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B nmocoOun n3510xeHbl METOUYECKIEe PEKOMEHIAINH, COAepKaTeIbHbIE Ma-
TepUasibl 1 KOHTPOJIbHbIC 3aJ]aHusl JJI1 MPOBEACHUS JTaOOPATOPHBIX U IpPAKTUYE-
CKHX 3aHSITUH MO M3YyYEHUIO MPUHIUIIOB MOCTPOCHUS NEPUPEPUNHBIX YCTPONUCTB
MUKPOIPOLIECCOPHBIX CUCTEM, MCCIEIOBAHUIO PEKUMOB pabOThl MepuepruitHbIX
MHUKpPOCXEM, MPUHIIMIIOB MOJKIIOYEHHs U mporpammupoBanus. [locoOue conep-
KUT HEOOXOIUMbIE CITPABOYHBIE MATEPHUAIIBI.

Meroauueckue ykazaHUs IpeIHAa3HAYEeHbl JJIA CTYIEHTOB, OOYyYarOIIUXCS
no HamnpasieHusMm noarotoBku 09.03.01 MudbopmaTuka ¥ BBIUUCIUTEIIbHAS TEX-
Huka 1 11.03.02 MHPOKOMMYHUKAIITMOHHBIE TEXHOJIOTHA U CUCTEMBI CBSI3H, MPO-
¢uneii MHOrokaHaabHBIE TEIEKOMMYHHUKAIIMOHHBIE CUCTeMbI, CeTu CBSA3HM U CHC-
TE€Mbl KOMMYTAal1H, 3alUIIEHHbIE CUCTEMBI U CETU CBSI3U, CUCTEMBI PAJUOCBSI3H U
paanoaocTyna, BeruucinTenpHble MalMHbI, KOMIUIEKCBI, CUCTEMBI U ceTH, [Ipo-
IrpaMMHOE 00ECIIeUeHUE U UHTEIEKTYaIbHBIE CUCTEMBI.

[Tocobue mpenHa3HaYeHO AJSI WUCIIOJIB30BAHMUS NPU H3YyUYEHUU TUCIUILINH
MukpornpolieccopHble CUCTEMBI, BbruncnurenbHas TeXHUKAa U UHOOpPMAIMOHHbBIE
TEXHOJIOTUH, a TAKXKE MOXKET ObITh MCHOJb30BAHO MPENOIaBaTeNIIMU U CTyACHTA-
MU MIPU U3YYEHUH POJACTBEHHBIX JUCHUIUIMH U B MPOLECCE CAMOCTOSITEIbHON pa-
OOTHI.

VYyeOHoe nocobue o0cyxkaeHo u ogqo0peHo Ha 3aceaanuu kadenpst UBT
[Tporokon ot 26 aBrycta 2021 r. Ne 1
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1. AHAJIN3 PE2KUMOB ITIPOTPAMMUPOBAHUASA
MAPAJUIEJIBHOT'O UHTEP®EVICA

geﬂb

1. I3y4nTh NpUHLMIIBI UCIIOIB30BaHUS MapaienbHoro oomena B MIIC;

2. CoBepIIEHCTBOBATh HABBIKK aHAIIN3a, 0000IEHNS U CUCTEMATU3aLUH 110-
JY4YEHHBIX Pe3yIbTaTOB, HABBIKM COCTABIICHUS U 0OPMIICHHS OTYETHBIX MaTepHua-
JIOB, HaBBIKM TOYHOIO M JIAKOHUYHOI'O IPEACTABJICHHS JOKJIAJ0B Ha BOIMPOCHI
TEXHUYECKOT'O XapaKTepa.

Yueonuvie 80Nnpocol

1.1.

CrpykTypHas cxema ajantepa;

1.2. IIporpammHast MOZIeIb afianTepa U PeKUMbI padOThI;
1.3. IIporpammupoBaHue pexxuMOB pabOThI aJanTepa.

Jumepamypa 0,151 R0020MOEKU K 3AHAMUIO

1. Karan b.M., Cramun B.B. OCHOBBI IPOEKTUPOBAHUSI MUKPOMIPOLIECCOP-
HBIX YCTPOMCTB aBTOMAaTUKU. — M.: DHeproatomusaart, 1987. — 304 c.

2. Anexcenko A.l'., l'amuumn A.A., UBannukoB A./l. [IpoekTupoBanue pa-
JMORJIEKTPOHHOM armapaTypbl Ha MHUKpompoueccopax. — M.: Paguo u
CBsA3b, 1984. — 272 c.

3. YrpromoB E.IN. [ludporas cxemoTexnuka: YdeOHOE MOCOOUE IS BY30B.
- CII6.: BXB-ITetepoypr, 2007. - 800 c. (cTp.404-419).

4. http://www.computer-museum.ru/technlgy/i8255.htm

Cooepicanue omuema

1. HazBanue paboThI;
2. Jlns kaxaoro 3aaHus: Ha3BaHWE 3aJlaHUsl U MaTepuall B 00beMe, yKa3aH-
HOM B 33/IaHUHU.
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Puc.1.1. YI'O IIITA KP580BB55

3aoanue 1.1 Cmpykmypuasn
cxema adanmepa

VYcnoBHoe rpaduueckoe 000-
3HaYeHHUE aJanrTepa MPUBEICHO HA
puc.1.1.

OOMeH JaHHBIMU B THapai-
JeNbHON (QopMe B MHKpPOIpOIEC-
COPHOM CHUCTEME MOKET OBITH Opra-
HU30BaH Pa3IMYHBIMU CIOCOOAMHU.
OT0 MOXET OBbITh TOJBKO BBIBOJ
CJIOBA JJAHHBIX Ha BHEIIHEE YCTPOM-
CTBO, TOJBKO BBOJI CJIOBa JAHHBIX C
BHEIIIHETO YCTPOMCTBA WJIM JBYX-
CTOpOHHMH 0OMeH. JIro0oit u3 cmo-
co00OB MOXET OBbITh OpPraHU30BaH



KaK aCMHXPOHHBIA WJIM CHHXPOHHBIA OOMEH. 3HAYUTEIHHO YIPOIIACT MOJ00HYIO
3a/lauy HKCIOJb30BaHUE MporpammupyeMmoro nepudepuitHoro ananrtepa (I11TA)
KP580BB55 (ananor Intel 8255).

Cxema MOXET BBINOJHATL Oydepusanuio (Ipu aCHHXPOHHOM pPEXUME 00-
MEHa JaHHBIMHK); IpeoOpa3oBaHue (popmaTa NaHHBIX; cOIpsKEeHUE MUKPO-OBM ¢
BY B pexume npepriBaHusl.

Mukpocxema IIITA conepxut Tpu BOCBMHpa3psIHbIX KaHana (moptel PA,
PB, PC), 6ydep mmubl ganaeix (BD), HeoOXoauMmblil 711 COTIIACOBAHUS NTUHBI
MIIC u Bxonos IIITA, cxemy ynpaBieHHs pPEKMMOM U JBE CXEMbl YIPABICHUSA
noptamu rpynmnbel A u B, mporpaMmmMHO OOBEAMHEHHBIX B OJUH PETUCTP YIPaB-
asrorero ciosa (PYC). o mmHe maHHBIX MPOUCXOAUT HE TOJBKO OOMEH JaHHBI-
MU, HO ¥ 3acbuika nu3 MII B IIITA ympasisttomux ciioB, reHEpUPyEMBIX IPOTPaMM-
HBIM oOecrnedeHreM mporeccopa, u nepenada B MII undopmanmu o coctosiHuU
nepudepuitHoro obopyaoBaHusi. Huskuil ypoBeHb cHUrHajga Ha YIPaBISIOIIEM
Bxoze CS paspemiaer akTUBU3MPOBaTh MHGOPMALMOHHYIO CBsi3b Mexay [ITA u
MII (puc.1.2). Ilpu oTcyTcTBUM aKTUBHOTO curHajga Ha BXojie CS BBIXOJbI BCEX
TpEX KaHAJIOB IEPEBOJSITCS B BBICOKOMMIIEJAHCHOE COCTOSHUE.
B tabnune 1.1 npuBeneHo Ha3HAUYEHHUE BXO/IOB U BBIXOJIOB CXEMBI.
Tabmura 1.1
Haznauenue BEIBOJIOB

JIByHamnpaBiieHHasi 1MHA AaHHbIX. [IpenHasHayena ajisi nepenadud u
DO...D7 MpUeMa JAHHBIX MPOLECCOPOM, a TAKXKE IEpeaadyd YIPABISIOLIErO
cnosa juisa [1TTA

Chip Select. Boibop mukpocxembl. Huzkuii ypoBeHb WHUIIUUPYET

S obmeH Mexay npoueccopom u ITITA

RD Read. Yrenue. Huzkuii ypoBeHb Ha 3ToM BXojie no3BoJisiet [1ITA me-
penaTh JaHHbBIE ITPOLECCOPY

WR Write. 3anuce. Huskuii ypoBeHbp Ha 3TOoM Bxojae mosBossier [ITA
IIPUHSTH JAHHBIE WJIU YIIPABISIOIIEE CIOBO
Reset. Copoc. Bricokuii ypoBeHb Ha 3TOM BXOJ€ COpachIBaeT BCE
BHYTPEHHHUE PETUCTPBI, BKIKOYAS PETHCTPBI YIPABIEHUS, MEPEKIIIO-

RESET
yaeT Bce KaHaibl (A, B, C) B pexxum 0, 0IHOBPEMEHHO NIEPEBOJIA UX B
pexuM BBoja (Tosbko nmpu RD =0 u WR =0)

A0, Al Anpecnbie BxoJibl. BeiOop kanana. [103BoJIsiIOT BEIOpATh OJMH U3 Ka-

HajoB (A, B, C) wiu peructp ynpasistomiero ciosa (PYC)

PAO...PA7 | Kaganx A

PBO0...PB7 | Kanan B

PCO...PC7 | Kanax C

IIITA cTpykTypHO pa3ouT Ha naBe rpynnbl: A u B. I'pynma A moxer pabo-
TaTh B pexkumax 0, 1, 2 1 BKIItoUaeT B ceOsl KaHall A U CTapIIylo TeTpaay KaHaia




C. I'pynma B moxet pabortats B pexxume 0, 1 1 cocrout n3 kanaina B u mmammei
TeTpanabl kaHana C.
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Puc.1.2. Ctpvkrypuaga cxema I1TTA KP580BB55

B oTtyere npenctaButh:
1. CTpyKTypHYIO CXE€MYy aianTepa;
2. HaznaueHue BXOJ0B ¥ BBIXOJOB YCTPOUCTBA.

3aoanue 1.2 Ilpozpammuan mooenv adanmepa u PerHrcumvl padomaol

[Iporpammuo TIITA mpeacTaBmsier coboil deThipe §-pa3psiAHBIX TOPTA,
KOTOpbIE ajapecyroTcst aapecHbiMu Bxogamu AQ u Al. OmuH moprt sABISIETCA
PETHCTPOM YIPABJISIIONIETO CJIOBA (MJIM COCTOSIHUS), & IPyrue o0pa3yroT KaHaJbI
BBOJIa/BhiBOZIa A, B u C. JlocTyn Kk KaHaiaMm OCYHIECTBJISIETCS B COOTBETCTBUU C
Tabn.1.2.

Tabnuna 1.2
JlocTyn Kk KaHaaMm BBO/A/BBIBOJIa U PETUCTPY YIPABJISIOLIETO CIOBA

Al A0 RD WR CS Hanpagiienue nepenaun
0 0 0 1 0 [MrHa maHHBIX <- KaHaa A
0 1 0 1 0 [InHa manHBIX <- KaHaia B
1 0 0 1 0 [Mnua manabBIX <- kaHaa C
1 1 0 1 0 JlaHHBIC HE ONIPEETICHbI
0 0 1 0 0 [IIvxa na"vHBIX -> KaHail A




[ITnna nanHbBIX -> KaHail B

[IIwra nagaeIX -> kanaia C

[IlvHa naHHBIX -> PETUCTP YIIPABICHUSA

— OO

1 0
1 0
1 0
X X

><r—~©r—~

0
1
1
X [MIwHa na"nHBIX B Z-COCTOSHUU

[lepBoHaualibHOE BKJIIOYEHHE WIIM TOJadya CUTHAJIA BBICOKOTO YPOBHSI Ha
Bx011 copoc RESET mukpocxemsl nepexitouaet Bce kaHaibl (A, B, C) B pexum 0,
OJTHOBPEMEHHO TIEPEBOJS MX B pexuM BBoJa. COPOC BBIMOIHSIETCS TOJIBKO TMPHU
yciaoBur RD =0u WR = 0.

Pesxncumot pabomut I1T14

Bocemupaspsinasie  moptel PA, PB u PC apantepa wMorytr OBITh
UCIIOJIb30BAaHbl  PA3IMYHBIM CIIOCOOOM B 3aBUCHUMOCTH OT XapaKTEPUCTHK
KOHKPETHOTO yCTPONCTBA BBOJIa/BBIBOJIA WIIH TTEpU(EPUHHOTO 000PYIOBAHUS.

Hacrpoiika  BHyTpeHHen  opramm3amuu IIIIA  mig  KOHKpeTHOTO
nepudepuitHoro 00OpPYJOBaHUS, OCYIIECTBISIETCS MPHU 3aMKMCH YIPABJISIONMIETO
cinoBa BBIBOP PEXKMUMA (MODE SELECTION). Kanassr [TITA moryT paborath
B OJTHOM U3 TPEX OCHOBHBIX PEKUMOB:

B pexnme 0 (OCHOBHOW, HECTpPOOUPYEMBII peXUM BBOJA-BbIBOJA
uHdopMaIuu, NOpSIMOW OAHOHANPABIEHHBIM CTAaTMUYECKUI BBOJ/BBIBOJ) MOTYT
paboratb Bce Tpu mnopra. Hampasnenwe s KaXoro mopTa OIpeAesseTcs
uHauBuayanbHo. [lopt PC MoXHO pa3fenuTh Ha JBE HE3aBUCUMBIX IMOJOBUHBI.
Brixoasl MMerOT mamsaTh, BXOJbI paboTaroT 0e3 OydepHoit mamsaTu. HacTtpoiika
KQXKJI0TO KaHaJla OCYIIECTBISETCS UHANBUYAJIBHO.

B stom pexume wuHpoOpMalus, MOCTyMawIlas Ha BXOJbl KAaHAJIOB, HE
3alIOMUHAETCS W CUTHAJbl JIOJDKHBI TPUCYTCTBOBATh MPH YTCHUU JAHHBIX
npoueccopoM. [Ipy nocTynaeHun CUrHajia YTeHUsl JaHHbIE MIEPEAAIOTCSA HA IIMHY
nauubiX. [Ipu BeIBOAE B pekume 0 mH(pOpMAIUS, TOCTYIAONIAS C IIIMHBI TAHHBIX,
3allOMUHaeTcs B Oy(epHOM perucTpe COOTBETCTBYIOLIEIO KaHalla U Ccpa3y ke
NIEPENAETCS HA €0 BBIXOJBI.

O6bryno  pexxum (0 ucmosib3yeTcss Ui BBOJAA-BBIBOJIA  MEJUICHHO
M3MEHSAIONIMXCSl WIM TMOCTOSHHBIX 3HAY€HUM JaHHbIX. B pexxume 0 mapamerpsl
pabotel PA u PB 3anaroTcs He3aBUCUMO APYT OT JApyra.

B pexume 1 (crpoOupyeMoro OJHOHAIIPABIEHHOTO BBOJA-BbIBOJA
uHpOpMallMK,  TAKTUPYEMOIO  IPOrPaMMHO-YIPABISIEMOIO  BBOJA/BBIBOAA,
ACUHXPOHHOT'O 1O OTHOUIEHMIO K IpoLEeccopy) MoxkeT padotars nopt PA u nopr
PB. [na ymnpaBneHus mnepenaded Wivd IMPUEMOM IO KaHaly A HCHOJIb3YyeTCs
crapmiast yacth kanana C (C7-C3), kanan B ynpaBisieTcst Miaiieii 4acThl0 KaHalia
C (C2-C0).

JUist opranu3annu 31oil npouenypsl nopt PC ciyKUT perucTpoM COCTOSIHUI
BHEIIHEro ycTpoiictBa, moptel PA u PB i nepemaum pannsix. Omnpoc u
monupukamms pazpanoB nopra PC ocymectBiserca nporpammuo. Ilopt PC




CUMTHIBACTCSI TIPOIIECCOPOM, a 3aTEM AHAIM3UPYETCS COCTOSHUE €T0 OTIEIhHBIX
our. Ha ocHOBaHWM aHanmu3a TPUMEHSETCS PEIICHHE O BBIBOJE WU BBOJIC
uHpopmaruu.

OnucaHue CUTHAJIOB JUIsl YIIPABIICHUS OlEpaliel BBOAA:

STB (STROBE) - ctpo6 npuema or YBB. Bxonnoii curnan ans noprta. Ilo
HU3KOMY YPOBHIO Ha 3TOM BXOJ€ BXOJIHBIE JAaHHBIC 3allUCHIBAIOTCS B IIOPT
COOTBETCTBYIOILIETO KaHajia (MIOPT B 3TOM CiIydae UrpaeT poib Oydepa JaHHbBIX);

IBF (INPUT BUFFER FULL - BxoaHoU Oydep MOJIOH) - TOATBEPKACHUE
npuemMa B opT. Beixognon curnan nopra. [losBiaeHne BBICOKOTO ypOBHS Ha 3TOM
BBIXO/IE NTOKAa3bIBAET YCTPOMCTBY BBOJA, YTO JIAHHBIE 3arpy’KEHbI B IOPT, €ILE HE
IPOYHUTAHBI, U CIEAYIOMNNA OAUT MPUHUMATh HEBO3MOXKHO;

INTER (INTERRUPT) - 3anpoc Ha npepbiBaHue. BbiCOkuii ypoBeHb Ha
3TOM BBIXOJI€ MOXKET OBITh UCIIOJIB30BAH JJISl IPEPHIBAHUS BBIIIOJIHEHNS OCHOBHOM
IporpaMMbl Iporeccopa (€ciiv MporpaMMHO B IIPOLIECCOPE YCTAHOBIIEH PEXUM
paspelieHus: NpepblBaHus), YTOObl OOCIYKUTh YCTPOWCTBO BBOJA: MPOYUTATh U3
1IOpTa JaHHBIE.

