MIHICTEPCTBO OCBITU | HAYKU YKPAIHU

HauioHanbHuM yHiBepcuTeT «3anopizbKa nonitexHika»

METOAOWNYHI BKA3IBKU
00 nabopaTopHUxX pobiT 3 AUCUMNNIHN

«MIKPOMNPOLIECOPHI MPUCTPOI»

ANA CTyAeHTIB cnevuianbHOCTI
141 - EJIEKTPOEHEPI'ETUKA, ENNIEKTPOTEXHIKA TA
ENEKTPOMEXAHIKA
OCBITHbOI Nporpamun «EnekrpomexaHivHi cuctemm
aBTOMaTM3auii Ta enekTponpueoa»
yCiX (popM HaBYaHHS

YacTtuHa |

2022



MeroanuHi BKa3iBKA 10 J1a0OpaTOpHUX poOIT 3 JHCIHILIIHA
«MiKponpoLecopHi MPHUCTPOI» Uil CTYAEHTIB cremiansHOCTi 141 —
EJIEKTPOEHEPI'ETUKA, EJIEKTPOTEXHIKA TA
EJIEKTPOMEXAHIKA ocBiTHRO1 TporpamMu «EnekTpoMexaHidHi CHCTEMH
aBTOMATH3aIlil Ta €JIEKTPONPUBOI» yCiXx GpopMm HaBuanHs. Yactuna 1. /Yt
B.B. Ocapgumii, O.C.HazapoBa. - 3amopixoksa: HY  «3amopiszpka
nositexHika», 2022. —54 c.

Vknanmaui:
B.B. Ocamuwnii, K.T.H., JOLIEHT
O.C. Hazaposa, K.T.H., IOIEHT
Pernenzenr: A.B. [Tupoxok, K.T.H., TOIIEHT

Binnosigansauii 3a Bumtyck: O.C. Hazaposa, K.T.H., JIOIICHT

3aTBEPIKEHO

Ha 3acimanHi kageapu
EnextpornpuBo/a i aBromaruzaiii
MIPOMUCIIOBUX YCTaHOBOK
npotokoin Ne 05 Bix 16.12.2021 p.

PexomennoBano
no sugaudags HMK ETO
npotokon Ne 05 Big 23.12.2021 p.



TIEPEAMOBA ...t 4
1 PexoMeHaIil 10 BUKOHAHHS JIAOOPATOPHUX POOIT ..evveenveerennee. 5

1.1 3acobu ProView 11 HamaromkeHHs B3aeMoIii 3 00’ eKkTamu
1S 0) 470215 6 R 5

1.2 TocnigoBHICTh HANMCAHHS Ta BiJJIar0/PKEHHS IPOTPAMH. . ... 10

2 JIabopaTopHa pobota Nel
[TapanenbHe BBeCHHS-BUBECHHS iHQOPMAITIT .. .cocevvveenaeeenn... 14

3 JlabopartopHa podoTa Ne2
Oprani3alisi 4aCOBUX 3aTPUMOK NPOTPAMHHUM METOMOM............ 18

4 JIaboparopua pobota Ne3
(037 (e (S Y I 1 (5] 157 0) 7 0: 715 T 27

5 JlabopaTopua pobota Ned
ATNapaTHAN TARMEP-TIUMITBHUK. . . ... eeeenteeneeaneaeeneaaencnnenans 33

TIEPETIK TIOCHITAHD . . ...ttt et et et e e e e eieee e 43

Honatox A Ilepenik koman MikpokonTposepa Intel 8051.......... 44



4
HNEPE/IMOBA

MeTomu4uHI BKa3iBKM CKIQJAOThCA 3 JIBOX PO3IUIB 1 OJHOTO
ONaTKy 1 MalTh PEKOMEHHalii A0 BUKOHAHHS JTa0OpaTOpHUX pPOOIT 3
JUCUUIUTiHE  «MIiKpOnpoLecopHi  NPUCTPOi» Y  BIANOBIZHOCTI /IO
HaBuanbHuX maHiB OKP Gakanaspis.

B mepmomy po3mimi  HaBemeHI  KOPOTKI  BIZOMOCTI  TIpo
IHCTpyMEHTaJbHE TporpamMHe  3a0e3medueHHs Ui pO3poOKM  Ta
HaJIarOJKCHHS IIPOrpaM, a TAKOXK METOINYHI BKa3iBKH MIO/O0 1X HANMCAHHS.
VY npyromy po3nini HaBEAECHO MEpeNiK JadopaTopHUX POOIT, iX KOPOTKHUM
3MICT Ta peKOMEHAITi1 3 iX BUKOHAHHSI.

VYV nopmatky momaHo Tepenik KomaHa MikpokonTposepa Intel 8051,
SIKMH BKJIIOYA€ Ha3BY, MHEMOKO/ Ta OIKC Ail, IO BUKOHYIOTHCS.

g crymenrtiB  cremiambHOCTI 141 —  EnexkTpoeHepreTwka,
€JIEKTPOTEXHIKa Ta eJIeKTpOMEXaHiKa OCBITHBOT IpOrpaMu
«EnexktpomexaHiyHi CHCTEMH aBTOMAaTH3allii Ta eIEKTPONPHBOA» YCiX
(hopM HaBUaHHSI.



5

1 PEKOMEHJIALIT O BAKOHAHHSA
JABOPATOPHUX POBIT

1.1 3acoou ProView s HajaroJKeHHs B3a€MoOil 3 00’ cKTaMu
KepyBaHHS.

st mpucKopeHHs mpolecy po3poO0KH KEepyIUHX MpOorpam iCHYIOTbH
CreIiagbHl TporpamMHi 3aco0W, IO HA3HBAIOTHCA IHCTPYMEHTATBHUM
mporpaMHuM 3abesmnedeHHsM. OfHHM 3 Takux 3acobiB € Proview Bix
Franklin Software. Bkazane iHcTpyMeHTalbHE NporpamHe 3a0e3nedYeHHs
(IT3) mo3Bosie HaOWpaTH, pemaryBaTh Ta 30epiraTH BUXITHHHA TEKCT
MporpamMu, TIEPETBOPIOBATH HOr0 B MAITWHHUN KO, 3MIHCHIOBATH
MEepeBipKy Tpane3laTHOCTI HpOorpaMH, SK OKpeMHX 11 4YacTHH, Tak i
BIILJTOMY.

[HTerpoBaHi mporpamMHi eMyJISATOpH anapaTHUX 3aco0iB JO3BOISIOTH
iMiTyBaTH pPOOOTY TOPTIB 1 TaliMepiB MIKpOKOHTpoJepa, oOpoOIsTH
30BHIILIHI IEpepUBaHHs W IepepUBaHHS BiJ TaliMepiB.

Iactpymentanbhe 13 Proview ¢ipmu Franklin Software Inc. mictuts
JeKiTbKa BIKOH, M0 TPWU3HAYCHI I HAJaro/pPKCHHS  B3aeMOZIl
MIKpOKOHTpoJiepa 3 00’exkTamMu KepyBaHHsa. Y BikHi Main Registers
(pucynok 1.1) BimoOpaxaeTbcs BMICT JiumimbHHKa KomaHn PC,
akymyssitopa ACC, cimoBa crany mpoiecy PSW, nokasumka crexy SP,
nokazunka pganux DPTR, pomomixnHoro akymynsropa B, 0Oiry
no3uku/mepeHecenss C, perictpy wmacok mnepepuBanb |E; perictpy
OmoxyBaHp TpepuBaHb EA, mokazumka Oanky perictpiB RB, perictpi
3arampHoro  mpum3HaueHHs  RO-R7;  moprie PO-P3,  perictpy
kepyBaHHs/crarycy Ttaiimepa TCON, peructpiB Taiimepis THLO-THLZ2;
perictpy kepyBanHs notykHicTio PCON.



Main Regizters [EXAMPLE] =] E3

CFLU Bank L=tz H adwara

PC [wmaf (RE0 [@R0 [t PO [FF
ACC o0 (RD[00 (@R1 [0 | P [FF
P/ [ Al [ |BOPTRFF P2 [FF
5P [ |R2 oo |HEA IE P2 [FF
DETApooo (RS Joo  [%EST1 e TCOH [ao
] oo |R4 oo |SPd e | THLO[Do00

C [0 (A5 [00 |#eRAE&[= | THLI[EEA
EL 0 |RE[00 |Task [+ | THLZRARA
IE 0 |R7[00 |T=skP [ PCOM [o0

Pucynoxk 1.1 — BikHo pericTpiB

Kpim Toro, uepe3 mynkt Hardware mento View (pucyHok 1.2) MmoxHa
BIJKPUTH BIKHA MapaJiebHUX MOPTiB KOHTpOJEpa MepepuBaHb, TaiiMepiB i
[IOCJIIOBHOTO HOPTY.

Wiew [Debog Options Window Hel

N T

T iew Ieszeger
Hepart
Code
Focrne -Fercheas
b il rEgiter Intempt Conimlier

Locta dumn Timer 1

e, R

Pt 0

Sxmboks Pt 1
el Pait 2
gh:dk Pt 3
2lac LART
Trace

Pucynok 1.2 — Menio View



Y indopmarifinoMy BiKHI KOHTpojiepa mepepuBanb «lInterrupt
Controller» (pucyHnok 1.3) BkaszyeTbcsi craTyc i MpIOPUTET BCIX JDKEpesn
nepepuBanb: «Enable» - wasBHicTe nepepuBanns, «Not Enable» -
BiJICYTHICTh TIEpEPHUBaHHSI.

CEH TIMERD : Inleingt & HOT ERAELE -

13H ERT1 - Intempt s HOT EHSBLE. F.
1BH TIMERT : Inlem.gt is NOT ER&BLE .
Z3H SERIAL : lrkenupliz MOT ENBBLE, 55

e
Foc i R R

Pucynok 1.3 — BikHO KOHTpoOJIEpa IepepuBaHb
B panky crany (pucyHok 1.4) Tpu BHKOHaHHI Tporpamu y

ITOKPOKOBOMY peXHMi a00 B pexuMi aHiMaIli MOKa3yeTbCs MOTOYHUN
peanbHuil yac.

T
[ [T 00T e B w1 [T70 [T [N wsl

Pucynok 1.4 — Psnoxk crany

Ti 0 [ExAMPLE - -

© Timer 0 [EXA I!E[E %' Pont 0 [EXAMPLE) M =] E3
THLI Il:ll:l:l:l
THUDIF 1] E MNa Corneclion
TEOM [20 Lﬁ.Tl}IlFF E Mo Comreclion
TEO [0 TRO[0 3, 7 [ o Comeslien

No Correclion
Funzton tiner.

Slate: ol

tade: 0, 13-Eitragistar : TLD iz Mar .
a divide-by-52 prescaler (6 [ Ma Conreciicn

Iveer hifz ) r E Ma Corireclich

E Nao Conreclicn

a) 6)
a - BIKHO CTaHy TaiiMepy; 0 - BIKHO CTaHy MapajeibHOro HopTy
PucyHok 1.5 — Bikna Proview TaiimMepa Ta napajienbHOro mopry
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V BikHax TaiimepiB (pucynok 1.5, a) BimoOpaskaeTbcs BMicT 16-
OiTHoro TaiiMepa/miumnbHEKa THLX, perictpy pexuMy poOOTH
taiimepa/miunnpauka TMOD, perictpa kepyBaHHsS/CTaTycy Taimepa
TCON, dmnar mepenoBHeHHS TaiiMepa TFX, 0iT kepyBanHs Taiimepa TRX. B
LbOMY BiKHI TaKO>K BKa3y€ThCsI CTaH 1 pexXuM poOOTH TaiiMepa.

VY BiKHaxX mapaielpHUX MOpTiB (pucyHok 1.5, 0) BimoOpaxkaeTbcs
BMicT perictpy-dikcaropa LATCH i okpemux niHiii mopry. CtaH miHii
TIOPTY MOJKe OyTH 3MiHEHO 3a JTOIIOMOTOF0 MHUIIII.

V Bikni nociigosHoro nopty UART (pucynok 1.6) BimoOpaxarThes
nani Oydepa mepenaBaua Buffer, pexxum pobotn i mBuakicte. Y Oydep
npuitMada Input Moxke OyTH BBeIeHa MOCTIAOBHICTH OaiTiB. [HDOpMariis
Moxke OyTu mpexactaBieHa y cumBoinbHOMY Burisimi ASCIl abo y
mrictHanusaTkoBil Gopmi HEX. Bydep ouniyersest 3a JOOMOT0I0 KHOTIKH
Reset Buffer.

