1 < 76 Hwvxe v paBHO/He Bbllle
JC CF=1 72 Ecnn nepeHoc
JENZ ZF=1 = 74 PaBHO/HY /b
JG/JNLE *) > 7F bonblue/ He MeHbLLUEe UK
paBHO
JGE/JNL SFOOF=0 > 7D  Bosnblwe wnu paBHO/ He
MeHbLLe
JLIINGE SFeOF=I < 1C MeHblue/He 6onblue nnu
paBHO
JLE/ING M) < 7E  MeHbLUe nm paBHO/He
6onbLue
JNC CF=0 73 HeT nepeHoca
JNE/ONZ  ZF=0 * 75 He paBHO/ He Hynb
JNO OF=0 71 HeT nepenonHeHus
JNP/JPO PF=0 7B Het naputeta/naputet He-
YETHbIN
JNS SF=0 79 HeT 3Haka
JO OF=I 70 EcTb nepenonHeHmns
JP/IPE PF=1 7A ECTb naputet/naputet yet-
HbIl
JS SF=1 78 EcTb 3HaK
JCXZ (CX)=0 E3  Cogepxumoe perucrpa
CX=0

(*) (SF©OF) VZF = 0 (**) (SFOOF) VZF = 1



KOHTpO/bHbIE BOMPOCHI

1CocTaBUTb  Mporpammy  C/IOKEHUs  uucen  (4mcna
BbIOMPAOTCA CaMOCTOATENBHO).

2.CocTaBuUTb NPOrpaMMy CNAOXKEHWA,BLIYUTAHNA  ONNHHBIX
yumcen.

3.CocTaBuTb Mporpammy YMHOXEHUS U LefeHns vmcen.

4.CocTaBUTb NpPOrpammy ynpasfieHUs N KOHTPONS 06beKTaMu
CUCTEM aBTOMATMKMU, TeNemMexaHNKN 1 CBA3N.
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ABA 6. DEBUG N1 APUOMETUKA

NTak, HayHem Halle o6yyeHMe Ha accembnepe C npes-
CTaB/IEHMA TOrO, KaK KOMMbIOTEP CUMTAET.

B noBcegHeBHOW [eATeNIbHOCTM Mbl MPUBLIKIAM K CYETY C
npuMeHeHWeM gecat umgp 1,2.3 n 1. 4. Bcneacteme 4ncto Tex-
HMYECKMX OCOOEHHOCTEN KOMMbIOTEP MPUMEHSET APYroli MeTof
cuyeTa, B KOTOPOM 3a/€eiCcTBOBaHbI TOMbKO Age uudpbl 0 1 L Ha-
npumep, 4o 5 OH cumTaeT creaywowmm obpasom: 1, 10, 11,
100,101. Ywmcna 10,11,100 u T.4. AWMNOTCA ABOUYHBLIMUK, TO €CTb
6a3npyoLLMMNCA Ha CUCTEMe CUUC/IEHWS, COCTOSLLEN BCero w3
[BYX UMdp - eanHnLBl U HYNs, B OTAMYKME OT AecATy LMdp, CooT-
BETCTBYeT 00nee MPUBBLIYHON ANS Hac LEecATUYHOW cucTeme. Ta-
Kum 06pas3om, ABOMYHOE uncno 10 COOTBETCTBYET AECATUUHOMY 2.

OfiHaKo ABOMYHblE 4yMcna 061afaloT CyLeCTBEHHbIM HefoC-
TATKOM — BbIMA4AT OHU A/IMHHO U rpomo3fko. LllectHaguare-
PUYHbIE uncia — ropasgo 60nee  KOMMAKTHbLIA Cnoco6 3anmcu
[BOWYHbIX ymncen. B 3aTol rnase Bbl NO3HAKOMUTECH C ABYMS CrO-
cobamu 3anucu yucen: LWecTHagUaTepUyHbIM 1 ABOUYHbIMU. 3TO
MOMOXET MOHATb NPOLECC cyeTa B KOMMbIOTEPe U cnocob Xxpa-
HeHns uncen—s 6uTax, Galitax u cnoBax. Ecnu Bbl yxe nmeeTe
npefcTaBfeHe O ABOMYHbLIX U LUeCTHaALATEPUUHBIX Yucnax, ou-
Tax, GaliTax M cnoBax, TO BaM OyAeT HaMHOro jierdye 0O3HaKo-
MUTbCA C paboTOl B OTNAAUMKE NPOrpaMm.

6.1. LllecTHagLaTepu4Hble ymcna

Tak Kak C LecTHajuaTepuyHbIMN Ymucnamu nerye obpawatb-
CS, YeM C ABOMYHbIMK unucnamMm (N0 KpaiHel Mepe, u3-3a A1n-
Hbl), TO Mbl Ha4yHEM CO 3HAaKOMCTBa C LUECTHaALATEPUYHBIMM
ynucnammn, n Gygem ucnonb3osBatb And atoro DEBUG.EXE, cne-
LManbHY0 NMporpaMmy, KOTOPYHO Bbl HaigeTe Ha AOMOMHUTENbHOM
ancke DOS nnm WINDOWS.

Msbl 6ygem mcnonb3oBatb Debug B 3ToV rnase gns Beoja M
MoLIaroBoro BbINOHEHWSA MNPOrpaMM, HanucaHHbIX Ha MallWH-
HoM si3blke. Kak u Belicnk, Debug obecneumBaeT yao6Hy Ana-
norosyto cpegy. Ho B oT/mume o1 bBeilcrka, OH He pacnosHaeT
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JecatnyHbIx yucen. [na Debug uncno 10 sBnseTca LecTHajuaTe-
PUYHbIM, a He "gecaTkoii”. W Tak Kak Debug roBopuT TOMbKO Ha
LecTHafLaTEPUUYHOM fi3blKe, BaM MOHAafO6GUTCH y3HaTb KOe-yTo O
LecTHafUaTepuyHbIX yncnax. Ho cHavyana pasbepemcs c npo-
rpammoin Debug.

6.2. Debug

Mouemy nporpamMmMa HasbiBaeTcs Debug? "Bugs" (80cnoBHO
"HaceKkoMmble") B MepeBOAe CO CfI3Hra MNpPorpammuCTOB O3Ha4aeT
"owmnbkM B nporpamme”. B paboTtaroweli nporpaMmMe 3TWUX OLIK-
60K HeT, B TO BpemMs Kak HepaboTatowasa ("limping") nporpamma
MMeeT, Mo KpaiHel mepe, ofHy owwmnobky ("bug”). Ncnonb3ys De-
bug ons nowaroBoro 3anycka rnporpaMmbl ¥ Habnwaas, Kak npo-
rpamma paboTaeT Ha KoM 3Tane, Mbl MOXEM HalTW OLUMOKKU 1
ncnpaBuTbL UX. ATOT Mnpouecc HasbiBaetcs oTnagka (“debugging),
OTCHOZa W NPOU30LLINO HasBaHWe nporpammbl Debug.

B CcOOTBETCTBUM C KOMMbIOTEPHLIM (PONBKIOPOM, TEPMUH
"debugging” (gocnoBHO "06e3xyumBaHue", "06e3HaceKOM/IMBa-
HUEe™) MMeeT rnyboKMe KOPHW - OH MOABWACA B TOT [eHb, Korga
nepectas paboTtatb KOMMblOTep [apBapfcKoro yHuBepcuTeTa
Mapk 1 Mocne fonrnx NOMCKOB TEXHUKM OBHapY>XXWanM UCTOUHMK
cBoux 6ef - HebGOMbLUYD MOSb, MOMABLUYKHD MEXAY KOHTaKTaMu
pene. OHW yganunun, mMoJfib U BHEC/IWN 3aNUCb B CMEHHbIA XYypHan o
npouecce nog HasegaHuem "debugging”, nponsseaeHHOM Hag Map-
kKom 1

Hailgute Debug Ha Bawem [OMNOMHUTENbHOM Aucke DOS
nnn WINDOWS B nogkatanore COMMAND wnnn SYSTEM32, 1
Mbl  HauyHem. T[loxanyih, BaM [Jake CTOMT  CKOMWPOBATb
DEBUG.EXE Ha Ball pabouyunii ANCK, TaK Kak Mbl 6yaem ero no-
CTOSIHHO MCMO/b30BaTh.

MpyMeyaHve, HauMHasA C 3TOr0 MecTa, B TEKCTe ByayT npuso-
ANTbCA pacrneyaTku KOMaHz Mnosib3oBaTefis U OTBETOB KOMIMbIOTe-
pa. HaneuatainTe TEKCT npumepa, Haxmute KnaeBuiiy "Enter”, u
Bbl YBUAUTE OTBET KOMMbOTEPA, COOTBETCTBYHOLUMIA TOMY, KOTO-
pbli nNpuBoauTCS B pacneyatke. OfHaKo, OTBETbl KOMMbOTEpPa
MOryT He Bcerfa coBnafaTb C MNPWBELEHHbIMU MNpuUMepaMm MK3-3a
BO3MOXHbIX PasfiMunii Mexgy BallvM KOMMbHOTEPOM W KOMMbHO-
TEpoM, C MOMOLLLIH0 KOTOPOro nucanachk 3ta rnaesa (Mbl 06Cyaum
3TN pasnuuma nodke). OTMETUM, YTO BO BCEX MpPMMepax WUCMosb-
3yKOTCA 3arnaBHble GyKBbl. ITO CAENAaHO TOLKO AJ19 TOro, YTo6bI
n3bexartb NyTaHWLbl Mexay 6yksoi "I" wn umdpoin "1". Ecnm Bbl
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npegnoyntaete, T0 MoXeTe HabmpaTb NMPUMepPbl CTPOUHBbIMK BYK-
BaMW.

Tenepb, nocnie YNOMsHYTbIX BbllLe—COr/aLIeHN, 3anyCcTUm
Debug, HabpaB ero HassaHuwe nocne npurnaweHus DOS (ko-
TOpOe B 3TOM NpuMepe BbIrNAauT Kak "C*"):

O DEBUG.EXE
- - oTBeT

nnn yepes WINDOWS\SYSTEM2\DEBUG.EXE

- oTBeT

[Jeduc, KoTopbIi Bbl. BUAUTE B Ka4yecTBe OTBETA Ha Bally
KOMaHgy - 3TO npurnaweHve nporpammsl Debug, B TO BpeMs kak
"C>" - ato npurnaweHve DOS. 3T10 03HavaeT, 4to Debug >xget
BalLlei KOMaH[pl.
Urtobbl nokunHyTb Debug n BepHyTbca B DOS, Haneuataiite "Q”
(aHrn. "Quit") okono gedmca n HaxmuTe "BBoA". ECnnM XOTuTe,
nonpo6yiiTe BbIATM K 3aTeM 06paTHO BepHYThCA B Debug:

-Q
ODEBUG
6.3. Ap1hmeTMKa MMKponpoLeccopa

3Has Koe-4yTO O LIeCTHaALATEPUYHOW apudmeTuke npo-
rpammbl Debug (0Tnaguvk) w [OBOVMYHOW apUMeTUKe MUKPO-
npoueccopa (MTI1), Mbl MOXeM HauaTb M3y4yeHue Toro, Kak Mr1
BbIMO/IHAET CBOM MaTemaTuyeckue onepauunii. OH ucnonb3yet
BHELLHNe KOMaH/bl, Ha3blBaeMble NUHCTPYKLNAMMN.

Debug, Haw rug v uHTEpnpeTaTtop, MHOrM0 3HaeT 0 MUK-
ponpoLeccope, pPacrnofioXXeHHOM BHyTpu IBM PC. Mbl Gyaem
1CNoNb30BaTh €ro, 4Tobbl MCCMefoBaTb BHYTPEHHME MPOLECCHI,
npovicxogawne B MIM; 1 HayHem c 3anpoca K Debug, utobbl TOT
BbICBETW/ BCE, YTO OH MOXET COOOLMTb O MasleHbKMX KyCOYKax
NnamT, Has3blBAEMbIX PErncrpamu, B KOTOPbIX MOMYT XpaHuUTbCA
yncna. PerncTpbl NOXOXMW Ha nepeMeHHble B belicuke, HO OHM He
COBCEM TO e camoe. B oTnmume ot beilcvka muKpornpoueccop
8086 coaepXUT orpaHNYeHHOE YUC/IO PErncTpoB, N 3TN PErncTpbl
He ABNAIOTCA YacTbio namaTu sawero IBM PC.

