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[lpepucnosue nepesogumka

Obecneuenne paGoTOCNOCOGHOCTH MHKPONPOILECCOPHBIX CHCTEM Ha BCEX CTa-
AUAX HX NPOCKTHPOBaHHSA, NPOHU3BOACTBA, OTJAANKH H 3KCILJIVaTALHH HCBO3MOIKHO
6¢3 HCIO/Ib30BAHHS CNEUHAJbHEIX METOAOB H NMPHGOPOB, OPHCHTHPOBAHHBIX HA Clle-
LHpHYeCKHe OCOOEHHOCTH HX APXHTEKTYDH K KOHCTPYKTHBHOIO HCNOJIHEHHS.
JleJlo B TOM, 4YTO BHICOKAas CTeleHb HHTErpallMl KOMIIOHEHTOB MHKPOIpOLeccop-
HBIX CHCTEM, a TaKXe NPOCTOTAa HX BHYTPEHHHX MeXCOeAHHEHHH H BHEUIHHX CBfi-
3€H, KOTOpHe 6e3yCJOBHO SBJSAIOTCA IOJOXHUTEIbHBIMU dbaKTopamu, 3aTpyAHSIOT
MmoJlyu€HHe HeTaJbHOH HHQOPMALHH O COCTOSIHHH OTAEJbHBEIX V3J0B, OJIOKOB U
JIHHHH CBSI3H, TOMCK HeHcnpaBHocTeH. OB6CayXKHBaHHE MHKPONPOLECCOPHLIX CH-
cTeM TpebyeT NpPUBJIEYEHHS MONOJHUTENbHBIX CBEICHHH MU annaparypsl mno cpas-
HEHHIO C OOCNYyXKHBAHHEM TPAaJHUHOHHBIX 3JEKTPOHHBIX CHCTEM H, B YaCTHOCTH,
BHIYUC/IHTENbHBIX MawuH. B To XXe BpeMs OHO A0JKHO 6a3HpOBATbCA Ha 3HAHHH
OOIHX MPUHIHKNOB QYHKUHOHHPOBAHHS 3J€KTPOHHBIX CXEM H HA H3BeCTHBIX TIPUH-
[IHIIaX JIOTHYECKOro MOAXOAa K aHaJHu3y HX paboTh. Pa3BHTHe M COBepHIEHCTBOBA-
Hue MHKDOIIPOUECCOPHOH TEeXHHKH CONMPOBOXKAAIOTCH pa3paboTKOl u Bce Bouee
LIHDOKHM HCNOJML30BAHHEM PA3JIMYHBIX IO CJI0XKHOCTH H Pa3HOOGDPA3HBIX MO NPHH- -
LHIaM LEHCTBHS CHELHAJJU3HPOBAHHBIX CDEICTB AJS ee 00CayKHBaHHA.

Bonpocn ob6cayxuBanus MHKPOIIPOIXECCOPHBIX CHCTEM YXKe HalUlJIH OTpaxKe-
HHe KaK B MOHOrpapuax u y4yeOHMKaxX NO MUKPOIPOLECCOPaM, TaK H B KHHrax
OTE€YECTBEHHBIX H 3apyOeXHBIX aBTOPOB, CIELMAJbHO HOCBSIICHHBIX S5TOH TeMa-
.TAKe ). B KHHre, mpeasiaraeMoil BHHMAaHHIO quTaTesled, cAeslaHa IONBITKA OXBa-
THTb JOBCJIbHO WIHPOKHH KPYr BOINPOCOB — OT OCHOB CXEMOTEXHHKH H NPUHLHUIIOB
CO3MaHNA MHKPONPOUECCOPHBIX YCTPOHCTB 10 UPOGJEM MNOCTPOEHHS npubopoB u
CHCTEM, TIDEHA3HAYEHHBIX N/ OTVIaAKH MHKDOIPOLECCOPHHX CPeACTB. 31ech
ONHCAHBI TMPOCTHIE CPEACTBA KOHTPOJA LHMPOBHIX CXeM, JaH 0030p apXHTEKTYP-
HblX OCOOEHHOCTEHl MHKpPONPOLECCOPHBIX CHCTEM, NpeAJsio’KeHa KJaacCHDHKaLUSA
IPHYHH HEKOPDEKTHOH paboTHl YCTPOHCTB H CHCTEM. 3HAYHTEAbHOE BHHMAHHE
YACIEHO TAKHM CICUH(QHUYHBIM MeTOAaM OTJAaAKH, KaK BHYTPHCXeMHAs IMYJISALUSA
H CHIFHATYDHBIH aHanu3. B npHaoKeHHsX 1aHa pasBepHyTast CBOJKAa XapaKTepH-
CTHK HEKOTOPBIX HauboJee mNONyJSIPHHIX MHKpompoueccopos. B kuure ypauno
COYUETAIOTCS CBECHMA MO aNNapaTHBIM H NPOrPaMMHBIM acrektaMm. Masaraembii
MaTepHaa Nno CEePBHCHBIM CPEACTBaM, Pa3JHUYHBLIM IO CJIOXKHOCTH, OBICTPOAEHCTBHIO
X CTOMMOCTH, HMe€eT B 3HAYHUTEJbHOH CTENEHM NPHKJIALHON Xapaktep. Yurarean
TOTYYHT NpeACTaBJIEHHE O pPalHOHAJbHOM BHIGOpe 3THX CPEACTB B 3aBHCHMOCTH
OT KOHKDETHBIX 0CO06eHHOCTeli 06C/YyIKHBaeMBIX MHKDOMPOLUECCOPHBIX CHCTEM.

Kuvra HecoMHeHHO 6ymer noJesHa HH2KE€HepaM, 3aHUMAIOUIUMCSA BOIPOCAMH
Pa3paboTKH M 3KCIJIyaTallHu MHKDONIDOUECCODHOH TEXHHKH, a TaKXKe CTYIeHTaM
COOTBETCTBYIOUIUX CIlellHaJbHOCTEH.

B. M. Kuceavnuros
e

Y CM., Hanpumep: Mukponponeccopsl: CHCTEMBl NPOrPAMMHDPOBAHHST H OT-
Janku/B. A Mscuuko, M. B. Urnarees, A. A. Koukun, 10. E. [lefinnn. — M.;
JHeproatomuanar, 1985; Yumesimc I'. B, OTsafika MHKDPONPOLECCOPHEIX CHCTEM:
[Tep. ¢ anrn. — M.: Sueproatomusaar, 1988,



Mpenucnosue

O6cnyKuBanie MHKPOMPOIUECCOPHBIX CHCTEM TMpeAnoJaraer oBJajeHde Kpy-
FOM 3HAHHI, OTJHYHEIM OT TOTO, KOTOPHI HEOOXOMHM AJs pa6oThl ¢ TPagHLHOH-
HbIMH 3/EKTPOHHHIMH CHCTeMaMd, DTO He O3HAUaeT, UTO OHO tpebyer APYroro
OTHOIIEHHS! K Aeay. BecbMa YMeCTHBIM OKasbiBaeTcsl TaKOH XKe, Kak # mpH pabore
¢ JIOGLIMH 5EKTPOHHBIMH NPHGOPAMH, HCCIEAOBATENbCKHEA METOL, floApa3yMeBalo-
UlKi JIOTHUECKH MOC/ef0BATENbHbI aHaIu3 QYHKIKHOHHPOBAHHA ycrpoiiers. U pas-
paGOTUHKH, W CHELHAJHCTH N0 0OC/TYXHBAHUIO MOLYT 6LITh yBepeHHl, YTO HMeIo-
Lmics y HEX OMBIT paBOTHl KaK ¢ LU(POBHIMH, TAK M C aHAJOTOBLIMH cxemaMH,
a TAKXKE C 3JeKTPOMEeXaHHIECKHMH YCTPOACTBAMH OKaXeTCsi NMPUMEHHMbIM K MHKpPO-
polleccopaM H CHCTeMaM, NOCTPOEHHEIM Ha HX ‘OCHOBE.

Bouio 6n HepasyMHO OTPHLATb HaJWuHe NpoGJ]eM, CBASAHHLIX C BHEJDEHHEM
MHKPOIPOUECCOPHO} TEeXHHKH, HO TpH NpaBHJbHOH OllEHKe HX BJHAHAE MOXET
GLTb CBEJeHO K MHHMMYMY. ABTOpHl IpEINOJaraloT, YTo GHTaTelb 3HAKOM €
OCHOBaMH 3JIEKTPOHHOH, B TOM YHCJe IHGPOBOM, TEXHHKH H JIOTHYECKHMH METO-
AaMH peileHHs COOTBETCTBYIOWIHX 3aiad. MBI He pacCuHTEIBaeM Ha BCECTOpPOHHEE
BlajleHHe MHKPONpPOLECCOPHBIMH CPEeACTBaMH, OAHAKO Gonee uax Mesee raybokoe
3HaHMe NPUHIMIOB HX PaboTbl OKAXETCs BECbMa MOJIEIHEIM.

Llesbio, npecaeayeMoit B 4. I, sBAsieTCH COBMECTHOE PacCMOTpeHne yKa3aHHbIX
Bhillle BOMPOCOB, UTOGH UHTATENM C PasJHUHOM npeBapHTeNbHON OCBeOMJEH-
HOCTDIO OKA3aJHCh B PABHOH CTeNeHH NOATOTOBJEHbl K BOCTPHATHIO HOBBIX METO-
0B, M3J0XKeHHBIX B OCHOBHBIX pa3jie/iaX KHHIH.

UYaers 11 He JO/KHA paccMaTpUBAThCS KaK y4eGHHK MO uupoBoOH 3JMEKTPO-
HWKe WM KaK elle OJHO W3 MHOTOUMCIEHHEIX TIOCOOHIl THNa «Mukponpoieccopht
AJS HauMHAOWHX», JTO CcKopee 0630p COCTOAHHS 3aTpoHyTOH npobJeMaTHKH C
TO4KM 3pEHHs 3a/ay TEXHHYECKOTOo OOC/YyKHBAHH. Takas Touka 3peHHS MOXeT
OKa3aTbC He BIOJHe NPHBHYHON [Jifi HHXKEHepa, HWMEIOUEro OnbT paboTH ¢
SMEKTPOHHBHIMH YCTPORCTBAMH, XOTSl CBE@HUS, COCTABJAIOULME COLEpHaHHE nep-
BOfi 9acTH, H He IMOKaXyTcf €My He3HaKOMbIMH. Yurarenio, B OTHOCHTENLHO
GOMblieli CTeMeHH MNOArOTOBJEHHOMY B 06JacTH NMPOTPaMMHPOBAHHS, HEKOTOPLIE
H3 BHICKa3biBaeMbX B 4. | «anmapaTHeX» uied MOTYT CHauajla TOXKe MOKasaThCHd
CTPaHHbIMH, HO, He MPOHHMKIUMCh STHMH HIESMH, HEBOIMOKHO BCEPHE3 rOBOPHUTD
06 0o6CyXUBAaHHH MHUKPONPOUECCOPHEIX CHCTEM.

B u. Il paccMoTpeHb BCe HM3BeCTHBIE CPEACTBA o6cnyxuBanus. Ilpu paspa-
6oTKE MHKPOTIPOLECCOPHBIX CHCTEM, B NpOIleCCe WX H3rOTOBJEHUT, B XOL& o6cuy-
JKHBAHHMS B NEPHOJ SKCIIYaTalHH HMEIOT MECTO OJHH H Te Ke o6llHe TPYAHOCTH,
Il yCTpaHeHHs KOTOPHIX MOTYT OBiTh NpPHMEHEHH STH CPEACTBA. Buaet uudop-
MallWH, MojtydaeMble TPH HCIOJbL3OBAHHH KaXJAOTO M3 STHX CPEICTB, MOIyT pas-
JIAYaTbes CTENeHblo NPHMEHHMOCTH AJIs KOHKPETHOro MNOJb30BaTe/d. Paspa6oTunk
JOJIXKEH 3HaTh, TOUeMy CHCTeMa He BeAieT ceGs JOJIKHHIM o6pa3oM, a CrenHasuct
0 o6CayKHBAHUIO, pabOTalolinA B TeCHHX BPEMEHHBIX' H SKOHOMHUECKHX paMKax,
OTAACT NPENOUTeHHe MeTOAaM, OGeCneyHBAIOLIHM cxopeiilllee YCTpaHeHHe HEHC-
npaBHOCTeH. :

B njease KaXAwlii NOJb30BaTe/b AOJMKEH HMeTb B DacTOpsKelHH OMHBI
naGop npodeccuoHaibioro 06opyAOBaHHsL
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B u. III paccMoTpeHH NpOCTHE YCTPORiCTBA, KOTOPHE MOTYT ObITb H3rOTOB-
JieHbl COGCTBEHHBIMH CHJIAaMH H HCIOJb30BAaHEI KaK JIJIS DELIeHHS ONepaTHBHBIX
3ajlay 1o OOCHKY>XKHBAaHHIO MHKDOIDPOLECCOPHBIX CHCTEM, TaK M B KauyeCcTBe HeJl0-
porux yueGHBIX ycTpoiicTB. B cBSisH ¢ TeM, YTO KaXAblii I10Jb30BaTe/b MOXKET
MMEeTh CBOH HHAHBHJYaJbHele OCOOEHHOCTH M 3aJayM, CXeMbl NPelACTaBJCHH B
ZocTaToyHo obmieft ¢opMe, npeamosaraiomledl HX KOHKPETHYIO peasH3anuio CH-
JIaMH ONBITHBIX HHZKEHEPOB H TeXHHKOB-3JIEKTPOHILHKOB.

B rn. 1 paccMOTpeHH XapaKTepHCTHKH UHGPOBBIX YCTPOHCTB W HanboJee
ofllWe METOAB OTHICKAaHHSl HeHcnpaBHocTefl. B ri. 2 onucaHa apxuTekTypa MHK-
PONPOLECCOPHHEIX CHCTeM, IPHYeM akKUEeHT ClesaH Ha 0cOGeHHOCTH, ONpeAessIoire
cnennpuky noaxoza K ux obcayxubanmio. B ra. 3 B TakoM xe acnekte paccMo-
TPEHBl XapaKTePUCTHKH HHTepdelica MHKPONPOLECCOPHBIX CHCTeM ¢ nepudepuii-
HBIMH ycTpoiicTBamu. ['71aBa 4 nocBslleHa NpHHUHMIAM [OMCKA HEHCIPaBHOCTel,
peajiu3auusi KOTOpbIX He TpeOyeT cmeunasnpHoro o6GopynoBanus. Ilpu obcyxaenun
B I'. 5 BO3MOMHOCTEH CaMOKOHTDOJSI MHKDONPOLECCOPHBIX CHCTEM IpeanoJa-
raercs, uto o6CayXHBaeMasi CHCTeMa COXPaHsieT paboTOCHOCOGHOCTh B CTENEHH,
LOCTATOYHOH AJIsl TeHepalliH TECTOBHIX HAGOPOB NaHHEIX, 0 COAEPXKaHHIO KO-
TOPHIX MOXHO CYIHTb O NPaBHJBHOCTH PabOTH yYacTell CHCTEMBI, NOAO3PeBAEMHIX
B HaJWYMH HEHCHpaBHocTed. JIorMyeckue aHa/NHM3aTOpPH, paccMaTpHBaeMeie B I 6,
cy¥Kar JJA  OUeHKH OHTOBHIX HH(OpPMAaUMOHHHIX 06pa3oB, NOCJAELOBATENbHO
dopMHUpYEeMBIX Ha JIMHHAX CHCTEMHON UIMHE H NO3BOJAOMHMX KaK JOKAJH30BhI-
BaTh SIBHblE OTKa3bl KOMIOHEHTOB, Tak H OOHAapYXKHBaTh GoJiee TPYAHO YJIOBHMBIe
NIPOSiBJIEHHS] HEKOPPEKTHOCTH BPEMEHHHIX cooTHoweHu#. IIpn nepenade naHHBIX
B CHCTeME BOSHHKAIOT JOMOJIHHTE/bHbIE NPHYHHBL OTKA30B; B CBSA3H C 5THM B IV 7
PAacCMOTPEHBEl XapPaKTEPHCTHKH H MPOUEAYPbl KOHTPOJS MOCJELOBATENbHBIX HHTEp-
¢eitcop. CucremHas aMyasuus KaK OJHO M3 OCHOBHHX CDEICTB CHCTEM paspa-
GOTKH CIIyXHT B NIePBYI0 OYepeab /IS pellleHHs 3afad NPOEKTHPOBAHHS MHKPO-
NIPOUECCOPHHIX CHCTEM, ONHAKO B IJ. 8 BHHMaHHe COCPeXOTOYEHO Ha ee NMPHMeHe-
HHK ISl [IOMCKA HeHcnpaBHocTed. I'aBa 9 mocpsilleHa CHrHaTYpHOMY aHaJH3y,
TIPH KOTOPOM OCYIIECTBASICTCH IIPeABAPUTEJbHOE JOKYMEHTHPOBaHHe (PYHKLHOHH-
POBaHUs CHCTEMB! C IOMOILIBIO CNENHANbHBIX NPOrpaMM; KOMOGHHALHS OHTOB AJsi
KaX10# CHTyalHH SABJSETCS CreuddUYHOH, H JMOGOE OTKJOHEHHEe OT Hee paccMma-
TPHBaeTC KaK INpPH3HAK HENPaBUJBHOCTH paGoTH cucTembl. IIpH moOHCKe Hewc-
NpPaBHOCTefi B MNpoLecce KOHBEHEPHOro NPOH3BOACTBA MOCYT GHITh IPHMEHEHH
IpOUEeAYPEl KOHTPOJIAA, peajnsyemble ¢ noMouwbio IBM; kak mnokaszaso B ra. 10,
peasibHas TeCTOBas amnmapaTypa MOXeT DPa3JHYaTbCd B IUMPOKOM jHAalasoHe.
B ra. 3 paccMOTpeHbl MPHHLHMNLI IOCTPOEHHS TECTOBOTO OGOPYLOBAHHS HAa OCHOBE
MUKpoOBM u paspabaThiBaeMbIX IOJB30BATENEM CIEIHAJIH3HPOBAHHBIX KOHTPOJIb-
HBIX miaT. B ra. 11 5TOT moAXo MJMIOCTPHPYeTCS Ha NpHMepe MPOCTOro BHYTpPH-
CXEMHOrO 3MyJATOpa, OPraHM30BaHHOrO Ha Oase craHapTHOH MHKPoDBM. Cur-
PaTypHble M JIOTHYECKHe aHAJH3aTOPH yYeGHOTO HA3HAYEHHS! MOTYT GBITbH H3COTOB-
JIEHH B BHAe [eLIeBLIX ONHOMIATHHX ycTpoiicts (ri. 12). Tectmposanue mocsje-
AoBaTeabHBIX HMHTepdeiicoB Mexny IBM u ee nepubepuinbiMu yCTpO#CTBaMHU
MOXKeT OblTb OCYLIECTBJIEHO C MOMOUIBIO MNOCHELOBATE/bHBIX 4HaJHM3aTOPOB H Te-
HEPaTOPOB CHMBOJIOB, paccMaTpHBaeMbX B . 13.

Hoe. Pepeycon
JI. Makapu
II. Yuareams
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MukponpoueccopHble cucTembl

[naea 1

Uncdposbie ycTpoicTBa M CHMCTEMbI

Insa mocTpoenus cucreM Ha 6ase MHKPOIPOLLECCOPOB HEOGXOAH-
MHl JIONIOJIHHTE/IbHbIE CXeMbl H yCTpoiicTBa. Jlornueckne cxemel pas-
HBIX CEPHH CYIIeCTBEHHO Pas3JiHyaioTcs N0 XapakTepy (PpyHKLHOHHPO-
‘BaHMsdA, Jaxe KOrAa OHH BBINOJIHSIIOT OJHHAaKOBHe (GyHKUHH. Huxe
KPaTKO paccMaTpHBaloTcsl 3TH pasdnuuus. CyllecTBYIOT KOHTPOJb-
HBle YCTPOHCTBA, NO3BOJSIOUIHE JIOKAJH30BATh HEHCIPABHOCTb CXe-
MBl C TOYHOCTBIO JO €€ KOHKPETHOTO BHEIIHEro BHIBOAA; HHIKe pac-
CMaTpHBAIOTCS NpPEHMYILecTBA H OTrpaHHUYeHHs, NPHCYLIHe TaKoOMy
TECTOBOMY 060PYAOBaHHIO.

Bosbimylo nomommp npd o6CHy:KHBAHHH JIO060H CHCTEMBI OKasbl-
BaeT XOpOLIO HaNMHCaHHOE PYKOBOACTBO. IIpH 3HAKOMCTBE CO BCEMH
Bonpocamy, 3aTPOHYTHIMH B AAHHOH KHHre, YHTaTedb AOJKEH Npo-
ABUTh NpH (HOPMHPOBAHHU CBOEr0 MHEHHS MCKPEHHHH ONTHMH3M, HE
ofJjiafas KOTOPHIM 3aTPYAHHTEJbHO 3aHUMaTbCsi OOC/TYyKHBaHHEM
MHKPONPOLECCOPHBIX CHCTEM; HUTaK, 6yJeM CUHTaTb, YTO PYKOBOA-
CTBO BeChMa MOJIE3HO, NOKA He OOHApPYXKHTCS, YTO 3TO He TaK

K coxanenuio, oueHb 4acTO PYKOBOICTBO J1HG0 BooOlle OTCYT-
cTByer, JH60 cocTaBieHo BToponsix. OHO AOJKHO COAepKaTb NOJ-
HYI0O CXeMy CHCTeMbl C yKasaHHeM Da3MelleHHs] KOMIIOHEHTOB, NMpPH-
yeM Ha cXeMe JHOJIKHB ObITb OTMeUeHbl BaXkKHble KOHTPOJIbHEIE TOUKH.
TunuYHbBIM OpUMepoM NpPO6JeMBbl, KOPPEKTHOMY pelIeHHI0 KOTOpOi
NOMOKET MocjieHee 06CTOSITeIbCTBO, SIBJASAETCA H3MePEeHHEe TaKTOBOH
yacTtoThl. Jlesio B TOM, UTO CUETYHK M ocLuajgorpad, 6yayun moaco-
e[lHHEHbl K BBHIXOAY reHepaTopa ¢ BHICOKMM BLIXOAHBIM CONpPOTHBJIE-
HHEM, MOTYT MpeACTaBJsATb COOOH HArpysky, BIOJHE JAOCTaTOUHYIO
IJs HCKaXXeHHs1 ero 4acToThl. Bo u3bexkaHHe 3TOro Kaxjaas KOH-
TPOJIbHAST TOYKA, KOTOPYIO NpeAnoJsaraercs HCNOJb30BaTh B MpO-
lecce H3TOTOBJIEHHST M 3KCIUIyATallHH CHCTEMBI, JOJXHA OBITh OT-
JleJieHa OT CXeMbl HaAeXHbM 6ydepoM.

PyKOBOACTBO MOXKeT COAepKaTh Habop TECTOBBIX Mpolenyp,
npeiHa3HAYEHHBIX AN BBIABJACHHS OCHOBHBIX BHIOB HEHCIPaBHO-
cTelt, BOSHHMKHOBEHHE KOTOPBHIX NpeABHIeH Pa3paboTYHKH. ToJbKO
OueHb HEPa3yMHBIH UYeJOBEK MOXKeT IpeHeOpeub TAKHMH IOJCKa3-
KaMH, X0Ts pa3paboTuHKH NPH HaNHCaHHH PYKOBOACTBA CKOpee BCe-
ro pacnoJaralorT HeGoJiplION HH(pOpMalHell O BO3MOXKHBIX OTKasax.
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Cnenyer mOHHMaTb, 4TO, NMOCKOJbKY KOHCTPYKTHBHOe odopmJe-
HHE MHKPONPOLECCOPHOH CHCTeMBl OCYLIeCTBJSIETCA € IOMOIIbIO Ie-
yaTHBIX IJaT, Jio6as THOoOBas JIOTHYeCKas cxeMa C TOYKH 3peHUS
o6CyKHBaHHA BelleT ce0sl TOYHO TaK Xe, KaK H B YCTPOHCTBax
NpeJlecTBYIOMHUX NOKOJeHNH. XOTs BHIOJHSEMEe QYHKIHH B CAY-
gae MHKDOIPOLECCOPHOH CHCTEMH M MOTYT OHITh 60Jiee COXKHHMH,
XapakTep 3JeKTPHUECKHX H MeXaHHYEeCKHX OTKa30B OCTaeTCsl HeH3-
MECHHBIM: 3aMbIKAHHS N1€9aTHHIX MPOBOJHHUKOB, 3aMBIKAHHA NpPH Naii-
Ke, o6pbiBbl. Ilpu paboTe ¢ MHUKDONPOLECCOPHOH CHCTEMOH MOXET
oKasaTbcsl 6oJiee 3aTPYAHHTENbHBIM HaXOXAEHHE YuacTKa IJIATHI,
rie npoHsolies] OTKa3, HO NOcJe TOro, Kak ob6JaacTb mpeanoJsarae-
MOTO OTKa3a CBeJleHa K OJHOH-ABYM HHTErpaJbHBIM CXEMaM, MOTYT
O6LITb NIPHMeHeHbl XOPOIIO M3BeCTHHIE METOIbl TeCTHpOBaHHUA. B naH-
HOH riase OyleT AaH KpaTKHA 0630p 3THX METOAOB; 6oJiee OJHOMY
HX PACCMOTPEHHIO NOCBALIEHO MHOXECTBO KHHT.

Koraa cremyer NMpHMEHATb NMPOCThie METOABl TECTHPOBAaHHA, a
Korza GoJiee CJOXKHBIe, KOTOpble OYAyT paccMOTpeHH HHKe? Ecnm
€CTb BO3MOXKHOCTb BOCHOJIb30BATbCSI aBTOMATHYECKHMH HJH MOJY-
aBTOMATHYECKHUMH TecTaMH, NpHMeHsliTe ux. JTH cpeAcTBa OBUIH
paspaboTaHbl npodeccHoHaslaMH, HMEBUINMH 3HAYHTENBHO GoJblie
ONbITA H BPeMEHH Ha Pas/yMbsl, Y4eM OKa3bIBaeTCsl B BalleM paclo-
pSAXKEeHHH, KOrja Bbl HMeeTe JeJ0 ¢ He3HAKOMO# cucreMoir. Ecau, k
CYacTbio, NPHYHHA OTKa3a MpPOosBJsAETCA SIBHBIM 006pa3oM, TO OCTaJb-
HOoe — fes0 TexHHKH. CHMNTOMOB OTKAa3a, Pa3jIHYHMBIX HA HHIAMKA-
TOpPe HJH Ha BHIXOJHOM INOpTe, MOXET OKa3aTbCsl JOCTATOYHO MJIsT
(hopmMHpOBaHUs NPEANOJNOXKEHHS 0 HEKOPPEKTHO pafoTraloniell 3ajfaio-
el cxeMe, Nocje 4ero KOHTPOJb C MOMOLIbI0 HMIYJLCHOIO reHepa-
TOPa H JIOTHYECKOro NPOOHHKA MO3BOJSIET OLICTPO IOJHOCTBIO HIEH-
TH(GHUEPOBATb OTKAa3. B TO Xe BpeMs NMpH HEYIAaUHOM CTEUEHHH 06-
CTOSITEJIbCTE Yy HHXKeHepa N0 O6CJAYXHMBAHHIO MOXeT B KPHTHUECKHH
MOMEHT He 0Ka3aThCsd NOoJ PYKOH HH NOAXOASALIEro aHaJu3aTopa, HH
CPEICTB IMYJSLHH. B 3TOM cnyyae eAMHCTBEHHBIM BHIXOJIOM OCTaeT-
Cs BO3BPAT K TPaJHUHMOHHBIM METOAaM aHaju3a pPabGoTh CHCTEMBHI.

HasoBeM HekoTOpble XapaKTepHble BHAB HHGOPMALHH, KOTOPHE
MOTYT OBITh MOJYYEHB! C IIOMOLLBIO COOTBETCTBYIOUHX NMPOGHHKOB.

Craruueckasn: norudeckuit 0; Joruueckas 1; «nsoxoii» yposeHb
(snauenHe HampsKeHHsS MeKAY ypOBHsIMH Joruueckux 0 u 1); o6-
PBIB; KOPOTKOE 3aMBbIKAHHE.

Junamudeckasn: HaJHYHe CEDHH HMIYJbCOB MaJoOH IJIHTENbHO-
CTH; IpolecC H3MEHEHHS COCTOSIHHS; UMIYJbCHBIE CHTHAJbl HH3KOH
YacTOThbl; HMIMYJbCHBIE CHTHAJbl O6PAaTHOH MNOJISIPHOCTH; NPOTEKalo-
IWHH TOK.

YpoBenb HanpsiKeHUs NOJIXKEH COOTBETCTBOBATH JIOTHYECKOMY 0
uaH joruyeckod 1. Kak 6bljio 0TMeyeHO BhbIlle, BeJHYHHB HampsiKe-
HUH, ¢ rapanTHeil obGecrneunBaiollHe pa3jHUEHHE 3THX YDOBHeH, He-
OLHHAKOBHI AJS PA3HBIX BHJOB CXeMOTeXHHKH. B tunoswix TTJI-cxe-
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Max YPOBHHM HanpsxeHHs, Menpuue 0,8 B, cayxar pas o6osnaue-
HHA Joruyeckoro 0, a ypoBHH, npeBnuammue 2,4 B, — joruyeckoit
1. 3nauenus ypoeus B Auanasone ot 0,8 no 2,4 B sBasiorcs npu-
3HAKOM HEHCHpPaBHOH paboThl, KOTOPHIH MJOJIKEH HHIHLHPOBATHCS
crnelHaJbHBIM CHTHAJOM NPOGHHKAa. TeM 3Ke CHrHAJOM OGBLIYHO HH-
JHUHpyeTcs HaJHuHe OOpHIBA, T. €. 00 OGpBHIBE H «IJIOXOM» JIOTHYE-
CKOM ypOBHe INPOOHHMK HH(GOPMHpPYET OJHHAKOBHIM o6pasom. Anajo-
FHYHO KOPOTKOE 3aMBbIKaHHe C JIOOLIM M3 NPOBOAHHKOB HaNpsXKeHHsl

OpvHoynbiid TlocnegoBatenbHOCTs

1 WMNYALG  WUMNYNbCOB
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Bolknioyer

CaeyeHne 8 TeveHne BoikntoyeH
AONU CekyHabl Ha [ONIQ CeKyHas!

Puc. 1.1, BhisBleHHe CTaTHYECKHX M JMHAMHUECKHX JIOTHUECKHX COCTOSIHHH ¢ mo-
MOILbIO OJHHOYHOrO HHIHKATOpA.

[UTAHUA OPHIAET CHIHAJTY YPOBeHb, KOTOPBIH OJHO3HAYHO BOCNPH-
HMMAaeTcs Kak AonycTuMoe 3HaueHHe. OTJHYHTb YPOBeHb PeajibHOro
BHIXOAHOIO CHIHAjJa OT yPOBHS, SIBJASIOLIEroCs CJEACTBHEM KOPOT-
KOTO 3aMbIKaHMs CHTHAJbHOH JIHHHH C JIMHHell NHTaHHs, MOXHO C
HOMOLIbIO BOJIBTMETPA HJH OcUuAIorpada.

OnHOro CBeTOAHOJAa, CHAGXKEHHOIO COOTBETCTBYIOIUM YIPABJISIO-
IIHM KAaCKaZoM, HOCTATOYHO M/ MHAMKALHH TPeX BHAOB BO3MOXK-
HBIX COCTOSIHHH cHrHaJja:

BBIKJIIOYEH norudeckuii 0 (ua¥ KOpPOTKOE 3aMblKaHHe ¢
obued WHHOM);

TYCKJIOE CBEUEHHE 06pbIB HJH HELOMYCTHMBIH (MPOMEXKYTOUHBIH
mexay 0 u 1) yposenb;

ApKoe CBCUCHHE Jorudeckas 1 (WM KOpOTKOe 3aMBIKaHHe C

LIHHOA NMTAIOLIEro HampaAMXKeHHd).
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TecTHpoBaTh MOXHO He TOJIBKO CTAaTHYECKHe CHTHaab. Ecau me-
peA KackaJoM YNpaBjieHHsl CBETOAHOAOM BBECTH CXeMY BHISIBJEHHS
NepexofHOro mnpouecca ¥ BHOPATOP C OLHHM YCTOWYHBEIM COCTOSI
HHeM (OLHOBHOpATOp), TO M3MEHEHHe 3HAYEHHS BXOAHOTO CHrHaJja
npeo6pasyercs B UMIYAbC GHKCHPOBAHHON AJIHTENbHOCTH. IIpH mox-
KJIIOYEHHH NPOGHHKA, OCHAILEHHOT'O TaKOi CXeMOMi, K TOUKe CXeMBbl, B
KOTOPOW CHrHaJ INpelcTaB/seT coGOH Y3KHA HMIyJabC AJHTENb-
HocThio 10 HC ¢ MOJISIPHOCTBIO, OTPUIATEJNLHOH MO OTHOLICHHIO K
YPOBHIO 1, CBETOAHON racHeT Ha JIOJI0 CeKyHAH. [lpyras cxema (3a-
LepkKKH) GJIOKHPYeT aHaJOTHYHYIO PeakUHI0O HHAMKATOPA Ha MocJje-
LyIolllHe HMIYJIbCHble CHTHAJbl; B pe3yJbTaTe MepUAOWHil CHTHAJ
CBETOJHMOAHOTO HHJAHKATOpa HMeeT uacToTy oKoao 10 I npu ua-
CTOTe BXONHBIX UMIMYJbCHBIX CHTHAJOB HHAHKAaTOpa, Jexaulell B
AHanasoHe OT 3TOr0 3HaYeHMsl O MHOTHX Merarepi.

Takum 006pasoM, ¢ NMOMOIIBIO OXHOTO CBETOAHOAHOTLO HHIMKA-
TOpa MOTyT OBITb OOHApyXeHbl KaK KOPOTKHE Mepemnajibl 3HAUeHHUs!
curnana 0—1 u 1 —0, Tak ¥ cepuu NOBTOPSIOLMXCA HMIYJIbCOB
(puc. 1.1).

C nomoupio ABYX HHJAHKATOPOB, HA3BIBAEMbIX <«BEDXHHM» H
HHXKHUM», MOXKeT OBITh IoJiyueHa cieiyiouas WHbOpMalysa o 3Ha-
YeHHH CUTHaJ/a B KOHTPOJHPYEMOH TOUKE CXEMBI;

CocTosiHMe MHAHKATOPOB

HWHAHUADYeMBbI} curHag

BepxHuil cBeTHTCs, HHXHHH BhI-
KJIIOUYEH

HukHuf cBeTHTCS, BepXHHH BH-
KJIIOUEH

Hu omuu He cperutcs

QO6a Mmepuaiot

O6a tyckno cserarcs

Jloruyeckas 1
Jlorugecknt 0

«I1noxo#f» ypoBeHb HAM 06PHIB
CepHst MMOyJIbCOB HH3KOH 4a-
CTOTHI

Cepust MMny/abcoB BHICOKOH ua-

CTOTH (CTeNeHb SIPKOCTH [O3BO-
€T  CYIUTb O COOTHOUIEHHH
AMATENbHOCTH MMMyJbca M nay-
3Hl)

Ilpu no6aBjenuu B Takoil IPOGHUK TPETHErO CBETOLHOAA OH mep-
LaeT NPH NOCTYIJIEHHH Ha BXOA NPOOHHKA HMIYJBCHOH MOCJEA0BA-
TeJbHOCTH H COBCEM He CBETHTCS, KOrja BXOAHOH CHTHAaJ SIBJIsieTCS
CTaTHYeCKHM. MHpOpPMalKs O COOTHOLIEHHH MEXAY ATHTEIbHOCTBIO
HMIyJbca U TMay3o# NMpU 3TOM He Buinaercs. Ecau e fns wuguka-
Iuu ypoBHedl Jsioruyeckux 0 H 1 HCNONB3YIOTCA OTAE/bHBIE CBETO-
MHOABI, CHAGXKEHHbIE COOTBETCTBYIOUIUMH NOPOTOBLIMH €TEKTOPAMH,
MOXer OHTb chopMUpOBaHA HHPOPMAlKs, NPHBeAeHHAsA Ha pHC. 1.2,

BoaMoxHBl M [pyrHe BapHaHTHl OPraHM3alHH PabOTH JOrHYe-
CkHX npo6HHKOB. Tak, Hanpumep, MoxeT OHITb NPHMEHEH peXUM
$uKcanuu, NPH KOTOPOM CBETOAHOA COXPAHSET COCTOSHHE CBEYCHHS
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Jaxe IPH MOCTYIJIEHHH KOPOTKOTO OJHHOYHOTO HMmyJbca. Kpome
TOrO, H3rOTOBHTENH NPHAAIOT NMPOOGHHKAM Pa3jIHUHble MapaMeTpsl C
TOYKH 3PEHUs] BPEMEHHBIX COOTHOIIEHUH BOCIPHHMMAaeMBIX HMIYJbC-
HBIX CHrHaJsoB. [IpoGHHKH MOTYT, HafmpHMep, pearHpoBaTb Ha HM-
NyJabchl AAHTeNbHOCTHIO OT 10 no 100 HC M BHIpabaThiBaTh NMPH 3TOM
BBIXOJHBIE HMIYJbCH AJUTENbHOCTBIO OT 50 g0 300 Mc. CymiecTBYIOT
HpOGHHKH, B KOTOPBHIX BO3MOXKHO H3MeHeHHe [OPOrOBHIX YpPOBHeH,

1 — —

HeponycTumbli
curHan

0§ e L)L

WHArKaTop

BepXHUE © O @ o} 6O e e
HKHAR ® o] o ) ® O O
UMIYNBCHBIA Q o] o] * * o) *

@ Bxn,
O BbiKn,
% Mepuaer

‘Puc. 1.2, Undopmauus, nomyyaemass ¢ NOMOIILIO JIOTHYECKOro NpoGHHKA, cHalb-
JKeHHOTO TpeMsi CBeTOAMOZHBIMH HHAMKAaTOPAMH, BKJIOYaeT CBeJeHHA O COOTHO-
LIeHHH QJIHTENbHOCTH HMIYJbCa M Nay3bl B CEepPHH.

YTO MO3BOJISET HCHOJb30BAaTh MX AJsi pabOTH C Pa3/JHUHEIMH BHAaMH
CcXeMOTeXHHKH. Jl19 MakCcHMAaJbHOH peasiM3allud BO3MOXKHOCTeH
npo6HHKAa OGpaTHTECh K PYKOBOACTBY MO €ro NPHMEHEHHIO.

TokoBbii npo6HMK

Hekotopble BHAB OTKAa30B HE MOTYT ObITh OGHApYXKeHB ¢ MO-
MOIIBIO JIOTHYECKHX MPOGHUKOB, KAaKHMH OBl CJIOXKHBIMH OHHM HH
6b1n. Tak, Jordueckyft TNPOBHHK JaeT BO3MOXKHOCTb YCTAaHOBHTH
HaJIHYHe KOPOTKOTO 3aMBIKaHHSA B y3/le CXE€Mbl, HO He MO3BOJISIET Ofl-
pelesuTb, B KAKOM HMEHHO H3 YCTPOHCTB, CBSI3aHHBIX C 3THM Yy3JIOM,
HMeeT MeCTO STO 3aMblkaHue. AHAJOTHYHO IPHYHHOH 3aMbIKaHHSA
MeXIy ABYMsl TOYKAMH CXeMbl MOXKeT ObiTb JIHGO BHYTDPEHHss He-
HCNIPABHOCTb KaKOW-1160 HHTErpajbHOH CXeMbl, JIHOO Hemocpeact-
BeHHOe 3aMBIKaHHe JIHHHH CBsI3H, NPOXOASAIIMX Yepe3 3TH TOUKH.
B TO e BpeMsl HaM HeO6XOAMMO Y3HaTb, TAe NPOHUCXOAST Hempa-
BUJbHBIE MepepacnpefiesleHus TOKOB, He paspbiBasi, €C/id 3TO BO3-
MOXHO, MPOBOAHUKOB U He IEMOHTHPYsl WHTerpajbHbix cxem. [lo-
AOOHbIle AeHCTBHSA OTHHMAIOT MHOTO BPEMEHH, H HX IPHMEHEHHE BJe-
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geT 3a CO60H PHCK, CBA3aHHBIHA C BO3MOKHOCTBIO BHECEHHS AOMOJHH-
TEeJIbHBIX HEHCIIPABHOCTEH, XOTS B HEKOTODHIX 3aTPYAHHTE/bHEIX CH-
TyaluHsix 6e3 HHX H He OGOMTHCD.

OGHapyXeHHe IOCTOSHHOIO TOKAa B3aTPYAHEHO, XOTH MNpPHHIH-
NHAJbHO BO3MOXHO; OAMH H3 CHOCO60B OCHOBAH Ha HCIOJIb30BaHHH
sppekra Xonna. TpyAHHIM OKa3BIBaeTcsi AOCTHXKEHHE YYBCTBHTEJb-
HOCTH H3MEPHTEJILHOrO YCTPOHCTBA, COOTBETCTBYIOIIEH YPOBHSIM Ha-
npsixkeHus, QHIyPHPYIOLIHM B COBPEMEHHBIX LH(POBBIX CHCTEMaX.
Pa6ora ¢ UMIyJbCHBIMH TOKaMH NPEACTABJIsIET MEHbIIHE TPYAHOCTH,
H COOTBETCTBYIOUIHH TOKOBHIH NPOGHHK SIBJSIETCS MOUIHBIM HHCTDY-
MeHTOM. 30HJ MPOGHHKA pPasMellaeTcsi BAOJb NPOBOJHHMKA; NIPH 3TOM
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Puc. 1.3. O6napyxende KOPOTKOrO 3aMblKaHHS € IIOMOIUbIO TOKOBOTO MNpOGHHKA.

OGHApPYKHUBAIOTCS HMIYJbCHbIE CHTHAJBI, HMEIOLIHE MeCTO B NPOBOA-
HHKe. YyBCTBHTENBHOCTb NPOGHHKA MOMKET ObIThb OTPEryJHpOBaHa
C TAaKMM DPacyeToM, 4TOOH HHAMKATOP NpPOLOJNKAJI CBETHThCH. 3a-
TeM NPOGHHK MepeMeIlaioT BAOJb NPenoJaraeMoro nyTH npoxoxie-
HHSl TOKa, NOKAa HHAHKATOD He IepecTaHeT CBETHTLCH, YTO CBHIE-
TeJbCTBYET O HAaJIMYHH HENPeAyCMOTPEHHOTO MNYTH  OTBETBJIEHHS
ToKa. [loquepkHeM, YTO H3MepEHHsS] B JAHHOM CJyuYae SIBJASIOTCS He-
KOHTAKTHBIMH: 30HA JOJIXKeH TeCHO NPHOJIH3HTbCS K NPOBOAHHKY, HO
He KacaTbCs ero.

UTto6Bl CpPaBHHTb BO3MOMKHOCTH NOTEHUHAJBbHOTO H TOKOBOI'O
NPOGHMKOB, PACCMOTPHM CHTyallHIO, MPeACTaBAEHHYIO Ha puc. 1.3.
Cepusa uMmy/bcoB, NOCTyNaoWas HA BXOA A, J0JKHA B HHBEPTHPO-
BaHHOW (popMe HMeTb MeCTO B TOYKe B, a 3ateM B mepBOHAaYa/bHOM
BHAe (ecqH He YYHTHIBATh 3afepkKy) B Touke D. B Toukax C u E
HHKAaKHX HUMIYJbCHBIX CHIHAJOB ObITh He A0JXKHO. [ToTeHuHabHBIN
NPOGHHK MOXeT MO0Kas3aTh, YTO HMIYJbCH Ha BhIXOZe D ortcyTer-
BYIOT, a BBIXOJAHOW CHTHAJ HMeeT 3HaueHHe Jorudyeckoit 1. [Ipuuu-
HaMH 3TOr0 MOTyT OBITb HEHCNPAaBHOCTh JIOTHYECKOI'O 3JeMEHTa, KO-
POTKOe 3amblKaHHe BhIXOAa D ¢ muHON nuTauMa WM HaJuyue JIOrH-
ueckoro 0 B Touke B. IlepeneceM nmoTeHUHaNbHBI NPOGHHK B TOUKY
B. Ecain 3pech ecTh cepus HMIyJbCOB, TO, C/IEL0BATEbHO, JHOO He-
HCNpaBeH BHIXOAHOH 3JieMeHT, JHOO HMeeTCs KOPOTKOE 3aMbIKaHHe
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B Touke D. OTCyTCTBHe HMIYJILCHOH NOCAELOBATEJNBHOCTH B TouKe B
CBHAETEJBLCTBYET O TOM, YTO HJAH HEHCNpaBeH BXOJHOH HHBEPTOP,
WJIH B TOYKe B NpOH30IIJIO KOPOTKOe 3aMblKaHHe ¢ Ofiied HIMHOWH,
LIHHOHA NHTaHHS HJIH APYroH CHIHAJbHOH JIMHHEH.

Ecau B Touke B curnas jorugeckoro 0, T. €. COOTBETCTBYeT 3Ha-
yeHHI0 JorHueckod 1 B Touke D, TO, 3HAYHT, BLIXOJHOH BEHTHJb
«xopoiuuii». Ecin BXOAHOR HHBEPTOP MCHPaBeH, TOKOBBIH NPOGHHK
floKaXKeT HaJuuHe CepHH MMIynabcoB B Touke B. Orperynupyem uys-

CTBHTE/JbHOCTb TakK, YTOOH BXOI-

HOTO CHrHa/ta OblIO JHIIb JO-

= CTaTOYHO AJSl CBEUEHHsS HHJIHKA-
ropa. Bynem nepemetiats npo6-

HHK [0 HaNpaBJeHHIO K BBIXOAY

© _ CcXeMbl, MOKa HHAMKAaTOp He MO-

racHer. OcMoOTp nJaThl CKopee

nr ® BCEro fpu 3TOM NO3BOJHT 0OHa-
PYXHUTb TepeMblYKy H3 MNpPHMOs

O) - MeXJy NpPOBOJHHKAMH HJH ApY-

ryio TNOAO6GHYIO HEHCHPaBHOCTD.
Ecnn  Takux  HedcmpaBHOCTEH
® HaliieHO He OyHeT, ClAeAyeT Ipo-
~ CMOTpeTb  COCeAHHE  Y4acCTKH
cXeMbl, TakHe, HalNpuMep, Kak
Puc. 1.4. Obnapyxenne Kopotkoro 3a- 10 KY C, Ha koTophle MOXeT
MbIKaHHSI [OyTeM BHIABJEHMs HepaBeH- NPOHCXOAHMTb OTBETBJIEHHE TOKa,
CTBA BXONHEIX TOKOB. 4yTOOH BHISIBHTb (PH3HUECKOE pas-
Meli[eHHe LIeNH KOPOTKOro 3aMbl-
KaHHS, NOKAa3aHHOH Ha PHCYHKe NMYHKTHPHOH JIHHHMEH, ecaH yTeuka
He NPOHMCXOAHT NPSIMO Ha OOILLYIO MIKHY.

Korza BBIXOA JIOTHYECKOTO 3JeMeHTa [OJIXKeH YNpaB/ATb He-
CKOJIbKHMH BXOJaMH, CXeMa OBGBbIYHO PAaCCUHTHIBAETCS TaKUM 0o6pa-
30M, 4TO6bl HA BCe 3TH BXOJbl NOCTYyNaJii TOKH NPHMEPHO OJAHHAKO-
BOii BeauuuHH. Tak, B cxeMe, MOKasaHHOH Ha puc. 1.4, ynpasasio-
IHil JIOTHYECKHI 3JeMeHT JOJIKeH BhpabaThiBaThb HMIMYJbCHBIH TOK'
8 MA, 4TO6B Ha KaXKAblH H3 HeThIPeX YNpaBJsieMbIX BXOLOB NOCTY-
naJa 1ok okosao 2 MA. CoBceM Heo6s13aTeNbHO, 4TOOL 3TO pas3BeTBJe-
HHe [POHCXOAHJIO € BHICOKOH TOYHOCTBIO, JIUIIbL TOKH AO/KHBI GbiTh
onHoro nopsiaika. Ho nm TokoBbi MpOGHHK NMOMOraeT pas/nyaTh HX
JIHIDb NpH 60JbIIOM pa3bpoce 3HaUeHHH, KOTOPBIH MOXET HMeTb Me-
CTO TOJIBKO B CJydae HeHCHpaBHOCTH. PasmecTHM NPOGHHK TakK, 4ToO-
6bl OH OTpearHpoBaj Ha CepHIO HMIYJbCOB B TOUKe A (eC/H cepHio
0o6HapyXHUTh He yhaeTcs, 3HAYUT, TGO HEHCIPaBeH CaM HHBEPTOP,
JH60 NPOU3OIMIH OOPHIBH B COELAHHEHHSX CO BCEMH YeThIPbMs BXO-
namu). Bynem nepeMmeiiaTh NpOOHHK MO HAMPaBJCHHIO KO BCEM Ue-
THIPEM BXOJaM 1o odepen. Ecii HHAMKATOP NPOMOJIKART CBETHTHCHA
TpH ABHXKEHUH TOJBKO K OJXHOMY H3 BXOJ0B, BECbMa BbICOKa BEpOsT-
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HOCTb HaJIHYHsl KODOTKOro 3aMmbikaHus. EciH cBeuenue He coxpa-
HseTcs TPH NepeMellleHHH HM K OJHOMY M3 Harpy3ouHbIX BXOJOB, B
3TOM HeT HHYero yAMBHTENBHOTO: KaXKAbH H3 BXOAHBIX TOKOB MOXKeT
OHITH CJAHIIKOM MaJl AJISl BOCIPHATHS €ro MHAHMKATOPOM NpPH paHee
YCTaHOBJEHHOM MOpOre YYBCTBHTEJbHOCTH. Ec/aH 4yBCTBHTEJNBHOCTh
HHIHKAaTOPa MOXKHO PeryJHPOBKOH B JOCTATOUHOH CTeNeHH [OBbI-
CHTb, TO 3TH He6oJjblike, HO 6oJiee HJIH MEHee OJHHAKOBHIE TOKH
JLOJI2KHB OBITh OOHAPYXKEHHI.

TNornueckui nynbcartop

B paccMoTpeHHBIX BhIlle NpUMepax NpeAro/aaranock, 4To Ha cxe-
My IOCTYHAaeT COOTBETCTBYHOHIAas CepHs HMIyJbcoB. Eciu 310 He
TakK, HaJl0 HMeTh BO3MOXKHOCTb NOJAYH CHIHaJ0B Ha cxeMy. JenaTs
9TO MOXKHO, GHU3HUECKH BTOPTasich B CXEMY, T. €. Ilepepe3ast NpPOBOJL-
HHKH, YAaJss HHTerpajbHble cXeMbl H T. 4. OJHAKO NPOTHB TaKOTo

-

ILF Bkn.

50 % BpeMeHu

Puc. 1.5. TloTeHunanpHbit NyabcaTop BhI3biBaeT 60JblIoe paccesiHHe MOUIHOCTH.

NMOAX04a YMECTHBl Te XK€ BO3DaXKeHHS, KOTOpHe OblIH NPHBEAEHB
NpH paccMOTpPeHHH Bolpoca o6 H3MepeHHH TOKOB. JleHCcTBHTeNbHO,
ofo6Hble TMpHeMbl JONYCTHMbl, HO Jyyule O60HTHCH Ge3 HHX.

HyXHO MMeTh yCTPOHCTBO, KOTOPO€ MOXKHO NOJKJIOUHTL K JIIO-
Goif TOUKe CHCTeMBbl H 6e3 OMaCHOCTH MOBPEeXIEeHHS CXeMbl BBOAHTh
C €ro MOMOILBIO CePHI0 HMIYJAbCOB B 3Ty TOUKY HE3aBHCHMO OT TOTO,
npe6biBaeT OH B cOCTOSHUH Jjoruueckoro 0 uam 1. lenepatop um-
MyJbCOB THIA «M€AaHAP» C BHIXOAHBIM HMIELAHCOM, HAMHOTO MEHb-
IIHM, YyeM HMIEAAHC TOUKH, K KOTOPOH HaAO €ro NOAKJI0YaTb, AJs
TaKHX HeJielt He noaxoaut. Ha BeIxon /106OT0 JIOrHYECKOro 3JeMeH-
Ta, YIpaBJsieMOro OT TAKOTO reHepatopa, 6yaeT nojaaH M3GBITOUHBIH
TOK, CJAeACTBHEM KOTODOTO SIBUTCS MOBHILIEHHOE PAaCCessHHE MOLIHO-
ctu. Tak, npu nomaue cepuH NPSIMOYTOJNbHBIX HMNYJbCOB HA BHIXOJ
TTJI-3nemenTa, HaXOASUWMIACS B COCTOSIHHH JioTHY4ecKoro 0, B Teye-
Hue 50 % Bpemenu (T. e. B Te HHTEPBAJIbl, KOTJa 3TOT BHIXOJ OKa3bl-
BaeTcsl HAKOPOTKO COEIHHEHHBIM C MOJOXHTEJNbHBIM MOJMIOCOM HC-
TOYHHKA THTaHHdA, puc. 1.5) 6yAeT NPOHCXOAHTh H3GHITOYHOE pac-
CesiHue MOILHOCTH.
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Ecnn posio BpemenH, Korfa 6yAeT MPOHCXOAHTb H3GHITOYHOE pac-
cesinue, CHU3UTh A0 1—2 %, TO naxke mpH AOCTATOUYHO GOJBIUHX MH-
KOBbIX 3HAYEHHSX TOKa CpeIHAs BeJHYHMHA paccesiHus npobaeMm He
cocTaBHT. [J1aBHOE COCTOHT B TOM, YTOOH CHeNaTh HMIYJbCHHH re-
HepaTop, ¢OpMa BHIXOJHOrO CHTrHaja KOTOPOTO MeHajach GH B 3a-
BHCHMOCTH OT CT4THYECKOIO YPOBHS, HMEIOIIEro MeCTO B TOUKE CXe-
Mbl, Kyla 3TOT CHrHaJ nojaercs. /st TOUKH, B KOTOPOH CTaTHYECKHH
CHTHaJ — Jjiorudeckuit 0, JOJIXKHBl BHIpPabaTHIBAThCH KOPOTKHE HM-
nyJbcH Joruueckofi 1, 1 Hao6opor. Takum 06pas3oM, B TeUEHHE KaXK-
JoH may3bl MeXAy HMIy/JbCaMH TIeHepaTOp AOJKEH BHISICHSITH CO-
CTOSIHHE TECTHPYEMOro y3/a H H3MeHSTb B Cjyiae HeO6XOLUMOCTH

Tlynbcarop

NoreHyMansHuli
npobunk

Puc. 1.6. Ha6unofeHHe CHTHAJNOB TOKOBOTO MyJAbCATOPa C NOMOIIBIO MOTEHLHAJbe
HOro npoGHHKA.

[OJIAPHOCTb OYepeAHOro HMnyJbca. TakuM o6pa3oM, BHIXOA reHepa-
TOpa JOJIXKEH HMETb TPH COCTOSIHHS. B COCTOSIHHH PasOMKHYTOH
Len¥ BHYTPEHHHH JeTeKTOD BBISCHSET JIOTHUECKHH YPOBEeHb KOHTPO-
JIHpyeMOH TOUKH H COOTBETCTBYIOLIMM 06pa3oM oOIpefessieT YC/o-
BHA (DOPMHDOBAHHS CJEAYIOLIEr0o HMIOYJAbCA. IDTa 3aKOHOMEPHOCTh
COOTBETCTBYET H3MEHEHHIO BBIXOAHBIX CUTHAJIOB TPHITEPHBIX CXEM,
B KOTOPBIX BXOJHOH HMIYyJIbC MOKET H3MEHHTh 3HAUEHHE BHIXOLHOTO
CHTHa/la Ha MPOTHBOMOJOXHOE 3a cueT CpabaThIBaHHS OOpaTHBIX
cBA3ei.

C noMoUbI0 MyJbCaTOPa MOXKHO OINpeleJHTh HAJHYHEe KOPOTKUX
saMblkaHui ¢ obuieit muuHo#, OGJsafasi BHYTPEHHE MpPHCYLIEH BO3-
MOJXHOCTbIO OTpaHUYEHHS TOKA, NYJbCATOP MOJHOCTBIO ONpeAesser
cocTosinHe BhixogHoro curhata TTJI-snemenra, momasnassi co6CTBEH-
HOe 3HAueHHe 3TOr0 CHrHaJa, a TNMOTEeHIHWAJbHBIA NPOGHHK MO3BO-
JisieT OGHapyKHUTb CHTHAJIB, TeHepHpyeMble nyJbcatopom. IIpu Ha-
JIHUHH KOPOTKOTO 3aMblKaHHS (MJH [IPH yMeHbIUEHHH HMIefaHca No
OTHOIIEHHIO K OO6Ilell LIMHe HHUXKEe HOPMBI) HMIYJbChl HaNpsXKeHHS
o6HapyxHuTh He ylaercs (puc. 1.6).

Bocno/ib30BaBIIWCh TOKOBHIM MNPOGHHKOM BMeCTO IOTEHLHANb-
HOTO, MOXHO HPOCMOTPETh NMeyaTHble MPOBOAHHKH BO BC€X HampaB-
JICHHAIX OT MeCTa MOAKJIOYeHHs MyJbCAaTOpa H ONpPelesNHTh NyTH
npoTekanust Toka. licuesHoBeHHe cepHH TOKOBBIX HMIYJBbCOB YKa-
3piBaeT Ha TOYKY, B KOTODOH HMeeTcsi KOPOTKoe 3aMhuikanue. C mo-
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MOIIBIO 3TOrO MPHEMa MOXHO TaKXe BBHISIBHTH HEHCNPABHBIH JIOTH-
YeCKHH 3J/IeMeHT, BXOISIUHH B COCTaB CXeMH <«MOHTaxHOe MJIU»
(puc. 1.7) M. Takas cxeMa 0O CyllecTBY NpeicTaB/seT coGOH Ha-
6op napaJjiiiesibHO BKJIOYEHHBIX TPaH3HCTOPOB, OTKPHIBAHHE JI060r0
M3 KOTOPBHIX NPHBOAMT K H3MEHEHHIO JIOTHYECKOrO 3HAYeHHS BRIXO-
HOro curHasa. Ec/iu OHH U3 3THX TPaH3HCTOPOB MOCTOSIHHO OTKPAIT,
TO C MOMOIUIbIO BXOAHBIX HMIYJbCHbIX CHIHAJOB HEBO3MOXKHO OIpe-
JenuTh, Kakoil uMenHO. [logaBas TOKOBbE UMNYJbCH HA BBIXOX JIO-
THYECKOH CXeMbl W MepeMellasl TOKOBBIH NPOGHHK 10 HAMpPaBJIEHHUIO
K OTAe/JbHbBIM  TPaH3HCTOpPAM,

——

Mynbcarop

D it T §

MOXHO YCTAHOBHTb, KaKO# H3 )

TPAH3HCTOPOB HAXOMMUTCS MOCTO-

SIHHO B MPOBOASILEM COCTOSHHH, [

BosbuinHCTBO  myJibcaTopoB

JONYCKaeT [0Jady KaK OMMHOY- IJ '

HBIX HMINYJALCOB, TAK M Ccepui

HMITYJILCOB. [IpenmymecrBom

NepBOr0 H3 3THX pEXHMOB SIB-

JdsieTcsl  NaJibHellllee CHHKEHHe “—K K

pPHCKa, CBS3aHHOTO C MOBBIIIEH-

HBIM paccesiHHeM MOIIHOCTH, a

BTOpOH yH06eH INpH HCCAEOBa- J

HHH TPHTTEPHBIX H CUCTHBIX CX€M, Puc. 1.7. TlpoBepka cxeMbl «MOHTA-

a Takxe cxeM 3ajaepxkkd. lau- woe HWJIM» ¢ noMompbio  TOKOBOro

TEJbHOCTb BBLIXOJHBIX HMNYJbCOB  Y/IBCATOPAa M TOKOBOrO MPOGHHKA.

JEeXUT B mnpegensax ot 10 He

1o 10 mMkc, uto mosBossier pa6orats ¢ TTJI- u MOII-yerpoiicTBamu,

COOTBETCTBYIOIUKE 3HAYEHHS] TOKOB MMeEIOT 3HaueHHs oT 100 MA a0

menee 50 MA. INyabcatop mis obeayxusanuss KMOII-cxem noumken

HMETb BOSMOXKHOCTb paboTaTh ¢ HanpsixkeHusMH 10 18 B, xors mno-

AOo6GHble YPOBHH MAaJOBEPOSITHH B MHKDPOIIPOLECCOPHBIX CHCTEMax.
Ilpeanonaraercsi, 4To npu EMMyJIBLCHOM TECTHPOBAaHUH YCTPOHCTB

MX BHYTPEHHHE TAKTOBBIE reHepaTophl He paboTalT JH60 BCaes-

CTBHE HEHCNIPABHOCTEH, NPHYHHBI KOTOPHIX MOAJNE!KAT BHISACHEHHIO,

JIH60 GYAYYH NPHHYIHTENbHO OTKJIIOUEHBI, C T€M YTOGH Gbla yBe-

PEHHOCTD, YTO HAGJIOEHHUIO NIOAJIEXKAT TONLKO YNpaBJsieMble TeCTO-

BBl UMIY/IbCHBIE CHTHAJEL.

Jlormueckne Knmnchbl

OTO MHOTOKOHTAKTHbIE KOHTPOJIbHBIE yCTpO#icTBa, KOTOpHE ycTa-
HaBauBaloTcss Ha MIC W mosBoasiioT HarasgHo 0TO6GpaXaTb COCTOS-
HHE BHELUHHX BBIBOLOB C NOMOIIbI0 Habopa cBeToAHOn0B. OHH CHAG-

Y Cosops Toumee, cxema, H306paxeHHas Ha puc. 1.7, mpeacrasasieT co6oft
obbendienne «MOHTaXHbiM WJIH» BHIXOZOB HECKOJBKHX HHBEPTOPOB, T.e. pea-
snu3yer dyskuuo WJIH-HE, — [Tpum. nepes.
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eHbl YyBCTBHTEJIbHBIMH BXOJHHIMH CXeMaMH, CIIOCOOHBIMH BOCIPH-
HHMaTh MOTEHIHAJb, KOTOPblE HMEIOT MeCTO B KoHTpoaupyembix MC
H 1O MOHATHHM NPHUYHHAM HE MOrYT NMpPEBHIIATh HANPSKEHHA MATA-
HHS, U MCIOJB30BaTh HX AN obGecneueHHs] pabOTH BHYTPEHHHX CXeM
H HHIHKAaTOPOB KJHIICOB.

Ecan pa6ouasi wacToTa TaKTOBHIX CHTHAJIOB, MOCTYMNAlONIMX Ha
KouTposupyemyo MC, mocratouno HH3Ka, ¢yHKuHOHHpoBaHHe HC
MOXHO HabJwoaTh B AHHaMuKe. Jlornyeckue KJHICH OYeHb YAOGHBI
nasi 06c/yKUBAaHYsl JIOTHYECKHX YCTPOHCTB, OAHAKO AJsf PaboTH C
MHKpPOIPOLIECCOPaMH OHY NPHMEHHMBI B MeHbIIEH CTeleHH, TaK Kak
YHCJIO MX KOHTAKTOB OGHLIYHO He npeBnmaer 14 uau 16. Mx moxuo
6bl10 6B HCHOJb30BaTh [Js HabJofeHHs 3a paboToil 16-KOHTaKT-
peix MIC BcmomoraTeibHOrO Ha3Ha4eHHs, HO MOJYYHTb C HX [MO-
MOLIBIO CYIIECTBEHHYIO HHMOpMalLHIO 0 paboTe, HANPHMEp, MYyJbTH-
IJIEKCHPYEMbIX IIIMH He yJdaeTcs, AaKe eCJH YCTAHOBUTH KJIHIICH HA
st HC.

ARaJjlorvyHble HEJOCTATKH NMPHCYIIH JOFHYeCKHM KOMIapaTopaM.
JIornueckuii KOMIapaTop CAYKHT JJIS CONOCTABJEHUS! CUTHAJIOB Te-
CTHPYEMOll U 3TaJOHHOH HHTErpaJjibHOH CXeM, Ha KOTOpBie BXOIHLIE
CHTHAJIBl NOCTYNAKT NapaJjienbHo. C MOMOLIbIO KOMIIapaTopa MOX-
HO BBHIIBUTH [AaKe OTKJIOHEHHS B MPOTEKaHHH MEePeXOAHHIX mpolec-
coB. MaJioBepOSITHO, 4TO KOMNAapaTopbl OyAYyT IIHPOKO HCIIOJb3O-
BaThbCsl NPH paboTe ¢ MHKPONPOILECCOPHBIMH CHCTEMAMH, M 06Ciy-
JKHBaHHS KOTOPHIX pa3paboTaHbl CPEACTBA JIOTHYECKOrO H CHIHA-
TYpPHOTO aHAJM3a, BHYTPHCXEMHOH aMyssund M T. A. CyLiecTBEHHO
HOBBLIMH SIBASIIOTCS CaMH TNPHHUHNK OGCIYyXKHBaHHA MHKpOMNpollec-
COPHBIX CHCTEM MO CPABHEHHIO C TPAAMIHOHHBIMH YCTPOHCTBaMH HA
HHTErpaJbHBIX cxeMaX. Bce MeToAbl TeCTHPOBaHMs, paccMaTpuBae-
Mble B IaHHOI IJaBe, OpUEHTHPOBAHH HA KOHTPOJb oTAenbHbix MC.
Ouy ABJSIOTCS, KOHEUHO, 11ArOM Blepel M0 CPABHENHIO ¢ KOHTPOJEM
Ha ypOBHE CXEMHBIX KOMIIOHEHTOB, HO HE OTPaXKalOT MBILIJIEHHS, OPH-
€HTHPOBAHHOTO Ha OGCIYXKMBAHHE CHCTeM C UIHHHOH OpraHu3alueil.
ATH MeToAB GyAYT MO-NpPeXHEMY NMPUMEHATLCS AJsT KOHTPOJS MJat
nHTepdeiica nepudepuAHLIX YCTPOHCTB, a TakXke B CHTyalHsX, Kor-
Ja TOCPELCTBOM JAPYTHX TeCTOB y[aercs JIOKA/JH30BATb HEHCNpaB-
HOCTb C TOYHOCTbIO JO OTpaHHYeHHON (U3HUeCKOH o6JacTH, a yxe
TMOJIb3ysICh STHMH METOJaMH, BBHISIBHTb MeCTO OTKa3a BIJIOTh 1O BH-
3yaJIbHOTO HaOJIOAeHHS.

CxeMoTexHMKa noruueckux MC

OTKasbl MOTYT NPOHCXOAHTb B OTAEJbHBIX JIOTHYECKHX 3JeMeH-
tax ¥ UAPPOBLIX CXEMAX, PAacCroOJIOMKEHHbIX B MepHpepHiubIX yacTax
MHKPOMNpPOLecCOpHbX cucteM. [IposiBasioTes OHH NMO-PasHOMYy B 3a:
BHCHMOCTH OT KOHKDETHOrO BHAA MHCMOJb3yeMOW CXEMOTEXHHKH.
Huske NpUBOAATCS KPATKOe ONHCAHHE OCHOBHBEIX THIOB JIOTHYECKHX
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CXeM M MX XapaKTepPHCTHKH, He 3aMeHsIOlHe, OXHAKO, H3yUeHHs nac-
NOPTHHIX JAaHHBIX, KOTODHIMH cHabxkaoT MC H3roTOBUTEH.

CaMBIMH pacnpoCTpaHeHHbIMH BHJIAMH CXEMOTEXHUKH SBJSIOTCH
crefyioLIHe:

TPaH3UCTOPHO-TpaH3ucTOpHas Jjoruka (TTJI);

JIOTHKA C 3MUTTepHbIMHU cBsidamu (DCJI);

HHXXEKIHOHHAsl HHTerpanbHas joruka (M2J1);

CTPYKTYPBl MeTaJl/I—OKHCe] — NOJYNPOBOAHUK p-Tuna (pMOIT);
CTPYKTYpPbl MeTaJJ—OKHCeJ—INOoJAyNnpoBOAHHK n-THna (nMOIT);
KomnyemenTapHele MOTIl-cTpykTypn (KMOIT); .
duHamuueckne MOIT-cTpyKkTyphi.

(B nepucdepuitnbix ycTpofictBax wupoko npumensiiotess TTJI- u
KMOII-noruka; ux nocrpoesne Tpebyer GoJiee r1yGOKOro H3yde-
HHUS.)

Bosnee crapele BHAB CXeMOTEXHHKH, TakKHe, KaK PE3HCTHBHO-
Tpausucropnas Joruka (PTJl1) B AHOAHO-TpPaH3UCTOpHAsl JIOTHKA
(TJI), B MHKpDONDOLECCOPHBIX CHCTEMax NpPAKTHYECKH HE mNpHMe-
HSIOTCS.

Y Ka)Joro u3 yKasaHHHIX BHAOB CXeMOTEXHHKH €CTb CBOH Mpe-
uMyiectBa. Tak, DCJI ornuuaercss BHICOKHM GLICTPOAEHCTBHEM, XO-
Ts1 HeKoTOpble pasHoBHAHOCTH TTJI npubnuxkaiorces K Helt mo atomy
napamerpy. Kak pMOII-, rak u 3arem MOII-noruka mwupoko npu-
MeHslloTCST B MHKponpoueccopax, a KMOII-cxeMoTexHHKa TMOJb-
3yercsl NMpellOYTeHHEeM, KOrJa BaKHO YMeHblIeHHe NOTpebisieMOl
MoIHoCcTH. JIunamuyeckne MOII-CTPYKTYpbl HCMOB3YIOTCA AJS MO-
CTPOEHHsI PA3/IHYHLIX 3aNOMHHAIOUIHX YCTPOHCTB; OHH HMEIOT NpPO-
CTYIO OPraHH3alHIO, B KOTOPOH JIOTHYECKOE COCTOSIHHE ONMpeaensercs
3apsfioOM €MKOCTH, BHYTPEHHe NpPHCyllell JIOTHYeCKOMY 3JIeMEeHTY.
W2J1 npuMeHsieTcsi B MHTErpaJbHEIX CXeMax.

mn

OTOT BHA CXeMOTEXHHKM HMeeT, NOXaayi, HauboJbllee YHCAO
Pa3HOBUAHOCTEH, TAK KaK MJHTENBHOCTb €ro HCIOJb30BaHHS NMO3BO-
JIMJIa BbISIBUTH MHOTHE H3 NDHUCYIUHX €MY OTpaHHYeHHH H CIHocoGhI
HX npeonoJieHusi. TunoBoil EBEPTOP, CXeMa KOTOPOro NpHBeJeHa Ha
puc. 1.8, Bxoaut B coctaB MC, KOHCTPYKTHBHO OpopMJeHHOH B 14-
KoHTaKTHOM Kopnyce Tina DIP (dual in line package — xopnyc ¢
JABYXDSIAHBIM pacmoJjiokeHdHeM BuiBoL0B). B MC pasmemarorcss ue-
Thipe TaKHX HHBEPTOPA, YTO NO3BOJAET paccMaTpHBaTh Takyw MC
KaK «IleCTHaJUATEePHUHBIA HHBEPTOP». MaKCcHMa/lbHOe HanpsiKeHHe
Ha 6ase TpaHsuctopa Tl cocraBasier okoso 2 B, oHo npeacrasaser
COGOil cymMMy TaleHH# HaNpsHKEHHS Ha TPeX pn-nepexoiax, cMe-
IIeHHbIX B NMPAMOM Hanpas/eHHH (6a30BO-KOJJIGKTOPHOM Mepexofe
T1 u 6asoBo-smutrepubix nepexopax T2 m T3). Korza norenunas
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smuTTepa Tl noxHuMaetcss O 3HAUEHHS, OTJHYAIOIIETOCH OT ITOrO
HanpsiKeHHs: MeHblle ueM Ha 0,6 B, sMUTTepHHIE TOK majaer Ao
Hyas. Becb TOK, nporekaiollnii yepes pesucrop 4 KOM, MpOXORHT
npu 3toM yeped kKoasnektop Tl u 6asy T2, oTKpbEIBast TPaH3HUCTOPH
T2 u T3. Ilpu sTOM HanpsikeHHe Ha Gase T4 onyckaercst Huxe 1 B
(CYMMBl KOJIJIEKTOPHO-3MHTTEPHOrO HAaMNpsiXKeHHs HachilweHHoro T2
1 6a30BO-3MHTTEPHOro HanpsiKeHHa T3), UTO AeaeT HEBO3MOXKHBIM
npe6GbiBaHAe BO BKJAIYEHHOM cocTosiHMM T4 H3-3a Ha/aWuus AHOAa B
ero sMmurtepHoii uenu. [Ipu orkpuitoM T3 n sameprom T4 BbXOAHOM

Py

Puc. 1.8. Tunosoii TTJI-uuBepTop.

CHTHAJ HMeeT 3HaueHHe joruyeckoro 0. THNHUHOM fB/IAETCA CHTya-
uusi, korga T3 mpomyckaer Tok A0 16 MA 6e3 npeBbllICHUs BBIXOA-
HHIM HanpsikeHueM yposusi 0,4 B. BaxKHOCTb 3TOTO 00CTOsTEe/BbCTBA
OyleT NOKasaHa HHXe.

BeJsiegcTBHe TOrO 4TO BXOZHBE LENH TAaKHUX 3JEMEHTOB HMEIOT
pacnpefie/ieHHBle HHIYKTHBHOCTb H €MKOCTb, NMpH INOAaue Ha HHX
BBHICOKOYACTOTHBIX HMMIYJIbCHBIX CHTHAJIOB MOTYT BO3HHKHYTb <«Ipe-
Gearu» C CylUIeCTBEHHBIMH OTPHIATENbHBIMH BbIGPOCAMH. O6b1aHO
B coctaB TTJI-aneMeHTa BKJIOUWAOTCA AHOABI, COeMHHAOUIME Kax-
Iblil BXOA C OGIueil WIHHOH, KaK 0Ka3aHO Ha pHC. 1.9. Jlwo6o# ot-
pHIATENbHEI 6POCOK BXOLHOTO HAMDSKEHHs OrPAHHYUBAETCS BEJH-
unHoOii okojJo —O0,7 B, UTO HCKJOUaeT BO3MOXKHbIE NOBPEKAEHHA
HJH HEKOpPpeKTHoe (YHKLHOHMPOBaHHE CXeMbl BCJEACTBHE TaKHX
O6pOCKOB.

Buixoanasi nenb THnosoro TTJI-asemeHTa, 4aCTO HasbiBaeMmas
IBYXTaKTHBIM BBIXOJOM, MOXeT MEepEK/II0YaThCd B oGoux Hanpas-
JeHHsAX ¢ MOYTH OAMHAKOBON cKopocTbio. [lapaJsiienbHOE BKAIOYEHHE
BBIXOJOB CJOXKHBIX HHBEPTOPOB HeGE30MacHO, TaK Kak, €c/i HHBEp-
TOpbI MPeBLIBAIOT B NPOTHBONOJOMHBIX JIOTHIECKHX COCTOAHUAX, He-
pes OTKpBITHE TPAH3HUCTOPbI T4 ognoro u3 uux u T3 nppyroro mpo-
TeKaeT HEeJIONYCTUMO GOJBLIOH TOK, KOTOPLIH MOXKET BhI3BaTh OTKA3
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cxeMbl. B HEKOTOpDHIX CHTYalHfX XeJaTeJbHO MNapasiesbHOe 06b-
€[IMHeHHe BBIXOJAOB JIOTHUECKHX 3JEMEHTOB C LeEJbl0 peasH3aluH
dyHkuuH «MoHTaxHoe MJIM».

1

s

T

Puc. 1.9. 3amnrta sxonnoit uenu ¢ mo- Puc. 1.10. BHX0OZ ¢ OTKPHITEIM KOJ~
MOILbIO AHOAA. JIEKTOPOM.

B cxeme Ha puc. 1.10 BbIXOZHOH Kackajy 3/eMeHTa COAEPMKHT
TOJIbKO TpaHaucTop T3, M Takue BBHIXOAB MOTYT GHITH 3amapaJJe-
JIeHB B J1I060M KoauyecTBe. Korma XoTs 6bl OAHH U3 TPaH3HCTOPOB
T3 OTKpBHIT, BBIXOJHOH CHTHaJd HMeeT 3HauyeHHe JOruueckoro 0.
O6bivno Mexay obuwell TOYKOH
KOJIJIEKTOPOB TpaH3ucTopos T3
H MOJOXHUTeNbHOH HIHHOH mMHTa-

HHSl BKJIOYaeTcsl pe3UCTHBHAs

HJIH Jpyrasi naccuBHasi Harpys-

ka. CKOpOCTb [MepeKJIOYeHHs
3JIEMEHTa B 3TOM CJydae HUXe,

4eM 0OpH HCHOJNB30BAHHH CJIOXK-

HOro HHBEPTOPa, OCOOEHHO MNpPH —
nepexoie OT Joruueckoro 0 K
Joruueckon 1.

PaccMoTpum eme oaus Ba-
puant nocrpoeuns TTJI-anemen-

Ta, XapaKTePH3YyIOUIHHCHA TMOBHI-
IIEeHHBIM OBICTpOAelicTBUEM. Bo-
IIEPBHIX, B HEM YMEHbIICHH Be- Puf:. 1.11. 1ap/HHTTOHOBCKHA BBIXOL-
JHYHHB  CONPOTHBJEHHH, uToOb HOH Kackan mouwworo TTJI-snementa.
YBEJIHUHTL 3HAUEHHS TOKOB H

T€M CaMbIM YCKODHTb 3apsJl BHYTPEHHUX eMKocTeil. Bo-BTOpHIX, BHI-
XonHo#t TpaHauctop T4 3ameHeH Ha JapJHHITOHOBCKYIO Mapy ¢
UeJbl0 YBeNHYEHHS TOKAa, 0OTPe6AAeMOro Harpyskoff, a Takmke
HAYWEro Ha 3apsiil MapasuTHbIX eMmKocrefi (puc. 1.11). IMporuso-
[OJIOXKHBIA [IpPHEM HCMNOJb30BAH B MaJOMOIIHBIX TTJI-cxemax, B
KOTOPBIX HOMHHAJIbHEIC 3HAYEHHSI PE3HCTOPOB YBEJHUYEHH!, B Pe3y.ib-
TaTe Yero CHHKaercst GHICTPOAGHCTBHE, HO 3aTO H YMEHbIIAETCS MO-
TpeG/ieHHe MOILHOCTH. DTH Pa3HOBHAHOCTH MOCTPOEHHS 3/eMEHTOB

e &
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MOXHO TIPHMEHATb B COYETAHHH C TAKHM PAacyeToM, 4TOGH B YacTAX
YCTPORCTB, KPHTHUHBIX N0 GBHICTPOAEHCTBHIO, HCIOJIB30OBANHCE CXEMH
BBLICOKOCKOPOCTHEIE, HO MNOTPeOsIOIHe [OBHIICHHYIO MOIIHOCTb.
CoBMeCTHOe MPHMEHeHHe PasHOTHIIHBIX 3/JEMEHTOB BbIABHraeT mpoo-
JleMy, 3aKJIOYAULylocs B TOM, YTO BBIXOIB MaJIOMOIIHBIX CXeM HeE
MOTYT HArpy’aTbCsl MHOMECTBOM ObICTPOAEHCTBYIOIHX BeHTHJIEH C
NPHCYIIMMH MM INOBHIIEHHBIMH TPeGOBaHHAMH K BXOLHOMY TOKY.
Kax/asi pasHOBHAHOCTb 3JieMEHTAa XapakTepuayercs BMNOJHE onpene-
JICHHO!! HAaTpy30YHOH CNOCOGHOCTBIO, T. €. MAKCHMaJbHBIM KOJIHYe-
CTBOM CT4HAAaPTHLIX BXOJIOB, KO-
TOPBIMH OH MOXKET YNpaBJsTh.
O6BuHO 3Ta BeJUYHHA MOpAl-
ka 10, O wmagaomomusie TTJI-
3JeMeHTHl, moTpebJjeHne 3HEp-
MM KOTOPHBIX COCTaBJIsieT Jecs-
TYI0 JOJIO THIOBOrO 3HaYeHus,
o T2 HMeIOT BO CTOJIBKO XK€ pa3 MeHb-

Iyl0 Harpy3ouHyl CIOCOGHOCTD

[0 OTHOLIEHHIO K THIOBHIM 3J€-

mentaM. MaJjomomnnit  TTJI-

9JeMeHT JHllb Ha [pejene

CBOMX BO3MOXHOCTEH MOXeT

yIpaB/ATh  BBLICOKOCKOPOCTHBIM
Puc. 1.12. Muorosmutrepunit BxomJo- 1TJI-ssementoM. B Takux curya-
FHHECKOr0 SJEMEHTA. HUAX HEOOGXOAHMBl CIeLHajJbHbie

cpeactBa. Chexyer mnonuyepk-
HYTh, YTO, KaK NMoKazaHo Ha puc. 1.12, KOHdUrypauus cxeM B HH-
TEerpajbHOM HCIOJHEHHH MOXKeT CYUIeCTBEHHO OTJIHYATHCH OT obure-
NPHHATOR 1Jis CXeM C JHMCKPETHBIMH KOMIIOHEHTaMH. OyHKIUH
W/UJIU peanusyioTcs Ha OCHOBE MHOTOSMHTTEPHBIX TPAH3HCTOPOB.
ITpu mopaue Jjoruyeckoro 0 Ha J1060H M3 3MUTTEPOB TAKOro TpaH-
aucropa BXoAHOH TOK T2 manpasJsiercd 4epes 3TOT IMHTTEDP H T2
BhiK/ouaercss. Anasornyno B HM2JI-cxemax HCHONB3YHOTCS MHOTO-
KOJIJIEKTOPHEE CTPYKTyphl. C 1Lle/bio TMOBbILIeHHs! GLICTPOACHCTBHSA
TTJ1-3/1eMeHTOB NMPHHUMAIOT Mepbl [Jisi NMPeJOTBPALIEHHS Hachille-
HHS BXOASIMX B HHX TpaHaucTopoB. Hacwillenue BhHIpaKaercs B
TOM, 4TO TPAH3HCTOD NPHBOJAHTCS B OTKPHITOE COCTOSIHHE H3GBITOY-
HBIM BXOAHBIM TOKOM, KOTOPBIH cMellaeT B MPSIMOM HaNmpaBJIeHHH
6230B0-3MHTTEPHBIH NePeX0o/ H NPHBOLAUT K HAKOMJIEHHIO 3apsla Ha
sToM nepexofme. Ilocie npexpalleHHsi MOCTYIJIEHHA BXOAHONO TOKa
HAKOIJICHHBIH Ha 06a30BO-3MHTTEPHOM Iepexoje 3apsj OCTaBJseT
TPAH3UCTOP OTKPHITHIM B TeYEHHE NECATKOB HAHOCEKYHI. B anemen-
TaX, MOCTPOCHHBIX MO JPYTMM CXeMOTEXHHYeCKHM MPUHILHNAM, Ha-
npumep B DCJI, TOKH MoC/ie MPOTEKAHHUS uepes ONHH LM Hanpas-
nsioTcs B APYrHe 6e3 HeOGXONMMOCTH NPEOJOJICHHS HACHILICHUS
Kakux-1i60 TPaH3UCTOPOB. 3aLEPXKKH NPH ITOM YMEHbINAKTCA HA
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DOPANOK, HO 3aTO MNPOSBJAITCH TAKHE HENOCTATKH, KaK OTHOCH-
TeJIbHO BBICOKAsi CTaTHUYecKas moTpebJsfeMasl MOLHOCTb H MeHbIIAasi
IIOMEXOYCTORYUBOCTD (T. €. Pa3pblB MEXIy HaNpsxKeHHEM Ha Bb-

Puc. 1.13. Tpausucrop ¢ orpaHudy-
TeapHeiM auoxoM IloTTkH, nperotspa-
LIAOMAM HACHILIEHHE,

XOJe U TEM KPHTHUECKHM YDOBHEM HaNpsiKeHHsi, KOTOPHIH Ha BXOJe
CJIElyIOLIero JIOTHYECKOr0 3/1eMEHTa MOXeT OBITb yXKe He pacro-
3HaH B KauecTBe KOPPEKTHOTO YPOBHf).

Bpenenne B cxemy s/eMeHTa CHEUHANbHOrO NHOAA, HA3EIBAEMOrO
auoznom llorTky, uantocTpupyerces puc. 1.13. 1o nepexon Meran—
TMONYNPOBOAHHK, KOTOPHI MOXKET GbiTh aBTOMAaTHYECKH chopMHpO-
BaH 3a cueT HeGoabWOA MOAH(HKALUH Npouecca H3roToBaenuss UC.

2,8k0m 760 0m 550m
* 35 KOm 0
‘-2? 350 K
370 Om Om
Puc. 1.14. TTJI-o7eMeHT NOBHILIEHHOTO 6LICTPOJEACTBH HA TPAH3HCTOPax

IoTTKH.

Ilanenne HanpsKeHHs Ha HeM NPH NPSIMOM CMEIIEHHH COCTaBJSieT
okono 0,4 B, 7. e. cymecTBeHHO MeHblle, 4eM Ha KpPeMHHEBOM pn-
nepexose. lpu noctynnenun B 6asy TpaH3HCTOpa TOKAa OT KaKOro-
JIHOO HCTOYHMKA MOTeHUHas 6a3b mogHumaercs 1o 0,7 B u Koasek-
TOpHasi NPOBOAMMOCTb yBesnHyuBaercsi. Yepes comporuBieHue KoJ-
JIEKTOPHOH HArpyskH MpOTeKaeT GOJbLIOA TOK H HANpsKeHHe Ha
KOJIIEKTOpe MajaeT 10 ypoBHsl HachlmleHHs. Kak Tonbko Hanpsixe-
HHe Ha KoJ/IeKTope omyckaercd npumepuo ao 0,4 B, guox Llortku
OKa3biBA€TCS CMELIEHHBIM B NPsIMOM HanpaB/eHHH H HAUHHAET Mpo-
BOAHTb TOK. Ilpu 3TOM H3GHITOUHBIH Ga30BBIH TOK OTBETBJASETCH B
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KOJIJIEKTOPHYIO lLleNb M HaKOMJeHHe 3apsiia Ha 6a30BO-9MHTTEPHOM
TiepexoJe CBOJHMTCS K MHHHMYMY. Takum 06pa3oM, KOHHUrypauus
cxeMbl He NpeTeprneBaeT H3MeHEeHUH, JOTHUECKHE YPOBHH IO Cylue-
CTBy COXPaHSIOTCH, HO TPAH3UCTOPHI, cHabxennnie auonamu Hlort-
KU, yX&Ke He IepeXOisT B COCTOSIHHE HACHILIEHHA. BricTpoae#cTBHe
cxXeMbl Bo3pacTaer 6e3 HEOOXOAHMOCTH YBEeJHYEHHS notpebasieMoit
MOIIHOCTH (HJIH 3Ta MOIIHOCTb MOXKET ObiTh CHHXXEHa NpH COXpa-
HeHWH HMelollerocsi ObicTpofefictBus). Tunosas cxemMa ¢ AHOAAMH
[lloTTKH, NpeAcTaBieHHas Ha puc. 1.14, B QyHKIHOHATLHOM OTHOLIE-
HHY SKBHBAJEHTHA cXeMe, MPHBeJeHHOH Ha puc. 1.8 u apJsouecs
yacTbIO IeCTHA/AllaTepHYHOTO HHBEPTODA.

XapaKTepHCTHKH ~HEKOTOPBIX ~BUJOB JIOTHUECKHX 9/IEMEHTOB
knacca TTJI npusenens B Taba. 1.1. M3 puc. 1.15, ¢ BUAHO, KAKHM
06pa3oM OIlleHHBAIOTCA YPOBHH TOKOB. Ecau Bxon TTJ/I-anemenTa

Ta6auya 1.1. XapakTepHCTHKH TTJI-21eMeHTOB

PasHoBugnocTH TTJI

Crauzaprt- Majo- BricTponet- TTJa
Has MOIIHASA CcTBylOIas HIoTTKH

HanpsixeHne NHTaHH, B 5 5 5 5
Tox noruueckoro 0, MA 5,5 0,46 10 9
Tok noruyeckoit 1, MA 1,3 0,18 4,2 4,95
Harpysousas cnocoGHoCTb 10 10 10 10
Torpe6asemasi MOLLHOCTb, MBT 10 1 22 20
3ajepkKKa BHIXOAHOrO CHTHana TMpH 8 30 6 3
cmere 1 Ha 0, HC
3aflepXKa BBHIXOJHOrO CHrHajia IpH 12 30 6 3
cmene 0 Ha 1, HC
TloMeXOyCTOHYHBOCTb B COCTOSIHHH 400 - | 400 400 700
noruueckoro 0, MB
TloMeXOoycTOHUHBOCT B COCTOSIHHH 400 400 400 300
sornueckoit 1, MB
MaKcHMaJIbHoe BXOJHOE HampsiKeHHe 800 700 800 800
npu aorudeckom 0, MB
MuHHMaJabHOE BXOAHOE HanpsXKeHHe 2 2 2 2
npu Joruyeckoii 1, B
MaxcuMaJbHOE BHEIXOJAHOE Hampsxe- 400 300 400 500
Hue npH JorudeckoM 0, MmB
MuHMMaJbHOe BBHIXOJHOE HampsikeHue 2,4 2,4 2,4 2,7
npHu Joruueckoii 1, B
Bxonuoii Tok Jjormueckoro 0, MA 1,6 0,18 2,0 2,0
Bxonsoii TOK Jorudeckoii 1, MKA 40 10 50 100
BrixonHo#l TOK Joruueckoro 0, MA 16 2 20 20

3aseMJieH, TO TIDH HANPSKEHHH NMHTaHHs 5 B najenne HanpsaiKenus
Ha BXOLHOM mepexone coctaiaser npumepro 0,7 B, a una conpo-
THBJEHHH — OKoJI0 4,3 B, HoMuHa/bHas BeWYHHA COMPOTHUBJICHHSA B
nepsoM Bapuante cxeMbl 4 KOM, 4TO Ompeiessier TOK B Mpelenax
1,1 MA. Dra BeJHYMHA CHMXKAETCHA, €CJIH pxonuoii Jorunueckuit 0 no-
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crynaer ¢ npeasiayutero TTJ/I-kackaga W MOXKeT NpeACTaBAATLCSH B
BHJle yDPOBHS, KOTOPBIi 3aBHCHT OT YHCJA yNpaBJsieMbIX BXOLOB H

[ e ol e et At o vt et

8

-

e e e et e e o et e -

Frf=—=—————-
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Puc. 1.15. a — BxoaHOH TOK B COCTOSIHMH Jormueckoro 0, 1 ~ [(5 B—0,7 B)/
4 kOm] MA; 6 — npoTekaHHe BTEKalOWIEr0 BEHIXOAHOIO TOKA IpH Jorudeckom 0
Ha BHIXojJe.

moxer aocturath 0,4 B. [ToaToMy BrosiHe MOXKHO CYHTaTh, YTO BXOJ-
HOH TOK Jiornyeckoro 0 nmeer BemmuuHy okosio 1 MA. Jlonycku Ha
3HAYeHHsA CONPOTHBJIEHHH OOBLIYHO BecbMa INHPOKH, UTO AMKTYeTCS
co00paXKeHUsIMH MaKCHMAaJbHOTO yBeJHYEHHS] BHIXOAA rofHbix MC D
1 COOTBETCTBYIOILEro CHHXKeHHs UX leH. C 3amacoM Ha BO3MOMKHBIM

U Tlox <«BEIX0OM TOAHBLIX» NPHHATO NOHHMaTb o0 paboTocnocobumx WG
B o0meM yHncsle H3rotoBiaeHHbnx C.— Mpun. nepes.
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pas6époc CONpPOTHBJIEHHH H3TOTOBHUTENH OOLIYHO YKa3bIBAKOT, YTO BTe-
KaIOIHA TOK OT KaXK[O0TO BXOJa, yNPaBJAsAeMOro JaHHEIM BBIXOJOM,
moxeT nocturath 1,6 MA. Bxoanwle Toku anst apyrux suaos TTJI-
CXeM MOTyT pasjuuathbcs Gosiee ueM B jJecsAiTh pas. Koraa Ha BXOX
HocTynaer Joruueckasi 1, BXOJZHOM TOK JOMKeH GBITh npeHeOperHMo
MaJl, TaK KaK BXOJHOH Nepexoj] CMelleH B 0OpaTHOM HalpaBJieHHH.
Xyawnit cayyaii GyaeT NpeaycMOTPEH, eClH CUHTATh, YTO MPH JIOTH-
yeckoll | Ha BXOJe HMeeT MeCTO TOK yTeUKH BejqHuHHOH 40 MKA, a
obecneyeHde TaKOro TOKa C ra-
paHTHeH HAXOAMTCA B Mpeaesax
BO3MOKHOCTEl BBIXOJHOTO Kac-
Kaja JI60ro JIOTHYECKOro 3Je-
MEeHTA.

3HayeHus BLIXOZHBIX Mapa-
METPOB MOXKHO OLEHHTb C IO-
Mollblo cxeMbl Ha puc. 1.16. [1pu
JgoruueckoM 0 B OTKPHITOM CO-
CTOSIHHH HAXOJIHTCS TOJIbKO OJHH
TPAH3UCTOP, MPHYEM 3TO COCTOS-
HHE — C HaCbllleHHeM B 0OblY-
HoM TT/JI-aneMente u 6e3 Hach-
wenusi B cxeme TTJI-IHorTkH.
Has noruvyeckoro O ykasniBaeTcst
MakcuMasbHbi yposenb 0,4 B.
B cocrosinnu joruyeckoi 1 pabo-

368> Vo?248 TAIOT ellle ABa pn-nepexoia: 6a-
Puc. 1.16. Cuumenne yposHs Bhxon- SOBO-SMHTTEDHLIH NI€PEXO/ TpaH-
HOFO CHrHANa H3-32 Tajenns nanps- 3HCTOpa T4 M AHOAL B €ro sMHT-
KEHHS] HAa KOMIIOHEHTAaX CXEMBL TepHOH IenH. Ecnn TOK Harpysku
BEJIMK, TO Pe3yJbTHPYIOUIMH TOK
6a3n T4 onpenensieT 3HAaYMTENbHOE NajleHHe HANMPsKeHUss Ha 6aso-
BOM conpoTuBjeHdd R. Beiuunnel HanpsixeHui, NpuBeleHHble Ha
puc. 1.16, moka3biBaIOT, YTO MajeHHe HAMPSIKEHHA Ha 3TOM COMpo-
THBJIEHHH MOXKeT AocTHrath 1,2 B, Koraa npu GoJbIIOH Harpyske
ypOBeHb BBIXOAHOTO CHrHaja cHikaerca o 2,4 B. (Ilpu oreyr-
CTBMM HATPy3KH OH MOXKeT MoAHHMaTbest 10 3,6 B.)

TTJI-aneMeHT AOJXKEH pearupoBaTb Ha BCe HaMpskKeHHs, Ipe-
poinatomue 2,4 B, Kak Ha Jornueckyio 1, gaxe Npu HaHXyZAIIeM CO-
YeTAHHH TEMIIEPATyPHl, HATPY3KH M APYTHX yCJIOBHH (QyHKIUHOHHPOBA-
uus. TeM caMblM ompejensiercss 3anac HafexHoctd (2,4—2,0)B =
= 0,4 B, 06KIYHO Ha3bIBaeMblii IOMEXOYCTOHYNBOCTbIO. HuKakas um-
nyJabcHasi nomexa, Menbulas uyem 0,4 B, moctynus Ha Bxox TTJI-
azeMeHTa, He OyaeT BocnpuHsita kKak joruueckui 0. Ha npaktnke
CTaTHUYECCKHH BHIXOJAHOM CHIHAJ MOXeT 3HAYHTEJbHO IMPEBHINATDH
2,4 B, a MUHHMAaJIbHbI BXOJAHOH CHTHAJ, BOCOPHHHMaeMbll Kak Jo-
rayeckas 1, Moxer GbITh 3HauuTeabHO MeHblWle 2,0 B, B pesyJsbrarte

-
<<
©
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4ero npaxkTHyecKas NOMeXOYCTOHYHBOCTH CYIIECTBEHHO BHIlLIe Teope-
THYeCKOH., OJIHAKO 3TO OGCTOATENIBCTBO He SIBJISETCS rapaHTHPYEMBIM
M He MOXeT OHTb NPHHATO B pacyeT NpPH NPOEKTHPOBAHUH,

Brixoanoe Hanps:kenue Jormueckoro 0 He HOJKHO NpPeBHIIATH
0,4 B. B To e BpeMsi BXOABI HAIPyXaeMHX Ha HEro 3JIeMEHTOB BOC-
NpUHUMAIOT /060oe HanpsikeHnue, MeHbllee 0,8 B, kak pocToBepHBI
Joruyeckui 0. Takum o6pasoM, H B 3TOM c/lyyae 3anac NOMex0oyCTOMH-
YHUBOCTH cocTaBJaser 0,4 B.

MMmnynbcHbie XapaKTEPHCTHKKM: NepexofHble NpoLecchl

CkasaHHOe BHIIIE /OCTATOYHO ONpEJAEJNEHHO YKa3blBaeT, KaKHM
00pasoM MOXKHO KOHTDPOJHPOBATb MapaMerphl JIOTHYECKHX 3JeMeH-
TOB B HX CTaTHYeCcKoM cocTosiHHH. Korga yposum sioruueckux 0 u |
HMeloT O/IH3KHE K Npee/bHBIM 3HAUeHHsl, OHH KpailHe YYBCTBHTENb-
HBl K NEPEeXOJHBIM IIpoLeccaM BHE 3aBHCHMOCTH OT HCTOYHHKA NpO-
HCXOXJEHHUsl 3THX npoueccoB. K coxanennw, camu TTJI-3nemenTnl
MOTYT OLITb NPHYNHOH HELOCTOBEPHBIX MEPEXOAHBIX COCTOSHHH CXe-
Mbl. Panee Mbl npeanonaraj, 4To B J0GOH MOMEHT BpeMeHH OT-
KPBIT JIMUWIb OZMH H3 TPAH3HUCTOPOB [BYXTAKTHOTO BBIXOJIHOIO Kac-
Kajza. dTo NONyLIEHHe HeCNpaBeLJHBO B NpOLECCe CMEHBl Joruye-
ckux suaueHudl. [Ipu noruyeckom O Ha BHIXOJE HMIKHHH TPAH3HCTOD
BBIXOHOTO KacKajla HaXOAHUTCSl B COCTOSIHMH HachilleHHsl. B nmpouec-
ce Mepexojia K BHIXOJAHOMY CHrHasy | cHavaJja HauHHaeT NPOBOAMTh
BEpPXHHI TPaHBHCTOP. EMKOCTHBIH 3aps/ 6a3bl HHUMXKHETO TPAH3UCTOPA
YAEPKHBAET €ro B OTKPLITOM COCTOSIHHM mpumepHo 10 HC, H B Teue-
HHe 3TOr0 MHTepBajia BpeMeHH 06a TPaH3HCTOPA OTKPHITH, MOTPes-
Jisil, XOTsl M He JN0Jro, 6OJbLIOH TOK OT HCTOYHHMKA MHTAHHSA.

Jaxe ecay Lend OCHOBHOrO HCTOYHHKA NMHTAHHA AOJKHBIM 06-
pasoM pasBsi3aHbl, PEAaKTHBHbIE COCTABJSIOLINE PaClpele]eHHOro co-
OPOTHBJIEHHs] MEYATHHIX NPOBOJHHKOB OTBEYAIOT HA 3TOT TOKOBHIM
HMINYJabC reHepanuedl KoJeOaHMH HanpsiKeHHs: NHUTaHHA. B coot-
BETCTBHH C OOLIENPUHSATON NMPAKTHKOH HA NeYaTHBIX MJaTax ycra-
HaBJIHBAIOTCs DPa3Bs3bIBAIOLINE KOHJIEHCATOPH C TAKHM PacyeToM,
uto6bl HA oana MC He naxomunach nanee HECKOJbKHX CAHTHMETPOB
OT KaKOro-ju6o H3 3THX KOHJEHCaTOpoB. EMKOCTb KOHIeHcaTopoB
BHIOMpaeTCs TaK, YTOOH Ha KaXKAbil IBYXTAaKTHBI BHIXOA NPHXOLH-
Joch mpumepro 2000 nd, T. e. 100 v nma nmaty, Ha KOTOpoH pas-
MeIleHO [eCATh KOPMYCOB, COJepxKauluX B o6uiel cao)HocTH 50 Jo-
THYECKHX 3JeMeHTOB. Ellle 0AHH GOJBIION TaHTANOBBIA KOHAEHCATOP
C HOMHHAJ/IbHBIM 3HaYEHHEM €MKOCTH NpHMepHO 10 MK MOxKeT GbITh
YCTaHOBJIEH MEXIY NMPOBOAHHKAMH MHTAIOUIETO HANPSKEHHS B Me-
CTe MoJaud [UTaHHS HA unaty. [as mnoBeleHHs 3h@eKTHBHOCTH
3THX KOH/EHCATOPOB OHH JOJIKHBEI XODOWIO PaboTaThb B UIHPOKOM
AuanasoHe 4actor H 06/1ajaTb HeGOJbUIOH CaMOHHAYKTHBHOCTBIO
(kak, HanpuMep, KOHAEHCATOPbl HA KePAMHYECKHX AHCKAX), HMETh
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KOPOTKHE YCTAaHOBOUHHE BHIBOJAH M OHITb YCTAaHOBJIEHE KaK MOXKHO
6auxe kK UC, KoTopble OHH OOCJYXKHBAIOT.

MepaneHHble nepexofHble npouecchl

B 6o/ablHHCTBE CayuaeB 3HaueHHs BXOAHBIX CHTHAJOB JOrHYe-
CKHX 5JIeMEHTOB H3MEHSIOTCS OUeHb ObICTPO, H BBIXOLHOH CHIHAJ
CMEHsIeTCs] IPH 3TOM C MAKCHMaJbHOH cKopocTbio. OJHAKO B HEKO-
TOPBIX C/yYasix, KOrla BXOAHbIE CHTHAJBI MOCTYNAIOT OT aHAJIOrOBLIX
YCTPOHCTB, MX H3MEHEHHs MOIYT MpPOAOJIKAaThCA Gojee MHKpOCe-
Kyuasl. IIpu sTOM B TeyeHHe KOPOTKOIrO HHTepBajia BpPEeMeHH TTJI-
cxeMa paGOTaeT B JIMHEHHOM DeXHMe, T. €. BHINOJHSET (YHKIHH
yCHIMTENs] HaNpsiXKeHHus, npeobpasyst KaXAblii MHUJIMBOJIBT H3MEHE-
HHs BXOJHOTO HaNpsiXKeHHS B H3MeHeHHe BBIXOJHOro Ha HECKOJBbKO
MHJJIMBOJILT. [IpH Ha/lMuHH NapasHTHHX CBsA3eHd M (a30BHIX CABH-
roB Ha OYEHb BHICOKHX YaCTOTaX BIOJHE BO3MOXHO BO3HHKHOBEHHE
HectabuIbHOCTH B pabore cxeMbl. Ha BbIXOZe BMECTO MJIABHOTO Ie-
pexoia MOXKET HMeTh MecTO «Apebesr», MPH KOTOPOM MPOHCXOAST
MHOTOKPaTHble NepeXojbl uepe3 IOPOrOBHE YPOBHH MEPEKII0UEHEs
NOCJEeyIOMUX JIOTHUECKHX 3JeMeHToB. [lnsi mpeoiosieHHs mocies-
CTBHII NMONOGHBIX KOJeGaTeJbHBIX NPOLECCOB BBOAHTCA OyhepHbIi
KacKajl C BHYTPeHHeil pereHepaTHBHOH 06paTHOH CBfA3bIO, OGecmeyH-
Baiomeli GopMUpOBaHHE CTyNeHYaTOro curiajna. MeljenHoe H3Me-
HeHnHe BXOJHOrO curHana GydepHBIM KacKaJOM He BOCIPHHHMaeTcd
JI0 Tex 1op, MOKa 3TOT CHTHAJ HE JOCTHTaeT HEKOTOPOTO KPUTHUE-
CKOTO YPOBHSI, IPH KOTOPOM BBIXOJHOM CHTHAJ 6ydepa cKaukoM Me-
HsleT CBOe JIOTHuecKoe 3HaueHHe. BydepHblli Kackax ob6jagaer rd-
CTepe3HCHBIMH CBOHCTBaMH, 6Jarofapsa KOTOPHIM €ro BBIXOJLHOH CHF-
HaJ He MeHsleT CBOero 3HaueHHss B OOPaTHOM HanpaBJ/IeHHH, TOKa
BXOJHOfl He BEPHETCs K 3HAUEHHIO, 3HAUUTEJbHO MEHbIIEMy, 4eM TO,
NpH KOTOPOM MPOH3OWIIO MePeK/IoYeHHe BbIXOLHOTO. TeM cambiM
peasu3yeTcst 3alllATA OT JIOXKHBIX NEPEKJIIOYEHHH, KOTOPbIE MOTIIH 6B
BO3HMKAThL H3-3a Jpebesra Ha BXOZe.

TTJI-oneMeHT ¢ TPeMA COCTOAHMAMM

B cucTeMax ¢ LIHHHOi OpraHHsaiuedl K oJHOH OOMLIe# JUHHH MO-
IyT GbiTh MOAKJIOUEHH BHIXOJbl MHOXKECTBA JIOTHUECKHX 3JIEMEHTOB,
HO B JI060I MOMEHT BPeMEHH TOJIbKO OJHH H3 HHX JOJIKeH mpeGH-
BaThb B AKTHBHOM COCTOSIHHH, T. €. HMETb BO3MOXHOCTb YNPaBJAThb
JAuHKel. DTOT NPHHIMI HIHPOKO HCIOJb3YeTCsl B MHKpPONpoleccop-
HuIX cucTeMax. Ha puc. 1.17 npuBelleHa mpocrasi cxeMa peasn3aly
TTJl-sneMenta, B KOTOpoil yepe3d Bxod Tpansucropa TS5 ocymect-
BIsieTcsl paspellieHHe WJIH 3ampellleHHe BHIXOAHOro cHraana. Korza
Ha sTOM Bxoje Jornueckuit 0, Tpansucrop T5 samept u TTJI-aue-
MeHT paGoTaeT Kak oGmiuHo. IIpu mojaye na Bxox T5 sorumueckoit 1
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OH OTKpPHIBA€TCs W noTeHuHas 6asbi T4 mpubaukaercs K moTeHiuua-
J1y OOLIeH UIHHBI, B PesyJbTaTe Yero nocjaeaHuii samupaercs. OfHO-
BpeMeHHO npHoGpeTaeT NOTEHUHaJ JOrHYeCKoro 0 KoJaiektop T2, u
yepe3 0a30BO-KOJJIEKTOPHBIH NEPexof 3TOro TPaH3HUCTOpA INYHTH-
pyer Ha oOllyl0 IIMHY BeChb yNpPaBJAIOMWHN TOK Tpausucrtopa T3
(BK/IOUAsE €ro COCTABJSIONIYIO, nocrynatomyio or T1). Takum o06-
pasoM, o6a BHIXOAHBEIX TpaHauctopa T3 n T4 okasmBaloTCs 3amnep-
TBIMH, T. €. BBIXOJL JIOTHYECKOTO 3J€MeHTa NpeGbiBaeT (GaKTHUECKH

T4
T2 '
Bx. curnan| Paspewenue | Bbix. curnan
0 0 1
0 1 0 0
0 1 {Eblgom”ﬁc
mneaa
1 1 ("obpﬂla”)

O—Krs [] T3
Paspewenve

Puc. 1.17. Snement TTJI ¢ Tpems cocTosHHAMH BHIXOJIHOT'O CHrHaJja.

B COCTOSIHHH OGPBLIBA MO OTHOILEHHIO KO BCEM JAPYTHM TOYKaM CXeMbl,
Uepes Hero Mozxer NOCTYNaTh TOJBKO MNPeHEOPEeXRKHMO MaJbli: TOX
yreukd. TunuyHas HeHCOPaBHOCTb 3JieMeHTa 3aKJI0YaeTCs] B TOM,
4TO OQHH M3 TPAH3HCTOPOB BHIXOJHOIO KACKala OKA3HIBAETCS B npo-
BOASAILEM COCTOSIHHH, BCJIEACTBHE YEro JIHHHSA, C KOTOPOH CcOefMHeH
3TOT BBIXOJ, NpHOOpeTaeT ypoBeHb JOruueckoro 0 uay 1. Korga Jsu-
HUsl HIMHBI NOCTOSTHHO HMMeEeT TOT HJM HHOH JIOTHMYEeCKHH YPOBEHb,
C IOMOLIbBIO TOKOBOTrO NMpoOHHKA OGLIYHO MOMKHO BbLISIBUTH TOUKY, B
KOTODO# MPOMCXOAHT yTeyka TOKa, T. e. 00HapYXHTb HEHCNPaBHMII
JIOTHYECKHH 3JIEMEHT.

OrtbickaHKe HeucnpasHoCTeH

Crnenyer pekoMeHA0BaTh c/leayiolne IPOCTHE MPHEMBb npoBepKU
CXeMbl:

1. KoHTpo/ib HanpsKeHHs NMATAHUS B PAS/IHYHBIX TOYKAX MIATH
KaK B CTATHYECKHX, TaK W B MEPEXOAHBIX PeXHMaX (HaAO NPH 3TOM
HMeTb yBEDEHHOCTb, YTO NPHMEHSEMBbIl OCUHJIOrpad HMeeT gocTa-
TOYHO WIMPOKYIO MOJIOCY YACTOT; MOJOCA Nponmyckauus 50 kI'n mo-
JKeT OKa3aTbCHl HENOCTATOYHOH A/ BHISIBJIEHHS! BEICOKOYACTOTHHIX
HMIYJIbCHBIX CHTHAJ/OB).



30 Yacts 1. MukponpoueccopHble CHCTEMH

2. TMposepka ypoBHel HampsKeHHs JOTHYECKHX CHIHAJ/OB, KOTO-
pble MOTYT CKasblBaTbCA Ha [OMEXOYCTOHYMBOCTH CXEMBI; 3Ta PO+
BepKa BO3MOKHA, eCJIH BCe JIOTHUeCKHe BEHTHJH MOTYT OBITh IpHBe-
JeHbl B CTaTHYECKOE COCTOSIHHE. :

3. IlpoBepka ypoBHell JOrHYeCKHX CHTHAJOB B JHHAMHYECKHX
pexuMax C MOMOWIBIO TIIATEJIbHO OTKaJHGPOBAHHOTO — OCLHJIIO-

rpada.

Jlormka ¢ SIMMTTEPHbIMM cBa3amK (ICT)

UHTerpasibhble CXeMbl 5TOTO THNA, KaK NPaBHJIO, NPHMEHAIOTCH
TOMBKO B GBICTPOLEHCTBYIOLHX YCTPOHCTBAX CHCTEMbl. IDMHTTEphI
TPaH3HCTOPOB, Ha 6a3bl KOTOPHIX MOAAKTCA BXOAHbIE CHrHAJbI A'B
u C (puc. 1.18), o6beiHHEHb MeXLy COGOH, a TaKke C IMHTTEPOM
onopHoro Tpausucropa. C noMOLIbIO CONPOTHBJEHHS 1,2 xOM TOK

v * 0B
300
270 Om it
A B C Unu
Von | (A+B+C)
HE-HNW on
o—+¢ +
(A+B+C)
1,8 kKOM 1,2 KOm

—528

Puc. 1.18. Jlornueckuii snement tuna DCJIL

B oflulell SMHUTTEpHOH MHenH NOAAEPNKHBAETCA B JIOCTaTOUHON Mepe
[OCTOSHHBIM, HO MOXET ObiThb Hampap/ieH B Ty HJIM JApYyryro 4acTe
cxeMbl B 3aBHCHMOCTH OT TOrO, HMEIOT JH BCE CHIHAJD, A, BuC(C,
yposenb HH¥Ke Von. EC/IH ypoBeHb KaKOro-TO H3 STHX CHTHAJIOB HJH
UX BCEX CTAHOBHTCS 6oJiblue, YeM Von, BECb TOK HalpaB/sieTcs depes
conporupiente 270 OM. DJIeKTPHUECKHE yPOBHH JIOTHYECKHX CHTHA-
JIOB BBIIVISJAST He BIOJHE NPUBBIYHO! I/ JIOTHYECKOrO 0 — oxkoJ0
—1,7 B, aas Joruyeckoil 1 — npumMepHO —0,8 B. Pasnuita mMexny
ypOBHSIMH HEBEJNHKA; 3TO 06CTOATENLCTBO ONpefessieT OTHOCHTENbHO
BHICOKOE GHICTPOAENCTBHE AAHHOMO BHAA CXEMOTEXHHKH, NOCTHrae-
Moe, BIpoueM, 3a CYeT CHHXKEHHS noMex0ycTofuuBOCTH. Kpome TOTO,
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CKOPOCTb MePeKNIOUEHHs JIOTHYECKOTO 3JIeMEHTa B NPHHIIMIE BHICOKA
H B CXeMe OTCYTCTBYIOT TOKOBLIC NEPEeXOAHbIE MPOLECCH, TaK KaK HH
ONIHH TPAH3HCTOP He NMEPEXOAHT B COCTOSIHHE HACHILIEHHS H MPH ne-
PEKJIOYEHHAX 3JIeMeHTa MNPOMCXOAMT JIMIIb [epepacnpefeseHHa
TOKOB.

Auement ACJI o6nanaer BHICOKOH HArpy3ouHOH CHOCOGHOCTHIO
(25), noTomy uTO Kaxkaas MoAKAOUAaeMas 6a3a npeicTaBJseT co6oi
HeGOJIbINYI0 HATPY3KY IS SMHTTEPHOro mosTopuresns. Cxema oGecs
NeYHBaeT MoJjyyeHHe nmapacdasHoro BBIXOAHOIO CHTHAJA, YTO JeJaeT
HeHYXXHBIM HCIO/Nb30BaHHe HHBepTOpoB. [as conpsikenns DCJI-
cxem ¢ TTJ/I- 1 KMOII-cxemamn TpeGyioTcs cnennanphbie npeoGpa-
soBaTesn ypoBHedl. Tunuunnit ICJI-snemenT MoXKeT paboTaTh ¢ Tak-
TOBOH YacTOTOM, MOYTH B JiBa pasa NpeBbIIIAONiell BO3MOMKHOCTH
naxe snemenra TTJI-Iortkn (200 Bmecto 125 mI'm).

UHterpanbHas kHXKeKUMOHHas noruka [M2J1)

B sTOoM BHIe CXeMOTeXHHKM WHBEPTOp YIpPOLIEH AO MHHHMY-
Ma: 3TO TPAH3HCTOP C HECKOJbKHMH OTKPHITHIMH KOJUIEKTOPaMH
(puc. 1.19). He Tpebyercst HHKAKHX BHYTPEHHHX CONPOTHBJEHHH, UTO
palHKa/lbHO CKAa3blBAeTCH Ha IJIOTHOCTH KOMNOHOBKH HC, Tak Kak

I

o T2

Puc. 1.19. Jlornuecknit sneMent tana H2JI.

KaXABIH PE3UCTOP 3aHHMaeT MJIOWAb, Pa3 B AECATH GOMBIIYIO, YeM
TPAH3HUCTOP. YNpaBJSIOWHH TOK 6a3bl (POpPMHPYETCA € NOMOILIbIO
Tpausucropa Tl u Bremmnero conporusienns. Tpausucrop T2 ¢ o7-
KPBITBIMH KOJIJIEKTOPAMH, CBSI3aHHBIA C MOCAEAYIOUIHMH JIOTHYECKH-
MH 3JIEMEHTaMH, NPONyCKaeT 3TOT TOK Ha OOLIYI0 UIMHY, KOTJa Ha-
XOMHUTCSI B OTKPBITOM COCTOAHHH. [lepenaanl Hanps:keHHui MaJbl, 4TO
B COYETAHHH C BO3MOXKHOCTBIO BapbHPOBAHHS CTATHYECKHX TOKOB
T103BOJII€T AOCTHYL COOTHOIICHHH OBICTPOLEHCTBHS W MOUIHOCTH, Ie-
Jaomux cxemorexuuky M2JI koukypentocnoco6uoii ¢ TTJI- u MOII-
CXeMOTeXHHKOMH.
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Oprannsanus nMOIl- u pMOII-norHuecKHX 3JE€MEHTOB aHaJo-
ruuna, Ha puc. 1.20 n 1.21 ona nokasana ma npumepe nMOII-cTpyk-
Typul. B cxeme Ha puc. 1.21, a Bce MOII-Tpansucrops pa6oraioT B

it

Rorep,™ 100 xOM

Rorkp. = 1kOM
Raap,~ 1070 08

—

Puc. 1.20. HcmonbaoBaHHe TpaH3HCTO-
pa B KayeCTBe Harpy3oyHOro CONPOTHB-
JIEHUS JIOTHUECKOTo 3JeMeHTa.

pexuMe oborailieHHs, NpH KOTO-
pOM 3aTBOp JAOJXKEH ObITb CMe-
LleH B OPAMOM HanpaBJeHHH IO
OTHOILEHHIO K HCTOKY, YTOOHI
TPaH3HCTOP OTKPHLICS. DTO Y106~
HO C TOYKH 3peHHs (YHKLHOHH-
POBaHHA AaKTHBHBIX TPaH3HCTO-
poB Tl u T2, Ho ue BnosHe pa-
IIHOHAJBHO AJs TpaH3ucTopa T3,
BBIIOJIHSIIOILETO POJIb NAcCHBHON
Harpysku. Urobw 3Ta Harpyska
npomyckaJja TOK, 3aTBOp Harpy-
30YHOTO TPAH3HCTOPA COEJHHEH
¢ HcrokoM. K coxasenuio, TOK
HATrpPY3KH NPH TaKOM BKJKYEHHH
CYIECTBEHHO H3MeHsieTcs B 3a-
BHCHMOCTH OT YDOBHSl BLIXOX-

HOrO CHTHaJia 3JieMeHTa, KOTOpPbIii BJiHsieT HAa MOTEHLHaJ 3aTBOpa H
HCTOKA. DTOT Cepbe3Hblii HEJOCTATOK CXeM, B KoTophix Bce MOII-
TPaH3HCTOPH PaboTaloT B peXUMe OOOrauleHHsl, B 3HAUHTEJbHOH

:

T3 OboralieHue

Il

T2

T1 O6oraleHne

L T¥

[

O6eprenune

OboraiyeHns

|

6

- U

Puc. 1.21. a — noruueckuil snement WU-HE wa nMOIl-cTpykrypax; 6 — coBMecT-
Hoe Hcnosb3oBaHue MOII-TpansncTopoB ¢ oboraiueH#eM U ¢ obelHeHHEM.

CTENEHH CBORHUT HAa HET HX MPEUMYIIECTBO, 3aKJioyaimieecs B MpPO-
crote usrotosiaenuss IC Ha npubopax oaHoro tuna. CKasaHHoe B
[OJHOH Mepe OTHOCHTCS M K cXeMaM, IleJIHKOM peaslu30BaHHBIM Ha
TpaH3HCTOpax, paboTalomux B pexume obeanenus. Kanman MOII-
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TPaH3UCTOPA ¢ OGefHEHHEM OTKPLIBAETCS, KOTAA 3aTBOP CMELLeH [0
OTHOIICHHIO K HCTOKY B OOGpaTHOM HaNpaBJeHHH; 3TO 03HaYaeT, YTO
HpH NOJNIOXKHTEJbHOM [MHTAHHH CTOKOB HEOGXOAMMO HMeTb OT/elb-
Hbtft HCTOYHHK OTPHIATENbHOTO NMHUTAHHA IS 3aTBOPOB. ‘

B npeanbHom ciyuae akTHBHEIE TPaH3HCTOPH! AOJKHH paborath
B _pexnme 0GOralleHHs, a Harpy30UHBIl TPAHSHUCTOP — B peKHMeE
obejHeHHs, KaK IOKasaHo Ha puc. 1.21, 6. Ipouece usrorossenus
HIC npn sToM ycioxHseTcs, Tak KaK CBSI3aH ¢ HEOGXOAUMOCTBIO 60-
JIe€ TOUHOIO NO3HPOBaHHsl mpuMeced 1Jis GOPMHPOBAHUS MPHOOPOB
ABYyX THIIOB, HO 3aTO yJyuyllaercss paboTa JIOTHYECKHX CXEM.

MOTII-cTpykTypHl n-THmA 06/MaKaIOT PAAOM NpPEHMYIIECTB II0
CPABHEHHIO C p-KaHAJAbHBIMH. OHH JIONMyCKaloT GOJBINYIO MJIOTHOCTD
KOMINIOHOBKH H HMeIOT GoJsiee BBLICOKOE GHICTPOJAEHCTBHE, TaK KakK
SJIEKTPOHBI, SBJAIOLIHECS] HOCHTESMH TOKa B N-CTPYKTypax, obJa-
AaoT GoJbluieli NOABHIKHOCTHIO, YeM ABLIPKH, BHIOJHSIOL{HE 3TY POJIb
B p-KaHAJIbHBIX TPAH3HCTOPaX.

