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METOIQUYECKHE YKA3AHUA K
JIABOPATOPHOH PABOTEN: 1

HN3ydyenue pyHKIMOHAJBLHOM cXeMbl YHpaBJsomeil MUKpoIBM

I. HEJIb 1 3BATAYM PABOTDI

N3ydyenune GyHKIIMOHATBHBIX U IPUHIIUITHAIBHBIX cXeM MUKpOOBM, BBITTOTHEHHOM Ha
6a3e MukpokonTposuiepa MKS1, u nmogkimtouaeMbIx K Hel iepudepuitHbIX MOTYyJICH.

II. TEOPETUYECKHUE CBEAEHNA

2.1. MUKPO 5BM.

B nanHoMm paszgene paccmarpuBaercss npumep — noctpoeHuss  MK-cuctembl Ha
ocHope OMDBM 18051, koTopas MoOXeT OBITh HCIOJB30BaHA JUISI MPUOOPETCHHS
HAaBBIKOB MPOTPaMMHUPOBAHMS M OTJIAIKH TIporpamm i 18051, a Takke paccMaTpuBaThbCs B

KayecTBE MakeTa peaJbHOUN CHCTEMBI YIpPABICHHUS [UIA OTJAJKH €€ TPUKIAJIHOTO
MIPOTPAaMMHOTO  OOECTICYEHHSI COBMECTHO C OOBEKTOM YIPABJICHHS B PEAIbHOM MaciiTade
BpPEMEHH.

dyHKIIMOHAIBHAS cxema MUKpoOBM mipencrasiieHa Ha pucyHke 1.

Pa3zpaborannas MukpoOBM comepKUT CleIyrOIIIe CpeCTBa:

-BHEITHIOK TaMATh, PEaJU30BaHHYI0 Ha 0a3e OJHOW (WM JBYX) MHKPOCXEM
cratudeckoro O3Y, kotopas sBIsIETCS 00IIeH MaMsAThIO, KaK JUIsl XpaHSHHS MTPOrpamMM, Tak U
JTAHHBIX.

-05IoK  compspkeHHMsT ¢ WHTepEHCHON IUIaTON IMEepCOHAIBHOTO KOMITBIOTEPA,
MO3BOJIIET OCYILIECTBJIATH OIEpalli YTEHHS/3aIUCH W3 BHEIIHEW mamsITh U paboTaTh C
BHEUTHUMH YCTPOMCTBAMH, MUHYS [TPOLIECCOP.

-IIMHBI aJjpeca U JAHHBIX, BBIBOSIINECS BMECTE C YIPABISIOIMIMMU CUTHAJaMH Ha
BHEIIHHE pa3beMbl. Takass KOHCTPYKIMS MO3BOJIAET HapalluBaTh BO3MOXHOCTH CHCTEMBbI
MyTeM MOAKIIOUEHHUS BHEIIHUX IJIaT paciupeHus (KoHTposiep kinaBuarypbl-quciuies, AL,

HATI u 1p.)
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pean30BaHa Ha ABYX MUKpocxeMax crarndeckoro O3VY).

)

OyHKIMOHANBHAsE cxemMa MHUKpoOBM (BHEWIHsS MaMsTh JaHHBIX

@YHKIMOHAIbHASI CX€Ma BO3MO>KHOT'O BapHaHTa BBIYMCIUTEIBHOIO KOMILJIEKCA Ha
6a3e pa3paboTaHHO# mIaTel MUKpoOBM mnpencraBieHa Ha pucyHke 2.
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Puc. 2. ®yHkunoHanbHas CXeMa BBIYHCIUTEIHLHOIO KOMITJIEKca Ha 0aze
pa3paboTaHHOH mIaThl MUKpoOBM.

[IpuHnunuanbHas snekTpuyeckas cxeMa MuKpoOBM npencrasiieHa B IPUIIOKEHUU.

MukpoOBM umeer nBa pexuma paboTel: coBMecTHas padora ¢ I1IK u aBTOHOMHAas
paboTa, BBIOOp HY>KHOTO peXHMa OCyIIecTBIsieTcs nepekitouarenem Load.

1.  CosmectHas pabora ¢ IIK HeoOxomumma B r000M ciydae Aisl 3arpy3Kd
OTJIQ)KMBAEMOM MPOrpamMMbl BO BHEIIHIOK MaMsiITh MUKpoOBM. Takxke 3TOT pexuM MOKET
OPUMEHSTBCS sl cuMThbiBaHUs BHemHed mnamsatu B IIK (manpumep, ecnim mMukpoOBM
3aHMMaIach cCOOPOM JAHHBIX ) WM HEMOCPEICTBEHHOM pabOThl ¢ BHEIIHUMH YCTPOHCTBAMHU.

2. PexuM aBTOHOMHOH pabOTBl BO3MOXEH TIIOCJII€ OKOHYAHHUS 3arpy3Kd
nporpaMMbel B MUKpoOBM 1 nepeBoja nepexsrodarenst 2 B COOTBETCTBYIOLIEE MOJIOKEHHUE.
[Ipu 5TOM NPOUCXOAUT HPUHYIUTEIBHBIA COPOC MHUKPOKOHTPOJUIEPA, A OYHCTKH BCEX
BHYTPEHHUMX PErMCTPOB U Hayajla BBIIIOJIHEHUS [IPOrpaMMBI C HYJIEBOTO aJIpeca.

bnox conpsxenus ¢ PC BoimonHeH Ha yetbipex peructpax KPS8OMPS2. [Ia u3 Hux
BBINOJIHAOT (yHKIMU OydepoB miaimero u crapiiero 6aiiToB MIMHBI aapeca, a ABa JPyrux
ABISIOTCS OydepaMu UTeHHMsS W 3alHCH IIMHBI JaHHBIX. [Ipu sToM mopT A uHTEpdeicHOi
IaTtel paboTaeT Ha BBIBOA, mMopT B — Ha BBoa, mopt C BEIpabaThIBaeT CTpOOUpYIOIIUE
curHansl. C mopra C uHTepdelicHONH TuiaTel cHuUMatoTcs Takke curHainsl EWR u ERD,
nyonmupyronue curHansl WR 1 RD MukpokoHTposiepa, 6aaronaps yemy BO3MOXKHA paboTa ¢
BHEIIIHUMH YCTpOMCTBaMHU 0€3 y4acTHs MHKPOKOHTPOJIEpa. JTO MOXKET OKa3aThCs OYEHb
NOJIE3HBIM TIPU  OTJIAJKE BHEUIHMX YCTPOMCTB, KOIZJa MOYKHO IIPOBEPUTH HUX
(YHKIMOHMPOBAHUE OJIaBAsi HA HUX YIPABISIONINE CUTHAIBI M JaHHBIE HETIOCPEICTBEHHO C
samyssitop [1ITA nepcoHanbHOro KOMIIBIOTEpA.

Bydepnslit peructp naHHBIX MpeAHA3HAYEH IS yAepKaHUs OaiiTa JaHHBIX BO BpeMs
NPOBEICHUS ONEepaLUii YTEHHUS/3aUCH BO BHEIIHIOI MaMATh MPOrpamMm/IaHHbIX. PU3NYecKH
OH peanu3oBaH Ha MuUKpocxeme K555AT116.

BydepHbie perucTpbl MIAAIIEro M crapuiero OalTOB ajapeca BBINOJHEHBI Ha
mukpocxemax KPS80MPS2. Ilepsriii u3 HUX cTpodupyercs curnaiom ALE, BTopoit paboraer
B «CKBO3HOM» PEXKHME, KOT/Ia pa3pelIeHnd aBTOHOMHON paboTel MUKpOOBM.

2.2. OMVIJIATOP IIIIA.

B3aumoneiicteue u ob6men manHbiMH MUKpoOBM ¢ IIK ocymectBusercs ¢
MOMOIIIBI0 MHTEP(PEHCHOTO MO BBINOJHEHHOTO C HCIOJIb30BAaHMEM MapalljieNbHOTO
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nepudepuiinoro amanrepa (I1ITA) ma mukpocxeme KP580BBSS (amymsatop IIITA). Cxema
Bkmtouenust [IITA nmpeacrasiena Ha puc. 3.
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Puc. 3. ®ynkunonanbHas cxema amyastopa I1ITA.

IIITA nonxmowaercas k LPT mopry mepconanbHOro kommbtotepa. [Ipu stom
HEOO0XO/IMMO MMETh B BHJy, YTO CX€Ma OPHEHTHPOBAaHA Ha HCIOJIb30BAHWE PACIIUPEHHOTO
napajiebHOro MOPTa, MOSBUBILIETOCS B KOMITbIOTEpax HauuHas ¢ cemeiictBa PS/2.