Mol npocum Debug nokasaTb COAEPXXMMOE PErucTpoB MMK-
ponpoueccopa ¢ NOMOLLLI KOoMaHAbl "R" (COKpalleHWe OT aHr.
"Register"):

-R

AX=0000 BX=0000 CX=00000 DX=0000
SP=FFEE Bp=o0000 si= o0ooo di=o000
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DS =3756 ES=3756 SS=375t CS=3756 IP
=0100 NV UP DI PL NZ NA PO NC

3756:0100 E485 IN Ab 85

(Bo3MOXXHO, Ha CBOEM Awucniee Bbl yBUAWUTE APYrue ymcna BO
BTOPOM W TPeTbeil CTPOKax; 3TU 4ymcria NoKasbiBalOT KOMYECTBO
namaTy KoMMbloTepa. 3TV pasnnuma OyoyT COXPaHATbLCA U falb-
LLie, MO3Xe Mbl UX 06CYANM.)

Ceityac Debug Bblgan Ham goctatoyHo MHOro uHhopmauun.
Obpatnum BHMUMaHMe Ha nepsble 4eTbipe perncrpa, AX, BX, CX u
DX, 0 3HayeHuax Kotopbix Debug coobLims, YTO OHW BCE paBHbI
0000. 3T10 permcTpbl 06uWe!'0 HasHayeHWs; OcTaNbHbIE PErnCTPbI
SP, BP, SI, DI, DS, ES, SS, CS n IP asnatTca perncrpamm
CrneumnanbHoro HasHaveHus.

YeTbIpex3HayHOe 4nC/e), NOKa3aHHOe Cpasy BCef 38 MMeHeM
perucTpa, ABMAETCA LWeCTHaguaTepuyHbiM. PaHblue Mbl Yy3HaIM,
YTO OLHO C/I0BO OMWCLIBAEMCHA POBHO YeTbIPbMSA LUECTHaALaTe-
pUYHbIMK UMdpamMn. Tak «*To, Kak Bbl BuAMTe. Kaxabld 13 13
PerncTpoB MUKpONpoLeccopa ABMSETCA CNOBOM U UMEET ANHY
16 6ut. T03TOMY KOMMbIOTEPbI, CO3[aHHble Ha OCHOBE MWKPO-
npoLeccopa, HasblBatoTCA L *eCTHaALATUPA3PALHBIMU.

Mol yXe oTmeyanu, 4T° PerncTpbl NoXoXu Ha NepemMeHHble
Beiicuka. 310 03HAYaeT, UT<P Mbl MOXEM M3MEHATHL WX COCTOSIHUE,
n. Mbl 6ygem 310 genatb. KOomaHpaa Debug "R" He TOMbKO BbiCBe-
ymBaeT perucTpbl. Ecnv ykasaTb, B KOMaHAe WMSA Perncrpa, 1o
Debug NOWMET, UTO Mbl XOr'MM B3I/SHYTb Ha COLEPXKMMOE MMEH-
HO 3TOr0 PerncTpa v Moxxe-#- 6bITb M3MEHUTb ero. Hanpuwvep, Mbl
MOXEM M3MEHUTb PerucTp TaK, KaK 3TO MOKa3aHO HWXe:

-R AX
AX=0000
:3A7

[asaiiTe  onAaTb  Mp. OCMOTPUM  COAEPXMMOe PerncTpos,
4TOObI YybeauTbea B TOM 4T”° B pernctpe AX Tenepb COAepXUTCA
3AT7h:

-R

AX=03A7 BX=0000 CX=00»000 DX=0000 SP=sFFEtBP= 0000
SI1=0000 DI=0000

DS=3756 ES=3756 SS=7756 CS= 3756 IP=01* NY UP DI
PL NZ NA

PO NC

3756:0100 E485, INAL, 8S
Tak n ectb. ATak, Mbl  MOXeM MOMeLUaThb Lec-HafuaTepuy-
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HOE YMC/O B PErncTp ¢ MoMoLLbi KomaHgbl "R, yba

perucTpa ” BBOASA €ro HOBOE 3HauyeHWe nocne ABOETO\,” biBas MUMA

TONbKO, 4YTO caenann. B pganbHeliwiem mbl 6yaem uc ' KaK mbl

3Ty KOMaHZy A/19 BBOAA YWCEN B PErUCTPbl MUKPOMPOK ™/b30BaTh
Tenepb ucnonb3yem Debug Kak WHTepnpeT;~cccopa’

paboTatb HenocpeACTBEHHO € MUKponpoLeccopom. 3;. op’

WMHCTPYKLMIO Ha CNOXeHue 4umcen w3 ABYX peructp,ls. M

MOMEeCTMM 4mucno B peructp BX, 3atem gagum uHCTpPY ' cHal’ |£

npnbasnTbL YMCNO, XpaHsaweecd B BX, - K umncny, xpay,

AX, N nNomecTUTb 0TBET 06paTHO B AX. Ans Hayana ||* e*yca B

BBECTM 4mcno B peructp BX. [asaite cnoxum 3A7U L,

nonb3yinTe KomaHgy "R”, utobbl nomecTuts 92Ah BB)( c

6.4. MNamMATbL U MUKpoNpoLieccop

WTtak, pernctpbl AX u BX [0/KHbI, HaBepHOe,
3A n 92Ah, B YeM Mbl MOXXEM ¥6e,ﬂ,VITbCH C MOMOLLIb*, K eP)xaTb

AX = 03A7 BX = 092A CX = 00000 DX = up =
FFEE BP = 0000 U
S1=0000 DI= 0000
DS = 3756 ES = 3756 SS = 3756 CS = 3756 ,p
NV UP DIPL NZNA w
PO NC
3756:0100 E485 IN AL, 85

Tenepb, B pernctpax AX n BX NMETCA Hy)XXHble
KakvM 06pa3om Mbl COO6LLMM MUKPOMpPOLEeccopy 0O T0’5M LR
TO eCTb cofepXXumoe peructpoB BX n AX, Hy>KHO cncHums9 njf’
3TOr0 Mbl BBEAEM HEKOTOpPblE YMCna B MaMATb KOMMbOr" '

IBM PC umeeT no MmeHblueid mepe 128 M6ait ,lamstu
3HaUNTENbHO 6ONbLUE, YeM Ham 3[ecb MOTpebyeTcs, nomec
TUM ABa 6aiTa MallMHHOIO Koja B OHOM W3 YrofKOb Qr"
POMHOr0 Ko/MyecTBa namatu. B atom cnyvae mawwmHV/bi ko
OyzeT npeAcTaBneH ABYMSA ABOMYHbLIMK YMCNamu, C N°% Ubt0 KO_
TOPbIX Mbl COO6LMUM MUKPOMPOLLECCOPY O TOM, YTO H ,
BUTb pernctp BX K AX. 3aTeM gng TOro 4tobbl Mbl MXMH \B -
NeTb pe3ynbTaT, Mbl BbINOJHUM 3Ty WHCTPYKUMIO C h
nporpammbl Debug. MOLL|bHO

B kakoli MMEHHO 4acTu MamAaT Mbl LO/KHbI MOMECTUTL 3TY
BTN LTRSS B e
Pa36uBaeT namaTb Ha 4acTu no 64 Ko6aiT kaxpaas, H14BaeMblg

129



cermeHTamu. Yaile Bcero Mol 6yaeM MMeTb [0 C O4HUM U3 3TUX
CerMeHTOB, He 3Has peasibHO, rAe MMEHHO B NamATW OH HayuHa-
eTcAd. Mbl MOXeM nocTynatbh Takum 06pa3omM K3-3a crnocoba, Ko-
TOPbIM MUKPOMPOLIECCOP pa3meyaeT namaTh.

Bce 6aiiTbl NaMATX MOMeYaroTCs 4Yucnamu, HadmHas ¢ Ch u
Bbilwe. HO NOMHMTE YeTblpex3HayHoe OrpaHu4veHuWe LIecTHaALa-
TEPUYHbIX  YnceN? ITO 03HAYaeT, YTO HambosbLuee YnCo, KOTO-
poe MOXET WCMosb30BaTb MUKPOMPOLLeCCOp - 3TO LWecTHajuare-
PWUUHbIA 3KBMBANEHT ymcna 65535. 3TO, B CBOK O4vepepb, MOKa-
3blBaeT, YTO MaAKCUMASbHbIA OO0BEM NaMATK, pasMedaemblii MIT,
coctaBnser 64K 6ait. OpHako, Kak Mbl 3Haem W3 MPaKTUKK,
MMKPOMpPOLeccop MOXeT afpecoBaTb 6o/blie 64 Kbant namstu.
Kak oH 310 aenaet? - C nomoulb HeBGOMbLIOrO TPHOKA: OH WC-
nonb3yeT ABa YMcna, OAHO ANA Homepa 64 K6aWT cermeHTta, BTO-
poe ANs Kaxaoro 6avita, WM CMeLLEHWs, BHYTPU cermeHTa. MMpu
Takoin agpecauun MIT MOXET MCMOMb30BaTh 10 OAHOIO MW/IMOHA
6ainT namsaTw.

Bce agpeca (MeTKM), KOTOpble Mbl Oygem WCMONb30BaTb B
JaNbHENMX npumepax - 3T0 CMELLEeHWs OT Havana CermeHTa.
Mbl 6yfemM 3anucbiBaTb ajpeca Kak HOMep CermMeHTa W BCref, 3a
HUM, Yepe3 ABOETOYMe, CMeLLeHMe BHYTpW cermeHTta. Hanpumep,
3756:0100 6yneT o03HayaTb, YTO Mbl HAaxXOAUMCS Ha CMELLEHUN
100h BHyTpW cermeHTta 3756h.

KaxabiM afpec COOTBETCTBYET OAHOMY 6aliTy B CermeHTe, ”
aZipeca pacronoXeHbl B BO3pacTaroliem nopsgke, Tak yto 101 h -
6ainT cnegytowmin B namaty 3a 100h.

B 3anucu Hawa [Byx6aiiToBas MHCTPYKLMSA O CnoxeHun BX
n AX 6yget BbirnsageTb Tak: "ADD AX, BX”;

Mbl NOMeECTUM 3Ty WMHCTPYKUMIO no agpecy 100h u 10lh B
nobom cermeHTe, KoTopbli Debug HayHeT mcnonb3oBatb. B co-
OTBETCTBUWM C corfaweHnem 06 afpecalumn, OroBOPEHHOM Bbl-
Wwe, Mbl COyfemM rOBOPWUTb, UTO MHCTPYKUMA pasmelleHa no ag-
pecy 100h, Tak Kak 3TO MeCTO pa3MmeLleHns nepBoro Gavita MHCT-
pyKumn.

KomaHga Debug ans wccnefoBaHWs M U3MEHEHUS MaMAaTy
HasblBaeTcs «E» (0T aHrn. “Enter"). Vcnonb3yite 3Ty KOMaHay
NS BBOAA ABYX 6aiT MHCTPYKUUM ADD, Kak MOKa3aHO HMXE.
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Start of
seyxent
3766

3756:0100
3756:0101

ADD &X.BZ

Puc. 6.1. Hawa MHCTPYKUMS, HaumHatouwasca ¢ 6ainta 100h ot
Hauana cerMeHTa.
- E 100
3756:0100 E4.01
-E 101
3756:0101 85,D8

Uncna Olh n D8h pacnonoxeHbl no agpecam 3756: 0100 u
3756:0101. Homep cermeHTa, KOTOpbIA Bbl YBUAUTE, BO3MOXHO,
Oyget apyruMm. Ho 3to pasnmuve He GyfeT BAMATL Ha Hawly Mpo-
rpavmy. Kak v B npusefeHHOM npumepe, Debug BbiCBETUT ABa
Pa3/IMYHbIX ABY3HAYHbIX YMCNA B OTBET HA KOMaHAbl. STV uucna
(E4h v 85h B Hawem npvmMepe) —cTapble 3HaYeHUs AYeeK nams-
TV Ha cMeuleHun 100h u 101h OT Hayana cermeHTa, BbIGPAHHOIO
nporpammMoli Debug, TO eCTb 3TV YMcna —faHHble, OCTaBLUMECH B
naMsaTK OT MpeaplayLiein nporpamMMbl nocne 3anycka Debug. (Ec-
N Bbl TONbKO YTO BK/IKOYW/IN CBOM KOMMbKOTEP, TO YmMCna JOMXK-
Hbl 6bITb 00).