B stom pexume IIITA MoxeT OBbITh HCHONB30BAH JUIsl peaU3alUU
CUCTEMHOTO  (aCMHXpPOHHOro) oOOMEHa ¢ TNPUMEHEHHUEM KBUTHPOBAHUS.
KButupoBanme cBs3aHO ¢ OOMEHOM WH()OPMAIMOHHBIMA U YIPABISIONUMU
curnanamu-"ksuranuusamu". Ilpu stom noptel PA u PB o6pasyror nBa kanana, a
nopt PC wucmonw3yercss st HakoIIeHWs W OOpaOOTKM CUTHAJIOB YIIPABICHUS
00OMEHOM.

[Ipu BBOAE B pexkmme 1 ycTpoiicTBO, TpebOytomee oOMeHa, GopMupyeT Ha
cootBercTBytoNeM pazpsige nopra PC (PC4 gns mopra PA wmu PC2 gns nopra
PB) wunBepcHblii ynpaistomuii curHan STB  (ctpo6 0Oaifta), mo KOTOpomy
3arpy’kaercsi B BbIOpaHHBIM TOPT &-MU pa3psAHbIA KOJA JaHHBIX M TaM
3annomuHaercs. B otBer IIIIA dopmupyer Ha YBB eauHuuHbIl CcuTrHANI
MOATBEpKAcHUS 3arnojHeHus nopra IBF, uzsemarommii YBB 0 HEBO3MOXHOCTH
npuemMa cienytromiero 6aira. C mosiBJICHUEM CUTHAJIA MOATBEepKaeHus mpueMa IBF
BHEIIIHEE YCTPONCTBO JIOJHKHO CHATH curHai ctpoda STB.

Co cusatuem ctpodba STB popMupyercst 1 cCUrHai 3ampoca Ha MpepbIBaHHe
INTER, xoTopblii 1O CHCTEMHOW NIMHE WHUIMHUPYET OOpaOOTUMK JJIsl YTEHUS
JAHHBIX M3 MOpTa B Mpoueccop no uHBepcHoMy curHainy RD. C nosBieHuem
curHana ureHuss RD (aktuBHbIM () CHUMaeTcs 3ampoc Ha IpepbIBaHUE, a MOCIe
OKOHYAaHUsA CHTrHaia 4yTeHuss RD cHHUMaeTcss W CUrHan MOATBEPKIACHHUS IpUeMa
IBF, uTO cBHIETENbCTBYET O MPOYTEHUU IMPOLIECCOPOM JaHHOro OaiTa, M JaeT
BO3MOXKHOCTH 3arpykarb ouepenHoit 6ait B mopt [IITA co croponst YBB. Kanan
IIpUEMA JTAHHBIX NIEPEXOJIUT B Z-COCTOSHHUE.

OTOT mpolecc 0OecneynBaeT BBO JAHHBIX B MUKPOMIPOLECCOP CO CTOPOHBI
YCTPOMCTBA BBOJIa TPOCTHIM CTPOOMPOBAHUEM CBOUX JITAHHBIX.

B3anmoneiicTBrE ONMCAHHBIX CUTHAJIOB MTOKAa3aHOo Ha puc.l.3.
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Puc.1.3. [lunHaMuka CUTHAJIOB yIIPABJICHUS BBOJIOM PEXUM |

Pabota ¢ gopmupoBaHueM curHana MpephIBaHHUs BO3MOXHA MPU HATUYUU
paszpelieHus: BbIpadOTKH MOPTOM TaKOro CUrHajia - ycraHoBke 6uta C4 11 kaHana
PA u C2 nna kanana PB B eauHu4yHOE cOCTOSIHME. DTO MNPUBOAUT K YCTAHOBKE
BHYTPEHHETO TpUITEpa pa3pelieHusl TMpephIBaHMs. Y CTaHOBKA/COPOC ITHX
pa3psaoB (Kak, BOPOYEM, M OCTAIBHBIX pa3psnoB nopra PC) ocymectBisercs
IPOrpaMMHBIM CIOCOOOM IyTeM (DOPMUPOBAHMS CHIEIUATBHOM KOMaH bl paOOTHI €
outamu nopta PC.

OnucaHue CUrHAOB IS YIIPABICHUS ONIEpALME BBIBO/AA:

OBF (OUTPUT BUFFER FULL - BeixonHoii Oydep mojoH) - cTpoO
3anucu. BeixogHoW curHan mnoprta. CUTHalm HU3KOTO YPOBHSI Ha 3TOM BBIXOJZE
IIOKa3bIBACT YCTPOKCTBY BBIBOZA, YTO MUKPOIIPOLIECCOP 3aIMCAIl JaHHBIEC B KaHAI,

ACK (ACKNOWLEDGEMENT - mnoxarBep:kJIeHHE) - MOJITBEPKICHHUE
IIPUEMA JAHHBIX BHEIIHHUM YCTPOMCTBOM. BxomHou curnan misg nopra. Huskni
ypOBeHb Ha 3TOM BbIBojE mMokas3biBaeT IIIIA, uro mepudepuitnoe ycTpoOHCTBO
NpUHSIO AaHHble. [IporcxoauT cHATHE Z-COCTOSHMS MOPTa U BblJadya JaHHBIX Ha
VBB;

INTER (INTERRUPT). Bricokuii ypoBeHb Ha 3TOM BBIXOJE MOXET OBITH
VICITOJIB30BaH IS MPEPBhIBAaHUS BBIIIOJHEHUS OCHOBHOM IIPOrPaMMBbl IIPOLECCOpa B
MOMEHT TIIPUHATHS JaHHBIX BHEUIHUM YCTpoWcTBOM. CHrHam TroOBOpUT O
BO3MOYKHOCTH BBIITOJIHEHUS CIIEAYIOLIErO HUKIIA BBIBOJA.

BeiBog B pexxume | ToXke CBsI3aH C IpolieccoM KBUTHpOBaHus. 1Ipu BeIBOAE
B pexumMe | nuki paboThl HAUMHAETCS ¢ 3amucu Oaiita u3 nporueccopa B mopt (PA
umu PB). C 3aBepmienuem curHana 3anucu WR (akTuBHbIE  ypoBeHb ()
dbopmupyetcst ctpob 3anmucu OBF, xoTopsrit nzsemaer YBB o Tom, uro MII Beigan
Oaiir B mopt. Korma yctpoiicTBO BBOAA-BBIBOJIA TOTOBO MPOUYMTATh OAWT, OHO
TEHEPHUPYET B NOPT aKTUBHBIN HyJeBoM curHan noareepxkaeHus ACK. Ilo stomy



CUTHAJIy  OTKPBIBAIOTCSI  BBIXOAHBIE Oydepsl  (CHUMaeTcs  Z-COCTOSHHUC)
cooTBeTcTBYIOIMX 1OpTOB PA nnu PB, nanueie nepenatorcs B YBB. IlosBnenue
curHana noareepxaeHus npuema ACK caumaet ctpo6 3amucu OBF u dpopmupyer
3anpoc npepreiBanus INTER 1715 BeIBos1a ouepeaHoro 6aiira.

B3anmoneiicTBrE ONMCAHHBIX CUTHAJIOB MTOKAa3aHOo Ha puc.l.4.

WR

]
=5
-

IMTER

BhEIHEIE
JAHHbIE ><

Puc.1.4. BzaumoieiicTBUE CUTHAJIOB YIIPABJICHUS BHIBOJAOM

BriBoa ¢ dopMupoBaHueM CUTHala MPEpbIBaHUS BO3MOXKEH IMPHU HAJIUYUU
pa3pelieHusi BbIpabOTKH TaKoro curHaia - ycraHoBke Outa C6 s xanana PA u
C2 nnsa xanana PB B enuHMuHOE cocrosiHue. MIX ycTaHOBKA MPOU3BOAMUTCS, KaK U
JUIS peXKHUMa BBOJIa, MPOTPaMMHO Tipu padote ¢ butamu nopra PC.

Pexum 1 IIIIA ynobHo wucnonb3oBath B pa3BuThix MII cucremax,
00CTyKUBAIOLIUX, HAIIpUMEp, 00JIBIIIOE KOJIMUYECTBO JaTYUKOB U ycTpoiicTB BB.

B pexxume 2 (pexxuM JBYHANpPaBJICHHOIO TaKTUPYEMOTO BBOJ1a/BbIBOJIA)
pabotaet ToiabkO MopT PA Kak JByHanpaBlE€HHbIN KaHall. YIpaBieHUE 0OMEHOM
JAHHBIMH, 4 TaK)K€ HAPABJIEHUE MEPEIauu 3aJaeTCs C MOMOILIBIO 5 yIPaBISIOMINX
curHasioB nopra PC anamornunbiM pexumy 1 cnoco6om. Bo3MokHO Takxke
F€HEPUPOBAHNWE CUTHAJIOB NpPEPbIBAHWWA W 3ampera paspeweHus. HasnaueHnue
CUTHAJIOB YIIPABJICHHS AHAJIOTMYHO PAHEE ONMCAaHHBIM JJI BBOJIa U BBIBOJA.

PexxrMbl Ha BBOJ WJIM BBIBOJ 3aJAOTCS JUISl KaXJIOr0 MOPTAa HE3aBUCUMO.
Bxonpr u BeIXOHIBI 0OnamaoT OydepHOW mamsThio. Opranuzanus oOMeHa u
nporpammupoBanue IIITA B 3ToM pexume aHamornyHa pexumy 1. BpemeHHbie
JyarpaMMbl YIIPaBJICHUS IS peKUMa 2 MoKa3aHbl Ha puc.1.5.

Paspemenne dbopmupoBaHUs CHUTHAJIOB IIPEpPbIBAHUS INTER
OCYIIECTBIISIETCA WHAWBUYAJbHOM MPOrPAMMHON YCTAHOBKOW B €IMHHYHOE
coctosinue paspsnoB PC4 nis BBosa u PC6 mi1st BeIBOA OaiiTa.
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YCTPORCTES K NMA KYCTRORCTEY  Napuee or M K MNA

Puc.1.5. Pa6ota I1ITA B pexume 2

Ucnons3oBanue [IIIA B pexxume 2 yaoOHO mpH opraHuszauud oOMeHa
uHpopMalmen Mexay IByMs MUKpO-OBM miM LEHTpaJbHBIM BBIYMCIUTENEM U
KOHTPOJJIEPOM CJIOKHOI'O yCTPOWCTBA BBOJIA/BBIBOJIA.

Ha ocnose IIITA MOXHO pa3pabaTbiBaTh CXEMbl YIPaBJICHUS PA3IUYHBIMU
yCTpOMCTBaMH, HaIpUMEp, KJIIaBUATYPOH WM UHAUKATOPOM.

YnpaBisonue CUTHaIbI AJIs Pa3IMYHbIX PEKUMOB CBEJIEHBI B Ta0.1.3.

Tabmuna 1.3
VYpaBisomye CUTHaIbL AJI Pa3IMYHBIX PEXUMOB paObOTHI

C7 | c6e | c5 | c4 | C3 c2 | c1 | co

Kanan A KaHan B Pexunm 1
/0 | 1/0 |IBFs |STBa | INTERA|STBs | IBFs |INTERg | Bsog

Kanan A KaHan B Pexum 1
OBFA [ACKa| 1/0 | 1/0 |INTERA|ACKg | OBF; | INTERg | BeiBog

Kanan A P 5
OBF, [ACKa | IBF, |STBa | INTERA| 11O | 1/O | /O | XM

TemHbIM (OHOM BBIICNIEHBI pa3ps/bl, YCTAHABIMBAIOIIME BHYTPEHHHI
TPUITEp pa3pellieHus/3anpeiieHus (GOpMUPOBAHUS CHUTHAja MpepbIBaHUSA, B
KOHKPETHOM PEXKUME JIJIsl IpreMa U BbIJIauM TaHHbIX.

CBoOoHbBIE OT YNPAaBIAIOIIMX CUTHAIOB JIUMHU KaHaia PC (B Tabiuiie oHU
o6o3nauensl [/O) MoryT OBITh HWCTHOJB30BaHBl KaK JMHWHM BBOJIa WJIM BBIBOJA
JTAHHBIX.
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Pexum paboThl U HampaBiieHUE NEpeadn JUlsl KaXKI0ro KaHaja 3a7aeTcs ¢
IOMOUIBIO 3aIIMCH YIIPABJIAIOIIETO CI0Ba B peructp ynpasieHus PYC.

Ecin O6utr 7 naHHBIX COAEPXKUT 1, TO NaHHBIE MEPENAIOTCSd B PETUCTP
YIPABJICHUS U 3a/1al0T PEXKUM pabOThl HOPTa B COOTBETCTBUE € Tab1.1.4.

Ecin xe 6ur 7=0, TO naHHBIE SBISIOTCA KOMAaHIOM yCTaHOBKH/cOpoca
otnenbHbIX OUT B peructpe PC B coorBercTBUE € Tabi.1.5. DTO CBONCTBO KaHana
PC o6neryaer mnporpamMmmupoBaHue B ciydae, Korga Outel kaHana PC
WCIOJIB3YETCS JJIsl IIPABIICHUS Iepeaadeil JaHHbIX 1o kaHaiaMm PA wnu PB.

Bo3moxHO KOMOMHHMpOBaHHE PEXHMMOB pabOThl g pa3HbIX KaHaioB. K
npuMepy, KaHaa B MoxkeT ObITh 3aliporpaMMHUpOBaH Ha BBIBOA B pexum 0 ais
yIpaBICHUS Pa3IMYHBIMU BBIKIIOYATEISIMU M pejie, B TO BpeMs Kak KaHail A
MOKET OBITh 3amporpaMMHUpPOBaH B pexuM |1 ais BBOAA C KJIABHATYPbl WU
nepdOICHTHI.

Tabmnuia 1.4
dopmart yrpaJISIFOIIETO CJIOBA JJiA BIOOpa pekruma paboThl
D7=1 D6 | D5 | D4 | D3 D2 | D1 | DO
[pynna A [pynna B
< ~ m Q
s | ¢ e ¢ g
o X g < o &
5 & $3:S g So- a
58 | 833% 4af|o<f 8%f|s<F 0xf
E© R <ge|OCga| ¥ 0da|cgad
0 OQ_Q.Q_ C o C oA OGJGJ C oA C oA
S ou o RPN ENY S [ 20| B
Tabmuma 1.5
dopmaT KOMaH[bI cOpoca/yCTaHOBKHU JJI1 M3MEHEHUs OMTOB KaHana C
D7=0 D6 | D5 | D4 | D3 | D2 | D1 DO
Bbibop buta:
000=06wur
dnar ynpasneHus 001=1obur
0 = onepupoBa- MNpoussonbHoe 010=206ur 1 = ycraro-
Hue 6utamm (yc- | COCTOsIHME 011=30ur BATL OUT
TaHOBKA/CHPOC) 100= 4 out 0 = cHaTb 6ut
101 =50wur
11 0 6 out
111=70ur
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[Tockonbky miia pexuma 2 ucnoiib3yrores paspsasl PC7-PC3 nopra PC no
3apaHee 3a/J[aHHOMY BIIOJIHE KOHKPETHOMY IpEIHA3HAUCHHUIO, TO YIPaBIISIOIICE
CJIOBO JIJIsl ATOTO PEeXHUMa I1eJIeCO00pa3HO MPEACTaBUTh KaK YaCTHBIA CIydaid OT
obmiero gopmara, KoTopslid onpeneneH B Tabi.1.4. Takol ympomieHHbIN hopmar
3a7ad B T1a01.1.6.

Tabmura 1.6
dopMar yrpasIsIFOIIErO CIOBA JJIsl IBYHAIIPABJICHHOTO PEeKUMa
D7 D6 D5 [ D4 [ D3 D2 D1 DO
o &)
X g 6 = ©
S S . o = =
I ¥ © [} © ©
Q3 = o = I
2 | 29 5 2 33 S
© Q —
E O X a2 X¥xM0DIan| S g0
>3 Q 3 o 3 QP03 35|28 a0
= @ Q 5 S = OS99 Gomm| 3 mm
© o o 3 o F T =
c L Q_E 5 (IU . g n < Il 1
S~ 0N «— C o o xo\— Y — O N~ o

3aoanue 1.3. Ilpocpammuposanue pexcumos pabomsl adanmepa.

[IporpammupoBaHue peXxMMOB pabOThI IOPTAa U OOMEH TAHHBIMU C HUM IIPU
pa3enbHO OpraHu3aluy NaMsTH OCYIIECTBIISIETCS pealu3alueil komana ooMeHa
¢ BHemHumu ycrporctBamu IN um OUT mo ykazanHomy ajapecy mopra. B
COOTBETCTBHUE C MPOTPAMMHON MOJIETBIO MOPTA TAKUX aJPECOB UCIOJIb3YETCS 4.

[Ipu 3TOM crnenyer y4ecTb, UTO MEPECHUIKA OCYLIECTBISIETCA U3 PETUCTPOB
AL nmu AX. AapecoM nopTta MOKET ObITh JIMOO YMCIIOBask KOHCTaHTA, €CIIH aapec
n3Mensiercs B mpeaenax 0-255, mubo anpec, pacnonoxeHHsiil B peructpe DX.

Hanpumep: mepecnars kox cumBoia "A" mo agpecy AOB7h. T.k. ampec
npesbllIaeT 255, To nporpamma OyAeT BBITJISACTD:

MOV DX,0A0B7h
MOV ALA'
OuUT DX,AL.

JIns aHanu3a B3aMMOJACHCTBHS C BHEIIHMM  YCTPOMCTBOM  MOKHO
paccMOTpETh HEKYIO THUIIOBYKO CXEMY, IMPEACTaBICHHYIO Ha puc.l.6. Jomyctum,
BHEIIIHEE YCTPOMCTBO, Hampumep, aHanoro-mudpoBoi npeodpazosarens (ALIT),
3ayCKaeTcsl MO0 CUTHAy 3aJHero ()poHTa U MO TOTOBHOCTH BBIJAET HYJIEBOU
akTuBHbIM curHain. MUMC mnopra go/pKHa MpoduTaTh CHOPMUPOBAHHBIA KOJI.
Anpeca noptoB PA, PB, PC u PYC, nonyctum, 24h, 26h, 28h u 2Ah.