R/ UART [EXAMFLE|]

M TRM tode 1 8-bif LART
i
[ BEC a2cl RQGQ[BUH‘Q[ Rec. baud generator: Timer 1 owverdlow (1199 Hi
i i 3
W Fasthode HES Trm. baud generator Timer 1 overflow (1199 He)
Hukfer:
|
= |
| 3
~Inp ut:
-1
=
| 7

PucyHoxk 1.6 — BikHO moC1iJOBHOTO TIOPTY

I[pu BignmaromkeHHi mnporpamu (pucyHOK 1.7) YacTo BUHUKAE
HeOOXiTHICTh IPU3YIMHATH 11 BAKOHAHHS Ha MEBHIA KOMaH]II.

Breakpoints — me mapkepu y Bamiiii mporpami, siKi TPHMYIIYIOTb
BIJUIar0J)KyBaJbHUK 3yMHHUTH 11 BUKOHAHHSA y «PEabHOMY MacIiTaldi
yacy». B MokeTe BCTaHOBIIOBATM MapKepw Ha Oyab-iKHX KOMaHIax
nporpamu (pucyHok 1.8, 1.9).



Sl vdipd .

;\r\f\f\f1ﬁrﬁr\r\f\f1f1ﬁrﬁr\r\f\f1f\ﬁr -
; HPOCPAMIN EPEMEHHON SAIEPREM LOO 1o TloTouHa KoMaHTa
.;1.'.—1-?1'?—.?'—.:.—*.—1.'.—#?1.'1'—.?—.*.—?:.—1.—#?1-?—.?—.?:.— [C ™ I{DJﬁp:}

SJIF DLY1

now 2l0 =zabpyaxs B B3 uxcla kEHE0E0E TELRY
LOonp: CLLL DELRY JZafepdsa 100 mc
DINZ B4, LOdP :B4-1 w oo, corm (B4 1z pacom O

'1-.
. To4Ka 3YIHHEH

DELAY: WOV Bl, #1395 L e E“IEPEUHFEI HUJT[P}
LOOPEX: H1OY B2, #3254 ZEPPYIEa T
LOOPIN: DJNZ B2, LOOPIN :meopemeirr D2 M DIy TRCLODOL IOMLUT,

=

SECIM (FZ) He DARH
DINE BL, LOOPEX MEEPEMEHT Rl M EHELEDOY LT,
seciog (BL) re pommo O
1o B3, #1774 SPOUHAY TIOIT ] 0K A
1LONPLT- NNy FS  TOOTAT = E e ME HE AT ;I

Pucynok 1.7 — BikHO BiJu1aroixkeHHs

[ coh. iyl asm

atE WA AT AR A TR A AT A A A A A -

; IPOCPAMML EPEMEHEON ZADEFEN 100 mo

P e e e e

i | Dzbyg Dptiors window  Help

F| Taiminae CirkD 5 SIMF DLYL

' £

= B Cil+5 -
Stap o FT JETEMEpTRa LO0D |

! —
Step over Fa _ W
At Lirke Open the source Tt
Aezst line Lotoline Iﬁl'-urc-' e
Show execubon ponl CirkkF3 ' T iew Coda Tecgle ihge POl
: Add wetch  FE

Ewaluate M odly Cirke b . 1 Evabiate/MaodFy LOOPIM ;:cr.u:::t:_:r Rz
& I Inzpect ecm |RE) OHE
Budd watch i : —puu-—nr_l.uum:x jpevpemsET Rl

Inepact jeoim |R1) me

-E!HEEH_HF . M i #1774 SOOWHAT  TTOTT
Tonde race F4 d |

a) 0)
a) 3 TOJIOBHOTO MEHIO; 0) 3 KOHTEKCTHOTO MEHIO
PucyHok 1.8 — Beranosnennst Breakpoint
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1.2 locaigoBHiCTh HANMCAHHS TA BiAJIAroM:KeHHS MPOrPaMHU.

O3HaHOMHUTHUCS 3 TEOPETHUYHUMH BiIOMOCTSIMH Ta MPHUKIATaAMH 3
TEMaTHKH 3aIIPOTIOHOBAHOTO 3aB/IaHHSI.

Cxactu 0J10K-cXeMy BUKOHAHHS 3aBIIaHHS:

- BUJIJIMTH i3 YMOB 3aBJIaHHS BUXIJHI JJaHi;

- BU3HAYUTH MMOCIIOBHICTh BUKOHAHHS il ISl BUPIIIICHHS 3a]1a4i;

- BU3HAYHTH PETICTPH, B SKUX OymyTh 30epiratucs HeoOXiaHi maHi,
BUTQIaTH JJII HUX KOPOTKE Ta iH(QOpMAaTHUBHE iM’s, a TaKOoX YITKAN
OINHCYIOYHN KOMEHTap;

- 32 HEeOoOXiTHOCTI BU3HAYMUTH TEpETiK MiH, SKi OyayTh (Ko Oyme
HEOOXiTHICTh) MOBTOPIOBATHCS B XOJ[I BUKOHAHHS 3aBNAaHHS 1 BUPIIINATH,
oo caMe JUIsi I[bOrO0 BHUKOPUCTATH: IHMKI (JCKUIbKa I[KIIB) abo
mignporpamy.

3rimHo ckiameHoi OJIOK-CXEMH HAlMCATH TEKCT MporpamMu 3
KOMEHTapsIMH 10 KOXHOI KOMaHgu (Tpynd KOMaHZ), SKi peami3yloTh
BHKOHAHHS OJHi€] 3 YMOBHUX 4acTHH yci€i mporpamu. baxaHo yHHUKaTu
KOMEHTapiB, M0 AyOIOIOTH JIiF0 OKPeMOi KOMaHAH, TOOTO JaHi, SKi BimoMi
ab0 MOXyTb OyTH B3STi 3 ONMUCY cuUTeMH KoMaHja. KomeHTap moBHWHEH
PO3’SICHIOBATH 3 SKOI METOK BUKOPHCTOBYETHCS KOMaH1a (Tpyra KOMaH)
y KOHKPETHIH mporpami.

Hanpuknan:
He 6OaxaHo (moraHo) INC R1 ;R1+1-R1
BaxaHo (mobpe ) INC R1 ;301sbmeHHS BKas1lBHMKA

; €eJIeMeHT1iB MacuBy
IIpornec cTBOpeHHs mporpaMu Oa’kaHO PO3OUTH Ha YMOBHI YaCTHHH:
- CKJIaJIaHHS OCHOBHOTO TIEPENTIKY il /TSl BUKOHAHHS 3aBJIaHHS,
- BBEJIECHHS BUXIIHHUX JAHUX;
- OITUC [IiHi, SIKI BAKOHYIOTBCS IIUKIIIYHO;
- manporpamu, ki OyxyTh BUKIMKATHCA IIJI 4Yac BUKOHAHHS
OCHOBHOI ITPOrPAMH.

[lepeBipuTH HasSBHICTh MITOK Y TEKCTI MPOTpaMH i KOMaH]I IEPEXO.Ty
3a MITKaMH, a TaKO’K KOMaH] BUKJIUKY IIIIIPOrpaM i BUXOAY 3 MiTIPOTPaM.
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Hanpukmnan:
org 0Oh
mov r0, #30h ;azmpeca HOYaTKOBOT'O eJIEMEHTAa IIE€PIOTO
; MacuBy
mov r7, #8h ;K1JbKiCTL eJleMeHT1B nepmoro MacuBy

call count null; BukiIMkK /0 nigpaxyHky
;KinmbpkocTi ejileMeHT1B MacCuBY, IO
; DOP1BHIOOTL HYJIO

mov b, a ; 30epexeHHsa pesybTaTy BUKOHAHHS
ninnporpammu

mov r0, #40h ;ampeca mouyaTKOBOTO eJiIeMeHTa IOPYyTOoTO
; MacuBy

mov r7, #8h ; kijbkicTb eJleMeHT1iB IOPYyTOI'0 MAaCUBY

call count null ; Bukimk n/n nigpaxysky kismeskocri

;eJIeMeHT1B Macupby, MO HOP1BHKOTL HYJIO
cjne a, b, m ne; NOPiBHAHHA PEe3yJLTAT1B NiIpaxyHKiB
mov 20h, #0h ;zanmc y xomipky 20h umciya 0Oh, sakmo

;KimpxkicTh eyleMeHTiB, MO OOP1iBHOOTH

;JHYyJIO, B 000X MacuBax OIOHakKOBa

jmp m end ;

m ne:
jc ml ;
mov 20h, #2h ;szanmuc y xoMipky 20h uwmcya 2h, gxumo
;Y OpyroMy MacuBl KiJbkicTb ;ejieMeH-—
;TiB, mWo mopiBHKOOTL HyJO, Oijbma, HixX
;Y IepuoMmy
jmp m_end
ml:

mov 20h, #1lh ;3anmc y xomipxy 20h umcryma 1lh, saxmo
;Y mnepmoMy MacubBil kijbkicTh ejieMeH-—
;TiB, MO IOP1iBHIKWTE HYJW0O, Oijgbpma HIX

;Y ApyToMy
loop: jmp loop
count null: ;I/0 NigpaxyHKY KI1JBKOCTI eJIEMEeHTI1B
;MacuBYy, IO IOOP1iBHIWOTH HYJIO
mov r6, #0h ; BCTQHOBJIEHHA IIOYATKOBOIT'O CTaHy
;iunnasHUKa
cnt ml: ;IOUATOK LUKJIY

mov a, @r0 H
jnz cnt m2 ;jrIepexinm, 4AKmO eJIEMeHT MacCUuBY He
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; DIOP1BHIOE HYJIO

inc ro6 ;301iblIeHHS BMicTy JiuMibHMKA Ha 1
cnt m2: ;
inc rO ;30inpmenHsa "Bkas3iBHuUKA" eJjieMeHTIiB
;MacuBy Ha 1
djnz r7, cnt ml ; IepeBipka BaBeplleHHS LUKIY
mov a, r6 ;3anuc pel3ysbTaTy NiIpaxyHKYy Y
; AKYMYJIATOP
ret

END
IlepeBipuTH IPaBHIIBHICTH TPOTPAMH, BUKOHABIIIH TaKi Mii:

Habpatn y BikHI BBOAy HporpamMd OJHY 3 YMOBHUX YacTHUH BCi€l
IPOTPaMH;

30epertu Qaiin 3 UM TEKCTOM MIPOTrpaMu
(File / Save as / [iM’st haiiry TaTHHCHKUMU JIiTepamu|. asm);

BamyctuTi POEKT s Bifaromkenns (Project / Build all).

3a HAsSBHOCTI y TEKCTi MPOTrpaMH CUHTAKCHYHUX MOMWJIOK, y BiKHI
«Message» 3’SBUTHCS BHIUIEHE HYEPBOHUM KOJBOPOM MOBIIOMIIEHHS
«ERRORY, sike BKkazye Ha psiIOK, IO MiCTUTh TIOMHIIKY .

3amycTUTH TPOEKT U TEPEBIPKU Mpane3JaTHOCTI MLi€l YacTHHH
nporpamu (Debug / Start). Tlpu 3amycky mporpamu TOCTYIHI Taki QyHKIIii
emyssropa (tabmurg 1.1).

Bikno «Main Registersy no3Boinsie mnepeBipsATH CTaH MOPTIB Ta
pericTpiB Ta MOPiBHIOBATH HOTO 3 Oa)KaHUM.

Y Bikal «Code» BimOOpaXyrOTHCS aApecH, KOIHW, MHEMOHIKU
MPOTpaMHu.

IlepeBiputu craH i pexkuM poOOTH TaliMepiB MOXKHa JOAATKOBO
BigkpuBIM Bimmosinui Bikua (View / Hardware / Timer 0 ta/a6o Timer 1,
Timer 2).

3a HeoOXiAHOCTI HEe MPOTrPaMHOr0 KEPyBaHHS OKPEMHMH JIiHISIMH
MapajeNbHUX MOPTIB IX CTaH MOXe OyTH 3MiHEHHH 3a JONMOMOTOI0 MHII Y
BikHax mapaienpHux nopriB (View / Hardware / Port 0 ta/ab6o Port 1,
Potr 2, Port 3).
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Tab6mms 1.1 - dynrkmii emynsaTopa

I'pag.
300pa- Hasga OyHKii
JKEHHSI
«Animate» | AHIMOBaHe BHKOHAaHHS TIPOTpaMH — TIpH

3aIyCKy IPOTpaMy y BiIIOBIAHOCTI IO MOPSAKY
BUKOHAHHS KOMaHjI BOHU OynyTh BUJUICHI
PSAAKOM CHHBOTO KOJBOPY

«Step into»

[TokpokoBe BHUKOHAHHS MPOTPaMH — TpHU
HAaTHUCKaHHI Ha I[f0 KHONKY OyJe BUKOHaHA
TIJBKY OZJHA KOMaH/Ia

«Run» / | 3amyck/3ynmuHKa TpOrpaMH — ICIS 3aIlyCKy

«Stop» MPOTpaMu Il K KHOIIKA BUKOPUCTOBYETHCS AJIS
3YIMUHKA BHKOHAHHS porpamy, npu
IIOBTOPHOMY  HAaTHCKaHHI mporpama Oyme
3allyleHa 3 TOrO MiCIs, Ha sKOMy Oyla
3yIHMHEHA.