6.5. CnoxeHue B MalLMHHBIX Kogax
Tenepb perncTpbl AO/MKHBI BbIMNALETL Tak:

AX=03A7 BX=092A CX=00000 DX=0000 SP=FFEE
BP=0000 S1=0000 DI=0000

DS=3756 ES=3756 SS=3756 CS=3756 [IP=0100 NV
UP 01 PL NZ

NA PO NC

3756:0100 01D8 ADD AX, BX

MHcTpykuma ADD nomelleHa B namMATb WMEHHO Tam, rge
Mbl XOTeNu ee pasMecTWUTb. ITO BUAHO W3 TPETbel CTPOKM COO
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lweHusa. TMepsble aBa 4yucna, 3756:0100, gatoT Ham agpec (100h)
MepBOro uymcna Haleid WHCTPYKUMW. 3a HUMU Mbl BUAMM [Ba
6ainTa, o3Havatowme ADD:01D8. Baiit, paBHbii 01 h, pacnono-
XeH no agpecy 100h, a D8h -no agpecy 10lh. B KoHLe CTpokwu
pacrionaraeTcs Coo6LieHMe Ha MalUMHHOM f3blKe. 3Ty 3anucb
MUKponpoLeccop OyAeT WMHTEpnpeTMpoBaTh KakK WMHCTPYKUMIO O
cnoxeHun. llocne Toro, Kak MHCTPYKUUA pasMeLleHa B namsTy,
HeobX04AMMO COOOLUNTL MUKPONPOLLECCOPY O TOM, e OHa pacno-
NOXeEeHa.

Mukponpoueccop HaxoAuMT HOMep CerMeHTa M agpec CmeLle-
HUS B [BYX cneuuasbHbiX peructpax, CS n IP, KoTopble Bbl MO-
XeTe BMAETb pacreyaTaHHbIMW Ha MpeablayLiemM nucTuHre. Homep
cermMeHTa xpaHutcs B CS unum, cermeHTe Koga (aHrn. "Code Seg-
ment”). Ecnn Bbl MOCMOTPUTE Ha pacreyaTKy PerncTpos, TO YBU-
ante, yto Debug yxe yctaHoBun ana Hac CS (B Hawwem npumepe
CS = 3756). Takum 06pa3om, MOMHbIA aApec Hayana Hallei
NHCTPYKumn 3756:0100.

Crepyroulas yacTb 3T0ro agpeca (CMeLLUeHne BHYTPU CermeH-
Ta 3756) xpaHuTCa B pernctpe IP - ykasatene MHCTPYKUMU (aHrn.
"Instruction Pointer"). Mwukponpoueccop WUCNONb3YeT CMeLLIeHWe,
B3ATOE U3 peructpa IP, 4To6bl HANTX HaLLy NEPBYH WHCTPYKLMIO.
Mbl MOXeM COO06LMTL MUKPOMPOLECCOPY, FAe ee UCKaTtb, 3anu-
caB B peructp IP agpec Hawei nepBoit MHCTpyKumn IP =0100.

Ho peructp IP yxe ycrtaHosfieH B KOOb. Mbl HEMHOIO C/l0B-
yunun: Debug yctaHasnuBaeT IP B JIOOb BCAKWIA pa3, Korfja ero
3anyckatT. 3Had 370, Mbl cneuumanbHo BbiGpann 100h agpecom
MepBON MHCTPYKUMWN M TaKum 06pa3oM 0CBO6OAM/IUCH OT He06Xo-
AVMOCTWN BbIMOMHATL YCTAHOBKY peructpa [P oTgenbHo. 3T0T
npuem CTOUT 3arOMHUTD.

Mocne BBOAA UHCTPYKLUM M NPaBUNbHOW YCTaHOBKW peruct-
poB Mbl nornpocum Debug ee BbINOAHWTL. [18 3TOM0 Mbl MpUMe-
HUM KomaHay Debug -T* (oT aHrn. "Trace"), KoTopas BbINOAHAET
O[HY VHCTPYKUMIO 3a Liar 1 3aTeM MoOKa3blBaeT COAepPXUMOe pe-
rmctpoB. [lMocne kaxaoro 3anmycka IP O6yaeT ykasbliBaTb Ha cre-
OYIOLLYI0 WHCTPYKUMIO, B Hawem cryyae, OyfeT ykasbiBaTb Ha
102/ Mbl He noMewan HUKaKOW MHCTpyKumm B 102h, noatomy
B MOC/e[HE CTPOKe pacrneyaTky Mbl YBUAUM WHCTPYKLMIO, OC-
TaBLUYHOCS OT MpefblayLeli nporpaMmsi.

[aBainTe ¢ nomowblo komaHabl T nmonpocum Debug BbI-
NOMHUTb UHCTPYKLMIO;
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- 0T
AX=0CD1 BX=092A CX=00000 DX=0000 SP=FFEE BP=0000
S1=0000 DI1=0000

DS=3756 E8=3756 SS=3756 05=3758 IP=0102 NV UP DI PL
NZ NAPONC

3756:0102 AC LODSB

Bot u Bce. Pernctp AX Tenepb coaepxut umcno CDIh, ko-
Topoe saBnsieTca cymmon 3A7h n 92Ah. A peructp IP ykasbiBaeT
Ha agpec 102h, Tak 4TO B MOCNEAHEN CTPOKe pacrneyaTku peruct-
POB Mbl BUAMM MHCTPYKLMIO, PacnofOXEeHHYK B NMamAaTu Mo ag-
pecy 102h, a He no agpecy 100h.

Kak oTmMeuanocb paHee, ykasaTteflb UHCTPYKLUWN BMeCTe C pe-
ructpom CS Bcerja yKasblBalOT Ha CMefytoLly UHCTPYKLMIO, KO-
TOPYHO HYXHO BbIMONHUTL MUKpornpoueccopy. Ecav Mbl onaTb
Haneyataem T \ TO BbINOMHUTCS CreaytoLWas UHCTPYKUmsA. Ho He
[enarite aToro» ceilyac - Ball MUKPOMPOLECCOP MOXET 3aBUCHYTb.

A 4TO, €Ccnv Mbl 3aXOTUM BbIMOSIHUTL BBEAEHHYHK) WHCTPYK-
LMIO elle pas, TO ecTb cnoxutb 92Ah n CDIh coxpaHuTb HOBbII
otBeT B AX? UT0 Ham Hado caenatb Ans TOro, YTo6bl 0OBACHUTbL
MUKPOMPOLECCopyY rae HaiTU CneaytoLlyto MHCTPYKLMIO, U YTOGbI
3TON cneaytoLLEein MHCTPYKLMel okasanach Ta e "ADD AX, BX",
pacnosioxxeHHas no agpecy 100h. Moxkem i Mbl U3MEHUT 3Haye-
Hue peructpa IP Ha 100? [aBaiiTe nonpobyem. Mcnonb3yiTe Ko-
maHgy "R", uTtobbl ycTaHoBUTL IP B 100, nOCMOTpUTE pacrnedaTky
pervucTpos:

AX=0CD1 BX=092A CX=00000 DX=0000 SP=PFEE BP=0000
SI1=0000 DI=0000
DS=3768 ES=3756 SS=3756 CS=3756 1P=0100 NV UP DI PL NZ
NA PO NO
3756:0100 ADD AX, BX

MonpobyiiTe ewe pa3 BBECTM KOMaHZy T ¥ MocmoTpute,
cogepXkut nn peructp AX uucno 15FBh. [eictBuTensHO cogep-
KUT.

Kak Buaute, nepeg Tem, KakK WCMNoMb3oBaTb KomaHgy T",
BaM HeobXo4MMO nNpoBepuTb perucTp [P Ha COOTBETCTBYHOLLYHO
ero 3HayeHU0 WHCTPYKLUMIO, pacrofiaraeMytd B HUDKHEN 4YacTu
NCTUHra, NOoKasbiBaeMoro komaHgoin "R". Takum 06pasom, Bbl
OyfeTe yBepeHbl, YTO MWKPOMPOLLECCOP BbIMOMHAET HY)XXHYIO WH-
CTPYKLMIO.

A ceiivac, yctaHoBuTe peructp IP B 100h, y6eautech, 4To B
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Den*crpax cogepxmtca AX - I5FBh, BX  092A/ 1 cHoBa no-
NOOWyITe MPOU3BECTU BblUMTAHMUE.

A AT :03A7 BX :092A

ADD AX.BX
m ,-iT  LODSB

Puc 6.2. Mepef BbIMNOMTHEHNEM WHCTPYKLUW CIOXKEHWS.
AX:03A7 BX:092A

ADD AX,BX
LODSB

Puc. 6.3- ocne BbINONHEHNS UHCTPYKLMWN CIOXKeHUS.

6.6. BbluMTaHe B MaLLUMHHBIX KOAaX

Mbl cobupaemca Hanucatb UHCTPYKLUMIO NS BblumTaHua BX
AX Tak 4YTO nocne [Byx BblYMTaHUA B pernctpe AX nossutcs

nesynbtat 3A7h. Torga Mbl BEpHEMCS K TOI TOUKe, C KOTOPOW
Hayanu Kpome TOro, Bbl YBUAWTE, KakUM 00pasoM MOXHO He-
MHOI0 C3KOHOMUTb YCUNMSA NPU BBOLE ABYX 6aliTOB B NaMsThb.

Korga mbl BBOAMAM ABa 6aitTa MHCTPyKuum ADD, To nedva-
Tanum komaHgy "E" gBaxapl: oguH pa3 ¢ OlOCh ons nepeoro agpe-
ca u BTopoit pas ¢ 0101h gna BToporo agpeca. OAHAKO Mbl MOXEM
BBECTW BTOPOI GaliT 1 6e3 MCNo/b30BaHMA elle OfHOI KOMaHAbl
"F- ecnu Mbl OTAENUM BTOPOW GaiT OT BBEAEHHOro MpPo6Genom.
Mocne OKOHYaHWs BBOAA HaAXMUTE Knasuwy “Enter”. "Monpobyii-
Te 3TOT MeTOZ, Ha Hallel UHCTPYKLUN BblYUTaHUS:
-E KO
3756:0100 01.29 D8 .08

JIMCTUHT pernctpos (NOMHWUTE O HEOOXOAMMOCTU YCTaHOBKU
Deinctpa IP B 100h) gomkeH Ternepb 'MOKasaTb WMHCTPYKLMIO
"SIJB  AX, BX", KOTOpas BblMUTAET COAEMKMMOE Perucrpa
BX u3 peructpa AX u pasmeLtaeTt pesynbtar B AX. lNopagok 3a-
nucu AX 1 BX MOXET ObITb pasHbIM, HO MHCTPYKLMSA, KaK N BU-

JeHne AX = AX -BX, HanucaHHoe Ha beiicvke, npeanonara-

eT  yTo MuKponpoueccop 8088, B oTanume OT beilcmka, Bcerga
MOMELLAET OTBET B MEPBYIO MEPEMEHHYIO (B MEPBLIA perucTp).

BbINONHUTE 3Ty UHCTPYKLMIO C MOMOLLbO KOMaHAbl "T". AX
JomkeH cogepxkatbh CD1. N3meHuTe IP Tak, uToObl OH YKasblBal
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Ha 3Ty WHCTPYKLMIO, M BbINONHWTE ee OnsATb (He 3abblBaliTe CH/\~
Yyana npoBepsiTb WMHCTPYKUMIO BHWU3Y NIUCTUHra peructpos). AN
Ternepb fJo/mkeH cogepxars O3A7TH.

OTpuuaTesbHble UMca B MUKPOMPOLIECCOPE

B rnaee 3 Mbl Y3Ha/IN, KaK MUKPOMNPOLIECCOP MCMOMb3yeT iopyY*yY
[BOVYHOIrO [OMONHEHUA A/ oTpuuaTenbHbIX yncen. Ceitvac MIjl
nopaboTaeM HenocpefcTBEHHO C MHCTPYKUmein SUB, 4tobbl npoB”
ONTb BbIYMCNEHUA C OTpUUATeNbHbIMK yucnamun. [asaiite Aafo#m
MMKPONPOLLeccopy Hebo/bLIOW TecT, 4TOObl MNOCMOTPETb, Nonyy M
nm Mbl FFFFh B kadecTBe -1. Mbl BbIMTEM e€UHULLY W3 HynS,
ecnn Mbl OblIN NpaBbl, TO B pe3y/bTaTe BbluMTaHWUSA B peructpe P*
[OMKHO OKasatbea FFFFh (-1). YcTtaHoBuTe 3HayeHWe AX paBHb-,M
HyMmo u BX paBHbIM efuHuLE, 3aTeM 3anycTuTe MHCTPYKumo 1'°
agpecy I0Ch Mbl Jnonytwmvl TOo, yTo OXmpanm: AX = FFFFh.

6.7. BaiiTbl B MMKPOMpPOLIECCOpe

[lo aTOro BcA Hawa apuMeTuKa coBepLuasacb Haf, cioBak
TO eCTb YeTbipbMsA LIeCTHaAUATEPUUHbIMM Lndpamun. 3HaeT yl
MMUKPOMPOL,eCCcop, Kak BbIMOMHATL MaTemaTuyeckme onepay”
Hag GaviTamn? [a, 3HaeT.

