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CIIMCOK JITEPATYPU

YMOBHI CKOpOYeHHSA
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BBB — 0ydep BuOipky 3 BUNepeKeHHAM

BKOIIK — 6510k KOHBeEpHUX 00UYHMCIEHD 3 IUIABYY010 KOMOIO

BITAII — 6ok nepeabateHHs ajipecy Tepexory
BUI - 6ydep munu
BIC — Benmka (HTerpainHa cxema

HJIK — nRiiikoBO-IeCATKOBHI KO

JIIK — geurndparop komMang

E3JI - emiTeprioss’ s3aHa forika

EII - enemedr nam’siti

EOM — enexTpoHHA 069MCIIFOBAIIBHA MAUIMHA

3I' - 3anasabHWI reHepaTop

3311 -- 30BRIMAI 3aNaM’ STOBY BAILH I TIPUCTPIi

311 - 3anaM’ATOBYBAIBHWI NPUCTPIN

IBB -- inTepdeiic BReicHHA-BUBEIEHHS
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MJIH - MeTan-ieNeKTpUK-Harti BIPORI JHUK

MII — Mikporpougecop

MITK -- MIKpOTIPOUECOPHUI KOMIUIEKT

MIIC —~ Mmikporponecopra cicTeMa
HO3II

----- HaJOUCPATUBHNIA 3aram’ STOBYBANbHUI TIPUCTPI
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OMK - oarOKpUCTANBHALN MiIKPOKOHTPOIED

IIBB — npucrpiii BBeJIeHHA-BUBEACHHA

HB3 — npucTtpiii BUOIpKK/36epiraHHs

I — npsovisiii JOCTYTI JIO ITaMm’ATi

HE — nponecopuwuii eneMeHT

I3 — mmasy4uit 3aTBOP

I3 - nocriiiawii 3anaM’ ATOBYBaNbHMIA IIPUCTPIit
TI31IM — T1311, mporpamMoBHHI MACKOIO

IIK — nipucTpiit KepyBaHHA

HKII ~ nporpaMoBHUH KOHTPOIIED NIPEPUBAHE
ITJIM -- nporpaMoBHa noriuHa MaTpuls

I3 - nporpamosuwmii IT311

IHHT - mporpamMoBHUil napanenbHui iHTEPQETic
HT — nporpamoBHmii Talimep

P31 - pericTp 3aranbHOIO IPU3HAUCHHA

PK — perictp xomang

PILI - pesugenTHa am’ ATh TaHUX

PIT3II - penporpamosuuii TT371

PIIII - pesupenTHa nam’ sth nporpam

CI - cxema IHKpeMeHTa/ TekpeMeHTa

CIIBB -- cuieniamizoBanuii IpoLECOp BBEIEHHS-BUBEIEHS
TTJ — TpaH3uCTOPHO-TPAH3UCTOPHA I0TIKA
YCAIII - yHiBepcansHUit CHHXPOHHO-ACHHXPOHHUHN TIpUiiMat-Tiepejapay
II‘A]I — U po-aHaANOTOBUIT ITEPETBOPIOBAY

1M — ueHTpansHuit npouecop

IITM — 1MpoTHO-IMITY THCHANR MOZYASTOP

lMepedmosa

MepenmoBa

MeTa miapyuHWKa — OTpPUMAaHHA CTYAEHTaMM TeOpeTHYHNX 3HaHb Ta
NPaxTUMHUX HaBUKIB NOOYIOBH 1 IPOTPAMyBaHHA MiKPOTPOLUECOPHUX CHC-
TEM KEPYBaHHA, IPOEKTYBaHHA iHTEpEliciB BBEACHHA-BUBEACHHA, CieLia-
ai3oBaunx npucTpois Ha MII pr3Hux cepiil Ta mikpo-EOM. ITiapyunuk
CKJIAZIEHO 32 MaTepiallaMi NEKINH 3 TUCIMITIIH, NOB  A3aHUX 3 MIKPOIpOLe-
COPHOIO TEXHIKOM Ta BKINOYEHWX Yy HaBYainbHMI Mporec HauionansHoro
TeXHIYHOro YHiBepcHTeTy YKpaity « KAiBChKNil MoiTeXHITHWIH IHCTUTYTY |
HalioHasbHOro TEeXHIUHOrO YHiBepeuTeTy «XapKiBChKHH MOTITEXHiuHNIT
IHCTHTYT»

Y nepuwoMy po3AUIL PO3INAHYTO CACTEMH YACHEHHA 1 KOLYRAHHSA IH(O-
pmauwii. Ocodnusy yBary NpraijicHO (popMam OJAHHS YHCE Y MIKPOIIPO-
ecopax.

VY npyromy po3aisi MOAAHO OCHOBHI HOHATTA Ta BU3HAYEHHS MIKPOIPO-
LECOPHOI TEXHIKH, KJlacudiKalilo MIKPOIIPOUECOPIB, NPUHLMITH TTOOYIOBH
MIKPOIIPOUCCOPHUX CUCTEM, OCHOBH TIPOTpaMyBaHHs MOBOIO aceMOlrep.

Y TpeThoMy pO3MINI PO3TITHYTO apXiTeKTypy | (PYyHKIHOHATLII MOXKIIV-
BOCTI 8- i 16-pO3psHUX MIKPOMPOHECOPIB, BUKOHAHHS KOMAH;1 32 MAlIUH-~
HUMH TAKTaAMH | UMKIAMU. 3aKkiiqyeThest posALt IPUKIAfoM noly 10810 Mo-
51 UCHTPATTBHOIO NPOLECOPA.

Y 4eTBepTOMY O3 HASTHES PO OCOOIMBOCTI apxiTtekTypu 32- Ta 64-
PO3PSIHUX  MIKPOIPOLIECOPIB.  CCIMEHTHY 1 CTOPIHKOBY — OPI'aHi3alliio
nam’ ATI, 3aXKCT 34 NPUBLIESMU, NEPEMUKAHHS 3a1a4 To1H0.

ITaTr#t pos3yll NPHCBAYEHO [TPOSKTYBAHHIO CUCTEMH [TaM’ ATI MIKponpo-
HECOPHUX  CUCTEM — MOIYJIB  TIOCTIMHHX Ta  OIEpATHUBHHMX  3a-
aM’ ATOBYBaNbHUX TPUCTPOiB. POIMIAHYTO HPUHIMIT AiT Ta CTPYKTYpHI

CXEMM OCHOBHUX THILB KEII-Nav’ sTi, CTSKOBY OpraHi3aliro rnam’ sri,
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Bcmyn

Hloctuit po3aul po3kpuBae MATaHHA MOOYNOBH IHTEp(EiCIB TPUCTPOIB
BBEJICHHA-BUBEACHHY. PO3rIuRyTO opraHizalilo xaHalny TipaMOre HOCTYIy
10 TIaM’SITI Ta CUCTEMY fiepepuBans. PO3IIN 3aKiHIY€THCA IPUKIIAIOM PO3-
POOIIEHHA MIKPOIIPOLECOPHOI CHCTEMU KepyBaHHS.

V choMOMy PO3ALTI PO3TASHYTO apXiTeKTypy 1 (PyHKIIOHAIIBHI MOKIH-
BOCTI OJHOKPUCTANBHUX MiKpoKoHTponepis 3 CISC-apXiTekTyporo, a y Bo-
CBMOMY — 3 RISC-apXiTeKTypoto. ‘

eB’aTuit po3in MPUCBAYEHO CUTHANBHEM Mpolecopam 00poGKn JaHux
y dbopmarax i3 (ikCOBAHOO Ta TLIABYUOK KOMOKO.

V. pecaToMy po3JiNi HaBeACHO BITOMOCTI MPO HEMPOHHI 0HYUCITHOBAUI,
OCHOBHU TOOYAOBH alNrOPUTMIB HAaBYAHHA HEMPOHHHUX MEPEXkK Ta anaparHy
peasizanito HelfpOHHUX 0OUHCITIOBAYIR.

Biaryku i mo6akaHHA MPOXAHHS HAACHIATH HA aJIPECy.

03056, Kuis-56, sy Ilonirexuiuna, 16, k. 307

Ten. (044) 441-13-53

Maxc (044) 236-96-76

E-mail: Petergerya@edd.ntu-kpi.kiev.ua

Bctyn

Baxaupe MICIE Y CXeMOTEXHILll eNEKTPOHHMX CUCTEM NOCITArOTh CHUC-
TEMH KepyBaHHA 3 MIKpPOIPOLECOPaMU Ta MIKPOKOHTpOJIepaMH, Kl JO3BO-
JSIOTH Peani3yBaTH CKIAJHI 3aKOHH KEPYBAHHS CIHCKTPOHHUMM HPUCTPOS-
MH. 3HaHHA CXEMOTEXHIKM aHATIOTOBHX Ta IIM(POBUX CHCTEM CTBOPIOE 0azy
JUTST BUBUCHHS TIPHHITAIIB TOOY0BY MIKPOTIPOLIECOPHUX CHCTEM KepyBRaH-
ma. IlepeBara MikponpouecopHUX CHCTEM KepyBaHHS - iX FHYUKICTB. CHC-
TEMY, pO3poOeHy JUIS BUKOHAHHS KOHKPETHOTO 3aBAAHHA KepyBaHHA, er-
KO NPUCTOCYBATH JUI BUPIlICHHS THIUIWX 3aBAaHb 3MIHOI [IPOTPaMHOIro
3a0e3rneyeHHs.

Iepumii mikporipouecop (MIT) /ntel 4004 3°seurcs 1971 poky. Bix npa-
osas Ha vacrtott 750 kI i, yminiysas 2 300 Tpansucropis i Map 4-po3paaHy
muny ganux. el BunHaxi BU3HaHo O HUM 3 HaHOUILIWMX JlociarHeHs XX
cTopiuyusa. CydacHi MikpoTipotecopHi Benuki iATerpaikil cxemu (BIC), Ha-
TPMKIAN OJHOKPUCTaNbHI MikpokonTponepu (OMK), MicTaTs yci ckiajosi
EOM -- MII, naM’a1b Janux, riaMm sTh NporpaM, iaTepgeiicH cxemu —~ 1a
edeKTBHO BUKOPUCTOBYIOTHCS B CHCTEMAX KepYBaHHA TIPOMHUCIIOBOTO Ta
NMOOYTOBOTO 00T THAHHS.

Posumpenns dynxuiit mixponpouccopuux cucrem (MIIC) notpedysaino
BAOCKONQTEHHA 3HaHbL COEWIANICTIB PISHUX HPO(IIUB YV 1HOMY HAMPAMI.
Tomy BUBucHIA OCHOB MOGYNOBU TA MPOrPAMYBAHHA MIKPOIPOIIECOPIB €
HEOAMIHHOK CKIA0BOIO NMIAIOTOBKU CUCLIAIICTIB BULIMX HABUAILHUX 34-
knamie, Hespakarorn Ha Benuky pisHoMawiTHicTs THE MIT ta dynxuii,
HIO BOHM BHKOHYIOTh, JIOTIKA TIOOYJIORH CUCTEM | CTBOPEATS TIPOIPAMHOTO
3a0e3reueHns 3aNUACTHCH HESMIHHOK. BUBUEHHS 3araibHUX NMPUHIATIB
nodyaAoBH, 0CcOGMMBOCTEH  aPXITEKTYpH, BHKOPUCTAHHA PISHWX BUNIB
[aM’STL Ta [POTPAMYBAHHS MIKPOTIPOLICCOPHHEX KOMITNEKTIB J1a¢ TCOPETHY-
By a3y g po3poOKU | BUKOPHUCTAHEA MIKPOTIPOLIECOPHUX CHCTCM PI3HUX
THMIB.



Po3agin 1

CUCTEMU YUCNEHHS
| KOOYBAHHS IHOOPMALLIT

1.1. Tunu cucTeM YUCIieHHS

' HaliwacTime B 004YHMCNEHHAX BUKOPUCTOBYETHCH HECATKOBA CUCTEMA
YHUCIIEHHs, 10BHA Ha3Ba sIKof — OJHOpIJHA JECATKOBA [TO3MIiliHA crcTeMa
YUCIICHHA 3 OE3II0CEPEAHIM MTOJAHHAM YHCE.

Hucno — 11 BeIMYMHA, AKd BUPAKAE KUTBKICTb OJHOPIIHUX 00 €KTiB.
Cucmenor yucienns Ha3UBAIOTL CYyKYNHICTh NPABWUI 3aMUCy “uces oOMe-
’KEHOI KiJIbKICTIO CUMBOJIIB, HA3BAHUX yuppaviu. CUCTEMH QACIICHHS 110-
AULTIOTH Ha MO3ULIMHI i Henosuuitini. Cepen MO3MUIMHKMX CUCTEM pPo3pis-
HAIOTH CHCTEMU 3 Ge3rocepeaHiM abo KOJOBAaHUM ITOJAHHAM uucen. [’03-
PAOOM UM(PU HA3UBAETLCA MicUe (abo mo3uuis) nudpy B MO3HILNKHIN cuc-
TeML. OJCHOG0K p CUCTEMH YUCICHHS HA3MBAIOTh KINMBKICTL PISHMX UKOP,
AKI 3aCTOCOBYIOTbCA 117151 Hanmucawus uncen: 0, 1,.., p— 1. Ha puc. 1.1 Ha-
BefeHo Knacudikamiio cucteM HucleHHA. KypcHBOM BHILIEHO 110JaHHSA
IECATKOBOTO uncna 11 y pisHMX cucTeMaxX 9HCIIeHHS

l Cucrenm acIenHIs

[ | 1:: -
3 Geanocepeauin 3 xozoBavuM Yhinupia

MOZAHHAM YHcTa JIONAHHNM MHC A

[ —

(osopini) —| V aamimkosnx
| XHacax
3 ocnosoio p Jipiiikoso-necarkona l
2 8 10 16
Pamcnka :I
1011 13 il B 00010001 —_
XI

Puc. 1.1. Kracugpixayis cucmeny wucieuns

10

Pozpin 1. Cucmemu yucnenns i kodysanns iH¢hopmauil

Jlo HEMO3UIIAHKUX CUCTEM UMCIICHHSA HANeKaTh, pUMChKa, YHITapHA i
CUCTEMa 3aTUIITKOBUX KIACIB.

VY puUMCBKIl CHCTEMI UMC:IeHHS BUKOPHCTOBYIOTH Taki mwudpu: [ = 1,
V=235, X=10,L =50, C =100, D =500, M= 1000. ¥V 1iit cicTeMi 4UCI0
2003 zammicyerbes sk MMIIL B yHITapHI# cHCTEMI Y1CTO TIOAAI0Th 3araib-
HOIO CYKYITHICTHO OHOPiAHUX 00 €KTiB. Y CUCTEMI 3aNUIIKOBHUX KIACiB Yu-
clla TIOJar0Th 0CTAuyaMM Bij JUTCHHS Ha TPOCTI 4yucna, Y Wil cucTeMi BCi
onepauii MOKYTbh BUKOHYBATHUCH OKPEMO II1A LMD KOIKHOTO po3psadLy.

JIo no3MIIHUR CUCTEM YHCIICHHS BiTHOCATH CUCTCMY, Y AKUX KOKHA
Huppa 3akimae nesHe nosoxerns (pospaa abo no3uiito) y paay wvdp, mo
300pakytors uncno. [Ilo6 ouxepikari 3HAUEHHA uuca, NMOTPIGHO KOXKHY
uddhpy po3psay MOMHOXKUTH Ha YUCHO, SKE HASHBUETHCSH 6AC0K) PO3PIOY.
Baru okpemMux pospsaliB ABISHOTH COOOF TEOMETPHUHY ITPOTPECIFO 31 3Ha-
MEHHUKOM, 1[0 JIOPIBHIOE OCHORI cucTeMH uuciieuns p. anpuknan, posps-

JWgecarkoBoro uncna 1327 45 marors Baru: 10° = 1000 10° = 100;

AKX 1Mdpr BCIX pospsaais Aadbysators 3naneuns 0,1,..., p 1, a ocHoBa p €
OJIHAKORBO JJist BCIX PO3PSAIB, HABUBAKOTH odnopionusi. Tlopanns wicna
X B oHOPLIHIH 1O3Mu NI CHCTEMI YHCIIEHHA 3 OCHOBOIO P MAC BUTNAJL

noo . _ — 2 B
X=% x.,\)Pn—.‘ - '\_(I)[)n I )pn 2, 4 x(n)/)ﬂ =xDyd (1.1
Ea|

Yucno X, o MICTHT 72 po3psAAiB WiA0T MacTrHB 1 & pospsaiis 1pody,
MOXHA BUPAZUTH POPMYNOI0

v ::Hi x(‘.,/)ﬂ_.\' :x(l) pn—l T x(z)pn—z + + \4(,/)/)0 4 t(rH—l)p—l +

. o ; 1.2)

P+ x""“’p_k =x

(rb 2y

+x DDy (A0 () oty

JlecatkoBa crucrema abo cucrema 3 octosoio 10 (p = 10) onepye 3 10

magpamn (8ia 0 10 9). Y cuctemax ducicHus 3 0cHOBOO Olbiue 10 BuKoO-

1



MikponpoyecopHa mexHika

Posain 1. Cucmemu yucnenHs i kodyeanHs ingpopmayii

pucToBy0Th 10 1Mdp i Monomnmx 3HaueHb UUdp POIPAAIB | TaTUHCBKI
mrtepu 4, B, C... — nis cTapiumx.

SIkmo HeoOX1HO MO3HAYMTH OCHOBY CUCTEMH YHCIICHHS, TO BUKOPU-
CTOBYIOTh HHUCIOBI iHAEKCH ab0 JIATMHCHKI JiTepu: Jf ABIMKOBOro Yucna
1rzekc 2 abo mitepa B (Binary), nas gecarkosoro — igaekc 10 abo nitepa [
(Decimal), nns micTHapuiITKOBOrO — IiHAEKC 16 ado mitepa H
(Hexadecimal).

Hpuknax 1.1. 3anucary uncio 11,4 y ABIAKOBIH CUCTEMI YMCICHHS,

V mBiiikoBI# CHCTeMI YKCIEHHS OCHOBA /2 = 2, a IH(PH PO3PATIB MOKYTh
Habysatu 3Haqens 0 ado 1. 3riaHo 3 dopmynoro (1.1) yucno 11, y aBiiikogiii
CHUCTEMI YHCIIEHHS 3aTTUCYFOTh K

4
X=3xD2" =12 4027 +1:2' 1.2° =1011,.

g1
Hpuxnap 1.2, 3anucaru uncno 11y y BICIMKOBI{t cUCTCMI UXCTIECHHA.
Y BICIMKOBI cucTeMi UncIenHs 0CHOBA p = 8, a PO3PsIHI KOMITOHEH-
TH MOXYTh HaOyBaTu 3nadennb {0, 1,2, 3,4, 5, 6, 7}. 3riauo 3 popmynoro
(1.1) uncmo 1144y BiCiMKOBI cucTeMi YUCTEHHS MOKHA 3aTIMCATH TaK:

X =3x8 g 4308 = 13,
g

Tpuxaax 1.3. 3anucatyt uucno 11 y WICTHAANIATKOBIR cHCTEMI Um-
CIIEHHA.
Jina micTraguATKOBOI cuctemid p = 16, X = {0,1,2,3.4,5,6,7, 8,9,
A, B, C, D, E, I}, 3rigno 3 dopmyroro (1.1)
X =B-16' = 0B, =VBH .
Mpuxaanx 1.4. Tonatu uncno 1327,45 ) y Burasai noginoma (1.2).

3Hauenss Bar Ta uadp pospsauis uncna 1327,45 y NecsaTkoBil cacTeMi
YMCIIEHHA UTIFoCTpye Tadm. 1.1 3rigHo 3 hopmymoro (1.2):

1327,45=1.10° + 3-10° + 2.10' + 7.10° + 4.10' + 5:10™

12

Tabnuya 1.]1. 3navenns Bar Ta nMgp po3psagiB y AecATKOBIHA cucTeMi

Creniss 0CHOBH 3 2 1 0 -1 -2

3navcHna Bar nosuuiii | 1000 100 10 1 0.1 | 0,01

Ludpa pospsay 1 3 2 7 I 4 ‘ 5

Yucio 1000 +300 +20 +7  +04 +0,05 =1327451

PosrnsHyTi Vv TIpUKIAzax CUCTEMH, Y SKHX KOKHiH wadpi pospsay
BIAMOBIZA€ OKPEeMUH CHUMBOJI, HA3MBAKOTHCH CUCMEMOI0 3 Oe3n0CepeoHim
nOOaHMM Yuces.

CucreMy, B aKill KUTBKICTH CUMBOJIIB MEHINA, HIX KITBKICTH IUDp, a
KOXKHY Undpy KoayroTh MeBHOW KOMOIHALICH KITBKOX CHMBOJIB, HA3WBa-
FOTb CUCMEMOIO 3 KOOOGUNUM ROOHAM yucen. TAKOWO €, HATPHKIIa/, ABIM-
KOBO-JECATKOBA CUCTEMA YMCIICHHS, SK4 MICTUTD JIeCATh IMGp, ane TIbKY
ABA CUMBOJIH, TIPUYOMY KOXKHA 3 JECATH MDD KOLYCTHCS TUCITAMI JIBIAKO-
Boi cucremu: 0 = 0000, 1 = 0001,..., 9 == 1001.

Hpuxuan 1.5, 3anicaru uncio 111y y ABIHKOBO-1eCATKOBIN CUCTEMI
THCTICHHA,

Jlns xoxHoi udpu ecaTkororo uncna sanumieMo ii ARIKORMI eKBi-
BWIECHT, AKUH 3aiimMae 4 pospanu (10 = 0001,). Orxe, uncio H o y ABiiiko-
BO-JICCATKORIfT cucTeMi Oy Ie NOJAHO TAKAM YHHOM!

[T10= 0001 0001,_,.

KoHTponbHi 3anutaHHs

1. daiire BUBHAUCHHS CUCTEMU YMCTEHHS.
2. Hasexith MPUKIAMA TOZHIIHHUX CHCTEM YUCIIEHHS 3 0cHOROTO 2, 10, 16.

3. ‘["{ElBt‘/Illl'l.‘b TPUKJIIA)T CUCTEMH YHUCITICHHSA 3 KOJOBAHHUM TTOJJAHHAM YUCEIL.

13



MikponpouecopHa mexHika

1.2. [IBiikOBa cUCTEeMa YUCIEeHHA

Jpitikoea cucteMa qucneHH, ab0 CrcTEMA 3 OCHOBOIO 2, BUKOPUCTO-
Bye mudpu 0 i 1. Taki undpu HasusaroTses Gimavu (Binary Digits). Dizn-
YHO B IM(POBUX ENEKTPOHHMX cucTeMax 3HaueHHs () BIATIOBIZaE HAMpy3i
HU3BKOro piBHA (L-piBHA), a 3HaueHHA 1 — Hapysl BUCOKOIo pIBHA
(H-piBHA).

VY rtabn 1.2 HaBeneHO 3HAYEHHS Bar NEPIINX YOTUPhOX ABIAKOBUX
IO3UILH 1 TIoKa3aHo BiANOBIAHICTE MK ABitikoBuM uucioM 1001, ta ftoro
JCCATKOBHAM €KBiBaneHToM 91y Po3psaa, skoMy BIINOBIJAE 3HAYEHHS Baru
no3uii 1, HasuBaeThCA MOI00wuM Oimom, a PO3PSJ, AKOMY BiAIIOBigae
HaltOiIbI1e 3HAYCHHS Bary Mo3uiii (y usoMy pasi 8), — cmapuium Gimom,

Tabnuys 1.2. 3nadyenns no3uuii ABiHKoBUX YHced

Creniss OCHOBU 3 2 1 0
3HaueHHS Bar O3MINH 8 4 2 |
JeifixoBe HHCIO Crapuuii Git Mostoauruii Gir
1 0 0 1
Becsrrkosc ¥HCIo 8 0 w0 i + | = 9,9

V tabin. 1.3. nogano pecarkosi uncna 8ij O mo 15 ra ix ABifKOBI €KBI-
BaJICHTH.

Tabnuys 1.3. ABiifkoBi ekBiBaNeHTH JecaTKoBHX yncea Bia 0 no 15

Yucna
ACCATKOBL [ JIBIHAKOBI ACCATKOBI ABLAKORL
3HaueHHs Bar NO3HILEH

w1221 22 2 2 1 10 10° | 8 4 2 ]
0 0 0 0 0 0 0 8 1 0 0 0
0 1 0 0 0 1 0 9 1 0 0
0 2 0 0 1 0 1 0 1 0 1 0
0 3 0 0 1 1 | 1 1 0 1 1
0 4 0 1 0 0 1 2 1 | 0 0
0 5 0 1 0 1 1 3 { 1 0 1
0 6 0 1 1 0 1 4 1 1 1 0
0 7 0 1 1 1 1 5 1 1 1 1
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Posain 1. Cucmemu qucnenns i kodysaHHsA iHhopMauii

IeperBopenns ABIHKOBOro YHCIa HA TeCATKOBHII exBiBaxenTt. ITig
KOJKHMM 0iTOM JIBIKOBOTO Wic]a 3allUCYOTh OECATKOBI 3HAUEHHI KOKHOI
no3uuii. JlecsTkoBl uucna miacyMoByrOTh. IIpuKian nepersopeHHs ABIAKO-
Boro uncna 1011 0110, Ha necaTKoBUi eKBIBATEHT HaBeaeHo v Tabu. 1.4.

Tatauysa 1. 4. epergopenas QBiiKOBOI0 YHEIA HA AeCATKOBUI

eKBIiBAJIEHT
Creninb OCHOBY 7 6 5 4 3 2 1 0 ]
JHAYCHHN BAT NOIHLILK 128 | 64 32 16 8 4 2 I ‘
Tisiticore wmeo T O S T VI O 0 Tl
rlI\:Cﬂ'l‘KOBG quCn0 128 +0 +32 +16 +0 +4 42 40 =1 821(,|

HeperBopeHHS JecsITKOBOIO YHCAA Ha ABilikoBHil exsiBasenT. [Je-
CATKOBE UuCHo Atk Ha 2. Ocrauy y Buras 0 a6o 1 sanucytors y mono-
DIUAH PO3PAA JBLHAKOBOTO vncha. HacTky BIjl MiIEHHA 3HOB QUISTH HA 2, 0C-
Tauy (0 abo 1) sanucyoTh y HACTYHRHAN THcHs Monomoro pospsx. Lli aii
BUKOHYIOTE IOTH, [IOKH MACTKA BRI HEPTrOBOTO JIICHHA HE JOPIBHIOBATUMC
1. OMBMImo 3aiucyloTh y crapuinii pospan Biifkooro udena. |Tpakian
NEPCTBOPEHHA  AECHTKOBOIO  uncna 1551 wHa JABIWKOBUU  eKBIBAIEHT
10011011, Hasespeno na puc. 1.2.

JUra tepeTBOpEREs L0r0 Mueia X, 3aMcaHoro B CHCTCMI YHCICHNS
3 OCHOBOW p, Ha MO0 EKBIBAICHT Y CHCTEMI YMCICHHS 3 OCHOBOW ¢ CIlijl
UTATH X W ¢ JL0 OTPUMAHHS 11T10T 0cTaul, MeHIIOT BiJt ¢ (METOJ TI0CI10B-
HOTO Jtinenta). Hueino X'y cuereMi duciieHis 3 OCHOBOO ¢ TIOJIACTRCH T10-
CIJOBHICTIO OCTAY JITTEHHS B TOPAJIKY, 3BOPOTHOMY iIXHBOMY 0JIEPIKAHHIO,
npuuomy crapiry umdpy B upcii X 1ae octaHHs 0cTaua.

15
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155:2="77 ocraua 1
77 :2 =738 ocraua 1

38:2=19ocraua 0

19:2=9 ocraua ]
92=4 ocraval

42=2  ocraua0

22=1 ocraua0
|

155y=1 0 0 1 1 0 ] 1

Puc. 1.2. Ilepemsopenns Oecsimrosozo wucaa 155,

Ha Ogitikosuil exeisaiienm

Jnd wncen, mo MaroTh K My, Tak i APpobOBY YaCTUHY, UEpEBEICHHS
3 OJHIET CUCTEMM YNCIIEHHS B 1HITY 3[IHCHIOETHCS OKPEMO JUIs 1110 i Jpo-
6oBoi wacTuH. JlNs nepeTBOpeHHsA MpPaBWILHOCO APoly X, 3allucanoro y
CUCTEeMI YMCTIEHHS 3 OCHOBOO p, Ha HOT0 CKBIBAJIEHT B CHCTEM] YMCIIEHHS 3
OCHOBOIO ¢ CITiJl TMOCIIIOBHO MHOXWUTH X Ha ¢, TIPUMOMY MHOMKHUTH CIIJ
TUTBKU ApoOOBI YaCTHHH (METO MOCTIZOBHOTO MHOMeHHR). Exsisaneur X
Y CHCTEMi YHCJIEHHS 3 OCHOBOK ¢ MOAAETHLCA Y BUTIANI NOCIIAOBHOCTI Li-
JMX YACTHH pPe3ylIbTaTiB MHOKEHHSA Y IIOPAAKY iXHBOTO OACPKAHHS, TIpU-
YoMy CTapIIui Po3psa € MU0 YACTUHOIO NEPIHOTo pe3ynsTaTy. Ko He-
06XiHO BUKOHATH TIEPETBOPEHHA 3 TOUHICTIO ¢ . TO KiNbKICTh MOCHIZOB-
HUX MHOX€EHB JIOPIBHIOE £.

Mpuxnan 1.6. 3anucati gecatkosmit 1pi6 0,366, 3 Tounictro 27 y
IOBIfKOBIN cCTEMI HHUCITEHHS.

JpoGoBi yacTHHM 331aHOTO, YHCHIA Ta YMCEN, O YTBOPIOOTLCS Y pe-
3yJIBTaTI MHOKEHHS, 8 pa3iB TIOCTIZOBHO MHOXUMO Ha 2 (puc. 1.3).

16

Posain 1. Cucmemu vucneHHn i kodyeaHHs ingopmayii

0,366-.2=0,732 uima sactuHa
0,732-2 = 1,464 uina wacruna
0,464-2 =0,928 maavacTuHa
0,928-2=1,856 wnimavacruna
0,856-2=1,712 - nina wacTuna
0,712-:2=1,424 m1a gacTaHa
0,424-2 =0,848 wuina yacTuHa
0,848-2 = 1,696 uninavacruHa

—_— e e D = D

!

0,3660=0,0 1011101,

Puc. 1.3. IIepemsopenns Oecsamrosozo wucia 0,366y,

Ha O6liikosun exgisarenm 3 movnicno 2

V Tabn. 1.5 HaBeneHO NMepeTBOPEHHS OJEpXkaHOTO ABIHKOBOTO YHCTA
HA JECATKOBH EKBIBAIICHT, J1e (114 KOXXHUM OITOM IBIAKOBOr0 4MClIa 3anu-

CaHi AECATKOBI 3HAYCHHA KOXHOI TO3MIN, AKI M11JICYMOBYIOTD.

TatGauys 1.5, lleperBopennsn Agilikosoro wcia 0,01011101,
Ha 1eCATKOBHI eKBIBAJIEHT

0.25[0.12510.0625[0,03125[0,015625] 0.0078125 | 0,00390625 |

. I
BAT TO3ALII |

0,3

—

Creninn ocwosu [0 -1 -2 =37 -4 -5 -6 -7 -8
T

"llniifnmsc o |0 01 0 . 1 1 | 0
Tecarrone ancio] 010+0.25+040,062510,03 125+0,015625+0+0.00390625 = 0,36328125 |

Orpumane uncio 0,36328125,, Habnxkye 3apane uucio 0,366 3 Tou-
HicTio 27° = 0,0039.

KoHTponbHi 3anuTaHHA

1. Ulo o3navae 6it y asiitkoBiit cuctemi?

2. TlepetBopiTh Ha HeCATKOBWE KoJ Taki ABiAKosi umcna: a) 0001; 6)
0101; 8) 1000; 1) 1011; n) 1111; ) O111.

KO hau*r‘ynm‘ztebmms i FTERGITA 3 TOMHIC-

R

3. TlepetBopiTte Ha HABIHKOKIf
0 27 2) 23,55; 6) 39,41.

17
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Po3gin 1. Cucmemu yucneHHst i kodyeaHHs iHgopmayir

1.3. OBilikoBa apucpmMeTHKa

JonasaHHs, BiTHIMAHHA a00 MHOJKEHHS JBIKOBUX qUCENT BUKOHYIOTh
3a TAKMMM CAMHMH NPaBHIaMu, SK i B apu(MeTuIl ACCATKOBHX HHCEIL
ITpaBunma pogaBaHAs ONHOPO3PAMHUMX JABIAKOBUX HHCE] HaBeIEHO Yy Tab
1.6. Ilpasuna 1 Ta 2 ouerMHI; NpaBuno 3 LHOCTPYE TEPEHECEHHS OXHHMIT
y ctapmuii po3psaa: 1 + 1 = 10. [Tpasuno 4 nokasye, mo pe3ynbraToM Jo-
JaBasHA Tpbox 1 € wucro 11.

Tabauya 1.6. llpaBuna ABIIKOBOrO A0KABAHHS

Houep 1|2 3 4
TIpABHIA
TlepeneceHus
17 3 monoamoro
03] \3
1-ii gomanok | O 0 1 + 1 Pospi
+ + +
2-it gomanok | 0 1 1 1
Cvma 0 1 10 11
/ /
Iepenccenns 1 | Tepenecensa L
10 cTapuroro A0 CTapiroro
POIPATY pospHIy

Hpuxnan 1.7. Jonaru nsa 8-pospsuunx xsivikosux uncia: 10100010, i
01110101,.

BukoHyemo nofaBaHHS IBOX WHCET, BUKOPHCTABIUHM TpaBUITA JIBIAKOBO-
ro jogasaHus (Tabn. 1.6) ansg koxHOro 3 po3psauis. Y UBOMY TIPUKIA pe-
3yIIbTAT JOIaBAHHS 8-pO3PAIHUX uncell € 8-po3psaIHIM:

1 111 — pagoxk nepene-
CEHbL
1010001
N
0011010
1
1101100
0
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[IpasunbHICTE JOJABAHHA NEPEBIPUMO B AeCATKORIMH cucTemi (Tadbm. 1.7).

Tabnuys 1.7. lonasanuas y aBilixoBiii Ta pecaTkoBifl cHeTemMax

3HavucHHA Bar po3pANIB 5 56 5 ” 5 | 92 |51 5
YHucma

1-it goma-| Jpiiikose 1 0 1 0 0| 0|1 1
HOK Necarxore | 128 +32 +2 +1 = 1630
2+ goaad Jlpiiikoee 0 |0r1| 1 ]0|1|0|1
HOK JHecartkose 32 +16 +4 +1 = 530
Pesvurar Hsiiikose 1 ] 1 ]70 J 1 | 1 I 0 l 0 I 0

i HecatroBe 128 +064 +16 +8 = 21659

Mpukaaxy 1.8. [Jonmatw gsa gpilikoux umcna: 10100011, Ta
01110101,
BukoHacMo JmoAaBaHHA Vv BilfkoBoMy BHDNIsal. Pesynsrar € 9-
PO3PAIHUM HUCTIOM:
111 11
1010001 i

"ot 1t 0101
10001 1000

Pe3ynpraT nepeBipuMo 101aBaHHIM Y IECATKOBOMY BHIIIAL:
163
{,
117

280

Skmo juig no3HaveHns KOXKHOTO IBIMKOBOIO YKcna BUIBOAWTHCS Bi-

CiM PO3psAIB, TO OJIEPXKAHHA 9-PO3PAIHOTO Pe3ynbTaTy JI0AaBaHHs JBOX
YHCeN MPU3BOIMTE 0 HEKOPEKTHOI poBOTH Mikpoitpouecopa. Y TIpukiazi
1.8 y BOCBMU MONOJIIMX PO3pAjax pesy/bTaTy J0JaBaHHA Yy JBIMKOBOMY
BULNIA 3Haxoautbes uucno 00011000, = 24,,. TIpu uboMy BinGyBaeThes
nepeneceHns |y fes’sTuil posps, Bara skoro 2° = 256, 1le nepeHecenns
MOXXHa BPaxXyBaTH TIPOIPAMHO 1| CKOPEKTYBATH HEIPARUIIBHUI pe3ylbTar,
Hampukiajd, PO3MIICHHAM TepeHeceHHs y X0aaTkoBoMy pericTpl. Tom
19
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aBoGaiiTore wmcno Oyxe Mictuty 256 + 24 = 280, ToOTO npaBunbHUiL pe-
3yJIBTAT. ‘

V rtabn. 1.8 HaBegeHo IpaBuia BIAHIMAHHS OJHOPO3PAAHUX ABIfKO-
BUX yncel. [Ipasuna 1 — 3 aHanoriuni NpasuiaM NeCATKOBOIO BiIHIMAHHSL.
Ipasuio 4 motpebye MO3UKY 31 CTAPIIOTO PO3PAY Tak, IO 3MEHIIYBAHUM

€ uncno 10, Big eMuukom — 1 1 pisanuero — 1.

Tabnuya 1.8. MlpaBuna aBilikoBoro BiTHIMaHHs

Howep | 5 | 3 4
[IpABHIA |
Tlosuxa
104 CTapuIoro
pospaIy
3smenmysane | 0 1 1 0
Bin’ emrmk 0 0 1 1
Pigunna 0 1 0 1

Hpuxnax 1.9. Bigasti Big asilikosoro wmcma 10100011, uwmcno
00110101,.

BUKOHYEMO BifHIMAHHA JBOX u#Ced, BUKOPUCTABUIN TpaBuia ABIi-
KOBOTO BigHIMauAs (B, Tabn. 1.8):

11111 - psnok noswk

1010001 = 163,

1 = 0
0011010 534

1

o101 = 110,

0 0

BiasHaunmo, mo BigHiMaHusd OUILIMOro 4mcila Bij MEHUIOIO NPHBO-
IUTh [0 HEKOPEKTHOTO Pe3yJIbTaTy, OCKUIbKKH € forpeda y nosuuwi 3
IeB’ATOro po3psay. PesynbTaT BIIHIMAHHA Y IOMY BHIIAIKY Tpeba ckope-

KTYBATH IIPOrPamMHo.
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Po3gin 1. Cucmemu qucnenns i kodyeanHs ingbopmayii

VY Tabn. 1.9 mogaHo nmpaBuiia MHOXEHHS OXHOPO3PSAHUX JBIHKOBHX
YHUCEIL

Tabnuya 1.9. lIpaBuIa ABIHIKOBOro MHOMKEHHS

Howmep | 2 3 4
npaBuia
Muoxupx 0 1 0 1
x X X x
MHOoKHHK 0 0 1 1
Ho6yrok 0 0 0 1

Y fleplunx TphOX BUIMAAKAX HPUHAAMHI OMH MRMKHHK IOpiBHIOE O,
TOMy A00yTOK JopiBHFOE (. V HeTBepTOMY BUNAAKY MHOXHHMKAMHU € OJH-
HUIIL, TOMY 106y TKOM € 1.

Hpurcoan 1.10. TTepemuoxuta iBa jBifikoBux udeaa: 1101, 1 101,
3naitneMo 106y TOK, BUKOPUCTABIIY YIpasuma (aus. Tabn. 1.9):

1101
.
1101
0000
4110
1
100000
1

Jlna nepeBipku 1104aM0O MHOKHUKH Y JICCATKOBOMY Burisiai: 1101, =

x

Bigsnaunmo, mo pospsansicts 106yTKY HOpiBHIOE CyMI po3psiB
MHOXHHKIB.

KoHTponbHi 3anuTaHHA

1. Bukounaiire pogasarns uucen 10110011, ta 11110010, i nepesipre pe-
3YIBTAT Y JACCATKOBIHA CHCTEMI.

2. Brikonaiite BijsiManus uucell 132,,1a 77,0y IBiliKOBOMY BUTTIAIL.

3. Bukouaiire muoxenns uncer 110110, ta 111, i nepeipre pesynbTar y

JECATKOBIH CUCTEMI,

21
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4. BusHauTe pPO3PANHICTE pe3ylbrary MHOXeHHa umcen 11011100, Ta
11101111,.

1.4. lHWi nowunpeHi cucTeMu YUCNEHHA

TpiiikoBa cucTeMa yMcIeHHs. ICHYIOTh TP KAHOHIUHI TPIAKOBI cH-
CTEMH YMCHEHIA: ABI 3MIIEH], U(PU PO3PAMIB AKUX HAOYBaAIOTH 3HAYEHE
{0, 1, 2} ta {-2, -1, 0}, i oxHa cuMeTpHuHa, HUdpPK po3psaiB Axoi Haly-
BArOTH 3Ha4eHb {—1, 0, 1}. V cuMmeTpmumniii cHCTeMI YUCICHHS BUKOPHUCTO-
BYIOTHCS TPIMKOBI BaroBi koeillieHTH po3pamiB: 3%, 3! 3% .., a sHauenns
—1, 0, 1 BIAMOBIHAXOTH TPEOM JIOTIUHUM PIBHAM Hanpyru. [loganus uncen y
CUMETPUIHIH CUCTEMI Ma€ BUTIISL

X = %x(&) 3 x(1)3n—l + x(2)3n—2 +. o+ x(n)3()7

s=1
e x e{=1,0,1}.
V 1abn. 1.10 #areneHo eKBIBANEHTH JCR ATH TONATHUX 1 B’ €MHUX
JECATKOBMX YUCEN Y CUMETPUUHIN TPIAKOBIH cUCTEMI HHACICHHA.
Tatauys 1. 10. Heearkosi yncaa Ta X eKBiBaJeHTH

Yy CUMeTPUYHIl TpiliKkoBil cnereMmi

Unca
AECATKOBL L ) JECATKOBI o .
,I[o:la.'rﬂi CPIME:Tp.l/I‘]HI 'I'p]PII\'OBI BiA‘E‘MHj CH.V[&)TpH'—[Hl ’[‘pllll\'UBl
3HayCHHS Bar TO3UUiLl
10° 3* 3t 3" 10" 3’ 3! J( 3
1 0 0 | -1 0 o 1 -1
2 0 1 -1 -2 [N 1
3 0 1 0 3 0 A 0 |
4 0 1 1 —4 0 ST
5 1 1 ] -3 -1 I 1]
6 ] -1 0 -6 =3 I 0
7 1 -1 1 -7 -1 t -1
3 1 0 -1 -8 -1 0 1
9 1 0 0 -9 1] o 0
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IIpaBuna anreOpudHOro I0JaBaHHA OJHOPO3PANHUX YUCEN Y CUMET-
pUUHIi TpiifkoRiit cucTeMi HaBe1eHo y Taoum. 1.11.

Hpuxaang 1.11. Jlonaty aBa TPIAKOBUX 0araTopo3pajHUX 4HCIa —
11015 1a 01-105.

3HaiiieMo pesynbTaT areOpHYHOro A0JaBaHHA JBOX YMCE, BUKOPU-
cTaBmy upaswmna (aus. T1adn. 1.11);

TTogamMo yncna y AecaTKOBIH CHCTEMI YUCIIEHHS Ta BUKOHACMO iX J0Ja-
BaHH!
—1101; =—1740;
01-10; = 6,¢;
=171+ 619 = =11,

Tabauys 1.11. TIpaBuiaa f0JaBaAHHA Y CHMETPUYMIN TPiliKkoBiii cHcTeMmi

T e e ey

I» Homep 12 ( 1 4 5 6

_.1ipaguia di. — — —
| , I I

I 1-if aonavok | 0 i 0 0 1 |
+ i + |+ + +

2-i 102aH0K 01 -1 -] -1

Cyma 0 ] 1 | 0 1

IIpasuna MHOXKEHUA OJHOPOSPAAHUX YUCeN Y caMeTpruiliii TpifikoBii
cucteMi HaBeaeHo y Tadu. 1.12.
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Tabruys 1.12. llpaBuiia MHOMKEHHST Y CHMeTPUIHilN TpilikoBil cucremi

Howep 1 213 | 4 5 6
TIpaBmIa
MuoxHRK 0 0 0 1 1 -1
X X X X X X
MHosxemx 0 1| -1 1 ~1 -1
Hobyrox 0 0 0 1 -1

Hpuxaax 1.12. ITepemBoxuTy jga Tpifikosux yucna; ~10115 1115,
PezyipTaT MHOXKEHHS BH3HAUWUMO 3T1IHO 3 IpaBmiiaMu 1adn. 1.12:

-1 0 1 1
x
-1 1
-1 0 1 1
I 0 =1 -l
I -1 -1 0 1

Pesynnrar MHOMEHHS Y IECATKOBOMY BUTIIAII:
1=1=101=1-3* 4 (=1)-3* +(=1) 3> +0-3' +1-3° =81 -27 -9 +1 = 46..
HittcHo,
~23) % 210 46

CKOpOTUTH JOBXUHY 3alUCY ABIAKOBHUX WHCEH MOXKHA, 3aCTOCOBYIOYH
CHCTEMM YUCIIEHHS 3 KPATHOIO OCHOBOIO, TOGTO CHCTEMI, OCHOBU AKUX p) 1
72 3B’A3aHI CITBBITHOLICHHAM Py pll‘, zie k- dinie poaarae uueno. |lpukna-
JaMU TAKUX CHCTEM € JBIMKOBA, BICIMKOBA | TIHCTHANNATKOBA CUCTEMU (23 = 8;
2= 16). BicIMKOBY i LICTHAIUATKOBY CHCTEMM YMCHICHHS, K IPABUIIO, BUKO-
PUCTOBYIOTh SIK JOTIOMIACHL JUIS CKOPOUEHHSL TPY IOMICTKOCTI 00pobKu 1HOp-
Marii.

BiciMmkoBa cnereMa gHclieHHs. BiciMKORA cUCTEMA - LE CHCTEMA 3 OC-
HOBOO 8, sKka MicTUTh BiciM tmdp Bix 0 o 7. Y 1abn. 1.13 noganc aecsr-
KOBI, BICIMKOBI Ta JBIMKOBI SKBIBaIeHTH 16 replInX MUUCE JIECATKOBOI CU-
CTEMMU.
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Tabruya 1.13. lecaTkosi, siciMikoBi i nBilikoBi ekBiBaIeHTH
yucea 0-15;,

. L . JIBINKOBHIT CKBIBATCHT
Hecstrrouit BicimxoBumit —
eKBiBATEHT CKBIBATCHT ImBICHIA Bar MrO3MNH
4 2 1
0 0 0 0 0
1 1 0 0 0 i
2 2 0 0 1 0
3 3 0 0 1 1
4 4 0 1 0 0
5 5 0 1 0 1
6 "6 0 ] 1 0 i
7 7 0 1 1 1
8 T A 0 U
9 m ! 0 [
10 12 1 0 T o0
T i 13 1 0 [
12 B Y { 4} 0 1
3 BT 1 1 0 YT
i 14 16 I 1 [ RO
15 17 1 [ T S

Jns Toro npd neperBoprin ABIHKOBE YKCAO HA BICIMKOBUE eKBiBa-
TEAT, HOro JUTATE Fa TPIAJU — TPYTA 110 TPU OITH, TIOYUHAIONA 3 MOJIOI-
joro Oiva. SIkiHo KumbKicrbh OITiB He KparHa 3, To JBifkoBe YHCIIO JOMOB-
HEOCThCs HYIAMA 3084, [TOTIM KOKHY Tpiasty 3aMIHIOIOTH HA CKBIBAJICHTHY
BiCIMKOBY 1Mpy BiANOBIAHO 10 Tabi. 1.13. Hanpukian, BiCiMKOBUI CKBI-
BastenT uncia 11111000100, — ue wncno 3704y

[ Mmitkone wncio | 011 | 11777000 | 100 j

|’"m‘c:m;;sz“q;;¢;;~, 3 7 0 4]
Hpuknax 1.13. Tlepetsopuru BiciMkoBe unciio 65215 na aBiiikoBwif
EKBIBAJICHT.
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Jlna mepeTBOpeHHA BiCIMKOBOTO YHCTA KOKHY HOTO LU(PY 3aMIiHIOIOTH

JIBIIKOBOTO TPIaJIoo;

Bicimkose unc:1o 6 5 2 1]
JHsilixose wricno 116 | 101 | 010 | 001

Otxe, 65213 =110101010001,.

Upnraan 1.14. Tlepersoputit BiciMkose uucio 2357; Ha AecATKOBUM
€KBIBANEHT.

TlepeTBopeHHs BHKOHYIOTH 3a Tabn. 1.14, y apyromy pszky skoi
BKa3aHO Bary YOTHPHOX MEPIIMX NO3Mi BiciMkoBOTO wrcha. OTKe,
23570 = 1263y,.

Tabnuys 1. 14. BiciMKOBO-1€CATKOBE HepeTBOPEHHS

Creneni uacna 8 8% 8’ 8! 8"
3HauCHHA Bal [TO3UIIIH 512 - 64 8 1
BiciMxose gucio 2357g 2 3 5 7
Hecarkore uuc:Io §12x2 +64 x3  +8x5 +1x7=1263

Mpuxnan 1.15. TTeperBoputy necsitkoe uucio 3336y, Ha BiciMKO-
BU €KBIBAIICHT.

Ipu niepeTBoperHi gecsaTkoBe uucio 3336, AinaTh Ha 8, Mo Jae 1uac-
TKY 417,01 ocTauy 0o = Og. TakUM YUHOM, MONOJAIMINAN PO3PAT BICIMKOBOTO
aicna Mae 3Hadenns 0. Yacrka 417, crae mineHuM 1 il 3HOBY AiNAth Ha §,
MO Jla€ YacTky 5214 1 octauy 1yg = 1g, ka cTae 3HAYEHHAM JIPYTOro po3ps-
Ay BiciMKoRoTO umncia. Jinenus 52, Ha 8 mae yactky 61, i octady 4o = 4g.
OCTaHHIO YacTKy 649 ALISTH Ha 8 13 uacTkoro 0 1 ocTavero 6, = 63. OcKinb-
KM ocTaHHs dactka gopisuioe 0, To uupa 6g crac 3HAYCHHAM CTapLIOTO
po3pAIy BICIMKOBOTO YHC/A:
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333610 8= 41710 QcTada 010 = Og E—
41716: 8=52)0 ocrauwa ljp=1g
5210 8=61p ocTaua 410=4s
610:8 =0 ocraga 619 =63

Otxe, 3336, = 6410s.

IlicrHAXUSTKOBA CHCTEMA YHCICHHS € CUCTEMOIO 3 OCHOBOIO 16 Ta
MicTuTh 16 cumpomie: 0, 1,2, 3,4,5,6,7,8, 9, 4, B, C,D, E. I Y tabn. 1.15
HaBe/ICHO JIBIMKOBI Ta 1MICTHANLWTKOBI CKBIBAJICHTH 16 fEpIMX JICCATKOBHX
yucen. KoxHy micTHAAUATKORY TGPy MOJAIOTh € JUHOK KOMOIHALIEIO Y0TH-
prox ABiiikoBux widp. Tak, UNCTHAAIATKOBUM €KBIBAJICHTOM ABIIKOBOIO 9u-
cna 10011110; € uncno 917y, Le o3uayae, uto crapmy Terpaay (4 crapui po3-
paau) 1001 agiiikoBoro uncna 3anmucyroTh K 9y, a montojy terpagy 1110 -

K K.

Tabuuya 1.15. JIBiiikoBi Ta MiCTHAAUSTKOBI ¢KBIBAJIENTH JICCATKOBUX

quce
JecsTrone [111] CTHa.,‘IlIﬂTKOBHﬁ JniiixoBuii ckmiBATCHT
HACTO CKBIBQJICAHT
. e ZHALCHHY Bar TRO3AILIE

10 1¢° 16° 2’ 2 2! )

0 0 0 0 0 0 1
o l 0 0 0

0 2 2 010 1

0 3 3 0 0 1
0 4 4 0 o

0 3 5 0 1

0 6 6 0 1 1

0 7 1. 0 1 1 |
0 1 8 8 t 0 0

0 9 9 | 0 0

1 0 A | 0 ]

| ! B 1 0 1 -

1 2 ' 1 1 0 0

] 3 D [ 1 0 |

1 4 K 1 ! 1 0
1 5 F 1 1 1 ]
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Mpuxiax 1.16. IleperBoputy asiiikose wucno 111010, na micTHa-
IIATKOBUIT €KBIBANCHT.

Jlns mepeTBOpEHHs ABIMKOBOTO YHCHA Ha INICTHAALATKOBUN €KBIBA-
NeHT Tpeba MoAUMTH HOro Ha TeTpajH, NOYHHAOUH 3 HAHMOJIOMUIOro pos-
PANY, a TOTIM KOXHY TETPaJy 3aMiHUTH €KBIBAIICHTHOIO INICTHATIATKOBOXO

uudporo. 3HaueHHa mMonoxmoi terpagu 1010, = A6, crapmei — 0011, =
316. Ome, 111010, =3456.

Mpuxnag 1.17. TlepeTRopuTH MICTHARUATKOBE YHCIO 7F¢ Ha ABIH-
KOBMI1 €KBIBAJICHT.

Jlns mepeTBOpEHHS IMICTHA/IUATKOBOTO YMCNa HA JABIMKOBHI €KBIBa-
JIEHT KOXHY MIICTHAMIATKOBY UA(PY CIiA 3aMIHHTH HA JABIHKOBUI €KBiBa-
neHT — TeTpangy (auB. Ta6n. 1.15). EkBiBajeHTOM mCTHANUATKOBOI TMBpR

7.6 € mBitikose ducio 0111,, a uudpwu /6 — wmcno 11112, Orxe, 71 =
11110111,.

Ipuxcnax 1.18. Tlepersoputy micTHagUATKOBE umcio 2C6K ¢ Ha Je-
CATKOBHI €KBIBAJICHT.

IleperBopeHHs BUKOHYIOTH 3riaH0 3 Tabn. 1.16. Koxxy 1mdpy imct-
HAAUATKOBOTO YUCIa MHOXKATEL Ha BiANOBIAHY Bary nosumiii. Cyma 1ux jgo-
OyTKiB Jae necaTkoBe uucao 113744,

Tabnuya 1.16. IlepeTBOpeHHs IICTHAAUATKOBOTO YMCJIa HA IECATKOBE

3uauenns nosuuiit 16° 16° 16! 16°
3HaweHHA Bar ro3uULi 4096 256 16 1
IlicrHaaugTROBE YHCTO 2 3 6 E
Hecatkobe ymc:10 2x4006 +3x256 +6x16 +1x14=11374y

Mpuxanan 1.19. Tlepersopury gecsatkose urcno 15797 na nucrRamg-
TKOBHII €KBIBAIEHT.

TIpu mepeTBOpeHHI JiecaTkoBe uncno 15797, minste va 16, mo gac
yacTKy 9870 1 octauy Sio = 516. TakuM YMHOM, MOJOMUIMIT PO3PsA IHICTHA-
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ALATKOBOro uucna Mae 3HaueHHs 5. Yactka 987,y cTae minenuM i ii 3HOBY
oinATh Ha 16, mo gae 4acTky 61y, 1 octauy 11,y = By, AKa cTaC 3HAUCHHIM
JApYTOro po3psiAy UIicTHaMIATKOBOrO ykcna. [inewHs 61,y .Ha 16 gae uacr-
Ky 31 i ocrauy 13,0 = Dye. Hinenns 3,0 va 16 mae wacrky O i ocTaay
310 = 3. Ockimpku ocTanHs yacTka JopisHioe 0, To undpa 3, crae 3ua-
YEHHAM CTapLIOro PO3psAy INICTHAAUATKOBOIO YHCHa:

1579710 : 16 =98710 ocTaua S10=53 —

987") N ]6:6|1() ocTaua 1110=Bl6 .
Glyg: 16 =39 octaya 13,0= s *

3w:16=0 ocTaua 3y =316 1

Otxe, 1579710 = 3DB516. _

ABIKOBO-IECATKOBA CUCTEMa TMCIIEHHSI — CUCTEMA, Y SIKIA KOXKHY
AecATKOBY dpy B 0 10 9 1oatoTh 4-po3psiHAM ABITKOBAM CKBIBACH-
ToM. Taka cucTeMa YHCACHHA TO3BOJIAE CKOPOTHTH TIPOIPaMHI Ta arapaTHi
BHUTPATH LIPYH IEPETBOPCHHI ABIHKOBUX UMCEH, SKI BUKOPHCTOBYIOTH ITiJI HAC
00poOKku dopmMali y 1pouecopi, Ha ACCATKOBI, 1110 BUBOIATHL Ha npucﬁ)oi'
BigoOpaxents. 113 cuctema € edekTUBIIOIO 1 TIPH TIEPESTBOPEHHI JICCHTKOBUX
qucest Ha ABHAKOBL JIBIFKOBO-AECATKOBI UMCHA 3aIACYIOTH 3 iHaekcoM 2-10
abo JIJIK (asiiikoso-ecatkosuii koa), Hanpukian 01001001510, 0100y

lIpuxaan 1.20. I'leperBoputn gecatkore anciio 3691, Ha aBIiAKOBO-
JECATRKOBUIA KO

[Tpu nepersopenni koxHy HAQPY ASCATKOBOTO YHCIIA NEPETBOPIOIOTH
Ha JBIHKOBHIT 4-pO3pAIHUIT CKBIBAJIEHT:

HCC)[TKOBC THCTO 3 o _() T ‘77’—9-—- T -l~- Fl

ﬁl—I;siiiKoa()-,lwcu IKOBE MHCTIO T 0011 0110 1001 0001 ]

Orxke, 3691, = 0011 0110 1001 0001,_y. .
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Opuxaaxg  1.21.  IlepetBoputi  ABIKOBO-JECATKOBE  YHUCIO
1000000001110010,_;, Ha IECATKOBHIT EKBIBAJIEHT.

-KoxHa Terpaga ABIAKOBO-IECATKOBOTO HMCNIA TEPETBOPIOEThCA Ha
JeCATKOBMI €KBIBAJICHT:

JIBifiKOBO-1ECATKOBE UHCIIO 1000 0000 0111 0010
JHecATkoBe UnCTO 8 0 7 2

Otxe, 1000 0000 0111 0010, = 8072,,.

KoHTpornbHi 3anutaHHA

1.Monatite uncna: 18,4, 2510, 3219 Y cUMeTPHUHIN TPIAKOBIH CACTEMI YHC-
JIeHHSL,

2.3paliniTe AecaTKOBHH €KBIBAIEHT uucel y TPIHKOBIM cUMeTpUYHI cHc-
temi: a) (110),; 6) (—1-1).

3.Bukonaiite noxasanHs rpiiikoBux uucen (1-10-10); ta (1101-1); i nepe-
BipTe pe3ynabTaT y ASCATKOBI cUCTeEMI.

4. BuxonHaitTe MHOeHHs TpiiikoBux uucen (110); ta (1-10); i uiepesipre
pe3ynbTaT y XeCATKOBIHA CHCTEMI.

5.ITepeTBopits Ha ABiMKOBMI ekBIBATEHT uHcHa: a) 3g; 0) 7g; B) 7642;
r) 2105s.

6.1lepeTBOPITL Ha BiCIMKOBUIT ekBiBaneHT yucna: a) 101,; 6) 110,; B) 010,;
r) 111000101010,.

7 IlepetBopiTh Ha ABIlIKOBMIT ekBiBaneHT uncna: a) Ce, 6) 616, B) 10, T) K.

8.ITepetBopiTh Ha IICTHAUATKOBUIA exBiBasnieHT uncna: a) 1001,; 6) 1100,;
B) 011111105, r) 110110115,

9.1lepeTBOpiThH Ha JABIKOBO-AECATKOBHIT €KBIBAJIEHT TaKi JECATKOBI YHCIA:
a) 3910; 6) 6519; B) 4010, 1) 17,0,

10.ITepeTBOpITEH Ha ACCATKOBMII EKBIBAJICHT TaKi JBIHKOBO-AECATKOBL YHCIA:
a) 1000 0000,.15; 6) 0000 0001,.14; B) 1001 001059, ) 0111 0110,4,.
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1.5. NopaHHA yucen y MikponpoLuecopax

VY pericrpax a6o koMmipkax nam’sti MII indopmanio po3MIIiEeHO ¥
BUIVIA ABIMKOBUX YWCEN, IPUUOMY IS KOJKHOTO PO3pANY YMCNA BiABEE-
HO OKpeMy KOMIipKYy, 1o 30epirac omus OiT iHdpopmMauii. CyKyHHICTE KOMI-
POK, IPU3HAYEHUX JJIS PO3MILICHHS OJHOro JBIMKOBOIO 4HC/IA, HA3UBAIOTH
po3pionoo cimxoio. KiTbKiCTh KOMIPOK y pO3ps/iHIi ciTI o6MexeHa i 3a-
JISKHUTB Bil KOHCTPYKTHBHUX ocoBnmBocreiit MIL.

Crocib po3sMiIteHHs po3pAAiB YHMCA B PO3PAAHII CITI BUBHAYACTHCS
dopMoI0 TOoIaHHS ABIHKOBMX 4MWCEN i3 (pikcoBaHOIO ab0 MIABYYOIO KO-
MO10.

Moganus uncen y ¢opmi 3 pikcoBanolo komoro. [ po3MIIEHHS
IBIAKOBOTO YHCIIA, WO MICTHTE LTy 1 Apo0OoBY yacTHHH (6e3 ypaxyBaHHA
3HAKA) Y #-pO3PALHIH CITW A KOMIPOK NMPULINAIOT U1 PO3MIILEHHS 1101
YACTMHU Td 1 -k KOMIPOK - INA po3MitieHHs apobosoi. 1lpu takomy ro-
NanHi JBIKOBUX WHCEN TONOKEHHA KOMU Y PO3PAMHiH CiTIi (ikcoBaHO.
SIKIo KIMBKICTH PO3pAAIB y APoOOBIA 9acTHHI NMePEeBMIyE 71 -k, TO MOIIOJI-
I o3Py, Kl 3HAXOUATHCA 33 MEXKAMU PO3PAILHOI CITKW, He cripuiiMa-
I0TbCA MIKpOnpotecopoM. Byib-ake JIBiliKOBe UWCI0, MeHIe Hik 2" k
CTIPUIMAEThCA SK HYJILORBE | HABWBACTHCH MAMUnHIA HYleM. Y pesyIibTaTi
BIAKMIAHHA MOJNOMNX PO3PAAiB APoOOBOI YaCTHHU YKCIA, PO3TAIIOBAHOT
3a MEXaMH PO3PAAHOI CITKH, BHHMKAE Moxubka noganHs. MakcumainbHe
3HAYCHHS a6COMIOTHOI MOXUOKM MOMAHHS A, HE TICPEBHINYE OJMHMLI MO-
JOAIIOrO PO3PARY CITKA:

A =270,

Tlpu Takiit Gopmi nogaHus yucen MiHIMaNbHE yucno m = 2""*) mak-

=(n—k)

cuMasnbHe M =2¢ -2 . Toni BigHOCHE 3HAYEHHS NOXWOKN TTOJMAHHA 1

Jesakoro gucaa N, m < N < M, JOpIBHIOE

31



MixkponpouecopHa mexHika

A
8, = 21100 %.
‘ N
MimiManbHe 3HAYEHHS BIAHOCHOI MOXWOKM Mae micle 3 MOTaHHSM
MaKCHMaNbHOro 4icna M.

A 27 1
Ayr = &—100 % = WlOO Y% = i

100 %,

a MaKkcMManbHe 3HaYeHHs BiJHOCHOI ITIOXUOKH — 3 IMOJaHHAM MiHIMa-

TBHOTO YKCa 71
A, =%100%=%100%=100%.

Honanns 1ucen y ¢opmMi 3 maaBy4uoro komor. CopMy 3 MIaBYHOHO
KOMOH) 3aCTOCOBYIOTh Ul pO3ILUPEHHs Kiarna3zoHy | 3MEHUIEHHA BIIHOCHOI
[IOXHOKM roAanHs umucen y MIL

Uucno N 300paxyrors y BUriasm Ao0yTky. IlepmuM MHOXKHUKOM €
MpaBUIBHUI APIO @, SIKMH Ha3UBAETLCA Manmucor uucia. J[pyriM MHOX-
HHKOM € OCHOBA 2, IiJIHECEHA JI0 CTENEHs p, AKAH HA3UBACTLCA NOPAOKOM
wucaa:

N=z%a-27.

ManTwHca 1 TopAIOK € 3HAKOBMMH vuciaMu. JIjis 3a3HauCHHA 3HAKIB Y
PO3PAIHII CITL{ BIBOJATECA 2 JOJATKOBI pO3pAAU. 3 Takowo (popMoro T1o-
IaHHA ICHYIOTH PI3HI BaplaHTH 3alicy OJHOTO 1 TOro camMoro uwcna. Ha-
npuxnag, uuciao 11,01, moxxa sanmcatu sk 001101,-2'" aGo sk
0,1101, -2'% . Takum YnHOM, KOMa y MaHTHCI MOXe 3CyBaTHCS (IINaBaTh), a
MaHTHca MoXe HaGyBaTH pi3sHUX 3HAYeHb, MEHIINX BiJl OJWHNULI, IPY Bijl-
MOBIIHMX 3HAYCHHAX nopaaky. PopMa mojannus yucia, B AKOMY CTapiuuii
po3psan MaHTHCH He NOpiBHIOE 0, HA3MBAETHCH HOpMWIi3veancio. Yl 1HLII
bopMu oJaHBA € HEHOPMasTi30RaHUMU. _

VY MikponponecopHHX CHCTeMéx, Y AKHX Pealli30BaHO MO, JAHHA TUCEN
y dopmi 3 mIaByYOr0 KOMOIO, YMcia 30epiraroTh Y HOpMAai3oBaHOMY Bu-
32
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TJISLIL, TIPU IBOMY OLIBINY KiTBKICTH PO3PAAIB BUKOPUCTOBYIOTH AT 36epi-
raHHg APoOOBOI YACTHHM, BHACTIIO0K YOTO MIABHIIYETHCA TOIHICTH 00YHC-
JeHb. K10 THCNsA BUKOHAHHA apuMETHUHIX ofieparliii (HATIPHAKIIaJ, Bia-
HiMaHHA) pe3yIbTaT BUABIACTHCA HEHOPMAaJi30BaHUM, TO IEPE] 3aHECEH-
HAM YHCiIa B ITaM’ ITh BUKOHYIOTH HOTO HOpMai3aiifo, TOOTO 3CYR MaHTU-
CH JTIBOPYY Ha BIAMOBIIHY KUIBKICTH PO3PAAIB, | 3SMCHILEHHS [TOPAAKY THC-
Ja Ha BIANOBIJIHY KUIbKICTh OJAWHHLb.

3amacyroun BilikoBe YUCa0 y HOPMI 3 TUTABYU0I0 KOMOKO Y (1 + 2)-
po3pAmHiil CITii, & KOMIpOK [PUIINAIOTE Al p03MimeHH;1 MaHTUCH, 1k

KOMIPOK — AN PO3IMIUICHHA TIOPARKY, a 2 po3paay — JUis 3a3HaueHH 3Ha-

KiB (puc. 1.4).
Koa mautucu Kox nopanky
)
N e S —
Junakosuit k 3Rakosuit po3pa n-k
po3psaa MOPAAKY

MAHTHCH
Puc f TT rag e s S e -
uc. 1A TTooannst aucean y (hopati 3 Raasyuoro koMo

Y nopmanizosaniif GpopMi 3HaYEHHA MaHTHCH 3aBXan Oiirbin abo 1o-
PIBHIOWOTH 1/2, ali¢ HE MEPEeBUINYIOTh ORHULL. [Bara Monoauoro pospsay
MAHTHCH JIOPIBHIOE 2“", a Bara crapuioro pospsuy - 2! Makcumanbhe
SHAUEHHA MaHTHCH cTaroBHTE 1 — 2% i 31 361k uIeHnsM A HabIIKaeThes 10
OJUHWIY. MakchiMalibHe 3HAUCeHHS JHWCha, 110 BH3HAYAC MOPAI0K, AOpiB-
Hoe 2" 1.

3a MAKCHMaNbHUX 3HAUEHb MAHTUCH | TIOPAAKY 3AAYEHAs A TiogaHo-
r0 YHCIA € MAKCRMATbHUM:

21k

M =[1—2"‘]2'»
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3a MiIHIManBHOTO 3HAYEHHA MAHTHUCH | MakCHMAJIBHOTO 3a MOAYITEM
BIJ’€MHOTO 3HAYEHHA NOPAAKY 3HAYEHHA 77 MOJAHOTO YHCIA € MIHIMaib-
HIM:

m=2". 212,

AbGcomoTHa noxnbxa A, MOJaHHA NBIMKOBUX YHCeT BU3HAYAETHCH Ba-

TOH0 MOJIOIIOTO PO3PARY MAHTHCH ¥ ICTOTHO Pi3HA IUiA BeTUKNX (HOPAXOK
MaKCUMAIBHIN) 1 ManuX yucen (MOPsALOK B’ €MHMIA 1 33 MOAYIEM MaKCH-
MambHKY). MakcuMalbHe 3HayeHHs aOCONOTHOI MOXUOKH BU3HAYACTHCA
TaKUM TUHOM!

Zn—k_ll

Ay =27F. 24 ,
ae 3HaK «+» CTOCYETRECA TIOXUOKH TIIOJAHHA BCIUKHWX YHCEI, a 3HAK

«—» — MAJIUX YUcen.

BimHoCHY 1oXHOKY TOJaHHS [BiHiKOBOTO yucia N BH3HAYAIOTH SK

1, :%100 %. Ilpy TIoXaHHI MaKCUMATBHOTO YHCTA 3HAYCHHS BiIHOCHOI

IHHOXUOKHK € MIHIMAIIBHAM;

A, .2 1
Ay = T100% = ——=100% = —

]IOO%A

Tlpn mopanHi MIHIMANBHOTO YWC/IA 3HAYEHHS BiJIHOCHOI TIOXUOKM €
MaKCHMaTbHUM:

A, =%1oo% =:7‘2_—f100 % =2"""100%.
BimHocHa moxuOka 1ojianHs yrcen y (opMi 3 TITABYYO0R KOMOIO He3Ha-
YHO 3MIHIOETBCH Y BCHOMY AIATa30Hi 1 Mana HaBITh JULST MANKX YVICEI.
Hiamazon yucen y $opmi 3 TIaBY YOI KOMOIO ICTOTHO mup:mmﬁ, HIK 13 {i-
KcoBaHOK koMoro. Hanpuxaz, nmpa 16-pospsaawiif citii (7 - 16) mianason no-
JaHHs Yucen y GopMi 3 (iKCOBAHOI KOMOO BH3HAUaeThes 16 uBitikoBuMM pos3-

pamavu. Y Gopmi 3 IIABYUOK0 KOMOLO, Y SAKIH U1 PO3MIILEHHS MEHTUCH BijiBe-
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sieHo k=10 pospsiie 3 ypaxyBaHHSM 3HAKOBHX PO3PSAIB, MATIA30H M _ s BHU-
m

3HAYa€Thes 127 pospanamu. MakcumanbHa BIIHOCHA TOXUOKA B NEPUIOMY BHTIA-
JIKY JIOIBHIOE 7, =100 %, a B APYroMy — x,, = 2100 % = 0,1953 %.

DopMy 0AAHHA IBIWKOBHX UYHCe]l O0MPAIOTEH 3ATIEKHO B THIY 3a-
Aadi, MOTPIOHOI MBUAKOAIT Ta TOYHOCTI BHKOHAHHA apuUMETHIHUX Olepa-
il Ta Jiara3oHy 3MiHM 3HAYEHb BEIMYUH, SKHMH onepye MIT.

KOHTPOMbLHI 3anuTaHHA

1. BaimuniTe yncna 1110110, 011, y HopMami3oBaHiii Ta HeHOpMaNi30BaHI i
dopmax 13 Nasydoro KoMoto.

2. Po3paxyiite MakcuManbHy abcoyoTHy noxXubky nopaHus uucna y gopmi
3 (IKCORAHOIO0 KOMOK Npu n= 12, k=9,

3. O6uucHiTh MakcuMallbHy abcomoTHy MOXuOKY nozanHs uucia y gpopmi
3 [J1aBY 40K KOMOW0 Npu n = 18, k=5,

4. Po3paxyiite MakcuManibHy BIAHOCHY MOXHOKY rojanHs yucnay dopmi 3
TuTaByq010 KoMoto ripu n =11, £ = 6.

5. 3paitaiTe MIRIMAIILHY BiJIFOCHY TOXHOKY NOMaHHA unciia v gopMi 3 dik-
COBUHOI KOMOIO NpA N =9, k = 3.

6. Buznaute alana3oH nogauHs uuce y GopMmi 3 11aByyo0 KOMOK Npu 1 =
20, k= 8.

1.6. Enementun kogyBaHHs iHcbopmauii

3ane:kHo B c1ocoOy 00poOKHM GITIB, POIMINICHUX Y PO3PSIHIN CITLI,
PO3PISHAOTH IBA BUJM KOZIB. MAPAICIBHUH, KOJM B KOXHHI MOMCHT 1acy
BCI PO3PAIM CITKH JIOCTY1THI ANt 06poOKY, 1| NOCHIOBHWH, KON B KOKHUN
MOMEHT 4acy AOCTYIHWI 0fuH po3psa ciTkK. Uucia, nojai napajseasHuM
KOJIOM, JOCTYITHI 332 OQHH TaKT, a YUCTA, NoAani TOCHIJOBHUM KOIIOM, - 34

35



MikponpoyecopHa mexHika

7 TaKTIB, [Ie 77 — PO3PARHICTS CITKA. SIKIIO PO3PAMHICTD YHCHA MIEPEBMINYE
IOBXHHY CITKH, TO #ioro 06poOKa BefieThea Mo JacTHHAX.

Hamypanenum xod0om HazsMBaIOTh TOJAHHA YHCTA K LiNOTo Ge3sHa-
KOBOTO Y ABIHKOBiil cucTeMi uncnenns. Jlianazod yucen y HarypanhbHOMY
KOIl ANA n-po3pAgHoi ciTku craHoButh BiX 0 no 2" -1, to6T0 1713 8-
po3pﬂ11ﬁo'1’ CITKH Jiana3oH 9iceN y HaTypaisHoMy Kol — Bia 0 no 255. Ha-
NIpUKIA), HaTypalbHUN KoA uncia 53¢ y 8-po3psanuiii ciTii HaBeaeHo Ha

puc. 1.5.
Poapsau D7 D6 D5 D4 D3 »2 D1 Do
Bara pozpsais 27 2° 2° 2! 2 2’ 2! 2°

5310 0 0 1 1 0 1 0 1

Puc. 1.5. Hamypanenuii koo wucra 3319 v 8-pospsioniii cimyi

JIns mogaHHs WinWX 3HAKOBWX YHCEN BUKOPUCTOBYIOTH IIPAMUH, 00e-
pHeHui 1 noparkoruii kojan. Crapumii po3pAA CITKN € 3HAKOBUM. 3HaueHHS
UbOTO PO3PAAY HopiBHIOE O ANs gomarHMX 4ucedl 1 1 — mId Bix emuux. B
IHHIMX po3psax Po3MIMMYETHCH MOAYNb ykcha. JlogaTHi Yncia noaarThes
0JIHAKOBO y BCIX TPHOX Koxax. Tak, momaTtHe yucao +53,, Mae BUTIAL, N1O-
Januid Ha puc. 1.5. Ane ockifibKu cTapiumii po3psai € 3HAKOBUM, Iala3oH
AOAaTHUX YHces cTaHoBuUTh Bi7 0 10 P Hanpuknaa, ans 8-pospsaanoi
CITKM Jiama3oH gomatHux yucen — Big O go +127. Tlopanws BIX €MAAX YH-
CeN 3aJeXKUTH BiJl BUKOPHUCTAHHA TOIO UM IHIIOTO KOY.

Ilopanns Bin’€MHOrO yucna y mpsamomy Kodi 3AIHCHIOETHCS Tak., Y
CTapImoMy, 3HaKOBOMY, pO3pslli PO3MINIYEThCA 1, a B IHIIUX POIPARAX — MO-
IyJab yucia. JianazoH Bij’eMHMX YHCEN Y IPAMOMY KOZI CTaHOENTS Bix 0 110
—2"'-1). Jlna npuxnany Ha puc. 1.6 HaBeaeHo NpsAMUit Ko yucia 53,y
8-po3pAnHiii ciTmi, ANA AKOi Hiama3’oH BIX €eMHuMX umcen — Big 0O
no—127=11111111.
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Pozpsizu D7 Do D5 _ D4 D3 D2 D1 DO
Bara - ® | 2 2 2 22 2|9
pospazis
3Hak uncna 0 1 1 0 1 0 1
-1

Puc. 1.6. Hpsirnuii koo 4ucaa 53,0 v 8-pospaoniii cimyi

llepeBaramMu mpsMoro Kopy € NpocToTa BUKOHAHHA apu(METHIHHX
onepauiif Ta 0;JHaKoBUil Jiarta3oH 3HAUCHb HOJATHHX | BII EMHUX YHCEIL

HenmonikamMy npsMoro xolty € Te, Mo oneparii JoJaBaHHA | BiTHIMaH-
Hs 4ucen 3 pI3sHUMM 3HAKaMU OTpeOyIOTH 10AaTKOBUX onepaiiii ani Bu-
3HAYEHHA OUTBIIONO 3a MOMYJEM YHMCIa Ta 3Haka pesyisrary. Kpim Toro,
HasgBHICTD 3HaKa 1pyu noaanHi vucna 0 (+0 = 000000 i --0 = 1000000) no-
Tpedye BUKOHAHHS 3afiBUX oneparriii.

[Toyauus BIA eMHOTO wucHa y 00eprenomy Kooi 3RIHCHIETBCA 00YH-
CIICHHAM YMCIIA, SKE JHOTIOBHIOE JOAATHE YACHIO 3 TUM CAMHM MOJYJIEM J10
HaKOUTBINIOT0 0C33HAKOBOTO YWCIA, AKe MOXKe OyTH po3TaimoBaHe B JNanii
po3psaHii citiy. OnepxanHda 0GepHEHOro KOy Bij€MITOr0 9ucla 3Bo-
HATBCA 10 OOPO3PAIHOTO (HBEPTYBAHHA PO3PSIB JI0JATHONO YMCIIA, BKITHO-
qarUuu 3HaKOBUiIt pospax Jlianiazon Bia’€MAVX Yncen y oGepiieHoMy Kol
cranoBuTh Big 0 10 (2"'-1). Sk upuknan Ha prc. 1.7 nokazano obepHe-
HHI koA uucna --53)p y 8-pospajuiii citii, Juit sKkoi AianasoH Bij eMHNX
macen - B 0 1o 127, npy UboMy 00CPHEHUM KOAOM HAWMENLLOro Yne-
aa 127 o € wacio 10000000,

Pospsam N pe DS D4 D3 D2 DL DO

" E I N IR B B e

Juak uncna Moy aicna

Baru pospsiiis -

1 ] I 0 »L_o i 1[ 0 [ 1

Puc. 1.7. Obepuenuii koo wucid -5315 y 8-pospsontin cimii
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PoarnaneMo BigHiMaHHS IBOX uKcen B 00epHEHOMY KO Ha IPUKITa

yucel +163; 1 +53,,. [logamo pisHHIFO y BUTTAHI:
12510 - 5310 = 12519 + (25519 — 5319) — 25510. (1.3)

Bupas (2550 — 53;0) € oGepHeHUM KOJOM BIJ €MHOTO wucia —53y,
T06TO MOTIOBHEHHAM 10 HalGinpImoro yucaa 255, = 11111111, 1o Mox-
Ha po3MicTuTH Y 8-pospsiaHiit citui. 3 Bupasy (1.3) Bunnwusac, mo onepa-
IIF0 BiTHIMAHHS MOMKHA 3aMIHMTH ONEPALl€l0 JONABAHHA B OOCPHEHOMY
KOZI 3 NOJANbIIMM KOPHTYBaHHSAM pe3ynbTary (BiAHIMaHHAM 255,p). Bu-
KOHaHHA oncpami JoAaBaHHA uucna 125, Ta gucna —53,, MOJaHOTO B
00epHEHOMY KO, IToKa3aHo Ha puc. 1.8,

Panok nepeneceHs rl ! 1 1 1 1
+12540 +1 0 1 1 [ 1 i I 0 1]
25530-5310 ] 0 0 1 0 1 0
+71 0 1 0707 0 1 1 1

Puc. 1.8. Buxonanns onepayii oooasanus yucna 125,y ma vuciaa —53y,,

noedanozo 6 obeprenomy Kool

Il qac polaBaHHSA BMHUKAE TepeHEeCeHHS Y HEICHYROUHIH JeR’ ATHI
po3psia, To0To mepenoBHEHHS po3panHoi citkd. lle 3Menmye oTpumanmii
pe3yneTar Ha 256, Ockinbku 3riiHo 3 BupazoM (1.3) pesymerar Tpeba
3MEHLIMTH Ha 25514, A7 NPaBWILHOTO Pe3yNbLTATY TIOTPIOHO 10 ofiepKaHol
CyMH JIofaTH OJWHUIGO. [licns Takoro KOpWUIyBaHHA BIATOBIAL CTAHOBH-
THME +7119 + 119 = +7219 = +01001000,, wo eianosizae upazy (1.3). Ko-
PUTYBAHHA pe3ynbTaTy AOCATAETHCA anapaTHUMM 3acobaMu — peaizallieto
JIOJABaHHA 10 MONOJIOro OiTa 3HAYEHHA MEPEHECEHHs, ke BUXOIUTH 32
pPO3pPARHY CITKY.. Y 1IBOMY NpUKJIaAi Ma€ MICIle MepeHEeCEeHHs OIMHUII B He-
icHytouuit aes’sTuil po3psn. HynboBe 3HayeHHA 3HAKOBOTO PO3psdy pe-

3YJBTaTy 03HAYaE, 1O PI3HULS YUCEN JOJATHA.
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ITeperaramu o6epHEHOTO KOOy € IPOCTOTA OTEpalliil oAepkaHHS Ta
IDOJABAHHA HMCEN I3 PI3HUMM 3HAKAMM, HEXONKaMu — JIBA TIOJAHHS HYJA
+0 = 0000000010 =111111111, a takox moTpeba B anapaTHIA peamizamii
KOpUTYBAHHS pe3yJIbTary.

[loganms Big  eMHOTO YHCIA Y Q00UMKOGOMY KOOI 3TIUCHIOETHCT 004H-
CIIEHHAM 4YHMCla, SKe AOTIOBHIOE ZOAATHE YHCIO 3 TUM CaMMM MOIYJEM 0
HaltOInbILOro 6e33HAKOBOI0 HMCHd, 3 MOJANBIINM JOAaBaHHM | 10 pesynb-
Tary. THaKIe Kasky4u, JOAaTKOBUI KOJI OTPUMYIOTh I0JlaBaHuaM 1 10 obe-
PHEHOI'O KOLY.

JoparkoBui Koj MOXHA ofiepkKald 3a TakuM (popMallbHUM [PABK-
TOM: LIMQPH IPIMOTO KOLY A0ZATHOTO YMCia HEoOXIAHO IHBEPTYBATH TO-
CIZOBHO 3I1BA HAIIPABO A0 OCTAHHBOI OMVHUIY, HE BKIfouatoqu ii. Ocran-
HIO TIPaBY OJWHHALIO | HACTYTHI 3a Hew (11paBopyy) Hymi CIl 3QTHIINTH
Oe3 3Minn. Jliana3oH BiA’ CMHUX 9icen y J0JATKOBOMY KOJI CTAHOBUTH Bijl
0 no -2"". Sk npukiIax Ha pyc. 1.9 nokazano goparkosuit kox uncaa —53
v 8-po3pAaRI CITUL, JUIS AKOT I0ana3oH BRI eMHUX uncen — R 0 go —128,,
OPH ULOMY MONATKOBMM KOJOM HaliMeHmoro uuciaa 128, € uucno
10000000,.

Pospyan »7 D6 D5 D4 D3 D2 D1 D0
. . | 51 ] 2}L722[2'~| 5

Barn |)0:tpu,qiﬂl 2¢ | 2

k|
Moy uscaa
qHCiIa

CON NI N N e B N

Puc. 1.9. Jooamxosuit koo wucaa - 53, y 8-pospstoniil cimuyi
PosrisHeMo BUIHIMAHHS YUcen v joaatkosoMy koji. TTojamo pispu-
IO Y BUTTISAL:
12510~ 53107 12515+ (25610 5340) — 256, (1.4)
Bupaz (256, — 53¢) € R0aTKOBUM KOJIOM BRI €MHOTO MUcia -53,. 3
BHpa3y (1.4) surtinBac, U0 ONEPAUIIO BiHIMAHHSA MOKHA 3aMIHMTU OTiepa-

MEI0 JofaBatis Y J0AATKOBOMY Koji. Bukonatitia onepauii 101aBaHHs
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uicna 1255, ta yncna —53 o, MOgaHOTO Y HOLATKOBOMY KOJI, LTIOCTPYE PHC.
1.10.

PSi10K niepeHeceHs r 1] 1] 1 1 t 1] 1 [1
+1250 0 1 t 11 o 1
25610< 5310 1 0 o 1] o0 |1 [
+7210 0 1 0 0 1 0 0 0

Puc. 1.10. Buxonaunsa onepayii 0ooasannus uuciaa 125, ma yucaa —53

nooanoz0 y 000amko8omy xooi

YHaCTIIOK JOJaBaHHA Bif0yNOCs NEepenoBHEHHS, TOOTO NepeHeceH s y
HeICHyrourit JeB’ ATrit po3psax, 10 3MEHIIIII0 PE3YNbTaT Ha 2561, OTxke, Bil-
noBinHO 10 hopmysu (1.4) orpumana cyma 1 6y e OCTaTOUHUM PE3YIILTATOM.

[TepesaraMu 10aTKOBOIO KOy € MPOCTOTA Onepauiil oJiepkaHHs Ta
JOMaBaHHA 4UCEH 13 PI3SHUMW 3HAKaMM, a TaKOX Te, 10 Hyllh MaE €IHHE
nogaxnsg: 0 = 00000000. 3aBasxu MM NeperaraM TOAATKOBHH KOJ BHKO-
PUCTOBYIOTH HalfuacTile.

Konysanug, 3axpuiene Big 3aBaj YHacninok Aift 3aBaj niyy yac ne-
penaui, o6pobxu i 36epeXkeHHs ABIMKOBUX KOJIB Y MIKPOUPOLESCOPHUX CH-
CTEMAaxX MOXYTh CTATWCH TIOMWIKH, Hanpukiazn rpuitoM 1 3amicts 0 aGo
HaBnaku. I{e Moxe IpusBeCTH 10 HENPABUIILHOTO PE3yabTary poboTn Mik-
PONPOLIECOPHOI CHCTEMML.

Hemnpasmnphuit npuiiom, obpobka abo 36epexenns ogHoro abo Jeki-
ILKOX OITIB HasMBaeTbed nomuakol. KUILKICTh HENPABWIBHO [PHIHATHX,
o0pobnennx abo 30eperkeHUX OITIB HA3MBACTBCA KPAMHICMIO MOMUAKU.
JUia BU3HAYEHHS AjaiasoHy MOCHIJOBHOCTI OITIB, AKUI MiCTUTH HETpaBU-
TbHI 6iTH, BUKOPUCTORYETBCS TOHATTS naxem nomuiox, JlOBKUHA akeTa
MIOMUIOK BHU3HAYACTHCA KibKICTHO CUMBOIIB MiX TNepIiiM | OCTAHHIM He-
NpaBUILHUM OiToM, BKItouarount mi 6iti. IIpn 1poMy Ha KilbKiCTh Hpasy-
BHUX GITiB, PO3MILIEHUX MUK HEMPABUITbHUMM, HAKIIANAEThCA 0OMEXKCHHS.
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OmHuM 13 HafHGIMeM eeRTHBHIX IUIAXIB 3aXUCTY HMOpMALIii y Mik-
POTIPOIIECOPHUX CUCTEMAX € KOAYBAHHA, CTilike A0 3aBajl, AKe 3MIUCHIOCTHCA
BBEJCHHAM y KOJ0BI KOMOIHAIi JOJATKOBHX GiTiB, IPU3HAYCHHUX abo i
BUSABJICHHSN 1 BHMPABACHHS TIOMUJIOK, ab0 TUIEKU JUIS BHABJIEHHA TIOMMIOK.
Binmosiro 10 1150T0 KOAW, CTIHKI [0 3aBajl, NOAUIAIOTh HA KOPEKTYBAILHI
KOJY, AKI BUIBIAOTE 1 BUNPAB/IAIOTh MIOMWITKM, Td KOJH, AKI TUIBKU BHSAB-
JISIOTH ITOMHMIIKU.

MOIUBICTS BUABIIEHHS MOMMIOK 34 HAagBHOCTI HOTATKOBUX OiTiB
obyMoBIieHa THM, [0 JUiA Ttepesiayl 1HGopMarlii BHKOPUCTOBYIOTECA HE BCI
MOMIUBI KOMOIHANIT B KimekocTi N = 2", a nuIne Heska 4acTUHA 3 HUX — Ny
< N. KombiHauii 3 0e3rmoMHIKOBOIO IHDOPMAILLiEIO € 103BOCHUMH, 1HII N
— Ny xombinaniit € 3a6oponenumu. llossa 3a6opoHeHnx koMOIiHaIM pos-
ISJa€TheA AK TOMUITKA. MOXNUBI Takl TOMMIIKH, 32 SKHUX 0JIHd TO3BOIIEHA
KOMOiHallis TepeXouTh Y IHWY. Y UbOMy pasi NOMHMIKU HE BUSBJIIOTHCS.
3arajgbHa KiNbKiCTb MOMITUBMX NOMMIOK BU3HAYAETLCA NOOYTKOM N -N,. 3
Hiei KibkocTi noMunok Oyae suasaero Ny(N - Ny). BianotieHHs KINbKOCTI
BUABJIEHHX J10 3arajibHOl KiNbKOCTI MOXKAUBUX NMOMHIIOK HA3HBAIOTE KOepi-
YICUMOM GUABACHIIS KOO):

K o NV=N) Ny
N-N, N

PosrngnemMo MOKIUBICTL BUIPABACHHS NMOMUIOK MiJ 4ac BUKOPHC-
TaHHA KOy 3 AOJATKOBAMA Oitamu. lIns 3a0e3ieycHHs BUNIPABACHHA MO-
MUAOK MHOXHWHA KOJ0BHX koMOiHaIli N po36usaecrses Ha N, MiIMHOXKWH,
mo He nepeTWHaThea. Koxuill 3 uMx MIAMHOXUH BIATIORIIZ€ OJHA 3 JO-
3BoJieHMx koMmOivalliid. [Tpd oMy BUITPaBIIOTLCSA MOMUIKHM, L0 HE Tepe-
BOJATH TIepefiaHy KoMOIHALIIO B iHUII THAMHOKHUHU. [ToMuika Oy e Bunpa-
BIeHa v N - N, BUmankax, Toji K sarambHa KillbKICTH ITOMHUITOK — N - N,
BigHoWeHHS KITbKOCTI BUNPABISHUX TOMHIIOK 0 KillbKOCTI BMABICHUX

HA3UBAKOTh Koediyicnmom URPAsIentis Kooy:
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N=N, 1

Koo = NN~y

0 0 0
CTyniHp BIZIMIHHOCTI JTBOX KOJOBHMX KOMOIHAIiM XapaKTepU3yeThCsa
KOJIOBOKO BLJICTaHHIO d, TOGTO KIJIBKICTIO GITiB, AKi € PI3HHUMH JNA JBOX
koM6inamiit. Kogora eifcTans Moxe HabyBaru 3Ha4eHs Bix 1 1o #, je 77 —
J0BXMHA K010B0i KoMOiHamii. KomoBy BicTaHp MOXKHA BM3HAYMTH, 00U~
CIUBIIM CyMy JABOX KOMOIHAIi 3a MoayaeM 2 1 MiApaxyBaBIIM KUIBKICTh
OoIMHUIL y 1t cymi. dxmo d = 1, To B¢l KOZoBI koMOIHAIIIT € T03BOJICHN-
MU, 4 BHABJICHHS | BnnpaBHéHH;{ nmoMunok Hemosxuse, [Ipu d = 2 ogHopa-
30B1 IIOMHIIKH TEPEBOIATH A03BOJIEHI KOMOiHaWii B 3a00pOHEHI, TOMY Ta-
kuft KoJl MOKe BHSIBIIATH BCl OJTHOPA30BI TIOMHIKH, & TAKOX TIOMUJIKH He-
nIapHoi KPaTHOCTI (ITOMMIIKM OJHOYACHO Y TPHOX, ITSATH, CEMM 1 Tak naii
pospsanax). [Tommnkn mapHOi kpaTHOCTI (TIOMMWIKM OZHOYACHO Y IBOX, 4O~
TUPBOX, IIECTH 1 Tak Jall po3paaax) TakuM KOJ0M He BHABIAIOTHCA. SIKIIO
HeoOXiIHO BUABJIATH MOMWIIKH KpPAarHOCTI #, TO MIHIMaJbHa KOXOBA Bil-
cTanb d_, Mik RoMOIHAIiIMu kKoay Mae Oytu xoua 0 Ha oxuHaLro Olibiine

BL KPATHOCTI IOMWIKHA d, 2 r+1.
Kopektysanbha 34aTHICTh KOy 3a0e3nevyeThbes BBeEHHSIM k pojart-
KOBHX ItepeBipuux Oitie. Tozi 3arajnbHa J0OBXKHHA KOIOBOI KOMOIHALUT Oy/e

nk

n -~ k, a 3aralbHa KUIbKICTH MOKJIMBHX KOMOIHAWI N =2"*, 10 103BOMAE
BM3HAYMTH HEOOXIJHY KINILKICTh TEpEBIPHUX OITIB I8 mMoOyI0BH KOJIIR,
CTIMKIX JI0 3aBaj.

ONHIM 3 TIOLUIWPEHNX KOMIB, CTIKKX 710 3aBajl, AKi BUKOPHCTOBYHOTHCA
Y MIKPOIPOLIECOPHI TEXHII, € KOO 3 KOHMPOAEM HA NAPHICHb. Y LHOMY
Ko 20 1HopMaLiHUX OITIB NIPaBOPYY AOJAETHCA OAWH KOHTPOIbHM OIT
(k = 1). SAxmo KiTbKICTh OAMHULL B iHGOpMaLiHUX 6iTaXx € MapHoOo, TO
3HAYEHHA KOHTPOJILHOTO Oita AopiBHIOE 0, B TIPOTHIENKHOMY BHNAAKy — 1.
O1xe, y OyIp-4KOMY BUNAKY KUIBKICTh OJAWHUIIG Y TIOBHII MOCHIOBHOCTI

n + 1 611 € naproto. Skio npyu nepeBipLl Micid Xepenadl KUIbKICTh OJuU-
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HUIb € HEMAPHOIO, TO 1I¢ 03HAYAE, UI0 Mac Micle roMunka. Kog i3 koHTpO-
JeM Ha NapHICTh JI03BOJIA€ BUABIATH BCI IIOMUIKK HETIAPHO! KPaTHOCT! 1 He
JI03BOJIAEC BUABIIATH NOMWIKY ITaPHOL KPaTHOCTI.

IMpuxnax 1.22. 3naiiTn 3Ha4eHHs KOHTpoJibHOro 0ita & B Kojax i3
KOHTponeM Ha naphicts: 1) 11000; 2) 11100,

3HaYeHHs KOHTPOJILHOTO §iTa BU3HAYAMO 3 YMOBH MAapHOCT! KLTbKOC-
Ti OIUHAUD Y TTOCITIOBHOCTI 13 34TaHOT0 KOAY 1 KOHTponbHOTO Gita. Takum
YUHOM, Y IPUKIATI

11000
11100] 1 J

THUTIM TIOMUPEHUM KOJIOM € K00 Xesmminea, IO BUSBIIAEC | BUTIPABISAE
OJHOPA30BI ITOMUIKK. KOXHit 3 2"~1 HEHYJNbOBHX KOMOIHaUA #-
PO3PSIAHONO YMCia BILIOBIAAC KoMOIHaNiF 3 # 1+ k OITIB. 3HAYCHHS nepeBi-
PHUX OITIB OTPUMYIOTHCS B PE3yIbTaTi JOAABAHHS 33 MOAYNEM 2 3HAUEHD
OITIB y JeAKUX BU3HaueHHX 1HGOPMAWIHUX po3psuax. [3 3aratbHol Kiib-
KOCTI 2"" =1 MOAIIMBUX NOMUIOK KOJ XeMMIHIa MOXKC BWIBUTH Ta BUMpPa-
BaT!H 2" -1 nomwiok. [TpuycrtiMo, wo tpeda nepegatn abo oGpoduTn 15
PI3HUX NOCINAOBHOCTEN 3 OIMHUIL T2 HYJB. Be3 KoAayBaHts JUIs LbOI'0 JO-
CTATHBLO YOTUPKLOX THPOPMATIHEX OITIB (7 = 4). THoTpidHy KINBKICTE go-
AATKOBUX JlepeBIpHUX OITIB £ 0Ouncinotors 3 popmynn 2 ~1 = n k. 3eig-
KM BH3HAYAIOTH KUTbKICTE MIEPEBIPHAX PO3PAAIB Ta KIILKICTh OJJHOPA30BUX
TOMUMIIOK, AKI MOXKYTH OYTH BHSABJICHI Ta BHIPABIECHI. Y UbOMY BUIIAIKY
KUTBKICTE AOJATKOBHAX PO3PAIIB k = 3, a KUTBKICTh OJHOPA3OBUX TIOMUJIOK -
2-1=7

KoutponbHi 61T1 &, pO3TAUIOBYHOTH ¥ TIOCIIOBHOCTT 1HGPOPMaIHHIX

GiTiB »; Ha NMO3WLIsX i3 HoMepamu 27 (tabm. 1.17).
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Tabnuya 1.17. MocaixoBHiCTL KOHTPOILHAX Ta iHdopMauiiinnx GiTis y
Kxoai XeMMiHra
1 2 3 4 5 6 7. 8 9 10 | ... 15

k k, % ks u, U3 Uy k, us U - Uy

3HaueHHA IepeBipHUX OiTiB k; OOUUCTIOETECA JOJABAHHAM 3d MOJY-
7eM 2 3HaueHs OiTiB, y ABIMKOBOMY BHpPa3i HOMepIB AKUX HasABHA OJUHMULIA
B {-MY PO3pAAI.

Jlist oOumciieHHs 3HaYeHHs &k HOTPiOHO J0IaTH 33 MOLyJIeM 2 3HaueHHs
OITiB 13 HerrapHUME HoMepamu. [e 6iTw Ha 11o3HLIAX 3 HoMepamu 3, 5,7, 9, 11,
13,15

k=u®u®u,Ou,®u ®u, du, .

Jlnia Bu3HaueHHA &, TpebGa Jomart 3a MouyjeMm 2 0iTd, V- JRIAKOBOMY
BUPA31 HOMEPIB SKNX HaABHA OJVHULIA Y IPYIOMY po3psaal, Tooto 3, 6, 7, 10,
11, 14, 15:

ky=u, @u, @u, Qu,Ou, ®u,du,.

Kowurpoaruutt 6iT k3 BUSHAUAEThCA JONABAHHAM 3a MOJAyJieM 2 OITiB,
y OBifIKOBOMY BHpPa3i HOMEPIB AKUX HaABHA OJVHULA Y TPETHOMY pPO3PAMI,
To0T0 5, 6,7, 12, 13, 14, 15:

k,=u,®u, ®u Qu, Ou, ®u, Pu, .

AHaNoriyHO BU3HAYAETHCA ky Yepes Gitd 3 HoMepamm: 9, 10, 11, 12, 13,

14, 15:
k,=u,®u,®u, ®u,®u, du,®u,.

Busnauenns Ta BUNpaBicHHS NOMUIIOK 3MICHIOCTLCS b TiepeBipKa-
M. [Ipn xoxHii nepesipli AoJAIOTHCA 32 MOAYNeM 2 OiTU TIOCHIIOBHOCTI
IH(opMaLIfHKX Ta KOHTPONLHUX OITIB, JBINKOBI HOMEPH SIKHX MaroTh
OWHHUINO B MIEPIIOMY, JAPYTOMY, TPETBOMY 1 TaK Ham po3psamax. SAkuio ma
yac nepeaaBaHHs He O0yno 30010, TO pe3yibTaTH MEpeBIPOK 10PIBHIOIOTH
Hymo. Slkmio 306iii BinOyBcs, To xoua 6 ofHa TiepeBipKa He JAOPIBHIOE HYIIO.
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Posain 1. Cucmemu vucneHHs | kodyeaHHst iHghbopmayil

VY npoMy Bumajxy tpeda chopMyparu IBIHKOBHIT KOX 3 PE3YNBTATIR Iepe-
BIpOK, AKM{ BKaKe Ha po3pam, Ae BigOysca 30iit. Mosjoamuii pospsg koxy
pe3ynbTaTy mepeBipok (opMye nepira nepesipka, crapIiuit — octanHs. [H-
Bepcis 0ita B po3pAAL 3 0AEPKAHMM HOMEPOM BUIIPABUTEH OMHIIKY.

Mpuxnax 1.23. Chopmysaru xon XeMMiHTa, IO BHABIAE i BANPaAB-
i€ OIHOPa30BY MOMUIKY Y HOCTIIOBHOCTI:
1 1 0 0
Woou, Uy U,
Jna popmyBanss kogy XeMMIHra HEOOXIIHO &£ = 3 KOHTPONBHI OITH,
AKI MaloTE 3aiiMaTy MO3uLT 3 HoMepamu 1,2 14,
ITocniaoBHICTH 3 KOHTPOJILHUMH CHMBOJIAMH Ma€ BUTTIL:
12 3 4 5 6 7
ko ok owy ks owy ouy owy
3HaueHHs KOHTPONGHUX OITIB BU3HAYNMO SK:
ky=u Bu, Dy, =101 0=0;
ky =1, Duy; Quy, =1900B0 =1
kyowuy, Duy, Quy =1D0D0=1.

OTmiKe, NOCINOBHICTD, 3aK010BaHA 3a KOAOM XeMMIHra, Oyae Tako:
0111100.
Hexaif nicna nepepayi Biadysces 361 B oqnoMy po3psal 1 upuiiHaTa
nocmaosHicTs 0110100
Tlepura Ta gpyra nepeBipky axyTh sHaverns (0, a Tpets - 1:
I k@, B, o, = 0D1D1G 0= 0,
2. ky®Du Oy Duy =1DIOOGO= 0.

3k, Du, Dy Buy =0G1HOD0 = |

Kop 100, sikuit cTBOPIOWTE pe3yibTaTH TIEPEBIPOK, BKA3YE, 10 BLAOY-
Bes 3010 y yeTBepTOoMY po3psiil. SKuio IPOiHBCPTYBATH HYETBEPTHIT PO3PAA,
TO OREPKUMO BHTIpaBjeny mociinosaicTs 0111100.
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KoHTponbHi 3anuTaHHA

1" TTonaiite uncno ~751: a) y npsMoMy xomi; 6) B 06epHeHOMY KOJI;
B) Y JI0IaTKOBOMY KOZi. | ’

2 TTosCHITh, 4OMY TIpU AOMABAHHI uKice] B 00epHEHOMY KO MOTpibHe Kopu-
TYBAHHS Pe3ybTATy, a IPH A0JaBaHHi B JOAaTKOBOMY HE MOTpiOHE.

3. YKaxiTs aianasod 3HadeHb NOMATHUX 1 BIA €MHHX UHCEN y HPAMOMY,
00epHEHOMY Ta XOJaTKOBOMY KoJax Ipu # = 16.

4 Ha3BiTh mepeBarw i HENOMIKH NPAMOro, OGEpHEHOTO 1 JI0JATKOROTO
KOJIIB.

5.IToSACHITH 3MICT MOHATH KOe(illicHTa BUSABJICHHS [IOMWIOK, KoedilieHTa
BUTPABICHH NOMWIOK Ta KOJOBOI BIZICTaHI.

6.3Hal1iTh 3HAYEHHsS KOHTPONBHOTO 0iTa B KOAAX 3 KOHTPOJIEM Ha IapHICTh Y
KoJioBx koMOiHamiax: a) 0010 1101; 6) 0110 1110; ) 1110 0000.

7.3HaiaiTh Kogu XeMMiHra, Ko iHGopMariiitHi OCiI0BHOCTI JOPIBHIO-
fork: a) 0010; 6) 0110;8) 1110,

8 JloBeiTh, 1[0 YTBOPEHI B II. 7 KOAM XEeMMIiHra KOPEKTYIOTE OJHOPa30BI

TIOMUJIKH.
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Poanin 2

3ATrANbHI NPUHLUMMN NMOBYAOBU MIKPOMPOLIECOPHUX
CUCTEM

s

2.1. OCHOBHI NOHATTA | BUIHAYEHHA

Mixkponpoyecop — 11e MPUCTPIH, AKWH 30iCHIOE TIpUiioM, 0O6poOKy i
Buaauy indopmaitii. Koncrpykruso MIT Mictuts 018y abo jekinbka inTe-
IpalbHUX CXEM | BUKOHYE Iii 33 1TpOrpamMolo, 3aniucaHor) B aM’ ST,

Mikponpoyecopna cucmema  —  ODYACTIFOBANIBHA,  KOHTPOIBLHO-
BHUMIprOBAIbHA a0 KepyBallbHA CUCTEMA, B SKIlf OCHOBHUM [PUCTPOEM 00-
pobxu indopmaini € MIT. MikponpoliecopHa cucrema Oyayerhes 3 HaOOpy
MmikponpouccopHux BIC.

Mynvmuatixponpoyecopua (aBo Myremunpoyecopria) cucmema -~ CHC-
TeMa, AKA YTBOPHICTHCA 00’ €AHAHHAM JIEAKOT KITBKOCTI YHIBEpCAILHUX abo
coeuianizoBannx MIT, 3ajsaku yomy 3ade3neuyerbes napaielibia 00pobka
IHPOpMALLIT 1 PO3TIOJINIEHE KEPYBAHHS,

Mixponpoyecopnuii komraexm (MITK) — CykyImHICTh IHTErpanbLHUX
CXEM, CYMICHUX 3i CJICKTPHUHAMMY, IHQOPMALITIHHUMH T2 KOHCTPYKTUBHUMHA
HapameTpamMu i NPU3HaYEeHUX 11 N00Y0BU €lNeKTPOHHO-00TUCTIOBATLHOT
anapaTtypy Ta MikpOIpOTIICCOPHITX cUCTEM KepyBaHHs. 3assuuaii MITK Mic-
Turh. BIC MIT (0m1r unt kinmbka xoprycis iHTerpansiux cxem); BIC oniepa-
THBHMX 3anam stosyBansHux  npuctpois (O31D); BIC nocrikfivmx 3a-
naM’ aToByBanbHUX tpucTpoiB (IT311); ivrepdeitcu abo koHTposepn 30B-
HIITHIX 1ipucTpoin; ciryx6oBi BIC (TakToBuit reHepatop, pericTpy, MWHHHI

thopMyBaul, KOHTPOJEPH TUH, apbITPU LINH).
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Mikponpouecopu Ta MITK knacudixyrors 3a TAKIMH 03HAKaMH: [IpU-

3HaueHHAM, KITEKicTI0 BIC; cnoco6oM kepyBaHHA, 32 TUIIOM apXiTeKTypH; -

3a TUTIOM CHUCTEMH KOMAH],
3a mpusHadeHAaM MII  mominAlOTE - HA  YHIBEpCAIbHI  Ta
CHELiATI30BaHI.

Vuisepcanvruumu mixponpoyecopamu € Ml1 3aranpHoro npusHaYeHH,
AKI po3B’A3YIOTH LIMPOKMII Kiac 3ajad  oOuYMCICHHA, 00pobku Ta
KEpyBaHH1. o

Cneyianizosani Mixponpoyecopu TIpASHAYSHI A8 Po3B’A3aHHA 3a1a4
nHle mesHoro wiacy. Jlo cneuiamizosanux MIT Halekarh: CUTHANLHI, Me-
IiiiHl T2 MYJBTUMEIFHL, TPaHCHH I0TEPH.

Cuenanwbri npoyecopu NpUsHAYEHI U TUPPoBOT 00poOKU cHrHamB Y
peanbHOMY MaciITadl yacy (Harpukiaz, ¢GpibTpallis CUrHAIB, 00UMCIEHHS
3rOPTKH, OOYNCTIEHHA Kopensiiitnol ¢yHKUil, MiacHiIeHHs, 0OMeXeHHA i
TpaHcdopMauis CUTHATY, NpAMe Ta 3BOpoTHe nepersopeHHs ®yp’e). Mo
CUTHAJIBHUX IIPOLECOPIB Hanexarh npouecopu (GipM [exas [nstruments -
TMS320C80, Analog Devices - ADSP2106x, Motorola — DSP560xx ta
DSP9600x.

Meoitini 1 mynemumedisni npoyecopu nNpusnadeni wis 06podku ayai-
ocurHamiB, Tpadiunoi indopmaiii, BineozobpaxkeHb, a TakKoX Ui
pO3B’A3yBaHHA pAMY 3ada4 Y MyJIbTUMEIaKOMIL I0Tepax, irpallkoBUX TIpH-
cTaBxax, moOyTosik TexHiul, Jlo MemiliHux 1 MyNsTUMELIMHHIX [POLECOpIB
Halexare npouecopu Gipm MicroUnity — Mediaprocessor, Philips
Trimedia, Cromatic Reserch - Mpact Media Engine, Nvidia - NV1, Cyrix -
MediaGX.

Tpancn tomepy pU3HAYCH] LIS MacOBUX fApanelibHUX 004UCieHb |
po0OTH v MYIBTHUNPOLECOPHUX cUCTeMax. [ HUX XapaKTepHUM €. HasiB-
HICTH BHYTPIIIHKOI ITaM AT Ta BOYAOBAHOTO MiXIIpolecopHoro inTepdei-
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¢y, T06T0 Kanams 38°43ky 3 iHmuMu BIC MIT. Jlo TpaHcm rotepis Hale-
Karh npouecopu dipm Inmos — T-2, T-4, T-8, T9000.

3a kuibkicTio BIC y MIIK pospisastors 6araroxpucransti- MIIK i
OJHOKPUCTIbHI MIKDOKOHTpOIepH. Jlo 6araToKpUCTaNbHAX KOMILICKTIB
BigHOoCATE MITK 3 0THOKpHCTAIBHUMH i ceklﬁﬁHHMH MIL

OnHokpucTanbHui MIKPOTPOLECOP € KOHCTPYKTHBHO 3aBepIIEHUM
BUpoOOM y Burnani oxniei BIC. [nma Ha3Ba ogHoxpuctanbHux MIT — Mikpo-
npouecopy 13 (GiKCOBaHOW PO3PAIHICTIO AaHuX. J[0 UKOro THITY Halexarh
npouecopu dipm Intel -- Pentium (PS5, P6, PT), AMD -- K5, K6, Cyrix —
6x86, Digital Equipment - Alpha 21064, 211644, Silicon Graphics — MIPS
R10000, Motorola -- Power PC 603, 604, 620, Hewlett Packard - PA-8000,
Sun Microsystems - Ultra SPARC 11.

VY cexmiitrnx Mikporipouecopax B oxHiil BIC peamisyerses e jeaka
dyHKUioOHaNkHA YacTHRA (cekuid) npotecopa. THINA Ha3ea cekuipiunx MIT —
PO3PAAHO-MONYTIbHI MiKpOTIpoLiecopr ab0 MIKpOIIPOIIECOPU 3 HAPOLICHHAM
pospaarocti. Cexmnidnicts BIC MIT symosnroe 3HawHy rHyuxicts MITC, Mox-
JIMBICTh HAPOLIEHHA PO3PAIHOCTI JJAHWX, CTROPEHHS CIIeUMGIIHUX TCXHONOTI-
YHMX KOMaHl 13 Habopy mikpokomauz Jlo cekuifiuux Hamexarh MIT cepiit
K589, K1804.

OIHOXPUCTWILHUI MIKPOKOHTPOIEP SBIAE cOOOIO TIPUCTPI, BUKO-
HaHU# KOHCTPYKIUBHO B ojtHoMy kopriyci BIC 1 MICTUTE OCHOBHI CKJIAJIOBI
yactuun MIIK. Jlo Takux MikpokouTtponepis nanexars OMK dipm Intel -
MCS-196/296, MicroChip - PIC17C4x, PIC17CT75x, Mitsubishi Electric -
M3820, Motorola - M(C33035, M('33039.

3a cnocoboM KepyRaHHS po3pizHaoTh Ml 31 cxemunm ta MIT 3 Mik-
POIPOrpaMHUM KEPyBaHHAM.

Mikponpouecopu 3i CXeMHMM KEPYBAHHAM MatoTh (ikcoBaHuii Habip
KOMaHJ1, po3pobitennit ¢ipMom-BUPOOHUKOM, KW HE MOXe 3MIHIOBATH
KOpMCTyBay. Y MIKPOIIPOLEcopax 3 MIKpOTIPOrpaMHUM KepyBaHHAM CHC-
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Po3gin 2. 3azansHi npunyunu nobydosu MikponpouecopHUx cucmem

TEMY KOMaH]| pospo6n;noﬂ TIp¥ TIpoekTyBaHHI koHKpeTHoro MITK Ha 6aszi
HaOopy HalUpOCTIMIMX MIKPOKOMAaH[ 3 ypaxyBaHHsAM KIacy 3anad, s
po3B’A3aHHA KX Tpu3HadeHud MITK.

3a TUIIOM apXiTeKTypH, a00 MPUHIHIOM NOOYI0BH PO3PI3HAIOTE MIT
3 (hoHHEHIMaHIBCHKOI0 apxiTekTyporo 1 MI1 3 rapsapacskoro apXiTeKTyporo.

3a TunoM cucTeMH KoManna pospisasiors CISC (Complete Instruction
Set Computing) — npouecopy 3 oBHUM HabopoM koman, 1 RISC (Reduced
Instruction Set Computing) — Ipouecopu 31 3SMeHIIEHUM HAO0POM KOMAaHT,

Cnix 3asgaunty, wo darato MIIK niananarots ma pi3Hi k1achdika-
L1IHI 03HAKH, OCKINBKYA 3[aTHI BUPIMIYBaTH 3aa4l pisHUX Knacis. Tak, ic-
HYIOTh yHiBepcanbHl MIT 3 MyIsTHUMEMIHHUM PO3HIMPEHHAM HAOOPIB KO-
MaHn, Hanpuknad, Pentium MMX, Pentium 11, Cyrix 6x86MX, AMI) K6,
Ultra SPARC. Y CISC-upouecopax Pentium PR(O peanizoBaHo siapo 3
RISC-apxiTeKTyporto,

KoHTponbHi 3anutaHHs
Haseits cknajosi yactuan MITK.
3a kUMY Knacudikaiitanvu o3HakaMu roainsrote MIT i MITK?
Ha sxi 3ama41 opieHTOBAHO crieniamzopan MI1?

B W D=

SIkt mepesarn 1 HeZOMKM MaroTh cekuiitai MII mopisHsHO 3 01HO-
KpMCTATBHUMU?

2.2. OpraHizauis WwuH

Huna — 11e indopmawivingii kanan, sknit 06’ eEye Bel QyHKIIoHaNb-
H1 6y1oku MIIC 1 3abe3medye oOMIH JaHHMU Y BUTIAMI JIBIHKOBHX YHACEIL.
KoHCTpYKTHBHO WWHHA sBIAE cOOOFO 7 TIPOBINHUKIB T4 OAWH CITUTHHWH
TMpoBiHMK (3emin). Jlani mpo 1wwHy nepearoThea vV BHUIMAAI CHIB, IO €
rpymoro OiTiB.
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V napanensHiii wuHi 7 6ITiB NEPERAIOTHCS 110 OKPEMUX THIAX OJHO-
YaCHO, Y TIOCHiJOBHIM KAl — 110 ¢ AWHIN NiHll TOCTITOBHO ¥ Yaci. Hapane—
TIbHI IMHHKA BUKOHYIOTH Y BUIVIAMI TIOCKOTO Kabeno, a rocyiioBHi — y BU-
Il KoakciankHOro abo BONOKOHHO-ONTHYHOTO Kabenmro. KoaxciambHuit
kabeb BUKOPUCTORYIOTE [T Tiepeiadl JaHux Ha BicTaHb d0 100 MeTpis,
Y3roKYH09M epeJaBaibHi Ta TPHAMATBHI KaCKaJd 13 XBUITLOBHUM OIOPOM
ninii. BonokoHHO-oNTHYHUI kadesh BHKOPUCTOBYIOTH JUIs [lepenadi Ha 6i-
JIBINI BijICTaHI.

VYei ocsoBai Gnoxku MIIC 3’ €HYIOTh 3 €JMHOK TIAPATETLHOI M-
HOIO, fIKa HA3WBAETHCA cucmemroio wunoro SB (System Bus). CacremHa
IIMHA MICTUTH TPY LUMHW. aIPECH, TaHUX 1 KepyBaHHS.

Hluna aopecu AB (Address Bus) € oxnonanpsmienoto. Bona npusna-
YeHa Alid epelaBRaHAs apec KOMIPKU 1aM’ #Ti a0 PUCTPOrO BBENCHHS-
Busenenns ([1BB). Hanpsm nepexasanns 1o mmni agpecu - sia MIT 1o 30-
BHIIIHIX NPUCTPOiB. BapiaHTH YMOBHMX 103HAY€Hb OJHOHANPAMICHOI na-
palesIbHOl ITWHK TIOKa3ano Ha puc. 2.1, Ha SKOMY CTpiTka BKasye HarpaM
nepeIaBaHHs.

Yncno 16 Ha puc. 2.1

16
e 16 :
> no3Havac PO3PAILHICTH

LIMAY, 3a3HavTuMo, 1o J10-

Puc. 2.1, Bupianmu ysoenux nosnavenn
odnonanpsimaenoi napaneavnol 16-pospadnoi waupm  TIYCKAETBCA  TI03HAMCHHSA
mnaH 1 083 NaBejers pos-

PAZHOCTI.
Hluna oanux DB (Data Bus) € apoHanpsmienoi. Bowa npusHayena
Ans nepegaBaHHs aHux Mix Ornoxamu MITC. Trdopmaris no oxaux i THX
caMux JRiAX DB Moke mepeiaBaTUCs y ABOX HanpaMax — Ak a0 MII, Tak 1
Bil HBOTO. BapiaHTU yMOBHNX NO3HAYEHb JABOHAIPAMIIEHOI MIHHM TIOKA3a-

HO Ha puc. 2.2.

51



MikponpoyecopHa mexHika

8 Hluna  xepyeanus
¢ CB (Control Bus) npu-
Puc. 2.2. Bapiaumu ymosnux nosnavens 3Ha4YCHa A NepeaaBantA
O0B8OHANDAMAEHOT NAPANEILHOT 8~-pO3PSOHOT Wunu KepyBaJIbHUX CUTHAIB.
Xoya HampsM KepyBanb-
HUX CHTHAIIB MOXKe OYTH DISHMM, OJHAaK IIMHA KEPYBaHHA HE € IBOHall-
PSAMIIEHON, OCKLIBKM AJIS CUTHAIB PI3HOTO HANPAMY BHKOPHCTOBYIOTHCA
okpeMi ninii. [TosHawaeTbes 114 IIMHA TakK ¢aMo, K 1 OAHOHAMPAMIIEHa
(aus. puc. 2.1).
Sk mpuknan Ha puc. 2.3 NoKa3aHO CIPYKTYPHY CXeMY NepeaaBaHHs
iHbopMaLi MK 7 pericrpaMy 1o BHYTPIUIHIM #-pO3PAAHIN WHHI JaHWX 3
YpaxyBaHHAM IIPHIHATHX [103HAYEHB, & Ha pUC. 2.4 — PO3LINPEHY CTPYKTYp-

"I 10T ="

Pencxp 1 ] Pcncrp Perictp m

CB

JlosBin npuBomy Hossin nepexai )
R — [ No3sin nparioMy
JHosein oepeaaui

l TIpucTpiii KepyBaHHs ]

Puc. 2.3. Cmpyxmypua cxema nepedasanns ingpoprayii mizie m pezicmpamu

1O BHYMPIuHILl H-pO3PSIOHITE wiuni Oanux

Jani 1o WM 3 7 Ml UepefaloThcad B PEXHUMI PO3ZIOALTY 4Yacy.
ITpuctpiit kepyBaHHs B KOXHUH MOMEHT Hacy BH3HAJac ajlpecy pericrpa,
AKHiT niepenac 1HGopMaLLio, Ta pericTpa, Akwif mpuiivac indopmariro. Jns
UBOTO NPHCTPLA KEepyBaHHA reHepye curnama /lozein nepedaui i J{o3eii
Apuiiomy, 1O 1EPENAKOTHCS N0 JiHiAX wkHn kepyBannsa CB. Jlinii munmy i
CUTHAIM KEePYBAaHHs Ma¥oTh Ha3eW Jlo36ir mepedaui 1 Jlozein npuiiomy. Y
KO>KHH MOMEHT Yyacy rnepelaBaTtu iHGopMAaItio B HIWHY MOXE TiXbKH OUH
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perietp. Lle o3nayae, mo y pa3i HAIXOMKESHHA CUTHATY /{03611 nepedayl 10
IUHH TPUERHYETHCA TUIBKM OTWH MOIYIh (puc. 2.4).

Bxiai niHii pericTpi 3’¢iHaHi Oe310cepeHbO 3 BIAMOBAHUMM THIAMI
wmad. ToMy nif Yac nomanAHs carsany /{o36in nputiomy, SKMH HaXXOAMUTH 10
OKpEMIH JTiHIT UM KOKHOTO PericTpa,. JiaHi TepearoThCs TI0 IIVHI Y BIATIOBLI-
HU pericTp. Buximmi minil pericTpis 3 €JHYIOTHCS 3 BLANOBIAHUMH IHIIMA
HINHK Yepe3 KoYl S, 1o J0NycKarTh MOHTaXHY Joriky. CvrHan /J{o3eia ne-
pedayi HAIX0AUTh HA KIKOY] BIJ MPUCTPOIO KEPYBAHHA O OKpeMiit A1d KOXK-
HOTO PEricTpa JiHii.

1 A
TITHHHA
JaHIX
DB
hY S
Al LKL
¢ g... ¢ ¢ - ¢
Pericp < Pcrlmp <7
D D... D )] D... D
Moayns 1 » Moyt m
Hoz Bi]! Hossix Hossix Hosptx
nepedan 1 npwitomy 1| - - fepesasi m upaHowy m

Puc. 2.4. Poswupena cmpykmypHa cxema nepeoasaniisi inghopsayii vie m pezicm-

PaMy 1O GHYMDIULHIT N-PO3PAONIT wtHI Odniix
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Moyin, skuii 6GpatiMe yyacTs B 06MiHI IHOPMALIEI0, BU3HAYAETHCS
3a OJHAM 3 TakKuX CHocobiB: 1) gepe3 BIANOBIIHI JIHII MHHY KEPYBAHHA,
OKpeMi IS KokHOro Moayns (mus. puc. 2.4); 2) 3a nomoMorow k (k =
logym) miHil mMUHA azpecH, No AKUX HepefacTscs iaeHTudixaui it Koz,
INO CTaBUTLCA Y BIALMOBLAHICTH KOKHOMY MOAYSTIO ¥ OXHO3HA9HO HOro BU-
3Havae; 3) BUKOPHCTAHHAM OJHHX 1 TUX CaMUX JTHIA IMAHA TAHAX 1A 11e-
peaaBaHHs afipec 1 AaHUX. ‘

Jlani 10 nmMHI MOXKYTh TIEPEIABATHCA Y JBOX PEKMMAaxX: CHHXPOHHOMY it
ACUHXPOHHOMY. Y CHHXPOHHOMY pEKMMI MPHCTpIit kepyBaHHA BU3HAYAE MO-
Iy 7, Mo 6epyTh yuacTs B 0OMIHI 1HPOPMAIIEFO, CUHXPOHIZYE poGOTY MO IR
Ta Kepye nporiecoM 0OMiHY, BUPOOIIMIOUN BIAMOBIIHI CHIHallH KepysaHHs 1
CHHXpOHI3amli. B acHHAXpOHHOMY pesxuMi MOJIyJH, FOTOBI JI0 OOMIHY, THITIIFO-
I0Th MpoTiec TiepedaBaHHs Ta IPHIHATTS IHGOPMALIi, BUPOOITIOUH BIIITOBIHI

CUTHAIU TOTOBHOCTI.

KoHTpoOnbLHi 3anuTaHHs

1. Ske mpusHaueHHs Ta AK1 CKIAM0BI YACTHHU CHCTEMHOI (IMHU?

)

BxaxiTe npuHUMTH nepenadi 1HGopMariii 1o MIMHaX: ajpecu; JaHwx;
KEPYBAHHS.
3. Sk nepenaerbes 1HGOPMALIA 1O MAPATIETLHAM Ta MOCIIAOBHIM IIIW-

Ham?

2.3. MpuHumMnu hoﬁy.qosu MiKpONpoOLUeCcOpPHUX CUCTEM

B ocroBy no6ynosu MIIC cucteMm NoknaneHo TP NPUHLMII: Maric-
TPANBHOCTI, MOJYILHOCTI; MIKPOTIPOTPAMHOTO KepYBAHHA.

Hpunyun mazicmparbnocmi BUHAUAE XapakTep 38 A3KIB MK QyHKI-
oHanbHuMH OnokamMu MIIC — yc1 610K 3’ € ARYIOTHCA 3 €INHOIC CHCTEMHOI)

IHHOIO.
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Ipunyun modyasnocmi Tonsrae B TOMy, IO CHCTeMa OyIy€Thes Ha
OCHOBI 0OME)XEHOI KIIBKOCTI THINB KOHCTPYKTHBHO 1 (PYHKIIOHANBHO 3a-
BepiueHnx Moayms. Koxnuit Moxyns MIIC ciucteMu Mae BXi KepyBaHHSA
TpeTiM (BHCOKOiMIenaHcHuM) cTanoM. Lleii Bxia HasuBacteca CS (Chip
Select) - Bubip kpuctana abo OF (Qutput Enable) — 1o3Bin Buxony.

Jito curHairy CS mis Tpurepa 1mokasaHo Ha puc. 2.5. Buxigmuii cur-
HaJ Tpurepa () 3’ABUTHCA Ha BHBOJI JIHLIE TIPH aKTHBHOMY (Y I1hbOMY BHIIa-
JKY — Hy7Ib0BOMY) piBHI curuany C.S. Slxio CS = 1, Tpurep nepeBoanTbCS ¥
BHCOKOIMNEIaHCHUH cTaH. Buxin Tpurepa € TpuctabinbHEM, TOOTO MOXE
3HAXOANTHCA B OJJHOMY 3 TPHOX CTZHIB: JIOTIYHOI OAWHAIY, JIOTTYHOTO HYIIA
a00 y BUCOKOIMINEAaHCHOMY. Y KOJKHMIA MOMEHT 4acy 10 CHCTEMHOI WWHH
MIIC npuenHano nuwe aBa MOIY I — TOM, 110 puiMac, i Tol, o nepenac
HGopMaLlto. [HINI 3HAXOAATECS Y BUCOKOIMITC IAHCHOMY CTaH.

Ipuhunnu maricrpansHocTi

. ('\?“ Td  MOJYILHOCTL  J03BOJISIOTH
Q7 " Hapomyeatu  KepyBaubHi i
o0uUncIroBaNLHI MoXImBOCTI MIT

T Qr” gepes pHAECIHAHAS THUINX

L MOJY B,
Puc. 2.5. Jis cusnay CS 0is mpuzepa TIpunyun  siikponpozpasio-
20 Kepy6arnisl DOJIATAE Y MOAITHBOCTI 3IFCHEHHS eNeMEHTapHHX onepartii -
MIKPOKOMaH (3CYBY, Iepeciiians indopmalli, noriuxnx onepauii). [TesHoro
KOMOIHALIEI0 MIKPOKOMaH]], MOXKHA CTBOPUTH Hadlp KOMaH, SKU MakCHMa-
JBHO BIIIOBIJaTUME MPUSHAYCHHIO CHCTEMU, TOOTO CTBOPHTH TEXHONOITUHY
MORY. ¥V cexiiiiiux npotgecopax Habip MIKPOKOMAHZ MOXKUA 3MIFATH, BHKO-
PHCTOBYHOUH IHLUI MIKPOCXEMH NaMm’ Ti MIKDOKOMAHL,

| VsaraneHeHy crpyktypHy cxemy MITC nokasano na puc. 2.6. Jlo
cxnagy MIIC Bxousats: nenTpaisuuii npotecop (L), TT3TT, O3IT; cucrema
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nepepuBanb, TaliMep, [IBB. IlpucTpoi BBeAeHHS-BHBEAEHHA MPUEIHAH] IO
CHCTEMHOI IMHM depe3 inTepdieiicy BBEIeHHA-BUBEICHHSL.

IocTiiiamii Ta oniepaTHBHUH 3anam’ ITOBYBAIbHI IIPHCTPOI CKNALal0Th
CHCTEMY [1aM’ATi, IpU3HAYEHY ANA 30epexeHHs iHGOpPMauil y BHIIII
apiiikoBux yucen. IlocTiiiAuii 3anaM’ATOBYBATBHAMI TIPUCTpIiil NMpU3Have-
HU a1 36epeskeHH IporpaM KepyBaHHs Tabmuub, KoHCTaHT, O311 — mius
30epexKeHHA NPOMDKHUX Pe3yJIbTaTiB 00uHCIeHb. [TaM’ ATh OpraHizoBaHo y
BUIAAL MacvBy KOMipOK, KOJKHA 3 AKMX Ma€ CBOIO ajpecy i MicTUThL Oaift
a6o cnoBo. baiitoM HazuBaeThes rpyna 13 8 0iT, a cl1oBO MOXke MaTH Oy (h-
AKY IOBKMAY B OiTax. HaltuacTiine nijg c1oBOM po3yMitOTh JIBIHKOBE YUCIIO

JOBKIHOIO 2 OaiiT.

171 18IT Bll

Cronanem e

N
<'L ? N N ‘>
I ll
) J U

CGicreva Temepdraic Texvopxfxike Taihars
TR AR EOCIEEEM FE IR, R

Bamana Ui T Invaryrmwaxt
TEDC VT, HRCETED FATC KT ONRPOEL A

Puc. 2.6. YVsacarwnena cmpykmypia cXeama MIKponpoyecopHol cucmemu Kepysans

JItst 3BepHeHHs 10 KOMIPKHM Iam’ATI Tpeba BUIATH ii aapecy Ha UIMHY

axpecy. Ha puc. 2.7 3006pakeHo cTpyKTypy Tiam ATi 3 8 o1H06alTOBIX KO-

MIPOK, JIe KOXHili aJpeci BIATOBIIAE MEBHMI BMICT KOMIPKH. Tak, KOMIpKa

3 agpecoro 000 mae Bmict 01011111, = 5.
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Anpeca Hami
000{ 01011111
001| 00010011
010 01110111
011 00001100
100, 00000000
101 11111111
110{ 10101010
111 11110000

Puc. 2.7. Cmpyxmypa navi smi 3 8 00106aimosux komipor

Ce2rmenmom HA3UBACThCA OONACTh TAaM ATI, AKa CKIANAETHCH 3 CyMi-
KHUX KoMipok. Y MIT i8086 cerMeHT 3aBXKIM MOYMHAETHCS 3 AJIPECH, Kpa-
THOI 16, i 3aiimae go 64 xOajit. [cHYIOTH TPH OCHOBHI CETMEHTW. KOJIIB, JIa-
HUX, CTEKA.

CerMenT KoJliB MICTUTE KOIM KOMAHJ, AKI apecyroThes CeTMEHTHHM
perictpoM kozig (IS Ta pericTpoM - BKkasiBHUKOM komada [I”. Perictp CS Bu-
3HAYAE HOYATKOBY alipecy CerMeHTa KogiB, a perictp /P — 3MIIIEHHS B cerMe-
HTI (BLACTaHb BiJ II0YATKY CETMEHTA JI0 KOMIPKH, B SKiif 3HAXOJINTHCA ajpeca
KOMaH[IH),

CerMenT JaHuX MICTUTL JAHi, KOHCTAHTH Ta poboni obnacTi, norpit-
HI JJ11 BUKOHaHHA Tiporpamu. Perictp DS Mac fouarkoBy aupecy cerMeHTa
JAaHUX, a 3MIIEHHS B CETMEHTI 3aJa€ThCH B KOMaHII.

CerMenr creka MICTUTBb aJpecH [IOBEPHEHHS 3 TATporpam Ta aani. Pe-
rictp SS Mac TIo4aTKoBY afipecy CerMeHTa creka, a perictp SP - 3MmitieHHA B
CeTMEHTI.

Jesxi orepanti BUKOPUCTORYIOTH JOJATKOBUIN CETMEHT JIaHuX, TIoYa-
TKOBa ajipeca AKOTO 32Ja€Thes pericTpoM KS, a 3MIleHHS B CErMenTl BH-
3HAYAETHCA KOMAHJIOH.

HBobaittoBe 3MitueHHs (16 GIT) MOXe 3HAXOAUTHCS B MEKax Bil
0000, mo FFEFF . JIng 3BepHEHHS 10 OY1b-AKOI aapecu y Iporpami BUKO-
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HYETBCS JIOJIaBaHHA aipec, sKi 3HAXOAATHCA B PericTpi CETMeHTa Ta 3Mi-
menHs. Haopuxnan, nepmmit 6aliT y cerMeHT! KOJIiB Ma€ 3MIIICHHS HYIb,
Ipyruii GaliT — oJUHMLFO 1 TaK aaii 10 FEEE .

KonkpeTtna aapeca xoMaamu (I cerMeHTa KOIB), KOMIPKU IaM’ sTi

(W cerMeHTa JaHWX Ta JOJATKOBOTO CEerMeHTa) abo KOMIpKM cTeka (s
CErMEHTa CTeKa) BU3HAYAETRCH PE3YIILTATOM J0JaBaHHS aJpEecH cerMenTa,
AKa MICTUTBCA Y BIMOBITHOMY CEIMEHTHOMY PEricTpi, Ta 3MIlEeHHS.

Mogay e uenTpanbHOrO Iponecopa o6podIIse KaHi Ta Kepye BeiMa 1H-
My Moy MU cucTeMu. LerTpansanii npouecop, kpiM BIC MII, micTuts
CXEMHU CHHXpOHI3allii Ta 1nTepdeiicy 13 cucTeMHOW UIMHOIO0. BiH BUOMpae
KOIM KOMaHj 3 nam’ T, aemugpye ix 1 BukoHye. IIpoTsrom uacy Buko-
HaHHA KOMaHM — koMaHiHoTo uvkny LIIT BukoHye Taki mii:

- BUCTABIIAC a4pecy KOMAHIH HA IHUHY alipech 4B,

- OTPUMYE KO KOMAHIM 3 1taM’ STl Ta Jeumdpye Horo;

- o04ucIIoe ajpecy onepanja i 3UATY€ AaHi,

- BUKOHYE Oliepallilo, BUSHAYCHY KOMAaHJIOIO;

- CrpuiiMae 30BHILIHI KEPYBATbHI CUIrHaN|, (HAIpAKIAJ, 3a-

TIUTH 1IepepuBaHh),

- IeHepy€ CUIHAM CTaHy i KepyBaHHs, NOTPiOHI 1is pobdotn
mam’sti ta [1BB.

TIpuctpoi BBeneHHI-BUBEICHHS a00 30BHITIHI IPUCTPOI — e TIPUCTPOL,
NpH3HAYeHi Ans BBeAeHHs 1HpopMmawi y MIT abo BuseneHns iHpopmawi 3
ueoro. llpuxnagamu TIBB e mucmei, ApykyBambHI TPUCTPOI, KnasiaTypa,
1 Qpo-aHaToTORMI Ta aHATOTO-LMPPOBHIA IPUCTPOI, perle, KomyTaTtopu. Jns
3’¢rHanAsg [1BB 13 cMcTeMHOI0 IWHHOFO 1X CHTHANH MaroThb BiINOBIJIATH 11eB-
HUM cTaugaptaMm. lle nocsraeTees 3a gomomMororo inTepdeiiciB BBeaAeHHS-
BHBCJICHHA.

IuTepdeiicu. BBeIcHHA-BUBEICHHA BUKOHYIOTh DYHKIIIO Y3TrOMKCHHN
curtanis ITBB i3 curHanamu cucteMHoi mmHn MIT. IX Ha3uBawTh TakoX

58
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KOHTposlepamMut abo apamTepamu. Mikponponiecop 3BEpPTAEThCA OO 1HTED-
deficie 3a IOITOMOTOFO CHEIiaNFHUX KOMaHI BBedeHHS-BUBeleHHA. [Ipu
oMy MII BucTaBsie Ha mmHy agpecu AB ajpecy iHtepdeiicy, a no IHHI
naHuX DB 34nTye AaHi 3 HPUCTPOIO BBEACHH abo 3amucye y npucTpiit BU-
BefeHHs. Ha puc. 2.4 mokaszaHo oaun iHTepdeiic BBeJeHHA | OUH IHTEp-
¢eiic BUBEIICHHS.

Cucrema nepepusanb 10380jisie MITC pearyBaTd Ha 30BHILOHI CUI'Ha-
I — 3aUTH NEPEPUBAHB, JDKEPEIIAMHU IKHX MOKYTh OyTH. CMTHAITH TOTOB-
HOCTI BiJi 30BHIINHIX IMPUCTPOIB, CUTHAIH BiJl T€HeparopiB, CUTHAIH 3 BH-
XOIIB AaT4yvKiB. I3 mossoro 3armry nepepusannsA L{I1 nepepuBae ocHOBHY
nporpamMy 1 NepexoiiTh J0 BUKOHAHHSA IANPOTrpaMu oOCIyroByBaHHd 3a-
MATY TiepepuBanHd. JInd noOyaoru cucremu nepepuBaHb MITK MicTATh
BIC cnemianbHUX porpaMoBHUX KOHTPOJIEPIB IIEPEPUBAHE.

Tatimep npusnauenuit xyia peaizaini GpyHKIIH, TOB’ A3aHUX 3 BIITIKOM
vacy. Tlicns Toro, sk MIT 3aBaHTaxye B TaiiMep 4ucIio, sike 3a/a€ 4acTory,
3aTpUMKY abo koedIleHT AINEHHA, TaiiMep pealizye NoTpiOHy (yHKUifO
CaMOCTIIfHO.

KOHTpONbLHI 3anuraHHs
1. Hassits npuaumnu nodyaosu MIIC 1 oxapakrepusyfite ix.
2. Hasemite Tunosy crpykrypy MIIC i moscriTe npusHavyenus ¢yHx-
IHOHANBHUX MOy JIIB.

3. IToACHITH IPU3HAYEHHA BXOLY KEPYBAHHA TPETIM CTAHOM,

2.4. ApxiTextypa mikponpouecopiB

TToHATTS apXITEKTYpH MIKpOTIpOIIecopa BU3HAYAe iioro CKIIaZoBI yac-
THHH, 2 TaKOXk 3B’A3KH Ta B3a€MOMAIIO MK HUMU. ApXITeKTypa MICTUTS: 1)
CTPYKTYpHY cxemy camoro MIT; 2) nporpamuy monens MIT (onmc tbyﬁl(l.liﬁ
perictpig), 3) iHdopmaliro npo oprafizarniro naMm’ati (EMHICTb TlaM’gTi Ta
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cmocobu ii  axpecawii); 4) ommc opradizanii MpouEenyp BBEICHHA-
BUBEJICHHS.

IcHyr0TE ZiBa OCHOBHI THIIM apXiTeKTYpH — QOHHEIHMAHIBCHKA Ta Tap-
BapaChKa.  Pouneinianiecoky apximexmypy (puc. 2.8, a) 3anporoHyBaB
1945 poxy amepukaHcbkuit Matemaruk Jixo ¢pox Hefiman.

L Tlax’ st ] Tlav’ as Tav’ s
KOMaH;] JAHUX
hma luna gasmx
ampecu 1 KOMaHA Muma Hluma
KOMaHi aJpecH | LLloHa

Ipouecopruii c1eMeHY [Ipouecopunii enemenT

Perierpu | | AJII Pericrpu | | AJII

TTpucrpiii kepyBasHs Ipuctpiii kepyvBansA

——

I 11BB | [ BB ]
a 6

Puc. 2.8. Ocrosni munu apximexmypu: a - Qouneiivaniecvra,

6 - 2apsapocera

Oco0bmuBICTIO L€l APXITEKTYPH € Te, IO TIporpaMa i JaHi 3HaxoasThes y
CITUIBHIM IaM’ATi, OCTYIT 10 AKOi 3AIHCHIOCTHCS 110 OJHIN IMWHI JAHUX | KO-
MaHJ,

TI'apeapocexy apximexmypy BIepine peanizoBaHo 1944 poky B peneli-
Hilf o6uurcroBanbHIA MauHi apBapacekoro yuisepentety (CIIA). Oco-
OmuBICTIO Wi€l apXITEKTYpH € Te, MO ITaM’sTh JAHMX i 1aM’sITh Tporpa
PO3iNeHi Ta M&XOTh OKPEMI INWHY JaHUX | WUHY KoMaua (puc. 2.8, 6), 1o
N03BOJIA€ MIABMINUTH WBUAKOAIF0 MIT cucremu.

60

Poanin 2. 3azanssi npuHyunu nobydosu MiKPONpoyecopHUX cucmem

CTpyKTypHI cXeMH 000X apXiTeKTYp MICTHTh; TIPOTIECOPHMUIT eJIEMEHT,
nam’ aTb, iaTepdeiicu BreaeHmA-rUBeAeHH (IBB) i TIBB. ITam’ats i IBB
ot pisanx Tunie MIT MoxyTe OyTH K BHYTPILIHIMHA, TOOTO po3MilIyBa-
TUCA HA TOMY X KpUCTani, Mo i NPONeCcOpHUIt eNeMEeHT, TaK 1 30BHIIHIMHU.
IIponiecopunii ejleMEHT MICTHTE pEriCTpH, apu(PMETUKO-JOTIUHUI mNpu-
crpiii (AJIIT), npucTpiii kepyBaHHA i BUKOHYE PyHKUIi 06poOKH JaHUX Ta
KepyBaHHA mpoliecaMy oOMiHy iHdopmauieto. Tlam’ath 3abe3nedye 36epi-
TaHHA KOAIB KOMaHI IporpaMH 1 HaHuX. [HTepdeiicu mpuzHaueHi s
3’a3ky 3-1IBB (Hanmpuxiaz, 3 KiIaBiaTyporo, THCILIEEM, APYKYBATbHUMH
NPUCTPOSAMY, AaTUHKAMU IH(opMauii). YCi eNeMEeHTH CTPYKTYPHOI CXeMH
3’€AHAHI 3a JIONOMOTOIO IIHH.

Posumpeny cTpyKTypHY cxeMy 3 ApouecopoM oHHelMaHIBChKOI ap-

XITEKTY PH TIOKa3aHo Ha puc. 2.9,

HMuua
3 BEa3siBHUK CTCKa
b ; BxastsHHK KoM,
Perictp agpecn KASIB HI Mart
Mam’ ats Wnsa ] xarax AJapeca KOMaHIH
Anpcca oncpadnia
YU pe3yMBTATY Axpeca
. nEpexORy
P'\ 1 T En
Do e i

[ Perictp xomare ’ §
4
SR 9
IIBB fe—| BB |™ \ - z

‘ - 2E < )

g8 I Mpucrpii
rd agh S & 15 ]
LPcricrp cTaHy 53 S o] REPYBAHE ‘2
x g
, g
o
L g
Mikpornpouccop g
m

Puc. 2.9. Cmpyrmypna cxemda 3 npoyecopom ouneimaniocokor

APXINERMYPU
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Cxema npoiiecopa MICTUTB NIpUcTpiil kepysanid, AJI 1 pericTpu: ajpe-
CH, IaHIX, KOMAH, CTaHy, a TaKO¥kK aKyMyJATop, JIYMUIEHAK KOMaHI Ta BKa3i-
BHHK CTEKa. '

lIpucmpiii kepyeanns BIAMOBIAHO /10 KOMAIB KOMAaHJ{ T4 30BHIINHIX Ke-
pyBaIBHUX CUTHAJIB 1 CUFHANIB CHHXPOHI3alli BUPOOIsAE KepYBATLHI CHT-
HAIM JUIA BeIX OMOKIB CTpyKTypHOI cxemu MII, a Takox kepye oOMiHOM
indpopmamnicto Mk MIL, mam’sartio i TIBB. TTpucrpiii KepyBakHs peaiisye
Taki QyHKLIi:

1. ®yHKUIA NOYaTKOROTO BCTaHOBNCHHS MII. 30BHILIHIN CUrHAT TO-
YaTKOBOr0 BCTAHORBIEHHA mponecopa RESET ¢opMyeThes Npy BBIMKHEHHI
Jokepena xuBneHs MII aGo npu matuckadHi kHotikn RESET. YV pasi no-
ABM I[BOTO CHUTHANY NPHCTPL KepyBaHHS 3a0e3reuye 3aBaHTOKEHHS HYJIbO-
BOT'0 3HAYEHHA Y TIPOrPaMHMI INYMITHHUK, THO (HILNFOC BUOUPAHHAS 3 TTaM’ STl
GaliTa KOMaH1 3 HYJIKOBOIO ajipecoro. HanpukiHui BUGMpaHHs BMICT NiUU-
NpHKKA KOMAaHA 3011bIIy€eThCA Ha ONUHMINO i BUOMpAEThCs GaliT KoMaH 3
HaCTYIIHOK afpecoro. TakuM YMHOM BHKOHYETHCSA BCA 3amvicaHa y raM’ avi
Tporpama.

2. OyHKIIA CUHXPOHI3aWiL 3riHO 13 30BHIMMHIMH KEPYBAJIbHUMH CH-
rHaJaMy 1 CUTHAJaMM CHMHXPOCHTHAI3ALIT IPUCTPIll KEPYBAHHA CUHXPOHI-
3ye poboTy BCiX O10KIB MIL

3. ®yHKuiA nepepuBaHb. [3 HaIXODKCHHSIM CHTHANY TICPEPHBAHHS
NPUCTPIA KepyBaHHA 1HINiI0€ podoTy mignporpaMu 06poOKH BIAMOBIIHOTO
nepepuBannd. Ilorpeba y peanizauii ¢pyHkuiii nepepuBadb BUHUKAE TOUI,
KOJM Tl Yac BUKOHAHHA OCHOBHOI nporpamm Tpeba nepesectd MI1 Ha
pO3B’g3aHHs 1HIOI 3a7adi, HANMPUKIan, oOpoOKHM asapiitHoi cUTyauli abo
poborn 3 [IBB.

4. OYHKLIA Y3rOkeHHS MBUAKO/IIT MOJYJTiB MiKPOITPOLECOPHOT CHC-
Tem. Ilig wac obcmyroByBanHs mam’sti Ta [IBB i3 3HauHo MeHIIOHO
mBuaxoaicro, Huk MII, y3rojpkeHHs uBHAKOAI BUPIMIYETHCA TeHEPALIE)
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TakTIB o4iKyBaHHA MII, a mijy wac o6cIyroByBaHHS MPHCTPOIB 3 GLIBINOIO
nBUAKoLi€r0, Hix MII, BUKOPHCTOBYETBCH pexuM Ge3mocepeHboro JAo-
CTYIy 0 TaM’ATi. '

Apugremuxo-10ziunuti npucmpiii sBisie c000K0 KOMBGIHALINHY cXeMy
Ha OCHOBI CyMaTopa, AKHii CHTHallaMH 3 BIUXOAIB MPUCTPOIO KePYBaHHA Ha-
Jaro/Ky€ThCs HAa BUKOHAHHA IIEBHOI apu¢MeTuyHOoi abo JIOriyHoi orepa-
nii: nomasaHHs, BiyjgiManns, JIOT'TYHE I, JIOTTYHE ABO, JIOI'TYHE HI,
BHUKJIIOUHOI'O ABO, 3cyBy, HOpIBHAHHA, AECATKOBOi Kopekiyi. Otxke,
AJIH Bukonye apupmMeTHuHi ado NOTIYHI ONepauii Haj onepaHAaMH, AKi
HepecHnaloThes 3 am 111 ((abo) perictpis MIT.

Onepabn — e 00’€xT y BUMIAAl 3HAUYEHHA JaHUX, BMICTY pericTpis abo
BMICTY KOMIPKY IfaM’ #T1, 3 IKUM ollepy€ KOMaHa, HATpUKIIal, Y KoMaHi J0-
JaBaHHA ollepanaamu ¢ JojaHku. OnepaH MoKe 3a1aBaTHCA Y KOMaHAI Y
BUIIANI wicna abo 3HAXOAMTUCS B PETICTP] YK KOMIpili nam’siTi. OepxaHuii
HicJIs BUKOHaHHA komaran B AJIT] pesynbrar nepeciiacTbes B pericrp abo
KOMIPKY TIam’ 1.

Pezicmpu npusnaven! s 30epiradHs #-po3pagHOro IBIAKOBOIO 4i-
cia. Bonu sBastorh co0oro # TpUrepiB 3i cXeMaMM KepyBAHHSA 4WTaH-
HAM/3anucoM Ta BUGIpKY. PericTpu cTBOPIOIOTH BHYTPilLit0 maM’a1h MIT i
BHKOPHCTOBYIOTRCH JUist 3GepIralHs IPOMDKHIX PE3yIIBTATIB 00UUCTEHb.

AxyMynsimop — 11e pericTp, Y SKOMy 30epiractTbCs OJMH 3 OlTepasHiB.
ITicns BUKOHAHHSA KOMAHIW B aKyMYJIATODI 3aMiCTh ONEPaHIa PO3MITILY €ThCA
pesyabTar onepailii. Y 8-po3psxHMX NpoLecopax akymyIarop 6epe y4actb B
ycix onepaniax AJITL. ¥V 16-pospsaanx MIT GiTbImicTs KOMaH BUKOHYFOTH-
¢ 6e3 yJacTt akyMyasaTopa, aje B AKX KOMaHIax (BBeJICHHS, RUBEICHHS,
MHOXEHHA, JIJICHHA) daKyMYIIATOP Ji€ Tak caMo, sK 1y 8-pospsanux MII,
TOOTO 36€pirae oMK 3 OMEPaHIB, a MCHA BUKOHAHHA KOMaH 1 — pPe3yibTaT

omepaiii.
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Brasignux komanod, abo npoepauuuii 1iuutbHux, TPU3BEAYEHAR 111
30epiraHHa ampecd KOMIPKH MIaM AT, SKa MICTHTh KO HACTYITHOI KOMaHIU.
TTporpamy mitt MIT 3amicano B mam 411 y BUDIAAL MTOCHIIOBHOCTI KOAIB KO-
MaHA. Jna nmepexody A0. HACTYITHOI KOMaH/M BMICT JIYMTBHUKA 301MBIIY-
€ThCS HA OJMHHIIX0 Y MOMEHT BUOHpaHHSA KOMaHIM 3 naM’s1Ti. Harmpukiam
BUKOHaHHA KOMAHAU B JIYMIBLHAKY KOMaH 30epiracTeCsa aapeca HacTYITHOI
KOMAHIH.

Brazienux cmeka — 11e peTicTp, skuii 36epirae aapecy OCTAHHbOI 3aiiHs-
Toi KOMipKy cTeka. CTeKOM aB0 CTEKOBOK TaM’SITTIO Ha3UBAEThCH 0ONACTH
naMm’sTi, OpPraHi30BaHol 3a NPHHLKIIOM «OCTaHHIY MPUHINOB — NepIIuii -
LIOBY,

Perictp xomaHn 30epirae KOx KOMaHIH NMPOTATOM YChOTO Yacy BUKO-
HaHHA KOMaHIU.

PericTp azmpecu i pericTpy Aanux rpusHaueHi juis 30epiranns agpec i
JaHuX, BUKOPHCTOBYBAHMX ITiJ Yac BMKOHAHHS NoTouHoi KoManan y MIT

Perictp crany abo pericTp mpamopuis (03HaK) Npu3HaueHuit 11 36e-
piraHus ingopmMauii npo pesynbTat onepalii B AJIT i snse coboro neki-
JbKa Tpurepis, 1Kki HaOyBalOTh OAMHMUHUX 400 HyILOBUX 3HAaUYeHDL, Harnpu-
KIaf, Ipariopellb Hyld BCTAHOBIIOETLCS B OJUHUIIO TIPH HYJBOBOMY pe-
3yJBTATI OTIEPAITi.

KoHTponbHi 3anuMTaHHA

1. [laitre BusHaueHHs apxiTekTypu MIT.

[

. Slxa BiAMIHHICTE MK TapBapAchKoo Ta GoHHEHMaHIBCHKOIO apxiTe-
KTypamn?

3. SIxi dyHK1ii BUKOHY€ IPUCTPIif KepyBaHH:?

4. 1o Bu3sHauae BMICT BKa3iBHUKA koMann? Sk BIH 3MiHIOeThCA?

5. UuM BIAPI3HAETHCS aKyMYIATOP Bijl IHILUX pericTpis MIT?

'V TexmIuHIH miTopaTypi 3aCTOCOBYIOTE 06HABI Ha3BY 1LOTO pericTpa. 3assuuail y MTT Bukopucto-
BYIOTh Ha3By [P (Instruction Pointer) — BKasiBHUK KOMaH:1, 2 B OXHOKPHUCTATSHIX Mikpo-EOM ra
sixpoxorTponepax - PC (Program Counter) — pporpaMemii I IbHAK.
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2.5. OcHOoBM NporpamMyBaHHA MOBOIO acembnep

ITporpama sBnde oGO0 MOCHIZIOBHICTS KOMaHJ, BUKOHAHHA SKHX
MPUBOJMTH 0 PO3B’A3KY 3a/a4l.

Komanjga susHavac oriepailiro, 1Ky Mae BukoHat MII Haj JaHAMM.
Komanzma micTuTbh y sBHIH abo HesaBHil dopmax iHdopMamiio mpo Te, 1e
Oyne po3MilneHuil pe3ynbTar orepauii, a TaKoX Npo agpecy HACTYIHOI KO-
Mauan. Kol xoMaHAU CKnafa€Thes 3 AEKUIBKOX YacTHH, AKi HA3UBAKOTHCA
noaavu. CKilan, IMPHU3HAYEHHS | PO3TALIYBAHHSA TOJIB HA3UBAETHCA Pop-
Mamom Komanou. Y 3aranbHOMy BUOAAKY OPMAT KOMAHIW MICTHATHL Ofle-
pariiiny Ta agpecHy yacTunu. Onepauifiia 4aCTMHa MICTHTBH KOJ onepauii
(HarpuKnan, JoJaBaHHA, MHOKEHHA, Nepefaya Nauux). AZpecHa YacTHHA
CKIIA/Ia€TheA 3 ACKUTBKOX TIONIB | MICTUTH IH(OpMALIIFO PO azipecH omnepa-
HAIB, pesyabTary onepauii Ta HacTynmHoi komaHiu. dopMar koMaHin, y
AKOMY @/IpeCHa YACTHHA CKIIAJAEThCA 3 NBOX NONIB (03HAKM aapecauii Ta
azipecH orlepanIiB) mokaszano Ha puc. 2.10.

Ko, onepani Osi1aka agpecamii Anpecs oiepainis
(m puspsuuB) (k poapsiiiB) (1 pospsin)

N >

Oueparitina gacrnya ApecHa JacTHHa
Puc. 2.10. @opasam xomanou

Tlone «O3Haka ajxpecawiiy BU3Ha4ae criocib agpecauii onepania. bitn
momiB «(3Haxa ajApecamil» Ta «AJPECH ONMEPAHIIB» PA3OM BU3HAYAIOTh
KOMIPKH [1aM’ AT1, B IKWX 30epiraloThca onepaHin.

Pospisusiors Taki rpynu xkoMada: 1) KoMawau liepepadi JaHuXx,
2) KoMaHaM oTiepaliit BBeIcHAA-BUBEACHHS, 3) xoManau 06poOku iHpop-
Mauii (apuMETWYHI, JTOTIUHI, 3CYyBY, TIOPIBHAHHS OTICPAHJIB, JIECATKOBOI
KOpeKUii); 4) KOManau KepyBaHHA NOPAAKOM BUKOHAHHS fiporpamy (nepe-
X0JiB, BUKIMKIB IIIANPOrpaM, TOBEPHEHb 3 HIANPOrpaM, HepepusaHb); 5)
KOMaHAX 3a/1aHHs pexuMiB pobotn MIT
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3araibHa KUIGKICTH OITIB YV KON KOMAHAM HA3HBACTHCS OO0GHCUHOIO
@opmamy. Kinbkicts IBIAKOBUX po3paais m y mom «Kox onepauii» 3abesrre-
Yyye MOXJIMBICTD TIOJAHHS BCIX onepalifi, axi pukoHye MIT. Sxmpo MII Bu-
KOHY€ M pi3HMX orepalliif, TO KUIKICTh PO3PS/IiB BU3HAYAETHCA TaK:

m2log,M.

Slxu1o mamM’ATe MICTHTB S KOMIPOK, To HOTpi6HA A/ 3aimicy ajpecu
OJIHOTO ONEpaHa KiNbKICTL PO3PAAIB Y MO «AJipecd OHepaHJiB» CTaHO-
BHTB!

n2log,S.

Jopxkuaa QopMmaTy KOMaHIM BU3HAYa€ IMBUAKICTb BMKOHAHHA KO-
MaHAH 1 3aNeXKNATh B cTloco0y ajpecailii onepadais. [CHYIOTb Taki Cnoco-
Om agpecauii: npsma, HenpaMa, Oe3nocepents, aBTOIHKPEMEHTHA (aBTOC-
KPEMEHTHA), CTOPIHKOBA, IHIIEKCHA, BIAHOCHA.

IIpama aapecanis. TTpu Taxiit agpecauii agpeca onepanja BkasaHa
Oesnocepeitb0 B KoMaHAai. K Tpuknay posrasHeMo komanuy MIT
K580BMSO0A (i8080) npsMoro 3aBaHTaKCHHA aKyMyaATOPA BMICTOM KOMi-
PKM TTamM’ 9T1, po3mimenoi 3a agpecoro 0012, dopmar Ta cxeMy BUKOHAH-
Hsl L€ KOMAHIK IToKa3aHo Ha puc. 2.11.

Y baiir1 1 xomanau (puc. 2.11, a) MiCTATBCA KOJ, OfEparii nepecu-
NaHHA JaHUX B 28KyMYJISTOP 13 KOMIPKY Mam’ATi, a B Oaittax 2 1 3 - axpeca
KOMIpPKH rmam’sri. Y Gafiti 2 postamoanuit Monoanait (12,¢), a B daiiri 3 ~
cTapumit (00,) GaiiT anpecn.

Ha puc. 2.11, 6 xomipka mam’ati 3 aapecoro 0012;. mae BMICT
11010111,. Bmict akymystopa Jo onepauil craHoButs 00000000,. Ilicns

BUKOHAaHHA KOMaHAW® 3HAYUCHHA BMiCTy KOMipKI/I mam’ AT KOTIFOETHCS B

AKYMYJATOP.
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Baiir 1 Batit 2 Baiir 3

Koz oneparmui 1246 0016

Onepanifia yacTuHa AZpecHa acTuHA

a
]) 7]1_R' 1O Sy ) 2 - ! 17
Puc. 2.11. Komanoa npaviozo 3a6anmanceniist 6 akyMyasmop smicimy
KOMIpKH e 'ami: a — hopuam koManou, 6 — cxema UKOHANNA
(Hus. maxoxc c. 51.)

Mam' swrs M
ANpecH KOMIPOK  BMicT KOMipok TaM’sTi Bmicr akymyagropa
J10 SaBAHTOKCHES

001056

00000000
001154 B

00124 HOT011) Liotort

Baict akyMy uiropa
THCHUSA $ABA I TORCHNIS

o
Puc. 2.11. Jaxinyenns

Henpama aapecanin. Tpu raxiii agpecaitii y ¢gopmari koManau Bka-
3yeThCA HOMEP PETiCTpa, y SAKOMY 30epiracThes ajipeca KOMIpKW [am’aTi,
Aka MmicTuTh onepaui. Jlns 36epexenns  16-pospsanoi appecn y 8-
pospaiHoMy nipotiecopl 8-pospaaHi pericTpr 06’ €AHYIOThCS Yy PericTpoBi
napu. Y nepioMy pericTpl pericTpoBoi Mapu 30epiracThes crapudii 6ait
afgpecw, a B ipyromy — Mojoamuii. HoMep perictporoi 1mapu, B axiif 36epi-
TaEThCH AAPECA, € 2-PO3PSAHAM JBIAKOBUM YUCIIOM, TOMY BiH PO3SMIIIYCTh-
¢4 B 0JIHO0ANHTOBII KOMAHI Pa3OM 3 KOJIOM ofiepatlii.

Ax nipukia Bukonanns xomaray MIT KS80BMS8OA nenpsanmoro 3a-
BAHTAKCHHA B aKYMYJISITOP BMICTY KOMIPKW Nam’ati 3 aapecoro 00124, aka

30epiracrbes B pericTposiit napi /), rokasano Ha puc. 2.12.
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Koa ancpaui‘il 01 ] a

JIELTIS N ) Mit
Baicr akyMynaTopa

0 saBaHTaXKCHHIA

00000600

BMicT akyMyIBsTopa
CSIA 2aBaHTAKEHHL

Agpecu . )
xoMipox BMICT KoMipox

001016 e e .

001l - v v

—»

001246 11010111 — =! 11010111 l
Perictp D Perictp £

I 0s l 1246 |

~
Ajpeca KOMIPKH 11aM’ 4T

[

Puc. 2.12. Komanoa Henpsaniozo 3a6aumaicenns akymyaamopa:

a - ghopmam KOMAHOU; 6 - CXEMU SUKOHAHHSA

KoManza HenpsaMoro 3aBaHTaXEHHS aKyMYyIsTopa € 0AH06alTOBOIO 1,
Kpim Koay onepauii, Micturs Homep 01 perictposoi mapu DE. Crapiua dac-
THHa ajpecy komipku mmam’ ati (00,¢) 36epiraeThes y perictpi 1), a MooAIIa
vactuHa (1216) — y perictpi E.

Buict pericTpoBoi mapm mepenactbes B perictp ajgpecn MIL, y pe-
3ynpTaTi doro emict 11010111, xomipku 3 agpecoro 001215 KOMOETHCA B
AKYMYJIATOP.

Besnocepeans aapecanis. YV nepuroMy O6aiiTi komauau 3 Gesrocepe-
JHBOIO aJIPecallicl0 PO3MILIYETHCA KO ofepariii. 3Ha4eHHA oNepaHmiB 3a-
HOCATBCA B KOMAHAY i/ Yac IporpaMyBaHHs 1 3HAXOAATHCS Y JAPyroMy abo
IpyroMy 1 TpeThoMy OaifrTax.

TTvvu 3HAYEHHSAME 3a3BMYAll € JeSKi KOHCTAHTH, 3a3aNIerih BITOMI TIpo-
rpamicry. Y ripolieci BUKOHAHHS IPOTPAMH 3HAUECHHS ONEPaHIIB 3ATUIIAI0ThCS
HE3MIHHMMM, OCKUIFKH BOHH Pa3oM i3 KOMaHor0 po3mimnyiorscs B 11311 Bu-
KOPHMCTaHHs Takoro criocofy He moTpedye aJpecH onepaHfiB. Sk NpuKian Ha
puc. 2.13 306paxkeHo ¢opmar 1 cXxeMy BUKOHAHHS KOMaHZH OE3M0CEpPETHbOTO
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3aBaHTAKEHHS aKyMyaTopa sHageHsaM 11010111, sxe 36epiracreea v apyro-
My OaifTi koMaHu. 11icis BUkOHAHHS KOMaH]H 1Ie JHCITO KOIMIOETHCSA B aKyMy-
Jjstrop. [Ipy KoXKHOMY YeprosoMy 3BEpHEHHI JIO INi€i KOMAHAM B aKyMYJIATOD
3AIUCYETHCA TAKE CAME YMCTIO.

Mn

Buwict akyMy:1sTOpa
10 3aBaHTaKEHHs

00000000
balitr 1| Kox onepanii )
Baitr 2 11010111 i =|| 11010111 |

Bwmict akyarviagaropa mics
3aBaHTAKCHES

Puc. 2.13. Komanoa beznocepeonvozo 3agaumanicenns akymyamopa

ABTOIHKpeMEeHTHa (aBTOACKpPeMeHTHA) ajpecanis. [Ipy aBToink-
peMeHTHIH ajpecalil aapeca oriepaHaa OOUUCTIOEThCA TaK caMo, K 1 npu
HENpAMIA axpecarlii, a MOTIM 3IHCHIOETHCSA 301NBIIEHHSA BMICTY peTicTpa:
Ha OJI|H — JJiA 3BEPHEHHA [0 HacTylHoro 0aiita, Ha JBa — JAJS 3BEPHEHHS
10 HACTYIHOTO C1oBa. Po3Mip cniepaHaa BU3HAYAETBCA KOJOM Orepallii.

Cropinkosa agpecanis. ITix gac BHKOPUCTAHHSA CTOPIHKOBOI axpe-
caltii am’aTh 110/IUTAETECA Ha PAJI CTOPIHOK OJHAKOBOI TOBXKHHH, Alpeca-
i CTOPIHOK 3MIHCHIOETHCA a00 3 MPOTPAMHOTO NIYMILHUKA, a60 3 0Kpe-
MOTO PeTicTpa CTOPIHOK. AJpecallis IaM’aTi BCePeaMHI CTOPIHOK 3iHICHIO-
€ThC3 IPECOI0, 1110 MICTUTHCS B KOMAHI.

Tupexcna agpecauis. J{nst yTBOPEHHS afpecy onepania J0 3HAUeHHs
QJIPECHOTO TIOJS KOMAHIW A0JZETHCA 3HAUEHHS BMICTY IHAEKCHOTO pericT-
pa, sIKe HAa3UBAETHLCS (HAEKCOM. ‘

Binnocna anpecanis. Ipu BigaocHild agpecanii agpeca onepasjia Bu-
3HAYAEThCA JOJABAHHAM BMICTY IIPOTPaAMHOTO JiYMIbHUKA 200 iHIDOTO pe-
ricTpa 13 3a3HAYEHNM Y KOMaH i qucIioM. BMICT [IporpaMioro niduibsHuKa
abo 1HIIOTO pericTpa Ha3UBAETHLCA 6a306010 adpecoio. JLis 30epexeHns Oa-
30BMX anpec y MII moxyTs OyTn nependadeni 6azosi perictpu abo cretlia-
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IbHO BUALIEH! KoMipky mam’ a1l Tomi B agpecHoMy 10l KOMaHIU BKasy-
€ThCs HOMEp 6a30BOTO pericTpa.

. Y MIIC BUKOPHCTOBY€ThCA IIPOrpaMyBaHHs MOBOIO aceMbnep. Acemo-
7€poM HasMBAETHCA 1 MOBA TIPOTPAMYBAHHS Y MHEMOKOXAX KOMAH, 1 crieliia-
JbHA NporpaMa-TPaHCIATOp, 1o TIEPeBOAUTEH (TPAHCITIOE) MHEMOKOAX ¥ Ma-
MMHHI KOAHU, Ki 3UMTYFOTECA MIKPOIIPOIIECOPOM 13 MaM’ ATi TIPOTpam, Jieliu-
¢pyroThCs 1 BUKOHYIOThCsA. [[poliec nepeBeseHHs v MalllMHHI KOJU Ha3uBa-
€TBCA ACeMOTIOBAHHAM,

ITporpava Ha MOBI aceMbiiep MiCTHTh IBa THIIH BHPA3iB!
- KOMaHJIH, {0 TPAHCIIOTLCA B MAIIWHHI KOIH,
- IUPEKTUBY, 10 KEPYIOTH XOAOM TPAHCIIALI].
Bupas Mae Burnan:

{<MiTra>}: <MHeMOKOI> {<onepaHn>}{, }{< onepaunnm >}

{; komMeHTap}.

VYV dirypHUX mysxkax Haisezxeﬁo eJIEMEHTH BHpPa3y, SsKUX MOXe He OyTa
y AeskuX koMaHgax. MiTka, MHEMOKOJ | OIIEpaHAN BiJOKPEMITIOIOTHCS X0-
ya 6 ogaum 1poGinom aGo Tabynsmiero. MakcuMmanbHa JOBXKUHA psgKa
CTaHOBWTEL 132 CHMBOIM, TpoTe HaMWACTIIE BUKOPUCTOBYIOTHCA PAOKU 3
80 cuMBOIIIB, IO BIATIOBIAE HOBKMHI €KpaHa.

Ipuxnanamu koMaHx acembiiepa €:

Mitka  Muemokon Onepann(u) Komenrap

MOV A%, O ; KomaHpa, ORa one-
pauou
Ml: ADD A¥X, BX ; Mirka, komauHma,
IOBa oIepaHOu

DELAY: MOV CX, 1234 ; Mirka, KoMaHza,

ABa OnepaHgn
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IlpuxiiagoM AUPEKTHRY €:

Mitka:  Mmuemokon Omnepana(n) KomeHTtap
COUNT: DB 1 ; Mirka, komahHOa,

OOMH OllepaHn

Mitka y MOBi aceM0Jiepa € CUMBOJIYHOO aipecoio KoMaHau. MiTka-
MM TI03HAYAIOThCH He BCl KOMaHaH, a JUIIE Ti, A0 AKUX TpeOa BUKOHYBaTH
nepexiy 3a JOIIOMOTOH) KOMaHj Mepexofie abo BUKINKIB MmigmporpaM. Y
KOMaH/1ax nepéxoms ab0 BHIJIMKIB IiATPOrpaM HO3HAYESHHS MITKU BHKO-

PUCTORYETHECA AK OIICPAHT — CHMBO,TIYHA azipeca nepexony, HatupHukiamn.

Mitka Muemoxon Onepann(un) Komenrtap
JMP M1 ; Tlepexinm mo xoMaHIM
3 MiTkonw Ml
CALL DELAY ; BUKIMK OignporpaMmi
3 MiTKOWL
; DELAY

Ilicns MITKW CTaBHTLCA aBoKpanka. [lepiium cUMBOIOM ¥ MITHI Mae
OyTH niTepa abo OJIUH 13 crieliaTbHAX. CAMBOJIB: 3HAK ITUTAHHA «7»; Kpari-
Ka «.»; 3HaK aMIepcaHi «(@p»; MIAKPECIIOBAHHA «_»; 3HAK Jofiapa «$».
3HaK MATaHHA 1 Kpanka MOXyTh 3aiiMaTd TIbKK nepiie Micue. Makcumarb-
Ha JoBxkuHa MITkM — 31 cumeoin. llpuxnagy mitok: COUNYT, PAGI2S,
$£10. PekoMeH Iy €ThCst BUAKOPUCTOBYBATH OTTUCOBI Ta CMUCIIOBI MITKH. YCi
MITKH Y OporpaMi MaloTh OYTH YHIKANBHUMU, TOOTO HE MOXKE OYTH HEKilb-
KOX KOMaHI 3 OJHAKOBUMH MiTKaMH. SIK MITKM HE MOKHA BUKOPUCTOBYBa-
TH 3ape3ePBOBAHI aceMONIEpPOM CIIOBA, A0 SKUX HAJIEXaTh KOIAW KOMAHI,
IMPEKTHBH, iIMeHa perictpiB. Haupukian, imena AX, DI 1a Al ¢ 3apesepno-
BaHHMH 1 BUKOPHCTOBYIOTHCA TUTLKM A71S 3a3HAUCHHS BIITOBIIHUX PEriCTPIB.

MuemMokoa iaeHTH(pIKye KOMaHay acemoOnepa. /s MHemokonis Bu-
KOPUCTOBYIOTh CKOpodYeHi a0 HOBHI AHTIHHCEKI CIOBA, AKI NEpEiaroTh
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3Ha4eHHs ocHOBHOI Qymnxiii xomaumm: ADD — nomatu, SUB (SUBtract) —
BigHATH, XCHG (eXCHan(e) — TOMIHATH.
OnepaHan BiIOKPEMIIIOIOTECS KOMaMK. SIKIIO 3a/1aHo [Ba OMEpaH/IH,
TO MEPINUi 3 HUX 3aBXKAM € NpuilMateM, a Apyruil — mxepenom ingopma-
nii. KoManma Moke MICTHTH Pi3HY KUIBKICTEH OHEPaHIIB PI3HUX THIUB, Ha-
pUKIan; ‘
Mitka Maemokox Omnepana(n) Komentap .
RET M1 ; IlorepHyTHCH (OnepaHou
: He BKasaHi)
INC CcX ;o 3BineumTr CX (onuH
onepaHn)
ADD AX, 12H ; HopmaTm 12H no eBmic-
Ty AX
; (OBa onepannu)
MOV BX, [SI] ; BaxecTu mo pericrpa
BX umucmno
; 3 koMipku nam’ AaTi 3
anpecor
; DS:SI (mea onepaH-
an)

KomenTapi 1rHOpYIOTECSA ¥ NPOLEC] TPAHCIAUIT | BUKOPHCTOBYHOTHCS
I JOKYMEHTYBaHHA 1 Kpalioro po3yMiHHA 3MICTY nporpamu. KomeHrap
33BN TIOYMHAETRCA .13 CHMRBOJTY «3» I MOXeE MICTHTH .OyAb-AKi CUMBOIH.
KomeHnTap Moxe 3afiMaTyl yBeCh pAok abo OyTH po3TalioBaHuM 3a KOMaH-
IO B OJTHOMY PAAKY, HAaTPHKNAL,
Mitka Muemokon Ornepann(n) Komewrap
; Llel pspgok € KOMEH-—
TapeMm
ADD AX, BX ; KoManna i KOMeHTap B
OIHOMY PSOKY
Ock1nbKM KOMEHTap1 He TPAHCHIOIOTRCA Y MAIIHHHI KOJW, TO iX Killb-
KICTB He BIUIMBAE HA e(eKTUBHICTS BUKOHAHHS IIPOIPAMM.
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IIporpama MoROIO aceMOnep HasUBAETHCH NOUAMKOROI) MPOZPAMOIO
abo novamrkosum npozpavtum mooyrem. AceMOTIOBaHHES a0 TIepeBEACHHS
[I0YaTKOBOI IporpamMy vy MallWHHI KOJW BHUKOHYE IporpamMa-TpaHCIATOp,
nHanpukian 7ASM.COM. 3anexHo Bil YCTaHOBOK, AKi 3a7a€ KOPHCTYBAY,
nporpaMa IEPEBOSUTH IIOYATKOBHIA MOIYJb B OMWH 13 ABOX IPOrpaMHMX
MOJYMiB. KOMaHAHui - Moayms (daitn 3 posmupensaM .COM) abo
00’ exThnit Moayns (daitn 3 posmupennam .OBJ).

Komangnutt MOIynb MICTHTH MAIMMAHI KOJW KOMaHI 3 aOCOMOTHUMM
anpecaMu | BUKoHyeThess MI1. Komanuauit MOIyNb JOIIABHO BUKOPUCTOBY-
BaTU Y TMX BUNAUKAX, KOJIHM €MHICTb TIPOrpaMu He MEPeBUILY € PO3MIPY OIJHO-
ro cerMeHTa (64 k0aiir). Tlepuim oriepaTopoM KOMaHIHOIO MOy € JIApe-
ktuBa ORG 100H (ORIGIN —~ niouatok), ska po3MiIye Hepily KOMaHy Tpo-
TpamMu y cerMeHTi KoiB 31 smimennam 100H. 3akinaysarics nporpaMa Mae
abo xomanaoro RE7, abo CTAaHIAPTHO NPOLCAYPOIO KOPEKTHOTO BHXOAY 10
MS DOS:

Mitka Muemokon Onepanu(u) Komenrap

MOV AH, 4CH ; BanecTu y AH uucno
ACH
; (SHaueHHs napaMmeTpa
nepepuBaHHAa
; INT 21H)

INT 21H ; BuxknmkaTu crasnapr-

HY npouenypy
; nepepmeanus 21H -
KOPEKTHOT'O
; BUxony Ino MS DOS
OcTanuiM 3anucoM rporpamMu Mac Oyt jupextnBa LND.

O6’exranil MOJY/Ib MICTHTH MAUIMHHI KOAN KOMaHA 3 BIJIHOCHUMH
agpecamu. O6’ ckTHHIF MOAYITs BUKOHYcThcs MIT micis saMinn BiTHOCHMX
afipec Ha abCONMOTHI 3a JONOMOTOH TIPOrpaMH-yKJIajada, HaTPUKIALL
LINK.EXE, sxa reHepye MOIYIL 3 posuinpeHHaM [LXE (I:XI-daiin abo
EXE-nporpamy); EXF-daiin, Ha BIAMIHY BIJI KOMAHZHOTO MOJYJIS, MOXE
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IEpeBUMyBATH 0OCAT- ONHOro cermeHTa. OpHak y LboMy pasi
000B’ A3KOBHM € BU3HAYEHHA CETMEHTIB 34 JIOTTOMOTOI0 JAMPEKTHB aceMoe-
pa. -3akiHayeThes - EXE-dailn cCTaHAapTHOIO MPOLEY PO KOPEKTHOTO BH-
xony o MS DOS,

Ilporpama-yknagad Mae e oJHe TpPHIHAYECHHS — BOHA 00 €AHYE
00’ekTHHH MoOmynbL 3 6iOmioTeyHUMH MOAYIAMH abo Killbka OKpPEMHMX
00’eKTHUX MOAYJIB B ojuH EXFE-daiin. bibaiomeunuvu modvasimu Ha3n-
BalOTh 00’€kTHI (aily, AKI MICTATH HAKOUIBII NOIMMPEHi MiAPOrpaMu.
BibnioTeuHi MoMyTi PO3MILLYIOTHCA Y CHEMATBHOMY CHCTEMHOMY dhailint —
6i6morew (LIBRARY).

Ipn acembmroBaHHI IporpamMa-TpaHCIATOP TeHEPY€ JICTUHT I daiin i-
CTHHTY IIporpamMu. Jlicmune — e BiiodpaskeHHA Ha AMcIuiel abo manepi Tek-
CTIB TIOYATKOBOTO TIPOTPAMHOTO MOYJIA, TIporpaMHoro Mouyist (.COM abo
.OBJ) Ta noBitoMJIeHs, AXi BKa3ylOTh HA TIOMHIIKA [IPOrpaMyBaHHs, 3yMOB-
JeHl TOpYLIeHHSAM TPaBMI 3alHCy BUpPA3iB (HANPUKIAJ, HEMAE omnepaHia
abo HenpaBWILHAN MHEMOKOT KOMAHIH).

JMpeKTHBY TIpW3HANMEH! A KepYBaHHS TPOIecoM aceMOnoBanBs 1 fo-
PMyBaHHsl ITICTUHTY. BoHM AIOTH TINBKMA y TIpoleci aceMOMOBaHHs TiporpaMin
1 He TIepeBOIAThCS B MaUIdHHI KOAH. MoBa aceMOIep MICTUTh Taki OCHOBHI
JTUPEKTHRY:

- moYaTKY 1 Kivug cermeuta SEGMENT ta ENDS,
— IoYaTKy 1 KiHus npoueaypu PROC ta ENDP,

- pu3HaYeHHA cermenTiB ASSUMI,

- novatky ORG;

— PO3MIOITY Ta IHIIFOBAHHS TaM’ 11 DB, DWW, 12D,
- 3aBEPIICHHS TTporpaMu END;,

- BimsHadyeHHs LABEL.
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Pospin 2. 3azansHi npuryunu nobydoeu MiKpONpoyecopHUX cucmem

JlupexTusy modaTky i KiHug cerMenta SEGMENT ta ENDS nipuzHa-
JeH1 A7 OIHMCY CerMEHTIB, 9KI BHKOPUCTORYE Tiporpama. JJMpekTrBy 1ov4a-
TKY.1 KIHII CETMEHTA BUKOPHCTOBYIOTHCS pa3oM, HAaMPUKIAL!

Hassa Muemokon Onepana(u)
DATASG SEGMENT {<napaMeTpu>}

IHWi koMaHOM abo OMPEKTUBU ceDMeHTa

.

DATASG ENDS

O6uagi anpextuBu SEGMENT 1 ENIDS noBuHHI MaTH OJIHAKOBI Ha-
3pH. Jupextusa SEGMENT MoXe MICTUTM TPU THIIH NapaMeTpis; BHPIB-
HIOBaHH#A, 00 €IHAHHA 1 KNACy.

ITapaMeTp BUPIBHIOBaHHS BU3HAYAE [IOYATKORY ajpecy abo MeKy ce-
TMEHTa, HaITPUKIIAT

PAGE = xxx00,

PARA = xxxx0 (MeKa 33 3aMOBYYBAITIAM),

WORID = xxxxe (napHa Mexa),

BYTI: = xxxxx,

Ie x - Oyab-sKka 1WICTHANIATKOBA Wadpa; ¢ — NapHa IWiCTHAIATKOBA
mdpa. AKWO HeMae napaMmerpa BUPIBHIOBAHMA 32 3dMOBUYRAHHIM, Oe-
peThes rapaMetp PARA, axkuii BKa3ye Ha TE, MO CErMEHT PO3SMITIYE€THCH HA
moHatky maparpaga, a nouaTkoBa ajipeca cermenta € kparvoio 16. llapae-
pagom HazuRaeThea 001acTh Nam’ [Tl poiMipoM 16 Baiit, noyarkosa aupe-
ca AKo[ kpaTHa 16, TOOTO Mae MPABOPYY HOTUPH HYJILOBI POIPAJIA.

ITapamerp o0 e¢AHaHAS BKazye Ha cnocié oOpPOOKW cerMeHTa TIpH
KOMITOHYBAHHI JIEKITbKOX TIPOTrPAMHUX MOJTYIIR:

NONE: 3HaueHns 3a 3aMoBuyBaHHAM. CermeHT mae Oy TH JIOriMHO Bi-
TOKPEMJIEHMM Bijl IHINMX CErMEHTIB, X0ua (Gi3NYHO BIiH MOXKE pO3MIllLyBa-
tHcs nopsf. HependadacThes, Mo CeTMeHT Mae BIacHy 6a3oBy ajipecy.

PUBLIC: ye1 PUBLIC' - cerMeHTH 3 0JHAKOBMMU HA3BOFO Ta KIIACOM

3aBAHTANYIOTHCA y CYMUKHI 00NacT] Ta MatoTh 0Hy 6a30By aapecy.
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STACK: npusHaueHHs aHaOriqHe mapametpy PUBLIC. V 6y ap-sxiit
nporpamMi Mae OyTH BH3HAUEHUWH NpuHANMHI ofuH cerMeHT STACK. SIkmo
BU3HAUEHO OLIbllle OJHOTO CTEKA, TO BKa3iBHUK cTeka SP (Stack Pointer)
BCTAHOBIIOETHCSA HA IOYATOK HEPUIOTO CTEKA.

COMMON: mqna cermenris COMMON 3 ogHakoBUMHU Ha3sBaMH Ta
KJ1aCaMH BCTAHOBJIIOETLCA OJHA CcrinhHa 6a3zoBa aapeca. 11ig vac BukoHaH-
HA TIporpaMu 37iMCHIOETHCA HAKNaJaHHA IPYyroro cerMeHTa Ha TMepuidii.
Po3mMip 3arampHoi 00acTi BU3HAYAETHCA HAMIOBUINM CEIMEHTOM.

AT-naparpad: maparpa¢ cimig BU3HauaTH 3azganerigs. Leit mapamerp
3abe3nedye BH3HAYEHHA MITOK Ta 3MIHHHX 33 (PIKCOBaAaHUMU ajipecaMu y
(ikcoBaHMX 06JIACTAX 1AM’ sITi.

Knac’: ueit mapamerp mMoxke MaTté Oyab-Ky TpPaBHIBHY Ha3By, fKa
PO3MILIYVEThCS B OJMHAPHUX JaTikax. llapamMeTp BUKOPHCTOBYETHCS LTS
00poOKK CerMEHTIB, AKI MaroTh OJHAKOBI Ha3BW T4 KJIacu. THIIOBUMHU €
kiacu 'STACK’ ta ‘CODE’, Hanpukian:

Hazsa Muemokoa OrrepaHn
STACKSG SEGMENT PARA STACK
YSTACK'

Y BHHajKy, AKUIO TporpaMa He Mae 00’ €AHyBaTvcs 3 IHIIWMH Npo-
rpamMaMu, napaMeTp 06’ €AHaHHA He BKa3yeThCs.

