Qazagstan Respublikasy Bilim jidne gylym ministrligi

«Giimarbek Diukeev atyndagy Almaty energetika jine bailanys universiteti»
kommersiialyq emes aksionerlik qogamy

G.D.Musapirova
SIFRLYQ SHEMOTEHNIKA

Oqu qiiraly

Almaty 2022



AOJ 681.3.06/075.81

BBK 32.844ia73
M20
Pikir berusiler:
PhD, Turan universitetinin “RET” kafedrasynyn mengerusisi
N.T. Isimov,

PhD, Logistika jane kommunikasiia akademuiiasy “Avtomattandyru jane
telekommunikasiialar” institut direktory
A.J. Toigojinova,
Giimarbek Daukeev atyndagy AEjBU
jogary oqu ornynan ketingi bilim boliminin direktory
Uteshkklhieva L.Sh.

AEjBU Gylymi kefiesi basuga tisyndy ( 2021 j. Ne__ hattama).
AEjBU 2021 j. Vedomostik ddebietter basylymdaryn sygarudyn jospary qosymsa
jospary boiynsa basylady, reti 97

G.D. Musapirova.

M20 Sifrlyq shemotehnika: Oqu quraly (5070400 — «Esepteu tehnikasy jane
bagdarlamalyq qamtamasyz etu» studentterine arnalgan) / G.D. Musapirova — Almaty:
Giimarbek Diaukeev atyndagy AEjBU, 2022. — 86 b.: keste — 24, bez. —40, #deb.
korsetkisi — 11 atau.

ISBN 978-601-358-020-3

Oqu quralynda sifrlyq qurylgylardyn elementtik negizderi keltirilip, qiystyrma jéne
tizbekteme qurylgylardyn bazalyq negizderi surettelgen jdne onymen qatar
mikroprosessorlyq jlielerdin qiirylym prinsipteri men olardyn jimysynyn tiiymdastyrylu
tartibi qarastyrylgan. Sifrlyq qirylgylardyn qiirylymyn logikalyq jdne shemotehnikalyq
turgydan qiru miimkingiligin korsetu magsatynda naqtyly algoritmderdi jlizege asyrusy
birnese sifrlyq quralymnyn jiane erekse qiirylymdy jdne sédikesti komandalar jiitesimen
qamtylgan mikroprosessorlyq jiiilenin modeli keltirilgen

AOJ 681.3.06/075.81
BBK 32.844ia73

ISBN 978-601-358-020-3 © AEjBU, 2022
G.D. Musapirova, 2022



Kirispe

Zamanau sifrlyq jlielerdin qiirylymynda 6zara bailanysty jdne 6zara tidueldi
eki faktor eskeriledi:

— jlienin apparatyq boligi (hardware) qoiylgan maiselelerdin is jilizinde
oryndaluyn gamtamasyz etu kerek;

— engizilgen komandalar jliesi (software) jobalangan jlienin jeke
boliktemelerinin jimysy men olardyn oOzara é&rekettesuin sesiletin maiselelerge
satkesti bagdarlauga miimkindik beru kerek.

Osy faktorlar eskerile otyryp qiirylgan, Gisynylgan oqu qiraly sifrlyq jliielerdin
apparatyq qurylym prinsipterin de, qoiylgan maéselelerdi sesuge bagyttalgan artiirli
bagdarlamalyq qurylymdardyn jiizege asyrylu prinsipterin de i1geruge miimkindik
beredi.

Oqu quralynyn biringi jane ekingi tarauynda sifrlyq qurylgylardyn qarylym
negizin qalaugy artiirli qiystyrma jane tizbekteme qurylgylardyn qurylym prinsipteri
men jumys tértibi jdne olardyn erekse paidalanylatyn is jiizindegi mysaldary
keltirilgen. Jady qurylgylarynyn artlirli qiirylym prinsipteri oqu qiiralynyn tsinsi
tarauynda qarastyrylady.

Mikroprosessorlyq jiiielerdin negizgi qurylym prinsipteri men olardyn
juimysynyn trymdastyrylu tértibi oqu quralynyn tortinsi jane besingi tarauynda
qarastyrylgan. Qarastyruga naqtyly mysal retinde, bastapqy oquga asa yngaily
keletin, segizrazriadty Intel 8085 mikroprosessory alyndy. Zamanaui
mikroprosessorlardyn  argy  atasy  sanalatyn, qaraparym  Intel = 8085
mikroprosessorynyn osy uaqytqa dein &rtiirli basqaru jliuelerin qiiruga negiz
quratynyn da aita ketu kerek.

Oqu quralynyn altyngy tarauy mikroprosessorlyq jiielerdin jalpy qurylym
prinsipterinin  is jlizinde jiizege asyrylu miimkindigin suretteu magsatynda
bagdarlamaly  Electronics =~ Workbench ~ modeldeu  jiiiesinde  qurylgan
mikroprosessorlyq jiilenin modeli, onyn qiirama buyndary men erekse komandalar
jltesi jane sidikesti bagdarlamaly qiirylymdarynyn jiizege asyrylu joldary
garastyrylady.

Usynylgan oqu qiiraly avtordyn kopjyldyq pedagogikalyq qyzmetinin
negizinde qirastyryldy jane ol 5V070400 — Esepteu tehnikasy jédne bagdarlamalyq
qamtamasyz etu mamandygynda oqityn studentterge arnalgan.



1 Sifrlyq jiirelerdin qirylym negizderi

Sifrlyq qiirylgylar isteu tértibine garai eki tiirge bolinedi, olar — qiystyrma
qirylgylar jane tizbekteme qiirylgylar.

Qiystyrma qurylgylardyn sygystarynyn jagdaiy, iagnmi olardyn sédikesti
sygpalaryndagy signal dengeileri, olardyn Kkiristerindegi osy mezettegi signal
dengeilerimen gana anyqtalady da, osy kiristerde buryn bolgan signaldarga tdueldi
bolmaidy. Sondyqtan biinda1 quirylgylardy jadysyz quirylgylar dep atauga bolady.

Tizbekteme qiirylgylardyn sygystarynyn jagdaiy olardyn kiristerindegi osy
mezettegi signal dengeilerimen qatar osy qirylgylardyn kiristerinde aldyngy
mezetterde bolZan signaldarga bailanysty tugan olardyn iski jagdarymen de
anyqtalady. Sondyqtan biinda1 qiirylgylardy jadyly qiirylgylar dep atauga bolady.

1.1 Logikalyq funksiialar men logikalyq elementter

Sifrlyq qurylgylardyn (quystyrma qurylgylardyn da, tizbekteme qiirylgylardyn
da) qiirylym negizin logikalyq elementter qiirady.

Logikalyq elementter — logikalyq funksualardy jiizege asyruga arnalgan
qurylgylar. Logikalyq funksiialar ddette ek tiirli tasilmen beriledi: olar — analitikalyq
jane kestelik tisilder.

Kestelik tasildin paidalanyluy kezinde argument ménderinin barlyq bolar
quylystary men olarga séikesti logikalyq funksiia méanderi keste tiirinde beriledi (bul
keste qarastyrylusy funksiianyn aqiqattyq kestesi dep atalady). Funksiianyn argument
sany n bolsa, onda argument manderinin barlyq quylystarynyn (ddette olar argument
minderinin jinaqtary dep atalady) sany 2" bolady. Mysaly, argument ménderinin
jinaqtarynyn sany n = 2 kezinde 22 = 4, al n = 3 kezinde 23 = 8 bolady.

Logikalyq funksiianyn analitikalyq tdsilmen beriluinde funksiia logikalyq
ornekpen korsetiledi de, biill 6rnek funksiia argumentterine jiirgiziletin logikalyq
operastialar men olardyn oryndalu tértibin tiianaqtaidy.

1.1-kestede negizgi logikalyq funksiialardyn atalymdary men Ornekteri jéne
osy logikalyq funksiialardy jiizege asyrusy sdikesti elementterdin sartty syzba
belgilemeleri korsetilgen.

Keibir elementterdi sdikesti aqiqattyq kestelerine qarap, olardyn erekse
goldanylym miimkindikterin baiqauga bolady. Mysaly, ekikiristi AND elementinin
kiristerinin bireuinde (ony basgaru Kirisi dep atalyq) noldik denge1 bolganda element
sygysy onyn ekinsi Kirisindegi signal dengetine tduelsiz bolady da, ol 4rgasan noldik
dengeide bolady. Elementtin basqaru kirisine birlik denge1 berilgende onyn ekinsi
kirisindegi (ony agparat kirisi dep atalyq) signaldy element sygysyna qarai 6zgerissiz
otkizedi. Demek, biindai elementti agparattyq signaldy element sygysyna gosylgan



qirylgyga, basqaru signalynyn dengeiine bailanysty, otkizu-otkizbeu qyzmetin
atgaratyn kilt retinde paidalanuga bolady. Osy siiaqty, XOR elementinin kiristerinin
bireuinde (basgaru kirisi) ndldik denger bolganda onyn ekinsi Kirisindegi (agparat
kirisi) signal element arqyly 6zgerissiz 6tedi de, al onyn basqaru kirisine birlik denge1
berilgende agparattyq signal element arqyly teristelip 6tedi.

1.1 keste

NOT OR AND NOR NAND XOR XNOR

X1 | X0 X0 X1vX2 | X1AX2 | X1vX2 | X1AX2 | X1 D X2 | X1 6D X2

0 |0 1 0 0 1 1 0 1
0 |1 0 1 0 0 0 1 0
1 |0 1 1 0 0 0 1 0
1 |1 0 1 1 0 0 0 1

Elementtin onyn kiris signalyna bailanysty &reketi, iagn1 elementtin sygys
signalynyn onyn Kkiris signalynyn 6zgeriSine bailanysty Ozgerisi, elementtin iski
qiralymymen (qurylym tehnologiiasymen) anyqtalatyn, naqtyly kidirispen tuady.
Bil qubylys elementtin tezérekettiligin sipattaidy. Aitylgan mdiseleni suretteu
magsatynda 1.1 surette tikburysty signaldyn NOT elementi arqyly 6tu barysynyn
uaqyttyq diagrammasy keltirilgen.

N | |
-
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t
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BR /

1.1 suret

t

Surette sygys signalynyn 6zgeris mezetinin kiris signalynyn 6zgeris mezetine
bailanysty naqtyly uaqytqa kidiretindigi aiqyn korinip tir. Bizdin Electronics
Workbench modeldeu jiitesinde jiirgizgen 6lsemimiz boiynsa biil kidiristin Gizaqtygy
10 ns samasynda bolady da, ol TTL tehnologiiasymen qiirylgan elementterdin
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osyndai parametrine sédikes keledi. Statikalyq (iagni1 belgili uaqyt aralygynda
tiianaqty ménin saqtaityn) signaldarmen isteitin qirylgylardyn jimysyna biindai
kidiristin baigarlyqtai dseri bolmaidy. Biraq keibir jagdailarda (mysaly, tizbekteme
qurylgylarda) bundai kidiristin qiirylgy jimysyna baiqarlyqtar dser etui miimkin,
demek ony eskeru kerek bolady.

Osyndai kidiristin dreketin suretteu magsatynda eki OR elementinin kiristerine
qatar berilgen eki signaldyn osy elementter arqyly alyngan logikalyq qosylymyn
garastyralyq (1.2 suret). Stilbada korsetilgendei, signaldardyn bireui ekingi element
kirisine eki NOT elementi arqyly berilgen.

N QT

Iﬁ? ® ® }:: .

QT2

1.2 suret
Idealdy jagdaida (iagnt EMES elementterinde esqandar kidiristin bolmauy
kezinde) eki elementtin sygystaryndagy signaldar (OUT1 jane OUT2) birder bolar
edi (1.3, a suret). Bul diagramma statikalyq signaldardy baqylauga arnalgan
Electronics Workbench modeldeu jiitesindegi, naqtyly inersiiasy bar, Logic Analyzer
atalymdy arnaiy aspap arqyly alyngan.

oo [ L o -
L

OUT3‘...|...J-|---|---|---|---|---|---|---].......l.......l...J-l---|---|---|---|--- OUTEJ u
a b

1.3 suret

Sezimtal ossillograf arqyly alyngan diagrammada (1.3, b suret) signaldyn eki
EMES elementteri 6tuge ketken ~20 ns kidirisinin dserinen osy elementtin
sygysyndagy signal qiramyna bogde impulsterdin tuganyn korinedi. Sygys
signalynda qiiramynda osyndai bogde impulsterdin tuuy osy element sygysyna
qosylatyn qurylgynyn bagdarlangan jumysyn biildirui miimkin, sondyqtan biindai
jagdaidyn bolmauyn qamtamasyz etu kerek bolady.

Elementterdegi signal kidirisin is jlizinde Gtymdy paidalanuga da bolady.
Mysaly, tlimejinamnyn jeke tliimesin basyluy (onyn jagdaiynyn ozgertilui) arqyly
tudyrylatyn kiris signalynyn arbir auytqymasynda (tura auytqymasynda da, teris
auytqymasynda da) naqtyly bagytty qysqa impulster (tizaqtygy ~10 ns samasyndagy)
qalyptastyru tisin NOR jane XNOR elementterinin negizindegi qarapaiym siilbalardy
paidalanuga bolady (1.4, a jéne b suretter).
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Ozge elementter negizindegi osy siaqty siilbalar arqyly kiris signalynyn tura
auytqymasynda gana naqtyly bagytty qysqa impulster qalyptastyruga bolady (1.4, ¢
jane d suretter). Osy siiaqty impulsterdi kiris signalynyn teris auytqymasynda da
qalyptastyruga bolady (1.4, e jane f suretter)

1.4 surette keltirilgen, garaparym elementter negizinde qurylgan, sulbalar is
jizinde qoldanymga asa yngaily kelui miimkin. Ogan alda suretteletin naqtyly
qurylgylardyn oqu mysaldary kué bolady.

Artiirli qyzmettik qirylgylardy ortaq jelige qosuga keninen qoldanylatyn,
usjagdaily elementterdin miimkindikterin de aita ketu kerek.

1.5 surette t jane j bloktary arqyly 6tken signaldardy stilbanyn ortaq sygysyna (bizdin
jagdaida — ossillografqa) jiberuge miimkindik beretin siilba keltirilgen.

t jane j bloktary retinde, mysaly, XNOR jidne XOR elementterinin negizinde
qirylgan jine qosalqy stilbalar (jabyq bloktar) tiirinde bezendirilgen qysqa impuls
qalyptastyrgystaryn paidalanuga bolady (1.6 suret). Bul jagdaida Space
auystyrgysynyn jagdaiyn oOzgertu arqyly siilba sygysyna qalyptastyrylatyn
immpulsterdin iisjagdaily elementterdin basqaru kirisi birlik jagdaidagysynan
jiberiletinine koz jetkizuge bolady.
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1.6 suret

1.2 Quystyrma qurylgylar

Quystyrma qiirylgynyn siilbasyn qiiru, kelesi dreketterdi tizbelep oryndau arqyly,
kezenmen jiizege asyrylady:

— qurylatyn  qurylgynyn  sozdik tiisiniktemesinin  negizinde onyn
saikesti aqiqattyq kestesi qiirylady;

— keste tiirindegi derekter negizinde sdikesti logikalyq  Ornek
jazylady;

— qajetti (Jdne miimkindik bolgan) jagdaida alyngan logikalyq 6rnek
qaraparym tiirge keltiriledi;

— alyngan qarapaiymdalgan 6rnek qiiruga josparlangan tiipnegizdik
elementter jinamyna (core set) sdikesti ornekke tiirlendiriledi;

— aqyrgy logikalyq 6rnek boiynsa qurylgy siilbasy qiirylady.

Mysal retinde jumysy 1.2 keste arqyly berilgen qurylgynyn
qurylym tirtibin surettelik.
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Keste tiirinde berilgen funksiianyn logikalyq ornegin jazudyn eki tiirli joly
(tasili) bar: kobertindilerdin qosylymy tiirinde jdne qosyndylardyn kobertilimi
tirinde. Logikalyq Ornektin sdikesti jazylym tiirler1 diziunktivti jane koniunktivti
tiirdegi korsetilimder dep atalady.

Logikalyq Ornektin diziunktivti tiirdegi korsetilimi kelesi tartippen jlizege
asyrylady:

— funksunanyn (y) birlik mén gabyldaityn argument jinamdaryna séikesti
koniunksiialar, iagn1 argumentterdin logikalyq kobeitilimderi, jazylady;

— saikesti koniunksiialardyn (olar koniunktivti termder dep atalady), jazylymy
kezinde birlik médndegi argumentter tura tiirinde, al n6ldik méndegi argumentter teris
tiirinde alynady;

— jazylgan koniunktivti termder diziunksiia arqyly biriktiriledi.

Sonymen, keste tlirinde berilgen funksiiaga sdikesti diziunktivti tiirdegi
logikalyq 6rnek alamyz:

Y = X2 X1 X0vX2 X1 X0vX2 X1 X0vX2 X1 X0vX2 X1 XO. (1.1)

Logikalyq ornektin koniunktivti tiirdegi korsetilimi kelesi tirtippen jlizege
asyrylady:

— funksiianyn (y) néldik mén gabyldaityn argument jnamdaryna sdikesti
diziunksiialar, 1agn1 argumentterdin logikalyq qosylymdary, jazylady;

— séikesti diziunksiialardyn (olar diziunktivti termder dep atalady), jazylymy
kezinde noldik mindegi argumentter tura tiirinde, al birlik méndegi argumentter teris
tirinde alynady;

— jazylgan diziunktivti termder koniunksiia arqyly biriktiriledi.

Sonymen, keste tiirinde berilgen funksiiaga sdikesti koniunktivti tiirdegi
logikalyq 6rnek alamyz:

Y = (X2vX1vX0)(X2vX1vX0)(X2vX1vXO0). (1.2)
Qurylgynyn juimysyn sipattausy logikalyq ornekterdin kez kelgeni arqyly onyn

stlbasyn qiiruga bolady. Biraq funksiia jazylymy kiirdeli bolgan satyn, onyn stlbasy
da kiirdeli bolatyndygyn eskeru kerek. Demek



olardy miimkindiginge qarapaiym tiirge keltiruge tyrysu kerek bolady. Logikalyq
funksialardy qarapairym tiirge keltirudi (mimimizasiialaudy) tikeler tiirlendiru
tasilimen nemese Karno kartasy arqyly jiizege asyruga bolady.

Logikalyq funksiialardy tikeler tiirlendiru funksiia qiiramyndagy korsi
termderdi tauyp, olarga logika algebrasynyn zandary men zandylyqtaryn tikele1
paidalanyp biriktiru arqyly jiirgiziledi. Korsi termderge bir argumentinin gana
atyrmagylygy bar termder jatady.

Osy tésildin jlizege asyrylymyn (1.1) jéne (1.2) Ornekterinin tlirlendiriluin
qarastyru arqyly tiisinuge bolady.

(1.1) 6rneginin tiirlendirilimi:

Y = (X2vX1 X0vX2 X1 X0)v(X2 X1 X0vX2 X1 X0)v(X2 X1 X0vX2 X1 X0) =
X2 X0(X1vX1)vX2 X1 (X0vX0)vX2 X0 (X1vX1) = X2 X0vX2 X1vX2 X0 =
(X2 X0vX2 X0)vX2 X1 = X0(X2vX2)vX2 X1 = X2 X1 vX0

(1.2) drneginin tirlendirilimi:

Y = ((X2vX1vX0)(X2vX1vX0))((X2vX1vX0)(XvX1vX0)) ==
((X2vX0)(X1X1)) ((X1vX0)(X2X2)) = (X2vX0)(X1vX0) =

X2X1vX0..
Logikalyq funksiiany Karno kartasy arqyly qarapaiymdy tiirge keltiru
(minimizasiialau) jolyn surettelik. Karno kartasy — logikalyq oOrnekterdi

minimizastialauga yngailandyrylgan, funksianyn kesteli suretteliminin erekse tiiri.
Qarastyrylusy funksiia iisin qiirylgan Karno kartasy 1.6-surette keltirilgen.

X1 X1
o[ 1[1]1
XZ 6 7 5 4
5 L 1]o
XZ 2 3 1 0
X0, X0 |X0

1.7 suret

Karno kartasynda korsi termder birden kozge tiisedi: keltirilgen kartanyn 1-, 3-
, -, [-uiagyqtaryndag8y birlikterdin Ozara birigip, nétijesinde odan X0 gana
qalatyndygy jane 4-tiasyqtagy birliktin tek gana 5-tiiasyqtagy birlikpen birigetindigi
korinip tar.

Tort argumentti funksiiaga arnalan Karno kartasynyn tiiri 1.7-surette
keltirilgen.
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X2 X2
X1
X3
X1
X3
X1
X0 X0 X0
1.8 suret

Electronics Workbench bagdarlamasynyn quramynda keste tiirinde berilgen
funksiia Orneginin tolyq jdne minimizasiialangan tiirlerin sygara alatyn arnairy
tiirlendirgis (Logic Converter) ornalastyrylgan (1.8 suret).

I Logic Converter

L 1 1 1eI81e1ele: Out (&
A B CDEF G H
aao o o a [n] j Conwersions
ool o o 1 1
28z 24 ¢ : = - Tl |
oos| 1o % h ) O
] B ? ol SLT A |
2B - 1ot |
Ap . |
|| —  NAND |
AB ' +C |
1.9 suret

1.2 kestesi arqyly berilgen qurylgynyn NOT, AND, OR -elementterinin
negizinde qiirylgan stlbasy 1.9, a surette keltirilgen.

*0 *0
L N
T e
w2 H2
.« 5 D
a b
1.10 suret
Is jizinde qurylgy stlbasyn birtekti elementter (mysaly, NAND

elementterinin) negizinde qiiru gajet boluy miimkin. Biindai jagdaida logikalyq
ornekke de Morgan zany siikesti tiirlendirilim (4-kezen) jiirgiziledi:
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Y = X2X1x0 = X2 X1X0.