B otnmuue ot crangapTHoro nopta, pacmupenssiii LPT nopt moxer pabotaTh Kak B
pexxuMe BbIBoja OaiiTa, Tak U B pexkuMme BBoaa Oaiita. [Ipotokon oOmeHa Qopmupyercs
IPOrpaMMHO, a JUIsl YKa3aHHsI HAlpaBJCHMs IEpEAaud B PETUCTP yIpaBJICHUS [10pPTa BBEIEH
cnennanbbiii 6ut CR.5: mpu CR.5 =0 Oydep nmannbix padoraer Ha BbIBOI, CR.5 =1 — Ha
BBOJ. HOT 12 3TOT MOPT Ha3biBatOT enhanced bi-directional.

2.3. VCTPOMCTBO COIPSDKEHMSA C OFBEKTOM.

YcrpoiictBo compsikeHus ¢ o0bektoM (YCO) mpeaHa3sHadyeHO Ui COTJIACOBAHUS
YPOBHS U (JOPMBI CUTHAJIOB, TIepeiaBaeMbIX OT MUKpODBM k 00bekTy ynpasienus (OY) wu
ot OV x Mukpo3BM.

Y CTpoicTBO COMPSIKEHUS] ¢ 00bEKTOM BKIIOYAET B CBOM COCTaB TPU (PYHKIIMOHATIBHO
HE3aBUCHMBIX MOMYJIS: MOAYJb Mpeodpa3zoBanus mudposoro koxa B IIIMM- curnan (Momynb
[MKIINM), Mmonyns peoOpa30BaHUs aHAJIOTOBOTO CUrHaa B 1udpoBoii koa (Moxyns ALI),
MOIynb TpeoOpa3oBaHus LU(POBOTO KoAa B aHAIOrOBBIM curHan (moxyns LIAIT).
@yHkuuoHanbHO B coctaB YCO MOXET BXOOUTh MOIYyJdb YIPABIEHUS KHJIKO-
kpuctaunueckuM uraukatopom (JKKUM) m BBOJOM CHUTHajIoOB ¢ KJIaBHATYphl (KOHTPOJUIEP
KJIaBHATYPBI/UCTIIIES).

[IpunnunuansHag cxema YCO mnpencraBieHa B NpwilokeHUH 2. Cxema yrnpaBieHUs
pexumamu paboTel Moayei, Bxoasammx B YCO, peanuzoBana Ha Mukpocxemax DDS, DD14,
DD15 (Ilpunoxenue 2).

2.3.1. MO VJIb ITKIIMM.
®ynkunonanbHas cxema moayins [IKIIMM npencrasnena Ha puc. S.
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Puc.5. CIDYHKHI/IOI:IaJ'IBHaSI cxema monyiist [IKIIMM.
Monyns peanuzoBad Ha Mukpocxemax DD2, DD3, DD4, DD10 (ITpunoxenue 2).

2.3.2. MOJYJIb ALIIL.
dynkunoHansHas cxema moayist AL mpencrasiena Ha puc. 6.
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Puc.6. ®ynkunonanbsHas cxema moayist AL
Monyne peanuzoBaH Ha Mukpocxemax DD7, DD10, DD12, DD13 (Ilpunoxenue 2).

2.3.3. MOAVYJIb IJAIL.
®ynkunoHanbHas cxema moayins LIAII mpencrasiena Ha puc. 7.
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—
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Puc.7. ®ynkunonansHas cxema moxyist LIAIL
Monyne peanuzoBan Ha Mukpocxeme DDS (Ilpunoxenue 2).

III. OB BEKT NCCIIEAOBAHNA, ITPUBOPHI, OBOPY/IOBAHUE

B pabore wucnomb3yercss CHelUaTU3UpOBAHHBIN CTEHH, pa3paboTaHHBIA Ha Oaze
MukpoOBM  MKS51, ocuumtorpad, mnepcoHadbHBI KoMmmbioTep. s compshkeHus
MUKpOOBM U mepcoHaJbHOTO KOMIBIOTEpA HCIOJB3YEeTCsS CIEUMANbHBIA e,
MOJIKJIFOUAEMBIN K CTaHAAPTHOMY MapajIeIbHOMY ITOPTY NEPCOHAIBHOIO KOMIIBIOTEPA.

OOumit Buj creHaa mpeacraBieH Ha puc. 8. OOmMHA BUA TEYATHOM IUIATHI
MukpoOBM mnpexacrapned Ha puc.9. OOmuil BUI SMyIATOpa MapaIIeIbHOTO MepUPEpUnHOTO
ajzarnrepa npezacrasieH Ha puc.10.



Mukpo 3BM

MCS51

Puc. 8. OO6mmii Bug MmukpoOBM.

Puc. 9. Ileyarnas nnara MukpoOBM.



Puc. 10. DOmynsTop napamiensHoro nepudepuitHOTO aganTepa Ha 0aze CTaHIapTHOTO
napajieIbHOTO MOPTa.

IV. 3AJAHUE HA PABOTY

N3yunth QyHKIIMOHATBHYIO CXeMY MUKPOKOHTPOJLIEpA.

W3yunth NOpUHLMNHATIBHYIO CXEMy MHKPOKOHTposuiepa U (PyHKUHOHAJIbHbBIE
BO3MO>XHOCTH HCIIOJIb3YEMbIX MUKPOCXEM.

M3yunts mnpoTokoisl oOMeHa uH(OpMaluell MHKPOKOHTpOJUIepa C MaMsIThio U
MEPCOHAIBHBIM KOMITBIOTEPOM.

[locTpouth  nuMarpaMMbl CHTHAJOB  YIPaBICHHS, COMPOBOXKAAOIIUX  OOMEH
nHpopManuen.

W3yunth Moaynb COMpPSKEHHsI CTAaHAAPTHOTO MapauIeNIbHOTO MOpTa MEePCOHATIBHOTO
KOMIIbIOTEpPa ¢ MUKpOOBM.

V. IIOPAJ1OK BBIIIOJIHEHU A PABOTbI

1. HM3yunTh QyHKIMOHAIBHYIO CXEMY MUKPOKOHTpOJLIEpA.

2. Ilo npuHUIMNUATBLHONW CXEME KOHTpOJUIepa ONPENeUTh HAUMEHOBAHUSI MOPTOB,
HCITOJIB3YEMBIX 1T 0OMeHa HHpOopMaIue.

3.  U3yuuth Ha3BaHUS JIMHUN YIIPaBICHUS, UCTIONb3YEMBIX Ui YIIPABICHHUS OOMEHOM
uH(popMaliel BHyTpH MUKPOKOHTpPOJLIEpa.

4. UWzyunth cmocod QopMupoBaHUS CUTHAJIOB yIpaBlIeHUs JJii OOMeHa
uH(popMalred MUKPOKOHTpPOJIEpa € MEPCOHATBHBIM KOMITBIOTEPOM U BHEIIHUMU
YCTPOMCTBAMH.

5. HByuuts pexxumsbl paboThl MUKpOOBM.

6. CocTaBuTh JAMarpaMMbl CHUTHAJOB, COOTBETCTBYIOIIMX peXHMaM oOMeHa
uHpopmarnueii ¢ moayisimu YCO u MuxkpoOBM.

7. Ilo ykazaHMIO mpernojiaBareisi COCTaBUTh (DYHKIIMOHATIBHYIO CXEMY MOJYJIS BBOJA
CUTHAJIOB ¢ KJIaBHAaTyphl 4*4 mnu BeiBosa curHanoB Ha JKKU.

8. CocraBuTh anroput™M oOMeHa HHGOpMAIMEHd TMEePCOHATBLHOTO KOMIIBIOTEpA H
MUKpOOBM 1ipu noMoIiu paccCMOTPEHHOTO AMYJISITOpA.

VI. OOOPMIJIEHUE OTYETA

B otdere nmomkHBI OBITH mNpenaCTaBieHbl (YHKIHMOHAIbHAS cXema MHUKpoOBM,
TUarpaMMbl - YIPaBISAIOIIMX CHUTHAJIOB, OMUCaHUE MPOTOKOJIOB oOMeHa uHGOpManuen
MUKpOOBM ¢ mnepcoHalbHBIM  KOMIBIOTEPOM H € BHEIIHMMH  YCTPOMCTBaMH,
(yHKIIMOHANIbHAS CXEeMa JMYJIsTOpa MapauielibHOro mnepudepuitHoro agantepa Ha 0ase
CTaHJapTHOIO MapajuIeIbHOTO MOopTa.