B stom cnyuyae xanan mopra, Hanpumep, PA, nomkeH ObITh HACTPOEH Ha
BBOJI B pe&XHUME 1, TOT/]a aKTUBHBIN CUTHAI OKOHYAaHHS MPeoOpa3oBaHMs BHEIIHEH
CXEMBI JOJKEH BocpuHUMaTthes Ha BbiBosie PC4 (Bxon STB s kanana A B 3ToM
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pexume). Ilo aTomy curHamy mnopT 3adUKCHUPYeT KOJ M €ro MOXHO Oyner
npoYnuTaTh mporeccopom. PopmupoBanue 3aAHETO (PpOHTA 3amycKa BHEIIHEH

YBB
(AL —

PA

24h

STB=0

Puc.1.6. Coenunenue ALIII ¢ mopTom

PC

PC6

PC4
28h

CXEMbl MOJHO MOPYYUTb OJHOMY U3
cBOOOAHBIX BBIBOJOB mnopTta PC, koTopsIii
HE y4YacCTBYET B YIIPaBICHUU PEXKHUMOM 1,
Hanpumep, PC6.

Torma g 3amaHus  TpeOyeMbIX
pexumoB (pexum 1 mopra PA, pexum 0
nopra PB, paspan PC6 Hactpouts Ha
BBIBOJI) HEOOXOIMMO B COOTBETCTBHH C
Tab11.1.4 cpopmupoBaTh KOMaHIbI:

MOV AL,10110000b
OuUT 2Ah,AL.

CrnenyromumM MaroM J0JDKHO OBITh
3ajaHue coctosgHusa BbiBoga PC6 cHauana

1, 3atem 0 mnst popmupoBaHus 3amHero (ppoHTa 3amycka BHEIIHETO yCTPOWCTBA.
[TosTomMy pexum ymnpaBieHuss 3TuM paspsgom nopta PC 3amaercss KoMaHIOM
copoca/ycranoBku no 1abi.1.5 B anpec PYC Mukpocxemsi:

MOV
OUT
MOV
OUT

AL,00001101b

2Ah,AL

AL,00001100b

2Ah,AL.

BBog Gaiita ot ALIA ocyiiecTBiIsieTCS TOJIBKO IMOCE MOJTYYEHUs] CUTHaIa
okoHuaHusi npeoOpazoBanuss STB=0 na Bxome PC4, mo koTopoMy MOPT €ro
3annoMHUT. [loaTBepkaeHMeM mnpuMa Kojaa mHopToMm sBisietca curdHan IBF=1,
KOTOpBIA JOJKEH B pexkuMe 1 mosiButhes Ha BeiBoge PCS. Tonbko mociie 3Toro
BO3MOXXHO YTE€HHMsS A3TOoro Oaifta mporeccopoM. I[loaTtoMy st coryiacoBaHus
BPEMEHHBIX MapaMETPOB ATUX IPeoOpa3oBaHUN MPEANOIaracTcs MUK OKUIaHUS
nosiByicHus 1 moareepskaeHus npuma 6aita uz AL Ha BeiBoge PCS5:

Ml1: IN

TEST

Iz
IN

AL,00100000b

AL,24h.

DTy Ke Mpoleaypy MOXHO OpraHM30BaTh C MCIOJIb30BAaHUEM CHUTrHaa
npepbiBaHus OT KaHana PA, KOTOpblii cCHUMaeTcs B 3TOM pexxkume ¢ BbiBoja PC3,
OJIHAKO TPHU 3TOM HEOOXOJIMMO MPEIBAPUTEIHHO BBIIIOJIHUTh YCTAHOBKY TpUITEpa
paspemenust npepeiBanus (paspsg PC4, cm T1abn.1.3) ¢ momompio KOMaH/IbI
copoca/ycranoBku no 1abi.1.5 B anpec PYC Mukpocxemsi.
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Eciu HeoOxomumo ympaBisaTh LU(pPO-aHATIOTOBBIM MpeoOpa3zoBaTeieM
(LIAIT), TO nmocTatroyHO HCMOJB30BaTh CBOOONAHBIM TopT PB B pexume O.
[lomaganne xoma B mopT PB cpa3y BBI3OBET BblIAayy AaHHBIX Ha BBIXOJ U
MOJIyYEHHE aHAJIOTOBOTO CUTHAJIA.

3aganue 1.3.1. Hamucate nporpammy ompoca KiaBUaTypbl 8x8 ¢
onpeaerIeHueM KoJa HaxkaTol kinaBuiu. Mcnonb3oBats pexuM 0.

OcHoBHast MaTpulia KJIaBUATYPhl pa3MepoM 8X8 MOAKIIIOUCHA K KaHaitaM A 1
B, npuuem kanan A gomxeH paboTaTh Ha BBIBOJ, a KaHay B Ha BBOA mHbOpMAIIHH.
K BeiBogam C5, C6, C7 kanama C IOIKIIOYEHBI JIOTOJHHUTEIIHLHBIC KIIABUIIN
ynpasieHnusi peructpamu. BeiBog C4 wucnons3yercss Ajisi BBOJA JaHHBIX C
MarHuTHOW JeHTsl. CrenoBarenbHO, cTapiuas Terpana kaHama C J0KHA ObITh
3amporpaMMHpoBaHa Ha BBojA. B muanmmeid terpane kaHaina C HCHONB3YHOTCA
TosibKO JiBa Outa: CO — BBIBOJ JIaHHBIX Ha MAarHUTHYIO JeHTY U C3 — uHAuKauus
packnaaku knaBuarypsl "Pyc/Jlat". CiaegoBarensHo, Miasmias Terpaga kaHamga C
JOJKHA OBITH 3alpOrpaMMHUPOBaHa HA BBIBOJ.

Hust  pabotel  kinaBuatypsl uepe3 paspsabl  C4-C7  BbIOJNHSETCS
CKaHMpPOBAaHUE KJIABUATYPHI, T.€. BbAaeTcs koj Oerymiero Hyns. [lpu HaxaToin
KJIaBHIlIE Ha OAHOM M3 KOHTakToB CO0—C3 mnosBisieTcs KOJ HyJsl, KOTOPBIA
0OHapyKMBAETCS IPH YTEHUU Myaamiel yacTu nopta C (ompoc KiIaBUaTypshl).

JlaHHble I TIPOTPAaMMHUPOBAHUST MOKHO MPEJICTaBUTh  CIEAYIONIUM
obpazom:

Anpec JlanHbIie
Al A0 | D7 D6 ? D4 D3 D2 D1 DO
1 1 1 0 0 |0 1 0 0 1
Crap- Mnan-
Ka-
Peructp mas Kanan | Ka- mas TeT-
Pesxxum npo- Kanan A | nan A
yIpasiie- terpana | B pe- | man B | pana ka-
rpaMMUpoBaHus | pexxum 0 | Bbl-
HUS 5o kaHaina |kum O | BBox | Haia C
& C BBOJ BBIBO/I

B oTtyere npenctaButh:

1. CTpykTypy yOpaBisitouux cioB aiisi nporpammupoBanus [1I1A;

2. CxeMmy airoputMma oOmpoca KIaBHATypbl W OOpaOOTKH JaHHBIX JIs
MOJIYYeHHS KO/ KJIaBUIIIHY;

3. Cxemy noaxiatoueHus kiaaBuatypsl K [111A;

4. TekcT mporpaMMbl Ha accemouiepe.
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3amanue 1.3.2. Hanmcare mporpammy Bbinauu 20 OalT yepe3 sMyIsTOp
nopra LPT.

B otuere npencraBuTh:

1. Inarpammy nportokosa LPT;

2. CxeMy airopuTMa BblJIa4d JAHHBIX;

3. Cxemy ynpasisironux BoiBo10B OT T1ITA.

3amanue 1.3.3. Hanmcate mnporpammy omnpoca KiIaBUaTypbl 8Xx8 cC
OTIpe/ieNIEHUEM KOJ1a HaXKaTol KJIaBHILHU O MpepbiBaHuto. Mcnons3oBaTh pexum 0.
B oTyete npeactaBuTh JaHHbIE, aHAJIOTUYHBIE 3adaHuio 1.3.1.

3amanue 1.3.4. Hanucats nporpaMmy BbIBOJA Ha 4-pa3psblil HHIUKATOP.
Hcnons3oBath pexxum 0. B paccmaTpuBaemoil cucteMe HHIUKATOp peaiu30BaH Mo
TMHaMu4eckod cxeme. HMHpopmanuoHHBIH KOJI ¢ TopTa A 3aKHTraeT
COOTBETCTBYIOIIIME CETMEHThl HWHIMKATOpa, a yYIpaBlsAlONMid koa ¢ mnopra B
aKTUBU3UPYET HYKHBIH WHUKATOD, BbIJIaBasi ypOBEHb HYJIS.

B oTueTe npencraBuTh JaHHbIC, AaHAJIOTUYHbIE 3a/1aHuio 1.3.1.

Bonpocul 0na camonposepku

1. Cdopmynupyiite Ha3HaUEHHUE MMApaAIIENBHOIO HHTEpdelica.

2. KakoBa mporpaMMHas MOJIEJIb IapajuIeaIbHOTO HHTEpdeiica?

3. KakoBo Ha3Hau€HHE TUIOBBIX PETUCTPOB MAPAILIEIBHOTO UHTEpderica?
4. Hapucyiite cxeMy NOIKJIIOYEHHMS MUKPOCXEMBI apajuIeIbBHOIO HMHTEp-
detica k mmuam MIT.

5. Kaxkue cymecTByIOT peXUMbl pabOThI MapajuieabHOro uHTepdeiica?

6. Hapucyiite cxeMy NOJKIIFOUEHHs] BHEIIHUX YCTPOMCTB K IMapajuIeIbHO-
My UHTEpPeiicy.

7. PazpaboTaiiTe mporpamMmmy MHHUIMAIM3ALNUN TapalieIbHOro HHTEpdeiica
JUIsl OCHOBHOT'O PEXXHUMA.

8. Paspaboraiite nporpaMmy MHMLIMAIU3ALUU [TapAJJIEIBHOIO UHTEpdeiica
IUIsL CTPOOMPYEMOTO OJIHOHANPABIEHHOTO PEXUMA.

9. PaszpabotaiiTe nporpaMMy MHULMAIN3ALNUN TapauIeIbHOrO UHTEpQeiica
U1 CTPOOMPYEMOTO JBYHAIIPABIEHHOIO PEKUMA.




17

2. AHAJIN3 PEZXKUMOB ITPOI'PAMMUMPOBAHUA
MOCJEJOBATEJBHOI'O UHTEP®EVICA

geﬂb

1. W3y4nTh OPHHIMIIBI KCIIOJB30BAHMS ITOCIIEIOBATEILHOTO OOMEHa B
MIIC,;

2. CoBeplIeHCTBOBATh HABBIKM aHaJIN3a, 0000LICHHS M CUCTEMATHU3AIUHU T10-
JIYYCHHBIX PC3yJIbTATOB, HABBIKU COCTABJICHUA U O(I)OpMJ'IeHI/IH OTYCTHBLIX MaTCpHa-
JIOB, HABBIKKW TOYHOI'O W JJAKOHUYHOI'O IIPCACTABIICHUA JOKJIAaJ0B Ha BOIIPOCHI TCX-
HUYECKOTO XapakTepa.

Yueonvie sonpocut

1. Ananus pexxuMoB paboThl HHTEp(erica;

2. IlporpaMmMmHasi MOJIEb U PEXKUMBI pabOThI HUHTEpdeEiica;
3. TlporpammupoBaHue pexxuMoB paboThl HHTEpPeiica.

Jumepamypa 013 n0020moeKU K 3aHAMUIO

1. Karan b.M., Cramud B.B. OCHOBBI TPOEKTUPOBAHUS MUKPOMPOLIECCOP-
HBIX YCTPOMCTB aBTOMAaTUKU. — M.: DHeproatomusaart, 1987. — 304 c.

2. banamos B.JI. u ap. Mukpo- u muau-OBM: YaeOHoe mocobue s By-
30B. - JI.: Dueproatomusnaar, 1984, - 376 c.

3. VrpromoB E.IL Iludpoas cxemorexuuka: YaeOHOe mocoOure sl By30B.
- CII6.: BXB-IletepOypr, 2007. - 800 c. (ctp.419-439).

4. http://literaturki.net/elektronika/mikroprocessory--mikrokrntrollery/250-
18-posledovatelnyi-adapter-vvS1la

Coodepicanue omuema
1. Hazpanue paboThI;
2. Jlns kaxaoro 3aaHus: Ha3BaHWE 3aJlaHUsl U MaTepHall B 00beMe, yKa3aH-

HOM B 3aJaHUH.

[Ipu OConpIIMX PACCTOSHUAX TPYAHO OOECIEUYUTh MOMEXO3ANUIIICHHOCTh
nepeIaur JaHHbIX MapajuieIbHBIM KoJgoM. Kpome Toro, 60761110 KOTUYEeCTBO JIH-
HUW PE3KO YBEIWYMBAET CTOMMOCTHh KaHaia. [loaromy mepemady oOecnedmBaroT
MOCJICIOBATEIBHBIM KOJIOM. JTOT CHOCO0 00eCreymBaeT MEHBITYI0 CTOMMOCTb,
BBICOKYIO ITOMEXO3AIIUIIIEHHOCTh 32 CUET BHICOKUX YPOBHEHW CHUTHAJIA M JOITYCKAeT
OOJBITYI0 MPOTSHKEHHOCTD JIMHUH nepefaun. OqHaKo MPOU3BOIUTEIHLHOCTD MOJTY-
JaeTCs HIKE, U MMEIOTCS CIIOKHOCTH B HHTEPIIPETAIIUU TIEPEIaBacMbIX JaHHBIX.

[Ipu mepenade HEOOXOAMMO PEIIMTH BOIPOCHI ONPECIICHHUS Hadyaja Iepe-
Ja4l, MOMEHTBI BpeMEHH! (PUKCAIlMU 0YepeTHOTO OUTa JaHHBIX, YOSIUTHCS B JOC-
TOBEPHOCTH TIEPE/Iavul U ONPEIACITUTh MOMEHT OKOHYaHUs nepeaadu. [IpumMeHsroT-
s IPOTOKOJIBI TTOCIIEIOBATEILHOTO 0OMEHA ACHHXPOHHBIN M CHHXPOHHBIH.
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[Ipy acMHXpPOHHOM MOC/IEI0BATEILHOM OOMEHe IIOChUIKA COCTOUT U3
CTapTOBOro OuTa, (PMKCUPYIOLIErO0 Hayajao MepeAadyd, CaMux Iepe/laBaeMbIX I0-
JIE3HBIX JIAHHBIX (CUMBOJIA, IJTUHOM OT 5 10 8 OUT, HAUYMHAs C MIIAJIIETO pa3psaa),
BO3MOYKHOTO OMTa YETHOCTU (MJIM HEUYETHOCTH), a TAKKE CTOIMOBBIX OUT, KOJUYE-
CTBO KOTOPBIX MOKeT ObITh 1, 1,5 mnm 2. Takas nmoceuika Ha3biBaeTcs kaapoM. Ee
CTPYKTYypa noka3ana Ha puc.2.1. Kaxaplii cuMBoJ niepeaeTcst OTAEIbHON MOChLI-
KOH.

Crapt, CuMBOT [TapureTr  Cronm
XDOXmX 2><m (s D>k
m v | r]r]r]r]r]or] E o

Puc.2.1. CtpykTypa Kajpa rnpu aCHHXpOHHOM OOMEHE

[Tpu acuHXpOHHOM OOMEHE CHMBOJIBI TIEPEAAIOTCS 110 MEPE UX TOTOBHOCTH.
[Ipu oTCyTCTBUU NEepeauy B JIMHUM HMPUCYTCTBYET BBICOKOE HampsiKeHue (eInHu-
na). C mosiBJIeHHEM HyJsl HAYMHAET paboTaTh T'€HEpaTop MPHUEMHHKA, KOTOPBIN
UHUIMUPYET PUKCAIUIO HAIPSDKEHUS B IMHUH Yepe3 MOJIOBUHY UTUTEILHOCTU OH-
ta T. Eciiu Hynb He moATBEpAMIICS, TO CUTyalllsl BOCIPUHUMAETCS KaK IoMexa U
o0opy/i0oBaHKE BO3BpalllaeTCsi B UCXOAHOE cocTtosiHue. Eciu Hynb 3apukcupoBaH,
TO CYUTAETCS YTO ATO CTAPT-OUT M MPOMCXOAUT MOCIEAyIolee YTeHne nudpopma-
UOHHBIX OuTOB. Ilocie mpouyTeHust CTOm-OMTa MPUEMHUK 3aKaHYMBAET OMPOC U
KJIET CIEIYIOIIEeTo CTapT-OuTa.

[Tocne crapT-OuTa BCe ocTaibHble (PUKCAUM MPOUCXOIAT yepe3 Bpems T,
4TOOBI CYMTHIBAHHE MTPOMCXOANIIO B CEpeANHE MHTEpBala Kaxaoro Oura, rae uc-
Ka)XCHUS aMIUIUTY/bl MUHUMAJIbHBI.

MoMeHTBI BbIIa4H ¥ YTEHHS 337al0Tcsd COOCTBEHHBIMU I'€HEpaTOpaMu Iepe-
JaTyrKa ¥ MPUEMHUKA, YaCTOThI KOTOPBIX JOJKHBI ObITh MUHUMYM B 16 pa3 BbIle
4acToThl nepeaayn. [1oaTomy nepBbiif OTCYET OCYIIECTBIISETCS Yepe3 8§ TaKTOB re-
HepaTopa, a nociuenyromue - yepe3 16 taktoB. CKOpOCTH Neperadyn TakKe CTaH-
naptusupoBanbl. [IpeobpazoBanue MociaenoBaTENbHOIO KOAA B MapalIe/bHbBIN U
HA00OpPOT MPOUCXOUT Ha pErucTpax casura. B ycTpoiicTBax MMEIOTCS OTAEIBHO
PErucTp CIBHUra U PETUCTP XPaHEHUS KOJa, U3 KOTOPOTO KOJA YUTAETCS MUKPOMPO-
LIECCOPOM.