Logikalyq tiirlendirgis arqyly alyngan osy ornekke sdikesti quryl8y siilbasy
1.9, b surette keltirilgen.

1.3 Qalypty quystyrma qirylgylar

Kiirdeli sifrlyq qurylgylar, ddette, galypty qyzmet atqarusy jeke tiirde quirylgan
qalypty qyzmet buyndary arqyly qiirylady. Osy tarauda qiystyrma qirylgylar
tirindegi qalypty qyzmet buyndarynyn qiirylym prinsipteri men jimys tértibi
garastyrylady.

1.3.1 Sifratorlar.

Sifrator (Coder) — tiisken signalga (dilirek aitganda, signal tiisken kiriske)
sdtkesti kod qalyptastyrusy qurylgy, iagni ol unitarlyq kodty pozisiialyq kodga
tiirlendiredi. Mysal retinde segiz kiristi (X7 ... X0) sifratordyn stlbasyn qiiru jolyn
qarastyralyq. Kiris sany segiz bolgandyqtan, ol iisrazriadty kod (C2 ... CO) pen jine
osy kodty jady buferine jazuga miimkindik beretin qiiptau signalyn (O) galyptastyru
kerek.

Ulken qiirylymdardyn qiiramyndagy jeke qyzmet buyndary, 4dette, kezektep
iske gosylady, biil olardyn iske qosu kirisine séikesti dengeili signal jiberilui arqyly
jizege asyrylady. Osyndai iske qosu kirisi (I, Initialization) bizdin qurastyratyn
sifratorda da eskerilgeni durys. Tagy bir eskeretin maisele: galypty qyzmet
buyndarynyn iske qosu kirisi men qiptau sygysyndagy signaldyn jandandyru dengei
noldik méninde alynady. Sifratordyn aqgparattyq kiristerine tiisetin signaldardyn da
jandandyru dengeii néldik méninde bolgany buindai qurylgyny is jiizinde quruga
yngaily bolady.

Sifratordyn keltirilgen tlisindirme surettemesi onyn aqiqattyq kestesin qliruga
tolyq mélimet beredi, keltirilgen tlisindirme mailimetterinin negizinde sol kesteni
qiramyz (1.3 keste).

13keste
I Xi C, C, Co O
0 0 0 0 0
1 0 0 1 0
2 0 1 0 0
3 0 1 1 0
0 1 1 0 0 0
5 1 0 1 0
6 1 1 0 0
7 1 1 1 0
1 * 0 0 0 1
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Keste derekterinin  negizinde jazylgan  sifrator sygystarynyn
logikalyq 6rnekteri:
CO = I(X7 vX5v X3v X1) =1 X7 X5 X3 X1 ;
Cl = I(X7vX6VX3vX2)=1X7X6X3X2;

C2 = I[(X7v X6v X5v X4) =1 X7 X6 X5 X4 ;

Bill ornekter, aldymen, diziunktivti tiirde jazylyp, sosyn de Morgan zanyn
paidalanu arqyly siilbany JANE-EMES elementteri arqyly qiirua arnalgan tiirine
tiirlendirilgen. Silbalardy JANE-EMES elementteri qiiruga basty sebep retinde
JANE-EMES elementterinin iski qiirylymyna bailanysty olardyn tezirekettiliginin
basga elementtermen salystyrganda jogary boluynan ekendigin aita ketu kerek. 1.10,
a-surette sifratordyn alyngan ornekter negizinde qiirylgan stilbasy keltirilgen.

Sifrator sifrlyq jluelerdin stlbalarynda sartty syzba belgilemesimen (1.10, b-
suret) korsetiledi. 1.10, s-surette Electronics Workbench bagdarlamasynyn
miimkindigin paidalanu arqyly jlizege asyrylgan aldyngy jmnalgan stilbanyn
biriktirilgen jeke blok (Subcircuit) tiirindegi surettemesi keltirilgen (onyn séikesti
sygpalary olardyn keltirilgen qiirylym siilbasyndagy ornalastyrylym bagytyna sai
sygarylgan).

ouT
X0 : D_T
X1
° —f
}3 —1
xa}f o? o O—D_. 15 Co—
[ ® 1 -
X @ ); D—o 1?2 Cl=
o'y @ e *—| — 4 . .
B P D c2 — 5 =]
* ® D—o — 6 1 |
° 3 - 1cD
N — 1 o~ 1 T
a b c

1.11 suret

Jogaryla qiirylgan sifrator siilbasynyn aita ketetin bir kemsiligi bar, ogan eki
signal qatar jiberilgen jagdaida eki signal kody aralasyp, nétijesinde tiisken
signaldardyn esqaisysyna da sdikes kelmertin kod



qalyptasady. Osyndair jagdaidy boldyrmas iigin sifratordyn ondiriste sygarylatyn
mikrostilbalary (mysaly, 74148 mikrostlbasy), ddette, mirtebeli sifratorlar tiirinde
qiirylady. Iagn1 olar tiisken birnese signaldyn belgilengen mirtebesi jogargysynyn
kodyn sygarady da, qalgandaryna konil bolmeidi.

1.3.2 Desifratorlar.

Desifrator (Decoder) — kiristerine tiisken ekilik kodqa séikesti sygysynda signal
qalyptastyrusy qurylgy, iagni ol pozisiialyq kodty unitarlyq kodga tiirlendiredi..
Mysal retinde tort teris sy8ysynda (Q3...Q0) teris signaldar qalyptastyratyn
desifratordyn siilbasyn qiiru jolyn qarastyralyq. Sygys sany torteu bolgandyqtan,
onyn Kirisine tiisetin kod ekirazriadty (A1AQ) bolady. Desifratordyn iske qosu
kirisindegi (E, Enable) signaldyn jandandyru dengeiin n6ldik méaninde alalyq.

Desifratordyn keltirilgen tiisindirme surettemesinin negizinde onyn aqigattyq
kestesin (1.4 keste) qliramyz.

l4keste
E Al A0 Q3 Q2 Q1 Qo0
0 0 1 1 1 0
0 0 1 1 1 0 1
1 0 1 0 1 1
1 1 0 1 1 1
1 * * 1 1 1 1

Keste derekterinin negizinde jazylgan desifrator sygystarynyn logikalyq
ornekterti:

Q0= EA1A0; Q0= EA1A0; Q0= EA1A0; Q0= EA1AO0.
1.11, a-surette desifratordyn jazylgan Ornekter negizinde qurylgan siilbasy
keltirilgen.
Desifratorlar siilbada sartty syzba belgilemesimen (1.11, b-suret) korsetiledi.
1.11, c-surette desifratordyn Electronics Workbench bagdarlamasynda jinalgan
stilbasynyn biriktirilgen jeke blok tiirindegi surettemesi keltirilgen.
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1.12 suret

1.2 tarauda qarastyrylgan quystyrma qiirylgynyn sygys signalyn suretteusi
logikalyq funksiianyn 6rnegine (1.1) koz salsaq, onyn qiiramyna kiretin koniunktivti
termderdin segiz tura sygysty desifratordyn sidikesti sygystarynyn logikalyq
ornekterine sédikes keletindigin, al funksiia 6rneginin 6zinin, syndygynda, sdikesti
desifratordyn jimys logikasyn anyqtaitynyn baiqauga bolady. Demek, desifratordyn
sdikesti sygystaryn OR elementi arqyly biriktirip, osy qurylgyny jiizege asyruga
bolady. Teris sygysty desifrator paidalanyluy jagdarynda (bizdin jagdaidagydari) (1.1)
ornegin de Morgan zany boiynsa tlirlendiru kerek bolady:

Y= X2 X1X0X2 X1X0 X2X1X0 X2X1X0X2X1 X0.

Tiirlendiru natijesinde alyngan 6rnekten berilgen qarylgynyn qyzmetin jiizege
asyru iisin desifratordyn saikesti sygystaryn biriktiruge NAND elementin paidalanu
gajettigine koz jetkizemiz (1.12 suret).

0
._ -
W1 I S— v

& |OC _.va—o

K2|—'4|_

1.13 suret

Quystyrma qurylgylardy desifrator negizinde qaru — asa yngaily tasil:
birinsiden, logikalyq ornekti garapaiym tiirge keltirudin gajeti joq (dalirek aitganda,
gajetti jalganymdardy logikalyq 6rnektin 6zinin de gajeti joq — gajetti jalganymdardy
kesteden-ag anyqtauga bolady), ekinsiden, jalgyz desifrator negizinde funksiiany
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gatar jlizege asyruga bolady.

1.3.3 Multipleksorlar.

Multipleksor (Multiplexer) — agparattyq signaldardyn tiisken adrestik kodga
saikesti bireuin sygysyna qosylgan qarylgyga bagyttausy qurylgy. Bul anygtamaga
saikesti multipleksordyn eki kirister toby ajyratylady, olar: agparattyq jane adrestik
kiristeri; arine, onyn iske qosylu kirisi de bolu kerek.

Multipleksordyn desifrator arqyly jiizege asyrylgan siilbasy men sartty syzba
belgilemesi 1.13 surette keltirilgen.

00 & }

01 & I -
3 Q | MUX

D2 @ } —D1

Wiy —D2

—D3 Q—

W —

DC Q0 S

Ql —Al

2 nl

Q3 —E

a b
1.14 suret

Birnese multipleksordy qatar qosu arqyly birneserazriadty (mysaly,
segizrazriadty) sozderdin bireuin bir arnaga jiberu jumysyn atqaratyn multipleksorlyq
qurylym qiiru qiyn emes, biindai qiirylym arnaly multipleksor dep atalady.

15keste
X0

X2

X
-

oo R R ookl

PP PO OO O
PP OOoORrRPFP oo

RO O OO

1

Multipleksor negizinde de qiystyrma qiirylgynyn jimysyn jlizege asyruga
bolady. Mysal retinde 1.5 kestede keltirilgen funksiianyn
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multipleksor negizinde jlizege asyrylymynynh eki jolyn (tésilin)
garastyramyz.

Birinsi tdsil multipleksordyn adrestik kiristerinin sany jiizege asyrylatyn
funksiianyn argumentterinin sanymen birde1 bolgan jagdaida qoldanylady. Bl
jagdaida multipleksordyn aqparattyq kirister1 funksiianyn séikesti argumentter
jinagyndagy ménderine sdikesti qoiylady da, onyn adrestik kiristerine argument
ménderine sdikesti signaldar beriledi. Berilgen funksiianyn osy tisilmen segiz kiristi
multipleksor negizinde quryluy 1.14, a surette korsetilgen. Biinda paidalanylgan
sdikesti qosalqy siilbanyn aqparattyq kiristeri — onyn sol jagyna, al adrestik kiristeri
on jagyna ornalastyrylgan.

e iy X
o—|' ®

— i 0 v

P LI o g P L e

1.15 suret

Ekinsi tdsil funksiiany adrestik kiristerinin sany argumentter sanynan kem
bolatyn multipleksor arqyly qiru qajettiginde qoldanylady. Bil jagdaida
multipleksordyn adrestik kiristerine argumentterdin bir boligine sédikesti signaldar
beriledi de, al qalgany multipleksordyn agparattyq kiristerin baptauga paidalanylady.
Keltirilgen funksiianyn osy tésilmen tort kiristi multipleksor negizinde quiryluy 1.14,
b surette korsetilgen.

1.3.4 Demultipleksorlar.

Demultipleksor (Demultiplexer) — derek kirisindegi signaldy silteu kody arqyly
anyqtalgan sygysyna jiberetin qiirylgy. Demultipleksordyn desifrator arqyly qiirylgan
stlbasy men onyn sdikesti sartty syzba belgilemesi 1.15 surette keltirilgen.
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1.16 suret

1.3.5 Qosuystar.

Qosuys — eki sanga arifmetikalyq qosu operasiasynyn jlizege asyryluyn
oryndausy qurylgy. Koprazriadty sandardy qosu birnese birrazriadty qosuystar arqyly
jizege asyrylady. Sondyqtan, aldymen, sol birrazriadty qosuystartardyn qirylym
prinsipterin qarastyramyz.

Eki birrazriadty sandy qosu kezinde olardyn qosyndy nitijesi (S, Sum) men
kelesi razriadqa jiberiletin tasymal (C, Carry) sygarylu kerek, demek onyn jumysyn
1.6 kestemen suretteuge bolady.

l16keste
A B S C
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

Keste derekteri negizinde jazylgan qiirylgy sygystarynyn logikalyq drnekteri:

S=A®B; C=AB,

Osy ornekterdin negizinde qurylgan qosuystyn siilbasy men onyn sédikesti
biriktirmesi 1.16, a surette keltirilgen.
Cin
B . = ] A L = .
D_. suM B SUM @ SUM T

C 1 SUM ]
T . T
D_. } jCDut
a b
1.17suret
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Biil qosuys koprazriadty sandardyn birinsi razriadtaryn qosuga gana jaraidy
(sondygtan ol jartylai qosuys dep atalady), al onyn qalgan razriadtarga jarauy lisin
onyn aldyngy razriadtan tiisken tasymaldy da qosatyn miimkindigi bolu kerek. Tolyq
gosuystyn jartylar qosuystar arqyly qiirylgan siilbasy men onyn sdikesti biriktirmesi
1.17, b-surette keltirilgen.

Koprazriadty qosuystardy surettelgen tolyq qosuystar arqyly qiiru qiyn emes.
1.17 surette tortrazriadty qosuystyn siilbasy, biriktirme blogy jéne sartty syzba
belgilemesi keltirilgen.

Al Cin
*— —Al
A3 @ SUM 5'1 — s 80—
o : § I —{A3 S
SUM ] — S2—
; 57 1 SUM L —|Bo g3—
B0 ] | — Bl
P [ S B mi
BE? g— TR |
E:g——" SUM o — i Col—
° Cout
—.
a b C

1.18suret
1.4 Tizbekteme qurylgylar

Tizbekteme qurylgylardyn jogaryda keltirilgen anyqtamasynda korsetilgendet,
olardyn qataryna jadyly qiirylgylar, iagn1 aldyngy jagdaiyn saqtau miimkindigi bar
qurylgylar jatady. Sondyqtan, aldymen, jady elementterinin (triggerlerdin) tiirlerimen
jéane olardyn qiirylymy men jimys prinsipterimen tanysamyz.

1.4.1 Jady elementteri — triggerler.

Triggerler — eki tiianaqty jagdaiy bar birrazriadty ekilik sandardyn ménin
saqtauga arnal@an qiirylgylar. Onyn tuianaqty jagdailarynyn bireui log.1-ge, ekinsisi
log.0-ge sdikes keledi. Adette, triggerlik qiirylymnyn qarama-qarsy dengeili (tura
jane teris dep atalatyn) eki sygysy bolady, triggerdin jagdaiy onyn tura sygysyndagy
signal dengelimen anyqtalady.

Agparattyn engizilu (jazylu) tirtibine bailanysty triggerler asinhrondy jane
sinhrondy bolyp bolinedi.

Asinhrondy triggerlerdin jagdaiynyn ozgerui olardyn kirisine beriletin
aqgparattyq signaldardyn 6zgerisimen gana anyqtalady. Olardy NOR nemese NAND
elementterinin negizinde quruga bolady.
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Asinhrondy triggerdin NOR elementterinin negizinde qiirylgan siilbasy 1.19, a
surette keltirilgen.

I Jx Tl:

1.19 suret

Bil qurylymnyn jimysyn 1.7 kestedegi jazylym retimen talqylau arqyly
garastyramyz.

1.7keste

R S Q Q
1 0 ? ?
2 1 0 0 1
3 1 1
4 0 1 1 0
5 0 1 0
6 1 1 0 0
7 0 0 27?7 | ?7?

Kestenin birinsi jolynda — R = 0, S = 0; eki elementtin de bir kirisinde O tir, al
olardyn keri bailanystyq kiristerinde qarastyrylym basynda gandai signal tirgany
belgisiz, demek qiirylym sygystaryndagy (Q jéne Q’) signal dengeileri de belgisiz.

Kestenin ekinsi jolynda — R = 1, S = 0; jogargy elementtin bir kirisinde log.1
tirgandyqtan, bil elementtin jimys logikasyna sdikesti, onyn sygysynda (Q) log.0
dengeili signal tuady da, ol keri bailanys joly arqyly tomengi elementtin ekinsi
Kirisine tiisedi, ndtijesinde onyn sygysynda (Q’) log.1 dengeili signal tuady; sonymen,
bil jagdaida trigger log.0 jagdaryna keltiriledi (iagn1 ogan 0 jazylady).

Kestenin iisinsi jolynda — R = 0, S = 0; jogargy elementtin R kirisindegi signal
dengeii 6zgergenmen, onyn ekinsi Kirisinde (qurylymnyn Q’ sygysyna jalgangan)
log.1 dengexi tiirgandyqtan, biil elementtin sygysyndagy signal dengeii aldyngy log.0
dengeiinde qalady, demek triggerdin jagdaly 6zgermeidi.

Kestenin tortingi jolynda— R =0, S = 1; tdmengi elementtin bir kirisinde log.1
turgandyqtan, onyn sygysynda (Q’) log.0 dengeili signal tuady da, ol keri bailanys
joly arqyly jogargy elementtin ekinsi Kirisine tiisedi, nétijjesinde onyn sygysynda (Q)
log.1 dengeili signal tuady;
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sonymen, bul jagdaida trigger log.1 jagdaiyna keltiriledi (iagn1, ogan 1 jazylady).

Kestenin besinsi jolynda—R =0, S = 0; tomengi elementtin S kirisindegi signal
dengeii Ozgergenmen, onyn qirylymnyn Q sygysyna jalgangan kirisinde log.1
dengeii turgandyqtan, bil elementtin sygysyndagy signal dengeii aldyngy log.1
dengeiinde qalady, demek triggerdin aldyngy jagdary saqtalady.

Qurylymnyn qarastyrylgan jagdailarynan kelesi qorytyndy sygaruga bolady: R
=1, S = 0 berilu jagday triggerdin 0 jazu rejimine, R
=0, S =1 jagday triggerdin 1 jazu rejimine, al R =0, S = 0 jagdaiy triggerdin
jazylgan sandy saqtau rejimine séikes keledi.

Triggerdin kiristerine R = 1, S = 1 berilgen kezde (altynsy jol) eki elementtin
de sygystarynda log.0 dengeili signal tuady da, trigger saqtau rejimine auystyrylganda
(jetinsi jol), triggerdin qai jagdaiga tiianaqtalatyndygy — kezdeisoq oqiga. Demek
btinda1 jagdaidy tudyrmas {isin, garastyrylgan triggerdin kiristerine R =1, S =1
berilmeui kerek, sondyqtan biil jagdai triggerdin tyrym salyngan rejimi dep atalady.

Sonymen, qarastyrylgan triggerdin jimys rejimderin 1.8 keste tiirinde
suretteuge bolady.

18keste
R S Q Q Jimys rejimderi
0 0 Qo Qo’ Saqgtau rejimi
0 1 1 0 ‘1’ jazu rejimi
1 0 0 1 ‘0’ jazu rejimi
1 1 — Tyiym salyngan rejim

Qarastyrylgan triggerdin jazu rejimderi séikesti aqparattyq signaldardyn (S —
Set, R — Reset) birlik dengelimen jilizege asyrylatyn- dygyna bailanysty biinda1 trigger
tura kiristi trigger dep atalady. Onyn sartty syzba belgilemesi 1.18, surette keltirilgen.

NAND elementterinin negizinde qiirylgan asinhrondy triggerdin siilbasy 1.19,
a surette keltirilgen.

2 Q

o o
.7
a b
1.20 suret

Bil qirylymnyn jimysyn 1.9 kestedegi jazylym retimen qarastyramyz.
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19keste

R S | Q | &
1] 1 ? ?
2| 0 1 0 1
3 0 1
4| 1 0 1 0
5 1 1 0
6| O 0 1 1
7] 1 1 [ 72722 | 7?2

Kestenin biringi jolynda — R =1, S = 1; eki elementtin de bir kirisinde 1 tiir, al
olardyn keri bailanystyq kiristerinde garastyrylym basynda qandai signal tiirgany
belgisiz, demek qiirylym sygystaryndagy (Q jane Q’) signal dengeileri de belgisiz.

Kestenin ekinsi jolynda — R =0, S = 1; tdmengi elementtin bir kirisinde log.0
tirgandyqtan, bil elementtin jimys logikasyna sdikesti, onyn sygysynda (Q’) log.1
dengeili signal tuady da, ol keri bailanys joly arqyly jogargy elementtin ekinsi kirisine
tiisedi, natijesinde onyn sygysynda (Q) log.0 dengeili signal tuady; sonymen, bl
jagdaida trigger log.0 jagdaryna keltiriledi (iagn1 ogan 0 jazylady).

Kestenin tigingi jolynda— R =1, S = 1; tomengi elementtin R kirisindegi signal
dengeii 6zgergenmen, onyn qurylymnyn Q sygysyna jalgangan kirisinde log.0
dengen tiirgandyqtan, biill elementtin sygysyndagy signal dengei aldyngy log.1
dengeiinde qalady, demek triggerdin jagdaiy 6zgermeidi.

Kestenin tortinsi jolynda — R =1, S = 0; jogargy elementtin bir kirisinde log.0
turgandyqtan, onyn sygysynda (Q) log.1 dengeili signal tuady da, ol keri bailanys joly
arqyly tomengi elementtin ekinsi kirisine tiisedi, nitijjesinde onyn sygysynda (Q’)
log.0 dengeili signal tuady; sonymen, bil jagdaida trigger log.1 jagdaiyna keltiriledi
(1agn1, ogan 1 jazylady).