VII. KOHTPOJIBHBIE BOITPOCBI
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OxapakTepusyiTe cUCTEMY KOMaHl MUKpOKOHTposuiepa MKS51.

Kaxkoii T apXuTeKkTypbl UMeeT MUKPOKOHTposuiep MK517?

CKOJIbKO MHUKPOCXEM MaMATH HEOOXOAUMO JIs XpaHEHUsI KOJI0OB KOMaH/ ¥ JaHHBIX
B MIPEJIOKEHHON (PYHKITMOHATBHOUN cxeme?

Kaxkoii T naMsiTi ucnosab3yercss B MUKpoOBM u nmouemy?

Kakum 00pa3oM mnpou3BOAUTCS paslieleHHe IMPOCTPaHCTBa MaMATH Ha MaMsTh
JAHHBIX U MaMATh porpamMm?

VIIL. BUBJIMOTPA®UYECKHI CITUCOK

I'opsue O.B. Muxkponporieccopbl ¥ MHKPOIPOIIECCOPHBIE BBIYMCIUTEIbHbBIC
cuctemsl. — Tyna, Tynl'VY, 1998.

MuxkpornpoiieccopHble aBTOMAaTUYECKHUE CHUCTEMBbl perynupoBaHus. OCHOBBI
teopun ¥ 3neMeHThl./Ilox pea. B.B.CononoBuukona,- M., 1991.

Cramua B.B., YpycoB A.B., Monoronmnesa O.®. IIpoekTupoBanue mudpoBbIX
YCTPOMCTB Ha OJHOKPUCTAIBHBIX MHUKPOKOHTpoJuiepax. M.: DHeproaromMusiar.
1990r. - 224c.
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METOQUYECKHE YKA3AHUA K
JIABOPATOPHOHW PABOTEN 2

Hanuncanue u oT/1aIKa MPOrpaMm Ha si3biKe acceMoOJiep

I. HEJIb 1 3BATAYU PABOTDI

[TomyueHust mpakTUYECKUX HABBIKOB HAIMMCAHUS YIPABISIOLUIUX MPOrPaMM pearbHOTIO
BPEMEHHU 1T MHUKPOIPOIIECCOPOB ceMericTBa X86 m Mukpo-OBM 18051, ¢ mpumeHeHneEM
MAaIIMHHOOPUEHTUPOBAHHOTO SI3bIKa acceMouiep.

II. TEOPETUYECKHUE CBEJIEHM A

Cucrema koMaHa MUKpo-OBM BkitodaeT B ¢Boil coctaB 111 OCHOBHBIX KOMaH.
JnmuHa komanHna coctaBisier 1, 2 wiam 3 Oaiita, mpuueM OONBIIMHCTBO KoMaHn (94%) omHo-
WM IByXx0anToOBbIe. Bce KoMaHbl BBHIMONMHAIOTCS 32 | wim 2 mammHHBIX mukia (1.0 wim
2.0MKCc mpu TakTOBOM uacTtoTe 12MIII COOTBETCTBEHHO), MCKIIOUYEHUE COCTABIISIOT JIHUIIH
KOMaH/Ibl YMHOKCHHS U JICJICHUSI, KOTOPBIE BBHITTOHIIOTCS 32 4 MalIMHHBIX IHKIA (4.0MKC).

B kagecTBe onepanmoB komaHa MUKpO-IBM MokeT UCIoIb30BaTh: OTICIbHBIE OUTHI,
4-x OuTHbIe ITUGPHI, 0alTHI U 1BYX0aiiToBBIE ciioBa. Becero Mmukpo-9BM BeimonHseT 13 Tumos
koMaHg (puc. 1).
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T D7...D0 D7 ... D7...D0
u DO

I KOII Adlé6 Ale6l

1 h

2

T D7...D0 D7 ... D7...D0
u DO

I KOII D16h D16l

1

3

Puc. 1. Tunsl komanx MUKpo-OBM.

Kak ciaemyer u3 puc.l mepBbIii OalT KOMaHIBI BCETJa CONCPKUT KOA  ONEpariu
(KOII), a BTOpo#t u TpeTwii OAWTHI (€CITW OHM NMPUCYTCTBYIOT B KOMaHJIE) COJIEpKaT ajapeca
OTIEPAHJIOB MJIM HEMOCPEICTBEHHBIC 3HAYCHUSI OTIEPAH/IOB.

Haunboiee CyimecTBEeHHBIM OTJIMUYMEM CHCTEMBbI KOMAaH][ pacCMaTpPHUBAEMON MHUKPO-
O9BM ot mukpo-OBM cemeiictBa BE48, sBnsercss BO3MOXXHOCTh apecoBaTh OTIECIbHbIC
OUTBHI B PE3UIECHTHOMN MaMATH JaHHBIX. Kpome Toro, BhIIe YK€ OTMEYAJIOCh, YTO OTICIbHbIE
PETHCTPBI U3 OJIOKA PETHCTPOB CHEIUATBHBIX (QYHKIIMH TakK XK€ JOIMYCKaIT aapecaruio
OTAENBHBIX OUT.

Kaptb! agpecoB OTACIBHBIX OUT B PE3UICHTHON MaMSITH JaHHBIX U B OJIOKE PETUCTPOB
CTIIeNUabHBIX (PYHKITUH TPUBEICHBI HAa pUC. 2 1 3.

7Fh
30h

2Fh | 7F 7E | 7D | 7C 7B TA 79 78
2Eh | 77 76 75 74 73 72 71 70
2Dh | 6F 6E 6D | 6C 6B 6A 69 68
2Ch | 67 66 65 64 63 62 61 60
2Bh | 5F 5E 5D | 5C 5B 5A 59 58
2Ah | 57 56 55 54 53 52 51 50
29h | 4F 4E | 4D | 4C | 4B | 4A 49 48
28h | 47 46 45 44 43 42 41 40




27h | 3F 3E 3D 3C 3B 3A 39 38
26h | 37 36 35 34 33 32 31 30
25h | 2F 2E 2D 2C 2B 2A 29 28
24h | 27 26 25 24 23 22 21 20
23h 1F 1E 1D 1C 1B 1A 19 18
22h 17 16 15 14 13 12 11 10
21h | OF 0E 0D 0C 0B 0A 09 08
20h | 07 06 05 04 03 02 01 00
1Fh bank 3

18h

17h Bank 2

10h

OFh Bbank 1

08h

07h Bbank 0

00h

Puc. 2. Kapta anpecyempIx OUT B pe3UICHTHON IMaMSITH JTaHHBIX.

IF

h

FO|F|F|F|F4|F3|F2|F1|F0o| B
h |[7]6]5

EO |[E|E|E|[E4 | E3|E2|ElI|E0| A
h |[7]6]5

DO |[D|[D|[D|D4|D3[D2]|DI1]|Do0]| PS
h |[7]6]5 W
BS|-|-]-|BC|BB|[BA|[B9|B8| IP
h

BO|B|B|B|B4|B3|[B2]B1|B0| P3
h |[7]6]5

A8 |A| -] -|AC|AB|AA| A9 | A8 | IE
h | F
AO[AJAJA|A4|A3]A2]A1]A0] P2
h |[7]6]5

98 [9]9]9|9oc|9B[9A] 99 |98 |sco
h |F|E|D N
90 [9]9]9]94[93]92]91]9 | Pl
h |[7]6]5

88 | 8|8 [8]8C[8B[8A |89 |88 |TCO
h |F|E|D N
80 | 8 [ 8|8 ]84 |83 [8 |81 |8 | Po |

13
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(hl7]efs] | | | | [ |

Puc. 3. Kapta anpecyempix OUT B 0JI0K€ PETUCTPOB CHEIUATBHBIX (DYHKITHIA.

Bce MHOXecTBO KOMaH T MUKPO-OBM M0OKHO pa30ouTh Ha S5 PYHKIIMOHAIBHBIX TPYIIIT:

- KOMaH/Ibl IEPECHUIKH JTaHHBIX;

- KOMaHJIbl apU(PMETHUECKUX OTIepalluii;

- KOMaH/Ibl JJOTHYECKHX OTlepalIuii;

- KOMaH/Ibl oTepanuil HaJl OUTamu;

- KOMaH/Ipl TIepe/lauy yIpaBIeHHUsI.