B HHBepTOpax B KauecTBe Harpy3kH MOTYT GHITb HCMOJB30OBAHEI
TPaH3HCTOPH C oGorauleHneM HaM ¢ oGelHeHueM. Bosee mpenmo-
UTHTEJIbHH TNPHOOPH, paGoTaimollue B pexxHMe oGefHEHHS, TaK Kak
‘OHH 06/1a430T CBOHCTBOM aBTOMATHYECKOTO OrpaHHYeHHS TOKA MPH
NpeBbIIEHHH MOTEHUHAJOM 3aTBOPA-HCTOKA HEKOTOPOrO MOPOra, Ha-
3bIBAEMOT0 YPOBHEM CMBIKAHHA KaHaJa.

BuaHoe MecTo 3aHHMaer eule ofna pasHOBHIHOCTD MOIT-ctpyk-
Typ — Tak HasbiBaeMasi KMOIl-noruka. Ha nepsnix sramax ee
pasBuTHsa KoMIIeMeHTapHBIMH MOII-cTpyKTypaMH aKTHBHO 3aHHMa-
7acb ToNbKO Qupma RCA, koTopas mepsoii WX u3rotoBuaa. B Ha-
CTosillee BpeMsi GOJIBIIKHCTBO u3roToBuTedell IC Braogaer KMOII-
CXeMbl B COCTaB CBO€H [POAYKUHH, 2 B H3AEJIHSIX HEKOTODHIX KOM-
nanuit KMOTl-cxeMoTexHHKa fBJAsS€TCS NOMHHHPYIOLLEH. :

WUssectno, uro KMOII-lorHKa HMeeT MHOMKECTBO NOTeHIHAb-
HLIX MpeuMyulecTs. Ee OTHOCHTENbHO BBICOKAsi CTOHMOCTb paccMa-
TpHBasaCh KaK BIOJIHE MpHeMJeMas AJ1g Tex 06/acTell NpUMeHeHHS,
rie 0COGEHHO BaXKHH MaJjloe MNOTpe6JeHHe MOIIHOCTH H BBICOKAS
NOMEeXO0yCTOHYHBOCTh. [locTenenHo no Mepe paclimpeHusi 06beMoB
NPOH3BOACTBA W COBEPUICHCTBOBAHHS TEXHOJIOTHH Pa3JHUHS B CTOH-
Mocty KMOII-UC u o6uiuneix MOII-UC crepancs 1 KMOII-UC
CTanu 3aHuMaTh Bce Goabliee mecto. B coctras KMOII-ssemenra
BXOMSAT n-KaHa/bHbe H p-KaHaabHble MOII-TpaHsucroph, pa6oraio-
mue B pexume oGoramenus. Cxema KMOII-unsepropa npusenena
Ha puc. 1.22, a. JIvonnast cxema 3aLIUTHl BXOAHOH IemH (puc.1.22,6)
¢popmupyeTcs aBTOMAaTHYeCKH B mpolecce H3roToBiennss MC. Tem
CaMbIM HCKJIOYaercs nmpoG/eMa, xapaKkrepHasi Aasi mepseix KMOII-
CTPYKTYp, B KOTODHIX CTAaTHYECKHE 3apsiAbl B COYETAHHH C NpHCY-
muM KMOIT-cxemaM BHICOKHM BXOAHBIM HMIIELAHCOM MOTIH npHuBe-
CTH K 06pa3oBaHHIO NOTEHLHAJNOB, ZOCTATOYHBIX S NMOBPEKICHHS
TOHKOH H30JHpYyIomle#l 061acTH, HaJHuHEe KOTOPOH NPHHIHUIHAILHO

2 Ix. ®eprycon H ap.
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BAaXKHO A/l paGoThl CTPYKTYpH. HHOAH AeMNndupylT 5Tn noTen:
OHAJIH, a TaKXe HampsiXKeHHs, BOSHUKAIOLIME HA JHHUAX THTAHUA
NIpH nepexoAnniX npoueccax. Hannuue 3aluuTHHIX ZHONOB HHKAK He
OTpaxkaercst Ha (ynkunonnpoBanun KMOII-snemenra, no3TOMy HX
HE NOKA3BIBAIOT Ha (YHKUHOHANLHHIX CXEMaX YCTPONCTB. TIpn or-
CyTCTBHH HeHcnpaBrocTedl B KMOII-ycrpolicTBax ananus ux paGoTh
C NOMODIBI0 oCUHJIOrpada HO3BOJEeT HAbJIOAATH noc/e 0BaTeN b-
HOCTH HMIYJABCOB C aMNJIMTYJOH, NOYTH RocTHraiouieir 5 B; Bcskoe
YMEHbHIEHHE STOH aMIVINTYXbl JaeT NOBOA AIS GECHOKOHCTBA H MO-
HCKa NPHYHH OTKAOHEHHS.

]
=l TFT T8

6

Puc. 1.22. @ — unBeprop ma KoMnuiemenTapuux MOII-Tpansucropax; 6 — guog~
Hafl cXeMa 3alRUTH BXOJa.

Bricokuit BXoaHO# MMnexauc KMOII-cTpykTyp MoxXeT BHI3BATh
SaTPyNHEHHs NPH HAJIWYHU NJIMHHBIX [IPOBOAHHKOB, 10 KOTOPHIM IIO-
CTYNAlOT BXOAHble CHrHAaAbl. Hauana M KOHLB TakKHX MJHHHBIX JH-
HHH JOJIKHBI GHITh CHAaGXKeHbl OKOHEeUHBLIMH CXeMaMH, €OOTBETCTBYIO-
IINMH €CTECTBEHHOMY HMIEAAHCY JIHHHH (3[eCh NPHMEHHMH HOJIO-
HCHHUSI TEODHM JHMHHH nepenayu). IlpH nHuskoM ynpapasiomem
HMnenaHce U BHICOKOM MMIIEaHCe HATPY3KH BO3MOXHO BO3HHKHOBE-
HHE KaK Ha MepeliHeM, TaK H Ha 3aliHeM (POHTE KaXKJAOTO HUMIYJbca
KoJIeGaTe/bHBIX NePeXOAHbIX NPOLECCOB, CPAaBHHMBIX M0 aMIIMTYAe
C caMuM HMNyJbCOM. TIpenoxpanuTesbHEE AHOAB NPENATCTBYIOT HO-
Bpexknenuio MOII-CTpyKTyp, HO mpH 3ToM B KpaBHMX CHTyalHsix
ONMHOYHBI HMIY/JIbC MOXET GbiTb BOCHPHHSAT KAaK MHOMECTBO HM-
nyJbCOB. Pa3paboTuuky c/elyeT BOCHOJB30BATLCS NMPEHMYIIECTBOM,
KakHM fIBJAS€TCS BHCOKHH BxoAHo# umnenanc KMOII-ctpykryp,
NpeAyCMOTPEB PEe3HCTHBHBIE OKOHEUHEIE CXeMBI C COOTBETCTBYIOIHM
COTIPOTHBJICHHEM, SABJSIOIIHMCS NpeHe6GpeXKUMO MaJIofl AOTNOJHHTE N b-
HOH Harpy3ko#.

Ecan npesmimienH orpanuueHns no HArpy304HO# CNocoGHOCTH,
AMIVIHTY[la BBIXOAHBIX CHIHAJIOB CTAHOBHTCA MeHblle 5 B, tak kax
noJieBbie TPAH3UCTODH BXOAST B PeXHM OrpaHHYeHHS Toka. [locije
NPOXOX/IEHHS 3TOr0 YPOBHSI PasMax HaNpsiKeHHs NajaeT NPONOP-
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IHOHANBHO CONPOTHUBJICHHIO HAarpyskH. [IpeAnonoxuM, 4To napu He-
KOTOPOM CONPOTHBJIEHHH HArpPy3KH aMIIUTYNa BHIXOAHOTO HaIpsikKe-
HHSl YMEHbUIMJIACh O BesqMyHHH 4 B, npu koropo#t Bce KMOII-se-
MEHTDBL, HarpyXeHHble Ha JaHHBIH BBIXOL, OYAYT HO-IPEXKHEMY
NPAaBUJIbHO pearHpoBaTh Ha BHXOJHOH curHaj. CHUXKeHHe CONPOTHB-
JICHHS HarpyskH, Hatipumep, Ha 30 % npuBefeT MPUMEPHO K TaKOMY
XKe YMEHbIIeHHIO aMIUVIMTYAH BBIXOAHOIO CHrHaJa. PesyabTupyio-
wed aMIUHTYAH, MeHblled 3 B, yXKe MOXKeT 0OKa3aThCsl HeIOCTa-
TOYHO IJIl HaAeXHOIo ynpasjieHHs MNOCJeRylomuMH BxoaaMu. [las
NOBbLIUIEHUsT HArPy30uHOl cnocobnocty KMOII-anemenTa MoxHO Ha
ero BbIXOAe ycTaHoBMTb TTJI-Gydep, npuueMm aas Takux Ieseir
O6LIYHO HCMOJB3YyeTcsi pasHOBHAHOCTL TTJ/I-3/1eMEHTOB ¢ MOHMKeH-
HBIM NOTpe6/IeHHEM MOLIHOCTH.

Henpasunbho cnpoektuposannsie KMOII-cxem MoOryT crath
NPHIHHOH M APYrHX BHJAOB HEKOPPEKTHOrO (yHKuHOHHpoBaHHS. Ec-
JIM BXOJAbl HEHCMOJIb3YEMBIX JIOTHYECKHX 3JIEMEHTOB He. MOJAKIOYHTD
K KaKOH-IH0O M3 JIMHUH MHTaHHS, HX BBICOKHE BXOAHBIE HMIIENAHCH
B COYETAHHH C NapPa3HTHBIMU MapaMeTPAMU CXEMbl MOTYT CTaTh NpH-
YHHOH reHepaluuM BBHICOKOYACTOTHHIX KOAeGaHHH, KOTOpHIe, MPOXOAs
yepe3 MapasHTHHE CBSI3H, MOTYT HCKa)XkaThb BXOJHblE CHTHAJH JpY-
THX 3JIEMEHTOB. :

OTH OCOGEHHOCTH NPHCYWH M APYTHM THNAM UH(POBHX YCT-
poiicrB Ha MOII-cTpykrypax. Hx, Kak npaBuio, He NPHMEHSIOT BO
BXOAHBIX H BBIXOAHBIX KacCkafax cHcreM. HauGoJbliee pacnpocTpa-
Henne MOII-CTpyKTypHl MOMYYHIH NPH NPOEKTHPOBAHHH 3aMOMH-
HAIOWKX YCTPOHCTB C NmpousBosibHOH BHIGOpKOH (3YIIB), mocTostu-
HBIX 3anoMHuHawmux ycrpoicts (II3Y), anekTpuueckn nporpam-
mupyembix II13Y (SIII13Y), B KOTOpEIX OHH OTAENeHb GydepHBIMH
CXeMaMH OT BHEIUHHX YCTPOHCTB. IloHCK HeucmpaBHOCTell B 3TOM
CJydae OCYLIECTBJIACTCH He Ha ypoBHe oTAesbHBIX MC, a Ha ypoBue
IJ1aThl C HCIOJb30BAHHEM CHCTEMHBIX COCIHMHHTE/bHBIX IIHH.

BeicTrpopeiictayiouiye KMOMN-UC

Psix KpymHbIX GUPM — H3TOTOBHTENEH MOJYNPOBOAHHKOBHIX MpH-
GOpOB NMPHCTYMHJ OTHOCHTEJbHO HEJABHO K IMPOH3BOACTBY GbICTPO-
AercrBytomnx KMOIT-MIC Y, Bxoasimux B rpynny cepuit 74’ jornue-
CKHX MHTerpasbHbIX cXeM. OHH COBMECTHMH! [0 BXOZaM H BBIXOAAM
co cranfaptHeiMd TTJI-UC n ¢ KMOIT-UC cepun B.

1) UC, oTHocsHecs K APYrHM BUAAM CXeMOTeXHHKH, B ToMm unciae SCJI u
H?Jl, saunmalor Ha pHHKe NOJYNPOBOXHHKOBBIX NPHGOPOB CBOH COGCTBEHHbie
mecra; Tak, Hanpumep, DCJI-MIC npuMensioTcs B GLICTPOAEHCTBYIOWMX MHKpO-
TIPOLECCOPHBIX CHCTEMAaX ¢ Pa3PAAHO-MOALYJAbHON oOpranusaunueli. BciepcTBue ux
BHICOKOro ' GHICTPOAEHCTBHS HEOOXOAMMO NPHUMEHEHHE CMeNHAJbHHX METONOB Te-
CTHPOBaHHSA, VI pPealln38LHH KOTOPHX OGHYHO Js1aGOpaTOpHBIE OCUHAIOTPahi
OKa3HBAIOTCH - HENPUTOAHK. KOHTPO/b JIOTHYECKHX YPOBHEH OCYINeCTBJASETCH N0-
CTaTOYHO MPOCTO, QAHAKO H3MEPEHHE MaJHX MepenafoB TPeGyeT TILATENbHOH Ka-
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Beictponefictyomne KMOII-cTpyKkTypnl  06Ja1a10T BCEMH J0-
CTOHMHCTBAMH OO6bIYHBIX KMOII-BenTusnel H, Kpome TOro, HEKOTO-
PbIMH NIOTIOJIHHTE/NbHBIMH NPEHMYLIeCTBAMH, KOTOpPBIE NPHOJIHXKAIOT
HX N0 XapakrepuctukaM K crangaptieiM TTJI-MC, B kauectBe aTux
JLONIOJIHHTENIbHBIX NPEHMYLIECTB yKaXkKeM CJeYIOlLHe:

— YMEHBIICHHAS 3aJepXKKa pacnpocTpaHeHHus: curHana (okoso 10 He
s cepuu 7400); R
— [OHMXKEHHOEe pacCcesiHde MOIMHOCTH (COXpaHsieTcs Mpucyiudh
KMOII-cxeMaM 3aBHCHMOCTb MOUIHOCTH OT paGodell 4acTOTH, HO
MOXKHO CYHTaTh, 4TO Ha yactore | MI'm Momuocth paccesinus GH-
crpopeficTBytolux KMOIT-aieMenTOB npuMepHO Takas e, KakK y
cranaaptaeix TTJI-cxem);

— BBIXOJHble TOKH HCTOKa H CTOKa mopsiaka 4 MA.

Bricrponeiictyiomne KMOII-a/ieMeHTH MOTYT HMeTb KaK OGHIU-
Hble BHIXOJBl, TaK H BLIXOAb C TPeMsl COCTOSIHHSIMH; HEKOTOPHI€ H3
TaKHX 3JieMeHTOB 6e3 Oydepusallil HCNOJB3YIOTCS AJIs TOCTPOEHHH
CXeM TeHepaTopOoB.

[Ipy HOpMa/BHBIX YPOBHSIX JIOPMYECKHX CHMTHAJOB B J0Gof MoO-
MEHT BPeMeHH OTKPHIT TOJbKO OJHH H3 BHIXOAHBIX TPaH3HCTOPOB
KMOIT-cxemsl. Korga Ha Bxoie soruyeckuit 0, B MPOBOASIIEM CO-
CTOSIHHH Npe0hiBaeT BePXHHH TPAH3HUCTOP, TAK KaK HANpsiKeHHe 3a-
TBOP — HCTOK Gosblioe. B TO e BpeMs HampsiKeHHe 3aTBOP — Hc-
TOK HHXKHEro TPaH3HUCTOPa PaBHO HYJIO H OH He NpPOMyCKaeT TOKa.
BbiXonHO# CHTHal 3/ieMeHTa HMeeT 3HAayeHHe JIOTHYecKo# 1; uepes
BBIXOJHBIE€ TPAH3HCTOPH HpPOTEKaeT NpPeHeOpPeXXKHMO MaJblif TOK IMO-
Kosi. CyIeCTBEHHO, YTO IIPH 3TOM YPOBEHb BHIXOLHOTO CHrHaJja
OuYeHb 6/IM30K K HANPSKEHHIO HCTOUHHKA NMHUTAHHA H HMeeTCs OueHb
6o/bLIOH 3amac MeXHy 3THM YPOBHEM M IHOPOrOM, KOTOPHi NpH
NePEKTI0YEHHH 3JIEMEHTa BOCIPHHHMAETCs MOCJAeAYIOUUMH 3JeMeH-
TaMH KaK HayaJlo U3MeHeHHs JIOTMYeCKOTo cHrHaga. Korga Ha BXOX
KMOTII-anemenra nocryfnaer Joruaueckast 1, OTKpbIBaeTcsi HHKHHH
TPAH3UCTOP, & BepXHHUHA 3anupaercs. B mpouecce u3aMeHnenusi ypoBHs
BBIXOJLHOTO HATIPSIXKEHHS] HMeeT MECTO KOPOTKHH HHTepBaj BPeMEHH,
KOTJa BKJIOUEHH 00a BHIXOAHBIX TPaH3MCTOPA M OT HCTOYHHMKA IMO-
TpebJisieTCsl B HMIYJILCHOM peXHMe 3HAaYHTeJbHBIH TOK. DTH TOKO-

JH6POBKH OCUHAJIOrpad)oB H JOrHUecKHX npo6HukoB. MIC 3THX BHIOB cXeMOTeX-
HHKH OTHOCHTeJIbHO DeJKO NPHMEeHAI0TCS B GBITOBOH M MNPOMHILLIEHHOH annapa-
Type; MPH HX HCIOJb30BAHHH PeKOMeHAyeTcs 06PaTHTbCA K JOKYMEHTalHH, npejo-
CTaBJIsieMOH H3TOTOBHTEJIEM.

Eme onuHa BaXHasd PasHOBHIHOCTb CXEeMOTEXHHKH — NHHaMHUeCKas JIOTHKA.
TIpusuunsl ee paGoTHl ONMCaHbl B V. 2, r/le ONATH-TAKH He TNpPeCcJefyeTcs ueJb
N0 ipoGHOr0 ONHCaHHsl BHYTPEHHEro yCTpoficTBa cxeM. unamuueckue MIC mpHMme-
HSIOTC B KOHCTPYKTHBHO OGOPMJIEHHEIX 3allOMHHAIOUMX YCTPOMCTBAaX, TeCTHPO-
BaHHEe KOTOPHIX OCYIIECTBJIIETCA Yepe3 CHCTEMHYIO IWHHY. KOHTPOJAb OTHENbHHX
HC moxer 6biTb BeCcbMa 3aTPYAHHTeJIEH, TaK KaK JaHHBE, XPaHAUIHeCs B YCTPOH-
cTBax TaKoro THNa, TPeOYyIOT CHCTEMAaTHYECKOH <«pereHepalHH» N0 CHrHalaM OT
BHELUHEr0 TaKTOBOrO IeHepaTopa MMM OT CAMOr0 MHKPONpOLECCopa.
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Bble HMMYJbCH B COBOKYNHOCTH C dHeprHefi, 3aTpaunBaeMoli Ha no-
nepeMeHHbld 3apAN H paspsa] NapasuTHHIX H BHYTPEHHHX eMKOCTel,
ABJSIOTCA €NHHCTBEHHOH GOpMOH MOTpebJieHHs] MOUIHOCTH B HAeaJb-
ubix KMOII-ctpyktypax. B cratuueckom cocrosuuun KMOII-cxembl
MOUIHOCTb MpaKTHYeCKH He rnorpebisierca. OHa HauyuHaerT npubau-
¥KaThCA K BeJHUHHAM, XapakTepHbim anas TTJI u apyrux BupoB cxe-
MOTEXHHKH, TOJIbKO NPH OYeHb BLICOKOH YacTOTe MepeKJNIOYeHHH, H3-
MepsieMol MmerarepuaMH. B cucreme o6biuHO paGoTalOT Ha MaKCH-
MaNbHBIX CKOPOCTAIX JIHIDb HEMHOTHE JIOTHYECKHE SJEMEHTHl, IMO0-
9TOMy cpellHee nOTpebJeHHe MOIIHOCTH OCTaeTcsl HeGOJbHIMM,
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Puc. 1.23. Cummerpuusas nepexosmas Puc. 1.24. [lpocTodi noruueckudl sie-
xapaktepuctika  KMOIl-cxemnl — oc-  ment #a KMOII-tpansucropax.
HOB3 BBICOKOH MOMEXOYCTOHUHBOCTH.

Ha puc. 1.23 npusenena Tunuunas nepexoiHas XapaKTepHCTHKA
KMOIT-ssnemenra. Boixoanoe nanpsxenue ocraercs GH3KHM K 5 B,
NOKa BXOAHOe He mpesBhiwaer 2 B, # najaer moutw 40 HyJs, Korja
BxoaHoe pocruraer 3 B. Takum o6pasom, sanac noMexoycToiduuBo-
CTH cocraBasier 2 B, . e. KMOIl-asieMenT He pearupyer Ha BXOA-
Hble NMOMEXH, HMeloLlHe aMmnautyny a0 2 B.

Cxembl, peasusyioune nio6bie JorHuyecKue GYHKIHH, KOMIOHYIOT-
Csl H3 napaJJ/ieibHO H NocJe/oBaTesbHO BKAOYeHHbBX MOII-Tpansu-
CTOpPOB, Kak mokasaHo Ha puc. 1.24, KMOII-texuosorus Bce 6oaee
IIUPOKO NPHMEHSeTCs NPH H3roToBJAeHHH aHanaoroBbix MC u moxker
OBITb HCNONb30BaHAa /sl COBMECTHOH peasiu3allii aHaJOroBbIX H
uuppoBeix QyHKUHH B TaKUX, Hanpumep, yCTPOHCTBaX, KaK aHaqo-
ro-iu¢posuie npeoGpasoBaTet. .

Otkasbl, cBsi3aHHble C OTKJOHEHHSIMH YDOBHEH CHTHAJOB, AJA
KMOII-cxem MeHee xapaKTepHbl, YeM TPHBHaJbHbie OOPHIBH H KO-
POTKHe 3aMbIKaHHA. Bce BHYTpPHCXeMHbIe JIOTHYECKHE 3JeMeHTbl
HMeloT He6oJibliMe HAarpy3kH 6.1arofapsi BHICOKHM BXOJAHbLIM HMIle-
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JlancaM MOcCJAeAyIOIUMX CTyneHeld cxeMbl, [losiBiieHHe JIOTHUECKHX
YPOBHEH, CHJIbHO OTAHYAOWHKXCs 0T 0 1 5 B, MOXHO OXHAATH JHIIb
B CJaydasx, KOTJA CXeMa ynpaBJseT KakKoi-lH60o BHEWHed Harpys-
KO,

3aknioueHne

Ina nocTpoeHus: 3aKOHYEHHHX CHCTEM Hapsay ¢ MHKponpouec-
COpaMH HEOGXOLHMH JONOJHHTE/bHbE CXEMbl W YCTPONCTBA. JlorH-
UECKHE CXEMBbI, H3TOTOBJISIEMBIE HA Pa3JIHYHON KOHCTPYKTHBHO-TEXHO-
JIOTHYECKOH OCHOBE, 3HAUHTENBLHO PA3JHYAIOTCH MO CBOMM XapaKTe-
PHCTHKaM, JlaXe €C/d OHH DeaM3yIOT ONHHAKOBble (DYHKUHH. DTH
pas/nnuMsl GBUIM KPaTKO PacCMOTPeHBl B HAHHOH rJaBe. Cyutecr-
BYIOT TECTOBhle YCTPOHCTBA, C MOMOIIBI0 KOTOPHIX NPHYHHB OTKA30B
MOryT OHTb JIOKaJH30BAHBl C TOYHOCTBIO A0 BHEIIHErO0 KOHTAKTa
YCTPOHCTBA; Bblllle GBHIIH CONOCTABJIEHE HX NMPEHMYILLECTBA H HENO-
CTaTKH.



Fnasa 2
Muuponpoqeccopuue CUCTEMbI

KomnoHeHTbl. cHcTembl

Mukponpoueccopn — 310 UHPOBbE HHTErPAbHBIE CXEMb, Npe-
Ha3HAYCHHBIE JJIs1 BLINOJHEHHS MOC/IeAOBATEAbHOCTEH Onepamiii Haq
ABOHYHLIMH NaHHBIMH. CaMa BHIMOJNHAEMAas onepauus onpeaeasercs
HH(OpMauue#d, noayyaemoi npoueccopoM B X0Je ero rocjaejoBa-
Te/bHBIX AEHCTBHH, H MOXKeT, HanpuMmep, NpeACTaBaAATb co6ol apug-
MeTHYeCKOe NeHCTBHe Hal JaHHBIMH, KOTOpble IpeABAPHTEJNBHO CYH-
ThIBAIOTCA M3BHE M HAXOAATCSl B MUKpoOnpoueccope. Pasinunbie ome-
pauHH, KOTOpble MOXET BHINOJHATH MHKPONPOLECCOP, HAa3bIBAIOTCS
KOMaHAaMH, a MOC/IeA0BATE/IbHOCTb KOMAH/ MPHHATO Ha3blBaTh NMPO-
rpammoii. MEKponpoueccophl SBAAIOTCS LEHTPAJbHBIMH YCTPOKCTBA-
MH MHKPOIBM u MHKPOKOHTpOMIEpOB, KOTOpbl€ MOFYT BHINOJHATH
caMble pa3HOOOpasHble PYHKIMH.

Oxuako MHKponpoueccop He MOXKeT CyLIeCTBOBAaTb caM 1o cele,
AJIS MOCTPOCHHST MHKPONPOLUECCOPHOH CHCTEMBI €r0 HEOBGXOAUMO CBsi-
8aTb C APYTHMH yCTpoOHcTBaMH. I/l XpaHEHHs MPOrpaMM H AaHHBIX
HEOOXOAHMB MOCTOSIHHASL H ONEepPaTHBHAs NaMsaTh. UTo6bi HNOAKJII0-
UHTb K CHCTeMe MnepH(pepuiiHble yCTPOHCTBA, TaKHe, KaK KJaBua-
TypBl, OPHHTEPH, AHCIJEH, TPeGyIoTCs IpyrHe JOMOJHHTE/bHbIe
cxeMbl. B ciyyae npumenenus MHKPONPOUECCOPHOH CHCTEMBl MJs
PellleHHsl 3ajay ynpasJjeHHss BO3HHKAaeT HEOGXOLHMOCTb B CXEMax
CONPAMKEHUST €€ C KOHTPOJNHUPYEMOH HJIH YNpaBAseMOi CHCTEMOM.
B nonoGHBIX HHTepQeHCHBIX CXeMax MMEIOT MecTo COYETaHHS Kak
LUHUGPOBHIX, TAK H aHAJIOrOBBIX CHIHAJIOB. YeTpoficTBa, npeaHa3HaueH-
HHI€ A/l yNPABJACHHS MPOXOXKAECHHEM [AaHHBIX MEXLY MHKPOIpO-
LeCCOpHOl CHCTeMOH H Cpefioll, B KOTOpOH oOHa pa6oTtaer, Hasbl-
BalOTCS yCTPOHCTBAMH BBOJa-BbIBOJA.

CrpykTypHas cxeMma MHKDONpPOLECCOPHOR CHCTeMHl [pEeACTaB-
JeHa Ha puc. 2.1. Kpome mpoueccopa, namstu u yCTPOHCTB BBOAA-
BhIBOAA CHCTeMa OOBIYHO COMEPIKHT HEKOTOPHE JOMOJNHHTEbHbIE
YCTPOWCTBA, BBINOJIHAIIHE QYHKLUHH TeHepPALHH TaKTOBBIX HMITYJTb-
COB, HAaYa/bHOH YCTaHOBKH CHCTEMBI, BHI6Opa yCTPOHCTB M 6ydepn-
3aUuuu CHrHanoB. CyLIeCTBYIOT TaKXKe OLHOKPHCTAJbHHE MHKpPOMNpo-
Lleccopbl, B KOTOPRIX NMPOLECCOP, NOCTOSIHHAS M ONEPATHBHAS MaMSTh
H CXeMB BBOAA-BHIBOAA Pa3MEILAIOTCA HAa OXHOM KpHCTaJlie.
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Mukponpoueccop o6MeHuBaeTcss HHGOPMaUHeH ¢ APYTHMH KOM-
NOHEHTAMM CHCTEMbl, NOCHast H OPHHHMASR CHTHAJbl N0 JHHHAM
CBA3H, GOJBIIHHCTBO KOTOPLIX OGbEeNHHSIETCA B TPH OCHOBHKIE Tpym-
b, Ha3blBaeMble WIMHAMH HJH MariucTpajisiMd; B HX 4ucje HIHHA
IaHHbIX, ajpecHas UIHHA, IIHHA YNPaBJSIOLIHX CHTHAJOB.

KpoMe TOro, UMeOTCS JHHHW MUTAaHHS, HeOOXoAMMbE AAS (10-
layH HanpsXXeHHs Ha BCe yCTPOHCTBA cHcTeMbl. [eHepaTop TakTo-
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Puc. 2.1. CtpykTypnas cxeMa MHKDONpPOLECCOPHONH CHCTEMB.

BLIX HMIYJ/IbCOB BbipaGaThIBAeT CHHXPOCHTHAJIB, yNpaBJsiOLlHE Bbi-
NOJIHEHHEM JeHCTBHH BHYTPH npoueccopa. O6LIYHO y Hero ecTb M0
Kpaiinei mepe ofuH 6ydepH3HPOBAHHLIH BBLIXOA, HCMOJb3yeMbIl A
TAKTHPOBAHHA ADYTHX YCTPOHCTB, paboTa KOTOPLIX [NOJXKHA OhITh
CHHXPOHH3HWPOBaHAa ¢ paboToi mpoueccopa.

CocraBHble 4aCTH CHCTeMBl, IOKa3aHHLIE HA CTPYKTYPHOH cxeMme,
6oJsiee noApo6HO OYAYT OMHCAHBI HHXKE B JAaHHOH rJase.

Cucremubie WHHBLI

(a) Wiuna pauHBIX

[luna paHHBHIX OpeicTaBasieT co6oft HaGOp JAByHampaBJeHHLIX
CHTHAJIbHBIX JIHHHHA, [0 KOTOPHIM NapajielbHO NepefaeTcss ABOHY-
Has HHpopManus (MO KaxAoH JHHHM nepemaercss ofuH Gurt). [Tep-
Bbie MHUKDONpPOLECCOPH MMeJNH, KaK NpaBujo, 8-6UTOBbIe WHHK AaH-
HbIX, @ B Oo0Jiee MO3AHHX NOSABHJHCH 16- H 32-pa3psjHble LIMHKI,
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Hucino aunnit, 06pasyomux WHHY (HasbBaAeMOe TaKKe IMHPHHOR
WIHHBI), ONMpenessieT MaKCHMaJbHYIO BEJHUHHY YHCJIa, KOTOpOe MO-
KeT GbITb NPEACTAB/IEHO NepenaBaeMoli MO WHHE ABOMYHOL HHpOp-
MalHel; MO3TOMY XeJaTesbHO, YTOGH MPOUECCOPH MOMAH 33 OAHH
IIpPHEM nepellaBaTh KaK MOXHO. 6oJbllee KOJHYECTBO GHTOB MaHHbIX.
(8 6ur_mosposisiioT mpeacTaBuThL yHcaAa ot 0 1o 255, a 16 6T — oT
0 no 65535.) ; . :

(6) Anpecnag muna

AnpecHas mwHHA — 9TO rpPyNna CHrHAIBHBIX JHHHUI, MOCPenCcCTBOM
KOTOPBIX MpOUECCOp yKa3bBaeT yCTPOHCTBO, B KOTOPOE HJH H3 KOTO-
poro nonxkHa OHITbL nepefaHa HHGopmauusa. Kaxnoe asouunoe wne-
710, MOJAHHOE Ha aNPeCHy! UIHHY, MOXKET 0603HAYaTh KOHKPETHYIO
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YCTPOWCTBO

Mukponpoueccop

AppecHan
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Puc. 2.2. Ykasanue MHKPONPOLECCOPOM sAYeliKH NMamaTH A8 nepeaud uupopMa-
UMM [0 LIHHE AAHHMLIX.

06J1aCTs naMsTH, KOTopad, Gyayuu BHIOpaHa, OKa3bIBAeTCs COEMH-
HEHHOH C NPOLECCOPOM Yepes IIHHY AAHHBIX H MOXKET OBMeHHBATLCS
C HUM JaHHBIMH.

BriGupaemast Takum 06pazoM 06.1aCTh MAMATH MOKeT npeacTas-
JATb CO00H /60 sYefiKy 3amOMHHAIOLIEro ycTpoiicTBa, JHGO pe-
THCTP, BXOASILIMA B COCTaB OXHOH M3 CXeM BBOAA-BHIBOAA. punuun
ajipecallid HIMIOCTPUpPyeTcs. puc. 2.2. JIAs pacUIHpeHHST BO3MOMKHO-
CTeHl MHKDONPOLECCOpa HyXKHO, 4TOGHl OH MOT a/JPecoBaTh GOJbLIOE
KOJIHYECTBO O6JaCTeH NaMsiTH, a SHAYHT, H YHCJO JHHHE B aapec-
HOH IIHHE JAOJ/KHO OBbITh 3HAYHTENBHO 6OJIbILIE, YeM B LIHHE faH-
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ublX. BocsMHpaspsiaHble npoiueccopsl 06HUHO HMeloT 16 ajgpecHbix
AMHUHA B MOryT ajpecoBath A0 65536 sueexk. lllectHaguatupaspsn-
HHE [IPOLECCOPH, KaK [paBHJO, cHaGxKeHH 20-pa3pAAHBEIMH ajApec-
HbIMH ' HIHHAMH, O0ecieUHBaIOWIEMY BO3MOXKHOCTb OOpalleHHA K UHC-
Ay fiYeeK, NPeBHIaOIWEeMy MHJJIHOH,

A,apecnue JIMHHUH OOBIYHO SABJAIOTCA onuouanpameuﬂumn, npo-
Leccop ympaBJifieT MMH B XOjJe BBINOJNHeHHs KoMaHZ. [lonaBaemas
Ha HUX HMHOOpMaLHUs onpelessieT ajapecar ouyepeiHof nepecmnxu
JaHHbIX.

CylllecTBYIOT CHTyalLliH, B KOTOPHIX ApYyrHe yCTPOACTBa, B3fB Ha
ce6s ynpasjieHHe NPOLECCOPHBLIMH LIHHAMH; MOTYT CHeJjaTh MNepe-
CBUIKH JaHHBIX Oojee 2(DPexTHBHHIMH, YeM NOJ yNpaBjeHHEM IIpoO-
Heccopa. B KauecTBe TakHX yCTPOACTB MOTYT HCIOJb30BaThCs APY-
rHe NPOLEecCOPN HJIM YCTPOHCTBa BBOJA-BLIBOJA, TaKHE, HANpPHMED,
KaK KOHTPOJIJIep AMCKOBOH NaMSITH.

Heo6xonuMo, yTo6Bl mpolieccop HMeN BO3MOXKHOCTb MpPeROCTa-
BUTb B paclnopsiKeHHe APYTHX YCTPOHCTB CBOM IUMHBI JAHHBIX H af-
peca, a Takxe CHTHAJIBI, CAyxKalllye AJs yNpaBJeHHS MepecHIKaMH
JaHHbIX. JocTHraercs 9TO C MOMOLIBIO OCOOBIX YNPABASIOUHX CHT-
HaJIOB, KOTOpble NPHBOAST ONpefeseHHble CXEMBl, CBSI3aHHBE C HYX-
HBIMM JIMHHSMH, B COCTOSIHHE BBICOKOIO BBIXOJHOIO HMIIEJaHcCa.

DTOT MeTOJ TepechIKH JaHHHX OGHYHO HA3BIBAIOT NPSMBIM JO-
crynom K namsitd (IT1JIT). HekoTopnie npolieccopsl pacnoJiaraioT
CHTHaJIaAMH{ - yIIpaBJIeHHs HIMHaMH, o0eCNeuMBAIOLIUMH BHCBOGOXKAE-
HHe HIMH NO OKOHYaHHH BBINOJHEHHS TeKyllel koMauasl. Has npy-
THX TPeOyIOTCs JOMOJIHUTE/bHbIE JOIHUECKHE CXeMbl M IIHHHBE dop-
MHpOBAaTeJNH, YTOGL IIHHE MOTJIH BHICBOGOXKAATHCSA B ONpeleseHHbE
MOMEHTbl LHKJIA- BRIIOJHEHHST KOMaHAbL:

TTOI1, cnyxawuft o1 06GHOBJEHHSI COAEPKHUMOro NaMsTH H pea-
JIN3YyeMbIH Ha OCHOBE HCHOJb30BaHHS LHKJOB o0palleHHd K Hei, MO-
3KeT SIBUTbCS HCTOYHMKOM HeAOPa3yMeHHH, eCJH OCYLIeCTBJsEeTCS Ha
(oHe TecTHpOBaHHsA NaMATH. B mpomecce KOHTPOJA MaMSTH B Hee
OOBLIYHO 3aNHCHLIBAIOTCA KaKHe-TO Ha0OpH NAaHHBIX, a 3aTeM IIpOBe-
psieTes HaJHuMe B NMaMSITH MMEHHO 3Tux Habopos. Ecau ojgHoBpe-
MEHHO C TeCTHPOBAaHHEM INaMSITH OCYILleCTBJSieTCS NPAMOH AOCTYI
K Hel, JaHHBlE B MAMSITH HCKAXKAIOTCS U BBIAAETCS COOOIEHHE O He-
KOppeKTHO# paboTe naMsaTH. 3HauMT, HeoGXOAHMO, 4YTOGH mnepen
NPOroHoM TeCcToB naMAaTH Bo3MmoxHocth [II1 Guina 3a6aokupo-
BaHa.

XapakTepHOH OCOGEHHOCTBIO COBPEMEHHBIX MHKPOIPOLECCOPOB
SIBJISETCA HCNOJb30BaHHE aApecHOH IUWHH JJisg nepeladd He TOJbKO
ajpecoB, HO M APYrHX BHAOB HH(OpPMALUM 33 CUYET BpPEMEHHOIO
MYJIbTHIJIEKCHPOBAHHA IUHHH. [IpH 3TOM ajpecHHe JHHHH MOTYT
6HITh IpUMeHeHH AJS Nepefayd JaHHHX H ADYTHX CHTHAJIOB Mpoilec-
copa, T. €. AOCTHraeTcss SKOHOMHOE HCNOJ/b30BaHHE BHEIIHHX BHIBO-
aos. MC Muxponponeccopa, MyJAbTHNJICKCHPOBAHHE AJPeCHHX LIHH
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HCIOJIL3YeTCHA, HaPHMep, B MEKponponeccopax 8085, NSC800, 8088,
8086. PaGora Takux wuH GyAeT ONHCaHA HUXe MpH PacCMOTPEHHH
BPEMEHHBIX COOTHOIUEHHH CHIHAJOB. '

B HeroTopux mpoileccopax aipecauns BBO2-BHBOAAZ OCYIIECT-
BASICTCA OTAEJNBHO OT aJpecanHd HaMATH 3a CUYET HAJHUHS CIe-
IHaIbHBIX KOMaHA, HasblBaeMbIX HOPTOBLIMH ONEpPaHUSME R He [OJ-
HOCTBIO HCIIOAIb3YIOIHX ajpecHHE BOSMOXHOCTH WIMHHL. Has nepe-
X0la OT ajApecallid BBOAA-BHIBOAA K aJpecallid NaMsIT’ H Hao6o-
POT HYXHH CllellHaJIbHbie YIPAaBAAIOUIHE CHIHAJM. ,
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Puc. 2.3. MlecThannatepuynoe npencraBierue 8-6HTOBHX i 16-6MTOBX JBOHY~
HHX 4Hces. . i

Inst paGoThbl € ABOMYHEIMH YHCHAaMH, collepKamnMu 6osee YeTH-
pex OHTOB, 1eNeco06pPa3HO HMETh CHOCO6 IPeACTABNACHUS TaKHX UH-
cesl, He TPeGYIOIHA MX 3aMHCH B BHJIE LEMNOYEK CAHHHE K HYJIeH.
Onunm u3 Takux cnoco6oB snBAsETCS lecTHaAUATEPHYHAS 3aNHCh, B
KOTODOH MPeLYCMOTPeH CBOH CHMBOJ N/ 06O3HAUCHHS MOGOrO H3
BO3MOXHBIX 4-GUTOBHIX IBOHYHBEIX YHCEJ. DTH CHMBOJIB, a TaKKe Jie-
CATHYHbIE 3HAYEHHS 4-DA3PSAHBIX JIBOHYHEIX 4YHCeJ IIPHBEACHH B
Taba. 2.1.

Tabauya 2.1. HlecTHanuaTepnuHEe CHMBOIM W NECHTHYRLE 3HaYeHns
4-paspARHbIX LBORYHLIX THCEN

lIecTHa- c B MlecTHa-
Hiene®® | auatepronan | Agpinisoe | Sinoumioe | o | Agcaresoe
0000 Q 0 1000 8 8
0001 1 1 1001 9 9
0010 2 2 1010 A 10
0011 3 3 1011 B 11
0100 4 4 1100 C 12
0101 5 5 1101 D 13
0110 6 6 1110 E 14
0111 7 7 1111 F 15

B cayuae Heo6x0nMMOCTH NpeACTaBIEHHS NBOMTHBIX qHceda, co-
Aepxamux Gojee uweThipex LHGP, OHM PasGHBAIOTCH Ha Tpynns no
HeThIpe ABOMYHHIX Pa3psjia, HAYHHAS € MJANINEro, U KaXkAas Ipyl-



4 Yacrs 1. MukponpoueccopHble CHCTEMB

na 3aMeHsercsl ee IIeCTHaANATEPUUHHM NpeicTaBjeHHeM. Mcnonb3o-
BaHHe 3TOTO NpHeMa AJas H300paxeHHS KaK JaHHLIX, TaK H aapec-
HOH HHQOPMAIHH HJIOCTpHPYeTcs puc. 2.3.

HM3Becten TakXe BOCbMepHYHbIN cnoco6 3amucH ABOHUYHBIX 4Hcel,
IWHPOKO NpHMeHsieMblli B 16-paspaaubix MHHH-OBM u HeKkoTOpBIX
MHKpOMpoleccopax, paspa6oTaHHBIX HAa HX OCHOBE, B KOTOPOM [Jsl
0603Hauenus 3-OMTOBHIX IPyMNM, Ha KOTOpble pa3bHMBaeTCs ABOHYHOE
YHCJIO, HCMOMB3YIOTCH JecsaTHuHble camBoasl (0, 1, ..., 7). Takum
obpasom HauGoJibiee 16-paspsiaHoe ABOHYHOE YHCJO, NPEACTaBsE-
Moe B wecTHaAuaTtepuunol sanucu kak FFFF, B BocbMepHuHO# cH-
creme uMmeer BHA 177777. B panbhefimieM MH GyAeM N0Jb30BaThCS
ulecTHaAlUaTepuyHoii ¢opMoOil mpeicTaBJieHUs] HHGHOPMALHH.

(8) llluna ynpaBasiiOUINX CHTHAJO0B

Srto Habop JAuHUH QA5 nepefauH pasJMYHLIX CHI'HAJIOB, Bhipaba-
THIBaeMbIX MPOLECCOPOM M JApyruMu yctpofictBamu cucreMnu. Co-
CTaB 3THX CHTHAJIOB ONpele/sieTcs THIOM Npoleccopa, H OHH MOTYT
MMeTb caMmble pasHoo6pa3Hnbie GyHKUHH. Te U3 HHX, KOTOpHe ABJA-
I0TCSl BBIXOAHBIMH CHTHaJlaMy Npoleccopa, UCMNOJb3YIOTCA A/ ynpaBs-
JIeHUs - MepechlIKaMH JaHHBIX, a TakXKe B KauyeCTBe OTBETHhHIX Ha
BXOJHbIe YIpaBJSIOUIHE CHIHAJHL.

Bxoaunble ynpasasioulne CHrHajbn OOHIYHO cJayXKaT IJAsi TOTO,
4TOGbl 32CTABHTb MPOLECCOP BLINOJHHTb OMNpeAeseHHble AeHCTBHS,
HJH [/ 3a0POCOB K HEMY CO CTOPOHBI APYrHX YCTPOHCTB. DTO Cie-
JlyIoUHe BHIABI CHTHAJIOB.

Taxroseie cucnaast, Bce mpoueccophl MMelOT BXOAB AJSl TaKTO-
BHIX CHIHaJ/I0B, BbIpaGaThIBA€MBEIX TAKTOBBIM (0OLIYHO KBapleBbIM)
reHepaTopoM, BHIXOA KOTOPOTO HENOCPeACTBEHHO NOACOeAHHSETCH K
npoueccopy. BHyTpeHHHe cxeMHl mpoieccopa OOGHYHO B CBOIO Oue-
peAb BbipabaThiBalOT OAHY WJIH JABe OydepH3HPOBAHHbIE CEPHH Tak-
TOBbIX CHT'HAJIOB, KOTOpPble MOTYyT OBITb HCIOJb30BaHbl APYTHMH YCT-
poiictBamMu cHcteMbl. Ha puc. 2.4 npuBeieHbh TPH THNOBHE CXeMBl
BKJIIOYEHHS TAKTOBLIX FeHepaTOPOB.

Cuenas Ha4AAbHOU YCTAHOBKUW. DTa JIUHHUS CJAYXKHT AJs NpHBele-
HHSI MHKDOMPOLECCOpa B H3BECTHOE COCTOsIHHE, OYAYyYH B KOTOPOM
OH MOXKeT NPHCTYNHTb K BHIIOJHEHHIO Tporpammbl. B pesyabrarte
[ojflaud CHMTHajka HAYaJbHOH YCTAHOBKH B CUETYHK KOMAHJ 3arpy-
JKaeTcsi 3HayeHHe, COOTBETCTBYIOLlee ajapecy MepBOH KOMAaHIbI.

OG6HIuHO B COCTaB CHCTEMbl BXOAHT BHEIIHSS MO OTHOIIEHHIO K
MUKPONPOLECCOPY CXeMa, KOTOpas MNOAJep:KUBaeT JHHHIO Hadajb-
HOH yCTaHOBKH B aKTHBHOM COCTOSIHHH Ha NPOTSIKEHHH BKJIOUEHHs
NHWTAaHHA U CHHMaeT CHTHaJ HAya/JbHON YCTAaHOBKH MOCJE TOrO, Kak
HanpsiXKeHUss Ha BCeX JHHHAX NHTaHHA NPHMYT YCTaHOBHBIIHECH
sHayenusi. KpoMe Toro, B cHcTeMe, KaK NpaBHJO, NperycMaTpH-
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Piuc. 2.4. TenepaTops TaKTOBHIX CHrHAJOB, @ — ofHO(asHoe BHEIIHEe TaKTHPOBa<

HHe; § — BCTPOEHHBIH TI'eHEPaTOpP TAKTOBHX CHTHAJOB; 8 —

(GopMHPOBaHHE HBYyX<

¢33HOI‘0 TaKTOBOI'O CHrHaJia H3 ozmocbaanoro BXOOHOro.

BaeTCs KHONKA HAYaJbHON YCTAHOBKH, NO3BOJSIOUIAsl TIPHBECTH CH-
CT€My B HCXOJHOe COCTOsIHHE Ge3 BHIKJIIOUEHHS NHTaHHS. HMHorna
HMeeTCsl Oy(epH3MPOBAHHBIA CHIHaJ HAYAJABLHOM YCTAHOBKH, C MO-
MOIUBIO KOTOPOTO MOMKET OCYIIEeCTBJSATbCS HHHIMANH3ALHS APYTHX
YCTPOHCTB CHCTeMBI, /Il KOTOPLIX 9TO TpeGyeTcs.
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Cuenaivl ynpasaenus nepectiaxamy OQHHbLX. DTO OJHH HJIH He-
CKOJIbKO CHTHA/ACB, BbipaGaThiBaeMbIX KOMIOHEHTaMH CHCTeMbl AJIf
3aJaHHA HanpaBJ/IeHUil nepefayd AaHHbIX. BBOA JMaHHBIX B MHKpO-
npoueccop 0OLIYHO HA3LIBAIOT Onepalliell YTeHHs, a BHIBOJ — onepa-
uueil 3anucH. MHoraa assi ykasadus BHIIOJNHAEMOH omepamud nepe-

CHUIKH CJIyKHT OJHA JHHHA uTeHus/3anucu (R/W). B stom cayuae
3HaYeHHe CHrHajJa | yKasbiBaeT Ha TO, YTO AOJKHO ObITb NMPOH3BE-
HeHO uTeHHe, a 3HayenHe 0 HHPOPMHPYET O TOM, UTO MPOLECCOP CO-
GupaeTcs BHIIOJHHTH 3aMHCh AAaHHBIX. B Apyrux mpoueccopax ajist
Tex XKe Hejell npuMensiorca Apa curaana: RD u WR (Urenne u
3annuch), 06a U3 KOTOPHIX NPH OTCYTCTBHH MePecHJIOK NpeGrBaloT B
HeaKTHBHOM cocTosiHHH. [lo Mepe HeOOXOAMMOCTH AKTHBHOE 3HAUe-
HHE npuHoOpeTaeT JMIIb OXHH M3 HHX.

Ec/i B cHCTeMe HCIOJIb3YeTCss He OJHH, a HeCKOJIbKO CNocoGOB
ajpecanuu, HeOGXOAUMBI JOMOJHHTE/NbHbIE CHTHAJBI IJIs YKa3aHus
npeKpallleHHs Nepechiiok HHPOPMalHH C MAMATBIO U C YCTPOHCTBA-
MH BBOJa-BHIBOJAA.

Korza mpeaycMoTpeHnl jBa curdana, Hanpumep MEMREQ n
IOREQ (3anpoc INamstn u 3anpoc Beona-BuiBoxa), B J106o# MO-
MEeHT BpeMEeHH B aKTHBHOM .COCTOSIHHH MOXeT OBITb JMIIb OAHH H3
uux. [lpu ucmosbsoBaHuM OXHOW suHHH, Hanpumep 10/M (Bsox-
Buison/[laMsTh ), BUA NEePeCcHIKH JaHHBIX ONpejesseTcs AByMs 3Ha-
ueHHSIMH 3TOr0 curHaja. Dosee moapoGHO pas/uyHble BapHaHTHI
ynpaBJ/ieHHsl MepechlIKaMH - PacCMaTpUBAIOTCH B pasjelne, NOCBS-
ILEHHOM BpPeMEHHbIM COOTHOIUEHHSIM.

CuzHanbl cOCTOARUA. DTH CUTHAJB HECYT HHOOPMALHIO O CTalHH
pa6ouero LHKJIA MHKPOMpOLECCOpa, HMeEIleH MeCTO B JNaHHBIH MO-
MEHT, HalpUMep O TOM, YTO MPOHCXOAMT BbHIGOPKA KOMAaHAB H3 ma-
MSTH.

Cucnarer npepoisarui. OHH 3aCTaBJAOT NpOLEcCOp MpepBaTh
HOPMAJIbHYIO MOCJIeJOBATEJIbHOCTh BBIIOJIHEHHS NPOrPaMMbl H 06pa-
THTBCS K ajpecy, NOCTYNaoieMy U3 BHELIHHX N0 OTHOLICHHIO K MH-
KpONpoLeccopy yCTPOHCTB HJIM HMeomemycs B HeM. Mexanusm
npepuiBaHHUi NO3BOJISIET CHCTEME PearupoBaTb Ha COGHITHSA, MPOHCXO-
ASIIIHE ACHHXPOHHO MO OTHOLIEHHIO K €€ BHYTPEHHHM TaKTOBBIM CHI-
HaJaM K TeKylleMy COCTOSIHHMIO BBIMOJIHSE€MOH NpPOrpaMMal.

Cuenans, ynpasieHus wuxamu. Y HEKOTOPHIX MHKponpoiecco-
POB HMEIOTCS CHTHaJbl, C OMOIIBIO KOTOPbIX MOMKET GBITh CHHXKEHA
CKOPOCTb PabOTHl NPOLECCOpa, YTO MOXeT NoTpe6oBaTbCA, HaMpH-
mep, npu pa6oTe ¢ MeasenHo# namaTbio. [To sTHM cuUrHanam BHION-
HeHHe onepauuil YTEHHsS H 3aMHCH MOXeT OHTb PacTAHYTO NMyTeM
BBEJicHHSI JOMOJHHTEJbHBX IHUKJIOB TAKTHPOBAHHMA HJIH IEPEBOAOM
mpoieccopa B COCTOSIHHE OXHAAHHS, € TeM YTOGH OTHOCHTENLHO
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MELJIeHHO PaGoTAaIOlIHe YCTPONCTBE HMENH NOCTATOUHO BPeMeHH A
BLINOJIHEHHS CBOMX JAeHCTBHH.

Ecau npoueccop uMeer Bo3MOXHOCTh BHCBOGOAHTH WIMHEI M Te-
PeJIOXHTL yNpaBleHHe HMH Ha JApPyroe yCTPOKHCTBO, MJISI OPTraHH3a-
LMK STOH Nepelayn ynpap/ieHHs HeOGXOAMMH MO KpaiiHell Mepe ABa
curHasia. IlepBulii U3 HHX — 3TO 8anpoc Ha NMpefOCTABIEHHE LIMH, a
BTOPO#i — NIOATBEPKAEHHE 3aNpoca, MOJNYYHB KOTOPOE, APYroe yCT-
PO¥CTBO NPHCTYNaeT K NepechliKke AaHHHIX.

OcHoBHble BpeéMeHHble COOTHOLUCHHA

Omepauun, KpaTkO onHucaHHble B NPeXBAYIEM pasjese, IPOHC-
XONAT B ONpPEeNeEHHON N0CAeN0BATENLHOCTH, MEXAY COOHTHSAMH BhI-
AEPIKUBAIOTCA COOTBETCTBYIOLIHE HHTEPBAJH C TAKHM PacueToM, YTo-
Obl 10 HaYaja NepechiIoK MeXAy YCTPOACTBAMH JaHHHE IPHOGpe-
TaJId YCTOHYHBHE CTATHYECKHE 3HAYEHHS. :

Taktbt \ \ \
Crapbini

HoBbiit
appec appec

N

|

WR
Ycranosu-
. ]

JlanHble BWKECH
AaHHbIe

S

]

Beog

Puc. 2.5. LIHKA YTeHHS KAHHBIX.

PaccMoTpuM MHKponpolueccop, pacrofiaralouiuii ABYMs CHIHa-
JaMu AJs ynpasiieHHst nepeckiikaMH: RD u WR. Ecan od gomxen
NpoYeCTb AAHHBIE U3 NAaMATH, TO NEPBOe AEHCTBHE 3aKJ0YaeTcsl B
nojave ajapeca HYXHBIX JAHHBEIX Ha aJpecHyio IuHy. [locae storo
MOXeT ObITb NOAaH curHand Ha JuHHIO RD. CnycTs onpepesennoe
HENPONO/KHTEJbHOE BPEMS, B TeYeHHE KOTOPOTO YCTaHABJHBAETCs
ajapec H JaHHBE Ha IIHHE NPHOOPETAIOT AOCTOBEPHHIC 3HAUEHHS, MX
MOXHO 3a(HKCHPOBATh B DErHCTpPe NPOLECCOPa, KOTOPHI Ha3Ha-
yeH ajpecaToM. AHaJIOrHYHasi NOCAELOBATEIbHOCTh COOMTHE HMeer
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MeCTO M B mpolecce 3anHCH AaHHHIX ¢ TOH pasnHueli, uto wHbOP-
MalMI0 Ha IIMHY JaHHBIX NOMeulaeT npoueccop H 3Ta HHbopMauHs

gin
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C
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WR ——L —
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Brisog
Puc. 2.6, 1luka sanucn nanpbix.
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Yka3aHue namaTi BBO/3-BbIBOAA

JinHwnn Beogumbe BuiBoavMbE
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NO OTHOWEHHWIO K NPoyeccopy)

Puc. 2.7. TunoBas noc/iefoBaTeJNbHOCTh O6MEHAa NAaHHBIMH C NMaMATLIO H CHCTEMOMN
BBOJA-BLIBOAA.

COXpaHsieTcsi Ha IIOHUHE Ha MNPOTAXKEHHUH IefACTBHA ynpasJsiouLero

curiana WR. Ha puc. 2.5 u 2.6 npeacrapieHH THOHYHBIE BPEMEH-
Hbl€ JHarpaMMbl onepauui YTEHHS W 3alHCH,
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- B cucremax c¢ ormenbHoll azpecanueii BBOA-BHIBOAA NPH Bhi-
NOJIHEHHH YTEHHs! W 3aNMCH C yyacTHeM NaMsATH NORaercs, Kpome
TOrO, CHrHaJl, yKasblBalOIIKK, 4T0 o6MeH HHOpMaLHell MPOHUCXOAHT

Tpoyeccop 304 Namars
i
\ E_ S
JuHum peoiiHoro 2
Ha3Hayerpa ADQ—-AD7 5
M) o
3 1 | 16 paspapos
afgpeca
Appechsie nuiun A8—A1S _j
. w® )
R d JlvHnu BanHbIX
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Puc. 2.8. MynbTuniekcupoBaHHe IWHHBI A% Nepefayd aipeca H AAHHHX: @ —
610K-cXema; 6 — BpeMeHHble DHarpamMbi,

HMeHHO ¢ mamsaTbio. Puc. 2.7 uamocTpupyer cuTyauio, xorga auas
YKa3aHHf — C NaMsTbi0 WJM C YCTPOHCTBAMH BBOAA-BHIBOAA — NPO-
MCXOAHT OOMeH HH(OpMauHed, CAyXKHT OAHA CHCHAJbHAs JHHHS H
nocJie YTEHHS! JAHHBLIX H3 NaMATH BBHINOJHSETCS 3alHCh B CHCTEMY
BBOAA-BbiBOAA. TakTOBbIe CHrHAJ/Bl Ha AHArpaMMme He NMOKAa3aHH, TaK
KaK HX YHCJIO H BPEMeHHEle apaMeTphi ONpeJelsioTCs KOHKPETHHM
THIIOM Npoleccopa.
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- Eme onun Meton nepechuiku, KoTopwii 6L KpaTKo YIOMSHYT
BhIIIE, XapaKTePH3YeTCsi HECKONILKO MHBIMH BPEMEHHBIMH COOTHOUIe-
HHSIMH: OH OCHOBAaH Ha MYJIbTHIJIEKCHOM HCNOJIb30BAHUH OJHON IIH-
HBEl J/1 Nepejayd M ajpecos, H AaHHHX., B cucremax, rae 3ToT
MEeTO MPHMEHEeH, HEOOXOJMMBl PErHCTPhl-PHKCATOPHl, B KOTOPHIX €O-
XPaHsAETCs ajapecHasi HHPOPMAUHsA, NOKA [0 aJAPECHbIM JIHHHAM Ie-
penarorcs faHHble. DTH (QHKCATOPHl MOTYT GHITh AHGO BCTPOGHH B
NaMaTh UJIH ApPYrHe yCTPOHCTBA CHCTeMBl, JHGO peasu30BaHbl B Ka-
4€CTBE MOMOJHHTEAbHBIX YCTPOHCTB, CBA3aHHHX € MHKPOINpPOLECCO-
poMm. Takne MuKponponeccopsl, kKak 8085 u NSC800, B KOTOPbIX NPH-
MEHEHO MYJbTHIJIEKCHDOBAaHHE aJPECHBIX IIHH, OOLIYHO KOMILJIEK-
TYIOTCSI Ha6OpaMH COOTBETCTBYIOIIHX YCTPOHCTB, CTPYKTYPHO COB-
MECTHMBIX C NPOUECCOPAMH, KOTOpHE HO3BOJAIT 060ATHCH 6e3 Ao-
TIOJIHUTENLHBIX JIeMYJbTHILIEKCHPYIOUHX CXeM.

Ha puc. 2.8 nokasansl CTPyKTypa CHCTEMH C MYJALTHIIEKCHpYe-
MO WIMHOA M BpeMeHHble AHarpaMMbl ONEepPalMH 4TEHHS AaHHHIX.
Ynpasasiomuit curnan «3anuch B ¢urcarop aupeca (3PA)», ciy-
KalUMi )1 3aNOMHHAHHA afpecHON MH(OPMAlHH, NMOZaeTcs JHUIb
B HayaJle INepechIOYHOH NocaefoBaTeNLHOCTH. BoceMmb cTapuimx
paspanoB ajpeca mpouleccop nepefaeTr MO COOTBETCTBYIOIUHM JIM-
HHAM aJpeCHOH INHHHI B TeueHHe BCEl NMEPECHUIKH, a BOCEMb MJajl-
IIAX HMEIOT MeCTO Ha MJAJIIHX JIMHHAX IIHHB TOJIbKO Ha MNpOTS-
XKeHHH JeHcTBHa cHrHaja 3PA. 3aguum (POHTOM 3TOro CHrHaja
MJIajline pa3psAbl ajpeca 3alHCHLIBAIOTCS B PerucTp-pukcatop am-
peca, BXOJNALUIHHA B COCTaB MaMSTH, NOCJe Yero OKa3nBAeTCs rOTO-
BBIM moJHbIA 16-paspaaublit agpec. Tenepp NpH omepauuu uTEeHHS
auanH ADO—AD?7 craHoBsiTcs JMHHSAMH BBOJA JAHHBLIX, H JaHHbBIE
TePECHIJIAIOTCS MO HUM M3 NaMSTH B IPOLECCOp.

3anomuHalolU e YCTPOHCTBA M pacnpefeneHue NamMaTH

3anomunalomue ycrpoificta (3Y), npuMeHsieMble B MHKPONpO-
LECCOPHBIX CHCTeMaX, MoJApasle/floTcs Ha ABa THNA: HONYCKAalOHIHe
TOJIbKO YTEHHE H JONycCKaloluHe KaK uTeHHe, TaK H 3amuch. [loay-
NPOBOAHHKOBLIE 3Y 060HX THHOB SIBJASIIOTCA YCTPOHCTBAMH C TakK
Ha3blBaeMOH MPOM3BOJIBLHON BLIGOPKO#H, T. €. o6paulenne K J060H uX
siyefike OCyLIeCTBJSIETCS C OAHHAKOBOM JIErKOCTbIO, ofHako 3Y, po-
NycKapuyue TONLKO YTeHHe, IPHHATO HAa3HBaTh NOCTOSHHHIMH
(TI3Y), a nomyckamwolse M YTeHHe, H 3aNHCh, — 3aNIOMHHAIOLUIHMH
YCTPOHCTBaMH ¢ NPOH3BOJbHON BhHGOpKoi# (3YIIB). 3anomunawuiye
yCTPOACTBA Ha APYTHX HOCHTeNAX, HalDHMEP Ha MAaTHHTHHIX JIEHTaX,
Ny3bIPbKOBBIX MArHHTHHX JOMEHaX M THGKHX HHCKaX, KOTOpHe MO~
TyT IPHMEHSATLCA B MHKPOHPOLECCOPHBIX CHCTEMaX AJsi MOCTPOEHHS
BCIIOMOTATE/NbHOH NaMATH, SIBJASIOTCS, HaNpPOTHB, YCTPOHCTBAMH ¢
nocJieloBaTeJbHOH BHOOPKOH, TaK Kak BpeMs, Heo6XoaHMoe AJis 110-
JyYeHHUA HAH SaNOMHHAHHMSA AAHHHIX, 3aBHCHT NPH paboTe ¢ TaKHMH
3¥Y oT NnoJoXeHHs agpecyeMoll 06GJIaCTH MaMSTH. :
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TloaynposoaHHKOBOE 3anoOMHHaOHiee YCTPOHCTBO NpeXCTaBAeT
c060# MaTpHIY: 3aMOMHHAIOIHX 3JEMEHTOB (MJH siueeK), KaxmAbii
H3 KOTOPbIX MOMeT XpaHUThb OAMH OuUT. JluefiKH CrpynmnupoBaHbl B
CJIOBa, KaXj0e H3 KOTOPHIX COAEPKHT OAHH HJH MHOXECTBO GWTOB
H ‘MOXeT GHTh BEIOpAaHO NMyTeM [OJAYH HBOHYHOTO ajpeca Ha HUMEIO-
IHACA B NMaMATH AewlHdpaTop, KOTOPHIH paboTaeT TakuM OOpa3oM,
yTO NpH mojaue JNOGOro azpeca Ha €ro BXoj, OKa3biBaeTcs BHIGPaH-
HBIM ‘TOJILKO OZHO cJjoBo (Jemndparop «l u3z 2%», rae n— YUCIO
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Puc. 2.9. Buifop suefikn naMaTd AelinppaTopoM H NOAKMIOUCHHE €e K JNHHHAM
NEPEChIKH JaHHBIX,

s s S e i g ot B Pt et St e St i et

aJPeCHBIX JIMHHH ). DTOT NPHHUHMN BBIGOPKH HJJIIOCTPHPYeTCH IpH-
MenuTenbHo K [13Y na puc. 2.9. Ecan namats umeer 60/bLIOH 06b-
€M, TO OHa OGBIYHO CHalXKeHa ABYMS JellHdpaTopaMH — CTPOKH H
€T0/1611a, C MOMOLILI0 KOTOPBIX BHIOHpaeTcsl CJOBO, HaXOAslleecsa Ha
nepeceyeHHH BHIGPAHHBIX CTPOKH H croabua (puc. 2.10). Kpome
TOro, Kak NPaBHJIO, HMeeTcss OAHH MJH HECKOJbKO YNpaBJIOIKX
CHIHAJIOB, KOTOPHIM JOJKHO ObITb NPHIAHO AaKTHBHOE 3HAuYEHHeE,
4TO6B 0Ka3aJIOCh BbIOpaHHBIM KOHKPETHOE 3alOMHHAlollee YCTPOH-
c1B0. JIHHHH JaHHHIX Tex 3Y, KOTOpble B JaHHBIH MOMEHT HE Bbi-
6paHbl, npe6LIBAIOT B COCTOSIHHH BBICOKOTO YNPAaBJSIOILEr0 HMIe-
JaHca. :

HOas 3VIIB Heo6XoAMMBI yNpaBJSIOUIHE CHTHAJBL, YKa3blBalo-
LiHe HanpaBJieHHe MEPeCHUIKH LaHHBIX. ITO MOXKeT GBITb JOCTHTHYTO
¢ NMOMOHIbIO OAHOH ympaBasiouie#i HHHH R/W, KOorfa Ha Hee MOAaH
CHI'HAJ BBLICOKOrO YPOBHSl, BbHIGpaHHOE CJIOBO NaMATH MORAeTcCs
Ha JIMHMH JaHHBIX, 2 KOIZa 3TOT CHTHaJl MMeeT HH3KHH YpPOBEHbD,
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AaHHBE, MOCTYMHBIUIHE HAa UIHHY AAHHBIX, 3aHOCATCS B BHIGPAHHYIO
obslacTh NMaMATH, 3aMelllasi paHee HAXOAMBIIHMeCcS B HeH JaHHbIe.
Ilpu Takoii koauposke curuana R/W ero noJsoxuTeJpHEM GPOHTOM
AaHHBIe (PHKCHPYIOTCS B HYxKHO# o6Gaactu namatd. Ha puc. 2.11 no-
KazaHa THIHYHAS MOCJELOBATENBLHOCTb IPOXOKICHHs HHDOpMAaLUH
N0 JINHUAIM apecoB, NAHHBIX H YIPAaBJEHHUSI.

Conepxxumoe B TI3Y MoxeT GHTH 3aHECEHO IPH H3TOTOBJIEHHH
NyTeM MAacOYHOr0 NPOrpaMMHPOBaHHs, eClH 06beM BHIIYCKa AOCTA-

Cnoso Q . Cnoso 7
/ }(/Cnoao 1
i N
{ Cnogo 8 Cnoso 15
I
A5 O—rf !
Ago— |
A% Qi t
{
|
I
{ Cnoso 63
{
|
Azg |
AQO

Puc. 2,10, Bbri6op c/10B B NaMATH ¢ MOMOMIBIO naewndpaTopoB MO IABYM ajpec-
HBIM KOOpJAHHATaM X H Y.

TOYHO BeJHK, YTOGH ObLIM ONpaBAAHBl 3aTpaThi Ha NOCTAHOBKY
9TOro TeXHOJOTHYecKoro npolecca. Ha atane paspaGoTKH CHCTEMBE:,
a TakxXe IPH MaJoi moBTOpseMocTH coiepxkumoro [13Y B pasnuy-
HBIX CHCTeMaX OOGEIYHO NMpPHMEHSeTCs MaMsAThb CO cTupaHueM. IIpo-
rpammupyemsie T13Y (III3Y), comepxkuMOe KOTOPHIX MOKeT GBITh
CTEPTO M 3aNHCAHO BHOBb, OLIBAIOT ABYX OCHOBHBIX THIIOB: CTHpae-
Mble MyTeM YJbTPa(puOJEeTOBOro 06JMydyeHHs] (CTHPaeMble NMPOrpaM-
mupyemble — CIIII3Y) ¥ sneKTpHYeckH MepenporpamMMHpyembie
(371eKkTpHUECKH mepenporpaMMupyeMble — SIHI3Y). CymecTsyioT
Takxe [I3Y, nporpaMMupyeMble TONBKO OXMH pa3 NepexKHTaHHEM
NJ1aBKHX NMepeMBblYeK.

3YIIB 6niBaloT ABYX THIOB: CTaTHYeCKHe H AHHaMHueckue. Cra-
THuecKHe 3Y COXPaHsOT HHPOPMALHMIO, 10KA HA HHX MOAAHO HAMps-
XKeHHe NTHTAHUs; SHEPIrOHE3aBUCHMBIMH, T. €. COXPaHAIOUIHMH HHDOP-
MAaUHIO TIPH BHIKJIOYEHHH HCTOUHHKA [HTAHHS, SBJAIOTCS TaKXKe
3YTIB ua wmanosuepronorpebasiomux KMOIl-ctpykTypax, cHa6-
XKeHHBle BCIIOMOTATe/JbHBIM aKKYMYJATOPHHIM nHTaHHeM. CojepxKu-
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MOe IHHAMHYECKOH NaMsATH NOJIKHO MOABEPraThCsl PereHepalHd ny-
TeM CHCTeMaTHYeCKOM aKTHBH3alMW aJpECHHX JIHHHEH, Ja¥e KOrja
MepechlyIOK JAaHHHIX He MPOHCXOMHT.

B coctaB MukponpoueccopHo#l CHCTEMbl, KakK NpPaBHJIO, BXOAAT H
[13Y, n 3YIIB. 13Y cayxuT Aas XpaHeHHs HEH3MEHSeMbIX Npo-

SELECT R/W

l

AppecHble
WGED

—

—
NuHnu
AdHHbIX
a
Agpec x Aap. x X App.y
SELECT
R/W YTeMMe  zanuce \ 3anucs /: e
Buicoknii AakHbIX no agpecy
UMNef[aHc no agpecy y,
e ——=—= |
BuiBog no nuHuAM  Beog no nuuu- Beisog NO NUHK<
HreHue RaHNbiX AM faHHbIX AM AaHHLIX
AaHHbBIX
no agpecy X 6

Puc, 2.11. OGpauienue K naMmath: a — GJIOK-CXeMa; 6 — BpeMeHHbIe JAHATPaMMB
[OC/Iel0BaTebHO BBHIMOJIHSIEMbIX ONepauuil YTeHHs W 3alHCH.

rpaMMm u nannbix, a 3YIIB — ans pasmemiedust nepeMeHHBIX AaH-
HBIX, NOJIYUeHHbIX NPH BbinoJHeHHH nporpaMmbl. Koraa nas xpane-
HHSl NPOrpaMM NPHMEHSIOTCA 3alOMMHAIOLIHe YCTPOMCTBA Ha JHC-
Kax M JIeHTax, NpOrpaMMhl, NOAJeXallHe HCIONHEHHIO, OOLIYHO Tepe-
cuiatotes U3 HUx B 3YTIB.

JexonupoBanne aapecos

Korga B cocraB cHCTeMB BXOAHT HECKOJbKO 3aMOMMHAMIOLIUX
yCTPOHCTB, HEOGXOAHMO KaKHM-TO CXeMHHIM OyTeM O6ecneyHThb BHI-
60OpKy B JI060# MOMEHT BpeMeHH He (oJjee ueM OJHOIO H3 HHX.
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CooTBercTByloOllan cXxeMa OGHUYHO NpeicTaBaseT coboil femndpa-
TOp, ' NEKOLUPYIOIIKA CTapuine paspsfbl aapeca naMsTH, nocpei-
CTBOM KOTOPBIX 3aJaeTcs pasMelllenHe OTAedbHbIX 3Y B aapecHoOM
NPOCTPAHCTBE CHCTEMbl. DTO pa3fieseHHe NaMATH MOXeT GHTh OIu-
CaHO ¢ MOMOINbI0 AMAarpaMMbl, OOLIYHO Ha3hIBaeMOH KapToi pacmpe-
JeJICHHS TTaMSsITH.

Bydep agpeca Bydep pannbix

g AL <AO—A 10>
T13Y 0000 - 07 FF
. . n3y
3YNB 8000 87FF — * |
11 Agp.nuknit | N
. AD—A10 3
= Y —1 =
3 = =
b | - CcS o
~ =
b = =
2 ROWSEL 3
&
3yna __J
11 Agp. nuHuit
A0—A1Q
—
—‘DO—7——O C—s.
RAMSEL
R/W

Puc. 2.12. Ucnoabsobanue paspsaa aapeca Al5 npu BHO6Ope MHKPONPOLECCOPOM
OAHOrO M3 ABYX 3aMOMHHAIONIAX YCTPOMCTB.

PaccMorpuM He6GoJbLIyI0 MHKDONPOLIECCOPHYIO CHCTEMY, AJS KO-
ropoii Heobxoaumu [13Y o6vemom 2K c HyJleBbIM HayaAbHHLIM aj-
pecoM M jponoJHHTeNbHHH 670Kk 3YIIB o6beMom 2K nas xpanenus
nepeMeHHBIX JaHHBIX.

OnuH u3 cnoco6oB MNOAK/IIOUEHHS 3THX ABYX 3¥Y K aapecHOH
HIMHEe MoKasaH Ha pHc. 2.12. baaroaaps HaJdHUMIO WHBEPTOPA B JiiO-
Goif MOMEHT BpeMeHH MOXeT GbIThb BHOpaH JHIIb ONHH H3 3THX
6sokos. Ilpn A15 =0 Bubrpaerca I13Y, a npu Al5 =1-— 3YIIB.
Tak xak kaxpoe 3Y umeer o6vem 2K, anpeea, jexamye B qHana«
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soune 0000—O07FF, craBsrca B coorBerctBue [I13VY, a agpeca 8000—
87FF .okasniBalorca npuHaanexamumu 3YTIB, OgHako He TOJbKO
®TH ajpeca COCTaBJSIOT ajJpecHoe NPOCTPAHCTBO, B KOTOPOM pas-
mewatorcst [I3Y u 3YIIB-cucremsl.

Paccmorpum nepexon or agpeca O7FF k aapecy 0800. Tak kak
paspaa Alb5 coxpaHser IpH 3TOM HyJIeBOe 3HaueHHE, BHIGPAaHHBIM
no-npexxuemMy ocraercs II3Y,
Takum obGpa3oM, nO BBHIAHHO-
My MHKPOIpOLECCOPOM ajpecy  FFFF TosTopHbii cnoit 3YyNB
0800 umeer mecto AocTyn K Tem 800
ke cjoBaM I13¥, uto u no azpe-
cy 0000. CaenoBare/bHO, fUamna-

300 aapecoB 0800—O08FF oGec- ‘ .
NMeYHBaeT NOJYYEHHE Tex Ke .
¢/10B, 4T0 M Auanazon 0000— ' .

07FF. 210 sBnenue HasuiBaer-  OffF

G «MHOTOCHOMHON YVKJaAKOH»; 8800 Nostophbif croit 3YB

CYTb €ro B TOM, YTO ON{ggHHOG¢  BIFF ' ayns
TI3Y ¢ ero ananasonom agpeco 8000
0000—07FF wecTHaguath pa3 ;ggg TosTopHEti cnois N3Y

«YKJaAbIBaeTCA» B TOH 4YacCTH
a/pecHOr0 MpOCTPaHCTBa, JJs
KOTOporo paspsg aapeca AlS
uMeer 3HaueHHe 0. AmaJjoruy-
HbIM 06pa3oM OKa3BIBAaercs, 4TO
OAHHM H Te Xe caoBa 3YIIB Bu- . .
GupaloTcs B [IHanasoHax ajipe- .
cos 8000—87FF, 8800—8FFF  UFfF MooTopRuf oo 13Y
u 1. 4. go F800—FFFF. Kapra  01fF
pacnpejieNienus MmaMATH Mg o000
paccmarpuBaeMoii  KoHdurypa-
UHH CHCTEMBbl NMPEACTABJIEHA HA  Ppyc. 2.13. Kapra pacnpeiesenns ma-
puc. 2.13. Tono6uass opraHW3a- msTe B cacTeMe, [OKAa3aHHOH Ha
IHsl NaMATH HCHOJb3yeTcs B Of-  Puc. 2.12.
HomJaTHOH cHcTemMe Z80, pac-
CMaTpHBaeMOiH B NPUJIOXKEHHH 2.

Ha puc. 2.14 nokasana cxema AeKoaupPOBaHHs ajpecoB NaMATH,
B KOTOPO# AJisA BbIGOpA OJZHOTO H3 YeTHIpexX GJIOKOB NaMATH HCIOJb-
syercsa Aewudpartop 3X 8 (T. e. HMelOHA TPH BX0Aa H BOCEMb
BbIX0Z0B). CHrHa/l Ha KaxOM u3 BBIXOLOB Aelnndpartopa, npe6si-
Basi B aKTHBHOM COCTOSHHH, BbIGHpaer, Kak II0Ka3aHO Ha cxeMme,
AHanasoH ajapecos 2K B nosie mamaTH, aapecyeMoil npoueccopoM;
nosTomy ABa nepsbix 6/aoka [I3Y He umeloT NOBTOPAIOUIMXCSA CJIOEB.
Baoku 3YTIB uMeior o6bem Bcero no 1K, nostoMy Kakabiil U3 HHX
ABaXKAb ¢urypupyer B AuanasoHe axpecoB 2K, BeiGHpaemoMm co-
OTBETCTBYIOLLMM BbixogoM aewndparopa. Kapra pacnpesenenus

nay
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naMaTH opuBeseHa Ha puc. 2.15. Takoi cnocob Hcnosb3oBaHHsA afl-
pPECHOr0 MNpPOCTPAHCTBA NPHMEHSIETCH B HEKOTOPHIX OAHOMJIATHHIX
MHKpOIBM, takux, nanpumep, kak AIM65 u SDK85.

A15 A12jA11 ABIA7 A4]A3] A0

NRNRENRNANRRAREE .
l

LLL(LL[[(LL \ AaHHbIX
Llewndpatop 3x8 " RO
A10
A9 .
T nay
| 2K
-
0000-07FF ,,Ao
L 1%
A108 1
A
R
\L 2K
AO
0800-OFFF :
00-0 9
| T g
LAs WH
3yna
1K
M A0
1000-17FF o
RD
M A9 o :
3ynp |WR
1K
—1A0
—1FF
1800 -1FFF 9

Puc. 2.14. Mukponpoieccop ¢ 9eTHpbMA GlOKAMH NaMATH.

HNpumenenne M3Y pas nexopupoBaHus aapecos

B HekoTOphIX cucTeMax A/ AEKOAHDPOBAHHS aAPECOB BMECTO
OOBIYHBIX JemindpaTopoB ucnoab3yiores [13Y ¢ niaBKUMU nepeMbliy-
KaMH. B03MOXKHOCTb cONOCTaBJIEHHS BBIXOAHHIX CHTHAJOB TaKo#
JeKoaupyouell cXxeMbl Pa3jiHUYHBIM JHANa30HaM ajpecoB MO3BOJSET
TIOBBICHTh THOKOCTb ajpecallid NaMSATH CHCTEMBl, 4TO HJLIIOCTDH-
pyercs mnpumepoMm Ha puc. 2.16, rae nokasano I[13Y o6bemom
32 BOCbMHpA3PSAHBIX CJOBA, OCYLIECTBJsIOUiee BHIGOPKY G6JIOKOB
JNaMaTy pasHoro o6neMa. »
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Kak u B /1060#i cxeme AeKOAMPOBAaHHS anpecoB, HEOGXOAUMO
obecneyutb, 4TOOL B J1000H MOMEHT BPEMEHH OCYLIECTBJSAIACh
BLIGOpKa He Gojee ueMm ojpHoro GJioka namsaTtu. DT0 03HaYaer, 4To
€AMHCTBEHHEIM JAONYCTHMBIM HA00DOM [4HHBIX, KOTOPHIH MOXKer
6biTh 3aHeceH B 8-paspsanoe aekoaupylowee [13Y, sBasercs cie-
AYIOLIHH:

11 1t FF Hu oaun u3 BHIXOZOB He aKTHBEH
1111 1110 FE :

1111 1101 FD

11 1011 FB

11 ot F7 AKTHBEH OfHH M3 BHIXOJO0B

1110 1111 EF

1101 1111 DF

1011 111l BF
ot 1111 7F

B nannom ciyyae anHHA BHIGODKHM CYHTAeTcs HaxoAsilefics B aK-
THBHOM COCTOSIHMH, KOrZa ynpasasiwowuii cursan Ha Heit (YC)
HMeeT HM3KHH ypOBeHb. FFFF

OcoGennocrn

(YHKUHOHNPOBAHHUS

AHHAMHYECKOH namsTH ? ?
Ina npenorspaiieHnsi nore-

PH JAaHHBIX COLEPKHMOE HAUHA-

MHUYECKO# naMATH [JOJKHO fo-

CTOSIHHO pereHepHpoBaThCs.

3HaueHHs [JaHHBEIX B KaXAoi

Aueiike Takoil namsaTH omnpene- 2000

JAIOTCST  3apANOM  BHYTpeHHeil D noBTOPHB GO

€MKOCTH fYeHiKH, KOTOpas, Kak D

npaBujo, COCTOHUT H3 OJHOr0O C NOBTOPHLIA cnoi

TPaH3UCTOPA, YTO CO3LAeT Npel- c

NOCHIIKH AJsl CO3[aHust 3alIOMH- B

HAIOUIHX YCTPOHCTB ¢ GOJBILOMH

NJIOTHOCTBIO XPaHEHHs!, BBICOKHUM A

GLICTPONEHCTBHEM H MasbIM pac- 0000

cesiHneM MolHocTH. Perenepa-

Puc. 215, Kapra pacnpegenenns nas
He-
LAs HeOGXOMMMa LIS momoaHe MSTH C NOBTOPHHIMH CJOSIMH ajpecas

HH5l 33PSNOB, YOLIBAIOUMX H3-33  nuy 6rokos 1K, BXOAAIHX B COCTAB

HaJ/IH4us yTeyek. CHCTEMbI,  KOTOpag  [I0KasaHa  Ha
Hna anpecauun auHaMuue- pHc. 2.14.

ckHX 3Y OO6BIYHO HCIOJNb3YyeTcs

MyJIbTHNVIEKCHPOBaHHE aJPECHbIX JIHHHH; afpec npH 3TOM JOJKeH

NPEACTABJAATLCS B BHAE HBYX COCTaBHHIX yacTeff. C mOMOLIBbIO ABYX

CTPOGHDYIOUINX  CHrHANOB — CHTHAJa 3allMCH  ajpeca  CTPOKH

(RAS) =u curuana sanucm agpeca croabua (CAS)— aapecuas

He ucnonbayerca
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Al5

(T TIIIIIIIT]

AnpecHute

antien

N3y 32x8

NuHun

AdkHpx

L——5 C37 buibupaer 2K agpecor

- CST pwibupaer 4K agpecos

> CS2 buibupaer § K agpecos

L—— - TST buibupaer 2K appecos

S ———
—

He nenonsayored

Ananason agpecos npoueccopa  Agpeca N3Y 32x8  Mlauubie & N3Y 328

d000 - oree 0 - 11111110 - FE
0800 ~ OFF o1
1000 ~17FF 02l = 11111101 - Fp
1800 - IFFF 03
2000 —27F o4l _, B
2800 ~ 2FFF 05 11111011 ~F@
3000 —~37FF 06
3800 —3FER 07 - 110111 = F7
4000 ~FFFF | 08) _ _
IF 1111111'1
Cst

Puc. 2.16. Tpumenenue [13Y ana BHOOPKH 3aNOMHHAIOLHX YCTPONACTB B MHKpO-
PPOLECCOPHO# CHCTEMe.

uHbopMauua GHUKCHpyeTcs B naMmsaTdH. AJpec CTPOKH OGBIYHO Npen-
craBisfer cobok MJaulyl0 MOJOBHHY MOJHOrO ajpeca, a anpec
cT0/16Ua — CTapllyl0 HOJOBHHY. [Jis mepefaud aipecoB CTPOKH H
CTOJI6UA B HYXKHOH NOCJHEIOBATENBHOCTH MEXAY aAPecHOH WIMHOH
npoueccopa’ ¥ AAPECHBIMH JIHHHAMH JAHHaMuuecKoro 3Y yCTaHaBs
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JMBAeTCs MyabTHNJIEKcop. [lepenaua uHQOpMauUMH NPOMCXORHT
OOBIYHO B CJI€AYIOLLEM MOPSAKE.

Ha azpecune aunun namaru nocrynaer aapec crpokn. Curnans
RAS 1 CAS nepsonauaibHo HMeIOT BHICOKUil ypoBenb. Curuan RAS
NPpHHHMAET HU3KMA ypoBeHb AN (HKcauuu anapeca crpoku. [Tocne
HEe6OJBIION 3a4ePKKH HA aJpecHble JMHHH NOAAeTCs aapec CTOJG-

la, u ANA ero 3anucy NpUAaeTcs HHU3KHA ypoBeHb curHany CAS.
Ecnn ocymecrsasercs urenue MHpOpMAaUuMH M3 NaMATH, TO MOC/eE
00paboTKK ajapeca NEKOLUPYIOUIHMH cXeMaMH Ha Bmxoze 3Y no-
ABJIAIOTCA HaHHBIE.

B cayyae sanncu nncdbopmamnn LOMKHEI UMETh MECTO JOCTOBEp-
HbIE€ BXOAHbIC aHHblE H B T€YEHHE HEKOTOPOIO BPEMEHH MOCJe OKOH~

yanus curiana CAS npolosikaer cOXpPaHATbCS AKTHBHOE 3HAYEHHE
CHrHana paspemenns 3anucu. O6paTHTe BHHMaHHe, YTO OLHOBpe-

MEHHO C aKTHBHBIM cocTosiHHeM curHaaa CAS mpomoaxkaer coxpa-
HATb HHU3KHH ypoBeHb curHas RAS. JloBosibHO uacto curHan CAS

bopmupyercs us currana RAS ¢ noMombio cxeM 3ajiepxKH, KOTO-
Pbl€, KpOME TOro, ympaBJsiOT 3aMeHOH anpeca CTPOKH Ha aapec
CTON6UA B MHTEpBaJe MeXJy OTPHLATEJbHBIM IepenajoM CHrHaaa

RAS u TakuM e uaMeHeHneM curHana CAS, [TocTpoenne cxembl
YUPABJEHHA C HCNOJb30BAaHHEM 3THX NPHEMOB HIUIIOCTPHPYETCH
puc. 2,17, OTMeTHM, Y4TO Ha 3TOH cXeMe He N0Ka3ano, Kakum obpa-
30M Ha aJIpeCHYI0 WIHHY NOAAIOTCA aJpeca pereHepaiy.

Perenepauus BuimosHseTcss Kaxablii pa3, Koria NPOUCXOAHT YTe-
HHE MMM 3a0uCh JaHHBIX. OJHOBPEMEHHO. DEreHepHPYIOTCH Bce
AYEHKH, COOTBETCTBYIONIHE OTHEJbHOMY ajpecy CTPOKH (xpoMe TOH
AYEHKH, COLEpPKHMOe KOTOPOH MOABEPraeTcsi M3MEHEHHIO npu BHI-
NOJIHeHHH 3amucH). KpoMme TOro, BHIMOJHSIOTCS AONOJHHTENbHBIE
LedCTBHA N0 pereHepanuH, 4To6bl 06ecneuuTsb YBEPEHHYI0 CHCTEMA-
THYECKYI0O pereHepaluio BCeX siY€eK ¢ NMEePHOJOM, KaK NpaBuJo, He
MeHbIIUM, ueM 2 MC.

OGblYHO TeM MM HHBIM CNIOCOGOM OCYIIECTBJSETCH MOCHEN0BA-
TEeJbHBIA NMepeGop aipecoB BCeX CTPOK, B XONe KOTOPOTrO NOXAETcs

ToabKO curHan RAS. Tlpoucxoaur sTo B Te npoMexyTKH BpeMeHH,
Korja mpoueccop He ofpaumiaercss K AuHaMHuecKod namsitu. Jast
peanusanus NAaHHOH NMPOLEeAypH NPHMEHHTENLHO K CXeMe, MOKa3aH-
HOH Ha puc. 2.17, HeOGXOAUMBI JONMOJHHUTE/bHBIH MYJILTHIIEKCOD
W 7-pa3psiAHbI NBOMYHBN cueTyrk. Elle HEKOTOpHE AOMONHHUTENb-
HbIE JIOTHYECKHEe CXeMbl TPeGYIOTCs AJIS TOro, YTOGH NpPEeaoTBPATHTH

BBIpDaGOTKY curHana CAS w3 curHana RAS u mosnHOCTbIO ‘6J10KHO-
BaTh NeHCTBUS N0 PereHepaliy, KOria K NaMaTH o6paliaercs MHK-
ponpoueccop.

Muxkponpoueccop Z80 cHa6xkeH cpeACTBAMH, YIPOLIAIOIWHMH CO-
NpsXKEHHe C NMHAMHMYECKOHA NaMsTbio. B HeM HMeeTcsi BHyTpeHHHH
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Prc. 2.17. a — oprannsauus CHCTEMH C AHHAMH4YECKOR MAMATDLIO; 6 — ynpollen-
Hasl BpeMeHHAs AuarpaMma,
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pereHepauHOHHLI PEruCTp C aBTOMATHYECKHM HHKDPEMEHTOM, CO-
HepXKHUMOe KOTOPOro MOA2ETCA Ha aJpecHyl0 UIHHY KaXKIblii pas
nocJsie UHK/IA BEIGODKH KOMaHIb (WJIH 5KBHBAJEHTHOTO eMy HHKJa
B KOMaHAaxX ¢ GJOYHOH mpouenypoil BhmoJHeHus). Curman RFSH,
CTyXaWHH ISl yKa3aHHA MOMEHTA BBIAAUH PereHepallHOHHOrO aj-

peca, MOXeT OHITb HCIOJb30BaH AJs AKTHBM3aLMH cuHrHana RAS

H GJOKMPOBAaHHA BHPaGOTKH cHrHaja CAS. JlONOJHHTENbHOTo
MyJbTHIJIEKCOPA He TPeGyeTcs, TaK KaK ero (pyHKIHH IO CYLLEeCTBY.
peasn30BaHBl BHYTPH IpoLEccopa.

Mukponpoyeccop

Hoctyn X BHYTpeHHHM cxeMam MHKPONpPOLECCOPA € LENbI0 Ha-
G/IOJeHHs JIOTHYECKHX 3HAYEHHH H (DOPMBI JIOTHYECKHX CHTHAJIOB,
4 TaKxe JIJ51 YCTPaHEHHs HeHcnpaBHOCTeH HeBo3MoxeH. QJHAKO
HEOGXOAHMO 3HATh €ro BHYTPeHHee YCTPOHCTBO H ($YHKUHOHHpOBA-
nue. [Ipexae ueM NPHCTYNHTb K H3YYEHHIO BHAOB OTKAa30B H CIO-
COGOB BBISIBNIEHHS! HEHCIPABHOCTEH, CJaelyer pa3ob6paTbcd, Kak pa-
6oTaer MHKpPONPOLECCOP NPH HX OTCYTCTBHH. B atom paszene omu-
ChIBAaeTcs 061lasi CTPYKTypa MHKPOIpOLECcopa, ero (GyHKIHOHHPO-
BaHHE, & TaKXe HCNOJb30BAHHE XPAHSLINXCA B NAMSATH JBOMUHBIX
UHCEJ B Kau€CTBE IOC/IENOBATENbHOCTH KOMAaH/, KOTOPYIO OH MOXET
HCHOJIHSATS,

Muxkponpoleccopsl NpeacTaBAAIOT 060k nudposble GoJblIne
nHTerpasbHble cxeMul (BMC), npeanasnauennble a/s BHINOJHEHHS
OTHOCHTEJIbHO NMPOCTHIX ONMEpalHii, HHAYe HA3bIBAEMBIX KOMAHIAMH,
KOTOpbI€ CHUHTLIBAIOTCA H HCIOJHSIOTCH NOCJAEAOBATENBHO C 6OJib-
WOH ckopocTblo. K uMCly BHyTpeHHHX cxem MHKpoOIpoleccopa
OTHOCATCSI MHOTOPa3psAHbIE PETHCTPHI, MapaJliesbHble TPAKTHl AaH-
HbIX, Oydepsl ANs NOAKJIIOYEHHS BHEIIHHX YCTPOHCTB, MHOro¢yHK-
LHOHA/IbHbIE CXEMBI, JIOTHYECKHE CXEMbl CHHXDOHH3aUHH H yIpaB-
JIeHHsl. MHOrOGYHKIHOHAJIbHBIE CXEMbI NPeIHA3HAYEHbI /5 peaJu-
3alHH MPOCTHIX apHPMETHUYECKHX M JIOTMYECKMX JeHCTBHI Hafx
ABOHYHBIMH YHCJIaMH, HAXOASILUMMHCS B PErHCTPAX NMPOLECCOpa, U Me-
PECHIJIOK NaHHBIX KaK BHYTPH POLECCOpa, TaK H MEXKAY HUM H BHEI-
HUMU ycrpoiicTBaMu. CXeMBl CHHXDOHH3AUHH M YIPaBJIeHUS 3a1a10T
NOPSIIOK AEHCTBHH NpoLeccopa, AJMsS BHIIOJHEHHS ¢GyHKIHA cHHXpO-
HH3aUHH MM HEOGXOJAMMBI TOCTOSIHHO MOCTYNAIOUIHE TAKTOBLIC HM-
NYJbCHL

Kaxknas onepauus BeloJHseTcs B onpeneseHHON nocsnenoBa-
TEJIBLHOCTH B TEYEHHE HECKOJIbKHX LHKJIOB CHHXDOHM3ALMH, KOJHUE-
CTBO 3aBHCHT OT CJOXHOcTH onepauud. CojepxaHue onepauuii
ONpEAe/ACTC KOMAHAAMH, T. €. HHYOPMAUHOHHBLIMH CJOBAMH, NpH-
HUMAEMLIMH MHKDONPOUECCOPOM B DErHCTP, HA3LIBAEMBIH pern-
CTPOM KOMaHA. OTH CJOBA NOCTYyNAalOT Ha JewnppaTop, CBA3aHHHA
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C ynpasasiolleli JIOTHKOH, KOTOpasi. yCTAHABAMBAET THII onepanuy
H BEINOJHSET ee. Co

B 8-6GuroBoM. perucrpe Komang MOXET HAaXOLHTbCA OJHO H3
256 pasmuuHbix uncea (ot 00000000 o 11111111 = JABOUYHOM
npeacrapnenny, T. €. or 00 no FF B wecrnaauatepuusom); TaKHM
06pa3om, 8-pa3psiaHbiil’ MHKpOIpoeccop B oGILEM CJyyde HMEeT
256 pa3auuHbIX KOMaHZ. Muxkponpoueccop Z80 u ero anasioru ss-
JAIOTCA B ITOM OTHOMIEHHH HCK/IIOYEHHSMH, TaK KaK KOAB HEKOTO-
PHX HX Oomepauuii HMEIT IJIHHY HeCKOJAbKO 6alTOB (IS MOJHOIO
ONpEACJIEHHs] OoNlepallHd B 3TOM CJAydYae HeoOXOZHMO UTEHHE H3 na-
MATH GoJiee yeM OJHOro 8-6UTOBOrO qHcaa).

Cnoco6HOCTb BLINOMHATL MHOMXKECTBO PA3JIHYHBIX onepauui B Mo-
CJI€l0BATEIbHOCTH, KOTOPYIO 3aJaeT MO0JAb30BATENb C IOMOILbIO
A2HHDbIX, pasMellaeMbix BO BHEUIHEH NaMATH, AeJaeT MHKPONpPOLEC-
COp MOLIHbIM- H. THOKAM HHCTPYMEHTOM. JTa cnoco6HOCTb He siB-
JIACTCH, OAHAKO, NPHHLHUNHAJIBHO HOBOH ANl LH(PPOBHIX yCTPOHCTB,
TaK KaK MOXKHO CYMTaTh, YTO MHOTHE H3 TAaKHX YCTPOHCTB yXKe MpH
CPEAHEM YpOBHE HHTErpallMH AONYCKAIOT peasH3alluio OrpaHHuYeH-
HOro yHesa KoMaHp.

Paccmotrpum, Hanpumep, ABOHYHHI PEeBEPCHBHLIA CYETYHK C Ha-
YaJbHO# ycTaHOBKOH. MOMKHO CUHTATh, YTO OH npejcrasaser coboi
YCTPOHCTBO, BHINOJHSIOLIEE TPH ONEPALMH B 3aBHCHMOCTH OT 3Ha-
YEHHH JBOMYHBIX CHIHAJOB, YNPAB/ISIOWMX HAaNpaBJleHHeM cCueTa
H HaYa/JbHOH YCTAHOBKOH C/eJyIOIIHM, HanpuMep, o6pasom:

00 — cuer Ha BhiuHTaHMeE;

01 — npe6uiBaHHe B HAYAIBLHOM COCTOSHHUH;
10 — cyer Ha npubasnenue;

11 — npeGriBanye B HAYAJLHOM COCTOSIHHH.

f[:(Hpu €JHMHHYHOM 3HAYEHHH CHIHAJa ynpapJeHHs HalnpaBJjeHHeM
CYeTa OCYyIIECTBJSETCS CYeT Ha npubaBjieHHe, a NPH EAHHHUYHOM
SHAYEHUH CHTHAJla HayajJbHOH YCTaHOBKH COXpaHAeTcs HayaJabHOE
COCTOSIHHE CYETUHKA.)
. IlocnenoparenbHocTs 3HaueHuil, NPHHUMAEMbIX 3THMH GHTAMH
B COYETAHMH C CepHel HMIY/IbCOB, MOCTYNAIOLMX HAa BXOA TaKTHPO-
BAHHSA, ONpeNe/AeT NOPAAOK PaGOTHl CXEMbI MO NOACYETY BXOAHDIX
CHTHAJMOB. 3HAYHT, 3Ta NPOCTas CHCTEMA MOXKET BHINOAHATh
«KOMAaHIbI», OAHAaKO OHa He cnocobHa BLIGHPATh HX H3 NAMSATH.
O6o6uwiennas cTpykTypa MHKDOINpOLeCCOpa, COOTBETCTBYIOINAS NpH-
BEJICHHOMY BhbILIE ONUCAHMIO, NpHBEJEHa Ha puc. 2.18.

bBousee neranbHass KapruHa opraHH3auHH MHKpOTIpoLeccopa
BK/IIOYAET aJIPeCHYI0 WIMHY M DETHCTPH AJAH XPaHEHHs ajpecHoit
HHpopMauuu. B 8-pa3psaHHX MHKpONmpoleccopax STH PETHCTPHBI,
KaK NpaBuNIO, MMeOT 106-paspsannii ¢dopmar, Hx 3arpyska mpo-
H3BOMMTCS 110 BHYTPeHHeH 8-paspsiHON IUMHE AAHHLIX B JBa
npHema. C ajpecHOli WIHHOH OOBIYHO CBSA3AHH TPH perucrpa: cyer-.
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unk koMana (CK), ykasaTenr creka (YC) n perucTp appeca
(PA). :

Cuerunk Komann ucmosb3yercst B mpoueccope ais yKa3aHus ag-
PECOB, N0 KOTOPHIM B MaMsTH HAXOMATCH KOMaHIH; NOCAE CYUNThI-
BAHWS KaXNO0f KOMaHLbl aBTOMAaTHYECKH NPOH3BOAMTCS €ro HHKpe-«
MeHT. UTo6H paspaBoTUMK CHCTEMB MOr pasMecTHTb 1NépBYIO

BHyTpeHnan wuHa AanHbIx }
Perncrp

Pervcrpbl KOMaHg

et——]
et —
MHorodyHKi U Dewundpa-
| OHansHOE TOP KOMaHg
apuPMeTHKo-
t— norunyeckoe —
ycTponcTao

Tarroseift '& T * f

reseparop
E—E MuoropyHKyMoHansHoe
- YCTPOCTBO CHHXPOHW3AUNK U ynpabneHua

Puc. 2.18. YKpynHeHHasi CTpyKTypHas cxeMa MHKpOnpoLueccopa.

KOMaHALy NpOrpaMMbl MO ONPEeAeNeHHOMY aipecy, NpPH NOAAUYE CHI
HaJla Hava/JbHOH yCTAaHOBKH B CYETYHK KOMaHA 3arpyxkaercs (k-
CHpoBaHHoe 3Hauenue. Ilocne sroro mo aaHHOMY ampecy Moxer
ObiTh CuUHTaHa NepBas KoMmaHaa nporpaMmbl; OOBIYHO ITOT HCXOX«
HbIA aapec otHocures K I13Y.

B nekoropsix npoueccopax 3arpyska HayaJbHOIO 3HAaYeHHs
B CYETYHK KOMaHA BHINOJHAETCA aBTOMATHYeCKH. B KauecTme npu-«
Meépa HasoseM MuKponpoueccop 8080 u ero aDXHTEKTYDHHIE aHa«
JIOTH, B KOTOPBIX YCTaHABJMBAETCsl HYJEBOH HAYaabHbri ajpec.
B npyrux npoueccopax sarpyska cuerumxa KOMaHJ NPOH3BOAMTCH
M3 IBYX QUKCHPOBAHHLIX 06JaCTell MaMsTH, 4TO Raer paspaboTunxky
CHCTEMbI BO3MOXKHOCTb BHIGOPA NPH pa3MelleHHH NporpaMMsl B na«
MATH. Mukponponeccop 6502 noayvaer HauaspHbIN axpec u3 fAyeeK
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FFFC u FFFD, a wmukponpoueccop 6800 — u3 sueex FFFE u
FFFF. ) -
ABToMaTHYECKUlI MHKPEMEHT CYeTYHKa KOMaH obecneynBaeTr Hx
nocseaoBaTeNbHOE 4YTEeHHe M3 NaMaATu. JloNoJHUTe/NbHAs THGKOCTh
B HCMOJIb30BAHHH CYETYHKAa JAOCTHraeTrcsl ¢ MNOMOLIbI0 KOMAHA H
BXOAHBIX CHTHAJIOB, NOCPEACTBOM KOTOPLIX B HEro MoryT GbiTh 3a-
HECeHbl HOBLIE 3HAYE€HHS M TeM caMbiM H3MeHEHa NocJel0BaTefb-

3aHeceHne pukcupo-
BAHHOTO 3HAYEHNA
B CYeTYUK KomaHg (CK)

Boibopka Komangbl
no agpecy,
ykadanHomy CK Uuxn
BbI6OPKHK =

/ WCNONHEeHUA

-

Bbinonkenne komaHgb!

(nocne ero 3apepuweHus
CK copepwut agpec
cnegyoued Komangbl)

Puc. 2.19. Mukponpoueccopubili KA BHGOPKH-HCIOMHEHHS.

HOCTb BBHINOJIHEHHSA KoMaHI. B pe3ysbrare CTaHOBHTCS BO3MOXHOIM
OpraHu3alHs NPOrPaMMHBIX LHKJOB, obpameHHe K NPOH3BOJbHBIM
yuyacTKaMm nporpaMMhbl M K JAPYTHM IpOrpaMmaM, KOTOphI€ CJIyXKaT
ANl 06paGOTKH TaK Ha3blBaeMbIX MpepbIBAHHH, MNPOHCXOAAIIHX He
BCEra CHHXPOHHO C TAKTOBBIMH CHTHAJlaMH IIpolieccopa.
Mukponponeccop He TOJNbKO CUHTHIBAT KOMAaHIy, HO JIOJIKEH
A BBHIIOJIHHTL €€ Nepejl CYUMTHIBAaHHEM CJeAyiolledl. DTa mocJjesoBa-
TeJIbHOCTb J€HACTBHH, KOTOPYIO Ha3bIBAIOT ILHKJIOM BbIGODKH-HCIOJ-
HeHHs, NoKasaHa Ha puc. 2.19. Peructp ykasatenss cCTeKa CIOYXKHT
Ana ykasanus anpeca 3YIIB, no koropoMy MoxeT GbITb BpPeMEHHO
pasMelleHO COAEPKHMOE INPOLECCOPHOrO perHcTpa. 3HaueHHe yKa-
3are/id CTeKa aBTOMATHYECKH MOJBepraercs HHKPEMEHTY H JHeKpe-
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MEHTY B 3aBHCHMOCTH OT TOrO, 3alHCHIBAIOTCS MJIH CUYHTHIBAIOTCSH
JaHHBle II0 yKa3bBaeMOMY ajpecy. 30Ha IaMSTH, HCHOJb3yeMmasi
KOMaH/1aMH, KOTOpble€ BHINOJIHAIOTCSA C [IPUBJIEYEHHEM yKa3aTenst CTC-
Ka, Ha3bIBaeTCs CTEKOM M (YHKIHOHUPYET MO NPHHLUHNY «IOCJAEIHAM
3alMCaH — NepBbiM cuuTaH». [Ipn HanMcaHu# nporpaMmm, coiepxa-
IIMX KOMaH/Ibl 3allUCH M YTEHHs CTeKa, OOBIYHO Ha3biBaeMbie COOT-
BETCTBEHHO 3aHeCeHHeM B CTEK H M3BJeueHHeM M3 CTeKa, HeoGX0AHMO
obpalaTh BHUMaHHe, YTOGbl KOJIHYECTBO KOMaHZ OGOMX THIIOB GbIJIO
c6aslaHCHpPOBaHO.

[Ton neficTBHEM HEKOTODEIX KOMAaHX H CHCHAJIOB COAEPKHMOE
[IPOrpaMMHOTO CUETUHKA «3aTAJNKHBAETCH» B CTEK, YUTOOBI COXpPaHHTb
ajpec OuepeAHO KOMAaHAL B IOCJAEJOBATEJIbHOCTH, €CTECTBEHHbIH
XOA KOTopoil Hapymaercs. KoMaHAB, NpPH BBIMOJHEHHH KOTODBIX
HMEIOT MEeCTO CTeKOBLle OlepalMH, Ha3bBalOTCsl KOMaHAaMH o6pa-
LIeHUA K NOANPOrpaMMaM; OHH IIO3BOJSIIOT HEPeXOAUTb K IIHPOKO
HCIOJb3YEMbIM CTaHLAPTHHIM IPOrpaMMaM H3 pa3/IHUHBIX ydacTed
OCHOBHOH IIPOrpaMMBbL

Curnanbl, HHHLMUPYIOLIHE MAEHCTBHS CO CTEKOM, Ha3LIBAlOTCH
CUTHAJIAMH TIpepbIBaHMiH; ¢ HX IOMOILBIO NEPeXoAbl K NOINpOrpam-
MaMm OCYLIECTBJSIIOTCA I1OJ BJMAHHEM ONpeldeJeHHBIX COObITHH, mpo-
HCXOAAIHX aCHHXPOHHO M0 OTHOLIEHHIO K BLINOJHAEMOH NporpaMmme,
B npouecce obpamenuss k nmopmporpamme HiH 06paboTKH Mpephl-
BaHHS B CYUETYMK KOMAH] 3aHOCHTCS HOBBIH ajpec KomaHAbl. Tenepb
BLINIOJIHSAETCS] NporpaMMa, HauvHaKINAasAcs ¢ 9TOro ajpeca W 3aKaH-
YMBAKLIAsC TAK Ha3biBA€MOH KOMaHJOH BO3BpaTa H3 MNOANPO-
rpaMMmbl, IOCPEACTBOM KOTOPOH XpaHsIueecsl B CTeKe 3HayeHHe IPo-
rPaMMHOrO CYETYHKA «BLITAJKHBAETCS» H3 HEro, mocje 4yero Bo300-
HOBJISIETCSI BBINIOJIHEHHE NPEPBAHHON NpPOrpaMMHOH MOCJeN0BaTe/b-
HOCTH.

Ecin npoucxoauT 3aHeceHHe B CT€K HJHM HM3BJEYCHHE H3 HEFO
3HaueHn# 16-paspsaaHbIX c/I0B, A/ KaXKAOH TaKo# omepauuu HeoO-
XOIHMBl JIBE NepechiJKH AaHHBIX. Korna Heo6X0AHMO OCYLIECTBJSTh
nepefayy AAaHHBIX MEXAY NpollecCOpoM H O6JacTIMH NaMSATH, af-
peca KOTODHIX HE HAXOAATCS HH B CUeTYHKe KOMAaHJ, HH B yKasaTeJe
CTEKa, HCOOJb3yeTcss perucTp aapeca. TeM caMbiM pacIIHPAIOTCH
BO3MOXKHOCTH Npoleccopa MO 3aNOMHHAHHIO H U3BJIEYEHHIO JAHHBIX
u3 namsatd. MHoraa O6bIBalOT NpefycMOTPEHBl CPEACTBa 3arpyskKH
COAEPKHUMOTO B 3TOT PEFHCTDP U3 JPYTHX PErHCTPOB.

Ha puc. 2.20 npusejena Gosee noapoGHasi cxeMa MHKPOMpoOLec-
copa, Ha KOTOPOH TOKa3aH BBLIYHCJAHTENbHBIH OJOK Hapsily c pac-
CMOTPEHHLIMH BBIllie aJpPecHOH INHHOH H perucTpamu 06paboTKH
uudopmanud. K ux yueay ornocurest apHMeETHKO-JIOTHYIECKOE YCT-
poiicteo (AJIY), npeacrapieHHOe Ha cXeMe BMeCTE C OJHHM H3 pe-
THCTPOB 0O6llero HasHauyeHHsl, OTHOCHTENbHO 60Jiee TECHO B3aHMO-
Aeiicteyiomum ¢ AJIY, KOTOpBIi Ha3biBaercss aKKyMYJATOPOM HJH
peructpom A. B HeM 06blYHO Pa3MeIAIOTCH Pe3yJbTaThl apHbMe-

3 [HOx. deprycon u zap.
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Prc. 2.20. Crpykrypa MuKRponponeccopa.




TnaBa 2. MHKpOMPOUeCCOPHHE CHCTEMH DY ¢

THYECKHX oNepauuil, aHaAOTHYHO TOMY KaK 3TO NPOHCXOXHT B pe-
FHCTPe pe3y/bTaTa KapMaHHOIO KaJbKYyJsATOpa.

Eme oaun perucrp, oObIYHO CBSI3aHHBIA C BBIUHCJIHUTENbHBIM
6/l0KkOM MHKponpoueccopa, — 3T0 peructp ¢uaaros. OH COCTOHT H3
HEeCKOJIbKHX He3aBHCHMO YNPaBJeMbIX TPUITEPOB, KOTOpHE, GyAyuH
YCTaHOBJIEHBl B €JIHHHYHOE COCTOSIHHE, YKAa3blBAalOT Ha pasiuyYHbIEe
NPU3HAKH pe3y/bTaTa, TaKHe, HaIpHUMep, Kak

— PaBEHCTBO pe3yJbTaTa HyJIO;

— 3HaK pe3ysabTara (MOJOXKHTEJbHBIH WJIHM OTPHLATENbHEI);

— YETHOCTb CyMMBbl ABOHYHBIX IU(P pe3ysnbrarta (4YeTHass HWJH
HeueTHAas);

— HaJIHYHe mepeHoca W3 CcTapliero paspsiia ujd 3aemMa B 3TOT
paspsn.

3arpyska HeKOTODHIX PEerucTpOB npoleccopa, o6paboTKa HX CO-
AepXUMOTO U NEePechliKa AaHHBIX M3 HHX B JAPyrHe PErHCTPhl MOTYT
OCYILECTBJATbCH C MOMOIIBI0O KOMAHJ NpPOrpaMMbL IDTO TaK Hasbl-
BaeMble I0JIb30BATEJNbCKHE DEerucTphl. Jlpyrue perucTpel HexoCTym-
Hbl NpOTrPaMMHUCTY H HrpaimT pojb OybhepoB AJs BPEMEHHOrO Xpa-
HeHUs HHPOpMAaLHUHU.

Pa6ora MHKpomnpoueccopa

Yro6bl ONHCATh pPa3/juyHbBle KOMaHAbl, XapakTepHble AJs 8-pas-
PSAAHBIX MHKPOIpOLECCOPOB, HEO6X0AUMO GoJiee MOAPOGHO PaccMoT-
peTb OMHCAHHBIH B INPeAbIAYIIEM pasjesje LHKA BHOGOPKH-HC-
HoJHeHUst, DTH KOMaH[Abl OObIYHO OBIBAIOT TPeX (OPMATOB: OAHO-,
nByx- M TpexGakitoBhie (xora Z80 u ero GoJee NO3AHHE BEPCHH
pacmoJiaralotT cJerka paclIMpeHHBIM Ha6opoM ¢OpMaroB 3a cuer
BO3MOIKHOCTH HapalUBAHUS JONMOJHHTENbHBIMU OaiTaMH MOJsS KOLA
onepauuu).

CaMBIMH NPOCTHIMH SABJISAIOTCS KOMAaH/IbL, NPH BBHIIOJHEHHH KO-
TopblXx o6pabaTbiBaeTcss MHPOpPMaUus, ykKe HaXOAAIAsCHd B peru-
crpax npoueccopa. Ilpoucxoaur, Hanpumep, nepexaya AaHHBIX M3
OLHOTO pEerucTpa B APYrod HJIM COAEPNKHMMOE KAaKOro-TO perucrpa
npubapisercs K COAEPXKUMOMY perHcrpa A. DTH KOMaHAL Ha3hl-
BaloTCsi OJHOOAHTOBBIMH, TAaK KaK /sl MOJHOTO HX OIpeaesNeHHst
JLOCTATOYHO 3aHECTH 8-paspsAAHBIA KOJ ONepalyy B PErHCTP KOMaHL.
Ilns peanusanMu APYrMX KOMAaHJ B PErHCTPH Ipolieccopa Heo6Xo-
IHUMO, KpOMe KOoJa ONepalHy NpeiABapUTEJbHO 3aHECTH U3 NaMITH
OIMH HJIH HECKOJIbKO 6afTOB JAaHHBIX; TaKHe KOMAHIH HA3BIBAIOTCS
IByX6a#TOBBIMH ¥ TpexOaHTOBLIMH.

Ha puc. 2.21 nmpeacrasien Gosiee 1eTalbHO KPAaTKO ONHCAHHBIRA
Bbillle LHKJ BBIOOPKH-HCNOJHEHHs, OOeCNeyHBAIONMIHA peasu3alHio
MHOro6afiTHbIXx KoMaHni. ITepBuiM m1arom mnpouecca BbIGOpPKH-HCNOJI-
HEHHs ABJSETCS CYUTBIBAHHE B PErHCTD KOMAaHJA AAHHLIX, NOJyuae-
MBIX H3 NaMATH HO ajpecy, ColepiKalleMycs B CUETUHKE KOMAaHL.

3*
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Ha4ano Bbibopku-
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WameHenne CK,
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| csecb-1 | peby

KoHeu BblGopKu-
UCNONHEHNA

Puc. 2.21. Tloapo6Hoe npencTaBieHHe LUHKAA 3aMHCH-HCIOJHEHHS.
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3aTteM KOA onepauHH pacliH(pPOBHIBAETCA H B COOTBETCTBHH C HHM
HaxojsUeMycsi B yCcTpo#icTBe ynpaBieHHd cueTdnky Oafitos (CB)
NpHCBaKWBaeTcss 3HauyeHHe, yKasbiBaiolliee, CKOJbKO emle OaiToB
JNOJIKHO ObiTh CYHTAHO U3 NaMATH AJs [OJHOrO (GOPMUPOBAHHUS
koMaHAbl. Coaep:KHMoe CYeTUMKa KOMAaHJ yBeJHYUBAETCS HA elu-
HULY Aas oGpasosanus Hosoro aapeca. Ecau snauenue CB pasuo
HYJI0, YTO FOBOPHT 00 OTCYTCTBUH HEOGXOLHMOCTH CUUTHIBAHHUA A0-
NOJIHHTENbHBIX OaHTOB A5 (OPMHDOBAHHA KOMAaH.bl, NMPOHCXOAUT
HCNOJIHEHHe KOMaHAB. Ecau npu stoM coaepHMoe cueTudka
KOMaHJL He HU3MeHAeTCs, TO OHO YKa)KeT Ha anpec KOMaHAbl, KOTO-
pasi I0JIXKHa BBINOJHATbCA caeayowed. B tom cayuae, xoraa uc-
X0JIHOe 3HayeHHe cyeTuHKa 6afTOB He PAaBHO HYJIO, AaHHbIE, HAXO-
AsiiHecs B NAMSATH [0 ajpecy, KOTOPHIH COAEPHKHUTCA B CUETUHKE
KOMaHA, CUHTHIBAIOTCA B Oy(epHbId HJAH KaKOH-TO APYrofi perucrp
# npoussBonurcs AekpemeHt CB. KosnuecTBo UHMKJIOB, BhioJHse-
MBIX IO JIEBOH KOJIbLE€BOH BEeTBU CXEMBI, ONpeaessieTcss HayaJbHbIM
3HayeHueM cueTuuka 6aiToB, KoTopoe mpucBaupaercs CB B pesyJib-
Tare AeKOAHPOBaHHs mepBoro Gairta Komanae. B cooTsercrsyiouei
TOYKE WHKJIA OCYIIECTBJSAETCS HHKPEeMEeHT CYeTYHKa KOMaHj, B KO-
TOPOM [O0CJ€e 3ITOrO OKa3blBAaeTcsa ajpec, CAeAyOUIHA 3a ajapecom
Tekylled Komanabl. Korga cuerunk 6afiToB 06HYy./isieTCs, ONsATb Npo-
HCXOJHT HCIOJIHEHHE KOMaH/bl, [OC/J€ Yero MPOLECCOp MNPHXOMUT
B COCTOSIHHE TOTOBHOCTH K IIOJIYYEHHIO CJeAyiollell KOMaHAbl, KakK
OBlJ1I0 OMUCAHO BhILIE. '

Komanael, KOTOpEIe H3MEHSIOT 3HAYeHHE CUETYHKA KOMAHA, MO-
TyT 3aMeHHTb €ro COLEPXKHMOE JHOO HA NaHHble, B3SITble H3 APYTHX
perucrpoB, aub6o Ha ABa HHOOPMALMOHHBIX 6afTa, CYHTHIBAEM bIX
U3 MaMaTH Mocje KOAA onepauuH, nu60 HA CJIOBO, H3BJeKaeMoe W3
creka. CTek, KpoMe TOro, MOXeT GbIThb HCIOJIb30BAH /5 3aMOMHHA-
HUA COAEPXKHMOTO CYETYHKa KOMAaHJ Iepej 3aHECEHHEM B 3TOT
CYeTYHK HOBOH MH(pOpMALHUH. .

Yr06bl cocTaBuTh Gosiee MOJNHOE NPEACTaB/EHHE O PabOTe MHK-
pompoueccopa, ieaecoo6pa3sHo pPACCMOTPETb BHINOJHEHHE HEKOTO-
pbix KoMaHA. KoMaHAbl, IIHPOKO HCIOJb3yeMbE NPH HAMHCAHHH
TECTOBBIX Mporpamm, OObeAHHANTCS B CAeAyOUlHe rpymmb ;

(a) KoMaHAbl apHMETHYECKHX H JIOTHYECKHX ONepaluii;

(6) KoMaHABI NepechIKH JaHHBIX;

(B) KOMaH[IH IIEpPEX0/0B;

(r) xomaHab ob6pamleHHst K HOANporpamMmam, o6paGoTKu npe-«
PBIBAHUH U NeHCTBUH CO CTEKOM;

(») Apyrue KOMaHJBL

Y 3xecb, mo cytH Jena, AaHa HanGosdee oO6WIas KAacCHbHKalMs KOMaHJ
(He TOMbKO MpPHMEHSEMBIX /I COCTABJIEHHS TeCTOB) MHKPONPOLECCOPOB ¢ K-
CHPOBaHHBIMH HaGopaMH KoMaHA. — [Tpum. nepes.
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(a) KomaHnil apudpMeTHYeCcKHX H JOTHYECKHX ONepaLMil

B uncio xomamn 3Toil rpymmel BXOZAT CJOKEHHe, BHIYHTAHHE,
KOMaHIBl Jjornueckdx omepauuii (M, UJIU, MCKJIIOUAIOULEE
MJIN), cpaBHeHusi, WHKpeMEeHTH, JEeKPEeMEeHTH H IHKAHYECKHe
casuru. Ciolla e MOXKHO OTHECTH KOMaHAB MOGHTOBOM NPOBEPKH,
uMmewuecs y Z80.