«Reset» IloBepHEeHHSI y TMOYaTKOBE MOJIOKEHHA — MPHU

HAaCTYIIHOMY 3aIlyCKy BHMKOHAHHHS IIPOIPAMH
IIOYHETHCS 3 IEPIIOT KOMaHAHU.

ITicas Toro sk BijIaro/pPKeHa OJlHA YAaCTHHA MPOrPaMH, CIIiJ
MOCTYIIOBO JIOTIOBHIOBATH ii IHIIMMM YaCTHHAMH JIO TOBHOTO TEKCTY
MIPOrpaMu 1 MOBHOT MPare3aaTHOCTI.
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2 JABOPATOPHA POBOTA Nel
IIapanenbHe BBeleHHsI-BUBeleHHA iH(opManii
Mera: 03HaHOMHUTHCS 3 EMYJSITOPOM CEMHUCETMEHTHOI'O iHAWKATOpa
Ta 0COOJIMBOCTSIMU HOTO B3aeMoii 3 mporpamMHuM 3abe3nedeHHsM Franklin

Software.

KopoTki TeopeTuuni BitomocTi.

Cemucermentauii igamkarop (CCI) - me oamH 3 MPOCTIMIHAX
IHINKATOPiB, SKUH BHKOPUCTOBYEThCA JJsl BHUBEAEHHS iHMopMmamii 3
MmikpokoHTposepa (MK).

BiH migkiarodaeTbcss OO MHapaneNbHOrO MOPTY TAKUM YHHOM, INO
KO’KHOMY CErMEHTY BiNOBifae neBHuit 6iT mopty (pucyHok 2.1).

PY.0 —2 a

PY.1 —L

py2 —< f b
PY.3 g g

PY 4 —
PYs — ¢ c
PY.6 —ﬂ

PY.7 =

Pucynok 2.1 - CemucerMeHTHiH iHIUKATOP

Hanpuknan, miast Toro, mo06 Ha CEMHCETMEHTHOMY 1HAMKATOPI
3’sBuiach udpa «5», Tpeda B oauH i3 4oTHphoX mopriB MK BuBecTH
ngiiikoBe uncio «01101101b» (Tabmuns 2.1).
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Tabauust 2.1 — BiAnoBigHICTh CETMEHTIB IHAMKATOPA /IS BUBEACHHS
uudpu «5»
Bit mopry PY.7 | PY6 | PY5|PY4 | PY3]|PY.2]|PY.1l]|PY.O

_ Cerment DP | G F E D C B A
IHAMKATOpa

bawamnit |11 | g | 1 | 1 | 0 | 1

CTaH

Jns  cnomyuyenns Proview Franklin - Software 3  emynstopom
CEMICETMEHTHOTO iHIuKaTopa Tpeba 3amyctuTd Qaitnm 7segment_1l.exe.
[Ticast pOro BiAKPUETHCS BIKHO, 30BHIIIHIA BHIJIS SKOIO IOKa3aHO Ha
pUCyHKY 2.2, a. 3i CHHCKYy, IIO BiIKPUBA€TbCS BHOMPAETHCS MOTPIOHMIMA
mopT (pUCYHOK 2.2, 0).

7-segment i../iga| 7-segment i..iE

I -

PO irverse
F1 inverse
P2 inverse
P3 inverse

a 0
a — 30BHIMIHINA BUTIA; O — CIMCOK MOKIIMBUX JJIS BUKOPHCTAHHS ITOPTIiB
Pucynok 2.2 — Bikno emynsitopa CCI

[Micna 3amycky mporpamu iHAuKaumii, OyJe 3AiMICHEHO BUBEIEHHS
HeoOXiTHUX 3HAKiB HAa iHAMKATOP, MPH IEOMY CETMEHTHU OYyAyTh 3MiHIOBATH
KOJIip.
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3aBaaHHS.
Hanmcatn mporpamy ans iHgukamii 3HaKiB Ha CEMHCETMEHTHOMY
IHAMKATOPl 3TigHO BapiaHTa IHAMBIAyalbHOrO 3aBHaHHsA (Tabiumsa 2.2),

BHUKOPHCTaBIIN [T 11b0r0 moptu PO 1 P1.

Tabmuig 2.2 — Jlani 111 BUKOHAHHS 1HIWBIAyalbHOTO 3aBIaHHS

No - OCI/IMBOJ'II/II) 1 No - OCI/IMBOJ'II/IP 1 No - éjI/IMBOJ'II/II) 1

1 |—| |—| 11, | o | 21. |— L
T 1)

2 |—| - 12. |— 22 - —'

4 - 14 - 24 -
| Il

5 —| - 15. |—| 25 —| -
T ~i

6 | | —| 16 - 26 - —'
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IIponosxkenHs Tabnui 2.2

7. | | |— 17. | 27. - |—|
RN
8 - - 18 | | | 28 —|
l | | 1)
T e o
1 | |
10. - |— 20. | - 30. |—|
l | T

3micT 3BiTY 3 1abopaTopHOi podoTH.

3BiT 3 ;MabopaTopHOi POOOTH MOBUHEH MICTHTH THUTYJIBHHHA JIHCT,
TEMy, METy JabopaTOpHOI pOOOTH, YMOBY iHAMBIAYaJILHOTO 3aBJaHHS,
TEKCT TMpOrpaMH 3 KOMEHTapsIMH JO0 KOXHOI KOMaHAM, PHCYHOK,
oTpuManuii musixom Print Screen 3 pesysbraramu J1abopatopHOi poOOTH,
BHCHOBKH 3 JIa0OpaTOPHOI poOOTH.

KoHTpoJbHi 3anuTaHHs.

1. [Tpu3HaYCHHS CEMICETMEHTHOTO 1HAMKATOPA.

2. [TiaKII0YeHHS CEMHUCETMEHTHOTO 1HAUKATOPA.

3. [lpouienypa BuBemeHHs iHpopMarmii Ha  CEMHUCETMEHTHHIA
IHIUKATOP.




18

3 IABOPATOPHA POBOTA Ne2
Opranizanisa 4acoBUX 3aTPMMOK NPOrpaMHHUM MeTOA0M

Mera: o3nHalioMuTHCS 3 TpUHOMIOM pobotu mopTie MK poxnHm
x51, HaBUUTHCS POOUTH YACOBI 3aTPUMKH MPOrPAMHUM METOJIOM.

Kopotki TeopeTruuni BizomocTi.

IlopTn BBeaeHHS-BUBeAeHHS iHpopMAaWii.

Bci wotnpu moptr MKS51 mpu3nadeni mjis BBeZeHHS a00 BUBEICHHS
iHpopmaii mobaiitHo. [Toptu 1 i 2 MaroTh NPUOIU3HO TaKy kK CTPYKTYpY,
sk 1 mopt 3 (Puc. 3.1). KoxHuit mopT MiCTUTH KepoBaHi perictp-¢ikcarop,
BXimHUH Oydep 1 BXimHMIA TpaiiBep.

ApTepHATHBHA QYHKIA BHXOIY +5 B

30BHINIHIH BUBI

Unransa Gydepa xopryca MK
<— L& [Py [

Jlinia Y BHYTPIIHBO! IIHHE D|T

3armic y oydep 8

Beenenna ﬁ <}

AmpTepHATHBHA (QYHKINA BXOXY
Pucynok 3.1 - CipolieHa IpHHIMIIOBA CXeMa MopTy 3

Bci BuBoam mopra 3 MOXyTh OyTH BHMKOPUCTaHI Ui peaiizamii
anpTepHaTUBHUX (QyHKIIA (Tabmurs 3.1), ski MOXyTh OyTH 3aiisiHi
IUISIXOM 3aIiCy Y BiMMOBiaHI O6iTH perictpa-dikcaTopa (P3.0-P3.7) mopra 3

[opr 0 € pgBoHampsimienmM, a mopta 1, 2 1 3 -
KBa3igBoHanpsiMieHUMH. KoxkHa miHIS TOPTIB MOXe OyTH BHKOpHCTaHA
HE3aJIC)KHO I BBEJACHHS abo BuBenmeHHs iH(opmMarii. s Toro, mob
KOHKPETHA JIiHis TOpTa BUKOPUCTOBYBAJIACs JUIsl BBEJICHHS, Y BiAMOBIAHUN
D-tpurep pericrpa-dikcaropa mopTa MOBHHHAa OyTH 3amucaHa 1, sika
3akpuBae Buxigauit MOII-Tpan3ucTop.

3a curnaom RESET (RST) y perictpu-ikcatopu BCiX MOpTiB
ABTOMATUYHO 3alMCYIOTHCSI ONWHMII, SIKI HACTPOIOIOTH iX THM CaMHUM Ha
peXuM BBeIeHHs iH(popMarii.
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Bci mopter MOKyTh OyTH BHKOPHCTaHI JJIA OpraHi3ailii BBEICHHS-
BUBEJICHHs iHpOpMALlil 32 ABOHANPIMICHUMH JiHisiMHA miepenadi. OmHak
noptu 0 1 2 He MOKYTh OyTH BUKOPUCTaHI 3 Ii€I0 METOIO Y BUMAJKY, SIKILO
MK-cuctema Ma€e 30BHIITHIO ITaM’ATh, 3B’ 30K 3 KOO OPTaHi3y€eThCS depe3
3araibHy PO3JUICHY IINHY aIpech/IaHuX, SKa MPaIioe Y PeKUMi 4aCOBOTO
MYJIBTHIUICKCYBaHHSI.

Tab6mmma 3.1 - AnerepHaTuBHI GyHKIIII TopTa 3

Cumsoi | ITo3umisa IM’s1 1 mpu3HAYCHHS

RD P3.7 UurtanHs. AKTHBHUH CHUTHal HHU3BKOTO PiBHSA
¢dopMyeTbcsl  amapaTypHO TpH  3BEpPTaHHI A0
30BHIIIHBOT I1aM’ AT JaHUX

WR P3.6 3amc. AKTHBHHH  CHUTHaJdl  HHU3BKOTO  PIBHA
dopMmyeTbcs  amapaTypHO TIpM  3BEpPTaHHI 10
30BHIIIHBOT I1aM’ AT JaHUX

T1 P3.5 Bxix Taiimepa/miuniapHuKa 1 200 TeCT-BXif

TO pP3.4 Bxij raiimepa/niunnsHrka 0 a0o TecT-BXij

INT1 P3.3 Bxin 3anuty nepepuBanHs 1. CipuiiMaeTbesi CUTHAI
HHU3BKOTO piBHA a0 3pi3

INTO P3.2 Bxin 3armuty nepepuBanns 0. CripuilMaeThCsi CUTHAT
HHU3BKOTO PiBHS 200 3pi3

TXD P3.1 Buxin mepenaBaya mOCHiIOBHOTO TOPTa B PEXHMI
VAIIIl Buxin cuHxpoHi3auii B pexumi perictpa
3CYBY

RXD P3.0 Bxig mnpuiimMada MOCHIZOBHOTO TIOPTa B PEXHUMI

VAIIIl. BBeneHHs/BUBEOCHHS AAaHHUX B DPEXHUMI
pericTpa 3cyBy.

Ocob6auBocTi podoTH NOPTIB.

3BepTaHHs 10 TOPTiB  BBEJACHHS/BUBEACHHS  MOMJIMBE 3
BHKOPHCTAaHHSM KOMAaHJ, fAKi OIepylTbh 3 0aiToM, OKpeMHUM OiToM i
BUIbHOIO KoMOiHamiero OitiB. Ilpw mpOMy y THX BHITamKax, KOJH TOPT €
OJHOYACHO OMNEpaHAOM 1 MicleM MpU3HAYCHHsS pe3yibTaTa, MPHCTPil
KEepyBaHHSA aBTOMATHYHO PEalli3ye CHemialbHIN PEeKUM, SIKUA Ha3HBAETHCS
«auTaHHA-MoAudikamis-3anucy. lLled pexuM 3BepTaHHA Mepeadadae
BBEJICHHsSI CHUTHAIIB HE 3 30BHIIIHIX BHUBOJIB MOpPTa, a 3 WOT0 pEricTpa-
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(hixcaTopa, IO JO3BOJISE BUKIIOUATH HEMPaBWUJIbHE 3YUTYBAHHS paHIIIE
BUBE/ICHOI iH(opMaIrii.