[Tpu paccMoTpeHHH BcexX KOMaH1 OYAyT UCIIONIb30BaThCs CAEAYIOINe 0003HAUEHUS:

Rn (n=0,1,...,7) - peructp oOmiero Ha3HaAYCHHS B BHIOpAaHHOM OaHKE PErUCTpPOB;

@Ri (1i=0,1) - peructp oOmero Ha3Ha4YCHHUs] B BBHIOPAaHHOM OaHKE pPETHCTPOB,
UCIIOJIb3YeMbIN B KaUeCTBE pErucTpa KOCBEHHOTO a/ipeca;

ad - aapec npsMoaapecyemMoro 0aiirTa;

ads - azmpec nmpsMoaapecyeMoro 0anTa-uCTOYHUKA,

add - angpec npsimoanpecyeMoro GanTa-morydaress;

adl1 - 11-pa3psmHbIit aOCOMIOTHBIN afpec Mepexoa;

ad16 - 16-pa3psmHbIil aOCOTIOTHBIN aapec Mepexoa;

rel - OTHOCUTENBHBIN aJipec Mepexoaa;

#d - HemoCcpeICTBEHHBIN OTIEPAH]T;

#d16 - HermocpenCcTBEHHBIN orepaH/ (2 OaiiTa);

bit - agpec mpsMoaapecyemMoro OuTa;

/bit - mHBEpCHUSA IPsAMOaapecyeMoro OuTa;

A - aKKyMYJISITOD;

PC - cueTunk koMaH;

DPTR - peructp ykazatenb JaHHBIX;

() - comepkuMoe STUSHKHU TTaMSTH WU PETUCTpa.

I'pynna koMaH[ nepechblIKU JAHHbIX.
Jannas rpynma KoMmaHj MOpeacTaBieHa 28 KOMaHJaMH, KpaTKOe ONMHCAHHE KOTOPBIX
npuBeneHo B Tabauie 1, rae Tak ske ykazanbl TUIl KOMaHbl ( T ) B COOTBETCTBUM C PUCYHKOM

1, nmHa KOoMaHb! B Oalitax ( B ) u BpeMst BeIMOTHEHNS KOMaHIbl B MaMHHBIX nukiax ( C).

Tabmmma 1.
Komanapl IepechbUTKH JaHHBIX.

MueMoxkon KOII T B C Onucanue
MOV A,Rn 111011 1 (A) <-- (Rn)
MOV A,ad 1110010 3 2 1 (A) <-- (ad)
1
MOV A,@Ri | 11100111 1 1 1 (A) <-- ((Ri))

—
—

MOV Af#d | 0111010 | 2 2 1 (A) <— #d
0

MOV RnA | 1111l | 1 1 1 | (Rn)<-(A)

MOV Rnad | 10101rr | 3 2 2 | (Rn)<-(ad)

MOV Rn#d | O111lrr | 2 2 1 (Rn) < #d

MOV adA | 1111010 | 3 2 1 | (ad) <—(A)
1

MOV ad,Rn | 10001rrr | 3 2 2 | (ad) <- (Rn)

MOV add,ads | 1000010 9

(O8]
[\

(add) <-- (ads)
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1
MOV ad,@Ri | 1000011i | 3 2 2 | (ad) < ((RQ))
MOV ad#d | 0111010 | 7 3 2 (ad) <— #d
1
MOV @Ri,A | 11110113 | 1 1 1| (Ri)) <- (A)
MOV @Riad | 0110011i | 3 2 2 | (Ri)) <-- (ad)
MOV 01110111 | 2 2 1| ((Ri))<-#d
@Ri#d
MOV 1001000 | 13 | 3 2 | (DPTR)<--
DPTR,#d16 0 #d16
MOVC 1001001 | 1 1 2 (A) <—
A,@A+DPTR 1 ((A)+(DPTR))
MOVC 1000001 | 1 1 2 (PC) <--
A,@A+PC 1 (PC)+1)
(A) <~
(AYH(PC))
MOVX 1110001i | 1 1 2 | (A)<—-((Ri))
A,@Ri
MOVX 1110000 | 1 1 2 (A) <—
A,@DPTR 0 ((DPTR))
MOVX 1111001i | 1 1 2 | ((Ri)) <—-(A)
@Ri,A
MOVX 1111000 | 1 1 2 | (DPTR)) <--
@DPTR,A 0 (A)
PUSH ad | 1100000 | 3 2 2 (SP) <--
0 (SP)+1
((SP)) <--
(ad)
POP ad 1101000 | 3 2 2 | (ad) < ((SP))
0 (SP) <-- (SP)-
1
XCH ARn | 11001 | 1 1 1 | (A)<->(Rn)
XCH A,ad | 1100010 | 3 2 1 | (A)<->(ad)
1
XCH A,@Ri | 1100011 | 1 1 1| (A) <> ((Ri)
XCHD A,@Ri | 11010111 | 1 1 1 (A0-3) <>
((Ri0-3))

ITo komange MOV BBITIOTHSAETCS EPECHUIKA JAHHBIX U3 BTOPOTO ONEpPaH/Ia B MEPBBIi.
Komanga MOV He uMmeeT AocTynia HHU K BHEIIHEH MaMSATU JAHHBIX, HU K TaMsITH
nporpamm. [l stux uener cayxkatr komanael MOVX u MOVC cootBerctBeHHo. KomaHia
MOVX o0ecrieunBaeT 4YTEHHME/3allMCh OaMT W3 BHEIIHEH MaMATH NaHHBIX, a KOMAaHIbI
MOVC - utenune 6aiiT U3 MaMATH MPOTPAMM.

ITo xomange XCH BeimoiHsIeTCS 00MEeH O0aliTaMu MEXIy aKKyMYJISITOPOM M STYCHKOM
PIT/I, a mo komanae XCHD - oOMen mnaammmu tetpagamu ( Outamu 0-3 ).

Ecnu cpaBHUTH rpynnbl KOMaH]I MEPECHUIKH TaHHBIX paccMaTpuBaeMo Mukpo-2BM
nu Mukpo-OBM cemeiictBa BE48, ToO MOXHO BBIAEIUTH JIBa CYIIECTBEHHBIX OTIHYMs. Bo-
MEepBbIX, B paccMaTpuBacMoOM MUKpo-OBM  "ucuesnu" Bce komaHAbl paboTa €O
crienMaibHbBIMU peructpamu: PSW, taiimepoM, mopramu BBOJa/BhIBOJA. Temeps MOCTYN K
HUM, KaK U K JIPYTMM pErucTpam CHelHalbHbIX (YHKLIHNA OCYIIECTBISETCS MyTeM 3aJaHus
COOTBETCTBYIOILIETO MPSIMOTO  ajpeca, T.e. 3TH KOMaHIbl YNpATaHbl B KOMaHIbl TUHa 3.
Hampumep, urenne PSW B akkymynsiTop MOKET OBITh BBITIOJTHEHO KOMaHI0#
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MOV A,PSW,
KOTOpasi mpeodpazyercs acceMOIepoM K BUIY
MOV A,0DOh (ES DO),

rae ES - kon oneparuu, a DO - onepany (anpec PSW).

3nech  cienyer OTMETUTh, YTO  OOJIBIIMHCTBO acceMOJIepOB  JIOMYCKAIOT
CUMBOJIMYECKUE MMEHa [UIsl PEerHMCTPOB ClEeUUaIbHBIX (YHKIMM, a OTIelIbHbIE OUTHI 3TUX
pPErucTpoB (KOHEYHO €CITM BBIOPAHHBIM PETUCTP IOMYCKAET aJpecalluio OTACIbHBIX OHT)
MOTYT aJpecoBaThbcsl MyTeM YKa3aHUS HMEHHM perucrTpa U Homepa OuTa uepe3 TOUKY.
Hampumep, k HylaeBOMy OUTY akKyMmyssitopa MOKHO oOpatuthesi mo umeHn ACC.0. Orto
03HAYAET, YTO B MUKPO-OBM akkyMynsaTop UMeeT JBa Pa3lIMYHBIX HMEHHU B 3aBUCUMOCTH OT
crocoba azapecanuu: A - npu HesiBHOW aapecanuu (Hanmpumep, MOV A R0) u ACC - nipu
UCIIONIb30BaHUU MpAMOro anpeca. [lepBblif cocod mpeamouTuTeNbHEE, OAHAKO HE BCerjaa
BO3MOJKHBI.

BTopbIM CylIeCTBEHHBIM OTJIMYMEM SIBIISIETCS TOSIBIIEHWE KOMaHJ 3alUCH JaHHBIX B
crek PUSH wu ux urtenus u3 creka POP. Pa3Mep creka Tenepb OrpaHUYEH JIMIIb Pa3MepoOM
PEe3UICHTHON MaMsATH JaHHBIX.