Onepanusi cpaBHeHHsI CJYXHT AJs1 CONOCTABJEHHH 3HAYCHHS
DaHHBIX C KOHCTAaHTOM HWJH ADYFHMH JaHHBIMH, HAXOASUIMMHCS
B peructpe. McxonHele naHHble B pe3y/bTaTe BLINONHEHHS omnepa-
uuii  coxpansorcs. CJlef0BAaTeNbHO, PA3JHYHHE BHAB KOMAHJL
CPaBHEHHs MOTYT GHITb HCIOJIb30BAHH B COCTAaBE NPOTPAMM TeCTH-
POBAaHHsl NaMATH LJIs KOHTPOJIs €€ CHOCOGHOCTH COXpaHeHHS AaH-
HbiX. THOHUHAs NOC/IeOBATeNBHOCTb HEHCTBHH NPH T4KOM KOH-
TPOJIE UMeeT CJAEAYIOUIHH B

1) 3anuch NaHHBIX B NaMsATh;

2) BblLEpXKa KOPOTKOTO MHTEPBaJa BpeMeHH;
3) uTeHHe NAHHBIX H3 NAMSTH;

4) cpaBHeHMe CYHTAHHBIX NAHHBIX C HCXOXHBIMH.

ITpumewanue: B naGopax KOMaHI HEKOTOPHIX MHKPOIPOLECCOPOB
HMEIOTCA KOMaHAbI, IIPH BHIIOJHEHHH KOTOPHIX 06pabaThiBaeTCsl HJIH
HCMOJIb3YeTC COAEPXKHUMOE Map PerHcTpoB. B NPHBOAHMBIX HHXKe
npumepax mapsnl peructpos H u L, D u E npoueccopos Z80 u 8085
o6o3HayeHH coOTBeTCTBeHHO KakK napw HL u DE. 3o NpoCTO
perucTpnl o6lero Ha3HauYeHHus, BXOAsLLHE B HAGOD PETHCTPOB MHK-
ponpoueccopa, KOTOPH€ MOFYT HCIOJNb30BaThcst KaK  16-GuToBbie
KomGOuHanuu. ITpuMepsl onepauuii cpaBHeHHUs:

CMP =£055H ;B 6502 cpaBHeHHe COZEPKHMOro perucTpa A ¢ umcaom 55H

CMP B ;B 8085 cpaBHenue cozepxkuMoro peractpos A u B

CP (HL) ;B Z80 cpaBHeHHe CONEPXKUMOTO PErHCTPa A ¢ JaHHHIMM M3 na-
$MATH N[O ajpecy, HaxXOAsIMeMycs B pernctposoii nape HL

llpumevanue: Korna pe3yJbTaT CpPaBHeHWs YKasHBaeT Ha paBeH-
CTBO, yCTaHaBJHBaeTcst QJar HyJs.

OtnenbHbie GHTHI MOTYT GHITh NPOBEPEHbl C HCHONb3OBAHHEM
komauasl AND wnian xomaun BIT B cayuae MHKpoRpolleccopa Z80.
Heo6xonumo noMHHTB, YTO NpH HCNOJb30BaHHH KomaHabl AND
HCXOJHLIE JaHHBIE He COXPAHSIOTCS, NOITOMY HX HEOGXOAHMO MHepej
BBINOJIHEHHEM OTEPAlHH I'le-TO 3aNHCATh.

AND 3£ 02  ;6502, pesynbrat paBen 0, ecam 6ur 1 perucrpa A
;He paBeH 1

Onepauuu MHKpeMEeHTa W A€KPEMEHTA CayKaT ISl BHINOJHEHHS
CYeTa NpH YNPaBJeHHH NepeMellaLIUMHUCH YKa3aTedsiMH NaMSTH.
[loBTOpsIOMMACA NEKPEMEHT DErHCTpa 10 AOCTHXKEHHS HYJAEBOTO
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S8HAYEHHA €ro COAEPKHMOrO NpPUMEHSeTC] B KAauecTBe OXHOTO H3
CHoCcOGOB peasIH3aluu 3afEPIKKH.,

IMpumepni:
DEX 16502, nekpemeHT X, mNpH NOCTHXKEHHH Pe3yJbTaTOM HYJIEBOTO
;3HAYeHHs YCTaHaBJHBAeTC (aar Hyss
INX H ;8085, WHKDeMeHT yKasaTeis, HaXOISHWIErOCS B nape HL, na 1
DEC DE ;Z80, ymenbiuenne 16-paspsianoro uncia B HL ma 1

LlnknuuecKne CABHTH MOTYT GBITb HCHIONBL3OBAHBI AJIS ¢dopmupo-
BaHHsl CABUTaeMbIX Ha0OpoB OHTOB, 3arpykaeMhlX B NaMsSTb npu
€e TecTupoBaHuH. C NOMOIIBIO UHK/IHYECKHX CABHIOB MOXKHO, KpoMme
TOro, OpraHW3oBaTb NPOBEPKY GHUTOB CJIOBA; A/ 5TOrO0 GHTH IHK-
JIHYECKH CABHUTAIOTCSl B paspsj nepeHoca, IAe HMX 3HAYEHUS MOKHO
IpoaHa/nu3upoBaTh. KOMaHAB WHKJIHYECKHX CHBHIOB BXOASIT B
CTaHAApTHLIE NOANPOrPAMMEI, NpeiHA3HAYEHHble MJIA MPeo6paso-
BaHHA JaHHBIX M3 MNOC/IeNOBaTeNbHOH (GOPMBI NMpeacTaBieHHsI B fa-
pajnenpHyio H 06paTHOro npeo6pasoBaHHus.

(6) Iepecblnika maHHBIX

C nomomwbio Komana nepechuIKu OCYLIECTBJAIOTCA NEPECHITKH
AQHHBIX H3 OJHOrO perucTpa B APYroHl, H3 PErHCTPOB B MaMsATh H
H3 namATH B peructpbl. OCOGeHHO yNOGHBI KOMaHAb IepechuIKH,
NO3BOJIAIOIIHE MEPECHINATh AAHHBIE B IOCTENOBATENBHO PACHOJIO-
KEHHble AUCHKH NAMSTH M M3 TakKHMX siveek. s MX peasH3amuu
B 6502 uCHOJB3YIOTCA pPeXXUMBI HHACKCHOM agpecauud, a B Z80
1 8085 — pexKHMH PerucTpoBoii KOCBEHHOM aapecanuy.

ITpumepsi:

;6502
INX
STA 0500H,X  ;sanuch comepmumoro peructpa A mo aapecy 5004-X
" INX H
MOV MA ;3aMHCh COMEPXKMMOrO peructpa A no ajpecy, ykaswbipae-

sMomy mapoit HL  (wa omum ampec Bmepes no oTHowenuio
K npeaniayiies nepepaue)

Komauabl BBOAA-BHBOAA CayKAT AJIs NepechUIKH JaHHBIX B IOp-
Thl HJIH M3 NIOPTOB B CHCTeMax, IAe NPeAyCMOTPeHa MOPTOBas ajape-
cauus. Ecan muxpompoueccop me pacmosiaraer oTaesbHOIN ajgpeca-
lxeid noproB (Kak, Hanpumep, 6502 u 6800) wnam annapatno pea-
JIM30BaHO OTOGpaXKeHHe NOPTOB BBOJAA-BLIBOAA B agpeca namsTH
(kak B Z80 u 8085), To 45 BBOAA-BHBOAA [PHMEHAIOTCS KOMaHAK
¢ OOBIYHON ajpecanyell MaMATH. -

[Tpumepsni: .
OUT 20H 18085, BuiBox comepxumoro pernctpa A B mopr 20H
OUT(PORTA),A ;Z80, BBIBOA codepxuMOro peructpa A B nopt A
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B mukponpouneccope Z80 npexycMoTpeHa KpOME OTHOCHTENbHO MpPO-
CThIX KOMAaHJ BBOJA-BbIBO/A, HMEWIIHXCS Y 8085 BO3MOXHOCTb
6s10uyHor0 BHIBOAA MH(popManuu. [1pumep:

OUTI ;coAepIKHMOoe fueHKH NMaMATH C aapecoM, Haxoasmmumcs B HL,
;BBIBOANTCS B NOPT, aApec KOTOPOro Haxoautcs B pernctpe C,
;# IPOM3BOAHUTCH AEKPeMeHT perucrpa B

(8) Komauam nepexonos

STH KOMaHAB AAIOT NPOrPaMMHCTY BO3MOXKHOCTb OPraHH30BLI-
BaTb XOA BHINOJHEHHs NPOrpaMMbl B 3aBHCHMOCTH OT Pe3yJbTaToB
KaKHX-TO NPOBEPOK, a TaKxe CTPOHTb NpOTrpamMMHble WHKJAbL [Ipu
YCJIOBHBIX Mepexofax aapec KOMAHABL, KOTOPAas [0JXKHA BbNOJ-
HATbCS CJeAylolllell, onpelessieTcsl HAa OCHOBAHHW aHaJW3a COCTOMA-

HHA (aaros.
[Ipumeptr:
16502
DEX ;IekpeMeHT peructpa X
BNE LOOP1 ;mepexos k uukay LOOPI u nosTopenne unkna o Tex
;Iop, NoKa B pesyabrate Komanaw DEX se chopmupyercs
JHYJIeBOH pe3yJsbTar
;8085

RAR ;IpaBbift UHKJAMGECKHA cABHT A
JNC LOOP2 imepexon k¥ uukny LOOP2 w sBminoanesne ero ao mno-
;ABJICHHS [IEPEHOCA B PesyaAbTaTe CABHIa

Bo3MOXHOCTH YCJIOBHBIX [I€PEXOA0B y MHKpomnpoleccopa 6502 orpa-
HHYeHbl, TAK KaK MPH UX BHIIOJHEHHH HCIOJb3YeTCH OTHOCHTEJbHAs
anpecanus. B 8085 n Z80 ycsioBHBIA nepexon MOXKeT MPOH3BOAHTLCS
B A1000H sueilke mamsTH, ofHaKOo B Z80 BO3MOXHbLI H OTHOCHTEJib-
HbIE NTepeXOikL

;280
DEC B
JR NZ LOOP3 ;nepexox k uukay LOOP3 u nosropenne
;ero, noka He OyleT HyJeBLIM pe3yJbraT
;DEC B
Komanaw 6e3ycJIOBHOro Iepexola MO3BOJASIOT OOOHTH NpH BhINOA-
HeHUH YYaCTKH NPOrpaMMbl U OPraHH30BbIBATb MOCTOSHHBIE LMKJIbL

(r) O6Gpawmenne Kk noanporpammam, 06paGoTka npepbiBaHuii
H AeiCTBHA CO CTEKOM

@®parmMeHT NPOTPaMMbl, KOTOPBIH JOMXeH OHTbH HCNOJNb30BaH
HEOJHOKPATHO, MOXHO XPAHHTb B NaMATH B OJHOM 3K3eMIaspe u
BXOAHKTb B HEr0 U3 pa3HbIX TOUEK NPOrPaMMBl C MOMOUILIO KOMAHA kI
obpalleHns K MOATpOrpaMMam

JSR appec ;6502, o6paineHse K noanporpamme
CALL anpec 38085, Z80, obpameHue K moanporpamMme



[nasa 2. Mukponponeccopusie CHCTEME 73

[IpumeHeHue Takoif KoMaHA®H TpeGyer Haauuus 3YIIB, tak kak
ajipec KOMaHAbl, KOTOpasi HOJIKHA BHINOJHATHCSA CjAeAylOwed (Ha-
XOASIIUMACS B CYETUHKE KOMAHA), 3aHOCHTCA B CTEK, [OCJe Yero
BLINOJIHEHHE MPOrpaMMbl IPOJOJIKAeTCs, HaUHHAs C ajfpeca, yKasaH-
HOro B TeKylled KoMmaHuie. B nmoanmporpamme uMeercss KomMaHza, 10-
noJMHfAWAas KOMaHay o6pallleHHs; B COOTBETCTBHH C Hel BOCCTa-
HaBJHMBAeTCS 3HAYEHHE CUYETUHKA KOMaHJ, HMeBIIee MeCTO hepes
ofpalienyeM K nOANporpaMme, H BO30GHOBJISETCA HOPMAJbHAas [10-
CJIe/l0BATE/NbHOCTb BHIIOJHEHHs NPOrpaMMbl, H3 KOTOPO# NMPOH30UII0
obpauieHde

RTS  ;6502, sosspar W3 moinporpaMmu
RET  ;8085, Z80, Bo3spar

IIpepbiBaHust — 9TO BXORHEIE CHTHAJBI, [0 KOTOPHIM Mpoleccop of-
paimiaercs K KaKOH-TO MOANpOrpaMMe cpasy ke [0 3aBepllieHHH
BBHIIOJIHEHHS TeKylled KoMaHAb. Takas moamporpamma O6BIYHO Ha-
3bIBAETCS NMPOTPaMMOii OOCHYXKHUBAaHUS NPEPLIBAHHA; B €€ COCTaBe
HMeeTcs KOMaHAa, o0ecneunBaiouias BO3BPAT yNpaBJeHHs NpeppaH-
HOH nporpamme,

RTI ;6502, Bo3BpaT W3 mporpaMMnl 06PaGOTKH NpepHBaHus
RET ;8085, Z80
RETI ;Z80, BO3BpaT M3 mpepLBaHHA

RETN  ;Z80, 803Bpat M3 HeMacKHPYeMOro Mpepbisanus

VHoraa MpepLiBai#s DeaqusyloTcs, eClH TONbKO 3TO pAa3pelleHo
€ ODOMOILBIO ClellNaJbHO# KOMAaH] bl

El ;8085, 780, paspeuenue npepbiBaHuil
CLI  ;6502, paspemenne npepuBanuii

CymiecTBYiOT 1 COOTBETCTBYIOUHE KOMAHABI AJIs 3anpellleHds npe-
puiBanuit: DI n SEI. Onnako HeKoTOpble NMpepHBAHHS, HA3BIBAEM bie
HeMacCKupyeMbiMH, He MOryT ObiTb sanpeutesst. Husi onpenesenuns
ajJpecoB nporpamMm OOCJIYXKHBAaHUSI HEMAaCKHPYEMBIX NpepbIBaHMUil
B MuKponpoueccopnl 8085 u Z80 nosxHa OGHTH BBeAEHA COOTBET-
cTBytoulas unbopMauus.

Il paGoThl CO CTEKOM CJYKAaT KOMaHABl 3alHCH B CTeK H H3-
BJeueHus u3 creka. B mukponpoueccope 6502 no stum Komamgam
KaXXAbli pa3 3aMUCbIBAETCH B CTEK HJIM CUHTHIBAETCA H3 HEro OAIH
6aiit. Hanpuwmep,

PHA 6502, sanecenne comep:umoro peructpa A B cTek
PLA 6502, cumTbiBaHHe COAEPXKHMOro perucrtpa A u3 creka

B wmukponponeccopax 8085 u Z80 npu BHIMONHEHMH AHAJOrHUYHbIX
KOMaHA mnepecbulaeTcs OLHOBpeMeHHO no aBa 6aiita. Hanpuwmep,

PUSN PSW  ;8085, 3anecenne B CTeK COepPKHMOro perucTpa A u 3Hayenni
;daaros
PU SN HL ;280, sanecenne B cTek cogepxxumoro peructpos H i L



74 Yacte 1. MUKpONpPOHECCOPHHE CHCTEMH

Ilpu BbINOJAHEHHH NMEepPBOH H3 3THX KOMAaHHI B CTEK 3aHOCHATCS COAEP-
XHUMoe perHcTpa A M 3HaueHHA (JyaroB, AJst Uero B CTeKe OTBO-
ASATCA [Be sYeHKH.

(n) Apyrue KomaHabl

B nabope KoMmaHA J11060r0 MHKpPONpPOIECCOPA HMEETCsl KOMaH/a,
HO KOTOPOH He BHINOJIHAIOTCS HHUKAaKHe [efiCTBHS, KPOMe BHhIGOPKH
KOMaHABl U3 NaMATH H MHKPEMeHTa cueTYHKa KOMAaHJ, — TaK Ha3hl-
Baemas Komanaa NOP (Her onepanun). Komanae NOP wucnodas-
3yIOTCSl [IPH TeCTHPOBAHHH MHKPOIPOILECCOPOB B PeXUMax CBOOOA-
HOro IMpOroHa, NpHYEeM KOMaHAa IOJaeTCs HAa BHEUIHHE BHIBOIHI
MHKPOIIpOLeccopa, OTCOeANHEHHble OT CHCTEMHOH HIMHBL, AYTEM CO-
oTBeTcTBylollefi Kommyrauun. Kpome toro, komauasl NOP npuwme-
HAIOTCA JJi1g 06pa3oBaHMsl KOPOTKHX 3a/lepiKeK MeXXIy ONepalHsiMH
JUIf BbLIpABHUBaHHs BpeMeHH BHINOJHEHHSl Pa3jHYHBIX BeTBeH INpo-
rpamMmubl.

CyllecTBYIOT KOMaHAbl, KOTOPHIE BO3AeHACTBYIOT TOJLKO Ha ¢Jaru
u Ha peructp A. (3ameTHm, 4TO AJAA 3THX ULeaelt MOTyT OBITHL Hc-
N0JIb30BaHbl H HEKOTOPble H3 KOMaHJ, PacCMOTPeHHHIX Bhiwe.) ITpu-
Mephbl TAKHX KOMaH:

CLC ;6502, c6poc 6uta nepenoca

SEC ;6502, ycraHoBKa 6uTa mepeHoca
STC ;8085, ycranoBka 6uTa mepeHoca
CMC ;8085, uHBepcusi GUTa mepeHoca

XOR A ;Z80, c6poc akkyMmyasiTopa ¥ OHTa nepeHoca
ORA ;Z80, cbpoc 6uta mepeHoca

Kak Z80, tak u 8085 umeloT KOMaHABl 3arpy3Ku COAEPKHUMOro
napst HL B cueTyuk KoMaHJ, IPH KOTOPOH INPOHUCXOAMT INepexos
Ho ajJpecy, XpaHsleMycs B 9TOH nmape.

Becbma yno6Ha AJsi OpraHM3allMM LHKJOB BXOAsimas B Habop
komana Z80 komanama DINZ. Tlpu ee BbiNOJHEHHH NDPOU3BOAATCSH
IeKpPeMeHT peructpa B H mepexoi Mo OTHOCHTENIBHOMY anpecy, NOKa
He ycTaHaB/juBaercs ¢Jar HyJsl; Iocje 3TOrO IHKJ NpeKpaliaercs.

Cxembl BBOAa-BbIBOAA

[Ipocrefimine cxeMbl, KOTOPBlE MOTYT CJAYXHTb AJS OCYLIeCTBJe-
HHs BBOJAA M BBLIBOAOB AAHHBIX B MUKPONPOLECCOPHOH CHCTeMe, —
310 OytepHble perucTpbl H (PHKCATOpH], NMOACOEJHHEHHLIE K IIHHe
daHHBIX. Bpi6op HyXHOTO ycTpolicTBa MOXKeT ObiThb IIPH 3TOM OCy-
LIeCTBJIEH C MOMOLIbIO JellHdpaTopa, NOAK/IIOUEHHOrO K aApPecHOl
wnHe. [IpuMep Tako# cxeMbl NpelcTaB/eH Ha pHc. 2.22.

Cefiuac WUPOKO MNPHMEHSIOTCS CHELHAJH3HPOBAHHbBE YCTpPOil-
CTBa BBOAA-BLIBOJAA, H3rOTABJIHBAaeMble MHOTHMH ¢Qupmamu. Irtu
yCTpOHCcTBAa OOBIYHO CHAGKEHBI PETHCTPAMHU, B KOTOPbie MOXKET GbiTb



I'naBa 2. Mukponpoueccopurle CHCTEMH 75

WR
B D
Pukcayus
. O1 Aewugpatopa NONOXMUTENbHbLIM
apeca nepenagom
CcurHana
\'4
I 8- 6urosbin
WuHa panHbIx : nopT BbIBOAA
I
N N—
8-6uToBbLIN
pukcaTop

><Jlocweepnbnﬁ appec
>&ﬂ,aﬂub|e AN/ BBOAA-BLIBOAA

X
==
S
-
\_J

CurHan
newnparopa

Curnan
duKcaunu

e~ llaHHble

l 3aduKCUMpoBaHbl
b
Puc. 2.22. Tlpocras cxema BHBOAA: @ — CTPYKTYpa; 0 — BpeMeHHAs AnarpaMma,

3aHeceHa WHQOpMaUHs, onpenensomas QYHKIHE ycTpolictBa. Boa-
MOXHOCTb NporpaMMHpoBaHus ¢yHkuud MC nenaer mocrpoenunme
Ha HHX ycrpoiicTBa GoJlee THOKHMM B NpPUMEHEHHH, YeM B caydae
peasu3aluy Ha JHCKPETHBIX KOMIIOHEHTaX.

TunuyHoe yCTPOHCTBO BBOAA-BHIBOAA COCTOHT M3 HECKOJNBKHX
GypepusnpoBaHHBIX NOPTOB, KOTOPHE MOTYT OLITh 3anporpamMMupo-
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Puc. 2.23. O6o6menHas CTPYKTYpa YCTPOHACTBa BBOAA-BHIBO/A.

BaHbl Ha BLIMOJIHEHHEe BBOAA HJM BHIBOAA NyTeM 3aNHCH AAHHBIX
B OJHH HMJH HECKOJbKO YIpPaBJsIOMIUX perucrpoB. MHoraa okasbi-
BaeTCs BO3MOXHBIM COBMECTHTb (DYHKIHH BBOZA H BHIBOAA B OAHOM
NopTe C MOJKJIOYeHHBIM K HeMy YNpPaBJSIOIIHM perucrpoM. Kax-
ILblii OUT yNpPaBJISIOLIErO perucTpa 3ajaer XapakTep HCIOJb30BaHHS
COOTBeTCTBYIOILEro Guta mnopra. Takue perdcTphl HHOTAA HA3LIBAIOT
perucTpamy HalpapJeHHs Nepeiayy AaHHBIX.
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B cocras ycrpoficTB BBOZ2-BHIBOAA MOTYT TAKkKe GHITh BKJIIO-
UeHBI CYETUHKH H TaMephl, cayxKallHe AJIS BHPAGOTKH MOCIELOBA~
TeJbHOCTeH HMIYJILCOB M3 CEPHil TAKTOBBIX CHTHAMNOB, KOTOphIE MO-
TyT NPEACTaBJATh COGOH CHCTEMHBIE TAKTOBLIE MOCJIEL0BATEJbHOCTH
WM Kakue-To ux vyacTH. TajiMepnl o6bIYHO SIBASIIOTCA MPOrpaMMH-
pyeMbiMH H, Oyayuyd 3amylleHb, He TPeGYIOT BMELIATEJNbCTBA CO
CTOPOHBI MpONECCcOPa, B CBSI3H C YeM OTHafaeT Heo6XOJAHMOCTh
B NIPOrPaMMHOM peasu3anuu 3ajepxeK. ECAH 0 OKOHYAHHM Kae
KOro-nu6o noacuera nmpoueccop AOJNKEH BHNOJHHTb ONpefeseHHbIe
AeHCTBHS, CXeMa MOXeT HHHIMHDOBATh NpepLIBAHHE ero paborsL

B cayuae HeOGXOAHMOCTH OpPraHH3allHH TIOCTEIOBATENBHON e
PECBUIKH JaHHBIX B COCTAaB YCTPOHCTB BBOAA-BbIBOAA MOTYT GHITb
BKJIIOYEHbl NPOrpaMMHpyeMBble CXeMbl MOCJAEA0BATENbHOIO BBOJA-
BbIBOJA. Pa3BuTHe ycTpoicTB BBOAA-BBHIBOAA MO CBOEMY XapaKrepy
aHaJIOrMYHO DA3BUTHIO CAMHX MHKPONPOUECCOPOB, T. €. HOBHIE YCT-
POMCTBA SIBISIOTCS MHOrO(YHKIHOHAJBHEIME B NPOTHBOIONOMKHOCTD
Goslee paHHHM, OPUEHTHPOBAHHEIM HAa BHINOJHEHHe KAKOH-TO €HH-
cTBeHHOH ¢yHkuun. Ha puc. 2.23 nokasana rtunosas CTPYKTYpa
KOMOHHUDOBAHHOH CXeMBl, NpeIHA3HAUYEHHOH IJIA MOCJEeLO0BATeNb-
HOTO H NapaJ/lesbHOTO BBOAA-BBIBOJA M COAEpKallell CUETUHKH-
TaliMepsl. OTHOCHTE/bHO GoJlee CleLHaIH3HPOBAHHBIE CXEMBI OL0G-
HOro THNA HCNOJB3YIOTCS B COCTaBe TaKHX YCTPOHCTB, KaK KJja-
BHATYDBI, JUCIJIEH, KOHTPOJJIEPH JHCKOBOIOB.

Muxkponpoueccopsl, B KOTOPHIX IpHMEHSETCS MYJbTHIIEKCHPO-
BaHHE IIMHB aJPecOB/AaHHBIX, OGBIUHO KOMIVIEKTYIOTCSI CHCTeM-
HBIMH YCTPOACTBAMM NaMSITH W BBOJAa-BbiBoga. [Liis BHIGOpa TOrO
WJIH HHOTO K3 STHX YCTPOHCTB IPOLECCOP HCMOJIB3YeT yIIpaBAsIONLYIO
qunuio (nuuun) BBOJA-BBIBOJA/TIAMSITU. OnHOKpHCTaMbHEIe
MHKDOTIPOLECCOPHI CONePIKAT BCTPOEHHBIE YCTPOHCTBA BBOAA-BHIBOAA
M MOTYT GHITb MCIOJIb30BAHEl B CHCTEMAX, IJie KPHTHUHBIM SIBJISETCS
MHHHMAaJbHOE YHCJIO0 KOMIIOHEHTOB.

3akniouenue

Muxkponpoueccopsl sBAAIOTCS ITMHHO-OPHEHTHPOBAHHLIMH  yCT-
poicTBaMH, KOTOpbie O6MeHHBAIOTCS WHbOpMaLHeH ¢ IPYTHMH TIO
NapaJjeNbHbIM JIHHUAM, 00be/lHHEHHBIM B TaK Ha3BIBAeMble LIHHL
[Tono6Hull XapaKrep B3aUMOCBSA3H C BHEILIHHM MHpOM TpebyeT HO-
BOTO NOAXOAA K TeCTHpoBaHHIO. C TOYKH 3peHHs 06CayRHBaHHS
MHKPONPOLeCCOPOB GBUIH PACCMOTPEHB Bbilleé OCHOBHBIE MOMEHTH
ero ¢yHKUHOHMPOBaHHA. Pa6ora perucrpos, namsru u OpraHu3aIus
BBINOJIHEHHS NPOTPAMMBI 1POAHAJNH3HPOBAHBI KAK OCHOBA JJISI 03HA-
KOMJIEHHsI ¢ Hau6oJiee BaXKHBIMH MeTOLaMH O6CJYKHBAHHUS,
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TlockoqbKy MHKpONpOLieCcCOp RpejHa3HayeH [Jis BBINOJHEHHUS
NoJe3HbIX GYHKIUHH B peajbHOM MHpe, OH He MOXeT CYLIeCTBOBATh
M30JIHPOBAHHO, T. €. ABJATbCA JHIIL HEKHM YCTPOHCTBOM 006pabOTKH
JABOHYHOH HHopManuu. [{oakKHA CyllecTBOBATb BO3MOXKHOCTb BBO-
AuTb B Hero JaHHHe, Hal KOTOPHIMH MOXKeT BHIOJHATHCA MPO-
rpaMMma, 4 BBIBOAHTH JIOOble pe3yabTaThl B (popMe, NO3BOJAAIOIHEH
HMHTeDUPETHPOBATh HX HJIH HCHOOAL30BAThb AJsA YNpPABJIEHHSA CHCTe-
MOH, B KOTOPYIO MHKPONPOHECCOP BXOLHT B KauecTBe COCTABHOH
YacCTH.

B toM cayuae, Koraa tpebyeTcsl B3aHMOAEHCTBHE MHKPOMPOLEC-
copa C 4eJIOBEKOM-OIIEepPaToOPOM, AJS BBOAA MOMKeT CAYXKHTb KJlaBHa-
Typa, BHAAOILAs B MHKPONpPOLEcCOp ABOMYHHBE AaHHBIe, a JJs
BLIBOJA — lIeCTHAALATEPHYHBI HHAHKATOP, € NOMOUILID KOTOPOro
JABoHYHAd MH(OpMaLHsA NpeACTaBJAAETC B BHAE, YAOOHOM AJsl BOC-
OPHATHS OHEPATOPOM.

B Gosiee c/0OKHBIX CHTYaUHUsX MHKDOHOPOLECCOP NOAydYaeT AaH-
Hble OT HEeCKOJbKHX HCTOYHHKOB, BKJAIO4Yasi KJIaBHATYPHl, NAaTUHKH,
yCTpOHCTBA XPaHEHHsA JAHHBIX U APYrde MHKPONPOHECCOPH, A Bhi-
BOJI OCYLIECTBJISIeTCss HAa TaKHe YCTPOHCTBAa, KakK AHCIJIEH, 3allOMH-
Haloulie U Jpyrue BBIYUCAUTe/]bHble OJIOKH, YIPABJAIOLIHE 3Je-
MEHTBl CHCTEMBI.

Ilepegaua paHHEIX B MHKPONPOLECCOP H H3 HEr0 MOMKET BHINOJ-
HATBCSl OJHUM M3 ABYX CHOCOGOB— MapaJeJbHO HJAH NOCJAEA0BA-
teqbHo. [Ipu napaJnienbHOH nepecHJKe AJf KaxKAOro nepeiasae-
Moro OuTa JaHHbIX HMeeTcst OTJesbHas QuauyecKas JHHHA, a NPH
Nocsef0BaTeNbHOH Nepechlike NaHHbie Hepeialorcs MO eJUHCTBEH-
HOH JIMHUH OHT 32 GHTOM.

Tak Kak npu 0o60OHX BHAAX nepeiayd MHUKPONPOLECCOP COeAH-
HAETCA ¢ BHELWIHHMH II0 OTHOLUGHHIO K HeMY YCTPOHCTBaM#H, HAPYy-
meHHe QYHKUHOHHPOBAHHUA JIMHHH CBS3H MOMKeT HeBJarofipHsITHHIM
06pa3oM cKa3biBaThcA Ha pabore CHCTeMB Ha 06eHX CTOPOHAX 9THX
auHufA. OTKasbsl MOTYT, KpOMe TOr0o, HMETb MECTO B JIOTHYECKHX
cxXeMax Nepejayd W NpHeMa, a TaKxKe B JPYTUX COCTABHBIX YaCTHX
MHKpornpoueccopHoli cucrembl. UTo6b pa3ob6paTthcs B NOCHAEACTBHAX
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OTKa30B B TAKHX CHTyallHsX, CJelyeT HMeThb NpeJCTaBleHHE O Cpejl-
cTBax uHTepoeiica.

Bce mpoussoputenn MHKpONpONECCOPOB H3rOTAaBAHBAIOT pas-
JIHUHbI€ NapaJyiefibibie HHTep(EeHCHEEe YCTPOHCTBa, H3BECTHbiC NOJ
TAKHMH Ha3BaHHAMH, KakK TepH(pepHiiHO-HHTepeHCHNI ananTtep,
YCTPOHCTBO napas/ielbHOro BBOJA-BBIBOJA, YHHBEPCANbHHI HHTEp-
Gedicubiit agantep. Cymectsylor MC, B cOCTaB KOTOpHIX BXOIST
YCTPOHCTBA NMaMSTH H BBOJA-BHIBOJA, 8 HEKOTOPbiE OXHOKPHCTAJIb-
HBlE MHKpoOnpoueccopsl coaepxar Hapaay ¢ II3Y u O3Y Buyrpen-
HHE CXeMbl BBOJA-BHIBOAA.

OTJHYMTENLHBIM TIPH3HAKOM annapatyphl NapaJJesbHOTO BBO-
Aa-BHIBOJAA SIBJASCTCS HAJNHYHE OJHOTO HJIM HECKOJBKHX DPErucTpos,
Ha3bIBaeMbIX NOPTAMH; NPHYEM KaxKABIH pa3psil PErHCTPa COeAHHEH
¢ BHeWHHM BHBOJAOM HC, KOTOpHIH B CBOI0 ouYepelb MOXKeT GHITh
CBsI3aH C KOHTAaKTaMu Apyrux ycrpoicrs. Kpome Toro, o6nuno
MMEeTCs Psll AONOJHHTE/NbHbIX DErHCTPOB, CJAYMXKAIHX MJSA YNpaB-
JIeHHs1 BBOAOM-BBIBOJOM, HAaNpUMEp AJisl 3aJaHHSI HAaNpPaBJIeHHS Ie-
pelayun AAaHHBIX MEXKAY MPOLECCOPOM H BHEIMIHHM YCTPOHCTBOM.

MapannenbHblif MHTEpgelic

IIpn Henosb3oBaHMu 3TOro THNA HHTepdelica NaHHBe NepecH-
JIAI0TCA B MHKPONPOLECCOP H M3 HEro aHaJOTHYHO TOMY, KaK 3TO
NPOMCXOAHUT NpPH O6MeHe HH(OpMauued MexAy NPOLECCOPOM H na-
MsTbIO. MIHOrAa mynHA naHHBIX CHAaGXKeHAa DsIAOM 8-GHTOBHIX (HKCA-
TOPOB, K KOTOPHIM MOIYT NOAKJIOYATbCS BHEUIHHE YCTPOHCTBA.

HMHTtepdeilc MMKPONPOLECCOPHBIX HMIMH ajpeca H JAHHBIX npen-
CTapJser coGoii CreUHaJbHble annapaTHble CPeACTBA, B KOTOPHIE
WM H3 KOTOPBIX MOXKHO OCYUIeCTBJATb MepPechUIKy NAHHBIX C HO-
MOILbIO KOMaH/J YTEHHS/3aNHCH NaMSTH M UTeHHH/3aNHCH BBOJA-
BhiBOAA. OOGBIYHO M 3ajlaHHs pexHMa paboTe HHTepdelicHOro
YCTPOHCTBA HCINOJIB3YIOTCS KOMAaHAH, 3aJalOllWe HANpaBieHHe Tie-
pelayn NaHHBIX H APYTHe NapaMeTpHl NepeChIKH.

Ha puc. 3.1 npuBeseHa TunuuHasi cTPyKTypa NpOCTOro napaJ-
JIe/IbHOFO yCTPOHCTBA BBOAA-BbIBOA, COCTOSILIENO M3 YHPABJISIOLLEro
PETHCTPA W €AHHCTBEHHOTO nopra. Jlauunle, 3arpyxaemee B ynpas-
JSIOMHA PErucTp, ONPEAeNfAIOT AJS KaA0ro BHELIHEro KOHTAKTa
NOpTa, HCNOJb3YeTCA 3TOT KOHTAKT [J/Isi BBOAA WJH AJS BbIBOAA.
C nomowpio crnenHaJpHOro BXOAHOTO CHIHAJa YKa3hBaercs, 6y-
BET Jid mepeiaua OCyLIeCTBJISATbCS MEXAY NPOLECCOPOM M HOPTOM
WIH MEeXAy NpOLeccOpOM M YNPABAIONAM perucTpom. Brop
YCTPOMCTBA NepeAayd OCYLIECTBJIACTCS BHIXOAHBIMH CHTHAJaMH Jie-
IWHQPaATOpa, NMOAKNIOUEHHOFO K aJPeCHOl IHHE WJIH K HIHHEe ajpe-
COB BBOAA-BBIBO/1A, IPHYEM OLHOBPEMEHHO He MOXKET GhiTh BLIGPAHO
Gonee omHoro ycrpoiictBa. IlogoGHbie ycTpoiicTsa MOTYT NpHMeE-
HATBCA JJIS CUMTBIBAHUSI COCTOSIHHMA NeEpeKJaiovaTesell U AJS BHBOAA
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HHpOpMaLHH Ha 3JeMEeHTH C ABYMS COCTOSHHSIMH, TakHe, KakK CBe-
TOBbIE HHIMKATOPBHI, peJse, MyCKaTeJH.

[Tpu Gosee CJOKHBIX NepechlIKaXx HNAHHBIX B CXeMeé BBOJA-BHI-
BOZa OGBIYHO HCMOJIb3YIOTCS CHTHAJBI, XapaKTepHble AJS DPEXHMOB
o6MeHa ¢ KBHTHPOBAHHEM: CHrHaJg roTtoBHocTH aaHmex ([AI) u
curHaa-ksuranuus (KB), cayxawmuil aas NOATBEpXKAEHHS NpHEMA.

YreHuue/3anucs
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Puc. 3.1. IIpocroe ycrpoficTBo napaJiie/ibHOrO BBOAA-BbIBOAA.

Ha puc. 3.2 nokasaHo NpuMeHEHHe 3THX CHTHAJIOB VIS yNPaBJEHHS
nepesayeli JaHHBIX MexJy AByMs cucremamu. Hcerounuk nepenaun
¥3MeHsieT 3HaueHHsa AaHHBIX Ha BHIXOAHbIX JHHHAX W N0cC/]€ HEGOJb-
WO# 3ajJepXKKH, B TeYeHHe KOTOPOH NPOHCXOAHMT YCTAaHOBKA 3THX
3HaueHHil, HHGOPMUDPYeT NpHeMHHK ¢ momoulbio curaana I o Towm,
YTO JAaHHBle AJs [epechiKH roToBbl. [IpHeMHHK BOcCnpUHHMaeT
JaHHble U coofuiaer 06 5TOM MOCPEACTBOM KOPOTKOTO CHrHaJa mo-
noxuTeabHoli noaapHocty KB. Curnan KB moxer GBHITB HCHOJb-
30BaH B WCTOUHMKe nepenauu Aasi c6poca curnana III, a B Heko-
TOPBIX cJyyasix W AJs BbIpaGOTKH CHrHaJIa MpepbiBaHus, coobulaio-
IIEro Npoueccopy O BO3MOXKHOCTH BbIBOJA OYEPENHOr0 3JeMeHTa
DAaHHBIX,
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Murepdesic Centronics

CyuiecTByer cTaHlapTHBI NapajienbHblil uHTepdeiic, Ha3bBae-
MBI uHTep¢eiicom Centronics, npeaHasHaueHHHH A1 Nepenaun
JaHHBIX M3 MHKDOIPOLECCOPHBIX CHCTEM HA YCTPOHCTBA MeyYaTH
(mpunTephi). B atom uHTepoelice mcmosb3yercs o6MeH ¢ KBUTHPO-
BaHHeM, aHAJIOTHYHBIA ONHCAHHOMY BhILIE, C TOH PA3HHIEH, YTO AK-
THBHBIM 3HAYEHHUSM CHTHAJIOB COOTBETCTBYIOT HUX HH3KHE YDOBHH.

NeToyHnK Npuemuugk

8-butossie

AdHHbIE

ar >

Ksintaryus (KB)

a NeTounnk
Wamenenne coobuaer
BbIBOANMBIX 0 rotoBHOCTH  [laHHble

AaHHbIX \ AaHHBIX NPUHATL(
P ¥

: A
[\

KB

6

Puc. 3.2. Ksutnpopanue npu napa/sienbHHX IepechlIKax: @ — GJOK-cxeMa nepe-
CHUIKH; 0 — BpeMeHHAs quarpamma.

KpoMe nByx curuasnoB KBHTHDOBaHHS HHTepbeiic mepesaer Apyrue
CHFHAJIBl /15 yTIPABJIEHHS] NPHHTEPOM.

Onnako npocrefimasi pasHoBuaHOCTs HHTepdeiica Centronics
COLEPKHT CeMb WJIH BOCEMb JIMHWA AAHHBIX H [BE JIHHHH KBHTHPO-
BaHus WJIH_ynpasJjeHHs: crpo6uposanus (STR) uw moaTsepxienus
npuema (ACK). Kaxpaas curHasbHas JHHHS HMeeT COGCTBeHHBIH
OGpaTHhI NPOBOA H MNOAKNIOYAETCH K ONpEeIeJ]eHHOMY KOHTaKTy
CT2HAApTHOro pasbema. OpraHusanus cBsA3eil AJs 3TOrO NPOCTOrO
cayyas mokasaHa Ha puc. 3.3. OHa nosBo/sieT NPHMEHATb KabeJiH,
COpepKallHe CKpyYeHHbe Naphl, /s NOBBILEHHsS NOMEXOYCTOMHYH-
BOCTH.



82 Yacre I. Mukponponeccoprbe CHCTeMH

Curnanam DO—D7 coorBercTBywoT o6paThbnie npoBoaa 20,
21, ..., 27, a curnasam STR u ACK-—TpoBoja COOTBETCTBEHHO
‘nw'oaepwe Homepa 19 u 28. ITocaenoBaTenbHOCTH
AakHsle KOHTaKTOR nepejayd AAHHBIX CKJaJblBaeTcs

i H3 CJIEe[YIOIHX 3TaMO0B:
1) HcTOYHHK ycTaHaB/HBaeT
Mcrounnk | DO 2_}Mpnemrnkl  nawubie Ha auuuax DO—D7;
01 > 3 2) nocJjie yCTaHOBKH CTabHIb-
D2 o 4 HOTO 3HAYEHUS NaHHBIX BBILAET-
D3 5 S
YR . csi curnan STR;
T 7 3) NOJOXHMTENbHBIA  QPOHT
D6 8 curdana STR neHuLMHUpyeT nepe-
07 9 Jlauy TaHHHBIX B NPHEMHHK (ue-
_ pe3 JIOTHYECKHe CXeMbl [pHeM-
STIR 1 HHKa);
ACK 10 4) Korja NPHEMHHK TOTOB K
A MOJIYYEHHIO HOBBIX JAHHBIX, OH

| CurHansl xsutipoBatus ]
ObpaTHble pposoga

poigaer curtana ACK, mocae mo-
JIOXHTEJBHOTO (POHTA KOTOPO-

Puc. 3.3. DBasoBas CTpyKTypa HHTEP- o MoxeT ObITb MOAAH HOBHIM
¢eiica Centronics, —
curnaa STR.

."D1a nmocsel0BaTebHOCTh HINIOCTpHpYeTcs puc. 3.4. Bpemennrie
COOTHOILIEHHUS CUT'HAJOB PAa3JHUYHB B PA3HBIX CHCTEMax.

YlameHeHUa NameHeHue

l |

JlocToBepHbie focTosephbie
HELLED >< AaHHblE AaHHble

\ o

STR (oT uCTO4HMKE AaHHbIX) \J \_[

Jasepwehne
Nepechbinka / nepecbinku

ACK (B MCTOYHNMK AaHHbIX) \_[

Puc. 3.4. BpeMenntie AnarpaMMu untepdeitca Centronics.

OnucanHast npocrast CHCTeMa Nepejayd He MNPeAyCMaTpHBaeT
MHOTHX BO3MOXHBEIX cHTyauuii. Tak, Hanpumep, npHemHoe ycrtpofé-
CTBO MOXET OKa3aThC# OTKJ/IOUEHHBIM, a B HPHHTEPE MOXET KOH-
uuthcs GyMara. JJis oGecrieyeHHsi QYHKIHMOHHDOBAaHHS HHTep(Qeica
B NoLOOHHX cayuasx HHrepdeiichl Centronics chabxarorcs caie-
AYIOIIHMH HOMOJHHTeNbHEIMH YNPABJAIOLIMMH CHTHAJTaMHU:
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1. BUSY (3aHsiTOCTh)— CHIHaJI, HMELIHl B aKTHBHOM COCTOS-
HUM BBICOKHMH yPOBEHb H YKA3BIBAIOUIHH, YTO AaHHKIE He MOryT OBITb
NPUHATBL DTOT CHTHaJ OGBIYHO dopMupyercsi B cHcreMax ¢ Oyde-
paMu CUMBOJIOB, Korjga 6ydep 3anonnen. Konrakr 11.

2. PRIME (Hauano)— curHan, uMeomuii B aKTHBHOM COCTOSI-
HUY HU3KHH yDOBEHb M CJAyXKalUi N MHHUIHAJH3aUUH JOTHYECKUX
cxeM npuemnnka. Konragr 31.

3. PAPER END (Koneu 6ymaru) (PE)— BhixoaHoli curaan
NpHHTEpPA, HMeIOUIHi B AKTHBHOM COCTOSSHHH BBLICOKMH YpPOBEHb H
HHOPMHUPYIOLIHUA O TOM, YTO KOHUHJAch OyMara WiHd YTO BHIKJIOYa-
Tesb. TeYyaTaimllero ycrpodcrBa Haxoiutcs B nHoJoxeHdH OFF
(«Bnikmoueno»). Konrakr 12.

4, SELECT (Bni60p) — cHrHasn ¢ BHICOKMM AKTHBHBIM YPOBHEM,
YKa3bIBaIOIUMH HAa TO, UYTO BHIKJIOYATe/b IEYaTalolllero yCTPOHCTBA
Haxoautcss B mosoxeHHd ON («BkuioueHo»); apyroe HasBaHHe
curana — DESEL. Kourakr 13.

5. FAULT (HeucnpaBHOCTb)— CHFHAJ € HH3KHUM aKTHBHBIM
ypoBHeM, IpHoOpeTaoluii 3TOT YPOBEHb, eCIH KoHyaercsd OyMmara,
WJIH OKa3biBaeTCs BBIKJIOUEHHHIM MedaTaloliee yCTPOHCTBO, HJIH
Pa3oMKHYTH aBapuiiHble BhKAOuaTesad. KoHrakr 32.

O6paTHble DPOBOAA CHTHAJOB NPHHTEPA OOBLIYHO NMPUCOEJHHEHH!
K xontakram 14, 16 m 33, a Hanpsixkenue nurtauus -+5 B wmHorzma
nopaerca Ha xourakt 18. BuiBoasl 34, 35 u 36 o6niuno He 3ameficT-
BOBaHbl, HO MOryT ObITh HCIOAB30BAHM HJf NepPelayd HEeTHIOBHIX

Tabauya 3.1. Curnanor untepdeiica Centronics

x?f::ir;a Curnan K?H?l‘};?(l:‘a Curnan
1 DATA STROBE (STR) 19 3emas
2 But nausbix 1 20 »>
3 BT naHHHX 2 21 N
4 Bur naHdbx 3 22 »
5 But nauunx 4 23 »
6 bur naHumx 5 24 »
7 But naHHBIX 6 25 »
8 Bur nanamx 7 26 >
9 Bur panubx 8 27 »
10 ACKNOWLEDGE (ACK) 28 »
11 3aHaTocTb 29 »
12 Kosen 6ymarn 30 >
13 BriGop 31 Hauano
14 3emasn : 32 Hencnpasnocts
15 Iycroi 33 3emas
16 3emas 34
17 Kopnye 35} He saxefictoBanu
18 +5 B 36
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CHTrHaJIOB (HampuMmep, NOCTOSTHHOrO HanpsixeHus 23 B kak B OJHOM
IIMPOKO NpHMeHsieMOM npuHTepe). B Tabn. 3.1 npeacrasyena pas-
BoAka HHTepdelica Centronics.

MutepdelicHan wmHa IEEE 488

IEEE 488 —3T0 cTaHpapT Ha YHHBEPCaJabHYIO HHTEpOeEiCcHYIO
HINHY, NpelHa3HAYeHHYIO AJs conpskeHuss IBM Mexny coboi u
IJs1 MOAKNIOUeHHs] TAKHX YCTPOHCTB, KaK BOJbHTMETPHI, JIOTHUECKHE
AHAJIM3aTOPHI, CHTHATYPHBIE AHAJH3ATOPH, T. €. MO CYTH Aeja Jlo-
6bIX MpHGOPOB, XapaKTEPHCTHKH KOTOPBIX OTBEUYAIOT YCJIOBHSIM CTaH-
Aapta. OCHOBHYIO pOJIb B CTAHOBJIEHHH LIHHHOTO CTaHIapTa ChHrpa-
aa ¢pupma Hewlett Packard (3toT unTepdeiic uHOrna Ha3bIBAIOT HH-

Wuna IEEE 488

| |

|

||

Nepegarynk/ Tonbko Tonbko Nepeparynk/
npUemMHUK nepeaaryuk, NpUEeMHUK, NPUEMHHK,
¥ KOHTpoOnnep, Hanpumep Hanpumep Hanpumep
Hanpumep YCTPOUCTBO npuHTep yupposon
mukpo 3BM CHUTBIBAHMNA BONbTMETP

C NEHTb!

Puc. 3.5. [Ipumep opranuzauun Ha6opa aGonentos wuus [EEE.

Tepdeficnofi wuHolt Hewlett Packard — HPIB); ona sBaserca 06-
JajareseM NaTeHTa Ha MCIOJNb3yeMbHIH B HHTepdelice MeTOH nepe-
CBIJIKH C KBUTHPOBaHHEM.

YerpoiicTsa, NOAKMIOUEHHbIE K LIHHE, MOTYT BBINOJHSATb OAHY HJIH
HECKOJIbKO H3 CJeAYIOHUX (HYHKUHH.

1. Konrpoasep. TlpH BKJIIOUEHHH IHUTAHHS TOJBKO OAHO H3
YCTPOHCTB Ha3HA4yaeTcsl CHCTEMHBIM KOHTPOJJIEPOM. DTO 03HayaerT,
4yT0 OHO Geper Ha cebst POJib AKTHBHOTO KOHTPOJJEPA, KOTOPHIH
ynpaBJjsieT pabOoTOH INHHBI H MO3BOJISET BeCTH Nepenady B J060i
MOMEHT BPEMEHH TOJIbKO OJHOMY yCTPOHCTBY. CHCTEMHBIH KOHTPOJI-
Jiep MOXKeT nepefaBaTbh (QYHKIHIO aKTHBHOTO YNPaBJIECHHSI JIOOOMY
ApPYroMy YCTPOMCTBY, KOTOpOe CrnocoOHO ee BHIMOJHSTb. OAHAaKO B
J1060€e BpeMsi CHCTEMHBIH KOHTDOJIJIep MOXeT NMPHBECTH HIHHY B HC-
XOJHOe COCTOsIHHE M BePHYTb ceGe aKTHBHYIO poJb. B cxeme, npex-
CTaBJeHHOH Ha pHC. 3.5, (YHKUHH CHCTEMHOIO H AKTHBHOTO KOH-
TPOJJE€POB BBIIOJAHSET MUKPODBM.

2. Ilepedaruux. Jlio6oe ycTPORCTBO, CNOCOGHOE MepeaBaTh HH-
(opManuIo N0 UKHHe, Ha3bIBACTCS NEePEAAaTYHKOM. B Ji060H MOMeHT
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BpeMeHH TOJbKO OAHO YCTPOACTBO MOXeT GEITh aKTHBHBLIM fepe-
natynkoM. Hs aucna ycrpoficTe, nokasauubix Ha pHC. 3.5, B Kaue-
CTBe NepelaTYHKOB MOTYT HCNOJIb30BAThCS BOJIBTMETP, YCTPOHCTBO
CUHTHIBAHHSA C JIEHTH H MHKPOIBM.

3. Ilpuemnux. YCTPOHCTBO, KOTOPOE MOXET MOJyYaTh AaHHHE,
HasbiBaeTcss npHeMHHMKOM. Cpeln yCTPOHCTB, NOKa3aHHHX Ha
puc. 3.5, TakuMH ABAAIOTCA NPHHTEP, MHKPOIBM u BonbTMeTp.

WuHa aaHHbIX
(8 CurHanbHbIX NIMHUIT )

DAV
NRFD CurHansl KBUTUPOBaHMUS
(ynpasnenue 6aiToBoi
NDAC : Nepechbinkon AaHHbIX )
1FC
ATN
Nutun ynpasnsownx
SRQ curHanos (obuwee
REN ynpasnerne uHtepdencom)
EOI

Puc. 3.6. CurnaibHble JanHuM yHuBepcanbHOl HHTepdeficHofi wmun IEEE 488,

Kaxpnoe ycrpoiictBo, moacoenunennoe K muHe, HMeeT CBOf, OT-
JIMYHBIA OT JPYruX afpec; ¢ NOMOUIbIO 3THX aJPecoB AKTHBHBIH KOH-
TPOJIep y3HaeT H BHIOHpAeT yCTPOHCTBA, MeXKAY KOTOPBIMH OCY-
LIECTBJISIETCS] NepechlIKa NaHHbIX, T. €. ONnpejesiseT aKTHBHHIH nepe-
JAaTYHK ¥ aKTHBHblE NPHEMHHUKH, a TaKXe BCe <«HENPHHHUMAOLIHe»
YCTPOACTBA, KOTOPble He MpelHA3HAYeHB AJs NMpHeMa COOGLICHHE.
Wnes Bbigenenus ycTPOHCTB, He NPHHHMAIOUIMX NaHHblE, Ha nep-
BBIH B3IJISIA MOXKET [0KasaThesl CTPaHHOH. Jleso B TOM, uTO mepe-
CBHUIKH [0 LIHHE MPOHCXOASAT ACHHXPOHHO H CKOPOCTb NMEPECHIIKH Ofl-
pefeseTcst GLICTPOAEHCTBHEM CaMOTO MeAJEHHOTO H3 yYaCTBYIOMHX
B Hell ycrpoiicT. Hasnauenne Kakux-to ycTpoHCTB, He y4acTBylo-
HIHX B KOHKPETHOH NepechliKe, HeNPHHHMAIOUIHMU® MO3BOJSIET H3-
GexaTb CHHKEHHS CKODOCTH MeDeChUIKH H3-32 YYacTHS B OOMeHe
MEJJIEHHBIX yCTPOHCTB, KOTOPHIM NepelaBaeMble AaHHbIE HE HYXKHbI.
Tak, Hanpumep, ¥ mOpHHTep, W NHCKOBAas NaMATb MOLYT HCIIOJIb-
80BaTbCA B KayecTBe MPHEMHHKOB, HO €C/JAH BCe oOpallleHus;
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K JMCKOBOH MaMATH BHINOJNHATB AOCTATOYHO MeJJIeHHO, 4TOGH rme-
penaBaeMble JlaHHble YCmeBaJ NPHHHMATb H NPHHTEpP, 3(deKTHs-
HOCTb CHCTEMBI GyNeT HEBHICOKA.

Co6crBenno muHa (puc. 3.6) COCTOMT M3 BOCHMH JABYHANpaBJeH-
HBIX JIHHHH JaHHbIX, TPeX JIHHHH KBHTHPOBaHHs GaiTOBOH Mepechi-
KH H NATH JHHHER OGIIHX yNPaBJSIOUIHX CHTHAJOB, C HOMOLIbIO KOTO-
PHIX YKa3HBAeTCsl COCTOsiHHe MH(OPMALMH Ha JHHHAX HaHHHIX. [1o
BOCbMH JIHHHSIM JaHHBIX NepelaloTcs Kak AaHHBe, TaK H HHdopMa-
LS YyIPaBJSIOUIEr0 U apeCHOr0 Xapakrepa B BHJE NOCJIeL0BaTe]b-
HOCTH 6aiiToB, colep:KallHecs B KOTOPBIX GUTH MepecHIAlOTCsS Na-
paJieJibHO.

Bce onuncannble Bhllte curHadsl uutepdeitca IEEE 488 nmetor ak-
THBHBIE 3HAUEHHs] TPH HU3KOM YPOBHe Hanpsikenus. (OTmeTHM, 4TO
OOLIENpPHHATO B HAHMMEHOBAaHMs TAKHX CHTHAJOB BKJIOYaTbh 4Yep-
TOUKH, OG03HavawuwKe UHBepcHio, HO B craniaapre IEEE sro mpa-
BHJIO He COBJII0AEHO. )

Tak Kaxk HeKOTOpble H3 CHrHAJOB MOTFYT BbipabaThiBaThCsl He
0053aTeJIbHO OJHUM YCTPOHCTBOM, AJA NMOJAYH HX Ha LIHHY MpHMe-
HATCA (OPMHPOBATENH C OTKPHITHIM KOJJIEKTOPOM; HANpHUMEp, CHT-
Haasl NDAC, NPED u SRQ Bcerma nosKHB mepeiaBaTbCsl HAa LIH-
HY C IOMOIUBLIO TakKHX cxXeM. EcJu npu OTBeTe Ha 3ampoc O6CaYKH-
BaHHs (SRQ) wucnosb3yercs napaJsiiesbHbIl ONPOC, TO BHIXOJAHBIE
3JeMeHTh Ha HIMHY JaHHBIX TaKxXe JOJUKHB GHITh CXeMaMH ¢ OT-
KPBITBIM KOJITIEKTOPOM.

Ocranbhble aunun cursanoB kKsutupoBanusi: ATN, IFC, REN,
EOI, DAV u nuHMH JaHHBIX, €CJIH TPHMEHSETCS NOCAeAOBATebHBI
OIIpOC, MOTYT YNPABJSTBCA CXeMaMH JHO0 ¢ OTKPHITHIM KOJIJIEKTO-
poMm, Ju60 ¢ TPeMsl COCTOSHHSMH.

Jna ynpaBieHnsi nepechlKofl uepe3 HHTeppefc NaHHBIX H
KOMAaHJ CJNyXaT TPH CHTHaJa KBHTHPOBAHHS:

DAV —DATA VALID ([larnbie HOCTOBEPHH)

YKasblBaeT, YTO Ha JIHHUSX JaHHBIX HAaXOAHTCSl HOCTO-
BepHasa HHdopManus.

NRFD — NOT READY FOR DATA (He rotoB Kk npuemy nau-
HBIX )
Himeer BHICOKHH ypOBeHb, KOTAA BCE MPHEMHHKH FOTOBHI
K TMOJYYeHHIO NaHHHX. YCTpPOHACTBO, KOTOPOEe NepBHIM
OKa3bIBAETCH «HE TOTOBO» K [DHEMY, MPHAAeT HH3KUi
YpPOBEHb CHTHaJy Ha 3TOH JIHHHHM H 3alpellaeT HCTOY-
HHKY fochaTh oOuepenuoit Gair. CHuMaeT cHrHan
HH3KOTO YPOBHSI C JIMHHM CaMblii MeIJIEHHHI M3 TmOJ-
KJIIOUEHHBIX K IIHHE NPHEMHHKOB.

NDAC — NOT DATA ACCEPTED ([ aHHbe HE NPHHATH )
Cany:XHT AJIs1 yKa3aHHsl, 4TO BCE NPHEMHHKH BOCMpH-
HAMH HHGODMAIMIO, NMOCJAaHHYI NepeAaTynkoM. Ecuan
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NDAG umeer HH3KHII ypOBeHb, 3HAUHT, XOTH OBl OLHH
H3 NPHEMHHKOB JaHHHeE He NOay4Yusa. CHHMaeT CHIHaJ
HH3KOTO YPOBHS C JIMHHH CaMblii MeIJICHHBIH H3 NpUeM-
HHKOB.

[locnieroBaTeIbHOCTL OCYLIECTBJEHHS! NEPECHITKH C KBUTHPOBAa-
HHeM MoKasaHa Ha puc. 3.7. OHa BKJIIOYAET cJedyIOlHe 3Tambl:

l. Camu#i MelieHHBIH M3 NPHEMHHKOB T'OTOB K NpHeMY JaHHBIX
H npekpaiuaer nogauy curiansa NRFD.

OCTOBED~ ocToBep -
DAV ( [

all y
w1 [

Puc. 3.7. Bpemeﬂﬂﬂré cooTnouenus curnanos DAV, NRFD g NDAC.

——]

2. HWcrounuk NaHHBIX o6HapyxuBaer, uTo curiag NRFD umeer
BBICOKHH ypOBeHb, H, NOAAB JaHHble HA ILIHHY, IOCHJIAeT CHCHAJ
DAV.

3. Ilpnemnuxn o6HapyXHBAIOT, 4TO cHrHad DAV HMeeT HH3KHiI
yPOBeHb, # MPUBOAAT B aKTHBHOe cocrosinwe curiHan NRFD, 1. e.
CaMbiil OHICTPOAEACTBYIOIHA H3 HHX MpPHAAeT STOMY CHTHAJdy HH3-
KHH ypOBeHb.

4. Tlocne nonyyewHs: JAHHBIX [PHEMHHKH NEPecTaloT [0AaBaTh
curian Ha aunuio NDAC. Ouna ocBo6Goxkaaercs, KOraa 3TOT CHTHAJ
nepecTaeT NOAaBaTh CaMblfi MeAJIEeHHbLIH M3 NPUEMHHKOB.

5. Mcrounuk o6uapyxuBaer npekpaiuenue curana NDAC H ne-
pecraer noxasath DAV.

6. Ilpuemnukn BupabaTbiBatoT curHan NDAC, ykaswmiBatowui,
4T0 O6afT AaHHBIX NpHHAT. Temeph MoMKeT MMeTh MeCTO nepechiyiKa
caeayowero 6afita.

[laTe JuHHA ynpaB/ieHHs ONpefessioT H 3aJaloT Xapakrep HH-
(opmauyy, mepeaaBaeMoii N0 BOCHMH JIHHHAM AaHHHX, coOGLias,
HanpuMep, NpeACTaBjsieT JH OHA cOGOH AaHHBIE WJIH ajpec.

ATN — ATTENTION (Buumanue)
Ora JIMHHA, YNpaB/sieMas AKTHBHHIM KOHTPOJLIEpPOM,
CAYXHT 1/ ONpEAe/NeHHs XapakTepa HHOPOpMaLHH,
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HaxoAsmedica Ha JUHUAX AaHHBIX. Huskuit yposeno ATN
yKasnBaeT Ha TO, YTO 3TO aJpecHas WJH ylpasJjsioumas
nH(OpMalHus, a BHICOKHH — YTO 3TO JaHHBIE.

IFC— INTERFACE CLEAR (Hauanbnas ycraHoBka HHTEp-
tefica)

CHCTeMHBI KOHTPOJIJIED HCIOJNB3YEeT 3Ty JIHHHIO LIS
HHHLIMANM3AIHHA LIMHB WIH BO3BpalleHHs cebe ynpasJe-
HHS el0 (aKTHBHBIH YPOBEHb — HHU3KHI).

SRQ — SERVICE REQUEST (3anpoc Ha ofcayxKuBanue)
Jw6oe ycTpoicTBO, 4TOGH NpHBJEYb K ce6e BHUMaHHE
KOHTpOJIJIepa, MPUAAET CHrHAJy Ha STOH JIHHHH HU3KHI

pPOBEHbD.

EOI — END OR IDENTIFY (Komew uan nnestuduxanus)
Huskufi ypoBeHb cHrHaja HA 3TOH JIMHHH YKasbiBaeT Ha
OKoHuaHHe G6Joka uH(OpMaUHH, MepecH/aeMOro no Ju-
HUSIM JaHHBIX.

REN — REMOTE ENABLE (Paspewenne yaajeHHbM YCTpOH-
CTBaM)

Aroit NUHHENd ynpaBiaseT CHCTEMHBIH KOHTpOJJep, a on-
pawiMBalOT ee NPHGODPH, KOTOpPble MOTYT YNPaBJiATbCA
JHMCTaHLHOHHO.

Mukpo3BM HP85 B kauecTBe KOHTpoOJJaepa

Mepconanbubii komnbiotep HP85, Tak xe kak Pet, Apple u
MHOFHE ApyrHe WHMPOKO pacnpocTpaHeHHbie MHKPOIBM, moxer
6uith Jerko noakaiouen Kk wuHe IEEE 488. ®upma Hewlett Pac-
kard BLIIyCKaeT <«NPHCTaBKY», BKJloualoulyio uHTepdeiic u Habop
[13Y, coaepauux nporpaMMHoe obecneueHue, HeOOGXOAHMOe A3
pa6oTbl wHHL. B 2TOM pasiesne pacCMOTPEHO HpHUMeHeHHe HP85
B KAauecTBe CHCTEMHOrO KOHTpPOJJIEpa, YNPaBJsIOILEero HIMHOH ¢ mno-
MOILBIO NpOrpaMMbl Ha fA3biKe Beiicuk.

C nomotuubio ynpasasiowe auaun REM cuctemubii KOHTposiep
coobuiaeT KakoMy-nu60 npu6opy, 4TO OH CTAHOBHTCH OOBHEKTOM AH-
cranunonnoro ynpasaenus. Ilpn ucnonb3oBanun Beiicuka 310 OCYy-
mecteasietcst ¢ nomoubio onepatopa REMOTE. Hanpumep, onepa-
top 10 REMOTE 716 nasnayaer 06beKTOM AHCTAHUHOHHOTO ynpas-
nenus ycrpoitctso no anpecy 16. Mutepdeiic HPIB o6biuno pasme-
IlaeTcs B CerMeHTe ajpecalnu 7, mO3TOMY H nosiBaAsieTcss UHppa 7
B 3TO# M APYTHX KOMaHAaXx.

Mpu xenaHHH MOXHO 3a6JIOKHPOBATb COGCTBEHHBIE OpPraHhl yn-

aBJeHHs YAaJeHHOro YCTPOACTBAa C MOMOILBIO onepaTopa LOCAL
LOCKOUT # npenoTspaTHTb TeM caMbiM JiioGble BMeIIATEJbCTBA
Ha BpeMsa AHCTaHUIHOHHOH nepecbuikd. Hanpumep,

10 REMOTE 716
20 LOCAL LOCKOUT
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B3siB Ha ce6Ga ynpasieHHe NpUOOPOM, KOHTPOJJIEpP NepefaeT AaH-
Hble A/ 3alaHHA pexuMa paboTel (Hanpumep, AJsi MYJbTHMeTpa
3aJalOTCs PeXKUM H3MepPeHHS HaNpsKeHHS W JHana3oH H3MepeHHus ).
$lcHO, 4TO COOTBETCTBYIOIHE KOAbl ONpPENE/RIOTCS THIOM YAaJeH-
HOro npu6opa, Ho 06GHIUHO OHH NPEACTaBAAT cob0l noc/aeL0BaTENb-
Hoctu cumBosoB ASCII. Habop komoB ans mupoxo pacnpocrpa-
HeHHOro npubopa, Hocsulero HasBanue Solartron Locator, npusenen
B Taba. 3.2.

Ta6auya 3.2. HaGop komann untepdefica ans Solartron Locator

xouK::nm Oyuxuns KOM‘§3§H DyHKIHA
F00 Bosspat B cocTOsiHHE TO- F10 [MocrosHHoe HanmpskeHue
TOBHOCTH
Fol Cuer coGuiTHit F11 IMocToAHABIA TOK
FC2 CueT nepenau F12 ConporuBJjerne
FO03 [Nepuon/nintenbHOCTD F13 Temneparypa
F04 3agepxka F14 Cawmonposepka
F05 Yacrora F15 Jlorugeckuii yposeHb
F06 Curaatyph F16 IlepemeHHOe HanpsiKeHHe
Fo7 Curnatypul NuHHA i F17 ITepemenunii TOK
F08 Hannbie ARHUN F18 3anacuofi Koz

Onepatop OUTPUT s3nika BelicHK CAyXHT ANA NEePeChbUIKH JaH-
HHX B BhIOpaHHOe ycTpoficTBo; Hampumep, onepatop 30 OUTPUT
716; “O1F5” nepecninaer uenouky O1F5 cumBoaos ASCII B yerpoii-
cTBO no ajpecy 16. Xors 3TOT onepaTop BBITIAAMT MPOCTHIM, OH
HHHIHADYET CJAEAYIOIY0 NOCAeA0BaTeNbHOCTb ACHCTBHA HHTepdefic-
HOH LIHHBL ‘ v

1. Onpenensier Bce ycTpoiicTBa KakK HenpuHHMaiomue (¢ rapad-
THeH HCKJ0YaeT npHeM TeMH YyCTPOACTBAMH, KOTOpPHE ero ocylie-
CTBJSATb HE AOJIXKHBHI).

2. Hasnauaer ncrounuk nepenaun (HP85),

3. Hasnauaer npuemHuk (npu6op).

4. Tlepecuinaer paHubie.

AnanoruunbiM o6pa3oMm omepatop ENTER sasmka DBeiicuk mno-
3BOJISIET KOHTPOJIIEPY B3fITh Ha ceGs pPoOJb NMPHEMHHKA K MOJy4aTh
nanuble., Tak, onepatop 50 ENTER 716; A$ naer B03MOXKHOCTH
KOHTPOJIIepY NPHHHMAaTh RaHHBIe W3 ajgpeca 16 u mpucBauBath MX
sHauenue cnuckoBoit nepemennofi A$. Hntepdeficnas wmuHa npu
3TOM BHIMOJIHAET CJAeAYIoulue AeHCTBRA:

). Onpenensier Bce ycTpoficTBa KaK HenpHHAMAIOILHe,

2. Hasnauaer npuemuuk (HP85).

3. Hasnauaer nepesatuux (npu6op).

4. [lepecbliaeT naHHbBIE.

OnucanHble BHUIE NPOCThiE ONEpalHH NPeACTaBJSIOT COGoM AHIIB
HeGoJbiyio yacth Bo3MoxHocTell muun IEEE 488. Oanako, kak mMu
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BCKOpe yGeAuMcCs, 5THX OMepalHfi AOCTATOYHO AJA peasH3alHH AH-
CTAHUHMOHHOIO YINpaBJ/eHHS TECTOBHIM OOOpYAOBaHHEM, YTO M0O3BO-
JISI€T OpraHu30BaTh ynpaBJeHHe KOHTPOJBHO#H annmaparypoii or 9BM.

Solartron Locator kak npueMHHK/MCTOMHUK

[lpu6op Locator 720 A noakmiouaercs Kk wuue IEEE 488 yepes
ajanTep BHeIlHero HHTep(defica. C nOMOIIBIO MasnoOraGapuUTHHIX He-
pekyouaTeseil uHTeppefica onepaTop MOXKeT 3a4aTh WHHHBIN anpec
H cratyc npu6opa, T. €. Ha3HAYUTb €ro NPHUEMHHKOM, HCTOUHHKOM
HJIH IPUEMHHKOM /UCTOYHHKOM.

Bce ¢ynkuun npuGopa, HaGop KOTOPHIX BecbMa IIHPOK — OT BO3-
MOXHOCTeH MNPOCTOro MyJbTHMeTpa (TecTepa) HO CHTHATYPHOTO
aHaJH3a, — MOTyT OHITb BLIGPAHB H peaNH30BAHbl AUCTAHLHOHHO
yepe3 wuHy. Ilns Boi6opa GYHKUHH M MHHLUHPOBAHHS H3MepeHHIt
CHCTEMHBI KOHTpPOJIJIEp nepefaer uenouky.cumsosoB ASCII, npex-
CTaBJSAIOLLYI0O CO00H N0c/e]0BaTeNbHOCTh KOLOB.

[IpuBosumasn Huxe nmporpamma Ha Beficuke naeT mpeacTaBieHHe
o tom, kak HP85 u Locator Moryr 6biThb COBMECTHO HCIO/B30BAHbI
JUISl HENPEePHIBHOTO H3MepPEeHHs YacTOTh,

10 REMOTE 716
120 OUTPUT 716; “T101F5”
30 ENTER 716; A$

40 PRINT Ag

50 GOTO 30

KoMaunuasi lenouka cOCTOHT H3 TpexX KOIOB:

T1 — 3apaer nocrosunyio cB3b ¢ npubopom Locator mas menpe-
PBHIBHOI'O NpueMa;

Ol — paspemaer BbiBoA HHPOPMaLuu U3 npubopa;

Fb — 3anaer ¢yskuuio npu6opa — usMepeHHe YacCTOTHL.

OTH KOAW SIBAAIOTCA CHeNH(HYHLIMH AN npubopa, a He AJs
wHrHel. C NOMOIbIO NOAOGHOH [OC/HELOBATENBbHOCTH KOJAOB MOMKHO
yOpasasiTh JIOOGbLIM APYrdM NPUGOPOM, HO NPH 3TOM CaAMH KOAB MO-
TyT OKa3aThCsl COBEPILIEHHO APYTHMH.

Pe3yabTaToM BHINONHEHHS NPHBEJCHHOI BhIlle MPOrpaMMbl GyaeT
caeaywilias HHGopMalist Ha AHCIVIee KOHTPOJJIepa:

FREQUENCY 5000000 HZ
FREQUENCY 5000000 HZ

. .
. .

Ecau naMepenne H0/XKHO GBITh He HENPEPBIBHHIM, a8 OCYIIECTBJIATHCS
JHIIb B MOMEHT HaxaTus HeGouabwwoi KHonku HOLD (¢pukcauus),
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HMEIOIIeHCsl Ha JIOFHYECKOM NPOGHHKE, MOXKHO HCIOJAb3OBATH Clie-
AYIOLLYI0 IpOrpamMMy:

10 REMOTE 716

20 OUTPUT 716; “T101R2F6”
30 GOSUB 100

40 PRINT Bg

50 GOTO 30

60 END

100 REM WAIT FOR HOLD BUTTON ROUTINE
110 ENTER 716; Ag

120 IF POS(Ag, “TIMOUT”) THEN 150

130 B$=Ag

140 GOTO 110

150 RETURN

B kOMaHIHYIO Uenouky BXOAHT 3jech KoMaHia R, cayXamas aas
¢popmupoBanus coobuwenuss TIME OQUT CHCTEMHOMY KOHTDOJIEY,
ecau kionka HOLD naxara B Tevenne 2 c. Crpoka NOANPOrpaMMbl
120 npenunasHauena anas IIPOCMOTpA UENOYKH CHMBOJIOB, HOJAYYaeMoil
u3 npubopa Locator, u oGecneunsaer BO3BpaT B OCHOBHYIO MNpo-
FpaMMy TOJIbKO TOCJIe TOrO, KaK B Pe3yJbTaTe NMONYUYeHHs cooGmle-
uusg TIMOUT B B$ okasuiBaeTcs 3aHeCeHHHM nocJenmee H3MepeH-
HOE 3HaueHHe YaCTOTHI.

[Ipumenenue muHHOrO HHTepdeiica IEEE 488 B Pa3JIMYHBIX MpH-
Gopax MOCTOSIHHO pacmupsiercs. HekoTophie MHKPOIBM, nanpumep
OSBORNE, Bka0O4aloT ero B xauecTBe CTAaHAAaPTHOH COCTABHOM
uactn. B npyrue, takue, nHanpumep, kak IBM PC, Apple II, moxer
ObITb yCTaHOBJIEHA IJ1aTa 3TOTO untepdeiica. dro HanGosee pac-
NPOCTPAHEHHBIH THN WHHBI AJs COeAHHEHHS npHGOPOB B H3MepH-
TeJIbHBIX CHCTEMaX.

Mocaenosatenbublii unTepdeiic

[lepenaua nauubix Mexay ABYMs nyHkTamu B napaajenbHoM
BHIE, KaK 3TO Nenaercss B uHTep(eiice IEEE, skonoMuuecku 3¢-
(eKTHBHA TONLKO NpH HeGOJIbIIUX PACCTOSHHUSX. [Ipr snauurtensuom
YA4/J€HHH CBA3LIBAEMBIX TOYEK CTOHMOCTb Kabesieli W YCTpPOHCTB 6y-
(epH3aUMH CylIeCTBEHHO CKa3WBAaeTCsi HAa CTOMMOCTH CHCTEMHEI
B LEJIOM.

Paccmorpum, nanpumep, napadseabubiii unteppeiic npunTepa,
COlepXKalllHi TpH ynpasJsiome JHHHH. [as Hero Tpebyercs Ka-
GeJib ¢ He MeHee yeM 12 NPOBOAHHKAMH; OGLIYHO, eC/lH PHHTEp pas-
MEWleH BOJM3H MCTOYHMKA NAHHBIX, NS 3THX LeJell HCHOJIb3YeTcs
Kabe/ib B pe3nHoBol u3oasinuu. Ecan xe, onnaxko, NPHHTEP HOAKeH
ObITb pasMellleH Ha GoJiee WJIH MeHee 3HAYHTENbHOM paccrosinuu or
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HCTOUHHKA, HanpuMep okojo 200 M, To HcnoJab3yeTca GoJjee CJIOK-
HBI Kabesb: KaK NMPaBUJO, OH COCTOMT MPH 3TOM H3 CKPYYEHHHX
nap ¢ o0IKM 5KPaHOM, a eCJH YCJOBHS OKpYyXKalolleHl Cpeln pocTa-
TOYHO XKEeCTKHe, TO OH Jo/KeH OHTb apMHpoBaH. Ha o6oux KoH-
nax kKabejs HOMKHH OBITh YCTaHOBJEHH (opMHpOBATeNH U NpH-
eMHHKH CHrHaJjioB, 4To6nl obecrneuyuThb COrJiacOBaHHEe JIUHUH H HUC-

Banyck

MeTounK fanHbix

CyeTynk
N NOTUYECKAA |
cxema

Y 'y fipHemHuk

CABMroBuA perncrp CaBuroBbiA perncrTp
LlakHble /

TakToBble
D> ymnynpcoi  BHIBOA 5{”“
TaktoBble ]

Nepeparunk MMNYNbChI
// L

Bypep npuemunka

Teneparop
W ynpasnaowas :
noruka [

0

A\
Cuerynk
6ntos .
W NOTH4ECKan =
cxema lotosbie
AaHHbie

Puc. 3.8. Hcnonb3oBaHne CABHIOBHIX PErHCTPOB /IS Mepeladd AAHHHX N0 OXHOR
JIHHHUM,

KJIOUHTb BAHsiHHE cHH(}a3HHX moMmeX. Bce 3To cyliecTBeHHO YCJ0XK-
HAeT anmapaTtypy mnepeiayd AaHHBIX, XOTd B HEKOTOPHIX cCJyyasx
yKa3aHHbIe Mephl H NPHMEHSAIOTCS.

ITocnenoBatenbHbi HHTepdefic Mo3BosseT H306eXaTb TPYAHO-
cTel, CBSI3aHHBIX ¢ HEOGXOAHMOCTbIO HMETb OTJANbHYIO JHHHIO I/
KaXJ0ro H3 mapajienbHO mNepefaBaeMbIX OHTOB; IJisi Nepelayn
JaHHBLIX MCIIOJNb3yeTcss B cJaydyae IOCJeJOBaTeNbHOTO HHTep(eica
OJHA JIMHHS, 10 KOTOPOH GHTH Hepech.IaloTcs MO OAHOMY IOCJen0-
BaTeqbHO (Kaxjaas JIHHHA JaHHBIX JOJIKHa ObITh TakXe cHao-
eHa o6luM, HIM o6paTHHM, nposoioM). Urobu pasobpatbes
B NPHHUHMIAX 3TOr0 MeTOAAa Nepelayd JaHHBIX, DACCMOTPHM e€ro
N03TaNHO, HAauHWHAsl CO CTPYKTYpPHOH CXeMbl, MNPEACTaBJEHHOH Ha
puc. 3.8.
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B nauaJje nepeaayn HCTOUYHHUK JMaHHBIX 3arpyxaer HH(bOpMaI.lPIlO
B CIBHUIOBHIi PerucTp ¢ mapaJJjenbHoH 3aIuChlO, 3allycKaeT cxXemy
TAKTHPOBAHUA H CYETYHK. Ka}KlIbIM TaKTOBBIM CHT'HAJOM JIaHHHE
CABHTalOTCsI HA OAHY MNO3HIHIO BIIpaBO H MNOCTYMaiT NpPH 3TOM Ha
JIHHHUIO JaHHBIX. HpHeMHHK COCTOHUT M3 ellle OOHOIO CABHIOBOIO pe- -
THCTpa, CYETYHKA H JOTHYECKOH CXEMBI, KOTOpLI€ YIIPaBJAIOTCH
TEMH Xe TaKTOBBIMH cHrHajaamu. [locJsie Toro kak CYETYHUK 3ape-
THCTPUPYET MOCTYIJIeHHEe HeOOXOAMMOTO KOJHYeCTBa TAKTOBBIX CHr-
HaJ/OB, OH MOXKeT HHHUHHDPOBATH napaJJeabHyIo nepenavy AaHHHX

3anyck

TakToBbl& l'
MMnyanbl;I!'}l;l!l;lll!l

pdA bo | bt | b2 | b3 | b4 ] b5 | b6 | b7

A of 1t ]2l s a]s | 6]7]s

{cpabatbiBaeT

10 oTpMuaTens- 3arpyska
HOMY $poHTY TW)| 6ydepa
npuemMHUKa

Puc. 3.9. Bpemennsie AnarpaMMbl MPOCTOA CHCTEMB MOCJTEA0BATE/bHOLN nepenavn
C HCIIOJIb30BAHHEM C/BHIOBHIX PECHCTPOB.

M3 CIBHTOBOrO perucrpa B Gy epHBI. DTOT MeTOL MOCaeHOBATENb-
HOH MepeCHJKH NaHHBIX SIBASIETCS ONHHM M3 BHIOB CHHXPOHHO#
l€pe/aiH, NpH KOTOPOH BMecTe C JaHHBIMH Tpebyercs nepenaBarhb
TAKTOBbIE€ CHTHaJIB. BpeMcHHAA guarpamma paGoThl omMCaHHON
CHCTEMBI NpHBeJeHa Ha pHc. 3.9.

YMeHbLINB, TAKUM 06pa30M, YHCIO CHFHANBHBIX JHHHN H CHH3HB
CJIOXKHOCTb CXEMBEl Tepenaud, HaJ0 HCKMOYHTb H3 MepefaBaeMoil
HH(OPMALHH TAKTOBHIE CHIHAJH H nepeATH K MOAHPHUHPOBaHHOMY
BADHAHTY DACCMOTPEHHOH CHCTEMHl Nepelfaul, KOTOPHI yxKe He 6y-
Her CHHXpOHHHIM. CTPYKTypa NOJYYEHHOH B pe3ysbTaTe CHCTEMb
fiepefayn mpeacTasieHa Ha puc. 3.10. Jlaa ee GpyHKuHOHHpOBaHHs
HEO6XOAHMO cOGMI0/IeHHe CJeAYIOUHX YCAOBHI:

1) o6a remepatopa NOJKHH BhHpaGaTHBaTb OJIHHAKOBYIO Ya-
CTOTY; '

2) Heo6XONMMO KaKHM-TO 06pa3oM HMH)OPMHPOBATb NPHEMHHK
0 TOM, YTO Nepejgaya Hauasnach;
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. 3) mepex HauaiOM Ilepefaud OUEPENHOTO 3JeMEeHTa JaHHHIX
HOJIKHO OHTh OTBEAEHO BpeMs AJs HAyaJbHOH YCTAaHOBKH IIpHEM-
HHKa.

Uro6Hl BLIOJHHTH [EepBOE H3 3THX YCJOBHH, LeJeC006pa3sHO
YCTaHOBHTH PS5l CTAHAAPTHBIX YACTOT NepefayH; aCHHXPOHHASA MO-
c/lefoBaTesbHasl Nepefaya OOLIYHO BeJeTCH HAa OJHOM M3 4YactoT,
npHHaAIeKAUUX 3TOMy PAdy. Takyw CTaHAapTH30BAHHYIO 4acTOTY

NCTOYHKK BaHHbIX
\ 1Y
CABUroBbii PETKCTD. > HHbI " | Cpenroseid peructp
TaktoBbie OWBOA Ranheie Bsog
nmn}\nscu . / TaxToBsle UMNYNbCh!
A Takrossie CUrHanbt TaKToBbIE )
nepeparnoued CHUrHanb
4acTu ¥ Npremynka
fexepatop, TeHepatop, v Yy
CHeTHHK cyeTymMK
] u ynpaensaouan W ynpasnamowas
Banyck | noruka noruka Byep npuemnnka
Tlepeparynx Npuemnnk

Puc. 3.10. IlpeppalieHne cucTeMH Tepefaid JAHHHX B aCHHXPOHHYIO MNyTeM
HCKJIIOYEHHs! AHHHH TaKTHPOBaHHA.

NIPHUHATO HA3BIBATb CKOPOCTbIO NMEPeNayH; CKOPOCTb Nepelai H3Me-
psercss B 60ojax, T. e. KOJMYeCTBOM OMTOB, NepelaBaeMbIX 3a ce-
KYHAY IO JIMHHUH, KOTAA NPOHCXOAHT Nepechiika AaHHBIX. B Taba. 3.3
npHBefeHbl HauGoJlee IHPOKO NPHUMeHsieMble CKOPOCTH fiepeAaid H
yxasaHbl O6/IaCTH UX HCHOJIb3OBAHHA.

Huskue ckopoctu nepefauu {no 110 604) npuMeHsAJIHCh NpH pa-
GoTe ¢ 5JEKTPOMEXaHHUECKHMH TeJENpUHTEPAMH, TaKHMH, KakK
Teletype 33, xoropbiii paGotaa co ckopoctbio 110 Goa; OwicTpo-
AeficTBHe HOAOGHBIX YCTPOHCTB OTPAHUYEHO NapaMeTPaMH HX MeXxa-
Hudyeckux y3a08. OTHOCHTEbHO BHCOKHE CKOPOCTH II€peAaud MC-
ROAB3YIOTCA NPU pafoTe ¢ AMCIUIESsMH W KaHAJaMH NepefadvH AaH-
HHX, Peaiu30BAHHBIMH HAa MOJYNPOBOAHHKOBOH 3JeMeHTHOH Oase,
a CcpeiHEE CKODOCTH XapaKTepHHl AJA NPHHTEPOB H APYTHX MepH-
(epuiiHBIX YCTPOMCTB, CONepXKalUHX JABHXKYIIHECS MeXaHHYecKue
MACTH H CPABHHUTE/BHO MPOCTbIE 3/IEKTPOHHBIE CXEMBL
. Jlpa ApYrHx yCJIOBHS YCIHEIUHOro ¢yHKUHOHHPOBAHHS ACHHXDOH-
HHX CHCTEM MepefayH AAaHHHX OOYyC/AOBAHBAOT CTaHAAPTH3AUHIO
KOMIIOHOBKH GJIOKOB Mepe/aBaeMblX AaHHBIX: 6JOK OOBITHO cojlep-
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Ta6auya 3.3. Crammapranie CKOPOCTH Nepejaiyd RaHHHX B HuX
NpUMeHeHHe

Cxopocth

nepeaauwn, O6aacTs npumenenns
6uT/c

50 SeKTpOoMexaHuuecKue NPHHTEPH H  yCTpoO#CTBa
75 YTeHHS
110
150
300 CpeHecKOpOCTHbE TPHHTEPH H YCTPOACTBA BBORA AaHHBIX
600
1200
1800 Brictpozeiictytomue NPUHTEPH, MAHUCIJIEH, KaHAaJBI
0 nepejavyd JaHHBIX
24

3600
4800
9600
19200

KUT 7 wan 8 GHT, a NepeCHUIKA KaXKAOr0 3AEMEHTa NaHHbIX HAYH-
HaeTCH M 3aKaHUMBAETCS COOTBETCTBEHHO CTAPTOBHIMH H CTONOBHIMH
Guramu. Bosee noapo6HO acHHXpOHHasi mepefaua AAHHBIX OmUCAHA
B cJelylolleM Noapasiede. »

ACHHXpOHHaﬂ nocjenoparesbHas nepepaua

Ilas ypoBHe#l CHTHANOB M CXeM, NPHMEHSIEMBIX B aCHHXPOHHOM
NOC/IEI0BATE IbHON Nepefade NaHHBIX, pa3paboTan psix CTaHJapTOB,
NpHYeM CHTyalHs B OO/MACTH 3THX CTaHAAPTOB BeCbMa AHHAMHYHA,
T. € yCTapeBalomlue CT2HAAPTH NOCTORHHO 3aMEHIOTCA HOBHIMH,
Gonree coepuieHHHMH. [loatoMy nenecoo6pasno paccMoTpers acuH-
XPORHYIO NOCHENOBATeNbHYIO IiepeAady BHE 3aBUCHMOCTH OT KOHK-
PEeTHBIX CTaHRapToB. Tak Kak peyb HAET 0 Mepefave ABOHYHELIX BaH~
HbIX HEOGXOJRHMO YCJIOBUTBCS O TOM, KaKHe YPOBHH JMEKTPHYCCKHX
CHrHAJIOB HCNIOJB3YIOTCS AJNS Nepelau RO JHHHE AAHHHX JORYe-
CKHX 3nauenuii 0 u 1.

Henecoo6pasHo cuutaTh, 4To naHHBIe NepenanTcs B BHAE HX
«HCTHHHBIX 3HAUCHH», T. €. €CH GHT, KOTODHI NepeRaeTcs HO JMH-
HHH, HMEET 3HaueHHe |, TO W CHTHAA B JHHHH HMeeT 3HaYeHme |.
(D71eKTpHYECKAE YPOBHH CHIHAMOB, NePe1aBAEMHEX Ha JAHHHK, MOTYT
HE COBNANaTh C YPOBHSIMH, XapaKTeDHRIMH IS CXEMOTEXBHKH HC,
Ha KOTOPHIX NOCTPOGHH CXEMBl NapaJJenbHO-NOCHEAOBATENLHOIO
npeoGpa3oBaHHsl, IOTOMY YTO MEXAY JOTHUECKHME CXEMAMH H JIH-
HUSIMH Tlepellayd OObLIYHO HMeeT MeCTO TO HJIH HHOe apeafpasosa-
HHe YDOBHeH.) B COOTBeTCTBHH ¢ Takoi JOTOBOPEHHOCTBIO, €CJH
JUHHS NpeGLIBACT B COCTOSHMH NPOCTOS, T. €. NG JTOH ABHHY He
lepefaeTcsi HHKaKHX HAaHHBIX, Ha HeHl HMeeT MeCTO CHrHaj |.
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Hayano neperaun KaXaoro sJjeMeHTa HNaHHHX (COCTOSIIErO
o6bIYHO H3 7—8 O6HT) 00o3HayaeTcsl H3MEHEHHEM 3HAYEHHS CHTHaJa
B JuHHH Ha 0 Ha OJMH NepHOJ TaKTOBHIX CHIHAJOB; TEM CAaMBIM
NpHeMHHK HH(DOPMMPYETCS O TOM, 4TO mepegava Havasack. Cpasy
e Iocje 3TOr0 CTapTOBOro GHTa HaYHHAIOT NepelaBaTbCcs OUTH
JlaHHbIX, IO OAHOMY 3a NepHOJ TaKTHPOBAHHs, HAUHHAA C MJIAALIETO
6ura. Ecam B mpouecce nepeiayd NMPOH3BOAHTCS KOHTDPOJb IO YeT-
HOCTH, [UIsl 4ero AOJIKEH ObITb nmepefaH OUT YETHOCTH (CyMmMMa 3Ha-
4eHHsI KOTOPOr0 CO 3HAUEHHUSIMH OGHUTOB AAHHBIX AOJKHA OHITH JHGO

Cronosbie
DanHble U 6uT 4eTHOCTH 61TbI
~ =
b0 b1 b2 b3 b4 b5 b6 ] P .
t11 CoCTOofAHUE C i
npoctos  lanyck| 1 0 0 0 1 | 1 0 |1 | 3::)6cy»iomm

/ !
Y I |
‘ I
(| }
NMHMA BaHHbIX ONpawusaeTcs
B CPEAHWUIA MOMEHT KaXjorae

)or

.l

nepuoaa TaKTUpoBaHua .
3anyck noruyeckoin NpuemHuk yctanasnueaercs
CXEMb! NPUEMHUKAE B COCTOAHWE FOTOBHOCTH

TpueMHuK cnegut K HOBOMY 3anycky

338 COCTOAHNEM NUHKHK,
OXUAAA OTPULATENBHOTQ
nepenaga

Hannsle 0110007 {yucno egunmy & kope ASCII1)
Puc. 3.11. ®opmar faHHBIX NPH ACHHXPOHHON NOC/TENOBATENbHON mepenave.

yeTHOH, /MO0 HEYeTHOH), TO OH NepefaeTcs TOCJe CTapluero GuTa
JNaHHBIX.

Temepbr /AHHHS AaHHHIX AOJXKHA B TeueHHe HEKOTOPOTO MHHH-
MaJIbHOIO BpeMeHH, Ha3blBaeMOT0 CTONOBHIM HHTEpBaJOM, HAXOAUTh-
Csl B COCTOSIHHH NPOCTOS. DTO HEOGXOAMMO [JIsl NPUBEAEHHS NpHEM-
HHKa B HCXOJHOe COCTOsIHME Tepej INepelayedl HOBOTO 3JeMEHTa
naHHbiX. CTONOBHIE HHTepBasJ OOBIYHO IJHTCS B Pa3HBIX CHCTEMAX:
1, 1,5 uau 2 nepuoga TakrupoBaHHs. Ec/iu HOBBIH 3/1eMeHT JaHHBIX
He TIOCHJIaeTcs cpasdy XKe [0 HCTeYeHHH 3TOro BpeMEHH, JIHHHSA
ocTaeTcsl B COCTOSIHHH INIPOCTOS JOJblLIe [AJHTENbHOCTH CTONOBOFO
HHTepBasa. TakuM o6pa3oM, NPH aCHHXPOHHOH MOCJIeJ0BaTeIbHOH
nepeipaye JaHHBIX HMEET MECTO CJeAylollas OuepefXHOCTb COOBITHH:

1) cocTosiHHe NpOCTOS, T. €. 3HayeHHe 1;

2) oaun ctapToBbi GUT co 3HaueHHeM 0;

3) 7 uau 8 OHT HaHHBIX, HauMHas C MJAALIero;

4) ooMH OUT YETHOCTH;

5) 1, 1,5 uau 2 cronoBux 6ura, T. e. OGUTH CO 3HayYeHHeM 1, co-
OTBETCTBYIOIIHM COCTOSTHHIO MPOCTOS;

6) cienyroWHid cTapToBBH GUT co 3HauyeHHeM 0.
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B/IOK RaHHBIX B TOM BHIE, B KAKOM €ro MOXHO GHLIO HabmaonaTh
C NOMOWIBIO ocuunorpacda, mokasan Ha puc. 3.11. Cemb GuToB
naHHBIX — 310 0110001, BMecTe ¢ GHTOM YETHOCTH OHH HMEIOT BHJ
10110001. ITocne mepemaus 3TUX BOCHMH GHTOB CIeNyIOT ABa CTO-
NOBBIX OHTA, a cpasy NocJe OKOHUAHHS CTOMNOBOTO HHTepBaJa HayM-
HaeTcst neperava CiaelyloIlero 3JeMeHTa NaHHBIX. .

Hau6osnee wacro cromosmiii HMHTEeDBaJl COCTOHT M3 OIHOTO 6BuTta
(a1Ba 6uTa HCIOMBL3OBAJHCDH NpH paboTe C 3JeKTPOMEXaHHUYECKHMH
TeJeTalNaMH, Tak KakK AJs HX HauaJbHOM YCTAaHOBKH OJHOGHTOBOrO
MHTEpBaJa OKa3blBA/JIOCh HEZOCTAaTOYHO). Takum o6pasomM, noJHoe
YACTO GHTOB B GJIOKe, cofepKauleM 8 WiH 7 GHT NAHHBIX H OAVH
OHT ueTHOCTH, paBHO 10, W MakCHMaJbHas CKOPOCTb TIEPECHIIKH
COCTaBJISET OLHY JeCSATYI0 OT CKOPOCTH IepefauH, H3aMepsieMoit
B 60Jax, T. e. NpH CKOpocTH nepeaun 1200 Gox MakKcUMaJsbHast
CKOpOCTb NepechlyiKd AaHHbX 120 anemenTOB/C.

[locnenoBarenbHo-napasnienbHoe u napansienbHO-NoC/Hea0B8aTENbHOE
npeoGpasosanue

[locsienoBatenbhocTu 6HTOB MaHHBIX, aHATOrHYHbIE paccMmoTpeH-
HOH BBILIE, JOMKHB (POPMHPOBATLCS H3 JAAHHBIX, KOTOpPBEIE BHYTPH
CHCTCMbl NPCACTABIEHBl B Napa/ieabHOl hopme. YerpoiicTBo, npH-
HuMalollee NaHHbIe B NOC/eAOBATeNbHOH (opMe, MOMKHO, B CBOIO
ouepellb, GbITb CMOCOGHO BHOBb NpeoBpasoBaTh HX B napaJJedb-
Hy10 opmy.

PaccMOTpenHble BhILIE NPHHLHIB NOCAELOBATENBHO] nepeaauu
C HCNO/Nb30BAHHEM CABHIOBBIX DETHCTPOB, CYETUHKOB H JOIHUECKHUX
CXeM MOryT OBbITb peann3oBanbl Ha Gasze UC masoii u cpenHeld HH-
rerpaun (MHMC n CHUC). Tak 5T0 npakTHuecKH U meaa/10Ch A0 He-
H4BHEro MpOLLIOTO, M MHOTHE BBIUHCAUTENbHBIC CHCTEMBI, HAXOMsi-
LHecst cefiuac B SKCIyaTalMH, COLEPKAT YCTPOHCTBA nepefaun u
HpHEMa NaHHBIX B N0CJAENOBATEIbHON POPME, KOHCTPYKTHBHO 0pOpM-
JICHHLIC B BHAE IJIAT C YCTaHOBJEHHEIMH Ha Hux MHUC u CUC. Ho-
CTHxKCHnA TexHonorun BHC noseoasior peanusosats (ynkimo-
Ha/lbHO 33aKOHYEHHOE YCTPOHCTBO NpPeo6pa3OBAHHUS JAHHBIX N3
llapaJle/IbHOH (POPMBLI B MOCJIENOBATENbHYIO H 0GPATHOrO npeobpa-
30BaHust B BuAe ofaHo#l HC. Takmue ycrpoiicTBa HHOrAa HA3bIBAIOT
YHHBEDCANbHLIMH aCHHXDOHHBIMH NpHEMOIepefaTYHKaMH (YATIIT).

B Mukponpoueccopubix cHcreMax maxomut NPHMEHCHHE MNpO-
TPaMMHBI MOJAXOX K DEIIGHHIO 3aJaud MapaJlJiebHO-NOCAeI0BA-
TEJIbHOTO U ob6patHoro mnpeoGpasoBaHus. MoXHO HamHcaTh 1npo-
'pammy, koTopas 06paGaTbiBaeT HaXOASWIHECH B PerHcTpe AAHHbIE
TaKHM 06pa3oM, 4TO OHHM MOCTYNAIOT HA OLHH W3 BHEIIHHX KOHTAK-
TOB TIOpTa BHIBOAA B NOCJEN0BATeNbHOH (hopMme, Oynyun cHaGxeHbl
CTAPTOBLIMH H CTONOBHIMH OHTaMH. B03MOXKHO H o6patuoe mpe-
06pasoBaHue C HCIOJb30BAHWEM NPOrPAMMH, KOTOpast cJeguT 3a

4 k. ®eprycor u ap.
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CurHan Ha BbIXOAHOW NUHNK
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Puc. 3.12. Cxema asroputma mnepefaud A4HHHX B MOCAefOBaTeNbHON dopme,
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I
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Puc. 3.13. Cxema aaropuTva npdema JaHHBIX B NOC/AeAOBaTe]bHOH ¢opMe.

4.
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T'naBa 3. Mutepdeiic 107

CHTHAJIOM Ha BXOJHOM KOHTAKTe H BHIfIBJISIET H3MCHEHHS €ro JOTH-
YECKOro 3Ha4yeHUs N0 Mepe MOCTYNJEHHS JAHHBIX.

Ha nannHoM 3Tane u3JoXeHHS MaTepHala KHHUTH 1el1ecoob6pas3Ho
paccMoTpeTb CXeMbl aJropuTMOB npeoGpa3oBaHus (GOpMbl npel-
CTaBJIEHHs AAHHBIX, IOTOMY YTO OHH MOryT GOHiTh NMPHMEHEHb KakK

Ynpasnenune
$opmaTtom
AaHHbIX +58
TakToBbI®
UMnynseobl
nepegarynka
BeiBog nocnegosd-
Bsog TENnbHbIX AAHHbIX
napannens- Nepepatunk
HbIX AaHHbIX
Bsog nocnepgosa-
Beisog
!
TENbHbIX AAHHbLIX NlpuemHIk napannenb-
3 HbIX flaHHbIX
TakToBble
UWMNYNbChI
npuemHuKa

®narun
ownbox 08

Puc. 3.14. Baok-cxema OPOCTOrO YHHBEPCAJbHOIO ACHHXPOHHOTO MpHEMONEpenat-
YHKa,

ISl TIOCTPOEHHsT alnapaTHBIX CPEACTB, TaK W JUISl HalHCaAHUS [PO-
rpaMM, BBINOJHSAKIIHX Te KXe (yHKUHH. CXxeMbl aJropHTMOB IMpH-
BefieHsl Ha puc. 3.11 u 3.12, a nporpammu 3.1—3.3 siBasoTcs npu-
MepaMH NPAKTHYECKOH peasH3anHd 3THX aJrOpPpHTMOB.

[TpumeHeHne nporpaMMHBIX METOAOB MJsl BBINOJHEHHs! MapaJ-
JIEJIbHO-NIOCJEA0BATRNIBHOIO H NOCJeJ0BaTeqbHO-NapaJaelbHOro npe-
00pa3oBaHusl AaHHBIX CHHXKaeT 3 (PeKTHBHOCTb HCIOJb30OBAHUS Bpe-
MeHH paboTHl mpolieccopa U OOBIYHO OTpaHHYEHO HeGOJbLUIHMH CH-
cremaMu. B 3aTHX caydasix 3ajlepKKH, HeOGXOAHMbIE AJSl TOTO,



108 Yacte I. MukponpoueccopHule CHCTEMBI

YTOGE! TeMN NpeoGpa3oBaHHs COOTBETCTBOBAJ ONpee/eHHONM CKOpO-
CTH Nepefaud, 3aBHCAT OT TAKTOBOH yacTOTH mpoueccopa. [TosTomy
HeOOXOJAHMO CJIeIHTb, YTOGH 3Ta 4acTOTa He H3MEHHJIach BCJed-
CTBHE KaKHX-1HGO HEHCNpaBHOCTEH H/IM 3aMeHB KBapIEBOTO KpH-
CTa/ja reseparopa Ha JpYyrod, HMeOMHH HHYIO paGouylo 4acToTy.

st cucreM, colepKaluX HECKOJIbKO KaHAJOB I10C/e10BaTelb-
HOH Iepellauy AaHHBIX, 6oJlee XapaKTEPHO NpUMEeHEHHe YIOMSHYTHIX
BhIlIe yCTPOHCTB Ha HHTErpaJbHbIX CXeMax, a He NMPOrpaMMHBIX
cpect npeoGpasopanus. Tumosasi GJoK-cxeMa Takoro ycTpoicTBa
npeiacrasjeda Ha puc, 3.13.

CTaHllaprl nocJen0BaTeNbHOTO o0MeHa

Hlasi onpefesenns pexHMOB MOCJAEAOBATETbHON Nepeayn aH-
HBIX, T. €. YDOBHEH CHIHAJIOB, HMEIOUIHX MECTO B JIHHHSIX, H GHICTPO-
HeHCTBHSI CXeM, MCIOJIb3YeMblX AJsl TeHepalMH 3THX CHTHAJOB, CY-
WECTBYIOT H NPOJOJIKAIOT NOABJATECA Pa3/HUYHbe CTAHAAPTH (CM.
CTaHJapTHHIE CKOPOCTH TMepelayd M OO6JACTH HX [PUMEHEHHS
B Tada. 3.3).

(a) Hurepdeiicel ¢ OJHOCTOPOHHHM HCTOYHMKOM HANPsKEHHS
RS232, V24 u RS423

Otu HauGoJee WHPOKO MpPHMeHsieMble HHTepdeliCHEe CTaHAapTH
OPHEHTHPOBAHbl Ha HCIOJb30BaHHE HCTOYHHKA CHCHAJBHOrO Hamps-
*KEHHs!, KOTOPBIH pPAacloJoXKeH CO CTOPOHBI mepefaTunka. Jloruue-
CKHe CHTHAJbl IPEACTABJSIOTCA B 3THX HHTepdeHcax CJaeLyIoLHM
obpasom:

I — oTpunaTenbHOE HaMpsiKeHHe;

0 — nonoXKHUTeNbHOe HaNpsXKeHue,

Craugapt RS232 onpegensier He TOJNBKO ypPOBHH CHMHAJOB, HO
H NpUMEHSIeMbI pasbeM, a TakXKe HOMepa KOHTAKTOB, KOTOphle
JOJIKHBI CTYXKHTb [JJIs Nepeflaud Pa3NH4HBIX CHI'HAJO0B KBHTHPOBA-
HHS NPH HCIOJAb30BAHHH HHTepdelica ¢ MOJeMOM (MOLYJATOPOM-Je-
MOLYJISITOPOM) NIpH MNepelaue MAaHHBIX N0 TeJe(OHHBIM KaHasaM.

Cranpapr V24, paspadoTaHHbii MeXAyHapOAHBIM KOHCYJILTa-
THBHBIM KOMHTETOM 1o Ttejerpacdun u tenepouun (MKKTT), — sto
aHaJsor aMepHukKaHckoro crangapra RS232, npumenseMblii B 060-
PYAOBaHHH eBPOIEHCKOIO NPOH3BOJACTBA.

Xots crannapt RS232 onpenensier QyHKIHOHANbHOE Ha3HAYCHHE
KaXA0ro KOHTaKTa pa3beMa, HEKOTOpHle H3TOTOBHTENH YCTPOHCTB,
NpUMEeHssl 3TOT CTaHAapT, HCIOJb3YIOT KOHTAKTH Pa3bheMOB He B CO-
OTBETCTBHH C €ro HOPMAaMH, YTO CTaBHT MPOGJEMbl COBMECTHMOCTH
pH BBEIEHHH YCTPOHCTB B COCTAB CHCTEM,

Huxe mpuBoasiTcs ypOBHH CHTHAJOB H (DYHKUHOHAJbHOE HA3HA-
YeHHe KOHTAKTOB pa3’beMOB B COOTBETCTBHU CO craHaaprom RS232
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(Taba. 3.4).
Jloruueckasn 1 onpeneisieTcst Kak HanpsiKeHHe, JexXallee B AHA-
na3oHe ot —3 no —25 B.

Tabauya 3.4. HasHaueHHe KOHTaKTOB Pa3beMOB B COOTBETCTBHH
co craHgapToM RS232

Kgﬂ.’;ﬁgza Onucanne ¢pyunkyuii
1 Skpan
2 Ilaunble nepesatuuka
3 JlaHHble MpHeMHHKa
4 3anpoc Ha MOCHUIKY
5 Paspemenre nochiixi
6 FotoBHOCTL HaGopa AaHHBIX
7 «3eMJIs1> CHTHAJIOB
8 YkasaTenb cHriaja Ha JIMHHH JaHHBIX TNPHEMHHKA
lg } KoHTpoJibHBIE TOUKH
11 BropHunasi JuHHS npHeMHHKa
12 YKazate/b curuada
13 BTopuunas qHHHS paspeulenus NOCHUIKH
14 CurHaa nepegauu
15 TakTupoBanne (0T anmapatypsl NMepedaun ZaHibix)
16 BTopHuHas JMHHS NaHHLIX NpHEMHHKA
17 D/eMeHT CHrHaja NpHeMHHKA
18 —
19 —
20 I'oToBHOCTL TepMuNana AAHHEIX
21 YKazaHHe KauecTBa CHIHaJa
22 Kosabueso#t yxasarenn
23 Bbi6op CKOPOCTH mepefayn CHPHAJMOB AaHHBIX
24 D/IeMeHT CHTHaja TepelaTuiHKa
25 —

Jloruueckuit 0 onpeaensercs Kak HanpspKedHe, jexallee B Aua-
nasose or -+3 g0 425 B.

Cranpapt nmpeanosaraer npuMeHeHHe 25-KOHTAKTHOTO pasbema,
IpHYEM Ha3HAYCHHE KaXKAOrO KOHTAaKTa TaKxkKe OrOBOPEHO CTaH-
Aaprtom. CTaHAapTOM NpeLyCMOTpPeHa BO3MOXKHOCTb HeBOJbIIOrO
BapbHPOBaHHS HCNOJb30BaHHS KOHTAKTOB B 3aBUCHMOCTH OT IpHMe-
HeHHs1 HHTep(elica; KOHKPETHOE Ha3HaYeHHe Ka)KJAOr0 KOHTAKTA
JOJI2KHO GbITh YKa3aHO B CIPAaBOYHBIX MaTepHaJaX H3rOTOBHTEJIS.

Cranpapr RS232 He npeanasnauer LJs cBSI3H yCTpOMCTB, yna-
JICHHBIX ApPYT OT JApyra Ha OoJblliHe pacCcTosiHUsl. B kauecTBe Mak-
CHMaJ/IbHOTO OOLIYHO YKa3biBaeTcsl paccTosinhe okodao 20 M. dTor
CTaHAapT mpelycMaTpHBaeT NPHMEHEeHHe MOAEMOB (MOIYJATOPOB —
AEeMOJYJIITOPOB), KOTOPHIe NMO3BOJISIIOT NepelaBaTh AaHHbIE HA 6OJIb-
LiHe paccTosiHus N0 TeledOHHBIM KaHalaM OOLIEro MoJb30BaHHS
HJIH BbIJCJIEHHBIM KdaHaJaM; CKOPOCTb nepefadyl OGbIYHO COCTABJSIET
300 wman 1200 6on. CramaapTH CHCTeM [epefaud AAHHBIX NPHBe-

. T T Y v e m . O™
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Tnasa 3. Untepdeitc 1t

Hsrorosurenn HC BHOYyCKalOT B HHTErpajbHOM HCIOJHEHHH
CXeMBl 1peo6pa30BaHUsl YPOBHEH CUrHAJOB AJsi CONMpSI)KEHHS JIOTH-
YECKHX CXeM W JHHHH mNepelaud B COOTBETCTBHH CO CTaHAapTOM
RS232. i BHIXOAHBIX KaCKafoB TepefaTUHKOB, OTBEUYAOUIHX
9TOMY CcTaHaapTy, Tpebyercs Hamps:KeHHe nuTanus ==12 B, no ux
BXOJHBle CHTHAJBl MOTYT HMeTb CTaHIAapTHble JIOTHYECKHE YPOBHH.
BXxoaHEIMU [Jf NPHEMHHKOB SIBJASIOTCH CHTHA/JBl JHHHHA, COOTBET-
cTByolHe crangapty RS232, a BhiXOAHbIE CHMHAJBI NMPHEMHHKOR
HMEIOT THNOBBHIC JIOTHYecKHe ypoBHHU. TakuMm o6pasoM, mpHMeHeHUE
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Puc. 3.15. Untepdeiic ans NByXNpoBOAHOH cxeMunl nmo cranzapTy RS232C.

JIOTHYECKHX Yy3J0B, CJAYXKaUMX A5 INOCAe/L0BaTeNbHO-NapaaIcab-
HOro H o6patHoro mpeo6pasoBaHHsl, B cocTaBe HHTepdelicoB cTaH-
napta RS232 He Bni3biBaeT 3aTpyAHeHuil. BkJatoueHne npeoGpasona-
TeJiel ypoBHeH B JABYXNDOBOLHOM HHTepdelice, COOTBETCTBYIOLLEM
3TOMY CTaHAapTy, N0Ka3aHO Ha puc. 3.15.

Crangapt RS423 npeaycmatpuBaer HCTOJNb30BaHUE B JIHHHSIX Me-
penaun GoJjiee HHU3KHX YPOBHEH HaNpskKeHHs! (TUMOBBIE BEJHUHHBI
#+5 B) u nonyckaer GoJjee BBHICOKHE CKODOCTH Mepeaaud
(100 Koéur/c npu yaasennn 10 M) H 6OJblIyI0 YAAJEHHOCTb NYHK-
toB nepesaun (1300 m npu 1 Ké6ur/c). Eme oano mpeumyuiectso
3TOrO cranaapra nepef RS232 zaknaouaercsi B BOSMOKHOCTH 06Cay-
JKUBaHHS HECKONbKKHX (40 10) NpueMHHKOB NOCPEACTBOM OAHON JH-
HHUH Tepefavu.

Tak Ke Kak H B cayyae cranaapta RS232, nmelorca npeoGpaso-
BaTeJqn A4 CONpsixkKeHHsA ypoBHeH curHanoB Jjunuél 0 TTJl-cxewm.
[TepBbIM BHAOM TeCTHPOBAHHSI MOJOGHOH CHCTEMbI CBSI3H SABJISETCS
NpoBepKa YPOBHA HANpSIKEHUs Ha JBYX JHHHSIX AaHHBIX; 9TO Ha-
npsaXKeHne LOJKHO OBITb OTPHIIATEJNbHBIM, €C/IH JHHHH NpelhBaIOT
B HeaKTHBHOM cocTosHHH. [losiB/eHUe J11060r0 APYroro HanpsKeHHs
SIBJSIETCSl NPH3HAKOM HEHCNPABHOCTH, KOTOpas AOJKHa OHITh ycTpa-
HEHa /0 MpOBepKH (YHKIHOHHDOBAHWS CXeM [OCJeL0BaTeqbHO-Ma-
panjeqbBoro d napaJiiieNlbHO-NocaeJ0BaTe/bHOr0 NpeoGpaszoBaHust.
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Puc. 3.17. Hexortopele npaxTuueckHe cxeMbl HHTepdeiica ¢ TOKOBOH merJeil:
@ — HCTOYHHK TOKa B IepelaTyHKe; 6 — HCTOYHHK TOKa B TNPHEMHHKe; 8 — H30-
JIMPOBaHHAsA JHHHS MepeaayH.
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(6) Hutepdeiichl ¢ TOKOBOH netJei

[Ipn stom cnocobe mepelayd JIHHHSA CBA3W MpelCTaBJjseT co0oi
lapy npoBOAOB, KOTOpbie 00pasyloT Lelb, COAEPKALLYI [EpeKJo-
yaeMblli HCTOYHHK TOKa H NPHEMHUK; CXeMa 3TOH Lenu MpeacTaBs-
JieHa Ha puc. 3.16.

Toku, npesuimaiomue 17 MA, cayxaT B Tako# cxeMe AJjs npef-
CTaBJ/IeHHsl JOTHUECKO# 1, a TOKH, MeHbuiHe 2 MA,— 175 NpeAcTaB-
snenus noraveckoro 0. MHTepdefch Takoro Tula CTaHLAPTH30BAHbI
B MeHbIIel cTelenH, yeM HHTepdelich, cooTBercTBylomue RS232, Ho
OHH UIMPOKO NPHMEHSIOTCA B NPOMBILLICHHBIX CHCTEMaX, TaK Kak
II03BOJISIIOT OCYLIECTBJASATh CBSI3b HAa GOJIbIINX PAacCTOSIHUSX Ge3 He-
06X0IHMOCTH HCHOJb30BaHUS MOAEMOB.

CucteMbl TMepelayd ¢ TOKOBOH NeTJefl MOryT OBITb HOCTPOEHBI
T4K, 4TO JHHHS Mepefayd B HHX OKa3blBaeTCsl pa3BA3aHHOU Kak
¢ HCTOYHHKAMH NHUTaHMs, TAK U 32 CUeT NPHMEHEHHs ONTPOHOB C Ie-
peratuukoM M npueMHHKOM. [lepeflaTuHkKH H NPUEMHHKH B CBOIO
oyepelb MOTYT OBITh AKTHBHBIMH HJH [acCHBHBIMH. OTH 00CTOS-
TeJIbCTBA CO34al0T MPENOCHIJIKH AJf CaMOT0 pPasJMYHOro MocTpoe-
HUsl CHCTeM mepefayd JaHHBIX, HEKOTODHie NPUMEPH KOH(HUIypauuu
KOTOpbIX npeiacraBieHb Ha puc. 3.17. HexoTtophie HenaBHO paspa-
6oTaHHble yCTPOiCTBa mepefaun u npueMa (rakne, kak HCPL-4100
u HCPL-4200) no3BoJisiloT CTPOUTD elife 6ojiee MpocThle HHTEphEACH
C TOKOBOH meTJed.

(8) JuddeperunanbHbie cucTeMbl nepenaun tuna R3422 u RS485

D10 TpeThsl Pa3HOBHAHOCTb OPTaHH3aLMHU MOCJIeI0BATEJIbHOIO HH-
repdeiica. B Hell npuMensaorcs AnddepeHnnanbHbie GOpMHpOBa-
TeJIH M NMPHEMHHKH CHUTHaJoB JUHHH. HcnosbszoBalHe Aud@epeHLH-
aJbHOTO MNpHHUHUNA Nepejayd INOBLILIAET TOMEXOYCTOHYHBOCTH CH-
CTeMbl H, KaK CJeACTBHE, NTO3BOJSIET CYILECTBEHHO YBEJIUYHTb IJHHY
JIMHHE CBSI3H M CKOPOCTb MEpefaud 10 CPaBHEHHIO ¢ HHTepdelcamMu
060HX THIIOB, onucaHuex Boie (1300 m npu 100 Kéur/c, 10 M6ut/c
npu 13 M). Cxema auddepennnanbHoro uHTepdeiica npeacrapjicHa
Ha puc. 3.18.

Craupapr RS422 nonyckaet, KpoMe TOro, NOAKJIOUEHHE K ORHOM
JuHHH GoJiee YeM OJHOrO NMpHeMHHKa, a 6oJee MO3AHMH cTaHAApT
PS485 opueHTHpPOBAaH Ha COBMECTHYIO pabOTy HECKOJbKHX HCTOUHH-
KOB H HECKOJIbKHX NMPHEMHHKOB, YTO HEAONYCTHMO INPH HCIOJb30Ba-
HUH crangapra RS232, npeaycmaTpuBawilero JHUb CBA3b OJHOTO
HCTOYHHKA C OAHUM INpuHeMHMKOM. Ecad unTepdeiic ¢ TOKOBOH mert-
Je#d ucnosb3yercss A1 paboOThl ¢ HECKOJIbKHMH NpPHEMHHKAaMH, TO
NpH MNOAKJKYEHHH KaXJOro /AONOJHUTENbHOTO NPHEMHHKA MHalib-
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npencrasneuue nevyaraembix CHMBONOB

Bo Bcex BLIYHCAHTENLHBIX CHCTEMAax AJsi NpeACTaBJeHHs] YHCJIO-
BbIX 3HaUeHHH CJyXKaT [IBOHYHBlE YHCJIA, XpaHAIHECT B 3alOMH-
HaloWHX ycTpoictBax. Heobxoaumo, onnako, pacmosiaraTb KaKHM«
160 croco6oM IBOHYHOTO KOLHPOBAHHUS CHMBOJIOB, KOTOpHIE MO-
TyT OHITb BOCHPOM3BEAEHH MEYaTAIOUIUMH YCTPOACTBAMH.

AMepnkaHCKuil CTaHgapTHHIA KoA A/ oOGMeHa nHdopMaluei
(ASCII) 6bin paspaGoTaH u NpUHAT B KauecTBe CTaHZapTa Npei-
CTaBJIEHHsS] CHMBOJIOB BO Bcex o06Js1acTsiX, Tle HMEeT MeCTO meyaTb

—
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Puc. 3.18. ITocnenoBatensHuil unrtepdeiic mudbdepennnaabHoro THna.

cumBosbHON HHpopMauun. ASCII oxBaThiBaer 128 pas/iHuHBIX CHM-
BOJIbHBIX H YUPaBJAAOMHAX KO#oB. Bo Bcex ycrTpoiicrBax, cayxaiux
LJs HarJAsAHOTO NpeAcTaB/JeHHs HHGOpMalHH, NpelyCMOTpPeHa BO3-
MOXKHOCTb HHTEpnpeTauuH 3Toro Koga. [Huasa npeacrasjienust 128
IBOHYHBIX KOLOBHIX KOMOHHAaLUMH NOCTATOUHO CeMH GHUTOB; HO3ITOMY
B 8-paspsAlHBIX MallHHAX OAMH GUT ocTaercsi cBOOOAHHIM. OGHIUHO
€ro HCNOMb3YIOT AJd 06HapyxKeHus outn6ok. Cemb 6utoB ASCIlI-kona
pasmeumlaloTess B CeMH MJaAlIHX paspsifax 8-GUTOBOro cJioBa, a
CTaplIHi pas3psdal BbINOJHAET (QYHKUHH OUTA YETHOCTH. 3HaueHHe
6HTa YETHOCTH MOXKET ONpEeReNsTbCs ONHHM H3 ABYX CHOCOGOB:

1) c Takum pacueTroM, 4TOOBI KOJHUECTBO €IHHHIL B CJOBE GBHIJIO
YETHBIM;

2) Tak, 4TOOBl KOJIMUECTBO €AHHHI[ B CJIOBE OBLIO HEYETHHIM.

KoHTposb, peanudyeMblli NpH HCNOJb30BAHWH MEPBOrO U3 3THX
€noco60B, NPHHATO HA3bIBATb NMPOBEPKON Ha YETHOCTb, a BTOPOro —
NpOBepPKOH Ha HedeTHoCTb. Takum o6pasoM, u3 MUKpoIBM B npus-
Tep nepeparoTcs AM60 napaJiiesbHO 10 BOCbMH JIUHUSIM, NGO B MO-
ciaeaoBaTenbHOH ¢opMe ceMb GUTOB JaHHBIX H GUT yeTHocTH. B cay-
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yae mocsefoBaTelbHOH nepelaydn OUTH JaHHBIX BCeraia mNepechl-
JlaloTCs, HauMHaa ¢ MJajulero, KOTOPHH Nepejaercs cpasy mocie
CTapToOBOro OHTA, a GUT YETHOCTH INOCTyNaeT Nepel CTONOBBLIM HH-
TepBanoMm. IIpu HckaxkeHnu mo6oro ofHoro 6urTa AAaHHBIX H3Me-
HsieTcsl obuiee YHMCA0 eAMHHI, B 8-OMTOBOM CJIOBE, 3HAuYMT, JIOGOH
NPHHATHH CHMBOJ MOXKeT ObITb NPOKOHTPOJHPOBAH MO YETHOCTH.
B mpouecce nepesayu MOryT HCKa3HTbCsl 3HAueHHs Oosee ueM OJ-
HOro 6uTa, H KOHTPOJb IO YETHOCTH MOXKET He BHISBUTb NpPH 3TOM
HaJguuus OWMOOK; ANs 0OHApyXeHUs MHOXKECTBEHHBIX OLIMOOK HC-
N0JIb3YI0TCS GoJiee CJAOXKHBIE METOAB KOHTDOJS.

