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<l>yttKu;woHaJibHoe Ha3Haqem1e BbIBO,n:oB Koprryca MK51 

MttKpOKOHTpomiep BbITIOnHeH Ha OCHOBe BbICOKoypoBHeBOH n-MOTI 

TexHonorww w BhmycKaeTc.si B Kopnyce EHC, HMeIOmeM 40 BHeurn11x 

BbIBO.D:OB. U:oKoneBKa Kopnyca MK51 11 Ha11MeH0BaH11.s1 BbIBO.D:OB rroKa3aHhI 

Ha p11c. 3 .1. ,Un.si pa60Tbl MK.51 Tpe6yeTC.sI O.D:HH HCTQqHH:K 3neKTpon11TaHl1.sI 

+5 B. qepe3 qeTbipe nporpaMMttpyeMbIX nopTa BBo,n:a!BbIBo,n:a MK.51 

B3attMo,n:eilcTBYeT co cpe,n:oil B cTaH,n:apTe TTJI-cxeM c TpeM.si cocTo.sIHH.sIMl1 

Bblxo,n:a. Kopnyc MK5 1 HMeeT .n:sa BbIBo,n:a .n:mi: rro,n:KJIJ0qett11.s1 KBapu;esoro 

pe30HaTopa, qeTblpe BbIBO,n:a .n:n.si CHfHaJIOB, yrrpaBmlIOlllHX pe)fUlMOM pa60Tbl 

MK, 11 soceMb nwH11il nopTa 3, KOTOpbie MOfYT 6bITh 3anporpaMM11posaHbI 

nonb30BaTeneM Ha BbITIOnHeHHe cneu11an11311poBaHHbIX (anbTepHaTHBHbIX) 

cpyHKU11il o6MeHa 1rncpopMar..u1eil co cpe.n:oii. 

Pl.O 1 40 +SB.OCH. (VCC) 

Pl.1 2 39 PO.O 

Pl.2 3 38 P0.1 
TiopT Pl .3 4 37 P0.2 

1 Pl.4 5 36 P0.3 TiopT 

Pl.5 6 35 P0.4 0 

Pl.6 7 34 P0.5 

Pl.7 8 ,...... 33 P0.6 
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29 PB IT IT (PSEN) 3nPO ~ --
TiopT Jn Pt CINTll 13 ~ 28 P2.7 

3 TO 14 27 P2.6 

T1 15 26 P2 .5 

3n (WRl 16 25 P2.4 Ti opT 

4T (RO) 17 24 P2.3 2 

X2 lXTAL2l 18 23 P2.2 

X1 tXTALll 19 22 P2.1 

06~ (VSSl 20 21 P2.0 

P11c. 3 .1. Lt oKoneBKa Kopnyc a MK51 11 Ha:HMeHoB aH11e BbIB o,zi;oB 



CTpyKryptta.SI cxeMa MK51 

OcttoBy cTpyKTypttoi1 cxeM'bl MK51 (pJ1c. 3 .2) o6pa.3yeT attyTpettmrn 

.n;ayttarrpaBrreHHa.SI 8-6J1THa.S1 lliJIHa, KOTopa51 CB.SI3hIBaeT Me)f(,n;y co6oti ace 

ocHOBHhie Y3JihI JI ycTpoticTaa: pe3J1,n;eHTH)'IO rraM51Th, AJIY, 6110K perJ1cTpoa 

crreU:JlaJibHbIX cpyHKLJ,JIM, ycTpOMCTBO ynpaBJ1eHJl51 JI rropTbI BBO,ll;a!BbIBO,ll;a. 

PaccMoTpJIM ocHOBHhie 3JieMeHThI cTpyKT)'phI JI oco6eHHOCTH opraHJ13aU:J1J1 

BhPmcrr11TenhHoro rrpou,ecca B MK51. 
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PHC .3 .2. CTpyuypHall cxeMa MK51 

Ap11cpMeT11YecKo-nor11qecKoe ycTpoticTBO 

P2.1 
P2.2 
P2.3 
P2.4 
P2.5 
P2.6 
P2.7 

P1.1 
P1.2 
P1.3 
P1 .4 
P1.5 
P1.6 
P1.7 

P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 
P3.7 

8-6HTHoe AJIY MO)f(eT BhIIIOJTH51Th ap11cpMeTH'lleCKMe orrepaUHH 

cno)f(emrn, BhJlUITaHH.SI, JMHO)f(eHM.SI 11 .n;enettm1; norJ1qecKJ1e onepau1rn 11, 

HJIH, HCKJIJOYaJOrn:ee HJIH, a TaK)f(e onepaum1 U:J1KnJ1qecKoro c,n;BJ1ra, 

c6poca, HHBepTJ1poBaHJ1.S1 JI T.n. B AJIY J1MeJOTC5l nporpaMMHO He,n;ocTynHhie 

perJ1cTphI Tl JI T2, npe.n;Ha3Ha'lleHHhie .z:i;n51 apeMeHHoro xpaHeHJ15l 

onepatt.n;oa, cxeMa .n;ecHTJl'lJHOH KoppeKLJ,JIJI JI cxeMa cpopM11poaaHJ15l 

rrpH3HaKOB. 



TipocTeihmui: orrepaI.J;JUI CJIO)KeHIUI 11CITOJlb3YeTC51 B AJIY .ll.J151 

lfHKpeMeHT11posamrn CO.l1,ep)K11MOfO perlfCTpOB, rrpO.LJ.Bl1)Kemrn per11cTpa

yKa3aTeJI51 .LJ.aHHbIX 11 aBTOMaTwiecKoro Bb1q11cneH115I cne.LJ.yrorn:ero a.lI,peca 

PTITI. TipocTeihna51 onepau1151 Bb1q~naH115I lfCTIOJib3yeTc51 B AJIY .ll.J151 

.l1,eKpeMeHT11pOBaHl151 per11cTpOB 11 cpaBHemrn rrepeMeHHbIX. 

TipocTel1rrrn:e orrepauH11 aBTOMaT11qecK11 o6pa3)'lOT 11TaH.l1,eMbI
11 

.lJ.IT51 

BbITIOJIHeHl151 B AJIY TaKHX onepau11l1, KaK, Hanp11Mep, 11HKpeMeHT11pOBaHl1e 

l 6-611THbIX per11cTpOBbIX nap. B AJIY pean113yeTC5I MexaHl13M KacKa.lI,Horo 

BbITIOJIHeHl151 npocTeMIIIHX onepau11i1: .ll.J151 pean113au1111 CJIO)KHbIX KOMaH.lI,. 

TaK, Hanp11Mep, np11 BbITIOJIHeHI1I1 O.lJ.HOM 113 KOMaH)l, ycJIOBHOH nepe)l.aq11 

npasneH115I no pe3ynhTary cpaBHeHI151 B AJIY TpH)K.lJ.hI I1HKpeMeHT11pyeTc5I 

CK, .LJ.Ba)K.lJ.bI npo113BO.LJ.11TC51 qTett11e 113 PTI)J:, BbITIOJIH51eTC51 apmpMeTwiecKoe 

cpastteH11e .LJ.Byx nepeMeHHbIX, ¢opM11pyeTc5I l 6-611THbIH a.LJ.pec rrepexo)1.a 11 

np11H11MaeTc5I peIIIemre o TOM, .lI,eJiaTb 11n11 He .LJ.eJiaTh nepexo.IJ. no 

rrporpaMMe. Bee rrepeq11cneHHbie orrepau1111 BbITIOJIH51JOTC51 B AJIY scero 

Jll1lllb 3a 2 MKC. 

Ba)KHOH oco6eHHOCThJO AJIY 51BJI51eTC51 ero crroco6HocTb onep11posaTh 

He TOJTbKO 6ai1:TaMI1, HO I1 611TaMI1. 0T.IJ.eJibHbie nporpaMMHO-.lJ.OCTYTIHbie 

611Tbl MOfYT 6bITb ycTaHOBJieHbI, c6poIIIeHbI, 11HBepTHpOBaHhI, rrepe.lI,aHbI, 

rrposepeHhI 11 11cnoJib30BaHhI B nor11qecK11x orrepaI.J.1151X. 3Ta cnoco6HocTh 

AJIY, orrep11posaTh 611TaM11, CTOJih Ba)l(Ha, qTo so MHor11x on11caH115IX MKS I 

rosop11Tc5I o ttan11q1111 B HeM "6ynescKoro rrpoueccopa" . .D:n51 ynpasneHH51 

o6oeKTaMtt qacTo npttMeH51IOTC51 anrop11TMbI, co.IJ.ep)Kam11e orrepaumi: Ha.lJ. 

BXO)J.HbIMl1 11 BbIXO.IJ.HbIMl1 6yneBCKl1Ml1 nepeMeHHbIMI1 (I1CTl1Ha!JIO)Kb ), 

pean113au1151 KOTOpbIX cpe.IJ.CTBaM11 06b1qHbIX M11Kporrpoueccopos corrp51)Ketta 

c orrpe)J.eJieHHbIMl1 TPY.IJ.HOCT51MI1. 