[oniOGHuii MexaHi3M 3BEpTaHHS A0 MOPTIB peanizoBaHO y TaKUX
KOMaH/1ax:

ANL — moriune I, manpukmag ANL P1A;

ORL - noriune ABO, nanpuxiiag ORL P2,A;

XRL - Bukmoune ABO, nanpuknag XRL P3,A;

JBC — mepexin, SKmo B agpecoBaHOMY OiTi ONWHHWIA, 1 HACTYITHE
ckujanHs Oita, Hanpukiaax JBC P1.1, LABEL;

CPL — iuBepcis 6ita, Hanpuknag CPL P3.3;

INC — inkpemenT nopta, Hanpukiaag INC P2;

DEC — nekpemenT mopta, Harpukian DEC P2;

DJINZ — nekpemeHT mopTa i mepexis, SKIo HOro BMICT HE JOPiBHIOE
Hymo, Hanpukiaag DINZ P3, LABEL;

MOV PX.Y, C — nepenaua 6ita mepenocy B 6itr Y mopra X;

SET PX.Y — BcranoBnenns 6ita Y mopta X;

CLR PX.Y — ckunanns 6ita Y mopra X.

30BCciM HE OYEBHJHO, IO OCTaHHI TPU KOMAaHIU Y HaBEIECHOMY
CHHCKY € KOMaH/IaMH «duTaHHSI-Moau(ikamis-3amuc». OmHaK 1ie came Tak.
3a MMM KOMaHAAaMH CIOYaTKy CUUTYETbCsA OalT 13 mopra, a MOTIM
3aIHCy€ThCS HOBHI OalT y pericTp-(hikcarop.

OnuTyBaHHs ABiliKOBOro 1aBayva.

Ionii y 00’eKTi KepyBaHHS MIKPOIPOIECOPHHUX MPHIIAIIB 1 CUCTEM
3a3Bu4aii  (DIKCYIOTbCS 3 BHUKOPUCTAHHSIM pPI3HOMAaHITHUX JBIHKOBHX
JaBadiB THUIY Tak/Hi, HaNpUKIAJd, KIHIEBUX BHUMUKadiB. Cxema
MiJIMKHEHHSI IBIHKOBOTO MaBava 10 MK HaBeneHa Ha pucyHKyY 3.1.

OuikyBaHHSI CTATHYHOI'0 CUTHAJIA.

Tunosa mpouenypa ouikyBanus moaii (WAIT) cknamaerbes 3 Takux
Nifi: BBEJICHHS CWTHAJA BiJ JaBada, aHATI3y 3HAUCHHS CHUTHAITY 1 Tiepemadi
KepyBaHHS Yy 3aJIeKHOCTI Bijl cTaHy JaBadya. Ha pucyHky 3.2 mpezacraBiieHa
OJIOK-CXeMa anropuTMa MpOUEAYPH OUYIKYBaHHS WOl 3aMUKaHHSIM
KOHTakTa JBiifikoBoro jgaBaua. KOHKpeTHa mporpamMHa peasizarfis
TIPOTIeTyPH 3aJICKUTh HEe TUTBKH Bix Trry MK, ane i Bix TOTo, SKUM YHHOM
naBad migknrodeHo 1o MK. Bin moxe OyTu migkirodeHuit 10 oaHiel 3 JTiHIN
noptiB MK a6o o crientianbaux tectoBanux BxomuiB (TO, T1 mnsas MKS51).
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+E

Kmrou K Ha exig
o > a
TTJI-cxema, onTpoH abo
cXeMa Y3TODKeHHS
PIBHIB CHTHAITY

Curnaan Ha exoai MK
A

[ K PO3IMKHYTO

K zamkHyTO

Pucynok 3.1 - Cxema zBiiikoBoro naBada

Tak
WAITC

Pucynok 3.2 — CTpyKTypHO-aIropuT™MiuHa cxema npoLeaypu
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Jami HaBemeHMH TIPUKJIAA MPOTpPaMHOI peami3allii OIMHMCaHOTO
ANTOPUTMY
WAITC:JB P1.3,WAITC ;OuikyBaHHS BaMUMKAHHSA
;KOHTakTa (wait close)
AmnarnoriuHa peanizalis y BUIIaJAKy pPO3MHKaHHS
WAITO:JNB P1.3, WAITO ;OuikyBaHHSA PO3MUKAHHS
;KOHTakTa (wait open)

Peanizaiis yacoBuX 3aTPUMOK MPOrPAMHHUM METO0M.

[IporpamMHa 3aTpuMKa peanizyeTbCsl LUIIXOM BHKOHAHHS MEBHOT
KIJTBKOCTI KOMaHZ, 3a YMOBH, IO Yac BUKOHAHHS KOXXHOI KOMAaHIN
Bigomuii. Hanpukmnan, ms nponecopiB 8051 npu takrosiii yactoti 12 MI'n
94ac BUKOHAHHS KOMaHIM JI0O/IaBaHHS CKJIAJa€ OJMH OOYMCITIOBAJIbHUI TaKT
1 JopiBHIOE 1 MKC.

Yacosa 3aTpuMKa MaJji0oi TPUBAJIOCTI.
Jis BUKOHaHHS [if, IO TOBTOPIOIOTHCS, (Y HAIIOMY BHITAIKy i€

IeBHA KUTBKICTh KOMaH/) 3pyYHO BHKOPHCTOBYBATH IHKJIW. Hampukianm y
HACTYITHOMY MPOrpamMHOMY (pparmenTi

DELAY: MOV R2, #X
COUNT: DJNZ R2, COUNT
RET

Uucno #X, sike 3amucyeTbesi y pericTp R2, Bu3Ha4ae CKiNbKH pasiB
Oyne BukoHana koManzna DINZ, mo y cBoio uepry, BIJIMBa€ Ha 3arajlbHUH
4ac BHKOHHS (parmMeHTy. 3HaigemMo 3HaueHHs X, sKke 3abesnedye
3aTpuMKy TpuBamicTio 100 MKc.

Buxonanns koxnoi 3 komaux CALL, MOV, DINZ, RET cTtaHOBUTB
JBa MAalIMHHUX [ukiaa (TOOTO 2 MKC MpH TakToBiii wactori 12 MI'm).
3aranpHuif Yac BUKOHAHHA ()parMeHTy CTAaHOBUTH 2+2+2X+2 [Mkc], T0OTO
6+2X [mxc]. dnst 6axaHoi 3aTpuMkH, mo gopiHioe 100 mxc X=(100-6)/2,
T00TO X=47. AHANOTIYHO 3aHAXOAATHCS 3HaYCHHS X I 3aTPUMOK iHIIOT
TpuBaiocTi. [Ipy mpoMy, SIKIIO OTpUMaHE 3HA4YCHHS € JPOOOBUM, HOTO
OKPYTJISIIOTH JIO LIJIOTO, 110 BHOCUTH HEBEJIUKY ITOXUOKY.
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PosrnsayTHii Bume (parMeHT € TOTOBOKO IIiANPOTPaMOI0 YacOBOT
3aTpUMKH 1 MOXe OYTH BUKOHaHMH Yy OyIb-IKOMY MICIIi OCHOBHOI
MpOrpamMu 3a JOMOMOror komanau CALL DELAY.

YacoBa 3aTpuMKa BeJHKOI TPUBAJIOCTI.

Ockinbku po3mip perictpa = 1 baiit, To yac Takoi 3aTpUMKH HE MOXe
nepeBuIUTH 2+2+255%2+2=516 Mxc. Skmo y TinO IHMKIa JOMaTH Ba
nopoxHix omneparopa NOP, wac Oyne mopiBHIoBatH t=2+2+4X+2=6+4X.
[pu X=249 uac 3arpumku cknage 1 mc. Tomi 3aTpuMky B 1 cexkyHIy
oTpuMaeMo, BUKIMKaBmH 250 pasiB 3aTpuMKy B 4 Mc (pucyHOK 3.3)

DELAY

3aBaHTaxeHHs Y B R1 :I |

3aBaHTaxeHHs Y B R2
JekpemenTt R2
Hi YoX
Tax
Jekpement R1
Hi

Tak

Cowi )]

Pucynok 3.3 - CtpyKkTypHO-aJITOpHTMidHA cXeMa (POpPMyBaHHS YacOBOI 3aTPUMKH
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DELAY: MOV R2, #249
COUNT: NOP
NOP
DJINZ R2, COUNT
RET
ONESEC: MOV R1, #250
LOOP: CALL DELAY ;1 Mc
CALL DELAY ;+1lmc
CALL DELAY ;+1lmc
CALL DELAY ; +1lmc=4Mc

DJNzZ R1, LOOP ;250 nmkis
;3aTPUMKM 1o 4 MC
; CcKJlamae omHYy
; CeKyHIY

3aBaaHHA.

s amapatHOi yacTWHH, IO 300pa)keHa Ha PUCYHKY 3.3 HammcaTh
nporpamy Juisi peajtizailii HacTymHUX Jii: npu HaTtuckaHHi kHonku SB1
3MIACHUTH IHJMKAIF0 TIOCTIIOBHOCTI 3HAKiB Ha CEMHCETMEHTHOMY
IHIMKATOpi 3riHO BapiaHTa iHAMBIAyaJbHOTO 3aBHaHHs (Tabmuis 3.2).
Iagukartito 3gIHCHUTH Y UKL MiX 1HAWKAIEO ITOCTIIOBHOCTI 3HAKIB
OpTraHi3yBaTH 3aTPUMKY 32 YaCOM.

3micT 3BiTY 3 J1aGopaTopHOIL podoTH.

3BiT 3 1abopaTopHOi poOOTHM MOBHMHEH MICTUTH THUTYJIBHHUH JIHCT,
TeMy, MeTy 1abopaTOpHOi poOOTH, YMOBY IHIHMBIIyaJbHOTO 3aBIaHHS,
TEKCT MPOrpaMu 3 KOMEHTapSAMH JI0 KOKHOT KOMaHAM (TPyIMy KOMaHA), SKi
peamni3yroTh BHUKOHAHHA OJHi€I 3 YMOBHHMX 4YacTHH BCi€l Mporpamu,
BHCHOBKH 3 JIa0OpaTopHOi poOOTH.
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PO.0
PO.1
P0.2
PO.3
P0O.4
PO.5
PO.6
PO.7

MCU

PucyHnok 3.4 — AnapaTHa yacTUHA 3aBJaHHS

KonTpoabHi 3anutanns.

1. Ipunuun po6otu noptis MK poaunn x51.
2. 3amuc y mopT. AnbTepHATHBHI (DyHKIIT TopTa.
3. OcobamrBOCTI pOOOTH MOPTIB.

4. OnurtyBaHHS
CHTHAIY.

5. Ilpuntun poOOTH ceMHUCErMEHTHUX IHIUKATOPIB.
qaCoOBUX

6. ®opmyBaHHS

(mo 100 MKc) mporpaMHUM METOJIOM.

7. ®opMyBaHHS

4acoBO1

(1o IEeKiNbKOX CeKyH/T) MPOrPaMHUAM METOJIOM.

P1.0 T La_ Hk
P 2]
P12 }b—— ¢ | ,c
P13 d ' |b
e 9
P1.4 f s
P1.5 1]
c
P16 p—J"h_1
P1.7 — o8] d-
L]
nBifikoBoro naBauya. OdiKyBaHHS CTaTU4YHOTO
3aTPUMOK MaJoi TPHUBAIOCTI
3aTPUMKH ~ BEIMKOI  TPHBAIOCTI
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Tabmums 3.2 — JlaHi 111 BUKOHAHHS 1HAWBIAyaIbHOTO 3aBIaHHS

Ne BapianTa TIoCITi IOBHICTh 3HAKIB 3atpiia 32
qacoMm
1 13579 10 MKc
2 02468 20 MKC
3 LABEL 30 MKC
4 GLOBAL 20 MKc
S FLOPPY 50 MKC
6 12345 10 MKC
7 67890 20 MKe
8 COFFEE 30 mKe
9 APPLE 20 MKC
10 JUICE 50 MKC
11 GLOBAL 10 mxc
12 FLOPPY 20 MKC
13 COFFEE 30 MKC
14 02468 40 MKe
15 13579 50 MKc
16 JUICE 10 MKc
17 APPLE 20 MKC
18 LABEL 30 MKC
19 67890 40 MKc
20 12345 50 MKC
21 HOBBY 10 MKC
22 GLASS 20 MKC
23 CLOUD 30 MKC
24 98765 20 MKC
25 43210 50 MKC
26 CLOUD 10 mxc
27 98765 20 MKC
28 43210 30 mKe
29 HOBBY 20 MKc
30 GLASS 50 MKC
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4 JTABOPATOPHA POBOTA Ne 3
Cucrema nepepuBanb

Meta: HaBYMTHCA BHKOPHCTOBYBaTH cucTeMy nepepuBaHb MK
cimericTa x51 as B3aemonii 3 nepudepiftHUMHI IPUCTPOSIMHU.

Kopotki TeopeTruuni BizomocTi.

Cucrema nepepuBans MK-51.

Cucrema mnepepuBanb MK 1o3Bonsie pearyBath Ha 30BHIIIHI
(HampuKJaj, Bil AaT4MKa) 1 BHYTpIlIHI (Big BOyIOBaHOTO TaiiMepa) momii,
0 1M030aBIIsi€ BiJf HEOOXIAHOCTI PEryJsIpHO OMUTYBAaTH JATYMKHU, HA IO
BHUTpAYAIOCS YMMAJIO PECYpPCiB, a TAKOK BUKOHYBAaTH OOYWCIICHHS I Yac
BIJUTIKY 4acOBOI 3aTPUMKH.