JupekTusy no4aTky i kiHus npouenypu PROC ta ENDP Bukopucro-
BYIOTbCS AN BU3HAUCHHS MIANPOrpaM y CErMEHTI KOJB 1 MalOTh Takwii
¢opmar:

<HaszsBa> PROC {<Tun npouenypm>}.

MozHBI IR TUOU TIPOLIEAYD:

- NEAR — nponeiypa 3HaX0AUTbCA B TOMY CAMOMY CErMeH-

Ti, 0O 1 KOMAHH, fKi i BUKTUKAIOTE,

- FAR — ipouieypa 3HaXOUTHCA 38 MEKAMU CEIMEHTA.
3a 3aMOBUYyRaHHAM OepeThes THI ipoeRypu NEAR.
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CerMeHT KOJIiB MOXe MICTUTH AeKiTbka mpouenyp. ONHUCaHHA cerMe-
HTa KOJIB, [0 MICTHTH TilIbKH OXHY TPOLICAYPY, Mac TaKUM BUIIISAL;

Hazga Muemokon Omepang

IM" a1 cermeHTa SEGMENT PARA

IM" a8 npouerypu PROC FAR
RET

IM' A _npouerypm ENDP
Im’'a_cermenTa ENDS

[M’s1 mpoLeypu Mae 6yTH 060B’A3K0BO | 30iraTucs 3 IMEHEM Y JIHpe-
KTHBI KNP, ska BU3HAavae KiHelb npoueaypu.

Hupexrusa nipisHaueHHs cermeATiB ASSUME BUKOPUCTOBYE€ThCA I
BCTAHOBJIEHHA BIJUTOBIAHOCTI MK CETMEHTaMU Ta CEFMEHTHUMMU pericTpa-
MH 1 Mae Takwii opmar:

ASSUME <cerMeHTHMK pericrp>:<im’ a>{,}{..}.

Hanpuwcray, 3armmc SS:M_cTek BKasye, 1o IM'S CTEKa BU3HAYAETbhCS
BMicTOM perictpa SS. Onra jupextasa ASSUMIT Moxe nipusHagaTy 10 4o-
TUPLOX CETMEHTHUX PEricTPIB Y Oy Ab-AKii MOCTIFAOBHOCTI, HATPHKITALL

Muemokon Omnepana(m)
ASSUME 8$5:im cTex, DS:iM mani, CS:im kom,

ES:iM nomartkosil maHi
JUin ckacyBanHs Oyub-AKOro IPU3HAYECHOrO Pavilie y JANPCKTHBI
ASSUMFE ~ cermenTHOrO  perictpa Tpeba  BHKOPWCTOBYBATH  CJIOBO
NOTHING:
Muemokoa  Onepana(u)
ASSUME ES: NOTHING
SAxmo nporpaMa He BUKOPUCTOBYE SIKMMCH CErMEHT, TO BiJINOBIIHIHN
oMy otiepan MoxHa TIperycTuTh ado BkasaTth ciioso NOTHING.
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. HupextuBa ORG BHKOPHCTOBYETBCA A 3MIHHM BMICTY HpPOTPAMHOTO
JYUTbHAKA 6€3 KOMaHA YMOBHOIO 4M Oe3yMoBHoro mepexony. Hairgacri-
¢ 1O JUPEKTHBY BUKOPHUCTOBYIOTH A BCTAHOBIEHHA MOYaTKOBOI afipecu
1IporpaMu, Hampukiaz, aupektusa - ORG 100/ BcTaHOBMIOE TporpamMHuii
miuMabHUK Ha 3MimenHs 100/ BiaHOoCcHO TodaTKy cermeHrta komi. One-
paHp 3i 3HaKOM Jgojiapa «$» Ma€ MoTouHe 3HAYEHHA TPOTPAMHOTO JIYMIIb-
nuka. Hanpuknan, aupextusa ORG $ + 10H 30inb1iye aapecy, 3aBaHTake-
Hy y [IporpaMHuii IumibHUK, Ha 10H.

JupexTUBH po3noJiTy Ta iHILIIOBAHHS IIaM ATi BHKOPUCTORYIOTHCA
17151 BUSHAYCHHA BMICTY Ta PE3epBYBAHHA KOMIPOK HaM Ti.
JupekruBa Mae gopmar:
{ <iM'a> } Dn {xinsxicTe, noeTopeHb DUP}<BMpPaAs>,
DB
Dw :
Je MHeEMOKOX Dy =< DD » BKasye Ha JIOBXUHY Janux. DB - daitt, DW
DQ
DT
— cnoBo (2 Gaiir); DD — noasiitHe cnoBo; 1)) — votupu cnosa; D71 — 10
Oaiit. ko y dopmari HasBHe iM’s, TO Aanl y nporpaMi BOHO MOXe BHKO-
PUCTOBYBATHCA JUIS [IO3HAYEHHS KOMIPKI IaM’ sITi.
<Bupa3> y ¢opMaTi JUPEKTUBY MICTUTH OAHY ab0 KiJibKa KOHCTaHT
AN 337aHHA [T0YaTKOBUX 3HAYEHb BMICTY KOMIpOk Ham’sTi abo 3HaK «7»
I HEBU3HAUEHOI0 3HaueHHs BMicTy. Hanpuxnan, anpexrtusa ALPHA DB
34 ozHauae, w0 KoMipka mam’ atl 3 iMeHeM ALPHA mictuts 1mcno 34. Y
X0 BUKOHAHHA TIPOrpaMy BMIiCT KOMIpKHM Moxke OyTu 3minenmi. Jlupek-
tuBa BETA DW ? suznavae, mo komipka 3 iMeHem BETA mae po3psnHicTh
16, ae BMICT KOMIpDKU € HeBU3HaueHUM. JIMpeKTHBa MOXE MICTHTH JCKi-
JAnKa KOHCTAHT, PO3AIICHUX KOMaMu i 0OMEXCeHUX JIHIIe HOBKHUHOK pAjl-
ka. Hanpuxnan, pupas
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ARRAY DB 01,02, 11, 12,21, 22
BA3HAYAC 6 KOHCTAHT y BUIIAM MOC/IIIOBHOCTI CyMikHHUX Oaiiri. ITocu-
JMAHHA HA KOMIpKY 3 iMeHeM ARRAY Bka3ye Ha nepmy koHctanry (01), 3
iMeHeM ARRAY + 1 — na apyry (02), 3 imeHeM ARRAY + 2 — na tperto (11) 1
T. 1. 3aouc
MOV AL, ARRAY +4

3dBAHTAXYE Yy pericTp AL suaveHus 21.

Onna mupexTMBa MOXKe BW3HAMATA JCKUIBKA KOMIPOK nam saTi. Y
UBOMY pa3i AMPEKTHBA Mac BUTHL

{ <iM' s> } Dn {ximpkicTb noeTopeHb} DUP <Bupas>.

Hanpuknag, aupexTusa, o su3naqac 5 aitr, sxi MictaTs gucnio 21,

3aMUCYETHCA TaK:
DB S DUP (21).

Jlupextupa 3aseprnerns nporpamu N1 € 0CTaBHLOKW ¥ IIporpaMi Ta

MAac Taxuii hopmar:
END {<cTaproma amppeca>}.

IlapamMeTp ampekTUBN <CTapTOBa Adpeca™ BUKOPHUCTOBYETLCH JIMINE
py CTBOpPeHHI FXT:-aiims.

Hupextnea mitkn L.ABK, npysHadeHa 18 BCTAHORIICHHS RiJIOBII-
HOCTI MDXK IMEHEM | TUIIOM 3MiRHKX. Bona Mac Takuit popmar:

<im’' s> LABEL {<Tun>}.

Sk TMN MoXHA BUKOPUCTOBYBATY cioBa BYTI, WORD, DWORD, mo
BH3HAYAIOTH JIOBKMHY AQHWX: Oaiit, cioBo abo nousiiue citoBo. Jiupexrusa
LABEL mepesusnavac napamerpw npoteayp NEAR abo I'AR. Harnpuk:iay,
JMPEKTHRA

TOS LABEL WORD

OPHCBOIOE KOMIPUI NaM’ 71 iM’a 708 i 3a3Ha4ae, 1o il BMICT € CIOBOM.

79



MikponpouyecopHa mexHika

Pozain 2. 3azansHi npuuyunu no6ydasu MiKponpouecopHUX cucmem

IIpukiaaan HanwcaHHa npoctux nporpaM. ITpocti niporpamu Joiri-
JTbHO 0OPMIIATH Y BUTIIANI KOMaHAHUX (aiinis. [Tepimroto JupeKTHBOIO Ta-
Kix nporpam € aupektusa ORG 100/, octanabor0 — END.

Ilpuxnag 2.1. Hamicati nporpaMy JoJaBaHHA BMICTY JIBOX
8-po3pAIHAX KOMIPOK MaM’ sTi, 110 3HAXOIATHCA B CEIMEHTI jJaHux DS i3
smimenHamu 100077 1 10017, Pesynprar po3MicTUTH Y KOMIPLI NaM'saTi 3
anpecoro DS:1002H. _

V mboMy mpuKIafgi Qs IpOCTOTU He OYAeMO BpaXOBYBATH MOXIH-
BICTh BUHUKHEHHA neperecenHs. IIporpama Mae BRI

Mmuemokon Onepang(v) Komenrap
ORG 100H ; louaTokx Nporpamu
MOV AL, ; AL, € DS:[1000H]
[1000H]
; Hlepecnatu y 8-po3spaiHuUnI
pericrp AL
; BMicT xoMipku
; nmam’ sari 3 angpecowo DS:1000H
ADD AL, ; AL € AL + DS:[1001H]
| [1001H]
; DopmaTu no BMmicTy AL sMmicT
KOM1pkM
; DS:[1001H]
MOV [1002H], ; DS:[1002H] € AL
AL
; Nepecnatm BMmictT AL y KOMi-
pPry
; DS:[1002H]

END ; BapeplleHHI MNporpamu
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Bimsnaunmo, mo 3anuc MOV AL, [1000H] piBHO3HaYHUIT 3arucy
MOV AL, DS:[1000H], ockutbkn cerMeHT DS NpuifHATHH 32 3aMOBUyBaH-
HAM.

Hpuknan 2.2. Harmicatn nporpaMy, Aka 3ade3nedye po3auieHHS BMIC-
Ty 16-po3psnmoi koMipku mam’sri 3 aapecoro 1S:[2000/] va qotupu teTpa-
. Terpagy MaroTh 6yTH 3anmcall B MOJOALITI YACTUHH YOTHPHOX MOCITIIOB-
HUX 8-po3pagHuX KOMIPOK Itam’sITl, MOYHHatodIM 3 aapecu -DS:1000H, nmpu-
4goMy cTaplua TeTpafa Ma€ OyTH 3aucaHa y KOMIPKY 31 CTapIHOO a/Ipecoro.

Y wpoMy IpUKNANl 40 3amMicy pe3yIsTaTy 3py4HO BUKOPHCTOBYRATH
fenpamy agpecamro. [Iporpama mMae Buria;

Mpuewmoxogn  Orepann(u) KowmeunTap
ORG 100H ; AX € ES:[2000H]
MOV AX, ; Ilepecnatu BMicT 16-
ES: [2000H] pospanHoi
; koMipkm ES: [2000H]
; vy l6-pospsaHunr perictTp
AX
MOV DX, AX ; DX € AX, 3BeperTtu nouar-
KOBE UYUCHO
; B DX
AXeRAX A 0000 0000 0000
1111
; Buninurtwy MoJioamy TerTpany
(CKUHYTU
; BCi pospsion AX, kpim uUO-—
TUPBLOX
; MOJIOOWUX )
; SI €& 1000H
; 3BanmcatTM B SI nouaTKoBY
anpecy
; pesyneTaTy

AND AX, 0OOFH

MOV S1, 1000H
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MOV

MOV

MOV

ROR

INC

MOV

MOV
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[SI], AL

AX, OOF0OH

CL, 4

AL, CL

ST

[SI], AL

; DS:[SI] € AL

; DlepecnaTi y koMipky

nam’ ari

; 3 agpecown DS:SI moJgommy

; 8-pospsnHy 4dacTuUHy AL
pericrpa AX

; AX <« DX

; Illepecnatu nmodaTKOBE YMUCIO

3 DX y AX

; AX«-AX A 0000 0000 1111
0000

; BunmlauTu Opyry TeTpany

} BaBaHTaxuT y CL 4ucIO
po3panie

; 3BCYBY

; Iuksaidemit 3cyB AL Ha 4o-

" TUpU

; pospAlM Npasopyd, y pe-
3yAsTaTi

; BUOlJieHEe YOTUPUPOSBPALHE
YUCJIO

; nepeMicrurTecs B AL

; SI « ST + 1

; 36inmbumTu SI OJs 3anucy
; OpyTroro uducia

; DS:[SI] ¢« AL, =a-

nam’ arTaTti Opyry

; Terpany y komipuni

DS: [ST]

; AX <« DX, nepecnaTu nouaT-—
KOBE UYUCJIO

Poapain 2. 3azansHi npunyunu no6yoosu MikponpoyecopHuUx cucmem

; 3 DX y AX
AND AX, OFO0OH ; AX « AX A 0000 1111 0000
0000,
; BumoinmTH TpeTio TeTpany
INC ST ; ST « SI + 1, =BinbuuTu
anpecy
; peszynmTaTry DS: [SI] <« AH,
MOV [S1], AH ; 3BanaM’ gTaTU TpeTw TeTpany
MOV AX, DX ; AX«DX, nepecnaTu BUXIiOHe
YUCIIO
; 3 DX vy AX
AND AX, OFO0OH ; AX « AX A 1111 0000 0000
0000
; BuminuTtu dermepry TeTpa-
oy
INC ST ; 36inpmMTU ampecy pesyib-—
TaTy ‘
MOV CL, 4 ; BaBaHTaxuTu y CL umclio
po3pAnle
ROR AH, CL ; UmxnivsHuim scys AL Ha uyo-
THUPN
; Ppo3pAIM NpaBoOpyy
MOV [ST], AH ; 3anaM’ ATaTM YeTREpPTy Te-
Tpagy

END
06 3MEHIMMUTH MPOMI3AKICTE TPOTPaMU, JIOULILHO 3BOAMTH il 0 OJHO-
THIAAX KPOKIB 1| BUKOPUCTOBYBATH LMKILMKHL oflepauti. PosrusuyTiit npu-
KJTaJ1 MOXHa CIIPOCTUTH, SKIMO BUKOHATYH 3CYB 16-po3pagHoro HMCHa Tak,
o0 TeTpafa, sKa BUJINACTLCS, 3aBXKIU Oyl1a MOJOAUION. AJITOPUTM TAaKOl
IIPOrpaMu pa3oM 3 KOMaHAaMH nokasaHo Ha puc. 2.14,

83



MikponpouecopHa mexixa Poagin 2. 3azanbnHi npuHyunu nobydosu MiKpONpPoOLEeCcopHUX cCLUCMeM

ORG 100H TuuoBi  o6uncTIOBANBLHI

nponeaypu. ANroput™M TUIO-

AX « ES:[2000H] MOV RX,ES: [2000H] . .
: Boi oOuMCTIOBaIRHOI TIpOIIE-
DX« AX . MOV DX, AX Hpoue:typa 2 Aypr AKIIO-TO-THAKITIE
T TOKa3aHo Ha puc. 2.15.
ST « 1000H MOV SI, 1000H Buxig I npoiexypa 3acTocosy-
BL -0 MOV  BL, 0 : o1l ]
. . €ThCA TOMI, KON Tpeda peall-
BH <& MOV BH, 4 Puc. 2.15. Aneopumm npoyedypu . .
~y e 3yBATU Tepexig Nmo omHiel 3
il AKIO-TO-THAKIIIE Y pextd
L BL M1: MOV CL, BL IBOX OOYHMCTIOBATBHHX MPO-
AX « DX MOV AX, DX Leayp 3ajlexHo BiA ymosu. Hamucanns mporpam Moeowo acembrep BUKoO-
? _ HyIOTbCS KOMAHIAMK [1ePeXOUIB 33 YMOBAMH BCTAHOBIEHHA (CKULAHHH)
L3cys Ha CL pospsnis l ROR AX, CL _ : :
7 IIPATIOPILIB.
Buainenus Monoamoi - . . . .
i TeTpa A AND AX, OOOFH Mpnwran 2.3, Hanucary nporpamy ainesHs smicty 4X Ha smicr Bl Pe-
1 3yIbTAT MOMICTUTI Y 8-po3psiy KOMIpPKY tam’sti 3 aapecoto 1DS:1000H.
L DS 15'1%“ AL I MOV [SI], AL OcTavero BIJ1 JiIeHHS 3HexTyBaTH. STkio amict AL = 0, 1o JNNeHHs He BHKO-
BL< BI} :I+ n L BH < BH-1 I DEC  BH HYBATH, HA MICIIE pe3ylbTary rnoMicTutu yucno 0/ 1 H.
I{porpama mae BUIIIAL
Jz BN _ .
- _ INC ST Mirka Muemokon Onepana(n)  Komerrap
S« ST+ 1 ADD BL, 4 ORG 100H
JMP M1 . .
CMP BL, 0 ; NopieuaTu BMmicT BL 3
EN: NOP HyneM; pesyssTar
END ; KOMaHIM BIIMBAE Ha
BCTAHOBJIEHHS
npanopus Hynsa 2
Puc. 2.14. Ancopumy pose ssanus 3a0aui npuki. 2.2 Jz M1 Akwo Z2 = 1 (BL =

H
K
0), To nepexin Ha
; miTky ML,
DIV BL ; lHakile BMKOHAaTK Oi-
nexnHs AL <« AX : BL,
; ocraua —> AH
JMP M2 ; BesymMoBHUI nepexin
Ha MiTky M2
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Po3aain 2. 3a2ansri npunyunu no6yAdosu MikponpoyecopHux cucmem

Ml: MOV AL, OFFH ; BadHecTu umcygao 0FFH
y AL
M2: MOV [1000H] ,AL ; Banam'AaTatu pesysb-
' TarT y koMmipnoi
; DS [1000H]
END

Iponenypa AKIJO-TO (puc. 2.16) € yacTKOBUM BHITAIKON HPOLEAYPH

SAKHIO-TO-IHAKIIIE 1 BUKOPUCTOBYETRCA B TOMY BHMIAJAKy, koju Tpeba

peanizyBaTi 0y 0GUHCIOBAILHY IIPOLEYPY 3aIeKHO Bijl yMOBU

Upouerypa

Puc. 2.16. Arzopumn npoyedypu AKUO-TO

IIpouemypa POBU-TIOKH (puc
2.17) BUXOPUCTOBYETHCA A TIOBTO-
PEHHA ONHOTMITHUX JIH 10 MOMEHTY
BUKOHAHNA YMOBH 3aKiHUCHHA LIMKNY.

Hpuknag 2.4. Hanvucatu mporpa- _
POBH-TIOKH
My HOJaBaHHA 3a MomyleM 256 ma-

Lponeypa

Puc. 2.17. Ancopums npoycoypu

cuBy 3 100/ 6aiit, po3TainoBanux 3a noyarkoBoro agpecoto 70004:3000H.

Pesynprar y Burmam oaHoro Gaiita samucard B KOMIPKY 3 alpecoro

7000H:50004.

[Iporpama mae BUTIII;

Mitka Muemokon Onepasa(n)

M1 :

MO:

ORG
MOV

MOV

MOV

MOV

MOV

LOOP

MOV

INC

ADD

EXIT:NOP
END

100H
AX,7000H

DS, AX

SI,3000H
C¥,101H
AL, [SI]

MO
[5000H], AL

EXIT
SI

AL, [3I]

Ml

Komenrap

; IlouaTok

; JapaHTaxXuTy B AX
ampecy ceTrMeHTa

; Bapa”HTaxuTu B DS
ampecy cerMeHTa

; BaeaHTaxutTn B ST
3MilleHHd nepmoro

; €IIeMeHTa MacuBy

; BaBAaHTAXUTM Y Jidu~
JIBHUK CX LOBXUHY

; MacuBy +1

; BaeaHTaxuTn y AL ne-
puMli eJIeMEHT MACUBY

; SBmeHumTM BMicT CX
Ha 1, gxmwo CX=0,

; TO nepeuTH Ha MiT-
Ky MO,

; lnHakuwe sanam’ ATaTH
pesynesTarT

; y DS:[5000H]

; llepexip Ha BUXiA

; SI«SI+1 - agppeca
HACTYINMHOTO

; eJiemeHTa

; HDomaru eMmicT DS:SI
0O IollepelHBOL

; CyMUM B aKyMyJATOPU
AL

; Hepelitu Ha MiITKY
Ml nns nepesipku

; YMOBU Buxony i3
LUKJITY

; Buxin
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Ipoueaypa ITOBTOPIOM-TO-TOI'O-SIK (puc. 2.18) aHanoriyba more-
peaHiit, ajge OAHOTUIIHI Jii BUKOHYIOTbCA TIepE] IIEPEBIPKOIO YMOBH.

Puc. 2.18. Aneopumm npoyedypu HHOBTOPIOH-JIO-TOO-AK

IIporpamMa BuKOHAHHSA 3aBJaHHi NOPUKI 2.4 3TINHO 3 ANTOPUTMOM
(puc. 2.18) Mae BUTIAT

Mitka Muemoxoa Omnepann(m)  Komenrap
ORG 100H ; TouaTox

MOV AX,7000H ; BaraHTaxuTu y AX

ajgpecy cerMeHTa

MOV DS, AX ; BaraHTaxuTy B DS

agpecy CcerMeHTa
MOV SI,3000H ; BapaHTaxuTu B SI
3MilleHHA Nepuoro

; eJlieMeHTa MacuBy
MOV CX,100H ; 3aBaHTaxMTH B JIiumM—
JbHUK CX OOBXUHY

; Macusy

MOV AL, [SI] ; BamaHTaxuTu y AL
nepumit eJeMeHT

; Macupy

MO: INC SI ; SI«SI+l — ampeca
HACTYHNHOTO eJfleMeHTa

ADD AL, [SI] ; HomaTtu BMicT DS:SI
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Do nonepelHbOI
; cymu y AL
LOOP MO ; BMeHumTM BMicT CX
Ha OIMHMILO,
; axwo CX+0 , To ne-—
penT mo miTkm MO,

MOV [500CH] ,AL ; iHakwe 3Banam’ sraTu
' peszynsTaT
; y DS:[5000H]
JMP EXIT ; Hepexin na Buxin
END

Hanmcanns EXE-nporpam. Hanucawus /2XF-nuporpam mae BUukony-
BATUCH 3@ TAKUX YMOR!
1) 3azHadeHns RIATIOBIIHOCTL MK CerMEHTAMH Ta Cer-
MEHTHUMH PEricTpamu,

2)  306epiranss sMicTy DSy CTeky;

3)  sanucysanns wicnia 0 y cTex,

4)  3aBaHTAXECHHA AAPECH CETMEHTa JIRHUX Yy perictp [)S.
Ilepina BuMOra BHKOHYETHCS 34 JOIOMOUOW0 AMpekTuBu ASSUMIL,

IHLII — 33 IOFIOMOTOIO BiJINOBIZAHUX KOMaH;1 aceMoepa.

Vpuxaan 2.5. Harmcatn EX7-nporpaMy 3HAXOJDKEHHS MaKCAMA)Ih-
HOro uncia y Macusi 8-pospaannx Oe33sHakoBux yncen. Pesynwiar sanuca-
™ B pericrp /1.

ITporpama mac BUTHAI

Mitka Mnemoxon Onepann(v) Kowmerrrap

(abo 1M’ 51)

DATASG SEGMENT PARA ‘DATA’ ; BusHauuTu
CerrMeHT HOaHMnX
01,02,03,45,56, ; BusHauuTu y
67,78,89,0FE,10 cermeHTi

MASSIV DB
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Posanin 2. 3azansHi npunyunu no6ydoeu mikponpoyecopHux cucmem

90

; maHux 10

3HaA4Ye€Hb Macu-

BY
; 3 iMeHeM
MASSIV
DATASG ENDS
STACKSG SEGMENT PARA STACK ; BusHaduuTuH
‘Stack’ CeTrMeHT CTeKa
DW 100 DUP (?) ; BusHauuTH
100 cnim
TOS LABEL WORD ; BUsHaAUUTU
iM'sa 1 ¢opmar
; BepmmHU
cTeka
STACKSG ENDS
CODESG SEGMENT PARA ‘CODE’ ; BusHauuTu COMP :
- CerMeHT KOL1B
BEGIN PROC FAR ; TlowaToxk npoueny-—
pu
ASSUME SS: STACKSG, DS:DATASG, C3:
CODESG
PUSH DS ; BaBaHTaXUTU BM.CT
' DS y cTek
SUB AX,AX ; BCTaHOBUTU HY-—
JbLOBUIM

; BMicT y AX
PUSH AX ; 3anmMcaTu HYJib Y

CTekr

MOV

MOV

LEA

MOV

MOV
MOV
CMP

JAE

AX, DATASG

DS, AX

BX,MASSIV

C¥X, 10

DL, [BX]
AL, [BX]
AL, [BX+1]

NEXT

; BaBaHTaAXUTHU ajg—
pecy

; DATASG y AX

; BanmcaTu anpecy
DATASG

; ¥y pericrp DS

; 3BapaHTaxuTu y
pericrp BX

; azpecy IIepumoIro
eneMeHTa

; MacuBy

; 3apaHTaxmTu y CX
OOBXUHY

; Macusy

; DL«-DS: [BX]

; AL<«DS: [BX]

; llopiBuAaTK nOea
cycinmHi

; eJleMeHTU Macuepy
; fAxmo BMiCT HOone-
pegHBOT O

; eJleMeHTa Macuey
[BX]

; Binsbumn abo mo-
piBHIOE

; BMLiCTyY HacTyIHOT'O
[BX +11,

; TO nepenTM Ha Mi-
TKy NEXT,
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MOV DL, [BX+1]

NEXT: INC BX

LOOP COMP

RET
BEGIN ENDP

CODESG ENDS

END

Y postianyToMy npuknani Buxia y MS DOS 3aiACHIOETBCS KOMAHII01

;- lHaxkwe =apaHTAa~
xmuTtn y DL

; 3HadeHHAa [BX +
1]

; 3BimpmmTi BX Ons
agpecauii

; HaCTyIHOT'O eJjieMe—
HTa MACUBY

; TlepeBipka yMORU
BUXOOY

; 3 UMKIY

; TOBEPHEHHSH

; Kireus npouenypu
BEGIN

; Kineus cermentTa
KOHO1B,

; Kireuws nporpamu

RET 3 BUKOPHUCTAHHAM [UIS 1LOTO apecH, 3alMcanol y CTeK Ha IOYaTKy 1npo-

rpamu komanzgoro PUSH DS. Tnakie MoXHA 3aBEpIIUTH NporpamMy KomaH-

moro INT 20H.

KoHTponbHI 3anuTaHHA

1. HameaiTh OCHOBHI XapakTepuCTHKM Ta CTPYKTYPHI CXEMHU MPOLECO-

piB 3 QOHHENMAHIBCHKOO Ta rapBap/IChKO apXiTeKTypaMH.

2. BxraxiTe npu3HauenHs pericrpis MIT 3 GoHHEHMaHIBCHKOFO apXiTe-

KTYPOIO.

3. OxapakTtepusyitre QYHKIlI IPUCTPORO KEPYBAHHS.
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- NV RN

10.

11.

. HaeniTh BU3HaUCHHS Ta [PH3HAYESHHA aKyMyIATOpPA.
. IostcHITE po6OTY IIPOrpaMHOTo TiYANBHUKA.

BkaxiTh MICUE3HAX0KEHHS OlIepaHa 3 IPSIMOI0 apecarliero.

. TTosicHITh, AKMM UMHOM BH3HAYAECTHCS afpeca olepana 3 HellpsIMOKo

aZpecari€ro.

. ITodcHITb, AK BU3HAYAETECS 3HAYEHHA orepanza 3 OesrnocepeHbOI0

aapecauicro.

. TlosgcHiTh, AKMM YMHOM BHM3HAYAEThCA ajpeca onepaHia 3 BLAHOC-

HOIO aJIPECALIIERD,

Hanuumite nporpaMy repecunaHHs . BMICTY 8-po3psaHol KOMIPKH
nam’sti 3 anpecoro 7000/7:1000H y 8-po3pauuuit pericrp AL.
Harrmimite porpamMy BiJIHIMAHHS BMICTY JBOX NOCHIAOBHUX KOMIpPOK
nam qTi 3 appecaMu DS 3540H 1 3541 H 13 3arucoM pesyneTaty B
KOMIpPKY 3 aJIpecolo 3542H. '

Hammnoits, nporpaMy mojaBaHis MacueiB OaliTiB 3 ajpecaMu
8350:4735H 1 3660:2200H 3a npaBriioM «Tieplmit 3 Mepiunum, apy-
it 3 qpyram 1 T. A.». 3anectu B Macus 6250:2400H aapecu tix map
JIOJIAHKIB, CyMa AKHX ROPIBHIOC HyJto. JoxkuHa Macusy 100F.

. Buxownaiite auienns macusy 3 25H cnip 5500:3000H wa macus 3

25H oaitr 5C00:4000H 3a mpaBuioM «TCpummil Ha Nepioni, gpyrui
Ha JApyruit i T. 1. PesyasTaru sanectu 8 Macus 6000:5000/. 3a mo-
TpeOu ainends Ha O AuUieHHs HE BHKOHYBaTw, a GaiiTu pesynwrary

3ABAHTAKUTH yucaoMm 1 AH.
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Po3nin 3
OOHOKPUCTAIBHI MIKPOMNPOLIECOPU

|

3.1. OgHoKpucTansHuii 8-po3psaHUA Mikponpouecop

CTpyKTYpHY CXeMy y3arajisHeHOro 8-po3psaHoTro 0JHOKPHUCTATTLHOTO
MIT nokazaro Ha puc. 3.1. CxeMa Mae €JIMHY BHYTPILIHIO 8-po3psaHy K-
HY, 110 SIKif TIepeAatoThes AaHi, KoM KOMaHJ Ta aJpecH.

Fl—->]

12—
RESFT

T'K

RFALY—>
F A L]

c:::.:——\{___v EVAY :]C—::;\

Puc. 3.1. Cmpyxmypna cxema 8-pospaouco mikponpoyecopa:

IIK - npucmpiii kepysanna,; JJIIK - dewughpamop xosmand; PK - pezicmp komand;
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AJI — apugpmemuro-nrozisnuti npucmpii; A — axymysamop,; QA — wacosuil axymyis-
mop; P — vacosuii pezicmp,; F — pezicmp npanopyis; P3I1 - pezicmpu 3azarwnozo
npuzHauenns; M — arynemunnexcop; SP (Stack Pointer) — sxazignux cmexa; IP - (In-
struction Pointer) — sxasienux Kb.wam); BA - 6ypepnuii pecicmp adpecu; Bl — yge-

pruti pezicmp oanux, C1I] — cxema inkpemenma/oekpemenma

TIpucTpiii KepyBaHHs BLANOBIXHO 70 ACIIM(POBAHUX KOJIIB KOMAHK
T4 30BHIIIHIX KEPYBAILHUX CUTHAIIB T'eHEPYE KepyBalbHI CUTHATH A
BCIX GUIOKIB CTPYKTYPHOI CXEeMH. ‘

Heumdparop komaua (GopMmye CUrHAIH Ul TPUCTPON) KepyBaHHA
3TiAHO 3 AemM$POBAHUM KOJOM KOMAH]IH. ‘

VY 8-pospsanHoMy pericTpi KoMaHA 30epiraeTbcs MaliMHHAA Kojd KO-
MaHzay (o1uH OaiiT).

ApubmeTnro-ToriaHuiT TPUCTPIN ABNsE COO0I KOMOIHALIINY cXeMy
Ha OCHOBI CymMaTopa [ JIONIYHUX €NEMEHTIB, AKUH CUTHANAMY 3 BUXOMIB [IpH-
CTPOIO KEPYBaHHs HAIATOJUKYE€ThCA HA TY 4M iHImy apudmernany abo jori-
YHy orlepario -- gojaasang, BiiHiMaaua, [, ABO, BUKIIKOUHE ABO, HI,
3CYB.

AKYMYJISTOP € 8-pO3psAIHIM PETICTPOM, B IKOMY 30epIracThes OJMH 3
OIEPaHAIB Y ABOOTIEPAHIIHMX KOMAHIAX, a TaKoXK pesyibrar onepaii. Ha-
TIPUKIIA]l, Y KOMaHl J0daBaHHSA

ADD B, A+B—A

ABHO BKA3aHWIA NULIe OANH omepaHy — 8-pospsauwii perictp B. Pe-
rictp B -- omun 3 P31 Y aeakux MIT P3T1 no3Havatorbest arrepamMu naTuH-
cekoro andasity: B, C, D, H, [, B inmmx —~ RO, R1, R2,... . lpyrum omnepa-
HIOM € akymMynstop. Pe3ysibTar 101aBaHHA BMICTY akyMyJsiTopa Ta pericT-
pa B NnepeHocuThes B akyMyJIarop, 1O CUMBOJIIHIO 3alINCYETHCA B KOMEH-

Tapi 0 KOMaH]IH.
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Posain 3. OdnokpucmansHi mikponpouecopu

YacoBuitf axyMynsaTop Ta WYacOBMH PpEricTp SABIAIOTH coboro 8-
po3psanHi OydepHi perictpu, AKi A03BONATH BigokpeMuTH Bxoau AJIIT Bix
foro BUX0y, TOOTO YHUKHYTH OHKM CHIHAMIB, ‘

Perictp npanopuis F (Bix aurn. flags — nparopui) abo o3Hak ABILsie
coboro JekinbKa TpHUrepiB (11’ ATh abo WIICTB), AKi BCTAHOBITIOIOTLCA B OJIH-
HUYHHI (200 CKUAAIOTHCA B HYTBOBUI) CTaH 3ae)KHO BiJl pe3yIbTaTy OITe-
pamii B AJITT.

PericTpu 3aransHoro npusHadeHss — 6510k 8-pospaguux P31, y skux
30epITatoThCs aHl Ta IPOMDKHI pe3ypraTi. Llel 6ok MosKHa posrmsgaTu
sk O3I1, mo mae Hafibinbny meuakogiro cepex O3TT pisHOMAHITHEX TUITIB,
OCKLIbKM BiH po3Milenuii Gesnocepensbo Ha kpuctani BIC MIT. Heski Tu-
11 8-po3pATHUX TIPOIecopiB, KpiM 8-pospsiraux P3TT, MictaTs 16-pospsani
IHZEKCHI PEricTPU MIA opraHi3allii Hempsmoi agpecanii, iHum — mpurycka-
IOTE 3BEPHEHHA 10 NMapu 8-po3psAHWX PETICTPIB AK A0 oaHoro 16-poi-
PAIHOTO.

MyIbTHIUIEKCOP — WPHUCTPIi, 1o 3’eanye ogwH 3 P3IT i3 BHyTpI-
HBOO HHOI MIT

Bkasisauk cteka SP (Stack Pointer) — 16-po3panHuit pericrp, y SKo-
My 30€epiracTbes afpeca OCTaHHbOI 3aifHATOI KOMIPKH CTeKa.

Bkasisruk koManna [P (Instruction Pointer) — 16-pospsagauii perictp, y
KoMy 30€piractTecst ajgpeca KOMaHIW, ska BUKOHYEThCs. ITicist BuGIpKM 3
naMm’ 4TI porpaM KOXKHOTO Gaiita koMaHau BMIcT /P 30ibLIy€ThCa HA OTH-
HULIIO.

Bygepruit perictp agpecu ta Oy depHuit pericTp JaHuX -- pericTpH 3
TpbOMa CTaHAMHU BUXOJY, [IPA3HAYUCHI U1 (POpMYBAHHSA CHTHAIIIB HA JTIHIAX

" LIHH aJIpecH 1 IRHAX BIANOBIHO.

CxeMa iHKpeMeHTa/IeKpeMEHTa — MPHUCTPI, AKUA 103B0JISE Oe3 yuacTi
AJIIT 36umeIunTH 260 3MEHIIMTU Ha OJMHUIGO BMICT 0HOTO 3 pericrpis P31,
1P abo SP.
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Konctpykrueao BIC 8-pospsanHoro npoiuecopa BAKOHAHO B KOPITYCI 3
40 BuBOJIaM¥L, 3 AKUX |6 TpUNagac Ha IMUHY ajpecH, 8§ — Ha ITHHY JaHuX, 2
(4) — Ha BBIMKHEHHS XUBIIEHHS, 4 IHUII — Ha JiHIi MUHA KepyBaHui. OcHo-
BHI JIiHII IIMHYA KEPYyBaHHA IIOKa3aHo Ha puc. 3.1:
— F1, /2 — BX1]1 IBOX TOCITIZOBHOCTEH IMITYIbCIB CUHXPOHI-
3anii, 1o He NepekpuBaroTsed (puc. 3.2);

) ,

| | | i
I I i l I ; ' I ' I l : | |
H : ; H r
1 L 1 i
Puc. 3.2. Uacosi digepartu inmyiiscie cunxponizayit F1 i F2
- RESIT — BXiji CUTHATTY NMOYaTKOBOIO BCTAHOBIICHHS (CKU-
JTAHHA);

- RIEADY — BXI){ CHIHAMYy FOTOBHOCTI 30BRIIUHBOTO TPR-
cTpoto abo tam’sT1 10 0OMIHY, BHKOPUCTOBYETHCS I opramizaii
OOMIHY 3 MEHL WBHAKOAIFOUUMHE (NOPIBHAHO 3 MIT) ripucrpoamu,

- WAIT — BAx1 CUrHAIY TUATBEPIKCHHS OMIKYBAHHS, aKTH-
BHHIi PIBEHDL CUTHANY CBIAYUTH 1IPO Te, IO TPOLICCOP EPEeHIIOB y pe-
UM OIKYBaHHS | BUKOHY € XOJOCTI TaKTH,

- HOL]) — BXiji curHamy sanudry npaMoro JAoCTyIy Jo
mam’ati (ITHLT), abo 3anuT 3aXOTIICHAA UIWH, BUKOPUCTORY€TBCA Ui
oprasizauii 0OMIHY 3 NPUCTPOAMH, MBUIKOIA SKUX BHUINA BIJ MBUJI-
Kouii npotecopa;

- HLDA (Hol.l) Acknowledge) - wuxij cursany Imijareep-
Jokenns LT, akruBnuii piBeHb IIBOTO CHTHAILY CBLIUUTH 1IPO TE, WO
Npouecop NepeBiB CBOI IIHMHA aJpecH, TaHUX Ta KEPYBAHHA Y BUCOKO-

IMIAETAHCHAMN CTaH;
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- INT (INTerrupt) — BX1Jt CHTHAIIy 3alUTy TIEPEPUBAHHIA,

— INTE (INTerrupt Enable) — BUX1X CUTHAy JI03BOJy nepe-
pVIBAaHHS,

- DBIN (Data Bus IN) — BUXIJ CHTHaIY YHTaHHA, H-piBeHb
HBOTO CUTHANY - CBIYMTH MPO Te, 10 ABOHANPSMIIEHA IIMHA JAHUX
3HAXOIUTHCA Y pexKuMI npuifoMy 1HGopMari;

- WR (WRite) — BUXijl CHTHAIY 3aIiCy; L-piBeHb LBHOTO CHT-
HaTy CRITUUTH NPO Te, IO ABOHAMPAMIICHA IIMHA AaHMX 3HAXOMUTHCA
y pexxuMi BHaati iHGopMarii;

- SYNC (SYNChronization) — BAXIZ CUTHAITY CHHXpOHI3ALII;
H-piseHs 1bOro CHUTHANY CBIAYMTH MPO Te, LI0 Ha NIMHI JaHWUX Nepeja-
€Thed GalfT cTaHy, AKUH BUKOPHUCTOBYETHCS ANA (OPMYBAHHSA JEAKMX
KEepyBaJIbHUX CUTHAJIIB.

Cxemu koHKpeTHHX MIT BiIpI3HAIOTHCS KITBKICTIO Ta [103HAYEHHSIM pe-
TICTPiB, a TAKOXK IEAKHUMM KepyBanpHuMmu curdanamu, Hanpuknaz, y MIT
i8085 zamicTh ABOX curHamis /1 i /2 BUKOPHUCTOBYETbCA OJUH CUTHAI
cunxponizai CLK (CLocK); 3aMicTh curHany [DBIN - CUrHAN YWTaHHA
RD (ReaD). HynboBuii piReHE 11b0r0 CUTHATY CBiTYHTH NPO Te, MO JBOHA-
IpsMIIeHA IIMHA NAHWX 3HAXOAWThLCH y pexkumi mpuiioMy intopmauii. VY
MIT i8085 € pomarkoBuit curnan M /10 (Memory/Input-Ouiput) — o3HaKa
3BEPHEHHA A0 TNaMm ATl (JorivHa oguHHLA) a0o 10 NPUCTPOId BBEIACHHS-
BHUBE/IEHHA (JTOTIUHMI Hymb), ane Hemae curnainy SYNC.

Cxema (uuB. puc. 3.1) npaliroe TakuM YMHOM. Y pasi BBIMKHEHHS XH-

BreHHA abo GOopMyBaHHA CHIHANY TMOYATKOBOrO BCTaHOBJeHHA RESET

BMICT BKa3iBHUKA KoMaH[ /P HabyBae HYJILOBOTO 3HAYEHHA i [IOYNHACThLCH
MAMHEEYA UK RUOIPKY KOMAHAW 3 Iam aTi. BMIcT KoMipku nam’ sl 3a
HyJTLOBOIO A/IPecoro uepes OydhepHuli Perictp AaHUX Ta BHY TPILIHIO LIAHY
MIT HagxoouTh y pericTp KOMaH i, Tmicias IBOTo — Y Jeudparop KOMaH/I.
BinxnorigHo A0 JewH(poBaHUx KOIIB KOMAHX | 30BHILINIX CUTHATIB CHH-

o8

Po3zain 3. OdHokpucmanbsHi Mikponpoyecopu

XpoHI3alli Ta KepyBaHHS NPUCTpiii KepyBaHHS (OpMYye KepyBATBHI IMITy-
NBCH AJIs KOKHOT MIKpOOTiepauii KOMaHIH.

Llpozpavnor moodenaio MI1 Ha3UBAETHCA CYKYITHICTb MPOTPaMHO XO-
CTYNHUX PETICTPIB, TOOTO THX PEriCTPIB, BMICT AKHX MOXHA 34MTaTdH abo
3MIHUTH 3a gonomoroio komad. [TporpamMuy mMozens MIT cknaaatoTs aKy-
Myiatop, P3I1, pericrp npanopuis, BKa31BHHK CTEKA Ta BKa3IBHAK KOMAHJ.

Opranizauis nam’ari. MakciMantbHO MOXJIMBA €MHICTh TIAM’ATI 3
MPAMOIO a/IPECALi€l0 BU3HAYAETHCSA KUTBKICTIO PO3pAliB MHU aapecH. Bi-
asmmicTh 8-po3psaaux nmpouecopis (18080, i8085, Z80, Motorola 6800) ma-
10T 16-po3psany maHy aapec, To6To 103BONstOTH aapecysat 2 = 64
k6aiiT am’ st

Mikpouponecopu 3 8-po3psaHOIO IIHHOW JaHUX MAITh YOTHPH pe-
XKUAMY ajipecallii OTIepaHIiiB:

[, Hpstua adpecayis. Y 1UbOMY peXkuMi Apyruii Ta Tperii
0aiT KOMaHI MICTATH aPecy oriepaHa.

2. Pecicmposa aopecayisa. Y MHCMOTILT KOMAHIHA BKA3Y€ThCS
nosHavcHus P31, y skoMy 3HAXOAUTLCS ONEPAHIL.

3. Besnocepedus aopecayis. Y UBOMY PCKAMI B KOMaH
BKA3Y€THCH
8- abo 16-6itoruil oepar y APyromMy ado y JpyroMy Ta TPEThOMY
Oafitax xoMawuu. Ouepany VvV THLOMY BHIAJKY 3HAXOAMTBCH Y
ram’ Tl fporpam.

4. Henpama pecicmposa aopecayis. Y KOMaHAi BKa3yeTbes
perictp (abo napa pericTpiB), AKWIA MICTUTE ajpecy KOMIPKM
TIaM’ ST,

Opranizanis seBegenns-BuBeieHAadn. 8-po3psuasl MIT Matot,, Moxm-
BICTH nepeaaru abo npuiinaru aani 13 3oBHiwHix TIBB. Tlpactpoi BBeaeHR-
BUBEJICHHS 3’ € IHYIOThCA 13 cHcTeMRO0 mHoo MIT cicteMu 3a 1onoMoroio

TIOPTIB BBEJICHHA-BUREJICHRA, AKI ABIAOTL C000I0 8-po3psaml pericrpd 3i
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cxeMamu. BUOIPKH Ta KepyBaHHAM qTanmIM/3amIcoM. KimbKicTs Takux mpu-
CTpoiB BHU3HAYAETHCA MOXKITMBHM JHAITAa30HOM - 8-pPO3pSIHMX AIpec IIOPTIB,
T06TO 2° = 256 NOpTIB BRETEHHS i 256 MOPTIB BUBEACHHS. SIK OPTH BBEICH-
HS MOKYTH OyTH BHKOpHCTaHi OydepHi pericrpu, Hanpuxnan KP580MP82,
KP5891P12 abo inTepdeiic BBeIeHHA-BUBEICHHS NapanenbHoi iH(opmMarmii
KP580BBS5S.

Beenenas a0o BUBEISHHA JaHWX MOXKE 3]IACHIOBATHCS JBOMA CIIOCO-
0aMu: 3. BUKOPHUCTaHHAM OKpeMOoro aapecHoro npoctopy [1BB; 3 BUkopuc-
TAHHAM CIILUILHOTO 3 1aM’ ATTIO aPeCHOr0 MPocTopy, ToOTO 3 BiIoGpaken-
HAM Ha 11aM’ ATb.

ITepmui crocié n03BONAE BUKOHYBATU BREACHHS | BUBSIEHHS JaHUX
32 KOMaHJaMHM BBeeHHA /N Ta BuedeHHs (U7, BuxopucraHHs Ipyroro
criocofy nepenbayuae po3MIIEHHS alpec TMOPTIB Y CIUTLHOMY 3 1iaM ATTIO
ampecromy npocropi. [Tpy oMy onepamii 3BepHEeHHS 10 1OPTIB HE BLAPI-
3HAIOTHCA BIJl ONeparntiif 3BEpHEHHS X0 1aM’ sITi.

Buxonanusg komang y MIT i8080. Koxua xomanga y MIT Bukony-
€THCS MPOTATOM KOMAaHIHOro 1K1Y, KoMauIHUA QuKn cKimagaeThest i3 1i-
KITy BUOIPKY KOMaHIM Ta UMKITy BUKOHaHHS KoMaHau (puc. 3.3).

FRZURNG 2 §1p 6 1 Tewon sumacecmnss
A ; % AB
: ]
Koviwppedixema

Puc. 3.3. Hpuraao xosmanonozo yuxiy 8-pospaonozo MIT

TpuBanicTs HUKITy BUOIPKU KOMAHIM 3QJICKHUTD Bif GOpMATY KOMAHIN
(kiIBKOCTI OaMTIB y MaImMHHOMY KoJi Komauuu). KoMaujy 3aifMaroTh Bif
OJIHOTO 10 Tphox OaifTis y mporpamuiii nam’sti. BararoGaiTori KoMaHIM
30epiraroThcs B CyCIOHIX KoMipkax mam’sti. s Bubipku 01HOGANATOBOI
KOMaHM (Hanpuknaj, J0JaBaHHA akyMyusitopa 4 1 perictpa B — ADD B)
noTpibGHe OJHE 3REPHEHH JI0 TTaM’ sTi, I BUOGIPKH TprOaiToroi KOMaHIu
100
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(HanpuKIIajd, BUKIHMKY rianporpaMu 3a agpecotro ADDR ~ CALL ADDR) —
TPH 3BEpHEHHA. TpHUBAIICTh UKKIY BUKOHAHHA KOMaHIM 3aJIeKUTh BiX 3a-
co0y axpecauii onepaHgiB. Tak, py BUKOHAHHI KOMaH 3 PETICTPOBOIO a-
pecami€ro He OTpiGHE A0AATKOBE 3BEPHEHHA O ITaM’ ATI JIA YUTAHHA Ofle-
paHza, Y KOMaHgax 3 HEMpAMOI0 afgpecallielo TaKe 3BepHeHHS HEoOXITHE.
Tomy TpuBanicts komanasoro kay B MIT i8080 € pi3HOO 118 pi3HUX KO-
MaHJ i BUSHAUA€ThCH KUIBKICTIO 3BePHEHb 10 MaM’1Ti a6o /10 30BHIMHKOTO
IIPUCTPOIO.

IHTEpBAI, IPOTATOM AKOTO 3MIACHIOETHCA O/IHE 3BEPHEHHA TIpOLIECOpa
J0 IlaM’ATI ¥M J10 30BHIIIBLOTO [IPUCTPOIO, BU3HAYACTHCH SIK MAUIUNHUN YUK
M. Otrxe, KOMaHAHMIA LMK NPOUECOPa CKIIANAETBCS 3 AEAKOI KITBKOCTL
MallIMHHUX UMKIIR (3a0eXKHO BLI THIY KOMaHjH). Y HaBeJeHOMY Ha pHC.
3.3 npuknail UMK BUOIPKA CKIATA€THCA 3 ABOX MAWIMHHUX LUKTNB (M1 i
AM2), a UMk BUKOHAHHA -- 3 OJIHOTO MaumHHoro mukiny (A3). V koMawui
Moxe OyTu BiJ 0gHOTO (A4 OAHOOANWTOBMX KOMaHui 3 PerictpoBOO
ajipecamicro) xo fwATu (U TPUOAUTORUX CKIAIHUX KOMAHI) MAWHHNX
HUKIIB,

MamuHBMHA UHKA, Y CBOK uepry, po30OMBAETLCA Ha JeSKy KINbKICTh
MAIUMHHUX TaKTiB 7', NPOTATOM KOXHOIO 3 AKMX BUKONYCTbCA CIEMEHTApHA
Iig (Mikpooriepatid) y npouecopi. KUTBKICTh TAKTIB Y UMKII BU3HAYA¢ ThCA
KOJIOM KOMaHAM 1 3HAXO0AHThLCA ¥ Mexkax Bix 3 no 5. TpuBajicTs TakTy 3a-
AAEThCA 11EPIOIOM IMMYJILCIB CHHXPOHI3aUii 1 BU3HAYAETHCA AK IHTEpBaN
4acy MK (pPOHTaMK ABOX CYCIAHIX IMITyJbCIB NOCHiAOBHOCTI 1, aka ¢o-
PMY€TbCA 30BHIIIHIMHA NaHmioraMu. OTxke, komMauanmit yuxkn MIT /8080
CKITAJlaeThes 3 JEAKOl KIMLbKOCTI MAIIMHHAX LHUKIIB, a KOKHHI MaIWHHANR
UMK - 3 BUSHAYEHOI KUTBKOCTI TAKTIB, MPOTATOM JKHX BUKOHYIOTHCH Ti UM
[HUIl erleMeHTapHI Aii v Npouecopi.

Jlnga cuHXpoHI3aLii npouecopa 3 NaM’ ATTIO Ta 30BHIMHIMH TIPACTPO-
AMH, AKI XapaKTepU3YIOTbCA MEHINO WRBMAKOIED, AN opraHizauii podo-
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1 B pexxumi ITJTT ta 3ynuHy npouecopa nepexbaueso TpU ocobiuei pe-
JKUMM: OUYIKyBaHHS, 3aXOIUICHHA WIHH, 3YMIHUHY, TPUBANICTh AKX Ma€ JOBI-
JIBHE, alle 3aBX/AH KpaTHE TPUBAJIOCTI TaKTy 7 3HAYEHHA.

Po3pisHAIOTH Taki THMA MaIMHHWAX UMKIIB 3IEKHO BII A, UI0 BHKO-
Hye MIT:

BUBIPKA (yuranss nepuioro 6aiita KOMaHu);

YUTAHHS TIAM’SATI (uutanHa Apyroro ta TpeTkOro Oaitie Ko-
MaHI|, YNTaHHS ONepania);

3AITNC ¥V IIAM’ATh;

UNTAHHSA CTEKA,;

3ATIMC ¥V CTEK;

BBEJIEHHS nanux i3 30BHIMIHEOTO TIPUCTPOIO,

BUBEJIEHHS nanux Ha 30BHILIHII NpACTPIi;

TTEPEPUBAHHS;

3YIIMH;

ITEPEPUBAHHSA TP 3VTIMHI.

[Teproum MalmMHEHMM UUKIOM KoMaHmd 3aBxau € uuka BUBIPKA,
TPOTAroM SIKOro 3A1ACHIOETbCA BUOIpKA 3 maM’ ATl DaiiTa Ko1y KOMaHIn 3a
aJpecoro, 110 BU3HAYACTHCH BMICTOM BKa3iBHMKA KOMaHl. BMICT BKa3iBHU-
Ka y UK 301IbIIy€Thes Ha oquBuLio. OnHo0aiToBI KOMaHAN 3 pericTpo-
BOIO ajpecalicro NoTpeOyroTh Ul BUKOHAHHS JMINE OJHOI0 IMKIY
BUEIPKA.

Hns Bubipku maBo- abo TpubatitoBux koMaHz, kpiM Lukly BUBIPKA,
mOTPiOHI e ouH ab0 ABa MAITHHHI IHKIW JUIA YUTaHHS APYToro abo Apy-
roro 1 Tpereoro OalTIB koMaHAd. 1li UMKIM BU3HAYAIOTHCA SK UMKIH
YUTAHHS TTAM’ATI. Inkn YMTAHHS TTAM’STI norpidanii Takoxk
Jurd BUOIpKHM oNepania Npy BUKOHAHHI KOManI 3 HENPAMOIO a00 MPAMOO
anpecamjero. Jis 3amacy onepaumis abo 36epiTaHHs ajipec Ipd BUKOHAHHI
BIATIOBIJHMX KOMaHJA IepecHIok moTpidHi Maummuui muam 3AIMTAC YV
TTAM’ATh.
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YV xoMmaHgax 13 3BEPHEHHAM 10 CTEeKa BUKOHYIOTBCA IIHKIIH
YUTAHHA CTEKA Ta 3AITMC Y CTEK. Anpecu 11am’STi BU3SHAYarOThCA
BKa3iBHUKOM cTeka SP. J[1d BHKOHAHHA KOMaH]| BBEJICHHA-BHBEIEHHA BU-
koHyroTbes Marmmurl gk BBEJIEHHS ta BUBEIEHHSI; nns oprami-
3amii [epepuBaHE MporpaMd Ta 3yOWHY . Hpollecopa —  LUKIH
IMEPEPUBAHHA, 3VIIVH, ITEPEPUBAHHS 11PU 3YITHUHI.

Koxuuit MaluMaHuit LMK HIpoliecopa LeHTUdIKyeTbes OaiiToM, axkuit
Ha3UBACTLCA Oatimom c¢marny. BaWT craHy BUIA€ThCA Ha IIMHY AaHUAX HA
IIOYATKy KOXXHOI'O MAIIMHHOTO LUKITY 1 CYNPOBOKYETHCA OIHOYACHUM
BHIaBaHHAM curHany SYNC wa opHoiiMeHHmid koHTakt BIC MII. Baiir
CcTaHy Hece iH(opMalifo Npo HacTymHi il mponecopa. Moro Moxwa 3a-
naM’ aTary 3a cursaiioM SYNC i cdopMyBaTH Taki KepyBallbHi CUTHAIM, AKI
HE BJAIOCH BUBECTH y ABHOMY Burisjii Ha koHtaxti BIC MIT (uepes 06-
MeXeHy KUTbKICTh KOHTAKTIB Mikpocxeému). Baiitu crany juis uponecopa
i8080 HaBeneHo B Tabm. 3.1.

Tabnuys 3.]. balT cTaHy IUIst PI3HHAX THIIB MAMMHHNX MHKITIB

B Tlll'l MALLHHOTO l.llll(‘.]'ly
Pospsia o = % :\E.
3 ] 5 <« | g E .
ITHBH é ; E =i E j = l é E fé e
JAHUX = E E F < E o 5} 5 AP
5 IS ES = g Clssl R |8 R S
SRS L
DO 0 0 0 0 0 0 0 1 0 1
Di 1 1 0 1 0 1 0 | 1 ! I
D2 0 T 0 L 0 I 1 170 0 0 0 0
D30 o 0 0 0 0 o 1ITo Y 1
[ Da 0 0 0 | o ) 0 1 0o [0 | 0]
D5 1 0 0o | 0 0 0 0 1 10 ]
D6 0 0 0o | o 0 1 0 0 0 0
D7 T | 1 1770 71 0 0 0 0 1 0
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Yacosy niarpamy wmamwmudoro mukny BMWBIPKA - (UMTAHHA
IMAM’ATI) mnsa npouecopa 8080 mokasano Ha puc. 3.4, a maxny 3AIIMC
Y ITAM’ATD — nHa puc. 3.5, TakTH miapaxoBYOThCA 3a HEpeHIMH GpoH-
Tamu nociizoBHOCTI F1, a MiKpooTiepalii B KOJKHOMY TaKTi BU3HAYAFOTHCS
niepeHiM poHTOM curHaty F2. TIpu Taktosiit 9actori 2 MI'I TpuBamicTh
takty nopisHioe 0,5 Mxc. Curbnamd Ha minisx umn A15-40 (D7-D0) 3o-
OpaxeHo Ha puc. 3.4 Ha omHilt yacosiil aiarpami y BUCLAAL i L- 1a H-
pigHiB ojHOUacH0. OTiKe, Ha AiarpaMi Bka3aHo Juuie Tun iHGopmarii, Ha-
sABHO{ Ha [IWHI, HANPUKIAT, BCTAHOBJIEHHA HA IIMHI 3HAYEHHS agpecu abo
Aanyx. TIyHKTUPHOIO NiHIEW MO3HA4YE€HO BHCOKOIMIICAAHCHUE CTaH NiHIH
UIUH (Z-CTaH).

VY nepmoMy MawmuHaOMY TakTi 71 Ha muAy agpecu (muii 415-40) Bua-
€TBCA ajpeca — BMICT BKa3iBHUKA KOMawHA [P (AKIIO BUKOHYETHCS WK
BUBGIPKA) abo BMicT BKa3iBHHKA afpecy (AKIMO BUKOHYETHCA UMK
HUUTAHHS ITAM SITI). BogHouac Ha muHy gaHax (idii [)7-/)0) sunaeth-
cs OaliT crany, a Takox QopMyeThes curaan SYNC Ha 0HOWUMEHHOMY KOH-
takti BIC MIL

Y apyromy TakTi 72 3aKiHUYEThCA HAIXOMKeHHs OaliTa CTaHy I CUTHATY
SYNC, TpUBamiCTh SKUX AOPIBHIOE OJHOMY TakTy. Y MalIMHHOMY MK
BUBIPKA rwmict [P 30impInyeThes A5 agpecauii HacTynHoro Gaiita ko-
MaHau abo HactTynHoi KOMaHZH. Y LBOMY 3K TakTi TIPHCTpil KepyBaHHs
MI1 s3pificHroe anamnis cUuruams Ha Bxogax READY 1 HOLD, a Takox KoHTI-
poIbL BUKOHAaHHA KomaHmu 3ynudy L7, Sxuo maM’sate ao 30BHILIHIG
npucTpitt He rotoBi o obMmiHy (READY = 0), ocKiTbKH HaifIoB 3amuT
TIJIT (HOLD = 1) abo BUKOHYEeTLCS KoMaHza syuuHy HLT, 1o o6MiH ga-
HUMH 3A1HCHIOBATUCA He MOXKe, 1 [POLECOp MEPEXOIUTh B OJNH 13 PeiKHMIB
— OYiKYBaHHS, 3aX0IUICHH [IKH abo 3YMUHy. Y HHX pekuMax 3T MCHIOETHCA
OUiKyBaHHS CHTHANY MPOTATOM JEKUIBKOX TaKTIB OYiKyBaHHS 1), KITBKICTh
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AKAX BU3HAYACTHCA 30BHIMHIMHT curtanamMu. Ha puc. 3.4 y takrti 72 curuan
READY nopisHIOE TOTTYHOMY HYJIIIO, @ y TakTi 7,, — JTOTTYHINA O AMHWLI.

VY takTi 73 3anexHo BiJ THIy MAIIMHHOrO LUKy 3MIHCHIOETHCA 3BEp-
HEHHJ JI0 [1aM’ 5Ti, CTeka a0o 30BHININBOTO NPUCTPOrO. Y pesynbTati B MII
BBOJIUTBCA (puc. 3.4) abo 3 HEOrO0 BUBOAUTECA (puc. 3.5) GaiiT koMaHIH,
agpecu abo naHux. 3ajeKHO BT THITY KOMAHAM MRIIUHHWIA [HKJI MOXE Mi-
CTUTH TakTy 74 1 75 (Manpuiuiaj, sKIo Jis BUKOHAHHA KOMaHAN NMOTpibHa
00po6ka onepanziB). B octanHboMy TakTi kKoMauu (73, 74 a6o 75) anai-
3Y€TbCA HAABHICTH CUTHANY 3aITUTy NMepeprBadus /N7, SIKmo nepepuBaHHA
J03BOJICHO, TO IIPOLECOP TEPEXOAWTL 10 MAIMHHOTO  UHKIY
[MEPEPUBAHHSL.

4 72 1. 73 4 15

Fl

—

%

1 1 1 i 1 {1
X Apeca X

"“@EXE@--—W( Koa koManmi 960 i )—- -

A15-40
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Puc. 3.4. Iuxn BHEIPKA ma YHTAHHA 1TAMATT

105



MikponpoyecopHa mexHixa

71 2 T 73 14 Vel
in! =
2l il ol oM
A15-40 "
D710 ZCXA

e 2 R R RPN D oty o

e /
R L /
narr

N

Puc. 3.5. Iuxa 3SAITHC V TTAM " ATh

SAx npuknan posrIsHEMO BUKOHAHHS KoManiu ADD B 3a Mixpooliepalt-
avu. Komanaa MicTHTE oanH MawmauHui ka1 BUBIPKA, mo BukoHyeTh-
CA 3@ YOTHPY TAKTH, a MOTPiOHA U1 BUKOHARHA KOMAHIN MiKpoonepauis
IU ATOTO TaKTY BUKOHYEThCA B TakTi 72 HacTynHoi koManau. Ha puc. 3.6, u -
0 noxazano Aii MI1 y koxHOMY TakTi MaltMHAOro uuky. ¥ takrti 7'1 (puc.
3.6, ¢) Ha MYHY AIpecy BUJACTHCA BMICT BKA3IBHUKA KoMam [P, axuif y Ta-
k1 72 (puc. 3.6, 6) 36UMbUIYETHCA Ha OMMHUIIIO IS ajipecariii HacTynHol
komaHai. KoManna Bubéupaerses 3 mam sl y rakti 13 (puc. 3.6, 6). Y taxri
74 (puc. 3.6, 2) 3MiliCHIOETbCA TATOTOBKA OTIEPAHIIB 10 A0JaBaHHA. BMICT
perictpa B mo BHYTPIMIHIA ITHHI TEPECUTACTHCH B HACORUI PETICTp, a
BMICT aKyMyJIsTopa 4 — y pericTp y YacoBuit akyMmyasitop. Y 11 ATOMY TaKTi,
CYMILIEHOMY 3 TAKTOM 72 HACTYITHOT KOMaHAU JUIst 301IbIeH s IIBKIKOIT,
BUKOHYETbCS  OOJARaHHS  ONepaHmiB.  Pe3ynpTaT  J0JdaBaHHA  3a-
1aMm’ STOBYETLCS B aKYMYJIATOPI.

Ocodausi pesxnmu podorn MI i8080. Mixpornpotiecop i8080 mae Taki
0co0nMBI peiKUMU poOOTH: MEPEPUBAHHA, OWIKYBAHHS, 3aXOILICHHA WUH
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npu TTT1, w0 iAiNixoIOTECS I0BHINIHIMH CHUTHAJlAMM KEpYRAaHHA, 3YIHH
(Tepexij K0 UBOTO PEXUMY 3[HHCHIOECTECA HPOrPaMHO).

HepepuBanus. Y mikponpouecopi i8080 € 3acodn 0OpoOKH 3alTUTIB Iie-
pepUBaHb BOCBMH PIBHIB. SIKIIO 0MH i3 30BHIMHIX NPHCTPOIB, 3’ €JHAHMX 13
cucTeMoro nepeprBadasg Ml iHinitoe 3anuT niepepuBabHs (IMB. puc. 3.6),
TO cucTeMa popmye cursan Ha susoxl /N7 MI1 y BUTiIsi cMTHANY BUCOKO-
ro piBAg. OAHOYACHO Ha LUAHY JAHUX CHCTEMa MEPEPUBAHHS 110CHIAE KO
komaH RST V (uepepusaHHs 3a BekTopoM V). Bekrtop } ssnse coboro
KOJ, AKM BKa3ye Ha aJpecy I10YaTKOBOI KOMaHAW MANporpamMu obciyro-
BYBAHHA JAHOI0 3aMUTy TICpEpHBAHHA

[HocninosuicTh aifi MITy pexumi mepepuBaHHA Taka:

1) npuiiManHs 3aNMTY TIepepHBAHHA Ta OJJOKYBAHHSA BXOMY 3aNuTy ne-
pepyBAHHA,
2) npuiimanas koMangn RST V,,
3) 30epiraHia aapecy NOBEpHEHHS (BMICTY BKa3IBHMKA KOMaH) y CTe-
Ky,
4) dopmyBaHHs aiipecu MANPOrpaMi 06CIyTOBY BAHHS JDKEPEIId SAIUTY.
3anumu uepepusanns MIT i8080 npuiimMatorses 13 Bxony INT MIT tpure-
POM TIepepuBatib, AKUM Kepye TPUrep 10380Jy nepepuBaHb. ¥ CBOIO HCPry,
TPUTEP TO3BOTY NEPEPHUBAHD MOIKHA TIPOTPAMANM CIIOCOOOM YCTAHOBUTH B
JoriYHy ofnHNLEO abo Ayis. CTaH JOrivyHOl OJIMHKII TpUrepa JO3BOIY ITe-
pepuBats J03BONAC TPUHAMAHHA MIEPEPUBAHHA 13 BXoxy /N7, cTad wyns —
3a00poHSIC.

107



108

Mikponpoyecopra mexHixa

4

Bagir crany  Bwuicr P

TP

TD'?—D() T Al5=AD < ¢
[~

[ ] [ [Fowr]
Ea=
V/ L HA l
a 5 l )
>

£
73 T

Koprwanaepgs

l D7D TAL%AIO _ I [
HA
o

o] =]

Pencip
| KoL

(>3
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Pospain 3. Odnokpucmanski mikponpoyecopu

CucteMa TiepepUBaHHs MOXeE BCTAHOBMTH aKTHUBHHI DIBEHb CHUTHAIY
Ha ninii /N7y OyAb-AKUéi MOMCHT BUKOHAHHS IIPOTpaMH, OIHAK NpuiMaH-
H HOTO CHHXPOHI3YEThCS TAakKMM YMHOM. 33 HAassBHOCTI CUTHATY JO3BOIY
nepepuBaHHsa (TpUrep JO3BOJIY TIEPEPUBAHbL YCTAHOBIEHWH B OIXWHHIIO)
TpUICp NCPCPUBAHDb YCTAHOBIIOETECA B OCTAHHBOMY TAKTl OCTAHHLOIO Ma-~
HIMHHOTO HUKIY KOMaHIM, POTAroM BUKOHAHHA Akoi Hamiliinos 3anut. Le
Jla€ MOKITUBICTh MPOLECOPY 3aBEPITATH BHKOHAHHS KOMARIM Tieped THM,
AK IOoYHeThCs 00poOKka nepepuBaHHs. SIKIo nepepuBaHHs HE J03BOJICHO,
TOOTO TPHTEP NO3BOJY NEPePUBAHb CKHUHYTO O HYJIA, 3aITHT lepepruBaHsb 13
Bxony /N7 irnopyetbes. Yacosy miarpamy poGoTu rpoiecopa nokasaHo Ha
puc. 3.7, a, 6.
Tlicas NpuAHATTA cUrHany 3alnTy NepepHBaHHS 1POLEcop repexo-
JHTh A0 BUKOHaHHA umkny [TEPEPUBAHHS, wo cxiragaeTsca 3 Tppox Ma-
wHHHMX uuKaie. Tlepuwii 3 vux M1 (puc. 3.7, a) npusHauenuii ans npy-
iMaHHs xomaraun RST V), a nea iHini — A2 1 M3 — nast 36epiranHs aapecu
[I0BEpHEHHA ¥ cTek (puc. 3.7, 6). Y uukni M1 y nepuomy Takti 71 y 6ailn
cTaHy (pOpMY€THCS CHTHAI HiJTBEpPUKCHHS [epepUBAHHS, SKUI BUKOPHC-
TOBYE€ThCS JUTS KePYBAHHS TUTAHAAM KoMaugu RST V. Y taxti 73 npoue-
COp nipuiimMae no wuHl Janux 6aidT komanan RST V, mwo gopMmyeThes cuc-
TeMotro nepepuBanns. Y taktax 74, 75 uuxny [TEPEPUBAHHS 3nidicHro-
€Thest (POPMYBAHHA QJIpecy Nepiiol KOMIPKY CTeka, BiIBesieHol s 36epi-
TaHHA aJpeCH TTOBEPHEHAS 3 TILATPOrpaMu 0OCTYTOBYBAHHS 3alUTy Tiepe-

puBanHa. Y wtuknax M2 ta M3 3uCHIOETLCS 3aBAHTAKEHHAS aIPEeCH N0Be-

' PHEHHA (BMICTY BKa3iBHHKA KOMaH) Y cTek. Y HACTYITHOMY LUK/ BUTArA-

€ThCA NEpIia KoMana NiauporpaMy 00C1yroByBaHHA NepepuBaHHA 3a aj-

pecoro, BkazaHoto B komanai /57 V. Hactynne kepysanus MII noknana-

€ThCA HA MNPOTPaMy.
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B oxpemoMy BHIIAZIKYy 3a JOITOMOIO THAUPOTPaMH 3IiHCHIOETHCA
30epiraHHd BMICTY OCHOBHMX POGOYMX periCTpis Iponecopa, KepyBaHHs
TPATEPOM IHO3BOJIY IEPEPHBAHHsA, BIJTBOPEHHI BMICTY OCHOBHHX pOHOUMX
PETICTPIB Ta NOBEPHEHHS JI0 OCHORHOI HporpaMu (Bi[HOBIEHHS BMiCTy BKa-
3IBHMKA KOMaHH).

3axonnenns mMH. PeXNM 3aXOIUICHHA IOMH BUKOPHCTOBYIOTH IUIS
opranizanii Bukonanss oneparii [TJIIT. Jlus uporo npouecop Mae BXigHU
BUBLA HOLD 3anuty 3axoIllleHHs 1WH Ta BuXigauil Busig HLDA niareep-
JDKEHHS 3aX0IUIeHHs. 30BHIIHIH nprcTpiit 3anuTye pesxumM [T curnamoM
BHCOKOTO piBHA Ha JiHII HOLD. [Tpu uboMy mponecop 3yu1Hs¢ BUKOHAHHSA
orepariii 1 Bix’eIHy€eThbCs Bijl 30BHIMNHIX [WH AaHuX Ta agpeck. JIiHii wmH
HEepexoaaTh Y BUCOKOIMIICAHCHMI CTaH.

Ipouecop miaTBepaKye npuiHarTa 3anuty [ BcTaHOBNIEHHAM BU-
COKOTO NOTeHIiaTy Ha BUXO1 IMATBeP/KeHHs 3axomieHus HLDA. Jloku e
cdrgan Ha Bxodi HOLD, muHn npodecopa 3HaX0AATLCS B POSIIOPAIDKCHAL
30BHIIIHBOTO TPUCTPOto, skuit Hanicnas sanwt T Curnami kepysanus
00MiHOM 1HGOPMAIIEI0 MIXK 3OBHIIIHIM TIPHCTPOEM Ta NaM’ ATTIO GopMy-

foThes cremanbsoro BIC — xorTpostepom TTITL
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Puc. 3.7. Yacosi diazpaviu yuxcty TEPEPHBAHHA: a - sawunsuis yuxa M1 6 -

Maweunni yuxau M2 i M3; 1217 - mpucep nepepusans
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Yacory giarpamMy poOOTH TIpoLieCOpa Y PexKuMI 3aXOTHICHHS NIAH Y KT
YUTAHHA TTAM ATI 306paxerno Ha puc. 3.8. Curnan HOLD cupuitMacTsest
TPOLECOPOM Y TakTi 72. 3a HASBHOCTI CHIrHATY TOTOBHOCTI 30BHIIIHBOIO MPHC-
TPOIO Ha BXOMI READY BCTAHOBIIOETHCA BUCOKUI PIBEHb HA BXOML BHYTPIII-
HLOIr0 TPUTepa 3aXOIUIEHHS, 3aBIAKH YOMY TO. JPOHTY HACTYIHOIO iMITyIBCY
F1 puxignnii curdan MIT HLDA niepeMukaeTses y cTaH joriuroi omaray. i
Yac BUKOHAHHA HUKJIB YUTAHHA ab0 BBEIEHHs MPOLIECCOP IHATBEPIDKYE 3aXO0Tl-
JICHHS Ha [OYATKY TakTy 73 10 3aKiHYeHH] YuTaHHs. Y [UKITaX 3alMCyBaHHs T
BUBEJIEHHA 1€ 3MMCHIOETHCA B TAKTI, HACTYTTHOMY 3a 73, 110 3aKIHICHHI 3aIHCY .
B 060X Bumaakax IIMHU APOLIECOPA MEPEBOAATHCS Y BUCOKOIMIEFAHCHMIA CTAH
Mo (poHTY IMIyJIECY F2, HACTYITHOMY 32 IMIYIRCOM /1, 38 SKUM BUKOHYBAIO-
s TlepeMUKaHHs Buxony HLDA.

[Iporecop BUXOTUTE 3 peKUMY 3axOITIeHH TakiiM JUHOM. 1licns 3akiy-
YEHH aCHHXPOHHOI'O CHIHany 3anuTy 3axoIuleHHs Ha sxoml HOLD iMoyns-
coM £2 CKMIacThCs TpUrep 3aXOITIEHHS, 3aBJIAKI YOMY 10 MepeTHBOMY (DpoH-
Ty iMmyascy F1 Ha Buxom fLDA migTBepImKEHHS 3aXOIUIEHHS GOPMY€EThCs
CHUTHAJI HI3BKOTO noTeHinany. Ipouecop nepexoanTs 710 BUKOHAHHS HACTYTI-
HOT0 MaIITHHOTO LIMKILY.
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Po3nin 3. OdrnokpucmansHi mikponpouecopu
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Puc. 3.8. Huxa YHHATAHHA HAM AT 6 pescumi T[T

3ynnn. [Iporecop BXOAWTH Y pe:kKUM 3yIHHY NMPH BUKOHAHHI KOMaH-
Iy synuny HLT. Bukonanus ail MIT onocTpyeTbes yacosiMy JliarpaMamMu
(pwrc. 3.9). Tlepexijt y pesxum 3y niuHy BUKOHYETCA 34 JIBA MAHIMHI UKW,
Y nepuiomy maumuromy uukiti BUBIPKA suiiicHioeThbest 3uHTYBAHHS 3
mamM’siTi mepiuoro Gaifra xomanim HLT. Y ApyroMy MammiHHOMY HUKII
3VTTUT nicnsg 3akidueHAs Takry 72 apouccop NepexoiiTs y PEXUM 3y Nu-
Hy, NIPA AKOMY [HHW AaHAX 1 QAPECH NEPeXOJTh ¥ BUCOKOIMLICAHCHUT
CTaH, 4 IPOLEcop BUKOHY¢ TAKTU OWiKyBanH /. PexuM 3yTHHYy miarsep-
IDKyeTbes 6itom /)3 y GaliTi craHy, sKuil BUAACTHCA TaKOXK Y TakTi 72 (nus.
Tabn. 3.1).
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Puc. 3.9. LQuxn 3VIIHH

Buiitu i3 pexxuMy 3yIHHYy MOXHA TphOMa Crioco0amu:

— MIOJAaHHAM CHFHaNy Ha MiHI0 RESET (Mpu HsoMy BKA3iBHUK KOMAR
Ha0byBa€ HYIBOBOIO 3HAYCHHA 1 IPOLECOP MEPEXOJUTH 10 MALUUHHOTO
nuxay BUBIPKA koMaHau 3a Heplio aapecoro);

— NoJaHHAM CUFHALY Ha BXid fAOLD, 3aBiisku 9oMy Tpoliecop nepexo-
aurhk 1o BAKOHaHHA unkiy SAXOIUIEHHSL. TTicns 3akiHHEHHS HBOro
CUrHay MPOIECOP BXOAMTb y PEKUM 3YNHHY 3a MepeaHiM (ppoHTOM
IMITyTbCy F'1;

~ IMOJAHHAM CHUI'HAly IIepepHBaHHA (32 HAABHOCTI CHTHAIY J03BOIY Iie-
pepuBans Ha BUxoAl INTE), 3aBIAKH 4OMY TPOUECODP MO QPOHTY M-
nyascy K1 mepexomurh Yy pexuM 71 MAWUHHOTO  [MKIY
NEPEPUBAHHS. JIna peamizanii miei MoxnuBocTI Tpeba mepes 11o-
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Posnin 3. OdnokpucmansHi Mikponpouyecopu

4aTKOM PeXXUMY 3yTNHHY 3a6e3MeHUTU BCTAHOBJICHHA TpHUTepa J03BONY
nepepuBaHb BHKOHAHHAM KOMAHAH J103BOJTY riepepuBaHHs K. ‘
OO6poOKy 3anuUTIB 3aX0INICHHI IINH | epepUBaHHA MPH 3YIIHHI 1IOCT-

pye puc. 3.10. Hexait mporiecop 3HaXOAUTHCA B PEXKUMI, TOJI JIHIT [IIHH afipec
I aHWX 3HAXOIATHCHA Y BHCOKOIMTIEAAHCHOMY CTaHi Ta TIPOLECOpP BHKOHYE

TakTu 7,,.
4, 1 7, 7, 2, 1, 7, n 2 [

Fl
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Puc. 3.10. Iuxau 3ANONIEHHS wun ma ITEPEPUBAHHM TIPH 3VIIMHT

I3 HaXowKEHHAM 3a0UTY 3axoruieHHs WHH HOLD vy nacrynuomy ta-
KT1 BCTaAHORIIOEThCS Tpurep saxoruierns (Tr3). Tlorim nponecop Buuae cu-
rHan niaTeepKenns saxonneuns HLDA 1 zuficuioe TIJTT. Slkuio Bukony-
€TbCS NOCHIIOBHICTE 1iM y peskmumi TTJIT, To 3anutu nepepusanHs He
CHpUAMArOTLCs TPOLECOPOM A0 3aKiHHeHHA 0OMIHy. SIKUI0 nepepuBaniHs

MO3BOJIEHO 1 HANIUIIOB 3aruT nepepuBadud /N1, To THCISA 3aKIHYEHHS pe-
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xumy - TIJIT MIT mepexomurdh go MmammHHOTo nukiny [IEPEPHMBAHHSA
[TPU 3VIIMHI. Skmo B kOMY UHKII HATHIIOB 3anuT 3axomnerus HOLD,
BiH irHOpy€eThcst MIT 0 3aBepIIeHHs BUKOHAHHS LMKy YATAHHA KOMaHIN
RST. Tlotim MIT nepexoguts o pexumy ILIIL Iocnigonicts miit MIT y
PeXHMI liepepHUBAHHA 3aBePITYETLCS 110 3aKIHUeHH] pexxumy 11JIIL

VYBivMkHeHHd Mikponponecopa. 3 NOJAHHIM HAIpyrH >KUBIEHHS
fpouecop mounHae QyHkuioHysatn. Hanpyry >xueieHHs MIT HeoOxigHO
BMUKATH Pa3oM 3 TIOAAHHAM CUTHANY Ha jinito RESET. Tpusanicts 1uboro
CUTHay Mae OyTH HE MEHIIe TPHOX IepiojiiB IMIYIIECIB CHHXPOHI3aLii. 3a
cursanoM RESET BMICT BKka3iBHUKa KoMaH/l HaOyBae HyNbOBOIO 3HAYEHH,
i pOLECOp TI0YMHAE BUKOHYBATY /i, IO BiAMOBIIAIOTH MALINHHOMY LHK-
1y BUBIPKA. V pesynsrart MlI nounnae RUKOHyBaTH KOMaHIy, KOJ AKoi
PO3MITIEHO Y HYIBOBIH kKoMipLl maM’ sTi. OTxke, 3aIycK IIporpaMu IoYHHa-
€ThCs 3@ CUTHasloM Ha JiHIl RESET. Tlepmoro KOMaHAOK NpOrpaMi Mac
Oyt KoManga OesyMoBHOTO Tepexony JMP ADR, sxa 3ailicHioc nepexij
710 KOMAHIH, 110 3HAXOIUTHCS Y JOBUTEHOMY MICIII T1aM’ AT,

BMICT pericTpis 3aransHOTO TMPU3HAYEHHS i pPEricTpa NpanopLiB 3a-
JHUIIAETHCA HEBU3HAUYCHHUM JOTH, JOKM HOTO HE BCTAHOBJIATH KOMaHAM Npo-

rpaMu.

KoHTpoONnbLHi 3anuTaHHsA

1. BKaxiTh MpW3HAYCHHS, pericTpa KOMaH/I, akyMyJiaropa; 61oka P3I1.

2. BxaxiTh npu3HavueHHA npanopis y MIT.

3. SIxi kepyBanbHi curHam BukopuctoBye MIT niig 3abe3nededss poboru
3 MIPUCTPOSMM, INBHIKOAIA AKUX 3HAUYHO MEHINA Bijl HIBHAKOMI Camoro
MIT?

4. SIxi kepyBajbHI CUTHAIH BUKOpUCTOBYe MII ans 3abesmedeHHs po-
GOTH 3 IPUCTPOAMH, LBUAKOIA AKX GiNbIIE Bij umnm:onil‘ MIT?
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Posgin 3. CdnokpucmanesHi Mikponpoyecopu

. SIki il BUKOHY€ TIpoLecop 3a CUrHaioM RESET?
. Sxi pexumu aapecallii BEKOPUCTORYIOThCA ¥ 8-po3psaanmx MIT?
. SIxy indopmairo Hece DalT cTany?

o IS B Y

. SIki pii BigOyBaroThes B Takrax 7’1 i 72 OYAb-AKOr0 MAUIMHHOTO 1{HK-
ay?
9. HasBiTh MOMKJIMBI TUTIH MAIIHHHKUX KB
10. Ha3piTe [OCNIIOBHICTE AiM mpollecopa B MallUMHHOMY LUK
NMIATBEPIKEHHA TIEPEPUBAHH AL
11. SIxi mii Bukorye MIT mpu Hafxo UKEHHI 3aNMTy TIEPEPUBAHHA B pe-
HUMI TIepepuBaHHn?
12. Slwi nif Bukorye MIT mcens yBiMkaHHA Hanpyru xusieHus? Hassits

MOITUBI CHOCOOU BUXOAY 3 PEXUMY 3YITIHY.

3.2, OaHokpucTansHi 16-po3panHi mikponpouecopu

Jlo 16-po3papunx MIT nepmoro nokonivus vanexars MIT /8086/i8088
12 i80186/i80188, 150 MIT mgpyroro mokostinns — i180286. Benwnka inrerpaibHa
cxema MIT i8086 reomerpuunmmn posmipaMu 5,5x5.5 MM Mae 40 KOHTAKTIB,
MICTUTE Onu3bko 29 000 TparsucTopis 1 cioxkvsac |7 BT i mxepena Kus-
JieAna +5 B, Taktosa wacrora - 5, 8 abo 10 Ml

Mixpornpouecop BUKOHYe oniepauii Hay 8- ta 16-po3pagnuvv Janu-
MU, HABEAEHUMU Y JIBUAKOBOMY ab0 NBIAKOBO-JICCATKOBOMY BHUIIIA, MOXE
00po0sIATH OKpeMi OITH. & TAKOXK PAIKK abo MacuBy JiaHnX. Bin mae By 0-
BaHi aniaparyi 3aco6y MHOXEHHS Ta JijieHAas. GopMaTi AaiNX | BUKOHYBaHI

omepauii Haseseno B 1abén. 3.2,
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MikponpouecopMa mexHika

Tabnuys 3.2. dopmatn qanux i onmepaniit, Bukonysannx MII /8086

. Tun pasux Dopmar Jianason Onepanii
Baift Ge3 3Haka 76 543210 0-255 Jlonanamnud,
I ) 1B BINIMAHHS,
‘ MHOKCHES,
Crapruuit 3Havy it pospsag JiTEHH
Baifr i 3HaKoM 76 543210 Bz -128 Te caMe
f ] To +127
T
Crapiumit suadymii pospay
3rakoBult poapay
Cnoo 0e3 sHaKa 1514 ............. 10 0-65 535 «
l 1
1‘Cl'apl:mm IHALY M po3pAT
CII0RO 31 3HAKOM 1514 ..............1 0 Bix-—32 768
. 1o +32 767
{ |
TCmpumﬁ SHATYIMN po3psl
3HaxoBuit po3ps;l
VIirakoBage 76 543200 0-99 Jloraranms,
NBIEKOBO- N BUIHIMAHHS %
JECATKORE TUCTO I T ] KOPEKIUEIO
Crapina rerpaga (0-9)
Momxouma terpaza (0-9)
PoanakoBane 76 543210 0-9 Ao ganms,
JABIAKOBO~ [ T 1 BLIDIMABBA,
JECATKOBE HHCTIO t MHOKCHHSA,
Crapina rerpana (0) JUICHHA 3
Mozomma rerpaia (0-9) KOPEKHIFlo

TTpunmimka. 3HaKOBI YHCTA TIOAAIOTH Y 10ATKOBOMY KOJI.

Mixkxponpouecop Mae BHYTpimii HaJIoTepaTHBHIIL 3a-
mam’ arosysaneruil ipucTpifi (HO3IT) emuictio 14x16 Gaifr. luna anpecu
20-po3psanHa, WO J03BOJBE GE3M0CEpeHbO afpecyBaT 10 2% =1 048 576
KoMipok niam’ sttt (1 Moaiit).

Ipocrip agpec BBeIeHHsA-BMBEJACHHs CTaHOBUTH 64 kOaiit. ¥ BIC
18086 peanizoaHo GaraTopiBHEBY BEKTOPHY CHUCTEMY NEPEpUBAHb 3 KLIb-
KicTiO BeKTOpIB 10 256. Ilepenbadueno taxox opraizauito ITHIL, 3a skuam
MIT npuruase poOOTy i NEPeBOAUTE Y TPETIH CTaH IIMHU aPECH, JaHuX Ta
KEpyBaHHIL.
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Po3gin 3: O0HokpucmansHi Mikponpouecopu

Cepenniif yac BUKOHaHHS KOMaHAW 3aiiMae 12 takTie. OcoOMMUBICTIO
MII 8086 € MOXNUBICTH YacTKOBOI pekoH(Irypanii anaparaoi YaCTHHH
UL 3a0e3Me4YeHHs poOOTH B ABOX peXHMaxX — MIHIMANbHOMY I MaKCHMaJIb-
HoMmy. Pexxumu po6Goru 3amarothes anapaTHo. Y MiHIMATEHOMY PEeXHMI,
BUKOPUCTOBYBAHOMY 1l IToOYJOBM OJHONIpoHecopHUX cucteM, MIT camo-
cTifiHO (opMye BCi CHIHamM KepyBaHHS BHYTPIIUHIM CHCTEMHMM iHTEp-
teiicoM. Y MakcUMaJlbHOMY PEXAMI, BUKOPHCTOBYBAHOMY A 00y TOBH
MyJIsTHIpPONECOPHNX cucteM, MI1 dopMmye Ha .mHigX cTaHy jBifikoBHI
KO, KU 3alle’KUTE BT TUTY UKy LIMHU. BIATOBIAHO 10 IEOTO KOJAY CH-
cremuuit kontponep K1810BI'88 dopmye curHanm xepyBaHHs IIHHOO.
Konraxru, skl 3BITbHANUCH ¥ Pe3ynbTaTi KOXyBaHHs (HOpMalii, BUKOPH-
CTOBYHTLCA ULl KEPYBAHHA MYJETUIPOLUECOPHAM peskumom. TTpu BUKOpH-
CTaHHi apH(METHIHOTO CIIiBIIpoliecopa MoTpi6Ho 00WpaTH MakcUMabHIMiA
PEKUM.

Ctpykrypua cxema. Y MIT i8086 3acTocoBano KOHBEEpHy apXiTek-
Typy, L0 JA03BOJIAE CYMIlIyBaTH y yaci NMKITM BUOUPAHHA KOMAHH Ta BH-
OipKku 3 TIaM’ATi KOJIB HACTYITHUX koMaHj. Lle JocaraeToes napasie)ibHO
poGoTOrO IROX NMOPIBHAHO HEZANCHKHUX TPHCTPOTB -~ OTNECpaIiiinoro npy-
CTpolo Ta wuHHoro HTepgeiicy. CTpykryphy cxemy MIT /8086 nokazano
na pne. 3.11. Onepaniiiinii ipucTpiit BUKOHY€ KOMaHIy, a IWAHHWIE 1HTEp-
deiic 3AACHIOE B3AEMONIIO 13 30BHIMHBOK MIMHOKW. BUCTABAAC AAPECH,
3UNTYE KOIM KOMAH[, ONCPaHy, 3al¥cCye pe3ylbraTti oGUHUCIeHEs Y
r1am’sirh a0 NPUCTPOI BBEICHH-BUBEICHHS.

Ouepatiiithnid npuctpiit cxagaersesa 3 P31, npusnadcknx ans 36epi-
raHHa NPOMDKHHX Pe3yJIbTaTiB — nanux ta ajapec; AJITT 3 Oydeprunmu peri-
cTpaMy;, pericTpa Tpanopuis; 6iloka kepyBauHs Ta cuaxpoHizauii (BK rta
C), saxuit gemmdpye X0 KOMaHA i TEHEPYE KEPYBaIbHI CUrHAIN 119 BCIX
onoxkis cxemu MIT. Huunuit intepdeiic ckmagaerhes 3 wecTtuOaiiToBoi pe-
TICTPOROI MAM AT, KA HA3WBACTRCA YEProl0 KOMaHJ, YOTHPLOX CETMEHT-
Hux perictpis: S, DS, [5S, SS, BkasiBHAKa KoMaH /P, cymMartopa, a Takox
AOTIOMDKHIX pericTpis 38°3ky 1 6ydepa mun (BIIT) anpecw/nanux. Yepra
KOMaHJ Tpaloe 3a npuHuunom /710 (First Input — First Quiput, 10010
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nepruuil npHitinos — repinyii MmimoB) i 36epirae Ha BUXOI TOPA0K HATXO-
JXKeHHA KoMaHa. JJoBxkuHa yepry 6 Oaiit.

Komu onepauiituuii mpucTpil 3af{HATHH BUKOHAHHIM KOMaHIM, IIHAH-
Hul iHTEpdeEiic caMOCTiiiHO IHIIIIOE BHIIEpeKaouy BUOIPKY KOJIiB KOMaHA
3 IaM ATi y 4epry. Komanja. BrOupanus 3 nmam’sTi 4eprosoro KOMauiHoro
CII0Ba 31iHCHIOETHCS TOMAI, KOMM B 4YEP3i BUABNACTHCA 1B BINBHI OaiiTw.
Yepra 361bIIye ITBUAKOIIIO MIPOLECOpPa Y BHIAAKY MOCTIIOBHOIO BUKO-
HaHHA KoMaHZA, Y pa3i BUOMpaHHS KOMaH] MepexoiiB, BUKIMKIB I IOBEp-
HeHb 3 MignporpaM Ta oOpoOiIeHHI 3anMTIR NepephBaHb yepra KOMaHI
CKUIAEThCs 1 BUOMPAHHSA TOYHHAETHCA 3 HOBOIO MICHS IPOrpaMHOL

maM’sTi.
MTusrwmi
Onepauiiinuit AH . AL o AX Cymarop inrepfeitc
TpUCTpiit ‘ 16
B | B | BX t
cropon|ocx S
DH | DL | DX DSy
' N 20
Pall BP S5 16
; ES ’
SP 6 - 16]
St 16 w 16
DI Perictpm ¢ .
16 I JoBHiILUBA
IBAY o HmHHa
! i
i (il
Bydepni
pericTpu
Tlpanopui AT EKTaC 112304 sise
Puc. 3.11. Cmpyxmypna cxensa Mikponpoyecopa i8086
120

Po3gin 3. OdHokpucmanbHi Mikponpouecopu

e oauuM i3 3aBlaHp MHMHHOTO 1HTepoeiicy € gopmyBanHs (izaHOT
20-po3psanoi agpecH 13 aBoX 16-pospsaHux ciiB. TTepiuuM ciioBoM € BMICT
oJHOro 3 cerMeHTHHX perictpis (IS, SS, DS, ES, a apyre closo 3alexuTh Bl
THITY azpecali onepagia abo xkody koManay. Cxnaganes 16-po3psaHux Ciis
BIAOYBAEThCA 31 3MIMEHHAM Ha 4 PO3psAIN 1 31iHCHIOETHCA 32 JOIIOMOTOFO CY-
Maropa, 1o BXOAUTh 10 CKIaay MHHHOTO IHTepdeiicy. |

IlpasHaueHHs KOHTaKTiB. YMoBHe rpadiude 3o0paxenus MII
i8086 imocTpye puc. 3.12.

[Tpu3nauenns kontakTis BIC 3anexurs B pexxumy pobotu MIL Bi-
CIM KOHTakTiB Mae€ MojBiliHe NO3HAYCHHS, IPHUOMY MO3HAYEHHS B JIyKKaX
RIJIMOBI JAIOTH MAKCUMATBHOMY PEXUMY.

cru ADO
NMI AD1 :1 5
18 ————— /NTR AD2 — 14
A3 -_‘_]3
19 e AD4 12
CLK ADS [
ADO6 —10
Aap7 | <
21 == reser ans | __é
A0y
ny —— N READY AD10 — 6
ADI /5
23 ————— LG AMNM2 [ a
TEST PIIEY —
AD14 2
- AVGISIZ |— 38
- MNAMY A7isre ————37
A18/8T5 ——36
A19/8716 fF———35
30 ————| HLDA_ BHEISTT 34
ROIGTI
3= yoip 2o 32
LD RD g—— 2
RQIGTO o
WRU.OCK) }— 29
7 ST2
L ———— owvn M,/{Q(S,,.I N ) 28
DIRSTI———27
20 —— Gan DEN (ST0Y }—_ﬁzo
U ALE(QS0) f——-25
40 —— ¢ INTAQSHF——24

Puc. 3.12. pahiune sobpaxcenns BIC MIT iS086
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V. Tabn. 3.3 HaBeneHO NpW3HAYeHHA KOHTakTiR MII, oaHakoBMX s
000x pexuMie, y Tabm 3.4 — npu3sHaueHHS KOHTAKTiB, SKi BUKOPUCTORBY-
I0ThCA TUIBKH B MIHIMABHOMY DEXUMI, y Tadj. 3.5 — npusHaYeHHsA KOHTa-
KTiB, sIKi BAKOPUCTOBYIOTBCS TiJIbKU B MAKCHMalIbHOMY pexxumi. Jliteporo Z
TI03HAYEHO TPHCTAGIIBHI BHXOMH, 110 TIEPEBOAATHCS ¥ TpeTili Bucokoimiie-
A@HCHUI cTaH mpu nepexoi MIT y pesxuM 3aXomniueHns; y Ay KkaX HapeJe-
HO a/IbTePHATHBHI TIO3HAYEHHSA KOHTAKTiB, AKi TPAIUIAIOTECA B JITEPATyPi.

Tabnuya 3.3. Ilpu3navenHs konrakris MII /8086 aiast MiHiMaJILHOI O
i MAaKCUMAJIBHOI0 PE:KUMIB

Tlosnaven- IIpuznavenus Tun
Hsl
1 2 3

AD15-AD0 | Address/data — MynpTAIUIEKCHE QBOHANPAMIeHA LIMHA appe- | Bxiv
cw/manux (ADB — Address Data Bus), 3a AK010 3 pO3TOAITOM y | BUXLL
qaci MepeNaroThCA anpecd | mami. Anpecw mepeparoteca sl (%)
MepIioOMY TaKTi LWKIY [MHHU | CyHPOBOIAYIOTHCS CHTHAJIOM
ALE, a nagi —y apyrifi NONOBUHI HUKIY LWUHHHA { CYNPOBOILAY
OTECH curHanom DEN

BHE /ST7 | Byte High Enable/Status 7 — uxigauit cursan nossony ctap- | Buxia
moro GaiiTa/carHan crany. ¥V mepuioMy TakTi uukny sopHoaac| (Z)
3 anpectomo indopMaliero nepenacthes curnan BHE . AkTua-
muit (L) piest BHE osmauae, mo 1m0 cTapmifl nonxosmxi
AD15-AD8 muuu agpecu/nanux nepenalorees 8-pospsavt na-
Hi. Curran BHE BHKOPHCTOBYETLCA UL A03BOIY AOCTYRY 1O
cTapmoro Oanka nam’sri abo 0 30BHIMHLOrO MPUCTPOK 3
6aifTOROIO OPraBI3aIiclo, NiAKIHOYEHOTO X0 CTAPIMOI TONOBHU-
HU [OMAW gaenx. B iammx raktax GOPMyETHCa CHIHAN CTaHy

ST7
RD Read — puxignuil curnan untanus. Bxasye na e, uro MII Bu- | Buxiza
KOHY€ UMK YUTAHHS (2)

READY | Ready — BXigHHil cUrHan roToBHOCTI, AKMiT miaTBepmAye, wo | Bxix
KOMIpKa TaM’sti aGo mpucTplil BBeAeHHS-BUBEICHHS, AKUIl
aJIpecy€eThC Y KOMaHIL, roToBuii 10 B3aemomii 3 MII npu ne-
pesaui janux

INTR Interrupt Request — sxigamit curnai sanuty (npu H-pisHi) va- | Bxix
CKOBaHOTO Tiepepupayns. Sxino nepepuBanis possoneno, MII
HepexoIHTh 40 MiAuporpamu o6pobKu mepepuBaHHs. B iHimo-
My Bunajxky MIT irsopye uet curnan
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Ipoooexcerns maba. 3.3

1

2

RESLT
(CLR)

Reset (Clear) - curnan anaparsoro ckupuanss (npu H-
pieH1). Ileperomure MIT v mo9aTkoBUll CTaH, NP AKOMY
CKHHYTI cerMerTHl perictpd (xpiM (S, yci pospsar Skoro
BCTAHOBIIOIOTECA B ONHHHYHWH CTaH), BKa3BHAK KOMaHL
IP, y¢i mpamopmi, pericTpr 9eprd KOMaeA i BCi BHYTDIlIHI
Tpurepn y npucrpoi kepyeanrs. Cnraan RESET we srm-
RAC HA CTaH s3araneHWX pericrpis. INig wac nii curmamy
RESET yei BHXOAM, L0 MAIOTh TPH CTaHH, NEPEBOAITLCS Y
TPETI# CTaH, BUXOMH, 0 MAFOTE ABA CTAHM, CTAIOTH TTACHE-
Humu. Midimanewa tpusanicts cursany RESET npu umep-
momy BeiMKHeHH1 MIT cranosurs 50 Mxc, a mpu mosTOp-
HOMY 3allycKy — 4 TakTH cHHXponizamti, TobTo 0,8 Mxc npu
rakrosid uacrori 5 MIu. Tlicns 3axinvenus chArnany
RESET mouasaeThes UKL BUOIPKH KOMaH U 3 namM’sTi 3
anpecoro OFFFFH-0000

Bxig

CIK,
(C1.0)

Clock - sxigmi TakToBl IMIYJIbCH, K1 3a0e3n€4yIOTh CHH-

XpoHizamiro poboru MIT

Bxi

MN/ MY

Minimum:maximum —~ BX1]1 CUTHALY BEOOPY MIHIMATLHOTO
abo MakcuManbHOre pesxumis. CUCHAIN HA UGOMY BXOJI BH-
3navae pesknm podorw MIL | - mimiMamerwd, 0 - Makcen-

ManbHA R

Bxin

TEST

Test - sxignuil curran nepesipkd. CUIrHAN BHKOPHCTOBY-
ETRHCS PA30M 3 KOMAHAOIO odikyBauna WAIT, sakonyrouu
axy, MIT iepenipste pieers curbamy 71ST. fAxmo TEST = 0,
MIT nepexoants 10 BEKOHAaHHA HACTYTHOT micms WAIT ko-
wanzu. Axio7EST= 1, MTT 3naxoanrses y cradi ouikyBsan-
H, BUKOHYE XONOCTL TaKTH | NMEPIOANYHO, 3 THTEPBAIIOM

5Ty x, nepesipsie 3HauesHs carpary 7TLST

Bxia
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Tabnuys 3.4. llpusnavenns konrakris MII i8086 y MinimaibHOMY

pexREMi
ITosHagenns IIprsnaueHus Tun

VT Interrupt Acknowledge — pixianmii cHrHAN MATBEPIHKCHHA Nepepusay- | Buxia

5, 1O BH3HAYAE THTAHAN BEKTOPA IEPeHBARKA

Address Latch Enable — wyxigamii curban gossony ¢ikcadi anpecw; sy- | Buxix
ALE JAETHCA HA NOYATKY KOMCHOTO LRIy IIVHHE | BHKOPHCTOBY €ThCA 1A 3aUHCY

aapecH B perietp-dikcarop
DEN Data Enable — waxipoaii cirHan 03801y JaHUY, IO BI3HAYAE NMOSBY 13- | Buxia
(DE) HHX Ha LU 3J[pech/ aHuX (V4]

_ Data Transmit/Receive (Qutput-Input) — suxinuuii cMrHaa nopegasay- | Baxin
DT/R | usw/mpuiivanis jauvx; BUHAYAE HAMPSM fepedadi damux no ADB Tpu-| (2)
(OoP/ IP) | 3HaueHWH U1 KepyBaHHS WHHHIMA GOPMYBAaMy i i€ MPOTATOM YChOro

ATy (TMHK
Memory/Input-Output — BUX\AHEIA CUrHATT O3HAKH 3BCPHCHHA 0 Iant sl | Buxia

MI1I0 (M/'m = 1) a6o 30BHINIHBOrO MPUCTPOIO (1\/1/7(—) = ()). BuxoprcToBy crbes %)
JUIS PO3NOIITY AJPECHOTO IIPOCTOPY 1AM’ ATi T BBCACHHS -BUBCACHHA

Write — puxig cursaty samicy. C1pod, skuii Bkasye Ha Te, nio MTT enko- | Buxig
WR HY€ LMK 3aTCy B IaMm 1Th ab0 30BHILAIN upHcTpil 1 cynposokye Janl, | (7)
mo Bugatorses MU Ha nomy nanmx

HOLD Hold — Bia cureamy sanuTy 3axOrvieHHS WHMH BLI 30BHIIIHLOTO npw-| Bxia
crpoto aGo xorrpoepa [T
HLDA Hold Acknowledge - sixinmmii ournan niamespmierna saxonierns. Cn- | Brxin

THAT Bkasye Ha Te, mo MIT repeBis CBOI IIMHA ApCCH/TAHUN, fape-

{ cx/cTaHy 1 KepyBaHHs y Z-cTaH

Tabnuya 3.5. llpnznadenns kontaktis MII /8086 y MakcnmaIbHOMY

pexnmi
[MosHayerHst IpyusHagenns Tun
1 2 3
ST2,ST1, | Buxiasi curHai M IiHii cTaMy; XapakTePH3yIOTh THIT BUKOHYBaHO- | Buxii

ST0 (§2-S0) |ro 1MKIy WHHE, BUKOPUCTOBYIOTRCH VIt GIOpMYBaHHA kepysans-| (Z)
HUX CUTHATIB
RO/GTO | Request/Grant (Request/Enable) — msa pxiami/emsimmi carsam | Bxiy/
== 757 |3amuMTY/HajaHHA JIOKATbHOI LIMHM; BHKOPHCTOBYIOTBCS 1| BHXiA
@ﬂl 38’A3KY 3 IHOIMMH IPOLECOPaMH, a caMe 3 apuQMeTHIHUM CIniB-
(RQ/E0) |mpouecopom. Jlinis RO/GT Mae MeHIMIME npiopuTeT

(RO/ED)
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lipoooeicenns maba. 3.5
1 ' 2 3

LOCK Lock — saximnuii curnan 6nokysanus (3afiHaTocTi) IBHHY, cd- | Buxin

rHAl MOHOMOMI3AII] KEPYBaHHSA LUHHOW; QOPMYETBCS Wifl Yac
BUKOHAHHA KoManay 3a npedikcom LOCK # mbopmye inur
OPOLECOPH 1 IPUCTPOI PO Te, IO BOHHA HE IIOBMHHI 3AMPOIILy -

BATH CHCTEMHY IUHHY

081, OS0 | Queue Status — npa BEXIZHI CUTHAIM CTAHY vepry; igentd- | Buxix
$IKYIOTB CTaH BHYTPILIHEOI LIECTHGANTOROI Yepry KoMasg
MII i gixoTh NPOTATOM TAKTY CHHXPOHI3aUii iCHS BUKOHAH-
HS onepauii Hap weprowo. Curnamm QS1, (OSO rpusnaveni
NS CTBRIpOUecopa, INO KOHTPONFOE HIMHY aApecy/NaHux,
bikcye MOMEHT, Kojth 3 NPorpaMHol nam’sti sabupacrbes
OpH3AaYeHa Jng Heoro koMauza 3 npedikcom LSC, a nicns

UBOMO CTEKHUTHL 3a YeProid KoMaHa 1 BU3HAYAE MOMEHT, KOJIH

A KOMAaHAA MA€ BUKOHYBATHCH

Jhinii cramy. Jliii $72-S70 — Buxony curHaiiB ctany — ieHTHQIKY-
HOTb TMI! LMKITY UIVHY, W0 BUKORYETbCS 3riHO0 3 Tabn. 3.6. /[uxcnoa utunu
Ha3uBalOTh 3BEPHEHHS JIO KOMIPKA NaM’ATi a00 30BHINIHLOTO HPUCTPOIO.
Ile Bu3nawcHs 30iracThed 3 BH3HAUCHHAM MAMWHHOIO 1WKNy ang 8-
po3paaHUX npouecopis (AMB. riaposa. 3.1). Oanak 'y 16-pospsHux upone-
COpax LMKJI LIMHKA MOXKe THilioBaTu He TUikkd MIT, ane it apudpmernanmii
cnisnpouecop abo creuializoBaHil HPOUECOP BBEAECHHA-BUBEICHHA.

TTowaTok UMKy BU3HAYAE ThCS TIEPEXOAOM JIHIN cTany §72-S70 3 ma-
cusHoro (111) B axTuBHUA craH, a KiHElb — 3BOPOTHUM EPEXOJOM Y Ma-
cuBHUA cTan. Curnanu S72--S70 noaaroThCs HA BXOIM KOHTPONEpA MMHN
i8288, 1o nemmbpye ix i GOpMye CUMHATH KePYBAHH CUCTEMHOIO INMHOO
IOR, 1OW , MEMR, MEMW . INTA, ALE, DEN.
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Tabnuys 3.6. InerTndikanis THOY UHKIY INHHA

Thnil erary Tun npkny mrHu
ST2 ST1 ST0 )
0 0 0 IO TBEP/DKEHHS [TEPEPMBAHHA (INTA)
Y 1 BBEJEHH I (yuTaHHS 30BHILIHEOTO OPHCTPOIO)
0 1 0 BUBEJIEHH A (3anuc y 30BBImHIN TpucTplii)
0 1 1 3VIIMH
1 0 0 BUBIPKA xomanau
1 0 1 YUTAHHA [TAM’ ATL
1 1 0 3ATTUC V ITAM’ ATh
1 1 1 Hukny umixu sevae

Curnan ST2 € ToriusuM eKBiBaneHToM curHamy A70, a ST1 — cur-
nany DT/R (nus. migposn. 3.1). Curnanu S74, ST3 BkasyoTh, Akuit cerme-
HTHH# PETICTP BUKOPUCTOBYETHCH Y JaHoMy LMK (Tad1 3.7) I MOXKYThH
BUKOPUCTOBYBATHUCA JUIS PO3IIMPEHHS aJPECHOIO IPOCTOpY CHCTeMH. Y
hOMY BUIAAKY OKpeMuif Oank mam’ari emuicTio 1 MOaiT BHAIIsSETHCA
KOKHOMY 13 HoTHphox cermenTis. Jlo Busoais MIT S4, S3 ninkmouators
neumdparop, mo Bubupae Bignopigauit 6ank rmam ATi. Take MpuliMatHs
3abe3nedye po3mupeHHs afpecHoi naM’ sTi 1o 4 M6aift 1 3aXucT Big IOMU-
TIKOBOTO 3aIINCY V CErMEHT, 10 NEPEKPMBAETHCA 3 IHIIAMI CErMEHTaMMU.

Tabnuys 3.7. Inentadikalis cerMeHTHOro pericrpa

S74 ‘ S13 CerMeHTHME pericTp
0 0 ES
0 | SS
0 cs
1 1 DS

Curran STS BiamoBijiae cTaHy npanopus [/ xo3soiy IepepuBaHb:
0 — mepepuBanHs 3a6opoHeHo, 1 — nepepuBanHs go3BolieHo. Curnam S76,
S77 He BUKOPHUCTOBYIOTBCS | 3ape3ePBOBAHI JUTS HACTYITHUX Moaeneii MI'T.
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- Inentudikaiis craHy dyepru KOMaH[ 31iCHIOETHCA 3a HOTIOMOTOI) CH-
rHamiB OS1, OS2 (aus. Tabm. 3.5). 3HaueHuHs 1UX JiHil BU3HAYAE oriepariiro
HAJl 4eproro KoOMaH] BIIMOBIIHO fo Tadm. 3.8.

Tabnuya 3.8. IneaTndikanist crany uepra KoMaHg

0S1 050 Onepauis Bag 4eproro

0 0 Onepatlii HeMae, B OCTAHHLOMY TaKTi He 6y.10 BUOIpKH i3 ucpru

0 1 3 uepru Brbpano nepurmin GaifT KoMaH1

1 0 Yepra noposxs; Gya2 COyCTOMEHA KOMaHACK Tepsiadi KepyBAHHA
]

1 3 uepru Bubpano HACTYIHUE GailT KoMaHAN

Jlinii 3anMvy/HaganHsg JokaidbHOT mmmA. JIBOHAUpAMIEH] JTiHii
RQ/GTO,RQ/GT1 BUKOPUCTOBYIOTLCA JUTA NEPENadi iMITYTbCHUX CHTHANIB
3a1MTy/I03BOTY JOCTYITy JI0 JIOKansHOI mvHA (kanany). TTpouec aoctyny
10 WHHA 3MHCHIOETECA B TAKOMY [IOPAAKY: CMOYATKY TPUCTPIiA, yBIMKHe-
HIUiA 10 TOKALHOI HIWAN, SKUIA NoTpebye AoCTyMy A0 3araibHUX Pecypcis,
dopmye IMAYNLC TPUBAIICTIO | TAKT, WICHA 1LOTO HANPHUKIHUI [OTOYHOTO
uukgry MIT Bupae BigoBiHWI IMIYIJIBC, IO THATBCPIKYE MOKIMBICTD 10-
CcTyny /o JIoKanbHOI MHK. Y HactynHoMy takTi MIT neperoants mvHH
QUPECH/TANUX | KePYBAHHSA Y BUCOKOIMIIIAHCHHH CTall i BiIKIHOUAETHCA
i1 Kanany. ITo sakivueHHi poGoTH 3 KAHATOM IIPUCTPIi BUiac Ha Ty XK Ji-
HIKO TPETIH IMITYJIbC, WO BKA3YE HA 3AKIHYEHHS 3aXOMUIEHHs Kanany. Y Ha-
crymHoMy TakTi MIT BIIHOBITIOE KEPYBAHHS IUWHOKO 1 TIPOOBXKYE 0GUHCIIEH-
HA. YCI TPU IMITY1bCH MAKOTh OIHAKOBY TPWBAJIICTH | HU3bKWI aKTWBHUM pi-

BeHb. CUHAIW HA JIHIAX HE3AIEKHI, OHAK JUHIA RQ/GT0 Mae BUILMIE Tpio-

PWTeT, HiX JiHis RQ/GT1, pU OAHOUACHOMY HAXXODKeHHi 3aiitip. Koxaa 3
JBOX PO3MISHYTHX JIIHIH BUKOPNCTOBYETHLCSA JUIST BCTAHORJIECHHS PCKHAMY 3aX0-
TJICHHA [IAA 1 exBisaneHtHa napi HOLD 1 HLDA MIT i8086 y midimanbHOMY
pexmi (aus. 1ijposa. 3.1).

127



MixponpoyecopHa mexHika

Opranizania nam’ari. [laM’sate genge coGoro MacuB eMmHicTIO 1
M6aiit, To6T0 2°° 8-pospammmx komipok (puc. 3.13). V mam sti 36epira-
10ThCA K GaifTy, Tak i ABoOaiiTosi cioBa. CooBa po3MilMyIOThCA y IBOX CY-
CIHIX KOMipKax ram’sTi: crapimit GailT 36epiracTbca y KOMIpIN 31 crap-
IIOK0 AJPECOr0, MOJOAMMUI — 3 MOJOAIIOK. APECOI0 CIOBa BBAXKAETHCA
azpeca Horo monoxmoro 6aiita. Ha puc. 3.13 mokaszaHo npHKnaj, Koiu 3
agpecoro- 00000 36epiractbes Gaitt 35H, a 3 aapecoro 00001 — cnoso
7844H. TTouatkosi (00000H-003FFH) i xinueBi (FFFFOH-FFFFFH) an-
pecu 3ape3epBOBaHI Ui CHCTEMM IlepepHBaHb Ta NMOYaTKOBOTO BCTAHOB-
JIeHHS BiI0BIIHO.

Opranizamis maM’ fTl, KONA KOXHIM agpeci BIANOBIAAE BMICT OJHi€l
KOMipky Tiam’ ati (pue. 3.13), nasusaetnes ainidinoro. Y MIT i8086 3actoco-
BAaHO CETMECHTHY OpraHI3allifo TaM’sTi, SKa XapaKTepPH3YEThCA THM, 1LO
OPOrpaMHO JOCTYHHOO € HE BCS IaM’sATh, @ JUlIE Jesdki CErMEeHTH, To6To
obsacti maM’aTi. YcepeauHi cerMeHTa BUKOPUCTOBYIOTH JIiHINHY ajipeca-

L0,
00000 35
00001 Y]
00002 |7 78
FFFFE
FEFEF

Puc. 3.13. llpoepartna 3100eb nar’smi

VrpoBa/pKeHHA CETMEHTHOI OpraHizanii MOXKHA TIOACHHUTH TaKuM UM-
HoM. Mikpornponecop i8086 aBnse coboro 16-po3pagauii mpouecop, T06TO
BIH Mae 16-po3paaHy BHYTPILIHIO LIMHY, 16-po3psiHi pericTpH | CYMaTopH.
IIparnenns po3poOHukiB BIC agpecysaru sskoMora Ginpluiii MACHB raM’ ATi
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3yMOBHUNO BUKOpUCTAHHs 20-po3panHoi muHu Kasux. JIng nopigasaus: 16-
PO3psIHA ITHMHA ajipecH Jo3sonAe agpecysatn 2'® = 64 k6aiir; 20-pospsaHa
— 2= | M6aiir.

Jina ¢popmyBanns 20-po3psaaHoi agpecu y 16-po3psaHOMY [POLIECOPI
BHKOPHCTORYIOTE 1H(hopMarito ABox 16-pospsaaumx perictpis. Y MIT i8086
20-pospanHa aapeca GopMyeThea 3 ABOX 16-po3psAHUX agpec, Akl Ha3UBa-
10Th aoziynurmu. Tleplra norivaa aapeca, AOMOBHEHA NPaBopyd YOTHpMaA
HYJAMH, ABJSE cOO0I0 TOUATKOBY aJipecy CerMeHTa €MHICTI0 64 kOailT.
Hpyra noriuxa aapeca BU3HAYAE 3MILIEHAA Y CETMEHTI, TOOTO BIJICTaHb BiJ(
[oYarky cerMexra Ao ajipecoBaHoi koMipkm. Slkmo Bowa aopishioe 0000,
TO aJPECYEThCA Nepina KoMipKa cerMeHTa, axio FF/I"H — 1o octanns. OT-
e, TIOVIYHME aJpecHMid NpocTip pPO3MOUUIEHO HA OJIOKH CYMIKHMX aipec
po3mMipoM 64 kbaiiT, TO6TO CErMEHTH.

Takuii nigxig o opramizauii naM’sTi 3pydHad me # ToMy, Lo
oaM’AaTh 3a3BAYAli NOriYHO MOAVISETLCA HA 00macTi Koiy (JporpamMHoi
mamM’ATi), maHnx 1 creka. OiznaHa 20-pos3psaaHa azpeca KOMIPKH [1aM st
dopmyeThes 3 IBOX 16-po3pAIMUX afpec — aqPecH cerMeHTa Seg | BUKO-
HaByoi asipecy /A (Fxecutive Address), AKI gopawThest 3i 3MILLEHHIM HA
YOTUPH pospsiam (puc. 3.14).

5 0

Cervenr Scg 0000:

+ 15 0

{00 00 Fvingenny EA
19 0
diznuma aupeca

Pue. 3.14. Gopaysarust ihizuunol adpecu
3MILIEHHs apech cerMeHTa Ha 4 po3psaiu TBOPYY CKBIBAJICHTHE HOTO

MuOKeHH0 Ha 2' Toni disngna anpeca ZopisHIOe 16 x Seg 1 [i4. Gk nepia
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ToriyHa ajpeca Seg BUKOPUCTOBYETHCS BMICT ONHOTO i3 YOTHPROX CErMEHT-
. HuX perictpiB: CS (Code Segment — cermeHT kogis), DS (Data Segment — ce-
TMEHT faHux), ES (Extended Segment — H0AaTKOBHMi CETMEHT JaHMX), SS
(Stack Segment — cerment crexa). Ipyra noriuna agpeca EA afo 3MileHHs
3aIeKUTh: Bil CerMeHTa. Tak, Y CerMeHTi KOHiB K £A4 BHKOPHCTORYEThCS
BMIiCT TYUNTBHUKA IHCTPYKLIH /P, y cerMeHTax JaHuX 3HauYeHHs 1A 3a71eKUTh
BiJ1 300y ajpecalii oepaHa, y CerMeHT] cTeKa BUKOPHCTOBYHOTHCH peric-
Tpu SP abo BP.
ITepeTBOpeHHs JOTIMHMX aApec Ha (QI3UYHI 3aBKIM OJHOZHAYHE, TOO-
T0 Tapi Seg i EA BinnoBifae exuna ¢isudHa agpeca. 3BOPOTHE IEPETBO-
PEHHs He € OJHO3HAauYHUM: (I3UYHY aJpecy MOXKHA IoJaTH 3a JONOMOIO
4096 map morivaux agpec. Y noaansmoMy Gy aeMo nozHavarta Gizuuny aj-
pecy v Buriami Seg:A, ne ak Seg 1 £A M0OXyTb BUKOPUCTORYBATHCA 1 T10-
3HAYEHHS pericTpis, 1 16-po3paaHi naHi.

Hpuknaa 3.1. 36aiTy 3HaveHAs Gi3UIHOL anpecm 3a JJBOMA 3HAYEH-
HAMU Jtoriyaux aapec CS:/P.

Hexait BmicTrom cermenTHoTO perictpa CS € uucno 2002H, BMicTOM
BKa3iBHUKa koMmaHx /[P — 3175H. Jomamo no 3HadeHHs CS 4OTHpPH Hymi
IpaBoOpY:

CS(0000) = 0010 0000 0000 0010 00008 = 20020H.

BukoraslmM onepalio A0AaBaHHA i€l BEAMYMHA 0 BMICTY pericTpa
IP, orpuMaemo Qi3HyRy aapecy:

0010 0000 0000 0010 0000
" 0011 0001 0111 0101
0010 0011 0001 1001 0101=23195H

Omxe, 3amuc CS:IP npu CS = 2002H, IP = 3175H rignosigae ¢izny-
Hilf anpeci 23195 H.

130

Po3gnin 3. O9xnokpucmansHi Mikponpouecopu

Hpuxaan 3.2. 3uaiita 3HaveHHT IBOX JOTTYHUX aapec, AKi O BIJNOBI-
Jamy Qizuyrii agpeci 23195H i we JOpIBHIOBANM JOTIYHUM ajpecaM Tpu-
k3l

3uavyenHs ¢izuuHoi aapecu 23195H MoxHa ojepikaTH A0NABAHHAM
JBOX IHINMX JoTignmX aapec 2100/.2195H:

0010 0001 0000 0000 0000
+
0010 0001 1001 0101
0010 0011 0001 1001 0101=23195H

CMHICTB rtam’aTi | MOaiiT, mouuHaro9u 3 HYJTbOBOT ajpecu, po3bura-
€TheA Ha maparpadu no 16 Gaiir. CerMeHT MoXKe MOYMHATUCS TIILKU Ha
Mexki maparpada, To0To B aZpeci cerMeHTa MONOJILI YOTUPH OITH agpecH -
HYJIbOBI. PO3MIIICHHS CerMeHTiB y TaM Tl J0BUIbHE. CSYMEHTH MOXYTh
YACTKOBO 200 MOBHICTFO MIEPEKPHBATHCS 200 HE MATH 3ardjibHUX JaCTWH.
3MIHIOWOYW 3HAUCHAA AK DEPLIOT, TaK 1 APYrol JIOrHHNX ajpec, MOXKHA ajl-
pecyBati OyAb-siKy KOMIPKY 13 3araibHoi naM 11 eMHicTio | Moaitr.

Ha puc. 3.15, v nokazano po3Miluerns y npocrtopi 1 MoaiT yoTupbox
cerMeHTIB 1o 64 k6afiT Oe3 nepexputTa. [TovyaTkoBl ajpecH CETMEHTIB BU-
3HAYAIOTECA BMICTOM |6-pO3PAIHAX CErMEHTHUX PEriCTPIB, AK! ONOBHEHO
DPaBoOPyY YOTHPMA HYJIbOBAMM Oitamu. 3MILIEHHS B CErMEHTI KOJ1iB BU-
3HAYaCThCs BMICTOM pericTpa [P; 3MiuleHHS B CerMeHT] IaHuX | JIodaTKo-
BOMY CEI'MEHTI JIauHX — c¢(PEKTHBHOIO aapecoro A, dKka HABOIOWTHCH B KO-
MAaHMI; Y CErMEHTI CTeKa - BMICTOM pericTpa SP.

VY cerMenTax KOAIB PO3MILIEHO KOAH KoMauj, ToOTo nporpaMy y Ma-
HIMHAMX KOJAX, V peurti cerMerTiB -- nadi. IlporpaMa mMoxke 3BepraTucs
TUILKM JI0 XaHUX Y cermenTax (puc. 3.15), MO3HAYeHNX 3atITPHXOBAHIME
obmacrsiMu.

3MIHIOIOYM BMICT CCTMEHTHUX PETiCTPIB, MOMKHA NEpecyBaTH CerMeH-
TA B Mexax yciei nam’ari 1 Moaitr. Ha puc. 3.15, 6 nokasano posramy-
BAHHA CETMEHTIB KOUIB, JaHUX, CTEKA Ta JI0JIaTKOBOI0 CCTMEHTA 13 HACTKO-
BUM HIepeKpUTTAM. Takuili BUNAJIOK BUHWUKAE TOJI, KOJIIH BMICT CETMEHTHHX
periCTpiB BIAPI3HACTLCA MEHIU Hixk Ha 64 k6aitt/16 = 4096 Gaiir.
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Poaain 3. OdHokpucmaneHi Mikponpouecopu

[ ¢s:0000 50000
CerMeHt
P KoAiB
DS:0000
DS:0000
CermenTt S§§:0000
EA TAHHX
. M@aiir
$5:0000 CerMeHT
cTeka
Sp ES-0000
ES:0000 Hoarxonuit
- { i CErMEHT
FA

Puc. 3.15. Possiwgenns cezmenmis 'y npocmopi nam’smi 1 M6atim:

a -~ 6e3 nepekpummsl; 6.~ 3 YACMKOSUM NEePEKPUMNISLM

IIporpamua mopeas. ITporpamua monens MIT /8086 (puc. 3.16)
cxnagacTbes 3 P3I1, cerMeHTHNX pericTpiB, BKA3IBHUKA KOMAHJ i pericrpa
HpanopLis.

PericTpu 3aranbHOTO NPU3HAYEHHS TOMUISIOTBCS HA PETICTPH JAHUX |
pericTpu-BKa3iBHUKM. Jlo pericTpiB TaHMX BITHOCATH HOTHPU 16-po3psitHi
pericrpu: AX, BX, CX, DX. KoxxH1t 13 UMX PericTpiB CKIaacTbes 3 IBOX
8-pO3pAmHNX PETICTPIB, KI MOXKHA HE3ATIEXKHO AIPECYBATY 3a CUMBOIYHUMU
iMmeHamu AH, BH, CH, DH (crapmi 6attru — High) ta AL, BL, CL., DL (Mono-
Ao Gaiiry — Low). Perictpu-BrasiBEuKR SP (Stack Pointer - BKa3IBHUK CTe-
xa), BP (Base Pointer — 6azosuii perictp), SI (Source Index — ingexc mkepe-
na), DI (Destination Index — ingexc npusHaueHHsa) € 16-pospaaHuMu. Yci
P31 moxnHa Buxopucrartd ai1s 30epiradHs JaHux, ajde B JeAKHX KOMaHIax
JOITy CKAECThCS BUKOPUCTAHHS TIEBHOTO PETicTpa 3a 3aMOBYYBaHHsM: AX — Iipn
MHOKEHHI, JIUICHHI, BBEJICHHI Ta BUBEICHHI CNiB, AL - NpH MHOKEHHI, mi-
JIEHHI, BBEJICHHI Ta BUBEJEHHI OaliTiB, AECSTKOBIM KOpEKIlii, nepeTBopeHHi
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GalTiB (komanna XLA7), AH — npu MHOXeHHI | gineHH Oaitris; BX — upu
TpaHemaui; CX — SK JIYUIBHUK HUKIIIB i BKa31BHUK JOBKWUHH PAAKIB V pAd-
KOBUX KoMaHzax; (/. — [uist 30epiranHs 3MilNeHHs 3 yKa3aHHAM 3MiHHOi, DX
~ TIpY MHOKEHHI Ta JUICHHI CJIiB, BBEJICHHI Td BUBEAECHHI 3 HEMPAMOIO ajpe-
camiero; SP - pu onepauiax 3i crexkoM; S7, D] — Tpu pAAKOBHX OIfepallisx.
Ha simminy Bia 8-pospsamrix MIT perictp SP 306epirae 3MimeHHs ocTaHHbO1
3aMHATOI KOMIPKHU CTEKA BIIHOCHO IOYATKY CErMEHTA CTEKa, a [IoBHa azipeca
cTeKa BU3HA4YaeThes sk SS.SP.

Perictpn aaHux
15 8 7 0

BX BH BL
cx CH CL
DX DH D,

15 PericTpn-rasi BHIKY 0
Sp
BP
St
DI

15 Cersewrni pericrpy 0
Cs
DS
JA
A\

15 Bxasinumx xomang 0
C |

Perictp npanopuis 1
[X | X | .\*J .x’] or | DI [ )7 | T | SH | ZF | X | A [ X] )73 | X [(7/‘1‘]

Puc. 3.16. Hpozpavna sooeaw MIT 8086
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CermentHi perictpu CS, DS, ES, SS BU3Ha4ar0TE NOYATKOBI apecH Ho-
THPHOX CETMEHTIB HaM’ aTI. BIKopHcTaHHs cerMEHTHUX PericTpiB BU3HAYA-
€THCS TUIIOM 3BEpHEHHS 10 naM’sati (tadim. 3.9).

Jis fnesxux THIB 3BEPHEHb AOIYCKAETHCA 3aMIHA CETMEHTHOTO pericT-
pa 3a 3aMOBUYBAaHHAM Ha aJIbTEPHATHBHMIA, IKa peamizyeThes mpedikcamu
xoMmany CS:, DS:, SS:, ES..

Tabnuya 3.9. BukopucTaHHS pericTpiB NpH agpecanii nam’sATi

CermenThnii perictp

Tun 3BepHeHns no nam’aTi 32 3aMOBYYBaH- | ANBTEPHATHRHMIL | 3MilleHAs
HAM
Bubipka komang cS Hemae P
CrexoBi onepauii AN Hemae SP
Anpecauis 3MiAHOT DS CS, ES, SS FA
L]-";1zzox-,rmcepe.rxo DS CS, ES, 8§ ST
Psaxox-npuiimay ES Hemae DI
Buxopucranua BP mnpu 3Bep-
HEHHI [0 CTeKa y pa3i uMTaH- SS CS, ES, DS EA

HA/3anUCy AaHIX

IHpumimka. PAaok-IDKepeno i psSaoK-npuiMay — 1e paaky gaHux (Macu-
BH), AKi OepyTh YUACTB ¥ PANKOBUX KOMAaHaXx.

Hpuxaag 3.3. Tlepecnaty BMICT KOMIPKH TaM’sTi 3 aIpecoro
DS:1000H y perictp-akymynstop AL.

Ji1s1 Toro 1106 nepecnaTy BMICT KOMIpKH [1am’sITi B aKyMyJATOp, TPe-
0a BHKOPHCTATH KOMaHOy nepecunku MOV dst, src, ne onepaHioM Hpu-
3HaueHHA dst (Destination) € perictp AL, a onepannoM Jokepena iHpopma-
i sre (Source) — xomipka nam’sti. KoMipka mam’siti 1103Ha4a€Thes KBa-
PaTHUMH [Iy>XKKaMH, BCEPEANHl SKUX 3aIMCYEThCS 3MIIUEHHS Y CETMEHTI,
To6To Apyra noriyna anpeca. [Tepura Joriuna agpeca 3a 3aMOBYYBAHHAM €
BMICTOM perictpa DS.

IMicna 3anmucy MHEMOHIKHM kOoMaHMM nepecwrku MOV 3anucyeTses
olepaHI-PU3HAYEHH, a MOTIM yepe3 KoMy — omepaHi-mkepeno. [licns
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OTIEpaHIB UYepe3 KpamrKy 3 KOMOIO 3alHCYEThCs KOMEHTap N0 KOMaHJW.
Orxe, 32 KOMaHIOIO '
MOV AL, [1000H] ; AL«DS:[1000H]

y perictp AL nepecunaerbcs OaliT 3 KOMIPKH MaMm ATi 3 aJpecoro
DS:1000H.

3asHauyMo, 110 1epe]l BUKOPUCTAHHAM Ii€i KOMaHIu BMICT pericTpa
DS Mae 6yTM BUSHAUCHUM.

HOpuxnan 3.4. Tlepeciaatd BMICT KOMIPKA HaM’sari 3 ajpecoro
ES:1000H y perictp-akymysstop Al.

3a xOMaH1o10 3 TIpedikcoM /55

MOV AL, ES: [1000H] ; AL « ES:[1000H]

y Al. nepecundetbes BMICT KOMEPKU 11aM Tl 3 aapecoto £S5 1000H.

Ha migminy 8ig 8-pospanrux MIT srasishux xomang I[P 306epirae
3MILICHHS B CCTMCHTI KOAIB 1T0TOYHOT KOMaHIN.

Perictp 1paitopuis 30epirae 03HaKi pe3yibTarTiB BHKOHAHHS apuPMETH-

YHUX 1 JOVIMHUX Onepaulii 1 KepyBalbhil 03HAKM, AKI MOXHA BCTAHOBUTH
abo0 ckuHyTH TIporpamio. Tunu upanopuis nojano B Tadu. 3.10.

Tabuuys 3.10. Tlpu3gayen st npanopitis

PospaieTs
[Mosna- -
Tlprznancons onepasiaa
HUCHHA "
8 16
Al Auxilicry Flag - npanopeis ZOTIOMDKHOTO TICPCHCCCHHA/ TIOZHKIH + -
3 MOOAIIOT TeTPami B erapury (3 pospsay 13 y pospsa 1)4), Bu-
KOPHCTOBYETHCH NPH ICCHTRORLA apudiverw
Cr Carry Flag - npanopeuh nepeHeceH s/ mo3mku. YCTanoso-| -+ +
€Thes TIPH BUXOAL PEBYIRTATY JA0AaBadus (Biiimanns) Gon-
BHAKOBHX ONCPAHIIB 32 MEXY Hanasony. V KOMaHJax 3CyBy
npanopeis CF Gikeyve sHaMcHus craporo Bita
OF | Overflow Ilag - npanopeus MEpenoBHeHnd. Y CTaHOBIOET e |+ +
TIpH BIXOJ SHAKOBOFO PEiyIBTATY 33 MEXKI Alantazony
S Sign llag ~ npanopenp 3waka. JlyOnroe suaucnss crapuioro Oitaj -+ +
pesvibrary: SF= 0w gogamiux qmee i,SF = 1 - ags i a’ eMunx
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IIpodoeacernns maon. 3.10

Tosna- Pospsasicrs
ITpuznaueHms
YGHHE onepanaa
PF Parity Flag — npanopeus napurety (mapnocri), Yeragomo-|  + -

€THCH TPU TIAPHOMY YUCT OZUHULE ¥ PE3yIbTATI

ZF Zero Flag — npanopens HyJIb0BOTO Pe3yibTary. YCTAHOBMO-| -+ +
€TBCSL MPY OTPUMAHHI HYTbOBOTO PE3yJILTaTy oneparii

DF | Direction Flag - nparopelis kepyBaHES HAIPAMOM y PATKOBHX |  — -
onepamigx. ITpu DF = 1 innexcwi perictpu SI, DI, mo Gepyts
YHACTh Y PAAKOBHX OTIEPALiAN, ABTOMATHIHO ACKPEMEHTYIOTECA

Ha KITBKICT OaliTis oncpanzaa, mpu DI = () — iHKpeMeHTY 0T

IF Intervupt-enable Flag — mpanopeus gossony nepepusass. [pu| - -
IF = ] 703BOTSETLCH BUKOHAHHA MACKOBAHHX AlTAPATHUX Nepe-
pHBaHb,

TF Trap Flag - npanopeﬁs TpacyBaHHA (FMOKPOKOBOTO pexwmy).| -

Tlpn ioro BCTAHOBICHHI MiC1s BUKOHAHHA KOXKHOI KOMAHIH
BUK.IMKA€ThCA BHYTPILIHE NepepuBanHs 1 (INT'1)

Hpuxnan 3.5. Bushauuty 3HaYeHHS IPaniopiiB ICHs BUKOHAHHS
xoMauau ADD AL, BL (nonasasnHs BMICTY 8-po3psHux pericrpis AL, BL;

) loll[ololllolo]ﬂ AL
1()l1| 1101 |]0|o!o| Bl

J@BAHHA TIPanoprl BCTAHOBIATHCA A A

pe3ynbTaT nepenaeTbes B AL ), AKILO

B peTICTpi AL MiCTUTBCA THCIIO
49, a B perictpi BL — 68H.
ITicis BUKOHAHHA KOMaHAM J0-

TakuM 9uHOM (puc. 3.17). l1|0|1|1|0|0|0|||AL

IlosichumMo BCTaHOBJICHHA TIpa-
nopuis. Pesynbrar omepauwii nona- Puc. 3.17. YcraHoBneHHs
BAMHSA HE € HYIHOBHM, TOMY Tparto-  VPATIOPIIB ITiCIA BUKOHAHHSA KO-
peuws ZF ckumyto, T06TO ZI = 0. manma ADD AL, BL
CrapLmii po3paa pesyabTary JOpiBHIOE oAMHEALI, ToMy S/ = 1. Kinbkicts
OJWHHHD Y pe3ynbTati 4, ToOTO mapHe 4ucio, Tomy Pl = 1. V pesyanrari

JOJaBaHHA BUHUKIIO TICPETIOBHEHHS 13 MOJNOAIION TeTpaay y crapuy (A/ =
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1), y 3nakoBuit pospan (OF = 1). [lepenoBHeHHs po3psJHOI CITKM HE Bij-

oynocs, tomy CF = 0.

Anpecanin MOPTiB BBeAeHHS-BUBCAeHHA. TIpocTip anapec mopTiB
BBECJICHHA-BHBEACHH] HECCIMEHTOBaHUH, 3aliMac 64 KOaliT i ajapecyerbcs
16 mMonmommumMu pospagaMu 20-po3paaHoi ImuHH agpecu. [IopTH MOKYTh
OyTH sk 8-, Tak i 16-pospaauumu. Bynb-aki aBa cymikHi 8-pospsani nopru
MOXHa BBaxaTu 16-po3psaaHAM NOPTOM aHAIOTIYHO c/IOBY y mam’aTi. [Tpu
UbOMY A OOMiHy 3 8-po3psaHUMM NOPTAMHM BUKOPHCTOBYCTHCA PEricTp
AL, a 3 16-pospsuuimm — perictp AX. ITepui 256 nopris (3 HoMepamu 0—
OF1"H) MoxHa aapecyBaTi 3a J0TOMOTOI0 IPAMOi ajpecantii.

Npukian 3.6. Beectu indopmalito 3 8-po3psaaHoro mopry 3 aapecoro
56/1y pericrp-akymyustop Al..

Jrsi Toro 106 BBecTH indopMauito 3 8-po3paaHOTO LIOPTY 3 ANPECOI0
56/1 B akymynstop AL, Tpeba BUkoHATH KOMany BBeaeHHA /N. Tleptumm
ONEPAHNOM KOMAH/IM € MO3HATCHHA akyMmynsTopa AL, AKIIO BBOJWTHCH
6aitt indopMaii, a60 AX, FKUIO BBOAUTHCH CIOBO. Y OMY BUIIAIKY Tpe-
0a Buxopucraru onepauy AL. Jpyram onepaHaoMm ¢ romep nopty S6H.
OTKe, 32 KOMaUJ0I0

IN AL, 56H ; AL « Pg(50H)

BIJIOY1eThest BBEACHH indiopMalii 3 8-po3paanoro nopry 3 aupecoro
56H o akymyssitopa.

3a3HaunMO, IO JIOIMYCKAC ThCA NO3HAYEHHS HOMEPA IOPTY Y KBajpat-
HUX JYKKaX:

IN AL, [56H] ; AL <« Py(56H).

Tpuxnan 3.7. Busectu ingopMmatiro 3 perictpa-akymynaropa AX y
16-po3psaaanii nopt 3 afpecoro 34F. _

Jns Toro wmo0 musecTn Iddopmauno 3 akymynsropa AX Qo
16-pospagHoro opTy 3 agpecoro 34/, Tpeda BUKOHATH KOMAaH]Ly BUBEIACH-
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Hs1 QUT. TlepmuM onepaHzoM KOMaHIM € HOMep niopTy 34H, apyruM — mo-
3HAYEHHA aKyMyIstopa AL, KO BUBOAUTLCA OaifT iH(opMalii, ado AX,
SKIO BUBOJUTRCA CII0BO. Y LOMY pasl Tpeba BUKOPHUCTATH omnepaHg AX.
OTxke, 32 KOMAHIOIO

ouT 34H, AX ; AX — Pyg (34H)
BinOymeThcs BHBeAeHHs iH(GOpMallii 3 perictpa AX Ha 16-pospstHnii
nopT 3 axpecoro 34H.

Vi 64 x6GaliT MOPTIB aPecyrOThes HENPAMO — 33 JOTIOMOTOH PericT-
pa DX ‘

Ipuxnan 3.8. Brectu indopmaiiiro 3 8-po3psaHoro nopry 3 aupe-
COH, 10 3HAXOAUTECH Y perictpi DX, y pericTp-akyMmynarop AL.

Jns Toro mo6 BBectu iHpopmailito, Tpeda BHKOHATH KOMaHAy BBe-
JeHHd IN, TepliuM OIIepaHIoM AKOi € TIO3HAUCHHS akyMmyJsaTopa AL, a npy-
TUM — TIO3HAUSHHS perictpa DX

O1XKe, 38 KOMaHI010

IN AL, DX ; AL « Pg(DX)

B110y IeThCs BREJCHHS iHpopMalii B akymyistop AL 3 8-po3pauHoro
IIOPTY 3 aAPecoro, 1o 3HAXoAUTECA B pericTpi DX, BMicT perictpa /)X mae
OyTH BU3HAUCHUI 10 MOMEHTY BUKOHAHHA KOMaH/In BBEACHHS.

JloTTy CKaeThCH 3aIuc KOMAaHIH 3 HETIPAMOIO aPECALIE0 Y BUTIISAMLI

IN AL, [DX].

Tumm agpecanii onepangis. Y MIT ;8086 BuKopHCTOBYIOTBCA Taki
caml OCHOBHI TWIM ajpecarii (IpsMa, pericTpoBa, OesrocepeHs Ta He-
npsAMa), o 1 Ans 8-po3psaHux mpoliecopis (AuB. niaposa. 3.1), ogHak He-
IpsAMa afipecallis Ma€ TakKi pi3HOBUAW: 6a30Ba, iHIeKCHA, 6a30BO-1HAEKCHA.

bazosa aopecayis. EdextuBHa aapeca onepaHaa EA 0CGUMCIFOETBCA
CKJlaJaHHAM BMicTy Ga3oBuXx pericTpiB BX abo BP i 3miueHasM (8- abo
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16-pospsiaroro 3HaKoBOTO wHcia). B okpeMoMy BUNAAKY 3MIINCHHA MOXe

He OyTH.

Mpukaan 3.9. Ilepecaara B pericTp-akyMyisaTop AX BMICT KOMIpPKU
maM’ ATi, PO3MIIIEHOT Y CerMeHTI JaHUX 1 Ma€ eeKTUBHY aznpecy (3MilIeH-
HS Y CEIMEHTI), 1Ka JIOPIBHIOE CYMi BMICTY pericTpa BX 1 uncna 2000H,

Huns Toro U106 nepecnaTu BMICT KOMIPKM NaM’STI B aKyMYJIATOp, Tpe-
Oa BUKOpUCTAaTM KOMaHIy nepecwnanus MOV dst, src, pe onepasioM npu-
3HAUEHHA dst (destination) € pericTp AX, a onepaHIoM Jkepena iHpopMma-
uii sre (sourcey — xoMmipka ram’ati. KoMipka nam’sati 1o3HadaeThcs Kaj-
paTHUMM J1y’KKAMH, BCEpENHI 3amuCy €Thes 3HAYCHHA ¢eKTUBHOI anpech,
T00TO BX + 2000/,

OT1xe, 3a KOMAHIOKO

MOV AX, [BX + 2000H] ; AX « DS:[BX + 2000H]

y pericTp AX nepecuiiaeThed 6aiT 3 KOMIPKA TaM AT 3 aapecoro 1S
BX +2000/7.

3a3HaunmMo, 10 Nepel BAKOPUCTAHHAM 1€ KOMaH)Ii BMSCTH pericT-
piB 1S 1 BX Bu3HaqaoTbes 3a3aanerifhb.

Inoexcna aodpecayisn. Tlpu tHpexcHIl agpecallii sk ajpecn 3MILICHIIA
BHKOPUCTOBYHOTBCH BMICTH IHJAEKCHUX PETIiCTPIB ST 200 /D] Ta 3MIlIEHFA Y
BUIINAJL UMCIIA,

Hpukaan 3.10. TTepecnaru y pericrp-akymy:srop AX BMICT KOMIPKU
nam’aTi, PO3MILIEHOT Y CErMEHTI JIAHNX 3 €PEKTHBHOIO alupecolo (3MIlNeHNA
Y CErMEHTI), AKa JAOPIBHIOE CYMI BMICTY perictpa ST 1 unena S000/1.

3a xoMaH1010

MOV AX, [SI + 5000H] ; AX <« DS:[ST + 5000H]

y perictp AX nepecmraeTecsa GaliT 3 KOMIPKA T1aM 4TI 3 aipecoro
DS:ST+ 50004
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Ilepen BuxopucTaHHIM L€l KOMaHIM BMicTH pericTpie DS 1 ST su-
3HAYAFOTHCSH 3a3AIET1Tb.

bazoso-inoexcna aopecayin. EdextnrHa anpeca onepanaa EA4 popis-
HIOE CyMl BMICTy 6a3oBux perictpie BX a6o BP, iHiekcHUX pericTpis S/
a6o DI Ta smimeHnd. 3a3HauuMo, MO YUCIOBOTO 3MIIIEHHA MOKE He Oy TH.

Mpurknan 3.11. Tlepecnatu y perictp-akyMynstop AX BMicT KOMipKH
naM’ATi, Mo po3MilleHa YV CerMeHTl JaHuX | Mae eeKTHBHY ajipecy, fKa
IOPIBHIOE CyMIi BMICTIB IBOX pericTpis S7 i BX.

3a xoMaHIoI0

MOV AX, [SI + BX] ; AX « DS:[SI + BX]

y perictp AX nepecunacthes OafiT 3 KOMIpKU TIaM’ATi 3 aJpecoro
DS.SI+ BX.

Ilepen BuxopuCTaHHAM Iici KoMaHAX BMICTH perictpis DS, ST i BX
BH3HAYAIOTHCA 3a3/la/lerib.

Basosa Ta iHjekcHa azgpecalii 3acTOCOBYIOTBCS I 3BEPHEHHS N0
€fIEMeHTIB OJHOBUMIPHOIO MacHuBy, 0a30BO-IHAEKCHA — 10 IABOBUMIPHOIO
MacHRBy.

Muxau nmHn nponecopa. ITporarom nukiy wiwia MIT Bucrasise
azpecy KoMipku mam’sti a6o ITBB Ha mmmay azpecd, POpMYy€e KepyBaJibHI
CUTHAIIM YMTaHHA/3aIlMCy, & ICAs UbOro 34MTye ado 3anucye aawi. Kpim
miknie UMTAHHS 1 3ATIMC TTAM’ATI a6o ITBB, icHYIOTH HUKIU
MATBEPJDKEHHSA TIEPEPMBAHHS 1 3AXOIUIEHHSA wus. Tuka
[IMHY MOKE (HIIOBATH HE TiTHKH He3aleHuil npouecop 18086, ane i
apudMeTHUEMIT cTiBOpouecop abo CIHBIIPOUECOpP BREIECHHN-BUBEIEHHS.
Po3pisHAIOTh IUKIH IIMHA B MIHIMAILHOMY 1 MaKCUMAILHOMY PeXAMAX.
Yacosi giarpamu uuknis YUTAHHS 1a 3ATIMC y MIiHIMIBHOMY pexuMi
TIOKa3aHo Ha puc. 3.18.
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3 I YUTAHHA ! W 3ATIUCY |
Tl 12 73 7w T4 -1 73 7. 74

CIK

ADDR HE,.A199< $7-$3 ﬁmgﬁx% §7-83 ><
—
ADDRE N A15-40 615—1')()>---<A15—A0>( D15- Do ><

READY

WAl wAIT
Puc. 3.18. uxau YHTAHHA i 3ATTHC MTT i8086 y sminimaneiomy pexucumi

Tk 1wuBn cknagacTbes, AK MIHIMYM, i3 YOTHPLOX TakTiB. Takr BU3HA-
HAETHCA AK TIPOMIKOK 1ACY MK 3aHIMA (DPOHTAMH IBOX CYCIIHIX IMITYJTb-
ciB (LK. Byab-saxviif nyiIT AR MoKe Oy TH HEOOMEKEHO po3TArHyTO 33 J10-
[IOMOT'OIO CUTHAY roToBHoOCTI RIZADY, npy 1soMy mpouecop BBOAUTHL He-
000B’ A3KOB1 TAKTH OUiKYBaHHA 7,,.

Livkaw 3BepHEHHS 10 MTOPTY BIAPI3HAIOTHCS BII IIUKTIB 1AM’ STI TUM, 110
CTapidi po3pPSaN ILMHK ajpecH MArTh HYJIbOBE 3HAUEHHSA (1IPU HenpsaMii
ajipecalii 3a ronomMoroo X curHami Ha ininx 419-416 wabyparors 3Ha-
UcHE L-pIBHA, [P NpaMilt agpecatii cuiriaiy Ha jigisx 419-48 ¢ nynso-
BUMM).

Huxn IMUTBEPJDKEHHS TTEPEPUBAHHSA dopMyerses ananoridio
unkny YATAHHS nopTy, ane 3aMicTh aKTUBHOIO curHany /OR aKTHBHUM
€ curuan INTA, a LKA AApect IPOLIECOPOM HE KEPYETHCH,

Tunu nepepusanb. [lpouecop 8086 Moxe obpobisatn o 256 Tumis
nepeprBanb. KokHOMY NepepuBaHHIO BIAMOBLAAE CBI BEKTOP — NOJABIHHE

1080, WO Mictuth agpecy CS:/P nipnporpamu, 1o BUKIMKaeThed. TTin Be-
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KTOPY [IEpEpPUBAHB Y 3arajibHOMY IPOCTOPI ajpec maM ATi BiJBOAUTHCS |
KOaifT moduHaro4u 3 HynboBoi agpecu (pHc. 3.19).

( 00000 .
S JPM
00001
INTO
oo [T
1 00003 cS

OBKH[

OOBELH

o | o]
| OBHH

INT225

Puc. 3.19. Kapma sexmopia nepepusans

V pa3i nepexoay Ha migmporpamy o0poGku nepepuank /N7 n (n —
THN TIEpePUBAHHS) IIPOLIECOP TEpEMIIye Y CTeK BMICT pericrpis [P, (S,
pericTp npanopuis 1 CKUIa€ Tpanopeus 103807y lepepuBants [/, obuu-
CII0E ajipecy 4xn 1 meplie cJIOBo 3a LIEK aapecoro nepemimye y IP, apyre
—y CS. IlocninoBHICTE UKX AlY eKBIBAICHTHA KOMaH1aM.
PUSHF ; 3BanaM’ ATOBYBaAHHA Yy CTeRy lipanop-
. IiB
CALL FAR i proc 4n; Janekuit BUKIMK ninnporpamu
0Bpobru
; HepepuBaHHs
CkuaHHs TMpanopus nepepuBanHA [/ He J03BOJIAE NepepBaTi BUKO-
HaHHA mignporpamu o6poOkM MepepuBaHHs 10 ii 3aBepuieHHA a00 BMKO-
HAHHA KoMaHH J03Boiy ST7. OCTauHBOI0 KOMAHIOK IIATIpOTrpaMu oopood-
KU ITepepuBanHi € koMaHna /RET. 3a Hieto KOMaHaow mpolecop subupaec
31 CTeKa ajpecy IOBEpHEHH: (aipecy KOMaHAM, HAcTYIHOI 33 KOMaHIOH
INT) 1 BMICT pericTpa IparopuiB.
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Twtm nepepusans nokaszano Ha puc. 3.20. IlepepuBaHHA MOAUIAIOTH-
¢ Ha 30BHILIH] anapaTHi Ta BHYTPINHI. 3armaru /R 1 30BHIINHIX anapar-
HUX NIEPEPHBAHE HAOXOMATH A0 CHCTEMM NepepuBaHs abo Ha BUBIJ HeMac-
koBaroro nepepusanas NMI MIL Cuctema nepepuBanHa (PopMye cUrHan
INTR mackoBanoro nepepusanis MI1. 3asHaunMo, 110 MackoBaHe TiepepH-
BaHHA BUAPI3HACTBECA B1J| HEMAaCKOBAHOTO THM, 10 TIepitie Moxe OyTh 3a60-
POHEHO TPOIPAMHO -~ KOMAHAOK CKUIAHHS NPanopus A03B0ny nepepnnam,
[F. Y 1upoMy pasi Mpu HaaXxoKeHHI 3aUTiB NepepUBaHHsA BOHU OYayTh ir-
HOPYBaTUCs. BHYTpIITHI TIEPEPHBAHHS 1IpoIlecopa TOIUIAIOTE Ha Tporpam-
Hi ¥ amaparni. [DxepenaMy BHYTPIIIHIX TPOrpaMHUX TEPEPUBAHE (PUC.
3.20) ¢: nomwika npinenns (tar 0); MOKPOKOBUIA pexxuM (Tun 1), KOMaHaa
INTO (tun 4).

INIR(nxwyrd) NAE (nar?2)
R e ks ek L aE e
i M)
|
Crcnone i I Cuona repcpeass s M [ ] :
TRIX I EE T, : . 1\ T ?’p 1
T T L T I | Kinanpn Finavma 1 kxqxvawasi :
IR0 11O, /5 9/ : INI'n JWRTREBL g I
. , " Crms) () Crvar ) 1
—~ I
3w ! i
TEIXPEaEs U, : Konewpm Oree o i
I INICOO anapa /NV/ 3 I
i Crrni<d) (Cun3) :
e e v '
I o o
Bommrg Heny rpirren

Puc. 3.20. Tunu nepepusone

Buypiwsi nporpamui nepepuBaris /N7 n ta INT 3 BAKOHYIOThCH 32
KOMaHIaMHU NIEPCPUBAHHA | J03BOIAIOTH BUKIIUKATH MEANPOrpaMu o6pobku
IepeprBasb (HaNpUKIa, ceppicui mamporpaMu BIOS 1 1DOS) 6e3 3acrocy-
BaHHs Ja/bHIX BUKIVKiB. Ha Binminy Bin INT n nepepusauns /N1 3 ¢ on-
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HO0alTOBOIO KOMAHIOM0 i 3a3BMYail BUKOPHCTOBY€ThCS [UIA epeadi Kepy-
 BaHHA ninnporpaMi-HanaroxmyBaq}?‘.‘ BuxonaHHS IpOrpaMHUX [IEPEPUBAHb
HE 3aJIEXKUTh Bill IpanopIid 10380y NepepuBans [F.

BHyTpimHI anaparHi HepepuBaHHS IPOIECOPA BUHHMKAKTH Y TaKHUX
0COGMUBHX BUIIAAKAX:

- IpY JiJIeHH] Ha HYJIB (TUT 0);

- NPy BCTAaHOBJICHOMY ILipailopli TpacyBauus (tum 1). Y
LbOMY pasl NepepuBaHHA BiIOYBAETHCS IMICHs BUKOHAHHA KOKHOI KO-
MaHJu, '

~ nicnst koMaraa IN7O (tun 4), Ko BCTAHOBICHO IIpario-
peus nepenopHerHs OF.

Amaparni HDepepuBaHHA BUHHKAIOTH [P aKTUBHOMY piBHI CHIHAIIB
Ha koHTakrax Ml NM/ (Hemackosane nepepuBanHg — tum 2) i INTR (Mac-
KOBaHi, UM 5-255). MackoBaHi nepepuBaHHs BUKOHYHOTLCS (IPH BCTAHO-
BiieHoMy nparopui /5. Tlpu nepexoni fo mianporpamu 00poOku anaparHo-
ro TepepuBaHHs ITporiecop dopMye ABA UKW THATBEPHKEHHS Tepepu-
BAHHs OJIMH 33 OQHUM, Y AKX TEHEPYEThCs curHai INTA. 3a apyrum immy-
nbcoM INTA KOHTpoJiep HepepuBanb Tepeaac o MUHI TaHUX HOMEp BEK-
TOpa nepepuBanHs ». lami Aii npoliecopa aHAIOridHi BUKOHAHHIO TIporpa-
MHOro nepepuBants. O0podka [MOTOYHOTO TIepepUBaHHA MOXke OYyTH 1Tepe-
pBaHa HEMAaCKOBAHUM IIepepUBAaHHAM a00 1HIIMM MACKOBaHWM IlepepHUBaH-
HSM BULLOTO (PIOPUTETY Y TOMY pasi, SKWO MiAnporpamMa-o0poOHMK BCTa-
HOBUTE IIparopels A03B0lLy HepepuBaHHs //. HeMackoBaHe riepepHBaHHS
BHKOHYETHCS HE3AIEKHO Bl CTaHy mparnopiid /F.

Mixponpoyecop 18088 sinpizuserses sig MIT i8086 tum, mo Mae 30-
BHIITHIO 8-pO3pANHY MIMHY JaHUX NpH BHYTPILHIK 16-po3pagHiit mwvsi.
3MEeHIIEeHHs PO3PANHOCTI IIMHM AAHUX CTIpollye mo0yaoBy OI0KIB nam’sATi
inTepdeiicy i3 30BHIIIHIMU IPUCTPOAMHU, alle NMPOAYKTUBHICTH TIpouecopa
3HmkyeThes Ha 20-30 %, Crpykrypha cxema ;8088 ananoriuna cxemi MIT
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18086, omHaK NOBXKWHA Yeprd KOMAHA cKopoueHa 1o 4 GaiiT, a monepeaHs
BUOIPKa BUKOHYETHC 33 HAABHOCTI 0JTHOTO BibHOTO Oafita. LI BnacTuroc-
TI ONTUMI3YIOTh KOHBEEP 3 YP&aXYBaHHAM po3psaaHocTi mwHA. [Tporpamuo
DPOLECOPH 1ACHTUYHI, IXHA cUCTeMa KoMaHJ 1 Hablp pericTpiB OJHAKOBI.
Tax camo, gx 1 MIT 8086, MIT i8088 Bukonye 8- i 16-po3psani Joriuni i
apuhMeTUYHI onepariii, BKIFOYa0YM MHOKEHHS Ta TiNCHHA B JBIAKOBOMY
Ta JBIAKOBO-1€CATKOBOMY KOA&X, ollepalii 3 pAakaMu, MiTPUMYE PEKUMH
niepepusanns, L onepauii 3 nopramu. PosramysanHs koHTakTie MIT
18088 i1 i8086 36iracThCH, 32 BUHATKOM TOTO, WO Niwi AD15-4AD8 Bukopu-
CTOBYIOThCS TUTBKH Sl aApecH, | TiHix BHE 3amineHa ninicio crany S70.
Curnanu S70, D7/R 1 10/ M MoxyTh OyTH BUKOPHCTaHI Auist LieHTRIKaLi
LMKy WIMHM 3CHO 3 Tabm. 3.6,

Mixponpoyecopu i80186(i80188) € nporpamuo cymicaumu 3 MIT
i8086. PospagnicTs mmnn aapecu 20, muHA navmax - 16 1 8 signosigdo.
Tlpouecopu Marorh BOymOBaHi riepudepiiii KOHTPOJICPU TEpEPUBAHb,
TIJITT, TpukananbHuii TaiiMep i1 TakToBUiT TeHepartop. Mikponpoliecopu
i80C186/i80C188 MaroTh 3ac00H KEPYBAHHA €HCProCTIONKWBAHHAM. € Mo-
Angikauti 3 BOYI0BAHUM NOCHIIOBHUM TIOPTOM Ta KOHTPOJIEPAMU JMHAMI-
YHOT IaM” ATi.

KoHTponkHi 3anutaHHA

1. ViaxiTe XapakTepti 0coGIMBOCTI MIHIMANTLHOIO Ta MAKCUMAIILHOIO
pexumir pobori MIT i8086.

)

YxakiTe icHytoul opMaru aanux MIT i8086.

3. Hamenith UPUKNAAM  YIIAKOBAHOTO 1 PO3NAKOBAHOIO IBilikOBO-
AeCATKOBUX YHCEIL

4. Sxum unnoM y MIT nogarotees Bix eMui gmena?

5. TloscHITE MPUHLMI KOHBEEPHOI apXITEKTY PU.
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10.

11.
12.

13.
14.

15.

16.

17.

18.
19.

20.
21.
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. YkakiTh  (QyHKUIi  oNepaliiHoro  MPHCTPOI0 Ta  ITMHHOIO

iHTEpdeiicy.

. SIKMM 9MHOM BU3HAUAIOTHCS THII, MTOYATOK i KiHENh [MKITY IIMHE 34

JOTIOMOT X0 JIiHIM cTaHy?

. SIxi 6oxu MII GepyTh yuacTs v dopMysanui 20-pospsianoi dizus-

Hot aapecu?

. O6uucnite 20-pospsnny dizununy agpecy DS.SI, sxmo DS = 1234H,
ST = 5678H.
1in6epits AB1 napu 16-po3paaHUX TOTIUHKEX aipec, AKi € eKBIBAICH-

THUMH Gi3u4Hil agpeci 12008H.

SIK1 rpyniH pericTpiB BXOAATH 4O MporpaMHoi Moaem MIT?

SIKI CEeTMEHTHI pericTpy 3a 3aMOBUYBAHHAM aJIpecyIoTh [104YaTOK ce-
TMEHTIB KOMIB, CTeKa, Janmx?

VYKaxITh IpU3HAYUCHHS PETicTpa Nparopiiis.

HasemiTe npuknan BUKOHaHHS KOMAH/U, HICIA AKOi BCTAHOBIFOCTh-
A Niparoperib 3HAKA,

Hagenits npukiag BUKOHAHHA KOMaHJM, HICS AKOi BCTAHOBITHOETh-
¢ IpanopeLh NapuTeTy.

HaBepits npuxnan BUKOHAHHA KOMAHIA, MICHA AKOI BCTAHOBNIOETh-
s TIparlopellb HyTbOBOTO Pe3yJIBTATY.

Hagenits npuxnamm KoMaHn BBEACHHA-BHBEACHAS 3 NPAMOID azpe-
cauiero 8-pos3paaHoro, 16-po3psaaHoOro nopTiB.

Skl iICHY1OTb TUIH afipecatlii OnepanuiB y mam’ati?

SxuM yuHOM obuMcTIOEThCA edekTHBHA aapeca onepaHaa MpH pis-
HUX THNAX aapecarii?

Ha3piTh Ta oxapakTepusyiiTe ICHYy0Yi THNH IUKIIB [AHM.

JaiiTe BU3HAYECHHA BEKTOpa [IEPEpUBAaHb 1 KAapTH BEKTOPIB
TIepePUBAHb.

22. Slki mii BukoHye MII npu niepexoai Ha mijanporpaMmy o6pofku mepe-
puBaHs?
23 HagzgiTh Ta oXapakTepusyiiTe icHyrodi THIM nepepusadb MII i8086.

3.3. Cuctema xkomaHa M i8086

Cuctema komaun MIT ;8086 (ta6n. 3.11) Mictuts 91 mueMokoxn. Yci
koMas I MIT MojkHa PO3ITOAITIATY Ha 1T AT IPYIIL: ‘
1) xomaHmu mepenawi iHdopmauii (KOMaHZM TepecHu-
aHHs, poOOTH 31 CTEKOM, BBEJICHH-BUBEIEHHA),
2) xomaHau obpobku inpopmanii (apudmMeTHIHI, T0rTy-
Hi, KOM3HIU 3CYBY);
3) psAAKOBI KOMaHIM,
4) KOMaHAu nepenati KepyBaHHs, BKIOYAKOUM KOMaH K
NEePSPUBAHE,
5) xomaHaw kepyBaHHA cTaHoM MIL
V 1abn. 3.11 BxUTO Taxi TO3HAICHHS:
SFC - OTIepaHI-JPKEPENo;
dest — onepaH-IpA3HAYCHHA,
reg — 8- /16-pospsayunit P31,
reg8 - 8-pozpanmiii P3IT;
regl6 - 16-pospsanmii P31T;
S7 - CCTMEHTHMH perictp;
mem - 8-/16-po3psanHa KOMIpKa IaM’ ATi,
mem8 — 8-po3psAIHa KOMIPKA IaM’ ATi;
mem16 - 16-po3pATHA KOMIPKA 1AM ST,
r'm — 8-/16-po3payHuii pericrp abo KOMIPKa 1am’ sTi;
rmi - 8-/16-pospsymnii pericTp, KoMipka mam’sti abo Oesrocepesniii
oTepaL;
immed - besnocepeaHlif onepas;
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disp — 8-/16-po3panHe 3MITIEHHA MPH 3aJaHHI aipecH; IIpodosxcenns maba. 3.11
disp8 — 8-po3psaHe 3MILLeHHS; ] 2 3 4 5
. _ . . XCHG v/m, reg | OGMIH JaHUMM MIX pPETiCT- reg «—» reg 2 4
dlSp 16 16-p03p5{I[He SMIICHHA, paMu abo pericTpoM 1 mem <> reg 2-4Y 17+ EA4
target — MiTKa, 710 AKO1 3/UHCHIOETHCA NEpeXIA; nav’ATTIO Ae—reg ] 3 ]
. . . XLAT Hepexoaveanns smicTy AL B | AL < ES:[BX + 1 11
seg target — ieplua JIOrivHa ajpeca (CETMEHTHUI ajIpec) MITKH farget, SHadeHnA Galita naM s i 3 +UD)]
_ . S . . . anpecoro LS {BX - (4L)]
offset target — npyra norigHa aapeca (3MILICHHS Y CETMEHTI) MITKH T regte mem |3 e v— ren < FA g ST EA
targef; A1PECH KOMIPKY IIaM’ STt mem
’ y pericrp
a — akyMysisTop AL abo AX; LDS regl6, mem | 3asanTakeHAT Y perictp reg « [mem| 2-47 16 +EA
. . N ~f — 1 reglé ciopa 13 koMipxu DS « [mem 2]
mldisp] — xoMipka nam’sTi 3 edekTUBHOIO ajpecoro EA = disp. naw’aTi 3a axpecoto [mem), y

S - macTyuHoro croga 3
KOMIPKH 32 aapecoto [mem +

- : o i 24
j Jdf O ¢ | Copa — . ;
Tabruys 3.11. Cacrema xoMan MIKpOHpONEcop 13086 LIS regl6, 3aBaHTaXEHHS B [CTICTP reg < {mem| 2-49 16 -1’4
Muemokon Omue Aroput™ Kinekicts | KimbkicTs mem reg16 cposa i3 komipkn ES « |mem ~+ 2|
. . o Tiam 9T 32 anpecoro | mem). B
KOMaHIH KOMaHAR KOMaHAW Bairr TAKTIB LS wacrymoro ciosa s
1 2 3 4 5 KOMIpKY 3a aapecoro [mem +
KOMAH/TU TIEPEJA YT THOOPMAII 2]
7T T —— LAHI 3aRaHTOKEHHA MOJOMOTO AH « FL 1 4
i Au uep : GaiiTa pericTpa npanopuis
MOV dest, sre | Hepecunangs qauux 3 pe- reg < reg 2 2 FL.BAH
TicTpa, KoMIPK® maM’sTi S reg ) 2 SAHF 'iGCpcmc}mg AH 'y moii0a- ]« AH | 4
R N nromy OafiTi pericTpa npano-
abo ot.snouuvpcqu.boro ore reg < 5* 2 2 puiB L
paraay perictp ago mem < reg 2-4Y 9+ A4 - Komanym poboru 3i crexom |
1AM 4T o < mem 3.4D oy PUSH r'm/sr | Tlepecunanns caosa 3 peric- SP - SP -2 24" 11/¢16 +
reg < Y ’ Tpa 200 3 0aMATi ¥ CTCK [SS:SP] < rim EA)
, o 2-4 9+ kA L |
mem <« S N SP e SP-2 i 10
¥ ¢ mem 2-4 8+ EA [S8:8P] « sr
a €~ mem 3 11 PUSHI® Hepectianns y cTek BMICTY SP - SP -2 1 10
mem «— d 3 n pericTpa npanopuis 158 8P] < F
o 359 (0 + 1A POP rimisr | Vlepecnnanus coma gamux 31 | mm < [$5:5P) | 2-47 | 816+ K4)
mem8 < immed o - crekay perictp abo nam’sts | SPeSP+2 4 |
mem16 « immed | 46" 10+EA sr e [SSND] ! 8
reg8 < immed 2 4 SP < SP+2
regl6 <—- immedi 3 4 ' POrl [epecnaanny qaunx 3i crexa | I/« |S5:5P] 1 8
. ¥ pETicTp Npanopins SP - SP+2 J
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Ipoooedcenns maba. 3.11 IIpoooexcenns maba. 3.11
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1 i 2 3 IR ! 2 3 4 3
KoManau BefesHA-BHBEXCHHS 3{?1/(1: r/m, g;:;:ﬁmx reg «-reg + reg = CF X 24 o | e 3EA
- . 4l +
INAL P8 | VBenenns B axymy:s- AL « Topr (P8) 2 10 noph ncpc};::}ja mem « mem + reg + CF )
- e reg « reg + mem + CF 24 9+EA
INAL, DX | top AL baiira 3 8- AL <« Hopt (DX) - 1 8 cermt CF pia -
 THBOI reg8 < reg8 + immed + CF 3 4
PO3PIHOro HOPTY 3 R 8 .

P8 a6o - onepatii. [Tpa- regl6é < regl6 + immed + CF 4 4
pecoto 9 4 o nopelb NepeHe- | mem8 <— mem8 -+ immed + CF 3-52 | 17+E4
peom;:\’mo oeptacn zj;';?jgﬁ:;l:; mem16 < meml6 + immed + CF | 4-6 | 17+EA
CAB MO0 = . S

ro Gita pesy - AL « AL + immed + CF 2 4
INAX, P8 | YBeaeHus B akyMy.as- AX « Tlopt (P8) 2 10 ary AX «~AX + immed + CF 3 4
INAX DX | top AX cnora 3 16- AX < TTopr (DX) 1 8 INC rim ImpevenT (10- reg8 «—reg8 + 1 2 3
PO3PAIHOTO NIOPTY 3 JABAHHY 3 OH~ regl6 < regl6 +1 1 ) i 2 i
agpecoro P8 abo 3 aa- Huuuio). Kosan- mem < mem +1 2-4 15 + E4
. A2 He i€ Ha
pecoro, mo 30epi- nipanopeus CF
ractees B DX AAA Kopekuia micnst JoaasaHHs PO3NAKOBAHHY JBIHKOBO- | 4
OUT' P8, AL | Buseaenns 6aiira 3 Topr (#’8) ¢ AL 2 10 —5ii _ACCHTKOBUN quce!T - -y i
T DX P p—— . - - Kopekuis mcny 104aBaHes YNAKOBAHAX ABIHKOBO~
OQUT DX, AL | axymy:s1 ?pa. ALy 8- Ilopr (DY) < AL 1 8 HCCATKOBHY QHCCH a - o
PO3PLIHMIA TOPT 3 axpe- SUB r:m, | Bianimanns reg « reg - reg 2 3
coro P8 a6o 3 aapecoto, r’mi /ABOX OncpaHiis mem < me — reg 2.4V 16 + kA
1o 30epiracTbes B DX res < reg ~ mem 24" | 94 [id
QUT P8, AX | Busegenns c1o8a 3 Mopr (P8) «- AX 2 10 regfg - I‘L’;{ = lmnz;._c! : "3 1
OUT DX, AX | axymynstopa AXy 16- [Topr (DX) ¢« AX 1 8 reg16 « re;,rl — immed 4 4
PO3PANHUI T10PT 3 a.1pe~ nlémﬂ < mem — unmed 357 117+ F4
0r0 P8 abo 3 aapecoro, 4
w0 ~ 20 3 apecoid. mem\6 < mem\ - immed 4-6" | 17+1A
mo 36epiraeTses B DX AL <-4 - immed It 4
Al ¢~ 4~ imme
KOMAH/IU OBPOGKH THOOPMAIIIT AX A - immed 3 4
ApndmeTuuni KoManAR SBB r'm, Binivanns Oaii- reg « reg —reg ~ CF 2 3
e - o o0, 1 + i
ADD rim, Joitaranms 180X otepat- rreg < riveg + reg 2 3 i TaTa “P?’[‘UPH" nmem < mem ~ reg -~ 'k 2 ---41; 16 + It/,;i
: A = i nosuky CF Blg oo e rev — mem — CF 24 9+ £,
/i ; o R 4V ey B reg <- reg - mem
e o reg e res : 4, 16+ 14 HONEPCAHBOL rc,'gxg«- reg8 — immed — CF 3 4
reg8 < reg8 + immed | 2-4" | 9+ kA ng’:;tl:.()r;lﬂi;a reg6 «- reg6 — immed - CIF 4 4
regl6 - regl6 + immed 3 4 BiﬂgiihlaFTI;CX mem$ « mem8 - immed - CI° 3---5;' 17+ EA
] 3 . ) vy el w I
mem8 <— mem8 - immed 4 4 BL1 MOTOAIOFO pier16 = mem16 - immed - C ) 7() ¥ iljjA
; . n &2 . OiTa peIvaeTaTY AL «- AL - immed - CF 2
) _ ) 8D J pess A ‘
meml6 «— meml6 -+ immed | 3+ 17 +14 AX <~ AX — immed - CI¥ 3 '
AL « AL + immed 2 4
AX ¢ AX + immed 3 4
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IIpodoscenns madn. 3.11 ITpodoswcenns madn. 3.11

s — — 3 ‘21 : I 2 | 3 i |3
rm Hexpenvcnr (BiaHi- reg8 « reg8 -1 X 5 Hinewns axymynsropa ua AX : vegh —» AL T o112
MaHHA OIKPIHHI{I). regl6 < regl6 -1 . ) wie 8- abo 16-pospaase (ocraua B AH)
Komanzga He gie Ha mem <« mem — 1 2-4 15 + E4 B T T
Ipanopers CF vaimkae repe )im:;g;b (DX, AX) : regl6 > AX 2 165~ 184
NEG r/m | 3wiHa 38axa onepas- reg < — reg 3 3 7 NTjO.) pep (ocraua B DX)
za mem < — mem 2-4Y 16 + 14 AX : mem8 — AL 2-49 1144 - 168 +
CMP r/m, TopisHsHHS ABOX F < reg —reg 2 3 (ocraua s AH) +EA
i OTICPAHIE — BCTA- F = mem— reg 249 | 914 DX, AX : mem16 — AX | 2-4" | 166 190 +
HOBICHHA BMICTY F<reg—mem 2-4Y 9+EA4 (ocraua B DX) + EA
}pf :;CT;EE::;)ESIB [’ "= reg8-i mzned 3 4 Kopexiys 1iepe1 AUVICHHAM PO3NAKOBAHMX JBiHKo-| 2 60
BiﬂHiﬂla;{Hﬁ (6@3- Fe=regl6 - l.mmed 4 2 4 ) BO~JIECATKOBHX YHCEI
oo veay. | L mem8 —immed | 350 1+ FA Tepersopenns Gaita AL AH < (ALT) { 2
= TS B]‘,IHiMa‘EIH}I')“ F & meml6 - immed | 46 I +£4 Ha cnoBo AX (oBTOpEH-
; F < AL — immed 2 4 HS BMICTY 3HAKOBOI'O
F < AX - immed 3 4 ] pospaxy (44.7) perictpa
AAS Kopexuist mc;ist BigHiMaHHs pO3NaKoBaHUX IBIH- 1 4 AL 8 yeix pospagax peri-
KOBO-JAECATKOBHX TUCET 3 ctpa AH)
DAS Kopekiiist mcems BUIHIMAHHS YDAKOBAHMY JBii-| 1 4 (eperBopetna cnosa AX DX « (4X15) i S
KOBO-ACCATKOBUX THCET ] Ba NOABLHHC ¢1080 1Y,
MUL rim | Muoxerns AL (AX) AX <AL x reg8 2 70 - 77 AX (noBropenms BMicTy
Ha 6eI3HAKORE 3HA- SHAKOBOTO Po3pyay (AX 15)
GCHHA 1M (DX, AX) «AX x regl6 2 118 - 133 pericrpa AX B yeix posps-
I , jax perictpa DX)
AX < AL x mem8 2-47 1 76~ 83 + EA Jloriuni komanyu
) NOT #) areteds (1 Ay a1 ) N y
(DX, 40) € AX x mem16 | 247 | 124139 + Oy | Lanebon Cnncpcis neix e e 2| 60
+ EA OITIB Ocpasga em < mom = 6+ [
IMUL rm Msuosxenns AL (4X) AX « AL x reg8 2 80 - 98 AND v'm. JIOI'TYHE I nsox oniepan- reg <~ reg A reg 2 3
Ha SHAKOBC SHACH- | (DX, AX) -AX xregl6 | 2 | 128154 rmi | s piem < mem rreg | 240 | 164 A
HS M e noAD - nl i E:
AX - AL mem8 ) 2-4 1 96 - 104 + I PP — R L B
(DX, AX) < AX x meml6 | 2-4" | 134~ 160 + 14 : i
— — ” — . reg8 « reg® A immed 3 4
AAM Kopexius  micns  MHOMEHHS — po3nakosamux| 2 83 — ,
TBIHKOBO=TECATKOBHX MHCET regl6 < regle nimmed| 4 ‘ 4
DIV v/m Jlinexna akywy - AX: reg§ —> AL 2 80 - 90 mem8 € mem8 A immed | 3 57 17+ EA
mmumémmmmm (acraua 8 AH) mem\6 < mem\6 Aimmed | 46" 17+ EA
HOTO (UNCHAL Ba | (1yy 43y rogl6 > AX | 2 | 144-162 AL < AL Nimmed | 2 4
HY b BUKTIKQE e~ (ocraua 8 DX) AX < AX A immed 3 4
pepusans INT0) Ax Al 249 | 8696+ FA e e - o %
X - mem8 — AL ) L OR rim, r’m/i | JJOI'TYHE ABO gsox reg < reg v reg 2 3
(ocrarsa B AH) 5 , OnepanuB mem < mem v reg 2-49 | 16+ kA
(DX, AX) - meml6 — AX | 2-47 | 150 168 + I4 reg < reg v mem 24" | 9+ 4
°Ta DX § 8 ) 9+ F
(ocraria s D) reg8 ¢ reg8 v immed 3
. B reglé « regl6 v immed| 4 4]
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IIpoodossicenns maba. 3.11 IIpooosxcenns madn. 3.11
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] 2 3 2 3 1 2 ] 3 4 S
rem8 < mem v immed | 359 17+ EA - Luksmiunmit 3cyB .ninopyq/ TIPaBopy Y.
meml6 < meml6 v immed | 46> | 17+EA ROL/RORr, 1 | —na onry rosudiio 2 N 2
) ‘ 5 4 ROL/R()R m, 1 ‘ 2-4 15+ EA
jf( « jf( v ’,’"W‘; 3 . ROL/ROR, CL | —na CL nosuuiit S4L/SAR 2 | BracL
AX < AX v imme RORm, CL|| CF p i +EA+
XOR rm, | BHKJHOUFE ABO reg < reg ® reg 2 3 ROLRORm 1 € o T SRl RV
rmi ZBOX OTEpPaHIiB mem « mem ® reg 249 | 16+ E4
reg < reg ® mem 247 9+kd i |-I_> - pamoRYs
reg8 < reg8 © immed 3 4
regl6 < regl6 @ immed 4 4
mem8 < mem8 ® immed | 3-5" 17 + EA 3cys apudMeTiaHIi MiBOPYY IpaBOpYy™:
meml6 « mem16 ® immed 4-6 17 + FA SAL/SAR ¥, 1 | — Ha omHy nosuui 2 2
AL AL ® immed 2 4 S//;l]]SSAR m_.cl ' 2-4" | 15+ FA
Lo SAL/SAR r, CL | ~na CL nosnuii 2 8+4CL
TEST 7 . AR  AX S immed : : SAL/SAR m, CL | - . 249 | 20+ EA+
ST r/m, Tepesipxa F<regnreg 2 3 m_*—mn ]‘ (0 mBopyY +act
r/msi (JIOI'TYHE 1 Ges F <& mem Areg 24 9+ EA B
3ATHCY Pe3yIBTATY i F & reg ~ mem 24" 9+ FA rm - CF npaBopyd
BCTAHOBICHHA F < reg8 ~immed 3 4 ’:[_—_'l
OpatopuiB BLANORLI- A imme 4 . .
0 210 peayETaTy) j_ ‘ z Ir;‘g’:é :\ ’,’;:::‘c‘; 3 452) 10+ A n[?" 3c.ny npaBopyy sRavenns Gita y crapomy
RSy 16 10 + A pO3PAMI 3ATUIAETHCA HE3MIHHUM
F = AL N immed i j 3cyR noriyanii nparopyd
F < AX A immed - SHR ¥, 1 - Ha Of{HY TIO3MN{H0 2 2
Komaum 3cysy SHR m, | 2-4" | IS +EA
Nuknigauil 3cyB miBopyd/mpasopyu Hepes OiT SHR ¥, CL. - Ha (1, mo3umit 2 8+ 4CL
RCLIRCR 7,1 | O ) 2 SHR m, CL : — 2401 20+ 4 +
RCL/IRCR m, 1 | ~ na ogHy DO3MILIIO 24" 15+ £A 0 {_____L/m___ Ii] +4CL
RCL/RCR v, CL | - na CL nosujj 2 8 +4CL
RCLIRCR m, CL 41 m }4—- nmiBopyd 249 | 20+ LA+ Paakosi komMann
| <-| + 4CL Yy " - = ”
RLP Tpedike MoBTOpeHHs PSAKOBUX OnEpaii 10 1
#m ]-—p CF lpasopy oHyiterns (X (CX 71ekpeMERTYETLCS TTicist
r‘— L_h BHKORAHHA KOXKHOI PSIKOBOL ornepaiiii)
REPE (REPZ) | [Tpedikc yMOBHOro TOBTOPEHHS — IIOBTOpeHHS 1pH | |
ZI =1 abo no odmyinus CF
REPNE [Tpedixe ymoBHOTO moBTOpPEHHS ~ NOBTOpeHHs npy | |
(REPNZ) | ZI"= 0 abo po obuyninnsg CF
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Ilpooosxcenna maon. 3.11

2

3 4 5
© MOVSB Komitorariria Gaiita 3 xoMipxku | ES: [DIl«- DS:[SI] 1 18%
nam’sTi 3 agpecoto DS:[SI] y Sl ST+ 17 9+17 Cx¥
xomipky ES:{DI) DI« DI+ 1"
MOVSW | Komirosanrs cora 3 DS:[SI] ES:[DI] < DS:[8T) 1 18¥ ‘
y ES:[ DI} ST« SI+27 9417 CX®
DI DI£2"
LODSB Konirosanns Gaiira 3 DS:[S7) AL < DS'[SI] 1 11>
B AL Sle— ST+17 9+10Cx®
LODSW | Konirosauss c1o8a 3 DS:[SI) AX < DS[SN 1 11>
BAX ST« SI+2" 9+10 (X
STOSB Sanmc Gaitra 3 AL y ES:[DI} ES\[DI] « AL 1 11¥
DI« DI+1" 9+10CX¥
STOSW | 3armc cnosa 3 AX y ES: [DI] ES:[DI} « AX 1 117
DI« DI+2" 9+10 CX?
CMPSB | Topisrssms 6aitris DS:[SIi [F < ES:[DI] - DS[SN)| 1 229
ES:IDI} i3 3amuicoM pesymbTary ST SI+17 9+22 (X7
HOPIBHAHES Y PEricTp Ipanop- DI« DI+17?
1iB
CMPSW | Tlopismsnrms cis DS-[ST] i F<=ES|DN - Dssn] 1 227
ES:[DI] i3 3armcoM pesyInTary ST ST+27 9+22 XY
TOPIBHAHHA ¥ PEriCTp Npanop- | Df ¢« DI +27
s
SCASB | Tlopisssuss 6aitta DS [ST] i F < {DS.SI-AL 1 159
AL i3 samcoM pe3y:IbTary mo- ST SI+17 9415 Cx®
PIBHAHHS V PETiCTp Npanopuis
SCASW | Tlopismssas cnosa [DS-ST] i Fe[DSSN-AX | 1 15¥
AX i3 3a0MCOM PE3YARTATY [IO- ST« S7+27 9+ 15 CX®
PIBHSHES Y PETicTp mpanopuis
KOMAH/JIH ITEPEJAYI KEPYBAHHA
‘| JMP target16 | BryTpimmmocermenTHutit 6e3y-
JMP NEAR | MOBHE IepeX1LA 10 HITLOBOL IP « [P +displ6 3 15
target ampecu target (epexia y Mexax |  IP « IP + disp8 2 15
JMP reg CerMeHTa JOBXKIHOI0 64 xBaiiT) IP ¢ IP + reg 2 2
JMP mem IP « IP + mem 2-4Y| 18 + EA
JMP FAR | MixcervenTamii Geaymorruit | IP < offsef target 5 15
target TEpPEXiA A0 I.TL0BOI adpecH C'S « seg target
tfarger (Xepexia v Mexax yeiel
JMP FAR mem IP « [meni] 249 24 +EA

eMuocTi nam’sri 1 MGaiit)

CS < [mem + 2|

Posgin 3. OdxvokpucmansHi Mikponpouecopu

IIpodosxcenns madn. 3.11

[ 1 2 1 73 4 5
JCX target ~ |Hepexia, sxmo CX =0 2 18/6%
LOOP target |1uxa; CX « CX - 11 nepexi, sximo CX #0 2 16/4%
LOOPE | (X ¢ CX - 11inepexia, skmo CX#01iZF =1 2 18/69
(LOOPZ)
target
LOOPNE [ CX ¢ CX — 1i nepexsia, scmo CX#0i ZF =0 2 19/5Y
(LOOPNZ)
target
JA (JNBE) |Tlepexia, saxwo nepurvid 6¢33HaK0BHIT onepana 2 16/49
target Ginniueit 3a apvrui (CF = 7F = ()
JAE (JNB)  (Tlepexia. sxumo neprne Oe33HAKOBE YUCI0 HE Me- 2 16/4%
target Hue 3a apyre (CF = 0)
JB (JC) target | TTepexia, sximo nepuse DC33HAKOBE YUMCIO MEHIIE 2 16/47
3a gpyre (CF'= 1)
JE (JZ) target | Tepexia, sxumo uncna pissi (ZF = 1) 2 16/47
JG (JNLE)  |TTepexia, sxuro nepuse SHaKOBE YUCIO OLILLIC 34 2 16/4Y
target apvre (SF = (ZF&OF))
JGE (INL) | Tepexia, sKumo nepine sHakoBe 9ucio GLisie 2 l6/4%
target abo popiyie apyromy (817 = OF)
JL (JNGE) | Tepexia, sKuiop Hepine 3HAKOBE JHCKO MEHING 32 2 16/4%
targer apvre (SF = OF)
JLE (JNG) [ Tlepexia, AKuio nepme SHAKOBE HUC10 MEHILE 2 16/47
target abo aopisHioe apyvromy (SI 2 OF ado ZF = 0)
INC Nepexia, axkuo Hemae nepenocy (CF'= 0) 2 16/49
' (JAEZINB)
targel
JNE (JNZ)  |TIepexia, axuo auena ve pisui (Z17= 0) 2 16/4°
largel
JNO targer | Tepexiz, sxmo HeMae TEPeToBHEHHA (OF = () 2 16/47
JNP (JPO)  |TTepexin, skuro napurer werapHuit (PF = 0) 2 16/4%
target
JNS targer | Tepexin, sximo gogaruuii pesyasrar (S1= 0) 2 16/4"
JO targer | Uepexia, sxuo e nepenorenns (OF = 1) 2 16/47
JP(JPE)  |Tlepexig, sxmo mapurer aphnit (PF = 1) 2 16/49
target
JS targel Tlepexia, sxwo sia’eMunil pesyaprar (SF = 1) 2 16/4%
CALL NEAR | ByTpimHbOCOrMCHTHRE BUK- SP« SP-2 3 9
rarget JHEK PoueAypH (BUKIMK ¥ Me- [$S:SP| < IP
AAN CCMMERTA JOBKHHOO 64 IP « target
xGaiiT)
CALL NEAR IP < reg 2 16
reg
| CALL NEAR IPemem | 2247 21+EA
mem
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Ipodosoicenna maba. 3.11

1 2 3 4 5
CALL FAR target | MixcerMeHTHRMH BIREKIHK PO~ SP« SP-2 5 28
ueaypy (BEKIHK y Mexax veiel [SS:SP] «- CS
eMHOCTI nam” s1i 1 Mbaiir) SPe-SP-2
[SS:SP] « IP
CS, IP < targer
CALL FAR mem IP « [mem) 24V [ 37+24
CS ¢« [mem + 2]
RET TIoBEpHEHHS 3 BHYTPILIHBOCET- IP « [SS.8P] 1 8
RET NEAR MeHTHOT poueaypu. HeoGo- SP ¢ SP +2
" B 73KOBUI apaMeTp 71 3336
RFF )] KOPEKLIIO 3HaEI€HH1;pBKa‘3iBHHKa SP <SP +n 3 12
RETNEAR(®) | crexa
RETFAR TToBepHEHES 3 MIKCCTMEHTHOI IP « [85:5P] 1 18
npoeaypr. HeoBor sskosmit na- SP «-SP+2
pameTp 7 3a5ac Ko PEKIIFO 3HA- CS « [$S:8P) 3 17
YeHHA BKA3iBHUKA CTEka
RET FAR (n) SP - 8P +n
Komanau nepepHBaHb
INT n BukodaHHS IPOrpaMHOro me- SP e SP -2 2 51
pepUBaAHHS [SS:SP] « I7
SPe-SP -2
|SS:5P] « CS
SP «- 8P 2
[SS:8P] - I
1P <~ 10000:4#)
CS <~ [0000:4n + 2]
INT 3 BHKOHAHHA [IPOrPAMHOro NepepuBans 3 1 52
INTO BuxonanHs rporpaMHoro nepepusanHg 4, 4KII0 Mpa- 1 53/47
noperp OF =
IRET TlosepHeHHS 3 HepePUBAHHA IP « |8S:SP] SP « l 24
2
CS « |SS:SP] SP «-
SP+2
F < [SS:8P)
SP - SP+2
KOMAHIU KEPYBAHHSA CTAHOM MIT
CLC CKUIaHHS NPAnopus nepeHe- CF 0 1 2
CEHHI
CMC InBepeis npamopis nepeHe~ (Fe CF 1 2
CEHHA
S1C VeraHoBIeHHA NPanopis e- CF <« 1 | 2
PCHECCHHS
CLD CKII2HHS [PATIOPI HANIPSIMY DI ¢ 0 ] 2
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Baxinuenns maén. 3.11

1 2 3 4 5
STD VYoranosiensa nparopus HanpsMy | DF « 1 1 2
CLI 3aopoHa MacKOBaBHX anapaTHHX IFe 0 1 2

1ICpepUBaHD
STI JosBin Mackosanux anapaTHEX ne- | JF ¢ 1 1 2
pepHBaHL
HLT 3ymuH npougcopa 1 2
WAIT OuikysanBg curHany Ha minii TEST 1
ESC msk/mem | {Tepeaaua xogy xomanau msk abo xoy i ore- 2 2
paraa mem apudMeTHIHOMY CIIBOPOLECOPY 2-4Y 8+ F4
LOCK Ipedixc GrokyBaHHY IIHUHW HA YaC BUKOHAHHS 1 2
HACTYTMHOI KOMAHIH § MAKCHUMAILHOMY pPekuMI
NOP Hesae onepauiii 1 2

D Komanpa 3aiiMae 2 Gaiir, SKI0 1PN apecallii KOMIpKH 11aM’sTi He
BHKOPHCTOBYETBCA 3MIUIEHHS, TOOTO disp = 0, Hanpuknaj, fl03HAYEHHA
KOMIpKH TIaM’ AT mem BiXmoBilae MosHadeHwto [S/]; koMaHma 3aiiMac 3
6aiiT, AKIIO BHKOPUCTOBYETLCS $-po3pagHe 3MIMIeHHS disp8. Hanpuiial,
[S7 + 25H], komanpa 3aiiMac 4 OaiiT, AKWO 3MIMLEHHN16-po3psanHe —
displ6, nanpuknan, [ST + 10004].