TaKHM o6pa3oM, AJIY MO)KeT orrep11posaTb qeTbipbM51 T11rraM11 

ttH¢opMaI.J.I10HHbIX o6'beKTOB: 6yneBCKI1MI1 ( 1 611T), u11¢poBbIMI1 ( 4 6ttTa), 

6al1THbIMI1 (8 611T) 11 a.IJ.pecHbIMl1 (16 611T). B AJIY BbITIOJIH51eTc51 51 

pa3JII.fqHM orrepau1151 rrepechIJIKI1 11n11 npeo6pa3oBaHI151 3T11X )1.aHHbIX. TaK 



KaK ucrroJih3yeTc51 11 pe)frnMoB a.npecauuu (7 )l.JI51 .nattHhIX u 4 )l.JI51 a.npecos ), 

TO IIYTeM KoM6HHuposattm:r: "orrepau1rn/ pe)frnM a.npecauuu" 6aJosoe 1U1CJIO 

KOMaH.n 111 pacump51eTC51 )l.0 255 113 256 B03MO)f(HbIX rrpu O)l.H06attTHOM 

Ko.ne orrepaum1. 

Pe3H)l.eHTHa51 rraM51Tb 

ITaM51Tb rrporpaMM Ii rraM51Tb ,naHHbIX, pa3MellI,eHHbie Ha Kp11CTaJIJie 

MKS cpI13.J.iqecKli Ii nor.J.iqecKli pa3.neneHbI, HMeIOT pa3JI.J.iqHbie MexaHH3MbI 

a.npecauuu, pa6oTaIOT rro.n yrrpasnettueM pa3JI.J.iqHbIX curHaJIOB u BhIIIOJIH51IOT 

pa3Hbie cpyHKUlili . 

ITaM51Th nporpaMM (IT3Y liJili CIIl13Y) HMeeT eMKOCTb 4 K6aiiTa 11 

npe)l.Ha3Hat.JeHa )J.JI51 xpaHeHH51 KOMaH)J., KOHCTaHT, yrrpaBJI51lOllI,liX CJIOB 

HHliUliaJIH3aUlil1, Ta6JiliU rrepeKO)J.11pOBKli BXO.[{HblX Ii BbIXO)J.HbIX CMeHHblX Ii 

T.n. PIIlI liMeeT l 6-611THYJO ll111HY a.npeca, qepe3 KOTOPYIO 06ecnet.J11saeTC5I 

.nocryn J{3 Ct.JeTq.J.iKa KOMaH.n liJil1 113 perliCTpa-yKa3aTeJI51 ,n:aHHbIX. 

ITocne)J.HliW BbIIIOJIH51eT cpyttKUHl1 6aJosoro perHcTpa rrp11 KOCBeHHbIX 

rrepexo.nax no nporpaMMe unu ucrronh3yeTc51 B KOMaH.nax, orrepupYJOllI.HX c 

Ta6n11uaM11. 

I1aM51Tb )l.aHHbIX (03Y) npe,n:Ha3HaqeHa )l,Jl51 xpaHeHl151 nepeMeHHbIX B 

npouecce BbIIIOJIHeHH51 rrpHKJia,uHoii rrporpaMMbI, a.npecyeTc51 o)l.HliM 6al1ToM 

JI 11MeeT eMKOCTh 128 6al1T. KpoMe Toro, K a)J.pecHoMy npocTpaHCTBY PIT.D: 

np11MbIKalOT a.npeca perliCTpOB crreu11aJTbHbIX cpyttKUl1H (PC<I> ) , KOTOpbie 

nepeq.J.icJieHhI s Ta6nHue 2.1. 

IlaMjJTb rrporpaMM, TaK )Ke KaK 11 naM51Tb ,naHHbIX, MO)KeT 6bITb 

pacII111petta .no 64 K6al1T nyTeM rro)l.KJIIOqemrn BHelliHYIX EI1C. 

AKKYMYJijJTOp YI CCII. AKKYMYJI51TOp 51BJI51eTCjJ 11CT01.JHYIKOM onepaH.na 

11 MeCTOM cpuKcau1111 pe3yJibTaTa np11 BbII10JIHeHl111 apYicpMeTl11.JeCKl1X, 

nor11t.JecK11x onepau11i1 11 pjJ)J.a onepau11ti nepe)J.a1rn )l,aHHbIX. KpoMe Toro, 



TOJlhKO c HCIIOJlh30BaHHeM aKKYMYJUITOpa MOryT 6hITh BhIIIOJIHeHhI onepaUHH 

C.[lBHroB, rrpoBepKa Ha Hynh, cpopMHpoBaHHe cprrara rrapHTeTa 11 T.rr. 

Ta61111ua 2.1. :OrroK per11cTpos cneu11anhHhIX cpyHKUHH 

~MBOJl I 
-- _T____ - -

Ha11MeH0BaH11e An pee 

I * ACC AKKYMYJUITOP OEOH 

I I I ·-
*B Per11cTp-pacump11Te11h aKKYMYJI.HTopa OFOH 

I * PSW Cnoso cocT05IHm1 rrporpaMMhI ODOH 

I SP I PerHcTp-yKa3aTenb cTeKa I 81H 

I 
Per11cTp-yKa3aTeJih .[laHHhIX (DPH) [ 83H -

DPTR ~~ (DPL) 

I *PO ITopT 0 80H 

! *Pl ITopT 1 90H -
* IT T2 OAOH 

I I 
-

I 
-- --

* P3 ITopT 3 OBOH 

I 
-- I 

-
*IP Per11cTp rrpHop11TeToB OB8H 

·-
I *IE I Per11cTp MaCKH npepbIBaHHH I OA8H 

P2 op 

I TMOD I PerttcTp pe)lrnMa TaH:Mepa/cqeTqttKa I 89H 
*TCON Per11cTp yrrpaBrreHH51/cTaryc TaH:Mepa I 88H 

I -
THO TaH:Mep 0 (cTapumH: 6ai1T) 8CH 

I TLO I Tai1Mep 0 (M11aaw11ti 6ai1:T) I 8AH I 

THI T H:Me 1 CT v ti I 8DH I a p ( a_pw1111 6a T) ---1 

I TLI TatiMep 1 (MJia.[lWMH 6ai1T) 8BH I 

l. * SCON Per11cTp yrrpaBneHH51 98H ~ 
rrp11eMonepeaaTq11KoM 

/ SBUF :Oycpep rrp11eMonepeaaTq11Ka 99H 
PCON j Per11cTp yrrpasnemrn MOlllHOCTbIO -i---87H 

--- I 
I1p11MeYaH11e. Per11cTph1, MMeHa KOTOpb1x OTMeqeHbI 3HaKoM (*), aonycKaIOT 1 

~---------a_.LI._~pe_c_a_u_11_10_0T_.LI._e11hH~1x 611T. _J 

ITp.11 BhIIIOJIHeH.1111 MHOrHX KOMaH,LJ, B AJIY cpopM11pyeTc.H p51.LI. 

rrpM3HaKOB orrepau1-m (cprraros), KOTOphie cp11KCMpyIOTC51 B perMCTpe ccrr. B 

Ta611m.i:e 2.2 IIpI1BO,ll,MTC51 rrepeYeHh cpllafOB CCIJ, ,LJ,aIOTC51 HX CMMBOJlHYeCK.He 

MMeHa 11 orr11cbrna10Tc5I yc11os1151 11x cpopM11poBamrn. 



Ta6m1ua 2.2. <l>opMaT cnoaa cocTO.S1HI1.S1 nporpaMMhI (CCII) 

c HMBOJI II 03HUH.SI 

c PSW.7 

AC PSW.6 

FO PSW.5 
I 
I 

RSI PSW.4 

RSO PSW.3 

I OV ~-2 
' PSW.l 

p PSW.O 

I 

M.SI H Ha3Ha1ieHHe -
<I>nar nepettoca. Y cTaHaBJrneaeTc.SI H 

c6pacbrnaeTc51 arrnaparyptthIMI1 cpe.ucTBaMH 
HJIH rrporpaMMOH npH 

BbITIOJIHeHHH apHcpMeTW-IeCKHX H 
JIOfH1ieCKHX orrepaUHH 

<l>nar acrroMoraTeJibHoro rrepeHoca. 
y CTaHaBmrnaeTC51 H c6paCbIBaeTC51 TOJihKO 

annapaT)'pHbIMH cpe,UCTBaMH npM 
BhITIOJIHeHHH KOMaH,U CJIO)l(eHH51 Jil 

BbJ1iHTaHJUI Jil CHfHaJIH3MpyeT 0 rrepettoce 
HJIH 3aeM B 611Te 3 -

<I>Jiar 0. Mo)l(eT 6hITh ycTaHOBJieH, 
c6poweH HJIH npoaepett nporpaMMOH KaK 
cpJiar, crreuHcpHUMpyeMbIH IlOJih30BaTeJieM 

Bh16op 6aHKa penrcTpoa. Y cTaHaBJIMBaeTcsi: 
H c6paCbIBaeTC51 rrporpaMMOH ,UJ151 BhI6opa 

pa6oqero 6attKa penrcTpoe (CM. 
I npMMeqam:i:e) 