Crpoiuena cxema nepepuanb MKS51 nokasana Ha puc. 4.1.

Anpeca
BeKTDpa
—_ 0

INTO &
£] 0003H

£

£

53
1o 2| oooBH

o

=

5

INTI g
2| 00131

e

=

5

TF1 <
4| &{ 001BH

2

Tl 2
R] st 1 oo23m

Pucynok 4.1 - Cuctema nepepuanb MK-51

3osHimmHI nepepuBanHs INTO i INT1 mMoxyTh OyTH BuKIuKaHi abo
piBHEM, a0 mepexoaom curHaiy 3 1 B 0 Ha Bxogax MKS51 B 3a1eKHOCTI Bif
3HaueHb kepyrouux Oit ITO i IT1 B perictpi TCON. Bing 30BHimHIX
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repepuBadb BcTaHOBMIOIOTEC Tipanopu 1EO 1 IE1 B perictpi TCON, ski
IHIIOIOTh  BUKJIMK  BIANOBIAHOT  MiAmporpamMu  O0OCITYyTrOBYBaHHS
nepeprBaHHs. CKUAAHHS [IUX NPANopiB BUKOHYETHCS anapaTypHO TUIBKU B
TOMY BHUNAAKY, SKIIO TEpEepUBaHHSA OyJI0 BUKIMKAHO IO Tepexony (3pizy)
CHUTHAIY.

SKmo X mepepuBaHHS BUKJIHMKAaHE PIBHEM BXiJHOTO CHTHAY, TO
ckupaHHsM  mpamopa IE  ympaBnse  BigmoBigHa — migmporpama
00CIIyroByBaHHS IIEPEPUBAHHS LIUIIXOM BIIMBY Ha JUKEPENO IEepepUBaHHS
3 METOIO 3HSTTSI HAM 3aIIUTYy.

[Ipanopu 3anuTiB nepepusanus Bix TaiimepiB TFO i TF1 ckupatoThes
ABTOMATHUYHO TIPH TIepenadi YIpaBIiHHA TMiamporpami oOCIyroBYBaHHS.
[Ipamopu 3anmrtiB nepepuBanHs RI 1 Tl BcTaHOBIIOIOTHCS OJIOKOM
ynpasninas YAIIIl amapatypHo, aje cKuaaTHCs HOBHHHI MPOTrPamMoro.
[lepepuBanHs MOXYTh OyTH BHKJINKaHI a00 CKacoBaHi MPOTrpamoro, TOMY
o0 BCi TepepaxoBaHi MpamopH MPOrpaMHO-AOCTYIHI 1 MOXYyTh OyTH
BCTAHOBJICHI / CKHUHYTI MMPOrPaMOI0 3 TUM K€ PE3yJIbTaToOM, 110 1 IKOM BOHU
Oynu © BCTaHOBIICHI / CKUHYTI alapaTHUMH 3aCO0aMH.

Y Omomi pericTpiB crienianbHuX (QYHKIINA € qBa perictpu (Tadbmuii
4.1 i 4.2), npu3HaueHUX Uil KEPYBaHHS PEKHUMOM TEPEPUBAHD 1 PIBHAMHU
npioputery. MOMXINBICTh NPOrPaMHOI YCTAaHOBKM / CKUIAHHS OyAb-SIKOTO
KepyrJoro 0iTa B WX JIBOX pericTpax poOHUTh cuctemy repepuBanb MKS1
BUKJIFOYHO THYYKOIO.

Jns  xopuctyBaya oOpoOKa TMepepuUBaHb CX0Xa 3 BHKIMKOM
mignporpam  (CALL), ame g TOBepHEHHS 3  MEpEepUBaHHSA
BukoprctoByeThest koManaa RETI, a ue RET. Crix 3BepHyTH yBary Ha Te,
1[0 y BEKTOPI aJipec MepepuBaHb Iiji KOXKHE MEePEPUBAHHS BUIICHO MaJio
mam’siTi, palioHaJbHO B IEpepHBaHHI poOUTH Oe3yMOBHHH mepexia Ha
BUTBHY 00JIACTh IMaM’AITi, e MO’KHA PO3MICTHTH IiAMPOrpaMy NepepHBaHb,
a TIOTIM B KiHIII Wi€i miAmporpaMu 3po0UTH TOBEPHEHHS 3 ITEpepUBaHHS.

Hanpuknan:
ORG 13H
JMP LABREL1
; KomMaHOy OCHOBHOI mOpoTrpaMyM <«main»
LABEL1:
; Kom, saxui HeoOximHO OOPOOUTM MO MNEPEePUBAaHHI
RETI ; IloBepHEeHHA 3 NepepMBAaHHA
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Tab6muns 4.1 - Perictp macok nepepuBanas (PMII)

CumBoun | ITo3uuis IM’s1 Ta mpu3HAYEHHS

EA IE.7 Po36nokyBanHs HepepyuBaHb. CxunaeTnest
mporpaMHO Uil 3a00pOHM BCIX MEpepUBaHb
He3asiexHO Bin cranis IE4-1EQ

- IE.6 He BuKopucToBY€ETHCA

- IE.5 He BukopucroBy€eThCst

ES IE.4 bit no3Bony nepepusanns Big Y AIIIL. Ycranoska /
CKHIIaHHS TPOTPAMOIO IS JT03BOIY / 3a0OpOHH
nepepuBans Bijg mpamopis T1 a6o R1

ET1 IE.3 bir nmo3Bonmy mepepuBaHHs Bim Taiimepa 1.
YcraHoBKa / CKHIAHHSA MPOrpamolo Ui J03BOITy /
3a00pOHHU TIepepruBaHb Bij TakiMepa 1

EX1 IE.2 bit no3Boily 30BHINIHBOTO TepepuUBaHHA 1.
YcraHoBKa / CKHIAHHS MPOTPaMolo Ui J03BOITY /
3a00pOHH NIepEpUBaHb

ETO IE.1 bit nmo3Bomy mepepuBaHHs Bin Taiimepa (. mpartroe
anasnorigso [E.3

EX1 IE.O Bit no3soiny 3oBHimHKOrO nepepuBanus 0. [Ipairoe

agasoriuno [E.2

Tabnuus 4.2 - PericTp npiopuTeTiB nepepuBaHb

Cumson | Ilosmmis IM’st Ta mpu3HaYEHHS

- IP.7-IP.5 | He BUKOpHCTOBYIOTBCS

PS IP.4 bir npiopurery VAIIIl. YcranoBka / ckumaHHS
MIPOTPaMOI0 JJIsl IPUCBOIOBAHHS MEPEPUBAHHIO BiJ
YAIIII Bumoro / HUKYOTO MPIOPUTETY

PT1 IP.3 bit mpiopurery Taiimepa 1. YcTaHoBKa / CKuAaHHA
NpOrpaMor0 JUIs TMPHCBOIOBAHHS MEPEPUBAHHIO BijI
TaiiMepa | BUIIOTO / HMYKYOTO MPiIOPUTETY

PX1 IP.2 bir mpiopureTy 30BHIIIHBOTO TmepepuBaHHS 1.
YcraHoBka /  CKMIAHHA  IIPOrpaMor0  AJs
NPUCBOIOBAHHS BHIIOTO / HIKYOTO MPIOPUTETY
30BHIITHBOMY TiepepuBaHHio INT1

PTO IP.1 bit mpioputery taiimepa 0. [Ipamroe ananoriuno IP.3

pPX0 IP.0 bir npioputery 3o0BHimHbOr0 nepepusanns 0. IIparroe

aHayioriuuo IP.2
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Ilpuknan: Ilpu HaTWCKaHHI KHOIKH, sIKa IMITKIOYEHA J0 BXOMY
nepepuBadHds INT1, susectu Ha CCI, mo miaxmodeHnit 10 P1 3HaK «4», a
y BUMNAJKY HATUCKAHHS KHOIIKH, sKa MiJKIIOYeHA JI0 BXOMy IEepEpUBAaHHS
INTO, BumkayTH Bei cermenT CClL.

ORG O
JMP MAIN

ORG 003
JMP INTRO

ORG 013H
JMP INTRI1

MAIN: SETB IE.2
SETB IE.O

SETB TCON.

SETB TCON.

MOV P1, #
SETB IE.7

Ll: JMP L1
INTRO: MOV P1,
RETI

INTR1: MOV P1,
RETI

END

0

2

OH

id

OH

;llepeViT Ha OCHOBHY
;Iporpamy

;BexTop nepepmeaHHsa 1o INTO
;llepexin 3 obmnacTi ampec
;BEKTOpP1B nepepuBaHb B II/I
;rnepepubBanug Bim INTO
;BexTop nepepmeaHHA 1o INTI1
;llepexin 3 obylacTi azmpec
;BEKTOpP1B mnepepuBaHb B II/I
;epepuBaHHa Bin INT1
;JosBonMTHM nNpepuBaHHS o INTI
;JosBonmTHM npepuBaHHsa 1o INTO
;[lepepueanusa INTO mo 3pisy
; CUTHAIY

;llepepueanusa INT1 no 3pisy
; CUTHAIY

;IlloracuTM 1HOMKALLLD

; PosbiokyBaTu BCi
;IO03BOJIeH]1 NepepMBaHHS

; BalLMKJIEHHA

;lloracuTy iHODMKAalio
;lloBepHeHHsa 3 NignporpaMmm

; IepepUBaHHHA

#01100110B;BuBenmendHsa 3Haka "4" y Pl

;IloBepHEHHA 3 /I
; IepepmuBaHHsA
;KiHenp TexcTy nporpamu
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3aBaaHHA.

Hdns cxemu  (pucyHok 4.2) HammcaTH  mporpamy  JAis
ITiCTHAAMATKOBOTO peBepcuBHOro iumiabHuKa (0 ... F). IlouaTkoBuit cran
inaukaropa - «O». Ilpu HaTHCKaHHI KHONKH «+» 3HA4eHHA HA 1HIUKATOPI
301IBLIYIOTBCS, TTICIS HATUCKAHHS KHOMKH «-» - 3MEHIIYIOThCs. JIIUMIbHUK
- KpyroBuii, T00T0 mpu 30inbwmenHi micas «F» fne «0», npu 3MeHImeHH1
micia «0» time «Fy».

HL
mcu| P10 .
PLIF——"2 ]
PI2 b ¢ | e
P13 d r' 'b
e
P14 { g
P15 f—r——] —
P16 —h1° £
RST P17 f— os| e
«47 |P30 L
:u: P3.1
—{INTO
“_ﬂ
_jp_.m_ﬂ

Pucynok 4.2 — Cxema 3’equanas MK 3 opranamu kepyBaHHS Ta iHIUKaTOPOM
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Bumoru o 3Bity 3 1a60paTOpHOIL podoTH.

3BiT 3 J1a0OpaTopHOi pPOOOTH TMOBMHEH MICTUTH TUTYJIBHHUH JIHCT,
TeMy, MeETy JlabopaTopHOI pOOOTH, YMOBY IHAWBIAyadbHOTO 3aBIAHHS,
TEKCT MPOrpaMu 3 KOMEHTapSAMHU 10 KOXKHOI KOMaHAM (TPYIH KOMaH), SIKi
peamni3yloTh BHUKOHaHHS OJHOI 3 YMOBHHH 4YacTHH BCi€i mporpamu,
BHCHOBKH 3 JJaOOpaTOpHOI POOOTH.

KonTpoJabHi 3anuTaHHs.

1. Po6ota 3 mepepuBaHHsIMH. [IOHATTSA BeKTOpa IepepUBaHHS.

2. Jlxepena nepepruBaHHs (Y4MM BOHO MOXe OYTH BUKJIHKAHE).

3. PericTp Macok mepepuBaHHSL.

4. PericTp npiopUTETIB IEpEPUBAHB.

5. [Iporpamua peamnizamis 0OpoOKM TiepepuBaHHS (TMOPIBHIHHA
BUKJIMKIB MiJIpOrpam).

6. MexanizaM  00poOKkM  mepepuBaHb (IpOrpaMHO  amapaTHa
ITOCITITOBHICTD JiH).

7. 3MiHa IPIOPUTETIB TIEPEPHUBAHb.
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5JABOPATOPHA PABOTA Ne4
AnapaTtHuii TaiiMep-JiYMIbHUK
MeTta: HaBUUTHCH 3aCTOCOBYBATH anapaTHBIA TaliMep-JTiYHIbHHUK.

Kopotki TeopeTuHi BitoMocTi.

®opMyBaHHS YaCOBOI 3aTPUMKH 34 I0NIOMOI 010 Talimepy.