*) Komanpa 3aitvac 3 Gaitr npu disp = 0, 4 Gaitr upu disp8 i 5 6ant
npu displ6.

Y Komana sajimac 4 Gaiit npu disp = 0, 5 6aiit npu disp8 i 6 Gaiir
pu disp16.

Y JlorivyHuit 3cys MBOPYY 36iracThea 3 apUAMETHYHNM 3CYBOM JHBO-
pyd. JomyckaeThes 3aMicTh TIO3HAYCHHS SAL BUKOPHUCTOBYBATH TIO3HAYEH-
Hst SHI..

> HaBesleHo yac BUKOHAHHS PIKOBOI KOMaHu Ge3 npedikca NoBTo-
peHHs.

“ Haeceno vac BUKOHaHHS PAAKOBOI KOMaHIM (3 TIPEPIKCOM TIOBTO-
pents. Y perictpl (/X 3aIMcaHo KITLKICTh TOBTOPEHD.
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D [pu BcTanoBieHOMY Hpamopui Hanpsmy (DF = 1) — cuepantis go-
JaBaHHA, IHAKIIE — BiTHIMAHHSL.

% m/n — npu BEKOHAHHI fiepexoQy KOMaHla BAKOHYETHCS 34 M TAKTIB,
IHAKITIE — 33 11 TAKTIB.

” ITpu BcranoBneHOMyY mpanopii (OF = 1) KOMaHAa BUKOHYEThCS 3a
53 TakTH, y HPOTHIEKHOMY BUNIAAKY — 3a 4 TaKTH.

3HaueHHS KUTbKOCTI TakTiB KA, notpiGue Jois o6udcaeHHs edeKTuB-
Hoi afipecH, 3aIeXHTh Bill ciocoby aapecauii onepanaa (tab. 3.12).

Tabruya 3.12. O6uncnenns epexTHBHOI agpecn EA

. i Kiaexicrs
Aapecauis Criocid obyucneHAs .
TUKTIB
[Ipsva [disp] 6
Herpava [BX], [BP. [SI], 101 3
Basosa abo inAekcHa [BX + disp], [BP + disp}, ST + disp). 9
[DI + disp) )
Basoso-iHnexcHa Gez  3Mi- [BP + DI, [BX + 51,
LEHHSA [BP + 81, |BX + DI} B
BazoBo-iHneKkcHA 31 AMILIEH- [BP + DI+ disp), 1
HAM [BX + ST+ disp], 11
[BP + SI+ disp), 12
[BX + DI+ disp) 12

Brume koMaHn Ha 3HaueHHS NparmopuiB iAocTpye Tabm. 3.13, y axiit
NO3HAYEHO: «+» — KOMaH/la BIUTMBAEC HA TPAIOPELlb; «—» — He BIUTUBAE, « 1»
— BCTAHOBJIIOE Nparopens B OAMHUIRO; «0» — CKHAAE mparopelb y Hylb;
«?» — cTaH HeBU3HAYCHUHN (3AIEKUTH BiJl KOHKPETHAX 3HAYCHD OMCPAH]LIB).
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Tabauys 3.13. YeTaHOBIEHHS IPANOPIB

. TIpanopm
Onepauis Komasm i _ _ _
OF |CF|AF | SF | ZF | PF |DIF| IF | TF
ADD, ADC, SUB, SBB +l+[++]{+]+[-1=1]-
Honapauns, - M —
o CMP _NEG, CMPS.SCAS |+ |+ ]|+ |+ [+ +]|~-1-1]-
BLAHIMAHAS
INC, DEC + -+l + ]+ -1-=-1T=
MHokeHRA MUL, IMUL + EN A Y 4 -1 -
Hineuns DIV IDIV 2N IR T A I T IR SR
[DAA, DAS, ? + + + + + . _ —
Hecarxosa - .
. AAA, AAS 2+ + 122l -0 =] -
KOpeKUis
AAM, AAD 22+ +1+1-
Jlorisni AND, OR, XOR, TEST 010 1 rlr |+ | - 1=
KOMaHu
RCL,RCR, ROL, ROR dest | + | + [ 7 | - N A B
RCLRCR ROL,LRORdest. CLY ? |+ [ 2 |~ - |~ -
3cys SHL, SHR dest T+ 7T+ 1+ 1+ T
SHI., SHR desi, (1. U A B S O T A S I B
SAR O+ 2|+ +|+1-
BianosmeHns POPF, IRET + | bl |
npanopLis SAHE T+t +1+1+7T+
Tlepepuparts INT, INTO -~ =T -1T-7T~%101o
S1C PR T R
CLcC -0
CMC O 25 P R R B B
Kepysatus ‘
SNTD N I D I
TIPANOPLIAMK i ‘
CLD | - I R R N
Str - -] -T-T=1T-1T~1T1
L] _ . 0

Tlpuxutagm BUKOHAHHA KoMana. Po3risHeMo TIPUKITaH BUKOHAHHA
rpyny KomMana nepenati indopvarii. JIo wiel rpyrv KoMan HaleXaTb Ko-
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. MikponpouecopHa mexHika

MaHJU NepecHIaHHA JaHUX i3 PeriCTPIiB y PeTICTPH, 3 PEriCTPIB y MaM’ ATk,
13 Tam’ATi y PETICTPH, 3 MaM AT1 JO 1AM’ AT1, y TOMY YMCII Y CTEK 1 31 CTeKa.

Hpuxnaan 3.12. Tlepenatn pani 3 perictpa CL y perictp BL. Jlo Bu-
KOHaHHA KoMaHxu perictp BL wicture uuciao 101011111, a CL —
00001111.

3a KOMaHI010
MOV BL,CL ; BL ¢« CL

(MOVe — nepecnaty) BmicT perictpa CL nepecunaerses y perictp BL.
ITicnst BUKOHAHHA KoMaHM BMicT perictpa BL mopiearoe 00001111, BMmicT
CL we 3MiHUTECH, ToOTO B MIT BMICT JIBOX peTiCTPIB CTaHe 0JHAKOBUM:

BL=00001111, CL = 00001111,

Ipuxaan 3.13. Ilepecnatu BmicT komipky ram’sti DS:[100£H] y pe-
rictp CX.

3a KOMaHA00

MOV CX, [100EH] ; CX « DS: [100EH]

BMICT 16-po3psanHoi koMipxu nam’s1i 3 agpecoro DS:[100£H] nepecu-
naeTheda y 16-pospsasuii perictp CX. Hexall 1o BUKOHaHHS KOM2HIM BMICT
perictpa CX nopisHioras 12344, todTo 0001001000110100,, a B mam’sTi 3a
BKA3aHOI0 IPECOI0 3HAXOAUTHCS cN0BO 5678, NpuuoMy MOMoAmME GaiiT
croBa 78H posmimenuit 3 agpecoro DS:[100£H], crapuwmii daitr 56H — 3
aapecoro DS:[100FH]. Tliciis BUKOHAHHA KOMaHAA MONIOMIIA GaiT cloBa
B aM’ATI HepenunLIeTLCs Y MONOAIY vacTuHy pericrpa CX, Tobro B (L, a
cTapiumii 6aifT — y crapmy yactuny, 10610 B CH. Y pesynprati BMicT CX
Oyne 567871, a indopmariisa y aM’ ATi 3aIHIIATLCA He3MIHHOFO (puc. 3.21).
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7 8}
1Y% B LH0000H | Canvexo Jxsmax
o g —

I T 2 LBY00FH
IB100F {

Puc. 3.21. Buxonanns xomanou MOV [100EH], CX

3a3na4uMO, IO Y JIBOXOLEPAHIHMX KOMAHIAX THITY

MOV dest, src

OJIUH 3 oNlepaniB MAc OYTH BMICTOM PEricTpa;

MOVl 12 1l 12

MOVm,r mer

MOVrm ;rem

Hpukaaa 3.14. 3arantanuTi cerMeHTHUIA pericTp /)S moHaTKOBAM
3HagentaM 40004,

Ocxkubku komasnn MOV sr, immed ue IcHY€, TO st TOro, oo 3asaH-
TAXKUTA B CEIMCHTHUH pPEriCTp siKech 3HaucHHsA, Tpeba s3anucarw joro y
P3I1, a motiM nieperard B CErMEHTHMH perictp, ToOTO BHKOPHCTATH JBL
KOMaHIH:

MOV AX, 4000H ; BX <« 4000H

MOV DS, AX ; DS &« AX

Hpukaau 3.15. 3niiichyTi 0OMiH BMICTIB ABOX perictpis BL 1 (L.,
3a KoMaH 1010

XCNG BL,CL ; BL ¢« CL

163



Mikponpouecopxa mexHika

(eXChaNGe — o6Mmin) BMictu perictpiB BL i CL MiHAHOTbCA MICUSAMU.
Hexaii 3nauenns perictpis BL = 10101111, CL = 00001111. TTicns
BHKOHAaHHA KOMAHIU BMICT
BL=00001111;
CL=10101111.
3asHaunuMo, MO IPY BUKOHAHHI Wi€i KOMaHIH, KPIM PEricTpiB, ski Oe-
PyTh yuacTh y KOMaHAl, BUKOPHCTOBYIOTECA OydepHi pericrpu MIT, sxi
30epiratoTs NMPOMIKHI IaHi.

Hpuxnax 3.16. Hexait y tabnuii 3 mo4aTkoBoro ajpecoro ES:BX no-
CIiIOBHO PO3MIMIEHO OaMTH ceMucerMeHTHOro koy adp six 0 go 9 (puc.
3.22). 3aminuTH 3HAYCHHS BMICTY pericTpa AL Ha BignosigHmii cemumcer-
MEHTHHI KOJ.

JIs BUpiIIeHHS 3aBJaHHA CKOPHCTAEMOCS KOMAHIOK

XLAT ; AL <« ES:[BX + AL]

ae XLAT (indeX Load Accumulator from Table) — inpexche (3a He-
IPSAMOIO afIPECcaliio) 3aBaHTAKEHH aKyMyIATopa AaHUMHI 3 Tabiauii (puc.
3.22). Komasza 3amiHro€e BMIiCT AL Ha BMICT KOMIPKH Iam’ ATi, pO3MIIIEHOT
y cerMeHTi S 31 sMmitenusM BX + AL.

ESBX <«
ISBX+1 «L>»
FSBX+2 ReSS
ESBX+3 <3»

LS:BX+9 <>

Puc. 3.22. Tabauys cemucezmenmnux kooia y nam smi

Iis xoMaHaa BUKOPUCTOBYETHCA A NEPEKOAYBAHHA CUMBOIY, SKUil
3HaX0JuThCA B AL, Ha OalT 3 Tabnuiy mepekogyBaHHsA. J{ns KopekTHOI po-
60TH KOMaHIHM TIOTPiOHO, 106 TabmHUI OyIa po3MillieHa 3a MeBHOK ajpe-
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COI0, @ caMe 3a MOYATKOBOIO aapecoro ES:BX. JloskuHa Tabnuili He Mae
niepedinbmyBat 256 GaiiT.

Sxmo B perictpi AL 0O BHKOHAaHHA KOMaHAM 3HaXOMMTHCA,
HaIpUKIaf, YUciIo 3, TO ICNA BUKOHAHHA B AL Oy/ie CEMUCETMEHTHHH KOA
ymcia 3.

Komanay XLAT mouiibHO BUKOPMCTOBYBATH i 3aMIiHH apryMeHTY
3HaYeHHAM QYHKUII, a 3HaYeHHa (yHKIi 3a37anerigp 3anucypard B 1a0-
JIALY.

Hpuxaaa 3.17. 3anam’sTati B cTeKy BMICT 16-po3psaaHoro pericrpa
3arajJbHOro MPU3HAYCHHA.

3a KOMaH01

PUSH AX ; SP « SP - 2, AX <« SS:[SP]

(PUSH — 3anHecTH) BMICT BKa3IBHHKA CTeKa SP 3MeHIIYETbCS HA JIBa,
100T0 SP < SP - 2, 111 anpecyBaHHA BEPXHLOI BUILHOI KOMIPKH CTEKa.
ITicns uporo BMICT perictpa AX 3anam’ ATOBYETBCA ¥ 16-po3paaHiii KoMipit
creka 3 aapecorw SS.SP. BukonaHHA KOMaHAW TPOLIIOCTPOBAHO
Ha puc. 3.23.

15 0
SS0000 | Carnasar creaa

s
vz

Puc. 3.23. Buxonanus xkomanou PUSH AX

Komanau 3anucy y CTeK Ta 3UMTYBAHHA 3i CTEKAa MOXYTh OIEpYBaTH
aume 3 16-po3paaHAMMA ONepaHIaMH.
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Omnepariii 31 cTeKOM € OUIBIN IMBUIKOIIFOUUMU MOPIBHAHO 31 3BEpPHEH-
HAMHM JI0 IIaM’AT1 3 ZOBINBHOI BUOIPKOIO 3aBIAKY TOMY, IO aJpeca KoMip-
KU cTeka QOpMy€eThes aBTOMATHYHO. [IporpamMicT HOBUHEH NULIE 1HIIIIOBA-
TH BEpIIMHY CTEKa Ha IOYaTKy IpoIpaMu, TOOTO 3armicatu B perictpu SS 1
SP 1104aTKOBI 3HAUCHHA:

MOV AX, 7000H ; AX <« 7000H

MOV S5, AX ; SS « AX

MOV SP, 4000H ; SP <« 4000H

ITouaTtkoBorO anpecor«j cTexa B qroMy tpuknani € 700077:4000H.

PosrisaeMmo npukiafi BUKOHAHHA apAGMETHYHNX, JIOTTYHAX KOMaH
1 KOMaHJ 3CYBIB.

Ipuxaan 3.18. Honaru smict apox perictpis: CL i 1. o BukoHaH-
B KoMaHgy BMicT pericTpis: CL = 10011100, DL = 11000101,

3a KOMaHIOH
ADD CL, DL ; CLi« CL + DL

(ADD — nomati) RONArOTHCA IBA OIEPAHIW; TIPU NBOMY pe3yIbTAT
3alUCY€ThCA HA MicIe Nepinoro onepanyja. ITicas BUKOHAHHA KOMaHIM Y
perictpi CL 6yne 3Hauenus 01100001:

1 — pPAIOK NEPCHCCEHD
1 0 0
+1 1 0

011

=R
OO =~
S| - -
oo o

0
1
1

Vi apudmeTHdHi KOMAHAN BILIMBAIOTH Ha niparnopini. Tax, mcis Bu-
KOHAHHA Hj€i KOMaH/{d BCTAHOBUIIHCA:
- B OIUHWYHUN CTaH:
AF — nipaniopetis nepeHeceH s 3 po3pany D3 y pospan 14,
CF - npanopeub AepeHeceHHs 3 po3paxy D7;
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OF — mparopeus mnepernoBHeHHs (y pe3ylbTarti JoJaBaHHA
IBOX 3HAKOBHUX BIA €MHUX HUCEI OTPUMAHO JOJATHUM pE3YIIbTaT);
- Y HYIILOBMII CTaH:

ZF — nipanopels Hyns (pe3ylbTaT HEHYJIHOBHI);

PF — npanopeus mapureTy (4UCI0 OJUHALS Y Pe3YIIbTaT] HelapHe),

SF — npanopenb 3Haka (3HAKOBUM po3psan V pe3yiiprari AOPIBHIOE
HYJIIO).

IIpukaan 3.19. BukoHaty mojaBaHHA JOTHPUOANRTOBUX OIEpaHUIB,
AKl MICTATBCA B CYCIZHIX KOMIpKax IaM’dTi 3 MOYATKOBUMU ajpecaMi
DS:1000H 1 DS:2000H. Pesynbrar 3anam’atati y perictpax CX, DX

JUia BUKOHaHHS UBOTO 38BAaHHA Tpeba Iepeciaryd BMICT MOJIOILIOrO
Cl10Ba Nepiioro fojaHka B perictp CX 1 104aTy 10 MOJOALIOrO CIIOBA ApY-
roro A0JaHka 3a AomoMoro koMauau ADD:

MOV CX, [1000H] ; CX « DS3:[1000H]

ADD CX, [2000H] ; CX « CX + DS:[2000H]

Jis Toro o0 ypaxyBaTH NEpPEHECCHHH, AKE MOXE Bmmxhym npH
HOAABaHHI MONOAINMX CJIiB, CIii BHKOHATH JOJAABAHHS HACTYMHUX CIIB
ofepaHliB 3a JonoMorot xomanmu ADC, mo nependavae n01aBauis 3Ha-
yeHHA GitTa CF no orpumanoi cyMu. ko CF = 0, cyMa He 3MIHIOETHCA.

Omxe, cimj nepeciaary BMICT CTapILOTO CIOBA MEPLIOT0 NOAAHKA B
perictp DX i 1oaTH 10 CTApUIOro CiI0Ba APYroro J0AaHKa:

MOV DX, [1002H] ; DX « DS:[l1002H]

ADC DX, [2002H] ; DX « DX + DS:[2002H] + 6irT
CF

3ayBaxkuMe, M0, OCKIIBKUM CIIOBA 3aiMArOTh y maM’sTi JABl CYCIAHI
KOMIPKM, IUTA ajipecailii cTapiioro cnoBa A0AaHKa aapecy moTpibHo 30ib-
UMTH HA 2.
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Anropi«rrM KOMaHIy I0/aBanus 3 ypaxXyBaHHsM niepeHecenns ADC DX,
[2002H] (ADC — Add with Carry — nopatv 3 iepeHeCeHHSM) TIOKa3aHO Ha PHC.
3.24.

x|
+
=T |
F
I X ]

Puc. 3.24. Buxonanns xomanou ADC DX, [2002H]

JonasanHs 6araro6aiiToBUX omnepaHIiB BUKOHYETbCSA TaK: MOJOILII
OaliT onepaHmiB AOAAIOTHCA 3a KoMaumoio ADD, a Bci inun GaldTn — 3a
koMaumoro 40C.

Hpuxaax 3.20. BuxoHaTi BiHIMaHHs BiJl BMICTY pericTpa AX uncna
5000H.
3a KoMaH1010

SUB AX, 5000H ; AX « AX - 5000H

(SUB — SUBtract — BigaatH) pisnuis AX — S000H nepecniaetbes B
aKyMyIsaTop AX.

Hpuxmaan 3.21. Bukonary BigHIMAHHSA BMICTY KOMIPKW HaM’sITi 3 aji-
pecoro DS: 1000/ ta uncia 35H 3 ypaxyBaHHSAM IO3UKA BIJI 110TIEPEHBOT
orieparii.

Jnst Toro 1o ypaxyBard 034Ky, MOTPIOHO BUKOHATH BIAHIMaHHS 3a
JorioMoror KoMaHau SBB, sika niependavae BinHiMaHug 0ita (/7 BijL 0TpU-
Manroi pisumui [DS:1000H] - 35H. SIkmo CF = 0, To pe3ynbral BiAHIMaHHA
3QJIMUIMATECH HE3MIHHUM:

SBB {1000H], 35H ; [DS:1000H] ¢« [DS:1000H] -
35H - 8ir CF
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Komanny SBB BMKOPHUCTOBYIOTH Ijis BifHiMaHHa 6aratobalToBHX
ONEPaHAIB 3 YPaxyBaHHAM IO3WKH 3 TONMEpeRHiX oriepaniil. BigHiMaHHS
GaraTo6aliTOBIX OTiepaHiB 3MIACHIOETHCA TAKUM YHHOM: MOJIOAII OaitTu
BIJHIMAIQTECA 3a KoMaHa010 SUB, a Bei inmi — 3a KoMannoro SBB.

Mpuxaax 3.22. BusHauaTH JOJATKOBHI KOJ ONEpaHja, AKdi Mic-
TUTHCH B pericTpi BX.
3a KOMaHJI010

NEG BX ; BXeBx+1

(NEG ~ NEGative) BUKOHY€ETBbCSA TIEpeBeJIEHHS YHClIa B JIOJATKOBUIL
Ko, TOOTO cIIouaTky 3MHCHIOETLCs HOro 106ITOBA IHBEPCIA, 4 OTIM J0/3-

BaHHA ONUHULLL.

Hpuxaan 3.23. TlopiBHATH 3HAYEHHS BMICTY aKyMyisropa 1 perictpa
CX.
3a KOMaHAOIO

CMP AX, CX ; AX - (X = F

(CoMPare -- mopiBHATH) BiZl BMICTY AX BigHiMaerses BMict (X, Hpn

. IOMY pPI3HULS Hije He QIKCYEeThCH, ale 3riJHO 3 HEK BCTAHOBTIOIOTHCA

npattopui. Tak, Ipanopenb Hyas ZF yCTaHOBNIOETHCS B OJANHHULIO, AKILO
Yucna ToToAKHI. SIKo 3Hauenns AX 3a MogyneM MeHine Hixk (X, ycraHoB-
TMHOETHCS TMTparopensb mo3uky CFr

Npuknag 3.24. 3uaiitu goOyrok asox Oe3znaxoBux 8-po3psiyHux
oIlepaH/IiB, Akl 3HAXOAATHCA B perictpax DI 1 AL.

VY xomanui MEOXeHHS MUL (MULtiplay — nepeMuoxnti) 6e33HaKo-
BUX YHCEN BKA3YCThCA JIULIE OJWH ollepaHf — L., OCKUTbKH Ipyruil MHOX-~
HUK 34 3aMOBYYBAHHAM 3HAXOJINTLCA B aKyMyIATOpPi. Pe3ynbrat MHOXECHHA
OaiiriB po3miltyerses y 16-pospsanomy perictpi AX:

MUL DL ; AL x DL — AX
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-~ TMpuaxaag 3.25. 3Haittu 106yTOK ABOX 6Ge33HAKOBHX 10-po3paiaHuX
OTIEPAHIIB, AKi 3HAXOAATECS B perictpax CX 14X,

ITpu MHOXEHHI ABOGAMTOBUX OMEpaHiB y MHEMORILI komanmu MUL
BKa3y€ThCs NMHINe oauH onepann CX. Jlpyruil onepani 3a 3aMOBYYBaHHAM
3HAXORMTBCA B AKyMYyJIATOpi AX. Monoaua yacTuna Jo0yTKy 30epiracTbes
y AX, crapwma —y DX. Pe3ynsTaT po3MilIy€eThes y pericrpax AX ta DX

MUL CX ; AX x CX — (DX, AX)

Hpuxaan 3.26. 3Hadi pe3yLTaT AiNeHHs BMICTY akymynsTopa AX
Ha BMicT perictpa CL.

3a KOMaHI010

DIV CL ; AX:CL —> AL, ocmaua —» AH

(DIVide — noginutu) BMICT AX mumnTbes Ha BMicT CL, pe3ynsTar 3a-
NUCYETBCH Y AL, ocTada Bij JineHHs —y AH.

Hpuknan 3.27. Bukonatn koMaHay AIIEHHS TOABIMHOTO COBA, 11O
36epiraeThes y perictpax DX, AX, wa cnoso B perictpi CX.

ITpu aieHHi MOABIHHOTO CI0BA HA C/IOBO Y MHEMOHIUI koManan DIV
BKa3yE€ILCs JUIlE AUIBHAK, SKMH 3HaXomuThes B pericrpi (X1 Monoaira
YaCTUHA AiJEHOTO 33 3aMOBUYYBAHHAM 3HAXOAMTLCA B perictpl 4X, crapuia
YyacTuHa — y perictpi D.X. PesynbTar po3millly€Thes B perictpax AX ta DX

DIV CX ; (DX, AX):CX — AX, ocraua — DX

puxsrag 3.28. BukoHaTH KOMaHIy AeCATKOBOI KOopekUii pesyabrary
JOJABaHHSA JBOX YIIAKOBAHUX ABINKOBO-1ECATKOBHX UHCEN, SKI 3HAXOIATD-
¢ B perictpax AL = 25H, BL = 37H. Komanay 10JaBaHHs 3aIUCATU TaK,
1106 micis {i BUKOHAHHA pe3yiIsTar 6yB po3MilueHnii y perictpi AL.
Komanga
DAL
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(Decimal correction of Accumulator at Addition — reciaTKOBa KOpeK-
i aKyMyTIATOPA 1IpH A0AaBaHHI ) BUKOPHCTOBYEThCS MIiCIA KOMaHIU A0/a-
BaHHA 1 ICPETBOPIOE PE3yTbTAT AOAABAHHA JBIHKOBO-IECATKOBUX YHUCEN HA
JBLIKOBO-JIECATKOBE uncno. Kopekiis nonsrae B y3rofKeHHI EPEHECEHE
TIpYU IO0JaBaHHI AeCATKOBHX i MMICTHAAUATKOBUX gucell. Taka kopekiis 1o-
TpibHA, OCKITLKU TIPH MTOPO3PAIHOMY AORABAHHI JECATKOBUX UHCEN Tepe-
HECEHHA BUKOHYEThCA, AKIIO Pe3ylbTaT nepeBuutye 9, a npu mopo3psaaHo-
My JAOJaBaHHI MICTHAAIATKOBUX YHWCEN — SAKIO pe3ynbTaT nepennmye

- F =15, ARTOpHTM RECATKOBOi KOPEKUIi TaKHi:

1. Skmo npanopeus AF = 1 abo monoawa terpaga AL
>9, 10 AL < AL+ 06, AF « 1.
2. Mo npanopeus CF = 1 ado craprua retpajga AL > 9,
T0 Al - AL +60H, CI"«- 1.
ITicns BUKOHAHAS KOMAHAN
ADD AL, BL
BMICT perictpa A/, BU3HaUA€TLCA TakK:

001 001¢01
+0 0 1 1 0 Vv 1 |
01 0t 110 0=5CH

Ie yncao MicTUTh JIiITEpH, TOOTO HE € ABIRKOBO-AECATKOBMM HHCIIOM,
TOMY TICIist KoMaugn A/ BukonyeThes xoManaa [DAA, y pe3vierari BH-
KOHAHHA AKOI PE3yNbTar JOUABAHNS 3MIHIOETRCH. 3HAYEHHS MOJIOALION Te-
Tpajan pe3ynsrary Guibite 9. 3riiHo 3 anropuTMoM

01011100
+ 110
01 1 00 0 1 0yy0:262

Jiicho, 25 + 37 = 62. PesyasTar A0KaBaHHS € JBIHKOBO-IECATKOBUM
YUCTIOM.
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Hpuxnan 3.29. 3niiicEntn mopo3paaay onepauiro JIOTTYHE ABO

HaJl 4MCIaMu, sKi MICTATbcA B perictpax BL = 11011010 Ta
CL =10001001. ‘
Komanma

OR BL, CL. ; BL « BL v CL

(OR — a6o) Buxonye onepauio JJOITYHE ABO, pesynsrar skoi pos-
MIIYETECA HA MICHI Iepioro omepaHpa. Ilicnd BUKOHAHHA KOMaHIW
BL=11011011.

Tax camo nopo3psaHo AiOTH yci norivHi onepattii: AND, XOR, NOT.

Jloriugi koMaHIOX MFOTH Ha Tpanopui Takum ymeoM: mpamopii CF i
OF cxupatoThes y Hydb, 3HAUCHHS mpanopus AF He BH3HAUEHO, TPariopiii
ZFF, SF, PF BCTaHOBIIOIOTHCS BIATIORIAHO 10 pesyibrary (ams. tabu. 3.10).
ITicnst BUKOHAHHA KOMaHIU Ipariopui HalyBaroTh TakuX 3HaA4YeHB. ZF = 0,
SF=1,PF=1.

IMpuxaan 3.30. YcranoBuTH npanopiil BiATOBIZHO A0 Pe3yNbTary
onepauii JIOI'TUHE I nax auciom 38H, sixe mictutbes B pericrpi L, Ta
qucsioM 35H.

3a KOMaH0k0

TEST CL,35H; CL A 30H = F

(TEST — mepeBipka) 31IJICHIOEThCS KOH FOHKINS ONCPAHIIB, 3a pe-
3yIbTATOM yCTaHOBIIOIOTCS HPAIOPLI, ale PE3YIILTAT omepaLii He (ikcy-
erbes. Tlicns BUKOHAHHS KOMaHAN

nparioplil HabyBarOTh 3HAYEHb BINNOBIAHO A0 pe3ybTatry omnepauii: ZF = 0,
PF=1,8F=0,CF=0, OF =0, cran npanopus AF He BU3HAUCHWIA.

172

Po3ain 3. OdHOKpuch‘laani Mikponpouecopu

Hpuxaan 3.31, BukoHaTu NHKTIYHUR 3CYB BMicry perictpa BX niso- :
pyd Ha OFUH PO3PAL. | o

3a KOMaHJ010

ROL BX, 1

abo

ROL BX, CL

(ROL — ROrate shift Left ~ LEKTiIHU 3CYB JIBOPYY) 3iHCHIOETHCA
LMKIYHAUA 3¢YR BMicTy perictpa BX niBopyd BigmosigHo Ha ogus abo CL
pospsanie (puc. 3.25). 3a pe3ynsTaraMM omnepailii 3MiHFOIOTBCA 3HAYEHHS
npanopui CF, SF, ZF, PF. KoManjia 3cyBy Ha OIMH p03f)x'11 3MIHIO€ TAKOXK
npanopels (5 — BIH YCTAHOBIIOETHCA B ONMHULIO [PU BijINOBIIHINA 3MIHI
3HAKOBOTO PO3PAAY.

-—

F BX

Puc. 3.25. Buxonanuns xomanou ROL BX) 1

Posrnsremo npukiiajju BUKOHAHHS TPYITH PAAKOBUX KOMaHZ Psnkosi
KOMaHIM ONEepyrOTh 3 MACUBAMU JaHUX -— pAAKkaMu. 3a 3aMOBYYBAHHAM OIVH
3 MacHBiB — JuKepeno iHdopMallil - 3HAXOAUTHCHA B CETMEHTI Aauux 1S 3 no-
YAaTKOBOK 4JIPecoto, aka BU3HAYAETLCS BMICTOM perictpa SI, npyruit Macus —
npuiimay iHdopmarii —- 3HAXOAWTBCA Y JIOAATKOROMY CeTrMeHT! Jannx £S 3
[IO9ATKOBOH) A/IPECO0, #Ka BUIHAMAECTLCA BMICTOM perictpa )/ Enementamu
pAOKiB € coBa abo 6aity. Hanpamox 06pobku iHpopMaLiii y paaxax BU3Ha-
YaeThCA mpanopueM narpsmy DF. Tlpu DIF = 0 06po6ka iHpopmarii nodnHa-
€ThCA 3 MONIOAIMX afpec, pu DF = 1 — i3 cTapimx azipec.

Mpuxnax 3.32. Tlepenatn BMIicT 8-po3psiHoi KOMIpKM nam’sTi 3 aj-
pecoro 1DS:STy xoMipky miam’ a1 3 anpecoro KS: DI, ‘

173



MixkponpouecopHa mexuika

Jlns BUKOHAHHA WHOTO 3aBAAHHA BHUKOPMCTOBYETHCS KOMaHJa
MOVSB (MOVe Sequence Byte — niepeMICTUTH NIOCHITOBHICT GaliTiB), AKa
nepecuiac Oaiit abo NOCHIAOBHICTb GaiiTie 3 OAHIEl 0bnacTi mam ATl B iH-
wy. SIKio y MHEMOHILI KOMaHAH BUKOPUCTOBY€Thes npedike REP, To ne-
PECHIAETHCA TOCHiAOBHICTh GaiiTiB, MPH IIbOMY KiNBKICTh OalfiTiB y moci-
JOBHOCTI 33[a€Thcsl BMICTOM perictpa CX. SIkmio y MHeMOHILI KOMaHAW
npedikca REP HeMae, TO NepecunaeThes BMICT OfIHI€] KOMIPKM nam’aTi. 3a
3aMOBYYBAHHAM IMPU BUKOHAHHI koMmaHau MOVSB nepecunaeTbcs BMICT
KOMIpKH [aM’ 4TI 3 agpecoro DS:S/y koMipky mam’aTi 3 aapecoro £S:DI.

Mpuxaaa 3:33. [lepecnard ciioBo, MONOALIMI GaiiT skoro 3depira-
€ThCA B KOMIpLIi I1aM’ATi 3 azpecoro DS:SI, a crapumii 6akit —y xomipui 3
anpecoro DS:SI + 1, y xoMipky mam’ 11 3 afipecoto ES:DI.

3a xoMaHI00
MOVSW
(MOVe Serial Word — niepeMiCTUTU PsIOK CIB) BUKOHYETHCA TIEPECHITAHHA
CI10Ba (3a 3aMOBYYBAHHIM BUKOPUCTOBYIOTHCA Ti CaMi aipecy KOMIPOK, 1110
1 B mpuki. 3.32).

Hpuxaan 3.34. Tlepecnaru macus, mo ckinagaetses 31 100 cais, 3 00-
JacTi maM’ATi, AKa Mae moyarkory aapecy DS.SI (DS = 2000H, ST == 1000H),
B O0NacTe IaM’ATi, ska Mac TouarkoBy agpecy AS:DI (ES = 3000H,
DI = 4000H).

3a KoMauaoto
REP MOVSW
(REPeat MOVSW) BUKOHY€TbCS NEPECHIIAHHSA CNiB, KUIBKICTh SKUX 30epi-
TaeThCA 32 3AMOBUYBAHHAM y pericTpi CX.
Tlepecunanng MacuBy 3MIHCHIOETbCA BUKOHAHHAM TaKoi 1OCNIZ0BHO-

CT1 KOMAHI:
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MOV CX,100 ; BabvecTu y CX SHaueHHI JOBXUHU
MacCuBy

CLD ; CKMHYTU Opalopelb HanpaAvky s
aBTOlHKpeMeHTalil

; ampec MacuBim

MOV AX,2000H ; 3BaHecTwm B pericrpu DS i SI an-
pecu cerMeHTa Ta

MOV DS, AX ; 3BMimeHHS mKepesa HaHUX

MOV SI,1000H

MOV AX,3000H ; 3anecTu B pericrpu ES i DI an-
pecn cerMeHTa Ta

MOV ES,AX ; SMIilleHHS pericTpa-npuliMada
OaHux

MOV DI,1000H

REP MOVSW ; llepecnaTty pAOOK CJiB

PosrnsneMo npuknag BUKOHAHHA TPYIIA KOMaHj nepeaat KepysaH-
Ha. KoManau nepenavi kepyBaHHs 3a3BHYail 3MIHIOIOTh BMICT BKa3iBHHKA
KoMaHj( [P, a mesxi i BMIcT pericTpa cermeHTa KoiiB CS. 3a J0TIOMOTor0
LMX KOMaH MOXHA 3MIHUTH MOCTIIOBHICTE BUKOHAHHA KOMAaH/1 Y TIporpa-
Mi, OCKUTbkM perictp ('S MICTUTH 6a30By ajipecy MOTOUHOro cerMeHTa Ko-
JiB, 3 7K01r0 BUOMparoThesd KOMAHIM, a pericTp /P — afpecy, sAka 3aj1ae 3Mi-
HICHHS KOMaHIW BIIHOCHO 11049arky cerMenTa ko, [Ticis BUKOHAHHA KO-
MdHM Ilepejadl KepyBaHHSA TIPUCTPIit kepyBanHs MIT, BUKOPHCTOBYIOUM
HOBUit BMIcT perictpie ('S i /P, BUOUpAE 3 naM’siTi HACTYIIHY KOMauay. Y
Takui crociO BUKOHYETHCS TepeoOpMIEHHS Yeprid KOMAH, SKi Hagxo-
ATk y 610k onepauiiiHoro npuctpor (auB. puc. 3.11).

Jlo uiei rpynu koMaHa HaJexkarh: KOManau 6e3yMOBHOTO il YMOBHOTO
NEPeX0AIB; KOMAHAW BUKIUKIE TIIIpOTpaM I 1OBEPHEHb 3 HiJTporpam,
KOMaHIH IIWKJIIB; KOMAHIW NePEpUBAHb.

Ilpukaan 3.35. Bukonaty 0e3yMoBHUI BRYTPILIHbOCErMEHTHMI Me-

pexim.
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3a KOMaHIOK0
JMP NEAR LABEL

abo
JMP LAREL

{(JuMP NEAR — cTpuOOK HENOAAMIK) 3GIMCHIOETHCA TIEPEXif 10 BAKO-
HAHHS KOMaHJI, TIepIa 3 SKUX [Mo3HaveHa MiTkow LABEL, Aka 3HAX0AUTECA
y TIOTOYHOMY CETMEHTI KOJiB, T00TO B Mexax 64 kbaiT. SIkimo Tun miepe-
X0y HE BKa3aHO, 33 3aMOBHUYBAHHSAM BUKOHYEThCH THUII NEAR. [lpu mepe-
X0di V MeXaX CerMeHTa 3MIHIOETHCS BMICT ITPOTPAMHOr0 NiYMIBHUKA
IP«'LABEL’, ne LABEl. — cumBoniuna agpeca abo Mitka, a 'LABEL’ -
3MILIIEHAA Y CerMeHTI KOZIB i€l MiTKH.

IIpuxaan 3.36. Bukonatu 6e3yMOBHMIT MIXKCErMEHTHUI ITepexi.

3a KxOMaHIoI0

JMP FAR LABEL

(JuMP FAR ~ cTpubOK Jaj1eK0) 30iHCHIOETHCSA TIEPEXil 10 BUKOHAHHS
KOMaHZ, NIepuIy 3 AKHX MO3HAIEHO MiTKor0 LABEL. 119 MiTKa 3HaX0IuTHCS
B Mekax yciei nmam’aTi emnicTio 1 Mbaitt. TTpn mizkcerMeHTHOMY TI€pexo
3MIHIOETBCA AK BMICT IIPOrpaMHOro NiYuasHUKa /P, Tak 1 BMICT CErMEHTHO-

ro perictpa komis CS 3rifgHo 3 Mitkoro LABEL.

Hpuxiran 3.37. BukoHaty yMoBHuIiA riepexij 3aiexXH0 BT CTaHy Impa-
mopus CF.

3a KOMaHJIot0

JC LABEL ‘

(Jump if Carry — cTpubOK, KO € NepeHeCeHHA) 3MIMCHIOETCA TIEpe-
X1JI BUKOHAHHS KOMaH[ Ha MITKY LABEL nvime y TOMy pasi, SKIIO 1pario-
peus CF = 1. B iHimomy Bunagky, akio CF = 0, 3qiHCHIO€TECS Mepexil 10
BHKOHAHHA KOMaHIH, HACTYITHOI NiCIIA KOMaHAH YMOBHOIO NEpexony.
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IMpuknax 3.38. BUKIUKATH HIIAPOTPpaMy, PO3MIIHEHY B IeAKOMY Mi-
ciii maM” 911 emHicTio | MGaifT i3 cuMBomIigHOK anpecoro NAME.

Jns nepexoxy A0 BUKOHAHHA IIANPOrPaMH BUKOPHCTOBYHOTH KOMaH-
oy CALL. TTpu BuKOHaHHI xomarau CALL 3MiHIOIOTBCA 3HAYeHHS perict-
pis CS i IP. Tlepel BUKOHaHEAM KOMAHAM 3allaM’ ATORYIOTHCS 3HAYCHHA
LMX PEricTpiB, o0 Micas BUKOHAHHA MiIIPoOTrpaMud MoXKHA 6yJI0 HOBEPHY-
THCA 10 BUKOHAHHS OCHOBHOI Nporpamy. 3amaM’ATOBYBaHHs 3HAYeHb peri-
CTPIB BiIBYBAETHLCS ¥ CTEKY.

3a koMauIo10

CALL FAR NAME

(CALL ~ BUIKIIMK) BUKITUKAETBCS THINporpama 3 anpecoro NAME:
- BMICT S/ 3MEHIIY€ThCSA HA 2,
y KOMIPKY nam’4Ti 3 aapecoro SS.SP rnepecunacThesa BMICT
perictpa (.S,
B BMICT S/ 3MeHInyeThes Ha 2;
| Y KOMIPKY nam’sT1 3 ajpecoro SS.SP nepecHIacThes BMICT
perictpa [P,
B /P i (CS 3apariTakyrOThCH HOBI 3HAUEHHS, AKI Bijroniga-
YOTh CUMBOIHHIN agpeci NAME.
Y pesynbTari LMX Aiity creky 3anam’sToBYEThes BMiCT perictpis (S
IP, 10610 MoBHa aapeca CS:/P 1iel komary, sky Tpe6a Gy/iec BUKOHATH Tli-
cIg 3akiHgenHs nignporpaMu NAME. OcTaHHROI0 KOMAWNOH Iigporpa-
MU, HI0 BUKIUKACTLCA, € kKoManaa RET FAR. 34 1ier0 KOMaHIow 31 cTexa
BUTATYXOTBCA JBa CIOBA, AKi Oyid 3anucadi NPy BUKITUKY MIJINPOTpaMy, i
3aHOCATLCS Yy perictpu S 1 /P, 10610 BiAHOBIKETHCA [oTO4HA aapeca
CS:IP KOMaH[H OCHOBHOI ITPOTPAMH.
Mpukaan 3.39. Bukonatu nocninosuicts komang 100 pasis.
Jlns noBTOpeHAs BUKOHAHHA T10CiiI0BHOCTI koMan 100 pasis noTpi-

OHO B pericTpi (X 3aJ1aTH KUTBKICTh TTOBTOPEHS
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MOV CX,100

IToTiM 3amicyeTbes MOCIIIOBHICTE KOMaH, Iiepia 3 AKUX [o3Hava-
€ThCS MITKOIO;

Ml: <nocraimomBHicTs koMaHI>

‘T8 BUKOHY €ThCA KOMaHIa
LOOP M1

(LOOP — neras). Komanna LOOP M1 3meninye BMict CX Ha ogusn-
II0, & TOTIM TOPIBHIOE Horo 3 HyneM. Skino CX = 0, To 37iMCHIETLCA Niepe-
XiZl 0 BUKOHAHHS KOMaHAW 3 MiTkoto M. Skimo CX = 0, T0 BUKOHYEThCHA
KoMaHa, HacTymHa 3a LOOP M1 (Buxij 13 IHKITY).

Jlo KoMaH] UK/IB HATeKaTh:

LOOPE M1

(LOOP if Equal — netas, Ao AOPiBHIOE) Ta

LOOPNE M1

(LOOP if Not Equal — netns, sxwo He gopisaroe). LIi komanau peai-
3YIOTh BHXIA 13 IHKIY, ko abo (X = 0, abo BUKOHYEThCA JIONATKOBA
yMOBa: 3Ha4deHHdA npanopis. ZF = 1 (ang xomanmu LOOPE) abo ZI = 0
(nns KOMaHIH LOOPNE). Tlparnopeus ZF Moxe OyTu BCTAHOBIEHMH abo
CKUHYTHIA y pe3yNbTaTi BUKOHAHHS OJHI€l 3 KOMaH| LHKITY.

Hpuxnan 3.40. Tlepetiti o migmporpamMu odpoOKU NepeprUBaHHS TH-

my n=_8.
~ Mikponpouecop 18086 Moxe 00poOmaTh 256 Tumip nepepupadnb. Y
cmeliaibHilt ofmacTi IaM’sTi, po3MilleHi#t 3a ndtrafrkonom ajpecoro
0000:0000, sixa HA3UBAETHCA KAPMOIO BEKMOPIE NePePUsarb, 3aTIACAHO TO-
YKM BXOMB y IiANporpaMu o6poOKM NepepHBRaHb. 3a ampecoio
0000:4x<HOMep TiepepMBaHHL> 30epiratoThes 3HAYeHHsA /P, 3a agpecoro

0000:4 x<HoMep nepepuBaHH™> + 2 30epiraroteesd 3HaueHHs CS. Hosi 3Ha-
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yeHHA CS:/P BU3HAYAIOTH aJpecy HeplIoi KOMaHAH MiAMporpaMu o6poOku
NepepUBaHHS.

Komanna

INT 8

1HILIFOE Taxy ITOCIIZOBHICTE J1H:

- cxujiaroTsea npanopiy 77 1 TF, o 3a00poHse nepepuBaHHsd

Ta HOKpoKoRy poboty MIT;

— BMICT SP 3MeHITy€ThCS Ha 2;

— y KOMIPKY tiaM’sati 3 agpecoro SS:SP nepecunaerbcs BMICT
pericrpa npanopiis £,

— BMICT SP 3MEHIYEThCS HA 2;

- y KOMIpPKY faM’sTi 3 aapecoro SS.SP nepecunaeTscs BMICT
perictpa CS;

- BMicT SP 3McHIIy€ThCA Ha 2;

- y KOMIPKY [aM ATi 3 afApecoro SS.S/° lepecuia€Tbes BMICT

perictpa /7;

HOMED IlepepuBaHHA MHOXHThCA Ha 4 (4-8 = 20H),
8 [/ 1 (S 3aBaHTaXKyIOTECA HOBI 3HAYEHHA 3 KapTi BEKTO-
piB nepepuBanb (rouarkosa aapeca 0000H):
[P<-[0000:0020H],
(S<«-[0000:0022H].

Y pesynbrari uux Al 3aiHCHI0ETECH MIXCETMEHTHUN HenpaMuil BU-
KIAK ITauporpamin o0poGKy nepepuBanHs, NMPUHOMY ajpeca MiANporpamu
OJIHO3HAYHO BU3HAYAETHCS HOMEPOM IEPEPHBAHHA.

Orxe, 3a xomangorto INT 8 y creky Oyie 3arnmcaHo BMICT pericTpis
IP, CS1F, anorimy perictpn IP i CS 3anMuIyThest HOBI 3HAUSHHS 3 KapTh
BEKTOpIB nepepuBadp, MIT riepeiine 1o Bukonanns nipnporpamu 00podku
nepepuBanHs 3 HOMEPOM 8.

Brkonauus koMmaHau /N7 p moxe OyTw iHILIFIOBAHE SIK NPOrpamMHo,
TaK i anapatHo. Y nepuioMy BHITAAKY MatumBHAH Koy koManun /N7 3unty-
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€ThCA 3 TPOrpaMHoi HMaMm’4Ti, Y APYroMy — MalIMHHUI Ko koMasmu INT
thopMy€e Ha MIMHI JaHUX CUCTeMa 1IEpEPUBAHb. -
Po3risHeMo MpUKIaa BUKORAHHA FPYIN KOMAHJ KCPYBaHHA CTaHOM
MIL Mo uiei rpynM HajeXkaTh KOMAHIWA. CKUIAHHA, BCTAHOBJIEHHS, IHBEpCii
npanopmir; komManga ESC (mepeMukanug Ha crisnpouecop); LOCK (3axo-
menns umnn); NOP (Hemae oneparii), LT (3ynun); WAIT (o4ikyBaHHS).
Mpuxaan 3.41. CkuHyTH nparopelp HanpaMy DF y cTaH JOridHoro

Hyn4.
3a KxOMaH/1010

‘ CLD ; DF « O
(CLear DF — ouninenns DF) npanopens DF CKMIA€TbCA Y CTaH JIOTI-
YHOTO' HYJIAL.
Hpuxaan 3.42. YcTaHOBUTH Npanopens HanpsMmy DF y cTaH noriy-
HOI OAVHHIIL.
3a KOMaHJ010
" STD ; DF « 1
(SeT DF — mcranoBnenss DF) ppanopeubs DJ BCTaHOBIIOEThCH Y
CTaH JIOrYHOI OJIMHUIII. '

~_ KOHTpOnbHi 3anuTaHHs

1. Ha ski tpymu noaarors KoManay MIT j80867

2. Sxi rpymm xoMaHA He BIIVRAIOTHL Ha Tparnopin?

3. VkaxiTh 3HAYEHHS NPATOPINB, SAKi BCTAHOBIFOIOTHCA TIPY JIOJABAHHI
yucen 25H 1 97H?

4. Sxi nii Bukonye MIT npu BUKIWKY npouenypu tany AR, tamy
NEAR?

5. Slki npanopri 3MIHIOIOTHCS MPH BUKIIHKAX MepepyUBaHb?
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3.4. Mobynosa moayns LEeHTpPanbHOro npouecopa
Ha ocHoBi i8086

Jlnst noGymosn moaynst 11T moTpibHO 3abe3nevntn CUHXPOHI3AMiI0
poGoTH cuctemu Ta y3rozxedns poboru LIIT i3 cucTeMHOI0 MIMHOIO.

Cxema cunxposisauii. [t cMHXpoHI3allii BUKOPHUCTOBYIOTEH FeHepa-
TOP TAKTOBMX IMUYNECIB 18284, AKkuil reHepye cUrHAIK CHHXPOHI3aIli Jis
IIIT 1 nepudepifiEnX NPUCTPOIB, @ TAKOXK CHHXPOHI3Y€ 30BHILIHI CHIHATH
rotoBHOCTI READY 1 mouaTkoBoro BcraHoBieHHA RESET 3 TAKTOBUMM CH-
rHamamu MIL ['enepatop TakToOBMX iMIYNbCIB (puc. 3.26) MICTUTE TIOAIN-
HUKH YacTOTH Ha 3 1 Ha 2 Ta NOTiIKy KepyBaHHI CHTHAJIAMH CKHJAHHA i ro-
ToBHOCTI. PoboTa 3anaBaibHoro reneparopa (3[0) cTabimisyeThes KBapuo-
BUM PE30HATOPOM, AKWI NIPUENHYETHCs A0 BxoaiB X1, X2 Bxix TANK Bu-
KOPUCTOBYETHCA AT JOIATKOBOTO MPUETBAHHA T1ApaNielibHOTO PE3OHAHC-
Horo LC-KOHTYpa, 110 AO3BOIAE NPALIOBATH HA BUIUX FApPMOHIKAX KBap-
noBoro pezodaropa. I'lpu usomy onopra yactora 317 BU3HAvaeThCsA napa-

MeTPaMH KOHTYPA | JOPIBHIOE . Bxig F/C nosBonse 06patu 30BHi-

1
Zp\/ZE
waiii (//C = 1) abo sayTpiwHii (£/C = 0) reneparop. Y BuNajky o6paHHs
30BHIUIHBOTO TEHEPATOPA I3 YACTOTOD IMNYJIBCIB /'xyy HOTO ITIAKAIOYAIOTH
o Bxouy 1711, '

X1
TANK )
]
ET . e UK
o . .
[ . IIK
CSENC e e
— VT e,
RIYT N |
AP RS DLk
AENZ
RY2

Puc. 3.26. Cmpyxkmypra cxema BIC cenepamopa i8284
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Cxema (bopmyBaﬁHx TAKTOBMX IMITyTsciB dopMye curHamm: CLK — Tak-
ToBOI "acToT Ferx ams LTI, PCLK — TaktoBOi YacTOTU Fporgx M KEpy-
saHHA nepudepitaumu BIC, OSC ~ takropoi gactory 31, ski NOTPiOHI A1
KEPyBaHHA TPUCTPOAMHU Ta KOHTPOJIO YacTOTH. YacTOTH IMX CHUTHAalliB
38 s13aHl criBBigHOWEHHAME: Fose = 3Fcrx = 6F perx v pexIMI BHY TpILI-
HLOTO TreHepaTopa Ta Ly = 3L cix = 6Fporx y PeXuMi 30BHILIHBOTO TeHe-
paropa. Buxiguuii cursan CLK hopmy€eThes OAHAM 3 TPhOX crocodis: 1) 3
KOAMBaHb OCHOBHOI YacTOTH KBapIOBOIO PE30HATOpPA, [PUETHAHOIO IO
BXoaiB X1 Ta X2; 2) 3 TpeThoi rapMoHiKM KBApl0OBOTO PE30HATOPA, 110 BH-
minsetbesa LC-PinsTpoM, 3°eqHanuM i3 BxogoM T4ANK,, 3) BiJ 30BHILIHLOTO
reHeparopa, MigKIoueHoro 10 Bxoay Fl/7l. CxeMa QopMyBaHHS TaKTOBUX
IMITyJIRCIB Ma€ BXiJ 30BHIUIHKOI cuHXpoHizanii CSYNC, 3a A0UOMOToH
SAKOTO MOXHA CHHXPOHI3YBATH POOOTY ICKIIBKOX TEHEPATOPIB TAKTOBUX
IMITyTbCIB, SIKi BXOASTEH 7o ckiaany cucremu. Curnan CSYNC BnnuBae Ta-
KO Ha MOALTBHKK yacToTH Ha 2: npu CSYNC = 0 poGora nmonuibHUKa 3Y-
mHAEThCA, TTIpU CSYNC = 1 — BIHOBIIOETECA.

Buxiganit curnan READY BUKOPHCTORYETHCH I ninfzepnmeﬂﬂﬂ roro-
BHOCTI 10 0OMiHY. Bucokuil piBeHs IHOTO CHIHATY BKa3y€ Ha HAABHICTb
nanux Ha DB. Cxema dopmyBaHHA curHany RIEALDY nobyposaHa Tak, wod
CTIPOCTHTH BMHKAHHS CHCTEMU B IHTephelicHy mMHy ctannapry Multibus, i
MICTMTh JBi ifieHTHuHi mapu curmanie RDYl, AENT ta RDY2, AEN2,
00’ eananux cxeMoro ABQ. Curramu RDY1 ta RDY2 GpopMyIOThCs enemMen-
TAMM, AKI BXOJATH 0 CKJIAXy CHCTEMH, I CBiI4aTh NPO iXHIO TOTOBHICTh A0

obominy. Curnamu AEN1 ta AEN2 N03BONAIOTH (DOPMYBAaHHS CHUTHATY
READY 3a curHanmamun RDY1 T1a RDY2, niateepaxkyrowd ampecaniio
€IEMEHTIB,

Cxema (opMyBaHHs BUXITHOTO curHaiy ckupawns RESET Mae Ha BXonl

Tpurep [1IMiTTa, 2 A BUXOII — TpUrep, mWo dopMye GpoHT curHally RESET

1o 3pizy curdany CLK. 3a3Buvail 1o Bxoay RES npuemHyeTbes RC-koJ0, 1o
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3a0e3Meyye aBTOMaTUYHEe (JOPMYBaHHS CUTHAILY [IpH BMUKaHHI IDKEpesa XKu-.
BJICHHS.
['padiune nmozHayeHHs reHepaTopa imocTpye puc. 3.27.

17 : ,

1 X1
G |10

A6 X2 RESET"

g TANK. >

a 17¢ =
- EFJ

1 CSYNC - 8
._.:!;‘_]___ ﬁis‘
'"‘51———"« RIY1 O 2

~ AN

7 RL¥2 REALY b—2-
2

Puc. 3.27. Ipaghiune nosnasenns BIC zenepamopa i8284

Intepdeiic 1111 i3 cueTeMHOI0 LWINHOIO BUKOHYE Taki QyHKOIT:

1)  HeMyNBTHIDIEKCYBaHHS IHHU ajpecy/IaHux (po3mno-
JUi ii Ha tuwHy aapecu AB Ta mHy nasux DB);

2)  Oydepwsauia umH (36UIBIIEHHS HABAHTAXYBAILHOI
3ATHOCTI NiHIA WHH, 3ade31e41eHHs MOXKIUBOCTI IXHBOTO NEPEXony
B Z-CTan),

3)  (opmyBaHHI CUrHAJIB KEPYBaHHS.

BukonanHs neplioi PyHKUIT 3HCHIOETHCA 32 JIOIIOMOTO0 PEriCTpiB-
dikcatropis, Hanpuxnaz, Oydepuux perictpip 8282, ;8283. VizaranbHena
CTPYyKTYypHa cxema pericTpa-gikcatopa (puc. 3.28) MIiCTUTE BICIM
D-Tpurepis 3 BUXIAHUMH cxeMaMu SW, ki MaroTh Tpu cTaun. CUrHaIg 3a-
mvcy indopmawi S7B i nossomy BuGipku (OF CHIbHI 17 BCIX TPHTepin
BIC. Y oydepromy pericrpi i8282 (puc. 3.29) 10 cxeM SIW npueHy0TbCH
npsiMi BUXxoau D-tpurepis, a B 6ydepromy pericrpi 18283 (puc. 3.30) — in-
BEPCHI BUXOIN. SIKIIO CUTHAT Mae€ BUCOKWE piBeHb, TO HA BXoNi STB cran
BX1JHUX JuHIA D/7-//0 nepenaeTbed Ha Bwxiani minii DO7-000. 3amuc
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indopMauii B D-Tpurepax 3iiCHIOETCA 110 3pi3y carHany S78. Mauii Bxi-
OHUHA 1 JOCUTh BETMKHI BUXIIHHUI CTPYMH JO3BOISIOTH BHKOPHCTOBYBATH
BIC 6ydepuux perictpis sk periéTbu-(biKcaTopH a6o muHHI ¢opMyBayl.
TTpu BHKOpHCTaHHI GydepHUX pericTpis AK NMHHUX (opMmyBauiB Bxix STB
3’€IHYEThCS 3 BHBOJOM XUBJIEHHA +5 B uepes pesuctop omopom 1 kOM, a

BXiZT OF — i3 COJILHOMO IIHHOL,

DT | osw
. T
DI17-DI10
| D | T DOT-DOG
ﬂf_ 1 C
OF B

v

Puc. 3.28. Cmpyxmypna cxewa Gygeprozo pezicmpa

I dpo re | pool22 L _Apn | ke | poo
2__{pn po1 |18 2 _1pn DOl
3 ipn pox |11 3 _1pp DO?
4 _Ipn po3 |18 2 o DO3
5__{pn pos |22 5 Apn DO4
s pos |12 6 1pss DOS
—;—— DI6 L DOs g —;_—— DI6 DO6
R Y DO7 LI Y pO7
<1>1 18 U ?8 %1__45_11; Ve 9770
OF GND | L {oF anp |10

Puc. 3.29. I'pagpiune nosnauennaby-  Puc. 3.30. I'pagpivue nosnauennssy-
peprozo pezicmpa i8282 gepnozo pezicmpa 18283

Jlnst 30UIbINeHHS HABAHTAXYBAIBHOL 34aTHOCTI (Jipyra QyHKUis) ABOHA-

MPsIMIIEHO] MHMHY AaHUX BUKOPHUCTOBYIOTH 8-po3pajHi wwHHI (BopMyBayi

8286, i8287. dopmypau /8286 He iHBepTyE NaHi, a 8287 iHBepTYE.
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CTpyKTypHa cxeMa MUHHOTO GopMysaua (puc. 3.31) MiCTUTE BiciM 01~
HAKOBUX (yHKIIOHATHEHUX OMOKIB 13 TPhOMA CTAHAMH 1 CITTBHHUMHA CUTHAJIOM

KEPYBaHHA HATIPAMOM riepenayl 7 Ta CHrHaioM J103soiy nepejaul OF .

AT— 40 > m-m
P

I

[N Tl >
[

Puc. 3.31. Cmpyrmypra exema wnioso opMmysaia

Ilpu uu3pkomy piHi curnalty’ 7 (77 = 0) smiicHFOETRCA nepenava jia-
HUX 3 i B7--B0 wa nivii 47-A0, npu Bucoxomy pisHi curHany (7=1) -
niepenayda 3 niniii A7-A0 na muii B7-B0. Ilpu OF = 0 nepenady 103BoJe-
HO, IpY O = 1 - 3aB0POHEHO.

I'padiyni moznavenns gopmypadip /8286, i8287 nokazaHo Ha puc.
3.321 3.33 BianmosiHo.

AJao| 0 | w12 e
2 a1 Bl i 2 41
3 _ 1l ol—d7 I}
4 |43 318 4 A3
? A4 2 __..}..;. : A4
2 A5 ; ; Y AS
7 A {‘5 13 7 ;
A6 ﬁ(ymj,s. S AG
B8 . la7 m7l2z 8 )47
L1 0 - Bz N
2l TH 10 _:]f?ji 19
Puc. 3.32. I'papiune nosnauenns- Puc. 3.33. I'paghiane nosnauenus-

wunno20 hopuyeava iI8286 WUHNHO20 (hopmyaauca (8287
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Tpers ¢GyBKuis peali3yeThes 3a HOIOMOIOI0 JOAATKOBHUX JIOMYHMX
€JIEMEHTIB, AKi GOopMyIOTH CUTHANY IIWHU KEPYBAaHHA 3 BUXIAHUX CUrHANIB
BIC MIL

Ha puc. 3.34 noxasano npuxiax ¢yskuioHanbHoi cxeMu Moxyis LIIT
" U OMHOMIPOIIECOPHUX cHcTeM. Mikpornpouecop /8086 yBIMKHEeHNH y Mi-
HiManbHOMY pexumi. CxeMa CUHXpoHi3auii peanizoBaHa Ha 6asi BIC tak-
TOBOTO reHeparopa 18284, Ha BXix RDY1 sikoi MoxaeTsCs CHTHAT TOTOBHOCTI
30BHIIIHIX anCTpoi'B abo mamM’aTi 1o o6miny. Y MiHIMaNEHOMY pPeKUMi BU-
KOPHCTOBYETHCS OJTHA IMIMHA, TOMY BXiJ RDY?2 3’¢nHaHuit gepes pe3ucTop 3
BHUBOJOM >KUBIICHHS. ‘EEM)’JILTI/IHIICKC){BaHHH IAHA aJpecH/JaHuX 1 UIWHU
azpecw/CTaHy Ha ABI UIMHHU 3IIMCHIOETHCS 3a AOIIOMOTOI0 TPhOX PEericTpiB-
tixcaropis /8282,

Bigsgauumo, 1o CHIHAT HO3BOJIYy crapmoro Oalita BHE, wWo
3’SIBNAETHCA BOMHOYAC 3 JiCHOIO aipecoro, TaKoX (PIKCYETECSA B OXHOMY 3
po3psniB perictpis-dikcaropis. Curnamu BHE i AQ BHKOPHCTOBYIOTHCA
ans Bubipku 6aHKIB cucteMu nam’sari. Gopmysay 16-po3psaaHOi LIMAN Aa-
HIX BUKOHAHO Ha 180X BIC munnux dopmysauis i8286.

3xi8282 BHE

v 18086 (Bufipka crapmoro
<« ] o I Gaura)
; ~Thnaix]| BHE
8284 ANMX | CPU 1916 R ~ 00
g Al 56-3 —>
/86 :
T2 |G| oLk Ik 4150 |gmepmp] T Aapeca
—FEE \LE 40 (BuGipka
Curnazt STB [~ Monoumoro Ganka)
roroBHocTH RB{ 1 RESET! RESET OF -
£ {4E1 o SEN (neapituupn0
v F—RE. 2xi8286
»:j-[ RDY2 READY READY B
Uee  §AE2 1 D15 120
RES bp] A4 B ->
P L Mara
hd DEN Or JaHHX
N 4 - DIIR T i
2NN TH —1 iy ree PiKE A TEpepupaH:]
L nepepusant |y INI}; &m
—-—4 M0 ! ! NEMI
RD K==
Cxunasss A esr R__l_)~ 15 : OF
WR —
Samer UL _ gy HLDA ‘"[: —f&p
Tixrseproxerss I

Puc. 3.34. Qynxyionarena cxema MoOYIA YeHMPATLHOZ0 HPOYeCOpa
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V MiHIMaiiBHOMY pexumMi Tuponecop ¢popMye KepyBanbHi CUTHATH IIAH
dopMyBauis i perictpis-dikcaTopis, a Taxox curnama M /10, RD, WR, 3
AKHMX 34 JIOIIOMOTOI0 JIOTIYHUX €JIEMEHTIB (hOPMYIOTbCS YOTHPH CHTHATH
KepyBaHHs YUTaHHAM/3armcoM g nam’ ati 1 [IBB. IIuau aapecu, BaHuX i -

KEPYBAHHS IIEPEBOASTLCA Y Z-CTAH CHTHAIOM BUSEN , mo GopMye KOHT-
pouniep ITHIT
KoHTpOonbHi 3anuTaHHsA

1. TToAcHiTe Npu3HaYeHHS BXIIHAX Ta BUXIJHUX CHTHANIB CXEMH CHH-
XPOHI3aLi.

b

. Ommmite ¢yuxuii BIC reneparopa i8284 rta ivtepdeiicy 1T 13 cuc-
TEMHOIO IIMHOL0.

3. TloAcHITh npuHLKN BYHKUIOHYBAHH cXeMU Oy hepHOro pericTpa.

4. TMosAcHiTE NPUHIMT QYHKIEOHYBAHHS IHHHOTO OPMYBaUa.
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Po3agin 4

OAOHOKPUCTATNBLHI YHIBEPCAJIbHI MIKPOMNPOUECOPU
(CTAPLUI MOLENI)

l

4.1. Mixponpouecop i80286

3aransni Bitomocti. Mikporiponecop i80286 HanexuTs A0 Jpyroro
nokomminHA 16-po3psanux MIL BiH BUKOHAHWIT 3a TEXHOMOTIE0 1,5 MKM,
Mictuts 134 000 TpaH3HCTOPIB 1 Npaloe 3 TAKTOBOKO YacToToro 12,5 MI'n,
3a paxyHOK yJ0CKOHalleHHs apxitekrypu mBuakogis MIT i80286 y micts
pasie Buia, Hix MIT i8086 3 TakToBOrO YactoToro 5 MI'. Pospsaanicts pe-
ricTpiB gopisutoe 16. IlTuna aapecu 24-pospsaHa, 110 JO3BOMISAE aapecyBa-
7 2% =16 M0alfT ram’sti. IIpocTip aApec BBeNEHHs-BUBEACHHA CTaHO-
BUTh 64 kbaiiT. CucTeMa KoMaHj MICTHTh yci komanau i8086, nexinmbka
HOBUX KOMAHJ{ 3aTalbHOI0 NPU3HAYEHHS 1 IPyNy KOMaHJ kKepyBaHHS 3axXu-
cToM. Mikponpouecop i80286 Mae crnerianbai 3acobM s podoTH y cuc-
TeMax 3 6araTbMa KOPHCTYBauyaM# Ta 0araro3’afjauHux pexumax. Horo
HaiicyTTenitmoro BiaMinHicTIO Bigt MIT cepii i8086/88 ¢ MexaHi3Mm kepyBaH-
Hs aApecalicro nam’ ATi, mo 3abesrnedye JOTHPUPIBHEBY CHCTEMY 3aXUCTY
Ta MATPUMKY BipTyanbHoi nam’sti. CneuianbHi 3aco0u MpH3HAueHo Juts
MIATPUMKH MeXaHi3My TiepeMuKaHHA 3amad. Mikpomporuecop i80286 mae
3aco0U KOHTPOIIO 32 NEPEXOJIOM Yepe3 MeXKy CerMeHTa.

Mikponpouecop MoXe MpalffoBaTH B ABOX PEKUMAX:

1. 8086 Real Address Mode (a60 Real Mode) — pexum peanbHoi aj-
pecairii abo peansHuii pexxuM. Y upoMy pesxnmi MIT 80286 daktuuno 18-
nse coboro BucokommBuakicHui MIT i8086 i agpecye 1 MGaiiT riam’ sTi.
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2. Protected Virtual Address Mode (abo Protected Mode) — 3axurne-
HUM pexuM BIpTyalbHOI azapecarii, 200 TMPOCTO 3axUIIEHHH pexuM. Y
uboMmy pexumi M1 agpecye no 16 Mb6aliT nam’aTi, a Ipu BUKOPHCTAHHI
MEXaHI3MY CTOPIHKOBOI aapecari 10 1 T'0alT BipTyarbHOI TiaM’ ATI KOKHOL
3a/adi. ‘

IlepeMuKkaHHs B 3aXWLICHUI PEXKUM 3AIMCHIOETHCS MBUIKO — OJHIEIO
KOMaHZO0 (13 3a3a0erijib MiAr0TOBIEHIMH TabIHLAMHI JCCKPHITTOPIB), 4 B
PeKNAM peanbHOi aapecalii — MOBIMBHO JMIIe Hepes anapaTHe CKUAAHHSA
mpouecopa. Y MS [DOS BUKOPUCTOBYETHCS PEANBHMAN PEXUM. SaXUINEHUH
peXUM BUKOPUCTOBYETBCA B ONepaliifHux cuctemax Ty XENIX, UNIX,
OS/2, NetWare286, MS Windows.

Jns nponecopa /180286 voxnmuBi 256 pisHOMaHITHUX THIR TIepepH-
BaHb. CcTemMa nepepuBanb BLIpi3aAe ToeA B cuctemu MIT /8086 nasHicTO
nepeprBants Opy BAHMKHEUHHI 0COOGJIMBUX YMOB Y XOJil BUKOHAHHA KOMaHJ,
(HanpUKIaj, PH PO3MILIEHHI IBOGAHTOBOrO onlepaHaa B OCTaHHIN KoMipi
cerMenTa Jauux 31 sMitmennsM /4 17H). Take riepepuBaHHS HA3HBAETECH
ocobausum 6undoxorr abo eunsmrxom. Ha BIIMIHY Bifi epepuBaHs TIcHs 00-
POOKH BUHATKIB (KPIM BHHATKY 9, 110 CTOCY€ThCA CIUBMPOUCCOPR) KepyBaHHs
nepeIactTbes 3HOBY Tiil caMiit KoMaHAl (BKIFOUAOHH BCi npedikeu), 110 BU-
Kinkana tiepepuBands. TTicns ycyHeHHS YMOB, K1 BHKITHKAIA BUHSTOK, Bid-
OyBacTbCs NOBTOPHE BUKOHAHHA KOMAHIW.

Oprauizauis maM ari. Y peanbHOMY pexuMi ajgpecauis nam’ a1l nepe-
BAOXHO Taka i, sk 1y MIT i8086. BiamiHHiCcTh HONArac y MOXIHBOCTI BU-
KODHCTAHHA JIONATKOBOIO OJIOKA raM ATI eMHICTIO 64 kbaiir. HAkuwo B Xoui
BUKOHAHHS KOMaHJIU TIpH OOYVICICHHI aIpecy KOMIPKH NaM’ ATI RHHMUKAC
MEPEHECEHHS Y ABAILATHIA pospaj munu aapecu 420, HPOLECOP MOUMHHAE
TIPALIOBATH 3 KOMIPKaMH I1aM’sdTi, @JPECH SKHX JIeKarb Y JianasoHi
100000H-10FFIFH.
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Hpuxnan 4.1. 3nality 3padenss GisUIHOI afpecH ollepaHia B peallb-
HOMY peXKHM1 FIpW BUKOHAHHEI koMaumu MOV AL, [S]]; nepecunanss B pe-
TicTp AL BMICTY KOMIPKH [IaM’ fT1 3-aapecoro 1SS, SKIIo BMICTOM cerMeH-
THOTO pericTpa DS € uucno 0F802H, BmicToMm perictpa SI —- 0B175H.

Jins o6Guncnenns Gi3uanoi anpecu AoMaMo 10 3HadeHHs DS vyotupu
Hy Il TIpaBopyd. ‘

DS(0000)= 1111 1000 0000 0010 0000B = 0F8020H.

BukoHaBIIN omepalilo NoIaBaHHS OTPUMAHO] BEIWYHHM 3 BMICTOM

perictpa S/, oTpuMaemMo QizUdHY aapecy:

1111 i1 — PAIOK NEpeHece b
+11111000 0000 0010 0000
1011000101110101

1 0000 001100011001 0101=103195H

Ormxe, npu obuncienH: QI3UYHOI ajpecy OTpUMaHe OIMHWYHE 3HA-
YeHHSA po3pany 420 o3Hauae, Mo onepaHg Oy/ie PO3MILIEHO Y APYroMy Me-
rabaiTi GisuaHOi am’ ATI.

Ille omHiero ocoOMUBICTIO peansHoTo pekumy 80286 ¢ MOKIHBICTH
KOHTPOJIIO 3a MEPEX0IOM 3a Mexi cermenTa. [Tpn anpecauii cioBa 31 3MiLUCH-
v OFFFFH renepyerscs BuAsTok 13 (Segment Overrun Exception). Y pasi
crpobu BUKOHAHHS KoMaHaH ESC' 3 oTepanaoM faM sTl, 10 He BMILIAEThCS
Y CErMeHTI, TEHEPYEThCA BUHATOK 9 — Processor Lxtension Segment Overrun
Interrupt.

V 3axunieHoMy peknMi TaKoX BUKOPHCTOBYETLCA CETMEHTHA aupe-
Calif; KIJIBKICTL CErMEHTIB Moxke 6yTu Bijx 1 o 16 M6aitt, nosxuha cer-
MEHTIB 33Ja€Thesa 1 MOke BapiroBatucs BiT | 1o 64 kbaiiT, 3a1a10Thes ar-
pubyTH afo TipaBa JOCTYITY 10 cerMeHTa (JI03BiN 3almcy abo TITBKW 9u-
TaHHA, -piBHI TIpuBLIEiB Towmo). KoXHUA CETMEHT XapakTepu3yeThes
8-pO3PANHOIO CTPYKTYPOIO NAHUX — OeCKPUNMOPOM cezMenma — 10 Mic-

TUTE iHdopMalito mpo 6a3oBy ajgpecy cerMeHTa, Horo Mexy # arpudyTth.
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JeckpunTopy PO3MILLYIOTHCA V CIIeiaNbHUX TabnuIiax — riaobansHii Je-
CKpUITTOpHi# Tabmuui GD7 abo nokamsHiM AeckpunropHiil tabmmn LDT,
skl 30epiratothes B O3I1. HeszanexHo Bif piBHA IIPHUBLUIEIO NMporpaMa He
MOXE 3BEPTATUCA 10 CETMEHTA J0TH, NOKH BiH HE OMMCAHUM Y NECKPUIITO-
pHift Tabmui.

VY saxuiieHoMy pe-

15 32 1.0
INDEX TT'| RPL

JKIMI BMICT CErMEHTHHX

PETICTPIB HABUBAETHCA Ce-

AEKMOpamMu  ceamenmie. ‘
P Puc. 4.1. @opmam cenexmopa

Bouu BHUKOpHCTOBYIOTBCH ceomenma
Juls rotyky OazoBoi (Io-
ATKOBOI) aipecy CerMeHTa B OjHIH 3 lecKpuTopHuX Tabnuik. dopmar ce-
JeKTopa ITokazano Ha puc. 4.1.
CestexTopy, 110 3aBAHTAKYIOTbCA ¥ 16-po3pANHI CETrMEHTHI pericTpu
CS, DS, SS, ES, MaI0Th TpH NOJIL:
- RPIL (Requested Privilege Level) (6itu 0 1 1) — 3anpomme-
HUH piBEHL TPUBIIIEIR CErMEHTA;
- 11 (1able Indicator) (BiT 2) — iHAMKATOP BUKOPHCTAHHA Tab-
il reckpuntopis (npu 7/ =1 BAKOPHUCTOBYEThCS ITobanbHa tabimns,
1py 0 — JJoKaTBHA);
INDEX (6iTa 3—~15) — ROMEp peckpuirropa B Tabnuni.
I'nobanbHa neckpurntopaa Tabinug €auHa. Bona MicTUTh TECKPUNTOPH
I0IA Beix 3ajad, ki Bukonye MIT y Gararoszanaudomy peacumi. JoKanbHUX
JAecKpunTopHuX Tabiuipe Moxe OyTH KUTbKA — IS KOXKHOI 3a1a4l MOYHA 3a-
J&TH CBOIO TOKANLHY JECKPUTITOPHY TabIUIIO.
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Dizrana 24-po3panHa an- 23 0 15 8 7 0
AX AH AL
. _ a ‘
beca  olepaniia - 3HAXOAUTHC baszosa agpeca cerMeHTa ;
NOJABAHHAM II0YAaTKOBOi 24~ ‘ pan BX BH BL
PO3pAOHOL afpecH CerMeHTa i3 + 15 0 X CH CL
necKpunTopHoi Tabmuui #H an- 3mimenns EA DX DH DL
€CU-3MIIIEeHHA, AKY BKa3aHO
P . > Y . v 23 0 Anpecui SP
komaunl,  @opMmyBaHHs GI3ny- ‘ O Ta
. . ‘ 13U4Ha ajpeca : - BP
Hoi 24-po3psaHoi axpecu y 3a- P :::fé‘:;
. St
XUIMEHOMY  pexImML - LTFOCTPYE Puc. 4.2. Dopmyeanns @izuunoi 24-
puc. 4.2. POSPAOHOT QOPECU Y 3AXULEROMY PEHCUMI br R R
Opuxaax 4.2. 3naiiru i Mpaa , Basosa anpeca, Mexa E
P . - . e CermenTHi cs Ezlocryny: __cermentaCS | K
3HadenHs QizuuHoi axpecu komipku nam’ari [DS:S], sxmo 6a3osa aj- pericTpu — ' TMpasa ' Basosa anpeca U Mexa E
peca cerMeHTa JaHux jgopismioe 456789H, a pMictT perictpa S/ - 12344 i nocryny, _cermenta DS | '
‘ : _ Ty R Yoo ANy ! TMpasa | basosaampeca ! Mexa !
BukoHaBmy ornepanito goxaBaHHs 24-pospsanoi 6asosoi aapecu 3 _ ! Jocryny!  cormenma 8§ | :
azipecor-3MITeHHAM, TOOTO 3 BMICTOM pericTpa S/, oTpuMaeMo (izudry kS E Flpasa ! Basosa anpeca ! Mexa E
anpecy: ‘ Jhinmbrmk | mocryny: _ cermestaES | i
o KOMAH,T P
01000101 01100111 1000 1001
‘ ‘ Perictp P
0001 00100011 0100 nparoptis
MSW
01000101 0111 1001 101t 1101 =4579BBH 39 0
Orxe, Qisnuna aapeca nopisioe 45798BH. GDIR| Basomaanpeca ~ GDIR  Mexa
" TIporpamua moaens. Jlo nporpamuoi Mogeni MIT 180286 (puc. 4.3) IDTR | Basosaampeca  IDIR  Mexa
BXOJATH 19 IPOrpaMHO AOCTYITHUX PETICTPIB i 6 HEZOCTYTHUX (TIHHOBHUX). 15 06 0
I3 19 nporpamuo goctynaux pericrpis MIT i80286 14 1ioBTOpIOIOTH PETICTPH LDIR Cenexrop LDT | Tpasa | Basosa anpeca | Mexa |
¥ t ”w 1
) . ZOCTYIY, LDT !
npouecopa i8086 (miaposa. 4.5). IR Cenexrop cermerra :,--‘--’-'-y 'T!.""T" A "i'""."“‘.
crany 3a1au :l'lpaaa : basosa a):peca: Mexa !
¢ Aoerynyy cerMenTd ... |
Puc. 4.3. Ipoeparna so0ens MIT 180286
183
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Hosi pericTpu Taki:

1. 40-pospsaaauii perictp GDTR (Global Descriptor Table Register) —
perictp rnofanbHOl JeckpUNTOpHOi Tabiumi. [IpUsHAYECHMI IS 3a]aHHs
PO3MILIEHHs TT00ATBHOI IECKPUIITOPHOI Tabmui B nam’ aTi. Perictp GDTR
Be3nocepeHEO MICTUTH 0a30BY ampecy 1 3HAuUSHHS MexKl Tabimil, ske 3a-
aae ii posmip. Posmip tabnuri Oiabimii Bi 3HAUEHHS MEXI Ha 0 JUHULIO.

2. 16-pospaguuii perictp LDTR (Local Descripfor Table Register) — pe-
TICTP-CENEKTOP JNOKANLHOI AeckpurrropHoi Tabmiti. Perictp € 16-po3psaaHim
na Bigminy Big 40-pospsasoro perictpa GDTR. Bir ve MictuTh Oe3nocepeli-
HBO Beiel iHpopMarti mpo cerMent, Ak GDTR. Ane iioro BMICT BKazyc, Je B
r1o0anbHii JCCKPUTTTOPHLiT TabnuL 3HAX0AUTHCS 1IHPOPMALiA TIPO NIOYaTKOBY
azpecy, MeXy 1 mpasa goctyny 70 JokarsHoi Tabmmr. 11s indopmarns repe-
MMACYETHCA Y TIHBOBHH ITPOIPaMHO HEJOCTYIIHUIE peTicTp.

3. 40-po3psamumii perictp IDIR (Interrupt Descriptor Table Register)
pericTp AeCKpUNTOpPHOI TaONMII TepepuBanb. 3aBAfKW LbOMY PEricrpy B
MIT i80286 3’ sButacsi MOXIMBICTD PO3MILIYBATH TalIWLEO BEKTOPIB Mepe-
pusans v moBinsHOMY Micui O311, a He 3 HynROBOI aapecu, gk v MIT i8086.
Perictp IDTR 3a cTpyKTypoio aHanoriuHu# perictpy GD7TR.

4. 16-pospsauuit perictp 3amaui 7R (Task Register) - perictp-
CENeKTOp cerMeHTa craHy notoudHoi 3agaul 78S (Task State Segment). Taxi
CETMEHTH aCOLIIOIOTHCA 3 KOKHOW 3ajavero. IX IpusHateHo s 36epe-
JKeHHS KOHTEKCTY 3a/aui il 4ac nepeMUKaHHs 3a1ay.

5. 16-pospsiaumii perictp craHy MatunHu MSW (Machine State Word),
110 KEPYE PEXKAMOM ITpoliecopa 1 MicTUTh Taxl 6ith (puc. 4.4):

MW 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 ¢
LI T T T T [Tl UVl [ imsiem{me]re]

Puc. 4.4. Pezicmp cmany mautunu MSW

1) PE (Protecrion Enable) — no3Bin 3axvMcTy. YCTaHOBIIEHHSA IILOTO
nparopis nepesoanTs MIT y 3axuinenuii pexuM. [lopepHenns o peais-

HOT'O PEKUMY MOXK/IUBE TUIBKM 3a CUrHanom RESET.
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2) MP (Monitor Processor Extension) — HafBHICTh CIIBIIpOLECOpA.
Sximo apudmerTnynmii cniBnponecop i80287 3’emHaHuWii 3 MPOLECOPOM
180286, To npu IHiLiaTI3alii orepaliiiia CUCTeMa Ma€ BCTAaHOBHTH 1ieil 6iT
y cTaH Joriudol oguuuil. Toxi ripu BUKoHaHHI koMaHau WAIT, a Takox
TIpY BUKOHAHHI KoMaH 1y 3 npedixcoM £SC i 3Hauenni 7.S = 1 MIT Gyue re-
HEPYBAaTU BUHATOK 7.

3) EM (Processor Extension Emulated) — eMynauis crismpoLecopa.
YCTaHOBJ/IGHHs L[BOI0 0iTa BUKIMKAE BUHATOK 7 INPH BMKOHAHHI KOMKHOI
KOMaH I apu()METUYHOTO CHIBITPOLIECOPA, IO J03BOJIAE 31IHCHIOBATY HOTO
MPOTPaMHYy eMyJILILO.

4) 1S (Tusk Switch) — nepeMukanus 3a1a4. 3i BCTAHOBIEHHAM [[E0T0 Oita
KOMaHJIa, SKa HaleXUTh 10 CIIBIIpoLecopa, Bukinie suustok 7. Lle nossomse
HPOTPAMHO BU3HAYHTH, YU BIIHOCUTBCS KOHTEKCT CTBIIpoLiecopa 0 IIOTOUHOI
3agaui.

TiHbOBI pericTpu BIAIrpatOTs POJIb HAAONEPATUBHOI IaM’siTi. Ix mpu-
3HZYEHO [T TABMIEHAS MBHAKOIT po6ot MIT. Ha puc. 4.3 TiHnoBi pe-
FiCTPH 110KA3aHO [TyHKTUPOM.

Kpim Toro, y nporpamsiit Mozieni Ha BiaMidy Big MIT ;8086 nojaHo HOBI
OITH y pericTpi NparopLiB i 3MIHEHO BUKOPUCTAHHA CErMEHTHUX PericTpiB y
3axHUIleHoOMY pexumi. Y pericTpi mparnopuis 6iT 14 susHavennii sk N7 (Nested
Task Flag - npanopells BknajgeHoi 3agaui), a Gimm 13-12 — sx IOPL
Unput/Ouiput Privilege Level — nsoGiToBe Mojle piBHsA UPHBIEis BBEICHHS-
BHUBeIeHHs). LI nparopuy JifoTh TUILKM B 3axuuieHoMy pexumi. Tlparnopens
NT BCTaHOBITOETHCA B OAMHUIIIO MPH MIepeMHKaHHI 3a1a4 3a JOTIOMOrOr0 KO-
Manay (CALL. Tlpwn BukoHanil koManm /RET nepesipseThes cTad nipariopus
NT, i skmo NT'= 1, 31 iCHIOETbCS IEPEMUKAHHS 3aj1@4, AKLIO Hi, TO BHKOHY-
€ThCSA 3BHYAHE NOBEPHEHHA 3 nepepuBanua. [Tone /OPL Bkasye piBeHb npu-
BITICIO TIOTOUHOT 3a/1a%i, 3 AKOTO AO3BOJACTHCA BUKOHAHHS IIEBHUX OTICPAIil.
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- CermentHi perictpu CS, SS, ES i DS Bu3HAYaroTh TIOYATKOBI aIpech
CerMeHTiB. Y peansHOMY. peskuMi 20-po3psaaHa nodaTkoBa aapeca CErMeHTa
BU3HAYAETHCS K BMICT 16-po3psIHOTO CETMEHTHOTO PEricTpa, JOMOBHEHO-
ro TIPaBopyY YOTHUPMA HYILOBHMHU OiTamMu. Y 3aXHILCHOMY peknAMi IouaT-
KoBa 24-po3psaaHa 6a30Ba agpeca cerMeHTa 3HAXOAUTHLCS y ASCKPUIITOPHIM
tabmurn B O3], a BMICT CErMEHTHUX PErICTPIB € CEIEKTOpAMH, AKi BKA3y-
FOTB HA THII TAOJTULI Ta HOMEp 3aruicy B Tabauui (ius. puc. 4.1).

Ilin "ac 3aBaHTa’KEHHS HOBOTO 3HAYEHHA CEIEKTOPA NECKPUIITOPH 3YH-
Tyrothed 3 O311 1 3anaM’ ATOBYIOTECA V BHYTPINTHIX TIPOIPAMHO HEJOCTYTIHHX
a0o TiHROBWX pericTpax npouecopa. [le To3Bondge MABMUMTH INBUIKOMLIO
TIpOLECcopa, OCKUIBKA 3HAYECHHA Oa30BUX apec CErMEHTIB 3MIHIOIOTBCS MOPI-
BHSAHO PiIKO.

Perictpu GDIR, LDTR, IDTR 3a5arTb po3MILIEHHS JECKPUIITOPHUX
Tabmuie y am’sTi (puc. 4.5). ‘

Ha puc. 4.5 nokazado, mo ri1o6ainbHa ASCKPUNITOpHA TAOIMLA Mic-
Tk N + 1 neckpunropis, nokaibHa — K + 1, Aeckpuntopra Tabinig nepepu-
RaHb — M + 1. TTogaTkoRa ajpeca TodanbHol JecKpuITopHoi Tabnuul BU3Ha-
yaeThen Oitamu 39-16 pericrpa (GDTR, o0uMCcIIOETHCSA LOAABAHHAM 3HAUCHD

noyarkoBoi aapecH 1 Mexxi tadsmui (6ith 15-0). AHANOTIYHO 1109aTKOBA 1 KiH-

11eBa afpecy TabIuIli IepeprBaHb BU3HAUANTHCS BMIiCTOM perictpa [DTR. Jlng

ajipecartii JeCKpUNTOPIB JIOKABbHOI TalMLi BUKOPUCTOBYIOTE BMICT pericrpa
LDTR, sikuit € cenektopoM. Bi BKasye Ha HOMEp AECKpHIITOpa v riiodanbHii
AeckpunTopHii Tabmuui. Llei IecKpUNTOp 3aBaHTAKYEThCA Y TIHBOBUM pe-
rictp (Ha puc. 4.5 mokazaHo TyHKTHpoM). Tlepina Ta ocTaHHs aapecH ITOKAIB-
HOI JeCKPHITTOPHOI TaOIHL BU3HAYAIOTHCS BMICTOM LBOI'O pericTpa.
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0 1516 39
GDTR | Mexa | Basosaagpeca i Heckpunrop 0
S J\ Jeckpurrrop 1
[ ‘ L GDT
\D Heckpurnrop N
0 15 16 39
IDTR | Mexa Bazora anpeca Jl Hecxpurrrop 0
Heckpurrrop 1
\l/ /L . DT
() JHeckpurrrop M
0 15 0 15 16 39
[ZD7x MMexa E_EE); axpeca —IP Hecxpurrrop 0
—_—t———— = Heckpurrop 1
| S LDT
W Heckpunrop K

Pue. 4.5. Pozvitgenns: deckpunmopuix mabiauys y nas 'ami

IMpuknan 4.3. 3HaliTh 3Ha4eHHA, AKEe TpeOad 3aBAHTAKUTU Y PETICTP
GDTR, mo6 3anary y nam’ sl riiobansHy AeckpuntopHy TaGmuigo 3 21 ne-
CKPHITTOPA 1 3 T0YATKOBOO aapecoro 0001004,

Bitu 39-16 perictpa GDTR 3ajiarorh no4aTKoBY 24-pospauHy aipe-
cy, oTxe, Marots JopisHioBat 000100H. Koxuwii 3anuc y Tabnuui 3aliMae
8 Gaiir, o1ake, agpeca 21 peckpunropa BusHayactbed Ak 000100H +20 - 8 =
0001A40H. Y 6itax 15-0 pericrpa GDTR Tpeba posmicturu umcio AOH.
Omxe, Bmict pericrpa GDTR popisuroe 00010040H.

3a3naunMo, M0 KOMaHAR 3aBaHTaxeHus pericrpis Tabnuims GDTR,
LDTR, IDTR, L.GDT, LLDT, LIDT € npuBincioBaHUMN i BUKOHYHOTHCH 'y
nporpdmax 3 BUIUM pIBHEM TPIOPUTETY.

AlpecHuii IPoCTip NOPTIB BBECHHN-BUBCACHHA. A j[pecHuil npoc-
Tip noptis MIT /80286 rakwit camuii, sik 1 13 MIT i8086, ToGT0 CTaHOBUTH
64-2" onHoGaliroBux abo 32-2% meobaiitoBux nopris. JlonaTkoBi paaKoBI
KOMan[u REEP INSB/IINSW, REEP QUTSB/IOUTSW (tabn. 4.1) 3abesteuyiotsh
6okoBy 06poOKy 31 LIBUJIKICTH, 110 NMEPEBUINYe aHAIOTIUHI Oflepallii B pe-
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axmi TIITL Y zaxumedHoMy pexuMi KOMaHIM € IpUBLICHiOBAHIMY, TOOTO
BOHHM MOXYTh BHKOHYBATHCS TUIBKH 3 TIEBHHM piBHEM TIPHBUIEH), IO BU3HA-
yaeThe noneM [OPL perictpa npanopiiiB. [HaKuie BUKIMKAECTHCA BUHATOK 13
— NOPYLICHHS 3aXUCTY.

Cucrema xomana, o cucremu komang MIT i80286 rxoadts yci ko-
Manzau /8086 i psax nomatkosmx (tabn. 4.1). VY rtabi. 4.1 BUKOpUCTaHO Ti
cami Mo3HaveHHs1, o 1 y Tadm. 3.11.

TaGauys 4. 1. Jonatrkosi komanau MIT i80286
Muemokoz Oric
1 2
‘ Komanau poGorH 3i cTexom
PUSH immed | llepeMimenns 6e3nocepeauix gaunx immed y crex
PUSHA TepemitueHHA B cTek Bumicty perictpis 4AX, BX, CX, DX, SI, DI, BP, SP

POPA Tepemimenns ganpx 3i crexa B pericrpu AX, BX, CX, DX, SI, DI, BP, SP

Apudmernyni komaHIN
IMUL  regl6,| Muoxenss BMicTy reg16 Ha BmicT #/m (16 6ir)

rm
IMUL  regl6, | Maoxenns sMicTy #/m Ha 16-6iToBHI SesnocepeaHiit onepany i tepe-
r/m, immed MIIEHHS Pe3yasTaTy B reglo

Pajakosi xoMaHAN
[REP] INSB Bueaenus Gaiira INSB abo cnosa INSW B komipky nam smi £S:[DI] i3
([REP]INSW) |mopty 3 agpecoro DX 3 aBTOIHKpeMeHTy BanHsM (npu DI = 0) abo asTo-
aexpemenTysanssn (mpu DF = 1) anpecy. 1py suxopucTansi npedirca
REP onepais nosropioerbes CX pasis
[REP] OUTSB |Busenenns tatita QOUTSB a6o crosa OUTSW 3 komipin mav’siti DS: S]]
([REP] y mopT 3 agpecoro DX 3 asroinkpemerTysauHsM (ipu DIF= (1) abo asTo-
ouUTrsSw) AexpeMenTyBadrsm (mpu DI = 1) anpecn. Tlpu BukopucTanti npedixea
REP onepaitis nosroproeTses (X pasip

Komannu nepepusans
BOUND regl6, | Tlepenipka Me MacHBy — AKIIO 3HAKOBC YUCTO Y regl6 HE 3HaxoaMThes
Imts B 33JAHUX MeKax, BUKOHyeTbea INT 5. Mexi 3a0at0Thes Y ABOX CyMik-
HUX CITOBAX MaM’4Ti 3a agpecoto mis

Komanau niatpumku npoueayp

ENTER frmsiz, |Tligroroska 610ka napaMeTpis Mpoueayp (fimsiz - KilbKicTs GaliTip a1y

frms SMIHHUX IPOLETYPH, /775 — PiBEHb BKIAICHHS IPOLCIYD)
LFEAVE Biamina unneocTi mi koMmasau ENTER (BiAHOBIOE 3HAYCHHYM BMICTY
ericrpis SP i BP)
Komangu xepysauns craHom MII
CLTS CRUJaHHS UPanopiy NepeMUKaHHA 34134
SEG Ipedikc 3aMiHA CerMCHTA
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[Ipoooexcenns mabn. 4.1

1 | 2
Komangu kepysanns 3axacrom

LGDT sre Sasarrakenns GDTR 3 nam ari (6 Gaiir)*
SGDT dest 36epexenns smicty GDTR v mav’smi (6 Gair)*
LIDT sre 3asauraxenns IDTR 3 paM’sari (6 Gatir)*
SIDT dest 3oepexenns BMicty IDTR v nam’si (6 Gadir)*
LLDT src 3asantaxehns LDTR 3 perictpa abo maM’ati reg/mem16
SLDT dest 36epexennn emicty LDTR y reg/mem16
LIMSW src 3asanraxenns MSW 3 perictpa abo mav’ st reg/mem16,
SMSW dest 36epexeHus MSW v regimem16
LTRsre - 3aBaHTaOXKCHAI pericTpa 3azadi 3 reg/meml6
STR dest 3DcpeaeHHs BMICTY pericTpa 3a4ayl B reg/meni16

LAR dest, src | 3asanrakeHus crapmoro Gaiira dest GaiiToM Dpas J0CTYITY JeCcKpHITTOpa STC
LSL dest, sre | JaBasrareHHs dest MEKEIO CCOMUHTA, ACCKPUATOP AKOTO A auHEd Sre

ARPL BupirmtoBanns RPL v cenextopi A0 HaiibI:1pM0r0 SHAYCHHS JIBOX YUCEI!

regimeml6, TIOTOYHOTO PIBHA MPUBLICTE Ta 331aH0TO ONEPaRIoM

regl6

VERR seg Bepudixaiis wnTaHHs: BCTAHOBICHHM npanopus ZF y crad IOrigHoi
OMFHHIN TN JO3BONV YUTAHHA Y CCIMeNTISCg

VIERW scg Beprdnkauis 3urmicy: BCTanosacHuA Z/y ¢ray NOTiMEOl oQMHUL CIA

JO3BOITY 3AMACY B COIMCHT SCg

* Komaupu LGDT, LIDT sasantaxyiots y 40-po3paaHi pericrpu
GDTR, IDTR st Gailitis, ane Npu BUKOHAHHI KOMAHAH TiepenaloThCs
WiCTh OaifTiB: NEPLIi 1 ATh 3 HAX TIEPECUTNAIOTHCA Y PETICTPH, a MOCTHii (3
HalOILINOK apecolo) IrHopyeThest. OmHaK A CyMICHOCTI 3 Maiby THIMI
pospobxamu MIT Bin oBuren Mary Hympose 3uauenns. Komanpy SGDT,
SIDT niepenarons smicT perictpis GDTR, IDTR y 1iam’sTh, NPU 1ILOMY T1e-
pelatoThes CTH OANTIB. Y 1" AT 3HAXOUTHCS BMICT PETICTpa, 4 HIOCTHA
HEBU3HAUCHNIA,

MMpukaan 4.4. Hamwcarn nporpamy nepesesieras MIT y zaxuineHuii
pexIM ajpecanli.

JIns nepesenents MI y saxuennii pexxum aapecaini Tpeda BeraHo-
BUTH OIT /¢~ Monomumit ©1T perictpa MSW. Onnak 1iepe) ycTaHoBICH-
HAM 1Oro OiTa noTpidHO 3a)1aTH NOYATKOBI 3HAYCHHS PEricTpiB Tabivih
GDTR, LDTR, IDTE, a Takox 3HAYCHHS EJEMEHTIB JICCKPUITTOPHWX Tab-
mik B O3[1 3aspuuaii tabnnui nepernmcyrors 13 11311 y O311. 3aznaunmo,
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mo Tabymii MaroTk sHaxoauTHcs B O3, oCKiNBKM NpU BUKOHAHHI ITpO-
rpamMu iX BMICT MOXe MOAH(IKYBaTHCA.
Iporpama nepesenenns MIT Mae Takuii BUTITAL

SMSW BX ; 3BepexeHHa MSW.y BX
OR BX, 0001H ; YcTaHoOBJIeHHS MoJlommoro BiTa y cTad
; JoriuHoi oamHmii
LMSW BX ; 3amaHTaxeHnHs MSW
JMP M1 ; CKUIaHHA 4YepI'M KoMaHg
Ml: ; TNouaTok poboTm y BaxUlleHoMy pexuMi l

Koporkuit niepexia JMP M1 Ha HacTyIHY KOMaHay NOTPIOHMH s
ckumaHns yepri komana. Y MIT i80286 icHye Bumepemkaroya BUOIpKa KO-
mang. Skmo MIT suxonas koMaugy LASW, sxa nepesena Horo y saxuiie-
HUil peKUM, @ B 4ep3i KOMaH[ 3aliHIMINCA KOManau, sKi Maay BUKOHyBa-
TUCSA Y PealbHOMY PEXUMI, TO ITiCid MepeBeieHHs 1POLecopa y 3axuie-
HUI PeXXM KOMaHIH PeaJbHOTO PeXnMy OylyTh NEKOAOBAHI HENPaBUIlb-
HO.

Murkan mman. Mikponponecop (80286 MicTUTh ILUMHHUR IHTEp-
Geiic 3 6-6aliTOBOIO HeProO0 KOMaH, 1o 3abe3leuye KOHBEEPHY ajapeca-
wito (Pipelined Addressing). Lle 3adesredye BubGipKy KOiB KOMaHA abo fa-
HHUX 3 TIaM’ATi 3 BUNEPEDKSHHAM, IO Ja€ 3MOTy no4aTth ¢asy iaeHTndika-
uii abo azgpecauii HOBOTO IWMKIY, He JOUEKaBIIMCH 3aKIHYEHHSA MoTmiepe-

IHBOTO.
PO3pI3sHAIOTH LUICTH TUIIB IMKIIB IMIHHU:
YUTAHHSA TTAM 4TI,
3ATIMC V ITAM’ ATB;
YUTAHHS 1IOPTY;,

3AIIHC VY 1IOPT,
MIATBEPJDKEHHA ITEPEPUBAHH S,
CTOII/3VITHH.
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BifzHauumMo, 110 CIOBO 3 HENAPHOIO A/PECOI0 MEpefacThed 3a JBa
UKW [MHHY, 3 MapHOI — 3a oauH. Ha puc. 4.6 mokasaHo UHKIM ITHHA
YUTAHHSI i 3ATIHC cnoBa y KoMIpKy Ham’sti 3 TAPHOIO anpecoro. 3uu-
TyBauHs ¢10oBa 3 O3]1 3m1HCHIOETHCA AK MIHIMYM 3@ YOTHPH MEPIOAH TaK-
ToBMX MMy ket CLK abo 3a 2Ba ctaHu mponecopa (6e3 ypaxyBaHHI CHI-
Haiy rotoeHocTi READY). Koxknuii cran MIT tpuBae asa takty CLK. Tlix
4ac Hepioro cra”y, MO3HAYeHOTro uepes 7's, MpoLecop BUCTABIAE Ha IUHY
a/ipecu 3HAYEHHs aapecu KOMIPKU I1aM’ sTi, 3 axoi Oye 3uMTyBaTHCA ClI0-
BO. 3aBIJKM KOHBEEPHI afipecalii afpeca KOMIPKH BUCTABIACTHCA 3 Jie-
AKAM BHIEPEIDKEHHAM, OJHAK BOHA He 30epiracThcs Ha 1IMHI apecH mpo-
TATOM upkiy. Jlnsa cymicHocTi 3 mmHow ISA cHrHaav IMHU ajapecd 3a-
nam’STORYIOThCS Y pericTpax-(pikcaropax 3a ctpoboM ALY KepysanbHi
CHIHAJIM "MTaHHA Tav’sTi MROC | agpechuii ctpo6 ALE gopMyroThes cu-
CTeMHUM KouTponepom 82288 Ha nouatky apyroro crady 77 CurHaimu ke-
PYBaHHs i ajpeck 0OpoOIIAIOTECE CXEMOI0 KepYBaHHS 11aM ATTIO, Y pe3yilb-
TaTi 4Oro MOUMHAIOUM i3 CepeawHU Ipyroro crany /¢ Ha INHMHI JaHAX
3 asasicrben ctoso 3 O311 1 nporiecop 3UNTYy€ HOTO i3 HIMHU JIAHUX.

Tpusanicrs wxkny YWTAHHS 3 napHoto agpecoro CraHOBUTH Yac JBOX
CTaHIB,

Ilpwu 3unTyBaHmnl ClloBa 3 HETIAPHOIO AZPECOI0 B IMEPHIOMY UMK Tie-
pefaeThes DAUT 110 CTAPIIA TIONOBMHI WWHU Jarux D15-D8, y npyromy —
nepepacrbes Apyrvii 6aiir mo mMomoawiit nonosuui D7-1)0, ToOTO KN
LIMHA Y LLOMY BHIMAKY BBI4YI JOBIUU,

Laxn wuau 3AITAC VYV TIAM ST 3 napHovo aipecoro Takox, SK i
NIPYW YWTAHHI, JOPIBHIOE TPUBANOCTL ABOX CTaHIB, 4 3 HEMAPHOK — YOTU-
PHOX. Y IepIiii 1MonoBMHI UKKILY Ts BACTABIAECTbCA aipeca | AaHi, y apyriii
— Bi0yBaeThes 3ammc B O3TL
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vk yurawas Ilyxr sanucy
. T S | T c TS I T c
B e/7 S B N T o M T o MY Y D T Y e B
a23-40_ XK X XK

AE TN/ N\
ST1-S70 ——\___/——\___/——\_._
MRDC \ /
MTC N/
D15-D0 mmmeemm e {PATAINYY--{{__DATAOUT  Y)-

Puc. 4.6. Luxnu wiunu YHTAHHA | 3SAITHC crosa y komipky nam ’smi

3 RUPHOIO AOPeCOI0

Bukonansa wuxiaiB muan YATAHHS TTOPTVY rta 3AITUC YV TIOPT
aHajoriude po3rngHyTvM Butie nuknaM YUTAHHS TTAM’SATI ta 3ATIHC
YV TTAM’ATh, oaHak y npoMy BUNagky Ha WHHY A415-40 BuCTaBNIETHCA
afpeca IOPTY 1 3aMicTh CUTHANIB YATAHHA abo 3anucy nam’ ATl reHepyoTb-
cst curdanu JOR— IS YATaHHA TIOPTiB BBEIECHHS-BUBEIeHHS a60 TOW — 1na
RAMNCY B IIOPTY BBEICHHA-BUBEXCHHS.

Hukn wuny [TATBEPIDKEHHSA TIEPEPUBAHHS (puc. 4.7) Buko-
HYETHCS IPU BWHUKHEHHI allapaTHOro NepepuBaHHsA (HasBHOCTI AKTUBHOTO
piBHs Ha BuBoAi /NTR). 1{ukn ckimanaetbea 3 JBOX IPOUECOPHUX IMKILIB,
TOAIEHUX TPHOMA TaKTaMU oulKyBaHHSA -

' KoxXHuit TpolieCOPHIMNA UK CKIANAETHCS 3 TPhoX cTanie — I, T, 7o
Ile Tpeba ans Toro, mob npoxoBxuTH Hito curHamy INTA, 10 mocunaeTbes
Ha KoHTpolep uepepuranb 82594. Tlepwuii MUK AO3BOJIAE BELyHOMY
KOHTPOJIEpY BM3HAYMTH, MKW 3 BeINEGHHX KOHTPOJEpIE BUKIHMKAB
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nepepuBanug. Y xpyromy nukni MII 3uuTye 13 IMUAM JAaHAX BEKTOP
NepepHRAHHSA, 10 BEKOPUCTOBYETHCS JULL 3HAXOKEHHA afpecH B Tabiuii
BEKTOPIB llepepUBaHsb.

Hepumii umkn Taxmd ovikysarnms ~ J{pyruid mukor

=1
~3
~3

cak | L. T I, T, T,
« phe——p| Je Je e ok

MU U LLr
WU
77\7[?‘11/ \ [

Bekrop nepepusannst

N
D1-D0 e — s ——— G N S

Puc. 4.7, Huwcr weun TUTTBEPIDKEHHS [TEPEPHBAHHA

Lykn wnan CTON/3YTIAH (Halt/Shutdown) sunukae a6o ripn Bu-
KOHaHHi Komauau HL7T. abo apu o6pobui ocoGnusoro sumapky 8
(tabu. 4.2) y 3aXWHICHOMY PEXUMI.

Tuum nepepuBansb. [lepepupains | BUHATKY 8 peansHOMY 1 3axuilie-
HOMY pexxuMax HaBeaeHo B Tabn. 4.2.
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Tabauys 4.2. Mepepusanns i BunsgTku MII 80286

Howmep DyHkuii
nepe- Anpeca .
pf{- TOBCPHEHHS Peams it SaxmueHnit pexa
pexaM
BaHHA
1 2 3 4
0 Iepmmii Gaiir | Tlomumka TeHRs — BMAHKAE, AKIIO YacTKA 3aHANTO BeEKA a60 JimbHAK
KOMAaHAM | A0piBHIOE HYO
1 Hacrymaa | IlepepnBaHHA HOKpokoBoi po6oTi
KOMAHA2
2 Hemae HemackoBane nepepusasHs
3 Hacrynra | Korrponbhuii 3ynun (INT 3)
KOMAH;1a
4 Hacrymma = | OcoGmusuii BUNa10k nepenorrerHs (IN10)
KOMaHIA2
5 Tlepumii Gaiit | OcobnyBnii BUNAIOK BHXOLY 3 AlalazoHy — BUHHKAE TPE BUKOHAHHI KO-
koMauau | mMasmu BOUND
6 Tlepurmii Gaiir | HemprrmycTuMmit koa oflepaiii — BUHUKAE, SKIIO TPAIUAETHECS HeTHCHMH
KOMaBAY X0 onepauii abo koMaH1a AoBxKuHOI Howaa 10 Safir
7 TMepuwii Gaiir | Coirnpouecop Cuisnpouecop HeAOCTYAHMIA 400 BiAbynocs ne-
KOMaHId | HEIOCTVIHU peMHKauHs 3a1a4
8 Tlepomaii Gaiit - Tloasitina siaMosa — curyams. koma MI suss-
KOMaHan TA€ AR HEBANEKH] BUHATKH [PY. BLANPALIOBAHKI
oxaiel koManam. Skuio mig yac foro obeayrosy-
BamHs® cTaHeThes surATOK, TO MIT BUMKHETBCH
(uukn Shutdown). Y upoMy CTaHi Mpouccop npu-
TMHAE CBOl Jii 1 BUBOAUTHCH 3 HLOTO CUTHATIAMM
CKMAAHHS 860 HEMACKOBAHOIO TICPEPUBAHHS
9 Hesusnavena |[TopymeHHs MEXI CeMrMCHT CIIBIPOLECOPOM — BHHMKAE, SKLIO ONCPan
CIHBIPOLIECOPA HE MOMIMIAETRCS Y CCTMEHT, Hanpukiax, l6-pospsanpwii
onepans Mae amitenns OFFFFH
10 | Mepumii Gakir Henpunycramuii cerMeHT cTaly 3aaadi
KOMaHAn -
11 | Hepuomii Gaiir _ Cermenra HeMae
KOMaHIH
12 | Tlepunit Gaiir | Tlopymenns Mexi cer- | TTopymenns Mead cermeHTa cTeka abo crexa He-
KOMaHi¥ | MEHTA CTeKa Mae
13 | Mepuumii Gaiit | Tlopymenmn wMexi cer- [ [Topymerns 3aXHCTy — BUHHKAE Y TAKMX BUTIAX-
KOMAHAH |MeHTa Jamux abo Ko-|Kax: Tpn BUXOAI 3a Mexd TaGauui ACCKPUNTOPIB,

Xy — BUHHKAE, KO
omepany abo kox ome-
pawii He BMIIIAETECA B
CCIMEHTL

3 MOPVINCHHAM TMPHBLICIB, NPV 3aBAHTAKCHHI
HedificHore AeckpHMmTopa abo TUIy CETMEHTA,
pH cripoi 3amKcy B CCIMEHT KoAy abo CerMeHT
JAHVX, TIPUSHAYCHUX JTHIEG ANS YWTAHHS, TIPH
HUTAHHI TIALKH 3 BUKOHYBAHOIO CErMEHTA KOAIB,
mpy cnpobi BUKOHATH MPUBITEHOBAHI KOMAaHAH,
JO3BONEHI Iuile ipu nesuux pistuix CPL 1 IOPL
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Hpoodovescenna mabn. 4.2

1 2 3 4
14 3apesepBoBaHo
15 3apezepBoBaHO

16 Hacrynmsa | OcobmuBuii Bunazox crisnponecopa — BuHukae B MIT 180286 npu Gyas-
xoMaHaa LSC | axoMy HEMACKOBAHOMY OCOOIHBOMY BUIAAKY ¥ CHUBHpORECOpi
ado WAIT : '

17 3apesepBoraso

31 3apesepBoBano

Koxmnomy HoMepy nmepepHBaHHS BIAMOBiHac eneMeHT vy Tabmuid IDT
IECKPUNTOPIB TIepepuBaHb, AKa MICTHTL BEKTOPH IepepuBanb. [licns cku-
Aannsg MII, a takox nmix gac podorn MIT y peansHoMy pexumi Tabmmis
BeKTOPIB /D7 pO3MICTUTLCSA NOUMHAIOYM 3 HYJIHOBOI aJpecH, OHAK KOMaH-
J0K0 3aBaHTaKEHHA pericTpa /TR MoXkHa 3MIHUTH MICIIe i pO3MIIIEHHS Y

Mexax nepuoro merabaiira i SMEHIIHTH po3MIp Tabma.

Mpnxanaa 4.5. Buzwauvti, yi BUHUKHE HepepUBaHHs T 4ac po6oTu
MITy peanbroMy pexumi rpu BUKOHAHHI KOMaHIH
MOV AX, [OFFFFH]
Ilpy BUKOHAHHI T1€] KOMAHIM B akyMmysTop AX mepecunacTses Clo-
BO 3 CErMEHTAa JAaHMX, NMPUUOMY MOJIOMIIMHA 6GaiiT crnosa Mae 3MilCHHS
OFIF1H, a crapumii — 0000, 1 BUNALOK € NOpyLUEHHAM MEXi CerMeH-
Ta | BUHUKAC NepepuBaHHa 13

KOHTpOnbHi 3anuTaHHA

- 1.Ha3BiTh OCHOBHI XdapakTepHi 03HAKM PeXHMY peaibHOi agpecalii Ta 3a-

XUIIEHOTO PEIKHMY.

2. VKaxITh KINbKICTh JHIA IIHHW agpecH y PEalbHOMY Ta 3aXMILEHOMY
pexuMax.

3. YKaxXITh MAKCHMAIIbHO MGXJTHRY KUIBKICTh JIECKPUITTOPHUX TabIWLb, SKI
MOXKYTb OyTH 3a1aHI.
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4 UuM BiAPI3HAIOTLCA TIHBOBI PETIiCTPH BIJI TIPOTPaMHO JOCTY THHX?

5.5y iHdopMariro MICTATh AECKPUIITOPHI Ta0mMIi?

6. YkaxiTh NpU3IHAYECHHA periérpa IDTR.

7.51Ixi xoMaHIM TpeOa BUKOHATH MEPER MEPEXOAOM Y 3aXUINCHUH PeXuM
poboTtu?

8. JlaiiTe XapakTepHCTHKY ICHYIOYMX THIIB OUKIIB INHHU.

9.0xapakrepu3yiiTe NOHATTA «TIEPEPUBAHH) T3 KBUHATOKY.

10. Y BigpisHaeThCs 00poOKa NepepUBaHHA Bi 00pOOKH BUHATKY?

4.2. ApxiTektypa 32-po3psaaHux Mikponpouecopis

[chyroui 32-pospsammi MIT 386, i486, Pentium, Pentium Pro i
Pentium 11 MaroTh po3pAIHICTE PETICTPIB Ta UIMHU aApecH, Aka JOPIiBHIOE
4. Illuna panux ms mpouecopis i386, i486 € 32-po3paHolo, & A1 Ipole-
copie Pentium, Pentium Pro 1 Pentium 11 — 64-po3psanoro. Bonua 10380714-
10Th anpecyBatd 4 [ 0aliT naM’siTi, MarOTh 3ac00M MiATPUMKU CETMEHTHOT
Ta CTOPIHKOBOI ajpecartii rmam’ sti. [{poriecopu MaroTh JOTHPUPIBHEBY CHC-
TEMY 3aXHCTy MaM’ iTi T4 NOPTIB BBEACHHA-BUBEICHHS, MOXKY TE I1PALIIOBATH
y Oararo3anaudoMy pexcami. Jlo pexxumis poGotu MIT i80286 mojanuii
Virtual Real Mode — pexum BipryansHoro npouecopa i18086. Mikponpoue-
COpH JOTYCKalOTh MapaielbHy po6oTy AeKINbKOX BIPTYATbHUX NPOLUECOPIB
i8086 mij kepyBaHHAM omcpauiittoi cucreMu tury Windows, OS/2, Unix.
ITponecopu onepyiors 3 Gitamu, nonamm OitiB, 8-, 16- ta 32-GitoBUMEU
onepaHaaMy, pajgkaMu OITIB, 6alTiB, ¢ (16-po3panHux NAHWX) 1 HOABIHA-
HEX cNiB (32-po3psIHUX JaHUX). B apXiTeKTypy TpPOLECOPIB BBEAEHO 3a-
co0u HanaroKCHHS | TCCTYBAaHHA.

Ilporpamua mozetn. ITporpaMHy MoJens 32-po3psaHoro ipouecopa
300paxeHo Ha puc. 4.8. BoHa MIiCTUTL Takl rpyld pericTpiB. pericIpy 3a-
rajJbHOTO MPU3HAYCHHSA, NYHIBHIUK KOMaHJ, PErICTP MPanopuiB, CETMeHTHI
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PETICTPHU, PETICTPHU KEPYBAHHSA, CHCTEMHI aJipecHi PeTiCTpH, pericTpu Hama-
TOJKEHHS, PETICTPU TECTYRAHHS, ‘

Pecicmpu 3azanernoco npusnayens MiCTATh YCi PericTpu néumx i pe-
rictpu-Bka3iBHHKH MIT i8086 ta /80286 i CTiNbKM *k MOJATKOBUX 32-
pO3pAAHUX pericTpiB. Y no3HaveHHl 32-po3psJHHX PeTicTpiB BUKOPHCTO-
BYCTLCA novarkosa nirepa 2 (Expanded — posrmmupenutii).

Brazisnux xomarod EIP MiCTUTH 3MIUICHHS HACTYIIHOI BHKOHYBAHO{
KOMaHIu B cerMeHTi KoaiB. [Ipu 16-po3paauux ajipecax BHKOPHUCTOBYHOTh-
¢ Moroxuri 16 pospsais (/7).

Perictpu 3aransHoro npnsnadestds  CerMeHTHI perictpu

31 16 15 0 15 0
AH AX Al LAY cs Kon
BHBY Bl | EBX o
CHCX T ECX — e
H XL - DS
DHDXDI. | EDX =
Si ESY = Mawi
DI EDY ’
BP EBR GS
SP ESP
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31 16

15 0

AH AX AL

BH BX BL

CHCXCL

DH DX DL

SI

DI

BP

SP

PericTpu 3arafibHOTO NpPU3HAYEHAS

EBX
ECX
EDX
ESY
EDY
EBR
ESP

JliumARHUK KOMaH 1 pEFiCTp Apanopuis

31 1615 0
IP EIP
CucreMHi aapecHi perictpu
47 16 15 0
Jmiltna 6azosa Mesxa GDIR
azpeca
Jiniitna 6azosa Mesxa IDIR
axpeca
CucreMHi cerMeHTHI
pericTpu 6
15 0 -
TR [Tpaza gocryny
LDITR
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31 0

CerMeHTHI pericTpa
15

0

(OAY

SS

DS

ES

FS

GS

Kox

Crex

Hawui

KepysansHi perictpn

15

0

CRO

CR1

CR2

CR3

CR4

MSW

TiHLOBI pericTPy AeCKPULITOPIB

—
| Tiniiisa 6azosa anxpecal Mexa
L ]

PericTpu Hanarogxeuus

DRO

DR1

DR 2

DR 3

DR 4

DRSS

DR 6

DR

31

0

Perictpu TecryBanus

IR 1

TR2

TR3

TR A4

IR S

TR6

TR7

il'IpaBa m)cwnyi Jlinitina Gasopa zmpuiii Mexa |

Puc. 4.8. Ilpozpamua smodens 32-pospadnozo npoyecopa

Pospnin 4. OdHokpucmansHi yHieepcanshi Mikponpoyecopu (cmapuii modeni)

Pezicmp npanopyie EF posmmpeno 1o 32 pospamis. Monoami 16
po3psaaiB perictpa LF cTBOPIOIOTH pericTp mpanopuis £ 16-pospaaHoro
npouecopa.

Y perictp EF nomnaHo HOBI npanopiii:

- 1D (Identification Flag) — npanopens J03ROMY KOMaHJIA
aentudikauii CPUID (Central Processor Unit Identification) — nis
Pentium+" i nesxux npouecopis TUIty 486;

- VIP (Virtual Interrupt Pending) — BipTyanbHUIA 3aaT ne-
pepuBanus — id Pentium+;

- VII" (Virtual Interrupt Flag) — BipTyansHa Bepcis Hpamnop-
g Jo3BOJY TepepuBaHds /I 1yl Oarato3agauyHMx CUCTEM — A
Pentium+,

~ AC (Alignment Check) — nipaitopellb KOHTPOJIIG BHPIBHIO-
BaHHA. BUkopucToByeThea TiNnbKkW Ha pidi npueineis 3. Axuwo AC = 1
1 AM =1 (AM - 6it y perictpi kepyBanns CR0), To y pasi 3BepHEHHA
JI0 OTiepaH;Ia, He BUPIBHAHOTO 33 BiXIOBIIHOI0 Mexero (2, 4, 8 Gaiir)
B0y AeTbCA BUHATOK 17 (st i486+);

- VM (Virtual 8086 Mode) — y 3axuinieHOMY peskAMI BMHKAE
pexcum BipryansHoro npoiiecopa 8086. Cupoba BUKOPHUCTAHHS TIPUBI-
JeHOBAHNX KOMAH][ y LIbOMY BHITAQAKY IPU3BeJe 10 BUHATKY 13;

RE (Resume Flag) - npanopens MOHOBIEHHA. Y pexuMi
HaNaroJOKEHHs OUHWYHE 3HAYCHHA RF no3Bonse 3jificHATU pecTapT
KOMaHau nicjia ocoGIMBOro BUMAAKY Hanaro/LkeHHs. BuKopucToBy-
€ThCS CHITBHO 3 PETICTPaMM TOYOK 3YITHHIB.

Ceavienmui pezicmpu. OxpiM cerMeHTHMX pericTpiB MIT /8086 Ta
180286 (DS, S, S8, ES), nporpamua Mojiesib MICTUTh JIBa 10/aTKOBI cerMe-

HTHI pericTpu aanux: IS i GS. 3 K0KHUM i3 MECTH CErMCHTHUX PETICTPIB

Jlaini riosnavenss 386+, 486+, Pentitn 03MaM0TS, o HABE/ICH] Jak CHpaBe;G B it Rsatiol Moyen MIT eBeix
CTUPIIMX MoNeTel.
Fs ; .
BupisuroBaiig omepar,ia 110 mexi 2, 4. 8 031aae, W0 aipeca ollepa;a € KpaTaow Buiosiano 2. 4, 8.
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TIOB’A3aH1 TIHBOB] PETICTPH JECKPUIITOPIB. Y TIHBOBI PETiCTPH Y 3aXHIIe-
HOMY peXuMI lepenucyioThea 32-po3panHa 6Gazosa ajpeca cermenra, 20-
po3psAHa MeXa i arpuGyTH (IpaBa AOCTyNy) 3 JICCKPUNITOPHUX TabauLb.

Kepysanvui pezicmpu CRO—CR3 (Control Register) 30epiratoTh 03HaK{
CTaHy TIpoliecopa, CIIUIBHI JUI BCiX 3a7a4. MoJIoAum SOTAPH PO3pAIM perict-
pa CRO mictats 6itu perictpa MSW MIT i80286 i aeski iHimi OITH KEpyBaHHA
Perictp CRI1 3apesepoBano; CR2 30epirac 32-pospsady mHiifHy anpecy, 3a
AKOX0 OTPUMAHO BiMOBY CTOpIHKW mam aTi; CR3 y crapimmux 20 pospsmax
30epirae GizuyHy 6a30Ry agpecy TaGMUII KaTaJory CTOPIHOK 1 61TH KepyBaH-
HA kemr-nam’ areo. Perictp CR4 (Pentium-+) MicTuTs OITH H03BOJIB apXiTeK-
TypHUX po3mupeHs MI 1.

Cucmemni adpecni pecicmpu. CUCTEMHI pericipn-smiamnm r10dab-
HOI IeCKpUIITOpHO# Tabmami GDTR i tabnumi nepepusans /DTR 36epirators
BimmoBiAHO 32-po3psanHi 6a30Bi axpecH i 16-po3psaHi Mexi Tabimib. CHcTeM-
Hi CETMEHTHI pericTpu 3aa4 /R 1 nokanbHoi AeckpuropHoi Tadbmum LDTR €
16-po3psIHUME CENEKTOPAMH. 1M BIfIIIOBINAIOTE TIHBOBI PETICTPH AECKPHITIO-
PIB, AKI MICTATE 32-po3psaaHy 0a3oBy aipecy cerMeHTta, 20-po3psaHy Mexy 1
paBa J0CTYIY.

Pezicmpu nanazooncenns DRO-DR3 (Debug Register) 30epiraiorh
32-po3psAmHl agpecd TOYOK 3yNUHY B PeXMMi HamaromxeHHs, [IR4-DRS
3apEe3epBOBAHI 1 HE BUKOPUCTOBYIOTHCA, [DRO BigoOpakae craH KOHTPOIb-
HOi Touky; DR7 Kepye pO3MIIEHHIM Y TIPOTPaMi KOHTPOJIBHUX TOYOK.

Pezicmpu mecmysannn TR (Test Register) BXOGATH A0 TPYIIA MOJEINb-
HO-CHEIUQIYHNX perTicTpiB, iX CKNAM 1 KINbKICTE 3a1€XKaTh BIA THITY Npoue-
copa: B MIT i386 BukopucToByBanucs usa pericrpu: 7R6 1 TR7, y Pentium-
12 — TR1-7TR12. 11 rpyna perictpis 30epirac pesyiasrard TectyBanns MIT i
Kell-1am’ sTi.

CerMeHTHa opranizauisa nam’ati. YV 32-pospsauux MIT po3pisus-
FOTh TPH aJIpeCHI MPOCTOPH NaM’ ATi — JIOTTUHME, N HIAAKI 1 (p13uuaui. JTo-
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TigHa ajipeca (abo BipTyalbHa) CKIAHAETHCA 13 CENeKTopa.l 3MImeHHd LA,
JliniiiHa ajgpeca yYTROPIHOETHCSA HOJaBaHHAM 0a30BOi aJpecw cerMeHIa Jo
edekTnBHOI agpecu. Pi3nyHa ajipeca maM’ ATi CTBOPIOETHCA NICIS EPETBO-
peHHA NiHIHOI agpecy 6110KOM CTOPIHKOBOI Mepeajgpecariii. _

OpraHi3zanis mam’ 4Ti 3aIeXXHATE BiX pexumy pobotu MIL V peamsroMy
i BipTyansHoMy pexumax /8086 ampecauis nam’sTi Taka cama, sk y MII
i8086. Y 3axnmeﬁom' PEXUMi BUKOPUCTOBYETHCA CETMEHTHA 1 CTOPIHKOBA
opranizanis nam’sri. CerMeHTHa Oprasi3anis BUKOPHUCTOBYEThCA Ha IIPU-
KIIaJHOMY DIBHI, @ CTOPIHKOBA - #a cHcTeMHoMY. POpMyBaHH: ajpecH Ko-
MIPKH NaM’AT1 Y 3aXULIEHOMY peXnMi TIokasaHo Ha puc. 4.9. Brok cermen-
Tall MEePETBOPIOE HPOCTIP JOrIYHUX aApec Ha NPOCTip JliHIAHMX anpec. Bu-
XITHAMH JIaHUMH 119 OJI0Ka cerMeHTauil € 3MillleHHs -4 v CerMeHTI Ta cer-
MCHTHUIT pericTp, AKI 33]1al0Thesl B KOMaHmi. BMicT cerMeHTHOTO pericTpa y
3AXUIICHOMY peXuMI € celekTopoM. Bin MicTiTh iHdopMallito npo THun ae-
CKpUNTOpHOi Tadbmi (rnobdansHoi ado NokanbHOT) Ta IHAEKC AECKpUNTopa
(nue. puc. 4.1). Ingexc € HoMepoM Aeckpumnropa y tabmuui. Heckpunrop
MicTUTE 6a3oBy aapecy cerMenta. JliHifiHa aJpeca CTBOPIHOETbCS HOZAaBaH-
HAM Ga3oBoi Ta e()eKTUBHOI apec 3TiAHO 3 puc. 4.2.

Biok ofuvc:icHEs
GhEKTHBHOT WIpeCH

Edekrania agpeca

7d Jwittna (Dizrna
32 aipeca apeca
i 32 B:10K ¢TOpMIKOBOY 32
., B:1oKk cerMeBTallii MEPERAPECAIT  frmplmmanty-
| 3 (11eo6oB’ m3xoBMif)

Imjiexe jteckpairropa

Cenekrop

CerMeHTHHI pericTp

Puc. 4.9. Qopmysanns adpecu KOMIpKU RaM SN 6 34XULEHOMY PEIKUMI
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Bbrok cropinkoBoi mepeampecanii gopmye ¢izudHy ampecy Ham’ STi.
ITpn BuMKHEHOMY OMowi JiHINHA ajgpeca 36iraerbest i3 Qisuunor. biok 06-
HUCTIEHHSA eeKTHBHOI afpec 0GUMCIIHOE 3MINICHHS OTiepaHa Y CCTMEHTI 3a
OIHUM 13 THINB anpecauii, HaBeneHux y 1abn. 4.3. Anroput™ 0OGUHCIEHHS
aJ[pecy KOMIpKU NaM’ATi A7 PI3HMX THITIB ajpecati nokasaso Ha puc. 4.10.

Perictpu 3aransHoro npusHauerHs MIT MoXyTs BUKOHYBATH (yHKLI
TaKUX pericTpis: 6asoBoro Base, iHekcHOro [ndex, MaciTabyBaHHA MHO-
*Kuuka Scale 1 3MileHHs Disp. Y tabn. 4.4 nogaHo BUKOPUCTaHHA LUX pe-
rictpiB 3aNEXKHO B pexxuMiB agpecarii: 16-pospsaHoi a6o 32-po3pamHoi.
Macmraborani TiImM afpecanii MOXJINBI TUIBKH B 32-po3psaIHOMY PeXAMI
agpecarii.

3] Y
basosuif pericrp | Base I
31 15 70
| Disp I I I——-—.@ mod 2
; 31 0
HTEKCHUH _
pericp l Index

1,2,4,8 Ederranaa

anpeca £4

Brstrox 13

Komponn Mexi cerMentaN,
1 HpaR I0CTYITy

o

31 0
BasoBa apeca cerMenTa I»————~—~———

Basa cerMeHTa
3 JECKpRIITOPa

"32

maod

Il ajpeca

Birox ¢TopinKoRol
nepeajpecari

l Disrana anpeca

Puc. 4.10. Arecopumar 06uucaennst adpecu KOMIPKU Hat 'Ami Oisl piznux munie

aopecayii
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Tabruys 4.3. Tunu agpecamnii y 32-po3psIHUX Opomecopax

Tun agpecauii Obuncienns EA
PerictpoBa ‘ EA = pumict P31
Ipsava EA = Disp
Henpsma perictposa EA = Base
Bazosa EA = Base + Disp
InaexcHa EA = Index + Disp
Macmraborana ingekcHa EA = Scale « Index + Disp
BasoBa iHackcHa EA = Base + Index
Macwrtabosana 6a30Ba IHIACKCHA EA = Base + Index x Scale
bazsosa 1HACKCHA 31 SMIINEHHNM EA = Base + Index +Disp
MacwtaboBana 6a308a IHAEKCHA 31 3MILKCHHAM FEA = Base + Index x Scale + Disp

Tubnuyn 4.4. Baxopuctanna P31 npu o6unciaenni epexTuBnoi

aqpecu
KoMnoneur 16-po3panna an- 32-pospsaHa aipecauis
pecagis
Bazoswuii pericrp (Base) BX a6o BP By ab-sxaiy 32-pospsanuii P3I1
Inaexcunii pericrp (Index) ST abo 121 Byan-axunit 32-pozpsaauuii P3IT, kpist £S5
Macuirab (Scaie) 1 1.2,4a608
SMitenns (Disp) 0.8 abo 16 6ir 0, 8 aGo 32 6ir

Y peanbHOMY pPEKHMI 32 33aMOBYYBAHHAM  BHKOPUCTOBYETHCA
16-po3paana aapecalis, ajne 3a J10MOMOToK npedikca 3MiHH PO3PALHOCTI
ajpecu MoOMHA TMEPEeMKHYTH Ha 32-pospagauil pexuM. Y 3dxuleHOMY
pexuMi THIT aapecaull 3anekuTs Bin Gita /)y IECKPUITTOPI KOJOBOrO

D=1~ 32-po3psanna).

BuKopHUCTaHHS CErMEHTHUX DPEricTpIB MPH aapecauii mam’sTi BU3HA-
YaeTeCA TUITOM 3BEPHEHHSA 0 maM a1l (tadur. 4.5). J[na jgeskux THINB 38ep-
HEHDb IOTTYCKAETHCA 3AMiHA CETMEHTHOIO PEricTpa, o BBOAUTHCS 3aCTOCY-
BaHHAM npedikcis komana CS:, DS, SS:, ES:, FS:, GS:, Haupuxna:

ADD FS:[ESI],EAX; [FS:ESI] « [FS:ESI] + EAX
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Po3gin 4. OdHokpucmanshi yHisepcanuHi Mikponpouyecopu (cmapui Moc_ie.ni)

Tabauya 4.5. BUKOPpMCTAHHA CerMEeRTHHX PericTpiB s ajpecanil

nam’aTi
T . CerMenTHuIi perictp .
W 3BEPHEHHS 10 NaM’ ATl - 3MimeHHs
33 3AMOBYVBAHHIM aTbTEPHATHBHUM

Bubipka xoMan cS Hemae 1P, EIP
CrexoBi onepanii SS Hemae SP, ESP
AJpecaiis 3MiHHOT DS CS, ES, S8, FS, GS LA
Psgok-mprepe:no DS CS, ES, S8, ES, GS ST

P nox-nipuiivay ES Hevae DI
Buxopucranns BP, EBP abo 59 CS, ES, DS, EA
ESP sx 6aszoBoro perictpa - FS, GS

Hpuxnan 4.6. 3naiiTu 38adenHs (I3UUHOI agpecH orepania B Ko-
MaHJi Tepecunanns y perictp AL BMICTY KOMIPKY I1am’ sT1

MOV AL, [BX + 4 - SI + 1000H]

saxito 6a3oBa azpeca cerMeHTa JaHux aopierie 12456789H. a sMmicT
perictpis BX = 0120H, S7= 1234H. Bnoka cTopiHKoBOI Tiepeanpecaii He-
Mae. |

Edexrusua anpeca KoMipka nam’ gTi

EA = 012077+ 4 - 1234H + 1000H = 59F0H.

Buxonasmu onepaniio ZoaaBaHHs 32-pospaanoi O6azoBoi ajpecn 3
eeKTHBHOIO afpecoto KA, oTpuMacMo NiHiAHY afgpecy, ska 36iracThest i 3
(GI3HYHOIO A/IPecoro;

12456789H + SOFOH = 1245C"1 79H.

OTxe, hi3udHa agpeca JopiBHioe 1245C179H.

(PopMyBanns 6230801 apecH cerMeHTa noscueno Ha puc. 4.11. Tone 77
CEJIEKTOPd CErMeHTa BU3Ha4ae podouy JACCKPUNTOpHY Tabiuiyo (riobaibHy

abo ﬂOKa.IIbHy), JA€ 3HAXOUTHCS TTOUATKOBA aJpeca CerMeHTa.
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INDEX ! I ‘ RPL I Cenexrop
GDT e LDT
TIpasa Basosa Mexa TIpaa | basosa Mexa
JOCTYIY apeca HocTyIy | aapeca
31 0

ﬂ' Bazosa aapeca cerMesra

Puc. 4.11. Qopmysanns 6azoeoi aopecu cezmenma

Tone RPL Bu3Hauae 3ampotleHnil piBeHb npusinero cermenra. [lone
INDEX Bw3Hauae 3MILIEHHS BiI NMOYATKOBOI ajpecy Tabmail. 3a3HaunMo, Lo
TIOYaTKOBA ajipeca Tabmmy 36epiracThes abo B perictpit GDTR s rnobaibHoi
Tabmuiy, abo y TiHkoBoMy perictpl. B ocranasoMy Bunanky perictp LDTR €,y
CBOIO Yepry, CENEKTOPOM i BKasye, e B TNOOaIbHIM AeCKpUITOpHIi TabmuaLi
3HAXOAUTHCS IH(OPMALLS NPO TIOYATKOBY anpecy Jokansrol Tabimul. s 1H-
dopmariis riepercyeTses B TIHBOBUIM pericTp.

Mdopmar geckpunropa 1 32-po3pAAHUX MPOLECOPIB TIOKA3AHO Ha PHC.
412, Heckpunrop MIT 180286 micTurs Hysb y 6itax 63-48, a nons 6asopoi an-
pecu 1 Mexi 3aiiMatoTh 24 1 16 6iT Binosinxo. Y 32-pospsyiHomy MITT none 6a-
30BOI JIpecy 3aiiMar0Th APYTWiA, TPeTiH, ueTBepTHii | cboMuil OalfTi neckpwuil-
Topa, Y X0}l BUKOHAHHS KOMaHAW i 6aiiTy 00’ € qHYHOTHCS B OJHY 32-po3ps/iHy
0a30By ajpecy.
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Ilpasa noctymy
AR
63 47 : 39 32
Basosaanpeca GD XU Mexa PDPL'STipé " 4' Basosa anpeca
31-24 19-16 23-16
31 15 7 0
T T
Bazosa aapeca  15-0 Mexa 15-0

Puc. 4.12. Dopmam deckpunmopa 0as 32-po3spaduux npoyecopie

[Tone Mexi 3aiivac Galiti 3 HoMepamu 0, 1 Ta MonoaLT YoTUPH GITH 1IOC-
Toro Gadira neckpurrropa. Mexka 3a/ac MakCUMAIIbHE 3MILICHHS B CETMEHTI abo
OCTaHHEO OJWHULIFO, 10 AfPECYEThCs B cerMeHTi. [Tpu 20-po3psmdiii Mexi Mak-
CUManhbHe 3HAUEHHA eleMeHTIR, mo agpecyioThes, 2%°. TTpoTe, OCKiMBKH ene-
MEHTOM CerMeHTa Moxke OyTH He Tinbku OaiiT, ane i cTopivka 4 x6aiir, cer-
MEHT MOke MICTUTH Bij 1 6aliT 1o 4 I'Gaiir. Baitr 3 HOMepoM S nmeckpurrropa
AR (Access Rights) MiCTUT TIpaBO AOCTYTIY, 30KpeMa, Taki OiTH kepyBaHus: P
(Present) — 61t HasBHOCTL; DPL (Descripter Privilege Level) — tione pisHs npy-
BiTEiB cermenta; S (System) — cucteManii 6it;, 7ype — None THIly cerMeHTa; A
(Accessed) — OIT 3BepHEHH.

Bim nasernocmi P 1OPIBHIOE OAVHMIY, AKLIO CETMEHT 3HAXOANTLCA Y (i-
3ugHii mam’gti (O3I). Y cucremi BipTyambHOI TTaM’sTi onepariifHa cueTema
MOJKE MepelaBaTH BMICT ACAKHX CETMEHTIB HA IHCK, FPH I{bOMY BOHA CKHac
0ir P y Hyns Y AeCKPUNTOPL UBLOTO cerMenTa. STKio nporpaMa michas unoro
3HOBY 3BEpTAEThCA O CEIMEHTA, BUHMKAE OCOONMBUII BHIIAJ0K BIACY THOCTI
cerMenra. OmeparyiiHa cHcTeMa IMykae BUIBHY oOmacTs ¢i3udHOi mam’sTi
(Ipu nBpOMY, MOXKITHBO, BINIPABIIAE HA JUCK JICAKHI IHIIAA CETMEHT), KOTIt0e
BMICT 3alPONIEHOr0 CErMEHTA 3 JAUCKA y TIaM ATh, 3alUCYE B MOr0 JAECKPMII-
TOp HOBY 6a30BY afpecy, 1 3ACHIOE pecTapT KOMaH/H, Ska BUICIUKANa 0co6-
" nuBMiH BUMaAok 11 BiacyTHOCTI cerMenTa. OnucaHMii TIPOLEC HAUBACTHCA

ceoninzom (Swapping) abo OOBUHMAIKEHHSIM.
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llone pigna npusineie ceamenma DPL mictuts 2 0itn. HalisuinoMmy
PIBHIO IPUBIICIO BIATIOBIIAE 3HavYeHHs (), HaliHWKIOMY — 3HAUEHHH 3.

Cucmemuuii 6im S Ma€ HYJIBOBE 3HATCHHS (S = 0) y meckpunropax ce-
TMeHTa KOJIB, CHCTEMHHUX CErMEHTIB Ui 30epiraHHs JOKAIbHUX TabIuIb

IECKPUNTOPIB,  CTaHiB 6 47 3936 32
sanau 1SS (Task State OFFSET 31-16 4R |0} worD
COUNT
Segment) Ta 'y neckpui-
31 15 0
TOpax, U0 Ha3UBAIOTHCA SELECTOR OFFSET 15-0

senmunamu  (Gate) abo

wnozavy. B IHIIAX BU- Puc. 4.13. ©opyvam scumuiin

panxax S= 1.
BeHTwib MicTuTh 1H)OpMaLito PO JOrIYHY aapecy BXOXY 10 AeAKol
CUCTEMHOI miporpaMu 1 3aitMac 8 Oaiit. ®opmar BeHTWINB TOKa3aHO

Ha puc. 4.13.

Bentnni npusHaveHi ans nepefadl KepyBaHHS | MICTATD JIOTIYHY af-
pecy nepexoiy vy Burnami cerekropa SELECTOR 1 32-pospsiHoro 3mi-
weHns OFFSET. Beutnnl BUKIHKY BUKOPHCTOBYIOTHCA NS BUKIIUKIB
IPOLEAYP 31 3MIHOIO PIBHA TIPHBINEIB, BEHTUIU 3aJa4 — JUIS IICPEMUKAHHA
3afa4, BEHTUII TTepeprBaHb 1 BEHTUII TTACTKY — JUIS 1IEPEXO0ILY JI0 NPOLERyp
00CIYTORYBaHHUA NEPEPHBAHD, TIPH ILOMY BEHTHIIL NEpepUBaHb 3a00pOHsA-
HOTH TiepePHBaHHs (CKUAAIOTL tpariopenb /F), a BeHTHAI TACTKHM — He 3a60-
POHSIIOTB.

Ilome WOR]) COUNT (aus. puc. 4.13) y BEHTUAAX BHKITHKY BU3HAYAE
KIILKICTh CJIIB, AKi KOMIFOWOTHCA 31 CTeKa OIHIEl MPOUCHYPH V CTeK IHIIOL
npouenypu. Jns nwmx sentuwnin nosne WORD COUNT mMicTuTb HYNbOBI
3HAYCHHA.

Iore muny ceamenma Type 3aiimae TpU po3psaM Ta BU3HAYAE THTT ce-

'MEHTA 3rIHO 3 Tao. 4.6.
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Tadniya 4.6. TUTIA cerMeRTiB i CHCTEMHHX 00’ €KTIB

Type I A l THn cerMeHTa - —[ Jlosso:eHi onepauii
CerMenTH KoiB i AaHMX
001014 Hauax Tixexd 3UNTYBaHHA
0j]0 1|1 |4 Jlanmx 3uuTyRaHHA 1 3ATUC
011410 |4 Creka* Tineku 3xaTYBAHHA
011114 Creka 3yuTyBaHBS 1 3ATHC
1101014 Koxny Tineku BEKOHAHHS
1014 Koay BuxoHauHs 1 3uMTYBAHHA
1] 1014 THigmereii cermeHT TiAbKU BUKOHAHHS
KOOy
111 114 TTiamernuit cermenT BuxoHasHs 1 3UdTYBAHAA
KOy
CucreMsi cervenra* *
0101011 Tocrynauti cermedr 7SS crany sanaqgi 180286
0jo0oj10 Ta6mus noxanerux aeckpyarropis LDT
010711 Baitaaruit ceryent 1S5S crany sagaqi 180286
1{0] 01 Hocrynrmit cerment 1SS crany zaxaui i386+
1y o] 110 3apeseproBaHO
1|0 l 1 | Saiiasruit corvent 1SS crany 3agaw 386+
Benmami***

0|11,0]0 Bentuas suakimiky 180286 (Call Gate)
0] 101 Benrune 3agadi 180286 (Task Gate)
011110 Bentuan nepepusanns i80286 (fnterrupr Gate)
01 1]} Bentuas mactkn i80286 (Trap (‘;;;rwe)
1111010 Benruns sukamky 386 + (Call Gate)
1]1]0¢1 Bentune 3anani 386 + (Tusk Gaie)
111110 BerTuab nepepuBanis i386 -+ (Interrupt Gate)
1{1 11 Benruns nacrku i386 + (Trap Gate) h

* Ha npaxTuili Taki CETMEBTH CTeKa HE BHKOPHCTOBYFOTBCH.

** [mmmi cramy noyie 7ype Ta A He BHKOPHCTORYIOTBCS.

bim 3eepuenns A.Y cermenrax kojy 1 Janux A = 0 o3uavae, mo 1o ce-
TMeHTa He Oyii0 3BepHeHb. Y cHCTeMHHX 00°ekTax mone /ype pasoM 3 Oi-
TOM A BU3HAYAE THII CUCTEMHOTO 00’ €KTa 3rijiHO 3 Tadi. 4.6,

V crapmmiit TeTpaZi mocTtoro Oafira IecKpUNTOpa 3HAXOUATHCA Taki

O1TH KepyBaHHS:
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- G (Granularity) — 6it rpanynapHocti. 1lpu G = 0 oxuHu-
eI NaM’ATi B cerMeHTi € OailT, mpu G = 1 — cTOpiHKa NOBXHHONO
4 xbaiir,

- D (Default size) — 6it posmipy. [Ipu D =0 omeparau y
IaM’ 471 BBaXaroTecd 16-pospsaaammu, D = 1 — 32-po3psaHumu. 3acto-
COBY€TBCAH JuIst cymicHocti 3 MIT i80286;

- U (User) — 6it xopuctyBada. Moxe OyTH BCTaHOBJICHMI
abo CKuHy TUii IPOrpaMHoO.

SIK BHAHO 3 OIMCY JAeckpuntopa, 32-pospsaamii MIT 103BONA€ CTRO-
PEHHA CEIMEHTIB, Y SAKUX MOXKYTh BUKOHYBATVCS ONepauli 3YNTyBaHH, Yi-
TAHHA/3allMCYBAHHS, BUKOHAHHA ab0 BUKOHAHMA/3UNTYBauHsa. Jns cTBO-
peHHa xapaktepHux s MII i8086 cerMeHTIB, y AKUX BUKOHYIOTBCS OJHO-
YacHO BCI MepepaxoBaHi oreparlii, BAKOPUCTOBYIOTh HIEPEKPUITS CETMEHTIB
nam’aTi, TOGTO NoYaTKOBA ajipeca 0OJHOTO CErMEHTA € aJPEecor) IHIIOTO.

Cropinkosa opranizauisi mam’ ari. Lleil Tvn oprasi3aiii 3acTocoBy-
HOTb 3[e0LIBIIOro y cucTeMax BIpTyanbHOI aM’ gTi, IO JO3BOJIAE TIporpa-
MICTY BHKOPHCTOBYBATH OiMbUIMI MpOCTIp aapec, HOK iCHyoda ¢i3uuHa
NaM’sTs. Y paxoByroun BRACTUBICTb ITPOCTOPORBOI JIOKANBHOCTI KOAIB 1 Ja-
HUX (OIU3LKOro po3MILICHHA NOTPIGHAX KOMIPOK Mam’ ATi), NOHIJIBHO ofne-
pyBatu He GafiTaMu, a JeTKHUMH HEBEJIUKUMM MOJYIISIMUA 11aM’ATI — CTOPIH-
xamu. TIpu cTOpiHKOBOMY TEpeTBOPCHHI Bech JIHIAHKEN ajpecHNit IpocTip
32-pospsaroro MIT emuicTio 4 I'6aiiT po3busaeThcs Ha 2” CTOPIHOK N0
4 x6aitr. Oiznunmii nipoctip nam’a1i MITC Takox po36MBAETHCA HA CTOPIH-
Kd, IpHdoMy B (izwaHiil maM’ STl CTOPIHOK 3HauHo MeHme 2. Flanpuknan,
TIpH €MHOCTI 1aM’ a1t 4 MOalT KibKIiCTh PI3MYHUX CTOpIHOK (iX me Ha3u-
BAIOTh CTOPIHKOBUMM Kajapamu abo page frame) mopisioe 2. BiicyTthi
CerMeHTH y (i3uuHiii tam’sTi 30epiraloTbes y 30BHIIIHIA nam’ st (Harpo-
MaKyBadl Ha TBEPAOMY MATHITHOMY IUCKY) I 3a NOTpeOW 3aBaHTaxy-
10TbCA Y Qi3uuHy rnam aTb, ToOTO BigOyBaeThCs npolec ceoriury. [Ipukna-
IHI [POrpaMy MOXYTh PO3NOPAIKATHCA YCIM [pocTOpoM BIpTY&IbHOI
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naM’aTi 4 I'6aiir. TIponiec CTOpPIHKOBOrO IEpeTBOPEHHA AJPECH ilMFOCTPYE
puc. 4.14.

V npoueci nepetBopeHHs craprii 20 6iT 32-po3paaHoi JHIHHOT aqpe-
CH 3aMIHIOIOTBCA iHIIAM 20-po3psagHuM 3HAYEHHAM — HOMeEpPOM (isH4HOi
CTOPIHKM 3TLIHO 3 MEXaHI3MOM TiepeTBOpeHH: axpecu (puc. 4.14). Perictp
xepyeanns CR3 PDBR (Page Directory Base Register) (migpo3j. 4.2) Mi-
CTUTE (isuuHy 0a30BY ajpecy Karajory CTOpiHOK. Kamanoz cmopinox
3HAXOAUThCA Y Gi3UuHIN mam’ATi NOCTiiHO 1 He Oepe y4acTi y CBOIIHTY.
Bin mictute 1024 32-pospspemx auapecu PDE (Page Directory Entry).
KoxHa 3 HHX € TI0YaTKOBOIO aiPECcOr) TabMuIb CTOPIHOK. Jabauys cmopi-
nox PTE (Page Table Entry) MicTHTB apecy CTOPIHKOBHX KaupiB y (izny-
HIi nam’ qTi. '

diznuna 6a30Ba afipeca KaTaNOry CTOPIHOK GOPMYETRCS i3 3HAYECHHS
psanxa tabnui cropiHok PTE 1 12 po3psais 3MileHHS NiHIHAHOI ajipecH.

Jliniiina agpeca
31 22 21 12 11 0
Karanor TaGmuus 3MirenHs
PDBR Karanor cropinox
31 0
[ e} 0

Tabauts cropitox
31 0
PDE 0

diznyra nam’ 1Tk

GG ___I
. Baitr

Cropinkoeuii
Kaap

Puc. 4.14. Cmopinkose nepemaopennst adpecu
/2
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Jaxuer 3a npuBiTesMu. CHCTEMY NPHUBLIEIR PH3HAYEHO U 3amo0i-
FaHHs HENO3BOJICHMM B3a€MOIIAM KOPHUCTYBAYIR, HECAHKIIOHOBAHOMY J0-
CTyIy JI0 JIaHKX, TOIUKODKEHHIO NporpaM 1 Jaamx. YacTKoBo Iii 3aaul BH-
PILIYIOTECA OPraHI3aIfEr0 3aXUIIEHOT0 PEKUMY ITaM’ ATI, YaCTKOBO — 3aXHC-
TOM 33 NpUBUIEAME, 32-po3psiHiI MPOLECOPH MiITPUMYIOTh YOTHPH pIiBHI
npusiIeis 0-3, puuoMy piBenb O € HaliOLbIm npusiieiioaniM. Piseds 0
3a3BHYAM NPHCBOIOETHCH AAPY OnepauiiiHoi cucTemu, piBedb 1 — CHCTEMHHM
cepBicaM, piBeHk 2 — PO3LHUPEHHAM OMEPALIiHOI CUCTEMH i pIBeHB 3 — HpH-
KIIaJHUM 1porpaMaM kopuctyBada. Ili wac BUKOHaHHSA TIPOrpamu KOHTPO-
JMOETHCA, YU MOKE (IporpaMa;

- BUKOHYBATH OpuBliieHOBaHI KOMaH 1M,

SBEPTATUCA JI0 IAHHX THIOUX TIPOrpam;

- riepeaBaTH KepyBaHHS THIUIH NPOorpaMl KOMaHIaMu TIepe-
Jladvi KepyBaHHs tuny AR

Jo nphBiicHOBaHKX KOMAH/ HAJEKATh KOMAHAM, 110 3MIHIOIOTH Cer-
MEHTAL|I0, BINTMBAIOTH Ha MEXaHi3M 3aXHCTy, MOIUQIKYIOTEH [panopeub
Jo3Bony nepepusanb /1. Tlpu cnipobl BUKOHATH Il KOMAaH;IM Ha PIBHAX
npusiseir 1, 2 abo 3 rewepyerbesd BuHATOK 13.

JIns KOHTPOIIO 3BEpHEHHS HPOrPAMK O AGHWX THIIAX TIPOTpam BH-
Kopuctosytothes nonst CPL (Current Privilege Level abo Code Privilege
Level - norounnii piseHL NPHBINEIB; 3agaerbes momem RPL cenexropa CS)
i pmeckpuriropa aamux LPL. Jloctynm 0 janux  103BOMACTLCA  [IPH
CPLLDPL.

TTepenata xepyBamHs nMporpaMaM pi3HUAX PIBHIB TIPHBLICTE 3TIHCHTO-
€THCA 32 HOTIOMOIGH) BUKOPUCTAHHS

NIJUIETIIHX CerMEHTIB Koty (1uB. Tabu. 4.6);
— JIECKPUITTOPIB BEHTHUNIB BUKIIMKIB (IINIHO3IR).
VY mijafersiuX cerMeHTax BUKOHAHHSA KOMAaH[l MOXIHBE, SKIIO TI0TOY-

HuM piBenb upusineis (CFL) He HDKUMIL Bi piBHS NPUBLICIB ICCKPUITTOPA
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(DPL) mianernoro cerMeHTa, y HETAIeINIUX — KepyBaHHA CerMeHTa Iiepe-
naerbes upu CPL = DPL. 3a3suyaii v TANEINTHX. CeTMEHTaX KOMIB po3Mi-
IyI0Th GIOMIOTEKH, T0 AKMX MOXKYTh 3BEPTAaTHCA IIPOTPaMM Pi3HUX PIBHIB
TpUBiNeiB. BUKOPUCTAHHSA MIUIEITHX KOJOBHX CEIMEHTIB He 3MIiHFO€ T0TO-
YHUH piBeHb NpuBineiB. €1uHUM 3ac060M 3MIHM PIBHS NMPUBLIEIO € BUKO-
PHMCTaHHS BEHTHIIB BUKJIMKIB. BeHTWI i1eHTU(IKYIOTh 103BOJICHI TOUKM
BXOJY y KOJOBI CerMeHTH 3 OiNbIUAM piBHEM HpHBINCI0. Y IECKPHITTOPI
BEHTHIIA 3aJa€ThCA [TOBHA agpeca TOUKM BXOAY (CeneKTop: 3MIIIeHHs) Tiel
MIPOLEAYPH, AKI NEPEHAETECA KEPYBaHHS. ‘
IMepemuxaHHs 3aaa4. Y 0araTo3ajjadHyx cUCTeMax I CHCTEMax 3 Be-
JIMKO0 KiIBKICTIO KopueTyBadie MIT BUKOHY€ lesiKy HaCTHHY KOMaH] OA-
Hiel 3agadi (mporpam), MCHsA HBOTO TIEPeMUKAEThCA HA BUKOHAHHA 1HMIOI
3a1adi | TaKk MPOJOBXKYETHCSA JOTH, JOKH 3HOB HE MOBEPTAETHCA AO HEPIHO]
sapayi. Jina miarpumku daraToszanautoro pexumy B MIT € Taki 3acodu:
- CerMeHT cTaHy 3anaui 755,
- JIECKPHUIITOP CETMEHTA CTaHy 3ajavi;
- perictp 3agaui TR,
- BEHTHJIB 334241
Jleckpurrrop cerMenTa cTaHy 3ajavi BKa3ye Ha cerMEeHT, 1110 MiCTUTD
TIOBHUIA CTaH 3a71a4i, a BEHTHIB 3aJ]a4l MICTHTb CEEKTOop, 110 BKa3y€ Ha Jie-
ckpunrtop 7'5S. Perictp 7R € cenekropoM cerMeHTa 7SS motousoi 3amadi.
Koxxna 3anaua Mae cBiii cermeHT crany. Y cermeHTi 7SS MicTuThes 1HGOpP-
Mallig [Po CTaH MPOLECOpa HA Yac MEPEMUKaHHA 3a1ad — BMICT Mailke BCIX
perictpis MII, Bknrouarous pericTp mpariopiis, po3aiibHI BKa3iBHUKHU CTe-
KIB Jis pisHiB npuBineis 0, 1,2 1 NOCHTAHHS HA cenexrop 7SS 3anaui, mo ii
BUKITMKANA.
IlepemukanHs 3ama4 341ACHIOETbCA ab0 3a KOMaHIaMH MIKCETMEHT-
HUX nepexouis JMP FAR wa Buknukis mjnporpaM CALL FAR, abo 3a
arapaTHUMM YH TPOrpaMHVIMHU HEPEPHBAHHAMU | BUHATKAMHU. Y NepiioMy
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BUMAJKY TporpamMa Mae TIOCHIIATHCA Ha CeIMeHT craHy 3agadl 7SS abo Ha
JIECKPUIITOPH BeHTHILE 3a1a4l B GDT(LDT), y ApyroMy — BIINOBIIHUH TIe-
PEpPUBAHHIO JICCKPHNTOp Yy Tabimili nepepusadb /DT mae 6yTa JecKpuIiro-
POM BEHTHIIA 3aj1aui.

[lix wac nepemaui kepyBaHHA BUKIWKaHINM 3a1aul 33 koMaHaow IRET
nepeBipAeThes Mpanopedb BKiIageHoi 3amaui N1 (Nested Task). Sxiuo
NT =0, voManaa [/RET Tpaiioe y 3BUYaifHOMY peXuMi, 3aiIAIIa0Uich Y
morousiit 3anaui. ko N7 =1, xomanga /RET BUKOHYE TIEpeMUKaHHA Ha

MTOTIEPETHEO 3a1a4y.

KoHTpOnLHI 3anUTaHHA

1. YkakiTh TpU3HAYCHHS PEricTPiB, AKi BXOAATL JO HPOrpamMHoi MoJAei

32-po3pAHOTO TPOLECOPA.

o)

. YKaxiTh MpuU3HAYeHHs NPanopuis, AKI BXOAATH HO MPOrpaMHOI MOJEm!
32-po3paiHOTO TIpOLIECcopa.

. YKaXITb NIPU3HAYEHHA PETICTPIB KEPYBAHHS Ta PEriCTPIB TECTYBAHHA.

&HOW

. YKaxiTh NpU3HAYEHHS Ta ICHYIOYI THII JECKPUNITOPHUX Tabnib.

w

. $SIk 3HaUEHA™ CUCTEMHOTO O1Ta BU3HATAE TUN fiecKkputTopa?
. Jaiire BusaaueHHs 1IpOUCCY CBOIUHTY 1 TIOACHITh, SK BIH BIIOYBACTHCS.

- TMosicaiTh TprHIMI CTOPIIKOBOT OPTARAI3ALLIT Ham’ ATI,

® N &

. TTosicHiTs HEOOXIHICTL Ta MPHHIUN (PYHKIIOHY BAHLIL MEXANIZMY 3aXHC-
Ty 3a TIPUBINICAMM.
9. 3a gKMX YMORB JO3BOJISETHCA 3UUTYBATH (3AITHCYBATH) AaHI TTEBHOTO Cer-
MenTa?
10. STxa indopmairis MICTUTLCA Y BEHTHNISX BUKIHKIB?
11. HosicHiTs 0cOOAMBOCTI OAraTO3a/IauHOTO PEXKUMY POOOTH.

12. Ykaxithb nipu3naqenns perictpa 7R
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Po3gin 4. OdHoxpucmansHi yHieepcanbHi mikponpoyecopu (cmapuil Mmoderti)

4.3. OcobnueocTi apxiteKkrypu mMikponpouecopiB i386 Ta i486

Mixponpouecop i386. Ilepmmiit 32-pospsymmii npouecop 386
3’ aBuBca 1985 poky. Bin BUkoHaHwMit 3a 1,5 MKM-TEXHOJIOTI€O i MICTHTH
. 275 THC. TpaH3uCTOPIB. POSpAMHICTH PericTpiB, IMHY JaHUX Ta AAPECH J10-
PIBHIOE YOTHPHOM. €MHICTh HaM’ATi, INO TPSAMO AAPECYETHCH, 4 T6aiir.
ITponecop Moske NMPaLIOBATH y TPHOX PEKUMAX — PEATHHOMY, 3aXHILICHOMY.
Ta PEeKUMI BIpTyansHoro npouecopa (8086 — V/86. Ipunyckae napaienbHy
pobOTy JEKIIBKOX BipTyanbHuX mpoiiecopis ;8086 mij kepyBaHHAM Ofepa-
uifinoi cucremu iy Windows, OS/2, Unix. TlepeMuKaHHs peXUMIB Bill-
OyBacTnca mBuarme, Hik y MIT 180286, Mae mexaHi3Mu CTOPiHKOBOI afpe-
callii, AKi iCTOTHO MABUIIYIOTH e(IEKTUBHICTH POGOTH 3 aM’ATTIO HOHAA
1 Mbaiit narite y Mexax DOS. Yepra komana — 16 Gaiir. Mikpornpouecop
i80386 mae Momubikamii: DX — pericTpd, LWIMHA JAHUX Ta aapecd € 32-
pospsanaMu, SX — i3 30BHINIHBOK 16-pO3PSOHON IHMHOK HdHUX Ta 24-
PO3pANHO0 IMUHOXO axpecy;, SL — BiApI3HAEThCS Bl Mogudiikaiii SX 3HH-
JKEHUM E€HEPrOCIIOKMBAHHAM Ta BOYAOBAaHUM KOHTPOJEPOM 3OBHIITHBOI
Kew-nam st Ha 16—64 xbaiit. o xoMmrexty 3865/, BXOaUTE MIKpOCXeMa
82360SL — nabip nepudepitHIX KOHTpONepiB w1 HOyTOYKIB. OCHOBHI Xa-
paxrepuctukn npouecopin 80x86 3segeno y Taon. 4.7.

Tabnuys 4.7. OcHOBHI xapakTepucTHKH pouecopis 80x86 pipm

IIpoooeacenns madn. 4.7.

Yacrota

Intel ta IBM
PozpsauicTs €MHICTE HausHicTs Yacrota
Iponecop | perictpis | mmEM | muam | Xew-mam'sti, | crismpo- npouecopa,

JaHHX | ajpecu kOaiT necopa Mlu
8088 16 8 20 - - 4,77-8
8086 16 16 20 - - 5
286 16 16 24 - - 6-25
3868X 32 16 24 - - 16-23
386SL 32 16 24 - - 25
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Pospaanicts E€MHicTL HassHicts
Tlpouecop pericTpip | MMHM | mmEHM Kem-mam’aTi, | criempo- npoLecopa,

Jauu | ampecn KGaigT Hecopa MI'g
386SLC 32 16 24 8 - 25-40
486SLC 32 16 24 16 - 25-40
4865LC2 32 16 ) 24 6 - 40-66
486SLC3 32 16 24 16 - 75
386DX 32 32 32 - - 25-40
486DLC - 32 32 32 16 - 25-40
4868X 32 32 32 8 - 16-33
486B1.2 32 32 32 16 - 40-66
486BL3 32 32 32 16 - 75-100
486X 32 32 32 8 + 25-50
4875X 32 32 32 8 + . 25-30
48651 32 32 32 8 + 25--50
48602 32 32 32 8/16 + 40-80
486DX4 32 32 32 16 + 75-120

Mixponponecop i486. Tlponccop 3’sBuBcs 1989 poky. Xapaxtepu-
3Y€ThCA 3HAYHO BUIION IMBUAKOAIErO NopiHAHO 3 i8086. Moro BukonaHo
3a | MKM-TexHonori€lo;, Mictuts 1,2 MR TpaHzucTopis. OcHOBHI ocobnm-
BocTi MIT j486: HasBHICTb BHY TPIIIHBOI Kell-11am’siTi, ROY IOBAHOTO MaTe-
MAaTHUYHOTO CHIBRIPOLIECOPA, CYMICHOTO 3a KOMaHIaM# apHMeTHIHOTO
cmsnpouecopa i387. YV MII i486 36inbineHo uepry KOMaHjI, TIPUCKOPEHO
BUKOHAHHA ouepaultiii Ak y uiiounciosomMy AJIT], Tak i B 650Ul MaTeMaTu-
YHOTO CMIBIPOIECOPA 32 PAXYHOK apXiTEeKTypH, YBEJEHO MHOKEHHS TaKTo-
BOI 4acToT cucreMHoi muarty. Y Mopudikauisx 486DX2 sHyTpiluHA yac-

TOTA JIOPIBHIOC NMOABOEHII 30BHILIHIN, a B mpouecopax 486/)X4 kpaTHICTH
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Moxe O0ytu 2; 2,5, 3. MareMaTudHOTO criBIpouecopa y Moaudikamigx SX i
B Jeskux Mogudixamiax SL Hemae. [Ipouecopu DX4 3anexHo Bix Moaudi-
Kallli MOXyTb TIpairoBat npu >kueneHHi 5B Ta 3,3 B 1 Marors pexum
SMM (System Management Mode), 1o 103BONSE KepyBaTU €HEPrOCIONKH-
BaHHAM.

KpiM posrnsayTHX BHIIe Hpouecopis dipmu [nrel (auB. tabn. 4.7),
ICHYIOTh @HAJIOTIYHI 3a TEXHIYHUMM XapaKTEepUCTUKAMU TIPOLECOPH, fKi
BUTOTOBISIOTE 1HIN dipmu — [BM, AMD, Cyrix, Texas Instruments. Tax,
upouecop 386SLC sBnse coboro momimunenuit BapianT 3865X. Bin Mae
BHYTPIIHIO KEII-TIAM ST 1 XapakTepu3y€eThCa IPUCKOPEHUM BUKOHAHHAM
omnepariit. Mikponponecop 486SLC — ne BapianT mpouecopa i486S5X, a
apouecopd SLC2/SLC3 3aidcHIOITE TTIOMBOCHHA (TTOTPOCHHSA) 30BHIMIHBOT
YaCTOTH.

Hponecopu SCL2 1 SL XapakTepusyrOThCs 3HAUCHHIM HAIpPyTH JKUB-
aeHHs 3,3 B 1 3HIDKeHNM eHeprocuokUBaHHIM. BUTbIIICTE Tpouecopis ¢i-
pMu AMD MaroTh 3HIKeHe crioxusaHHS (itepa [ y nosnaueHHi BIC) 1
HarpyTy xuBjiedns 3,3 B (Ha 3HWKEHy Halpyry KUBJIEHHS BKasye JuTepa
V'y nosnauenni MIT), nanpuknan, npouecop AMI) 5X-133ADV asase co-
- 6010 Bapiant 486 31 301IBHIEHOI0 YACTOTOIO Y UOTUPH pa3H | 3HUKEHOIO
HATIPYTOI0 JKUBJIEHHSL. |

Bayrpitmms kem-nam’ate. [lounraroun 3 MIT i486, 3acrocoByeTbes
BHYTpILIHE PO3JUICHEe KCUIYBaHHS KOMaHI 1 JaHUX (IOKIAAHO NMPUHLWIU
opranizanii Kem-Iram’sTi po3rIsSHYTO B Hinposz. 5.5). Skmo agpecosany
006macTh BigoOpaXeHo y Kell-naM’aTi (BUIafoK MOTparisHus — cache hit),
'TO 3alIAT Ha YMTaHHA OOCIYTOBYETbCA TLIBKM Kell-IaMm sTTio 6e3 3Bep-
HEHHS 10 OCHOBHOI nam’sti. ITig uac 3anuTy Ha 3amuc criodaTky Moaudi-
KyeThes 1HGOpMalis B Kem-IaM’ aTi, a Micis [BOT0, 3a7eKXHO BiJ TUITY

Kell-TiaM’ ATi, f OCHOBHA IaM’ SITb.
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VY nepmiux npouecopax /486 BUKOPUCTOBYBABCS PEXXUM HACKPIZHOTO
sammcy Write Through, xonm iHdopMmanis OJHOYACHO 3aIUCYEThCH AK Y
oydep, tak i B O3[1. Binpwr nissi Moaudikauii BUKOPHCTOBYIOTE PEAKUM
3BOPOTHOTO 3armicy Write Back, skuit TIoisrae B TOMy, HIO KOIIiAg GIIOKY 3a-
nncyerr;cx B O3I] ume B TOMY pasi, AKII0 #oro BMicT 3MIHIOBABCA.

3anoBHEHHs pAAKA KeI-NaM ATi HOpoLlecOp HaMaraeThCs BUKOHATH
Ha6InsII ITBUAKAM 3aC000M — NAaKeTHMM IHMKJIOM 3 32-GiTORMMM Nepena-
yamu. Bubip paaxa nns 3aMileHHs HOBUMHM JaHWMM 31 HCHIOETHCH HA M-
ctaBl anamzy Oira LRU (Least Recently Used), sknit BAKOHYETbCH TIIbKH
TS Kei-NpOMaxiB YUTaHHS. 3a HAIBHOCTI Kell-NpoMaxiB 3afliucy 3amos-
HEHHA PAAKIB HC BUKOHY €ThCH.

IakeTnuii pexnaM nepexaqi Aanux. TTakeTHUR pexuM nepenaui
nAanux (Burst Mode) nipu3HadeHo U1 LWIBUAKUX onepawiii 3 paakaMu
kenr-mamM ATt [lpu nsomMy BMicT 40oTHpHOX 32-pO3pARHHX KOMIPOK OC-
HOBHOI MaM’ ATI MepPECUNACThCA B OAWH PAJIOK KeTl-aM’ siTt abo HaBHAKH
~ BMICT OJAHOFO pAAKa KeLi-naM ATi ﬁepecunaeucx y 4OTUpH
32-po3pAnHi KOMIPKH OCHOBHOI maM’aTi. OCKUIBKM PAJOK Keul-rmaM’ gTi
npouecopa 486 Mae goBxuny 16 6aiit (128 6iT), To Ang iforo tepecHIaH-
HA NMOTPIOHO 4OTHUPK 32-po3pAiHi LUMKIM UIMHA, NPOTATOM KOXHOTO 3
AKNX BIAOYBACTHCA TIEPECHIIAHHA BMICTY 0lHici 32-po3pAaHOi KOMIPKW 3
OCHOBRHOI Mam’4T1i abo 32 OIT 3 Kew-nam’ ATi.

PosrnaHeMo BHNALOK NepecUNaHHA BMICTY YOTUPBOX 32-po3psiaHux

KOMIPOK OCHOBHO{ TIaM’ IT1 B OAWH PAIOK Ket-naM’ ATi (puc. 4.15).
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Poaain 4. OdnokpucmansHi yHisepcankHi Mikponpoyecopu (cmapuwi modeni) .

CLK Tl 2, T2 2 12 71

ADS#

43142 Y 041 Yoo X_foc X Jos_ X

RDY WY W X
BRDY# mmm——ﬂl

BLAST#

XT—7 17

e e e et e el 75| CPU KT CPU P T CPUY IO CP U N
[04] [00] [0C] {08]

D3-D0

Puc. 4.15. [Hiazpama nepecunanvs emicmy womupbox 32-pospaoHux KOMIpoK
nam ‘smi

Ilin gac 3uuTyBanHs BMICTY 32-po3psaHol koMipku pospsaan A0 1 A1
He OepyTh yuacti y gopMyBaHHi ajpec, OCKIIbKY BOHM 03HAYAIOTH MM10JI0-
KEHHA KOKHOTO i3 4oTuphox Oakris y 32-pospsauiii xomipii. ToMy Ha
puc. 4.15 nokasaHo 3HadeHHA po3paAaiB A31-42.

¥ mepuroMy T1akTi 7’1 BeTaHOBIHOETHCS ajpeca 431-42, curnam ije-
HTudikauii TUILY UKIY 1 GopMmyeTses cTpob ADS#. 11ei TaKT BUKOHY€ThCA
[IPOLIECOPOM TdK caMo, AK I 38 3BUUYANHO] Mepeiadi JaHuX.

V apyruft Takt 72 nepemaerscs nepiue 32-po3psaHe ciioBo. Ilpu
npoMy curnan BLAST# mae sHauenns H-pisHa. ITpo 3asepuieans nake-
THOTO LUKy HPOLECOp IOBIJOMIAE 30BHIMHEOMY MPUCTPOIO CHIHAIOM
BLAST#, mo HaOyBae 3HaUeHHA L-piBHA B OCTAHHLOMY TaKTI Iepenaui
nakeTa. SKIIo 30BHIMUHIA MPUCTPIH MIATPUMYE TAKCTHUA pEXUM, BiH
TEHEPYE CUTHAJ FOTOBHOCTI J0 MakeTHOI Tepenayul BROY# (3amicth cu-
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rHaJdy RDY#). Y iipoMy pa3i Tipoliecop IPOROBKUTE IHKI SK MMaKeTHU,
He BBOASYM TakTH 7'l ajpecauii — imeHTROiKami (3 curnanom ADSH#), a
Bifipa3sy mepexoisAum J0 NepejaBaHHs HACTYIHOTO 32-po3pAaHOro Cio-
Ba. GopmyBasHaM curnany RDY# zamicts BRDY# 30BHIIIHIN DpuUcTpiil
MOKe B 6Vab-fKMiIf MOMEHT MepepBaTH MakeTHe NepelaBaHHd, i npoLe-
COp NPOJIOBXUTH Horo 3BHYaiiHUMH LukaaMu. J{ng nepenaui 16 Oait y
[AKETHOMY PeXKUMI NOTPIOHO 11°ATh TAKTIB IIKHM (6€3 TaKTiR YeKaHHH)
3aMICTh BOCBMM TAKTIB 3d 3BMUYANHOIO PEXKMMY Mepeaaul.

ITosicHUMO YepryBaHHs agpec 32-pO3PATHUX CIIB Y MaKeTHIA IOCUII-
ui. Iomamo aapecy cimosa y sarisal tabnui (tadn. 4.8).

Tabnuys 4.8. dopmar ajpecH cloBa

A31-A4 A3 | 42 AL a0
JloBUILHI 3HAWCHHS Howmep 32-pospsanoro ciosa Howep Gaiita
y 32-po3paaHOMY COBI I

¥ TTAKCTHI TOCHIILI

Pospaan 41 ta A0y uiit anpeci A0PiBHIOWTH HyM10. Po3paan 43, A2
BU3HA4AKOTH [TONOWKECHHA KOKHOI 13 JOTHPHOX 32-PO3PAIHAX KOMIPOK Y
pAaKy Kem-mam aTi 3apgosxkH 128 OiT. Pozpsnu 431-44 rirsHaqarors
anpecy 32-po3psaaHoro CioBa B OCHOBHIN Nam’ATi, AKE NepecuiIacTbed y
KeHl-Imam’ ATh.

PAloK Kew-TiaM aTi BUPIBHAHO 1o Mexi 128-po3psaunx panwx,
Horo ajpeca Ma€ HYJIbLOBI 3HaYCHHA po3paliB 43-40. Y nakerHii nmepe-
Jayi 3aBIKAM 3UMTYIOThCS Jlahi, 110 BUINOBIAZIOTH OJHOMY PAJKY Kell-
nam’aTi, aapeca akoro kparsa 128. Anpeca nepuioro 32-po3paaHoro
CJIOBA TAKETHOI IIOCWIKW MOxke OyTH He kpaTHoio 128, 3a mynboBux
3Hauenb pospsaaie A31-44 1a 41, A0 agpeca mepworo cioBa BU3HaYa-
€Tbes pospanaMu A3, A2 (tadn. 4.9).
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Tabauys 4.9. Anpecu ¢jiiB y makeTHiil HocHInmi

A31-A4 43 | A2 | A1 | AO Azpeca nepinoro cliosa v MakeTHI nocuaut
0..0 0 0 0 0 00
0..0 0 1 0 0 04
0..0 1 0 0 0 08
0..0 117010 oC

Yeprypauus aapec 32-po3psagHuX CIIB Yy IIAKETHIH MOCKHI 3a€XKHO
BiJ afpecH IIepIIoTo C10Ba HaBeeHo B Tabu. 4.10.

Tabauysa 4. 10. TlocigOBHICTH 3MIHU aJIpec Y NAKEeTHOMY MUK

Anpeca
TNEPLIOTO €I08a APYTOro cnoBa TPETHOTO CHOBA YESFBEPTOro CI0Ba
00 04 08 oc
04 00 ocC 08
08 0C 00 04
e 08 04 00

ITpuxnan, xonu nepmma aigpeca 00Ky He 30iracThCa 3 MEKEIO pAIKa,
a popisuroe 04H noxaszano Ha puc. 4.15. TTopanok yepryBaHHsa azpec npu
1BOMY BiANOBiAa€ Apyromy psaxy taba. 4.10, Todto mopistioc 044, 00H,
0CH, 08H. Hareaenuii nops0K YepryBaHHs ajpec Y MakeTHiH nocwiiy
XapakTepHU# Ui BCIX TIPOLICCOPIB /ntel Ta CyMICHUX 3 HAMM, MOYHHAIOYH 3
1486 |

Bydepn Binkmanenoro zanucy. bydepu BikiIafeHoro 3anucy npm-
3HAteH] JUIA 3aliaM’ ATOBYBAHHS JAHNX y 6ydepi, KoM 30BHIMIAS MIUHA 3a-
insra. ITpouecop /486 mae wotupu Oydepu BifknaneHoro sanucy. Indop-
Manis y Oydep 3anmcyeTbes 3a ojuH TakT. Ilicis 3aKiHYeHHs [10TOYHOTO
UKy IMMUHY iHopMalis 3 6ydepis nepenaeTses y maM’ a1b abo 11BB. 3o-
BHIIIHI oTiepatlii sanucy 3 6y (epiB BUKOHYIOTBCS y TOMY CAMOMY TIOPSIKY,
y AKOMY HamiMiIITu 3a0UTH Ha 3anuc. Alle, sSKIIO NpU HesBUIbHeHUX Oy de-
pax yci 3afmiTH Ha 3aluc y [aM sATh TOB’A3aHi 3 KEeII-TIOTPAIuITHHAMH, a
3aIlUT Ha YMTaHHA IIOB A3aHUH 3 KEI-TPOMaxoM, TO OIepauis HHTaHHA
MOJKe BUKOHATUCS PaHillle, HiXk omepaili 3amucy. Ane He MOXHa 3MiHIOBA-
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TH TIOPANOK BUKOHaHHS koMarn y MIT Ginelue, Hixk 0JMH pa3, OCKLILKH
HOBI ITPOYMTaHi "HaHi MOXYTh 3aMIHUTH MoAud)iKOBaHUM PANOK Kem=
TiaM’ #Ti, 3 AKOFO TIOHORNEHA TH(popMaLis odikye y Oydepi Hepri Ha 3anuc B
OCHOBHY Mam’ATk. Y TakoMy pasi Apyra cnpo0a 3MiHH NMOCIIAOBHOCTI KO-
MaHA MoXe TIOpYImMTH ImicHICTs JaHuX. Jlns omepamiif BBeAeHHS-
BUBEJEHHA 3MiHA TMOCHIZOBHOCTI KOMaHA HE JIONycCKacrbes, 60 Ie Moxe
MOPY HIATH 11POTOKOI 0OMIHY.