-
<l>nar rreperronHeHWI. Y crnHaemrnaeTcR " i 

c6pacbrnaeTc.SI arrnapaTHO npM Bhmonttemrn 
apHcpMenrqecKHX onepau11li 

He 11cnoJih3YeTcsi: 

<l>nar napHTeTa. y CTaHaBJlHBaeTC.SI H 
c6pacbrnaeTcsi: anrrapaTyphI B Ka)l(,UOM 

UJilKJie KOMaH,UbI H cpHKCHpyeT 
HeqeTHoe/qeTHOe l{HCJIO e,UHHJilt.fHbIX 6HT B 

aKKYMYJI.SITOpe, T.e. BbITIOJIH.SleT KOHTpOJih 
no qeTHOCTH 

RSI RSO ~ ~Hl.\;;r-aHK 
a.upecoa _ 1 

o f o I o j ooH-07H 
:.---0---:..-1- -I _ j,___I _...I_ 08H-OFH 

I I ~ 121 IOH-I7H 

I I I 3 18H-1FH 

Ha116onee "aKTHBHhIM" cpIIaroM CCII si:Bn.S1eTC.S1 cpJiar rrepettoca, 

KOTOpbre npHHHMaeT yqacTHe H MO.UHcpm.1,11pyeTC5I B npouecce BhICTOJIHeHmI 

MHO)l(eCTB onepau11a, BKJII01ia.SI CJIO)l(eHHe, Bhl1iHTam1e l1 C,ll,BJilfH. KpoMe 

Toro, q)Jlar nepettoca (C) BhITIOJIH.SleT cpyttKUHH "6ynesoro aKKYMYJI51Topa" B 



KOMaH.uax, MaHHilYJHlpyIDlll.HX c 611TaM11. <l>JTar neperr01rneHI1.SI (OV) 

<P11Kc11pyeT ap11<PMeT11qecKoe rrepenonHeH11e np11 orrepau:11.HX HaA uen hIMM 

qYJcJiaMH co 3H3KOM l1 )leJiaeT B03MO)f(HhIM l1CJIOJTh30BaHHe apmpMeTHKH B 

AOITOJIHMTeJihHhIX KO,!laX. AJIY He yrrpaBJI.SleT <PnaraMH ceneKU:HM 6aHKa 

perHcTpos (RSO, RS 1 ), 11 MX 3HaqeHMe noJIHOCThJO onpe.uen.S1eTc.S1 

rrpHKIIa)J.HOH rrporpaMMOH M MCI10Jlh3YeTC.SI .[(JI.SI BbI6opa OAHOfO 113 qeThipex 

perHCTpOBhIX 6aHKOB. 

lli11p0Koe pacrrpocTpaHeH11e rronyq1u10 rrpe.ucTaBJieH11e o TOM, qTo B 

MMKporrpou:eccopax, apXMTeKTypa KOTOpbIX om1 paeTC.SI Ha aKKYMYJI.SITOp, 

60JihllIMHCTBO KOM3H.!l pa6oTaJOT c HMM, HCITOJTh3Y.SI a.n.pecau:HJO "no 

yMonqaHHJO" (tte.SIBHyro ) . B MK51 ,n:eJTo o6cToHT HHaqe. XoT.SI rrpou:eccop B 

MK5 l HMeeT B csoeii OCHOBe aKKYMYJI.SITOp, o,n:HaKO, OH MO)f(eT BbinOJIH.SITb 

MHO)f(eCTBO KOM3HA M 6e3 yqacnrn aKKYMYJI.SITopa. HarrpHMep, )J.3HHble MoryT 

6hITh rrepe,n:aHhI M3 mo6oii Hqei1:KH PII.ZJ: s JIJ06oli per11cTp, mo6oi1 pen1cTp 

MO)f(eT 6hITh 3arpy)f(eH tterrocpe.ucTBeHHhIM orrepaH.!lOM H T . .!l . Mttor11e 

JIOfl.flieCKMe orrepaU:MM MOryT 6bITh Bhll10JIHeHhl 6e3 yqacTH.SI aKKYMYJI.SITOpa. 

KpoMe Toro, rrepeMeHHhie MoryT 6hITh MHKpeMeHTHposaHhI, 

)leKpeMeHTHposaHbI M nposepeHbl (test) 6e3 MCITOJih30BaHHH aKKYMYJIHTOpa. 

<l>narM M yrrpaBJT.SllOllJ.Me 6MThl MOryT 6hITh rrposepeHbl H H3MeHeHhI 

aHaJIOfJiqHo. 

Pen1cTph1-yKa3aTeJIM. 8-6MTHhIJ:i yKa3aTeJih cTeKa (PYC) MO)f(eT 

a.upecosaTh JIJ06yro o6nacTh PII):(. Ero co.n:ep)f(MMoe HHKpeMeHTHpyeTc.SI 

rrpe)f(,!le, qeM ,n:aHHbie 6y.!lYT 3aITOMHeHbl B CTeKe B xo.ue Bhll10JIHeHM.SI KOMaH,!l 

PUSH H CALL. Co.uep)f(HMoe PYC .ueKpeMeHTHpyeTc.SI rrocJie Bhll10JIHeH11.S1 

KoMaH.n. POP 11 RET. IIo.n.o6HhIH crroco6 a.n:pecau:11M 3JieMeHTOB cTeKa 

Ha3hIBaJOT rrpe)J.MHKpeMeHTHhIM/rrocT.n.eKpeMeHTHhTM. B rrpou:ecce 

HHMU:HaJI113au:1rn MK5 l rrocne c11rttaJia CEP B PYC aBTOMaTH4eCKH 

3arpy)f(aeTC.SI KO.!l 07H. 3TO 3Haq11T, qTo eCJIH rrpHKJia.[(Ha.SI rrporpaMMa He 

rrepeonpe.n.emreT CTeK, TO rrepBbIH 3JieMeHT .n.aHHbIX B CTeKe 6y.neT 

pacnonaraThC.SI B .HtieiiKe PII.ZJ: c a.n.pecoM 08H. 



,[(Byx6aiiTHhIH pen1cTp-yKa3aTeJih )J,aHHhJX (PY,[() o6hPIHO 

HCTIOJih3YeTC51 .llJl51 cp11Kcau;1111 16-6HTHOro a)J.peca B orrepau;M5IX c 

06pamett11eM K BHemttetl naMRTH. KoMaH,lJ,aMM MKS 1 per11cTp-yKa3aTeJih 

.uaHHhlX MO)f(eT 6bITh 11CITOJih30BaH 11Jil1 KaK 16-6HTHhIH per11cTp, MJIH KaK .UBa 

He3aB11c11MhIX 8-611THhIX per11cTpa (DPH 11 DPL). 

TaiiMep/ct.JeTq11K. B cocTaBe cpe.ucTB MK51 11MeIOTC5I per11cTpOBbie 

napbI c c11MBOJIJ1lieCK11M11 11MeHaMH THO, TLO 11 TID, TLI, Ha ocHoBe 

KOTOpbIX cpyttKLI;110HHp)'JOT .UBa He3aBl1Cl1MblX nporpaMMHo-ynpaBJI5IeMbIX 

16-6HTHhIX TaiiMepa/cqeTqHKa co6bITl1R. 

Eycpep rrocne.uosaTenhttoro nopTa. Per11cTp c c11MBOJI11qecKHM HMeHeM 

SBUF npe.ucTaBmeT co6otl .UBa He3aB11c11MbIX perHcTpa - 6ycpep npHeMHHKa 

11 6ycpep nepe.uart.J11Ka. 3arpy3Ka 6ai1Ta B SBUF HeMe.uneHHO BhI3bIBaeT 

ttat.Jano npou;ecca nepe.naq11 t.Jepe3 nocne.noBaTeJibHhIH nopT. Kor.na 6ai1T 

CYl1TbIBaeTc51 113 SBUF, 3TO 3HaYHT, qTo ero HCTOYHl1KOM 5IBJI5IeTc51 

np11eMHHK nocne.noBaTeJibHoro nopTa. 

Pen1cTpb1 cneu;11anbHhIX cpyttKQl1H. Per11cTpb1 c c11MBOJI11qecKHMl1 

11MeHaM11 IP, IE, TMOD, TCON, SCON 11 PCON 11cnonh3YJOTC5I .nn5I 

cp11Kcau1111 11 rrporpaMMHOro 113MeHemrn yrrpaBJI.HlOil.(11X 611T 11 611T COCT05IHl15I 

cxeMbI npephIBaH115I, 

nocne.noBaTeJihHoro nopTa 11 ,l1,JI51 ynpaBJieH115I MOil.(HOCThIO 3JTeKTpon11Tamrn 

MKS I. Hx opraH113au;11.H 6y.ueT on11catta HM)f(e np11 paccMoTpemrn 

oco6eHttocTeii pa6oThI MKS 1 B pa31111tJHhIX pe)f(11Max. 

y CTpOMCTBO ynpaBJieHH.H 11 cirnxpOHl13aQl111 

Ksapu;eBbIR pe3oHaTop, no)lKJIIOqaeMhIW K BHemHMM BhIBO)laM X 1 11 X2 

Kopnyca MKS I , ynpaBn.sieT pa6oToii BHYTpettttero rettepaTopa, KOTOpb1tl B 

CBOIO oqepe.nh cpopM11pyeT CHrHaJibl C11HXpOHl13aU1111. 