Jljis ycnenrHoi nepeiayu 4acTOThl Iepeaun U MpreMa J0KHbBI ObITh OfH-
HAKOBBI, & MHTEPIIPETAUS COCTABIAIOMUX (hopMaTa Kaapa JOJHKHBI ObITh €IHHbI-
MU U151 000MX CTOPOH.

Takoii popmar kaapa no3BosieT GUKCUPOBATH TPH TUIIA OMIMOOK Mepesayn:

- ommOKy mapurera - Ipu OOHApYXKEHHH OuTa YETHOCTH, HE COOTBETCT-
BYIOILIETO (paKTHUECKOMY MPUEMY TIpH Tepeaaye;

- omMOKy Kajapa (omuoKy Gopmarta) - Ipu OTCYTCTBUM CTOM-OUT B CTPYKTY-
pe Kanpa;

- omMOKy TpoIrycka (IEpernoNHeHus1) - B CIIy4ae, eclid MpOoILeccop He ycren
IPOYHUTATh KOJ U3 PErucTpa XpaHeHUs MpH 3al0JTHEHHOM PETUCTPE CABUTa K MO-
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MEHTY Hauaja MpueMa CJIeIyIonero koja. Takon koj (yKe TPEeTHil 1o cuery) 0y-
net yrpadeH. [Ipoieccop JOMKEH CUUTHIBATH KOJ OBICTPEE, YeM 3aIrOIHICTCS pe-
THCTp CIIBHTA.

ACHHXpOHHAas Tepeada uMeeT OOJIBIIOE KOJIHMYECTBO CIY)KEOHBIX OUT (OHU
UMEIOT MECTO JUIsl Tepeiayl KaKJIoro Kajpa), 4TO CHUXKAeT 3PPEKTUBHYIO CKO-
pocTh nepeaaun. OMHAKO MPOTOKOJ XOPOIIO 0TpaboTaH M UMEETCS HEIOPOTOe MH-
TepdeiicHoe 000pyI0BaHHE.

IIpy cMHXPOHHOM Nepexaye CTPYKTYpa MOCBIIKM BHEIIHE OYEHb IT0OX0KA HA
CTPYKTYpY Kazapa IIpu aCUHXPOHHOMW Iepenadye. BapuaHT TakoM IOCBUIKH MTOKa3aH
Ha puc.2.2. Ho xaxapIil mpsMOYTroJbHUK HAa 3TOM PUCYHKE 3ajaeT He 1 our, a 1e-
761 cUMBOJI (5-8 Out). JImnHa Bcex CUMBOJIOB OJJMHAKOBA.

CHMBEDIEI none gaHHeNx Kon CUMBOM
CHMHXDOHM3aLMK (Mepenapaemels CMMBONE) OBHAPYHEHMA  OKOHYaHKA
OLLMEHK Nnepegaqw

Puc.2.2. CtpykTypa NOCBUIKH TP CUHXPOHHOM OOMEHE

[IpyeMHHMK TpU CHHXPOHHOM Mepenade HaXOJUTCS B PEXKHUME AKTUBHOTO
OKUJIaHHSI ¥ TTOCTOSIHHO CPABHUBAET MPUHATHIA CUMBOJ C CUMBOJIOM CHHXPOHM3A-
uuu. Hanpumep, B cucteme ASCII TakuM cumBoiOM siBisercss koja 16H=
0001.0110. CuMBOJIOB CHHXPOHHU3AIIUU MOXKET ObITh | uiu 2 11t GoJbIIei mome-
X03aIUIIeHHOCTH. JIF000# CUMBOJ MOCIE€ CUMBOJIOB CHHXPOHM3AINH, HE SIBIISIO-
IIMMCS CHHXPOCHUMBOJIOM, cUMTaeTcs MH(OpMaruoHHbIM. OKOHUaHHE Mepenadyu
dukcupyercs 1100 MO KOJIMYECTBY WH(OPMAIIMOHHBIX CUMBOJIOB, JIMOO 1O MOCTY-
IUIEHUIO CUMBOJIA CHHXPOHU3AIUH.

Kontpons nepeaaun ocymiecTBisieTcss MO0 OUTY YETHOCTH IOCIE KaxI0TO
CHUMBOJIa WJIM BBIYUCIEHUEM KOHTPOJIBHOM CyMMBI [0 MOJYJIIO JJIsi BCEro coooie-
HUs. B mocnenHem ciydyae KOHTPOJIBHBIA CUMBOJI MEPEAaeTCss B KOHIIE MOCBHUIKH.
[Tpu orcyTcTBUM Tepenadyu nepenaTyuk (pOpMHUpPYyeT CHHXPOCHMBOJBI 10 Hayania
cienyroen nHHOPMaMOHHON TOCHUIKH.

CunxpoHHas nepezadya odecrieynBaeT 0osiee BHICOKYIO CKOPOCTb, JOITYCKaeT
HAJICKHBIM BCTPOCHHBIA MEXaHU3M OOHapyKeHUs OIMIMOOK, OJTHAKO TpeOyeT Ooee
CJIOKHOTO U IOPOroro nHTep(eiicHoro o0opynoBaHusl.

3aoanue 2.1 Cmpykmypnas cxema adanmepa
JUJis1 CBSI3M € yAalleHHBIMUA UCTOYHUKAMU WH(GOPMAIIMU TIPOIIIE UCIIOJIb30BaTh

OJIHOIIPOBOJIHYIO JIMHUMIO CBSI3M C TOCIIEOBATENIbHONW nepenayeit mo Herd uHGop-
MalMOHHBIX OuTOB. Ha mpakThke HEpeaKo HCIOJb3YIOT OObIYHBIE TelehOHHBIC
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JuHUU cBs3u. Ho make xorja mpUMEHSIOTCS CHEIUalbHbIe JTUHUU, TO OYEBUJTHO,
4YTO MO MPOTSHDKEHHOW JIMHUM HEBO3MOXKHA Iepefadya MH(OpManuu C TaKTOBOU
4acTOTOM MUKporpoiieccopa (2 MI ).

Jliist moctpoenust HHTEpPeiica MUKPOIIPOLIECCOPHBIX CUCTEM C HCIIOJIb30Ba-
HUEM IMOCIIEA0BATENIbHON Mepejaunl JaHHBIX UCIIONb3YIOTCS CHEIUaTIN3UPOBAHHBIC
untepdeiicapie BUC, KoTOopble MOJy4YUSiM Ha3BaHUE MPOrPAMMUPYEMbBIX CBA3HBIX
agantepoB (IICA). Onu obecrnieunBarOT Mpeodpa3zoBaHre (POpMbl MpPeACTABICHUS
uH(OpMAaIH, COTJIacCOBaHUE MPOTOKOJIOB OOMEHA JaHHBIMH BHYTPU CHCTEMBI U
BHE €€, COIJJaCOBaHUE CKOPOCTEN NEPEAAUN U TAKTOBOM YaCTOTHI MPOLECCOPA.

Mukpocxema nporpammupyemoro cBsizHoro agantepa KPS80BBS1 moxer
OCYIIECTBIISTh BbIJady OaiTa JaHHBIX, MPEACTABICHHOTO MapaJlIeIbHBIM KOJIOM, B
MocCJeI0BAaTEIBLHOM (pOpMaTe C COOTBETCTBYIOIIUMHU OUTaAMH OOpaMJICHUS: CTapTO-
BBIM, CTOIIOBBIM M KOHTPOJIBHBIMH. OHA K€ MOXKET OCYIIECTBISATH MpueM UHEGOP-
Malliy, TPEJICTABIEHHON MOCIeA0BaTEeIbHBIM KOJOM, U €€ MpeoOpa3oBaHUE B
cTaHJapTHYIO napauienasHyto ¢popmy. CtpykrypHas cxema [ICA u ero YI'O npen-
CTaBJICHBI HA puUc.2.3.

a)

Puc.2.3. CtpykrypHas cxema (a) u YI'O nepudepuitHoro cBsi3HOTo
apantepa (IICA)

- . 202812 puees n
pﬂ B’ ’5_'3 -7 r,p
bypep ‘E:) Nepedan- o0 |1 Il b
- V1 ,(ﬁ} R— :
darHbix wr @ Wl r{}tl'” _L—;L_
J
! L} B9 R
RESET_, (| (it 2lpp| T
(LK ——{ Moauxa He nepe-1—s=TxEHPTY g o5 2
5/3 — Ymenus - o damyurom foe— Tr ISR m
—| JaMEY ADNT: ;’I’,;T,f 2
WE —» . Ly |TET
6§ —j Tpuemmuiy jae—— fx ]} J)
_[F—a-c R 1 &
Ynpabne- {—>RxADY
4TS —>q Jonue e Tpue-e— SYNDET
f1§ <—0 1 HukoM  Joe— Rx[
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[lo mpuHsATON KiIacCH(pHUKAMU Takash MHKPOCXEMa B aHTJIMHCKOI TpaHc-
kpuniuu  cootBerctByeT USART -  Universal Synchronous/Asinchronous
Receiver/Transmitter - yHUBepcalbHBIH CHHXPOHHO/aCHUHXPOHHBIM MpUEMOIIepe-
JATYHK.

Ha puc.2.4 ¢ yd4eroM HCHOJIb30BaHUS TOJIBKO YETHBIX AJPECOB IMOKA3aHO
nonkiarouenue [ICA k MII.

B amantep momaroTcs mecTh BXOAHBIX CUTHAJIOB:

RESET (cOpoc) — BBICOKHII aKTHUBHBIM CHTHajd cOpoca ¢ MUHUMAILHOMN
JUTUTEIIBHOCTRIO 6 TIeproJ0B cUHXpoHU3anuu. [locne mefcTBHsl 3TOro CUTHaNA
ajanTep MepeBOAUTCS B «XOJOCTON» PEKUM M OCTACTCS B HEM JIO 3arPy3KH YITpaB-
JISTIOIIUX CJIOB. B 3TOT pexuM ero MO>KHO MEPEBECTH TaKKe MPOTrPAMMHO;

CLK (cuHxpoHM3a1usl), MOJIKIIO-

4aeTCcsl KO BTOPOH (pase CUCTEMHOTO re- i 17 EHCA

HepaTopa CHHXpoHHM3anuu. YacroTa A oy O

curnanos CLK momkHa ObITH MUHUMYM e\ p, RAD—

B 30 pa3 Oojbliie MaKCUMaIbHOM CKOPO- JfoR——————4RD

cTH OOMEHa JJaHHBIMH; T—jﬁ S
RD (cuuthiBaHue) — HYJIEBOU - B

aKTHBHBIN CHTHAJ, HHUIUUPYIOIINI TIe- RESET }

peaady JaHHBIX HIM  COCTOAHHA M3 Puc.2.4. Tlonkmoyenue I[ICA

ajanTepa Ha MKMHY JaHHbIX MII; K IIMHAM

WR (3anuce) — HyJI€BOW aKTUB-

HBI CUTHAJ 3arpy3ku nH(opmanuu ¢ muHbl JaHHeIX MII B agpecyemslii peructp
ajanrepa;

C/D (Control/Data - ympaBineHue/nqanHble) — CHUTHAI HACHTU(DUKAIIAN Tie-
pelayu JaHHBIX WK YIPABISIONIUX CJOB: | - mepegaeTcs ynpasisitoniee cioso, 0 -
NepENA0TCs JaHHBIE;

CS (BbI0Op KpHCTaIa) — HYJIEBOM aKTUBHBIN CUTHAJI, pa3pellialolInil CBs3b
MEXIy ajanTepoM ¢ IMHOW naHHbIX. DopmupyeTcss AemuPpaTopoM ajapeca Mo
CUTHaJIaM aJpECHOM IIMHBI POLIECCOpa.

Oynakuuu [TCA u koMOMHAITMY CUTHAJIOB YIIPaBJICHUS MMOKa3aHbl B Ta0.2.1.

Tabmuma 2.1
®yukuuu [ICA u curnansl ynpaBieHUs
CS C/D RD WR OyHKIMN
0 0 0 1 CuuteiBanue Oaiita u3 IICA
0 1 0 1 CuynTtbeiBanue cioBa coctossaus u3 [ICA
0 0 1 0 3anuce Oaiita B IICA
0 1 1 0 3anucek ynpasisiroero ciiosa B [ICA
0 X 1 1 Otximrouenue IICA oT mmHBI JaHHBIX
1 X X X
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Cocrostnue RD = 0 u WR = 0 sBisieTcs 3anpenieHHbIM U JaeT HenpeacKa-
3yeMblil pe3ynapTaT. CxeMa yInpaBieHMs ajanTepa COAEPKUT COOCTBEHHbIE LIETH
CUHXPOHM3aIMH, 1103TOMY curHainbl RD u WR Moryt ObIThb HECUHXPOHHBIMH CO
BxoaoM CLK.

¥Y3ea mepenaTynka co CXEMOW YIpaBJICHUS BBIINOIHSET BCe (PyHKLNHU, CBSI-
3aHHBIE C IEpeladey MOCIIEIOBATENbHBIX TaHHBIX: BOCIPUHUMAET IIapajlIC/IbHbIC
KOJBl CHMBOJIOB OT IPOIIECCOPA, aBTOMAaTHYECKH BBOJAUT HEOOXOAMMBIE CITy»KeO-
HbIe OMTBHI U CHUMBOJIBI CHHXPOHHM3AIIMU M BBIJACT IOCJIECIOBATEIbHBIN MMOTOK Ha
BbIxoJ TXD. C 3TuM y3710M B3aUMOJEHCTBYIOT CIEAYIOIIME BHEIIHUE CUTHAIBL:

TxD (BbIXOJ mepenaTyMka) — BBIXOJHASI JUHUS, MO KOTOPOM IEHUCTBYIOT
CHUTHAJIBI IIEPEIABAEMBIX TAHHBIX;
TxC (cuHXpoHM3alUs TEpeAaTunKa) — BXOJAHOW CUTHAJN, YNPaBIISIONINMA

ckopocThio nepenaun aaHHbiX. Cnag TxC "BeiaBuraer" mocienoBaTe/ibHbIC OUTHI
Ha BbIXxo TxD. B CMHXpOHHOM peXHME CKOPOCTh IE€peayu COOTBETCTBYET 4ac-
toTe curHana TxC, a B aCHHXPOHHOM peXUMeE Mporpammupyercs kak 1, 1/16 wim
1/64 gactotsl cur"aina TxC;

TxE unu TxEmpty (myctoi nepeaaTynk) — €AMHUYHBIN aKTUBHBIA BBIXO/I-
HOU curHaj, o0o3HavyarouMil OTCYTCTBUE B ajantepe B OyhepHOM perucTpe cum-
BOJIA I miepefaun. Ero MOKHO MCIONIB30BaTh ISl UACHTHU(UKAIMK B TTOTYIYTI-
JIEKCHOM CBSI3M OKOHYAHMS IEpeJayd M KOMMYTalMd JIMHUM Ha npueM. B cuH-
XpoHHOM pexume H-ypoenp TXE yka3biBaeT, 4TO CHMBOJ BOBPEMS HE 3arpyKeH
B aJanTep U B KAa4yECTBE '3alOJIHUTENEH" aBTOMAaTUYECKH IEPENAIOTCS CUMBOJIBI
CUHXpOHU3aMU. Ero MOXHO IPOBEPUTH MPU CUUTHIBAHUU CJIOBA COCTOSIHUS a1arl-
tepa (6ut 2). Curnan TXE cOpaceiBaeTcs mpu 3arpy3Ke CUMBOJIA B a/1alTep;

TxRDY (rotoBHocTh nepenatunka) — H-aKTUBHBIN BBIXOAHOM CHUTHAJI, OII-
pEIENSAIOMMI TOTOBHOCTh NEpeAaTuMKa K BocnupusaTuio cumBoia ot MII. Mcnons-
3yeTcs JAJIsl IPEPBIBAHUS MTPOLIECCOPA WM MPOBEPSIETCSA MPU CUYUTHIBAHUU COCTOSI-
Hus agantepa (out 0). IIpu 3arpy3ke B mepenaTyMk HOBOI'O CHMBOJIA CUTHAI
TxRDY coOpaceiBaeTcs.

¥Y3eq npueMHHMKAa ¢ aBTOHOMHOW CXEMOW YIpaBJI€HUsS BOCHPUHUMAET IO-
cienoBarenbHbIe JaHHbIe cO Bxona RxD, mpeoOpasyer ux B mapasuienbHbIN (op-
MaT, KOHTPOJIUPYET U UCKITIOYACT CITY)KEOHBIC OUTHI M1 CHMBOJIBI CHHXPOHHU3AIIHH, A
3aTeM Mepe/laeT TOTOBbIM CUMBOJ B mpoueccop. K nmpuemMHuKy OTHOCSTCS clie-
JYIOLME BHEITHUE CUTHAIIBI:

RxD (Bxoa mpueMHHKa) — BXOJIHAS JIMHUA, IO KOTOPOW MEPEIAtOTCA CUT-
HaJibl IPUHUMAEMBbIX TTOCJIEI0BATEIbHBIX JAHHBIX;

RxC (cuHxXpoHM3alusi MPUEMHUKA) — BXOJHOW CHUTHAJ, OINpPEACIISIONIMA
CKOPOCTb MPHUEMa CUMBOJIOB. B CHHXpOHHOM peXuMe CKOpPOCTb MpUEMa COOTBET-
ctByeT yactore curnana RxC, a B acunxponHom yactora RxC kpaTHa ckopocTu
npueMa (Huxe ¢ kodgduimentom 1, 1/16, 1/64, uyto obecnieunBaeTcs ASTUTENIMU
yacToThl). JlanHbie BBomsATCA B agantep mno pponty RxC. OObluHO mepemauda u
MPUEM OCYIIECTBIISIIOTCS ¢ OIMHAKOBOM CKOPOCThIO, modToMy curHaibsl TxC u RxC
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JOJKHBI UMETh OJMHAKOBYIO 4acTOTy. J{Jis 3TOro oHM OOBEAUHSIOTCS U MOAKIIIO-
4aroTCs K OAHOMY F'€HEpaTopy CUHXPOHU3AINY;

RxRDY (roroBHOCTh MpUEMHUKA) — BBIXOJHON curHai, H-ypoBeHb KOTO-
pOrO CBUJAETENBCTBYET O HAIMYUU B AIANITEPE NMPUHITOTO CUMBOJIA U TOTOBHOCTH
€ro sl YTeHusA. Ero MOKHO MOJKIIFOUMTE Ha BXOJ MPEPBIBAHUS IPOLIECCOPA WIIN
IIPOBEPUTH 3HAYEHUE NPU CUUTHIBAHUU CJIOBA cocTosiHus ananrtepa (6ut 1). Korna
MIPOIIECCOP BBOJIUT CUMBOJI U3 ajantepa, curHain RxRDY cOpackiBaercs;

SYNDET (Detect/Break Detect - oOHapyxeHue cuHxpoHuzanuu) — H-
AKTUBHBIM CUTHAJI CHHXPOHHOIO PEXUMa, KOTOPBIM MOXKET OBITh 3alIPOrpPaMMHUPO-
BaH KaK BBIXOJHOW WJIM BXOAHOM. Eciu OH 3amporpaMMHUpOBaH Kak BBIXOJHOM, TO
npu oOHapyxeHnu cuMBoia cuaxponusauuu (SYN) Ha Beixoae SYNDET dopmu-
pyeTCs BBICOKHM YPOBEHb B MOMEHT BPEMEHH, COOTBETCTBYIOIIUM CEPEIUHE II0-
cienHero Outa (B ciiydyae pabOThl ¢ IByMSI CHMBOJIAMH CHHXPOHHM3AIUH 3TO OTHO-
CUTCSl KO BTOpOMY curHainy cuHxpoHusanuu SYN2). [Ipu cuuThIBaHUU COCTOSHUSA
agantepa curnain copaceiBaercsa. Korna curnan SYNDET onpenenen kak BXOIHOU
IIpY BHEILIHEH CUHXPOHM3AIMH, [10la4ya Ha HErO BBICOKOIO YPOBHS (PUKCHUPYET MO-
MEHT HayaJia pueMa CUMBOJIA.