OverDrive-upouccopn. Boum npmsuaucHi ansa Moaephizami MITC
ado TIEOM. MoaepHizaiiio 3xiiicHIOIOThH 3aMiHOK HoUYaTKoBOI Mogeni MII
Ha HOBI MoJienl, Tak 3sat OverDrive-npouecopy, AKi MarOTh BHII TeXHi-
KO-CKOHOMIYHI NoKa3znukn. TakuMi moaenamu jn 486 ¢ Intel 1)X2
OverDrive, Intel DX4 OverDrive, Pentium OverDrive 63 ta 83 MIn

Jis moaepmizanti MIC ra cncTeMHtd 11aTl, KpIM YoKC BCTAOBICHO-
ro mpouccopa, y AOJAaTKOBMI COKET (po3 ¢IRyBav), NO3Hauewmi sk
OveirDrive, seranopmoctsest OverDrive-nipoiiecop y kopiycl 17(;4-169.
OverDrive-nipoyecop creiaThiuM BUXITHUM CHTHATOM B €(HYC OCHOR-
HUIT HPOLECOP. 1WO 3ATUIIAETHCSE HA Miarh.

PeXUM CHCTEMHOTO KepyBAHHSA 32-po3psifHUX MIKpPOIponeco-
piB. Hdeski moxugnkaiui nuponecopis i386 1 i486, kpiM nepepaxoBaHux
PEKUMIB (PEAalLHOIO, 3aXHIIEHOTO 1 BipTyanmsHOro V86), MaioTh pexum
cucTeMHOTO Kepysanng SAM (System Management Mode), axuit npu-
3HAUEHO JUTS KCPYBaHud eHepProciokusatiaM a00 BUKOHAIHA NporpaM,
MOBHICTHY 130J1b0BAHMX SK BiJt IPUKIIATHOIO HPOrPaMIIoro 3abe3neueHus,
TdK i BijJ onepaiiiinoi cucremu. [lepeMukanua B pexum SMM 3uiicHIO-
10Th 4b0 anapathHo - HOJlaYer) HyJILOBOTO HOTCHIIANY 1A KOHTAKT SMI-
MIKPOCXEMU nipoticcopa, abo, ¥ JCAKUX MOJEIAX, UporpaMio - 3a IpH-
AEATTIM HORLIOMieHHS no umari APIG. Tlepexomsuw y pexav SMM,
MIT BUCTARIISE CUTHAT THATBEPIDKEHHA HA KoHTaKkTi SMACT. 1licns mbo-
ro rpouecop 30epirac CBIii ¢TaH ~ BMICT Malixke BCIX pericTpiR — y CheLli-
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anbHiR obnacti mam’ ATl SMRAM. SAxmo pexuMm SMM BHKOPHCTOBYIOTH
ANA BUMKHEHHA >KUBJIEHHA TIPOIECOpPa 3 MOXUIMBICTIO IIBMAKOTO BBIMK-
HeHHs, naM aTb SMRAM mae OyTn eHeprogesanexHoro. Y wiif obnacrt
HaM ATI 3HaXOAMTbCA minporpamMa o6pobxu nmepepuBanns SMI. Joctyn
110 maM’ ATi 103BOJIEHO TIIBKY 33 HAABHOCTI curHany SMIACT. [loBepHen-
HA 3 pexXuMy SMM 3aiiiCHIOIOTE K NPOIPAMHO, TaK 1 3a NePEPHUBAHHAM.

KoHTponbHi 3anuTaHHs

VKaXKIiTh NPUIHAUEHHA NAKETHOTO. PEXHMY.
TToscHITH IpoLiec NAKETHOTO ITEPEAABAHHS NAHMX.
VxaxiTh Npu3Ha4eHHs Oydepis BIKIAICHOIO 3aIMUCy.

bl

VY AKkuX BHOAAKaX MOXE IIOPYUIYBAaTHCA -NOPRHOK 0OCIyIOBYBaHHA
3aNUTIB Ha 3alucC | YMTaHHA y Oydepax BigKIAACHOro 3anucy?
5. Vxaxirh NpusHayeHHs Over{Drive-nIpolLEecopiB.

4.4. OcobnusocTi apxiTexTypu Mikponpouecopis Pentium

Mixponpotiecop Pentium  sBase coBoW0 BHCOKONPOXYKTHBHUIN
32-pospazHuit Npolecop 3 BAYTPIIHLOI 64-pO3PATHOIO MIHHOK JAHKX.
[Ipouecop € npogorxkeHHM po3podok npouecopiB 180x86 1 nporpamuo-
CYMICHMH 3 HUMHE, ane Mae psa ocobnusoctedt. ¥ MII Pentium ynepure
3acTocoBano 0,8 mxm BiCMOS-texnonorio, BiCMOS-TeXxHOTOTIS 0E1-
Hy€ TlepeBaru ABOX TEXHOJIOTIH ~ WBUAKOAIO GIinongpHoi 1 mane enepro-
cnioxuBanHg CAOS. Buxopuctanus cyGMIKPOHHO! TEXHOJIOT H03BOJIH-
o 36GINBIIATH KINBKiCTh TpausucTopis 10 3,1 MnH. J{ng 1OpIBHAHHL
npouecop i8086 MicTurh 29 THC. TpaH3UCTOPIB, a Halibmpkunit no Pentium
nporecop /486 — 1,2 MitH. TpaH3UCTOPIB. 301TBUIEHHS KUIBKOCTI TPaH3MC-
Topis (Giblue HIK YABIYI) TO3IBONKIO PO3IMICTHTH B OAHIN MiKpocxemi
KOMIIOHEHTH, IO paHille po3TauioBYBANUCH B iHIOMX Mikpocxemax. Lle
3MEHIIWIO Yac AOCTYNY 1 301IbLMI0 MPOAYKTUBHICTL Iipouecopa. Buco-
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Ka TaKkTOBa YacTOTa, CYIepcKalipHa apXiTeKTypa, po3auleHa Kell-
naM’ ATh JUIA HporpaM i Iasyx Ta iHli BIOCKOHAIEHHS JO3BOIUIM JIOCAT-
TH OUIBINOI TIPOAYKTHBHOCTI Ta CYMICHOCTI 3 NpOrpaMHHMM 3abe3neycH-
HAM, po3po0iieHuM i Mikponpoltiecopie ¢ipmu /nfel. Mikponponecop
Pentium 103BoJisi€ BAKOPUCTOBYBATH Takl odepamiiini cucreMu, sk UNIX,
Windows NT, OS/2, Solaris i NEXTstep. Po3rnsiHeMo 0CoOMUBOCTI apXi-
TEKTypH.

CTpyKkTypHa cxemMa Ta XapaKTePHCTHKH. ¥Y3arajlbHEHY CTPYKTypPHY
cxemy MII Pentium 306paxeHo Ha puc. 4.16

Keus-tmam’ath EIIAI
—P|  komaua BIIA

256 $ P ¥
i
64f BBBE
'
2T K
V-xoupeep | [l-xowreep
30BN, ! A
A Al VLA
—pl T |e—p AL AT BKOITK
i
i
r ‘t B
]
\ AR
]
B4y paI ! 64 | Muowcrmst
s 1
i
32 35 H $ 32 Aonavanns
Kem-rians’ st
— ZIAHHX <+ inenns

Puc. 4.16. V3azazenena cmpykmypna cxema mikponpoyecopa Pentium
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IToxana na puc. 4.16. cxeMa MiCTHTE;

- Il — 64-po3panuuii wyHEME iHTepdelic, NpU3HaUYCHMI
JUIS CIPSUKEHHS - BHYTPIMIHLOI TIMHU Npoliecopa i3 30BHIMHBOK M-
HOIO;

— IBa 32-po3paaHi iinoguciori AJIIT;

- Keln-1riam’ ATh KOMaHz,

- KEI-TIaM " ATh JaHHX;

— P3I11;

- oydepu Bubipky 3 BunepemkeHaaM (bBB);

- 610K Tiepenbauennn agpecy nepexony (BITAIT),

OoK KOHBEEPHMX OOYMCICHb 3 INIABYYOH) KOMOIO
(BKOIIK).

Po3mmpena 64-po3psigHa mmHa JaHuX. 3aeaaku usomy MII
Pentium MiATpHMYy€ AeKUTbKA THIIB IIUKIIIB MIMHY, BKIIOYAHOYH 1 NAKeTHUH
PEKMM, IPY IKOMY YaCTHMHA JIaHHUX 3 256 OiT nepeaacTbes y Kell-am ATh
TaHuX 3a ofuH UMK Ll icTOTHO MiABUINYE WBUAKICTD nepezxaqi MOPIBHSA-
HO 3 flpouecopom i486 DX Hanpuknag, MIT Pentium 13 1actoTo mvHu
66 MI'1 Mac WBUAKICTS HMepenaai 528 Moaiit/c, MIT i486 DX i3 uacrorow
myHE 50 MI'y — 160 Moaiir/c. PosumpeHa mvHa IaHux 3abdesrnedye KOH-
BEEPU3aLlii0 UUKIIB IIHHH, 10 301IBIIYE NPOITYCKHY 3AaTHICTE [IMHH I 10-
3BOJIAE APYIoMYy UMKITY TIOUMHATHCS PaHIlle, HiXK 3aBCPUIMBCS LIEPIIvi.

Cynepckansipga apxitektypa. TepMiH «cyTnepckalspHa» o3Hayac
MIKPOTIPOLECOPHY apXiTEeKTypy, W0 MICTHTH OUTbIIE HDK OJMH 0GUUCITHO-
BanbHui 670K, [lpouecop Pentium Mae Ba KOHBEEPU, SKI MOKYTh BUKOHY-
BaTH JBI KOMaHIH OJHOYACHO — {/-KOHBeep 3 HOBHUM HAGOPOM KOMAHI i
V-xoHBeep 3 oOMexeHuM Habopom koMmaug. Ha puc. 4.16 koHBeepu cripo-
meno noaani nsoma uutounciroBuMu AJITL, P3IT i BBB. Ak i y snnaaxy
€IMHOTO KOHBeepa Iponecopa /486, moaBIHMIT KOHBEEp Tipouccopa

Pentium BUKOHY€ 1IUTOYHCIIOBI KOMaHI# Y I 5Tk eTaris (puc. 4.17):
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1)) Bli6ipka 3 BUTIEPEIDKEHHAM KOMaH/H 3 Iam’sTi (mepeasubip-
ka) PF (PreFetch);

2) nekomysaHHa koMaHau D1 (cranuia 1);

3) nexomyBanHs koMaHou D2 (crams 2),

4) BUKOHaHHA KoMauau EX;

5) 3anam’ATOByBaHHA pe3ynbTary B Oydepi BIAKIaleHOro 3a1ucy
WB (nus. miaposn. 4.3).

PF
;
D1
U/-kouBeep I)IZ ]_)12
| !
EX EX V-xoHBeEED
! :
whB WB

Puc. 4.17. Emanu uronanns yilovuciooi komanou y npoyecopi Pentium

TTepunit eTanmr BuKoHyeThes (uiokoM BBB, skuit mMac worupn 32-pos-
panni Gydepu. JIgi HesanexHi napu Oydepir BUOIpKU [IPALFOIOTH CYMICHO 3
BITATI, axnii nepenbanae, Oyae nepexin um Hi. ko nepexij He nepeada-
YAETHCSA, TPOJIOBXKYETHCA BUDIpKA, SKIO MepeAbadacThes, TO J03BONSETHCS
poboTa inworo Oydepa, i BiH mounHAE MEpeABUGIPKY 3 TOUKU MEPeXoIy.
Sxino nependaucnuit nepexin He 3AIACHUBCSA, KOHBEEPH KOMaHj[ OuMlIa-
IOThCsI, 1 nepeABNGIpKa MOUMHAcTRCA 3HOBY. Ha Jpyridi ctaiil ekogyBaHHA

KOMaHM GopMYyrOTHLCS aJIpecH onepaHiB 1maM’ ATi.
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KoxHuit koHBeep Mac cBili 64-pospsaanuii 6ydep BIAKIAIEHOTO 3alk-
CY, SIKMH MOKE 3allOBHIOBATHUCA 32 OMH TaKT, HAIPUKIIAJ], IPU OJIHOIACHUX
Ken-IpoMaxax 3aimcy Ha 000X koHBeepaxX. Hiski 3anuTu HA YMTaHHA HE
[IOPYLIYIOTH IIOPSOKY 34IIATIB Ha 3aIlic, AKI BXKE 3HAXOAAThCA y Oydepi.
Pentium niiaTpuMye CTpOTHil OPANOK 3aAICY.

BucoxonpogykrusHmii Matemarmuuii crisripouecop BKOIIK Mictuth
BOCBMMTAKTOBMII KOHBEED 1 anaparHi 3acobn peanizawii apuMernIHux onepa-
I — MHOXCHHA, ZOJABAHHA, TijeHHA. bBinbilla YacTHHA KOMAHJ| oriepalliii 3
MIIaBYYOI0 KOMOIO MOXYTh BUKOHYBATHCA B OJTHOMY IUTOHYMCIIOBOMY KOHBEEDI,
TICTIL 4OI0 BOHM HAIXOIATH Y KOHBEEP OOUHCIEHDb 3 UIaBy40i0 komMoro. [Ipo-
JyKTHBHICTb BOYJ0OBaHOTO apU(METUIHOTO CHiBIponecopa Pentium nepesaxac
HPOAYKTUBHICTE MaTeMaTwdHoro cmienporecopa FPU-486 (Floating-Point
Unit) y 2-10 pazis.

BukopucTasHs moasiifHOro KoHBEEPa A03BOIAC ACKITBKOM KOMAHAAM
3HAXOJUTHUCS B PI3HUX CTAMIAX BUKOHAHHA 1 JOJATKORO 30LIbIIYBaTH NPO-
TykTHBHICTE MIT ITOBHHM 3aNOBHEHHSM KOHBEEPIB KoMaHaamu. Y Ipote-
copi Pentitim BUKOPHCTOBYETLCS anapaTHe BUKOHAHHA KOMAH;I, IO TAKOK
TIBMILY € IPOXYKTUBHICTE TIpoLecopa.

Pospineni kemr-nam’siti komana 1 gammx. Mikponpouecop entium
Mae po3AUTeHI Kell-ITaM’ATi KoMaH I | JaHuX. 1le mo3Bonse yHuKHy TH KOHUTI-
KTIB MIX TpoLecoM BMOIPKH UTA OJHIEI KOMaHAM i JOCTYIOM 10 JaHHX JUld
{HIOI, AKi MOXYTH BEHHUKATH, HAIpUkIan, y npouecopt 486. Tlpu peanizaiyii
PO3TIEHOro KEIIyBaHHs LT KOMaH]l | JaHUX OGMIBI KOMaHAH MOKY Th BUKO-
HYBATHCA OJHOYACHO, €MHICTh Keln-riaM’sTi KOMaH | Keur-nam sl JJaHuX y
npouecopl Pentium OMHAKOBA 1 cTaHOBUTH 8 kOaiiT. Kew-nam’site komani i
JAHKX BHUKOHAHO 33 CXEMOIO JABOKAHATLHOI acOINATHMBHOI Kell-riam’sTi (B

miposn. 5.8). Kemr-naM’sTh JaHux Mae Ba inTepbeiicu (o oHOMY U KOXK-

236

Poapin 4. O9HokpucmansHi yHisepcaneHi Mikponpoyecopu (cmapiui modeni)

HOTO KOHBeepa), IO J03BoIAe 3a0e31euyBaTy JaHUMM JBl OKpeMi KOMaHIM
MPOTATOM OHOTO MAIMHHOTO [HAKITY. :

Kem-nam’s1s gaHNX NpaLito€e 3 BLAKIAASHUM (10 3BUILHEHHA 30BHIN- ~
HBOI LIHHK) 3a11MCOM | HAJIarO[KYEThCS Y PEXAM HACKpI3HOTO abo 3BOPOT-
HOTO 3amicy. B oCcTaHHBROMY BHIQAKY JaHI 3YUTYIOTHCS 3 KEIO-TIaM ATi, a
HICIA 1OTO 3aIIACYIOTHCA B OCHOBHY NaM’ ATh. Takuit croci6 KeuryBaHHA
RO3BOJIAE 301NBILYBATH NPOAYKTUBHICT NOPIBHAHO 3 OPOCTHM KelyBaH- -
HAM 3 Oe3mocepe/iHiM 3aMcoM, MPH AKOMY NPOLECOp 3arucye AaHi 0JHO-
YacHo B KeI-Tam’ sTh i OCHOBHY MaM’#Th. Kelu-mam’aTb JaHWX TIATPHMYE
npotokon MESI. el npoTokon 3abesneuye poOOTy 3 ypaxyBaHHAM MOX-
TMBOCTI 3BEPHEHRSA THUIMX MPOIIECOPIB 10 Keur-nam’ ATl nauux. Hassa mpo-
Tokonmy MESI cknaja€Tecs 3 Ha3B CTadiB  pAfka Kein-mam aTi. M
(Modified), E (Exclusive), S (Shared) I (Invalid). Cranu psaxa Keur-ram’ sti
BU3HAYAIOTH TAKMM THHOM. '

1. M-ctan — panok, HasABHUIA TUIBKH Y KeII-IIaM’ AT1 gponecopa. Paaok
MoAn(ikoBaHUMH, TOOTO BIAPI3HAETHCS BIJ YMICTY OCHOBHOI IaM’ATi. 3anuc
Y HHOr0 MOXITUBHI Ge3 reHepanii 30BHIIIHLOTO (BIAHOCHO JIOKAIBHOI WH-
HY) LIMKITY 3BEPHEHHA.

2. E-cran ~ pajiok, HaABHUM TIIBKH Y Kelil-[laM’ ATi NpoLiecopa, ajne BiH
He Mo iKkoBaHNH. 3auc y pAjok MOXIMBUI Oe3 reHepalli 30BHIUHbLOTO
uKIty 3BepHenns. 11i vac 3anmcy B pajgok Bil nepeiine y M-cran.

3. S-CTaH — pAJIOK, HASBHUM Y KeI-TaM’ ATl PO3FIIAly BAHOTO TIPOLIECODA,
NOTEHIIHHO MOYKe OYTH HasBHHM Y Kell-iaMm’aTi inmmx opouecopis. Horo
UWTAHHS MOXKITUBE 0¢3 reHepatlii 30BRIIHBOIO WKIY, a 3aric Mac CyTpoBo-
JPKYBATHCS HACKPI3HUM 3alliCOM B OCHOBHY [1AM’STh, IO CUPAYUHHTDL aHy-
JIFOBAHHA BIATTOBUIHNX PSKIB Y KEII-Nam’ ATl iHUIMX IIPOLIECOPIB.

4. J-cTaH - pAIoK, ﬂkdro HEMac y Kell-iiaM’ aTi, HoTo YMTaHHA 3 OCHO-

BHOT 11aM’ 9T MOXe MPUBECTH B0 TEHEPallil UKy 3alOBHEHHS paaxa Keul-
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HaM’ T 3alUC Y PANOK Kell-TaM’ATi HACKPIZHHK 3 BI/IROpI/ICTaHH}IM 30B-
HIITHBO1 IHAHMY.

THiaTpuMka MyJabTUNPOLECOPHOTO pexkuMy poboTH. ApXiTekTypa
Pentium no3sonse mpaipoBari ABOM 1 Gibine Penfium-TIpoLiecopaM y Myib-
THITPOLIECOPHMX CUCTeMax. PeanizoBano iHTepheiic 1oOyIoBK JRONPOLIECOD-
HWX CHCTEM i3 CHMETPHYHOIO apXIiTeKTyporo (MoYuHaIOYM 3 APYroro IoKo-
ninHA Pentium). ‘

3acobu 3agadHs po3Mipy cTopiHkM mam’sTi. Penfium-npougcop
Mae om0 (cremanbHuM GIT KepyBaHHS) s BUOOPY PO3MIPY CTOPIHOK
nam’aTi — Tpajuuiiiny (4 x6aiit) 1 po3umpeny (4 Moaiir). 36inbiueHHs
PO3MIpPY CTOPIHKH IOLIIbHE MPU BUKOPUCTAHHI TPOMI3AKMX TpadivyBuX a0-
HATKiB,

3aco6H BUSIBJIEHHST IOMIJIOK | TeCTYBaHHSI 32 JOTIOMOICIO (yHKIio-
HAJIBHOT HagMipHocTi. 3 METOW THIBMINEHHS HaRiRHOCTI Y Tpouecopi
Pentium niepeabaueHo BHYTPIITHE BUABJICHHS MOMIJIOK BHYTPILIHIX TIPHCTPO-
iB (BHYTpIUIHIM KOHTPOJI, MAPHTETY) T4 30BHIMIHLOTO IIMKHOMO iHTEepdeiicy,
KOHTPOIb TAPUTETY NIMHU afpecH i TECTYBAHHA 3a JOTIOMOIOK (PVHKINOHA-
NBHOI HaIMIPHOCTI. BHYTpIIHE BU3HAYEHHS ITOMMJIOK TIOJIATaE Y JOTIOBHEHHI
KOMIB KOMaHJ 1 JaHUX GITOM NMapHOCTI, 10 J03BOJIAE BU3HAYATH MOMMWIKH He-
[IOMITHO 5K JUTSL CUCTEMHU, TaK 1 JIsl KOpUCTyBaya. TecTyBaHHsA 3a A0MOMOrOH0
GbyHKIIOHANBHOI HAaJAMIPHOCTI BMKOPHCTOBYIOTH Y IPOTPaMHMX AOJATKAX,
0CO0JIMRO KPUTHYHUX JI0 JOCTOBIPHOCTI pe3ybTaTie. TecTyBaHH: 3a N0IIoMOo-
roro ¢yHKUioHANEHOI HaaMIpHOCTI Gasyerscs Ha poOoti OBOX Pentium-
IpolecopiB y KoHGIrypauil 2oroenuii konmponeosanuti (master/checker). 'Y
Takiii koHIrypami OCHOBHUH HPOLIECOp NMPALIOE Y 3BUYANHOMY OIHOTIPOLE-
copHOMy pesxiuMi. KOHTPO/IbOBaHHIH POLEcop BUKOHYE Ti caMi oneparyii, are
HE Kepye IUHHOIO, | IIOPIBHIOE BUXIHI CUTHATM OCHOBHOTO HpoLiecopa 3 THMH

CUTHJIAMH, AKi BiH TeHepye cam. Y pasi po30iXHOCTI OTPUMAHUX pesyIIbTaTiB
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dOpPMYETECS CUTHAN TTOMUNKH, SIKHIl MOJKe 00pOGIATHC CHCTEMOIO SK TIepe-
puBanHs. Takuit cnoci6 103BoJAE BHUABIATH HoHa 99 % riomwiok. KpiM Toro,
3ac00M TecTyBaHHS NepenbadatoTh MOKIMBICTS BUKOHAHHS BOYAOBAHOTO TeC-
ta BIST (Built In Self Test), mo zabe3neuye BUABICHHS [IOMHIIOK MHEMOKOJIB, -
HPOTPAMOBHUX TOTIMHUX MATPHIIb, TECTYBAHHI Kell-IIaM ST KOMaHA 1 JaHux,
anpecnix Gydepis i [13[1. Y mitoMy camorecryBanHs oxorimoe oHax 70 %
BY3JIB IIpouiecopa. Y ¢l IPOLECOPH MAIOTh CTAHAAPTHMI TecToBuii nopT /EEE "
1149.1 st camotectysanns 3a J0IOMOrOr0 CTaHAApTHOTO iHTepieiicy JTAG.
OcobOmuBocTi npouec-dij Pentium:
YBEACHHSA JCKIMbKOX HOBUX KOMAH/, Y TOMY YHCHI po3ii-
3HABAHHA MOJ1el IpoLecopa;
- YBEIACHAS 3aCO0IB KEPYBaHHA €HEPrOCIIOKNBAHHAM,;
3ACTOCYBAHHA KOABEEPHOI afpecatyii IIMHHAUX KB,
CKOPOUEHUI Y4C (KUILKICTH TAKTIB) BUKOHAHHA KOMAH]L,
- TpacyBaHHsA KOMAHM 1 MOHITOPRHI NPOAYKTHBHOCTI,
- pO3LINPEHHA MOMJIUBOCTEl BIpTYyallbHOTO PEXKUMY  —
BIPORAJUKSHHSA BIpTYasi3allii Mpanopils nepepuBaHb.
Peaim30BaBo HOBI JONATKOBI 3aC00H HANATOHKEHHS!
— 3OHIOBUU PEKUM ([’rbbe Modc), mpe 3abesmeuye noctyll
o BuyTpimHix pevictpis, [TBB 1 cucremnoi nam’sti nipotecopa. et
PEKIAM JIO3BOJIAC TIEPEBIPATH | 3MIHIOBATH CTAH TPOLIECOPA 3d AOTIOMO-
TOK 32C00IB HATATODKCHHA TTPOTPAM 3 MOXITUBOCTAMM, TIOXIGHAMU JI0
MOXIIMBOCTEN BHY TPILLHBOCXEMHHUX eMYIIATOPIB,
posumpent manaromkennss DFE (Debug Fxtensions), ki
N03BONAIOTL CTABHTH KOHTPOJLHI TOYKM 32 aJpecaMn BBeJICHHA-
BUBEACHHS,
BHYTPILIHI JITHIBHHKH, AKI BHKOPUCTOBYIOTEL I TOTOY-

HOI'0 KOHTPOJIIO IPOXYKTHBHOCTI Ta 00J11KY KIIILKOCTI 1O1H;
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- NIOKPOKOBE BUKOHAHHS 32 gornoMororo koMauau CPUID.

Po3smmpenns apxitektypu. [lonatkoBo no0 0a3o0Boi apXiTeKTypu
32-pospsaHux npouecopis (aus. miaposn. 4.2) Pentium mae nabip perict-
pis, cnetmmbivanx 1 Mozeni MSR (Model Specific Registers). Cknax pe-
ricTpis MSR Moxe 6yTH pisHEM y pisaux Moaenax MII (Pentium i Pentium
Pro), sxe npu3BOAUTH 10 iXHBOI MOXTHBOI HeCyMicHOCTI. [IporpamHe 3a-
Oe3meucHHs, 1O BUKOPUCTOBYE pericTpu MSR, Mae BUKOPUCTOBYBAaTH Bi-
JOMOCTI NPo NPoLEcop, OTPUMAHI 3a JonoMororo komauau CPUID.

Ho ckmamy pericTpis MSR BXOAATS!

- TecToBi perictpu TR1-TR12 (nus. minposn. 4.2),

- 3ac00U MOHITOPHHTY MIPOAYKTUBHOCTL,

~ pericTpu-QikcaTopu axpecu i JaHUX LMKIY, KA BUKIH-
KaB CIPaIffOBAHHA KOHTPOIIO MAITMHHO! TOMUIKHY.

TecToBI pericTpy T03BONAIOTH KEPyBaTH OUIBHIICTIO ¢y HKLIOHATBHUX
BY3IIB IIpoliecopa, 3abe3nedyoud MOXIMBICTh AOKJIAAHOTO TECTYBaHHA iX
npaue3fgaTHocTi. 3a joroMororo OiTiB perictpa /R12 mMoxkHa 3a60pOHHTH
HOBI apXITEKTYDHI BIACTHROCTI (TIepefaueHH i TPACYBaHHSA PO3TaNly KeHb,
IlapajeNbHe BUKOHAHHS KOMaH/), a Takok po6oTy Kell-mam’ sTi.

3aco0u MOHITOPHHTY MPOTYKTHUBHOCTI HO3BOJIAIOTH ONTHMI3YBATH aria-
paTHe Ta porpaMHe 3abe3neyeHHs 3aB/1SKY BUABJIEHHIO Y TIPOTPAMHOMY KO
TOTEHIIIHO «BY3LKMX Miclb». PO3po6HHK MOXe criocTepiraTi Ta MiApaxoBy-
BaTH TaKTH BHYTPIUIHIX OPOLECOPHUX TOMIH, AKi BIUTMBAIOTE HA FIPOXYKTHB-
HICTh Oliepalliii uuYaHHA 1 3a0MCy, BAall Ta HEBJANl 3BEPHEHHA 0O Keul-
miaMm’ SITi, TIEpepPUBAHHS, BUKOPUCTAaHHA wiHU. Le no3sonse ouiHoBaty edek-
THBHICTH IIPOrPAMHOIO KOJIy 1 JOCKOHANO HAIarofKyBaTd porpaMHl Jojaar-
K# 200 CHCTEMH I OTPHMaHHA MaKCHMAJBHOI NPOXYKTUBHOCTL. 3acobamu
MOHITOPHMHTY TIPOAYKTHBHOCTI € TafiMEp PEAILHOTO Yacy 1 JTIHHNLHUKY THOMI.

Taitmep 7SC (Time Stamp Counter) BAKOBaHO HA OCHOBI 64-po3pAaHOTO JTivu-
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JIBHAKA, YMICT AKOTO 1HKPEMEHTYETHCH 3 KOKHIAM TaKTOM PoOOTH siApa HpolLie-
copa. JIyd uMTaHHs #oro BMICTY MpusHadeHo koMmaHxy RDTSC. 40-po3paami
miuwibHUKY momit CTRO, CTR1 mporpaMyloTshes Ha IAPAXOBYBaHHS -HOJIM
pI3HEX KJIAciB, TOB S3aHUX 13 IMAHHWMU ONCpPAIlisMM, BUKOHAHHAM KOMAHJ,
POBOTOIO KOHBEEDIR, KeIN-HaM’ ITi, KOHTPOIieM TO4YOK 3ynuHy Tormo. [Ilectubi-
TOBI TIONS THINB TIOMIM JIO3BONAFOTH KOKHOMY 3 JUMWILHAKIB HE3AICIKHO TIJA-
paxoBYBATH 1O/ 3 BeJMKOro cnvcky. CTaH MYWIBHUAKIB MOXHA TIOTIEpeTHBO
BCTAHOBJTIOBATH 1 3UMTYBaTH NporpamMHo. KpiM Toro, icHyIOTh 30BHILIHI JITHIT
PM1-PMO, sx1 mporpaMyroThes Ha 3a3HaueHHs (axTis clpanboBYBaHHA a6o
fIEPENOBHEHHA BiINOBIAHUX JIUMIIbHUKIB. OCKUIBKH LI CUTHATH MOXKYTb 3Mi-
HIOBATU CBOE 3HAUCHHA 13 YACTOTOD, LU0 HE TIEPEBMIILYE YacTOTY CHCTEMHOI
WWHY, Yepe3 BHYTPILTHE MHOJKEHHS Y9acTOTH KOJKHA T0#Ba IMX CUTHANIB MO-
Ke O3HAUATH 1 JECKIThKa (10 3HAUeHHS Koedilie HTa MHOKEeHHSA) (axTis cripa-
IFOBAHHSA JHYWIBHUKIB. _

Hasga pericrpis-(ikcaropis ajgpecH i JaHUX LHKIY, SKHA BAK/IAKAB
CIPAIIOBAHHS KOHTPOJIIO MAIHMHHOI IOMHJIKH, YKa3y€ Ha IX MOXJMBY He-
CYMICHICTb JIA pi3HUX KnaciB (Pentium ta Pentium Pro) abo HaBITh s
pI3HUX Mojeneit 1potecopis. Tiporpama, 1o iX BUKOPHCTOBYE, Ma€ 3BEp-
HYTHCA 10 BiOMOCTel npo ripouecop 3a komaraow CPUID.

TTpoiuecopn Pentium MaroTh MOXJIMBICTh 3MEHLIYBATH EHEPTOCIIOKU-
BaHHA y HepobovwoMy pexkumi. 3a curramomM S7TOPCLK# rporecop BuBaHTa-
Kye Oydepu BIMKIAMEHOTO 3aNKCY | BXOUWTE Y peskuM Stop Grant, v KoMy
NPUNWHACTHCH TAKTYBAHHA OUILUIOCTI BY3MIB [IPOUECOPA, IO CIPHUUHIOE
3HWKEHHA criokuBaHia npubmsdo B 10 pasis. Y asoMy crani MIT npunuase
BHKOHAHHS KOMAH/I 1 He 00CIyTOBY€ TIEPEPHBAHHA, ORHAK MPOJIOBIYE CIIOCTC-
PEKEHHS 3a [IMHOIO IaHNX. 13 HEOro CTaHy NpoLecop BUXOAWTS 110 3aKIHYEHHL
curdany STOPCLK#. Kepysauns cursanom STOPCLK# pazom 3 BHKOpHC-

TaHHIM pexuMy SMA peanizye MexaHi3M pO3LIMPEHOT0 KepPyBaHHS JKHUBJICH-
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wsiM APM (Advanced Power Manggement).-J{ns ynoBiIbHEHHS MpoLiecopa i3
TIPOTIOPLIMHUAM 3HMKEHHM CIIOXMBAHOI OTYx)HOCT! curnan STOPCLK# mae
OyTu nepiouIHIM IMITy I5cHUM. CKBaKHICTD IMITYJTbCIB BU3HAYAE KOCHILIEHT
TIPOCTOIO POLIECOPA 1 IOTO TPOAYKTHRHICT.

V. ctan 3HuXeHOTo crioxkusaHHs Auto HALT PowerDown nipouecop
MIEPEXOAUTH M| Yac BUKOHAHHA koMaumu HALT. Y upoMy cTaHi Tiporecop
pearye Ha BCi MEPEpPHBAHHA 1 TAKOK TPOJIOBKYE CMOCTCPEKEHHA 33 I[HH-
HO0. Y peXUMi IMPUITMHEHHA 30BHIIHELOI CHHXPOHI3aIli MPOIECop CHoKH-
Ba€ MIHIMAJIbHY HOTYHICTh, ajlé HE BHKOHYE HIAKHX (yHKIE. Hactynna
Moja4a CUrHany CHHXPOHI3allii CYHNpOBOKYETHCS CUTHAIOM anaparHoro
ckujanns RESET.

OcHoOBHI TeXHI4HI XapakTCPHCTUKHU Nponecopis Pentium HapejeHO B
Tabm 4.11,

Ilpoyecopu Pentium P35 3 takToBoi0 yactotoro 60 ta 66 MI i MmatoTh
Hampyry xuBJeHHA 5 B 1 10TpedyioTh IpHMycoBOTO oxoncxeHHs. Ll
IIPOLIECOPH BUITY CKAIOTBCA Y Koprycax (GA-273 (marpurg 21x21),

Ipoyecopu Pentium P34 3 Taxtooro wacrororo 75-200 MI'y MaroTh
Harpyry *uBIeHHA 3,3 B, mo 3HmKye NOTYKHICT Termogumineans. [Tpoue-
COpPH MICTATL PO3LIMPEH] 3aco0M KepyBaHHA eHeprocrokusanusm SMM, 3a-
c0o0H BHYTPILIHBEOTO MHOXEHHS YaCTOTH JIO3BOJIIIOTh peaiisyBaTd poGoTH 30-
BHIIHBO! CHCTEMHOT TIMHM Ha YACTOTAX 50, 60 1 66,6 MI"u, a siapa pouecopa
—Ha "gacToTax 75, 90, 100, 120, 133, 150, 166, 200 MI u.

IIponiecopu MOKYTh IIPAIFOBATH Y OBOIMPOHECOPHUX CHCTEMAX, INif-
TpuMytoun pexum SMP (Symmetric Multi-Processing) abo TecTyBaHHA 32
IoloMoroo dyHkuioHansHo! HagMipaocTi FRC (Functional Redundancy
Checking). Y pexumi SMP KOXHMIT IPOICCOP BUKOHYE CBOIO 3aa1uy, alle
o0uABAa BMKOPDHUCTOBYIOTH CHINBHI pecypcy KOMITIOTEpa, BKIHOUYAIOYM

naM’ATh 1 30BHIITHI TPUCTPOL. Y KOKHUE MOMEHT Yacy IIMHOK) MOXE Ke-
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pyBaTH TUIBKH OJWH 3 ABOX IIPOIECOPIB, alieé BOHH MOXYTh MiHATHCA PO-
mamu. o peamizanii JBONMPOIECOPHOTO PEXHMMY BBEJIEHO pPO3LOAPEHUH
IPOTPaMoBHEH KOHTposep nepepuBanb APIC (Advanced Programmable
Interruption Controller).

Ile#i xoHTpoNep Mae 30BHIMHI CHTHANHA JIOKATKHUX IEepepHBaHb
LINT [1:0] ra Tpunposiany intepdeiicny muny (P/CD [1:0] i PICCLK), no
Ak o6naBa mpolecopy 3’ €qHYHOThCA 3 KoHTpolepoM AP/ cucteMHOI
IIaTH. 3aiMTH JTOKANBHHX NepeprBaHb 00CITYTOBYIOTHCS JIMMIE TUM TIpOLie-
copom, Ha BuBoH sikoro (LINT0, LINT1) Hagxomath iXHI cUrHamu. PexnM
00poOku amapaTarx nepepuBaibs APIC no3sonserses curnanoM APICEN,
HaZali BiH Moxe OyTr 3a00poHeHNii TIpOrpaMHo.

Pentium OverDrive-npoyecopu (muB. nigpo3a. 4.3) 13 nacroramu 120 i
133 MI'u — BapiaHTi npouecopis Penfium Ipyroro TOKOTIHHA 31 3HWKEHUM
SHEPrOCMOKHMBAHHAM 1 TOHNBOEHHAM Y4CTOTH, IPM3HAYEHI [NA 3aMiHM
apouecopiB Pentium mepmioro moxominds. I1i npouecopu Jopoxdi Bif
3BMYaiiHuX Pentium 120 abo 133 MI'u. Ixne 3acToCyBaHHS NOLIBHE NULIE
TOZI, KOIM 3 SKHXOCH TIPHIMH HEMOXKITHBO 3aMIHHTH CUCTEMHY IDIATy, a
OpoAykTUBHOCTI Pentium 60 abo 66 MI'u venocratawo. Pentium OverDrive
125, 150 Ta 166 MI't npmsHayeHi JUIt 3aMiHA TIPOLECOPIB NEPIIOTO

MOKOIMIHHA i3 yacToraMu 75, 90 ra 100 Ml
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Tabauya 4,11, OcRoBEI TexOiHi XapaKkTepUCTAKHK Nponecopis Pentium

Po3panHicTh EMHICTD 1 ~ . i acrora, MI'y
. epegOaucupa | IliarprMia
Hponecop . . ) Keln-nam AT1, . OPONecopRAro
pericTpis | UMAM JAHHX | DIEHHE 8 pecH b TIepeXOIiB MMX HIHEH P
1 2 3 4 5 4 7 3 9
Pentivum 32 64 32 L1:2 X8 + 60 &0
{1 noxominAg) 66 66
Pentiym 32 54 32 L1:2x38 + - 75
2 OKOMIHEA) 50 Q
60 100
66 120, 133, 150,
166, 180,200
Pentium a2 684 32 L1:2Xx8 + - 60 120
OverDrive 66 133
Pentium MMX 32 54 32 11:2 X 16 + + 68 166, 200, 233
Pentiwm Pro 32 64 36 11:2X38 + — 50 150
L2:256(512) 60 166
66 180, 200
Pentium 11 32 64 36 11:2X 16 + i 66 333
verDrive L2:512
Pentium 11 3z 64 36 Ln2x 16 + + 66 233
64* L2562 266
360
100 350,400,450
Hpooosncenna mada. 4,11
1 2 3 4 3 5 7 2 9
Pentiym U1 32 64 26 112 X186, + + 100 450
64* L22356151%) {(133) 500
533,350, 600,
650, 667, 700,
733,750, 800,
850,866,933,
1000, 1130
Pention 1] Xeon 2 &4 36 £1:2 X 16, < + &6 233
64+ L2 5121024 66
300
100 350, 400
Pentium T Xeon 32 6d 36 L1:2 %X 16, = + 100 550
64* 12256 (133) 600
(1 M@afir) 650
(2 Moasr) 667,700,733,
750, 800, 866,
933, 1000
Celeron 32 64 36 L1:2 X 16, - + 66 233
64% L2:128%* 266,300, 350,
400,450,500,
533,566, 600,
633, 667, 700




Iipodoexcennn maéba. 4.11

1 2 3 4 5 [ 7 8 9
AMD K3 32 64 32 L1:16/8 + = 50 75
60 90
46 100, 120,
133, 166
AMD K6 MMX 32 64 36 12 %32, + + 66 166
L2: 256 3DNow/! 200, 233,
266, 300
AMD K6-2 32 64 36 L1:2Xx 32 + + 66 200
3DNow! 100 300, 333, 350,
366, 400, 450,
475, 500,550
AMD Ko-24 32 64 38 11:2 X 32, + + 66 430-550
12: 128 3DNow! 100
AMD K6-111 32 64 36 L1:2 %X 32, + + 66 350475
L2: 256 3D0Now! 100
Cyrix 6x36MX 32 64 36 L1: 16 . + 60 166
64% 56 200
75 233
83 266
Saxinvennn maoa. 4.11
1 2 3 4 5 6 7 8 9
Cyrix 3z &4 36 L1:15 + + 66 300433
6xB6MIeex G 64% 75
33
VI4 Cyrix I} 32 64 36 L1:2 x 64 + + 66 500-600
64% 3DNow! 100
133

* PospanHicTs 64 MaKOTh TUIBKH PericTpy MMX.
** Celeron 266 1300 kem-nam’siTi pieeg 12 He MarOTh.

Hpumimka. L1 — nepumiit piseHR — po3AlficHa KCHI-IaM AT KOMaHJ i MaHHX; L2 — Apyruil piBcHB — CHOIBHA KClI-Nam STh

KOMaHA 1 MaHHX.
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IIpoyecop Pentium Pro (P6). Y 11boMy IIpoliecopl 3aCTOCOBaHe AUHA-
MIYHe BHKOHAHHA KOMaHa, To0To KoMOiHaIisA 3ac00iB mepe10aucHHI MHO-
KUHHUX BiZITalyKeHb, aHal3y POXOIKEHHA AaHUX 1 BIpTyallbHOTO BUKO-
HaHHA, IPH AKOMY B IIPOLECOP] KOMaHAU MOXYTh BUKOHYBATHCS HE B Ta-
KOMY TOPSIKY, SK Tepexbadeno nporpaMHuM koxoM. llpn meoMy koMaH-
1M, 10 HE 3alleXKaTh BiJl pe3ybTATIB IOIEepeHIX OIlepalliii, Momyfb BUKO-
HYBATUCH YV 3MIHEHOMY IOPAIKY, aie MOCTIJOBHICTh BUBAHTAKEHHS pe-
3yLTATIB Y 1AM’ sTh i MopTy Gy e BiTOBIZATH MOYATKOBOMY TPOTPAMHO-
MY Koxy. MoXIuBIiCTh BUKOHAHHA KOMaHA 3 BUIEPEDKEHHAM (CUEKYNATH-
BHE BUKOHAHHS), ITEPERIOPAIKYBAHHA KOMAH y pa3i, AKIO KOMaHAY B 01-
HOMY KOHBeepi 0yjie BUKOHaHO LIBHILLIE, HIX MONEPEIHIO Y JIPYTOMY KOH-
BeEpi, 1 MepenbaucHHs MEPeXOiB MPY AUHAMIYHOMY BHKOHAHHI MIABHINYE
MTPOAYKTUBHICTH OOUHCIIEHD.

[poriecop MiaATpUMYE PeXHUM TECTYBAHHA 3a JONOMOro (yHkuioHa-
abHOT HajMmipHoceTt FRC. ApXITeKTypa mpoiecopa 103Bojastc 00’ eaHaty y
CUMETPHIHY MYJIBTHIIPOIIECOPHY CHCTEMY [0 HOTHPHOX HTPOIECOpIB Ha
oauiii wual. CyMapHy 0pONyckHy 3JaTHICTh NiABHLICHO 33 PaXYHOK NO-
ABIHHOI HezanexHoi wuHd. OfHA IIHHA — CUCTEMHA — BUKOHYE (DYHKUIIO
B3aEMOJIIT 8/Ipa MPOUEcopa 3 OCHOBHOI MaM’ATTIO Ta iHTepdeiicHuMN mpy-
CTPOAMM, Jpyra — BUKIFOUAO (YHKUIFO OOMIHY 13 BTOPMHHOIO Kelll-
maM’ 110, [lepma mmHa nparoe Ha TakToOBIA HacToOTI Tpoliecopa, apyra -
Ha 4acToTi cucteMu. Take po3;liNeHHA WIHH A03BONsE BIPUYL IPACKOPUTH
o0MiH npouccopa 3 naM’sATTIO. 3aBJsKU UbOMY Bianagae morpeba B okpe-
Miii 30BHIIIHIA kenr-mam’sTi. Mikporiponecop MICTHTh PO3AUIEH! Kell-
naM’ st nepworo pisks (L1) ans npasmx 1 koMaHI €MHICTIO 8 KGalT KoxHa
Ta 00’ eHaHy Kemn-nam’ sTh apyvroro pisas (L2). Kem-maM’aTh JaHUX NeEp-
IOr0 PIRHA HIATPUMYE OJHY OTepauilo 3aBaHTaXEHHA Ta OJHY Onepauiro
3amucy 3a Takr. IHrepdeiic kem-naM’ ATi Apyroro piBHA NPAIOE 3 TakTo-

BOI0 4aCTOTOIO Mpoliecopa i Moxe nepejaasath 64 OIT 3a OOWH TakT. CM-

247



MikponpouecopHa mexHika

Po3gin 4. O8nokpucmaneHi yrisepcanshi Mikponpoyecopu (cmapuwi modeni)

HICTh Kel-IIaM ATi APYroro PiBHA CTaHOBUTL 256 KGAUT (TIpH TEXHOIOTIi
0,6 Mxm) Ta 512 x6aitT (pu TexHoNorii 0,35 MKM).

IIpoyecopu Pentium MMX (PS5C) — ue mpouecopy, Opi€HTOBaH! Ha
MynsTumeniitae, 20- 1 3D-rpadivuHe Ta KOMyHikauiliHe 3acrocyBaHHA. B
apxitextypy Pentium MMX 103aTKOBO BBEIECHO:

- BICIM 64-po3psiHuX MMX-pericTpis, pPO3TALIOBAHUX Y
64 MONOMIINX po3psaax creka 80-po3psaHUX PericTpiB 6i0Ka OOYHCIIEH
3 IIJ1aBy Y0H) KOMOIO,

- YOTHPH HOBI TUTM paHux (ymakosawi Oaltrm — 8 Gaiir
y 64-po3psiiHOMY ITaKeTi, yakoBaHi cloBa — YOTUpH 16-po3psagHux
CioBa y 64-po3pAgHOMY IakeTi, yMakoBaHI MOABIMHI clloBa — B3

32-pospsgHux TOABIMHMX cloBa -y 64-pO3pAHOMY  IIaKeTi;

64-po3psiaHi ciioBa);

- 57 moAaTKOBUX KOMAaHJ, AKi TIOALISFOTHCS HA TPYTH: 0OMIiHY

AaHMMM MUK perictpaMun MMX 1 IITOYMCIOBHMHU pericTpaMu ao

IaM’ ATTH0, apudMeTUUHi (I0JaBaHHS Ta BIXHIMAHHS Y PI3HAX peXuMax,

MHOXEHHS, KOMOIHAIll MHOXEHHS Ta J0JaBAHHA), TIOPIBHAHHS, Ilepe-

TBOpPEHHs (opMariB, TOriYHi, 3CYBYy (JIOTIUHOrO Ta apudMETHUHOro),

OYHMIEHHS pericTpiB MMX;,

- HOJBOEH] €MHOCTI KEII-TaM’ sTi KOMAHA Td Kell-ram’ aTi
aanux (16 k6aitr),

- HONINIIEeHY NOTIKY TepeadaueHHs Hepexoiin;

- pO3HINPEHY KOHBEEPUIALIIO;

- 6inpi TM60Ky 6y hepu3altito I1aM’sTi (HOABOEHHH PO3IMIp
6y depa BiakIaIeHOIO 3AMTUCY ).

ApudMeTHuHI Ta JIOTIHHI onepauii y nipouecopi Pentium MMX Buko-
HYIOTBCS TApaIeNbHO HAaj KOKHUM OalToM ci1oBa abo noasiiiHoro ciosa,
O MICTUTBCA Y 64-po3panuoMy MMX-pericTpi. TakuM YHHOM PealizyeTh-
ca SIMD-monens 06pobku (Single Instruction — Multiple Data). Y SIMD-
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KOMaHax 00po6NAEThC OHOUACHO 64-pO3psiiHe CIOBO, SKE: 3AIEKHO Bi
MMAX-xoMaHIu TPAKTYEThCA K BICIM OZHOOANTOBHX ONEpPaHAIB, YOTHMPH
nBobaiiToBl, asa 4oTHpuOalitoBi abo  omguH BOCKMHOGATOBMIL - ONlEpaHi.
SIMD-00podKa cyTTEBO NMPHUCKOPIOE BUKOHAHHA MYJIBTUMEAIMHNUX anropy-
TMIB, I8 AKUX € XapaKTepHUM 3X1IICHEHHS [JIEHTHYHNUX onepanili Hal Be-
JHKHMA MacuBaMi OIHOTMAHAX AaHUX (Hanpukian, 16-po3psaaHuMM Bil-
TiiKamMM o poBAHOTO 3BYKA, S-po3pATHUMM KOZAMH KOALOPY MiKcesst Ta
iH.). Bukopucrauns MMX-xoMaHa A03BOJAEC MIABMILATY IIBBIKICTE BUKO-
HAHHA MYJALTHMEAIHUX onepawlif Ra 60 % mNOpIBHAHO 3 TIPOIECOPOM
Pentium nepiioro 1nokoNiHHA 33 OJHAKOBHX TAKTOBWX YactoT. B immwmx
KOMadgax 3a0e3neuyerses CyMIcHicTs 3 Pentium. Komanan MAMX He BIutd-
BAIOTh HA NPANIOPll, HC BUKITWKAIOTh NCPEPUBAHE | BUHATKIB, JOCTYITHI I
Oy tb-IKOTO peKUMY poboTH IpoLecopa.

Tlonininena sorika nepeabayeHAs repexonuiB sabesnedyethes 301L16-
LWEHOIO KINbKICTIO OydepiB BUOIPKH KOMaHI 3 BHIEPEDKEHHAM. Pentium
MAX mae wotnpu 16-pospaprix 6BB.

Posimmpena koHBeepnzaiis 3abe3neyyerses 3611bIUEHHAM €TaniB BH-
KOHAHHS ULTOUACTOBUX NporpaM y KoHeeepl (. puc. 4.16) 10 WwecTH 3a
PAXyHOK 10j1aHHs erany BUOIpKM (/) MK eranaMu nepe;BuOipku (PF) ta
IexomyBaHHsa koManau (1), Ha ertamt BUBIPKH BUKOHYETHCA J1EKO IV BaHHA
JOBXVHU KOMaHIM, K€ y 10lUepeIHIX MOAETAX FPentium NIPoBOAMTLCS Ha
eram 1.

Pentium MMX mae 110BO€HUIH NOPIBHANO 3 Pentium po3Mip 000X ua-
CTHH Kemn-liam 11 L1 112, Ane y npouecopi Pentium MMX Hemae pexumy
TECTyBaHHA 3a JONOMOror GyHKIIOHATBHOI HaaMipHocT FRC. Y 1Bonpo-
HECOPHUX CUCTEMAX MIATPUMY €TBCA JTMLLE pexEM SAP.

Pentium® . OverDriveR MMX npoyecopu — BaplaiT npouLecopis
Pentium MMX 3 Taktosumu nactorami 150, 166, 180 1 200 MI'u ans zami-
Hu 3suuaiaux (6¢3 poswmpenus MAMY) nponecopis Pentium 75-200 M.
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Bonu ‘BUpI3HAIOTECA (ikcoBAHUM KOe(IIEHTOM MHOXEHHS HacToT, SKUH
HOPIBHIOE TPHOM, 1 THM, TIIO JBOTPOHECOPHUX PEKUMIB HEMAE.

Ipoyecopu Pentium 03t moGiabnix sacmocyéans (OIOKHOTHUX nep-
COHAIBHUX KOMI FOTEPIB) MAIOTh 3HYDKEHE CHEProCNOKMUBAHHA BHACIHIIOK
3HWKEHHS HaTIpyTH KUBIEHHA sipa mpoliecopa. BoHM XapakTepusyrOThCH
BUIION JOIYCTHMO TEMIIEPATYPOLO, IO Ja€ 3MOTY BUKOPHCTOBYBATH IX Yy
OINBIN XOPCTKMX YMOBaX eKcIutyaraimii. I[i npouecopu He MiATPAMYIOTH
JBOIIPOLICCOPHMM PEXUM, HE MAIOTh PO3LWMPCHOIO NPOrpaMOBHOIO KOHT-
ponepa nepepusab AP/C 1 BUINOBIIHUX 30BHIMIHIX BUBO/IIB.

Ipoyecop Pentium II Mae 36-po3psaHy WHHY AJPECH, IO JO3BOISE
anpecyBaty dizuury nam’ STh eMHICTIO 64 ['6alit. Hacrora siapa upouecopa
cTaHoBUTE 233, 266, 300 Ta 450 MI'11, wactoTa muHK — 66,66 ta 100 MIu.
Bucoka MpoAyKTUBHICTE POLECOPa AOCATACTLCS 3aCTOCYBAHESAM ¥ HhOMY
AMHAMIYROI0 BUKOHAHHS KOMaHI, po3tupenns AMAMY Ta noapiinol Hesa-
JEKHOI UHH.

Kenr-iiaM' st nepriioro pisis (/,1) 36insmeno go 32 x6aitt (16 kGatir
~ Kell-naM’ gTh KoMaHa, 16 x0aiT -- xems-maM’sTh janux). Kew-nam a1
Apyroro pigHg (L2) po3TainosaHo Ha 0AHIN HNATI 3 NPOLECOPOM.

lipoyecop Pemtium [l] BUKOHAHO 32 TeXHoRoriew SSE (Streaming
SIMD Extensions). Y Pentium 111 peamizosano 70 Hormx S/M/)-komauj,
mo onepytoth i3 128-pospsyrumm pericrpamu XMMO-XMMT. Taxam uu-
HOM, BUKOHYIOYH OfIepailiio HAT ABOMA pericrpaMu, S8 hakTHiRo oliepye
YOTHPMA TapamMu Yyucesl. 3aBJIAKH IIEOMY TIPOLIECOP MOMKE BUKOHYBATH ;10
YOTHPBOX OTIEPALiH 0JIHOUACHO, THO € KOPUCHHUM Y TAKUX 3aCTOCYBAHHAX:

- TpUBAMIpHA rpadiika Ta MOJEIIOBAHHA, AKI BMKOPHCTORY~

HOTH 00UKCIICHHS ¥ GopMaTi 3 T1aBy YOK) KOMOID,

- 0o0podka CHTrHallIB 1 MOICITIOBAHHA [MPOLCCIB i3 IMUPOKUM

Aa30HOM 3MIHH TIAPAMCTPIR,
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~  TeHepalis TPUBUMIPHHUX 300paxeHb y Iporpamax peajtb-

HOTO 4acy, 10 He BUKOPUCTOBYIOTH IIITOYHCIIOBUT KO,

- ANTOPUTMH KOAYBAHHA 1 JeKOTyBaHHA BIASOCHUTHANIB i3
©7104HOI0 06pOOKOIO;
- YUCTIOBI anroputMu uudposoi GuIETpauli, Mo NpalolTs

3 [MOTOKAMH JAHUX.

KpiM posrisryTHX 1pouecopiB ¢ipMu [nfel, iCHYIOTh NpOLECOpPH,
aHAJIOTIYHI 3a MPOAYKTUBHICTI) Pentium, siKI BHIYCKAXOTh iHIM ¢GipMu —
AMD (AMD K5 PR 75/90/100, AMD K6), CYRIX (Cx86 (M1), C'YRIX 6x86,
P120+, P133+, P150+, P166+, P200+, CYRIX 6x86MX, CYRIX MediaGX),
Hewlett Packard (Merced (PT), PA RISC, PA-8000), DEC (Alpha 21068,
21164, 21264). ‘

[Ipoyecopu AMD KS PR75/90/100/120/133/166 BukoHaHi 3a Ti6pui-
Hoto CJSC/RISC-apXiTeKTyporo 1 MalOTh YCKIAJHEHUI KOHBEEP 13 1T AThMa
6nokamMu 06poOxu, 110 (YHKLIOHYIOTH DapanenbHo. Ha BiaMiHy Bin
Pentium, y 1mx npouecopax MOXYTh OJHOYACHO BUKOHYBATHCA KOMaHIH 3
TINaBYYOH) KOMO0, 3aBaHTKEHHA (30epiranng) Ta nepexoay. Bemuxuii Ha-
6ip 1 MOXIMBICTL JUHAMIYHOTO NepeiiMeHyBaHHSA PEricTIpiB | HasBHICTb
010Ky 3aBaHTaXEHHSA (36epiTaHlis) N03BONAIOTH BUKOHYBATH JIBI Onepa-
Hii 32 OJWH TUKJ BUOIPKH 3 maM’4Ti. Y npolecopi BUKOPHCTOBYETRCS Tie-
pendaueHHs po3ralykKeHb 1 3MIHA NOpAIKY BHKOHaHHA komanz. Kewr-
nam’sTh KomaH;j Mae eMHIicTh 16 kOaliT; kei-rnam’ aTh navux — 8 kKOaiT.

Tpoyecopu AMI-K6 MMX Marots po3fileHy Kell-ram saTh JaHHUX i KO-
MaH] TIepuoro pisHs eMHicTio 1o 32 k6aitt. Kem-11aM’ ATh JaHux € ABONIOPTO-
BOHO 1 MIITPUMY€ 3BOpOTHUIT 3amic. Ketn-riam’STh KoMaH Mae J0aTKoBy 00-
JacTh JUTA MOIEPEIHKO JeK010BaHuX koMaHa KojkHa koMaHpa mae OiT Ie-
peleKoTyBaHHs, SIKi BKa3ytOTh HAa 3MILUEHHA [04ATKY HACTYIHOI KOMaHIH y
Kew-ravM’aTl. BHyTpIlIHEOI BTOPUHHOI Kew-mam’ aTi Hemae. [Tpouecop mia-
TPHMYE JIOFIKY flepeabadeHHst po3ramyKeHb, BUKOPUCTORYHOUM TabliiiLio. iCTO-
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pii posrayxess 3 8 192 eneMeHTIB; keU-TaM’ ATh aipec NMepexoqy Ta CTeK I110-
BEPHEHHS, siKi 3a0e31e4yI0Th IMOBIPHICTL MPABHIIBHOIO TiepeabaueH s uepe-
xoxy nioHan 95 %e.
Ha BizMiny Bijt nponecopis /ntel P54 1 P55, npouecop AMD-K6 MMX ne
Mae BOYyI0BaHUX 3ac001B MIATPUMKH MYJBTHIIPOLECOPHUX CHCTEM, BKIFOYAKO-
ui APIC. Y HhOMY HEMA€ CUIHAITY MeEpeBipKH WMHHUX onepauiii (BUSCHK) 1
30H/I0BOTO PEeXKUMY, & TAKOIK HE BUBOAATHCA CUCHATN TOUOK 3YTIUHY Ta MOHITO-
PHHTY TIPOJYKTHBHOCTL. Y HPOLIECOP] BUKOPHCTOBYETHCA CHEKYLITHBHE BUKO-
HaHH 31 3MIHOFO HOCHIZOBHOCTI KOMAHJI, MOTICPEIHE MOCWIAHHS HaHMX, Iiepe-
MEeHYBaHHS PETiCTIB.
Ipoyecopu AMD-K6-2 3 mexnonozicio 3DNow! BHKOHaHO 3a
0,25 MxM-TexHoIOTi€I0. BOHN XapakTepu3yrThes HIBUAKONICHOIO BOYIO-
BAHOIO KEII-TIaM ATTI0 APYToro piBHA €MHICTIO 256 KOAHT, Keuwi-nam’ ATTH
IIepLIoro piBHA eMHICTIO 64 k6aitt. [Ipouecop Mae edextusHy RISC apxi-
TEKTypY 1 nojimueHuit 610K 06UKuCIeHb 3 IUIABYYOIG KOMOIO. YacToTa aapa
mpotiecopa Mae 3HaueHHs Bij 300 xo 400 MI'x. Yacrora naau — 100 Ml
Hpoziécapu Cyrix 6x86 (M1) MaroTh MOXIMBICTE AUHAMIYHOIO Tiepe-
HAMEHYBaHHsL PericTpiB, 3MiHM TOPAIKY BUKOHAHHS KOMaHI, CHCKYNATHBHE
BUKOHaHHs, nuepexbadueHHs riepexonis. 1Ipomecopy MICTATL IB1 Keul-tiaM’ s1i:
VHiiKOBaHy NepBHHHY KEII-IaM sTh €MHICTIO 16 KOaiir, MO BUKOPUCTOBY-
€THCA SK JUIA KOMAH, TaK i I71s JAHIX, | Z0aTKOBY 256-0aiiTORY KeuI-Mam’ sTh
xoMaHf. BuaineHa xelw-rmam’sarb KOMaHi JA03BOIUE YHUKATH KOHQINKTIB Nijl
Yac 3BEPHEHHS [0 JaHWX | KOMaHA y ChuibHii kewr-nam’sti. pouecop 3nar-
HHi OZHOYACHO BUKOHYBATH LUIOWMUCIIOB] KOMAHIN Ta KOMAHAH 3 IUIaBYJOH)
KOMOR0. ETanm npkity BUKOHAHHSA KOMaHIH:
1) BuGipka KomMaHu /'
2) nexomyBaHHs koMauru D1 (cramis 1),
3) nexoxyBauHs koMauau D2 (ctams 2),
4) obuncnenss aapecu AC1 (ctanis 1);
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5) o6uuciieHHd aapecu AC2 (etamis 2);
6) BukoHaHHA EX;
7) 3anmc pesynsrary WiB.

Etanu nexomyBaHHA Ta OOYMCICHHA afpecd KOHBEEPHW30BAHO, IPH-
qoMy 3a0e3MedeH0 MOXKIIMBICTE epeBIOPAIKYBaHHA KOMaH]l Ha eTanax £X
1 WB.

IcHye Bepcis HU3LKOBOJBLTHHUX IIPOLECOPIB AN MOOLIBHUX 3aCTOCY-
BaHb.

Hpoyecopu Cyrix 6x86MX -- ynockoHaneHuii apiant rporecopa M,
v AKUii 1I0JJaTKOBO BBEIESHO MOKINBICTb BUKOHAHHA Habopy 3 57 MyasTH-
MeIifHuX KOMaH[, CyMiCHHX 13 AMAMX-posmupeHnsM, Ta ni,unmueﬁo Tak-
TOBY HacToTy. ITpoitecop MICTHTE JBI KENI-ITaM’ STl JOTUPUBXIAHY acollia-
THBHY Kel-ITamM ATh €MHICTIO 64 KGalT 31 3BOPOTHHM 3a1THCOM Ta BUCOKO-
IWBUAKICHY Kell-ram’siTh KOMaHz eMHICTIO 256 Oaiit. J{ns MoOilbHuX 3a-
CTOCYBaHb [lepeAdaucHo e(EeKTHBHY CHCTEMY KEpYBaHHsA €HEProcroiH-

BAHHSAM.

KoHTponbHi 3anUTaHHsA

1. Sx1 onepawitm  cucteMH MOXYTh BHUKOpHcTOBYBatMcs y MII

Pentium?

o

. HasBitb npusnauenns oCHOBHMX OJOKIB CTPYKTYpPHOI CXEMH HpoLEe-
copa Pentium.

3. Iloscuire poboTy 6ioka mepeadadeHHs alpecy NEpexoay Ha TpH-
Knanl Bukonanng xkomauum JC LABEL.

4. Sleuit ederr Mac Po3UIICHHA Kell-naM’ ATl Ha Kell-naM’ iTh KOMaHI |
KeHI-ITamM’ ATh TaHnX?

S. Slki 3ac0o0u BUABNEHHs TOMHNOK Mae npouecop Pentium?

6. Y 4woMy nousrae NpUHLUAN TECTYBAHHA 3a JIONIOMOTOK ()YHKIiOHa-

NBHOI HAAMIPHOCTI?
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7. Slxi $yHKLii TecTyBaHHS Mae niporiecop Pentium?

8. VkaxiTb NpH3HAYEHHS Ta MOKIUBOCTI 3acO0IB MOHITOPMHTY HPOAY-

KTHBHOCTI.

9. SIxi ocobauBOCTI pericTpiB-¢iKcaTopiB CIL yPaxOBYBATH IiA dac

. po3p00KM TIPOTPAMHOTO 3a0e3TEUEHHA?

10.  YxaxiTh Dpu3HAYEHHS Ta TPAHLI pexumy MMX.

11

VYKaxiTh NpU3HAYEHHS Ta IPUHIMN pexkuMy SMAM.

12. Sk 37iiCHIOETBCA TIEPEMUKAHHA V PEXUM 3MEHIIEHOTO €HEProcro-

4.5.

KUBAaHHA 1 BUXIJ 3 HhOro?

Ocobnusocrti apxiTektypu 64-po3psagHUX Mikponpouecopis

1997 poxy dipmu Intel i Hewlett-Packard  po3pobmwma  HOBY

MiKponpoliecopHy  apxitextypy EPIC  (Explicitly Parallel  Instruction

Computing -- SBHOTO TapaNelbHOr0 OOWMCIEHHA KOMaHd), AKy Oyiio

MOKJIAZIEHO B OCHOBY 64-pospsauux MI1 [4-64, McKinley, Itanium, {tanium 2.
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OcobsuBocti apxitexTypn EPIC taki:

- geJuKa KilbKicmv pezicmpié 302albHO2O NPUNAYEHNS.
Tak, kinpkicTs pericTpis MIT J4-64 cranoButh 128 64-po3psagunx
perictpis aad onepaniii 3 wimiMu vucnamu i 12 880 — 3 apodosrmu;

- nowiyx 3anesicnocmeti mige komanoavu. ITprdoMy Tomyk
BHKOHY€E He mpoliecop, a komminatop. Komarnan MIT 14-64 xommninsarop
Tpynye y «HU3KYy» 3aBnoBiku B 128 pospsue. Huska micture TpH
KOMaHIH 1 WAabNOH, ¥ AKOMY 33a3HAYEHO 3aleKHOCTI MK KOMaHIaMy
(To0TO BIM3HAUCHO, YW MOKHA 3 KOMaHJ00 k1 3aIllyCTHTH MapajenbHo
KoMaHOy x2, abo x k2 Tpeba BUKOHATU TUTLKHM Hicls «1), a Takox
MK IHIOUMM HU3KaMu (9d MOXKHA 3 KOMaHAoWw x3 i3 HU3Kkd ¢l
3aNyCTUTH NapaNeNbHo KOMaHAy x4 13 HI3KH c2),

- Macuimabosanicmes  apximexmypy. 'ToOTO TPUCTOCYBAHHSA

Habopy KOMaHA A0 BEIMKOI KUTBKOCTI QYHKI[OHANBHHX IPHCTPOIB.

Po3pain 4. OdHokpucmansHi yHisepcansHi mikponpoyecopu (cmapwi mooderti)

Hanpuxnan, oHa HU3Ka 3 TPEOX KOMaHI BIANOBIac HABOPORI 3 TPHOX
(YHKIIOHATGHMX TIPHCTPOiB npoliecopa. Ilponecopu [A-64 MOXYTH
MICTUTH  PI3HY . KINBKICTh TAKUX (YHKIIOHANGHUX  IPHCTPOIB,
3IMIIAOYHCH 1IPH IHOMY CYMICHMMH 33 KOJOM. AJUKe 3aBIsAKU TOMY,
o B mabIoHi 3a3HAYCHO 3QICKHICTH i MiXK HHU3KaMH, mporecopy 3 N
OIHAaKOBMMH ONokaMH 3 TpboX (YHKIIOHANBHHX UpHCTpoiB Oyne
BIAMOBIAATH KOMaHIHE ¢10BO 3 3N koMaHJ (N HU30K);,

- npeourayia  (Predication).  Ilpeouxayicio  Ha3sUBaEcThCA
crioci6 00poOKM YMOBHMX posramykeHb. KomaHmu 3 pi3HHX . ILIOK
YMOBHOIO PO3FATY)KCHAA [03HAUAOTBCA TPCANKATHUMU  TOJBIMM
(TTonsMM yMOB) | BHKOHYHOTbCA MapafesnbHo, ale iX pe3vieTard He
3alMCYIOTBCA, MOKH 3HAYECHHS TPEIAVKaTHUX PETICTPIB HE BH3HAUCHO.
Koy B KIBIU 1KY BA3HAYAETECH YMOBA PO3TANYKCHHS, NPEIUKATHUH
pericTp, SKWi BIATIOBLAAE «IIPaBUNBHINA» T@iILi, YCTAHOBNIOETLCA B
onuuMLro, a apyruii— y Hynb. Ilepen 3ammcoM pesysbraTiB IPOHECOP
HepeBipse NMpeanKaTHe Tofe 1 3aIlicy€e pPesyJIbTaTd JIMINe THUX KOMAaHJ,
HpEIMKATHE 1T0E AKUX MICTUTD OAUHULIO,

sacanmaicenns 3a npurvientisiyv (Speculative loading). 1len
MEXaHI3M  TIPU3HAYEHNI  3RM3UTH  TIPOCTOI  NPoLecopa, 3B’A3aHi 3
YEeKaHHAM BHKOHAHHA KOMAHJ{ 3aBAHTAKEHHS 3 BIIITOCHO TIOBUIBHOI
OCHOBHOI Tiam’aTi. KoMniisTop nepeMilliac KOManiu 3aBaHTaKEHHS
JAHUX 13 1AM ATI 12K, 00 BOHUM BHKOHANMMCA sikoMora paHime. Omke,
KOJIM JaHl 3 Nam’ st 3HAMo0NATECH AKIHCH KOMaHJi, Iipouecop He Oyae
TIPOCTOXOBATH.

IIpouecop ltanium 2, pukosanmi 3a 0,18 MxM-TexHoONOTICI0, 3AaTHAN

BUKOHYBATH WHCTh KOMAHJ 334 OJMH MRUAHHUA UMKCL Y CYKYyNHOCTI 3
TUABUILCHHAM TAKTOBOI UACTOTH, & TAKOXK TIPOIYCKHOI CIPOMOIKHOCTI
crcTeMiol kK (6,4 T'611/c, gactota umHA — 400 ML, pospsamcTs INUHA
- 128), ueit unnHuK 3ade3neuye B 1,5-2 pasu Oinbiny HpOAYKTUBHICTE, HIX ¥
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. «niepiioMy» ltanium. TIpoliecop Ma€ BeJUKY €MHICTh KelI-TIaM ATi TPEThOro
piBHA 110 3 M6aiiT, po3TalioBaHOi Ha KPHUCTAJIi, AKa MPALIFOE HA JaCTOTi AApa.
2003 poky Ha puUHKY 3’SBIMCH Ipoliecopu, 3poGieni 3a 0,12 M-
TEeXHOJIOTI€IO; _
- Deerfield,  npusHauenwii  AIA  BUKOPHCTAHHA Y
JBOIPOLECOPHUX CHCTEMAX; . ‘
- Madison, opieHTOBaHMil Ha MyJIETUNPOLECOPHI CHCTEMH.
Hactynuuit ipouecop, Montecito, 6yne Bupo61eHO 3 BUKOPHCTAHHAM
90 um TexHontorii. Moro mossa nmanyetscs 2004 poxy.
64-pospagni MII cimetictBa Hammer, po3spobneni dipmoro AMD,
0a3yloTbCs Ha apxiTekTypi x86-64, ska sBase o000 pO3NIMPEHHN
apxiTeTypu 32-po3psasux npouecopis x86-4 (puc. 4.18).

127 0 79 0
S XMMO G FEAX x
S P 8
E R 7
&
LS‘
S
E
) XMMT EDI
XMMS8 R8
Program
Counter
63 310
XMM15 R15 I I EIP |

Puc. 4.18. Apximexmypa x86-64

Perictpu  3aramnsoro mnpusHaweHHs (GGPR)  jonoBHeHo — mie
8§ pericrpamu R8-R15, BUKOPUCTOBYBaHUMHU B 64-OiTHOMY pexuMi, a
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po3spsmHicTh pericTpis EAX, EBX ta inumx 36inbmero 3 32 po 64. Jlo
omoky SSE (Streaming SIMD FExtensions) K IONOBHEHHS 10 BOCBMH
128-pospsmaux  pericrpis  XMMO-XMMT nojano e BICIM HOBHX
pericTpis, o 3abe3neudTh MiaTpuMKy SSE2 30impmeHHAM SIMD-xoMaHa,
Posmupenns pericTpir nokasaso Ha puc. 4.19.

63 31 15 7 0

RAX EAX  [aHT4ar]

Puc. 4.19. Poswiupenns pe2icmpig 3a2a;1bH020 NPUSHAYEHNA

Ilpouecop, woOynoanuii Ha ocHoBi x86-64, MoXe BHMKOHYBAaTH
paHime crBOperi 32-po3psiHI JOJATKA Ha BIAMIHY Bix Toro X [ntel
Itanium, ne cuctemy xomaH x86-32 TOBOAUTHCA EMYJIFOBATH.

KoHTponbHi 3anUTaHHA

——

. ITopisHrsiite apxiTekTypy 64-po3psanux MIL
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. TlosAcHITh T03UTHBHUIA eheKT HpearKallii.

3. Sx1 ocoduusoct apxitektypu IKPIC?
p |4
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Po3gin 5

NnobYAOBA MOAYNIB NAM’ATI MIKPOMNPOLIECOPHUX
CUCTEM

5.1. Knacudikauis cucrem nam’ari

Cucrema nam’ 471 € QyHKHIOHAIEHO YacTrHOW MIIC, npusAadeHo10
JJ1A 3amIcy, 30epiranis Ta BHAawi inopmaiii. Texniuni 3acobm, 100 peaii-
3yI0Th QYHKILT TIaM’ STi, HASURAIOTRECA 3ANAM TMOBYBAIbHUNU NPUCIPOAMY
(31).

Ommiero 3 o3Hak Kinacudikami 311 € ¢izuyna npupona cepeoBulla,
sIKE BUKOPHCTOBYETRCA JUTA 30epiranHs indopmartii. 3a i€ro 03HaKO BUI-
nar0Th Taki BUAM 311 eneKTpoHHi, Ha TPUCTPOAX 13 3aPAKOBHMM 3B’ A3KOM
(T133), marHiTHI, Ha MUIHAPWYHAX MATHITHHEX JIOMEHaX, YIbTPa3ByKOBI JIHI
. 3aTPUMKH (MarHiTOCTPHKINHHI, KBAPUOBI, 31 CIEMIATLHUX CIUIEABIB CKIa),
Kp1OTeHHI, ToI0rpadiHi.

3a mweuakicTio 0Ominy Hdopmariiero 3 AJITT po3pisHsoTs TAKI munu
nam 'ami (puc. 5.1): perictposa tiam’ sth MIT, BHY TPITUHS KelI-11aM’ STh, 30-
BHIIIHA KeII-11aM ATh, ONIePaTUBHA TIaM’ ATh, TTOCTifHA T1aM’ ATb, 30BHIIIHA
HaM’ AThb.

3oBHilEA OnepaTHHa ITocriima SOBHITIHA
KeM-[IaM s1h A ATh 1M Sk namM ST

! ! i}

Buoyrpimis
> KeIl-TiaM’ §T5

[ 3

gefp! PericrpoBa naM’dih

:I AT | MIT

Puc. 5.1. Tunu nam’simi y MIIC
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Hadonepamusnui 31T abo pezicmpoea nav smu MII ssise coboto cy-
KYIHICTh PEricTpiB 3araibHoro npusHadenHs. 3sepHeHns a0 HO3II ne no-
TpeOye Bit MII BHUCTaBACHHS ajpecH Ha WWHY AB mig 4Yac 3YMTyBaH-
Ha/3anmucy indopMaiiii, Tomy orepauii 3 HO3IT € naliGinpul MBUIKOXIFOUH-
vy, Yac Bubipku HO3IT-5-7 He. 3aranbHa KimeKicTh 8- abo 16-po3paaHux
perictpis y MIT 3a3u4aii cranouts Bia 16 1o 64.

Brympiwns xew-nant simp — 3¢ oriepaTnBHA 0dM ITh CTATUYHOIO THITY
eMHicTIO 1--16 KGaiit, siky BOynoBaHo Gesmocepeanso y MIL. BryTpimnas
Kel-nmam’4Th TpalIoe Ha TaKTOBIH 4YacToTi mpomecopa. Y Moneisx 1386,
i486 Keln-mam’sTh COITBHA TS AaHux 1 komada. Y MII Pentium xem-
nam’ATb BUKOPACTOBYETHCA OKPEMO, JUIA KOMAHN 1 JaHUX.

3oeniuma xews-nam sime TAK CaMo, fK 1 BHYTpPIHIHA, sBIde coOoro
nam’AITh CTATUIHOTO THMY, OJHAK Ma€ 3HAYHO OUIRIY €MHICTh. BOHa BCTa-
HOBJTIOEThCA HA CHCTEMHIN TIMATI 1 UPAIOE HA HacTOTI WHHM. 30BHIIHIO
KEUI-[1aM’ Th NPU3HAYEHO 19 3MEHINEHHA KUTLKOCTI 3BEPHEHb 10 1HLINX
MEHII IBHUIKOAIIOUUX DPUCTPOIR Mam 4Ti. €MHICTh 3ORHINIHLOI Kelll-
nam’svi B cyuacux [TEQM cTaHoBHTE 3a3814aii 64 kOaiiT — 1 Mbaiit i Mae
TEHACHLITO J10 301TBLIEHHL,

Onepamusna naa 'sime — 1€ T1aM ATb CTATWYHOTO ab0 AMHAMIYHOTO
THILY.

VY MIKpocXeMax CTaTuaHOro TUITY eJIeMEHTOM ITaMm’ Tl € Tpurep Ha Gi-
NOJIAPHAX TpaHszucTopax abo  TPaH3UCTOpax 31 CTPYKTYPOO Memcui-
oicaexmpur-nanienposionux (MJIH). B O3[1 quramivHoro Tary eneMeHToM
11aM’AT1 € KoHeHcatop. OnepaTuBHA faM’ AT IIPUTTYCKAE 3MIHY CBOTO BMic-
TY B X0 BUKOHAHHS [POTICCOPOM OOUUCITHORBAILHIAX ONEPALil 3 JaHUMA |
MOXe€ MPaioBaTH B PEKHMI 3a0THCY, 3UUTYBaHHA Ta 30epiranHs indopmalii,
OrnepatuBHy 1aM’sTh TIpU3HAYEHO I7A 30epiraHHs 3MiHHOI 1H(opMamil —

TOTOYHUX JIAHWX, Pe3yabraTiB oOuucleHb, [i €MHIiCTH craHoBuTh 1-64
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NPHUCTPi € €HeprosagekHUM, TOMY IO 1H(POPMALlis, 3alMcada B HbEOMY,
BTPAYA€ETHCS TICIIST BUMKHEHHS KUBJICHHSL

Hocmitina nav’sme aBlise coO0I0 CHEIIANBHY MiKpOCXeMy, 110 Mic-
TUTH 1HGQOPMALIIO, sKa HE Ma€ 3MIHIOBATHCS Y Tpoleci BUKOHAHHA IIPO-
rpamu. s irdopmartia 3anocurses y TI31T nix wac BUroToBNeHHS abo Ha
eTani Horo MporpaMyBaHHA y CIEIATFHOMY NPUCTPOI — HporpaMaropi, 1y
npotieci po6otn MIIC Moxe Tinpku 3uuryBaTHcs. [locTifiHa maM’sTh y
MIIC npamroe B peskumMax 30epiraHHs Ta 3YUTYBaHHA | BUKOPUCTOBYEThCS
nns 30epiranHs Tabounb, KOHCTAHT, KOAIB KOMaH] IporpaM, CTAHXapTHUX
HigmporpaM, Hanpukiag, mianporpam BIOS, POS. 3azsuuail, IT311 mae em-
HicTb 64128 k6aiit. 3anucana B 1311 iHdopMaliia 36epiracThCs MICHs BUM-
kHeHnEs xuBrneHHs, LI snactusicte 11311 oxepxana HasBy ewepronesanedic-
Hocmi.

3osnins nav’ame peanizyeTbcs y BUIUIAAL HArpoMaKyBadiB 31
SMIHHUAMY 1 HE3MIHHUMM HOCIAMM. Ha TBEPAWUX 1| THYUKHX MarHITHHMX IUC-
Kax, CTpUMepax, ONTHYHUX 1 JIa3epHUX KoMmakT-juckax (CD-ROM). O6-
MiH iHpOpMAaLi€o 3 TPUCTPOAMHI MaM ATi IBOTO TUIY € HAUMOBINLHILTUM,
ajle Taka [am’ ATh HaiOibuIa 32 EMHICTIO. €MHICTh HArPOMaJKyBaulB Ha
TBEpOUX AUCKax ctaHoButh 1-100 T'6aiiT. HuseKy WBUIKOAIKO 30BHIUIHIX
311 Ha Mar=iTHUX HOCIAX 3YMOBIICHO HASBHICTIO €JIECKTPOMEXAHIYHUX TIPH-
CTpOIB.

HasBHIiCTB TOTO 4K TOro TUIy Nam’sTi mo3a mMikpocxemoio MIT (us.
puc. 5.1) 3yMOBIIOEThCS QYHKUIOHATBHUM Mpu3HaueHHAM MITC.

3anam’ STOBYBaJIbHI MPUCTPO! XAPAKTEPUZYIOThCA TAKUMH OCHOBHUMU
napaMeTpaMH:

- Po3pAdHicmIo Oanux (BU3HAYAETBCA PO3PSHICTIO KOMIPKH
nam’sTi);
- ingpopmayiunoo emuicmio (BU3HAYAETHCA KUILKICTHO OJIH-

Hulb iHdopMalii B Gitax, sy 31T moxe 30epirati oanouacHo). Indo-
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&

oW

PMaLiHy €MHICTh YacTO O3HA4AI0Th qépea N x n, ne N — KUIBKICTb 1-
PO3PAIHKX CHIB, 72 ~ POIPAAHICTD IMUHA Aanmx. Tak, 3anuc 3HAUCHHA
iHQJopMauiﬁﬁoi emuocti 31 2 048 x 8 abo 2 K x 8 o3Hauae, mo 3I1 mo-
e 30epiraru 2 048 Gaiit abo 16 384 6ir; _

- yacom eubipku (BHU3HAYa€THCS AK 1HTEpBaNl BiA MOMEHTY
BHOayi 3ai1my Ha nepejayy AaHUX 3 laM’ATI 1O MOMEHTY HO;BH iH(O-
pmauii Ha Buxoni 311);

—  mpusaiicmio yuray 3eepHenns (Yukty nan 'ami) t, (BU3HAYa-
€THCST MIHIMATBHO JIOIyCTHMMM IHTEPRAIOM Hacy MiXK JBOMA MOCHifO0-
BHUMM 3BepHeHHsiMU 1o 311);

- Hunpveoio muaeH s Uy,

nomyscHicmio enepzocnodcusanin P, (BUSHAYaeThCA J0-
OyTKOM CTpYyMY CIIOXKMBaHHA | HAaNpyTu Jkepena >xusiieHns). Jlina ne-
sxux Tums 3[1 HaBOAATE ABa 3HAYEHHA INOTYXKHOCTI €HEProcrnoXu-
BaHHA -~ OJHE NS PeXUMY 3BEPHEHH:A, KOJIU 3M1ACHIOETECA 3armic abo
3YMTYBaHHA, iHIE — JUIT pexkuMy 36epiranHd. IToTyxHiCTH eHepro-
CIIOXHUBAHHS B PEXUMi 3GepiranHs 3a3BU4ail iICTOTHO MEHMIA Bifl T0-
TY2KHOCTI €HEPrOCIOXKHBAHHS PEKUMY 3BEPHEHHS,

- numoMmoio sdpmicmio (BU3HAYAETHCA BiIHOILEHHAM BapTo-
cri 3I1 go #toro iHdopmanitiHoi eMHOCTI).

KoHTponbHi 3anuTanHA

. Jlalite Bu3sHaueHHA 1 HaBeHITh NPUKIIAAM EHEPrO3ATCHKHUX Ta eHep-
rouesanesxHux 37T,

HasgiTs THITN cucTeM Tiam’sTi.

TTopiBusitre 3a MBUAKOIE THIW CUCTEM TTaM AT

Busnaure [HbopMauiliHy eMHIcTh y 0iTaX I KiJILKICTh JIHIN IIMHA
nanux s 317, mosHauennx: a) 1 024 x 8, 6) 4 048 x 16.

Sx BU3HavaeThes MUTOMA Bapricth 3117
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5.2. MNMocrTiliHi 3anam’AToBYBanbHi NpUCTpoI

OcxorHa cknajosa uactuHa [1311 — eneMenTt mam’aTi, sikuit 36epirae
1 6it indopmanii. EneMenTn nmam’sti 06’ €THAHO B MATPUIFO HArpoMazKy-
sayva iadopmargii. CYKyHnHICTh 3 # eJIeMEHTIB IIaM’ ATi, Y AKi# po3MILY€ThCA
N-pO3—PSIHE CIORO, HASUBAIOTH KOMIpKOI NAM simi, TIPU IHOMY BeTMUHHA
n BU3HA4ae pospaouicms xkomipxku. KibKIiCTh KOMIPOK TaM’sTi JOPIBHIOE
2" nme m — KUIbKICTH afipeCHMX BXOIB, a iH(opMaliiiHa €EMHICTb MIKpO-
cxemu — 2" x n Gir. KoxHa KoMipka mam’siTi Mae cBOIO afipecy. binsurcrs
[T3IT MaroTh CIOBHUKOBY OpraHI3aiiio, TOOTO IPUIYCKAaIOTh HapaneilbHe
3YUTYBAHHS 7 PO3PALIB caoBa DD, 1—Dy.

3a crmoco6oM MmporpaMyBaHHs, TOOTO 3a CIOCO00M 3aHeceHHs iH(op-
Maliii, po3pizusroTh Taki vt 11311 npospamosni oonopazoeo Ta buzamopa-
3060. J{o nepoi rpynu Hanexats [1311, mporpaMoBHi Mackoo, ski [porpa-
MY€ BHUTOTOBJIFOBAY CTIOCOOOM 3aMOBIICHOTO (hoTomadnoHa (Macku), Ta of-
HOpA30BO JIPOTPAMOBHI KOPUCTYBaYeM CIIOCOOOM FEpeniatoBaHHs IUIaBKUX
nepemudok Ha kpucram (TTI3IT, PROM nporpamosnwmit IT3I1). Ilpyra rpyna
noginsterbes Ha BIC 3 yawmpagionemosum cmupannsv (EPROM) 1a 3 eaek-
MPUYHUM CIRUPAH?SAM, X1 T HAsuBatoTh ¢ureu-nam sme (PLIBLT, KEPROM
penpocpamosnuii [1311).

Hporpamosni mackoto II3IT (TI3TIM a6o ROM - Read Only
Memory). MikpocXeMu 11bOT0 TUIy BUKOPHCTOBYIOTb JUisl 30€piranHs cra-
HIApPTHUX MinmporpaM, (GizuuHMX KoHCTaHT, Tabnuub. [HpopMaLio 3aHo-
cath y TI3IT uepes crierianbiy Macky Ha 3aBepInalibHIi cTaii BUpOOHUIIT-
Ba, ToMy Mikpocxemu TT3IT 1iboro THITY OTPUMAJIM HA3BY [POrpaMoBHI Ma-
CKO¥O.

[Tprrun nobynosd B Hinsmocti Mikpocxem 1I3IIM  oxnakoswuif
1 Moxe OyTu momammii cTpykTyporo MmikpocxeM KI155PE2I-K155PE24
(puc. 5.2).

262

Poapin 5. lTo6ydosa mModynie nam’sami MikponpoyecopHux cucmem

Marpuiis 32 x 32
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Puc. 5.2. 11311, npozparosuuii mackow

OCHOBHI €JIEMEHTH CTPYKTYPHOI CXEMA: Marpyvlisl eJIeMEHTIB T1am’ sTi
(EIN), newudparopu paakie DCX i crormus DCY, cenekropn MSy-MS;,
aapecuuit popmyBau /v, miacunrosadi 3uuTyBadHs 11 Enement ram’ati aB-
Js€ ¢o0or0 pe3ucTUBHY ab0 HATIBIPOBIAHHKOBY (IIOAHY, TPaH3UCTOPHY)
nepeMUYKY, PO3MIIEHY Ha MepeTHHi paaka i croBnud. Ilepemuuku Qop-
MYIOTb Y [IPOIECi BUTOTOBJIEHHI MIKPOCXEMH B THX TOUKAX MATPHULli, KYIH
BAPTO 3aHecTH noriany | Y THx Toukax MaTpwr, ac Mae 6y Tu noriaxamii 0,
[ePEMUMKY He GOPMYKITH.

Marpuua Ha puc. 5.2 micrurs 32x32 EIL Bowna cknagaerscs 3 32
TPAH3UCTOPIB 3a KUTBKICTIO PAJIKIB, KOXKHWI 3 AKX mae 32 emiTepH 3a Ki-
TBKICTIO CTOBINIB. KOJEKTOPH BCIX TPAH3UCTOPIB 3’ €JIHAHI 13 TTNHOIO KHB-
NeHHs. Basu Tpan3ucTopiB yTBOPIOOTH PARKY MATpHUI. [X DifKIOUEeHO 10
BUXOAIB jclundparopa agpecn pankis. EMiTepn ad0 MaroTh 3°€1HaHHA 3
PO3PAIHOIO IHHOK («1»), abo He MatoTh («0»). Po3pandi WIMHK PO3ALIEHO
Ha HOTHPW TPYTIM 110 BiciM WKWH ¥ KOXHi#. KoxkHa 3 90THPLOX TPy HIWH
3aMHUKAETBCS Ha CENIEKTOp, SKUM TUJI KepyBaHHAM CHIHAIIB 3 BUXOIIB Je-

mndpatopa cTormuiB /)CY Bubupae 3 BOCBMU 1IUH OJHY i KOMYTye ii Ha
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Buxid. Ha Buxonau cenekTopiB npueaHano HiJCHIIOBAMl 3YUTYBAHHA 3 CUT-
HanamMu cTpoOyBaHHs CS; 1 CS». Skmo CS; = CS,= 0, To mijcumoBaui
BIAKPHTI JUIA 3YUTYBaHHA IH(POPMaIlii, 3a 1HIMHX KoMOiHALIi IIMX CUTHAIIB
— 3aKpUTI 1 Ha iX BUXOAAX YCTaHOBIOIOThcA H-pisHi. Bubipky 4-
pospsannoro cnoBa DOy—DO; BUKOHYIOTEH 8-pO3pATHUM KOIOM aIPECH, IO
HAIXOIMTh Ha agpecHuii (JopMyBay F, MOTPIGHMIA [yl Y3TODKEHHS CXEM Ha
KPHCTAI 13 30BHINIHIMY KOJAMY, i MTOTIM HA BXOAM Jemm@paropi paakis

A7—A3 1 CTOBIIIIIB Ag—-Ag.

Ha ommoMy 3 BUXOIIB KOXHOIO

fj(}j ROM ;371) L%"r; nemudgparopa ¢Gopmyrorbes [-piBHi

42 ! D2 s HaNpyrH, sAKi BUOMpPAXOTH 3 MaTpHIll

% ‘%‘5; §;§ - 4-pospsiare cnoso. Ha BuXij Mikpocxe-

;i jg D7 I MU ofpaHe C10BO HAIXOTUTb, FSKINO CM-

4349 | 1 THAIKM KEepPyBaHHM, 1[0 A03BOJAKOTH 34~
_%211 .? TyBauHa CS ;= CS,=0.

A2 “”ft V 1noswavenni Mmikpocxem [13TTM

o x_ﬁ_ BUKOPUCTOBYHOTH JliTepu PE, Hanpukiaj

Kpigieps BIC KPS68PE2 3 indopmatiiitory eMHi-

(20= GND, 40 = +5V) _ o i
ctio 8 Kx8 (puc. 5.3). ¥V wii Mikpocxem!

Puc. 5.3. II3IM KS68PE2? samjcano cuMBOIM MIKHApCOIHOTO Tene-
rpaduoro koay Ne 2. BIC mae 13 anpec-

HUX BXOJIB, IO JO3BOJIAE afpecyBath 2 8-po3psHuX KOMipoK. 3UuTyBaH-
He iHGOpMaIii BiTOYBAEThCA, AKIMIO PiBeHL cUrHANY (S HYJIBOBWH. SIKuIO
CS = 1, o Buxoam D0-D)7 3HAXOASTHCA y BUCOKOIMITEJAHCHOMY CTaHi,

OCKUJIBKH BXIT (S iHBEPCHHH.

Texniuni xapaktepuctuky [T31TM naseneno B Tabir. 5.1.
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Tabauys 3. 1. Texniuni xapakTtepucruku BIC II31IIM

T MikpocxeM# EMHICTD fu, HC Usanz, B Py, MBT
K135PE21 256x4 30 3 650
K155PE22 256x4 30 5 650
KIS5PE23 2564 30 5 650
K155PE24 25654 30 5 650
K555PE4 2Kx8 110 5 850
K541PE1 2Kx8 150 5 1000
KS96PE1 8 Kx8 350 4 640
KAS596PE2 64 Kx16 450 5 1050
K563PEL 8 Kx8 580 3 50
K563PE2 32 K>§ 500 5 20
K505PE3 512x8 1500 5,-12 500
KP568PE] 2 Kx8 600 512 450
KP568PE2 8 Kx3 400 512 600
KP568PE3 16 Kx8 300 5,12 300
KM368PE4 8 K«8 300 512 400 B
K568PES 128 K8 200 5,12 300
KI801PEL JKxI6 300 5 B

| KISO9PE1 | 4KxI6 | 300 5 275 .
KA1603PE] 2Kx8_ | 410 5 50 |
KP1610PE] 2 Kx8 500 5 300
KMI1656PE] 2 K8 30 5 923
KM1636PE2 2 Kx8 30 - 5 925
KM1636PE3 512x8 60 5 775

o6 3HU3UTH CITOXKIBAHY MTOTYXKHICTD Py, ASAKI MIKPOCXEMH, HalpH-
wian KS96PE1, nomyckatoTh 38CTOCYBAHHA PEKUMY IMIYJILCHOTO HKHUBJIEH-
HS, 32 AKOTO JKURIICHHS HA MIKPOCXEMY TIONAIOTH TUTLKA T Wac 3HHUTYBAHHS
indopmarii.

3anecerns B 1311 indopmaiii HazuBaioTh  mpowmusanman.  Jacto
mikpocxemu [ISIIM  pisHrx  cepif mMarwTh  CTAHJIAPTHI  MPOIHUABAHHSL
Hampuxian, y  wmikpocxemax ITI3[IM - KI155PE21--K155PE24  zarmicaso
BijnoBiHI koau Oyks pociiicskoro (PE21), naruucekoro (PE22) andasiris,
apuiveriurnx 3Hakie 1 tudp (PE23), monarkosux 3Hakip (PH24). YV
CYKYHHOCTI LI MIKPOCXEMH YTROPATH [CHEPATOP CUMBOIIB Ha 96 3HaKIB
dopmary 7x5. Ouna 3 MikpocxeM cepii XPSSSPE4 mictuts npoumsanas 160
CHMRBOJTIB, 110 BIIMOBIIAFOTE 8-po3psigHOMY Koy oOMiHy iHdiopmartii KOIT 2--8
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3 dopmaToM 3HakiB 7x11. ITpommuBanHd KOAiB an¢asiTHO-LHBPORIX CHMBOTIR
MICTHTH Mikpocxema KM1656PE2.
JIB1 cnineHO 3actocoByBani Mikpocxemu K505PE3-002, KSOSPE3-003

MICTATh KOZWM OYKB pOCificbkoro Ta JaThHCchbkoro andasiTiB, wUQp, -

apuMeTUMHUK 1 JIOZATKOBHX 3HAKIB, iX BUKOPHCTOBYIOTH K TeHepatop 96
cuMmBomB  Qopmary 7x9 - 3 TFOPH3OHTATBHUM PO3TOPHEHHAM 3HAKIB.
Moandikauii 0059, 0060 MaroTs Te came NpH3HAYEHHA, ale TeHepyHTh
3Haku (Qopmary 5x7. Mogudikauii 0040-0049 wmicTaTh NpPOLTUBAHHA
KoeQilUieHTIB ans IBUAKOrO0 neperBopeHHs Pyp’e. Pax Mommbixamjit
MICTUTE IpolnuBanHsA (yHKUiI cunyca Big 0 mo 90° 3 guckpetwictio 10'
(0051, 0052), Bix 0 mo 45° (0068, 0069) i Big 45 mo 90° (0070, 0071) 3
muckpetHicTo 5'. Mopudixanii 0080, 0081 wmictars npowmBadag dyHKI
Y=X mpuX=1.128

Mopudikanii Mikpocxemu KPS68PE2 MicTATh CTaHAApPTHI MPOLIH-
BaHHA CHMBOJIB MiKHapoaHoro tenerpadHoro kony Ne 2 dopmaris 5x7 i
79 (0001), cUMBONIB POCIMCHKOTO i JATHHCHKOTO ldaBITIB, KOXOBHX
tabGnunk, 1mbp i apudmeruanux 3uakis (0003,0011) dyukuii cunyca Big O
o 90° (0309), acembnepa (0303-0306), penakropa tekcris (0301, 0302).

Mixpocxema KP568PE2-0001 mae npoinnsBanHas MKHapOAHUX Tejle-
rpadanx xoxis Ne 2 1 5, a KPS68PE3-0002 — pefrakTopa TEKCTiB A aceM-
Gnepa.

Momadikauii Mikpocxemn KP1610PE1-0100-KP1610PE1-0107 mic-
TATH MPONIMBAHHA [porpaMHoro 3abe3neueHHs Mikpo-EOM.

Hasani Mikpocxemu T1311IM 3i cTanjapTHUMHA TPOLIWBAHHAMM BapTO
PO3TIANATH SK NPUKIAAK: KUIBKICTh TaKMX MiKpocxeM 1 iX Mojudikaniii
MOCTIiIHO 3pOCTac.

Mikpocxemn II3[IM mpamorots  y penmmax 30epiragHa i
3uuTYBaHHA. JUIa 3udTYBaHHA iﬁ(bopmauii TpebGa TmOAaTH KOA ajpecH i
CHUTHAIM KEPYBAHHsA, W0 AO3BOJIOTH 34MTYBaHHd. CHUTHANM KepyBaHHs
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MOXHa nogasati H-pisaeM, akmo Bxig CS npsMuit, abo L-pisHeM, KO
BX1]1 IHBEPCHUIL. ‘

barato MikpocxemM MAroTh Kibka BXOJIB KepyBaHHS, 3a3BHuall
3B’ sI3aHUX BU3HAYEHUM JIOTIYHHM OepaTopoM, Y TakMX MIKpocXeMax Ciil
[10/[aBaTH Ha KepPYBAIbHI BXOAYW BU3HayeHy KOMOIHAIIK0 CUTHANIR, HalpH-
knan 00 abo 110, mob chopMyBaTH YMOBY J03BONY 3UNTYBAHHS.

Buxigsi curaanu B ycix Mikpocxem TI3[TM marots TTJI-piBHi. Buxo-
I 1100y I0BaHO TIEPEBAKHO 33 CXEMOI0 3 TPhoMa CTaHAMMU.

Opanopasoso nporpamosni I3 (I3 a6o PROM — Programmed
Read Only Memory). Tocriiini 311 11bOro THITY BUKOPHCTOBYIOTH JUTA 30e-
piranHs Hanmaromkennx nporpam MIIC kepyBaHHA pI3HOMaHITHOTO 1pH-
3HayeHHs, 3a3Buvail y cepiifamx Bupo6ax. Mikpocxemu TTIT3IT 3a npunim-
oM o0y JIoBH 1 yukitoaysanHs anaroriyni 1131M, ane icroTHo BIAMIH-
HI BIJI HUX THM, 10 JIONYCKAIOTh TIPOrpaMyBaHH Ha MICIH iX 3aCTOCYBaHHA
xopuctynauem. [Iporpamyeanns abo 3aHeceHHA iH()opmalii B 0JHOPA30BO
nporpamosi [131T nonsrae B pyiiHyBauHI (lepenaTtoBaHHI) YaCTHHH TLIAB-
KMX NEPEMHYOK Ha TIOBEPXHI KPUCTANIA IMITYIIbCaM# CTPYMY aMIUNTYIOI0
30...50 MA y TuX nepeTMHAX PsAKIB I CTOBHIB MaTPUIll HArpoOMaIKyBaya,
Ky/in notpibHo 3anucara 0(1). YV nmovarkosomy crani BIC T113[T mae nepe-
MHUKP B YCIX NiepeTHHaX pankin i cropnui. ITporpamysanns BIC BukoHy-
HOTb Yy [POrpaMaTopi MOJaHHAM EIEKTPHYHUX IMIYIIBLCIB, 3d JTOTIOMOTOIO
AKAX HEPErnIoTs BiNOBIAHI nepeMUykH. ToMy Take nporpaMyBaHH#
oJiHopa30Be. TexHiuHi 3aco0M 1 BUKOHAHHA 1€l onepalii JOCUTh NpocTi,
iX Moxe noQyayBary cam kopucrysad. Ll 06cTaBuHa Ta HU3bKa BApTICTS i
nocTynHicTh MikpocxeM TTIT3IT 3yMoBMIM iX 3HAYHE NOMMPEHHA HA TIPaK-
TALL

Tunoewii Bapiant peanizauii Mikpocxemu [TI1311 nokaszaHo Ha puc.
5.4. )Ina KOHKPETHOCTI PO3IIAAY HABEAEHO CTPYKTYPY MIKPOCXEMH
K556PT4. Y Bcix OCHOBiIMX elleMEHTaxX BOHA NOBTOptoe cTpykrypy [I3[IM

267



Mikponpouecopra mexHika

(muB. puc. 5.2), ame Mae AOJATKOBI npuctpoi F—Fy nns dbopMyBaHHs
CTPYMY IpOIpaMyBaHH.

Marpuus g0 nporpaMyBaHHSA, TOOTO y BUXITHOMY CTaHi, MICTUTh OA-
HOPITHHYM Macus MPOBIAHUX MEPEMUYOK, IO 3’ €AHYIOTh PAKY 1 CTOBIILL B
ycix TouKax iX HepeTHHAHS. TTepeMuuky BCTAHOBIIOIOTS 3 HIXpOMY (Y MiK-
pocxemax cepti K556 ta in.), 3 onikpucranigHoro kpemuiro (K541), i3 cu-
mimuny mwiatuin (K1608) ta inmux marepianis. [TepeMudka B MaTpulii BU-
konye poib EIT. HasBHiCTh TIepeMHUYKH KOAYIOTH JOTTUHOIO 1, SKIIO M-
CUITIOBAY 3UUTYBAHHS ABJIAE COGOK IOBTOPIOBAY, 1 JOTIYHUM (), IKIIO Mia-
CHTIOBAY 3YMTYBaHHA — IHBepTOp, AK Ha puc. 5.4. OrTxke, MIKpocxeMa
IHI3I1 y BuxXinHOMY cTaHI Hepeld HporpamMyBaHHIM 3ale’KHO BII XapakTe-
PUCTUKY BUXIJTHOTO ITiACHIIOBaYa MOXKE MaTd MaTpHIIO, 3alloBHeHy abo
noriuaumM 0, a6o moriyroto 1. TIporpaMyBanss MIKpOCXEMH, MATPHLIFO AKOi
V BUXIZHOMY CTaHi 3anoBHeHO (, MOJArae B nepernamnopaHHi TepeMHYoK Y
tux EI, ae mMarots 36epiratuca 1. Skuo MATPULIF0 Y BUXIJIHOMY CTaHi 3a-

IIOBHEHO 1, To nepenantoroTh nepeMutku B EIT, e Maroth 30epiratucs 0.

] ey
Ay~ DCX '”(":'“'
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Ay 31 :
A perly
A, — ‘ v [ [ T
Ay — R Y R e L
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26, oo,

Puc. 5.4. Ilo6yooea mixpocxemu ITIT3I
Y mo3HaueHHl MIKpocxeM OAHopa3oBo nporpaMosHux 11311 Bukopuc-

ToBYIOTb NiTepu PT, nanpukian BIC KP556PT16 (8 Kx8) (puc. 5.5).
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Mixpocxemu THI3IL,:.mo- BUIIyCKae

SZ‘j(l) PROM l%ﬁ BITYM3HAHA MPOMHUCIOBICTE (Tabm. 5.2),
—;%j% 532 t 3nebineme  BurotoBneHo 3a  T[TJIHI-
i ﬁg‘ ID)§ TEXHOJIOTIEI0, 1 Cepell HUX IEpeBakae ce-
l—-ﬁg B? pist K556. OyukijoHansHuit ck1an cepii Mi-
%’jg CTHTh MIKpOCXEMM €MHICTIO 1o 64 KOiT 31
%ﬁ? CIIOBHUKOBOKO 4- i 8-po3psimHO0 OpraHiza-
18 %12 i€k, 3 yacoM BHOIpKH 45-85 HC 1 piBHEM
cnioxkHBaHoi moTy)HOCTI Bix 0,6 mo 1 BT.
syk24 ‘
_ZQ_? s ovkl2- HeBemuky  wactuHy — MikpocxeM

ITIT3I1 BHKOHAHO 33 IHNIAMH TEXHONOTIA-

Puc. 5.5. 3T K556PTI6 - wyy: T (KS41), n-MJIH (K565), ECII

(K500, K1500), KMJIH (K1623). Mikpo-

cxemu cepti K1623 BUPIZHAIOTLCS HAWHU-

’KYHM PIBHEM €HEeprocloKUBaHHsA, ajle 3a LIBUAKORIEIO BOHU NOCTYIAIOTh-
cs MikpocxeMam cepii K556.

Ta6auys 5.2. Texniuni xapaktTepucrnkn BIC T3

Tun .\hprCXCMH EMHICTD, OIT £y, HC Py, MBT TTowarkorwuii cTaH
KPSS6PTI TUIM 70 850 | -
KP556PT2 M 80 950 -
KP556PT4 256x4 70 690 0
KP556PT5 512x8 80 1000 1
KP556PT6(PT7) 2 Kx8 80 900 0
KP556PT11 256x4 45 650 | 0
KP3356PT12(PT13) 1 Kx4 60 740 0
KP556PT14(PT15) 2 Kx4 60 740 | 0
KP556PT16 8 Kx8 85 1000 0
KP536PT17 512x8 50 900 1 o

| KPS56PT18 2Kx8 60 950 0
K541PT1 256x4 80 400 0
K541PT2 2 Kx8 100 770 0
K1608PT2 512<8 40 920 0
K1623PTI 2Kx8 200 - -
K155PE3 32x8 ) 70 550 0
K1500PT14(6 2564 20 670 | 1 N
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HJoa mikpocxem T3 yeix cepift, xpim KS00, K1500, KS65, xapakre-
PHI Taki BIACTUBOCTI, K €UHA HANPYra XKUBIEHH 5 B, HAABHICTh BXIgHUX i
Buxigaux TTJI-piBHiB Harpyru noriusoro 0 (0,4 B) i moriuroi 1 (2,4 B) |,
OTKe, HIOBHA CYMICHICTh MIiKDOCXEM, OJHOTHITHI BHX0M: a0 3 TphOMaA CTa-
Hamy, abo 3 BIIKPUTUM KolekTopoM. Mikpocxemu 3 Buxogamu TTJI moTpe-
OYIOTh JI0 HIX 30BHIIIHIX PE3UCTOPIB 1 JUKEPENA HAPY T KUBIECHH.

H3II, 6araTopa3oBo nmporpamoBHux 3 yiabtpadionerosum (YD)
CTHPAHHAM (penpdrpaMOBHi II3IT — PIT3II-Y® abo EPROM — Erasable
Programmed Read Only Memory). OcHOBHA BiIMiTHA pHCa MIiKPOCXEM
FIT3I1 nonsirae B ix 3gatHocTi A0 6araropasororo (Big 100 xo 10 tuc.) ne-
penporpaMyBaHHid CaMUM KOPHUCTyBadeM. LI BIacTHBICTH MIKpOCXeM 3a-
Oesnedye 3actocyBsanHs EIl 13 BNacTHBOCTAMHU «KEPOBAHUX TIEPEMHLOKY,
GyHKUIT AKUX BHKOHYIOTE TpaHzuctopu #-MOH 3 BUKOPUCTAHHAM MEXaHi-
3My TaBUHHOI 1HKeKIil 3apany (JII3MOH) 3 noABIfHAM 3aTBOPOM.

Takui#t EIl Ha sBnse codoro n-MOH TpaH3ucTOp, Y AKOTO B OHOPI -
HOMY AienekTpuky SiO, 1 3aTBopoM chOpMOBAHO i30JTEOBAHY POBIIHY
JUIAHKY 3 MeTaly abo DonikpUcTamiyHoro kpemuiio. Lleit 3aTrop ogepxan
Ha3By «1asydoroy (I13). ‘

VY pexxumi nporpaMyBaHHA Ha KepyBalbHHil 3aTBOp, IVKEPeNno i CTIK
OJal0Th IMIYITBC Halpyrd 21-25 B mo3utrsHOI TIOXAPHOCTI. Y 3BOPOTHO
3MIHIEHUX p-71 TIEPEX0IaX BHHUKAE MPOLIEC TABHHHOTO PO3MHOXEHHS HOCI-
iB 3apsgy i iHXekuis yacTHHM enekTpoHiB v [13. Y pesyabrari HarpoMa-
IokeHHs Ha 113 HeraTuBHOTO 3apsAmy NMepenaTHa XapakTePUCTUKA TPaH3uc-
'TOpa 3MIMAETHCS B 06IACTh BUCOKOI IPAHMUHOI HAMPYTH (TIPABOPYH), 11O
BiinoBigae 3armacy 0.

Hnst crupadus ingopmanii mepe; HOBHUM IIMKIOM npowrpaMyBaHHﬂ
CITiJI BUTICHUTHU HarpoMaKeHUH i 3aTBopoM 3apsii. CTupatoTs indopma-
IO ONMPOMIHEHHSAM MIKPOCXEMM YIbTPadiolcTOBHM CBITJIOM Mepes crieli-
anlbHE BIKHO Y BEpXHIl 4acTuHi Kopnycy. Y pesynLTaTi MOCUTIEHHA TEeMNo-
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BOTO PyXY 3a PaXyHOK OTpPHUMaHOi eHeprii Bin /uxepena Y@ BHIIPOMiHIO-
sanua exexrporu EIT poscMoktyioTses 3 113 y miakmagxy.

Le 3Mmimmye repeaTHy XapakTepHCTHKY TpaH3ucTopa B 00IacTh HHU-
3bKOI TPAHUIHOI HApyTH (JIiBijyq), 1110 BiamoBigae 3amucy 1 (puc. 5.6).

t

«1» «0»

/ l.fc[ - (;731

-3B -15B

Puc. 5.6. Ilepedamna xapaxmepucmura EIT

Crupanus MoxHa 3po6uTH, HE BATATal04N MIKPOCXEMY 3 KOHTAKTHO-
TO TIPUCTPOIO, ane Toldi Tpeba BUMKHYTU HAnpyru KUBJICHHA | CHIHAIN.
Turosi mxepena BUHPOMIHIOBEHHA - NYTOBI PTYTHI JaMIH 1 JTaMIH 3 I1a-
pamMM pTyTi B kBapuosmx Ganonax: J[PT-220, JIPT-375, O5-8, I6-60 Ta iu.
BunpoMiHIOBaHHA NPOHMKAE JO HalBIPOBIAHWKOBOro kpuctana PII3TT
yepes Npo30pe BIKHO B KpUri koprnycy. Yac crupannsg indopmartii craHo-
BuTH 30--60 xB. BizicTans Bix Koprrycy go 6anoxa namru mae Oyt 2,5 cM.

TeopeTnuanMy po3paxyHKaMu JOBEICHO MOXKIUBICTL 30epiraHas 3a-
pany coTHi pokis. Ha npaktuii ueif yac o0MexyloTb A8 OJJHUX THIB MIK-
POCXEM JCKIIBKOMA THUCHYaMU I'OMUH, JUlA [HIIWX - AEKIJIBKOMa POKaMH,
Hanpukiai, y KS73Pd6 rapantiiiuuii TepMin 30epexerns iHdopMaini 0e3
KMBJICHHS CTAHOBUTD 1T ATh POKIB.

Y nosHaueHHl MIKpocXeMm OararopasoBo TnporpamoBannx II13[1 3
ypTpadioNeTOBUM CTUPAHHAM BHUKOPUCTOBYHOTH niTepu PO, wanpukinaz,
BIC KP573Pd6 (8 Kx8) (puc 5.7). KpiMm pozrisHyTix Buuie susouis, BIC
1311 mictute BuBin OF (Qutput FEnable) — nossin euxoxy i PR
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Pozgin 5. [To6ydosa Modynie nam’ami MikponpoyecopHux cucmem

(Programming) — NOTTUHMIA . CUTHAN TIpoTpaMyBalnsa. Curran OF i€ Tak

caMmo, sK i curdan CS.

Ha | B
<143 D3 HZ
g“*A4 D4
45 D5 18
+—{46 D6 Ho
2147 D7
25 {48
24
51149
33—/410
"2—A11
1412
2(2) 2l sV28
E 11
26 5w OVe—
—Upzr

Puc. 5.7. BIC II311 K5736P D6

Cepen MikpocxeM cepii K573 BUAULAETHCS CKIAHIMOI CTPYKTYPORO
1 po3MIUpEeHUMH (PYHKINIOHATLHIME MOXJTUBOCTIMH Mikpocxema K573P03
emHicTio 4 Kx16 6it. [i BigMiTHa puca HojArae B ToMy, IO BOHA IPHCTO-
coBaHa 1y1a 6esnocepe b0l poOoTH 31 CTAaHAAPTHOIO MAriCTPaILTIO, MalOYH
BIATIOBIAHI BOYI0BaHI 3acobu iHTepdeiicy 3abesredeHHs pexumMy oOMiHy 3
Hero. KpiM uporo, Mikpocxema Mae BOyIoBaAuil IiporpaMyBanbHui aapec-
HUI NIPUCTPIH, 10 AO3BOIE Ges TOAATKOBOTO YCTATKYBAHHA MOEIHYBATH 0
BOoChMU MikpocxeM y Omok TT3[T 3 ix miakaroueHHsM o MaricTpati. 3asHa-
YeHI MOXJIMBOCTL MIKDOCXEMH JI03BOIIAIOTh KOMITIEKTYRATH il 3 MIKPOCXe-
Mamu O3I1 K1809PV1, I13IT K1809PE1, K1801PE1, 3 axumu BOHA LINKOM
CyMiCHa 3a PO3BEICHHAM 1 BXIAHUMU CATHANIAMM Y PEXHUMAX 3UNTYBAHHA T4
30epirannd, U CTBOPEHHS YHiBepcabHMx Mogynir 311 Ha ocHOBI cTaHaap-
THOI MaricTpaiti.

Pexwvmu poboru Mikpocxem PITIT-Y®: 36epiranss, 3uUdTyBaHHs, 3a0HC
(mporpamMyBaHHA) — 3a0e311e4YIOTHCS CHTHAIAMM KePyBaHHA, HABEICHUMU B
Tabn. 5.4.

Tabnuysa 5.4. Pesxumu mikpocxem PII3IT-Y®

Xapaxtepuctuxu MikpocxeM PIT3I1-Y® naseaeHo B tabun. 5.3.

Tabauys 5.3, Texuiuni xapakrepuctuxu PI3IL-Yd
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Mil(p—l:é;cMH €vuicTs, 6iT | &y, Mk | Poy, MBT | Usginn, B 1?3"" ['g" lor, XB
K573Pd1 1 Kx8 045 1100 15, -12 26 300 30xs
K573P®2 2 Kx8 0,45 580 5 25 100 30xB
K573P®3 4 Kx16 0,45 450 5 18 40 30xB
K573P®4 8 Kx8 0,5 700 5,12 25 800 20xs
K573P®5 2 Kx8 0,45 580 5 25 100 30xB
K573P®6 8 Kx8 0,3 870 5 19 400 30x8
K573P®7 32 Kx8 0,3 600 5 25 - -
K573P®9 128 Kx8 0,35 550 5 25 - -

- Pexum poGorn
: Tapamer-
Tan Mikpocxemu p 3armc  KonTpoms | .
pu 3uUnTYBaHHY | 30CPIraHHs
¢cloBa | 3amucy
1 2 3 4 5 6
K573Pd1 CS.B 12 — - ()
1 Kx8 PR B 26* - 0 x
100 nuknis e 300 - 0.45-107% -
K573P®2 (PM5) S pisens H* L L H
2 Kx8 OF. piscis H L L X
100 ukin (PM2)| V. B 25 25 5 5
25 wwknis (P5) | M 210 0,35:10" -
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Po3gain 5. lTo6ydoea modyrnie nam’ami MikponpoyecopHux cucmeM

Ilpooosacenris ma6a. 5.4

1 2 3 - 4 5 6
CS, piBeHs .
. L* L* L H
K573 CE,' piBeHL H L L H
P03 OE, pizens H H L H
4 Kx16 __ I H H T
10 muxiB PR,pirens 13 18 5 s
U, B o
10 10 0,45-10 -
b Mc
K573Pd4 CS, pincn L - L H
8 Kx3 PR, piBeH:n L - H x
25 T Up. B 25 - 5 5
s e 100 - 0,5-10° ~
. ) @ piBeHb L L L H
I\573Pd)6 OE, pisens H L* L x
8 Kx8 PR, pinenn L* H H x
10* rurxis Upe, 19 19 3 5
 ae 50 - 0,310 -

* Brutee y hopMI IMITYIIbCY TPHBATICTIO T.

** Yac BubOpy agpecH.

Peanizyroun kepysanus, Tpeba MaTy Ha yBasi, o 06’ eIHaHI afpecHi
i iH(opMalliifHI BUBOAN MPALFOIOTE Y MYJIBTHITIEKCHOMY PEXUMI: CrroYar-
Ky, Ko CS= 0 1 BHYTPILIHI{ KOJ MIKPOCXeMH 36iracThCs 3 NPUHHATUM
Ay3-A)5, BITOYBA€TbCA 3aITMC Y BXIIHUN pericTp Koay aapecu A;-A4),, NOTiM
BUBOIM TICPEXOJIATH Y PEKUM TIpuiiManss ganux Dly--Dl,s mis 3amicy abo
B PEXXHMM BUBOAY 3UMTaHWX AaHuxX /)0y-DO;s y marictpais. [Tix vac npo-
rpamMyBaHHs curHan CE Ha eTani NpuitMaHHS ajpeck Mae 3HadenHs 0, 1o-
TIM y mpoLeci NpyiiMaHHs AaHUX HaOyBac 3HAYEHH 1.

Y pexuMi 34MTYyBaHHA MiciaA Qikcanii aapecH Ha BXiIHOMY perict-
pi BUXOIM MEPEXOAATE y TpeTiit cTal, a 3uMTaHa 3 MaTpuili iHGopmauis
PO3MILIAETLCA Y BHYTPIIUHBOMY BUXIAHOMY pericTpi. Ha Buxomgax sona
3’ BISETHCA M 4aC CUTHANY A03BONYy OF .

Hepmonixu mikpocxem PIT3II-Y®: Mana KiIbKiCTh [UKITIB TIEPENPOr-
pamyBanss (Bix 10 1o 100), mo 3yMoBjieHo WIBUIAKMM CTapiHHAM JieIeKT-
p¥Ka 017 BIVIMBOM Y@ BuNpoMiHIOBaHHS, moTpeba BUITY4eHHs 3 anapaTypu
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IUIs cTUpaHHA iH(opMallii, 3HAYHHUIT Jac CTHPaHHS, HoTpeba B CIELialbHO-
MY YCTaTKyBaHHI A4 CTHPAaHHA, BACOKA YYTIHBICTH.JI0 BHUCBITICHHA Ta
MOXJIUBICTb BUIAAKOBOrO CTMPaHHA iHGopMauii. PazoM 3 THM y MIkpo-
CXeM Wi€i IPymu € i iCTOTHI T¢peBaru: MOPIBHAHO BUCOKA WIBHAKOIA, Be-
JHKa PO3MaiTICTh BapiaHTIB BUKOHAHHA 0RO iH(GOpMAITiHOI €EMHOCTI, He-
BUCOKA BapTicTh 1 goctyrmicTs. Lli Bracrusocti MikpocxeM PII3II-Y® 3y-
MOBJIIOIOTD iX LIUPOKE 3aCTOCYBaHHA B po3poOKax.

BaraTopasoBo nporpamoBHi 3 exexrpudauM cTHpanHsM I3
(PTI3TI-EC abo EEPROM — Electrical Erasable Programmed Read Only
Memory) npuryckaroTh THCAHI OWKJTIB IPOTpPaMyBaHHs.

EnmemedT mam’sti 31 crpykryporo MHOH (Mmetan A/ — HITpUA KpeM-
uito Si;N; — oxcupx kpemsito SiQ, - HanmiBOpoBigHuk Si) sBnse coboro
MOH-Tpan3ucTOp 3 1HAYKOBAHUM KaHAJIOM p-TUlly abo n-Tumly, 100 Mac
ABOMIAPOBUI AIENCKTPUK MiJ 3aTBOpoM. BepxHiit wap GopMytoTh 3 HITPU-
Ay KPEMHIlO, HVWKHIH — 3 OKCHY KPEMHIl0, IPUYOMY HWKHIH 1Iap 3HATHO
TOHIIMI 32 BepXHil. Skuro o0 3aTBOPY BiAHOCHO INAKNIAAKY NPHKIACTH
IMITYJILC HANpPyIrd MO3UTHBHOI MONApHOCTI 3 ammmiTy Ao 30—40 B, To nix
HI€I0 CHIIBHOTO EJEKTPUYHOrO 110JI1 MiJK 3aTBOPOM 1 [IJKIAAKOI0 €NEKTPO-
BH 3100YBalOTh JIOCTATHLO eHeprii, o0 MpoNTH TOHKMH MieNeKTPpUIHEA
map A0 Mexi po3aily BoX Aicliektpuxi. BepxHiif map (HiTpumy kpem-
HIK) MA€ 3HAYHY TOBINWHY, TOMY €ICKTPOHN MOJONATH HOTO HE MOXKYTh.

Harpomajpkenuii Ha Mexi po3finy ABOX JIENEKTPUHHHUX IIapiB 3apsi
CIICKTPOHIB 3HIKYE TPAHWYHY HANPYTY 1 3MILLYC NEPEiaTHy XapaKTepucTH-
Ky Tpausuctopa Biio. Lleii cran EIT Bignosinac yoriuniit 1. Jloriunomy 0O
BiAmOBiAa€e cTaH Tpansucropa Ge3 3apamy enekrponis y menektpuky. 1lo6
3a0e3neuuTy 1eil CTaH, Ha 3aTBOP NOAANTh IMIYILC HANpPYTH HEraTMBHOL
HONFPHOCTI 3 amruriTy oo 30-40 B. TIpu iboMy eNeKTpOHU BUTICHAIOTHCA B
nigKnagky. SIKuio 3apsgy eIeKTPOHIB ML 3aTBOPOM HEmac, TO ficpeAarHa
XapaKTepUCTHKA 3MIlLAcThcsl B 00JACTh BUCOKMX TPAHUUHUX HANPYT (AHB.
puc. 5.6).
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PexuMy cTUpaHHA 1 IporpaMyBaHHA ‘MOXXHa JOCATTH 33 HOIIOMO-
FOK HANIPYTH OXHIECT MOAAPHOCTL: HeratHBHOI 1 p-MHOH, no3utus-
Hoi 1nia n-MHOH ctpykTyp. 11 MOXIMBICTD OCHOBaHA HAa BHUKOpHC-
TaHHI SBMINA JAaBMHHO] 1HXEKUii eJeKTPOHIB i 3aTBOp, MO BigOyBa-
€TbCA, AKILO [0 JUKEepesa i CTOKY MPUKIACTH IMITyJIbC HETATHBHOI Ha-
npyru 30-40 B, a 3aTBop 1 miAKnanKy 3’ €AHATH 3 KOpUycoM. Y pe3yiib-
TaTl ENEKTPHUIHOTO NPoGOI0 MEepexodiB dxcepeno — niokradka i cmix -
nidkaaoka BIIGYBACTBCS JTABUHHE PO3MHOXEHHS EJIEKTPOHIR 1 IHAKEKIISA
AEAKAX 3 HUX, AKI MAIOTh AOCTATHIO KIHETHUHY CHEPTil0 («rapayvxy
€JIEKTPOHIB), Ha TPAHHUIO MIXK INapaMu AieqekTpukis. J[Ia cTupaHds
Tpeba noJaTy iMIyJIbC HEraTUBHOI HANPYTH Ha 3aTBOP. Y pekUMI 3ul-
TYBaHHs Ha 3aTBOD MOJAOTHL HATPYTY U, 3HAYEHHA AKOI JIEXHTH MiX
ABOMa rpaHuYHUMH piBHAMHU. Skuio B EII 3ammcano 1, To TpaH3uctop
BIAKPUETBCA, AKIO 0 — 3aNUIIMTECA B 3aKPUTOMY CTaHi. [MincunroBay
3YMTYBAHHA TpaHCc(OpPMye CTaH LIMHYU B piBeHb Hanpyru 1 abo 0 na Bu-
X0J1 MIKPOCXEMH.

[Tpunuun nobyxosu 1 pesxuM pobotu PII3IM-EC posrnsHeMo Ha npu-
Knazl mikpocxemu KP1601PP3 emuictio 2 K<8 3 EIT na p-MHOH TpaH3u-
CTopax.

CrpyktypHa cxeMa (puc. 5.8) MICTUTB yCi eleMeHTH, NOTPIOHI ans
po6otu Mikpocxemu Ak [131T: MaTpuiro 3 eneMeHTaMu Ham’ aTi, gewndpa-
TOPY KOJY afnpecy PAAKIB I CTORMILB, CeNeKTOp (KitoUi BUOOPY CTOBINLIB),
IIBB. Kpim Toro, y cTpykTypi nepeadaueHo (hyHKUIOHaIbLHI BY3IH, 10 3a-
Oe3neuyroTh i po6OTy B pexumaXx CTUpPAHHS i TIporpaMyBaHHs (3anucy iH-
dopmarii) — ne xoMyraTopu pexxumis i GopMyBadi iMNyJIECIE HATIPYT Bijl-
NOBIHOI aMILTITY M 1 TPUBAIOCTI 13 Hanpyru nporpamyBaHis Upg. [lopis-
HAHO 3 MikpocxeMamu [I3TIM i TITI3IT cucteMy kepyBalbHUX CUIHAJIB 10-
TIOBHEHO CUIHATAMM NPOrpamyBaHus PR i crupanus IR, Harpomagkysau
3 MAaTPUYHON OpraHizariero Mictuth 128 psiakis i 128 cToBnuiB, Ha nepe-
THHAHHAX AKHX posMilieHo 16 384 enementis nam’sti. KepytoTh Harpoma-
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JIKyBayeM ChOMa CTApUIIMMH PO3PANAMH aJpecHOTo KOAY, AKHMH ICIA fe-
mudpyBaHHs BuOUpac psiok 3-128 enementamn nam’ati. CHrHaim, 34MTa-
Hi 3 eleMeHTIB 06paHoro pAjKa, HaJXOAATH HA BXOJH CENEKTOpPa, IPU3HA-
YeHHS AKOTO TI0Jisirae y BHOOp! 3 128-po3paaHoro xolly Ha BX0JaX BOCHMH
PO3psiB, IO AaNi HaaxoaaTh Yepe3 [IBB Ha BMX0au MIKDOCXEMH.

Marpmia Pges
410-—_r.g"“g<.g 1| .5—1"'51;
i LN R om0 3 B Y 1 W
==
& — — 7] b1
25:e§'~’§(§'128| ﬁgug‘ ;
4
1o {1
: HoIIBB 8 8
; Cenexrop 1B ==
1 V0000,
PR Ilpacrpin Jicrmgparop PR
£X :q KopyBuH;. AJPCCU CTOBTALE
.7
LI 11
1 DopMyBad
#APECH CTOBIIIY
Yep I T 173
Ay Ay A Ay

Puc. 5.8. Cmpyxmypuna cxema mixpocxemu PII3V-1(

CeNekTopoM KepyroTh HOTHPH MONOJLIL PO3pAAM aJpecHOro Koay,
Akl nicns aemvdpyBands 3a0e3nedyloTs BUGIPKY OAHOTO 8-po3psaaHoro
croea 3 16, 10 MicTaThes B oOpaHoMy paaky. TTpuctpidt xepyBanHs 1T
BITMBOM CHIHAIIB Ha Horo BX0JaX 3abesredye podoTy MIKpOCXeMU B OJi-
HOMY 3 TAKUX PEXKMMIB. 30epiraHHd, 3UUTYBAHHA, CTUPaHHS, 3anucy (npo-
rpamyBaHus). KepyBanbHi cHIHAnM MarTh Take NpusHadeHHs: (S BHOIP
MiKpocxeMu;, PR~ 103BIN pexnMy 3amucy (nporpamysanss); {/py; — Hanpy-
ra MporpamMyBanHs; RD— CUrHal 3uUMTyBaHHs, ER— CHIHAl CTUPaHHS iH-
dopmaunii. Bxoin curHalis iHBepCHI, TOMY 3Ha4€HHs J03BOJIY UMX CUTHA-
miB — 0. Bararo Mixpocxem rpynu EC gorryckatoTh BHOIpKoBe CTUPAHHSA 32
azmpecoro. YMOBW peanizauii HazBaHWX pexumiB jus mikpocxem PII3IT
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Poapain 5. lMo6ydoea modynie nam’smi MikponpoyecopHux cucmem

rpymu EC HapeseHo B Tabn. 5.5. PosrngHeMo 1 YMOBH JJIA MIKPOCXeMMU
KP1601PP3.

VY pekuMi 3aranbHOTO CTHPaHHA Ha KepYBaJIBHI BXOJH MOJAI0TH CUr-
Haly, 100 BIJNOBLAAIOTE Tabn. 5.5, 30kpeMa HAampyry mnporpaMyBaHHA
Upr = -36 B. Tlpouec cTUpaHHs NOYHHACTHCS 3 MOMEHTY 1104l iMITyJICY
ER, TpuBallicTh sxoro mae 6ytu Big 100 no 200 mc. ITicns cTupanss Bei
EIl martpuii nepexofsTbh y cTad, mo Bianosigae noriyHomy 0. V upomy
PeXHMi CUTHAIM Ha apECHUX Ta iHPOpMAIINHUX BHBOJAX MOKYTh MaTH

JOBINBHI 3HAYECHHA.

Tabnuya 3. 3. Pexumu MilcpocxéM PU3IT-EC

Tun mixpocxemn | IMapamerpu —— Pexanm poboru
: i Crupanns | 3anwc cnosa | 3usmysanna | 36epiranss |
KP558PP2 CS. pisers H H L H
2Kx8 OF, pisent L H L X
n-MHOH U B 18* 18* 5 5
10* iukais ¢ Me 10° 10 0,35:107%* -~
KPss5gpp3 | CS.pisens L L L H
) OF, piscHs H L* L X
8 K8 ER, pipens L H H x
»-MHOH Upn. B 18 24 0 x
100mscain | gve 2.10* sh 0.3510°
= L L L H
KP1601PP3 %iﬂf‘f{‘; H H L x
2 Kx8 PR, piser, L L* H x
p-MHOH ER, piBenn 0* H H x
10* iuxis Up, B -36 -36 ~12 x
b me 200 20 0,410
KM1609PP1 TS piscrs L I L H
2 K8 OF. B 12 5 0 x
JI3MOH U, B 21* 21* 5 5
10* nuin 4 Mc 12 12 03107
K573PP2 TS, pisers L L L H
2Kx8 OF, B 12 12 0 x
JI3MOH Uy, B 22+ 22% 5 5
10* imxais ¢ me 50 50 | 03s510° -

* Braug y opati IMAVALCY MPUGAIICINIO T.
** Yac gubopy adpecu.

*k Yge ympusmanus cuznaiy ubopy MiKpocxemu odo cueHaty doszeoity OL.
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Mixpocxema KP1601PP3 pomyckae mopsaxoBe cTupaHus. Llel pe-
XHM BiIpi3HAECTHCA BiJl PO3MNAHYTOT0 3HAYEHHAM CHTHATYy PR= 0, HasBHi-
CTIO Ha BCiX iHGopMaLifHNX BUBOJAX CUTHATIB 3 piBHeM 1, a Ha anpecHHx
BXO0JaX — CUFHAJIB aapecu pAAKa A;—Ajg, 3a aKkor Tpeda crepTH iHdopMa-
uito 3 ycix 128 EIT. Yac BuGipKoBOro cTUpaHHs Takui caMuii, AK 1 3aranb-
HOTO.

VY pexxuMi 3anucy (MporpaMyBaHHA) Ha BMBOJM MIKPOCXEMH MOJAOTh
3amucyBaHull 6aiiT, KON afpecH, CATHAMM KepyBaHHA 3a Tabix. 5.5 1 notiM
iMITyJIbC cMTHATY TiporpaMyBanHs PR = 0 Ha yac 20 Mc. Jlis nporpaMyBas-
HA B aBTOMAaTHYHOMY peXuMi BCiei MIKpOCXeMH 3 KUIBKICTIO afipec 2 048
notpibHo 41 c.

V pexumi 3uuTyBaHHs Ha BuBiA Upgy KOMYTYHOTH HAIPYIy JKHBJICHHA Mi-
Hyc 12 B ans 3HWKeHHs CTI0XXUBAHOI IIOTYXKHOCTI, TIOAX0Th KO aJiPecH 1 CHTHA-
JTM KepyBaHHs 3rigro 3 Tabm. 5.5, mpiuoMy (GopMa CHTHally 3UHTYBaHHs RD Mae
oyTH iMnynscHOO. Yepes 0,4 Mic Ha iHGOPMALIIHIX BHX0/aX 3 ABJIETECS CIIO-
BO, 10 3YUTYETHCA.

PexxuM 30epiranns 3a6e3nedyroTh curaanoM CS= 1, akuii 3a60poHse
3BEPTAHHA JI0 MIKPOCXEMH HE3IEeKHO Bil 3HAUEHb CHIHAIIB HAa IHIMNX
Bxonax. Moxumsuii pyruit BapianT 3abe3nedcHHS pexxuMmy 30epiranms,
AKIIO BUKOPHCTOBYIOThH IMITYNIbCHE KUBNEHHA Hanpyroto Mikwyc 12 B. Ta-
KUt peskxuM A03BONAE IMEHUIYBATH CNOXWBAHY TIOTYKHICTL. Konu B 1mayszax
MDK 3BEPTAHHAMH JI0 MIKPOCXSMH BHMHKAIOTh Hanpyry >KHBIIEHHA, BOHA
Nepexo/inTh y pexum 30epiranai. Kepysatu NMepekmoOYeHEAMY KUBIECHHA
JIOLIJIBHO CHIHANOM CS.

VY nporeci excruryaramii mikpocxem PIT3IT cimip 3abesneuuty Bifmo-
BIAHUA TIOPAJOK YMHMKAHHSA | BUMHKAHHS HANpPYyr JKUBIEHHA | Nporpamy-
BAaHHA. HiJ Yac YMMKaHHA CHodaTky nojawots 5 B, noriM minyc 12 B i
OCTaHHBOW) HanpyTy NporpaMyBaHHsA, Ml Yac BHMHKAHHA MOCTIZOBHICTH
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MIHAETBECSA HA 330pOTHY. MOXKHA BCI TPH HAIIPYI'W BMUKATH | BUMHUKATH O]
HOYACHO.

VY no3HayeHHI MIKpOCXeM LBOTO THIY 3 MapalcibHAM YBEICHHAM 1
BUBEIEHHAM iH(opMalii. BUKOPUCTOBYIOTE Jitepu PP, manpuwiag BIC
K558PP3 (puc. 5.9). Interpansna cxema I1311 Mae BXij cUTHaNTY KepyBaHHS
cTipadHaM ER (Erase).
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Puc. 5.9. BIC I13I1 K558PP3

Xapakrepuctuku MikpocxeM PIT3IT-EC HaitnonyspHimx cepiil Ha-
BeleHo B Tabm. 5.6.

Tabauys 5.6. Mikpocxemu PII3IT

Tun Mikpocxemn | EMHICTS, GIT | £, MKC gg_’r Usasn B | Unp, B | typ, ¢ | ta.c
KP558PP1 256x8 5,00 307 5.-12 -30 1 0,005
KP558PP2 2 Kx8 0,35 480 5 18 20 1
KP558PP3 8 Kx8 0,40 400 5 24 40 20
KP1601PP1 1 Kx4 1,80 625 5;-12 -32 20 0,2
KP1601PP3 2 Kx8 1,60 850 5,12 -36 40 0.2
KMI1609PP1 2Kx8 0,35 525 5 21 24 0,012
K1609PP2 8 Kx8 0,30 525 5 22 - -
K1611PP} 8 Kx8 0,30 850 5 22 -
K573PP2 2 Kx8 0,35 620 5 22 100 0,05
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Mikpocxemu PIT3T 3 EIl wa pMHOH Tpamsucropax KP558 Pe-
KP1601PP1, KP1601PP3 (1abn. 5.6) MaroTh NOPIBHAHO HU3BKY LIBHIK-BHI-
BHCOKY Hampyry nporpamysanmst (30-40 B) i notpeGyroth 1BoX kepe*CHUX
JICHHS. )pMa-

IITo6 nomimmmTy Xapakrepuctukn PII3L], mmpoko 3actocoplallb-
TexHouoriro BurotosiieHns EIT Ha n-MHOH Ttpansucropax. Taki EIT
IITORAHI AHAOTTUHO PO3FIAHYTUM, ale MaloTh MPOBIAHICTE 11i}11<né,£[1(310T5
Ty, a JUKepeno i crik #-Tumy. Mikpocxemn 3 EIT va ~-MHOH TpaftoTiM
Topax KP558PP2, KP558PP3, K1611PPl mMarots yTpoe Ginpiny misryBaH-
miro, 3HMKeRy J0 22 B Ranpyry nporpaMyBaHis i mpawioroTs Bix op 048
JUKepeIa JKUBJIEHHS.

Tleperara Mikpocxem PIT3II rpynu EC y MokIIHBOCTI Hieperporpid Mi-
BaHHA 6€3 BITYUCHHS 1X 13 IPUCTPORO, JIe BOHU TipaworoTh. [1e onna rUTHa-
TUBHA BIIACTUBICTH MIiKPOCXEM 1Lici IPYIH — 3HAYHA KUTBKICTb (KB 1) Ma€
NporpaMyBaHHs, 1o focsrae JI1s 6iasmiocti MmikpocxeM 10 thc. Lls ix# cio-
CTUBICTE V CITOJIYICHHI 3 €HEPIETHIHOI HE3ATCKHICTIO JIO3BONSE THH
BUKOPHUCTOBYBATH MIKPOCXEMH B amlapaTypi sk BOymosani TI3IT 3i 3mpoHsE
BaHoto indopmanicio. ['apanTiiiauii TepMin 30epiranna iHpopMai i3 BHIOAX
HEHIM JKUBJICHHAM CTAHOBUTH BIJ TPhOX TUCSY TOOUH 1O T ATH [aHHL,
(KMI609PP1). 3. Ta-

GOuem-uam’urhb (Ilash-rram’stb). Mixpocxemu /lash-riam’ i pay3ax
e pozpodua (pipma /nfel 1988 poky. Ilam’sTe HOBOro THITy enepro BoHa
JIEKHA, 3 CTIEKTPUYHUM CTUPAHHAM | NEPENPOrpamMy BaH HiIM. TCHHSA

EneMentu nmam’ s1i MixkpocxeM# [Jash-nam’aTi noOyI0BaHo Ha 0
My MOH tpausuctopi 3 T13, BUKOHAHUM 3a 0COONIWBOIO, 3AlIATEHTOBA1ANO-
Intel rexnonoricto, vazsanow F£10X (KPROM Thin Oxide). Hamenppamy-
HMKOBA CTPYKTYPa HbOFO TpaniucTopa noaiéna uo crpyxrypu EIT EP2 B i
3 TEpenporpaMyBaHHAM Ta CTHPAHHAM I(H(oOpMali yibTpadioneTeHICTh

OTTPOMIHEHHAM. BiH MICTUTL DIAKNANKy p-TUIY, Ha AKiit chopMoBaHe
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Posain 5. lTo6ydosa modynie nam’ami MikponpoyecopHux cucmem

JMacTi A-CTOKY 1 BUTOKY. Haax IpoMidXKOM MiX HUME PO3MILIEHO KepyBallb-
Hult 3aTBOP (K3), Bigautenwit Bix migknagkw mapoMm okcugy SiO,. B
OCTaHHLOMY C(OPMOBAHO 00J1aCTh 3 TIONIKPEMHIIO, AKa BUKOHYE QyHKLIT
APYroro — IiaByyoro 3aTBopa. Y miff o6nacTi Mo)ke HarpoMaKyBaTHCA
3apA1 E€NEKTPOHIB, €NEKTPHUHE I0Je AKOT0 3MIae MOpIT BLIKPHBaHHA
TpaH3UucTOpa. Y pe3yibTarti, meo'Hanpyra Ha K3 HoMminaneHa 1 B 113 He-
Mac 3apsaAy, TO TPAH3KCTOp BIAKPUTHIA, a 33 HAABHOCTI 3apsAAy — 3aKpUTHiL.
11i #Ba cTaHy 1 BUKOPUCTOBYIOTE 71 3a11aM’ ATOBYBAHHA « 1» Ta «0».

3aBsKY BUKOPUCTaHHIO TexHosnorii £70X topumay mapy SiO; Mix
I13 1 miaxnagkow0 TPaH3MCTOPa BAAIOCH 3MEHIUWTH MOpiBHAHO 3 FPROM
6inbu Hik yTpudi (70 100 A). YHachinok mp0ro Hampyra, BUKOPUCTOBYBA-
Ha 14 3anicy indopmarni, 3HusMNacs 10 12 B Ta 3°gBuiacs MOXKIHBICTE
€NEeKTPHIHOr0 CTUpaHHd, TOOTO BuaaneHHs 3apany 3 113, 3a paxyHok TyHe-
TBHOI'O e)eKTy Mpu Harpys3i Mk ¢TokoM i K3, mo mopisaroe 12 B. LIi oco-
O6nuBocCTI 103BONTMIIN 3a6e3neuuTy nepesanuc iHpopmauii y ckrani MIIC i
y 6arato pasis 301TBINUTH KUTBKICTh MEPE3ariciB,

Jins opranizamii HarpomMajpkyBada iHdopmai B Mikpocxemax llash-
nam’sT1 EIT posMileHo y BUrIAMl OpAMOKYTHOI MAaTpuLy. Y KOXHIM psKy
K3 tpansucropiB 00 e¢nHaHi i yTBOPIOOTH HIMHM BUOOpY CHOBA, CTOKH B
KOKHOMY CTOBTIII Takox 00’ €HaHl i yTBOPIOIOTE MIMHK BUOOPY poO3paIy
(biTa), a 06’exHAHI JuKepeila — LMHH, Wo M AKII0YAoTh 10 [MACKHIIOBA4IB
BIIITBOPEHHSL.

Taka cxema 3’€/lHaHp HArpOMamXKyBaya AYHKE KPUTHYHA IO BUKOHAH-
HA cTUpanHs. Pra y ToMy, mo nig gac crupanns 3 113 Moxke 6yti Butydeno
6inpIIe eNneKTPoHIB, HOK 6yI0 3a0e311eUeHo HHKEKIIEO I Yac TIPorpaMy-
BaHHA. Y pesynbTati B [13 3’ABUTHCA NO3NTHBHUIA 3apsi, TPAaH3UCTOP CTaHe
NPOBITHAM He3sallexkHo Bill Hampyrd Ha K3 1 BigOyaeTbcst IIYHTYBaHHS
Bcboro croenud Ell y matpuii. [ToeepHYTH Taky MIKpocXeMy B Tipariesjia-
THHI cTaH yxe Ee BaacThes. o6 yHUKHYTH 1boro He6akaHoro sBUIIA,
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daxisiu /nfel po3poOUIH pAJl 33X0IB, IO BITUBAOTE Ha CTPYKTYpY ¥ op-
ramizaiito poboTu mikpocxeM Flash-niaM’aTi. JIo HUX HAEKATS!

- 3aCTOCYBAHHN CHEIALHMX AIrOPUTMIB 3aIMCY T4 CTH-
paHHsA 3 KOHTPOJIEM CTaHy i 3aBEPHICHHAM [POHECY 3a PE3yIbTaTaMM
KOHTDOJIO, : '

— nonepeiHe NporpaMyBaHHS B allTOPUTMI CTHPAHHSA, KOIH
nepen crupandsm yoi EIT MaTpulll BCTAHOBIIOFOTECA B cTaH 0

- BKJIFOYEHHS JO CKIaly MIKpOCXeMH perictpa, sKuil 36epi-
rae igeHTUdikatopy GipMU BUIOTORIIOBAYA i THITy MIKPOCXEMH, IO
J03BOJIAE 3aXUCTHTH CIEMEHT BIJI TOMIIIOK BUOODY alropurMy;

BOYIOBYBaHHS B MIKPOCXEMH KiJl, L0 peajli3yoTh anropu-
TMH CTHpaHHA i 3armcy. Ile cupolye 30BHIMIHE KEPYBaHHSA | 3aXMINAE
BIJl TTOMHJIOK TTLI 9AC TIepesalncy.

MoXHA BUIINWTH TPU TPy T MiKpocxeM flash-niam’ sti:

MIKPOCXEMH [EPIIOr0 MOKOJNIHHA, BHKOHAHI y BHTJIAAIL
eqamHoro Macumy (6i0ky) aGo iHakme — IMO IUIKOM CTUPAIOTLCH
(BUILK-ERASE). Jlo uiei rpynu Hajgexarb Mikpocxemu 28F256,
281512, 28F0'10, 28F020;

- MIKPOCXEMM 3 MOALIOM MAacHBY Ham’ Tt Ha OJIOKM PI3HOTO
pO3MIpY 1 3 PI3HUMY PIBHAMH 3aXUCTY BiJl BULIAIKOBOIO CTHPAHHA T4 3a-
ficy, abo MIKPOCXEMH 31 CTHpPaHHSM GIOKIB pisHOro posmipy (BOO0T-
BLOCK). Jlo mux mnanexars 28F001BX-1°B, 28/002BX-T'B(L),
281200BX-1"B(].), 2BFO04BX-TB(L), 281"400BX-1TB(L),

- MIKPOCXEMH TPETHOTO IIOKOJUHHS 3 HAHOUIBIKEM pO3MIPOM
MaCHRY, PO3AIICHOTNO HAa ONOKM OJHAKOBOro 00CATY 3 HE3ATEHHAM
crupanysm (I LASH-I'ILE): 28F008SA(1.), 28101654, 28'0325A.

Mikpocxemu BULK-1:RASE MoKHA BAKOPUCTATH 3aMICTh TPAALITHUX
cxem EPROM. Tx ocHoBHA nepesara — MOKIHUBICTb €NEKTPATHOTO CTUPAHHS,

ane 30epexkeHHs CHEPreTUYHOl He3alekHOCTL SIKIIO 1M Yac BUKOPUCTAHHS
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seiMaitroro 11311 nponec Moaudikaryi «3amMIEX» Y HHOMY JaHHX I10Tpe6ye
TPUBAJIOL TIPOLIEAY P CTHUPAHHS, I 9OT0 MIKPOCXEMY CJIJ BHTAITH 3 INIATH i
TIIaTH YIbTPa(hioIeTOBOMY ONPOMIHEHHEO, TO Flash-nam’iTh MOXHA Tepe-
IpOrpaMyBaTy INJ KepyBaHHAM Tpouecopa camoi cucTeMu. ITopiBHSHO 3
EEPROM, mo Mae ycknanseHy ctpyktypy EII, a orxe, it obMexeHHA Ha
WUILHICTE {X PO3MIIEHHA Ha KpUcTauli, Flash-nam’sth, AKa BUKOPUCTOBYE
OJIUH TPaH3KCTOp Ha 0uH EIl, 6e3cyMHIBHO, BUrpac 100 LILHOCTI i cO-
GiBapTOCTI.

Mikpocxemu rpyrmu BOOT-BLOCK 3acTocoBywTh 171 30epiraHH:
BIOS y mepcoHalbHEX KOMITtoTepaX. BoHM 103B0NSAI0TE 00°€1Hati BIOS,
AKUR Terep MOXKHA OOHOBUTY O€3MOCepPeAHBO 3 UCKETH. (JCoGNUBICTDL
Flash-nam’sTi B TOMY, MO ii 3MiCT He MOJKHA CTEPTH, He TOAABLIN HA CTieIli-
allbHUI BX1] MIKPOCXEMH HAMpyTy HporpaMyBauus mwnoc 12 B. 1le'i go3s0-
1s€ 30€perTu BKIUBY IH(OPMALIIO BiJ BUIIAAKOBOTO a00 HECAHKIiIOHOBA-
HOTO cTHpans. MOXUIMBICTE €NEKTPUYHOTO TepernporpaMmyBanua Flash-
Iam’ ATi ICTOTHO MOJIETILY € poLec MOAEPHizarllii Mikpocxem BIOS.

Mikpocxemu rpynu FLASH-FILE BAKOPUCTOBYIOTH AMs 36Gepirabms
JaHHUX BEUKOro o0csary B Tak 3BaHNX [lash-Kaprax — albTepHaTUBi xopc-
TKAM MAarHiTHAUM auckaM. OCKUIbKA 00CArM BHPOOHULTBA MiKpOCXEM
Flash-naM’4Ti HE3MIHHO 3pOCTAOTh, OMIKYETHCS, IO B HEAATEKOMY Maii-
O6yTHROMY Flash-naM’sTh 3aMiHHTh JKOPCTKI MarHiTHI JUCKH B 6ararhox
cepax 3acTocyBaHHsA, HANPUKIAL ¥ CHCTEMAaX, AKi MPALIOIOTh B YMOBAX
CWIbHUX MEXaHIYHUX BIUIMBIB, Y AKHX JKOPCTKI MCKA HE 3aCTOCOBYIOTH
ab0 BOHU WIBHKO BUXOITH 3 Jamy. 3a Yacom joctymny Flash-nam’srs y
125-250 pasiB «uBHaIIe» XOPCTKOrO ANCKA, OAHAK TIOCTYMACTHCH ITOKH
Homy mozno indopMainitnoro o6cary. Y Ilash-kapt, ki BUIYCKAlOTh Te-
Tiep, BiH He nepeBuinye 40 Moaiit.

KinpKicTh HUKIIB CTUpaHHA/3ammcy MikpocxeM Flash-nam’saTi — He
menme 100 000. s HoBiTHIX MikpocxeM 28F 01654 i 2803254 Bukopmc-
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TOBYIOTH TEXHOJIOTIIO ¥ alropuTMM CTUpaHHA/3aIlicy, Mo J03BONSOTE 10~
TIMIIHUTH IO XapaKTEPUCTUKY Ha TTOPANOK.

MisimMansHuii gyac umranns Oaiita/croBa He nepesunye 100 He 1 6i-
NBIIMI y MiKpocXeMax, AKi PaliForTh npy Hanpysi 3,3 B.

Hac zamucy (6aiit/clnoBe) CTAHOBUTH IPUONU3HO 9 MKC, Ya¢ CTUPAHHA
6noxy (64 kGaiit) — onu3eko | ¢. Y Mipy BUpOOICHHS pecypcy B LIUKIIax
CTUPAHH/3aMICY 3MIHIOETBCS CTPYKTYpa OKcuay Mix I3 1 HamiBIpOBIA-
HUKOM. Y pe3ynbTaTi 30inbIIyETHCA KiTbKICTh IUKIIB, NOTPiOHa s CTH-
paHHg/3amucy 1HPOPMALIT, TOMY. BUTPATH YaCy Ha IIi ollepaili MOXyTh 3po-
CTH B KiibKa pa3iB. [HhopMaLiitHa eMHICTh MIKpOCXeM — Bil| 256 k6iT 1o 32
Moir.

Haripyra sxuBneHHs MikpocxeM Flash-nam’sti — 5 B 2 10 %, crupan-
Ho 1 nmporpamyBaHis — 12 B + 5 %. BunyckaroTh takox MIKpOCXeMd, 10
mpaiitoroTh npu Hanpysi 3,3+0,3 B (B ymoBHiii nosHawm € aitepa L). Jna
HUX XapakrepHa OUIbIIA TPUBATICTE HMKITY uMTauHs Oaiita. Mikpocxemu
2801654 1 28103254 MoxyTh mpaltoBaTu Ak npu 5, Tak 1 nipu 3,3 B (po-
GOYY HANpyr'y BCTAHOBIFOIOTH 3a PIBHEM HANPYTH Ha BIATIOBIAHOMY BHBOJI
MIKPOCXEMM).

CHO:KUBAHHI CTPYM ICTOTHO 3aNEKHTHh Bill PCikuMy podOTH MIKpO-
cxeMH. SIKimo 3BepTaHs HeMae, TO BOHA 3HAXOAWTHCA B PEXKHUML “eKaHHA
(Standby). ()cHOBHY HaCTHHY BHYTPIINHIX KT Yy UbOMY pasl BUMKHYTO, |
CNOXKUMBaNUil CTPyM 3HAYHO MEHIIMHA, HUK B akTugHoMY pexkumi. ITig uac
CTUPAHHs | 3arucy CrOXHBAaHUA CIPYM 3pocCTac (TMOPIBHAHO 3 AKTHBHWM
peXUMOM) TepeBaKHO B Kol 13 JpkepesioM munoc 12 B. Jns elieMeHTIB Mik-
pOCXeM, #Ki CFUPAIOTLCA  BPO3JPIO, ICHYE PEKBM  MIKPOCIIOKUBAHHA
(Powerdown), y AKOMY CTPYM, CIIOKUBAHUH BLI Dkepelt Haupyr S 1 12 B, ne
MEPEeBUILYE HACTKU MIKpOaMIIepa.

Bispmicts BIC Flush-11aM’aT1 XapakTepu3yioThea TOCHIIORAUM YBe-

NeHHAM i BUBEIeHHSM Janux no wei F°C (Inter Integrated Circuit Bus).

285



MikponpoyecopHa mexHixa

ITixa cknafacThest BChOTO 3 ABOX jBoHanpsMieHux muiit. SCL (Serial
Clock) i SDA (Serial Data) 3 BIAKPUTIME KOJIEKTOPAMH, JI0 SKAX MOKHA ITijI-
Kkmouaty 10 128 mpuctpois, y BapianTi 3 10-po3psiaHoro agpecor — a0 1 024,
JIiHil HaBaHTAKEHO PE3NCTOPAMH, 3’€IHAHUMU 3 JDKEPEIOM KHBJIeHHS. Ho-
MIHATH PE3UCTOPIR 1 HAMPYTY KUBICHHS crielmdikanis He BeTanosmoe. Tpe-
6a e, mo6 CTPYM KOPOTKOTO 3aMUKAHHA KOXKHOI 3 JIHIN Ha 3aranbHUi
NPOBiJ He NepeBUINyBas 3 MA, a €MHICTh 3 YpaxyBaHHAM IIKIIOYCHUX a0o-
HeHTIB — 400 nd.

Oxun i3 UpHUCTpOIB CIyrye BeayduMm (master), 1HIII — BEAEHUMM
(slave). Tlepmuii rerepye cuaxpoiMnyiben SCL i Kepye BCiM 0OMIHOM 110
WHHI. BeleHi TUTbKM y BIAMOBiAL HA 3alUTH BeAyHOro NPHIMAIOTH Bi
HBOTO a00 NepeaoTh KoMy JAaHi.

Tunoy crpykrypay cxemy BIC Flash-maM’ 1Tl 3 TOCTIIOBHMM VBe-
JEHHAM-BUBENIEHHAM iH(opMaii mo musi /°C 306paxkeno Ha puc. 5.10, a
cXeMy 3’ eIaHHs Kiapkox BIC — ua puc. 5.11.

A0 A1 A2 wp .
I%] EJ [E ? I vl I'enmepatop
) Marpuus
Jlorika Jlorika Hemugparop eneMeHTiB
KepyBaHHd [~ | KepyBaHHA PIAKIB naM’ ATl
BBEJCHHAM- naM’ FTTH0 EEPROM
BUBEACHHANM —
SDA SCL 3axucT Bi; 3AITHCY
Jemmdparop
KOJOHOK
IHixcumoBay
YUTARHA/3A1HCY

Puc. 5.10. Cmpyxmypna cxema BIC Flash-nam ’smi 3 nocitiooenum

yeedennam-eusedennam ingopmayii no wuni FC
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Beayyuii 1 .[_
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Puc. 5.11. Cxema 3'conann Mikpocxest nay "smi 3 minismu wiuny I°C

3arankHe YABICHHS NPO HOPANOK lepeayl iHdopMatii JaroTs Yacosi
Jiarpamm, fiokasaHi Ha puc. 5.12. BuxinHuii cTan wvaY — H-piBHi Ha niHI-
ax SDA i SCL. 1106 nouyaT ceaHc 0OMIHY JaHUMH, BeXy1IHil, HE 3MIHIOIO-
un cray Jinii SC/, ycranormoe L-piBeHb Ha MiHI SDA, a 10TIM — Takui
camuit piseus Ba ainti SCL (komanna CTAPT).

CTAPT . Ccran

/ Teperaga indopmargi \
o alal ' < =

Ul aws
\

N X Nl

T, 1> oo 41'\‘;L]Z‘;‘72‘L

P ala ala »

Puc. 5.12. Iopaoox nepedadi ingpopmayii wiunu FC: T T, Toyey - pisens SDA

oossoaeno minamu; 1>, Toy - pisenv SDA mae 6ymu cmaoiavuuy
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Mikponpouyecopra mexHika

Pospain 5. [To6ydosa modynie nam’sami MiKponpouecoprux cucmem

INepeaaua ingopmamii ditea. Jns L-pienis SCL, miaTpuMyBaHOTO Be-
Iy4duM, nepelaBad yCTaHOBMIOE Ha JNiHii SDA piBeHs, 10 BiANOBIaE 3Ha-
yeHHIO Iiepenanoro oita (1 — H-pisens, 0 — L-piBenn). TloTiM Bemyumit
ycraHoBmoe Ha ninil SCL H-piBeHs, a micii 3aKIHYCHH: Jacy, BiABEICHOIO
mpuiMaYy A7 TpUiiHATTa iHGopMarii, 3H0BY 3MiHIOE ¥oro L. L1 npoue-
Aypa HOBTOPHOETHCA I KOXKHOTO IepefaHoro Oita. Beayuuil 3aBepiye
ceanc xomangor0 CTOIT — 3MiHow L-piBHa HA TiHIi SDA BUCOKHM 3a TaKO-
ro camoro piBHA Ha nixii SCL.

V Beix cutyaniax, kpiM nogaui komang CTAPT i CTOLI, He gonycxa-
€ThCA 3MiHA piBHs Ha iHii SDA 3a Bucokoro pisas SCL. He Bapto i oaHO-
YacHO 3MIHIOBATH CTAH LJIX JIHIM — YacoBHit 3CyB Ma€ CTAHOBWUTU HE MEHILI
0,3 (0,1) Mmxc.

Hacrora mortopenHs iMnynscis SCL — ne 6inpime 100 (400) xI'y, Tpu-
BaJICTh IMIYJIbCY abo maysu — ue Mere 4,7 (1,2) Mke. Yacosi jliarpaM, 30-
Opaxeni Ha puc. 5.13, nokasyiors, sk BiadypacThcs Nepeada Oalira. [i ne-
pexye xomaupa CTAPT abo posrmsuyTvit nami OIT MaTBEepIKCHHSA IPH-
MMaHHg ronepefHLoro OaliTa.

se| M\ 2\ B\ A [\ &\ [\ [B\|/°

™ ’LDW Ls)(a )Lzﬂ( BﬂX 12X afa)
‘ Birinpyvadl (omen 21dopwerepeaen)
Hrisppvadl (onenIAdepsenpinve)

Puc. 5.13. Yacosi diazpamu nepedavi imgpopyayii
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Ilepmum tepenaroTh cTaplinil po3paa 6aifta, OCTAHHIM — MOJIO/IIINIA,
ficns Joro NpUCTPIH, o NpuitagB OaiiT, mATBEpmMKYE Uell dakT, yerado-
BUBIIM Ha MiHIl SDA Au3bKuil piBEeHb | MIATPUMYIOUM HOTo 710 3aKiHYEHHS
reHepauii Bexyaum Ha niHii SCL meB’sToro iMmyiscy Bucoxoro pisai. ITi-
CJIA MATBEPIDKECHHA NpUIIMaHHA YeproBoro OaiiTa MouWHAETHCS Nepeada
HacTynHoro abo nogactscsa komanga CTOLL

Cim crapimmx 6itis 6aiita, 060B’A3K0BO Nepejiani BEAy UM CIIJIOM 3a
xoManaow CTAPT, seiatore co60r0 afpecy BeAeHOro, 3 AKHM BiH Mae Ha-
MIp YCTaHOBWTH 3B 130K, AKII0 cepel MAKIFOYEHHX A0 HHUHU € CTIpaBHUH
NPUCTPIfi 3 TAKOIO AXPECOFO, BIH Mac MiATBEPAMTH NPUHAMaHHS i NiAroTyBa-
TUCA M0 TMOJANBIIMX AiN. Ycl iHII BeIeHi, He BI3HABLUN CBOEI afipecH,
BIIKITIOUAROTRCH 10 HacTynHoi komauau CTAPT.

Momoamnmit BockMuii OIT Nepuroro GaifTa - 03HaKa HanpAMKY Tiepeayl.
Skwo #ioro 3HaueHHs — noriuHmii O (L-piBeHs), iHhopMalis B LbOMY CEAHCI
Oyae 3anucyBaTMCs/epeaaBaTiucs B BEAyYOro 70 BEJICHOIO, IHAKIIE Nep-
it Mae HaMip YATATH AaHi, nepefadi BegeruM. [Ipotiec nepeiadi BCiX Ha-
CTYMHUX OAATIB AaHANTOTIYHMI OTIMCAHOMY BHINE, IX KUTHKICTD 33 CEaHe He 00-
MEXeHO, OJTHAK 3MIHKM HANPIAMKY Nepeiati A0 3aBepluecHHs CEancy He Nepei-
OaueHo,

JloriyauMmu piBHSMH, TojanuMu Ha BXoxm A0 -42 (amB. puc. 5.10) ,
3a3BUYail 33Jal0Th TPU MOJNOILIL PO3PAMM ajpecu REICHOI MIKPOCXEMH
wign °C. Craputi SOTHPH PO3PAAN aXPECH MIKPOCXCMH 1AM’ ATI 3aBXIU
MICTATh JABiliKOBY KoMOinario 1010

Bxig WP (Write Protect) npusHadeHo AI8 KEpyBAaHHA 3aXUCTOM 3ailM-
CaHUX Yy MIKpPOCXeMY JaHuX. SKIo Tmeif BUBIX 3aluMMIEHO BUILHWM abo
3’€IHAHO 13 3araUIbHUM TPOBOJIOM, TO MOXHA 3MIHIOBATH BMICT Oy Ih-AKHX
KOMIpOK. 3a BUCOKOIO IIOTIYHOrO piBHA BECh MacHB abo HOro 4acTHHY 3a-

XHUIIEHO BT CTHPanHs | 3armcy. OCTaHHIM YacoM BHITYCKalOTE MIKpocXe-
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MikponpouyecopHa mextika

MH, ¥ AKUX IlepeabadeHo MUISHKYA MaM’ ATi, 3allUC Y IKUX MOXKHA 3a00Ky-
BaTH i iHMIMH crtocobamMy, HaIPUKIIAT KOMAHIaMH BEIyHO0ro.

JlorrynuM piBHeM Ha BXoZi MODE (3a #oro HasBHOCTI) MepeKIFOYa-
IOTh PEXUMH 3aITUCY AaHUX. SIKII0 100 3aIMIIEHO BUTBHUM abo 3’ €IHAHO i3
3aralbHUM IIPOBOJOM, TO JAi€ MyJIbTHOAUTHWMIT peXkuM, IHaKIIE — CTOPIHKO-
BUHA. MikpocxeMy, 110 HE MaroTh Ha3BAHOTO BXOJHY, ]'IpaI.IIOIC'Tb TIIBKH Y
CTOPIHKOBOMY PEKHMI 3aITHCY.

KinbKicTh MikpocxeMm mam’sTi 3 mimismu muhu °C y cXeMi, 30-
Opaxenift Ha puc. 5.11, moxe 6yTH BiX OgHi€i A0 BOCBMH, NPUIOMY
koMmOiHauii JOTIYHUX DIBHIB Ha UMX Bxojaax A0--A42 marore GyTH pi3-
HuMu Ui koxHoi BIC. 3a3Buyait y pomi Begydoro BUCTyNae MiKpo-
koHTponep abo cneuianizoranuit mpuctpiit. Kmwouamu K1 i K2 cayry-
IOTh TPAaH3UCTOPU BUXITHUX KacKaJiB ABOHANpaMieHOTO mopTy. Kox-
Ha 3 miHil muEE °C 3aliMae BCHOTO OMMH po3psd Takoro nopry. In-
axiie O Hel NOBOAMTHCA BUTPAyaTH 110 OJIHOMY PO3pAAy 3BHMYAHHX
OTHOHANPAMICHUX TOPTIB BREACHHA-BUBEACHHA, JOMOBHIOIOUM X
KitoyaM¥ Ha OIMONApHUX a00 MONBOBUX TPAH3UCTOPAX YW JIOTIYHUMU
€JIEeMEHTAaMM 3 BIAKPUTHM KONEKTOPOM (CTOKOM).

[TapameTpn Mikpocxem nam'sti 3 iHrepheiicom FC, sxi sunyc-
katorh Gipmu Atmel, Fairchild, Philips, Seiko, ST, naseaeHo B Tad
5.7. Yci Bonm — 11311 6aratopazoBoro penporpaMmyBaHHA 3 €TEKTPAY-
HHM CTHPaHHAM I 3amucoM AaHuxX. Hanpyra kuBReHHA MIKpOCXEM -
Bin 1,8—4,5 (3anexHo Bijg TUMY | 6YKBEHOTO iHACKCY B MMO3HAYCHHI) KO
5,5 B. HaifgacTime 31 3MEHIIEHHIM HANPYTH KUBICHHA 3HIWKYHOTbCA
CMOXHMBAHMKM CTpyM 1 mBHAKOMAIS. HaBaHTaxyBalbHA 34aTHICTE BHXO-
ny SDA — 3—-5 MA, BXigHWii CTPYM |1 EMHICTE OYIb-AKOT0 BXOJ1y HE fie-
peBHINYIOTH BifjnoBiaHo 1 MKA 1 4-8 n.
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Tabnuun 5.7, TIapamerph Mikpocxem nam’aTi 3 intepdeiicom Pc

CHO#HBABEA CTPYMY

fé & E - § - BOPMAT 4xPECH BEACHOIV i E o ?; J— &
- . £21 o= = E 5 E g = &
Lu dlEcl §5|2¢8¢ EEn Ed g2
BIC 2 |abi k2|E8¢s pilps |\ osimim| mlo & ag i § COOKOK, | aATanAs, | sanucy, | G E
EIEE I TE g R BE FE | owe | owA | w3
e & Bm
1 2 3 4 5 6 7 8 g 011 |12 13 14 13 16 17 18
A724C01 ] 3 + 1 1 0 1 0 x X x 100 1,8-5.5 3-18 1 3 10
4724014 1 8 + 8 1 0 1 0 | 42 1 41 | 40 ] 100 1,8-5.5 3-18 1 3 10
AT24C21 1 8 + 1 i 0 ) 0 x X x | 160 25-5,5 4-30 1 3 i
M24C01 1 16 | b 1 0 1 0 | 421 4] 140 40 23555 0,1-1 0,8-2 0,8-2 5-10
S-24001D 1 8 + 1 | 0 1 0 X 3 X 10 2,5-55 1 03-0,8 1 03-08 10
4T24C02 2 ] i 8 1 0 1 0 |42 | 41 | 40 § 100 1,8-5,5 3-18 1 3 10
47240024 2 8 +* 8 1 0 ] 0 14214 A0 [ 100 L8535 3-18 1 3 10
AT34C02 2 16 + 8 { Q 1 0 |42 | A1 | 40| 100 1,855 3-18 1 3 10
M2ac020 2 i6 1 2 | 0 1 0 42 141 14061 40 2,5-55 0,1-1 0,8-2 0,8-2 5-10
ANM24002T7 2 16 - 8 1 0 1 0 | A2 1 41 | 40 40 2,755 50 1 ! 15
NM24C03 U 2 16 +* 8 1 0 1 0 42 | 41 | 40 40 2,755 50 1 i 15
PCFS522E 2 4 + 8 1 0 1 0 |42 141140 10 2,7-5,5 2 1-2 1-2 10-25
PCF8382E 2 8 - ] 1 0 1 0 | A2 | 411 40| 40 4.5-6 10 072 2 7
S-24C028 2 38 +* 1 1 0 1 0 | X | x X 1G 255 1 03-0,8 { 03-08 10
ST14C02C 2 8 - i 1 0 1 0 0 0 0 10 3-53 100 2 2 10
AT24004 4 16 + 4 1 0 1 0 1 42| 41 | B8 | 100 1,855 3-18 1 3 10
AT24C044 4 1G S 4 1 0 1 0 142 |41 | BS ] 100 1,855 3-18 1 3 10
S2AC04B T 6 ] oF T 11101110 <« B8] 10 | 1855 011 | 082 | 682 | 10
AT24C08 8 16 - 2 1 0 1 0 |42 1 B9 ! B8 | 100 1,855 3-18 1 3 10
AT24C084 8 16 + 2 1 a 1 0 | 42| B9 | B8 | 100 1,855 3-18 1 3 10
M24008 ] 16 + 2 1 Q 1 0 {42 BS | B8 40 2,555 0,1-1 0,8-2 0,8-2 5-10




ipooosycenna mabn. 5.7

1 2 3 4 5 6 7418 9 9 |11 12 13 14 15 16 17 i3
AT24C16 16 | 16 +* 1 1 0 1 0 | B10 | BS | B8 | 100 1,8-55 3-18 1 3 10
AT24C164 16 | 16 + 8 1 142141 |40 B10 | B9 | B3 | 100 18-53 3--18 1 3 10
M24C16 16 {16 + 1 1 0 1 0 | 42 | B9 | B8 | 40 25-55 0,1-1 0821 082 5--10
ST24C16 16 | 16 1 1 0 1 0 | B10O | B9 | B8 | 40 4,5-5,5 | 100-300 2 2 10
ST24E16 16 | 16 + g 1 0 1 0 | 42 | A1 ] 40 | 40 4,555 1 100-300 2 2 10
ST24W16 16 | 16 + 1 1 0 1 0 | 810 {85188 40 4,5-5,5 | 100-300 2 2 10
ST25C16 16 | 16 - 1 ) 0 i 0 | BI0 | B2 | B8 | 40 4,555 5-50 1 1 10
ST23E16 16 | 16 s 1 1 0 1 a A2 1 A1 | 401 40 45-55 5-50 [ 1 10
ST25W16 16 |16 + 1 1 0 1 0 | B10 | BY | B8 | 40 4,5-55 5-50 L 1 10
AT24C32 32 132 [ 8 1 0 1 0 A2 | A1 | 40 | 100 1,8-5,5 0,1-2 1 3 10
AT24C64 64 ] 32 1 %+ 8 1 0 1 0 | 42 141 1 A0 | 40 18-55 0,1-2 1 3 10
NM24C65 64 |32 +* 8 1 0 I 0 | A2 [ A1 140 40 2,7-55 1-10 I 1 15
AT24CS128 128 | 64 + 4 1 0 1 0 0 | A1 | AC | 40 18-55 0,25 2 3 10
M14128 128 | 64 + 1 1 0 1 0 0 0 0 40 25-55 2-20 1 2 10
AT24C8256 256 | 64 + 4 1 0 1 0 0 Al | 40 | 40 1,855 02-5 2 3 10
M14256 256 | 64 + 1 1 0 1 0 [ 0 Q 40 2555 2-20 1 2 5
AT24C512 512 {128 + 4 1 0 1 0 0 A4l 140 . 40 18-55 02-5 2 3 10
AT24CS128C | 512 (128 - 1 1 0 1 0 0 0 0 40 2,755 0,6-8 2 3 10

* 3aKUCT Mac JHIIe CTAPHIA (0I0BAHA MACHBY [IaM ATi.

** 3axiIcT MaE AT CTAPITA TREPTH MACHBY IaM’ATL.

Ipumimxa. MakcaMannia yacrora SCL gopiBHioe:
100 «I'n ang Mikpocxem 4 724C21, PCF8522F, PCF85822F, ST14C02C, ST24C16, ST24W16, ST25C16, ST25W,
1000 xI'n mia MikpocxeM A 724CS128, A724CS256, AT24C512, AT24C5125C;
400 «T'11 13 PELITH MIKPOCKEM, HABCACHIX ¥ Taduuul.

KinbKicTs OHKIE nepesanucy:
10° - wm mikpocxem PCF85822E, AT24CS128, M 14128, AT24CS256, M14258, AT24C512, AT24C51
5-10° - ana MikpocxeM PCF85882F,
10° — ;1 pemTh Mikpocxem.



Po3ain 5. [To6ydosa modynis nam’ami MiKpONPOUECOPHUX cucmeM

KOHTpOfbHi 3anuTaHHsA

. Y yoMy nmpusHaueHHA 115117

HW N =

NEPpEMHUIKAMH Ta 13 3aMUKAHHAM nepemullox?

W

6. Ha axux eneMentax BukoHyroTs PTT3IT?

7. ToscHiTe npuniwn podotu EIT PIT31T.

. SIx opranizorani cxemu 11311 1 va axux EI ix BukoHy10TH?
. Sx mosxna 3a;aBati 0 1 1 y Marpuanux IT311?
. 'V 4OMy pO3XOJUKEHH TexHonorii BuroTosnenss ITII3I1 3 nnaBkuMu

. Sk mporpamytotecsa ogHOpazoBo nporpamorHi 113117

5.3. Mobynosa MoAyniB NOCTiNHMUX 3anam’ ATOBYBasflbHUX

nPUCTPOIB

Posrnsivemo noOynosy Moxymst 1I3IT MIIC Ha ocHoBi 8-po3psaHux
npouecopiB. Cxemy (puc. 5.14) moayns T13T1 Mae y ToMy pasi, koJin po3ps-
OHICTH LIMHU JAHUX MPOLEcopa 30ITacTbes 3 PO3PANHICTIO LUWHKH AAHUX
T1311, a iadopmariiina emuicts 1311 noctaThs mis 30epiranHa 1HbopMaii.

A

540
a1
7 1‘12
6 .1‘4.3
5
il
3

44
A5
46
A7
48 25 148

MOV AR RO ©

10
AT 23
12 2 Pl

MFEMR 20
13 -
14 & 22 OF
15 26

EPROM

e 1 DO

) HE—)

BH—2

Da J

> [ D6

Do 1o —%
 §

5-428

o4

Puc. 5.14. Modyas IT3IT exmicnimo 8 Kx8

293



MixponpoyecopHa mexHika

3agauy’ vapowyysanns eémnocmi T1311 po3riisgarOTh y THX BUIMAAKAX,
KOJIH MOTPiIOHA €MHICTh MOMYIA TiaM’ ATl TIEpeBUILy€e €MHICTh oxHiei BIC
1311

Hpuxnan 5.1. BusHauutu 1ndopMailiifny €MHICTh, TIOYaTKOBY Ta Ki-
HIeBy aapecu Moy naM’ st MIIC 8-pospsanoro MI1. Moayns ckiana-
eTbeA 3 opnici BIC K573PD6, axy 3°€¢iHaHO 13 CHCTEMHOI MIHHOK 3T1IHO 3
puc. 5.14.

Ockinsku BIC Mae 13 agpecHux Bxopis i 8 BUXOMiB AaHMX, ii iHdop-
MariitHa emmicTh 27— 8 = 8 Kx8. ' .

Jlns BU3HAYeHHs [0YATKOBOI Ta KIHIIEBOI ajpec MOJYJIA IaM’ ATi 3a-
3HAYMMO, 1o 3uuTyBaHHA iHbopmami 3 [13I1 6yxe BinOyBarncs 3a ogHoUa-
cHoi i curnaiie CS=0 i OF =0, Ipu IboMy OyJIe 3IMTAHO BMIiCT KOMIPKH
3 aJ[pecoro, NoIaHow Ha BXoau 412-40. Curran CS =0 TOAi, KO BUKOHY-
etbest uk1 mHE 3YUTYBAHHS TTAM SITI (To6T0 MEMR =0). Curdan
OE =0 y miana3oHi ajgpec 3 OJMHUYHUME 3HA9EHHAMH po3pamB A13, 414,
A1S. Otxke, 1OYATKOBY Ta KiHIIERY aApecd MOIYJIA MaM’ ATi BU3HAYAKOTH Ta-
KM UHHOM:

1110 0000 0000 0000 , = 0EO00H — novarkosa,
1111 1111 1111 1111 ,=0FFFFH - xinreRra.

Hpuaxaan 5.2. Po3poburn cxemy Mogyns I1311 3 indopmarnitHoro em-
HicTio 32 Kx8 Ta nouarkosor axapecoio 8 0004 Ha ocHori BIC K573PD6.
Mogyns II3I1 3°€anaTu i3 cucteMHor0 MUHOIO 8-po3psaaHoro MIL Bubipky
oxpemux BIC 3xificHUTH 32 JOITOMOTOR Jenndparopa.

st 3a6e3neduenns iHpopmaniiaoi emHocTi 32 Kx8 cxema Momyns
I3IT mae mictutu yotupu BIC T13IT emuictio 8 Kx8 koxHa (puc. 5.15).
Ockinbkl MOAYIE TTaM’ aTi MicTith yoTHpH BIC TI3I1, juts BUGipKH KOKHOT
3 HUX notpiben nemudpartop DC i3 yoTupMa BUXomamu a, b, ¢, d. 11106
no4darkosa aapeca Moxynsa I13I1 nopisaroBana 8 000H, Tpeba 3abezneuntu
BUOIPKY J@HUX 13 MOXYJS NPH OJMHUYHOMY 3HAUCHHI afpecHOro Po3pamy
A15 (8 000H = 1000 0000 0000 0000,). A1 HYIHOBOTO 3HAYECHHS PO3PATY
A15 BubipKa He BUKOHYETBCSA, TOMY 3HAYEHHs BUXITHUX CUTHAIB Jeimub-
paropa MaroTh OYyTH ONHHUYHUMU. ¢ = b = ¢ = d = 1. 3HaueHHA po3paay
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Al5 maxxommThs Ha BXiJ JlozBoay netmmdparopa £. TTix yac mojganHs HA
Bx1x £ HynboBoro spauenna A15, He oGupaersesa xoana 3 BIC T13I1. Jna
agpecanii 9otupsox BIC T3 ripu dikcoBanoMy 3HaUEHHI CTApLIOTO aapec-
HOFo po3pany 415 norpibHO BUKOPUCTOBYBATH TE ABA ajApecHi po3psaan. Jlns
IHOT0 BUKOPUCTOBYIOTH po3pianu A14 1a 413, sxi HagxomATh Ha apecHi
Bxoxau neumdparopa A1 ta 40. ¥V tabnuui BianmosiaHOCT (1B, Tabn. 5.1) misg
nenmdparopa DC, 1o BIAMOBIZAE TAKUM YMOBaM, HaReIEHO 3HAYCHHS BHXi-
JTHUX CHTHANB a, b, ¢, d, AKi HATXOAATH Ha BXou CS yoTnpbox BIC ans Bu-
oipku BignosigHoi BIC, mouwmiaroun 3 agpecu 8 000H. CumpBomoM x y
Tabn. 5.8 mo3HaueHo Oy 1b-A1ke 3HaYEHHA BXiAHoro curHany: 0 ado 1.

Momnommni 13 po3psiis muHA aapecd (AB) monaroTbes Ha aXpecHi
pxomu A12-40 scix BIC TI3I1 napanensHo ampecyioTs KOMIPKY BCEPEAHHI
onniei BIC, a nga crapini pospsay 414 ta A13 obupatots onry 3 BIC TI311
Buxoau BIC D017 3’epnani i3 wyuHoro aanux (DAB) MITC. Takum uuHOM
HAPOIYETHCH EMHICTD.

A15A414 413 412-40 A12-40 16 412-40 A412-40 4B

Vi
V4

CS OF A12-40 CS OF A12-40 €S OF A12-40 CS OF A12-40

ROM (8 Kx8) ROM (8 Kx8) ROM (8 Kx8) ROM (S K x8)
D7-D0 D7) D710 D7-10
8
o y / L o
D7-00 D7-D0 s D-D0 DB

Puc. 5.15. Mooyaw II3IT eamicmio 32 Kx8
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MixponpoyecopHa mexHixa

Tabruys 5.8. Buxonu nemmdparopa

A5 [ 414 [A13 | a b c d
0 | x | x | 1 1 1 1
1 0 ] o] o 1 1 1
1 0 1 1 | 1 0 1 1
1 1 | 0| 1 1 0 1
1 1 1| 1 1 1 0

Posrmsmemo o6y noBy Mozys nocTiituoi nam’saTi jnst MIIC nHa Gasi 16-
PO3pAAHUX MPOLIECOPIB, AKI MOXYTh OnepyBaTH sk 3 8-, Tak i 3 16-po3-
ps/iHUMH  KOMipkamMu mam’aTi. JIns Bukopuctanns 8-pospammmx BIC y
MOIYNAX IaMm ATi 16-po3pARHIX MPOLECOpIR, HANPHKIAZ, 3 iH(opMariiiHo0
emMHicTIO 1Mx8, mocTiliHy nam’ATh BUKOHYIOTh YV BHIIIII ABOX OaHKIE 10O
512 xbaiit koxuuit. OguH i3 OaHKIB 3’ € IHYETHCA 3 MOTOAMIOID TIOJOBHHOIO
IIMHA JaHUX, TOGTO 20 po3psmiB D7-D0, | HA3UBAECTHCH MOTOOUUM, ﬁpymﬁ
— J0 crapmoi MMOJIOBMHM MMHU AaHux (po3pamu D15-D8) 1 HazusaeThcs
cmapwiuv. Momonamuit 6asK MicTUTE GaiiTi 3 napHuMu aapecamu (40 = 0),
crapiuit — 3 HenapuuMu (40 = 1). JIna agpecauii Gaiita Bcepeauni OaHKy
BUKOPDUCTOBYIOTE aapecHi pospsiau  A19-41. 3uurypauns 3 TI3]]
OpraHi30BaHO TAaKWM YMHOM, IO Tpu 3BepHeHH] a0 I131 Ha mumHY AaHUX
MIT zaBxay HagxonATh ABa OaliTh, TOOTO IUMTYETHCA BMICT 000X OaHKIB
OIHOYaCHO. Y pasi IoTpebu mporecop Moke 00MpaTH OMH HaJeKHMH GalT 3
mBox. CrcTeMy naM’ ATi, BUKOHAHY Y BUIJIAAI JBOX OaHKIB, TIOKA3aHO HA PHC.
5.16. Koxnuit 3 6aHKiB BUKOHAHO 32 CTPYKTYPHOIO cXemoro moayns 11311
JUIA 8-po3pAHUX NPOLECOPIR, POITIAHY TUX BHUIIIE.
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Al13-41 - . A13-41

Ai ’ AB7
MEMR

v
-

St

TS OF A12-40 TS A412-40
ROM ROM
Moo mmuii Crapmuii
OaHk (71318
D7-D0 . D7-D0
16
G VA A 4 4 _
) D7-DO - DI5-D8 DB

Puc. 5.16. Modyaw 11311 y 16-pospsounx MIIC

Y MIIC 3 32-po3psaaHoro MuHOK AaHux moayab 11311 BukoHyernes y
BUTTAl YOTUPBOX OaHKIiB. [HGOpMAL 3YMTYETHCA OAHOUACHO 3 YCIX YO-
THPBOX GaHkiB, micig yoro MIT obupac oxno-, aBo- abo yoTupubaiitoBe
CITOBO 3aN€XHO BiJ BUKOHYRAHO! KOMaH M.