TakK KaK OfIHO C/I0BO COCTOWUT M3 ABYX BGaiT, Kaablii pernc?
06LIEro HasHauyeHMs MOXeT ObITb pa3feneH Ha asa 6anrta, K'l
BECTHbIX KaK CTapwuii 6aiT (mepBble ABe LIECTHaALUATEPUYH **
uMdpbl) U MNagwnin 6aint (cnegytolume ABe LIeCTHaALATEPUYH
unpsl). HasBaHMe Kaxaoro 13 nosy4veHHbIX PermcTpos cknap”
BaeTCA W3 MnepBoii OyKBbl HasBaHMs peructpa (ot "A' ao
cToAwein nepen "X B cnose, U Oykebl "H” gna ctapwero 6ak4
nnn 6yksebl "L" gna mnagwero. Hanpumep, DL n DH - perunctp
AIMHON B 6aiT, a DX gnuHoit B cnoso. (MpumeHsiemas 34" cq
TEPMUHOIOMNNA He Bcerfa yAobHa, Tak Kak B Ci0BaX, XpaHsLuii
B NaMATW, MNaALIniA 6ainT MOET NepBbiM, a CTapLUNA BTOPbIM.)

0003- nopyg

Puc.6.4. Pa3breHne peructpa AX Ha ABa 6aiiTOBbIX pPerncrp»*
(AH n AL).
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MpoBepuM 6aliTOBYtO apuMETUKY Ha WHCTpyKumm ADD.
Beeaute gga 6aitta 00h n C4h, HaumHas ¢ agpeca OlOOh. BHu3y
JIMCTUHra Pernctpos Bbl yBuauTe MHCTpykumio "ADD AH, AL",
KoTOpas CyMMUPYET ABa Ganta permctpa AX U NOMECTUT pe3y/b-
TaT B cTapwum 6aiiT AH.

3artem 3arpysute B peructp AX uncno 0102h. Takum obpasom
Bbl nomectute Olh B peructp AH n 02h B pernctp AL. YcTaHo-
BUTe pernctp ip B 100h, BbINONHUTE KOMaHAy 'T', v Bbl yBUAUTE,
yto peructp AX tenepb cofepkunt 0302. PesynbTar cnoxeHus Olh
Z\I—?Zh 6yget 03h, 1 MMEHHO 3TO 3HaYeHWe Haxo4UTCA B Perucrpe

Ho npeanonoxum, 4To Bbl He cobupanuck cknageieate Olh u
02h. Aonyctum, Ha camom faene Bbl xotenu cnoxuTs Olh n 03h.
Ecnun peructp AX yxe cofepxut 0102, MOXEM /i1 Mbl U3MEHUTb
3HadyeHue peructpa AL Ha 03h~ Het. Bam npuaetcs M3MeHSTb
3HayeHue peructpa AX Ha 0103h. Mouemy? TMotomy uto Debug
MO3BOJIIET HaM WM3MEHATb TOJIbKO LUeCTHajuaTupaspsagHble peru-
CTpbl. HEBO3MOXHO W3MEHWUTb TOMIbKO MMaAWyt WM TOMbKO
CTapLUyto YacTb peructpa ¢ nomowbio Debug. Ho, Kak Bbl BUAenm
B MpeablayLUein rnase, aTo He npob6nema. Vves [eno ¢ wecTHa-
LUATePUUHBIMW YMCNamMn, Mbl MOXEM pasfenutb CA0BO Ha [ABa
6ainTa, pa3dbuB 4YeTbIpeX3HaA4YHOE 4MCN0 nononam. Tak 4To CNOBO
OKO3b cTaHoBUTCA AByMs Gaitamu Olh n 03h.

UTo6bl MCNbITaTb B AEWUCTBUM 3Ty WMHCTPYKLMIO C/OXEHWUS,
3arpysute B peructp AX umcno 0103h. WHcTpykumsa "ADD
AH,AL" no-npexxHeMy HaxoauTtcs B namatu no agpecy OOCh, Tak
4to yctaHosute peructp IP B 100h u, nmes B peructpax AH n AL
3HadeHust Olh Kk 03h, 3anycTute BbINOMIHEHME WHCTPYKUMK. [ocne
atoro AX 6yget cogepxatb 0403h: 04h, a cymma 01h+ 03h, Haxo-
avtca B peructpe AH.

6.8. YMHOXeHVe W fefneHne

Mbl Bugenu, Kak MMKPONPOLECCOP CKMNafblBAET U BbluMTaeT
[Ba uncna. Tenepb Mbl YBUAMM, YTO OH MOXET TakKe YMHOXaTb U
Jenntb. MHCTPYKUMA YMHOXeHMA HasbiBaeTca "MUL", a mawmH-
HbIA KO Ana yMHOXeHnss AX Ha BX - F7h E3h. Mol BBegem ero
B NaMsATb, HO CHa4asia HeCKONbKO CnoB 06 MHCTpyKuun MUL.

loe vHeTpykuma MUL coxpaHseT ortBet? B peructpe AX?
He coscem, 34ecb Hafo ObiTb akKypaTHbIMU. Kak Bbl CKOPO YBU-
AuTe, YMHOXeHWe [ABYX 16-OUTHbIX uucen MOXeT pJatb 32-
pa3psiaHbIi OTBET, Tak UTO MHCTPYKUMA MUL coxpaHsieT pesynb-
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TaT B AByX peructpax DX n AX. Ctapluve 16 6UT NOMeLIAOTCS B
pernctpe DX, a mnagwuve - 8 AX. Mbl MOXeM TakXXe BnucaTb 3Ty
KOMOMHaLNIO perncTpos Kak DX : AX.

[JaBaiite BepHemcsi K Debug v K Mukponpoueccopy. Beeaute
NHCTPYKUMIO YMHOXeHMIA F7h E3h no agpecy OlIOOh, Kak Bbl 3TO
fenanv ans WUHCTPYKLUMMN CMOXKEHUS W BblYATAHMSA, U YCTaHOBUTE
AX=7C4Bh n BX=100h. Bbl yBMAWUTE WHCTPYKUMIO B JINCTUHIE
pernctpos Kak "MUL BX", 6e3 BCAKMX CCbINOK Ha pernctp AX.
Mpy YMHOXEHUWN CI0B MUKPOMPOLIECCOP BCerga YMHOXaeT pe-
TMCTP, MMSA KOTOPOro Bbl YKa3blBaeTe B MHCTPYKLMUW, Ha Perucrp
AX, 1 coxpaHsieT 0TBeT B nape pernctpos DX:AX.

Mepen Tem, Kak Mbl 3aMyCTUM 3TY WHCTPYKLUMIO YMHOXeEHWS,
[aBaiiTe NMpPou3BeLEM YMHOXeHVE BPyYHYyt. Kak Mbl MOXeM Mog-
cuntaTtb 100h * 7C4Bh? Tpu uudpsl 100 nmeroT B LLECTHaALATE-
PUYHOI CUCTEMe TaKOW e aPgeKT, Kak U B AeCATUYHOMW, TaK YTO
YMHOXeHne Ha H3Cb npocTo [06aBWT TPW HyNa crpaea OT LUECT-
HaguatepuyHoro umcna. Takum o06pasom, 100h * 7C4Bh =
7C4B000h. 3TOT pesy/bTaT C/AULWIKOM ANUHEH A48 TOro, utobbl
NMOMEeCTUTLCA B OLHOM C/IOBE, MO3TOMY Mbl pa3bvBaem ero Ha fga
cnosa 007Ch n 4B00h.

Wcnonb3yiite Debug gna 3anycka UHCTPYKUuuW. Bbl yBuauTe,
yto DX cogepxut cnoso 007Ch, n AX cogepxut cnoso 4B00h.
Jpyrumn cnosamun, MUKpPOMPOLLECCOP BO3BpaLLaeT pes3ynbtar WH-
CTPYKUMM YMHOXEHUS cnoB B nape peructpoB DX:AX. Tam Kak
pesynbTaT YMHOXEHUS [BYX C/OB He MOXeT ObiTb [/IMHHEE [BYX
C/I0B, HO 4acTO ObIBaeT [/IMHHEe OLHOro €noBa (Kak Mbl TONbKO
4yToO BWAENW), WHCTPYKUMA  YMHOXEHWA  CNOB  BCerga BO3-
BpallaeT OTBET B nape pernctpos DX:AX.

A Kak Hacuyet feneHuns? Korga mbl fenM yucnia, MUKpPOMpPOo-
LlecCcop COXpaHseT KaK pe3y/bTaT, TaK W OCTaTOK OT [JefleHus.
MocmMOTpUM Ha BbIMOIHEHME AefieHus B MIT.

Puc. 6.5. Tepef BbINOSIHEHNEM UHCTPYKLUUN YMHOXEHUS.
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MOT. BX V«

LODSB ™ *
Punc.6.6. lMocne BbIMNOMHEHNA UHCTPYKLUUW YMHOXEHUS.
PX AX B-X

1007C| 14B12]| 10100t

[MpToP™ DIV BX
LODSB

Puc.6.7. lMepes BbIMNONHEHWEM WHCTPYKUMMW AeNEHNUS.

DX AX BX
00121 17C4B) 10,001

-w PIV B* -
|IP KO 2a® LQDSB, »

Puc.6.8. lMocne NCNOMHEHNS MHCTPYKUUW AeneHus.

Momectm mHCTPyKumio F7h F3h no agpecy OlOOh (1 101h).
Kak n wnHcTpykuma MUL, DIV wucnonb3yeT, napy peructpos
DX:AX, He coobLas 06 aToM, TaK 4TO BCE, UTO Mbl BUAWUM - 3TO
"DIV BX". 3arpy3viM B perucTpbl 3Ha4eHus: DX = 007Ch n
AX=4B12h; pernctp BX no-npexxHemy fo/mkeH cogepxartbs OlOOh.

Mogcuntaem pesynbtar BpyuHyto: 7C4B12h/I00h= 7C4Bh ¢
octaTkoMm 12h. Mocne BbINONHEHWS WHCTPYKUWUM [efileHns no ag-
pecy OlOOh mbl nonyumm gnsg AX=7C4Bh pe3ynbTar Hallero fe-
nenns n gna DX =00I2h, ocTaTtok.

6.9. BbIBOj, CMBO/IOB Ha 3KpaH

Tenepb, Mbl Y3HaM [OCTaTOMHO A8 TOro, 4tob6bl caenatb
yTo-1Mb60 60MEe OCHOBaTeNbHOE. HauHeM C TOro, 4to 3acTaBUM
OS BbIBECTM CUMMBOJ Ha 3KpaH, a 3aTeM 3aiimemcs eLle 60/ee UH-

138



xepecHoii paboToM - CO34aAMM Mporpammy, COCTOSLLYH W3 He-
CKOMbKNX .MHCTPYKUWIA, T.e. C €e MOMOLLbI Hayummcs eLle of-
HOMY Cnocoby 3anucy JaHHbIX B pPeructpbl. MocMOTpUM, cymeem
N Mbl JOCTUTHYTb TOTO, 4T06bI OS 3aroBopun.

INT - mMoLHOe npepbiBaHMe

K 4eTblpem maTemMatmyeckum uHCTpykumam ADD, SUB,
MUL »n D1V wmbl f06aBUM HOBYH) WHCTPYKLUMIO, Ha3blBAEMYHO
"INT" (oT aHrn. "Interrupt" - npepbiBaHue).

INT HemHOro noxoxa Ha onepatop beiicuka GOSUB. Ml
OyZeM MCMoNb30BaTh MHCTPYKLMIO 415 TOrO, YTo6bI 3acTaBuTh OS
HaneyaTaTb CUMBOJT Ha 3KpaHe.

Mepen Tem, KaK Mbl yY3HaemM O TOM, Kak pa6otaeT INT, pac-
cMOTpUM oanH npumep. 3anyctute Debug n nomectute 20h B AX
n 41 h B DX- VHcTpykumsa INT ana dyHkumidi OS mmeeT Buf
"INT 21 ', B mawunHHOM Koge CDh 21h. Kak u MHCTpyKuus
DIV 13 nocnefgHein rnaebl, 3TO ABYyX6aWTHas WHCTPyKums. [lo-
mectuTe "INT 21h” B namsaTb, HaumMHas ¢ agpeca 100h, v ncnosb-
3yiTe KomaHgy "R", 4ToObl Y6€ANTbCA, YTO MHCTPYKLMA YMTaeTCs
Kak "INT 21h" (He 3abyabTe ycTtaHoBMTb IP B 100h, ecnu Bbl 3TO-
ro elle He cfenanm).

Tenepb Mbl FOTOBbl BbIMONHUTL 3TY WHCTPYKLUWIO, HO He
CMOXEM, KaK B MpefblayLleli rnase, UCNonb30BaTb KOMaHA4y Tpac-
CYPOBKM, MOTOMY YTO OHA BbIMOJHAET OAHY MHCTPYKLMIO 3a Luar,
a MHCTpyKuma INT BbI3biBaeT 60/bWWY0 nporpammy u3 OS, Bbl-
NOMHAIOLLYI0 HekoTopble gelictBua. [pu atom INT paboTaeT
MOYTN TaK >Xe, Kak nporpaMmbl B Belicuke, KOTOpble MOryT Bbl-
3blBaTh MOAMporpaMmMbl ¢ NOMOLLLIO onepaTopa GOSUB.