Muoria BO3HHKAIOT COMHEHHMsI, KAKOH M3 BHEIIHHX KOHTaKTOB
ycrpoicTBa (2 niH 3) HCoJb3yeTcsl AJs1 Nmepefadyd U NMPaBHJbHO JH
BBINOJIHEHA KOMMYyTalius B 0OeHX 4acTAX pas3beMa, HCIOJIb3yeMQro
IJ1s1 CBSI3H ABYX YCTPOHCTB. B aTux c/yyasix Heo6XOAHMO BBHISICHHTD,
Ha KaKkOM M3 BHEIUHHX KOHTAKTOB B OOOHX YCTPOHCTBax MMeeT Me-
CTO OTpHLATeJbHHH ypPOBeHb HANpsKEeHHS, H TakuM obpasoM Ipo-
SICHUTb CHUTyaLHuio. Ec/H, HalpHMep, OTPHLATENbHBIH YPOBEHb HpH-
CYTCTByeT Ha KOHTakTaX 2 o00HX YCTDOHCTB, TO NpsMOe NonapHoe
coelluHeHHe 3THX KOHTaKToB 2—2 M 3—3 mpHuBeler K 3aKopauHBa-
HHIO BHIXOIOB JABYX YCTpOHCTB (B AaHHOM cJjyyae NOACOeJHHEHHHIX
K BHEIUHMM KOHTakTaM 2). B 3TOM ciyuae KoppekTHOe coelHHEHHE
YCTPOHCTB MOKeT OBIThb AOCTHTHYTO 32 CUET COOTBETCTBYIOLIEH KOM-
MYT4lHH yacTeli pazbeMa.

3aknouenne

[lepesaya AaHHBIX BHYTPH MHKpPOIPOLECCOPHBIX CHCTEM, a TaKkKe
MeXJy CHCTeMaMH H NepHQepHHHBIMH YCTPOHCTBAMH MOXKeT OCY-
HIECTBAATLCA B NapaJjielbHON MM moc/efoBaTebHOH (opMe. Brie
OLlJIM pacCMOTpeHEl TpH Tuma cTaHiaproB nepenauyd: Centronics,
IEEE 488 u RS232/V24. 3nanue xapaKkTepHCTHK CHCTEM Nepefauy,
HOCTPOCHHBIX B COOTBETCTBHM C 3THMH CTaHJapTaMH, MO3BOJsET
KOHKDETH3HUPOBATb pellieHHe Mpo6JaeM 00CayKUBaHHUS.
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Mertoabl noncka HeucnpaBHOCTEN

Ha ¢one pasputus aBTOMATH3MPOBAHHBIX CPEJICTB IOMCKA He-
HCIPaBHOCTEH B anmaparype, NOCTDOEHHOH Ha OCHOBE MHKPOIpO-
[eCCOpoB, A1 HX OTJNALKH LIHPOKO HCIOJb3YIOTCS METO.bI, NpHMe-
HeMble NpH paboTe ¢ OGHIYHBIMH 3J1EKTPOHHBIMH YCTPOHCTBAMH.
Crenuanuct no oGCyKHBAHHIO MHKDOTPOLECCOPHOH CHCTEMB MO-
NpeXHeMy JOJKEH 3HATh ee YCTPOMCTBO M NMPUHUHUIB )yHKUHOHH-
poBaHus. CyuleCTBeHHYIO MOMOIb NPH 3TOM MOTYT OKa3aThb 3JeK-
TPHUECKHE CXeMBl M Jpyrast JOKyMeHTalHs, BKJOYAlOUlas, HanpH-
Mep, TabJIHIEl pa3MelleH sl HHPOPMALKH B IaMATH U AaXKe JHUCTHHIH
nporpamm.

Muorue npo6seMnl, BCTpeUaKOUKEcs: PH 0BCAYKHBAHHH MUKPO-
NPOLECCOPHBEIX CHCTeM M MHKpOIDBM, xapakrepHnl mjs GOJbLIMH-
CTBa 3JIEKTPHYECKUX YCTPOHCTB. K HX yHcay oTHOCATCS

— HEHCIPAaBHOCTH MCTOYHUKOB NMHTAHUS;

— HeKayeCTBeHHOCTb COeNHHEeHHNI ;

— 3arpsi3HEHHOCTb KOHTAKTOB IlepeKaiouaTeiel;

— HEUCIPABHOCTH KOHAEHCATOPOB, PE3HCTOPOB H T. .

Onnako kpoMe 3THX mpoG/eM, HMelOWHKX o6uwHi Xapakrep, o6cay-
JXXHBaHHE MHKDPOIPOUECCOPHOH ammapaTypbl 3aTpyAHSIETCS HEJbIM
pPALOM ee clelH(pHUECKHX OCOGEHHOCTeH, NpHMepaMH KOTOPHIX SB-
JAI0TCA CACAYIoLLre:

— Curnaasl BHyTpH MHKpoOBM nepenaiorcs no muHaM, 06bIYHO
coaepxaluM 1o 8, 16 uan 32 juuul cBA3M.

— Mudopmanua na 3THx MWHHaX GBICTPO CMEHSETCA H 3aBHCHT
B KaXAblH MOMEHT BDEMEHH OT KOHKDETHOH (DYHKIHH, peasu3yeMoH
B MHKPOIBM; Takum o6pas3om, curHajbl Ha WHHAX He 06s3aTeJbHO
SIBJASIIOTCS TOBTOPSIOLIHMHCS.

— MHorue ycTpoficTBa, BXOASILHE B CHCTEMy, NapaJJelbHo MOf-
COelMHeHbl K CHCTeMHbIM WIHHaM. [lpn o6HapyxeHHH HEKODpEKTHOH
HHOOPMAaLUHH Ha KaKOH-TO JIMHHM LIHHE HJAH B COEIHHHTEJbHOM
y3Je HeoOXOAMMO eIlle BLISICHHTb, KaKOe H3 YCTDPOHCTB SBJISETCS
NPHYMHOH HEKOPPEKTHOCTH.

— Ha wunax ne Bcerna uMeer MeCTO OcMHIC/eHHast HHpOpMa-
uusi. Bpemsi or BpeMeHH NMPOHCXOLHT CMeHa NepelaBaeMoOl N0 IIHHe
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HHOpMaUHH, HJW OH4 OKa3blBaeTcsi B HEAKTHBHOM COCTOSIHHH,
KOrjla BbIXOAbl BCeX MOJKJIOYEHHBIX K HeH YCTpOHCTB HaxoasATcA
B COCTOSIHHH BBICOKOI'O HMIejaHca.

Ilepeyenp mogoGHBIX MpoGJeM LOCTATOYHO GOJIBLIOKH, H PEIIeHHE
HX C HCIIOJIb30BaHHEM JHIIb TPaAHIHOHHOIO KOHTPOJbHOTO 06GOpYy-
JOBaHUsl He MNpEeACTaBJAseTCH BO3MOXHbBIM. B 3Toii raaese 6yayr
KPaTKO PAacCMOTPEHBl HEKOTOpbie HOBhle METO/bl MOHCKA HEHCHpaBs-
HOCTeH, paspaboTaHHble C LeJbl0 NPEOJOJEHHs] 3THX NpobJeM: Jo-
THYeCKMH aHaJu3, CUTHATYDHbIH aHaJu3 W BHYTpPHCXeMHas 3MYJs-
nus. Hu odnH u3 3THX MeToJ0B, OGyAyud NpHUMEHEH B OTAENbHOCTH,
He pemraer Bcex npo6JeM, HO KaXIAbl H3 HHX I[O3BOJSAET CHOpPMHU-
poBaTh CBelleHUs] 00 HCTOYHHKE HEHCIPaBHOCTH.

Crenyer, KpoMe TOro, OTMETHTb, UTO BO MHOTHMX CJydasix IpHu-
YUHBl HEKOPPEKTHOTO (PYHKIHOHHPOBAHUS JieXKaT 3a NpefielaMH MHK-
ponponeccopHOR YacTH CHCTEMBl, HANIPHMEP B MCTOYHHKAX NMHTaHHUSA
Hin B HHTep(delicHEIX ycTpolicTBax. He crour npenebperats 3ipa-
BBIM CMBICJIOM, KOTOpBLI# 3acTaBJjsieT CUHTaTb, YTO 3HaHHe TpalH-
HHOHHBIX UHQPOBLIX ¥ aHAJOrOBBIX YCTPOHCTB MOXKET OKasaTb
CYUIECTBEHHYI0 NOMOLIb OpH pellleHUH Mpob/eM, CBA3aHHBIX ¢ 06-
CITyXKHBAHHEM YCTPOHCTB, He SABJSIOUIMXCS MHKDPOINPOLECCOPHBIMH.
BmecTo TOro ytoGel MBITaThC PACCMOTPETH 31€Ch BCEOOHEMJIIOLIHI
nepeueHb BO3MOXKHBIX HX HEHCIIPaBHOCTEH, NMOJAb30BaHHE KOTOPBHIM
MOXeT caMo 1o cefe OKa3aThCsl 3aTPYAHHUTEJBHBIM, HUXKe Oyjrer
NpeJICTaB/JeH HeKOTOPBIA Habop MpakTHUECKHX peKOMeHJalluH, KOTo-
pblé OTPa)KalOT ONMBIT MHOTrOJIETHEH pabGoThl TEXHHKOB H HHIKEHe-
pPOB — CIIeNUa uCTOB MO 00CAYXKHBAHHIO 2JEKTPOHHOH anmapartypbl.
[TpuMeHeHHe 5THX peKOMEHJALHI CB3aHO C OTHOCHTEJNbHO HEGOJIDb-
IIHMH 3aTpaTaMH BPEMEHH W CPeNCTB, H OHH TO3BOJSIOT CHSATb
MHOTHE BONPOCHI, HCTOYHHKOM BO3HHKHOBEHHSI KOTOPBIX MOrja Cu-
TaThCsl MUKPONPOILECCOPHAsS ammaparypa.

i kaxAOro HOBOTO THIA amIapaTypbl OMBITHBIH HHXKeHep —
CMEeUHaNHuCT N0 00CTYKHBaHHUIO — MOXKeT BhpaboTaTth COOTBETCTBYIO-
wHi Habop NPHEMOB H METOJOB, ONHpAIOIIHCS Ha O6lIHe peKOMEH-
Jauly ¥ YYHTBHIBAIOLIMH KOHKPETHYIO clelH(UKY anmapaTtypel LaH-
HOTO THMA.

NMpocTeliuime BuAL! KOHTPONSA CHCTEMbI

Crayana paccMOTpPUM HEKOTOpble TECThHl, BBHIIOJHEHHE KOTOPBIX
N0 OTHOIIGHHIO K MHKpPOIPOUECCOPHBIM cHCTeMaM TpefyeT BecbMa
HecJOXHOro o6opyjoBanus. [IpocToTa 3THX TecTOB OmpeefsieT lie-
J1IeCOO6Pa3HOCTh HX PACCMOTpeHHsl B NAHHOH BBOJHON rJjaBe.

CHucTeMHBI reHepaTop TAKTOBLIX HMNYJbCOB

HekauecTBeHHOe TakTHpOBaHHE MOXKeT OHITb NPHUMHOH MHOTHX
HEeNpHUATHOCTeH, OT NOJHOH HepaGoOTOCMOCOGHOCTH CHCTEMBI, KOraa
OHa COBEPUICHHO He Ccnoco6Ha (QYHKUUOHHPOBATh, [n0 paGoTH
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C SBHbIMH HapyweHHsMH. MHOTHe MHKDONPOLIECCOPH, B TOM YHCJE
6502, KpUTHUHK K TaKTOBOH 4acTOTe W OepecTaloT pabGoTaTb, KOr'Aa
OHa BBIXOJHT 3a JAONyCKaemble npepeJnl. PaGorocnocoGHOCTh AHHA-
MHYECKHX 3aMOMHHAIOLHUX YCTPOHCTB, B YAaCTHOCTH COXDPaHHOCTb
HHpOpMaUHK B MHX s4YeHKax, BO MHOrOM OINpeje/sieTcsi KaueCTBOM
perenepaund. Ecau uacrora pereHepaluy CJAMIIKOM CHEXKAETCH,
¢ JMHAMHYeCKOH MaMATblo BO3HHMKAlOT npobsembl. Uacrora TakTo-
BbIX CHTHaJ/OB H HX NPOXOXKIEHHE B CHCTEME MOIYT OHITb NPOKOH-
TPOJNIHPOBAHE! C MOMOILbIO YACTOTOMEPOB U OCLHAJIOrPagdoB.

Hauajabuaga ycTranoBka

[Tocse TOoro Kak CHUrHajJ Ha BXOAe HauaJbHOH YCTAHOBKH Me-
HsieTcst ¢ Jorgueckoro 0 Ha Joruueckym 1, MHKpONpOLeCCOp, Kak
NpaBU/IO, HaYUHAET BBHIMOJHEHHE NPOrpaMMbl C ONpEeAeJeHHOro aj-
peca. OOGbLIYHO clenuajbHasAs CXeMma, NPedyCMOTpPeHHas [OJsi 3TOro
B COCTaBe MHKDOIPOLLECCOPHOH CHCTeMH, 3ajepKHBaeT MNOCTYyILe-
HHe 3TOrO Iepenajga Ha BXOL [poleccopa A0 Tex Nop, MOkKa Ha Bce
ycTpoiicTBa CHCTeMH He 6yleT NMOAAHO NMHTaHWe H He Oyler BHIIOJ-
HeHa Heo6x0JAHMasl HauaJbHasl yCTaHOBKA. EcJH cHrHas HayajJbHOH
YCTAaHOBKM TMOCTyNaeT Ha BXOJ MHKDPOIPOLECCOpa CAWIIKOM paHo
HJIH ero GopMy HCKa)KamT MOMeXH, KOTOphle MOTYT [IPHBECTH K MHO-
FOKPAaTHOMY 3ayCKYy CHCTEMbI, BOSMO¥KHA HEKODPEKTHasi Haya/bHas
ycTaHoBKa. Ecjy Ha JIMHHM CHIHaJla HadyaJbHOH YCTAHOBKH OKa3bl-
BaeTcs HH3KHHA YpOBeHb, KOTOPLIH He H3MeHseTcs NpH Iojaue CHT-
HaJjla, TO, OUeBHJHO, CHCTeMa BOOOGINe He CMOXKeT HayaTb paboTaTh.
CocTosiHye BXOJa Haya/ibHOH YCTaHOBKH OMSTb B ONpedeJeHHOH
Mepe MOXeT GbiTh BHISICHEHO ¢ NMOMOIIbIO OGBIYHOTO OocLHJJIorpada,
XOTsl OJMHOUYHBIH CHTHAJ Haya/jbHOM YCTAHOBKH Jyulle HabJi01aTh,
NOJb3YsCh OCLHUJIOTPAPOM C 3alOMHHAHHEM.

Jpyrue AuHHUM ynpasjsiiOMIHX CHFHAJIOB

Hasnuune myMoB B HeUCIPABHOCTb CXE€M, MOMAK/AIOYAEMBIX K BXO-
IlaM Tpoueccopa, CaAyXKallHM AJS T0AaYH TakKHX CHIHAJIOB, KakK 3a-
Ipochl Ha NpephiBaHUe, OXHAaHHE HJU Ha MOJb30BaHHe [IHHAMH,
TakXKe MOTYT ObITh MPUYHHAMH HeHNpaBHJABHOH pabOTH HJH [OJHOrO
oTKasza cucTeMbl. Jlas HabGalOJeHUs CHTHAJOB Ha 3THX BXoJAax
MOYKHO BOCIIOJIb30BATbCs ocuuagorpadgomM HJAH Naxke JOTHUECKHM
npo6HHKoM. Ecsiu Kako#-TO M3 JaHHBIX CHIHAJ/0B MOKaXeTcd Mo-
NO3PHTEJNbHBIM, BO3MOXHO, HaHAeTCs CPEACTBO Ha BpeEMS TECTHPO-
BaHHs 3a6/0KHPOBATh €ro nojpauvy.

Tec'ruposaune C BXOAHbLIMM BO3ACHCTBMAMM

OCHOBHOH TpPUHUMI, HCHOJNb3YyeMBIi INpH KOHTpOJE J0GOro
YCTpPOICTBa, SIBASETCA JH OHO 3JEKTPHUECKHM HJH MEeXaHHYeCKHM,
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COCTOHT B nojlaye BXOJAHBIX BO3AEHCTBHA M HaGJIOJAECHUH pPeaKIHH
YCTPOHACTBA C HeNbI0 YCTAHOBJEHHS, NPABHILHO JH OHO hyHkuHO-
Hupyer. Tak BoauTenb, NoKO3peBalOMmuii, YTO He PaGOTAET CTOM-CHF-
HajJ, HaXXUMaeT Ha TOPMO3HYIO Neja/b, a ero TOBAapHLL CMOTPHT
B 3TO BpeMsl C3afM Ha CTON-CHTHasbl. TakoH e NOAXOJ BIOJHE
NIpaBOMEPEH 1O OTHOLIEHHIO K MHKpPONpoueccopHOl cucTeme. Ecuau
OnepaTopy Kaxercsi, YTO B HHTeppeHce NpPHHTEpa HMEIOT MeECTO
HENoJalAKH, Hall0 NPOBEepPHTb QYHKIHOHHPOBaHHe HHTepdelica ¢ no-
MOLIBIO TECTOBOM NMPOrpaMMbl, KOTOpasi POrOHSIET ero No BCeM pe-
XKUMaM», oCel1asl B MPHHTED BCe BO3MOXHHe cumBoan ASCII, B To
BpeMsi KaK paboTa MPHHTePA KOHTPOJHPYeTcs JHGO BH3YasbHO,
JIAGO C HCMO/Ib30BaHHEM TECTOBOH anmaparypel.

2020 LDA 0000 ; In first ROM
LDA 0800 ; In second ROM
LDA 2000 ; In first RAM
LDA 2800 ; In second RAM
JMP 2020 ; back to start

l'leI(%rpaMMa 4.1. TecroBan mnporpamma pus Aewndpatopa azpeca aaa IOBM
85

[Iporpamma 4.1 npexcrasasier co6oii NnpuMep TecTOBOH mpo-
TpaMMbl 3alaHHfl BXOAHBIX BO3JeHCTBHI, NpelHa3sHAueHHOH AJS me-
pe6opa BceX BO3MOXHBIX CHPHaJOB BHOGOpPA KpHCTalAa, SIBASIO-
IMXCsi  BBIXOAHBIMH cHrHasamn nposepsiemoli MC  pewndpatopa
appeca. I[lporpamma Hanucasa nas oxHomnatHoli SBM SDK-85
(cM. mpuioxeHue 2), HO MOXeT GHTh npuMeHeHa Ge3 CYyLlecTBeH-
HbIX M3MEHCHHH /s 1OYTH JI0GOH MHKDONPOUECCOPHOH CHCTEMB.
IlporpamMma nooyepenHo NPHBOAMT B AKTHBHOE COCTOSHHE BBIXOI-
HBIE CHMTHaJIbl Nemrupparopa, YTO JaeT ONepaTopy BO3MOMKHOCTb
IIPOBEPHTL C MOMOLIBI0 OCUUANOTPAdA NPABHILHOCTL HX BbIpa-
60TKH.

CBo6oaHbIli NnporoH mukponpoueccopa

Ilpocroi#i, Ho 3pdheKTUBHBIA MeTOA, ¢ MOMOLIBIO KOTOPOro MOXHO
NpHBECTH B JIeHCTBHE 3HAYHTENLHYIO YacTb MHKPOIPOIECCOPHON CH-
CTEMHl, COCTOMT B TaK Ha3bIBaeMOM CBOGOJHOM MPOroHe MHKPONpPO-
neccopa. Puc. 4.1 naer npeacrasJieHHe 0 TOM, Kak peaJiusyercst 3TOT
Mertol. Ilpoueccop u3BneKaeTcss H3 CMOHTHPOBAHHOTO HAa MEYATHOMN
I1aTe ruesfia, ¥ MeXAy HHM H THe3[lOM YCTaHaBJHMBAeTcsi KOJOIKa,
o6GecneynBaomas cBOGOAHLIN Nporod. s 5TOro Ha BXOABI AaHHMIX
MHKponpoueccopa nopaercs or kKoJoAk# koi NOP — Her onepauuu
(00 mns mukponpoueccopa Z80, EA mas 6502). Bce apyrue cBa3u
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npomeccopa ¢ COOTBETCTBYIOIIMMH NPOBOJHHKAMH MNEYaTHOH mJaThl
NpH HaJMYMH KOJOAKH coxpaHsaioTcs. [locie BauanbHOH yCTAHOBKH
MHKponpoueccop obpallaercsi K NaMaTH 3a NepBOHl KOMaHAOH H
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b D RN Mukporpotieccop
6 7 . %3 TECTUPYEMOIO
-— g o npubopa

° 9

!

Konogka
cBoboaHOro
nporoHa

[He3p0 Mukponpoueccopad
Ha newaTHoW nnate
TecTupyemoro npubopa

Puc. 4.1. Ycranoska Ko0J0AKH CBOGOZHOrO NpPOroHa MexJAy MHKPOIPOUECCOPOM
H N1aTod TecTHpyeMmoro mpubopa.

B KayecTBe TakoBOH npuHuMaer NOP. Brino/HHB HHKPeMEHT ajpeca,
oH ofpamiaercsi K clefytomeil 061acTH NaMATH, NBITasCh BHOpPaTh
Gosiee colepxkaTesbHyl0 KoManay. ONHAKO HOHCK TakHX KOMaH]
OKasHBaeTcsl TLIETHbIM, TaK Kak Npu oOpalleHHd K J000# suedke
B Hero mocrynaer Bce ToT e Kox NOP. B pesyabrate mpoueccop
BHIHYXKJEH NepeOpaTh BCe afpeca, BXOMAsIIME B ero AManasoH ajpe-
CauHH. :
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[Ipu cBoGoaHOM mporone ampecuast wuHa peanusyer bynKUHIO
ABOMYHOTrO cuera, NPHYEM Ha KaxJA0H H3 ee JIMHUHA HMEeT MecTo
CHrHan onpeleneHHofi uactoThl (pHc. 4.2). Kpome Toro, B cBsizu
C TeM, 4TO NpolLeccop BbipabaTbiBaeT BCe BO3MOMKHHIE ajapeca OT
0000 mo FFFF, okasbiBaloTcsi mepeGpaHHBIMH BCe BO3MOXKHBIE CO-
CTOSIHUs JIOTHYECKOH CXeMbl AeKOAHDOBAHMs ajpeca, HMeEIOLHecs
B COCTaBE€ CHCTEMBI,

MyJbTHn/IEKCHPOBAHKHE WIHHBI, TIPHMeHsieMoe B 8085 H B HeKO-
TOPBIX HOBBIX 16-paspsiiHbIX Npoleccopax, TakHX, HalpHMep, Kak

—
A5

A4

Af3

e UL
UTfoiivasiisineininnns

Puc. 4.2. CsoSoaumit mporou MHKponpoLeccopa: ajipecHas IIHHA peanH3yeT (yHK-
UHIO JBOMUHOIO CYeTa.

8086, 00yc/i0BIMBAECT HEKOTOPOE YCJOKHEHHE KOJOAKH CBOGOAHOrO
nporoxa (puc. 4.3). [IByHanpaBieHHbiii Gydep oGecrneunBaer mo-
Aady salaBaeMoro MoHTaxoM koaa NOP Ha xoHTakTh agpeca/naH-
HBIX TOJIbKO B T€ MOMEHTEI, KOrAa OHH HCIIOJIb3YIOTCS JJIs Nepeiaus
JaHHBIX,

Kosionka csoGoasoro mporona mospoiser mpocto, HO BechMa
3G (eKTHBHO BEINOJHHTHL KOHTPOJIb 3HAUMTEJHHOH YacTH MHKpOINpO-
ueccopHoit cucrembl. Kaxmass aipecHas JHHUS TpoBepsieTcsi Ha
OTCYTCTBHEe OGPEIBOB H KODOTKHX 3aMbIKaHHH C COCEIHHMH JHHHAMH
IyTEM KOHTPOJIA YaCTOTHl CHTHAJIOB Ha HeHl € MOMOIUbIO OCIIHJJIO-
rpada. TouHo Tak Xe MOryT GbITH MPOKOHTPOJTHPOBAHHI BbIXOAHBIE
CHTHaJIbl JIOTHYECKOH CX€MBl BHIGOpA KPHUCTAJJIOB MAMATH, a TakkKe
IPOBEPEHO OTCYTCTBHE OGPHIBOB B JMHHAX, COCAHHSIOWUX Aewndpa-
TOPH € APYTHMH KOMIIOHEHTAMH CHCTEeMBL

McTouHuku nuraHus

[lpoBepka HCTOYHHKOB NHTaHHS He MOKHA OrpPaHHUHUBATHCS H3-
MepeHHeM HalpsKeHHH ¢ NOMOWbIO BOJbTMETpA. Takue H3MepeHHs
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7415241
MoHTaxHoe
— NOP
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N
Aor| 8 [> o)
RD
Ag4s| 8 > | Krreapy 8085
3agaHune } TeCTHpyemoro
anmnaparHbix ycrpoacTea
npepbiBaHuit
e |}
RST75 =
OctanbHble >
16 /
KOHTaxKTo8
Vss  RD Me A A
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TO4KH,

demna Thans  TW pna Crapr Cron
BaHHblx  afpeca

fipoueccop 8085
na TeCjMpyeMOFO
YCTPOACTBA

bydepbt
SN74LS241N

Konogka
csobopHore
nporoxa
Ana 8083

PeauHoBbli Kabenk

THe3so MUKponpoleccopa
Ha nevyaTHo# nnate
TecTupyemoro npubopa

]

Puc. 4.3. CpoGoaunlii nporon Murponpoueccopa 8085 (aHanornyHble CXeMbl MOry1T
6HTb NpUMEHEHBl IJIS APYTHX NPOLECCOPOB C MYJbTHIJIEKCHPYEMOH LIHHOH, B TOM
aucae pas 16-paspaguoro 8086),
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MOryT NOKa3aTb OTCYTCTBHE HaNpsXKeHHs, HO He [alOT MpeacTaBJe-
HHsl O myJbcauusXx u BHOpocax. [laxke KOHTpOJb OMTAlOLUX Hampsi-
JKeHu# ¢ noMombio ocuuasorpada HoJKEH BHINOJHATLCA OYeHb
ocMoTpHTebHO. JlioOble ny/abcallHH NHTaHUS OOHAPYXKHBAIOTCS
JIETKO, a OTKJ/OHEHHd, NpeBhIIAIONINE HECKOJNbKO MHJJIHBOJBT, SiB-
JAOTCA JJisi JIMHHUHM CTaOH/IM3MPOBAHHOIO NMHTaHHSA BecbMa Cylle-
CTBEHHbIMH. AMIINTyAa KoJeGaHui ypOBHS MHTaHHS Ha QHIBTPYIO-
LleM KOHJAEHCATope HCTOYHHKa MoxeT foctHrath 1—2 B. Xopomo
CIPOEKTHPOBAHHBIA PEryJasaTOp AOJXKEeH YMEHbUIUTb €e MNpHMepHO
B THICAYY pa3, eCcJH He HMeeT MecTa KPUTHYECKHH ypOBEHb, KOrAa
cTabuauzatop paboTaeT Ha mpefesne CBOMX BO3MOXKHOCTeH. B stom
KPHTHUECKOM pexuMe Jaxe He6O/bLIOE yBelHUeHHE TOKAa Harpy3KH
(1M najeHue HANPSIKEHHs HA JHHHHM) TPHBOAHT K HENpPONOPLHO-
HaJbHO OOJbLIOMY YBeJHYEHHIO NyJabCaldii Ha pEryJHPyeMOM BHI-
X01e.

Ecin BO3HMKaeT npeanosoxeHHue, 4TO HCTOUHHK NMHTaHHs pabo-
TaeT B KPHTHYECKOM pexHuMe, uenecoobpa3Ho npuberHyTb K cie-
AYI0IEMY IPOCTOMY TecTy. BrIAcHHTe, KAKOBO HOpManbHOe nmoTpeb-
JICHHe TOKa (HaHAHTe ero BeJHUYHHY B DyKOBOJACTBE MO IKCIJIyaTalHH
WJAH HU3MepbTe), H noabepHTe pPe3UCTOP, KOTOPHIH yBeIHUYHBaJ Obl
310 notpebsenre npumepHo Ha 10 %. TmareabHo mpoBepbTe CBOH
pacuerbl, 4ToGbl H30exXaTh OIIHGOK, H Ha HECKOJbKO CEKYHX TOJ-
COEJHHATE JOMOJNHHTENBHOE COMNPOTHBAEHHE. YBeJHUCHHE HATPY3KH
B TAaKHX IpejejaX sBJAETCH BIOJHE AONYCTHMBIM U He JOJIKHO
CYUIECTBEHHO CKAa3aThCA Ha H3MEHEHUH MNYyJbCALUH HaINPSKEeHHUS.
Bospacranue mnysnbcalMum Ha BeqHYHHY, GOJBIIYIO YeM HECKOJBKO
MHJIJTBOJILT, MOXKeET 03HauaThb, YTO cTabuansaTop paboTaer Ha mnpe-
IeJic CBOHX BO3MOXKHOCTEH,

Jlio6bie HeGosblIne H3MEHEHHst MOTpeGJsieHHs] TOKa W Hamnpsixe-
HUS TNHTAHHWS, BbLI3bIBAEMble W APYrHMH NpHUYWHAMU, He NPHBOAS K
NOBPEKAGHHAM aNnnapaTypbl, MOTYT CTaTh NMPHYHHOH CYyLIECTBEHHBIX
HCKaXeHHH HHpopManun. Tax, Hanpumep, NMHKOBBIE TOKH, BO3HH-
Kalllye NpH NCPeXOAHBIX Npoleccax B BHIXOJAHBIX kKackagax TTJI-
CXeM HJIH MEPEeK/JIUYEHHH BHEIIHHX Harpy3ok, MOTYT NDHBECTH K
COOTBETCTBYIOUIHM OpOCKaM HAamnpsiKeHHs B JHHUAX CTaOHJIH3HPO-
BaHHOIO NHTAHHS, KOTOPble B CBOIO OYepelb BLI30OBYT caMble Pa3HOO0-
pasHble H3MeHeHHs COAEPKHMOTO CUETYHKOB U HapYLIEHHS NOCJeN0-
BaTeJbHOCTH BBIIOJHCHHA nporpaMMel. [Ipuunnbl nOAOGHEIX cayyaii-
HBIX NEPeX0]0B, XOTs H He ABJASITCS abCOMOTHO MPOHM3BOJbHBIMH
(1151 HEX BCerla CYUIeCTBYIOT KaKHe-TO BHYTDEHHHE MPeANOChIIKH),
OUeHb TPYIHO [10JAAIOTCS BHISIBJEHHIO.

AgpasnoruyneiM o6pa3oM HeoGXOAMMO HCCJAeN0BAaTh JOOBE BHi-
COKOYaCTOTHble KOJeOaHHs HanNpsXKeHUs] NHTaHHs, KOTOpHE, XOTH
H Ka)XyTcsi He3HaUYHTeJIbHBIMH B MeCTaX HX OOGHApyXKeHHs, MOTYT
6HITb CJeACTBHEM 6oJee CYIIECTBEHHBIX KOJeGaHHi HaNPSXKEHUs MH-
TaHUS B APYIUX YacTSAX CHCTEMBI.
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Bnuauue temneparypbl

C npo6nemamn obecnevyeHnst pabGOTOCHOCOGHOCTH ammapaTyphl
TECHO CBA3aH BONPOC O BJHAHHH NOBBIIIEHHOH TemnepaTyphl. Jlo-
BOJIbHO THIHMYHA JJ5SI MHKPOIDPOIECCOPHBIX CHCTEM BO3MOXKHOCTD
YCTAHOBKH [JOMOJNHHUTENbHBIX NJAaT H BBEAEHUS JOMOJHHTEJbHBIX
YCTPOHCTB maMsiTH N0 Mepe TOro, Kak y I0Jgb30BaTessi BO3ZHHKAET
HeoOXOJMMOCTh paclinpeHust GYHKUHH cHCTeMBl. HeKOTOpHIM MHKDO-
9BM, kak, HanmpuMep, <KJacCHYecKod»» Apple, BO3MOXKHOCTH Ha-
pallHBaHUs TeXHHYeCKHX CPeACTB BHYTpPeHHe MpHCYylla, HO HAaxKe
OpH CaMblX ONTHMaJbHBIX NPEANOCHIKAX MJIsl STOTO CJAHIIKOM 3a-
METHOE YyBe/JHYeHHe KOJHYeCTBAa OOOpPYNOBaHHS MOXKET NPUBECTH
K HENPHSITHBIM NOCJeJCTBHSM, B KauecTBe mepBOro H3 HHUX YKaxKeM
ONAacHOCTb NpHOJIHKEHUS PEXUMOB pabOTHl HMEIOLIEroCcsi B CHCTEMe
HCTOYHHKA NHTAHUS K NpefeJbHBIM peXHUMaM CTaGu/IM3aluH, Kak
3TO 6BIJIO TOJIBKO YTO paccMoTpeHo. Kpome Toro, noBbilieHHe TeM-
nepaTypbl BHYTpH KOpIyca MOXKET CKa3aTbCsl HA HaJeKHOCTH CH-
CTEMBI, YTO MOJKET, HalpHuMep, TMPOSIBUTbCS B BHJIE INpPEpHIBUCTOCTH
COCOMHEHHH MeXAy yCTpOHCTBaMH. XOpOUIO NPOBEPHTh B 3TOM OT-
HOLUEHUH [peAlloJiaraeMble ONACHBIE TOUYKH CHCTEMB, U NPOCTOE JO-
TparuBauue najgeliem A0 kopnycoB MC 3auacryio nomoraer obHa-
PYKHTb MecTa SIBHOIO IleperpeBa, XOTs H He cjaelyeT 3a0blBaTh, UTO
CJIOXKHBIE ycTpolicTBa HenszbexHo notpebisioT OosblIHe TOKH H MO-
IryT ObITh BecbMa ropsyuMu Ha ouyns. Ilogo6Has npoBepkad, KO-
HeYHO, CYO'beKTHBHA, HO NMPHU HAJUYUH ONbITA, MOJy4yaeMoro IpH pa-
60Te cO MHOTHMH 00paslaMH ONpeLeJeHHOrO H3Je/Hs, OHa IMO3BO-
JsleT BBISIBUTh HEHOpMaJibHOE IOBHIIIeHHe TeMIepaTyphL

Ecau BO3HHKaeT NOLO3peHHE, YTO HCTOYHHKOM Ileperpena sB-
JISIeTCST KAaKOe-TO KOHKDPETHOE YCTPOHCTBO, MOXKHO HONpoGOBaTh
OpOCHTb €ro GBITOBHIM «3aMOpaXKHBAIOILUM» asposoneM. Eciau oHO
NefiCTBUTEHHO COAEPIKUT HEHUCIPABHOCTb, BHI3LIBAIOLLYIO MeEPErpes,
TO NOHHXKEHHEe TeMIepaTypel INoJ JAeHCTBHEM a’po30Jsi MOXKeT
YCTPAHHTb HJH H3MEHHTb MNPOSIBJEHHS] 3TOH HEHCNPaBHOCTH. IDTOT
METOJ NPHMEHHUM TaKxXKe K HelpomasiHHbIM COeIHHEHHAM, MOJABEp-
ralolHMCs paClUIMPEHHIO H COKPAlleHHIO MOJ AeHCTBHEM HCTOYHHKOB
MeCTHOr0 Harpesna.

Korma ucTouHHMK meperpeBa He CTOJb TOYHO JIOKaJH30BaH, €ro
YTOUHEHHI0 MOTYT NOMOYb OTKpPHIBaHHe J[BepeH CTOeK M [pYTHe Crho-
coObl YAYULIEHHs UMPKYJASIHH BO3AYIUIHBIX NMOTOKOB. B Takux ciy-
yafx AJ5 NpOoABJEHHS HeHcIpaBHOCTeH TpebyeTcsi 6oJibllie BpEMeHH,
M MPOHCXOAHUT 3TO, KaK MPABHJIO, O NPOIIECTBHH 4acTH pabouero
IHs. MoXKeT NMoHaAOGHTHCS HECKOJNBKO YacOB NOCJ€ BKJOYEHUs MH-
TaHus, 4TOGBl ¢ NPUGAHIKEHHEM MOJyIHS TeMrnepaTtypa B JaGoparo-
pHM HJIM LieXxe NMOXHSJIAch B CTENeHH, AOCTATOYHOH /51 BO3HHKHOBE-
HHA HapyuleHH# B paboTe CHCTEMBI.
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Momexn

AHa/u3 BJAHSHHS TIOMeX J@eT elle OAMH MOBOA A/ PasMbilllie-
HHH O MepeMeXalolluXcs c60SX H HX BO3HHKHOBEHHH B 3aBHCHMOCTH
OT BpeMeHH CyTOK. [lonmbiTaliTech HaliTH 3aKOHOMEPHOCTH B NOSIBJIE-
HUH 3THX HeucnpasHocTell. To, 4TO Ha mnepBHI B3rAsSA Kaxkercs
CJIYYyaiHbIM, COBEPLUICHHO He CBSI3aHHBIM C OKPY¥KamolleH 06CTaHOB-
KO, MOXKeT ()aKTHYeCKH MPOMCXOLMTb CHHXPOHHO C COGBITHSMH,
HMEIOUMMH MECTO 32 Npeje/iaMH NOMENIeHHs, rjJe HaXOLHTCS Mpo-
BepsieMas anmnaparypa. 31eCb B MepPBYIO OYepelb HMEIOTCS B BHAY
IIOMeXH, BO3HHMKAIOIlHE NPH NEPEKJIOYEHHH TJe-TO Ha TeppPUTOPHH
NpeANpUATHA SHEPTOEMKHX HArpy3oK. YCTAHOBHTb TaKue NPHYHHBL
HeKOPPEKTHOH pabOThl OGLIYHO HENPOCTO; OAHAKO NPH MOSBJEHHH
YacTelXx c60OeB MOXKET 0Ka3aTbCsl HEOGXOAMMBIM I[I€pPeMecTUTh He-
YCTOHYHBO paboTalolliee YCTPOHCTBO B APYroe NoMemeHHe HJIH XOTS
OBl MOJATh HA HEro MHTaHHWE C APYroro BHIXOAa MCTOYHHKA. B kaue-
CTBe elle OJHOrO MPOCTOr0 CPeACTBA pPELIeHHs NAaHHOH mpoGJeMbl
YKaxKeM BO3MOKHOCTb yCTAHOBKH (DHJbTPa B LENH MUTAHHS, [0J0-
KHTeJbHBA 3(Q(peKT BO3AeHCTBHA KOTOPOTO He TOJIbKO MOATBEPAHT
NPaBU/JIBHOCTD JIOKAJM3alHH NPHYHHL HEYCTOHYHBOH paGoThl, HO H
YCTPaHHUT 9Ty NPHUHHY.

Hu ofHO u3 3THX CpPeACTB He MOXKET 3aMeHHTb I'PAMOTHOrO IO-
CTPOEHHS] HCTOYHHKA NHTAHHfA, B KOTOPOM INPeLyCMOTPeHO 3(ddek-
THBHOE I0JaB/eHHE BHIOPOCOB, BOSHUKAIOUINX NPH MEPEXOAHBIX MPOo-
Leccax, W, KOHEUHO, BCETAa CyLIeCTBYeT DUCK, YTO HOINOJHHTE/bHHE
Mephl MNOAABJIEHHS, KOTOPHX €lBa XBaTaeT MpPH NPOBEAECHHH TECTH-
poBaHHusd, OKaXyTcs HENOCTATOYHBIMH NpH paboTe anmapatyph B
HaNoOJIHEHHO! 3JIEKTPHUECKHMH IIYyMaMH <«peajbHOI» 06CTaHOBKe.

HeucnpaBHocTH uHTepdelica

B kauecTBe mepBoro miara no BHISIBJIEHHIO HEHCIPaBHOCTEH 3TOro
THIa HEOGXOANMO CONOCTABHTbL XaPaKTEPHCTHKH annapaTHHIX H npo-
IpaMMHBIX HHTeDOEACHBIX CPEACTB C HX MACMOPTHBIMH JaHHBIMH,
YTOOHl BHISIBUTb BO3MOXKHBIE OTKJIOHeHHS. Ha meyaTHHX miatax Mo-
TyT ObITb HaBECHBIE MOHTaXKHBIE MEPEMBIYKH, a ‘PYKOBOACTBO MO
IpPOrpaMMHOMY OGECIICUEHHIO MOXKET CONepPKAaThb CBENCHHT O KaKHX-
TO JIOMOJIHHTE/IBHBIX CTaHAAPTHBIX nporpamMax. Koraa peus uger 06
HHTep¢elicax, TO HauGoOJblIeH HESICHOCTLIO OTAHYAETCS] OOBIUHO JO-
KyMeHTallHs, ONHCHIBAIOUlAsA IIHHH CHCTeMBl. Ha3HaueHHe HEKOTO-
PhHIX KOHTAaKTOB Pa3beMOB BIOJIHE OJHO3HAYHO, a pelleHHe 06 Hc-
NOJIb30BAaHHH JAPYTHX NPEAOCTaB/seTcsl NPUHHMATh HW3rOTOBHTEJIO.
Jonycrumas NJHHA COEAMHHTENLHOrO Kabess, 0pH KOTOpO# obecmne-
YhBaercs JAOCTOBepHasl Mepejaya, CBs3aHa CO CKOPOCTHI Mepelaaud
curuanos. Ilosesno y6eauThes, YTO CKOPOCTH Mepelauy Kak Ha CTO-
poHe nepeiayd, TaK H Ha NPHEMHOH CTOPOHE YCTAaHOBJEHLl O/HHA-
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KOBLle, a JJIHHA KabeJsi TakoBa, YTO He OyjAeT NPHYHHOH HEOXH:
JaHHBIX 3ajfep:xeK. Jlas GOJNbLIMHCTBA CHUCTEM CKODOCTH Nepefaul
oT 25 mo 1200 Gonx He JOJXKHB BHI3HIBATL NpoGJieM, HO npu GoJee
BLICOKHX CKOPOCTSIX Iepefaya MOXKeT CTaHOBUTHCS HeHaleXHOH.

Hurtepdelic Mexay MHKPONPOLECCOPHOH CHCTEMOH M ee OKpyxe-
HMEM HpeicTaB/ser co60f NHUTaTe/bHYIO MOYBY AJIs BCAKOrO pola
npo6seM, TaK Kak K npobaeMaM, CBSI3aHHLIM C YCTAHOBJIEHHHIMH Ha
natax 3JeKTPOHHBIMH cXeMaMH, N06aBJs0TCA HEeNpHATHOCTH, 00y-
CJOBJICHHEEe TPUMEHEeHHEM pa3beMOB, M TPYAHOCTH COIJaCOBaHHUS
coepunseMbix ycrpofictB. Camu nepudepuiinbie ycTpoHCTBa MOTYT
6bITh HCTOUYHHKaMH OLIKGOK, KOTOpBiE CKa3bBaloTCcs Ha paboTocho-
COOGHOCTH MHKPONPOLLECCOPHOH CHCTEMB B IeJIOM. THIHUHBIM MpH-
MepoM SIBJSIETCS B 9TOM OTHOLIEHHH MNPHHTED C OTpaHHYeHHOH
6ydepHoit mamarbioo. [Ipu HeBOMBIIHX OOBEMAX TEKCTOB H HH3KHX
CKOPOCTSIX Mepeaayd npuHtep Beler cebs Gesynpeuro. Ecau Kakoi-
Mu60 U3 3THX IOKa3aTesell CyHeCTBEHHO BO3pacTaer, TpHHTep He
yCneBaeT IevyaTaTb TEKCT, 3aHOCHMEIH B Oydep, U IPOUCXOLHT 1O-
Tepsl WM HeNpaBH/IbHAS MeyaTb CUMBOJIOB. KopoTkas TtecroBasi no-
C/lel0BAaTeIbHOCTb TO3BOJIsIET YOEeAUTbCS B OTCYTCTBHH OWIHGOK me-
YaTH, a BIOCJAEACTBHH NMOJHEIHA NPOTOH BHISIBUT Ae(eKTHl MeYaTH, Ko-
TOpbie MOryT ObiTb OTHECEHBl 3a CYeT HCHCIPABHOCTEH B ApYTHUX
Y4CTAX CHCTEMBbl 10 NPHHIMNY <«3TOT NPHHTED A0 3TOro paboran
NpeKpacHo, a 3HAYHT, BHHOBAaTa 3JEKTPOHHKa».

NMepucepuiHbie ycTpoicTBa

XapakTepHBIMH HeHCOPABHOCTAMH [IHCKOBOH NaMsATH sABAAIOTCA
HenpaBHJbHAsh opHeHTauusi H AedekTn AuckoB. [losb3oBarenb Mo-
JKeT NMPOCTO HEaKKypPAaTHO BCTABHTb AHCK. JleekThl JUCKOB JOMKHbBI
NPOSBAATLCS B BHAE OTYETJIHBBIX H HeJBYCMBCJEHHBIX COOGILEHHH
06 own6kax. HeoGxoaumo Bceria HMeTb pe3epBHble JHyOJHKAThH
JIHCKOB, W He CTOMT HCIO0Jb30BaTbh OCHOBHOH 3K3eMMJsp, NOKa He
CHSITHl COMHEHHS 00 MCOPaBHOCTH JHCKOBOAAa. YHCTKa TrOJOBOK
O6GHIYHO HE COCTaBJfeT TPYyAa, HO I0CTHPOBKA IHCKOBOAA H PEMOHT
ero 3JeKTPOHHHIX cXeM TpebyloT ropasjo 6oJbliell KBaJTHPHKALHH.

C MOHHTOpPaMH W IHCIJIesMH CBA3aHbl NpOGJEMH ApYroro miaHa.
XoTs 3TO JOBOJILHO CJIOXKHblE YCTPOHCTBA, TEXHOJIOTHST HX H3rOTOB-
Jlenus Xopouwlo npopaGoTaHa, a NPHHUMNBE NOCTPOGHAS H (QYHKIHO-
HHpOBaHHUs BNOJIHE NOCTYNHH CHEHUaIHCTaM Mo 06CHyKHBAHHUIO pa-
IAMO- M TeNeBH3HOHHOH anmapaTtyph, HMEIOUIHM HEeKOTOPBIA ONbIT
npakTHyeckoll pa6oTel. HecKoNbKO HOBHIMH /U1 HUHX MOTYT OKa3aTh-
¢ JemindpHpYIOIHe YCTPOHCTBA KJAaBHATyp, HO HEHCIPaBHOCTH
3flecb OGBIYHO MMEIOT SIBHO BLIDAXKEHHBIH MeXaHHUECKH# Xxapakrep.
DKpaHbl U cxeMbl (GOPMHPOBAHHS H300paXKeHHH, HMEs OTHOCHTE/IBHO
6oJice BBICOKYIO pa3peHIaiollylo CHOCOOHOCTb, B OCHOBHOM aHalo-
FHYHBH COOTBETCTBYIOUIHM Yy3JaM TeJEBH3HOHHBIX NPHEMHHKOB.
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Buabl ownbok

Ilpaunnbl HeKOppeKTHOH paGOThl MUKPONPOLECCOPHLIX CHCTEM
MOKHO pa3je/iuTh HAa HECKOJbKO KATEropHii, Hanpumep, caAeayOUHM
06pasoM: BbIXOA H3 CTPOS HJIH H3MeHEHHE XAPAKTEPHUCTHK KOMIIO-
HEHTOB, NOMEXH OT BHEWHHX HCTOYHHKOB, HEKaueCTBEHHOCTb paspa-
6oTKH, owHOKK no/b30oBaTe . [IpHYHHBI ABYX mepBLIX THIOB ObLIH
paccmotpenbl Beiwe. HekauecTBeHHOCTb pa3paGoTKH [OJKHA MpPO-
SIBAATBCA JIMLWIb HA CTAAHMAX HCCJAENOBAHHA H NPOEKTHPOBAHHA H3«
neaui.

HIcK/0ueHHAAMH B 3TOM acrekTe sIBJASIOTCA ONBITHHE H MaJoces
puiiibic 06pasibl, KOHTPOJIb KOTOPHIX MOXKET He OXBATHTb BCErO Has
Gopa npoBepoK W mepenpoBepok. XapaKTepHbIMU NPHMEPAMH TAKOM
CHTyaUun $BJSAIOTCA NEePCNEeKTHBHHE pa3pafoTKH, BBIIOJHAEMbIE
B yueGHbIX M HCCJENOBATEJbCKHX J1aGOPAaTOPHSX B YCJAOBHUAX CiKae
ThIX CPOKOB HAayYHbIMH COTDYAHHKAMH HJH HHXeHepaMH, KOTOpHe
MOTYT He HMeThb ONbiTa PaboThl ¢ MHKponpoieccopamu. [Ipu atom
MOXKET CAYYHTbCA TaK, YTO ONBITHBIA 06pasel, HOPMAJNbHO QYHKILHOs
HUPYIOWHA B GJAronpHATHBIX JA6OPATOPHBIX YCJIOBHSAX, OKaKeTCs
HepaboTOCHOCOOHBIM B pealibHOH 06CTaHOBKe. B KauyecTBe HEKOTO«
pbix HauboJsiee BEPOATHBHIX NPUUMH HEKOPPEKTHOH paboThi HA30BeM
HEUEeTKOCTb TAKTHPOBAHHsA, NOJOTrocTh (DPOHTOB M ApeGe3rH CHrHa-
JI0B HAYaJIbHOA YCTAHOBKH, NIJOXYI0 Gy(epH3aduI0 H COrJacoBaHHe
B cxemax uurtepdeiica. dtu nedeKTH MOryT BKAAAHBATHCA U B CHe
CTeMbl, pa3palarbiBaeMble ONBLITHBIMH [POEKTHPOBLIMKAMH, HO B
STHX CJyuyasaxX OHH, KaK HPABHJIO, BBHIIBAAIOTCA H yCTPAHAIOTCA 3a-
L0JITO 10 HAYaNa cepuiiHOro NMPOH3BOACTBA.

«Ownbku nonb3oBaTeseli» — 370 COKpalleHHOe Ha3BaHHe MHO-
KECTBA MNPHUNH HEKOPPEKTHOH pabOTHl, OTBETCTBEHHOCTh 33 KOTO+
pble HEJb3A BO3JIOKHTL HA PaspaGOTUMKOB M H3rOTOBHTE el anna-
PaTypbl HJIH OTHECTH 3a CYET KayecTBA KOMMOHEHTOB, XOTHA 44CTO
HerpamMoTHble A€HCTBUA IOJAb30BATEJs SIBAAIOTCA CJAEACTBHEM HECO
BEpLIEHCTBA MPELOCTAB/IAEMOH B €ro pacnopsKeHHe AOKyMeHTAIlHH.
K uduciy HaunGosee pacnpocTpaHeHHHX OWIHGOK [OJIb30BaTeJNell OT
HOCSATCA CaelyloliHe:

— HenpaBuJIbHas opraHusanusa uHrepdeiica, Koria noab30BaTeNb
He YYHTHIBAeT HAarpy304YHHIX BO3MOXKHOCTEH, NDHUMEHsIeT HECOBMes
CTuMble nephdepuiiHble ycTPOACTBA HAH HENPAaBHJILHO HCIIOJIb3yeT
KOHTAKThl PA3'bEMOB;

— HeKBAJIM(UUHPOBAHHO® COCTABJeHHE MporpamMm, Ge3 yuera
0COGEHHOCTEH ONepallHOHHON CHCTEMBI, IPHMEHEHHE <IIPHCMOB>, NO-
BBIIAIOUIMX 3((HEKTHBHOCT NPOTPaMMbl, HO YBeNHUHBAIOUIHX Be-
POATHOCTb BO3HMKHOBEHHSI OWHUOOK BHOCJAEACTBHY, KOrJa NOTpe-
GyeTcst BHeCeHHe U3MEHEHHH B POrpaMMys;

— Henpasu/JbHOe o6pauleHHWe C annapaTHHIMH CPEACTBAMH, Ko-
Flla MO/Ib30BaTe/lb BHOCHT U3MEHEHHS B CXeMY C LeJbI0 pacuiupenus
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ee ()YHKUHOHAJIbHBIX BO3MOMXKHOCTEH, YTO NMPHBOAHT K AONOJIHHTE/b-
HbIM HAarpy3kaM H BDPeMeHHBbIM 3a4epIKKaM.

Yuer HeucnpaBHOCTEH

CkazaHHOe BhIlle HABOAMT HA MBICJAb O HEOGXOLUMOCTH CHCTEMa-
TH3aUHH CBeJeHWli H BLIABJEHHsS NPHYHHHO-CJEACTBEHHBIX CBS3eil
B KOMIJIeKce mMep no ofecneyeHur0 paBoTocnocoGHOCTH MHUKPOIPO-
ueccopHbix cucreMm. Eciin onucanne cBsiselft MOXeT BbI3BaTh onpe-
AeJeHHble TPYAHOCTH, TO CcOOp JaHHBIX O HEHCIPABHOCTAX MOJKET
O0Ka3aTbCsl HAWJYUIIHM MeTOAO0M (OPMHDPOBAHHS NOAOGHOrO KOMII-
Jekca. Ecau HeumcnpaBHOCTP Kakoro-tTo THNA BO3HHKaeT JH60O B
ONHO H TO K€ BpeMst CyTOK, JIuGO NMpPH pa3MellieHHH annaparypbt
B ONHOM H TOM XKe MecTe, JIHGO 1mocJ/ie BLIMOJHEHHS! ONpeleJeHHoMN
N0C/Ie10BaTeAbHOCTH JE€HCTBUH, TO OHA yXKe He sBJsETCS Cayuyaii-
HOH. MBI MoKeM ellle He 3HATH ee IPHUYMH, HO AHHKA, BLI3HIBAEMAN
NOABJIEHHEM CJIyYadHbIX, HECHCTEMATHUECKH MPOSBJISAIOLIMXCS HEeHC-
NpaBHOCTEH, yxke He sABAfeTcs onpaBlaHHOH. Bce caywau nekop-
PEKTHOrO (YHKUHOHHPOBAHHA HANO TIIATEJNbHO pPErHCTPUPOBATS,
npuyeM (opMa perucTpauHH AOJKHA [0 BO3MOXKHOCTH YUYHTHIBATH
YCJIOBHSI paGOThl CHCTEMBl. DTO MOMKET OKa3aThCsl NOJEe3HEIM B CJe-
NYIOIHX OTHOLIEHHSX:

— Pa3paboOTYHKH H MOCTABIIHKH OGOPYAOBAHHSI MOTYT MOJYYHTb
CBeJIeHHst MO «OOPATHOH CBA3H» O clabblX MeCTax CHCTEMBI H NpH-
HSITb M€PHI K UX YCTPaHEHHIO;

——Ha pPaHHHX 3Tanax 3KCIIyaTallUd YCTPOHCTBA MOJYYalOTCs
JlaHHBIe, KOTOPEIE MOTYT OBITh NPHHATH BO BHUMAaHue NpH pabore
C IPYTHMMH YCTPOHCTBAMHU TOrO K€ THIA;

— BBIIBJAIOTCS BHEMIHHE HCTOYHHKH OMIMOOK, KOTOPhIE MOTYT
BO3/€HCTBOBATL H HA YCTPOMCTBA APYTHX THIIOB;

— ¢opmupyroTCss 6aHKH JaHHBIX O HEHCNPABHOCTSAX M 3aKOHO-
MEpDHOCTH, ONHCHIBAIOUIHE HX BO3HHKHOBEHHe, KOTOpbE IpejaCTaB-
JIAIOT OrPOMHYIO LEHHOCTh A/ CHEUMAJHCTOB IO O6CAYKHBAHHIO
IPH NOCJAeAyIOllel 3KCIyaTalu;

— B nponecce QUKCAUHH ONpeaeasioTcs caabble MecTa KOHKpeT-
HBIX THNOB OGOPYNOBaHMA, BBEIYCKAEMOTO ONpEJeJeHHBIMH H3rOTO-
BHTEJNAMH; 4YacTo CJAY4YaerTcs, YTO BO MHOrHX MHUKpoIBM nabaro-
AAlTCA OAHH M Te Ke MPOSBJIEHHsS HEKOPPEKTHOrO (GYHKIHOHHPO-
BaHHSA, SIBJSIOIHECS CeACTBHeM PabOThl YCTPOHCTB HA Npele/bHbIX
pexUMax B KDUTHUECKUX CHTYAIHSIX.

MNMepeunn npoBepoK M anropuTMbl MX BLINOMHEHKSA

OnbiTHBIE yYeJOBeK, NMPHCTYNAst K DEIIEHHIO0 3ajady O6C/IyKHBa-
HHA, 3a4acTyl0 npobupaercs K UX CyTH HHTYHTHBHO. DTO HEXOpOILO,
TaK Kak, JNedACTBys NojoOHBIM 06pasoMm, oH (MJIM B Haul NpoCBe-
IIeHHBIH BeK OHA) II0JCO3HATEJ]IbHO OTOpachiBAeT HEKOTOPbie Ha«



faaBa 4. Meroxn moHCKa HEHCHIPaBHOCTel 129

NpaBJeHHUs] NOHCKA, JAeJlaeT pPsJ NOBEPXHOCTHBIX HabMOAeHHH H
LEJHUKOM T0J1araeTcss Ha UMeIoUuics onblT. s HAaYHHAOWLHX U Me-
Hee yBepeHHHIX B ce6e cilelyeT PeKOMeH0BaTh 6ojee CHCTEMATH3H-
poBaHHyl0 MeToauky. Hano sapaHee cocraBuTh CIHCOK HEOOXOAH-
MBbIX IPOBEPOK H B JaJjbHeflleM HpuAepxkHBaThcs €ro. Takue cnu-
CKH JOJDKHBI COCTABJISITh ONBITHHIE CHNELHAJHUCTH MO 06CAYXKHBAHHMIO,
UMellHecs B JaHHOH opraHusanun, obpauias oco6oe BHHMAaHHE Ha
ONHCaHHe TeX AeHCTBHH, KOTOPHIE OHHM CaMH OGBIYHO BHIIOJHAIOT
aBTomMatnyeckd. [Tono6ublil nepeyeHb OGyneT colepikaTb MHOTO TpH-
BHAJbHBIX MYHKTOB:

— OpoBepKa, MOAKJ/IOYEHA JIM CHCTeMa K HCTOUHHKY I[HTaHHS;

— NPOBePKA, BKJIIOYEHO JIU NTUTAHUE;

— CHATHE NOKA3aHMH BCeX NHCIJIEER;

— perucrpamnus COCTOSTHHSI BCeX HHAMKATOPOB;

— [POBEPKA CTAOUIU3NPYyeMBIX HAMPSIKEHUH,

Ha kaxnaom mare paGoThl 110 MepeyHI0 MOXKET 0Ka3athCs A0CTa-
TOYHO MOJYYHTb OTBETHI H4 COOTBETCTBYIOLIHE BONPOCH [0 MPHH-
uuny «paboraet/He paboraers. Ecau ke mepeueHb noJxkeH obecle-
4uTh OoJsiee NeTaJbHBIA aHaJW3 oWHOOK, TO OTBETOB «JAa/HET» U
JedcTBul, 6a3upylOILUXCA HA 3THX OTBETAX, CTAHOBHUTCH HeLOCTA-
ToyHo. /1A 3THX LeJell MoxeT morpe6oBaThest pa3paboTkKa cOOT-
BETCTBYIOLIEr0 aJrOpPHTMA, NpelyCMaTpPHBAIOLIErO MepPeXxoldbl K BCIO-
MOTaTeJbHBIM TeCTaM, KOTOpble peasu3yIOTC B 3aBHCHMOCTH OT
TOTrO, IPOCTO BHIAABJEHB! MJH YCTPAHEHBl NPHYHHBI KOHKPETHBIX OLIH-
6oK. Moxker oKa3aTbcsi BO3MOXHBIM IIOCTPOEHHE YHHBEPCAJbHOTO
aJropuTMa WJIH XOTSA OBl TAKOTO aJrOPHTMa, KOTOPHIH Gbli GBI mpH-
MeHHM K LIHPOKOMY HaGopy yCTPOHCTB, HO He HCKJIOYEHO, YTO ero
CJIOXKHOCTb 33CTABHT OTAATh NpeANnoYTeHHe pa3paboTke Gosee mpo-
CTHIX Y4CTHBIX QJTOPHTMOB JJI OTAEJNbHBIX YCTPOHCTB.

OnbiTHBIA MOMb30BaTeNb 6ydeT MO-NPeXHEMY CTPEMHTbCA NpH
pa6ore onycTHTb HEKOTOpble (parMeHTH NOJHOH CXeMBl NPOBEPKH
U IOJIOKHTbCS Ha CBOH ONBIT M HHTYHMLHIO, HO €CJH 3Ta cxema
COCTaBJIeHa KBAJU(QHIHPOBAHHO, €€ HCIOJb30BaHHE MO3BOJsAET CoHe-
peub Bpems. HauanbHble MpoBepKH MOTYT GBITH MPOCTHIMH M GHICT-
pBIMH, HO HX [PHMEHEHHe 3auYacTylo IIO3BOJISIET CPa3y XKe HCKJIO-
YHTb H3 PAacCMOTPeHHS 3HAYHTeJbHBIE YacTH cucrteMbl. Ecan, Ha-
NpUMep, HCTOUHHMK NHTAHHSA HEHCIpaBeH, HO He ObI IPOBEpeH, TO
MHOTHe HEHCNPaBHOCTH PA3JHYHBLIX YCTPOHCTB CHCTEMBI MOTYT GHITh
NIPOSIBJICHUSIMH NJI0XOH paboThl McrouHuKa. OjHA-ABe MUHYTH pa-
6OTBl ¢ BOJBTMETPOM M NPOBEPKH KPHUTHYECKHUX TOYEK C MOMOILLBIO
ocuuanorpada MO3BOJAIOT HUCKJYHTh MONO3DEHHS] B HEKAUeCTBEH-
HOCTH HanpsiKeHUs MHUTAHUS.

3aknmouetine

MHKpOIpOLeCcCOpPHble CHCTEMBl HMEIOT IUHHHYIO apXHTEKTYpYy,
H HEKOTOpble WX HEHCIPABHOCTH TPYAHO OOHADYXHTh, HE MOJb3YsCh

5 k. deprycon u Ap.
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IIHHHO-ODHEHTHPOBAHHOH KOHTPOJILHOH —ammapartypoil. [Mpunynn-
Te/IbHO 3aCTaBJAsA CHCTEMY NPOXOAHTb ONpPeNeJeHHYI0 NOcJjenoBa-
TeJIbHOCTb COCTOSIHHH, MOXKHO BBIAIBHTb sIBHbHle HEHCIPaBHOCTH ¢
NOMOWBIO  ocuuaorpadga H JOrHueckoro npoGHHka. llpuunnamu
HEKOPPEKTHOr0 (YHKUHOHHPOBAHHUS CHCTEMbl MOTYT GHITh HEHCNpPaB-
HOCTH HCTOYHHKOB MHTAHHSA, TOBHIUEHHE BHYTDEHHEH HJIH OKpYy-
XKalole# TeMnepatypsl H BHeWHWe noMexd. OHH MoryrT, Kpome
TOro, GHITb BHI3BAHLI OMIMOKAMH Pa3paGOTYHKOB H MOJb30BATEJeH,
2 TaKXe OTKAa3aMH KOMIOHeHTOB. Bce ciayyan 0TKa30B AOMXKHH
(HKCHPOBATbCSI C UENIbI0 BBISIBJIEHHS 3aKOHOMEPHOCTEH H NPHYHH
HX BOSHWKHOBeHHf. [l1s NOWCKA HeHCIPaBHOCTEH NpH OTCYTCTBHH
AOCTATOYHOTO OMBITA MOTYT ObITH NPHMEHeHB! MePeYHH NpPOBEPOK
M aIrOPHTMBl HX BBIINJIHEHHS.



Fnasa 5

MpuHuMNbLI camoKoHTPONS

Miukponpoiieccopible cHcTeMbl # MUKpoDBM moryr copepiarhb
BCTpPOEHHblE TecTOBhle mporpaMmbl. OHH CHYXKaT AJ51 3aHECEHUs H
CUHTBHIBAHUS B NaMsATh H Yepe3 YyCTPOHCTBA BBOAA-BHIBOJA CTaH-
JapTHHX HAaGOpPOB AaHHBIX. TecTOBHE NPOTPaMMBbl COAEPKAT IPH-
Mephl QYHKIIHOHHPOBAHUS peasibHBIX pabOTAIOIIHX CHCTEM.

Bo MHOrMX MHKpPONPOLECCOPHEIX CHCTEeMax AJs MpOBeJeHHs Tec-
THPOBaHHS HCHOJB3YIOTCS HX COOCTBEHHBHIE IIpoleccopbl. TecroBnle
nporpammbl, 3anucanHbele B I13Y U MHHUUHDYeMble IPH BKJIIOYEHHH
NHTaHHA WIH [0 3anpocy, obecneunBapT KoHTpoas I13Y, 3YIIB
CcaMOro NpoLeccopa H B ONpeleeHHON CTeleHH BCeX YCTPOHCTB
BBOJA-BHIBOAA. Pe3ysabTarthl KOHTPOJSI OGBLIYHO AOBOJATCH A0 OIle-
paTopa yepe3 AHCIVIEH CHCTEMBI HJIH C MOMOILbIO CHELHAJIBHOTO HH-
JUKATOpa, KOTOphIi coobiuaer 06 ycneuiHOM 3aBepLIeHHH IPOBEPKH.
CylecTBYIOT, OAHAKO, HEKOTOpble TEeCTOBble NPOrpaMMbl, NpejaHa-
3HayeHHble AJs paboThl ¢ BHEIUHMMH NpHOOpPaMH, TaKMMH, HamnpH-
Mep, KaK CHUIHATypHBI aHAJH3aTOP.

TectoBhle NpOrpaMMbl He 0053aTeNIbHO JOJKHB HaXOXHThCS
B II3Y. OHu MoryT 3arpyxartbcs ¢ AHCKA uiad JeHTH u 3YIIB
U 3aTeM HCNOJHATbCsA. [IOHATHO, 4TO NPH NPOBEAEHHH CaMONpPO-
BEePKH MNpejroJaraercs, 4ro OOJblIasi 4acTb CHCTeMBl (QYHKUHOHH-
pyeT HOpMaJbHO HJIH XOTS OBl B JOCTATOYHOH CTENEHH yAOBJIETBO-
PUTENBHO [JIs1 3aTPY3KH U IPOrOHA TECTOBBIX IIPOrPaMM.

Tectuposanue 3YMNB

Tunosoit nogxon K koHtposio 3YIIB cocrour B 3amuceH B Hero
HaGopa JaHHBIX, MOCJAEAYIOLIEr0 CUHTHIBAHHS U NPOBEPKH, Y4TO 0fe
onepaniu GbUIH BBINOJMHEHBl ycnelwHo. [yis o6HApYKeHHS BO3MOXK-
Hbix HeucnpaBHocteil 3YIIB Hcrmosab3yercss HeECKOJBKO IOAXOJOB,
KOTOpHle pacCMaTPHBAIOTCS HUXKe.

(A) Tecr «waxmarnas Oocka». B suefiku naMaTH 3aHocATCA
sHauenust 1 u 0, pasmeulaemble Tak e, KaK pacnojaraircs yep-
Hble H GeJible KJIETKH Ha INAXMaTHOH JOCKe, IIocjie Y4ero NpoBepsieTcst
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IpaBJIbHOCTL 3aNHCaHHOH HHpOPMauuu. 3aTeM B KakIyl AyeiiKy
SaHOCHTCS NPOTHBOMNOJIOXKHOE 3HAYEHHE H CHOBA BHINOJHSETCA Npo-
BepKa. IIpu 3TOM BBIACHSIETCS, MOXKET JIH KaXKAbli 3JeMEHT NaMATH
XpaHUTb 3HAYeHHs KaK JIOrM4eckod 1, Tak u Jormueckoro 0
(puc. 5.1). Habopb AaHHBIX, aHAJOTHYHBIE MO CTPYKType LWAXMart-
HOH JOCKe, B OTJIMYHE OT HaG6OPOB, COCTOSIIIUX HENHKOM M3 eHHHIL
W HyJiel, NeaioT TeCT YyBCTBHTENbHBIM K BO3MOMKHBIM NapasHTHHIM
3aBsA3KaM  MEXIY COCeJHHMH

00 01 10 11 o
STUEHKaMH.

00} 0 1 0 1
(B) Tecr ¢ 3anoanenuem ny-

aamu u edunuyamu. Ilpu nau-
HOM BHJe MNPOBEPKH CHayaja
BCsl MaMATh 3aNOJIHSETCS HYJs-

01 1 0 1 0

WX X P x )X MH. 3aTeM CUHMTBIBA€TCS COjep-
XKHMOe nepBoH sueliKH H B Hee
nox | x | x | x sanucoiBaerca 1. CuuthiBanue

HyJlefl H 3aMellleHHe HX eJIHHH-
aMu Ba b -

Puc. 5.1. Ilposepka 3YIIB ¢ nomompio I fTOCI€10BATENbHO  BEITION
TecTa «IIaxmaTHas focka». | — Guram HACTCS I BCeX fA4eeK, IIOKa
NIPHCBaUBAIOTCS NOOYEPeAHO 3Hauewws BCS NaMATb He OyJeT 3amoJiHe-
u 0 # mposepsieTcs COAEPXKHMOE Ha eAMHMIAMH. 3aTeM 3TH Jel-

aMAaTH. 2—C011€p}KHMOB NaMAaTH PIH: CTBHUSA HOBTOpﬂ}OTCﬂ B 06paTHOM
BEPTHPYETCA H NpOBepsAeTcs KaXKIblH

Pas nepen nmepexomom x cneayiomemy [OPAAKE, T. €. BCE AUCHKH, Ha-
PAly fueek. YhHas C MOcJaefHel, CHOBa 3a-

noJusoTcss Hyasimu. Temeps Bes
N0C/Ie10BATEIPHOCTb AEHCTBHI BOCIPOH3BOAUTCS BHOBb C TOH pas-
HAUEH, YTO NPH HMHHHHATH3AUHH BCA NaMATb 3aNOJHSETCS eNHHH-
uamu (puc. 5.2).

(B) Tecr ¢ nepebopom donoinurersrolx adpecos. DTOT BHL
TECTHPOBAHHS CJYXKHT /5 BBIABJEHHS] HEKOPPEKTHOrO (HYHKIUHOHH-
poeaHust BHyTpeHHHX AewHdparopo agpeca MC 3YIIB. Ono Ha-
YMHAETCA € 3allMCH B NaMATb YepeYIOIIHXCA CTOJGLOB HyJdeH u
efunul. CUHTHIBAeTCA COMEPIKMMOE NepBOH siuefiKH, 3aTeM cojiep-
XKHMOE SIYEHKH C aApecoM M MOTOM CHOBA COJEPKHMOEe HCXOAHOM
siueiiku. TecT npojomKaeTcst aHAJOTHUHBIM 06Pa30M 110 OTHOLIEHHIO
K caeiyiolled siuedike H T. 4. 4O Tex IOp, MOKa He OyAeT CYHTAHO
COJIepIKHMOe BCeX siueeK. 3aTeM WHBEPTHPYETCS] HCXOAHOE COnep-
JXKHMOE BCeil NaMsATH H BCA INpOUeAypa IOBTOPSETCH CHOBA
(pHc. 5.3).

IlocenosartesbHbli nepe6op Bcex ajApecoB NaMaTH, KOTOpas
pasmemena na HC, ocymecrn/isemMblii ¢ HCNOJIb30BAHUEM HHBEPTH-
pOBaHHsl MX DPa3psloOB, NpeAcTaBaser cOGOH cepbe3HOe HCIBITaHHe
AJISl BHYTPEHHUX AelM(PATOPOB H MO3BOJISET BbIIBUTH BCE 3aAepikK-
KH, BBIXOJsllHe 32 AONYCTHMbIE Npe/ebl.
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00 01 10 1

00| o 0 0 0

01 o 0 0 0
CHavana namsvhb
3arnonHAeTCA HynsAMY

101 0 0 0 0

1" o 0 0 0
1 2 3 4
— 1 1 11—
( 5 6 CunTbiBaeTcst COREPMUMOE NEPBOIA AUEHKM,
—>1 1 1 ° nposepseTcs ero paseHcTso 0
v 3amensetca Ha 1, MNpoueaypa
0 0 0 o NOBTOPAETCA, NOKa NaMATh

He 3anonHuTCcAa eguHuLamu

1 1 1 1
! ! 1 1 AHanoruuHeIM 06pazom

5 HauuHas ¢ nocnepHen AYenku
. ; 0 o1y NamMATh 3aNONHAGTCH HYNAMM

1 1 1 1
1 1 ; Bce nepeuucnerHble peicTeus
1 NOBTOPSAIOTCA, HAYUHAA C 3aNONHEHUA
NamaT eguHALAMKU W nocnefoBartentb-
1 . . . HOMA 3aMEHbl MX Ha Hynu
1 1 1 1

Puc. 5.2. IlocnenoparensHocts TecTupoBanuss 3YIIB ¢ samosHeHHeM HyJAAMH M
eJHHULIaMH.



134

00 01 10 1
00| O 1 0 1
01] o 1 0 1
10| 0 1 0 1
1My o i 0 1

1 2 3
-1+ 0 1 0 1 -j
(»O 1 0 1

0 1 0 1

0 1 0 1

1 0 1 0

1 0 1 0

1 0 1 0

1 0 1 0

Yacty II. Meroan o6cnyxusanus

CHauyana namaTh 3anonHsetcs
nepemexalwumucsa cronbuamu
€ANHNL N Hyneh

3aTemM CUMTbIBAETCA W NPoOBEPRETCH
COflepXKUMoe nepson Avenky,

a noTom Adediku ¢ o6paTHbIM agpecom,
Te e pedcTsus nosTOPAIOTCA

ANR BTOPOW AYENKK

OnucaHnas npouegypa
nosTopsaeTca
ANA BCEA NamATH

Becb Tect nostopsertcs

ANA VMHBEPTUPOBAHHOrO

MCXOJJHOTO COAEPHUMOro
namaTu

Puc., 5.3. TectupoBanne 3¥YIIB ¢ mnocnenoBaTe/ibHBIM nepeGOpOM AOTNOJHUTESIb-

HbIX aapecoB,
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HekoTopble MeTOAB TECTHPOBAHHUS NaMSATH CBSA3aHH ¢ GOJbLINMH
3aTpaTaMH BpPEeMEHH; Ha MOJHYI0 PeaJH3aLHI0 HX MOXET yXOAHTb
HecKoJibKo 4acoB. IloaToMy oO6BIYHO [JIS CaMOKOHTpOJA MpHMe-
HSIOTCA JIMIIb NPOCTble AJrOPHTMEl, TaKHe, HalpHMep, KaK <«Iax-
MaTHad -l10cKa», a 6oJiee JeTaJibHble TECThl, YYBCTBUTEJbHbIE IO OT-
HOIIEeHHI0 K 6GoJlee CJIOXKHBIM COYETAHHAM JAHHBIX, HCIOJNB3YIOTCS
IJIS BLISIBJIEHHS] ONpelesIeHHBIX, yKe I0J03PeBaeMbIX HEHCIpaBHO-
crefi 3YIIB. Hu onuH Tect He rapaHTHpyeT NOJNHOH NMpPOBEPKH HC-
npaBHocTH naMsith. Ecaum kakod-to tect 3YIIB BomosnHsercs
yCIELIHO, TO [JOBOJBHO BBEICOKA BEPOSTHOCTb TOr0, 4YTO OHO HC-
IIPaBHO; €CJIH e TeCT He BHINOJHSETCS, TO HaJHYHE HEHCIPaBHOCTH
He BBI3bIBAET COMHEHHH.

IlporpamMmma 5.1 mnpexncraBasier co6o#f npUMep THIHYHOH Mpo-
rpaMMe KoHTpoJsi 3YIIB wmeronom «maxmartHoil Jgocku». Kak a
B 6OJbLIMHCTBE NpOrpaMm, npejHa3sHa4YeHHbIX IJs OBICTpPOll mpo-
BepKH (YHKUHOHMDOBAHMS NaMATH, 3JeCh BHIIOJHSAIOTCS [oOYe-
pellHO 3anmHch M CYHTHIBAHHE LIECTHAJuatrepHyHblx yucea AA u 55
B BOcbMHOUTOBBHIE ofOjactu namsaAtH. lIpu oOHapy:KeHHH OIIMOKH
ynpaBJeHHe MoOxeT ObITh BO3BpalleHO HPOrpaMMe-MOHHTODPY HJIH
NpefyCMOTPEHHOH MOoJb30BaTesieM NporpaMMe o6paboTKH OWHOKH;
colepxumoe perucTpoBoii napnl H ykasbiBaer npu atoM ajpec na-
MSITH, 0 KoTOpOMYy Obljia o6HapyKeHa owHuOKa.

TectupoBanue M3Y

Ipocrefmuii Metox TectupoBaHus [13Y Bkaouaer ¢GopMuposa-
Hue KoHTpoabHOH cymmbl Cogpepxumoe Bcex o6Jacreét II3Y cym-
MupyeTcsi, a NoJyuyeHHas cymMa obpe3aercsi 10 BOCBMH pa3psiaoB
KOHTpoJbHOro 6afita. [Iporpamma, nHHuUHEpyeMas B XOJAe CaMOIpO-
BEPKH, BbIUHCJAET KOHTPOJBHYI0O CYMMy H CpaBHHBAaeT ee ¢ XpaHs-
IIHMCSl AOCTOBepHBIM 3HaueHHeM. HecoBmajeHue cBHIETeJbCTBYET
o HeucrnpasHoctu [13Y. Ilpu nanuuum cosnazenus II3Y wmoxer
OBbITb HCIPAaBHO, HO OCTA€TCS HelpOBePEeHHOH BO3MOXKHOCTb B3aHM-
HOH KOMIIEHCAIIHH HeCKOJbKHX HMeIOUHXCS B HeM HeHCIpaBHOCTEH.

BoJiee TouHbIH MeTol, NPH HCIOJb30BAHHH KOTOPOTO CYILECTBYET
MeHblllasi BEPOSTHOCTb B3aHMHOIO MACKHDOBaHHs OIIHOOK, Npeiny-
cmarpuBaeT GOPMHPOBaHHE KOHTPOJbHBIX LUHKJIHYECKHX H30BITOYHBIX
koa0B (CRC— Cyclic Redundancy Check). ITepBonauanbHo MeTon
CRC BO3HHK KaK CpeACTBO KOHTPOJIA Hepejayd [AaHHBIX MeXAy
OBM v ux nepudepuiHBIMH YCTPOACTBAMH, HAalpUMEp TAaKHUMH, Kak
HaKONMUTENH Ha MarHUTHBIX JHCKax W JieHtax. YToGbl NOHATH, Ka-
KHM 06pa3oM OH HcHoJb3yeTcss AJdA TectHposaHus I13Y, nomycrum,
4yTO BCe colepxKuMoe KpHcramaa [I3Y BHIBOAHTCA H3 HEro cJOBO
3a CJOBOM Tak, 4To ofpa3yercss oaHa GoJbliasi JHHEeAHAs Lenoyka
6uTOB. JTa LeNouYKa BBOAUTCSH B CABHTOBBIN PerHcTp, CHAGXKeHHBIH
nenaMu ob6paTHO# <BSI3H, O6Jarofapss KOTOPbIM OCYIIECTBJsAETCS
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CJTOXKEHHE [0 MOAYJMIO 2 NaHHBIX OODATHOH CBSI3H U HOBHIX AAHHBIX,
NOCTynalWHKX B BHAe OHTOBOrO moroka. Pesysabrat, ocraoommuiics
B perucrpe nocje BBoja Bcex 6UTOB coaepxkumoro I13Y, npeacras-
Jsser co60H IHKJIHYeCKHH KOX KOHTPOJS MO H3GHTOYHOCTH
(puc. 5.4) V. Kak u 60oJbUIMHCTBO BEIYHC/IMTEJBHBIX 33134, ONHCAH-
Hasg npoleaypa MOXKET OBITb peajiu30BaHAa NpPOTPAMMHBIM TNyTeM.

1010 0011 Copepwiumoe T3V
0100 1100 TIoCNea0BaTENbHO BBOAUTCH
B CABMIOBbIA perucTp

[
[
[
|
|

Cymmatop
no mogynio 2 Y
CABUrOBbIA PerucTp ¢ obpaTHLIMU CBAIAMU

+

L AAA

Puc. 5.4. ®opmupopanue curnatyps I13Y.

IIporpamma 11.3 npeacrasisier co6oii MporpaMmy Ha si3blKe acceM-
Gsepa, CIyxkallylo AJs BBIYHC/ICHHS LUKIMYECKOrO KOHTPOJBHOTO
Koja 06/10Ka faHHBIX o6bemom 2 K6afir.

UyBCTBHT@JIBHOCTh JAHHOTO METOAA KOHTPOJS 06YCIOBJIHBAETCS
KoHOUrypauuefi wuenefi o6paTHOH CBA3H, KOTOpble OBeClEeUYHBAIOT
BJIHsIHHE KaxXJA0TO OHTA, BBOAUMOTO B PErHCTP, Ha OKOHYATEJNbHYIO
curiatypy. Ecau xora 6bl oaMH GHT mnponylueH, BLICOKA BepoOsAT-
HOCTb TOro, 4ro okoHuareJbHbi CRC 6yaer cyuecTBeHHO OTJH-
4aThCS OT HCXOLHOTO.

YcTpoicTBa BBOfAa-BbiBOAA

Pasnoo6pasne ycTpolicTB BBOJA-BBIBOAA U (HOPM HX B3aHUMOAEi-
CTBHS € OKDYXAMOWIHM MHDOM OfpelessieT CJIO0XKHOCTb pelleHHs
npoGjeM uX caMOKOHTpoJsi. OOBIYHO yCTPOHCTBO BBOJA-BLIBOAA

D DTOT Merol COCTABJAET OCHOBY CHFHATYPHOro aHajW3a, KOTOPHIE Gyier
paccmoTper B ra. 9.
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BK/II0YaeT HECKOJIbKO (YHKUHOHAJbHBIX Y3JIOB; TaK, HHTep(deHCHbI
ajantep 6522 COHepPXHT ABAa MNapaJJIeNbHbIX NOPTa C YETHIPbMS
JHHHAMH KBHTHPOBaHHs, ABYMsI CUETYMKAMH-TalilMepaMH H nocJje-
Z0BaTeJbHO-NIAPAJI/Ie/IbHO-IOC/EA0BATE/IBHEIM ~ CABHIOBHIM  perH-
crpoM. OMH H3 CNOCOGOB YACTHYHOTO TECTHPOBAHHS, KOTOPhie MO-
TyT ObITh NPHMEHEHbl AJA STOTO YCTPOMCTBA, COCTOHT B KOHTPOJIE
BHINOJIHEHHs] YTE€HHS H 3alHCH COJAEPXHMOrO TeX DErucTpoB, KO-
TOpBle CHa0XeHbl NaHHBIMH (yHKIHsAMH. Bropo#t nonxox, uwacto

YetpoiicTso ¢ napannensHeIMi NopTaMy

Nopt A Topt B
76543210 76543210

L |

Puc. 5.5. TecroBas kosoaka ans nposepkn mopros (coeunenne PAO ¢ I1BY,
PAl ¢ PBl u 1. n).

HCTONb3YeMblH M KouTposia MC, comepxamux napaJiedbHble
NOPTHl WM yHHBepCasibHble AaCHHXPOHHblE IpHeMoNepelaTuHKH
(YAIIIT), Tpebyer yCTaHOBKH CNENHAJbHOH KOJOLKH, KOTOpas co-
€AHHsET coceanHe mopTel (puc. 5.5). OxHoMy u3 mopToB npuaa-
I0TCA NIPH 9TOM (YHKUHH BXOXHOTO, a APYroMy — BhIXoAHOro. Ue-
pe3 nopT BLIBOLA NepenaerTcs TeCTOBHIH HAGOp NaHHBIX, NOCJIE YEro
KOHTDPOJIUPYETCA €ro npHeM MOPTOM BBOAA. 3aTeM NMOPTH MEHSIOTCA
POJISIMH H TECT HOBTODSIETCS.

3aknioyenmne

Ecan neHTpasbHasi uyacTb CHCTeMbI GYHKLHOHHPYET MOJIZKHBIM
06pa3oM M, B YACTHOCTH pacmojaraeT BO3MOXKHOCTSMH HHAHKALHH
HHQOPMALHH, MOXHO HCNOJb30BATh €€ AJIs TeHepPaLHH TeCTOBBIX
Ha6opOB JAHHBIX U KOHTPOJs paBoTOCIIOCOGHOCTH NaMATH H CPencCTB
BBOJa-BLIBOJA.
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Jlormueckuit aHanus

OnvH U3 MOAX040B K IOHCKY HEHCIPABHOCTEH YCTPOHCTB ¢ Mpo-
TPAMMHBIM yIpaBJeHHeM COCTOMT B KOHTPOJIe TeKyllell HH(OpMaL UK
Ha CHCTEMHBIX IIHHAX B MPOILECCe BBLINOJHEHHS U3BECTHBIX LOKyMEH-
THPOBaHHBIX mporpaMM. Mudopmanus, umeroouas MecTo Ha UIHHAX,
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Puc, 6.1. TlpuemM uHGbOpMAaUMH JIOTHYECKHM aHAJIM3aTOPOM INPH MNOCTYIJIEHHH aK<
THBHHX (POHTOB TAKTOBBIX CHIHAJIOB.

Ha KaxXJOM mare paGoTH CHCTEeMBI CPAaBHHBaeTCs C AAHHLIMH, B3si-
TBIMH M3 JIHCTHHTA IPOrPaMMbl, YTO IO3BOJSIET BHISICHHTb, Hpa-
BWJIbHO JIM CHCTE€Ma BBINOJIHSET mporpaMmy. drta Mnpoueaypa Ha3bl-
BaeTcsl TPACCHPOBKOH MPOrpaMMeL

Hast HabmoneHust MHGOPMALHKM HA WIHHAX MOTYT GBITh HCIHOJb-
30BaHBl pa3Hble NPHOGOpPEH], HO HauGoJee YAOOGHBLIMH SBJSIOTCS JIO-
THYecKHe aHa/nu3atopbl. Jloruueckuit aHanusaTop oGBIYHO HMeeT 8,
16 nau 32 BXOAHBIX KaHAMa, C MOMOILBI0 KOTOPHIX MOXKHO 3aMUCATH
NOoBeJeHHe BO BpeMeHH JII060r0 M3 CHTHAJOB, HMEIOLIHX MEeCTO
B MHKDPONIPDOLLECCOPHOM CHCTeMe, Hampumep:
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— Ha WHHE AAHHBIX;

— Ha aJpeCHOH IHHE;

-- Ha UIMHE YIPaBJSIOUMIUX CHIHAJOB;

— B NOPTaxX BBOJa-BLIBOJA.

B oranuue or ocumaorpada ¢ 3MeKTPOHHO-AYUEBOH TPYOKOi
JIOTHYECKHH aHaJH3aToOp He OTC/IeXKHBAET BXOAHBIE CHTHAJBI Hempe-

o_ L IML I Lukn
cuHxpo-  JlBouyHan
1] L HU33UMK  MHGOPMALMA
00 0000 0100
21 01 1010 1011
LI e I e O e O 02 1000 0010
03 1001 1011
4 M 04 0010 1000
05 0001 0071
5 M I 06 0000 1011
07 0000 0010
6 08 0000 0000
[/ I '
a 6

Appeca, paHHbie
TaKTsl
Dilwa” 0006H INC HL
+001 0007H CP L
+002 0008H JP NZ, ***=
+003 0005H LD [HL],B
+004 0006H INC HL
+005 0007H CP L
+006 O0008H JP NZ, **x*
+007 0005H LD (HL], B
+008 0006H INC HL
+009 0007H CP L
+010  0008H JP NZ, *#*#.
+011  0005H LD [HLLB
+012 0006H INC HL
+013 0007H CP L
+014 0008H JP NZ, ##»*
+015 0005H LD [HL],B

6
Puc. 6.2. Pasnnunbie popMbl npencrasieHnst HHGOPMAUHH B JIOTHUECKHX aHAJH-

3aTOPaX. @ — B BH/le BPEMEHHKIX AHarpaMm; 6 — B ABOHYHOH (hOopMe; 8 — B MHe-
MOHHYECKOH opme,

PLIBHO, 8 BOCIPHUHHUMAET HX 3HAUEHHsI B MOMEHT MOJYYeHHs] aKTHB-
HOro (poHTa TaKTOBOrO cHrHajia (puc. 6.1). Pukcupyemass npu
3TOM HH(}OpPMalHUs HE BHIBOAHTCA CPa3y e Ha 3KPaH, a 3aHOCHTCSH
B COGCTBEHHYIO NAMATh AHAJH3aTOPa, OTKYJLA OHA MOXKET ObiTh H3-
BJIeUeHa H pacCMOTPEHA Ha J0Cyre.

B GospmuHCTBE aHAJH3aTOPOB MNPEAYCMOTPEHA BO3MOXKHOCTh
BbIOOpA pexuma HHAMKAUWK HabjalonaeMblXx AaHHBIX. Ha puc. 6.2
I0Ka3aHbl TPH HauboJiee LIMPOKO MPHUMEHAEMBIX Cnoco6a HX mpef-
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crasaenus. Cnoco6, uamocTpupyeMulii puc. 6.2, @, aHaJorHyeH NpH-
MeHeHHI0 MHOrokasajpHoro ocumjiaorpada. Ha puc. 6.2,6 undop-
Malus JaHa B BHAe TaOJHOBLI COCTOSHHH, NaHHBIE KOTOPOH MOTYT
6GbIThb MIpeiCcTaBJeHb B IIeCTHAANATEPUYHOH, BOCBMEPHYHOH HJIH
IBOMYHOH CHCTeMe cuHcJaeHusi. HekoToprle aHanusaTopn cHabxa-
10TCs porpaMMaMHu-gucaccem6aepamMu, OpPHCHTHPOBAHHBIMH Ha OJHH
HJIH HeCKOJbKO THIOB MHKpompoueccopoB. C NOMOIIBIO AHCACCEM-
6jepa uHbopMmManus, B3ATaf € IUHH aJpecoB H NAHHHX, MOXET
6biTh mpeiacTaBJeHa B yAoOHOH MHeMOHHYeckod (opme, Kak HOKa-
3aHo Ha puc. 6.2, 8.

Morudeckuit aHannaaTop

Bxogbl

Puc. 6.3. Perucrpauus uHdopmauuu, cHumaemoil ¢ ajapecHoil wmuHer Z80.

Brinyckaemble HPOMBILJIEHHOCTBIO aHAJH3aTOPbl OBIBAIOT ABYX
BH/IOB:

— aHAJIU3aTOPhl BPeMEHHHIX AHarpaMmm;

— aHaJu3aTOPbl JOMEHOB AAHHBIX HJIH COCTOSIHHH.
B aHasu3arope BpeMeHHHIX JuUarpaMM BblpabartbiBaroTcs COOCTBEH-
Hble CHTHaJBH 3anucH, GopMupyeMble OT BHYTPEHHEro reHeparopa,
pabouyas yacrora KOTOPOro BEIILie, YeM YaCTOTA CHTHAJOB Hccaeaye-
MOH MHKPONPOLECCOPHOH cHCTeMBbl. TakK Kak 3alHch JaHHBIX B aHa-
JIM3aTOpP MPOHUCXOJAHT TOJbKO MO aKTHBHEIM ¢poHtam TH, mobole
H3MeHeHHs] 3HAYeHHH CHTHAJOB (UKCHPYIOTCA TOJbLKO NPH HOCTYI-
JIEHHH ouepefHOro Takoro ¢poHra. Takum o6pasoM, MaKCHMAaJbHOE
BpeMs, B TeUeHHE KOTOPOro H3MeHeHHe BXOJHOI0 CHTHajJa MOXeT
oCTaBaThCsl He3aMeueHHBIM (3TO siBJeHHe Ha3blBaeTcsl OIINOKOH
KBAHTOBAHHUsl MO BPEeMEHH), COCTABJsieT OJHH NEPHOJ TAaKTHPOBa-
aus. Uto6wl 3Ta OomHGKA YMEHbIIAJach, YacTOTA B3ATHA 3HAaueHHH
uHOpPMALUK A0JMKHA B HECKOJIbKO Pas TpeBHIIATh YaCTOTY HccJe-
NYyeMBIX CHrHAJOB. DTO JOCTHraeTcs 3a CYeT HCHOOJIb30BAHHA TaK-
TOBBIX TeHepaTopoB, paboune UYACTOTH KOTOPBHIX AOCTHUTAIOT BeJIH-
yyH mopsiaka 200 MI'm.
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B amanu3aTopax cOCTOSHHE HCHOJB3yeTCs APYrofi NPHHIHI OT-
6opa jaHHBIX. BMmecro Toro uyro6m 6paTh AaHHBIE [0 CHrHAJaM
BHYTPEHHEro reHepaTtopa, HX BBOJ B aHAJH3ATOP OCYUIECTBJSETCSH
N0 TAaKTOBBIM CHTHAJaM, NOJNYyYaeMbIM H3 HCCIEIYEMOH CHCTEMHBI.
STOT NOAXOA HJJIIOCTPHpPYeTcss pHC. 6.3. AHAAM3aTOp COCTOSIHHI
NOJKNIOYEeH K aJpecHOH IIHHE CHCTEMBI, MOCTPOEHHOH Ha OCHOBe
7280, v ucrnosb3yercss Ajasi HaGuioneHUs (YHKIHOHUDPOBAHHS IIHHBI
NaHHBIX. BXoa CHHXpOHM3aLuu aHaJju3atopa COeAUHEH CO CTPO6H-
pyomum curiagsom MREQ mnpoueccopa, mpuueM aHajausatop Ha-
CTPOeH TaKHM 006pa3oM, YTO BOCIPHHHMAET OTPHLATENbHBIH (POHT
3TOrO CHrHaJ/ja B KauyecTBe CHHXPOHU3HDYIOHIEro CHTHaJja. Pacemor-
peHue BpeMeHHHIX Anarpamm Z80 nokasbiBaeT, YTO BBIGOD 3TOro
MOMEeHTa LHKJa AJS B3ATHS HHQOPMALHH C ajpecHOll WHHH o6ec-
NeyHBaeT INpHeM AaHAJH3ATOPOM YCTAHOBHUBILEroCAd 3HAYEHHS JIIO-
6oro azpeca (BKJaKuas ajpeca pereHepaluu).

OcHoOBHLIE (YHKUMM NOTHMUYECKMX aHanu3aropos

Jlnana3oH BO3MOMKHOCTEH JIOTHUECKHX aHAJH3aTOPOB, KakK H
BCEX H3JeJIHH, NMOCTPOEHHBLIX HAa OCHOBE MHKPOIPOLECCOPOB, Mpo-
noJ:kaer pacTH. B sToM noapaszene OyAyT pacCMOTpPEHBI JIHIIb
(yHKIHH, IPHCYIIHE CaMBIM pa3HooOpa3HbIM mpubopam.

Ha puc. 6.4 nokasan TMnuYHbLIA BHA JHLEBOH NaHenn 16-kanasp-
HOTO aHAJIH3aTOPa COCTOAHHH. AHaJaH3aTOp COeAHHSETCS C NpoBe-
psieMOH CHCTEMOH MOCpeNCTBOM KabeJs, NPOBOAHHKH KOTOPOro
OKaHYMBAIOTCA JIHOO OTAeNbHBIMH KOHTAKTHBIMH IIyNaMH, JHGO Tec-
ToBEIMH 3axuMmamu kopnyca MC. Hapsaay c 16 Bxomamu jgaHHBIX
npeayCMOTPEHB! COEIMHEHHs] AJS CHHXPOCHTHAJIOB, «3eMJH» U Apy-
rUX yNpPaBJAIOIKX CHTHAJIOB, HAa3bIBAeMBIX KBaJH(HKaTOpaMu (MX
HasHauyeHHe OyleT mosicHeHO HHxKe). BHyTpu anasnusatopa umeercs
6uicTponeiicTBylomee 3YIIB, cayxkamiee a/s 3anoMHHaHHSA 3Haue-
HUH curnajnos. B 16-kaHajibHOM aHa/uM3aTope 3Ta NaMsiTh OpPraHH-
30BaHa B BHJe 16-paspsiHBIX CJIOB, KOJTHYECTBO KOTOPHIX OOLIYHO
cocraBiasietT 128, uTo no3BosseT XpaHHTh HHbopMmanuio o 128 uuk-
Jax cuHXpoHusaunuu (puc. 6.5). IlamATe BBINONHSIET ABe (GyHKIHH:
nepBas — 3aNKChb JAHHBIX, KOrAa npubop paboTaer B pexHMe NpH-
emMa JaHHBIX, BTOPAs — BOCNPOH3BeJeHNe 3apPerucTpHPOBAHHEIX J1aH-
HBIX Ha JHcIlee aHaJaH3aTopa.

Ins noBbimeHHs THOKOCTH H NPEROCTABJEHHS MOJb30BATEJIO
BO3MOXKHOCTH Ha0./l0JaTh BBINOJHEHHE KOHKPETHBIX yYacTKOB NpO-
rpaMM, a TakKxe NPOCMATPUBATh ONpelejeHHble MOC/eL0BATeNbHO-
CTH JaHHBIX AHAJIU3ATOP COJEPIKHT CXeMBl 3amyckKa, T. e. HAeHTH-
¢ukauun coOBbITHH, NP MOSABJIEHHH KOTOPHIX BKJIOYAETCS WHAMKA-
uusi. Haxomace B pexume npHema, aHaAJH3aTOP HENpPEpPLIBHO
BOCIIPHHHMAaeT HHPOPMALHIO Ha CBOMX BXONHLIX KaHaJjax, a NpH mo-
ABJIGHHH 3allyCKAloOLlero c/J0Ba HAaYHHAeTCs HHAMKALMSA JaHHBIX.
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B 3aBHCHMOCTH OT CJOXHOCTH aHAJH3aTOPa HA 3amycKalwilee
CIOBO MOTYT ObTb HAJIOXKEHB T€ HJIH HHBIE JONOJHHTEJbHbE yCJI0+
Bus. Hanpumep, 3anyck MoXer NpOHCXOAMTH MOCJHE
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Puc. 6.4. Jloruueeknit anaausatop.

— perucTpauuu 3ajgaHHoro ducaa N NOsiBJeHHH 3amycKalouero
¢JI0Ba,

— NPOXOXAEHHs! 3ajaHHoro uucia N IHKJIOB CHHXPOHH3ALHH
BCJIEM 33 NOfBJIEHHEM 3aNyCKAIOUIEro CJAOBA.

Kak u ocuunmorpagsl, Joraueckue aHanu3aTOPHl MOTYT BbHIBO-
IUTb HAa HHAMKALUMIO NaHHble MOCJEe BO3HHKHOBEHHA 3aMyCKalOUIEro
co6uitust. Ho B oTinume or GoabwiuHCTBA ocuuisiorpados aHaausa-
TOpHl NO3BOJISIIOT NMPEACTABJAATL HA 9KpaHe AHCHJest HHMOpMaLHIO,
HMEBIIYIO MECTO A0 3anycKamouero co6bTHs. DTOT pexHM paboThi
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aHaJu3aTopa, HA3HBAEMHIH perucrpanueii ¢ OGPaTHLIM OTCUETOM
BpeMeHH, Moxer ObITh HCIOJb30BAH B INPOIECCE BOCCTAHOBJIECHHS
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Puc. 6.5. PopMar naMaTH aHAJH3aTOpa.
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Puc. 6.6. IIpocrass Mogmenb, MOSICHSIOWAS «OTPHLATE/bHLIA OTCUET BpPEeMEHHS,

paboTocnoco6HOCTH HEHCNPaBHOH CHCTeMbl 1JA 3aJaBHA Hempa-
BHJIbHO BBIMOJIHSIEMOH onepauud B KauecTBe 3aNyCKalollero cobhi-
THA U NOCJeAYIOIero HAa6a0AeHHs COOBITHIH, PUBOAAIIEX K STOMY.
HEKOppeKTHOMY coGbiTHIO. KoHLenuuio orpuuaresbHOro orcyera
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BPEMEHH JIETKO NOHATh, npeactasuB 128 obsacreii maMsatTy aHaH-
3aTOpa pACNOIOKEHHBIMH MO KDYy, KaK NOKa3aHO Ha puc. 6.6.
Haxomsce B pexume npuema paHHbIX, aHa/JH34aTOp 3alHCHBAaeT
AaHHBIE, 2 TaKxke «cJelHT», KOrja MPOH30MLeT 3amycKaiollee co-
Obitie. ITo KaxaOMy CHHXPOCHTHAJNY AaHHblE 3aHOCATCS B oyepe-
Hylo cBOGOAHYIO 0o6JacTh nmamsatd. Kak ToJbKO mpoHCXoaut samyc-
Kaiowee coObiTHe, aHANU3ATOP NOMEUAeT INOJNOKEHHe TeKylel 06-
JIacTH NaMSATH H NPOAOJIKAeT 3amHChiBaTh HHOOPMALHIO elle Mo
63 cuHXpOCHrHa/aM, mepej TeM Kak NEpPeiTH B PeXHM HHAHKALHH.
BriBoguMBble Npy 3TOM Ha MHAMKALMIO AAHHLIE coaepxar uHdopma-
LHIO 0 64 COCTOAHHAX 1O 3aNyCKalolero coGuITHA H 0 63 COCTOS-
HHSIX TOCJIE HEro.

Opranbl ynpaBiieHHs!, pacnoJoXKeHHble HA JHLEBOH NMaHead aHa-
JIA3aTOPA, MOXKHO PA3/I€JHTb HA TPH CPYNNEL:

—— YUIpapJ/icHHe HAaYaJIOM M NpeKPalleHHEM NpHeMa;

— YnpaB/ieHHe CHHXPOCHTHAJIOM M €ro KBaJH(HKATOPOM;

—— YnpaBJieHHe 3aNlyCKOM H KBAJH(HKATOPOM 3amycka.

Havano u npekpamenne npuema

Korna nepeksioyatess npuemMa ycTaHABIHBaeTcs B aKTHBHOE
NoJIOKEeHHe, aHANH3aTOp MNPUXOAHT B pexuM c6opa aaHHBIX. [lo
KaXIOMy CHHXDOCHTHA/y B NaMATb 3aHOCHTCS CJIOBO AAHHBIX, CO-
CTaBJeHHOE H3 3HAUeHHH 16 JOTHYECKHX BXOZHBIX CHIHAJOB. ST0
NPOHCXONHUT A0 MOMEHTa paclO3HaBaHHA 3aMyCKaIOLEro coObLITHS,
NocJie Yero perucTpauus HPoAoJXKaeTcs ellle B TeueHHe 63 LHKJIOB
CHHXDOHH3ALlMH, & 3aTeM aHAJU33aTOD BO3BPAILAETCS B PEXHM HH-
Ankauuu. Ecan sanyckaromee coGHTHE He 0GHAPYKHBAETCS, MOKHO
BEDHYTb aHAJ/JH3aTOP B 3TOT DEXHM, YCTAHOBHB INepPeKJaIouaTeb
B noJyoxenune «IIpekpauienue npuemas.,

CHHXPOCHMIHAM M KBaJH(HKATOP CHHXPOCHTHaJa

C nomowbio nepek/ouaTesss GPOHTA CHHXPOCHTHAJMA oneparop
MOKeT BbIG6PaTh MJIA YNPABJIEHHS 3AMHCHIO AAHHBIX B MaMSATh aHA-
JM3aTopa JHGO TOJOKHTENbHEIN, JHGO OTPHUATENbHEIH (POHT
BHEIUHEro CHTHa/a CHHXpoHH3auuu. Paboras ¢ aHA/IM3aTOpPOM Co-
CTOSIHHH, NOJIb30BaTENb [AOJIKEH BBHIGPATb I/ CHHXPOHH3aLHH pe-
TMUCTPHPYEMBIX AAHHBIX MoAXoasiwiuii curvan. Ilpu BeiGope caenyer
YYATBHIBATb BA BaXKHBIX NIapaMeTpa aHA/IM3aTOPa: BPeMs YCTAHOBKH
AAQHHBIX H BpPeMsA ylIepKHBAaHHs LaHHBIX. [lepBast U3 3THX XxapaKre-
PHCTHK — 3TO BpeMs, B TeueHHe KOTOPOTO JaHHble AOJXKHbI HMETb
YCT2HOBUBIIMECS 3HAYEHHs! JO NMOCTYIUIEHHs 3alHCHIBAIOILErO (HPOH-
Ta (06biuHO 35 HC), a BTOpasi onpeaesasleT MHHHMAJbHOe BpeMms
COXpPAHEHHs HEH3MEHHBIMH 3HAYEHHWH AAHHBIX MOCJAE NOCTYIJEHHUs
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sanuceBapllero GppoHTa (BO MHOTHX CJAydYasiX 3Ta BEJHYHHA MOXKeET
HMeTb HyJIeBOe 3HayeHHe).

BosmoxHBI cHTyauuu, Koraa gaHHble HEO6XOAMMO 3aNOMHHATDH
NpH MOCTYIJIEHHH He KaX<A0ro CHHXpOcHrHasa. IlJis yKasauusi Tex
CHHXPOCHTHAJIOB, N0 KOTOPbIM HeOOXOAHMMAa pericTpauusl JaHHBIX,
MOKeT OBITb HCIOJb30BAH AONOJHHTEJIbHBIA BXOAHOH CHrHAJ, Ha-
3biBaeMblfl KBaJIH(HUKATOPOM CHHXPOCHrHaJa. DTOT BXOLHOH CUMHAJ
peajiu3dyeTcsi B COOTBETCTBHH C IOJIOXKEHHeM IepekJiouaTesas Ha
JIHUEBOH MaHeJH, MNO3BOJSIOIIETO ONepaTopy yKasaTh COCTOSHHE

Nepekniovarenem ynpasneHuWs CUHXPOCHUIHANOM 1
3afaH oTpuuaTenbHbil GPOHT

NlepeknioyaTens ynpasneHns Ksanudpukaropom
YCTaHOBNEH B COCTOAHWE NOTHYECKOro 0

CuHxpocurian I*|*1Y|Y|*I*

|
N
KBsanuukatop :

CUHXpOCKfHana | '

PPOHTLI CHHXPOCHTHANOE,
ucnons3yemoie Ana
perucrpaynid nipopmayuu

Puc. 6.7. [lefictBie KBanudnKaTopa CHHXpOCHrHAJA.

KBaJIN(PHKATOPHOTO BXOAHOTO CHTHAJA, NMPH KOTOPOM MPOHCXOAHT
npueM AaHHbIX (puc. 6.7). B paccMoTpeHHOM BHlLE Npumepe, rae
AHaJIM3aTOP HCNOJb3OBAJICS AJsl PErHCTPAllMH HHPOPMauuu ajapec-
HO IUHHBI THONOBOH MHMKDONPOLECCOPHOH CHcTeMbl Ha Gase Z80,
CHHXPOCHUIHAJIOM CJIYXHJ OTPHLATeJbHBIH (pOHT curHasma MREQ.
B namsaTte ananusaTopa 3aHOCHJIHCH BCe ajpeca, T. e. aapeca obpa-
UleHHH K NaMSTH W aJpeca pereHepauuy, BbipabaTHBaeMble MHKpO-
npoueccopom Z80. Ecam 6B noHago6HJIOCH 3aNOMHHATBL TOJBKO
anpeca oGpalleHuil K NaMsTH, MOXKHO GblJIO Obl HCKJIOUHTbL H3 per-
CTpaluM ajpeca pereHepaliu, NoOAaB Ha BXOMA KBaJH(PHKATOpPA CHH-

XpPOCHTHasla BbIXOAHOW cHrHan mnpoueccopa RFSH u ycranosus
NepekJIoyare/b yipanienns KBaJu(@HKaTOPOM CHHXPOCHI'HAIA B CO-
croanue Joruyeckoil 1. Ilpu sTOM TOJIBKO OTpHUATENbHBIH (POHT

curiana MREQ (coorsercTBymowmni anpecy obpalieHds K na-
MATH) OyAeT HCNONb30BATLCA AAs BBOLA NAHHBIX B aHAJIH3ATOp.
Ecnu nepexnouarenn KBaindHKAaTopa CHHXPOCHTHAJa OCTaBJIeH
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B «6e3p33JIH‘IHOM» COCTOSIHHH, 3aNHUCh aApeCOB B NaMATh aHaJH3a-
TOpa OCYLIECTBJISETCA IO KaXKAOMY CHHXDOCHTHaAJMy.

3anyck M KBaJu(HKATOp 3anycka

OpraHbl ynpasJjieHust 3amycKoM NO3BOJSAIOT ONepaTopy 3a1aBaTh
Ha0Op eNMHHL H HyJeH, KOTOPBIH LOJIXKEH MOSIBUTHhCS HA BXOMHHIX
KaHnajax aHaau3aropa, 4to6bl mpousowen 3amyck. s pacuupe-
HHs 3TOr0 Habopa, T. e. opmara 3anycKaioulero caosa, o 17 6ur
MOXKHO HCIOJIb30BATh JONOJHHUTEJbHBIH BXOAHOH CHrHAJ, HasblBae-
MBI KBaJaugpHKaTopoMm 3anycka. Ha JumeBofi nmanesan uMeercs e-
pekJioyaresb ynpaB/aeHUsi KBAJH(OHKATOPOM, C MOMOLIbIO KOTOPOIoO
OnepaTop 3ajaeT 3HAaYeHHe [JONOJHHTEJbHOTO BXOMLHOTO CHrHAJa,
IpH KOTOPOM AOJIXKEH NPOHCXOLHTb 3aMycK.

TecTMpoOBaHHE MATPMUHOM KNaBMaTypbl

[IpuMeHeHHe JIOrH4ecKHX aHAJIH3aTOPOB He 00A3aTEJbHO AOJK-
HO OrpaHWYMBATbCSl MPOCJAEKHBAHHEM H3MEHEHHH WIHHHBLIX CHTHA-
108 IBM. PaccmarpupaeMblil HHXKe MPUMEP HITIOCTPHPYET HCIOJIb-
30BaHHE AHAJIM3ATOpa AJs HAOJIOJeHHs HEKOTOPHIX CHIHAJOB, KO-
TopoiMu IBM o6MeHHBaeTcs ¢ OJHHM H3 OCHOBHBIX NepH(MepPHIHBIX
yCTPOHCTB, @ HMEHHO — KJIaBHATYPOH.

Bo/IblUMHCTBO KJ1aBHATYP COCTOMT H3 HaGopa KJaBHLI, OpPraHH-
30BaHHBIX B BHAe MaTpuub (cM. puc. [12.3). Oasa conpsixenus mar-
puubl nepekmaouarened ¢ IBM o6blYHO NpHMeHsIeTCS! OAUH M3 ABYX
MEeTO[OB.

(A) Annaparnoe xoduposanue. B 3ToM ciyyae ucrmosbayercs
cneunanusuposannas MC wudparopa KaaBuaTypel, BHINOJIHSAOLASN
clepyiouine QyHKIHH:

— OGHapy)eHHe HAXATOH KJaBHUIH H BEIPaGOTKa CTPOGHpYIo-
mero curuana auas dBM;

—renepanua ASCII-Koja, COOTBETCTBYIOLIErO HAaXKaToil KJa-
BHIUE, H Bbillaya ero B 9BM B napanaenbHoi popwme;

— ycrpaHeHne Apebesra KOHTAKTOB KJABHATYPbl NPH HX 3aMbl-
KaHHH W pa3MBbIKaHHH;

— ApyrHe ReHCTBHS, BO3MOXKHOCTb Peasn3aludH KOTOPHIX Mpeay-
CMOTPEHa BO MHOTHX COBPEMEHHbIX K/JaBHATypaX, HalpuMep OJHO-
BpeMeHHOe Ha)KaTHe HECKOJbKHX KJIABHII H aBTOMATHYECKOE [O-
BTOPEHHE NIOCHlIaeMBIX CHMBOJIOB.

(B) Ilpoepammnoe koduposanue. Tlpu HaHHOM NoAXOnE, KOTO-
PHIH HAXOAHT NPHMEHEHHE BO MHOTHX HEIOPOrHX MHKpodBM, ¢yuk-
WM ChenHasu3snpoBaHHoil koaupywuweid HMC peanusylorcs mukpo-
TNIPOLLECCOPOM CHCTEMBI B COYETAHHM CO CTAHAAPTHBIMH NPOrpam-
MaMH,
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YcTpoiicTBO KNaBHaTYpE € NPOrpaMMHBIM KOAHPOBAHHEM MOKa-
3aHO Ha puc. 6.8. Marpuna nepek.ouyarteseii conpsiraercs ¢ mpo-
ueccopom yepe3 KOMOUHHPOBAHHOE YCTPOHCTBO, conepxamee 3YIIB,
ABa 1mOpTa BBOAA-BbIBOAA, TaMep H HEKOTOpble APYTHE Y3Jbl H
oQopmiIeHHOEe KOHCTPYKTHBHO B Buae MC ¢ 40 BHELUHHMH BBIBO-
namu. O6Ga nmopra UCNOMB3YIOTCA AJs OGCIYXKHBAHUS KJAABHATYPbI:
MopT A BBHINOJNHAET POJIb NOPTA BHIBOAA H CBA3AH CO CTOJIGLAMH
NepeKoyarTesbHOA MaTpulibl, a nopT B sBJsiercs noprom BBOja
¥ BOCIpHHHMaeT HHQpOpMalHI0 OT cTpok Marpuun. HaGop compo-
THBJIEHHH CMelleHHs1 ofecneuuBaeT CUMTHIBAHWe nOpToM B csoa
FF\e, KOTZ1a He HaxaTa HH OJHA KJABHINA.

Hto6bl 06HApYKHTb HAXKATYIO KJAABHUIY H ONPeNeNHTb €e MOJ0-
’KEHHE, MHKDPOIPOLEeCcOp BHIIOJHSET NMPOrpaMMy HPOCMOTPA MHepeé-
K/I04atesbHOH Matpuilsl. [IpocMoTp ckianbiBaeTes U3 ABYX yacTef.
Cuauvana npouneccop Bblgaer Ha6op 6UTOB yepe3 nopT A Ha cToabibl
MaTpHUbl. 3aTeM OH BHINOJHSET YTeHHe WH(POPMALHOHHOTO CJOBA
u3 nopra B u cpasuusaer ero ¢ FFi5, uto6m 06HapyxuTb, Ha-
Kata au Kakas-mu6o Kaasuwa. Ecau 6bl, HanpuMmep, mpoueccop
BbIBOAMJ 4epe3 nopt A ciaoBo 006 (Ipu 3TOM Ha KOHTAaKThl BCex
nepekJiroyaresiel, NoOKa3saHHble HAa CXeMe CIpaBa, T. €. CoefHHEHHble
CO CTOJOLAMH MAaTpPHLbl, MOAAIOTCA JIOTHYECKHE HyJH), HaKarHe
M060# KJIaBHILW NPHBOAMAO Gbl K H3MEHEHHIO HH(ODMAIHH, MO-
crynaiomeii 8 _nopt ssoaa B. KomG6unauus Guros, ycranainpae-
Mast B nopte B, 3aBucHT oT TOro, B KaKoil CTpOKe MaTpHIbI Haxo-
ANTCSl Haxkaras KJaBHIlA, W He 3aBHCHT OT TOro, B KakoM OHa
HaxonuTcs cronbue. ITosToMy MuKpONmpoLeccop He BBIBOAHT B
nopt A cnoBo 0056, a ocyulecTBaAsieT Nepe6Op BHIBOAMMBIX CJIOB
C TaKHM pacueToM, YToGbl Ha Bce CTOJ6ILB NOOYEPEAHO MONABAJIHCH
Hyjau. B stom cayude nmo mosoxenuio Joruueckoro 0 BO BXOAHOM
CJI0Be, MOCTynaiomem yepes nopt B, npoueccop onpenensier crpoky,
B KOTODOH HAaXOAMTCH Ha)kaTas KJAaBHUIA, 4 AHAJH3HPYS IOJOMKe-
Hue 0 B cioBe, KOTOpOEe OH BHIBEJ B X0le nepe6opa, BHISACHSET,
K KakoMy CTOJOLY NOpHHANJERHMT 3Ta KJaBHIIA. [IporpaMmHble
CpeAcTBa OGCJYXKHBaHHS KJIAaBHATYPH BKJ/IOYAIOT TakKXKe MPOrpam-
MBI M yCTpaHeHHs ApeGesra mepekiioyaresell, o6paGoTKH CuTya-
IHH, KOria OJHOBPEMEHHO Ha)XXHMAIOTCH HECKOJIbKO KJaBHIIeH, pea-
Ju3auuy QyHKUHMH KJaBHIUe# CABUIa H ylIpaBJeHHS.

IMoaknloueHHe JOrn4ecKoro aHaJu3aTtopa

Has cnexeHus sa nepe6opoM CJIOB KAaBHATYPHOH MAaTPHIbI BO-
CeMb BXONOB aHAJIH3aTOpa MOJACOeAHHEHB! K nopry B. Ynpapasiomue
BXOJBl aHAJIH3AaTOPA MOAKJIIOYEHB! CAeLYIOUHM 06pasoM: ;

1. Bxoa CHHXpOHH3aUHH cOeJHHEH C KOHTAKTOM CS2 (BBIGOD
KDHCTaJl/1a) yCTPOHCTBA, H IepeKjioyarteseM 3agaercss GOpMHPOBa-
HHe CHHXPOCHTHAJOB MO OTPHUATE]bHBEIM ()pPOHTAM cHrHAIOB CS2.
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Takum o6pasoM, Kaxawifi pas, Koria npoueccop o6MeHHBAeTC HH-
(GopmauHedi ¢ TepMHHAJOM, aHAJH3AaTOP MOJYYaeT CHHXPOCHTHAJIL.

2. Bxon kBanuGhHKaTOpa CHHXPOCHTHAJA COEAHHEH C KOHTAaK-
toM RS (Br6op 3YIIB) ycrpoficTa, nepek/iouarens Kpajau(pHKa-
TOpAa YCTaHOBJEH B MOJOXEHHe, COOTBETCTBYIOLLEE JOrHYeCKoH 1.
B kom6uHHpOBaHHOM ycTpoficTBe He BCce OOpalleHHs ajpecOBaHbI
Kk mopram. CurHan RS uMeer HM3KHI ypOBeHb, KOrAa BEIGpaHO
3YIIB, n BHiCOKHH, Koraa obpallleHHs MPOHCXOAAT K mopram. baa-
rojapsi yCTaHOBKe IMepeKJ/iouaTe/]s YIpaB/ieHHs KBAJH(PHKATOPOM

[iBoununbiii Kop,
BbIXOAHOTO CNOBA

npoueccopa
7F 01111111
7F 0111 1111
BF 10111111 Bocnpuatue pabots! nopra A
BF 10111111 poruyeckUM aHanW3aTopom

DF 11011111
DF 1101 111

- .
- -
. .

FE 11111110
FE 11111110

Nepemelyenne Hyas 8 cnose nopra A
C Lenbio NOMCKA HaMaTOR KNaBulu

Puc. 6.8. TIpuMeHeHne JIOCHYeCKOTO aHa/iM3aTopa AJdsA NPOCMOTpa Ha60pa BXO-
HBIX KOJOB KJIaBHaTYpBHL. :

CHHXDOCHTHaJIa B COCTOsIHWe JIOTHYecKoi 1 aHaam3aTop perucrpu-
pyeT nNaHHble TONbKO IpH O6GpallleHusix K MopraM KOMOHHHDOBaH-
HOTO YCTPOHCTBA.

3. B kauvectBe c/10Ba 3amycKa yCTaHOBJEHO 4HcaI0 7Fjg, M0O3BO-
Jsiolllee BbIIBUTb HauaJo Nepe6opa BHIXOAHBIX CJOB MNpPOLECCOPA,
coaepxamux «pabounii Hyab». CocrosiHue 8 crapuwux GuTOB 3a-
NyCKaloWlero cJioBa He HMeeT 3HAyeHMs, Mepek/uaresab KBaaudu-
Katopa 3amnycKalollero c¢JoBa TakKe ycTaHaBjuBaeTcsi B «Ge3paas-
JIMYHOE» TOJIOXKEeHHe.

ITocne npuemMa NaHHBIX NPOHCXOAHT 3aNyCK aHa/IM3aToOpa H HA
SKpaHe HHAHKIHPYeTCs Tpacca, nokasaHHas Ha puc. 6.8. Buagno, uto
Joruyeckuit 0 nepememiaercs no BceM BOCBMH cToa0LaM 0O Mepe
TOTO, K&K MHKDOIIPOLECCOP BHINOJHSET TNOJHBIH NPOCMOTP KJaBHa-
Typbl. Kaxpas KomOuHHAUUsi GHTOB BOCOPOM3BOAHTCS JBa pasa:
IpH BHIBOJE €€ MPOLIeCCOPOM H NPH BHIIOJHEHHH ONEpal{H YTeHUs
colepxumoro nopra B.