KoHTponbHi 3anutaHHs
1. Jlns goro npusHadeHuii I1311?
2. Hasegnits npuxnazn HaporrysauHs emHocTi IT31T yasiui?
3. TloAcHITH NOHATTS OaHKy nam’ aTi,
4. Hasenits npukiaan no6yaosu Moayns I3[y 16-pospsaaniii MIIC Ha
6a3i 8-po3paanux BIC I3[
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MikpanpoyecopHa mexHixa

5.4. OnepaTuBHi 3anam’aToBYBarnkHi NPUCTPOI
cTaTu4HOro TMny

OneparyBHI 3amaM’sTOBYBAIBHI MPUCTPOI BUKOPHCTOBYHOTHCH LA
30epiranns indopMmari, oxepxysaHoi B nmpoueci pobotu MIIC. Bouu mo-
KyTh OyTH K cmamuunumy, Tak 1 ounavivdumy. Y cratugaux O31T 3amm-
caHa iHpopMalisa MOCTIHHO 36epIracThes y BUOINCHOMY Ui Hel MicLi 1 He
pyiHyeThCs mif yac i 3uMTYBaHHA. PydiHyBanHa iHGopManil MoxIuse
TUTBKM ITiJ Yac ii IPUMYCOBOTO CTHPAHHs ab0 BUMKHEHHS HANpPYTH Jkepe-
na xusneHas. Y nuHaMiyHux O3I1 indopMaliis 0ocTIHO LUPKYIIOE B Ma-
cuBi, BiABeJeHOMY 1ni 1i 36epiranns. [Ipu ubomy 39uTyBaHHs iH(bopMarii
CYTIPOBOJUKY€ThCA ii pyiiHyBanmsim. st 36epiranss iHgopmanii ii Tpe6a
Hepe3anncaT 3aHOBO.

Jns no3HayeHHS Ha MPUHIMINOBMX elekTpuuHMx cxemax BIC O311
BUKOPUCTOBYIOTE CKOpouenHst RAM (random access memory).

Cratnuani O3IL. Enementom nam’sti O3 cTatuuHOTO THIy € TpH-
rep. Jns 30epiranus ingopmanii B Tpurepi TOTPiGHE IKEPETO KUBIECHHA,
TOOTO TpUrep PO3IIAHYTOrO TUITY CHEPreTUYHO 3aNe)KHMIA. 3a HAABHOCTI
JKHBJICHHA TpUIep 3aaTHUil 30epiraT¥l CBilf CTaH AK 3aBroigHo aoBro. B
OJIMH i3 IBOX CTaHIB, y AKMX MOike MepebyBaTu TpHrep, HOTo MPHUBOAATH
CUTHAIH, 10 HAIXOATh N0 NIHIAX HNIHHHA AaHUX Y PeXHUMI 3arucy.

Pospisuatore O3I1 3 00nopo3ps0noio Ta 6azamopo3psonoio opraui-
3alli€r0.

Jnsa O3I1 3 opHOpO3pARHOIO OpraHizanicro iHopMaliitHa €MHICTb
JopisHroe 2% 1 01T, e m — xinbkicTs agpecuux ninift BIC O3[1, 3 6araro-
PO3pAIHOK — 27X 1 GIT, J€ 71 — KiTBKICTh JIHIM JaHWX.

Crpyxrypry cxemy O3I1 3 ogHOpO3psAIHOW OpraHisauiclo mOKa3aHo
Ha puc. 5.17. |

288

Po3gain 5. [To6ydosa modynie nam’nami MikpornpouecopHux cucmem

Enementu q
an’ s ArpOMaJUKyBad

1 - -
Anpeca 2 ’—‘:’[_;HH CTOBIIIIE /
enmemeHTa __ __ _ I 7T
naMm’siTi mE= Al *=
psut- [ ;
KiB _-,._.._...‘E.__.____
WE | Bxiaauit Buxinuamnii DO
DI 11 pcTEOBAY THACUITIORAY
(o T i

Puc. 5.17. Cmpykmypua cxema Q311 cmamuunozo muny: 3 ingpopmayiinow

emnticmio Nxl

Koxuuit eeMeHT maM’ 411 Mae CROIO afpecy. [l toro mol 34uTaTH
iH(opMallio 3 eleMeHTA TiaM ATi abo 3amMcaTv B HHOTO HOBE 3HAUCHHA,
fioro cmy obparu noganasm Ha BIC O3I1 BiIOBIIHOI anpecu A,, 1—Ao.
YacTHHa afipecHUX PO3PAiB HAIXOAUTh Ha AelndpaTop pAAKIB, a YACTUHA
— na aemmdparop (JII11) crosniis. Takum YHHOM BH3HAYAIOTH TOJI0KEHHA
elleMeHTa MaM ATl B MAaTPHULI HarpoMa/pKyBaya.

o6 Beectu iHdopmamnito B O3], sukopucroBytots BXin DI (Data
Input), a ga puBeaenss — puxiy DO (Data Qutpur) | BAXiAHUNA MACHITIO-
Ba4. BxigHuii Ta BUXITHMA MICUITIOBAYI MOXKHA BUKOHATH K OAWH TIIICH-
moBaY uMTanHs/3ammcy. KepyioTs pexxuMaMa (3a1mucy, 3UuTyBanfs, 30epi-
raHHS) 3a JONOMOIoK curHamie CS i W/R. OnuBMYHMA CTak CUTHAJY
W /R BU3Ha4Ya€ pexuM 3amucy Gira iHopmallii B elleMEHT LaM’sTi, a Hy-
ALOBMI — pexxuM 3unTyBaHHA 6iTa iIHGopMari 3 eneMeHTa MaM’ AT1.

Cxematrude 300paxenHs Mikpocxem O3I1 KP541PVY3 3 indopma-
mitHOrO eMHICTIO VX1 imrocTpye puc. 5.18.
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Poaain 5. lTo6ydoea Modynis nam’smi MiKpoOnpoyecopHuUX cucmem

— PoGoty MikpocxemMu craTHu-

‘ i R VN

1—6_15_—_— fl(l) I RAM | Horo O3l B amHaMiYHOMY pexXUMI

; fé i HIIOCTPYIOTH YacoBI JliarpaMH, MmokKa-
91 ﬁg‘ | ! 3aHl Ha puc. 5.19, Axi BimoGpaxy-
Zﬁ? | : _1_ 0Th MOCITIZOBHICTE TOjawi ajpec-
3__ :;13 i D O| HUX 1 KepyBaJbHUX CHUTHANIB TILJ
3] 4ac 3aMucy | 34YUTYBAHHA, a TAKOXK
%__: YacoRBl IHTEPBAJU MiXK Pi3HHMH CHTI-
8 | ___ 50 Hamamu 1 TPUBAIOCTAMH CUTHANIB
—1-7— 33:5 9ac  LNUKAY  3alUCy/39HTYBaHHsA
%—CW—R i (tysuise), TPUBANCTH CHTHANIB (S

(BMOOpPY MIKpOCXEMH) dyy 1 NAY3M
Puc. 5.18. BICOSITKPSHPY3  wize i 1, |, wac yCTaHoBNeHHA
curnany CS IHOXO AIPECH by, g ,,94C
30epeKEHHS aIPeCH MICsl CUTHATY CS fy5.4 my , HAC BUOIPKHU APECH £y, Ul

gac BUOOPY MIKPOCXEMU 7, g,

A . ty.om Ly

X
‘ N\
W o ‘ /—-—-—

m ,_-..‘..__.......\(
aitead - Ve o e e e e e
) b ‘

Puc. 5.19. Yacosi diazpamu mixpocxemym cmamuunozo (511

Bemuki 1arerpansHi cxemm O3I1 3 {aratopos3pagHOK oprasisalli€ero

2"x n MaroTh 1 iHGopMaLikHUX Bxomis/BEX0AIB DI, 1~-DIO,. CTpyKTypHY
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cxemy BIC O3I1 cratiudoro Tamy 3 iH(pOpMaLifHOIO eMHICTIO 2”8 moka-
3aHo Ha puc. 5.20. Bona mMac 8 sxomis/BuxoxniB manux DIO—DIO,. Taxuit
O3IT npumyckae yntaHHsA/3anuc 8-pospaaHoro xoxy. Jii 3ammucy Hyns aGo
OJMHMUILL, TTI0 Hanxbnbe Ha Bx0,qu DIO7—-DIO,, noTpibHO Ha aIpecHi BXOAU
noJIaT| Koj agpecy A, —Ao, a Ha BXoAW 0lIoka KepyBaHHs — CHIHAN J03BO-
ay CS ta curban W/R. 3uutyBanHs iHdopMari BiAGYBA€ThCS aHATOTIYHO,
ane 3Ha4YEHHs CUrHamyW /R mporwiexHe. Y Oimsmocti Mikpocxem O3I1
CTAaTHYHOTO THIy MiJICHIIOBAY BBEJCHHA-BUBEICHHA MICTUTH KIIOUOBMH
i acumoBad-GopMyBay, mo Moxke mepebyBaTH y TphOX CTaHaX, /Ba 3 SKUX
BIINOBINAIOTE HyNeBi a00 OJWHHUI, a TpeTii — BHCOKOIMIENAHCHUH
(z-cTaH). Y z-ctaHi He BinOyBsaeThes oOMiHy indopmariero 3 O3I1. Iepexin

y Z-CTaH BH3HAYAETLCA CUrHATOM OF .

Harpomanxcyaaq
. 1 —
Anpeca ——-a IU]I H /
efleMeHTa PAIKIB | H
b i H
naM’sri . ___ '] ¥
m)_ ____.....i_.___-
&
C'v? — 1L 1§ DIQs-DIO,
- | Brox ) TligcumoBau BB
OFE | }xepy- YNTaHHA/3AOMCY ¢
— BaHHA
WIR = FaY
JII crosnuis
75

Puc. 5.20. Cmpyxmypua cxeata O3IT cmamuvnozo muny 3 inopmayiiinow

emuicmio N>8

Cxemarnine 306paxenHs MikpocxeMm O3I1 3 indopmauiiinoo emHic-

TI0 Nx8 imrocTpye puc. 5.21.
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Mikponpoyecopxa mexHika Po3ain 5. Mo6ydoea modynie nam’ami MikponpoyuecopHUxX cucmem

10 RAM fi (K155) 3 yacom nukny 3sBepranss Bix 9 go 90 ne. MikpocxeMu 3a TEXHOIIO-
7 41 Do\, riectco KMJIH (K537, K581, K561, K176) MaioTh MODIBHAHO HEBEIMKY
%‘ ;;12 (1) 110 MBUIKOMIIO g = = 100-800 He, ane XapaxTepu3yroThes iCTOTHO MEH-
tﬁg '\ % ﬁ KM PiBHEM CIIOKMBAHOI NOTY:HOCTI. 115 ocobnusicTs KMJIH-Mikpocxem
.li_ﬁ; g ﬁ 3YMOBJIIOE X TIEPCTIEKTUBHICTE JJIA 3aCTOCYBAHHSA B MPHUCTPOAX 3 iCTOTHO
ﬁ%:’j»‘])o 6 Ll_i-— 00MEXEeHNM €HEPropecypcoM, a TAKOK AIA o0yAOBH €HEProHe3ane HUX

5 aE on o

21 Wéj{ 0 V¥J2_ . HaiipossureHi M (I)YHKIII(.)HEUILHHM CKJIalIO.M . 13} cepiit KM,Z[H

‘ MIKpocXeM XapakTtepusyerbes cepist K537, JoknagHiun BiZoMOCTI 1po Hei
Puc. 5.21. BIC O3 P537PY10 HaBseeHo B Tabn. 5.10.

‘Texniuni xapakteprictuxy O3[] craTuasOro THITY I0AAHO B Tax. 5.9.

Tabauya 5.9. Xapaxkrepuceruxa cepiif Mikpocxem cratiuanux O3I1 Ta6nuys 5.10. nmamivni napamerpn Mikpocxem cepil K537

y aianasoni remneparyp — 10...+70 °C

Cepis €\HicT, HiT fyswo HC | Usama, B | Poy, Br Texnonoris
K500 I6X4’ o4 x4 40 --5,2 0,6*1,] E3H Tum MiKpOCXCMH tu,zn’zln_ He b, BM, HC r_vc, BM.2, Ho Tan, we ﬁ}m > HG f:ﬁ,a‘m, HG
1 Kx 1’ 4 K X 1 He MCHIUC He -3i!lm.|:[c HE MCHIUC He MEHINE He MeHDIE HS Mere
K1500 4612‘54’ Rl 0_45 45 | os-11 E31T 1 2 3 3 5 6 7
- : x1, 16 Kx1 PYIA 1300 900 200 900 400 200
K541 . flhll,slicx"‘l 100-170 | 5 0,3-0,5 T i 2000 1400 300 1400 600 300
1K>; - 11<:4 PYIB 4000 2800 600 2800 1200 600
’ B PY2A 500 390 20 390 110 50
K132 4K 5-85 5 0,4-0,9 n-M, _
7 kzz’ézlf“’ > M PY25 670 560 20 560 . 50
Rt A KA PV3A 290 300 40 230 60 20
K537 2 K8 1 Kocd 110-500 5 0,02-02 | . KMJH PY3h 210 200 40 150 60 20
K134 1K« 1000 5 0,6 ILI-TTJI | PveA 340 220 20 220 120 100
S LKl _ PY6E 530 400 20 300 130 110
KI8s 256x1 300-500 > 0.4 WETT | PvsA 350 300 70 220 130 60
K381 2 Kx8. 4 Kxé 120-200 5 0.4 KMIH T 530 400 70 300 130 60
K155 256x1, 1 Kx1 45-90 5 0.9 TTI-E3] PYOA 400 220 20 220 180 | 160
K561 256x1 800 6-12 0.15 KMJH i PV 580 400 30 400 180 160
K176 256x1 900 9 002 KMIH V10 180 770 z 300 - -
K565 1 Kxl 450 5 0.4 n-MIH PYI3 200 300 - ~ - -
PY14A 110 110 75 70 . 75
PY14B 180 180 35 130 - 75

Cepex BIC (1abn. 5.9) HaiiGinbun mBujKoAiiiHi MIKPOCXEMH 1AM’ ATi,
BHKOHaHI 3a TexHosoriamu E3JI (K500, K1500), ~-MJIH (K132), TTJ
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OyHKIIOHATILHUI P cepil — e Oinbme 15 THITIB MIKpOCXeM, WO pi-
3HATLCSA 1HOopMauifiHoW eMHicTIO (B 1 024 j1o 16 384 Git), oprasizamiero
(oaHo- Ta.6araTopo3psIHOI0), MBUAKOAIEIO (OUIBIN HIK Y 5 pa3iB), pIBHEM
CIIOKUBAHO! MOTY/KHOCTI.

3aramsHi BiracTMBOCTL MikpocxeM cepli K537: €quHa Haupyra Xus-
nenss 5 B, TTH-pisH1 BXITHUX | BUXIIHUX CUTHANIB, BUXI] i3 TPHOMA CTa-
HaMH, BUCOKA 3aBaJ0CTIMKICTh, MPUITyCTHMA 3HAYHA €MHICTh HaBAHTAKEH-
Ha (200 nd 1 61bine), HEBETHUKE SHEPTrOCIOKMBAHHS, TIPUYOMY TIPH 30epe-
JKEHHI Maltke Ha TP MOPAAKM MEHINe, HiX IIPU 3BEpTaHHI, 31aTHICTh 30e-
piraTi 3amucany iHGOpMALIito 3a 3HWKCHOI 10 2—3 B Hanpyry )KUBJIEHHS.

KoHTponbHi 3anuTtaHHs

1. IIo smBnse coboro ElT crarmuroro O311?

2. IITo Take oxHOpO3pAAHA Ta HaraTopo3psIHA OpraHizarlii MaTpyuLl Ha-
rpoMapkyBsaga O311?

3. Ha3gits ocHoBH! napametpu O3] craruanoro tury.

4. Sk CIiBBITHOCATBECA 3HAYEHHs TOTYKHOCTI Yy pPEKHUMaX YHTaH-
H#/3aMucy Ta 30epiranns indopmartii?

5.5. Nobynosa monynis onepaTtuBHOrO 3anNaMm’siTOBYBafibHOro
MPUCTPOIO CTaTUYHOIO TUNy

Posrianemo nobyaory Mouyns O3I1 cratianoro tamy ans MIIC 3 8-
po3pAREUMM NpoiiecopaMy, sukopuctoryioun BIC O3 3 indopmariiiHoo
eMHicTIO Nx 1. 11 0boro noTpibHO HAPOIIMYBATH PO3PIAHICTD JIaHUX.

Upuxaan 5.3. Ina MUIC 3 8-pospsarum MIT pospodutia cxemy Mo-
nvas O3I1 3 indopmamiinoro emuictio 4 Kx8 wa ocaori BIC X537PY14 3
1HQpopmaiiiHowo emHicTio 4 Kx1.

Jna noGynoeu Moxyn mam’sti emHicTio 4 Kx8 morpiono Bicim BIC
O3I1 K537PY 14 (puc. 5.22). Ockinbku Taki BIC He MaloTh BX0Ly CUrHANY
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OF, TobT1o, 3anucyoun iHYOpMALI0, BOHH HE IEPeXOoddTh Y Z-CTaH, CIIlJ
BUKOPHCTOBYRATH IIMHHMIT GopmMyBad. Y IIBOMY pa3i BHKOPHCTAEMO IIHH-
Huit popmysau KP580BAS86, mo 3’ eanye uxia BIC i3 mmHo0O 1aHuX 1 4ac
BukoHanHA MKty TUTAHHSA ITAM STI, MEMR = O Ta HYILOBOMY pIBHL
CUTHANIB Ha BXoJax W/R 1 CS. Koxuy 3 BIC O3I1 3’¢anano 3 ogHIewO 13 Mi-
Hift 1mHU faaux D7-00,

Ja mikpocxeM O3I], y sxkux mix yac 3amucyBsanss itHopManii BHXOIH
NEPEXOnATh Y BUCOKOIMIIEAaHCHMIA CTaH, IUHHUI GOpMyBay HE BHKOPUCTO-
By€ThCs, 1 BUxoau BIC GesnocepeHbo 3° € JHYFOThCA 13 IMHHOIO JIAHUX.

AI5 A13 A14 A40-41
AB
! NERI
8xK537PV14
E x A2
DC s wWnr A0-A11
. RAM
O 1 2 3 PO br
1 I v I
a b ¢ d
MEMR ———— KPRUBASG
—_— T
] 3
D7D D7-10 DB

Puc. 5.22. Hapowysauns pospsonocmi Moheid cimamuunozo (0317
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OTxe, po3psIHICTs HApOINYEThCA NpreananusM oguiei BIC O3II o
KOXXHOI ITiHil ey panux. [Ipu upoMy angpecri Bxoau aid Beix BIC O3I1
3’ €HYI0TBCA NapanensHo. 1lapaiensHo TakoXk 3’€IHYIOTHCA BXOIOHU Kepy-
BaHHA 1 BuOipku. Hapourypanra emHocti O3 3/1iliCHIOETECA aHAIOTIYHO Ha-
pomtyBaHHI0 emHocTi [13[1. Ha puc. 5.22 nokasano ovH 13 YOTHPBOX MOX-
JIMBHX BapiaHTiB npueananHs moxyns O311 mo suxony a nemmdparopa,
1HIMX TpeOX Moy O3I1 — o BuxofiB b, ¢, d nenmdparopa.

Pozrnanemo noOynoBy Momynsa oneparueroi mam st gng MIIC Ha
OCHOBI 16-po3psaaux npouecopiB. Moayas O31T tak camo, sx i II3[1, Bu-
KOHYIOTh ¥ BUITIA ABOX GaHKIB, IPUETHAHUX 0 MOJIOIMIOL 1 CTApIIof 1Mo-
JIOBUH LIMHYU JaHUX B1IITOBiITHO.

Npuxnax 5.4. Po3poturu cxemy Moxyins O3T1 iHpopMalliitHOKO €M-
HicTio 16 Kx16 qng MIIC i3 16-pospsagaum MIT.

V¥ cxemuilt peamizami Moayss O3I1 mae Oyt 3abesneveHe YUTaH-
Hs/3amuC 9K 8-po3psaaHux, Tak i 16-po3psanux nanux. Mogyms O3l ckia-
Ia€TheA 3 ABoX OaHKIB — MOIOIIIOTO T4 cTapimoro (puc. 5.23).

A0 A13-41 A13-41 R

MEMW 4B

Bix DC A Y
CS OF A12-40 W/R OF A12-40 WR BHE
L| | RAM RAM
Moo ammii 6aHk Crapuuii GaHk
D7-D0 D1-DO
P v v R
D7-D0 D15-DO DB

Puc. 5.23. Mooyms O3I1 y 16-po3paonux MIIC

Po3ain 5. lNMo6ydoea modysiis nam’ami MikponpoyecopHuUx cucmem

AnqpecHi. po3pama 413-A41 3’£ﬂHaHi 3 ajipecHuMHU Bxogamu A12-40
06ox Oaukis. Bufipka 0aHkiB 3MiHCHIOETECS OJUHIYHUM 3HAUCHHAM CUI-
Hany Ha Buxofi gemudparopa DC, curnanamu A0 aust BUGIpKY MonIoALIO-
ro 6anky abo BHE (Bus High Enable — n03Bix crapiioro 6aifra (musm) mis
BUOIpKH cTapiioro 6axky. OIMHMMHUN piReHb CUrHamy Ha Buxoai DC
3’ SIBJISETHCA TH[ Yac HAIXO KCHHA Ha IIMHY aapecu 45 BiAOBIAHOI aape-
cu O3I1. Curnan MEMR ab6o MEMW ykasye Ha BUKOHaHHs uukiry M-
TAHHS ITAM’STI a6o 3ATIMC Y ITIAM’ SATh BianosigHo.

Kombinatis 3qaueHs curnaitis AQ i BHE BU3HAYAE YOTHPH MOXIHBI
BUITAJKH 3BEPHEHHS 0 MaM ATl

- BHOIpKY DaiiTa 3a apHOI0 aAPECOL0;
- BHOIpKY GaliTa 3a HEMapHOIO axpecoro;
- BUOIpKY CIIOBA 32 MAPHOIO aXPECOIo;
- BHOIPKY CITORA 32 HEMAPHOIO apeCcoIo:

TTin wac BuGipku Gaiita 3a napHoro aapecoro curami A0 = 0, BHE = 1.
Baiit i3 napHoro anpecor mepemaeThea 0O MiHLX D700, T106TO
3RIACHIOETHCA 3YHTYBAHHA abo samic Gaiita. V BUMAIKy 3amucy Oaiita B
Monopuuii 6aHk iHdopMalis B cTaplioMy OaHKY 3axHiLEHa BiJl CTUPAHHS,
TOOTO OJMHWYHE 3HAYEHHA CUCHATY BHE 3a00pOHSE 3BEpHEHHA 10
CTapILoro OaHKy.

IMig wyac BWOIpkU Oaiita 32 HemapHolo aapecoro curaum A0 — 1,
RHE = 0, Hanpuknaz, 3a koMaBI0t0

MOV BL, BYTE PTR [1001H]

BMICT KOMIpPKW am’4ti 3 agpecoto DS: 10014 nepecuaeracs B8 Molto-
auy nojioBuHy 16-po3pajguoro perictpa BX, Todro y 8-po3psaHuit perictp
BL. TIpy 1b0OMY BMICT KOMIPKY TIaM ATl 3aMHCY€ETECA Y po3paan /)15-D8,
TOOTO 'y CTApHIY NMOJOBHHY NIMHYA JAAaHUX, TIOTIM, Y TIPOIECI BUKOHAHHS KO-
MAaHJH, — Ha MOS10JIY NOJIOBUHY BHYTPItIEbOI 16-po3paanoi munu MII, a
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TcHA UbOTO — B peTicTp BL. 1leit npouéc, 10 HA3MBAETBCS MAPUPYMUIAYi-
€10 6aiima, BiIOyBacThCA aBTOMATHYHO 1 HEIOMITHO I IIpOrpaMicra.

TMix yac BUGIPKY CIIOBA 33 NAPHOK APECO0 CUrHANH BHE = 0, A0 = 0,

Y upoMy pas3i BoxHO4ac oOuparoThes Aa 6aHKu 1 16-po3paaHe cloBO
-IiepeIacThes Mo JHiAX D15-10 3a ouH UMK MIHHH.

Slkito cnoro Mae HeEmapHy aapecy, To #foro Mojommit 6aifT po3mi-
IICHO y cTapiioMy OaHKy 1aM’ ATi, CTapIumii 6aiiT — y MonoaioMy OaHKy.
ITix yac BUGIPKY ClI0BA 3a HENIAPHOI anpecoro cniowatky A0 = 1, BHE = 0, no

niHiax muHn D15-D8 nepenaethes Monommmii Gadr. ITicnst mporo reHepy-
10ThCs curdamu AQ = 0, BHE — 1, 3AilCHIOEThCA iHKpeMeHT (36LIIBINEHHS Ha
OIMHUINO) NOBHOI aapecu A19-A40, crapumit GaifT cnosa nepeAacTbes 3 Mo-
nopmoro 6anky abo y Moromamwii 6aHk 1o miHiAX muau D7-D0. OTxe, BU-
Oipka clIoBa 3a HEMapHOIO ajpecoro moTpedye aBa WUKITH IMHU. ToMy clioBa
JOLINBHO PO3MIIIYBATH 3a IAPHUMH afpecamu, 0COOIHMBO i Yac opraHisa-
i orepariit 31 CTeKOM.

KoHTponbHi 3anuTaHHA

1. SIx 3mificHIOETBCA HAPOUIYBaHHA PO3PAMLHOCTI ¥ MOy CTATHUHOTO
O311?

2. SIxi ocobauBocTi Mae nMobya0Ba MOAYJIB ONIEPATUBHOL HaM’ STl JUIA
MIIC ga 6a3i 16-po3paaHUX NpouecopiB?

3. SIxi cUTHaIIM BUKOPHUCTOBYIOTH AJis BUOIpKH Gankis am’sti O3I1?

4. HasBiTe 4YOTMpM MONUIMBI BMIIAAKU 3BEpHEHHS 1O TaM'ATI B
16-po3psaaux nporecopax?

S. 1lo rake mapmpyTu3sauis Oaiita? _

6. Sxi pekomeHanuiI MOJKHA JIaTH [I00 PO3MIIICHHA JaHUX Y CTCKY?
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Y

5.6. OnepaTuBHi 3anaMm’aTOBYBanbLHI npucTpol
OUHaMIiYHOro Tuny

V mixkpocxemax O3[1 IUHAMIYHOTO THITY €JIEMEHT MaM ATi — Ii¢ KOH-
JeHcatop p-n-uepexody MJIH-tpansucropa. 3apsaxeHnil cran KOHAEHCE-
TOpa BBAKAIOTH CTAHOM JIOTIYHOI OIMHIIL, PO3PAIKEHHN — CTAHOM JOTit-
Horo Hyns. Taki eneMeHTH maM’aTi He MOKyTh TpuBamuit gac 36epiraTu
CBiii CTaH 1 TOMy TOTpeOyIOTE JOJATKOBOro 00NagHaHH 1)1 3a0e3eYeH s
fIEPIOAMYHOTO BiAHOBIEHHA (pereHepanii) indopmMailii. Yac Bubipku 1ist
muaamiyHoro O3IT cranoeuts 70-200 He. Topieaano 3 O3[1 cratuyHOro TH-
iy O3I1 avHaMi4HOTO THIY XapaKkTepH3yHOTHCH OLIBIIO0 iH(OpPMALIHOO
€MHICTIO, 110 3yMOBIEHO MCHLIOK) KUTBKICTHO KOMIIOHEHT B OJHOMY CIEMEHTI
naM’ATL; MERILOI0 WBHKOAEW, TI0 M0B’A3aHO 3 MOTPeDO) 3apakarty i
po3paKaTi KOHACHCATOP, MEHINOI TIOTYKHICTH) CIOXWBAHHA, MEHIIOO
rapricTio. IlepeBakHo Moyl oniepaTiBHOI 1tam’ aTi cydachux MIIC peam-
3yrothes Ha 0asi BIC O31 prramiugoro tury.

CrpyxrypHy cxemy amnHamidHoro O3I1 3 indopMamiiiHo €MHICTIO
Nx1 nokasano Ha puc. 5.24.

Enementa
mam’gTi Harpomamxybsay
CAS B
- y,
1——=| I crosmis / /
b / Vi
Anpeca 2 /
enemenra __ __ _ |} i "
M’ ST Iy pax- |2 y
XiB 11 [ 1]
R4S ';_
:
/ R .
s Bxipsuii Buxi gamit DO
DI : TMACHIIIOBaY OHICHITIORAY

Puc. 5.24. Mixpocxema ounamivnozo O311 3 ingpopmayiiinon

emuicmn Nxl
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Omneparueni 311 auHaAMi9HOrO TUITY TPAIIOIOTE ¥ TAKUX PEXXUMAax; 3a-
IUCY, 3UUTYBAHHA, 3YUTYBAHHA/MOIN(IKAITii/3aMucy, CTOPIHKOBOTO 3aITi-
Cy, CTOPIHKOBOIO 3UMTYBaHHA, pereHepaini. Jlna 3abesmevueHHs anpecy-
BAHHA BCIEl €MHOCTI NaM’ATi BMKOPHCTOBYIOTH MYIBTHILIEKCYBAHHS
ajfipecBuX CUrHaliB y daci. CrouaTky BIZOyBaEeThCS 3UATYBAHHA a0 3amuc
AaHUX, ajpeca IKUX BU3HAYa€ThCs 71 MOJOALIMMH PO3PAIAMU IIMHY aJIpe-
CH, IO CYNPOBOKYETHCA CHTHATOM cTpoba RAS (Row Address Strobe —
¢Tpob anpecu paaKa), SKUH HAJXOXUTh Ha AeMU(paToOp PAAKIB.

[licns 1pOro BUKOHYETBCA 3UMTYBAHHS a00 3allMC JaHWX, aupeca AKX
BU3HAYACTBCA 7 CTAPIIMMM PO3PSIaMM INHHH aJpecH, IO CYIPOBOIKYETHCS
curnaiom ctpo6a - CAS (Column Address Strobe — cTpob aapecy CTOBIIA),
Axuit HajxoauTs Ha I croemuis. g BIC K5656PY7 (puc. 5.25) 3a nono-
MOTOH0 BOCEMH aApecHIX JiHifl A7—AQ nepegaroThes JaHi, aipeCyBaHHA AKWX
norpebye 16 ampecHux miniit, Ig BIC mae indopManiitny emaicts 64 Kx1 1a
11Ba BUBOJAW, Ha SKi HAJ(XO/IATh CUTHANK CTPOOiB RAS i CAS.

3uurysanua iAQOpMaIli Big6yBacncd 3a 3amHIM (POHTOM CHTHATY
CAS 1ipu W /R =1, 3ammuc — 3a 3a1HiM pOHTOM curnany CAS nipu W /R = 0.
PexxuM 34nTyBaHHS/MOAMQIKALIT/3aUCY TIONATAE ¥ 3UUTYBaHHI 1H(OpMa-
1(ii 3 M0Aa/IbIINM 3aIIICOM B OJUH i TOM caMuil enemenTy nam’ ati. CTopiH-
KOBI Pe:XUMU 3alIMCy Ta 3UUTYBAHHA peali3yloThcs 3BepHeHHAM 1o BIC 3a
azpecoro psjkd 3 BUOIPKOIO eIeMEeHTa f1aM’ ATl I[EOTO PAIKa 3MIHOK ampec
CTOBMIIIB.
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I : Perenepatis indopmanii Bigdy-
5|4 RAMD p ‘fl’ p 4

g Al ; BAEThCS 3BEPHEHHAM HO KOXHOIO 3
;4% PAIKIB, TIPH 1TboMY GOPMYETHCS azpe-

‘ ﬁg Do L4 ca pAfKa 1 CHTHAN RAS, a curHain CAS
%:Jﬂ ‘ TOpiBHIOE JOTIuHil ouHuLi. [Tpouec
—%—7)1’ pereHepailii NpUIVHAECTHCA MPH 3BEp-
15 RAS 8 Herdi MIT no O3I1. V mwomy pasi 06-
3w VT pobGisersea BuMora MIT, micns woro

OV x—
: pexuM pereHepatlii TPoJOBKYETBCS 3

Puc. 5.25. BIC dunamiunozo O3I1  1i€i ampecy, Ha AKill Horo Oyno npu-
K565PY7 nuHeHo. 3asHaveHl peXUMH i yMOBU
iX peam3amii CTOCOBHO MIKPOCXEM Ce-

pii K565 Bimo6paxeHo B Tabm. 5.11.

Tabnuys 3.11. Tadaeumda icTunHocTi MikpocxeM cepii K565

RAS (—_:A—S W/ R A DI DO Pexam pobotn
1 1 x x x zZ 36epiranss
1 0 x x X zZ 36epirass
0 1 X A x z Perenepas
0 0 0 A 0 z 3armuc 0
0 0 0 A 1 z 3amuc 1
0 0 1 A x D 3uuTyBaHBA

YHacosi jiarpamu po6otu BIC K565 y pexumax sanucy (a), 34ary-
BaHHA (6), perenepaiti (¢) nokasaHo Ha puc. 5.26.
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s

Puc. 5.26. Hacosi diazpamu mikpocxemu KS65PY3 y pescumax
sanucy (@), 3uumysanna (6), pezenepayii (6)

1106 3epHy THCA 10 MIKPOCXEMH 14 3AIACY 1 3YATYBaHHA 1HbOpMa-
mii, Tpe6a nomat# koA aapecu pAIKiB A;—A;, 0OIHOYACHO 3 HUM abo 3 KO-
10ch (He HOPMYe€ThCs) 3aTPUMKOI0 CUrHAN RAS, TMOTIM 3 HOPMOBAHOK 3a-
TPUMKOIO Ha 4ac YTPUMAHHA ajpecy PAIKIB W0J0 CUTHATY RAS ciif mno-
JaTH KOJ aApeCH CTORBITLIB 1 Yepe3 Jac YCTaHOBIECHHS fyc.aC4s — CATHAI CAS.
Ho MoMeHTy mofaui X0AY ajpecu CTOBIMIB Ha BXif [/ NiABOAATL 3anucy-
Bauuil 6iT indopMarii, skui curHanoM # /R 3a HaseHOCTI CAS = 0 dikcy-
€ThCA Ha BXigHOMY Tpurepi. Curnan 3amicy W /R mosxke OyTw TiomaHuii pis-
HeM abo iMmyIecoM. B ocTaHHROMY BUIIaKy Moro TpuBaiicTs Mae 6yTH He
MEHIIE BU3HAUCHOTO NTApaMeTPOM Tz 3HaUeHHA(pUC. 5.26, a). SIximo curxan
3alicy NoJaHuil piBHeM, To dikcaliro D/ TpurepoM BHKOHYE HEraTUBHMH
nepenan curHany CAS (3a HassHOCTI RAS= 0). [Ticis 3amucy Tpe6a BUTpH-
MAaTH TIay3Y Tx4s, AKa JOPIBHIOE IHTEPBATY Mik CHTHAZaMH RAS, 1jIsl BigHO-
BJIEHHS CTaHy BHYTPIIIHIX Kill MIKPOCXEMH.

B ananoriuHoMy niopsaky Tpeba ofaTH aIpecHi Ta KepyBallbHi CUTHAIM
111 4ac 3UMTYBaHHA (HQopmatii (puc. 5.26, 6). Curnan W /R = 1 moxe GyTu

312

Poagpin 5. [To6ydosa modynie nam’ami MikponpoyecopHux cucmem

nmoAaHuit piBHeM abo iMITynscoM. Hac OABH BUXIIHOTO CUTHATY MOXHA Bifl-
PaxoBYBATH BII MOMEHTY HAIXO,DKCHHSA CUTHANIE apecH f;, ab0 CUTHATIB Ke-
pyBaHHﬁ, yac BHOIPKH CHUTHATY RAS tapss, HaC BUOIPKH CHUIHAILY CAS tycus
OLUiHFOKYM MIKpOCXEMY 3@ LIMMH MapaMeTpaMu, BapTO MaTH Ha yBasi, Hi0 BO-
HU B32€MO3ATEXKHL, 1 TOMY JOCHThL 3HATH OJHH 3 HUX. bilkil iH(GOpMATUBHMIL
TIAPAMETP fy45, OCKLIBKH THPOPMALIIIO BHBOIHMTE 3 MIKPOCXeMU cHTHAN CAS 3a
HASARHOCTI, 3BMYAlHO, CUIHaITy 34uTyBanHs W /R = 1.3 puc. 5.26, 6 BATUIABAE:
taras ™= tacus + Gecasras

VY rtabn. 5.12 HaBeaeHo puBaMiuHi mapaMerpu MikpocxeMm O3IT cepii
K565, a caMi napameTpy 3a3HaY¢HO HA YaCOBHX jiiarpaMax puc. 5.26.

Tabnuya 5. 12. Junamiddi napaMerpu fopocxeM cepii K565

Iapaserp, He K565PV3 K565PY35.6 K565PY7
j AB| B T B B rian B { T
Fiyamme 510, 410 | 370 | 230 ] 280 | 360! 4601 340, 410
Ty au/yeian 670 520 | 420 310 | 380 | 460 | 600! 410 490
fuams™® 3701 2751 225 1501 180! 250 320 120} 140
Buss 3001 250 200 120 1501 200} 250! 150 | 200
&M’Y 200 150 120 1004{ 1201 150 200 180 |-200
s 220 165 135 701 90 120} 150 75, 100
fyecas,ras 100; 85 65 307 35| 55 75 30 60
bycakds 60f 45! 25 15 201 40} 60 20 25
fyeCisa 20 10 10 0 0 0 0} - -
fycacas 100 75 55 25 351 45 60 — -
ire 120 75 55 35 45 80| 120 40 65
byelrcas 100 75 55 45 55 80| 120 55 70
b 140 1 100 80 761 80| 120 | 160 60 70
Qs 200 165 135 70 90| 120 150 50 60
L pers MO 2 2 2 2 2 2 1 3 8

* V CTOpiHKOBOMY pexcavi.

o6 3abesneuuTy Haiire 30epiranns 3anMcaHoi B HArpOMaIKyBadi
1ndopmanii, peanisyloTh pexkuM IIPAMYCOBOI pereHepatii. Peredepauis iH-
tdopmauii B koxuimM EIT Mae B:in_ﬁyBémca He pife HiK vepes 2 Mc (s
K565PVS5M] u KP565PV6]] uepes 1 Mc). PereHepariis aBToMaTHYHO BUKO-
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HyeTbes 1A Beix EIT oGpanoro psjka miJ 9ac 3BepTaHHA J0 MATpULL JUIs
3aMUCY YU 3UUTYBAHHA 1HQOpMAIi.

Yac, nporsaroM skoro Tpeda 3BepHYTHCA IO pajxa JUL1 pereHepadii,
Bu3Hayae napamertp «llepion perenepanii» /per, (AMB. TA0M. 5.12). -

Iuxn pereHepatii CKIafacThesi 3 7 3BEPTAHb JI0 MATPUIIL, A€ M — Kib-
KICTH PAAKIB, HIIAXOM Iepebopy. ajipec PAIKIB 3a JOIOMOTOIO 30BHIIMHBOTO
NYUIbHUKA LMKITIB 3BEpTaHb, 3BepTaHHs A0 MATPULI A/ pereEepalii Moxe
OyTH opraHi3oBaHe Yy KO)XHOMY 3 PEKHMIB. 3aUMCy, 3YMTyBaHHs, 34UTYyBaH-
B/Mou(iKALTii/3aITICY, 2 TAKOK Y CIICTHATbHOMY PE:KUMI pereHeparii — cHr-
HAJIOM RAS .

PexuM pobotu svumysanns modugixayis/zanuc NOILITAE B 3YATY-
BauHI iHopmanii po HéCTyHHI/Iﬁ 3amic y Tol camuii E1L. YV yacoBux miar-
paMax CUTHATIB JIA HbOT0 PEKNMY CIIOIYYEHO IiarpamMu IUTd 34UTYRAHHA
(nuB. puc. 5.26, 6) 1 3anncy (muB. puc. 5.26, a) iHbopMauii: AIg HE3SMIHHUX
curHaniB RAS i CAS peXXUM 3UMTYBAHHS TEPEMIHAEC PEKUM 3AINCY JAHUX
3a TiEr caMor0 ajapecorn. Moaudikauis pexkuMy MONATaE B 3MIHI CHUTHATY
YUTYBEHHS HA CUTHAT 3ammcy # y nmigseieHsi o Bxoxy [/ 3ammcyBanoi
iHdpopmanii. Yac nuxiny B UbOMY peskuUMi 3BepTaHHs Oilblle, HXK B IHIIVX
(muB. Tabn. 5.12). Y Beix 3a3HaYCHMX pexuMax pereHeparlis BiaOyBaeTses
B TIPUPOTHOMY TOPAAKY AK OMEpallis, Mo CYIPOBOKYE ITPOLIEC 3REPTAHHSA
JI0 MiKPOCXEMH.

ITig yac oprauizamii IpPUMYcoBOi peresepaii HaHOLTBI JOINBHUI 1
3pyuHM ANA peanisalii peKUM pereHepalii CHTHAIOM RAS (AMB. puc.
5.26, g), x0onu BUKOHYIOTH Iepedip agpec y CYHIpPOBOAI CHUTHAIY CTpoOy-
BaHHA RAS, sxrmio CAS = 1.

YV mikpocxemi KS565PY1 pexxuM perenepatiii BUKOHYIOTE IO LMKITY
3YUTYBAHHA YU 3YUMYBAHHAMOOUpixayis/3anuc 3 BUKOHAHHAM YMOBH
CS=1, 3a gKoi AOCTYI JO BXOAY I BHXOAY MIKPOCXEMHM 3aKpHTO. Buxia
3HAXOJMUTECA Y CTaHi 3 BUCOKUM ONOPOM. '
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VY po3paxyHok Hacy percHeparlii BapTo OpaTH Hac IHKITY 3a 00paHoro
pekUMY pereHepaii, HOMHOKMRITM HOro HA KUTKKICTE pAikis. Harnpuknan,
Ha pereHepauiro indopmauii B EIT ogxoro psaka mikpocxemu K565PV5SE B
PEKUMI 3uumysanus/moougixayis/zanuc Tpeda (aus. tadn. 5.12) 310 Hc,
Tomi s pererepaii EI ycix 256 psaxie 6yae norpi6Ho 80 Mxc, mo cTa-
HOBUTH 4 % poboU0T0 Yacy MiKpocxeMHU. Y pexXuMl pereHepanii TUIGKH CH-

THAIOM RAS 3arajlbHMii 4ac pereHepauii 3MeHIyerhes Ao 61,5 Mkc, mo
cTaHoBUTH 3 % Jacy GyHKIIIOHYBAHHA MIKPOCXEMML.

CTOpIHKOBI PEeXUMH 3aMHCY 1 3YUTYBAHHA PEAi3yIOTh 3BepTaHHAM JI0
MIKpoCcXeMH 3a agpecoro pska 3 Buoipkoto EIT nporo psaaxa 3MiHoto agpecu
CTOBNUIB. Y IMX PEXHMMAX 3HAYHO 3MEHLIYETHCA 9ac UMIITY 3anucy (34u-
TyBanmst) (jmB. Tabn. 5.12), ockinbky, AKWIO curHanu RAS= 0 i kojl aapecu
PAAKA HE3MIHHI, TO BUKOPUCTORYIOTH JIMLIEC YaCTHHY [OBHOTO IHKNY 3ailu-
¢y (3UUTyBaHHA), IO HAIEXKUTH 10 ajgpecanii CTOBIIIIB.

OcuosHi napameTpu MikpocxeM O3[1 AUHAMIYHOrO THIY HABEACHO
B Tadm 5.13.

Tabnuys 5.13. lapamerpu BIC O3II tusaMiaHOro THIY

. | ndopmavitina . P, MBT
Tur MikpocxeMu eﬁufcrs, 6it £y, sy HE Usann, B Sseprotnis | 36epirann

1 2 3 4 5 6
K565PY3A-T' 16 Kx1 510-370 12, +5 460 40
K565PY5B-11 64 Kx1 230--460 5 250-160 21
K565PY5]13 16 Kx1 110-500 5 160 21
K565PY65-1{ 16 Kx1 460 5 150-120 20
K565PY6B,I” 256 Kx1 450 5 350 35
K565PV7 256 Kxl 200 5 250 25
K565PY8 256 Kxl 120 5 250 25
K565PV8 1 Mx1] 120 5 350 35

Ho cxmany cepii K565 BxonsaTs MIKpocXeMH 3 iHGQOpMatlHHOO €M-
HicTio 4K, 16K, 64K u 256K. Mikpocxemu K565PV1 i K565PY3 maroTsh
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n0Tpefy B TPHOX AKEPENax KUBIEHHA. 3aCTOCORYIOUH IIi MIKPOCXEMH, Ba-
PTO BpaxoBYBaTH BUMOTY BMHKAHHS | BUMHKAHHS JUKEPEI >KKBIICHHA: Te-
pHIMM HiAKIIOYEI0Th FKepeno MiHyc 5 B, a Biaxmowarors ocTaHHIM. s
BHMOT4A 3yMOBJICHA TUM, IO Hanpyra MiHyc 5 B nmonaerscs Ha nimcna,uxy
(xpucran) i sxo ii He MAKITIOYHATH MEPIIOK, TO INij{ BILIABOM, HABITH KO-
POTKOYacHHM, HaNpyr ABOX iHIUMX JoKepen 3 Harpyrow 51 12 B B kpucra-
i MO3Ke BiIOYTHCS TEIUTOBUIt NPOGiit 1 yIIKOAUTUCS MIKPOCXEMA.

KoHTponbHi 3anuTaHHA

1. 1o smisge coboro eneMeHT rmam’ ATi AuHaMiuHoro O3[1?
2. Hazgits ocHoBHI napaMeTpu O3[]1 quHaMigHOTO THITY.
3. Hopisusitre napameTpu O3I1 cTatudHoro i AMHaMIvHOro TMiiB. Ha-
3BITH HeHoMikH 1 nepeBary O3] quHaMivHOTO TUITY.

5.7. Nobyaosa moayris onepaTUBHUX 3anam’ATORYBanbHUX
npucTpois AUHaMiYHOro TUny

Jmt kepysagas O3[1 avHAMIYHOTO THIIY BUKOPUCTOBYXOTh KOHTPO-
Iepy AUHaMIYHOI mam ati, Hanpukiag, K1810BTO03, K1810BT02, 8207,

ki hOPMYIOTH aIpecHi Ta KepyBalbHi CHTHATY Y PeXUMax poBoTH i pere-

Hepalii, a TakoX 3MIHCHIONTE apbiTpax, TOOTO Po3B’sA3aHHA KOHQIIKTIB
MDK 3aIliTaMHd Ha percHepallio i 3sepHeHHs 10 nam’sti. KouTposep dop-
MY€ TaKOXk CHTHAI TOTOBHOCTI OMOKY JIHHAMIYHOI MaM’ 4Ti 10 0OMiHY.

Konrposep muramiunol nam’ari 18207 (puc. 5.27) npusHayeHo And
kepysants yorupma BIC O3I1 puramidroro tumy o 512 kGalit y KoxHil,
Bin cknagacrses 3 anpecnux Oydepis Bl i B2, niunibHUKA pAAKIB pereHe-
pauii (JIPP), neox mynsrumiexcopie M1 i M2 ta cuctemu xepyBanas. Cuc-
TEMa KEePyBaHH] aHaNli3y€ BXIJHI CUTHAIN 1 Kepye BCciMa OJIOKAMH KOHTPO-
aepa.
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BUKOHYFOUM KOMAHIH UMTAHHS/3aIACy TIaM’STi, KOHTpolep 3abe3redye
3’ eMHaHHA BUX0AIB AO8-A00 crioyatky 3 MOIOIIION0, a TIOTIM 31 CTAPIIO I10-
JIOBMHAMM afipeckt, (OPMYBAHHS CTPOGYBATLHUX CHUTHATIB RAS i CAS A Ko-
XKHOI 13 YoThphox BIC mam’sTi, a TakoX CHIHATY J03BONY 3alUcy. Y pexuaMi
pereHepauii KOHTpoJiep 3abe3neuye 3’ eHaHAs 3 BuBoxaMu AO08-A(00 BUXONIB

TiYUIIbHAKA PAAKIE pereHepauii i gopMyBaHHsA CHIHATTY RAS .

AHS-AHO o] B] M2 =>A408-A00
ALT -AL() em——— B2 Ml
4
JUIP
[ r Y
BSO CAS 3-CAS 0
BS1 RAS 3-FAS 0
cs CucreMa KepyvBaHHs —e
RD XACK
CIK SACK

Puc. 5.27. Cmpyxmypna cxema xoumpoaepa OuHamivnoi nam ‘ami i8207

Bu6ip omniei 3 gotuprox BIC maM’aTi 3AIACHIOETBCA CHTHANAMH

BS1-BS0 sigmoriano g0 tadm 5.13.

Tabauys 5.13. Bubip BIC nuHamMivHol nam’aTi

BS1 'S0 Bi10k mav’sTi
0 0 Boox 0
0 1 bnok 1
i 0 Biok 2
1 1 Baok 3
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Kontponep dhopMye curban XACK HANpUKIHIN LMKy SHUTAHHS/3AIICY,
AKWIA yKa3ye Ha 3aKiHYeHHS muKmy B3aemoii 3 LTI, Ta curnan SACK Ha
NOYATKY ‘LII/IKJIy 3BépHeHHﬂ IO T1aM’ ATI.

BUKOPUCTaHHA WX CUTHAJIB MMOKA3aHO HA HPUKIIAII IPUETHAHHA KO-

arponepa 8207 i3 cucTeMHOH WWHOW ~10-po3psAHOTO Ipolecopa
(puc. 5.28).

Ho RDY
420423 K1810T®84
AHS-AHO | 18207 N
—E: ALB-ALO SACK
Al BSO AO8-A400 . MO.ES)/J.'E
I I T (. rianm’ ATl
A2 —] BS1 CAS3--CAS
A3 —¢ CS RAS3-RASO
MEMR—q RD __ MOIOITIOro
5 WR | WE Gauxy
MEMW—| WR WR Q 1 ,
CLE Ty K aek| ]| = |+ crapmoro
WE
1 HaHKy
A0 f
BHE
2xKP580BA8
[
i A
OF
«I»
B
D15-D0 D15-DO

Puc. 5.28. 3’conanns xonmponepa OunaMivnoi namv ami i3 CucmeMHO0 WUHOK
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CxeMy MoIyiia AuHaMiuHOi aM’sTi 16-po3pAgHOTo Mpolecopa rMmoka-
3aHO Ha pHc. 5.29. :

Ha Buxogi SACK QOpMy€ThCA CHTHAN JIOFIYHOTO HyIs Y TOMY pasi,
SKIIO KOHTPOJIEP BUKOHYE TAKTH pereHepallii iHpopManii B THHAMITHOMY
O3T1. Curnan XACK BMKOPHCTOBYETHCA SK CUTHAJ CTPOOYBAHHS I KEPY-
BaHHA MIMHHUMH (GopMyBauaMy MOZYNA NaM aTi. Y IbOMY TPHKIIAAl BHKO-
pucrano nBa tnuAHEX (popmysaul KS8OBARB6 (i8286), ockinmbku muHa 1a-
Hux 16-po3psanna. 7

2

8207 8 / - .
A1 —» BSo AOT-400 A8-40 |
: ST | RASO
42— BSI RAS0 I - vo | T
S0 A0 i
Al1--A3 | ALB~ALO RIS A8-40 Dl
I S|
4204172 =t AH8-4HO CAS1 ¢ s | M
48-40 | 1y
RAS2 RS2
- Do
cas2 S i
_ A8-40
RAS3 | o DI
__ RAS3
CAS3 DO -
83 =
Buxi1  Bxia
WE | WE

Henapui ' ITapwi
Gaiitn Baiitn

Bubipka curnanamu

4O ra BHE

Puc. 5.29. Cucmema ounamiunoi nazv 'smi
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KonTtposep quHamigHoi am’aTi hakTHIHO BUKOHYE POIb iHTepdeiicy
MOZYJIA MaM’ATi i IMHUHYU Iponecopa. JluHaMIvHY 1am’saTh OpraHi3oBaHO ¥
. BUINAZL JBOX OaHKIB, KOXKHHI 3 AKMX CKIAJAcThCS 13 HOTHPHOX OJIOKIB €M-
HicTro 110 512 k6aiit. 3aranbHa eMHICTh TaM’ a1l opiBHIOE 2 Moaitr. 11Iuna
aJpecH 1porecopa 3’ €qHyeTbes 3 kKoHTponepoM. Jlinii 41 1 40 rpreHyIoTs
70 BXOA1B BUOMpanus b6anky BS0, BS1, 6itu A3-A411 € anpecoto paaka, a Oi-
™ A12-420 — agpecoro KOTOHKH JUHAMIYHOL IaM’ sTi.

KoHTponbHi 3anuTanHaA

1. Oxapaxrepusyiite ciocobu aapecysanus O311 guramidroro Tumy.
2. Hlo Take pexum pereHeparii nam’ 41i?
3. Ski hyHKIG BHKOHYE KOHTPOJIEP AMHAMIYHOI TaM’ ATi?

4. TTosCHITE IIPU3HAYECHHS CUTHATIB RAS1 CAS.

5.8. MpuHuunu opradizauii kew-nam’aTi

36inbieHAs eMHOCTI ITaM’ st MIIC 3yMOBIMOE 3HMKEHHA IUBHIKOAL
onepailiit oOMiHy iH(OPMAIEI0 MbK POLECOPOM Ta MofIyneM mam’sri. Ha-
BiTH 32 Yac 3BEPHEHHA JI0 MAM’ ATI, IO JopiBHIOE 70 HC, HEMOXIMBO OTPH-
Mati noTpibHy iHdopMaliio 3a oxuH MUK miEK. 1le NpU3BOIUTE JIO NO-
TpeGH BUKOHAHHA TAKTiB OYiKYBaHHA y TPOLECi po6OTH IpoLEecopa A To-
ro, M0 9ac 3BepHEHHA [0 NaM ATi 6YB Y3ro/DKeHMH i3 4acoM BUKOHAHHA
KOMaH y niponecopi. IlizBumenns mBuakonii oOMiny iadopMaiiiero Mox-
TIMBE 9Yepe3 peasizaiiio JOAATKOBOI NaM’ Tl MOPIRHAHO HEBEIMKCI €MHOCTI,
3BEpHEHHA A0 sK0i BiAOYBaeThCA HA TAKTOBIM udacToTi Ipollecopa. Taka
maM’ ATk OTpUMAlla Ha3By Keui-nam 'smi abo Gygeproi nav’smi. Kem-
maM’ STs peanizyerbes Ha ocHori BIC O3I] cratiuroro tury. [HdopManiiiHa
€MHICTh Ta IPUHLAIL OpraHi3auii Kel-naM ATi € OJHUMH 3 OCHOBHUX YWH-
HUKIB, [IJ0 BU3HAYAIOTH MPOAYKTUBHICTH poGoTi MIIC.

Kem-naM’1Ts BUKOPHCTORYIOTh HE TiNBLKH A 0OMIHY NAHUMHU MIXK
MIT 1 O3, arne # gns o6Miny Mixk O3I1 i 30BHIMTHIME HakonydyRadamu. B
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OCHOBY po0O0TH Kelll-Iiam’ATi T0KIaeHO TPHHIMIINA YacoBoi i MPOCTOPOBO]
JTOKaIbHOCTEH IIporpaM.

IIpunyun yacoeoi noxkanvrocmi TONATAE B TOMY, IO ITJ Hac 34UTY-
BaHHA Oyas-AKHMX NaHHUX 13 1AM ATi ICHYE€ BUCOKA HMORBIPHICTh 3BepHEHHA
porpaMu MpOTAroM JesKOro HSBEIUKOT0 IPOMIKKY 9acy 3HOBY 10 HHX.

IIpunyun npocmopogoi 1oransHOCMI IPYHTYEThCS Ha BUCOKIM IMOBI-
PHOCTI TOrO, 100 NporpaMa uepes AesKUi HEBETHKUMA [IPOMIXKOK Jacy 3Bep-
HETBCA [0 KOMIpKH TaM’sITi, HACTYITHOI 3 Ti€lo, 0 AKOi ROHA 3BepTAnacs
nepes HuM.

3rifHO0 3 NPUHIMOOM YACOBOI JOKANBHOCTI 1HOpMauilo y Kell-
naMm’aTi AOLUUIBHO 30epiraT MpoTsAroM JEsKoro 4acy, a MPUHIMIT IPecTo-

poBOi JIOKANBHOCTI BKa3y€e HA NOLUILHICTH PO3MILIEHHA Y Keln-ImaM’ ATi

BMICTy JAEKIIBKOX CYCITHIX KOMIpOK, ToOTO meBHoro 6Gioky iHdopMarii.
JHinifHl 1i1aHKY nporpaM (6e3 nepexo/is) y GLIBIIOCTI BUITA/KIB HE NEpe-
BUINYIOTh 3—5 KOMaHJ1, TOMy HEJOLIFHO BHKOPHCTOBYBATH OI0KH iHOP-
Mallii, EMHICTb AKHX NEPEBULTYE €EMHICTh [aM’ AT, MOTPIOHY 14 36epiraH-
Ha 3-5 koMaHA. Ak npasuno, iHGopMaIlis 3 OCHOBHOI TaM’ATi 3aBAHTAKY-
€TbCA Y Keul-raM’ ATh OJokaMR 110 2—4 cjioBa i 30epiracTbca TaM JAeAKui
vac.

[lix yac 3BepHEHHs Nponecopa A0 IIaM ATi CIIOYATKY TepeBipsIOTh Ha-
ABHICTH y Kell-ITaM’STi JaHUX, SKI 3aIATYIOTh, 1 AKIO iX HEMAE, 3iHCHIOOTh
3aBaHTAXEHHS y Kell-naM ATk ToTpibHoi indopmaryi. IpasunsHa opramisa-
i poOOTH Kell-MaM’siTi 3abe3Meyye mABMINEHES MBUAKOII CHCTEMH, OCKi-
JbKH Y OUTBLIOCTI BMNAJKIB BIAOYBA€THCA 3BEPHEHHS TpoLECOpa A0 Kell-
11aM’ T1, @ HE 10 OLIBIN ITOBUIHHOI OCHOBHOI OMEPATUBHOI 1AM Ti.

3anexHo Bi crniocoly BigoOpaxenas ingopMmauii 3 OCHOBHOI mam’ sTi
Ha KElI-NaM’ ATh PO3PI3HAIOTh TAKi THITH KeIlI-TIaM ATi:

- Kell-NIaM’ ATh 3 NIPAMEM BiJOOPOKEHEAM;
~ TIOBHICTIO acOLaTHBHA Kell-IiaM AT,
- MHOKHHHA acOLIIaTHBHA KEIll-11aM’ ATb.
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Keui-nam’ame 3 npamum 8ioo6padcentam — HARTPOCTINME THTI Xeln-
mam’sTi (puc. 5.30). Kem-ram’ 416 MICTHTH ABI YacTHMHM — KeEII-IaM sTh
JaHUX Ta Kell-maMm’ A1k 03HakK. [IpumnycriMo, mo emuicts O3IT MIIC crano-
suth 4 I'6aiir. 111 emMHIcTE pozOuBaeThes Ha 64 K piBHUX dacTuH mo 64
KOaiT. Bilok aauMx eMHICTIO 4 OaifT MepecuIacThes 3 KOXKHOL 13 IHX Yac-
THH OTIEPATUBHOI Iam’ATi B OuH 32-pO3pAJHUNA pANOK Kell-rmam’[Ti aa-
HUX. €MHICTR KeIll-TlaM’ ATl JaHux ckianae 64 xOaifr, TOMY ‘KiIbKiCTh psi-
kiB popisHioe 16 K. Omxke, mig koxuy 3 64 K wactun O3] y kemm-nam’ A1i
BIJBOAUTHCA ONHH PsAOK: 32-po3psaHa aapeca 90TUpHOaNTOBOrO OI0KY B
O3IT moninseThes Ha aBI yacTuHu. Monoatni 16 pospaaie agpeca 415-40
Ha3UBAIOTE iHOexcom, crapiui 16 pospanie 431-416 — osnaxow. O3Haka
MEPECUIIAETHCS Y Kelll-IlaM STk 03HaK, aKa MicTUTh 16 K psaakis 1 mae 3ara-
IBHY EMHICTH 32 kOaliT. '

Aapeca O3I1 16 ~ OsHaka

FFFC
FFF8

O3Haka 31

FFF4
FFFOQ

16 Bnox

¥
X

IHAexc 1

14
oooC

0008
0 g 0004
0000 Baiir 3 Baiir2 | Bayir 1 Baitr 0

Puc. 5.30. Cmpyxmypna cxema kewi-nam 'smi 3 npsmum 8i000parcennsiv
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Jlns BU3HAUEHHS apecH 0JHOTO PsKa Keli-Ilam’aTi o3Hak Tpeba 14 aj-
pecHUX po3pamiB A15-A42. Ji1d BU3HAYCHHS aipecd OTHOTO pPsAIKa Kell-
naM’ATi JaHUX TOTpiOHO 14 ampecHux pospsagiB A15-42, a mis BU3SHAYCHHSA
oznHoro Galita y paaky — asa pospsau 41, A0,

V pasi noTpeGH 34NTYyBaHHs JaHMX i3 1AM’ ATi POLECOD IBEPTAETHCA
CIIOYATKY J0 Keul-IiaM’sTi Ta NepeBipse, Y4 MICTHTH BOHA BiAmoBixHi JaHi.
Ieit mpouec BinOyBacTbCs IOPIBHAHHAM O3HAKH, 3ANMCAHOI y Kell-
naM’ATi 03HaK, 3 16 CTapuuMy po3psiaamMu aipec, Ky MPOLECop BUCTAB-
€ Ha 32-po3psAaHy WHUHY agpecd. 36ir UHX BETWYXH 03HAYAE, [0 Y KEll-
Hiam ' ATI 30epiraroThesl MOTPIOHI MaHi. Y 1uboMy pasi ii JaHi 3UATYIOThCA 3
KEl-1aM’ATi. SKI0 BeTnyMHy He 30IraroThes, TO BUKOHYEThCS KOIIIOBAH-
Hd BIJINOBIIHUX JAHUX 13 OTIEPaTHBHOI ITaM’ATi y KEHI-TiaM’ Th.

[NepeBaroro 1pOr0 THIY KEII-IIAM’SITi € HOPIBHIHO BUCOKA NIBHKOJIL,
IO MOACHIOETHCSA TOTPEOOIO NHlle B OHOMY HOPIBHAHHI O3HAKM 3i CTapLmi~
Mu pospsnamu agpecu O3TL

HenonikoM kem-naM’aTi 3 NpAMMM BinoOpakeHHAM € BHHHKHEHHS
KOHQUIKTIB y pasi, sKimo cTapmi 16 po3psAais ampecu, BACTABACHOI POIIE-
COpOM, 30Irar0ThCA 3 03HAKOIO, 3aMHCAHOIO yv KeI-1aM’ ATi 03HAK, a 1HJEKCH
1oTpibHOro GoKa Ta psaKa y Ke-mam’ATi 1aHux He 36irarothes. Lie o3Ha-
Yae, MO pAOOK Y Kel-TiaM ATi TaAuX, BiABEAeHu T ams miei yactuam O3I1,
fKa BUSHAYAETHCA CTAPIIUMM 16 afpecHMMH po3pamaMu, yxe 3aiiHATHH.
ToMy y oMy BUITAAKY BMICT pAfKa Kefl-Mam’sTi JAHHX NePecHIacThCs Ha-
san y O3IL, a'y pamok — HeoOXUHAI YoTupubGanToBuii G0k, Y pesyabrari
361IBIIYETECSA KITBKICTH Mepeciianh Mk kern-mam strio i O311 ta vac 06-
MiHY 1HGOpMALIIETO.

CTpYKTYPHY CXEMY HOGHICTNIO Qcoyiamusrol Keu-nav 'ami NoKasaHno

Ha puc. 5.31.
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30

Anpeca O3[1 Aant
’ Psigok
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0 0008
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Puc. 5.31. Cmpyxmypra cxema noHicmio acoyiamusHoi Keu-na ami

V miii cxeMmi YCYHEHO HENONIK KeIl-naM’sTi 3 TPSMEIM BigoOpaikeH-
HAM, OCKINBKH Oyup-axuit 6mok O3I1 mMozxke Bigobpaxartuctd y Oy Ib-IKoMYy
PAOKY Kelo-mam ATi. Y KeW-IaM’aTh O03Hak 3anucyersed 30-po3panHa
osuaka, To6to crapim 30 po3psanis 431-42 anpecu wotupubdakirororo 0I10-
Ky O3I1 V psmok Kem-rraM’ ATl TaHUX 3aITICY €ThCs Y0TupHOaiToBuit ON0K.

Kony kel-maM’sth He 3arloBHeHa, OJI0K 3arMcyeThes y Oy Ab-aKkuii Bi-
neuuit pagok. Komu kenr-nam’sth 3amoBHeHa, 0yok 3 O3 3anucyerscs B
TOM PANOK Kewl-naM’ ATl JaHux, 10 AKoro Oyio HaiiMeHme 3BepHeHb. He-
JIOMIKU KeNi-IaM’ ATi 3 NPAMUM Bi1oGpaKeHHAM YCYBAIOThCA 33 PaXyHOK
IOJATKOBOTO OGNAIHAHHS, PU3HAUEHOTO VIS BU3HAYeHHA 6I0Ka 10 IKOTOo
Oyio HaliMeHIIE 3BepHEHb. [IpH oMY Takok 301IBIYETECS Yac oOpoGnen-
HS 3aITUTIB Yepe3 HeoOXiAHICTh MOPiBHAHHA 30-po3psaaHoi agpecu Ta 03HaKH,
3aIMCaHOl y Kell-iaM ATl 03Hak. MakcuMallbHa KUTBKICTh TaKUX ITOPIBHSIHD
cTanoBuThL 16 K.

Mhuoxcunna qeoyiamuena kew-nam sme TIOEIHYE HepeBarn 000X mone-

penHix Turnis. Psaxu miei kern-nam’ sti 00° € AHYIOTHCS B TPYIIH TI0 ABa, YOTHPU
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1 GUIbIIe (3TIAHO 13 MM PO3PISHAIOTH JBO-, YOTHPHBXINHY TOIIO MHOXHHHY
acoIATHMRHY Kell-ITaM’sTs). CTPYKTYpHY CXeMy ABOBXiZHOI MHOXKUHHOI aco-
LIATHBHOI Kell-T[aM’ ATi 1I0Ka3aHo Ha puc. 5.32.

Anpeca O30 16 O3naka

J.—,‘—_1 Hani

31 FFF3

O3Haka

16 FFFO - : Baok
13
/
15 Axpeca
rpynu
0008

Inzexc 0000

Baiit 3  Baiir 2 || Baiit 1 Baiir 0

Aapeca B rpymi

2
i

Puc. 5.32. Cmpyxmypna cxema 0808XI0HOF MHONCUNHOT acoyiamugHol

Kewi-nam 'ami

Kem-mam’ate panux cknajaerscesa 3 8 K rpym, koxkHa 3 SKuX Mic-
TUTB 1Ba pAakd. Imaexc, To6to 16 Momoamux pospszis aapecu O3IL
aapecye 6alit y kemn-maMm’ati panux (13 pospsagis agpecyrots ogHy 3 8 K
TPYM, OAMH PO3pAA — PAIOK Y IPyMi I IBa po3pamu — OaiT y paaxy). O3Ha-
Ka, TO6TO 16 CTApIIUX aIpecHyX PO3PAIB, 3aMMCYETHCA B PALOK MM’ ATI
o3HaK. TakuM UuHOM, [ 6I0KiB 3 OIHUM I TUM CaMHM 1HJEKCOM BIZIBO-
IuTLCA ABa panku Oydepa. OTxe, AKIIO OJUMH 3 PANKIB TPYIH 33MHATO
AesakuM O6JI0KOM, TO HAcTYIHHHM OJI0K 3 TAKMM caMUM iHAEKCcoM Gyae pos-
MIIIEHO Y BUThHUM pAmoK. YcepeauHi rpyny Keul-maM’ aTh MOBHICTIO aco-
niatueHA. KinbkicTh nopisHiaHb agpec O31] 3 o3nakaMul IOPIBHIOE JABOM.
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3pocTaHHa EMHOCTI Keni-niam’ATi (TOOTO KiBbKOCTI PANKIB y IpyIi)
36ibiye ehexTUBHICTS il poBOTH, IPOTE 3pOCTac KiNbKiCTh NOPIBHAHD
ajipecH i, oTke, 4ac oOpoOneHHs 3amuTy xoMipku O3I1. EdextusHicTd
poboTH Kell-TIaM’ATi XapakTepu3yeTbCs Koe(ini€HTOM BJANUX 3BeEp-
Herb, Kem-maM’ Tk 3 TIPSMHM BiIOOpaKeHHMM 1H(GOPMAIHOI0 €EMHICTIO
Nxn Mae Takuit camuii koe(ii€HT BAaTUX 3BepHEHb, MO 1 ABOBXIIHA MHO-
JKAHHA acolliaTHBHA KeIl-NaM’ ATb EMHICTIO (Nxn)/2.

Vi posrisHYTI THNH KeHI-TIaM’ fTi MarTh BIAcTHBICTH 30epirati

OKpeMi Komii iHdopMatii, Ska MICTUTbCA B OCHOBHIM mam’sti. [l gac 3a-

MHCY B Kell-Nam’sTb MOXe NOPYINYBATHCA UUICHICTE 30epexXyBaHUX Ha-
HHUX, TOOTO BMICT Kelll-IiaM’ ATI niepecTane Bianosigatu BMicTy O3IL Icaye
JeKibKa crioco6iB BigHoreHHA indopmainii B O3[1, oCHOBHUMH 3 SIKUX €
CIIOCI6 HACKPI3HOTO 3aI1CY Ta cIOCci6 3BOPOTHOTO 3aITUCY.

Cnocif nackpiznozo 3anucy TIONATAE B TOMY, IO 1H(GOpMAaLis sanucy-
€TBCA SK Y Kell-niam’ a7hb, Tak 1 B O3TL ‘

Cnoci6 36éopomnozo 3anucy nependaqae 3amuc indopmauii 8 O3I1
TMINe Y TOMY pasi, AKUI0 BOHA 3MIHIOEThCs B KemI-TiaM’aTi. KoxkHoMy psj-
Ky KeIl-TIaM’ ATi 31CTaBIA€THCA crieHianbumii 0iT — OiT 3amMcy, 1o BKa-
3y€ Ha 3MIHY BMICTY pAnka. 3aMiIIyloud pAOK KEm-1am aTl HOBUM
6noxom indopmauii 3 O3I], mepesipsiors cTan OiTa 3amucy, i Akmo OIT
YCTaHOBJICHO, TO BHUKOHYIOTh Iepesarmc Onoka 3 kem-mam st B O3[L
TiIbKM MiCTs HBOTO B KEW-TIaM ATi po3MilyeThes HoBYi 610k 3 O3I1. Llei
croci6 Oinsin eeKTHBHUM, OCKUTBKH JO3BOJISE 3MEHIINTH KINBKICTh 3BEP-
HeHb o O3I1L

ITpasunsue posmimenas Janux y O3I1 703Boise panioHalibHO opra-
HI30BYBaTH poGOTY MporpaMHoro 3abe3nedeHHs Ta IiJABUILYBATH UIBHLKO-
airo poGoti MITC, ocKinbKH, TO-TTepIiie, 0B’ f3aHi MK co00I0 JaH! JOIi-
JIBHO po3MIIMyBaTH y Halibmmkupx komipkax O3[1 V upoMy pasi mipg gac
3aBaHTAXeHHs 00Ka JaHWX y Kell-IiaMm siTh ICHY€E BACOKa MMOBIpPHICTD TO-
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ro, 1o miciad oOpoOieHHs Lepmioro clioBa Hpomecop obOHpaTHMe apyre
cI0BO 3 Kem-nam a1i, a He 3 O3], mo 103BonuTh edeKkTHBHINIE BUKOPHC-
TOBYBATH kell-niaM’ ATb. Ilo-apyre, mix yac 3amucy Tpe6a BUpIBHIOBATH Ja-
ui B O3 no Mexi paaka kem-nam’sti. IIpunycriMo, mo oporpama o6poo-
nge TpubaiiToBe CIOBO, a JORKHUHA pAAKA Kel-Iam’ sTi JopisHIOE 4 Galir.
Sxmo po3Mictuty cnoBa B O3IT migpsax (puc. 5.33), To yacTUHM OZHOTO
TPHOANUTOBOTO CIOBA, HallpyKiIaj, ciis D2 Ta D3, OyAyTh PO3MIIIEHI Y CYy-
CIIHIX PAJKAX KEIH-TIaM’ ATi.

DI D2

D2 D3

v
4

D3 D4

Puc. 5.33. Posminenns mpudaiimosux ciigé ez supisHiosants no mexci 61o0ka

be3 BUPIBHIOBAHHS NaHUX NOCHTH YacTO TParuIAIOTHCA HEBAANI 3BEp-
HeHHa 1o kem-maM’ati. Ha puc. 5.34 nokasano 3amuc TpubaiiTOBUX CIIB
D1--D4, BUPIBHAHUX [10 MEXI YOTUPUOARTOBOrO psijKa Kell-riam’ sTi.

Le n03BOsIAEC 3HAYHO 3MEHIIMTH KiJTBKICTE HEBOATHUX 3BEPHEHb 110 Kell-

ram’ T,
. D1
B D2
D3

4

Puc. 5.34. Possiwenns mpubaiimosux ciie 3 8UPIGHIOSAHIAM

RO Mesci Homupubaiimosozo PAOKA Keut-nam ‘sami
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KOHTpOnLHi 3anuTaHHA

HaBeniTh BU3HAYEHHS Ta MPU3HAYCHHA KEI-TIaM sITi.

V YoMy mossrae MPUHLHIT YaCOBOT TOKaIbHOCTI?

VY yoMy MoJIsAra€ MPUHIUIT TPOCTOPOBO] JIOKAJIbHOCTI?
TTosACHITh MPHHIMI Ji KEI-ITaM’ATi 3 MPAMHM BiZOOpaKECHHAM.
TTosicHiTh TIPUHIMI JIii MOBHICTIO aCOLIATUBHOI KeI-I1aM’ ATi.

TloscHiTh MPUHLKIL JIT MHOXKMHHOI aCOIaTUBHOI Kell-aM’ ATl

N kL

IopiBHsANTE IBa THIIM KeUI-TIaM ST 3 MPAMHM BiIOOpaKEHHAM Ta

TIOBHICTIO ACOLIATHRHY. .

8. ITopirHsiiTe TOBHICTIO ACOUIATUBHY KeUI-IIaM STh 3 MHOXHHHON
ACOLIATHBHOIO Keul-ITaM’ ATTIO.

9. Sk BigHOBMOETHCs 1HPopMaltis B O3] 3a CI0CoGOM HACKPI3HOTO 3a-
mucy?

10. SIx BigHoBmoeThes iHpopMania B O3IT 3a cnocoboM 3B0pPOTHOTO 3a-

ey ?

5.9. NMpuHuKrnn opraxisauii ctekoBOT Nam’ATI

Cmexosoio nam 'smmio abo cmexom Ha3UBAKOTh 1AM’ ATh, v AKilk peai-
30BAHO TIPUHIMAIL OCTaHHil yBiitIoB — nepumit Buitinos (LIFO — Last Input
First Qutpuf), T06TO jNaHi, 3aIMCcaBi OCTAHHIMH 3YMTYIOTHCH [EPIIHMH. Y
MIIC crekora IaM’ATh BUKOPUCTOBYETHCS T BUKIIMKIB MIATIPOrpaM, y TOMy
aMCT | BRIIAZIEHNX, Ta 06poGIeH s HepepUBaHb.

3a cmocoboM peanizamil pO3Pi3HAIOTE anapamuuil 1 anapamuo-
npozpamruil CTEKU. |

AmnapatHuli ¢Tek #ABIsf€ COOOIO' CYKYIHICTh DETICTPIB, 3B S30K MK
SIKUMM Opragi3oBaHO TaKUM YMHOM, LIO i Yac 3aIlMCyBaHHS 1 3UUTyBaHHA
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JaHMX YMICT CTeKa aBTOMaTU4HO 3cyBaeThes. IIpuHIMn poboTH arnapaTrHoro
BOCBMYPIBHEBOTO CTeKa UTFOCTpYye puc. 5.35.

Caoso 2
Cnoso 3 H Cnoso 2
Cnoso 4 aerm-( Cnoro 3
4 CrxoBo 5 Y
CrnoBo 6 1 HHEHRA { Cnono 5
Crioso 7 ¥ ereiy CnoBo 6
11 Caoso 1 Croso 8 Caoso 7
Crnoso 1-»| Caoso 1 | Cnoso 2-+{ C:1080 2 | C1050 9> | Cinoso 9 Crioeo 9¢-|Cnoso 8
Bepummna  3amuc 3anuc 3amac 3uuTyBaHKs

CTeKa

Puc. 5.35. Hpunyun podbomu anapamrozo cmexa

Iix yac 3anmcysanHs ¢10Ba 1 y CT€K BOHO pO3MILLY€TLCS y mepliii Bi-
JBHIM KOMIpUE maM AT (y TepomMy pericTpi) — epmmuHi creka. Hacrynwne
CIIOBO 3CyBa€ MOTepeAHe Ha OHY KOMIpKY Bropy, 3aiiMae #oro Micue 1 T. 1.
3arc cnosa 9 MpU3BOIUTHL 10 NEPENIOBHEHHA CTEKA 1 BTpaT cioBa 1. 3unty-
BaHHA CIIB 31 CTeKka 3AIMCHIOETHCS Y 3BOPOTHOMY HOPAAKY, TOOTO CHIOYATKY
3UIATYETHCA CIOBO 9, 3armmcane ocTaHHIM. 3UMTyBaHHS BiIOYBAETHCA ¥ 3BOPO-
THOMY TIOPAZIKY, HAMPUKIA, 3UATYBAHHSA CIOBA 6 HE MOXIIMBE, TIOKH HE Oy-
NyTb 3UUTaHI coBa 7, 8 Ta 9. _

Indopmarniiina eMHICTE aITAPaTHOTO CTEKa BH3HAYAEThCA AK Nxn, Ae
KIABKICTE #-PO3PSIHUX CiiB N JOPIBHIOE KUIBKOCTI PETICTPIB, KA MOXE
CKJNafaTH MAeKiibKa JeCciATKiB. ATapaTHl CTEKHW, 3acrocosysani y PIC-
TIpouiecopax, MaroTh 2, 8 abo 16 perictpie (N = 2, 8, 16), y akuX po3mimty-
roThca 12-) 14- abo 16-po3psaaHi cioBa (n = 12, 14, 16). OcHoBHOO nIepe-
BArol anapaTHOTO CTeKa € BUCOKA IBUIKOIA, a HEeJONIKOM — 0OMexeHa
iHbopMaIlifiHa eMHICTD.

Anapumuo-npozpamuuti cmex peanizyeThes Jepe3 BUKOPNCTaHHS Ya-
ctuan O3T1 cTaTuvHOro TAIY Ta cuewianeHoro pericrpa SP (Stack Pointer
— BKa3iBHUK €TeKa), sKUM MICTUTh ajpecy OCTaHHBOI 3aiHATOI KOMIpKH
ctexa. IIpuHnmn pobotu anaparHO-TPOIPAMHOIO CTEKa Ui MiKponpone-
copiB 80x86 moxazaro Ha puc. 5.36. YV anaparHo-nporpaMHOMY cTeky ¢i-
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3UYHOFO 3CYBY JaHUX i)l 4ac 3aMucy 1 3UNTYBaHHA He BiIOYBacThCA. 3cyR
Ianux OyBac 3a 3MiHOI0 3HavecHHs SP. Ha mogarky mporpamu B perictp SP
3aHOCATH ajpecy BepuIMHM cTeka. ITicia xoxHoi onepauii 3arucy (34uTy-
BaHHA) BMicT perictpa SP 3MiHoeThea. s MIT 80x86 onHodgacHO MoxHa
3alIUCYBATH y cTek a0o 3YUTYBATH 3 HbOTO IBOOAiiTOBI CiloBa, ToMy SP
3MIHIOETHCS Ha JBa.

0000 0000 0000
Yactuaa
0311,
BiABEeACHA
nig crex SP=8P-2-s Cnoso3
SP:=SP - Caoso 2 Croro 2
2>
SP—| Cnoso 1 - Cnoro 1 Cnoso 1
Bepinusa crexka Barue 3amuc

Puc. 5.36. Ilpunyun po6omu anapamuo-npozpamuozo cmexa

ITig yac 3anmucy y crek 3HAUeHHA SP 3MEHIIyeThes HA 1Ba (CTEK
«pocTe» B 06IacTh MauX ajpec), a Mij Jac 3UUTYBaHHA 31 cTeka - 361msmy-
€Tbca Ha OBa. OTKe, BKA3IBHUK cTeKa SP 3aBKIU MICTUTH aIpecy KOMIPKY,
IO KOl BiAOYJIOCH OCTAHHE 3BEpHEHHSA. Y NEAKHX KOMAHJdX, Halpukiaj y
KOMaH/[aX BUKJIMKIB mmignporpamM CALL, nepepusanb /N7, oBEpHEHD 3 Tig-
nporpam RET, 3BepHEHHS JI0 CTeKa 3IMCHIOETHCS ABTOMATU'HO. [Tix gac Bu-
KUKy Tignporpamu (puc. 5.37) y cTeKy 3anam’ STOBYETCS a/[peca KOMaHIH,
HaérynHo'i TiCIIA BUKAHKY KoMaH ADD, To6To BMICT MPOrpaMHOro Jiumih-
wka PC 3amaM’aTOBY€ETbCA Y Bepkﬂil‘/’l He3alHATIi KOMIpIY CTeka, a BKa3iB-
HMK CTeKa 3MEHIIY€ThCS Ha JBa.

Hicns HOBepﬁeHHa 3 MJIporpamMH 3a koMaHaow RET yMmict Bepxm;oi'
KOMIpKHM CTeKa MEpe3anuCyeTbes Y MpOorpaMHMil MYumbHUK PC, BKa3iBHUK
crexa SP 301mblyeThes Ha JiBa. 1Tics 1iporo novuHae Bpﬂ(QHyBaiﬂcn KOMaHJ1a
ADD. Kpim xomann CALL, INT i RET, juia poGoTH 31 CTEKOM BHKOPUCTORY-
10Tb Takok komawmu PUSH 1 POP, npusHaueHi U1 TIMYACOBOrO 3a-
TIAM’ ATOBYBAHHSA Y CTEK YMICTY PETICTPIB 1 BLAHOBIEHHA, TOOTO NEePECIIaHHs
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iHdopMmamii 31 creka y perictpu. Y MII /ntel, nounnaroun 3 i286, icHYIOTE
xoMaum PUSHA i POPA (PUSH All i POP All), npusHaueni X1 THMYACO-
BOTO 3anam’ ATOBYBAaHHA V CTEKY 1 BiTHOBJICHH BMICTY Beix pericTpiB MI1 Jlo
arapaTHO-TIPOrPaMHOTO CTeKa MOXKHA 3BEpHYTHCA TakoXk K 10 O3[1 3 noBimb-
HOHO BUGIpKOt0. Y MIT i80x86 ju1s 10ro BUKOPUCTOBYIOTb HENIPSMY ajipeca-
LU0 3a A0MOMOroro perictpa BP. Orxe, y CTeK MOXKHA 3alcaTy 3HaueHHs I1a-
pAaMETPIB TIANPOrpaM Hepel iX BUKITAKOM.

BuxopucranHa CTEKOBOI HaM ATl JO3BOIAE TMABUIUATH IIBHAKOAIIO
MIIC, 3MeHIIyIouM Yac onHiei 3 HAITOBITE HI KX onepaii — 3BepHe}1Hﬂ bi(y]

30BHILOHBOI TIaM’ AT

311 .
KOHTpOﬂbHI 3anuTaHHA

| MIT - CALL M1 1.Jlalire BU3HAYCHHA CTEKO-
’ [pC ADD BOI 1aM’ ATL.

[ . Ml KOI;,;MH 2.5lke npu3HAYEHHS CTEKO-
: ‘\ \ - fmlmporpavi ol nam’sii?

I \\\ RET 3TIloAcHiTs UpuHIMD i

L. . \\\\\'\ sl anapaTHOro cTeka.
\\‘\ y 4 TloscriTh MpHHIMN i ana-
SPe-SP-2 (Zﬁgoz Créx  paTHO-IPOTPAMHOrO CTEKa.
Crioeo 1 5. Jlaifre MOpIBHANLHY Xapak-
TEPUCTUKY anapaTtHoro Ta

Puc. 5.37. Poboma cmexa 0 9acC GUIIUKY
nionpozpam annapaTHo-nporpaMHoOro

CTEKIB.
6. TloscuiTh npu3HadeHHs pericipa SP.
7. SIki omepatii BUKOHYE miponecop 3a koMaugamut CALL, RET, PUSH,
POP, PUSHA, POPA?
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Po3ain 6
IHTEPOEWUC NMPUCTPOIB BBEOEHHA-BUBEOEHHA

6.1. ®yHkuUil iHTepdelicy BBeieHHA-BUBEOEHHS

OmHAM 3 HAMBAKIMBIINAX 3aBJIaH NpockTyBanns MIIC € opramisaris
B3a€EMOJ(i 13 30BHIMHIMH TIPUCTPOAMHU -- JDKEpeNaMu 1 npuiiMadaMy JaHHX.
Ipuxnazamu TIBB, 1o € sk mpkepenaMu, Tak i npuitMadamu indopmaniii, € Ha-
IpOMAJKyBayl Ha THYUKHMX 1 TBEpAMX MArHiTHUX auckax. Jlo HpucTpois yBe-
JCHHS HaleXark IepeMuKadi, KIaBlarypa, aHAIoro-Ia(poBi MepeTBOPIOBaYi
(ALIIT), naTuuxy ngiiikoBoi iH(OpMALi, a 70 PUCTPOIB BUBEIEHHS — IH/UKA-
TOpH, CBITJIORIONW, AWCTLIE], APYKYBalbHI MPUCTPOI, Impo-aHAIOTOBI mIepe-
TRoproBayi (LJAIT), TpaHsucTopHi kimoui, pene, komyTatopu. [IBB BigpisHs-
IOTECS. PO3PAIHICTIO JAHUX, [IBHIKOJICIO, TPOTOKONAMHM, TOOTO BU3HAYEHMM
HOpsAAKOM 0OMiHY, KepyBanbHUMU curHatamul. Jani y [TBB 3min00ThCA Y 10-
BiNbHUI abo 4iTKO BU3HAYeHU MOMEHT wacy. 3’ eqHanHd IIBB i3 cHcTeMHOIO
nmHor MIIC spificiroerses 3a noroMororo IBB, axwit yaromkye [TBB i3 cuc-
TeMHo10 muHoto MITC. 3aspimait iHTepdeiic CKIATAETHCA 3 0HOMO a0 HeKi-
JIBKOX TIOPTIB YBEICHHA-BUBEIEHHS Ta CXEM KEPYBAHHA HUMMU.

[Tpoexryroun IBB, HeoOXigHO 3a0e3MEUUTH!

- 36epiranHs iHGopMalii, sika HaaxouTh Bin [IBB;
- zocTyIl o iHdopmarii 3 6oxy MIT,

- KepyBaHHA 00OMiHOM,

- IepeTBOPEeHH HOopMaTIB DaHUX.

30epiranns indopmanil Ta gocryn a0 Hel 3 Goky MIL YsegeHss Ta
BUBEJCHHA iH(oOpMalii BUKOHYETBCA 3a JOIOMOrOI0 IIOPTIB YBEACHH-
BHBEJICHHAA, AKI ABJLIOTH c0000 8- aGo 16-po3psaHi pericTpu 3i cxemMaMu BH-

332
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" GipK® Ta KepyBaHHA YATaHHAM/3aIHCOM. SIK TOPTH MOXYTh 6YTH BUKOPHCTaHI

Oydepii perictpu, nanpuiay, 8282, 8285, KPS80MP82, KP589UP12,
KP580BBS55. Bukopuctants perictpa KP580MP82 i 3°eananns 3 MpUcTpo-
€M YBEJEHHA Ta MPUCTPOEM BHBEICHHS MOKA3aHo Ha puc. 6.1.

SIKINO pericTp BUKOPUCTORYETHCA AK NOPT yReAeHHs (prC. 6.1, @), To Aa-
Hi BiJ| PUCTPOIO BBEAEHHS HAAXOAATH Y pericTp 1o miHigx DI7-DI0 1 3anu-
CyloThes 3a crpobom STB. Buxizm aasi DO7-DO0 nopry Hagxoasts y MITC
10 IIHHI AaHUX. MIKpOIpoIiecop GOpMye TAKOK CHTHAN KepyBaHHI YMTAHHAM
1 BMGIPKOIO TOPTY, KUt HAZIXOATh Ha BXi OF . SIKIIO pericTp BUKOPHCTOBY-
€TBCA AK HOPT BUBeAeHHS (puc. 6.1, 6), To mani Big MIT HagxoIAThL 0 HUHI
Jaavx Ha Bxoam DI7-DI0 nopty i CyNpoBOAKYIOTbCA CUTHATIAMH KEepyBaHHA
3anucoM 1 Bubipku BIC. Buxigni mawi DO7-DO0 nopty HamxolaTs y NpH-
CTpit BUBEICHHS.

br | RG D07, »IIO wvHH gasmx MI1
i . Do DOo
Mpuctpii
BBEJCHHA
O
STB. CurHan xepymarHs:
BHOIPKOXO 1 THTAHHAM
a BIC
DO7 | RG | DI7
... | Bin uwn gasuax MIT
D00 DIO
Tpucpiit
BUBECHHS
OF
STB

CurHan KepyBasHA
3aMHCOM
Curnan Bubipku BIC

6

Puc. 6.1. Buxopucmanua pezicmpa KPS80HP82 ons 3’ eonanmst:

a — i3 npucmpoem ysedenns;, O - I3 npuCmpoesm euGedeHiis

YBenenus a00 BUBEHeHHs HAHMX MOXKHA 311HCHIOBATH [[BOMA CIIOCO-
Oamu;
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1) -3 BUKOpUCTAHHAM OKpeMoro anpecHoro mpocropy 11IBB;
2) - 3 BUKOPHCTaHHAM CIUIBHOTO 3 MaM’ ATTIO aJpecHOTo Ipoc-
TOpY, TOOTO 3 BIIOOPKCHHAM Ha 1AM ATh.
V NepmoMy BHTAJKY BBEJCHHS i BUBEJCHHS JAHMX BUKOHYETHCA 32
xomaugamu /N ta OUT (ams. taba. 3.11).

IIpnxnaa 6.1. Bukonatu BnBe,ueHH}I Janux Ha 16-po3panHuil nopr 3
agpecoro 1000H.

Agpeca nopty 3aliMae aBa G6aifTi, ToMy JUis ajpecanii mopry Tpeba Bu-
KOpUCTATH HEMpsIMy pericTpoBy axpecamito. Ilng mworo Tpeba aapecy
10004 3anectu y perictp DX, a MOTiM BUKOHATH KOMaHAY BUBCICHHS:

MOV DX, 1000H ; BanecTu y DX uncrno 1000H

OUT DX, AX ; BuBecTu BMicT AX Ha l6-pospaAmHMil HOPT

; BMBEIEHHS 3 alpecolo, sfKa B3HaxXoOUThcA y DX,

7 ToBro AX > P (DX)

ITix wac Buxonanus xoMauau OUT DX, AX wa minisx A15-A40 munn
ajpecy 3 sBILIETHCA afpeca nopTy:

ALSL Ald A13) A12) ALY ALO A9 A8 AT A6 A5 A4 A3 A2 Al AC
0 Q 0 1 0 g ¢ 0 0 O 0 0 =1000H,

YCTAHOBIIFOETbCS HU3BKUM pIBEHb CHUTHATY 3allUCy BBEJICHHI-
BUBEJIEHHS JOW , 1 BMICT akyMmynsaropa AX tepemacThcs Ha 16-po3psjHy
mHy gaHux. Jlng dikcami pasux (yMmicty AX) tpeba Bukopucraté JIBa
8-pO3pSAAHI NIOPTH, OMH 3 AKHX 3" €HAHMI 3 MOJIO/IIOIO TIO10BBHOK IH-
HU JaHHUX, a APYIVii — 31 cTapmoro. CUrHamu KepyBaHHs 3aIMCOM 1 BUOIPKA
MOJATHCS HapagensHo Ha 2 TIOPTH.

Hpukaax 6.2. BukoHaty BBeJeHHSA JAHUX 3 8-pO3PAXHOLO MOPTY 3
anpecoro 32H.

YBeneHHs JaHuX 3HiHCHIOETRCA 34 KOMaHI0I BBEACHHS:

[IN AL, 32H i ; AL <« P3(32H)
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Jii MI1 y oMy BUTIaAKy aHaNOTidHI HaBeaeHuM y mpuki. 6.1. Big-
MIHHICTE NOJMIA€ B TOMY, L0 AKTHMBHUM CTa€ CHI'Hal JOR YUTaHHA BBe-

_ACHHI-BUBEICHHY, | epelaya iHdopmarii 3aificHIoe TS it mopty Ao MIT

110 MOJIOIII i TIONOBHHI MHHY jaHux D7-DO.

3a qpyraM crioco6oM afipecH MOPTIB PO3TAIMOBYIOTHCS Y CIITBHOMY 3
naM’sATTIO aJpPecHOMY MPOCTOpI, 1 3BEPHEHHA IO IIOPTIB HE BIAPIZHAECTHCH
BiJl 3BEPHCHHA 70 KOMIPKH TiaM ATi.

Curnanu Bu6ipxu BIC (1uB. puc. 6.1) KOHKpeTHUX TOpTIB GOPMYIOTECS
3a fonoMororo Jemmudparopis. Aapeca 16-pospsansoro mopry Pis Mae OyTu
NapHOIO, 100 3BepHEHHA 10 Hel BiIOymocs 3a OMH LMK LOUHW. AjpecH 8-
PO3pAAHNX MOPTIB yBEACHHA-BUBEACHHA Py MOXYTh OyTH Gyab-aKiMU (nap-
HUMHM, HelapHuMHM), ane 3a [apHoi - agpecd 8-pospsamHi TopTd TI0TPIGHO
3’€IHATH 3 MOMOXLIOK TIOJIOBUHOKO MHHYU Janux /)7-10, a 3a HenapHoi — 31
CTapIIOIO TTIONOBUHOK 1)15-1)8,

Hpuxiiax 6.3. Po3pobury (yHKIIOHANBHY CXeMy AeliugparTopa Ha
BIC KI55UM7 pmns aapecamti BOoCchMH 8-po3paAmHuX 1 BocbMU 16-
PO3PAANMX HOPTIB, IPUYOMY ajpecH 8-po3psAHMX MOPTiB OpaTH HENAPHU-
MU, a afpecH 16-pe3psanHuX — napHUMY.

OYHKIIOHANBHY CXeMy HeuMdpaTopa N0Ka3aHo Ha puc. 6.2.

’,ﬁ R ;‘T DClf o i—
A3 v 1 —  Tlapwi
Ad N anpecu
A9 x> E1 (st Pys)
BHE F2 Curnanu
E3 7 ‘I’ BUOIPKU
BIC nopmie
’2:? DC2} O i:
X2 1 Hemapni
azpecu
T o (ma Py)
K2
3 7 ?——

Puc. 6.2. Qyuxyionanvna cxema dewuppamopa nopiis
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Cxema mictuts agi BIC penmbparopis DC1 i DC2. 13 Buxoir peimad-
- paTOpiB CHIHANM HAAXOIATh HA BXOMH OF BiNTIOBiIHUX popTiB. OTXe, cxeMa
(muB. puc. 6.2) no3omnse anpecysaru 16 nopris. Vi Buxini curnam 07 BIC
MaroTh H-piBHi, AKIIO He 3abe3reycHe HAMXOKEHH CUrHATIB /-PIBHA Ha 1H-
BepcHi Bxozm goseony E1 1 E2 1a curnany H-piBas Ha Bxij F3. Inakine curnan
Ha ToMy BHXOHl DC, ABiHiKOBMIT KO HOMEpPA AKOr0 BH3HAYAETHCSA KOJIOM Ha
iHpopMaLiitaux Bxogax DC X2, X1, X0, € akusHuM, T06TO Mae L-pisens. Cu-
THATY Ha 1HIIMX BUXOAAaX MaroTh H-piseHs. Lleit npurimn poboti DC no3so-
1€ B Oy1p-s1Kuii MoMeHT po6oti MIT 3BepHyTHCA IHIIE JO OIHOTO 3 TOPTIB.
BusnauumMo Tenep ajpecu TopTis.
Huspki pisni Ha Buxoai DC1 3sBISIOTECS TPy 3HAYCHHI CUCHAIIB HA
ajpecHux miHisx 44 = 1, 40 = 0 § CUTHATYy BUOIPKM CTapuioro OaHKy

BHE = 0. Curnan #a Buxoi 0 DC1 6y e akTuBHUM (L-piBeHB) U agpeci

[ 415 A1d A13 412 411 A10 A9 A8 AT A6 A5 44 A3 A2 A A0
T 1 4 4 x4 1 o o o o =o010H

Ha Buxonl 1 — npu agpeci

T R R R N N I I A A I 5,

Ha BHXO0J1 2 — IpH ajzipeci

Ha BUX0ji 7 — TIpW azapect

C oA o 4 o f 4 od 4 f f 0 0 1 1 od -o01zH

Huseki piBki Ha Buxom (2 3”sBisatoThes npd A4 =0, 40 =1, BHE=

0. Curnan ua suxoni 0 DC2 6y ae axrusHuM (L-piBeHs) Py ajpeci

A1 A1 A3 A1l A1) AL A9 A8 AT Aq 43| 44] 43 42 A1 A(
4 4 4 A4 A o4 o A4 4 o o o O o I =0001H]

Ha Buxoji 1 — ripu aapeci

4 A4 A 4 dd d 1 1 =000

Ha BUXO0Ji 7 — IpHU ajpeci
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Lo of 4 A of o f o o o o o 0 1f 1 1 =000FH]

3a3HaunMo, mo 8-po3psaHi HOPTU 3 HEMAPHUMHU aJpecamy MaroTh Oy-

TH 3’ €IHAHNMH 3i CTApIIO0 TONOBHUHOIO MIKMHK AaHux D15-D§.
KepyBanns oominom. ICHYH0OTH TpU CIIOCOOH KepyBaHHA 0OMIHOM:
1) nporpamuuii oOMiH,
2)- oOMiH 3a TIepepHBaHHAM;
3) ob6Mminy pexami TTITL
lpozparmuii 0bmin 1HimiT0eTCA MIT 1 3iMCHIOETECS T HOTO Kepy-
BaHHAM. Po3pi3suAIoTs npocmuti npozpamuuii 06Min | ApOZpaMHusl 0OMIH 30
cmpobonm 2omoenocmi. 1lpu npocToMy OporpaMHOMY OOMIHI BBAXKAETHCS,
mo [IBB y 6yxap-Axuii MoMeHT TOTOBHIT 10 00MiHYy 3a KoMmaHamu /N abo
QUT. Y pasi o6MmiHy 3a crpoGom rotosrocti [1BB crioBimae mipo csoro ro-
TOBHICTb 110 00MiHY cTpoGom. Hanpuxnay, Busada 8-po3paaHuX TaHUX Cy-
ITPOBODKY€THCA IEB’ ATUM OiToM — cTpodoM. 3a Takoro o6MIHy cxema iH-
Tepheiicy micTiTs Tpurep abo nopT kepysanss Ans 30epirants iHpopManii
PO TOTOBHICTL 30BHIIIHBOTO NPHUCTPOI0 xo oOMiRy. [Iporecop orutye
BIIMOBIAHNIN PO3PAJ| IOPTY KePyBaHHA JUIA BUHAYCHHA CTaHy TOTOBHOCTI
30BHILTHBOTO MPHCTPOIO.

TMpuxaan 6.4. Po3pobuti (yHKIIOHANLHY CXEMY BBEJICHHS i BUBE-
JAEeHHA 8-po3psaaHAX JaHUX 3a CTPOOOM rOTOBHOCTI. Anapeca opTy BBEJEH-
ma — 02H, nopry kepyBanns — 03H, nopry BuseacHus — 04H.

OYHKIIOHATBHY CXeMY OOMIHY 32 cTpoOOM TOTOBHOCTI NMOKa3aHO Ha
puc. 6.3. CxeMa MIiCTUTS: TIPUCTPIif BBEACHHS, 3”€/IHAHMAH 3 MOPTOM yBEAEH-
HA;, OPUCTPiii BUBCAEHHA, 3’ €THAHMI 3 OPTOM BMBEICHHS, MOPT KEPyBaHH:A
AUt 30€pIraHns CHIHANIB NOTOBHOCTI IIPUCTPOIB yBeNeHH i BuBeneHHA. Ilpu-
CTpiif BBelcHHA Ma€ BiciM 1THHOPMALIAHUX BUXIMHAX JIHIK 1 OOHY BHXIIHY
HiHII0 cTpoby cynpoBomkeHHs TauuX. Ilosea uporo cTpody carHaniye 1po
Te, MO Jafi Ha iHpopMalfHUX JMHIAX AlfcHI (KopekTHi). ITpucTpiii BUBe-
JICHHS Mac BiciM iHOOPMAIHiHUX BXIHMX JIHIA i OQHY BUXIJHY ITHIFO CTPO-
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Poanin 6. inmepdpetic npucmpoie ssedeHHs-ausedeHHS

6y marseppxenHA NputioMy gaHux. ITosea uporo cTpody cHUrHammi3ye mpo Te,
IO JiaHi MpUAHATI IpHCTpoeM, i MIT Moxe mepeasaTyt HOBY TIOPLIKO NAHUX.
IMopr kepysauns 36epirae iHGopMamito npo cTpodH Bijl ABOX MPUCTPOIB.

AB
DB
* 'y - - >
IOR IOR .
| oW
; l }
Cs DO RD CS DORD CS  DIWR
Topt yeeaenns (02) | [TTopr xepysanna (03) | | [Hopr Busesenna (04)
Dl STB DI0 DI} DC
L 3 I t
i ! Crpob . Ctpo6 ¥ ___
prerpiit CynpoBo-  THATBEPA- Hpucrpiit
BBEJEHHT JORKEHHAS JKEHHS BHBCICHHA

JaHBX TIPIOMY
Puc. 6.3. Cxema 66e0enHs-8UE0CHHA OQHUX 30 CMPODOM ZOIMOGHOCINI

ITporpama BBEAEHHA 32 CTPOGOM FOTORHOCTI Ma€ TaKUil BUIIIA,

Mil: | IN AL, 03 ‘ ; AL « NopT KepyBaHHs (afpeca 03)
AND AL, 00QQ000C1lB MackyBaHHA Bcix pospsanis, kpim DI

IN AL, 02 lHake — BReleHHs iHpopMauli z nopry

;

JzZ M1 ; Arkmo DO = 0 (nopr He T'OTOBUIL), To Ha M1,
;
; BBeneHHs (agpeca 02)

IIporpama BHBeIEHHS 3a CTPOOOM TOTOBHOCTI Ma€ TaKHM BUTTISJL

M2: | IN AL, 03 i AL « nopT KepyBahHf (ampeca 03)
AND AL, 00000010B |; MackymanHs Bcix pozpsanim, xpim DL
Jz M2 . |7 Axwo D1 = 0 (nlopT He ToToOBMM), To Ha M2,
; lHawme - BMBeZeHHsa i1HQopMauli Ha ncpT
OUT 04, AL ; BuseIeHHZ (agpeca 04)

Sxio [1BB mae BOyoBanwit anapaTauit 3aci6 1718 BUSHAYEHHS TOTO-
BHOCTI J0 OOMIHY, IIpO CTaH HPUCTPOIO CBIXYUTH Iparopels rOTOBHOCTI
READY abe npanopens rotoprocti/3aituarocti READY/BUSY. TudopMariis
IPO TOTOBHICTH IIPUCTPOIB HAJIEKUTH JO CAmMYCHOL iHGOpmayii | BXOIUTH
JO CKJIady CJIOBa CTaHy IPUCTporo. [HOXI €TaH TOTOBHOCTI 1 3alHATOCTI
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IAEHTHDIKY€TbCA OKpeMUMH nNpanopmsiMu: READY 1 BUSY. Ilpanopeus
READY 3amintoe 61t tiopty KepyBanas (aue. puc. 6.3).
CxeMy anroput™My mpo-

1 rpaMHOT0 OOMIHY JaHAMH 32

mnn:ﬁlrgg‘;%’gm u“;‘;g’f?‘*m;l‘g"“’ 3HaYeHHsM npanopus READY
NoKa3aHo Ha puC. 6.4.

2 Hi Slkino T1BB se rotosuit go

READY=L obMiay, To MII 3Hax0aWTHCA Y

, peXUMI TIPOTPAMHOTO OYIKYBaH-

Sarani wdopaio HS TOTOBHOCTI  3O0BHIIIHBOTO

MPUCTPOI0, BUKOHYIOM KOMaH-

mm Gnokie 1 1 2. Tlicios suABIeH-

Puc. 6.4. Arzopummst npozpamuozo Ha cTany rotoHocti MIT mepe-

86€0eHHA .
Ja€ J1a”l 3a KoOManaamMu OI10Ka 3,

d IIOTIM MPALFOe 3 NPOJOBKEHHIM OCHOBHOI Tiporpamu. Ha vyranHs craTycHOL
iHGopManii Ta 1i anamis MIT BuTpayae Aekibka HUKME poGOTH, MO LPH3IRO0-
JMTH JI0 HETPOYKTHBHUX BTpar ioro yacy. Hemoskamu nporpaMHoro obmi-
Hy 3a cTpoOOM TOTOBHOCTI € Te, 0 Lei crocid 0OMiHy THGopMAaLiero HE J10-
3BOJISIE 30BHIMIHIM NPUCTPOsM iHinroBaT ooMiH. Tlepesara nporpaMHoro 00-
MIHY 110JIATae v TPOCTOTI peanisailii, a TakoxX y ToMy, [0 HeMae HoTpedH Y
JOJATKOBUX allapaTHUX 3aco0ax,

Iporpamunii oOMIH BUKOPHCTOBYETHCS And oOmidy 3 1IBB, tipoayk-
TUBHICTB AKUX MeHIIA BiX npoaykrusHocTi MIT

O6min 3a nepepusanism iHinitoeTses TIBB i 3mificHIOCTHCA TiJ Kepy-
BaHHAM MIL V usoMy pasi curran rotosHocti IIBB 1o oOMiny BUKOpHC-
TOBYETHCA AK 3AIIAT nepepmaamm: i HAIXOMUTB JI0 IIPOrPAMOBHOTO KOHTPO-
nepa nepepusanb (ITKTD) (puc. 6.5). YeeneHus a6o BUBECHHS 3AIACHIO-
€ThCA 32 NIANPOrpamMoi0 0GpoOKY 3aIUTy NEPEPHUBAHHSL
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CucreMHa WMHA

INTA| INT

TIKII Topr
KP1810BHS yBEAEHHA-

BUBEILHHA
Curuan

( t 7 rOTOBHOCTI I

IRQO .. IRQ6IRQT

IIBB

Puc. 6.5. Cxeisa ob6miny 30 nepepusansim

IMpuctpiit BBeACHHA-BUBESACHHA QOpMYE CHIHAI FOTOBHOCTI IRQ, xomm
BiH roToBH 10 0OMiHy. TIKII (puc. 6.5) 3marauit cripuifasty 8 curnanms /RQO7—
IR()0. Ha puc. 6.5 curgan rotoeHocTi ITBB Hagxomirk Ha BXijx /RQ6. Curnan
roroeHocT1 [IBB sBnsie coGor0 BUXIOHUI CUTHAN Tpurepa, sKui ¢ikcye craH
roroHocTI READY. Ha Buxom TIKIT acunxponno 3 aismu MII dopmyeTnes
curran INT. 3aspanerifgh He BiIOMO, Y AKHT MOMEHT 1 siki nepudepiiivi nmpu-
CTpoi iHilroroTh NIepepuBaHHs. Pearyroun Ha curaan /N7, MI1 nepepuBac Bu-
KOHaHHA 1porpaMy, imeHTU(IKye TPUCTPIi, TIEPEXOANTH 0 miznporpamMu 06-
CIIYTORYBAHHS TIEpEPMBAHD POOOTH LBOTO TPHUCTPOIO, A micns ii 3aBeplieHHs
BIJIHOBIIIOC BUKOHAHHS TIEpepBaHoi mporpamu. 3a xoMaziow INT ymicT mipo-
IPaMHOTO JHYMIGHUKA Ta TIPAMOPIIB aBTOMATHUYHO 3aIlaM’ ATOBYETHCA ¥ CTEKY.
BMiQT akyMynstopa Ta P3IT HeoGXiIHO 3aHECTH Y CTEK 3a AONOMOTOI0 KOMAH]
PUSH y mimporpami 06poOKH nepepuBaHHs.

. ¥ xoxaoMy MII peanizoraHo ocoGnuBy CTPYKTypYy CUCTEMU fiepepu-
paHb. OIHAK 3arajibHa MOCHIZOBHICTH OOMIHY 3a MEPePHBAHHAM MICTHTD
TaKi Jif:

- IIBB reHepye curnal rotoBHOCTI, SKHii BUKIWKAE MOABY

CUTHAIlYy IEPEPHUBAHHA, 0 MOJAECTLCS HA BXIL INT MIT;
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Po3gin 6. Inmepgpeiic npucmpoie esedeHHn-ause0eHHs

B MIT 3aBepinye BukoHAHAA TOTOYHOI KOMAHAY i, AKIIO Mepe-
pUBaHHA AO3BOJICHI (He 3amackomaHi), dopmye curnan INTA migreep-
JUKESHHS TIepepUBaHHS,

- MII 3gilicHioe 3anam’ ATOBYBAHHA BMICTY aKyMyJIATOpa,
nporpamMaore mywibauKa, P31y cTeky;

- MIT izenTudikye npUcTpiii, M0 BUKIUKaB MepepHBaHHA, 1
BHKOHYE BIATIOBIIHY MiANpOTpamMy oOCIyTrOBYBAHHA ePePUBAHHT;

- 3a J0moMorows kKoMawa POP BiTHOBITIOIOTHCA 3HAYCHHA
BMIcTy akymynaropa ta P311 3i crexy;

- 32 KOMAHJIOK TOBEPHECHHA 3 NepepuBaHus RET, mo €
OCTaHHBOKO KOMAHZOIO HINNpOrpaMd OOCITYyrOBYBaHHS TICPEpUBAHHA,
BIJIHOBIIOOTLCSA 3HAYCHHS TPOTPAMHOIO NIYMIBHHMKA Ta MpariopiB, 1
DPOJIOBKY€ThCS BUKOHAHHS TIepepBaHoi IIPOTrpamMH.

OOMIH 3a NepepUBaHHAM NMPOAYKTHBHIIINIA BiJ IPOrpaMHOTO OOMIHY,
OCKITBKU He ToTpedye yacy [uia ONMUTyBaHHA cTaHy rorosHocti TIBB mo 06-
MiHY.

O6uin y pexcuvi IDTT 1HilitoeThes TTBB 1 3xa1licHIOETBCS NI KepyBaH-
M koaTponepa [T 6e3 yyact MIT. 3a neoOxijaocti ooMiHy Mik [IBB 1
rmaM’ATTIo0 HeMae NoTpebn y nepecwiandl naHux depes MIT. Jlani 3a pomomo-
roro konTponepa ILII1 nepecanatorscs 6ezmocepentso 3 [IBB y nav’ats abo
papnaky. [T opu BUKOHAHHI onepariiii BBeJICHHA-BUBEICHHA JIO3BONSE 3HAY-
HO 361LIIATH IWBWAKICTE Nepefadl TaHUX i NLABUIIMTH e)eKTUBHICTh BUKOPH-
cranss 3aco0is MII. Cxemy o6MiHy B pexxumi [1JTT nokasano Ha puc. 6.6. Ko-
HTpoJsiep MpAMOro JocTyHy npuiiMae 3aruT Bix [1BB, dopmye curman sanmry
saxoruenns wH MIT HOLD 1, orpumasmu Bix MIT nossin HLDA, dopmye

azpecy maM’ ATl Ta KepyBajlbHI CHTHAIM MEMR, JOW Y pasi YMTaHHA nam’sTi

a60 MEMW, JOR y pasi 3aIucy B M’ STh.
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MI1 | | 0311
Y 7 r'y
N | wow :
HLDA
& A 4 v _
- 3 y Y >
) 4
ITopt
KIIoI1 yBeIeH s~
Cpo6 BUBEISHHS.
T rOTOBHOCTI A
TIBB

Puc. 6.6. Cxema o6miny y pesicumi TTITT

Indopmauito 11po 00IACTE IMaM’sITi, IO BUKOPUCTOBYETHCS IIPU 0OOMIHI Y
BUTIIAAL TIOYATKOBOI a/ipecH 1 JOBXKUHU MACHBY, 3aBaHTOKYIOTh § KOHTPOIED
TTIT mip vac mporpamyBanss. [TpoxykxriBHicTs 00MiHY B pexumi TIIATT €
HaPBHINOK.

IleperBopenns ¢opmartiB AaHuX. SIKINO PO3PAIHICTL AAHUX, AKUMU
onepye MI1, MeHITA BiX po3psAAHOCTI AaHMX, skvmvu onepye TIBB, To mnd y3-
TOJDKEHHS PO3PARHOCTI 301MBIIY €THCS KUIBKICTD [TOPTIB YBEICHHS-BHBE/ICHHS.
Skuo pO3paAHICTh AaHWY, sKkuMH onepye MIT, 6inbIna BiJl pO3pAAHOCTI Ja-
HUX, sxuMu onepye [IBB, To s y3ro/pKeHHs PO3PAITHOCTI BUKOHYEThCS Tia-
KYBaHHs JaHWX, OTPUMaHUX i3 JEKITBKOX MKEpel, y OXHE CI0BO HOTPIOHO
PO3pAIHOCTI @00 JOTIOBHEHHA HyIaMH. [ nepeTBOPEHH:A II0CIIOBHOIO KO-
1y Ha TapanenbHuil i HaBIIAKM BUKOPHUCTOBYIOTH KOHTIPOJIEP NIOCIIJOBHOTO
oOMiHy.
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Po3pain 6. Inmepdbelic npucmpoie ssedeHHs-susedeHHs

KoHTporbHI 3anuTaHHsA

1. Sk 3a633ﬁeqyeTch 36epiranns indopmarii, o HAaIXOJHUTH  BiX
[1BB?

. HasBiTe criocoOu anpecyBanHs NOPTIB YBEACHHI-BHUBE ICHHSL.

. HaBeziTs MOpIBHAIBHY XapaKkTepUCTUKY BUIIB 0OMiHY.

SIKi ICHYHOTD THIIM IIPOTPaMHOTO 00MiHy?

HaBeniTs cTpyKTYpHY cxeMy 0OMiHY 3a cTpoGOM IOTOBHOCTI.

Hasenith cTpyKTYypHY cXeMy 0OMIHY 3a HepepUBaHHAM.

HaseniTh CTpYKTYpHY cxemy oOMiHy B pesxkimi TTJIIT

® N nE W

SIk BinOyBa€ThCA 3amaM’sSTOBYBAHHA BMICTY akymyisropa, P3IL,
IPOTPaMHOro JTiUMILHUKA Ta MpPAnopLiB npyd oOMiHI 3a nepepuBaH-
HAM?

9. V sxux BuIaakax gouinsHe sactocysanss HTT?

6.2. MporpamoBHUit NapanernsHUNA iHTepdenc

TIporpamoBmmii napanessaui intepdetic (I KPS80BBS5 npusHage-
HW IS BBEEHHA-BUBEICHHS NapanenbHoi iHdopMauii y 8-6Gaitrosomy dop-
Mari, UI0 J03BOJIE peasi3yBaTH GiNBINICTH BIIOMMX MPOTOKOJIB OOMIHY 11O
napanensaux kaHanax. BIC I moxe BUKOPUCTOBYBATHCH OIS 3 €HAHHSA
MIT 31 cranmapTHAM TiepUAQepiliHuM ycTaTKyBaHHAM (IUCTINEEM, TeleTainoM,
HAKOTIYYBAYEM TOIIIO).
Crpykrypuy cxemy BIC nokasano nHa puc. 6.7, a ii rpagiude mosHa-
YCHHA — Ha pHC. 6.8,
Jlo cknany BIC Bxondrs:
- nBoHanpamienuii 8-pospsamuit 6ydep mamux Bufer of
Data (BD), mo 3 eanye nigii gannx BIC i3 cHCTEMHOIO LUIMHOFO JaHUX;
- 0JI0K KepyBaHHsS uuTaHHsM/3armucoM Read/Write Control
Unit (RWCU), mo 3abesneuye kepyBaHHA 30BHILIHIM 1 BHYTPIUIHIM
TiepejaBaHHAM JaHUX 1 KEPYBATBHUX CIIIB;
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MixponpoyecopHa mexHika Poapin 6. Ivmepdelic npucmpoie esedeHHA-8u8eOeHHS

—  Tpu.8-po3psaaHi TOPTU BBeACHHA-BUBeAcHHA (Port A, Port wds T ol -
B, Port C) nnst o6MiHy indopmartieto, mpudcmy mopr C nomiteHu#t Ha 32— g; gj; :g
asa 4-pospanui: C° (PCT-PC4) 1 C"'(PC3-PCO). Tloptu 4 i g(l) — gi ﬁﬁi :}w
> - , Do : 29 __ | P45 |—39
o6’ eananl y rpyny A, moptu B i (7' —y rpyny B. 3% 7] lu)’i o e
Cxema BIC micTuts Takox O65oxu kepyBauHs rpymnoro A Control Unit 27 PAT |37
A (CUA) ta rpynoto B (CUB), 1m0 $opMyroTh CHTHATA KePYBAHHS JUIA Bill- b e S
HOBITHUX TPYIL. 2 iR ggg :g(l)
Baok RWCU (Register of Control Word Unif) MiCTHTb PETicTp Kepy- 5:1 o s 2
BAJILHOTO CJIOBA, KW 30epirac KepyBallbHi CIIOBa, [0 HAMXOASTE Big MIL. gg‘; 2
—o &S PQo |— 14
PCct F—1s
35— RESET Pz —16
PAT-PAO Pcs [ 1
CUA pl Port A |l PCS 12
wa PC6 +— 11
PCT |~ 10
‘ Puc. 6.8. I'paghiune nosnavenns BIC KP380BB55
D7-DO0 PCT-PC4 e . . :
BD L A port Clabs AnpecHi pospagua A1, A0 103Bong10TE 00MpATH OZIMH 3 NOPTIB abo pe
‘ - 1 ; ! TICTp KepyBanbHOro cnosa RCW (tabn. 6.1).
Tabauya 6.1. Bubip noptis BIC KP580BBSS
RD PC3-PCO Al A0 [ Topr
WR srop{ POFE C | gptmnnp 0 0 4
’ 0 1 B
j‘l) —rRwCy| [’ ; 5 c
== 1 1 RCW
RESET f [T PBT-PBO .  ToeTin Crason v marok TF . cur
. 1 CUB [eempl Port B bt . UrHajl KepyBaHHA TPETIM CTAHOM WUWHU AaHUX CS, CUTHAT YMTaHHA
cs S ' ' " RD, curHan 3amicy WR Ta cUrHan ckuiaauus RESET nmonarotees Ha GOk
Ucc o <
GND > RWCU i pa3zom 13 aJpeCHAMHU CHTHATTAMU A0, A1 3agaroTs BRA onepatlii,
o o IO BUKOHY€ThCSA (TadiL. 6.2).

Puc. 6.7. Cmpyxkmypua cxeaa BIC KP580BB35
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Pozapin 6. Inmepdpeiic npucmpoie esedeHHA-eU8OEHHS

Tabauya 6.2. BusHaueHHs BUAY onepaniii 3a/1eKH0 B cArnagis

KepyBaHHs T2 aapecHux po3psaiis A1, 40

Onepanis s RD WR Al A0
3anmic. kepyeanbHOTO ciosa i3 MIT 0 1 0 1 1
3anmc gamux v nopr A 0 1 0 0 0
Januc Janux y nopr B 0 1 0 0 1
Januc ganux v nopr C 0 1 0 1 0
3uHTyBaHHS JAHHX i3 110PTY 4 0 0 1 0 0
3uMTYyBaHHA JaHuX i3 nopry B 0 0 1 0 1
3uuTyBaung gauux i3 nopry C 0 0 1 1 0
Bia’eanannsa BIC sig D7-D0 1 x x X X

Ipumimra. x — 6y ab-axe 3Hauenss (0 abo 1).

ITpusnauenns suBoie BIC Hasenero v Tabn. 6.3.

Tabauys 6.3. llpusnavends susoais BIC KP580BB55

IMosnavenns H . ) »
OMep BUBOIY IIpusnaderHs BUBO B
BHBOZY
1 2 3
D7-D0 27, 28. 29, 30, Bxia/Buxig mannx
31,32,33,34
RD ’ Unragns: L-piBeHb CHTHANY K03BONSE 3IMTY BAHHA
5 1H(opManii 3 pericTpa, o aaAPecyETHCH PO3PLIAME
140, A} na i D7-DO
WR 3armic: L-pipesn cUreaiy A03B0ISE aMC iHdopmai
36 i3 npan D7-D0 y riopr napanemsHore inrepdeiicy,
o aapecyerscs pospsgami 40, 41
140, 41 9,8 Bxozu quis aapecysanHs BHyTpimuix perictpis TIHIT
RESET Cxunauss: H-piBeHB CUIHATY CKHIAS PETICTP Kepy-
33 BATLHOTO CJIOBA 1 BCTAHOBIIIOE YCi IICPTH
B PEXKUM YBEICHHS
csS Bxin Bubipks MikpocxeMH: L-piBeHs cUrHATY
6 3 eanyve muny gauux D7-D0 BIC i3 cucremnoro
HIHHOXO
IPA7-PA0 37,38,39,40,1,2,3,4 |Bxia/suxig nopry.4
\PBT-PB0 15,24, 23,22, Bxia/suxig nopry B
21,20,19.18
\PC7-PCO 10,11, 12, 13, Bxia/puxig nopry C
17,16, 15, 14
Ucc 26 Busia Hanpyru sxusieHas +5 B
GND 7 Crricibnuid BuBin 0 B
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DOyHKIoHAIBHY cxeMy 3’¢qHaHHa BIC i3 cucteMHoro mmHow MII

noka3a’o Ha puc. 6.9.

(4s— x2 | bc | o
A4t X1 1 rard 10
A3 X0 cs a7 |
:
4B . PAO |—
<AO- E 7
42 A0
A1 A1 PB7 —
OR :I R " pBO —
CBL oW RD
RiZSET ——————— RESET
PCT
D7 b7 o
15); 3 P S— [
Do bo

Puc. 6.9. Oynxyionaivna cxema 3'conanns BIC KP580BB55 is cucmemnon

UIUHOTO

Bianoeinno go cxemu (puc. 6.9) 1 Tabn. 6.2 BU3HAYAIOTECA aApecu

nopris i perictpa kepyBanbHoro ciiosa RCW (tadn. 6.4).

Tabauys 6.4. Anpecu nopris i pericrpa RCW

Ttopt A7 A6 A5 A4 A3 42 A1 A0 | An-
peca

A 0 0 0 0 1 0 0 0 1087 |
B 0 0 0 0 1 0 1 0 04H
C 0 0 0 0 1 1 0 0 0CH
RCW 10 0 0 0 1 1 1 0 0EH

[Tporpamysanns BIC mnomnsrae y 3aBaHTXKeHHI KEpyBallbHOTO ClOBA
pexuMy tpu A1 = 1, A0 = 1. Qopmar kepyBanbHOIo cI0Ba PeXMMY MOKa-
3aH0 Ha puic. 6.10. KepyBaibHe CIOBO BU3HAYAE OAMH 3 TPHOX PEXKUMIB 110-
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pTiB TMapajensHoro iHtepgelicy: pexuM 0 — OCHOBHMIA PeXAM BREACHHA-
BUBEJICHHSA, PEXHM | — pekuM BReJCHHA-BUBEICHHS 32 CTPOOOM rOTOBHOC-
Ti, PeKHM 2 - PEKUM JBOHANPAMIICHOI Hepefayi iHQopMallii.

D7 D6 Ds ps - D3 m D Do
L1 | M | M [ 104 [ Joc | M [ 10B TiOC7]

Puc. 6.10. Dopmam kepysaibrozo croea pescumy

Ha puc. 6.10 no3nayeHo:

- 6itu M1, MO 3agarots pexxum rpyma A. Tpu MIAMO = 00 —
pexaumM 0, 01 — pexum 1, 1x — pexum 2;

— 6iT /OA 3amac pexxuM yBeleHHA aGo BHUBEAEHHA MOPTy A
(1 — BBeneHns indopManii, O — BUBEHEHHA);

- 6it JOC’ 3ana€e peskuM yBefieHHs aGo BUBeneHn nopty ¢’
(1 ~ BBeaenns indopmarii, 0 - BUBEJICHHS),

- 6iT M 3amae pexxum rpymu B (0 — pexum 0, 1 — pexum 1),

- 61t /OB 3amae pexuM yBelAcHHS abo BHBemeHHS mopty B
(1 - BBestennsa indopmarii, 0 — BuBeeHHs);

- 6iT /OC’ 3amac pexuM yBeleHHs abo BUBENEHHS MOPTY
C"" (1 - pBenenHs inpopmatii, O — BUBEACHHS).

KepyBaibae CII0BO MOMKS BCTAHOBJIIOBATH PI3HI PEXHMU POGOTH A
KoxHoro 3 nopriB. [lopt 4 Moxe TipamoBaté B GyAb-IKOMY 3 TPBOX PEXKU-
MiB, opt B —y pexumax 0 1a 1. Tlopt C MoXkHa BUKOPHUCTOBYBATH 1A Iie-
pelati JaHAX TiibKY B peskimi 0, B iHIIMX PeKHMAX HOr0 3aCTOCOBYIOTH AT
nepesayl KepyBadbHHUX CHTHAIIB, IO CYIPOBOJUKYIOTEH ITpoliec OOMIHY ITO
nopTax 41 B.

Oxpewmi.po3psinu nopry C MOXKHA BCTAHOBIIOBATH a00 CKMAATH Mpo-
TpaMHO 3a JOIIOMOIOI0 KE€PYBAJbHOIO CIIOBA BCTAHOBIICHHA/CKUIAHHA, $o-
pMarT SKOro NnokaszaHo Ha puc. 6.11.
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Po3nin: 6. Itmepdpeiic npucmpoie asedeHHA-au6eIeHHS

_ 7 D6 D5 D4 D3 D2 D1 Do
T o I 1 x T x T N | M _[ N T SR |

Puc. 6.11. @opmam kepy6aibHO20 C106A 6CMAHOEIEHHA CKUOAHHS

nopmy C

Ha prc. 6.11 no3HaueHo:

- oitu N2, N1, MO 3agaroTb HOMEp po3psiy, AKuii rpeda
BCTAHOBUTH a00 CKUHYTH. SIKIO 3Ha4YeHHA 1UX 6iTiB jopisHIoc 000 —
obupaerses pospaa PCO, 001 — PCI1, 010 — PC2, 011 — PC3, 100 —
PC4,101 —PC5,110 - PC6, 111 - PCT7,

- 61T §/R 3ajac pexxuM YCTaHOBJIEHHS a00 CKUIAaHHA po3pi-
ay nopry C, sxwit o6pano 3uaueHHamu N2, N1, NO. [Tpu SR = 1 Big-
OyBaEeThCK BCTAHOBIACHHS Po3paAy, Mpu 0 -- CKuaaHHA.

- Mpukaag 6.5. ChopMyBaTH IMITYJIEC TPUBATICTEO 77 (Y Mi-
kpocekynnax). Anpecu BIC KP580BBS55 3azano B Tabn. 6.4.

Hna toro mo6 cdopMyBaTH iMIyHNbC 3a4aHOi TPUBANOCTI, Tpeda
BCTAHOBUTH po3psany PC4 y cTaH JNOTIYHOI OAMHULI, HOTIM BHKOHATH M-
TporpaMy 3aTprMKU Ha 7 (Y MIKPOCEKYHAAxX) Ta CKUHYTH pospan PC4.

BusHaunMo KepyBajibHI ¢HOBA AJA BCTAHOBNEHHN 1 CKUAAHHS po3ps-
ny PC4. KepyBalsHe ClI0BO BCTAHOBIEHHA po3pany /(4 3rijino 3 puc. 6.11
IOKa3aHo Ha puc. 6.12.

D7 D6 D5 D4 D3 D2 D1 Do
Lo 77T o T 0 T o T 1 T o T/ 1T 1 1]

Puc. 6.12. @opmam kepysanovnozo ciosa scmanosaeuns PC4

Y 16-xo0Biit crucTeMi TUCTIEHHS BOHO JopiBHIOE 09/,
Kepysanshe clioso ckuganHs po3pagy P(4 nokazano Ha puc. 6.13;

D7 Do D5 D4 D3 D2 01 L0
[ o [0 T o T o [ & [ 0o [ 0o T 0o ]

Puc. 6.13. Gopram xepysansnozo croed cxudanus P4
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Poanin 6. IHmepdeiic npucmpois esedeHHs-6usedeHHs!

’

V 16-k0Bi#l cHCTeMi YHCTIEHHS BOHO JlopiBHioe 08H.
Iporpama (GopMyBaHHA IMIYNBCY TPUBAILCTIO 7 (Y MIKPOCEKYHAAX)
Ha Buxomdi PC4 nopry C:

MOV AL, 09 ; ®opMyBaHHA KepyBallkHOTO CJoBa
; BCTaHOBJIeHHA po3psany PC4
OUT OEH, AL |; Banuc ymicry AL mo pericrpa
; KepyBallbHOI'O CJIOBA
CALL DELAY ; 3BarpuMKa Yacy Ha n (y Mikpocekyruax)
MOV AL, 08 ; PopMyBaHHA KepPyBabHOTO clloBa

; CKMDaHHA pospsly PC4

BuBenernna mno pericrpa KepyBasbHOTO
cloBa

NinnporpaMa zaTPUMKU Ha

{y MikpocekyHnax) :

; CX€¢134 (4 maxkTu)

OUT OEH, AL

e e Ne e

DELAY : |MOV CX, 134

D: LOOP D ; CXeCx - 1, saxuo He 0, To mepexin
; Ha D (npu BuxoHaHHL nepexomy
; Ha MiTxy D xoMaHIa BUKOHYETBCS 3a 16
; TakrTime, sxwo CX = 0 — 3a 4 TaxkTy)
RET ; NoBepHeHHs = nignporpaMut (& TaxkTig)

BusnauumMo TPUBAIICTh 3aTPHUMKU Y IOMY NpPUKIam. V KOMEHTApi
A0 KOMaHJI IJIIPOrpaMy 3aTPUMKH y JyXXKaX 3arHINEMO Yac BUKOHAHHS
KOMaHn y Takrax (uuB. Tabu. 3.11). 3aranbHa KiTBKICTB TakTiB, NOTPiGHA
1718 BUKOHaHHA rianporpamu DELAY, nopiBHIOoE
4+134-16+4+8=2160.
IIpu takroBiit yactoTi 5 MI'l TPUBATICTE OAHOTO TAKTY IOPIBHIOC
200 nc. Toni 3HaYeHHA # BU3HAYAETHCA TAK:
n=0,2-2159=431,8 mMxc.

- Jins koxHoi rpyma 4 abo B y BIC € Tpurep mo3soiy mepepuaHHs
INTE, yCTaHOBIECHHS/CKMIAHHA SKOTC 3MIACHIOETHCA KEPYBAILHUM CIIOBOM
YCTaHOBNIEHHA/CKHAAHHA BU3HaYeHOTO pospay nopry C. Slkimo Tpurep o-
3BOJIy IIEpepUBaHHA BIANOBIAHOI rpyuH BeTanosnenuit (JN7E = 1), To napa-
nenpHUil iHTEpdeiic Moxke copMyBaTH 3alUT IEPEPUBAHHS Y Pa3i FOTOBHOC-

Ti [IBB 10 06MiHy.
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Posrnanemo pexvimu poGotu noptis I

Pesicum () 3aCTOCOBYETHCS TIPH CHHXPOHHOMY 00MiHi a6o mporpaMHii
oprauisanii acuHXpoHHOro obMiny. ¥ 1momy pexumi BIC asnge coGoro
IIPUCTPIi, IO CKIAZAETHCA i3 YOTHPhOX TOpTiB (aBa 8-po3psanHi 1 asa 4-
PO3PSLIHI), AKI MOXYThH HE3AIEKHO HAATODKYBATHCA HAa BREACHHA abo BU-
BeJIeHHs iHQopMallii. Busenenns indopMalii 31iliCHIOETLCA 33 KOMAHAOKO
QUT i3 pikcani€ro BueaeHO! iHGopManii y pericTpax MopTiB, a BBEACHHA
— 3a KoManaor0 /N 6e3 3anaM’ AToBYBaHHA 1H(opMaLyi.

Mpuraag 6.6. Ycranosur mopt 4 y pexxuM ysenenns 0, nopt B —y
pexxuM BuBegerHs 0, nopr C” —y pexuM ypeaeHHa 0, nopt C7" — y pexuM
prBeneHma 0, a moTiM yBecTu adbo BUBeCTH iH(opMauUilo yepe3 nopTH A Ta
B BinmosigHo.

KepysanbHe cOBO pexuMy y HBOMY pa3i IoKa3aHo Ha puc. 6.14.

DI D6 D5 DA D3 D2 DI DO
| 1 | Ml ! MO |10A |10C'| M LIOB lI()(,’”|
1 0 0 1 1 0 0 0 =98H

Puc. 6.14. Dopuam xepyeanbHO20 C1064 PENCUMY

Iporpama Mae Takuit BUDIIAN;

MOV AL, S8H ; dopMyBaMHs KepyBaJbHOTO clioBa pesumy 98H y AL
OUT OEH, AL ; Banuc o pericrpa RCW

IN AL,08H ; YBelleHHs 3 [opTy A

ouT 0OAH, AL ; Bupelehns Ha nopT B

3a3HaynMo, 1O B IbOMY TPHKIANL ajpecy TOPTIB BUSHAYAIOTHCS 34
CXeMOI0 puc. 6.9.

Pescun 1 3abesnieuye oHOHANpAMIcHUE 06MiH iHpopmamicto MII 3
I1BB 3a crpobomM rotoBHOCTL. THGOpMAaLis nepeaaerses no noprax 415, a
minii nopry ' kepyrote nepegauero. Pobory mopty B pexumi 1 cynposo-
JUKYIOTH TPH KepyBanbHI CHTHATM. SIKINO OXWH 3 JIOPTIB 3apOrpamMoBaHO
Ha pexxum 1, To iHmi 13 iaTepdeiicHuX JHIA MOXHA BUKOPUCTOBYBATH Y
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pexmMi 0. Skmo o6uasa MOPTH 3amporpaMoOBaHO Ha pekuM 1, To aBi iH-
TepdeticHi nminii mopry C, mo 3aﬂnmnnﬁcx, MOXYTh OYTH HamaropKeHl Ha
BBeJieHHs abo BuBeneHHA. [IpusHaueHHs po3psaaiB nopry C npy BBEIEHHI
AaHux 13 opTiB 4 i By pexxumi 1 nmokasaxo ua puc. 6.15.

T'pyma A I'pyna B
A L
- - N ™~
PC7T  PC6 PCs PC4 PC3 P2 rC1 PCO

| 10 flo | IBF A | INTEA ] INTRA | INTEB ] IBF B | INTR B

Puc. 6.15. Hpusnauenns pospsdie nopmy C npu aeedenni danux iz nopmie A i By
pexcumi 1: IBF (Input Buffer Full)— euxionuii cuznan BIC, wo nosidomase npo nano-
sHenicmy €xiono2o 6ygepa nopmy oanumu; INTR (INTeRvupt) — suxidnuil cuznan, o
NOGICOMIAE NPO 308EPUEHNA npmia)auuﬂ ingpopmayii; INTE (INTerrupt Enable) - cu-

2HA1 0036051y NEPePUSANHS (8XT0 cmpobY NpuiiManHs)

Ilpukian cXxeMH 3’€[HaHHs NPUCTPOKO BREJACHHS 3 MOPTOM 4, NpH-
CTPOXO BUBEJIEHHA — 3 TIOPTOM B y pexxuMi 1 mokazano Ha puc. 6.16.

——«L cs 10
P47
AB PAO | Tpucrpit
BREJICHHS
S 7. pcs &SI
—] Al PC5 IBF
:I WR PC1 OBF
cB RD PCO | ACK
~— RESET
Tpucrpitt
D7 PB7 R BUBEICHHS
DB g
‘ -0 PBO

Puc. 6.16. Cxema 3’cOnanns npucmpolo 6edenns 3 nopmom A,

HpUCMPOIO 8uBEOeHHA — 3 NOpMom B y pearcumi 1
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Poaain 6. IHmepdbelic npucmpols esedeHHA-euUseOeHHS

VBeAeHHA JaHUX y pexuMi 1. 3mificHIoeThed 10 kKaHaly A, a Kepy-
BabHI CUTHAM TiepeRaroTsed mo miHigx PC4 1 PCS. 1lpuctpiii BBeJeHHS
BHJAE CTPOO mpuUiMaHHS STB. sxuit yKa3y€e Ha TOTOBHICTH JO BBEICHHA
indopmayi. el cTtpo6 Hamxoaurh Ha BXiJ DO3BOJY MEpepHBaHHA Bij Ka-
Haty A (PC4). Buxiganit curnan /BF:3 suBogy PC5 BUKOPUCTOBYETHCH
S M ATBEpAAKEHHS TpuiioMy. Bil ¢popMyeThes 3a ciafiom STB i MOBLIOM-
A€ PUCTPLil BBENEHHS NPO 3aKiHYEHHs NPUIIMaHHS NAHNX.

Kpim nokasanux Ha puc. 6.16 curnanis, I ¢opmye Takok curran
3anuTy lepepuBandi INTR, sxuit iadopmye MIT npo 3aseplueHHsA Npu-
HiMaHHA 1HGopMalli. Y pa3i oOMIHY 3a TlepepUBaHHAM Lei CUTHaI BUKOPH-
CTOBYETHCA AK 3aIMT NEPEPUBaAHHA, a TIPU TPOrpaMHOMY OOMIHI MoxKe ir-
HOpyBaTHCA. BHCOKMIA piBeHE HOIO CUrHANY BCTAHOBNIOETLCA, AKIO STB
= 1, IBF = 1. HynwoBuii piBedp curdany INTR ycTaHOBIIOETHCA 3 HAAXO-
JUKEHHAM curaany IOR .

TlpmsHauenus po3psaais mopty C 'y pexknMi BuBeieHHA 1 I10Ka3aHO Ha
puc. 6.17. Curnan OBF (Qutput Buffer Full) — BUXiZHM#l CUrHAN, O TO-
BIIOMJISI€ IPO 3aIIOBHEHICTh BUXIJIHOT0 6y depa mopTy NaHUMH.

I'pyna A : I'pyua B
A
- Y
PCT PC6 PCS PC4 PC3 PC2 PCl PCO
| OFF 4 J INTE 4 ] 0 | 10 | mma } INTE B l OBF /3! INTR B ]

Puc. 6.17. IIpusnauenns pospadie nopmy C npu sugeennt Oanux e nopmu A i

By pexcunrti 1

Inmi curHany MaroTh Takii caMmit cele, 1o 1 Ha puc. 6.15.

Tlpuxiian BuBeIeHHI AaHHX Ha mopT By pexuml | roxa3aHo Ha puc.
6.16. JIng BUBEICHHS JaHUX Y EOMY PEXUMI BUKOPHUCTOBYIOTBCA TdKi Ke-
pyBanbHi curnanm: OBF — BUXiIHUE curHan, 100 GOpMYETHCA 33 (POHTOM
WR 1 nosizomise TTBB [IpO TOTOBHICTh 10 BUBEIACHHS, ACK — BXinuwii cu-
THaJl, 100 NiATREePKYe TpuiiMants indopmanii 3 BIC iutepdeiicy; INTR —
suxignuit curnan BIC, mo nosixomuse MIT rpo 3aBeplieHHS BUBEICHHS.
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Curnan INTR yCTaHOBIIOETHCA B OMMHAIO Iipu OBF = 1, ACK =11 cku-

JacTbcA Y HYNb CUTHANIOM JOW Y pasi 3amucy JaHuWX y TapaneibHuil 1H-

Tepdieiic.

Pospsaau PC6, PC7 npu BBegen#Hi (uB. puc. 6.15) ta PCS, PC4 npu
BUBeAeHH] (AuB. puc. 6.17) He GepyTs yuacTi y KepyBaHHI OOMIHOM i MoO-
XyTh OYTH 3allporpaMoBaHi Ha ITPOCTE BBeAeHHA abo BuBeneHHs (/0).
Beenenna 3ilcHIOETCSA YATaHHAM TopTy C, a BUBENCHHS — 3allACOM Ke-
PYB@JILHUX CIIB YCTAQHOBIEHHSN/CKMAAHHA OKPEMUX PpO3pAAIB (IMB. pUC.
6.11). |

O6MiIH 3a cTpo6OM TOTOBHOCTI MOXeE 3IIMCHIOBATHCS 33 MEpEPUBAH-
M abo 3a mporpamoro. 1Tix yac oOMiHy 3a nepepusanusM curian INTR
HAIXOUTh 0 CHCTEMHE TIEpEepHBaHHA Ta iHimwe ooMiH. I yac oOMiHy 3a
IIPOI'PAMOIO TOTOBHICTB TOPTIE 4 ab0 B BU3HAYAEThCH OMUTyBaHHAM INTR A
abo B BigmoRiHO.

Hpnkjlaz[ 6.7. Hanucaty nporpaMy BCTaHOBJIECHHS MOPTY A B peXxuM
yBelleHHs |1 Ta BBECTH JAaHi 33 cTpoOOM rOTOBHOCTL. AfpecH mopry A BHU-
3HAYAOTHCA 34 puc. 6.9.

KepyBaibHe CI0BO peXHMY VY LIbOMY BHIIaJKy TIOKa3aHo Ha puc. 6.18.

Dl D6 D5 D4 D3. D2 DI DO
] 1 ] Ml | MO | 104 1100’] M | IOB [IOC"J
1 0 1 1 0 0 0 0= CBOH

Puc. 6.18. Kepysanvue croso pescumy

Hporpma Mac TaKWil BUTTIAN;
MOV AL, OBOH ; ®opMyBaHHS KepyBallbHOI'O ClioBa pexuMy B AL

OUT  OEH, AL Banuc no pericrtpa RCW BIC KP580BB55

MOV AL, 09 dopMyBaHHA KepyBalsibHOI'C CJoBa

; o3BiNl nNepepuBaHb

’
; BCTa&HOBJIEHHS pospdany PC4 (INTE A)
’
’

OUT QEH, AL ; 3amuc BmicTy AL @Io pericTpa kepyBRalbHOTO CJIOBa

Ml:|IN AL, OCH ; AL « BMicT nopty C

AND AL, 00001000B|; MackyBaHHs BCix pospsnis, xpim PC3 (INTR A)

14
!
JZ M1 ; Sxmo pnadHi He rowTori, To Ha M1,
IN AL, O8H ; lHakme -~ BBeNeHHs 1HbopMalli 3 nopTy A
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Poagin 6. IHmepdgbeiic npucmpois sdedeHHA-eusedeHHs

Peorcun 2 3abesnedye IBoHANPAMIEHY epefauy iHGopMalii 3 IopTy
A 10 30BHIMIHLOTO TIPECTPOO 1 HaBmaky. IIpouec oOMily CyIIPOBOLKYIOTE
5 KepyBallbHUX CHUTHAJIB, IO 1I0Aa0ThCA 1o miHiAX PC7-PC3 (auB. puc.
6.17); 11 intepheiicHux MiHIH, [0 3AJUINUIKCA, MOXYTh Hallaro/KyBaTH-
cs Ha pexum 0 abdo 1. ﬂpmHaﬁeHm po3pagiB mopTy €'y pexuMi 2 mokasa-
HO Ha puc. 6.19, a cxemy 3 eananns 3 [T I — Ha puc. 6.20..

PC7 PCo PC5 PC4 PC3 PC2 PC1 PCO
[OBFA|INITEL | IBFA [INTE2 [INIRA| x | x | x |
- — v
Janexarts BiJ pexuUMY nopTy B

Puc. 6.19. Ilpusnavenns pospadie nopmy Cy pescumi 2

KP580BBS5
—] INTR A
& 1 Bk iehhb N
&T
P47 Tani
| Pao [ >
OBF A
b— o PC7 - [IRB
=== ———a ACK A
INTEL | PC6
|- === - STR A
by INTE2 Y PC4 Q———]
- IBI'A
PCS

Puc. 6.20. Cxema npueonannsi 1IBB 0o BIC KP58OBB33 y pescumi 2

[Tpu3HaueHHs KePYBAIBHUX CHIHANB Yy PEKUMI 2 aHAIOrIYHE NpU-
3HAYCHHIO curHanig y pexuMi |. KepysanHs (opmyBaHHSM BHYTPIHIHLOTO
curnany INTE mis onepauii BBeleHHs 3MiiicHioeTbed no minil PC4, ms
omeparii BUReeHHs — 110 JTiHii PC6. .

Busia BIC /NTE A BUKOPUCTOBYIOTE AK 3alMT [IEPEPUBAHD K NIpK BBE-
JCHHI, Tak 1 rpy BuBeseHHI iHQopmaii. Posmoain currams o iHrepdeiic-
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Po3gin 6. lnmepdgpeiic npucmpoie esedenHn-susedeHHs

HMX TIHIAX; KEPYBATBHE CIIOBO PEXMUMY 2 1 YacoBi fiarpamu poGoTH LIOCTPYE

puc. 6.21.
PAT-PAO  |dmetp WR —
- IN .
ros — B INTRA Hpm |
STBA /

PC4 ! 7
PCS BFA INT — a

PC6 ACK A ACK 1

PC7 OBF A i

PBT7-PB0 [
PC2-PCO  [mmmawey-

Puc. 6.21. Po6oma BIC y pesicumi 2: a - posnodia cuzuazie no inmepgeiicnux

Jinisax; 6 — wacoei diazpamu pobomu

Hpuxaan 6.8. Hanucary nporpaMy BCTAHOBICHHS TOPTY A Y PesKuM
2, a TIOTIM 3JIMCHUTH BBEICHHS Ta BUBEICHHS iH(opMalii yepes nopT 4 B
LBOMY PEXKMMI.

KepysanbHe croBO pexuMy B IbOMY BHIAAKy OyAe IOpIBHIOBATH
0COH (puc. 6.22).

Dl D6 D5 D4& D3 D2 DI DO
LliMl |M0 ] 104 lIOC' |M;103| loc” J
1 0 0 0 0 0

Puc. 6.22. Kepysanbre cno8o pexcumy

- TlporpaMa JABOHAIPAMIIEHOTO BBEICHHA-BUBEAEHHS 3a CTPOOOM roTO-
BHOCTI Ma€ CHOYaTKy BHUSBHUTH FOTOBHICTH MOPTY JO BBEAEHHA a0 BHBe-
A€HHS 33 OJMHWYHUM cTaHoM curHany IN7R A (ninis PC3), a moTiM ycra-
HOBHUTH, fKi caMe AaHi [OTOBi — JUTA BBEOCHHA (OgMHUYHUM cTaH HiHii PC4)
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yu BUBeAeHHA (ouHWUHM cTad misil PC6). TTicns mporo MoXKHA 3JiMCHIO-
BaTH 0OMiH Aanumiu, [Tporpama Mae Takuif BUIIIAA;

MOV AL, O0COH ; dopMyBaHHSA KepyBajlbHOT'O CrioBa pexiiMy B AL
QUT OEH, AL ; 3BanMc no pericrpa RCW BIC KP580BB55

M1:[IN AL, OCH
MOV BL, AL
AND AL, 00001000B

AL <« pBMicT nopty C
SBepiranHs sMicrTy AL y pericrpi BL
MackKyBaHHs BCix pospanis, kpim PC3

TS ETEES

{INTR A)
Jz M1 ; Axwo paHi He ToToBi, To Ha M1
MOV AL, BL ; AL « BMicT nopwy C
AND AL, 00010000B |; MackyBaHHA BCcix pozpanmis, xpim- PC4
; (INTR A)
J7 M2 ; Axwo naHi He roToBi mNs BBemeHHHA,
; To repexin Ha BUBeLeHHS:,
IN AL, O8H ; iHakwe — BBejleHHs iHdopmMauii
;3 nopry A
JMP M3 .
M2:{OUT O08H, AL ; BiuBeneHHA indopmauii Ha nopT A
M3: ; ; NMponoBkeHHS NporpaMu

KoHTponbHi 3anutaHHa

. Yxaxirs npmsHauerus BIC [T KP580BBSS.
. Omatuits pexuvu podotu T
Hazgits MoxnuBi koMbiHalii BBiMKHeHHa opTis BIC KPS80BBSS5.

N e

Ski mopTH MapanensHOTO iHTEpEHCY MOXYTh IpaIOBaTH Y BCIX

MOJKITUBUX pexkumMax?

5. 3anuuiTe KepyBaTbHE CIOBO M POOOTH NapaneasHoro iHTepeicy
B pesxuMi O TpH HaaroUKeHHI MOPTIB 4 1 B Ha BuBeaeHHs, mopty C
— Ha BBEJICHHSL.

6. TlosicHiTb NPUHLNI YCTAHOBIEHHA/CKANAHHA po3psis nopty C.
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6.3. MporpamoBHUM iHTepdenc kNasiaTypu Ta iHaUKaLil

[Iporpamosnmii intepdeiic KmapiaTypa Ta inmukanii KP5S80BB79
NpU3HAYeHUH JUls peanizamii oOMiny iHpopmauiero mix MIT I MarpuLero
Ki1aBinn (narumkis) Ta tapukarnii. Ha sigminy sig BIC napanensHOro iHTEp-
deticy KP580BB55 (ymB. migposa. 6.2), Akuit MoXke BUKOPHUCTOBYBATHChH
Ui Oyab-AKOro HPHUCTPONO, WO 3[iMCHIOEC BBEICHHA-BUBCACHHA AaHUX Y
napanensHOMY (opmari, TporpaMoBHMit iHTepdeiic KIaBiaTypd Ta iHAIKa-
Iii cTieliani3oBaHmii i pM3HaUeHUH 1A oOMiHy iHdopmariero mume 3 Je-
AKMMU TULIAMM KNaBiaTypu Ta inpukaropis. CrpykrypHy cxemy BIC noxa-
3aHO Ha puc. 6.23.

Cxema MicTUTE. JBOHANIPAMIICHHH 8-pospsianuii Oydep manux BD, mio
3’egnye mHii ganux BIC i3 cucteMHoro nuHoM00 jaHux; 610k RIWVCU, mo 3a-
Oe3nedye KepyBaHH 30BHIIIHIM 1 BHYTPIITHIM MepeiaBaHHsMM JIaHUX Ta Kepy-
BaJIBHUX CTIiB; 670K KepyBaHHs; 610K iHTepdeiicy 1HauKaii; 610k iHTepdeicy
KITaBiaTypy.

Bnox xepyeanHa MICTUTh CXeMY KepyBaHHS Ta CHHXPOHI3AINi 1 JIUHb-
HuK ckanyBaHHs (7. CXxeMa KepyBaHHs Ta CHIrHasli3ari dopMye carHaIM, Aki
KepyHoTh ycima Gnokamu BIC, curHami BHYTpPIlIHBOI CHHXPOHI3AIUL Ta CUT-
Hal BD 1A TaciHHs iHIMKATOPA TIij Yac 3MiHN cuMBoJiB. o cKiIafy cxeMu
BXOUTh IOAUTBHUK YaCTOTH 3 TPOrpaMOBHUM KoediLi€HTOM IUICHHS s
reHepaiii BHYTPIIIHIX IMITyIbCIB CHHXPOHI3alii yactoToro a0 100 xI'u. Jhi-
YIILHUK CKaHyBaHHA ¢opmye Koau Ha JiHiAX S3-S0 nis ormryBaHHs Mar-
ML KIIaBiaTypH Ta KepyBaHHS iHauKaiero. [Ipyu usoMy 3anexHo BiJ Kepy-
BAIIBHHX CIIB MOXHA Hanaronmynam CXEMH BHadi CTaHy NiuMIBHUKA CKa-
HyBaHHs a00 Ha Oe3nocepeHe BUBEIEHHS BMICTY YOTHMPBOX MOJOAIINX PO3-
PANIB MYWILHAKA, a00 HA BUBESHHA BMICTY JABOX MOJIOILUHAX PO3PAMIB He-
pe3 gemudparop i3 YOTUPMA BHXOJAMU.
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Poasain 6. Inmepdpeiic npucmpois esedeHHA-aUGeOHHS!

Biok xepyBavHs

y 7D
DI-D0 Cxenma »
1. i  |xepyBammsA
Gap| BD |Gl a
cmalxppﬂi—__> Ccr >
3armi

_ biok intepdeiicy 18avKaini

&S i cy i043-040
D B R Out 0133~OBO
B = RAM1 ™ pi; >

R RWCU |y
A0 7T 1
RESET
CLK _| Address

A

RG

baok iHTepdeiicy knaelatypH

¢ R7-RO
P RAM2[¥ CU [*] BR |¢ CNTL/STR
7 - SHIFT
State » R
| RaM > RO

Puc. 6.23. Cmpycmypna cxema npozpamosno2o inmepgeiicy xiasianypu
inouxayiy

brok inmepgeiicy inouxayii mictuts O3 ingukawii RAM 1 iHdop-
Mauiiinoio emHicTio 16x8, axpecHuii perictp Address RG Ta suxiauvii pe-
rictp Out RG. O3I1 cximagaeThcs 3 JBOX HE3aNeXKHUX YacTUH 1o 16 4-
PO3pSAHMX C/IiB KOXKHMIL Ta 30epirac KOQW CHMBOJIB JUis iHpakamii Ha 8
abo 16 3pakomicup. Tyl 1HmUKALii 380a€ThCS BIAMNOBIAHUM KEpPYBAILHUM
cnosoM. Jlani 3 O3I] mepematoThes 9yepes BUXIJIHI PETICTPH HA BUXOAM
0A43-0A0 (crapiua yacTusa 8-pospsaHoro cnosa) Ta OB3—-0B0 (Mojoawa
4YacTHHA).

Ho 6noka inmepgpency xnasiamypu wxomurs O3I1 RAM 2 xnasiaty-
pw/natiavkiB, Oydep riosepHeHis BR, cxema yCYHEeHHA GpA3KOTy KOHTAaKTiB
CU, cxema anamzy crany O3I1 State RAM.
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Tlo3nageHHs BHBOAIB 1aHO B Tabi. 6.5.

Tabruya 6.5. Npusnavennd suBogis BIC KPS8O0BB79

i Homep INpuznayerns BUBOAIB
BHBOZY BHBOAY
12,13, 14, Bxig/Buxiz jaHux
D0-D7 15,16, 17,
18,19
CLK 3 Bxix curxpocurHaiis. Yacrora He Mae NEpEeBHITyBaTH
3,2 MI'y
. Yutanua, L-piBeHb CHUrHANY TO3BOME 3SMTYBAHHA 1H-
RD 10 tdopmauii 3 pericrpa, mo axpecyerbes pospsgom A0
1, BKazsaHull y NonepeIHEOMY KepYBATLHOMY CIIOBL
_ 3armic: L-piscHs CHrHANTY Jo3Boime 3amuc mHdopmardi i3
WR 11 muau D7-D0 y nopr BIC, nio anpecyverscs pospsioM
A0 i Brasanmii y DonepeAHEOMY KepyBallbHOMY CI0B1
Ipu oz v BIC mepexaersca KepysaibHE CIOBO
A0 21 a60 3 HpOTO BUMTYETHCA Ci10BO crany. Ilpu Hyai — nepe-
JAI0ThCA JaHi
RESET 9 CK“]fI;(aHHHI H-pisens curnaty ckuwiae BIC v mouarko-
BUI CTaH
=< Bxig Bubipku Mikpocxemu: L-piBeHb CHIHATY 3 €IHYE
CS 22 M ) 3
muHy gasux D7-D0 BIC i3 cucTeMHOFO IIHHOIO
Jlimii ckasyBamHg AK KnasiaTypw (MaTpmui JaTMUKIB),
8§0-S3 32,33,34,35 TAK 1 HO3UINH JUCHNCI0 MOXKYTh NMPAILIOBATH B PEXUMI
. JigunbHMKa a00 IHBCPCHOTO Jetngparopa
Jlinii mosepHeHHA. 3’ €AHVIOTBCS 3 MHIAMHA CKAHYBAHHAL
RO-R7 38,39,1,2,5,6,7,8 yepes lf.ﬂaniarypy (MaTpruo AaﬂnKiB). Ha{ucxaﬂﬂx
KIaBimm MMPH3BOANTE N0 TIOSABH HY/Is HA OXHI 3 jHHIA
NOBCPHEHHS
3cys. Cran wiel AiHil 3a0aM ATOBYE€THCH B KO KIABITI
SHIFT 36 1 MOXK¢ OYTH BUKOPHCTAHMH AIK 03HAKA NMEPEeKTIOYEHHA
) KIABIATVPH
V pesxani KIaBiaTypH BUKOPHCTOBYETECS TAK CAMO, AK 1
CNTR/STB 37 ninis SHIFT. Y pemuMi BBCICHHA 33 c'rpg?(JM BHKOpHC-
TOBVETHCH AK BXIJ CTPOGY (VBEACHHS 3AIMCHIOEThCH 33
niepeaniM pporrom STB)
040-043 27,26,25.24 Buxoan Pcric’rpia JAHHX AMCTIACIO. —NonzyTb Ovr BU-
OBO-OB3 31,30, 29, 28 KOpHUCTaHi K OauH 3-pospsaaunii abo jsa 4-pospsani
BUXO0IH
D 23 T aciHHg JUCHIES TP MEPCKMOYCHINX uubp abo npa
BUJIAHHI KEPYBATBHOIO CI0BA OUHIICHHS JUCILICH
Uece 40 Busia Hanpyru xkusaenud +5 B
GND 20 Cmipauit Busiz 0 B

Brok inTepdeiicy ki1aBiaTypu 3abesneuye BBefeHHs iHdopMauii ue-

pe3 niHil moBepHeHns (R7-R0) 3 wiariatypu. 30epexkeHHs BReAEHOI 1HGO-
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Po3gin 6. Inmepdpeiic npucmpoie esedeHHA-8UCCOHHS

pmauii 3aificaroeTses y O3 RAM 2, sixuid sBisie€ co6oro CTeK €MHICTIO 8x8
Git. Bxigui niii R7-R0 Mat0Th BUCOKM BHY TPILIHIH OTHp, IO Na€ MOKITH-
BiCTh Oe3nocepetHbOro Npu’ €AHAHHA 10 HUX MaTpuLi KiaBiarypu abo aar-
yukiB. J[ns 3a0e3neyeHHs pexxuMy BBEICHHA JaHHX 13 JaTUMKIB 3a CTpoOoM
roToBHOCTI niepeabaucHo ninito CN7L/STB. Buxoan 6ydepa BR 3’eHani 3
BXOJIAMU CXEMH YCYHEHHA OpsS3KOTYy KOHTAaKTIB, fKa BHABIAE 3ab0poHEHI
CUTYaIli Npy HATUCKAHHI KIABILI 1 HE AOMyCKA€E NIOBTOPHOIO BBEACHHA KO-
Jy KJaBIIH, [0 MOKE CTATHCHA BHACHIAOK OpA3KOTy koHTakTiB. CxeMa aHa-
nizy crany O3I1 dopmye crarycHy iHpopMmatio npo podoty O3II ta cur-
HaJl 3a0MUTy nepepuBadng [R(.

dyHkIioHANBHY cxXeMy npukiany 3’ eaaanHs BIC i3 cucremuoro -
roro MIIC niokasano Ha puc. 6.24.

T3 KP580BB79
44 — X1 CS 10
A3 —xo0
4B
A0 ——O0F ;
A1 A0
CLK CLK
IOR 7B
CB \ jow WR
RESET RESET
D7
DB {DLDO C——py |
_ DO

‘Puc. 6.24. 3’conanns BIC KP580BB79 iz cucmemuoio wiunoio MIIC

TlporpamyBanns mikpocxemn KPS80BB79 3milicHIOEThCS 3aBaHTa-
JKEHHAM KepyBAILHOIO CI0Ba IHiNiami3auil KiiaBiaTypyu Ta QUCIUIES Y Bif-
NIOBIAHKM PETiCTp KepyBaJIBHMX CNIB, pO3TAlOBAHHY y GO KepyBaHHA.
Tlin wac 3amMcyBaHHA KepyBaNbHHX ciiB Ha BXig A0 moTpiGHO mojpasatu
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CHUrHan Jorigsol oguuuiy. Popmar kepyBalIbHOTO CI0Ba IHiNlami3ammi Kia-
BiaTypH Ta AUCILIEA II0KA3aHo Ha puc. 6.25.

D7 D6 D5 D4 D3 D2 D1 Do
0 0 0 D D K K s

Puc. 6.25. Dopmam xepysansnozo cnosa iniyianisayii Kiagiamypu ma Oucnies

Pospanu D3 i D4 xepyBansHOro cioBa (auB. puc. 6.25) BU3HAUaArOTh

pexuM poboru auces (tabn. 6.6). Tabauys 6.6. Pexumu poboTH aucies

D4 D3 Pexxum poboru
0 0 Jucnieii Ha 8 cuMBoUS 13 yBeaSHHM 3 J1iBOTO GOKY
0 1 Jucraeit Ha 16 cuvBoNiB i3 YBEASHHAM 3 JiBOTO GOKY
1 0 Hucrneii #a 8 cHMBOIIB 13 YBeATHHAM 2 IIpaBora GOKy
1 1 Jucrireii Ha 16 ciMBOAIB i3 YBEASHHIM 3 TIpaBoro GOy

Pospsan D1 ta D2 Bu3Ha4alOTh pekuM  poOOTH  KIIaBiaTypu
(tabm. 6.7).

Tadauya 6.7, Pexxuvu poGoTH KiaaBiaTypu

D2 D1 Peskum poborn
0 0 Knagiatypa B peskuMi OAHHOYHOIO HATHCKAHHA KNasiu
0 1 Knasiarypa B pexumi N-K1aBinHOro HATHCKAHHA
i 0 CxaHyBaHES MATPUIL JATUHKIB
1 1 PexuM crpofosanoro BeeaeHHS

Pospsn S Bu3Hadae pexnM ckaHyBaHHs: Tipu S = 0 — CKaHYBaHHA B
pexuMi 4-po3psHOro ABIHKOBOTO JHYWILHUKA; pu-S = | — CKaHyBaHHSA B
pexuMi IHBEpPCHOro jemudparopa 1o miHiax S3-S0. Skino cxaHyBaHHA
3AIACHIOETRCA B PEXUMI Aetmdparopa, T0 JUCIUiel MicTHUTE He Oimbime 4
CHMBOJIB, a KJIaBiaTypa — He Oinblne 8x4 wiasinr

V' xepysanvnomy crosi iniyianisayii onoprnoi yacmomu (puc. 6.26)
po3paan D4-D0 BA3HAYAIOTE KbedxiuieHT PPPPP pineHHs 4acTOTH 30BHi-
HHBOTO cHHXpocursany CLK is oJep:KaHHsA BHYTPIIIHAOIO ONOPHOIO
curgany i3 yactororo He Oimeime 100 xI'w. ITicns ckuaanus BIC curuanom
RESET ycTaHOBMIOETHCS MakcHManbaU koediuiear PPPPP =11111.
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Poaain 6. Inmepdpeiic npucmpois esedeHHs-eL8eOeHHS

D7 D6 D5 D4 D3 D2 D1 DO
Lo T o T v TP [ 2 T P2 [ P T P |

FPuc. 6.26. Dopaam xepysanvrozo crosa iniyianizayii onopnoi yacmomu

Ipuxaanx 6.9. 3anporpamysarn BIC xoHTponepa knaBiaTypyt Ta iH-
IUKarlii i poGoTH 3 KiaBiaTyporo 8x8 kiapiur y pexkuMi N-KITaBilTHOTO
HATUCKAHHA Ta 3 AWCIUICEM 3 8 CUMBOJIIB Y PeXUMi BBEICHHA 3 JIIBOro 6o-
Ky. BignosigHo Ko cxeMu miakarodeHHs (aus. puc. 6.24) BIC KP580BB79
Mae aapecH 00H ana pauux i 02F s 3a1mcy KepyBéHLan CIIB 1 YUTaHHA
crarycHoi inopmaui. Hacrota iMIynsciB Ha xomi CLK — 2 Ml

Busraqumo xepyBasibHI clioBa. 32 YMOBOIO NMpHKIaxy Ta puc. 6.25
KepyBaJIBHE CIIOBO IHiLiani3auii KIaBiaTypy Ta AUCIUIES Mae Takvil BUTIIAL
(puc. 6.27):

Puc. 6.27. Kepysanvue caogo iniyianizayil xaasiamypu ma oucnaest

i popieHroe 02H. KepysasnbHe CIoBO iHiLliafi3allii OMOPHOI 4acTOTH
(muB. puc. 6.25) Mae Takwuii Buriia (puc. 6.28):

D7 D6 D5 D4 D3 D2 D\ DO
Lo [ o [ v [ 1t T o T 1 17 o 1 o]

Puc. 6.28. Kepysanene ciuo60 iniyiaaizayii onoproi yacmomu

i popieHioe 34H. 3nauenns PPPPP = 10100, su3sHauae ABIAKOBUI
K07 xoediuieHTa JUIEHHA IMITYJIbCIB 13 YacToTor 2 MITH i 3abe3neueHsa
BHYTpirgkoi yactoTr 100 kI'n (2000/100 = 20 = 10100,).

IIporpama inimiamizanii BIC Mae takwit BUrnaz:

MOV AL, 02 i ®OpMyRaHHSI MEePWOTO KepyBalbHOD'O cloBa.peiMy B AL
OUT 02, AL °|; BuBeneHHs B iHTepgeitc
MOV AL, 34H |; ¢opMyBaHHA OpyI'ol'o KepyBaJlbHOT'O clloBa pexiMy B AL
ouT 02, AL ; BupeneHust B inTepdeiic
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[Micna Takoi mocmigoBHOCTI KOMaHJ 1HTepdeiic KNaBiaTypu Ta IHIM-
Kallii roToBuit 50 poOOTH Y 3alporpaMoOBaHOMY PEKAMI.

3’eananr BIC inTepdeiicy 3 knasiaTyporo Ta iHAMKALIEH0 300pace-
HO Ha puc. 6.29.

4B DB CB
a r'y A
+ 7% SNIFT Marpuna
CNTL/STB KIaBint
A0 R7-RO (TaTmKiB)
»
. » D7-DO r==-a
g
$3-50 | D€ —
> RESET Tt !
—» CIK FI_) —
_ OA3-040 > TeHKaALis
RD 0B3-0B0 >
WR

v

Puc. 6.29. Cmpycmypna cxema 3 ’conanna BIC iz xnasiamyporo ma induxayicio
VKLY p 7 Y

ITyrxTHPOM TOKa3aHO IPMEIHAHHA 30BHILMIHBOrO Jemmdparopa DC
no BIC. ¥V Bunanxy, sKIIO KIapiatypa MICTHTh MEHIE HiX 4x8 Kiasiin, a
KiIBKICTh CUMBOIIB JUCIUIES MEHUIE 4, To cUrHANIM Ha BUBOAaX S3—S0 Mo-
xHa 6e3rocepeinb0 BUKOPUCTOBYBATH AJIs KEPYBAHHA KIARIATYPOLO Ta iH-
JUKAI€0, OCKIABKY Ha BHBOAAX S3-S0 dopMmyroTbes curHami geimmudpa-
TOpa 13 YoTHpMa BuxodaMH. IIpuenHaHHa 30BHIMHLOTO Hemmdparopa (1o
16 BuxoniB) n03BOIIsE KepyBaTH KiuaeiaTyporo 16x8 xmanim ta 16 cuMso-
naMu AMCIUIe.

dynknionyBanns 0joka inTepdeiicy inmukanii. ITicnst samicy ke-
pyBalbHOro CJI0Ba IHilliami3amii KIaBlaTypu Ta Iucnines (AuB. puc. 6.25)
6nok iHTepdelicy iHANKaLIil BCTAHOBIIOETECA B OJIUH 13 YOTHPBOX PEKUMIB,
AKI BU3HA9aroTECs po3psgamu D3 1a D4. B yeix pexxuMax A BUCBITICHHS
CHUMBONY Ha IHIMKalii Tpeba 3aBaHTOXKUTH KepysdlbHe CIO60 3ANUCY 6
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Pozain 6. Inmepdpelic npucmpoie ssedeHHA-suseO0eHHs

O3I1 inouxayii (puc. 6.30) 3 anpecoro 40 = 1, a OTIM 3aBaHTAXKUTH HaHI
upu agpeci A0 = 1. Tpu inpuxauii aari 3 O3I1 nepepatorses Ha 8 imid
0A3-0A0, OB3-0B0. Jlasi MoxyTh OyTY MOJIaHI CEMUCETMEHTHUM KOJIOM
npu GesnocepeIHEOMY 3’ €JHAHHI iHAUKATOPIB 3 MiHisMEA O43-040, OB3—
0OB0 abo aeoMa 4-po3paIHUMY KOJAMH TIPU MAKIIOYEHHI 30BHINIHIX ITH~
tparopis. '
n7 Dé D3 D4 D3 D2 D1 DO
Lo v v [ a4l 4] 4]

Puc. 6.30. Popmam xepyeanvroeo ciosa 3anucy 8 O3I1 induxayii

Pospanu D3—-D0 kepysansHoro cnosa (uB. puc. 6.30) micTath aipe-
cy AAAA nosnuii aucmnes, ska Mae 6yTu npountaHa. Pospsx /4 MicTHTD
03HAaKy aBTOIHKpeMeHTHOI aapecanii /. fxmo [ = 1, To angpeca Oyne 1HKpe-
MEHTYBATHCH IICIA KOJKHOT OTepanli YATAHHA.

Jlns sumryBanns ganux i3 O30 1HpKari HeoOX11HO 3aBaHTAXKUTH Ke-
pyeaave c1060 syumyeanns 3 O3] inouxayit (puc. 6.31) mpu 40 = 1, a mo-
TiM 3uuTtaTd iHGopmauito 3 O3IT npu 40 = 0.

D7 D6 D5 D4 D3 D2 D1 Do
Ly T o [T o T 7 1T 41T 2 1 a | a |

Puc. 6.31. Qopriam xepysatenozo cirosa saumyeantisi 3 O3 inouxayii

[Ipu3HayeHns pospsaiB KepyBalbHOTO c10Ba 3uuTyBaHHs 3 O3] injuxa-
1 aHATIONMYHE MIPH3HAYCHHIO PO3PAIB KepyBansHoro ciiosa 3anvcy B O3IT in-
mvikaui. ITone 4444 usHagae anpecy nosvmi B O3 inpukanii, sxa Mae 6ytu
3YHUTaHA.

SIkwo aucnneii mictute 8 cuMBeodiB, To 6mok kepysanHs BIC
KP580BB79 ckanye nucmieii 3a 5,1 Mc npu BHyTpilnHii yacrori 100 kl'u,
Akmo k 16 cumsoitis, 1o 3a 10,23 Mc. Ipotiec ckaHyBaHHS AUCITIES MOJIS-
rac y BuAaui y suxigauii pericrp iagukanii QU7 RG (aus. puc. 6.23) sMmic-
Ty xoxnoi xoMipku O3I1 iHamkami. OyuximodHysanHs Onoka iHTepdeiicy
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IHAMKAMii 3IeKUTh Bif crmocoby Bumadi KoAie ckaHyBaHHA S3-S0 (xus.
puc. 6.23). V Tponeci ckanyeanHs 6 pescumi ingepcrozo dewuppamopa
inopMallis 3 ABIAETHCA TUIBKU B HEPIIMX YOTHPHOX 3HAKOMICIIAX IUCI-
aes, y pexuMi 4-po3pAgHOro ABIMKOBOTO JIYMIBHAKA 3 BUKOPHCTAHHAM
30BHIMIHBOTO Aenmdparopa — Ha 16, OHOYACHO 31 3MIHOIO CTAHIB JiYHIb-
HUKA CKAaHyBAHHA 1 BMICTY BHXIJHOTO PETicTpa iHJMKallii Ha BMBOMI BD
3’ABIACTLCA CHIHAT JIOTIYHOIO HyIs TpHBanicTio 150 MKc, 0 BUKOPHCTO-
BYETBCS I FAaCiHHS 1HAMKAHIL 31 3MIHOI0 CHMBOMIB.

V pexuMax BUBeicHHA iHbopMalli Ha IHAWKALI 3 YBEACHHIM HOBHX
CHMBOJIB 3 JIIBOTO 0OKy KOXHOMY 3HAKOMICIIO AWCIUIES BiANOBIJA€ OMMH
oaiit y O3IT igaukaryi. Komipui O3[1 3 Hy150B0F0 aIpecoro BiANOBInac Kpaii-
HE JIiBe 3HAKOMICHE, 8 KOMIpLi 3 agpecoro 7 (aGo 15) - KpaiiHe npase B iHAU-
kamii Ha 8 abo 16 ciMBOMIB BiNMOBIAHO. YV pexxuMax BUBEACHHA iHbopMallii 3
YBEJIEHHAM HOBHMX CHMBOIIIB 3 IIPaBOro 6OKY KOJ HOBOTO CHMBOJTy 3aIMCy€Th-
cs B koMipky O3] 3 Hy/TbOBOKO afIpecoro, TP EOMY paHille 3armicana iHdo-
pMalLlis 3CYBA€ThCS BAiBO. Y IEOMY pexdmi HEMAE NPAMOi BIZMOBITHOCTI MiXK
azpecoro koMipku O3 1 3HakoMicHeM 1HAWKALL.

IIporpaManM mIAXOM MOXHA 3a00pOHUTH BHAady oiHIiei aGo 060X
TeTpaa yMICTy BUXLIHUX pericTpiB. KepyBaibHe CloBo 3a6oponu 3anucy &
O3I1 inoukayit/zacinns oka3aHo Ha puc. 6.32.

D7 D6 D5 D4 D3 D2 D1 DO
i 1 ] o | 1 | x | mwa ] mwB | Bla | BLB |

Puc. 6.32. Qopmam kepysansnozo cirosa 3abopornu 3anucy ¢ Q311

iHouKkayi/zacinms

Bairu O311 inyvkawii NoAinMrOTs Ha TeTpaau. A — crapma, B — Monoa-
ma. Pospsmu D3 (IWA) 1a D2 (IWB) — 6iti 3a60poHu 3ammcy iHdopMari y
Tetpamu 4 Ta B O3I inmukanii signosigso, pospsmu Di (BLA) ta DO (BLB) —
OiTit raciggs abo OnaHKyBaHHA (YCTaHOBJICHHA CNEINAIBHOIO Koy, HalpH-
KJIaf, koxy npobiiy). KepyBanbHe croBo (fuB. puc. 6.32) 103B0JIsi€ MACKyBaTH
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Po3gin 6. Inmepdpeiic npucmpois esedeHHN-eUSEOCHHS

OfHY 3 TETPa]| Y BUIIZNKY TOJBIHHOTO 4-Mo3UIiifHOTO aucinied. Y pasi 3a60-
POHM 3aMCy B OJHY 3 TETPa] TPHBAIICT HU3BKOTO PIBHA CHTHANY TaciHHA HE
Mmenie 150 mxc, a y pasi 3abopoHM 3amicy B o0UBI TeTpaad BU3HAYAETHCA
4acoM Jiii KEPYBAJILHOTO CJIOBA.

Hiia acmanoegrenns ko0y Haankyeanns, a Takox cxarvyearns O3 in-
ouxayil ma ckudanua 6auma cmany BUKOPUCTOBY€ETECS KEPYBAJIbHE CIIOBO,
topmaT sKoro nokasano Ha puc. 6.33.

D7 D6 D5 D4 D3 D2 D1 Do
[ 1 [ 1 7 o T co I BL I B2 T ¢cF | ¢4 ]

Fuc. 6.33. @opmam kepyearbroeo c106a 8CMan0G1IeHHA KOOY GAAHKVEAHHS,

ckaryeants O3 incduxayii ma cxudanns 6aiima cmany

: ”P03p;11m D3 (BC1) 1a D2 (BC2) nossonsroth o6paT# OIMH 3 KOMIB
6nankyBanus (Tabm. 6.8).

Tabauys 6.8. Koau O1aHKYBaHHS

BC1 BC2 Koa 6nasxveaHHs
0 x 00
1 0 20H (xox mpodity)
1 i OFFH ) |

3 ycra”oBiIeHHAM po3pany D4 (CD) 3miicHIOETbCS TIpoLieaypa CKH-
nanda O3I] 1HauKaimii msAxoM 3aMOBHEHHA KOJaMU OJIaHKyBaHHA, Y cTa-
HOBJIEHHA po3pany D1(CF) ckupae 6aliT cTaHy, CUTHaNl TiepepUBAHHA 1
BCTZHOB/HOE MOKAKYMK DaM’ATI MAaTPHLI KIaBlaTypyu Ha HY/IbOBHI PAJOK.
Jis pospany DO (('A) ananorivyea oqHoyacHii 1ii po3psamis D4 1 D1.

Mpuxnan 6.10. Intepdeiic knapiaTypy it inIUKaUli 3aIporpaMoBaHO
Ha PEeXUM CKaHYBAaHHA 8-CUMBOJIBHOIO JHCILTes 3 yBeACHHAM 3 TBoro 6o-
xy. Jlo BIC inTepdeiicy npreaHano Tpy ceMUCETMEHTHI IHAUKATOPY B 110~
sutiax 0, 1, 2. HaBectu QyHKiiOHATBHY CXeMy NpHEAHAHHS AUCIUIES Ta
Ham|caTy NporpamMy BHAAYI HA AUCILIEH BMICTY TphoX 8-GITOBUX KOMIpOK
naM’sTi 3 MoYaTkoBoro anapecoro DS:.S/, y AKHUX 3aMCcaHO CEMUCEIMEHTHI
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komu. Anpecu BIC xonrporepa kiasiarypu # iHAMKamii Taki, 5K 1 y IPHKIL.
6.9.
DyHKIIOHANEHY CXeMy PUETHAHHA RUCIUIES M0Ka3aHo Ha puc 6.34.

T 0 +5B
KPS80BB79 ]
10 S0 f—o
¢
5 —
— -+ — -+ L -
RG 1 1 |
e\ - ‘| o | -
b b b
C [4 (4
040-043 d | o = d | 4 d | 4
o A Y
f -’ S} - S| -
g g g

Puc. 6.34. Qynxyionanvna cxema npucoHanusa oucnaes

Jucieill ckmazgaeTbes 3 TPhOX CEMUCETMEHTHHX IHAUKATOPIB TUITY
AJIC321B, cxeMa KOXXHOro 3 SKHUX MICTHUTH BICIM CBITJIOZIOLIB, 3’ €¢AHAHUX
3a CXEMOI0 3i CIILTHHAM aHoAo0M (puc. 6.35, a). CBITIOHION BUCBITIIOETHCA
NpH HAJXOPKEHHI Ha BXOIH ¢—g CHTHATY HU3LKOTO piBHA (puc. 6.35, 6), a
Ha CTIIIBHHA aHOJ — CUTHANY BUCOKOTO PIiBHAL

BukopuctaHHa ceMHCEIMEHTHUX IHIMKATOPIB ILOT0 THIY HoTpedye no-
JaHHA (HBEPCHUX CEMHCETMEHTHHMX KOZIB. [HIMKATOpPH TacATBCA 3 HAIXO-
JoKEHHIM Koxy OnaHkysanss OFFH.

[IporpaMa BHBEACHHA CUMBOJIIB Ha IHAMKAINFO NIOYHHAETLCA 3 TaCIHHA
Jucmies 3amicypanHaM kopy OFFH B O3I1 inmgukanii. KepyBajimae €10BO
BCTaHOBIIcHHA koAy OnankymaHHi, ckaByBaHBAa O3I] inmuxaini i CKHUAAHHA
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Po3ain 8. lnmepdeiic npucmpg;q esedeHHA-euedeHHA

Oatita crasly (aus. puc. 6.33) yac micrurn spaverms CD = 1, BC1 = BC2 = 1.
Toni 3sHAYEHHA KepyBaATEHOrG cniora nopiertoe 0DCH.

d
a 6

Puc. 6:35. Cesmceerenmnuii inouxamop AJNC321E:

d -~ NPUHYUNOSQ cxema; 6 — posmiwyenns ceimnodiodis

Tndopmariis Ha TUCIeH BUBOAUTHCA TCIIS 3aBAHTAKEHHA KepyBallbHO-
ro cnosa 3atmcy B O3IT ilmuxanii (nms. puc. 6.32), y sikomy 4444 = 0000,
= 1. Toni 3Ha9eHHs KEPyBamsHoro ¢oBa AopisHIOE 707,

Iporpama Mac Takuii Rurys:

MOV AL, ODCH | ; ¢opMyBaHHA KepyBallbHOTO CliCEA

" BOT2HOBJIEHHSA KOLY OJaHKyBaHHH,
crkaHyBaHHsa O3 iHOurauii Ta ckuiaHyAa
BaltTa CcTady

e e N N

ouT 02, AL ; BupelleHHA Ha ivTepdelic
CALL DELAY1 ; BaTpMMKa Ha vac 6JlaHKyBaHHA
MOV AL, 70H ;' dOpMYBaHHA KepyBaiibHOTO CJicBa 3anucy

B O3 iHmukauily

’

ouT 02, AL ; BumpenenHds Ha iuTepdeitc

MOV CcX, 3 ; BaBaHTaxeHHd NiuunbHUKa BalTis
MO: | MOV AL, [SI] ; BuMTyBaHHA 3 03[ 1naUKaLiy

ouT 00, AL ; BuMBeneHHA faHux Ha iHTepdelic

INC 51 ; 33inplleHHsA afpecu Ha OIMHMULIO

LOOP MO

CALL DELAY2 ; 3aTpuMKa Ha 4dYac cKaHyBaHHS

OCKUIbKY HOBI 3HAYEHHA HA 1HAHKAIlI0 MOYKHA NEpeAaBaTH NHUINe -
CJIA 3aTPUMKH Ha yac ckanyBaHHA aaHux B O3Il mucnnes (5,1 mMc), To na-
BeJIcHa IIporpaMa MICTUTH I HIporpaMy 4acoBoi 3aTpuMku DELAY2.
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Poapin 6. inmepdgelic npucmpole ssedeHHs-8UECOEHHS

dynkunionyBanHa 610xa iHTepdeiicy xaaBiaTypn (1aTumkis). Yci
pexumMu pobortn 6roka iHTepdeiicy knaBiaTypu (HaTuukiB), MO0 BU3HAYA-
I0TheA pospsaamu D1 Ta D2 kepyBadbHOrO ¢JI0Ba IHiIami3amii KnamaTypH
1 pucries (B, puc. 6.25), MOKHA NOJUTUTY Ha TPH TPy U
‘1) - onmTyBanHs MaTpHLI KIaBiaTypH,
2) 6nnTyBaHH;1 MaTpHLl JaTYHUKiB;
3) yBeleHH: JaHUX 3a CTPOGOM.
V pexumi onuTyBaHHs MaTpuLi KiasiaTypu (mpu D1 = D2 = 0 Ta npu
D1 =1, D2 = 0) natuckanHs 6y Ob-aKoi KIaBilil iHIIHIOE TeHEePaIlifo BHCO-
KOTO pIBHS CUTHANY IEpPCPUBAHHA HA BUBOM /R(), 4 KOJ HATHCHYTOI Kia-
Bimi 3anucyerscs B O311 knaBiaTypw (matumkiB). I1in yac onmryBaHHS Ma-
TPULI KNaBiaTypu QYHKIIOHYE CXeMa YCYHEHHs OPsI3KOTy KOHTAaKTiB. 3Be-
pHenns 1o O3TT Big6yBaeThes 3a MPUHIMIIOM HEpPri: KOJ, 3alACAHMM B
O3I1 nepumM, 3YUTYETHCS 3 HHOTO fepiunM. 1106 3uMTaTi KoA Knamimi 3
OBI1, Tpeba 3aBanTaxkuTH B iHTEpdeiic xiaBiaTypH it iHAMKaLIi KepyBajibHe
cnoBo yumanna 3 O311 knasiamypu (0amuuxis) (puc. 6.36) mpu A0 = 1, a
TOTiM 3uuTaTH Aani 3 O3[1 npu A0 = 0.