Mbl He cobupaemcs BbINOMHATL KOKAYH U3 UHCTPYKLMIA Le-
noii "nognporpamMmbl” OS C MOMOLLIO TPacCMpPOBKW. HanpoTus,
Mbl XOTUM 3anyCTUTb Hally MporpaMMmy, COCTOALLYK W3 OfHOM
CTPOKW, HO OCTAHOBWUTLCHA  Mepes BbIMOJIHEHNEM  MHCTPYKLUN,
pa3meLleHHon no agpecy 102h. Mbl MOXeM 3TO caenatb ¢ NOMO-
o komaHasl Debug "'G" (cokp. of aHrn. “Go™), nocne KOTOpPOM
NnULLeTCs ajpec, Ha KOTOPOM Mbl XOTUM OCTAHOBUTLCA:

-G 102

AX = 0241 BX=0000 CX = 00000 DX=0000 SP = FFEE
BP = 0000

SI = 0000 DI= 0000

DS = 3970 ES = 3970 SS = 3970 CS= 3970 IP = 0102 NY
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UP DI PLNZ NAPONC
3970:0102 8BE5 MOV SP, BP

OS Haneuyatan 6yksy "A" u; 3aTeM BO3BpaTW/ yrpasfeHVe B
Hawy nporpamMmMy (YJuTute, YTO MHCTPYKLMA, pasMelleHHas o
agpecy 102h, aBnseTca AaHHbIMW, OCTaBLUMMWCA OT APYroi npo-
rpamMmbl, TaK YTO MOCNEAHAS CTPOKA BalLEro JIMCTUHIA MOXET Bbl-
rnageTb No Apyromy.)

MporpaMma B HEKOTOPOM CMbIC/E COCTOUT W3 ABYX UHCTPYK-
LW, BTOpas M3 KOTOPbIX pacrofiokeHa no agpecy 102h, To ecTb
NMeeTCA YTO-TO BPOJE 3TOro:

INT21

MOV SB, BP (1M60 4TO-TO NOXOXe, Ha BalleM KOMMbOTepe)

B ganbHeiwemM Mbl 3aMeHUM 3Ty C/y4aiiHyt0 BTOPYH WHCT-
PYKLMIO Ha OAHY W3 W3BECTHbIX, HO ceiiyac Mbl Npesnoxunn De-
bug 3anycTuTb Hawy nporpamMmy, OCTaHOBUTb BbIMONHEHWE, KO-
rga oHa JonAaeT A0 3TOM BTOPOA MHCTPYKLUKM, U MOKasaTb COAep-
XXVMO€ PEerucTpoB, YTo ¥ BbINO CAenaHo.

A Kak OS y3Han, 4to Hy)XXHO neyatatb "A™? 3HadeHue 02h B
pernctpe AH rosopuT OS, 4TO Hago HamneyaraTb HeKOTOPbIV
cumBon. WHoe 3HaveHWe 3Toro peructpa coobuwaer OS o Tom,
YTO HYXXHO BbIMOMHUTL APYryl0 QyHKuUMo. (HacTb (PYHKLUMWIA Mbl
PacCMOTPUM MO3XeE, HO ec/n BaM /IH0OOMbITHO, Bbl MOXETE HalTu
CMMCOK 3TUX hyHKUMIA, a pykoBoacTee no OS.)

Ana camoro e cumeona OS MCMoMb3yeT YUC/IO B Perncrpe
DL, paccmatpuBaemoe kak ASCIl Kof cMmBofa, BbIBOAMMOIO Ha
3KpaH. [1a BbiBOJa Ha 3KpaH 3arfiaBHON 6yksbl "A' B perucrp
DL 3aHocuTtcsa 3HaueHue 41 h, ASCII kop 3arnaBHoi 6yksbl "A.

Koabl cumBonoB ASCIIl nokasaHbl B Tabnuue Ne ans Bcex
CMMBO/I0B, KOTOPble MOXET BbIBECTW Ha 3KpaH Baw IBM PC. 3Ha-
YeHUs KOLOB NpefcCTaBneHbl Kak B [JeCATUYHOM, TaK W B
LecTHaaLaTepuyHoM Buge. B cBasm ¢ 1em, yto Debug noHumaert
TO/bKO LUECTHaAUATepUyHbIE Yncna, paboTa C BbIBOAOM CHMBOJIOB
H" 9KpaH SABNSETCA XOpOLUeid MNPaKTUKOM MepeBofa AeCATUYHbIX
ynces B LUeCTHaguaTepuyHble. BosbMuTe CMMBOM U3 Tabiuubl U
nepeBefnTe CaMOCTOATE/IbHO €ro KOA B LUeCTHafuaTepuyHyto ¢op-
My. Tenepb, NpoBepbTe CBOW MepeBof, BBeAsA, MONYyYEHHOe LUeCT-
HajuarepuyHoe yucno B peructp DL v cHoBa 3anyCcTuB WHCTPYK-
umto INT (nomHMTe 0 HeobxoamMmocT ycTaHOBKM IP B 100h).

PesynbTaT NpMMEHeHWs KOMaHAbl TPAcCUPOBKM K WHCT-
pykumn INT MOXeT Bbi3BaTb YAMBMEHME CBOEW HEMpeacKasyemo-
CTbt0. Jonyctum, Mbl He ucnonHanu komavgsl "G 102", a npo-

140



13BENN TPACCMPOBKY AN TOro, YTOObl YBUAETH, YTO XXe NpOoun3oii-
fet Ecnm Bbl. pewmnn nonpo6oBaTh BbINOMHWUTL Takylo Mpouesy-
py CaMOCTOATENbHO, TO He 3aX0AWTe C/IMLLKOM [Janeko, TakK Kak
MOXeTe YBUAETb, UTO Ball KOMMbKOTEP HAYHET BbITBOPATL HEYTO
CTpaHHoe. llocne TOro Kak Bbl, MPOTpaccupyeTe HeCcKONbKO Lia-
ros, BbliigeTe u3 Debug ¢ nomouwibto komaHabl "Q". 3TO NMKBU-
ANpyeT 6ecnopsaoK, KOTOPbIA Bbl 3a CO60I OCTaBuTE.

-R
AX=0200 BX=092A CX =00000 DX =0041 SP = FFEE BP = 0000
S1=0000 DI1=0000
DS=3970 ES=3970 SS=3970 CS =3970 IP=0100 NV UP DI PL NZ
NA PO NC

3970:0100 CD21

AX=0200 BX=092A CX = 00000 DX = 0041 SP=FFE8 BP=0000
SI=0000 DI = 0000
DS =3970 ES =3970 SS = 3970 CS =3372 IP = 0180 NV UP DI PL NZ
NA
PONC
3372:0180 80FC4B CMP AH, 4B
-T
AX = 0200 BX = 092A CX = 00000 DX= 0041 SP=FFEE BP=0000
SI1'=0000 DI = 0000
DS =3970 ES = 3970 SS = 3970 CS = 3372 IP = 0183 NV UP DI PL
NZ NA
PO NC
3372:01837405 JZ 018A
-T
AX=0200 BX=092A CX =00000 DX =0041 SP = FFEE BP = 0000’
SI'=0000 D1-0000
DS =3970 ES = 3970 SS=3970 CS = 3372 IP = 0185 NV UP DI PL NZ
NA
PO NC
3372:0185 2E CS:
3372:0186 FF2EABOB JMP FAR [OBAB] CS:OBAB= OBFF
O6paTnTe BHUMaHWe Ha, TO, YTO NepBOe YMCNO, ABNAKOLLEECS
cocTaBnsoLleli agpeca, MameHwunocb ¢ 3970 Ha 3372. Tpu no-
cnefHne WHCTPYKUun saBnawoTca 4vacteto OS, a nporpamma A1
OS, HaxoauTcA B [pPYroM cermMeHte. ®akTW4eckn CyLlecTyeT
OYeHb MHOrO WHCTPYKLMiA, KoTOopble OS BbIMNOMHAET Mepes Tem.
KaK HareyataTb CVMMBOJI; MO3TOMY A&Xe TakKad, KaxyLascs npo-
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CTOM 3aflaya, He TakK npocrta. Terepb CTano ACHO, NMOYeMy Mbl UC-
nosb3oBann KomaHgy "G” ans BbIMOIHEHWA MporpaMMbl TOMLKO
o agpeca 102h. B npoTMBHOM cny4vae Mbl Obl YBUAENN NlABUHY
NHCTPYyKuniAi o1 OS. (Ecnn y Bac mHas Bepcusi OS, TO MHCTPYK-
LMW, KOTOpble Bbl YBMAMTE MPY TPACCUMPOBKE, MOTYT ObITb ApYru-
Mu.).

6.9.1. WHcTpykuma npepbiBaHus - INT 20h

MomHuTe, uto Hawa MHcTpykuma INT 6bina 21h? Eciv mbl
n3MeHnm 21h Ha 20h, mbl nonyunm “INT 20h", apyryto MHCTPYK-
UM npepbiBaHnA, KoTopasa coobwaer OS 0 TOM, YTO Mbl XOTUM
BbITU M3 Halleli nMporpaMMbl M YTOGbI yrnpaB/eHne OnsATb BEPHY-
nocb K OS. B Hawem cnyyae "INT 20h" BepHeT ynpasfieHve K
Debug, Tak Kak Mbl BbINOMHAEM Hawly nporpammy u3 Debug, a He
ns OS.

Beegute uHcTpykumto CDh 20h, HaumHas c agpeca 100h, a
3aTem nonpobyiTe npogenaTb cneaytollee (TONbKO He 3abyabTe
nposepuTb MHCTPYKUMio "INT 20h" ¢ nomoLybo KomaHgbl "R™):
-G 102
Program terminated normally
-R
AX =0000 BX = 0000 CX = 00000 DX = 0000 SP = FFEE BP = 0000
SI = 0000 DI=0000
DS = 3970 ES = 3970 SS= 3970 CS = 3970 IP =0100 NV UP DI PL NZ
NA
PO NC
3970:0100 CD20 INT 20,

-G
Program terminated normally
-R
AX =0000 BX = 0000 CX = 00000 DX= 0000 SP = FFEE BP = 0000
SI = 0000 DI = 0000
Dj =3970 ES=3970 SS=3970 CS=3970 IP =0100 NV UP DI PI NZ
NA
PO NC
3970:0100 CD20 INT 20

KomaHpaa "G" BbINOMHSET BCIHO nMporpaMmy, KoTopas ceityac
COCTOMT BCEro W3 OAHOM WMHCTPYKUMK, Tak Kak "INT 20" —3To
WHCTPYKUMA BbIXOAd), M 3aTeM BO3Bpalaetcd K Havany. Korga
Mbl Hayanu BbiNonHeHne, IP 6bin yctaHoBneH B 100h. 3HaueHus
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PErncTpoB B 3TOM MNpUMepe paBHbl O TONLKO MOTOMY, YTO Mbl
3aHoBO 3anyctuin Debug.

Mbl moXem BBecTM MHCTpyKumio INT 20h B KOHeu mnpo-
rpammbl Tak, 4ToObl rpalMo3HO nepefatb ynpasneHne OS (v
Debug) » nostomy ceiiyac BBeAEM 3Ty WHCTPYKUMIO BMeCTe C
"INT 2lh B nporpammy, COCTOSALLYIO U3 ABYX CTPOK.

6.9.2. MNporpamMmMa u3 [ByX CTPOK - COEAMHEHWNE YacTeil BMECTe

HauuHaa c agpeca; 100h, BBeauTe Ae WMHCTpyKumn “INT
21h", "INT 20h" (CDh 21h CDh 20h) oaHy 3a apyroit (Mbl Tenepb
BCerga Oyaem HauMHaTb nNporpaMmbl € agpeca 100h).