Henonikom mporpamMHoro crmoco0y peanmizaiii 4acoBOi 3aTPUMKHU €
HepalioOHAIbHE BUKOPHCTAHHS PECYpciB  MIKPOKOHTpoOJIepa: I dYac
(hopMyBaHHS 3aTPUMKH BiH MPAKTUYHO IMPOCTOIOE, 00 HE MOKE BUKOHYBATH
KOIHUX 3a/1a4 KepyBaHHS 00’ekToM. 3 iHIIOro OOKy amaparHi 3aco0u
JIO3BOJISIIOTH PEai30BYBAaTH 4acoBi 3aTPUMKH Ha (poHI poOOTH OCHOBHOI
IPOTPaMH.

Pe:xxumu podoTH TaiiMepa/JiunabHUKA.

Pexnm 0.

Y upoMy pexumi TaliMepHHI pericTp Mae po3psaHicTh 13 6iT. B
MOMEHT TIepexoly 31 CcTaHy «BCI OAWMHHII» B CTaH «BCI HYJ»
BCTaHOBIIOEThCST (hirar mepepuBaHHs Bim Taiimepa TF1 (pucyHok 5.1).
BxigHuit cuHXpocurHan Taiimepa 1 [03BOJNIGHMH (ITOCTYNae Ha BXiA
taiimepa/niunnbauka (T/J1), koau kepytounii 6iT TR1 BcraHoBNeHu# B 1, a
Takox, abo kepytounii 6it GATE (GokyBanns) € 0, ab0 Ha 30BHIIIHEOMY
BHBOI 3anuTy niepepuBanHs INT1 mpucyTHiit piBens 1.

osc TZO pr TL1 | THI

N CT=1 X (s 6ir yks 6ir) [T TFH™
T — 1 TRI_ &
1
ool KepyBauns

Pucynok 5.1 — CrpykTypa Taiimepa/miunnbHuka B pexumi 0

Pexum 1.
PobGora Oyap-sixkoro T/JI B pexxumi 1 Takax cama, sk i B pexknmi 0, 13-
3a TOTO, [0 TaliMepHHiA pericTp (Tabmuis 2.7) Mae po3psaHicTh 16 GiT.
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Pexum 2.

B pexumi 2 poboTa opraHizoBaHa TaKUM YHWHOM, IIIO MEPETIOBHEHHS
(mepexij 31 cTaHy «BCi OZIMHHMIL» B CTaH «BCI HyJi») 8-0iTHOTO JMiYMIbHUKA
TL1 npu3BoauTh HE TUTBKU IO yCTaHOBKHU ¢urary TF1, ajme i aBTOMaTHIHO
nepe3aBantaxxye B TL1 Bmict crapmoro Oaiity (TH1) TaiimepHOro
perictpa, sKke TomepeAHO Oyno 3aJaHO MPOTPAMHUM  IIISIXOM.
[Mepe3aBanTaxenus He 3mintoe BMicT TH1 (pucyHok 5.2).

osc —f12d ¢ L1 :

(YT ] C/T-1 ; s

1 &
GATE = ) iRL & a—;_

KepyBanns TH1

(] INTL | 86iT)

Pucynok 5.2 — CtpykTypa Taitmepa / iuibHUKa B pesxumi 2

TF =~

Tabnuust 5.1 — Perictp kepyBaHHs/cTaTyca Taiimepa

CuwmBon | [losumist | IM’s Ta mpu3HaueHHS

TF1 TCON.7 | ®dnar nepenoBHeHHs Taiimepa 1. BcTaHOBIIOETBCS
(crae piBHEM 1) amapaTypHO NpH NEPENOBHEHH1
taiimepa/miuaninpanKa. CkumaeTses (ctae piBHEM 0)
pu 06po0Ili IepepuBaHHS anapaTHO.

TR1 TCON.6 | Bir kepyBanus Taiimepa 1. Bcranopnroetbes/
CKHJA€THCS POTPAMOI0 JUIS ITYCKY/3yTUHKH.

TFO TCON.5 | ®nar nepenoBuenHs Taiimepa 0. BectanoBmoeThCs
anaparypHo. CKuaeTbest Ipu 0opooi
TIepepUBaHHS.

TRO TCON.4 | Bir kepyBanus Taiimepa 0. BcranoBiroethbes/
CKHJIA€THCS TIPOTPAMOIO JITS ITYCKY/3yTUHKH
TaliMepa/TiunIbHAKA.

IE1 TCON.3 | ®nar ¢pponTy nepepuBanHs 1. BcraHoBmroeTses
arnaparypHoO, KOJH AETEKTYEThCS 3pi3 30BHIIIHBOTO
curtany (INT1). Ckunaerbest mpu 06poOLi
TepepUBaHHS.
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IIpomoBkenns Tabmuti 5.1

IT1 TCON.2 | BiT kepyBaHHSI TUIIOM NepeprBaHHS 1.
BcTaHOBIIOETBCSA/CKUIAETHCS TPOTPAMHO IS
crieruikanii 3anuty INT1 (3pi3/ HU3bKHI
piBEHB).
IEO TCON.1 | ®nar dpponty nepepuBanns 0. BctaHoBmOEThCS
arnaparypHO, KOJIH JCTEKTY€ETbCS 3pi3
soHimHROro curaaiay (INTO0). Ckumaerbes mpu
00po0bI1i mepepuBaHHS.
ITO TCON.O | bit kepyBanHst TUIIOM niepepuBanHs 0.
BcTaHOBIOETBCSA/CKHIAETHCS TPOTPAMHO IS
crenudikarii 3amuty INTO (3pis/ HU3BKHi
piBEHB).

Ha Bxinm rtaiimepa/miumnbhuka (T/JI) MOXYyTh MOJABATHUCS CHTHAITA
cuaxpoHizamii 3 yactoro 1 MI'tt (T/JI B pexkxumi TafiMmepa) ab0 CUTHAIH Bif
3oBHilHBOrO pKepena (T/JI B pexumi midmibHuka). OOuaBa i PEeKUMH
MOXYTh BHKOPHCTOBYBAaTHUCS Uil (OpPMYBaHHS 3aTpPUMOK. SKimio
BukopuctoByBatu T/JI B pexxumi TaiiMepa moBHoro (opmaty (16 0it), TO
MO>KHA OJIEpKaTH 3aTPUMKH B fianazoHi 1 — 65 536 mkc.

S mpuKknan po3rNITHEMO OpraHizaliro 4acoBoi 4yarpuMku 50 Mc
(TIMER). Bsaxaerbcs, mo ©6ir IE.7 BcTaHOBIEHMI, TOOTO 3HATO
OmoxyBaHHA BCiX mepepuBaHb. CIiJi 3BEpHYTH yBary, 0 B JaHOMY
BUIAaJKy BHKOpUCTaHa KOMaHJa IEPEeBOAY MiKPOKOHTpOJEpa B PEKHUM
XOJIOCTOTO XOJy, SKWH HNPUIMHAETBCA micis nepediry 50 mc. Llel pexum
peanizoBanuii B MikpokonTtposepi Intel 80C51, sikuii BHrOTOBJICHHH 110
texHojyorii KMOII, ToMy mpu Hamaro[pKeHHI TporpaMu Cija BHOWpAaTH
BKa3aHMUH TUN MiKpokoHTpouiepa (myHKT Debug mento Options).

;opraHmzallisg nepexony Ha MiTky NEXT npwm
;nepenosHedi T/JI0

ORG OBH ;ampeca BeKTOpa NepepMBaHHSA
;Bim T/JI0

CLR TCON.4 ;3ynmHka T/JI0

RETI ;BUX1n 3 mpouenypu o0poOku
;IepepUBaHHHA

ORG 30H ;rIouaTKoBa ampeca IporpaMmu

TIMER:MOV TMOD, #01H ;HacTporka T/JI0



36

MOV TLO, #LOW(NOT (50000-1)) ;=aBaHTaXeHHH
MOV THO, #HIGH(NOT(50000-1)) ;raimvepa mig
;3aTpuMkm 50 McC

SETB TCON.4 ;cTapt T/JI0

SETB IE.1 ;0O3B1JI NIepepMBaHHS
;Bim T/JIO

SETB PCON.O0 ;rIepexin B pexmM

; XOJIOCTOT'O XOony
NEXT:

HAns  BuMmipioBaHHS ~ TPUBAJIOCTI  CHUTHANy  TakOX  MOXKE
BHKOPHUCTOBYBaTHCS TaiiMep. OcoONMMBO eeKTUBHO BHKOPHUCTAHHS 3 ITIEI0
MeToro Taiimepa B Intel 8051, mo Mae BXim J03BONy MiIpaxyHKY
(anprepHatuBHa (QyHKUis Bxomy INT). Curmanm, TpuBaIiCTh SKOTO
BHUMIPIOETHCS, MOXHA, HAIPUKIIAM, mofgaBaTy Ha BXix INTO, a BuMiproBaHHS
TpuBaJiocTi TpH 1boMy Oyzae BukonyBatucs B T1/J10. Ilporpama
BUMIPIOBaHHS TPUBAJIOCTI «momaTHboro» immynscy (MSTIMER) marnmve
TaKWM BUTJISI.

MSTIMER: MOV TMOD, #00001001B ;HacTporika T/JI0
MOV THO, #0 ; CKUIOAHHS
MOV TLO, #0 ; TariMepa
SETB TCON.4 ;cmapt T/JI0
WAITO: JNB P3.2, WAITO ;OUuikyBaHHS 1
WAITC: JB P3.2, WAITC ;ouikyBaHHsa 0
CLR TCON.4 ;cron T/JI0
EXIT: ;BUX1D 3 npouenypu

KepyBanns moBmHHO OyTH TepeqaHO TporpaMi 3a yMOBH, IO Ha
Bxozi INTO npucyTHiit Hu3bkHii piBenb. [lepepuBanns Big T/JI0 i 30BHImIHE
nepepuBadHs o Bxoay INTO moBunHI 6yTH 3200pOHEH.

[Micns 3aBepmienHs mporpamu B T/JI0 Oyme 3HaXOomWTHCS 4YHCIIO,
MIPOTIOPITIHE TPUBAIOCTI «IOAATHHOT0» UMITYIhCY Ha BXoAi INTO. Bepxus
Meka BUMIpIOBaHHA AOPiBHIOE 65 536 MKC, a MakcuMalbHa Moxuoka 1 MKc.
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Sxmo moTpiOHO BHMIPATH iHTEpBal dYacy OIIBINOI TPUBAJIOCTI,
MOJKHa IIPOTPaMHHUM CIIOCOOOM MiIpaxyBaTH YUCIO TIEpENOBHEHD TaiimMepa,
TOOTO PO3IIMPIOBATH HOTO Pa3ps/IHICTh 32 paXyHOK poO0OYOro perictpa abo
KOMIpKH pE3UICHTHOI IIaM’ SITi TaHUX.

Ipuxaan.
Ilpu wnHatwckanui kHomkm SB1 imimiroBatn mnepepuBanHs INT1

(pucynok 2.11) # 3acBituTH dYepe3 cekyHay cBimiomion VD1, mio
nigkmodenuit 1o P0.0 (3aTpuMKy peaizyBaT 3a IOIIOMOTOI0 Taiimepa).

DD1 SB1 R3
pm— Q‘,—:I—oms
INT1 —_
c1
|| - 19
J_ 11 L XTALA
71 CPU
—_
c2
_,__| 20 XTAL2
+5B
f e
g
RST
R1
DD2
22 1 2 R4 X
POO — 1 3
T ——
R2 31
#Bof }— EA

Pucynok 5.3 — Cxema 3’ernanns MK 3 opranamu kepyBaHHS Ta CBITIONIOIOM

[pukman nns 16-6iTHOTO TaliMepa
ORG 0
JMP MAIN ; 0e3yMOBHUM Iepexin Ha MiTky
;main
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ORG OBH ;IepepuBaHHsg Binm TanMepa TJI0
JMP TCO ; 0e3yMOBHMUM Hepexinm Ha MiTKy
; TCO
ORG 13H ; 30BHI1IIHE IIepepMBaHHSI
SETB TCON.4;3anyck TanMepa
RETI ;IIOBEPHEHHA 3 IepepMBAHHA
MAIN: MOV IE, #00000110B ; BCTAHOBJIEHHS (OJaris

;IepepuBaHb, IK1 IO03BOJIEH]
MOV THO, #HIGH (65535-50000) ; HacTpoOiika
MOV TLO, #LOW (65535-50000); rarmMepa Ha
;pexuMm 16-Tu ©OiTHOTO
;0es rnepesaBaHTaXeHHS 2
MOV TMOD, #00000001B;
MOV R2, #20
SETB TCON.Z2;nepepuBadHHsa INT1 no GpoHTY
; curHana
SETB IE.7 ;posBJoKyBaTM BC1l HDO3BOJIEH1
; IepepuBaHHM
CLR PO0.0O
LOOP: JMP LOOP ;0eckiHeUHVM LMKJI B OUlKyBAaHHI
; IepepuBaHHs
TCO: MOV THO, #HIGH (65535-50000) ; nepe3aBaHTaxeHHI
MOV TLO, #LOW (65535-50000) ;ratimepa, 60O
;aBTOIlepesaBaHTaAXEHHS — BlIOCYTHE

DJINZ R2, L3;nimpaxyHoOK kijbkocTi
; «CIIpallbOBYBaHb» TamMmepa
SETB P0.0 ;zamanuTy cBiTmomion
CLR TCON.4
L3: RETI ;IOBEepHEHHS 3 II/II NepepuBaHHSI
END ;KiHeub OporpaMu

3BEpHITh YBary, siK HaCTPOIOEThCS TaliMep.