3aknoueHue

Jlornyecknii aHaau3aToOp BOCHPHHMMAeT WHOPMALUIO C Tpynn
auHud muH. CyllecTBYIOT JBa OCHOBHBIX THIA JOTHYECKHX aHAJH-
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84TOpOB: aHAJIH3AaTOPbl COCTOSIHHA H AHAJH3ATOPH BPEMEHHbIX AHA-
rpamM. IIpuGopsl mepBoro THHA MpefOCTABAIOT BO3MOKHOCTE npo-
CJeKHBaTh (DYHKUHOHHDOBAHHE IIMHBI HJIH OpTa ¢ BpeMeHHBIMH
HHTEPBAJIAMH, ONPEAEINSIeMBIMH JIOGBIM CHIHAJIOM HCCJAEAYEMOH CH-
cTempl. C MOMOIIbIO aHAIH3ATOPOB BTOPOTO THNA MOMKHO AHAJIH3H-
poBaTb KDHTHYECKHE BDEMEHHble COOTHOUICHHs HIMHHLIX CHI'HAJIOB;
OHH HCNOJIb3YIOTCH IMIaBHEIM 00pasoM B KauecTBe CPEACTB OTJIALKH
annaparyphl.



nasa 7

Momck HeucnpaBHOCTEMN
B nocnepoBaTteNbHbIX MHTEepencax

Otbickanue HeHcnpaBHOCTEH B CHCTeMax C TNOCAELOBATEJbHOH
nmepeaayed HHQOPMAUHH YCIAOXKHSETCS MYJbTHINIEKCHPOBAHHEM JaH-
HBIX H HCNOJIb30BaHHEM B HHTep(deHCHBIX cxeMax ypOBHeH Halpsxe-
HHs1, KOTOPbIe OTJIMUAIOTCSA OT CTAHAAPTHLIX, IPHMEeHsIeMbIX B JIOTHYe-
ckux cxemax. HexoppekTHoe ¢yHkunoHupoBaHue, o6HApykKEHHOE B
NpPHEMHOHA 4aCTH CHCTeMbl, MOXeT BbI3BaTh HEHCIIPABHOCTb CXeM Ma-
paJliieNbHO-TIOC/AE€J0BaTeJAbHOTO H MOC/JAeA0BATENbHO-1apaleqbHOr0
npeo6pasoBanus. Mcrounukom omn6GOK NpH nepejade JaHHBIX MO-
ryT 6LITb [IOMeXH, BJMsIIOILMe Ha paboTy JIMHME Nepefayd M HCTOY-
HHKOB NHTaHHUst HHTep(deHCHBIX cXeM., 3HaHHe BO3MOXKHbBIX HEHCHpaB-
HOCTeli OOyCJIOB/IMBAaeT INPHUMEHeHHe JJis TEeCTHPOBAHHS TNOCJeno-
BaTeNbHOro uHHTepdeifica onpejfleIeHHbBIX MeTOJ0B, M03BOJSIOUIHUX
CBECTH MOHMCK 3THX HEHCIIPABHOCTEH K OrpaHHYEHHBIM 4acTAM CXeMBb
HHTepdefica.

O6wmue meroabl

Tak kak nosib3oBaTeNb HMeeT BO3MOXKHOCTb B HIHPOKHX npeje-
NnaX BapbUpPOBAaTb HOMEHKJATYPY YCTPOHCTB, CBSA3bIBAEGMbIX MOCJ/e-
ROBaTeJbHBIM HHTepGheHCcOM, MOTYT MMeTb MeCTO SiBHble OTKa3hl,
HMeIolHe IPUUHHON HEeCOBMECTHMOCTb YCTPOHCTB, HaXOASILIMXCA MO
pasHble CTOPOHBI JIHHHH CBsi3H. [103TOMy OCOGEHHO BaXKHO BBINOJ-
HHUTb NOCTYIO NPEABAPHTEJbHYIO NPOBEPKY KOH(QUIYypalHH CHCTEMbl
nepei TeM, KaK CTPOHTb NPEAMNOJOXKEHHS O HEHCIPABHOCTAX CXeM
H NbITaThCA HCKaTb 3TH HEHCIPABHOCTH C NOMOIIBIO METOAO0B, KOTO-
phble OYAYT ONHCAHbl HUXKeE.

Hepenku ciayuau, Korja cucrema, TOJbKO 4TO YJAOBJETBOPHTE/b-
HO (PYHKLHOHHPOBaBLIAs, MO HEMOHATHBIM MPHYMHAM IepecTaer pa-
60TaTh, W JIHIIb [OCJE MHOIOYacOBbIX Oe3pe3yJIbTATHHIX MONBITOK
OTBICKAHHS HECYILeCTBYIOILeH HEeHCIPAaBHOCTH ylaeTcss OGHAPYXHTb,
YTO KTO-TO HEYasiHHO H3MEHHJI NOJIOXKEHHE MepeKJaI0uaTesss CKOpoCTH
nepenaus. Kpome cKopocTH mepejayd ¢ NOMOLLBIO NepeKJioyaTe/is
HJIM TIPOTPaMMHO 3ajaeTcs GopMaT nepeiaBaeMblX CHMBOJIOB. B He-
GOJIbIIMX CHCTEMaxX, The AJd IO0C/AeR0BaTe/bHO-NapalieNbHoro H
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obpatHoro npeo6pasoBanuss YAIIIl He HCOOMB3YIOTCSA, CKOPOCTD Me-
penayd RaHHBIX ONpeReJasieTCs TAKTOBOH YacTOTOM mpoleccopa; Io-
3TOMY H3MEHEHHE YaCTOTH TAKTHPOBAHHS, SIBJSIOLIEECS, HATIDUMED,
4acTbl0 OPOLEAYPbl OTHICKAHHS KAKOH-TO APYrOH HEHUCIPaBHOCTH,
MOXKeT BhI3BaTb OTKa3 MOCJEJ0OBATENbHOIO KaHaja CBS3H.

[IpuBenem nepeueHb 3ajaBaeMbiX MapaMeTPOB, KOTOPHE leeCo-
00pasHo NpoBepHTb, YTOOL H36eXaTh MOTEPb BPEMEHH H CHJ B IO-
MCKaX HEeCYUIeCTBYIOIIHX HEHCIPaBHOCTEN:

1) ckopocth nepenauu;

2) uucso GHTOB JAAHHBIX;

3) BHA KOHTPOJIS TI0 YETHOCTH;

4) KOJMHYECTBO CTOMOBHIX GUTOB.

OTH deTbipe XapPAaKTEPHCTHKH B OGIIeM cjayyae HONKHB OBITH 3a-
JaHbl OJHHAKOBLIMH Ha OOOUX KOHLIAX JIHHHH CBSI3H, XOTS (GopMaTsl
JaHHBIX U MOT'YT HEeCKOJIbKO pasJjuuathcst 6e3 yuiepba Aast KayecTBa
nepenauu. Ecau, HanpuMmep, nepelaTynk MOCHLIAET ¢ KaXKAHM CHM-
BOJIOM JABa CTOMOBBLIX OHTa, a NPHEMHHKY TpebyeTcs BCEero OIMH,
HCKaXeHWA nepelaBaeMod HH(OpMAUHH He NPOHU3OMALET; nepenar-
YHK, FeHePHPYIOni OHT 4eTHOCTH, OyAeT yCewHo paboTaTth B Coye-
TaHHH C NPHEMHHKOM, KOTOPHIH He OCyLIecTBJSIET KOHTPOJs MO 4eT-
HOCTH, €CJIH AJIHHA CJIOBA B MPHEMHHKE YyCTAaHOBJIEHA C yyeToM 6uTa
YETHOCTH B NepelaBaeMbIX JaHHbIX.

[lepeunciennbie npoBepkH B CHCTeMaX, B KOTOPHIX XapaKTepH-
CTHKH Depejaud 3aJ]aloTcs ¢ NOMOLIbI0 MepekjiouaTenell, Heo6Xo-
AWMO BHINOJIHSATL [iaxke 0 BKJWOUeHHA nuTaHud. B cucremax ¢ npo-
rpaMMHbIM 3aJaHHeM NapaMeTPOB NepeflayH WX 3HAUEHHS Ha 06GOMX
KOHlIaX KaHaJja CBS3H NOJIKHB OBITh NMPOBEPEHbl CpPady mnocje Mo-
Layd NMHTAHHsA, a B Clyyae BHECEHHS M3MeHeHHH Heo6XOAHMO yG6e-
IUTbCS MOCJe OTKJIIOYEHHS H NOBTOPHOH MOAAYM NHTAHMSA, YTO 3TH
H3MEHEHHS OTPaxKeHbl B NaMATH (HanmpHMep, NyTeM 3aHECEeHHs HO-
BbIX 3HAaUY€HHH B naMsATb Ha Jauckax). Korxa B cucremy nomano nu-
TaHHe, ¢ NOMOUIBIO NMPOCTHIX NPHOOPOB MOXKHO BHINOJHHTD elle HeKO-
TOpble NPOBEPKH. B cHcTeMax nepefayn ¢ OXHOCTOPOHHHM pa3Mellle-
HHeM HCTOYHWKaA NHTaHHs, TakHX, kKak RS232, V24 u RS423, aunus
nepeaayy AOJKHA HMeTb OTPHIATEIbHBIH MOTEHIHAJ 0 OTHOIIEHHIO
K 3eMJie BO BpeMsi OTCYTCTBHsl MEPECHIKH AaHHBIX. DTO HampsxKe-
HHE MOXHO MPOBEPHTb C MOMOLILIO BOIBTMETPA WJIH OCUMJJIOTpada,
M €C/H OHO He COOTBETCTBYET HOpME, 3HAUHT, HMEIOT MECTO HEeHC-
NMPaBHOCTH JIHGO B 3a3eMJIEHHH, Ju6O B HHTepdeiicHOl cXeMe mepe-
laTudka, Ju60, 4TO HaHOOJee BEPOATHO, B HCTOYHHKE NHTaHHA
uHTepdercHOi cxeMbl nepenatyka. B cucremax tuna RS232 nanpa-
JXeHHe nHTaHua 12 B nHOraa Hcmosb3yeTcst TOMBKO AJS MOCJAEAOBA-
TeJbHOrO HHTEpdefica ¥ HEHCNPABHOCTH HCTOYHHKA MPOSBJIAIOTCS
JIMIIb NIPH NONBITKE OCYUWECTBHThL Mepefayy AaHHBIX. B cucremax ¢
TOKOBOH NeT/iell CBENEHHS O HAJMYHH HEHCNIPABHOCTH MOXKHO MOJy-
YHTb C NOMOWIBIO MHJJIHaMNepMeTpa, BKJAIUEHHOrOo B MHeTai0 (NpH
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OTCYTCTBHH nepellauyd B Hed JoJKeH mportekaTh Tok 20 MA). Iaa
ObICTPOI NPOBEPKH CHCTEMBI TAKOTO THMA 1e/1eCO06PA3HO HECKOJIbKO
pas noApsiii OTKJIIOYHTb H CHOBA BKJIOYHTH Pa3’beM JIHHHH, B Pe3yJib-
TaTeé 4ero NPOHCXOAMT CJydyaliHOe 3aMbIKaHHe W PasMblKaHHe IenH
CBA3H H, COOTBETCTBEHHO, '€HEpallUsl NPOH3BOJIbHEIX CHMBOJIOB (3TO
YAOGHBIH €NOCO6 KOHTPOJISI NPH HAJHYHH YCTPONCTBA BH3YaJIbHOTO
0TOGpaxKeHHs HHpOpMAlHH ).

Eciu B Xofe npocThix MpoBepoK 1esOCTHOCTH KaGejeil pasmb-
€MOB HHKAKHX HEeNOJa/0K He BHISBJSETCS, CeAYeT BOCIOJb30BaThCH
bosiee y3KO CNELHATUSUPOBAHHBIMH NPHEMAMH KOHTDOJS MPOBEPOK.

CreumansHele MeToAbl KOHTPONS
nocnepoBaTenbHoro MHTepdenca

Ecin ¢ moMompsio onucaHHBIX BbILIEe METONOB MpeABAPHTEILHOTO
TECTHPOBAHUS BOCCTAHOBHTbL PabOTOCNOCOGHOCTL MOCJeJ0BATENbHOMN
JIHHUH CBSI3H HE yHaeTcs, CJAefyeT HCIOJAb30BATh OJHO HJIH HECKOJb-
KO H3 CJelYIOUIHUX CPEeACTB:

1. AHanu3aToOpHl NOC/EA0BATEAbHBIX AAHHBIX.

2. Crneuua/n3HpOBaHHbIE TE€HEPATOPH JAHHBIX.

3. IlporpaMMbl KOHTPOJISI C BO3BPATOM AAHHBIX.

AﬂannsaTopu nocJaeaoBaTeJbHbIX AAHHBIX

9710 npu6OpHl, MO NPHHUKNAM PAGOTH AHAJOTHUHBIE JIOTHUECKHM
aHaJHs3aTopaM (HEKOTOpble JIOTHUECKHe aHAJH3aTOPhl PacloJaraiorT
BO3MOXKHOCTBIO aHaJ/IH3a IIOC/JAeAOBaTeNbHBIX NAHHBIX KaK OCHOBHOI
HJIH JIOTMIONHHTEJIPHO peasiH3yeMOH XapaKTepHCTHKOM ). Tak kak aHa-
JU3NpyeMble JaHHble NPeACTaBJAIOTCS B BHAE JHGO JOrHYECKHX CHT-
HaJIOB, KGO CHTHAJIOB HHTep(eHCHOro XxapakTepa, aHaJM3aTOP AOJ-
2KeH ObITb CHAaGKeH MPOOHHKOM, 06ecrneuHBaIOLIMM BO3MOKHOCTD Pa-
60THl ¢ caMbIMH Pa3HOOOPA3HbIMH YPOBHSIMH CHTHAJIOB H 3afaHMsI
NOJIOXKHTENbHOH HJIH OTPHUATEJbHON JIOTHKH KOAHPOBAHHS BOCIPH-
HUMaeMbix curuados. IlocsenoBatenburle faHHBIE 06BHIYHO MpeoGpa-
3yl0TCs B NapaJjyieNbHyi0 (OpPMy H 3aHOCATCH B IaMsTh, NpHYeM
CHrHA/l OKOHYAHHS NpPeobpasoBaHHS KaxKAOTO MOJYYEHHOTO 6J10Ka
JNlaHHbIX HCNOJNb3YeTCs B KaueCTBe CHHXPOCHTHAaJAa IJas AHAJH3HU-
pywowmeit yacty npubopa. CxeMa aHaaM3aToOpa MOCAEAOBATEJbHBIX
JaHHBIX TpeacTaBJeHa Ha puc. 7.1. Koweuno, ans Toro uto6nl Kop-
PEKTHO BLINOJNHANOCH MOC/IEL0BaTEJNbHO-NAPaJJIeIbHOEe Npeobpaso-
BaHHe M ObLlJH JOCTOBEPHBI COXPAaHSieMble B NAMSITH AAaHHBIE, HEOO-
XOZHMO IOJIKHBIM 06pa3oM BbHIGPAaTh CKOPOCTb nepeiaud u hopMar
naHHbIX. JlaHHBle OOLIYHO HeMpepLIBHO 3aHOCATCA B MaMsATh N0 Tex
nop, NOKa He MOSBUTCS 3aJaHHOE 3amyCKalollee CJIOBO, MOCJe Yero
IIPOHCXOJNT 3aNOMHHAHHE ellle HEKOTOPOro ONpeleJeHHOr0 KOJHye-
CTBa AAHHBIX H 3aNHUCh MPeKpaulaercs.
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[MocnenoBaTenbHble aHAaMH3aTOPH ¢ 9KpaHaMh Ha DJIT o6biuno
cHa6KeHbl BO3MOXKHOCTBIO HHIMKALUH NaHHBIX B ABOHYHON W 1UeCT-
HajuaTepuyHoi gopme, a takxke B Koge ASCIIL. Ha puc. 7.2 noka-

o —— s
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Noruseckun aHanuaatop
napanienbHeix faHHb

Puc. 7.1. AnaansaTop nociexoBaTenbHBIX AAHHBIX.

84HO, KaKuM 006pa3soM aHaJH3aTOP I0C/eA0BATEJNbHEIX NAHHBIX MG-
JKeT OBbITh HCIOJb30BAH IS OTHICKAHHS HEHCIIPABHOCTEH,

CneunanusupoBaHHble reHEPATOPHI JAHHBIX

A5 cuvxenus Q0JH HeONpede/eHHOCTH, HMEIOLLel MecTo B npo-
[ecce OTLICKAHHS HEHCNDABHOCTEH B CHCTeMe MOCJef0BATENLHON Me-
pelayn AaHHBIX, 1e71eC006pPasHO HMETb OTACNbHbIH NPHGOP, KOTOPHIIL
TE€HEPHPYCT HU3BECTHbIe NOTOKH JAHHBIX C YNPaBJISEeMBIMH CKOPOCTBIO
u dopmartom nepesaud. Takne remepaTopsl CHMBOJNOB YAOGHO Hc-
NO/Ib30BATL AJIs1 MPOBEPKH CBsi3edl ¢ nepudepHAHbBIMH yCTpolicTBaMy,
TaK KaK OHM NOSBOJIAIOT YCTAHOBHTb, I/ie HMEET MeCTO HeHCIpaB-
HOCTb: IHG6O B KaHaje CBA3H HAM NMEPHEPHIHOM YCTpOiicTBe, AH6O
B CaMO# MHKPONpOLECCOPHO# cHcTeMe. C MOMOILBIO reHepaTopa MOX-
HO, KpOMe TOro, MoAaBaTh Ha BXOJ CHCTEMBI Ollpeje/eHHbIe [ocJe-
AOBATEJIbHOCTH JaHHBIX H MNpPOBEPATb €¢ peakUHI0 Ha 3apaHee
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H3BECTHHle BXOZAHBle Bo3aedcTBHs. Eciu crmeunanusspoBaHHOrO re-
HepaTopa NAaHHBIX HET, A/ YKa3aHHHIX lleJjeil MOXHO NPHMEHHTHb
IHCHJIEH ¢ K/a1aBHaTypoil. B resepatope CHMBOJIOB OOGBIYHO Hpexyc-
MOTpEHa BO3MOXHOCTb 33aHHs N0Jb30BATEJIEM HE TOJbKO CKOPOCTH
nepefayd, BUAA KOHTPOJS MO YETHOCTH H (opMaTa CHMBOJIOB, HO H
BLIGOpPA OJHOTO H3 TECTOBHIX PEKHMOB paboThl. K uHCAy THIHUHBIX
TeCTOB NPOBEPKH PabOTH CHCTEMBI OTHOCATCS CJEAYyIOLIMe:

Ecnut umeercs jocTyn
K napannenbnoﬁ
nHoopmauwnm, 3nech
moxeT 6biTb npumeHeH

norudeckuu HopmanbHelii ypoBeHE
aHanunsatop CATHENA HA NAHMA —~ HH3KKME
Ncrounnk +128
nocneposa-
TenbHbIX Bbixog
DaHHBIX D" RS 232
——’.

—~12B

Mposeputs 3fechH,
noAb3yACL WHBEPCHBIM
BXOAOM

Tposeputs 3aech,
NONb3YACH NPAMBIM
BXOAOM

- TiposepuTh 3pech,

TIONb3YACh BXOAOM
TNporpamma aanucu RS232

INA HENPEpLIBHOrO
BbIBOAA MHPOPMALKK

Puc. 7.2. TpaccHpoBKa noc/ef0BaTeNbHEIX JaHHBIX B CHCTEME.

1. Ileyatuble cumBoJabsl HaGopa ASCII, kak npasuso, orobpa-
KAlTCsS Ha 3KpaHe B BUAe cTPOK 1o 80 cCHMBOJIOB, a HHOrJa HMeerT-
Cs BO3MOXKHOCTb HCIOJIb30BaHHs dopMmaTa, coaepxauiero 132 cTonb-
na. [las TecTHpOBaHHS YCTPOHCTB HArJIsiAHOTO OTOOpaXKeHHs, Ta-
KHX, HapuMep, KaK NPHHTEPH, HCHNOJAb3yeTCs BBLIBOA pe3yJbTAaTOB
paGoTHl CHCTEMH B BHJe NeYaTHHIX CHMBOJIOB.

2. Tect tuna U*U*, D1u xBa cumBosa koxa ASCII umeior xo-
NOJIHHTENbHbIe KOAB, MPHYEM 3HaYeHHS COCeTHUX GHTOB B 3THX KO-
max uepenyiorcs. [IpH nmonmepeMeHHOH mNoc/jeloBaTe/bHOH Nepejpaue
JABYX 3THX CHMBOJIOB oOpasyercsl NocjeloBaTeJbHHH Habop paH-
HBIX, B KOTOPOM KOJIHUeCTBO H3MeHeHHH 3HaueHHH rnepefaBaeMbIX GH-
0B 60Jbllie, YeM NMPH HCHOJb30BAHHH JIIOOBIX IPYTHX NMEYATHHX CHM-
BoJsioB. Takoili Ha6op MO3BOJsieT XOPOIIO NMPOBepHTb paboTy amnna-
paTHbHIX H NPOrpaMMHBIX CDPeACTB BBOAA HH(OPMaLHH, B KOTOPBIX
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MOTYT HMeTb MECTO HEHCMPABHOCTH, CBfI3aHHBIE C CHHXDOHH3alHell,
TAK KaK OH NpeicTaB/seT co60f XyAIIHH caydall coueraHHsi GHTOB,
KOTODBIH MOXeT HMeTb MeCTO fIpH MOCJeN0BAaTeNbHON mepenaye.
Eme oanH cnocobd noctukenHsi TOro xe sdoekta cMeHH mepefa-
BaeMbIX MOC/IEJ0OBATENbHO GHTOB COCTOMT B IONIEPEMEHHOI Mepefade
cjoB AA s u 55,. '

TeHepatop TecTOBLIX

nocnefosatenbHoCTeH
1 u*y* NMporpamma
2 ABC..,, nocnepoBartentHora
3 CRLF1,,. BbiBoga unu YAMNM
4
I Wrrepdeire
Napanne-
NbHble -
=
Ranneie flocneposa~
3> TenbHbin
BbIBOA,
foroBHOCTL
AaHHbIX A
A AA A
3apanue
cumBona
nonbaoBax
Tenem 3apaHue sBuaa 3agaHue CKOpOCTH
TecTa W dopmarta nepegayn

Puc. 7.3. Teneparop noc/ieoBaTeNbHEX CHMBOJIOB,

3. Ilepenaya KOHKDETHBIX CHMBOJIOB HJAH ABOMUHHIX HaGOPOB,
Ecan usBecTHO, 4TO npoGieMbl BO3HHKAIOT NPH Nepefaye HEKOTO-
poro Ha6opa NaHHBIX, A/l OTBICKAHHS HEHCIPABHOCTH MOXKHO MpH-
GerHyTb K OQHOPA30BOH HJH MOBTOPSIOWIEHCA MOCHJKE OnpejeseH-
Horo Oaiita.

4. Ecau B cucTeme nepesaud npelycMOTPeHH BXOAHBE Gydepl
W JIMHHH KBHTHPOBAHHS, (10 KOTOPHIM MePelaloTCsi COOBIIEHHS 0 3a+
nonuenun Oydepa, Henecoo6pasHO HMETb B PAaCMOPSAKEHHH KaKOii«
JH60 TeCT MJIsi GLICTPOro 3anoJHenus 3Toro 6ydepa. Tak Kak npuH-
Tepy TpeOyercs, HanpHMep, 3HAYNTENbHO GoJbliee BpeMsl AJs mepe-
BOJa CTPOKH, YeM JJIs1 Nle4aTH CHMBoJsa, Gydep OymeT 3amoaHATbCA
GbicTpee, KOTAa KOJHYECTBO CHMBOJIOB MePeBOAA CTPOKH COCTABJASET
3HAYUTEbHYIO YacTb OT OOILLEro uHC/JAa MepenaBaeMBIX CHMBOJIOB
(To xe caMoe cnpaBeJIHBO H AJsi CHMBOJIA BO3BPaTa KapeTKH
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B [PHHTEPAX C OJHOHAIpAaBJEeHHOH meuaTbio). [loBTopsromascs Te-
CTOBAasi NOCJEJ0BATENBHOCTb, COCTOSIASA K3 ABYX IEYaTHHIX CHMBO~
JIoB, conpoBoxpaaeMelx cuMBosiaMd CR u LF, oGecneunsaer 3amos-
HeHHe Oydepa, H ecIM IPHHTED HEHCIPAaBeH, TO B pacneyatke 06-
HapyXHTCA IIPOM3BOJIbHOE NpONAJaHHE CHMBOJIOB. JlauHBIH TecT
N03BOJISIET JIOKAJHM30BaTh HEHCNPABHOCTH, KOTOpBlE MOryT HMeTb

TocnegosatenbHbId

880/ — BbIBOJ
BoiBog -
- CeAsb
ana Bo3spara
LaHHbIX
Bsog
Nporpamma [
TECTUPOBAHNS
C BO3BPATOM
/nocnegosaren bHbIA

Hactpoiika
aHanuaaropa ananusatop

Ha pPerucTpauunio
BbIXOAHbIX fAHHbIX

Puc. 7.4. TectupoBaHue ¢ BO3BPATOM AaHHBIX.

MecTO B CpeACTBax BHIBOAA HH(GOPMALMH MAalIHHBI HJIH B CaMOM
npuntepe. (OH ABasieTcsi, KpOMe TOrO, XOPOIINM CPeACTBOM MpO-
BepKH MeXaHH3Ma NepeBojia CTPOKH.) MICTOUHHK CHMBOJIOB IOJIXKEH,
KOHE4HO, OGBITh MOCTPOEH TAaKUM 00pas3oM, 4TOOHI IIPH MOCTYHJIEHHH
CHrHaJja 3anoJiHeHus 6ydepa mepefaya CHMBOJIOB IIpeKpallajnach H
BBIIaBaJOCh COOOILEHHEe O MpeKpallleHHH Mepefadyd NyTeM BKJOUYe-
HHUS CUTHaJbHOM aamnbl. [{as TecTHpOBaHHS BXOAHOTO NOPTa, HMe-
niero HeGosbIION Gydep, MOKHO HCNONB30BATH NOJHHEIH HABOP CHM-
BoJsioB. Ha puc. 7.3 npuBenesa THIOBas cXeMa reHepaTopa mocJe-
JIOBAaTEeJIbHBIX HaHHBIX.

npOI‘paMMHble CpeacTBA TECTHPOBAHHS C BO3BPATOM [IAHHbBIX

[pu paHHOM MOAXOIe CPeACTBa BBOAA-BhIBOAA MHKPOIBM mox-
BEpraloTcsi HCIBITAHHSM C HCMOJb30BAHHEM TMPOrpaMM CaMOKOH-
TPOJIsi, C MOMOLIbIO KOTOPBIX pasjHuHble HA6Opbl AaHHBIX CHauana
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BBIBOASATCS, & 3aTeM NPHHHMAIOTCS M MPOBEPSIOTCA C NOPTAMH Bbi-
BOAA TOH € MHKPONPOHECCOPHOH CHCTEMBbl. DTOT MeTO[ MOXKeT
GBITb NPHMEHEH JIHLIb JJISi KOHTPOJS CUCTEM, B KOTOPHIX BO3MOMKHA
OLHOBpeMeHHAsl nepelaya H INpHeM HHPOPMALHH, H He MOAXOAHT
/IS CHCTeM ¢ OPOrpaMMHOH peasi3alnefl NOCAeLOBaTeNbHO-NApaJ-
JieIbHBIX npeobpasoBanuii. OCHOBHOM 1eJibI0 TeCTOB 3TOrO THNA fB-
JIFeTCA MepechiyiKa TaKHX MOCJAeN0BaTeNbHOCTeH NAHHBIX, KOTOpbie
JH60 ¢ HauboJblIeli BepOSTHOCTHIO NPHBOAAT K BO3HHKHOBEHHIO
OWHOOK mepefayn U npuema, JuGO MO3BOJSIOT JOKAJAH30BATH He-
HCIPAaBHOCTb C TOYHOCTBIO [0 KOHKPETHOTO Y4acTKa CHCTEMBl BBO-
Ja-sbiBoAa. Tak Kak NOCTeL0BaTeNbHbIi BBOA-BBIBOL OOGLIYHO BBI-
MOJIHSIETCA C HCNONb30BaHUeM Toro uaum uuoro YAIII, tect ¢ BO3-
BPaTOM [aHHBIX [O3BOJIsIeT, KPOMe BCEro IPOUero, OCyLIeCTBUTh Ca-
MokonTpoab YAIIIl. B cucremax, comepsKalluX MHOXKECTBO JHHHII
BBOJa-BbiBoAa, oAHH YAIIIl mMoxer GwITh HCIOJAb30BAH AJs1 BHIBOAA
HHopmaunn Ha mob6oft apyroit YAIIII cucreMbl.

IlIpu nanHOM BHZle TecTHPOBAHHUS AJS JOKAJH3ANMH HEHCIPABHO-
CTell MOXKeT ObITb JOMOJHHTEJNbLHO IPHMEHEH aHaJH3aTOp IOCJe0-
BaTe/bHbIX AAHHBIX, KOTODLIH, HampuMep, OKa3biBAETCS MOJE3NBIM,
KOTZla TeCTHPOBaHHe C BO3BPATOM He IO3BOJET YCTAHOBHUTh MECTO
O0TKa3a H3-3a HEHCIIPABHOCTH mepefratuuka. [TomcoeanHende anasu-
34TOpa K BHIXOJY CHCTEMBI MOXET IOMOYb YCTAHOBHTh, HE B 3TOM
JIM MPHYHHA HENPABHJbLHON nepenauu nanubix. CxeMa MOAKJIIOYCHHS
aHaJu3artopa A/ 3THX LeJed okazaHa Ha puc. 7.4.

3aknouenmne

K 4ncay BO3MOXKHBIX NPHYMH HEKOPPEKTHOH PaGOThl CHCTEM MO-
CNe10BATENbHON Nepelayd HAAaHHBIX OTHOCATCS OMHGKH [0Jb30Ba-
TeJsl, KOTOphle MOI'YT HME@Tb MeCTO NPH BHECEHHH H3MEHEHHWH B amma-
paTHbie nporpamMMuble cpeactsa. Ilepen nposenennem tTecTupoBaHUsS
C NpHMEHEeHHEeM TeHePaTOpPOB H aHaJH3aTOPOB AAHHBIX HEOGXOAHMO
MPOBEPHTh MPABUJIbHOCTh MOJAK/IIOUeHHs1 Kabesed u pasbemon. He-
nosp3yeMbie HaGOPbl NAHHBIX JAOJIKHB 00€CNeunBaTh TeHEPAUMIO Me-
qyaTHbIX CHMBOJOB HaGopa ASCII 114 npoBepKH npaBHABLHOCTH
(GYHKIHOHHPOBAHUS NHUCIJIEEB H NPHHTEPOB, a TAKKe NMPOBEPKY Bpe-
MEHHBIX COOTHOIIEHWH C Ie/IbI0 BLIABICHHS NPOGJEM CHHXPOHH3A-
IHH.

6 HOx. deprycon u ap.
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BuytpucxemHas amynsuus

Buytpucxemuas smyaanus (BCD) — 370 MouiHoe CpPeacTBO OT-
JIaJKH, MO3BOJIAIOIIEe HHXKEHEPY, OCYHIECTBIASIOUIEMY KOHTPOJIb MH-
KPONPOLECCOPHOH CHCTEMbI, NOMYYHTh K CHCTEME JOCTYM, HEBO3MOXK-
Hblil P OOGLIYHOM YNpaB/eHHH €l0 C KAaBHATYPHL. BHYTpHCXeMHas
OMYJISIUHA NEPBOHAYANbHO BO3HHMKJA KaK OMHH H3 METOAOB MpOeK-
THPOBAHHS W SBJIACTCSI OXHUM H3 HauGoJjiee LIHPOKO HCMOAb3YeMbIX

lnasHan cucrema

Uenesas cucrema

PesuHosbii

40-npoBogHbIA
kabenb — !

Puc. 8.1. Buyrtpucxemuas sMyasuus.

KOMIIOHEHT OPraHH3aLUU# CHCTeM MPOEKTHPOBAHUS MHKPOMpPOLECCop-
Hbix cnctem (CIIMC — MDS — Microcomputer Development Sys-
tems). OaHaKkoO BIOCJEICTBHH €ro pa3BHTHE NPHUBENO K MOSIBJIECHHI)
HECKOJIbKHX BHJOB YCTPOICTB, NMpelHa3HAYeHHBIX B NEPBYIO OUepelb
AJis1 MHKEHepOB 1o obciyKuBanuio. B nauHoii raaBe paccMoTpenbl
OCHOBHbI¢ NPHHIHNBI BHYTPHCXEMHOH 3MYJsSLHH, a 3aTeM ee BO3-
MOXKHOCTH NPOHJJIOCTPHPOBAHBl MPHUMEPAMH HCIOJbL30BAHUSA Kak
npu pa3paboTke, TaK U 1J5 06CNYHHUBAHHS MHKPONPOILECCOPHBIX CH-
creM. OTMeTuM, 4TO, Kak MOKa3aHo B ri. 11, aas ocyulecTsienns
BHYTPHCXEMHOI 3MYJsILHH B YCNOBHSX JaGOpaTOPHH, ClelHaTH3H-
pytowteficsi B 0GC/IyKHBAHHH, MOTYT GHITb NPHMEHEHB CyIleCTBYIO-
mue MHKpoDBM,
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K ycraHoBOYHOH KosoKe MHKpOnpoleccopa OObIYHO MOABEAEHbI
JMHHH BCEX CHTHAJOB ajpeca, JaHHBIX M YNpaBJAEHHsS, NOCPEACTBOM
KOTOPBIX OCYIIeCTBJsieTcsl obpalleHue K 60JbUIHHCTBY YCTPOHCTB CH-
CTEMBL. DTO OGCTOSITENLCTBO HCNOIb3YETCs! /IS BHYTPUCXCMHOA 3My-
JALMK, KOTAA M3 TECTHPyeMOH CHCTeMBl yAaJsercs IpPoleccop, a ero
QYHKUHH HUMHTHPYIOTCS (3MYJHPYIOTCS) ¢ NOMOHIbIO jApyro# OBM.
STOT NPHHUHN HiaMocTpupyeTes Ha puc. 8.1, I'maBnag cucteMa IOA-
KJII0yaeTcsl K NmpoBepdeMoil (11e/1€BOI) CHCTEME MOCPEJCTBOM Pasdb-
€MHOH KOJOJKH C ABYXPSIAHBIM Pacno/JOKeHHeM KOHTAaKTOB H pesi-
HOBOro Kabenst. O6GBIYHO B IJ1aBHOI CHCTeMe HUCIOAb3YeTCsl MHKDO-
IIPOLECCOP, AHAJOTHYHBIA TOMY, KOTOPBIH M3BAT M3 1eJCBOH, HTOOH
UMEeTb BO3MOXKHOCTb Iepejaudl BCeX CHIHAJIOB, HeOOXOAMUMbBIX [15i
paboThl LesieBoil cucTeMbl. Ha nepBuIfi B3MIAA yAajeHde MHKPOMpPO-
Leccopa H3 lLieJieBOH CHCTEMBl, C TeM 4TOOBI CPa3y 3aMEHUTb €ro Ta-
KHM e, HMEIOUMMCS B IVIaBHOH, MOXKeT I0Ka3aTbCsi 6eCCMBICJEH-
'HoM. OIHAKO BHYTPHCXEMHAS 3MYJISILUs 03BOJACT IVIABHOH chcTeMe
BKJIIOUHTbCS B paBoTy MeXAy Le/eBOH CHCTeMOH U ee MHKPOIPOUEC-
COpOM, YTO JaeT BO3MOXKHOCTh HalG/molaTh PaboTy IIHH LEJeBOl CH-
CTEeMBl H NOJaBaTh B Hee HeOOXOAUMbie CHUTHAJBL

BCD kak MHCTPYMEHT RPOCKTMPOBaHHMA

MeToa BHYTPHCXeMHO! 3MyJsiind OB BIepBblie NpUMeHeH (up-
Mmo# Intel B ee cucTeMax mpoeKTHPOBAHHST MUKPONPOLECCOPHDBIX CH-
crem (CIIMC) B KauecTBe cpeAcTBa OTJAJAKH anmapartypbl H Npo
rpaMM B XOJe NPOeKTHpoBaHHs. IlepBrpie CHCTEMBl IPOEKTHPOBAHHUSA
OblIM NPOrpaMMHO OPHEHTHPOBAHHBIMH, NPEAOCTaBJsIs B pacrnops-
JKeHHe pa3paGoTYnKa PeNAKTOPbHl, acceMOJephl, PeAaKTopbl CBa3ei,
a Takxe HEeKOTOpPble JOCTATOYHO OTPAHHUYEHHBIE CPEACTBA BHINOJHE-
HHSl H OTJAJKH Pe3yJbTHPYIOUEro MaIllHHHOro kKoaa. OpHaKo A1
3¢ (hEeKTHBHOrO TECTHPOBAHMS aNmapaTypbl H NPOrpaMM He0OXOAHMO
6b110 3anucath 3ToT MamwHHHLIE KoAd B CII[I3Y nepen TeMm, Kak me-
pecsath ero B paspabGaThiBaeMoe ycTpoiicTBo. Bes nocaenyouias He-
06X0AHMAas OTJalKa NPOHU3BOAMJACH 3aTeM C HCHOJb30BaHHEM JIOTH-
YyecKoro aHasusartopa. [lpun o6HapyxeHHH (DAKTOB HEKOPPEKTHOTO
(GYHKIUOHHPOBAHHS HHXKEHEDP BHOBb 00pallajcs K CHCTeMe NpOeK-
THPOBaHHs, YTOGb BHECTH B NPOrpaMMy H3MeHeHHs Mepel MOBTOP-
HbIM 3aHeceHHeM ee B CIITI3Y.

BBeneHie B COCTaB CHCTEM TPOEKTHPOBAHHSI BHYTPHUCXEMHBIX
IMYJSITOPOB MO3BOJIWJIO YMEHbIIHTb 3aTPaThl BPEMeHM Ha ycTpaHe-
HHE HeHCHpaBHOCTeH, [1aB Pa3paGOTUHKY BO3MOXKHOCTb YNPaBJIATh
pa6oroii npoekTHpyeMoii cucteMbl HenocpeacTsedHo oT CIIMC u us-
6aBuB ero or Heob6xomuMocTd ucnoJsszoBanusi CIITI3Y ans nepe-
Jlayl nporpamm B LeJeBylo cucreMy. Kpome TOro, Tak kak cucrema
NPOEKTHPOBAHHS B XOJe BHIMOJIHEHHSI NPOrpaMMBbl HMeeT JOCTyN K
HIHHAM LeJeBOH CHCTeMb, OHA MOXKeT ObLITb HCNO/Nb30BaHA B Kaue-
CTBe HHCTPyMeHTa OTJalKH. Hsa peannsanuu 3THX AeHCTBHI 60/b-

o6*
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mnneTBo CIIMC cna6xeno BCTPOEHHBIMH (YHKLHAMH JOMHUECKOTO
aHaJusa.

Onucanne «tunuunoii» CIIMC okasasocs TEPMHUHOJOTHUSCKH J10-
CTaTOYHO NPOTHBOpPeUHBbIM. [lHanason HX BO3MOMKHOCTe! HIHPOK, H
TEDPMHHBI, HCNONb3YEMblE AJA HX
ONHCAHHA DpasJMYHBIMH paspa-
6OTYHKAMH, MOFYT CYIIECTBEH-
HbIM 006pas3om pasauuatscsi. [lo-
3TOMY B JAaHHOH rJaBe B3siTa
KonkperHas CIIM u ua ee npu-
Mepe MPOUJIIOCTPHPOBAHB BUIH
QyHKUAH B XapaKTepPUCTHKH CH-
CTeM, HCIIOJIb3yeMbIe Jib 64
BHYTPHCXEeMHOH sMyJasiunu. B ka-
4YeCTBe TAaKOH KOHKPETHOH CH-
creMbl BhiOpana CIIMC 64000
dupmbl Hewlett Packard, xoro-
past MoxeT OblTb MPUMEHEHa A5
paboTei co MHOruMu 8--u 16-pas-
PAIHBIMH  MHKDONPOLECCOPaMH,
Kpynuele  ¢upmbl-usroropurenu
MHKDOTPOLECCOPHBIX CpencTB
Beinyckar csou CIIMC.

Namsry
Ha YECTKOM
AuCKe

CucTemHbIiA
KOHTpONNep —
cTanuua 64000

—] Cranyusa 64000

— Craruua 64000

] Cranuus 64000

DMYnSLMA € MCnONb3oBaHHEM
cnmc .

Cucrema NPOEKTHPOBAHUSA
HP64000 npexncrasaser coGoit
C TOYKH 3DeHHs HHIKeHepa-pas-
paGoTYHKa MHOrOMOJIb30BATEMb-
CKYI0 CHCTeMY, 0asupyoulylocs
Ha MaMATH Ha XKECTKMX JHCKaX

— CraHuus 64000

Npuntep

Puc. 8.2. MnuoronoabsosaTenbckas cu-
crema npoektuposaunsa HP64000 (na-
MATb Ha JKeCTKHX JMCKAaX M anmapar-
HO-MpOrPaMMHLIE  CTaHUHH  CBS3aHbL
MeXAy coboff wuHTepdelicKoll ImuHOM
HPIB).

H OPHMEHUMYI A1 paGoTH ¢
UIHPOKHM [HANa3oHOM MHKPO-
NPOLECCOPHEIX  CPeACTB  (pHC.
8.2).  MHoronosb3oBartenbcKas
pa6oTa cymecTBeHHO o6Jeryaer
0o6beHHEHHE NPOrpaMMHBIX

CPEACTB, paspabaTelBaeMblX KOJJIEKTHBOM HHMKEHEPOB, MO3BOJSET
lE€3aBUCHMO Pa3paGaThiBaTh OT/HE/bHBEIE (PPATMEHTH NPOEKTA H B TO
K€ BPEMs] COBMECTHO HCII0JIb30BATh TOJyYeHHble Pe3yJbTaThl BCEMH
YJEHAMH IPYNNbl pa3paboTUHKOB.

Kak n GonbIIMHCTBO APYrHX cucTeM npoekrupoBanus, HP64000
COACPKHT NPOrpaMMHbIe CPEACTBA, B YHCJIO KOTOPHIX BXOASAT CJe-
Aywouue:
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TNepexogHas
npucTaska

Copnepxur MUKponpoleccop

Puc. 8.3. Tunuymas annapaThas cTaHuus. AnmapaTHas CTaHUMS MOXKeT COJep-
JKaTh TAATY YNpABJEHHsl aMyJsiuuel, ATy aHaju3a, NJaTy YIPAaBJeHHsS SMYJs-

nuel NaMATH, 3MYJHPYIOULYIO NaMsTh.

lienepasn nasHasn tlenesasn nasHas
cuctema cucTema cucrema cuctema
flonb3osa- Imyrin-
TenbcKoe pyowee
3yns 3ynB
Nonb3osa- Imynu-
TenbCKoe pylouee
na3y nay
Bsog-8biBog Bsog-Bbicog
a 6
lenesasn [nasHas Uenesan lnasHas
cucrema cuctema cuncrema cuctema
NonbaoBa- ImMynu-
TenbcKoe pyrouwee
3yns 3ynse
dmynu- 3mynu-
pytouyee pytowee
nay nay

Iy

Bsoa-BbiBog Beogi-BbiBOK
8 2

Puc. 8.4. Bo3moxxHble KOHQHIyDaUHH NMPH 3MYJSILUH.



166 Yacts 11. Metoan o6cayxuBanusg

— PeRaKTOp IJ51 HANHCAHMSI HCXOAHBIX MPOrPaMM HA SI3BIKE ac-
ceM@Jiepa HJIH Ha SI3BIKAX BBICOKOTO ypPOBHS;

—-acceM06aepbl 1Jis1 TeHepauuu 00beKTHOrO KOAd U3 NporpamM, Ha-
NHCAHHHIX Ha sA3bIKe acceMbJepa;

— KOMIHJIAITOPH AJisl TeHepalutn 06beKTHOrO KOJa H3 MPOrpamM,
HAIHCAHHBIX HA sI3bIKaX BBICOKOTO YDOBHSI (B A2HHOM cjyyae B Ka-
yecTBe TAKOTO si3blKa HcnmoJb3yercs [lackadb);

Uenesas [nasHas Uenesas lnasHast
ciHcTema cucrtema cuctema cucrema
Imynu- Amynu-
pylouee pytouwee
3yNnB 3yns
Nonbaoea- Imynu-
TenbCcKoe yiouee
nay P n?,ul./t
Wmutadus Wmutauus Beisog Wmurausa
BBOAA BbiBOAA B880Aa M3
€ KNasmatypsl Ha gucnnei AVCKOBOrQ
$aitna
a G

Puc. 8.5. Kongurypauun npn sMyJasuui ¢ HCNOJb30BAHMEM MMHTALIH BBOA-BLI+
BOAA.

~—— PeNaKTOp CBsi3edl AJIs1 CBA3LIBAHHA MPOrPaMMHBIX MOZLY.JIeil.

Annapathele cpeactsa HP64000 Bxaionaior

— BHYTPHUCXEMHbie 3MYJSITODHI;

— mnporpammatops CIITI3Y;

— JIOTHYECKHE aHaJu3aTopbl (KaK COCTOSIHHH, TaK U BpeMeH-
HEIX COOTHGILEHHH ).

Ha puc. 8.3 npeacrasiena Kondurypauus THIHYHON anmnapaTHOI
CTAHUMH, NMPeAHA3HAYEHHOH AJIsi BBINOJHEHHS BHYTPHCXEMHOH 3My-
JISIIIMH, @ TaKXKe TPaCcCHPOBKH HJIH JIOTHYECKOLO aHaJ/du3a LeJeBOil
CHCTEMBI.

B03MOXHOCTH 3MYyJALUH BecbMa MHOroO6pasHH M MO3BOJAIOT
CIIM He TonbKO 6paTh Ha ce6sl POJIb MHKPONpPOLECCOpa, HO TaKkKe

— OCYIIECTBJISITb CHCTE€MHOE TaKTHPOBaHHE LEJEeBOH CHCTEMBI;

— BBINOJHATL (QYHKUMH BCeX HJIH OTAeJbHHX [I3Y u 3VYIIB,
BXOASILIHX B COCTaB LeJIEBOH CHCTEMBI;

— HMHTHPOB4Tb (YHKIHOHHPOBAHHE YCTPOHCTB BBOJA-BHIBOAA.
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Ha puc. 8.4 nokasann BO3MOMXHbIe KOH(DUIypallln, peajusyemble
OpH COelMHEHWHM TJAaBHOH M LesneBOM cHucTeM. B npumepe Ha
puc. 8.4,a raaBHas cucteMa Oeper Ha ceba (QYHKUMIO HMHTALHH
TOJIbKO MHKpOMpoleccopa. Besi maMsiTh, HCMOJIb3yeMas LeJeBOi CH-
cTeMoll (Ha3biBaeMas II0Jb30BATENbCKOH MaMATHIO), pasMeliaercs
Ha miate LeJeBoH cucremel. Ha puc. 8,4, 8 moxasaHo, Kakum obpa-
30M NaMaTh LUEJEeBOH CHCTeMbl MOXKeT OBITbL CKOMIOHOBaHa H3 ee
COGCTBEHHBIX annapaTHBIX CPeAcTB, noab3oBaTenbckoro 3YIIB u na-
MSITH TJ1aBHO# CHCTeMbl — aMyaupyoumero [13V.

Ha puc. 8.5 uajroctpupyercs HCIOAb30BaHHe MNepH(epUiHHbIX
ycrpoiictB 64000, a uMeHHO AHMCKOBOH MaMsiTH, KJaBHATYpbi, NPHH-
Tepa W ApP. AJs HMHTALMH BXOAHBIX H BBIXOJAHBIX CHTHAJIOB LeJeBOH
CHCTEMBI.

[Tomo6rass THOKOCTL OpraHM3alliid B3aHMOJAelicTBHSA TIVIABHOH H
1e/1eBOi cHcTeM 00YCJOBHIA NOSIBJCHHE NIOHSATHS «MsrKas MalluHa»,
IIOCKOJIbKY HX COBMeCTHasi KOH(HIypallusi Jlerko npucnocabinBaercs
I/ MMUTALKH JI060H YaCTH LEeJeBOH CHCTeMbl MJH Bcell 3TOH cH-
CTEMBl B HeEJOM. "

Ilpumenenue amyJasTopos

a5 npoBeleHHA 3MYJSLHH K LeaeBOll cucTeMe MOAKJI0YaeTcs
COOTBETCTBYIOLIAs NepexojiHasi NPUCTaBKa. DMYJSUHOHHBIA NPOOGHHK
¥iMeeT TaKoe XKe PaclojioKeHHe BBIBOJOB, Kak npoueccop Z30, u
OCyllecTBJ/sieT Tepefayy BCeX CHTHAJOB ajpecoB/AaHHBIX W YIpaB-
JIeHUsT MeXK/1y CHCTeMOiHl NPOEKTHPOBAHHSA H leJeBOH CHCTeMOIl.

[Tocse ocyliecTBAeHHs anmapaTHBX COGAHHCHHH omepaTop Bbi-
NOJIHsIeT KOH(UTYpaluio CHCTEMBI, B Mpolecce KOTOPO# T/aBHas CH-
cTeMa 3allaeT psj BOMPOCOB O lieseBoll crncteme, 4TOOH BbISICHHTH,
Kakas 4acTbh nocjaeineil NOJXKHA SMYJHPOBATbCH, HANPUMEp:

— XoTuTe JIH BBl HCMNOJAB30BaTh TAKTOBHIH reHepaTop mpolnecco-
pa, HaXOSAIIKICS B 1leIeBOil CHCTeMe, HJIH TAKTOBble CHIHAJbI
JOJIKHBI HOCTYNATh OT MEHs?

— Ectb 11 He06XOAHMOCTb BeCTH MPOroH lleseBOH CHCTEMbI BCe
BpeMsl Ha MpeJeJbHONH CKOPOCTH HJH MOXKHO MHOTAA CHH3HTH
3Ty CKOPOCTb, 4TOOH B XOJie NPOrOHa COBEPIUUTb Psil TAKUX
pPa3yMHBIX AeCTBHH, KaK NPOBEPKA COAEPKHMOTO PeriHcTpos
H N0JIb30BaTeJbCKOH NaMATH?

— JlosxkHa Jid st yCTaHABJAHBATH (Jar owHbKH npu obuapyxe-
HHH HEAONYCTHMOro KoJa onepauuu?

— VYxaxute TpeGyembiii 06beM smyaupyomux [13Y n 3YIIB.

— Vkaxure ob6bem noab3zoBatedbckux I13Y u 3YIIB, kotopbie
6ynyT OYHKIHOHUPOBATb B LIEJECBOH CHCTEME.

— Heo6GxonuMa nu uMuTauMs BBoAa-BhiBoaa? Ecau aa, To Ka-
KOH BHJ HMHTAUUH Bbl XOTHTE NPHMEHHTDL?
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Ha puc. 8.6 npeacrasnen npumep cocrapaenus IMYJISILHOHHOI
KOHQHUIYpaUHH JJIs ONHCAHHOH B NPHAONKEHHH 2 maaTbi KOHTpPOJI-
J1epa, peannsoBaHHOrO Ha 6ase MHKponpoueccopa Z80. IMyJasitop
Opranu3oBaH TakHM 06pasoM, yTo6bl ucnosb3oBasioch 3YIIB, naxo-
Asillleecss Ha nJaTe LeJeBOH CHCTeMbl (8000,6—83FF ) u amyun-
pywoiee I13Y B raaBrO# cucreme (0000,6—0FFFs).

[locne saBepmenns koudurypauun OnepaTop MOXKeT 3arpysuTb
MAIIHHHYIO mporpaMmy JuGO B 3MyJHPYIOWYIO, JHGO B MOMb30BA-
TEIbCKYIO MaMATh W MPHCTYNHTb K NPOrOHY NPOTPaMMBI HJH ee Mo-

Hasnauenune smyanpyiomed # noabsosaTesbckofi namsati

—000 —400 —800 —C00 —000 —400 —800 —C00

0—— —  Bwmyaupyio- 8 — — — Tlosb3ona-

I —— —  mee [13Y 9 — — —  Ttesnbckoe 3YIIB

9 — A———

3—— — B———

4—— — C———

5— — — D———

6 — — — E———

7 —— — Fe———

3anuch Ne 2, pasmep = 128

Koudurypauns: o6nacts npouneccopa Ne 9, o6iacts namaru Ne 7,
o0JiacTh aHaausa Ne 8

Taktnposanne npoueccopa: Baewmee

Temn TakTHpOBaHHS Bbillle MOpPOra 0KMAAHWS: HeT

Orpaxuuenne npoueccopa MPOroHOM B peastbHOM BpeMeHH: Her

Ocranos mponueccopa Mpu HEAOMYCTHMBIX KOAAX: HET

Huutauus BBoga-BHBOJA: Her

Puc. 8.6. Tlpumep KOHOHIYPALHH UDH 3MYJAUUH OaTh KOuTpoaepa Z80.

marosomy seimosnenuio. Ilporpamma 8.1 mpeacrasaser co6oit mpu-
MEp nporpaMMbl ¢ Haua/ibHbiM aapecoM 0000is B KapTe pacnpefe-
JICHHS1 NaMATH KOHTpoJuIepHOH naathl Z80. [Ipu nporone mporpam-
Mbl OHa ucnoabsyer 3¥TIB emkocteio 1 K6aiit, naxopsimeecss Ha
fL1aTe, MOCJENOBATE/NLHO H3MEHSAS COAEPIKHMOE BCeX fueeK NMaMsiTH,
B nopszake 00, 01,02, ..., FFjgu . 1.

B npouecce Bhinosnenuss mporpammbl 0epaTop MOKeT NmpocMa-
TPHBATL COLEpKHMOE NGO MamsaTd, AHG0 BHYTPEHHHX DETHCTPOB
npoueccopa 80.

Hanpumep, ¢ nomoupio komanam

«BBIBECTH Ha HMHIMKAUMIO cofepxumoe namMatu 8000,q»

Ha SKpaH BBIBOASITC MTHOBEHHbIE 3HAUEHHS SIUEEK HCIIOJb3yeMOro
3YIIB (puc. 8.7). Eciu samenuts sty KOMaHAY Ha

«BbIBECTH HAa HWHAHKALHIO comepxuMoe namatd 8000, AuHaMHU-
U€CKH», HA SKPaHe MOABHTCS «ABHXKYylleecs H306pakeHHe» comep-
KHMoro namstd (puc. 8.8). B xone BbBOLA 3TOH HH}OpMauun raas-
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NTAMATH
Agpec _Bavnvie (wectHagyatepuutbie) —ASC ]~

8000 6B 6B 6B 68 6B 6B 6B 68 kkkk kkkk
8008 6B 6B 6B 6B 6B 6B 6B 68 kkkk kkkk
8010 6B 6B 6B 68 6B 6B 6B 6B. kRkk kkkk
8018 6B 6B 6B 6B 68 6B 6B BR kkkk  kkkk
8020 6B 68 6B 6B 6B 6B 6B 6B kkkk kkkk
8028 68 6B 6B 6B 6B 68 6B 6B kkkk  kkkk
8030 6B 6B 6B 6B 68 6B 6B 68 KKk kkkk
8038 €B 6B 6B 6B 6B 6B 6B 6B kkkk  kkkk
8040 68 6B 6B 6B 6B 6B 6B 6B kkkk kkkk
8048 68 68 6B 6B 6B 6B 6B 6B kkkk  kkkk
8050 6B 68 6B 6B 68 6B 6B 6B kkkk kkkk
8058 6B 6B 68 6B 6B 6B 6B 68 kkkk  kkkk
8060 6B 6B 6B 68 68 6B 6B 68 kkkk kkkk,
8068 6B 6B 6B 6B 68 6B 6B 6B kkkk kkkk
8070 6B 68 6B 6B 6B 6B 68 6B kkkk  kkkk
8078 68 68 6B 6B 6B 68 6B 68 kkkk kkkk

Puc. 8.7. Tlpumep BHBoga Ha aucnueli COCPIKHMOTO TaMATH (BBIBOJ COJAEPIKH-
Moro namsiti 800046). :

TIAMATb ~ ABMHAMUYECK UK

Appeg  ENNNTDECTHOANSICRLINE - (ASCII)—
8000 DO 00 00 0O 00 00 D0 00

8008 D0 00 00 00 00 00 00 00

8010 00 00 00 00 00 00 00 00

8018 00 00 00 00 00 00 00 00

8020 00 00 00 00 00 00 00 FF #®
8028  FF FF FF FF FF FF FF FF  @EHE HE4K
8030 FF FF FF FF  FF FF FF FR HilE Buna
8038 FF FF FF FF  FF FF FF FR GEEE BEBE
B8040 FF FF FF FF FF FF FF FR SHeg Hpuk
8048 FF FF FF FF FF FF FF FF - @hdi BHkg
8050 FF FF FF FF FF FF FF FF  @ues Shss
8058 FE FF FF FF FF FF FF FF  @awh #ukk
8060  FF FF FF FF  FF FF FF FF  Ginws s6if
BOBB  FF FF FF FF  FF FE FF FF  mauf »&u%
8070 FF FF FF FF  FF FF FF FF  dnus wan¥
8078  FF FF FF FF FF FF FF FF  @eNg s88 %

Puc, 8.8. Tlpumep BmiBoza Ha Aucmci COAEP2KUMOTO MNaMATH (BBIBOA COAEpKH-
moro naMatd 8000, nuHAMUIUECKH).,

NAMATD
©0000H LD B, 00H
©0002H 1D HL, 8000H
©0005H LD [HL), B
©006H 1D A, FFH
©0008H ING HL,
0003H CP L
000AH  JP N2z, 0005H
©000DH 1D A, 83H
OO0OFH CP  H
0010H JP  NZ,0005H
0013H LD 1HL), B
0014H INC B

. 0015H  JP 0002H
00184 LD E, [HL]
001H ID AL
001AH 1D  B,C

Puc. 89. Busox Ha AuCIVIel B MHEMOHHYECKOM tdopmaTe (BBIBOA COAEPKUMOrO
naMatd 00061 MHeMoHuuecKH),
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Has CHCTeMa CaMOMNpPOU3BOJILHO OTKJOHSAETCS OT MPOroHa Ha noJ-
HOH CKODOCTH K NCEBAONPOrOHY, T. €. NEPHOAHYECKH OCTAHABJIBAET
npoueccop, YToObl BLIBECTH H NMPOCMOTPETb COLEPIKKEMOE M0JbL30Ba-
Tenbckoit mamsTd. Hakowen, ma puc. 8.9 nokasano, kakum ofpa-
30M KOMaHJa BbiBOJa MH(OPMAUHH HA HHAHKAUHIO MOXKET ObITb HC-
N0JIb30BaHa JUIS NPEACTABJIEHUA COACPKUMOroO NaMsITH B NH3aCCeM-
GJIMPOBAHHOM, HJIH MHEMOHHYECKOM, (hopMare.

PEFUCTPHI (wecTapyatepuunble pannbie)

pe Kog onep. a be de hi i ix iy sp szxhxpnc nxt-pe
0000 06 LD B, 00H FF 00FF FFFF 82C7 00 FFFF TFFF OOFF 00000010 0002
0002 21 LD HL, 8000H FF 0OFF FFFF 8000 00 FFFF TFFF OOFF 00000010 0C05
0005 70 LD fHLL B FF OOFF FFFF 8000 00 FFFF TFFF OOFF 00CCC010 0006
0006 3E LD A, FFH FF 00FF FFFF 8000 00 FFFF TFFF OCFF 00000C10 0008
0008 23 INC HL FF 00FF FFFF 8001 00 FFFF TFFF 00FF 0000C010 0009
0009 BD CP L FF 00FF FFFF 8001 00 FFFF TFFF O0FF 10000010 0COA
000A C2 JP NZ, 0005H FF OOFF FFFF 8001 00 FFFF TFFF 0OFF 10000610 0005
0005 70 1D (HL. B FF 00FF FFFF 8001 00 FrFF TFFF Q00FF 10000010 0006
0006 3E LD A, FFH FF 00FF FFFF 8001 0Q FFFF TFFF 00FF 10000010 0008
0008 23 INC HL FF 00FF FFFF 8002 00 FFFF TFFF OOFF 10000010 0009
0009 BD CP L FF OOFF FFFF 8002 00 FFFF TFFF OOFF 10000010 000A
00CA CZ2 JP NZ, 0005H FF O0FF FFFF 8002 00 FFFF TFFF 00FF 10000010 0005
0005 70 LD [HL}, B FF OOFF FFFF 8002 00 FFFF TFFF 00FF 100060010 0006
0006 3E LD A, FFH FF 00FF FFFF 8002 00 FFFF 7FFF 00FF 16000010 0008
0008 23 ING HL FF 00FF FFFE 8003 00 FFFF TFFF 00FF 10000010 0009
0003 BD CP L FF  O00FF  FFFF 8003 00 FFFF  7FFF  OOfF 10000010 000A

Puc. 8.10. BuiBox Ha Aucniell cofepKUMOro perucTpoB Ipoleccopa.

BosmoxHOCTH HCMOJIBb30BaHUSI KOMAHAB BBIBOJA HA HHIHKALMIO
OpH OTJalKe NMporpamMm HJJMOCTpHpyioTcst puc. 8.10, rae mokasaso,
KaK Ha KaKJIOM IIare BBIIOJHEHHsI NMPOTPAaMMBl Ha AMCILJICH BBIBO-
IUTCSl COAEPKUMOE BCeX BHYTPEHHHX PETHCTPOB Mpoleccopa.

TpaccupoBKa

PaccmaTpnBaemasi crcTema NpOeKTHPOBAHHS BKJIOUAET MHOMKE-
CTBO CPEACTB aHaJii3a, HAYMHAS C YHCTO NMPOTPAMMHOTO JOTHUECKOTO
aHa/JIM3aToOpa, KOTOPHI CACAUT 3a HHpOpPMallHell Ha MIHHAX aApecos,
JaHHBIX H YNpaBJEHUS 3MYJaATOPA, BILVIOTb OO BCTABJASIEMBIX JONOJ-
HUTEJbHO MJIAT, C MOMOLIBIO KOTOPHIX 00ecleuHBaeTcs BO3ZMOKHOCTh
aHaJ/u3a COCTOSIHHHA H BPEMEHHBLIX COOTHOUIEHHIl B peajibHOM Bpe-
MeHH.

Hob6ap/ienve nuaThl aHain3a NpUAAET AaNmapaTHO CTAHLUH
CBOHACTBA aHAJIH3aTOPA COCTOSIHHH B peaNbHOM BPEMEHH, C TOMOMIbIO
KOTOpOro BO3MOxKHa 256-KpaTHas perucTpaunst HHbopMauud Ha
8 JHHUAX WHHB AaHHBIX, 16 JHHHUAX ajpecHOl WHHBL, 8 JHHHSAX CHT-
HaJIOB COCTOsIHHUS, WM ynpaBaecuusa (puc. 8.11). Kak npasumo, pas
3anosiHeHnsi Gydepa Tpacchl HCMONL3YeTCH OLHH H3 TPeX CJepyio-
KX MeToloB (puc. 8.12):

1. «TpaccupoBka 0Ko0JIO» 3amycKaioulero COGHITHs, NPH KOTOPOIl
B Oydep 3anocsarcs 128 coObiTHil, NpeAiecTBYIOUIHX 3aNycKalolleMy,
u 128 co6niTuii mocJae Hero.

2. «TpaccupoBka 10» 3anMyCKaloUIEro COOGBITHS.

3. «TpaccupoBka mocJie» 3amyCKaloulero CoGbITHSA.
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H 6
[P TeTsTeTsT2 T 0] crons cocronmun

ORG

RD/WR

Puc. 8.11. Baiit cocrosiuus aMyJaTOpa (COCTOSHUE ONpeleseHHBLIX YIpPaBJsIOUINX
JuHAi mpoueccopa Z80 coobuiaeTcA aHaNH3AaTOPOM Kak GaliT cocTosHus). Bait
COCTOSIHHSL MOXKeT OBIThb HCMOJb30BaH B KauyecTBe YCJAOBHA AJs CleUHbUKALHH
Tpacch. Il OTHE/bHBLIX JIMHMH COCTOSIHHS MOTYT OBbITh NPHMEHEHb CJeAyIOLLHe
MHOMOHHYECKHe 0603HAaYeHHs: YTeHHe, 3alHCh, KOJ ONEpalluH, YTeHHe TaM., 3alHCh
naMm., BBOJ, BHIBOJ.

Tpaccuposka “okono”agpeca 08004 Tpaccuposka "nocne”anpeca 080044
Tpaccuposka nepen”afpeconr 080044
Tpacca“nocne”
Tpacca“okono”
258 255
Y
Tpacca ‘ao” Y

Tpacca”Tonbko”: TPacCUPOBKA HauWHaeTcs, KaK U HpH UCNONbaOBAHUM
npuHymMna “nocne” B Gy¢ep Tpaccel nomewaercs MHGOpPMAaLng TONbKO O
CO6bITM8X + YRAOBRETBOPAKOWNX aagauﬁomy ycnosumo

Puc. 8.12. Pasnuunbie DpPHHUMIBL 3allycKa, HCNOJAb3yeMbHle B aHAJH3aTOpe.
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Tpaccuposka nocne 3jjpeca = 80004

‘TPACCA

ALPEC, LAHHbBIE, COCTORHUE
NOCNE 8000H E2H  3FH

+001 0006H LD A, FFH

%002 0008H INC  HL

+003 000SH  CP L

“+004 000AH  JP NZ, 0005H
++005 0005H LD [HL], B [HLIE2H
+006 0006H LD A, FFH

«+007 0008H INC  HL

008 000SH  CP Iﬁ: 2 0005t
+009 000AH  JP , 0

+010 0005H LD [HL), B [HLIE2H
011 0006H LD A FFH

012 0008H INC  HL

4013 0009H  CP L

+014 000AH  JP NZ, 0005H

%4015 0005H LD [HL}, B [HL1 E2H

Puc. 8.13. [Tpumep Tpaccuposku.

Tpaccuposka Tonbko agpecos 800044 1 81004
TPACCA
ALLPEC, BAHHBIE, COCTORRME

NOCAE  ooo7H  FFH  3EH
+001 8000H 42H  3FH
4002 8100H 42H 3FH
+003 8000H 43H 3FH
+004 8100H 43H 3FH
+005 8000H  44H  3FH
+006 8100H 44H 3FH
+067 8000H  45H  3FH
-+ 008 8100H 45H 3FH
+009 8000H 46H  3FH
+010 8100H 46H 3FH
+011 8000H 47H 3FH
4012 8100H 47H 3FH
+013 8000H 48H  3FH
+014 8100H 48H 3FH
+015 8000H 49H 3FH

Puc. 8.14. ITpumep TpaccupoBxa.

Tpaccuposka mocnenosaTenhocTy pannsix OAA 14
€ 3anyckom nocne agpeca 800044
ALPEC, BAHHBIE, COCTOAHMUE
8000H  AAH 3FH
NOCNE  8000H ABH 3FH
++001 0006H 1D A FFH
+002 0008H INC  HL
+003 0003H CP L
+004 000AH  JP NZ, 0005H
+005 0005H LD IHL], B {HL] ABH
+006 0006H LD A, FFH
+007 0008H INC  HL
+008 0009H CP L
+009 000AH  JP NZ, 00054
+010 0005H 1D  [HLLB HL ABR
+011 0006H 1D A, FFH
+012 0008H ING  HL
+013 0003H <CP L
+014 D00AH  JP N2z, 0005H

Puc. 8.15. Tlpumep TpaccHpOBKH.
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Yerseptolfi BapHaHT 3aKJI0YAETC B «TPACCHPOBKE TOJNBLKO» KOH-
KpeTHbIX COObITHH, Korga B Gydepe Tpacchl perHcTpHpyeTcs JIMIIb
HH(pOpPMALHS, COOTBETCTBYIOILAS YCJAOBHIO 3alycKa. B 3ToM cayuae
Oydep no CyllecTBY HauMHAeT 3alOJHSITHCHA TaK e, KAK M NPH HC-
NOJIb30BAHHH METONA «TPACCHPOBKA I0OCJE».

3ajanue sanyckamouero coObiTHsl, HaH, GoJee TOUYHO, crenudH-
Kallkig TPACChl, NMO3BOJSIET ONEPATOPY PerucTpHPOBATH ONpeleseH-
HYI0 IOCJIEA0BATeNbHOCTb COOBITHH, CPeln KOTOPBIX NpeallOoJOXKHu-
T€JIbHO HMEIOTCH NPUYHHLI HEKOPPEKTHOrO (YHKUHOHHUPOBAHHS CH-
cremel. Pucynku 8.13—8.15 nawoT npeacrasiesne o pasHoo6pasuu
crneuHdHKalHil Tpacchl B JManasoHe OT NPOCTOfl «TPacCHPOBKH
nocie ajapeca 800016» 10 OTHOCHTEJBHO CJOMKHOH «TPACCHPOBKH
noc/e10BaTeJIbHOCTH Aanubix = 0AAjs ¢ 3anyckoM mocse aapeca =
= 8004».

BHyTpucxeMHaa >MynsuMa KaK CPeACTBO NMOMCKa HeucnpaBHOCTelH

CHcreMbl NPOGKTHPOBAHHS MHKPONPOIECCOPHBIX CHCTEM Mpej-
CTaBJsIOT COGOH BechbMa MOIIHBEIE CPEACTBA OTHICKAHHS HEHCNPABHO-
cTelt, OAHAKO KPYT JIML H3 YHCaa O6C/yKUBAKIIEro MNepcoHana,
UMEIOIHX JAOCTYN K TakoMy o6opyAoBaHHIO, orpanHueH. Cyimrect-
BYIOT W ApYyrue (haxTopsl, npensarcryouue npespauienno CIIMC B
CpeiacTBO 0GC/yKHBAHHSA, KOTOPOE MOXKHO 6blI0 Gbl NPUMEHATh 6e3
orpannuenuil: ¢usuueckne pasmepsl CIIMC, Heo6X0AHMMOCTb HaJIH-
Yisi KBaJH(QUIHPOBAHHBLIX ONEPaTOPOB AJst pabGOThl ¢ HUMHM, 3HAYH-
TeJIbHAsi CTOHMOCTb. B To Ke BpeMsi HeKOTOpble (PHPMbI-H3TOTOBH-
TeJsd, TakHe, Hanpumep, Kak Applied Microsystems, Fluke, Hewlett
Packard, Millenium n Solartron, npoaaioT oTaenbHO 3MYyJATOPHI,
MHOTHe U3 KOTOPHIX B O0sblIeH CTeNeHH NOAXOAAT AJsl paBoTH psi-
JIOBOTO cllelHasucTa 10 O6CHyKHBAaHHIO MHKPONPOLECCOPHLIX CH-
cTeM.

C ToukH 3peHHS HHXKeHepa, 3aHMMaIoLlerocs O6CayKHBaHHEM,
BHYTPHCXEMHAsl aMYJIsILHS NpedcTaBasieT cO60i MeTOA NPHUHATHS Y-
paBJleHHsl TECTHPYeMbIM YCTPOHCTBOM H NOJAAYH TECTOBbIX, HJH CTHU-
MYJIHPYIOIIHX, 3alPOrPpaMMHPOBAHHBIX BO3JeHCTBHA Ha ero WHHGL.
OTo MMEeT BaXKHOe 3HAaueHHE B CHTYallUsiX, KOTAd TECTHPYEMOe yCT-
pOHCTBO He pearnpyeT Ha OObIYHblE BO3JAEHCTBHSI C KJaBHATYPHI.
BssiB Ha cebst ynpaBJieHHe, SMYJATODP MOXKeT OCYHIECTBJIATb NPOTOH
nporpaMm, NpeAHa3HAYeHHBIX [/ NPOBEPKH (GYHKUHOHHPOBAHHSA
KOMIIOHEHTOB 11eJIeBOfi CHCTeMBl H aHAJIOTHYHBIX Te€M OporpaMMam,
KOTOpble HCIOJb3YIOTCA /151 CaMOKOHTpPoasl. [1pu o6Hapyskenunu dak-
TOB HEKOPPEKTHOH palboThl CHELHAJHCT MO OGCHYXKHUBAHHIO MOYKET
NOJIy4HTb C IOMOMLIbIO CPEACTB MHAHKALHH 3MYJSTOpPa HHPOPMALHIO
0 BO3MOXKHBIX HCTOUHHMKAX HeHcnpaBHocTeil. IlpuMepom smynstopa
TAKOro THUIA SIBASETCS YCTPONCTBO MOHMCKA HEHCNIPABHOCTEH (UpMBbl
Fluke, onucannoe B ra. 10. He Bce, 0AHaKO, 3MyJSITOPhl CHAGXKEHH
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K/J1aBHaTypoit W uHAMKatopamu. Tak, smyasarop Solartron Micropod
NpeaHasHayeH JJisi HCNOJIb30BAHHS COBMECTHO C TECTOBBIMH [PO-
rpaMMaMH, paspaloTaHHBIMH Ha APYyroii MalllHHe H 3aTeM 3arpy-
KenHbiMH B CIIII3Y amynsatopa. DTH TeCTOBbE NPOrpaMMbl yIpaB-
JSAIOT paboTOH HeneBOH CHCTeMbl, TeHEPHDPYs MOTOKH AAHHBIX, KOTO-
pble OTC/ICXKHBAIOTCA C MOMOLIbIO CHIHATYPHOTO aHanu3aTtopa.

B mocnennee Bpemst Ha pHIHKE MOSIBMJHCh KOHCTPYKTHBHO aBTO-
HOMHO O(OpMJIEHHBIE 3MYJSITOPHI, PACHO/araloliHe MHOTUMH (DYHK-
IIHOHAJIbHBIMH BO3MOXKHOCTSIMH, XapaKTEpHBIMH paHee JHLb AJIs
CIIMC, npu 3HauuTeNbHO MeHbIUed cTOMMOCTH. [lpuMepoM Takoro
pola ycTpOWCTB siBAsI€TCsl MUKPOBHYTPHCXEMHBLI amyasiTop (MBC3)
¢pupmbr Microtek. IpunaraeMslii Ha6op cneUUaNu3HPOBAHHBIX NJIAT
[I03BOJIAACT NPHMEHSATh €ro /I 3MYJSAUHH GOJbUIMHCTBA MPOMBIII-
JIEHHO BBIIYCKA€MbIX MHKPOINIPOIECCOPOB, Kak 8-, Tak u 16-paspsj-
HbIX. OTHeJbHBIE MOJENH 3MYJSTOPA PA3NHUAIOTCS €MKOCTBIO M-
aupyiomnx 3YIIB u peanusyeMbiMH BHIAMH TPaCCUPOBKH, CPeIH
KOTOPbIX HauGoJ/ee HHPOPMATHBHOM SIBJISIETCS TPACCHPOBKA B peaJb-
HOM BpPEMEHH. YNpaBJieHHe SMYJIATOPAMH OCYIIECTBJIAETC yepe3 HH-
Tepdeiic RS232 ¢ ucnonb3oBanveM JAMG0 HHCIEs, JHOO BbIYHC/IH-
TEJIBHOH CHCTEMBI, CHaGXKEHHOH COOTBETCTBYIOLINM MOPTOM.

Ynpassienue H30MHPOBAHHBIM MYJIATOPOM OT AHCIJes AaeT YAO-
BJIETBOPHTE/IbHbIE Pe3y/IbTAThl JHIIb MPH UCMOJNb30BAHHH KOPOTKHX
TECTOBBIX MPOrpaMM (NpelHAa3HAYEHHBIX, HANpUMEp, /s TeCTHPOBA-
uust 3YIIB uan dopmuposaunus curnatyp I13Y ¢ nenosnbsosanuem
3aJI0XKEHHBIX B HUX Mporpamm). B uncio GpyHKUHOHAIBLHBIX CPEACTB
OMYJATOPAa BXOAAT CTPOKOBHIH accemOiep, KOTOPHIH YAOGHO HpHMe-
HATb JJI1 HEGOJIBIIMX NMPOTPAMM H [Jsi OCYLLeCTBJCHHS BCTABOK B
Goslee KpynHble NMPOrpaMMHbC eAMHHIb, W ABYXNPOXOAHBI oGpaT-
Hblil acceMbJep, KOTOPHI reHePHPYET METKH AJs1 BCeX MOANPOrpaMM
H KOMaHJ nepexofa (HeNJAOXOH LITPHX, XapaKTePHbIH AaJeKo He AJs
KaX0# U3 NOPOrUX CHCTEM ).

B Gosce cepbesnbix curyauusx, cesizaHHBIX ¢ OGCAYKHBAHHEM
MHKDONPOLECCOPHBIX CHCTEM, MPUMEHSETCS TJaBHAs BLIYHCJAHTEb-
Has CHCTeMd, 4TO MO3BOJISET 3aTrPy:KaTh B IMYJHPYIOUYIO NaMATh
TECTOBbIE MPOrpaMMBbl, FeHepHPYeMble ¢ MOMOILbIO acCeMOJIEepPOB HJIH
KOMNHJAsATOpoB B popmarax Intel uau Textronix. Tlpu ucnonwsosa-
HHH TJIaBHOH CHCTeMbI A1 o6MeHa HH(popMAIHedl ¢ IMYJIATOPOM He-
o6xoiMMa nporpaMma-apaisep. Psj TaAKHX MPOrpaMM MOCTABJISIETCS
paspaboTynKaMu JJIsi HEKOTOPBIX HahbOJiee MOMYJASPHBIX CHCTEM, B
TOM uHcsie nast MUKpoOBM tunos CP/M u Apple, a takxe aas mu-
H1-9BM ksacca DEC.

BosmoxknocTH TpaccHpOBKH NpH MCIOJB30OBAHHM TJIABHOI CHCTe-
MBI 10CTaTOYHO WIHPOKH H MO3BOJSIOT ONEepPaTopPy pPErHCTPHPOBATH
HH(pOPMaUKHIO B peajbHOM Macutabe BpeMeHH O JAHHBIX, ajpecax
H COCTOAAHMM mpoueccopa B oO6beMHOM Oydepe na 2048 cuos. Ogn-
HaKO BO3MOXHOCTH (OPMYJHPOBAHHSI YCIOBHH 3amycKa OTHOCH-
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TeJbHO NPOCThl H OrPaHHYHBAIOTCS TIABHBIM 06pa3oM 3ajaHueM 3a-
MYCKAaICUWIHX COOLITHH B BHAE aApPECOB H CHICHAJOB COCTOSIHHSA.

OTH NPUMepPHl HATIOCTPHPYIOT ABA PA3JIHUHBIX M0AX0AA K IMYJs-
UHH: H2 OCHOBE CHCTeM [POEKTHPOBAHHS, PACHOJaTalolHX BHYTPH-
CXEMHOH 3MyJ silMedl KaK OJHOH H3 CBOMX (YHKLUHOHAJbHBIX BO3-
MOXKHOCTEH, H C MCIOJb30BAHHEM aBTOHOMHBIX 3MYJSTOPOB, yNpas-
JsieMbIX OT MHKPODBM, mo3BoJsIOMHX AOCTHYL 3KOHOMHH CPEACTB.
Hna HeKOTOPHIX c/yyaeB NpUMeHEeHHe aBTOHOMHBIX yCTPOHCTB MO-
KeTr oKaszaTbCsi 0ojiee LeecooOpPa3HbIM C NMPAKTHYECKOH TOUKH 3pe-
HHf, T@K KaK TeCTOBble NPOrPaMMBI B HHX 3a(DHKCHPOBAHHI, T. €. 3a-
Hecennl B [13Y,

v 3aknoueHue

MHKpONpOLECCOPHYIO CHCTEMY MOXKHO 3aCTaBHTh  BBINOJHSTh
nporpaMmy NoJf yHpaBJeHHEeM BHEIIHEH, JIaBHOH CHUCTEMBI, KOTOpas
‘Oeper Ha ceb6s pynkuun LIITY nesemoii cucremnl. [loBenenne i,
naMsTH H CXeM BBOJAa-BbIBOJA IleJIeBOH CHCTEMBI MOXKET OTCJIEXH-
BaTbCS TJIABHOH CHCTeMOH, Ja)Ke ecJH LeJeBas CHCTeMa He HMeeT
YCTPOHCTB BBOAA-BHIBOAA HJIH HMeeT, HO OHH HEHCNpaBHB. BHYyTpH-
cXeMHasl 3MyJauus MoxeT OHTh peanusoBaHa ¢ nomoupio CITMC
HJIH aBTOHOMHBIX 3MYJATOPOB, PHYeM GOJBIIMHCTBO CHCTEM pacro-
JlaraeT BO3MOXKHOCTBbIO TPAacCHPOBKH B peasJbHOM MaciitabGe Bpe-
MEHH.



Fnasa 9

CurHaTypHbIM aHanus

TpaaHUHOHHBIHA MOAXOMA K NMOUCKY HEHCIPABHOCTEH B aHAJOTOBHIX
CHCTeMAax 3akJiouaeTcst B pa3paboTKe aHHOTHPOBAHHOH CXeMBl, Ha
KOTOPOH sIBHLIM 06pa30oM yKa3blBaIOTCS YPOBHH HampsiKeHHS H ¢op-
Ma CHIHAJOB, KOTOpbie JOJIKHbBl HMeTh MECTO B Pa3JHYHBIX TOYKAX
yerpofictBa (puc. 9.1). CpaBHUBasi IOKa3aHWsl BOJbTMETPA W H30-
6paxkeHus1 Ha 3KpaHe ocuUuJJOrpada ¢ NMpUBeJeHHBLIMH Ha CXeMe,

Puc. 9.1. Tpaauunosnasi aHHOTHPOBAaHHA cXeMa, B TOYKAX KOTOPOH NOKa3aHHl
OXHJaeMble (OPMEI CHIHAJIOB.

CHeLHaNHCT M0 06CAYKUBAHUIO MOXKET HCKATh HEHCMPABHOCTH H BOC-
CTaHABJIHBATh Pa6OTOCNOCOOHOCTL CHCTEMBI, He GYAYUYH 3HAKOM Je-
TaJpHO ¢ ee paGoroil. McnoabsoBanue atoro mogxoma anast undpo-
BbIX YCTPOKCTB OCJIOXKHSETCS! PSiAOM o6cTosiTenseTB. Hu BoabTMeT-
pBI, HH OcUH/AJMOTPadbl He 0OeCTEUUBAIOT NOJYUEHHs AOCTATOYHO HO-
JIe3HOH MH(MOpMaLHH: YPOBHH HAMpPSKEHHs JexaT okosao 0 uau 5 B,
CHFHAJIBl HMEIOT 6OJIBLIYI0 AJUTEIbHOCTb, CJAOXKHYIO (GOPMY H MOSB-
JSIOTCSI B NPOH3BOJIbHbIE MOMEHTBHl BPEMEHH, UTO [eJjiaeT Bce MOo-
TOKH JaHHBIX B€CbMa CXOXHMH O BHELIHEMY BULY.

OueBuaHO, HEOOXOAMM KaKOH-TO MPHGOp, KOTOPHIH MOXKET peru-
CTPHPOBATL 3TH CJIOXKHBIE MOTOKH JAaHHBIX H B TO Ke BpeMs npen-
CTaBJ/isiTh MH(GOPMAILIHIO O HHX B paclopsKeHHe omepaTopa B KOM-
NakTHOH ¢opMme. DTy (YHKUHMIO H/easbHO BLIIOJHSET CHCHATYPHbIH
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CHrHaTypHbIi aHanu3aTop

Hasnayenne cHrgaTypHOTO aHa/AH3aTOPa COCTOHT B BOCIPHATHH
JIOTHYECKHX YPOBHefl B KAKOH-TO TOYKe cXeMbl H BbipaboTKe Kojla
(CHFHATYpB), XapaKTepu3yIOLEero npouece, NPOHCXOAALIHA B 3TOH
touke, Ha puc. 9.3 mokasan THNHYHBIH BUJA JIHLEBOH IaHeNN NPH-
6opa. Ana/nnsaTop NOAKJIIOUAeTCsl K HCCAeAyeMoil cxeme B MATH

Curnan )
YHanKatop cHrHaTyphi gggg?;:{aocm

CurHaTypHbit aHanuaatop 5004A

TecToBblRA
’Ia [ npoé;mx
!
LA &
CurHan X ©® 0%
oTKpbiBaHHA = & &

HavansHas 1'/_—:;\% Ygep- Camo- ?__?_?

104ka Tyck OcTaHos CHHXp. aHWe TPOBEPKa TecT

I S

KHonku sbibopa BxogHble CUrHanb

3anycKalouero ynpasneHua perucrpaunei
$ponTa Nyck =1

Ocranos —]

CuHxp, —

lemna  —

T
——(IL NMpobHKK BBOAA AAHHbBIX

CurHatypHbliit adanusatop HP 5004A

Puc. 9.3. CurHaTypHblii aHANM3aTOP M €r0 COEAHHEHHS C TECTHPYeMBIM YCTpOi-
CTBOM.

Toukax. HenocpencrBeHHo yepe3 NPOOHHK NOCTYNAIOT B aHAJMH3aTOP
JaHHble OT BBIOPaHHOH /AJist TecTHpoBaHus Toukd. OcTanpHbe YeThipe
COELHMHEHHUs: MYCK, OCTAHOB, CHHXD. H «3€MJIsi» — OCYIIECTBJIAIOTCA
yepes BHEIUHIOW MEPeXOAHYIO NPHCTAaBKY. Kak u mpu pabore ¢ JOTH-
YeCKHM aHAaJH3aTOPOM, TAKTOBBle HMIYJbChl  HCIOJB3YIOTCS 15
CcTpoGUPOBaHHUS NaHHbIX. Kak npaBuiio, JOMYCTHMBIMU $BJSIOTCA Ya-
crotsl 0T O T'm go 10 Mri, a ¢ noMolIblo NepekJoyaTesaell Ha JHle-
BO# NaHeJsJd OnepaTtop MOXKeT 3alaTh [OJIOKHUTEAbHBIA MK OTpHLA-
TeJIbHbIH (DPOHT B KauecTBe aKTHBHOrO Nepefaja CHrHaJga. Curnansl
IyCKa H OCTaHOBA ONpelensioT AJHHY PerHCTpHPYeMOro noToka laH-
HBIX, HJIH «CHTHATYPHOTO OKHa».
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anasausatop. Kak u ocuusnorpad, o BOCIpUHHMAET MNOBeAeHHE JIO-
CHYECKOTO CHTHAJIa B HEKOTOPOH TOYKE CXeMbl, HO BMECTO BOCIIPOHS-
BelleHHs (POPMBI H3MEHEHUH CHrHAJa OH BbipaGaThiBaeT YeTHPeXpas-
PANHBIA KOA (MJM CHTHATYPY), Hecymuii HHGOpPMaLHIO O MOTOKe
AaHHbX. CaMa cHrHaTypa (QH3HUECKOTO CMbICJAa He HMEeT H CJYMKHT
JIMIIb CHMBOJIOM, NMPEACTABJSIOMUM Ha6op Joruueckux 1 u 0, H3 KO-
TOPBIX COCTOHT NOTOK AaHHHIX. Ecsin uaMeHnsiercss Xxotst 661 ONHH GHT
Habopa, To MeHsieTcs U CHTHATYypa.
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Puc. 9.2. YxasaHue cHrHaTyp Ha aHHOTHPOBAHHON NHMPOBOH cXeMe.

[Ipn wucrnonp30BaHHMH CHrHATYPHOrO aHa/M3a AHHOTHPOBAHHAs
cxeMa UH@POBOro ycTpoficTBa MOXKeT BHINVISIAETh KaK II0OKa3aHO Ha
puc. 9.2. BmecTo 3HaueHHIt HANPSKEHUsT H OCUHJJIOTPAMM Y3JBl CXe-
MBI CHa0KaloTCA YKa3aHUSIMH CHTHATYP, ONUCHIBAIOUINX NOTOKH JaH-
HBIX B 3THX y3JaX.

B MuKpompoleccopHbiX CHCTEMaX NOCJAeA0BATeNIbHOCTh H3MeHe-
HUH CHTHa/la B HEKOTOPOH TOYKE CXeMbl, 4 3HAUMT, H CHrHATypa 3a-
BHCAT OT BbINOJIHsIeMOH B cHcTeMe nporpaMMbl. HeoTnemaemoit npu-
HaJJICXKHOCTBIO CHIHATYPHOTO aHAJH3a $IBJSIETCS CTHUMYJHPYIOULas,
WJIH TeCTOBAas, MporpamMmma, NOoA BO3AEHCTBHEM KOTOPOH MPUBOAATCSH
B IeHCTBHC KOMIIOHEHTbl H Y3JIbl CHCTEMBI H TEM CAMbIM T€HEePHPYIOT-
csl MOTOKH AaHHbX. OT y3/a cXeMbl, KOTOPBIi NpeGbiBaeT B HEH3-
MEHHOM COCTOSIHHH, MOXHO MOJYYHTb JIHLIb OTPaHHYEHHYIO HHpOp-
mauuw. CraMyaupyioumas nporpaMma AOJkKHAa oGecrednBaTh nepe-
KJIIOYEeHHe 3HAYeHHH CHIHAJIOB B Y3/1aX CXeMbl MEX/Y JOorHyecKum 0
M JIOTHYeCcKoH | ¢ TakHM pacueToM, YTOOGB B HHX HMeaH MeCTO MHO-
TOKH JaHHBIX, 0TOGpaKamune GyHKUHOHHPOBAHHE CHCTEMBI.
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OcHoBHBIM 6s10KOM npu6Opa sBaAsieTcs |6-pas3psaaubiil CABHIOBHIIl
peructp ¢ obpatubiMu cBAsamu (puc. 9.4). Ilpu noaydenun pocro-
BEDHOrO CHrHaJla 3alyCKa DEerucTp YCTaHABJHMBAETCS B HCXOJHOE
HyJ/leBOe COCTOsIHHE, [OCJIe Yero AaHHble BJIBHIalOTCS B HEro Mojg ym-
paB/ieHHeM 3aJaHHOTO (DPOHTA CHHXPOCHTHAJNOB. BJaarogapsa uensm
00paTHOH CBSI3H JaHHbIE, BBOAUMbIE B DETHCTP, NMOABEPraloTCs KOIH-
poBaHHIO H OOecleYHBAETCS yueT BCeX OMTOB MOTOKA JAHHLIX, 4 He
TOJIbKO LIECTHAJALATH MOCJeAHHX B (DOPMHPOBAHHH OKOHYATEJbHOI

Wunukarop L B D D
HaHHele or CHIHATYRYL LJ I_( l_l l_’
ng;hpyeMoro s T ——

Puc. 9.4. 16-paspspunii perucTp ¢ OOpaTHHIMH CBSI3AMH, BXOASILHE B COCTaB
CHFHATYPHOro aHaJH3aTtopa.

curnatypel. Ilpn mocrynsennu curuasna ocrasosa 16 OuT, ocraio-
miyecss B perucrpe, HHAHUHPYIOTCS B IIeCTHAALATEPUUHOM (opmare,
06pasys CHrHaTypy Ha6./1104aeMOro MoToKa JaHHbIX.

15 MHIKHKAUHH CHTHATYD HCNOJB3YeTCs HECTAHAApPTHHIA Habop
mecTHaAUATEPHUHBIX cuMBosioB: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, C, F,
H, P, U. o cpaBHeHHIO €O CTaHAAPTHHIM KOAOM 3TOT HaGOp HMeeT
IBa BaXKHBIX MPEUMYIIECTBa:

1. Kaxablli CHMBOJI MOXKeT GbITh JIEFKO BOCIPOH3BEAEH HA CEMH-
CerMEHTHOM CBETOAHOAHOM HHAHKATOpe, NpHYeM He BO3HHKAeT HH-
KaKOH nyTaHulbl MexAy uUHdpoil 6 U cTpouHo#t 6ykBoit b, a Takxke
Mexay uuppoi 8 n nponncHo# 6ykBoii B, kak 310 GblBaer mpu uc-
[0/1b30BaHHH CTaHIAPTHOIO Habopa.

2. Y omepaTtopa He BO3HHKAaeT co6Ja3Ha CHYTaTh 4eThlpexpas-
psiAHBIE IIeCTHAAUATEPHYHBIE CHTHATYPH C CHCTEMHBIMH ajpecaMu
HJIH TIPOC/EANTh NMPEAbICTODHIO NOSABJACHUS TOH WJH HHOH CHIHATYpHI
B MONBITKE TOJYYHTh AONOJHHTENbHYIO HHPOPMALHIO.

Hwmeromnecs Ha JHLEeBOH NaHedH HHAMKATOPH «OTKPHITO» H
«HeycroiiunBasi curHatypa» HecyT HHGOPMAIHIO O CHTHAJax, HC-
noJb3yeMblX aHajau3aTopoM. MHaukatop, nokasslBalolui, Korjaa or-
KPBIBaeTCSl U 3aKPbIBAETCs CHIHATYPHOE OKHO, MepLaeT fpH MOBTO-
pAIOMHUXCA OTKPLIBAHHAX M 3aKphiBaHusX. MHAMKaTOp HeycTOHUH-
BOCTH CHTHATYPBl CBETHTCS, KOTa Pa3JHYaloTCs CHIHATYpPHI, ¢popmu-
pyeMmble B CJAeAYIOLHX APYF 33 APYI'OM OKHax.
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CurHaTypHoe OKHO
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CHTHATYPHBIM OKHOM yIPABJSIIOT TPH BXOAHBIX cHrHaJga: «Ilyck»,
«OcranoB» H «CHHXp.». B pea/bHBIX YCJIOBHSIX 3TH CHIHaJbl MOTYT
BHIPA6aTLIBATHCS HCC/edyeMoll cxeMoi. [l moBbillleHHsi THOKOCTH

Curvan AKkTuBHbLIRA
SOpoHT

Cuhxp, f Nonox.
Nyck

Ocranos_[~ Monox.

Lnarpamma

Nepen akTMBHLIMW GPOHTAE-
MU CHIHaNOB Mycka u 0C-
T3HOBA U Nocne 3TuX GPoH-
T08 JOMKEH NOCTYNWUTL aK-
TUBHbIA GPOHT cunxpocumangl

N I‘Iono»(.__@__]

OkHo 1= 0oTKp.

Janubie

3HaYeHnA OnTOB AaH-
HbIX, KCNONb3yEMble ANs
$OPMUPOBAHNA CUTHATY-
Pbl, BOCNPUHUMAIOTCA
N0 ¢POHTAM CUHXPOCHT-
Hanos, NOCTynalouum B
vHTEpBANE MeXay OpoH-
TaMy CUrHanoB NycKa u
0cTaHoBa (Noka OTKPbI-
TO OKHO)

NocnefHnit 6MT RaHHbIX,
ncnonbayemuld Ans
HOBOW CMTHATypbt

BUT, HE UCMONb3yeMbli
AnA $opMupoBaHnA
CUrHaTypbl 13-3a
3aKPbITOr0 OKHa

Hoeas curnatypa, BoisefeH-
HaA Ha MHAWKALUKO NO PPOH-
Ty 8TOPOr0 CMHXPOCMIHANA
nocne ¢poHTa CHrHana
0CTaHOBA

pbl

@ OKHO OTKPbLIBAETCA NO GPCH-
Ty CUMHXpOCWIHanNa nocne
dpoHTa CUrHana nycka

® BHYTpPEHHUA CUrHaTypHbIR
perucTp ycraHasnuBaerca B
Hynesoe MCXOQHOE COCTOAHME

® Ha uHaukatope coxpaHfercs
npexHee 3HaYEHUE CUrHaTy-

® [lepsblii 61T AaHHbLIX, HCNONb-
3y€Moll ANA HOBOW CHIHATYPbI

Puc. 9.5. GopMupoBaHHe CHTHATYPHOrO OKHA.

® OKHO 3aKpbiBaeTcs No ¢poH-
Ty Nepsoro CHHXPOCHTHAnNA
nocne $poHTA CWrHana ocra-
HoBa

® Hosas curHatypa 3adukcuposa-
Ha BO BHYTPEHHEM CHIHaTyp-
HOM perucrpe

ynpaB/JeHHss OKHOM MpelyCMOTPeHAa BO3MOXKHOCTb BbIGOpAa aKTHB-
HBIX, HJIH 3a0yCcKaloUHX, PPOHTOB KAXKAOr0 M3 3THX CHTHAJOB C IO-
MOILLIO OPTraHOB YIpaBJ/eHHs, UMEIOINXCSA Ha JIMLEBOH MaHeJH aHa-
auszatopa. OGbLIYHO TOT HJIH HHOH (QPOHT BhiOHpaerca u3 coobpaxke-
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Curtan  ATvBHbIA GROHT

Anarpammbr
CuHxp, Nonox, Her |
f CHHXP.
Opue w | Tyck Monox. l f | )
TOT e f !—l
CATHAN 1 0cranos "\ OTpuy, L]
Her
OKHO —_—— A OKHO 0CT3eTCf 33KpbiThim ) CHHXP.
(cHavana sakpbito) 1= otKp, i i i i I
OKHO T T T T T
(cHavana orkpeiTo) 1= 0TKp, — — : OKHO OCTaeTca OTKpbITbIM
l
OrcyrcTByeT GPOHT CHHXPO- OTCyTCTBYET GPOHT CUHXPO-
CUrHana nepeg ¢poHTom cWrHana nocne GpPOHTa Cwr-
currana nycka. OkHo 1ak Hana ocTanoBa.0KHO He 3a-
M He OTKPbLIBAETCA KpbiBaeTcs
a
CurHan AxkTvBHbI# GpoHT ~ Jinarpammer

Curxp, (" Monow, ™K TLE LA 1 1K L&

flyck /" Monow, (ij i
OcTaHoB\_OTpmu. { } [

OkHa 1=otkp.

A

OKHO
ocrrercs
OTKRbITHIM

PpOHT CUrHANE OCTaHOBA He oéHapymeH, OKHO oOcraercs
OTKPbLITHIM, TAK KaK LNATENbHOCTL CHrHANa OCTaHOBA CANWKOM
Mana no CpaBHEHWK G nepuoaomM CnegoBaHnA CUHXPOCUIHANOB

6

Puc. 9.6. IlpoGaemrl, KOTOpble MOTYT BO3HHKHYTH MpH HenpasuJIbHOM (HOPMHPO-
BaHHA CHTHATYDHBIX OKOH: @ — OTCYTCTBHE CHHXPOCHTHAJIOB 10 HJIH Tocae (poH-
TOB CHIHAJOB NMyCKa H OCTAHOBA; 6 —— CHTHAJB NYCKA HJU OCTAHOBA CJAHIIKOM
KOPOTKH IO CPaBHEHHIO C MEPHOJOM C/IeLOBaHHSI CHHXPOCHTHAJIOB,
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Curnan AKTVBHBIA $POHT Dnarpammbl

Omp. f Bonow KA1 ALA LA LA LI

Het cuhxp,

fyck ™\ Orpuy. "L®__J
Ocratos ™\ Otpuu. @_J

OkHo 1=otkp.

OKkHO
octaercs
3aKpbITbIM

@PpoHT CrrHana nycka He obHapyskeH, OKHO He OTKpblBaerés,
TaK KaK CHUHXpocwurHanbl NOABNAICTCA 10CNE @KTHBHQrQ
HpoHTa CHUrHana nycka

CurHan  AKTHBHbIH $POHT Jvarpammpl

Cmnxp‘jﬂonom.ilglg }|§|;|§|§ :
Nyck -\_OTPH'JJ"___I—@

Ocraros _/ MNonox,

Her cuHxp,

OxHo 1= orkp.

A

Okno
ocraercs
OTKPbITbIM

OpoHT CHrHana OCTaHOBA He DOHAPYKEH, DKHO DCYaeTcs
OTKPbITBIM, TaK KaK CHHXPOCHIHaNb! npekpaijatrca 49
NOABNEHHA BKTHBHOIO $POHTA CHIHANA OCTAHOBA

¢

Puc. 9.7. Tlpo6nemrr (OpMHPOBAaHHA CHMTHATYPHOrO OKHAa: @ — CHHXPOCHTHAJIH
NOABJAIOTCS JHIIL Hocie (POHTAa CHrHajJa MNycka; 6 — CHHXPOCHTHAJIH IIpeKpa-
WAITCA A0 NOCTYNUIeHHS (POHTA CHCHAJAa OCTAHOBA,




184 Yacte II. Metonn obcnyXuBaHus

HUI 3ajlanua TaKHX MOMEHTOB BPEMEHH, KOTAA AaHHbe B HCCaelye-
MOH TOYKEe CXeMbl HMEIOT YCTaHOBHBIIHECS 3HAUCHUS. 3HAUEHHS JIO-
THYECKOro CHrHaJia B TOUYKEe BOCIIPHHHMAIOTCS aHAJH3aTOPOM TOJBKO
NpH NOCTYNJ/IEHHW OfpeleJIeHHOro (poHTa CHHXPOCHrHaJja, a B ApPY-
rie MOMEHTH BpeMeHH BO BHHMAHMe He npuHumalorcs. [as 3ana-
HHSl CHI'HATYpPHOrO OKHA CHHXPOCHTHAJbl HCHOJB3YIOTCS COBMECTHO
C CHPHaJlaM¥ nyckKa H ocTaHoBa. Kak nokasaso Ha pHc. 9.5, aas
TOro yto0bl aHaU3aTOP pearHpoBaJ Ha MOCTYIJEHHE CHTHAJOB IIy-
CKa W OCTaHOBa, HeoOX0AHMMO, 4TOObl Mepe] AKTHBHHM (PPOHTOM
KaxKJ0ro U3 3THX CHTHAJIOB H [OCJe 3Toro GpoHTa NOCTynas akTHB-
HbIH (POHT CHHXpOCHTHaJA.

OOpatute BHHMaHMe, 4TO OKHO OTKphIBAeTc He MO (POHTY
curnana «IIyck», a no ¢poHTy CHHXpOCHrHAJA, NOCTYNAKOIIEro Mo-
cle (poHTa NMyCKOBOro CHrHaja. AHaJOTHYHLIM 06pasoM 3aKpbiBa-
HHE OKHA NPOUCXOAMT MO (POHTY CHHXPOCHTHAJA, MOCTYNAaOLIero
nocne curnana «OcraHoB». IlepBBIi 2JeMEHT AAHHBIX, KOTOPBIE
AO/UKHBl GBITh 3aHECeHBl B CABHIOBBIH DErucTp, MOCTynaerT B HEro
Mo (QpOHTy MepBOro CHHXPOCHTHAJIA, CJEAyIouero 3a (GpoHTOM CHT-
Hana «Ilyck». [locaennuii GUT JaHHBIX (UKCHpyeTcs B aHaJju3a-
TOpe (PpPOHTOM CHHXDPOCHTHAJA, NPeLUIeCTBYIOIEr0 GPOHTY CHrHaJja
«OcranoB».

Insa obecneyeHnst JOMKHONO OTKPHIBAHHA H 3aKPbiBAHHA CHTHA-
TYPHOr0 OKHa HeoOXOJHWMO BHHMATE/JNbHO BHIGUPATH CHTHAJB yIpaB-
JeHus OKHOM. BpemeHHble AHarpaMmbl, npHBejieHHbie Ha pHC. 9.6
4 9.7, HIJIIOCTPUPYIOT NPOGJIEMBI, KOTOPble MOLYT BO3HHKHYTb MPH
HempaBu/IbHOM BbiGope. ONHO M3 COBEPIUIEHCTBOBAHHH CHCTEMBI 3a-
IycKa COCTOHT B MPEAOCTABJIEHHH BO3MOMKHOCTH peasu3alHH ABYX
pPeKHMOB 3amycka ¢ LeJblo o6Jeruenusi pelueHus npobaembl ¢op-
MHpOBaHHUs1 CHrHatypHoro okHa. IIpum o6blyHOM pexume HeoGXo-
MO NOCTyIVIeHHe (PPOHTOB CHHXPOCHTHAJa W 10, U [ocJe u3MeHe-
HHsl 3HAUeHHH CHTHAJOB Iycka W ocraHoBa. Ecam, onnako, curua-
JIOB MyCKa U OCTAHOBA AOCTATOYHOH AJHTEJIbHOCTH B PACHOPSKEHHN
HeT, BO3MOXKeH APYrofl pexHM, AONYCKAaIIIMH 3amycK CHCHAJaMu,
AJIUTEJBHOCTh KOTOPBIX MeHbIIE [OJOBHHB NEepHOAA CJIe[OBAHUSA
CHHXpOcUrHa/i0B. XOTs 3TOT BapHAHT MeHee NpPEANOYTHTEJNEeH (CJy-
YafHBIE HUMIYJbCHBIE CHTHAJbI MOTYT BBHI3BATh JIOXKHOE OTKPLIBAHHE
4 3aKpbIBAHWE OKHA, YTO B CBOIO OYepelb MPHUBOAHT K MOSIBJEHHIO
HEYCTOHYHBLIX CHIHATYpP), OH .MOXeT O0Ka3aTbCsl eJHHCTBEHHBIM
MEeTO/IOM, MOCPEACTBOM KOTOPOrO MOTYT ObITb MOJYYEHbl CHTHATYpbI
TECTHPYEMOU CUCTEMBI.

CHrHaTypbl «3€MNMN W HANPSXKEHHS NMTaHMA

Heckoabko Gosee BHMMAaTeJNbHOE pPAaCCMOTPEHHE TOTO, KaKUM
obpasom ob6pabaThiBalOTCs [IBa NPOCTHIX NOTOKA JAaHHBIX, AOJXKHO
NOMOYb NPOHJIIOCTPHPOBATh (QYHKUHOHHDOBAHHE CABHIOBOTO PErH-
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crpa ¢ o6patHbiMy cBa3saMH. CHaya/na paccMOTPHM [OTOK AaHHBIX,
UMEIOLIHI NOCTOAHHBIN NOTeHIHa 3eMJIH. AKTHBHEIM ()POHTOM KaxK-
AOTO CHHXpOCHTHaJa B aHaausatop BBOAHTcA Jorudeckuit 0. Tax
KaK 1o uensM o6patHol cBA3W Ha Bxoan BeHTHas MCKJIIOUAIO-
HIEE MJIM rakxe moaawrcs jaorudeckue 0, perdcTp NpoaoaKaer
OCTaBaThbCsl 3aMNOJHEHHBIM JIOTHYeCKHMH HyJasaMH. CieqoBaTenbHO,
CHTHAaTypa ysja CXeMbl, UMEIOLIEro NOTEHLIKaJs] 3€MJH, BCeria npes-
crasaser co6oii 0000. Ecau xe ¢ nomolubto npoGHUKA oOmpallu-
BdeTcsl y3eJs, CHIHaJ B KOTOPOM HMeeT HOCTOSSHHOE 3HAueHHe JIOTH-
YeCKOHA 1, TO coaep:KHMOe CABUFOBOIO perucrpa GyLeT MeHSTbCs
N0 Mepe TOro, KakK ajropuTM (yHKIHOHMDOBAaHHA OGpPaTHLIX CBA3ei
H3MeHAET NOTOK OHMTOB, HOCTynamwux B peructp. OKoHuaTeNbHAd
CHTHATYypa, OYEBHJHO, 3aBHCUT TOJBKO OT KOJHYECTBA CHHXPOCHI-
HAJIOB, yMeWAIOlIerocss B Npefesax CHrHatypHoro okHa. [loatomy
CHTHaTypa Hanps:KeHHMs NHTAHUA YACTO HCIOJb3yeTcsi AJs NpeaBa-
PHTEJIbHOH OLEHKH NPaBHJbHOCTH BHIGOpA OKHA, OHA MO3BOJsIET Me-
pen TeMm, KaK HauyaTh U3MepeHHs 6oJjiee CJIOXKHBLIX HOTOKOB NAaHHBIX,
yOennTbcs, YTO MeKAy CHTHAJaMH MycKa M OCTAHOBA IIOCTyNaer
HY2KHO€ YHCJIO CHHXPOCHTHAJIOB,

CBoGoaHLIM NPOroH Kak cpeAcTBo 3afaHua
CTUMYNMPYIOWMX BO3AEHCTBHM

CBoGonHbiii MPOroH MUKpONpoLeccopa MpeacTasaseT co6oi mpo-
CTO# €cnoco6 mpoBepKH paboTOCNOCOGHOCTH MHKPONPOLECCOPHOH CH-
creMbl (CM. ru1. 4). B paccmaTpuBaeMom HuKe NpUMEpPe MHKPOIPO-
neccop Z80 mpuHyauTeNbHO MoABepraercsi cBOGOAHOMY IPOTOHY 3a
CueT «MOHTaxHOH» mojaayn koga HET OIIEPALLMKM (NOP) hna
KOHTAKThl ero WHHB AaHHbIX. KakuMm o6pasom 3To aenaercs, noka-
3aHo Ha puc. 4.1. MuKponpoueccop yjiajsieTcsi M3 yCTAHOBOYHOIO
FHE31a, 0 MeXJAy HHM H THe3J0M YyCTaHABJIHBAaeTCs KOJOAKa CBO-
GOAHOTO MPOroHa, BHYTPEHHHM MOHTAa»KOM KOTOPOiH 06ecreuHBaercs
nonava Ha Z80 komanasl NOP. IlepexoaHas Ko/0oAKa BBIMOJHSET
claeayouHe GQyHKUHH:

— OTCOCAMHsIET MUKDONPOLECCOP OT CHCTEMHOH INMHB JAHHBIX,
MpejoTBpallasl TeM CaMbiM BLIIOJHEHHE MHUKPOMPOLECCOPOM
OpOrpaMMbl CHCTEM b,

-—— [I0J1aeT Ha WIHHY NAHHBIX MHUKDPONPOHECcCcOopa MPH CYUTLIBAHHH
KOoMaHabl no Jwobomy anpecy komanay NOP, BoiHyx)/aas npo-
leccop BbIMOJHHTL UMKJ Nepefopa Bcero AuanasoHa ajpecos;

—— OCTaBJ/IfieT MOAK/JIIOYEHHBIMH KOHTAKThl ajpeca M YNpaBJsio-
IIHX CHTHAJIOB, YTOOLl MpPOBepAJIOCh (DYHKUHOHHDOBaHHE af-
pPecHOA WIMHBI W cXeM AemH(PHPOBAHHsS anpeca, HMEIOLIHXCA
Ha nJjare.

[Tocnie HauanbHON ycTaHOBKHM mpoueccop cuuThiBaeT Kog NOP,

nocJie 4ero BBIMOJHSET WHKPEMEHT CYeTYHKa KOMaHA (T. e. uHbop-
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Malliy, NOjaBaeMoli HAa ajApPeCHYIO WHHY), 4TO6L NOMBITATLCS ocy-
ILECTBHTL YTEHHE COAEPKHMOrO OuYepefHOH oOsacTH namsta, Tak
KK B pesyJbTaTe YTEHHS O KaxKAOMY aJpecy B MHKPONPOLECCOP
nocrynaer komanza NOP, on noc/ie1oBaTe/IbHO nepeGHpaeT Bech
AHANA30H anpecoB NaMsATH; NPH STOM NpOBepsiercs (byHKUHOHUPO-
Baliie CXeM JLeWwu(ppaTopoB aApecoB M NOCTYIJeHHe AAHHBIX OT
Kpucrannos I13Y u 3YIIB na wuny ganubi. ®opmupyemble npu
9TOM NOTOKH LAHHLIX MOXHO NPOKOHTPONHPOBATH NyTeM CHTHATyp-
HOTO aHaJsusa.

Npumep: nnara KOHTPonnepa Ha 6ase mukponpoueccopa Z80

Hannui npumep HIJIIOCTPHUPYET NPHMEHEHHE MOLYJs CBOGOA-
HOro nporoHa AJisi TeCTHPOBAHHS MJATHI KOHTpOJLJIepa, NOCTPOEH-
Horo Ha MuKpompoueccope Z80 (cM. mpuiokeHHe 2), Mertomamu
CHTHATYPHOTO aHAa/Iu3a; ONHCBHIBAIOTCH CHIHAJE HCNOJIb3yeMble [
YUPaBJICHHSA CHTHATYDHBIM aHaJh3aTOpoM. B npuMepe paccMaTpw-
BACTCsT IOArOTOBKA J1OKYMEHTALlHH, BIOCJEICTBHH IpUMEHsIeMO# NpH
TECTHPOBAHHH,

Curnarypsl aapecHoll mwuHBI U AewndpaTopa aapecos

C munmn A15 anpecHoll wuHE nogawTCs CHTHAJBI IYCKa H OCTa-
HOBa A/ curHatypHoro okHa. Ha puc. 9.8 nokasano usmenemue
SHAUCHHs 5TOrO CHrHaJa mo Mepe nepeGopa IIPOLECCOPOM CBOEro

Nyck Ocranos

80004 FFFFyg
\
AlS
f 1 ]
0000, TFFFy 0000,

Puc. 9.8. Curnan ampecuoft jumun Al5 oGecriednBaeT (HOPMHPOBaHIE CHCHATyp-
HOTO OKHa A/ MOJMYUYEeHHs CHFHAaTyp CBOGOAHOIO MPOTOHA aipecos.

JAHanasoHa aapecoB (HeficTBHA, CBS3aHHBE C pereHepanueii, B nau-
HOM cJiyuae He yuHThHIBaIOTCS). [IpH CYHTHIBAHMN DAHHBIX 1O azapecy
800016 curnan Al5 npuoGperaer BHICOKH YPOBEHb H COXpaHser
€ro, noxa anpec He AOCTHUTHeT BeJduuuHn FFFFs nocae wero ypo-
BeHb Al5 ONATH CTAHOBHTCS HH3KHM W HAauMHAETCS HOBHIH mepe6op
anpecoB. Ecnu BH6GpaTh oTpHIaTe bHBIE ¢pouTH curuana Al5 B ka-
HUeCTBe CHTHAJOB NyCKa M OCTAHOBA, TEM CAMbIM Gynaer 3anaHo
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CHIHATYpHOE OKHO, B TeYeHHe KOTOPOro npoleccop nocaeloBaTeabHo
ELIBOAHT Ha LIMHY BCe BO3MOXKHble ajapeca.

B wmukponpoueccope Z80 orpuuarenbHslii ¢GpoHT curaasa RD
YKa3blBaeT MOMEHT, KOorja BbiBeJICHHBIH Ha IIMHY ajapec npuoGpe-
TaeTt ycTaHoBUBIUeecs 3HaueHHe. Ecau UCMosb30BaTh €r0 B KayecTse
CHHXDOCHTHaJa aHaJW3aTopa, B aHaausartop OyayT mocTynathb
TOJIBKO JOCTOBEepHble 3HaueHHs ajpeca. (Crmepyer OTMETHTb, UTO

Curnarypuas tabnwya MEDC 3aronosok: ceo60aHbIM NPofoR hnaret 7 80
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Puc. 9.9. Curuarypsl cBOGOAHOTO MPOTOHA NJATH KOHTPOJJIEPA HA 6a3e MHKPO-
npoueccopa Z80.

B Xole omnepauuid pereHepauuu JauHud RD He akTHBH3HpyeTcs u
CHTHATYpPbl, BbIpabaThiBa€Mble C HCIOJb30BAHHEM TAKOTO CHHXpO-
CUrHaJga, abCoMOTHO He YYHTHIBAIOT pafoTy afpecHOM IUMHBI B MpO-
Lecce pereHepanHi.)

[Tonyyaemble 1pu 35TOM CHPHATYpHl ajpeCHOH LIMHBI H JELIH-
bpatopa npuseeHnl Ha puc. 9.9. Hapsizy ¢ aHHOTHPOBaHHBIMH
CXeMaMH JJsi NOKYMEHTHPOBAHHSl CHMIHATyp HAaXOAHT MpHMEHEHHe
TaOJIMUHLIA  cnoco6 MX MpPEeACTaBJIEHHS, HJJIOCTPHDPYEMBbIl 3THM pPH-
CYHKOM. B Tabnuie onuchbBaOTCS CTHMYJHPYIOUHE BO3AeHCTBUSA, HC-
noJib3yeMble IJIsl MOJIyYeHHs] CHTHATYp, CHIHAJBI, MpPUMCHSEMbIE IS
CHUHXDOHH3allMH, TyCKa H OCTaHOBa, a TaK»Ke KOHDUrypanusa aHa-
Jqu3atopa. B Hayase TabauUbl NpHBEAEHA CHTHATYypa HarpsiKeHHs
NUTaHHSA (CHTHaTypa CHrHaJja «3emady Bcerza umeer Buix 0000).
Idns kaxpol ToukH cXeMbl ykasaHsl Homepa koutaktoB MC, coeu-
HeHHBIE C 3TOH TOYKOH, M XapaKTepH3yIOLlash HX CHTHATypa.
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Curnarypst M3y

[Ipn cBOGOAHOM ©pOroHe MHKpONpOLECCOpP NBITAETCs OCylle-
CTBHTb 4TEHHE N0 KaXKAOMy ajpecy, BbIBOAS HH(QOpMALHMIO M3 CH-
CTEMHOH NaMSTH Ha IUMHY NAHHBIX W TeHEPHPYS MOTOKHM JaHHBIX,
XapaKTepH3YIOUIHX colepKuUMOe namsTH. Pa3pblB WHHH JaHHbIX,
oGpasyomuiics 6Jarogaps KoJoiKe cBOGOAHOrO MPOroOHa, NMPefoT-
Bpallaer NOCTyMJIeHHe 3TOH HH(OpPMAaHH B IPOLleCCOpP; BMECTO HH-
¢opMalHH C CHCTEeMHOH INMHBI JAHHBIX B [POLECCOpP [OJaercs
komanaa NOP. Huas toro uro6el GOpMHPOBATH CHrHATYPHl HHQOP-
Mauuy, CHUMaeMOR ¢ IIMHBI JaHHbIX, HEOGXOAHMMO BHIIIOJIHUTb ABA
H3MeHeHHs. Bo-nepBhIX, AJsi TOro yro6bl mepedTH OT mpHeMa aape-
COB K IIPHEMY AAHHBIX, HEOOXOJHUMO OpPTaHW30BaTh MOAAUY CHHXPO-
CHrHa/la B HeCKOJbKo O6oJiee MO3ZHUH MOMEHT BpEeMEHHOTO LHKJA

Tlyck OcraHos

e —

Cs cnnasy

Puc. 9.10. Curnan snibopa kpucramia CIIII3Y d¢opmupyer cursatypHoe OKHO
JJIs moJIyueHHs cHrHaTyp csBoGoxHoro mporona I13VY.

Z80, a UMEHHO B MOMEHT MPOXOXJAEHHs MOJOXUTeabHOro ¢poHTa

curHana RD. Bo-Brophix, ecid AONYCTUTb, YTO CHTHATYPHOS OKHO
OXBaThiBAeT JaHHble, CYMTHIBAeMble H3 BCeHl MaMATH, HMelOLied
o6bem 64K, To curHatypsl 6yayT (GOpPMHDPOBATLCA H3 COLEPIKUMOrO
kak I13Y, rak u 3YIIB. Tak Kak He CyllecTBYyeT IIPOCThIX NPHEMOB,
obecneunBalOUINX NOCTOSHCTBO coaepxumoro 3YIIB npu kaxaom
BKJIOYEHHH NHTAHHS CHCTEMBbl, TaKHe CHIHATYPBl OKa)XyTCs HeNo-
BTODPSIIOILMMHCS H, CJI€OBAaTe/JbHO, JHIIEHHBHIMH BCSAKOrO CMBICJA.
OcMBbiCTIeHHbIE CHTHATYPB MOXHO MOJy4YaTh, €CJH 3aHOBO onpeje-
JSATb JJIMHY CHTHATYPHOTO OKHAa € TaKHM pacyeToM, 4YTOOBI OHO
OXBAaThIBAJIO TOJbKO NOTOKH AAHHBIX, MojayyaeMble o1 TI3Y cucTembL
Ha puc. 9.10 nmokasaHo, KaK 310 CAe/aTh, COeJUHHB BXOAbl NyCKa
H OCTAHOBA C BLIXOAHBLIM CHT'HAJOM BbIGOpa KpHCTAJJa, ONPEesiio-
mum o6pauienne k 13y (IC2). Heobxonumo yuecTb NpH 3TOM, YTO
H3MeHeHHe CHTHATYpPHOIO OKHA IO CPaBHEHHIO C PAacCMOTPEHHBIM
BBILIE TECTOM aipecHOi WHHB NpHBeIeT K H3MEHEHHIO 3HaueHus
CHFHATypHl, ()OPMHPYeMOH CHrHa/I0M HaNpsXeHHs MHTAHHUS.

INMporpammbl CTHMYNTMPYIOWIMX BO3AEHCTBUM

D¢ddeKTHBHOE TECTHPOBAHHE TAKHX KOMIIOHEHTOB CHCTEMBI, KakK
3VIIB u ycrpo#icTBa BBOJA-BEIBOAA, MOXKeT ObiThb OCYLIECTBJEHO
TOJIbKO IMpPY yIpPAaBJeHHH HMH C NOMOLIbIO nporpamm ¢(opmupoBa-
HHSI CTHMYJUDVIOIIUX Bo3xefictBuil. IIpu aHanu3e ¢ nporpaMMHBIM
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3ajanueM CTHUMYJHDYIOLIHX BO3AEHCTBHHA HCIOJb3YIOTCS Nporpam-
Mbl, xpansuuecs B II3Y, nocpeacTBOM KOTOpPBIX HA IWIHHY AaHHBIX
NOARIOTCSE NOBTOPSIOIIMECSH NOTOKM AAHHBIX H FEHEPHPYIOTCH CHT-
HaJbl ycKa/ocTaHoBa, onpeje/siiomue ¢GopMaT CUCHATYPHOTO OKHa.