Korga y Hac 6blna TONbKO OAHAa MHCTPYKLUMA, TO Mbl MO/
"nponncTtarb” 3Ty MHCTPYKUMIO KOMaHZoW “R”, HO Tenepb y Hac
[1BE VHCTPYKUMKU. UTOObI YyBUAETL UX, Y HAac ecTb komaHaa "U" (o1
aHrn. "Unassemble"), koTopasi pab0oTaeT aHafIorMyHO KOoMaHAae
Belicuka "List™:

-U 100

3970:0100 CD21 INT 21

3970:0102 CD20 INT 20

3970:0104 DI8DA460250B8 ESC  09,[DI + 024<][DI +
B850]
3970:010A  8D00 LEA  AX|[BX+S1]
3970:0100 50 PUSH AX
3970.010D  E82A23 CALL 243A
3070.0110  8BES MOV  SPBP
3070:0112  8EC41A ADD  SP+1A
3070:0115 5D POP BP
3070:0116  C3 RET
30700117 55 PUSH BP
3970.0118  83ECO2 SUBSP.+02
3070011 B 8BEC MOV  BP,SP

3970:011D  823EOE0000 CMP BYTE PTR (OOOE"OO

MepBble ABe MHCTPYKLUWW, KOTOPble MpefcTaBieHbl B CMUCKE,
ABNATCA MHCTPYKUUAMK, KOTOPble Mbl TOMbKO 4yTO BBenu. Oc-
Ta/lbHble MHCTPYKLUMM OCTa/INCb B NamATU OT Npeablaymx npo-
rpammM. Mo Mepe TOro Kak Halla nporpamma 6yfer pactu, Kosu-
4EeCTBO BbIBOAMMbIX Ha 3KpaH KOAOB Takxke OYAeT YBeNM4MBaThbCs.

Momectute B pernctp AH 3HadeHme 02h, a B peructp DL
Kog toboro cumeona (Kak Bbl 3TO Aenasv paHblue, Korja u3me-
Hamm pernctpbl AX 1 DX), 1 3aTem Haneuyatanite KomaHgy G’,
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4TO6bl YBUAETHL Ball CMMBO/ Ha 3KpaHe. Hanpumep, ecnu Bbl No-
mectunn B DL yncno 41 H, 1o Bbl yBUAKUTE:

-G

A

Program terminated normally

MonpobyiiTe BbIBECTU Ha 3KpaH €LLe HEeCKOMbKO CUMMBOIOB,
Moka Mbl He MepeiifeM K M3y4yeHuo Apyroro crnoco6a yCTaHOBKY
3TWX PErucTpoB.

6.9.3. BBog nporpamMm

HaunHas c aToli cTpaHuubl, 60nbluas YacTb nporpamm OyaeT
MMETb B [/INHY 60Nee YeM OAHY MHCTPYKUMIO, ¥ YTOObI MPOCMOT-
peTb 3TU NPOrpammbl, Mbl 6yeM UCMONb30BaTh MHCTPYKLMIO pas-
accembnupoBaHus (‘'U"), mosToMmy Halla nocnefgHss Mporpamma
NnosiBUTCH B BUAE:

3970:0100 CD21 INT 21

3970:0102 CD20 INT 20

[0 3TOoro Mbl BBOAUNWN MHCTPYKLMM NPOrpaMM B BUZe uucen,
HanpumMep CDh, 2lh. Ho 3to cnuwkom Tskenas pabota, U Kak
OKa3blBaeTCs, MmeeTcs 6onee MPOCTOM Crnoco6 BBOAA WHCTPYK-
Lun.

B fononHeHve K KomaHZe pasaccembivpoBavvsd B Nporpam-
me Debug vmeeTcs KOMaHza, MO3BONAIOLLAA BBOAUTb MHEMOHU-
Yyeckue, WNN YeIoBEKOUMTAEMble, WHCTPYKUMWU. Tak 4TO BMECTO
TOro, YTO6bl BBOAUTL HEMOHATHbLIE YMC/A NMPOrpaMMbl, Mbl MOXEM
NPUMEHUTbL KOMaHAY acceMbnmpoBaHua s CnefyroLlero Beoja:
-A 100
3970:0100 INT 21
3970:0102 INT 20
3970:0104

Mocne BBOAA WHCTPYKLWUA HEOOXOAUMO HaXaTb KAaBuLLly
"Enter”, u BHOBb NosBUTCA npurnaweHve Debug.

KomaHpa "A” coobujaet Debug o ToM, 4TO Mbl XOTUM BBECTU
WHCTPYKUMM B MHEMOHMYecKol ¢opme, a yncno 100 B KomaHze
O3Ha4aeT, 4YTO BBOA WMHCTPYKUWIA HauHeTcs ¢ adveiikn 100M Ko-
MaHAa acceMOnMpoBaHUA 3HAYMTENIBHO YMPOLLAET BBOA MPO-
rpamm.

Mcnonb3oBaHe komaHgbl MOV ang nepecbiikM  [aHHbIX
MeXay permcrpamu.
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XOTS paHblle Mbl BO BCEM nofaranucb Ha Debug, Mbl He
Bcerga OyAemM 3anyckatb MporpaMmbl C ee MnomoLlbto. OB6blYHO
nporpamma cama ycraHaenveaet pernctpol AH n DL nepeg WHCT-
pykuuned "INT 21h". YT06bl YMeTb 3TO cfenatb, Mbl U3YUUM eLlie
0fHY MHCTpyKuuo, MOV. lMpumeHeHve uHCTpyKuun MOV no-
3BO/IUT CO3faBaTb NPOrpammbl, CrOCOOHbIE 3anycKaTbCsi Hernoc-
peacTBeHHO v3 OS. B panbHelilem Mbl Oygem UCMOob30BaTb WH-
cTpykumio MOV fna TOro, ytobbl 3arpykarb yncna B Peructpsbl
AH, n DL. HauHem unsyuyeHne MOV C OCYLLECTB/IEHUS Mepechblsi-
KN yumcen wmexay permctpamu. MNomectute 12341 B AX (12h B pe-
rmctp AH n34h 8 AL) 1 ABCDh B DX (ABh B DH n CDh B
DL;). C nomoLyblo KomaHabl "A" BBeAUTE UHCTPYKLUIO:

396F:0100 88D4 MOV AH, DL

Ota WHcTpykuma nepecbinaet yumcno u3 DL B AH, Konupys
ero B AH, AL npu atom He mcnonb3ayeTca. Ecim Bbl  npoTtpaccu-
pyeTe 3Ty CTpoKy, TO yBuaute, yto AX=CD34h n DX= ABCDh.
N3meHunca Tonbko AH. Tenepb OH COAEPXWUT KOMWUKO uymucria u3

Kak w onepatop beiicuka "LET AH=DL", wuHCTpyKUMS
MOV nepecbinaeT 4yMcno M3 BTOPOro perucTpa B MNepsbli, U MO
3TON npuunHe mbl nuwem AH nepes DL. HecmoTps Ha To, 4TO
MMEIOTCA HEKOTOpble OrpaHuyeHns, O KOTOPbIX Mbl MOrOBOPUM
No3Xe, Mbl MOXEM NMPUMEHUTb MHble (POPMbl MHCTPYKUUK MOV,
LNA KOMUPOBaHWA 4YMcen Mexay napamu peructpos. Hanpuwmep,
nepeyctaHosuTe IP 1 nonpobyiTe BBECTU CneaytoLLee:

396F.0100 89C3 MOV BX, AX

Bbl TOMBKO YTO 3arpy3wiv K3 perucTpa B pPernctp cnoeo, a
He 6aiT. WHcTpykums MOV Bcerga KomvpyeT WaM Cnosa Wnu
6aiiTbl, HO HMKOrAa CfoBa B 6aliTbl. ITO BMNOMHE MOHSATHO: Kak Bbl
3arpysute cfioBo B 6aiT?

B Hauasie Mbl yCTaHOBWUIM 3arpy3ky umcna u3 pernctpe AH B
permctp DL. MNpogenaem To e caMoe C Apyroin hopmoi MHCT-
pyKunn MOV

396F.0100  B402 MOV byte ptr AH,02

Jra MHCTPYKUMA 3arpyxaeT uucno 02h B peructp AH 6e3
npumeHeHus pernctpa AL. Btopoi 6aiiT nHcTpykuun, 02h sBns-
eTCS 4MCNoM, KOTOPOE Mbl XOTUM 3arpy3uTb. Monpobyiite 3arpy-
31MTb B AH fpyroe ymcnio ¢ nomowbio KomaHabl “E 101" nsmeHute
BTOPOWA GaiT, UTobbI OH 6bIN paseH, Hanpumep, Clh.

Cnoxum BCe 4aCTW BMeCTE W MOCTPOUMM [/IMHHYK Npo-
rpammy. OHa OyfeT meyaraTb 3Be3f0YKY, BbIMO/IHAA BCe orne-
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paummn cama, He Tpebys OT Hac ycTaHoBKM peructpoB (AH n DL).
MporpaMma UCMonb3yeT UHCTPYKUMM MOV ana Toro, ytobbl yc-
TaHoBUTbL pernctpbl AH 1 DL nepeg Bbizosom INT 21n mn3 OS:
396F:0100 B402 MOV  byteptrAH, 02
396F:0102 B22A MOV  byte ptr DL, 2A
396F:0104 CD21 INT21
396F:0106 CD20 INT20

Beegute nporpammy M nposepbTe ee koMaHgonm “U”(*U
100”). Y6egutecb, 4To TP yKa3blBaeT Ha fueiiky HOb, 3aTem no-
npobyiiTe komaHgow "G" 3anycTuTb ee. B utore Ha BalleM aKpa-
He JO/IKeH MOABUTLCA CUMBOS
-G
*

Program terminated normally

Y Hac eCTb 3aKOHYEHHadA, COAep)kaTeflbHasa Nporpamma,
3anuwem ee Ha guck B Buae .COM dhaitna ans Toro, 4tobbl Mbl
MO/ 3anyckaTb ee npamo m3 OS. 3TO MOXHO cfenaTb NPOCTO
HabpaB ee MMs. Tak Kak y nporpaMMbl HET UMEHWU, TO Mbl LO/DK-
Hbl €ro NPUCBOUT.

KomaHga Debug "N" (cokp. oT aHrn. "Name") npucBauBaeT
thaliny ums nepeq 3anucblo Ha AWCK. Haneuvaraire:

-N WRITESTR.COM

OTa KOMaHJa He 3anuileT (aiin Ha AUCK - OHA TO/IbKO Has3o-
BeT ero WRITESTR.COM.

[Janee, Mbl JOMKHbI cO06WMTL Debug 0 TOM, CKOMbKO GaiT
3aHMMaeT nporpamma Ans Toro, 4Tobbl, OH 3Han pasmep dhaiina.
Ecnu Bbl nocMoTpuTe Ha pa3acceMOIMPOBaHHbIA NIMCTUHE MPo-
rpaMMmbl, TO Bbl YBUAMTE, UTO KaXKAasd MHCTPYKLMSA B HEM 3aHUMa-
eT fBa 6aliTa (4TO B 06LLEM He BCerja BepHO). Y Hac YeTblpe UH-
CTPYKUMKW, CneaoBaTenbHO nporpamma MMeeT ANUHY 4*2=8 6ailT.
(Mol Mornu 6bl Takxke 3afeiicTBoBaTb KomaHgy Debug "H". Hane-
yatas "H 108 IDO", rge 108 -agpec mHCTpyKuun nocne INT 20,
Mbl Nnony4um 8.)

Tak KakK y Hac Tenepb eCTb 4McC/io 6aiT, TO Ham Hajo Kyada-
HWMOYAab ero 3anucaTb. Debug-4na 3Toro MCnosb3yet napy perucr-
poB BX:CX, n noatomy, nomectus 8h B CX, Mbl cooblimm Debug
0 TOM, YTO MporpamMmMa UMeeT [/MHY B BOCEMb 6aiiT. BX fosmkeH
ObITb NpeaBapuTe/IbHO YCTAHOB/IEH B HOJb.

Mocne TOro Kak mbl ycTaHoBUAM UMA N; AAUHY NpOrpaMmbl,
Mbl MOXEM 3anucaTb ee Ha AUCK C MOMOLLb0 KoMaHAbl Debug
"W’ (ot aHr. "Write"):
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W

Writing 0008 bytes

Tenepb Ha gucke ectb nporpamma WRITESTR.COM, 1 Mmbl
ceiiyac ¢ nomotllbto "Q" noknHem Debug n MOCMOTPMM Ha Hee.
Wcnonb3yiite komaHgy OS Dir, 4To6bl yBUAETH (haiin:

C» DIR WRITESTR.COM

Volume in drive A has no label

Directory of A:\

WRITESTR.COM 8 6-30-83 10:05a

1 File(s) 18432 bytes free

Nuctnur - gupektopun  coobwaet, 4yto WRITESTR.COM
HaxXOAWTCA Ha JUCKe W ero [/IMHa COCTaB/feT BOCeMb 6aiT, Kak u
JIOMKHO ObITb. UTOObLI 3amycTUTb NpoOrpaMmy, HamedatainTte
"Writestr” B otBeT Ha npurnaweHne OS n Haxmute "Enter”. Bbl
yBuanTe nosBMBLUYIOCA Ha Aucnsee. Bot u Bee.