X2 

4TeHL-1e "'0A" onep"14"'"' (Kon) 
I , YTeM1o1e cneA';!KlW,ero Kon (owpa.c:r.I:Ba.e'l'::x) 

I -' I .. JYTeHL-1e cne.a.':jt0w.ero Kon cHoaA 

....L..<c.L-.!.J__ ___ .IL.L...L..LIL___ __ ~,d~ - -

r) 

YT~""'~ 1< on I 
I 

. 
LI TEIHi E <:n CA':jKI u.iero 

I 

015r:iAw,eHL-1e 

Kon 

YTE!HL-1e cne.a.':j t0w.ero Kon 
( owpa.c:r.I:Ba.e'l'::J!) 

I 

K 0HeUJHe>1 nAMllTL-1 AAHHblX 

P:nc . 3 .3 . IIoc:rtei!tQ:BaTemEOcrn :1J.J6op lat Et B :r.momreHltlt iro MallI1 B MK5 l : 

I 

CHOOA 

a. - iro~ l 6a.HT 11 Lt?OOl, KaitpHMep INC A ; 6 -ro~ 2 6a.HTa. / l Lt?OOl, KaitpHMep ADD A,#d 
'B- iro~ l 6a.HT/ 2 woma ,KaitpHMep INC DPTR ; r- iro~ l 6a.HT 12 woma ,KaitpHMep MOVX 

a - KOMatt.n:a I 6a11Tll U:HKJI, ttanpttMep INC A; 6 - KOMatt.n:a - 2 6ai1Ta/l 

U:HKJI, ttarrpttMep ADD A, #d; B - KoMatt.n:a I 6ai1T/2 U:HKJrn, HarrpttMep INC 

DPTR; r - KoMaH.n:a I 6ai1T/2 U:HKrra, HarrpttMep MOVX. 

y CTpOHCTBO yrrpaBJieHH51 MKS I Ha OCHOBe CHrHaJIOB CHHXpOHH3al..J,Hl1 

cpopMttpyeT MaIIIHHHbIH U:HKJI cpHKCHpoBaHHOH ,n:JIHTeJibHOCTH, paBHOH 12 

nepirn.n:aM pe3oHaTopa 11n11 rnecTH cocT05JHIU£M rreps11qttoro ynpasmnomero 

asToMaTa (SI_ S6). KmK,n:oe cocT051HHe ynpasmnomero asToMaTa co.n:ep)f(HT 

.n:se cpa3hI (PI , P2) c11rHanos pe3oHaTopa. B cpa3e PI , KaK npas11rro, 

Bhmontt51eTc51 orrepau:1rn s AJIY, a s cpa3e P2 ocymecTBJI51eTc51 

Me)f(pen1cTpOBa5I nepe.n:aqa, Bech MaIIlHHHbIH l.J,HKJI COCTOHT 113 12 cpa3, 

Ha'-:IHHa51 c cpa3bI SlPl 11 KOHLJa.SI cpa30H S6P2, KaK rroKa3aHo Ha p11c. 3.3. 3Ta 

speMeHHM .n:11arpaMMa HJ1JIIOCTp11pyeT pa6oTy ycTpOHCTBa yrrpasneHH5J 

MK51 np11 BbI6opKe 11 11CTIOJIHeH1111 KOMaH)l. pa3JI114HOH CTerreHH CJIO)f(HOCTJ1. 



Bee 3aIIITpHxosaHHbie CiffHaJlhI .HBmnoTc.H BHyrpeHHHMM M tte.nocrynHhI 

noJih30BaTemo MK5 l .[(JI.H KOHTpomr. BHeIIIHMMM, tta6mo.naeMhIMM 

CMrHanaMH .HBJI.HfOTC.H TOJibKO CMrHaJlbl pe30HaTopa H CTpo6a a.npeca 

BHeIIIHeif naM.HTH. KaK BM.ll.HO M3 speMeHHOH .n11arpaMMhI, cHrHan CABIT 

<!JopM11pyeTc.H .nsmK.[(hI 3a O.[(HH MaIIIMHHhIM UMKJI (SIP2-S2Pl H S4P2-S5Pl) 

l1 MCTIOJlb3YeTC.H .[(JI.H ynpaBJieHH.H npoueccoM o6parueHM.H K BHeIIIHeii naM.HTH. 

oOJihIIIHHCTBO KOMaH.n MKS I BhITIOJIH.HeTc.H 3a o.nMH MaIIIHHHhIH UMKJI. 

He1<0Topb1e KOMaH.[(hI, onepttpYfOIUMe c 2-6a:iiTHhIMH crroBaMM mm 

CB.H3aHHbie c o6parueHMeM K BHeIIIHe:ii naM.HTH, BbITIOJIH.HfOTC51 3a .[(Ba 

MaIIIMHHhIX UHKJia. TorrhKO KOMaH.[(hI .nerreHH.H M YMHO:>KeHH.H Tpe6YfOT 

qeTbipex MaIIIHHHhIX UHKJIOB. Ha octtose 3THX oco6eHHOCTeif pa6oThI 

ycTpo'HcTBa ynpasrrettmr MK51 npoM3BO.[(MTC.H pacqeT speMeHM McnorrHettmi: 

npHKJia.[(HbIX nporpaMM. 

06rune CBe.[(eHml 0 CHCTeMe KOMaH.[( 

C11cTeMa KoMaH.n MKS I co.nep:>KHT 111 6a30BhIX KOMaH.n, K0Topb1e 

y.no6Ho pa3.[(eJil1Tb no <PYHKUMOHaJlbHOMY npH3HaKy Ha TI51Tb rpynn: 

KOMaH.[(hI nepe.naqH .naHHhIX, ap:mpMeTHqecKHX onepauati, rrorHqecKMX 

orrepauttii, rrepe.naqM ynpasrreHM.H M onepau;nii c 6ttTaMH. 

CttcTeMa KOMaH)l. MKS I MHOro MOIUHee M IIIHpe CMCTeMbl KOMaH)l. 

MK48, TaK KaK KpoMe scex KOMatt.n MK48 B ee cocTaB BX0.[(51T KOMaH)J;bI 

yMHO:>KeHH.H, .nerreHH.H, Bb1q11Tamrn, onepauati Ha.n 6ttTaMH, orrepauHii co 

cTeKoM 11 pacumpeHHhIM tta6op KOMaH.[( nepe.naqH ynpaBrrettmr. 

OOJlblIIHHCTBO KOMaH.[( (94) MMefOT <!JopMaT O.[(MH MJIH .nsa 6atl:Ta M 

BbITIOJIH.HfOTC.H 3a O)l.HH MJIM )].Ba MaIIIHHHbIX UMKJia. IlpH TaKTOBOH qacTOTe 2 

Mru )J;JIHTeJibHOCTb MaIIIHHHOro QHKJia COCTaBJI.HeT 1 MKC. Ha pttc. 3 .19 

IIOKa3aHbl 13 THIIOB KOMaH.[( MKS I. IlepBbIH 6aiiT KOMaH.[(bl JIF06bIX TMna M 

cpopMaTa scer.na co.nep:>KMT Ko,n onepau11M (KOIT). BTopoH: 11. TpeTMH 6a:HTbI 

co,llep:>KaT rr1160 a.npeca onepatt.nos, rrtt6o Henocpe.ncTBeHHhie onepatt.nh1. 



T11rrb1 orrepaH.nos. CocTaB orrepaH,noa MKS I urnpe, qeM MK48, 11 

BKmoqaeT B ce65I onepaH.ZJ:bI qeTbipex T11rros: 611TbI, 4-611THbie umppbI, 6ai1:Tbl 

11 l 6-611THbJe CJIOBa. 

D7 DO 

1 I Kon 
D7 DO 

2 I Kon I I #d 

3 I Kon I I ad 

4 I Kon I I bit 

5 I Kon I rel 

6 I a1 Oa9a8 I Kon I a7 . ao 
D7 DO 

7 I Kon ad #d 

8 Kon ad I rel 

9 Kon ads I I add 

10 Kon #d I I rel 

11 Kon I bit I I rel 

~ 2 I Kon I I ad16h I I ad161 

n j Kon I I #d16h I I #d1 61 

PHc.3.19. THnb1 KOMaH,D. MK51 

B OTJI11q11e OT MK48, KOTOpbiti 11MeeT TOJTbKO Tp11 611TOBbJX cprrara, 

MKS 1 H:MeeT 128 rrporpaMMHO-yrrpaam1eMbIX qmaroa rrorrb30BaTeJI5I. 