Tecrepol M amynsitopsl

Haun6osee paunonasbHbiM nepnosoM BpemeHH A/ (OpPMHpPOBA-
HHSI CPEJCTB CHTHATYDHOrQ 4HAJH3a ABJASAETCH 3TAll NPOEKTHPOBA-
HHsl MHKDONpQLeGCOpHOy cucTeMbl. Ha 3To# crazun HHKeHep-pas-
paboTYHK MMeeT BO3MOXKHOCTb YA€NHTb BHHMAHHE CO3JaHHIO HPO-
rpamMMm reHepauuy CTUMYJHDYIOIIHX BO3/EHCTBHHA U BBECTH B COCTAB
annapaTtypnl JONOJHHUTEIbHOE 060pyA0BaHHE, KOTOPOE MOMKET HOHa-
AOGUTbCS AJIS1 CHTHATYPHOrO aHAa/n3a, HANPUMEpP AONOJHHTEJIbHYIO
nlaHe b 1151 ycraHoBKM 13V, gukcatopel Ajas BHIpaGOTKH CHTHAJNOB
IyCKa H OCTaHOBA, MepPeKJIYaTeJd H NEPeMBblYKH [IJs BBEIEHHUS
cxem [13Y B uHCIO QYHKIHMOHANBHBIX Y3J0B CHCTEMBl H A/ pas-
pbiBa neneil o6paTHOH cBA3H. B HekoTOpbix cucremax (B ocobeH-
HOCTH 3TO XapaKTepHO MJs CHCTEM, BBHIIYCKaeMbIX NPOU3BOAMTE-
JAMH CHFHATYPHBIX aHAJH3aTOPOB) NPEAyCMAaTPHBAIOTCS BCTPOEH-
Hble cpeacTBa, obJeryapuive peaqH3alHI0 CHTHATYPHOrO aHaJu3a.
K coxasnenuio, B GoJbIUHHCTBE CHCTEM MOJOGHBIE CPEICTBA OT-
cyrcTByloT. Hexenanwe 3aknafbiBaTe B CHCTEMY NPEANOCHIIKH
AJIsT yNpOLIeHUst MOCAeAYIOIEero NPHMEHEHHSl CHTFHATYPHOrO aHa-
JH3a HMMeeT, NO-BHAMMOMY, MHOXECTBO INPHUHH, TaKHX, HaNpH-
Mep, Kak

—— YBEJIMYeHHe MPOAOJIKHTEJIbHOCTH BPEMeHH NpPOEKTHPOBAHHUS
CHCTEMBI;

— HeoOXOAMMOCTb JONOJNHHTEJbHEIX 3aTPAT HAa annapaTHbe
CpeicTBa;

—— He3HaHHe NPEeMMYNIeCTB CHIHATYPHOIO aAHAJH3A.

KakoBbl 6bl HH GBLIH 3TH NPHUYHHBL, HelpeAyCMOTPHTEJIbHOCTD
Pa3pabOTYHKOB, He 3aJI0XKHBUIHX B CHCTEMY Ha 3Tame NPOEKTHPO-
BaHHs HeOGXOLHMble aNmapaTHele H NMPOrpaMMHble CPENCTBA, He HC-
K/II0YaeT BO3MOXKHOCTH NPHUMEHEHHs CHUTHaTypHoro ananausa. Cyme-
CTBYIOIIHE H3[eJHS MOTYT OBIThb A0paGOTaHBI C LEJbI0 ero peannsa-
unu. [laa o6/eryeHHst 5TOH 3aJaud HEKOTOpble ¢bupmbl paspabo-
TaJIi TeCTePbl H 3MYJATOPbI, C MOMOIIbI0O KOTOPBIX NPOrpaMMbl re-
HepalHu TeCTOBLIX BO3AEHACTBHUA BBOAATCA B IIPOBEPSIEMYIO CHCTEMY.
Bhewnuit BHA OAHOrO M3 TakHX NPUGOPOB, HOCSILIETO HA3BAHHE
Solartron Micropod, nokasan na puc. 9.11.

Ilpu ncnosb3oBaHuu TecTepa WM IMYJATOPAa MHKPOINPOLECCOP
H3BIMA@TCSl U3 TECTHPYEMOro yCTPOHCTBa U NMPHOOP MOAKIIOUAETCs
K 3TOMY YCTPOWCTBY uYepe3 mpoueccopHoe rueano. Cam mnpoueccop
YCTaHaB/HMBaeTCs B THE3M0 C HYJEBHIM (HKCHPYIOUIHM yCHJHEM,
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uMerolleecss Ha 3MYJATOPe, IAe OH MOXeT ObIThb HNPOTECTHPOBAH,
a 3aTeM MCIOJb30BaH [Jsl NIPOroHa NPOTPaMMBl FeHepalui TeCTOBBIX
BO3JeHCTBUH Jis1 IPOBEPAEMOro yCcTpoHCTBa. .

Puc. 9.11, Tunuunbii ‘BHEIUHRH BHA SMyJSLMOHHOH MEPEXOANHOH NpHCTABKIL

Hapsay c sMmyasinueli Kak rtecrep, Tak 1 smyasrtop Micropod
TO3BOJIAIOT OCYIIECTBJIATh TaKHe IOJIe3Hble oNepalnH, Kak csoboi-
HBIH TIPOrOH, TeCTHPOBaHHe MHKponpoueccopa u T. A. B caenywoiem
pasiene KpaTKO OMHCAHbl NMPHHUHOB OPraHU3aU¥H M HPUMEHEHHS
AMYJISALHOHHON npucraBku Micropod.
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Micropod

Has paborbl ¢ pasyiHuHBIMH MHUKPONPOLECCOPAMH HCIOJb3YIOTCS
crenHau3HpoBaHHble MOAeNU npHucTaBKH. Ha oaHodl U3 CTOpOH
IPUCTABKH HMeeTcsl PSJ KHONOUHBIX MepeKJiouaresel, ¢ MOMOLLbIO
KOTOPBbIX ONepaTop MOXKeT 3a1aTb OAMH M3 CJeAyHIOLIHX BHIOB pa-
60THhL

(A) Ceobodnoui npoeor (Free Run). Ilpucraska comaepXHuT He-
06X0UMYI0 annapaTtypy AJs OCyLIecTBJEHHS CBOGOJHOrO NMPOroHa
MHKpPOTIpolLieccopa, BbIpaGaThIBAIOLLYI0 CTHMYJHPYIOLIHE BO3JEH-
CTBHSI AJIsi KOHTPOJIS IIHHBEI JaHHBIX, aAPeCHOH LIMHBL H Jewingpa-
TOPOB TECTHPYEMOIo yCTPOHCTBA.

(b) Tecruposanue mukponpoyeccopa (Microprocessor Test).
Hmeromasicst 8 [I3Y nporpaMma reHepallud TeCTOBBIX BO3IEHCTBHM
OCYLIECTBJsIET NPOBEPKY caMoro MHKpompoleccopa. B mporpamme
HCnoab3yercs GOJBIIHHCTBO KOMAaHJ, BXOASILIMX B Habop KOMaH]
MUKpOTNpoleccopa; oHa BbipabaTrbiBaeT XapaKTePHCTHYECKHE CHIHA-
TYpBI 1JIf KaXKJOro BHEIIHEro BHIBOAA MHKPONpoLeccopa.

(B) Hopmasenas pabora (Normal). Ilpu sagaHum storo pe-
XUMa TeCTHpPyeMoe YCTPOHCTBO MOCJe HAauajbHOI YCTAHOBKH BbI-
HOJIHSIET CBOIO COOCTBEHHYIO MOHHTOPHYIO IPOTpamMMy.

(I') Tecrosoe go3deiicreue (Stimulus). HaxarueMm 3Tod KHONKH
3ajaercsl BhHIOJHeHHe sMyJsunud. MMeercss BTopoe ruesno ¢ HyJe-
BbIM (ukcupywomuM ycuadeMm Aast ycraHosku CIIII3Y, cozepxka-
L1erO TeCTOBEIE NPOrpPaMMABL

Has obnerveHus pemeHHss npobjeMbl noa6opa MOAXOASLIHX
CHFHAJIOB, YNpPARJSIOMUX (OPMHPOBAHHEM CHTHATYDHOTO OKHA,
NpeAyCMOTPeHO HPOrPpaMMHOE yNnpaBJeHHe BBIXOAHBIMH CHTHaJaMHu
nyckKa/ocraHoBa. DTH CHTHAJbl BMeCTe€ C CHCHAJOM CHHXPOHH3AUHH
H 0OILHMM NMPOBOAOM BbIBeJeHBl Ha Kpail npucrasku. Hdua toro urolwt
NPHAATH BBICOKHI WJM HH3KHH YPOBEHb BBIXOJHOMY CHTHaJy Tyc-
Ka/ocTaHOBa, MporpaMMa TEeCTOBBIX BO3AeHCTBHH [OJIKHA JHLIb
OCYIIECTBHTb 3aMHCh B NaMSITh [PHUCTABKH HO aApecy YIpaBJ/eHHs
(FO00 B nmpoueccope 6502, 0000 B npoueccope Z80). Mnaamuii 64t
HHQOpMAaLHK, 3aNHCAHHOH MO YNpaB/sOLUIEMY ajapecy, NMOCTyIaer
Ha BBLIXOJHO¥ KOHTAKT nycKa/octranona. Takum o6pasom, Nox Ae-
CTBHEM NpOrpaMMbl (pparMeHTa

LDA #XXXX XXX0

STA FO00046
BBIXOJHO! CHTrHAJ MycKa/OCTaHOBA MNPHHHMAET HHU3KHHA YpPOBEHb,
a parmeHr

LDA #XXXX XXXI

STA FO000,6

MPHIAET €MY BBICOKHI ypPOBEHb.



nasa 10
KoHTpons ¢ npumeHeHnem 3BM

SBOJIOUUST METOAOB H CPEACTB KOHTPOJS HA KAXKAOM 3Tale pas-
BHTHSI TEXHOJIOTHH 3aKJIOYaeTcsi B Nepexoje OT HWHAMBH/AYaJbHOIO
TECTHPOBAHHS K MACCOBOMY, OT PYYHOTO K aBToMaTHyeckoMy. Ha pau-
HHX CTaAHAX 3TOrO Mepexoia aBTOMATHYECKHE CHCTEMbl KOHTPOJIS
CO3/1AI0TCsl OTAC/bHBIMH I1OJb30BATENAMH AJIS CBOMX OpraHH3alHii,
NpH 3TOM CTOHUMOCTb 2MNapaTyphl MOXKeT GbITh HEBLICOKO, a CTOM-
MOCTb pa3paboTKH BOOOIe HE MPUHHMAeTCs BO BHUMAaHHe. [1o mepe
CTaHOBJICHHS] aBTOMATH3HPOBAHHBIX CPEACTB KOHTPOJSI H POCTA HH-
Tepeca K HHM B [€J10 BKJIIOYAIOTCs CNEUHaJH3HPOBAHHBEE (UPMbI-
H3TOTOBHTEJ/IH, KOTOPhIE B CBOIO o4epejb pasdpabaThlBalOT HOBbie aRB-
TOMAaTHYeCKHE MeTOJbl TeCTHPOBAHHA. PBIHOK NMPOU3BOAHMBIX HMH
CHCTEM MO-NIpeKHeMy OrpaHuyeH, a B paspaborkax Habaopaercs
TeHIEHUHA K TMPOEKTHPOBAHHIO GOJIbLIMX, NOPOTHX CHCTEM AJIs
KPy[HOCEPHHHOrO MNPOU3BOACTBA. Broc/aeACTBHH HaKamIuBaeMbi
OIIBIT €J1a€T BO3MOXKHBIM CO3JaHHE YNPOLIEHHbIX BAPHAHTOB TeX e
CHCTeM, AOCTYNHbLIX WIMPOKOMY Kpyry norpeGuresieil. Co Bpemenem
NOABJAIOTCS HAEH N0 CO3JAHHIO TECTOBOTO 06ODYIOBAHMHS, OpHEH-
THPOBAHHOrO Ha NpHMeHeHHe Ha paboueM MecTe HHIKeHepa WJlM
TexHuka. IIpo6GieMbl 31ech HECKOMBKO ApPYrHe: HeOGXOAHMO ocylue-
CTBJIATH TECTHPOBAHHE HJIH OGCHyXKHBaHHE HeGOJBbIIOTO YHCAA H3Je-
JIUH, BO3MOMHO, COBEPIIEHHO PA3JIHYHBLIX THIIOB, a He KOHTPOJb Ka-
YecTBA H3rOTOBJIEHUs GOJBLIOTO YHCJIA OLHHAKOBHIX H3nesui. Tec-
TOBas annaparypa A STHX ABYX 06JIacTedl BHIMIAMHT MO-pPa3HOMY,
H METOABI, HMCNOJb3yeMble B OAHOH M3 HHX, MOTYT NpPEICTABJATH
JIHLIb HE3HAUUTEJbHBIH HHTEpec AJs1 APYTOH.

MorKHO HaMeTHTb elle OJMH 3Tall PAa3BHTHSI METOLOB W CpencTB
Koutposisi. Tecrooe ofopynoBaHHe MOMKET MO-IPEXHEMY KasaThes
JOPOTHUM — BeJllb €ro CTOHMOCTb, KaK NPaBHJIO, COCTABJSIET 3HAYU-
TeJbHYI0 4YacThb 3apalboTHON naartkl nosas3obatens! Ha sto moxuo
He o0pamarh BHHMAHHS, €C/IH aNmapaTypa NOCTOSIHHO HAXOAHTCS
B NDHMEHEHHH, TAK KaK ee CTOMMOCTb OKYNHTCH SKOHOMHeH Bpe-
menu. Ho no-npexHeMy HepeumreHHOH ocraercsi mpo6ieMa HeGoJIb-
WHX NOAPA3AEJIeHHH, HAyYHO-HCCAEAOBATENbCKHX J1a6opaTopHil,
yueGHBIX 3aBeleHHH H LEHTPOB NMOATOTOBKH CIIeIHAJHCTOB. Bo Beex
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[lpn sananuu pexumMa TeCTOBOro BO3AEHCTBUS IMYJIALHOHHASN
IIPUCTABKa BBINOJIHACT 3amuch B 4K-6afToBHI 6/0K NaMsaTH TeCTH-
pyemoro ycrpoiictBa. Eciu peup mjaer o Moiennm npucTaBk, mpen-

lenepauuna
umMnynbca
fycka/ocranosd

Tecr

“WaxmatHas Aocka”
Ana 16 cTpaHuy
3yns

J

leHepayun
uwMnynsca
nycka/ocTanosa

Tect

“waxmaTHas gocka”“
ANA NONbIOBATENL~
CKUX NOPTOB

Puc. 9.12. Cxema asropurma nporpam-
Mbl TECTOBBIX BO3JelCTBHI J1Js1 KOH-
TPOJIS NaMATH ¥ NMOPTOB.

HasHaueHHOH Anaa paBoTte ¢
280, to wuHpOpMauHs, HanpaB-
JseMasi npoueccopoM no Jai6o-
My aapecy B [AMamnasoHe OT
0000, no OFFF,, ue monapaer
B LEJEBYIO CHCTEMY, a Hampas-
Jsiercsi BMecto atoro B CIIII3Y
NpOrpaMmel TECTOBBIX BO3JeHCT-
Buii. B Momesn, opuentupoBan-
HOH na npoueccop 6502, CITI13Y
3aHHMaer crapiune 4 K Gaiit na-
MSTH C ajJpecaMH B [HaNas3oHe
F000,s — FFFF .

MNporpamma rexepaumn
TeCTOBbIX BO3AEMCTBMM
ANs opHonnatHoX 3BM

Ha puc. 9.12 npusenena cxe-
Ma ajJropuTMa CTHMYJHPYOleH
nporpammel  (nporpamma 9.1),
NpefHa3HaueHHOH [/ TecTHpo-
Bauug 3YI[IB u noawnsoBatesnb-
CKHX [IOPTOB OJHOMJATHOH MH-
kpodBM (cm. puc. [12.1 B npu-
Joxenun 2). DBbia BeiGpana
UMEHHO 3Ta MHUKPOIBM, rtak
KaK ee Mpocrast apXUTeKTypa H
nabop O3Y, 3¥IIB u cpexacrs
BBOJla-BbIBOJA Ze/aloT ee yno6-
HOH 1J51 NeMOHCTPAllHH OMHCHI-
BaeMOro MeTOla TECTHPOBAHHS.
Ilporpamma  pasmemaercs B
CIIN3Y = OPHEHTHPOBAaHAa
Ha  HCNOJB30BAaHHE  MPHCTaB-
KH 6502,

[locie Toro xax BexkTOopamu
HayaabHO# ycraHOBKH FFFCq
u FFFD,s obecneyeno ykasauue
HayaJbHOTO ajpeca NPOrpaMMbl

TECTOBBIX BO3JeHcTBHH, T. e. aapeca F800,5, Hauunaercs BLIMOJHE-
HHE MpOrpaMMbl NyTeM MNPHIAHHUA HH3KOTO YPOBHSI CHTHAJY Myc-
Ka/0CTaHOBA 3aMHCHIO XOJOCTOrO CJIOBA MO YNPABJAAIOMIEMY a1pecy
F000;6. 3aTem c NMOMONIBIO TeCcTa «MmaxMaTHAs NOCKA», 3aKJIOYA0-
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mierocsl B 3alHCH M YTEHHH cJoB 55 n AAe, NpoBepsOTCa Bce
suefiky 3YIIB na nnare mukpodBM. Cayxamas A48 3TOro npo-
rpaMMa MOXKeT I0Ka3aTbCs J0BOJbHO NMPHMHUTHBHOH N0 (opme, Tak
KaK B Hell He HCIOJb3YIOTC HH OOpallleHHs K noAnporpammam, HH
KOCBeHHasi ajpecanus. JTH JAeHCTBHS He NPHMEHeHbl CO3HATEJ/bHO,
JeJo B TOM, YTO [Jis HX peasJH3alHH HeoOXOAHMO KOPpPeKTHoe
(GYHKIHOHHPOBAHHE KaK cTpaHunbl 0, Tak u cTpaHuusl 1, T. e. B pa-
60Ty MOJIKHBI BKJIOYaTbCs OOJMACTH NaMsTH, paboTOCIOCOOHOCTH
KOTOPBIX M JOJIKHA OBITh BbisicHeHa ¢ nomoulbio Tecta. [lo okonua-
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Puc. 9.13. Curnatypn 3VIIB.

uny tectupopanust 3VIIB nporpaMma npujaer curuajy nycka/ocra-
HOBa BBLICOKHH YpOBEHb, a 3aTeM OCYIIeCTBJSET TEeM Ke MeTo-
JIOM <«IIAXMATHOH /MOCKH» NPOBEPKY ABYX MOJb30BATEJBCKHX TMOP-
TOB, MOCJE Yero MPOUCXOAHUT BO3BPAT K HayaJy NporpaMMmbl H mo-
BTOpeHHe BCell MPOoLeNyPbl KOHTPOJISI.

Cursas nycka/ocraHoBa oNpefessieT IO CyLIeCTBY ABa CHIHAa-
TypHBIX OKHA, OJHO H3 KOTOPBIX OXBATHIBAET IOCJIENOBATEJBHOCTD
tecrupoBanus 3YIIB, a apyroe-— TeCTOBy10 MH(OPMAUHIO MNOPTEB.
Ha puc. 9.13 npuBenennsl curHatypbl 8-6HTOBOM UIMHBI AAHHBIX, MO-
ayuenHble npu Tecrupoanuu 3YIIB. Ilznsi BBOLA NAHHBIX HA BXOA
CHHXPOHH3AILMH AaHA/JIH3aTOpa MOAAeTCs CHHXPOCHTHAJ. mpolec-
copa ¢,. baarojaps mofaye Ha BXOA KBaJH(HKATOpA CHHXPOCHT-
Hanaa npoueccopHoro curiana CS (Bwibop kpucramna) 3YIIB
B (OPMHPOBAHHH OKOHYATeNbHBIX CHTHATYp NPHHHMAIOT yyacTHe
TOJbKO AaHHble, nepeaaBaemble B 3YIIB uau u3 Hero, T. e. AaHHHIE,
MOABJSIONIMECST HA IIMHe AAHHBIX B IpOLEcCe BHINOJHEHHS camoH
nmporpaMMbl, B aHajiu3aTop He nocrynaiot. IlosTomy, Kak BHIHO
Ha puc. 9.13, curHaTypel JHHHA LAHHBIX Yepe3 OIHY MOBTOPAIOTCA.
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Haxkonen, Ha puc. 9.14 npuBeneHbl CHFHATYDHI, TIOJYYeHHBIE NPH
TECTHPOBAHHH MOpPTAa METOAOM, AHAJOTHUHBIM TECTHPOBAHHIO
3YIIB. B kauecTBe KBaJH(pHKATOpAa CHHXPOCHI'HAJA HCHOJb3YeTCd -

curiagn CS o6pauleHHs K MOJb30BaTeNbCKOMY HOPTY; [PH 3TOM

TecTuposaHue
WHTepdeitcHorg
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Puc. 9.14. CurHatypel nopra 8BOAd-BbIBUAA.

B aHaAH3aTOop NOCTYyNmaeT TOJbLKO Ta HH@OpMaHHﬂ ¢ HIHHbI NAaHHBIX,
KOTOpasi nepegaercsd 10 UIHHE MNPH oOllepaluAX UYTEHHS H 3allHCH
C yuacCTHeM I10JIb30BaTeJ/bCKHX TMOPTOB

3aknoueHue

CBoGonHHII NpOroH MHKpONpoleccopa npeicrasiser coboil or-
HOCHTEJLHO MPOCTOM METOX MOXA4YH TeCTOBLIX BO3AEHCTBHH Ha 3Ha-
YUTeJbHYI0 YacTb MHKPOTIPOLECCOPHOH CHCTEMbI, KOTOPBIH CO3qaer
NPeANOCHIJIKH A5 KOHTPOJSL YCTPOHCTB CHCTEMBI OCPEACTBOM CHT-
HaTypHoro asasusa. CHTHATyphbl, CHUMaeMble C aJpecHOl WHHH H
IelH(paTopos, ABJAAIOTCS CPEACTBOM MPOBEePKH paboTocnocobHOCTH
3TUX ycrpoicTB. CHTHATYpPHl IIMHBL AAHHBIX MO3BOJSIOT HE TOJBKO
NPOKOHTPOMHPOBATL paborocnocobHocTs U coaep:xumoe [I3Y, Ho
H BBHISIBUTb Ae(deKTHl WIHHB, HANPUMep KOHCTAHTHBIE CHTHAJBI, KO-
pDOTKHe 3aMBIKaHHs M [epeMblKaHHe JIMHHUH, HaJHuHe YCTPOHCTB
C MOCTOSIHHBIM pa3pelleHHeM BBIXONHBIX CHUTHAJM0B H T. I.

s apdekTUBHOrO TECTUPOBAHHUS METOAAMH CHUTHATYPHOrO aHa-
ausa 3YIIB wu ycrpoficTB BBOAA-BBOJAA HEOOXOAMMO NpHMEHEHHE
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nporpaMm reHepauMH TeCTOBHIX BO3AeHcTBHH. Takue nporpammbi
JIOJKHB 00ecleyuBaTh IOBTOPSEMOCTb BLIPaGaTEHIBAEMBIX MOTOKOB
JAHHBIX; KOPPEKTHOCTb HX BBINOJHEHHA 3aBHCHUT OT IPABHJIbHOCTH
(YHKLHOHHPOBAHHS TECTHPYeMBIX KOMIOHEHTOB.

Hcnosib3oBaHHe SMYJATOPOB HJIH TECTEPOB I03BOJAET I[pHMe-
HUTb METOAbl CHTHATYPHOrO aHAJNH3a K CYLIECTBYIOLUIHM H3IEJHHUAM
NyTeM NpeAOCTABJIEHHs CINELHANHCTy MO KOHTPOJIO BO3MOMKHOCTH
noAaBaTh Ha TECTHPYeMble YCTPOHCTBA HEOGXOLHMbIE TECTOBbIE BO3<

AeHCTBHSI.
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3THX CJyyYasix KOHTpPOJbHOe OOODYROBAHHE MOXKET HJIH HCNOJb30-
BaTbCSl OT CJaydYas K CJAydalo, HJIH, Kak 3TO HMeeT MeCTO HpH
obyueHuHn, TpeboBaThcs B GosblIMX KosuuecTBax. Ecau ypacresa B
6oJiblllell CTeNeHH peasn30BaTb BO3MOXKHOCTH MHKPoIBM, yixe
HMeIOUIUXCS BO MHOTHX OpPraHH3allusxX, CTOMMOCTb TECTOBOTO 060py-
JOBaHHS MOXKeT OblTh cHHKeHa. [TycTb MUKpoDBM Bo3bMer Ha cebs
ynpaBJeHHe, BbIYHCJeHHs] U MHAUKauuio. B srofi raase 6yayr pac-
CMOTPeHbl BCe TPH BHAAa aBTOMATHYECKOro KOHTDOJBHOrO 060py-
JOBaHUSA:

— aBTOMAaTHYecKas KOHTpoJbHas amnaparypa (AKA);

— NI0J1yaBTOMAaTHYeCKOe KOHTPOJIbHOe 000pyN0BaHUE 1Js1 MPOH3-
BOJCTBEHHBIX yCJOBHH;

— KOHTpOJbHOe 060pyROBaHHe ¢ ynpasJjeHHeM OT MHUKpPoIBM.,

ABTOMaTHuyecKan KCHTPONbHAA annaparypa

Mpl MoxkeM cKasdate 06 3TOH annmapaTtype HECKOJbKO CJIOB, He
yray6assice B moapobHoctu. Ilpeamer u3yyeHHs 3Zech OOGUIHpeEH,
U34eJIHsl JOPOrH, a KPYyr JHI, HMEIOIHUX K HUM OTHOLIeHHe, OTHOCH-
TesqbHO Yy30K. ITosTomMy aBTOMaTHueckoe KOHTpPOJbHOe 060pynoBa-
Hde MPUMEHSeTCss B OCHOBHOM B Ipollecce NPOH3BOACTBA HA KPYII-
HbIX (upmax-usrorosuretsax. OHO [0JKHO GbicTpo o6pabarhiBaTh
MHOXeCTBO M3jesuil. Hanpumep, npu H3roTOBJIEHHH MOJYNPOBOLHH-
KOBbIX KOMIOHeHTOB HeoOxoaum KoHtposab HMC mocse cGopku, HO
HYXHO U [IPOBEPsATb KPUCTAJ/bl HA MHOFHMX NpEALIECTBYIOUIHX 3Ta-
nax Npou3BOACTBA. DBeccMbiCleHHO TPaTHTh JeHbIH Ha NPHCOEHHEe-
HHe INPOBOJAHHMKOB K KPHCTaJly, KOTOPBIA motepsasa paboTocmocof-
HOCThL YyXKe Ha TeXHOJOrHYeCKOM 3Tane AHpQy3uu; He MeHee
6eccMBICJEHHO TPAaTHTb AEHbIM Ha OpOJoJKeHHe nuddysuu, ecau
paHee HMeEJH MECTO HapyLIeHHS B (POBEJEHHH IpPOLecca OYHCTKH
T A

HekoTtopble H3 TecToB MOTYT OBITh ORMHAKOBHIMH [AJSI MHOTHX
pasHoo6pasHbiX MOJYNPOBOJAHMKOBLIX MNPHGOPOB, HANPHMEp Ipo-
BepKa KayecTBa MeTAJ/IH3alUH H TayOuHbl Anddysnu. [pyrue
cneudpuyHbl AJs1 KOHKPETHBIX NPUGOPOB; TakK, NPOBepKa HampsiKe-
HUSl CMelleHHA B ONEePALHOHHOM YCHJHTeNe He HMeeT HHYero o6-
Llero ¢ H3MepeHHeM BPeMeHH 3aJepXKKH JOTHYEeCKOro BeHTHJd. Bce
BHAbl TECTHPOBaHUA OOBeJHHSET BO3MOMKHOCTh MOJAKJIOYEHHS K He-
CKOJIbKHM, XOTd 6bl Haubojee XapakrepHbBIM TOYKAM CXeMbl H HO-
Jlaud B HEKOTODHle H3 3THX TOYEK OINpelesIeHHBIX NOCJeL0BaATe/b-
HOCTeH Hanpsi)KeHH# HJIH TOKOB € OAHOBDEMEHHBIM HabJiofeHHeM
pe3yJbTHUPYIOLIHX CHTHAaJOB B JIPYTHX TOYKax. TecTh 4acTo sB-
JISLIOTCSE CTaTUYECKUMH, NIPeACTaBJiss co60H NpPOBEPKY COOTBETCTBHSA
OLICTPO CMEHSIIOUINXCS BBIXOAHBIX HANPSIKEHHH I10CJACA0BATEIbHO-
CTH BXOAHBIX, IpHYEM KaxKAbli HaGOp BXOAHBIX HaNpsKEeHHH ynpep-
JKUBAETCSl JOCTATOYHO JJIUTEJbHOE BpeMs 1Js TOro, utolHl ycTa-
HOBHJIHCb CTA0H/JbHBIE 3HAUCHHS BBIXOAHHBIX. TakKue TECTHI MOTYT
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OBITH C yCIIEXOM NPHMEHEHB! AJ NPOBEPKH 3aKOHYEHHHX YCTPOHCTB,
KOHCTPYKTHBHO O(OPMJIEHHBIX Ha MedyaTHBIX miarax. [Ipu atom Ha
3aJaHHble TOYKH IVIATHl, OOBIYHO BhIBEJEHHHE Ha TOPUEBOil pasbem,
NIOAAI0TCsl BXOAHBIE CHTHAJIB, H PEAaKUHs IJIaThl HAa HX [OAAuy
cpaBHHBaeTcs ¢ oxuiaaemoi. KoJsuuecTBO nojzaBaeMbX CHrHaJioB
MOXeT ObiTb OIPAHHYEHO COOGPaXKEHHSMH MNOBBILECHHS CKOPOCTH
KOHTPOJIA B MPEAMNOJIOKEHHH, YTO COKPAILEHHBIH KOHTPOJIb BCe-TaKH
BBIIBHT MOAaBJasiollee OONbIIHHCTBO HeHcnpaBHbix UC npuw munu-
MaJbHEIX 3aTpaTax. JTO TAK HA3bIBAEMbIH (DYHKLHOHAMBHLI KOH-
TPOJIb YCTPOHCTBA, T. €. KOHTPO/b NPABHJBHOCTH JIOTHKH €ro (yHK-
LIMOHHPOBAHHUS.

Ecan soruueckas cxema KOHCTPYKTHBHO NpeACTABJSET CO6OM
YacTb M€YaTHOH NJATH, TO KOHTPOJb JIOTHYECKOH CXeMbl MOKHO
Obio 6bl 60Jiee TOYHO HA3bIBATH KOHTPOJEM yCTPOHCTBa, XOTs
OCBIYHO €ro Ha3bIBAIOT BHYTPHCXEMHBIM TeCTHpoBaHHeM. VTak, mbl
yKe MMeeM HepapXHIO TeCTOB:

— TeCThbl YCTPOKUCTB;

~— BHYTPHCXEMHBIE TECTHI;

— (DYHKIHOHAJbHEIE TECTHL.

DTy HepapXui0 MOXKHO NMPOJOJKHTb, PACCMATPHBAA MJATy KaK co-
CTaBHYI0 4acThb HEKOTOPOro npubopa WM anmnapaTHoro 6J0Ka, Ko-
TOPbIH B CBOKO Ouepelb SBJASETCS KOMIOHEHTOM cHcTeMbl. JIis KOH-
TPOJ/IsI COCTABHBIX CHCTEM MOXKHO Ju00 1ONpO6GOBaTh NPHMEHHTD
(yHKLUMOHANbHOE TECTHPOBAHHE CHCTEMbl B LEJIOM, JHOO pa3pabo-
TaTh CPeACTBa KOHTPO/A OTAE/IbHBIX GJIOKOB annapatypnl. Mmes
JeJIO ¢ HeHCNpaBHBIM NpuUOOPOM, caelyeT HCKaTb OTKa3bl WJH C [O-
MOWIBI0 (QYHKIHOHAJBHOTO TECTHPOBAHHA NPuGOPa B UEJIOM, HJIH
Ha YpOBHE OTAeJbHbIX MJAT.

[Togo6ubii MOAX0OA, B COOTBETCTBHH C KOTOPHIM «TO, YTO OAHH
YeJIOBEK CUHTAET YCTPOHCTBOM, AJISA APYTOrO SIBJASETCH CHCTEMOIi»,
COCTaBJIsIET OCHOBY COBMECTHO Da3BHBAIOLIHXCSI B MOCJAEAHHE TOAbI
BHYTPHCXEMHOr0 ¥ QYHKUHOHAJILHOIO TecTHpoBaHus. C moMolsio
NPOCTHIX JIOTHYECKHX TECTOB, OMHCAHHBIX B IJ. 1, BHINOJHseTCS
BHYTPUCXEMHO€ TeCTHPOBAHHE, IPH KOTOPOM OMNpeJesieHHbE TeCTO-
Bble HabOpBl NMOJAlOTCs Ha LH(POBHE ycTpoiicTBa 6€3 CHSTHS 3THX
ycTpoicTB ¢ nyatel. @PYHKIHOHUPOBAHHE CHCTEMBl B LEJOM npu
3TOM He npoBepsieTcs. HencnpaBHOCTH JIOKAJH3YIOTCA € TOYHOCTBIO
no oaHot MC, HO NIPHYHMHBI HCKaXKeHHS BPEMEHHBIX COOTHOMICHHII
He BHABJAITCS. Jlornueckuit ananus npeacrasiasier coboi cpeacTBo
(GYHKUHOHAJIBHOTO TECTHPOBAHHS, MIOTOMY YTO HCHOJIb3YeMble B Hem
CHTHA/pl SIBJASIOTCS «peaNbHBIMH®, T. €. IeHCTBHS BBINOJHSIOTCS
C MaKCHMaJbHOH CKOPOCTbIO, YTO NO3BOJISIET BBISIBJASITH BpPeMeHHbIE
OLIHOKH.

OOuHe NpHHUHMNB NOCTPOEHHS aBTOMATHYECKOTO TECTOBOIO 060-
pyaoBanus uimocTpupyiores puc. 10.1. Paccmotpum coaepxkanue
3TOH CXEMBEL
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O6wvexr Konrposst. O6GbEKTOM KOHTPOJIS MOXKET GHTh MaTepHal,
H3 KOTOpOro cjaesian KOMIOHEHT, YCTPOHCTBO, B COCTaB KOTODOLO
BXOAHT KOMIIOHEHT, HJH COOpDKa H3 HEeCKOJbKHX YCTPOHCTB, MpHEOp,
B COCTaBe KOTOPOrO HCIIOJIb3yeTcsl 3Ta c6OpKa, WIH cHcTeMa, B Co-
CTaB KOTOPO# BXOJAHUT 3TOT HpHGOP.

Adantep. CnyxuT ajs NoacoelHHeHHsT 06beKTa KOHTPOJISA K CH-
creme. Ananrtep MOXKeT NpPeACTaBJAATh cO60M HCIBITATEbHbI CTEH,
THe310, Kabeib, Ji060e cpefcTBO ABYCTOPOHHEro o6MeHa HH(popMa-
Lueli MeKAy 00beKTOM H CHCTEMOH. ‘

Bsod. Moxer noHafoGHTbCA 1O OuepefH MOAKJIIOYATH K OLHOMN
H TOH Ke CHCTeMe KOHTPOJISI MHOXeCTBO ycrpoiicts. O6opynoBaHie
BBOJA AOJIKHO BKJIOYaTh MEXAHH3MbI NMOAAUYH KOMIOHEHTOB, PYKH
po6OTOB, TPaHCIOPTEPHI.

Ycaosue. a5 Toro 4To6H TECTHPOBAHHE HMEJO CMBICI, 06LEKT
KOHTpPOJIs [OJIZKeH PaboTaTh B OlNPEJEJEHHBIX YC/IOBHSX, K YHCIY
KOTOPBIX MOTYT OTHOCHTbCSI MapaMmeTpbl HCTOUHHKA NHTAaHHS, OKpYy-
XKamwllag TeMneparypa, MexaHuyeckas OpHeHTaLus npubopa.

Kommyrarop. Tectupyemoe ycTpoHCTBO HJIH NPHOOP MOryT
HMETb MHOXeCTBO KOHTaKTOB. KOMMyTHpyOLIasi 4acTh CHCTEMBI MO-
JKEeT OCYIECTBJAATh BHIGOP KOHTAKTOB, KOTOPHIE JOJIXKHBI OLITh MOL-
KJIIOYeHBl K CHCTeMe B JII0O0H MOMEHT BpeMeHH, C HOMOIIbIO MYJib-
THIJIEKCOPOB HJIH peJieHHEIX CXeM.

Tecrosole s030elicTéus. B KauecTBe HX MOrYT NOTpe6oOBaThbes
camble pasHoOGpasHble CHTHAJbI OT CHHYCOUIAJbHBIX KOJNe6aHuil 10
MMIYJIbCOB BBICOKOH YaCTOTHl W CHTHAJIOB YNpPaBAAeMOl (opMubL
B aBTOMaTHuYeCcKHX cHCTeMax KOHTPOJS MOXKET 0KasaThcsl HeoGXo-
JHMOH BO3MOXKHOCTb YIPAaBJEHHS CHTHAaJAaM{H B UIMPOKOM jJHana-
30He 1apaMeTpoB.

Hsamepenue. B cucreme nosxeH GBITb NPeIyCMOTPEH IHPOKHIT
HAabop H3MEpHTEeJbHLIX CPEIACTB, BKJIIOYAKIHUA LHHQPOBLE BOJbBT-
MeTpHhI, YacToToMephl, hasoMerpsl U T. X. OHH TaKKe JOJKHB GbiTh
yopaBJasieMbIMH, 4TOObl OOECIEeYHBAJOCh COOTBETCTBHE JHAmmaso-
HOB HMX H3MepeHHH [apaMeTpaM HCIOJb3YeMBbIX TECTOBLIX BO3Lek-
CTBHH.

Ynpasaenue. OHO MOXKeT GBITH JOCTATOUHO NPOCTHIM, KaK, Ha-
npuMep, pydyHoe OmepaTopHOe ymnpaBieHHe. B aBToMaTHyeckux cu-
CTeMax omepaTop TOJIbKO 3amycKaeT H OCTAHABJMBAET Mpollecc, HO
B CHCTE€Me JOJIKHBl OBITb TaK¥Xe yCTPOHCTBA YNMpPABJNEHHS C Ipes-
BapUTE/JbHBIM IIPOrPAMMHDOBAHHEM, KOTOPhHIe MOTYT OBITb NPOCTHI-
MH, KaK I1jaTa C NMepeMblYKaMH, HIH CJIOXHLIMH, KaK MHHH-DBM.

‘Hannoie. Viapopmanus, nosyuaemasi OT H3MEPHTENbHOH CHCTe-
MBI, MOXeT HMeTb BHJA, He YAOOHBI HHM I/ oneparopa, HH AJ4
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ynpasasiolieli nporpaMmbl. BecbMa THNHYHA CHTyauus, KOTAa B 3a-
BHCHMOCTH OT Pe€3yJIbTaTOB NpeAblAyLIero TecTa AOJKHA ObTh Bbi-
NOJHEHa Ta WJIH WHAsi NOC/eI0BATeNbHOCTh APYTHX TecToB. B sTom
OTHOLIEHHH XapaKTEePHOH CHTyauHeH sBJIAETCA BHIXOJ 3HAYEHHH u3-
MepsieMbIX BEJHYHH 33 MaKCHMaJbHble M MHHHMaJbHble TNpeaesbl,
ycTaHOBJEHHble NJsi fanHOro mnpuGopa. Baok TTPOLIECC Bkio-
yaer MOMHMO BCErd MPOYEro BHINOJNHeHHe Npeo6pa3oBaHHH NAHHBIX,
TaKHX, HapHMep, KaK NepeBOj M3 MOCJel0BaTe/bHOH GopMbl B na-
paJlJIeJbHYIO. -

Boisod. B konue KoHIOB HHGopMamus lNepejaercs Ha HHAMKA-
TOpBl WIH PECHCTPUPYIOILHE YCTPOHCTBA, YTOOB €l0 MOT BOCHOJIb30-
BaTbCs YesloBeK — HabJsonartesb. Takas uHQOpMaUUs MOXKET IIped-
CTaBJATb JaHHble, HeOGXOAHMbIE IJs MOJHOH KOJIbLEBOH MPOBEepKH
H3MEpPHUTEJbHOH CHCTEMBL.

Hukakas nomoGHas cxeMa He MOXKET YYecTb BCe BO3MOXKHBIE
HIOAHCHl TOCTPOEHHsI cHCTeM KOHTpoJs. HexkoTopeie U3 Ha3BaHHLIX
¢yukuui Moryt ObiTb OGbelHHEHbl B OLHOM OJIOKe, Apyrue, 3iechb
He yIOMSIHYThle, MOI'YT BbI3BaTb 3aTPyAHEHHs C TOYKH 3PEHHs] OT-
HeceHHst UX K TOH WM uHOM uactu cxembl. Caeayer ciesatb ABa
3aKJIYHTeJbHBIX 3aMmeyaHus. Jljis Toro uyro6bl CHCTeMbl KPaTKo
0XapaKTepH30BAHHOTO BhILIE KJjacca MOXKHO ObJIO HasbiBaTb MOJ-
HOCTbI0 ABTOMATHYECKUMH, OHU [OOJKHBI OBbITh, BO-NEPBLIX, ONTH-
MaJbHbiM 06pa3oM OPHEHTHPOBAHLI HA pellleHHe 334ay TeCTUPOBa-
HUSl ¥ OTBICKAHH$l HEUCMPaBHOCTEH, a BO-BTOPHIX, CNOCOOHBI PUHH-
MaTh PEelleHHs] O XOLY BLINOJHEHBS TeCTa.

XOoTl MOAHOCTBIO aBTOMATHYECKUE CHCTEMBbl, NpeJHa3HaueHHble
JJIi TECTHPOBAHHUA IOJYIPOBOAHHMKOBLIX MPHOOPOB B Mpolecce HX
MAaCCOBOTO H3TOTOBJIEHHS, @ TaKiKe AJS BHYTPHCXEMHOTO H (yHK-
LHOHAJbHOTO KOHTPOJS MJaT, M3rOTaBJHMBAeMBIX KPYMHBIMH cepus-
MU, BeCbMa [OPOrHe, HEKOTOPble U3 3AJOXEHHLIX B HUX NPHHIKNOB
HAXOAST MpUMEHeHHe B OTHOCHTE/JbHO HEAOPOTHX YCTAaHOBKaX, nep-
BOHAYAJbHO NpefHa3HAUaeMbIX AJS pelleHHs 3alay o6CayXKHBAaHUS.
Mx npou3BOAHTENbHOCTD AOCTATOYHO BHICOKA, YTOOB HX MOXHO
6bJI0 MCNOJNB30BATh HA JIMHHSAX MOTOYHOTO [POM3BOACTBA H B Ha-
JaJOYHBIX MOJApPa3jeJeHNs X, U OHH JHIIb HAYHHAIOT HAXOAHTb IIpH-
MeHeHMe AJis1 OOCHYKUBAHHS H3AeAHH B YCJOBHSIX 3SKCIJIyaTallMH,
KOTOpOe GblJIO Lesbi0 Pa3paboTKH NOAOOHBIX YCTAHOBOK.

B caenyioliieM pasjesle ONHCAHBl HEKOTOPHIE APYrHe BapHAHTHI
MOCTPOEHHS] ABTOMATHYECKOTO KOHTPOJIbHOrO 06OpylOBaHus d
CPeACTB KOHTPOJSs, Peasli3yeMblX HA OCHOBE NMpuUMeHeHus DBM.

ABTOMaTH3MPOBAHHbLIH KOHTPOIb

Jlorudeckuil aHaJjy3, BHYTPHCXEMHAsA 3MYJSLHA H CHTHATYPHbIH
aHaJu3 TPeACTaBASIOT co6oi 3((eKTHBHBIE CPEACTBA MOHCKA He-
MCIIpaBHOCTEH B MHKPONPOLECCOPHBEIX cucTeMax. ONHaKo y HHX ecTb
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He/J0CTaTKH, 3aK/I0Yaloliecst B TPYAHOCTH MX NpHMeHeHHs Ge3 je-
TAJbHOrO 3HAHHA CHCTEMB H B TPYLOEMKOCTH HX NPaKTHUECKOTO
BOIVIOLLEHHUs,, KOTOpoe TpeGyeT paspabGOTKH M peasu3alHH npo-
rpaMM TreHepaluHMH TeCTOBBIX BO3AeHCTBHH, a TaKxe O60JbILIOTO
o0bemMa JOKyMeHTalHH.

Hekoropble ¢gupMbl DPHILIE K MBICAH O HeO6XOAHMOCTH H3TO-
TOBJICHHs] KOHTDOJIbHOH ammnaparypnl, KOoTtopas cojepxkaJna Obl Ha-
3BaHHBIE CPeACTBa, HO B (opme, Jesalollell BO3MOKHBIM HCIOJb-
30BaHHe 3TOH annapaTypbl He OYeHb KBaJH(MHIHPOBAHHBIM IEpPCO-
HasoM. Hanpumep, ¢upma IBM paspaGorasa aas cobcrBeHHOro
NpUMEHEHHs CHCTEMY, KOTOpas MOJYyYHJaa Ha3BaHHe «yCTAHOBKA AJs
o6cayKUBaHHA». IJTO KOMNAKTHHIA NPHOOP € BHYTPEHHEH MHK-
poOBM, KoTOpLIi NPHMEHSIOT 3KCIIYaTaUHOHHUKH GuUpMbL. B ero
COCTaBe HMeeTCs IMOPTAaTHBHAS KJaBHATypa C HHAMKATOpPOM, 3a-
rpyska mporpaMM, HeoO6XOAHMBLIX AJS1 BBIIOJNHEHHs 06CayXHBaHuA,
NpOM3BOJAHUTCS M3 BCTPOEHHOH NaMaTH HA TUOKHX Auckax. HMurtep-
deiic ¢ o6cayXHBaeMBIMH YCTPOHCTBAMH OCYLIECTBJAAETCS C [O-
MOIbI0 Habopa creLHa/J bHBIX a/anTepos.

B 10 e BpeMs H3BECTHH TaKHe CPEACTBA OGCJaYKHBaHHS, KaK
npubop ans noucka neucnpasHocteil Fluke 9010A, opuentnposau-
HbIA Ha 6OJlee WIMPOKMH DPHIHOK cOBITa H TpeACTaBAAOMUI coB6oi
npoctyio B OGpallleHHH YCTaHOBKY, KOTOpas MOXeT ObiThb NpHMe-
HEeHa /11 OT/MaAKH CaMOro pasHoo6pasHOro MHKPONPOILECCOPHOTO
o6opyaoBanus. Huxe NpUBOAATCS HEKOTOpPbIE XapaKTePHCTHKH
3TOro npubopa ¥ OMHCHLIBAETCS! €ro NMPHMeHEeHHe AJs 06C/YKUBAHUS
THUNHYHOA HeGOJbIIOH MHKPONPOLECCOPHOH CHCTEMBI, COAepKallei
pasinyHble 3aMOMHUHAIONIME YCTpoficTBA W yCcTpoificTBa BBOAA-
BBIBOJA.

Muorue npouelypbl 06CIyKHBaHHs, Takue, HANpUMep, KaK Tec-
THPOBaHHe BBOAA-BLIBOAA, fABJAAIOTCA B 3HAUYUTENBHOH CTENeHH OAU-
HaKOBBIMH A/ Bcex MHKPoOBM, pasinuatouiuxcs mexay coboii
B HENpPHHIHUNHAJbHLIX AETAJSX.

puGop ana noucka neucnpapHocreir Fluke 9010A

[Tpu6op 9010A nocrpoen Ha G6Gase MuKpompoueccopHoit DBM,
HOCsilell Ha3BaHHe LeHTpaJbHOH. CoeMHEHHS C TECTHPYeMbIM yCT-
POHCTBOM OCYLIECTBJIAIOTCSA yepe3 HHTepdeliCHYI0 NepexoaHylo npu-
CTaBKy, KOTOpasi BKJIOYAaeTCs B NPOLECCOPHOE THE310 LEeJeBOH cli-
cremMbl. C NOMOLILbIO YHUBEPCAJNLHOTO JIOTHYECKOTO NMPOGHHKA MOXKHO
BBEeCTH B NPHUOOD JIOTHUECKHE CHTHAJIBl U3 TECTHPYEMOTO YCTPOHCTBa
U nogartb B JOOYI0 €ro TOUKY TecTOBHe BoslelicTBHsl (puc. 10.2).
Kaxnaa wuntepdeficnas npucTaBka NpeaHasHayeHa A paboThl
¢ onpejeJeHHbHIM MHKPONpPOLECCOPHBIM KommekTroM. OHa coaep-
JXKHT MHKPOIPOLLECCOP TOTO e THNA, YTO BXOAHMT B KOMIJEKT, H
ABJIAETCS OCHOBOH peajin3alMy SMYJALHOHHBIX BO3MOXHOCTEH npH-
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Mpnbop Fluke

fpabHik

MurepdeiicHan
npucrtaska

TlogKnioverne Yepes /

npoyeccopHoe rHe3fa l ]

Puc. 10.2. Tloaxaiouende mnpubopa nais mnoucka Heucnpassocrelt Fluke 9010A
K LleJIeBOil CHCTCME.

G6opa 9010A. B cocraBe wueurpanpHoft DBM wumeercss KacceTHblil
MarHuTo(OH, CAy:KaWHUi IJsi XpaHeHHs U N0 Mepe Heo6XOIHMOCTH
BbIOOPKM TECTOBLIX NMPOrpaMM M ONHCAHHH TECTHPYEMBIX YCTPOMCTB.
Onepartop B3anMojeHcTByeT ¢ NPHGOPOM MOCPEACTBOM KJIABHATYPEHI
1 32 CBETONHOAHBLIX CHMBOJBbHBIX HHAHKaTOpoB. IIpnGop cHaG:xKeH,
KpOMe TOro, NocJjieJ0BaTeJbHbIM HHTEp(heiicoM BBOAA-BHIBOAA, COOT-
BETCTBYIOUIHM cTanaapty RS232.
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OﬂepallHOHHble BO3MOXHOCTH

[Ipuop 9010A BpimosHAET (YHKLHH BHYTPHCXEMHOTO 3MYJs-
TOpa, NpPUHUMAasi Ha ce0s ynpaBJeHHe INHHAMH ajpecoB, AaHHBIX
H YIpaBJieHHs TECTHPYEMOTO YCTPOHCTBA Yepe3 ero NpoueccopHoe
raes3so. O pacnojaraer Ha6opOM CHEUHANbHBIX (DYHKIHMOHAJbHBIX
BO3MOXKHOCTeH, KOTOpbie yNpolalT H YCKOPSIOT NPOLEAYpPhl TeCTH-
poBanus. [lnanason 3TMX BO3MOXKHOCTEH HPOCTHPAETCA OT peKHMa
06yueHHs], MPH KOTOPOM BOCIPOHM3BOJAMTCS KapTa NaMSITH TECTHDYe-
MOro ycrpoicrBa (Bo Bcem auanasdone ajapecos 3YIIB, TI3Y wu
BBOJAA-BbIBOAA), A0 PexXHMa TECTHPOBAHHS, [PH PEaJH3ALHH KOTO-
poro Hcnose3ywTcs JH60 annapaTHo 3aHKCHPOBAHHBIE TECTOBBIE
NpOrpaMMbl, JuGO MPOrpamMel, CAeJaHHbE HA 3aKa3 M 3arpykeH-
Hble U3 KaCCETHOTO MarHuTo(oHa.

Ipumep: peanusauus nporpaMmbl TECTHPOBAHUS
ojHonJaTHoO# MHKpoIBM

HaGop ycTpoiicts npoBepsiemoii oxHomiatHoi OBM AIM 65
¢upmbl Rockwell International tumuuen Aas MHOTHX H3BECTHBIX
MHKPoOBM. B meit wucnosnbzoBan npoueccop 6502, cratuueckoe
3¥IIB emxkoctoio 4K 6aiit, a Takxke pesusentaoe [13Y, o6bem Ko-
Toporo MoxeT pocturate 20K 6aiit W onpegmessiercs npumeHse-
MBIMH NPOrpaMMHBIMH cpeiacTBamMH. HMMeeTcs mupokuii Ha6op HH-
TepdeicoB, ¢ NMOMOIUBIO KOTOPBHIX MOTYT OHITh MNOAKJIOYEHBI cJe-
Ayloliye yCcTpOHCTBA:

— MaTpuyHas KJaBuaTtypa (MHTep(elic UYTeHHS C TepMHHaJa
Beoaa-peiBofa PIOT 6532);

— NPUHTEp (YacTh YHHBEPCAJbHOro HHTepdeilicHOro ajganrtepa
VIA 6522);

— 20-paspsAHbI CBETOAMOAHLIH HHAHKATOp (agamTtep mnapas-
JeJbHOro HHTepdeiica PIA 6520);

— ycTpoiicTBa XpaHeHHss HHQODMALHH Ha JIEHTe H YCTPOHCTBA
C TOKOBOH nerJiefi (mocsenoBaTe/bHbI HHTepdeiic — YacTb yHHBep-
caJbHOro HHrepdelicuoro ananrepa VIA 6522);

— MOJIb30BaTeJAbCKUl napadenbHeii nopr (VIA 6522).

[Tepen renepaumei TecToBO# NMporpaMMbl HeOGXOLUMO NpeABApH-
TeJbHO COCTABUTbL NpPEACTaBJeHHe O paboTe CUCTEMBI, SIBJSIOILEHCS
006beKTOM KOHTpOJisA. [lJ1s1 3TOTO € IJaThl CHUMAaeTcsi MHKPONpolec-
COp M BMeCTO Hero MOAKJIOYaeTcss HHTepdeHcHas INPHCTABKA NpH-
6opa 9010A. [Tocse 3TOro Ha NJAaTy MOAAeTCs IHTAHHE H ONEpaTop
HayuHaeT HCCAEJOBAaHHe KapPTHI MAMSTH CHCTEMBI.

Cocrasienue KapTbl nNamMaTu

Crnenuduueckoil ocobennoctbio npubopa 9010A sasasercs HajH-
Yde cpeliu ero (yHKIHOHAJbHBEIX BO3MOXHOCTell pexxXuMa o6GyueHus.
Anroputm 06yueHHs COCTOMT B HCCJIEIOBAaHHH aJPeCHOrO NpPOCTPAH-
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CTBA 3aBEJOMO MCIIPABHOH CHCTEMBl NyT€M 3aMHCH AAHHHIX B KaXK-
AYIO siYefiKy W MOCJeNYIOUEro 4TeHHs COJNEPXKHMOrO 3TOH SUeHKH.
B 3aBUCHMOCTH OT 3HAueHHs CUMTHIBAEMBIX AaHHBIX AJCOPHTM OCY-
IIECTBJISIET H3MepeHHe obsacTell NaMsATH W ONpeAessieT UX NMPUHAL-
aexHoctp K [13Y, 3VIIB u cucreMe BBOJAA-BBHIBOAA, COCTABJSIS TeM
caMblM Kapry pacnpefeneHus namarti. Huas kaxporo 6iaoka [13Y

ADDRESS SPACE INFORMATION

RAM @ 0000-0FFF

RAM @ A400-A47F

ROM @ BO000-BFFF STG EA7C
ROM @ CO000-CFFF STG E7E4
ROM @ DO000-DFFF STG 7915
ROM @ EO000-EFFF STG 6E7E
ROM @ FO000-FFFF STG BD87
1/0 @ A002-A003 BITS FF
1/0 @ AO00A-A00C BITS FF
1/0 @ A48l BITS FF
1/0 @ A483 BITS FF
I/0 @ A802-A805 BITS 86
1/0 @ A80A BITS FF
1/0 @ AC00-AC03 BITS 3F

Puc. 10.3. Undopmanns o pacnpenencunn anpecos AIM 65, nmosnyuennas B pe-
KuMe ob6yueHHus,

reHepupyeTcs CHrHatypa IyTeM BHIPAaGOTKH LHKJIHYECKOTO H3GbI-
TOYHOT'O KOJA €ro COAEePKHMOTO.

ITo xesanuo stan o6yyeHHS] MOXKET GBITh HCK/IOYEH MyTeM pe-
NAKTHPOBAHUSI WJIH 3aMEHEeH NyTeM BBOJA aApPeCcHOH HH(OPMAaLHH
HENOCPeJCTBEHHO ¢ KJaaBHATYpel. OQMH H3 BapHAHTOB Pe3yJbTHUPYIO-
el KapTel NaMsTH npeicrasied Ha puc. 10.3. Axpecnas undopma-
uus, NoJyyeHHass B pexuMe oOyueHHs, B AAaHHOM cJyuyae Oblia
OTPEAaKTHPOBAaHa, 4YTOGH TNOJYUYHTb OTJEJNbHBIE CHTHATYPHl I8
kaxno# 4K-6adirosor IC T13Y, a He ofuiyio curHaTypy AJs BCero
20K-6afiToBoro 6soka I13Y.

TecroBbie Bo3MoxHocTH 9010A

Ilocsie ¢opMupoBaHHA KapTe NaMsaTH paboTaoiel CHCTEMBb
MOXHO ¢ nomoluplo npun6opa 9010A TecTHpOBaTh aHAJOTHYHBIE
NJaTH, MOJb3YsiChb BCTPOEHHBIMH TECTOBLIMH NporpamMmaMH. B uen-
TpaspHoii OBM npubopa npenycMOTpeHB MHUKPONPOTPAMMBI KOH-
TpoJisi paborel cHcreMHBiXx wuH, [13Y, 3VYIIB ¥ yacTHuHOrO KOH-
TPOJsl YCTPOHCTB BBOAA-BHIBOAA.

— Ilpu KoHTpOJIe WMH NMpoBepsieTcs 3JMeKTPHYECKas LEeJOCTHOCTD



210 Yacts II. Meronsl oGeayxubanus

IIHMH aJpecoB, JaHHHIX H yNpaBJeHHs, LJsA Yero Ha HIHHB NOAAIOTCH
TECTOBble HAaGOPLI M NPOBEPSETCS YCNEWHOCTh UX NPOXOKAEHHS.

— Koutposb I13Y ocyluecrBasieTcsi ¢ HCIOJb30BAHHEM TEX Ke
IHKIHYECKHX H3GBITOYHBIX KOLOB, KOTOPBle (DUIYPUPYIOT B peKHME
oGyuenus. [Ipu n1060M OTK/IOHEHHH OT HCXOJAHBIX CHFHATYP BHIBO-
LUTCSI COOTBETCTBYIOLLee COOOIEHNEe HA UHAHKALHMIO.

— Haa kourpoass 3YIIB umerorcs aBa Tecrta, KODOTKHH M AJIMH-
Hptid. C OMOLIbIO KOPOTKOIO TecTa [POBEPSIOTCS BO3MOMKHOCTh
YTeHHs/3anucy WHGOPMAUMH B KaXAyl0 GHTOBYIO fAYeliKy NaMsTH
H NPaBHJBHOCTb GYHKIHOHHDOBaHMA Aemudparopa aapeca 3YIIB.
Huannnbii Tecr 3YTIB obecneunBaer Godee MosiHOE TeCTHPOBAHHE,
BK/I0Yalollee MPOBEPKY MOMEXOYCTOHUMBOCTH TNaMsTH NPH pa-
Gore ¢ wabopamu [NaHHBIX, NPEICTABJSIOMUMHA COBOH «XyXuIHe
Cayqyan».

— KoHTposib cXeM BBOZA-BbIBOJA BHINOJNHACTCH aHAJOTHUHO KOH-
tpoto 3YIIB, 1. e. mpoBepsiercsi pabGoTOCIOCOGHOCT GHUTOBBIX
siyeeK, NpO KOTOPhle B pexuMe OOYUeHHs BBISICHEHO, YTO OHH JO-
nycKalT H UT€HUe, U 3aluch HHOpMALHU.

IIporpammHoe TecTupoBanue

JI1060/i M3 NepeyHcCHeHHBIX BBIlIE€ BCTPOECHHBIX TECTOB MOMKET
ObiTh MHUIHHUPOBAH HENOCPEACTBEHHO C KJABHATYDHl HJAH BBI3BAH
U3 BbINOJMHsONIEHCA nporpaMmbl. B npubope 9010A ucnoJb3yercs
SI3bIK OPOrPaMMHUPOBAHHs, aHanorHuHbill Beficuky w mosBossroLui
IPOrPaAMMHCTY OOBEAHHATb TeCThl AJs (HOPMHUPOBAHHS NOJHOH Tec-
TOBOH IOC/J€N0BATENbHOCTH, COAepIKalleli COOOLIEHHsI OnepaTopy
0 TOM, KaKue JedCTBHA OH [OJIKEH BBHITIOJHSTH B OlpedeseHHble MO-
meHThl. IIporpamMmuble cpeactea He OrpaHHUMBAIOTCH BO3MOK-
HOCTbIO (POPMHUPOBAHHS MOC/e10BATENbHOCTEH BCTPOEHHBIX TECTOB.
OHy BKJIOYAIOT TAKXKE MPOCTOH METOX COCTaBJEHHS NPOTPAMM s
GoJiee NMOJIHOTO TECTHPOBAHHS YCTPOKHCTB BBOAA-BbIBOAA. Huxe pac-
CMaTpUBAIOTCs NPHUMEPH TAKHX INPOrpaMM, NpeIHA3HAYEHHBIX A7
KOHTPOJIA TPeX MHOTOQYHKUMOHAJbHBIX HHTepdeiicuux MC, Bxoms-
LIHX B COCTAB OLHOMNJaTHOH DBM,

Koutpoap yHupepcanbHoro untepdeiicnoro apanrepa 6522

Apantep 6522, npennasnaueHHblil A5t NPHKJAAMHBIX NPHMEHEHHI],
CO/IEPXKHUT [BA NOPTA BBOJAA-BHIBOJA, KOTOPbIE BhIBEJEHBl HA pasbeM,
HaxoldAllMiCA HA 3aAHel creHKe npuGopa. Hasi npoBeAeHHA TeCTH-
pOBaHusl K pa3beMy MOAKJIIOUAETCsl OTBETHAS YacTh, B KOTOPOH Npo-
BOAHBIM MOHT2)KOM CO€/JHHEHBl COOTBETCTBYIONIHE KOHTaKTHl MOp-
toB A 1 B (A0 ¢ BO, Al ¢ Bl u 1. a.). TecroBbiit HaGop 3amuchl-
Baercst B nopt B, a satem cunthiBaercs B mopt A u mposepsiercs.
[Tpouenypa BbIMONHAETCA ¢ «HapacTaHHEM» TECTOBHIX HabOpPOB,
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3apanve SyHKLMA nopToB;
nogr A (A%ﬂ—aaop,?
nopt B (A000) —BbiBOg

PROGRAM 2 190 BYTES I

BblBog TecToBoro
Y. v !
%G;UEE(R,O 1A TEST Habopa 8 nopt B
WRITE @ AOO3 = 00
WRITE @ ACO2 = 00 I
WRITE @ ADO2 = FF
1: LABEL 1t
WRITE @ AOOO = REGT
READ @ AQO1 Yrenue nopra A
IF REG! = REGE @0TO 3
2: LABEL 2
DPY-VIA ERROR#
sTOP
3; LABEL 3
INC REG1 Beisog Ha wHguKayuo | Her
IF 100 > REG] QOTO 1 “VIA ERROR” y octanos
REG1 = 00
WRITE @ AOO2 = 00
WRITE @ AOO3 = FF
4; LABEL 4
" WRITE @ AOO1 = REGT Npumeyanue I nopTel BOMKHbI
READ @ AOCO 6b1Tb coeguuesl vepea
IF REG! = REGE GOTO § Pa3bem annapaTHoi
Q70 2 : nepemblyKon
@70 5
&: LABEL 5
INC REGT
IF 100 > REG1 QOTO 4
DPY-VIA OK O6meH ponamu mexay
NOpTaMu U NOBTOPEHWE
TecToBOW NPoUegypbl

B nopte A
NCXOAHbIA TECTOBLIA
“Habop ?

Bce nabopbl ?

Nporpamma 10.1. Tecrosas nporpamMma s NOAb30BATeJLCKOTO YHHBEPCAJbHOTO
HHTepdeficHoro ananrtepa. .

7. €. ¢ u3meHenueM ux ot 00 no FF. Ilo ee saBepuienun noproi
MeHSI0TCsA POJIIMH M BCsl OHA moBTopsieTcs. Ilpu o6HapyKeHunu Jio-
Goit own6kH onepatop mnoayuaer coobmenne VIA ERROR, conpo-
BOXKJaeMoe 3BYKOBBIM CHI'HAJOM H OCTAHOBKOH Tecra (mporpam-
ma 10.1).

B cocrase npuGopa 9010A nmeeTcsi wecTHAaAUATh 32-Pa3psiAHbIX
PerucTpoB, nmpoHymepoBaHHBIX oT 0 no F, comepxumoe KOTOpbIX
MOeT OLITb HCNO/b30BAHO B KauyecTBe NepeMeHHbIX NpH aphHdMe-
THYECKHX onepauusix. OyHKUHH HEKOTOPBIX PErHCTPOB ClelHaJu3H-
posaubl. Tak, B perucrpe E HaxonuTcs mocrennee cjoBO AaHHBIX,
HCIO0JIb30BaHHOE ONepaTopoM HJH BhipaboTanHoe B mpuGope 9010A.
B npuseierHHoM npumepe peructp 1 ncnoabsyetcs a8 XpaHeHHs
TEKYUIero 3HaYeHHst TeCTOBOro Habopa, 3aMHCAHHOTO B MOPT BH-
BOJAa, a B peructpe E pasmemaiorcs nanHbie, N0JyYeHHble H3 NOpTaA
BBOJa NPH ONmepauuy uTeHHs.
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3apaHne ¢yHKUMA nopToB

Pernctp 1 = cumson,
Pernctp 2 = noanuna g

moayne

PROGRAM O 194 BYTES

DPY-DISPLAY TEST##

WRITE @ ACO1 = 00

. 3agaHne anementa

WRI!ITE @ ACO3 = 00

WRITE @ ACOO = FF vepes nopt B (AC02)

WRITE @ ACO2 = FF

WRITE @ ACO1 = 04

WRITE @ ACO3 = 04

REG1 = AO

REG2 = 00 3anucy cumsona A
1: LABEL 1 B nopt A (AC00)

DPY- AIM CHARACTER COUE

DPY-+$1
2: LABEL 2 A

WRITE @ ACOO = REG2

WRITE @ ACO2 = REG1

INC REG2 Bce vetsipe

IF 4 > REG2 Q@OTO 2 anemenTa ?

REG3 = O
3: LABEL 3

INC REG3

IF 20 > REG3 GQOTO 3

REG2 = O

INC REG1

IF EO > REG1 GQQOTO 1 Japepwka

DPY-F INISHED®

Kogb! BCeEX
cumeonos ?

KoMey, uHgnKaunu

Mporpamma 10.2. Tectrosasg mporpaMMa AJs CBETOAHOAHOrO HHAHKATOpa.
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KoHTpoab cBeTOAMOZHOTO MHIMKATOpa M mHTepdeiica 6520

HBaaunatupaspaanblii CBETOAHOLHBIH HHAHKATOP COCTOMT M3
niT¥ 4-paspsoHbBIX HHAMKATOPHHIX MOAYJel, KaxKABf H3 KOTOPBIX
CONECPKHUT COGCTBEHHYIO BHYTDEHHIOIO NaMSIThb W CXEMY YNpaBJeHHus
CBETOAMOJAHBIME cerMentamu (cM. npubamxkenue 2). HMuaukarop
NOAKJI0Y4aeTcsl K WIHHAM aApecoB, NAHHBIX H YNpPAaBJEHHS C I0-
MOILbIO ajanrtepa napaJJelbHOro HHTepdelica 6520. das BrBOLZ
CHMBOJIa HAa HMHAMKATOp ¢ NoMomblo nopra A wuHTepdeiica 6520
BHIGHPAIOTCS HHAMKATOPHLIH MONLYJb H MO3HIHUSI OTAEJbHOTO CHM-
BOJIA B 3TOM MOJyJe, a yepe3 mopT B B ary nosunuio nepenaercs
ASCII-kon HYKHOr0 CHMBOJA.

Tecropas mporpamma HauHHAeTCsA C HHHIHMAJIH3ALHH O0GOHX MOP-
TOB Kak noptoB BhiBoxa (mporpamma 10.2). 3arem uepe3 mopr A
3ajaeTcsl NMO3HUUSA CHMBOJA, a 4epe3 NOpPT B BuIBOAUTCA cam cuM-
BoJ. IIporpaMma nojaer paspelieHue cpasdy Ha Bce NATb MOAyJei
H ¢ [IOMOLIbIO NPOrPaMMHOrO HKJIA BHIMOJHSAET 3aMHUCh BLIBOLUMOrO
CHUMBOJIa BO BCe NMO3HIHMH BCceX HHAHKATOPHBIX MOAyJeH. 3aTeM BHI-
Gupaercs CJAEAYIOLIMA CHMBOJ, H MPOLECC MOBTOPAeTCA, MOKa yepes
Ka)k/ylo MO3HLHI0O HHAMKATOpA He NPOHAET Bech HAa6OP CHMBOJIOB.
TecroBas mnpoumeaypa NPOXOAHT AOCTATOYHO MENJIEHHO OJ5 TOro,
ytoGBl ONEepaTop MOT BH3YaJbHO TNPOKOHTPOJHPOBATL MNOSIBJAEHHE
KaX/l0r0 CHMBOJIA B KaXX10H HO3HIHY HHAHKATOpA.

Kontpoab kaaBuatypnl U HHTepdeiica 6532

Marpuynas Kj1aBuaTypa Nolkjaioyaercs K INPOLECCOPY Yepe3 HH-
Tepdelic yTeHua ¢ TepMHHaaa BBoJAA-BhBoAa 6532. [TopT A ucnoss-
8yeTcsl B KaueCTBE BHIXOAHOIO H CJAYXKHT AJS CTPOOHPOBAHHS CTOJIG-
mos Marpuusl. ITopr B HacrpauBaercst Kak mopT BBOAA H obecneyu-
BaeT NPOCMOTP CTPOK MATPHILBI B NOMCKAX HAaXKaTol K.iaBuuwd. [1po-
rpamMMa TecTHPOBaHHA KjaaBuaTypel (nporpamma 10.3) HaunHaercs
¢ MHMIHAJW3aluy NOPTOB HHTepdeica. 3atem uepe3 nopt A BbBO-
IATCS NPHBEJIEeHHble HUXKE IBOHYHble HabOPBI, colep:KallHe yKasa-
HHE ONepartopy, KaKyio KJAaBHIIY OH AOJKEH HaXKaThb.

HaGop B mopte A 3anpaluBaeMas KJaaBHia
O1tttiLl [poGen
10111111 IepeBox crpoku
11011111 P
11101111 0
11110111 7
11111011 4
11111101 5
11111110 Fl

C nomombio 3THX NeHCTBHII MpPOrpaMma BHIIOJHSAECT GEICTPYIO
OPOBEPKY BCEX CTPOK H CTOJOLOB KJAaBHATYPbl (OYEBHIHO, IJIs
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PROGRAM 3 319 BYTES

WRITE @ A481 = FF

WRITE @ A480 = FF

WRITE @ A483 = 00

WRITE @ A482 = 00

REG8 = FE

DPY-PRESS SPACE BAR ON AlM#
EXECUTE PROGRAM 4

REG8 = FD 3apanne dyHKUMA nopTos;
DPY-SPACE BAR OK - TRY LF KEY nopt A (A480)—sbiBog,
EXECUTE PROGRAM 4 nopt B (A482)—B80A
REG8 = FB

DPY-LF KEY OK — TRY P#
EXECUTE PROGRAM 4

REGS = F7

DPY-P OK TRY O-AS IN OMNIPOTENT

DPY~+# 3anuch cTpobupylowera
EXECUTE PROGRAM 4 Habopa B nopt A

REG8 = EF

DPY-O OK -TRY 7#
EXECUTE PROGRAM 4

REG8 = DF

DPY~7 CK - TRY 4s Nogckaska onepavopy
EXECUTE PROGRAM 4 0 Hamartun HeobxoanmMoR
REG8 = BF Knasniwu

DPY—4 OK - TRY S-AS IN SENSWOUS#
EXECUTE PROGRM 4

REG3 = 7F

DPY-S CK — TRY F1 FUNCTION KEY#

EXECUTE PROGRAM 4 Mepexod X nporpamme 4
OPY-KEYBOARD TEST COMPLETE# ANA OMMAAHNA HaXKaTUR

Heo6XoaUMOH Knasuwn

FRCGRAM 4 - 37 BYTES

WRITE @ A480 = REGS

1: LABEL 1
READ @ A482 MoBTOpeHue ans socbMu Knasnuw,
IF REGE = REG8 @70 2 PasMewawnxca no gnaroHany
Q07O 1 Nepeknio4arensHoi MaTpuLbt

2: LABEL 2 '

Mporpamma 10.3. KopoTkuil TecT J/if MaTpHYHOH KJaBHATYPHI

Gosiee TIMATENbHON NPOBEPKH KaXKAOH KJIABHIIH H AJS BHISIBJIEHHS
BO3MOMKHBIX 3aMBIKAHHH MeXAY CTPOKaMH H CTOJOLAMH MOXKHO
6b10 Obl pa3pabotath Gosee BcecTopoHHui Tect). [locse maxarus
NpaBUJIBHOH KJIABHIOM IporpamMMma BbA4eT ONepaTopy yKasaHue
0 HaXKaTHH OUePeAHOH KJaBHLIH.

DTOT NpHUMep HJIIOCTPHPYET HOMHMO BCErO NMPOYEro HCNOJb30-
Banue noanporpamm. Tak, onepatopom «<EXECUTE PROGRAM 4»
BbI3bIBACTCA MOANPOrpamMMa, KOTopas CUMTBIBAeT HHGPOpPMALMIO H3
nopra A u obecneuMBaeT OXHAAHHE HAXATHA HYXKHOH KJaBHILIH,
[ocJie 4ero NMPOHCXOAMT BO3BpAT B OCHOBHYIO mporpammy 10.3.
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KoHrponb wuH

PROGRAM 1 216 BYTES KoMTpons 318

DPY-BUS TEST

BUS TEST

DPY-RAM' TEST

RAM SHORT @ OOOO-OFFF

RAM SHORT @ A400-A47F
DPY-ROM TEST

DPY-ROM TEST BLOCK B

ROM TEST @ BOOO-BFFF SIG EA7C
DPY-BLOCK C .
RCM TEST @ COOO-CFFF S1G E7E4
DPY-BLOCK D

ROM TEST @ DOOO-DFFF S1G 7915 Kokpons VIA 6522
DPY-BLOCK E

FOM TEST @ EOOO-EFFF SIG 6E7E
DPY-BLOCK F

RCM TEST @ FOOO-FFF SIG BD87
EXECUTE PROGRAM 2

EXECUTE PROGRAM O

EXECUTE PROGRAM 3 KonTpons ungukaropa
DPY-TESTS COMPLETE# M PIA 6520

Kontpons N3Y

KoHTpons knasmatyps
n RIOT 6532

Nporpamma 10.4. OcnoBHas nmporpamma, YnpaBJsiolasi TECTOBOH IOCAeAOBATENb-
HOCTbIO,

q’OpM HpOBAaHHE MNOCACAOBATEJbLHOCTH TECTOB

Ilporpamma 10.4 npeacraBiser co6oii HTOroByiO KOHTPOJIbHYIO
NOCAE/I0BATENBHOCTE, KOTOPAast 06beHHSeT BCTPOEHHLIE TECTHi CH-
creMHbix wuH, 3YTIB u 13V ¢ onucaHHBIMH Bhite ClelHAIbHBIMH
porpaMmMamu NpoBePKH CPelCTB BBOA2-BHBOAA. B naHHOM ciyuae
pe3yJbTHpYyIOLlas MporpamMma HMeeT SIPKO BBIPAXKEHHBIH JHHel-
HeIl xapaktep. OJHAKO JROCTATOYHO NPOCTO CO3AATh TECTOBYIO
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nporpaMmy, KoTopas npu oGHapyxKeHHH HEKODPeKTHOro ¢yHKLHO-
HHpOBaHHUA MorJa Obl BhlJaBaTh OporpaMMel 6ojiee 1eTaJbHOTO KOH-
tpossi. IIpu atom onepatop nosayyan 6bl ¢ NMOMOMIbIO COOOILEHHI,
BbIBOAMMBIX Ha HHAHKATOP, HHPOpMaNHI 00 HCTOUHHKE HENPHAT-
HOCTeH WM YKasaHHe O JeHCTBHAX, KOTOpPBIE OH JOJIKEeH BBINOJHHTb,
HanpuMep, 3aMeHHTb onpelenennyio MC. ‘

Bblroabl

PaccMOTpeHHBI KOHKPETHBIH NpuMep WIIIOCTPHPYET HEKOTOphie
BO3MOXKHOCTH npubOOpa A moucka Heucrnpasuocreir 9010A. Pas-
paGoTKa TecTOB AJA CllelHa/bHBIX YCTPOHCTB BBO/AA-BHIBOAA Tpe-
6yeT XOpollero 3HaHHA CHCTEMEBI, B COCTaBe KOTOPOH OHH paboTaloT.
Ota paspaloTKa YNpoLlaeTcs 3a CYeT HAJIMYHSl [POCTOrO #A3blKa
NPOrpaMMHPOBAHHS ¥ BO3MOXKHOCTH YTEHHS W 3AMHCH COMAEPAKHMOTO
OTIeJIbHBIX fueeK namsaTH. HMcrunnas ueHHocTh MOZOGHBIX NpuGO-
pOB oONpejlefsieTca NpelocTaBJasieMbiM UMH HaGopoM CpencTs, Heol-
XOJUMBIX NPH peasiu3allMH NpoueAyp KOHTPOJIsl, HAYHHAS C OCHOB-
HOH TeCTOBOH MNpOrpaMMbl, NO3BOJSWOLIEH oONepaTopy cJAelHTb 3a
BHINOJHEHHEM IT10CJAeJ0BATENbHOCTH TECTOB, H KOHYas NpOrpammamu
TEeCTOBBLIX BO3ACUCTBHH, COCTABJSIIOIIAMH KaXKABIA OTHEJbHBIH TeCT.

CMrHaTypHbIM aHanM3 nofd ynpasnesvem DBM

Bosbwoit 06beM AOKyMeHTalHH M Heo6XOAHMOCTb PYKOBOACTBA
JeHCTBUAMHU OllepaTopa B XOAE peasH3alldd TECTOBBIX IOCJeA0Ba-
TeJbHOCTE! [eJ1al0T CHTHATYPHBIA aHajau3 uaeasbHolt cdepoit npu-
MeHeHHsl yIpaBjeHus ¢ momowpbio IOBM. Urenue curHatyp u
CpaBHEHHe UX ¢ 00pasuOBLIMH, HAaHECEHHbIMH HA AHHOTHPOBAHHOH
cXeMe HJH ONpeleseHHbIMH B BHAE TaGJHI, — 3aHATHE YTOMHUTEJb-
HOe M npejpacrnosarawuee K oumnbkam. OOHapyKHB HEKOPPEKTHYIO
CHTHATypy, ONMepaTop HOJKeH 0O6paTHTbCA K AepeBy [OHCKA HeHc-
npaBHOCTeH, C MOMOILbIO KOTOPOTO MOXKHO HaHTH NDHUYHMHY OTKa3sa.
M3 paccMaTpuBaeMoro Huxe npuMepa BHAHO, KAKHM 06pasoM MpH-
meHeHne DBM moxer 06JieruuTh pelieHune o0eHX 3THX 3a4ad.

Heo6xoqHMBIE KOMIJIEKC TeXHHYeCKHX CpPeACTB II0OK43aH Ha
puc. 10.4. HporpaMMbQI reHepalui TECTOBbIX BO3AeHCTBHA BBOAATCS
B TeCTHpyeMOe YCTPOHCTBO C IOMOLIbIO 3MYJSILHOHHOH MNPHCTABKH,
onucauuoil Buire. Omeparop peanu3yeT NOCJAEAOBATEJIbHOCTL KOH-
TPOJIsl, PYKOBOACTBYSCh COOOLLEHUSMH, MOCTYNAIOMHMH OT CHCTEM-
goro koHtpoJaepa HP85 (puc. 10.5). Bce 3tu cooliuienusi Bmecre
¢ curHatypami, cHOPMHPOBAHHLIMH B 3aBeAOMO paloTocnocobHoil
chcTeMe, H KOAamu KoHpurypauuu aias npubopa Locator xpausres
Ha genute 8 ¢aiie RECORDS (puc. 10.6).

BrinosHeHHe NpOrpaMMbl KOHTPOJIS HaUHHAETCsl ¢ MepeBojia aHa-
JIH3aTOPa B PEXXHM AHCTAHUHOHHOTO ynpasJjeHus- (puc. 10.7 u npo-
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Mukpo3BM HP8S

i

WUntepdeiic
IEEE 488

Noruyeckuit
npo6HNK

217

Npubop gns nokanuszayuu
HEeNCNpaBHOCTeA
Solartron Locator

lepexopHan
NpUcTaBsKa

Tectupyemoe
yCTpOACTBQ

Puc. 10.4. Tunosofi KoMm/JeKC TEXHHYECKHX CPEACTB KoaTposs. TecTosoe BO3aei-
CTBHE BBOIHTCS OT 3MYJSALUOHHOM npucrasku. Mukpo3BM HP85 ynpasaser npu-
6opom Locator yepes unrepdeiic IEEE 488,

Puc. 10.5. [Mpumepnr coobuiennii, BHBOAHMbIX Ha HHAHKALHIO.
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rpamma 10.5). 3artem mnepepaioTcs HaCTpPOeuHble KOABI, BXOASIIHE
B nepsyio 3anuch ¢aiia RECORDS u onpenesiomue pexum cur-
HaTypHOTO aHaJ/H3a H KOH(UIypaLHI0 CHTHATYPHOrO OKHA, T. €. MO-
JAPHOCTb (POHTOB MycKa/ocTaHOBAa M CHHXpoHusauuu. Ilo onmepa-
Topy 90 cHoBa npoussoaurcs obpameHne K ¢aiiny RECORDS

;Cnuxp.
Paspewenne
ssopa Pexum 4
¥ Nyex |Ocranos/ Taimayt
Pa3pewexne k2 4epes 2¢
B\ } 7 | By

SET-UP Z001BICOE1MO R2F6
wWCC 4444
IC-U26/PIN12 4PU7
IC--U26/PIN11 4534
IC-U26/PIN10 8855
IC-U26/PIN 9 7733
IC-U34/PIN22 4835
1IC-U34/PIN21 PU8?
IC-U34/PIN20 8990
1C~-U34/PIN19 6734
IC-U34/PIN18 PPPU
IC-U34/PIN17 3647
IC-U34/PIN16 6389
IC-U34/PIN15 3948
IC-U34/PIN14 8U69
IC-U22/PIN16 7735

IC-U23/PIN14 B834P
FINI :

Puc. 10.6. ®afin o6pasuoBbix sanucefl COAEPXKHT KoHbUrypaunoHHote Koawl. Cie-
JyiollHe APYr 32 APYroM 3aMHCH COCTOSIT M3 ONEPAlHOHHBIX KOMaHX M CHTHATYyp,
NOJy4eHHBIX Ha 3aBefOMO PabGoTOCHOCOGHOH cHCTeMe.

¢ LEeJbI0 MOJyYeHusi cooOIIeHHsT AJA OnepaTtopa M 3TaJIOHHOH cHr-
HaTypbl HCCAELyeMOH TOUKH.

B nporpamme ucnosb3yercsd, Kak H B NpeiblayllleM NpHMepe,
MEeTOJA perucTpalliu CHFHATyp Ha)kaTHeM KHONKH <«®DuKcanus»

1 REM stk rssors dobrtof s kot doeoh i fook ookt dok dob ook ko stk skl f o o o sk

2 REM = [IPOMPAMMA JUCTAHLUMHOHHOM ITIPOBEPKU CUTTHATYPhI =

3 REM ssorsotohs ko hok stk kofskstoshokoon dokooeok doksh ook ook sofokok o skokot skt ol s ool o

5 CLEAR

0 REMOTE 716: REM JIOKATOP INEPEBOJMUTCYH HA
JUCTAHIMOHHOE YIIPABJIEHHUE IO AIPECY 16

20 DIM A$(25),B$(25)

30 ASSIGN# 1 TO “RECORDS”

40 ON KEV # 1,“ABORT” GOTO 300

45 KEY LABEL

50 READ # 1; C$,D$

60 OUTPUT 716; “TOP/”; C§ “/”: REM JJI5I HAUAJIbHOM YCTAHOBKHU

JIOKATO. A CJIYXKHUT TIEPBAS
3AIMKWCH PAMJIA “RECORDS”
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70
80
90

100
110
120
130

140
145

147
148
150
160

170
180

190
200
210

220
300
310
320
800
805
807

810
820

830
840
850
860

WAIT 3000
OUTRUT 716; D§

READ 4 1; C$,D$: REM TOCJIEAVIOIINE 3AIMCH COLEPXKAT
HMHCTPYKLIMU OINNEPATOPA 1
KOPPEKTHBIE CUTHATYPbl

[F POS(C$,“FINI”) THEN 300

OUTRUT 716; uTOp/n.’, C$;“/"

WAIT 2000

OUTPUT 716 ;*T1”: REM BO30BHOBJIEHHME HEIMPEPbIBHbIX
3AMEPOB

GOSUB 800

IF POS(B$,“PROBLEM”) =0 THEN 150: REM [IPOCTOM BE3
YTEHUS CUTHATYP
TMTPEJIITOJIATAET
MIPOBJIEMY BBOJIA

PRINT B§@ BEEP

GOTO 300

IF POS(B$(i7),“4t”) THEN 110: REM CUIHATYPA CTABUJ/IbHA?

IF POS(B§,D$) =0 THEN 210: REM COBMAJAET JIU

C dTAJIOHHOW?
OUTPUT 716 ;“TOP/PASS/”

PRINT Cg;“SIGNATURE OK” REM ECJIM JA TO MNEPEWTH
K CJEOYIOUIEMY 3AMEPY
[TOCJIE COOBUIEHHS "PASS’
WAIT 1000
GOTGC 90
OUTPUT 716 ;*TOS2P/FAIL/”: REM ECJIM CUTHATYPA HE

COBITAJJAET C 3TAJIOHOM,
BbIBECTH COOBILIEHHE

OB OHIMBKE
PRINT “SIGNATURE FAIL ON *4 C
END
REM  ststeap ootttk skt sk sttt ot b ot seob e sk sttt skt ol e el st sk o oo ol
REM =« *
REM = O)KUJAHUE HAXATUA KHOITKU %
REM = -

B$=“START/STOP/CLOCK PROBLEM”: REM YCTAHOBKA ®JIATA

“TIPOBJIEMA BBOJIA”

ENTER 716 ;A$: REM UTEHHUE JIOKATOPA

I[F POS(A$,“TIMEOUT”) THEN 850: REM O)XUIJAHHE TAMMAYTA
BCJIENCTBHE
HAXATHSA KHOTIKH
HOLD (MJI TIPOBJIEMA
BBOJIA)

B§ =A%

GOTO 810: REM 3ATKMCH TTOCJIEAHUX BXOHHLIX JAHHBIX B B§

RETURN

REM shesfeof ok ok e sk ok oo skok ook ok stk o sk e sheoteke kol sk st ke stk sk ke sl sl ko ke skok skt sk skl sk skestokok ko kol

Mporpamma 10.5. [lpumep nporpammbl, cayxamel AJs KOHTPOJIA CHTHATyp
[Iporpamma ynpaBiseT paGoTofl CHTHaTYpHOTO aHAJH3aTOPa, BBIAAET YKa3aHHe
onepaTtopy uepe3 HHaukatop mpubGopa Locator, BocmpuHuMaeT CHrRaTypHl U CpaB-
HuBaeT uX ¢ xpanauumucsa B daiiie RECORDS.



Npusegenne npubopa
Locator B pexxum
AUCTAHLWOHHOrO ynpasneHns

Y7eHne HaCTpPOE4HOW
nedopmaunn ua dainna RECORDS
u nepegava ee 8 Locator

YreHue onepauuonnoj
KOMaHAbl M 3TaNOHHOW
curHatypel u3 ¢aina RECORDS

3anucs

nocnegHaa ? Tecr sasepiett

Noceinka onepaTopHoOR
KomaHabl BBOAA
curnatyp 8 Locator

I

YcTanoBKa “dnara HeucnpaBHOCTH'

A A nony4exne daxubix or Locator,
: oMunpanue Tanmayrta scneacisue |

Ha)KaTha Knasuwy dukcauuu

Buisog coobweHus
0 HEKOPPEKTHOCTH
OKHa

HenpaBunbHoe
OKHO ?

Curhatypa
ycTo#4vnBa ?

MrauKauma coobweHns
O HEKOPPEKTHOGTH
CUTHATYPbI

CoBnapaer nn
curxatypac
C 3TanoHHon?

VIHAUKaYWA coobueHnn
0 NPaBUNBLHOCTA GHIHATYPb!

Prc. 10.7. Cxema a/iropuTMa CHMTHaTypHOTO aHajausa C ynpasjienmem ot IBM.
Nporpamma 10.5. [IpuMep nporpaMmsl, ciyXallelf ajs KoHTpoas curaatyp. IIpo-
rpaMMa YIpaB/iseT paboTol CATHAaTYpPHOrO 4HaJM3aTOpa, BbIAAET YKasaHue ole-
paropy uepe3 MHAMKaTop mpubopa Locator, BocnmpuHHMaeT CHrHaTypsl H CPaBHH-
Bael MX c xpaHsamuMucs B daitie RECORD.
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(HOLD); nas sToro ciy:KHT mOANporpamMma, yKasaHHas B CTPOKe
800. Ewme oaHO MOMOJHHTENbHOE NPEHMYLIECTBO MNPOrpaMMbl 3a-
KJII0YaeTcst B CIIOCOGHOCTH pearupoBaTh HA CHTYALMIO «TaiiM-ayTas,
BO3HHKAIOWYI0 MPH HENPaBW/JIbHOH OpPraHH3alMH CHUTHATYPHOrO
OKHa, T. €. IPH OTCYTCTBMH CHCHAJOB MyCKa, OCTAHOBA HJIH CHHXPO-
Hu3anuu. [Ipy BOSHHKHOBEHHH 5TOH CHTYalldH BBINOJHEHHe TecTa
npekpamaercs U Ha unaukarop OBM HP85 sriBoanTcs coobmenue
«HenpapuabHBIi 1ycK/0CTaHOB/CHHXPOHH3ALHS>.

Vce SIGNATURE OK
1IC-U26/PIN12 SIGNATURE OK
IC-U26/PIN11 SIGNATURE OK

SIGNATURE FAILON  IC-U26/PIN10

Puc. 10.8. Tlpumep pacneuaTkn HHGOPMAUMH LIHHHOTO KoHTpossiepa (HPS85); 8
JaHHOM cayyae 4YeTBepTast 3apeTHCTPUPOBAHHAA CHTHATYpa HE COBNajda ¢ 3Ta-
JIOHHOH.

[lpoBepka ycTOHYHBOCTH CHrHATYp OCYLIECTBJASETCH oneparo-
pom 190; HecTabu/bHble CHTHATYDPBI CONPOBOXKIAIOTCH CHMBOJIOM .
Hakouew, npunATas curHatypa cpaBHHBaeTcs ¢ COOTBETCTBYIOLIEH
sanuceo daitia RECORDS. Ilpu oTCYyTCTBHH COBHALEHHS BBINOJ-
HCHHE TeCTa mpephiBaeTcs ¢ BHIBOAOM coobiieHuss FAIL u onucauus
TOUKH, B KOTOPOHl oGHapy:xeHa HeKoppekTHocth (puc. 10.8). B cay-
yae COBNA/EHHsA BBIIOJHEHHE TeCTa NMPOAOJKAETCS NMPHMEHHTEbHO
K ciaenyiolled TOuKe M ouepexHoi 3amucu (aiina RECORDS
U T. 1., NoKa He Oyaer o6HapymxeHa nocaeiHsis 3anuce FINI.

3aknoueHne

YnpasneHne TecTHpOBaHHEM C NMpPHMEHEHHeM CHTHATYpPHOTO aHa-
Ju3a U JQOKYMEHTHPOBAHHE 3TOrO TECTHPOBAHHSI YIPOLIAIOTCH X
YCKOpsIOTCA NpK ynpasnedud o1 OBM. B paccmorpennom npuMepe
CTPYKTypa NporpaMMbl ynpolileHa, TaK KakK OCHOBHAS LeJb 3aKJIO-
Yanach B MOSICHEHMM NPHHUMNOB. IIpakTuyeckue mporpamMmbl KoH-
TPOJISL MOTYT OBITh cAesaHbl 6ojiee 3(D(PeKTHBHBIMH NnyTeM NpHAAHHSA
HM CNOCOGHOCTH NPHUHATHS JIOTMYECKHX PCLICHHH B COOTBETCTBHH
C MOJIOXKEHHEM TOYKH, B KOTOPOH HMEET MeCTO HEeHCIPAaBHOCTb, YTO
ynpoctut pabory oneparopa.



Yactbs |l

O6cnyxusanue
C HebomblMMK 3aTPATAMM

Mnasa 11
Tectepbl Ha 6a3ze MukpodBM

He Bbi3biBaeT coMHeHHH, UTO caMmblil JIerKHA NYTb BHYTPb MUK-
POIPOLECCOPHOH CHCTEMBI C LeJbI0 €e OTJaAKH IPOXOAMT uyepe3
yCTaHOBOUHOE THE3R0 Mpoleccopa. IMyJALHUs, IPH KOTOPOH MHKPO-
OpoLeccop yAaJjsieTCss H3 CBOEro ruesja U K o0beKTy TeCTHPOBAHHA

Lienesas cucrema Mukpo3BM Apple
(rnasHas cucrema)

Puc. 11.1. Iloaknwouende neneBofi cucTeMbBl K OCHOBHOH Yepes rHe3go mpouec-

copa u 40-nposonsbiil KabeJb. .

(ueneBoll cucTeMe) NOAKJIOYAETCS uepe3 3TO THe340 Apyrasi (rJas-
Hasl) MHKpONpOLeCCOpHas CHCTeMa, sSIBASETCs Ha ceroiHs HauboJee
3¢ GeKTUBHBIM H3 U3BECTHBIX CPEJCTB JHATHOCTHKH.

IlpeacraBnenue 06 aMyasTopax O6LIYHO acCCOUHHPYeTCs C AOPO-
FHMH CHCTEMaMH NPOEKTHPOBAHUS HJAHM He MeHee LOPOTOCTOSILHMH
ChelHaJsibHO 3aJI0)KEHHBIMH B H3/esHe NPH pa3paboTKe CPeNCTBAMH
noucka HeucnpasHocrelh. CyulecTByer, OAHAKO, BO3MOXKHOCTH fpe-
o6pasoBanns MukpodBM B amyasiunonnyw raasayio IBM, nosso-
JSIOIYI0 KOHTPOJHPOBATh annapaTHbie CPeAcTBa W OLEHUBATHL pa-
60TOCNOCOBHOCTh NPOrpaMMHBLIX CPEACTB LeseBoil cucrembl. B aan-
HOH rJiaBe ONHChLIBAeTCs NPOCTOE YyCTPOHCTBO, KOTOpOe, Oyayuu NMpH-
MeHEHO coBMeCTHO ¢ MHKPODBM Apple I, npespaiiaer ee B npu-
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60p o/ MOHCKA HeHCIpaBHOCTEH, cHOCOOHBIH TeCTHPOBATH APYrHe
MUKpoDBM, nosb3ysick CBOUM COOGCTBEHHEIM MPOLECCOPOM.
Buyrpucxemuuit amyastop (BC3) Apple Il kKoHcTpyKTHBHO
odopmJjeH B Buiae oHOH craHaaptHo# maarte Gupmul Apple. K me-
Jesoil MUKpoOBM smynstop noak/awouaercs nocpeicrsoM 40-mpo-
BOLHOTO Kabessi ¢ Pe3HHOBON H30M4IlMeH, HA KOHLEe KOTOPOTrO CMOH-
THPOBAH pa3beM ¢ ABYXPAAHBIM PACNOJOXKeHHeM mThIpel (pHc. 11.1).

3BM Apple 11
llenesas (rnasHas
cucTema cuctema)

0000
1000
2000
3000 |-
4000
5000

3ynB
6000 - 48K

7000

8000 |-
9000 |-
£000 - R
8000 |-
- U\ Errae
D000 - CFFF
£000 -

FO00 |~

nay

Puc. 11.2. Otobpaxenne moboro 2K-6aittoBoro 6/0Ka agpecHOro MpoCTPaHCTBa
ueeBoil cucteMsl B cBoGoanywo o6aacts namstu C800 — CFFF mawmusl Apple.

[Tnara BCD npenocrasisier raaBHoii MHKPOOBM B03MOXKHOCTB
OrpaHHYeHHON 3MYJsALHH, NMO3BOJsAsl efi nepeMellaTb COJEeDPIKHMOe
moboro 2K-6afiTHoro 6J0xa aapecHOro MPOCTPAHCTBA LeJEBOH CH-
creMbl B O0OBIYHO cBoboaHywo obaacts namstd C800,— CFFFye
MukpodBM Apple Il (puc. 11.2). O6sacte namaTH LeneBOH CH-
CTeMbl, 3ajaBaemMas AJs HCCAeJOBaHHs, YKa3blBaeTcsi NPOrpamMoii,
KOTOpPAsi 3aHOCHT COOTBETCTBYIOILYIO WH(MOPMALHIO B «PErHCTP BHI-
Gopa». Tak Kak 3T0 ykas3aHWe OCYILeCTBJASETCS MON YyNpaBJeHHEM
IpPOrpamMMbl, MOKHO COCTaBHTb AJf MIaBHOH CHCTEMBl TaKHe TeCTo-

Bhle [IPOTPAMMBl, C MOMOUILIO KOTOPHIX OyneT ofecrieueH KOHTPOJIb
BCel MaMmsTH LeJeBOH CHCTEMBHI.
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TectoBble nporpaMmbl MOryT OBITH HamHcaHbl JHOO HA f3bIKe
BBICOKOTO YDPOBHsI, TaKOM, Kak Deficuk, 1160 Ha MaLIMHHOM fI3blKe
W NpeiHa3HaUeHH AJS1 KOHTPOJS OCHOBHBEIX (DYHKIHOHAJbHLIX 6.10-
KOB IL[€JeBOH CHCTEMBbI, K YHCJHY KOTODBIX OTHOCATCS CHCTEMHBIE
winnb, 3YIIB; T13Y; yerpoiicTBa BBOAA-BHIBOLA.

[TporpamMmer Ha Deficuke, peasau3yioliue jaxe NPOCTble TeCThl,
HMEIOT OTHOCHTEJNBHO HEBLBICOKYIO IPOM3BOAHTEJNbHOCTb. PasymHbIH
[OJAXOJ COCTOHUT B HAMHCAHWH CTAHAAPTHHIX TECTOBBIX MONyJeH Ha
MaIlIHHHOM $I3BIKE H IOCJEAVIOLUIEM HCIOJIb30BAHHK NMPOrpaMMbl Ha
Beiicuke aaa QopMHpOBaHHA NOJHOH TECTOBOH IOCJELOBATEJLHO-
CTH H YKasaHHHd oneparopy INpu oOHapyKeHHH HEKOPPEKTHOro
(pyHKIHOHHPOBAHHKS.

B 3T0il riaBe OMHCHIBAIOTCSA TECTOBbIE MOIYJH JJISI NPOBEPKH
cHCTeMHBIX HiuH, KoHTposs 3YIIB u II3Y, a B 3aBepmatoweir ua-
CTH TJIaBbl paccMaTpHBaeTcs KOHKPeTHBI NpHMep, HJAICTPHPYIO-
muii npuMeHedne BCD Apple nns TecrHpoBaHHst THIHYHOH OJHO-
niatHolt MHKpPoDBM.

AnnapartHble cpeficCTBa BHYTPMCXEMHOTO 3MyNnaTopa

Ha puc. 11.3 npexacraBieHa NpPHHLHNHAJbHASA cXeMa [MJaTH
BC3. Curnananl ¢ aapecubix junufi A0 — Al0, a takxe ynpasJsio-

mue curiaasl R/W, g0, RES u SYNC nocrynawor npsiMo u3 ruaas-
Hol cucremb B ueseByio uepe3 MC U4 u US, coaepxamue no Bo-
ceMb ycuauTeneit ¢opmMupoBatesell CHUrHaJjoB. ALpecHbie CHIHAJbI
All — Al5 npas uenerofi cucteMbl He (POPMHPYIOTCS M3 CBOHMX aHa-
JIOTOB, UMelInuX Mecto B MEHKpoDBM Apple 11, a ruipabaruBawTes
peructpom BbiGopa GJaoka U3. [las mosyyeHHs NSATH CTapIUHX pas-
PANOB ajapeca AJs LeJEeBOH CHCTeMbl B 3TOT PErHCTP 3aHOCHTCA
yOpaBJsiollee CJI0BO, NPHYEM <«CTPOOHPOBAHHE» OCYLICCTBJALTCA
curHajsoMm «3apzanne BBoAa-seiBoga» IBM Apple IlI. Takum oGpa-
3oM, ecan BCD pasmemen B obsaacru namsatd 5, curHasam All —
Al5 npucBauBalOTCs HyJeBble 3HAYeHHS C MOMOIIBIO CJCAYIOUIEH
KOPOTKOIf pOorpamMMmBl:

LDA =00 ycranoska All — A15 B cocrosinue 0
STA C500 akTuBH3auUM# JHHWH BBOAA-BuBoAa obgactu 5

ITocae 3anecenuss Takod uHMOpPMaUUHU B perHcTp Bbibopa OJoKa npH
mo6oii onepalydy YTEeHHs MM 3anucH no aapecaM mamsatn Apple I,
aexamuM B auanasode C800,, — CFFF, npusoaurcst B neiicraue
nemudparop aapeca Ul n nojgaercs paspeluedne Ha BHIBOA HH(DOP-
Mauuu u3 perucrpa U3, B pe3yabraTe uyero (GpopmupyeTcs aiapec
naMATH UeJeBOi cHcrembl, mnpuHajggexawmuil -obaactu 0000, —
07FF .

Hewndparop azpeca Ul noagaer, KpoMe TOro, paspelieHue Ha
BocbMHpa3paaublii npuemonepesarunk U2, Tomy, Kro 3HaKkoM
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C pasbeMOM BBOAA-BBIBOAA MaUIHHBI Apple, MOXeT NOKa3aTbcCs, 4TO
nemudpatop Ul He HyxeH, mOoTOMy 4TO «CTpo6 BBOAA-BLIBOLA»

umeer g aapecos C800,s — CFFFs Husknit ypoBenn. Onnako 6o-
Jlee TIlaTeNbHOE PACCMOTPEHHE BPEMEHHBIX COOTHOMIEHHH N03BOJSAET

TaKTOBbI CHFHaN do_\m
Appec >< ><

‘Ctpob BBOfa-BbIBOAA \ /

CurHan Bbiopa

kpuctanna (CS) —\—_/_—
or ycrpoicrea U1l

(7418138)

Puc. 11.4, Bpemenufle COOTHOWIGHHS CHFHanoB CTPoBHpoBaHMs ofnacTH BBOLA-
BoiBoia DBM Apple u curnaaa smbopa kpucraana ot UL

3aMeTHTb, YTO OH [IOCTYyNaeT CJMUIKOM MO31HO, YTOOGB €ro MOXKHO
6bI0 HCnoONb30BaThL AJ1S1 MOJAYM pa3pellleHHs HA MelJeHHYI0 na-
MATb HJH yCTPOHCTBA BBOJA-BHIBOAA LieJieBOil cucreMbl (puc. 11.4).

Tectosule nporpammHblie cpegcTea

TecroBbie NporpaMmel MOAPA3ALISIOTCA HA ABE KATETODHH:

— NPOTPaMMBbl, CAyXKallHe A HCOBITAHHI U KOHTPOJS pa3Jjuy-
HbIX (YHKIHOHAJBHBIX GJOKOB M Y3JI0B LeJeBOH MHKPodBM, 1. e,
ee cucremHblx muH, 3YIIB, I13Y u ycrpoiicTs BBOLA-BHIBONA;

— o6uiHe nporpaMmbl KOHTPOJS, CJayKalllhe [JIs1 HalpaBJaeHHsA
IeficTBHA omeparopa B Npolecce NPOXOXKAEHHS TECTOBHIX MOCIAENO-
BaTeJbHOCTEH, BHI30BA TECTOB (PYHKIHOHAJIBbHBLIX OJIOKOB U Y3J0B H
BbINOJIHEHUSA 1eHCTBUH, OOLIYHO peajii3yeMblX C MOMOUIBIO «jlepeBa
NOHCKA HeHCHPaBHOCTEH», T. . BBISICHEHHs NPHYHHbI HENPABHJIBHOrO
GYHKUMOHNPOBAHHS H BBHIAAYH PEKOMEHJAUHW MO0 YCTPAHEHHIO 3TOM
npuynuel (Hanpumep, «3amenutb MC 28») uau 3anycka HOBOro Te-
cTa AJs nmonydyenusi 6osee nonHo#t uHdbopMauuu.

Huxe onucrhBawTcs TpU mporpaMmbl (pyHKLUHOHAJIBHOTO TECTH-
poBaHusi, HAHCAaHHBE HA A3bIKe acceMbyepa MuUKponpoueccopa 6502.
Kaxnas u3 sTuX mporpamMm pas3MeilaeTrcsi B «OKHE OTOOparKeHHs
namaru» (C800;6 — CFFFs) mexay 9BM Apple II u uenesoit
CHCTEMOIL,



HCXO/JHbIY ®ANJ: APPTOG

0000: 1 ; ******************************************{k***.******
00002 2 ; TECT IIMH AAPECA M JAHHbIX
0000 : 3 ; NEPEKJIIOYAET UH®OPMALIMIO HA AOPECHOM
IIMHE AAAA-5555
0000 : 4 ; 256 PA3,
0000 5 ; IEPEKJIIOYAET HWH®OPMALMIO HA IIHUHE
JAHHbBIX AA-55
0000 : 6 ; 256 PA3
0000 T 3 #ektisd * RERRE Aotk sk koot ok ook ok okok
0000 : 8
C500: 9 SELECT EQU $C500 3 BIBOP BJIOKA 2K
~ -~ ~~NEXT OBJECT FILE NAME IS APPTOG OBJ0
2100: 10 ORG $2100
2100: A2 00 11 LDX 300 s OBHYJIEHUE
s CHETUHUKOB
2102: 12 ; TIPOBEPKA AIPECHOM HIMHbI
2102: A9 AA 13 ; ABUS LDA #$AA ; BoIBOP AIIPECOB
; 10101XXX
2104:8D 00 C5 14 ; STA SELECT
2107:AD AA CA 15 LDA $CAAA ; PA3P.TIPEP.AAAA
s HA LEJEBOH IIHWHE
210A: A9 55 16 LDA 4:$55 ; BbIBOP AJPECOB
3 01010XXX
210C:8D 00 C5 17 STA SELECT
210F: AD 55 CD 18 LDA $CD55 ; PA3P.[TIPEP.5555 HA
s LLEJIEBOM IHUHE
2112: CA 19 DEX
2113:D0 ED 20 BNE ABUS ; TIOBTOPUTD 255 PA3
2115: 21 ; IPOBEPKA IIMHbI JAHHbIX
2115: A9 00 22 DBUS LDA =400 ; BbIbOP AIPECOB
3 00000X XX
2117:8D 00 C5 23 STA SELECT
211A: A9 55 24 LDA 3855 ; 01010101 HA HIMHE
3 JAHHbIX
211C:8D 00 C9 25 STA $C900 ; 0100 B [[EJIEBOH
;s CUCTEME
211F: A9 AA 26 LDA 3 g$AA ; 10101010 HA UIHMHE
+ JAHHbIX
2121:8D 00 C9 27 STA $C900 ; 0100 B LEJIEBOH
;s CUCTEME
2124: CA 28 DEX
2125: D0 EE 29 BNE DBUS ; IOBTOPUTD 256 PA3
2127 :60 30 RTX s TIEPEKJIIOYEHHWE
; SBAKOHYEHO
#+xx SUCCESSFUL ASSEMBLY:NO ERRORS
2102 ABUS 2155 DBUS C500 SELECT 2102 ABUS

2115 DBUS C500 SELECT

Nporpamma 11.1, IlporpaMma <«nepek/iOUeHHA» BCeX JIMHHA IIHH a1pecos H
JAaHHBIX.
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(a) TepekaoyaTeabHblil TECT WIHH aJPECOB U AAHHbIX

ITepen TeM Kak NPHCTYNHUTb K BBHIIOJHEHHIO CJIOXKHBIX TECTOB
[0 MPOBEPKE HHTErPaJbHBIX Y3JI0B, LeJjecoo6pasHo NPOBEPHTb pa-
60TOCNIOCOOHOCTb CHCTEMHBIX LIHH. «IlepekyiouaTesnbHBId TeCT» ciay-
JKHT JUISl UCTIBITAHUS KaXKAOH JIMHHHU IIMH aAPECOB H AAHHBIX NyTeM
nonepeMeHHOH NOAA4YH HA JIHHHIO CHTHAJOB BbICOKOTO H HH3KOIrQ
YPOBHsA. JTOT TeCT NpeacTaBieH B BHAe nporpammsl 11.1. Ou Hauu-
HAercsl ¢ 3alaHHA aJPecoB MaMATH LeJeBOH CHCTeMbl (NEPBLIM U3
Kotopbix sBasiercss 10101XXXXXXXXXXXp), NMOC/TE 4Yero BBIMOJHSETCs
XoJocToe uteHHe no aapecy AAAAjs npH KOTOPOM HA AAPECHYIO
IIHHY LeJeBOH cucTeMbl nojpaercss HaGop OUTOB C yepeayio-
WUMHCS €JHHHYHbIMM M HyJIeBLIMH 3HaueHHsMH. 3aTeM CHOBA
NIPOM3BOJMTCS YCTAHOBKA COAEpKHMOro perucrpa Beibopa, B pe-
3yJbTaTe KOTOPOH OKa3blBaIOTCS BHIOPAHHLIMH ajApeca, HauHHAlO-
muecs: ¢ 01010XXXXXXXXXXXg, [IOCJE Yero BLIIOJHSETCH X0J0CTOe
uTeHHe 10 aapecy 55556, T. €. O ajpecy, NpeacrasisiouemMy cobof
HHBepculo mpeabiaymiero. OnucaHHas npoleAypa NOBTOpsiercs
256 pas, a 3aTeM NPOBOAMTCS @HAJOTHYHBIA TECT WIMHbI AAHHBIX
LeJeBOH CHCTEMBL.

OnucanHbl TecT NMO3BOJSsIET ONEPATOPY NPOBEPHTH C TOMOLIBIO
ocuuJIorpada uaH JOTHYECKOro NPoOHHKA, YTO

— BCE JIHHHH 11eJIeBOH CHCTeMBl SIRJISIOTCS YIpaBJseMbIMH, T. €.
HH OJlHA H3 HMX HE COXPAHAET MOCTOSHHOTO BHLICOKOT'O WJIH HHU3KOro
ypOBHS;

— Ka)/as JIHHUA TO0JHOCTbI0O HCNPaBHA, T. €. COELHHSIeT KOH-
TaKT [POLECCOPHOro THe3Aa C COOTBETCTBYIOLUIHMH BbLIBOJAMH BCEX'
HyxHbIX NC.

OtcyTcTBHe KOPOTKHX 3aMbIKAHHH MeXAY JHHHSAMU TaKXKe
MOKHO NPOBEPHTL ¢ NOMOILbIO 0oJiee CJAOXKHOH TecTOBOH mporpam-
Mbl, nojaipouel Ha KaXKAylo JHHHIO CHTHAJ ONpefeeHHOH 4acTOTHI,
T. €. CHEeUHaJbHyI0 MOC/AeLOBATENBHOCTb OuUTOB. /s BBHISICHEHHS,
HeT JIH 3aMbIKaHHH MeXJY JHHHSMH, B 3TOM cJayyae NPUMEHSETCS
yacToToMep HJH ocuuaaorpad.

OueBnano, npu 256-KpaTHOM NepeKJIOYEHHH CHCTEMHBIX LIHH
ofepatopy He XBaTaeT BPeMEHH Ha BU3YyaJibHYI NMPOEEPKY XOTs Ghl
OJHOH TOYKH TecTHpyeMmoH cxeMmbi. [IpuBegeHHAs Huxke KOPOTKAS
nporpamma HJJMIOCTPHDYeT NPHMEHeHHe NPOrpamMMbl TECTHPOBAHHUSA
wuy (BTEST) B cocraBe KOHTPOJbLHOH NporpaMmHOll MocjenoBa-
TeJIbHOCTH.

180 PRINT “BUS TESTING — PROVE TARGET SYSTEM
BUSES”

190 print *(PRESS SPACE FOR NEXT TEST)”

900 CALL BTEST

210 IF PEEK (—16384) < = 127 THEN 200

Ecin BKJIIOUHTB 3TOT TECT B LHKJ, B KOTOPOM OCYLIECTBJSIETCS
TAKXKe NPoBepKa KJAaBHATYDHl, TecT 6yAeT MOBTOPATHCA JO TeX nop,
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TI0Ka OoNeparop He NMOAACT HAXKATHEM KJaBHIIM npobesa cooblueHHue,
YTO OH YIORJETBOPEH Pe3ysbTaTaMU MPOCMOTPA.

(6) Tect 3YIIB “maxmatnaa mocka“

- Ocnosuoit npuHuMn koHtpoas 3YIIB 3akiiouaercs B 3anucH
B NaMsTb HEKOTOPOTO TECTOBOro Habopa AAHHBIX, CUHTBLIBAHHH 3a-
NHCAHHOH HHQOPMALUHW W NpOBEpPKe NPABHUIbHOCTH BHINOJHEHHUS
3anucu u ureHus. IIpumeHsieMble TecToBble HAGOpPHl MOTYT GbITh
CaMbIMH PasHoOOpPA3HBIMH, NpHUEM pasjuuHble Ha6OPE MOTyT GHITh
YYBCTEHTEJbHBI K PAa3HbIM BHAaM HeucnpaBHocTed. OQHUM H3 Hau-
GoJiee YHHBepPCAJbHBIX CIOCOGOB KOHTPOJIsI, MO3BOJISIOUIMM [POBe-
PHTb YTE€HHE W 3anuch B Kaxjao#h 6utoBoi siyeiike 3YIIB, sBasercs
TeCT «IlaxMaTHas AocKa». Peasusanus HEKOTOPBIX 0oJiee CJIOXKHBIX
TECTOB 3aHHMAET HEeCKOJIbKO YacOB.

ITporpamma 11.2 npexcraeasier co6oii nporpaMMmy TeCTHPOBAHHS
3YIIB. Bui6upaercsi Hekortopas obuacts 3YIIB, B Hee 3anocurcs
urcso 5516 (01010101,), 3aTeM cojep:KHMOe sIUEHKH CUHTBHIBAETCH
¥ CPaBHMBAETCS C HCXOAHLIM. Ecnu cpaBHeHHe AaeT OTpHIlATE ] bHbIA
pesysabrar, BhINOJIHEHHe TecTa mnpekpamtaercs @ OBM Apple 11
evigaeT coobienne o HeucnpasHoctd 3YIIB. [Ipu ycnewsom sasep-
UIEHHH CPaBHEHHs Te K€ ONepalHH MOBTOPAIOTCH ¢ HHBEPCHBIM CJIO-
com AAjs(10101010;). 3arem TtecT nOBTOpsieTCs AJs cJenyloLiei
06GJ1acTH NaMATH U T. 1., NOKa He GYAYyT UCIBITAHB H [IPOKOHTPOJH-
poBaHL Bce o0sacTH ¢ aapecami, BxoAsuiumMu B okHO C800,5 —
CFFFjs. '

ITepexn Tem Kak OGpaTHTHCS1 U3 OCHOBHOW TECTOBOH NPOrpamMMbl
K nporpamme KoHTposs 3¥IIB, Heo6X0QUMO OCYILHECTBHTbL 3arHch
HH(QOPMAalHH B PErHCTp BHI6Opa ¢ TaKMM pacyetoM, utofbl pasmec-
THTh nposepsAeMoe 3YIIB B TecTOBOM OKHe BHYTPHUCXEMHOIO 3MYyJs-
Topa. Hanpumep, cienywounil ¢parMeHT IporpaMMbl OlPeaeTUT 3a-
naHve AJas npoBepkn obaacreit 3YIIB wneseroii cucreMbl ¢ anpe-
camu B aunanasoHe 0800, — OFFF 5.

250. PRINT “RAM TESTING 0800 — OFFF”
260 POKE SELECT,08: CALL RAMTEST

Curnatypsl N3Y

[lIupoko pacnpocTpanHeHHbIM MeTOnOM KouTpoas [13Y siBasercs
¢opmupoBaHie GalTOBOH KOHTPOJBHOH CyMMBbl, KoTOpas o6pasyer-
csl MyTeM CJOXKEeHHs BCeX NaHHBIX, xpansmuxcs B 113Y. Oxnako npu
3TOM BCeria CyLlecTByeT BEPOSITHOCTb TOTO, YTO HEHCNPAaBHOCTH OC-
TAHYTCSl HEBBISIBIEHHbIMH BCJEJCTBHE B3aHMHOH KOMIEHCAllHH He-
CKOJIbKHX OIIHOOK. Bojiee TOUHBI MeTOA, NPH HCIONb30BAHHH KOTO-
poro B3aHMHasi KOMIIeHCAlHsl ouIHGOK OTHOCHTE/BHO-MaJIOBEPOATHA,
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ONHPAeTCsl HA HCNOJNb30BAHHE LUUKJIHYECKHX H3OBLITOUHBIX KOAOB €O-
nepxumoro TI3Y. 3tor Merox KOHTpoass Obla NepBOHAYAJILHO HC-
fOJb30BaH B CHCTEMax nepelaud ARaHHBIX, HO 3a IOC/e/lHee BpeMs
HallleJ IUMPOKOE NpPHMEHeHHe KaK OCHOBA CHTHATYpPHOro aHaJin3a.
Kontposib ¢ ucnosb3oBanneM LHKJAHYECKOH H3OLITOYHOCTH MOXKeT
O6bIThb peasi30BAH H aNNapaTHO, U NPOrPaMMHO, HO OODBSICHHTH €ro
NPHHLHUIN, NO-BHAMMOMY, HpOILe, NOJAb3YsCh annapaTHOH MOJAENBIO.

Ha puc. 9.4 npeacraBnena cxema 16-pa3psiAHOTO CABHTOBOTO pe-
ructpa ¢ o6parsHbiMi CBA3SiMH. Bce 6GUTHI ZaHHBIX OC/AEA0BATENLHO
BBOAATCA B peructp. [IBoHuHOe €J10BO, (OPMHPYIOLLEEC B perHcrpe
10 OKOHUYAHHH IIOTOKA AAHHBIX, NpeAcTaBJseT cobofl deThlpexpas-
pPALHBIA LIeCTHaAlLATePHUYHBIH LHKJIHYeCKHH H36biTOuHBIA Kol. Buaa-
rojaps uensm o6paTHOH CBsI3M Ha BXOJ perHcTpa nojaercs cymma
0 MOAYJI0 2 AAHHBIX, NOCTYHAIOUINX MO STHM HeNsM, H HOBHIX AaH-
HBIX, BBOOMMLIX B CXeMYy; TeM caMbiM ofecrneyHBaercs yuacTHe KaxK-
joro 6uta conepxumoro nposepsieMoro [13Y B ¢popMHPOBaHHH OKOH-
4aTeJbHOr0 LHUKJIHYECKOr0 H3GLITOYHOrO KOJa, T. €. CHIHATYpHL

IMporpamma 11.3 Beimosnser Te xe AeiicTBust. Kaxaweii 6aiit Te-
ctupyeMoro Il13¥Y mnocineaoBarenbHo (HauuHast ¢ 6ura 0 ¥ KoHuUas
6utom 7) BocnpuHuMaetcs nmoanporpammoit FEEDBACK, kortopas
OCyIIeCTBJII€T CyMMHPOBaHUe 10 MOAYJII0 2 GHTOB H3 pa3psanos 6, 8,
11 u 15 pernctpa c mocrynanomum 6utroM. Ilocne o6pabotku moa-
nporpammoit FEEDBACK Bcex 2K X 8 6ur nanpbix B o6sacTax
SIGH u SIGL dopmupyercsi OKOHUATe/bHAA LHKJIHYECKas H30HI-
TOYHAsl CyMMa, T. €. CHTHAaTypa.

Has kourpons II3Y c¢ o6pvemom Gosnee 2K GallT ucmosbayoTest
TPH CTAHAAPTHHE MPOTPAMMBL.