I'pynna komana apugmMeTndecKux onepanmi.

JlaHHast Tpymnma KOMaHII COCTOMT M3 24 KOMaHJ, KpaTKOe ONHCaHWE KOTOPBIX
MIpUBEICHO B TabuIe 2.

Tabmmma 2.
Komannapr apudMeTHndecKux oneparmii.

Muemoxox | KOII T B C Onucanue
ADD 00101rrr 1 1 1 (A) <-- (A)+H(Rn)
A,Rn

ADD A,ad | 0010010 3 2 1 (A) <-- (A)+(ad)

1
ADD 00100111 1 1 1 (A) <-- (A)H((R1))
A,@Ri
ADD Aj#d | 0010010 2 2 1 (A) <-- (A)+#d
0
ADDC 0011 1rrr 1 1 1 (A) <-- (A)+(Rn)+C)
A,Rn
ADDC 0011010 3 2 1 (A) <-- (A)+H(@d)+HC)
A,ad 1
ADDC 00110111 1 1 1 (A) <--
A,@Ri (A)+H((R1))+HC)
ADDC 0011010 2 2 1 (A) <-- (A)+#d+(C)
A #d 0
DA A 1101010 1 1 1 IecsITHYHAs
0 KOppEKIUS
AKKyMYJISITOpa
SUBB 1001 Irrr 1 1 1 (A) <-- (A)-(Rn)-(C)
A,Rn
SUBB 1001010 3 2 1 (A) <-- (A)-(ad)-(C)
A,ad 1
SUBB 10010111 1 1 1 (A) <-- (A)-((R1))-(C)
A,@Ri
SUBB 1001010 2 2 1 (A) <-- (A)-#d-(C)
A #d 0
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INC A [ 0000010 [ 1 1 1 (A) <— (A)+1
0
INC Rn | 00001rrr | 1 1 1 (Rn) <-- (Rn)+1
INC ad | 0000010 | 3 2 1 (ad) < (ad)+1
1
INC @Ri | 0000011i | 1 1 1 ((Ri)) <—- ((Ri))}+1
INC 1010001 | 1 1 2 (DPTR) <
DPTR 1 (DPTR)+1
DEC A | 0001010 | 1 1 1 (A) <— (A)-1
0
DEC Rn | 00011rrr | 1 1 1 (Rn) <—- (Rn)-1
DEC ad | 0001010 | 3 2 1 (ad) < (ad)-1
1
DEC @Ri | 0001011i | 1 1 1 ((Ri)) <—- ((Ri))-1
MUL AB | 1010010 | 1 1 4 | (B)A)<-(A)*B)
0
DIV AB | 1000010 | 1 1 4 | (A).(B)<-(A)(B)
0

Kak cnemyer u3 Tabmuubl 2 ciaeayeT, 4To MHUKpO-OBM BBITIONHSIET TOCTATOYHO
HIMPOKUN HaOOp KOMaH[ JJsl OpraHu3aluu 00pabOTKU LETOYHCIEHHBIX JaHHBIX, BKIIOYas
KOMaH/bl YMHOKE€HUS U nenenus. [1o pesynbTaty Beinosnenus komang ADD, ADDC, SUBB,
MUL u DIV ycranaBnuBatorcs ¢iaru PSW, ctpykTypa koTOporo npuBezeHa Ha puc.4.

D7 D6 D5 D4 D3 D2 Dl DO
C AC FO RS1 | RSO oV - P
npu3 | mpus ¢mnar CEJIEKTOP MpU3HAK NpU3H
HaK | HaK | MMOJb30BaT OaHka Mepernon aK
nepe | AOMo emnst 0 pEerucTpoB HEHUS Mapur
HOCa | JIHU- era
TeNb
HOTO
nepe
HOCa

Puc. 4. ®opmar PSW.

®nar C ycTaHaBIMBaeTcsl MpU NepeHoce u3 paspsana D7, T.e. korma pe3yibTaT He
MoMeIaeTcs B 8 pa3psioB.

®nar AC ycraHaBiIuBaeTCs MpU nepeHoce u3 paspsana D3 B komaHAaxX CCIOXKEHUS U
BBIUMTAHUS W CIYXKHUT s peaiu3allud JIeCATUYHOM apUPMETHKU. ITOT MpU3HAK
UCToNb3yeTcst KoMmanao DA A.

®nar OV ycraHaBiIMBaeTcs Npu mnepeHoce u3 paspsana D6, T.e. korga pe3yiabraT HE
noMemnaeTcst B 7 paspsaoB MU BOCBMOM paspsii HE MOXET ObITh HHTEPIPETHUPOBAH Kak
3HAKOBBIN. DTOT MPHU3HAK CIY)KUT JUIsS OpraHu3alinn o0paboTKH YHCE CO 3HAKOM.

®nar P ycranaBnuBaeTcss W cOpachIBaeTCs ammaparHo. ECM 4rMciio eMMHUYHBIX OUT
B aKKYMYJISITOpE He4eTHO, To P=1, unaue P=0.

I'pynna koMaH JIOTHYECKUX ONePaLUid.

JlaHHast Tpymnma KOMaHI COCTOMT M3 25 KOMaHJ, KpaTKO€ ONHCaHWE KOTOPBIX
NpuBeIeHO B Tabuie 3.



KomaHn bl tornueckux oneparui.

Muemoxk | KOII T B C Omnmcanue
on
ANL 01011 | 1 1 1 (A) <--
A,Rn 1T (A)\(Rn)
ANL 01010 | 3 2 1 (A) <--
A,ad 101 (A)/\(ad)
ANL 01010 | 1 1 1 (A) <--
A,@Ri 111 (A)A\((R1))
ANL 01010 | 2 2 1 | (A)<-(A)/\#d
A#d 100
ANL 01010 | 3 2 1 (ad) <--
ad,A 010 (ad)/\((A)
ANL 01010 | 7 3 2 (ad) <--
ad,#d 011 (ad)/\#d
ORL 01001 | 1 1 1 (A) <--
A,Rn I (A)V(Rn)
ORL 01000 | 3 2 1 (A) <--
A,ad 101 (A)V(ad)
ORL 01000 | 1 1 1 (A) <--
A,@Ri 111 (A)V((R1))
ORL 01000 | 2 2 I | (A)<--(A)V#d
A#d 100
ORL 01000 | 3 2 1 | (ad) <-- (ad)VA
ad,A 010
ORL 01000 | 7 3 2 (ad) <--
ad,#d 011 (ad)V#d
XRL 01101 | 1 1 I | (A)<-(A) ()
A,Rn 1T (Rn)
XRL 01100 | 3 2 I | (A)<-(A) ()
A,ad 101 (ad)
XRL 01100 | 1 1 I | (A)<-(A) ()
A,@Ri 111 ((R1))
XRL 01100 | 2 2 I | (A)<-(A) ()
A#d 100 #d
XRL 01100 | 3 2 1 (ad) <-- (ad)
ad,A 010 (H) A
XRL 01100 | 7 3 2 (ad) <-- (ad)
ad,#d 011 (+) #d
CLR A | 11100 | 1 1 1 (A)<--0
100
CPL A | 11110 | 1 1 1 (A) <--NOT
100 (A)
SWAP | 11000 | 1 1 1 (A0-3) <>
A 100 (A4-7)
RL A | 00100 | 1 1 1 UAKJIAYECKUH
011 CIBUT BJIEBO
RLC A | 00110 | 1 1 1 CIBUT BJIEBO
011 yepes NepeHoc
RR A | 00000 | 1 1 1 [UAKJIAYECKUI

18

Tabmma 3.
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011 CIBUT BIPABO
RRC A | 00010 | 1 1 1 CIBUT BIPABO
011 yepes NepeHoc

Kak cnemyer w3 Tabmuiel 3, maHHas Tpymma KOMAaHI ITO3BOJISICT BBITIOJIHSTH
omnepanuu Haja Oaitamu: jormueckoe U (), mormueckoe WJIIU (V' ), uckmrouaromee WJIN
( (+)), maBepcuto ( NOT ), copoc B HyJeBoe 3Ha4YeHHE U cABUT. KOMaHIbI ONepHpyroIme
OTIENLHBIMU OUTAMH OTIHCAHBI Jajiee.

I'pynna komana onepanuii HaJ OUTAMM.

JlaHHast Tpymnma KOMaHI COCTOMT M3 12 KOMaHJA, KpaTKO€ ONHCaHWE KOTOPBIX
MIpUBEICHO B TabuIie 4.
Tabmua 4.
Komannp! oneparnuii Has1 OuTamu.