DI D6 - Ds D4 D3 D2 DI Do
Lo v Joo | or [ x| 4 4] 4 |

Puc. 6.36. Dopmam kepysanenoo ciiosa yumanns 2 Q311 kaasiamypu

(Oamuuxia)

Po3psn D4 MicTuTh 03HaKy aBTOIHKPEMEHTHOI agpecauii /, po3psan 12—
DO — anpecy AAA 6Gaitra O3I1 knaBiaTypu (TaTYUKIB), 10 MA€E OYTH 3UUTAHUM.
Slkmo 61T / BCTAHOBIIEHO, TO HACTYIHI KOMAHAW YMTAHHS JaHWX GYAyTh BU-
KJIUKATH aBTOMAaTH4HE IHKPEMEHTYBaHHA anpecy. JIIs uutaHHs BMICTY BCBOTO
OB3ITI Heo6xigHO 3aBaHTAXUTH KepyBanbHe cioBo uuranHi O3[] kiasiatypu
(maTunxiB) mpu [ = 1, a micnA mhoro 8 pasiB 3UMTATY AaHi.

Dopmam oanux npu yumanni 3 O3I1 xnasiamypu (Oamuuxie) okaza-
HO Ha puc. 6.37. ¥V pospamgax D5—D3 po3MIlyeTbca HOMep pAAKa MaTpHLi
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HATUCHYTOI KJaBIlli — 3HaYeHHs po3paniB S2—S0 nidunbHEKa cKaHyBaHHS,
y pospsazax D2-D0 posminieHuii HOMep CTOBIIIA MaTpyili HATHCHYTOI Kia-
Billll — 3HAYEHHS po3psaiB R2-RO. Pospsgu D7-D6 MOXYTh BUKOPHCTOBY-
BaTHCA NPH BBEIECHHI 3 PO3IIMPEHOI KIaBiaTypy — B HUX 3alIMCY€THCA CTaH
TOMATKOBHX KIABII, 3’ €IHAHUX i3 BuBogaMu SHIFT 1 CNTL.

D7 D6 DS . D4 D3 D2 Di DO
|CNTLJSHIFTI S2 | S1 | i) | R2 | Rl i RO [

Puc. 6.37. ®opmam danux npu wumanni 3 Q311 krasiamypu (Oamuuxis)

Ilpu 3umryBanxi Aasnx i3 O3[1 knaBiaTypH (JaT9MKIB) cUTHAN Iepe-
pusanus /RQ cxumaethes, ane skmo O3 knagiaTypu (ZaTduKiB) MiCTHTh
[I€ He 34YATaHi JaHi, TO Ha BUBOJI /RO 3HOB reHepy€EThCs CHIHAN BUCOKOIO
PIBHAL.

PexuM onuTyBaHHA MaTpHIll KJIaBlaTypyd MICTHTD!

a) peXuM OJHHHYHOTO HATHUCKAHHA KiaBlml i3 3ab6opo-
HOIO BBEJCHHS KOMIB MpPH HATHCKAHHI JBOX a0 Ousiue kirasim (D1
= D2 =0), '

6) N-knaBilTHEe HATUCKAHHSA 3 I03BOJIOM YBEJICHHA KOXNIB
npu Hatuckanxi N xnasim (D1 =1, D2 = 0).

Y pexuMi OJUHIYHOTO HATHCKAHHA, AKI0 HATHCHYTO ABi abo Ginbme
kiasim, B O3[1 knaBiaTypu (HaT4uKiB) 3alMHCYETBCA KOA JIMINE OJHI€l 3
KJIaBIII -~ TIePIno] HATUCHYTOT abo Ti€i, 110 OTUTYEThCS MEPLIOIO.

VY pexuMi N-xnasimHoro HatuckanHs B O31] 3aHocATbCH KOZU BCiX
HATMCHYTUX KIABUT TI0 Yep3i iX ONUTYBAHHSA [PU CKaHYBaHHI MaTpuLll
KJIaBiarypu. Y IbOMY pe:KuMi MOXKHA 3anp0rpaMyBaTM BIC iarepdeiicy Ha
CHEiATbHUN pEXUM TIOMUITKK CKAaHYBaHHA KiIaBlaTypH BCTaHOBIEHHAM
OJIMHHYBOrO 3HAueHHs pospsny D4 (F) y xepysaibHOMY Cl06i CKUOAHHSA
nepepUBAHHSY/ 8CMAHOBLEHNS PEXCUMY NOMUIKU cKaHyséanns (puc. 6.38). Te
KEePYBaJBHE CIOBO TaKOX YCTAHOBJIIOE L-piBeHb CUIHANY TIepepuBaHHA Ha
minii JRQ.
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D7 D6 D5 D4 D3 D2 Dl DO
L [ v T v T T x T x | x [ x|

. Puc. 6.38. @opmam kepysaivroz0 €064 CKUOAHHA, REPEPUCARHA SCIAHOGACHHS

PEHCUMY ROMUWIKU CKAHYB8AHHA

ITpy omHOYACHOMY HATMCKaHHI KUTBKOX KIABIM YCTaHOBIIOETHCA
mpanopelh MOMWIKY y GaliTi cTady i TeHepoBaHWil BHCOKMI pIBEHh CHI'HA-
sy Ha BuBOAL [RQ). @opmam 6aiima cmary iokazaHo Ha puc. 6.39.

D7 D6 D Dy D32 DI DO
lov [ s2 | o [ v | F [ m | M | w |

\v)

Puc. 6.39. ®opmar Oatita cTaHy

Opuruase 3HaueHHA pospany D7 (DU) Bkasye Ha HEROCTYTHMIA JucTl-

1edt, To0To Ha Te, o He 3akiHueHa omeparis oumneHnas O3] Hpukaimi. Om-
HUYHE 3HaueHHs po3paay 6 (SE) — Ha Te, IO JaTYK 3aMKHEHLI (Y pesxumMl
OLMTYBAHHA MATPULI JaT9IUKIB), 60 HA TIOMIWIKY GAaraTOKNaBilHOTO HaTKC-
KaHHA (y pexXuMl ONUTYBaHHA KiaBiaTypH). OXHHUYHE 3HaueHHs pospagy D5
(O) Bkasye Ha IOMWIKY TepernoBHEHH. Llell po3psyl YCTaHOBIFOETHCS TOII,
KOJI POOMTECA cNpo0a 3aficy B 3allOBHEHY ITaM’siTh KnaBiarypi. OIUHUYHE
3HaueHHA po3psany D4(U) Bkasye Ha MOMUWIKY CITYCTONIEHHS i YCTAHOBITIOCTE-
¢4 TOAI, KOMM poOUTCA cipoba 34ATYBaHHA JaHuX i3 mopoxkHboi O3I] knasia-
Typu (maTupkis). OfuHWYHe 3HaueHHS pospsay D3 (F) BKasye Ha 3aloBHe-
nicte O3] knasiarypu (garaukis). Pospsau D2-D0 (N2-NO) BU3HA4aroTh Ki-
nekicTh cuMBoOMIB ¥ O3I1 xiaBiatypy (IaTUMKIB).

V pexumi onuTyBaHHA MaTpALI JaTUUKIB 3MiHA CTAHY 0IHOTO 3 JaT-
YZKIB [HIIIIOE T€HEepallil0 BUCOKOTO PIBHA CUTHany Ha BusoAi /RQ. Ilpu
UbOMy 3HaueHHS po3paiis K7-RO GesnocepenHbo 3amucyiorhes B O3[1
K/IaBIaTypH (IaT4HKiB) 63 Nepefadi KepyBaHHs CXeMi YCyHeHHs GpA3KOTY
KOHTaKTiB. ‘
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Po3apin 6. Inmepdheiic npucmpois ezederHsn-eusedeHHs

V pexumi BBEAEHHS 3a CTpoOOM 3HAYECHHS po3psais R7-RO 3amucy-
forecst B O3l knaBiaTypu (1aTvuKiB), ane BBEJEHHS CTpoOyeThCS CHUIHa-
aoM Ha BuBom CNTL/STB.

Ipnxaan 6.11. Hasectn pyBkuionaneHy cxemy 3’ eananns BIC 3 18-
TepdeiicoM kmaBiaTypu, ska Micturh kinasimi 10 uudp Ta xiasimy
<ENTER>. BusHauuTy xoau kiasim. Iarepdeiic knapiatypy # iHguKamii
3aMpOrpaMOBAHO Ha PEXXMM ONMWTYBAHHA MaTpHIl KiaBlaTypH i3 3a0opo-
HOIO BBEJICHHA KOJIIB NPH HATHCKAHHI NV KJ1asinm.

dyHKIoOHATEHY cxeMy 3 exnaHHs BIC 13 kiariaTyporo Nmoka3aHo Ha
puc. 6.40.

10 ro — 1<e

2 <1> r/—ﬂ J:/4»<9>

R2 Nl Bl il 2L
R3 < 3
Ra <4> f/4P
R5
x6 — §1
. =~_<7> { -+

CNTL
SHIFT 1

50

A

A

Iy
[

o

51

RO —0ooo——»p

Puc. 6.40. Pynxyionarena cxema 3'eonanns BIC iz xiagiamypoio

IIpy TakoMy 3’€/(HanHl KOIY KiaBim, sK1 3anucytoTbest B O3I1 knasia-
TYPH, BU3HAUAOThCA 3a puc. 6.37. i tmdp Big 0 10 9 koam 36irarothcs 13
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mudpaMu, 1103HAYCHIMH B nankax (aus. puc. 6.40). Koa xnasimi ENTER su-
sHavacTbes sk 00 001 010 1 nopisnroe 04H.

KOHTpONbHI 3anuTaHHs

1. Vxaxits npusnavenns BIC nporpaMosHoro iHTepdeificy KiasiaTypu
Ta THAMKAII].

2. SIxy MakcHManbHY KUIBKICTH KJIaBII MoxHa 3’ €tHary 3 BIC nporpa-
MOBHOTO 1HTep(elicy knasiatypu 1a isauxanii KPS80BE79?

3. TIoACHITE 0COGIMBOCTI PEKHUMY OIMATYBAHHA MATPUIl KiIaBiaTypu.

4. TloscHiTE OCOGIUBOCTI peXUMY ONUTYBAHHSA MATPUIN AATIHKIB.

5. TlosicHiTh 0COORMBOCTI peXKUMY BBEICHHS 32 CTPOOOM.

6.4. NMporpamoBHUI Takimep

ITporpamosnuit taiimep (IIT) KP1810BHUS4 npusHavenwii juis opra-
mizamii pobot MIT cucteM i opMyBaHHSA CUTHATIB 3 PI3HUMM YaCOBUMM
T4 YaCTOTHUMH XapakTepucTukamu. CTpyKTypHY cxemy BIC moxasaHo Ha
puc. 6.41, a yMoBHe 103HaYESHHS — HA PHC. 6.42.
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Posgin 6. IHmepdbeiic npucmpoie 6sedeHHA-6UEC0EHHS

CLKD
| CL
D1-Do
> D |ephep| cro | EATEY
ourTs
—
)
RD CLK1 o7
PR e DO
WR 3 . 21 s
40 ey efp| 11 [GATEL — Dl
Al ouTl 22 RD D2
_ r ” WR D3
F__ 3 | —F Dt
S — 5
an| w2
ROR  |emdalp| cr2 [EATEZ 20 D7
ourz’ i CLKO
Ry 15 CLK1
! 18 —cIk2 ouTo
|—_t ! ouT1
' 11— GO our2 L
Puc. 6.41. Cmpyxmypua cxeva BIC }2 g
(R )
KP580BFI54: CLKO-CLK2 — éxoou maxmo-

sux ixmynecia; GATEO-GATEO2 — exoou
o360y aivenns; QUTO-OUT2 - suxoou

ATYUTBHUKA

Puc. 6.42. Yaoene nosuauenns
BIC KP580BH 54

Cxema TaitmMepa MICTHTH. OJOK " KepyBaHHA THTAHHAM/3aTHCOM
RWCU 3 perictpom kepyBansaoro ciosa RCW, tpucrabinnamii 6ydep
nauux BD, Tpu xaramu Ha Ga3i 16-po3pAZHMX BiX’ €MHUX JIYMIBHHUKIB
"T0-C72. Koxuuif KaHal MiCTUTB JIIYHMIBHAK, BXIAHI Ta BUX1AHI OydepHi
perictpu. JIIYMIBHUKH MOXYTh NPALIOBATH Y ABIHKOBOMY a60 ABiHKOBO-
ICCATKOBOMY Komi. MakcumanbHa YacToTa JIYWIbHMKA CTAHOBHTH
2 MI'tt anng KPS80BUS3 ta SMI'y oana KP1810BH54.

TTpuzrauenns rusois [1T KP580BU54 vasenerio B Tabxn. 6.9.

Pospsmu A1, AO (auB. puc. 6.41) 06uparoTs 3BepHEHHS JI0 TiHMIBHU-
ki C70-C72 abo 1o perictpa xepysanssoro ciosa RCW (tabn. 6.10).
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Tadnuya 6.9. llpmsnayenns suBoaie BIC Talimepa KPS80BH54

ITozna-uenus Homep

TpusnaucHHs
BHBOIY
D1-DO 1,2, 3,4, |axa sanux
5,6,7,8 :
CS 21 Bu6ipka kpucrana; npu CS = 0 gospozena pobora BIC |
RD 22 Yurranns: cursan RD =0 Halaro;pkye BXiaumi 6ydep Ha BuBe-
AeHHy, npu skomy ITT uiae indopmaniro y MIIT
WR 23 3anuc: curaaz WR =0 HaJarofuKy € BxXiauuii Gydep Ha BBCACHHS,
npu sxoMy ITT npuiivae indopmartito Big MIT
A0, 41 19,20 |AnpecHi BxoxH, 3a SKMU BiI6yBaEcThCA aTpecanis O OAHOTO
‘ 3 TPhOX KaHaTIB TaliMepa
CLK2-CLKO 9,15, 18 |Bxix TakTOBHX CHTHATIB /11 KEPYRANHA A TEHAKOM/ TAMEPOM.

3pi3 curnany Ha 8x0gi CLK mpusBoauTs 10 3MEHIICHHS BMICTY

, JNYATEHAKA TaliMepa Ha OAVHMITIO

|GATE2-GATE0| 11, 14, 16 | Bxoau 103807y 1i96H, Jist SKHX 3a7X€KHTH B PEKUMY PoBOTH
KaHAT :

QUT2-0UT) 10, 13, 17 | Buxoawm JiunssHuka/TaliMepa

Tabauya 6.10. Anpecaunist CTO-CT2, RCW

Al A0 3BepHeHHS
0 0 70
0 1 CT1
1 0 CT2
1 1 RCW

Curnany KepyBaus pobororo BIC WR, RD, CS T0Jal0ThCa Ha 610K
RWCU i pazom 3 aapecauMu pospsiamu A0, A1 3a1aroTh BUl BUXOHYBAHOI
oneparii 3rigHo 3 Tadn. 6.11.

Tabnuya 6.11. Bux onepauil IIT 3a/1e%H0 Bil CHTHAJIB KepyBaHHs
Ta ajpecHUX po3psiin

Oncpanis __ Curzanm KepyBaHHa

_ WR RD cs A0 Al
3amic xepysanbaoro ciosa 8 RCW 0 1 0 1 1
JaBamTaxeman C70 0 1 0 0 0
3aparraxenns CT1 .0 1 0 0 1
SapanTakenng CT2 0 1 0 1 0
Yuranus CT0 1 0 0 0 0
Yurauus CT1 1 0 0 0 1
Yuranus CT2 . 1. 0 0 1 0
Bix’equanns ITT Bix wmnu 1 1 0 x x

IIpwwimka. x — 6y 1b-sixe 3Havenns (0 ato 1).
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Poagain 6. lnmepdgbeiic npucmpoie esedeHHA-elUeeOeHHS

Y3arameHery cxemy npueananag TIT mo e MIT nokasaso Ha puc.
6.43. Sx npuknan, wa ajgpecHiii miuii A1, 40 MoXXHA MPUETHATA 10 JHil A2,
Al wWuHE azgpec, Ha BXiA CS TOJATH CUTHAN 3 BUXOAY Aeumdparopa, IK Ha
puc. 6.9 ado 6.24.

4B
cg A Al [ A2
DB - IOR 10w
. T Looa
a A0 Al D7-D0 R_D WR |
Cc1o CT Cc12
CIK GATEOUT CIKGATEOUT  CLKGATEOUT

Phe T T

Puc. 6.43. Ilpuconanns T oo wun MIT

YcranoBneHHd pexkuMy po6oTH kodkaoTo Kanany IIT 3aiiicHioeTbes
NpOTpaMHO 3aIUCYBAHHAM KEPYBANBHOTO cioBa (puc. 6.44) | O4aTKOBOTO
BMICTY NYHIBHIHKA.

D7 D6 D5 D4 D3 D2 Di Do

| CNT1 ](:Nm { RW1 [RWO 1 M2 ; M1 | MO l K }

Puc. 6.44. Dopmam rxepysatenozo cirosa IIT

3a sravenusmu pospams 17 (CNT1) ta D6 (CNT0) obuparots miuu-
IBHAK (Tabn. 6.12).

Tabauys 6.12. Bubdip niyaabEKa

0 Jhisusenux (CT0)

0 Jliunnennk (C71)

Jhiwsienvk (C72)

3aboporcHa xkoMOinamis i KPS80BHS3 ra komaw,1a uu-
tadun cnosa crany anis KP1810BIS4

D7 D6 Jliumsmsamx
0
1
0

1 1
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Pospin 6. lumepdbelic npucmpole ssedeHHA-eueeOeHHA

3a 3HaveHHsIMM po3pauis D5 (RW1) ta D4 (RWO0) 06Hpa10"rb cIocio
uyTaHHA/3amcy (Tadm. 6.13).

Tabauya 6.13. Crioci6 ynTanns/3anucy

D5 D4 Crioci6 yuragss/3anucy
0 0 UnTaHHT BMICTY JHYMTEHUKA
0 1 3amuc Tineku MooaIoro Hatita
1 0 3arnwc Tinexu crapworo Gaiita
1 1 3anmnc MosI0ALIOTO, 4 HOTIM cTapmoro Gattrin

3a 3HadeHHAMH po3panis D3-D1 (M2-MO) o6uparots ofuH i3 6 pe-
KUMIB poOOTH JiununsHEKa (Tabn. 6.14).

Tabruysa 6.14. Pexnvu podoru IIT

PexuM
Pexnm 0
Pexim 1
Pexiiv 2
Pexv 3
Pexv 4
PexumM 5

r—H—RMOOE

SO C>CDE§

»—AOHOHO%

Pospsan DO (K) BH3HAYAE CIIOCIG KOTyBaHHS:
- D0 = 0 — nBitikoBUI INIYMIBHUK,
- D0 =1 — nBilKOBO-1ECATKOBHIA JHYMIIBHUK.
IIpuxnan 6.12. 3anporpamysatu givansauk C70 y pexum 1. Anpeca
miguneauka C70- 10/, axpeca pericTpa KepyBaibHOTo cnosa — 16H.
BusaaunMo kepysambhe cioso: 0011 0010 = 324
TIporpama 6yae MaTH Takuii BUTIA/;

MOV AL, 32H
OUT 16H, AL
MOV AL, “wMosomuuit Sant’”
OUT 10H, AL
MOV AL, “crapumit Gair”
OouT 10H, AL

dopMyBaHHSI KepyBaJlbHOTO CcloBa
Bugenenna B RCW

3aBaHTaXeHHA MoJlofmoro 6GalTa Komy
nonepeJHLOTO BCTAHOBIEHHS
3aBaHTaxeHHa cTapumoro HauTa Kooy
nonepefHboOro BCTaHOBJEHHS

LTS RV N SN ST R

Ilopagok mporpaMyBaHHA KaHAIB TaHMepa HaJ3BHYaiHO THYYKWIA
MokHa 3ancaTi KepyBallbHi CIIOBa PEXUMIB B YCi KaHAIM, a TOTIM Y JI0-
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RITBEHOMY TIOPAAKY 3aBAHTAXYBATH KOIU TONEPENHLOIO BCTAHOBICHHS, &
MOXXHa 3aIIporpaMyBati OKpeMo KOKHUI KaHal (K y MPUKIaL).

V¥ mpoueci pobotu ITT ymicT 6yIb-AKOT0 3 TIYAIHLHUKIB MOXKHA IIPO-
YUTATU ABOMa CIIocof0aMu:

- NPU3YTIHHUTHA PoOOTY JIYIIGHUKA HA/(XOIKEHHAM CHTHATY
GATE = 0 abo G;IOKyBaHHSM TaKTOBMX IMITYJIbCIB, @ MOTIM IIPOYHTATH
BMICT JITYMIBHAKA, TTOYMHAKOYN 3 MOJIOAIIOro 6aifta 3a I0TIOMOr0 IBOX
xomanj{ yBeaeHns. [lepima koMaHzna BBeJEHHsS NPOUMTAE MOJIOMLIVM
baifT, Ipyra — cTapIImii;

— sanucatn y [T kepyBajbHE CIOBO, 11O MICTUTh HyIl B
po3psnax D4, D5 (Hyni B 1MX po3pajaax yKasyroTb Ha BUKOHAHHS OIe-
panii dixcanii BMICTY JIitTHITbHIAKA Y énxi‘nHomy pericTpi kaHalay B MO-
MEHT 3aITUCYBAHHS KepyBaTbHOro ciosa). TToTiM mpounTaTi BMICT Ti-
YUIBHUKA 33 JOTIOMOT 00 KOMaH]l YBEAEHH,

IMpuxaan 6.13. 3anporpamysar mumnsHuK 0 B pexxuMt 1. TIpouura-
TH BMICT TimmmsHuKa (70 1 3ammcaTy #oro y perictp BX.

BissMemo ajipecu TaiiMepa Taki, SK y Ipaxi. 6.12.

BusHauumo KepyBanbHe CIOBO Ui (ikcaifii BMICTY TIYMIbHHKA:
0000 0010, = 02H.

ITporpama O6yzae MaTH Takuii BUTTIAL;

MOV AL, 0O2H ; PopMy3aHHA KepyBallbHOT'O cJIoBa
OUT 16H, AL ; BupenernHss B RCW

IN AL, 10H ; YuwraHds MoXogworo Oanrd

MOV BI,, AL ; NepecunaHdsa Mosopworc Balkra y BL
IN AL, 10H ; UYuTands cTapmoro SaliTa

MOV BH, AL ; Nepecusianng crapworo GakrTa y BH

Orxke, IiCNd BUKOHAHHA TTporpamun y BX Oyae BMICT miuibHUKA Ha
MOMEHT 0ro YMTaHHs, @ JIIYUIGHUK IIPOJIORKY BATUME TiUOY.

Kpim toro, y BIC K1810BH154 MoxHa MPOYNTATH CIOBA CTaHy JIYH-
npHEKa. [T 11b0oro HeoOXiJHO 3aMMUCATH KepyBAIbHE CITOBO (pHc. 6.45).
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D7 D6 D5 D4 . D3 D2 DL Do
[ v T t TJcounr] star T e | cn | cro | 0.1

Puc. 6.45. Buznso kepysanonozo cnosa BIC K1810BH54:
CT0, CT1, CT2 — subip nivuavHuxa

JliunneHUK BUOGHPAETHCS MTPH 3aMUCi OMHHULI Y BIIIOBIHM ABiiKO-
Buit po3pan. 3uadeHas STAT = 0 skasye Ha Te, mo OyJe POYMTaHO CIOBO
CTaHy KaHaily, 3a3HauqeHoro B po3psui D3-D1. 3xagenns COUNT = 0 Bka-
3y€ Ha Te, 110 OyJe 3aImaM ATOBAHO BMICT JTIYMIBHUKIB, 3a3HaveHux y D3—
D1, y BUXITHUX pericTpax KaHajliBs.

CioBo cTaHy KaHaly, II0Ka3aHo Ha puc. 6.46.

Dl__ D6 D5 D4 D3 D2 Dl __ DO
lour [ v [em [pm | a2 [ M1 | M0 | K]

Puc. 6.46. Buznso crosa cmany rkanany: OUT — cman euxooy QUT (0,1);
EN - npanopeye nepesanmasicennsn (FN = 1, sxujo 6y10 nepe3asanmanicentsi Kooy
nONEPeOHb020 6cmaHosienns); pospsiou RWI, RW0, M2, M1, M0 ma K dy&mowome

pO3pAOU Kepysanbrozo crosd (Ous. puc. 6.38)

Iix yac 3amucy KepyBalbHOTO CIOBA B JIYIIBHHUK 3aBAHTAXYETHCH
CHOYaTKy MONOJIIMWIA, & TOTIM CTapiuuii GaiiT KoAy MONepeaHboro BCTaHo-
BneHHd. Hagam poGora TailiMepa 3anexuts Bil 00paHOro pexmumy poooTu.

Pexximu poboTH TafiMepa: 0 — mporpaMoBHa 3aTpumka; 1 — nporpa-
MOBHHIH MyJIbTHBIOpaTOp; 2 — NporpaMoBHUI MeHEPaTOP TAKTOBHX IMITYJTb-
CiB; 3 — reHeparop NMPAMOKYTHHX CHTHANiB, 4 -- MPOrpaMBOKEPOBAHMIA
cTpo0; 5 — anaparHokepoBaHmif crpod. Brums curany GATE na Bianosi-
JIHUA TYWIBHUK 3aJICKUTD Bl peXuMy poOoTH.

Pexcum 0 — npoepamosna 3ampuvka. Y uboMy pexumi (puc. 6.47)
Ha BUX0jl BHOpaHOro kaxamy TadiMepa GoOpMyeThcsi curHan H-piBHA i3
IPOTPaMHOKEPOBAHOK 3aTPUMKOI0. 3aTpUMKa BIAPaxXOBYETHCA Bif 3al-
HLOTO GPOHTY Hepiioro iMmynbey CLK micis 3amucy Monoarroro Gaira
KOJy IlepeCTaHOBKM KOHCTAaHTU. Ilicns 3amucy kepyBaibHOIO CIIOBAa Ha
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Poagin 6. Inmepdgbeiic npucmpois ssedeHHA-sueedeHHA

suxomi OUT an6paHoro KaHAy TaliMepa BCTaHOBIIOETHCA CHIHAJ
L-piens. Takuii ke craH 30epiracThcs NpH 3anuci MOJOAMoro Haira KoH-
cranty. Skuo mix gac miudu GATE = 0, Ai4eHHs NMPUTTHHAETHCA, a 3 T0-
a8010 GATE = 1 — BifHOBNIIOETHCA 3 NIEpepBanoro sHadeHHA. [Ticas miven-
Hs Ha BUxoi (/7 BCTaHOBIIOCTECA CUTHAN H-piBHA. 3aBaHTaXeHHA Y JH-
YUIEHUK HOBOTO 3HAYEHHS MOJOAMIOTo Oaiita B mpoleci mub| 3yMHHAE
JMYEHHS, a 3aBaHTAXEHHA CTapiloro 6aiiTa NoYMHAE HOBUIA LMKIT HIY6H.

ax] UL UTUHHUUL

Puc. 6.47. Pesxcum 0 — npozpamosna sampumxa

Pexcunt 1 - npocpavosnuti myremueiopamop. Ha Buxoi mimnbHUKa
(bopMy€eThCS IMITYJThC L~piBHS 3 NPOTPAMHOKEPOBAHON) TPHBAICTIO, IPH-
YOMY TOYKOIO IOYaTKy BIINIKY € 3aAHiii ¢poHT nepiuoro imnyiscy CLK
aicns nossy curHany GATI (puc. 6.48).

e | LLDEELLLREPTTE T

R V= 4J
|
! 432 10
(I]' ’ !
L

Puc. 6.48. Pexcun 1 — npozpamosuis mynemusibpamop
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* TTpu 3nauenHi curHany GAZE = 1 Ha Buxomi OUT $popMyeThes M-
nysnse L-piBHs TpusaiicTio N mepionis TaktoBux iMmyiscie CLK. 3asan-
TaKCHHA Y TIpoIleci 11M0u HOBOTO 3HaueHHs N HE 3MIHIOE IIOTOYHOTO pe-
KUMY JHYOU. .

MynsTHBIOpaTOp ARTOMATHYHO Iepe3allyCKaEThcs 110 KOXKHOMY [le-
peaasoMy dponty curnaiy GATE.

Pexcum 2 — npoepamosnuil zenepamop maxkmosux inyascie. Y 1bo-
My pexuMi (puc. 6.49) oOpanuii kaHaI 3MiHCHIOE PO3MOJUIT YaCTOTH IMITy-
mecie CLK Ha miporpamMHokepoBanuii koediienT N, roGto 11T remepye ne-
plofuuHMit CHTHAN 13 4aCcTOTON, ¥ N pasiB MEHINOI B YaCTOTH TAKTOBUX
iMyneciB CLK.

Puc. 6.49. Peoicum 2 — npoepartogHuil 2eHepamop maxmosux iAmynseie

BuxigHuit curHan L-piBHs BCTAHOBIIIOETHCH Ha OCTAHHROMY TakTl Hepi-
0f1y. 3aBaHTOKCHHA JIYIEHIKA HOBUM 3HAYeHHAM N y Tiporieci 1iyou npu-
3BOIUTS 0 3MiHM po3mipy nepiogy. Curnan GATE MoxHa BUKOPUCTOBYBaTH
I7is 30BHIIHBOT cuaxpoHizali TIT, ockinbku sHadenns GATE = 0 3a0opouse
40y, ycTaHOBMIOWYN 3HadeHHs curdany OUT = 1, a snauenns GATE = 1
HOYMHAE MU0y CHOYATKY.

Pescum 3 — zenepamop npsmoxymuux imnyascie. OGpaHuit kanan
(hopMy€ IPAMOKYTHI IMITyIIECH 3 MPOTpaMHOKEpOBaHUM nepiogom. His cu-
rHany GATE awanoriuyga pexuMy 0. [Tpu napHoMy 3HaueHHI N Ha BUXOTi
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JIYUIBHUKA I€HEPY€EThCA CUTHANl H-piBHA MPOTATOM NEPLUOi TIONIOBUHHM Iie-
pilonty i curHanm L-piBHA NpOTAroM Apyroi monosuuu. [Ipu HenmapHoMy N
TPUBAIICTh CUTHANY /-piBHA HAa OJMH TaKT OUIRIIA, HDK I CHUTHAIY
L-piBua. ¥V pexumi 3 uncno N = 3 He MOXKHA 3aBaHTAXKYBATH Y JTIYMIbHUK.
Yacosi xiarpamMu JUid bOTO peXXMMY IIOKa3aHo Ha puc. 6.50.

ax VNS

cor  0#®32 104932 104

b e I e
our 0(5)43210(5)432:1
N=5_____ J ___________ R

Puc. 6.50. Pesicumt 3 — 2enepamop npsamoxymnux iMRyitbCie

Peoxwcur 4 - npoepamnoxeposanuti cmpo6. Y boMy pexkuMi Ha BUXO-
Ii muunbHUKa GopMyeThes cTpoO L-piBHA TpUBAILCTIO 15 3 1POrPaMHO-
KEPOBAHOIO 3aTPHMKOIO 1010 MOMEHTY 3afucy Molloaimoro dairta koMaH-
au. TlepesaBantaxeHHs MonoAnIOoro 6aiita y npoeci 140U He BIUIMBAE HA
TIOTOYHE JNIUEHHS, a 3aBAHTAKEHHs CTapuIoro Gaiita MOYMHAE HOBUH ITHKII
nigbn.

Peocun 5 — anapammuokeposanuit cmpo6. et pexuM aHanoTIYHHN
pexumy 4. Moro BixMiHHICTE monfrac B TOMy, WO MOYATKOM BiTiKy
IIPOrpaMHOKEPORANO] 3aTPUMKH € epedniii dpont curHany (747F. 3amyck
TYUIBHUKA ~ 3AIHCHIOETHCA  mepedHiM  ¢dpoHTtoM  curhairy GATE.
3aBaHTaXEHHS Yy JYWIBHUK HOBOro 3HaueHHs N y mpoueci iubu He
BIIMBAE HA TPUBANICTb MOTOYHOTO HUKITY, ane Takuit 1K Gy e BijoBinaTy
HOBOMY 3HAYCHHIO V.

Hiarpamur poGoT# TaliMepa, sIKi IMTFOCTPYIOTH Aito curdany GA7TE, noka-
3aHO Ha puc. 6.51, ¢ nns taiimepa KPS80BUS3 1 Ha puc. 6.51, 6 n71s taiimepa
KP1810BH54. Jins taiimepa KP580BUS3 3 nossoto L-piBus curuany GATE
JTIYEHHS TIPUTIMHACTHCS, & 3 HOSBOKO H-pIBHS ~ BUIHOBIIOETHCA 3 TIEpepBaHOTO
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snauends. Jlna taiivepa KP1810BUS54 3 mosmoro L-pisas cursany GATE ni-

HCHHA TAKOX IPUITHHACTHECA, a 3 TOABOHO H-piBHﬂ — TIOYMHACTECHA 13 3HAUECHHA

KOy HOVHGpeIIHLOI‘O BCTAHOBJICHHA.

Puc. 6.51. [Jiazpamu pobomu maitmepa: a -- 0as maiivepa KP380BHS5 3;
& — ona matimepa KP1810BH54

Hpuxman 6.14. 3anporpamysary DiyunsHUK C70 y pesxuM reHeparo-
pa IPAMOKYTHUX IMITYTECIB JITs1 OTPUMAHHSA YaCTOTH [, =1 K[ .

BizeMemo afpecu TaiiMepa Takl, 8K y mpuki. 6.12. Jlns oTpuMaHHA 110~
CITIOBHOCTI iMynbeiB 1 kUi miakmouuMo o sueoay GO curnan H-pigHs,
Ha BUBLJ CLKO — TakTOBI iMITyThCH 3 HacToTO0 5 MI'IL.

3HaX0AUMO 3HAUEHHA KoedilienTa TiMeHHS:

| 5000

v =Jax 5900 5440
faux ]

BusnaunMo KepyBalbHE CIOBO 3rifHO 3 puc. 6.50 mis mporpaMyBaHHS
gigunerauka C70y pexus 3 3 ABiHKOBO-JECATKOBAM 3ac000M KOIyBAHHA

00110111, = 37H.

Toal mporpaMa marume Takuit BUris;

MOV | AL, 37H ; NporpaMyBaHHA

oUT 16H,AL ; TaliMepa

MOV AL, 00 ; Banuce MoJogumonro

ouT 10H,AL ; Balira 00 nonepefHLOTO BCTAHORJIEHHS
MOV AL, 50H ; Baluc crapwloro GaiTa

ouT 10H,AL ; forepelHbol0 BCTaAHOBJEHHS

ITicna BuKOHAHHS TIporpamMu Ha BUBOAI QUTO paMOKYTHI iMITYThCH
13 yacrororo 1 k't 6yxyTh moTy, noku He Gyae neperporpaMoBaHo TaitmMep
ab0 BUMKHEHO [DKEepelto XKUBIICHHS TaliMepa.
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KoHTpONbHi 3anuTaHHs

1. Sx1 ¢ysxwmi ITT y MIIC? N
. 3 axux 0510KiB cKiagaeTbea Taiimep? Illo BXoauTh 10 CKilagy OXHOIO

o

TYUILHUKA?
3. OnuuniTh pexuMu poGoTH TaliMepa. _
4. UnmM BijpizuAeThCA Aig curHany GATE B pexuMax 0 ta 1?7
. Axi womi ¢yHkuii mac BIC KP1810BMS54 nopiBaano 3 BIC
KP580BM53?
. HasBith M0oXn¥BI KoMbiHalii po6oTH KaHanis TaiiMepa.

W

Hasgits npuknaan BukopuctadHs Taiimepa MIIC.
. 3anuIniTe KepyBabHI CJI0BA UL poOOTH TaiiMepiB y pexkuMax 0, 2, 5.

NeJRN- OO RNC N

. SlkuM crocoGoM MOXHA MPOUUTATH BMICT BHYTpILIHIX pETICTPIB
TaiiMepa?
10. Y qomy monsrae BIAMIHHICTE MK pexxuMamu 4 1 57
11. 'V sxkomy pexxnmMi TaliMep Mpauioe SK MOAUTBHIAK 9acToTH?
12. Slxe MakcuManbHe YMCIO MOKHA 3aBAHTRKUTH Y BHYTPIDIHI PeTicT-
pu Taiimepa?
13. Jlnst woro motpioHi ninii 40, A1 Taiimepa?

6.5. ApxiTekrypa i (hyHKLliOHaNbHi MOXIUBOCTI KOHTpoOrnepa
npsAMoro pgoctyny Ao nam’aTi

KOHTposiep npsMOro JocTymy o tam’sti KPS8OBTS7 npusnauenuii
IUIs Oprasizaniii BUIKICHOTO oOMIHY JaHAMW MIXK flaM’ATTIO | 30BHILIHIMU
MIPUCTPOAMU, SKUH IHIIIFOCTHCA 30BHIIIHIM TPUCTPOEM. (THB. mijposd. 6.1,
puc. 6.6).
Cmpyxmypuy cxemy KOHTponepa 300paxeHo Ha puc. 6.52. Bona
MICTHTB!
- JIBOHATIpAMIEHHH aBocTabineHuii Oydep mammx (BD),
nprzHAveHHH 11 o6Miny iHpopmMaiiero mix MIT 1 KTTJIIT;
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- CXeMy KepyBaHHA yMTaHHsM/3arcoMm (RWCU), mo aape-
cye BHyTpitnHi pericrpu KITAIT i kepye o6MiHoM o muHi D7-DO;
7 - 6itok xepyeaussa (CU), axuif MICTHTh PEricTpH peKUAMY 1
. ctany KITJIT 1a 3axae pexxumu pobotu KITIIT,
- 6ok kepyBanHa upioputetamp (PCU), saxuii 3abe3medye
mopsAAOK 06CTyroBYBaHHS 3alIUTIB 30BHILIHIX MIPUCTPOIB;
- 4OTHpH KaHamu npamoro joctyiy (CHO-CH3), koxumwii 3
AKUX MICTUTB PEricTp aApecu KOMIPKH MaM’ATi, 3 AKOi MOYMHACTHCA
0OMiH, NIYMIBHUK IUKIJIB 0OMiHy, [Ba CTAaplli po3psM AKOTO BijBe-
JeHl JUiA 3ajaHHA onepauiii oOMiHy, Ta cxemy (GopMyBaHHA 3amy-
TIB/TILATBEP IXKEHHb.

D7-D0 awwwep\  BD et -

DARKO
IOR < |
oW -
CLK I rwcu CH1 -

AT-A4 o CI2 iRk

_HLDA _ = e DRQ3
MEMR cU CH3 PARK

TC ~—o] ' PCU

Puc. 6.52. Cmpyxmypua cxema KP580BT57

ITpusnayennn susoais BIC waseaeno B 1adim. 6.15.
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Tabnuya 6.15. Tipnzsavenns supogis KTITIT KPS80BTS7

IMozravenns Homep Bupoxy IMpusHanenHs! BUBOAY
i 2 3
DI-Do 21,22,23,36,27, | Bxoaw/Buxomm xaHux aist o0Miny 3 MIT
) 28.29.30
YnraHHs BBCACHHS-BABECHHS — ABOHAPIAMICHU
TpUCTablneEEH BXLY/BUxIA. BXiaruil cursas L-pieus
JOR 1 J03BOI%E€ 3uMTYBaHHA iHGopmaiti 3 KITATL, Buxia-
HHUI CHTHAX HHZBKOTO PIBHA TO3BOKE 394UTYBaHHA 3
IIBB
3anmc yBexeHHI-BUBCACHHA — ABOHANPAMIICHUT
TpucTabinbHui BXiYBuxiA. BXianuil cHrHAN HE3BLKO-
oW 2 ro piBHA Ro3souge uporpamysanns KITITT, suxia-
HMIi CHTHAT HI3LKOTO piBHA A03B0.1s1€ 3armc v [TBB
CLK 12 Bx13 TaKTOBHX IMTTY/ThCIB
_RESET 13 Bxianuii cArHAT CRUTaHHA
A3-A0 35,34,33,32 JBoBanpsMncHL TpHUCTaG) TbHI AIPECHI BHBOAN
cs 11 Budipka BIC
A7-44 40.39,38.37 Tpucralinpti aapecHi BUBOAM _
READY 6 Bxiaﬂqﬁ curHan l‘OTOBH’OC'TL H-pisens yrasye ga
3 rotoeHicTs KTIITT 10 0OMiHy
Buxiqamil caraan 3atmty saxormncusas. -pisenb
HOLD 10 yka3sye Ha sarmar saxorvieaas KT cacremuol -
HH
Bxigapii cursa maTBepkeHEs 3axonIeHut. H-
HIDA4 7 piBEHb YKa3Ve Ha AO3BUI ZOCTVNY 10 CHCTEMHOI 1o~
HH
BuxiTHui CHIHAII YHTaH|A 3 1av’ 11, TpHcTabins-
MEMR 3 Huii BHXIZ. [-PIBCHD J03BOINE UM TAHHY KOMIPKE
naM’ i, mo anpecverses KLU
Buxiarmit curnac sandey v nam s, Tpuerabiisuuit
MEMW 4 BUxia. L-piBeHb 103BOIGE 3ATHC ¥V KOMIPKY nam’ a1,
mo agpecyerses KT
AEN Joasiax anpecn. H-pisexs 6I0Kye WHHA aIpe-
<] 9
cH/nannx
ASTB 8 Cipqﬁ anpecn. H-piBeHs ykazye Ha BHAXODKCHHES Ha
1wt )7~ crapiioro daifta aapecH mam s
70 36 Kinens mubu. H-piBeHs ykasve HA BUKOHAHHS

OCTAHHBOIO UMKTY IepeIadi OI0Ky jJaHnx

387




MikponpoyecopHa mexHika

Ipooosoicenna madn. 6.15

1 2 3
MARK 5 Mapkep. H-pisens yxasye, 1o J0 KiHIY Iepexagi
Groky HeoOX1AHO BUKOHATH KLIBKICTS LUKIE 06Mi-
Hy, SKa KpatHa 128

DRQ3-DRQO0 16, 17,18, 19 BanmTi npsMoro JocTyiy Ao nam sti kanatis CH3~
CHO. H-pipesns prazye Ha sarmt Big [THB

DACK3 - DACKO 15,14, 24,25 [liaTRepKEHHA 3AMMTIB IPAMOTO A0CTYIIY A0

: nam 511 kananis CH3-CHO. L-pisesr Bkasye Ha J0-
3B11 OOMIHY

Uce 31 Hanpyra sxusnenss +5 B

GND 20 CrinbHM BUEBIA

Koxnmit 3 yoruprox xananis [THIT 3a6e3nedye nepegavy 00Ky AaHuUX
€MHICTIO 10 16 K6aliT 3 AOBUILHOIO TIOYATKOBOK) &APECOI0 B mianasoni 0-64
x6aifr. [piopuTeTn KaHANIB MOXYTh OyTH (ikcoBanumu (kanan 0 Mae Hali-
BUIMI MpiOpUTeT, KaRan 3 — HaliHmkuMii) a6o 3MIHFOBATHCA UMKIIYHO. B
OCTaHHBOMY BHIIZIKY KaHAy, y AKOMY BiaOynocs oO0CIyTrOBYBAaHHS 3alUTy
[THIT, IpHUCBOIOETBCA HIDKUMI MPIOPUTET, @ KaHATY 3 HACTYIIHWM HOMEPOM —
BHIIUA.

Cxemy mipkmrouenns KIIJII ngo cucreMHoi WIWHH TNoOKa3aHo Ha

puc. 6.53.
Monoamuii 6aifT agpecu mam’sTi BUAAEThCA 1Mo MiHiAx A3-40 ta A7-A4,
AKi Ge3nocepeAHBO MiOKIIOUeH! 10 WUHE axpecu AB. Crapiumii Gait agpe-
CH epenacThes yepes muny D7-D0, ToMy B cxeMy NiAKITIOUeHO Oy hepHuit
perictp KS589UP12, skuit dikcye 3HadeHHs crapiioro 6aita 1o CUTHAIY
ADSTB npu AEN = 0. Ha susig CS BIC HagXoauTh CUIHAT 3 BUXOAY Je-
mudparopa anapec ypeneHHI-BUBeneHHs. uumn Busoau KITI mpuenny-
HOThCA 10 OAHOWMeHHUX MiHil muH MII cucremu.
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AB

AA

A3-A40
g

A8-A15

CB

OR

>
WEME
HOLD
HLDA

CIK
READY
RESET

=1

DB

<
&

—
-
<
]
<«
<
-

!
A3-40 <
ADTSB
A
D7-D0
TOR
TWR
RESET

DRQO READY e

4+—0DACK3
—»DRQ3

<« ARK AT-A0 [«

-—C DAKC2 MEMR

<« 7C
—¥
9
B

Puc. 6.53. Cxema 3’conanns KIIIII iz cucmemnolo wunorw

3 suxopucmanusm oypeprnozo pezicmpa (bP)

ITporpamysarusam KIT/II 3azatorh pexum poOOTH kaHaliB, HaMpM
oOminy indopmaiicro Mix nam’artio Ta [IBB, nousarkosy aapecy 1a j0B-
XKUHY MacHUBY TlaM ATi.

3HavueHHs aapecHnux po3pamis A3--A0 i curvany CS 1npu 3anwci Ta 9u-
TagHi perictpis BIC nHaBezeno B Tabn. 6.16. 3armmc indopManii B
16-po3psiani pericTpy 3AIACHIOETHCS {BOMa KOMAHIaMH, CIOYATKY 3allucy-
€Thcs MOJOAHi OaliT, a noTiM — crapmuit.
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Tabruys 6.16. Aapecanis BRYTpimHix pericrpis KIIIT

Pericp cs A3 A2 Al A0
ROO 0 0 0 0 0
CI0 0 0 0 0 1
RQO1 0 0 0 1 0
CT1 0 0 0 1 1
RO2 0 0 1 0 0
CI2 0 0 1 0 1
RO3 0 0 1 1 0
Cr3 0 0 1 1 1
Perictp pexuMy (3armic) 0 1 0 0 0
Pericrp crany (warans) 0 i 0 0 1
Blnkmoqeﬂnx KT 1 x N x X
BLX UIMHE AaHUX

PexvM poGoTH KaHANE 3a1a€THCA KEPYBATLHUM CIIOBOM, OpMaT KO-
ro moxaszano Ha puc. 6.54. Pozpsaau D3-D0 (EN3-ENO) no3soisdioTs (npn
OJMHUYHOMY 3HaueHHi) abo 3a00pOHAIOTH (IpU Hy:i) 0OMIH 110 BiIIOBII-
HOMY KaHany.

7 D6 D5 Di D3 D2 DI DO
| AL TCS|EW  RP | EN3 1:) |ENT Ef:’ﬂ‘

&

!

Puc. 6.54. @opmam xepysaiwioco cirosa: AL — agmosasanmaxcenus;
D 2P}

TCS — sioxmodennsi kanany; EW — poswupenuti sanuc; RP - yuxniunuil npiopumem

Pospsin D4 (RP) ycTaHOBIIOE NOPSROK 0OCTYTOBYRAHHS 3AlUTIB Bif
kaHanie. [Ipu D4 = 0 3agmaeTecs QikcoBaHM TPIOPUTET KAHANIB, IPU
D4 = 1 BCTaHOBIIOETHCA PEXKUM HUKIIUHOTO npiopureTy. Lukniunuit 3cys
TIPIOPUTETIB B1OYBAETHCS MICIA KOXKHOIO LUKITY TIPAMOTO JIOCTYITY.

VYcrasosienHs pospagy DS (EW) B oauHUITO 3a71a€ PeKUM PO3LIH-
PEHOTO 3amHucy, 3a AKOTO TPUBANICTH CUTHANIR JOW 1 MEMW | 1[0 reHepy-
rothest KILJLL 30inbIIyeTses 3a paxyHOK 3cyBy mepeaHnoro ¢ponty. Ile
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nossonse [IBB, mo dopmye. curnan READY no ¢poHTY curHally 3armcy,
3MEHIITUTH 260 36IMBUIATH WBUIKICTH OOMIHY.

ITpu D6 (7CS) = 1 nosiea currany 7C B OXHOMY 3 KaHaTIB CKUIAE BiJl-
MOBIABMIA po3psia D3—0, y pe3ynsTaTi 4oro KaHal Bill €IHYEThCH, i HOTo
MoJaJiblna podoTa MOMXIIUBA MICAS MEPE3aBAHTAXKEHHSA pPETicTpa PexuMy.
Sxmo D6 (1CS) = 0, To nosAsa curHany /'C He BIUIMBa€E Ha PO3PAN JO3BOIY
poboTH kanany 1 3akiHdyBaTH nepenady mae ITBB npumnubeHHs M BUpoO-
AeHHs curnany DRQ. ‘

Omunuyne 3Ha9eHHS po3psany D7 (AL) 3ajae pexuM aBTO3aBaHTa-
KEHHSA, y AKOMY TIPAIFOE TITbKW APYTUP KaHAN, BUKOPUCTOBYIOHH BMICT
CBOIX BHYTPIIIHIX PericTpiB 1 EHYTPILTHIX PETICTPIB TpeThoro kaHamy. [1i-
CIA nepejlaul JaHUX BIATIOBLAHO 00 NAapameTpiB PericTpiB APYroro KaHajy
3 IOABOI0 curHany 7C yMICT perTicTpiB TPeThOT0 KaHALy aBTOMATHUHO 3a-
BAHTAXYETbCA
B pericTpu apyroro kasamy. Ilpd usoMy y pericTpi cTaHy KaHalliB (puc.
6.55) YCTAaHOBNIETHCS B IOTTYHY 0AMHULO pospaa D4 (UF) — npanopens
BigHOBNeHHA. [loTiM mepejada JaHUX APOIOBXKYETHCS BIIOBIAHO [0 HO-
BUX MapaMeTpiB PEericTpir: APYToro KaHaly, a B KiHIi HEpIIoOro LUKy
OpAMOro AOCTYIY 3 HOBUMHM MapaMeTpaMH Tpanopelb BITHOBICHHA CKU-
naetTbed. Pesxum aBTO3aBaHTAKEHHA N03BOJIAE OpPraHi30BYBATH NOBTOPHIL
repecunaHHs ONOKIB JaHMX i3 OAHAKOBUMM napaMeTpaMu abo 3’ enHyBaTH
JleKiTbka ONOKIR 3 PISHUMH MapaMeTpaMu.

D7 D6 D5 D4 D3 D2 DI DO
olo]o Jorlrcafrcafrarfreo |

Jossin

Puc. 6.55. Caoso cmany xananie: UF -- npanopeys 6i0nosiennsn

Pospsmu D3-D0 cnoBa cTaHy BCTaHOBJFOHOTHCS OJHOYACHO 3 HOABOIO
CUTHAILY «KiHelb miubm» 7( BIIMOBIAHOTO KaHANY 1 CKUIAKTLCH CUTHAIOM
RESET upn unransi BMicTY pericTpa craHis. Ilpamopens Biaosienus UF
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Moxe 6yTH CKHHYTHI, SKI0 3allHCATH IOTIYHMI HyIb v po3psami D7 pericT-
pa pexnmMy (IuB. puc. 6.54).

[Touatkosa agpeca O3I] 3azaeThes 3anuMcoM JBOX OaifTiB y perictpu
kanamis RGO-RG3. _

JlopxuHa MacuBYy mnam aTi Ta HaupsAMm oOMIiHY iHGOpMaHield MK
nam’ stTi0 1 [IBB 3anaeThes 3amicoM Apox Oaliti y miuunsnuky C70-C73
MUKIiB. Jiga crapii po3paay HiYUIBHIKA IIMKITIB BH3HAYAIOTE HapsM o0-
MIHY B Taku# cmoci: 3anuc y nam sa1b — 01, 3unTyBaHs 3 mam a1i — 10,
koHTpods — 00. Kom6inauis 11 3a6oponena. [Him po3pAau IIYUIEHHKA BU-
3HAUAIOTH KUIBKICTE OaiiTis, 110 6yayTh MEpecaHi.

Skimo aBa cTapiil po3psv NYMIBHUKA IUKIB KaHaliB YCTaHORMIIO-
0Tk pekuM KoHTpomw VERIFY, 10 mnepenada NaHWX HE BiAOYBAa€ThCH,
OCKiJTBKH He TEHEPYIOThCS CHIHATM KEPYBAHHS 3aIMCOM 1 UMTAHHSAM, yCl
i QyHKUIi TpaMoro Joctymy 30epiratoThes. [{elt pexxM Moxe BUKOpPU-
ctorysarucs [ IBB ans korrponro npuiiHATHX 1aHUX.

Po6oty KIT/{IT mosichroe miarpaMa craHis (pHc. 6.56) 1 qacoBi jarpa-
MU OCHOBHUX CUTHAIB (pHc. 6.57). [licng 3amucy clora pexumMy B pericTp
xepysanbHOro ciosa KT/ mepexoanTs y XonocTuii crad S/, aKkui TpuBae
JI0TH, TOKM Ha oAuH 3 BxoAiB KITMII ve maxitige 3armur DR() Bijl 30BHI-
Hhoro npuctporo Ha TTMT1. Iepexonsau y ctan SO, BiH BUPOOIAE cUrHaN
HR(Q i ouikye HamxomxeHHs Bin MI1 curnany HLDA. Tlicna HagxomKeH s
CWI'HaNy MixTBepkeHHa HLDA mnounHaeThes uMKi obminy. ¥ crami Sl
topMmyeThes curHan AEN i ONOKYBaHHA IHIIUX MPUCTPOIB CHCTEMH Bij
IIMH JaHUX | KePYBAaHHA, BUAACTHCA KOX MOJIOALIMX PO3PSAAIB Ha BUXOIW
A7-A0, a xon cTaplinx po3psARiB — Ha Buxoau D7-D0. Bumaga crapiux
PO3PAAIB aIpecH CYIPOBOIKYETBCA cTPoboM ADSTB mia 3aimcy iX y 308B-
HimHii 6ydepruii perictp. Y ctani S2 GopMytoThes cursanu MEMR, JOR
a6o MEMW , IOW , sIKi BU3HAYaroTh HAPAM 0OMiHY Ta curHAn DACK , sKui
BKa3ye Ha Mo4atok oOMiHy. Y cTaHi S3 3ailiCHIOCThCS nepefiadya JaHuX y
-O3IT a6o I1BB.
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TRO N EF7ya

_HRQ AN UM

[ ) VP ——

Puc. 6.56. lliazpava cmanis pobomu KIIJITI
SI Sl S-S 5:5-5.5-85: 5>
r
e 1T

'lr
DRQ

I
i
l/
¥

!
i
HRQ T
i
i

Puc. 6.37. Ugcogi 0iazpamu 0CHOBHUX CUZHAIIE
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Cran S4 3aBepmye MK npsMoro ZOCTyIy. Y 1BOMY cTaHi IpH le-
pedadi oCTaHHBOTO GaiiTa Gitoky BMAacThes curHan 7C, a o 3akiHdeHHi —
curaan MARK. 3a "HeoOxigHoCTI ﬁromxermx meuaxomi O301 1 1IBB 3a
JonoMororo curdany READY mix cranamu S3 1 .S4 BBOAUTHCS BIANOBIIHA
KUIBKICTB CTaHIB OHiKyBaHHA SW. ¥V pexuMi KOHTpOIO NepeXin y cran SW
HE JIO3BOJIAETHCA.

Hpuxnan 6.15. 3anporpamysatu kanan 1 KITIT va pexum i3 dikco-
BaHHMHU TIPIOPUTETaMH, 3 Bl €AHAHHIM KAHATY Ticld nepenadi, 6e3 aBTo-
3aBaHTa)KeHHSA 1 POMHPEHHOTO 3aAMUCy I NMEePeCUNIaHHA 10 HHOMY KOHT-
ponepa 10 6aiit i3 O311 3 [04aTKOBOKO aapecoro 0000:0700H y mpuctpiit
sBeneHHs. Bxin CSKIIJIM 3°equatu 3 ajipecHoro MiHiero A4.

BuzHauumMo anpecn' KITATL 3riaso 3 Tabn. 6.15 agpeca pericTpa Ka-
Hany 1 6yge 02H, miuvnsHuKA — O3H, pericrpa pexumy — 08H.

KepyBaibHe CIOBO peXHMY BU3HAYMMO BiIMOBIZTHO JI0 pHc. 6.54.

ITporpaMa MaTnMe Takuii BUTTISL,

MOV AL, 42H ; POpMyBRaHHA KEpPYBAJIbLHOTQ CJIOBa PeXUMy
ouT 08H, AL ; sanMc Joro B pericTp KepyBaJbHOTO JoBa
MOV AL, 00 ; Mosoguuit BanT anpecik 03I

ouT 02H, AL ; Depecyatu B pericrp kaHany 1

MOV AL, 07H ; Crapumit Gahr agpecu O30

ouT 02H, AL ; TepecnaTy B pericrp xaramy 1

MOV AL, OAH ; Mosoguumit Balfr uMciaa UMKILR

ouT 03H, AL |; nepecnaru B niumnehuk 1

MOV AL, 80H ; 3anaTy HanpsM hepernadl-yuTadHs

ouUT 03H, AL ; nam’ ati

Cran KITHIT Moxna KoHTpomoBaTH guraHHEsM yMicty RGA, CT i 8-
PO3PSAHOTO pericTpa CTaHy, CIiIbHOTO JUIA BCIX KaHallB, 3a JOTIOMOIOH KO-
maHu /N, Jnd uiaraHHs BMICTY 16-po3psIHOro pericTpa BUKOPHCTOBYHOTHCA
7Bi KoMaH [N 3 OJHIEIO 1 TIEH0 CAMOR0 IPECHOI0 JACTHHO, (IPUIOMY CHO-
4aTKy BiAOYBa€ThCA 3UMTYBAHHS MOJIOAUIOTO OaifTa.
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Po3sain 6. lnmepgbeiic npucmpoie asedeHHA-euae0eHHs!

KoHTpONnbHi 3anutaHHA

1. SAxi ¢pyrkmi Buxorye KITJIT y MIIC?
. Onwmirtek pexuamu poborn KITIIL

N

3. V axux BUTIAAKaX IOIUTEHE 3acTocyBanas TTIIT?
4. YkaxiTh Hpu3sHAYEHHS PETiCcTPa CTAHIB.
5

. OnmmiTe DPUHIAT NPHU3HAYCHHS OPIOPUTETIB KaHaIB.

6.6. MporpamoBHMiA NocnifioBHUMA iHTepdeic

IIporpamosnmii ocminosrAi iHTepdeiic KP580BBS1 (i8251) sBnse co-
0010  YyHIBepcalbHUN  CUHXPOHHO-ACHHXPOHHWH  UpHiiMad-nepenasay
(YCATII), npu3navennit o1 oprasizaiyi o6Migy Mik MIT i 30BHIITHIMY pH-
CTPOSIMM B TOCHiA0BHOMY dopmari. Bin npaiiMae saHi 3 8-po3psaunol =
Aarmx MIT i nepenae ix y nocmijioHoMy opmarti nepufepiiinomMy MpUCTPoro
abo ofepKye NOCILI0BHI Jani Bix nepudepiitHoro NpucTporo i TIEPEeTBOPIOE iX
y mapajienbty dopmy s nepesadi MIL O6min Moxke OyTH K HanieOyniexc-
Huv (OJHOHANPAMICHUM), TaK 1 dyntexcrunt (JIBoHanpaMieHnM). Tlocnigzos-
Huid iHTepdielic Moxe 3aiHCHIOBATY OOMIH JIAHUMH B aCHHXPOHHOMY PeKiAMI 31
IIBUIKICTIO fiepenadl A0 9,6 kOit/c ado B CUHXPOHHOMY — 31 INBUKICTIO A0 56
KOIT/C 3aneXHO BiJ 3aUPOrPaMOBAHON0 peskuMy. JIOBKHHA TIepeiaHiuX TaHIX —
Big S no 8 611, [pw nepenaui 8 MIT cumBomis 3a87108%kKK Mennie 8 6IT HEBU-
KOPUCTaHI OiTU 3a110BHIOIOTBCA HyJAMH. (DOpMAT CHMBOJy MICTUTH TaKOX
CIy 20081 OITH 1 HeOOOB’ A3KOBHIT 6iT KOHTPOIIO MAPHOCTI.
Crpyxrypna cxema YCAITIT (puc. 6.58) MicTiTh:
- Oydep nepeaasaya /BE 31 ¢XeMOIO KepyBaHHS TIepeaaBa-
yeM 7CU, axuit npusHaueHo g npuiiManHs garmx gig MI1 1 Buaayi
iX y nocniiorHoMY fopmati Ha Buxig 7xD;
- Oydep mpuiimaua RBE 31 cxeMOr KepyBaHHA NpUiiMadeM
RCU, mo BUKOHY€ NpUMAHHA MOCHIIOBHMX JIAHEX i3 BXORYy RxD) i
nepenady ix y MIl y napanensdomy thopmMari,
395



MixponpoyecopHa mexHika
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- 6ydep mammx BD, sxuii sBige coGor MapaigensHuit 8-
PO3psiAHMI ABOHAUPAMICHUE Oydep INHHH JaHAX i3 TPHCTAOUILHUMH Ka-
CKajlaMH, AKMH BHKOPHCTOBY€TBCA UL OOMIHY JaHHMU Ta KEPYBATBHUMH
crioBamu Mixk MIT i YCAITTT,

- 6i10kx KepyBaHHA YuTaHHAM/3anucoM RWCU, mo npuitMae
xepysansul curHany BT MIT i reHepye BHyTpilmHI CHTHAMY KEpyBaH-
Hf,

- 010k kepysaHHa MogeMoM MCU, sxuii 06po6Gise xepyBa-
JIbHI CUTHANH, TIPH3HAYEH] JUIA 30BHIMIHBOTO NPUCTPOIO.

D~ DG BD G—Plg—P m—»'m

CLK—] ,
Y U |—> TXC
. DE

|—» RNRDY

Puc. 6.58. Cmpyxmypna cxema YCAIIIT

[Tpnsnayvenus suroiB BIC YCATIIT naBeneHo B tabm. 6.17.

Taonuys 6.17. TipuzHadenus suBoxis YCAI

Iloznauen-

3 BUBOTY Homep BuBoay IIpusnadenns

D7-D0 8,7,6,5,2,1, | Kanan nannx

28,27

RESET 21 Veranosnenns O (Buxiganit cTaH)

CLK 20 Cunxponizauis

A0 12 Anpecanis; L-piBeHb BHSHAYAE MOKIHMEICTh 3a1IHCY
a6o umrauns panux B(is) YCAII, H-pisenr Bu-
3HAYAE MOXUTMBICTD 3AIMCY KEPyBaibHMX CJiB 260
YMTaHHA CNOBa cTaHy B (i3) YCAIIIT

RD 13 YuTaHus: 703BiNl BUBeJeHHs NaHuX abo cioBa cTa-
Hy
3 VCAINI ya wuny aanux

WR 10 3anuc: #0381 yBeAeHHA iHGOpMAaIlii 13 IUHA Ja-
HHAX

CS 11 Bubipka xpucrana: 3’eguasns YCAIIII i3 nmmamu
mauux MIT

DSR 22 ToTOBHICTEL NepenaBaua TepMiHaIa

DTR 24 3anuT nepenaBaya TepMiHaia

CTS 17 T'oToBHICTE npHiiMaya TepMiHama

RTS 23 3anut npuiiMaya TepMiHana

SYNDET 16 Bun cuHXpoHI3aLIi: JUI1 CHHXPOHHOIO PEXKIMY BH-~
XiJlHMH CHTHAI BHCOKOTO DiBHS — O3HAKA BHYTpI-
WIHBO] CHHXPOHIZALH, JUIH CHHXPOHHOTO PEXKUMY 13
30BHILIHLOK CHHXPOHI3AMIEIO CHIHAN € BX{IHHM, B
ACUHXPOHHOMY PEXHMI CHIHAJl € BUXITHUM

RxC 25 CrixpoHizalis npuiimMada

RxRDY 14 ForoexicTs npuiimMatia

RxD 3 Bxin npuiimMaua

IxC 9 CrHXpoHizailif Nepefasaya

IxE 18 Kiners nepenaui. Curaan H-piBHA € 03HAKOMO 3a-
KIHYeHHS ITOCHJIKM JaHUX

TxRDY 15 ToroBHicTh Nepenapada

TxD 19 Buxig nepenasada

Uee 26 Heanpyra xusnenss +5 B

GND 4 Crimuuil susin 0 B
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Poagain 6. Inmepgbeiic npucmpoie 8sedeHHA-6USEOEHHS

3 ennanns YCAIIIT i3 munavu MIT moxazano Ha puc. 6.59.

4B
Al 4
(B
IR IOW  RESET | CIK
DB D7-D) '
1 4 L _J
A ¢S DI-DO RD WR RESET CLK

KP580BBS51

Puc. 6.59. 3’conanna YCAIIT iz wunarmy MIT

Curnan Ai, womanuit Ha BuBigz BIC 40, BusHauac aBI ajapecH
YCAIIL Hpu axpeci Ai = 0 6yayts nepenasartucs jaHi, npu 4i = 1 3anu-
CyBaTHCA KOMaHIK ab0 YUTATHCH CIIOBA CTaHY. [HINI BUBOAW NPUETHYIOTH-
¢4 10 0OJHOMMEHHUX NiHil wmH MIT cuctemu.

IIporpamysanss YCAII BigGyBa€Thcs 3aBaHTAXKCHHAM KEPyBallb-
HHX cniB. PO3pI3HAIOTE KepyBailbHI CJIOBA IBOX THMIB. KEPYBATLHE CIOBO
IHiIani3alii Ta onepauiifHe KepyBaihHe CI0BO.

WR i Bubipkowo CS mpu 3amuci Ta upransi perictpis BIC Hasenexo B TaGIL
6.18.
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Tabnuys 6.18. Bu3sHaueHHd onepauiii curHaIaMu KepyBaHHS Bij
MII

i Curzanu KepyBaHHs
Oneparii A0 | D | WR | CS

Unragss gapux 3 YCAIIII va muny D7-DO0

3amuc ganwx i3 mman D7-D0 B VCATIIIT

3unTyRaBHA cnora cray i3 YCAIIT Ha mury D7-D0
3amuc xepyBanLHOTO Ci10Ba i3 mnaE D7-D0 B VCATII

®|=lo|=lo
~lolojlolo|o

BucokoiMienancHuit cral susonir D7-D0

%[ ®|—=]—O|O
R || = O = O

Kepysanwne croeo iniyiarizayii 3aaae CHHXpOHHHIA a00 aCHHXPOHHUH
pexuM poboty, popMar xaHuX, IMBMAKICTH MpUitMaHHA ab0 NepeaBaHHs,
KOHTPOJIb TIPABUIILHOCTI JlaHuX. Lle coBO 3aHOCHTECA BiJpa3y Ilcis BCTa-
HoeieHHs YCAIIII y Buxiguuit cran nporpaMHo abo 3a curnanom RESET,
a 3aMIHIOETHCS JIMIIE 31 3MIHOK pexuMy. PopMar KepyBaIBHOIO CII0Ba Pi-
3HHI B aCHHXPOHHOMY YH CHHXPOHHOMY peXIMax.

B acunHxpoHHOMY pexumi poGOTH [aHi, M0 IepealoThCsd, MICTATh
HyJIOBMIi CTApT-6iT, GiTH JaHBX, OiT KOHTpOIIO i cTon-6iTh. Kubkicts 6i-
TIB JIAHUX 1 CTOMN-OITIB, 4 TAKOXK HAABHICTh 200 BIACYTHICTH 6iTa KOHTPOIIO
3afaroThes 3amcom B YCAIIIT kepyBaisHOro ciioBa pexxuMmy (puc. 6.60,
a). Pospsan DO i D1 su3HagaroTh KoeillieHT TUICHHA CUTHATIB CMHXPOHI-
saiii CLK. Pospsau D3 i D2 BU3HAYAXOTH KUILKICTH OITIB JaHHX. Pexum
KOHTPOJIIO 3afacTheA pospsagamu D5 i D4, Tlpu D4 = 0 KoHTpOIb MapHOCTI
3abopoHeHnil; SHA9eHHA po3pAay DS BCTAHOBIIOE BHI KOHTPOJHO — TIapHO-
cTi abo HenapHocti. Pospsaau D7 i D6 BU3HAa4YalOTh KUIBKICTh IepejaHnx
CTOT-GiTiB. o
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Radopowa] 1 [15] 2 TT1li6ll64
0 0111 1101
0 1101 0 11—
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D7 | D6 | D5 D3 D3 [ D2 [ D1 [D0]

Pozgin 6. Iimepdpeiic npucmpoie esedenHs-aueedeHHs

Konurpons crany YCAITII y nponeci o6miny mannmu MIT 3xiiicHro-
€THCA 3a JAOTIOMOTOI0 KOMAHIU YUTaHHA ciloBa cTany. Ha puc. 6.60, ¢ noka-
3ado Gopmar cnosa craHy YCAIMI. Pospan D3 (PE) YCTaHOBIHOETECH TO-
Ji, KOJIM BUHUKAIOTh TIOMUNKK MApHOCTL, po3pan D4 (OF) — konu BHHHKA-
I0Th TTOMHJTKH TieperioBHeHHA, skino MII He npounTas cuMBon;, pospsn DS
(F'E) — koA BUHUKAE MIOMUIIKA, SKa TMOJIATac B TOMY, IO I aCUHXPOHHO-
IO PEKUMY HE BUABNCHWMIT cTor-GiT. [HOIL po3psAay cloBa cTaHy MaroTh Ta-
Knil caMuii ceHe, 5K 1 ojiHoiiMeHHi Busoau M1, HaBeneHi B Tabn. 6.17.

Kepysanns pobotoro YCATTIT micns imimiamizauii 3miicHI0eTbCA 3a-
TIMCYBAHHIM ONepayiliHux KepyedibHUX C1i6, SK1 MOXYTb 6aratopa3oBo 3a-
IaBaTvcs y Mpolect oOMIHY, KepyrouM pI3HHMU Horo eranamu. ITpusha-
YEeHHSA OKPEMHUX pO3psiiB onepaiiiHoro kepyeanbioro cnopa Y CAIIIT Ha-
BeleHo B Tabn. 6.19.

Tabauya 6.19. IlpusnavenHsi po3psiiiB onepaniinoro
KepyBaabHoro ciosa YCAII

1 0 1 01 1
1 ‘ 1 0 - 0101 1
Tapricts Hcpap- Hema 5161718
HICThL KOHTPOJIKD
a
D7 {1 D6 | D5 DA D3 [ D2 D1D0]
1 i 1 30BHIITHSA
0 2 0 | Buympimus
o
D7 | D61 D5 [ D4 D3[D2]D1]D0]
DSR ———1 ' TxRDY
SYNDET - T RARDY
FE - O pE ‘Y IxE

8

Puc. 6.60. Dopmam xepysansnozo croea iniyianizayii: d — 01 ACUHXPONHOZO
obminy; 6 - 025 CUHXPOMHOZ0 0OMiNY; & — hopmam crosa cmany

Cunxponnuii 00MIH niependavac nepefauy JaHux y BUIIUII MacHBiB
cimiB. Jns cHHXpOHi3auii 3allycky i 9ac NpHiiMaHHSA TaHUX BHKOPHCTO-
BYIOTbCA OAMH 200 JIBa CHMBOIIM CHHXPOHI3ALIT (CreiambHi KOJOB1 KOMOI-
Hauti, wanpuknax, 10010100). ®opmat kepysanbHoOro ciaoBa iHimiamizauii
peXuMy IJis CHHXPOHHOTO 0OMiHy moka3aHo Ha puc. 6.60, 6. Pospsmu D1 i
D0 MaroTe HyNbOBE 3HaucHHA. Po3psan D6 ycTaHOBIOE THT CHHXPOHIZALIi
(3oBHIIHIO abo BHYTpimHIO). Po3piaa D7 Bu3nauae BUKOPUCTAHHA OHOIO
(D7 = 1) abo agox (D7 = 0) cumBoniB CUHXPOHi3aLli. [Tpu3HaueHHs po3ps-
mis D3, D2 i D5, D4 ananoridfe Npu3sHAYEHHIO LAX PO3PANIB TP ACHHX-
POHHOMY OGMIHL.
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Pozpan | TossavcHas Mpmnadenss
DO xE JosBia nepenagi: Mpa Hy 1ILOBOMY 3Had9eHH] Depeaada indopManii He-
MOKILUBA, PH OIUHUYLHOMY — MOXUTHBA. |
D1 DIR 3anur npo roTOBHICTE DEpPEIaBada A0 MEPEAAYl: IPY OAMHHYHOMY 3HA-
UCHHI — SaNuc Wy 1 Ha susoni DTR
D2 RxE Jlo3sizr Ha NipriioM: UPH HYThOBOMY ZHAYCHHT HIPHAManHs iBdopMarii
: | nemouuBe, IPU O MHUNEOMY — MOJKIMBE
D3 SBRK Kixceups nepeaadi: npu HyIbOBOMY 3HaYCHHI — HOPMAILHA pobOTa Ka-
RATY Ucpe1adi, IPH OQHHANHOMY 3HAMCHHI - YCTAHOBICHHS BHCOKOTO
pisns Ha saBo;n IXD)
D4 ER BB ICHHS [TOMWI0K: TIPH OXMHUTHOMY 3HaMCHH] - YCTaHOBIACHHSA Pos-
PAAIB MOMILIOK ¥ BYXLIRUI cTal -
Ds RTS 3atuT npo roToBHICTL NpUiiMada TepMiHana 40 npuiomy: npu DS = 1 -
_| samuc myax na suBoai RTS
Do IR Iporpamue ckHaaHHs cXeMR ¥ BUXITHHAIA CTaH: DY OJMHHYBOMY 3Ha-
tewui - yeraHoBackwis Y CATIIT y puxiannii cran i roToBRICTL 0 MpH-
WMaHHA IHCTPYKUI PCRUMY
b7 EH Peakunt foUusyKy iMNYJIbCiB CHHXPOHI3AIL TIPH OAHMUHOMY SHAYCHHI —
_YCTaHOBNCHHS PCHMY TIOMTYKY CUMBOIIR CHHXPOHI3aLi

Tlix yac acHHXPOHHOTO 0OMIHY omiepalliiiHe KepyBaIbHe CJIOBO 3aBaHTa-
KY€EThCA BIIPasy MICHA KepyBATLHOIO CJI0BA IHIINANI3ALIi, 4 TMJ 1ac CHHXPO-
HHOTO TIepe]] HAM PO3TAILOBYFOTHCS OJIMH 200 [(Ba CHMBOIIM CHHXPOHI3aLi.
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Yacosi miarpamu curHams kepyBaHHA YCAIII mp wac 3amicy kepy-
BabHOTO CJIOB3 PEXMMY, CHMBOJHB CHHXPOHI3allli KOMaHIH HOKa3aHO Ha
puc. 6.61, a, a 4acoBi miarpaMH CHTHAIIB NMPH YWTaHHI CIOBa CTaHy — Ha
puc. 6.61, 6.

Yurannd cnoBa crany (puc. 6.61, ) 3ailicHioeThCA MU TIOJAHHI HA RXIJ
A0 H-piBns, a Ba RD — L-piBHS, YUTAHHA JAHWX 3/ifiCHIOCTHCS IPH IOJAHHI
Ha Bxig A0 L-pisnua. IndopMmanito, ska MICTUTBCSA Y CJIOBI CTaHy (8. pHc.
6.60, 6), MOXHa BUKOPUCTOBYBAaTW A opradizauii oOminy wmix MIT i
VCATHI, nanpuxiaj, BUSHAYaTH, 91 He 6yJI0 TIOMWIKH [IPH Tlepe/laBaHHi 1H-
topMaii, skl cCTaH TOTOBHOCTI NpHiiMaYa (TlepeaBaya) 40 oOMiHy '

RD .
- \_/ wn TN/
DD,
O e
N €s -—\—_——/-__.
TS o
T e X
DSk
@ &6
RxC ¢
JOANANMUUUTT e
e il
i WHHWL'#: Thri SYADET M\ __
SYANDET RD_ "
piz: g
D DR
“Haewsy Chnares
JREMIX.  CLEY

Puc. 6.61. Yacosi oiazpavmu cuznanis xepysanns YCAIIII: a — sanuc kepyeaiie-

HOZO CI08A PeXCUMY, CUMBOILI8 CUNXPOHIZayii ma onepayliinozo cnoéa; 6 — Yumanus

cl06a cmany; 8 — NPUHOM 8XIOHUX OaHuX 13 BHYMPIUMHBOIO CURXPORIZAYIEN; 2 — CUH-
XPOHKUL NPUTIOM 13 306HIUHLOI0 CUHXPOHIZAYIECID
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Po3agin 6. Iumepdpeiic npucmpois esedeHHs-euaeOeHHs

3anmc KepyBalbHUX CIiB Ta CUMBOJIB CHHXpOHI3aLil 3 CHIOETBCA Ye- -
pes mumy jamux DB npn nojanmi Ha BXim A0 H-pisHa, a Ha BXin WR —
L-pisus (puc. 6.61, 6). Tlicns nouatkosoro BeraHosnerHa YCAIIT npuiimae
indopmarito Ha DB 5K KepyBalbHe CIIOBO iHILAMI3AI] 1 po3MiIye ¥oro y Bifi-
noeigHOMy perictpi. brok RWCU penmdpye 1ie cI0BO 1, AKINO 3arporpamMo-
BaHUI ACMHXPOHHMII PEXKUM, TO HACTYITHE CITOBO CIIPUMMAETRCS SIK Omepartii-
HE KePYBAIIBHE CIIOBO, a AKINO CYHXPOHHMI — IBdopMatiisa Ha DB cripuitMacts-
CS AK CHMBOJI CHHXPOHI3AITi. '

[Ticiin 3anmCcy KepyBABHOTO CJIOBA PEXHAMY 1 onepaliiiHoro cloBa
VCAIIII rotoBuii 10 BAKOHaHHS 0GMIHY AaHVMH B OJJHOMY 3 T’ SSTH PEXM-
MIB;

1) cunxpoHHa nepejava,

2) CHHXpOHHE TIPHIIOMAHHA i3 BHYTPIIHHLOI CHHXPOHI3a-
III€I0;

3) CcUHXpOHHE NPHIIOMAHHA 13 30BHIITHEO0I0 CHHXPOHI3ALIEIO;

4) acuHXpOHHA Ticpeaaya;

5)‘ acHHXpOHHE NpuiioMaHHs.

[Ipu cunxponuiis nepedawi danux Ha BUXOAL Ix/) 13 yacToTOW CUrHa-
JIy CUHXPOHI3AIIT OPMYETLCA ITOCTIOBHICTE, 10 NOUYNHAECTHCA i3 CAMBO-
TR CHHXPOHIZALIT, 3ATPOrpaMOBAHWX KEPYBATbHUM CJOBOM pexxuMy (JHB.
puc. 6.60, ). TToTiM TiepeIatoThcs KOAU CAMBOIIB, 110 HagxoAaTs 3 MIT,
KOXKHHUHA 3 SIKUX MOXKE 3aKiHdyBaTHcd O0iToM kouTpomo. Skuo MII He 3a-
BaHTAXKUB 4eprosuii cumBoll 10 MOMeHTY nepeaadl, To YCAIII BcTasuse B
Tepeaty MOCIiIOBHICT CUMBOTH CUHXpPOHI3alii, a Ha Buxoi 7xI) rede-
PYETHCS CUTHAJI BUCOKOTO PIBHA, IKUH BKazy€ Ha IIOPOKHIO Mepeavy.

V pexcuri cunxponnoeco rpuiimanis i3 6HYMPIubo0 CUNXPOHIIaYicio
(puc. 6.61, ¢) YCAIIIT nounnae po6oTy 3 mouwyky y BXIAHIN MOCTIXOBHOCTI
cvMBoTiB cuHxponizaiii. YCATITT nmopisHroe 3alicani B HBOTO HpU Iporpa-
MyBaHHI CUMBOJIM CHHXpOHI3aUll 3 MpUHHSTAMKM cuMBonamn. [licns Buss-
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TICHHA CUMROJIIB CMHXPOHi3auii Ha BUBOAL SYNDET yCTaHOBIHOEThCA CHTHAT
BHCOKOTO DIiBHA i IIOUMHAETHCA NMpHitoM BXIMHMX maHuX (puc. 6.61, 6). Cur-
Hal Ha BuBoAl SYNDET aBTOMaTH4YHO CKUIAETHCSA NPH YHMTaHHI CIOBA CTaHy
YCAIIL

I1i0 Hac cunxponto2o nputiMaHis i3 306HUHBOI CUHXpOHIZayicio (PHC.
6.61, 2) Ba BuBin SYNDET 10Ja€Thesi CHrHAN Bijl 30BHIIIHLOTO IPUCTPOLO, IO
J03BOJIAE MPUHOM JaHKX Ha BXOMi RxDD 3i NIBHJKICTIO CUTHANIB CUHXPOHI3ALL,
AKi HAZXOIATH Ha BXix RxD. MosiuBa opramizauis nipusioMy ganux y MIT sa
TIEpEPUBAHHAM, AKIIO CUIHAIM Ha BUBOAL SYNDET BUKOPHCTOBYIOTECS SK 3a-
IIUT NIePEPUBAHHAL.

V pescumi acunxponnozo nepedasants MOCIIAOBHI 1aHI (GOPMYIOTHCS
Ha puxomi 7xD 3a 3agHiM GpoHTOM curHaNy cubXpoHizamii 7xC 3 mepi-
0JIoM, 10 33a7acThCsl KEPYRAIBHIM CIIOBOM peXuMy 1 fopiBHIOE 1, 16 abo
64 nepiofaM CHrHaANy CHHXpOHI3aLii. SIKIHO MiCHA mepegadi CHMBOJY Ha-
CTYIIHOI'O CHMBOJLy HEMa€, TO Ha BUXOAI 7xD yCTaHOBMIOETHCA Hanpyra
BUCOKOTO DiBHS JOTH, JOKHM HOBI JaHi He HauiiayTh Bigx MIL ¥V nporpami,
AKa peajizye alropUTM acMHXPOHHOI Iepejadyi, 3al|c 4eprororo Gaiira B
VYCAITIT 3pificHioeThes 3a xoMaHoro suBeaeHHs OQUT, KMo y Ciiosi ¢ra-
Hy po3pan DO = 1. CurHan Ha Buxofi 7xDY BUKOPUCTOBYETHCA AK CHUTHAI
3aIMTY IIEpEepPUBAHHS.

Acunxpornne npuivanus Oanux TIOYMHAETHCHA 3 TOMOYKY CTapT-0ira,
AKUI BCTAHOBIIOE Ha Bxoul RxD Hanpyra L-piBes. Hassuicth nnoro dira
BApyre MepeBIpAEThCS BHYTPIIHIM CTpPoG-iMmyabcoM. SIkmo crapr-GiT
TIATBEPKEHUH, TO 3amMyCcKaeThCA BHYTPIWHIA MiuvIbHUK OiTis, SKuil BU-
3HayYa€e T0YaToK i KiHenp OITIB AaHMX, GIT KOHTpOIO i cTom-0iT. ITpuitomM
cTon-6iTa BKa3ye Ha 3aKiHUCHHs mpuiiMaHHA Oaitra inopMmauii ta cymnpo-
BOJDKY ETBCA BCTAHOBJICHHSM CUTHAITy BUCOKOT'O PiBHA Ha BUXOMi RxRDY. ¥V
HporpamMi acMHXPOHHOTO NpUIMaHHS-TepeNaBaHHs YeproBoro Oaifra Ha-
Hux y MIT Mooke 3ziiicHIOBaTHCS 32 KOMaHIOK BBeJAeHHS /N, AKIIO Y CJIOBI
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cTaHy po3psa D1 = 1, mo sianosijgac H-pisHio curuany Ha Buxoii RxRDY,
abo 3a mepepuBaHHAM, AKIIO CHTHAN Ha BUX0MAl RxRDY BUKOPHCTOBYETHCS
AK CUTHAN 3alUTy NepepUBaHHA.

Hpuxaax 6.16. 3anporpamysarn YCAITI] Ha acMHXpOHHUI pexXiM 3
TakuM (popmaroM JaHUX: cTapT-OiT, 8 6IT JaHuX, OIT KOHTPOJIIO MApHOCTI Ta
1,5 cron-6ita. KoediuieHT mineAns yacroru CUHXpocursanis 1/64. Bxin CS
YCAIIII 3’enaru 3 anpecHoto mdiHielo 44, Bxin A0 3 niHieto 41. 3aiicHuT
NiepefiaRaHHs AaHMX 13 perictpa BL mo nocmaoBHOMY MOpTY.

Bwmsnauumo agpecu YCAII 3ammc kepyBanbHoro cnosa 0y e Biaby-
Barucsa npu 44 =0, 41 = 1 to6ro npu aapeci 02, nepegaBaHHI AaHUX — MPH
Al =0, robro npu agpeci 00.

Kepysanonue crnopo iHimanmi3zami 3riggo 3 puc. 6.60, ¢ nopiBHIOE
10111111

OnepauifiHe KepyBalbHe ClOBO BH3Ha4MMo 3a Tabn. 6.18 sk
00010001. OpvmyyHe 3na4eHad H6ita DO jo3sonde nepejady, 6it D4 cku-
Oa€ 3HAYCHHA PO3PANIB IOMUIIOK Y CIOBI CTaHy Y BUXIJIHE TMOIOKECHHA.
HynboBe 3aveHHs 6ita /)3 Bu3sHaYac HOPMAJbHY poOOTY KaHamy nepejadl.
Twmi GiTh He BINMBAIOTS Ha LEH pexuM.

ITporpamMa maTuMe TaKWit BUTISAT

MOV AL, ; dopmyBanrHs B AL kepyBaJIbHOTC
101111118 crcaa
; inindianisauil
ouT 02, AL ; 1 nepecusianHsg Moro B YCAII
MOV AL, ; ¢opMmyBaHHAa B AL onepauimHoro
000100018 ; KeryBaJIbHOTO CJioBa
ouT 02, AL ; 1 nepecusaHHa toro B YCAII
M1 [IN AL, 02 ; YMTaHHA CloBa CTaHy
| __|AND AL, 01 ; Bunlmenus pospsany DO N
JZ M1 ; Sxmo DO = 0 (YCAMN He roToBuMiz NO Ie~
permaui), ; To nmepexing xa Ml
MOV AL, BL -
OUT 00, AL ; llepecunaHHg OaHuUx
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OsHakoro TOro, IO AaHI MOKHA IIepeJaBaTH M0 MOCILIOBHOMY TIOPTY,
T06T0 YCAITII roroBuit 10 00MiHy, y 1ilf porpami npuiinsara ymoBa D0 =
1y cmoei crady. [HIIIM 1TUIAXOM € BUKOPHCTAHHS CUTHANY Ha Buxoai 7xDY
SIK 3AITATY TepePUBAHHSL.

KOHTPONBHI 3anUTaHHs

1. Sxi dpyHKIIi BUKOHY€E IOPT MOCHIIOBHOI Nepeaatl JIAHYX y VGC?

2. Omumrits peskumu podotu BIC.

3. IMoscaith pobSory BIC nocmifoeHOTO iHTEpdeiicy B aCHHXPOHHOMY
PEIKIMI.

4. Tloscuite poGory BIC mocaigoproro iHTepdeiicy y cCHHXPOHHOMY pe-
VML

5. SIx 3niticHro€ThCA 0OMIH JaHUMM NPHU CHHXPOHHOMY PEXHMI 3 BHYT-
PIIHBOK) 1 30BHIIMHBO CUHXPOHI3ALlEr0?

6.7. ﬂporpaMOBHylﬁ KOHTpoOriep riepepuBaHb

TlporpamoBHuit koHTponep nepepuBadb KPSS8OBHS9A sense coboro
mpucTpiit, mo peamisye B MITC 06poOKy 3aruTiB epepHBaHb BiX 30BBIIHIX
TIPUCTPOIB, SK-TO HATYMKIB aBapiiinux cutyarliif abo [IBB, mo peam3zyrors
TIPOTOKOI 00MIHY 3a IiepepuBaHiaM (AuB. mxposd. 6.1, puc. 6.5). BIC TIKII
BUKOHY€ Taki $pyHKuUii:

— 3araM’ ATOBYE 3alliTH TIEPEpPUBAHHS, SIKI 3alaroThes Ile-
peiHIM (HPoHTOM abo TOTEHIIAIOM;

- MAacKye, ToOTO 3aB60pOHAE BUKOHAHHS OOpaHUX 3aIMTiB,

- dopmye BEKTOp IepepUBaHHS Ta BUKOHYE Ail 110 epexony
Ha MiATporpamMy o0poOKH 3amuTy,

- thopmye curHan nepepuBanns it MIT;

- BHKOHYE TIpiopuTeTHY 00po6KY 3a1uTis NepeprBaHHs.

Benuka interpamsia cxema KPS80BHS9A 3anexHo Bin TOro, sk ii
3arporpaMyBaity, Moxe BHpoOIaTH abo Koi koMaHgu 8-pospsasHoro MIT
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i8080 CALL ADRYV, ne ADRV — anpeca miamporpaMyn o6po6ku, abo Buia-
BaTW Ha IOMHY JIAHMX HOMEp IiepepuBaHH® » And komaHmu INT n
16-pospsianoro MIT i8086.

Onna BIC IIKIT 06po0nse BiciM 3alUTIB Ha NIepEpUBAaHHA, aj¢ 3a Ka-
CKafHOI0 BMHKaHHS Kilbkox BIC KITBKiCTH 3alUTIB nepepmaaﬂ}m MOJKeE
6yTu 36inmbIeHa 10 64.

Cmpomeny. crpykrypHy cxeMy IIKII mokasano Ha puc. 6.62. llo
cknany IIKII BXoqTs:

- JIBOHANpsAMIeHuii 8-po3paauuit 6ydep manux (BD), npu-
snaueHuit g 3 emHannsa [IKIT i3 cucremHoro iHdopMauiiiHOK0O MH-
HOIO,

- 00K KepyBaHHsA uYdTaHHAM/3anucoM (RWCU), mo mnpu-
¥iMae kepyBaiibHi curHain Big MII i 3agae pexxum ¢yHKUIOHYBaHHA
TIKIT,

- cxeMa KackaaHnoro Oydepa-komnaparopa (CMP), ska Bu-
KOPUCTOBY€ThCA TIPH BMUKAHHI B cHCTeMy jekiabkox TTKIT;

- cxeMma kepysanHa (CU), mo gopMye cUrHANH TiepepUBaH-
HA i(a60) TpubaiitoBy KomaHry CALL a6o BEKTOp HepepHBAHHA 7,

- pEricTp 3anuTiB nepepuBanb (RGI), 110 BUKOPUCTOBYEThCS
JULst 30epiradHd BCiX 3aNUTIB MlepeprUBaHb;

- cxema o0poOku 3a npiopuretaMu (PRB), sxa 11eHTH(IKY €
IPiOPUTETH 3aTUTIB | BAGHPAE 3aTHT i3 HANBULINM NPIOPUTETOM;

- perictp o6cayroByBaHux fiepepusann (ISR), mo 306epirae
PIBHI 3aIIUTIB IEPepHBaHD, AKi 3HAXOAATHCA HA o6cayrosysanni TTKIT,

- perictp MackysaHHS TiepepuBadb (RGM), o 3abesneuye
3aDopoHy OfHI€l a0 JeKiNbKOX MiHil 3aUTIB IepepUBAHHA.
ITpusHayeHHs BXITHWUX, BUXITHUX 1 KepyBaasHux curaamis ITKIT Ha-

BEJIEHO NPU ONKCI BUBOJIIB MIKPOCXeMH B Ta6i1. 6.20
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Po3gain 6. Inmepdgheiic npucmpois eszedeHHs-auseOeHHs

- INTAi T T
D7-Do - BD PG PEES
e P i) U
D
PVR . RWCI] | L 4 \ 4
A0 > «— JROO
-+ [RO1
csS ___—f [«—— JRO2
[<— IR(J3
h— ISR 1*={ PRB RGI j«— JRO4
CASO 4+ CMP ‘ [e—— [RQS5
cAs1. ¢ " — [«— JRQ6
cas2 ¥ +— IRQ7
F — 1 i
> RGM
Puc. 6.62. Cmpyxmypua.cxema ITKIT
Tabnuys 6.20. Omac Busogie ITKII
Tlozuagesn: Homep TTousnage
BHBOJY KOHTAKTY PUSHASCHIL BHBOLY
D7-D0 4,5,6,7,8,9, [Bxin/saxiy gasux
10, 11
RD 3 Bxia ctpoby uuTaHHS
WR 2. Bxix ctpoly 3amucy
A0 27 Bxia HYIROBOTO POIPAAY AXPECH, BUKOPHCTOBYEAHHM IMPH 3a-
BAHTIKEHHI KoMaH 1 3uurvBanHi crany [TKI
cs ‘1 Bxig subopy MIKpOCXEMH
CAS0-CAS2 12, 13,15 Bxo1m/Bux011 KacKa,1yBaHHA
<p 16 Oznaka mianopsaKyBasHs: Hanpyra H-piswa srasye, nio [TKIT e
. | crapmmiv (ronosaaM) KOBTpOTEpOM; Hanpyra L-pisKg BusHadae
TIKIT 1 anops;axoBaHsm (BeAEHHM) KOHIPOISPOM
INTA 26 i ATBepaXe s NEepepUBAHHS ~ BXina Hanmpyra H-piBus BKa-
aye mpo Bugauy TIKIT xovanau. CALL va mmHy
INT 17 [lepepuparma: Hanpyra H-piBHs BKa3ye Mo 3aILIT Ha o0cmyro-
BYBAHHS
IRQO-IRQT 18, 19,20, 21, |Bxoxu 3anuTiB nepepusans (Hepeaniii dponr)
22,723, 24,25
Ucc 28 Hanpyra sxusacang +5 B
GND 14 Criavauii Busig 0 B
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3’ eqranas BIC KPS80BHS9 31 cranmapTHOIO CHCTEMHOIO LOMHOKO

MOKa3aHo Ha puc. 6.63.

AB

CB Ai Al

_r
DB D7-D0lOR |IOW INT |INTA

\J
CAS0 o5 40 DI-DO RD Wg INT INTA
CAS1

CAS? 2

Y v Y

| o

$ ¢ ¢

IRQT ... 1RQO

Puc. 6.63. 3'conansis BIC KP3SOBHS3Y 3i cmandapmuoin cucmemnon wunow

Ila cxema npalioe Tax. 3anmMrTH TiepepHBaHb Bif 30BHIILHIX [IPHCTPOIB
HaAXoAATh Ha BXoaH IROO-IR(7 i 3anam’sToByroThest B perictpi RGL Jlani
CHTHANK HAIXOJAATH Ha cxeMy 00poOKuU 3a npioputetamMu R, o po3Bonse
abo He I03ROJIAE TIOAATLIIOMY TPOXOIKEHHIO 3alIUTy HEPEepUBaHHA 3aIEXKHO

BiZ ¥ioro npiopuTeTy Ta 3a00pOHM MacKyBaHHSM. Byap-aknii 3arur tepepu-
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BaHHA MO>KHA 3a00pOHKTH, 3aIMCYIOUR MacKy B perictp RGM. Jlani no3ro-
TIeHi 3aNUTH HATXOIATE Y pericTp ISR 1 BCTaHOBMIOKOTH BifMOBITHL PO3PAAM.
Cxema kepyeants (CU) Ha ocHOBI cTaHy perictpy /SR ¢opmye curHan nepe-
puBauHa /NT 11a ML, sxuii npuiiMae cursast /N7 1, AK11I0 NepepyBaHHA 1o-
3BOJIEH], MATBEPIXYE ApHiioM BHaayero curHany INTA. llicns opepkaHHs
curnasty INTA IIKTI Bugae Ha umny D7-D0 ko1 koMaHan CALL abo BexTop
niepepuBansHs 7. Y nepimoMy Bunanky MIT Bumae me mBa curHaiu INTA, mo
nossonsitors TTKTT nepefaTy Ha UIMHY JaHuX 16-pospsaaHy anpecy Iﬁ)ll‘[pbr—
paMu oOCITyTOBYBAHHA TICPEPUBAHHSA, IPHUOMY MOIOANIT Gaiit anpecH Ie-
penziencx 3a MepLIMM curHanoM INTA, a CTapIuif — 3a APYyrHM. Y JIpyromy
Burraaky MI1 Bujiae e onuna curnan INT. ‘A, o axoMmy MIT 3untye 3HaUCHHA
BEKTOPA NEPEPUBAHHA .

[TporpamMoBHMiT KOHTPONEP MOXe TPALFOBATH 1 B PekUMI ONUTYBAHHA
3aIITIB TiepepuBaHHA. Y 1hoMy pasi MIT 3uuTye koA 3ammTy 3 HafiRMIM pi-
BHEM TIPIOPUTETY 3a CHrHanoM RD. [IpuifoM 3ammTiB, MACKyBaHHA M aHaII3
TIPIOPUTETY BUKOHYIOTECH TaK CaMmo, sk 1 Npy 00CIyroBYBaHH! IiepepUBaHb 3a
3aTIHTOM. ‘

Jna 36inbimenns KinbkocTi pieHiB nepepuBasss IIKII MoxyTs GyTH
06’ etHaHI B CUCTEMY, IO CKIaAA€ThCA 3 OJHOIO BEAYYOro 1 AEKiIbKOX Be-
nenmx [IKIT (puc. 6.64).
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DB CB AB
GND —J>3‘77 "ﬁ};
;ﬁgz : BellermﬁDLg[())
IROO RD, WR, INTA
INT |—

"482 CAS1 CASO

1

GND — &5 TS0
IRQ7T —)
o A0
IRO6 Beneuuti
17--D0
IRQO RD, WR, INTA jaum
INT b
C482 CAS1 CASO

|gg52 CAS1 CASO l
Ucc SP S (

IR.(.),? — Benyuwuit A0

IRQ2 D7-DQ fe=
IROL RD, WR, INTA
JRQ0 — INT

Puc. 6.64. Kackaowe 3 'eonanns TNKIT

TTig yac oOCnyroBYBaHHs 3alIATY, IO HAMIHUIOB Ha BXiJ BEICHOIO
TTKTT, seayunii ITKTT 3a cursaioM /IN7A Buaae Ha IIAHY JaHUX KOA KO-
Maaau CALL, a na munu CASO0-CAS2 — xox Homepa Bepenoro [MTKIL 3
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HAJIXO[DKEHHAM JApYroro i TpeThoro curHams /NTA ajgpeca Iianporpamu
0o0CIyroByBaHHs JaHUX BHEAE oOpanuii 3a kogoM Ha mvHax CAS0-CAS2
sepenuit [IKII. V sunanxy Bukopuctanus [TKIT y MIIC 3 18086 Benermit
IIKII Bupac 3a apyruM curaanoM /N7A 3HaueHHs HOMepa [epeprBaHHs 7.

ITporpamysanns [IKIT nongrae B 3a0uci B HHOTO ¥ BH3HATCHOMY HO-
paaky Big 2 7o 4 kepyBaabHuX cniB iHimiamizanii (/CW). Ham B Oyns-
AKOMY TIOPAJKY MOXKHA 3alIUCYBaTH KepyBalbHI omepauiitni ciosa (OCW)
3alexHO BiT HeoOXimuux dyuxmii ITKTT.

Kepysansre cimoo JCW1 (puc. 6.65) ckugae perictpu RGI, RGM i
IPUCBOrOE HWKUMIA tpiopuTer Bxoay /R(7. OmuHUYHE 3HAYCHHA PO3PALY
AD(DO) Bkasye Ha Te, HI0 Tpeba BUKOPUCTATH IOJATHE KepyBallbHE CIOBO
iHitganizami /CW4.

A0 D71 D6 D5 D4 D3 D2 DI DO
0 |a7]46 45 1[0 F § 4D
b1 |
Agpeca
v v l
A6alT | 0 Onun TIKTT 0 He rpeba ICW4 0
8 OailT 1 Jexinnka ITKIT 1 Tpeta ICW4 1

Puc. 6.65. Dopmam xepysarvnozo croéa iniyianizayii ICW1

Pospsig S LBOTO CJI0BA BM3HAYAE HAABHICTH OJHOrO abo IEKiIBKOX
TIKTI y cucremi. IHmi po3paan MOXyTh mpuitMat 6yib-sKe 3HAYCHHS B
MIIC 3 i8086. Y MIIC i3 i8080 po3psa F (dhopMar) susHauae ajpecHui iH-
Tepeail 4 abo 8 0aliT MikK IMOYATKOBUMHY aJpecaMH IiIporpaM 00CiyroBy-
BaHHA nepepusab. Po3pamu A7-45 kepyBansHoro cnosa /CH/1 BukopHc-
TOBYIOTBCA 115 (popMyBaHHA Mooxmoro Gafita agpec nignporpaM obeay-
TOBYBaHHS IICPEPUBAHb BiAMOBIAHO 70 Tadn. 6.21.
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Tabauys 6.21. Monoaummii 6aiT anpecu xomanmy CALL

Bxin 3armry Aapechuii iHTepBa1, 4 Gaiit Anpechuii iHTepat, 8 GaiiT
DI1D6|D5\D4 | D3, D2|D1|D0O|D7 | D6|D5|D4| D3| D2|DI|DO

IRQ7 AT |A6 |AS| 1 | 1| 1|01 01A47/46[1 {11 ]0[0]0
IRQ6 AT 146 |45 1 | 11010} 04746 1{1]0]06[0]O0
IRO5 A7 |46 145 1 | 0| 1,00 [A7{46] 10 1 ;0;01]0
IRO4 AT A6 A5 1 | 0| 0|0 |0 47|46 1 |0 |G {0 ] 0[O
IRQ3 AT A6 A5 0 | 1 | 1 10| 0 (47|46 01 |1 10010
IRO2 A7 |46 (A5 0| 1 | 0100|4746 011 0}0|O0]O
IRQO1 A7 (A6 1 A5 0 [ 0| 1 | 0] 01A7{46| 0| 0|10 ]0}O
IRO0 A7]A6 A5 0 | 0 |0 ]0 | 0JA7T|46]/ 0] 0J0fj010]0O

Kepysaasne crnoso /CW?2 Mae pisauii Buriag ans MIT ;8080 ta i8086.
VY nepuioMy BUnaaKy (puc. 6.66, a) BoHO ABJs€ co6OK0 cTapiumii OaiT aa-
peci mianporpaMu o6CIyroByBaHAs IepepuBans, wo Bumactheda [TKIT Ha
IMHY JaHMX gK TpeTiil 6aiit komangn CALL.

VY apyromy Bunaaky (puc. 6.66, 6) pospsaau /1)7--/)3 Bu3HaualOTH CTa-
puri 6ITH HOMepa NepepuBaHHs st KOXKHOro Bxory /RQ. Moot Tpy 6i-
TH BU3HAYAIOTLECA HOMEPOM BXoay /R(), Ha AKuii HaAIfIIOB 3aTUT Tepepu-

BaHHA.

A D, Ds DD, D> D- D, D>

- v

(2] [AedAcfAdA | AdiAn A

Clrapois Qi aypecs

a

A0 D7 D6 D5 D4 D3 D2 D1 DO
L) ke kRl x [ x ] x]

Crapwi 6ith Homepa
6
Puc. 6.66. Qopmamu kepysarenux cnie iniyianizayii [CW2:

a — oaa cucmeny 3 MIT i8080; 6 - dna cucment 3 MIT i8086

Y MIIC, o ckianaerbes 3 aekinpkox TIKT, ams kokHoro 3 HUX Iyt
JBOX TICPITUX KEPYBAIBHUX CIB iHiiamisalii BBoguThEs ¢aoBo /W3, mo
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3a/iac PeKUM B3a€MOMIi KOHTpojiepis. Y kepyBanbHoMy ciosi /CW3 mms Be-
xyyoro [1KTI (puc. 6.67, a) HasBHICT JIOTIYHOI OJBHUII B OJHOMY 3 pO3psi-
JUB YKa3ye Ha MPHEAHAHHA JO. BiNOBIAHOIO BXOMAY 3a0UTY NCPCPUBAHHS
suxony /NT Benenoro ITKIL V kepyBanbaOMY cnosi /CW3 niis BeaeHOTO
TTKIT (puc. 6.67, 6) 3a7a€ThCA KO HOTO HOMEPA Y CHCTEM.

Ao D.7‘ D Dﬁ' D&»‘ D,3 D= D: D
(=] [s-s<[5:1Ss s=][5<]S:[ S
] j

I

N

€ porErnii
Fene pererro

a

Ao D>rDs Ds D, D> D= D: D
2 o oleo| v < DD IDs

&
Puc. 6.67. Qopmamu xepysaorux ciia iniyiaisayii ICW3:
a - ona eedyqozo [IKII; 6 — 0aa eedenozo IIKITI

dopMar KepyBaIbHOTO CIOBA IHian3ami /CW4 3006pakeHo Ha puc.
6.68.
A0 D7 D6 D5 D4 D3 D2 Dl DO
B (ol o] o[ P[sP|mys|E 816

b

Puc. 6.68. Dopmam xepysansrozo crosa niyianizayii ICW4

Ha puc. 6.65-6.68 niBopyu HaBeeHO 3HaUeHHS BXoLy A0, ITpu KoMy
Tpeba 3aBaHTaKYBATH KepyBalbHi CI0BA.

HynpoBe 3Ha4eHHS po3psaay P(D4), Bu3HAUaE TPOCTHIA NPIOPUTETHUHR
pé)RﬁM 13 QiKCOBAHUMHU IPIOPUTETAMY, OXUHUHHE — 3 LIHKIIYHAMH IpIOpH-
TeTaMHL. Pospsin D3 kepye cramom ninii SP. Pospsaa miS (Master/Slave)
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(D2) mopieuroe oquauI i Begydoro ITKII i Hymro mis Beaenoro. Pospsa
D1 3anae asTomatuune 0 abo crienianbHe 3aKiHUCHHS IEPSPUBAHHA, 4 PO3-
psix DO nopiBHioe ogunun B cucteMi 3 MIT i8086 i Hymo B cuctemi 3 MIT
18080.

[Ticna 3anmucy KepyBanbHuX ciiB iHimiamzai [TKIT nigrorosaerutt ao
TpUHOMY 3alT{TIB IEPEPUBAHHA i MOXeE MPALIFOBATH B pedicuMi 3 ghikcosanumu
npiopumemanmu 3anumie. Y THOMY PeXKUMI 3aIINTH YIOPSAKOBaHI 33 Opiopu-
teramu: Bxig /RQ0 mMae Bumii ripiopuret, a JRQ7 — vinkuuid. Teit pexum me
HA3UBAIOTh PENCUMOM ROBHOO0 GKIAOEHHS NIONpozpam 0BpObKU NEPEPUSAaHD.
Sxo 3anuTy nepepuBaHs HaidnyTe y ITKII oxHoyacHo, To 6yae obcmyro-
BYBATHUCS 3aIUT, Axuil Mae Oinbinit npiopuret. Skio ma vac o0podxu ox-
HOT'O 3aMuTa HaAHmoB Apyruit 3 61kl BUCOKUM npiopHTeToM, To MII nepe-
prBae 00poOKy TIOTOYHOTO 3aIUTY 1 BUICIMKAE THiANporpaMy oOpoOKku HOBOIO
3amuTy. Ilicna ¥oro 06po6ku MIT1 npomoBXKye mepepBaHy fianporpaMy 06-
poOKH. 3anUTH 3 HIKYAMH TIPIOPUTETAMH He [IepEepUBAIOTh MIANPOrpaM 06-
poOKM 3aNUTIB 3 BULIMMH.

JUis 3amanHsd iHmmx pexuMiB pynkuionysaHasA ITKIT aeo0xiaHo BU-
KOPHCTOBYBATH oriepatriiiii ciora OCW, 1Mo 3aBaHTAKYIOTHCA TCHA CIIB
1Hiiani3aui y 6yap-saxuif moToYHnit MOMEHT Yacy.

Onepauiiine caoso OCW1 (puc. 6.69, a) 3ailicHiOE BCTaHOBJICHHA 260
CKMIAHHA po3pAxiB pericTpa R(GM. YCTaHOBIICHHA JIEAKOTO PO3PAILY peric-
Tpa MacKyBaHHS TIPUBOAUTH 0 3a00pOHM TiepepUBaHHS [0 BIAIIOBIIHOMY
BXOJY.

Onepauiitie cnoBo OCW?2 (puc. 6.69, 6) 3miCHIOE CKAAAHHS PO3pATY
pericTpa ISR | IMKNIYHAN 3CY8 NPIOPUTETIB 3anuTiB. MOXIMBI BapiaHTH

ciaosa OCW?2 1 ¥ioro §yHKUii HasegeHo B Tabi. 6.22.
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MixponpoyecopHa mexHika

Tabauys 6.22. Bapiantu ciosa OCH2

Poaain 6. iumepdpelic npucmpoie esedeHHA-euseOeHHS

Pospsin komasu

‘ / D5 |D4|D3|D2}|Dl1|.D0 Pesanv npiopuTteTiB
R®) | (SEOD) | (EOD

0 0 1 010 x| x | x | dixcosammit npiopurer: IRQ0 — wrmuii, IRQT -
HUKYHIL .

1 0 1 01 0] x| x| x | Uukiusmit 3cys npiopureTie: MpHCBOCHAS 06-
CIYTOBYBAHOMY 3aIIUTY HHKYOIO IPIOPHTETY
dikcosanuii npiopuret: L2-L0 -~ HoMep po3psay,

0 1 1 010 {L2]L]|L0|mockuzaerncs

Ly misrmit 3cys mpiopureris: L2--L0 —noMep

1 1 1 0 | 0 |12 L1 | L0 | pospaay, mo cxuaaeTbes y pericTpi ISR (mpucso-
€HHA foMy HIZKIOTO NplopHTeTY) ‘
Lprctivauit scys npiopuretis Ges saBepneHHs

1 1 0 0.1 0 {L2|Ll|LO | nepepusanns: L2-L0 - nomep sxaxy JRQ 3 mik-
YUM [PIOPUTETOM
A ' D Ds Ds D, D> D- D D-
| = Mr M- v M. M. M. M ML
a

Ao DD D. D, D> D: D: D

! ! ! ‘ : !
L= | RspoiEo] o oleLs L.
6

AC
D7 D6 D5 D4 D3 D2 Dl DO
(1] [ x swdfsmar] o[ 1 [P [ERS[RIS
1
Hemae xossomy x 0 : !
Crupanns pexumy 1 “
VCTaHOBICHHS pexuMy | 0 ‘ ‘

i
o O O T

3abopoua udraHHs
Ynranus RGI
Yurauus ISR

€

Puc. 6.69. Dopmamu onepayiiinux xepysanvhux cnia: a-—- OCWI; 6 OQCW2;
8- OCW3
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Slkmo. 006cnyroByBaHHS 3alMTy NEepepUBaHHA HEOOXIAHO 3aKIHYUTH
CKUAAHHAM pb:;psmy perictpa /SR 3 BULIAM NPIOPHTETOM, TO BUKOPUCTO-
BY€ThCA ¢10Bo OCW?2 i3 3HauenHsMu EOl = 1 1 SEOI = 1. Ilpu EOl = 1 i
SEQI = 1 npusHayeHuit 1A CKMIaHHA PiBEeHb NEPEPUBAHHA BKA3YETLCA B
koMaHAi po3psagamu D2(L2)-D0(L0). Luxmiyauii 3CyB MpiOpUTETIB 3a1a-
€Thes B koMaumi OCW?2 pospsgom D7(R).

VY yuxniunomy pesicumi BUKOPHCTOBYETHCS KOJIOBUI IIOPAZOK TIPH-
3HAYEHHs MpiopuTeTiB. OCTAHHEOMY OGCIYTOBYBAHOMY 3aNUTy HPHCBOIO-
€ThCA HIDKUMH npiopuTeT, HacTyimHoMy — Bammid. [Ipiopurern fHmix 3a-
IUTIB LUKIIYHO 3MIIYIOTHCA 3a LKoo npioputeris. [Tpu R =11 SEOI =
0 xomanza OCHW?2 npucBOIOE HIDKIMI IPIOPUTET 3aNUTy 3 BULIUM IpPiOpH-
TeTOM, a ip¥ R = 1 1 SEO/ = | Hvxamii nipiopurer MPHCROIOCTbCS 3aIIMTY,
HOMEp KOF0 BKa3zyeThes pospsanamu D2(1.2)-DO(L0). Cnoso OCW?2 3a3pu-
yaii 3armmcyerved y IKIT sanpukiHm manporpamu o06cayroByBaHHA nepe-
PMBaHHS I1€pe] KOMAHIOK NOBEPHEHHA 3 mianporpamu RET.

Omnepaitine croso OCW3 (uuB. puc. 6.69, ) mo3somse 3a7aTH pe-
KHUM CHEWlanbHOTo MackyeanHa (pospsagm D6, DS5), pexxuM onuTyBaHHs
(po3psi D2) i BukonaTy 3unTyBanua crady IKIT (pospaau D1, DO).

Peocum cneylanbnozo MUcKyeanna 1a€ 3MOTY Ha ASAKLH NUISHI MPo-
rpamMu BHOIPKOBO KEPYBATH 3aIlUTaMy 3 PI3HAMH NPIOPUTETAMH 1 JIO3BOIA-
TH HepepuBaHHA RUKOHYBAHOI TPOrpaMM HaBITh BIJ BXOIIB 3 MEHIIUMH
npiopureramMu. PexXnM CIeuianbHOTO MAackyBaHHS 3aJacrbCs CIOBOM
OCWS3 npu ESMM = 1 1 SMM = 1 Ta BigMiHA€ Uel PeXHM CJIOBOM 3
ESMM = 11SMM =0,

Peoicuv onumysaninisl BCTAHOBTIOETRCA 3a ciloBoM OCW3 mpu P =1. Y
npoMy pexcumi ITKIT npuiivae 3anuTut i dopmye ClOBO CTaHy ONMHUTYBAHHA, LIO
MICTUTH HOMEp 3aIuTy 3 HafismumM apiopureroM (pospaps [D2-1)0 cnosa
CTaHy). 3anut oOCIyroByeThCA Ha BUMOTY TIPOIpaMHy, fAKa 37iliCHIOE 3a J0Mo0-
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MikponpouecopHa mexHika

MHE JeKOIyBaHHA $oro i mepexif 40 BiAMOBixHOI Itigmporpamy 0OCIyroBy-
BAaHHS [IEPEPUBAHHS.

Ymicr perictpis RG/ i ISR 3uMty€eThCs micns 3apaHTakeHHa y 1TKIT cio-
Ba OCW?3 3 BiznoBiguumu 3HaucHHaME ERIS 1 RIS (nusB. puc. 6.69, 6) 3 oza-
JIBIIHAM BUKOHAHHAM KoManu BeeficHHs IN (40 =11 RD = 0). Bmicr perictpa
RGM 3uuryethea 63 monepeiHporo 3aBaHTaKeHH S 38 KoMaHIow IN (40 = 1,
RD =0).

Hpuxaan 6.17. 3anporpaMyBaTé KOHTPOJIEPH nepepmaaﬁ'b 3 Kackaj-
HEM 3’ €IHAHHAM (puc. 6.70) y cuctemi 3 MIT 80x86 (8 PC IBM AT) na pe-
UM 3 IKCOBAHAMM TPiOPUTETAMH, HEaBTOMATHUHHAM 3aKiHUCHHAM nepe-
puBaHE. 3anporpamMmysari Homep nepepusanb 4wl JRO0 BeZydoro KoHTpo-
aepa — 08, ana Benenoro — 70H. Axpecu Bexydoro kourpoltepa 20H ta
21H, Benenoro — 040H, 041H, BusHauuTy iX HOMEPH BCIX IEPepUBaHb T4

IPiOpPUTETH.
MIT
TKIL | vy
(20H, 218)|, INTA

'SP
IRO'8 3 T
IRQ'9 —] .

«ib»
IRQA” ) J 4

IROB—— 4 (040H,
IRQ C————f o411

RO D—— o
ROE-— 5P | I
ROF i

Puc. 6.70. Ipuxnad xackadwozo 3 conanns osox TIKiT

KepyBasnbhe c10BO iHImIAI3aIi ICW1 srigHo 3 puc. 6.65 nopiHIOE
114 post 060x TIKTT.
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Po3nin 6. Inmepdgbeiic npucmpole esedeHHA-sUScTeHHS

3amnmc KepyBadbHOrO clioBa BinbysaeTsed rpu A0 = 0, To6To npH af-
peci 20H mns nepinoro [TKIT i 704 nas gpyroro.

Kepysanbae cnoso initianizami /CW2 3rinHo 3 puc. 6.66 Mae BUMAL
00001t xxx mms [IKIT1 1 01110 x x x;, To610 08 Ta 70/ Bi/iIOBIAHO.

Kepysambae cnoso imimianizamwii /CW3, ske aeobXijgHe NpH Kackag-
HOMY 3’ €JHaHH] 3T1JIHO 3 phc. 6.67, a 1A BeIy4oro KOHTPOIepa JOPIBHIOE
04. €nuHa OMHMLIA B ILOMY COBI BU3HAYACTHCS M AKITIOUEHHAM BEIEHOTO
KOHTpostepa #o Bxoay /RQ2. Kepysanbhe ciopo intmamizami /CW3 mas
BEAECHOI0 KOHTPOJEPa BU3HAUAETHCA HOMEPOM 2, 10 AKOro MAKIHOYCHHH
Buxin INT TIKTI2 (ams. puc. 6.70).

KepysanbHe cnoso iHiuianizauii /CW4 srigno 3 puc. 6.68 gopisHtoc
1DH pna TIKIT1 1 094 mis TTKTT2,

TTporpama imimamizammi [TKIT1 i [TKTI2 Mae Takuii BUTIIsT

MOV AL, 11H |; ¢opMymaHhd B AL KepyBalbHoTO ciloBa inipianizauii
TCWL

OUT 20H, AL |; HepecuiauHs Moro s IKII1

OUT O0AOH, AL:; i B IKM2 .

MOV AL, 08H |[; dopMmymaHHA B AL KepyPaJlbHoro <jlobBa iHiniamisanii
ICW2

OUT 21H, AL |; MepecumsianHA4 fforo » IMKI1

MOV AL, 70H |; dopMyBaHHa B AL KepyRallbHoT'o <JicBa iminiamisapii
; ICw2

OUT OAlH, AL!; NepecuilanHa toro B IIKI2

MOV AL, 0O4H |; ®dopmyBakHsa B Al KepyBalbHOTO CJoBa iMiniani=zaunii
; ICW3

OUT 21H, AL |; HNepecuaanna loro B [IKI1L

MOV AL, 02H |; dopuymasHA B AL KepyBaslbHOro cjlosa iHiulanizauil
; ICW3

QUT OAlH, AL |; HepecunaHHa loro B IKIM2

MOV AL, ODH |; dopMyraHHs B AL KepyBaybHOI'O cnoBa idiulanmi=zauii
; ICWA4

OUT 21H, AL |; HepecnianHA Moro B IKIIL

MOV AL, 09H |; dopMyBaHHR B AL KepyBaJlbHOTO clloBa iHiuianisauii
; ICW4

OUT OAlH, AL |; [epecuAaHHi Horo B [IKI2

Homepu mepepusanh Ta iX nIpiopdTeTHy cXeMy HaBelIeHO B Talll.
6.23.
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MikponpouecopHa mexHika Po3ain 6. lnmepdbeiic npucmpoie ssedeHHsA-s8UsedeHHs

Tabauys 6.23. TlpiopuTeTH NepepHBaHL IIporpama Mae Takuii BUTILL. -

CxeMaupiopaTeTis Homep BXOAY Hepe- Komanna niepeph- IN AL, 211’4 ; Mpouurarm BMicT pericrpa Mackm
pus B AND AL, 11111C11B |; YcTaHoBKMTU pos3psn D2 B oguHMLI0
TP T— 1RO 0 INT 8 MOV AL, 70H ; Nepecwyatu B IKII1
1RO} INT9 Hpuxaag 6.20. CxnacTy miaporpaMy BBEACHHS IaHWX i3 MOPTY 3
fﬁgz %%5 anpecoro 300/ y xoMipKy mam’ 4Ti 3 afgpecoro DS:S] o nepepuBaHHIO.
RO S INTTIH [ianporpama 06po6kK EpepHBaHHS Mac TaKUi BATIIAL
IRQ 0AH INT12H ; BBepiraHHs pericTpie M y creky
IRQ 0BH INT T3H PUSH AX ; Ilepecnatu AX y cTek
IRQ OCH INT 74H ST R = - o
1RO 0DH INTTSH ; Ilepecnaru y cTek
IRQ OEH INT 76H
IRQ O INT 7TH"
IRQ 3 INT OBH
S T—— RO4 INTOCH MOV DX, ; 3anucarn B DX agpecy HopTy
IRQS INTODH 300H
IRQ 6 INT OEH IN AL, DX |; VYepecTu maHi
IRQ7 INT OFH : :
L 9 MOV ([SI], ; NepecnaTu B kKoMipky nam’ ari

3asHauumo, 1o B cxeMi 3 asoMa IIKIT (auB. puc. 6.70) MakcUMambHa AL

KUIBKICTB 3aluTiB JopiBHIOE 15. 1]e mOB’A3aHO 3 TUM, IO OJMH i3 BXOXIB

BeJy4oro KOHTpoJIepa 3’ € IHAHUII 3 BUX0I0M BEAEHOTO. _ .
; BaxkiHUeHHs MnepepuBaHHA

Hpnknan 6.18. 3aboponutu 00podky nepepuranns /RO2. TpuitaaTu

MOV AT, ; 3anmc B AL kepyBalbHOI'O CJIOBa
axpecy ITKII1 ax y npukn. 6.17. 20H OCW?2
Jns Toro mo6 3ab0pOHUTH TIepepHBaHHA, MOTPIOHO 3alMcaTH 0ju- OUT 20H, AL

HHINO Y BIATIOBITHAN PO3psz PETicTpa MAcku, AK Ha puc. 6.69, a. ; TloBepHEHHs BMiCTy pericTpis M =i crexy (y 3Bo-

TIporpama Mae Takuit BUTTIAL; POTHOMY MOPSIOKY)

IN AL, 21H ; TpounTaTu BMlcT pericTpa Macku
CR AL, 04 ; YcTaHoBUTHY pospal D2 B oOMHMLIC
MOV AL, 70H |; HepecmaTtu = NKI1 POP BX
Hpuxaan 6.19. Jlozsonut o6pobky nepepusanus /RQZ. TTpuiinaTu POP AX
ajfpecy ITKTI1 ax y npukm. 6.17. STI ; Ho3Bin nmepepuBaHb
Jlia Toro mo0 T03BONMTH NepepHBaHHA, NMOTPIOHO 3alMUcaTH HYAb Y IRET ; lloBepHenHsa 3 nionporpamMu oBpoBKMU
BiATIOBIITHUI PO3PSZ pericTpa Mackw, sk Ha puc. 6.69, a. nepeprBaHHA
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KoHTponbHi 3anuUTaHHsA

1. Sxi ¢pynxii Bukonye [TKIT y MITC kepyBanus?
2. SIky KiTbKicTh 3alUTIB NepepuBaHk Moxke oOciyxuTH oxna BIC
TIKIT?
3. fIxoi MakCMMaJIbHOI KIJIBKOCTI 3aIUTIB IEepepHBaHh MOXHA JOCATTH
B cHcTeMI nepepuBanb Ha 6a3i BIC KP5S80BHS59?
4.- Jiis 90ro npu3HAYCHUN PEXUM CHELIATLHOTO MACKYBAHHA?
5. SIxi npiopureTHi cxeMu 00pOOKH 3aMUTIB NepepUBaHb PSATI3YIOTHCH
y BIC KP580BH59? '
6. SIx 3MIHIOIOTBCS NPIOPUTETH Y CXeMi HUKIIYHOI 06poOKM npiopuTe-
TiB?
7. Konn 1oniTsHO BUKOPHCTOBYBATH PeXXuM (PIKCOBAHHUX IpiopHTeTIiR?
8. Konu monineHo BUKOPUCTOBYBATH PEXKUM HUKIIYHKX NPiopUTETIB?
9. Sxuii i3 BXognis /RQ Mae Bkmuﬁ npiopurer?
10. Ik MoxHa 3MEHIIWUTH TIpiopUTET BX0MiB [RQ?
11. 5Ix Mo’kH2 BUMKHYTH 0JiHY ab0 Aekinabka niil JRO?
12. Konu MOXyYTh 3aImicyBaTics KOMaH M iHilianizanii ta kepyBaHas?
13. Ina yoro neoOxinui curnanu INT 1 INTA?

6.8. NMpuknan po3pobku MikponpoLecopHOT cucTeMu

Hexalt Tpeba po3pobuTH NPUHUMIOBY CXeMy Ta MporpamHe
3abesneuenHs MIIC xepyBaHHA IIMPOTHO-iIMIyAbCHOroO cTadinizaropa
Hanpyru i3 wactoror f = | k1. MIIC kepysanns 3abe3rneuye oOpoOKy
CUTHamy 3BopoTHoro 3B's3ky U 13 Buxomy ALl 3a 3akoHOM
IPONIOPUIHHOTO PETYIATOpA:

y=0,5 + (U~ 20H)/256,

Jde Y — Koe(IIi€HT 3alOBHEHHS IMITYJBCIB LIMPOTHO-iMITyJIBCHOTO
crabimizaropa;, 20H — K0J OTIOPHOTO CUTHATTY.
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Po3sgin 6. Inmepdgheiic npucmpois éseleHHA-aucdedeHHs

CrpyktypHy cxeMy MIIC xepyBaHHs nokazano Ha puc. 6.71.

I 11311
ALIT T
/I\CH]“HEUT J/ Buxin
3BOPOTHOTO
3B’ A3KY

Puc. 6.71. Cmpyemyvpua cxema MIIC kepysanst

Curaan 380poTHOTO 3B’ 83Ky HaaxoauTh Ha ALITL, xe Bin nepersopro-
e€rbea Ha nBifikoeaii kop. Lle#t kon no cucteMuill mnH napxonurs v LIET,
Je 3a nporpamoto, 3armacanoro y L1311, o6podnserses 3a 3ak0HOM 1poTiop-
tifiHoro perynsropa. Pe3yisTaroM oduncnenns € KoedilieHT 3aroBHeHHs,
AKHI 3aBAHTAKYETHCA B pericTp TaliMepa sk koHcTaHTa. Ha Buxoxi ratiMe-
pa oAepPKYEMO JIOrUHI PIBHI IMITyTECIB KEPYBAHHAA HIMPOTHO-IMITY JIBCHOTO
crabinizaropa.

dyukmioHamsRy cxemy MITC kepysanna nokaszaro Ha puc. 6.72.
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I K1810BM86 2xKP5801P$ A
- CC ] [
rosc T haviz| cpu | BHE — T atsso
- 419116/ > 0
@ - /56-3 D
CIK {y—|CIK o MR
RESET|-—\RESET _
READY [T IREADY 2xKP580BA36
1 D15-D0
A B
=
ce —
DEN OF
DEN
. | v j ) |
NMI DT/R _
EINTR MiD i ] MR
—{TEST RD ¢ ] Mfg}fﬂ
WR 1 W
rH()LD _l‘
E] A3
CLK | MEMR 43
-z .
To1-m0 1 4100 1,00 CIK
AbC PROMY 1 700 pr |crro 4
—|po A0 Do o gLUIIﬂU >
T o TR 75| [o
A3‘ RC% I{m IOW I\PR oUT1
Bria U Al ]40 CLK?
SIN
LK 42 |41 G2
CLK N D15-D8
a0 |TROM g I A3 17T ouUr?
40 Do
e Uee
2

Puc. 6.72. Oynxyionarsna cxema MIIC

Ilix gac po3pobku dynxuioHansHoi cxemu L1 BuHHKae moTpeda y
JeMyJIbTUIUIEKCYBAHHI IMHHM ajpecw/IoaHuX, Oydepmsamii muH ajpecu
(4B) i nmu panux (BD), a Takox y GopMyBaHHI CHCTEMHMX KEPYBATbHHUX
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Po3ain 6. Inmepdgbetic npucmpoie e8edeHHs-aUaedeHHs

CUTHAJIB TaM ATi Ta 30BHILIHIX MPUCTPOIB. JleMynbTUIIIEKCYBaHHA 31ikcC-
HIOEThCA 3a fonomororo asox BIC K1810MP82, mo BuKOHYIOTH PyHKIII
¢ikcaropa agpecu 1 Oydepa muau AB. Bydepizanis muH JaHUX BUKOHY-

. €TbCA 3@ AOTIOMOTOI0 JBOHANpPAMIIEHHX MUBHUX dopmysadis K1810BAS6,

AKI TiACHTIOIOTH CHTHANM IIIMHK JIaHuX 1 jopMyBaHHA KepyBalbHUX CUTHA-
1B BUKOHYETHCS 3a AOIOMOTOF0 KoMOiHaUiiiHux noriynux eneMeHtis. Ha

BUXOJIl LUX €NEMEHTIB (OPMYIOTECH CUIHAIM MEMR | MEMW , IOR, IOW .

Ockinsku B po3podirosaxiii MITC we totpibri pexxamvaa [TITL, nepepn-
BaHb 1 0OMIHY 3a CHTHAJIOM FOTOBHOCTI, TO MOPIBHAHO 3i cxeMoro moxyas LI
(mB. puc. 3.34) cxema Ha prc. 6.72 He'MICTUTH CHTHAIIB TIEpEpHBAHb, TOTOBHO-
cti, 3ammmty T i goseony mmu BUSEN. Tomy Ha sxoim BIC reHeparopa,
LIIT, pericTpis-ghikcaTopis 1 Oy depHAX pericTpiB MOJAHO MOCTIHHI IOrivHi piBHI
Hyns a6o oyHUI. HeMae Takox KIHIEBUX KAcKajliB cXeMu opMyBaHHst Kepy-
BAJIGHUX CUTHAME (Y 11 cxeMi HeMae MoTpebu MepeBoMTH KepyBalbHI CUTHA-
Ty TpeTiit CTaH).

Mogyne II3I1 Bukownaun#i Ha 6asi gsox BIC KPS5S6PTS emnictio
512x8 6iT koxkHa. T1aM’ATb OpraHi3oBaHO y BAIAAI ABOX OaHKIE ITaM’ ATl —
MonomIoro i crapmoro. Mortoamuiii 6aHK BMHKAETHCSA IO MOJIOADION
JIOJIOBUHY MUHM JaHdX D7-D0 1 MICTUTH TIIBKW KOMIpKH nam AT 3
MAapHAMH afipecamy;, crapmuii 6aHK — 0 CTapiioi MOIOBHHI TIMHU JAHMX
D15-D8 i mictars TUIBKM KOMIPKH IIaM ATI 3 HETIAPHAMM  aj|pecamu.
Suurysanns 3 I13]1 rinOyBaeThCs TpH BMKOHAHHI UWMKITY YUTaHHA Nam’ AT,
TTpu upoMy GopmyeThes curHan MEMR = 0, sxwii i iepeBoauth Brxoau BIC
I13IT B aktusHRiA craw. I3 TI3TI samkpm 3umTyeTbes chowo. ITouaTkoBy
anpecy 11311 susrauumo npu HYJIL0BUX 3HAUCHHAX A9-A1, AQ, a KiHUEBY -
TP OTHHUYHHUX.

Taxkum wunoM, mouyatkoBa azapeca I1311 — 00000H, kinnera aapeca
T13IT - 003FFH.
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dyHxIioHATEHA cxeMa MicTuTh Takoxk ALT K572[1B1, sxwit aBise
coGoro 12-po3panHmii epeTBOPIOBAY HANPYIA Ha ABIMKOBMH KOJX HU3BKOI
mBuaxoaii. Ockitbka ALITT Mae BHy TpLmHIH pericTp 13 BX0J10M KepyBaHHA
. TPETIM CTaHOM, 30BHIIIHINA NOPT yBemeHHs He noTpiOmmit. Bmxig AII
3’eqHaHuit 3 didiamMu D11-D0. s MIT AL sBnse co6oro 16-po3psaamit
nopt. Azapeca 16-po3psaHoro nopry Mae O6yTH IapHOW0. Sk BUAHO 3 puc.
6.72, ALIII Bubupaetses npu 43 = 1, Takum umnomM, agpeca AL moxe
Oytu Oyap-sxoro npu A3 = 1, 40 = 0. Hanpuknazn, o6epemo agpecy ALILL,
mo nopisHioe 087 ‘ ‘
HporpaMOEHuﬁ tatiMep K1810BU154 y cxemi (uB. puc. 6.72) npusHa-
4YeHHH AN reHepauii IMITyJIbCIB KepyBaHHS NIMPOTHO-IMITYJIbCHUM CTabimi-
3aropoM. TaliMep MICTUTh TPU HE3ATEKHI KaHAIH, KOKHUHN 3 Kux Moxe Oy-
TH 3alIpOrpaMoBaHuii Ha po6oTy B OXHOMY i3 IHECTH PEexXUMIB JNi IBiHKO-
BOTO Ta JBIfAKOBO-JECATKOBOTO OOUHMCIiEHHA. BUKOPUCTOBYIOTh. TAKI PEXM-
MU poOOTH KAHATIB:
- kanan 0 — porpaMoBHHAN MyIbTUBIOparop (pexum 1);
- KaHam 1 — iMIOyIbCHMI TeHepaTop JacToTH JJIS 3allycKy Ka-
Hany 0 (pexum 2);
- KaHaji 2 — IMIyJILCHUIN TeHepaTop A 3a1aBadHsA 4acTOTH
poGotu AT (peximM 2).
Sk BugHO 13 puc. 6.72, TaitMep obupaeThes rpu azapeci 3 43 = 0. Jlinii
Al ,
1 A2 obupatoTs onnﬁ 3 TPHOX KaHAIIB TaiiMepa a0o pericTp KepyBaJIbHOTO
cioBa. OTxke, afipecaMu TaiiMepa Oy AyTh:
- anpeca xanany 0 — 00H,
- anpeca kanany 1 —02H,
- ajpeca kadany 2 — 04H,
- anpeca RWCU - 06H.
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Poanin 6. Inmepdgbeiic npucmpaoie esedeHHN-ausedeHHA

PQ3paxyemo KOHCTaHTH 3aBaHTaXEHH TaliMepa Tak. [lepeTBopiMo ko-
e(illicHT 32a00BHEHHA WHPOTHO-IMITYTbCHOTO CTaGiilizaTopa gamma Ha KoH-
CTaHTy TIEPEPAXYHKY, 110 3aBAHTAKYEThCA B TaliMep. 3ayBaxuMo, IO BHXI-
JHA JacToTa craburizatopa mopisHioe 1 k['11, a 9acToTa TaKTOBMX IMITyJILCIB
forx=5MI'n ‘

Kanan 0. KoedinieHT 3aN0BHEHHA IMOYJbCIB IIMPOTHO-IMITYJILCHOTO

cradunsaropa
1,
a=0,5+—1—20H).
gamma =05+ —— ( H)

BusHaunmo riepiof pobOTH HIMPOTHO-IMITYIRCHOTO cTadinizaTopa AK
1

7= l=—3: 1 mc.
r 10
Toni TprBAMICTD IMITYITBCY
o= L+ L —201)=05 + — (U -20) mc.
2 256 256

TpuBamicTh TMUIBHMX iMIYJIBCIB KaHAMB (CLK) Tipyu dacToTi poboTH
npouecopa 5 MI'g
Trpe=1/(5 - 10°) =200 ©e.
Kopx 3aBanTaxeHHs kanany O TaiiMepa BH3HAUYUTHCS AK BlAHOMIECHHS
& 10 Terx, TOOTO

_ 05107 N 107
200-107  256-200-1

o5 (U = 20H)= 2500+ 20U/ = 20H ).

Kauan 1. Koedinienr aurenns kaHaty | BH3HAJacTbCs AK BIIHOLIEHHS
TPUBAIOCTI TEPioAy LIMPOTHO-IMITYILCHOIO CTa0LI3aTOpa 0 TPRBAIOCTI Ie-
piony Tex:

7__1000000

= =5000.
TCLK 200
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Posain 6. iIumepdbetic npucmpoie esedeHHs-6USeOeHHS!

Kanan 2. KoedilieHT AiTeHHA KaHaly 2 BU3HAYacThCA 5K BIJHOUICHHA
TPUBATIOCT] TIEPiOAly TAKTOBMX iMmymscis ALTTT (170 k') ;o TpuBaTOCTI TIEpi-
ony Terx: |

Ny =429
ﬂIK

ANTOpUTM KepyBaHHA MUPOTHO-IMIYIBCHAM CTAGiNizaToOpoM TOKa3aHO
Ha puc. 6.73. CnouaTky B o6uaBa kaHamu TaliMepa 3aBaHTaXYIOTBCSA KepyBa-
1bHI cnora. KepyBanbHe crioro jurst kasany O popisaioe 001100108 i BusHauae
pexuM 1 maunbHKKa 0, 3aBaHTaXXeHHS CTIOYATKy MOJIOALIOTO, a MOTIM CTap-

moro Galfra, muly — agiiikoBy. KepyBanbHe ¢10B0 11 xaHanis 1172 susyayac -

pexkiM 1, 3aBaHTaKEHHA CIIOYATKY MOJIOJIIONO, a HOTIM CTapInoro GaiTis, -
g6y — neiitkoBy. KepyBaibhi cinosa mopiBtrorors 011101008 i 101101008
BiZIOBIIHO.

TTogarox

IIporpamyranns
TaliMepa
I

Veenenus
U

O0GuucnenHs
No

3aBaHTaKEHHA
TatiMepa

Puc. 6.73. Arcopumm Kepy8aHrA wupomuo-iMny1CHUM

cmabinizamopom
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[licna 3aBaHTaKEHHA KEPYBATLHUX CIIB MIporpaMa 3aBaHTaXye Hoda-
TKOBI 3HaUeHHA y KaHany 1 Ta 2 taliMepa. Ha mpoMy iHiIiani3auis 3akiHgy-
€TbCs 1 MOYNHAETHCH HECKIHYEHHWH WK YBEJAEHHA KOAY 3BOPOTHOI Ha-
npyru 3 AL, nepepaxyBanns ii v KOJ 3aBaHTaXCHHA | BUBEAEHH: Horo ¥y
kanan 0.

3a3HauuMo, 11O ICHAA cucTeMHOro ckupaHHsA perictpu CS i /P MIT
HaOynyTh 3HaueHs OFFFFH i 0000H BignosizHo. 1le mpusBeme a0 TOro,
mo B ajgpeci nepmol koMipku 1311, g0 AKoi micns CKUNAHHA 3BEPHETHCA
MIT y nepmomy mammaromy 1mkni BUBIPKA KOMAHIW, wotupu Mo-
nomimi po3psan OynyTh HyNBOBUMHU, @ BCI iHIN ~ OJMHUYHUMH. Toal us
ajipeca Oyae gopisHrosatH 30/

ITporpama mae Taxwi BUIIISA

ORG 3F0H

JMP START

ORG 100H

START: |[MOV AL, 00116010B ; dopMyBaHusa B AL KepyRaJlkHODO

; cloBa pexuMy 1 Kanany O

ouT 06, AL ; BuBeneHHs KepyBaJlbHOI'O CJioBa

. ; B RCW

MOV AL, 01110100B ; ®opMyBaHHa B AL KepyBalbHOTO
; cioBa B RCW

ouT 06, AL BuUBeNeHHA KepyBaJlbHOTO CJIOBa

pexumy 2 kadHany 1
dopMyBaHHA B AL kepyBalkHOI'O
CIOBa peXxuMMy 2 kaHany 2
BuBelleHHsS KepyBalbHOI'O CJIOBa
pexuy RCW

BagaBaHHSA 4YacTOTHU
nepersopeHHs §f = 1xI'y

ouUT 02H, AL ; Ranuc Mohojmoro BalTa Kooy
; TonepeldHbOT'C BCTAaHOBIIE@HHS
; B KaHaJ 1

MOV AL, AH ; Banuc cTrapuworo BajiTa xomy
; nolnepeiHbOT'C BCTaHOBIEHHS
; B KaHan 1

N EES

MOV AL, 101101008

OoUT 06, AL

MOV BX, 5000

~o owe [we oW [we

OUT 02H, AL ; RajaBaHHsa HacToTu AL
; f = 170 xI'u
MOV AL, 29 ; 3anmMc koldy MonepelHEOI'C

; BCTaHOBRJIeHHA B Kakran 2

OouUT 04H, AL
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MOV AL, 00
OUT 04H, AL
L: IN AX,O08H

YBeIeHHS CUTHaIy
3R0poTHOrO 3B/ A3y U

AND AX, 0000 1111 1111 1111B BuniJieHHA BHauyumx umop U
SUB AX, 20H ; BigHiMauhus U - 20H,

' ; pesyaprar - y AX

~e [we w0

MOV BX, 20

MUL BX ; MuoxeHHd Ha 20, pezynbTar -
; B (DX, AX)

ADD RAX, 2500 ; HonaBaHHA

; 2 500 + 20(U - 20H),

; _pesyasTar — B AX

OUT 0O0H, AL ; Banmc moJoguorc GaMTa koIy
; nornepedHbOTO BCTaHOBJISHHA
; B kaHan O

MOV AL, BAH
OUT 00H, AL

; 3anuc crapmoro HalTa koly
; rolnepelHLO0IC BCTAHOBJIEHHS
; B kaHan 0O

MOV CX, 100 ; SaTpuMKa Ha dac, OGljbmmit
; Hix uac neperBopeHHz ALl
D: LOOP D ; t = 16-100-200 HC

IMP L ; TepeliTu 3a agpecolo

; 3 MiTrkow L (LMKJI)

END

6.9. CneuianizoBaHi cniBnpouecopu

Apudmernanumii noMuoxysad. [Tobyrosa MIIC, mo npatirorots y
pealibHOMY MacinTall Jacy, BUMarae IiIBUIICHHA DIBHIKOCTI Tepenadvi iH-
tdopmauii, 1o Moxe OyTH JOCATHEHO 3a PaxXyHOK: 3MEHIICHHA 3aTPUMOK Y
WIMHI Ta BJOCKOHAJIECHHA MPOTOKOY 00MIiHY; 301IbIIEHHS TPOAYKTUBHOCTI
o0UHCTIOBAITBHUX - 3ac00iB; oNTUMI3aI] anropuTMis 06poOkn. i 3aBraHHA
MOXYTh OYTH BHUpILICHI B pa3i BUKOPUCTaHHA cueiamsosanux BIC apud-
MeTHYHoi o0poOku iHdopMalii, o € Oinpln eeKTMBHAMH TIpH poboTi
MIIC y peansHoMy MaciutaGi 4acy, HidK BHUKOPHUCTAHHA apHPMETHUYHMX
cunienporecopiB. Jo Ttakmx BIC Hanexars: NOMHOXYBad-aKyMyJIATOp
K1518BX1; cxemMa peanisamii 1msuakoro nepeTropeHHs Dyp’e
K1815B®3; uudposuii npouecop o0poOKM cCUrHANIB-3 aHAIOTOBHM YBE-
ICHHAM-BUBeAeHHAM iHopmauii KM1813BEL.
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Pozpin 6. Inmepdhelic npucmpoie esedeHHA-8L8EOEHHA

t

PosriasneMo — apXiTekTypy 1 ¢yHKmioHanshi moxausocti  BIC
K1518BX1, sxa sBmsge cobor 16-p03px11HH171 TTOMHOXYBaY-aKyMY JIATOp, IO
Ipairoe B IBiliKkoBii crcteMi uuciteHns. BIC Mae cxeMOTeXHIKY eMiTepHO-
OB’ A3aHOI JIOTIKA | BUKOHYE OIeparifo MHOKEHHA 3 HAKOTIMUCHHAM 3a 4ac
o 155 He. V BXIIHUX 1 BUXIJHUX BY3/TaX BUKOPUCTaHI TPAHCISTOPU PIBHIB
HampyT, Mo 3a0e3euyroTh CYMICHICTS JIOTYHUX piBHIB curHamis BIC i3 cu-
raanamu TTJI-cxem.

CrpykrypHa cxeMa (pHc. 6.74) MICTUTE, MaTpHIHUI IOMHOKYBaY, JBa
BXiZHI pericTpy, CyMaTrop MHOKEHHS, PEricTp MHOKEHHS, CXeMY KepyBaH-
HA 1 TpUCTaOINBHI BUXITHI KaCKajIu.

STB1
""""""" ‘“‘“f‘“‘i@rﬂ‘@@
& b -
ks Poswimprosans- ;fPozmmipropans-]
16 |8 Hi po3paan Hi PO3PATR | pup
B Fou . 36ma__ | & I
E ) - -
g 16 g g , k-t ,
%) 2 § Crapmi £ Crapwi
- datpuuemii 32 | 2 35 PO3pAE B = po3pAId
EE?‘____.,___ J OMHOKY - et £ g 16pﬁiT 16 T 5 16
¥ —Bay 16x16 a | {162 EZ -
& g .2 =
R 16 . 5 12
5 o & 1] IE"
6 i L 1 b A BT
s 16 Motomm (¢ Modomon |
5§ 35 > PO3pAI poipsIH
= - 16 it
m [ ----- ~ 16

Puc. 6.74. Cmpyrmypna cxema BIC KI1518B)XK1

Hemidanaq-axynwnxrop 3a0e3rieuye BUKOHAHASA oTiepatlii MHOKEHHA
NBOX 16-po3psyaux uncen (Vv ToMy YHCTI 3 HAKOIMMYEHHAM A00yTKIB abo Bii-
HIMaHHAM TONEPEAPLOT0 A00YTKY ), TIONIepe/IHE 3aBAHTAKEHHS BUXIHOIO pe-
ricTpa J00yTKy (akyMyJsiTopa), 30epiraHas pesyibTary MHOXKEHHA. Apudme-
THYHI onepalii BUKOHYIOTRCA 13 HUIMMU JABIMKOBUMHA HyciamMu 0e3 3HaKY i 3
JBIHKOBUMY YHCIAMU B JOJATKOBOMY KOJL 3HAKOBHH PO3PSA Y HOIATKOBOMY
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KOJIi PO3MINIYETRCA JTIBOPYH Bi CTAPLIOTO 3HAYMMOT0 po3psiay. Hymsose 3Ha-
YEHHS 3HAKOBOTO PO3PAAY O3HAYAE NOJATHE HHCHO, OAVHMYHE 3HAYCHHI —
BiJ eMHe yHclo. Bijoxpemnenns ol ta JpoOoBoi YaCTHHH 3ILCHIOETHCS 33
JOIMOMOTO0 KOMH, fIKa 3HAXOUTHCA MK 3HAKOBHM PO3PAIOM i CTapIIMM 3Ha-
YyIMM po3psaioM. Buxytanii opmart, Ha BIIMIHY Bil BXIJHOTO, Ma€e JOJATKO-
BE (pOo3UIMpeHe) 3HakoBe Tone (3 po3psaM) [ PO3MIMIECHHS LIJTOI JaCTHHH
TIPY HAKOTIMYEHHI. YBeIeHH s iHdopmMaliii BiI0yBaeTeCs 3a GPOHTOM IMITYIIECIB
CHHXPOHI3aUii. AKyMYJIATOp 3aBaHTaXy€ThCA TIepe]] BAKOHAHHAM MHOKEHHS 3
HAKOITHUEHHSM 1 MHOXKEHHS 3 BITHIMAHHAM. 30epiraHss pe3yibTaTy MHOMKEH-
Hs MOJKE BUKOHYBATHCA TICTS BUKOHAHHS Oy Ih-51K01 ornepauii

Henomixom BIC € Bemka NOTyXHICTb CHOXKMBAHHA — 70 5,5 BT, mpote
BUCOKa MBUAKOMIA, 3HAYHMI HaGip (QYHKINH TpH BiTHOCHO MPOCTOMY Kepy-
BaHHI 00YMOBITFOE MOXKITMBICTE ii LIMPOKOTO 3aCTOCYRAHHA JUIA BHPIUICHHS 3a-
Iad 1hpoBoi (BinbTpallii, CIIEKTPATBHOTO AHAIZY | KepyBaHHA MPUCTPOIMH
TIEPEeTBOPIOBAILHOT TEXHIKHM, SKi MICTATE JIOCHTDH BENUKY KUTBKICTh aprpMeTH-
YHUX OIepalliif MHOXKEHHS 3 HAKOITHICHHSM.

IIpuennands TIOMHOXKYBaUa HallGUIBII MPOCTO 3TIMCHIETECA 33 JOIO0-
MOror0 HIMHAMX (opmMyBauiB, Hanpukian BIC KPS80BAS6 1 KPS80BAS7, siki
He HoTpebyIoTh MonepeiHbOTo NporpaMyBaHHs, ajle Ha BiMIHY Bif Oy depHIx
PETICTPIB, MArOTh MOXKITMBICTE JBOHANPAMIICHOI NNepeadi AaHux. MiHIMaTbHO
MOXKITHBHI JaC TIEPEMHOKYBAHHSA JBOX 8-pO3PATHUX JBIHKOBIX UMCEN 3 Ofe-
pKaHHEAM 16-po3psAAHOTO Pe3yIbTaTy AOCATAETHCS TIPU 3a3eMieHHi 8 Monoa-
IIHX PO3PANIB PETICTPIB CIIBMHOKHUKIB 1 3YMTYBaHHI pe3ynsTary 3 16 crap-
IMHUX PO3PAIIB PericTpa J0OYTKY 3a JOIOMOTrO0 OIHIE] KOMAHAM BUBEICHHS.
3aBaHTaXEHHA 000X CHIBMHOKHWKIB V pericTpy BiAOYBacThCs OXHOUACHO
(cTapmmmit Gaift 16-po3psaHOTO CrOBA 3ABAHTAXKYETHCS B PErICTP NEPLIOLO
CIIIBMHOKHUKE, 8 MOIOAUINN — y PEricTp APYroro), 0 BABIYI SMEHIIYE Yac
BUBeJICHHS 1HGopMalii 3 KepyBankHOI MaIMHK Y TIOMHOXKYBa4. Take ITpHea-
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Po3zgin 6. Inmepgbeiic npucmpoie esedenHs-eusedeHHs

N

HaHHA apu¢MeTHYHOTo IOMHOKYBada HO3BOIE BUKOPUCTOBYBAaTH HOro B
YCiX MOXITHBHX PeXKUMAaX.

Apndmernunuii cniBnpouecop. ApudMeTmyHMii CHIBOpoLECOp MPH-
SHaYeHui U1 11 JBUUIeHHA nipoaykTuBHocTi ITT] npu BukoHaHHI apudmeTHy-
HUX ofiepalfiif i3 6araTopo3pAIHIME IIHMHA 1 JificHIME "ucTaMi. [TpuHIMI
poboTu crisnpotecopa posniHemMo Ha npukiian BIC K1810BMS87. 1leii cris-
nporuecop Moxe OyTH BUKopUcTaHHit TUIbKY pasoM 13 LIIT K1810BM86/88, To-
MY 10 B HbOMY HeMae MeXaHi3My BUOIpKH KOMaHZ, ApuMeTHuHuii CriBIpo-
LEcop ofepye AaHNMH ceMH pisHuX dopmaris (prc. 6.75): mim JBiikori aucna
(Tpu dopMath), 1N ABIHKOBO-IECITKORI YHCa (0MH dopMar), AICHI TICHA 3
TLIaBY 4010 KoMoro (Tpu dopMati).

15 0
a P _Buikosuii koa|
31 0
o [F1 JB1iiKoBU KO 1
63 0
6 151  JIniAKOBMH KOI ]
79 72 0!
2 IS DOOOOOO di2d 5l s 403k 200 1l ododsdsddsdadadodidy |
30 73 0 .
0 |5] Topamok_{ MauTuca
63 52 0
e IST Hopaaok | Manxthca
79 64 0.

ac [ST Tlopsaok | MauTuca I

Puc. 6.75. Cmpyxmypa (hopmamis apugdmemusrozo cnisnpoyecopa
K1810 BM87: a - yini 16-pospsioni O8itixoei yucia; 6 — yiai 32-pospadui Ostiikosi duci;
8 - Yl G4-pOspsONI 8ITIKOT JUCAa; 2 - ORITIKOBO-0CCAMKOBE YUCAO; O — 32-pO3pAoHE HUCAO
3 RIABYHOI0 KOMOIO, € - G4-puspsiOune Yucio 3 nagyHolo Komor; e — 80-pospacne yucio

3 RIAAGYHON KOMOK)

Cymiurerns LT K1810BM86 i3 cnisnipouiecopom K1810BM87 Brko-
HY€TbCS 3’ €JHAHHAM BIJTIOBITHMX BUBOMIB 0€3 BUKOPUCTAHHSA I0JIATKOBHX
IHTETPATLHUX CXEM,

CrpykTypHa cxema criBnpouecopa (puc. 6.76) MicTUTh!
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Po3ain 6. Iumepdgbelic npucmpoie esedeHHA-8UBEOCHHS

1) omepamifiHuil IPUCTPIA, IO BUKOHYE 3a/1aHi OTiepauii;
2) umnuHAN iHTEpdEiic, MO oNepKYE 1 AeKoAy€e KOMAHIHM, 34H-
Tye olepaHgy 3 MaM’ ATi, TIepeTBOpIoE IX Ha ¢opMar yBEICHHA-
BHBEICHHA, @ TAKOXK 3AIACYE PE3YNILTATH B TIaM STh 13 3BOPOTHUM ITe-
PEeTBOPEHHAM Ha HeoOX1IHMIT (hopmar.
O0uaBa 1PUCTPOi MOKYTH MPAMIOBATH MAPANenbHo, 10 3a0e3redye
CYMIIIEHH Y Yaci MpoLeciB uepegayl Ta NepeTBOPEHHS JaHUX.

Mlussmuii itrepdeiic Onepariiumi mpHcTpiit

]
i
; '
; Mozyns Perictp
. oBpobkH ) e
CR : TopsaKy 3CYBY 1
SR i 1 MaHTHCH
T i 68 fe——————ro
i H
r—l i 480 1 :
| CyMarop|;
‘ Yepra || Baok __'E:l
DB - — - ;
AﬁJBP xovaua| | |xepysamms| el IBIL e P
| : KOHCTaHT| |g4 ;
| T-Iepra' :
F OLIepaHliB| : 16
: ‘ Petictp
— 1 | Pe:ILYATIR |
| EP i 1 ]
‘ | TAG s Apmdnmeridm
i pericTpu

Puc. 6.76. Cmpykmypra cxema apupmemiraHozo chighpoecopa

Onepauiiinuii npucTpifi MiCTUTH: TpyNy apu@METHYHUX PETiCTpIB,
Mozy o6pobxu nopsaky i MaHtucd, 1311 xoHcranT, perictp 74G TeriB
(03HAK), GIIOK KEPYBAHHSA T4 CyMATOP. '

Ipuctpiii 1MHHOTO iHTEpdeiicy MICTUTh TPyNy ZOMOMIXKHUX pericT-
piB CR, SR, EP, 6ydepnuit perictp BP, yepru xomaH i orepaHiB.

~ CoemianizoBaHuii npouecop yBeleHHs-BusedeHHst K1810BMS89.
CreuianizoBasauif mponecop yseaeHus-susenents (CTIBB) K1810BM89 su-
KopHCTOBYeThCs pasoM i3 LIIT K1810BM86/BMS8S (i8086/i8088) 1 npusnaue-
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HUM A TiIBHLICHHS NMPOJYKTHBHOCTI cucTem Ha 6asi MITK K1810 3arjgxu
sBinbHeHHIO LT Bif KepyBaHHS BBEAECHHA-BUBEICHH 1 3MIACHEHHIO BUCOKO-
mBHAKICHUX Tepecwiok y pexmmi ITJIL Jlo ocrosaux ¢yskuit CIIBB
BM89 Hanexats: iHiliami3alis Ta KepyBaHHs KOHTPOIEPaMK 30BHILIHIX MPH-
CTpOIB, 3a0e3NeUeHHs MHYYKUX | yHiBepcarsHux nepecunok 13 [TIL Tlpone-
cop Moxke TpairoBaTi napaiensHo i3 L1 oxHOMacHo mo ABOX KaHanax yse-
AeHHA-BUBEACHHA, KOXHUI 3 sxux 3abe3neyye MBUAKICTh nepeaadi iHpop-
Marii g0 1,25 Moalit/c mpu. crangaptai yacroti 5 MI'y, Oprauizamis
38’ a3ky CIIBB i3 LIIT yepe3 mam’aTh MiABUIIY€E THYYKiCTh B3a€MOJIii Ta MoJe-
TLIy€ CTBOPEHHA MOAYJHHOTO TIPOrpamMHOro 3abe3leyeHHs, INO NIABHILYE
HAIAHICTH PO3POOIIOBAHIX CUCTEM.

[Tpoiecop yBeNcHHA-BUBEICHHS Mae [IBa 1JCHTHYHI KaHAIH BBEICH-
HA-BUBENEHHA, KOXHHWI 3 AKUX MICTHTH 1 ATk 20-0iTOBUX, YOTHpH
16-6iToBUX 1 omuH 4-61TOBHIA pericTp. B3aemojiis KaHamis OpH napaneib-
il po0oTI 3AIHCHIOETHCA NI KepyBaHHAM BOY 10BaHO! JIOTIKH {IPIOPATETIB.
deuecop mae 16-6iToBy mmHy jiaHux uig 38° 13Ky 3 O3] 1 mopTamMu BBe-
nenas-suBeaenns. una agpecn mictutes 20 nmiHii, mo xo3sonsge Gesmnoce-
PeTHBO AAPeCcyBATUCA J0 HaM Tl eMHICTIO a0 1 Mbaiir. JIns exoHOMII KI-
apkocti suBoAiB BIC momogun 16 aapecHnMX NiHii MyJIbTUILIEKCOBAHI Y
Haci 3 JHIAMH JJAHUX 1 CTAHOBIATH €AUHY IMMHY aipecu/paHux. Yorupu
CTapun aapecHi JIHIi aHATOrYHO MYJBTUIUIEKCOBAHI 13 JHHIAMU CTaHy
CIIBB. HJo6 curuany 1yx niHii MoxkHa 6yo Bukopuctorysaty B MIIC, ix
000B’ A3KOBO TEMYJIHTHITIEKCYOTH a00 3a J0TIOMOT0I0 30BHIILHIX CXEM, 110
BuUKopucTOBYrOThCA ¥ LIIT (v micuesiit koHdirypauii), abo 3a JOIIOMOTOI0
HE3ANIEKHIX cXeM (v BigaaneHiti koHdirypamii).

Cucrema komana CIIBB micturs 53 MHEMOKOIHW, NPUUOMY MOXIHU-
BOCTI 1 Habip KOMaHj ONTUMI3OBAHI CcreliaakHo AN THy4Kol, eieKTUBHOI
Ta WBUAKOI 00poOkW mauMx upu BBeaeHHi-BuBeneHHI. CIIBB nossonse
3’eiHyBatH 16- 1 8-po3psani wuaM 1 nepudepiiiti mpuctpoi. Bukopucro-
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BYIOUH MPOLIECOD Y BIAAATEHOMY PEXHUMI, KOPUCTYBAY TIPOIPAMHO MOXKE
BU3HA4UUTH pi3Hi Qyukuwii wury CIIBB, sxy nerko 3°€Hy10Th 31 CTaHAApPT-
Hoto muHor0 MULTIBUS.

BHyTpiwns crpykrypa CIIBB migmopsiakoBaHa OCHOBHOMY IpU3Ha-
yennro BIC — niepecunary nani 6e3 Gesmocepeanoro Tpyuanss [T, sxutt

3B’sn3yeThest 31 CBIT Tinbku Ans iHimiamizamii 1 BUAa4i 3aBAaHss Ha 00pob- -

Ky. B 000x Bunaaxax III1 momepearno TOTye HeoOXiZfHE MOBLIOMICHHA B

Iam’ STl 1 DOTIM 3a JOMOMOTOF) CHTHANTY 3alIMTy TOTOBHOCTI KaHATy aKTHBI3YE

CBIIT Ha BUKOHAHHS i, BUIHAYEHUX Y TIOBIXOMIIEHHI, 3 IBOTO MOMEHTY
CIlIBB npamroe mezanesxHo Big LT V npoteci BukoHaHHAS 3a8aaHHA abo 110
Horo 3asepiiersl CIIBB moxe 38 sa3arucs 13 LII1 3a monomororo curkaty 3a-

TIMTY TIepepUBaHHA.
KOHTpONbHI 3anUuTaHHs

1. Vxaxits QyHKII0 apudMeTHIHOro noMHoKyBava y MIIC.

2. 3 AKUMY THUNaMY. JaHHX onepye apuMeTHUHIH IOMHOXyBa4?

3, Sk BinOyBaeThCs NPHEIHAHHS apHGMETHUHOTO CHIBIIPOLECOpa 0
CHCTeMHOi MuHU?

4, VxaxiTh IpU3HadeHHA Ta 00NACTh BUKOPUCTAHHA apHPMETHUHOIO
CIBITpOLiECOPA.

5. 3 sxumu hopmaraMu TaHAX Tpalfoe apuMeTHHHUIA ciBIIponecop?

6. Hassite ocobmuBocTi cucteMu koMang BIC K1810BMS89.
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Po3pin 7

OAHOKPUCTAINbHI MIKPOKOHTPONEPU
3 CISC-APXITEKTYPOIO

Qonoxpucmaneruit Mikpoxonmponep asiie (OMK) co6oro HpUCTpiid,
BUKOHAHHH KOHCTPYKTMBHO B 0fHOMY Kopiryci BIC, o MICTHTE yci KOMIO-
neHTy MIIC: npouecop, nmaM’ath JaHUX, aM’ITh IIPOTrpaM, IporpaMoBHI iH-
tepdeticu. s OMK xapakrepsi:

S cHCTeMa KOMaHJ, OPIEHTOBAHA HA BUKOHAHHA 3aBJaHL Ke-
PYBaHHA 1 PEryJIIOBaHHA,

- anroOpUTMH, o peam3yioThea Ha OMK, mators 6arato
pO3rany KeHb 3aI€KHO Bij 30BHITIHIX CUTHAJIB,

- nadl, sixuMy onepyior: OMK, He TIOBHHHI MaTH BENHKY
PO3PAAHICTS,

- CXeMHa peanizallis cucTeM KepyBaHHA Ha 6a3t OMK He-
CKIaJHa | Mae HEBHUCOKY BaPTICTh;

- YHIBEPCATBHICTb 1 MOJKIIMBICTh PO3MIMPEHHA QYHKUIA Ke-
pYBaHHJ 3HAYHO HMXKYI, HIXK Y CHCTEMAX 13 0 AHOKpUCcTanbHUMEI MI T

OxHOKpHCTaNEHI MIKPOKOHTPOJIEpU ABJIAIOTE 0000 3pYyyYHMEd 1H-
CTPYMEHT JJI CTBOPEHHS cy4acHMX BOYJOBAaHHUX IIPUCTPOIB KepyBaHHS pi-
3HOMAHITHUM 00NajIHAHHSM, AK-TO ABTOMOOIBEHOIO €IEKTPOHIKOK, Moby-

TOBOK) TEXHIKOF0, MOOINEHUMU TeTedoHaMu TOLIO.
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Poanin 7.08Hokpucmansri Mmikpokosmponepu 3 cisc-apximexmypoio

7.1. ApxiTektypa i (pyHKUiOHanbHi MOXNUBOCTI
OOHOKpUCTaNbLHUX MIKDOKOHTpONepiB

Crpykrypy OMK Ta dyHKilioHyBaHHS OCHOBHHX GJIOKIB PO3TIAHEMO Ha
npuknam BIC K1816BES1 (i80x51) MCS51 (puc. 7.1). I'paditne mo3nadeHns
MIKpOCXeMH NOKA3aHO Ha puc. 7.2. ‘

CrpykrypHa cxema OMK MiCTHTS:

— bnox 8-pospsanHoro LI1;

—  mam’ are nporpam IT31T emuicTio 4 K6alT;,

— maMm’ AT gaunx O3I1 emnictio 128 Gaiit;

—  4Yotupu 8-po3psAHI MMPOrpaMOBHI MOPTH BBEJICHHA-BUBEACHHA

P0O-P3;

—  [OCHifOBHUH NOPT;

- .JBa 16-pospanHi nporpamMorHi TaiMepw/miuwibHuky 77/C0, T/CL;

—  CHCTEMY TepepuBaHL 3 I’ ATEMA BEKTOPaMH 1 IBOMA DIBHAMH IIPIO~
PUIETIB;

—  Onox xepyeanus (BK).

Tocmiaoerui IxD

nopT o RxD
7/C0 TO
Cl Vi

CucreMa B [Z\_ﬁ_. 0

MepepuBanh | N 1

hS 2

Puc. 7.1. Cmpyxmypna cxema OMK KI1816BE51: UP -- wacosuti pezicmp;

YA — vacosun axymynsmop; CKC — cxenu xepysanis ma cuzvanisayii; I~ zenepamop

4%8

29 R ol
—4P0.0 P10 | 1
3P0l PIIH—2
36 802 Pl +—3
—1 P03 P13+
3 b4 i
33 —P06 Pl —7
32 —P0.7 Pl.:7 ——8
9—|RST P2o—2
noed ) (B
101 ReD P53 F—2a
n—yxD P24 }—25
14—}70 P25 —2
15 71 P26 27
S ] I S
13 —NT1 Ag 16
17
18 —1Xx1 PSEN|——29
19 —{x2 ALE |—30

KP1816BES1 (20 = GND, 40 =+5 V)

Puc. 7.2. I'pagpiune nosnavenns OMK K1816BES51

Brnok LT mictuts 8-pospsanumit AJII, xBa akymynstopu A 1 B, perictp
cllora crany npouecopa PSW (Processor State Word) Ta nporpaMHO HEIOCTYII-
Hi Gyepui pericrpu YA i UP, 110 BHKOHYIOTh (PYHKIII PONOAITY BXUTHUX Ta
puxigaux gapmx AJOL TIT1 BEKOHYye omepallii JomaBaHHA, BiTHIMGHHS, MHO-
eHHd, minenns, Joriyai onepauii I, ABO, HE, BUKJTIOUHE ABO, onepauii
3CYBY 1 ckuaaHHd. Bin onépye 3 TAKVIMH THIIAMHE 3MIiHHEX. Oyresimu (1 OiT),
ubposumu (4 6it), Gaitroumy (8 6iT) 1 agpecHuMu (16 GiT). XapakTepHOO
ocoommBicTio OMK ¢ Bemmxkuit HaGip orepattiit 3 Gitamu: okpemi Oitu 3MIHHIX
MOKyTh Oy TH BCTaHOBIIEHI, CKUHYTi, IHBEpPTOBAHI, IepeBipeHi, nepeaani. Le xo-
3BOJIAE JIETKO PEaTi30BYBaTH AMTOPUTMHE, IO MICTATh onepalli Haj OyJieBUMH
3MIHHAMH THITY «TaK-Hi» («true-falsey).

AKYMyJATOpP A € JKEPETOM OJIHOTO 3 OIEPAHIiB | MICLIEM PO3MiLIeH-
HS pe3yNibTaTy BHUKOHAHHSA 0araTboX KOMaHI. ‘Psm KOMAH[I, Halpukiay, me-
penava indopmanii B/is 0311, xomanmu TEST, INC, DEC MOXyTh BUKOHY-
BaTucs 0e3 ydacTi akyMmyisitopa. AKYyMYJsiTop B BHKOPHCTOBYEThCA K
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aKyMyJIATOp THIIE B KOMaHAaX MHOXKEHHA 1 JINCHHA, a B IHIUX BHTIAJKAX
—sx P3IL v

Perictp cnosa crany npouecopa PSW 36epirae iHdopMariito npo cTaH
AJIT y npoueci BUKOHaHHA Iporpamu i Mae ¢popMmar, HaBeAeHUN y Tabi.
7.1. '

Tabauya 7.1. ®opmar ciioBa crany PSW

Bit IMosHaueHHs TpusHadeHHs Hoctyn ao 6ita
7 C INpanoperp nepeeceHBA A aGo Il
6 AC Ipanopeus F0AATKOBOro NEPEHECCHHS A adoll
5 Ko ~ Hpanoperms xopucTyBata IT
4 RS1 | Bkazismuk 6aHKy poOOuIX pericTpis:
00 — Ganx 0; 10 - Gank 2; It
3 RS0 01-6amk 1; 11 — Gamk 3
2 or INpanopemk NepenoBHEHESR 11
1 - Pezepermii II
0 P Bit napnoeti Aabo Il

IIpumimka. A — BIT yCTaHOBNIOETLCA anapaTHo, [T ~ NporpaMHo.

| ‘HpI/BHéHEHHSI npanopuis C, AC aHaoriyHe MPU3IHAYEHHIO ITPATIOPIIB
CF, AF y MIT i8086 (muB. miapo3z. 3.2, tabn. 3.10). Ilpanopens OV BcTaHOB-
JHOETHCA V KOMaHfax AOJaBaHHA i BIZHIMAHHS, SKIIO PE3yJbTAT TEPEBUIILYE
EMHICTB 7 BiT 1 cTapiumii OiT He Moke GyTH iHTepIpeToRaHHil AKX 3HAKOBHI, y
KOMAHTaX ainenns OV ckunaerses, a MPH JiTeHH] Ha HyJTh — BCTAHOBITHOETHCS.
Y KxoMaHaax MHOXKEHHs OV HaOysae 3HAYEHHs JIOTTUHOI OJMHMUI, SKIIO pe-
3yaeTar nepepminye 0FFH. Tpanopens P € JOTOBHEHHAM YMICTY aKyMyJIsTO-
baA 710 TIapHOCTI, TOOTO 9-po3psiHe CIOBO, SKE CKIAIAETHC 3 8 GiT akyMyJisi-
Topa A i 6iTa P, Ma€ 3aBXI1 NapHy KUIBKICTh OXUHUIb.

Hocmitmuii 3anavt 'smosysaisHuil npucmpiii abo pesuoeHmua nam sme
npoepam (PIIIT) Mae tndopmariiiny emuicTs 4 kGaiiT | BUKOHAHWIA Y BT
IT3I1, mporpamosHoro mMackoro. Tumi OMK, Harpuxitag K1816BE751, Marote
IT3IT EPROM. TI311 mae 16-pospsiiHy anpecHy IivHYy, 1O J03BOISE PO3LIAPY-
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TH [1aM"ATh 10 64 xbaliT Yepes npueaHanns 3osHimHIX BIC IT311. Axpeca Bu-
3HAYAETHCA BMICTOM JiumibHika koMaHa PC (Program Counter) abo BMiCTOM
pericrpa-pkasiBHuka panux DPTR (Data Pointer Register). Perictp DPTR Bu-
KOPHCTOBYETECA TPU HENPAMMX IEPEXofax y mporpami abo mpu aapecarni
Tabimb, abo sk omur 16-pospsanuuii perictp, ado K IBa He3aTeXHUX 8-
po3paaHi pericrpu DPH 1 DPL.

Posnozin agpecuoro mpoctopy [13I1 nokasano Ha puc. 7.3. Monommi an-
pecu [1311 BixBoaATeCs miA 06poOKy nepepusaHs 1 oyarok podota OMK mic-

19 CKATAHHS.
Cxunanas 0000H

((—* 0003H INTO

> 000BH T1:C0

Bexropn | o oimms |0013H  INTI
IIEPEPHBAHD < HyT}z
— | mawam |0018H 71

| TPOTPAM Aooo3pr TI - RI

k————-—»
OFFFH
) 1000H
3oBHimHA
nam’aTh
Imporpam
POTP FFFFH

Puc. 7.3. Pesnooin aopecrozo npocmopy PHIT

Onepamuenuii  3anav 'amoeyeaisuuli  npucmpiid  abo pe3udenmud

nav amu oanux (PII]]) (puc. 7.4) cknapaeThes 3 ABoX obnacTeit.
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Poapin 7.08nokpucmansHi mikpokoHmponepu 3 cisc-apximexmyporo

3 agpecamu 0-7FH. Jlpyra o6nacts — perictpy crieuiansHux ¢yHkniit SFR
(Special Function Registers) 3 agpecamu 80H-FFH. TlepepaXyHOK perict-

Tepwa o6nacts — O311 nanux i3 indopmamiiiHowo emHicTio 1288 6it

00H | RO \
FAHK 0 TIpsavo agpecopasi 6irH
07H | R7
08H | RO D7 D0
) BAHK 1 ) 20H j07 106105104103 1020100
OFH | R7 21H JOF |OE|OD}OC ] 0B} 04 ] 09 ] 08
108 [RO . ‘ . 2H{U7[i6| 5 143121110
BAHK 2 Bayrpimuilt 53y MEITELID[1C[1B] 14| 19118
178 | R7 322{4“3 245 [27 [26 25 |24 | 23| 22 | 21| 20
184 | RO HCHIS M 25H | 2F|2E|2D}2C | 2B |24 129 ] 28
BAHK 3 afipecattis 26H |37136]35134]33|32]31]30
1FH | R7 27H |3F{3E|3D|3C|3B|34]3%9]38
20H [TpaMo aapecoani / 28H |47 146 | 45144 1434241 ]40
pame s || 297 [aF |4z [ap[ac [4B |44 [ 49 |48
2FH — 24H | 57156 155]54153]52151]50
2BH | 3SF{3E}5D]5C 158 54.159] 58
2CH | 67 | 66 165 |64 [63162]61])60
TFH ) 2DH [6F |6E |6D | 6C | 6B [ 64 ] 69 | 68
80H Perictpu 2EH}77]176 175174 173172171170
cneriansHuX 2EHV7E|TE|TD|7C 7B 741791 78
$yvukuid (e
FFH | unpama agpecayis)

Puc. 7.4. Pesudenmna nam ‘same danux

piB crieniansHux QyHKILIN HaBeaeHo B Tab. 7.2.

Tabauya 7.2. Pericrpn cnenianbHuX QyHKLIH

Tozsa- .. i .. o 3naucHBs
weHmA Haibtvenysanus, axpecu 6iTis Aupeca S T———
1 2 3 4
AkymymsTop A
ACC* E1 E6 ES FE4 E3 E2 El KO OEOH 00
) Axymyiaarop B
B* F1_F6 F5 F4 F3 F2 Fl K0 yav: 00
| |
CnoBo cTa”y nporpamMu
PSw* DI D6 D5 DA D3 D2 D1 DO 0DOH 00
[cYlacl T RrRST[ RO JOV] - T P |
SP PericTp-BKa3iBHUK CTeka 81H 07
PericTp-BKa3iBHAK Jappx:
DPTR DPH — crapumait Gaiir 83H 00
DPL - monoamuii Gaiir 82H 00
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Ipooososcenns mabn. 7.2

1 2 R 4
- 87 8 8 84 B33 82 81 80
PO* | —| 80H OFFH
Tlopr 1
Pl* l‘97 9% 95 94 93 92 91 90] 90N OFFH
Tlopr 2
P% AT A6 A5 A4 A3 A2 Al A0 040K OFFH
[A15[ 414413 [ 412 [ 411]410] 49 | 48 | ‘
Ilopr 3
P3¥ B7 B6 B5S B4 B3 B2 Bl _BO OBOH OFFH
L%D | wr | 11 | 10 | InT1 [ IvT0 [ReD] 13D
Perictp npiopureTis
IP* BF BE BD BC BB BA B9 B8 OBSH 0000008
[ - [ = [prlprs[pn]px]rrolrxo]
Perictp Mackn nepepuBaHb
JE* AF AE AD AC AB AA A9 A8 048H 0x000000B
[ £4] - [en] Es {En|exn|em] £xo]
. PericTp pexumMy TaliMepa/Ti9MibsHUKa
IMOD 161 Ty 7 Miajmoa] Go [c 7o [mrojmon) | 89F 00
PericTp KepyBaHH/CTaTyCy TafiMepiB
TCON* BF BE BD BC BB BA B9 BS 88H 00
[zr1 ] mri]zro ] rro 181 [ i1 [ 10 | 110 ]
THO Taiimep O (crapommii OaiiT) 8CH 00
TLO Taiimep 0 (Moo} Oaifr) 8AH 00
TH1 Taiimep 1 (crapmuii GaifT) 8DH 00
TL1 TaiimMep | (Mozoammii Gaitr) 8BH 00
Perictp kepyBaHHS NpHiiMayeM-TIepegaBadeM
SCON* | 9F 9E 9D 9C 9B 94 99 98 98K 00
{smo]san [ sve|ren] T | RB8 | 11 | RI|
SBUF By¢ep npuiiMaws-nepeasadis 99H xx
. PericTp KepyBaHs NOTYKHICTIO
PCON Iﬂ{ODl ‘ I — l - ]GF] IGFOI 7D IIDLJ 87TH Oxxxxxxx

* [TosHauewi pericTpy MPUITYCKAIOTH APECALII0 OKPEMUX OITIB,
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PesunenTha naM’Ts JaHUX aIPECYEThCA 8-PO3PARHUM PETiCTPOM ajl-
pecu (PA) abo BkasiBaukoM cteka (SP) (muB. puc. 7.1). Perictp ampecu €
HPOrpaMHO HEAOCTYIIHHM DPETiCTpOM, V AKHIl 3aBaHTAXKYETHCH agpeca Ko-
mipka O3I1 mix yac BUKOHAHHA KoMauA. Perictp SP npusHaueHuit aus af-
pecarii cTexa, skuit € gacturoro PITJ]. VMict SP IHKpEMEHTYETBCA Tepe ]
3aIlaM’ STOBYBAaHHAM NAHMX Y. CTEKy 3a koMmauaamu PUSH i CALL i nexpe-
MEHTYETRCA 3a KoManaamu POP 1 RET, Takwif criocid anpecailii e1eMCHTIB
CTEKA HA3MBAIOTH MepedinkpeMeHmuuMm/nocmoexpemenmuun. Y mpornect
inimanizamii OMK micna HagxokeHHd curnany RESET y SP asToMaTuy-
HO 3asaHTaxyeThed kog 07H. 1le o3nayae, Mo AKIIO MpOFpaMa He MepeBu-
3HAYaE CTeK, TO nepuuit 6alfT naHux y cTexy Oyle po3TalmoBaHuil y KoMi-
puui PITJ 3 agpecoro O8H.

PesnzaenTHa naM’ ATh AaHHUX, Tak caMmo sk i PIITI, Moxe 6yTu posmm-
peHa 10 64 xOaiT npueaHanHaM 30BHIIMHIX BIC.

CrpyxTypHy cxemy 0510Ka KepyBaHHA 1I0Ka3aHO Ha pué. 7.5.

Kox xomanau, 3untanoi 3 PIIIL, 3amam’ATOBY€EThCS ¥ 8-po3pAgHOMY
PK i magxomuts Ha JIIIK, sikuil BXOAUTE IO ckaagy CKC. IOIIK 24-
po3psamHuit koa, mo HaaAXxoAuTs Ha [TJIM, a micss uporo — Ha GIOK JIOTIKU
KepyBaHHs. ‘

Brnox noriku xepyeanHa Ha 6a3i IekoA0OBAHOTO KOy KOMAaHIH, 30B-
HIlTHIX KEPYBATBHUX CHIHajliB RST (CHTHATY 3araibHOTO CKMAAHHS), EA
(curHany 6moxysanHa poGotu 3 PITII) Ta curHams BiJ BHYTpiLIHROrO (op-
MyBaya iMITyJILCIB .CI/IHXpOHi3aHi'1' BHpPOGJIs€ BHY TPILIHI CUTHAJIN KEPYBaHHSL.
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J‘ [Iuna panmx
£
PK
fm ——— ——— N | —
| CKC ! : o
- PCON | - BryTpinrsi
’ ALK CHIHATH
5V T ! KepyBaHHs
i Jlorixa "
i+ UM 2| KepyBaHHs
10,0 l 1
T RSﬂ BryTpiuHii ALE
| (popmyBay .
CUHXpO-
8,2 m—[ IMITy JILCIB PME
X1
X2 r

Puc. 7.5. Cmpycmypua cxema 6noxka xepysanns: I' - 2enepamop maxmoeux im-

nyavcie; PK — pezicmp komand; HJIM — npocpazvioena 1ozivna mampuys

BuyTpimHiii gopMyBay iMITyJIsCiB CHHXPOHI3alii hopmye:
1) BHYTpIIHI CHTHATM CHHXPOHI3AUIi MALIMHHUX LIVKJTIB;
2) BUXIJHMIT cCUrHAN JIo3Bony Qikcauii aapecu ALE,
3) curaan gossony mporpamuoi nam’Ati PME (hopMyeTbes
TUILKY IIPH pOOOTI i3 30BRIMHBOIO 1AM ATTIO).
Marmuuauii uEkn (puc. 7.6) mae QikcoBaHy TPUBATICTH 1 MICTHTH
LICTh cTaHiB — S1-S6, KOXHMIT 3 AKX 3a TPUBANICTIO BIANIOBIZAE OXHOMY
TaKTy.
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i Mammmsrui makT E

i‘m QB (S 5SS, S
siplpim i e il rimlpie i

” UL

Puc. 7.6. Jiaepama gopmysanns smawunnux yurctie OMK

Koxnuit cTan abo TakT cKnagaerbes 3 aBox a3z ~PlLiPp2 Tpusa-
dicTh a3y JAOPIBHIOE TIEPIOAY CUTHATY (), AKMH (bopMyén.cx abo BOy10Ba-
HEM (BHYTDILIHIM) TAKTOBUM reHeparopoM (puc. 7.7) y pasi NpHEIHAHHSA
1o BuBOAIB 18 (X2) Ta 19 (X1) OMK xBapsioBoro pesonaropa (puc. 7.8, a)
gy LC-rona (puc. 7.8, ), abo 30BHIIIHIM JUKEPEIOM TAKTOBHX CHUTHAJIB
(puc. 7.9).

— o 0 |
Lt Ha srypimnii Ha By Tpiusiit
q)Op.My Ba4 C.HH- q)OpM')’Ba‘I

[:;{ b XPOIMITY JIECIB T)_ﬁ__ %, | CHHXPOIMITYTIbCiB
e . [
’ —L - ‘

I I | ’ Lé] 8 i
Al 12 D T T

a 7

Puc. 7.7. Ilpunyunosi cxemu sHympitHix MAKmMOSUX 2eHePaAMOpiE:
a - n-M[H-mexnonozis; 6 — KMJJH-mexnonozia
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< N < Xy
19 18 . 19 Fi 18 |
al €1 el ¢ |
o= ! - i
i |
| } | __j |
—- l —— !

a o

Puc. 7.8. 30eniuni k01a HYMPIIHBO2O MAKMOBO20 2eHEPAMOPA: A ~ NPUED-

HanHs K8apyoeozo pesonamopa; 6 — npuconanus LC-xoaa; C1, C2 30 £ 10 n®

30BHILIHI IMITYITLCH

CHHXpPOHI3aLLl
18
xn 18
30BHILIHL IMITY THCH
19 CHHXpOHIZagi
r X1 19 1
a 6

Puc. 7.9. Ilpuconanns 306HiMHb020 0XCePEId MAKMOBUX CUZHUTNIB:

a— ona n-MJ[H; 6 — onasn KMJIH

YacToTa IMIyJIbCIB reHEpaTOpa g CXeMH Ha puc. 7.8, a BUSHAYAETE-

co AK
1
/= 2nJLC"
C+3C ‘ .
eC'= -—-——2i (Cppa 10 1d — €eMHICTH BUBORY ).