6.9.4. BblBOf Ha 3KpaH CTPOKW CMMBOJIOB

B KauyecTBe nmocnefHero npuvmMepa B 3TOM rnase Mbl UCMOSIb-

syeM "INT 21h" ¢ gpyrum Homepom thyHKUMK B pernctpe AH ans
TOro, 4TOObl BbLIBECTM HA 3KpaH LENyH CTPOKY CMMBO/OB. Mbl
COXpaHUM 3Ty CTPOKY B MamsATKM K 3atem coobwmm OS, rhe ee
NCKaTb, TaK 4YTO B MpoLecce paboTbl Haf TaKo MporpaMMoli Mbl
no3Hakommumca 6Gonee 61U3KO C MOHATUAMMK agpeca U NamMATw.
Kak Mbl y)Ke oTMeTUnKn, yHKuma Homep 02h And npepbiBaHMSA
"INT 21 h" nevaTtaeT OgMH CUMBON Ha 3kpaHe. [pyrasa QyHKuus,
Homep 09h, meuaTaeT Lenyto CTPOKY M MpekpallaeT rneyarb, Korga
HaxoguT cumson "$". [laBaiiTe NOMECTMM CTPOKY B NamsaTb. Mbl
HauHem c svelrikyn 200h, Tak YTO 3anucb CTPOKU He nepenyTaeTcs
C KOZOM camoi nporpammbl. Bsegute cnegytowme uucna, wc-
nosnb3ys MHCTpykunio "E 200"
48 65 6C 6C
6F 2C 20 44
4F 53 20 68
65 72 65 2E
24

MocnegHee uucno 24h asnsetca ASCII-kogom ans 3Haka
“$”, 1 oHO coobLyaeT OS, YTO 3TO KOHeL, CTPOKU CUMBO/OB. Ye-
pe3 MWHYTY Bbl YBUAWTE, 4TO COOOLLaeT 3Ta CTPOKa, 3anycTuB
nporpaMmy, KOTOPYHO ceilyac BBefeTe:

147



396F:0100  B409 MOV  byte ptr AH, 09
396F:0102 BA0002 MOV  byte ptr DX, 0200
396F:0105  CD21 INT 20
396F:0107  CD20 INT 21

200h 3To afpec CTPOKM, KOTOPYK Mbl BBE/W, a 3arpyska
200h B peructp DX coobuwaer OS o ToM, rae ee uckatb. [lpo-
BepbTe MporpamMmy KomaHgoi "U" u 3aTem 3anycTtuTe ee KOMaH-
aon "G™:
-G
Hello, Dos here.
Program terminated normalty
Mbl coxpaHunn B NamATW HECKO/bKO BBEAEHHbIX CUMBO-
NOB, W Tenepb Camoe BPeMS MO3HAKOMWUTLCSA C APYrOi KOMaHAoi
Debug, "D” (ot aHrn. “Dump™). To, Kak aTa KoMaHfa geMmnupyet
(BbIBOAUT COAEPXKMMOE) NamATW Ha 9KpaH, MOXOXe Ha AelcTBuS,
coBepLUaemble KoMaHaoi "U" npu pacneyaTtke MHCTPYKUWA. Tak-
e, Kak W npu ncnonb3oBaHMM KomaHgbl "U", nomectuTte ampec
nocne "D", ytobbl coobwuts Debug, oTkyga HauvHaTh gamn. Ha-
npvmMep, KomaHga "D 200" BbIBOAMT COAEPXUMOE Yy4yacTKa nams-
TW, B KOTOPOM XPAHUTCH TO/IbKO UTO BBELEHHas CTPOKa.

- D200

396F:0200 4865 6C 6C 6F 2C 20 44-4F 53 20 68 65 72 65 2E Hello, Dos
here

396F:0210 245D C3 5583 EC 30 8B-EC C7 06 1000 00 00 E8
$JCU.10.1G....h

Mocne kaxgoro uucna, o603Havarowero agpec  (Kak
396F:0200 B Hawlem npumepe), Mbl BUAMM 16 LiecTHaguaTepuy-
HbIX GaliT, BCfed 3a KOTopbiMM 3anucaHbl 16 ASCII-cumBonoB
ANa 3TUX GaiiT Tabnuua Ne.6.1 Tak Hanpumep, B MEPBOA CTPOKe
Bbl BuauTe noyt Bce ASCII-Kofbl U CUMBO/IbI, KOTOPbIE Bbl BBeE-
nn. Cumson "$" siBNseTcs NepBbIM CUMBOSIOM B CNeAytoLLeld CTpo-
Ke, OCTalbHasl 4aCTb CTPOKW MpeacTaBnsieT coboii Gecnopsaou-
HbIA HabOp CMMBO/IOB.

Korga bl BuauTe Touky (") B okHe ASCII, 3HaiiTe, 4To 3TO
MOXeT ObITb KakK TOYKa, TaK W creyunanbHbId CUMBOJ, HanpuMep,
rpeyeckas Oykea "pi". KomaHga Debug "D" BblgaeT ToNbKo 96 13
256 c1MBOMOB CMMBO/MIbHOTO Habopa IBM PC, mostomy TOuYKa
MCNOMb3yeTcs Ans 0603HaYeHMs ocTanbHbIX 160 CMMBOMOB.
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B panbHeiwem mbl Oyaem mcnonb3oBaTb KomaHgy "D ans
MpPOBepPKM Yunces, BBELEeHHbIX B KayeCTBe AaHHbIX, He3aBUCUMO OT
TOro, ABNAKTCA N 3TU [aHHbIE CUMBOIAMWU W/IN OOBIYHBLIMU YUC-
namu. (Ecnn Bam Heobxoguma 60nee rny6okas MHpopmauma Ha
3Ty TeMy, CMOTpPUTe Ty 4acTb pyKoBofcTBa no OS, koTopas no-
ceaweHa Debug.)

Mporpamma, BbIBOAALLAA CTPOKY Ha 3KpaH, 3aKOHYeHa,
TaK YTO Mbl MOXeM 3anucatb ee Ha Auck. llpoueaypa 3anucu Ta
Xe, KOTOpYH Mbl WCMOMb30Ba/IM  ONS 3anNUCU  Ha  [MUCK
WRITESTR.COM, 3a MCKIOYeHWeM TOro, YTO Ha 3TOT pa3s Ham
HY)>XHO YCTaHOBWTb 3HayeHue ASIMHbI Mporpammbl, JOCTATOYHOE
[ANA TOro, 4To6bl BKKOUUTL CTPOKY No afpecy 200h. Mporpamma
HaunHaeTca co CTpoku 100h, M M3 TONIbKO YTO BbIMOHEHHOIO
Jamna namsTi MOXHO BWAETb, YTO CUMBOJI, CMELYHOLMIA 3a 3Ha-
KOM "$", 3aKaHYMBaKOLMM Hally CTPOKY, PacrosioeH Mo agpecy
211h. Kak u paHblUe, Mbl MOXeM WCMOMb30BaTb KomaHay “"H”,
4TOObI ONpPeAenuUTL PasHOCTb MeXay 3TUMMK ABYMSA Yncnamun. Haii-
ante 211h-100h 1 coxpaHuTe 3TO 3HaveHue B permuctpe CX, ondtb
ycTaHoBMB BX B Honb. Wcnonb3ayiite komaHgy "N”, uTobbl gaTb
“Ms nporpammMe (fobasbTe pacwmpeHne .COM, yTobbI 3anyckatb
nporpammy npsmo 3 OS), n 3atemM KomaHgon "W' sanuwute
nporpaMMy ¥ fAaHHble B OUCKOBBIA (hailn. BOT M BCe O BbIBOAE
CUMBO/IOB, Ha 3KpaH, KPOME OAHOro MOC/eAHEro 3aMeyaHus: Bbl
[O/DKHbI MOMHUTL, 4TO OS He neyaraet CMMBOSA 3710 npowuc-
X04MT noTtomy, 4to OS MCMoMb3yeT 3TOT 3HaK A1 MOMETKN KOH-
La CTPoKM cuMMBOJOB. CriefoBaTe/lbHO, Mbl HE MOXEM MPSAMO MC-
nonb3oBaTb OS, 4TOObLI HameyataTb CTPOKY, COAepXallyto “$H
OAHaKo, B MOCNeAyHLWMX rnaBax Mbl YBUAWMM, Kak 060MTU 3TO
npensTcTBMeE.

6.10. CosmaHue nporpammbl 6e3 ncnonb3osaHus Debug

[o atoro momeHTa Mbl CHadana 3anyckaim Debug, a 3atem
BBOAWN MHCTPYKLUMM NporpaMmbl. Tenepb, Mbl ocTaBum Debug a
MoKoe M CTaHeM Co3JaBaTb Nporpammbl 6€3 Hero, UCnosb3ys A/s
MX HanmucaHus N0 TeKCTOBbIN peaakTop. [porpammbl OyayT
UMeTb 60nee ya060UMTaEMBIA BMA, YIPOLLAIOLWMIA MX BOCNPUSTHE.
Mbl HaYHEM C CO3JaHMA UCXOAHOrO (haiina - Tak Ha3blBAeTCA TeK-
cToBasA Bepcus accembniepHoi nporpammbl.  Ceilvac Mbl CO3ja-
VM UCXOAHbIN (haiin ana nporpammbl Writestr, KOTOPYKO Mbl Ha-
nucasim B naparpade 6.9.3. UTo6bl 0CBEXMWTL Bally NamsaTb, Npu-
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BeAeM BEPCUIO Mporpammbl, CO34aHHOM ¢ nomouwbio Debug:

396F:0100 B402 MOV byte ptr AH, 02
396F:0102 B261 MOV byte ptr DL,
396F-.0104 CD20 INT 21

396F-.0106 CD20 INT 20

Wcnonb3yiite nto6o£ A
[EHHbIX HWKEe CTPOK B (haiin noj Hass 6 NCXO/HbIV
ggagmmpem/le ASM 03HayaeT, 4YTo
ainn) 3geck, kKak 1 B Debug, cTpouHble OykBbl paboTatoT TaK e
XOpOLLUO, KaK 3arfaBHble, HO Mbl s, 4.« TMPOAOIXKATb NMPUMEHATb
3arnaBHble OYKBbl 4151 TOTO, . ..sw W30€XaB MyTaHULbI MEXy
undpoli "I (eanHULA) 1 CTPOUHON 6YKBO

CODEJSEG SEGMENT

MOV AH, 2b
MOV DL, 2Ah
INT 21h
INT 20h
CODE-SEG tNDS
BND

370 Ta Xe camas nporpaMMa, KOTOpYK Mbl CO34anu B napa-
rpace 6 9.3, HO OHa COLEPXUT HEKOTOpble HEOOXOAMMblE U3Me-
HeHMs 1 gononHeHus. He. obpatias m g ™ Tpu HoO-
Bble CTPOYKM B HalUeM WCXOAHOM (haiine 3aMeTUM”™ yTo, Mnepef
KaXAbIM LUECTHAALATEPUYHbIM YncnoM cTtout h . 31a Bykea ro-
Naccemb6nepy 0, TOM, YTO YACNO, MOC/IE KOTOPOrO OHA CTOMT,
WecTHaguatepuyHoe. B otnmnume ot Debffi. koTopblil BOCNpUHK-
MaB BCe uMCna LecTHajuaTepuyHbiMK1, accembnep npegnonaraet
nX fecatTnyHbiMK. Byksa h coobuaeT Ll nnepy O TOM, YTO BBe-
[leHHOe 4Y1CNo ABNAeTCA LecTHaaLaTepuy

MpumeyvaHue: Tlpexge yem OBUHYNCA fanblue, XOTUM Mpe-
LyNpeanTb: acCeMOBIIEP w o x « - 3anyTarbCs ¢ Yucnamm, nogobHsIMM
ACh HaunHaroWwmMMmnCca ¢ BykBbl U MOXOXUMU HA UMS WU UHCT-
pPyKUnto YTOoObI M36exaTb 3Toro, nevyartas HyNb nepej LUeCTHa-
K ” ,H bl M 4nCiOM HauvHatowmmesa ¢ 6yksbl. Hanpumep, He-
yataiite OACh, a He ACh. .

[TocMOTpUTE, YTO MPOU3OUAET, €c* Mbl Hanuiliem B MpO-
rpamme ACh, a He OACh. Bor nporpamv*
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CODE_SEG SEGMENT

MOV DL, ACh
INT 20h
CODE_SEG ENDS
END

A BOT OTBET accembnepa:
C*MASM TEST,;
Microsoft R) Macro Assembler Version 4.00
Copyrihgt (C) Microsoft Coch 1981,1983.1984,1985. All rights re-
served.
TEST.ASM(2): error 9: Symbol not defined AC
51070 Bytes Symbol space free

0 Warning Errors

1 Severe Errors

C*

370 onpegeneHHo He noxsana. Ho, nameHns ACb Ha OACh,
Mbl Y[0B/IETBOPUM accembnep.