Mmuemo | KOII T B C Omnucanue
KO
CLR C | 11000 | 1 1 1 (C)<-0
011
CLR 11000 | 4 2 1 (bit) <-- 0
bit 010
SETB | 11010 | 1 1 1 (C)<-1
C 011
SETB | 11010 | 4 2 1 (bit) <-- 1
bit 010
CPL C | 10110 | 1 1 1 (C) <--NOT
011 (@)
CPL 10110 | 4 2 1 | (bit) <-- NOT
bit 010 (bit)
ANL 10000 | 4 2 2 (C) <--
C,bit 010 (C)/\(bit)
ANL 10110 | 4 2 2 (C) <--
C,/bit 000 (C)/ANOT (bit
)
ORL 01110 | 4 2 2 (C) <--
C,bit 010 (C)V(bit)
ORL 10100 | 4 2 2 (C) <--
C,/bit 000 (C)VNOT (bit
)
MOV | 10100 | 4 2 1 (C) <-- (bit)
C,bit 010
MOV | 10010 | 4 2 2 (bit) <-- (C)
bit,C 010

Kak crnegyer w3 Tabmuubl 4, naHHas Tpynna KOMaHJ IO3BOJISIET BBINOIHSTH
omepanvy  HaJ OTACIbHBIMH OWTaMH: COpOC, YCTaHOBKY, MHBEPCHIO OHWTa, a TaK XKe
noruueckoe U (/) m nmormueckoe WJIN (V).

B kauectBe "mormueckoro" akkymyssiTOpa, y4acTBYIOIIETO BO BCEX OMNEpaluiax C
JIBYMsl OllepaHjiaMu, BbICTymaeT mnpuszHak mnepeHoca C (paspsg D7 PSW). B kauectse
OTIEPAHJIOB MOTYT UCIOJIb30BaThCA 128 OUT M3 pEe3UACHTHOW MaMATH JAaHHBIX W PETHUCTPHI
CHenUalbHbIX (QYHKIUN AOMyCKAIOINE apecayio OTAeIbHBIX OUT.



20

I'pynna komaHj nepeaayu ynpasJieHUsl.

['pymma KOMaHJ Iepelaydl yIpaBJICHUs TMpeECTaBlieHa KOMaHIAaMH 0e3 YCIOBHOTO U
YCIIOBHOTO TMEPEeX0J0B, KOMaHJaMH BBI30Ba IMOJINPOrpaMM W KOMaHJaMH BO3BpaTa H3
noanporpamMm. KpaTkoe onucanre KOMaH [ TPYIIBI IPHBEICHO B TAOIHIIE 5.

Tabmmma 5.
Komanpl iepeaun yrpaBicHHS.

Muemok | KOII T|B|C Onucanue
on
LIMP 0000001 | 1|3 |2 JUTHHHBIA 0€3yCIOBHBIN
adlé6 0 2 Tepexo1 Mo BCEH mamsITh
AJMP al0a9 | 6|2 |2 0e3yCIIOBHBIN TIEpexo/] B
adll a8 00001 npezaenax ctpanuilpl 2 Koant
SIMP 1000000 | 5 | 2 | 2 0€3yCIIOBHBIN TIEpexo/] B
rel 0 npezesiax CTpaHuIlsl 256 6anT
JMP 0111001 | 1 | 1 | 2 0e3yCIIOBHBIN TIEPEX0/1 10
@A+DP 1 KOCBEHHOMY aJIpecy
TR
JZ rel | 0110000 | 5 |2 | 2 MepexXo/1 €CIIA HYJb
0
INZ rel | 0111000 | 5 | 2 | 2 TepeXo/] €CJIM HE HYJIb
0
JC rel | 0100000 | 5 |2 |2 Tepexo/1 ecii OUT mepeHoca
0 YCTaHOBJICH
JNC rel | 0101000 | 5 | 2 | 2 | mepexoj eciii OUT IIepeHoca He
0 YCTaHOBJICH
JB 0010000 | 1 | 3 | 2 | mepexona eciii OUT YCTAHOBJICH
bit,rel 0 1
JNB 0011000 | 1 | 3 | 2 Mepexo/] eCiiu OUT He
bit,rel 0 1 YCTaHOBJICH
JBC 0001000 | 1|3 | 2 Mepexo/] €Ciii OUT
bit,rel 0 1 YCTaHOBJICH CO COpocoM OuTa
DINZ 11011rrr | 5] 2 | 2 KOMaHa IIMKJIa
Rn,rel
DINZ 1101010 | 8 | 3 | 2 KOMaH/a IIUKJIa
ad,rel 1
CINE 1011010 | 8 | 3 | 2 CpaBHEHHE aKKyMYJATOpa C
Aad,rel 1 0aliTOM | Mepexo/1 eciu He
paBHO
CINE 1011010 | 1 | 3 | 2 CpaBHEHHUE aKKyMYJIATOpa C
A #d,rel 0 0 KOHCTAHTOM W TIEPEXO0]] €CJIN HE
paBHO
CINE 1011Trer | 1 | 3| 2 CpaBHEHHME PErUCTpa C
Rn,#d,rel 0 KOHCTAHTOM W TIEPEXO0]] €CJIN HE
paBHO
CINE 1011011 | 1 | 3 | 2 CpaBHeHHUE OaiiTa mamsTH ¢
@Ri#d,r i 0 KOHCTAHTOH W TIEPEXO0]] €CJIN HE
el paBHO
LCALL | 0001001 | 1 |3 | 2 JUIMHHBIN BBI30B
adl16 0 2 MTOANPOTPaMMBbI BO BCEH
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naMsITH
ACALL | al0a9 |6 |2 |2 BBI30B MOAIIPOTPAMMBI B
adll a8 10001 npezaenax ctpanuilpl 2 KoanT
RET 0010001 | 1 |1 |2 BO3BpAaT MOJAMPOrPAMMBI
0
RETI 0011001 | 1 |1 | 2 BO3BpAaT MOJMPOrPAMMBI
0 00pabOTKHN MTPEPHIBAHMS
NOP 0000000 | 1 |1 |1 MmycTas onepamnus
0

Komanna 6e3ycnmoBHoro nepexona LIMP (L-long-naimuHHBINH) OCYIIECTBIISIET IEPEXO/T
no abcomtoTHOMY  16-OMTHOMY ajapecy, yKa3aHHOMY B TeJe KOMaH[bl, T.e. KOMaHJa
obecrieunBaeT mepexo B 0Oy TOUKY mamsaTu nporpamm. JleiictBue komanapsl AJMP (A-
absolute-abcomroTHBIN) aHanoruyHo komauae LIMP, onHako B Tene KOMaHIbl yKa3aHbl JTUIITh
11 muagmmx paspsiaoB anapeca. [loaTtomy mepexon OCylIecTBIsETCS B Mpenesiax CTPAHHUIIbI
pa3zmepoM B 2 KO, pu 3TOM HaJl0 UMETh B BUAY, UTO CHayasa CoJIEPKUMOE CUeTUMKA KOMaH]l
YBEJIMYMBAETCS HA 2 M TOJILKO MMOTOM 3aMeHstoTcs muiaamue 11 paspsaoB agpeca.

B ornmmume ot mpenpiaymmx B komanae SJMP (S-short-kopoTkuit) ykazaH He
a0COJIFOTHBIM, a OTHOCHUTENIbHBIN agpec mnepexoma. BenumuumHa cMmenieHus rel
paccMaTpUBaeTCs Kak 4MCIO0 CO 3HAKOM, a CJIe0BaTeNIbHO MEPEX0]l BO3MOXKEH B Mpejeax -
128...+127 GaliT OTHOCUTENIBHO aJpeca KOMaH bl Cleayromieit 3a komanaon SIMP.

Komanna xocsenHnoro mepexoma JMP @A+DPTR mo3BosisieT BBIUMCIATH aapec
nepexo/ia B MPOIECCe BBIMIOJHEHUSI CaMON TPOrPaMMBI.

Komanzp! yciioBHOTO nepexo/ia mo3BOJISIOT IPOBEPSTH CIEAYIOUINE YCIOBUS:

JZ - akkyMyJSaTOp COAEPKUT HYJIEBOE 3HAUCHHE;

INZ - akkyMymisiTOp COIEpKUT HE HYJIEBOE 3HAUEHUE;

JC - 6ut nepenoca C ycTaHOBJICH;

JNC - 6ur nepenoca C He yCTaHOBJIEH;

JB - mpsMoaapecyemblii OUT paBeH eAMHUIIE;

JNB - npsmoanpecyemMblii OUT paBeH HYIIIO;

JBC - mpsiMoaapecyemblii OUT paBeH €AMHUIIE U cOpachIBacTCs B HYJIEBOE 3HaUEHUE MPHU
BBITIOJTHEHU Y KOMAaH/IbI.