JIBoOaliTHE YMCIIO MOKHA PO3JITUTH HA CTAPIIUH W MOJIOAIINKA OalT
3a momomoror aupektus BimmosigHo High i Low. Takum 4mHOM, YHCIIO,
sIKe OOYMCIIOETHCS BIANOBIOHO O BHpasy B AY)KKaxX, PO3OUIETbCA Ha 2
okpeMux OaiTa. 3BakarouW, IO TaiMep IHKPEMEHTHH, TO HEOOXiTHO B
OaiiTm TaliMepa 3aMHMCyBaTH YHCIIO, 3 SKOTO IIOYMHAETHCS BIMIIK JIO
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repenoBHeHHS (65535 MKkc). B HaBeaeHOMY MpHKIami MOTpiOHA 3aTpPUMKa
50000 mKc, ToMy B AyKKax Bil MakCHMalbHOTO umcia (65535 Mkc)
BigHiMaeThes HeoOxinue 3Hauenus (50000 mkc).

mov THO#HIGH (65535-50000) ;3aHOCHMO YHCIIO B CTAPIIIHA
;0aiT,

mov TLO,#LOW (65535-50000) ;3aHOCHMO YHCIIO B MOJIOAIIHI
;0aT.

[puknan anst 8-6iTHOrO aBTONEpPE3aBaHTAXKYBAILHOTO TaliMepa

ORG O

JMP MAIN ; 0e3yMOBHUM Iepexin Ha MiTKy
;MAIN

ORG OBH ;IIepepMBaHHa Blx TanMepa

JMP TCO ;0e3yMOBHUI IIepexin Ha M1iTkKy
; TCO

ORG 13H ; 30BHI1IIHE IIepepMBaHHS

SETB TCON.4;3anyck TauMepa

RETI ;IIOBEPHEHHA 3 IepepMBAHHA

MAIN: CLR P0.O ;jroracuTy ceiTsomion
CLR IE.7
MOV IE, #00000110B ; DOBBOJIUTY II€PEPUBAHHSA

;Bim INT1 i T/JIO
MOV TMOD, #00000010B;pexmuMm TarMepa
;8-My OiTHUM 3 aBTONEpPe3aBaHTAXYyBaHHIM
MOV TLO, #NOT(250-1) ;HacTpoMka Ha uYac

; 250MKC
MOV THO, #NOT (250-1) ;HacTpolka Ha uac

; 250MKC
MOV R3, #LOW(4000) ;4000pazirs no 250mkc=lc
MOV R2, #HIGH(4000) ;4000pazie no 250mMkc=1c
SETB TCON.?2 ;nepepusaHHsa INT1 no

; bpoHTyY CcuTHaJa

SETB IE.7 ; poz30iiokyBaTK BCl nepepuBaHHSA
Ll: JMP L1 ; 0e3KiHEeUYHMM LMKJI B OUliKyBaHHI
; IIepepuBaHHSa
TCO: DJNZ R3, L3
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DJNZ R2, L3
SETB P0.0 ;sanammTtM cBiTnonmion
CLR TCON.4 ;zynmHka TakMmepa 0

L3: RETI ;IIOBEPHEHHS 3 II/I1 [NepepuBaHHSI
END ;KiHenp HOporpamm
3aBaaHH1.

Hammcatn mnporpamy s peamsarii  cexkyamomipa (00...59).
BigmoBigHo mo pucynky 2.12. TlouarkoBuii cran iHmumkartopiB — «00».
HaTuckanHs KHONKM «IyCK/CTOID» 3allycKae BiJUIIK 4Yacy, IOBTOpHE
HaTHCKaHHS — 3ynuHsi€. HaTuckaHHA KHONKHM «CKUAAHHS» — OOHYJISE.
JIiYMIIBHUK HE KPYTOBHUM, NPH JIOCATHEHHI MaKCHMAIbHOTO 3HAYCHHS —
3ynuHseThes. [lepeBuiieHHs epioqy BiANiKy BimoOpakaeThcs OIMMaHHIM
IHAMKATOPIB.

Jna 3pydHOCTI MOXKHA HaIlMCaTH MiAIpOTpaMy-AetIu(paTop st
CClI, sixa Opana 6 uucio 3 perictpa A i moBeprana 6 BiANOBIAHUN LBOMY
yuciy ko CCI, Haszsemo ii, Biamosinxo, Decode

DECODE : MOV DPTR, #TABSEMISEG ; BKa31BHUK B
;IouaTok Tabsmil

MOVC A, @A+DPTR ;BUMTATU KOZ

RET ;1 moBepHYyTHU uepes
; AKYMYJISTOP
;0123456789

TABSEMISEG:

DB 00111111b ; 'O
DB 00000110b ; '1'
DB 01011011b ; '2'
DB 01001111b ; '3
DB 01100110b ; '4'
DB 01101101b ; '5'
DB 01111101b ; '6'
DB 00000111lb ; '7'
DB 01111111b ; '8'

DB 01101111b ; '9'
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Ileit ¢hparmMeHT Koma 3pyYHO MOMICTUTH B KiHEIb MPOTpaM, B SKHX
BUKOPHUCTOBYETHCS 1IeH THIT IHITUKATOPIB.

Tenep, fAKIO HAIl IHAMKATOP OyA€ MiAKIIOYEHO, HANPUKIAM, IO
mopty 0, HaM JJIs IHIUKAIIT CHMBOITY «5» OyJIe TOCTaTHBO TPHOX PSIKIB

MOV A, #5
CALL DECODE
MOV PO, A

Le nabaraTo 3py4Hilie, HiXXK IIOpa3y BU3HAUYATH 1 3alIMCYBATH B MOPT
JBIMKOBE YHCIIO 3 «OIUHUIIMU» y PO3psiax BiAMOBIJHO JO CEIMEHTIB, 3
SIKUX CKJIJa€ThCSl CHMBOJL.

Bumorn o 3BiTy 3 1a6opaTopHoOi podoTH.

3BiT 3 ;MabopaTopHOi POOOWI MOBHHEH MICTUTH THUTYJIBHBIN JIHCT,
TeMy, MeTy 1a0opaTOpHOi pPoOOTH, YMOBY IHJIUBIAYalbHOTO 3aBIaHHSI,
TEKCT MPOTrpaMbl 3 KOMEHTApSMHU JI0 KOKHOT KOMaHu (Ipyny KOMaHM), sKi
peamizyloTh BUKOHAHHS OJHI€E] 3 YMOBHHMX 4YacTHH BCi€i Mporpamuy,
BHCHOBKH 3 J1a0OpaTopHOT poOOTH.

KonTpoabHi 3anutanHs.

1. Pexxumu poOoTH TaiiMepa-TiuyuIbHUKA.

2. Perictp kepyBaHHA Taiimepa.

3. Perictp craryca Taiimepa.

4. YacroTa 3MiHIOBaHHS BMICTy TaiMepa/JTiudiibHHKa MpU poOOTi B
pexxumi Taiimepa.

5. ®opmyBaHHS 9acOBOi 3aTPHMKH 3a JIOTIOMOTOI0 TaitMepa

6. Opranizalisi 4acoBoi 3aTPUMKHU. TPOTPaMHO i 3a JOMOMOTOI0
TaiiMepa (MOPIBHSIBHUIA aHai3).

7. MakcumasbHa TPUBAJIICTh YaCOBOI 3aTPUMKH, IO PEaTi3yeThCs 3a
JIOTIOMOTO10 TakiMepa (st pexxkuMis 0, 1, 2).
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Jomatox A

HasBa xomanau Muemokon | T | b Onepartis
[lepecunanns B akyMyJsiToOp MOV ARN |1 |1 (A)<—(Rn)
3 perictpa (n=0..7)

IepecunanHs B aKyMyJISTOD MOV Adir |3 |2 (A)<( dir)
BMicTy KoMipku BIT/I

[Tepecunanns B akyMyJIaTop MOV 1)1 (A)—((R1))
Gatita 3 PITT (i=0,1) A @RI

3aBaHTaXEHHA B aKyMYJISTOD MOV A#d |2 |2 (A)—#d
KOHCTaHTH

[lepecunanns B perictp 3 MOVRnA |1 |1 (Rn)<—(A)
aKyMyJIATOpa

IMepecuianHs B perictp BMicTy MOV 3|2 (Rn)«(dir)
komipku BITJ] Rn,dir

3aBaHTa)KEHHS B PEricTp MOV 2|2 (Rn)«#d
KOHCTaHTHU Rn,#d

IMepecunanns y komipky BITJ] MOV dirA |3 |2 (din<—(A)
BMICTY aKyMyJjsiTopa

[epecunanns y komipky BI1[ MOV 312 (dir)«<—(Rn)
BMICTY pericrpa dir,Rn

IMepecunanns y komipky BITJ[3 | MOV 93 (dir)«—(dir)
komipku BITJ] dir,dir

[epecunxka Oatita 3 PITJ] y MOV 312 (din«—((R1))
komipky BITJT dir,@Ri

IepecunanHs KOHCTAHTH Y MOV dir#d | 7 | 3 (diry«<#d
koMipky BIL/]

I[epecunanns B PI1JI BMicTy MOV @RiA |1 |1 (Ri))«—(A)
aKyMyJIATOpa

Iepecunanns B PITJ] BmicTy MOV @Ri, |3 |2 ((Ri))«—(dir)
komipku BITJ] dir
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ITpomoBxenns Tabmuti A.1

[epecunanns B PI1J] MOV @Ri#d | 2 ((Ri))«#d
KOHCTAaHTH

3aBaHTaXCHHS MOV 13 (DPTR)«#d16
BKa3iBHUKA JIaHUX DPTR,#d16

Iepecunanus Gaiita MOVC 1 (A)<—((A)*+(DPTR))
KOy, TIOB’13aHOTO 3 A @A+DPTR

DPTR B akymyJTop

[epecunanns Garita MOVC 1 (PC)«—(PC)+1
koay moB’s3anoro 3 PC | A, @A+PC (A)— ((A)+HPC))
B aKyMYJIATOD

[epecunanns 6aiita i3 | MOVX 1 (A)—((RI))
3[ B akyMysiTop A Q@RI

[lepecunanns Gaiira iz | MOVX 1 (A)—((DPTR))
3111 B akyMyJIATOp A,@DPTR

[Mepecunanns 3 akymy- | MOVX@RIi,A | 1 ((Ri))«—(A)
asiTopa B KoMipky BIT/]

[epecunanns 3 akymy- | MOVX 1 ((DPTR))<—(A)
asitopa komipky 3I1]] @DPTR,A

3aBaHTaKEHHS PUSH dir 3 (SP)«—(SP)+1
komipku BITJ] y cTek ((SP))«( dir)
BuBanTaxeHHs 31 POP dir 3 (dir)«—(SP)
cTeka B koMipky BI1J] (SP)—(SP)-1
O6wmiH akymynsitopa3 | XCH ARn 1 (A)—(Rn)
perictpom

OO6wmin akymynsitopa3 | XCH A, dir 3 (A)( dir)
komipkoro BIT/|

O6min akymysstopa3 | XCH A@Ri |1 (A)—((Ri))
HETPSIMOaIPECOBAHOI0

komipkoro BIT/]

OOMIH MOJIOAIIINMU XCHD 1 (Ao.3)((Ri)o.3)
TeTpazaMu Mix A @RI

HETIPSIMOAIPECOBAHOIO
komipkoro BIT/ i
aAKyMYJISITOPOM
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Tabmumsa A.2 - Komaaau apuMEeTHIHAX orepartii