Haspanne nporpamMmmul BrimostusieMble geHCTBUS

NSIG (Hosas cursatypa) YcTaHaBIMBAaeT B HYJEBOE COCTOSIHHE
«CIBHTOBBIl DErHCTP», COCTOAWME M3
SIGH un SIGL, u ¢dopmHupyer curnary-
py 2K-6aittosoro 3YIIB

CSIG (IlpomonxeHne CHrHaTYpHI) Henaer To 2Ke, 4TO u upeAblAylLas
nporpaMma, HO He BHINOJHAET Ha-
4aJbHOrO c6poca «CABMIOBOTO PErucr-
pa», B pe3yJbTaTe 4Yero npoaoJxKaer-
¢ GOpPMHpPOBaHHe  CHTHATypH  AJSst
M3Y, npesnmaomero 1o o6beMy
2K Gair

DISPLAY BEIBOANT Ha MHAMKAUHIO COAEPKHMOE
«CIABHUI'OBOrO perucrpas, T.e. obJaacteit
SIGH u SIGL B wecTHazuatepHuHoM
¢opmare
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[lpuBoanumas HulKe mporpamMma HAMIOCTPEPYET HCNOJb3OBaHHE BCEX
TPEX Ha3BaHHbIX Bhille AJas (opmupoBaHust curHaTypu [13Y 06b-
emom 4K 0aiiT, pasMellleHHOro B JHanasoHe ajpecoB MaMsTH HeJe-
Boil cuctembl B000;s—BFFFe.

320 REM BO HEX IS 176 DECIMAL

330 POKE SELECT, 176

340 CALL NSIG:REM FIRST 2K BYTES

350 REM B8 HEX IS 184 DECIMAL

360 POKE SELECT, 184

370 CALL CSIG:REM CONTINUE WITH NEXT 2K BYTES
380 CALL DISPLAY:REM DISPLAY FINAL SIGNATURE

Npumep peanusaumuu TeCTOBOH Nporpammbi

BuyTpucxemublél smysastop Apple MoxeT ObTh MpHMeHeH AJs
paboThl cO MHOrMMH MHKPODBM, nocTpoeHHBIMH Ha OCHOBE MHKpO-
npoueccopHoro kKommnaekta 6500 u HmemowuMH pa6ouyi0 4acToTy
I MTI'u, npu ycnoBnu, 4To Bce CXeMbl Ha NJaTe aMyasiTOpa TAKTH-
pYOTC NpPOLECCOPHBIM cHHXpocurHadaoM (2. Maeanbubim npumepom
LeNeBOH CHCTEMEl MOMET CAYXKHTb MUKpoIBM AIM 65, B cocras
xotopoil Bxoaatr 3YIIB emkocrbio 4K 6Gaiit, 20K-6afitosoe [13Y u
LWHPOKH nabop ycTpoficTB BBOAA-BHIBOAA: ABA YHUBEPCAJbHBIX HH-
TepgeiicHbix anantepa 6522, apantep napaJgJeabHoro unTepdefica
6520 u apantep uTeHHs ¢ TepMHHaJa BBOAA-BbiBoAa 6532. KpaTkoe
onrcande MHKpOIBM u kapra pacnpelesennsi ee namaTH MpUBe-
NEHBl B IIPUJIOKEHHH 2.

TectoBass nporpamMmHasi NOC/JeI0OBATENbHOCTb MPEACTaBJAEHA B
Bufe nporpammbl 11.4. OHa HauMHaeTCsi C KOHTPOJIA CHCTEMHBIX
WHH, TOCJe KOTOPOro BhINOJHseTcst TecTHpoBaHue 4 K-6aiitoBoro

A7 REM sttt st skttt st oo s e o 2k okt o e sk e ot e o o B o o e s ok e o e o o o e b o e
48 REM = APPLESOFT PROGRAM SEQUENCING TESTS =*
40 REM  stseoiosiesrotoskotoshot stk seotetoh ol ook s skt s s ot ol ool oot ook ook o oo o o ok sk s ok ol s oo

50 REM AIM65 TEST ROUTINE

60 HOME
70 REM DEFINE SYSTEM ADDRESSES
80 SELECT == — 15100

90 DISPLAY = 8288

100 NSIG = 8192

110 CSIG = 8200

120 BTEST = 8448

130 RAMTEST = 8336

140 PRINT «”

150 PRINT “LOADING MACHINE CODE TESTS”
160 PRINT “BLOAD APPTESTS”

170 PRINT « ”
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180
190
200
210
220
230
240
250
260
270
280)
290
300
310
320
330
310
350
350
370
380
390
400
405
410
415
420
430
440
450
460
465
470
480
490
500
510
520

PRINT “BUS TESTING-PROBE TARGET SYSTEM BUSES”
PRINT “(PRESS SPACE FOR NEXT TEST)”
CALL BTEST

IF PEEK (—16384) < =127 THEN 200

PRINT * ”

PRINT “RAM TESTING 0000-07FF”

POKE SELECT,0:CALL RAMTEST

PRINT “RAM TESTING 0800-0FFF”

POKE SELECT,08:CALL RAMTEST

PRINT *” CHR$(13); “RAM TESTS COMPLETE”
PRINT “ .

PRINT “ROM SIGNATURES BLOCKS B,C,D,E,F”
PRINT « »

FOR N =176 TO 240 STEP 16

POKE SELECT,N:CALL NSIG

POKE SELECT,(N 4 8): CALL CSIG

CALL DISPLAY

NEXT N

PRINT “ ”; CHR$(13); “ ROM SIGNATURES COMPLETE”
PRINT * »

PRINT “ VIA TEST”

POKE SELECK,160: REM SELECT BLOCK AXXX
APRT =51201 : BPRT =51200

ADIR — 51203 : BDIR = 51202

POKE ADIR,0: POKE BDIR, 255

REM A INPUT — B OUTRUT

FOR N=0 TO 225

POKE BPRT,N

IF PEEK(APRT) () N THEN PRINT “VIA ERROR”
NEXT N

POKE BDIR,0: POKE ADIR,255

REM BINPUT — A OUTPUT

FOR N=0 TO 255

POKE APRT,N

IF PEEK (BPRT) ( ) N THEN PRINT “ VIA ERROR”
NEXT N ‘

PRINT “ ”: PRINT “TEST COMPLETE”

END

237

Iporpamma 11.4. [Iporpamma opraHusanud NOCAeLOBATEJNbHOCTH TECTHPOBAHHS
B cucteme Applesoft.

3YTIB u tecrupoBanue [13Y ¢ hopMHpOBaHHEM CUTHATYD AAS KaXK-
naoro u3 nati 4K-6a#iToBhix 6/10K0OB. 3aBeplliaeT MPOrpaMmy TecT
NO0JIb30BaTeJbHOr0 YHHBepcajbHOro apantepa 6522. Ilns BwInoJ-
HEHHsA 3TOro TecTa MOPThl ajanTepa COELUHSIOTCS MeEXAY CcoO6oi
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¢ NOMOLLBI0 KOJIOAKH, B KOTOPO/ NPOBOAHBIM MOHT2XXOM BBHITOJIHEHH
coeautenus A0—BO, A1—Bl u 1. a. [Toanporpamma nauHHaerTcs ¢
HasHaueHHs Mopra A NMOpToM BBOAA, a Nopta B — nopTom BhIBOZA.
3ateM NpOH3BOAATCHA 3aNMHCh B mopT B «HapacTaloHX® TECTOBBLIX
Ha6opoB AaHHLIX H NPOBEpKa AAHHBIX, CYHTHIBaEMbIX U3 opTa A. 3a-
TeM NOPTH MEHSIOTCS POJISIMH H Bech TecT nosTopsiercs (puc. 11.5).

JRUN
LOADING MACHINE CODE TESTS

BUS TESTING-PROBE TARGET SYSTEM BUSES
(PRESS SPACE FOR NEXT TEST)

RAM TESTING 0000-07FF
RAM TESTING 0800-0FFF

RAM TESTS COMPLETE
ROM SIGNATURES BLOCKS B,C,D,E,F

B89C
A181
F727
B072
8ABE

ROM SIGNATURES COMPLETE
UIATEST
TEST COMPLETE

Puc. 11.5. Tunuusbiii BUA pe3yAbTaTOB TECTHPOBAHUS HCIPABHOM NMNATH.

OTOT mpuMep HJJIIOCTPUPYET HEKOTOPhle NPHEMBb HCIOJb30BAHHA
BHYTpHCXeMHOro amyastopa Apple. B nporpamme Gosee ray6okoro
KOHTpOJIA HMeso Obl MECTO TeCTHPOBaHHe WHTeP(eHCHBIX YCTPOHCTB
HHAKKATOpa, NPHHTePAa, KJaBHATyphl U T. 1., @ TaKxke NPHCYTCTBO-
Baau Obl OoJee moapoOHble yKasaHusa ALJas onepatopa. OpHako oc-
HOBHblE€ HJEH, 3aJI0XKeHHbIe B PACCMOTPEHHOH nporpamMme, MOMOTaioT
OCBOEHHIO MPHHLHIIOB BHYTPHCXEMHOH 3MYJSILHH H JalOT NpeACcTaB-
JIeHHe O BO3MOXKHOCTSIX CEpHHHO BHIycKaeMbiXx npHGopoB. OTMe-
yeHHble 06CTOATENbCTBA N03BOJsIOT cyuTaTh BCD Apple He TONBKO
NpakTHYeCKHM HHCTPYMEHTOM MOMCKA HeHCNpaBHOCTeH, HO H yA06-
HbIM HEJOPOrHM CPeACTBOM OOYYeHHs.

3aknioueHue

CTOHMOCTb KOHTPOJIBHOTO 000PYyLOBaHHA MOXKeET B ropasno 60Jib-
Iiefl CTeNeHH ONpenessATbCd CTOMMOCTBIO HHAHKATOPOB, YCTPOHCTB
BBOAA W yNpPaBJIeHHs, YeM CTOHMOCTBIO Te€X 3JIEKTPOHHMX YyCTPOHCTB,
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KOTOpble COGCTBEHHO H 06ecleuHBaiOT MOHCK HEHCHpaBHOCTed. Bo3-

naras (QyHKIMH UHAMKALWH, BBOJA H YNpaBJeHUs Ha MHKpoDBM,
MOXKHO CBECTH O0beM CNEHHaJH3HPOBAHHEIX CPEACTB KOHTPOJS K
OnHOH Hegmoporoil nsate. B paccMOTpeHHOM mpHMepe AJs ynpas-
Jgenns naatod BCD npm rtecruposanuum II3Y u 3¥YIIB uenesoit
CHCTEMH TPHMEHEHb MporpaMmubie cpeactBa. Omucannas cucTeMa
SMYJISIIHA SIBJISIETCS HE TOJbKO NPAKTHUECKHM CPEJCTBOM Henocpes-
CTBEHHOTO KOHTPOJISl, HO H yNOOHBIM OOBEKTOM HU3YueHHS METOLOB

BC3.



Mnasa 12

OpHonnarHele aHanM3aropsl

CurHaTypHbuIH aHanusartop

CepuiiHO BbIyCKaeMble MPUGOPHl, peanusdyioline QyHKIHIO CHI-
HAaTYpHOTO aHaJIM3a, MOTYT HMETb M JApYyrue (QyHKIHOHAJbHbE BO3-
MOXHOCTH, KaK, HalpHUMep, H3MepeHHe YacCTOThl, MOACYET COOLITHI,
JIOTHYeCKHH aHasn3. IJTO AejaeT HX YHMBEDCaJbHBIMH, HO B TO XKe
BpeMsi CJIOXKHBIMH H JOPOTMMH TeCTOBHIMH ycTaHoBKaMu. Oxnako
JlelleBbIfi NpuGOp, NpefHa3HAUEHHBIH TOJBKO A/ CHTHATYPHOIO aHa-
JIH3a, MOXKeT OBbIThb KOHCTPYKTHBHO odopMJeH B Buie He6OJbLIOH
naatel. [Ipu Hanuunmy KelngpaTopoB HHAMKALMH, BHpabaTuiBalo-
mux nzobpaxenns 6yks A, C, F, H, P n U BmecTo 06bIyHO TpHMe-
HsieMblX [mecTHaauatepuunbix cumoonos A, B, C, D, E u F, voxuo
chenaTb NpHGOp aBTOHOMHbLIM. [IpHBJeKaTe/bHBIM SIBJASETCS H Ba-
PHaHT, KOTJa B PacrnopsiKeHuH HMmeeTcss Heloporas MHKpoIBM, B
KOTOPYIO MOXKHO BBOAHTb CHTHATypHble JaHHBI®, NPOrPAMMHBLIM My-
TeM Npeo6pa3oBBIBATL HX U NPEACTABJATb HA BCTPOGHHOM HHJIMKA-
TOpe HJAM JAHCIJIee, TaKO# NOAXOJ BecbMa LesaecoobpaseH npu Hc-
noab3oBanun DBM R aBTOMATH3aLUU [TOHCKA HEHCIPABHOCTEH.

PaccmaTpuBaeMblil 371eCh OLHONJNATHHIN aHAJW3aTOP IO CBOHM
XapaKTEepHCTHKAM BO MHOTOM aHAJ/IOTHYeH CepHIHBIM npubopam; ero
[OCTPOEHHE MpPeAyCMaTPHBAeT BO3MOXKHOCTb COIPSIKEHHs C MHKPO-
OBM. OxHako JJsi ynpoileHHst NpoLecca TeCTHPOBAHHI KCXOJHAS
KOH(pHTYpalUus BKJOUAET YEThipe CBETOLHOAHBIX UH(QPOBBIX HHIH-
Katopa W uHTerpasbHblil Aewuncdparop TIL308; nostomy ycTpoHCTBO
(YHKIHOHMDPYET KaK aBTOHOMHBIH CHIHAaTypHbIfl aHaausatop. [e-
wmnepparop TIL308 npeoGpasyeT yeThipexpaspsiiible ABOHUHbLIE YHC-
Ja B HzobpaxeHnHs cHMBoJOB. IIpu nojaye COOTBETCTBYIOILETrO CHI-
Hana OHUTH JaHHbBIX MOTYT OBITh 3a(HKCHPOBaHBI B HHIHKaTOpe.
K coxaJieHHio, HHAHUUPYeMBl Habop CHMBOJIOB He COBNAAdeT HHU C
TpaAMIHOHHBIM HaG0OpPOM IlecTHAaAUAaTePHYHBIX UHGPP, HH ¢ HaGOpOM
CHMBOJIOB, NPHMeHsieMblX B CHrHaTypHoM aHaJause. [losTomy npu
CPaBHEHHH CHTHATYyp, MOJy4aeMblX C NOMOLIbIO JAaHHONO YyCTPOH-
CTBA U CEPHIHBIX NMPHOOPOB, HEOOXOAMMO MNOJb30BATbCA TabJaHLeH
cootBeTcTBUA. [IpH cocTaBJeHHH ONHCAHHS HOBOH CHCTEMB C IO-
MOIbI0 YKa3aHHOrO YCTPOHCTBA 3TO OOCTOSITE/NILCTBO HE sBJsETCS
cepbe3HbIM HegocTaTkoM. Ha6op BXOAHBIX yNPAaBJ/ISIOIIHX CHTHAJIOB
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yCTpoHCTBA OrpaHHuYeH CHrHaJaMH MYCKa, OCTAHOBA W CHHXPOHH3a-
LUM M elle TPeMsl CHTHAJaMH, KOTOpble MOTYT ObITb 3ajaHbl nepe-
KJI0YaTeqsMH, ONpeAessioiMMH, KaKue (POHTH CHIHAMOB MNYCKa,
OCTAHOBA H CHHXPOHM3ALHH SIBJISIOTCH aKTHBHBIMH. CrielddHuecKoi
0COBEHHOCTbIO BXOAHBIX CHIHAJIOB MyCKa H OCTAHOBA SABJSETCS TO,
YTO JOJXKHA OBITh BO3MOMKHOCTb MOJAYH HX B BHAE OJHOrO H TOrO
’e CHFHaJa TECTUPYEMOTro YCTPOHCTBA M OOGECNedeHHs] KOPPEKTHOH
paboTh aHaaW3aToOpa MpH JIOOOM 3aJaHHOM COYETAHHH MOJOXH-
TeJbHBIX H OTPHLATENbHBIX ()POHTOB.

CuHXpoOHU3aLUa Baoga

Cymmarop
no mogynio 2 L

R

Dantsie Cunxp. .
> Bxopg 16-pa3pafHbIA CABUIOBLIA perucTp

OFvamor\wﬁg:ﬁf—’:f
Dlo|o|ojo|o|o|ojn|o|c|o|la|olojo

1npu HeveTHOM n,

(Cymma n efuHKY NO MoAynio 2 paBHa {Onpn eTHOM N

Puc. 12.1. OcHoBHOH 6JI0K CHTHATYPHOrO aHaJju3aTopa.

Cxema CHTHAaTYpHOTO aHaJ/iH3a, MMelollascs B COCTaBe paccMa-
TPHBAEMOTO KOHTDPOJBHOTO YCTPONCTBA, COCTOMT M3 16-paspsifHoro
CABMIOBOTO PErHCTpPa M CyMMaTopa MO MOAYJIO 2, HA BXOAbl KOTO-
pOro noOCTynarwT CHrHaJbl O6paTHOH CBsI3M M BXOAHBIE JAAaHHbIC AJf
curuaTypHoro anajusa. Curuasasl o6paTHO# cBsi3u GepyTcs ¢ paspsi-
1oB 6, 8, 11 u 15 cABHroBOro peructpa, NpHyYeM MocJaeJ0BaTeNbHbIMA
‘BBOJA JAHHLIX B PErHCTP OCYILIECTBJSETCHA CO CTOPOHBI MJAAIIETro
6ura, umeroinero Homep 0. JlaHHble, PHKCHPYeMble B perHCTpe nocnue
OCTaHOBa BBO/A, NPECTaBAAIOT COO0K CHTHATYPY.

JIlns peanmsauud 3Tod cxembl ucnoabsyiorcs ase MC 74LS164,
Kax/1asd H3 KOTOPHIX HMeeT 8-paspsifiHblii caBuroBmii peructp, u MG,
coaepxamas yeroipe Bentuis MCKJ/IIOUAIOUEE WMJIY, us korto-
PHIX OPraHu3yeTcs CyMMaTop no MoayJio 2 (puc. 12.1).

B COOTBeTCTBUH ¢ MOPSAKOM pabOTHl aHaNU3aTopa CABUIOBHIH pe-
THCTP IpelBapHTeJbHO YCTAHABJIMBAETCS B HyJIeBOE COCTOSIHHE, H A0
MOCTYNJIEHHsS] CHTHAJa MyCKa CHHAXPOCHTHAaJbl HAa HEro MoJaBaTbCs
He HoMXHH. Ilocjie OTKPHITHS CHTHATYPHOTO OKHA4 CHHXPOCHTHaJIBL
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HaYHHAIOT MOCTYNnaTb HA PErHCTP, H H3 BXOMHBIX JAHHHX (OPMH-
pyercst ux curnarypa. Ilo okOHuaHHW OKHa HaxoJsiuHecss B per-
CTpe NaHHble MOTYT ObITh 3a(UKCHPOBaHH B MaMsATH HHAHKATOPA
(w1n B 8-paspsiAHBIX  pErucTpax, ecadH HCIOAb3yeTcs uHrepdeiic
OBM). Cxema ycranaBinBaeTcs B HCXOAHOE COCTOSIHHE M TFOTOBAa K
MOCTYTNJIEHHIO OYEePEAHOrO IYCKOBOIO CHrHAJIA.

CoBepluenHo 06s13aTe/1bHO, 4TO6H AaHHBE, NOCTYNAIOLIHE OLHO-
BPEMEHHO C (PPOHTOM OCTaHOBA, He BBONMJIHCL B CHBHTOBHI pe-
THCTD, TaK KaK 3TOT OHT AaHHWX, OYAy4YH JIHIIHAM, HCKAa3HT CHTHA-
TYpy.

YIOGHO MOACHHTEL 3Ty CHTYAllHIO HA NPHMepe OPMHPOBAHHS CHI-
HaTyp 16-paspsAaHOro cueTyrka, npeicTasieHHOM Ha puc. 12.2. (Ile-

Cuuxp. _r-l_

16-paapagHbil CYETYMK

Tttt

CurHatypHeIit
aHanuaatop

Puc. 12.2. Hcnonbsosanne CHTHaTYpHOTO aHaJW3aTopa sl HCCAeJOBaHHST pae«
6ot 16-paspagnoro cueTumka.

J10 B TOM, YTO CHTHATYpPbl aJpPeCHHX WHH GOJNBIINHCTBA 8-pa3psAHbIX
MHKDPONPOLUECCOPOB NPH TECTHPOBAHHH HX B pexHMe CBOOOLHOrO
NporoHa coBnajaiT C CHrHaTypaMu 16-pa3psaHOro cueTyuka.)

Ecnu usmenenne comepuMOro cueTynka MPOH3BOAMTCSI MO MO-
JIOXHTENbHOMY (QPOHTY CHHXPOCHTHAJa, TO B MOMEHT MOCTYMNJeHHS
OTPHLATENBHOrO (PPOHTA COAEPKHMOE CUETYHKA HMEeT yCTAHOBHB-
weeca 3HaueHue. [loannii nuka paborsl cueTynka TpebyeT mojgayd
64 K cunxpocursanos, a oTpuuateabunii Gppont 15-ro paspsga cuer-
YHKa MOXeT GbITb HCIOJB30BAH B KaYeCTBE CHTHAJOB H NMYCKa, H OC-
TaHOBA B MPOLECCe PerHCTPalUH CHTHATYP.

Takum 06pasom, nepBbIM GHTOM AAHHBLIX, 3aMHCHIBAEMEIM B CABH-
TOBbIl PErHcTp, AOMKeH GHTb TOT, KOTOPHIH MOCTynaer IpH Haxo-
XKIEHHH BCEX pPa3psiloB CYETYHKA B HYJEBOM COCTOSIHHH, a MOCJef-
HUA GHT NOJI’KeH BBORHTBCH, KOTAA HA BBHIXOAAX BCEX Pa3psilOB CYET-
YHKa HMEET MeCTO eIMHHUYHBIH CHTHaJ. DTo O3HayaeT, 4TO CABHUT 10
CHHXPOCHTHAJMy, MOCTynallleMy nocje Toro, Kak 15-i paspsan cuer-
YHKa H3MEHHT CBO€ COCTOSIHHE C eAHHHYHOTO Ha HyJleBOe BlepBHeE
nocJ/e NOCTYNJIEHHA CHTHAaJa NMYCKa, He JOJIKEeH HMEeTb Mecra. Briue-
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Esnsr;:'rvpuoe OKHO, !
$poHTOB
Cunxp, l CHHXPOCHIHANoB I I
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Tlyck ! nepsblil OcTaHos

CABWF NPOM3BOARNTCA

DO 3TOMYy $POHTY TlocnegHuiA caBur npu
$OPMMNPOBAHRA CHIHATYPL!
AONMEH NPOUIBOANTHLCA
No 3tomy GPOHTY

Puc. 12.3. Bpemenntie auarpaMmul K cxeme Ha puc. 12.2,

H3JIOKEHHOE HJJIIOCTPHPYETCS BpEMeHHBIMH AMarpaMMaMy, MNpuBe-
JEeHHBIMH Ha pHuc. 12.3.

PaccmaTtpuBaemas npo6jieMa peliaeTcsi B ONHCHIBAEMOM YCTPOH-
CTBe NyTeM BBeAeHHS HeGOJbUIOH 3aAePXKKH MeXKAy CHHXPOCHrHA-
JIOM TEeCTHPYeMOro YCTPOHCTBA H CHTHAJOM, [0 KOTOpOMy B
perucTpe ocCyulecTBJsieTCs CHOBHr. 3ajepXKa N03BOJSET CXeMe
nycKa/ocTaHOBA M3MeHATb COCTOsHHE H TE€M CaMbiM paspellaTbh HJH
3anpeliaTb MOCTYIJIEHHe CHHXPOCHTHAJa Ha YynpaBjeHHe CABUrOM
perucTpa nepei MNOCTyNJeHHeM aKTHBHOIMO (pOHTAa CHHXpOCHrHasa
Ha BXOJ npHeMa JaHHBIX. :

Takum o6pasoM, 94ToOH Obl1 ob6ecneyeH BBOA B aHalH3aToOp KOp-
PeKTHOH HMH(OpMaluH, BBOAHMBIE JaHHble NOJKHbH (HHKCHPOBATHCA
He3aJlepKaHHBIMH CHHXpOcHTHasaMH. C y4eTOM 3THX cOO6parKeHHi
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Puc. 12.4. Cxema mycka/ocTaHOBa CHTHATYPHOTO aHanH3aTopa.

B CXeMe HCNoJsb3yloTCs TpUrrepnl THna D, peanusoBaHHble myTem
COOTBETCTBYIOILEro BKJAIOYeHHs Tpurrepos JK, kKak mnokasaso Ha
puc. 12:4. Tpurrepet JK npuMeneHbl, notomy 4to tpebyemMoe /s Ha-
IeXHOH 3alHCH BpeMs yJepxaHHA JaHHBIX Ha WX BXOJaX MeHbile,
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yem y TpurrepoB Tuna D. BBenenue zajep:xkH OrpaHnuyHBaeT Mak-
CHMaJIbHYI0 paboyyl0 4YacTOTy BeduuuHol okono 8 MIu. 3rtoro
BIIOJIHE NOCTATOYHO AJs1 TeCTHpOBaHMS 8-pa3psaiHblX CHCTEM, a Tak-
®Ke /5 neselt o6yueHHss W NOATOTOBKH MepcoHaJa.

Ha puc. 12.4 nokasana Tak:xe cxema nycka/ocTaHoBa, MOCTPOEH-
Has Ha JK-Tpurrepax, TakTupyeMbIX He3aJepXKaHHLIMH CHHXPOCH-
HanaMu. Takas cuaxpoHuszauusi Heo6XoAuMa, TaK KakK y HEKOTOPHIX
MHKPONPOLECCOPOB 3HAUEHHs CHTHAJIOB Ha aJpeCHHIX JHHHSX HE OC-
TalOTCA HEHM3MCHHBLIMH Ha NPOTAXKEHHH BCEro NpPOLECCOPHOro LHUKAA.
Ecan npu 310M HenonbsoBaTh curuan Al ang cospaHHs CHTHAIOB
NycKa W OCTaHOBAa CHTHATYPHOTO aHAaJ/H3aToOpa, OKaXKeTcsl Hempa-
BHJIBbHO C()OPMHUPOBAHHBIM CHTHATYpHOEe OKHO. IIpuMeHeHHe CXeMBI,
CHHXPOHH3HPYIOUle CUTHAJbl NYCKa M OCTAHOBa CHrHaJjiaMH TaKTH-
poBaHua 06beKTa KOHTPOJs, obecriedHBaeT BOCIPHATHE CXEMOH aHa-
JIH3aTOPA TOJNBKO TeX NAHHBIX, KOTOPble HMeIOT MeCTO B MOMEHT H3-
MEHEHHSI COCTOSIHHSI CHHXpPOCHrHajoB. Paboune (POHTH CHIHAJOB
MycKa, OCTAHOBA M CHHXPOHH3aUWH 3aJal0TCS C [OMOILbIO BEHTHJEH
HNCKJIIOYAIOILEE WJIM B kauecTBe ynpaB/sieMbX HHBEPTODPOB.
Has ynpasienusi 3THMH BEHTHJISIMH MOTYT ObIThb HCNOJb30OBAHBI OI-
HOTOJIIOCHbIE MePeKJaIoYaTesd (N JOTHUECKHe CHI'HAJbI, BhIpabaTh-
BaeMble HHTepdeiicom MUKPODIBM).

CHrHas OCTaHOBA He OKa3biBaeT CBOEro AEHCTBHS, NIOKa He OyAyT
YyCTAHOBJIEHB B €JHHHUYHOE COCTOSIHHE J[Ba TPHITepa, CBSA3aHHBIE C
cartajsom nycka. O6a curuana, AJs TOTo 4TOGBl OHU NPaBHJLHO BHI-
MOJHSNH CBOH (YHKLHH, ACJKHB NpeObIBAaTh B COCTOSHHUH, Mpe-
IIECTBYIOLIEM HX cpabaTbiBaHHIO, HE MEHbLIE, YeM B TeUeHHE MPOXo-
KJEHHS AaKTHUBHOTO (GpoHTa XxOTsi OBl OJHOro cHHXpocHrHaja. Ha
NPOTAKEHHH BCEH NJUTEeIbHOCTH CHTHATYPHOTO OKHA HMEET BbICOKHHA
ypoBenb curiaid RUN (Pa6ota); npaBuJibHasi perHcTpalys AaHHBIX
B CHTHATYPHOM aHaJsu3aTope obeclneudBaeTcs 3a CUeT HCIOJb30Ba-
HHS 3a/lepKaHHBIX cuaXxpocuryaaoB, OTpunaTenbHbIM (GPOHTOM CHI-
nana RUN zanyckarmoTtess aBe cxeMbl (GOpMHPOBAHHA OAHHOYHBIX HM-
NyJbCOB, OAHA H3 KOTOPHIX BBHIpAbaThiBaeT HMIYJbC HauaJbHON
YCTAaHOBKH CXeMbl MyCKa/OCTaHOBa, a BTOpas MHHLHHDYET NOC/elo0-
BaTe/bHOCTb HMNYJBCOB, KOTOPLIMH JAaHHbIE U3 CABHTOBOTO perucrpa
GHUKCUPYIOTCS B NaMATH HHAMKATOPOB H/HAH B 8-paspslHbIX Peru-
cTpax, HenoJsib3yeMbix B KauecTBe uHtepdeiica IBM. Tlocae coorser-
CTBYIOILEH 3a/epKKH NMoJjaeTcs TakKe CUTHAJ Haya/JbHOH yCTaHOBKH
CABHTOBOr0 pPerucTpa. DTOT CHTHAJ MOXKeT ObITb HCIOJB30BaH B Ka-
YeCTBE CHTHAJa NpepbiBaHus AJas MHKpoIBM, ecan gekoiupoBaHue
M HHAHKalHusa CHTHATYpP OCYIIECTBASIOTCS C ee NPUMEHEHHeM.

CurHaJl HayaJbHOR YyCTaHOBKH, o0o3HaueHHbI Kak R Ha
puc. I14.1, nosHo# 3JeKTpPUYECKON CXeMbl aHaAJH3aTOPa HMeeT J0-
CTATOYHYIO AJIHTENbHOCTh AJS1 TOrO, YTOOBl HCKJKOUHTb MeplaHue Hi-
IHKATOPOB H H30exXaThb CJAHIIKOM YacTHX NpepuiBaHHi B caydae pa-
60Thl aHa/u3aTopa moj ynpasiennem DBM.
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Jlormueckwit ananuaarop

HcnonbsoBanne MukpodBM nas 06paboTKH AaHHEIX, NOJydae-
MBIX C TIOMOLIBIO HELOPOrOro JIOTHYECKOrO aHaJjusaropa, naxe 6o-
Jiee NPHBJEKATeNbHO, YeM NpuMeHeHHe DBM nss cosMecTHOl pabo-
Tbl C CHTHaTypHBIM anaausatopoM. O6beMm HHDOpPMaUHH, KOTOpaAsi
AoKHA OHITh NoJydYeHa NPH paGoTe C JOTHYECKHM aHAJM3aTOPOM,
CyIleCTBEHHO GoJibllle, H OHa HArJISAHO H306pa)kaeTcst Ha 3IKpaHe
MOHHTOpa. MoxeT NoHanoGHTBLCS MPEACTaBHTb ee B IeCTHaAIATE-
PHYHOM HJIH ABOHYHOM ¢popMarte, a nHoraa B dopmare ASCII; npu-
MeHeHHe MHKPOOBM 1i1s 06pa6oTKH 1 HHANKAUHA HHMOPMALMH M103-
BOJIeT YMEeHbWHTb 00beM 0OOpYLOBaHHS, KOTOPOE HOJIKHO GbITh
NpeAyCMOTPEHO AJISl 3THX LeJel B COCTaBe OJHOMJAATOBOro Npubopa.

[IprBonuMoe Huke onucanue cxembl HMeeT OGUIMI XapakTep,
KOHKPETHBIE YCTPOMCTBAa OTHEJNbHO HE pPACCMATPHBAIOTCS; JAaercs
JIMIIb NPEACTaBJIeHHe O NPHHLHUNAX MOCTPOEHHsS] THIHYHBEIX aHa/H3a-
TOPOB.

LleHTpa/ibHBIM YCTPOKCTBOM aHanu3aTopa SIBAAETCS HeGOJblIOe
3VIIB, koTopoe mosBoasier H36€XaTh HEOGXOAHMOCTH 3aHECEHHS
HaHHBIX B namsath OBM Ha craguu perucrpaunu. To o6crosiTeib-
CTBO, YTO JaHHbIE, NIOCTyNAOLINe A0 3amycKawouiero coGbTHs, 3an0-
MHHAHHIO He MOJABEPraloTcs, NMO3BOJHJIO YIPOCTHTH paccMaTpHBae-
MYI0 CXEMY.

st ajpecauny nmaMsATH B NpOLECCe 3aMMCH PETHCTPHPYEMBIX
JaHHBIX CJHYXKHT cyeTuHK. Korjaa ero cofepumMoe DOCTHTaeT MaKCH-
MaJIbHOTO 3HaYeHHs, 3allUCh OCTaHaB/IHBaercsi ¥ MHKPOIBM mnoay-
4aeT BO3MOXKHOCTb 00pamlaThCsi K NaMsTH aHaJH3aTopa.

B cxeme amanusatopa, mpeacrasjeHHoit Ha puc. [14.1, npume-
Hena 8-paspsnHast namsath. llecTHaauaTHGHTOBbIE AaHHBE 3aMHCH-
BalOTCsl B [Ba GJoka namaTth. Korna BM uurtaer unpopmauuio us
NaMATH aHa/ju3aTopa, cxema BbGopa obecmeyHBaeT MOMepeMeHHOe
yreHHe GaHTOB M3 3TUX GJIOKOB. DTa OPraHH3alHs WJJIIOCTPUPYETCS
puc. 12.5.

XoTs MpaKTHYeCKH OCYIIECTBJSETCS perHcTpalHus 8-GHTOBHIX
AaHHBIX, [enecoob6pa3sHO HMeTb BO3MOXKHOCTb paGorel ¢ 16-6Guro-
BBIMH 3alyCKalOWIMMH cJ0BaMH. JlJs 3TOro cjayxaT uyeTbipe 4-pas-
psAHblE CXeMbl CPAaBHEHHf, MOAKJIOUEHHBlE K JIMHHSAM JNaHHBIX H K
AOTOJNHHTE/NbHEIM JIMHHAM 3anycKa. BHIXOMHBlE CHrHAJBl 3THX CXeM
CpPaBHEHHUS MOCTYNAWOT HAa BXOAB BeHTHJs M, BHIXOAHON CHrHAJ KO-
TOPOTrO $IBJASI€TCS CHTHAJOM 3amycka. I'pynnel mo 4 6HT MOryT GbITh
BbIGOPOYHO 3a6JIOKHPOBaHBI C MOMOIIBIO NMOKAa3aHHBIX Ha CXeMe Me-
pekJsouaresei, Npd 3TOM Ha COOTBETCTBYIOUIHA BX0A BeHTHJ st U
nojaercst cCUruaJg 1.

Huisi yBeMueHHsI Pa3pAAHOCTH 3aMyCKaIOUIero CJioBa MOTYT GHITh
BBeJleHbl JOTOJHUTENbHBE CXeMbl CPaBHEHHS; IPH HeOBXOJHMOCTH B
cxeMy MoxeT ObIThb Ao0aBJjeH KBaau(HKaTOp 3amycka. CxeMa 3TOTO
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Prc. 12.5. BapuadTt nmocTpoeHus ajapecHO-joruueckoii cxemnl 16-pa3pasnoro ana«
H3aTOpa,
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KBaJH(puKaTopa MMesa OB Takoi e BHA, KaK cXxeMa KBa/JH(HKa-
TOpAa CHHXDOCHIrHaJa, a ee BHXOJAHO# curHan T nopmasaJcsi OH Ha
BeHTHU/b Y, BBIXOAHOM CHTHAJ KOTOPOTO sIBASJICS Gbl CHIHAJIOM 3a-
nycka, 06paboTaHHBHIM KBaJIHDUKATOPOM.

Ecnu ananusatop GhI NMOATOTOBJEH K paboTe, BBOAMMBIE JaHHbIE
(UKCHDPYIOTCS BO BXOAHBIX PErHCTPax CHHXPOCHTHA/IOM, o6paGoTaH-
HBIM KBaJIM(HKATOPOM, H 3arpyKaloTcs B MEepPryl0 06/1acTh MaMsTH.

[Tonoxurenbubiii  GponT curHana R/W 3ajepKaH OTHOCHTEJBHO
(poHTa BXOZHOrO CHHXDOCHTHA/Ja B COOTBETCTBHH C BPEMEHeM mpo-
XOX/leHHs] MHPOPMALHY U3 BXOAHBIX PErHCTPOB B MNaMSTh.

[Ipupamenne cueTynka aapecoB He MPOH3BOAMTCH, MOKA He BO3-
HUKaeT ycjoBue 3anycka. Korsa 3to ycnoBHe NOSIBASIETCS, CHHXPO-
CHTHaJ/l NMPONYCKAETCs elle Yepe3 OJAMH JJMeMEeHT 3alep:KKU Ha BXOJ
3TOTO CYETYMKA H OCYLIECTBJACT HHKPEMEHT cueTuuka. [Ipu samou-
HEHHH CYETYHKA CHI'HAJl €ro BLIXOJHOTO MepeHoca UCIOJAb3yercsl AJs
YCTaHOBKH TPHTTEpa, KOTOPbIH OTKJIOYaeT BBIXOABI Pa3psiloB CueT-
YHK2 OT JIHHUHA ajpeca MaMATH, NOCJAe 4Yero K 3THM JHHHSAM MOJY-
yaer XOCTYyn MUKpOoDBM.

HusepcHbiii BHIXOA TpHITepa, BHIpaGaThIBaloOmero curuan «Jlan-
Hble TOTOBBI», CJYXKWUT A/ NPHAAHHSA BBICOKOTO YPOBHS CHIHAJy
R/W, ¢ tem uTo6bl Ha TO BpeMs, moka MHKpODBM uurtaer naHHBlE
M3 NaMsTH aHaJu3aTopa, 3alMCb JAHHBIX B 3Ty IaMsTb NPOU3BO-
LUTbCS HE MOrJa.

3aknoueHne

Bbilne 6Ll1M paccMOTPeHbl OQHONJATHBIE AHANM3AaTOPHI: CHIHA-
TYPHBIH aHa/N¥3aTOp, B KOTOPOM MNpHUMEHEH HeJOPOroil WHAHKATOD
A UCMOJIb3YeTCsl YNPOLIEHHBIH [IPUHLMI 3aNyCKa, H 06001leHHbI i Ba-
pPHaHT JIOTHYECKOrO. aHanu3atopa. AKLEHT clesJaH Ha OCHOBOMOJA-
raiompe MPUHUMOB OPraHU3auMH NOAOOHBIX YCTPOMCTB; OAHAKO
M0/1b30BaTeJNI0 JOCTATOYHO NPUBeAeHHOH HHDOPMALMK AJA TOrO, YTO-
6o paspabaThiBaTh ¥ NPHMCHATb aHAJOTHUHLIE YCTPOHCTBA.
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CpeactBa obmeHa uHoOpMmaumnen

UntepdencHbil npeobpasosartens

Pasnoo6pasue cranaaproB Ha HHTepdefich, HCNOJb3yeMble AJs
noc/eoBaTe/NbHOM Mepefayd AAaHHBIX, MOXKEeT OHTh MPHYMHOA TPY.-
HOCTedl moucka HeucnpaBHOcTe#l. MoxeT OKa3aTbCsl, YTO KOHTPOJIb-
Hoe o6opyJoBaHHe MOCTPOEHO TaKUM 06pasoM, YTO AOMyCKaeT HC-
I0/Jb30BAHHE TOJNBKO CHIHAJNOB, COOTBETCTBYIOUIMX CTaHAApTY
RS232, u nenaer HeBO3MOXHHIM paboTy ¢ HHTepdeiicoM «TOKOBas
neTass. ‘

B Tex cayuasx, gorga nnarta autepdeifica KOHCTPYKTHBHO OTHe-
JieHa OT TeCTHpYyeMOH nJaTbl MHKPONPOLECCOPHOA CHCTEMbl, MOXKeET
oKasaTbCcsi YAOOHO BoipabaThiBaTh HHTep(QelCHble CHrHaabl s yi-
paBJ/ieHus AHCNJeeM HJH NPUHTEPOM HENOCPEeACTBEHHO H3 BhIXOAHBIX
JIOTHYECKHX CHI'HAJ0B U OGOHTHCH MpH 3TOM Ge3 nJ/aTh, B KOTOPOH
MOryT ObITh HeucnpaBHocTH, OnHUCHBaeMOe HHXKe HeAOpOoroe yCTpoi-
CTBO NpeAHa3HauYeHO AJS HCMOJNb30BaHHS BO BCeX CHTyallMsAX, Koraa
HeoOx04uMO npeobpa3oBaHHe ypOBHEH CHTHAJOB, (OpHUEM A €ro
(QYHKLHOHHPOBaHHSA He HYXXHBl HHKaKHe JApyrue nuramoollhe Hamps-
JKeHHs, kpome 5 B. YcrpoficTtBo MoxeT 6biTh MPHUMEHEHO AJS CTH-
KOBKH HHTep(efCHbIX CXeM TOKOBOH NeTJH N CXeM, COOTBETCTBYIO-
mux craunapry RS232 (unn RS423), ans BripaboTKU CHUrHAJOB, CO-
OTBETCTBYIOULHX OBOUM 3THM CTaHJApTaM M3 JIOTHUECKHX CHTHAJOB,
a Takxe AJas ob6paTHoro npeoGpasoBaHus. B ycrpoficTee npeaycmo-
TpeHbl HEKOTOpble AOMOJHHTE/bHbBIE BO3MOXKHOCTH, NPHYEM H3 C006-
paxKeHHH CHUXKeHHS CTOMMOCTH M CJOXKHOCTH HX peaJju3auus ocy-
IIEeCTBAAETCA C MOMOIIBIO NlepeMblueK, a He nepekJiouareseil. Cxema
ycrpoficTBa npuBefeHa na puc. 13.1. Hekotopeie cnocobu ero npu-
MeHeHHSsl PacCMaTpPHBAIOTCA HHXKe.

Mpeob6paszosaiue curHanos uHTepdeicos RS232 w RS423

Has BoipaGoTKu curuajgoB RS232 Heo6Xx0AHM HCTOUHHK NUTAHHSA
C OTpHUATEJNbHBIM HanpsixkeHneM. XOTd OObIYHO AJIs1 STHX BHIXOAHBIX
CHTHAJIOB HYXKHB HanpsxeHus +12 B, MOXKHO npH KOPOTKUX JHHH-
six cBsi3W obofituch nutanueM =45 B. Hasa uutepdeiica RS423 nu-
Taowue HanpsxKeHua 5B aBasiorcs crangapTHeiMi. OTpunaTestHoe
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Puc. 13.1. YuuBepcansHoe YCTPOHRCTBO npeobpa3oBaHus ypoBHeil.

HanpsixKeHHe nuTaHua 5 B MOXHO noayuuth H3 HanpsikeHus -5 B,
NpHMeHsI JHOAHYIO CXeMY HAaKauKu WM HHTerpaJbHui npeobpa-
30BaTenb, Takod, HanpuMmep, kak 7660. Ha puc. 13.2 nokasaunl
cxeMbl npeo6pa3oBaTe/iell JOrHYeCKHX ypOBHEH B YPOBHU CTaHAAapTa
RS232; B xauecrBe Bxoaubix nened ucnoab3osannl KMOTI-BeHTHIH
C AMOAHBIMH (DHKCAaTOpaMH, NPEAOXPaHAIOUIUMH CXeMy OT AeHCTBHA
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ypoBHe#t curuajos craugapra RS232. CymiecTBylOT CHEUHAIH3HPO-
BaHHbIE YCTPOHCTBA CONpsXKeHHs, TakHe, KakK 75152 u 75150, o6bu-
HO TIpHMeHsSeMble /s BHIOJHEHHMs] TAKHX npeobGpasoBanuil. Cxema

+5B 358

“1"—-58
BxoaHo# 0> +38
NOrudecknit
curxan BLIXOAHOW CGUrHan
ana untepdeiica RS233
5,68
KMON-genTHan Anop 3enepd TR o1 7660
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curnan —ve """1:
BxogHoW CUrHan +yve —»= "0

n3 unTepeiica RS232
KMO[l-BeHTUNR

0B
6

Puc. 13.2. IpeoGpasoBaHue JOTHUECKHX CHTHAJIOB B CHrHalH HHTepdeiica RS232:
@ — JIOTHYECKHiH CHIHasJ — curiag RS232; 6 — curnan RS232 — noruveckul cur+
HaJl.

}Ke, MpejicTaBjeHHass Ha puc. 13.2, HIMIOCTPUPYET peasn3alHio npe-
o6pa3oBaHHsl YpOBHefl C NOMOIIbIO OGHLIYHBIX AHCKPETHBIX KOMIO-
HEHTOB B CHTYallHH, KOTJa WHTErpaJbHBIX yCTPOHCTB NMOA PYKOH He
OKa3bIBAETCsl.

Mpeo6pasoBaHue CHrHanNnoB TOKOBOW NETNH

B npHeMHHKax CXeM C TOKOBOH NeTsefi 06BIYHO NPHUMEHSIOTCS Ol
THUecKHe maphl (ONTPOHBI), Kak mokasaHo Ha puc. 13.3. HeoGxo-
AHMO TPaMOTHO BHIGPATh KOJIJIEKTOPHOE conpoTHBIeHHe Pc, Tak Kak
NpH CJAHIIKOM GOJIbLION ero BeJHUHHe CHHXKAIOTCH YaCTOTHBE Kaye-
cTBa cxeMHl. Besnunna 1 kKOM npenaTcTBYeT HACBHIIEHHIO BXOLHOTO
TpPaH3UCTOpPA W B TO e BpeMs obecneyHBaeT [AOCTATOYHO HH3KOE
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3HaYCHHE KOJIIEKTOPDHOTO HaNpsXKeHUS NPH NPAMBIX TOKaX [AHOJA
B auanasoHe 15—22 MA. BXOAHO! [1HOL ONTPOHA CJAYKUT JJIS
3aUTBl OT CAYYAaHHBIX HanpsiKeHuH o6patHoi nossiprocTH. [lepe-
JaTYHK TOKOBOH MeTJIH, NMOoKa3aHHblil Ha puc. 13.1, Takxke cHabkeH

-

+58

WHBepTop
Re /Ha KMON-rpurrepe Wmuara
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Puc. 13.3. Tlpeo6pasoBanue CHIHANOB TOKOBOH NET/H B JOTHUECKHE CHTHAJHL

ONTPOHOM, KOTOPHIH oGecneyuBaeT pasBsi3Ky B Iepefalolieil yacTH
cxeMbl. McTouHHK TOKa B 3TOM Caydae [JOJKEH HAXOAHUTbCS B NPH-
€MHOH 4YacTH.

Hnrerpanbuele kouBepTepwl, Takue, kak HCPL—4100 wu
HCPL—4200, MoryT BHINOJIHATE NpeoOpasoBaHHe JOTHYCCKHX CHI-

{ﬂpMeMHMK
+ B (NcTouruk
nuTanua
nHTEpdEiica)
R
+58 (Vlcroquux

|

|

|

|

|

o NUTaxnA

E:gﬁﬁrou | noruyeckuy
20 mA f wiem)

|

|

|

. ¥=

|

|

!

BxoaHoi
curhan or

nHTepodeiica
R3232

0B

0B

Puc. 13.4. Ilpevbpasosanne curianos RS232 B curHaibl TOKOBOH MeT/H NpH
pPasMellleHHd HCTOYHHKA TOKAa B NPHEMHHKE.

HaJIOB B CHIHAJIbl TOKOBOH MeT/H U oOpaTHoe npeoOpa3oBaHue ¢ HC-
NOJIb30BAHHEM MHHHMAJIBHOTO YHC/Ia AONOJHHTENbHBIX KOMIOHEH-
T0B. OJIHaKO NMajieHHs] HANpPSIKEeHHUs B NPHEMHHKE U MepefaTyhKe CO-
CTaBJISAIOT NPH 3TOM OKOJIo 2,4 B, B TO BpeMsi KaK B ONHCAHHOH BHI-
e CXeMe 3TH BeJMYHMHBI COCTaBJsOT npumepHo 1,6 B nas npuem-
HuKa ¥ noutH 0 B pas nepeaarunka.
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Tabauya 13.]. Bapuautel KoHdurypauun npeobpasoBaressi CHCHaJOB

npeo6g:§osauusl KoMnonenTh IMepemuiukn | Bxoa | Bwxon| [lpumeuanus
Jloruka - RS232 | B, D, Ti, T2, Z1,| 2—3, ab a h R3 poaxuo
R6 OLITh H3BATO
' D2, D3, C2, C3,Cl1 :
RS232 - Jloruka | C4,R1=100kOm | g— 0 B j R
Toxosas meraa —> | R1, R2, R3, DI, | 1—2, de be i AKTHBRBIH
—> Jloruka R5, R7, A, B, C, pexumM
R4, T3 1—2 cd f [TaccuBHbIA
pexuM
Jloruka - Toko- | Cl, C4, D3= |[5—4,t-0B| g rs | AXTHBHbIA
Bast netJs = 100 xOm pexum
RES 5—4 g st | ITaccuBubiit
PEeXHUM
Tokosas nmetas — | Bce kommnosentnt | d —e, 1—2| be h AxTHBHBIH
—> RS232 pexum
g coenusens ¢ 0 B| 1—2 cd h [Taccusunbiii
PEXHUM
RS232 - Toko- 6—5, t-0B| | rs | ARTuBHBIA
Basi netJs peXHM
6—5 i st [IlaccuBubit
pexuM

Ha puc. 13.4 nokasana cxema npeoGpasoBaHusi cursajoB RS232
B CHTHaJIBl TOKOBOH MeTJH, a AaHHBle TabJ. 13.1 mokaswBawT, Ka-
KHM 06pasoM AOJIKHBI OBITH HCIOJIb30BaHbl KOMIOHEHTHl H YCT4HOB-
JIeHbl NEePEMBbIYKH TPH PA3JIMYHBIX MPHMEHEHHSX OMHCAHHOrO YCT-
poficTBa.

MpucraBka K NOrMUECKOMY aHanM3aTopy
Ans o6paboTkM nocnefgoBaTenbHLIX BaHHbIX

HsBecten psigi HeNOPOrHX JIOTHYECKHX aHAJIH3aTOPOB, KOTOpbIE
MoryT o6pabaTeiBaTh MH(DOPMaLHIO, NOCTYNAIILYI0 N0 HECKONbKHM
KaHajaM, 4HCJ0 KOTODBIX MoxKeT JocTurath 16. C nomouibio BXoA-
HOJl MJ1aThl, BhINOJHALLEH NpeoOpa3oBaHie NOCAELOBATENbHbIX JaH-
HbIX B napaJJe/bHble U NOAAlOUleldl B aHAJM3aTOP MO OKOHYAHHUH
KaXKA0ro npeo6pa3oBaHHs CHHXPOCUTHAJ, MOXKHO PACUINPHTb (YHK-
IIHOHAJbHblE BO3MOXKHOCTH aHa/JH3aTopa IMOHCKOM HeHClpaBHOCTeH
B CHCTeMaXx MNOCJeJ0BaTeNbHOH Nepefaud HHGOPMALHKH.

PaccmaTtpuBaeMoe 3mech ycTpOHCTBO TAKOrO THNA MOXKeET GbITh
MCMOJIb30BAHO COBMECTHO C aHAJH3aTOPaMH, HMEIOUIHMH He MeHee
BOCbBMH KaHaJIOB, KOTODble MOTYT 3alyCKaTbCsl CJOBOM, BKJIOYAl0-
IHM HHOPMALHIO C He MeHee yeM BOCEMb MJAJAUIMX BXOAHLIX Ka-
HaJoB. KOHKpeTHBIHl aHaauzatop, GUTYyPHUPYIOUIMH B ONHCHIBAEMOM
npuMepe, cHabXeH YCTAHOBJIGHHBIM Ha 3ajHel CTEHKEe pa3beMoM
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Ui KOHTPOJILHOTO Kabess B Pe3HHOBOM H30JSLHH, UYepe3 KOTOPHI
BLIBOAMTCHA HapyxXy HanpsikeHde nuranuds +5 B. Xora ator oTBOA
H He MpeJiHasHayeH AJIS MHTAHHS BHEWIHHX YCTPOHCTB, €ro MOLLHO-
CTH JOCTaTOYHO AJISl MHTAHHs NOCAEL0BATEIbHO-NAPaJLIeNbHOrO mpe-
o6pasoBateJis, eCIH H3 COOGPaKeHHH MHHUMAJBHOTO 3HEPronoTped-
JieHHs OH peanu3oBaH Ha KMOII-noruueckux siementax (nporo-
THNHas cxeMa notpebJsieT okosno 12 MA).

3anaHHe CKOpOCTH Nepefaud H ¢opMaTa AaHHBIX, OGBIYHO BbI-
NOJIHSIEMOE B aHAJH3aTOPaX NOCAeJOBATENbHEX AAHHBIX C OMOLUBIO

DR
AR
8
c 4
e
; dilals ]

Cuprocuruanul | I t I t l t l t
DR | I

BRR I
6
Puc. 13.5. TlpumeHenne ABOMYHOrO CYETUMKA AAS BHPaGOTKH HMNyJabca c6poca

CHrHANa TOTOBHOCTH AaHHHX B YAIIIl 6402: a — cxema, 6 — BpeMeHHbBle jaua-
rpaMMBbl.

KJIaBHIUEA M HHAMKATOpA, B JAHHOM CJyyae OCYILeCTBJSIETCs nepe-
KaouateaMu. Hannune renepatopa ympasieHHsi CKOPOCTbIO Nepe-
Jlauyd, KOTODhI# BeipabaTeiBaeT Bce HEOGXOAMMBIE YacTOTH OJHOBpe-
MEHHO, SIBJISIeTCS] JOCTOHHCTBOM CXeMBbl, TAK KaK JJIS yIpaBJeHUS ero
BBIXOJAMH HYXKeH JHLIb 3afalolluil NepeKIioYaTesb.
YHuBepcasbHbI aCHHXPOHHBIH NpHeMomnepeiaTyuk 6402 siBiser-
Csl aBTOHOMHBIM YCTPOHCTBOM, H IIO3TOMY €ro Jierde CTHIKOBATh C JIO-
THYECKHMH YCTPOHCTBAaMH Ha AHCKDETHBHIX KOMIIOHEHTaX, YeM UIHH-
HO-OPHEHTHPOBaHHBIe nporpaMMupyeMble npu6opel. 3tot YAIIII BH-
laeT curHaJg rotoBHoctH AaHHHX (DR) nmpu nosyuenun mnocsenosa-
TEJbHOTO KoJa cHMBoJa. CHrHAJ MOXeT GHTh HCHOJAb30BAH JAJisl CHH-
XPOHH3aLHH BBOJAA AAaHHBIX B JIOrHYecKHi aHajusatop. OH HoJIXKeH
O6biTh cOpomieH OTpHLATeNbHBIM HMNyabcomM DDR (c6poc curxasa
TOTOBHOCTH AAaHHHIX), BhipabaTbiBaeMbIM IepecyeTHOH cxeMoH, Ko-
TOpasi yAepxuBaeTcs B COPOIUEHHOM COCTOSIHMH, NoKa curuas DR
HMeeT HH3KHI ypoBeHb. [lepecueTHas cxema moxa3aHa Ha puc. 13.5;
ee HCIIOJb30BaHHE JJ151 33JePXKKH CHrHaJa GoJjiee NMpefNnOuYTHTENbHO,

YeM CXE€MBbl Ha €MKOCTAX, [IOTOMY 4YTO HMIIYJIbC DDR Bceraa nosiB-
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Puc. 13.6. TlpucraBka BBOAA TOCJACLOBATENbHHIX [AHHHX B JOrMYeckHil aHaJH«
3aTop. :

JgeTca Ha ee BBIXOAE [OCJe MPOX0XKJIEHUA CTPOTO ONpeleJeHHOro
uHc/aa CUHXPOCHTHAJIOB, ONpelesiioUHX CKOPOCTb Nepenaun. B kaue-
CTBe reHepaTopa CHHXPOCHrHa/loB ucnogabdyerca MCl4411, kotophi
HaCTPOEH Ha reHepalyio CHHXPOCHTHAJOB C YactoToH, B 16 pa3 npe-
BHILAIOUeH HEOOXOAHMYIO 4YacTOTy TAKTUPOBAHHSA NepeladH, Kak
ato u Tpebyerca ans YAII 6402. Tlonnas ¢yHKUHOHAJbHAS cCXeMa
NPHCTaBKH TMOCNENOBATENbHON Oepefauyu npuBeleHa Ha puc. 13.6.

Bxoauoit

3alalouini nepekaryareJpb No3BoJisseT HCNOJb30BaTh aHa-

JH3aTOp MJasi O6pabOTKH CHTHAJOB YeThipeX pa3J/JH4YHbiX YypOBHeil.
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Hactpoiika noruyeckoro anasnszatopa NPOHU3BOAMTCA NyTeM 3aja-
HH# HeOOXOAHMOTrO 3alyCKaIOLEro ¢J0Ba, T. €. LIeCTHAALATePHYHOTO
3nayenus Hekotoporo cumBosa ASCII. [Tepekaiouatesin Bcex KBaJH-
(hUKAaTOPOB 3allyCKa U CHHXPOHH3ALHH HAXOASTCH B BBLIKJIIOUEHHOM
COCTOSIHHH; 3arpy3ka [JaHHHIX B aHAJM3aTOP MPOH3BOAHUTCA MOC]E
TOro, Kak BXOJ MOCJeAOBAaTEJbHOTO BBOAA MOJAKJ/IIOUAETCS K HCCJE-
lyeMOH TOWKe H 3aJaHbl OXKHAaeMblli ()OPMAT CJIOBA H CKOPOCTb Me-
penauyn. Habaonaemblii nmocsenoBate/ibHbIl BBIXOA NPHBOJAHTCS B
aKTHBHOE COCTOSIHHE, H MOCJ/ie 3aHeCeHNs B naMaTh TPeOyeMOoro KoJu-
4ecTBa CJIOB HA HHAMKALHIO BBIBOASTCS MepBble 3aPerdcTPHpOBaH-
Hble JaHHble. DTOT MNpOUECC MOXKET BOCIPOU3BOAUTBLCSA MOBTOPHO;
[CC/ARA0BATE/IbHO NPOCMATPHBAst IIPH €ro NOBTOPEHHH TECTHPYEMYIO
CXeMy IO HanpaBJIeHHIO OT HCTOYHHKA CHrHaJa K HHTepdeficy, MOXK-
HO BBISICHHTDB, Ileé HMeeT MeCTO HEHCNPAaBHOCTh.

OnuncanHoe ycTpOHCTBO, KOHEUHO, MOXKET GbITh HCNOJAb30BAHO He-
MOCPeACTBEHHO ¢ MUKPOOBM npu Ha/lWYMH COOTBETCTBYIOLIEH TMpo-
rpaMmbl Asis aHajan3a OMTOB JAHHBIX, BhlpabaThiBaeMBbIX NpHEMOIe-
pelaTUYHKOM, BLINOJHEHHS HEOOXOAHMBIX IPOBEPOK H 3aMHCH JaHHBIX
B MaMsATb B HHTEPBAaJe MEKAY MOCTYMJIEHUSIMH COCEAHUX MMIIYJbCOB.
[Ipu ckopoctu mepesaun 1200 60x Ha OAHH GHT MPUXOLHTCSI MPH-
MepHO 830 MKC, H eCcqau A NPeACTaBJEHHs CHMBOJIA HCIIOJb3YeTCs
10 OuT, TO BpeMeHH OKa3blBaeTcsl BIIOJHe JOCTATOUYHO, uToOn obpa-
60TKa AaHHBIX MOrJa OBITh peajH30BaHa ¢ MOMOUIbIO IPOTPAMMBI HA
MalHHHOM f3blKe. [Tocse BBOZA HEOGXOAMMOTO KOJMHUYECTBA CHMBO-
JoB MHKpoOBM mMokeT BbiBecTH HHbOpPMALHIO, HAXOASIYIOCA B Gy-
¢depHO# 06JacTH, HA MHAHKAUUIO NMPOrpaMMONl Ha si3bIKE BBLICOKOTO
YPOBHS, TaK KaK BPeMs BEIIOJHEHHS NPOTPaMMBl B JAaHHOM CJyuae
3HayeHus: He uMeer. Haubosee noaxoasimum HaGopoM CHMBOJIOB IJIs
HHAHKAUHY $ABJsieTcs] B AAHHOM CJydyae COBOKYIMHOCTH MPUHATBIX
cumBosioB ASCII, nonosHeHHass HEKOTOPHIMH MHEMOHHYECKHMH 060-
3HAYEHHSIMU AJS NPEACTABJEHHA YNDPABJSIOWHX CHMBOJOB. [IpHuu-
HaMH 3HAYHTEJBHOH YacTH <«HEHCIPABHOCTEM» CHCTEM I10CJeLOBa-
TeJBHOH Nepeflaud AAHHBIX SIBJSIOTCS OIIHOKH, CKPLITHIE OT rJjasa
ApHU Nepejave YIPaBJSIOIIHX CHMBOJIOB, UTO je/iaeT BeCbMa lleJeco-
06pa3HbBIM TNIpHMeEHeHHe JOTHYEeCKUX AHAJU3aTOPOB I0C/eN0BaTEb-
HbIX JaHHLIX.

I'enepa'rop nocrnepoBarefibHblX CUMBONOSB

OnuceiBaeMasi HHXKe cHcTeMa NocTpoeHa Ha (Gase paccMOTpeH-
HOro B 3TOH KHHre OAFOIJaTHOTO KOHTponsepa Z80. OcHoBHbIE Xa-
PAKTEPHCTHKH CHCTEMBbl ONpelessilOTCs NPOTPAMMHBIMA CPEACTBAMH,
HeOOXOAHMOCTb B JOMNOJIHHTENbHOM OOODPYJAOBAaHHH CBEJEHA MpH
3TOM K MHHHMYMY.

PaccmaTpuBaemas 3Jech NMporpaMMa HaNHCaHA NPUMEHHTEJIbHO
K ckopocTu nepejaud 1200 6oa ¢ Lesbio YIpOILeHHs] ee NpeacTaBlie-
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HHSl ¥ MOXeT ObiTb JIerKo npucrnocobjena K J:060H Apyro# CKOpoO-
CTH nepeiaud. B nopTe BBOAA-BbIBOAA CUHTHIBAETCH nudopmauud,
3ajaBaeMasl Nepex/iouaTeJsiMi, 0 U3 HUX BHIBOAATCA HA ONHCAHHYIO
Bhille HHTep(elcHyo MaaTy nocjaeloBaTe/bHble AaHHBIC. HNmeercs
BO3MOKHOCTb peanusaldu yeThipex (yHKIHH, 3aiaBaeMbix C no-
MOLIbIO YETHIPEXMNO3UIHOHHOTO fiepeKaodaTes:

1) rect U*U*;

2) nogaua Habopa CHMBOJOB B BoapacTaioiiefi f10c/1e10BaTe b
HOCTH;

3) Tect «npoben!» (KOPOTKHH TecT JUHUH );

4) Tect ¢ BHGOPOUHOH nojauell CHMBOJIOB.

CtpyKTypHasi cXxeMa CHCTeMbl MpeicTab/ena Ha puc. 13.7. Bo-
ceMb mnepekJiouartesel, NONKJIIOUEHHBIX K MOPTY B, ucmoab3yloTcs

WNurepdencHbiin

Nepekniouatens
3apaHMA GYHKUMA 0B npeobpa3aosarens
flocneposa-
+58 o TenbHbIA
3
.j T BbIXOA
4
sgte [ 119

0B

o Nopt A

— Mukponpo-

— o Moprht yeccop

o ~ BBoOfa-— 780

o—o § 8b1BOAE

o—

o—

O

nay .

TNlepexnioyarens 3B _ 2K bait
BafaHuA CUMBONOB 1K 6ait

Nnata mukpodBM Z80Q

Puc. 13.7. TenepaTtop moCAeLOBATEAbHBIX CHMBOJIOB I/t KOHTPOJA auTepdeiica,

npu peanusauun Gyskuuu 4. [Iporpamma oCyuUleCTB/sLT HaCTPOHKY
NOpTOB, ONpAIINBAET COCTOSIHHE nepekJioyaTesell W NPOU3BOAMT BHI:
30B MONMPOrpaMMbl B COOTBETCTBHH C 3a4aHHOH NepekJiouaTessmi
(yHKIMCH, KOTOPAs W Peanu3yercs, MOKAa HE M3MEHWTCH COCTOAHHE
nepeksaiodateneil. CxeMsl aJirOPUTMOB OCHOBHOH OpOTpamMbl  Hc:
noib3yeMblx npu ee paboTe MOANPOrpaMM 0pelCTaB/eHbl Ha
puc. 13.8. JlucTuHT npuBefeH B BUAE NPOTPAMMEI 13.1. ®yHKuHoO-
Ha/lbHble BOSMOXKHOCTH CHCTEMB MOTYT ObITb pacilMpeHbl 33 CUeT ee

9 Ox. ®eprycos u Ap.
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Hactpoika
nopToB W
COCTOARHHE
OXUAAHNA
——d

Y

Onpoc
nepeknio-
yaTtenei

Y

Beisog BbiBog, Beigog BbiBoA

A 2HHBIX U3 - *
Mopta B u!,CR,LF ut,Cm u*ru¥...
Onpoc Onpoc Onpoc Onpoc
nepekno- nepeknio- nepexnto- nepeknio-
yarenewn 4arenen varenen yatenen

<

fa Aa la
a
Nognporpamma Nognporpamma onpoca
ne4atn coobueHna nepeknwoyatene [pyrve nognporpammel
3apepwka,

fa

‘ Boaspar)

1]

NMonyuexue
cMMBONa

Tepmunaropl

Her

Brisog
cumBona

Mnxpgwem

yKaasarens
nawv 'Tu

| E—

NMocnegoBarenbbiik BbIBOA, ,
CRLF (paet HoByto CTpOKY)

2

YcraHoBKa
nepeHoca
Boaspar

Cépoc
nepeHoca

Puc. 13.8. CxeMa aaropuTMa mporpamMMbl reHepaliH CHMBOJIOB.
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alanTallK K PasNUYHLIM CKOPOCTSIM Nepelayd AaHHBIX MyTeM-BBe-
A€HHsA MepeRIIouaTels, COCTOSIHME KOTOPOIrO CYUHTHIBAETCS TaK e,
KaK ¥ COCTOsIHHe Nepek/ouaTenell 3aJanus QYHKLHH.

3aknioueHue

Jlornvecknit aHanusatop npeaHassauen A pa6oTwl ¢ napaJ-
JI€ILHBIMH IaHHBIMH, B TO BpeMsi Kak o6MeH HHbOpMalueii MexX Iy
MHKPOOBM u nepugepuitnbiMu yerpoiicteamu gacro OCyllecTBJsIeT-
Cs B nocneoBaTeqbHOR opMe. B ¢BA3H ¢ 3TUM 6biaH paccMoTpenmt
CPEACTBA B3aHMHOrO Mpeo6pa3oBaHHs Pa3MHUHBIX BHAOB NpeACTaB-
JI€HHA NOCJEN0BATE/bHBIX JaHHBIX, MePeBOAAd AAHHBIX H3 MOCJeL0-
BaTeJIbHO! (POPMbI B NapasliiesIbHyI0 A HHAHKALHK HX JIOTHYECKHM
4HAJIH3aTOPOM, MeHepallHH TeCTOBEIX Ha60POB JaHHBIX B MOCJAENOBa-
TeJbHOR (opMe.



MpunoxeHus

Mpunoxenne 1
CpaBHMTENbHbIE XapPaKTEPHCTUKM
HEKOTOPbIX MMKPONPOLECCOPOB

CeepeHna o MMKponpoueccopax

31ech NPHBOMMTCA onMMcaHuWe MHKponpoueccopos 6502, 8085 u:
Z80, xoTophie GUrypHPYIOT B pacCMaTPHBAaeMblX B KHHUIe MpuMepax.
[IpuBoaATCR HeKOTOpHe NaHHWe W O MHKponpoueccopax 6800,
NSC800 u 8086.

[IpuBoakMble CBEAEHHsl MOYEPNHYTH H3 [ACNOPTOB COOTBETCT-
BYIOLIMX H3leJHil, HO yNOPsAOYeHb NO OmpeleseHHON cxeme. Bxon-
Hble H BbIXOAHble CHTHAJ/Ibl CTPYINHPOBaHBI 0 KATErOpHAM B COOT-
BETCTBHH C HX Ha3HAaueHHWEM, OPHYEM MOLYEPKHYThl OOLLKE CBOHCTBA
Pa3JIHYHBIX MHKPONPOLECCOPOB. DTOT NOAXOA OTJIHYAETCS OT OGLIYHO:
HCIIO/Ib3YEMOT0 H3TOTOBHTENSIMH, KaXK[AbH M3 KOTOPBIX CTPEMHTCH
NOAYEPKHYTb creunduyecKkHe OCOOEHHOCTH CBOEro  MHKpOMpoO-
meccopa.

CHrHanbl 06beAHHEHH B CJeAylollye rpynnsi:

1. CurHanb ynpaBJjeHHs MPOLECCOPOM.

2. CurHanb ynpasJ/eHHs NepechliKOH AaHHbIX.

3. CurnaJbl LIHH aApecoB H JaHHBIX.

4. CurHajH COCTOSIHHS mpolieccopa.

5. CurHajs ynpasJ/ieHHs NpePhIBAHHAMH.

6. Hanps:xkenne nutanus.

7. CHrHaJn TaKTHPOBaHHA.

8. Ilpyrue cHrHaaH, cayXKallxe, Kak NpaBuio, AJf peasH3alun
cnenndHuHbX HYHKUHH.

1. Cursanm ynpasienus npoueccopom. CayxaT AJsi OCTaHOBa:
MAH CHH)KeHHs CKopocTs paboTh npeileccopa. K ux uncay OTHO-
cutcs, Hanpumep, curdan RESET (Hauanbwas ycraHoBka), KOTO-
pHIi o6ecneurBaeT mepeBO] NpPOLECCOPAa B HEKOTOPOE M3BECTHOE CO-
CTOsIHHe.

2. CHrHaabl ynpaBJjeHUs NEPECHIKOA NaHHbIX. YNpaBisiOT ne-
pefadeil JaHHBIX MEXJYy POUECCOPOM, C OAHOH CTOPOHbI, H NAMATHIO
¥ ycTpofiCcTBaMH BBOJA-BHIBOJA — C APYroOH. D10, Hanpumep, CcUr-
waasl READ n WRITE.

3. Curuaanl WIMH aapecosB M paHHbix. Ha aapecHbie AWHHH 0O-
NAIOTCS 3HAUEHH® alpecoB, 3allaBaeMble MNPOLUECCOPOM B KayecTse
yKa3aHus YCTPOMCTB, ABJAIOUWMXCA HCTOUHHKAMH HJIH MECTaMH Ha-
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SHa4eHHns nepelayd AaHHBIX. JIMHHW aApecoB SBJSIOTCH BHIXOAHBIMH
JIMHHAMH MHKDONpPOLECCOpa H, 3HAYHT, HE NOJ/IKHB YIPaB/ATLCA OT
ApYrUX YCTPOHCTB, €CJIH MPOLECCOP He HMeeT BO3MOMKHOCTH OTKJIO-
HHTbCS OT HHX, NPHBEASI CBOH COOTBETCTBYIWOIIHE BBIXOALI B COCTOf-
HHE BBICOKOTO HMMEAAHCA (<TPeTbe COCTOSIHHE» ).

JIHHAN NaHHBIX SBJSIOTCS NBYHANPABJEHHBIMU H CayKar LJs [e-
pelaun LaHHBIX B MPOUECCOP U U3 Hero. JIHHHH aJPecoB W AAHHBIX
OTHECEHHl K OAHOH rpymne, mOTOMy YTO BO MHOTHX MpPOLECCOPax
IIHHA a/peca HCro/b3yeTcsi AJ1si NepechliKH QaHHBIX NyTeM BpeMeH-
HOTO MYJIbTHIIEKCHPOBAHHS, Kak 3T0 jfesiaercsi B 8085, NSC800 u
B GosibuInHCTBe 16-paspsanbix npoueccopos. B He6oabuInx MHKPO-
IPOLECCOPHBIX CHCTeMaX, TAe JIHHUH Mepeladd CTapuUIHX paspsiioB
‘ajpeca He HCMOJb3YIOTCSl MOJHOCTbIO, HEHCNIPABHOCTH 3THX JIHHHI
HE CKasblBAlOTCA HAa pabOTOCNOCOGHOCTH CHCTEMBI.

4. Curnannt cocrosiuus npoueccopa. OHu IPeACTaBAAIT cOOOH
HHPOPMAUKIO O BHYTPEHHEM (YHKUHOHHPOBAHHH MHKpolpoLeccopa
M HHOTJ@ MOTYT HCMOJIb30BATLCS B Ka4yeCTBE CHTHAJIOB YNpaBJeHHS
yerpoiicTBaMu cucteMbl. OHH NO3BOJISIOT pa3paboTuuKy MHKpOIpO-
LECCOPHOH CHCTEMbl CBsI3aTh €e C KOHTPOJbHOH annapaTypol Aas
NoJyYeHHs GoJiee MOJNHOrO NPEACTABICHHA O paGoTe CHCTeMBl, Kax
9TO, HaNpHMep, UMEET MeCTO NPH CHTHATYPHOM aHaauze. CHTHAJBI
9TOH CPYNIbl, KOTOPbIE B NPeAeNaX KOHKPETHON CHCTEMBl He HCIOJb-
3yloTCsl, MOTYT B ONpPEIEJEHHbIX CHTyalHsX GbITh HEKOPPEKTHHIMH,
He NPUBOAS K HENpaBHILHOMY (YHKUHOHHPOBAHMIO CHCTEMbB B Ile-
JIOM; HanpuMmep, BbLIXOJHAsSl LeNb CXeMbl BHIPAaGOTKH KAaKOro-TO CHI-
Hajla MOXKeT BBIHTH M3 CTPOS H COOTBETCTBYIOULHH CHIHAJ COCTOSI-
HHA GyleT MMeTb NIPH 3TOM MOCTOSHHBIA HH3KHH YPOBEHb, HO MH-
KpOMpoueccop no-npexKHeMy OyAeT BHNONHATb CBOH (YHKIHH.

5. CurHanbl ynpasiaenus npepbiBanusimu. OHHU HCIIOJIb3YIOTCS A1
NpepbIBaHHsl BBIMONHEHHS MHKPOIPOLECCOPOM OBBLIYHONH MOCJeN0BA-
TEJbHOCTH KOMaHJA, KOria 3TOTO TPeGyIOT KaKue-TO BHELIHHe [0 OT-
HOLIEHHIO K MHKponpoueccopy colbitusa. Hekotopbie H3 cHrHaJoB
9TOH TPyNnbl HeCYT HHAOPMALKIO AJsl yCTPOHCTBa, HHHLUHP YIOULETO
NpepbiBaHHe, O TOM, KaK BOCNPHHAT ero 3anpoc. Ecan aelicTeue
‘CHTHaJ/Ia NPepbLIBAHHA He PaspeileHO NPOrpaMmoil, oH Booblle He
OKa3blBaeT HHKAKOro ACHCTBHA H, 3HAYHT, 6yayun 3abJ0KHpOBaH,
MOXeT HMeTb JI060e 3HayeHHe, He CKa3biBasich Ha PaBOTOCNOCOGHO-
CTH CHCTeMbl. JIpyrie CHTHa/bl npepbiBaHHi BCeria npe6LBAlOT B
paboueM COCTOSIHHH, H €CJIH MHKPONPOLECCOP MOCTOSIHHO AOMKEH He
pearupoBaTb Ha HHX, UTOObl He NMpPepPLIBATH HCNOJHEHHE HeobXoaH-
MOH MpOrpaMbl, UM HEOGXOJHMO MPHAATb MNACCHBHBIE 3HAYeHHS;
NpUMEPOM TaKHX CHTHAJNOB MoxeT cayxutb NMI («Hemacku-
pyeMoe npepbiBaHHe»), KOTOPbIA Bceraa BOCHPHHHMAeTcs npoiec-
COpOM.
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6. Hanpsxenus nuranus, [las OOJbIIHHCTBA COBpPEMEHHLIX
MHKpONpoLeccopoB TpebyeTcs OAHO NHTaKOllee HANpskKeHUe, HO A5
HEKOTOPHIX H3BeCTHBLIX THIIOB allfapaTyphl, B KOTOPBIX, HaNpHMep,

0B +5B

2,1

33
—_— €502 [ ==—9 DO
RESET 40 32
Yrpasneune — ——>» D1

npoueccopom RDY 2-, o
29 } [aHHeie
CocTonnme SYNC 7

npoueccopa - e P06

I
O
<

RQ 4 | A5
CWl’Haﬂ —’0 ——'—.AG

_— 16
TepenonHeHHA N 6 77— A7 { appec

RIW ynpasnewne

L > nepecbiNKon
CrneynanbHel A 50 38 NanHeiX

CHrHan yCTaHoBKHK "
nepenonHeHns

T37 l3 Isg
SiN ¢ b2

TaxT0BblE CHrHANL

Puc. N1.1. Brelunne curnans H BSBOAM MHKpompouetcopa 6502.

Hcnoab3yercss  mukponpoueccop 8080, Heo6XoZHMO nogaBaTh Ha
npoueccop Gosiee 0AHOTO HanpsKeHust nutauuss. OueBHAHO, YTO He-
HCIIPABHOCTH B CXeMax MHTAHUS NPHBOASIT K HEKOPPEKTHOH paboTe
MHKDPONPOLECCOPOB H CHCTEM, MOCTPOEHHBIX HA HX OCHOBE.
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7. Curnanpl taktupoBaHua. OHH BKJIOYAIOT BXOXHBIE H BBIXOA-
Hble CHTHaJbl CHHXpOHH3aUuH. B cBfizw ¢ TeM uyto pabora MHKpO-
npoueccopa mnpoTeKaeT NOA AeHCTBUEM CHHXPOCHTHAJOB, HEHCIPAaB-
HOCTH TAKTHPOBAHHSI NPHBOIAT K OTKa3aM CHCTeMbl. Eciin BBHIXOAHOH
‘CHHXPOCHTHAJ1 Oy(epH30BaH H He MOJAH Ha JPYrue KOMMOHEHTH CH-
‘CTeMbl, €r0 HeKODPEeKTHOCTb He 06A3aTeNbHO SBJSETCS NPUYHHON
oTKa3a. B HeKoTOpBIX MHKpompoueccopax BHYTPEHHSS MaMATb M0-
‘CTPOEHA Ha JHHAMHYECKHX PerHcTpax, H yMeHbIIeHHe YacTOThl Tak-
THPOBAHHA HHXKE Olpe/leNeHHOro yPOBHS NPUBOAMUT K norepe HH)Op-
‘Mall{H.

8. Jlpyrue cHriaiabl., 3TO CHTHAJbl, He BXOAslHe B OXapakTe-
‘PH30BaHHbIe Bbllle PYOPHKH H, KaK MPAaBHJIO, OTpakalollue ChelH-
¢uuHble QYHKIHH KOHKPETHBIX MHKPONpPOIIECCOPOB.

.Mukponpoueccop 6502

OtoT 8-paspsAHbIi MHKPOMPOLECCOP [0 CTPYKTYpe aHaJOTHYEH
6800, T. e. UMeeT TakHe Xe HabOpbl KOMaHA H perdcTpoB. CHrHaJH
MuKponpoueccopa 6502 M COOTBETCTBYIOIHE HM HOMepa BHEUIHHX
BHIBOJIOB, MOKa3aHHele Ha puc. I11.1, KpaTKo onHcann HHXKe.

-CurHanm 6502

1. YnpasjeHue npoueccopom

RESET [IpuBoauT npoueccop B HaYaJbHOE COCTOSIHHE,
nocJie NpekpalleHHs 3TOr0 CHTHAJMa B CYUETUHK
KOMaH/] 3arpyxaeTrcs COAep:KHMoe obJacTeil
namsaTH, umewomux ajgpeca FFFC w FFFD
RDY [IpuBOAHT UpOLECCOP B COCTOIHHME OXHAAHHA

2. YnpasJjeHue nepecblKOH NaHHbIX

R/W Oana JauHud, cayxaulas [js yKasaHHs, Bb-
NOJNIHAET TPOLECCOp YTeHHe HJAH 3aMHCh AaH-
#HelX (1 — urenne, 0—3anuce). [Ipoueccop
He MOXKeT ajpecoBaTb YCTpPOHCTBA BBOJA-BhI-
BOJAA OTAE/JbHO OT NaMATH

3. WuHbl appecoB M AaHHBIX

D0—D7 OO6bIuHBle HEMYJBTHIVIEKCHPYEMBIE IIHHBI
A0—A15

4, Cocrosinue npoueccopa
SYNC HndopMupyer o TOM, YTO MHKDPOMpPOIECCOp

BBINOJHSIET BbIGOPKY KOMaHAK
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5. O6paboTka npepbiBaHHii
NMI Cursan semackupyemoro 3amnpoca npephiBa-
HHsl. [Ipn ero moctynsiennn B cueTYHK KOMaHA
3arpyxaercsi coaepxumoe obsacrefi FFFA u
FFFB # BbmonHeHwe mnporpaMMbl npogoJ-
XaeTcsi, HAYMHAS C 3TOro ajapeca
IRQ CHrua/l MacKHpyeMoro sanpoca npephiBaHHs.

B cyetunk xoMaHzx sarpyxaercs CoJepKHMOe
obaacreii FFFE u FFFF

0B,5B Heo6xonnmo JIMIIL 0fHO HampsiKeHHe nHTa-
Hust +5 B

7. TakTnpoBaHue
Bxonnofi TakTOBBIH CHTHAJ

IN
b, P IByxtdasuwiii BLIXOLHOH TaKTOBHIH CHLHAJ
8. Hdpyrue curiajan
SO YcranaBauBaer ¢Jar nepenosiHeHHs

Ha puc. I11.2 nokasan Habop BHyTpeHHUX peructpoB mpoueccopa.
HMx Ko/iHuecTBO MeHbIle, YeM BO MHOTHX 8-pa3psiiHBIX, HO 3TOT He-
JOCTAaTOK KOMMEHCHPYeTCs HaJH4YHeM KOMAaHJ, ¢ NOMOIIbI0 KOTO-
PHIX OCYIeCTBJIAETCS GBICTPLIA AocTynm K agpecam namsard 00,5 —
FFi6, oTHOCSIINMCS K cTpanuue 0. Perucrtp ykasatens creka Takxke
8-paspsiiHbIi, MpeANOJIaraercs, yTO CTeK pasMellaeTcs Ha cTpa-
#ute 1.

[Ipoueccop pacnosaraer psaom cnoco60B agpecawyH, HEKOTO-
pble H3 KOTOPBIX MOAPa3yMeBaiOT MEPECHITKY AAHHBIX MeXIy Npo-
LeccopoM W IByMs CMeXHbIMH obGnacTsaMHu namstu. [Ipu sTom Bce-
Tl NepBbIM Nepefaerca MJaalunid 6air, a 3atem crapwuil. K uncay
3THX CNOCOGOB ajpecalyy OTHOCATCS CleAyolIHe.

1. Axkkymyastophas. Omepals BBINOJNHAETCS Haj AAHHBIMH, Ha-
XOJSILIUMHUCA B aKKyMyJsTOpe.

2. Henocpeacrsennas. B onepaunn yuactByior gaHsle, KOTOpbIe
GepyTcs M3 06JacTH NaMATH, Caelyloliedl 3a TOH, H3 KOTODO#
BbI6paHa KoMaHa.

3. AbGcontotnas. Mcnoabsyercs B Tpex6afiToBBIX KOMaHaaX; aapec,
10 KOTOPOMY JROJI)KHO NPOH3BOAKTbCA O6palleHHe, HAXOLHUTCS
BO BTOPOM U TpeTbeM fHaiiTax.

4. B nyneByio crpannuy. Axpec onpegessieTcs, Kak npu abceo-
JIOTHOH ajnpecaunu. Pasnanume cocrout B TOM, u4TO KoMamza
uUMeeT ABYGAaHTOBYIO AJHHY H aipec, HaXOASLIMHCA BO BTOpPOM
Gaiite, cuuTaercs OTHOCAIMMCA K cTpaHuue 0.
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5. B HyJaeByI0 CTPaHHLY ¢ MHAEKCauued. [lns BbYKC/IEHHs| ajpeca

6.

~— B paapapos —

ucnoab3ytoress peructpsl X H Y. Anpec onpenensercs nyTem
cJOXKeHHss BTOporo Gafita KOMaHIAB H COLEpPAKHMOIO COOTBET-
CTBYIOLIETO HHAEKCHOTQ PErHCTpa.

A6conoThas ¢ uHAekcauuwei. Jlas nosydenus agapeca HCIOJb-
sylotesi peructpul X B Y. Anpec o6pasyercs myTeM CJOXKEHHS
16-paspsinnoro  abCOMIOTHOTO

ajgpeca, HaxolsLIerocs BO
®nark BTOpOM H TpeTbem OalrTax

KOMaHAK, C COAEPXKHUMBIM CO-

A OTBETCTBYIOIIETO HHIAEKCHOTrO

" perucTpa.

7. Heasnaa. B xomaHge noagpa-
Y 3yMeBaeTCcsl  HCNOJb30BaHHE

Ykasatenk creka

OTIpeleJIEHHOTO PETHCTPA.

8. OrtHocureabnaa. B koMaupax

CyeTyuK komalp YCJIOBHOTO [nepexona BTOpOI':I

t———————— 16 pa3pAJ0B ———>

6alT CONEpPKHUT  BEJHUHHY
CMelleHHa aapeca KOMaHIbI,
KOTOpasi  AO0JXKHa  BHINOJ-
HATbCH CJAeAYOUleH, N0 OTHO-
[IEHUI0O K OuepejHOMY aipe-

@naroBbiii PerucTp cy. Takum obpasom, nepexon
s | v slol11z]c MOXeT OCYWECTBASAThCH —HE
Bosee ueM Ha 128 obnactedt
Hazag u He Oojee yeM Ha

§— 3Hak 127 3neped.
B Moo e npuema 9. AGcoatoTnas KocBenHas. Bo
D~ flecATuynas obpabotka BTOPOM H TpeTbeM Oaiitax
17 FouMpOBKa MpepLIa KOMaHIB HaXOIWTCA aapec
C—NepeHoc o6JjacTd maMmsTH, COAEpPIKH-
Puc. [11.2. Perucrpn MHKpOmpolecco- Moe KOTOpOH BMECTE € COAEP-

pa 6502. KUMBIM  obJacTe, HaxoAdd-

10.

11.

meiics mo  appecy, CJeAyio-
meMy 3a alpecoM KOMaHAbl, 06pasylorT AByOaHTOBBIA HCMONHU-
TeJbHBIA ajxpec.

Nunekcnas kocsenHas. Mcnosbsyerca B ABYyGaHTOBHIX KOMaH-
nax. Bropoit 6aliT KoMaHAE CKNAaAbIBAETCS C COACPKHUMBEIM pe-
ructpa X, W pe3yJbTaT HCNOJNb3yeTcs Kak aipec, OTHOCSIIHACA
k crpanunue 0. [lo srtomy © caeaywilemMy 3a HUM ajpecam Ha-
XOAHTCS UCMOJHUTENLHBIA aapec.

KocBennas ¢ wunpekcaunei. [lpumensiercs B ABYyGaiTOBHIX
Komaniax. Bropoi 6aliT KoMauab anpecyeT 00s1acTb, MpPHHAIL-
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aexauyio crpanuie 0. Comep:kHMoe 310l H cieayolleii 3a Heil
o6sactedf paccmMaTtpuBaeTcsi Kak 16-paspsiambiii agpec, K KOTO-

pomy nas ¢(OpPMHPOBAaHHsI HCHOJHHTENBHOrO ajpeca npH6aB-
JsieTcs cojiepxumoe perucrpa Y.

KomaHaul mukponpoueccopa 6502

Komanabl apudMeTHueCKHX H JOTMYECKHX Omepaiuii

ADC

SBC

AND

ORA

EOR
CMP
CPX

CPY

INC

DEC
INX/INY
DEX/DEY
ROL/ROR

ASL/LSR

Croxenue ¢ cojepXuMblM peructpa A ¢ me-
PEeHOCOM

BhluHTaHHe ¢ nepeHocoM

Jlornyeckoe U

Jlornueckoe MJIU

Jlornyeckoe MCKJIIOHAIOUIEE HJIU
CpaBHeHHe C aKKyMyJsTOpOM

Cpasuenue ¢ perucrpom X

CpaBuenne ¢ peructpom Y

MHKpeMeHT copepKHMOro namsTi
JlexpeMeHT COLEPIKHMOTO MaMsATH

Mnkpemenr comepxumoro perucrpa X/Y
Hekpement comepxumoro peructpa X/Y
Lluknuyeckuit COBHT  BJNEBO/BNIpPaBoO ¢ me-
peHocoM

CuBHur BJ1€BO/BIPAaBO

KomaHpbl mepecblikn AaHHBIX

LDA
STA

LDX/LDY
STX/STY
TAX/TAY
TXA/TYA
TSX

TXS

3arpy3ka B aKKyMyJsTop

3andch B NaMATb COAEPKUMOLO aKKyMyJas-
TOpa

3arpyska B peructp X/Y

3amnuch B namaATh CoAepKHMoOro perucrpa X/Y
[Tepecbiika u3 akkymyJastopa B peructp X/Y
[lepecbinika u3 perucrpa X/Y B akkymyasrtop
[Tepechiika M3 perncTpa ykasaTesls cTeKa B
perucrp X

ITepecbinika u3 peructpa X B pPerucTp ykasa-
TeJIsl CTeKa

Komanabl nepexonon

JMP
JSR
RTI

RTS
BCC

10 OAx. ®eprycon u ap.

[lepexop

[Tepexox k moanporpamMme

Bosspar us noamporpammbl 06paGoTKH mpe-
pHIBAHUSA

BosBpaTt M3 moamporpaMmsl

ITepexoa mo oTCyTCTBHIO NepeHoca



274 Mpuaoxenne 1

BCS [lepexoa mo HaJHuHIO TepeHoca

BEQ Ilepexon mo Hy.neBoMy pesyabraty

BMI [lepexon no OTpHUATENBHOMY pe3y/abTaTy

BPL [lepexon MO MOIOXHTENBHOMY pe3ynbTaTy

BvC Ilepexoa mo OTCYTCTBHIO NepenoJiHEHHs

BVS Ilepexon no HaJHYHIO NepPENOHEHHSA

KomaHapl CcTeKOBbIX onepauuii

PHA/PHP 3aneceHHe B CTeK CONEPKHMOrO perucTpa
A/pnaros

PLA/PLP 3arpyska perucrpa A/cdaaros u3 crexa

Komanabl 06paboTkn npepbiBaHHi

CLI C6poc 6ura GJOKHDOBKH NpepLiBaHHWi B pe-
racTpe (Jaaros

SEI YcranoBka 6ura GJOKHPOBKH MpepblBaHHi

BRK ITpepriBanne mnpueMa

Jlpyrue komauabl

SEC YcranoBka ¢uara nepeHoca

SED YcraHoBka ¢aara gecsaTHunolt 06paboTKH

NOP Her onepauunu

CLC C6poc ¢uaiara nepeHoca

CLD C6poc cdaara necsituyHolt 06paboTKu

CLV C6poc ¢daara nepenosHeHns

BIT buroBas npoBepka

Mukponpoueccop 8085

IT10 ycoBeplLIeHCTBOBaHHAast Bepcusi MuKpomnpoieccopa 8080,
HMelolllasl ABe AOMOJIHUTeJbHble KoMaHAab: RIM u SIM, oano nu-
Talulee HanpsKeHHe, MYJbTHIJEKCHPOBAaHHYIO LIMHY ajipeca/paH-
HBIX, pacHiHpeHHble BO3MOXKHOCTH o6paboTku mnpepoiBaHuil. Ha
puc. [11.3 nokasaHbl BHeUlHHe CHUTHAJABI U BBIBOAB MHKpOIpoLEC-
copa 6502.

Curnansl 8085
1. ¥YnpaBaenne HEHTPaJbHbIM NPOLECCOPOM

RESET IN CHrran Haya/JbHOH YCTAHOBKH [OpoOLUEccopa.
CueTuHK KOMaHj YCTAHABJHBAETCS B COCTOS-
uxe 0000

READY YkaspiBaer, 4TO NaMATb HJAH CHCTEMa BBOja-

BbIBOAA TOTOBEl K NOCHIJIKE HJH NpHEMY AaH-
Hbix. Ecam curan umeer HHM3KHH ypOBeHD,
IPOLECCOD OXHAAeT TOSIBJEHHS BbICOKOTO
YpOBHSA, IJA TOro YTOOBl 3aBepUIHTh WHKJA
YTEHHSI /M 3alHCH
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Ynpaenenne

Cocrosasne

CurHanst

Puc. M1.3. Buewnne cureajsl ¥ BHBOAHN MuKponpoueccopa 8085.

npoLeccopoM

npoueccopa

npepsIsaHns

HOLD

Ksapy

08 +58
20 40
RESETIN 36 8085 12
1 13
READY 35
15
HOLD, 39 16
) > 17
18
¢ RESET OUT 3 19
—
SO 29
<
Sl 33
<
HLDA 38
.
INTR 10 21
22
INTA 1 23
24
RST5.5 9 25
RST6.5 8 26
et ¢
RST?72.5 7I 27
TRAP 6 28
—P
@
i (so s 32
5)—* 3
o
§§ SOD 4 34
Qo
30
1 2 37
X1 X2
U TakToBbIA CHFHAN

Agapec/
AaHHbIe

b Anpec

Ynpagnenune
nepecuInkon
BaHHbIX

275

Cursasn nopaercst IPYyruM YCipoOHCTBOM H §IB-
JISeTCS 3allPOCOM Ha MCNOJb30BaHHe UIMH aj-
pecoB u panubix. [Ipoueccop mnpegocrasaser
INHHBl B pacCHopsiKenHe 3anpauiuBaioLlero
YCTPOHCTBA MO OKOHYAHHHM TeKYUIEH mepechi-

KH JaHHbIX
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2. ¥YnpaBaenue nepecbliKO# JaHHBIX

%D
WR
ALE

I0/M

Curnan ynpasJ/ieHHs1 YTEHHEM

CHraan ynpaB/eHHs 3aMHCbIO

CurHan AeMYJbTHNNIEKCHPOBaHHUsSE aJpecHOl
wuebl. OH HMeeT BbLICOKHI ypOBeHb, KOTia
mJaaalive 8 JIMHHWE ajpecHOH MIHHBI HCIOJb-
3yloTCsl AJISl Nepeaayd aAapecHOH wHbopMalHH
CurHall uMeeT HHM3KHH ypoBeHb npH oOMeHe
HHdopMauuel ¢ MamMATbLIO H BLICOKHH MpH ne-
pecbliKax BBOJA-BBIBOJA

3. Wuubl agpeca W QaHHBIX

ADO—AD7
AD8—ADI15

Anpeca u aaHHble MepefaloTCss C HCNOAB30-
BaHHeM MYyJbTHIJIeKcHpoBaHHs. B nepsom
LHKJe JI060N NMepechblIKH C y4acTHeM MaMsaTH
WJIH YCTPOHCTB BBOAA-BbIBOAA MO JIHHHAM
ADO—AD7 nepenaerca anpecHas uHdopma-
Il4sl, 4 B TeYeHHe OCTABIUIETOCS BPEMEHH —
JdaHHbIe

4. CocTofiH#e LEHTPAJbHOrO mpoieccopa

RESET OUT

HLDA

Hudopmupyer 0 TOM, 4TO NpoLECCOp MOABEp-
raercs Hauya/JbHOM YyCTAaHOBKe. ITOT CHFHAJ
cTpoGHpyeTcsi TaKTOBBIMH CHIHaJaMH
VkassiBaer, yTo curiaja sanpoca wun HOLD
noJyueH W IHHB OyAyT OCBOGOXIeHH B cJe-
ayoueM nukiae. [locae cuatua curuana
HOLD srtor curHan Ttoxe npuobperaer HH3-
KHH ypOBeHb, H IIMHB OTAAIOTCA B pacnops-
JKeHHe 3anpalluBaBilero HX yCTPOACTBa vepes
MOJIOBHHY LHKJA CHHXPOHH3ALUH

5. O6paGoTka mpepbiBaHUi

INTR

MackupyeMblii CHIHa/J DOpepbiBaHHs 001Lero
HasHaueHud. Ero no/syvyeHuwe noiTBepiKAaercs
curiajom INTA, kotopbli MOXKeT OblTb HC-
MoJb30BaH MPEPHIBAIOLIMM YCTPOMCTBOM AJf
Mojayd KOMaHuAbl Ha UIMHY AaHHBIX. JTa KO-
manza, o6p1uHo RST uau CALL, cuuthiBaetcs
u3 namsatH. [To komange CALL mBaxan ocy-
IIECTBJASIETCS 4YTeHHe HHPOPMAUHH C LIMHLI

JlaHHBIX AJ1A NoJydyeHHss ABYX GalToB azpeca,

KOTOpble TakMXe JOJ/IXKHbI ObITh NepegaHsl npe-
pHIBAIOLWHM YCTPOHCTBOM
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RST 5.5
RST 6.5
RST 7.5

TRAP

INTA

6. TMuranue
0B, 5B

7. TaktupoBanue
X1, X2

8, Jlpyrue curHajbl
SID

SOD

CurraJjipl annapaTHbIX NpPEPLIBaHHH, KOTOpble
MOryT OBbITb 3aMaCKHpPOBAaHBl C MOMOILBIO KO-
mauasl SIM. [lo 3THM cHrsajgaMm, €cjii OHH
He 3a0JIOKHPOBAaHbH H He 3aMacKHpPOBaHbI,
TIPOLIECCOP TEepexXOJHT K BBHIIOJHEHHIO Mpo-
rpaMM, HAYHHAIOUIUXCS COOTBETCTBEHHO C ai-
peco 2C, 34 n 3C

Hemackupyembiii curnan npepniBanus. [lpo-
rpaMMa o0paGOTKH NOpepHBaHHUil 3TOro THia
HoJKHa HauuHaThesi ¢ aapeca 00246
CuruaJji, mojgaBaeMblii MPOLECCOPOM /s MOJA-
TBEPIKJAEHHS] TOJyYeHHs 3anpoca Ha Mpephl-
panne INTR; on MoxkeT ObITb HCMNOJb30BAH
annapatypoit 06paGOTKH MpephBaHHH AJs
BbIBOJA KOMaHJ Ha IIHHY NaHHBIX

Heo6x0oauMO0 JHLIL OAHO HANPsKEHHe NUTa-
Hust +5 B

HenocpencTBeHHO K 3THM BHEIUHHM BBIBOJAM
MOJAKJIIUaeTcss KBaplUeBbll KpHCTadJd C pe-
3oHaHCHOH yacroToit mo 6 MIu ans mukpo-
npoueccopa 8085A (mo 10 MTI'u mas 8085A—
1). B cocraBe MuKpompoieccopa HMeeTcs
TAKTOBBLI TeHepaTop H [eJuTeNb, ONHH H3
BBIXOZOB KOTOpPOro Oy(epH3HpPOBaH U BbiBe-
nen B Buge curHaisa CLK

OnuHoyHas BXOAHAS JIHHHSI AAHHbIX, HH(pOp-
MalHsa ¢ KOTOpOoi MoxeT ObITb CUYHTaHa B
paspsan 7 peructpa A ¢ NMOMOIIBIO KOMaHAbL
RIM

OnuHOYHAS BEIXOAHAS JIHHHS JAHHBIX, M0 KO-
TOPOH BBIBOJAHTCS COCTOsIHME OUTa 7 perucrpa
A, Korjga mpu eIHHHYHOM COCTOsSIHHH Outa 6
peructpa A BHINOJHAeTCs Komanaa SIM

OTH JIMHHEY MOryr OBITh HCINOJb30BaHbl AJIS IOCJAEL0BATE/IbHOrO
BBOJA W BbiBOAA MH(GOpPMALUY NOA yNpaBJeHHEM IPOrpamMMbL.

Ha puc. 11.4 nokasan HaGop BHYTPEHHHX PErsucTpoB Mpoiec-
copa, B TOM 4YHCJe aKKyMYJsiTOp M LiecTb 8-pa3psiiHBIX PEFHCTPOB
oflLlero Ha3HauyeHWs, NpHYEeM MOCJAeJHHE MOryT OOBeAHHATbCH B
napsli, o6pasys 16-pa3psiiHbie perHcTpH. YKasaTeJb CTeKa H cueT-
YHK KOMaHA — 3T0 16-paspsAaHble PErHCTDHL
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[1pu BBHIMOJHEHMH onepauuil AaHHBIE MOTyT GEITh ajApecoOBaHBI
Pa3JHYHBIMH crnocob6aMu, paccMOTPeHHHIMHM Huxe. [IpH 3aHeceHuH
B naMmsTth 16-paspsAaHBIX NaHHHIX NEPBRIM BCerja 3alHCHIBAETCS

A ®naru
B c
Perucrpbl
obuero D E
HasHayeHnus
H L
Ykasatenb creka
CueTyrK KomaHg
Tonbko Pernctp mackuposaHus
B 8085 > npephiBaHni

S — 3Hak
Z = Hyns
AC — BecnomoravensHsid nepeHoc
P —YeTHoCTb
C—TNepenoc

Puc. M1.4. Perucrper Muxponpoueccopos 8080 u 8085.
maanwuil G6afit. B 8085 wucmosbsylorcs caeaymooline BHAB aape-
CalluH.

1. PerucrpoBas. B ongHoGaiiToBOl KOMaHAe HesBHLIM 06pas3om nof-
pasymeBaercst obpaileHde K ONHOMY H3 JBYX DErHCTPOB.

2. HenocpeacrBennana. Onepauus BHINOJHAETCH HaA AAHHBIMH, CO-
IepXKaliuMucsa Bo BTopoM GafiTe nBy6adTOBOH KOMaHAHL.

3. Pacuiipennas HenocpeiacTBeHHas. Bropoit u Tpetuit 6aliTel Tpex-
GaUTOBOM KOMaHAbl HCIOJNbL3YIOTCH B KauecTBe 16-paspsanbiX
JA&HHDbIX.
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A6contotHana. Anpec, 10 KOTOPOMY NPOHCXOAHT obpauieHHe K na-
MSATH, CONEPKHTCH BO BTOPDOM H TpeTbheM OGaiitax TpexOaiiToBoil
KOMaH/bl.

Peructposasa kocBeHHas. Ajpec, 10 KOTOPOMY NPOHCXOAHT obpa-
IleHHe K NaMsTH, HAXOAHTCS B PErHCTpOBOH nape. B xauecTme
PECHCTPOBOH MNaphl, cOJepKallled HCHOJHHTEJNbHBI ajapec, He-
noJsb3yercs napa HL.

I Boiinaa perucrpoBasi. B onHo6ailiToBO#i KOMaHJe HESIBHHIM 00-
pazom 3ajaercs obpallleHHe K OAHOH HJIH ABYM PEerHCTPOBBIM
napam.

NoproBasa. [lpu BBHINOJHEHHH ABYX KOMaHJ ajApecHas LIHHA H

ynpaBaaoomuit curiaa 10/M ucnmosb3yroTcs TakuM o6pas3oM, UTO
He NPOHCXOJLHT BBIOODKH NaMSTH.

Huxe npusoautca oboOlleHHass cBOAKA KOMaH MHKpPOIpOLeC-

copoB 8080 u 8085. Ormerum, 4TO BO BCeX KOMaHAax Mepexoj0B
HcnoJb3yercss abCoOMIOTHAS aapecallus H, ClelOBaTeNbHO, NEPEXOj
MoXeT ObLITb NPOH3BeldeH K Jiio6oi o6JyacTH naMsTH.

Komanam mukponpoueccopos 8080/8085

KoManab apupMeTHYECKMX M JIOFTHYECKMX omnepauuii

ACI CJioKeHHe C TepeHOCOM HEeNoCpeACTBEHHOE

ADC CiloXKeHHe C [epeHocoM

ADD CaoxeHune

ADI CJ10KeHHe HEeNnocpesCTBEHHOe

DAD Crnoxenune JBofinoe peructposoe (¢ HL)

SBB BrluMTaHue ¢ 3aemom

SBI BhluHTaHHe ¢ 32eMOM HENOCPEACTBEHHOe

SUB Boiuuranue

SUlI BoluuTanue HenocpeiacTBeHHOe

ANA Jlornueckoe U

ANI Jlornueckoe U HenocpencTseHHOe

ORA Jloruueckoe UJIN

ORI Jlornueckoe MJIM HenocpeacTBeHHOE

XRA Jloruueckoe MCKJIIOYAIOIIEE MJIU

XRI Jloruueckoe MCKJIIOUAIOLIEE HUJIN He-
MOCPEeACTBEHHO.

CMP CpaBseHue

CPI CpaBHeHHe HeNOCPeACTBEHHOE

RAL/RAR LIuk/JHYecKH# CABHT JIeBHIi/OpaBHi ¢ me-
peHocoM

RLC/RRC LlukaH4ecKH#i CABHI JeBbId/IpaBHIii

INR HuKpeMeHT



280

DCR
INX
DCX

HNpunoxenne }

HexpemeHT
HukpeMenT peructpoBolt mapbi
IlexpeMeHT perncTpoBOi mnaphl

Komanabl nepecblikH AaHHbIX

MOV
MV]
LX1
LDA
LDAX
STA

STAX

[lepecbiika panHbIX

3arpyska HemocpeACTBeHHas

3arpyska perucTpoBoli mapel Henocpen-
CTBEHHaA

3arpyska akkymyasTopa npamas H3 na-
MSATH :
3arpyska akKyMyJasTOpa KOCBeHHAas H3
naMsTH

3anuch COAEPKHMOro aKKyMyJsTopa B na-
MATb OpsiMast

3anucb ColepKUMOro akKymy.asTopa B na-
MATbh KOCBEHHas

Komanabsl nepexonos

CALL/RET/JMP
CNZ/RNZ/INZ
CZ/RZ[JZ
CNC/RNC/JNC

CC/RC/JC
CPO/RPO/JPO
CPE/RPE/JPE
CP/RP/JP
CM/RM/JIM
RST

PCHL

Brizos/Bosspat/[lepexos a6conioTHBI
Buizos/Bosspar/llepexon, ecau ne nyan
Buisos/Bosspat/Ilepexon, ecau mysp
BrizoB/Bosspar/[lepexon, ecam wHer ne-
pexoca

Boizos/Bosspar/Ilepexon, ecan nepenoc
BuizoB/Bosspar/Ilepexon, ecau HeueTHo
BuizoB/BosBpar/Ilepexon, ecan yetHo
Buizos/Bosspar/Ilepexon, ecau nioc
Buisos/Bosspat/Ilepexon, ecin munyc
TToBTOpHBIA 3amyck

ITepechinika HL B cuetunk komamg

KoMaHabl CTEKOBLIX onepauui

PUSH
POP
XTHL

3aHeceHHe B CTEK
3arpyska H3 cTeka
O6Men BeplIMHBI cTeKa W HL

Komanab o6paGoTKh npepbiBaHHi

El
DI

Paspelienne npepbiBaHui
3anpelleHHe NpepLIBaHH

Komanapl BBOJa-BbIBOAA

IN
OuT

JApyrue KoMaHabl

NOP
HLT

Bson u3 mopra B peructp A
BeiBoa B nopt u3 perucrpa A

Het onepanuu
OcrtanoB
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CMA ‘ HuBepcua akkymyJasropa
CMC , HuBepcus nepenoca
STC YcranoBka ¢aara nepedoca
DAA HecsTHYHas KOPPEKIYUst aKKyMyJasTopa
RIM Urenne MaCKH NpepLiBaHHil B

perucrp A Tossko B
SIM . YcrasoBka Macku npepbiBa- { 8085

HHH B peructpe A .

Mukponponeccop Z80

OTOT MHKponpoueccop npeicrasiser co6oll oaHH M3 GoJee co-
eeplieHHblx BapuaHtoB 8080, ¢ [ONMOJHHTEJBHBIMH pPErHCTpam,
KOM3aHAaMH M HEKOTOPHIMH JAPYTMMH BO3MOXHOCTsAMH. [as Hero
TpebyeTca JMilb 0AHO(A3HOE TAKTHPOBAHHE H OAHMH HCTOUHHK MH-
TaHus +5 B; mukponpoueccop, oiHaKo, He BhipaGaThiBaeT cHrHaja
NOATBEPXKAEHHSA MNPEePhIBAHHSA, KOTOPHIA B ciaydyae HeOGXOAHMOCTH
RosixkeH ObITb cHOPMHPOBAH C MOMOLIbIO BHEIIHEed NO OTHOLIEHHIO
K MHUKponpolieccopy cxemnl. st Boi6opa nmaMsiTH H CHCTEMbl BBO-
42a-BbiBOAA HCIOJb3YIOTCH OTAENbHble CUrHaqbl. Bce BXOAHbIe W Bb-
XO/IHble YNPABJSAIOUIHE CHIHAJbB B aKTHBHOM COCTOSIHHH HMEIOT HH3-
KHii ypoBeHb. BHelunne cHrnanbl ¥ BBLIEOABI MHKDONpOLECcopa fo-
Kasano Ha puc. [11.5 u omucanw HuXKe,

Curnansl mukponpoueccopa Z80
1. ¥npaBienue UEHTPAJbHBIM MPOLECCOPOM

RESET BxoaHo#l cHrHaJ/, HMEIOWHH B aKTHBHOM CO-
CTOSSHHH HH3KHA YPOBEHb W CJAYXAWHUH AJas
HauaJMLHOH YyCTaHOBKH mpoueccopa. B cuer-
YHK KOMaHJ 3aHocutcsl 3Hauenue 0000

WAIT YKkasblBaeT mpoueccopy, 4TO OH AOJKeH [e-
peiiTH B COCTOsSIHHE OXKHAAHHS
BUSRQ Bxoanoii curnan, umeoutnii B akKTHBHOM cO-

CTOSIHHM HHM3KHH YPOBeHb, KOTOPbIi MOXKeT
NOAABaTbCsl YCTPOHCTBOM, 3alpalIHBAIOUIAM
JOCTYN K CHCTEMHLIM LIHHAM

2. YupaBiaeHue nepechlikoil JaHHBIX

RD Hcnoabsyercsa, korga mnpoueccopy HeoOXOxH-
MO NPOYHTATh AAHHBlE H3 NMaMSITH HJH U3 CH-
CTeMbl BBOJA-BbIBOAA

WR Curuaj ynpabjieHHs 3alHChIO

MREQ [IpeGniBaeT B aKTHBHOM COCTOSIHHH, KOTAa
nMeeT MecTo oOMeH HHpOpMalHel ¢ NaMaATbio
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08

R

+58

‘11

IMpunoxenue

[ RESET 26
—_—)

Ynpaenexne | WATT 24
npoyeccopom

|

Coctonnne | BALT 18
npoyeccopa | —€——————g

Curnansl
npepoIBaHua | ——

Cneuynanshpid  RFSH 28
—————g
carkan
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DaHHble

38 Appec

22 o wr | Ynpasnenwe
19 ——_ } NepechinKkon
3—2’0“——’ MREQ | ganubix
p—————>I0RQ

6

CLK

Npumeyanne . Korga CUrHanbl ™I u TORQ OAHOBPEMEHHO UMEIT HU3KNA YPOBEHD, 3TO
ABNACTCA NPH3HAKOM NOATBEPWAEHWA npepbiBakus. Moatomy ana obpa-
60TKM NPePLIBaHN 063 OHK ROMKHBI GbiTb NOAAHBI HA WHTEPdedcHbie NG

npoueccopa Z80-

Cxema $0OpMUPOBaHHR
curnana INTA

ML INTA

10RQ

—

Puc. M1.5. BrewHne cHrHaAn M BRIBOAB MHKponpoueccopa Z80.
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IORQ

[Tpe6GbiBaeT B aKTHBHOM COCTOSIHHH, KOTja
HMeeT MecTO oOMeH uHbopMalUHei ¢ CHCTEMOM
BBOJA-BHIBOAA, T. €. NPH BHINOJHEHHH KOMaHJ
IN u OUT

3. llluHbl appecoB M AAHHBIX

D0—D7

ITponeccop pacrnojaraer BOCEMbIO JHHUAMH
IaHHHIX K 16-10 quHHsaMH azgpeca. IIpu ocso-
6oxaennu 1wHMH no 3anpocy BUSRQ coot-
BETCTBYIOI[HE BBIXOAHBIE CXEMBI [MPOIECccopa
TNPHBOAATCS B COCTOSIHHE BBICOKOTO HMIleJanca

4. CocrosHue npoueccopa

MI

HALT

BUSAK

BoixonHo#t curuass, UMeomuyd B aKTHBHOM CO-
CTOSIHHH HHM3KHH YPOBEeHb H HH(pOPMHPYIOMIHI
O TOM, 4TO NMPOHCXOIHT BLIOOPKA KOMAaH[I
BHIXOZHOH CcHrHaJ, HMEIOUIHI B aKTHBHOM
COCTOSSHHHM HHM3KHH YpOBeHb M HHGMOPMHPYIO-
IWHA O TOM, yTO OBlja BBINOJHEHA KOMaHia
HLT u mnpomeccop cCOOTBETCTBEHHO OCTaHOB-
JIeH

Curna/j ykasblBaer, 4TO MPOLECCOp Cisia C
cebst ynpaB/ieHHe LIMHAMH

5. O6paGoTka npepbiBaHuii

INT

NMI

MI u IORQ

6. Tutanue
0,5 B

7. TakTupoBaHue
CLK

Curuan npepeiBaHHs o6llero Ha3nayveHus, Ko-
TOpHI HCIIOJIb3YeTCS OAHHUM H3 TpPeX CMoco-
60B, MoOXeT OHITb 3a0/JIOKHPOBaH KOMaHaoH
DI n paspemen xomannoit El

HemackupyeMblii curiajl npepniBaHus, [0 KO-
TOPOMY B MPOrpamMme NMPOUCXOAHT flepexoj Mo
ajpecy 0066, mocje 3aMOMHHAaHHSI TEKYLIETO
3HauUeHHsl MPOrPaMMHOIO CYETUHKA B CTEKe

COBMeCTHO AEHCTBYIGT KaK CHTHAJ MOILTBEpK-
JleHUs] TPEpPLIBAHUS

Heo6XxonuMo ONHO HamnpsKeHHe OUTalNs

+5 B

Tpebyercss OAMH TaKTHPYIOIIHH CHruaj, ua-
CTOTa KOTOPOrO He MOJABEpPraercsi IeNEHHIO
BHYTpH npoueccopa. [asa apyrux ycrpoiicrs,
HY2XIAIOUHXCSl B TAKTHPOBAHHH, HLOJIKEH HC-
NOJb30BATLCA ITOT Ke CHFHAJA, Tak Kak Oy-
(epH3UPOBAHHOTO BLIXOJHOTO CHTHaja He
npeiycMOTpPeHo
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8. Jlpyrue CHrHaJbl

RFSH CurHas npe6GbiBaeT B aKTHBHOM COCTOSIHHH
B TeUeHHe TIOCJeLHero nepHoga TAaKTHPOBa-
Hus uukiaa MI, coxep:xumoe peructpa pere-
HepallUH BHIBOAMTCS HAa MJajfliHe JIMHHH af-
PECHOH LIHHBI

HaGop BHyTpeHHHX perucrpoB MHKpomnpoueccopa Z80 mokasas Ha
puc. I11.6. BuaHo, 4To OH IOYTH HAeHTHYeH Habopy perucrpos 8085,

=8 paapagos —><-8 pa3psafos—= Ly6nupyowmne perncipsl
A : Dnar A F!
B c B’ c’
Perncrpsl
ofuyero 1 D E D’ . E
HalHayeHua .
H L H L
[ X
NHgeKcHble
‘pervmpbl { Iy
YkaaaTens cTeka
CYeTYUK KOMaHp,
BekTtop
npepbiBaHus
Peructp
pereHepaumu

Pnarosblid perucTp
[sfz] Jrc] PAln]c]

S — 3HaK

I — Hyne
AC — BcnomoratenbHbid nepeHoc
P—YetHOCTDb

V- lepenonHexue

N— Boiuutanue

C— Nepenoc

Puc. M1.6. Peructpu Mukponpoueccopa Z80.

HO BKJII0YaeT B JONOJIHEHHe K HeMYy [Ba WHJAEKCHBHIX perucrtpa, pe-
FHCTP BEKTOpa NpephiBaHHS M peructp pereHepauuu. Kpome Toro,
B uMcae peructpoB Z80 umeeTcss NyOaHpyoolWlHd HaGop PerucTpos,
a cpelH ero KOMaHA NpelycCMOTPeHbl KOMaHAbl OOMeHa COAepKH-
MBIM MeXJ1y pabouynMu H AYGJHDPYIOIHMMH perucTpamu. 910 N03BO-
AsieT GLICTPO 3aOMHHATH JAHHBE, HAXOAALlHecss B paboyux perd-
cTpax, KOrjga BO3HHKaeT Heo6XOAHMOCTh 3aHECEHHS B HHX HOBOM
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uHdopMaluH, HanpuMep, Npu obpalieHusx K noanporpammam. Co-
JepKHMO€ HHIEKCHBIX DEerHCTPOB MOKeT OBITb HCHOJb30BAHO CO-
BMECTHO CO CMeLleHHAMH, YKasbiBaeMbIMH B KOMaHAax, AJs onpe-
lleJIeHHsl 3HAYEHHH afpecoB ¢ NOMOIIBIO TabJIHLI.

HaGop komann Z80 Bkaiouaer Bce komauan 8085, kpome RIM
u SIM, nostomy B Z80 npuMeHsIOTCSl Bce CnOCOOBI ajpecanny, uc-
noab3yembie B 8085; KpoMe HHX HMeIOTCS LONOJHHTEJbHblE CHO-
co6bl OTHOCHTEJIbHOH ajpecaluy, NpUMeHsieMble B KOMaHOax ne-
pexooB.

Komanasl mukponpoueccopos Z80 u NSC800
Komanabl apudMeTHYECKHX M JIOTHUYECKHX onepauui

ADC Croxenne c nepesocom (8- u 16-paspsianoe)

ADD Cnoxenne (8- u 16-paspsgHoe)

SBC Buiuuranue ¢ nepedocom (8- u 16-paspsimnoe)

SUB Boluutanue

AND Jlornueckoe U

OR Jloruueckoe WJIN

XOR Jloruueckoe MCKJIIOYAIOWEE WJIU

CpP CpaBHenne

INC HukpemeHT

DEC JlekpeMeHT .

RLA Hukianyeckufl cABHT JieBblll peructpa A ¢ ne-
peHocoM

RRA Iluknnyeckuit cABHr TpaBBI peructpa A ¢
IepeHocoM

RLCA Hukauueckuit cABHT JeBbifl peructpa A

RRCA HukanueckHii cABUr npaBbifi peructpa A

RL Hukaudecknil cIBUT JIEBHIH C NEPEHOCOM

RLC LInkanyeckuil CABHUL JeBbL

RR LlukauyecKu#l CABHT MPABHIH C MEPEHOCOM

RRC [luknuyecknit CABHI NpaBHIH

RLD JlecATHYHBIA LHKJAHYECKHH CHABUr JeBBIH

RRD JecsaTuunbii LUKJIHYECKHHA CABHC NpaBbli

SLA Apudmernueckuii CABUT JIEBHIH

SRA ApubMernueckuii cBHr NpaBHIli

SRL Jloruueckuii cABHT mnpaBbIi

Komannnl nepeCcblyiIKH JaHHbIX

LD a, b 3arpyska B a u3 b,
ree 1) a— mw6oi us perucrpos A, B, C, D, E, H, L,
b —mo6oit u3 perucrpos A, B, C, D, E, H, L, (HL),
(IX 4 cmemenne), (1Y 4 cmemenue) wuiaum  8-paspagHoe
YHCJIO;
2) a— peructp A,
b—(BC), (DE), (aapec), R wau I;



286

Ipanoxenue 1

3) a—(BCQ), (DE), (azpec), R nan 1,
b — peructp
4) a—(HL), (IX+cmemeHne) (IY 4 cmemenue),
b—A, B, C, D, E, H, L uau 8-paspsaanoe uncao;
5) a —(aapec),
b—A, BC, DE, HL, IX, 1Y, ykasareab creka;
6) a— BC, DE, HL,
b —(aapec) unu 16- paapanﬂoe 4HCJI0;
7) a— ykasareJb cTeka,
b —(aapec), HL, lX IY wnn 16-paspsasoe uucio.