TTpueHAHHSA 30BHIIHBLOTO jokepena TAakTOBMX curhanmis o OMK,
BUKOHauMX 3a n-MJIH- Ta KMJIH-TexHOMOr1sMHI (4B, pﬁc. 7.9), Binpi3Ha-
€TECA THM, W10 Y IEPIIOMY BUNAXKY 30BHIIIHI iMITyJIbCH CHHXPOHI3alii
HaXoAaTh Ha BUBOAM 18 (X2) Ta 19 (X1), a y ApyroMy BUIaAKy 30BHILIHI
CHHXPOIMITY IbCU HAAXOAATh Ha BUBOLM 19 (X1) ta 20 (cninbHuif), a BUBIN
18 (X2) 3anuInaeThes Hermpue IHaHNM.
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[Ipn JacToTi KBapLIOBOIO pe3oHaTOpa ado TAKTOBIM YacTOTI 30BHIIII-
HIX IMITyJIbCIB CMHXpOHI3alii sacrori 12 MI'1 TpuBaicTh MAIIMHHOIO [H-
KIIy HOpIBHIOE 1 MKcC.

PO.x

INapameTpy 30BHIIHIX IMIOyILCIB CUHXPOHI3aUii f,, =12 Ml mus

4acTOTH rokasaHo Ha prc. 7.10.

min 20 1 —aiqmaxX 20 HC nax 20 He
2,5V
08V
e e e

min 20 He |
min 83 HE

Plx
Puc. 7.10. Hapamempu 306HiumHIX imuyavcie cunxponisayii

VY 6ok kepyBaHHS BXOJUTh TaKOX PETICTP KEPYBAHHS CIIOKUBAHHIM
PCON (Power CONtrol).

f

IToptu BBeneHHs-BUBeaeHHS PO—P3 (mus. puc. 7.1) npusHaueHi Jyis Kepysanms

3a0e3nedenns mobalitHoro oOMiny indopManicto OMK i3 30BHINIHIMHA Q——— apeca Ucc
pUCTpoAMM 110 32 MiHIAX YBeJcHHA-BUBEICHHA. 1 [pUHIUNOBI cXeMU JTiHIHA

L)

nopris PO—P3 nokasano Ha puc. 7.11. KoxHa JiHis TOPTy MiCTATH KEpoBa- © —I 1 P2

: P ] \4——4
Huii perictp-ikcartop, a8a Oydepu i BUXijgauii Tpar3ucTOpHMI Kackald, Pi- C Q

BHI BXIJJHWX 1 BUXIAHMX CUIHAJIB MOPTIB BIANOBIAAXOTH cTaHaaprty TTJI-

Ga

noriky. ByAp-sAKy HiHitO HOPTIB MOXHA BHKOPHUCTOBYBATH JUIS BBEACHHSA
abo BUBeeHAs iHGOPMALT HE3ANEKHO BIF THIOUX JUHIMH. ABTEpHATUBHA
o (pyHKIIS BXORY
Jis Toro 1106 NiHiA HOPTY BUKOPUCTOBYBAACA i BBEXCHHA, Y Bid- Qv

NOBLIAMIA [D-TpUrep pericTpa-ikcaTopa Mae OyTH 3amucana NOTiUHA OIU-

Ucc

D] 0

c @L
®isuuni agpecu nopris: PO-80H, mpu 6iToBli agpecainii — 80H-87H,

P1-90H, npu Girosiit aapecati — 90H-97H; P2-A0H, npu 6GiToBiif agpe- g - iﬂ 3 gi‘;:\;?: ;KLZI;
cauii — 40H-A7H, P3-BOH, npu 6iTogi#t axpecari — BOH--BTH.

HULA, Mo 3akpuBsae MJIH-TpaH3ucTOp BUXIAHOTO KacKady.

W

Puc. 7.11. Hpunyunosi cxevu aniii nopmis: a - PO; 6 - P1; 6—P3; 2—P3;
1 — vumanus pezicmpa-ghixcamopa; 2 — eHympiuins wina; 3 - sanuc y pesicmy-

Qikcamop; 4 — wumanns sucodie
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Iopr PO aoHampAMIeHHH — Yepe3 HHOTO MOXKHA B OYIb-sAKHA MO-
MEHT YBOAWTH Ta BUBOAMTH iHdopMauito. Busomu nopra PO mMaroTk TpH
cranu. Yepes nopr PO:

- BUBOIMTECA MoJIoAmmi Gait agpecu A7-A0 1ipu poboTi 13
3oHimHIM 1311 1 30BHImHIM O3I];

- Bugaetbed 3 OMK Ta npuitmaerscs y OMK Oaiit manux
1ipu poOoTI i3 30BHILIHBOO NIaM’ ATTIO, TIPH LIbOMY 00MIH OaiiToM JaHHX
1 BUBEJCHHA Mojoamoro 6aiiTa agpecy 30BHIMIHBOI IaM ATI MyJbTH-
TUTEKCOBAHO y Yaci;

- 3a]al0ThCs JaHi Py MporpamyBaHHi BHyTpimHboro [13[1
EPROM.

IMoptu P1-P3 € xBa31{BOHANPAMIIEHUMH, OCKINBKU B Oy Ab-IKUit MO-
MEHT depe3 NMOPTH MOXKHA TUIBKM BUBOAUTH iHGopMalnito. J[14 BBeJeHHA
iHdopMauil HeoOXiIHO 3amucaTu B yCi po3pAmd pericrpa-Qikcaropa jaori-
Hi oauHuLl. TTicas UBOro MOXHA BUKOHYBATH BBEICHHS.

Yepes nopt Pl 3amaerbes Momoxmmmii Gaifit ajpecu 1pu Hporpamy-
BaHHI BHyTpitrHBOro [13[T EPROM Ta npu unranHi BHyTpitHboro IT311

Yepes nopt P2: ‘

- BUBOIUTHCA cTapmuii 6aiiT agpecn 415-48 npu poboti 13
soBHimHIM [T31T 1 30BHIIMIM O3I1 y THX BUMaakax, KoIH aapeca € 16-
PO3PATHOIO;

- 3amacThes crapumii Oalit 415-48 ampecu upn nporpamy-
BanHi BHyTpimHsoro II3IT EPROM Ta np¥ 4uTaHHI BHYTPINHEOIO
IT3I1.

Tlopr P3 MOke BUKOPHCTOBYBATHCH 5K 1 BBEICHHA-BUBEICHHA 1H(OP-
Malli, TaK i jid peani3allii ambTepHaTHBHIX QyHKLUIHA 0OMiHy iHDopMaLiero (I1B.
puc. 7.11). AnbrepHatusHi ¢yHKuil HaseaeHo B Tabn. 7.3. KoxxHy 3 BockMH J1i-
Hi nopTy P3 KoprCTyBau MOXE 3aIporpaMyBaTH Ha BUKOHAHHA albTepHATH-
BHMX (YHKIN{t 3armicoM ONMHMII y BiJMIORIZHI 6iTH perictpa-3amka (F3.0-—
P3.7) nopra P3.
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Tabauya 7.3. AnbTepHaTHBHI @yHKUIT nopTy P3

Bit | llozunis AnsTepHatuBHa GyHKIIs 0OMIHY iHpOpMaLIEO
ReD P30 Bxin npuiiMaga nocginogﬁoro HopTy B pemTMax.l—%. Beeznen-
HE-BUBEAEHHI NOCHIOBHUX AaHUX Y PEsKEMI PETICTPa 3CYBY
IxD P31 Buxia nepenaraua mocnioBHOre nopry B peknmax 1-3. Buxix
cHEXpoHizauii npu podoTl nocyigosHore nopty B pexumi 0
W7o | P32 Bxin sanuty nepeprsands 0. CripuiiMaHHs CHTHAJIB HA3EKOCO
piBHs 200 3pi3 curHany
Wi | P33 Bxia 3anuty nepepuBanis 1. CipuiiMaHEs CArHajiB HASHLKOrO
piBHs 260 3pi3 CHrHAIY
70 P34 | Bxix rafimepa/nianiabHuka 0 aGo recrosuit xin 0
T1 P3.5 | Bxix tafiMepa/nizunbHuka 1 abo Tecrormii Bxix 1
PR 36 3anuc. Arr‘a.pa'.me ($OPMYBaHRS AKTHBHOIO CHIHANY HU3LKOrO
PIBHS V pasl BBEPHEHHS A0 30BHINIHLO0] HaM 1) JaBUX
7D P37 HnraHAs. AKTHBHHEIT CHIHAJI BM3BKOro pieHs GOpMYETHCS ana-
PaTHO y pasl 3EepHEHHA IO 30BHIIHLOI aM’ STl JaHHX

llocnidosnuii nopm (aus. puc. 7.1) npusHaveHuii s 3a0esneueHHsA
NIOCHiIOBHOIO 0OMIHY JaHMMM, MOKE BUKOPHCTOBYBATHCS ab0 AK pericTp
3CyBy, a0 AK yHigepcwibHull acUNXPOHHUT npuimay-nepedasay 13 dikco-
BaHOIO a00 3MIHHOX UWIBUAKICTEO OOMIHY I 3 MOXKIMBICTIO IyIUIEKCHOI'O
pexumy. IocnizoBHHIA HOPT MOKe NPALIOBATH B OXHOMY i3 YOTHPLOX pe-
KuMiB — pexrnm 0, pexxnm 1, pexum 2, pexum 3). Tlocnigosuuii mopr npo-
TpaMy€ThCA Ha OJIMH 13 PEXHMIB YEPe3 3anmic KepyBajbHOrO CJI0Ba B pe-
rictp SCON (Serial port CONtrol). TIpusnauerHs 6itis pericrpa SCON Ha-
BEAEHO B Tabu. 7.4.
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Tabnuys 7.4. Hpusnauenus Oitis pericrpa SCON

bitu

TozHadcHEA Ipm3saucHEx

I

SMO BusHauarots 0AUH 13 YOTHPHOX PEXHUMIB PODOTH HOCILIOBHOTO

SM1 nopTy:
SMO SM1
0 0 — pexxum 0
0 1 - pexnm 1
1 0 — pexam 2
1 1 — pexmm 3

]

SAM2 JosBin MyapTimponecoproi poboru: v pexaami 0 SM2 aae Sytn
CKMHYTHI ¥ Hyus; y pesxeumi 1 opu SM2 = 1 npanopers Rl ycraHo-
BITIOETHCA B OAVHUIO NPH HAIXO/UKEHHI CTON-01T4, IO JOPIBHIOE
ozurmi; v pesxmmax 2 13 npu SM2 = 1 npanopene RI sopismroe
HYIIIO, SIKIIO AEB’ ATHIi GIiT IPHEHATHX JAHHX AOPIiBHIOE HY)IIO

REN Jlo3Bin HpUHHATTS MOCHLAOBHUX AaHHX. Y CTAHOBIIOETRCA 1
CKWIAE€THCA IPOrPaMHO BiANOBLIHO AT1A X03BO:1Y Ta 3a00poHA
MPUAHATTS TaHUX

788 Her’aTuii OIT nepeRaHux JaHUX V pexuMax 2 1 3, ycTaHoBmo-
€ThCS 1 CKHAAETHCS NPOrpaMHo

RB8 VY pexunmi O RB8 He BUKOPUCTOBYEThCH; Y peskimi | mpu SM2 =
0 mpuiingTuii cron-6it; v peskumax 2 1 3 ~ geB’sTuii Git npuits-
STHX J&HUX

77 Tpanopewus nepepuBaHis nepetasada; y pexumi 0 ycraHonmo-
€ThCA ANAPATHO [pY BUIAH! BOCEMOTO GiTa; ¥ IHIINX pesxuMax —
YCTAHOBIIOETHCA anapaTeo npu topmysansi cron-6ita. Crkuaa-
€ThCA NPOIPaMHO B YCIX peXXuMax

RI Iparnopews nepepusanns npuitvaqa: npu SM2 = ( ycragoBmo-
€ThCA ANapaTHoO TPH NPHHHATTI BockMoro Oita B pesxumi 0-abo
4epes MONOBHHY iHTepBana cTon-Oita B pexknmax 1, 2, 3; mpu
SM2 =1y pexuMi | RI He BCTAHOBMIOETHCA, AKLIO HE NMPHIAHs-
THit cTOT-6iT; JopiBHIOE oAnHMLI Y pexarvax 2 Ta 3; Rl ne Beta-
HOBIIOETBCA, AKWO AeB’ ATHH NpUifHaTHI 6IT AaHMX JOPIBHIOE
oguHuL . Cxuaaerscs OporpaMHo B YCIX peskAMax

V' pexcumi 0 TOCIINOBHUI TOPT SBIAE CO00I0 8-po3psaHUN pericTp

3cyBy. BaliT indopmanii nepeacTrcs i MpUIMaEThcs Yepes BUBiX RxD, mpn
IBOMY uepes BUBiA 7x/) BHIAKOTHCA CUTHATH CHHXpoHI3auii scyBy. llpm-
iiMaHH 1 Buiaya 0aiiTa TIOYHMHAETHCA 3 MOJIOJIIOTO PO3PAAY i 3aKIHYYEThCA
crapummM. IIBuakicTs 06MiHy (ikcoBaHa i JOPIBHIOE fi/12, me fy — uacToTa
cuHxpownizanii OMK.

Ha puc. 7.12, a 300paxeHo (GyHKUIOHAIBHY CXEMY IIOCIIJOBHOIO

nopry B pexxumMi 0, a Ha puc. 7.12, 6 — BIANOBLAHI JiarpamMu.
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3anmcy
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Ha cucremy
TepepuBatbh
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4

Puc. 7.12. ocrioosuuit nopm y pesicumi 0: a -- gvuxyionaaona cxema;

0 — diazpamu

IMepenaBadHsa No4YMHAETHCS 3 Oy AB-AKOT KOMAHH, KA BUKOPUCTOBYE
Oy dep mpuitmaua-nepenaBaya SBUF K pericTp npasHavyeHHN, HATPHKIIAK
MOV SBUF, A.
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V ¢azi P2 crany S6 (S6P2) 11K 3a curnanoM «3amuc y SBUF» 3anu-
cye OaiiT y pericTp 3CyBYy mepeiaBada, BCTAHOBIIOE D-TpUrep AeB’ATOTO
0iTa B OJMHMIIO Ta IHiLIIOE poGoTy OlI0Ka KepyBaHHA IepenaBadeM.
OcranHiil yepe3 0IUH MaIMHAKN TUKI hopMye curnai xos3sony «llocun-
Ka», SKMH J03B0IM€ BUAAdy BMICTy pericTpa 3CyBY IlepelaBada Ha BUBIZ
RxD Ta curnany «CUHXpOHI3alis 3CYyBY» Ha BHBIT 7/xD. 3a curHamoM
«3cyB» Y MOMEHT S6P2 KOXHOI0 MAITUHHOTO LHKIY BMICT PEricTpa 3CyBY
Iepeapada 3CyBacThCs MPaBOPyY Ha OJHY MO3HUIII0 MONOAIMUMY OiTaMu
BIIEpen 1 HaAXOAMTh Ha BUBIN RxD. V crapmui 6iTy perictpa 3cyBy Inepe-
AaBaya, 10 3BUILHAIOTHCS, 3aUCYIOThCSA HY .

IIpu orpyManHi Bij netekropa Hyls curHany «llepenasau 3mibHe-
Hul» 0ok KepyBaHHS HepefaBaveM 3HiMac curHan «IToCHIKay 1 BCTaHOR-
JIFO€ IIparopels NepepUBaHHA nepeaasada 7/ Ha modarky iHtepsany S1P1
JECATOT0 MALIHMHHOIO UMKIY Iiciisd HaAXOoKeHHS CUrHany «3armc y
SBUF».

ITpuiiMaHH IOYMHAETHCS IPU 0THOYACHOMY BHKOHAHHI YMOB REN
=11 RI = 0. Ha novarky iuTepsany S6P2 HaCTyIIHOIO MALIUHHOTO IUK-
ay (aus. puc. 7.11, 6) 6nok KepyBaHHs HpuitMaueM GopMye CUTHAN 10-
3Boay «IlpuitMaHBs», 32 AKUM Ha BUXiJl 7xD mepenaroThes CUHXPOCHT-
HaIl¥ 3CyBY, i B pericTpi 3CcyBy mpuiiMaya MOYMHAOTH (OPMYBATHCS
3HaueHHA OITIB AaHUX, AKi 3UHUTYIOTHCH 3 BUBOAY RxD B iHTepBani SSP2
KOJKHOTO MallMHHOIO HUKIYy. B igrepami S6P2 K0XHOro MaulMHHOTO
LUKAY 332 CUTHAIOM «3CYB» 3HIMCHIOETHCA 3CYB YMICTY pericrpa 3CyBY
npuiiMaua TiBOpyY Ha OJHY TO3ULI0, | NPUMHATHAN OIT 3AITMCYETHCA Y
Kpaitniii npasuii pospan. Ilicis HaaAXoIKEHHS BOCAMOIO IMITYIBLCY
«3cyB» yMICT pericTpa mpuiiMaua TlepermucyeThes v SBUEF. B inTeprani
S1P1 necAroro MamMHHOTO NMKIY OJIOK KEpyBaHHA NMpuiiMadeM mepe-
MHACY€ BMICT pericTpa 3cyBy B Oydep SBUF, 3nimae curnan «[TpuiimMan-
Hs» Ta BCTAHOBIIIOE NPAIIOpeELb NIepepUBaHHs IpuitMayua R/ B 0 JUHMIIIO.

Y pesicumi 1 mociinoBHuMit opT sBiAE co00r0 8-po3psiHiiit yHIBEpCa-
NbHUE aCHHXPOHHUIL IpuiiMad-Tieperapad 31 3MIHHOK IIBUIKICTIO OOMIHY.
UYepes 7xDD nmepemarotbes, a dyepes RxD npuiiMarorbes 10 .01t HyJIbOBMI
cTapT-0it, 8 6iT indopmaltii Ta oauHuaHM cTon-0iT. IBuaKicTs 0OMIHY €
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3MIHHOIO. BOHa BU3HAYAECTHCS YACTOTOIO HEperoBHEHHA TaiiMepa 1 f,, 1
oitom SMOD perictpa PCON. Ha puc. 7.13, nokaszano (yHKUiOHaILHY
CXEeMy 1 JlarpaMy HDOCHiIOBHOTO MOPTY B peXkumi 1.

HepermorneHns
TaiiMepa

3apmcy
SBLE

SMOD =0 SMOD =1

C 3cyB
e oSS Jani

: nepenapateMTocnaxa

Ha crcreMy A
tepepHBaEE R : N ‘
‘ KepyBarma  J————— 32BIHTOREHH

mpUitMaye y SBUF

RxD
3asaHTaKe HEA
v SBUF

BryrpimHs muHa
a

TxC ITepenananug

Sairnnnienn s ey
3anuc y | |

SBUF

1P1
Tocunka

—
Haui I ; 1
3cyE m 1 Il N m il n N M

Tputinanss

Crujlangs
RaD ¢ D0 X 21 X2 X D3 X 04 X D5 X D6 X DT Y Cron-6ir
- Crapr-6iT
Bir-aerexrop m ) 1] M___ M__ T . _
3cyR n n n f 1 n 1 n n "
RI —

6

Puc. 7.13. Hocridosuuii nopm y pescuni 1: a — pynxyionarvna cxema; 6 - oia-

2pamu
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IlepenapaHHs NOYMHAETHCS 3 OYIb-AKOi KOMAH/IM, IO BUKOPHCTOBYE
SBUF six pericTp NpH3HAUCHHS, HATPUKIAI

MOV SBUF, #25; nepecnatu B
SBUF uucno 25

TIpuctpiit kepypanua OMK 3a curnanom «3amuc y SBUF» 3aBaH-
Taxye 1 v nes’stuit 6iT perictpa 3cyBY nepejasaua, iHiliioe poGoTy
6n0Ka KepyBaHHsA NepenaBayeM 1 B inTepsani S1P1 dopmye cursan mo-
3pony «llocunka» HU3BKOTO piBHA. 3d LWUM cUTHai oM Ha BuBig 7xD
CIIOYAaTKy HaIXOAWUTh cTapT-OiT, a MOTIM 32 curHanoMm g03Bomy «JlaHi»
Ta IMILyJIbcaMu «3CyB» YMICT pericTpa I[epeaaBaya 3CyBacThes Ha OJHY
HO3MILI0, 1 Ha BUBIA 7xDD 1o yep3i HAAXOIATh 8 OiT maHuX. 3a JAeB ATHM
iMIysbcoM «3cyB» GOPMYEThCS ONUHUYHEHN CTON-OiT, mpanopens 717
BCTAHOBIIOETHCH B Hylb, cuTHamu «ITocunkay 1 «JlaHi» 3HIMArOThCH, 1
HepelaBaHHs 3aKiHIy€ThCH.

TpuiiMaHHd MOYMHAETHCA NMpPH TICPEXOjli CUTHANY HA BXOmMi RxD 3
OJUHULI B HyJb, SKUH BUABISIETHCA 32 JOTIOMOTOKO JETEKTOPA CIaJaHHA.
Sk TiNBKU Tepexin 3 OJMHULI B HyJIb BUABICHUM, Y PEriCTp 3CYBY NpHiiMa-
4a 3aBaHTaXyeThecd 4ucno LFFH, to6ro BCi 9 po3psaaiB pericrpa 3anoB-
HIOXOTHC ofnHuuAMU. [Ipu nepexofi cursany Ha BXojai RxDD 3 OIWHMLI B
HYJIb TaKOXK CKUIAETLCA 3HAYECHHA BHY TPIINHBOTO JHYHNBHUKA-TIO T IBHUKA
9acToTV Ha 16, saxuit popmye curnan « CMHXpoHI3amis npuitMagay. BHyT-
pILIHII TIYUIBHUK NOYHHAC BiPaXOBYBATH iMOYJILCH CUHXpOHi3awii. TTix
4ac CbOMOI0, BOCBMOIO T2 JI€B’JTOT0 IMIIYJIbCIB 3/IHCHIOETLCA OTTUTY BAHHS
CUTHANy Ha BXoAl Rx[DD 1ia MATBEP/DKEHHSA HyIbOBOTO 3HAYEHHI CTApT-
6ita. OTpuMaHi TpH 3HAYEHHA NPUIHATOrO OiTa HAAXOAATH HA NETEKTOP
6ita, sikuif BU3HAdYa€ AifCHE 3HAYCHHS IPUIHATOrO 6iTa 38 MAKOPUTAPHUM
TIDHHIIATIOM «JBa 3 TPHOX». Y TOMY BHNAJKY, AKUIO JUHCHE 3HA4YCHHA
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cTapT-6iTa NOPIBHIOE HYIIO, NOUMHAETHCS TPUIMaHHS o 4Yep3i 8 GIT xma-
HuX. 3Ha4e¢HHA KOXHOTO 0iTa JAHMX TAKOXK TIEPEBIPAETHCA geTekTopoM Gi-
Ta B CHOMOMY, BOCBMOMY Ta JIeB’ATOMY IMIyihcax cHrHany « CHHXpOHI3a-
i hpuﬁmaqw> 1 UIIe MiCIs UBOTO 3aHOCKTHCA B PETICTP 3CYBY NpHiMaya.
SIximo 3HaUeHH cTapT-6iTa He NOPIBHIOE HYIO, TO OJO0K KepyBaHHA NpH-
#iMaHHAM 3HOBY NOYMHAE MOUIYK MEPEXOAIB CUTHATY Ha BXoai RxD 3 oau-
HULI! B HYJTb.

[puiiManss ctapt-0ita Ta 8 GIT JaHUX Y KOKHOMY MAHIMHHOMY MK
CYIIPOBOIKYETHCS 3CYBOM YMICTY pericrpa IpuitMada Ha OJHY TMO3HUILO 32
curHanoM «3cyBy. [Ticns npuiinarTs crapT-6ita Ta 8 6IT JaHHX MpUiMacThb-
¢A cTon-0iT, 3HAYEHHA AKOTO 060B’ A3KOBO Mae O6yTu oauHWIHNM. OTXe, M-
ClIf JIECATOTO IMIOYIBLCY «3CyB» V pericTpl MpHiiMada 3HaxoaaTecs 8 OIT iH-
dopmauji i cron-6iT. ok kepyBaHHs NpuiiMarHaM GopMye curtan «3apa-
HTaxeHHs Oydepa», 3a sakuMm BiciM iHopMauiiiHIX OITIB HaAXOMATH Y
SBUF, cron-61T — y po3psax RBS8 perictpa SCON. Tlpanopens niepepuBaHus
nputivada R! BCTaHOBMIOEThCA B Hyb. [IpuiiManHs 3aKkiHTIyeTbCs, 1 TOCITI-
JOBHU} HOPT 3HOBY MOYMHAE MPOILIEC BUABIICHHA NEPEXOy CUTHAILY Ha BXO-
A RxD 3 ogMiHUMI B HYJITb.

V pexcumax 2 | 3 nocnigoBaMil TOPT ABIsSE o000 9-po3paaHuit YHi-
BepcalbHUI CHUHXPOHHUIi NMpuWiiMay-niepenansay i3 (iKCOBaHOW (U PekH-
MYy 2) Ta 3MIHHOIO (U1 PeXNMY 3) IBHAKICTIO 00MiHY. Y pexuMi 2 mIBHI-
KicTb 06MIHY H0piBHIOE fp)/32 npu SMOD = 1 abo f,/64 npn SMOD =0.Y
pexuMi 3 IIBHAKICTH 0OMIHY BH3HAYa€ThCA TalMepoM 1, K i B pexuMi 1.

Ha puc. 7.14, a noxazano QyHKIiOHATEHY cXeMy, a Ha puc. 7.14,
6 — jiarpaMy TIOCHIIOBHOTO MOPTY B pexuMi 2. DyHKIIOHATIBHA CXeMa Io-
CHIZIOBHOrO TOPTY B peXxuMi 3 30iracThed 31 cxeMoro Ha puc. 7.13, ¢, a nja-
rpami — 3 JgiarpaMamu Ha puc. 7.14, 6.
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By Tpimss mmHa
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y SBUF

Yerramms

SBUF

BHyTpimHs MUHA

a

Puc. 7.14. Ilocaioosnus nopm 'y pesicumi 2: a — ghynxyionanvia cxema; 6 — dia-
epamu (Que. maxosc c. 340.)
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Puc. 7.14. 3axinuenus

Uepes Burig 7xD mocimjosHW# mopt nepegac abo 3 Buxomy HxlDD
npuitvae 11 6ir: HynboBuii crapr-O0ir, 8 OIT ganwux, nporpaMoBHU
ner’ atuit 6it 758 Ta opuHuunuii cron-6ir. Pexumu 2 i 3 BiAPI3HAIOTHCA
BiJ{ pexxuMy 1 JiuIme HasBHICTIO JeB’ATOrO NporpaMoOBHOro Oita. YHacii-
JIOK LIbOI0 3MIHIOKOTBCS YMOBHU 3aKIHYECHHS LUKy [PUIMaHHA; OIOK Kepy-
BaHHs npuiiManHaM ¢opMye curHan KepyBaHHa «3aBaHTaxeHHs OyQepar,
3aBaHTaXye cTON-0iT y po3pan RBY pericrpa SCON 1 BCTaHOBITIOE 1pano-
pels nepepuBanHad npriiMaua R/ B OIWHUINO JHIIE B TOMY pa3i, AKIMO B
OCTaHHBOMY TaKTI 3CYBY BUKOHYIOThCA ABI YMoBH: R/ = 0 12 SM2 = 0 abo
3HAYEHHA [eB’ATOTO NPUAHATOro 6iTa AAHNX JOPIBHIOE OJIUHMIIL
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Poapin 7.08nokpucmansHi Mixpmm,,,_,mp(nepu 3 cisc-apximekmypoio

3HaueHHs cTon-0ita y pexuMax 2 1 3 e Bruusae na SBUF, RB8
abo RI.

HIBuakicTs npuiiMaHAS-NIEpENaBaHHY NAHUX Y HOCJIIIOBHOMY
OOpPTY B Pi3HUX pexxuMax podotu. Y pekumi 0 gacToTa mepeiaBaHHs 3a-
JEXKUTE JIMINE BiJ PE30HAHCHOI HacTOTH KBapIOBOTO pe3oHaTopa fo = fo/12.
3a 0MH MalMHHKI MK IOCTiA0BHUIT OPT nepenae 1 6it in)opMauii’.

Y peximax 1, 2 Ta 3 mBHAKICTL NpHUIMaHHS-NEpeIaBaHHsi 3ATEKHUTh
BiJ 3HAYEHHs KepyBanbHOTO G6ita SMOD y perictpi PCON. V pexumi 2 ya-

CTOTY TepejlaBaHHA BU3HAYAIOTE 3a GopMynorn f, = (2" /64)f,. IHakme

kaxyqu, npu SMOD = 0 gactora TepeaaBaHHs gmpnsmoc (1/64)fp, a mpu
SMOD =1~ (1/32)f,.

VY pesxuvax 1 1 3 y dopMyBaHHI 4acTOTH NepejaBadHia, KpiM Oita
SMOD, 6epe yuacth TadimMep/miumnpuuk 1. Tlpu oMy wacToTa nepena-
BaHHA 3aICKUThL Bl YacTOTH NeperoBHeHHs (OVT1) i ii BU3HAYaArOTh Ta-

KHM YHHOM: f,;=(2""P/32)f,,,. llepepuBanns Bia Taiimepa/iiunnbHuKa 1

y LbOMY BUIAAKY Mae 6yTu 3abnokoBane. CaM TaiiMep/JIiMMITBHUK 1 MOKe
NPaNIOBaTH i AK TaliMep, 1 AK JIYHITHHAK NORIN V Oy Ib-9KOMY 3 TPBOX pe-
#uMIB. OHaK Haif3pyuHIIe BUKOPUCTOBYBATH pekKUM Talimepa 3 aBTolle-
peraBTakeHHaM (cTapina tertpaga TMOD = 0010B). Tipu nmomy gactoTty
niepeAaBaHHd BU3HAYAIOTh TAK:

Sia =% 132)(f,/12) /(256 ~ (TH1)).

brox mativepie nivunbHuxie MpU3HAYEHWA JIA TAPAXYHKY 30BHIII-
HIiX 1ofii (GyHKIis MYMIbHAKA), peanisailii IporpaMHOKEPOBAHIX 3aTpH-
MOK Ta BUKOHaHHA (yHKuUill 3axanns gacy ((pyHKUis TaiiMepa). T1pu Buko-
RaHHi QyHKI TaliMepa BMICT 7/C IHKPEMEHTYETECA B KOKHOMY MalIdH-
HOMY UMK, ToOTO 4epe3 KoxHI 12 nepiozis pesoHaropa. 1Ipy BukoHaHHI
¢yHKi TiyuIeAMKa BMICT 7/C 1HKpEeMEHTYETHCS 111 BILIMBOM TIEPEX0ay 3
OIMHMIY B HYIIb 30BHIITHHOTO BXIJJHOI0 CHTHANY, [0 HAAXOAUThL Ha BIAITO-
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Biguuit (70, 71) susix OMK BaHHA 3HAUEHHS 30BHILIIHBOIO BXIJIHO-
FO CUTHAITY BUKOHYETHCS Y d_ﬂ _ﬂ_:TaHy S5 K0XHOro MalIMHHOIO LMKITY.
YMicT TUMILHUKA 301TBIIYE OJIMHUIIIO, AKLIO B ITONEPEIHBOMY IIH-
KJi HaiffimoB BXIgHUH CUrH: toro pias (1), a B HACTYIIHOMY — CMI-
HaJl HA3bKOTO piBHﬂ (0). Ho————MeHTORaHE 3HAYEHHS TiUMIbHUKA (o-
pMyerbes y dasi Pl crany £ [HHOTO HWKITY, MO € HACTYIHUM MICIs
TOTO LUKy, B AKOMY OyB ST‘H_J-I"ﬂ.HI/]]/I nepexij 3 oJMHULI B Hydb. Jlns

(bikcyBaHHs nepexony Heob 0 Dy mammsni maom. ToMy MakcMasibHa
9acTOTa IAPaXyHKY BXiJHI_ " >CiB JIOPIBHIOE 1/24 4acTOTH pEe30HATO-
pa. JIng rapanroBaHoro 3uu1 BXIJJHOFO CUTHANly BIH Ma€ yTpUMYyBa-

T CBO€ 3HAQYUCHHA IIpOTATO! AMeHe OJII/IHI/IIIi MAIIHHHOIO LUKy

OMK. T

Mo cknaay 6moka TaﬁMbD:X:IXEMHBHHKiB BXOAAT!
1) 1ma 16"_m_'l-li perictpu 7/C0 Ta 7/C’1;

2) 8-p03p_.l " [ericrp pexumis TMOD,

3) 8-po3p ericTp kepysanHs 1CON;,
4) cxema — HTa,

5) cxema: - 7:CI/I]‘HaJ'liB INTO,INT1,TO,T1;
6) cxeMa: HS OparnopLsaMu,

7)  norika MHOBHhyg 7.

Pezicmpu T/CO i T/C1 W CTaPory, ymKiito 36epiranHa pesyIbTaTiB
mipaxysauus. Koxanii cxnd T € 3 npox 8-pospsnux perictpis — THO,
TLO i TH1, TL1 sinmoBiano {STIO Aapmi, 77, — Moo perictpu). Kox-
HUil i3 X perictpie Mac ¢BY 33Kilpecy | Moxe GyTH BEKOpUCTAHHH SK
P31, axuio sianosignmii taiir “MMH&pkopucroyerbes.

TTouarkosuit Kox niu@ RB8cyrrcq B perictpu 7/C TPOrpaMHo.
OsHaxoto 3aximenss niu6u 12 R/ B oprenns pericrpa 7/C, T06T0 Hepexin

pioro Bmicty 31 crany «Bci 01X Ty cram «sei Hymi».
TOro it
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Pezicmp pesicumie TMOD npwsHadeHwil s nipuiiManusg Ta 36epi-
FaHHs Kody, AKHi BU3HAYAC:
- OJMH 13 MOTHPbOX MOIUBHX PEEKHMMIB POOOTH KOKHOTO
7/C,
- BUKOHaHHS $yHKIi TaliMepiB abo TIUMIEHUKIE,
- xepyBanss 7/C 10 30BHILTHEOMY BUBOZXY.
IIpusnauenns 6itis perictpa 7MOD HaBejeHo B 10 7.5.

Tadnuya 7.5. lpusHayenHs 6itis pericrpa TMOD

Po3gin 7. O0nokpucmanshi MikpokoHmponepu 3 cisc-apximekmypoio

Tabnuya 7.7. llpu3navenusn 6iriB pericrpa TCON

Bir ITosHaueHHs [pussagcuns

7(5) TF1 (TF0) Ipanopmi nepemorsedHs. CKHAAIOTECA TA BCTAHOBTIONOTHCA anapa'rno i
nporpaMuo. loctynai Ang ynraHus .

6(4) TR1 (TR0) Biti Bumukanns oxpemo ami 17C0 1a 7/C l
TR = 0 — BUMKHEHHEH, :
TR = 1 — ypiMKHeHHIT

3Q) 1E1 (E0) IIpanopiy 3amury 30BHIMHIX epepuBass 1o Bxoxy INT1 (INT0). Cxa-
JArOThCA T4 BCTAHOBIIOIOTLCS anaparHo 1 mporpamue. Jocrynai s 9m-
TAHHA

2(0) IT1 (I10) Biry, mo Br3savaloTh THN nepepmBanns o Bxoxy INT1 (INTO):
IT = 0 — nepepuBaHHA IO PIBHIO (HH3EKOMY),
IT =1 — nepepuBanas 1o $ppoHTy (HEPEXiA 3 OAUHUIL B HYIb)

Bir IozuauecH- IpuznavcHus
H

%OID C:(;) (gj;ﬁ_?) JossoTse xepyBaru TaliMepoM Bij 20BHimHELor0 BuBoxy (/IN10 -
fTMOD] aas 7/C0, INT'1 ~ gna T/C1). GATE = 0 ~ xepysanzia 3aboponcHo,
s 7/C1) GATE = | - xepyBaHHS JO3BOICHO

TMOD.2 C/TO Bit subopy dyHKuii TaiiMepa abo niwwsHEKA. Ko GiT ckuHyTo, TO
ans 7/C0O (CITY npairoe TaiiMep Bl BHYTPIHEOTO Txepe:ia CHIHaTiB CHEXPOHIsaLii.
(TMOD 6 Slxngo GiT BCTAHOBAEHO, TO MPAIOE MYKHIBHUK BLT 30BHIMIHIX CUIHA-
am 7/C1H mis #a Bxoai 70 (T1)

TMOD.1 M1.0 Bubip pexxumy poboru

2a T/CO M1.1)

(TMOD.5

au 7/C1)

IMOD.O MO0

ans T/CO MO.1)

(IMOD 4

xu 7/C1)

Bubip pexumy podotu 3uiiicHIoeThes okpemo s 7/C0 ta 7/C1 3ria-
Ho 31 3HaYeHHAMH OiTiB M1.0 (M1.1) Ta MO.0 (MD.1) (Tabn. 7.6).

Taonuys 7.6. Bubip pexuamy pofotn

Ml ' MO Pexaum
0 0 0
0 1 i
1 0 2
1 1 3

Pezicmp xepyeéanns TCON TpusHaMeHHR IIs MpRIHATTS Ta 36epi-
raHHg Koy KepysansHoro cnosa. 1lpmsnadgenns 6itie pericrpa 7CON Ha-
BeeHo B Tabn. 7.7.

462

Ipumimra. Bita 4, 5 wanexars g0 7/C0; 6itu 6, 7 — go 7/C1. Bitu 0,
1 Bu3HAavaroTH 30BHINTHI IEPEPUBAHHA 110 BXOXY INT0, OiTH 2, 3 — 110 BXOAY

Ipanopm nepenosrenas 770 1 TF1 BCTaHOBIHOIOTECS aliapaTHoO NMpU
nepenoBHEHHI BiANoBIAHMX 7'C (mepexinx yMicTy perictpa 7/C 31 craHy
«BCI OZIMHIIY» y CTaH «BCI Hymi»). SIKUIO MPH 1IbOMY HHepepHBaHHA BT Bij-
noBigHOro 7-C M03BOJICHO, TO BCTAHOBJEHHS mparopus 77 BUKIUJe mepe-
pusanns. Ipanopai 770 i 7F] ckumaroThcs amapaTHO NpHW nepejaBaHHL
KepyBaHHA LporpaMi o0poOku BiANOBiAHOrO nepepusanHs. [lepepuBaHHs
o 7F0 ta TF1 mMoXyTs OyTh BuKiMKaHi (BcTaHOBNEHHA TF) 1 BIAMIHEHI
(cknpannna 1F).

Ilpanopmi /E0 Tta /K1 BCTAaHOBMIOIOTHCA ariapaTHO BiX 30BHILIHIX
JKepet nepepuBaHb (Bigmosigno Bxoxn OMK INTO Ta INI1) abo nporpa-
MHO i1 IHILIIOIOTE BUKIMK MPOrpaMu 00poOKM BIATOBIAHOTO NEepepHBaHHA.
CxHaHHS IUX TParopIiB BUKOHYETHCA ANAPATHO TPW 06CIHyroBYBaHHI
TIEpepUBaHHS JUINE B TOMY pasi, AKILO NEePEPUBAHHS 3yMOBIICHE (GPOHTOM
CUrHaTy. SIKImoO nepepuBaHHs 3yMOBJEHe PIBHEM CHMTHANY Ha BXoHi INT0
(INT1), TO CKMJIaHHA Mpanopus //; Mac BUKOHATY NporpaMa o6CiyroByBaH-
Hf TIepepHBaHHA, fKa BNIUBAC HA JHKEPENO TIEPEPUBAHHA ANIA IHATTA HUM

3anuTy.
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MixponpouecopHa mexHika

Cxema inkpemenma IpU3HAMEHA:

- I 30UTBIIEHHS HA OXWHUIIO B KOKHOMY MAIIMHHOMY
ki BMmicTy perictpis 7/C0, 7/C1, mis sKUX YCTAHOBJIEHO PEKAM
TajiMepa Ta JO3BOJICHO paxyBaHH,

- Ins 30INBIIEHHS Ha OAWHUILO B LMK BMICTY PEricTpi
7/CO, T/C1, ansg AKUX YCTAHOBIIECHO DEKHM IIUMILHUKA, JHO3BOJEHO
niyby Ta Ha BignosigHoMy Bxoa1 OMK (70 gma 77C0 ta 7’1 ana 7/C1)
3a(ikCOBaHO MYMIBHUM IMITyJTIbC.

Cxema ghixcayii INTO, INT1, 70, T1 sease cooro qoTupy Tpurepu. Y
dazi P2 crady S5 KOKHOTO MAIMHHOTO UMKy B HUAX 3aNaM’ ITOBYETHCH
ingopMaltis, sxa Hamiiima 3 BuBoOmiB INT0, INT1, 70, T1.

Cxema rxepysanus npanopyamu BCTaHOBIIIOE Ta CKUIAE UPANopul re-
penioBHeHHA 7/C Ta Iparoply 3anuTiB 30BHILTHIX TICPEPUBAHb.

Jloeixa xepysarnns cMHXpOHI3ye poboTy perictpis 7/C0 ta 7/C1 3rig-
HO 13 3aPOrpaMOBAHUMHU PEXMMAMU POBOTH i CHEXPOHI3ye poBoTy O1oKa
77¢’ 3 pobororo OMK.

Pexxumu po6ot T/C. Pexum poGoTh koskHOro 7/C BU3HAYAETHCA 3Ha-
geHHamHy OitiB A0, M1 y pericipt TMOD. Taiimepu 7/C0 ta 7/C1 maroTh do-
THPH pekUMU poboTH. Pesxumm 0, 1, 2 oxuaxosl s 06ox 7/C; y umx pesxu-
MaX BOHH NTOBHICTHO HE3aIE€kKHI OJHH Bij| oaHoro. Pobota 7/CO Ta 7/C1 y pe-
sumMi 3 pi3Ha. [Ipu mwoMy BeraHoBnenns pexxuMy 3 v 77/C0 BIDIHMBaE Ha Peku-
mu pobotu 7/C1.

- Pescum 0 (MO = 0, M1 = 0). Taitmep y pexxumi O siBise cod010 npH-
cTpifl Ha 6a3i 13-pospsiiHoro perictpa i € 8-po3psamHuM TatiMepom (Iivu-
JIBHUKOM) 3 5-po3paaHuM nepeaaiibHUKOM Ha 32.

Jst 7/CO 13-po3spsianuii perictp CKIaAaeThes 3 8 po3psdiB pericTpa
THO Ta 5 Monoawux po3psanis perictpa 720, a gust 7/C'1 — 3 8 pospsis pe-
rictpa TH1 ta 5 Monoamux po3psais perictpa 721, OyHKIiIO MOAUTBHHKA
Ha 32 BUKOHYIOTB perictpu 720, 7L1. Bouu € nporpaMHo ZOCTY [IHAMU, ajie
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3HAYyUIl B HUX JMIIE 5 MOJMOIUX po3paais. OyHkuioHamsHy cxemy 7/C1
v pesxiMi O moxazano Ha puc. 7.15. Cxema 7/C0 € aHaNOTIYHOO.

OSC ‘12 Kepyvpanus

__\lim =0 7.1 TH1
~ .«T/f__ (56in) | (86i1) +— 71 >
noL lcif=l e
» ) TR1 & J
GATE!

f>__. H 8-pospsumit Kox
! TONEPEIHBOIO

BCTAHOBIICHHA

INT1

Puc. 7.15. Dyuryionarena cxema T/C 1y peocumi 0:

OSC - 0xcepeno cunxponisayii OMK (suympiwne: aéo soeniuiic)

Ha suxoni OSC — curnan i3 wactororo fp. bit /T perictpa TMOD Bu-
3Hauae BUKOHAHHS (YHKIH Taiimepa (/T =0) abo mumnbHuka (C/T =1).
Jlitba oUMHAETBCA 3a KOMAHI010, sika BeTaHoBoe it 7R pericrpa 7CON B
OJIMHULIIO, HANIPUKIAL, 32 koMannowo SETB TR1. Sxmo HeoOX1JIHO kepyRaTi
Ai960r0 330BHL, T0 OIT GATFE perictpa 7MOD ycTaHOBTIOETHCSA B OJWHHMIIIO.
Tomi npu 7R = 1 miuby j030NeHO, AKIO Ha BXoi INTO (nst 7/C0) abo INT1
(st 7/C1) BCTaHOBIEHO OJUHWYHUIA CTaH, i 3a060POHEHO, SKINO BCTAHOBJIEHO
HYI50BUH cTaH. Ycranosierns Oiva 7R0 (umx 77C0) 1 TR1 (s 77C1) B ou-
HUYHUH CTaH BUMMKAC BIANOBLANMIA 7°C He3AIEHKHO BiJ| CTady 1HWMX OITIB.

Ipu nepenosnenti 77C, To610 npu nepexoii smicry perictpa 77C 3i
CTaHy «BCl OJMHUINY Y CTaH «BCI HYJI», YCTAHOBIMOETHCA Hpanopeus 750
(s 7/CO) 1 TH1 (nuas 7/C1) y pericrpi TCON. v

Pexwcun 1 (MO = 1, M1 = 0). BiagMisHIcTh Big pexumy O nonsrae s
TOMY, IO BCTaHORIEHHA pexumy | mepersoproe 77C' ma nmpuctpiit i3 16-
po3paauum perictpoM. s 7/CO0 pericTp cKIagaeThes 3 MPOTPAMHO JA0-
crynamx map 720, 7HO, ma 7/C1 — 3 nporpaMHo moctyihux nap 7711,
TH]. ®ynkuionansHy cxemy Ha npukuiafi 7/C'1 mokasano Ha puc. 7.16.
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osc

] ] CiFi=0
N TI1 | THL
Ao'T/C—— @s6iv) | @6in 4 771 >

n L. jciTi=1

GATEL
1 16-po3paaumif xox
TONEPEAHBOTO
VT BCTAHOBIICHHA

Puc. 7.16. @Qyuryionamerna cxema 1/C1 y pescumi 1

Peocrunt 2 (MO =0, M1 = 1). ¥V pesxxumi 2 7C sBise co6o10 IpUCTpiii
Ha 6a3i 8-pospamHoro perictpa 720 mns 7/CO i 711 mns 7/C1. Tlpu kox-
HOMY HepenoBHeHH! /L, kpiM ycTaHOBIEHHH B perictpi 7CON npanopiis
TF, 3xificHIOE ThCsL aBTOMATHYHE Nepe3aBanTaxkenns smicty TH y T1.. Peri-
crpu THO 1 TH1 3aBaHTaxyloThCsA TporpaMuo. Ilepesasantaxents 770 3
THO Ta TL1 3 TH1 He snnuBae Ha BMicT perictpis 7HO i 7H1. OyHkuioHa-
aeHy cxeMy 7T/C1 'y pexkumi 2 iokasaHo Ha puc. 7.17.

12 — KepyBanr

L - CIT1=0
X TL1
—o'fr—-ﬂ @60 —r+— 7

Tl C/T1=1

~ 1p
carer || 1! i & J &
! 1+

INT1 TH]
(8 6iT)

T

Puc. 7.17. Oyuxyionanena cxema T/C1 y pescunti 2

oSC

Pesxcun 3. Taitmep/niguneauk 1 3a610koBanuii i 30epirac cBoe 3Ha-
yerHs. Tadimep/miunneank 0 y pexumi 3 gBnise co60r0 Ba HesaleKHI IIpH-
cTpoi Ha 6asi 8-pospaguux perictpis 7.0 i THO (puc. 7.18). Ipucrpiit Ha
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Oa3t 720 Moxe IMpalroBaTy AK y pekuMi TaliMepa, Tak 1 B PeKuUMi JTiTHIb-
HMK4, a Ha 6azi 7H0 — TINBKY B peskuMi TaiiMepa.

RIT ]
, THO
osc @6 — 171 |
TL0
@6in) 1 7F0 [
71
GATEO
INTO

Puc. 7.18. Oynxyionarena cxesa I/°C0y pescumi 3

Jins 3abesneueHns pobotu 7/CO y pexumi 3 BAKOPUCTOBYIOTECSA OITH
TR1 1 TF1, ToMy BOHM HE MOXYTHb BUKOPHCTOBYBATHCA IS KEPyBAHHA
7/C'1. 1le npusBOIUTH JIO Tbro, mo npa BeraHoBieHHI 7/C0 y pexum 3, a
7/C'1 —y pexmm 0, 1 ado 2, taiimep 7/C1 npu GATE! = 1 3aBXaH BBIMKHE-
auil. [Ipu GATE1 = 0 sMukanss 7/C1 BH3HAYAE€THCS 30BHIMTHIMU CHIHANA-
MH aHATOTIMHO PO3TNAHYTOMY pexxuMy O. TIpu nepenoBHEHHAX y pexuMax
011 7/C1 obHymoeTECA, a B pexuMi 2 — fepe3aBaHTakyeThes 6€3 yCTaHOB-
JieHHA Tiparops 751

Ockineku 7/C1 anmapaTHo 110B’A3aHU 3 MOCTIIOBHAM HOPTOM, TO T
yac pobotu 7/C0 y pexumi 3 MoxHa BuKopucToByBatu 7/C1 y pexumi 2
IV 3a7aHisd WIBUAKOCTI poOOTH MOCAIKOBHOINO MOPTY ado s IHMMX 3a-
BJIaHb, 1110 HE TOTPeOYFOTh NepepUBaHHS.

Cucmema nepepusans (puc. 7.19) ripr3HaueHa a1 pearyBaHHsA Ha 30B-
HIIIHI Ta BHYTpPiwHEI nomii. o 30BHIMHIX NOIIN Halexarh Nossy HYI0BOIO
rioTeHIiany (abo 3pisy) Ha BMBOAax INT0, INT1, JO BHYTPIIUHIX — ITEPEHOB-

HEHHA TalMEpIB/MIMUIBHUKIB, 32BEPIICHHS MOCTIIOBHOIO 0OMIHY. 30BHILIHI
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a6o BHYTpILHI MOl BUKMUKAIOTH BCTAHOBJIEHHS BIJIOBITHUX IPalOpLiB:
IEO, [E1, TFO, TF1, Rl 1 71, mo ¥ COpyUuUMHSIOTH TIepepUBAHHS. Bif3HauuMo,
IO BCI 11l IPanopii MOXKyTh OYTH IPOrpaMHO BCTaHOBIIEeH! a00 CKUHYTI, IIpU
UbOMY iX NpOrpaMHe BCTAHOBJICHHS BUKIIMKAE MEPEPUBAHHA TaK CaMo, SK 1
pearyBaHHg Ha nopito. OTKe, IIepepUBaHHA MOXKYTh IIPOTPaMHO BUKIIMKATU-
o abo TporpamHo ycysartucs. KpiM Toro, mepepuBaHHs Ha Bxojax INTO,
INT1 MOXYyTh BUKIMKATHCS HPOrpaMHUMM CKHMIaHHAM Gitie P3.2 i P3.3. Ke-
PYBaHHS CHUCTEMOIO TIEpEpHBAHHA 3MIHCHIOCTBCA 32 JOMIOMOTON) 3aIMUCY Ke-
pyBambHUX ciB y perictpu 7CON (uuB. Tabn. 7.7), IE 1 [P. Perictp mo3sony
nepepuBanb [E npusHadeHUN A 103BONY a00 3a00poHU IepepuBaHb B
BIINIOBIAHMX JUKepen. PericTp ripioputeTiB nepeprBans /P Npu3HaYeHu s
BCTAHORJIEHH: PIRHA MPIOPUTETY NepepUBAHHS [T KOXKHOTO 3 T STH JKepe

TICPECPUBAHE.
Bucokuit piBeHb IpiopaTeTY
IE P Huzpxui
piseHn
| - - IpPiOPHTETY

Tlocninos-
HICTE OIM-
TyBaHHS

Tpanopuis

THAUBI Ty ATHEMH aransEmi
J03Bin JO3BLT

Puc. 7.19. Qyuxyionanena cxema cucmemu nepepusans

Ilpwsnauenns 6itis pericTpis /E ta IP HaseneHo B tabn. 7.8 Ta 7.9 Bil-
TIOBLIHO.
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Tabauys 7.8. Ilpusnadennd 6itie pericrpa IE

Bir | loma- ‘ TpusHaserns
| HeHHs
IET | EA 3rurrTs O:10KyBaHHA epepuBanb. CRUIRETHCA NMPOrpaMHEO A 3ab0-
. POHH BCIX IICPePUBAHD HE3ANEKHO B crany {F4-IEQ

E6 - He Buxopucros

TEs p. YIOTBCH

1E4 ES BiT 103BOJTY IICPepUBAHHA BiJ YHIBEPCATLHOIO CHHXPOHHOTO TIPpHIi-

Mada-HepeaaBata. Y cTAHOBICHE/CKUAAHHS UPOTPAMOI) 173 HO3BO-
ay/3abopors nepeprsans Bia npanopis 77 a6o RI
IE3 ET1 Bit 03801y nepeprBanKa Big Taiivepa 1. Y cTaHOBICHNA/CKUARHHS
LpOTpaMOI0 AN KO3B0NY/3a00pOHM NepepyBaHb Bl TaiiMepa 1

IE2 EX] BiT 203B0:1y 30BHIIIHBOTO NEPEPUBAHHA 1. Y CTAHOBICHHA/CKUIAHH S
NPOTPAMOIO A7l K03BOAY/3300pOHHM NepePUBAHD

1 ET0 BiT 03801y nepepusabHs Bi tativepa 0. Mpawoc ananoriuwo [F.3

IEO EX0 | BiT gozsony zoBhiuAbOT0 Nepepusannd 0. Tlpautoe anagoriyno /F.2

Tabnuya 7.9. Ilpu3navenns 6itis perictpa IP
bit Hozgauenny IMpusnagcrus ]
IP.7-1P5 - He BrkopucTOBYIOTECS

P4 PS biT npiopuTeTy YHIBEPCATEHOTO ACHHXPONHOIO HpMiiMaya-
rniepegaBaya. Y CTaHoBICHH/CKUIAHES NPOrPaMoso i IPHCBOCHHA
fIEPEPHBAHHIO BLY YHIBEPCANBHOIO ACHHXPOHHOTO mpyinada-
Tiepe;1aBala BEIIOTo/HIDKYOTO NIPIOpPATETY

IP3 P11 Bit npioparety TaiiMepa 1. VeranosacHE/ CKMAAHAS DPOrPaMOI0 ATt
TIPUCBOEHHS IIGPEPHBAHHIO Bl TaiiMepa 1 BULIOro/HILKYOT0 TIpiopa-
TeTy ' —

P2 PX1 Bit nipioprrery 20BHimHb0ro nepepusanss 1. Yetanosnen-
HA/CKMIaHHS IPOTPAMORO 155 TIPHCBOEHHH BHILOIO/HMKIOTO OPiopu-
tery nepepusarato INT1 ~

P 1 PI0 Bir npiopurery Tafivepa 0. Tlpaizoe asa‘toriubo IP.3

IHO0 PXO Bir npiopurery 30BHimHboro nepepusanns (). [pamoe anainoriuno
P2

30BHILIHI TIepePUBaHHS CIPHAMAIOTECS ab0 3a MEpPeXoUOM CHUrHATy

Ha Bxoaax IN70 ta INT1 3 H-piBHsA y L-piBenb, aG0 3a HyNbOBUM piBHEM
cUTHaIy 3aexxno B cTany 6itis /70, [71 perictpa TCON (ans. tabn. 7.7).
Ipu nepepuBanHi 33 HYILOBUM PIBHEM 1ieii pIBEHb Ma€ YTPHMYBaTUCSA HE
MeHe, Hik 12 nepiojiB curgamy takToBoi gacroTd (LK. Tlpu HaaxomwkeH-
Hi OJIHOTO i3 cHTHANIR INT0 abo INT1 BCTAaHORIHOETHCS npanopens /10 abo
IE1 y perictpi TCON, mo BUKITHUKAE BiMORIHE ITePEPHBAHHA,
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Cxunapnsa npanopuis /0 abo IE1 3piicHIOETHCA amapaTHO AWINE B
TOMY pasl, SKIO NEPEepUBaHHA 3TIMCHFOETHCA 32 NEPEXOAOM 3 ORMHHII B
HYJIb CUTHATY.

Slxio nepepuBaHHA 3yMOBJIEHE HYJIHOBAM DPIiBHEM CHTHATY, TO CKH-
Aanssam npanopuis /£0 a6o /E1 xepye BiAmoBinHa MANporpaMa o6cIyroBy-
BaHHs HEepepUBaHHI Yepe3 BIUIUB Ha [KEPENO [epepUBaHHA 3 METOO 3HATTA
HHUM 3a1UTY.

IlepepuBanHsa Bix TaliMepiB/MIYANTEHUKIB BHKIUKAIOTECS OJAWHMYHU-
MM 3HaveHHAMU npanopuis 7F0 abo 7F1 y perictpi ZCON. Hpanopui 770
Ta 77’1 RCTAHOBIIOIOThCA NIPHU NEPETIOBHEHHI BIANOBIIHUX TakiMepiB. Cku-
JaaHs npanopuis 7570 ta TF1 BUKOHYETHCA aBTOMATHYHO IIPU Mepexol 10
nignporpaM o6pobxu nepepuBaHsb.

TlepepyBaHHas Bif MOCTiZOBHOTO MOPTY BHKIMKAOTHCA BCTAaHOBIECH-
HsM mpaniopuiB 77 abo RI y perictpi SCON. Cxunanss npanopiis 77 abo R/
37€01TBIIOT0 34iHCHIOETRCA Y MANpOrpaMi 06poOKY IEpepUBAHHS.

Kosxnwif 3 omicaHix TUITiB IepepUBaHb MOKE OyTH 103BOJICHHIA abo 3a-
HopoHeHMIt 3a TOTIOMOTO0 BCTAHOBJICHHA/CKMIAHHA BIAIIOBIHOTO GiTa B peri-
crpi [E (um. Tabn. 7.8). Cxupannam Gita E4 MoXHA 0HOYACHO 3a00pOHUTH
BCI TIEpepHBAHHS.

Jlo ckmamy CHCTEMH TEpepPUBaHb BXOZUITH TakoXK JIOTiKa 0OpobkH
TPATIOPINB TIepeprBaHb 1 cxemMa GopMyBaHHA BEKTOPa nepeprrannd. Jlori-
Ka 06poOKU Npanoplis mepepuBaHs 3MiMcHIOE TipiopuTeTHUH BUbip 3anuTy
IiepepUBaHHA, CKUJAHHA BIAIOBITHOTO Mpanoplid Ta IHILIIoE aapaTHy pe-
amizalilo KOMaHgu Iepexojy Ha MiAnporpaMy oOCIiyrOBYBAaHHS NEPEpH-
BaHHia. Ko)XHOMY 3 pkepen IepepHBaHb 3a JONOMOTOI0 BCTAHOBIECH-
HA/CKUIaHHA BiamosifsOoro Oita B perictpi /P (mue. tabn. 7.9) npHcBoiO-
I0TH OJWH 3 ABOX PIBHIB IPIOPUTETY — BUCOKUIT abo Hm3bkmif. 1Iporpama
00po0KY TepeprUBaHHA MOXe NepepUBATHCA 1HIIUM 3aTIUTOM TIepEPUBAHHS
TOTO €aMoro piBHsA npiopurery. Ilporpama oOpoOku, AKa Mae HU3bKUI pi-
BEHbL TIEPEPUBAHB, MOXe OyTH IepepBaHa 3ailMTOM IIepepuBaHHSA 3 BHUCO-
kuM piBaeM. [Tpy ofHOUACHOMY HAIXODKEHHI 3alIMTIB 3 PI3HUMU PiBHAMU
crioyaTky oOCIyroBY€EThCA 3aliT 3 BUCOKHMM piBHeM Ipioputery. [lpu ox-
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HOYaCHOMY HAJIXOKCHHI 3aIMTIB 3 OMHAKOBHUMH PIBHSMHA 00poOKa ix 37iiic-
HIOETBLCS B MOPAIKY NOCHIIOBHOCTI BHYTPIINHLOr0 ONMUTYBAHHS IPAIOPHIB
(HaupaM BKa3aHO CTPINKOO HA pHc. 7.19).

CxeMa (opMmyBaHHA BeKTOpa NepepuBaHHsA GopMye ABoOaiTOBI aa-
pecu mignporpamM oOCIYroByBaHHS TepEPHUBAHHA 3aJIEXHO BiJ JpKepena
riepepuBanHd (Tabn. 7.10). '

Tabruya 7.10. BexTopu nepepuBaHHs

Jxepeno nepepuBaBHs BexTop nepeprsanHs
3osnimue nepepusannas INT 0 00031
Taitmep/ainansaux 77C0 000BH
3OBHIIMHE NEpepUBaHHS INT1 0013H
Taiimep/tisaux 7/C1 001BH
Tocnigosamii nopr 0023H

Pexnvn eneprocnokupanasgs OMK B OMK, BukoHanux 3a n-
MJIH-texnomnorieto, perictp PCON mictuth muie 1 6it SMOD, mo kepye
IMBUJKICTIO Iepefadl IOCHiTOBHOrO mopTy. ToMy mid HUX iCHyE JiMIne
DEMCUM FHUNCEHO20 EHEPLOCRONCUBAHHS, KA 3a0e3neYy€e KUBIICHHA BHY-
tpitaboro O3], K0 3HAYEHHs CUTHANY Ha BUBOAL RST 6Ginblue, HiK Ha
rUBOAl Upqe. Le peamizyeThes 3a JOTOMOIOIO ABOX JIOAIB, 3 KaTORIB AKHUX
smiicHIoeTecA xusaenns O3[1, a ix aHoauw 3 egdani 3 BuBojgamu RST Ta
Uce (puc. 7.20).

Uce
U,

ELLY

RST
Puc. 7.20. 3abesnevenits ocusienns Q311 y pescumi suudcenozo cnocusanus

B OMK, Bukonannx 3a KMJIH-TexHoNOriI€IO0, € IBA PEKUMU 3HUXKE-
HOTO EHEPrOCHOKUBAHHA. peNCUM X0A0CMO20 X0OY Ta PEIKUM MIKPOCHO-
ocusanta. JIepenom KUBICHHA B WX pexnMax € BUBIZ U c. Bubip i ke~

pyBaHHd peXUMaM{ 3AIACHIOETLCSA 3a JIONIOMOTON) PEricCTpa KepyBaHHs

471



MikponpouyecopHa mexHika

cnoxusanHaM PCON. Anpecauis okpemux 6itis y perictpi PCON He n‘pn—

nycrmvxa ®opwmar pericrpa PCON HaseneHo B a6, 7.11.

Tabruya 7.11. Mlosnayenns 6itis pericrpa PCON

Poapin 7.00HokpucmansHi MikpokoHmponiepu 3 cisc-apximekmypoto

Bir ITosHaueHHs TMpusnagenns TTpumiTkn
7 SMOD BiT noABOECHHA INBHAKOCTI Kepye po6oToro mocIigoBHOrO
(Serial MODe) | mepeaaui nopry. Ipn SMOD = 1 weua-
KICTb NEpeAadl OJBOIETHCL B
pexumax 1, 2, 3 nocaigosHOro
nopTy
6
S - Pe3cpBHuit -
4
3 GF1(General I X
purpose Flag bit) y ;; 1‘::{1::" Sara;pHOTo Npk- -
2 GF2
1 PD Bit BMuKauHg pexiy Mikpo- | Timexa s KMIH-rex-
(Power Down bit) | cioxuBasss nonoriit. Axmo PD i1 IDL ox-
0 IDL Bir yCTAHOBIEHHS PEXKUMY HOYACHO JOPIBHIOIOTH OJMHN-
(IDLe mode bit) | xon0CTOTO X0AY ui, To mepenary Mae PD, tobTo |
aBTOMATHYHO 06upacTLCa pe-
|- SKHM MIKPOCHIOXMBAHHS

PexkumM 3HMKEHOTO0 €HEproCrOXKHUBAHHA IHIIIIOIOTECA BCTAHOBIEH-
HaM OiTiB PD Ta IDL. Brumve 3HaveHHs 1MX GiTiB Ha (JOpMyBaHHS TAKTO-

BHX cursaniB 61okiB OMK mokaszano Ha puc. 7.21.

I

T

Ha cucremy
ICpepUBaAHb,
TIOCIIAOBHEIM
nopr, 610K

P ()

1 QopMyBad IMIVIECIB
CHHXpOHI3aNii

taliMepis

Puc. 7.21. Bnaus 6imie PD i IDL na gopmyeanun cuznanic OMK
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Pestcun xor0cmoeo x00y 3aiaeThcs KOMAHIO, SKa BCTAHOBIOE OIT
IDL B opunwmino, Hanpuknan, MOV PCON, #01. Y uboMy pexumi GIIOKy-
0Thes QyHKWioHANBHI By3nu 6noka LT (CPU). BayTpimsid redeparop
CHTHAJIIB CHHXpOHI3aLii npogoskye po6oty. Yci pericTpu, BKasiBHUK cTe-
Ka, nporpaMHuii iunsauk, PSW, akyMyaatop Ta Baytpinmii O3I1 36epi-
raroTh cBoi 3HaueHHA. Ha BHBOIAX YCIX MOPTIB YTPUMYE€ThCA 7O JOrIHMIA
cTaH, Ak OyR Ha HUX Y MOMEHT IlepexoAy B PexXuM xojocroro xoay. Ha
BuBojax ALE Ta PME §opMy€eTsCS PiBEHE TOTTHHOI OMUHULIL

Icnye mBa ciocoOM BUXOIY 3 PeKUMY XOJIOCTOIO X0y — 3a NepepHBaH-
HAM a00 33 CHTHAJIOM anaparHOIo CKHfAaHHs 1o BXoAy RS7. AKTHBi3aus
Oy Ib-AKOro [J03BOJICHOIO NEPEPHUBAHHS aBTOMATHYHO BEje /10 BCTAHOBJICHHA
IDL y nynms, 100TO [0 IPHITHHEHHA PeKUMY Xon0cToro xoay. Ilicns sukonan-
Ha KoMaHm RETT (BUXIZ 3 THANPOTpaMHA 00CIyrOBYBaHHS IepepHBans) Oyie
BUKOHAHO KOMaHJy, HACTYIIHY 33 KoMaHIoo, aka nepesena OMK y pexum
XOIIOCTOIO XOAY.

3aKiHYeHHA peKUMY XOJOCTOTO X0y BiOYBAETHCS TAKOK 3 [OABOIO
CUTHAIIy anapartHOr0 CKUJAHHA Ha BUBOM RST TPUBANCTHO HE MEHIIE ABOX
MAUITHHIX [UKTiB, AKTHBHUI CHIHAN HA BUBOMI RST ACHIXPOUMHO CKUJAE
o1 /). y norivuamit Hynbk. OCKUILKH TakToBU# redeparop npamoe, OMK Bin-
pasy 1icns ckWAaHHA [D] y noriuHuii HyIlh HOYMHAE BUKOHYBATH 1IPOTPaMy 3
KOMaH/IM, HaCTYITHOI TICIA KOMAHIM, fKa BUKIMKANA PeXUM XOIOCTOTO XO0-
Jy. Tpvmanicts iHTEpBally Mix cKulaHHaMm Oita D] ta MOMEHTOM, KoY
BMHKACTLCS BHY TPILUHIH aJirOpWTM CKHAAHHSA, MOXE CTAHOBHTH 10 ABOX Ma-
WHHHUX [EKIB. [TpoTaroM 1boro iHtepBamy GIOKyeThes OCTYIT 10 BHY TPI-
muporo O311, aje He GNOKyeTbesA HOcTyN 10 MopTiB. ToMy HeOaKaHO BUKO-
PHUCTOBYBATH KOMAHAHW 3BEPHEHHA 0 NMOPTIB 03NOCCPEHBO MICHA KOMaHIU
BCTaHOBJEHHA Oita IDL.

bitu G0 ta GF1 (auB. ta6r. 7.11) 3pyuHo BUKOPWUCTOBVBATH UL
BU3HAYCHHA TOTO PEXUMY, Y SIKOMY BLAOYBCS BHKIHK MporpaMu o6polkn
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JTIepepMBaHHs: HOpMAIBHOIO pexuMy abo pexuMmy xonocroro xoxy. Ha-
NpHKIA], KOMAaHIa, SKa BUKIUKEE PEXUM XOIOCTOr0 XOAY, MOMKE TaKOXK
YCTaHOBIIOBATH OJHH ado Jekinbka npanoplis (GFO, GF1 abo iaui). TTpo-
rpaMa o0poOKH HepeprBaHHA, TIEPEBIPAIOYH LI MPANOPLI, MOXKE BU3HAYATH
pekuM, y AKOMY € IEPEPUBAHHA CTANOCH.

Pesicum mixpocnosicueanta HIIIOETECA BCTaHOBIGHHAM Oita PD B
ORVHWYHUE cTaH, HarpHKIan, 3a komaHnow MOV PCON, #02. Y upoMmy
pexUMIi reHepaTop BMMUKAETHCA, MPHIHHAIOYH poGoTy Beix By3nis OMK,
36epiraeTecs TinskH BMicT O3I1 ta pericTpis cnerianbHux ¢ynkuii. Ha
BUBOJIAX MOPTIB YTPUMYIOThCA 3HAUCHHS, SKI BIAMOBIAAIOTH YMiCTY iX OY-
deprux perictpis. Buxoau curnanis ALE Ta. PME cKuAaroThcs.. Enektpo-
JKUBJICHHS BinOyBacThCs Yepes BUBIA RST/Upp. Y LBOMY pexuMi Hampyra
Ucc Moxe OyTu 3MenineHa A0 2 B | Mac BIAHOBUTHCS 10 HOMIHAJIBHOTO
3HAYEHHA [Iepelt BUXOJIOM 3 PEXKUMY, 3AIMCHUTH AKUI MOKHA NKIIE 33 CUT-
HAIIOM arapaTHOTO CKHUAAHHA Ha BUBOAI RST TpHBAmicTIO He MeHme 10 mc
(gac BiZHOBJIEHHA POOOTU reHeparopa iMIyibciB cuuxponizanii). Ilpu og-
HodgacHoMYy 3HauenHi /DL = 1 ta PD = 1 neperary mMae 0ir PD.

KoHTponbHi 3anuTaHHsA

1. HasgiTb ocHOBHI cxiianosl 6ok OMK.

N

ITosACHITH CTPYKTYpY Ta NpuHUMI (YHKUIOHYBAHHS 610Ka KepyBaH-
1 OMK.

SIK 3aificHIOE TBCA CUHXPOHI3aIlis pob0TH OCHOBHUX Otokie OMK?
Hassits npusHaYeHHA Ta XapakrepucTuku PITTT.

HasBiTh MPU3HAYCHHS Ta xapakrepuctuxu PITJL

HaspiTs npusHaueHHA Ta pesxiuMu poO6OTH TaiiMepiB.

HasgiTe npuzHauenHa Ta pexumu pobotu moprie OMK.

® NN kW

HasBiTh Ipu3HaveHHs Ta pexxuMH PobOTH TOCIIZOBHOrO MOPTY
OMK.
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9. Haspirs npu3HaYeHHA CUCTEMH IEPEpPUBAHb 1 JPKepelia NepeprBaHb
B OMK.
10. IlostcHiTh MPUHUMII HPIOPUTETHOT 0OPOOKH 3aHUTIB EpePUBaHb.
11. Sxi icHy10Th pexuMy poSOTH IOCTiZOBHOTO MOpTy?

7.2. Cuctema komaH

Cuctrema xoMaug OMK K1816BES1 micturs 111 xomara, AKi MOKHA
MOJ{UIMTH Ha T’ ATh TPYIT: '
1) KoMaHIM nepecHIIaHHs,
2) apu(MeTHYHI KOMAHIM;
3) - IOTIYHI KOMAH/IH;
4) xoMasjwM onepailiif 3 GiTaMu;
5) komaHZW EpexoB.
Binbwicts xomanx (94) marote ¢opmar 1-2 6aiiT i BUKOHYIOTHCH 32
1-2 muknu (npu TakroBidt wactoTi 12 MI'U TpuBamicTh UMKITY JOPIRHIOE
T mKc).
B OMK BHKOPUCTOBYIOTHCA TaKi TUITH aapecalii:
- psAMa,;
- oe3nocepenHs;
- HeTIpsiMa.
Cucremy komana OMK K1816BES1 naseyeno B tabn. 7.12, 1e Buko-
PUCTAHO TaKi NO3HAYCHHS;
R — oann 3 perictpiB RO-K7,
r —perictp RO abo R1;
ad — oair 3 PT1J] 33 npsamoro agpecoro (Y KoMaH Il BkasyeTses abo aj-
peca Oaiita — 00-FF, abo MozHAue€HHA OAHOIO 3 PETICTPIB CIICHIAIBHUX
dyuxii SFR, nanpukiaa, THO, P1, TCON, SBUFY,
#data — Ge3nocepeHi 8-po3psaHi AaHi (TIepes YHCIOBUMY 3HaUEHHIMN
CTaBJIATH 3HAK #, HATTpUKNa, #34);
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dl6 —
add -

GesnocepeaHi 16-po3psni naHi;
GaliT-npniAMad 3 IPSMOL0 aapecalli€eio,

ads — GaliT-JDKepeno 3 IPAMOI0 ajpecalli€lo;

adl6 — 16-po3panHa aapeca;

adll — 11-po3panHa axpeca;

ad8 —

8-po3psaHa anpeca-3MilleHHT,

My{(..) — xoMipka nam’aTi (y Iy:KKax BKazaHO ajpecy; IHIEKC BKasye

Tn nam’a1i: PITJ] — pesunenTHa mam’ath ganux, 3I1J] — 30BHIIUHA TaM’aTh

nmaaux, [111 — mam’ a6 Iporpam);

bit — OiT 3 mpAMoOl0 aipecauicro (y KOMaHIi BKa3yeThCcs abo azpeca

Oita — 00—FF, abo po3rauryBaHHs oro B PEriCTpPi CrEIialibHUX (yHKLIH,

Harmpuknax ACC.0 — HynpoBuit 6iT akymynstopa; £1.2 — apyruii 6iT nopty

1 a6o no3HaueHH 6ita B pericTpi cnenwiaTbHUX QyHKIiH (Hanpukrag, F4 —

61T 3araTbHOTO JI03BONY IEpEePUBAHD).

Tabnuysa 7.12. Cuctema xomang OMK K1816BES51

IIpoooexcenns maba. 7.12

Muemokox Omuc Anropurm | Batir | ukn
1 2 3 4 5
KOMAHIU NEPECUJIAHHA
MOV A, R |Tlepecunanns JaHUX 3 PericTpa B aKyMymIsrop A«R 1 1
MOV 4, ad |llepecunanns B akyMyasTop Oaiita 3 mpsavoro agpeca- A «ad 2 1
Ui
MOV A, @r |lepecunanns Galita 3 PIIJL B akynmyasTop Ae Moy (n] 1 1
MOV A #data |lepecnnanus Gesnocepe Hporo onepanaa B .4 A «fdaia 2 1
MOV R, A |llepecurianns akyMyasTopa B perictp R« A4 1 1
MOV R, ad |Tlepecunanns B perictp 6aiita 3 HPIMO0 aApeCaricio R<-ad 2 2
MOV R, Mepecunanns Gesnocepe HLOro onepania B perictp R « #daia 2 1
#data
MOV ad, A |Tlepecnnanms akyMynsTopa 33 MPAMOIO ATPECOKD ad « A 2 1
MOV ad, R |Hepecnnanns perictpa 3a npaMor0 aipecoio ad <« R 2 2
MOV add, |Ilepecuianns Gaiita 3a NPSMOF0 aAPECOIO add < ads 3 2
ads
M INepecmnanns Gaiira 3 PITJE 3a upsimoxo aapecoro ad « My 2 2
OV ad, @r (65)
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1 2 3 4 5
MOV ad. iidata Tepecumanng GesnocepeHEOro one- ad < #data 3 2
paHja 33 MPSMOI0 AIPECO0
MOV @r, A Tepecnianns axymymaropa B PILL My () < A 1 1
MOV @r, ad Tlepecumanns B PITJ] onepasaa 3a Mo (r) « ad 2 2
OPSIMOIO 3APECOI0
MOV @r, #tdaia Tepecuaanna Ge3nocepeanroro one- | Mpy (r) < #data 2 1
panja B PITJ{
MOV DPTR, #di6  |3abanTaxenHs sxa3siBHHKA JaHHX DPTR < #d16 3 2
MOVC A, Tepecuanns B akymynsrop Gaiiras |4 « Mmm(4 + DPTR)|. 1 2
@wA-DPIR naM’ATi mporpaM
MOVX A, @r Tlepecunanms Gairris i3 3117 B aky- A« My (r) 1 2
MV:IITOp .
MOVX A.  @DPTR  |lepecnianns Gaifra 3 posmupeHol A« Mann(DPIR) 1 2
3I1M B axynmyIsTOP :
MOVX @r, A Tlepecunanms akyMystopa B 311]1 My (<4 1 2
MOVX Tlepecunanns Halita B posmMpeny Mg (DPTR) ¢ A 1 2
@DPIR A 3I1]1 3 akymynsTopa
PUSH ad 3aBaHTaXKEHHA B CTCK SP ¢« SP+ 1, 2 2
Moy (SP) < ad
POP ad ButsarysaHHy 31 cTeKa ad ¢ My (SP). 2 2
SP <SP -1
XCHA, R O6Min akyMynsLTOpa Ta pericTpa A<—>R i 1
XCH A, ad Q06MiH akyMynsTopa Ta baiira 3 nps- A ad 1 i
MOFO aIpecalieio
XCHA, @r O6MiH aKyMYI#TOpa Ta KOMIPKH A > Mo () 1 1
PII
XCHD A, @r OBMiH MOTOAINAX TETPan akyMyna- | Ag.3¢—> My (Mo-s | 1 1
Topa Ta komipki PTIJT
SWAP A OGMi TeTpas B AKYMYISTOpI Aps <> A4 7 1 ]
APHOMETHYHI
KOMAHIN
ADDA, R Hoaasanus perictpa R 1 akymynsro- 4«A4-R 1 1
a
ADD A, ad Jloxasanrs axymystopa Ta Gaiita 3 AeA-+ad 2 1
IPSMOK 3IPECaLi€ro ]
ADD A, @r Honasanus Gaiira 3 PTIJL 1 akymyasro- | 4 < A+ My (1) 1 1
a
ADD A, #data Jloxasanmy KOHCTARTH 3 AKYMYIATO- A« A+ ddata 2 1
oM
ADDC A, R Honasanua R 3 akymyaatopominpa- | A« A+ R~ C 1 i
nopus neperecerud C
ADDC A4, ad JHonasanna akymy:aropa I mpsamo- Aedrads C 2 1
aapecoBadoro Gaiira 3 mpanopiteM C
ADDC A, @r Joaasannsa 6aiira 3 PTIJ 3 akymyma- | 4 « A4 +Mpg(r) + | 1 1
TopoM 1 npanopueM C +(
a77




MikponpoyecopHa mexHika

Poagin 7.08nokpucmansHi MikpokoHmponepu 3 cisc-apximekmyporo

IIpooovsxcenns mada. 7.12

IIpooosoicenns maon. 7.12

1 2 3 4 5
ADDC A, #data | [loZaBaHHA KOHCTAHTH 3 aKyMyIITopoM i | 4 A + sidara + C | 2 1
: npanopueM C
DA A Jecarkosa kopexuis 4 npu JoAasasHi Agmropurm gecarko- |1 1
BOI KOpeKIfi
SUBB A, R BixriMaHH4 3 akyMyasTOpa pericrpa i Aed-R-C 1 1
mpanopr C'
SUBB A4, ad Binuimanng 3 4 Gaitra 3 npaMoro anpeca- Ae-A-ad-C 2 1
wiew i npapoprs C
SUBB A, @r Bianimanns 3 A Gaiita PTU i npanopus C |4 « A~ Mpng(n) - C| 1 1
SUBB A, #data | Bipnivanng 3 A xoncrauti i upanopusi C | A « A —#data—-C 2 1
INC A Inxpement 4 Ae<Ad+1 1 1
INC R Tuxpement perictpa R<R+1 1 ]
INC ad InxpemenT Gaitra 3 IpAMOIO AApECALIERO ad < ad+1 2 1
INC @y Taxpemer Gaitra 5 PTI Mergi(r) < Mo + 1 1 1
1
INC DPTR IskpeMeHT BKa3iBHMKA JaHHX DPTR «-DPTR+ 1 1 2
DECA Jexpemenr 4 AeA-1 1 |
DECR Heipesenr perictpa ReR-1 1 1
DEC ad . Hexpemenr BaifTa 3 MPpsMOk0 agpecamiero ad «ad- 1 2 1
DEC @r Hexpemenr Gaiira B PITIT Men(Pe Mprn (- | 1 1
1
MULAB Mmuozxenun A Ha perictp B (B.A) < AxB 1 4
DIV AB Jinewnss A ua perictp B A« A/B, samumox y B| 1 4
JIOT'TYHI KO-
MAHJIU
ANL A, R Jloriuna onepauis / pericrpa i 4 A<« AAR 1 1
ANL A, ad 1 Gaiira 3 npsMoro aapecauiero i A A« A ANad 2 ]
ANL A, @r _ |J Gasira PIIA1 A A AAMyp() | 1 | 1
ANL A, #data I xoucTanTH i 4 A« A A #data 2 1
ANL ad, A 1 Galtra 2 npsMOIo AAPECaicro i 4 ad<—ad A A 2 1
ANL ad, #data | 1 Gaifra 3 IpIMOI0 aIpecalliero 1 KOHCTaH- | ad «—ad A #data 3 2
™
ORLA4 R ABOpericrpaid A< AVR 1 1
ORL A, ad ABO Gaiira 3 npaMoro aapecauicro i 4 A<« AVad 2 2
ORLA, @r | ABO Gatira PIILi 4 AeAVMe(® | 1 | 1
ORL A, #data | ABO koncranmy i A A < AV #data 2 1
" ORLad A ABO 6aiira 3 ipaMoto agpecanicro i 4 ad «-adV A 2 1
ORL ad, #data ABO Gaiita 3 IpsaMOI0 agpecanico i koH- ad «adV $data 3 2
CTaHTH
XRLA, R BHKJIKOYHE ABO perictpai 4 A< ABDR 1 1
XRL A, ad BHKJTFOYHE ABO 6aiita 3 npsmoro a;1- A A®ad 2 1
pecatiewoi g
XRL A, @r BUKJIOYHE ABO 6aiira PITH i 4 A <A D Mpng (r) 1 1
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1 2 . 3 4 5
XRL A, |BUKIHOYHE ABO xoncramri 1.4 A « A ®idata 2 1
tdata
XRL ad, A | BUKJIHOYHE ABO 6atita 3 mpaMoro agpecanieto i ad «ad® A 2 1
A
XRL ad, | BUKJTHOYHE ABO Gaiira 3 npsamoro aapecauiero i |  ad «ad @ #data 3 2
tdata KOHCTaHTH
CLRA |Cxuganns A A«0 1 1
CPLA |Iusepcin 4 Ae A 1 i
RLA HyknivHuiit 3¢yB 1iBOpyY Apr1 <—Apn =0-6, 1 1
A0 A7
RLC A |3cys aiBopyt uepes npanopeus C Api1 < Ay n=0-6, 1 1
Ao C, C Ay
RRA IaxTiaamit 3cyB MpaBopyy An€~ Ay, n=0-6, 1 1
A7 < 40
RRC A |3cys npasopy4 uepe3s npanopens Ane Apy,n=0-6, 1 1
A7 « C, C « A)
KOMAHJ[U OIIEPAIIIN 3 BITAMHI
CLR C |Cxunauus upanopus Ce«0 1 i
CPL C |Tarepcis npamopus C CeC i 1
SETB C | Ycraworneuns npanoprst C Ce1 1 1
CLR bit |Cxunanns 6ita Bit «- 0 2 1
CPL bit |Insepcis bita Bit « bit 2 1
SETB bit | Ycranosnenss Gira Bit <1 2 1
ANL C, |[Noriune I 61ra 1 mpanopus C e« CAbi 2 2
bit
ANL C, |JToriune I igsepcii 61ra 1 upanopus ¢ C«CAbir 2 2
/bit
ORI C, |Joriune ABO 6ira i npanopua (' Ce«CVbit 2|2
bit
ORL C, |Jormne ABO iupepcii Oita 1 npanopms C C«CVhit 212
bit
MOV C, |Tlepecunanns 0ita y npanopeup C « bit 2 1
bit
MOV bit, | Tlepecunanns npanopusg (y 61t bit « 2 2
C '
IJMP | BeayMoOBHMII ZOBrHif NEpeXiT Y MOBHIA €M- PC «adlo 3 2
adl6 | wocti naM’sTi mporpam
AJMP | Abcontorauil nepexin ycepeauni cropiake | PC « PC+2 2 2
adll 2 xOa#T PCy 10 adll
SIMP | Koporkuii BIZHOCHEHHA nepexiy ycepeauni PC« PCH2 2 2
ads cropiaka [IIT 256 Gaitr PO« PC + ad8
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IIpooosxcenns mabin. 7.12

[ 2

| 3

[ 4]

J

KOMAHIAM HEPEXO/IB

JMP
A+DPTR

HenpaMuii BiIQHOCHHH Tiepexin

PC <« A+ DPTR

1

2

JC ad8

Mepexia, axmo C =1

PCe« PC+2,
skmo C =1,
ro PC < PC + ad8

2

JNC ad8

Tlepexix, axo C =0

PCe PC+2,
sixio C =0,
to PC « PC + ad8

JZ ad8

Tepexin, skmo.4 = 0

PC &« PC+2,
sxmo A =0,
to PC « PC + ads

JNZ ad8

TTepexin, sxmo A # 0

PC « PC+2,
axmo 4 # 0,
to PC < PC + ad8

JB bit, ads

Tepexim, sxmio 6iT KopisHOE 1

PC« PC+3,
SKIno bif =1,
t0 PC « PC + ad8

[F%]

JCB bit,
ad8

Tlepexix, sxmo 61T AopiBHIOE 1 3
HaCTYIHUM CKUaHEIM Oira

PC « PC+3,
sxro bit = 1,
T0 Bit < 0,
PC <« PC + ad8

[

JNB bit,
ad8

Tlepexin, sKimo OiT ZOPIBHIOE O

PC« PC+3,
ko bit =0,
o PC « PC + ad8

DJNZ R, ad8

WexpeMent R 1 nepexid, SKIDO HE HYIlb

PC«PC+2,
Re<R-1,
ko R #0,

10 PC « PC + ad$

JNZ ad, ad8

RexpemenT Gaifra 3 IPAMOIO anpecani-
€10 1 Iepexia, FKINo HE HYTb

PC e« PC+2,

ad «ad - 1,

Ko ad = 0,
10 PC «- PC + ad8

(V5]
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IIpodosxrcerna mabn. 7.12

1

2

3

4

CJNE A,
ddata, ad8

Hopiersrma A 3 KOHCTAHTORO I nEpe-
X1, KO HE AOPIBHIOE

PC« PC+3,
axino A ##data,
10 PC « PC + ad8;
axmo 4 < #data,
10 C = 1, iHaxne C=0

3

CINER,
#data, ad8

TopiBHAHHA pericTpa 3 KOHCTAHTO
1 HEpEXiA, AXIO He JOPIBHIOE

PC« PC+3,
axmo R ##data,
10 PC ~ PC + ad8,
smio R <#data,
10 C =1, inaxme C=0

CJNE @r,
#data, ad8

Hopisusara Gaiita 8 PII 3 koncran-
TOKO 1 mEpeXijl, AKIIO0 He A0PIBHIOE

PC« PC+3,
axwo Merg(7) # #data,
10 PC ¢ PC + ad8;
sio Mpr (7) < #data,
10 C= 1, maxuwe =0

LCALL ad16

JToRruit BRICIAK MANpPOrpaMH

PC &« PC+3,

SP <« SP+ 1,
ll/[p[m(.S'I’) « PCO-17.
SPeSP+1,
Mp(SP) « PC8 - 15,

_ PC <« adlé

ACALL ad1l

AGCOMIOTHAH BHKIUK [0 ANPOrpaMu
BCEpEANHI CTOPIHKH 2 kOaiir

PC« PC+2,
SP« SP+1,
My (SP) - PCo.7,
SP« SP+1,
Meryt (SP) < PCyys,
I)Co 10 adll

RET

[MoBcpHenua 3 mianporpaym*

PCy.as5 < Mpm (SP).
SP « SP -1,

P C‘o. 7€ Mprm (S[’),
SP « SP - 1

RET]

IMoBepuenas 3 mianporpamMu 06podkn
TicpepHBaHHT* *

P Cs. NER MPIU((SP ),
SP - SP -1,
PCyq7¢ AJPIIJL (SP),
SP«8SP-1

NOP

Hemae onepanii

PC«PC+1

CJNE A, ad,
ad8

TTopisuanes 4 Gaiita 3 OPAMOIO agpe-
caui€lo 1 mepexil, SKmo He JA0pPiBHIOE

PC«PC+3,
sano A # ad,
10 PC « PC +ad8,
swmo 4 <ad, o C=1,
ixakme C=0
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* KoMaHza He BINUBAE Ha HPanopri.

** KoMaHzia BCTAHOBIIOE JIOTIKY NEPEPUBAHDL. HO3BONSE MPHIOM NEPEPUBARD 3

PIBHEM LPIOPHTETY, N0 TOPIBHIOE PIBHIO HEPEPUBAHASL, ke 0OPOGIANOCc nepe)| KM,
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Bomis koMan Ha mipanopii imoctpye Taém. 7.13, B AKil mo3HaueHo:
«+» = KOManja BIUIMBAE Ha Mparopelb, «—» — He BIUIHRAE, «1» — BCTAHOB-
aroe B 1; «0» — ckuae B Hy b, '

Tabnuya 7.13. Boume koMaH1 Ha npanopui

Onepargis Komasza oF p alz:)pm ac
Iepecniansa MOV PSW, source + + +
JlojiaBanus ADD, ADDC, SUBB, + + +
MuoxeHHs MUL + 0 —
Hirerms DIV s 0 -
TopisHaHEs 1 nepexig CJINE - + -
JlecATKOBA KOPEKis DAA - +
3cvs RRC, RLC - + -
Kepypasrs mpanopusMu SETB C - 1 -

CLRC - 0 -

CPLC - C -

Komatian pobory 3 bitamu ANL C, bit - + —
ANL C, /bit - + -

ORL C, bit — - -

ORL C, /bit - + -

MOV C, bit - + -

Ipumimxa. Tlpanopens napHOCT] P yCTaHOBIIOETECA 338 KOXKHOK KOMaHAOIO,
mo MoudiKye BMICT aKy My ATOpa 3iiAHoe 13 nuM yMicTom. IIpanopeus myns Z diswa-
HO He ICHY€, OfHAK LpH BEKOHaHHI KomaHA JZ, JNZ BinOyBacThea mopistsamn A 3
HYJIEM.

KoHTponbHi 3anuTaHHsA

1. Yum Binpizasersca npanopeis Hyns B OMK K1816BES1 ta MII
180867

2. SIki € rpynu komaya?

3. SIxi omepaliii MOKJIIMBI Haj Gitamu?

4. SIxi apudpMerwuni omepauii MoxkHa 3milicHroBarn B OMK
Ki816BES1?

5. SIxi noriuni onepauii MoxHa 3mikicuroBa B OMK K1816BE51?

Cxinbku icHye GafiTiB 3 IPAMOIO agpecalicro?

>

7. Slxkumu  dopMaTaMu JaHMX onepye cucteMa komaHa OMK
K1816BE51? '
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7.3. PO3WMpeHHs MOXITUBOCTENH OAHOKPUCTANbHUX
MiKpPOKOHTpoOnepiBs

Jnsa posmupenns MoximBocteit OMK BHKOPHCTOBYIOTH. pO3LIMPEH-
HA aM’ATi OporpaM, po3UIMpPeHHs NaM ATi JaHUX, POIIMHUPEHHS MPOCTOpY
BBEIEHHA-BUBE IEHHSL.

Po3mmpenns nam’ari nporpaM. Po3mupeHHs maM’aTi nporpam Jo
64 KGaifT BUKOHY€ThCs npueanannsM 3oHimHixX BIC II3IT g0 OMK. Ilpu
1IbOMY, SIKIUO Ha BUBIT EA4 [MOJAHO JIOTIYHY OJMHMIIO, TO BUKOPHCTOBY€Th-
Csl AK BHYTpIIHA, Tak 1 30BHIMIHS IIaM ATh TporpaM. mpu agpecax 00—
OFFFH 3BepHEHHS BiIOYBarOThCS N0 BHYTPIHBOI, Mpw aapecax 1000H-
FFFFH — 1o 30BHIIMHEOI naM’sTi nporpaM. SIKio Ha BUBiY £A roaaHo no-
TIHHUR HYTh, TO 3BEPHEHHS BiIGYBAIOTHCS TITHKY KO 30BHITHHLOI Mam’4Ti
IporpaM.

DyHKUIOHANBHY CXEMY 3 €JIHAHHS 30BHIIIHBOI T1aM’ATi TIPOrpam Io-
KazaHo Ha puc. 7.22. Yepes noptu PO i P2 nepenaroTbcs MONOALIA 1 cTap-
ma YacTuHH 16-po3psapHoi aapecH KoMIpKa 30BHILIHEOI naM’ ATl o CYITpo-
BOIDKYETBCA CHIHANOM ALE. Aapeca yTpUMY€ETBCA Ha BUBOJ@X HopTy F2
JIPOTATOM YChOIO MAlIWHHOTO IIMKIY 3BEPHEHHS IO I1aM’ATI. a Ha BUBOJIAX
nopry PO — nuine gpoTAroM OJIHOrO CTaHy MaluMHHOro uvkny. Tomy mo-
NOAUIA YacTHHA AJIPECH 3anaM ATOBYETHCA B pericTpi-3aMky R(; 3a cMrna-
noM ALL. Tlicns Bugadi monoputoro 6aiita agpecu rmopr 70 nepexolinTs y
BHCOKOIMITEJAHCHMIA CTAaH T4 OXIKYETHCH HAAX0JOKEHHA Aanux 13 TI3[1.

80C51 EPROM
t— PO Hani
(koan
FA >-l RG KOMaH,1)
ALE —FT Aapeca
P2 -
PMIE {, " OF

Puc. 7.22. Oynxyionarona cxema 3’ €OHAHNA 306HIWNBOT RAM AMI nPOZpam

3 OMK
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IMopt PO dyHKIIOHYE - 9K MYIBTHITIEKCOBAHA NIMHA aJpPECH/HAHWX.
Curnan PME ¢opMyeThea ABIYl 3a MamuuaHui nuki. Lieil curHan no3so-
nsie Bubipky Oatita 3 I131]. Takum uuHOM, MPOTITOM OFHOTO MAIMHHOIO
KTy BubHUpacTecs ABa OaliTh xoMaHau. Skimo KomaHna ojHoOaiirosa,
OpyTuit dakT irHopyeTbes. Lleit Oaiit o6upaeThes Ipy TiepeXoi 10 HacTyIl-

~ HOI KOMaHIu,

YacoBi miarpaMi MalIMHHUX LHWKIIB YHTAHHS 30BHILIHBOI IaMm ATi
Hporpam ImokasaHo Ha puc. 7.23.

ManmHemi TpEcT Marmmvsaui KT
S1 l S2 54 S6 S‘l S4 1 85| 86

N e e e e
e L L L

RD

P2 X PCH ou X PCH ot PCH ou X FCH out X FCHou

MamusHu 1ot 1 —_T__ Mawmsgait nuxr 2 .

S1}82|83 54 SS‘

S4 l S5 l S6 | S1 lSZ

ALE [_

—

=

-

PME |

L

L

_— | I

P2 X PC‘H out X . DPHaGoP2out X PcHouw X PCHout
Addr D
out in

Puc. 7.23. Yacosi Oiazpamu MAUUHHUX YUKTIE YUNAHHA 306HIUHbOL nav 'smi
npozpam: a -- He sukoHyemuvea komanoa MOVX; 6 — suxonyemvcs komanda MOVX;
PCL out — sudasa monoouiozo 6aiima aivunbruxa komano PC; PCH out ~ sudava cimap-

w020 Gaitma aivuienuxa komano PC; DPH — sudaua cmapmozo 6aiima pezicmpa DPTR;

484

Posnin 7.08noxkpucmansHi Mikpoxormparnepu 3 cisc-apximekmyporo

P2 out — suoaua eaticmy pezicmpa gixcamopa nopmy P2; Addr out — eudaua monooutoco
baiima aopecu 306uiuHLOF hay ami danx 3 pezicmpis RO, R1 abo pezicmpa DPL; D in -
Yeedenns baiima xoManou abo darnix

1Ipu BukoHaHHI koMas1u MOVX curnan ALE dopmyeTbes y Apyromy
MallMHHOMY UK JIMIIE OJUH pas.

3azHagnmo, mo ko OMK npartioe 3 BHY TPIMIHBOO IAM ATTIO TIPO-
rpam, To curHan PME He QOpMYyEThCA, i agpeca Ha iopTu PO i P2 He BUja-
eTecs. Hpore curnan ALE 1 B 1IboMy BUNAAKY (POPMYETHCS Bidl 32 [1EPIOA,
SKIIO HE BI/IKOHy.CTI:CH komaHza MOVX. Busig ALE MoXHA BUKOPHUCTOBY-
BATH K BUX1THUM CHTHAT CUHXPOHI3aLlii.

Pozumipenns maM’ati ganux. B OMK nepenbaueHo MOXKIHBICTD
poslIHpeHHs IIaM’saTi gaHux 10 64 KOalT 3’cnaHamusM 3osHIimHIX BIC
mam’ati 3 OMK. Ha puc. 7.24 rokazaHo QYHKUIOHAIBHY CXeMy 3’ €JHaHHA
30BHIIHKOI amM’ ATi Hanux 3 OMK.

80C51 RAM

L RG

PO

Hani

v

v
\_W_j
&
=]

&
e}
&

Puc. 7.24. Oyuryionaiona cxema 3 ednanns 306nivinooi nast smi danux 3 OMK

Yacopi jiarpaMu WHKITIB YUTaHHA | 3a1IMCY B 30BHILIHIO 1AM’ ATb Ja-
HUX LmocTpye puc. 7.25. 3'enHanna nam’ari aaamx 3 OMK ananoriuse
3’ €IHAHHIO TIaM’ 4Tl NPOrpam.
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54 S5 St §1 a 82 , 53 54 - S3

6
i I 1
IPl'PZ.PllPZ]PIJPZ‘Pl P2 Pl .P2 P1 P2 Pl;PZJPl]PZJ

= [UUUTUUUUUUUUUUuuL

AL

PCL out, axmo nam’ a1b

RD
D in OTpaM 30BHINIBS
PO : DPL abo z z
Ri out
PCH ab
P2 met DPH 60 P2 out PCH ao P2 out

Puc. 7.25. Yacosi oiazpavu yurnis:
a — HUMAHHA 306HIWHLOT NaM ami 0anux, 6 - 3aNuc y 308HIUIHIO RAM SIb OAHUX
(Hus. maxoorc ¢. 362.)

S4|S5IS6|S1‘6|SZ|S3 S4'val
IPI"PZ Pl;PZ Pl P2 P11P2, Pl P2‘\P1 P2 Pl P2 P11P2

- [JUUUUUUTUUUUUUUuUL

ALE

WR ‘ PCL out, axmo naM’ 9Tk
TPOrpaM 30BHIMIHA

PO
DPL abo

Py PCHbo DPH a60 P2 out PCH abo P2 out

Puc. 7.25. 3axinvenns

Sxmo tpeda, B OMK MOXYyTh OZHOYACHO BUKOPHCTOBYBATHCSA 30B-

HIIIHS aM’ATh JaHuX 1 1aM’ STb nporpaM (puc. 7.26).
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80C51 RAM
~tia—- PO Jlani
RG
EA ‘f]_

f"‘-] STB Anpeca
® 1
WR WE

PME ¢——
EPROM
Hami
Anpeca
OFE

Puc. 7.26. Qyuxyionarona cxema OMK i3 308Hiunvo10 nas simmio oanux

i npocpam

PosmupenHss mpocTopy BBeeHHS-BHBeIeHHA. OIHY 3 MOXKIMBUX
cXeM 3 ¢IHaHHA KOHTpoJiepa KIaslatypu 1 aucimes 3 OMK rokasaso Ha

puc. 7.27.
80CS1 o
0 DO-D7 RO-R7
e
ALE »| CLK
CNIL
P1.0 » A0 SHET
— Pl | IRQ £
RD »o RD S0
WR ! »OWR Sl
—ﬂ RESET 52

Puc. 7.27. 3’conanns xonmporepa kiagiamypu i oucnaes 3 OMK
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Tlpn TakoMy 3 €QHaHl ajpeca KOHTpOJEpa BXOAUTbL 10 aApecHOTo
HpOCTOpY 30BHIIMHEO] ITam’sTi ganux. Jlinia P1.0 mopty Pl 3’ennyerscs 3
miniero A0 KoHTponepa 1 Mae OyTu BcraHOBNeHA abo CKUHYTa Ilepel] 3Bep-
HenustM OMK 110 xOHTpoJiepa 3ajeXHO BiJ TUIy 3BEPHEHHS (KCpyBaHHsA
abo mepemaya JaHuX). BXix BuGipku xpuctana KOHTponepa 3°€IHaHUH 13
3eMJISHOK JIHIEH), TOMY KOHTPOIep 3aBi i roToBHi 10 00MiHy iHbOpMa-
wicro 3 OMK. Buxing curHagy 3amuTy TepepuBaHHs /R() KoHTponepa
3 ¢aHanui 3 mimicro 1.1 OMK. OIH/ITyBaHHSI cTany Buxoay IR(Q) 3milicuro-
€TBCS [U1A BI3HAUCHHSA (axTy HaTHCKAHHS KiIaBiIi.

ITyHa ganux 1 TiHil YMTaHHEL/3amucy KOHTpoiepa 00’ € AHy0Thes 6e3-
nocepeaHbo 3 BianoriqHIME TiHiaME OMK. Ha Bxig CLK nojacThes cur-
Han yactoToro npubausno 2 MI'y 3 suxony ALE.

KoHTponbHi 3anuTaHHs

1. STk 3aifiCHIOETBCA PO3IMUPEHHS IaM’ ATl mporpam B OMK?

2. Sk 31iHCHIOIOTBCA 3BepHeHﬁa JI0 BHYTPIIUHBOT Ta 3OBHINIHLOT
naM’ati nporpam?

3. 3a monoMoror AKUX TIOPTIB 3AIMCHIOETHCS MEpEaaya aipecH KoMip-
KU 30BHIIIHLO] I1aM’ AT1 TporpaM?

4. Sk 3mifCHIOETRCA PO3MIUPEHHA aM’ 4Tl Aarux B OMK?

5. 3a nomoMoTror SKUX TOPTIB 3AIMCHIOETHCA NEpeaada aipec KoMip-
KH 30BHIINHKOI 11aM’ ATi TaHUX?

6. CKiTBKH JOJATKOBUX TIOPTIB BREACHHA-BUBEICHHA MOXKHA 3°€JHATH
3 OMK?
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7.4. 3acTocyBaHHA OOQHOKPUCTaNbLHOro MiKpOKOHTposepa
83C51FA ans KepyBaHHA [1BUITYHOM MOCTIMHOIO CTPyMy

IBuryAy MOCTIMHOTO CTPyMY TIHPOKO BUKOPHCTOBYHTH Y TIPOMMC-
T0BHUX i MOGYTOBHX IPHCTPoAX. Y GaraThoX BHUIMAAKAX BANITHBUM € Npelu-
3iifHe KepyBaHHS IMBUIKICTIO 00EpTAHHA ABMIVHA TAa MOXIHMBICTE 3MiHH
HanpsaMmy oOepranHs. Harpuknan, IBUT'YH HOCTIMHOTO CTpyMy B NoGyTOBIN
TEXHIL{l MarHiTHOIO 3BYKO3aIMCy Mae o0epTaTucs 3 MOCTIMHOK UIBHAKIC-
Tr0, 3MIHA HAUpPAMY 00epTaHHS JOCATAETHCS 3MIHOK TIOJIIPHOCTI HATIPYTH,
10 mogaeThcsa abo Ha KOIEKTOpHY 00MOTKY, abo Ha 0OMOTKY 30y IKEHHA.

Bukopucranus OMK 83('51F4 no3Bomnse KepyBaTH ABUIYHOM NO-
CTIHHOTO CTPYMY 3 peai3auicly IMUPOTHO-IMITYJIBCHOI MOTY JISALLIT HaMpyTH,
AKa MOJAETHCS HA OOMOTKY 30y, oKeHHS 4d Ha KOJICKTOpHY 06MoTKy. Ha 6a-
31 OMK 83(C51F4 Moxe OyTd 3amporpaMoBaHO IO T SATH IUMPOTHO-
iMITy ibcaUX Mo Ry nstopis (1ITTM).

Onsokpucransruii MikpokorTponep 83C51F4 asuse coboro 8-poz-
pAAHMI MIKPOKOHTpOJiep, o Da3yeTsesa Ha apxiTektypi i8051, ane mae
JeKlIbKa HOBUX (YHKUINA, 30KPEMA MACUE NPOCPAMOGHUX AIUUA6HUKIG -
Programmable  Counter Array (PCA). Macu crianaerbes 3
16-pospandoro Taiimepa P(CA4 T1a 5 okpemux Mmoaynis. Taiimep PCA
CKJTAIA€ThCA 3 NBOX 8-pospaauux perictpie — CL (Monomuii Oairr) Ta
CH (crapmuit 6aiiT), JocTynHuX Juig Beix MoaymB. Taiimep PC'A MoxHa
3arporpaMyBaTy Ha BHKOPUCTAHHA BXIJXHUX JAHMX i3 YOTHPBOX PI3HUX
Iokepen. MakcuManbHa dacTota mudu — 4 MI'u, To6ro 1/4 wacroTu re-
Heparopa. Okpemi BUBOIH NoPTY Pl BUKOPUCTOBYIOTHCS NA B3aCMOIIT
KOXHOr0 MOAYNA 1 TaliMepa 13 30BHIIIHIMU NpucTposmu. Ko BUBOAM
NopTy HEe BUKOPHCTOBYIOTHCSA 1A poboTu Mouymis PCA. BOHU MOXKYTH
OyTH BUKOPHCTaHI AK JHIT 3BUYaHOTO TOPTY BBeICHHA-BUBEIEHHS.

Moxym P(CA MoXHa 3arporpaMyBaTH Ha PeKMM 3aXONNeHHA NoAii
(capture) abo pexuM MOPIBHAHHA (compare), AKAA Ma€ Taki MiPesKUMH:
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IIT, pexuM BHCOKOIIBMAKICHOTO BUBEAEHH , pexum [IIIM (P?VA/I), peXRUM
- CTopoxkoBoro Tafimepa (watchdog-raitmepa) (TLIBKHM IS YETBEPTOIO MO-
ayns). KoxHuit Moayns Mae 8-pospsagmmii perictp pexumy CCAPMn
(tabn. 7.14), 16-po3paaHuil perictp NMOPiIBHAHHA/3AXOIUICHHS, KU CKia-
naeThed 3 ABoX 8-pospsauprux perictpie CCAPnl ta CCAPrH, ne n MO
HabyBatu 3HaueHHd Bix 0 xo 4. ‘ ' ,
VcTaHOBlICHHAM BIAMOBIAHUX OITiB y perictpax pexumie CCAPMn
MOKH@ 3aIIpOrpaMyBaTH KOXKHUA MOAyNb Ha (YHKIIOHYBaHHI B OJHOMY 3
PEXVMIB: 3aXOILICHHA 01T a00 MOPIBHAHHA. _
Tabnuya 7.14. lo3navenns 6iTie pericrpa pexumy CCAPMn

bir | To3uagcHns TpusuaycHus
- He BHKOpPHCTOBYEThCA
6 ECOMn Bit xozeony $ysxuii nopisnsmas; ECOMn = 1 xas dysxii, mo

OTPeOYIOTh OPIBHAHHA BMICTY PEXiCTPIB IIOPIBHAHHS/3aXONICHHA
i3 BMicTom 16-pospsaroro Taiivepa, Hanpucian, §ysxuid [T, Ba-
COKOIIBMAKICHOTO BHBEACHHA, watchdog-Taiivepa

5 CAPPn BiT 3axorieHus 3a NepeAHiM PPOHTOM CHTHATY

4 CAPNn biT 3axonneHns 32 3a0HIM GPOHTOM CHUTHATY

3 MATn Bit Bu3RagcHHs 36iry BMICTY PericTpis 3aXOIUICHH/TIOPIBHAMHS 13
BMictoM 16-pospsasoro TaiimMepa ‘

2 T0Gn Bit 50380y BHBeJEHHA 33 YMOBOIO 30II'y BMICTY pericTpis 3axomn-
JEHHS/TIOPIBHAHHA 13 BMicTOM 16-pospsaaHoro TaiiMepa

1 PWMn Bit gossony resepauii cursany IIIM 3a 36irom moaoauoro Gaiira
BMICTY pericTpa MopiBHAHHA/32XOIUICHHES Ta MOIOAMIOrD Gaifta
sMicty Taiimepa PCA

0 ECCCFn Bit a03Bo:Ty reHepawii mepepuBaH D 3a IPANOPLEM NOPIBHIH-

us/3axoienns CCFn perictpa CCON

Pesicum 3axonnenns nooii. Ilodiero Ha3zuBaeThes Oyb-iKa 3MiHA piB-
Hi curHany Ha sxonax. OMK MokHa 3anporpaMyBaTl Ha BH3HA4eHH:A Ta-

KHX IO

—~  KOXHOT'O Tepexoly PIBHS BXIZHOTO CHUTHATY 3 HYJS B OJUHUITO
(CAPPn=1j,

—  KOXHOTO TIepexody PIBHS BXITHOTO CHUIHAY 3 OAUHUUI B HyJb
(CAPNn=1), '

—~  TOro 4dM iHmoro nepexoxy pisHa curHamy (CAPPn = 1 Ta
CAPNn=1).
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Ilicns Toro, Ak 3amporpaMoBaHa Mojis Bigdyiacs, Yac HACTAHHA Iiei
nofii, BiipaxoBanmii TaiiMepom PCA, pazoM 3 iH$OPMAIIEIG ITPO CTAH BXO-
IiB 3aIHCVEThCA B c¢Tek nofiil FIFO. Onepatis 3anucy 4acy mofii B ¢TeK
Ha3UBAETHCA 3axoniennirm noodii. SIkuro BcTaHoBeHO 61T no3sony ECCFn,
3aXOIUIEHHA HOMIi CYNPOBOJUKYETHCS TEHEpaIl€lo 3anuTy nepepusanss 111
Ha 00CIyrOBYBaHHS MOJYJIA.

Peocun nopignsanna. SIkuio MOAyIb 3aNpOrpaMOBaHO Ha (yHKIIIOHY-
BaHHA B onHOMY 3 Iigpexumie 1opiBHsHAA (I1T, BEHCOKOLBUAKICHHN BH-
BiJt, w-'aichdog-raﬁMep), ‘fiporpamMa 3aBaHTAXYE B PETICTPH 3aXOMIeH-
HsA/TIOPIBHAHHA BEJIHYHHY, AKa MMOPIBHIOETHCA 13 BMIcTOM 16-po3psaHoro
Taiimepa, OMK renepye nepepuBaHHs B pa3i 30ry LUX BENUYHH.

VY nigpexamt 11T BcTaHoBRMIOETECS MIparopelb TIEPETIOBHEHHS ¥ pasi
30ITy 3HauCHb TaiiMepa 1 peTicTpa 3aXOIIeHHS/ TTOPIBHAHHAL.

IlinpexuM BUCOKOIIBUJIKICHOTO BUBOAY OpPWU3HAYECHMI JUISi reHepamii
3aJaHIX O/ y 3ajaHuil Yac. Yac 3a1a€Thest 3HAYSHHSAM pETICTpa 3axorn-
nenus/mopisagHA CCAPn,

Y migpexuMi CTOPOKOBOTO TaiiMepa TeHepyeThes NepepUBatHs, AK-
10 JesKa JUITHKA IPOrpamMy BUKOHYEThCS 3a OlIbImui vac, Hik 3a1aHuil y
perictpi. 1le no3Bonse yumcﬂym‘«3asncaﬂﬂx» NPorpamu.

Iligpesxxnm [ITM - exnHIH pexyM, 110 BUKOPHCTOBY € Tillhky 8-po3-
PAAHUNA pericTp 3aXOIUTeHHA/TIOPIBHARHA. Y cTapmuit Gait (CCAPnH)
00paHoOTO MONYIIA 3aBAHTAXKYEThes 3HaueHus Big 0 go FFH. Tle suauen-
Hi NEPEHOCUTHCH B MOJIOJIUKK GalT TOTO caMoro MOAYJI 1 MOPIBHIOETh-
¢4 3 MonoAmmmM Oailitom perictpa TaiiMmepa FPCA. 3a  ymomu
CL < CCAPnL ma BIANOBIIHOMY BUBOMI BCTAHOBIHOETHCH PIBEHDb JIOTIY-
HOTO HyJs; 32 yMoBH (L > > C'CAPnl, - piseHb TOMTYHOI OXHHALL.

Kpim perictpis CCAPMn, mns 3abesneueHHs pobotu taitmepa PCA
BBEJAECHO e ABa PericTpy cnerianbhux Qyukuiit ~ CCON ta CMOD. Pe-
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rictp CCON (rabn. 7.15) nomyckae GiToBy afpecailifo. Afpeca. pericTpa
CCON —0D8H, 3HaueHHs IpH cxkunanni — 00x00000B.

Tabnuysa 7.15. Mlo3navenua ditis pericrpa CCON

Bir | TlosuaueHus Tpusgagerss
7 CF IIpanopens nepenosHeRHs TaMepa
6 CR 3anyck TadtMepa PCA
5 - He BuxopucToBY€ETBCS
4 CCF4 TIpanoprii MOAyIiB, 0 BUKOPHCTOBYIOTHCS AN BH-
3 CCF3 3HAYEHHS MONYJs, AKMHA renepye nepepuBanns PCA
2 CCF2 ‘
1 CCF1
0 CCFO

Perictp CMOD (1abx. 7.16) He momyckae agpecauilo OKpeMux OiTis.
Agpeca perictpa CMOD — 0D9H, 3navenns npu ckagansi — 00xxx0005.

Tabauya 7.16. Ho3znauenus diris pericrpa CMOD

Bir To3nauenns [TpnzHavenns
5
4 - He BrKOpHCTOBYETECS
3
2 CPS1 BiTH, Mo BH3HAUAIOTE [KEPENIO TAKTYBaHHA TaiiMme-
1 CPSO pa PCA: upu 00 — BryTpimmiii reweparop, F./12;

npu 01 — pEyTpIIHIA Teneparop, F /4, npu 10 ~
mepenoBHeHHs TaliMepa O; ipH 11 — 30BHILTHIA CHT-
nai (ysenenus 3 P1.2)

0 ECF Jo3Bin nepepuBanHs 3a npamnopuem CF

Sxmo oauH 3 MOAYJIB 3anporpamoBannii Ha pexauM LM, To B cra-
punii H6aifT perictpa MOPIBHAHHS HEOOXITHO 3aBAHTAKWUTH 3HaUeHHs Bl O
1o 255, sxe Bu3Hauae koediuieHt samosHers IIIM. Jings OMK 83C51F4
3aBaHTaxkeHHs 0 B CCAPrH Bignosijgae koedimienTy 3anoBHeHHs 1, a 255
(OFFh) — xoedinicary 3amosHenss 0,004. Yacosi miarpamy Ta 3Ha4CHHS
koebinienTa 3arnosHeHHs [IIIM i perictpa CCAPnH naseaero B tabn. 7.17.
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Tabnuys 7.17. YacoBi giarpaMu Ta 3Ha4YeHHd KoediuicHTa 3amoB-
nenns HITM

Koedimi- .
in 3HAuUEHHS peri-

€HT 3aI10B~ crpa CCAPnH
HEHHS

1 00

anizmnﬁ curaan [11IM

0,9 25 | I”—’Iu I “l__l U
0,5 128 BEEEEE
R

3anyck TaitMepa PCA 3pilicHIOETECA BCTaHOBIEHHAM Oita CR (1uB.

0,1 230

0,004 255

tabn. 7.15) perictpa CCON, sxuit ponyckae 6iToBy ampecallito. YCTaHOB-
JIEHHA Ta CKHAAHHA LbOro 0iTa 3MIHCHIOETLCA BIATTOBITHNMH GiTOBUMHM KO-
MaugaMu — CLR bit na SETB bif (nus. Tabn. 7.12).

Mpuxaag 7.1. 3anporpavyBaty MOIYIb 2 JUiA FeHepauii curnany
ITTIM 1 KoTa KepyBaHHS JIBUTYHOM.

HporpaMa Mac TaKui BUTIAA:

MOV |CMOD, #06 ; OBupaeTeCa BOBHIWHIN CUTHAI TakTy-
BaHHA

MOV | CCAPMZ, #42H|; VcTaHOBIOETLCA ninpexum IIM |

MOV | CCAP2H, #0 ; BHaYeHHS HyJNd BiONCBLNAE KoedillieH—-
Ty
; s3anoaHeHHa 100 & (5 V)

SETB | CR ; 3anyck ranMmepa

END

ITpurnMnoBy cXeMy MOJAYIA KEPYBaHHSA ABMIYHOM MOCTIWHOIO CTpY-
My ITOKa3aHo Ha puc. 7.28.
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Puc. 7.28. IIpunyunoea cxema modyas Kepysanusi O8U2YHOM ROCHIEH020 Cpy-

MY

Cxema Mictuts OMK 83C51FA 3 xonaMyl CKUaHHA Ta CHHXPORI3AL,
crietianizopany BIC apaiisepa 1293, 1BUTYH Ta iMITyJIbCHUI JaTHUK NIBMIKO-
cti 30137, Imnyrnseu TTJI-piBHS 3 BUXOMY UUGPOBOTO JaTuiKa XOiula HAaXo-
AgTh Ha Bx11 P1.6 OMK. 3ane;xHo Bif acToTH 1UX iMIyIheis OMK 3611sn1ye
abo 3MeHuIye Koeditent 3amopHeHHs [IIIM Ha BuBOgax 1.4, P1.5, perymo-
FOYHX TAaK¥UM YMHOM HIBHAKICTH 00EpTaHHs NBUTYHA.

KoHTponbHi 3anutTaHHsA

. Hagenits ocHoBHI1 xapakrepuctakn OMK 83C51F4.
. YKaxITh 0COOIUBOCTI peXKIMY 3aXOILICHHS MOIL.

. Yxaxits ocodauBoctl pexumy HIIM.

1

2

3

4. VxkaxiTh 0COONUBOCTI pexxumy watchdog-raiiMepa.

S. SIxi moaii MOXyTs OYTH 3adiKCOBAHI B PEKVMIL 3aXONNEHHS 1OIi?
6

. Hoscuits npuHuvn popmyBanas curnany 1M ra susoai OMK.

7.5. Apxitektypa i thyHKUiOHaNbLHI MOXNUBOCTI 16-po3paaHnX
OOHOKpPUCTaANbLHUX MIKPOKOHTponepiB cepil MCS196/296

3araabHa xapaxkrepucTuka cepii MCS196/296. 16-po3psmmi OMK
MCS 196/296 rupobHUIITBAa KOMTIaHIi /77fe/ BUKOPHCTOBYIOTHCA ¥ BMOHTO-
paHuMx MITC xepysauns B aBiauiiiuifi Ta aBTOMOOUILHIN MPOMUCIOBOCTI,
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BepcTaTo- 1 pobOTOOYMIBHUIITRI, SHEPreTHI Ta €NeKTPOMEeXaHilli, IpH-
crposx no6yToBoi TexHiku. Ha choroani cepis 16-pospsaaunx OMK Mic-
THTE MoHafg 30 THIB KOHTPONEpIB 13 NMPOAYKTUBHICTIO Bix 1 g0 16 MaH
onepawiit THIy «peTicTp-pericTpy 3a cekyHxy. OcHOBHI XapaKTepHCTUKH
BIC naBeneno B Tabn. 7.18.
Bianosiano 10 TUNY IHTErpoBaHUX HA KpucTan NepudepuiiHux TIpu-
CTpoOIB po3pi3HArOTh Taki knacu OMK cepii MCS 196/296:
- 3 IHTErPOBAHUMMU TPUCTPOSMU BUCOKOUIBUIKICHOTO BBEJICH-
HA-BUBEJICHHA, -~
- 3 {HTErpOBAHMMY MPOIIECOPAMHY O,
- 3 IHTErPOBAHUMH 3ac06aMy KEPYBaHHA [IBUTYHAMMU,
- 3 IHTETrPOBAHUMY 32c00aMHU IIUBPOROT 0OPOOKH.
QonoxpucmaibHl MIKPOKOHIPOIEPU 3 IHMESPOSAHUMY IPUCTAPOIMU. 611
COKOUBUOKICHO20 66¢0eHNA-6UscOenHA. 16-po3paari OMK 3 interposasimu
UPUCTPOIMIA BUCOKOUIBHAKICHOTO BBEACHHS-BUBEACHHS tatmX (HSI0 — High-
Speed  Input/  Ouiput) opieHTOBaml Ha BHpIIICHHA 3aBJaHb KepyBaHHS
00’ ekTamMy Ta npouecaMu B pearbHoMy udact. [1i OMK 3HaxoisTh HIHpOKE BH-
KODMCTaHHs HE TUILKY B KOMIL FOTepHil TeXHili (IPUHTEPH, IOTEPR 1 T. IH.),
ane i B eleKTpoMexaHili, pobOTOTEXHI L, BIACHKOBIN TEXHIL 3aBsKH HasBHO-
crt mmrerposadoro ALTT, Moxyns HSIO, upouecopa nepudiepiiiux tpaHsakiiit
Ta mopry HocmaoBHoro 38 a3ky. Konkpersi OMK BUPIBHSIOTBCA TaKTOBOO
YacTOTOIO, KINBKICTO MOCIIIOBHUX MOPTiB, BXxoaiB AL, emHicTiO iHTerposa-
HOI Ha KpUCTAT MaM’ ATi, HAABHICTFO THX UM IHIMX riepudepiinux Grnokis, Ha-
HPHKIIa] reHeparopa TepioANTHHX CHTHAIB,

* Ouepamii THIY «pericTp-pericTpy € HahGINbMl MBHAKOANOYAMH, OCKUTBKH Olepy-
10Tk Jmuie 3 BHyTplmmHIMI perictpamua MIL Tlpuxmagom Takux onepaniit ¢ MOV RO,
R1; ADD A, R3.
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Tabinuys 7.18. OcHopui TexHiuHi xapaxtepucTukyu 16-pospszmmx OMK
. =
e 5 g
=1 § 5 B 5 i
= X « | & 5 < x 3
281508 |3 | 2] =| E 8|z T i
TuBic | S| B S |B& |F 15 |2 3| & Tam Xapaxepui
§ é‘ = E I % £ E E § B TIpoLi¢copa NoAiH ocoGauBocTi
$lc| Bl |88 F B2z 2
s| Elele |22 B85 88
5] 2 2 12 2l B ¥ |®mel & g
EIB| E|sg|zg| 2| £ |25 2| 8
£ < | SICSICE| & |2 €8 B | &
1 2 3 4 5 [ 7 8 9 10 11 12 13
MixpOKORTpOIepH 3 BOY/IOBAHHM IPHCTPOEM BHCOKOHIBHIIKICHOIO BBEICHHA- BUBECHH
xC196KB |12,16] 64 8 232 - 2 48 1 + | Mogyss BHCOKOUIBHIKICHOTO
BBEHCHHA-BUBEICHHS -
(4 Bxozw, 6 BUXOiB)
8xC198 16 | 64 8 | 232 - 2 |0abo| 48 1 + 8-po3ps/IHa 30BHININS AN,
Te came :
4 MCHHIA BAPTICTE
vncpe] 16,21 64 | 16 | 488 | ~ 2 8 48 1 + . IM-reneparop, ceps
8xC196KC sepudepi m;l:xx Tﬁmixifﬁ
8xC196KD| 16,2 | 64 | 32 | 1000 - 2 8 48 | 1 + ” Te came
MIKpOKOHTPOSIEPH 3 BMOHTC TpolecopaMy HOAiR )
8xC196KR| 16 | 64 | 16 | 488 | 256 | 2 8 56 2 + 10 KaHAMIB 3aXOIUICHHA/ Brox cermenrauii nam’sri, nopr |
TIOPIiBHAHASA, 2 KAHAMH TUIHKH JUIR MOKITPOLECOPHHX
TIOPiBHSHAK KOMYHIKAHiM
8xCI96KT| 16 | 64 | 32 [1000§ 512 | 2 8 56 2 + Te came KonTposep UBIRH 3 POSMHPCHUMI
MOMJIMBOCTAMH, AOPT /U4
N o MINIPOTICCOPHMX KOMYHiKaltif
8xC196NP | 25 1100 | 4 |1000| — 2 - 33 1 + 4 gananu Apouecopa nonif | Huswkuit piserp xwsienns 33 B,
TpexaHanbimit ILIIM-reneparop,
cepaep nepudepiiux Tpansakimy,
l 4 30BHIDINI NepepHBAHAS
ITpodosscenns madn. 7.18
1 2 3 4 5 6 7 8 9 10 11 12 13
8xCI96NT | 16 | 100 | 32 {1000 512 2 4 56 2 + 10 KanamB 3axomIeHs/
TOPIBAAHHY, 2 KAHAIMA -
TUIBKY TIOpIBHAHHA
8xCI96NU| 50 | 100 | - 1000 - 2 - 56 1 + 4 xananu Apouecopa nogif 32-pospaaanit akymyaaTop
MiKpOKORTPOSEPH /I KEPYBaHHA ABHTYHAME
8 (C196MC| 16 64 16 | 488 - 2 13 53 1 + 4 xagaun Tpuxamaaenuit [HIM-veueparop,
3aXOILICHEHs HOPIBHAHHA, TPOICCOP ToAiH, apouccop
4 KaHamH TLTRKH ROPIBHAHES TpaH3aKuilt, TpuRaHamHmi
| TEHEPATOP FICPIOMUHHKX CHTHATIR
8xC196MD! 16 | 64 | 16 | 488 | - 2 4 64 1 + 6 KaHa.nB BMOHTOBaH#HH rcHepaTop
3aXOTUTCHHA/OPIBHAHKA,
6 KaHaniB TIABKH NOPIBHAHES
8xC196MH| 16 | 64 | 32 | 744 ] ~ 2 8 52 2 + 2 xaHanu
3aXOTUTCHBS/TIOPiBHAHHSL, -
4 KaHaH TiTEKH DOPIBHAHAA
MIKPOXOHTDO/IePH 3 iHTErPOBAHHMH 3ac0GaMH LHGPOBOT 0GPOGKY
8x(C29654 | 50 { 6001 32 | 5127 2K | 2 64 1 4 xanasm 30imsnienns B 2 abo 4 pain
38XONNSHHA TIOPi BRAHHASL TaKTOBOI 4acToTH, 19 wxepen
TEPEPHBAID, i3 HHX 4 30BHIIUMI,
TprkaHansEmi IIM-rerceparop,
Halip nponecopis MoAiM,
BMOHTOBIHUE MOZYITH BHGIpKH
3OBMIHIHIX NPHCTPOIR
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CrpykrypHa cxema OMK 3 iHTErpoBaHUM MPUCTPOEM BHCOKOLIBU-
KiCHOTO BBEJCHHA-BUBEACHHA (pUc. 7.29) MiCTUTE:

- wMoxyns LT,

—  kogTposep nam’ ati (KIT);

—  koHTponep nepepusans /C (Interrupt Controller),

—  cepsep nepudepiinux Tpansakuiit PTS (Peripheral Transaction

—  TI3TT;
—  6mox AIILL
—  BOyxoBanuii TpukaHansauit [IIIM-reneparop PWM,
—  nociaigosauii tiopt (S/0),
—  [IOpTH BBeAcHHA-BUBeneHHA (PO-P5),
= watchdog-rtatimep (WDT).
16
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Puc. 7.29. Cmpyxmypua cxema OMK 3 inmezposanus npucmpoen
BUCOKOWIBUOKICHDZ0 68e0¢eH s-ausedens. UK — wepea komano
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Mopy s I cknamaethes 3 pericrposoro AJITI, perictpa crosa cTany
mpotiecopa PSW, MpUCTPOr0 MIKPOTIPOrPaMHOI0 KEPYBaHHSA 1 PETICTPOBOTO
daitna. Pezicmposuir ¢paivi sBa€ cobOI0 MaCHB PETICTpPiB, TOOTO Q3IT cra-
THMHOTO THIY. BiH CKIAJA€Thos 3 HIKHBOIO TA BEPXHBOIO PEriCTPOBHX
daiinis. Momouri 24 GaiiT HIKHEOTO PEFiCTPOBOTO haitna HaTeKaTh 10 pe-
TICTPIB cHiellianbHUX GYHKLIH. Y HIKHEOMY. PEricTpoBOMY (aiiii po3Milue-
HMIT TAKOXX BKa3iBHMK CTeka. Peinra KOMIpPOK pericTpoBoro (aiina, BKIFO-
Yar0uv KOMipKH BEPXHBOTO PericTpoBoro (aitia, € onepaTirHO MaM’ ATTO
3aralbHOTO TIPH3HAYEHHS. ‘

LenTpanbHuzil poiiecop ITOB’A3aHUM 13 KOHTPOJIEPOM Mam’ ATi,- KOHT-
POJIEpPOM TIEPEPUBAHD | BMOHTOBAHUMM TIepUQepiifHAMH TIPUCTPOAMH 32 10~
TTOMOTOF0 BHYTPIIHBOT 16-po3psipHol wuHu. KpiM Toro, icHye noparkopa 8-
po3pAAHa mrHa A1 Ge3nocepelHpoi nepeavi 6aiiTis KOMaHaW 3 KOHTpoOe-
pa maM’sTi B PericTp KOMaH, SKWil 3HAXOAUTHECA B MPUCTPOi MIKpoIIporpa-
MHOI0 KepyBaHHS. |

KoHTtponep mam’ aTi 3ALACHIOE onepallii BUOIpKH/3anucy AaHUX V 30B-
HilIHIO 200 BHYTPILIHIO NaM’ ATh JaHuX abo koMana. Mo ckiaxy KoHTpole-
pa mam’sTl BXOAUTE YOTHpHOakiToBa yepra koMana. MyHKIIOHYBaHHA KOH-
TpoJiepa TniaM’ ATl aHajioriubde (yHKUIOHYBAaHHIO WIHHHOTO iHTEepdelicy MIT
i8086 (muB. miaposn. 3.2). 3sepHenHa LT BinOyBatoThca nuiie 10 perict-
poBoro gaiina.

KoHTponep nepepuBaHs rpusHavyeHuii and e)eKTUBHOIO KEPYBaHHA Y
pearsHOMY uaci. O6pobka 3anuTiB NEPepHBaHb 3MIHCHIOETLCSA 3 ypaxXyBaH-
HAM YCTAHOBJICHOTO PIBHA 1IPIOPHTETY.

Sk 3a0UTH NepepUBaHb MOXYTh BUKOPHCTOBYBATHCSA:

- 30BHIMAIL curuann NMI abo EXTINT
— 3AITMTH BIJl IHTErPOBAHMX NepHpepiiHUX TIPHCTPOIB;
- KOMaH[1 BUKJTHKIB MiIporpaM 06po6KN riepepiBath.
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Cepnep nepudepifirmx Tpaxsakiii: suxonye QyHKuil mepudepiitnoro
npoliecopa BREACHHA-BUBCHCHHA 1 3BUBHAC 111 Bijt BUKOHAHHA JEAKMX THIIO-
BHX oNepaliii BBEJCHHA-BUBENCHHA. Tpan3axyiclo HasMBAEThCS BUKOHAHHSA
IUTICHOI oMepailii Hax AaHuMHU abo TaKeTaMy JAHHMX, HAPUKIAL, BBEICHHA
a00 BMBEJCHHS IIaKeTa JaHWX BiJNOBIJHO 10 33ZAHOTO MPOTOKOIY TIO TOCTi-
AOBHOMY KaHamy 3B°s3Ky, MEpeCHIaHHs JaHUX 3 ofHiei o6nacTi mam AT B 1H-
my, ckanysauas AL, To6To 3YMTYBAaHHA PE3YJILTATIB, 3aIIC Y HaM ATb |
onuTyBannsa karany AILfIL Cepsep nepudepilinux Tpamsakiiit npaigoe Bu-
KIHOYHO 3a NepepuBaHHAM (P7S-niepepuBaHHs), ale oOCTYTOBYE iX He TIpo-
I'PaMHO, a alapaTHo Ha MiKpornporpaMHoMy piHi [Ipu oMy migBMLIy€eTHCA
DIBUKOLL 004HCIeHs, 1 feski' PTS-niepepiBaHH ‘MOKYTh 00poOIATHCA 33
YJac BUKOHAHHS O;(Hi€T 38UYAiiHOI KOMaHIH.

Tepen mim, s no3BonuTh PTS-nepepuBanHs, HeOOXIAHO 3azaTh: 6axa-
HUI pexiM poOOTH, KIIBKICTE HUKIIR Iepeiadl JaHuX, apecy JKepe 1 TpH-
iiMauis gaHuX. 1le 3ailtCHIOETBCS NPOrpaMHO 3aIICyBaHHAM HeoOXiaHoi iHdo-
pMariii B KepyBanbHUil 610K cepBepa nepudepiiiHUX Tpadsakiiii, Mo 3Haxo-
IWAThed B pericrpoBoMy daiini. [To 3akiHdeHH] HporpaMu oGCIyTOBYBAHHS
PTS-nepepuBaHHs TeHepy€ThCsA 3BUYAMHE ITepepUBaHHs AT Nepeinijam3ani
cepBepa Ha HOBE 3aBJAHHA.

[Moctiianii 3anaM’ ATOBYBAIEHMN MPUCTPIA. K BHYTpIDIHA HaM ATh
mporpaM 3anexHo Big Tuny BIC BUKOpHCTOBYETHCSA MPOrpaMOBHHI Mac-
k010 a60 ofHOKpaTHO NporpaMorHmit IT3IT emmicTio Bix 8 Kx8 mo 32 Kx8
Baiit.

bnox ALIIT npu3sHadeHuii 1A BBEICHHA AHATIOTOBIX CHTHAMIB 1 CKNAzia- .

€ThCS 3 AHATOrOBOTO MyJIbTHITIEKCOpa M (Hanpuknag, Ha 8 kanasis s OMK
8xC196_KD), apucrporo BuGipkw/36epiranns (11B3) i 8- aGo 10-po3pagnoro
AT 3a momomororo perictpa crewiansaux ¢yukmii 4D TIME 3apaetnes
yac BUOMPAHHA 1 TIEpeTBOpPCHHS, 3a Joromorolo perictpa AD COMMAND —
HOMep BXIHOTO KaHATy, i AKOro HEOOXIZHO BHKOHATH NMEPETBOPEHHA, T
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YMOBH 3allycKy nipouecy mepetsopents (8 a6o 10 pospsais ALT). SIkio Bu-
kopuctaty  10-pospsaruii  AI[IT, To pesynpTarT 3uMIYEThCA 3 peTicTpa
AD RESULT abo 3a onutysaHiiM, abo 3a TepepyBaHHAM (32 TOTOBHICTIO
ALIT). Yac Bubipku 10-pospagHoro ALIT craHoButs 1 MK(;, yac népemopeH-
B — 10-20 Mxc y 10-pospsaHoMy pexxumMi, 7-20 Mkc —y 8-pospsgHOoMy pe-
KAMI,

Moy BHCOKOIBHAKICHOrO BBENEHHA-BUBENECHHA NPH3HAYCHUH 1A
¢dopMyBaHHA MEPIOAUYHUX Y Yacl cUrHatB (Hanpukiaj, curhany 1M s
MPAMOTO LH(POBOTO KEPYBAHHA 1HBEPTOPAMM HANPYTH MPHUBOMAIB 3MIHHOTO
Yy NOCTIHHOIO CTPYMYy) Ta 6e31locepeHhOT0 BUMIPIOBAHHA YacOBHUX iHTEp-
BalllB MDK 30BHIIUHIMH MOAIAMH 0€3 NOAATKOBUX MNepUdepiitHux NpUCTpoiB
(manpuknam, BUMIPIOBAHHS YacTOTH, mepiomy, (asomoro 3cysy). [lodicro
BBXKAETBCA Oyib-1Ka 3MIHA HOTCHIIANY 30BHIIIHBOIO CUTHAITY HA BXOMAX
HSI.0-HSI.3 OMK.

Jo cxnagy MOTyJIA BXOAATS:

- nea TaitMepn (7/C1 1 T/C2) 1 TOYHOTO BIIJIIKY YaCOBHX
THTEPBATIE;

- MOZYITh BUCOKOLIBHAKICHOTO BBEACHHA AaHUX HSI;

- MOy:1b BUCOKOIZBHAKICHOrO BHBeeHHs naHux HSO.

Moayns BUCOKOIUBHAKICHOIO BBEICHHS allapaTHO KOHTPOIIOE 3MiHY
MOTEHLIAY 30BHIUIHBOIO CUTHANY HAa KOXHOMY 13 YOTHPbOX BXOMIB F15.0—
HSL.3 3a pgornomoroto BOyIoBaHoi cxeMu AeTekTopa nepemanis. [{i 3miHu
cnpuitmatorecs OMK sk 3oBHitimi nomii. Koxuuit i3 Bxonis HSI.0-HSI.3
MOXKHA HE3aNEXKHO 3aITPOTPaMy BATH Ha BH3HAYEHHA TAKHX HOJIH:

- KOXKHU{ TiepeXiji 3Ha4eHHs BXITHOTO CUTHANY 3 JIOTIUHOI
OAMHMLI B NIOTTYHUI HY NIb;

- KOXKHHI Nepexif 3Ha9¢HHA BXIZHOTO CUTHATY 3 JIONYHOrO
HYIIAL B JIOTIYHY OJIUHHIIIO,
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- KOXKHHH Iiepexil 3HaYeHHS - BXiJHOTO0 CUIHANY 3 JIOTIYHOL
OJIMHMIIL B TOTTYHHN HYNb Ta 3 JIOTTYHOTO HyJIA B JIOTIYHY OXUHUALIO,

_ - BiciM TEpeXoAiB 3HAYEHHA BXIJAHOTO CHUTHANY 3 JIOTIYHOI

ONWHHULY B JIOTIUHUIA Hy b,

Shanoe 3anporpaMoBaHa MO BiZiOyNacs Ha OMHOMY a00 IEKITBKOX
BXOAAX, TO 4ac HAcTaHHA Wiel Moll, BijpaxoBaHuil TalimepoM 1, pa3oM 3 iH-
¢opmalli€ro Ipo CTaH yciX BXOMAIB 3aMUCYEThCA Y cTek nomiit FIFO. Tobto
BIIOYBAETHCA 3aXOIVICHHA HOJi, AKE CYMPOBOKYETHCA TeHEpaUICI0 3allTy
nepepusansA LT nHa oOcnyropyBanns Moayna HSI. Skio Ao 3axorUteHHA
o1 cTeK o1l OyB HOPOKHIM, TO 3aIMC 3AIMCHIOEThCA B peTicTp 30epiraH-
Ba (Holding Register) indopmartii mmpo mozito, mo Bigbynacs. B iHuiomy pasi
3amvc  3MificHIoETRC |y ctek. Monyne HSI Moxe TOCHIZOBHO 3a-
nam’ATOBYBaTH iH(MOpPMAIII0O PO MaKCUMYM BICIM TOIIM CIM 3aIlMCiB MO-
XKyTb 30epiratucs y creky FIFO emuictio 7x20 6iT Ta 0JMH 3artuc — y peric-
Tpi 30€epiranHs.

OCHOBHE 3aBIaHHA MOJYJIS BUCOKONIBHIKICHOTO BUBEJCHHSA IOATAE
B TeHepallii 3aaHKX TOMil v 3aanmii yac. ICHYIOTh BHYTPILIHI Ta 30BHIII-
Hi noxii. BHyTpiusi mosii, He nOB’A3aHi 31 3MIHOK NOTEHIIANY HA BUBOAAX
OMK, BUKOPUCTORYIOTBCS, HANPUKIA, AT 3aMyCKy TaKUX IMPOLECIB!

- nepeTBOpeHHs y BOymoBaHoMy ALl v 3amanuit MOMEHT
1acy;

- o0cIyroByBaHHsA [porpaMHOpeatiz0BaHnX TafimepiB
(Software Timer), aKi. BUKOPUCTOBYIOTHCS JI BiJJIiKy 3a0aHUX JOCHTDH
BENVKUX YaCOBMX iHTepBamie. OJHOYACHO MOXE OOCIYTOBYBATHCA O
YOTUPLOX TaKHX TaiiMEepiB.

Indopmanis 1po Hoaiio 1 yac reHepantii noali y BUISM KOMaHau 3a-
MHCYEThCA MPOTPaMHO B acOLUATUBHY- Ham sTb . Content Addressable
Memory (CAM-dain). €muicts CAM-daitna 103B01%€ OJHOYACHO 3a-
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naM’ATOBYBaTH 10 8 KoMaHJ, HOPMYHOYHM TaKUM YUHOM IEAKY NporpaMy
reseparfii moaiii. Ko)kHa 3 IMX KOMaH] 3a1ac:
- THN nodii (CKMAaHHA abo BCTAHOBICHHA TOTEHLIANy Ha
30BHIUIHBOMY KOHTaKTI, 3amyck ALTI, sanyck ITT);
- crioci6 pearysanns LIIT na mogito — inopmaris npo Te, 4u
Oy e redepyBaTUCs MepepruBaHHA 111 00CIyroByBaHHS MO,
- HoMep Taiimepa (1 uM 2), BUKOPHCTOBYBaHMI 11 KOHTPO-
JII0 IOTOYHOTO PealbHOTO Hacy,
- yac reHepatii 1moaii. ‘

VYV koxHoMy MammuHHOMYy TakTi (100 HC mpH TakToOBii YaCTOTI
20 MI'u) B1AGYyBa€ThCA MOPIBHAHHA Yacy reHepaiii MoAil 3 pealbHUM Ya-
COM, HIO BiApaxoBye TaiiMep. SIkuio BOHHM 36irafOThCs, TO TEHEPYEThCS 3a-
JlaHa KoMaH 1010 moAis. Skiio ro;1id BiAGYIacs, BOHA MOXe OyTH BHITyYeHa
31 CIUCKY MOJi# abo nepesamicana 3HOBY.

Boéyoosanuti mpuxarciwnuti [IITM-zenepamop. Mogyne HSIO 3patauit
peanizyraTy (yskuizo 1M, are BiH Mae erHI 06MeXeHHs, TOB’A3aHi 3 He-
obxiHiCTIO BUTpaT yacy 3sepHenrs 1[I Ha iioro oGenyrosyeanHs. 1e npu-
3BOIUTD 110 0OMEXEHHS MAKCUMAJILHOTO Ta MIHIMATEHOTO Koe(illieHTIB 3a110-
BHenHs [IIIM-curnanis. Tomy a1s redepaiii [IIIM-curranis Ha BUCOKHX Yac-
Totax (mo 40 xI'w) Gimein 3pyunuM € BOyxoBanuii Tpukanampami 1IIM-
redeparop, fKuif He Mae 0OMekeHb Ha KOe(IEHT 3aroBHEHHS IMITyTbCiB. Ha-
crora IITIM a7 ycix kaHaliB ¢ 0JIHAKOBOFO, 4 KOeMIIEHT 3aMOBHEHHS pery-
moeTbea Bif 1/255 po 1 3 puckpetnictio 1/255. Henonikom 1TIIM-rexeparopa
€ 0OMexeHI MONIMBOCTI peryiosanHa yactotv. Tak, mis BIC 8x(C'196KD
npu takTost# gactori 20 MI'11 wacrora ITTIM Moske BCTAHOBITIOBATHCS B OIHE
3 IBOX MOXKIIMBUX 3HaueHb — 39,1 uu 19,5 ki1,

Boynosanuit IIIM-renepatop eQexTMBHO BHKOPHUCTOBYIOTH JA
TPAMOro UU(POBOTO KEPYBAHHA €IEKTPOHHUMH KOMYTATOPaMHM, KIIHOYaMH
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IHBEPTOPIB HAMPYTH Ta CTPYMY, a TaKOXK 1A GOPMYBAHHA AHAJIOTOBHX CH-
THAJIB 38JaHHs Y IH(PO-aHATOTOBHX CUCTEMAX KEPYBAHHSL.

Hocminosruit mopr S/0 asmse coboro YCAII, sxuit Mojke HacTpoIo-
BaTHCA HA OMUH 13 YOTHPLOX PEKUMIB, OZUH 3 AKHX € CHHXPOHHMM, a TPH —
acuHxpouuumMy. HIBrAKicTs 06MIHY 1HGOPMALIiEO MO TIOCTITOEHOMY HOPTY
IPOTPaMHO PErYIIOETECA Bill KIMBKOX coTeHb Oofn (6iT/C) RO KIINBKOX AECHT-
kiB ticad 6ox. ITopt 3aGesnedye poGotTy B pexumi Master-Slave, mo nac
MOXJIMBICTE BHKOPHUCTATH MIKPOKOHTPOIEP Y -MYJIbTUMIKPOIPOLECOPHIi
CUCTEMI KepYBaHHS.

OoHokpucmanbHuti MiKPOKOHMPOAEP 3 IHMESPOSAHUMU HPOYECOPUMU
nooit. 16-pospsaauii OMK- 3 IHTETpOBaHUM TpoliecopoM negii abo EPA-
MiKpokoHTponep (Event Processor Array — Macus IpoLECcOpIB 1OAIH) BUIpI-
3HAeTheA B OMK i3 BOyoBaHuM MozyiieM HS/O HasBHICTIO MOTYKHOTO
npolecopa  HoAll, Moau@iKoBaHUM  Om0KkoM  BOYOBaHMX — TaiiMe-
PIB/TMUIBHUKIB, OIMBINOK €MHICTIO NPAMO aAPECOBAHOI 30BHILIHBOI
mam’ a1 (Bix 1 M6aiit go 16 M6aiit), posumpenumu iHTepheHcHIMU MOX-
JIMBOCTSAMH.

Momugikaris 61oka BOYZOBAHHX TaWMepIB/TIUMIBHUKIE TONSATAE B
TaKoOMy:

- obujBa TaliMepH € peBEPCUBHAMH | MOXKYTh HPAIFOBATH SK
13 BHYTPIIIHIM, TaK i 3 30BHIINHIM TaKTyBAHHAM;

- € MOXJIUBICTh KacKaJHOTO0 BMUKAHHA, Konu Taitmep 1/C2
TaKTYEThCA iMITyNbCaMH IIePETOBHEH s Bix raiimepa 7/C1;

- odujRa TaiiMepu XOIYCKarOTh poOOTY B KBapaTypHOMY
peKMMI, KOJH JB1 IOCTIZOBHOCTL TIPAMOKYTHHX IMITYJbCIB, 3CYHYTHX
Ha 90 enexTpUYHHX I'pamycCiB, 3HIMAIOTLCS 3 AATUMKA I BBOAATHCA Oe3-
MOCEPENHBO. B MiKpokoHTponep. Lleit pexum 3pyasuit 111 poboTu 3
JarduKaMi TIOJI0KEHHA 1/a00 MBUAKOCTI (HANPHUKIAK, 3 OLTHYHHMU

JaTudkaMy XoJa TOLO).
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Macus niporiecopa MoMIil CyMICHMM 3HU3Y 3 MOIYJIEM BUCOKOIIBHIKiC-

' HOFO BBEJEHHA-BUBEJCHHA | NMPU3HAYEHMI JUIS BUPIIEHHS THX CAMHX 3a-

BJIaHb, aJie MA€ Jieski BRockoHaneHHA. KoxkHuil KaHan rporecopa moiii npa-
IIOE€ B OTHOMY 3 JIBOX PEXHMIB — PEAHMI 3aXOILIEHHS 30BHINIHIX 1N0ii abo
peXuMi reHepamii BHY TPILIHIX Y 30BHIIIHIX TOXRNL. Sk 6a30BHit T KOXKHOTO
3 KaHaJliB MOJKE BHKOPHCTOBYBATHCH OJIUH 3 TaliMepiB | abo 2, AKuii TaKTyeTh-
€1 33 OJTHUM 3 TAKHX CTIOCOOIB;
- 30BHIITHE TAKTYBaHHA 3& JOTIOMOIOI0 BXOAY 30BHILUHIX Ta-
KTOBHUX IMIVIKCIB | BXOAY HalpAaMy 40y,
- 30BHIUIHE TAKTYBAHHS IBOMA TOCIIIOBHOCTAMM IMITyJIbCIB
Y KBaIpATYPHOMY PEXMMI;
- BHYTPIIIHE TakTYBAHHES 3 MOXIMBICTH) 3MIHHM YacTOTH
BXITHAX TAKTOBUX IMTIVIBCIB YEPe3 POrpaMyBaHit Koe(lilieHTa
TJIEHHS,
TAKTYBaHHA CHTHAJIOM OEPEITOBHEHHS 1HWONC TaliMepa.
MacuRr nponecopis MoAil pearye Ha Takl THITU 30BHIUIHIX 7T
- TIEPexiy CUTHAIY Ha 30BHIITHBOMY BHBOAI 3, JIOTMHOI OJH-
HUIY B TOTTYHUH HY b,
— TIePEXId CUTHAIY Ha 30BHIIIHBOMY BUBOJ 3 JOCUHOIO Hy-
75 B OTIUHY ONWHHLIO,
- NIEpeMUKAHHSA PIBHS CUTHAIY HA 30BHIIHLOMY BUBOII.
KoxHUE Kanan npotecopa nogiid renepye okpeMuit sannT Ha nepe-
pPUBAHHS, IO 3HAYHO CMIPOLIYE T@ MPUCKOPIOE 00CIyTOBYBaKHS ITPOlIeCOpa
noiit 3 6oky LI, ockinbku He moTpedye inenTudikarii [prepea 3ammry.
OCKiTbKY BUKOHAHHA (PYHKII 3aXOIUIEHH/TIOPIBHAHHA KOKHUM Ka-
HAloM 3IHCHIETECS He3aeKHO, YacoBa AMCKPETHICTH BU3HAUCHHS 1011
abo TeHepaiii curHanis 30UbIIYETHCA B Kisibka pasiB. Tax, ripu uactori 20
MTI'u yacoBa qUCKpeTHICTH [2FP.4-MIKpOKOHTponepa cTaHoButh 200 He, mo
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y 4 pazu MeHme, HX y HSIO-MiKpOKOHTpOJEpa 3 Ti€H0 CaMOYO TAKTOBOIO
YacTOTOH0.

OO0HoKpuCmanbHULi MIKPOKOHMPOAEP 3 iIHMEeZPOSaHUMU 3acobamu Ke-
pysannsa osuzynamu abo MCF-mikpokoHTpostep (Motor Control Family).
Bin npusHaueHu# U NPAMOro IM(ppPOBOrO KEPYBaHHS NEPETBOPIOBANID-
HUMH TIPUCTPOSMM  ejieKTponpuBodiB. CTpykTypHy cxemy MCF-
Mixpokomponepa cepii 8C196A4H nokazano Ha puc. 7.30.
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Gatta I 8
' ! KT Jo— B3 e 4p7-4D0
. pa—- b T
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1183 TInsa
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' P2

4 8 ,,/ . 8
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Puc. 7.30. Cmpyxmypua cxema OMK 3 inmezposanumu 3acodamu kepysanns
osugynavu: TTITTII - zenepamop weudxocmi npuiioary/nepedayi; I'TIC — zenepamop ne-
pioounux cuznanie; MIITT - macue npoyecopa nodiit (EPA)
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Kpim posrmiaytx Bume 61okis OMK (aus. puc. 7.29), cxeMa Mic-
THTb JOJATKOBI JIHII MOPTIB Ta OUIBIN CKNATHWI reHepaTop TepioIHHX
curdams. Jinii 7 noprise OMK MaroTh Take dpyHKUioHAIbHE TIPU3HAYCHHN:

- nopt 0 — dynxuis ALLT,

- moptr 1 — doTupu MiHIi TTOCHIZOBHOTO BBEACHHA-
BUBEJICHH,

- mopT 2 — JABi JiHII MOCTIZOBHOrO BBEACHHsA-BHBEICHHA, BA
KaHAIH 3aXOIUIEHHA/IOPIBHAHHA, YOTHPH KaHaIH TMOPIBHAHHA IPOIie-
copa oJii;

- moptu 3 14 — cymineHa muHa agpeck/ JaHux;

- MopT 5 — BUpoGIeHHS CUTHAMIB KEPYBaHHS;

- nopT 6 — GyHKIIIA reHepaTopa NepioUTHUX CUTHAIB.

T"eHepaTop MEpIOTUIHUX CUTHAJIE MICTUTB!

- 610k 1mdposoro omopuoro reHeparopa (limebase
Generator), sxuii 3a1ae MAI0N0MOHY ab0 TPUKYTHY GOPMY OTIOPHOTO
M(POBOTO CUTHATY MOLYJISATOPA; ,

- 610k TpHKaHalbHOro IHM$pororo koMmaparopa — Japaiise-
pa dopmyBanHa curHaniB a3 (Phase Driver), y skomy Ha 0a3i 3aja-
HOTO 3Ha4YeHHA KoedinicHTa 3aroBHEHHA POPMYETLCA TPH HE3AIESIHKHI
OIM-cursama: WG1, WG2, WG3. Leit 6ok popMye Takox TpH iHBe-
peni curnamu: WG H#, WG2#, WG3# 3 ypaxyBaHHAM 3aTPUMKH BBiMK-
HEHHS 1715l YHUKHEHHS PEX UMY HACKPIZHOTO CTPYMY;

- 0/10K KepyBaHES BUXOJaMU reHepaTopa MepioaHIHUX Cur-
Hamie (Output Control), axuit T03BOJE MPOrpamMHO BBIMKHYTH Y4 BU-
MKHYTH Oyab-sKuit 3 curhams WGn aGo WGHn, pusHaumTH U1 BA-
XOJI1B reHepaTopa akTUBHUMA piBeHb (L abo /), 11epeBeCcTy 3a MEHUI HIXK
2 MKC BMXOAM I'eHeparopa B MacHUBHHUI CTaH TP HAaAXOJUKCHHI CUTHa-
a1y asapii, BUMKHYTH Bci [IIIM-BuXom uporpaMHo.
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I'eneparop TiepioAWYHHUX CUTHAB JO3BOJIAE B IMPOKIX MEKaX pery- 4. VkaxiTh IpU3HAYECHHA Ta TOSCHITH NMPHUHIMII Mii MORYJS BHCOKO-

moBaTté YacToTy 1 niepiof IIM (gix 0,25 Mxc 10 16 MC JuIs OXHOCTOPOH- IIBHAKICHOO BBEIEHHA-BHBEICHEA.
|

Hpoi IIM 1 Big 0,125 Mrc 10 8 Mc — g7s k)lBOCTOpOHHLO'I'). Yac 3aTpUMKH 5, Ormauite npuEmMN poGoTu BOY toBanoro AT B OMK 3 MomymTeMm
JUIA yCYHEHHS HACKPI3HOTO CTPyMy cTranoBuTh 0,125-125 MKc. HSIO.

Oomoxpucmanenuii MIKPOKOHMPOLEp 3 IHMEZPOSANUMIL 3AcobaMU 6. TlopignasiiTe XapakTepHCTUKU rnociaigoHoro mopry OMK 3 BIC
yugposoi obpobru. OMK MCS296 Mae Tpaguuiiiay apxitektypy Intel KP580BB51
npouecopis oGpoOku NoALR y peanbHOMy MaciuTabi yacy, aje J0JaTKOBO 7. TlopiBugiiTe xapaxfepmmxn Omoka Taiimepis L£PA- i HSIO-
MICTUTE OU(POBHIT CUTHANBHUIT Ipouecop Digital Signal Processor (DSP) MIKPOKOHTDOIIEPIB.
anst peanizami GyHKui mudpoBoro perynstopa. Take HOe€IHAHHA PIZHUX 8. ITosCHITE 0COBIMBOCTI KBARPATYPHOTO PEXUMY poHOTH TaiiMepa.
THIIIB IIPOUECOPIB JO3BOIMIO OTPUMATH BUCOKI TEXHIYHI XapaKTEPUCTUKU 9. TlopipHsiite XapaKTEPHCTUKY TeHEpATOpa TEPIOAWYHIEX CHTHATIR
KOHTOpOIIEPIB, & came: MIKPOKOHTpo/Iepa 3 MoaylieM HS/O- 1 M F-MIKpOKOHTPOIEPIB.

-~ MIBUINEHHS mpoaykTuRHOCTL [T 38 paxyHOK 3MeHINeHHS
yacy BubipKy 3 aM’ AT Iporpam i AaHuX; ‘

- BHKOPYICTAHHS KOHBEEPHOrO PEKUAMY 3 OJHOUACHUM BUKO-
HaHHAM YOTHPHOX KOMAH/ AT 3MEHIIeHHS YaCy MalIMHHOTO [THKITY,

- 3aCTOCYBAHHSA altapaTHHX 3ac00iB MHOXKEHHS Ta JiJICHHS,

— JOIIOBHEHHS CUCTeMU KoMaHZ 17 cherianbHUMH KOMaH-
JaMU (HaIlpukial, MHOXKEHHS 3 HAKOMAYEHHIM, MOBTOPEHHS, aBTOMa-
TH3allis OHOBJICHHS AAHUX Y TabIUIMX IOCHiZ0BHUX BHOIPOK BXiIHUX
CHTHAJIB Yy IpoIeci iX 00poOxu), ONTHMIZ0OBAaHUMH AJIs BUPIUICHHS 3a-
a4 nody1oBH LUQGPOBUX (PLILTPIB 1 pEryNSTOPIB.

KoHTpornbHi 3anutaHHA

1. Jlaiite BUSHAYEHHA ITO]1li, 3aXOTUIEHHA MOl Ta TPaH3aKIIii.

2. Sxy iadopmauio MICTHTE pericTpoBuii ¢aiin y OMK 3 Moaynem
HSIO?

3. VkaxIiTh UpH3HAYCHHS Ta MOACHITH NPWHUMIN Aii cepBepa neprde-
PUIHITX TPaH3aKInil.
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Po3nin 8

OAHOKPUCTAIBbHI MIKPOKOHTPOIEPU
3 RISC-APXITEKTYPOIO ‘

PosrnsuyTi B choMoMy po3aini CISC-MIKpOKOHTpONEpH XapakTepH-
3y10TbCA AOCHTH PO3BHHEHOIO CHCTEMOIO, HANpPMKJIAA, MIKPOKOHTIPONEPH
cepii i80x51 marots 111 xomana. OxHak a”ali3 nmporpaM mokazas, mo 20 %
KOMaH]| BHKOPHCTOBYIOTE B 80 % Bunaakis, a aemmdypatop KoMaH 3aiiMae
oinpme 70 % rutony kpuctana. Tomy B po3poOHukis MIT BrHuKRA ijes
CKOPOTHTH KiNbKICTh KOMAHJ, HaiaTW iM emuHuil GopMaT i 3MeHIuTH
miomly Kpuctama, TobTo Bukopucrati RISC-apxitextypy (Reduced
Instruction Set Computer).

Oco6aMBICTE KOHTPONEPIB, BUKOHAHUX 3a RISC-apXiTeKTyporo, y To-
MY, 10 BCl KOMaHAX BUKOHYIOThCS 33 OAUH — TPU TaKTH, Tom sk y CISC-
KOHTpONEpax — 3a OJUH — TPY MANIMHHI HKTU, KOXKHUHN 3 IKUX CKIANacTh-
Cs 3 JISKUIBKOX TakTIB (HanpHknan, jis i80x51 — 3 12 Takris). Tomy RISC-
KOHTPOJIEpH MAIOTh 3HauHO OLIbINY IBWUAKOLIF0. AJ€ ITOBHIIIA CHCTEMA
xomang CISC-KOHTpOnepiB y ASIKUX BUIIAAKAX EKOHOMHUTD Ya¢ BUKOHAHHS
OKPEMUX QPAarMeHTIB IIPOTPAMHU i [iaM’ ATh IPOTPaM.

8.1. PIC-koHTpOnepu

Tunosi npeacraBauku  RISC-nponecopis  —  P/C-xoHTponepu
(Periferial Interface Controller — xouTpoepu nepudepiitHux inrepdeicin)
BUpoGHUNTBa PipMu MicroChip. PIC-KOHTPOJEpH 3aCTOCOBYIOTH y CHCTE-

Max BUCOKOLIBH/IKICHOTO KEpYBaHHS aBTOMOOLUTEHUMU ¥ eNeKTPUIHUMU
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JBUTYHAMH, TIpHIafaX Ho6yToBOi eNeKTPOHiKY, TeNe(OHHAX MPUCTABKAX 3
ABH, cucTeMax 0XOpOHH 13 CIIOBIIeHHAM 10 TenedonHii ninii, Mini-ATC.
Oxpemt BIC piszastees pospsanictio IT31T: Big 12 mo 14 6iT ana cepii
PIC16Cxx, 16 6it — ang cepii PIC17Cxx. 3aB)iki CKOPOUEHIM KITBKOCTI
(eix 33 mo 35) yci koManm 3afiMaroTh y maM ATi ofHe cioBo. Hac BHKO-
HaHHsA KOXHOi KOMaHIM, KpIM KOMaHJ pPO3raly>XeHH:, CTAaHOBUTh YOTHPU
Takte — oauH uKi (200 me sa gactoti 20 Mi'm). O3] sukonano 3a cxe-
MOIO 3 JIOBiNBLHOIO BHUOIPKOIO 3 MOMNUIMBICTIO O€3H0CepeiHpoi afipecalli B
KO/l KOMaHIU 10 6yap-sakoi koMipkd. CTek peali3oBaHO anapaTHO 3 EMHIC-
T10 2, 8 a60 16 xomipok. Maiixe B ycix PIC-koHTpoJepax € CUcTeMa Tiepe-
pUBaHb, JDKEPENIOM SKHX MOXKe OYTH TaiiMep, a TakoxK 3MIHA CTaHIB CUTHA-
NiB Ha Aeskux Bxoxax. Y PIC-xoHTponepax nepexdauyeno OIT 3axucTy
11311, uro 3anobirae HeneraTbHOMY KOMFOBAHHFO.

OCHOBHI XapaKTEPUCTUKH Pi3HUX THUMIB P/(C-KOHTpoiepiB HABEJEHO B
Tabun. 8.1.

Benuki interpaipHi cxemu P/C16Cxx Marots 86y goBani 1131 emnic-
Tr0 BiZ 0,5 10 4 xinocnis i O3[1 emuicTio 32-256 6aiit. OcHOBHA YacTHHA
KOHTpOJepiB Mae ojHOKpaTHO nporpamoBHui [13I1, oanak pesdki KoHTpo-
nepu MicTsth 1311 3 ynprpadionerosum crupatnsm, a PIC16('84 micTuts
maM’ ATk TporpaM 1 Tiam’aTe ganux Ha 6a3i [13I1 3 enekrpranuM cTHpaH-
HaM. KpiM Toro, KOHTpOJIEpH MarOTh BiJl OJTHOTO IO TPhOX TaliMepiB, BOY-
OOBAHY CUCTEMy CKUAaHHs, watchdog-TaliMep, BHYTpiLIHIA TaxToBuil re-
HepaTop, AKHIf MOXKE 3aIyCKATHCSH K BiJ KBAPLIOBOTO PE30HATOPA, TaK i Bix
RC-xoma B mmpokoMy jianazoni dactot — 0-25 M. Kinekicte po3psiis
noptTie — 12--33. Koxuuit po3pai MopTy MOXKHA 3amporpaMyBaTH Ha BBE-
AeHHs abo Ha BupeaeHHs. Konrtponep P/C16('64 moaaTkoBO Mae BHXIi 13
[IIIM, 3a gonomororo skoro MoxHa peatizyBat LIAII 3 po3psaanicTO 10
16 pospsaiB, a TakoX HOCILIOBHMM ABOHATPAMICHUH CUHXPOHHHUH 1OPT 3
iaTepdeiicamn SPI, 12C, SCI/UART. PIC16C71 1 PIC16(CC74 MaioTh BHYT-
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pimHiit 8-po3psanuit AT i3 nprcTpoeM BuOUpaHHA/30epITaHHA 1 BXIAHIM
AHATOTOBHUM MYIIbTHILIEKCOPOM.

KoHtpomepn PIC17Cxx marote BOyAoBaHWI anapatHuii 8-po3psaanuii
IOMHOXKYRAY, 183 Buxoau I11IM 3 po3aineHoio 3patdicTio 1-10 GiT, ABa BU-
BOJM 3 BLIKPUTHM KOJIEKTOPOM, YOTHPU TaWMepw/mummbHUKY, 11 mkepen
TIepepHBanb, y HUX niepeadaueHo MOMJIMBICTD BUKOHAHHS MPOTpaMy 13 30B-
HitnHporo 1311,

Konrponep PIC1400 mae mporpamoBHiii BUOip reHepaTopa — BOYI0Ba-
Horo 4 Ml pesoHaropa abo 30BHIIMHBOTO KBAPIIOBOTO 4M KEPAMIYHOTO pe-
30HATOpA, CTOPOXKOBUI TaiiMep 3 OkpeMHM BOynoBaHUM RC-reHepaTopoM,
BHYTDIIIHLOCXEMHUM IIPOTPAMYBAaHHAM Yepe3 [Ba BHBOAHU, JBA PEKHMH .
3HWKEHOTO eHeprocnioxuranya (200 MKA mpu 3 B, fKIIo reHepaTop BUMK-
HEHO, a aHATIOTOBI CXEMU aKTHBHI i 5 MKA nipu 3 B, KMo BUMKHEHO reHepa-
TOD 1 aHAIOTOBI CXEMH).

IMpouecop PIC1400 mictuts inrerpansuuit AT Ha 8 xananis, giana-
30H HalpYTH ABOX 3 AKMX MOXe 3ajaBarucd nporpamHo. Yac nepersopen-
ust AIIT ckiagae 16 Mc mpu TaxTogiit gacroTi 4 MI'U 1 po3UIBHIIA 30aTHO-
cti 16 6iT. Ieit KOHTPONEP MICTUTE TakoX 4-po3psaHuil cTpyMoBuii LIATL,
BOYAOBaHHUI NaTIUK TEMIIEPaTypH 3 po3aiipHoto 3aaTHicTto 0,10 B ta BOYy-
JOBaHUI JETCKTOP 3HIKEHOI HAPYTH KHUBJICHHS.
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Ilpodoescennn maban, 8.1
1 2 3 4 5 6 718 9 110 11 12 13 14 15 16
. SPU2C, .
16C64 | 25 | 2048x14 - 128 — 8 |+ + | + 1 SCUUART - 8 21 40
SPITC,
16C65 | 20 | 4096x14 - 192 - 8 | + ¢ + | + 2 SCIUART - 8 21 40
16C710 | 20 — 1512%x14 | 36 ~ 8 | + 4 -1 - - — 4 3 13 18
16C71 16 - 1024%x14 | 36 — 3 | +f-1- - — 4 3 13 18
16C71L | 20 - 1024x14 | 68 — 8 | + | = | - — — 4 3 13 18
SPIT2C,
16C72 | 20 | 2048x14 - 128 - 8 | + 1+ | + 1 SCI/UART 5 10 21 28
SPIT2C,
16C73 | 20 | 4096%14 - 192 - 8 + |+ b 2 SCIUART 5 10 21 28
SPIT2C, j
16C74 | 20 | 4096x14 - 192 - 8 |+ |+ 1+ 2 SCIUART 8 3 21 40
16C33 10 | 512x14 64>8 64 [36x8 | S [+ 1 -1 - — - - — 13 18
16C84 | 10 | 1024x14 64%8 64 | 36x8 | 8 [ 4 - | — ~ — — — 13 18
16C844 | 10 | 1024x14 648 64 { 688 1 8 | + | - | — — — — — 13 18
1400 20 | 4096%x14 — 192 — 8|+ | +] - — SPI2C, 8 - 21 28
17C42 § 25 — 2048x16 | 232 — 16|+ + ] + 2 SCIUART — + 32 40
17C43 | 25 — 4096x16 | 454 — 16|+ + ] + 2 SCHUART - + 32 40
17C44 1 25 — 3192x106 | 454 - 16+ + 1+ 2 SCHUART - + 32 40



Poapin 8.00HokpucmansHi mikporormponepu 3 RISC-apximekmypoio

Apxitexktypa PIC-xontponepiB. Apxitektypy PIC-KOHTponepiB
posrnsgHeMo Ha npukiani BIC PIC16C71 (puc. 8.1).

AT
Crex - . - Buox
e .}u-]i‘g | O Perictp | Pericip pm‘iff:;)irs
IBII H—] I
Q@414 [€5 ’
Tainep/ Paicp
Tkpr R4 > A FIHCRAEERAC aie ey
1 7'y
YLerBS ¢ > p  PaonyrEa RICT
l_ aAIRVUR
| Cropo gl 1
AT ol Ta™ep I
Crerena N2
R i
R i : ’MIR
Lystadhe Oy Seiect

l Pericp xaosxdirypesai 1 Bl'ﬂ

Puc. 8.1. Cmpyxmypna cxema koumpoaepa PIC16C71

OcHOBa apXITEKTYPH — PO3NITHHI IMWHA Ta 00TacTL T1aM STl JUTS TaHWX
1 xoman. na nanux 1 komipka O3IT — 8-po3psHi, a WHHA KOMAH i Mpo-
rpamna ram’sith (311 — 14-pospsani; 14-po3pansa koMania subupacrbes
33 oAWH UMK J[BocTyrnieHeBui koHBeep 3abe3tnieuye oJIHOYACHE BUOMPAHHS
i BUKOoHaHHA koMapau. CrcreMa KOMaH MicTuth 35 koMaup, Yei koMarm
BUKOHYIOTBCS 33 OJMH LMKII, 33 BUHATKOM KOMaH]l TepeX0iiB, 1o BHKOHY-
FOTLCA 32 ABA LIHKIH.
CTpyKTIypHa cxeMa KOHTpOJIepa MiCTUTE!
- BOCHLMMPIBHERMHA anapaTHuif cTexk;
- 13-pospsianuii nporpaMHAi UYWIibHAK P,
8-pospagnuit AJIIT;
0311, sxuii crranaeTses 3 36 8-pespsanux P3IT;
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- 15 pericTpie cnemiansanx Qynkinit SFR (Ha puc. 8.1 mo-
Ka3aHo peTicTpH HenmpsAMoi aapecamii W, crarycy, ormmii, koH(irypamii
I131D),

- 8-po3pazHMit TaiiMep/ TIYTBHUK 3 8-PO3PAIHEM TIPOTPAMOB-
HUM NIepeIRUIBHIKOM; , '

- Moaybs AL i3 woTupMa BXOAAMY,

- 13 ninmiii BBeJIEHHA-BUBENCHHS (4-pospsimuuii TopT RA;

8-po3panauii nopt RB, niuig RTCC);

- cTOpokoBHit Taitmep WDT,

- thopmyBau 30BHIMIHROTO curHany K7CC abo curHaly CTopo-
>KOBOIO TaiiMepa,

- CHUCTEMY KEPYBAHHS | CHHXPOHI3allll 3 BHYTPIITHIM reHe-
paTopoM. '
IIpuznauenns susonais BIC uaseneno y Tabi. 8.2, a rpaHuvHi eexT-

pu4HI napameTpu —y tabin. 8.3.

Ta6nuys 8.2. lpn3navenns supogis PIC16CT1

Homep o . ]
03HAYECHHS dyHKiOHATEHE TPUBHAMEHHS
BUBOIY | -

1 RA2AIN? ).IBpHa.npxmneHa TiHig Baczcvﬂnsframencgﬂg. Ar{\aﬂorosnﬁ
Bxig kaHay 2. Ax updposuii pxix mac pisui TT.1

5 RA3IAIN3/Uref ZIB.OHaHp}IMI[eHa THIA BBEACHHA~BUBSACHHS, AHATOrOBKH
BXiJ KaHanmy 3
Bxix gepes tpurep HmMitra. Jlivig nopty BBeIeHHA-

3 RA4/RTCC BHBEJCHHA 3 BIIKPUTHM CTOKOM a60 BXiJ 4acTOTH 18 Taif-
Mepa/TiamisHuka RTCC

— Cursan ckuaaHHs 71 KOHTponepa. AKTUBHUH HU3BKUIX

4 MCLR /Upp  pisesb. Bxin yepes tpurep mitra

5 Uss 3aransauii BuBij (3eM14) ‘

6 RBO/INT ﬂéonanpxwmeaa I BBEACHHA-BUBEACHHS 200 30BHIIIHIH
BXiJl IlepepUBaHHS

7 RB1 HAMpPAMIcHA JIHIS BBSICHEA-BHBCICHHA

8 RB2 Te came

9 RB3 —“-

10 RB4 -“—

11 RBS - -

12 RB6 - =

13 RB7 - -
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Ilpoooescenns maba. 8.2.

:;ﬁzg: Noznagsennn OyYHKUIOHAILHE NPU3HAYEHHA
13 Udd Hanpvra xuenesHs

Bxia yBIMKHCHHS KBAPLIOBOTO PE30HATOPA B YCIX PeruMax,
15 OSC2/CLKOUT | xpim RC-resiepatopa (BHXi | TAKTOBOI WACTOTH B PEKAML

: RC-reneparopa) :
Bxia yeiMKHEHHS KBapUoBOrs peloHatopa, RC-xoma (sxia
30BHIIITHBEOI TAKTOBOI 9ACTOTH)
JBonanpamieHa jxiHis PBeACHHA~BHBCICHAS
Anasiorosuii BXix xanazy 0
JBonanpamneHa JiHis BBeAeHH-BuBeAcHHR. Pipm TTIL
Awmazorosmii Bxig kanamy 1

16 OSC1/CLKIN

17 RAO/AINO

18 RA1/AIN]

Tatauys 8.3. TpaHngHi 3HAYEHHS €JIeKTPUYHAX NapaMeTpiB

Mapamerp IpanuuHe 3HaYeHH
InTepeaz poGounx TemMneparyp Big -55 10 7125 C°
| Temneparypa sGepiranng : __ Bix -65 a0 +150 C°
Hanpvra va 6y ap-skoMy Busoa BigsocHo U, (3emm), kpiv Ul MCLR ~0.6-Uuu+06B
Haunpvra Uy sianocso U, 0-75B |
Hanpyra MCIR Biawocso Us, 0-14 B*
3aranpHa NOTYKHICTD POICIFOBAHAA 800 MBT
Maxkcumansanii cxpyM y usogi U, 150 MA
MakcumaitbHui crpyM y BuBoAE Uy 100 mA
MakcuvanbHuii cIpyM v 6V.Ib-1X0oMy BEBOAI £500 MKA
Makcumaabauil BXigHull cTpyM 6vab-saxoi JiHil nopry R4 abo RB 25 MA
Maxkcumaabhuii BUXIZHUI CTPYM Ovim-axol JiMii nopry R4 abo RB 20 MA
MaxcumaTeHuit cyMapHUit BXi JHAN CTpyM AT BeiX Tl mopty R4 30 MA
Makcavanssuii cyMapHuiil BXIAHMIA cTpyM mis BCIX MM mopty RB LO0 MA
Maxcuvabayii cyMapHuii BHXIRHI cTpyM /U BCIX I nopry RA _ 80MA
MaxcAMATLHUI cyMapHUil BIXIAHHMIA CTPYM A1 BCIX JNiHiN nopty RB 150 MA

* Curaan Ha BEBiL MCLR PEKOMEHIYETHCS MOJABATH Yepes oOMexkyBaThHUi
pe3ucrop 50-100 Om.

Sk BUZIHO 3 HABEICHUX XapaKTEPUCTHK, FIC-KOHTPOIEpH 3a CBOIMM Na-
paMeTpaMy KOHKYPYIOTE 3 OHOKpucTaibHUME MIKpoEOM 1ta OMK. Jleski
Moaudixaryi P7(-KOHTposepiB Ma0Th OLTBITY wBUAKOLiI0 ik OMK. I PIC-
kouTposiepy, 1 OMK 3acTocoByIOTE ¥ BOYZOBaHMX CHCTEMaX KePYBAHHA pis-
HOTo 00TaqHaHHAS.
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KoHTponkHi 3anuTaHHA

. Hasgits céepu 3acTocyBanus P/C-KOHTpONIEDIB.

SIkumy QaKkTopaMu BU3HAYAECTHCA IBUAKOIsE P/C-KOHTpOJIepiB?

. HasBiTs ocHOBHI OJIOKM CTPYKTYpHOI cxeMu PIC-KOHTpONEpa.

. Topisusiite xapakrepuctuku PIC-koHTponepis cepiii PIC16Cxx 1
PICY7Cxx. S

. Vxaxits Turm 11311, ki BUKOpUCTOBYIOTE Y PIC-KOHTpOAEpaXx.

6. Sxi nepudepitini npucTpoi 3acTocoByrOTh y PIC-KoHTpOIepax?

LRI S

W

8.2. OpgHokpucTanHi AVR-MiKpOKOHTponepu

OnHokpuctansti A VR-mixpokontponepu (4VR-MK) sasisrors coboro
8-po3psaHi BUCOKONIPOAYKTUBHI KRISC-KOHTpOJIEpH 3arajbHOro Nnpu3Ha-
4eHHs. X cTBOpMNA rpyna po3poGHUKIB AOCHIAHOTO LeHTpY dipmu Atmel
Corp. (Hopseris), ininiamu sxux copmyBamu Mapky AVR. OcobmusicTh
AVR-MK - iX 1iMpoka HOMEHKIIATYpa, IIt0 JO3BOIAE KOPUCTYBaYeBl BHOpa-
TH MIKpPOKOHTpONep i3 MiHIMAIBHOMI allapaTHOI0 HAIMIPHICTIO i, OTXKe,
HaltMeHIIOi BaprocTi. Tak, Hanpukiaa, y HOMeHKIATypy rpymn A790S
BxoATh mpunany 3 [13[1 emuicTio Bix 1 o 8 k6ait1, 3 pisHrM HabopoM nie-
pudepifiHux mpucTpois i y kopmycax i3 KiIbKICTIO BUBOJIB BiZ 8 10 48.
Huni B cepifinomy BHpOGHHﬁTBi sHaxomaTecs Tpu ciM’i AVR - Tiny,
Classic 1 Mega. MixkpokouTponepu Tiny — HaltGimpwl JelmeBi 1 MpocTi,
Mega — nailibinsn notyxHi, a Classic 3aiiMaroTh IIPOMDKHE MicIle MK HU-

PosrasHeMo apxiTekTypy AVR-MK Ha mpuknani MiKpOKOHTpONepiB
cim’i Classic — AT90S8535 (puc. 8.2)
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) DB
Interrupr
ROM 3 >
@kxt6) [[PC_ || SCON |je—s o
A
SPI
P . — * > UNIT
(32x8) gl
i Serial
{ .5 ¢ > UART
D zl 8
=1 B e——| 8-pOspaTEmi
5 B 7C
2 e
. 4 3 ohy| 8-pOIPATEHMI
Control Lines g B TC PWM
= 1_’ DATA T6-pospaeii
SRAM >
> (512x8) rerw
EEPROM -
Gixs) [ " AP
]
32
1O Lines [* >
A 4

Puc. 8.2. Apximesmypa smikpoxonmpoaepa AT 9058535

MIKpokOHTpOJIEp MICTUTh TapBapACLKHIA (IPOLECOp, PEricTpoBHIA
daitn, nam’ATe NPOrpam, Nam’ sTh JaHUX i Pi3Hi IHTepdheiicHi cxemu (nepu-
bepiro).

lapsapocvxuti npoyecop. Pealizye NOBHHN JOTTYHWEA 1 (izuurumit
pO3I101i He TUIBKH aAPECHUX IIPOCTOPIB, aje i iHdopManiiHux 1y s
3BEPTAHHA A0 MaM ATi TIpOrpaM I Ko nam’ sATi TaHux, HPHIoOMy cnocolu aa-
pecyBaHHs 1 JOCTYILY 10 HMX MACHBIB MaM’STi TAKOXK PIsHI.

Taka Oy1oBa Bike OIIKYA 0 CTPYKTYPH HHPPOBUX CUIHATRHUX TIPO-
1ecopiB i 3abesnedye ICTOTHE INIBUINEHHS NPOAYKTHBHOCTI. ITporecop
IpALOE OAHOYACHO AK I3 [aM’ATTIO NPOrpaM, Tak i 3 mam sATTH JaHuWX,
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PO3PAJIHICTD IMHH IaM’ATI IporpaM posmmupeHa mo 16 6it. B AVR-MK
BUKOPHCTOBYIOTh TEXHOJOIMIO KOHBEEPH3allii, YHACIIIOK YOTO UK 6Ubip-
Ka — UKOHAHH: KOMAHOU TIOMITHO cKopodeHuid. J{na NOpiBHAHHSA, ¥ MIKPO-
KoHTpoJepiB ciM’i MCS51 KopoTka KOMaHIa BUKOHY€ThCsA 3a 12 TakTiB re-
HepaTopa — OIMH MANIMHHMI UK, IPOTATOM SKOTO IPOLECOp MOCTiJOBHO
3YUTY€ KO omepauii 1 Bukonye ii. Y PI/C-xontponepax bipmu MicroChip,
e BKE peali3oBaHuii KOHBEEDP, KOPOTKA KOMaHIa BUKOHYETHCA MPOTATOM 8
MepiOAIB TAKTOROI 4aCTOTH (/IBa MAHIMHHI LHAKIN). 3a 1ei yac mocifioBHo
IemuppyeThCs 1 3UUTYETHCA KO OMepallii, BUKOHYEThCS KOMaHa, (ikcy-
€ThCs PE3YIbTAT 1 OJHOYACHO 3YUTYETHCA KOA HAcTyNHOi onepaiii (0xHo-
pisHeBui konBeep). ToMy B 3aralbHOMY IOTOI KOMaHI 01Ha KOPOTKA KO-
MaHJa peani3yeThes 3a 4 Meploy TaKTOBOI HacTOTH ado 3a 0JWH MalluH-
i k1. B AVR-MK Tex BUKOPHCTOBYIOTH OJHODIBHEBHI KOHBE€p Mg
4ac 3BEpTaHHs [0 IIaM’ 4TI IIporpaMm i KOpOTKiI KOMaHIH B 3aralibHOMY ITOTOL
BHKOHYIOTBCS, 9K 1 B P/C-KOHTpoAepax, 3a OfuH MarmaHAmi k. ['onoBHA K
BIIIMIHHICTB Y TOMY, 110 el 1uki B A VR-MK cTaHOBUTL HLIe OUH IEPIO
TaKTOBOI YACTOTH.

Pecicmposuit (paiin. 3aiiMae Mono i 32 6alfT y 3arajbHOMY apecHO-
My npocropi SRAM AVR (puc. 8.3). ITlicts i3 32 perictpis daiina Moxua
BUKOPHCTOBYBATH K TPU 16-po3psaaHi MOKKYHKA &JpecH y Tpoueci He-
TOpsMOro agpecyBaHHa gaHux. OAuH i3 IMX TIOKLKINKIB (£ Pointer) 3acto-
COBYIOTH TAKOXK JJIS IOCTYIY [0 JaHHX, 3aMMCaHuX Yy IaM’ ATI IporpaM Mik-
poxoHTpoepa. Buxopuctanus Tprox 16-pospsaHux noxaxuuxis (X, ¥ i Z
Pointers) iCTOTHO MiABULIY€ IBHIKICTH NEPeCUIAHHS JAHUX Hij 9ac poOGoTH
IIPUKAATHOL NPOrpaMu.
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RO

Rl

R .