CKaXeM TakKe 0 pasfeneHnn KoMaHj B acceMb6/iepHbIX Mpo-
rpammax. Mbl MCNonb3oBannM cumMBon «TAB* ans TOro, 4toobl
cfenatb UCXOAHbIA TEKCT nydwe yntaeMbiM. CpaBHWUTE npodam-
My, KOTOPYO Bbl BBENW, HaNpUMep, C TaKoli BepCueil:

CODE_SEG SEGMENT
MOV AH, 2h
MOV DL, 2Ah
INT 21h

INT 20h
CODE_SEG ENDS
END

BbIrnaguT A0CTaTOYHO HEYMOPSA0YEHHO W, XOTS CaMoMmy
accembnepy ee BHELLHWIA B 6e3pa3nnyeH, akKKypaTHO BBE/EH-
Hblii TeKCT npodaMMbl HacTpamMBaeT Ha CEpbe3HOe K Heil OT-
HOLLIEHWe.
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This is a label

MOV DL.ACI 1 1

Tins is a number

I I
MOV DL.OACk

The 0 tells MASM
That this is anumber

Puc. 6.9.

Terepb Mbl BEPHEMCH K TPeM HOBbIM CTPOKaM B WCXOAHOM
(aiine. 3Tn cTpokm sensAtoTcea lMNcesgoonepatopamu. OHWM Hasbl-
BalOTCA TaK MOTOMY, YTO B OT/IMYME OT MHCTPYKLUIA, reHepupyto-
LUMX Kof, OHW BCEro Nnib coobLatnT accembiepy AONOMHUTE b-
Hyt0 uHopmauuio lNcesgoonepatop END 03HayaeT OKOHuYaHWe
MCXOAHOro TeKCTa, MO ero HaIn4YmKo accemb6siep y3HaeT 0 TOM, YTO
paboTta OKOHYeHa. lMo3fgHee Mbl y3Haem, 4to END noneseH Takxe
W Or* ppyrux ueneir. Ceilyac Mbl OT/IOKMM B CTOPOHY AabHei-
LLIMe AMCKycCuM 06 3TOM MCEBAOOMEPaToOpe W ABYX APYTUX W Mo-
CMOTPMM, KaK UCMonb3oBaTh cam accembsiep.

6.11. Co3maHune UCXoAHbIX (haiinos

lMocre Toro, Kak Bbl BBenM cTpokn WRITESTR.ASM, Hago
YMOMLLYTb €Lle OAHO cornawleHvie nepes Tem, Kak Mbl nepeiigem
K HEMocpeacTBEHHOMY acCeMOIMPOBAHMIO HalLeil MNporpammbl.
Accembriep MOXET MCMONb30BaTb TakKMe UCXOAHble (aisibl, KOTO-
pble .-0fepKaT TONbKO CcTaHfapTHble ASCII-cumBonbl. Ecnun Bbl
MPUMEHsETe 151 CO3L4aHNsA UCXOAHOro (haisia TeKCTOBbIV MpoLec-
COp. *3 MeliTe B BUAY, YTO He BCe TEKCTOBble MPOLECCopbl 3anu-
coBaT' thalinbl, NCNONL3YS TONbKO cTaHAapTHble ASCII-cMmBONbI.
Won Star sBnsieTcs nepsBbIM TakMMm "ripecTynHukom™, Microsoft
Wori- BTOpbIM. 1511 3TMX NPOLECCOPOB MCMOMb3YiTe Chelnanb-
HbIi "LOKYMEHTHbIA U1 HeOpMaTUPOBaHHbLIA PEXUM 3anucu
Gaie Mepen TeM, Kak Bbl nonpob6yete accembnmposatb WRI-
TESTR-ASM, y6eantecb, 4T0 3T0 UMeHHO ASCII-haiin. Haxo-
psck? OS, Hanevarainre:
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OTYPE WRITESTR.ASM

Bbl JO/MKHbI YBUAETH OT Xe TEKCT, KOTOpbIA BBENM B TEKCHO-
BOM pefakTope. Ecnv Bbl yBUAMTE B Balleil nporpamme cTpaHHa
CYMBO/bI, TO A1 BBOAA TEKCTA MPOrpamMmmM HY>XHO WCMONb30BaB
JIpyroii TeKCTOBbIA peaakTop. Kpome Toro, B ¢haitne Heobxoammo
0CTaBNATL MYCTYO CTPOKY rocse onepatopa END.

Tenepb faBaviTe HauyHem accemb6nuposatb Writestr ans ue:0
Haligem Katanor MASM BolieM B Hero, HaijeM B He«
masm.exe, HaaTmem [ByX knasuiw Ctr+Enter Habepem ero B Kc-
MaH/[HOI CTPOKe W1 3aTeM HabepeM Hall acceMb6/epHbI (haiin.

OMASM WRITESTR.ASM;
The IBM Personal Computer Assembler
Version 1.00 (C) Copyright IBM Corp 1981

Warning Severe
Errors Errors
0 0

C»

PaboTa elle He 3akoHYeHa. Ha aTom 3Tane accembnep cosga]
(havin, HasbiBalowmmMmcs WRITESTR. OBJ, koTopblii Bbl Hainget
Ha AucKe. 3TO MPOMEXYTOUHbIN (hailn, Has3blBaOLMIACA 06bEKT
HbIM haiinom. OH COAEePXUT MpPOrpaMMy Ha MalIMHHOM Si3blke
BMECTe C OOMbLUIMM KOMMYECTBOM "OYXrantepcKoi" nHgopmaunm
NCronb3yeMoli Apyroi nNporpaMMoid, HasbliBatollelica Linker (pe-
[AKTOp CBSA3€el, KOMMNOHOBLLMK).

6.12. KomnoHoBKa

Tenepb He0b6Xo0AMMO, 4TOObI pegakTop CBsA3ei B3sn .OBJ-
thaitn n cpenan ero .EXE-Bepcuio. Ckonumpyiite LINK EXE ¢

Bawero OS AncKa Ha AWCK, COAepXKalnii UcxogHbli haiin n ac-
cembniep. 3atem crnefytoLLige:
C»LINK WRITESTR;

IBM Personal Computer Linker
Version 1.10 (C) Copyright IBM Corp 1982

Warning: No STACK segment

There was 1error detected
C»

OwmnbKa? B peinctenTenbHOCTM HeT. (B HEKOTOPbIX BepCUsX
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MS-DOS pepaktop cBsaseli (linker) BooOLle He cyMTaeT 3TO CO-
o6LLeHMe 3a ownbKy.) HecMoTps Ha TO, YTO KOMMOHOBLUYMK Mpe-
Aynpexzaet Hac 0 TOM, YTO OTCYTCTBYET CerMeHT CTeKa, OH Ham
M He HyXXeH. lMocne TOro, Kak Mbl Y3Haem, KakvuM 06pa3oM MOX-
HO MCNONb30BaTb BCe OCOBEHHOCTM MMUKpOMpoLueccopa, Mbl YBU-
AWM, MOYEMY HaM MOXXET MOo3)e NOHAZ0OUTLCA CErMEHT CTeka.

HakoHel, y Hac ecTb .EXE -(haiin, HO ¥ 3TO elle Hee BCe.
Ham Hago cfenatb ewe oauH war - cosgatb .COM-Bepcuto, Ko-
TOpas ABMSETCA TEM XK€ CaMbIM, YTO Mbl CO3f4asM C MOMOLLbLO
Debug. OnsATb-Takn, Bbl YBUAUTE MO3XKE, MOYEMY HaM HYXXHbl BCe
aTh warun. A ceiivac gasavite cosgagum .COM- Bepcuto Writestr.

Ona nocnegHero wara Ham  NoHagobuTtcs  nporpaMma
EXE2BIN.EXE c pgononHutenbHoro amcka OS. Exc2bin, Kak u
npegnonaraeT ee HasBaHue, npespawaer .EXE-gaiin 8 .COM,
WA ABOMYHLIN (0T aHrn. “binary™) caiin. CyllecTBYIOT HEKOTO-
pble pasnnuuna mexgy .EXE n .COM- ¢ainnammn, mbl bygem pas-
6upaTb MX 3HAUUTENbHO NO3XKe, a ceivac co3gaaum .COM-taiin.
Haneuartavite:

C»EXE2BIN WRITESTR WRITESTR.COM

C*

NakoHnyHbI oTBeT. UT06bI yBUAETb, CcpaboTana /i MNpo-
rpamma Exe2bin, paBaiiTe MOCMOTPMM Ha (hailfibl C MMEHEM
Writestr, KOTOpble Mbl CO34a/IN:

C»DIR WRITESTR."
Volume in drive A has label
Directory of C:\

WRITESTR ASM 78 7-25-635:00p

WRITESTR OBJ 46 7-25-637:02p

WRITESTR EXE 6407-25-637:04p

WRITESTR COM 8 7-25-637:06p
4 Files 23552 bytes free

c*

3710 TOYHOoe uucno aiinos, BkN4vas WRITESTR:COM.
Haneuataiite "writestr”, ytobbl 3anyctutb .COM- Bepcuio 1 ybe-
AMTeCb, YTO Bawa nporpamMma (YHKUMOHMPYeT npasuibHO (Ha-
MOMWHAEM, 4YTO OHa [O/DKHA MevataTb 3Be3[04YKY Ha 3KpaHe).
ToyHasa ANuHa NepBbIX TpexX (hainsioB MOXET HEMHOro Bapbupo-
BaTbCA.

Pe3ynbTaTbl MOryT M0OKa3aTbCAd HEMHOro pa3oyapoBblBalO-
WMMKN, TaK KaK KaXeTcs, YTO BEPHY/NUCb K pe3ynbTaTy B rnase
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A QA HMN 3TO He TakK: Mbl HA caMOM fene caenanm GonbLuioe No.

arHo Korfa Mbl CHOBa HauyHem paboTarb C BbBCS.
o6paTuTe BHUMaHWE, YTO Mbl ELE H/ pasy noka He nog*.

M. oopatwm Hawa nporpamma, OyJET MOMELLEHA S
NoKOWNUCcb 0  3TO genanu ¢ noMOuwpto IP B Debug. Bee, L, .

RaMSI pasikeLleHun o MamMATH Gbinn pellienbl, GE3 HaLLEro.yvec-
™A ™ 1M rKOOO Bbl OLLEHUTE 3TY CrOCOBHOCTL accevyepe. (*

NNNTAMMUPOBaHMe ropaszo Mpoe. Hampuvep, noH*.
cpenaet MPOP Mbl MOTPATWIA  MaMATb, MOVECTVB X-

Te’ B IOoionTwlmy pecy 200h MblyBMAL, YO acce™.
HOBHYIO nporp nomelLlaTh npoLeaypbl HerocpeacTBeHHO
nep no3BonseT 6e3 Kakoro-nmbo rporycka. [oc»-.

Frklrrrné& BbIrNs4n,. oeb,,

6.13. O6partHo B Debug

Nagaiite BBeAeM co3faHHbIi COM-thaiin obparHo B Debd ,,

il ero 4ToObl YBWAETb, Kak Debug pekoHCT.
» MawunHHoro koga WMraSTR.COM:

C. DEBUG WRITESTR.COM

Jd7r:0100 BHpY MOV AH @
397F-0102 B261 Mu»
397F.0104 CD21 INT2
397F-0100 CD20 INT20

” »» KUPUHO TO, UTO Mbl yXe MMeM B reparped

«, [ = r b Bunant B WUTESTR.COM Orni«K,
6.9.3. 370 BC , NbHble  VHCTPYKUMM O CeTMVEHTaX -

TODE.SEG SEGMENT n CODE.SEG ENDS -okynni*.

U £nC"= T H I n — 1 B MOCENHel, HaTe»
»»MIHOM £3bIKE, BEPCUM MPOrpammbl, Tak Kak OH».

HOI Ha MaLLu a TakKue OrepaTopbl Gyar oo
NAK0TCA ncesgooncpa uun Heogiopyll\/bvl acevEYo

aons pononwnagbHoOW u™® HupoBaHW!1l [ccembnep 3 a No  #

mbwckaﬂmqec%e ..6y ranTepumn™ Bcero A HECKObKO
TPaHC/IMPOBAHHbIX CTPOK.



KOHTpO/IbHbIe BOMPOChHI

CocTaBUTb NporpamMMy C/IOXKEHWUS, BblUMTaHUA YKCen
(4ncna BbIGPATb CaMOCTOSATENLHO).

CocTaBUTb  MporpaMmy  C/IOXKEHWUS,  BblUMTaHUA  ABYX
DJIHHBIX Yucen.

CocTaBuTb NporpaMmMy YMHOXEHWSA, LeNIeHNs Yncen.
CoctaBuTb nporpammy ynpaeneHUss M KOHTPONA 00bekTa-
MW CUCTEM aBTOMATUKK, TeNIEMEXaHUKIN W CBA3W.
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J1. NeseHTanb. «BBefeHve B MUKpoLp'Le '
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