HMeeTc5I TaIOKe B03MO)l(HOCTb a.npecaum1 oT.nenhHhIX 6JIT 6noKa per11cTpoa 

crreu11anbHhlX cpyHKU11H 11 rropTOB. ,[{n5I a.npecau1111 6JIT 11CTIOJih3yeTC5I 

rrp51MOH 8-611THhIH a.npec (bit) . KocaeHHa5I a.npecau,1151 6ttT HeB03MO)l(Ha. 

KapThI a.npecoB oT.nenbHhIX 611T rrpe.ncTasneHhI Ha p11c.3 .20 11 p11c.3 .21 . 

qeTb1pex611THbie orrepaH,nhI 11crronh3YJOTC.si TOJThKO nptt onepau,11.six o6MeHa 

(KoMaH,nhI SWAP II XCHD). BocbMI16I1THbIM orrepaH,noM MO)l(eT 6bITb 

51qei1:Ka rraM51TII nporpaMM HJII1 .naHHbIX (pe3Il):(eHTHOH mm BHeurnei1:), 

KOHCTaHTa (Herrocpe,ncTBeHHhlll orrepaHJJ.), perIICTpbI crreUilaJihHhIX cpyHKUJ1ll 

(PC<l> ), a TaIOKe rropTbI aso.na/shrno.n:a. IIopTbI l1 PC<l> a.n:pecyroTc.H TOJihKO 

np.HMhIM crroco6oM . EaHThl rraM5ITJf Moryr a.npecoBaTbC5I TaIOKe II KOCBeHHhIM 

o6pa3oM qepe3 a.npecHhie per11cTph1 (RO, Rl, DPTR II PC). ,[{syx6ai1THbie 



onepaH,[(bI - 3TO KOHCTaHThI H np5IMhie a.n.peca, ,[(JUI npe.n.cTaBJiemrn KOTOphIX 

HCTIOJih3)'10TC5I BTOpoii H TpeTHii 6aiiTbI KOMaH,[(hI. 

Cnoco6hI a.n.pecauHH .n.aHHbIX. B MK51 ttcnoJih3)'10TC5I TaKHe )Ke 

cnoco6bI a.npecau1111 .naHHhIX, KaK 11 B MK48: np5IMM, Herrocpe.ncTBeHHa5I, 

KOCBeHHa5I H He51.BHa51. CJie.nyeT OTMeTHTb, qTo rrpH KOCBeHHOM cnoco6e 

a.n.pecauHH PII,L( B onrnqi;ie OT MK48 ttcrroJib3)'10TC5I see BoceMh 6HT 

a.npecHhIX perttcTpoB RO H Rl. 

CttcTeMa KOMaH.r:t. MK51 no cpaBHeHmo c MK48 .n.onycKaeT 6oJibllle 

KOM6Httauttii crroco6os a.npecauHH onepaH.r:t.OB B KOMatt.n.ax, qTo .neJiaeT ee 

6oJiee r116Koii 11 yttHBepcaJihHOii . 

<l>JiarH pe3yJibTaTa. CJIOBO COCTO~HmI nporpaMMbI (PSW) BKJIJoqaeT B 

cefo1 qeTbipe qmara: C - nepettoc, AC - scnoMoraTeJibHhIH nepettoc, 0 -

nepenonHeHHe HP - napHTeT. 

<l>Jiar napHTeTa ( OTCYTCTByeT B MK48) Hanp.HM)'lO 3aBHCHT OT 

TeKymero 3HaqeHH51 aKKYMYJI5ITopa. EcJIH qlfcJio e.nHHHqHbIX 6HT 

aKKYMYJI5ITOpa HeqeTHOe, TO qrnar p ycTaHaBJIHBaeTC51, a eCJIH qeTHOe -

c6pachrnaeTC51 IIOilblTKH H3MeHHTb qrnar P, npHCBaHBM eMy HOBOe 3HaqeHHe, 

6y.n.yT 6e3ycnell1HbIMH, eCJIH co.n.ep)l(HMOe aKKYMYJI.HTOpa npH 3TOM 

OCTaHeTC.H HeH3MeHHbIM. 

<l>Jiar AC ycTaHasmrnaeTc51 B cJiyqae, ecJIH np11 BbITIOJIHeHHH 

onepau,HH CJIO)l(eHH51/BbJqHTaHmI Me)l(.n.y TeTpa.n.aMH 6a"HTa B03HHK 

nepettochaeM. 

<l>Jiar C ycTaHaBJIHBaeTc51, ecm1 B cTapllleM 6ttTe pe3yJibTaTa 

B03HHKaeT nepeHoc HJIH 3aeM. Ilptt BbIIIOJIHeHHH onepau11Ji YMHO)l(eHH51 11 

.n.eJieHH51 c}mar C c6pachrnaeTC51. <l>Jiar OV (oTcyTcTsyeT B MK48) 

ycTaHaBJIHBaeTC51, eCJIH pe3yJibTaT onepauHH CJIO)l(eHH5I/BI,1q1naHH5I He 

yKJia.r:t:bIBaeTC51 B ceMH 611Tax H CTapum"H (BOCbMOH) 6HT pe3yJibTaTa He 

MO)l(eT HHTepnpeTHpoBaThCH KaK 3HaKOBbIH. IlpH BbIIIOJIHeHHH orrepau1rn 

.n.eJiemrn qrnar OV c6pacbrnaeTc51, a B cJiyqae .n.en emrn Ha HYJih 



ycTaHasmrnaeTCH. IlpH yMHO)l(em·ni: qmar OV ycTattasmrnaeTcSI, ecmi: 

pe3yrrbTaT 6orrbIIIe 255. 

B Ta6rr. 3 .1 rrepe1mCJ15IIOTCSI KOMaH,[{bl, rrpH BbIIlOJlHeHHli KOTOpbIX 

Mo,nMqrnu.11pyIOTCH <PrrarM pe3yrrbTaTa. B Ta6rrttu.e oTcyrcTsyeT <Prrar 

rrapHTeTa, TaK KaK ero 3HaqeHHe H3MeHHeTC_j! BCeM'H KOMaH,naMM, KOTOpbie 

l13MeHHIOT co.nep)l(HMoe aKKYMYJTS1Topa. KpoMe KoMaH,n, rrpuse,neHHbIX B 

Ta6rr11u.e, <Prrar11 M0.[{11<l>HU.HPYJOTCSI KOMaH)l.aMH, B KOTOpbIX MeCTOM 

Ha3Ha1.JeHMH pe3yrrhTaTa onpe.nerreHbI PSW MITH ero oT.nerrbHbie 6RTbI, a 

TaIOKe KOMaH)l.aMH orrepaIJ,HH Ha)]. 6HTaMM. 

Ta6rrHu.a 3.1. KoMaH)l.hI, Mo.n:u<PHU.HpyIO:r.u;He <PrrarH pe3yrrhTaTa 

~att"ib1 I <l>rrarli KoMaH.n;h~ 
-

<l>narH 

ADD j c, OV, AC CLRC j c = o ·-

I 
I 

ADDC C, OV,AC CPLC C =MC 

j SUBB C, OV, AC j ANLC, b I c 

I MUL c = 0, ov jANL C, /b l c 

I I ORL C, b I -
DIV C=O,OV c l 

j DA c ORL C, lb c 

I RRC c MOVC, b c 

I 
RLC c CJNEl c 

j SETB C c = 1 I I ' -

CuMso1rnqecKaS1 a.11.pecau.m1. IlpH ucrroJTb3osamm acceM6nepa MK51 

(ASM51) .[{JTH rronyqeHHH o6'beKTHbJX KO.[{OB rrporpaMM .norrycKaeTCH 

npHMeHeHHe B rrporpaMMax CMMBOJTH"Y"eCKHX MMeH perHCTpOB crreIJ,HaJibHbIX 

<l>YHKUHH (PC<l>), rropTOB Ii HX OT.[{eJTbHbIX 6HT (pHC. 3.21). 

,[(nH a.npecau.1m OT.n;eJTbHbIX 6Jn PC<l> M rropToB (TaKM B03MO)l(HOCTb 

HMeeTcH He y scex PC<l>) MO)l(HO ncrroJTb30BaTb CHMBonwqecKoe HMS! 611Ta 

crre,nyIO:r.u;eH: cTpyKTYPbI: 



HanpHMep, CHMBOJmqecKoe HMS! nsiToro 6HTa aKKYMYJISITopa 6y.ueT 

cne.uyiomHM: ACC.5 . CHMBOJIHqecKHe HMeHa PC<l>, nopTOB H HX 6ffT 

SIBJISIIOTCSI 3ape3epBffposaHHbIMff cnoBaMff .unsi ASM5 1, ff HX He tta.uo 

onpe.uensiTb c noMOll.l.bIO .u11peKTffB acceM6nepa. 