K3 e
XL )
XH X Pointer
YL I
YH Y Pointer
ZL )
7H Z Pointer

Puc. 8.3. Pecicmposuii aiin

Hant sasme npoepant. Yci AVR-MK mators Flash-niam’ ats iporpam, AKy
MOJKHA 3aBAHTAKHTH K 32 JOTIOMOTOI0 3BUYANHOTO TIporpamMaropa, Tak i 3a
zoriomoroto SPI-iHTepdielicy, 30kpeMa Ge3rnocepeiHbo Ha INbOBIH ILIATI.
Kimpkicts 1uxniB nepesamicy -- e menme 1000. Jleski Bepcii kpucTamBs
ciM’i Mega MaroTh MONIMBICTH CAMOTIPOTPaMyBaHHA, TOOTO MIKPOKOHTPO-
Jep 3xarHuil caMocTitiHo, 6€3 30BHINTHLOT0 MporpaMaTopa, 3MIHIOBATH BMICT
KOMIpOK 11am’aTi porpam. Lle jrae MOXIMBICTE 3aMHCaTH B 30BHILHIO eHep-
TOHE3ANCKHY NaM’ATh AekiNbKa poOoyMX Bepciit nporpamu, a noTiM y Mipy
noTpeby abo 3a peakuicro Ha 3¢3HIMHI (BHYTPINTHI) JOTIUHI YMOBY NepeBaH-
TaxyBaTH pobodl mporpamMu B To¥ camuii A1 R-MK 6e3 BUTAIYBaHHSA ifoT0 3
JApyKapcekoi 1aTy. s 11p0T0 3ech MACHB [aM’ fTi HporpaM JiHThes Ha 1Bl
HepiBHI 33 EMHICTIO JiNAHKK. 0/10K 3aBaHTAXKHUKA (MpOrpama, o Kepye re-
pesanmcoM Flash-tiam’sti 1TporpamM) | 610K JUIS po3MIIEHHA poOodHX [1po-
rpaM. [IporpaMy-3aBaHTaKHUK CTBOPIOE caM PO3pOOHIK, BOHA Mae GYTH 3a-
HporpaMoBaHa 30BHILLIHIM [IPOIPAMaTOPOM.

Iam ame danix. Yei AVR-MK MaloTh Takoxk OIIOK €HEProHE3AIeHKHOI
naM’ ATl JaHUX 3 eNeKTPUUHUM cTupanHsM FEPROM. 1lei Tan nmam’sti Bu-
KOPHCTOBYIOThL JIsi 30€piraHHs NPOMDKHHX JAHWX, PI3HHX KOHCTAHT, Tab-
MG TEPeKolyBaHb, KaibpoBaaux Koediuientis Towro. Jani B [l:PROM

MOKHA 33BAHTAXUTU K uepes SP-intepdeiic, TaK 1 33 A0MOMOroi0 3BUYaN-
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Horo mporpamaropa. KinbkicTs ki nepesanucy — He Menmre 100 000. [ipa
TpOrpaMoBHI GiTH 3aXHCTy iH(pOPMANi TO3BOJIAIOTH 3aXUCTUTH IIaM ATb 1IPO-
IpaM i eHeproHesanexHy am’ath nanux EEPROM BiA HecaHKIIOHOBAHOI'O
3YUTYBaHH.

BHyTpiuHs onepatvirHa nam’ath SRAM € y Beix AVR cimeit Classic 1
Mega Ta B ofHOro HOBOrO KpHcTana ciM’i T iny — ATiny26/L. [lo nesxux
MiKPOKOHTPO:IEPIB MOKHA HIAKTIOYUTH 30BHIIIHIO IiaM ATh JaHUX EMHICTIO
1o 64 xbafr.

Ilepugpepia AVR-MK. Jlo crapnx nepudepiiinux npucTpois Hanexarh
8-po3psgHi HOPTH BBEJICHHA-BUBEICHHS, [OCITTOBHAM oprT,
TaliMepy/TiIMTBHIKY, KOHTPOJIEp TIepepHBaHb.

'KiThKiCTh He3aleKHMX iHiK TIOPTiB BBEAEHHS-BUBEACHHS — BiT 3 10
53. KosxHuit po3psx MOPTY MOKHA 3aipoTpaMyBaTH Ha BBeJGHHA a00 Ha
BUBeJeHHS 1H(GopMauil. TloTyxHi BUXigHI ApalBepu 3abe3euyroTh CTPY-
MOBY ﬁaBaHTamyBaany CIPOMOXHICTE 20 MA Ha JIHIIO TIOPTY IIPH Mak-
cuMabHOMY 3HadeHHi 40 MA, 10 IO3BOIIAE, HAUpPUKIad, OeslocepeAHbo
HiAKITI0YATH 0 MiKPOKOHTPOIEpPA CBITJIOAIONH 1 OIMONAPHI TPaH3UCTOPMH.
3arajpHE CTPYMOBE HaBAHTAXEHHS HA BCi JIiHIl 0JHOTO MOPTY HE Mae€ e-
peBuiyBat 80 MA (yCi 3HAUCHHS HaBeACHO AN HANPYTH KUBIEHHA 5 B).

MikpokonTtposiepu AVR MatoTh v cBoeMy ckyiaal Bix 1 mno 4 taiime-
PIB/NIYMILHUKIB 3aTAIBHOTO IIPU3HAYEHHA 3 po3paaHicTio 8 ado 16 6iT, mo
MOYTb IIPALFOBATH | AK TaliMEpH BiJl BHYTPIIMHbOro AXepela onopHol ya-
CTOTH, 1 AK JIYMIIFHAKA 30BHIITHIX MO i3 30BHILIHIM TAKTY BEHHM.

Taimep/mimmmeiuk R7C (€ B ycix MiKdeOHIponepax ciM’i Mega 1 B
aesxux MK Classic) peanizye cucTeMy peatbHoro dacy. TaiiMep Mae BlacHUil
epeUILTBHUK, AKHH MOKHA MPOrpaMHHAM croco0oM MAKIIOUYUTH abo 1o
OCHOBHOI'O BHYTPILIHEOIO JUKEpPesia TAKTOBO! 4aCTOTH MIiKPOKOHTpoiepa, abo
JI0 AOJATKOBOTO aCHHXPOHHOTO JKEPENA OTIOPHOI YACTOTH (HAITPUKIAH, 30B-
HilmHKOrO reHeparopa). Jns mporo MK Mae jBa 30BHINIHI BUBOM.
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BayTpimmi# = ocuundTop,  HaBaHTaKEHWH — HAa  UMIBHMH  BXIJ
TaiimMepa/muuibaika R7C, ONTAMI30BAHO Wis pPoGOTH 13  30BHILIHIM
«TOMUHHUKOBHMY» KBAPLIOBUM pe3oHaropoM 32,768 ki 1,

Hosi mnepudepiiini npuctpoi — OIOK TOCHIZOBHOTO TiepudepiiiHoro
iHTepdeiicy (SPI), cropoxoBuii Taiimep (WD7) | ananorosuii KoMIiapatop
(AC).

bnox SPI npusnaueHo i NOCHIJOBHONO BBEICHHA 1 BMBEACHHA
NaHuX, 0ro BUKOPHCTOBYIOTH JULA IIPOrPaMyBaHHA MiKPOKOHTponepa Hicist
YCT@HOBKY HA APYKAPCHKY IIIATY.

Cropoxosuii Taiimep WDT (WATCHDOG) tpusHadeHo aas
repe3aycKy MporpaMu TiTEKH AKINO 3°SBUThCA 3011 Y X0/l il BUKOHAHHS,
ITporpama, 1o mnpawmroe Oe3 360iB, NEPIOAVYHO CKUIAE CTOPOXKOBHH
TakiMep, He JOMYCKardu Horo uepenoBHIOBaHRS. CTOpokoBuii TaliMep Mae
cBiil BmacHuit RC-reHeparop, o mpamoe Ha gactoti 1 MI'm. Ha Bxom
WDT yBiMKHeHO NepeAaibHUK BXIJHOI YaCTOTH 3 MPOTPAMOBHUM Koedi-
IIEHTOM MIMeHHS, IO 03BONSE peryIioBaTH YAcORWH IHTEPBAJ TICPETIOB-
HEeHns TafiMepa 1 CKNAaHHA MiKpokoHTponepa. Taiimep WDT moxHa BUMK-
HYTH IPOTPAMHUM ciocoBoM 11i1] 4ac poGOTH MIKPOKOHTpOJEpa AK B aKTH-
BHOMY PEXMMI, TaK | B OYAb-IKOMY 3 PEeiXHMIB 3HIKEHOTO eHEpProcnoxu-
RaHHA. B ocTaHHBOMY BUNAJIKY 1l 3HAUHO 3MCHIIYE CIIOKUBAHHA CTPYMY.

AmnanoroBuit koMnaparop A(C’ NOPIBHIOE 3a HANMPYTOIO CHTHANM, IO
HaxxoAATb Ha Bxoun 1.0 i Pl.1. Pesynwrar nopiBHSHHA NOJAEThCA HA
BXiz| /3.6, 1110 He MA€ 30BHILIHLOI'O BUBOJLY.

Ananoro-umpposuii mepersopioBay AD( no6yn0BaHO 3a KIACHUHOIO
CXEMOIO TTOCTLAOBHIX HAOMIKEHD (3 TPUCTpoeM BUOIpKU/30epiranns (1TB3).
Koxuuit 3 aHanoroBUx BXOAIR MOXHA 3 €aHarn i3 Bxojom 11B3 uepes
ananoropuit  mynstunnekcop. [lpucrpiit BubGipkn/30epiraHus Mac cBii
BIACHUN MUICHMIOBAY, AKUE TrapaHTye, N0 BUMIPIOBAHHMI aHanoToBHi

curgan  Oylle CTabUIBHMM NpPOTITOM  YChOTO  4acy  NEPETBOPEHHS.
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Pospsagnicts AL cknagae 10 6it mpu HopMoBaRiil noxubui +/- 2 pospaam.
AIIIl Moxe mpaipoBaTH y IBOX pekAMaxX -- OFHOPA3OBOTC TIEPETROPEHHS
cursany o6paHoro KaHany i IOCTiIOBHOTO HUKAIYHOTO QMUTY BCIX KAHAIB.
Yac neperBopeHHA BUOMPAEcTHCA TMPOrpaMHO 3a JIOTIOMOTOKY YCTAHOBKM
KoediIlieHTa POMOAUTY JaCTOTH CICHIATEHOIO MepeUIUThHUKA, 0 BXOIAUTH
no cxnagy Onoka AL i cranosuTe 70-280 Mxc mna ATmegal03 ta 65—
260 MKC A7 BCIX IHIIMX MIKPOKOHTPOJICPIB, IO MAlOTh Y CBOEMY CKJIali
AIIL

BHyTpiumiit TakToBHit reHeparop 4VR-MK MoxkHa 3aITyckaTd Bif Je-
KUIBKOX JDKEpEIT ONOPHOI 4acToTH (30BHILIHIN IeHepaTop, 30BHIITHIM KBap-
LOBMH pe3cHaTOp, BHyTpimHe abo 3o0BHIMHE RC-kono). Ockubknr 4 VR-MK
INITKOM CTATWYHI, MIHIMANBHY TIPHITYCTUMY HacTOTy HIUHM He 0OMEXeHO,
TOOTO MOXKHA JIerKo 3a0e3lEeUlTH HaBITh ITOKPOKOBUM PEXXUM BHUKOHAHHS
nporpamu. MakcuMaikHa podoya HacTOTa BU3HAYAETHCA KOHKPETHHM TH-
IIOM MiKpOKOHTpOIEpa.

MixkpokonTtponepu AVR MoXHaA TIepeBECTH TPOTPAMHUM IIUITXOM B
OJIH i3 IMECTH PeXKNMIB 3HIKEHOTO €HEPrOCTIOKUBAHHS.

1. Pexxum xonoctoro xoay (IDLE), y SkoMy NMpHIMHAE poOOTY TiTbKH
npouecop 1 QikCyeTbes BMICT maM’ATi OaHWX, a BHYTpIWIHIA reHeparop
CUHXPDOCHTHaNIB, TaliMepH, cucreMa mepepuBanb 1 WDG-Taitmep
MIPOIOBAYIOTH )YHKUIOHYBATH.

2. PesxuM MikpoctioxuBansst (Power Down), Y SIKOMY 30€piracThCsi BMICT
pericTpoBoro (aiina, ane 3yMUHACTLC BHYTPIINHIA reHeparop CHEXPOCUTHAIIB,
Buxin i3 Power Down MOXTMBHY a60 32 CUTHANOM 3aralbHOTO CKUZAHHS
MIKPOKOHTpOJIepa, 200 BiJl 30BHIIHBOIO DKEpENa MEPCPUBAHHA 3 YBIMKHEHIM
WDG-TaliMepoM CTpYM CIOXUBAHHS B IIbOMY PEX#Mi CTAHOBUTE OiTim3bKo 60-80
MKA, a 3 BHMKHEHMM — MeHIe 1 MKA it Beix mumiB AVR. BuiueHaseneni
3HAYEHHS CIIPaBeUIVBI AT KUBHTLHOI HATIPYTU B 5 B.
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3. Pexan 36epirants eneprii (Power Save), pe_é_uisoﬁamix?l ;TiJIB_KI/I B THX
AVR, M0 MatoTh Y CBOEMY CKIai CHCTEMY PEaILHOIO qé.cy. Sneﬁinbmoro
pexum Power Save inentnunuit Power Down, ane BiH JONYCKa€ HE3aIeKHy
poboty TaiiMepa/mimubHuKa RTC. Buxiz i3 pexuMy Power Save MOXIUBHIA
32 CHTHATOM  TICpPEPHBAHHS,  BWKIMKAHMM  ab0  [ECpPCIOBHEHHAM
TaiiMepa/mixmmsauka R7C, abo cripalilbOBYBaHHAM OI0ka HOPIBHAHHA LHOTO
MaabHEKE. CTIPYM CHOKUBAHHS B IEOMY peXuMi CTaHOBUTH 6—10 MKA mpu
Hanpys3i xuBicHuA 5 B na yacrori 32,768 k[ ',

4. PexnM sarmyuieHHs mymy nig vac pobote ALl (ADC Noise
Reduction). 'Y upomy pexumi HpI/IHI/IH;€TI>CSI poboTa mpouecopa, aine
nossoneno poGoty AL, asomnposiaHoro irepdeiicy I’C i cTopoxoBoro
TaiimMepa.

5. OcHoBHuil pexum  ouikyBaHHsA - (Standby). BijpisHsicThCs  BiJ
pexumy Power Dowm THM, 10 poGoTa TakTOBOTO TeHepatopa He
IpunuHAEThes. Lle rapanTye mBHAKAR BUXIA MIKPOKOHTPOECPA 3 PEsXUMY
OYIKYBaHHS JIMIIE 32 IMIiCTh TAKTIR TeHepaTopa.

6. HonarkoBuil pexkuM ouikysanus (Extended Standby). Inentuynnii
pexuamy Power Save, ane poGora TaKTOBOTO [IeHepaTopa TeX He
MIPUNUHAETECS. ['apaHTye MBuAKWA BUXIA 3 peXUMy 3d WICTh TAKTIB
reHeparopa. ‘

Cucmema xomano AVR-MK wmictate g0 133 pisHHX KOMaHz.
Po3p13HAt0TE N'ATH TPYN KOMaHI: YMOBHOTO PO3ranyXeHHs, 6e3yMOBHOIO
po3ranyKeHHsd, apU@MeTHuHi i JoriuHi onepauii, KOMAaHIH NEPECHUIKU
Jdanux, koMaHaM poGoru 3 Oitamu. B ocranHix Bepciix 4VR-MK ciM’i
Mega peanizopaHO (YHKIIO AnapaTHOr0 MHOXEHHA. 3a pO3MAiTICTIO I
KITBKICTIO peaﬂi30}3aﬂnx koMany 4VR-MK Oineie nogi6ui go CISC, Hix
1o RISC-npouecopiB. Cuctema komay P/C-KoHTponepis Micturh g0 75
pi3HMx koMaH[, a B MCS51 Bona craHosurs 111.

825



MixponpouecopHa mexHika

3aratom mporpecuBHa RISC-apxitektypa AVR-MK y -cronyuenni 3
PETiCTPOBUM (haiiyioM 1 PO3IIMPEHO0 CUCTEMOO KOMaH ;I IO3BOJIAE CTBOPHOBATH

KOMITAKTHI TIPOTpaMy 3 BHCOKOIO NIBUJIKICTIO BUKOHAHHA.

KoHTponbHi 3anuTraHHaA
1. Hassits cknaa nepudepii AVR-MK.
2. 3a fKOK apXiTekTypoio BukoHano AVR-MK? SIxi oco6muBocTi miei
apxiTekTypu?
3. HasBiTb HOBI 610KM CTPYKTYpHOI cxemH A VR-MK.

4. 3a CKiIBKH TAaKTIB BHKOHYEThCS KoMaHua B a) AVR-MK, ©6) PIC- '

KOHTpOJEpi, B) MikpokoHTponepi MCS351?
5. Slke mpusHaYeHHA cTOpokoBoro WDT-tatimepa?
6. HasBits pexumu nporpaMysanss Flash-nam’sri nporpam. [ToscHiTs

iX [lepeBaru 1 HeAOMIKH.

8.3. Xapakrtepuctuku AVR-MiKpOKOHTpOMepiB

PosrnsseMo nokIajHille XapakTepucTUky cimeit A VR:

- Classic ' AVR — ocHOBHA JIiHIA MIKPOKOHTPOJNEPIB NPOLYK-
tuBHICTIO 10 16 MIPS’, maw’site nporpam Flash ROM 2-8 xGaifr,
maMm’sTh manux EEPROM 64-512 6aiir, maMm’ga1e namux SRAM 128
512 Gaiir;

- Mega AVR i3 npoayxTUBHICTIO 4-6 MIPS, nam’sa1th Hpo-
rpam Flash ROM 64-128 x6aiir, nam st aanux EEPROM 644 096
6alit, maM’ AThb gaHuX SRAM 1-4 xGaiit, BOY nosannii 10-po3psaaHmi 8-

kaHanbaMit ALTL, anaparanii momuoxysad 8x8§;

* MIPS - Million Instructions per second — MiTBIOH ONICPAINH 34 CEKYHAY
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- Tiny AVR — Helopori MiKpOKOHTpONIEpH y 8-BUBiJHOMY BH-

KOHAHHi, MAIOTh BOY(OBAHY CXe€MY KOHTPOJIO HAalIpyIU KHBICHHS.

MikpokoHTponepu Iiny XapakTepu3yioTbCd HaHMEHIUUMU Cepex
AVR-MK eMHOCTAMH TIaM’ATi TIPOTrpaM Ta 0OMeskeHMM HabopoM ¢yHKIA.
Onnak MamoraGapuTHI KOPITYCH, MOXKIIMBICTE POGOTH TPU HANPY3i XKWB-
nenns 1,8 B (BIC 3 inyiekcom ) RO3BONAXOTE BHKOPHCTOBYBATH 11 MIKpPO-
KOHTpOJIEpH B TIOPTATMBHIN anapatypi, 30KpeMa, 3 GaTapeAiHUM XHBICH-
HAM.

Ha 1H1moMy nomoci ciM’i AVR, 3a piBHeM IHTerpamii 1 MOXITHBOCTEM,
3HAXOAUTBCA rpyna Mega. JIns MikpokoHTponepiB i€l rpynd, 0cobIMBO
Ut HEAABHO po3po0IICHMX, XapaKTepHi:

- BelMKAa eMHicTh Flash-mam’sri niporpaM  (wumi 8-128
KOalT).

- pexuM caMonporpaMyBaHHs, 3abe3neuenuii BOYAOBaHOMO
MPOrPaMOI0-3aBAHTAKHUKOM,

- BOY A0BaHUI NOMHOXKYRAY, 10 IHATPUMYE MHOKEHHS APO-
00BUX uuCeN 13 3HAKOM Ta H€3 HLOTO;

- posumpedi HaGopu BOYn0BaHoOI Hepudepii;

- HIMPOKUH HAOIp CreliaTbHUX MIKPOKOHTPONCPHUX (YHK-
M, 30KpeMa 10 IIECTH PEXHUMIB €HEproOMaKEHHA | MOKITUBICTD
IPOrpaMHoro BCTAHOBJIEHHA TaKTOBOI HACTOTH; ,

- po3muperHs cucTeMu koMana Ao 130-133, soxpema jieki-

. JIbKOMa KOMaHaaMH 32-po3psaaHoro gopmMary;

- HasgBHICTh Y HOBHX MOZAENX iHTepheiicy TpaHmIHoro CKa-
HyBauHs (JEEE 1149.1JTAG), wo nigrpumye Bﬁy;:bBaHe Haaro-
IDKeHHs 1 3abesneuye e OOMH croci6 mporpamyBauus [lash- i
FEPROM-naM’ ati, niepeMu4ok i 6iTiB G1oKyBabHs;
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= crelianbHl MIKPOKOHTPOJIEpH] QYHKIIT, 0 3a6e31e9yoTh
BHCOKY ycTaleHicTh pobOTH amapaTHHX 1 NporpaMHUX 3acobiB v pasi
BHTIAJKOBMX 3MiH HAUPYIU KUBIEHHS.

'Coepu 3acTOCYBaHHS MiKPOKOHTPONEPIB i€l IPYIH — Bijl BUCOKOHA-
AitHAX GYHKIiA TPagUIIAHOT0 O6YMCTEHHA | KEPYBaHHA 0, TAKOX BHCO-
KOHaAXIHHOI, 06pOOKH CUTHANIB KEpYBaHHs ABUTY HAMM.

 CiM’s Classic Ternep Halinomupenima. MikpoKOHTpoNepH 1160ro Kia-
CY MaroTh MEHII nepudepiro i 06UUCIIOBATbHI MOXIHBOCTI, HK KOHTPO-
nepu ciM’i Mega, ane 6ineimi, Hik 7Tiny. Kopnopaiuis Afme! He mmanye
MOJANLINOro Po3BUTKY ciM’{ Classic, OCKITbKH BBAXKAETHCA, 10 I CiM S
(hyHKUIOHATEHO 30a7IaHCOBAHA 1 PISHOMaHITHO TI0JaHa.

VY 1ab1. 8.4.—8.6 HaBeneHO XapakTEPUCTUKH MiKpOKOHrponepiB cimelt
Tiny, Classic i Mega BinnoBinHo.

VY 1abnuigx no3HA4YCHO:

- Flash ROM — eMHICTh €HEPrOHE3ANEKHOI TIaM’ sATi Tporpam
(v xinobaitrax); |

- EEPROM — €MHICTh €HeproHe3anckHoi naM’ aTi JaHux (y
Oaiirax),

- SRAM — emuicTb cTaTudHoOl nam’ati fanux (y Oalitax),

- ISP — MOXIUBICTh IPOrpaMyBaHHA MIKPOKOHTpoNepa Ha
iTsORiH 1ati (/) Tpy OCHOBHINM Hampysi XUBIeHHA a0 MOXIUBICTD
caMOIIporpaMyBaHHA 0e3 y4acTi 30BHIIHLOTO Iporpamaropa (S);

- /O — KiNbKICTh NiHIHM BBeICHHA-BUBCICHHS,

- taiivepn  8/16 — KITBKICTE 1 poO3pARHICTE TaiiMe-
PIB/ NIYUNBHUKIB;

- ADC (channels) — xinpricTb Kanamis AL
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Tatnuysa 8.4. Mikpoxontpoiepu AVR civ’i Tiny

m | A 5 =
B g EI E = 2 ~ a
~ 8 |3 -~ = =) o S B S A,
T EEed 31 % oo g2 g%
SE S I IR A~ T 5 £l 57
o] § = g & E < =
|AT-inylIL [ 2755 | 2 | 6 |1K]| — | - - - 1x8 | -
AT-tinyll [4055[ 6 | 6 |1K| — | - - - 1x8 | -
AT-tiny12v 185511 | 6 |1K]| 64 | - - - 1x8 | /
AT-imy12L [2,755] 4 | 6 [iK| 64| - - - 1x8 | I
ATiny)SL 12,755 1 | 6 |tK]| 64 ] - - ADC4x10 [ 2x8 | T
| AT-tiny26L | 2,7-55| 8 | 16<| 1K | 128 | 128 | SPTUART | ADC 11x10 | 2x8 | I
AT-tiny26 | 4,0-55 [ 16 | 16 | 1K | 128 | 128 | SPT UART | ADC 11x10 | 2x8 | I
AT-tiny28V [18-55 1 [ 20 [2K | — | — - - 1x8 | —
AT-timy28L | 27-55] 4 | 20 [2K| - | - - - 1x8 | —
Tabruya 8.5. Mikpokontpoaepu AVR cim’i Classic
[ y L
2 = = et
Em | Qo b 2 ] 2
| FEl L] IS 3 L a
Tun g E g2 8 E E é 2 E/’( -,S 2
E2 gl || g = B | EE| S
g " E = = < =
T £
N 2760 4 ‘ ~ .
AT90S12 Mo60 | 12 |1S|K 6] - - 18 | 1
o< 27-60 | 4 |, N - 18
AT90823 2060 | 10 |15 2K 1280 128 | UART | - | o]
ATY072323 | 27-60| 4 |3 | 2K | 128] 128 1x8 |/
AT9052323 [ 4,0-60 | 10 [ 3 | 2K [128] 128 - 18 1T
AT90L52343 12760 | 4 [ 5 | 2K [ 128 ] 128 ~ 18 | T
479052343 | 4,060 10 [ 5 | 2K | 128 | 128 - ~ 1 ix8 | I
R - UART | ADC | 1x8
AT90LS4433 | 2,7-6,0 | 4 |20 | 4K | 256 | 128 I | 6xio | 116 | 1
e , . UART | ADC | 18
AT9084433 | 40-60 | & |20] 4K | 236 | 128 <pr 6x10 | 1x16 I
I ; UART 2:8
AT90LS8515 | 2,7-60 | 4 |32| 8K |512 | 512 1 ~ el
. ) UART 2x8
AT9088515 {4,060 | 8 |32 8K |512] 512 ploy - el !
) ‘ UART | ADC | 2x8
TS - 2 2
AT90LS8535 | 2,7-60 | 4 132] 8K [512| 512 I | 810 | 1et6 |
e ‘ - TART | ADC | 2x8
AT9058535 14,060 | 8 |32 8K |512| 512 I | 80 | 1e16 | ]
NS UART | ADC | 2x8
AT9058534 | 18-60 | 4 |32 8K [256]| 512 Pt | 6x10 1 16 | ]
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Tabnuys 8.6. Mikpoxonrpoiaepu AVR cim’i Mega

Saxinuenns mabn. 8.6

! =3
y i s -
§m g3 < % = g Eo 5| 1 2 3 4 5 6 | 7 8 9 10 |11
Tun EEIEEIR| & | E| 3 T | 2¢ § & UART | ADC | 2x8
o oy 3 -4 A v_ . - -
E CAER: S 2 g R T-megal63L | 2,7-55 | 4 32 16K | 512 |1K| “eor 1530 16 | S
It 1 =
1 . . | UART | ADC | 2x8
5 : AT-megal 4,0-5,5 2
1 2 |34 6 | 7 8 9 |10 |, megal63 | 40551 8 . 16K | 512 1K “opr 18210 | 1x16 | S
- 2,7- UART | ADC | 2x8
AT-mega8L . 8 {23 8K |51 y : -’
& 55 211K “spr | w10 | 1xi6 | AT-megal6d | 2736 | 4 | BB gk | s1p |1k | VART[ADC] 28 1 g
X : UART TanC T 2ns ‘ D SPI. | 8x10| 1x16
AT-megal6L | = 8 |32] 16K | 512 | 1K s
> SPEL_1 810 | 1x16 AT-mega8315L |2,7-55 | 8 35 8K | s12 | 512 | VART D8 | g
45- UART | ADC | 2x8 | megasy I 4 2,173, » 3 : - :
AT- 16 , SPI 1x16
mega 55 16 | 32 1 16K | 512 | 1K SpI 8x10 | 1x16 S
27 . - - . UART | | I8 |
| AT-mega3ar 5,75 s 132 2k |1k | 2k U;PI? 211)1(0 12:186 s AT-mega8515 | 4,5-55 | 16 35 8K | 512 |512] Vg g6 | S
- 7 ” ‘ . . o1y | UART [ ADC| 1x8 |
AT-megad 45,55 6 132! 1k |1k | 2K U;PR}T 351% 12X18(, P AT-mega8535L | 27-5,5 | 8 32 8K | 512|512 "o 1o 0! e | S
R ol X
] I UAR : y Fomeva8$35 | 4.5-5.5 ,7, 519 | 5ppl VARTTADC| 18 | ¢
AT-megabdL 25,75 g 530 64k | 2K | 4K T ADC 2%x8 s AT-mega8535 ‘ 4,5-5,5 16 32 8§ K 512 | 512 1 I 8210 | 1x16 S
> SpI 810 | 2xt6 | " | b= . . ) -
15 2UAR | e | s [lupoka wHomMeHkdatypa AVR-MK Jac KopuCTyBaueBl MOXKIIHBICTH
AT-megats 55 | 16|33 64K | 2K | 4K r o | a6 1S OTITHMI3YBATH CIHBBITHOLIEHHS HPOOYKMUSHICMb — €HEPIOCHONCUBAHIA -
; spr | 10 | 2x16 y HHS HpOO) epeocho.
§ ‘ - yina.
Armega103 | Y% |6 |48 | 128K | 4k | ax | UART ) ADCH 28 . .
L ’ SPI | 810 | 2x16-| | Bricoky npo/1y KTUBHICTh 3a0€3Me1yI0Th:
2 .
AT-megal28L 2§,75— 8 | 53] 128K | aK | 4K x',[]{"R ;;11)1(5 2le36 s - BUKOHAHHAM KOMaHJI 33 OJINH TaKTOBUI LMKII,
'y X X )
. if;ﬁR - - KOHBEECPOM KOMAHJI, LI0 3a0e3MenytoTs 0HOYaCHO 3 BUKO-
, 45- . : x . . "
AT-megal28 | 0% | 16 | 33 | 128K | 4K | 4K T g‘ﬁ% 22:]’2 s HAHHAM NOTOYHOI KOMaHAM BUOIPKY HACTYIIHOL,
’ SPI
- - TOTYKHOI CWCTEMOI KOMaHJ €1WHOTO 16-po3psaHoro
ATmegaterr] 2= 1 4 a5 |16k | s | 1k | 2FR 28 | _
5.5 ) : wr |7 e opmary;
_ 2<UAR ' - BOYJIOBAHAMM ariapaTrHAMH HPUCTPOAMUL.
ATmegar6l | 4% | 8 135 [ 16k |s12| 1k | 7 R Y P prCTP
> SPI 1x16 Mane eHeprocnokuBaHHsa 3a0e31eUyOTh:
_ 2xUAR _ < P
AT-megal62L 25,75 g 35| 16k | 512 | 1k pe I CMOS-TeXHOIOTIEIO;
’ SPI Ix16 § — LITKOM CTaTHGSHORO pOOOTO0 — BLI TTIOKPOKOBOT'O PEXMMY [0
' 2xUAR . .
AT-megal62 45’55‘ 161351 16k [ 5121 1K T - 12><186 < MaKCHMATLHOT TAKTOBOT YacTOTH.
’ SPI *
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Masy BapTicTh AK Ha piBHI BapTOCTI allapaTHOTo oOJafHaHHA, Tak i
Ha pIBHI BAPTOCTI pO3POOKH 1 HAATOMKEHHS NPUKIAIHUX [IpOrpaM, 3abes3-
Uy IOTh, .
- Flash-nam’a1TI0 IIpOrpam, Ky npqrpaMyfoTb Ha [UIbOBIA
mnari;
- MOMITMBICTIO BUOOPY MIKPOKOHTpOJIEpa 3 J0CTaTHBOIO 1 BiATio-
BIIIHOIO KINBKICTHO QYHKLIH i BOY HoBaHoi repudepii.
HuHi CHIBBITHOMEHHS APOOYKMUBHICIMb — €HEP2OCRONCUEANHHS — YiHA
11 AVR — oxHe 3 HalikpalliuX Ha CBITOBOMY PHMHKY 8-pO3pAIHHX MIKPOKOH-
TpOJEpiB.
KoHTponbHi 3anuTaHHs

1. Has3BiTs cdepu 3acTocyBaHHs MiKpoKouTponepis cimeli Tiny, Classic
1 Mega.

2. SIxi cTPyKTypHi ocoGmuBocTi apxirekTyp cimeit Tiny, Classic i
Mega?

3. 3a paxyHOK 4Oro JOCAraroTh BUCOKOI npoxykrusHocti 4VR-MK? To-
pisHaliTe i1 3 mpoxykrTuBHicTIO CISC-mikpokoHTpo:iepiB, PIC-
KOHTPONEPIB.

4. Sxa mMiHIManpHa Yactota pobotu A VR-MK?

5. 3a paxyHOK 40ro AOCATAIOTh HEBEIMKOIO PIBHA €HEPrOCIOKUBAHHS
AVR-MK?

6. SIxi YMHHMKYU CTIPUSIOTH SMEHLIEHHFO BapTOCTi A VR-MK?
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Po3nin 9

CUrHAIBHI MIKPOMPOLIECOPU

CHrHaTBHI MIKPOIIPOLIECOPH HaNeXKaTh JO KiIacy criewanizosaHux MII
(muB. migposa. 2.1). Ix po3podiero ans po3s’s3aHHs 3a0a4 1MPposoi 00poOKu
CHUTHATIB, a caMe:

- GinbTpanii cursany;

— 3TOPTKY ABOX CUTHAJIIB,

- ofumciieHHss 3Ha4yeHb KopensiiiHoi QVHKIGL  IBOX
CUTHAITIB,

- 00uKCTIeHHA aBTOKOPEIANIAHOI @y HKII,

- IPAMOT0/3BOPOTHOTO TIEpETBOPEeHHA Pyp’€ TOLIO.

3agaui mudporoi 06pobKK po3R’AIVIOTEH B ariapaTypi 3B 43Ky 1 nepe-
Jadi JaHUX, 3aco0ax rixpo- 1 PagioNiokarii, MEIMIHOMY YCTaTKYBaHHI 1 po-
0OTOTEXHIiL, KEPyBaHHI ABAIYHAMM, B aBTOMOOINBHIN €NeKTPOHILI, Telie-
GadyeHHI, BUMIPIOBAJIBHINA TEXHILI TOITIO.

BimviTHa puca 3a;1a4 nmdporoi 00poOKH CHTHATIB — IOTOKOBHI Xapa-
KTep 0OpoOKU BETHKUX 0OCATIB AAHUX Y pealIbHOMY pexumi yacy. Pobora B
peaibHOMY 4aci noTpebye niasuiteHHs wWeKakoaii MI1, a 06pobka Benuxmx
MACHBIB /IJaHUX — anapaTHUX 3ac00IB IHTEHCHBHOTO OOMIHY i3 30BHIIIHIMHA
OPUCTPOAMH.

Bucoxoi meuako i curiansaux MI1 1ocsratoTs 3aBasku;

- 3aCTOCYBAHHIO MOIRQ1KOBaHOI RISC-apXiTeKTypH,
- npoOIeMHO-OPICHTOBaNIA CHCTeMI KOMaHj, HaIpUKIan

BKIIHOUEHHIO 10 CUCTEMHU KOMAHXA TaKHUX onepam'f«i, AK MHOXCHHA 3 Ha-
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Pozgin 9. Cueznankhi Mikponpouecopu

rpomamkeHusM MAC (C:= 4 x B + C) 13 3a3HAUCHOI0 B KOMAH/I KiJlb-
KICTIO BUKOHAHb Y UMK i 3 IPABUIIOM 3MiHM IHIEKCIB eNleMeHTIB Ma-
cuBiB A 1B;

- MeTOAaM CKOPOUEHHS TPUBAITOCTI KOMaHAHOTO IHKITY, SIK-

. TO KOHBEEPU3aLlis KOMAHL, ,

- PO3MIINEHHIO OHEPAHIIB OLIBIOCTI KOMAHA Y PEricTpax;

- BUKOPHCTAHHIO TIHBOBUX PETICTPIB AN 30€pEKEHHS CTaHy
064HCIIEHb iR Yac NepeMHUKaHHA KOHTEKCTY,

— - HaJBHOCTI aIllapaTHOTO MHOKEHHS, IO J03BOIAE€ BHKOHY-
BaTy MHOXEHHA JIBOX YMCell 34 OAWH KOMAaHIHMA TaKT;

- arapaTHii MATPUMLI TPOTPAMHUX LHKIIB.

CurHaneH1 IpoUECOpH PIZHUX KOMIAHIH-BUPOOHHKIB YTBOPIOIOTH IBA
KJIACH TIPOLIECOpPIR: TpocTinil Ta gewmertm MIT 06[5061(1/1 JaHux y dopmati 3
(iKCOBAHOK KOMOIO I TOPOKYI MIKPOTIPOIECOPH, IO arapaTHO MIATPUMY-
10T ONepallii Haj JaHUMU Y HOpPMATI 3 [11aBy Y00 KOMOIO.

9.1. CurHanbHi npouecopu 06pobku naHux y cpopmari
3 chikcoBaHOO KOMOMKD

Hepmuit curnansauii mponecop 7MS320C10, pozpodieHuit GipMoro
Texas Instruments 1982 poky, 00po6iar urcna 3 GikCORAHOIO KOMOIO.

CTpyKTYypy THIIOBOTO HpeACTaBHUKA CiM’i 3 (ikcoBaHor koMo MIT
TMS320xC5x HaBegeHo Ha puc. 9.1.

ITpouecop BMKOHAHO 3a TapBapIChKOI apXiTEKTy PO, OCHOBAHON Ha
PO3NOALTL INMH 1100Tyny 10 BOymoBaHoi IaM’sTi ItporpaM i nanux. Ile go-
3BOJIA€ 3pOOUTH BUOIPKY KOMAHAM 1 JaHMX B 0JHOMY MAIIMHHOMY LIAKII 1
3a0e3nedye BUKOHAHHS OUTBIIOCTI KOMaH 3a OUH UK.

Curnansnuit nipouecop 7MS320xC5x cknagacTbes 3 MEHTPATBHOTO
nporecopHoro rpuctporo (CPU), Oy aosaHoi maM’ ATi TIporpam i AaHux, 6a-
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raTodyHKIOHATEHUX TepudepiitHnx NMPUCTPOiB, 10 34eOLIBNION0 J03BO-
JAIOTH TI030YTHCA 0AATKOBOI 30BHINIHBO] allapaTypH. o
TIpouecop Mictuth muHu. PDATA — mMUHA AaHux MaM AT Iporpam;
PADDR — wana aapecu nam’ ati nporpaM; DDATA — wyHa JaHEX HaM AT
panux;, DADDR — wiMHa agpecy niaM’ ATi JaBuX JUIS HE3AICKHOTO JOCTYIy
110 T1aM’ ATi TIPOrpaM 1 aHuX.
HenrpanLuuii npouecoprmii npucrpiii CPU. Jlo toro ckiaay BXo-
JIATE:
- 32-pospsaanmit AJI], sxuii BUKOHye GiBLICTE KOMaHA 3a
OJIVH 1K,
- akymynstop ACC, po3nineHuii Ha JBa cerMeHTH Ino 16
po3panis (ACCH 1 ACCL);
- akyMmynstopruii 6ydep ACCB;
-~ aprupMeTHYHHIT TPUCTPIA JONOMDKHHX pericTpiB ARAU,
- perictposnii daitn AR0-ART i perictp INDR,
- He3anexxHni noriumuid 6ok PLU,
- arapaTHHit NOMHOXKYBay 16x16;
- pericTpu 3cyBy: perictp MacurrabyBanus 1 3cyBy SPL,
SKAH BUKOHYE 3CcYB NiBopy4Y Ha 0—16 po3paaiB i npasHavenuii A4 Bu-
PIBHFOBAHHS Ta ITEPETBOPCHHA AaHUX, Y3ATUX 3 HaM’ ATl PETICTP 3CYBY
SF]. Ha BUXO[i IOMHOXYBa4a; perictp 3cyBy SK,
- crek STACK;
- nokaxyuk komang ’C,
- MyJasTUILIEKCOpH MUX.

535



MikponpoyecopHa mexHixa

Po3sgin 9. Cuananbhi Mikponpouyecapu
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Puc. 9.1. Apximexmypa yughposux cuznarsuux npoyecopie TMS320xC5x

Apugpmemuro-roeiunuii npucmpii AJII1, Ha neprmit Bxix AJIT Hax-
XOIATh JaHl OJJHOTO 3 TAKWX TIPUCTPOIB!
- perictpa MacinTabyBaHH1 1 3¢yBY SPL;
- perictpa. 3cyBy SFL Ha BUXORI pericrpa NOMHOXYBaua
PREG,
- akyMyJsiTopaoro 0ydepa ACCB.

Ha npyrnit sxig AJII napi 3asx Iy HAAX08Th 3 akymyatopa ACC, a
pe3yNbTaT BUKOHAHHS ONepaniif HaaxoAuTh Takoxk B ACC. PericTtp 3cyBy
SR, 3’ennanuii 3 suxomom ACC, BUKOHYE 3CyB iBOpYY Ha 0—7 pospsuis,
mo BiOyBaeThCcs B MK Nepecunanns Jauux 3 AJITI Ha BRYTpIMIHIO 1HIX-
Hy JaHuX.

Anapamnuti nommnoncysay 16x16. BukoHye onepauii Hal uMciamy 3i
3HakoM 1 Oe3 3Haka. OrepaHAn HAXXOMATh 3 [aM ATi JaHux. OQuH 3 onepa-
HIB MOXe OYTH KOHCTAHTOI, TIOMAaHOK Oe3nocepefHb0 B koMawmi. Jis
TAMYacoBOTO 30epeXeHHs OJIHOTO 3 OlepaHiiB BUKOPHCTOBYIOTH 16-
po3paaHuii perictp TREG. Y 32-pospanamii perictp PREG 3aBaHTaXyeThCS
pe3yJbTaT MHOKEHHS.

Pezicmpoeuit ¢haiin, WO CKNATAETHCA 3 BOCBMU JOMOMDKHMX PETICTpIB
(ARO--ART) Ta inpekcHoro perictpa (INDR) BAKOPHCTOBYIOTH 11 (hopMyBaHHs
azpecu npu HerpaMii -amapecartii. Sximo tpeda, AR0--AR7 MOXKHA BUKOPUCTOBY-~
BaTH U TUMMACOBOTO 30epekerHa JaHuX. Ui afpecalyii 10 JONOMIKHIX pe-
TICTPIB CNYTY€ TOKKUYMK JIONOMiKHUX pericTpiB (4RP). Perictpu AR0-AR7
3aBAHTAXYIOTHCH 3 T1aM’ AT1 JIAHKX, akyMmyJisTopa AC'C au ornepasom, 1oaHuM
y woManal. Ymict ARO-AR7 moxua 30eperty B nam ATl 4l BUKOPHACTATH U1
obuucnens & AJIIL /

Apugpriempunuil npucmpin ARAU. Pazom 3 perictpaMu ARO-AR7 i
INDR iioro nipusnHadeHo 1uid resepanii anpecu. 3assiaait AR0-AR7 sukopuc-
TOBYIOTh i1 30epiranss aapecy, a INDR mictuts 3cyB. [Tpocti apudmeTHuHI
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Po3ain 9. CuenansHi mikponpoueccpu

onepalji (10AaBaHHs, BI(HIMAHHA, IHKPEMEHTYBAHHA, ICKPEMEHTYBAHHA), BY-
kodyBaHi B ARAU 3 ymictoM ARO-AR7 1 INDR, n03B0ONSAIOTE pEA3yBaTH Ki-
JbKa BUAIB HenpaMoi aapecatiii. Onepauii B ARAU BHKOHYHOTHCA OJHOYACHO 3
ajipecauiero o 1moTo4Hoi koMipku nam a1i. Briok ARAU sBumase AJII Bix
poboTu 3 o6 mcenH s afipec.

Jloziunui 6nox PLU BukoHye onepauii Hesanexso Big AJIT Pesyns-

Tar onepauiii y PLU He izmBae Ha 6itu crany AJIIL Ilepinmit onepann
HaXouth y PLU 3 maM’ATi HaHuX, OPYrAii — 3 maM’ ATl Y4 NporpaM pericr-
pa MaHimy i 6iramMu (DBMR). CrieniaiibHi IOTIYHI KOMaHJIH, BUKOHYBaHI
TITBKU PLU, nosﬁonmn, y 16-po3psaHOMy CIIOBI BCTAHOBIFOBATH Ta OUMILLY-
Batk OyAb-Ky KITLKICTh OIT ¥ J0BiNbHIN KoMOiHauil. Pesynsrar onepauiii y
PLU 36epiracthes B Tidt caMilt KoMipHi naM’ STi, 3BiiKE GyJ10 o6paHo mepuimii
omepay. Orxe, JIOriYHI onepanii MoXKHa BUKOHVBATH Oe3rocepelHbo 3i
3MicTOM Oy Ib-AK0I KOMIPKY MaM AT JaHHX, 30KpeMa 3i 3MICTOM nepumx 16
HIOPTIiB BBEICHHA-BUBE/ICHHS, 0 MOXYTh aipecyBaTUCS K Tav’ATh JTAHUX
(anpecu SOH-5FH).

Ham’are. MIT 7MS320xC5x nepenbauae po3miibHy azpecaliio 10
naM’ATI IporpaM, JaHUX i MOPTIB BBEAEHHS-BUBEIEHHS. CMHICTL KOXKHOI
obnacti maM’sTi 64 xGaifr 16-pospsinaux cniB. BOymoBana B kpucTani
nam’sitb — ROM, SARAM, DARAM 3HaX0omuTECA B 3aTallbHOMY aapecHOMY
IIPOCTOPI MaM’ATi 1 MOXK€e BUKOPHCTOBYBATHCS K I1aM’iTh IIPOrpaM YU jaa-
HUX,

Tam smb npozpayv ROM — niporpamMoBHa Mackor0 TaM’ SITh 3 MOMKITHBICTIO
3aXHCTY BiJ 30BHIMHKOTO goctymy. Y MIT 7MS320xC5x nepeadaueHo /Ba pe-
XUMH  pOOOTH: MIKPOTIIPOLECOPHMI 1 MIKPOKOMITTOTEpHUH. Y  MIKpO-
KOMITYOTepHOMY pexxkuMi ROM focTynHa, Y MIKPOIIPOLIECOPHOMY — 3aKpUTa
I goctyiry. Bubip pexuMy BI3HauaeThCs pIBHEM Harpyryl Ha Bxomi MP/MC

i yac ckufaHHs. ITics cTapTy pexxim MOXKHA 3MIHUTH porpamHo. Jis 3Mi-
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HU pexuMy pobGOTH B PETICTPi CTaHy HpoiiecopHoro pexumy (PMST) nependa-
yeHoO OiT kepyBaHHs (MFP/MC). - _ ‘
ITam ssmv Oanux yu npoepaw oanux SARAM (Single Access RAM) nepen- '
Oayac BUKOHAHHAA OMHIE] OTlepaLlii yumanns 3anuc y TIOBHOMY Mamm{HoMy -
KMl SARAM cxnamacThes 3 HezaexHnX 6M0KIB 110 2 kbalit uu 1o 1 kx6aiiT cliib.
KoskeH OIOK JOIMyCKae OHY ONCPALUI0 YWmaHHA/3amic Y MAIIMHHOMY LIMKJIL
Tomy B ogHOMY MatmaHOMY MK CPU Moxe ABidi 3BepHYTHCS 10 SARAM,
aJie TUTBKH TOJII, KOTH 3BEPHEHHA BiJIOYBacThCA HO pisHMX O:10kiB. Ifo ocobmu-
BICTH SARAM Tpeba BpaXxoBYBATH Hij Hac PO3TMOALTY T1aM AT 1 HAlMCAHHS 1IPo-
rpam. ITle oaHa ocobmusicTs SARAM monarac B TOMY, LIO TIPOLECOP UM iHIHW
30BHILLHIM PUCTPI Moxe 3Bepratuca 6e3nocepemuso 10 SARAM y pexami
TUTL Jna imugamisanii noctyny 1o SARAM npoliecop cooyarky 3amnuTye J0-
CTYT JI0 30BHIIELOI Tiam’ AT (ycTaHoRmoe curHan HOLD). Tlicns oaepxaHHs
cnrﬂaily mgreepreHns (HOLDA) tipouecop Moxke éanpocm‘n JOCTYIl J0
SARAM (ycranoBmoe curhan BR). Y msoMy pasi CPU 3ynusHse BCI TOTOYHI
orrepaiyi 1 MATBEPIKY€E MOXIIMBICTD A0CTYIY A0 SARAM (yCcTaHOBIHOE CUTHAT
1AQ). TTam’ a1 SARAM MoOXHA BUKOPHCTOBYBAaTH Uis 30CPEKEHHA TILKA Ha-
HUX, TIpOrpaM uH YIS CHIIBHOTO POSMIIIEHHS nporpaM 1 fanux. KoHirypaiis
SARAM 3MiHIOETBCA TIPOrpaMHO 3a JOTMOMOror aBOX OIT koHirypatii -—

~

OVLY i RAM, 1o 3Haxoas1Tees B perictpt PMST. Moxnusicts pexoHQIrypartii
SARAM y mipolieci BHKOHAHHS TIPOTPaMy JTO3BOJIAE OIEPATHBHO 3MIHIOBATH
posmoin mam’ ari MIT TAMS320x(5x. ‘

Tam’sme Oamx DARAM {Dual Access RAM) nepenbavae BHKOHAHHA
ojHi€i onepawii dTaHHs # oJHiel onepali 3armicy B MOBHOMY MAUIMHHOMY LM~
il 6e3 KOH(IKTIB Ha BHY TPILLIH A 1vHi jasuX. [DARAM cknana€eTbest 3 OI0KIB
B, B1, B2. Bnoku B1 (32 cnora) # B2 (512 ciiB) BUKOPUCTOBYIOT TITHKH AK
nam’ ATk JaHux. biok B (512 cniB) MoXKHa BUKOPUCTOBYBATH SIK 11aM ATh HAHUX

uy K IIaM’ ATh iporpaM. Kordirypauis 610xa B 3MIHIOEThCS IPOTPaMHO 3a 10~
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noMororo 6ita koHIrypauii (CNF) y perictpi crany (S7/). pisauenss omo-
Ka 5B MokHa 3MIHIOBATH B IpPOLEC BUKoHaHHs mporpamu. Ilependadeno Mox-
JIMBICTh 3dBAHTAXKEHHS ONOKa B NPOrpamMHUM KOJOM 13 30BHILIHLOI aM ATl 3
HACTYITHAM BUKOHAHHAM.

Ilepudepiiini nmpucrpol. CUrHanbHMA TIPOHECOp MAE Taki HepubepliHi
IIPACTPOL.

Mooye nepepusanns IM (Interrupt Module) npusHadeno ans odciy-
TOBYBAHHS 30BHINIHIX, BHY TPILIHIX | IPOrPAMHHX TIepepUBaHb.

Jlo 30BHIIIHIX DepepuBaHb HajeXarb JBa HEMACKOBAHI IiepeprBAHHA
RS, NM1 1 o’ a1s MackoBauux INT1-INT4. BuyTpimsi nepepusanus (RINT,
XINT, TRNT, TXNT) reHepyroThcs HOCTIIOBHAME TIOpTamMy aGo TaiiMepoM
(7INT). ITporpaMHI iepepUBaHHA BHKIHKAIOTECA KomMaHAamu TRAP, INTR,
NMIL

IlepepuBaHns BCTAHOBIIOIOTH MPANOPEls MEPEePHBaHb Y PETiCTPI
HpanopiiB repepusans ([/FR) 1 MOXYTbh MacKyBaTHCA B PEricTpi mepepu-
BaHE (IMR),

Bexropn rnepepuBaHn 3ailiMarorh aBa 16-pospsaHi clioBa, moTpiOHI
It PO3MIILEHHS KOMaHX posranyxenss. Ilicns ckupamnug MII sexkropu
nepepyBaHb PO3MII(YIOTBCS 3 HYIbOBOI agpecu nam’sti nporpam. T1ix uac
3pepHeHH CPU N0 BEKTOPIB NepepuBaHb CTapuil I ATh pO3PsAIB aupecu
(opMyIOTRCS TOKAXKIUKOM BEKTOPIB HepepuBans (/RTR) y perictpi PMST.

B6ynopaunit MexaHizM 3axucTy GaraTOIHKIIYHUX KoMaH] zabesreuye
BBIMKHEHHA MeXaHi3My 06CITyTOBYBAHHSA NlepepHBaHb Iic/A 3aBEPIICHHA iX BU-
koHaHHA J{is MeXaHi3My 3aXHCTy NOLIMPOETHCSA TAKOXK HA KOMaH/H, 10 CTa-
10Tb OaraTONMKIIIYHMMK BHACTIOK iX MOBTOPeHHs 3 mpedikcom RPT, i Ha Ko-
MaHJM, 10 OYiKYIOTh 3aBEPIIEHHA OOMiHY 13 30BHILIHBOIO IMaM’SITTIO UM T10-

pTraMu BBCICHHA-BUBCICHHA.
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Po3ain 9. CuesHaneri Mikponpouecopu

baok kepyeanns enepeocnosicueannsiv PM (Power Management). Y
MIT 7MS320xC5x nependadero TPy €HEProollagHi PeKUME poOOTH (30K-
peMa, «CHILTUMI PEXuM), Y SKMX CTPYM CIIOKUBAHHS 3HIDKYIOTH BiJKIIIO-
yeHHaM CPU un nepugepiifaux npuctpois. Tlepexix B eHeproommanHi pe-
KUMU 1HIII0€ aKTUBHWI curHan HOLD (pexXuM 3aXoiuleHHs 30BHIIOHEOI
wuHKM) uM koMadmu [/DLE, IDLE2. Buxij| 3 eHEProomANHEX PEXKUMIB Bij-
OyBacThcs 33 CUTHAIAMM 30BHILIHIX NEpepuBaHb, SKi TpeOa BCTAHOBUTH
IpUHANMHI [IPOTATOM IT ATH MAIUWHHUX TaKTIB 4H 32 BHyTpimHiMI/I nepe-
puBaHHAME. B eHeproomaniHux pexumMax 36€piracThCs CTaH YCiX BHYTPI-
IIHIX PericTpiB, HI0 X03BONAE O€3 3aTPUMOK MPOJOBXHUTH PoOOTY micns
BUXOJIY 3 HUX PEXKHMIB.

VY pexunmi 3axoniieHHs 30B8HIMIHLOI wmHl (HOLD = 0) NponoBXy0Th
MPaLtoBaTH TLIBKK BRYTpilHt pecypcu MIT TMS320xC5x. 3uukeHHs
CTPyMYy CHOXWBaHHS BIOYBaeThCA 32 PaXyHOK MEPEeKIOYEHHS 30BHITIHIX
LIYH y BUCOKOIMNEIaHCHUH CTaH.

Inctpyxuisn IDLE2 Buknukae 3ynun CPU/ 1 nepadepiiinax mpuctpois
(«cruIguuit pexum), Mo 3HAYHO 3HWKYE CTPYM CTIOKHABAHHAL.

Béyoosanuii 2zenepamop CLK-PLL BApoOISe TaKTOBI CUHXPOCUTHAIN
a1s podot CPU i nepudepiiinux npuctpois. [TepexbaueHo MOKIMBICTE
1 IKTIOYEHHS 30BHIIIAKOTO KBAPIOBOTO PE30HATOPA UM PE3OHATOPA 30B-
HIIIHBOTO TaKTOBOTO reHeparopa. Honmyctumull pexumM poGOTH 3 MHOKEH-
HsM YH 3 AUTCHHAM JacTOTH JpKepena TaKTOBOrO CUTHAITY.

Taiep/niquronux 1/C aBase co6oro 16-po3psaaHuil TIYATBHUK, LIO
[palroc Ha BUpaxyBaHHA. Konu NOCATHEHO HYNbOBE 3HAUYCHHSH, [€HEPYETh-
cs nepepyuBanHsa [/NT 1 gopMmyeThes iMmyibe Ha Buxoxi 7OUT. Tpusa~
TCTh IMITYABCY JopiBHIOE TepionoBi curHany CLKOUT1. Taiimepom ke-
PYIOTH IIPOTPaMHO, HOT0 MOXKHA BYITHHUTH, MEPE3AMyCTUTH, CKUHYTH YU

3ab0poHUTH.
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Iumepdpenic TE (Test-Emulation) 3a6e311edye MOXKITUBICTE TECTYBAHHA
MIKPOCXEM 1 IIIKMIOYEHHS eMyiaTopa Timy XDSS510. 38’ 130K 3 eMyJISTOPOM
BITOYBAETECS 110 CTaHAAPTHOMY MOCTiZOBHOMY iHTepdeiicy [EEE1149.1
(JTAG).

I'enepamop maxmis ouvixysanna S'W (Waitstate Generaior) npusHa-
YeHuif JUig redepanii 1 107aBaHHA B LIMKIM OOMIHY TAaKTIB OYIKYBaHHS s
301UBIIEHHS Yacy LMKIB OOMiHY 3 MOBITEHOK 30BHIIIHBOIO TIaM’ STTHO YK
TIOpTaMu BBEJICHHS-BUBEAEHH]. BUKopHUCcTaHHA reHeparTopa mo3Bonse 00i-
Atncs 63 10JATKOBOI 30BHIITHLOI anapaTypy, 10 GOpMYe CHTHAT FOTOB-
HocTi READY. I'eHepatop kepyeTbes mporpamuo. KimbKicTh TakTiB oUiKy-
BAHHA TPOrpamMyEThes OKPeMO U ITaM AT IIporpaM, JaHUX, MOPTIB BBe-
JeHHA-BUBEEHHs T4 o0NacTell agpecHoro mpocTopy. Ui KepyBaHHS TeHe-
paTopoM TepeafaueHo jBa pericTpy KepyBanus. KilbKicTh TAKTIB 0diky-
BaHHA Moxe OyTu 0, 1,2, 3, 7.

Hocnioosnusi nopm SP (Serial Port). lle cTanaapTHUlA OCHIOBHMI
HOPT, KW 103BONAE TIO ImecTH mimisx OPTaHI3yBaTH NOBHOMIY NJIEKCHU
3B’130K MK aBoma MIT 7TMS320xC5x. Jlns nepeaaqi gaHuX B 0JHOMY Ha-
IpsAMI BUKOPUCTOBYHOTE TPH JiHII, 110 SKMX NEPEJAIOTHCS. TAKTOBA HacTOTa,
CHHXPOIMIYJIbC, JaHI CHHXPOHHO 3 TAKTOBOM 4acTOTOr0. TakTOBY 4acToTy i
curxpoimnynse Gopmye MIT TMS320xC5x, ane, skumo Tpeba, TakToBY yac-
TOTY 1 CHUHXPOIMITYJIEC MOXYThb (hOpMyBaTH | 30BHILIHI NpUcTpoi. Moxknusi
IBA PEKIMU nepe;iaqi JaHUX: MaKEeTHUH, Yy AKOMY CHHXPOIMITYJBC (opMy-
€THCA Ha M0YATKY KOAKHOTO NEPEAAHOIO0 CII0Ba, OC3YMUHHMIA, Y AKOMY CHH-
XPOIMITYJIbC POPMYETHCS TUIBKH HA MOYATKY nepedadi. BXiaHi | BUXiAHI pe-
rictpy 3cyBiB 6y diepnzoBato. OOMIH 10 CTaHAAPTHOMY MOCTITOBHOMY [10p-
Ty BigOyBaeThes g kepyBanuaM CPU. JlonyckaeThes 8- un 16-pospsinHuii

dopmar nepesadi. MaxcuManbHa IBHAKICTH Mepenavi JaHUX 3a1€XKUTh Bil
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TAKTOBOI qacfbfﬁ MIT 7MS320xC5x. Jna mukity 50 HC MakCHUMailbHa IBU-
IKIiCTh TIepeaadl JaHuX CTaHOBUTHL 5 MOiT/c. _ ‘

Ilocniooenun nopm i3 wacosum nodinon xkananie TDM BHKOpHCTOBy-
FOTh 11 06MiHY aruMu Mixk MIT TMS320xC5x y My I5TUIIPOIECOPHHX CHC-
teMax. TDM-nopT npairoe y ABOX pexyMax, 0 NEPEKIOYatoThCs PorpaM-
Ho. [Tepiuuii — peskiM CTaHAAPTHOTO TIOCIIIOBHOIO MOPTY, PO3IVIAHYTHIA BU-
me. Jpyruif — pexxuM 4acoBOro MojAuUTy KaHAmB, Y AKOMY A7 CHHXpOHI3alii
nepegavi gaHux Mik npotiecopamu MIT 7MS320xC5x koxHi 128 TakTiB
(TCLK) nepenaersest cunxpoimityiise (7FRM). Tlo minii nanux (7DAT) nepe-
AaoThes 16-pospsami AaHi, no ninii anpecu (TADD) nepefaetbes appeca.
KepyBaHHg poGoTOIO 1 KOHTPOJIL 33 cTaHoM 1 DM-nopTy BiGyBaeThes 3a A0-
MTOMOT'OI0 IIECTH PEeriCTpiB.

Bygepusosanuii nocuioosnuii nopm BSP (Buffer Serial Port). Jlo iioro
cKJIajly BXOAUTH iHTepdeiic nocigorHoro nopty (SPI), mo smrise coboio yao-
CKOHAJIIEHY BEpCit0 CTaHIAPTHOIO MOCIIAOBHOTO HOpTY 1 O6noka aBroOydepu-
sami (ABU). Bnok ABU nae MOMIMBICTH BHKOHYBATH OOMIH TAaHUMH Oe3rioce-
pennno 3 BGyoBanoro mam’arTeo MIT TAS5320xC5x yepes CTIEIIATLHO BHJi-
TeHy mUHy HesanexHo Bin CPU. Jina Oydepa oO6MIHY IaHUMI BUKOPHCTOBY-
10Th BUIEH] 2 KOaiiT BOy noganoi mam’sti MIT TMS320xC5x. Jina anpecaun
1o iam’sti ABU Mae BlacHuil agpecHuil pericTp. EMHICTB 1 MOYaTKOBA anpeca
Oydepa nporpamyiotses. Jlonyckaersed 8-, 10-, 12- uu 16-pospsiasuit popmar
nepeniadi B IaKeTHOMY YH Oe3yIMHHOMY PeXXHMi.

8-po3paonuii napareavruili nopm - host-inmepepetic HPI (Host Proces-
sor Interface). 1lpusHayeHnii ans oOMIHY JaHUMH B MYJILTHIIPOUECOPHOMY
pexumMi Mixk host-nipouecopoM 1 MIT 7MS320x(C'Sx. Host-intepdetic HPI 3a-
Oe3redye MOXIIHBICTE TIPOCTOI THTErpaLiii npotiecopa B MyJIbTHITPOLECOPHY
cucremy. OOMIH JaHUMH BiROyBaeThCsl uepe3 BOynoBaHy OydepHy nam’ srb

EMHICTIO 2 KOAUT CITIB MO CHeljalbHIi BHYTPUIIHIA LIHHL, 0O O3BOIIE 00Mi-
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HIOBATHCA 3 T1am #7170 6e3 koHmikTiB 3 CPU. bydepna nam’ st — SARAM
nam’ e, [ kepyBanns FHPJ fepeadaueHo perictp KepyBaHHA i KOHTPOIIHO
(HPIC), nocrynmmii host-mpouecopy i CPU. Jlna aapecamii po Oydepnoi
naM’ATi 3 60Ky Aost-Tipoliecopa ciyrye aapechuii perictp (HPIA). HPI pony-
ckae 1Ba pexuMmu poborw. Tlepmmiit — pexam (SAM), y saxkomy host-
nponecopy 1 CPU 103B0N€HO OCTYI A0 IaM SiTi, IPHHOMY A0st-TIpOIiecop
Mae npiopurer mepen CPU. Jpyruit — pexum (HOM), y SkoMy TiITbKA Aost-
IpoLecop Mae TocTynm Ao nam sti. Jns nepenadi depes /P onroro Gaiita
IaHUX MOTPiOHO 1T A1Th MamuHHUX TakTiB. IIpy TakToriit yactoTi 40 MI'11 Ma-
kcuMasbHa IIBUAKICTE epeaatl cTaHoBUTh 64 MGIT/C.

Brox novwamroeoeo 3asanmacenns BL (Boot Loader) BukoHye niepe-
CUNaHH TPOrpaMHOTO KOAY i3 30BHILUHIX JUKEpEn ‘y BOYAOBRHY - TIAM ATh
nporpaM. [Himam3amig nporpamMu IoYaTkOBOTO 3aBaHTAXKEHHS BIIOYBAETHCS
HicilA BBIMKHEHHS JWBJIEHHS TUIBKHM B MIKPOKOMIT FOTEpPHOMY pekumi. Tle-
. penbayeHo ciM BB 3aBAHTAKEHHS, (O PI3HATECA criocoboM 1 popMmarom
 Tlepezadi JaHux: 4epes NOCIII0BHAA opT Y 8- uu 16-pospaaHoMy dopmari;
yepes IT0PTH BBEICHHI-BUBE/ICHHA Vv 8- un 16-po3paaHoMy dopMari; i3 30B-
HIIHBO] ITam’4Ti y 8- uul6-po3psanHOMY (bopMaTi; «rapsde 3aBAHTAKSHHSD.
Bun sapaHTakeHHs BH3HAYAETHCA BMICTOM MOJOALINX 8 PO3pAAIB KOMIPKU
3aranpHol nam 411 3 agpecoro FEFFH, no skoi MIT 7AMS320xC’5x 3BepTactsb-
Cs Icls BRIMKHEHHT %uBieHHA [lepel NepeciiantsM MPOrpaMHoOro Koy
HepeIacThes 3ar0I0BOK, 10 MICTUTE aIpecy HOYaTKy PO3MIIEHHS TIPporpaM-
HOTO KOZy.1 MOBXKHHY OIIOKY, IO mepecyaeTbes. ITicmst 3apepiueHHs mepe-
cuilaHHA B aM’ A1h nporpaM MIT TA45320xC5x craprye 3 afgpecus, 3a3HaueHol
B 3ar0OJIOBKY.

Y MIT 7MS320xC5x mocTyIn 10 30BRIIUHBOI TaM’ATi 1 HOPTIB BBEACHH-
BHBEACHHA MOIIMBHI No muHi aapecu A7-A415 i no mmni manmx D0-D15 3a
JOTIOMOFOI0 - KepyBANBHUX curdamis PS,-DS, IS (nns subopy BiAOBITHO
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TIam’ STi TPOTpaM, JaHuX i TOPTIB BREICHHA-BUBEAEHHA), cTpoba STRB, cur-
HANy HaNpAMOK nepedaui B TIOTOYHOMY LUK R/W, cursany yumannus RD i
cirHany szanuc WE. MakciManbHa TIPOAYKTHBHICTH 3a0e3meuyeThes y Ipo-
neci 00MiHY 3 BHCOKOINBMIKICHOIO 30BHILIHBOIO TIaM’ STTIO, INO AO3BOJIIE
MpalgoBaTH O€3 TaKTIB oUiKyBaHHd. MoXXiIuBe MiIKIFOYEHHS TIOBLIBHOI 1 Je-
IIEBMIOi maM’ATi. Y 1IbOMy Dasi B UKW yumanns/3anuc MIT TMS320xC5Sx
Tpeba 1oJaBaTH TAKTH OUIKYBAHHS, SKI reHepy}oibch BOYIOBaHMM TEHEPATO-
POM TaKTiB OUIKyBaHHS, Yd (OPMyBaTH 30BHILIHIN curHan READY — rotoB-
HOCTI 30BHIIIHGOI HAaM’ STI Y4 TOPTIB BBEJCHHA-BUBeeHHA. OprasizoBy0Un
o0MiH i3 30BHIITHEOIO MaM’ ATTHO, CiJ TAKOX BPaxOBYBATH, IO IMKIU Yu-
manHA MaroTh TPUBAIICTh OXHOTO MAIIMHHOTO TaKTy, BOXHOYAC TPHBAILICTh
VKB 3GAUC CTAHOBUTD IBA MallWHHI TAaKTH abo, SKIo 3anuc s8indysacTecs
Oe3nocepeHLO 3a YUTAHHAM, TO HAaBITh TPH TakTH. Y BEpPXHIX ajpecax
IaM’ATi JaHMX MOKE PO3MILIYyBATHCS 30BHIMIHA [I00aJbHA nam sATh JAAHHX
po3MipoM Big 256 go 32 K cmB. Anpecn Big 00H no SFH nam’s1i gaHuX Bij-
BEJEHO T BHYTpimmHi perictpu. Ilepmi 16 mopTiB BBeAcHHSA-BHUBEICHHA
PO3MIIIEH! B NaM’ATi JaHuX. TOMy 3BEpTaHHA A0 LKX TOPTIB MOXJIMBE HE
TIUTBKY 33 JOHOMOroro xomauz IN i1 OUT, aje il 3a 10NOMOro0 3BHYaiHMX
KOMaHJ 3BEPHEHHs J0 Tam AT1 (3aBNOBXKH 1 €JIOBO), 1O JO3BOISAIOTH 3MEH-

HIUTH PO3MIP IPOTPAMHOIO KO 1 301MBIIMTH IBUAKICTH 00UHCIICHS.

KoHTponbHi 3anutaHHA

1. Ha3giTh ciepyrt BUKOPUCTAHHA CUTHAIBHUX IPOLECOPIB.

2. Hapenits npuknanu 3ana4 uudposoi 0GpoOKY CHrHANIIB.

3. Slkumm QaxTopamMu BM3HAYAETHCSA IUBHAKOMIA CHTHAIBHUX IPOLECO-

pig? ‘

4. SIxi ICHYIOT KIIACH CHTHANBEHUX IPOLECOPiB?

5. Has3BiTb OCHOBHI 6I0KH CTPYKTYPHOI CXEMH CHTHAIBHOTO IPOLECO-

. pa 0O0poOKu MaHuX 3 PIKCOBAHOIO KOMOIO.
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6. 'V yomy monsrac Moauikalls rapeapachkoi apXiTeKTypH B CUTHa-

CASHE RAMO RAM 1 ROM
TpHOMY Tiponecopi TMS320xC5x? aze) AR32 (1K:32) @ Kx32)
7. Slke npwW3HAYEHHA Mac JOJATKOBMI apu(METHYHMA IpHCTPIii S P ! 52 A 2 2
ARAU? ' PDATA I ﬂ A
8. Sxi dyHKIii BUKOHYE ToTiuRmMi 610K PLU? 1—LLH L]
9. V oMy monsrac BigMiHHICTh nam’ ati SARAM Bin DARAM? Sxnii 1111 DDJ*T'-A vl Ll o
THI ITaM’ AT1 GLITBIN NIBUAKOIFHWIN? § : : ' : : : : DADID:RII : ' : I[ - : §
10. Vkaxits nepudepiiidi IpUcTpoi CUTHATILHOTO MPOLecopa. P DADDR2 N I
11. Ha3Bith Ikepelia epepuBaHb CHTHAITBHOTO IPOLECOPA. 1 DMADATA — 1
12, V akuxX eHeproolajHux pexuMax MOXKe MPALIOBATH CHTHAIBHHIN DMAADDR
nporecop? 1'32 I k2 12 2 24 s

13. Slke mpusHaueHHs Mae TeHEPATOP TAKTIB OWIKyBaHHA S/W? | M komponep

IR I MUX
14. ki dyHKuil BUKOHYE 610K TIOYATKOBOTO 3aBaHTaXeHHT Boot Loader? PC E T |
l e
] -
9.2. CurHanbHi npouecopy 06po6ku aaHux y popmari 3 o S T E—— T ]
z | spt ]|
3 NNaByyol KOMOHO 2 | It REG? J
o = S - 77C0
Buxopucranus ¢opmary 3 IIaBy4or0 KOMOIO A CUTHANBHOI 00po6- . % é o -
. : S SRt 7/C 1
KH JaHUX 3yMOBJICHE PsI0M 3a71a4 (IHTeTpaIbHI IEPETBOPEHHS, aIrOPUTMU SR EIE S [ rer |
KomMIpecii, fekoMrpecii, axanTHBHOI QinsTpauii), Axi MoTpedGyroTsH BUCOKO] AT .J o
: : . : : 0z 4
TOYHOCTI IOJAHHA JAHUX Y IMPOKOMY OMHAMIYHOMY Hiarrazoui. PoboTa 3 Y L]_
. : il EPR
JaHuMU Y GopMaTi 3 IUIaBYHO KOMOKO CHpOILye€ 1 NpUcKopioe 06podKy, 1 32

M ABUUIYE HATIAHICTH POrpaMu, OCKUTBKH He NoTpeOye BHKOHAHHS Olle-
pauif OKpyTNeHHS 1 HOpMamizalii JaHuX, BiJCTeKeHHS CUTYALill BTpaTh
3HAUYINOCTI 1 NEPEIIORHEHHA. AJie arapartHi 1 BapTICH! 3aTpaTé I TaKHX
MIT 3HauHO 6inbIui, HiX s IPOLECOPIB 06PoOKH HaHuX y hopMari 3 Gik-
COBAHOM0 KOMOIO.

IlepmuM rpefcTaBHUKOM KJIacy NpPOLECOpIB I3 THIABYHOI0 KOMOKO
cras MIT 7AS8320C30, cTpykTypHY CXEMy SKOTO HaBeAEHO Ha puc. 9.2.
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MikponpouyecopHa mexHika

ITpouecop Mae 32-po3psaHy IIMHY KOMaH[ I JaHuX Ta 24-po3paaHy
mUHY agpecu, MicTuTh jasa Onoxu O3I1 mo 1 K 32-pospagmix ciis, 32-
po3pARHUE ONOK MHOKEHHS 13 IINABYYOK KOMOK), KEUI-IaM’ sTh KOMAaHJ
o6carom 64 32-pospsandi cioBa, 8 pericTpis juis onepaniii 3 IiJBHUINIECHOR
TOYHICTIO, JBa TeHEpaTOPH aIpecH i pericTporuii daiin, peanizye pisHOMa-
HITHI MeTo M anpecariii. 40-pospsaanuii AJIIT npouecopa npamoe sk 3 wi-
JIMMH YHCTIaMH, TaK 1 3 YACIaMK y ¢opMari 3 miaBy4or koMoto. Boymosa-
nuit xouTposuep I1JI1 xmossonse cnomyyary B yaci oGuucneHHS Ta 0OMiH
JdanuMy 3 nam aTTio. Haseaicts y 7MS320C30 MynsTUIIPOLIECOPHOTO iH-
Tepdeiicy, 1BOX 30BHINIHIX 1HTEPdEHCHUX MOPTIB, ABOX MOCHIJOBHMX IIO-
PTiB, PO3MHUPEHOI CHCTEMHI HIEPEPUBAHE CHIPOLIYE KOHCTPYOBAHHA CHCTEM
Ha Horo OCHOBI. '

Yei omepamii B nmpouecopi BUKOHYIOTBCS 3a OfuH TakT. Ilpouecop
MOJKe IapaJleIbHO BHKOHYBATH B OIHOMY TaKTI OMNEpaIfild MHOKEHHS i
apa(MeTHKO-JIOTIYHY onepanito 3 udciamMu y ¢opMmari 3 QikcoBanow 4u
IUIaBYYor koMo, [Iponiecop Mae THYUKy cHcTeMy KOMaHA Ta IATPHMKY
MOBHY BUCOKOTO PiBHA — C. :

ITporecop MICTUTH AEKINbKA IMMH AJs HE3a/lekKHOro J0CcTyIy 1o BOy-
IOBAHOI MaM’ SIT1 TIPOTPAM 1 JIaHWX;

- PDATA — muna nanux TIaM’ AT Iporpam,

- PADDR — mvHa ajpecy maM™aTi Iporpam;

- DDATA — 1iyHA JaHAX 1aM’ 49Ti JaHUX;

- DADDRI1 ~ muHa agpecy mamM’ sTi ganux RAMO;

- DADDR?2 — mmHa aapec maM’ aTi gaaux RAM1;

— DMADATA — mivHa ganux naM’ sTi B pexxumi TTIIT;

~ DMAADDR — myHa aapecH nam’ ATl B pesikumi TTIT.

32-po3psaHi IWHHK JaHuX 1 24-po3psaiHi HHY aapecH 320e3MeuyroTh

MOKIIUBICTE HE3ATSKHOTO BUOOPY OIIEPAHIB 3 PI3HUX JKEpeTL.
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entpannuuii npouecopunii npucrpiit CPU. MicTuth BHYTpilIHi
K ganux CPUL 1 CPU2 i peri(:TpOBi musn REG1 1 REG2. Iunu
CPU1 i CPU2 naroth MOXKIHBICTh MIPOLECOPY MepEeaBaTy ABa ONepaHau 3
naM’ATi JaHHX 1 pericTpoBoro (aitia 3a oMH MAIIUHHEN UKK. PericTposi
mwuHl REG1 1 REG2 MoxXyTh 3a 0IWH MAUIMHHAR LUKI [epefiaBaTd ABa
CII0BA IaHMX 3 PETICTPOBOTO (aiina B MoMHoXKysay i AJITI. OTixe, YOTHPH
HesanexHi BHyTpilnHi muHa CPU 3a6e3nmedyoTh MOXIIABICTS TAPATEIbHO-
ro BukoHaHHA koMaHz B AJITT | noMHOXKYBaui B 0fHOMY LMK, IToMHOXKY-
Bay 1 AJITT, mo omepye 3 HITAMH YHCIaMHU Y. popMari 3 MIIaByI0I0 KOMOIO,
3a0e31e9yI0Th BUCOKY HPOAYKTHBHICTD 1 TOYHICTH 00UMCIIEHb. '

Ho cknany CPU BXoasaTh Takox 32-po3psiaauii perictp 3cyBy BS (Barrel
Shifter), perictpoBuit daiin (28 pericTpis), aBa apudMeTHIHI PHCTPOL AOTIO-
MbkHIX perictpis ARAUD 1 ARAUL, u1o pasoM 3 8 JOTIOMDKHUMU pericTpamMy
ARO-AR7 3abe3neqyroTs THYUKI pexxuMu HenpsaMoil aapecartii. KpiM 3a3Have-
nux npuctpois CPU MICTATH TAKOK KOHBEED, MEXaHi3M KOHTPOJIO 34 NEpepH-
BAHHAMHU, JHUNIGHUK HepEepUBaHb, TIYWILHUK MTOBTOPEHb, MEXaHi3M YMOBHIX
HEPEXOIB.

Apughmemuro-noeiunuui npucmpiin AJII1 BHKOHye 3a OIVH LMK
apudMeTHyHi  omepauii 3  32-po3pAOHEMM  IJTMMK  YMCHAMH 1
40-po3psaaHUMM 9ucIaM¥ Y Gopmari 3 mIaByI010 KOMOIO, & TaKOXK JIOTTYHI
onepartii 3 32-po3paIHUME OTlepanIaMu. 32-po3pAIHUi KUThlIEBHH pericTp
3CyBy BS n03Bons€ 3a OJUH LMKJI BUKOHYBATH 3CYB MPABOPYY Y JiBOpYY
Ha 1-32 pospanu. |

Tovmnoocyeay. BUKOHYE MHOXEHHS 24-pO3pATHUX IUTMX  WHCEN |
32-po3pamHuX wicen y GopMari 3 TUIaByuor0 KOMOKO. Y TIEpIIoMy BHIIAAKY pe-
3y7bTar — 32-po3psIHe Yucio, y JpyroMy — 40-pospsaase wicio, nojade y dop-
Mari 3 I1aBy 40 KOMOKO.

Peziempoeuii gatin CPU cknapaetnes 3 28 perictpis. YacTiHa peric-
TPIB JOCTYyMHA NOMHOXYyBauy i AJITT Ta MoXe BUKOPUCTOBYBATHCS MK peETi-

549



MixponpoyecopHa mexHika

CTpH 3arallbHOTO Npi3HaYeHHA. BiciM 40-po3psAIHAX PEricTpiB pO3MMPEHOT
TOYHOCTI £PR MiATpAMYIOTH onlepauii 3 HUIMMHU YACIAMH | ducIaMu ¥ §o-
pMarti 3 IUIaBy4oi0 KoMoro. BiciM 32-po3pAaHux AOMOMIKHUX PpEriCTpIB
ARO-AR7 poctymai AJII i npuctposm ARAU. Perictpu ARO-ART moxHa
BUKODUCTOBYBaTH JJIA- OpraHizamii UdKIYHHX JiYWiIbHUKIR. JBa 32-
PO3pAAHI iAfieKCH1 pericTpH /RO, /R1 BHKOPUCTOBYIOTECA TPUCTPOAMEA
ARAU nns inpexcauii agpecu. KpiM 3a3HaueHUX PETIiCTPIiB Y pericTpOBHIA
(alin BXOAATH: MOKAKUMK CHCTEMHOTo ‘¢TeKa SP, perictp crany ST, perictp
IpanopIiB nepepuaHs /I, pericTp Macok nepepusass JE, perictpu agpecu
MI04aTKy TOBTOPEHb RS 1 aapecH KiHIIM MOBTOpeHb RE Ta iHIM, NpU3HAYEH]
It KepyBaHHs IPoLecoM OOUUCTSHHS.

Apupmemuuni npucmpoi ARAUO 1 ARAU1L. 1 1Ba mprcTpoi MoxXyTh
IPOTATOM OJHOTO LUKIY FeHepyBaTH ABI agpecu Ha mmHax DADDRI i
DADDR?2. Tlpuctpoi ARAU niATpuMyrOTh aIpecariito 3i 3cyBoM, 3 iHIeKca-
ui€ro (3a moroMororo perictpis /RO i JR1) i unitiuny. BUKOHAHHA onepa-
il B ARAU BinOyBaeThes mapanensho 3 onepauisma B AJII] i TOMHOXKY-
BaUl.

CPU nigrpumye pobory 3 Tppoma (popmaTaMy MoJaHHS gucel: Wi
qHCia 31 3HaKoM 1 0e3 3Haka, uncaa y ¢opmarti 3 masydoro komoro. Llimi
4Kcia MOXKHa I0JATH B KOpOTKOMy dopmari (giana3oH HMoXaHHS YUCEN
3HAXOIUTLCS B Mexax —2' < n <2"°-1) i dopMari oguHapHOI TeuHOCTI (Iia-
Na30H MOAAHHS YHCEN 3HAXOAUTECA B MeXax —2° < n <2%]). Yncna 3 mia-
BYHOI KOMOIO MOYKHA TIOZIATH B KOPOTKOMY (bopmaTi; thopmati oguHapHOI
TOYHOCTI 1 po3mupeHoMy Qopmati. I MOAAHHSA YKMCeN i3 MIABYYOH KO-
MO0 B po3mupeHoMy (opMarti noTpiGHo 40 po3psis, 8 3 AKUX — I 3Ha-
YeHH TIOKa3HMKA CTYIIEHA, a.32 — IIg 3HAUYSHHS MaHTUCH. Y PO3MUPEHOMY
opMari TIOZAHHA YMCEN MaKCHMAIbHE JI0JaTHE HHCAO IOPIBHIOE
3,4028236683x10%, a. wMiniMatbee BinemHe wmcno IOPIBHIOE —
3,4028236691x10", Omepanii Hax wicnamu 3 IUIaBY40r0 KOMOIO 3abesrie-
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9yIOTh TOYHI OOHUCIICHHS 1 JO3BONAOTE YCYHY TH MpoONeMU NeperioBHEHHSL
1 BHPIBHIOBAHHA OIIEPaH/IiB, 0 BUHAKAIOTE Y LiNOYMCIIOBIH apu@MeTHni.
Jns nepersopenns gopmaris yncelr (ToOTO 3 WiI0YKMCIIOBOTO HA opMar i3
MNaByY0r KOMOIO. | HaBIakH), OKPYIJeHHA 1 HopMamisamii mepegdayeHo
creltialbHi KOMaHH.

Hesanexsi mmsy goctyny go BOYA0BaHOT NTaM’ ATI, BHYTPIIHI WHAHH
CPU, a Tak0 MOMIIMBICTh 0HOYACHOI TeHEpaLii ABOX aipec A03BOAIOTh
peanisyBaTi rHyYKi peXkUMM ajipecartii, mo 3a0e3nedyoTs BUOIPKY AaHHX 3
flaM’ ATI, 3 perierposoro ¢aitna uu BUOIpKY koMaHn. Y CPU puxopucrto-
BYIOTh TaKi TWUIH ajpecallii; perictposa, mpaMa, Henpama (27 BMIIB),
6esnocepenns, PC-sianocna (PC - Program Counter). 3aznaueHi TUNU
ajpecatii BUKOPUCTOBYHOTH Y PI3HHX pekuMax ajjpecamii — TpUonepasj-
HOMY, NMapa;IcIEHOMY , IUKJIIYHOMY 1 PEBEPCHBHOMY.

Komanau 3 TpronepaHIHiM peXIMOM ajpecallii BHKOHYOTE BHOIpKY
ABOX ONEPaHMiB, OUEPAIII0 3 0OpaHUMK ONEePaHIaMH 1 3aIHC Pe3yIIbTATIB
oriepauiii y perictp. Yei 3a3naueHi Ail BHKOHYIOThCA B OJAHOMY LIMKJIL.

KoMaray napanenbHUX oniepaliil BUKOHYHOTE @palelTbhe 3aBaH TAKCHHS
pericTpiB, NapaiIenbH aprudMeTHKO-JI0MYHI oneparili Ta onepaii 3apaHTaxKeH-
Hi. Ycboro repeaGaueHo 28 rakux komada [lpumipom, omHa 3 HEX
(MPYF3/ADDIF3) 10380I5€ IepeMHOXKKTH 1 10AATH JIBi TIapy uurcel y dopmari
3 IIaBYH0I0 KOMO'O, THina (MPY]3/SUBI3) — niepeMHOXUTA | BIIHATH ABI Napy
HUTHX YACET,

LukmiyAy ajpecaltifo 3aCcTOCOBYIOTh /i peanizalii 0arathox ajiro-
puTMIB UQPOBOT 06POOKH CHTHAMIB (3rOPTKH, KOPENAUli Ta iH.).

PesepciBHA ajpecallis 3HAXOMNTD IIMPOKE 3aCTOCYBaHHs A peall-
3allii AIrOPUTMIB IMBUAKOTO NepeTBOpeHAs Dyp’e.

CPU mae MexaHi3MU, 110 J03BOJAIOTE KEPYBATH NPOLECOM BUKOHAH-
Ha nporpamu. Lle NMiYUTEHUK NOBTOPEHb, MEXAHI3M HEPEXOMUIB (CTaHIAPT-
HUX 1 3aTPHUMAHUX) | KOHTPOJIEp NepepHBaHb.
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JiuutbHux nosmopers BUKOPACTORYIOTH 17 BUKOHAHHSA KOMaHJ i3 Tipe-
tixcamu RPTB — nostopenns 610Ky koManjl i RPTS — MOBTOpeHHs OjfHI€El KO-

MaHzH, IO JO3BOIsE CIPOCTHTH OPTaHi3aiio MUKIB. TaKi LIMKIH 3aCTOCOBY~ .

I0Th [U1A peatizaiil GaraTb0X alropHTMIB IM(POROi 06pOGKH CUTHANIB, Y SAKHX
ICHYIOTb TIOBTOPHI TPYITH KOMaHJI, 110 3aiiMatOTh BEMKY YaCTHHY Hacy peani-
3aii anropuT™My. BukopHCTaHHS MOBTOpPEHD J03BOIISE CKOPOTHTH YAC pealiza-
1iii TAKAX ArOPUTMIB.

Konmponep nepepusans 06po0is€ 30BHIIIHI, BHYTPIIIHI Ta IPOTpaM-
Hi nepepuBanHd. J[0 30BHIMIHIX TlepepUBaHb HalleXaTh NEPEPHBAHHS CKH-
nauHa RESET ta nepepuBaHHS, 10 HAIXomiTh Ha Busomu BIC INTO-INT3.
BryT1pilmHi niepepuBaHHs (POPMYIOTHCS TOCHIAOBHAMU nopTamu X/NT0,
RINTO, XINT1, RINT, tatimepamu TINTO i TINT1 i xontpoxepom 11JIIT
DINT. Tlporpamui nepepuBaHHs BUKIUKaOThCA KomaHIoo /RAP. Bekxro-
pu nmepepuBaHb 3afiMarorh agpecu 3 00H go 3FH. TlepepuBaHHA MOXKYTb
obcmyropysaruca gk CPU, tak i koHTponepom [TITT. Kontposep T Bu-
KOPHMCTOBY€E TlepepUBaHHA AN CHHXpOHI3aWii omepauiit nmepecuIanHs na-
HuX. llepepuBaHHs BCTAHORIIOIOTH Mparmopellb IEPEepPUBAHHS B pericTpi
MPElopLiB IepeprBadb /F 1 MOXKYTh MackyBaTHcs B perictpl /&£ MacKyBaH-
Hi [IepEepPUBaHb,

CPU TMS320C31 mependauae ABa pexuMu poOOTH 31 3MEHINECHUM
CIIOKWBAHHAM CTPYMY, IO 3amaroThes KoMaumamu [DLE2 1 LOPOWER.
3HUKEHHS CTPYyMY CTIOKMBAHHS B MEPIIOMY PEXUMI JOCATAETHCA 3YTIMHOM
CPU, a® ;(perMy‘— 3MeHIeHHsM y 16 pasiB Takrosoi yactoTu MIT. Buxin
3 UUX pexXuMiB BiI0YBA€EThCA 3a CUIHATIAMHM 30BHIIIHIX IlepepuBaHsb. Tumo-
B€ 3HAYCHHI CTpyMy clioxueaHHs 7MS320C31 3 TakToBOK HYacTOTOO
50 MI'u cranoButh npubamsno 250 MA. V pexumi IDLE2 cTpyM CIIOXKH-
BaHHA SHIKYEThCE 10 SO MA.

HMam’are. 3aransHuit obcar mam’sati TMS320C31 cranosuth 16

Mx32 cniB. Y HbOMY pO3MIIIYIOThCS 0ONAcTl maM’sATI IporpaM, JaHUX i
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NPUCTpoiB BBeACHHA-BUBeAcHHA. KoMaHau, faHi | TabauIli MOXYTs 36epi-
ratvcs B Oy Ab-9KOMY MICII 3arabHO TIaM’ ATi.

Béyoosana nam’sme cknagaethes 3 4 kbaiit ROM (TiUtbkM s
TMS320C30), 2 x6aifT RAM (2 6moxu mo 1 kGaiit) i 64 cniB xem-oam’ATi
nporpam. Y TMS320C31 i TMS320C32 3amicth ROM BOGYZORaHO 610K 110~
HaTKoBOTO 3aBaHTaxenHs (Boot Loader). TMS320(C32 Mae Bchoro 512 chis
RAM-nam’sri (2 6noxu mo 256 cimiB). ROM- 1 RAM-niaM’ATh DiATPUMYIOTh
noJpiiitHe 3BepHeHHA 3a oAuMH 1Mk, Hesamexwi muun gaHux PDATA,
DDATA, DMADATA no3BonsioTs B OFHOMY MK 3po6uTH BUOIpKY KO-
MaHJl, YHTAHHA/3aIMC JaHUX 1 ONEpalio NPIMOTo JOCTYIY JIO. IaM’ari
L

MIT TMS320C3x Moxe npamonam y IBOX PEeXUMAaX: MIKpOIIPOIeco-
PHOMY i MiKpOKOMIT 0TepHOMY. PeskiM po6OTH BU3HAYACTLCS CTAHOM BXO-
oy MC/MP. Y MIKpOKOMIT'10TepHOMY peskuMi ROM posMillly€Tbes 3 azipe-
cu 000/ no FFFH. 3a agpecavu 3 00H o 3FH po3MillieHo BEeKTOpH nepe-
pHBaHb. Y MIKpOITpOLleCOpHOMY pexxumi BOynoraHna ROM MackyeTses, il y
3a3HauEHMX apecaX PO3MILILY€ThCS 30RHIIHAS aM’ ATh,

Kewi-nam ame iporpaM npusHaueHa Ans 30epiraHBs yacto MOBTOPO-
BAaHMX Ha0OpPIB KOMaHZ, N0 M03BOJISE 3MEHIIUTH KUTBKICTL 3BEpHEHb 10
30BHINIHEOI MaM ATi 1 BUKOPUCTOBYBATH ITOBITGHY | HCINEBLILY 30BHITIHIO
naM’sts. 3oBHIMH! HU TMS320C3x 3BITBHAOTECA B Takuii crioci6 g
onepauiff TIJIIT un BBenewHs-puseieHHs Aanux. Bubipka xomaHr: i3 BOY-
noBaHO!I maM aTi (ROM wn RAM) ne monudikye Keil-ram’sth. YHran-
HA/3anuc JaHWX y Kel-naMm’sTi He BUKOHYeThes. [lepembaueHo doTupu
pexuMu poOOTH KEI-IaM AT1, 110 BCTAHOBIIOITHCS ITPOTrPAMHO.

3oeniwuns nam’ame. OOMIH 13 30BHIIHEOIO 1AM ATTIO i MPUCTPOAMU
BBEJICHHA-BUBCICHHS BIIOYBaeTHCS Uepe3 OCHOBHY 1 JOTATKOBY IIHHY (OUB.
puc. 9.2).
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OcHOBHA INWHA MICTHTB IHHY Aaux D3 1-DO, muny agpecu 423-A0
1 KepyBanbHi CUrHaNU: cTpoO 3BepTaHHA N0 mam’ATi STRB, curHail YuTaH-
Hs1/3anuc R‘W, curran rotosHocTi RDY, curuan 3axonieHHs 0CHOBHOI Iy-
Hu HOLD i curnan mifTBepKeHns saxonnenns HOLDA.

Jonarkopa muHa BKMouae muHy ganux XD31-XDO, mmHy anpecu
XA12-XA0 i kepyBaubHi cUrHanu: cTpo® 3BepTaHHs A0 mam sTi MSTRB,
¢Tpob 3BepTaHHA 10 NPUCTPOIB BBeAcHHA-BUBeneHHA /OSTRB, curHan uu-
TaHHA/3amuc XR/W 1 curHai rotoBHOCTI XRDY.

OcHOBHA 1 IOAaTKOBA IIHN MAIOThH BiAMOBIHI PETICTPY KePYBaHHA.

HJ"UI TOro mo0 3abe3neuynTH MaKCUMAaIbHY UIBHAKOMIO TPOLECcOpa,
TOOTO Oe3 TakTiB OUiKyBaHH:A, OYIb-IKUI HPHUCTPIM, IO TNIKIHOYAETECA 10
MII, mae mar# vac BUGIpKH He Gimsir 25 He (U1 TAKTOBOI YacTOTH
TMS320C3x — 33 Mru). BuxkopucranHs MOBLIBHOT 1 JEIIERINOL 11aM’ 4Ti iCTo-
THO 3GLTBIIYE THYUKICTh i 3HIKYE BAPTICTH CHCTEMH, alle B LUK/ 3BEPTAHHS
IO TaM’ATi YW JI0 OPUCTPOIB BBENEHHA-BUBENEHHS Tpeba 101aBatH TakTu
ouikyBanus. TMS320C3x no3Bosse PopMyBaTH TAKTH OUIKYBAHHS SK Ha OC-
HOBHIli, Tak I Ha JOAaTKoBil mmHax. I1pu upoMy oOUABI IOMHK MaroTh He3a-
JEXKHY JOFIKY KepyBaHHA TOTOBHOCTI MAaM’STi YW TNPHUCTPOIB BREAEHHS-
BUBeJEeHHs. TaKkTh 04iKyBaHHA Moxke (OpMyBaTy BHYTPIIIHINA reHeparop Ta-
KTIB OUIKyBaHHS YM 30BHIIIHIM CHUTHAN FOTOBHOCTI. BHYTpiHil reHeparop
TaKTiB OUiKYBaHHA Moxke (opMmysaty Bix 0 10 7 Takrip (kepy€eThCa Iporpam-
HO), TIPUHOMY KIJIBKICTh TAKTIB OJJHAKOBA LA BCIX 30BHINIHIX UMKIIB HE3a-
JIE)KHO BiJl BUKOpPHCTOBYBaHOI afipeci. KpiM 1010, 1 GopMyBaHHS BHYT-
plIIHROrO CUTHATY roToBHOCTI B TMS320(C3x mependayeHo MONIIHBICTSH
06’ €IHaHHA CUTHAJY Bil BHYTPILOHKLOTO I'eHeparopa TakTiB OUiKYBaHHA 1 30-
BHINIHELOTO cUrHany RDY 3a cxemoto norigxoro [ abo noriudoro ABQO, o
JI03BOIIIE THYUKIIIE BHKOPHUCTORYBATH 30BHIIMHI pecypcu. Bubip pexumy

¢dopMyBaHHs BHYTPIIHLOTO CUIHANY TOTOBHOCTI BiIOYBA€TLCS TIPOIPAMHO.
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YV TMS320C3x mepenbadeHo MeXaHi3M NPOTPaMHOTO TepekTHOdeHHS
6aHKiB TaM’AT1, IO ICTOTHO NGNETIIYE PO3POOKY CUCTEM, Y SKUX BUKOPHCTO-
BYIOTh BEJIHKY €MHICTh ITam sTi. Ha yac nepekmodents O6ankip curtan S7RB
CTac HeaKTHBHUM Ha oauH Takt. IIpu TakoMmy cmocobi ycyBaeThcs noTpeba
JI0AaBaHHA TAKTIB OUiKyBaHHS, (OPMOBAHIX CHTHANOM RDY mig yac mepeTH-
HaHHA TPaHMUb aapec OaHKIB NaM siTi. CMHICTH GaHKy IaM’sATi BCTAHOBJIHO-
€TBCH IporpaMHo. MexaHisM nepexToueHHd OaHkiB maM’ATi mepeadavueHo
TUIBKM JUISL OCHOBHOI IITAHM.

OOMIH MO 30BHIMHIX IDWHAX HakKlajgae TeBHI OOMeXeHHA IL0J0
mBuakoAil. Tak, TpUBAMICTh WHKIY YumawHi 30BHILUHBOI MaM’ ATi CTaHO-
BUTH OJMH TaKT O€3 TaKTiB OYIKYBaHHA, TPUBATICTD UMKy 3anuc — ABA Y
HaBITh TPU TAKTH, AKIIO 3aITMC BIJIOYBAETHCA G€3MOCEPEIHBO 3a UHTAHHAM.
TpuBamicTs UWKIIB YumanHs/3anuc TPUCTPOIB BBEACHHA-BUBEACHHS (aK-
tHBHUH curHal /OSTRB) Ha H0aTKOBIH MHHI CTAHOBUTD JBA TaKTH (AKIIO
HEMAE TAKTIB OYiKyBAHH). ‘

Konmponep I[J{1]. BuxoHye niepecWIaHHS -JaHVX YCEPeInHi aApecHOTO
NPOCTOPY I1am STl 1 TIPHCTPOIR BBeAeHHA-BUBeAeHHA O3 yuacti CPU/, mo nae
MOXCTHBICTD BECTH OOMIH 3 MOBUTGHUMH TIPUCTPOSMH HaM’ATi | [PUCTPOAMH
BBEJICHHA-BHBEACHHA (Koaeky, nociigodi noptu, ALITT Ta in.), ue 3MeHuIyroun
npoaykxtusroctTi CPU. [lepecunatng aaHux mia kepysaHHAM kontponepa [TJIT1
CKIANANOTECA 3 onepaliit vumannst 1 3anuc. Ilepecnnanns nannux 3apepinyroThes
TUTBKH TOJ, KOJIM BUKOHAHO SK OTIEpALIito yumanHs, TaK 1 ouepatito sanuc. 1le-
PECHIIAHHA RaHUX MOXe OVTH CHHXPOHI30BAHO JI0 JDKEpeNd, A0 npuiiMada uu
0 Jpkepernia 1 npuiivaya. Le osHayae, mo okpemi onepawi (vumanns adbo 3anuc
YK oOM/IBI pazoM) He BUKOHYIOThCA JIOTH, OKH HE BUHHMKHE Bi/NOBIAHE Niepe-
pusanns. Koxrponep AT 1 mBuaxicHi 30BHINHI IMHA (OCHOBHA 1 I0ATKOBA)
— MOTIYTHIH 3ac10 is noOyAOBH BHCOKOIMBHIKICHHX CHCTEM 06p061d1 JIAHWX.

Po6oroto kontponepa ITJIT kepytoTs 90THPH PeriCTpH: 3aransHOIO KEPyBAHHS,
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afipeCy. JpKepena, aApecd npuiiMada 1 pericTp JIIMIbHUKA TepecHnanb, 24-
PO3psA/IHL PEriCTPH afpecH JpKepena 1 IpuiiMaia MOXKyTh IHKpEMEHTYBATUCS YM
JIEKPEMEHTYBATHCA HEAICKHO OJMH BiJl OJHOTO. 24-po3psiHuii perictp Juu-
TILHUKA lepecunanb, KepoBanuit 24-po3pAIHAM . JIIYMIEHIKOM, BUKOPHCTOBY-
FOTh UL 3a1aHHs po3MIpy 00Ky, IO TiepecHTaeThes. KpiM 3a3HatueHnx pericT-
piB, v KepyBanHi koHTponepoM TTJIIT BUKOPHUCTOBYETHCA pericTp /E MacKyBaH-
Hsl TICPEPUBAHb.

Taimep T/C. e 32-po3psaHuil TaliMep/NiIMIBHUK TIOAIH i3 30BHILIHIM
Yy BHYTPIITHIM TakTyBaHHsaM. TaliMep Mae 30BHIIIHIA BHXIJI, [0 BUKOPHC-
TOBYIOTh fK BHXIL CUrHaly TaiiMepa abo fK BXIJ Il TAKTOBUX IMIIyJIBCIB.
TaliMep MOXHa BHKOPUCTOBYBATH IUIA FeHEpallli CUTHaNlIB, IEpeaHuX 30B-
HIIIHIM OPHCTPoAM (Hanpuknaz, 3amyck ALITT), uu ang migpaxyHKy 30BHI-
IIHIX IMITYJThCIB 3 HACTYITHOQ reHepalieio nepepusans y CPU micis gocsr-
HEHHA 3a[aHUX II0Ka3aHb migwibHUKa. (g kepyBanuia poboToro Tafimepa
nepenbadeHo pericTpu KepyBaHHs. 32-po3psaHuil pericTp Ji4uIbHUKA Mic-
TUTH MOTOYHE 3HAYCHHS MYWILHMKA. 3MICT TIYWIBHUKA MOXE IHKPEMEHTY-
BATHCA 32 NIEPeAHIM YH 331HIM (PPOHTOM TAKTOBOTO CHTHANY. 32-po3psaHuii
DETICTP 3aralbHOrO KEPYBAHHs TaiiMepa CIVTYVE IUIS 3afaHHs PEXHMIB po-
00TH TaliMepy 1 KepyBaHHA HIM.

Iocniooeni nopmu SP (Serial Port) naroTh MOXKINBICTh OPTaHI3yBaTH
TIOBHOAYTINEKCHMI 3B’ 130K Mixk jaBoMa MIT 7MS320C3x no inecTu NiHIAX.
IMocninoswi nopTizI IITKOM He3ameKHI ¥ 1JICHTHYHI 3a kepyBadHsM. Jlns
nepejayl JaHHX B OJHOMY HAlpsAMI BUKOPWUCTOBYIOTH TPH JIHII, IO AKUX
NEPENAr0Th: TaKTOBY 4YacTOTy, AaHl, CHHXpOIMIOyNscu. JlomyckaeTbes §-,
16-, 24- i 32-pospsauuii hopMar nepeaayl, TPHIOMyY Iepegaga AaHuX Mo-
xe BIAOYBaTHCA SK Y (hIKCOBAHOMY, Tak i B 3MIHHOMY ¢opmari. MoxuBi
IBa peXXUMH nepeaadl Janux: Oe3ynunauii 1 nakeTHwii. TakToBa yacToTa I

CHHXPOIMITYIHCH MOXYTh OyTH SIK BHY TPLIIHIMY, TaK i 30BHINIHIMH. BXiaHi
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1 BUXITHI 3CyBHI perictpr OydepmsoraHo. OOMIH JaHUMH Yepe3 HoCiToB-
Huil opT BiAOyBaecThes 1A kepysauuaM CPU.

baok nouamxoeozo 3asanmancenns BL (Boot Loader) Bukonye mniepe-
CHJIAHHS TIPOrPaMHOTO KOy i3 30BHIINHBOI Heftoporoi mam’sri (EPROM) 1m
Hepe3 MOCTIIOBHHI TOPT i3 3a3HAYEHOK aIpecor0. 3aBaHTAKEHHS i3 30BHILI-
HBOI 11aM’ATI MOXe BitOyBartuca y 8-, 16- un 32-po3psaHomy ¢opmari. 3asa-
HTa)KeHHA 4Yepe3 MOCHiOBHUI NOPT BUKOHYETHCA B 32-po3psaHOMY (opMaTi
B MakeTHoMY pexuMi. [T yac sapaHTaXKEHHA 4Yepe3 MOCHIZOBHIN HOPT CUH-
XpOIMIIYJILCH 1 TAKTOBY HacTOTy ¢OpMY€ 3OBHILTHII npncrpiﬁ. IIporpama
TIOYATKOBOTO 3aBAHTAXKEHHS IHIANI3YETHCA 3a CHUTHANAMH - lepepHBaHb
INT3-INT0 TimeKu B MIKpOKOMIT oTepHOMY pexkiMi. Tlicnst crapry mepesi-
psOTH CTaH IPATIoOpLiB NepepusaHb y pericTpi [/ 1 BU3HAYAIOTH BUJT 3aBaH-
TaskeHHd. Kox#aoMy mpanopiro nepepuBans (INT3, INT2, [NT1, INT0) Bia-
TIOBiac NEBHUH BUJ] 3aBAHTAKEHHS.

BokoBI MporpaMHOTO KOy, IO NEPECUNalOTh, Mae TepeayBaTH 3a-
FoNoBOK, IO MICTUTL KPIM Koy dopMaTy nepeaadi (Juis 3aBaHTAXeHHS 13
30BHILIHBOI ITaM’ATI) po3MIp OIIOKY, IO MEPECHIAETHCH, | MOYATKOBY aape-
CY PO3MILLEHHs MporpaMHoro koiy. ITicns 3asepuieHHs HepecHIanHs TPo-
rPaMHOTO KOJY MOYUHACTHCS BUKOHAHHSA TMPOTPAMM 3 [0YATKOBOI ajlpecH
PO3MIIIEHHS BI0KY.

[nmi BIC — npeacraBauku ciM’i TAMS320C3x pisHATHCA TIEPEBANKHO
KiTBKICTEO TIOCHIZOBHHX TIOPTIB 1 KaHANIB HPAMOTO AOCTYMy 10 HaM’ ATi
ITATL

OcHoBHi cihepu 3actocyBanna MIT cim’i 7MS320C"3xx - 1udipose ay-
mio, 3-D rpadika, BilcokoH$EpEHI3B A30K, TIPOMUCAOBI POOOTH, KOTIjI0Ba-

TLHO-PO3MHOMKY BAJIbHA T€XHIKA, TEEKOMYHIKALIHI CHCTEMH.
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KoHTponbHi 3anuTaHHs

1. Ha3BiTh OCHOBHI ONOKH CTPYKTYPHOI CXEMH CUTHAILHOTO MPOLIECO-
pa 006po0KM MaHuX 3 ITABYYJOI0 KOMOTO,

2. SIxi 1MHE BUKOPHUCTOBYE CHTHANBHMU Tiporiecop 7TMS320C3x ansa
He3aNe)kHOTo JOCTyIy A0 BOYZOBaHOI NaM sATi mporpam i JaHux?

3. SIki ¢opmaru IOJaHHA YHCEN Yy CHTHAJIBHOMY IpoLecopi
TMS320C3x? Slke Haitbinbme Ta HalfMEHINE YUCIO, AKUMH OIEpye
MIT?

4. SIxi nepeBaru o6uUcCIeHHS y popMaTi 3 IUIABYHOI0 KOMOO Iteped 06-
SUCTCHHSM YHCEN 3 ¢ikcoBaHO KOMOFO?

5. SIxe npusHaueHHs apudMeTnaHux npuctpois ARAUO Ta ARAU1?

6. Sxi QyHKII BUKOHYE KOHTponep TIHAIE?

7. Vkaxite nepudepiliHi  mpucTpoi  CHTHANBHOTO ~ IIpoliecopa
TMS320C3x.

8. Has3BiTh Jxepena nepepuranb CUTHATBHOTO Tponiecopa TMS320C 3x.

9. V AKkux eHeprooINagHUX PEKUMAaxX MOXKe INpalloBaTH CUrHAIBHHUI
nponecop 7MS320C3x?

10. Sxi dyHKIIT BUKOHY€ GIIOK TIOYAaTKOBOI'O saBauTaxenns Boot Loader?

11. JlaliTe XapakTepuCTUKY PEXHUMIB afpecallii CHTHATBHOTO TIPOLECO-
pa

12. V axux ranyssx TEXHIKH BUKOPHCTOBYIOTH CHIHANbHI TIPOLIECOPH 3
TI71aBY 400 KOMOHO?

9.3. TexHi4YHi XapakTepUCTUKU CUTHaNbHUX NpoLecopiB

CurnanabHi npounecopu ¢pipmu Texas Instruments. Hactynmaumu 3a
PO3IIIAHYTUMHU BHUINE CIM AMM CHMTHANBHUX TMIpolecOpiB ¢ipMu  Texas
Instruments cranu Tiporecopu oOGpOOKM MaHMX 3 TUIABYUOK) KOMOIO
TMS320C4x. Boru cyMicHI 3a CHCTEMORO KoMaug i3 MIT TMS320C3x, ox-
HaK MaloTh OLTBNTY MPOXYKTHUBHICT 1 KpalHi KOMyHiKauiﬁHi MOJKJIMBOCTI.

558

Po3nin 9. CuenaneMi Mikponpouecopu

Ho ciM’i TMS320C4x sxoaatsh nipotiecopu TMS320C40, TMS320C44,
TMS320LC40.

Iponecop 7MS320C40 mae npoaykrusHicts 30 AMIPS/60 MFLOPS i
MakcUMalbHy MpPOIYCKHY 3[aTHICTh IIJICHCTEMYM BBEJEHHA-BUBEACHHL
384 MGafit/c. Bin Mictuth Ha kpucTam 6 BHCOKOMBUKicHUX (20 M6airt/c)
KOMYHIKkati#faux ropris 1 6 kananis IT)IIT, 2 K cnis mam’sti, 128 cais npo-
FpaMHOI Kell-raM’sTi Ta OJIOK MOYATKOBOTo 3aBaHTakeHHs. J[BI 30BHIIIHI
IIYHY 3a6e31edyoTh 4 I ci1iB 3aranbHOro agpecHoro IpocTopy.

Iponecop TAS320C44 — pemeBUINA BapiaHT HONEPEAHBOIO TMpPEN-
CTaBHUKA CIM’i, Mo mae 4 KOMYHIKAWi}fHI NOPTH ¥ 3aranbHull aapecHU
1poctip 32 M cnis. OgHak 3HAUEHHS TOKa3HUKIB POIYKTUBHOCTI i IPOTy-
CKHOI 3aTHOCTI ITpoliecopa Ti cami, I0 # y MouepeAHbOro NpeAcTaBHIKA
cimM’i.

ITpouecop 7TMS320LC40. — ananor TMS320(°40, mo BUPIHAETHCH
HU3BKUM CHEPrOCHOKUBAHHIM, M1ABULIEHOIO OPORXYKTUBHICTIO
(40 MIPS/80 MFLOPS) 1 6inmemiod TPONYCKHOKW 3paTHicTIO (488
Mébaiit/c).

IMomansiuM po3BUTKOM ¢iM’1 HAQPOBHX HPONECOPIB 0OPOOKHA CHT-
HaJlIB KoMnaHii 7exas Instruments € Npolecop NPUHLMIIOBO HOBOI apXiTek-
TYpu — TMS320C80, sunymennii Harmpukinui 1994 poxy. ITpouecop opieH-
TOBAHO H& 34CTOCYBAHHA, 3B A3aHl 3 BUCOKONPOAYKTHBHOIO undposoro 00-
POOKOIO CUTHANTY B IIUPOKHAX Taly3sAX HAayKd i TexHiku. Jpyra uassa npo-
uecopa — MVP (Multimedia Video Processor) — XapakTepusye HOro BHCOKY
e(exTUBHICTD Y BUPIIIEHHI 3aBaHb 00pobKku 300paxkeHs, 2- i 3-BUMipHOI
rpadiky, KoMmIpecii | JekoMripecii Bifeo- 1 aygiofanux, o6poOKu
3B’ s13k0B01 iH(op™Mari Ta iH.

[Tpouecop 7MS320C'80 noeaHye B OIHIA MIKPOCXEMI T SITh TIOBHO(YHKLI-
OHAJILHUX ITPOLECOPIB, HYOTUPH 3 SKUX — TIonimmeH nudposi mpouecopu 06-
poGxu curvame ADSP (Advanced Digital Signal Processor), apxitektypy
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SKIX OpIi€HTOBAHO Ha peali3allilo ATOPHUTMIB LU(POBOI OOPOOKH CHUTHANIB.
Koxumit ADSP no3Bojsc BUKOHATH 33 OMUH KOMAHIHMI TakT Kinmbka RISC-
nomibuux onepatit.. IT’sTuif nmpouecop, ronosrmii MP (Master Processor),
ABIAEC C000r0 32-po3pamHuii RISC-npouecop 3 BUCOKOIPOAYKTUBHUM 0OUKC-
JHOBAYEM i3 MIABYUOrO KOMOKO. JI0aTKOBO JO PO3TIAHYTHX BMINE TIPOLIECOPIB
y upoMy MIT posmimeni:
- koHTponep ooMiny TC (Transfer Controiler) - iHTENEKTY-
anpHmii koutpoinep IALL mo migrpumye inrepieiic i3 DRAM 1 SRAM,
- rigeokoHTpoiep VC (Video Controller);,
- CUCTeMa KOHTPOJIFO | HanaromxkeHHs — nopt JTAG (IEE
1149.1);
- 50 xbaftt SRAM.

[MpoxyktuBHicTs 7MS320C80 mocsrae 2 mupn RISC-ropiGHUX KO-
MAHA Ha ceKyHAy. [IponyckHa 3aarHicTs mwuHM pocsrae 2.4 ['Gadir/c — vy
noToui ganux i 1,8 ['Gaitr/c — y moToi KoMaHx.

IMponecop TMS320C80 Mae Taki TeXHIYHI XapaKTEPUCTHKM:

- TakToBa yacToTa 40 uu 50 Ml 1

— 50 xb6aiit BOynoBaHoi SRAM,

- 64-po3pAaHUI KOHTPOep 0OMIHY 3 TUHAMIYHAM KOHQITy-
pYBaHHAM HIMHYM HA 0OMiH 3 64-, 32-, 16- i 8-po3pAIHIMY CITOBAMU,

- pexaM [ITT 10 64-pospannoi mam’a1i SRAM ta DRAM,

- 4 30BHIIHI TIEPEPHBAHHS,

- BOyIOBaHI 3aCO0M BHY TPICXEMHOI eMYJIATII,

- HanpyTa xkuBlienss 3,3 B;

— Om13bpko 4 MITH TPAH3UCTOPIB HA KPUCTA,

- 0,5/0,6 KMJTH-texHoior1s;

- 305-xoHTaKTHUI Kopryc PGA.

HoBa ciM’s DSP-npouecopie  xommanii  Texas Instruments
TMS320C62x 6yne MICTHUTH B c06i mpolecopu sk 3 (hikcoBaHoO, Tak 1 3
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m1aBy4oro koMmoro. Ilepmuii mpenctaBrHuk 1iei cim’i — TA48320C6201, ome-
pye 3 1aHuMM y GopMarTi 3 (hikCOBAHOIO KOMOIO,

IToGynoBanuii BIANOBIAHO 10 - po3pobineHoi kommawiclo Texas
Instruments apxitextypu VelociTl npouecop TMS320C62xx — nepmmif i3
CUrHanbHux VILIW-nipouecopir, 110 BUKOPHCTOBY€E VIS MiXBHILEHHS IIpO-
AYKTUBHOCTL napanemizM piBHg koMaHa. Tpanuuitwa VL[W-apxitekrypa
nepexdadac HAABHICTh NEKUIHKOX (PYHKIIOHATBHUX MPHCTPOIB, IO Tpa-
IIOIOTH T1apaNellbHO I BUKOHYIOTh 33 OJUH TAKT KUIbKa KOMaHJ. ApxiTéK-
Typa Velocill nosponse 3abe3meduT Kpamny e(eKTHBHICTH 33 paxyHOK
ocnabneHHs oOMexeHb Ha TMOPANOK 1 Croci® BMKOHAHHA koMaHA. Sapo
TMS3200C°6201 — VelociTl VIIW-npouecop 3 8 (yHKIIOHANEHAMI MOIY-
19MH, BKModaoud 2 nomuroxkysadi 1 6 AJIII. Monym m3aemomirots uepes
nBa pericTpoBi ¢aiiny, moe MicTaTe no 16 32-pospsuanx perictpis. LT
MOJKE€ BUKOHYBATH 0 8 KOMaH}1 32 OJIHH TaKT.

Y npouecopl BUKOPUCTOBYIOTH YIIAKOBKY KOMaH, UI0 CKOPOUYE Po3-
MIpU KOy 1 yac BHOIpKY KomarA. 256-po3psaaHa mimMHa mam’sTi mporpam
J03BOJIAE BUOMPATH 32 OJUH TAKT BICIM 32-po3psagHUX KoMana. Ycl KoMaH-
JM MICTATh YMOBH iX BUKOHaHHA, 110 103BONJE CKOPOTHTH BUTPATH TIPOAY-
KTUBHOCTI TNPOLECOpa HA BUKOHAHHA IepeXoliB 1 301IbUIMTH CTYTiHL Na-
paiieizMy obpooKu.

ITpouecop mMoxe onepypati 3 8-, 16-, 32-pospsaaumu panumu. Jlna
J0NATKIB, MO MOTPEOYIOTH BUCOKOI TOHHOCTI 00UMCIIEHDb, epeadayeHo MoX-
JIUBICTH 00UMCIens 3 40-po3paHuMH oniepaHaamMu. J{ns pe3ynbTaris ycix oc-
HOBHWX apUdMeTHIHUX ofieparlilf BHKOHYETHCA OKPYTIITICHHS | HOPMAITi3aLlis.
VY npomecopi peanizosaHo orepariti Haj 61TOBAMM TIONSMU, TAK1 AK euOLIUMU
(extract), yemanosumu (sef), ouucmumu (clear), niopaxynox 6imig (bit

counting).
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Iporiec .00pobku V1./IW mouMHAETHCA 3 BHOIPKU 3 TiaM ATI KoMaH[ 256-
po3paHoro naketa. Komanam 3B’ A3yI0ThCA A CITUILHOTO BHKOHAHHA B I13-
KeT (10 8 KOMaH[) 3a 3HAUCHHAM Mojoamoro 6ita koManau (LSB).

TIpucTpiit BUGIpKH- TeKOXYBaHHsI-TUCTICTYCPH3AINi KOMAH| MOXe Ha-
TpaBJATH A0 QYHKUIOHAILHUX MOJYIB 10 8 32-po3pspHAX KOMaHI 3a
OJIMH TAKT 110 KOKHOMY 31 HUIAXiB 06podku (4 1 5).

TIponecop pearye ma 14 mepepuBadb, U0 BIATOBIZAIOTH CHTHANOBI
Reset, remackoBaHoMy nepepuBanHio (NM) 1 nepepHBaHHAM 3 HOMEpaMu
4-15.

BHyTpiIUHBOKPUCTANBHY IaM STH PO3IUICHO HA HaM ATk HaHUX 1
nam’ate nporpaM (mo 64 x6aiir). Tlpouecop 7MS320C6201 wae asa 32-
PO3pSIH1 IOPTH IS 3BEPHERHS JIO TaM’ AT JaHWX | oauH 256-po3pagauii
IIOPT IUISA 3BEPHEHHS 10 NaM’ ATi TpoTpaM s BUGIPKH KOMaHT, a TaKoK I10
64 x6aliT mam’ATi JaHKX 1 IporpaM. Y 1poitecopi BUKOPACTORYIOTE po3IIa-
pyBaHHs 11aM’ ATl JaHuX (4 16-po3panaHi 6aHKM) Ui MIABUILEHHS MIBUIKO-
cTi BUOIpKM 3a pPaXyHOK OJHOYACHOrO 3BEepTAHHA [0 pi3HUX OaHKiB
TIaM’ ATi.

. Hozatkoso npouecopu ciM’i TMS320(°62xx MOXYTb MICTUTH Ha KpH-
craii inTepdeiic 30BHIMAbBOI naM’ati (EMIF), xoutponep TTMILI, intepgeiic
host-nopty (HPI), 3aco6u eHeproomaKEHHs, po3imupeHi OvdepuzoBaHi
TIOCHIOBHI JOPTH, 32-pO3pATHI TaliMepH.

Cepen BoBux cep 3acrocysanns MIT cim’i TMS320C62xx komnanis
Texas Instruments Ha3uBac:

— YHIBepcansHUit 6e3npoBi JHUIT 38’ A30K;

- MEIMYHY JTIarHOCTHKY,

— TenedoHiro;

- NepcoHAIBHI 3aco0u iHdopMauiiiHoro 3abeslieyenns | 3a-
XHCTY.
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Bomnouac moxmuee Bukopuctanus MIT 7MS320C62x y cydacHUX
HPUKIIAHAX CUCTEMaX g 301bINeHHS X MpoayKTUBHOCTL J[0 Takux cuc-
TEM HANEXKATh:

- 0a30Bi craHnii MoOINBEHOTO 3B A3KY;

- MOJEMHI ITyJTH i CEPBEPY;

- KabeNnbHI MOJIE ML,

- pararokaHanbHl TedetoHHl WIATPOPMH, BKIFOYAIOYN
HEHTpaNbHi 0QiCHi KOMYTATOPH i CHCTEMH MOBHOI Mepefadl MOBiAOM-
JICHB;

~ MYIBTUMEMIHHI CUCTEMM. o

CurnaasHi nponecopu ipmua Motorola. Curnansxi MIT xommanii
Motorola migposainsiors Ha ciM’i 16- Ta 24-pospsammux MI1 3 dikcosaHo0
komoro DSP (Digital Signal Processor — uudpoBuii CHTHaIBHHIA TIPOIIECOP)
— DSP560xx, -561xx, -563xx, -566xx, -568xx 1 MII 3 pnaBy4or0 KOMOIO
DSP960xx. :

16-pospsoni MIT 3 ghixcosaroio komorw DSP56156 1 DSP56166 opien-
TOBaHl HacaMIepesl Ha BUKOPUCTAHHA B cUcTeMax o6poOkM MOBH 1 Teleko-
MYHiKauii.

[Tpouecopu ciM’i MaroTh Taki TEXHIYHI XapaKTEPUCTHKH:

- npoaykTusHicTs 10 30 MIPS na wacroti 60 MI'1;

- OJHOTAKTOBWH IapanelbHUil IoMHOXYyBa4 (16x16 po3ps-
1iB) 3 HarpoMapkeHaaM (MAQC);,

- ABa 40-po3paH1 aKyMyIATOPH 3 6aliTOM PO3IUHPEHHS,

— THYUKY CHCTEMY aJ[pecartii;

- armapaTrHy peanizalliro BKJIAJIEHWX I[MKIIB, BKJIIOUYAIOUM He-
CKIHYEHHI LMK,

- TpH 16-01TOBI BHYTPILIHI IUHHA JaHuX 1 Tpu 16-6iroBi
BHYTPIIIHI UIWHY aJIPECH;

- NPorpamMoBHIil Yac AOCTYITY 10 30BHIIIHLOL HHHM,
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- iHTephetic 13 BinoOpakeHHAM Y maM satl mepudepiitaux
IPUCTPOIB;

- BHYTpLIIHI! 610K eMy i 1 Hanaropkerns (OnCE);

- HU3bKE CIIOXKUBAHHSA SHEPTIi 1 3aC00M SHEProOINaHKCHHS;

—~ 2K cxiB BHYTPIIHEOKPUCTATBHOI IAM’ ATI.

24-pogpaoni MII 3 pixcosanoio xomolo DSP56000/DSP56001
OpIEHTOBAHI HAa MaKCHUMIZALII IPONYyCKHOI 3J4THOCTI B godarkax DSP 3
IHTEHCUBHIM OOMiHOM Janumu. MIT npairoroTs Ha gactoTtax 10 33 Ml i
3a0e3reuyroTh OPOAYKTUBHICTS Oumsbko 16 MIPS, wo mo3Bolse
BUKOHyBaTy WBHIKe repeTroperns dyp’e 3 1 024 pigmikamu 3a 3,23 Mc.
BiaMiHHICTE MUK LMMH TIpoliecOpaMu MOJISATae B TUI iX BHYTPIIHBOI
nam’sTi. [I{o6 MIHIMI3YBaTH BapTiCTh MpUKIATHUX cucTeM, MIT DSP56000
OpIEHTORAHO Ha poOOTY IA KepyBaHHAM mporpamu, 36epexeroi s TTIT3T1
(ROM) emnictio 3,75 K caiB. € takox BapiaHT nponecopa DSP56000, mo
Ma€ 3aXMCT BiJi HECAHKIIIOHOBAHOIO JOCTYIy [0 IPOrpamu, 30epexeHoi y
BHYTPIIIHII TaM’ ATi.

Hactynra niris MIT DSP56300 Mae nponecopHe sApo HOBOTO THITY
(NDE — New DSP Engine), y sikoMy 3aBISKH KOHBecpu3alii 3abe3neveHo
BUKOHAHHS KOMaHAHX 3a OMH TAKT, (0 MIABUINYE IIBHIKOIFO BJBIYI MOPIB-
HsHO 3 AapoM DSPS560xx.

32-pospaonuii MII 3 niasyyoro komoro civ’i DSP96002 mictuts 1 024
CJIOBA IaM’ gTi, PIBHOMIpHO po3fineHol MK nam’sTTio Janux X 1 Y, 1024
CII0B& nporpa;\dﬂoi" mam’ari, nsa [III3T] pasMX, MBOKAHATBHI KOHTPOJIECPU
ITANT, macucTeMy MOYATKOBOTO 3aBAHTAKEHHS MPOrpaMH, a Takok BOYI0Ba-
Hi 32c001 HallaroHKEHHS Ta eMY TSI,

ITpouecopu ciM’i MArOTh Taki TEXHIUHI XapaKTePUCTHKI:

- OTHOTAKTOBHM TIPUCTPid MHOXEHHS 3 HArpoOMajKeHHIM
po3paaHicTIo 32x32;
- ClLENiani3oBanuii HabGip KOMaH],
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- anaparHy MNIATPAMKY BHKOHAHHA NpPOTPaMHMX HUKIIB I
IMBUIKOTO MOBEPHEHHA 3 IEPEPHBaHb;

- posumpeny Ao 1 K ciib keli-nam’sath KOMaHx,

- I’ATH 32-po3psaHUX aAPECHUX HIMH — BHYTPLUIHI 0JHOHA-
TipAMIeH! HIMHU aapec X 1a Y, porpaMHy agpecHy IOHHY 1 JBi 30B-
HITTHI aJipeCHI [IMHM,

- ciM 32-pospsaHMX LIMH AaHUAX — BHYTPINIHI JABOHATIPIM-
JICH] WHHA JaHux X Ta ¥, BHYTPINIHIO BOHANPAMIICHY [I00abHY 1IH-
HY JIaHUX, BHYTPIIIHIO ABOHANpsaMieHY WuHY Haumx [1JII1, BHYTpI-
UIHIO J{BOHATPMIEHY MPOrpaMHy IMHY NAaHWX 1 JBi 30BHIUIHI INWHH
JaHHX;

- BHYTPIIMHROKPUCTAIBHY Tlam’ a1h MI1, mo Bxmrodae 1 024
CIIOBA IIPOrpaMHOT maM ATi (RAM), aBi HesanexHi 1tam’ STl JAHHX 110
512 cnie koxHa (RAM), apa nesanexui II3I1 emuictio 1 024 cnogra 1
TI3I1 nowarkoBoOro 3aBanrTaxeHus eMHICTIO 64 CiloBa;

- 30BHIHIO T1aM’STh TIpolecopa, fka Moxe CTaBOBHTH IO
2x2% 32-pospapEUX CITB JLIA KOMAH | JaHNX,

- npoavktushicte MIT, mo nra Taktowiif wactori 40 Ml
cTaHoBuTE Onuspko 200 AIPS.

Curnannni npouecopu ¢pipmu Analog Devices. 1le 1pouecopu JBoxX
cimMeit ADSP21xx i ADSP210xx. TexHi4uHl XapakTepMCTUKA IPOLECOPIB Ha-

BejeHo B Tadi. 9.1.

565



Tabnuun 9.1, indposi curnaneui nponecopu gipyn Aralog Pevices
T [ , X Buyrpinras . .
e B ] Bl B B A T
MIn e RAM | ROM
1 2 3 4 5 6 7 3 9 10 11 iz
ADSP-2101 20 50 20 1 Kx16 2 Kx24 - 16 Kx16;, 16 Kx24 | 2 2 1 0
ADSP-2103 10,24 97,6 10,24 1 Kx16 2 Kx24 - 16 Kx16; 16 Kx24 | 2 2 1 0
4DSP-2104 10,24 50 20 512x16 1 Kx24 - 16 KxI16, 16 Kx24 | 2 1 1 0
ADSP-2104L] 13,824 72,3 13,824 512x16 1 Kx24 - 16 Kx16; 16 Kx24 | 2 1 1 0
ADSP-2105 10,24 100 20 256x16 512x24 - 16 Kx16, 16 Kx24 | 2 1 1 [}
ADSP-2109 10,24 50 20 512x16 1Kx24 |4Kx24] 16 Kx16,16 Kx24 | 2 1 1 0
ADSP-21091) 13,824 723 13,824 512x16 1 Kx24 |4 Kx24 | 16 Kx16; 16 Kx24 2 1 1 c
ADSP-2111 20 50 20 1 Kx16 2 Kx24 16 Kx16; 16 Kx24 5 2 1 0
| |4DSP-2115 20 50 20 512%16 1 Kx24 - 16 Kx16; 16 Kx24 | 2 2 1 0
ADSP-2161 16,67 60 16,67 1 Kx16 - 8KEx24 | 16 Kx16; 16 Kx2d | 2 2 1 0
ADSP-2162 10,24 100 10,24 1 Kx16 - 8Kx24 | 16 Kx16, 16 Kx24 | 2 2 1 0
ADSP-2163 16,67 60 16,67 512x16 - 4 Kx24 | 16 Kx16; 16 Kx24 2 2 1 0
ADSP-2164 10,24 100 10,24 512x16 - 4 Kx24 § 16 Ex16; 16 Kx24 2 2 1 Q
ADSP-2165 20 50 20 4 Kx16 1KXx24 112 Kx24] 16 Kx16; 16 Kx24 | N4 2 1 0
ADSP-2166 16,67 50 16,67 4 Kx16 1Kx24 112 Kx24| 16 Kx16; 16 Kx24 | N4 2 1 Q
ADSP-2171 16,67 30 33 2 Kx16 2 Kx24 - 16 Kx16; 16 Kx24 5 2 1 0
ADSP-2172 16,67 30 33 2 Kx16 2KX24 | 8Kx24 | 16 Kx16, 16 Kx24 | 5 2 1 0
ADSP-2173 10,24 50 20 2 Kx16 2 Kx24 16 Kx16; 16 Kx24 5 2 1 0
IIpodgsacenns maoa. 9.1
1 2 3 4 5 6 7 8 9 10 11 12
4DSP-2181 16,67 30 33 16 Kx16 16 Kx24 - 16 Kx16; 16 Kx24 13 2 1 1
ADSE-2183 16,67 34,7 33 16 Kxio 16 Kx24 16 Kx16; 16 Kx24 i3 2 1 1
ADSP-21msp50 20 50 20 1 Kx16 2 Kx24 - 16 Kx16; 16 Kx24 N/A 2 1 N/A
ADSP-21mspS8 13 33 26 2Kx16 2 Kx24 - 16 Kx16; 16 Kx24 3 2 1 0
¢ |4DsP-21mspS9 13 38 26 2Kx16 2 Kx24 4 Kx24 | 16 Kx16; 16 Kx24 3 2 1 0
ADSP-21esp0! 25 20 50 4 Kx16 4 Kx24 - 16 M cinis 12 2 1 5
ADSP-21020 33,3 30 333 - - - 4T cnis N/A 2 1 N/4
ADSP-21060 40 25 40 4 M6ir - - 41 cnis , 4 2+6§) 1 10
ADSP-21061 50 20 50 1 M6ir - - 4T cnis 4 2 1 6
ADSP-210611 44 22,5 44 1 Méiv - - 4T cnis 4 2 1 6
| |4bsp21062 40 21 40 2 Mbit - - 4T cnir 4 2+6) 1 10
ADSP-210651. 60 16.67 60 544 xbir C- - 64 M cnis 12 8 2 10
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CiM’s ADSP21xx — H#abip oaHOKpucTanbHUX 16-po3psagHux MIT i3 3a-
TaTLHOI GA30BOM ApXITEKTYPOIO, ONTHMi30BaHOK) [T BUKOHAHHS AIro-
putMiB LHppoBoi 0OPOOKN CUTHANIB Ta IHUIHX IOAATKIB, IO NOTPeOYIOTH
BUCOKOIIBHAKICHUX 00uUMCieHb 3 dikcosaHow koMo, CiM'd Ha CHOTOIHI
HapaxoBye 14 mpencTaBHUKIB, 10 BIJPI3HAOTHCS OJUH BiI OIHOTO TEpe-
BaXHO PO3MILMIEHHWMM Ha KpUcTali nepudepiiiHIMU TPUCTPOSMHE, TAKMMHI
AK KeuI-namM’ fTb, TalMepy, NOPTH 1 T. 1H.

Hpyra ciM’ss MIT ADSP210xx noeguye 32-pospsiaui MI1, opicHTosani
Ha CHUTHAIBHI AITOPUTMH, N0 OTpeOyroTh BUKOHAHHA 00UMCAeHs i3 Ia-
Bydoro komoro. CiM'io npeacrasmstore MII ADSP21010, 4DSP21020,
ADSP21060, ADSP21062.

IopiBrgnHs apXiTeKTyp CHrHaJbHHX NPONECOpiB 3a IMBMIKOMI-

€10, OCHOBHI TIOKa3HUKM ITPOTYKTUBHOCTI mpouiecopa ADSP-21061 3 Tak-
TOBOIO yacToTor 40 MI'1I (Mac mukiy 25 HC) MiJ Yac BUKOHAHHS TECTOBUX
nporpam Taki:
- mBHiIke nepetBopeHs Oyp’e 3 1024 pigmikamu — 460 Mxc
(18 221 nuka);
- CeKIiA (inbTpa 3 KIHUEBOO IMITYILCHOIO XapaKTePUCTUKOKO
(FIR) 25 nc (1 muxn);
-~ cexuis GiNbTPa 3 HeCKIHICHHO IMITYJILCHOK XapaKTepu-
ctuxoro (//R) 100 ue (4 mukmm);
- minenss (/x) — 150 ve (6 1UKIIB);
- oﬁéucnenm %/; — 225 uc (9 uukIiB),

- MIBHIKICTE Niepefaui yepes kaHanu TT/I1 — 240 Mbaiir/c.
Ha puc. 9.3. HaBemeHO MNOpIBHAHHA apXITEKTyp CHUTrHAIBHUX
OPOLECOPIB 33 KUILKICTIO TAaKTIB, IO MOTPEOYIOTh BUKOHAHHA TUIOBHX
anroOpUTMIB 1MpoBoi 0OpOOKH — IIBMAKOro mepeTBopeHHs Dyp’e,
¢inbTpis FIR ta [IR.
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Biasocuuii yac BUKOHAHH

¢ aeses

TMS320C5x  ADSP2lxx DSP56000  DSP56300

Puc. 9.3. Hopisuanva apximexniyp cucHanbHux npoyecopie

Sk BugHO 3 miarpamu (puc. 9.3), apxitTekrypa npouecopa DSP563xx
¢ipmu Motorola natedextrBRima 1 3a6e3nedye WBUALIE BUKOHAHHA 3a-

BJIaHb 32 PIBHUX 3HAUEHb TAKTOBUX YacToT MIL

KoHTponbHi 3anutaHHA

1. V sxoMmy nporecopi moeJHaHo 11 sTh mpotiecopiB? Sk Bouu B33€Mo-
TirOTH?

2. Ha3gitb ocHoBHI cdepu 3acrocyBaHHa mpouecopis  Texas
Instruments.

3. Skuii i3 nponecopis Mae apxitektypy VelociTI? Ynm sona BIApIi3HA-
€ThCA B apxiTektypu VLIW?

4. SIxi TANM CUrHaLHUX 1IpouecopiB BUpodRse ¢ipma Motorola? Stk
3aCTOCOBYIOThH KOXHY 3 Ipyn?

5. SIx1 TMDM cUTHaNBHUX TpoLEcopiB BUPoOase dipMa Analog Devices?

6. Tlopiragiite 3a WBWAKOIIEI0 CHTHANBHI Ipotiecopu (ipM 7exas
Instruments, Motorola Ta Analog Devices nis pisnux 3ajau ungpo-
BOi 00po0KY cUrHanis.
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Po3ain 10
HEVPOHHI OBYMCITIOBAUI

e ]

10.1. OCHOBHI NOHATTS Ta 3apayi HeMPOHHUX oBumucoBayis

VY momnepeaHiX po3AUIAX PO3CIAHYTO IPUKIANH po3B’ A3aHHA 337124,
nobpe dopmanizopaHux, TOOTO AN HUX po3pobIeHO MaTEMATUYHI MOZENI 1
MOXHA 3aCTOCYBaTH aJroOpuIMH, 1o 6a3yrOThCA Ha MPaBWIAX THUILY «IKIIO
A, to b». OnHak € 3anadi, SKi BaXKo GpopManizyBaTH, TOOTO 3HANTH HiTKUI
ANFOPUTM po3B’ a3aHHA. JIo0 HUX HameKaTh TaKi:

Posznisnasanns 306paxcens. Hanpuknaz, po3mi3HaBaHHA PYKOIMCHEX 1
IPYKOBaHMX CHMBOJIIB T Yac ONTUYHOTO BBejcHHs B EOM, po3nizHaBaHHS
THIIB KIITMH KpOBI, PO3Mi3HaBaHHS MOBH. [IpH IhOMYy pO3Ii3HABAHUI
06’€KT — e MacHB JaHWX, AKMI Tpeba BiJHECTH 0 OJIHOTO i3 3a3JANeTiNb
BIIOMUX KJI4CiB.

Knacmepusayis oanux (Domyk 3akoHOMIipHOCTel). Bxin#ai Aani Tpeba
BIJHECTU JO SIKOICH IPyIM (Knacrtepa) 3a BIAcCTHBOIO iM «ONU3BKICTION,
IPUHMOMY YUCIIO KJacTepiB 3a3janeriib HeBimoMmo. Kpurepiem «6am3bkoc-
Ti» MOXYTh OyTH BIACTaHb MK BEKTOpaMM JaHMX, 3Ha4eHHS KoedilieHTa
KOPEJIAIIT TOIIIO.

Anpoxcumayia ¢gyuxyii. IorpiGHo 3HaNTH QYHKIIIO, 110 AMTPOKCUMYE
HEBiOMY (HampHKNan, Hallp eKCepUMEHTATBHUX jJanux). 1[4 Jamaua ax-
TyalbHa Ui MOJCIIOBAHHS CKIAJHUX CHCTEM 1 CTBOPEHHS CUCTEM Kepy-
BaHHA CKJIAJHUMHI JUHAMIYHUMM 00’ €KTaMU, s poOacTHOTO KepyBaHHS.

Ilpocnosyeanna. TloTpiOHO 3a MOTIEPEeIHIM MOBOKEHBAM (YHKLIT
nporHosyear ii noso/keHHS B MalibyrHboMy. 1 3amada akryansHa Juid
KepyBaHHA CUCTEMaMM 3 IIPOTHO3YBAHHAM, AJIA CUCTEM IIPUMHATTA pIHIEHD.
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Onmumizayis. MeTa 11X 3aa4 3HANTH ONTHMAIRHE 3HAYCHHA [IIHO-
BOI yHKIIH, IO 33JI0BOJIBHAE PAJ 0OMEKEHD.

Mix Tm, mroguHa A06pe po3s’A3ye 3aj4aui, Kl BaXKo (popManisysa-
TH, — pPO3Ni3HaE 300paXeHHS, KinacHpikye naHi, IPOrHO3Y€E TOWIO. TOMYy
i71es1 CTROPUTH IITYyYHMM pO3YM CTajda TAKOK NMPUBAOIUBOIO. Ajle U HbO-
ro tpeba OyyI0 IPOBECTH YUCIEHHI JOCTiIXEHHA NPWHIMIIB (yHKIIOHY-
BaHHs MO3KY JIOAMHH 3 TIOTIALY 00poOKH iHGopMarii.

Mo3ox moauHu — HaCKIaHIITA 3 BITOMHAX CUCTEM TepepoOKu iHpO-
pMmaii. Y HeoMy MicTuThes 6mmssko 100 Map HepBOBUX KINiTHH, abo Hel-
PORIB, KOXHa 3 AKUX Mae B cepeanboMy 10 000 3B°s3KiB.

Hetiponu sB1sitoTE 00010 0COOMMBHI B KIITHUH, OCHOBHE IIPH3HA-
YEHHS SKUX TOJIArac B OIIEPaTURHOMY KEpYBaHHI opradizMoM. CXxemaTHyHe
300paxeHHs HelipoHa HaBedeHo Ha puc. 10.1.

Puc. 10.1. Cxemamuyne 300pascentst netipona

Heiipon Mae tisio (coMy) /, HepeBo BXOB (ICHAPHUTIB) 4 1 BUXOAIB (ak-
COHiB) 2. JleHapuTH CHTBHO PO3raly’KYKOTHCS, IIPOHH3YIOUM NOPIBHAHO Be-
JIMKWIA TpocTip Haekoyio Helfpora. [loyaTkoBMI cerMeHT akcoHa — akCOHHHH
ropOok 3, mo mpusisrae A0 TiNA KINTHHY, TOTOBINEHKHA. Y Mipy BlLITaleHHS
BiJl KJITHHM BIH IOCTYIIOBO 3BYXYETHCS i HA HBOMY 3°BISETHCS MIETIHOBA
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000JI0HKa, 10 Ma€ BHCOKHIt enekTpuuHmii omip. Ha comi i Ha AeHapuTax
PO3MILIYIOTECA 3aKIHYEHHA aKCOHIB, HI0 WAYTH Bij IHIIMX HEPBOBUX KIITHH.
Koxxae Take 3akiHgeHHs 5 Mac BUJ TIOTOBINEHHY, HASHBAHOIO CHHAIITHIHOIO
Omsnkoro abo CHHanCoM. BXigHi cMrHamM NEHAPUTHOTO AepeBa (IOCTCHHAT-
THYHI iIOTeHuianM) 3BAKYIOTHCA i MIZICYMOBYIOTHCA HA HUIAXY A0 aKCOHHOTO
rop0ka, jie TeHepy€ThcA BUXITHMIT iMity:The. Moro nasemicTs (abo iHTEHCHB-
HICTh) — LIe QYHKIIA 3BDKEHOI CyMH BXiHMX CHrHatiB. BuXiaHuMii cursan
TIPOXOAMThH NO TiIKax aKkCOHa 1 JoCArac CHHAICIB, IO 3 €JHYIOTh aKCOHH 3
JEHAPUTHAMHU JepeBamMH IHIONX HefipoHie. Uepes cunancu curgan tpaacgo-
PMY€TECS B HOBUI BXIIHMIA CHTHAN Iji CyMDKHMX HelpoHiB. 1leii BxiaHwmit
CUIHaI Moxe OyTH RoJaTHIM i BT eMHKMM (30ya/mBaM ab0 TaIEMIBHAM) 33~
JeXHO Bl BUJly CHHAIICIB. 3HaUEHH BXIJJHOI'O CHUTHAIY, [0 FeHepy€e CUHAIIC,
MO’Ke BIAPI3HATHCS BiJ 3HAYEHHS CUTHAJY, IO HAXXOAHTH y cuHanc. 1[i Bia-
MIHHOCTI BH3HaUatOTh €(QeKTUBHICTL, abo Bary, cuuarca. CHHANTVMYHA Bara
MO>K€ 3MIHIOBATHCA B IIpolieci PyHKIIOHYBaHHs CUHATCA.

YyeHi pisHUX crieillansHOCTEH poOMIy cITpobu CTROPUTH MaTeMaTHd-
HY MoJlensb HeifpoHa. Tak, Oiomory Hamaranucs oJepXKarTy aHaliTUYHE YAB-
JeHHs TIpo HEHMpPOoH, 110 Bpaxosygano O yci Horo BizoMi (GyHKLIOHAJbHI Xa-
PaKTEPUCTHKM. Alle OCHOBHE 3aBJaHHs — Nepenada iHpopmalii HepBOBUM
IMILyJIBCOM — BTpatanocs ceped 6arathox IapamMeTpiB, IO CTOCYOThes di-
3UKHU TIPOBIAHOCTI IMITyJNIbCiB. ToMy cripoOyBanu 3aMiHUTH QI3UTHHI omuC
HelipoHa noriyHMM. [Ipy 1BOMY HEpBOBY KIITHHY PO3rTgaiM [IPOCTO K
eEMEHT, 10 nepegac iHopMawio. 1943 poky BueHi-MaTeMaTHKd Mak-
Kamrox i ITirc nnoganu HefipoH AX MpoCTH MEpeMUKAIBHUIT €TeMEHT, 110
MOXE 3HAXONUTHCA B OXHOMY 3 JBOX CTIHKHMX CTaHiB «YBIMKHEHO» abo
«BUMKHeHoy. HeiipoH cripaupoBye, Ko arebpudHa cyMa BXOZIB Yy MEB-
HUif MOMeHT OuTbla 3a nopir. HeitpoH y TakoMy nojjaH#i MOJKHAQ BUKOpHC-
ToByRarH 4K eneMent EOM, mo no3Bonse moOyyBaru Mepexy 3 HEHPOHIB
13 BIIIOBIZTHUMH NIOPOTaMM 1 3B’s3KaMHU, 10 peamizorysana 6 J0BUIBHY Oy-
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nesy QyHkuiro abo Tabmuiigo ictuHHOCTL [{i ZOoCImDKEHHA 3yMOBUIH YHC-
JeHHI BUHAX0AU cXeM o0poOku iHdopMauii, MPUCTPOIB po3MI3HABAHHA 1
CCHCOPHMX aHATI3aTOPIB.

Huni HaffyacTiine BHKOPUCTOBYIOTH MOZENL HEHpOHA, HABEJCHY Ha
puc. 10.2.

X1 Wi

| B [T

Xn e

Puc. 10.2. Mooenw neiipona

HeitpoH Mae n opHOHANpAMACHUX BXOJiB (CHHANCIB), 3’€JIHAHHX 13
BHUXO/JaMHU [HUIMX HEWPOHIB, 4 TaKOXK BUXij ) (aKCOH), IO AKOMY CHTHAN
(30ymxenHs abo ralbMyBaHHA) HANXOAUTE Ha CUHAICH HACTYTIHHX Hefipo-
giB. CMHancM XapakTepusyiOThCs 3HAYEHHAM CHHAITHYHOTO 3B’ 43Ky 460
Baru w;, W0 3a QI3UUHUM 3MICTOM eKBIBAIEHTHO eJIeKTPHYHIN IPOBIIHOCTI.
Kosxnnit HelfpoH XapaKTepH3YEThCA CBOIM HOMOYHUM CMAHOM § 3a AHAIO-
Ti€F0 3 HEPBOBMMH KIIITUHAMYU TONOBHOIO MO3KY, LI0 MOXYyTh OyTH 30y-
JUKeHI 200 3arakMOBaHI.

INoTounnii cran Helipona 3anexuTh BIJI 3HAYCHHS HOT0 BXOJIB, BAr Ta
1HKO/M LIe ¥ BIT norepelHsoro ctady. Halivacrtime ctaw HeiipoHa BH3Ha-

Jar0Th a00 AK 3BaXKEHY CYMy HOT0 BXOJIB!
n
=) xw, (10.1)
=1

a0o AK BIACTAHb MiXK BEKTOPOM BXOJIB | BEKTOPOM Bar BXOJ(IB:
=X -
s=3 |w, -x| (10.2)
=1
Buxixa y HelipoHa — 1e QyHKIIis foro cramy:

y=As). (10.3)
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Po3agin 10. HeilpoHHi o64ucnioeayi

dynkuiro fs) HA3UBAIOTH GyHryicto akmusayil.
Halinomupenini - GpyHKIi akTUBaiii — cXigyacra IOPOrOBa, JiHiKiHA
MOporosa, CUrMOi/IHA, MiHiltHa, Ta raycciada (Tabm. 10.1).

Tabnuya 10.1. @yakuii akrusauii HelipoHa

Hasga Busnagenus
. 0,s<a
Cxiguacra moporosa S =
) Lsza
[0, s<a
Jlintitna noporosa f(&)=ks+b,aq ss<a,

tL sza,

CurmMoizna F(s)= Qe ey
Jlinifina J(s) =ks + b
Taycciana F(s)=e e’

HefiporHy Mepexy cTBOPIOIOL 06’ ¢ THAHHAM BHUXOAIB ONHHMX Heipo-
HIB 31 BXOJaMM IHHIUX, NPUYOMY HEHPOHW CTBOPHOIOTH INAPH, TaKOX
3’ €HaH1 MiX co00r0. Heuponna mepesca — 1ie Mepexa 3 KiHIEeBOK KiJTbKi-
CTIO IAPIB i3 OJHOTHITHUX CIEMEHTIB [ PI3HUMHU TUIIAMU 3B’ A3KiB MK L1a-
pamu HeitpoHiB. IIpu 1boMy KINBKICTH HEHpOHIB Y mIapax Mae 6yTH JocTa-
THBOIO A7 3a6e3TeueH s 3a0aH0i SKOCTI PO3B’A3aHHA 3a1adl, a KUIBKICTh
1Iapis HeMpOHIB — AKOMOTa MEHILO}0, 1100 3MEHIIUTH YaC PO3B’ I3aHHAL.

{Ipuxnan Haﬁrxpdcm*imoi' OJHOIIAPOBOI HEHPOHHOI Mepexki, AKY Hazu-
BalOTh TaKOXk IIPOCTHI IlepcenTpoH, HaBeneHo Ha puc. 10.3. Ha » Bxonis
HAaAXOJATh CUTHANHM, fAKI IPOXOMAATH N0 CHHAICAX HAa TpU HEHpOHH, 10

YTBOPIOIOTS €MHMI AP 3 BUXITHUME CUTHATAMY y = f13 xw,],j=1..3.
=
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Xy =%

Puc. 10.3. Oonowaposuii nepcenmpou

Ha puc. 10.4. nonano asomapopuil IepcenTPoOH, OTPUMaHUi 3 OAHO-
IIApOBOro AONABAHHAM JAPYIOro miapy, 0 CKIAJAETHCH 3 IBOX HEHPOHIB.
Tlpu Ll'bOMy.HEJ'liHiI?'IHl.CTL akTuBaIiiAol QYHKIIT Mae BEHKE 3HAYCHHS, AKOU
ii He Gyno, pe3ynprar QyHKMIOHYBAHHA OyIb-AKOi p-1IapoBOi HEHPOHHOI
Mepexi i3 BaroaME Matpumsmu W i = 1,2, . p ang KoxHOTO wapy i 380-
ausca 6 10 OEPEMHOXYBAHHS BXIJHOTO BEKTOpa CHrHamiB X Ha MaTpHULIO
W = sy D P 10670 (axTiuHO Taka p-mapoBa HelipOHHA Me-
pexa Oyna 6 exBiBaJleHTHA OJHOILAPOBIH 3 BAaroBOK) MaTpULEK €IUHONO
wmapy WS Y = Xw®.

X "Al) WZ) Y

X) —

X2

Puc. 10.4. Jlaowaposuii nepcenmpon

Hefiponri mepexi MOXHA TakoX KnacuikysaTd sk arnukiidei abo
uukmiyHi. Ipuknanu, saseneni ga puc. 10.3 ta 10.4, crocynoThes anuKimiy-
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Po3gin 10. HeilpoHui o6uucmoeadi

HUX HelpoHHMx Mepex. Ha puc. 10.5 HaBemeHo mpuKiIaj UUKIIYHOI HEl-

POHHOI Mepexki.

—> N

»2

Puc. 10.5. Huxriuna wetipouna mepesica

Sxoio posrnsayTi cxemu (puc. 10.3-10.5) nonoBHUTH MONOKEHHIM
Opo TakTyBaHHA Mepexi (3ajaTy wYac CIpalioBaHHA HeUpOHIB), TO
OTpUMAEMO amapar AjIf 3aiaHHi Pi3HOMaHITHUX aaropurMiB 00poOKu
JaHMX 3a JIOIIOMOIOI0 HEMpOHHMX MeEpeX, JKI MOXHA BUKOPUCTATH IJIA
po3B’A3aHHA K (OpPMATi30BAHWX 3a4ad, TaK 1 3a1ay, SAKi  BaXKO
dopmanisysari. B ocTaHHbOMY BHIIA[KY 3aCTOCYBaHHS HEUPOHHUX MEpEK
OCHOBAHE HE Ha BHMKOHAaHHI 3aIPOTIOHOBAHOIO .anropwrmy, a Ha
3araM’ATOBYBaHHI Mepexero IOJN4HMX 1if MPUKNAdiB HA eTami CTBOPEHHS
Mepexi i OTPHMaHHS pe3yNbTaTiB, NOTOKEHHX I3 UMM MPUKIAJAMHU, Ha
€Tarl po3B’ A3aHHA 3a/1a4i,

Curnamu y neMpoHHINi Mepexi NOAUIAIOTh Ha Ginapui {(yudposi) i
auanozosi. biHapHi ONEpPYIOTH ABIUKOBUMH CHTHAJIAMM, i BHXiJ KOXKHOTO
HelipoHa Moxxe HabyBaTH TUTBKH JABOX 3HA4YeHb: 0 a6o 1.

3a MOXIMBICTIO afanNTalii MOXXHA BUILIMTH. HEHpPOHHI Mepexi, sKi
KOHCmpyroioms Ta Haguaioms. JIa Mepexi, SKy KOHCTPYIOHOTh, 3adar0Th
KIBKICTB 1 THIT HeMpOHIB, rpad MiKHEeHPOHHUX 3B’S3KiB, Bary BXOJIB. Y
MeEpeXi, Ky HaBYAIOTh, I'Dady MIKHEHPOHHUX 3B’A3KIB T4 BAar BXOJIB
3MIHIOIOTHCA I1iJl YaC BUKOHAHHS ANMTOPUTMY HaBYaHHAL.
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3a anropUTMOM . HaBYAHHN MEpPeXi NONUIAIOTE HA Mepexki, 38 SKUMU-
cnocmepizaoms, He cnocmepizaromes 1 Miwani (2i6pudni). Tlepun mig yac:
HAaBYaHHA NOPIBHIOIOTH 3a3falieriib BINOMHI pe3ynbTaT 3 -OTPUMAaHHM.
JlpyTi HaBualOTHCA, He 3HAIOUM TPABWILHUX 3HAYEHL pe3ynbraTy. BoHm
TPYNyIOTH BXi/IHI aHI Tak, 100 BOHKM (GopMyBaaM To#M camMuii BUXIJ Mepe-
xi. Takuii miaxig BUKOPUCTOBYIOTH i PO3B’°A3aHHA, HAmpuknaj, 3ajfadvi
KIacTepH3amii. ¥ pasi MilllaHOTO aJirOPUTMY HABYAHHA 4aCTHUHY Bar BH3Ha-
9aroTh MiJi 4ac CIIOCTEPEKEHHs, a YACTHHY — 6€3 CIOCTEPEKEHHS.

KoHTpONnbHi 3anuraHHA

1. Jlns po3B’sA3aHHA SKOTO KIacy 3aaad BUKOPUCTOBYIOTH HEHPOMpOLiE-
copu? Hassith npuknaay Takmux 3anay.

2. YV yoMy noisrae 3aranbHa ijies BUKOPHUCTaHHA HEpOHHUX Mepexe-
BUX 004HCHeHb?

3. HaseniTs BU3HAYECHHS TIOHATD HEHPOH 1| HEUPOHHA MEPEHCA.

4. laiiTe BUBHAYEHHA TA HaBeRiTh NPUKNaI PYHKIIIH cTaHy HEAPOHA.

5. Jaiire BU3HA4YeHHs Ta HaBeXiTh NMPUKIAAM QyHKIiN akruBi3ami Hell-
poHa.

6. HaBenith NpHKIaau oFHOINAPOBUX Ta ABOLIAPOBUX HEHPOHHUX Me-
pex.

7. YuM BiJpi3HAIOTHCA IHKIIUHI HEHPOHHI MepeKi BiJi allMKIiuHHX?

8. ki € TuIm HeilpoHHUX Mepex?

10.2. OcHoBMu NOB6yQ0BYU anropuTMiB HaBYaHHA HEUPOHHUX
Mepex

OxpH 3 HalBKNVBIIIKX €TamB po3podky HefipoHHOro oOuMCTIOBaYa —
HABYaHHsA Mepexi. Bijg AkocTi HaBYaHHA 3aJIeXKUTH CIPOMOXKHICTE Mepexi
BUPIIyBaTU MOCTABJICHI Nepe;] Hero 3aBjaHua. Ha eTam HagJyaHHs KpiM na-
paMeTpa AKOCTl Jo0opy BaroBux KoedillieHTIB BaKIUBY pOilb BIOITPAE dac
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HaBYaHHs. 3a3BHYail, Ii ABa MapaMeTPH 3B’ s3aHi 3BOPOTHOFO 3ANEKHICTIO i
iX JOBOIMTHCA BUOMPATH HA OCHOBI KOMHIPOMICY.

Haguanns noyrHacTbes 3 BUGOPY BHXiTHOI Mepexi (eBpACTHMHO 00pa-
HMI1 Ipad) i3 3a/IaHOI0 KITBKICTIO BXOMIB 1 BUXOJIIB. Hanpmcﬂa,n; y miTeparypi
PEKOMEHYIOTE TPHIIAPOBY MEPEKY 3 KUIBKICTIO HeMPOHIB BHY TPIMIHBOTO LI1a-
py. IO JIOPIBHIOE IBCYMI KITBKOCTI BXOAIB 1 BUXO/iB Mepeski. KoxkeH HelfpoH
BHYTPIIIHBOTO HIAPY 3B s3aHHI 3 BHXOAAMH BCIX BXITHHX HEHpPOHIE Mepexi.
Koxxen BUX1iHHIT HEHPOH 3B’ A3aHMI 3 BUXOAMK BCIX HEUPOHIB BHYTPIIIHHOIO
mapy. Jam npodyrork 06paTty Bard BXOJIB HEHPOHIB Mepeki Tak, o6 BHpi-
IyRATOCH 3aBAatH. SIKIIo Lie He BAAETLCA, TO 3MIHIOKTH Ipaf MepexKi.

HaifnommpeHimmnii anropaT™ BH3HAYEHHS Bar IV HABYAHHA 31 CUIO-
CTEPEKEHHIM HEPCENTPOHHUX Mepek, UL AKOTO NOBeIeHO 36iraHHsd mpo-
1eCy, — aneopumm 360pomno20 nouiuperHa novuixy. Ha ceorosni itoro pe-
anizyrors 80 % HelpouwIiB, OpiEHTOBaHMX Ha 3ajadi HU(POBOI 0OPOGKH
curHams. KpiM ychoro iHINOTro, BIiH CTdB NEBHUM €TAIOHOM UTS BUMIpIO-
BaHHA MPOAYKTHBHOCTI HEUPOHHMX OOYMCIIFOBAUIB, TAK CaMO, SK UIBUIKE
nepetroperHs @yp’e Ha 1 024 BIAMIKIB IS CHTHANBHUX LPOLECOPIB (J1B.
miposz. 8.3).

ITig yac HaBYaHHS CHMTHAJ TIOMUJIKK TOIMPIOETHECA TI0 MEPEKi ¥ 3BO-
POTHOMY HanpsMi, BUKOHY€TBCSH KOPEKIIis Bar BXOAIB Heﬁpbﬂin, o 3anobi-
rae TIOBTOPHLH OB LI€T TOMUIKHY.

AnropuT™ HaBYAHHS 00HOUIaposozo nepcenmpona (1uB. puc. 10.2 abo
puc. 10.3) Takuil. € wmabip npuxnamie (X,,D), (X..D,),..(X,.D,), &

X, = {xﬂ,xﬂ, ‘_A,xjn} — BXI1/JHI 3HAaYEHHA j IPUKNamy, D, — BUXiJHE 3HAYCHHNA
uBOro mpuxiaay. BeaxkaroTs, M0 TEPCENTPOH MPABMABHO HABUCHAH, AKIIO
IS BCIX J maxIDj -¥, | <1, Jie n — 3aJaHe 3HAYCHH MOMUITKH.

1. ITpucroiTi Baram 1 HOpOTY HefpOHA BUMAAKOB1 MaJll 3HAYCHHSL
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2. Ilonatv Ha BX0AM HeiipoHa YeproBHil IPUKIa ( X,.-> (TrounHaro9 3
TEPIIOTo NPUKIIANY ) 1 RUSHAYMTH 3HAUECHHA BUXOJy Helipona ¥, j=1,..,m.

3. 3MIHUTH Bar¥ BLIIIOBIAHO 10 BHpasy 1v,.(t§rl)=wi(t)+a(Dj -¥))x,
i=1,2, ..., n a—xoediuient, 0 <ag <1,

4. BuxoHyBary mit. 2, 3 ;JOTH, AOKM TOMHJIKA B YCIX IpHUKIagax He
OyJie mepeBULlyBaTH 3aIaHOT0 3HAYESHHS 1

Y 6azamowiaposux mepedsrcax aNTOPUTM 3aMMINAETHECA THM CaMiM, 3a
BUHATKOM KPOKY 2, AKMil CKIaZa€Tbca 3 €TalliB. KOPEKUii WapiB, HpUIOMY
KOPEKITIS IOYMHAECTHCSA 3 BUXIIHOTO LIapy.

KpiM OararomapoBux HEApOHHUX MEPEK 3BOPOTHOTO [IOLIMPEHH,
OCHOBHMI HEZOTIIK AKUX — HEMOXIIUBICTh TApAHTYBATH Halikpallle HaBYaHHs
3a KOHKPETHUI YacOBHIl IHTEPEAI, € IOCHTH BEIIMKA KUIbKICTE IHIIUX Bapia-
HTIB 00y 10BH HEHPOHANX MEPEX 31 CBOIMH NepeBaraMu Ta HeJIOiKaMU.

TpoexTyBaHEs HEHPOCUCTEM — LI CKNAAHUHN 1 TPYAOMICTKHI 11poliec, ¥
AKOMY BHUOIp KOHKPETHOTO &ITOPUTMY — TINBKH OJMH 13 JEKUTbKOX KPOKIB
npouecy MpoexTyBaHHs. Bin HalfuacTilie BKIIOYAE: AOCTIDKEHHA NPEAMETHOT
00JIacTi, CIPYKTYPHO-PYHKIIOHATbHE TIPOEKTYBAHHS, TONOJIOTIUHE POEKTY-

BAHHSA TOLLO.

KOHTpOSbLHI 3anUTaHHNA
1. V yoMmy nondrae nporec HaB4aHHA HeHPOHHOI Mepexi?
2. HasgiTb OCHOBHI KpOKM aNTOPHTMY 3BOPOTHOTO TIOMMPESHHS MTOMUI-
KM JU11 OJHOLIAPOBHX MEPCENTPOHIB.
3. ¥V boMy mnondrae BIAMIHHICTL ANTOPUTMY 3BOPOTHOTO IOTIMPEHHA
TIOMUWITKU A OTHO- | 6araTomapoBUX MepcenTpoHin?
10.3. Anaparda peani3zanis Hel{pOHHUX 00YHCITIOBAYIB
Pospizamors Taki apXxiTekrypu o0gncmoBanbiux cuctem (puc. 10.6):
3 OAMHUYHHUMHK TOToKaMu koMaHA 1 javux SISD (Single Instruction -
Single Data), puc. 10.6, a;
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3 OXMHUWYHMM IIOTOKOM KOMaHJl i MHOXWHHHUM IOTOKOM nanux SIMD
(Single Instruction — Multy Data), puc. 10.6, 6;

13 MHOKHHHMM IIOTOKOM KOMaHJ i OJAMHWYHMM IOTOKOM HaHux AMISD
(Multy Instruction — Single Data), puc. 10.6, s;

13 MHOXWHHMMH TIOTOKaMH KOMaHp 1 gaaHux MIMD (Multy Instruction -
Multy Data), puc. 10.6, 2;

Hetiponunuit o6yucnosay — 1ie cuctema 3 AMIMD-apxiTEeKTyporo, ska Tpa-
IFOE 33 aNTOPUTMOM HEHPOHHOI MEpPEKi.

€ Tpu OCHOBHI HalpAMUY 00y J0BU HEHPOHHUX 0OUUCTIOBAUIB!

Ha 0asl kackagHoro 3’€IHaHHA yHiBepcanbHux RISC a6o CISC MIT dipm
Intel, AMD, Sparc, Alpha, Power PC, MIPS;

Ha 0as3i MporpaMOBHUX JOTIYHMX MaTpullb PLM aGo mpoliecopis i3 mapane-
JTBHOI0 00pOOKOI0 JaHMX Ha arapaTHOMY pPiBHI, HAIPHUKIAJN, CUTHA-
neHUX npotuecopis ipm TMS, ADSP, Motorola,

Ha CHeiali30Bagill eneMenTHIM 6a3i — 0AHOGITOBUX mpouecopax, Herpo-
YHTax.

CucreMu NIepLIOro HANPAMY HA3UBAKOTH HeHpPOEM)AAMOPUMU. Ix ana-
paTHa peanizalid 0a3yeThcsid Ha BUKOPHCTaHHI yHiBepcanbHux RISC- aGo
CISC-MIKpONpPOLECOPIB, IOKIAAHO PO3MIAHYTUX Y HOMEPEIHIX po3finax.
HetipoeMmynaTopy pealiizyroTh TUNOBI Hedpoonepayii (0OUUCTIOITH 3Ba-
XKEHY CYMY, BUKOHYIOTh HEJTIHIHHI IEPETBOPEHHSA) HA LIPOrPAMHOMY PIBHL.

CucreMu Apyroro HampsAMy y BUITLIAI TUIAT pO3UIMPEHHs CTaHAapT-
HHX 00YMCTIORANBHAX CUCTEM HA3UBAIOTh HELPONPUCKOPIOBAUAMU, & CUC-
TEMH TPETHOTrO HATIPAMY Y BUIILLAL (GYHKIIOHATHHO 3aKIHYeHUX 00unCmo-
BAJIBHUX NPUCTPOIB — HElipoKoMN Tomepamu.

HeiiponpuckopioBaul [OAINAIOTE HAa JBa KIACH — BIPTyalibHi, AKI
BCTABILAIOTh ¥ CHOT PO3NIMPEHH: CTAHAAPTHOTO KOMII'FOTepa, 1 30BHIILHI,
AK1 3’ €IHYIOTh 3 KEPYBAITBHOI0 A0st-EOM.
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Po3ain 10. Helipoxni o64ucmiosadyi
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Puc. 10.6. Apximexmypu o0MUCHIO8AABHUX CUCCM:

a-SISD; & - SIMD; & -- MISD; 2 - MIMD

VYV nelponpuckoproBauax Ha 6asi POTPAMOBHHX JIONYHWX MaTpHLlb
PLM anroputmu Heltpomepexi peanizoBaro araparHo. CyuacHi PLM Ma-
10T 3HaYHHI 0bcaT pecypeis (Hanpuknan, PLM dbipmu Xilinx Mae na kpuc-
Tan 10 4 MUIH CHCTGMHMX BEHTHILB) i MOXYTb PEalli30BYBATR arlapaTHy
CTPYKTYpY HeiipoMepesxki Takoro tumy, Ak Ha puc. 10.4, 10.5. Xapakrepnc-

KU PLM s peanizauii HeiipooOyrcIioBadiB noaaHo B tabn. 10.2.
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OburcmoBanbHl cucTeMu Ha 6asi PLA XapakTepusyrOThCs A0CHTH

. BUCOKMMH 4acToTamMy poOOTH, aJie 3MiHa alropuIMiB poboTH noTpebye me-

penporpamysanns BIC. Heitpornpuckoprosaui Ha 6a3i PLM Tenep Buxopu-

CTOByIO'fB K THYUYKi Heﬁpoo6qncn}03anbﬁi CHCTEMH Ul HAYKOBO-
AoCIiTHUX Iiielt 1 ApiGHOCEepifHOro BHPOOHHUIITRA.

Tabauys 10.2. OcobauBocTi peaizauii HefpooGuncIOBaYiB HA

Poanin 10. HelipoHHi o64ucniosadyi

o0a3i PLM

Tun PLAM Bupobhux Kimkicrs weifponis
IXYC40055/XT, XILINX 6
[XC4013x14 XILINX 13
XC4020XZA XILINX 24
XC4044XT A XILINX 50
IXC4062X1A4 XILINX 7
(XC4085XL XILINX 97"
XC40250Xx7 XILINX 200
EPF10K20 ALTERA 4
EPF10K50E T ALTERA 11
EPFI0K100F ALTERA 19
EPF10K250E ALTERA ‘ 50
MALV 96748 AMD 3
IMALY192/96 AMD 6
WBLV-256 AMD 8
IMSLV-512 AMD ! 16 |

- /Jna modynosn NPOyKTUBHIMIMX HelpooOUMCIIOBAYiB  3a3BuUuail
3aCTOCOBYIOTh CMIHAJIBHI Tpouecopn (aue. posp. 8). CurHanshi MIT,
pospobiieni 1 3a7ad UUQPPoBoi 0OpPOOKM CHTHATNB, SK BHABHIOCH,
CTIPOMOXH] e(eKTUBHO IHTEPIPETYBATH aIrOPUTMHU HelpoMmepe:K. BoHu
opi€eHTOBaHI Ha 06POOKY MAaCHBIB (BEKTODIB) JAHUX, BUKOHYIOTH OIICpALliio
MHOXKEHHA 3 HarpoMaDKeHHaM. Jleski 3 HHUX MOXYTb OJHOYACHO

BUKOHyBATH /Bl KoMaH1#. 111 0coGaMBOCTI 103BONSIOTH JETKO peanisyBaTh
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MHOKCHHS 3 HArpOMaKCHHAM BEKTODIB Bar 1 BEKTOPIB BXOMIB HEHpOHIB
Mepexi.  3a3puuaifl g wac  CTBOpEHHA  HElpooOuucIIoBayiB
BUKOPHCTOBYIOTH TiOpUIHY CTPYKTYpPY, KOJIM OJIOK MaTpUYHHX O0OYHCICHB
peanizyeThes Ha 6a3l KacKagHOro 3’ €JHAHHA CUTHANLHUX ApOUEcopiB, a
JIOTiKa KepyBaHHA — Ha oCHOBL PLM

CxeMy 30BHIlIHLOTO HeHPOIPACKOPIORAYA, IO 3" €IHYEThC 3 Kepy-
BaTBbHOIO hosi-EOM 1 BukoHaHa Ha 6a3i KacKagHOTO 3°€/HaHHA CHUIHAlb-
HUX npoliecopis, HaBeaeHo Ha puc. 10.7.

Kepysaneny host-EOM peani3oBaHo Ha OCHOBI 3BU4aifHOi 00MUCITIO-
BasIbHOI cuctemu 3 CISC- abo KISC-upouecopamu.

Mozyae MaTpU4HVX CHIHAIBHHMX OPOLIECOPB 00’€HYe iX MUK co0or
BIAMOBIZIHO 0 CTPYKTYpH HelipoMepexi. Cxema MICTHTL Takok pobouy
mlam’ATh, NaM ATh NpOrpaM, MOJYIb BBEJCHHA-BHUBEACHUN CUrHalR (IO
siinouae ATITL LTAIT 1 777-mirii), a Takox MOAYTB KepyBanHs, Mo Moxe Oy-
TH PeaNI30BaHMIA HA OCHOBI CTCLIANI30BAHOTO KEPYBATBHOIO CUIHANBIOIO
mporiecopa, Ha ocHOBI PLM abo Matn po3noifieHy CTPYKTYPY, Koiau (yHKIni
3arajlbHOT0 KEPYBAHHSA PO3ITOAINICHO MK MATPHUHUMH CHTHATLHUMHA TpoLie~
copami. Jirs noOyAoBY HelponprcKOpIOBaua IbOTO THTTY HalTiepCriek THBHI-
e BUKOPWCTaTH CUTHAILHI IIPOLIECOPH 13 NnaByyoio komolo ADSP2106x,
TMS320C4x, 8x, DSP96002 Ta iH. Bubip toro ado toro curHaIbHOro 1pore-
copa — 0araToKpHTepialbHa 3a)1aua, OJIHAK C:11]1 3a3HAUNTH [epeRary rnpoueco-
piB Analog Devices nis JOAATKIR, IO TOTPEOVIOTH BUKOHAHHS BEJUKUX 00Ca-
B MaTeMaTHIHUX 00YUCTEHb, TAKUX, AK IdpoBa QinbTpais curHary, ooumn-
CNIEHHA KOpensAiiHmx GyHxuii. [ 3asj1ans, Mo norpedyioTh iHTEHCHBHOTO
0OMIHY 13 30BHULHIMU TIPUCTPOAMY, AOLUILHO BUKOPHCTORYBATH MPOLIECOPH
Texas [nstruments, 110 MarOThb BHCOKOLUBMAKICHI 1HTEpdeHicn. A kommnanis
Motorola — nigep 3a 06cATOM BHPOGHHIITBA NETIEBHX 1 JIOCUTH TIPOAYKTHBHAX

16- 1 24-po3panuiux curHamsHux MI1 3 dixcoBanot0 KOMOTO.
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Po3pgin 10. HeilpoHHi o64ucmosayi
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Puc. 10.7. Vaazanwuena @ynkyionainnua cxemda sipmyaisnozo

yevw
Ar A A

«

HetfiponpHckoplosaia

EnemeHTHy 6a3y HefipooOUMCIHOBAYIB TPETHOTO HAIIPAMY — Came HeHpo-
KOMIT FOTEpIB — ABIAIOTH C000I0 Hetjpouuny. Hetipormu GyBaroTe uudposi,
aHanorosl i riopuaHl. BoHM TakoX MOKYTh BKTFOUATH CXeMM HACTPOHOBAHHS
BAr M Yac HABYAHHS, 4 MOXKYTh HE MaTH TAKUX CXEM i Iepei0ayvaTy 30BHILIHE
3aBAHTAKEHHA Bar. XapaKTEPUCTHKM JEAKMX TOLUMPEHUX HEHPOUMIIB HaBejie-
Ho B Tabn. 10.3,

VY 1abn 10.3 ouiHKy NPOZYKTUBHOCTI HeWpoOGUHMCIIOBAYIE 3aMicTh
TpamuIiiHuX oKasHukiB AMIPS i MFLIPS npoBOJsTh 34 IHINMM MOKA3HU-
KoM — CPS (Connections Per Second) - KUIBKICTIO 3’ €THaHb 3d CEKYHY.
3’€aHaHHA — Ile MHOXKEHHA 3Ha4eHb BXOAy Ha Bary I OJABaHHS i3 HATpPO-
MaJDKEHHSAM.
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Tabauys 10.3. XapakTepueTuxH Beilpoynntis

Magcnmzmwa Pospsauicts IIpoaykTusHICTE
KITBKICTH
Tun, dipma 2 =] @ 3 t v
| 2 E|E|ElelE€lE |5 |E
= iy | 4 ® ~ & Q2 C
5| % ~
Tudposi
MD1220 Micro Device 64 8 8 1 16 SM IM [ 142M; -
NLX420 Adaptive Logic 1M 16 16 16 16 | 10M | 20K | 640M| -~
Lneuro 1,0 Philips 1536 16 | 192 16 16 |26 M | 26K | 16T :,ﬁ
AHnanorosi _
. i ‘ 2 GakH .
80170NW Intel 6480 64 2 - - 2T | 30M - -

‘ I'iopuani .
CLNN-32 Bellcore 406 3211 - 5 2T s [ - | - |
CLNN-64 Bellcore 1024 1 64 | 1 | — t 5 |2 | 2M | - -
ANNA AT&T I 4096 286 | 1| = 6 21T 51K " o

OCKITBKH 1Iel TIOKa3HUK HE BPAXOBY€ PO3PAAHOCTI BXOAIB 1 Bar, 1HO/I
HABOIATEL TAKI TTOKA3HUKH,
— CPSPW = CPS/N,,, ne Ny, -+ KUIbKICTH CUHANCIB Y HEHPOHI,
-CPPS — KimpkicTh 3’€HaHbL TIPUMITHBIB 3a cekyuiy, CPPS
= (CPSxByx By, ne By, B, — po3psAxHICTh Bar | CHHATICIB.
TTokaszHHUK, 110 OLIHIOE MBHAKICTE HaBuannsg, — CUPS (Connections
Update Per Second) - KinbKICThL 3MTHEHAX 3HAUEHb BAr 3a CCKY M.
Hugppoei nedipouwunu. OnuuM 3 nepumx  veiipounuig oyna BIC
MD1220 dipmu Micro Device. el xpuctas inTepripetye 8 wuciiponis t 8
3B’ A3KIB 13 10-pO3PsIHUMYI BaraMu, 110 30epiratoTbes y BHY CPILIABOKPUC-
TanLHIA 1AM’ aTi, 1 1-po3psaaHuMu BXOJAaMH, AKi MatOTh HOCHIOBHI 110-
MHOMNYBayl, TPUBANICTE TakTy - 7,2 MKC, o 3a6e3r1euye 1poLyKIMBHICTD
9 MCPS. 13 1mx Belfpouumriip ix KackaHuUM 3’ €IHaHHAM MOKHa roOyayRa-
T HelPOKOMIT IOTEpH.
dipma Adaptive Logic Buryckae Hetipouun NLX420 3 wmicTHaAUATHMA
riporiecopEuME eneMerTaMu (1TE), KoxXKH# 13 Akux Mae 32-po3psaHnii cyma-
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Po3ain 10. HelpoHxi o64ucmosayi

TOp. Bary i X011 3aBaHTaXyIOTh K 16-po3psaHi ciloBa, ajle iX MOKHA BUKO-
pucrary sk 16 1-pospagsux ciiB, abo Ak 4 4-pospsimi, a6o sk 2 8-pospsaHi,
abo sk 1 16-pospsiane cnoso. Baru 36epirarorses ro3a gumom. Bxin 3arais-
Huii s eix ITE, mo go3Bonse BUKOHYBATH ITapasieibHo OmushKko 16 onepa-
miit MHOkeHHs. DyHKINI akTuBalli 3a%ac KOpHUCTyBad. Kpucrauu MoxkHa
3’ €AHYBATH KaCKaTHO.

Kpucran Lneuro 1,0 ¢ipmu Philips mictats 16 T1E, KOXKHHI 3 SKUX MOXKE
(GyHKIOHYBATH K LICTHAIITE |-pO3PSAIHIX, BICIM 2-po3psamuuX, Yotupu 4-
po3psHL, fBa 8-po3psaaHi abo omuu 16-po3paaamit TIE. Yun mae 1 xGaitr
namM’ [Ti Bar, 0 J03BOJIIE€ BUKOPUCTOBYBAaTH 1 024 8-pospaanux aGo 512
16-pospsaauux BaroBux koeinmieHtiB. OyHKUIS akTHBALii peanizyeThes
11033 YUITOM, IO AO3BOJIAE INiA Yac KACKaJyBaHHs IHTEPIIPETYBATH BEJMKI
MeEpexi,

Ananoeosi Helipouuny BUKOPACTOBYIOTH aHATIOTOBI CXEMU — CYMaTopu
3 aHAJIONOBMMH BXOJAMU, Bard JKUX TEXK 3aIal0Th aHAOTOBHM CHOCOOOM.
IT1 yvnu 3a3BK4ail MeHIm 1 mpocTiimi 3a nugporl. 3 gpyroro Goky, sabes-
TIeYeHH RBiXMOBITHOI TOUHOCTI notpedye peTenbHOr0 MPOEeKTYBAHHS | BU-
roroytents. Kpucran ¢ipmu Intel 80170NW mictuts 64 Heliponu i 2 GaH-
ku 64x80 Bar. MoIMBI JeKilTbka MEPEKHUX KoHOirypauiit, Yum mae 64
ananorosi Bxoau (0-3 B) i 16 sHyTpimHix 3cyBiB. Ha kpuctani MoxHa pe-
ani3yBaTH JBOLIAPOBY Mepexky 3 64 BXoxamu, 64 BHYTpIWHIMY | 64 BUXin-
HUMH HelipoHamu. [Him koHGITypauii MICTSTE TpUIIAPOBI Mepesxi aGo oj-
Homapory 3 128 pxogamu. Tounicte BIC ctanoBuTh 5-6 pospanis mig rar
1 BUXOAIB.

T'i6puoni Hewpouuny BUKOPUCTOBYIOTH KOMOIHAIIIO aHAIOTOBOrQ i
dpororo niaxoxis. Hanpukian, BXOAH MOXYTh OYTH aHAIOTOBUMHY, Barn
MOXYTb 3aBaHTAXYBATHCA K IHPPOBI 1 BUXOIU MOXKYTh Oy TH MM(bdeHMM.
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Yurm CLNN-32, CLNN-64 dipmu Bellcore mictate 32 sefiporu. Bxo-
M, BUXOAH 1 BHYTPIIIHA 06po0Ka CHrHAIIB — aHAIOTOBI, 2 S-pO3psIHI Bard —
adpoBi.

Yy ANNA (bibmn AT&T nepesaxno nupoBMii, ane BCEpevHI BU-
KOPUCTOBYE KOHJIEHCATOPHI 3apAau s 30epiraHss Bar. Yum MicTuts 4 096
par. Kinbkicts HelpoHIiB BapifoeTbesd Bit 16 10 256 13 KUILKICTIO BXOMIB
HeiipoHa 256 a6o 16 BianoeiaHo. Bary MaroTh TOYHICTE 6 PO3PsIIB.

€ Hellpo4yMIy, y AKMX BUKOPHUCTOBYIOTH NMOJAHHA JAHUX 4acTOTOIO
a00 UIMPUHOIO IMITY ILCIB,

KoHTpONnbHi 3anuUTaHHA

1. HasBiTh TUIK i HAaBEIITh MPUKIIATN OOTHCIIOBAIBHUX CHCTEM.

2. Jlo skoro tMny o0YHCIHOBANBHUX CHCTEM HaeXXaTh HEHPOHHI 004YH-
cmoBaygi?

3. SxuMn nokasHAKaMHU OLHIOIOTH IPOJYKTHBHICTH HelpoMepeik?

4. 5sIx TOpIBAATH TPOAYKTUBHICTh TpaauUidHUX (OHHEHMAaHIBCHKIX
KOMIT'10TEpIB 1 HelipoMepexk?

5. SIxi ocHOBHI HalpsMH 100y TORH HEHPOHHUX 00HCIIIOBATIB?

6. Jaiite BU3HAYEHHS HEHpOEMYIATOPa, HEMPONPUCKOPIOBaUa, Helpo-
koM rotepa. [TopiBHsTE Wi NPUCTpo 33 AMApaTHOW peani3alieto i
HIBHKOIEO.

7. Ha3riTh OCHOBHI THITV HEWPOUMIILIB.

8 3asnaure 0COGIMBOCTI CHIHAJNBHUX UPOLECOPIB, [0 MBHMILYIOTH
e(heKTUBHICTH [HTeNpeTallli HepoMepekeBUX alTOPUTMIB.
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