Kestenin besinsi jolynda — R =1, S = 1; jogargy elementtin S kirisindegi signal
dengeli Ozgergenmen, onyn qirylymnyn Q’ sygysyna jalgangan kirisinde log.0
dengeii turgandyqtan, bil elementtin sygysyndagy signal dengeii aldyngy log.1
dengeiinde qalady, demek triggerdin aldyngy jagdaiy saqtalady.

Qurylymnyn qarastyrylgan jagdailarynan kelesi qorytyndy sygaruga bolady: R
=0, S =1 berilu jagdaiy triggerdin 0 jazu rejimine, R
=1, S =0 jagdaiy triggerdin 1 jazu rejimine, al R = 1, S = 1 jagday triggerdin
jazylgan sandy saqtau rejimine sdikes keledi.

Triggerdin kiristerine R = 0, S = 0 berilgen kezde (kestenin altynsy joly) eki
elementtin de sygystarynda log.1 dengeili signal tuady da, trigger saqtau rejimine
auystyrylganda (kestenin jetingi joly), triggerdin qai1 jagdaiga tiianaqtalatyndygy
kezdeisoq oqiga. Demek btindai
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jagdaidy tudyrmas iisin, garastyrylgan triggerdin kiristerine R = 0, S = 0 berilmeui
kerek, sondyqtan bil jagdai triggerdin tyiym salyngan rejimi bolady. Sonymen,
qarastyrylgan triggerdin jimys rejimderin 1.10 keste tiirinde suretteuge bolady.

1.10keste
R S Q Q Jimys rejimderi
0 0 — — Tyiym salyngan rejim
0 1 1 0 ‘0’ jazu rejimi
1 0 0 1 ‘1’ jazu rejimi
1 1 Qo Qo’ Saqtau rejimi

Qarastyrylgan triggerdin jazu rejimderi sdikesti aqparattyq signaldardyn (S —
Set, R — Reset) noldik dengeiimen jiizege asyrylatyn- dygyna bailanysty biindai
trigger teris kiristi trigger dep atalady. Onyn sartty syzba belgilemesi 1.19, b surette
keltirilgen.

Endi sinhrondy triggerlerdi qarastyralyq. Sinhrondy triggerlerdin jaha jagdaiga
auysuy arnaly basqaru signalymen jlizege asyrylady. Basqaru signalyn gabyldau
tasiline bailanysty sinhrondy triggerler statikaly basqarylymdy jdne dinamikaly
basgarylymdy tiirlerine ajyratylady.

Statikaly basqarylymdy (iagm1 denger arqyly basqarylatyn) RS- triggerdin
stlbasyn teris kiristi asinhrondy RS-triggerge eki NAND elementinen ttiratyn basqaru
stilbasyn qosu arqyly jlizege asyruga bolady (1.20, a suret).

3
Q T&lT
< _: —C
f o —s
R
a b
1.21 suret
Bl triggerdin jimys rejimderi 1.11 kestede surettelgen.
111keste
S R S Q Q Jimys rejimderi
0 X X Qo Qo’ Sagtau rejimi
0 0 — — Sagtau rejimi
1 0 1 1 0 ‘1’ jazu rejimi
1 0 0 1 ‘0’ jazu rejimi
1 1 Qo Qo’ Tyiym salyngan rejim
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C = 0 kezinde trigger saqtau rejiminde bolady. Triggerdin R men S
kiristerindegi signal dengeilerine sdikesti jagdaiga auysuy S = 1 kezinde jlizege
asyrylady. Sinhrondy RS-triggerdin sartty syzba belgilemesi 1.21, b surette
keltirilgen.

Statikaly basqarylymdy D-triggerdin (Delay — kidiris) stilbasy men sartty syzba
belgilemesi 1.21 surette keltirilgen, al onyn jimys rejimderi
1.12 kestede surettelgen.

S T

a b
1.22 suret
112 keste
S D Q Q Jimys rejimderi
0 X Qo Qo’ Saqtau rejimi
1 0 0 1 ‘0’ jazu rejimi
1 1 0 ‘1’ jazu rejimi

Bidan dri dinamikaly basqarylatyn triggerlerdin {is tiirin qarastyramyz, olar —
D-trigger, JK-trigger jane T-trigger.

Dinamikaly basqarylatyn triggerlerdin jagdaiynyn auystyryluy basqaru
signalynyn sdikesti (tura nemese teris) auytqymasymen jiizege asyrylady. Dinamikaly
basqarylatyn triggerler, ddette, lstriggerli qurylym negizinde qurylady. Olardyn
stlbaqtiralymyna konil audarmai-aq, jimys rejimderimen gana tanysamyz.

Dinamikaly basqarylymdy D-triggerdin sartty syzba belgilemesi 1.22, a surette
keltirilgen, al onyn jimys rejimderi 1.13 kestede surettelgen.

| T
1p T ) -
t B
s —Kk| [
a b
1.23 suret
113 keste
S D Q Q’ Jimys rejimderi
T 0 0 1 Saqtau rejimi
1 1 0 Jazu rejimi
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Bil triggerdin jagdaiynyn aqparattyq signaldyn méinine (D) sdikesti auysuy
basqaru signalynyn tura auytqu (0-den 1-ge) mezetinde jiizege asyrylady. Onyn sartty
syzba belgilemesinde basqaru signalynyn auytqu bagyty saikesti bagyttama tiirinde
beinelengen.

JK-triggerdin tort tiirli jimys rejimi bar (1.14 keste): onyn Uis rejimi (‘0° jazu,
‘1’ jazu, saqtau) RS-triggerdegi siiaqty, al tortinsi rejim sanau rejimi dep atalady, biil
rejimde trigger kezekti jagdaiynan garsy jagdaiga auysady. JK-triggerdin keltirilgen
jumys kestesinde jdne onyn sartty syzba belgilemesinde (1.22, b suret) onyn jagdaiyn
auystyruy basqaru signalynyn teris auytqu (1-den 0-ge) mezetinde jlizege
asyrylatyndygy sdikesti bagyttau belgilerimen surettelgen.

114 Kkest
S J K Q Q Jimys rejimderi
0 0 Qo Qo’ Saqtau rejimi
1 0 1 0 1 ‘0’ jazu rejimi
1 0 1 0 ‘1’ jazu rejimi
1 1 Qo Qo Sanau rejimi

T-trigger — sanau rejiminde isteitin trigger. T-triggerdin qyzmetin jiizege asyru
usin D-trigger men JK-triggerdin qosylym tértibi 1.23 surette keltirilgen.

—{7| T
p| T T

T e C
&l 1—E| |
a b
1.24 suret

Mikrosiilba tiirinde D-triggerler men JK-triggerler sygarylady. Bil
mikrostlbalarda aqgparattyq jine basqaru signaldaryn engizu syqgpalarymen qatar,
bastapqy qoiylym signaldarynyn (R, S) sygpalary ornalastyrylady (4.7 suret). Biil
kiristerge beriletin asinhrondy signaldardyn mértebesi basqa signaldarga qaraganda
jogary bolady.

1.25 suret
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1.4.2 Registrler.

Registr — koprazriadty ekilik san saqtauga arnalgan qurylgy. Olar triggerlerdin
(mysaly D-triggerlerdin) negizinde qirylady. Arine, registr qiiramyndagy
triggerlerdin sany registrdin razriad sanymen anyqtalady. Registrge sannyn engizilu
tartibine bailanysty olardyn tizbekti jine parallel registr dep atalatyn tiirleri bolady.

Tizbekti registrde &drbir triggerdin sygysy kelesi triggerdin agparattyq kirisine
jalganady. Birnese razriadty ekilik san tiirindegi so6zdin razriad ménderi bir-birlep
biringi triggerge taktilik signaldyn sédikesti auytquynda engiziledi de, osy mezette
triggerlerdegi buryngy engizilgen razriad ménderi bir triggerden kelesi triggerge
ygysyp otyrady. Arme, biikil sézdi engizu {isin, onyn qansa razriady bolsa, sonsa
taktilik signal qajet bolady.

Parallel registrdin triggerlerinin aqparattyq kiristerine soz razriadtarynyn
minderi qatar berilip, olar registrge jalgyz taktilik signal arqyly engiziledi.

Eki tirli engizu tésili gamtylgan a@mbebap registrler de bolady. Osyndai
ambebap registrdin mysaly retinde 74194 atalymdy tortrazriadty registrdin syzba
belgilemesi keltirilgen (1.25 suret). Onyn syqgpalarynyn qyzmeti 1.15 kestede
korsetilgen.

—L 4§ CLR vCC &
E 1SR oA M
3 fﬁl [;JB 14
4 B [;J[: 13
S [: [;JD 12
& 1D CLkgX
L1 35l N
2 1 GND SO 2
74194
1.25 suret
1.15keste
CLR’| S1 | SO [CLK|SL|{SR| D|[C | B | A | QD | QC | QB | QA
O * * * * * * * * * O O O 0
0 0 * * | x| x| * [ * [OD0|QCO|QBO0| QA0
. 0 1j* * | x| x| * [ * [QCO|[QBO|QAO0| SR
1 0 * * | x| % % x| S | QDO|QCO0|QBO
1 1 * * * * * * D C B A
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1.4.3 Sanauystar.

Sanauys — mmpulsterdin drbir sdikesti auytqymasynda qiiramyndagy sandy
birge dzgertip otyratyn qiirylgy. Qiramyndagy sannyn 6zgertilu bagytyna bailanysty
tura, teris jdne dmbebap sanauystar bolady. Sanauystar T-triggerlerdin negizinde
qurylady.

Qaraparym  sanauystyn mysaly retinde  Electronics = Workbench
bagdarlamasynyn elementter qoryndagy 7493 atalymdy tortrazriadty sanauys
mikrostilbasynyn belgilemesi korsetilgen (1.24, a suret). Onyn qiramynda
ornalastyrylgan jeke birrazriadty (kirisi — CKA, sygysy — QA) jéne tisrazriadty (kirisi
— CKB, sygystary — QD, QC, QB) sanauystardy jeke tiirinde de, olardy bir-birine
jalgap, tortrazriadty sanauys retinde de paidalanuga bolady.

I 14 —1 4 p/ VOC e
5 CKE LKA 13 L LOLK  RCD -
ROI NC HE— R 4
2 12 Fa N
RO2  Qf HE— 4 5
4 1 B HWE —
N[: I:JD 5 [: Q[: 12
S 1 W/CC GND - A 1
& | yc QB |2 i QD =
7 v ac -2 —L 4 ENPY ENT' 12—
8 1 GND  LOAD  b—2—

7493
a

741693

1.26 suret

7493 rosiilbasynyn sygpalarynyn qyzmeti 1.16 kestede korsetilgen.
1.15keste

ROL|[RO2[CLK| QD [ QC | OB | QA
1 1 * 0 0 0 0
0 *
< 0 L +1

Ambebap sanauystyn mysalyna retinde 74169 atalymdy tortrazriadty
sanauystyn mikrosiilbasy jatady (4.26, b suret). Onyn syqpalarynyn qyzmeti 1.17
kestede korsetilgen.

1.16keste
ENP’| ENT’ |D/U’|CLK|LOAD’ | D | C | B | A |QD|QC | QOB |QA |RCO’
0 0 * * 0 * 1 *x 1 D|C|B|A
0 0 0 1 ol B B B -1 M:
0 0 1 L 1 ol B B B +1 1—0
1 * * * * * * * *
* 1 * * * > T = = = 1QD0/QCOIQBOIQAD
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2 Sifrlyq qirylgylardyn modelderi

Sifrlyq qurylgylardyn qiirylymyn logikalyq jane shemotehnikalyq tiirgydan
qiru miimkinsiligin korsetu maqsatynda shemotehnikalyq modeldeu jimysyn
jirgizuge arnalgan Electronics Workbench bagdarlamaly ortasynda aldynda
qarastyrylgan qalypty qiystyrma jéne tizbekteme arqyly qirylgan, naqtyly
algoritmderdi jlizege asyrusy birnese sifrlyq qiiralymnyn tdjiribelik modelderin
surettelik.

Biidan &ri keltirilgen jéne suretteletin qosuystardyn keibir tiirlerinin modelderi
tortrazriadty derektermen jiimys isteitinder etip qirylgan. Qajetti jagdaida olardy
razriad sany jogaryraq derektermen (mysaly, segizrazriadty derektermen) isteitindei
etip janartu qiyn emes.

2.1 Tizbeli auyspaly qosu qiirylgysy

Bil tarauda tortrazriadty eki sannyn qosyluyn jlizege asyrusy qirylgynyn
modeli suretteledi (2.1 suret).

Bill qiirylgyda qosyluga arnalgan bastapqy derekterdi qalyptastyru {isin jiligi
1 Gs generatordan isteusi tortrazriadty sanauystyn 7493 mikrosiilbasynyn negizinde
Data blogy qiirylgan.

8 ) '
b
Ef?f N Y . ; b
—._._._
- 4 rs L —
Data i e — ' S
B o — ™ % RG
) RG ——
o 0 | Carry
— O T 0D n
> 0
Data/Fes
(O]
»r—
*o—  [C]
M
* L

2.1 suret
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Data blogynyn indikatorlarynda 0 — 15 arasyndagy sandardyn kody 1 sekund
satyn (generatordyn qotylgan jiiligine sdikesti) tizbeli tiirde sygarylyp tiirady. Qajetti
san kodynyn syguyn kiitip, ony kiris derekterinin qabyldagysyna jazyp alu gana
galady.

Bizdin qurylgyda derek qabyldagystary retinde, 74194  registr
mikrostilbasynyn negizinde qiirylgan, sdikesti RG bloktary paidalanylgan. Derek
jazuga qajetti registrdi tandau R auystyrgysyna séikesti tliimenin jagdaiyn 6zgertu
arqyly jlizege asyrylady. Biil kezde derek qabyldauga daiyndalgan registr sdikesti
indikatordyn jaryqtanuymen korsetiledi.

Qarastylusy qurylgynyn eki jumys  rejimi bar, olar D

auystyrgysynyn jagdaiymen qoiylady: bastapqy derekter engizu rejimi (D = 1)
jane datyndalgan derekterdin qosyluyn jiizege asyru rejimi (D = 0). Kiris
registrlerine (A jane B) derekter engizu, qosylym nitijesin S registrine jéne
tasymaldy Carry triggerine jazu jalgyz C tiimesimen jiizege asyrylady. Biil kezde
XNOR elementinin negizinde qurylgan t blogy (1.6 suret) strob signalyn
galyptastyrady da, onyn on auytqymasymen

registrlerge derek jazu jiizege asyrylady.

Tortrazriadty qosuys siilbasy birrazriadty qosuystar negizinde qirylgan.

By j} )
é A Y ’ q
—.—._._ .

Diata i =l
— FC —]
—]

Surme

#
I
oo

RG

[R] IRG Y Carry
- : Deé_f Do
OJ ¢ o

Data/Res

- N

=

. I Fes
Aldyngy sitilbanyn janartylgan tiirinde (2.2 suret) qosylym nétijesi men
tasymaldy jazyp alu qiirylgyny jazu rejimine auystyru arqyly, iagn1 D tiiumesinin 1
jagdaiynan 0 jagdaiyna auystyryluy arqyly jiizege

I

2.2 suret
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asyrylady. Sidikesti jazu stroby, 1.4, e surettegi siilbamen qiirylgan, Res blogy
arqyly galyptastyrylady.

2.2 Alu-qosu qiirylgysy
Stlba janartylymyn odan &ri jalgastyralyq, naqtyly aitqanda, daiyndalgan

sandardy qosyp ta, alyp ta bere alatyn qlirylgy qiralyq. Osyndai janartu natijesi 2,3
surette keltirilgen.

b -) )
Data RG j.‘ - :Ll_
o [ Sumd | Tsign RG
~— ] I
A R e
— 0 1
O—T DcQ—+ *—o o 4
Data/Res
O]
o —
o— [C]
o I Res
*»r— 5] Subfédd
L :
2.3 suret

Keltirilgen qurylgyda oryndalatyn operasiia S tiiimesinin jagdaiymen
anyqtalady: S = 0 kezinde — qosu, al S =1 kezinde — alu.

Sifrlyq qurylgyda arifmetikalyq operasiialardyn qosymsa kod tiirinde
korsetilgen derektermen oryndalatyndyqtan, alyndynyn qosymsa kodyn qalyptastyru
qajettigi tuady. Teris sannyn qosymsa kodyn qalyptastyrudy onyn tura kodynyn
rariadtarynyn ménderin teristep, alyngan teristelgen kodqa birlik ménin qosu arqyly
jlizege asyruga bolady. Qarastyrylusy qirylgyda alyndy kodynyn rariadtarynyn
minderin teristeu, XOR elementinifn negizinde qiirylgan, com blogynda, al teristelgen
kodga birlik ménin qosu qosuystyn 6zinde jiizege asyrylady.

San kodyn qosymsa kodqa tiirlendiru qajettigi sygarylgan néitijenin teris san
bolgan kezinde de tuady. Bl jagdaidagy séikesti tiirlendirimder sign blogynda jiizege
asyrylady. Nétjjenin teris tanbasy da osy blokta qoiylady.
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2.3 Tizbeli operandtarga arnal@an qosu qurylgysy

Aldyngy qarastyrylan qosu qurylgylarynyn stlbalary tort birrazriadty
qosuystar arqyly qiirylgan bolatyn. Tizbeli operandtarga arnalgan qosu qiirylgysynda
bir gana birrazriadty qosuys paidalanylady da, qosu operasiiasy san kodtarynyn
razriadtary boiynsa, kisi razriadtan bastap, tizbelep qosu arqyly jlizege asyrylady (2.4
suret).

Tizbeli qosu qurylgysynyn siilbasynyn qiramynda birrazriadty qosuyspen
qatar qosylgystardyn (eki RgS) jdne qosyndynyn (RgR) ygystyru registrleri men
razriad aralyq tasymal saqtauga arnalgan trigger ornalastyrylgan.

Bastapqy derekterdin sédikesti RG registrlerinen RgS registrlerine qaita jazyluy
eki NOT elementi arqyly tudyrylatyn 20 ns samasyndagy kidirispen jiizege asyrylady.
RgS registrlerinin jimys rejimderi (jazu, saqtau, ygystyru) bil registrlerdin SO jéne
S1 kiristerine jalgangan qiystyrma sulbalar arqyly R jdne D auystyrgystarynyn
jagdaiyna sdikesti qoiylady. Qurylgynyn jimys rejimin qosu rejimine auystyrgan
kezde nétyje registri RgR men tasymal triggeri tazartylady.

» o

Data RG RS A

% e % o PaR
] j:. :Rgsl o ol—e

I 1 g
>EU| L& | ¢
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2.4 suret
Razriadtar borynsa qosu C tiiimesin basu arqyly qalyptastyrylatyn, tort taktilik

signalmen jlizege asyrylady. Séikesti indikatorlar razriadtar boiynsa qosylu barysyn
korneki bagylauga miimkindik beredi.
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2.4 Avtomatty rejimdegi tizbeli qosu qiirylgysy

Aldyngy taraudagy qosu qiirylgysynda razriadtar boiynsa qosu C tiiimesin basu
arqyly qalyptastyrylatyn, tort taktilik signalmen jiizege asyrylatyndy. Arimne, bil
operasiialardyn avtomatty rejimde oryndaluy, iagn1 qurylgyny qosu rejimine auystyru
kezinde (D auystyrgysyn 1 jagdaiynan 0 jagdaryna Ozgertu arqyly) osy taktilik
signaldardy qalyptastyrusy avtomattyn iske qosylgany yngaily bolar edi. 2.5 surette
tizbeli qosuystyn sdikesti janartylgan siilbasy keltirilgen.

Qurylgy quramyna engizilgen, 7493 sanauys mikrosiilbasynynh negizinde
qurylgan auto blogy (2.6 suret), kelesi qyzmetter atqarady:

— derekter daiyndau rejiminde jazu strobtaryn RgS bloktaryna (olarga RG
bloktaryndagy derekterdin qaita jazyluyn jlizege asyru iisin) jiberedi;

— qosurejimine auystyrylu mezetinde qalyptastyrylatyn signal (ol biiryn nétije
registri RgR men tasymal triggerint azartuga gana paidalanylgandy) auto blogynyn
quramyndagy triggerdi noldik jagdaiga qoiady da, generator impulsterinin sanauysqa
otuine miimkindik beredi;

— sosyn tort taktilik signal (strobtar) qalyptastyrylady da, odan keiin sanauys
jumysy toqtatylady (tortinsi strob qalyptasqannan keiin azdagan kidirispen).

(ﬂ
Data RG jd.. ROS A
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RgR
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[
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: 2.5suret
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2.6 suret
3 Derek sagtau qiurylgylary

Derek saqtau qurylgylary (6zgese aitqanda, jady qiirylgylary), olardyn
ornalastyrylgan sifrlyq jliielerinde, aqparat saqtau qyzmetin atqarady. Sifrlyq
jiielerdin qiiramyna, olardyn atqaratyn qyzmetine bailanysty jady qurylgylarynyn
birnese tiiri engizilui miimkin, olar:

— mukroprosessorlardyn qiirama boligi retindegi registrlik jady;

— sifrlyq jiiienin tez drekettiligin kdteruge miimkindik beretin kes- jady;

— prosessormen tikele1 derek almastyru rejiminde jumys atqarusy jéne
onymen tezérekettiligi jagynan kelistirilgen negizgi jady (qyzmet jadysy, turaqty
jady);

— ilken kolemdi agparat saqtauga arnalgan syrtqy jady jane t.b.

Jady qurylymdarynyn jimys miimkindigin sipattausy negizgi parametrleri:

— agqparattyq sytymdylygy — saqtalatyn agparattyn en jogargy kolemi. Ol bit,
bait nemese birnese baittan tliratyn, sdz sanymen sipattalady. Biil parametr, kobinese
saqtalatyn s6z sanynyn olardyn razriad sanyna kobeitindisi tlirinde sipattalady;

— tezérekettiligi — oqu, jazu operasiialarynyn jdne oqu/jazu siklinin
tizaqtygymen bagalanady. Oqu (nemese jazu) uaqyty — basqaru (oqu/jazu) signalynyn
berilgen mezetinen sdikesti operasiianyn oryndalyp bitkenine detingi uaqyt aralygy.
Oqu/jazu siklinin tzaqtygy — tizbeli jiirgiziletin operasiialardyn mmimaldy uaqyt
aralygy.