AApeca 
Pn)J, (D7) (DO) 
7FH l,.;.......;....--------.1 

2FH 
2EH 
2DH 
2CH 
2BH 
2AH 
29H 
28H 
27H 
2SH 
2SH 
24H 
23H 
22H 
21H 
20H 
1FH 

7F 
77 
SF 
S7 
SF 
S7 
4F 
47 
3F 
37 
2F 
27 
1F 
17 
OF 
07 

7E 7D 
7S 7S 
SE SD 
SS SS 
SE SD 
SS SS 
4E 4D 
4S 4S 
3E 3D 
3S 3S 
2E 2D 
2S 2S 
1E 1D 
1S 1S 
OE OD 
OS OS 

7C 7B 
74 73 
SC SB 
S4 S3 
SC SB 
S4 S3 
4C 4B 
44 43 
3C 3B 
34 33 
2C 2B 
24 23 

1C 18 
14 13 
oc OB 
04 03 

7A 79 78 
72 71 70 
SA S9 S8 
S2 S1 so 
SA S9 S8 
S2 S1 so 
4A 49 48 
42 41 40 
3A 39 38 
32 31 30 
2A 29 28 
22 21 20 
1A 19 ~8 
12 11 10 
OA 09 08 
02 01 00 

EiaHK 3 

18HI I 17H 
EiaHK2 

10H 1,.,.. ,.,..i 
OFH 

EiaHK1 

08HI--I 07H 
EiaHK0 

ooHT T 
P111c .3.20. Kaprn aApecyeMblX 6111T B pe3111-
AeHTHoi:1 naM Arn AaHHblX 

npAMOJ:16Apec 

6111Ta (07) (DC) 
OFFH .....-'----------. li1MA 

per111CTpa 
OFOH t-F-7_F_S_F_S_F_4-F3-F2-F1-FO---t B 

OEOH ~E7 ES ES E4 E3 E2 E1 EO 

ODOH Io7 DS DS D4 D3 D2 D1 DO 

OB8H 1- H -- BC BB BA B9 B8 

f A 

} sw 
~p 

OBOH ~B7 BS BS B4 B3 B2 81 BO ~3 
OA8H l \F H H AC AB AA A9 A8 :GE 

OAOH 1 A7 AS AS A4 A3 A2 A1 AO f2 

98H 1 9F 9E 9D 9C 9B 9A 99 98 t scoN 

90H 1 97 9S 9S 94 93 92 91 90 ~1 
88H I8F 8E 8D 8C 8B 8A 89 88 f rcoN 

80H 187 8S 8S 84 83 82 81 80 j PO 

P111c .3.21 .KapTa aApecyeMblX 6111T B 6noKe per111cTpos 
cne41-1anbHblX cpyHKL\1'114 

TiopThl BBO,Ua!BhIBO,Ua ffHcpopMaUffff 

Bee qeThipe nopTa l\1K.5 l npe.UHa3HaqeHhI .unsi sso.ua HJIH Bhrno.ua 

ffHcpopMaum-1 no6aifTHo. CxeMoTeXHHKa nopToB sso.ua/shrno.ua MK5 l )1,mr 

O,UHOfO 611Ta noKa3aHa Ha p11c. 3.4 (nopThl 1 ff 2 ffMeIOT npHMepHO TaKyio )Ke 

cTpyKrypy, KaK ff nopT 3). Ka)K)l,hIH nopT co.uep)K11T ynpasm1eMhie per11crp-

3amenKy, BXO,UHOH 6ycpep H BhIXO.IJ.HOH .upai1sep. 



yrrpa1meime 
ai:wec/gaHHble 
q-reHHe 5yqiepa 

JlliliIDI Y BHYTfl eHHeH lllli- -...-----t D T 

Hbl 

3aIIHCb B 5y4Jep 

BBOZI 
AJTJ>repHamBHllJI cpymaoui Bb!XDl:ta --------, 

tJ remre 5ycpepa 

MVX 

JlliliIDI YBHYTp eHHeH lllli
Hbl 

---.a ------t D T t---------1 

3aIIHCb B 5y¢Jep 

BBQ~ 

AJTJ>repHamBHllJI cpymaoui Bb!XDl:ta --------' 

+ 5 Cl 

+SB 

B:treuooa< BbIBOll 

mpnyca MK 

B:treuooa< BbIBOll 

iropnycaMK 

PHc.3.4. CxeMoTeXHHKa nopTOB BBo~a/si,IBo~a MK51: 
a- nopT 0 ; 6- nopT 3 

BhIXOJJ.Hhie .npawsephI rropToB 0 w 2, a TaIOKe sxo.nHoH 6ycpep rropTa 0 

l1CITOJib3YJOTC.SI rrpw o6paru.eHl1l1 K BHenrneH rraM.SITli (BIT). ITp11 3TOM qepe3 1 

rropT 0 B pe)lrnMe speMeHHoro MYJihTl1IIJieKcwposaHw.SI cHaqana BhIBO)ll1TC.SI 

Mna.nnml1 6aiiT a.npeca BIT, a 3aTeM BhI.naeTc.SI wnw rrpwHwMaeTc.SI 6awT 

.naHHhIX. qepe3 rropT 2 BbIBO)ll1TC.SI cTapnmii 6aiiT a.npeca B Tex cny1-ia.Six, 

Kor.na 1 pa3p.SI.llHOCTh a.npeca pasHa 16 611T. 

ITpasmia pa3pa6oTKW rrporpaMM Ha .SI3hIKe Acc3M6nep 

Pa3pa6oTKa rrpwKJia)J.Horo rrporpaMMHoro o6ecrreqeHl1.H Ha .SI3bIKe 

AcceM6nepe - TBOp4ecKa.SI 3a)J.alfa, Tpe6yioru.a.SI OT rrporpaMMl1CTa OTJil14HOro 

3HaHW.SI rrporpaMMMCTCKOH MO)leJIW MK-51, COCTaBa M cpopMaTa KOMaH)J., 

crroco6os a.npeca~1111 orrepaH.nos 11 T . .n. 0.nHaKo cyru.ecTBYJOT cpopMaJihHhie 

rrpas1ma cocTasneHM.SI rrporpaMM, co6mo.neH11e KOTOpbIX IT03BOJI.SieT .na)l(e 

HaqwHaIOllJ,eMy pa3pa6oTqJilKY COCTaBJI.SITb pa6oTOCIIOC06Hbie nporpaMMbl. 



Ilo.n.po6Ho 3TH rrpam-rna paCCMOTpeHbl B [ 1 ], corJiaCHO KOTOpbIM JI.JUI 

norryqeHH51 TeKCTa HCXOJJ.HOH rrporpaMMbl Heo6xo.n.11MO BbITIOnHHTb 

cne.n.yromyro ITOCJieJJ.OBaTeJihHOCTb .n.eiiCTBHH: 

- COCTaBIITb no.n.po6Hoe on11caH1Ie HCXOJJ.HOH 3a,n:atm; 

- BbIIlOnHlffh HH./KeHepttyro HHTepnpeTaI..J,HlO 3a.z:i:a411, ./KeJiaTeJibHO c 

npHBJieqeHHeM Toro HJUf HHOfO arrrrapaTa cpopMaJTl13aU:H11 ( ceTH IleTp11, 

rpacpa aBTOMaTa 11 T.rr.); 

- pa3pa6oTaTh 6JIOK-CXeMbl aJTrOp11TMa pa6oTbl l\1IIC; 

pa3pa6oTaTb .z:i;eTaJTl13HpOBaHHble 6JIOK-CXeMbI aJTropHTMOB 

OTJJ.eJihHbIX npou:e.z:i:yp, BbIJJ.eJieHHbIX Ha OCHOBe MOJJ.YJihHOfO npHHI..J,Hna 

cocTasneHH51 rrporpaMM; pacrrpe.z:i;enHTh pa6oqHe perHcTphI 11rraM51Th11K-5 l; 

COCTaBIITb TeKCT HCXOJJ.HOH rrporpaMMbl. Mcxo.z:i;HhIH TeKCT 

nporpaMMhI Ha 513hIKe AcceM6Jiepa 11MeeT onpe.z:i;eneHHhIH cpopMaT, 

COCTOHW:MM, o6hJqHo, H3 qeTbipex noJiett: 

METKA MHEMOHHKA OITEP AH.[( KOMMEHT APMJ1. 

IloJIH OTJJ.eJI51IOTC51 .z:i;pyr OT .z:i;pyra npOH3BOJihHhIM 11HCJIOM rrpo6eJIOB. 

MeTKa. MeTKa - 3TO 11M51, cocTo51rn:ee 113 6y1rn nanrncKoro aJTcpaBHTa 11 

cTo51rn:ee B ttaqaJie cTpOKH. Ilocne MeTKl1 cTaBHTC51 .z:i;soeToq11e. B .n:11peKnrnax 

AcceM6nepa EQU, DB H DW MeTKa npHHHMaeT 3HaqeHHe Bhipa:>KeHH51, 

CT051W:ero 3a JJ.HpeKTHBOH. B ocTaJThHhIX crryqaHX MeTKa np11tt11MaeT 

3HaqeHHe $ (TeKyrn:ee 3HaqeHHe cqeTl{HKa KOMatt.z:i;). Ilepe.z:i: .z:i;11peKT11soi1 ORG 

HCITOJib30BaHHe MeTOK 3arrpern:etto. 