Komanabn nepexonos

JP/CALL/RET Ilepexon/Brizos/Bo3Bpar alconoTHLIA
JP/CALL/RET NZ  Ilepexoa/BnisoB/Bo3Bpar, eciiu ne nyab
JP/CALL/RET Z ITepexon/Buizos/Boaspart, ecnu Hyap
JP/CALL/RET NC [Ilepexoan/BuizoB/Bosspat, ecniu Her ne-
penoca
JP/CALL/RET C Ilepexoa/BrisoB/Bo3spar, ecau nepenoc
JP/CALL/RET PE Ilepexoa/BrizoB/BosBpat, ecan ueTHo
JP/CALL/RET PO  Ilepexoxn/BnizoB/BosBpat, ecau HeuerHo

JR, cMewenune Ilepexon oTHOCHTE/bHBI

JR C, cmeuedue [Tepexos OTHOCHTEJIbHBIH, €CIH MEepPeHoc

JR NC, cmemenne Ilepexon OTHOCHTE/NbHBIH, €CIH HeT mne-
peHoca

JR NZ, cmewenne Ilepexox OTHOCHTeJNbHBIH, €C/H He HYJb

JR Z, cmenleHue Ilepexon OTHOCHTENBHLI, €CJH HYJb

DJNZ - JlekpemeHnT B u nepexon OTHOCHTENb-
HBIH, €CJH He HYJb

RETI Bo3Bpar H3 npephiBaHus

RETN BosBpaT u3 nemackupyeMmoro mnpepbiBa-
HH$

Komannbl cTekoBbix onepauui

PUSH 3aneceHHe B CTeK } AF, BC, DE, HL,

POP 3arpyska u3 creka § IX, 1Y

KomaHubl noGHTOBLIX onepauMi
JlioGoit 6T u3s A,

BIT Ilposepka GHTa B, C.D,E H,L,
SET YcraHoBka GHTa (HL),(IX 4 cMmerme-
RES C6poc Gura Hue), (1Y 4 cmerne-
HHE)

Komanabt 6j0uHbIX onepauui

IND BJsiouHast 3arpy3ka ¢ JEKpeMEHTOM H3

nopra (C)
INI Baounas sarpyska ¢ HHKpPEeMEHTOM H3

nopra (C)
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08 +58B
LO LO
12 N
NSC 800 [ ————3> AD 0
RESET IN 33 13 An1
WAIT 38 14 > AD2
== l«———>
BREG 36 15 AD3 | Agpec/
RESET !® 5 AD4 [ AaHHIe
17
our 37 > ADS
-]
BACK 35 <W-—_>ADG
<—>ADTJ
S0 29
§1 27
NMT 21
e a®
INTR 25 ]
INTA <
INTA 26 —é—-*AB
————0
RSTA 22 -5—>A9
RSTB 23 4———»A10
— —§—>A” Agpec
| RSTC 24 : A12
—7——-—>-A15
—B———-—>AI4
———> A15
F3 D:IZ—>_R.D )
= = 30 > WR Ynpasnexue
———> ALE | nepecwinkoii
RESH AdHHbIX
RFSH 28 34
-—————

11T 10

XiN  XxouT

!

CLK

TakToBbie CHrHansl

Puc. M1.7. BHewnne curianas 4 BbIBOAR MHKponpoueccopa NSCS800.

INDR
INIR
OTDR

Bsiounass 3arpyska ¢ aBTOAEKPEMEHTOM

u3 nopra (C)

Braounas 3arpyska ¢ aBTOUHKPEMEHTOM

u3 nopra (C)

Bnounasn 3arpyska ¢ aBTOJNEKPEMEHTOM

B

nopt (C)
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YnpasneHue

npoyeccopom

CocronHue
npoyeccopa

Curnanst
npepbiBaHUA

0B +58

RESET 40
———3Q
HALT 2

——]

1,2t la

6800

34 5 p/W

3 Tsz

04 02
——

TaktoBble curHanbt

Puc. 111.8. Buemdue curHainl U BbIBOAH MHKpompoieccopa 6800.

OTIR
OuUTD
OUTI

ITpunoxenue 1

W1Ha agpecos
W AaHHbIX

nepecunKoi
AaHbIX

_} YnpasneHue

Brounasi 3arpy3ka ¢ aBTOHHKDEMEHTOM

B nopt (C)

Biounass 3arpy3ka ¢ [eKPEeMEHTOM B

nopt (C)

BJsiounass 3arpy3ka ¢ HHKPEMEHTOM B

nopt (C)
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LDD BJaounasi nmepechblika C JEKPEeMEHTOM

LDDR Baoynas mepecslKa ¢ aBTOAEKPEMEHTOM

LDI Baounasi mepechlika ¢ HHKDEMEHTOM

LDIR Biounas nepecelixa ¢ aBTOHHKPEMEHTOM

Jpyrue KomaHabl

DAA JlecsTiynass KOPPEKIHS aKKyMyJasiTopa

CFF HuBepcusi ¢aara nepenoca

CPD CpaBHeHHe ¢ [AEKPEMEHTOM MaMsATH

CPL Wusepcus perucrtpa A

CPDR [ToHcK ¢ OeKpeMeHTOM MNaMsTH

CPIR CpaBHenHe C HHKDEMEHTOM NaMSTH

NEG dopMHpOBaHHE JONOJHHTENBHOrO KOAA
peructpa A

NOP Her onepaunu

SCF VcranoBka ¢uara nepenoca

Ilpumenanue: B MHeMOHHUYeCKHX 00O3HaueH:iAX KOMaHA s3blKa ac-
cembiepa Z80 BbipaxkeHHe, 3aKJlOueHHOe B CKOOKH, O3HayaeT, uTo
o6palleHHe MPOMCXOMMT K 00JaCTH MamsTH, aipec KOTOPoil onpe-
JeJisleTcsi IyTeM BbIUHCJEHHs 3HAueHHs 3Toro Beipaxcenus. Hanpu-
Mep, npu BbinoJHeHun Komauaw LDA, (1X 4 5) npoussoantcs 3a-
rpy3ka B perucrp A coaepkumoro o6aacTH namsarH, ajpec KOTo-
poii ofpasyeTcsi npuGaBJeHHeM CMelleHHs 5 K COJGPKMMOMY HH-
IeKCHOTO perucrpa.

Ha puc. I11.7 u I11.8 noxasaHbl CHrHa/Jbl M HasHAaueHHe BHeLl-
HUX BhIBOAOB MHKponpoueccopo NSC800 u 6800.

Mmukponpoueccopsl 8088 u 8086

Boinymenubit B 1978 r. mukponpeueccop 6086 Gbir nepsbim
16-paspsiAlbiM MHKPOIPOLECCOPOM (PHPMbL Intel. On 6bl1 cnpoek-
THPOBAH KAK COBMECTHMBbIH «CHH3Y-BBEPX» C 8080 Ha ypoBHe fI3bIKa
accembsiepa (T. e. Habop acceMONepHBIX KOMaHZ 8080 siBisercs
OAMHOKECTBOM Habopa accemOaepHbix komana 8086), Ho He co-
BMECTHMBbIH HA ypOBHE MAIIMHHOTO $3blKa.

Kak u 8080, mukponpoueccop £086 sp/seTcs Jullb OLHOH H3
BUC B mukpomnpoueccopnoil cucreme. B nonosnenne x 8086 o6uuno
npumensiorest caenyomue BUC:

8284 — reHepaTop TAKTOBBIX HMIYJbCOB C AeJHTEJNEM HacTOTHI,

8988 — WIMHHBIH KOHTpOJJIEp, NMPHMEHAeMbll B CHTYalHsiX, KO-

raa mpolleccop padoraer B TaK Ha3biBaeMOH MaKCHMaJlb-
Hoit Kondurypauun (MAXIMUM MCDE), 1. e. co-
BMECTHO C CONPOLECCOPaMH.

Mukponpoieccop 8088 — s10 10 ke, uTo 8086, HO ¢ 8-paspan-

[HOfi IUHHOH [AaHHBIX. ODTH MPOLECOOPbl HAEHTHYHbBl BO MHOTHX
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08 +58
20,1 40
16 )
RESET 21 8086 4-1-5——> ADO
—_—— (—a——ﬁ AD1
READY 22
oY ‘T’ AD2
Ynpasnesne | MN/MX 33 > AD3
NpOYECcCopom | ————— <T-> AD4
TEST 23
B 24 > ADS
0/GT0 HOLD 31 1—9——-—> AD6
(RO/GT0) L —— <> A07 | Anpec/
HLDA 30 lg————3>= AD8 | AdHHDIE
(RO/GTT) ~—r] el —> D9
BHE/S57 34 6
< <5—> AD10
<4—-—> ADT1
15—> AD12
1—2—-—> AD13
1—5—9——> AD14
CHrHansl npepeiBanus ——> AD15 |
TR 8 L 38 o ate/s3
332}%’;&“" LIS —"3: A7/54 | agpec/
INTA 24 ‘ —»:5 A18/55 [ coctoanne
-<———d —————3~A19/56
°:§_> RD
:>-2—8-—-> WR_ (L_o;ck)}Cocmnnue
9—2;—'» M/10 (S2)
T—» DT/R (S1) ¢ Cocrtoanue
ocTosHue
> ATE (050) } guepeqn
Curhanel  MakcumansHan
i ynpasnesns KOHOUrypayua
19 . nepecuInKon
A2HHbIX NPH
uakgumansnoﬁ
KOHGHUIYPALMH
CLK ypayl

Mpumeyanuas 1, HasBaHus CUrHanos, 3aknioueHHbie B ckoGku, Hanpumep (LOGK),
OTHOCATCR K MaKCHManbHOW KOHOUTYPaUHUK.
2. CurHansl cocToanna SO — ST MynbTanneKcupyloTca,
Puc. M1.9. Bremnne BbIBOAB W CHTHaAH MHKponpoueccopa 8086.
otHowenusix (puc. I11.9). Mmeromue MecTo pasiMyusi BO BHEUIHHX
CBA3AX OTMEUYECHB! B CJCAYIOLIEM HHXKE OIHCAHHH.
CurHanst mukponpoueccopos 8088 u 8086

Ilpumeuanue: cUrHanel, HCNOJNb3yeMble NPH MHUHHMAaJNbHOH KOHOH-
rypauiy, BeAeJIEHBl ¢ NOMOULbIO CKOGOK, Kak, Hanpumep, (HOLD),
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1. ¥npapjieHue UEHTPAJbHBIM MPOLECCOPOM

RESET

READY

(HOLD)

TEST

MN/MX

HavasnbHas ycTaHOBKA CHCTeMbl OCYlLeCTB/AACTCA
NPH NOCTYNJIEHHH NOJIOXKHTENbHOro (HpoHTA 3TO-
ro curuaia. baokupylorcs npepbiBaHus H noua-
rosblii pexuMm pa6orbl. Buinonnenue nporpamMMmbl
nocJe HauaJbHOM YCTaHOBKHM HauHHaercs ¢ 00-
Jaacty namarth ¢ aapecom FFFFO¢, npuuem colep-
sxumoe peructpos DS, ES, SS u PC pasno 00i6
CJyXUT AJs YKa3aHHs Npoleccopy, 4To naMsTh
HJAH YCTPOHCTBO BBOJA-BbiBOAA T[OTOBb K MO-
ChJIKe WJIH OpHeMy AaHHbIX. Ecam 3TOT cHrHan
uMeeT HU3KHA ypoBenb, 8086 naxoautcs B co-
crosiiuu oxuaanus, noka READY une npuoGpe-
TeT BLICOKOTO YPOBHA. DTOT CHIHAJ, KaK H TaK-
TOBbIe CHCHAJbl, MOCTyNnaeT B MNpOLeccop uepes
8284

Ilpyrue ycTpoficTBa NOJb3YIOTCA 3THM CHTHAJIOM
JJ5 3aMpoca Ha HCNOJb30BAHHE CHCTEMHbIX LUHH.
Korpa on mpuobGperaeT BbICOKHI ypPOBE€Hb, MpoO-
neccop 8086 no saBepLIeHHH TEKYLIEro LIHHHOTO
LIMKJa MEepPEeXONHT B COCTOSHHE OTK/IOYeHUS WHH
(3axBaTa MX APYTHM YCTPOHCTBOM) M cooluiaer
06 3TOM, NpHAaBas BLICOKHA YypOBeHb CHrHAJAY
HOLDA

Koraa B nporpaMme npoueccopa BCTpeuaercd

komanna WAIT, on nepexogHT B COCTOSIHHE NPO-

cros, ecau curdan TEST umeer BoicOkHH ypo-
BeHb

CayXHT AJs yKa3aHHA OLHOrO H3 PEXHMOB pa-
60Thl mpoleccopa:

(2) Munumanbuas koupurypauus. [Ipu mopaue
Ha KoHTakT MN/MX nanpsenus NHTaHHA NMPO-
ueccop 8086 ycranaBiHBaeTCs B DEXHM MHHH-
ManbHOH koudurypauuu; BeiBogam 24—31 npu-
cpauBaiotca caeayiowue ¢yukunn: INTA, ALE,
DEN, DT/R, IO/M, WR, HLDA, HOLD;

(6) MakcumanbHasi KOH}urypauus. ITOT peKHM
3ajgaerca nopadell Ha kontrakt MN/MX noren-
nuana “zemqan”. B makcuManbnoi KoHdHrypa-
HHH (pOLeccOp OOBIYHO HCMOJIb3YeTCs] COBMECTHO
¢ IIHHHBIM KOHTpoJJiepoM 8288, korophiil o6ec-
neunpaer B3aumojeficteue 8086 c conpouecco-
pamu. Kourakte 24—31 ciayxar npu sToM ans
nepeiaun_cjelyiouinx curianos: QSl1, QS0, S0,
S1, S2, LOCK, RQ/GTO0, RQ/GTI
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2. YnpaBjieHUe NepechIKOH AaHHbIX

RD CurHas ynpaBjeHHS YTEHHEM
(WR) CHrHaJs ynpaBsieHusl 3alHCHIO
(ALE) [Monoxurensuvlt uMmnyasc ALE osnauaer, uto

Ha IIHHE anpeca/uaﬂﬂblx HaxoAHuTCsa nocmBep-
HbIH aapec naMsATH

(DEN) Cayxut paspeulalOlIHM CHTHAJOM IJsi NpUeMO-
_ nepeiaTuHKOB UIHHbI AaHHBIX
(DT/R) Yupasasier HanpaBJeHHeM NepelayH yepes npue-

MonepefaTYHKH IMIHHB JaHHBIX. Buinoansier Te
XKe GyHkuuH, yto S1 B pexHMe MaKCHMaJbHON
KOHOburypaunu. [Ipu BHICOKOM ypoBHe curuaJa
JlaHHble HepefaloTCsl M3 NMPOLECccopa Ha CHCTEM-
HYIO LWIHHY, ODH HH3KOM — C IIHHB B NpOLECCOp
M/10 Vimeer HU3KHE ypOBeHb MPH BLINOJHEHHH KO-
MaHJ C Y4acTHEM YCTPOHCTB BBO/Ia-BbiBO/A, BhHI-
COKHMA YpOBeHb-— Npu OOpalleHUsIX K [aMATH
(npu BBIBOAE HH(GbOpDMAaIHH).
lTpumevanue: B Murponpoueccope 8088 curuan
HMeeT HHBepcHoe 3HaueHue, T. €. IO/M u3 coo6-
paxkenu#i coBmectumoctd ¢ 8085

BoJsiblnast yacTb ONHMCAHHBIX BbILIE CHrHAJOB BbipaGaTbiBaeTcsi He-
HOCPEeACTBEHHO MNPOLeCCOPOM, KOTAAa OH (PYHKUUOHHDYET B MHHH-
MaJbHOH KoHQUrypauunu. B cHcreme ¢ MakcHMasabHOH KOHQurypa-
HHell WHHHBIA KOHTpoJaJep 8288, ucnosb3ys CHrHaJdbl COCTOSHUS
S0, S1 u S2, BupabarhiBaer C/AEAYIOULYI0 yNPaBJSIOUIYI0 HHOOP-
MaLyio:

MRDC Komanga uTenusi W3 nmamsaTH
MWTC KomaHga 3anucH B maMsiTh
AMWC Ynpexjaouasa KOMaHAa 3anicy B naMsith. Cur-

HaJl npeAyfnpexaaeTr namsaTb O HpejAcTosAllell 3a-
nucu pasbiue, yem MWTC

IORC Komanjga yreHus BBOZa-BbIBOZa (BBOJ)

IOWC Komanza sanucu BBOAA-BbIBOAA (BBIBOX)

AIOWC Yopexpjawouas KomaHjaa 3alMCH BBOAA-BLIBOAA
(BBIBOR)

Mpunmewanue: 8288 pns MaxkcuMaJ/lbHOH KOH(HIypauuu Beipaba-
THIBAET elle CJeAyIOUIHe CHTHAJIBI:

DEN Paspeinenne nepegaud aanubix. Curuan wumeer
TOT XKe cMbicsa, yto DEN, BopaGaTeiBaembiii
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NPOLECCOPOM, HO 3aKOJHPOBAH HHBEPCHBIM 06-
pasoM (aKTHBHBIM YPOBHEM fIBJIsieTCSt BBICOKHH)

DT/R [lepenaua/npueM maHHBIX
ALE Paspewenne peructpa aapeca
INTA [loaTBep:KaeHHe NpepHIBAHHA

3. llluna anpeca M naHHbIX

8086

ADO—AD15  Myabruniekcupyemas IIHHA ajapeca/faHHBIX

A16—A19 Crapuine uerbipe JauHHH 20-pa3psmHONl IIHHBL
JlaHHbIX

8088

AD0O—AD7 MyabTUnaekcHpyeMas mIHHa ajgpeca/IaHHBIX

A8—A19 Crapwue 12 aunuit 20-paspsaAHOH WHHBI AHHBIX

4. CocTosiuue npoueccopa

(HLDA) BrICOKHH ypOBeHb 3TOTO BBIXOAHOrO CHrHaJsa siB-
JseTcsl NOATBEPIKAEHHEM [OJYUeHHS BXOAHOTO
curnana sanpoca Ha 3axpaT wuH HOLD. Iloaa-
Bas curwas HLDA, npoueccop npHBOAHT cOOT-
BeTCTBYIOLHE BHIXOAbl B COCTOSIHHE BLICOKOTO

: HMnenaHca
A19/56 Uepes 3TH BHINOJHSAIOMNHE [IBOAHYIO (VHKIIHIO
A18/S5 BHELIHHe BLIBOALI B TeueHHe MNEpBOTO Mepuoja
A17/54 CHUHXDOHH3AaLUHH KOMAHIHOI0 HHKJa BBLIBOASITCSA
A16/S3 cTapillie 4YeThlpe paspsjaa ajpeca. Bo Bpewms

OCTaJIbHBIX MEepHOAOB IHKJA BHITONHEHUsS KOMaH-
OBl 3TH KOHTAKTBHl CJYXAaT AJs BbiBOAa HHOOP-
Mallil O COCTOSIHHH.

S4 S3

0 0 Jdono/nHHTeJNbHHIH CerMeHT

0 1 CrekoBH CerMeHT

1 0 CermeHT mporpamMMbl RJH HECErMEHT
1 I CerMeHT HaHHBIX

S5 orpaxaeT coCTosiHHe (hJara paspelleHHs]
npepLIBaHUH

S6 umeer HH3KHH ypOBeHb, KOTJAa CHCTEMHOH

IIHHOA ynpaBJsieT MHKPONpOLEccop |

Kormna npoueccop pa6oraer B MakcHMaJjbHOA KOH(QHIypauHH, BHI-

Boaw S0, SI um S2 cayxar 4as nepefaud C/AeAYIOILHX CBeAEHHH
O COCTOSIHHM Ipolleccopa B LIMHHBIN KOHTpoOJIep 8288:
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S2 S1 SO
0 0 0 TIloarBepxneHue npepLBaHHS
0 0 1 Urenue BBOAA-BHIBOAA
0 1 0 3anucek BBOZA-BLIBOAA
0 1 1 Ocranos
1 0 0 Brni6opka KOMaHAgH |
1 0 1 UreHue namstH
1 1 0 3anucek B naMATb
l 1 1 HeakTusen

Hanee, curnann QSO u QS1 HecyT moxpobuyio uuHdopMmauuio o co-
CTOSIHHH OYepeJH KOMaHJI Ipoleccopa.

QS0 QS1
0 0 Her onepanun -
0 1 Hcnoausiercsi mepBbiil GaiT KOMaHIH
1 0 Ouepenn JHKBHIHPOBAHA
1 1 TIlpunar Gaiit ciaenywoueil KoMaujsl
H3 ouepenH
RQ/GTO JluHust 3ampoca/paspellleHHsl CAYXKHT AJs Tepe-

Jlaud yIpaBJeHHs LIHHAMH C TPeMsl COCTOSHUS-
mMH. Mukponpoueccop 8088/86 noareepxmaer
NOoJyUeHHe 3anpoca, M[OLAaBasi OTPHULATEIbHBIA
HMNYyJAbC MO 3TOH JIMHHH, [0 KOTOPOH H OBLI
noayuyen 3sanpoc. Korga yctpolcTBO, NMOJNyYHB-
miee WHHBL B pacrnopsikKeHHe, 3aKaHUUBAET HX
HCNOJIb30BaHHE, OHO BO3BpalllaeT YyOpaBJjieHHEe
HMH mOpoleccopy, NOCHJas eMy BTOpOH oTpuua-
TeNbHHH HMIYJIbC

RQ/GTI1 Curnan, anajoruynnii RQ/GTO, HO ¢ HH3KHM
IpHOPUTETOM (T. €. TIpOLeAypa NpPeNOCTaBJEHHS
IIHH 10 3aNpOocy, NOCTYNHBLIEMY N0 3TOH JIHHHH,
peasiH3yeTrcst JHLIb B TOM CJayvae, €CJH 3TO yxKe
He nesaetcs ¢ juHued RQ/GTO)

LOCK "~ CayXuT AJd yKasaHusi, YTO YOpPaBJeHHE CHCTEM-
HOH ILHHOH APYTHM YCTPOHCTBAM MNepefaBaThCs

He MOJIKHO. YCTaHOBKa 3TOr0 CHrHaJja NpPOH3BO-
IUTCSt TPOTPAMMHBIM NyTeM

5. O6paGoTKa npepbiBaHHi

INTR BxoxHo#i curnan 3anpoca mnpepbiBaHHs, 3alyc-
KaeMblii ypoBHeMm. Ecau 6uT paspeweHus mpe-
pPHIBaHHAl yCTaHOBJeH (3HaveHue ) u curHan
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INTR wumeer BLICOKHA YypOBeHb, NpOIECCOP
8088/86 cHauana BHINOJHSIET OPOUEAYPY MOA-
TBepXKAEHHSI [MpephHiBaHHs, a 3aTeM [epelaer
ynpaBjieHHe nporpaMme ero o6paboTKH

(INTA) DTO BLIXOAHOH CHrHaJ, HMeOIHH HU3KHA Yypo-
BeHb, noka 8088/86 BuinoJiHsieT npoueaypy nof-
TBepXKJEHHs MpepuiBaHHsA. B cucTeMe ¢ MakcH-

MasabHOH KoHpurypanueir INTA BripabaTbiBaer-
Csl IIAHHBIM KOHTpOJ/iepoM 8288

NMI BxoaHo#i curHas HeMacKHpyeMoOro sampoca mpe-
pbIBaHHsi, 3aMycKaeMblli MOJOMKHTEJNbHLIM (POH-
TOM. YOpaBJjeHHe Nepenaercss nporpamme obpa-
6otkn mnpepbiBannii SERVICE c¢ wauvaabubiM
aapecom 000086

6. Iluranue
0B, 5B OpnHo Hanpsixkenue nurauusa +5 B (410 %)

7. TakTupoBaHue

CLK TakToBbIi cHuruaj, OO6bIYHO BbipabaThiBaeMblil
BHC 8284 (2—5 MTIu); pe3oHaHcsas yacrora
KBapLUeBOro KpHcTasaja B TPU pasa 0oJblie Tak-
TOBOf YaCTOTHI fpoueccopa (Tak, HampuUMep, AJs
TakTHpOBaHusa ¢ uactotoil 5 MI'n ucnoabsyerca
KBapll ¢ pe3oHaHcHO# yacTtoroil 15 MI'n)

MNporpammHas mogens mukponpoueccopos 8088/86

Ha puc. I11.10 npeacrasjena nporpammHas MoLesdb MPOLECCO-
pos 8088/86. HaGop peructpoB BKJIOYaeT 4YeThlpe 16-paspsanHbIx
perucrtpos obulero HasHaueHus, aABa 16-paspsaHbIX perucTpa-yka-
3aress, ABa 16-paspsansiX HHAGKCHBIX perucrpa, l6-paspsaaubi
CYETYHK KOMAaHJA, 4deTbipe 16-paspsiHbBIX perdcrpa CerMeHToOB H
16-pa3psaanbfi perucTp COCTOSIHUS npoueccopa.

Anpeca u cnocobbl aapecaitun

Anpec B mukponpoueccopax 8088/86 Bbiucasercs myTem CyM-
MHDOBAHHS COJAEPXKHMOIO DErHcTpa CerMeHTa H AefCTBHTENbHOTO
ajpeca, uJaH cMmellleHdsi. K aapecy cerMenta 006aBasilOTCS YeThipe
HyJis1, T. €. OH Bcerja spiserca 20-paspaanbiM. [1pumep:

20 000,,
T 9 800,

HCIOJIHUTE/IbHEIH ajpec 22 800

colepXKHUMOe perucrpa CerMeHTa
JlefiCTBUTeJBHBIA ajpec, HJH CMellieHHe
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16 6ur
®narw coctoawua | Cr. 6aat | Mn. badr |
Akkymynatop  AX [ A [ A |
Basa Bx |8 [0 |
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—I Ykasarveno c1exa¥SP’—| '

| Yxasarenn 6aavi—BP l

l NHaeKe uctouHmnka—SI l

16-paspagHoe cmeweHue,

[ UHgekc HasnaveHua—DI I Hanpumep, ykasarens
KOMaHAbl

Basa cermenta,
Ykazatens KOMaHAbI—IP] Hanpumep CermMexTa
" nporpammsi

Lol

20-pa3pagHbin agpec

Peructpsbt cermenTos

CermeHT nporpammur CS ]

lCel‘MEHTAaHHbIX DS l | z l z | z l z l X l

‘——-LCTeKoabw'l cerment S8S | Popmuposarue agpeca

lﬂononumenwuﬁ CErmMeHT EI

Puc. M1.10. Iporpammuas mogens mukponpoueccopos 8088 n 8086,

B wMmuxponpouneccopax 8086/8088 peanusyiorcs caeayiouiHe cno-
coObl ajpecalliu:

1. PeructpoBas 6. UnnekcHas

2. HenocpeacrsenHas 7. BasoBo-uHaekcHan
3. Ilpamas 8. llenounas

4. KocBenHas 9. IoptoBas

5. Basosasn

Ha6op xoMaHa BKJIOYaeT B KauecTBe MOAMHOXECTBA BCe ac-
cemGaepuole komaHan 8080 u GosabmiuuHcTeo kKomaun 8085, Has
03HAaKOMJIeHHsl ¢ NMOJNHBEIM Habopom komanx 8088/86 caeayer obpa-
THTbCS K TEXHHYeCKOH AoKymeHTauwH (upmbl Intel mnu kK coormer-
cTByomeit kHure (cM., Hanpumep, R. Rector & G. Alexy, The 8086
Book, Osborne/McGrawHill, 1980).
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TexHuueckme XapaKTepMCTHKH
Tpex OAHOMNATHLIX MMKPOIBM

B naHHBIA pa3ats BKAIOYEHBl OCHOBHbBIE CBEAEHHs O TPeX IMH-
POKO pacnpocTpaHeHHBIX OAHOMAATHBIX MHKpoOBM, ynomunas-
IUXCS B OCHOBHBIX TJIaBaX KHHIH. DTd MHKPoIBM umnoctpupyior
NpuMeHEeHHe TPeX OCHOBHBIX MHKPONpOUECcCOpHbIX ceMelcTB: 6502,
Intel 8085 u Z80 ¢upmul Zilog.

Onucarue MMKpodBM AIM 65

(B3saTo u3 pykoBoacTsa Asg moab3osatenst AIM 65 User Guide
¢ JioGesHoro paspemenusi ¢pupmbl Rockwell International Corpo-
ration.)

B stoM mnoapaspene paccMarpuBaloTcs amnapaTtHele H  npo-
rpammible cpeactsa AIM 65. Annapatypa u3 coobpaxenuit mpo-
CTOThl H3JI0XKEeHHs [tolpasjensercd Ha (GyHKUHOHAJbHblE G6JIOKH.
OnucblBalOTCS MOHHTOp, peAakTop u accembiuep AIM 65, a Takxe
10J1b30BaTe/IbCKHE MOANPOTPAMMEL, NPOLEAYPHl H YCI0BHS o6palie-
HHUS K HUM.

O01uue cBeneHusn

MukpodBM AIMG65 sBiasiercs 3aKOHYEHHOI MHKpoInpoueccop-
Hoii cucteMoii. B ee cocrase: mentpaasHbii npoueccop R6502, [13Y
Al XpaHeHMs CTaHAapTHbX nporpamm, 3YIIB u nepudepuiinoe
oGopynoBaHue, BKJIOuaiollee WHAHKATOP, MDPHHTED M KJIABHATYpY.
Bo3MOKHOCTb HapallHBaHHS annapaTHBIX CPEACTB MyTeM ycTa-
HOBKH MX Ha MJaTy MUKPoOBM unu 3a cuer no6aBieHHs Apyrux
nJar onpefesser WHPOKylo npuMennmocts AIM 65. [Npuxnagxoe
npumereHne MUKpoOBM cyiiecTBeHHO o6seruaercs npH HCHOJB3O-
BAHHH YHHBEPCAJNbHOIO I0JIb30BAaTEJNbCKOr0 HHTEpPQeiiCHOro anarn-
Tepa R6522.

OcHoBHble (yHKIHOHA/IbHBIE KOMOOHeHTH AIM 65 nokaszane na
CTPYKTYPHOH cxeMe, NpHBeAeHHO# HA puc. [12.1.
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Puc. N2.1. CtpyxTypuas cxeMa MukpodBM AIMGE5.

DYHKUHOHAJNBHBIA COCTAB

OcuoBHBIMH (DYHKIHOHAJBHBIMH 6s0KaMu MUKpODBM siBasiorca
cleAywollye: CHCTeMa NUTaHusA, cxema Boi6opa kpucraana, 3YIIB,
TI3Y, unrepdeiic npuHTepa, HHTepdelic HHAMKATOPa, HHTepdeic
KJaBHATyphl, NOJb30BaTe]bCKuil HHTepdeiic R6522, wuHTepdefic
KacceTHOro MarHutooHa, HHTepdelic TejeTalina H mocael0BaTe/b-
HOro BBOJAAa-BhIBOJA,
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R6502

Bocbmupaspsaaunit  Mukponpoueccop  R6502 — ueHTpanbHbIi
npoueccop MHKpoOBM AIM 65 — ocymectBasier ofliee U TeKyilee
ynpasjieHue BceMH onepauusmMi. OH o6MeHHBaercs HHQopMaumein
C APYTHMH YCTPOHCTBAMH MAIUHHBl MO TPEM OTAEJbHBIM UIHHAM.
C nomombio 16-paspainoii ajipecHOH UIMHBI TNIPOLECCOP MOXKET
npsaMo obpamarscs k 65536 obaacram namsith. ITocpeacTBoM ABy-
HanpaBsJieHHOH 8-paspsiiHOH WHMHB NAHHBIX MPOHCXOAUT MepechlIKa
AaHHBIX Mexay R6502, ¢ omHO#l cTOpoHBI, mamsiThio U HHTepdeic-
HBIMH YCTPOHCTBAMH — ¢ Apyrofl. Ymnpasasiomas WHHA CAYKHUT AJIS
nepefayd CUrHaJOB CHHXPOHH3AllMM M yNpaBJeHHs OT mpoleccopa
R6502 x nuTepdelicHbM H nepuepUiHEIM YCTPOHCTBAM, KOMIOHEH-
TaM CHCTEMH, HAXOAAWKUMCS BHE IJ1aThl MUKpoDBM.

Taxmponanne R6502

PaGouas uyactora R6502 cocraBiser | MI'n. Onopusil cursan
4 MTu BoipabaTbiBaeTcsi KBaplLeBHM reHepatopoM. C NoMoLIbio
nepecuerHoit cxembl Z10, mocTpoeHHON Ha ABYX Tpurrepax D-tuna,
3Ta 4HacTOTa CHHUXKAETCS B UYeTHIpe pasa; MOJIyUeHHBIH CHTHAJa Hc-
NoJIb3yeTCs B KauecTBe BXOAHOTrO cHrHaJsa (aswl TakTHpoBauus ¢0,
uMemoulero yacrory 1 Mo,

B npomeccope Ha ocHoBe ¢1 BnlpaGaTeiBaloTCst (ha30Bbie CHT-
Haae 1 v 2 (¢l u ¢2). Curnan ¢! (OUT) mwiBoautcs uepes J3-3
IJisi TaKTHPOBAHUS BHEIIHHX MO OTHOIIEHHIO K MHKPodBM ycr-
poHCTB.

Curran ¢2 (OUT) npoueccopa R6502 mopaercs na J1-C u Ha
unaBeprop. Curnan ¢2, cHumaemuii ¢ J16-8, nomaercs Ha J3-Y u
Z16-11. bydepusupopanunit TakTOBHI curHan (SYSY), BepabaTh-
BaeMbii MHBeprOopoM Z16-10, ncnoab3yercss B KauecTBe ONOPHOrO
LJisi CHCTEMHOH CHHXDOHH3ALMH YCTPOHCTB, YCTAHOBJEHHHIX Ha
naare u BHe ee (J3-U).

CMrHaJg 4YTeHus/3anucu

Curnan urenusi/3anucu R/W ympaBiser HampaBieHHeM mepe-
CHIIKHM JaHHBIX Mexay R65602 u gpyrumu ycrpoisicrsamu. OH no-
npaercs Ha JI-D u unBeprop Z16-3. Ilocne Gydepusanuu na Z16-6
oH npeoGpasyercsi B CHCTeMHbIA cHrHan yrenusi/sanucu (SYS P/W),
HCHOJb3yeMBIH HA NIaTe H 3a ee npexenamu (J3-V).

anas.nmoume NEPEKAYATEIH

RESET

C nomompio kHomkd S| BripabaThIBaeTCs CHTHAJ HavaJbHOI
ycraHoskn RESET asa annapaTHelX W NpOrpaMMHBIX CPeACTB
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MukpodBM, Taiimep Z4 ynepkusaer HH3KHH YypoBeHb CHrHaJa
RESET ue menee 15 mc nocse ornyckahnsi kHonky. Curnan RESET
nopaetrcs Ha npomeccop R6502, wmonutopel R6522(Z32) w
R6532(Z33), noab3oBartenbckufi untepdeiic R65622(Z1) wu unrep-
¢deiic maaukatopa R6520(Ul). [das npuseieHuda B HayaJbHOE CO-
crosiiue apyrux ycrpoiictes curian RESET nopaercs Takxke Ha
paspeMm pacuidpenuns cucTembl. HadajpHyno ycTaHOBKy nporpam-
MHBIX CPEACTB OcyliecTBjsieT MoHHTOp, Koraa JHHHA RESET mpu-
o6peTaer BHICOKHIH ypPOBEHb.

KB/TTY

C nomousio nepekmouarets S3 (KB/TTY) mukpodBM AIM 65
BbiAaeTcs YKasaHHe IPHHHUMATh YIPaBJSAIONHE CHTHAJb J1HOO OT
AIM 65, nu6o ¢ kaapuatypbl. CocTOSHHE NEpPEK/IOYaTeNss ONpaulu-
BaeTcs MoHHTOpOM R6522.

Untepdeiic npuntepa

[TpuHTep BOCIPOM3BOAHT HHGMOPMALHIO HAa TEPMOUYBCTBHTEJb-
HOW pYJIOHHOH 6yMare ¢ NOMOUIbIO JAECATH TEPMO3JEMEHTOB, Kax-
Abifi U3 KOTOPHIX OCYILECTBJSeT NeyaTh ABYX TOYEYHO-MATPHYHBIX
cuMBOJIOB (pa3mep MaTpHubl 57 Touek). TepMO3jieMEHTH XKeCT-
KO 3aKpernJieHsl Ha MOABHXHOH TepMOrosioBke. B mpouecce neuartu
TepMOroJIoBKa TepemellaeTcs MO TOPH3OHTAJNH BhNepel M Hasap,
npuyeM NPH ABHXKEHHH B KaXKAOM HanpaB/eHHH OeyaTaercs ojHa
ctpoka Touek. OTaebHbe TEPMO3JEMEHTH BO BpeMs IepeMelleHHs
TePMOrOJIOBKH BKJIOYAlOTCA HA JMCKPETHbIE HWHTEPBAJIBHl BPeMeHH,
B pe3y/ibTaTe Yero OCYLIECTBJAETCA MOCTeNeHHoe (OpMHpOBaHHe
cuMBoJioB. [lociie meuaT KaKAOH CTPOKH TOUEK BAaJUK MPUHTEPA
nepemeniaer 6ymary Ha OIHY CTPOKY IO BepTHKajaHu. [leuaTb cTpokn
CHMBOJIOB 3aBepllaeTcsi Nocje NedyaTH ceMu CTPOK Touek. Popmu-
poBaHHe NMeYaTHHIX CHMBOJIOB OCYILECTBJACTCA C MNOMOIIBIO TOYEY-
HbIX 06pa3oB, xpaHsumuxcs B Monutope AIM65. Muuuunuposanue
HHMKJAa [euyaTH, yNpaBjeHHe M CHHXPOHHM3ALUs €ro HPOXOXKIEHUs
TaKxe BBINOJHAITCS MOHHTOpOM AIM 65.

Hurepdeiic naaMKaTopa

Hnaukatop AIM 65 cOCTOHT U3 NATH 4-CHMBOJIbHBIX 16-cerMeHT-
HbIX aa(aBHTHO-IM(pPOBHIX HHIHKATOPHBIX 3/eMeHTOB. Kax b
WHAHKATOPHBIH aeMeHT (MXx o6osnauenus DS1—DS5) comepxur
BHYTPeHHIOIO TNaMsTh, Aemndparop u cxembl ynpasinenus. Huan-
KATOpHEIE 3JIEMEHTHl MOAKJIIOUAIOTCA K UIMHAM aApecoB, AAHHBIX M
ynpaeaernss MukpodBM AIM65 nocpenctBoM napan/esnbHOrO HH-
tepdeiicioro agantepa R6520(Ul), Bxoasmero B cOCTaB WHAHKA-
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TopHoro Moayas. KakabiM HHIMKaTOPHBIM 3JIeMEHTOM CBS3aHhI
cemb guHui gaunsx (DO —D6), ase aapecunie aunnu (A0 n Al),
aBe JHHHH ynpasasomux curHanaos (W u CW) u suHus BbiGopa
kpucranna (CE). Cxema uHAMKaTOpa npusefeHa Ha puc. I12.2.

Ias KaxKA0ro H3 NSATH MHANKATODHBIX 3JIEMEHTOB HMeETCS OT-
nejbHas auHHa Bhi6opa Kpucranaa (CEl— CES). Ilasa sarpyskn
JAHHBIX B HHAHKATOPHBI 3JeMeHT cooTBeTcTBylomieMy curiany CE
npuaaerca uuskuii ypoBenb. Ha munum DO— D6 noaawotes HeoG-
XooHMMBble 1aHHBlE, a HAa JauHuE aapecos AQ — Al moapaerca anpec
CHMBOJIA B HHAMKAaTOPHOM »sJjeMeHTe. Ha JsuHHM cHMrHana Kyp-
copa CU nopaepxnBaercs BbICOKHH ypoBeHb. Jlis 3amuch v HHAH-
KallMd JAHHLIX CMrHaJ HU3KOro = YpPOBHS NOJAeTCs Ha JIHHHIO
curnasa sanucd W. Ilocie Toro kKak curian W cHoBa npHoGperer
BBICOKM{l ypOBeHb, NaHHble Ha HHJMKATOPE COXPAHAIOTCH, NOKa B
WHJUKATODHBIA 3JEMEHT He NOCTYNAT HOBble AaHHble MM He Oyaer
BHIBEJEH Ha HHAMKAUHIO Kypcop. BBOA JlaHHBIX B HWHIHKAaTOP MO-
eT MNPOU3BOAUTLCS B IIPOM3BOJIbHbBIE MOMEHTHI BpeMeHH, ACHH-
XPOHHO TIO OTHOLIEHHIO K APYTHM IpoLeccaM, NPOTEeKAKUUM B MHK-
po3BM.

Unrepdeiic KaaBuatypsl

[ToakaoueHue kjaasuatypsi K AIM65 ocymiectisiercs uepes
narep¢eiic R6532. Jlunuu BBOAA-BBIBOAA PAO — PA7 unrepdeiica
R6532(Z33) COeAHHAIOTCH COOTBETCTBEHHO C BXOAHBIMH JHHHAMH
K11 — K18 kaasuatypsl. Jluanu PBO— PB7 noacoeaunsiiores co-
OTBETCTREHHO K BHIXOAHHM JuHHAM kiaaBHatypel KOl — K08
(puc. T12.3).

[Ipu CKAHMPOBAHWH KJIAaBHATYDHl B NOMCKAX HAXKATOH KJIaBUIIH
B pa3psabl BHIXOAHOro perucrpa A uHrepdeiica R6532 noouepenHo
sagocutcd 0, MOCTYNalOmKHA B KaxKAblA MOMEHT BPeMEHH Ha OIHY
u3 guaufi K11 —KI18. Dror 0 noctynaeT Ha KJaBUUIHbIE MepeKJIo-
yaTesH, cBsi3aHHble ¢ JuHMeld. Uepe3 Bce KJaBHLIHbe NepekJioya-
TeJH, MOAKJIOUEHHbIe K BbHIODAHHOH B NaHHBIH MOMEHT JIWHHH, 06-
pasyloTcsi 3aMKHyTHle LeNH K BBIXOAHBIM JIHHHAM H3 YHCI3 Kl —
K8, B pesysbTaTe uero BO3HHMKAWOT Joruyeckie 0 HA BBEIXOZAX CO-
OTBETCTBYIOLIHX pa3psiioB BHIXOAHOTO peructpa B uHrepodeiica
R6532. Kaxnas HeHa)artas KJaBHIA O3HAuaeT HaJjMuWe Dasphisa
B uenax cBsi3u ¢ Buxogamu PBO—PB7 u, kak caeacrsue, npucyr-
CTBHe JIOTHUECKHX | HA BBIXOJAX COOTBETCTBYIOIUHX Da3psioB BHI-
xoQHOTO perHcTpa B uurepdeiica R6532.

OpHonnatHii Ha6op npoekTuposwmka SDK-85

B cocTaB 3TOr0 OAHOMJIATHOTO Habopa NMPOEKTHPOBIIHKA BXOAAT
mukponpoueccop Intel 8085 n psax obecneunBalOUIKX BUC, cne-
L(MaJbHO NpeHA3HAYeHHBIX A/ COBMECTHOrO HCMONb30OBAHHUA C ITHM
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Puc. 112.4. Agpecauns namstu 8 SDK-85.

MHKponpoueccopoMm. basoBhili HabGop Bkiaoyaer npoineccop 8085,
I13Y 8355 o6vemom 2K GaliT ansi pasMelneHHsi TPOTPaMMBI-MOHH-
TOopa, CHaGXeHHOe ABYMS 8-paspsilHBIMH NOPTAMH BBOJA-BHIBOAA,
n 3YIIB ¢ o6bemoMm 256 Gaiit, umeroluee aBa 8-pas3psaHbBIX H OAHH
6-pa3psAAHLIIH NOPTH BBOAA-BHIBOLA.

MouuTtopHas nporpaMMa COCTOHT H3 ABYX uacTed, OfHA H3 KO-
TOPBIX 1103BOJIseT OOMEeHHBAaTbCsA HH(pOpMaUHeH ¢ cUcTeMOil mocpen-
CTBOM BCTPOEHHOH KJaBHATyphl, a BTOpas NpeaHa3HayeHa AJs 06-
MeHa uHGpoOpMalHell ¢ YCTPOHCTBAMH ROCJENOBATEJbHOrO BBOAA-
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Puc. M2.5. Appecauns Bmofa-BeiBofa B SDK-85. Aapeca BBOpa-smiBosa ay6in-
pyioTca B o0eHX TNOJOBHHaX LIHHBl anpeca/nansbix. JInuuy AS8—AL5 wucHob-
syiotca B SDK-85 ans ofpanieHuss K ycTpoificTBaM BBOAA-BHIBOA2 ¢ MOMOUILIO
TeX Xe JewH(PaTOPOB, KOTOPHIE CHYXKAT AJst 00palleHds K [aMsTH.

BBIBOAA (HaAnpHuMmep, ¢ TeJeTAfiloM HJAH AHCIJeeM, CHAGXKeHHbIM
KJaBHaTypoll) co ckopocthio 110 Goa.

Ha6op SDK, opranusanust KoToporo wiioctTpupyercs puc. [12.4,
1125 u raba. I12.1, npexcraBasier co60il PACIIHPEHHYIO BEPCHIO
6asoBoro Ha6opa. B ero cocraB BKJIOYEHO JONOJHHTEJIbHOE
3YIIB 8155, B pesysbrarte uero o6uuit o6bvem 3YIIB nporpamm H
JaHHBIX Aocruraer 512 6Gair, u monosaHurensHoe I13Y, cayxamee
AUl pa3MeLIeHHs1 NOCTPOYHOro accembiepa. Paciiupenue namsTu

11 Ox. ®eprycon u np.
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06yCJIOBUIO YyBeJHUeHHe KOJUYECTBA MOPTOB IO BOCBMH 8-pa3psi-
HBIX U ABYX 6-paspsilHBIX.

s paboTh annapatyphl NoC/J1efOBATEJNbHON Nepenaud JaHHBIX
6a3oBoro Habopa HeoOXOLHMO HONOJHHTENbHOE HANpsHKeHHe MUTa-
Husg 10 B. Jlna Habopa, ONHCHLIBAEMOrO 371€Ch, 3TO HanpsixKeHHe He
tpebyeTcst, a BXOAHAA LeNb MOCJIeA0BATENbHON nepenadyu npeacTas-

Tabauya [12.1. Kapra pacnpefeneHHs afipecoB NaMATH H BBOAA-BHIBOAA
(a) Pacnpenesnenue aapecoB nmaMmsitu

Anpeca YerpoticTea
0000-07FF T13Y MouuTOpa
0800-0FFF I3V accembaepa
1800-1900 KoHTposnep kKnaBHaTyphl/HHAHKATOPA
2000-27FF Bu6op 3VIIBI
2000-20FF IlepBoe mossacuue 3YTIB1
2100-21FF Bropoe nosisnenne 3YIIB1
2700-27FF BoceMoe nosiBaenne 3YTIB1
2800-2FFFF BuiGop 3YIIB2
2800-28FF [TepBoe nosBaenue 3YT1B2
2900-29FF Bropoe nosisienne 3YIIB2
2F00-2FFF BocbMoe mossienne 3YTIB2

(6) Pacnpenmesenue aapecos BBOAA-BHIBOAA

Anpeca S?g)snavsbmona PerucTp nopra BBOJA2-BbIBOJA
Monu- [ 00 Accem- ' 88 I]'_][gg: g
T0pHOe { gy  Onepuoe { 0A DDR A
sy los MY |oB DDR B
Aapeca BBOAA-BHIBOJAA
8155
20 28 Ynpasnenue/Cocrosiine
21 29 A
aymB1{ 22 3ymBe { 24 B
24 2C Mun. paspsaabl cueTynka
25 2D Cr. pa3psaab cYeTYHKa
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JsieT co60oii naccuBHyo 20-MHIHAMIEPHYIO TOKOBYIO METJIO € ONTH-
yecKOd pasBsisKOH. Kapra pacnpesnesneHuss naMsiTh MMeEeT CJAelyIO-
IIHH BHUA:

0000-07FF I13Y monutopa

0800-O0FFF  II3Y accem6b.epa

1800-1FFF Ilporpammbl o6cinyXKuBaHHS KI2BHATYDH H HHAHKATOPa

2000-20FF 3¥IIB

2800-28FF 3YIIB
[ToapoGuast uaopmanus o HabGope npoektuposumuka SDK-85 npu-
BeJleHa B PYKOBOJACTBE AJS NOJb30BATEJS.

OanonnatHbii kKoHTponnep MEDC Z80

ODTOT OAHONMATHBIA KOHTPOJIED Peanu30BAH HA OCHOBE MHKPO-
npoueccopa Z80 u ycTpoHCTB BBOAA-BLIBOAA TOrO Ke ceMelicTBa
BUC. Ha nsarte umerotcs Bce cxeMbl, HEOGXOAHMbIE A/f NOCTPOEHHUS
He6OJIbLUIMX MHKDOIIPOUECCOPHBIX CHCTEM, H Pas3beM, I103BOJSIOMIHI
HCIIOJIb30BATh MJATY KOHTPOJJIEPA B COCTaBe 6OJbIINX cHcTeM. Paa-
paboTuuKH KOHTpOJJepa CTaBWIM Neped co60H 3ajnauy O6JEryuThH
NPOEKTUPOBaHHE MHKDPOIPOLLECCOPHLIX CHCTEM MaJjoro macmraba
u cosparp HeGosbliylo cucremy Ha 6ase Z80, Kotropas morga 6ul
NPUMEHATbCS ISl U3YYEHHs METOLOB BHYTPHCXEMHOH 3MYJSLHH
npu paGoTe ¢ CHCTEMaMH NPOEKTHPOBAHHA MHKPOIPOLECCOPHBIX
CHCTEM.

MoXHO CYMTaTb, YTO KOHTPOJJIEP COCTOHT H3 TPeX CJelyIOUIHX
HOJCHCTEM:

1. TIpoueccop Z80 u cBsI3aHHble ¢ HUM 3aNOMHHAIONIHE YCTPOIi-

CTBA CO CXeMaMH AeH(ppalHy U YIPABJIEHHS.

2. Toacucrema BBOJA-BHIBOJIA.

3. Hnrepdeiic obuiero Hasnauenus,

Mpoueccop u cBa3aHHble ¢ HUM yCTpoiicTBa

Mukponpoueccop Z80 npencrasasier coboii oany u3 yCOBepLIeH-
CTBOBAHHBIX Bepcuii mukponpouneccopa 8080 dupmu Intel; on nmeer
PaCIIHPEHHYIO CHCTeMY KOMaHA, a A0pab0oTKa annapaTHbIX CPeACTB
NI03BOJISIeT HCIOJb30BaTh BCEr0 OAMH HCTOUHHK NHUTaHHA —+5 B u
OfHO(asHOe TaKTHpPOBaHHe. MalUHHBEIE NPOrPaMME!, HAMHCAHHbIE
nast 8080, moryTr BhinoNHAThCst Ha Z80, Ho mporpammb 8080, Hamu-
CaHHble Ha YpOBHe s3HKa acceMmbJiepa AJsl TOro, UTOGH HX MOXKHO
6puI0 06pabaThiBaTh ¢ NoMolibw accembaepa Z80, HeOoGXOLHMO
IpeABapUTe/bHO MepeBecTH Ha A3blk accembaepa Z80.

TakToBLI/i renepaTop COCTOHT W3 ABYX MHBEPTOPOB H KBapile-
BOro CcTabU/IH3aTOpa; BHIXOAHOH CHTHaJ reHepartopa 6ydepusu-
pyercss mocpeACTBOM [IONOJHHTENBHOTO MHBEPTOpPA Nepel TeM, Kak
nojaercss Ha JApyrue KOMIOHEHTH, YCTAHOBJEHHLIE Ha MJare
(puc. I12.6).

11#
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Ha naaTte uMeercs KHOMKA HAyaJbHON YCTAHOBKH, KOTOPas MPHU-
BOAHMT B HAYAJbHOE COCTOSIHHE He TOJbKO npoueccop Z80, HO H yCT-
poHCTBO BBOAA-BLIBOAA (aKTHBH3MPyeTCs HMX BXOAHOH curumaa M1).
3YIIB o6wemom 1K X 8 6ur peanusorano na asyx MC tuna 2114.

aK
2:: 1 {FFFF 3yns
le———1
FCOO .
BT [ [l TTT T I T [aof |
| G O U O A O O O A |
i
.
D RIOSEL T2y A0 1K{g222 3yns
— E §: 2K (4K) L Jato 2K{7800 nsy
MEMRQ (A11) i
A/WSE AD !
L@_’; 3ynB | f
1K | A9 07FF
WR 2K nay
W: S)R/v"v {oooo
Or 280

AppecHas wuHa
0000 0000 0000 0000 | 0000 }ZK
EaK

0000 0111 1111 1111 | O7FF
. {0000 1000 0000 0000 | 0000
R/OSEL 10000 1111 1111 1111 FOFFF }2'(

0111 1000 0000 0000 7800 } 2
011 111 1111 1111 F 7FFF

1000 0000 0000 0000 - 8000 } 1K
1000 0011 1111 1111 } 83FF

1000 0100 0000 0000 | 8400 } 1
1000 0111 1111 1111 F 87FF

='0" 11101 0100 0000 0000 D400 3¢
1101 0111 1111 1111} D7FF

1M 1100 0000 0000 |- FCOO }“(
1 1M 1117 1111 - FFFF

Puc. M2.7. Cxema BhOOpa H Kapra pachpele/eHHS aApPEcOB NaMATH.

B ruesno nocTosHHOH NMaMATH MOryT OBITb ycTaHOBJeHH HC
CIII3Y Tunos snu6o 2716 (2K X 8 6ut), auco 2532 (4K X 8 6u1).
Jloruka ajgpecanun naMmsTH moctpoeHa Takum obpasom, uto [13Y
3aHMMaeT HHXKHIOIO YacTb ajpecHoro mnpoctpaHcrBa, a 3VYIIB —
BepxHIOIO (puc. [12.7).

ITIpu yreHnH HHPOPMAUMH H3 NAMATH MJIH 3aNHCH B NaMATh
NPHXOAUT B AKTHBHOE COCTOSIHHE IPOHECCOPHbIA curHaa MEMRQ,
KOTODBIA CHAYXKHT IJA YNpaBJaeHHss AByMs BeHTuasimu H-HE, Bo-
XOAB KOTOPHX COeJHHEHH ¢ JIHHHAMH Bbi6Opa mamsaTH. BBIXOgHBIE
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CHTHAJIEI 3THX BEHTHJIeH MOTYT UMeTh AKTHBHBLIE 3HAUEHHS, TOJbBKO
Torja, KOria akTHBed (HMeeT HM3KHH ypoBeHb) curHan MEMRQ.
Yupasasiomu#i curian R/WSEL npe6niBaer B akTHBHOM CO-

crosHun, Korga Z80 ocywecreasier ureHue aadHbix (RD=0) u
Ha afpecHoii auHuu Alb Takxke umeer Mecro Joruueckuii 0 (uro
cooTBeTcTBYeT Auanasody aapecos 0000—7FFF). Axpeca 0000—
07FF (unu 0000—OFFF npu ucnonb3oanun [I13Y 4Ko6aiit) oxsa-
tThiBawoT Bce obaactu II3Y. Hna obpawenus no cienywomum 2K
(4K) appecam onsTe J0JMKHH OBITh NepeOpaHbl BCE BO3MOKHBIE
koMOuuauun curianos Ha 11 (12) angpecHerx smunusx. Takum o6-
pasom, noka Alb =0, B aumanasone aapecoB 0000—7FFF mnpouc-
XOLHUT MoBTopsloascs seibopka aapecos [13Y. Toasko Koraa npo-
neccop Bhbupaer aapec, B Koropom Al5 =1, npekpamatorcs 06-
paumenust Kk I13V. [lpunsito cuurats, uro II3Y s3anumaer axpeca

0000—07FF (OFFF). Curnaa BwoiGopa 3¥YIIB R/WSEL nwmeer ak-

THBHOe 3HaueHHe (HU3Kui ypoBeHb) npu Al5 =1 u MEMRQ =0
Kak JJsi uyTeHHs, Tak B aas sanucu. CurHan W nopaercss npamo
uHa o6e MC 3VIIB 2114 u ynparsaser HanpasJjecHHEeM Nepefayd AaH-
HbIX Mexay Z80 u naMarhbio.

Curnan R/WSEL umeer axTHBHOe 3HaueHMe B JualasoHe aji-
pecos 8000—FFFF, nmo tak kak 3YIIB wumeer o6beM Bcero
1K 6aiir, na6op ero ajpecoB MHOrokpatho (32 pasa) ykJaaab-
BaeTcss B 3TOT auanasod. HauanapHeMu anpecamu 3YIIB moxhno
cuurath 8000, 8400, 8800, ..., FC00, a npu pa3paboTKe Nporpamm
noJaratb, uro 3YT1B pasmemaercs B guanazone FCOO0—FFFF (uay,
ecan 370 yaoGHee, 8000—88FF).

O6pamienne K OXHHM WM TeM 3Ke ajpecaM NaMsTH OpPH Bbiaaue
MHKPOIPOHECCOPOM Pa3JIHUHLIX aApecoB XapaKTepHO IJisl CHCTEM
¢ TPOCTHIMH CpPeACTBAMHU JAeLIN(panHy aApecoB, B KOTOPHIX CUTHAJ
BbIfOpa KOHKPETHOrO 3aIOMHUHAIONIEro ycrpoicTBa npelbiBaer B aK-
THEHOM COCTOSIHHH B JAHamnas3oHe ajpecos npoueccopa, GoJbilem,
yeM KOJUYeCTBO siueek ycTpoiictea. 3JT1o rpyboe BHYTPHIJIATHOE
JeKOANPOBaHHe afPecoB NPH HEOGXOAHMOCTH HCIOJIb30BAHHS BHeNI-
Hefl maMmsATH NOPOXKAAEeT TPYAHOCTH, CBA3aHHbBIE C NpPeAyNpekae-
HHeM KOHGJIUKTOB IIPH KCIOJb30BAHHH IUHH.

Cxemnl BBOAA-BbIBON A

Cpeactsa BBOAA-BHBOJA KOHTpoJ/epa Bkawouaior BHC nutep-
¢eiica mapaanensHoro Beoga-suisoga (PIO) u BHC cuera u cuH-
xponusanun (CTC). OHu npeaHa3HaueHbl AAf paboTHl B pexHME
HOPTOBOH ajpecaitdid MHKponpoueccopa Z80, npu KoTopoMm mnepe-
CHLJIKA JAHHBIX B MPOLECCOP H H3 HETO OCYLIeCTBJsSETCS NyTeM Bhbi-
nondedusd koMaug IN u OUT. [Ipu BBINOJHEHHH 3THX KOMaHJ IpH-

BOJHUTCSI B aKTHBHOE COCTOsiHHe BhIXOAHOH curHaa [ORQ u He mno-
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Anpec Broaa-suwBona

l L1 1 [T [azfarfad]

—
TEET cTe
&a ACA1 | A4 A0
00 CHO
G1 CH1 At
F‘O 10 CHz [
11 CH3
P PIO
PIOSEL AOAT | 4ao
00 PORTA
: 01 PORTB '
1089 10 cNTRLA AT
11 CNTALB
! AADEC BBOjA-BbLIBOAR
A7 Ao
0000 0000 [PORTA
0000 0001 {PORTSB PIO
0000 0010 |CNTRLA
0000 0011 |CNTRLB FF cre
FC
0000 0100 CHO FB
0000 0101 CH1 cTe F8 PIO
0000 0110 | CH2
0000 0111 | CH3
AB
P10
A8
01'01 01-00 o7
: : Pio(MosTopenne) ul CTC
0101 0111 03
PIO
00
1M 1100
1Mt 1101
1111 7110 }CTC(ﬂoaropeuue)
1111 mm

Puc. I12.8. Cxema BoiGopa M Kapra pacnpejecHHs ajipecoB BBOAA-BHIBOIA.

naercs curian MEMRQ, 1. e. o6MeH ¢ nmamsTbio 3a6JOKHPOBAH.
BocemupaspsiaHBf ajpec nopra mojaeTcs Ha BOCeMb MJAAILHX
JUHUA aapecHoi wuHBL YcrpofictBa PIO u CTC comepxar no
HeThipe aJpecyeMbIX perhcrpa H IO3TOMY CHalMKeHbl AByMs ajpec-
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HBIMH JIHHHSIMH, KOTOpBle COCAMHeHH ¢ Bhixogamu AOQ u Al npo-
ueccopa. Brimosnnenue onepanuit uteHHs W 3anucu 3anaercs OQHUM

yUpaBJsIOWHM cursasnom npoueccopa RD (puc. I12.8).

AnpecHast nunua A2 uCmoOJb3yeTcss B cXeMe aApecaldH BBOAA-
BbiBOAa Ans BhiGopa PIO (npu A2 =0) uaw CTC (npn A2 =1).
Agnpeca Bsoaa-phiBosa 00, 01, 02, 03 u 08, 09, 0A, 0B, ..., F8§,
F9, FA, FB 3agalor peructpbl P1O B kauecrse mopra A, nopra B,
YOpaBJslomux peructpos A u B, 1. e. B KapTe pacnpenesenus ax-
PecoB BBOJA-BbIBOJAA NIOBTOPHO BCTPEYAIOTCSH OAHH M Te XK€ perH-
cTpel. AHanornunelM o6pasom kamanm CHO, CHI, CH2 u CH3
yerpoicra cyera u cunxponusaunn CTC oro6paxaiorcs cHauasa
B anpeca 04, 05, 06 n 07, satem B OC, OD, OF u OF u . 4. 10
FC, FD, FE u FF. Ilepsoe oTo6paxenie nopTos B Kapre aapecos
BBOAA-BBIBOAA HCIIOJIb3YeTCsi AJ4 ajpecallid IOPTOB NpPH HaMHca-
HHY IPOrpamM.

Unrepdeiic o6uero nasnauenus

Hutepdeiic obuiero nasHaueHus Moxer GHITb MPHCIOCOOJEH A5
HCNOJIb30BANMS B GOJILLIMHCTBE CHCTeM ¢ WwHHaMu Tuna 6500/6800.
Anpecuple curHansl 6ydepusyorca ¢ nomowslo MC 7415245, aj-
peca BBoJa-BHIBOAA (QOPMHPYIOTCA NYyTE€M MNpPOMYCKaHHs JeBATH
MJIaIIKHX Pas3psAAOB ajapeca yYepe3 BEHTHUJIH, ynpasjseMmble CHrHa-
JoM IORQ. '

Ilpu mapamuBanuu CHCTEMbl C HCIOJBL30BAHHEM 3TOTO UIMHHOTO
pasbeMa Haj0 cO6/10AaTb OCTOPOXKHOCTb, YTOOH He BO3HHMKJIO KOH-
(JIHKTOB MeXJY BHEIUHEH NaMATbI0 H 3aNOMHHAIONAMH yCTpO#-
CTBaMH, HMCIOIIUMHCHA Ha miate. Tak, HampuMmep, npu HapauluBa-
Hun MC 3VTIIB, ycraHoB/eHHBe Ha NJaTe, HEOGXOAUMO AEMOHTH-
poBath.
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UcTOUHMKM M CTBGHJ’IH33TOPbI HanpsaXXeHnAa nNMTaHua

UCTOUHKMKK nuTaHMA

Bésplyio yacTb MHKPONPOILECCOPHOR CHCTEMBI COCTABJISIOT (-
poBbie CXeMhl, pabouue mapameTphl KOTOPHIX pPeaNusylTCs HPH KO-
JMe6aHuAX HaNpsSKeHHS NHTAHHUs, He NPEBHIMIANINMX, cKaxeM, 5 %
OT HOMHWHAJbHOrO 3Havedwus. Kpome cTaHAapTHOrO HampskKeHHst
nutanusa -5 B MoryT norpe6oBatbcs Apyrue, Takue, HanpuMep, Kak
—5, =12 B u 1. 1. OHu HYXHBI A5 pabOThl HEKOTOPHIX HHTErpaJib-
HBIX CX€M, annapaTypel Nepefaud AAHHBIX (NOPTOB NOCJEA0BATENb-
Horo uHTepoeiica RS232) uam nepudepniinbix ycTpoiAcTB, TaKHX,
KaK AHCIJ/Ien H NPUHTEpHL.

Heobxonnmo KakuM-TO 06pa3oM CTaGHUIH3HPOBATH HANpPsIKEHHE
NHTaHHus, jeJas ero YCTOHUHUBBLIM K MeJJIeHHBIM H3MEHEHHSAM BXOI-
HOTO  HANPSXKEHUST UCTOYHHKA U JIIOOBIM KOJleGaHUsM TOKa Harpysk,

[QQQQQQQQQI

—¢
Q

00000000

Puc. M3.1. Tlonnonepuosnmit Buinps- Puc. M3.2. MCTOYHHK NHTAHMA € Bbi-
MHTeJb ¢ TpaHcpopMaTopoM cO cpell-  NPSMHTENLHBIM MOCTOM.
Hell TOUYKOM.

HMEIOIIHM MECTO B Ipouecce (GpyHKIHOHHPOBAHHSA MHUKPOIPOLECCOp-
HOH cucreMbl. Kpome TOro, AO/IKHBEI HMeTbCS Kakue-aHGO CpeACTBa
NOrJIOIaTh HJIH OTCEKAaTh GPOCKH HANPAMKEHUS, MOSBASIOLIHECST NPU
nepexoaHbix npoueccax. Ilepen tem kKak ropoputs 06 o6cayxHBa-
HUH 3TOH YAaCTH MHKPONPOLECCOPHON CHCTEMBHI, KPATKG OCTAHOBHMCH
Ha MNPHHIHUNAX ee NOCTPOEHHHA (BO3MOXKHO, ONBITHblE HHMKEHEepH H
TEXHHKH 3aXOTAT ONYCTHTb 3TOT pasfiedn). :
IlpocTeiiwinit HCTOUHHK NMUTAHHS NpPeACTaB/sAeT co60H TpaHcdop-
MaTop €O CpefiHeld TOYKOH, yNpaBJsIOIINI NOJHONEPHOAHBIM BbINpPsi-
muTesem (puc. I13.1). Caenyer 3aMeTHThb, Y4TO OLHONOJYIIEPHOAHBIK
BLIMPAMUTENb KOHCTPYKTHBHO 6oJiee NPOCTOH, TaK Kak BTOPUUHAA
o6MOTKa TpaHcopMaTopa He HMeET OTBOJOB H CXEMa COJEPXKHT
BCETo OAMH JHOJ, HO ABYKDaTHOe yMEHbIIeHHe KOJHUYECTBA IHKOB
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HaNpSIXKEHH CYLIECTBEHHO INOBHIIAET ero myabcanuio. Haubosee
NPEeANOYTHTEIbHLIR BAPHMAHT IOCTPOEHHS HCTOYHHKA HOHTAHHS
BKJI0YaeT AeleBbldl TpaHcpopmarop ¢ oaHOH Ge30TBOAHOH BTOpPHY-
HOH OOGMOTKOH H BHIIPAMHTENbHBLIH MOCT, PEaJH3YIOLIHH HOJMHBIH
nepuojJ KoseGaHHH BXOAHOro Hampsikenus (puc. I13.2). ITukoroe
o6paTHOe HanpsiKeHHe KaxKJio-
ro jpuojga B TakKOH cXeMmMe CHH-
JKEHO, HO CXeMa HMeeT H HeJO-
/\/-\/\/\ CTAaTOK, 3aKJIOYaOMUICT B TOM,

4TO B KaXKJIOM HHTEepBaje 3a-
psAja BKJIOYEHBI B NPSIMOM Ha-
npaBJeHHd JBa jaHoja. B Ka-

Vauix,
A

Y

Toku anopor uecTBe HAalOMHHaHHA O paboTe

1n4 cxeMel Ha puc. [13.3 npusenennt

/ HEKOTOpble ~ BpeMeHHEle JHa-
TpaMMBl.

Boixodnoe Hanpsaxcerue

(puc. T13.3,a). Makcumasbuas
5 €ro BeJHYHHA JIHLIb HEMHOrO
Tokw aogos MEHbIIE MaKCHMAJIbHOro Hamps-
213 JKeHHS Ha BTOpPHUHOH OOGMOTKe;
A 3Ta pasHuna o0ycjoBJjieHa Maje-
HHeM HanpsKeHHs Ha JBYX mpo-
Bousimiux Jguodax. Ilpu HeboJb-
LIHX TOKAaxX HaJeHHe HaMpsixKe-
; A, HHS Ha JHOJE SIBJISIETCS JIoTa-
0 pudMHUecKOll ¢yHKUHeH TOKa,
Puc. N13.3. Nuarpammsl paboTs mctou- YBEJAHYHBAsCh Bcero Ha 18 MB
HHKA IIHTAHHA: 4 — BBIXOJHOE Hanps- pr] KaxXI0M yBeJII/IquHH TOKa B
;’;e:::; "%f"eTB ﬂ_B?( agﬁ‘;:ﬁ;:::“"f{)g}; ABa pasa. [IpuHATO cuMTaTh, 4TO
IPONYCKaeT NHKOBBE TOKH B oiud nz 11AJCHHE HAMPAXKCHHS HA KpEM-
NOTynepuosoB BXOAHOTO Hanpsikenus, HHEBOM JHOJE COCTaBJseT HpH
MaJbIX Tokax npumepuo 0,7 B.
Ilpu 66/bIINX TOKAX, HMEIOUIHX MecTO, KOrja HanpsiKeHHe 3apsna
6/IM3KO K MaKCHMaJbHOMY, BOSHHKAeT JONOJHHTENbHOE MajeHHe
HAlpsKEHHsT HA NOAJOXKKe [AUONOB, NPSIMO NPONOPUHOHANBHOE Be-
JHYMHE TOKA. YKa3aHHble OGCTOSTEJbCTBA 3aTPYAHSIOT NpeiBapH-
TeJbHOE OlipeflesIeHHe TMOCACACTBHI yBeJHUYEHHS TOKa 6e3 jeTaJb-
HOro 3HaHHf BOJbT-AMIOEDPHLIX XapaKTEPHCTHK AHOAOB. B 6oJbLiHH-
CTBE CJyuyaeB yJOBJIETBOPUTE/]bHbE pe3y/bTAThl LAET MNPHHATHE
BeJHUYHHBI ¢ 3anacoMm 1 B.
Huodnete toku (puc. 113.3,6 u 6). Konaencarop sapskaercs
B TeYeHHe KOPOTKHX HMHTePBaJIOB NHKGBBIMH IOJOXKHTEJbHBLIMH 3HA-
UEHHSMH HanpsXeHHs U PABHOMEPHO Pa3psAkKaercs uepe3 Harpysky
B MHTepBa/lax MeXIy 3THMH NHUKOBBIMH 3HaueHHsiMH. UeMm Kopoue
BpeMs 3apsaaa, teM GoJiblile JOJIKHB OBITb NHKOBbIE 3HAYCHHSA TOKA,

)
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a TOK 3TOT NPONOPUHOHAJIEH CKOPOCTH HAapacTaHHs BXOAHOTO Ha-
NpsAXKEHHs. YBeJHYeHHE eMKOCTH KOHJEHCATOpa NPUBOAHT K YBeJH-
YEHHIO TOKAa, YKOPaYHBAHUIO BPEMEHH 3apsla H, KakK CJeICTBHE,
yMEeHbIIEHHIO KoJieOanuii HanpsukeHHs. 3ajauedl paspaGoTunKa SiB-
JS1€TCs HAXO0XKAeHHe KOMIPOMHUCCHOTO pelleHH s, IPH KOTOPOM UMEIOT
MECTO MHHHMAaJIbHbIE KOJeGaHuA Hanps:KeHHs W He NPeBbIarTcs
MaKCHMAaJIbHO JONYCTHMBIE TOKH KOHAEHCATOpa H AHOXOB. TOK mpo-
TEKaeT B NEepPBOM MNoJylnepHoae 4epe3 auoAn 1 u 4, a BO BTOpoM —
uyepe3 JHOAH 2 U 3.

Ecan B KakoM-1160 43 [IHOJLOB NPOMCXOAHT OGPHIB, 5TO MONKET
He OYeHb CHJBHO CKA3aThCs HA Ccpe/lHEM 3HAauYeHHWH BLIXOJHOTO Ha-
OPSKEHNAA, TaK KaK HCTOYHHK MUTAHHA JOJXKeH OBITh pPACCYHTaH
Ha 3HAYUTeNpHO GOJbilee MOTpebaeHHe TOKA, YeM TO, KOTOpoe 0Bycs
JIOBJICHO peaJ/ibHOH Harpysko#. OaHako 3apsja KoHAeHcaTopa 6yier
IPOHCXOAUTh C BABO€ MeHbIIEH YacTOTOH (B COOTBETCTBHUH C jAHa-
rpammoit puc. [13.3,a uau 6), u and ero paspsga norpeGyercs
BABOe O0JIblIee BpeMs.

INyabcauus nHanpaxenus

Ilpn BeIXOAE M3 CTPOS AHOAA BeNHUHHA NMyJbCALMH BO3PACTAET
npuMepHo B ABa pasa. Crabunusartop, CTOAIMHA HA BEIXO/JE HCTOY-
HAKA MUTaHUSA, MOXKET B 3HAUHTEJbHOH CTENEHH CrIaiHTh 3Ty MYyJib-
CalHi, HO HEOOXOLMMO YIOMs-
HYTb HaJMYHE€ MHHHUMAaJbHOTO y
MTHOBEHHOTO HANpsKEeHHs, OpH
KOTOPOM CTabHuJIH3aTOpP BHIXOAUT

u3 JuHefiHoro pexuma. Korga
BXOJHOE HaNpsKeHHe CTabHJIH- i
3aTOpa ONYCKAeTCsl HHMKEe 3TOro !

nopora, Bce HMeIOWHECS B HEM
NpOBaJIbl HepefarTCsd Ha BHIXOML
crabuauszaropa NPaKTHYECKH
6e3 craakuBaHus. DTOT HaKTOp " >
Cpasy MpOABJAETCA OUeHb pe3-

KO; TaK, HalpHMep, Ny/bCallis Puc. M3.4. Ymenstuenne nysnbcanuu na-

HA OpsIKeHHd 32 CYeT  HCIOJIb30BAHUS
IIpSAKEHHA  HA  KOHAEHCATO- KonjeHcatopa GONbUIOK €MKOCTH H TO-

pe, uMmeomas BeMHYHHY 2 B, spmenus nnkosuix suawenuii Toxa.
MOXKeT OBbITb CrJa)KeHa [0 He-

CKOJIbKHX MHUJIHBOJIBT, 4 NYJAbCAUKA C aMILIHTYa0# 3 B He Moxer
ObITb CHHIKeHA O 3HAYeHHs, MeHbilero 1 B (pHc. [13.4). Kpuruue-
CKHM TNapaMeTpoM sBJseTCH <«AH(pdepeHIHaNbHOe HAalpsiKeHHe
MEX1y BXOAOM H BbIXOAOM», KOTOpPOe AJsi GOJbIIHHCTBA CTAGHIH3A-
TOPOB COCTABJSIET OKOJIO 2 B, T. e. NpY HOMHHAJbLHOM 3HAYEHHH BhI-
XOZHOro HampsixkeHus 5 B BXoiHOe HampsiKeHHe He JOJKHO HH NPH
Kakux OOCTOATeNbCTBAX HHM HA OAHH MOMEHT HajaTh HHXe 7 B.

L
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I[Jlﬂ OIleHKH BeJHUYHHBI IIYJbCAaUHH HAIDAXKEHHSA HeoOXOAHMO CJhe-
JaTh cJaeayouine JONyIeHNnss:

— TOK HArpy3KH NPDAKTHYECKH IOCTOAHEH H PABEH YACTHOMY OT
AeJicHHss NHKOBOTO 3HAYE€HHs HAIpPsKeHHA Ha CONDOTUBJEHHE Ha-
TPY3KH;

— [IpoBaJkbl B Hanpmxemm COXpPaHAKTCA B TEUE€HHE LeJbIX I10-
JymepHOIOB.

AtH AONYIIEHNUsA MO3BOAAIOT HpHGJIHsHTeJIbHO paccuHTraTb BeJIH-
YHHY NYJbCAOHH NPH IJIOXOM COYETAHHH YCJOBHH pabGOTHl HCTOHU-
HHKa INHUTaHHd, M[OpHYEM CHada/sa MOXKHO MNPHHATL HOMHHAJBHOEC
3HayeHHe eMKOCTH KOHA€HCATOpa, 4 He MHHHUMAJbHOE.

Tox anst (1) ~ [Mukoroe Hampswenne V.
OK paspsia ~ "Conporusnesue Harpyskn R
dV \ _ IMorepsuusni sapsig/Bpems _ [
CKOpoCTh NaneHust HATPSIKEHHUs! (W)_ EmKocTh - C

[Tpouecc mpomoskaercs B TedeHHe BpeMeHH f, NpHueM
, 10 mc mpu 50 I'g
| 8mc mpu 60Ty
%4
RXCXt
Ec/ii BeJHUHHY my/bCAUWH TPeACTaBUTh B BUAE JOJH MHKO-
BOrO HanpsiKeHUs, BhIpaKeHHe HMeeT elle 6oJjiee MPOCTOH BHA:

Bennunna OyJibCalluy HAalpAXKCHUA =

AMnuiutysa nyabcauHn

Mukoeoe nanpsikense
raie f— HHTEpPBAJ MeXAYy COCEJHHMH MHKaMH, KOTOPHI NpeacTas-
JsieT co00H NOCTOSIHHYIO BPEMEHH, ONpejessieMyio €MKOCThio criaa-
XKHUBAIOUIEr0 KOHAEHCATOpa M CONpPOTHBRJIEHHeM Harpysku. [lpuse-
JeHHble 3dBHCHMOCTH He NpelHa3HauyeHbl AJs pacuera NpOCKTUpye-
MBIX CXeM, KOTODBIH NpH BCeX OOCTOSITENbCTBAX MAOJXKEH ONHPATbCA
Ha TUIATeNbHBIH CTAaTHCTHUECKHH aHaJHu3, 3TH NpocThle (POPMYJIbl
JOJIXKHBI JIHIIL NTOMOYb Ipy60 OLEHUTh BO3MOXHBie NPHUYUHBI HeENo-
PAAKOB B CHCTEMe TIHTaHHUS.

[Toxasauneii Ha puc. [13.5 peryastop npencrasasier cofoii Tpex-
NOJMIOCHHK ¢ obuiefl TOYKOH MeXAY BXOAOM H BBHIXOAOM. JTa TOYKa
OGbLIYHO COeAHHSIETCS C KOPIYyCOM, KOTODPBI B CBOIO Ouepelb MOIKeT
6bITh 3a3eMJyeH. (DTO AesiaeTcsl HEe BCerja, Tak Kak mpobJembl co-
BMECTHOIO HCINOJb30BAHUSA YCTPOHCTB, Ka)J0e H3 KOTOPBIX HMeeT
coOcTEEHHOe 3a3eMJjeHue, OOLeH3BECTHH H JJIsl HX DelIeHHs] YacTo
OKasbiBaeTcsl HeOOXOAMMBIM I[IpHMEHEHHe ONTHUYeCKHX JIMHUH mepe-
Jayd CHrHaJjgoB.) JlOBOJIBHO THIOHYHBIM TNPHEMOM SIBJSIETCSl yCTa-
HOBKA KOHAEHCATOPOB HA BXOJe U BHIXOAE peryJasTopa B LOHOJHe-
HHE K OCHOBHOMY CLVIAXKHBAWOUIEMY HJIH HaKaNJHBAIOUIEMY KOHIEH-
caTopy, WYHTHpPYyIOIleMy BeIIpsiMuTeNb. [TokasanHbele Ha puc. 113.6
KonjzeHcatopsl C; u C, IOMKHE OHLITh KOHCTPYKTHBHO pa3MeIieHH
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B HENOCPEIACTBeHHOH Onu3ocTH K peryastopy. OHH MOTryT GLITh
OTHOCHTE/IbHO HeGO/BIIHMH 1O BenHuuHe (MeHbule | M®) u cay-
XKar 1A o6pasoBaHHsl HH3KOUMNEAAHCHHIX LeneH AJs BHICOKOYAC-
TOTHBIX TIOMeEX, T. €. INYHTHPOBAHHS BHICOKOYACTOTHBIX Kose6anuil,
KOTOpble MOTYT BO3HHKHYTb BCJIEACTBHE HAJIHUHS HHAYKTHBHOCTEH
B JIMHHSIX CBsI3W W B Harpyske. Tak, HanpuMmep, HaKan/JuBalOLIui

Bxog Pery- Boixof
nsTop

V
VimuH, o

Puc. N3.5. Tpumenenne peryasropa ¢ TPeMsl BHCUIHMMH BEIBOJAMH sl CTaGHJIH-~
SaUHN HANPAMEHUA NPH YCAOBHH Vipu. > (Ver. 4 2).

KOHZEHCAaTOp [J0JiKeH HMeThb 6OJIbI_Hy10 eMKOCTb U obecneuyuBaTh
CTJIaXXNBaHHE BBHINPSMJIECHHOTO Hanpsi2KeHust NPpH MUHUMAJbHBIX (1)1/1-
3HYECKUX pasMepax. Ha Boicokux JacToTax, NpH KOTOPHIX IoBeje-
HHE peryJjsaropa CJOXKHO H HMeeTcs TEHACHI ST K BO3HHUKHOBEHHIO
BBICOKOYACTOTHBRIX KOJIeﬁaHHfl, 3dMETHO NpOABJdeTCcs HHAYKTHBHAA
COCTABJIAOILLAS CONMPOTUBJAEHHS 3TOr0O KoHaeHcaropa.

, Pery- o
O— ‘[ navop _" o

I Ci L _J’Cz
—0

fos

Puc. N3.6. Tlonasaenne BuICOKOYACTOTHOM HeCTaGHABHOCTH NPH [OMOILH KOH/eH-
caTtopa ¢ MaJoA HHIYKTHBHOCTBIO.

Ecan nsmepenue nocrosinuoro HanpsiKeHus Ha BHXoJe crabu-
JHSHPOBAHHOTO HCTOYHHKA IIOKAa3bIBAET, UTO HMMEET MEeCTO OTKJIO-
HEHHE OT HOMHHAJIA, H B OCOGEHHOCTH €cJH 3aMeTHa HecTaGHJb-
HOCTb IIOCTOSHHOrO HaNpsikeHHs, GHICTPasi NPOBEPKA C MOMOLIbIO
ocuuyjIorpaga MoxeT BHISIBHTh HaJHuMe KoJeGaHH MerarepieBoro
AHaNasoHa, ABMALIMXCA CJAeACTBHEM HEHCHPABHOCTel BHICOKOYAC-
TOTHBIX pa3BA30K. Ecan ocumanorpada mnog PyKo# Her, TO, BO3-
MOXHO, ycranoBka Kouiencaropa 0,1—1 mMk® B nosuuuu C; uau
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C, nmpHuBeaeT K BHAUMBIM H3MEHEHHAM H3MEPSeMOro HaIpsiKeHHs
3a CcyeT yMeHbUICHHS HJH NOAABJEHHS 3THX BbICOKOYACTOTHHIX KO-
aebanuii. Jlio6oe noao6HOE H3MEHEHHE CBHIETEJbCTBYET O TOM,
YTO BO3MOXKHOH NPHYUHOH HCKAXKEHHH BBLIXOJHOIO HANpPSXKEHHS SIB-
JAercs IJ10X0e Ka4eCTBO BBHICOKOYACTOTHHIX Pa3BH30K.
TpexnosocHble pery/asiTopbl HMepBOHAYAJBbHO pa3pafaThiBajHCh
JUI TIoJydeHHs] (DHKCHDOBAHHBIX HANpsKeHHH W NpefHasHaya uCh
rJ1aBHBIM 06pa3om AJg cTabGHJIH3ALUK HanpsKkeHHs nurauusa +5 B
BHYTpH UH(DPOBHIX cHcTeM. OHH MOYTH BLITECHHJM CXeMBl, HO-
CTPOeHHBble Ha HABECHBIX TPAH3HCTOPAX W OMEPALHOHHBIX YCHJIHTe-
Jasx. MckaoueHUss cOCTaB/SIOT CJIyuaH, KOrja HanpsxeHHs, TOKH
WIK ApYyrue napamerpbl CXeMbl HMEIOT OveHb GOJIbIIHe BeJHYUHBI

Pery-
© natop O (n+1)Von
TV°" R
Bxog —
nR
o

Puc. M3.7. YcranoBka BBIXOAHOTO HANPSIKEHHS C [OMOLILIO PE3HCTHBHOTO JeNH-
TeJIf ¢ NepeMeHHbIM KO3(PHUUHEHTOM HeJeHHus.

Koraa npocToTa TpexmoJIoCHbIX PeryJasiTopoB OKasaJjach JOMOJHEHa
X HebosbUION CTOHMOCTBIO, ONpPeAessieMOd MaCCOBOCTbIO NPOU3BOJA-
€TBA, pa3paboTYHKH HONLITAJUCh PACHIHPUTh 06JacTh UX NpUMEHe-
Hus, Peryasarop, nokasauusii Ha puc. [13.7, mossosaser NoJy4aTb
yKe He (DHKCHPOBAHHOE HalpsxKeHHe, a HamlpsxkeHHe J000H BesH-
YHHDI, JeXKAINed B JUana3oHe

VBX. - Vnmj). > Vnmx. > Vorx.y

rae Vynp.— 3TO yIOMHHaBLIeecs BHIlLe MHHHMAaJbHOE 3HAUEHHE Da3-
HOCTH BXOJHOTO K BHIXOJAHOro HanpsixkeHu#d. C TOUKH 3peHHS Teo-
pun Ha pabore caMOil CXeMbl CKa3bIBAeTCS TOJBKO PA3HOCTh MEXAY
NepBHYHBIM H BHIXOAHBIM HanpsiXkKeHWsiMH perynartopa. Crabuausa-
TOP C BBIXOJHBIM HamnpsizkeHneM 5 B W THOOBBEIM BXOAHEIM, HMEKOLIHM
pequyuny 20 uau 30 B, MOXHO NpHMeHHTb AJs NOJY4YeHHs PeryJu-
pyemoro Hampsikenuss 100 B u3 Bxomnoro, ckaxem 110—120 B.
3TO MOXKET 0Ka3aTbCsl PUCKOBAHHHIM, TaK KaK JAaxe NPU KPaTko-
BpPeMEeHHOM KODOTKOM 3aMLIKAHHH Ha BBHIXOJAE BCe NePBHYHOE Ha-
IpsiKEHHE OKAXETCS NPHJIOXKEHHBIM K crabmiausaropy. Ilpunoum,
unmoctpupyembli puc. I13.7, mmnpoko ucnodbsyercsa AJs NOCTpoe-
HUs CTaO6UIU3UPOBAHHBIX HCTOYHHKOB NHTAHHUS € (PUKCHPOBAHHBIM
HJH H3MeHsSIeMBIM BBIXOJHBIM HaNpsiXKeHHeM, peryJHpyeMblM B Ipe-
Jlelax HECKOJbKHX JeCATKOB BOJbT. bJsaroaapa mnosBuBLIHMCS
nozagHee MC, B KOTOPBIX AJA reHepallHH MaJblX, HO CTAOHJbHLIX
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ONOPHEIX HANPSKEHUA HCNOJAb3yeTCs TAK HA3LIBAEMBIH METOH JHep-
TeTHYECKOH ILIe/H, HHXHAS IPAaHMLA [AHANA30HA BHIXOAHBIX HAIpsi-
XKeHuit omyctunace a0 1,2 B. Tlpu cooTsercTBylOUIeM IepBHUHOM
MUTAHHH MONOGHBIA TPEXNOJIOCHH CTaGUIM3aTOP MOXKeT Bhpaba-
ThHIBATh BBIXOAHBIE Hanpsxenusa ot 1,2 go Gosee uem 20 B.

He Menee Baxmo, uto B Takux crabuansaropax IpeayCcMOTPEHBI
CPEACTBA 3AIIHMTHl OT HEKOPPEKTHHIX YCJOBHH 3KCIIyaTamuu. 1o
06CTOATE/ILCTBO He C/IefyeT PACCMATPHBATH KaK CTHMYJ K HX He-
IPABHIBHOMY HCNOJb30BAHHIO, HO HEJb3s HE OTMETHTb, YTO OHH,
Oynyud cHaGXKeHbl KaK TOKOBBIMH, TAK H TEMIEPATYPHBLIMH OTPaHH-
UHTC/ISAMH, 3allHIIEHBl [OPA3/l0 Jyulie, YeM MHOTHe YCTpoHCTBa

?
Pery-
© naTop ©
A _ Pery-
T - navop
Bxog Belxog
o o— 1

Puc. M3.8. 3amwura peryasrtopa ¢ no- Puc. M3.9. Ysenuuenue BHIXOAHOrO TO-
MOLIBIO WYHTHPYIOLIEr0 RHOAZ, HYepe3 Ka 0e3 H3MEHEHHS HANPSKEHHS C (10«
KOTOPHI [NPOMCXOMMT Paspajy BHIXOA-  MOUIBIO LONOJHHTENLHOFO TPaH3HCTOPA,
HOTO KOHJEHCATOPa, HPH KOPOTKOM 3a-

MBIKAHMH Ha BXOJe [pPH INePexoAHOM

npouecce,

Gonee panHeil paspaGotku. B kauecrse T€PMOUYBCTBUTEJBHOTO 3JI€+
MEHTa HCNO/Ib3YeTCs CNeHHaIbHO NPeAYCMOTPeHHH! Ha KpucTasie
prn-mepexoi, B cayyae HEOOXOLMMOCTH NepPeBOAANINH cTAaGHIH3ATOD
B peXHM MaJbix Hampsxenuil. [locae oxsaxkiaeHus 310 orpamuues
HHE MOMXeT OBITh CHATO, HPHYEM MPOUCXOAHUT BOCCTAHOBJEHHE HC-
XoaHoro HampsikeHus. Bospacranume n cHuKeHHe HanpsxKeHHs, Ha-
6ofaeMoe B TeueHHe HECKONbKHMX CeKYHJI, MOMKET 03HAyaTh 3HA-
YHTEJIbHYIO Meperpysky crabuansaropa.

OaHa M3 He OYeHb YACTO BCTPEUAIOIHXCH DPA3HOBHAHOCTEH OT-
Kasa, K KOTOPOH CKJOHHBI HEKOTOpbie BHABI PeryJsTopoB, TpeGyer
106aBJeHHS K CXeMe BHeUIHero AHOJa, KaK MOKAa3aHo Ha puc. T13.8.
[Tpuumnofi aToro BHAa OTKA30B ABAAETCH KOPOTKOE 3aMbIKAHHE HA
BXOAe peryJisitopa, T. €. KPATKOBpPeMEHHOe 3aMbIKAHHe HAKATJIHBAIO-
ueir eMkoctH. Ilpu 3TOM 3Heprusi, HAKONHBHIASCS HA BHIXOAHOM
KOH/IEHCATOPE DeryJasiTopa, MOMeT PaspsAAHTbCA uYepe3 BHYTPeHHHE
mepexoasl perynasropa. /s HCKJIIOYEHHS. 3TOW CHTYallHH MOMKHO
HCIIOJIb30BaTh BHEIUHHH AHOA, 06pasylolHH wenb o6Xoma peryJsi-
Topa. KopoTKne 3amMblKaHHA Ha BBIXOAE Pery/sTopa MpeicTaBJsiioT
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Pue, M3.10. Paccesnne mommuoctn s peryaaTopax HanpaXeHHs: @ — NJowalb
NpAMOYTOJIbHHKOB COOTBETCTBYET MOIIHOCTH, PacCeHBaeMoll B HOMHHAJLHOM pe-
XKHME ¥ B peXHMe KOPOTKOTO 3aMbIKaHHf; 0 — OrpPaHHYeHHE TOKA CHUMKAeT u3-
GBITOYHOE paccesHHe; 6 — yMeHblieHHE TOKa KOPOTKOTO 3aMbiKaHHA H paccesi-
HUA MOWINOCTH 3a CYyeT OrPaHUYEHHS CBePTHBaHHEM.

MEHbIIYI0 ONACHOCTb 6/1aroJaps HaJUYHK BCTPOEHHLIX TOKOBHIX H
TeMIepaTypHBIX OrpaHHYHTeeH.

Ewe oana nopaborka cxembl, K KOTOpOii MPOSABJISIOT HHTEpEC
MHOT'HE MO0JIb30BATEJH, HANpABJEHA Ha JAOCTHKEHHE BO3MOXKHOCTH
yBeJHYEHUs BBIXOAHOrO TOKa 6e3 norepd CTaGHAM3HPOBAHHOCTH
HanpsxeHusd. B noGapasemom aJs 3TO# weaW TPaH3UCTOpPE BXOA-
HOH TOK peryJisiTopa HCHOJb3YeTCsi B KauecTse 06a30BOro, a KOJJieK-
TOPHBIH TOK TpaH3HCTOpa — AJs NHTaHHa Harpysku (puc. I13.9).
ITopo6Has cxema no3BoJsieT 3HAYHTENLHO YBEJIHUHTh BHIXOAHOH TOK
perynsartopa, NpHYeM 3TO YBEJHUYECHHE MOXKET MEHAThCA B 3aBHCH-
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WMOCTH OT KO3(Q(dHUHEeHTa YCHJEHHA TPaH3UCTOPA M0 TOKy. Takum
06pasoM, B CXeMe YTPAuyHBAETCs BO3MOMXHOCTb TOYHOT'O Orparuye-
HUA BBIXOJHOTO TOKA, AJf BOCCTAHOBJEHHs KOTOPO# Tpebyercs wuc-
nosib3oBauue GOJIbIIETO YHCJIA TPAH3HCTOPOB.
Pucywox [13.10 nosBosnsier B nepBoM npuGJIHIKEHHH OLEHHTH
napaMerpol, XapakTépH3ylOllHe paccesiHie MOIIHOCTH. BhxoaHoe
HaflpAMeHHe NpPOCTOro peryJsaTopa, He CHAGXEHHOTQ OrpaHHUHTE-
JIeM TOKa, OCTAeTCs NOCTOSIHHBIM, MOKa HEe JOCTHTaeTCsd MaKCHMaJib-
HOe npejlelbHOe 3HadeHde BHIXoJAHOro Toka /o (pHc. I13.10,a). Korna
CONPOTHBJIEHUE HArpy3KH yMeHbILAeTcss A0 HYJisl, YTO COOTBETCTBYET
pexHMy KOPOTKOTO 3aMbIKaHH$l, TOK BO3PACTaeT A0 CYUIECTBEHHO
Goabliesi Bennunubl [5. Paccesinne MOLIHOCTH B HOCJELOBaTENbHOM
YCTPOHCTBE NMHTAHHS NPH MAaKCHUMaJbHOM NOTPebJEHUH MO BHIXOAY
3aBHCHT OT PAa3HOCTH NePBHYHOTNO H BHIXOJHOIO HAaNpsXKeHHH; OHO
NOKA3aHO Ha DHCYHKE B BHIE 3aLITPUXOBAHHOIC NPSIMOYIrOJbHHKA,
ITpamoyronphuk ropasmo GOsbliied MJIOLIAAYM TPEACTABASET MOII-
HOCTb, PaCCeHBAaEMyl0 B DeXHMe KODOTKOro samubikanusi. Ero pas-
Mep HECKOJbKO 3aBbllIeH B NPEeANOJOKEHHH, YTO NepBHYHOE Hamps-
J)KeHHe ocTaeTcd HeusMeHHBIM. OJHAKO B JI06OM cayyae paccesHue
MOUIHOCTH B peXHMe KODOTKOr0 3aMHKaHHUS NpeBHIIIaeT paccesHHe
B HOPMAaJbHOM pexHMMe MaKCHMAaJbHOro MOTpebJeHHsl TOKa TMpH-
MepHO Ha NOpPsAAOK. Hu npuMeHeHne oueHb GOJbIIMX TPAaH3HCTOPOB,
HH Hajex/la Ha TO, 4TO KOPOTKHX 3aMbiKaHu#i we Gyaer, He sB-
JISAIOTCS BHIXOJOM H3 mosoxeHus. [Ipocroe orpanuyeniie Toka, HJ-
mocrpupyemoe puc. I13.10,6, cHHxkaeT u3GHITOUHOE paccesiHHe BO
MHOTO pas, TaK KaK TOK KOPOTKOrO 3aMbIKAHHS TIPH 3TOM JHIIb Ha
10—20 % npeBbilIaeT pacueTHoe 3HauyeHHe BBIXOAHOrO TOKa. Eme
Jyuliye pe3ynbTaTel AaeT IIPHEM, De3yJbTaThl NPUMEHEHHS KOTO-
poro npeactaBienn Ha puc. 113.10,8. 3to Tak HasbiBaeMoe CBep-
TbIBaHHe, HJAH BO3BPAT, MOPH KOTOPOM MHOMKECTBEHHbIE IEMH
06paTHOH CBfI3H MOHHKAIOT BEJHUYHHY TOKa KODOTKOTO 3aMBIKAHHS.
3amTpuxoBaHHbLIE HA ITOM DHCYHKe 06JacTd, XapaKTepH3ymllue
paccesinie MOLIHOCTH TIPH HOMHHaJbHOM BBIXOJHOM TOKE W TOKe KO-
POTKOro 3aMBIKAaHHUS, HMEIOT NMPHMEPHO OAMHAKOBYIO ILIOHIAADb.
[Ipunuun nocTpoeHHs peryjsiTOpoB, B TOM 4YHCJE TPEeXIOJIOC-
HBEIX, Hagwctpupyerca puc. [13.11. Hanpsixenue, cuumaemoe
¢ OHona 3eHepa HJM IPYroro ycTpoHcTBa, (hOPMHUpPYIOLIEro CTaH-
JapTHOe HAINpsiKeHHe, CONOCTaBJAACTCS C YACTbIO BBIXOAHOIO Hampsi-
XKeHHsl, KOTOpasi o0pasyeTcs ¢ NOMOMIbIO Aesurens. [Ipuunnamu
HEKOPPEKTHOCTH 9TOTO CONOCTABJIEHHS MOTYT OHITb
— M3MEHEeHHs MEPBHUHOrO HAaNpsKeHHS, NepeNalolIuecsl Ha 3e-
HePOBCKHH AHOT;

— TOKH, OTBeTBJAIOIIHECS OT 3€HEPOBCKOTO AHONA M HeJHTeJ s
BBIXOJIHOrO HaNpsXKEHHS B CXeMy CPaBHEHHS;

— TeMIlepaTypHble M3MEHEHHS ONMOPHOrO HAaNPSAXKEHHS M YCHJ/H-
TeJieH CXeMbl CpaBHEHMUS,
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KomnonenTs, moxasanubie na pHCYHKe, BCTPOEHH! B NOJAYIPOBOAHH-
KOBYIO CXeMy TPeXMOJIOCHOTO peryJaTopa, T. €. He MOryT GHITb
H3MeHeHbl mosb3oBatesneM. [logaepxanue Toka marpysku oGecrie-
UHBAeTCd IPUMEHEHHWEM OpraHH3aLHH cXeMbl, TNOKA3aHHOH Ha

Y

NameputensHas
Bxog cxima

Beixog,

\ { Bbixog

Pae. M3.11. Cpasuenue wactu suxop- Puc. 113,12, Yseanuenue BBIXOJTHOTO
HOTO HANPSAXEHHA C ONOPHHM NIl Y- TOKAa Hepe3 NEAWTeNb, CAYXKaltuil Ajs
PaBJeHHS BBIXOAHHM HaNpAXKeHHEM. H3MEpEeHUsl HaNpPSIKEHHs] HArpysKH.

puc. I13.12. Mexay peryasTopoM M Harpy3kol yCTaHABAHBAIOTCS
SMHTTepHBIE NOBTOPHTeNH. Hanpsixenue Ha JeauTese npu sToM He-
CKOJILKO CMellaeTcs NPH HeH3MeHHOH cxeMe (QOPMHPOBAHHSA ONOP-
Horo nampsikenus. IIpu 1ocTaTOuHO GOJIBINHX TOKAaX HArpy3KH H0-
TNO/MHHUTE/IBHOE NA/ieHHE HANDSIKEHHS Ha 6a30BO-3MHTTEPHBIX mepe-
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Puc. M13.13. Hamepenne BHXOJHOTO TOKAa C LEJBIO €r0 OTpaHHUEHHS: a — npHMes
HEHHE H3MEPHTENLHOrQ CONPOTHBJEHHS C HHTETPAJbHBIM PETyJAsiTOpoM; 6 — jio-
Gap/ieHHe H3MEDHTENBHHX (GYHKUHIl K CYILECTBYIOMEMY PeryJsTopy.

Is< Vge(BKn)
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0,6 B

< 24—
S Rs

XOllax yBeNMYHBAET MHUHHMAJbHYI0 BEJHUYHHY II€DPBHUHOTO HAIps-
XCHHUS NPH 3aJaHHOH BeJHYHHE BHIXOJHOTO NMpHMepHO Ha 1,4 B.
Orpanunuenne BEIXOJHOIO TOKA OCYIIECTBJSIETCA 32 CYET H3Mepe-
HHSA TOKA HArpy3KH C IOMOIIBIO CXeMH, T0OKa3aHHOH Ha puc. [13.13, a.
ITanenue Hanps:KeHHs HA IIOC/TEIOBATENbHO BKJIOYEHHOM COMpO-
THBJIEHHH Rs NPONOPUMOHANBHO TOKY HArpy3kd. ITO HaNpsiKeHHe
CPaBHHBaeTCsI C ONOPHHIM TaK e, KaK 3TO JeJaeTcsl TP HU3Mepe-
HHH BBHIXOZHOrO HanpskeHusa. Oco60H TOUYHOCTH NPH H3MEPEHHH
TOKa HAarpyskH ue Ttpebyercsl, NO3TOMY pOJb CONDOTHBJEHHA Rs
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MOXKeT C yCIleXOM BHIMOJHSITh (a30BO-3MHTTEPHbIH Hepexoj TpaH-
3UCTOPA, Kak nokasaHo na puc. [13.13,6.

OrpaunueHHe TOKAa MOXET HayaTh CKa3biBaTbCs yxe npu 10—
20 %-M npeBBHILEHHH NHKOBOrO HOMHHAJbHOIO 3HAYEHHS BHIXOA-
HOTO HanpsxeHHsd peryasatopa. [Hu3xoe BEIXOJHOE HanpsKeHue
MOJKeT $SIBUTbCSl CJeJCTBHEM OTHOCHTE/JIbHO HeOOJbIIOro BO3pacTa-
HHSl TOKQ HarpyskH H3-3a2 NOJAKJIOUEHHS JOMNOJHHTEJbHOro nepude-
pufiHoro ycrpoiictBa uau ycranosku B cxemy MC, Kotopaa norpe6-
JIsleT TOK, HeCKOJIbKO NpeBHIIaINIHA HOMKEHAAbHIHA.

TpyaHo noanaloTcsi JOKaJU3alLMH HEHCNIPABHOCTH CHCTEMBI NH-
TaHHUs, B KOTOPOH HCIOJb3YeTCS HECKOJNbKO DeryJHpyeMblX Hamps-
JKeHHH ¢ OOLIMMH MJIM IOJy4aeMbIMH OJHO H3 JPYroro ONOPHBLIMH
HanpsikeHuaMH. [36piTounas marpyska no oZHOMY H3 peryJ/upye-
MbIX HaNpsKEeHHH MOXeT HeOXKHAAHHBIM 006pasoM CKas3aTbCd Ha
JIPYrHX.

BoimenpuBeleHHbie  paccyXAeHHS  3aTparuBaji  NOBeleHHe
CXeM HCTOUYHHKOB NHTAHHS B CTATHKE B 3HAUHTCJbHOH CTENEHH MO-
TOMY, 4TO OHO GoJiee mpeickasyemo, yeM pabora B aAuHamMuKe. Onu-
CaHHble NPHYHHB HEHCNpaBHOH paboTel MOCTATOYHO IIPOCTO TIOA-
JawTcsl 0OHapyXKeHHIO H YyCTPaHeHHIo.

B peanbHBEIX ycnoBuAX noTpebaeHHe TOKa KaK JIOTHUECKHMH CXxe-
MaMH, TaK H NepH(epHHHBIMH YCTPOHCTBAMH HMeeT CyLIeCTBEHHYIO
nepeMeHHYI0 COCTaBJAKILYIO. BrixojHoe HanpsxeHHe cTaOHAH3U-
POBAHHOrO HCTOYHHKA, YCIEWHO MojJep:KHBaemoe INpu GoJsiee HJH
MeHee IIOCTOSIHHOM TOKE€ HarpyskH, MOXKET HMETb CYyL[eCTBeHHbIE
NpOBaJbl PN NepexXOJHBIX TOKaX 3HAYHTEJIbHO MeHbLIeH BeJHYHHBL
Jl/1st BLIIBNEHUHS GPOCKOB Ha JMHUAX NHTAHHA H 3€MJIH HEOGXOANMO
HCNOJb30BaTh ocuuanorpag. OOmenpHHATEIM CPeJCTBOM MOJAaBJe-
HHA 3THX IIOMeX #ABJSIeTCS JOKaJbHas pacnpejesieHHas pas3BiA3Ka
nutanus gorudeckux TTJI-cxem; aas TTJI ata npobaema sBjsercs
0COOEHHO OCTPOfl, TaK KaK IIPH H3MEHEHHH JIOTHYECKOFO COCTOSIHHSA
TTJI-anementa o6a mnocjeJOBAaTeJNbHO COEJMHEHHBIX TPaH3HCTOPa
€r0 BBIXOAHOTO Kackaja Ha KOPOTKOe BpeMsl OKa3bBaIOTCAd OLHO-
BPEMEHHO OTKPHITHIMH H B 3TOT MOMEHT HMeeT MeCTO GOJblLIoe HM-
nyJ/ibCHOE noTpelJieHHe TOKa.

KommyTtupyembie perynaropnt

Ilpu ucnosnb30BatiHH  JIHHEHHBIX PEryJaSTOPOB YIPaBJAOUH
CHIHAJl HeNpepPHIBHO NOCTYMAaeT Ha CHJOBOH y3en HCTOUYHHKA, H3Me-
HASl ero BBIXOAHBIE NapaMeTpPHl B COOTBETCTBHH C H3MEHEHHSAMH
BHelIHHX ycaoBHiA. CHJIOBOA y3esn BBIHYKAEH 3aTpavyHBaTh Ha 3TO
3HAYUTEJNBHYIO YacThb IOJHOH pacceMBaeMOH MOUIHOCTH, COOTBET-
CTBYIWLIYIO Pa3HOCTH NEPBUYHOIO H BBIXOAHOTO HaNpskKeHHH.

B cooTBeTCTBHH ¢ COBEpPIIEHHO APYIHM NOAXOAOM MEXKAY HCTOY-
HHKOM H Harpyskof yCTaHaBJUBaeTCsi KOMMYTaTop, KOTOPHI Bapby-
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pyeT NOJI0 BpeMEHH, B TeueHHe KOTODOro HCTOYHHK H Harpyska
COelHHeHbl Mex/y co00H. Bo MHOrHX cutyauusix mJsi 3TOro He Tpe-
OyeTCsi HHKAaKHX JOTIOJNHHTEJbHBIX KOMIOHEHTOB; TakK, HampuMep,

T 1 1 T

Puc. T3.14. Yupasnemne cpejiiM 3HAYeHUeM HanpsiKeHHS oyTeM H3MeHeHHs
K03 (hHUKEHTa 3anoJHEHHA CHCHAJA.

MOLIHOCTBIO, NOTpebiisieMOf PE3UCTHBHON Harpyskof, TeopeTHUECKH
MOXKHO YNIpaBJsiTh coBceM 0e3 MOTepb, TaK KaK HeaJbHbIH KJAIOU He
[IpOnyCKaeT TOKa B DPa3OMKHYTOM COCTOSIHHH, a B 3aMKHYTOM CO-

M8~

Puc. M13.15. Ymenbirenne nepeMeHHOH COCTABISIOLLCH ¢ TOMOUIBIO HHAYKTHBHOCTH
6e3 CyIIeCTBEHHOrO M3MEHEHHsI CPELHEro 3HAueHHs HalpsiKeHHs.

CTOAIHUHM HA HeM HeT majeHudA HanpsokenHsa. OOGIMUE NPUHUMO IIH-
POTHO-UMIIYJ/IbCHOH MOAYJSALHHU NOsicHseTcs puc. [13.14.

s MHOrMX Harpysok HeOGXOAMMO, uTOGLI HAaNpsiKEeHHe MOA-
BepraJocb Kak MOXKHO MeHbIUHM H3MeHeHHAM. I[lepBbiM wiarom

N—

o . - Q

Puc. 113.16. [lanpHeiillee yMeHblUeHHE @YJAbCAUHH C NOMOLIBIO €MKOCTHOTO
uanTpa.

K 00ECIEYEHHIO 3TOrO SIBJASETCS BBELEHHE TMOCJeJ0BaTeNbHOH HH-
aykrusHoctH (puc. I13.15). Ecau onsith mpeanoJioxKuTb, 4TO KOM-
TIOHEHTHl HMEIOT H/eaJbHble XapaKTeDHUCTHKH, MOXKHO YTBepXAaTb,
4TO UHAYKTUBHOCTb, BHICBOGOXKAAIOLIAS 3aMHACEHHYIO IHEPrHio, KO-
ra NpHJIOXKEHHOe K HEH HanpskKeHHe PABHO HYJIO, He paccerBaeT
mownoctd. Ilyabcanus HanpsiKeHHs, TOAAIOLIEroCsi HA HArpysKy,
YMEHBLIAETCsI 3@ CUET YBEJHUYeHHs JHOO 4acTOThI, JHOO HHIYKTHB-
HOCTH. JlONMOJIHHTENbHOE CHHXKEHHE NyJbCAUHH JOCTHraeTcsl ¢ IO-
MOLIBI0 (HJIBbTPA, MPeACTaB/AIOLIEro cOG0H KOHAEHCATOP, KOTOPHI
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BKJIOUEH mapaJssenbHo Harpyske (puc. I13.16), wo agaa cBeneHHS
HyJAbCalMd K MHUJJIHBOJILTOBLIM BeJHYHHAM OOBLIUHO HCIOJb3yeTcs
elle H JuHeHHbIH peryastop. Ero npuMmeHneHde yxke BJedeT 3a CO-
60t HebOJIbUIHE NOTEPH, NO3TOMY BHIXOAHOE HalpsiKeHHe KOMMYTH-
PyeMoro peryJjstopa MAOJIKHO OBITb HECKO/JbKO BHILIE HYXKHOTO
OKOHYATEJbHOrO HANPSAXKEHHA CXeMBbl.

Vs
» W
Vs reenm
———o0
()
AN

Puc. M3.17. YViupapieaue smxoiom cxe- Puc. T13.18, Hcnonbzosawne auHOAa
MB C MOMOIbI0 ABYX NPOTHBOMA3HBIX  BMECTO OJHOTO H3 JiepeKJouaTesei.
nepekjaouaTeses.

KoMMyTanuo BbIXOZAa HCTOYHHKA MOCTOSIHHOrO HampsiKeHHA
MOXKHO OCYIIECTBJSITh C NOMOILIBIO ABYXMO3HLIHOHHOTO IlepekJoua-
TeJisl, HO TAKOe YCTPOHCTBO HEBO3MOKHO HEIOCPEJACTBEHHO PeaJsin3o-
BaTh CPEACTBAMH HHTErpaJbHON TexHojoruH. [IpocTo oCTaBAATH
BLIXOJ HMCTOYHHKA INHUTAHMS <«IIOJBELICHHBIM» B COCTOSHHH OOpLIBa
HeJONyCTHMO, TaK KAK NpH 3TOM ob6pasyercs H36bITOuHas obpat-
pas DJIC. Oanum u3 mnyreit pelleHHs 3TOH NpoO6JeMbl fABJIAETCHA
npUMeHeHHe Napbl JBYXIO3HIHOHHBIX INepekJiouatesed, paboraio-
mux B nporuBodase (puc. [13.17). OueHb BaxKHO NIPU ITOM TOUYHOE
Bbiep:KHBaHHE BPEMEHHBIX COOTHOIUEHMH, TaK Kak, eclH oba nepe-
KJI0uaTessi OXHOBPEMEHHO OKaXKyTcsl 3aMKHYTLIMH, INPOM3OHAET KO-
POTKOE 3aMbiKaHHe HCTOYHWKA MHTAHHS, a ecJH 00a OJHOBPEMEHHO
Pa3OMKHYTCs, TpepBeTcss MNPOTeKaHHe HHAYKTHBHOro Toka. Jlast
HpejOTBpAlleHHs] BOSHUKHOBEHUS IOAOOHLIX CHTyallH#l OIHH M3 fle-
pekJiouateseli o6bYHO 3aMeHsIOT AunonoM (pHc. I13.18). DToT Tak
Ha3blBaeMHH <«HHEPUHOHHBIA» [HOA oOeclleunBaeT MOAAepXKaHUE
TOKa NpH PAa30MKHYTOM COCTOSHHH IepekJiodateas. Hexocratkom
CcXeMbl ¢ JHOJOM sIBJIsIeTCd TajeHHe HANpSXKeHHd HA JHMOJe, KOTO-
poe yBenHuHBaeT SHepreTHYeckHe motepu. Tem He MeHee Kovhdu-
IMEeHT NOJIe3HOTO JeHCTBHSA TAaKOH cXeMbl 3HauuTtesbHO Boiue 80 %,
Jaxe KOT4a BHIXOAHOe HanpsiKeHue SIBJSETCS JIHIIb He3HAYHTesb-
HOH YacThbl0 BXOJHOTO HANPSIKEeHHs peryasTopa, Toraa Kak sddek-
THBHOCTb JIMHEHHOr0 peryJsitopa He NpeBbilnajga Obl B 3TOH CHTya-
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unn 50 %. [1poTekanue Toka KMeeT OAHHAKOBLIH XapakTep B obeux
yacTax uHMkaa. B kauecTBe mepeksiouatesss MOKeT ObITb HPHMeEHEH

-I-I-l Purc. N3.19. Vcnoabn3opauue

TPaH3HCTOPA B KauveCTBe YII-
PaBJadgeMOTO TMepekarovaTtedas,

p—n—p- uau n—p— n-tpansucrop (puc. I13.19). Korza rtpau-
BHCTOD OTKPHIT, NaJCHHE HANAKCHHT MOXKeT OuiTh 1B, HO cHu-
. xenne KILL Ha HeckoabKO mpo-

UEHTOB  BCE-TaKH [POHUCXOIHT

BCJECACTBHE HaJHuMsi Ga30BOro

ToKa. B noaeBbix TpaH3ucropax

COOTBETCTBYIOIINE TOKH 3aTBOPOB

p——0 OTCYTCTBYIOT, HO HEKOTOphHi¢ 3a-

TPYAHEHHSI BBI3BIBAeT OhiCTpoOe

| | | == IpUBEAEHHE HX B COCTOSTHHE HPO-
I BOJHMOCTH.

Kak BuaHo ©3 cxeMbl Ha
Puc. 520, Momumcain cxeuss 0 puc. T13.20, ownyTapyeMsi usi-
— X04 He 00s3aTeJbHO MOHHXKAET
nocrynaloniee Ha Hero Hamps-
J)KeHHe. B 3ToH cxeMe HMHAYKTHBHOCTH OKAa3bIBAETCSl HEAOCTATOYHO
JJISl CTJ1a:KMBAHUSL BHIXOJHOTO CHTHAJA, H OH& JOJKHA ObITh J0IO0J-
HeHa CrJaXKHBAIOMHUM KOHJIEHCATOPOM. BO BCeX NpUBeNEHHBIX MpPH-
Mepax ObIIH PaCCMOTPEHB! JHIIb BBIXOJHbLIE KAaCKa[bl PEryJsiTOpoOB.
IlpenuiecTsyoiie UM ynpasJsioliiie KaCKa bl BLIIOIHAIOT ABE (PYHK-
nuu. Kak u Bo Bcex perysnsTopax, OAHH M3 HHX NPOBOJHT CPaBHEHHE
BLIXOJHOTO HAIIPSI;KEeHHs C OOPHBIM H yCHJeHHe NoJydalolielics pas-
HOCTHU. B COOTBETCTBHH C 3TUM HanpsiKeHHeM OLIHOKH ROJKHa ¢dop-
MHPOBATLCA NOC/IEA0BATENBHOCTh HMIYJ/ABCOB C NePeMeHHBIM OTHOLIE-
HHEeM AJHTEeJbHOCTH UMIyJAbca W Hay3bl. OJUH U3 CIOCOGOB PelleHu
5TOfl 3a7a4¥ COCTOUT B CPABHEHHH 3TOT'O CHrHaJA OWHOKH ¢ NHa0006-
pasubiM HampsixenueMm (cM.puc.[13.21). Ecan cxema cpapHenus uMe-
€T JIOCTATOYHO BBICOKHH KO3 (HIHEHT YCHJ/IEeHHs, OHA BhlpabaThiBaeT
CHIHAJI, KOTOPBbIH MOXET YINPAaBJATb 3JEKTPOHHBIM KOMMYTATOPOM.
C noMompo J0JKHBIM 06Pa30M OPraHH30BaHHOM riy 60KoH 06paTHO#
CBSI3H MOXKHO YJAepXKHBATb BXOAHOH CHrHa/J CXeMbl CPaBHeHUs Ha
YpOBHE MHJIC0OpA3HOro HampsiKeHus, obecleyuBaolleM MOJy4eHHE
HeoOX0UMOro Ko3((HIIHeHTa 3aM0JHEHHA BHIXOJAHOIO CHTHaJja.
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Taxue ycrpofictBa 0COGEHHO IWMPOKO MPHUMEHSIOTCA AJA KOMMY-
Tal{¥ B MAaruCTpaJbHBIX HCTOYHHKAX NHTAHUS C BLICOKHM HepeMeH-
HBIM IIePBHYHBIM HanpaxeHHeM. MX momyaspHocTb Bolpocsaa 6aa-
roaapss BO3MOXKHOCTH OTHOCHTE/NbHO KOMNAKTHOH peasH3alul IIpH
33/1aHHOM 3HAYEHHH BBIXOJHOrO HANPAXKeHHd, HO KOMMYTHDYIOILHE
YCTPOHCTBA JOJIXKHEI BBbIAEGDPKHBATh BHICOKOE MEPBHUYHOE HANpsixKe-
HHE IIpM IepexkJIoYeHHH ¢ OGoJubuiofl yactoroi. JloqKHa Takxe

Ycunutens
owubkn  Cxema
CpaBHeHuns

Von.
Puc. M3.21, Hcnoansosas

HHe TJy60oKOH o6paTHOf
CBSA3H AJsi CPABHEHHA Bbl- /1/1/1
XOAHOTO HANPSIXKEHHA C T

OIIOpHBIM W yHOpaBJ/JeHus
BBLIXOAHBIM KOMMYTAaTODOM.

A

ObITb NPELyCMOTPEHa 3allHTa OT NEePEXOAHBIX HANpPSIKeHHil, reme-
PHPYEMEBIX MHAYKTHBHBIMH 3JIeMEHTaMH CHCTEMBl, KaK 3TO CAEJaHO
B cxeMe, npuBeledHol Ha puc. [13.22. CxeMa comep:KHT JiBe BHITIPS-
MHTeJbHO-CraXKHBakIIue cekKUuu. Ilepsast BripaGatwmiBaer BHICO-
KOe IIOCTOSIHHOE HaNpsKeHHWe U3 HePBHYHOrO NEePEeMEeHHOro, a BTO-
pas CAYXKHT AJAS NOJYYeHHst HH3KOrO IIOCTOSIHHOIO HANpPSXKEHHs U3
BLIXOJIHOTO CHrHaJa NepBOH, BOCIIPHHHMAEMOIO C MOMONIbIO TpaHC-
¢opmatopHO# cBsI3H. B cxeMe Hcmoab3yeTcst BHICOKAS 4acTOTa KOM-
MyTaUHH, YTO I03BOJIIeT NPHMEHHTb OJs NMOCTPOEHHS CriaxkHBalo-
IHX IeNed KOHAeHCATOPHl HeGOJbINON €MKOCTH, a TaKxkKe MaJjora-
Gaputnbie TpPaHCHOPMATOPHl H HHAYKTHBHOCTH. ‘

Buanl nencrnpaBHOCTEH KOMMYTHPYEMBIX DEryJfTOPOB MOTYT OT-
JHYATBCST OT TeX, KOTODBle XapaKTepPHbl AJsS JUHEHHBIX CXeM, XOTH,
KaK II0OKa3aHO Bblllle, B Dery/aTOpe BCeria UMeroTcesl JHHeHHbe Kac-
Kajapl. Yactora KOMMYTalUMH COCTaBAsSET MAeCSTKH — COTHH KHJIO-
Tepl, W MHO3TOMY BCeria CyIlecTByeT npobJemMa HaBOAOK, CBJ3aH-
HBIX € H3JyY€HHEeM M [apasUTHBIMH CBA3SIMH. XOTA MHOroe MOXeT
ObITH TpPEIYyCMOTPEHO Ha 3Tale NPOEKTHPOBAHHSA, HEOXKHAAHHYIO
UyBCTBHTE/JIBHOCTb K IIOM€XaM MOTYT NPOSBHTb JIPyTHE Y3JH CHCTe-
Mbl IHTAHHA, KAK, HANPHMeD, BHIXOAHOH BHIMPAMHTENbHBLIE KacKal.
XapaxkTepHCTHKH TPaHCHOPMATOPOB Ha (EPPHTOBHLIX CepleYHHKAX
M HHIHKAaTOPOB CYLIECTBEHHO MEHAIOTCS NpPH HeNpaBHJbHOH ycTa-
HOBKe (CJIHIIKOM CHJIBHOM HJIH CaGOM KPEIJIeHHH) W NpH BHGpa-
LHH, TaK KaK B 3THX CHTyalHusiX BO3MOXeH neperpes. IIpu Heuc-
TPABHOCTH YNPAaBJSAIOMIMX KaCKaLoB KOMMYTATOP MOXKET OKa3aTbCs
B TIOCTOSIHHO 3dMKHYTOM COCTOSIHMM, IPH 3TOM €CTECTBEHHO OXKH-
JlaTh TOABJIEHHsS! HM3OBLITOYHBIX HANPSKEHHH MJAX ITOJHOIO BBHIXOAA
U3 CTPOSA UCTOYHHKA NHUTAHHS.
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