Qazirgi zamangy s6z tobymen (bumasymen) jimys isteitin jady
qurylymdarynda aitylgan dastiirli parametrlermen gatar bastapqy
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bailanys  uaqyty (Latency) jédne bumanyn kelesi soOzderinin jiberilim
gargyny (Bandwidth) atalymdy jana parametrler engizilgen.

Keltirilgen dinamikalyq parametrlermen qatar, birnese basqaru signalynyn
Ozara ornalasymy men olardyn Gizaqtygyn anyqtausy rejimdik parametrler de bar.

Jadylyq qiirylgylardyn jimysy kelesi signaldarmen basqarylady:

— A (Address) — adres, onyn razriadtylygy (n) jady qirylymynyn maksimaldy
tiiasyq sanymen (N=2") anyqtalady;

— CS (Chip Select) nemese CE (Chip Enable) — mikrosiilbany tandau nemese
iske qosu signaly;

— R/W (Read/Write) — sdikesti operasiiany oryndatu signaly;

— DI (Data Input) jane DO (Data Output) — Kiris jane sygys derekterinin
signaldary jiiretin jeliler. Keibir jady qurylymdarynda olar biriktirilgen tiirinde
paidalanylady.

Derekterge sygu tasiline qarai jady qurylgylarynyn silteu arqyly sygarylymdy,
tizbekti sygarylymdy jine tanymaldy sygarylymdy tiirleri ajyratylady.

Silteu arqyly sygarylym kezinde jady qurylgysynyn adrestik kiristerindegi kod
derek admastyryluy jiirgiziletin tiasyqty korsetedi. Biindai jady qiirylgylary asa
damygandygyna bailanysty jadynyn 6zge tiirleri osylardyn negizinde qiirylady.

Silteu arqyly sygarylymdy jady qurylgylary 6z kezeginde RAM (Random
Access Memory) jane ROM (Read Only Memory) tiirlerine bdlinedi.

RAM tiirli jady qurylgylarda kezekti bagdarlamanyn oryndalu kezindegi
almasuga qatysty kez kelgen uaqytta oOzgeretin derekter saqtalady. Olardyn
qiramyndagy jady elementteri qorek kozine tdueldi bolady.

RAM tirli jady qurylgylary qiramyndagy jady elementterinin tiirine qarai
statikalyq (SRAM) jane dimamikalyq (DRAM) qirylymdaryna bélinedi. SRAM
qurylymdarynda jady elementteri retinde triggerler paidalanylady, sondyqtan olardyn
tezdrekettiligi jogary bolady, al DRAM qiirylymdarynda derekter MTS-qtirylymnyn
elementteri arqyly qiirylgan kondensatorlardyn zariadtary tiirinde saqtalady.
Kondensatorlardyn 6zdiginen zariadsyzdanuy derekterdi joiady, sondyqtan olardyn
qaita-qaita (arbir mullisekund saiyn) qalpyna Kkeltirilip otyryluy kerek. Biraq
dinamikalyq jady elementterinin ornalastyrylym tygyzdygy statikalyq qirylymmen
salystyrganda birnese ese asyp tiisedi.

Diamikalyq RAM tiirindegi jady qurylymdarynyn aqparattyq syrymdylygy
jogary bolady jdne arzanga tiisedi, sondyqtan olar esepteu masimalarynyn negizgi
jadysy retinde paidalanylady. Statikalyg RAM tiirindegi jady qirylymdary
dinamikaly qirylymdarmen salystyrganda birnese ese qymbatqa tiisedi (jady
elementterinin kiirdeliliginen) jéne olardyn agparattyq sytymdylygy da sonsa ese kem
bolady. Olardyn artyqsylygy — tezdrekettiliginde, osygan bailanysty qoldanylym
aimagy
— kes-jadysynyn siilbalary.
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ROM tiirli jady qurylymdarynyn keibir tlirinde agparat esqasan 6zgertilmeidi,
al keibirinde 6zgertuge bolady, biraq ol qiirylgynyn jimys rejiminde emes, arnaty
rejimde Zana jlizege asyrylady.

ROMtiirli JQ-lar bagdarlanu tésiline (jdne ornyna) bailanysty birnese tiirde
sygarylady, olar: ROM(M), PROM, EPROM jine EEPROM.

ROM(M) tiirindegi qiirylymdar jinam tehnologiiasymen ondiriste sygarylu
kezinde arnaly maska arqyly bagdarlanady da, odan keiin ondagy aqparat esqasan
Ozgertilmerdi.

PROM (Programmable ROM) tiirindegi qiirylymdardy paidalanugynyn 06zi
bagdarlaidy (iagn1 ogan qajetti agparatty engizedi), odan keiin biil qirylym ROM(M)
siiaqty tiiraqty jady retinde paidalanylady.

EPROM (Electrically Programmable ROM) jine EEPROM (Electrically
Erasable Programmable ROM) tiirindegi qiirylymdardagy aqparatty osirip, odan
keiin olardy qaitadan bagdarlauga bolady. EPROM qurylymdaryndagy aqparat
ultrakiilgin ~ sdulesimen, al EEPROM qirylymdaryndagy aqparat elektr
signaldarymen 0Osiriledi. Olardy bagdarlau zerthanalyq jagdaida arnaiy bagdarlausy
qurylgylar arqyly jiizege asyrylady.

Tizbekti sygarylymdy jady qurylymdarynda jazylgan derekter kezek qurady.
Kezektegi sozderdin oqyluy olardyn jazylym tédrtibimen nemese Kkerisinge tartippen
juzege asyrylady. Sozderdin tura sygarylym tirtibi FIFO (First In — First Out)
buferleri men faildy jane sikldi JQ-larda qoldanylady. S6zderdin keri tartippen oqyluy
LIFO (Last In — First Out) buferleri retinde isteitin stek tiirindegi jady
qirylymdarynda goldanylady.

Tanymaldy sygarylymdy jady qirylymdaryndagy aqparatty izdeu onyn
jadydagy ornalasymy arqyly emes, c6z qliramyna engizilgen arnaty tanymal belgisi
(tag) arqyly jiizege asyrylady. Olar, negizinde, iilken kdlemdi sifrlyq jluelerdin
(mysaly, esepteu masinalarynyn) qiiramyndagy kes-jadylarda paidalanylady.

3.1 RAM tiirindegi jady qurylgylarynyn qiirylymdary

Statikaly RAM tiirli jady qurylgylary 2D, 3D jdne 2DM qiirylymymen
qurylady.

2D qurylymynda (3.1 suret) m-razriadty jady tiagyqtary (MC, Memory Cell)
desifratordyn séikesti sygystaryna qosylady, 1agn1 olar bir jol borynda ornalastyrylady
(surette — vertikal boiynda), sondyqtan bundai qlrylymdardy syzyqty qirylym dep
atauga bolady.

Adres kodynyn desifratory (DC), riigsat signaly CS (Chip Select) berilgen
kezde sygys joldarynyn bireuin jandandyryp, tandalgan joldagy tiasyqqga, demek
ondagy sozge qol jetkizedi. Matrisa baganalarynyn sdikesti elementteri vertikal jolga,
iagn1 i1gski derek jolyna (razriad jolyna, oqu/jazu jolyna) jalgangan. Bagana
elementterinde s6zderdin attas batteri
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sagtalgan. So0zdin jiberilim bagyty R/W (Read/Write) signalynyn édreketine bailanysty
oqu/jazu kiiseitkisterimen anyqtalady.
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3.1 suret

3D qurylymy (matrisaly qiirylym) qoskoordinataly talgam arqyly adres
desifratoryn jenildetuge miimkindik beredi (3.2 suret).
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3.2 suret

Biinda n razriadty adres kody ekige bolinedi de, olardyn érbireui jeke
ajyratylady. Jandandyrylgan joldardyn qiylysyndagy jady elementi
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(nemese tiiasygy) tandalady. Biindar quylystar sany 2"2 h 2"2 = 2" Eki desifratordyn
sygystarynyn tolyq sany 2"2 + 2V2 = 2W2*l bolady, al bal 2D qurylymdagy
desifratordyn sygys sanynan (2") edduir kem.

Ulken qiirylymdardyn (mysaly, kompiuterlerdin) jady jiitelerin tiiymdastyruga
arnalgan 2DM (modifikasiialangan 2D) qurylymynda 2D jane 3D qiirylymdarynyn
ekeuinin de artyqsylyq jaqtary qamtylgan — adres ajyratyluy jenildetilgen jéne
ekikoordinataly talganymdy jady elementterinin gajettigi joq.

2DM qiirylymynyn jady elementterinin matrisasy (3.3 suret) 2D qiirylymynyn
sipatyndat: desifratordyn jandandyrylgan sygysy tolyq bir joldy tandaidy. Biraq 2D
qurylymynan erekse, biinda jol fizyndygy saqtalusy sozderdin razriad sanyndai emes,
odan birnese ese asyp tiisedi.
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3.3 suret

Joldardyn bireuin tandauga adres kodynyn An.i... Ax boligi paidalanylady.
Adrestin qalgan razriadtary (ot Awi... Ag) tandalgan joldagy koptegen sozderdin
qajettisin multipleksor arqyly bolip sygaruga paidalanylady. Jol tizyndygy — m2,
bindagy m - saqtalusy sozderdin razriad sany. Uzaqty8y 2% joldyn &rbir
“kesindisinen” multipleksor bir bit tandaidy. Multipleksorlardyn sygystarynda sygys
s6zi qalyptasady. Us jagdaily basqarylymdy buferlerdin OE Kiristerine tiisetin CS
signalynyn riigsatymen sygys sozi syrtqy jelige jiberiledi.
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3.2 ROM tiirindegi jady qiirylgylarynyn elementteri

ROM (Read Only Memory) tiirli jadylyq qiirylgylardyn keibireuindegi aqparat
(ROM(M) jane PROM tiirli JQ) esqasan 6zgermeidi, al keibireuinde (EPROM jéne
EEPROM tiirli JQ) o6zgertiledi, biraq ol qurylgynyn jimys rejiminde emes, arnaty
rejimde jlizege asyrylady.

ROM(M) tiirindegi qiirylymdar jinamdy tehnologiiamen olardyn ondiriste
sygarylu kezinde arnary maskalar arqyly bagdarlanady da, odan keiin agparat esqasan
ozgertilmeidi. Olardy bagdarlau jady elementterinin matrisasynyn gorizontal jéne
vertikal joldarynyn arasynda bailanys elementterinin ornalastyryluy arqyly jiizege
asyrylady. Bailanys elementteri retinde diodtardyn, bipoliarly tranzistorlardyn, MOS-
tranzistorlardyn jéne t.b. paidalanyluy miimkin.

Diodty ROM(M) matrisasynda (3.4 suret) gorizontal joldar — séz talgam
joldary, al vertikal joldar — oqylym joldary. Oqylatyn so6z diodtardyn koordinat
torynyn tiilinderindegi ornalasysymymen anyqtalady. Diodtyn tiirgan kezinde
tandalgan gorizontal joldyn jogary méndi potensialy sédikesti vertikal jolga jiberiledi
de, sozdin osy razriadynda logikalyq bir signaly sygady. Diodtyn joq kezinde, vertikal
jol rezistor arqyly jerge jalgangandyqtan, osy joldyn potensialy ndlge juyq bolady.
Korsetilgen matrisadagy talgam joly DCO jandandyrylganda 11010001 s6zi oqylady
(ndmiri ndl tiasyqta osy s0z saqtalgan). DC1 joly jandandyrylganda 10101011 s6zi
oqylady. Talgam joldary — adres desifratorynyn sygystary, drbir adres qiystyrymy
desifratordyn séikesti sygysyn jandandyrady da, siltengen filagsyqtagy s6z oqylady.

DCO T—N-" LD|-" LD|-" T—H-"
= O

3.4 suret

MTS tehnologiiasymen qirylgan ROM(M) qiirylymynyn matrisasynyn
quylystarynda ornalastyrylatyn jady elementi retinde MTS-tranzistorlar qoldanylady
(3.5 suret). Qurylymnyn sdikesti qiylysyndagy ndl ménin saqtausy MTS-
tranzistorlarynyn arnasy men
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japqysynyn arasyndag8y totyq qabatynyn qalyndygy tlgaitylady da, ol tranzistordyn
sekti agylym kerneuin 6siredi, iagn1 ol asylmaityn jagdaiga keltiriledi, al bir ménin
saqtausy tranzistorlardyn totyq qabatynyn galyndygy onyn desifratordan tiisetin
talgam signalymen asylatyndai molserge qoiylady.

T

o U

TO

3.5 suret

ROM(M) tiirli jady qurylgylarynyn jady elementteri 6te az oryn alady, demek
sdikesti mikrosilbalardyn jinalym dengen jogary bolady. Biraq jmalymdy
tehnologiialyq tasilmen bagdarlauga arnalgan maskalardy jobalau men jasauga
ketetin qarajat asa jogary bolady. Biinda1 qarajat olardyn ken qoldanylatyn jagdaiynda
gana aqtalady. Budan olardyn qoldanylym aimagy da anyqtalady, olar —
tatynusylardyn kopsiligine qajetti, standartty aqparat saqtau. Mysaly, maskaly
bagdarlamaly jady qurylgylarynda alfavit (oryssa jéne latynsa) simvoldarynyn,
qalypty funksiialardyn (sinustyn, kvadrattyq funksialardyn jéne t.b.) kesteleri,
standartty bagdarlamalar jdne s.s. ken qoldanylymdy agparattyn “tigilimderi'”
bolady.

PROM (Programmable ROM) tiirli jady qurylgylarynyn mikrostilbalary arnaty
jalgamalardy joiu nemese olardy qiiru arqyly bagdarlanady. Mikrostilbanyn bastapqy
daiyndalymynda barlyq jalgamalar bolady (nemese esqandai jalgama bolmaidy).
Bagdarlaudan ke1in olardyn qajettileri gana qalady (nemese qiirylady).

Joiylymdy jalgamaly jady qurylgylarynyn bastapqy mikrostilbasynda barlyq
jalgama ornalastyrylgan (iagn1 jady matrisasynyn barlyq qiylysynda log.1 tiirady).
Bagdarlau kezinde olardyn keibiri amplitudasy men tizaqtygy jetkilikti molserdegi
tok impulstarymen eritu arqyly joiylady (iagni jady matrisasynyn séikesti

LTigilim” — taraqty jadynyr gGramyn suretteuge paidalanylatyn, galyptasgan termin.
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quylystaryna log.0 jazylady). Eritilme jalgamalar diodtardyn nemese tranzistorlardyn
elektrodtaryna gosylady (3.6, a-suret).

Qurylymdy jalgamaly jady qurylgylarynyn bastapqy mikrostlbasynyn
quramyndagy jady matrisasynyn barlyq qiylysynda qarsy qosylymdy diod tiirindegi
qirylym ornalastyrylgan (3.6, b-suret). Qosdiodty qiirylymnyn bastapqy jagdaidagy
kedergisi jogary bolady da, bul quylystardyn ajyratylgan jagdaiyna, iagni1 onda log.0
saqtalgan element tiirganyna sdikes keledi. Naqtyly qiylystardy log.1 jagdaiyna
keltiru iisin, iagn1 onda bir jazu {isin, biindagy diodtarga jogary méndi kerneu beru
arqyly keri bagytta qosylgan diod tesilip, bul qiylys tiityqtalady da, onda tok jiirgizusi
jalgama tuady.

R B R B
et T A SRR

a b
3.6 suret

Qaita bagdarlamaly EPROM jane EEPROM tiirli jady qurylgylarynda eski
informasiiany Osirip, onyn ornyna jana agparat jazu mimkindigi gamtylgan. Bul
operasiialar (0siru jiane jazu) olardyn jimys rejiminen sygarylgan arnaiy jagdaida
jurgiziledi. Agparattyn Osirilui EPROM qurylymynda ultrakiilgin sidulesimen, al
EEPROM qiirylymynda elektrlik tdsilmen jiizege asyrylady.

Qazirgi zamangy qaita bagdarlamaly jady qurylgylarynyn jady elementteri
retinde jimysy qalqyma jappanyn tudyryluyna negizdelgen MNTS-tranzistorlar
(Metall, Nitnnd, Totyq, Saladtkizgis) men ZTIMTS-tranzistorlar (Zariadtardyn
Tasqyndy Injeksiiasyna MTS- tranzistorlar) qoldanylady [1].

4 Mikroprosessorlyq jiiieler
4.1 Mikroprosessorlyq jiiielerdin qurylym prinsipteri

Mikroprosessor (MP) — jalpy tiirde mikroprosessorlyq jiiie (MPJ) dep atalatyn
esepteu, bagylau-dlseu jdne basqaru jiiielerinin quramyndagy basty qurylgy.
Mikroprosessor agparattyn ondeluin jdne onyn jan-jaqty jiberilimin bagdarlama
arqyly basqarady. Qotylgan méselenin oryndalu tartibi sdikesti bagdarlamaga, 1agni
alyngan mikroprosessorga tan (iagn1 onyn komandalar jiiiesine kiretin) komandalar
tizbesinin oryndaluy arqyly jlizege asyrylady.

Mikroprosessorlyq jiitenin qiiramyna mikroprosessormen qatar jady
qirylymdary jdne agparatty engizu/sygaru qurylgylary (syrtqy qirylgylar) kiredi.
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Mikroprosessorlyq jliielerdin (MPJ) quirylym negizine iis prinsip alyngan, olar
— magistraldyq prinsip, moduldik prinsip jine mikrobagdarlamaly basqaru prinsipi.

Magistraldyq prinsip MPJ qyzmet bloktarynyn arasyndagy bailanys sipatyn
anyqtaidy. Jiinenin barlyq blogy 0zara jliie magistrali (jlie jelisi) arqyly jalganady
jane sol arqyly agparat almasady.

Moduldik prinsip jiilenin qyzmeti jagynan tolyqtar bitirilgen jeke bloktar
negizinde qiirylatyndygyn sipattaidy. Arbir moduldin ony iske qosatyn riigsat kirisi
bolady. Ondagy signal dengeii moduldin iisinsi (jogary kedergili) jagdaryn, iagni
onyn jiite jelisine qosyluyn basqarady.

Mikrobagdarlamaly basqaru prinsipi qarapaitym  operasiialardyn = —

mikrokomandalardyn (agparat jiberiliminin, arifmetikalyq
operasiialardyn, ygystyrylymdardyn jdne t.b.) jiizege asyrylu miimkindikterin
sipattaidy.

Jiile magistralinin qiiramyna negizgi Ui aqparattyq jeli kiredi, olar — adres jelisi
AV (Address Bus), derek jelisi DB (Data Bus) jane basqarym jelisi SV (Control Bus).

Derek jelisi — jiiie modulderinin arasynda derek almastyratyn negizgi (jine
ekibagytty) jel..

Adres jelisi — jadyga (nemese syrtqy qurylgylarga) baillanysymdy gamtamasyz
etusi jeli.

Magistraldyn bailanys joldarynyn tolyq sanyn kemitu {isin kdbine adres jelisi
men derek jelisin kezektestiru tisili qoldanylady, iagn1 bailanys joldary arqyly artiirli
uaqyt mezetinde adres pen derek kezektep jiberiledi (sikl basynda — adres, sikl
aiagynda — derekter).

Basqaru jelisinin joldaryndagy signaldar kezekti sikl tiirin anyqtaidy jane onyn
artirli bolikterine nemese kezenderine sédikesti uaqyt mezetterin bekitedi. Onymen
qatar, basqaru signaldary prosessor (nemese magistraldyn 0Ozge qojasynyn,
bastausynyn, master) jumysyn jadynyn nemese engizu/sygaru qurylgylarynyn
(oryndausy qurylgynyn, slave) jaimysymen kelistiredi.

Negizgi basqaru signaldary — almastyru strobtary, iagm jazu (sygaru) stroby
men oqu (engizu) stroby bolyp tabylady. Biil signaldardy prosessor qalyptastyrady,
olar derekterdin jeli arqyly sdikesti bagytta jiberilu mezetterin anyqtaidy.

Engizu/sygaru qurylgylaryn nemese syrtqy qirylgylardy (ESQ nemese SQ)
jlile magistralyna qosu iisin olardyn signaldary séikesti engizu/sygaru interfeisteri
arqyly jlizege asyrylatyn, naqtyly standarttarga siikes boluy kerek.

Prosessordyn derekterdi jazu jdne oqu operastialaryn oryndauy bagdarlamaly-
basqarylymdy almasu, iizilis jdne jadyga tura sygu rejimderinde jlizege asyryluy
miimkin, olardyn isindegi en bastysy — birinsisi.
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4.2 Intel 8085 mikroprosessory

Mikroprosessor (MP) — kiirdeli sifrlyq jiiielerdin (mysaly, kompiuterlerdin)
qiramyndagy, aqparat 6ndeusi, basty blogy.

Mikroprosessorlardyn negizgi qurylym prinsipteri men jimys tirtibin tiisinu
lisin olardyn naqtyly bir tiirin qarastyru yngaily. Osyndar tilgi retinde qaraparym Intel
8085 mikroprosessory alyndy. Ozinifi qartan jasyna qaramai, biil mikroprosessor osy
kiinge delin 6z manyzdylygyn joimai, dli de ondiriste sygarylady. Arine, onyh
goldanylym aimagy — kompiuterler emes, olarda qazirgi zamanda odan quattyraq jéne
onimdileu mikroprosessorlar qoldanylady. Intel 8085 siiaqty mikroprosessorlar,
negizinde, olardyn miimkinsiligi jetetin, basqaru jiiielerinde paidalanylady.