MtteMOHHKa. B none MtteMOHHKa 3arr1IchrnaeTC5I MHeMott11qecKoe 

o6o3HaqeHHe KOMaHJJ.hI MK-51 11n11 ncea.z:i;oKOMaHJJ.hI acceM6nepa. 

OnepaHJJ.hI. B 3TOM none YKa3hIBaIOTC51 onepaHJJ.bI, yqacTBYJOW:lie B 

onepal.l,Hli. KoMaH,n:hI acceM6nepa MOr}'T 6bITh 6e3-, o.ntto- HJIH 

.nayxorrepaHJJ.HhIMli. OrrepaH,n:hI pa3.nen51IOTC51 3arr51TOH. 

Orrepatt.n MO.IKeT 6hITh 3a,n:aH Herrocpe.ncTBeHHO HJIH B s11.ne ero a.npeca 

(np51Moro 11n1I Kocsettttoro). Henocpe.n.cTBeHHOMY onepatt.n.y o6513aTeJihHO 

.n.on.1KeH npe.nrnecTBOBaTh npecp11Kc ( # ). B KaqecTBe ttenocpe.n.cTBeHHoro 



orrepaH.n:a MO)l(HO YJ<a3bIBaTb 11MCJIO MJIM CMMBOJIM11eCKOe MM51. ITp51MOH a,ll.pec 

orrepaH.n:a MO)l(eT 6bITb 3a,n:aH MHeMOHM11eCKMM o603Ha11eHMeM, 1111CJIOM MJIM 

Cl1MBOJIM11eCKl1M 11MeHeM. YKa3aHMeM Ha KOCBeHH)'JO a,ll.peca:u:mo CJJY)l<HT 

rrpeqmKc @. B KOMaH.nax rrepe.na1111 yrrpasneHl151 orrepaH,n:oM MO)l(eT 6bITb 

11MCJIO, MeTKa, KOCBeHHbIH a.npec 11JIM Bbipa)l(eH11e. 

HcrrOJib3yeMbJe B Ka11eCTBe orrepaHJ(OB CMMBOJIM11eCKl1e 11MeHa .n:omKHbl 

6hITb orrpe.n:eneHbI B rrporpaMMe, a q11cna rrpe.n:cTaBJJeHbI c YKa3aH11eM 

CMCTeMbl C11MCJleHM51, J(Jl51 qero MCITOJib3yeTC51 cycpqmKC (6yKBa, CT051Illa51 

rrocne 11Mcna): B - .nn51 .n:sott11Hoi1:, Q - .nn51 BOCbMep1111HoH:, H - .!lII51 

rnecTHa.n:u:aTeptt11Hoif. "l!ttcno 6e3 cycpcpMKca no yMon11aHMIO C11MTaeTc51 

.n:ec51TM11HbIM. 

KoMMeHTapttH:. ITone KOMMeHTap1rn scer.n:a Ha1111HaeTc5I rrocne CMMBona 

(;) 11 MrHopttpyeTC51 AcceM6nepoM. B HeM .n:orrycKaeTC51 McrroJib30BaTb mo6b1e 

CMMBOJibI. "llame scero 3TO none MCITOJib3YeTC51 rrporpaMMMCTOM ,ll.JI51 

rro51cHeHM51 nor1111ecKoif opraHM3a:QMl1 rrporpaMMbI. 

):l:11peKTl1BbI AcceM6nepa. CTpoKa rrporpaMMbI MO)J(eT co.n:ep)J(aTb 

.n::11peKTMBY MJIM KOMaH.n:y. ):lttpeKTHBbI, B OTJil111He OT KOMaH.n, He 

MCI10JIH51IOTCR MK-51 11 rrpe,ll.Ha3Ha11eHbl, B OCHOBHOM, .n:m yrrpaBJieHM51 

TpaHCJIRU:11eii rrporpaMMbI. Htt)J(e rrpMBOJJ:MTCR crrMcoK .nttpeKTl1B 

AcceM6nepa, KOTOpbie rro;::u:i:ep)J(MBaeT pe,ll.aKTOp, BCTpoeHHbIH B 3MYJI51TOp 

MMKpoKOHTponnepa: ORG - M3MeHeHMe TeKymero 3Ha11eHHR c11eT11MKa 

KOMaH,n:; 

ITocne cocTasnemrn TeKcTa rrporpaMMbI Heo6xo.n:11Mo rronyii11Tb 

o6oeKTHbIM KOJ(, T.e. Ha6op J(BOM11HOH 11HcpopMaU:MM, co.n:ep)J(am11H: KO.LI.bl 

KOMaH.n: 11 .n:aHHbIX. ):lJIR rrpoCTbIX rrporpaMM o6oeKTHbIM KO,!l MO)J(eT 6bITb 

rronyiieH spy11Hyio. 0.n:HaKo .UJIR 6onee CJIO)J(HbIX rrporpaMM Tpe6yioTc51 

crreu:HaJibHbie cpe,ll.CTBa, Il03BOJI51IOlI.lMe ocymecTBl1Tb TpaHCJJ51U:11IO 

rrporpaMMbI B asT0MaT1111ecKoM pe)J(HMe. B ttacT051lI.lee speM51 ,ll.JI51 MK-51 

cep11M 1830 pa3pa6oTaHO 3Ha11MTeJibHOe KOJIH11eCTBO Kpocc - cpe,n:CTB, 

KOTOpbie He TOJibKO 06ecrreq1rnaIOT BBOJ( 11 TpattcmII.JJIIO rrporpaMM 



COCTaBJieHHbIX Ha Sl3bIKe AcceM6Jiep, HO YI fl03BOJISIIOII.I,He rrpOBO,llJffb 

oTna,n:Ky rrporpaMM. 

0TJia,n:Ky pa3pa6oTaHHOH nporpaMMbl peKOMeH,n:yeTCSI BbICTOJIH}JTb c 

flOMOII.1,bIO 3MYJISITOpa O.[(HOKpHCTaJibHbIX MHK OKOHTponJiepoB Single-Chip 

machine. 

Data< Const 

3anper npepb1BaH111i:i 

OcraHOBKa rai:1Mepa TC1 

YcraHOBKa rai:1Mepa 

3anycK rai:\Mepa 

0KOH4aH111e nepeAa4111 

PaJpeweH111e npepb1BaH111i:i 

YcraHOBKa 11111H111i:i nopra, 
8KKYMYI1RTOpa, KOHCT8HT 

IITM BbillOJIHeHH}J rrporp 

Data> Const 

3anper npepb1BaH111i:i 

AKT111e111pyeM 11111H111to nopra P3 

8blOOI1HeH111e Ja,Qep>KKlll 
Ja.QaHHOi:1 A 111renbHocr111 

C5poc 11111H111111 nopr a P3 

PaJpeweH111e npepb1BaH111i:1 

ITocne.n:osaTeJihHhIH nopT MK-51 MO)l(eT HcrroJib30BaTbCSI B KaqecTBe 

yttHBepCaJibHOro aCHHXpOHHOfO (Y AfIIT) c 

qmKCHpOBaHHOH HJIH rrepeMeHHOH CKOpOCTbIO rrocJie,n:oBaTeJibHOro o6MeHa H 

B03MO)l(HOCTbIO .n:yrrneKcHoro BKJIIOqeHHSI. CKopocTb rrocne.n:osaTeJibHoro 

o6MeHa Y AITIT B pe)l(HMax I 11 3 orrpe,n:e;rneTcSI no <t>opMyne: 



~1 = F',,3 = (iMOD · f8Q) /(32·12 · (256 - (TH)) ( 1.1) 

Bo MHonix np11Mettemurx MK-51 tteo6xo.n:11Mo ccpopM11posaTh 

HMTIYJibC 3a,n:aHHOH .n:n11TeJihHOCTH Ha TOH HJIH HHOH JIHHHH nopTa. 06nPrno 

.L(JI51 3THX ueneii ncnoJin3yeTc51 JIH6o TaiiMep/cqeTqnK, n1160 perHcTpbI PIT,ll 

oJIOK-cxeMa anropnTMa cpopMHposamrn speMeHHoii 3a,n:ep)KKH 6onnIIIOH 

,L(JlllTeJibHOCTH noKa3aHa Ha p.Hc. 11: 

,[{aHHbIH anropHTM ,II.JUI cpopMHpoBaHml BpeMeHHOH 3a,II.ep)J(Klf 

HCTIOJlh3yeT TaK Ha3bIBaeMbie BJIO)KeHHbie U:HKJlbl. Ha HaqaJibHOM 3Tane B 

perttcTp Rl 3arpy)KaeTC51 4Hcno "6oJibIIIoro" U:HKJia X (6noK 2), a B perHcTp 

R2 - qncJIO "Manoro" U:HKJia y (6JIOK 3). 3Tll .n:se KOMaH.L(bl BblTIOJIH51IOTC51 

3a O.L(HH MaIIIHHHbIH UHKJT. c TIOMOII(blO 6JIOKOB 4, 5 no.n:nporpaMMbI 

co.n:ep)KHMoe perHcTpa R2 yMeHhIIIaeTC51 .n:o 0 H ocymecTsmreTc51 nepexo.n: K 

6JIOKY 6 no.n:nporpaMMbI. 3TOT U:HKJI y.n:o6Hee opraHJf30BaTb c TIOMOIII,bJO 

KOMaH.L(bI DJNZ R, $, KOTOpa51 BhITIOJIH51eTC51 MK-51 3a 2 MaIIIHHHhIX U:HKJia. 