Hazpa xomanau Muemokon |T| b | L Oneparris
Honasanus akymymnsaropa | ADDARn |11 |1 [(A)« (A)+(Rn)
i perictpa (n=0..7)
Honasanust akymyisitopa | ADD A, dir 312 |1 | (A) <« (A)+(dir)
i komipku BITJ
Honasanns akymynstopa | ADD 111 (1A« A)+(RD)
i HempsaMo azpecoBanoi | A,@Ri
komipku BITJ]
Honasanust akymyisitopa | ADD A#d (2|2 |1 | (A) «— (A)+#d
1 KOHCTaHTH
JonaBanus akymynstopa | ADDC 111 |1 (A« (A)HRn)HC)
i perictpa 3 ypaxyBauaam | A,Rn
MepeHOCY
Jonasanus akymyJistopa | ADDC 3(2 |1 [(A) <« (A)+(dinN+(C)
i xomipkotro BIT/] 3 A, dir
ypaxyBaHHSAM MEPEHOCY
Jonasanns akymyssitopa | ADDC 111 1]« A)H(Ri)+C)
1 HEMPsAMO aJPecoBaHOl A ORI
koMipku BITJI 3
ypaxyBaHHAM IIEPEHOCY
Honasanus akymyistopa | ADDC 212 |1 |(A) <« (A)+#d+(C)
1 KOHCTaHTH 3 A#d
ypaxyBaHHAM MEPEHOCY
JlecsTKOBa KOPEKIIist DA A 111 |1 | Axmo (Ae.3)>9 abo

aKyMyJsiTopa

((AC)=1), T0 (Ao.3)
«— (Ag.3)+6, 1 K110
(A4.7)>9 abo ((C)=1),
TO (A4.7) < (A4.7)+6
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a/IpecoBaHOl KOMipKH
BIIA

Bignimanns Bix akymy- | SUBB A,Rn (A) < (A)-(C)-(Rn)
JSITOpa PETicTpa 1 MO3UKH

Binnimanns Bix akymy- | SUBB A, (A) < (A)-(C)-(dir)
asitopa komipku BITJ i dir

TIO3UKH

Bignimanus Big akymy- | SUBB (A) — (A)-(C)-((Ri))
JISITOpa HEMPSMO A Q@RI

aJpeCcOBaHOT KOMIpKH

BI1/] i mo3uku

BinuiManHs Big akymy- SUBB A #d (A) — (A)-(C)-#d
JIATOpAa KOHCTAHTHU 1 IO3UKU

Inkpement akymynsitopa | INC A (A) «— (A)+1
[HKpeMeHT pericTpa INC Rn (Rn) «— (Rn)+1
Tukpement komipku BIT | INC dir (dir) « (dir)+1
IaKpemeHT HenpsMo- INC @RI (Ri) « (Ri)+1
apecoBaHol KOMIpKH

BITJT

[HKpEMEHT MOKaXIHKa INC DPTR (DPTR) «— (DPTR)+1
JaHHUX

Hexpement akymysitopa | DEC A (A) — (A)-1
JlekpeMeHT pericTpa DECRn (Rn) « (Rn)-1
JIeKpEeMEeHT KOMIpKH DEC dir (dir) « (dir)-1
BITJ

JleKkpeMeHT HenpsMo- DEC @RI (Ri) < (Ri)-1
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MuosxenHs akymyisitopa | MUL AB (B)(A) < (A)*(B)
Ha perictp B
Hinenns akymynsatopa Ha | DIV AB (A).(B) < (A)/(B)
perictp B

Tabnuust A.3 - KomaHau TOTiYHAX onepartii

Ha3Ba xomanau MueMokox Onmnepartist
Jloriune I akymymnstopai | ANL A,Rn (A)—(A) A (Rn)

pericTpa

coBaHoi KoMipku BIT]]

Jloriune I akymynsitopai | ANL A, dir (A)—(A) A (dir)
komipku BITJ]

Jloriune I akymynsropai | ANL (A)—(A) A ((Ri))
HETPSIMO aJIpecoBaHOl A @RI

komipku BITJ]

Jloriune I akymymsitopai | ANL A #d (A)—(A)A#d
KOHCTAaHTH

Jloriune I komipku BITJ] | ANL dir,A (din<«—(dir) A (A)
1 akymyJsTopa

Jloriune I komipku BITJT | ANL dir,#d (dir)y«( dir) A#d
1 KOHCTaHTH

Jloriune ABO akymy- ORL ARn (A)—(A)v (Rn)
JsITOpA 1 perictpa

Jloriune ABO akymy- ORL A, dir (A)—(A) v (dir)
nsTopa u Komipku BITJ]

Jloriune ABO akymy- ORL (A)—(A) v ((Ri)
nsaTopa i Henpsmoazpe- | A,@Ri
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BIIIBO

Jloriune ABO akymy- ORL A#d (A)—(A) v #d
JSITOpa 1 KOHCTAHTH

Jloriune ABO xoMipku ORL dir,A (dir)«—(dir) v (A)
BIIJI i akymymsTopa

Jloriune ABO komipku ORL dir,#d (dir)«—(dir) v #d
BII]I i xoHCTaHTH

o Buxmouae ABO XRL A.Rn (A)—(A)V (Rn)
aKyMyJISITOpa 1 pericrpa

o Bukiatouae ABO XRL A, dir (A)—(A) V (dir)
aKyMyJISITOpa 1 KOMipKH

BIT/

o Bukirouae ABO XRL (A)—(A) V ((Ri))
aKyMyJsTopa i A @RI

HENPAMOAAPECOBAHOL

komipku BITJ]

Io Bukirouae ABO aky- | XRL A #d (A)«—(A) V #d
MyJISITOpa 1 KOHCTaHTH

o Bukarouae ABO XRL dir,A (dir)«—(dir) V (A)
komipku BITJ] i

aKyMyJsTopa

o Bukmrouae ABO xo- | XRL dir,#d (dir)«—(dir) vV #d
mipku BIT/] i koHCTaHTH

Ounmenns akymyistopa | CLR A (A)<0

[uBepcist akymynaropa CPL A (A) « (Z\)
3pymenHs akymymnsitopa | RL A (An+1)—(An),

n=0..6, (Ao)— (A7)
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3pyuenns akymyistopa | RLC A (Ans1)<—(An),
BIIIBO Uepe3 mparop n=0..6, (Ao)«—(C),
MEPEHOCY (C©)— (A7)
3pymieHns akymymsatopa | RR A (An+1)<—(An),
BIIPaBO n=0..6, (A7)« (Ao)
3pymienns akymyistopa | RRC A (An+1)—(An),
BIIPaBO Yepe3 Mparop n=0..6, (A7)«—(C),
[IEPEHOCY (C)—(Ao)
Oo6min Micismu Tetpan B | SWAP A (Ao-3)<—(A47)
AkymysTopi

Tabnuus A.4 - Komanau pobotu 3 6iTamu

Hazsa komangu MueMmoxkox Orneparis
OuuIIeHHS IEPEHOCY CLRC (C)<0
Ounienns Gita CLR bit (bit)«—0
YcraHoBKa nepeHocy SETBC (C)1
YcranoBka Oita SETB bit (bit)«1
InBepcis nepenocy CPLC (C) « (C)
IuBepcis Gita CPL bit (bit) <« (bit)
Jloriune I 6ita i mpamopy | ANL C,bit (C)«—(C) A (bit)
nepeHocy
Jloriune I inBepcii ANL C,/bit (C) « (C) A (bit)

OiTa i mepeHocy
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Jloriune ABO OGiTta i ORL C,hit |4 (C)—(C) v (bit)
mparnopa rnepeHocy
Jloriune ABO inBepcii ORL C,/bit |4 (C) « (C) v (bit)
Oita i mpamopa nepeHocy
[epecunanns 6ita B MOV C,bit |4 (C)«—(bit)
nparop MepeHocy
[epecunanns npanopy MOV bit,C |4 (bit)«—(C)
mepeHocy B Oit

Tabnumst A.5 - Komanau nepenadi kepyBaHHS

HasBa xomanau Mmuemokon | T Ormepartist
Josruii mepexin LIMP 12 (PC)« dir 16
AOGCOTIOTHH TTepexi AIJMP 6 (PC)—(PC)+2
BCEPEIUHI CTOPIHKH Y dirll (PCo.10)« dir 11
2 Koatita
KopoTxkwuit BigHOCHHI SIMP rel 5 (PC)—(PC)+2
nepexia BcepeauHi (PC)«— (PC)+rel
CTOpiHKH y 256 GaiiT
Henpsimuii BigHOCHUH JMP 1 (PC)«—(A)+(DPTR)
nepexina @A+DPTR
Iepexin, skmo akymyns- | JZ rel 5 (PC)«—(PC)+2,

TOp IOPIBHIOE HYJITIO

skmio (A)=0, To
(PC)«— (PC)+rel
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BMICT HE JOPIBHIOE HYJIIO

IMepexin, sixiio akymyisi- | JNZ rel 5 (PC)—(PC)+2,
TOP HE JOPIBHIOE HYJIIO axmo (A)#0, To
(PC)«— (PC)+rel
Iepexin, sxmio mpamop | JC rel 5 (PC)—(PC)+2,
MIEPEHOCY JAOPIBHIOE axmo (C)=1, To
OJTUHHMII (PC)— (PC)+rel
[epexin, skioO Mparmop JNC rel 5 (PC)«—(PC)+2,
MIepeHOCY AOPIBHIOE sixro (C)=0, To
HYJIIO (PC)«— (PC)+rel
Iepexin, AKIoO OiT JB bit,rel 11 (PC)—(PC)+3,
JTIOPIBHIOE OJTUHMUIII sxio (bit)=1, To
(PC)— (PC)+rel
[epexin, Ao OIT JNB bit,rel |11 (PC)«—(PC)+3,
JOPIBHIOE HYJIIO skuio (bit)=0, To
(PC)«— (PC)+rel
IMepexin, sixmio 6it ycra- | JBC bitrel | 11 (PC)«—(PC)+3,
HOBJICHO, 3 HACTYITHUM sko (bit)=1, o
CKUIaHHAM OiTa (bit)e—0 i (PC)«—
(PC)+rel
JexpemeHT perictpa i DINZ 5 (PC)«—(PC)+2,
nepexij, Ko BiH HE Rn,rel (Rn)«—(Rn)-1,
JIOPIBHIOE HYJIIO sxmo (Rn)#0, To
(PC)«— (PC)+rel
JleKpeMeHT KOMipKH DINZ 8 (PC)—(PC)+2,
BITJT i nepexin, sixmio 11 | dir,rel (dir)«—( dir)-1,

sxmio (dir)#0, To
(PC)«— (PC)+rel
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[NopiBHsHHS CINE 8 (PC)«—(PC)+3,
aKyMyJsTopa 3 A, dir,rel ko (A)#( dir),to
komipkoro BITJT i (PC)« (PC)+rel,
nepexij, K0 BOHU HE skuio (A)<( dir),
JTIOPIBHIOIOTH OJTHE 10 (C)«—1, inaxie
OJTHOMY (C)«0
[TopiBHSHHS CINE 10 (PC)—(PC)+3,
aKyMyJIsITOpa 3 A#d,rel axmo (A)##d, To
KOHCTAHTOIO 1 ITepexis, (PC)«— (PC)+rel,
SIKITIO BOHU HE skmo (A)<#d, To
JIOPIBHIOIOTH OJTHE (C)«1, inakure
OIHOMY (C)<0
[NopiBusuus perictpa3 | CINE 10 (PC)«—(PC)+3,
KOHCTaHTOIO 1 TIepexi/, Rn,#d,rel axmo (Rn)##d, To
SIKTTIO BOHU HE (PC)«— (PC)+rel,
JIOPIBHIOIOTH OJTHE skiio (Rn)<#d, To
OJIHOMY (C)«1, inakure
(C)0
[opiBHsHHS CINE 10 (PC)—(PC)+3,
HEIPSMOaaAPECOBaHOT @Ri,#d,rel skio ((Ri))##d, To
komipku BI1/] 3 (PC)«— (PC)+rel,
KOHCTAHTOIO 1 Iepexis, skio ((Ri))<#d, to
SIKITIO BOHU HE (C)«—1, inakmre
JIOPiBHIOIOTH OJHE (C)—0
OJTHOMY
JloBruii BUKJIHK LCALL 12 (PC)« (PC)+3,
miAnporpamMu dirl6 (SP)«—(SP)+1,
((SP))« (PCo.7),
(SP)— (SP)+1,

((SP))«— (PCa.15),
(PC) dir 16
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AOCOMIOTHUN BUKIIUK ACALL (PC)—(PC)+2,
MiAMPOTrpaMU B MEXKax dirll (SP)<— (SP)+1,
cropinku B 2 KGaiita ((SP))«— (PCo.7),
(SP)— (SP)+1,
((SP))«— (PCs.15),
(PCO0..10)«dir 11
[ToBepHeHHS 3 RET (PC8..15)
minporpamu ((SP)), (SP)«—(SP)-
1, (PCO..7)«
((SP)),
(SP)«(SP)-1
[ToBepHeHHS 3 RETI (PCs.15)«—((SP)),
miAnporpamMu (SP)—(SP)-1,
06pobIEHHS (PCo.7)« ((SP)),
nepepruBaHHS (SP)—(SP)-1
[MopoxHs kKoMaH/a NOP (PC)— (PC)+1

T — T koMauIy,
b — ¢popmar y Gaiitax;

I — KiTBKiCTh MAIIMHHUX IMKIIIB, HEOOXITHUX st OOpOOIeHHS KOMaH/IH.