4.2.1 Mikroprosessordyn qirylymy.

Intel 8085 mikroprosessorynyn qurylymy 4.1-surette  korsetilgen.
Mikroprosessordyn qiirama bloktarynyn arasyndagy aqparat almastyryluy onyn iski
segizrazriadty derek jelisi arqyly jiizege asyrylady.
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Mikroprosessordyn qiirama bloktaryn garastyralyq.

AC (Accumulator) — operandtardyn bireuin jane operasiia nitijesin saqtausy
registr-akkumuliator.

TR (Temporary Register) — operandtardyn bireuin uaqytsa saqtauga arnalgan
registr.

ALU (Arithmetic-Logic Unit) — kiristerine berilgen eki s6zge (operandtarga)
jurgiziletin operasiialardyn oryndaluyn jiizege asyratyn arifmetikalyq-logikalyq
qurylgy. Operasiiaga qatysty operandtardyn bireui uaqytsa registrde (TR), al ekingisi
akkumuliatorda saqtalady; operasiia nitijesi de akkumuliatorga tiisedi. ALU tikele1
qosu, alu, ygystyru, sézderdi salystyru operasiialaryn jane logikalyq operasiialardy
(inversiia, koniunkstiia, diziunksiia, ekilik qosu) gana oryndaidy. Olardan kiirdelirek
operastialar (kobeitu, bolu jane t.b.) qosalqy bagdarlamalar arqyly oryndalady. ALU
qiramynda ekilik sandardy ekilik-ondyq kodqa ainaldyru stlbasy (DA, Decimal
Adjust) bolady.

RF (Register Flags) — oryndalgan arifmetikalyq jéne logikalyq operasiialardyn
natijelerinin belgi bitterin korsetetin, tu registri. Intel 8085 mikroprosessorynda bes
tirli belgi paidalanylady: Z (Zero) — noldik belgisi, S (Carry) — tasymal belgisi, AC
(Auxiliary Carry) — qosalqy tasymal belgisi, S (Sign) — teristik belgisi, P (Parity) —
juptyq belgisi. Noldik belgi operasiia natijesinin ndl bolgandygyn, tasymal belgisi en
tilken razriadtan sygarylatyn tasymaldy (iagn1 jetingi razriadtan; razriad némirinin
nolden bastalatynyn eske tiisiriniz), gosalqy tasymal belgisi {isinsi razriadtan
sygarylatyn (iagn1 segizrazriadty sozdin tetradalarynyn arasyndagy) tasymaldy (ol
ekilik-ondyq kodtarga operasiialar jiirgizuge gajet), teristik belgisi — nitije tanbasyn,
juptyq belgisi nétijedegi birlik sanynyn jiiptygyn sipattaidy. Biil belgiler agparattyn
ondelu prosesin basqaru iisin paidalanylady.

V, S, D, E, H, L — segizrazriadty jalpy qyzmet registrleri (JQR), olar
multipleksor/demultipleksor (MUX/DMUX) arqyly iski derek jelisine bailanysgan.
Olardyn arbireuin jeke tiirinde de, V-S, D-E, H-L tiirinde gos- qostap (olar V, D, N
juptary dep atalady), 16-razriadty registr retinde de paidalanuga bolady. H-L jiiby,
adette, registrlik janama silteuge gajetti adresti saqtauga paidalanylady.

W jéne Z — uaqytsa registrler, olar jadydan komandanyn sygaryluy kezinde
derekterdi vaqytsa saqtauga arnalgan.

SP (Stack Pointer)-16-razriadty stek korsetkisi. Stek soz jinagyn silteusiz
saqtauga yngailangan jady qurylymy. Stektin negizgi qyzmeti — iizilis bagdarlamalary
men qosalqy bagdarlamalardyn jimysyn gamtamasyz etu. Stekpen jiirgiziletin
operasiialar — Push (s6zdi jazu) jane Pop (s6zdi oqu). Stek retinde gqyzmet jadysynyn
naqtyly aimagy bolinedi de, onyn tiibi stek korsetkisinde (SP) stek tiibi retinde
belgilenedi. Stekpen jiimys kezinde stek korsetkisinde songy jazylgan fiasyqtyn
adresi (stektin tobesi) tiirady. Push jane Pop komandalarynyn oryndaluy kezinde SP
méni kemip nemese Gsip

43



otyrady. Jadynyn baitty Giymdastyrylymynda jine stekke registr jibyndagy derek
engizilu kezinde iilken bait SP-1 adresi boiynsa, al kisi bait SP-2 adresi boiynsa
saqtalady da, nétijesinde SP mini ekige kemidi. Oqu kezinde stektin jogargy eki
tiasygyndagy derek sdikesti registrlerge ornalastyrylady da, SP méni ekige ilgaiady.
Sonymen, stek jimysy LIFO (Last In — First Out) tartibimen jiirgiziledi, iagn1 stekke
songy jazylgan soz birinsi sygarylady.

IP (Instruction Pointer)-16-razriadty komanda sanauysy. Onda kezekti
oryndalatyn komandanyn adresi turady. Bastapqy qoiylym kezinde ol ndl ménin
qabyldaidy, demek bastapqy qoiylym bagdarlamasynyn birinsi komandasy nolinsi
tiasyqta bolady. Komanda tzyndygy 1..3 bait bolady. Jadydan kezekti bait
sygarylgannan keiin PC méni dlgaitylady, komanda birbaitty bolsa, onda kelesi
komandanyn adresi, al 6zgese jagdaida kezekti komandanyn kelesi baitynyn adresi
sygady. Komandanyn ekinsi jdne iisingi baittary W jéne Z registrlerine tiisedi.

INC/DEC (Increment/Decrement) stilbasy ol arqyly jiberilgen sozderdi birge
tlgaityp nemese kemitip otyrady.

IR (Instruction Register) — komanda registri. Ol jadydan komandanyn birinsi
baityn, iagn1 komanda kodyn gabyldaidy.

DC - komanda desifratory. Ol komanda registrindegi (IR) komanda kodyna
saikesti operasiianyn masina siklderin jiizege asyruga gajetti signaldar tudyrady.

Synchronising and Control blogykomanda desifratory men masina siklderinin
sifratorynyn jagdaly negizinde ahual signaldary men mikroprosessorlyq jiiieni syrtqy
qurylgylarmen bailanystyratyn syrtqy jelini basqaru signaldaryn tudyrady.

Interrupt Control jane Sequential I/O Control— iizilisti basqaru jane tizbekti
engizilim/sygarylymdy basqaru bloktary. Olardyn atqarar qyzmeti attarynan-aq
tiisinikti.

MP men jady nemese SQ arasyndagy agparat almasuy kezinde jadynyn sdikesti
tilagygynyn nemese SQ komandasynyn qiiramyndagy nemese registr jlptarynyn
bireuindegi adresi adres buferine (AB) jiberiledi. Us jagdaily adres buferi adrestin
iilken razriadtaryn adres jelisinin Aisg joldaryna jiberedi. Us jagdaily adres/derek
buferi (A/DB) uaqyt boiynsa kezektesip, adrestin kisi baityn nemese derek baityn
jiberedi.

MP komandalarynyn qalypty jiirgiziliminde olar jadydan jazylym bagytymen
HLT komandasyna jetkense bir-birden sygarylyp oryndalady. Jeke komandanyn
sygaryluy men oryndaluy komanda siklin (KS) qurady. Komanda sikli bir nemese
birnese masina siklinen (MS) tirady. MP men jady nemese SQ arasynda bait jiberuge
arnal@an drbir bailanys masina siklin qajet qylady. Oz kezeginde masina sikli birnese
taktige bolinedi jane takt sany masina siklinin tiirine taueldi bolady.

Intel 8085 mikroprosessorynynkelesi tiirdegi masina siklderi bar:

1) Komanda tandalymy (OF, Opcode Fetch).
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2) Jadydan oqu (MR, Memory Read).

3) Jadyga jazu (MW, Memory Write).

4) Syrtqy qurylgydan oqu (IOR, Input-Output Read).

5) Syrtqy qurylgyga jazu (IOW, Input-Output Write).

6) Uzilisti qiiptau (INA, Interrupt Acknowledge).

7) Jelini bosatu (BI, Bus Idle).

8) Toqgtatylym (HALT).

Arbir masina siklinif basynda sikl tiirin sipattausy ahual signaldary tudyrylady.
Olar syrtqy qurylgyga jiberiletin qosalqy basqaru signaldaryn qalyptastyruda
paidalanylady.

4.2.2 Mikroprosessordyn sygpalary men signaldary.

Aiss — jady adresinin iilken baityn nemese syrtqy qurylgynyn tolyq adresin
sygaruga arnalgan is jagdaily sygys joldary. HOLD, HALT jdne RESET
rejimderinde olardyn syqpalary {isinsi (jogary kedergili) jagdaiga auysady;

AD7 — masina siklinin birinsi taktisinde jady adresinin kisi baityn nemese
syrtqy qurylgynyn tolyq adresin sygaruga arnal@an {is jagdaily kezektelimdi joldar.
Adres jiberilu taktisinen keiin olar derek jelisi retinde paidalanylady;

ALE — masina siklinin birinsi taktisinde jiberilgen jady adresinin kisi baityn
syrtqy adres registrine engizuge ruqsat beru stroby. Adresti registrge engizu ALE
signalynyn artqy auytqymasymen jiizege asyrylady;

RD , WR — siltengen jady tilasygyna nemese syrtqy qiirylgyga jiberiletin oqu
jane jazu strobtary. HOLD, HALT jdne RESET rejimderinde olardyn syqgpalary lisingi
(jogary kedergili) jagdaiga auysady;

READY - jadynyn nemese syrtqy qurylgynyn MP-men aqgparat almasuga
daiyn ekendigin korsetetin kiris signaly. Jadynyn nemese syrtqy qirylgynyn daiyn
emestiginde, MP kiitu jagdaiyna kiredi de, bil jagdair birlik dengeidegi READY
signaly tiiskense sozylady;

Si, So — MP-dyn syrtqy qurylgyga jiberetin ahual signaldary. Olar masina
siklinin basynda qalyptasyp, biil sikl bitkense saqtalady;

IO/M — jadyny nemese syrtqy qurylgyny tandau signaly. Onyn jogargy
dengelinde syrtqy qirylgyga, al tomengi dengeiinde jadyga bailanys jlizege
asyrylady.

S1, Sp signaldarymen birge IO/M signaly magina siklinin tiirin anyqtaidy. Ahual
signaldary men RD , WR jine INTA signaldarynyn #rtiirli masina sikline bailanysty
manderi 4.1 kestede keltirilgen.

45



41keste

Ahual signaldary Basqaru signaldary

MS TloM [ s | s | RD | WR | INTA
OF 0 1 1 0 1 1
MR 0 1 0 0 1 1
MW 0 0 1 1 0 1
IOR 1 1 0 0 1 1
IOW 1 0 1 1 0 1
INA 1 1 1 1 1 0
Bl 3S X X 1 1 1
HALT 3S 0 0 3S 3S 1

Kestede 3S arqyly lisinsi (jogary kedergili) jagdai belgilengen.

X1, X2 — mukroprosessordyn iski simmhroimpulster generatoryna qosylatyn
jimysyn gamtamasyz etusi kvarsty rezonatordyn nemese odan basqa jilik
tiianaqtausy tizbekterdin qosylatyn syqgpalary;

RESIN (RESET IN) — mikroprosessordy bastapqy jagdaryna qaitaru kirisi. Bal
signal qorek kozi qosylgan kezde 6zdiginen galyptasady, onyn kez kelgen uaqytta
operatordyn komandasy arqyly da tiisui miimkin. Onyn &dreketimen PC jidne IR
registrleri, tizilis rigsaty men jeli Gstalymynyn quaptalym triggerleri jéne t.b.
tazartylady;

CLK — mikroprosessorlyq jliiege jiberiletin sinhroimpulster sygysy. Bil
bolady;

RESET - jluenin syrtqy modulderin tazartu signaly, ol taktilik CLK
impulsterine bailanystyrylgan jdne onyn fazasy RESIN signalynan 6zgese bolady;

INTR (Interrupt Request) — vektorlyq {izilis stranysynyn  Kirisi.
Bagdarlama arqyly iiziliske riigsat berilgen jagdaida, bil signal INTA strobyn
tudyrady. Bil siiranysqa sdikes saqyrylatyn qosalqy bagdarlamanyn adresin syrtqy
qurylgy jiberedi. Tazartylym kezinde stiranys signaly qabyldanbaidy (iiziliske tyrym
salyngan);

INTA (Interrupt Acknowledge) — kezekti komanda sikli bitkennen keiin
jiberiletin vektorlyq iizilisti qliptau stroby. Ol {izilis vektoryn oqu iisin paidalanylady;

RST 5,5; RST 6,5; RST 7,5 - RSTn (n=5,5; 6,5; 7,5) tiirindegi radialdy tizilis
siranysynyn kiristeri. Bul sliranystarga sédikesti qyzmet atqaratyn qosalqy
bagdarlamalardyn bastapqy adresi — 8n. Kiris maértebeleri bekitilgen, en jogargy
mirtebe RST 7,5 kirisinde. Bl stiranys tobynyn maértebesi INTR stiranysynyn
martebesinen jogary bolady. Biil stranystardyn drbireuine jidne bir-birine tiuelsiz
tytym saluga bolady;

TRAP —mirtebesi en jogargy direjedegi, tyrym salynbaityn iizilis siranysynyn
kirisi;
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SID, SOD (Serial Input Data, Serial Output Data) — derekterdi tizbekti jiberu
kirisi men sygysy. RIM komandasymen kiris biti akkumuliatordyn jogargy
razriadyna engiziledi, SIM komandasymen sygys biti osy razriadtan sygarylady;

HOLD - jelini ielenu stiranysy. Ony syrtqy qurylgy qalyptastyrady;

HLDA (Hold Acknowledge) — jelinin ieleniluin qiiptau signaly. Ol HOLD
signalyna jauap retinde kezekti masina siklinin aiagynda qalyptastyrylady da,
mikroprosessordyn jiite jelisinen
ajyratylgandygyn quptaidy. Bal kezde jeliler men basqarusy RD , WR , IO/M jéne
ALE signaldarynyn joldary tisinsi jagdaiga auystyrylady.

4.2.3 Mikroprosessor jimysynyn titymdastyryluy.

Komanda sikli (KS) komanda tandalymynan bastalady (Opcode Fetch, OF).
Birinsi masina sikli Ml drgasan OF, onda MP komandanyn birinsi baityn alady. Odan
ke1in, komandanyn birbaitty, ekibaitty nemese tigbaitty boluyna bailanysty bir nemese
eki MR (Memory Read) tiirli magina siklinin boluy miimkin.

Komandanyn biringi baitynda (b;) operasiia kody, silteu tisili jonindegi
malimetter, al eger komanda birbaitty bolsa, onda operandtyn adresi de bolady.
Biindagy adres qysqa adresti “registr-registr” tiirindegi operasiialarga gana bailanysty
bolady. Jalpy qyzmettik 8 registrdi silteuge — tisrazriadty, al registr juptaryn silteuge
ekirazriadty adres jetkilikti. Komandanyn ekinsi baitynda (by) operandga gatysty jady
tilagygynyn adresinin kisi boligi nemese syrtqy qiirylgynyn adresi nemese operandtyn
tikeler 6zi bolady (songylar komandanyn ekibaittylyq jagdaiynda). Komandanyn
tisingi baitynda (bs) operand adresinin iilken boligi nemese tikeler beriletin derektin
ekingi baity (registrler jubyna engizu kezinde) bolady. Registrler men registr
juptarynyn adresteri 4.2 kestede berilgen.

42keste
Registrler Registr juptary
B| C| D | E | H L M| A | B|D]J|]H/|SP
000 | 001 | 010 | 011|100 | 101 | 110|111 | OO | O1 | 10 | 11

Komandanyn tandalyp, aiqyndalganynan keiin, ony oryndauga qosymsa
magina siklderinin gajet boluy miimkin. Komandada nebéri birden beske deiin masina
sikli boluy miimkin.

Masina sikli tomende qarastyrylatyn qalypty éreketter jilirgiziletin taktilerden
tirady. Artiirli masina siklindegi takt sany — 3...6, biraq olardyn kopsiligi iis taktiden
tirady.

Komanda siklinde 4...18 takt boluy miimkin.

Artiirli masma siklin jiizege asyrusy signaldardy komandanyn biringi
baityndagy aqparat negizinde MP tudyrady.
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Aitylgandy mysal arqyly surettelik. Akkumuliatordagy derekti jady Gilasygyna
tura silteumen (iagni adrestin komandada korsetilui argyly) jiberusi STA D3D2
(Store Accumulator Direct) komandasynyn oryndaluyn qarastyralyq. Komanda —
isbaitty, onyn MP-ga jiberilui tisin iis masina sikli kerek, onyn birinsisinde b; baity
komanda registrine (IR) jiberilip, kelesilerinde b, jane bs baittary uaqytsa registrlerge
(W jane Z) jiberiledi. Biikil komanda gabyldangannan keiin MP akkumuliatordagy
derek baityn, adresi MP-ga tiisken, jady iiiasygyna jiberu jimysyn jiizege asyrady.
Sonymen, komanda sikli OF-MR-MR-MW tartibimen jiirgiziletin tort masina
siklinen qirylady.

Arbir masmna sikli taktilik impulsterdin attas auytqymalarynyf aralygymen
anyqtalatyn taktilerge (jagdailarga) bolinedi.

Masina siklinin taktilerinde oryndalatyn qalypty areketter:

T1 — jadynyn nemese SQ-nyn adresi AD7, jédne Aisg jelilerine qoiylyp, ADr.
batterin bekituge ALE signaly tudyrylady. IO/M, S; jdne Sy joldarynda sikl tiirin
anyqtausy aqparat qoiylady. HALT tuy tekseriledi. T, — Ready jane Hold kiristeri
tekseriledi. Eger osy masina sikli komanda tandalymynyn bir boligi bolsa, onda
bagdarlama sanauysy birge tilgaitylady. Bl (jelinin bosatyluy) siklinen basqa
masina siklderinde

basqaru strobtarynyn ( RD , WR nemese INTA) bireui birlik jagdaiynan

jandandyrylgan noldik jagdaiyna auysady.

Tw (Wait) — jadynyn nemese SQ-nyn derek almasuga daiyn emestiginde
(READY jolynda tomengi dengeili kerneu tiirganda) tuady. Adres, derek jane basqaru
joldarynyn jagdaiy takt aiagyndagy qalpynda qalady. READY signaly arbir kiitu
taktisinde tekseriledi.

T3 — komanda nemese derek baity mikroprosessorga nemese odan jiberiledi.
Jandandyrylgan basqaru strobynyn dengeri birlik dengeiine 6zgertiledi.

T, — komanda registrindegi kod aiqyndalady.

Ts6 — keibir komandalardyn bitiriluine gajet kezinde paidalanylady. Jiue jelileri

paidalanylmaidy.

Masina siklinde drqasan T1....T3 taktileri bolady, keide takt sany odan kobirek
boluy miimkin, biraq oqu men jazuga s takt gana gajet.

4.2.4 Uzilis jiiesi.

Mikroprosessorlyq jiilenin jimysy kezinde onyn isinde nemese syrtynda
kezeksiz dreket qajetti oqigalar tuuy miimkin. Biinda1 dreket negizgi bagdarlamany
lizip, lzilis stiranysynyn jimysyn oryndauga auysu arqyly jiizege asyrylady. Jiiie
isindegi siiranystar onyn jimys ahauynan, razriad torynyn asyp ketuinde, nolge bolu
kezinde jidne syrtqy qirylgylardyn qyzmet talabynan tuady. Syrtqy siiranystardyn
basgarylym obektilerinin qauiptilik jagdairynda qorek kozderinin ahaulygynda jéne
t.b. jagdailarda tiisui miimkin.
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Baiau isteritin syrtqy qurylgylardyn stranystary boiynsa lzilister,
mikroprosessor uaqytyn olardyn aqparat almasuga daiyn kezinde gana aluyna
miimkindik berip, bindai tuymdastyrylym nétijesinde jalpy jlienin juimys tiimdiligi
koteriledi. Syrtqy qiirylgyga mikroprosessor qajet bolganda, ol iizilis siiranysynyn
triggerin birlik jagdaiga qoiady da, biil lizilis signalyn mikroprosessordyn gabyldap,
sdaikesti ondegeninse ol osy jagdairynda qalady. Qabyldangan {izilis stiranysyna jauap
retinde mikroprosessorlyq jliede kezekti komandanyn oryndaluy bitiriledi,
mikroprosessor jagdaily eske saqtalady, iizilis qyzmetinin qosalqy bagdarlamasy
oryndalady, sosyn jiilenin basqaryluy negizgi bagdarlamanyn sdikesti komandasyna
qaitarylady.

Intel 8085 mikroprosessorynyn bes iizilis Kirisi men olardy basqarusy INTA
sygysy bolady. Uzilis, ogan riigsattyn bar kezinde, CALL komandasynyn dreketimen
bastalady: bagdarlama sanauysynyn (PC) jagdaiy stekke jiberiledi, al onyn &zine
oryndalatyn qosalqy bagdarlamanyn adresi engiziledi de, iizilis stiranysyna qajetti
jumys oryndalady.

Mikroprosessordyn tizilisterge bailanysty kiristeri: TRAP; RST 5,5; RST 6,5;
RST 7,5; INTR. Uzilis jiiiesinin fitymdastyrylymynda siiranystardy jasyru méiseleleri
sesilip, olardyn martebelik dengeileri anyqtalady.

Jasyru degenimiz — séikesti kiristin dreketine tytym salu. Uzilis siiranystarynyn
Kiristerinin jasyrylymdy nemese jasyrylmaityn (iagni &drqasan qabyldaityn
jagdaiynda) boluy miimkin.