B otnumuue ot mukpo-OBM cemeiictBa BE48, Bce koMaHIbl yCIOBHOrO MEpexojia
collep’KaT KOPOTKHMH  OTHOCHUTENBHBIM aapec, T.e. MEepexoJ MOXKET OCYLIECTBIATHCA B
npeaenax -128...+127 6aliT OTHOCUTEIBHO CICAYIOIIEH KOMaH/IbI.

Komanga DINZ npennHasHaueHa [jisg OpraHu3alid MpOTrpaMMHBIX LHMKIOB. Peructp
Rn nnmu GaiiT o aapecy ad, ykazaHHBIE B Tele KOMaHIbI, COJAEP)KAT CUETYMK IMOBTOPECHHI
UKJIa, a cMmeleHue rel — oTHOCUTENnbHBIM ajapec mepexofa K Havanmy 1ukia. [lpu
BBITIOJTHEHUH KOMaHbl COAECPKMUMOE CUETUHMKA YMEHBIIAeTCA Ha €IMHUILY W MPOBEpsETCs Ha
HyJb. Ecnu 3HayeHHe cueTdyrKa He paBHO HYNIO, TO OCYILECTBJISETCS Mepexo]] Ha Hayayio
[IUKJIa, MTHA4Y€ BBIMIOJIHAETCS CIEAYIoIas KOMaH/a.

Komanna CINZ ymoOnHa njst peaiu3aiyuy mporeayp 0KuIaHus BHEITHUX cOObITHI. B
TeJie KOMaH bl YKa3aHbl "KOOpPAUHATHI" ABYX OalT M OTHOCHUTEIBHBIN aapec nmepexona rel. B
KayecTBe ABYX OalT MOTYT ObITh, HAPUMEp, HCIOJIB30BaHbl 3HAYEHHS] aAKKyMyJsTopa U
npsMoaapecyeMoro OaiiTa WM KOCBEHHO ajapecyeMoro Oaiita W KOHCTaHTHL. [lpu
BBIMIOJTHEHUHM KOMAaH/bl 3HAY€HHS YKa3aHHBIX JBYX OalT CpaBHUBAIOTCA U, B CiIydae, €Clu
9TH 3HAYEHHUs HE PaBHBI, OCYIIECTBIsETCs nepexoa. Hampumep, komanaa

WAIT: CINE A,PO,WAIT
OyZeT BBIMOJNHATHCA 10 TeX IOp, MOKa 3HaueHus Ha JuHUsAX mnopra PO He coBmamgyrt c
AKKYMYJISITOPOM.

JleiictBue KoMaH[ BbI30Ba TMPOLEAYp TMOJHOCTHIO aHAJOTMYHO KOMaHAaM
0e3yciI0BHOrO Tmepexoja. EMWHCTBEHHOE OTJIMYME COCTOMT B TOM, YTO 3TH KOMAaHJbI
COXPAaHSIOT B CTEKE aJ[pec BO3BparTa.
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Komanga Bo3Bpara u3 moamnporpammbl RET BoccTaHaBiMBaeT U3 CTE€Ka 3HAYEHUE
CYeTUYMKA KOMaHJ, a KOMaHJa BO3BpaTa U3 Mporeaypbl 00paboTku mpepbiBanus RETI,
KpoMe TOro paspemiaer npepeiBanue oocmyxeHHoro ypoBHs. Komanaer RET m RETI ne
pasnuyatorT kakoi komannoit LCALL wim ACALL moamporpamma Obuta BbI3BaHa, T.K. H B
TOM U B IPYTOM CJIy4ae B CTEKE COXPAHSETCS MOJHBIN 16 pa3psaHbIi aapec BO3BpaTa.

B 3akmioueHun crienyer OTMETHTb, YTO OOJBIIMHCTBO acceMOJIEPOB JOMYCKAIOT
0006menHyr0 MEHeMOHUKY JMP mns komang 6e3ycioBHoro nepexona u CALL mnms xomanz
BbI30Ba noAanporpamMm. KoHKpeTHBIH THI KOMaHABI OMpenenseTcss acceMOIepoM UCXOIs U3
CTeneHu "MIMHBI" Iepexoia Wik BbI30Ba.

JAnpeKkTUBBI A3BIKA

JIMpeKTUBBI BBIMIOIHAIOTCS acceMOJiepoM B Ipoliecce MpeoO0pa3oBaHUsS HMCXOIHOTO
MoyJisi B 0OBEKTHBIN. B s3bIke accembiiepa nMeroTCs Clielylomne BUAbl JUPEKTUB:

1) onpenenenus Ha3BaHUs MporpaMMHOro Moayiast NAME;

2) onpenenenus UMeH nepeMeniaeMbix cerMmeHToB SEGMENT;

3) onpenenenus nepemernaemMbix cermeHToB RSEG;

4) onpenenenust abcomotHbIX cermeHTOB CSEG, XSEG, DSEG, ISEG u BSEG;

5) ynpasnenus cuetdnkoM aapeca ORG;

6) ompeneneHus JaHHBIX B MPOCTPAHCTBE MamsaTu porpamm DB u DW;

7) pe3epBupoBanus namsatu DS u DBIT;

8) onpenenenus umeH-cunoHuMoB EQU u SET;

9) onpenenenus umeHn BHyTpeHHUX aapecoB CODE, XDATA, DATA, IDATA u BIT;

10) onpeneneHunss UMEH CBS3U MPOTPAMMHBIX MOIYJICH PUBLIC n EXTRN;

11) ynpaBnenust 6ankamu padounx peructpoB USING;

12) oxoHuanwus nporpammHoro moayis END.

O6o0menHas Gopma 3armucu TUPEKTHB:
-<UMs>- <gup~> -<apr--,
Tae <UMS> - IOJIE UMEHU,
<AgHup> - O0JIC MHEMOKOIa JUPEKTUBLI,
<apr> - 1oJjie apryMeHTOB.
B none MHeMOKoO/a 3amMChIBA€TCS MHEMOHUYECKOE 0003HAUYEHUE NUPEKTUBBI SI3bIKA.
B momne mMeHm 3ammchIBaeTCS HMICHTU(PHUKATOP, OMpEneseMblil IMojb3oBareneM. B momie
apryMEHTOB 3alUCBhIBAETCA OJMH WJIM HECKOJIbKO apryMEHTOB, KOTOpPbIE OIpPEneysoT
JOTIOTHUTENBHYI0O MHpOpMAIIo, TpeOyeMyto NJsl BBIMOJIHEHHs] NUPEKTUBHI. Pazgenurenem
MOJIE UMEHHU U TOJII MHEMOKOJIa, a TaKXe IMOJII MHEMOKOJIa U TOJisi apryMEHTOB SIBIISIETCS
cuMBoa uHTepBana ("mpoben" wiam  "ropusoHTanbHas Talymsums'). Pazmenurenem
aApryMEHTOB SBJIE€TCS 3HAK '3amsgTas’ WJIM CUMBOJ HMHTEpBaja B 3aBUCUMOCTH OT BHJA
TUPEKTHUBBL.
s BceX TUPEKTHUB, 3a MCKIIOYEHUEM TUPEKTUB onpeneneHus naHHeix DB, DW u
pesepBupoBanus namsata DS, DBIT B 0000mienHoit Gopme 3amucu TpemaioKeHHs, ToJie
METKH 3aIpeIieHo.

1. lupexkTrBa onpeneseHus: Ha3BaHus porpaMmmHoro Mmoaysisi NAME

dopma 3anucu TUPEKTUBBI:

NAME<na3s> ,

I'ne <Ha3B> - Ha3BaHHUE.