B acuHXpOHHOM pexkuMe BbIBOJ POPMHUPYET BBHICOKMI MOTEHIIMAI B Cllydae
0oOHApyKEeHHs HYJIEH Ha MECTE CTON-OMTOB B JIBYX MOCIEAOBATEIIbHBIX MOCHLUIKAX.
Ero Ha3bIBalOT CUTHAJIOM OOHAPYKEHHS pa3pblBa, U OH MOXKET OBbITh BBISIBJICH IO
COCTOSIHUIO OuTa 6 cioBa cocTostHUS aganTepa. CUrHaim Ha BbIXOJAE OOHYIsAeTCA
npu cOpoce WK NP MOSIBICHUU CTOIM-OUTOB IIPU MIPHEME OUEPEIHBIX CHMBOJIOB.

Apnantep 00CTyXKHUBaeT YEThIPE JIMHUM YIPABJICHHUS] MOJEMOM, CUTHAJIBI KO-
TOPBIX MPU HEOOXOAMMOCTA MOTYT MCIIOJIB30BATLCSA U I APYTUX (PYHKIUN Apy-
TUX YCTPOMCTB (TEPMUHAIOB). BBIXOAHBIMEH CHUTHAJIAMH MOXKHO YIIPABISTH C TIO-
MOIIIbIO CJIOB-IPUKA30B, a BXOJHBIE CUTHAJIBI CYMTHIBATH B CJIOBE COCTOSIHUS a/1arl-
Tepa:

DSR (Data Set Ready - roTOBHOCTb JaHHBIX MOJIeMa) — BXOJHOUW HYJIEBOMU
CUTHaJI OT Te€pPMHUHAJA, O3HAYAIOIINIA HAaJTU4YKMe JAHHBIX Y TEPMUHAJIA U €r0 TOTOB-
HOCTb K niepeaue B afgantep (OUT 7 B CJIOBE COCTOSIHUS aJJanTEPA);

DTR (Data Terminal Ready - roToBHOCTh TepMHUHAJIa) — BBIXOJIHON HYJIE-
BOM cUrHan (akTUBU3HpYyeTcs OutoM 1 cioBa mpukasa ajpanrepa). SABisieTcs peak-
et anantepa Ha 3anpoc DSR oT TepmuHana npu HaJauMuuu paspenieHus: ooMeHa ¢
npuemMHukoM MojieMa RXEN (6ut 2 crmoBa mpukasa [ICA). 1o aTomy curnamy mMo-
JIeM TepeacT JaHHbIE Ha BXOJ aJanTepa;

RTS (Request to Send - 3anpoc nepenaun) — BBIXOJHOW HYJIEBOW CHUTHAII
(axTHBHU3UpYETCS OMTOM 5 cloBa MpuUKasza ajnanrtepa). SBIseTcs 3alpocoM rOTOB-
HOCTH TPHEMHHKA MOJEMa MPHUHATh JaHHBIC i nepenaun. Dopmupyercs mnpu
HaJIM4MU pa3penieHus oomena ¢ nepeaarunkom mojaema TxEN (6ut O ciosa npu-
Ka3a ajianrepa);

CTS (Clear to Send - TOTOBHOCTb J1JIs I€pe/laun) - BXOJHOW HYJIEBOW CUTHAII
TOTOBHOCTHM IIPUEMHHUKA TEPMUHAJA, pa3pellaolIuid ajanTepy nepeaaBaTh JaHHbIC
st epenaur. OObIUHO reHepupyercs moaemMoM B oTBeT Ha RTS npu nanuuun
paspetieHus padbotsl Ha niepenauy TXEN (6ut 0 ciioBa mpukasa ajgantepa).
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[Tporpammupyemsiii csizHoM anmantep KPS80BB51 oGecneunBaeT moJsiHbIN
JYTUIEKCHBIA PEXUM CBSI3U, JE€TEKTUPOBAHUE CTAPTOBBIX MOCHIIOK, MOKET UCIIONb-
30BaTh pPAa3JMYHbIE CIOCOOBI MPEACTABICHUS] CTOMOBBIX OWT, JIE€TEKTHUPOBAHUE
OIMOOK YETHOCTU U OHUOO0K B popmare. OH MOKET MCIOIb30BATHCSA 1JI1 padOThI
KaK B IIEMSX aCUHXPOHHOM MOCIIeI0BATEIBHOM CBSA3H, TaK U B LIEMSIX CUHXPOHHOIO
obmena. [Ipu TpagumoHHBIX MeTOAAaX co3/laHus UHTepdeiica UPPOBBIX CUCTEM
10/TI0OHBIN YHUBEpCaIN3M NOTpeOoBail Obl OYEHb OOJIBIIOrO YKCIA YIPABISIOLUINX
CUTHAJIOB, YTO HEBO3MOXHO PEAIM30BaTh M3-32 OTPAHUYEHHOIO YMCJa BHEIIHHMX
BbIBOJ1I0B BC npoueccopa.

B otuere npencraBuTh:

1. Ctpykrypayto cxemy 11CA;

2. CxeMy anroputMa oOMeHa;

3. Kparko Ha3HaueHME BHEIIHUX CBS3€H afamnTepa.

3aoanue 2.2. Ilpozpammuas mooens u pexcumsl padomsl unmepgeiica

IICA B acMHXPOHHOM pe:xuMe 00MeHa.

JInst opraHu3anyy ociaeA0BaTENbHbIX ACHHXPOHHBIX IEPEIad CONpAracMble
cucteMsbl coenuusaroTes yepes [ICA, ycTaHOBIIEHHbBIE HA NTEPEAAIOIIEH U NPUEMHON
cropoHe. Ilepenaromas 1 npuHUMAaroas MOJCUCTEMBI UMEIOT TAKTOBBIE T€HEPA-
TOpHI, paboTarolue ¢ OAMHAKOBOW yacToToi. Kaxnaplii cuMBOJI mepegaBaeMoro
COOOILIEHHUST 3aKIII0YACTCSI B «PaMKy», KOTOpas oOpa3yercs CTapTOBBIM U CTOIIO-
BbIM OuTamu. [IpreMHUK aBTOMaTHYECKH CUHXPOHHU3UPYETCS CTapTOBBIM OUTOM
TaK, YTOOBI MO’KHO OBLIO IPOU3BOJUTH OTOOP JAHHBIX B MOMEHTBI, COOTBETCTBYIO-
IME cepelnHe Kaxaoro oura. B pesynbrare, eciiu BOSHUKHET HEOOJIbIION Apei(
4aCTOTBI TAKTOBBIX T€HEPATOPOB, 3TO HE NPUBENET K CPBIBY IIEPEIAUH.

Ha nepenaromiern ctopoHe B pekMMe ACUHXPOHHOM MEPENAYN KaXK bl CUM-
BOJI, IIPEJICTABJICHHBII MOCIEI0BATENIbHBIM KOJIOM, BblABUTaeTcs u3 0ygdepa I1ICA
B JIMHUIO CBS3U IMOPa3pSIHO CO CKOPOCThIO, KOoTopas paBHsercs 1/16 wimum 1/64
MaKCUMaJIbHOW CKOpPOCTH II€pelayy, ONPENEIsIeMOM 4YacTOTOM CHUHXPOHM3ALUU.
EctecTBenno, uro nepen nadanom mnepemaun B [ICA yxe chopMUpoBaHO MOTHOE
coob1eHue (repegaBacMblii CUMBOJI, CHA0KEH CTAPTOBBIM U CTOTIOBBIM OMTAaMH H,
eciu Tpedyercs, OUTOM KOHTPOJISI YETHOCTHU-HEUETHOCTH ).

Ha npuemHoON cTOpOHE Ha BXOJ HOPMAJbHO IIOJAH BBICOKMM ypoBeHb. [le-
pexoJ curxaia Ha 3Tom Bxoje B coctosinue 0 onosemtaet [ICA o Tom, 4uto mocry-
U1 cTapToBbIil 6uT. [Ipu 3TOM 3amyckaercs c4eTuMK OUT U BHYTPEHHUMN T'eHepa-
TOP ONOPHBIX CHUTHAJIOB, KOTOPBIM BBIJAET CTPOOUPYIOLIUN CUTHAJI HPUOIHU3U-
TENbHO B CepelrHe Kaxaoro Outa. IIpmHuMaemblii CHMBOJ IOCIEI0BATENIBHO,
paspsa 3a paspsaoM noctynaer B 0ydep IICA. Ecnu Ha TOM MecTe, rae 1o ykasa-
HUIO BHYTPEHHETO CYETUMKA JOJDKEH HaXOAWUTHCS CTOIOBBIM OMT, OKa3blBacTCA
HU3KHUI YpOBEHb, TO yCTaHABIMBaeTCs B 1 Tpurrep omunbku B popmare. Hopmains-
HBIW CTONOBBIN OUT CUTHAJIM3UPYET O KOHIE CUMBOJIA, TACUT BHYTPEHHUHN CUETUUK
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OUT U TeHEepUPYET CUrHaI, KOTOpbIil coolmtaer MII o TOM, 4YTO CUMBOJI TOTOB K 3a-
I'Py3Ke B aKKyMYJISTOP.

ACUHXpPOHHBIM TNPUHIUI CUCTEMHOr0 OOMEHa Halled UIMPOKOE paclpo-
CTpaHEHUE B MHUKPOIIPOLIECCOPHBIX CUCTEMAX OJyarofaps COBMECTUMOCTH C JIMHU-
€l CBsA3M, B YACTHOCTHU ¢ TeneTaiinoM. OgHako 001acTh IPUMEHEHUS ATOTO CIIOCO-
0a mepenay orpaHuyYeHa OTHOCUTEIBHO HU3KOW CKOPOCTBIO MEpeJadyu JTaHHBIX —
9600 6ut/c. lns paboThl C BBICOKOCKOPOCTHBIMU YCTPOHCTBAMHU 00JI€€ MOAXOIUT
croco0 MOCiIe0BaTEIbHON CHHXPOHHON NIepeaayH.

IICA B CHHXPOHHOM pexuMe 00MeHa.

B cuaxpoHHOM pexuMe JaHHBIC TIEPEIAlOTCs HE TT0 OJHOMY CHMBOJTY, a Iie-
JBIMA MacCHBaMHU CJIOB. JIJIs CHHXpOHHM3AIMHU 3allycKa MPUEMHUKA C TPHEMOM
MacCHBa UCIOJIb3YeTCS] HE €IMHUYHBIN OWT, a OJHO WJIMA JIBa CJIOBAa — CHUMBOJIBI
cuHxpoHu3anuu. [lepegaTuvk B CHHXpOHHOM pexuMe oOMeHa paboTaeT MOCTOSH-
HO ¥ BBIJIAET B JIMHUIO JAHHBIE B MTOCJe0BaTENbHOM Koze. [Ipu oTcyTcTBum (naxe
BPEMEHHOM) JIaHHBIX TepeAaTuuK HENPEPHIBHO BBIJAET B JIMHUIO CHUMBOJIBI CHH-
xpoHuzauuu. [IpuemMHuk nepen HayaaoM pabOThl HAXOAUTCS B PEKUME aKTUBHOIO
okujianus. B 310 BpeMsi OH MOOMTHO NMPUHKUMAET MOCTYIAIOIIYI0 UH(POPMALIUIO U
IIPOBEPSIET €€ Ha COBMAJCHHUE C KOJOM CUHXpOHU3aluu. CUMBOJIOM CHHXpPOHHU3A-
IIMU OCYILIECTBISIETCA aJipecalusi TOro Wik HHoro npuemHuka. CoBnajieHue cBue-
TEJIBCTBYET O Hadaie WHPOPMAIMOHHOTO MaccuBa. CHTHAJIOM COBMAJICHUS CHH-
XPOHUBHUPYETCS 3aMyCK MPUEMHHKA, KOTOPHI HAYMHAET MPUEM JaHHBIX U UX TIpe-
obOpasoBanne B mapawieiabHbi Gopmar. OIUH mepenaTInuK MOXET paboTaTh Ha
HECKOJbKO MPUEMHUKOB. HOBBIE CHMBOJIBI CHHXPOHM3AIIMHU, BCTABIISIEMbIE TEpe-
JATYMKOM B TMOTOK JIAHHBIX, TIO3BOJISIOT TOBTOPHO OCYIIECTBIISTH MPOIIEAYPY CHH-
XPOHU3AITUH.

B pexxuMe CHHXPOHHOTO MPUEMa CUMBOJIbI CAHXPOHHU3ALUUA MOTYT OBbITh Kak
BHYTPEHHUMHU, TaK U BHEIIHUMH. Eciiu nporpamMmmHoe obecrieueHrne MUKPOIIPOIIeC-
copa 3arpyxaeT B [ICA cii0BO CHHXpOHU3AIMHU, KOTOPOE ONpPEAEIAeT BHYTPEHHUN
PEXKUM, TO TPUEMHUK MEPEXOIUT B PEKUM aKTUBHOTO OKHUJIaHUA. B 3TOM pexnme
MPUEMHHK OKHUJAeT 3anoyiHeHus1 Oydepa. Kak Tonbko Oydep 3amnoaHuTcs, €ero co-
JEP)KUMOE HHTEPHPETUPYETCs aJanTepoM KaK CHUMBOJ CHUHXpoHM3anuu. Eciu
[ICA 3amporpamMmmMupoBaH Ha JiBa CHUMBOJIa CHUHXPOHHU3AIMU, TO U CJEAYIOLIUN
CHUMBOJI, 3arpy’KeHHBIA B Oy(dep, BOCIpUHUMAETCS KaK CHMBOJ CHHXPOHHU3AIIUU.
3aTeM MPUEMHUK TMEPEXOAUT W3 PEKUMa OXHJIAHUS B YK€ OINHUCAHHBIA PEKUM
CUHXPOHHOTO TIpHEeMa.

[Ipu BHEMIHEW CHHXPOHU3AIMU MPUEM JAHHBIX HAYMHACTCS B MOMEHT IIO-
cryrmieHus Ha BxoJ CLK BHeIIHero curxajia, OTMEYarollero Hayajio MochUlKu. B
ATOM CJIy4ae KaHajl CBS3HU JOJKEH UMETh JOTIOJHUTEIBHYIO (U3UYECKYIO JTUHUIO
BHEIIIHEN CUHXPOHU3ALIHH.

KOHTpoJIb 4ETHOCTU-HEYETHOCTH M TMEPENOJHEHUS B CUHXPOHHOM PEXHME
OCYIIECTBJISIETCS TaK K€, Kak B aCHHXPOHHOM.

C TOukM 3peHusi CKOPOCTH MEepeaayur JaHHbIX A1 UHPOPMAIIMOHHBIX Mac-
CUBOB Majioii pasmepHocTH (MeHee 100 OuT) GoJiee BBITOJHBIM SIBJISECTCS ACHH-
XPOHHBIA PEXKUM, a JIs MACCUBOB OOJIBIIIONW Pa3MEPHOCTH — CHHXPOHHBIN. [lep-
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BbII 00ecreynBaeT MaKCUMAJIbHYIO CKOPOCTh TMepeaadn JaHHBIX 10 9,6, a BTopoi
— 110 56K out/c.

[Iporpammuas monens IICA ocHOBbIBaeTcs BCEro Ha JIByX ajpecax, KOTo-
pbie 3anatorcs curnainom Ha Bxone C/D. Ognako ¢ yuetom curnanoB ytenus RD u
3anucu WR oOpalienre ocylmecTBIsSeTCs K PErucTpy BXOAHBIX JTAHHBIX, BBIXOJ-
HBIX JIaHHBIX, PETUCTPY KOMaH[ U peructpy ciosa coctosiuus [ICA. KomOunanuu
CUTHAJIOB, yYaCTBYIOIINX B apecainy ObUIA yKa3aHbl paHee B Ta0.2.1.

Pexum pabotsl [ICA 3amaerca mocine anmapatHoro copoca mno Bxoay RE-
SET wnu mporpamMMHOro cOpoca Mo TEeKyLeMy YIPaBIAIOIIEMY CIOBY (CIOBY
npukasza). opmar ynpasisIOLIEro CJIOBA PEKKMMa (HAYAJbHOTO YIPAaBJISOLLErO
CJIOBA) IIPEICTaBJIEH Ha puc.2.5.