TRAP kirisi — jasyrylmaityn kiris jine onyn mértebesi en jogargy dengeide
bolady. Ogan bagdarlama komandalary arqyly tyiym salynbaidy. Bl kiriske
mikroprosessorlyq jiiedegi, kezeksiz dreket qajet qylatyn manyzdy oqigalardyn
(mysaly, qorek kozinin agauynyn) habarlau signaldary beriledi.

TRAP iizilisine sailanysty qyzmettin qosalqy bagdarlamasynyn bastapqy
adresi jadynyn bekitilgen, adresi 24N tiasyqta ornalastyrylgan.

RSTn (n =5,5; 6,5; 7,5) kiristerinin belgilemesi Restart sdzinen alyngan. Biil
kiristerdin tizilisteri — jasyrylmaly, iagni olarga EI (Enable Interrupt) jane DI (Disable
Interrupt) komandalary arqyly riigsat beruge nemese tytym saluga bolady (olardyn
bdrine gatarynan). Mikroprosessordyn bastapqy tazartylymy bil siiranystardyn
barlygyna da tyirym salady, olarga buidan ari rugsat beru tisin EI komandasyn beru
kerek. RSTn siiranystaryna jeke tytym salu miimkindigi de bar, ol arnaty SIM (Set
Interrupt Mask) komandasymen akkumuliatordyn AO...A2 bitterinin aldynala
engizilgen ménderine sdikesti qoiylady. RSTn kiristerinin méartebeleri RST 7,5; RST
6,5; RST 5,5 tartibinde bekitilgen. RSTn izilisterinin qyzmetinin qosalqy
bagdarlamalarynyn bastapqy adresteri n minimen anyqtalady, sdikesti
bagdarlamanyn jimysy bagdarlama sanauysyna 8n ménin (002SN, 0034N nemese
OOZSN) engizuden bastalady. Ozgese aitqanda, bil Kiristerdin iizilis
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vektorlary 6zdiginen anyqtalady, iagni olardy syrtqy qirylgydan jiberudin qajeti
bolmaidy.

RST 7,5 kirisi — dinamikalyq kiris, ol signaldyn tura auytquyna drcket etedi,
iagn1 stranys signaly dmamikaly Kkiristi triggerge engiziledi de, onyn alyp
tastalganynda, bul iizilis stiranysynyn qyzmeti oryndalgansa nemese SIM nemese
RESET komandalaryna deiin onda saqtalady. RST 6,5 jine RST 5,5 kiristeri —
statikalyq kirister, olar signal dengeiline é&reket etedi, demek stranys signaly
jorylysymen, alyp tastalynady.

INTR (Interrupt) kirisine tiisetin stiranystyn tizilis vektory mkroprosessorga
syrttan jiberilu kerek. Bl kiriske koptegen jagdaida iizilister kontrolleri qosylady, ol
birnese syrtqy qiirylgylardyn stiranystaryn qabyldap, olardyn mirtebelik jdne jasyrym
maselelerin sesip, mkroprosessorga jiberiletin jalgyz INTR signaly men stiranysqa
satkesti 1iizilis vektoryn qalyptastyrady. Bul jagdaida da RSTn komandasy
oryndalady, biraq n mini iizilis kdzine tdueldi bolady. Uzilisterge riigsat bar
kezinde INTR stiranysynyn tiisuine jauap retinde, mikroprosessor INTA signalymen

tizilis berilgendigin habarlaidy. Bil signal buferlik kiiseitkisterdin sygystyq rugsat
Kiristerine tiisedi.

Uzilistin 6ndelui kezinde, EI komandasy oryndalgansa, TRAP iizilisinen basga
tizilisterge tytym salynady. Jasyrylmaityn TRAP iizilisi 6zge izilisterdi jibergizbeidi,
biraq buryngy tiisken siiranystyn rigsattyq jagdaiyn saqtaidy.

4.2.5 Tizbekti engizu/sygaru jiiiesi.

Mikroprosessordyn tizbekti derekterdi jiberuge arnalgan eki kirisi bar: SOD
jane SID (Serial Output Data jane Serial Input Data).

SOD sygpasy SIM komandasymen basqarylady, al SID sygpasyndagy signal
RIM komandasymen oqylady. Biil komandalar biiryn RSTn iizilisterinin jasyrylymyn
qoiu jane tazartu komandalary retinde tanystyrylgandy, olar tizbekti engizu/sygarudy
basgaruga da paidalanylady.

SIM komandasynyn oryndaluynan biryn akkumuliatorda basqaru s6zi
galyptastyrylady (4.3 keste).

43keste
7 6 5 4 3 2 1 0
SOD | SOE X R75 | MSE | M7,5 | M6,5 | M5,5

Basqaru sozinin bitteri kelesi magynada tiisiniledi: a)

SOD — derekterdin tizbekti sygysy;

b) SOE — birlik méninde tizbekti SOD derekterin mikroprosessordyn séikesti
sygysyna jiberetin signal;

v) R7,5 sdikesti RST7,5 kirisin tazartady (osy kiristegi signaldyn dinamikaly
basqarylymdy triggerge qabyldanatyndygyn eske tiisiremiz);
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g) MSE (Mask Set Enable) — 2...0 bitterinin dreketin jandandyrusy signal;
d) M7,5.M5,5 bitterinin birlik méni olarga saikesti RST7,5..RST5,5
stiranystaryn jasyrady, iagni olarga tyrym salady.

Mysaly, SOD =1, RST6,5 kirisine riigsat berilui, RST7,5 triggerinin tazartyluy
jane RST7,5 men RSTS,5 kiristerinin jasyryluy eki komandamen jiizege asyrylady:

MVI A, b, ; akkumuliator bitterin goiu
SIM ; jasyrym bitterin jine SOD bitin dzgertu

MVI A, b, komandasy akkumuliatorga b, baityn jiberedi, iagniakkumuliatorga
tike silteu arqyly derek jiberu operasiiasyn (A) < (bz) oryndaidy. Biil jagdaidagy b,
baitynyn tiiri: 11x11101.

Tizbekti derekterdi SID syqgpasy arqyly engizu isin RIM komandasy
paidalanylady. RIM komandasynyn oryndalganynan keiin akkumuliatorda bitterinin
magynasy 4.4 kestede keltirilgen s6z qalyptasady:

a) SID — tizbekti engiziletin derekter;

b) 17,5; 16,5; 15,5 — RST7.5, RST6.5 jane RST5.5 sygpalaryndagy logikalyq
dengeiler;

V) IE —ziliske riigsat signaly;

g) M7,5...M 5,5 — maskalardyn logikalyq dengeileri.

44keste
7 6 5 4 3 2 1 0
SID | I75 | 165 | 155 IE | M75| M6,5| M5,5

17,5... 15,5 batteri séikesti logikalyq dengeilerdi RIM komandasynyn kezinde
qalyptastyrady. IE biti EI jane DI komandalarynyn qaisysy songy oryndalgandygyn
korsetedi, ogan bl kezde iizilis rejiminin boluy da (onyn IE triggerin tazartyp, basqa
uzilisterge tytym salatyndygyna bailanysty) dser etedi. M7.5..MS5,5 batteri {izilis
maskalarynyn kezekti jagdailaryn suretteidi.

4.3 Intel 8085 mikroprosessorynyn komandalar jiiiesi

MP komandalary 4.5 kestede keltirilgen. Kestenin birinsi baganasynda
komandalardyn mnemonikasy (jazylym tiiri) berilgen. Onda registrler — r, registr
juptary — Ip, janama silteumen bailanysatyn jady tiasyg8y — M, komandanyn tsingi
jane ekinsi baittary — bsb,, syrtqy quirylgynyn adresi
— port arqyly berilgen. M belgisimen jady Giilasygyna janama silteu korsetiledi, biil
jagdaida jady tGiiasygynyn adresi N registrlik jubynan alynady da, demek komandada
adres korsetilui gajet emes.
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45keste

Mnemokod Kod Tular | Bait | Takt | Sikl Tisinikteme
1 2 3 4 5 6 7
Derek taratu komandalary

MOV r1,r2 [01DDDSSS] - 1 4 1 r— (r2)
MOV M, r |[01110SSS| - 1 7 2 [(HL)] < (1)
MOV r, M [01DDD110| - 1 7 2 (r) — [(HL)]
MVI r, b2 oobDD110| - 2 7 2 rl < b2

MVI M, b2 36 - 2 | 10 | 3 [(HL)] < b2
LXI rpb3b2 | 00PP0001 - 3 10 3 p «— b3b2
LDA b3b2 3A — 3 13 4 A <« b3b2
STA b3b2 32 - 3 [ 13| 4 b3b2 — (A)
LHLD b3b2 2A - 3 16 5 HL < b3b2
SHLD b3b2 22 - 3 16 5 b3b2 «— (HL)
LDAXrp | 0OPP0010 | — 1 7 2 A — [(p)]
STAX rp 00PP1010 | - 1 7 2 [(p)] < (A)
XCHG EB — 1 | 4 1 (HL) < (DE)

Arifmetikalyq jane logikalyq operasiialardyn komandalary

ADD T 10000SSS [+ 1 | 4 1 A—(A)+ (D
ADD M 86 + 1 7 2 A — (A) + [(HL)]
ADI b2 C6 + 2 7 2 A — (A)+ by
ADC r 10001SSS |+ 1 4 1 A — (A)+ (1) + (Tc)
ADC M 8E + 1 7 2 A — (A)+[(HL)] + (Tc)
ACI b2 CE + 2 7 2 A — (A)+ bz + (Tc)
SUBr 10010SSS | + 1 4 1 A—A)-()
SUBM 96 + 1 7 2 A — (A)-[(HL)]
SUI b2 D6 + 1 7 2 A — (A)-b2
SBBr 10011SSS | + 1 4 1 A—(A)-(@1-(To)
SBB M 9E + 1 7 2 A — (A)-[(HL)] - (TC)
SBI b2 DE T 2 7 2 A — (A)-Db2 - (TC)
INR 00DDD100| (+) | 1 4 1 re—(r+1

INR M 34 + | 1 ]10] 3 [(HL)] < [(HL)] + 1
DCRr 00DDD101| (+) | 1 4 1 r—(-1
DCR M 35 + | 1 107 3 [(HD)] < [(HL)] - 1
INX rp 00PP0011 | -— 1 6 1 p — (rp) + 1
DCX rp 00PP1011 | -— 1 6 1 p — (rp) — 1
DAD rp 00PP1001 | -— 1 |10 3 [(HL)] — [(HL)] + (rp)
DAA 27 + 1 4 1 A < (A)2-10
ANAr 10100SSS | + 1 4 1 A — (A) A1)
ANA M A6 + 1 4 1 A — (A) A[(HL)]
ANI b2 E6 + 2 7 2 A — (A) Ab2
XRA 1 10101SSS | + 1 | 4 | 1 A—A)D
XRA M AE + 1| 7| 2 A —(A)D[HL)
XRI b2 EE + 2 | 7 | 2 Ae—A)Dn2
ORA T 10110SSS | + 1 7 2 A—(A) V()

a1
N




4.5k e s te (jalgasy)

1 2 3 4 5 6 7
ORA M B6 + 1 7 2 A — (A) Y[(HL)]
ORI b2 F6 + 2 | 7 | 2 A —(A) Vb2
CMPr 10111SSS| + 1 4 1 (A) - (1)
CMP M BE + 1 [ 4 1 (A) — [(HL)]
CPI b2 FE + 2 7 2 (A) - b2
CMA 2F - 1| 4 | 1 A (A
STC 37 C 1 4 1 TC « 1
CMC 3F C | 1| 4|1 1o (Te)
AT7-1 — (AB-0), A0 — (TC),
RLC 07 C 1 4 1 TC A7
AB-0 — (A7-1), A7 — (TC),
RRC OF C 1 4 1 TCAO
A7-1 — (A6-0), A0 — (A7),
RAL 17 C 1 4 1 TCA7
AB-0 — (A7-1), A7 — (A0),
RAR 1F C 1 4 1 TC A0
Basgaru komandalary
JMP b3b2 C3 — 3 10 | 3 PC <« bsh
Jcond b3b2 [11CCCCO01| - 3 10 3 Cond = 1: PC « b3b2
CALL b3b2 CD — 3 18 ) SP «— (PC), PC « b3b2
Cond = 1:
Ccond b3b2 [11CCC100| - 3 2/5 | 9/18 SP « (PC), PC «— b3b2
RET C9 - 3 |10 3 PC — [(SP)]
Rcond 11CCC100| - 3 [17/11] 5/3 Cond = 1: PC « [(SP)]
RST n 111nnn111| - 1 11 3 PC < 8&n
SPHL E9 - 1 6 1 SP — (HL)
Arnaly komandalar
SP — (SP) - 2;
PUSH r 11PP0101 — 1 11 3
° [(SP)]; [(SP) + 1]« (1p)
SP « (SP) - 2;
PUSH PSW F5 — 1 11 3
[(SP)], [(SP) + 1]<(A),(F)
rp < [(SP)L[(SP) + 1],
POP rp 11PP0001 — 1 10 3 SP — (SP) + 2
F,A —[(SP)], [(SP) + 1];
POP PSW F1 - 1 |10 | 3 SP < (SP) + 2
XTHL E3 - 1 [ 18] 5 (HL) < [(SP)], [(SP) + 1]
PCHL F9 - 1 5 1 PC < (HL)
IN port DB — 2 10 3 A «— (port)
OUT port D3 — 2 10 3 port < (A)
El FB - 1 4 1 Uziliske riigsat beru
VI F3 — 1 4 1 Uziliske tyrym salu
HLT 76 — 1 7 2 Toqgtatylym
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45k este (jalgasy)

1 2 3 4 5 6 7

NOP 00 - 1 4 1 Operastia joq
RIM 20 — 1 4 1 Uzilis maskasyn oqu
SIM 30 - 1] 4 |1 Uzilis maskasyn jazu

Ekinsi baganadagy komanda kodtary operandtardyn adrestin korsetilui qajet
jagdaida, segizrazriadty ekilik san tiirinde, 6zge jagdailarda 16-lyq san tiirinde
berilgen. Registrlerdin jalpylama adresterinin razriadtary derek kozi tisin S (Data
Source) simvoldarymen, derektin jetkiziletin jeri D (Data Destination)
simvoldarymen, registr juptary P (Pair) simvoldarymen beinelengen. Bl
simvoldardyn ornyna komandagy qatysty registrler men registr jliptarynyn naqtyly
adresin qoiu arqyly komandanyn kody alynady. Sartty auystyru komandalarynyn
kodyndagy sarttardyn kody C (Condition) simvoldarymen belgilengen, olardyn
tiirleri men belgilemeleri
4.6 kestede keltirilgen.

46Kkeste
SSS Mnemokod (cond) | Sarttar
000 NZ Nolge ten bolmau
001 Z Nolge ten bolu
010 NC Tasymaldyn tumauy
011 C Tasymaldyn tuuy
100 PO Taqgtyq
101 PE Jiptyq
110 P Plius
111 M Minus

Operasiianyn oryndalu belgileri tu registrinde qalyptasady (4.7 keste).

47keste
7 6 5 4 3 2 1 0
S| Z| 0 |AC| O P 1| C

RST komandasynyn kodyndagy n dripterimen belgilengen {is razriadtyn ménin
tizilis jiiiesi qoiady nemese ony bagdarlausy korsetedi.

Salystyru operasiialarynda operandtarga alu operasiiasy jiirgiziledi de, onyn
nétijesine bailanysty Z jéne S belgileri qoiylady (biraq nityje esqaida saqtalmaidy).

Usingi baganadagy “—” simvoly komandanyn oryndaluynda esqandai tu
koterilmeitindigin, “+” simvoly barlyq belginin qoiylatyndygyn, “(+)” simvoly
tasymal belgisinen basqa belgilerdin qoiylatyndygyn, “S” simvoly tasymal belgisinin
gana qoiylatyndygyn bildiredi.
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4.4 Silteu tasilderi

Bagdarlamadagy naqtyly komandaga sdikesti operasiianyn oryndaluy {iisin,
onda komandanyn tiirin anyqtausy kodymen qatar, operasiiaga qatysty operandtardyn
qaidan  alynatyndygy jdne oryndalgan operasiianyn nitijesinin  gaida
ornalastyrylatyndy8y korsetilui kerek. Intel 8085 mikroprosessorynda silteu
adresterin qalyptastyru tort tiirli tdsilmen jlizege asyrylady, olar — tura silteu, registrlik
silteu, janama silteu jine tike silteu tésilderi.

Tura silteu tésilinde adres kody oryndalusy komandanyn qiiramynda bolady.
Ulken koélemdi jadynyh adres razriadtarynyh sany da iilken bolatyndygqtan, ol
komandany iizartady. Mysaly, 2 fiiasyqtan tiiratyn jady silteu 16-razriadty adrespen
siltenedi. Sondyqtan biinda1 komandalar tigbaitty bolady. Syrtqy qiirylgylarga silteu
segizrazriadty adres arqyly jiizege asyrylady da, biindai komandalar ekibaitty bolady.

Registrlik silteu tésilinde operand mikroprosessordyn iski registrlerinin
bireuinde bolady. Intel 8085 mikroprosessorynyn iski registrlerinin sany segizden
aspaityndyqtan olarga silteuge lisrazriadty adres jetkilikti bolady, sondyqtan biindai
komandalar birbaitty bolady.

Janama silteu tdsilinde komandada oryndalatyn operasiiaga qatysty operandtyn
adresi tiirgan registr korsetiledi. Bundai komandalar da tura siltemdi komandalar
stiaqty yqsamdy keledi, biraq olardyn oryndaluy iisin bil registrge (janama silteu
registrine) gajetti adres aldynala engizilui kerek. Janama silteu registri retinde Intel
8085 mikroprosessorynda HL jiiby paidalanylady. Janama silteu tésili tizbe tiirinde
berilgen derekterdi ondeuge asa yngaily keledi, biil kezde adres bir ret qoiylady da,
kezekti adres onyn aldyngy ménin birge d6zgertu arqyly alynady.

Tike silteu tisilinde operasiiaga gatysty operand tikeler komanda qiiramynda
beriledi. Biindai komandalar ekibaitty (syrtqy quryl§ymen bailanysqa) nemese
tisbaitty (jadymen bailanysqa) bolady.

Surettelgen silteu tdsilderinen kiirdelirek keletin silteu tédsilderi de (indeksti
silteu, gatynasty silteu jdne t.b.) bar, biraq olar Intel 8085 mikroprosessory

stiaqty qarapatym mikroprosessorlarda
paidalanylmaidy.

Artiirli silteu tdsilderin paidalanu bagdarlamalardyn kolemi men olardyn
oryndalu uaqytyn qysqartuga miimkindik beredi.

5 Mikroprosessorlyq jinelerdi bagdarlau

Mikroprosessorlyq jliienin jimysy sesiletin méselege bailanysty komandalar
tizbesi tiirinde qurylgan bagdarlamanyn basqaruymen jiizege asyrylady. Bundai
bagdarlamalar, ddette, komandalardyn mnemokodtary arqyly suretteletin assembler
tilinde jazylady. Mnemokodtardy masina tiline (ekilik kodtarga) audarusy
(translation) arnaty bagdarlama da
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Assembler dep atalady. Masina tilindegi bagdarlama mikroprosessorlyq jlienin
jadylyq modulinde saqtalady da, onyn qiiramyndagy komanda kodtary naqtyly
tartippen tandalyp (oqylyp), ol komanda kodtarynda berilgen mélimetter (operasiia
kody, silteu tdsili, derekter) negizinde oryndalady.

Assembler tilindegi bagdarlama naqtyly téartippen jazylady.

{Metka:} Mnemokod {Operand(tar)} ; { Tisinikteme }

Korneki jagsalarda boluy da, bolmauy da miimkin elementter keltirilgen. Belgi,
mnemokod jane operandtar bos oryn arqyly ajyratylady.

Belgi — komandanyn simvoldy adresi. Belgiler auystyru arqyly baratyn
komandalarda gana qoiylady. Auystyru nemese qosalqy bagdarlamalardy saqyru
komandalarynda belgi atalymy operand retinde paidalanylady.

Mnemokod — komandanyn assembler tilindegi jazylymy. Mnemokod retinde
komanda qyzmetinin agylsyn tilindegi magynasynyn qysqartylymy paidalanylady:
ADD (ADDition), SUB (SUBtraction), XCHG (eXCHanGe).

Operandtar iitir arqyly bolinedi. Eki operand berilgen jagdaida onyn birinsisi
aqparat qabyldausysy, al ekinsisi agparat kdzi bolady.

Tisinikteme komandalardyn qyzmetin suretteuge gana paidalanylady, ol
masina tiline audarylmaidy jane drqasan {itir-niikteden bastalady.

Biuidan é&ri birnese qarapaiym esepterdi sesuge arnalgan bagdarlamalar
qiramyz. Biil bagdarlamalardyn kemistigin anyqtap, olardyn keibir komandalaryn
basga komandalarmen auystyru arqyly jetildirip, mikroprosessordyn komandalar
jlnesindegi artiirli komandalardyn qyzmeti men qoldanylym jagdaiyna bailanysty
yngailylyqtaryn tiisindiremiz.

Qurylgan bagdarlamalardyn jimysqa jaramdylyg8yn, 1iagni olarda
orfografiialyq jane iskerlik gatelikterdin joqtygyn séikesti bagdarlamaly simuliator
(8085 Simulator IDE) arqyly tekseruge bolady.

Simuliatordyn qiirylymy, onymen jumys isteu tartibi jane onyn iskerlik
miimkindikteri (onyn qiramyndagy é&rtiirli aspap-quraldarmen jimys isteu) sdikesti
bagdarlamalardy talqylau barysynda qarastyrylady.