Attanor11qHo opramnyeTc51 11 "6oJibIIIoii" UHKJT (6noKH 6, 7). 



Hcxo,n:Hbie ,n:aHHbie: 

qMCJIO KaHaJIOB BBO,n:a 2810 IC 
16 

qMCJIO KaHaJIOB BbIBO)la 10 
10 

A 
16 

06neM naM51TH I13Y, K6atiT 8 

06neM naM51TH 03Y, K6aiiT 16 
l facTOTa CMHxpo, Mlu 10,5 
)J,JIMTen. MMnynbca, MC 25 

N2 6attKa naM51TH 0 
N!!JIHHMM rroprn P3 6

10 
6 

16 
CKopocTb nepe.uaqtt,K6ai1T 14400 
npepbIBaHHe no intl 

ITocne.uoBaTeJibHbIH rropT MK-5 I MO)KeT ttcnoJib30BaTbC51 B Kaqecrne y1rn-

r- sepcanbttoro aci:rnxpoHHoro npHeMo-nepe,n:aTqHKa (Y ATIIl) c cp11KcttposaHHOH 

HJIH nepeMeHHOH CKOpOCTblO rrocne,n:oBaTeJibHOro o6MeHa H B03MQ)KHOCTblO .uyn

JieKCHOro BKJIJOqemrn. CKopocTb nocne,n:oBaTeJibHOro o6MeHa YAI1I1 B pe)KHMax 

I H 3 orrpe.ri:em1eTc5I no cpopMYne: 

F = F = (2SMOD x fBQ) = - (2SMOD x fBQ) 
ni 

113 32 x 1 2 x [256 - (TH)r TH 256 32 x 12 x Fn
1 

r.ue SMOD - 3HaY.eHHe 6HTa SMOD perncTpa ynpaaneHH5I MOll.l,HOCTbIO 

PCON; 

- fBQ - qacTOTa cHHxpoHH3aUHH MK-5 I ; 

- TH- ,n:ec5ITIPrnoe 3HaqeHHe co.uep)KHMoro perncTpa THI . v 
2° x 10,5 x 1 0 6 

TH= 256 - 32 X 1 2 X 14400 = 254
10 = FE16 

BpeM5I 3a,n:ep)l(KI1 B ceKytt,n:ax pacclJHTbIBaeTC5I no cpopMyJie: 
1 

t 3 = ~ x 1 2ll + (3 + 2 x Y) x XJ 
JBQ 

TaK KaK 3a,n:aHa )lJIHTeJIE>HOCTb HMTIYJibca, Heo6xo)lHMO rro.uo6paTb TaKHe X 

HY, qT06b1 BbIITOJIH5IJIOCb ycrrom1e: 

~ < t~a.!l, 

r.ri:e t3a,n: - 3a,n:aHHa5I .ri:mueJibHOCTb HMHYJibCa. 

MeTo,n:oM no,n:6opa, onpe,n:errMM 3HaqeHM5I X MY: 

t3= 25 MC 

12 + 12X(3 + 2Y) = t 3 fBQ 
12X(3 + 2Y) = t 3 f 8 Q - 12 

X = (t3fBQ - 1 2) 
12(3 + 2Y) 

X= (25x1 0- 3 x 10,5 x l0 6 - 12) 
12 x (3 + 2 x 255 ) 

VI eJ.e'J 0U )(;J,(),t ,P(l ~ 
)d Ut()t~ 



/-.... 

3mur 3Ha11eHIUI X HY pacc11urneM apew1 3a.n;ep)KKH B ceK)'H.n;ax: 

t = 12 X (1 + (3 + 2 X 255) X42,6) = 25,00 MC 
3 10,5 x 106 

,l1)rn Toro 11To6b1 MK-51 ccpopMHpoaarr HMnyrrbc c T01IHOCTbIO nrr10clMHHyc 

1 U:HKJI B no.n;nporpaMMY Heo6xo,ZJ;HMO .n;o6aBHTb KOMaH.n;y " HeT onepaU:HH" (NOP), 

1IHCJIO KOTOpbIX MO:>KHO paCClJHTaTb no cpopMyne: 
t- - t 

N = '-'sa;it, 3 X F~ 
l 12 J bQ 

25 25 
N= --- --- x 

12 
11 = 0 

5. JlttcTHHr nporpaMMbI Single-Chip Machine. 

data equ 
const equ 
start: 
cir A 
movRO,A 
mov Rl,A 
mov R2,A 
mov THl,A 
,,,--- -

IC 
5 

h 
h 

; HaqarrbHM ycTaHOBKa 
;oq11cTKa aKKYMYJUITopa 
;oq11cTKa per11cTpa RO 
;oqYJcTKa perwcTpa RI 
;oqHCTKa perHCTpa R2 
;oqwcTKa TaliMepa-cqeTq11Ka 

r,ov PSW,A 
cir P3 .. 6 

; oq11 CTKa Qerw c"TQ=a~o=c=T=o=51=H=11;-:::51:-:rr==p::-:o::r:::p:::a:-:M::-M;;b-:-1 -:J 
I--~-:-_:_~~~~~---'~~~· 

;c6poc JIMHMM rropTa 
mov Pl,#FFh 
mov IE,A 
mov IP,A 
movTCON,A 
movTMOD,A 
LOOP: 
mov TCON,#Olh 
mov IE,# 84 h 
mov IP #0 4h ,, --mov PSW,# 
Main: 
mov Pl,# 
mov A, Pl 

00 

IC h 

mov RO,# 0 5 h 
subb A,RO 

h 

jnc Impuls fJ 
subbsBUF,~/. 
df=tRl d 

;HaCTpOHKa nopTa Ha BBO)J. 
;c6poc perwcTpa IE 
;oq11crKa per11cTpa npeop11TeTa npephrnaHHH 
;oqYJcTKa per11cTpa TCON 
;01:111cTKa per11cTpa TIC 
;3arpy3Ka .n.aHHbIX 
;rrpepbIBaHHe ITO 3a)].HeMy cppOHTY 
;rrpep1>rnatt11e no int 1 _ ~ /J g 
;ycTaHOBKa II MO HTeTa rrpepbIBaHmI ~~~ i 
;BbI6op 6aHKa ~~;;;;,__ ~ ~ 
;MeTKa · y~fl~e.! 
;3arpy3Ka B rropT 1:111cna · V -
;3arpy3Ka lJHCJia B aKKYMYJI51TOp 
;3arpy3Ka B per11cTp RO KOHCTaHTbI 
;cpaaHeH11e RO c aKKYMYJI.sITopoM 
;rrepexo.n. K cpopMHpoaamno MMIIYJibca 
;rrepe.n.aqa B IIOCJie)].OBaTeJibHbIH rropT 
;ocTaHoBa TaliMepa TIC 1 



mov THI,# FE h 
mov SCON,#11011 lOOb 
mov TMOD,#001 OOOOOb 
setb TRI 
label: 
jnb Tl ,label 
cir Tl 
Im pills: -
Setb Pl. 6 
mov RI,# 2A h 
MO: 
mov R2,# FF h 
Ml: 

' 
.---... djnz R2,Ml 

djnz Rl,MO 
nop 
Clr P3 
ajmp Main 

;3arpy3Ka 3Ha1Iemui cKopocn1 
;ycTaHOBKa pe)IrnMa 3 Y AITil 
;ycTaHOBKa pe)l(JfMa 2T/Cl 
;3anycK Tai1Mepa 

;o)l(H)J;amie 0Kottqattm1 rrepe,naqlf 
;01111cTKa qrnara rrepe,nal!H 

-- CL 9°~ &JI -
t1!A" toF~ (bi/ 

;3arpy3Ka 3Ha1IeHmr Y 

;,neKpeMeHT R2 
;.n:eKpeMeHT R 1 
;rrycTM orrepar.nur 
;c6poc JmHHH rropTa P3 
; rrepexo.n: no MeTKe Main 



Cir A 

RO<- A 

Rl <- A 

R2<- A 

THl<- A 

PSW<- A 

/,,.-..._ Cir P3. 6 

Pl<-#FFh 

IE<- A 

IP<- A 

TCON<- A 

TMOD<- A 

TCON<-#Olh 

IE<-# 84 h 

IP<-# 0 4 h 

PSW<-# 00 h 

Pl<- DATA 



A<-Pl 

RO<- 05h 

A<RO A >RO 

clrTRl Setb P3 . 6 

jTHl<- FE h I 
RI <- 2A h 

mov SCON,#11011 lOOb 

mov TMOD,#001 OOOOOb R2<- FF h 

cir TRI 
Clr P3. 6 

ManmHHhIH anropttTM BhIITOJIHemu1 nporpaMMhI 
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