= i
D7 Ds D5 D4 D3I D2 DI DO T & [ACHHXPOHHBI
O I
. o, CropocTh
5 5, | EP P L, | L, B, B, g nepenai
(] x1|x16| x 64
0 1] 0 1
= 0 0l 1 1

Inuua cumBoa, 01T

5 6 | 7 8
0 1 0 1
0 0] 1

Kontpons 4eTHOCTH

1—ecTs l 0 —ner

KoHTpONLHLE pa3psan

= 1 —yeTHOCTE | 0 — HOYETHOCTE

Usico CTONOBLIX OHT

—11l15}2
= 01| 01
= 0|0 L2

ACHHXPOHHBIH PesitM

CHHXpOHH3ALNA

CHHXPOHHBI penoiM

1— BHYTpeHHAA 1 0 —eHewHAA

Upicno oo CHHXPOHHIAIMN

1 — ogmo | 00— nea

Puc.2.5. ®opmat ynpasisroiiero cioa pexxuma [ICA

Crnenyet 00paTuTh BHUMAHHUE, YTO MHTEpIpeTanus paspsaoB D6, D7 3aBu-
CHUT OT 33J1aBaeMOro pexxumMa padoThl, KOTOPBI omnpeaensercs paspsaamu D1, DO.

B otuere npencraBuTh:
1. Yopasnstronme cinoBa s 3a1aHUSI ACHHXPOHHOTO M CUHXPOHHOTO PEXU-
MOB paboTel [ICA;
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2. CpaBHUTENbHBINA aHATIU3 ITUX PEKUMOB.

3aoanue 2.3. Ilpozpammuposanue pexcumos padomsl unmepeiica

Jlisi mporpaMMuUpOBaHHUsS ajanrepa HEOOXOAUMO 3arpy3uTh HECKOJIBKO
YOPaBISIONIMX CJIOB B ONPEACIICHHOM IOPSIKE, ONMPEAEISAIOMNX CKOPOCTh IeEpe-
Ja4¥, JUTMHY CUMBOJIA, YHCIIO CTOTIOBBIX OUT, PEKUM paOOTHI U YCIOBHUSI KOHTPOJIS
(4eTHBIN UM HEYETHBIN maputeT). Kpome Toro, isi CHHXpOHHOTO peXuMa Tpeoy-
€TCS OINPEJICIIUTh BHEIIHIOK WM BHYTPEHHIOK CMHXPOHHU3ALMIO, 4 TAKXKE CUMBOJI
(wnu nBa cumBosia) cuHXpoHuzanuu. [locime mporpammupoBaHusi aganTep rOTOB

BBITIOJHATH CBOU (DYHKIIUU.

VYmpasastonye cioBa UMEIOT ABa (hopmaTa: CIOBO pexkuma (CM. puc.2.5) u

CJIOBO IIpHUKa3a.

i

| Yemanobra cdpoca |

—

¥
Jaepyana coola pewuma

et iAlaun i

HEU

s Hem
Sazpyana SYNT |

=

[ Hem
Sazpyara SYNZ?

¥

Y
dazpyaxa caola npuxasa

Puc.2.6. Cxema anroputma mnpo-
rpammupoBanus [ICA

Ha Bxoge TxRDY dopmupyercs BbI-
COKHI ypOBEHb, CUTHAUIM3UPYIOLIUHA O TO-
TOBHOCTHU IE€PENATUYMKA IPUHATH CUMBOJ IS
nepenayu. [IpueMHUK cIBUTaeT MociaenoBa-
TelbHbIe OUTHI ¢ TuHUU RxD u mocne npue-
Ma BCEro cMMBOJIa reHepupyeTr curHain RxR-
DY. Apanrep HEe HauMHAET nepegady a0 TeX
1op, MOKa HE YCTAHOBJICH OWUT pa3pemicHUs
nepenarunka TXEN B cimoBe mpukasza. Ha
BbIXoJie TxD mepemarumka g0 cObpoca dop-
MHPYETCS BBICOKUI YPOBEHb.

Cnenyer moayepKHYTh, YTO IMpPaBUJIIb-
Has 3arpy3ka HecKoJbkux peructpoB B [ICA
0e3 ykazaHus MX MEepPCOHAIBHBIX aJpecoB
o0ecreunBaeTcs JKeCTKOU MOCIeI0BaTeIbHO-
cTei0 3amucu. [loaToMy mnoOpsgoOK 3amucu
CJIOB OYEHb BaXKEH.

[IporpammupoBaHre HaYMHAETCS C 3a-
MKUCH YIPABIAIONIETO CJIOBA PeKUMA, 33]1a-
BA€MOT0 IOCJI€ OIEpaly annapaTHOTO WU
IpOrpaMMHOT0 cOpoca, 3aaBaeMOro CIelU-
JIBHBIM OUTOM B CJIOBE TIPUKa3a.

Cxema anroputrma nporpaMMUpPOBaHUS
npuBefeHa Ha puc.2.6. ClioBo pexxuMma 3aj1a-
eT obure pabouyne XapaKTepUCTUKH ajanTe-
pa U 00s3aTeNIbHO 3arpy»aeTcs MepPBbIM, TaK
KaK OHO HEOOXOAUMO JJiI KOMMYyTalui cXeM
npuodopa.

[locne cioBa pexuma 3arpykaroTcs
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OJIVH WJIH JIBa CUMBOJIa CHHXpoHU3anmuu SYN, eciii ObL1 OnpeiesieH CHHXPOHHBIN
PEXKUM C COOTBETCTBYIOIIMM KOJIMYECTBOM CHHXPOCHUMBOJIOB U BHYTPEHHEW CHUH-
XPOHMU3ALKMEN B YIPABISIOUIEM CJIOBE pexuMa. CHHXPOCHUMBOJIBI 3arpyKarOTCA 10
aapecy peructpa pexuma. CUHXpOCHUMBOJIBI COXPAHSAIOTCSA B CIIEI[UATIbHBIX PETH-
crpax [ICA u ucnone3yroTcs Mg ajgpecauuu KOHKpeTHoro ananrepa. I[Ipu 3ana-
HUU aCUHXPOHHOTO OOMEHA CUHXPOCHUMBOJIbI HE 334a0TCH.

Jlanee B ajamnrtep 3arpykaercs CJI0BO NMPHKAa3a, ONPEICISIOIIEE €r0 KOH-
KpPETHBIC JICUCTBUSI B COOTBETCTBUU CO CJIIOBOM pexkuma. [locme aToro oOMeHuBa-
10TCs JaHHBIMU. HOBOE clmoBO mpukasza MoxHO 3arpykath B [ICA B iroboe Bpems
B COOTBETCTBUHU C JIOTHKON 0OMEHa.

3arpyxaemMoe €J0BO NMPHKA3a 3aJacT TEKYIIYI0 OIepaluio ajgantepa. B
CJIOBE TpHKa3a 3aJal0TCsl paspellieHue MepeAaud WIM IpuemMa, cOpoc OLIMOOK,
yIpaBJIeHHE MOJEMOM U HEKOoTopas apyras uHpopmaius. CMbICI OTAETbHBIX OU-
TOB CJIOBa MPUKa3a MMOKa3aH Ha puc.2.7. YCTaHOBKA €MHUIBI B COOTBETCTBYIOIIUN
OUT 00ecreunBaeT peanu3alio KOHKPETHOro (pyHKIMOHANa UM (OPMUPOBAHUE
aKTUBHOT'O CUTHaja Ha cOOTBeTCTBYIoIEM BbiBoze [ICA.

$opMUpoBaHie HU3KOTO

ypoeHsa TxD (SBRK)
Buixog RTS Paapeiuerue
npuemHmka (RxEN)
Beog pexuma novcka PaspeileHue
cuHxpocumeonos (EH) \ \nepeﬂawma (TXEN)
4

D ;] 05 D D3 Dz D1 Dﬂ

:| D
MporpaMMHbIiA / Aﬁpoc ouwmBoK Buixon DTR

cbpoc apganrepa (IR) B cnoee coctosHua (ER)

Puc.2.7. ®opmat cnoBa npukasza

[Tpu opraHu3auu MocieaoBaTeIbHOr0 WHTEpdeiica BOZHUKAET HEOOXOIH-
MOCTh MPOAHAIM3UPOBATh COCTOSHHUE aJanTepa U TEKYIIEro pe3ysbTara oOMeHa
naHHbpIMU. COCTOSIHUE afanTepa MOXKHO CYUTHIBATh B JIIO0OM MOMEHT BPEMEHH I10-
CPEIICTBOM BBITIOJHEHMsI KOMaH/Ibl BBOJIa JAHHBIX OT BHEIIHETO ycTpoiicTBa IN 1o
aJipecy perucTpa KOMaHIHOTO CiioBa (oOecmeunBaromero GopMupoBaHue CUTHAIIA
C/D=1).

dopmart cioBa COCTOSIHUS aJjarTepa MpeCTaBlIeH Ha puc.2.8.

Bce ¢naxku ommbok cOpaceiBatoTcs, korga 6ut D4 cioBa mpukasza ycra-
HOBJICH B enuHuIly. ClenyeT cueruaibHO MOMUYEePKHYTh, YTO BO3HUKHOBEHHE JTO-
60ro OMmMOOYHOTO YCIOBHS HE OCTAHABIMBACT pabOTy ajamnTepa.

Opranu3zanus oOMeHa ¢ alafTepoM MOXKET MpelycMaTpuBaTh aHAIU3 CJIOBa
COCTOSTHUS ajianTepa U 0OMEH 1Mo rOTOBHOCTU. BTOpoii BapuaHT mpearnoiaraeT uc-
MOJIb30BAaHUE CUTHAJIOB TIPEPHIBAHUSA, POJb KOTOPHIX BBITIOJHSIOT CUTHAIBI TOTOB-
HoctH amantepa TxRDY u RxRDY.
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Cuwrdan DSR Curnan TxE

l

Curxan SYNDET/ Oml 6xa| Ownbka \Bmxunnnﬁ bydep

kanpa | YeTHocT/ AaHHbIX NycT TxRDY
(FE) HE'—IEPT%DGTH

Curdan RxRDY

Owwubka
nepenon-
HEHKA
(OE)

Puc.2.8. ®opmar ciosa cocrosaus [ICA

ITpumep 1:

3anporpaMMHpOBaTh aCUHXPOHHBIN pexkuM padotel [ICA Ha yacTtoTe CHH-
XpoHU3aIuu B 64 pasa BhIIIE CKOpocTH mepenaun. IlepemaBath HeoOxomammo 1
0aliT ¢ MPU3HAKOM HEYETHOCTH U 2 cTON-OuTamMu. Ajjpeca perucTpa ynpaBleHUs U
peructpa gaHHbIX cooTBeTcTBeHHO 2Ch 1 2Ah.

MOV AL,11011111b  ;ACUHXpOHHBIN, 8§ OUT, HEUETHOCThH, X64
OuT 2Ch,AL ;TIepesiaya CciioBa pexxnuma

MOV AL,00110001 ;CJIOBO MpHKa3a: pa3pelieHa nepejaaya,
OuT 2Ch,AL ;3aMPOC TOTOBHOCTH MTPUEMHHUKA

ouT 2Ah,55h ;Bbiaya 6aiiTa u3 yepeayronuxcs Hyjiaeh u

,CAVHUIT OJI IICpeaavdn

[Tpumep 2:

IlepeBectu IICA B CHMHXPOHHBIN PEXUM M OCYLIECTBUTH MOUCK JBYX CHUM-
BOJIOB cuHXpoHM3anuu. AnpecHbie nannbie [ICA u dopmar nHbOpMATMOHHON TTO-
CBUIKH aHAJIOTMYHBI IpUMepy 1.

MOV AL,00011100b  ;CunxpoHHBIH, 8§ OUT, HEYETHOCTh

OuT 2Ch,AL ;TIepesiaya CiioBa pexnuma

MOV AL,00011000b  ;CnoBo-npuka3: copoc ommubok, 0 Ha TxD
OouT 2Ch,AL

MOV 10010100 ; CJIOBO-TIpHKA3: MOUCK CUHXPOUMITYJIbCA,
ouT 51h,AL ; cOpoc ommbOoK, pa3pelieHue mpruemMa
[Tpumep 3:

Brectu u3 I1ICA 40 cumBoisioB B O3V no agpecy BUFER. AnpecHsie nan-
ueie [ICA u dopmar nndpopmanoHHON MOCKUTKM aHanoru4Hbl npumepy 1. Ipe-
JTyCMOTPETh KOHTPOJIb OIIUOOK MpreMa.



Ml:

30

MOV AL,00010101b  ;CnoBo-npuka3: cOpoc OImMOOK, pa3pelieH

ouT 2Ch,AL ;TIpPUEM U Tiepeaada

MOV DI, 0 ;Peructp nnaekca = 0

MOV CX,40 ;CueTunk 1mkiaa =40

IN AL,2Ch ;BBOJI ciioBa cocTossHUSA

TEST AL,02h ;KoHTposb curnana roroBHoctd RXRDY
JZ M1 ;OknjaHue TOTOBHOCTH

MOV BUFER[DI],AL ;B mamsars no agpecy BUFER+DI
INC DI ;JIHKpeMeHT unaexca

IN AL,2Ch ;BBOJI c10Ba cocTossHUS

TEST AL,38h ;KoHTpoas Hammuus ommoboK

IN AL,2Ah ;UTreHnue ouepeaHoro Oairta

OuT 51h,AL ; cOpoc ommMOOoK, pa3penieHue npuemMa
INZ OSHIBKA ;Tlepexo Ha aHaM3 OMIUOOK

LOOP M1 ;1ToBTOp nmkia, eciu CX<>0

JMP EXIT ;OKOHYaHKE NpOLEAYPbI

UteHnue cuMBOJIa U3 TIOPTa BHITIOIHSAETCS 110 Mepe roTtoBHOCTH (RXRDY=1).

[Tocne uTeHuss CMMBOJIa B MPOIECCOP TOTOBHOCTh cOpachiBaeTcsi W TpelOyeTcs
oxnnague HoBoro RxRDY=1. Eciu uutaembnii cumBoi B IICA minHoN mMeHee 1
OaifTa, TO cTapiIue pa3psiabl IEPECHIAEMOTO OaiiTa 3aNOTHATCS HYJSIMU.

3ananue 2.3.1. Hanucatrs nporpammy Bbiaun 20 OallT B CHHXPOHHOM pe-
KHUME.

B oTtyere npenctaButh:

1. ®opmar ynpaBistoUIero ciaoBa pexuma i 3aaanus pexxuma [1CA;
2. ®opmar cioB IPHUKa3a;

3. Cxemy ajiroput™Ma 0OMeHa;

4. IlporpamMmMy Ha si3bIKe accemOnepa.

3apanue 2.3.2. Hanucate nporpammy npuema 40 GaliT B aCHHXPOHHOM pe-
KUME.

B otuere npencraBuTh:

1. ®opMmat ynpaBisioMIero cioBa pexuma Jyuis 3aaanus pexxuma [ICA;
2. ®opmar ciI0B IpHKa3a;

3. Cxemy anroputmMa 0OOMEHa;

4. IlporpamMmMy Ha si3bIKe accemOnepa.

Bonpocwt 015 camonposepku

1. CdopmynupyiiTe Ha3HaUYCHHE MOCIIEI0BATEILHOTO HHTEpdelica.

2. Kakwue Ko/ibl Ha3bIBAIOTCS MOCIIEI0BATEIBHBIMY U MapaJlIeIbHBIMU?
3. KakoBa nporpaMmMmHasi MOJIeJb MOCII€IOBATEIbHOTO HHTEpdeiica?
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4. KakoBO Ha3HAY€HUE THUIIOBBIX PETHCTPOB IOCIEAOBATEIBHOIO WHTEP-
dbeiica?

5. Hapucyiite cxemy IMOAKIIOYEHUS MUKPOCXEMBI IIOCIIEI0OBATEIBHOTO WH-
tepdeiica k mmHam MIT.

6. Kakue cymecTByrOT pexumMbl pabOTHI IIOCIEI0BATENIBHOTIO HHTEp(elica?
7. Hapucylite cxeMy IOJIKJIHOYEHHUS BHEUIHUX YCTPOMCTB K ITOCIIEIOBA-
TEIbHOMY HUHTEp(QEIiCy.

8. Paspaboraiite nmporpaMmy MHULMATH3AINHN MOCIEAOBATEIBHOIO HHTEP-
deiica 1751 pabOThI B ACHHXPOHHOM PEXKUME.

9. PazpabotaiiTe nporpaMmy HHHIMAIU3ALUU [IOCIECIOBATEILHOTO UHTEP-
deiica s paboThI B peKUME BHYTPEHHEW CHHXPOHHU3AIIH.

10. Pa3pabotaiiTe mporpamMmy HMHHUIHMAIN3ALKAN TTOCIEI0BATEIIBHOTO UHTEP-
detica 11t paboTHI B PEXKUME BHEITHEH CHHXPOHHU3AIIUU.
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3. MIPOTPAMMUPOBAHUE UHTEPBAJIBHOI'O TAUMEPA

geﬂb

1. U3yuuTh npuHUMIIBI HCTIOIB30BaHUs TaiiMmepoB B MIIC;

2. CoBeplIeHCTBOBATh HABBIKM aHaJIN3a, 0000LICHHS M CUCTEMATHU3AIUHU T10-
JYYEHHBIX Pe3yIbTaTOB, HABBIKM COCTABIICHUS U 0(OPMIICHHS OTYETHBIX MaTepHua-
JIOB, HAaBBIKM TOYHOIO M JIAKOHUYHOI'O IIPEACTABJICHMs JOKJIAJ0B Ha BOIPOCHI
TEXHUYECKOTO XapaKTepa.

Yueonwvie sonpocut

1. CrpykTypHas cxema TaiMepa U peKUMBI pabOThI;
2. IIporpammHas MOAeNb TaliMepa;
3. IlporpammupoBaHue peKUMOB pabOThI TaliMepa.

JJumepamypa 0,11 n0020mMoO6KU K 3AHAMUIO

1. Karan b.M., Ctamma B.B. OCHOBBI IPOEKTUPOBAHHSI MHKPOIPOLIECCOPHBIX
YCTPOMCTB aBTOMaTUKU. — M.: DHeproaromusnar, 1987. —304 c. (c.192-199).

2. Anexcenko A.l'., l'amuiun A.A., BannukoB A.Jl. [IpoekTtupoBanue paauo-

AJIEKTPOHHOM arapaTypbl Ha MUKpoIpoueccopax. — M.: Paano u cBs3b, 1984.