5.1 Derek taratylymdary

Bil tarauda Gsynylgan bagdarlama artiirli (mdlseri men silteu tésiline qarar)
derek taratu komandalarynyn oryndaluy kezindegi is-drekettermen tanystyruga
arnalZan.

Biringi blokta (Single Writing) jadyga jeke derek jiberilimi tura siltemeli
komanda arqyly jiizege asyrylady. Ekinsi blokta (Serial Writing-1) derekter
massivinin (arifmetikalyq progressiia miiseleri tiirindegi) jadyga janama silteu
komandasymen jiberilui jiizege asyrylady. Derekter massivin jiberudin odan
atymdyraq tasili kelesi blokta (Single Writing-2) keltirilgen.
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Kelesi iig blokta (Data Access, Data Access and Conversion, Single Writing)
jadynyn bir boligindegi derekterdin onyn ekinsi boligine jiberilui aldyngy blokta
paidalanylgan komandalar siiaqty komandalarmen (keri tértippen) jlizege asyrylady.

Simuliatormen jumys isteu kelesi tartippen jiizege asyrylady:

— simuliator bagdarlamasyn dlpettemesimen asynyz da, asylgan
simuliator terezesinde (5.1 suret) Tools/Assembler tandap, kezekti Assembler
terezesinde File/New tandanyz;

% Memory Edito ==

{0 1 2 3456789 A4ABCDEF

0001 :Transfers 1=
] : 12 0D C2 OD 00 EB 00 O 08 C6 09 23 77 OD C2 19
x REn : 00 00 11 EF 00 OE 08 7€ 12 2B 1B 0D C2 27 00 00
gggi Su ;ﬁ;nilsF:“cmg PR TSR : OE 07 7E 07 EB 77 2B 1B EB D C2 32 00 00 3A DO
s : g : 00 32 E0 00 76 00 00 00 00 00 00 00 00 00 00 00
BN o e akieeal Welniog : 00 DO 00 00 00 00 00 00 00 OO 00 00 00 00 00 00

0006 nop

: 00 00 00 00 0O OO OO 0O 00 00 00 00 00 0O 00 OO0
: 00 00 00 00 00 00 00 0O 00 OO 0O 00 00 00 0O OO
: 00 00 00 00 00 0O OO 00 0O 0O 0O OO 00 00 00 00

0007 ;--—m—mm-——mm L
0008 SU1

| &) B0B5 Simulator IDE - Evaluation Copy D‘i @
o009 i €

. 00 00 00 00 0D 00 0D 00 00 00 00 0O 00 00 00 00 File Simulation Rate Tools Options Help STEP
0010 lx? D : 00 00 0O 00 00 00 00 00 00 0O 00 00 00 00 00 00 | Program Location
0011 nvi A S | : 00 00 00 00 00 00 00 00 00 0O OO0 OO 00 00 00 00§ p—— NE————E
001z TO adi 1 . 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 oofl C:\Program Files\8085 Simulator IDE\E kerciseshTransfers.obj
2 —
0013 inx D : OF 13 26 39 4C SF 72 85 8E 97 A0 A9 Bz BB C4 CDf Lastinstuction U XCHG

0014 stax : OF 26 4C 72 98 BE E4 0B 8E 97 A0 A9 BZ BB C4 CD

S
| Next Instruction MOV M.A
: 00 00 00 0O 00 00 0O 00 00 0O 0O 00 00 00 00 00

3]
Lin1, Col 0

. - | Clock Cycles Counter || 933 |
0056 0056 0044 ; | Instuctions Counter |1 143
=
0 1

0057 0057 0044 7¢
0058 Number of errg
0058

<
Lin 59, Col 0

Clearall [ 5

Breakpoints

Hold PC

v
In Focus

5.1 suret

— Dbagyttamany Tab tiitmesimen ygystyryp, tdmendegi bagdarlamanyn birinsi
komandasyn engiziniz de, Enter tiiimesin basynyz. Osy siiaqty bagdarlamanyn kelesi
komandalaryn da engiziniz. Belgiler jol basynda jazylady.

— engizilgen bagdarlamany Data Transfers (Derek jiberilimderi) atalymymen
saqtanyz (File/Save As), nitijesinde asm kenertilimdi fail qirylady. Sosyn,
Assembler terezesinde Tools/Assemble&Load tandanyz, nitijjesinde hex, Ist, obj
keneitilimdi faildar qurylady;

— simuliator terezesinde Tools/Peripheral Devices terezesin tandanyz.
Asylgan Peripheral Devices terezesinde Device 1 tiiimesin basyp, biil porttyn adresin
01 retinde anyqtap, sosyn osy portty IN jagdaiyna qoiynyz. Osy siiaqty kelesi
porttardyn adresin 02, 03 jane 04 retinde anyqtap, olardy OUT jagdaiyna qoiynyz;

— simuliatordyn negizgi terezesinde Tools/Memory Editor arqyly jady
terezesin agynyz;

— simuliatordyn negizgi terezesinde gadamdap modeldeu rejimin (Rate/Step
By Step) tandap, simuliatordy iske qosynyz (Simulation/Start);
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— Step komandasyn berip, mikroprosessor registrleri men séikesti jady
tiasyqtaryndagy Ozgeristerdi baqylau arqyly bagdarlamanyn oryndalu nétijelerin
taldanyz;

— bagdarlama oryndalyp bolgannan ke1in, File/Load Program komandasymen
bagdarlamany qaita engiziniz, natijesinde jady terezesi janartylady, iagni onda
komanda kodtary gana qalady;

— simuliatordyn negizdi terezesinde Tools/Breakpoints Manager tandap, arbir
bloktan keiin, iagni kelesi bloktyn biringi komandalaryna tekserim niiktelerin
qoiyhyz;

— simuliatordyn negizgi terezesinde modeldeu jyldamdygyn (mysaly,
Rate/Normal) tandap, ssmuliatordy iske qosynyz (Simulation/Start);

— bagdarlamanyn arbir tekserim niiktesindegi toqtalymynda oryndalgan
bagdarlama blogyndagy komandalardyn is-dreketin jine alyngan nétijelerdi
(mikroprosessor registrleri men jadynyn sdikesti tiiasyqtaryndagy) taldanyz.

Bagdarlama maétini tomende keltirilgen:

rhkhkkAhhkhkhkhkhhkhkkkhkhkhhkhhkhhkhkhhkihkihkhhkhhhhhihkihkkihkihhhhhihkiikik
’

: Data Transfers

rhkkhkhhkhkhkhkhhkhkhkhkhkhhkhhkhhkhkhhkihkihkhhkhhhhhihkihkhihkihhhhhkihkihkik

; Writing to Memory

; Single Data
| MVI A,0Fh
ouT 02h
STA 00DOh

MVI C,07h

LXI D,00D0h

IN 01lh :Initial Data
DT 1: ADI 13h ;Step

ouT 02h

INX D

STAX D

DCR C

IJNZ DT 1
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DT 2: ADI 09h ;Step

ouT 02h

INX H

MOV M,A

DCR C

IJNZ DT 2
;****************-k******************************-k****
; Data Access

LXI D,00EFh
MVI C,08h
CNV_1: MOV AM
ouT 03h
RRC
ouT 04h
STAX D
DCX H
DCX D
DCR C
JNZ CNV_1

MVI C,07h
CNV_2 MOV AM

ouT 03h

RAR

ouT 04h

XCHG

MOV M,A

DCX H

DCX D

XCHG

DCR C

JNZ CNV_2

LDA 00DOh
OouT 03h
CMA

OouT 04h

59



5.2 Birbaitty arifmetika

Kelesi bagdarlama (Single-Byte Arithmetic) birbaitty derektermen jumys
atqarusy, artlirli (molseri men silteu tdsili boiynsa) arifmetikalyq komandalardyn
oryndaityn is-dreketterin tiisindiruge arnalgan.

Entry Data blogynda bastapqy parametrler (n — miseler sany, d —
progressiianyn 0sim qadamy, a0 — bastapqy méni) engiziledi de, olardyn negizinde
Data Array blogynda (arifmetikalyq progressiia miiselerinih ménderi tiirinde)
derekter qalyptastyrylyp, olar jadyga jazylady.

Cumulative Summation blogynda arifmetikalyq progressiia miigelerinin
aldyngy blokta jadyga jazylgan manderinin qosyndysy esepteledi.

Direct Summation blogynda tike siltemdi gosu komandasy oryndalady.

Alyngan qosu nitjjesin jadyga saqtau Result of Summation blogynda jiizege
asyrylady.

Series Subtraction jdne Direct Subtraction bloktarynda qosuga paidalanylgan
derekterdin aldyngy alyngan qosu nétijesinen tizbelep alynu prosesi jiizege asyrylady.

Bagdarlama maétini tomende keltirilgen:

rhkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkikhhkikiikihhkiiiiiiik
’

; Single-Byte Arithmetic

rhkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkikhhkikiikihhkiiiiiiik

; Entry Data (for Linear Series)

LXI H,00D0h

IN 01h ;Data Quantity
MOV CA

MOV M,A

IN 01h ;Step

MOV DA

IN 01h ; Initial Data

DT ADD D
ouT 02h
INX H
MOV M,A
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SUM: INX

MOV

H,00D0h
C,M
A,00h
B,A

....................................................

AB ; Temporary

AE ;Recovery

....................................................

....................................................

H,00F0h
M,A

H

M,B

rhkAhkAhhkhhkhkhkhkikhkhkhkhhkhhkhkhkhkihkihkihkhhkhhhhhihihkhhihihihkiiiik

Series Subtraction



LXI H,00FO0h

MOV AM
INX H
MOV B,M
ST L XI ........... HOODOh ......................................
MOV C,M
SUB INX H
SUB M
JNC NB M
DCR B
i\.l B M ........ O UT ......... 03h ............................................
MOV E A
MOV A B
ouT 04h
MOV AE
gesscsscscssccsne b .é.ﬁ .......... é ...............................................
IJNZ SUB
X Direct Subtraction
9...............S..lj.| ........... 0. E‘SH ..........................................
JNC NB D
DCR B
KI B D ........ O UT ......... 03h ............................................
MOV E A
MOV A B
ouT 04h
MOV AE
HLT

Biil bagdarlamany da aldynda surettelgen tartippen, iagn1 aldymen gadamdau
rejiminde (Rate/Step By Step), sosyn jyldam rejimde (Rate/Normal) zertteuge
bolady.

5.3 Ekibaitty arifmetika

Bil tarauda keltirilgen bagdarlama birbaitty derektermen jiimys atqarusy,
artlirli (molseri men silteu tisili borynsa) arifmetikalyq komandalar (qosu jiane alu)
arqyly ekibaitty derektermen sdikesti
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operasiialardyn  oryndaluyn  jiizege asyruga paidalanylu  kezindegi is-
dreketterin tiisindiruge arnalZan.

Entry Data blogynda bastapqy parametrler (n — miiseler sany, d -
progressiianyn 6sim qadamy, a0 — bastapqy méini) engiziledi de, olardyn negizinde
Data Array blogynda (arifmetikalyq progressiia miiselerinin ekibaitty méanderi
tiirinde) derekter qalyptastyrylyp, olar jadyga jazylady.

Cumulative Summation blogynda arifmetikalyq progressiia miigelerinin
aldyngy blokta jadyga jazylgan ménderinin qosyndysy esepteledi.

Direct Summation blogynda tike siltemdi komandalar arqyly ekibaitty derekter
qosu operastiasy oryndalady.

Alyngan qosu nitjjesin jadyga saqtau Result of Summation blogynda jiizege
asyrylady.

Series Subtraction jdne Direct Subtraction bloktarynda qosuga paidalanylgan
ekibaitty derekterdin aldyngy alyngan qosu nétijesinen tizbelep alynu prosesi jiizege
asyrylady.

Bagdarlama maétini tomende keltirilgen:

rhkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhkiiihhiiiiiiik

Data Transfers

rhkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkikhhkhkhikihhiiiiiiikk

; Writing to Memory

; Single Data
’ MV A.OFh
ouT 02h
STA 00DOh

MVI C,07h

LXI D,00D0h

IN 01lh :Initial Data
DT 1: ADI 13h ;Step

ouT 02h

INX D

STAX D

DCR C

INZ DT 1
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XCHG

MVI C,08h
DT 2: ADI 09%h ;Step

ouT 02h

INX H

MOV M,A

DCR C

IJNZ DT 2
;****************-k******************************-k****
X Data Access

LXI D,00EFh
MVI C,08h
CNV_1: MOV AM
ouT 03h
RRC
ouT 04h
STAX D
DCX H
DCX D
DCR C
JNZ CNV_1

MVI C,07h
CNV_2 MOV AM

ouT 03h

RAR

ouT 04h

XCHG

MOV M,A

DCX H

DCX D

XCHG

DCR C

JNZ CNV_2
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OouT 04h
STA 00EOh
HLT

5.4 Stekpen jumys tiymdastyryluy

Bill tarauda keltirilgen bagdarlama stek pen mikroprosessor registrleri
arasyndagy derek jiberilimderin Gitymdastyru prinsipterin jine ekibaitty derekterdi
qosu operastialaryn DAD komandasy arqyly jlizege asyru tédrtibin tlisindiruge
arnalZan.

Entry Data blogynda bastapgy parametrler (n — miiseler sany, d —
progressiianyn 6sim qadamy, a0 — bastapqy méni) engiziledi de, olardyn negizinde
Data Array blogynda (arifmetikalyq progressiia miiselerinin ekibaitty ménderi
tiirinde) derekter qalyptastyrylyp, olar jadyga jazylady.

Cumulative Summation blogynda arifmetikalyq progressiia miiselerinin
aldyngy blokta jadyga jazylgan manderinin qosyndysy esepteledi.

Direct Summation blogynda tike siltemdi komandalar arqyly ekibaitty derekter
gosu operasiiasy oryndalady.

Bagdarlama maétini tomende keltirilgen:

rhkhkkkhhkhkhkhkhhkkhkhkhkhkhhkhkhkhkhkhkhhkihkihkhhkihhhhhihkihkhkihhihhihkihkik

X Stack

rhkhkkhhkhkhkhkhhkkhkhkkhkhkhhkhhkhkhkhkhhkihkihkhhkihhhhhihkihkhhkihihhihkiikik

; Entry Data (for Linear Series)

IN 01h ;Data Quantity

MOV B.A

IN 01h ;Step (Low Byte)

MOV E,A

IN 02h ;Step (High Byte)

MOV D,A

IN 01h ;Initial Data (Low Byte)
MOV LA

IN 02h ; Initial Data (High Byte)
MOV H,A
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DT DAD D

MOV AL

ouT 03h

MOV AH

ouT 04h
, PUSH H

DCR C

JNZ DT
X Cumulative Summation
’ MOV  CB

LXI H,0000h  ;Doublet-Byte Accumulator
SUM POP D

DAD D

MOV AL

ouT 03h

MOV AH

ouT 04h
’ DCR C

JNZ SUM
: Direct Addition
’ LXI D,2C1Dh

DAD D

MOV AL

ouT 03h

MOV AH

ouT 04h

HLT

5.5 Kobeitu operasiiasynyn jiizege asyryluy

Keltirilgen birbaitty ekilik  sandardy
matrisaly kobeitu algoritmi boiynsa qurylgan:
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— 8-razriadty sandardy kobeitu nétijesi 16-razriadty san bolatyndyqtan jidne
jeke qosylymdardyn da 16-razriadty sandarga jiirgiziletindigine bailanysty, 16-
razriadty akkumuliator retinde H registrlik juby alynyp, bagdarlamanyn jimys
bastalymynda ol tazartylady;

— D regstrlik jibynyn E registrine birinsi san (kdbeitilgis) engizilip, al D
registri tazartylady da, nitijesinde kobeitilgis 16-razriadty sanga amaldyrylady;

— ygystyru miimkindigin qamtamasyz etu {sin, ekinsi san (kobeitkis) A
registrinde (8-razriadty akkumuliatorda) ornalastyrylady;

— ygystyru operasiiasynyn sanyn baqylaudy qamtamasyz etu iisin,
kobertkistin razriad sany (8) S registrine engiziledi;

— éarbir jeke kobeitilim aldynda, odan biiryn jmnalgan nitije (H registrlik
jubynda) solga ygystyrylady (eseleu arqyly);

— kobertkistin kezekti razriadynyn méni A registrinin quramyn (kobertkisti)
solga ygystyru arqyly anyqtalyp, onyn nolge ten jagdaiynda — jeke kobeitilim
osymen-aq (iagni, H registrlik jubynyn aldyngy ygystyrylymymen) bitedi de, al onyn
birge ten jagdaiynda — H registrlik jibynyn qiiramyna D registrlik jibynyn qiiramy
gosylady;

— é&rbir jeke kobertilimnen keiin ygystyrylym sanauysynyn qiiramy birge
kemitiledi de, onyn nodlge teneskeninde — kobeitu bagdarlamasy 6z jimysyn
alaqtaidy.

Kobeitu operasiiasy jiirgiziletin birbaitty sandardyn engizilui men kobeitu
nétyjesinin korsetimge sygaryluy derekter engizu/sygaru jimysyn atqaruga arnalgan
setki qurylgy arqyly jiizege asyrylady.

Bagdarlama maétini tomende keltirilgen:

rhkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkikhkihhkikiikihhkiiiiiiik
’

X Multiplication

rhkhkkkhhkhkhkhkhhkkhkkkhkhkhhkhhkhkhkhkhhkhhkihkhhkhhhhhihkihkhhkihihhihkihkik

; Preparation

IN 01h :Multiplicand
MOV E,A

MVI D,00h

IN 02h ;Multiplier
LXI H,0000h  ;Result

MVI C,08h ;Digit Counter

SH: DAD H :Double-Byte Shift
RLC
JNC NC
DAD D ;Double-Byte Addition
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INZ SH
e, T

OUT 03h

MOV AH

OUT 04h
’ HLT

5.6 Qosalqy bagdarlamalarmen jumys tnymdastyryluy

Bil tarauda keltirilgen qosalqy bagdarlamalarmen jimys tiymdastyryluy
bagdarlamasy kelesi tirtippen qurylgan. Negizgi bagdarlamanyn basynda, stek
korsetkisine (SP) naqtyly san (adres) engizu arqyly, jadynyn bir boligi stekke
bolinedi.

Mull jane Mul2 bloktarynyn éarbireuinde kobeituge arnalgan derekter
engiziledi de, kdbeitu operasiiasyn oryndauga arnalgan qosalqy bagdarlama (MUL),
sosyn nétyje korsetusi qosalqy bagdarlama (PER) saqyrylady.

SumO blogynda qosu operasiialaryn oryndauga derekter (arifmetikalyq
progressiianyn parametrleri) engiziledi de, qosu operasiialaryn oryndauga arnalgan
qosalqy bagdarlama (SUM), sosyn nitiyje korsetusi qosalqy bagdarlama (PER)
saqyrylady.

Negizgi bagdarlamanyn Sum=... blogynda aqyrgy nétije anyqtalady, iagm
aldyngy kezenderde alyngan jéne jadynyn stek boliginde saqtalgan, jeke nétijelerdin
gosyndysy esepteledi.

Bagdarlamada iis qosalqy bagdarlama paidalanylady:

1) Multiplication — qosalqy bagdarlamanyn saqyrular aldynda engizilgen eki
sandy kobeitedi.

2) Cumulative Summation — qosalqy bagdarlamanyn saqyrylar aldynda
parametrleri berilgen arifmetikalyq progressiianyn miiselerinin  ménderinin
gosyndysyn anyqtaidy.

3) Displaying — qosalqy bagdarlamalarda alyngan nitijelerdi setki qiirylgyda
korsetip, olardy stekte saqtaidy.

Bagdarlama matini tomende keltirilgen:

R R R R R R R R S R R e S e P P S R T S R R R R R R P e R R S R R S R R R S R P P S R P S R R e e R P
’

; Composite Program

R R R R R R R R S R R e S e P R S R T S R R R R R R S e R R S R R S R R R S S P P S R P S R R S e R P

; SUM=al*a2+a3*a4+sum(ai,n,d)

X Mull=al*a2



IN 01h ;Multiplicand
MOV E,A
IN 02h ;Multiplier
CALL MUL
PUSH H
CALL PER
; Mul2=a3*a4
IN 01h ;Multiplicand
MOV E,A
IN 02h ;Multiplier
CALL MUL
PUSH H
CALL PER
; SumO(ai,n,d)
IN 01h ;Data Quantity - n
MOV C,A
IN 02h :Step -d
MOV DA
IN 01h ; Initial Operand — a0
MOV E,A
CALL SUM
PUSH H
CALL PER
; Sum=Mul1+Mul2+Sum0
POP H
POP D
DAD D
POP D
DAD D
CALL PER
HLT
rhkkkhkAAkhkhkrAhkhkhkkhkhkhkhkkhkhkhkhkhkhhkhkkhhkhkhhkhkhiihihkkhkiiikihikiikikikiixikikk
MUL.: ;Multiplication (subroutine)
| MVI D,00h
LXI H,0000h
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ML.: DAD H
RLC
JNC NC
DAD D
NC: DCR C
JNZ ML
RET
SUM ; Cumulative Summation (subroutine)
LXI H,0000h
SM: MOV AE
ADD D
MOV EA
MOV AL
ADD E
JNC NCS
INR H
NCS: MOV LA
DCR C
JNZ SM
RET
PER ; Displaying
MOV AL
ouT O3H
MOV AH
ouT 04H
RET

5.7 Ekilik-ondyq tiirlendirilimder

Usynylgan bagdarlamada biiryn qarastyrylgan kobeitu bagdarlamasyna ekilik-
ondyq tiirlendirilimin jlizege asyru bagdarlamasy qosylyp, ol arqyly engizilgen
birbaitty kobeitkisterge de, ekibaitty nédtijege de sdikesti tiirlendirilim jiirgiziledi.