— 272 c. (c.65-72).

http://www.computer-museum.ru/technlgy/i8253.htm

4. JlxopneiH P. CpaBoYHMK ITPOrpaMMHUCTa MIEPCOHATIBHBIX KOMIIBIOTEPOB THUIIA
IBM PC, XT, u AT. - M.: ®uHaHCHI U cTaTUCcTHKa, 1992. - 554c.

(O8]

Coodepircanue omuema

1. HazBanue paboThI;

2. Jlns kaxaoro 3aaHus: Ha3BaHWE 3aJlaHUsl U MaTepHall B 00beMe, yKa3aH-
HOM B 33JJaHUH.

3aoanue 3.1.Cmpykmypnasa cxema maiimepa u pexcumvt padoomaol

Taitmep K580BUS3 (ananor 18253) npeanazHayex A 3a1aHUs BPEMEHHBIX
untepBanoB MII cucrem, moacyera uucina BHEIIHUX COOBITHM UM (OPMUPOBAHUS
CUTHAJIOB C Pa3HbIMU BPEMEHHBIMH U YaCTOTHBIMHU XapakTepuctukamu. OH u30aB-
JSIET MPOLIECCOP OT MPOrPAMMHOIO BBIIOJIHEHUS 3TUX (PYHKUUN, TEM CAMBIM BbI-
CBO00K/1as1 IEHHOE IIPOLIECCOPHOE BPEMS /JIs1 BBIIOJIHEHHSI OCHOBHBIX 3a/1a4.

VYcnoBHoe rpaguueckoe o003HaueHue TaiiMepa npuseneHo Ha puc.3.1. Co-
JEPKUT TPU HE3aBUCUMBIX KaHaja Ha OCHOBE BBIUMTAIOIIMX CYETYUKOB C MAKCH-
MaJibHOM YacToTo pabotel 2 MI'm. IIIuHbl TaiiMepa UMEIOT z-COCTOSIHUE (TpeX-
cTaOuIbHBIN Oy(dep NaHHBIX).

OCHOBHBIE 3JIEMEHTHI TaiiMepa NpeacTaBieHbl Ha puc.3.2. Kaxaplii KaHal
COJIEPKUT PETUCTPBL:

- COCTOsIHUSA KaHaua (8 pa3psaoB);

- ympasJstomiero cioBa RSW (8 pa3psmoB) - 3amaet pesxkum paboThl KaHAIA;
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- Oydepnsbrii peructp (16 paspsaoB) s o
3allOMMHAHUS TEKYIIETO COAECPKUMOTO CUETUHMKA 2 | o
0e3 octaHOBKH mpoiiecca cueta. [locie 3anomu- j‘ D2
HaHUs OyQepHbI pEerucTp IOCTYNEH MpOrpaMmme 5 gﬁ
JUTSl YTEHUS, & | ps
- cuetyuk (16 pas3psaoB) ¢ MpeayCTaHOB- ; D6 0
KOM, paboTaronuii B peKMMe BbIYMTAHUS 110 3a]1- o7 ouTo
Hemy (pouty curaana CLK mpu yciaoBuu, 94to Ha o outt |2
Bx0J1 GATE ycTaHOBIIEH ypOBEHb JIOTHUECKOM 1; e outz |17
- peructp KoHCTaHT mepecueta (16 pasps- j; cs
JIOB) JJISI COXPAHEHUsSI KOHCTAHT JUIsl TOBTOPHOMU o ;‘;
3arpy3Kd B CUETUHUK, €CIIM OTO TPEOyeTCs B TEKY-
1EeM pexuMe paboThl TaiiMepa. = clLko
B 3aBucumocTH oT pexuma paboThl TaliMe- CATED
pa Mpu JOCTHXKEHUH CYETYUKOM HYJIA TEM HWIU 1;’ e
UHBEIM 00pa3oM M3MEHSETCS BBIXOJHOM CHIHAI GATET
kanajga OUT. 8\ clke Uee |12
Ha3znauenue BBIBOJIOB TailMepa MOKa3aHO B e 5%33:353 enp 2

tabmn.3.1.

Bo3MOXHBI 1IECTh PEKUMOB PabOTHI Taii- Puc.3.1. YI'O KP580BH53
Mepa. OHM pa3essaoTCs Ha TPY TUHA!

Pexxumet 0, 4 - 0THOKpAaTHOE BHITIONHEHUE (YYHKITHA.

Pexxumsr 1, 5 - pabota ¢ mepe3amyckom.

Pexxumer 2, 3 - paboTa ¢ aBTO3arpy3Koi.

Tabmuma 3.1
Ha3znauenune BIBOJOB TaiiMepa

JIByHamnpaBiieHHasi 1MHA AaHHbIX. [IpenHasHaueHa s nepenadu u
DO0...D7 | npuemMa OaHHBIX MPOLECCOPOM, a TAKKE MEPENAYU YIPABIISIFOLINUX
KOMAHJI U CJIOBA COCTOSIHHS
CS Chip Select. Boibop mukpocxembl. Huzkuii ypoBeHb WHUIIUUPYET
oOMeH Mex Ty mporeccopom u TTTTA
RD Read. Urenue. Huzkuii ypoBens Ha 3ToM Bxoje no3poJsieT [1I1A me-
peaaTh JaHHBIE WIH CJIOBO COCTOSIHUS TPOLIECCOPY
WR Write. 3anuce. Huskuii ypoBeHp Ha 3ToM Bxojae mosBosser [ITA
IPUHATH TAHHBIE WJIA YIIPABISIONTYI0 KOMaHAY
A0, Al AnpecHbie Bxonbl. [103BossArOT BeIOpaTh 0uH U3 kKaHajioB (0, 1, 2)
WJIM PETUCTP YIPABISIOMIETO CJIOBA U COCTOSTHUS
CLK Bxonb1 TaKTOBBIX HMIIyJIbCOB Kak0rO KaHaia. ®poHT cpabaThiBa-
HUS - 3aJHUI
GATE Bxon paspemenus cyeta. OCOOEHHOCTH 3aBUCAT OT KOHKPETHOTO
pexuMa. AKTHBHBIM paspelaromund Curaan - 1
OUT Brixop cuetunka
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B pexxrMe 0JHOKPAaTHOTO BBINOJIHEHUs (QYHKIUH Mepe HayajloM CcyeTa Co-
JNEPKUMOE PETUCTPA KOHCTAHT NEPECUETA MEPENUCHIBAECTCS B CYETUUK IO CUTHATY
CLK. B nanpHelmeM cyeTdyuk paboTaeT B pexxkume BbruuTanus. [Iporecc cuera
MOHO MpUocTaHOBUTH curHaioM GATE=0. J{5s moBTOpeHus BbINOIHEHUS (DYyHK-
MU HE0OXO0MMO MOBTOPHOE IPOrpaMMHUPOBAHKE TailiMepa.

[Ipu pabGote ¢ nepe3anyckom He TpeOyeTcsi HOBTOPHOTO IPOrPaAMMHUPOBAHMS
TaiiMepa 11 BeIoJHeHus Toi ke ¢yHkiuu. [1o 3aquemy ¢ponrty curnana GATE
3HaYCHHE KOHCTAHThl BHOBb MEPEMUCHIBACTCA B CUETUHK IIPH JIFOOOM €0 TEKYyILeM
COCTOSIHUH.

B pexuMe aBTO3arpy3Ky perucTp KOHCTaHT aBTOMATHYECKU NEPENUCHIBACT-
csi B cuUeTYMK mocie 3aBepuieHus cuyeta. CurHan Ha Bbixoge OUT mnosiBasercs
TOJIbKO Npu Hanuunu Ha Bxojxe GATE ypoBHs normueckoil 1. DTOT pexum uc-
IOJIB3YETCA Ul CO3[IaHMs IPOTrPAaMMHUPYEMBIX UMITYJILCHBIX T€HEPATOPOB U I'€He-
pPaTOpPOB MPSIMOYTOJIBHBIX UMITYJILCOB (MEaHpa).

DO-D7 CLK 0
Bydep CuTyuk ) pF—mm
ITHHBI (CT0) GATE 0
JAdHHEBEIX —
ouT 0
—
RD Jloruka
:: YTeHHA CLK 1
WR FANMHUCH CqéT'{HK l .
(cT) GATE 1

OuT 1

7S
7

Curan 2 CLK 2
YETUHK «
yNpasneHns (CT2)

ol

ouT 2

Perucrpsi

Puc.3.2. CrpykTypHas cxema Taimepa
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Kananbl Taiimepa MOryT paboTaTh B CIEAYIOMIUX PEKUMAX:

Pesrcum 0 (000) npepriBaHKE TIO0 OKOHYAHUU cueTa (MporpamMmupyemas 3a-
nepxkka). Ha Bbixojsie kaHana mosBiseTcs ypoBeHb "0" cpa3y ke Imocie 3aJaHusl
pexxuma paboTsl. [locie 3arpy3ku 4ucia B CUETYMK KaHaja BeIXoj octaetrcs B "0"
Y CUETUYMK HAYMHAET CUMTaTh, €ciii Ha Bxone paspewmieHus GATE ycraHoBieH
ypoBeHb "1". Tlocne MOCTHKEHUS] CUETUMKOM HYJIsSl, HA BBIXOJE YCTAaHABIUBAETCS
ypoBeHb "1" u ocTaercs 10 TeX Mop, MoKa KaHai He OyAeT 3aHOBO 3alporpamMmHu-
poBaH. OJHAKO CUETUUK MPU 3TOM HE OCTAHABIMBAECTCS. 3a/I€PKKA OTCUUTHIBAECTCS
ot 3amHero (ponrta mepBoro ummynbca CLK. Ecim Bo Bpemsi cuera curHan
GATE= 0, cuer nproCcTaHaBINBAETCS.

' [ " ' ' [
' [ [ ' ] [

GATE T3 7 T
OUT(0) I NS S SR I R R B

Pesrcum 1 (001) oxaymwmii  MyJabTUBHOpATOp € MOpOrpaMMHO-
yCTaHaBJIMBAEMOM JIMTEIbHOCTHIO CUTHala N TaKTOBBIX MepuoaoB. B atom pe-
»kume Bbixo kaHana OUT ycranaBinuBaeTca B ypoBeHb "'0" mocie nepBoro 3agHe-
ro ()poHTa TAaKTOBOTO CHUTHAJNA, CIEAYIOIIETO 3a MepeAHUM (POHTOM Ha YIpaB-
asromeM Bxosie GATE. OqHOBpEMEHHO HAUMHAETCS CUET, a IPU JOCTHXKEHHUH HY-
JIs1 CYETYHMKA Ha BBIXOJIE yCTaHaBIMBaeTcs ypoBeHs "1". MynpTuBHOpaTOp aBTOMa-
TUYECKH Mepe3aIrycKaeTcs 1o Kaxaomy nepenneMmy Gponty curnaina GATE.

[lepesarpy3ka cyeTyrkKa BO BpeMs CUETA HE U3MEHSAET JJIMTEIBHOCTU TEKY-
IIET0 BBIXOAHOTO HMITYJIbCA.

CLK [ MM I M i L o L ror
WE =4

[ [ [ 1 ' [
[ [ [ ] [ [

i i [
i ¥ [

2 U

GATE [ &

OUT(L) l

4 Ib 0

Pesrcum 2 (x10) reHepaTop TaKTOBBIX CHUTHAJIOB (JEIUTEIh 4acTOThI). Ha
BBIX0JIC KaHajla Yepe3 YKMCIIO NEPHUOJI0B TAKTOBOM YaCTOThI, 3alITMCAHHOE B CUCTUHU-
K€ KaHaJla, MOsBIISIETCA ypoBeHb 0" IJIUTENbHOCTHIO B OJWH TEPHOJ, TAKTOBOU
yacToThl. HauaneHast ycraHoBka cuetyuka N omnpezenseT KodDPUIUeHT aeaeHus.
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[Tepezarpy3ka cueTunka He MPUBOJIUT K U3MEHEHHIO JJIUTEIIbHOCTH TEKYIIETO Ie-
pUoJia, HO BJIMSET HA UIUTEJIBHOCTh TMOcheayromero. Ilpyu nogaye Ha ympasiisito-
umid Bxoa GATE ypoBHst «0» Beixonq OUT ycTraHaBiuMBaeTcsi B COCTOSIHUE «1».
[lepenuuii ppont GATE 3amyckaeT cueTyMK M3 HAYAJIBHOTO COCTOSIHUS U MOJKET
CITY>KUTb JIJI alllapaTHON CUHXPOHU3ALMU CUETUHKA.

CLK [ MM I M i L o L ror
WR =4

[ [ [ 1 ' [
[ [ [ ] [ [

: FI)

GATE R | 1 ' !
OUT(2) [ |
4 3% 2 I 0 3 2 Lo

Pestcum 3 (x11) renepatop HNpsIMOYTOJBbHBIX HMIIYJIBCOB C IPOIPaMMHO-
yrIpasisieMbIM neprojioM. Ha Bbixojie kaHana Oynet ypoBeHb "1" B TeueHue mep-
BOM IOJOBUHBI MHTEPBAJIa BPEMEHH, ONPEIEIAEMOro yucioM N B CUETUHKE, U
ypoBeHb "0" B TeueHne BTOpoi monoBuHBL. [Ipyn HeueTHOM N JUIMTENIBHOCTH CHUT-
Hana "1" Ha oguH TakT Oosbie, ueM Jus curnana "0". Ilpu nepesarpyske cueryu-
Ka HOBOE 3HAUEHHUE CKaXXETCs Ha pe3ynbrare padboTsl Tonbko npu nepexoae OUT B
Ipyroe cocrosiHue. B ocTaibHOM pexuM nMogo0eH npeablayieMy.

CLE 1 1Ml L ML M M L riror
WR V=4

[ [ i i W [
[ [ i | [ [

GATE |

'
1
1
| " Ll
1
'
'
i

ouTe) I S S

Pesrcum 4 (100) mporpamMmHO yIpaBisiemas 3ajiep’kka cTpoba (HyJeBoro
uMItysbca). C MOMEHTa 3arpy3Kd KOJia IPEyCTaHOBKH B CUETUMK KaHaja FeHEpH-
pyeTcst BbixoAHOW curHan "1" miutenbHOCThI0O N MEPUOIOB TAKTOBOIO CUTHAIA
CLK. ITocne 3aBepiiieHUs] cueTa yCTaHABIMBAETCs BhIXOAHOM curHai "0" Ha oquH
nepuoa CLK. Ilepe3arpy3ka cueTynka BO BpeMs cu€Tra NPUBOAUT K MEPE3aIyCKy
cuetunka. [losasnenue ypoBus "0" Ha Bxoge GATE npuoctaHaBiauBaeT CUET.
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WR =4 : 5 5
GATE 1|
4: 3 20 L : :
QUT(4) |

Pesrcum 5 (101) anmapatHas 3aepxka ctpoda. CuéTuuk HadYuHaeT padoTaTh
TOJBKO 10 nepennemy ¢ponTy curdaia Ha Bxoae GATE. Hoewiit ppontr GATE
nepe3anyckaeT cuéT ¢ Ha4aJlbHOTO 3HaueHus. B ocTanbHOM pexuM moaoOeH mpe-
JBITYyIEMY. 3arpy3ka B CYETUMK HOBOTO 3HaueHusi N B MPOLIECCE CUETA HE BIMSIET
Ha MPOJIOJDKATEITLHOCTh TEKYIIIETO ITUKJIA, HO HOBBIN UK Oy/IE€T COOTBETCTBOBATH
HOBOMY 3Ha4eHUIO N.

WR =4

GATE 1]

QUT(S) I I I I I l| |

B oTyere npenctaButh:
1. CtpyKTypHYy1O cXemy TaiiMepa;
2. HaznaueHue BXOJ0B U BbIXOJ0B YCTPOUCTBA;

3. JlanHbie 0 pexumax paboThl Taiimepa. [IpeacTBuUTh B BUAE TAOIUIIBI:
peXuM, Ha3BaHKE, KPATKOE MOSICHEHUE PaOOTHI.

3aoanue 3.2. Ilpocpammnan mooenv maiimepa

[IporpaMmMHO TaliMep TMpeAcCTaBisieT COOOW dYeThIpe TMOpPTa, KOTOPHIE
aapecytorcs anpecHeiMu Bxojgamu Al um AQ. OOpaieHre OCYIECTBISETCS IO
ajpecam:

Al | A0 OO6pamenue

0 0 CTO0. 16 pa3psnos

0 1 CT1. 16 pazpsgos

1 0 CT2. 16 pazpsgoB

1 1 RCW Peructp ynpabisioiero cjioBa. 8 pa3psjioB




38

Kaxnprii  kaHan  TailmMepa  mporpamMMupyeTcss  HMHAUBUAYalbHO B
COOTBETCTBUE C YHOpaBJSIOUUM ciIoBoM. CTpyKTypa YOpPaBISIOLIETO CJIOBA
npejicTaBiaeHa Ha puc.3.3.

D7 D6 D5 D4 D3 D2 DI DO o _
[SC1 [SCO[RLIJRLO [ M2 [ M1 [ M0 [BCD] | ABOVHHEW
L

1 - ABOWYHO- _
NECATUYHBLIN

0 0 0 Pexxum 0
0 0 1 Pexxum 1
X 1 0 Pexxum 2
X 1 1 Pesxxum 3
1 0 0 Pexxum 4
1 0 1 Pexxum 5

dJMI{C&LI'MFI COCTOAHWA CHETHMKA
Yrt/3n mn. Baiira

UYt/3n cr. Gaiita

Yt/30 MuTaaniero, 3aTeM CTapuiero

i = R =
_- O = O

Bribop cuetunka 0
Bribop cuetunka 1
Bribop cuetuuka 2
Hepomnyctumo

= =0
_ 0 = O

Puc.3.3. CtpykTypa ynpasisioLero cioBa Taiimepa

[Tonre BCD (Binary-Coded Decimal) ompeanensier cnoco® KoaupOBaHUs
KOHCTAHTHI MPETyCTAHOBKU CUETUHUKA.

JIBOMYHO-JECATHUYHBIN (hopMaT MpeArnoaraeT 3anuch AECITUUYHOTO pa3psiaa
Yucia B BHUJAEC €r0 UYETHIPEXOMTHOTOABOWMYHOTO Koja. Hampumep, necstudHOe
gucino 311 Oyner 3anucano BaBomyHoM kozae kak 100110111, a B mBomuHO-
necsatudHoM koje kak 0011 0001 0001.9To ympoimaeT BBOJ 4YHCEIN, OJHAKO
YMEHBIIAET AWAIa30H BBOAUMBIX YHCEN MpHU ToMl ke pazpsaHoctu. [Ipu BCD
KOJIMPOBKE JIMANa30H JOMYCTUCHIX yucen g 16 paspsgoB cuertyuka 0 - 9999, a B
JnBOoM4YHOM BapuaHTe 0 -65535.

B rpynne RL1, RLO xox 00 3amaeT Qukcaiuio COCTOSHUS CUETYMKa Ha
MOMEHT BBIIaYM YIPABISIOLIETO CJIOBA. OJTO IMO3BOJISIET CYUTATh COCTOSTHUE
cueTyuk "Ha Jety" B Oy(depHbIil peructp, He HapyIias ero padoTel. B ganpHelmeM
€ro MpPOrpaMMHO MOKHO MPOYUTATb.
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Pexxum oOpamiennst kK TalMepy 3aBHCUT OT KOMOWHAIIMW YIPABIISIOIIAX
CUTHAJIOB Ha ero Bxojaax. Cieayer y4ecTb, YTO yHpaBJAIOIIee CJIOBO 3aHUMAeET 1
0alT, a CYETYMK U €r0 BCIIOMOTaTeIbHbIE PETUCTPhl UMEIOT Pa3psIHOCTh 2 OaiTa.
OOMEH NpoUCXOAUT MO 8-pa3psAHON IMMHE JaHHBIX. [loaTomMy OByXOaWTHBIC
JJaHHBIE MOTYT TMepeMeniaTbess 3a JBa oOpaiieHus. JlomycTUMbIE BapUaHTHI
IMOKa3aHbI B Ta01.3.2.

Tabmura 3.2
OYHKIMY YIPABISIIOMIMX U aJPECHBIX CUTHAJIOB
Al A0 RD WR CS Onepauus

0 0 1 0 0 3anuce B cuetunk CTO
0 1 1 0 0 3anuchk B cuetunk CT1
1 0 1 0 0 3anuchk B cueTunk CT2
1 1 1 0 0 3anuch ynpasJisioliero cioBa
0 0 0 1 0 Urenne cuetunka CTO
0 1 0 1 0 Yrenue cuetunka CT1
1 0 0 1 0 Yrenue cuetunka CT2
1 1 0 1 0 UreHne ynpapisioero cjaoBa

[IInHa gaHHBIX B Z-COCTOSIHUM (OTKIIIO-
X X X X 1

YyeHa)

B coBepMeHHBIX KOMITBIOTEPAX 3aI€UCTBOBAHBI BCE TPY KaHasa TauMepa.

Kanan 0 ucnonb3yercs B CHCTEMHBIX 4acaxX. DTOT KaHall paboTaeT B PeKUME
3 ¥ ucnoJib3yercd Kak TI€HEepaTop MMITYJIbCOB € 4acTOTOM mpumepHo 18.2 I'm.
HiMeHHO 3T UMIYyNbCHl BBI3BIBAIOT ammapaTHoe mpepbiBanue TaiiMepa INTSh.
Brixon 3TOro KaHama HUCHONB3YETCS TaKXKE Il CHUHXPOHHM3AaLUUU HEKOTOPBIX
JUCKOBBIX OIEpaLU.

Kanan 1 ucnons3yercs g pereHepanuy COAEPKUMOTO JUHAMUYECKOU
namsATH Komnerorepa. Beixon xanana OUT wucnosnb3yercs uisl 3ampoca K KaHaiy
npsimoro joctyna DMA, KOTOpbIMi M BBINOJIHSAET OOHOBJIEHHE COAECPHKUMOIO
namsaTd. Hapymenuwe ero paboTbl MOXKET NPHUBECTH K IoTepe HH(pOpManuu
OCHOBHOI OIIEPATUBHOM MaMsITH KOMIIBIOTEPA.

Kanan 2 nmoaxirodeH K T'POMKOTOBOPHUTENIO KOMIIBIOTEPA U MOXKET OBITh
UCIIONBb30BAaH JJIsi TEHEpallMd pa3IUYHbIX 3BYKOB WM MY3bIKHM, JHOO Kak
reHEPATop ClIydaiiHbIX ynces. Kananm ucnosbe3yer pexxum 3 taiimepa.

B otuere npencraBuTh:

1. CTpyKkTypy yHpaBIISIFOLIETO CIOBA TaliMepa;

2. Cxemy comnpsixenne BUC taitmepa ¢ cucremusiM uarepdeiicom MIIC (na
noruueckux ementax win Ha BUC nemmudparopa) no agpecy 40H.
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3aoanue 3.3. Ilpocpammuposanue pexcumos pabomsl maimepa.

na  npocpammuposanus (3acpy3ku) KaHala TaliMepa HEOOXOIUMO
BBIIIOJIHATB CIIEAYIOIIYIO ITOCIIEI0BATEIbHOCTD ICUCTBUIM:

- BBIBECTH B IOPT YIIPABIISAIOIIETO CJIOBA KOJ YIIPABIISAIOIIETO CJIOBA;

- BBIBECTU KOJ IIPEAYCTAaHOBKM B IOPT KaHaJA, IPUYEM BHA4aJle BBIBOJAUTCS
MJIQIIINN, a 3aTeM CTapIIni OalThl 3HAYEHUS CUETUHKA.

Cpa3zy mocie 3TOro KaHaid TaiiMepa HAauHET BBINOJHATH TpPeOyeMyro
(GyHKIHIO.

3arpy3ka B CUETUMK YMPABISIOLIETO CJIOBA MOXET BBIIOJHATHCS B JIHOOOU
MOCJIEI0BATEIBHOCTH, T.K. KQX/bIi KaHall UMeeT cBOil Oydep xpanenus. Kaxmpiii
aZipecyeMblil CUeTYHK B 00S3aTEIbHOM MOPSAKE JODKEH OBITh 3arpyeH UMEHHO
TEM KOJIMYECTTBOM OAaMT, KOTOPOE OBLIO 33/I1aHO B YIPABIISAIOIIEM CIIOBE.

Cnenyer mOMHMTbB, YTO aApec Mopra oOpasyercss § paspsiaMu aIpecHOU
IIMHBI [IPU Pa3/AeIbHOM CIIOCOOE OpPraHM3aluy aAPECHOTO MPOCTPAHCTBA.

Umenue coodeprcumozo cuemuuxa TIpU €ro paboTe MOXKET ObITh
BBITIOJIHEHO JIByMsI CIIOCOOaMMu:

- MpU NMOMOIIK 0OBIYHOM omeparuu uyTteHus komangamu IN (momu MOV s
COBMEIIEHHOTO aJpecHOoro mpoctpaHcTBa). Ho npu 3toM s obecnieueHus
cTabuUIM3aluy TOKa3aHUM CUeTYMKa €ro padoTa JoJKHAa ObITh NMPUOCTAHOBJICHA
nojavyeil Ha ymnpasisitomuid Bxox ypoBHa "0" (B pexumax 0, 2, 3, 4) unu ¢
IIOMOIIBK0 BHEMIHEW JIOTMYECKOM CXEMBI, IPUOCTAHABIMBAOIIECH I0Ja4y
WUMITYJIbCOB Ha TAaKTOBBINA BXOJ KaHaa, YTO HEYJ00HO;

- C TIOMOINBIO CIEHMUANBHOTO pexuma "dreHus Ha Jety". Takoil crmoco0
MO3BOJISIET IPOLECCOPY CUUTHIBATH COJAEPKUMOE CUETUHKA, HE MPEPhIBasi IIpolecca
cuera./[sg sroro no aapecy AO=1, AI=1 ocyiiecTBis€TCA 3aNKCh YIPABISIOMIETO
CJIOBA, OMPEEISAIONIETO B COOTBETCTBUU € puc.3.3 pexuM uteHus Ha jiety (D4=0,
D5=0). Paspsanpt D6 u D7 omnpenenstoT HOMEp KaHajla, COCTOSHHUE pPa3psioB
DO0...D3 npowusBoasHo. [1o 3T0M KOMaHIe B OypepHOM perucTpe 3aroMHHACTCS
TEKyllee 3HaueHUEe CYEeTYMKa, Jajee cleayeT oObIYHas omnepaiusi YTeHUs
COJIEPKUMOTO CUETYMKA OTOr0 KaHaja: CcHayaja MJjajmero OaiTta, 3areM
crapuiero. JlomycTuM BapHaHT YTEHHS TOJBKO MIIQUIETO WM TOJBKO CTapLIErO
OaiiTa B 3aBUCHMOCTH OT YIIPABJIAIOIIETO CI0Ba B pa3psnax D4, DS.

JlaHHast KOMaHJa He U3MEHSET PeXUM padoThl cueTunka. [Ipu aTom criocode
YTEHUSI HEJb3sl MPEIBAPUTENHHO MO KaXJAOMY KaHAIy CHadajla MPOU3BOJIUTH
3alUCh YIPABIAIONIMX CJIOB W JIMIIb 3aTE€M MPOU3BOAUTH UYTEHHE CUETUHKOB
kaHasoB. OCOOEHHOCTh MOCTPOEHHUSI BHYTPEHHEN CXEMBI Tailmepa TpedyeT, YTOObI
orepanys YTeHUs] COACPKUMOTO CUETYHKA OblIa BHITIOJHEHA O KOHIA, T. €. €ClU
3anporpaMMHpOBaHa 3arpy3ka JIByX 0OalTOB, TO HENb3s, MPOYUTAB OJUH MJIAAIINANA
0aiiT, 3arpy’kaTh CYCTYNK HOBOM KOMAaH/IOM.

Takum oOpa3oM, I8 UYTEHUS TEKYIIEro COAEPKUMOIO  CUETYMKa
HEO0OXOJAMMO BBITIOJIHUTD CIEYIOIIEE:

- BBIBECTH B MOPT YIPABISIOLIETO PErHCTpa KOJ KOMAaHJIbl 3allOMUHAHUS
COZIEpKUMOT0 Hy)kHOro cuetunka (D5,D4=00);
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- BBIBECTH B TOPT YMIPABISIIONIETO PETUCTpa KOJ KOMAaHIBI 3ampoca Ha
YTEHHUE/3aIMCh B PETUCTPHI HY)KHOTO KaHaia (roje D5,D4=11);

- ABYMS TIOCTIEIOBAaTEIbHBIMIA KOMaHJaMH BBOJIa U3 TIOPTa HY>KHOTO KaHalla
NPOYHMTATh CHAaYaja MJIAAIINN U 3aTeM CTapIINi OAlTHI 3aIIOMHEHHOTO TEKYIIETO
COCTOSTHUS CUETUHKA.

[Tpumep.

3anporpammupoBath cuetTyuk CTO B pexxum reHeparopa HWMITYJIbCOB IS
nosyuyeHus: 4actotel fBbIX= 1k['1. Anpec oOpamenus k Taitmepy 40H. Yacrora
BxosHOro curHana CLK= SMI L.

Jnisa pexxuma 2 (aenuTens) 3aueHust KO3 PUIeHTa qeneHus:

N = fcx / fBix = 5000000/1000 = 5000.

B nBownunom npexacrasienuu aecaruynoe 5000 = 0001 0011 1000 1000 =
1388H.

Koaddunment nenenus moxxkHo npeactaButh U B koje BCD: 5000 = 0101
0000 0000 0000 = 5000H.

VYrpasinsioniee CJIOBO B COOTBETCTBUU C puc.3.3 sl MPOrpaMMHUPOBAHUS
cueTunkaCTO B pexume2, ¢ IBOUYHBIM CLIOCOOOM KOJAUPOBAHUS:

D7 D6 D5 D4 D3 D2 DI DO

0 0 1 1 0 1 0 0

Yupagsmstoniee ciioBo - 34H.

Jlns mpoueccopa 18086 oOpaliieHre OCyIIECTBISETCS K MOpTaM YCTPOMCTB
BBO/Ia-BbIBO/IA TOJBKO IO YETHBIM ajjpecam. [loaromy Ha cxemax A0 MUKpOCXEMbI
TaiiMepa MOJKIIoYaeTcs K ajapecHor nmuHun Al mporeccopa, a A1 MHUKpPOCXEMBI
NOJKJIIOYAETCS K aAPECHON JTMHUH A2.

Torna mporpamma mnst taiimepa K580BUS3 B komax mpomeccopa Oyaet
UMETh BU/I;

ADRS53  EQU 40H ; INPEKTUBA IPUCBAaNBAHUSA UMEHU 3HAYCHHUS
; 0a30BOTO ajpeca Taitmepa

MOV AX,0000H ;YCTaHOBKAa HOMEpa pEerucTpa CErMeHTa

MOV DS,AX ; JaHHBIX 110 ycioBHOMY aapecy 00000H

MOV AL, 34H ; 3amanue yrpasistoniero ciona st CTO

OouT ADR+6, AL

MOV AL, 88 ; 3ammuch MIIAJIIIEro OanTa

ouT ADRS53, AL ; KOJIa TIPElyCTaHOBKHU

MOV AL, 13H ; 3anuch crapiiero Oaira

OouT ADR3, AL ; KOZ1a IPEe1yCTaHOBKHU
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[Tocne BbimosHEeHUs nporpamMmsl Ha BbiBoge OUTO uMmitysbesl ¢ yactoToi |
k['nq Oynyr no Tex mop, moka He OyaeT IepernporpaMMHUpOBaH TalMep, WIH
BBIKJIFOUEH HCTOYHMK TAaKTOBBIX CUIHAIOB (-KaHama TaiMepa, WIM CHAT CUTHAI
pazpemienns GATE=1.

3aoanue 3.3.1.I'enepamop ona Konmponnepa nocied08amesibHo20 nopma

3anporpaMmupoBath kaHaia Nel taliMepa B KauecTBE IeHEpaTropa TaKTOBOM
YaCTOTHI JUIsI KOHTPOJLIEpa MOCIEA0BATEIbHOIO MOPTA Nepetadn JaHHbIX. YacTora
nepemaun  nanHbix 4800 Owt/c. BxomHas wactora kaHama 2 MI.
[TocnenoBarenbHBI KOHTPOJIEP paboTaeT ¢ BHYTPEHHUM MpeaenuTeneM Ha 16.
[IpenenbHO poIycTUMAas MOTPEHIHOCTh YCTAaHOBKHM 4acToThl 5%. Mcmonb3oBath
pexum Taiimepa - 3. Axgpec taiimepa 40H. Anpec cermenra 28000H.

B oTtyere npenctaButh:

1. AHanuTr4eckue pacueTsbl MapamMeTpoB;
2. CTpyKTypy YHPABISIOUIETO CIOBA;

3. TekcT nporpaMMsl.

3aoanue 3.3.2.3anpocpammuposamv MyJabMUBUOPAMODP C 3A0EPHCKOU
PABHOU HOMEPY 3aUeMHOU KHUMNCKU

3anporpaMmupoBath KaHaia Ne2 TaliMepa B KayeCTBE MYJIBTHBHOpATOpa C
3aJIep>KKOM paBHOM HOMEPY 3a4eTHOM KHIKKU. BxoaHas dactora kanana 2 MI'm.
Anpec taiimepa 70H. Anpec cermenta 35000H.

B oryere npenctaButh:

1. AHanuTr4eckue pacueTsl MapamMeTpoB;
2. CTpyKTypy YIPABISIOUIETO CIOBA;

3. TekcT nporpaMMsl.

3aoanue 3.3.3. IIpouumamu cooeprcumoe cuemuuxa CT0 u 3anucams e2o
6 pecucmp BX

[Ipountare copepxkumoe cuetunka CTO m 3anmucate ero B peructp BX
nporeccopa. Anpec Ttaiimepa 90H. Anpec cermenta 650H. PabGorta cuerumka
HapyIIaTbCA HE JI0JDKHA.

B oTyere npencTaButh:

1. AHanuTr4eckue pacueTsl MapamMeTpoB;
2. CTpyKTypy YIPABISIOUIETO CIOBA;

3. TekcT nporpaMMsl.
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3aoanue 3.3.4. 3anpozpammuposams evloauy Hy1€6020 cmpobda ¢
3A0aHHOU 300ePIHCKOU

3anporpamMmMmupoBath KaHai ( TaliMepa Ha BbIAa4y HYJIEBOIO CTpoOa ¢
3aaepxkkoi (Ne 3auetHor kHXKU -200) MxC. Bxoanas yactota xanana 2 MI'm.
Anpec Taiimepa 80H. Anpec cermenta 400H.

B otuere npencraBuTh:

1. AHaMMTUYECKHE pacyeThl NApPAMETPOB;
2. CTpyKTypy yIpaBJISIFOLIETO CJIOBA;

3. TekcT nmporpaMMsl.

Bonpocwt 0na camonpogepku

ChopmynupyiiTe Ha3HaAUCHHUE TaliMepa.

KakoBa nporpammHas Mozieiip Taiimepa?

KakoBa cTpykTypa Kak10ro kaHajia taimepa?

KakoBO Ha3HayeHNE TUIIOBBIX PETUCTPOB TaiiMepa?

Hapucyiite cxemy OIKIFOYEHUST MUKPOCXEMBI TaMepa K mmHaM MIT.
Kakue cyiecTByroT pexuMbl paboThl Talimepa?

Hapucyiite cxemy OAKIIIOUEHUS BHEIIIHUX YCTPOMCTB K TauMeEpy.
Pa3paboraiiTe mporpamMmmy HHUIIMANU3AIMA TaitMepa it pexxkuma 0.
PazpaboTaiiTe mporpaMMy WHALMATU3AIMH TaiiMepa pexxuma 1.

10. Pa3paboTaiiTe mporpaMMy WHUITMATU3AIWN TakMepa pekuma 2.

11. Pa3zpabotaiiTe nporpaMmy MHHUIHAIN3ALMU TaiiMepa pexxuma 3.

12. PazpaboTaiiTe nporpaMmy HHHUIHAIN3ALMU TaiimMepa pexxuma 4.

13. Pa3zpaboTaiiTe mporpaMMy MHMITMATU3AIMHN TaliMepa pexxuma 5.

14. Hapucyiite cxeMy MNOIKIIOYEHUS TailMepa IOJCcYeTa BHEIIHWX CHUTHA-

WX WD =

JIOB.
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