Ondyq korsetilimdegi sandardyn sdikesti razriadtarynyn méni tiirlendiriletin
sandy ondyq sanau jliiesinin sdikesti razriadynyn qiinyna bdlu arqyly anyqtalady.
Intel 8085 mikroprosessorynyn komandalar jiiiesinde bdlu komandasy
bolmagandyqtan, bdlu operasiiasy alu komandalary arqyly jiizege asyrylady.
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Tiirlendiriletin sandardyn onaltylyq ménderi men sdikesti tiirlendirilim
nitiyjeleri jadynyn bolingen tiasyqtaryna sygarylady. Tirlendirilim nétijelerin
bagylaudyn kornekiligin gamtamasyz etu maqsatynda, olar qiiramy FFh tiirindegi
tilagyqtar qorsamynda sygarylady.

Bagdarlama matini tdmende keltirilgen:

rhkkkhhkhhkhhkhhkhkhkhkhkhkihkihkihkhhkhhhkihkrhkhhkhhkhhhihkihkkihkhhkiiikiikkx
’

: BinDec

rhkkkhhkkhhkhhkhhkhkhkhkhkhkihkihhkkihkhhkhkhhkihkirhkhhkhhkhhhihkihkkihkhhkiiikiikkx

; Setup Cleaning

LXI H,00D0h

MVI C,2Fh

MVI A,00h
CLR MOV M,A

INX H

DCR C

JNZ CLR

IN 01h ;Multiplicand
LXI ............... HO0D0h ....................................................
MOV M,A
INX H
MVI M,00h
MOV E,A
MVI D,00h
IN 02h :Multiplier
LXI ............... HOOEOh ....................................................
MOV M,A
INX H
MVI M,00h
LXI ............... H0000h .....................................................
MVI C,08h
SH DAD H
RLC
JNC NC
DAD D

71



JNZ SH
MOV AL
ouT 03h
MOV AH
ouT 04h
XCHG

LXI H,00FO0h
MOV M,E
INX H

MOV M,D

LXI H,00D0h
MOV E.M
INX H

MOV DM
LXI H,00D8h
CALL BD

LXI H,00EOh
MOV E.M
INX H

MOV DM
LXI H,00E8h
CALL BD

LXI H,00FO0h
MOV E.M
INX H

MOV DM
LXI H,00F8h
CALL BD
HLT

rhkkkkkkkkkkkkkhkhkhkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkikhkhkhkkhhhkhkkhkhkkkhkkhhkhkikkikikiiikk
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D4: MOV AE

SUI 10h :Dec(10000)=Hex(2710)
MOV CA
MOV AD
SBI 27h
MOV B,A
JC Dig3
INR M
MOV E,.C
MOV D,B
JMP D4
Dig3 DCX H
D3 MOV AE
SUlI OE8h ;Dec(1000)=Hex(03E8)
MOV C,A
MOV AD
SBI 03h
MOV B,A
JC Dig2
INR M
MOV E.C
MOV D,B
JMP D3
Dig?2 DCX H
D2 MOV AE
SUlI 64h ;Dec(100)=Hex(0064)
MOV C,A
MOV AD
SBI 00h
MOV B,A
JC Digl
INR M
MOV E,.C
MOV D,B
JMP D2
Digl DCX H
D1 MOV AE
SUl OAh ;Dec(10)=Hex(0A)

73



JC DO
INR M
MOV E.C
JMP D1

DO DCX H
MOV M,E
DCX H
MVI M,0FFh
RET

5.8 Uzilistermen jimys fnymdastyryluy

Bil taraudagy bagdarlamayn qirylymyn bylai suretteuge bolady. Jadynyn
0050h tiasygynan bastap ornalasqan negizgi bagdarlamada ekibaitty sandardyn
tizbeli qalyptastyryluy jéne olardyn setki qurylgynyn 1 jéne 2 porttarynda sygaryluy
jizege asyrylady.

Uzilis bagdarlamalarynda logikalyq komandalar arqyly, setki qlirylgynyh 3
jane 4 porttarynda sygarylatyn, dinamikaly korinister tudyrylady.

Bagdarlama maétini tomende keltirilgen:

rhkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkikhkihhkikiikihhkiiiiiiik
’

; Interrupts
shkhkhhhhhkhkhkkhkhkhkhkhkhkhkhkhkhhhhhkhkhkkhkhkhkhkhkhkhkhkhhhhhkhkhkhkkhkhkhkikikikikiiikx
JMP 0050h ;Jump to Main Routine
ORG 002Ch ;Interrupt Routine 5.5
JMP Rst55
ORG 003Ch ;Interrupt Routine 7.5
JMP Rst75

FEAEEEEEAEEEEAAAAAAAAAAAAAAAAAAAAAAAAAAAAkArAhAhkAhhhhikddkik

.ORG 0050H :Main Rountine

LXI SP,00FFh
MVI A,00h
MOV B,A
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ouT 02h

MRO MVI A,00h

MR INR A
ouT 01h
JNZ MR
INR B
MOV AB
ouT 02h
RIM ;Read Interrupt Mask
MVI A,0BH ;Interrupt Mask
SIM ;Set Interrupt Mask
El ;Enable Interrupts
RIM
JNZ MRO
DI ;Disable Interrupts
RIM
JMP MRO
HLT

Rstb5 ;Interrupt Routine 5.5
PUSH PSW
PUSH B
MVI E,00h
MVI B,08h
MVI A,00h
ouT 04h

Int5_0: MOV C,B
MVI A,80h

Con5 0: RLC
MOV H,A
ORA E
MOV LA
ouT 04h
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DCR C
JNZ Con5_0
DCR B
MOV E,L
JNZ Int5_0
MVI B,08h
Int5_1: MOV CB
MVI A,07Fh
Con5_1: RLC
MOV H,A
ANA E
MOV LA
ouT 04h
MOV AH
DCR C
JNZ Con5_1
DCR B
MOV E,L
JNZ Int5_1
POP B
POP PSW
RET ;Return from Interrupt
Rst75 ;Interrupt Routine 7.5
PUSH PSW
PUSH B
MVI E,00h
MVI B,08h
MVI A,00h
ouT 03h
Int7_0: MOV CB
MVI A,01h
Con7_0: RRC
MOV H,A
ORA E
MOV LA
ouT 03h
MOV AH
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JNZ Con7_0
DCR B
MOV E,L
JNZ Int7_ 0
MVI B,08h
Int7_1: MOV C,B
MVI A,0FEh
Con7_1. RRC
MOV HA
ANA E
MOV LA
ouT 03h
MOV AH
DCR C
JNZ Con7_1
DCR B
MOV E,L
JNZ Int7_1
POP B
POP PSW
RET ;Return from Interrupt

6 Mikroprosessorlyq jiitenin modeli

Osy taraudagy material mikroprosessorlyq jiiienin jalpylama qiirylym
prinsipterin jlizege asyru miimkindikterin, erekse komandalar jiiesimen qamtylgan,
osyndai jiiienin modelin Electronics Workbench modeldeu jiiiesinde [2] qiiru arqyly
qarastyruga arnalgan.

Qarastyrylgan model oqyrmandarga mikroprosessorlyq jlienin qiirylym
prinsipteri men olardyn komandalar jiitesi turaly tolyq bilim aluga jdne btindai
juelerdi qiiru joldaryn tirrenuge miimkindik beredi.

Modeldin qaraparymdyly8y men onyh jimysynyn kornekiligin gamtamasyz
etu magsatynda, ol 4-razriadty derektermen (tetradalarmen) jimys isteuge eseptelip,
mikroprosesessorlyq jalpy qiirylym prinsipteri boiynsa qiiryldy.
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6.1 MP4M modelinin qiirylymy

Quramyna mikroprosessor (MP4M), derek engizu qiirylgysy (In), jady jiitesi
(Mem) jéne jlilenin jimys rejimin tandau blogy (Regime) engizilgen, 4-razriadty

mikroprosessorlyq jiitenin modeli 6.1 surette keltirilgen.

(M) - Mem/Run

—O

(P) - PriDt

(17 - Deriflnr

—

Code Run/Stop

.Cycle

O Bit

]

(v - erlLog

_.. Address Data

(5] - SubiAdd

—O iy

—
—

]

]

DB | |g®——
e

L

Fegime

6.1 suret

Mikroprosessor qiiramyna (6.2 suret) kelesi bloktar kiredi:

— arnaty qyzmettik registrler jinamy (RGs, Registers);

— arifmetikalyq-logikalyq qurylgy (ALU, Arithmetic-Logic Unit);
— komanda registri (BUF, Buffer Register);

— komanda desifratory (DC 16, Decoder 16-bit);

— taimer (CLK, Clock);

— mikrobagdarlamaly qurylgy (Combi, Combinational Circuit.

78



e —— |

ININEENINENENENEENE
| RG
Pt — 2
—@ — —‘
® L7
___‘ J.___
e N AL
—' rrr N ]
_| | |||||||||||+-HHHHHHHHHHHHH|—‘.—'
Combi
L P O O O S I I |
1R % DC_16 CLK ——
I
|
| I b
6.2 suret

6.2 MP4M modelinin qyzmet buyndary

Registrler jinamynyn (RGs) quramyna éarbireui naqtyly qyzmet atqaruga
arnalgan kelesi registrler kiredi:

g

i g g

I=
L[]

m
0 o
|
<§
0 .9

w2

| I

6.3 suret

— A registri akkumuliator (Accumulator) qyzmetin atqarady, onda
arifmetikalyq jine logikalyq operasiialarga qatysty operandtardyn bireui nemese
operasiialardyn oryndalu nétijesi saqtalady. Akkumuliatorga derek jadydan (LD A
komandasy) nemese ALU-dan (kezekti arifmetikalyq nemese logikalyq operasiia
oryndalgannan keiin) engiziledi;

— Al registri amalymdy qosylymdardyn tiymdastyryluy kezinde tuatyn
tasymaldardy jmnauga arnalgan. Ol bagdarlamanyn iske qosyluy kezinde jine
akkumuliatorga (A registrine) LD A komandasymen derek

79



engizilui kezinde tazartylady. Ondagy derek Space tiiimesin qysqa uaqytqa basu
arqyly akkumuliator korsetkisterine sygarylady;

— B registri mikroprosessordyn iski registrleri men jady arasyndagy derek
jiberilimderinin adres registrinin qyzmetin atqarady (LD C, LD IP, LD SP, LD A
komandalary). LD C, LD SP, LD A komandalary oryndalgannan keiin B registrindegi
san tilgaitylady (iagni, ogan bir qosylady). Ol bagdarlamanyn iske qosyluy kezinde
tazartylady Bl registrge derek LD B komandasymen engiziledi, ogan adres registri
retinde C registri paidalanylady;

— C registri anfmetikalyq jéne logikalyq operasiialarga qatysty ekinsi
operandtyn adres registrinin qyzmetin atqarady. Séikesti komandalar oryndalgannan
keiin S registrindegi san iilgaitylady, biraq onyn bagytyn (B registrinen erekse)
ozgertuge bolady, ol I tiumesi arqyly qoiylady jdne onyn jagdaiy (I) - Dcr/Inr
korsetkisinde korsetiledi: =0 kezinde — tura bagytta (Increment), al I=1 kezinde —
teris bagytta (Decrement). Ondagy sandy 6zgermegen tiirinde de qaldyruga bolady,
bitindai jagdai turaly jiiienin jimys rejimderin suretteu kezinde aitylady. Biil registrge
derek LD C komandasymen jiizege asyrylady. Bagdarlamanyn iske qosyluy kezinde
bul registr 1111 jagdaiyna qoiylady (XOR elementteri arqyly). Kez kelgen
bagdarlamanyn qiramynda derek taratu komandalarynyn bolatyndygynan,
bagdarlamanyn biringi komandasy B registrine derek engizu komandasy (LD
B) bolu kerek. C registrinin stilbasyndagy tortkiristi OR elementi registrdin noldik
jagdaiyn anyqtauga arnalgan, ol arqyly ainalymdy operasiualardyn titymdastyryluy
kezinde sartty auysu jlizege asyrylady;

— SP registri stek korsetkisinin (Stack Pointer) qyzmetin atqarady, iagni
PUSH jane POP komandaluy kezinde adres registrinin rolinde bolady: ondagy adres
PUSH komandasynyn oryndalar aldynda kemitiledi (Predecrement) jdne POP
komandasy oryndalgannan keiin dilgaitylady (Postincrement). Biil registrge derek
engizu LD SP komandasymen jlizege asyrylady. Bagdarlamanyn iske qosyluy
kezinde biil registr 1111 jagdaiyna qoiylady;

— 1P registri komanda korsetkisinin (Instuction Pointer) qyzmetin atqarady.
Kezekti komandanyn kody jadydan sygarylyp, komanda registrine saqtalgannan keiin
ondagy adres ulgaitylady. Bil registrge derek LD IP komandasymen jilizege
asyrylady. Ondagy adres, jiiienin keibir alternativti jimys rejimderinde anyqtalatyn,
sartty auysu kezinde de oOzgertiledi. Ol bagdarlamanyn iske qosyluy kezinde
tazartylady.

Barlyq registrdin kiristeri — iski derek jelisine, al sygystary (iis jagdaily buferlik
elementter arqyly) atqaratyn qyzmetine saikesti derek jelisine nemese adres jelisine
gosylgan.

Arifmetikalyqg-logikalyq qurylgy (ALU, Arithmetic-Logic Unit) arifmetikalyq
jane logikalyq operasiialardyn oryndaluyn jiizege asyrady. Onyn qiiramynda sdikesti
operasiialardyn oryndaluyn jlizege asyrusy boliktemeler (sum, not, and, or, xor) jdne
operandtar men
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oryndalgan operasiianyn nétijesin uaqytsa saqtauga arnalgan buferlik registrler bolady.

Komanda desifratory (DC_16) kezekti komandanyn kodyna sdikesti oryndausy
mikrobagdarlamasyn iske qosady, iagn1 osy komandanyn oryndaluyna gatysty
qurylgylarga jiberiletin basqaru signaldarynyn galyptastyrylu jolyn anyqtaidy.

Taimer (CLK) komandalardyn oryndaluyna qatysty qiirylgylarga jiberiletin
basqaru signaldarynyn uaqyttyq taralymyn anyqtaidy.

Quystyrmaly mikrobagdarlamalyq qurylgy (Combi, Combinational Circuit)
kezekti komandanyn oryndaluyn qamtamasyz etusi kenistiktik jane uaqyttyq basqaru
signaldaryn qalyptastyrady.

Engizu qurylgysy Kkiristerine sédikesti tiiimeler qosylgan sifratorlar negizinde
qurylgan.

Jiire jadysy 16 tiiasyqty eki blok tiirinde qurylgan. Olardyn bireui— bagdarlama
qiramyndagy komandalardyn kodtaryn saqtauga, al ekinsiSi bagdarlamada
oryndalatyn operasiialarga qatysty derek maénderin jdne bagdarlama jumysyn
basqaruga (mysaly, amalymdy bagdarlamaly qiirylymdar tuymdastyruga) qajetti
aqgparat saqtauga arnalZan.

Jadyny basqaru jliesi (MCon, Memory Control) jady bloktarynyn (komanda
kodtarynyn nemese derekterdin) bireuin jdne engizu qurylgysynan nemese
mikroprosessordan tlisetin basqaru signaldaryna bailanysty olardyn jimys rejiminin
(engizu, jazu, oqu) tandaluyn qamtamasyz etedi.

6.3 MP4M modelinin juimys rejimderi men komandalar jiiiesi

Jile birnese rejimde ister alady, olar rejim tandau blogyndagy (Regime)
tiimelerdin jagdatymen anyqtalady. Olardyn jagdary saikesti korsetkisterde
suretteledi. Osy rejimderdi surettelik.

Engizu qiirylgysynan jady jliiesine agparat engizu M=1 kezinde jiirgiziledi.
Eger bul kezde P=1 bolsa, onda agparat — bagdarlama jadysyna (bagdarlama kody F
togtatu komandasymen aiaqtalu kerek), al P=0 kezinde derek jadysyna engiziled.:.
Jady qiiramyn tekseru Space tiiimesin qysqa uaqytga basyp, jady tiiasygynyn adresin
Ozgertu arqyly jiirgiziledi. P tiumesinin jagdaiy 6zgertilgende jady adresi tazartylady.

Bagdarlamany iske qosu M tiiimesin M=0 jagdaiyna auystyru arqyly jiizege
asyrylady. Eger bul kezde P=1 bolsa, onda arifmetikalyq jéne logikalyq
komandalardyn oryndaluy kezinde C registrinin jagdaiy ozgertiledi (I manine
satkesti), al P=0 kezinde onyn jagdaiy 6zgermegen jagdaida qalady.

S=0 kezinde ADS jidne ACS komandalary arqyly — qosu operastialary, al S=1
— alu operasiialary oryndalady.

V=0 kezinde AND komandasy arqyly eki operand arasynda — qalypty
logikalyq kdbeitu operasiiasy, al V=1 kezinde derektin naqtyly razriadyndagy birlik
bitti tabuga arnalgan bittik operasiia jiizege
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asyrylady. Bul bittik operasiianyn oryndaluy {lisin akkumuliatorga gajetti razriadynda
gana bir tirgan sanauys engizilu kerek. Surettelgen bittik operasiia syrtqy qurylgydan
keletin stiranys signalyn nemese is jiizindegi qoldanba jiiielerdegi qiiptau signalyn
tanudy elestetedi.

Jiilenin jimys rejimderin auystyru bagdarlamany iske qosu aldynda jiirgiziledi,
biraq ony bagdarlamanyn juimys barysynda da jlizege asyruga bolady. Mysaly, jimys
barysynda qosu operasiialaryn alu operasiialaryna 6zgertuge bolady. Sol siiaqty
koniunksiiany bittik operasiiaga auystyruga bolady.

MP4M mikroprosessorynyn komandalary men olardyn sipattamalary
— 6.1 kestede, al jlirenin jimys rejimderinin qorylu tartibi 6.2 kestede keltirilgen.

6.1 k e ste— MP4M mikroprosessorynyn komandalary

Kod Operasiialar
Mn-ka Hex V=0 P S V=1; I=1
LD B 0 B<[(C)]; C—O)*1
LDC 1 |C<[(B)]; B«(B)+I1
LD IP 2 [[P—[(B)]
LDSP | 3 [SP—[(B)]; B« (B)+1
LD A 4 JA—[(B)]; B—(B)*+1
ST 5 [(B)]«(A);B—(B)+1
INR 6 |A(A)F]
NOT 7 |A—(A)
) P=1: C«—var(I) |S=1: SUB (-) Zc=0:
ADS 8 A—(AHIO] Te P=0: C = invar |S=0:ADD,ADC (+) [[P<IP+1
ACS 9 A—(A)E[(C)xTc; Tc
ZchNZa=0:
AND | A A—(A)M(C)] [P—IP+1
OR B A—(A)V[(C)]
XOR C A=) [(C)]
SP«—(SP)-1;
PUSH D
(SP)]—(A)
POP E |A<(SP)]; SP—(SP)+1
HLT F |IP=invar
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6.2 k e st e — MP4M mikroprosessorynyn jimys rejimderinin qoiyluy

Kilt, M/R = 1 M/R — 0: Running: A,B,IP < 0; C,SP <« F
ind-r - P=1: Ce—var(l); P=0: C=invar
S=0 Addition (+) A — (A) + [(O)]
S=1 Subtraction  (-) A — (A)-[(CO)]
1=1 PD=1: | PD=0; [ostDecrementC—C)= 1o ) 1. (C)=0: Zc 0
=0 MemPr—IN | MemD«IN PostIncrement C«—(C) +1 |C «— (C) + 1
V=0 Logical Operation A — (A) MY TF[(C)]
V=1 Verifying of Byte (A)=0010...bi=1:Za <0

6.4 MP4M modelinin jimysyn tirymdastyru mysaldary

Modeldin qyzmet miimkindikterin sipattau maqgsatynda onyn jumysyn
tiymdastyrusy eki bagdarlamanyn surettemesin keltirelik. Tomende keltirilgen
bagdarlama qarastyrylusy modeldin jady jiiiesinde (keltirilgen bagdarlamada — 1-5
tilagyqtarda) ornalastyrylgan derekterdin qosyndysyn esepteu jimysyn atqarady.

Adres  Komanda Kod Adres Derek Adres Derek
0 LD B 0 0
1 LD C 1 1 A 7 5
2 ADS 8 2 B 8 2
3 LD IP 2 3 C
4 HLT F 4 D
5 E F 7

Bil bagdarlama oryndalyp bolgannan keiin qosu nétijesinin kisi razriadynyn
mini A registrinde (S sany) korsetiledi, al onyn iilken razriadynynh méni (3 sany)
Space tliimesin qysqa merzimge basu arqyly anyqtalady.

Kelesi bagdarlama bittik operasiialardy oryndau arqyly jadynyn 1...5 adresti
tiasyqtaryndagy derekterdin isinen iigingi biti birlik méndegi sandy tabu jimysyn
jiizege asyrady.

Adres  Komanda Kod Adres Derek Adres Derek
0 LD B 0 0 6
1 LD C 1 1 8 7 5
2 LD A 4 2 D 8 4
3 AND A 3 A 9 3
4 LD IP 2 4 9
5 HLT F 5 B F 7
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Qajetti san tabylganda, bagdarlama ony Bit indikatoryn jypylyqtatu arqyly
habarlaidy da, jumysyn bitiredi, al tabylgan san (D sany) Al registrinin
indikatorlarynda korsetiledi.

Qarastyrylgan modeldin erekse qurylymy men onyn jumys rejimderinin
artiirliligi men komandalar jliiesinin qubylmalylygy aluan tiirli bagdarlamalar qiiruga
miimkindik beredi jdne paidalanusynyn osy saladagy sygarmasylyq qabiletinin
damuyna dser etedi.
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