JlaHHass JWpPEKTHBAa TPHCBAWBAET TEKYyIIEMy IPOTPaMMHOMY MOIYJIIO Ha3BaHUE
<ums>. B ucxogHoM Moysie MOKeT OBITh 3armucana ToJabko oaHa nupektuBa NAME, npuuem
el MOTYT MPEIIECTBOBATh TOJIBKO MPEIOKEHHUS, COACPKAITINE KOMMEHTAPHI K TIporpaMmme
WJIM TTyCThIE TIpeiokeHus. Ha3Banue mporpaMMHOTO MOAYIST <UMS™> MOKET MCTIOJIb30BaThCs
B KadecTBe HACHTH(UKATOpAa B ITOM XK€ HCXomHoM momayie. IlpaBuna 3ammcu Ha3BaHHS
MOYJISI TAKKE Ke, KaK U JIJIs1 HACHTU(UKATOPOB, 32 HCKITFOYCHUEM:
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1) MakcuMaTbHOE KOJIMYECTBO CUMBOJIOB B HazBaHUH 40;

2) B KauecTBe OYKBBI B Ha3BaHWUHW Pa3peIIaeTCs MCIOJIb30BaTh 3HAK "KOMMEpPUYECKOE
" (@)

[Tpumepsl ncnonb3zoBanust TupekTuBbl NAME:

NAME cunyc

NAME @PTR

NAME PROCEDURE 51

2. JIupexTuBa onpeaesieHuss UMeH nepemMemaeMbix cerMeHToB SEGMENT

dopma 3anucu TUPEKTUBBI:

<umsa_cer> SEGMENT <tun_cer> -<tum_nepem>- ,

rae  <ums_cer> - HIAEGHTU(UKATOP, MPEACTABISIOUIMI HMsS TMepeMelIaeMoro
CErMEHTa;

<TWIl_Cer> - THUIl CErMEHTa, IPEJCTaBICHHBIH BCIIOMOTaTEIbHBIM CIOBOM
CODE, XDATA, DATA, IDATA unu BIT;
<TWUIl_mepeM> - TUN  TEepeMEeUIeHUs]  CEerMEHTa,  IMPEeJCTaBIICHHBIH

BcriomorarensHeIM clioBoM PAGE, INPAGE, INBLOCK, BITADDRESSABLE unn

UNIT.

JlanHast AMpeKTHBa OINpeAesseT UMS MEepPEeMEeNaeMoro CeTMEHTa U CBSA3aHHbIE C HUM
aTpuOyThl CeTMEHTa: THI CETMEHTa, TUIl MEpPEeMElIeHUs CEerMEeHTa U BeJIMYMHY 0a30BOTO
ajZipeca cerMeHTa. AJTOPUTM YCTaHOBKHU aTpUOYTOB, CBSI3aHHBIX C IMEHEM CEeIMEHTa!

Hay

TUTI(UMSI_CeT) := ajipec

cer(uMsi_Ccer) := TUI_CeT

buKkc(uMs_cer):= nepeMm

BeN(MMs_CEeT) := Heolpe

KOH

HMms mepemeniaeMoro cerMeHTa MOXeT ObITh OOBSBIEHO B HCXOJHOM MOJYJIE TOJIBKO
OAWMH pa3. OTO HMS MOXET UCHIoab30Batbcsi B aupektuBe RSEG, mnpu cozmanuum
MepeMeniaeMoro CerMeHTa U B Ka4eCTBE TEPMa BBIPAKEHUSI.

Tun cermeHtra ompeaenseT TUI NPOCTPAHCTBA MaMATH, B KOTOPOM JOJIKEH
pa3MemiaTbcs CerMeHT:

Tun Tun npocrpancraa
cerMeHTa namMsTH
CODE MPOCTPAHCTBO MAMSITH

porpaMmm

XDATA | npoCcTpaHCTBO BHEIIHEH
MaMSITH TaHHBIX
DATA MIPOCTPAHCTBO
BHYTPEHHEI
HENOCPEICTBEHHO
aJpecyeMoi naMsaTu
JTAHHBIX

IDATA MPOCTPAHCTBO
BHYTPEHHE KOCBEHHO
azpecyemMoit

MaMSITH JTaHHbIX

BIT MIPOCTPAHCTBO
BHYTPEHHEH MMOOUTOBO
aJpecyeMoi naMsaTu
JAHHBIX
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Tun nepemMereHusi cerMeHTa ONpenessieT cnocod pa3MelleHnss UMEHYeMOro CeTMeHTa
B COOTBETCTBYIOILEM MPOCTPAHCTBE MaMITH CIEAYIOIINM 00pazoM:

Tun nepememenust Cnoco0 pasmeneHust

PAGE Ha TpaHUIy CTpaHMIBl TaMATH (T.e. C
agpeca, KpaTHOTO 256)

INPAGE BHYTPH  CTpPaHUIIBI  mamsaTd  (pasmep
CTpaHuIlpl — 256 0ailiT, aapec CTpaHHUIIBI
KpateH 256)

INBLOCK BHYTpH Oy10Ka mamsaTu(pa3zmep Omoka - 2048

OaiiT, anpec 6moka kpareH 2048)
BITADDRESSABLE | Bayrpu  maparpada mamsaru  (pa3mep
nmaparpada - 16 Oaiit, ampec maparpada
KpateH 16)

UNIT, "mycto" BHYTPHM COOTBETCTBYIOIIETO MPOCTPAHCTBA
naMsITH

Jomyctumbie HaOOPBI aTpuOYTOB "TUIT cerMeHTa" U "TUTI IepeMEIICHHS CerMeHTa":

Tun Tun nepemenieHusi cermeHTa
cermenTta | PAGE | INPAGE | INBLOCK | BITADDRESSABL | UNIT,"nycro
E ”
CODE + + + - +
XDATE + + - - +
DATA - - - + +
IDATA - - - - +
BIT - - - - +
[Tpumep uCHOIB30BaHUS AUPEKTUBBI AJIs1 OTIPEENICHUsI CETMEHTA CTeKa:
STACK SEGMENT IDATA
RSEG STACK
DS 10H ; mpocTpaHCTBO cTeKa
TOS EQU § ; BEPXYIIIKa CTeKa
MOV SP#TOS ;uHunuanu3anuys yka3zateis cTeka
3. JIupexTuBa onpeaeneHus nepemeniaeMbix cermeHToB RSEG
®dopma 3anucu TUPEKTUBBI:
RSEG <ums_cer>,
rae <HUMs_Cer> - uMs NepeMeniaeMoro CerMeHTa, MpeBapuTeIbHO O0OBIBICHHOE

nupektuBoit SEGMENT.

ITo naHHOW AMPEKTHUBE CIEAYIONIME 332 HEM KOHCTPYKIIMHU SA3bIKA B COOTBETCTBUU C
TabIMUed MCHOJb3YIOTCS [UIsl  ONpENEeNeHHUs] WM  YOPaBICHUS COAEPKUMBIM 3TOTO
MepeMenIaeMoro cerMeHTa. ATpUOYTbl CErMEHTa YCTaHABIMBAIOTCA 10 MPEIBAPUTEIIHHO
o6bsaBierHoMy nupekTuBoit SEGMENT nMenu cermenTa <umsi_cer>.

B mnporpamMHOM MOAyne MOKET pa3MenaTbCs HeCKobko AupekThB RSEG ¢
OJIMHAKOBBIM HMEHEM cerMeHTa. B 3ToMm ciydyae TOJbKO ImepBasi IUPEKTHUBA YCTAHABIMBAET
CUETYMK aJpeca CerMeHTa B HYJIEBO€ COCTOSHUE, [MOCIEAYIOUIe JAUPEKTHUBbI
BOCCTAHABIIMBAIOT KOHEYHOE COCTOSHHME CUETYMKa ajpeca Mpeblayliel 4YacTH 3TOro
CErMeHTa.
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Koncrpykun | CODE | XDATA | DATA | IDATA | BIT
fl A3BIKA

Mertka + + + + +

NucTpykims + - - - -

JupexTuBa + + + + +

ORG

HupexTuBa + - - - -

DB u DW

Jupexktusa DS + + + + -

HupexTuBa - - - - +

DBIT

ITpumep ncnonb3zoBanus nupektuBsl RSEG:

FIRST SEGMENT DATA ; onpezneiieHUE UMEHHU NTEPEMEIIAEMOT0
; cermeHTa Tima DATA

SECOND SEGMENT CODE; onpenenenrue UMEHU MePEMENIaeMOro
; cermeHTa tTuma CODE

RSEG FIRST ; onpenenenne cermenta FIRST TOTAL : DS 1
COUNTI1: DS 1

COUNT2: DW 2

RSEG SECOND ; ompenenenue cermenta SECOND CONST: DB
'01234'

START: MOV A #CONST

4. JlupextuBsl onpeaenenust adbcomoTHbIXx cermeHToB CSEG, XSEG, DSEG, ISEG un
BSEG

dopma 3anucu TUPEKTUB:

CSEG=XSEG=DSEG=ISEG=BSEG —AT <abc¢_ BbIp>-,

rae <abc BBIp> - aOCONIOTHOE BBIPAXKEHHUE, HE COJIEPIKAIIee MOCICONPEICTICHHBIX
TEPMOB.

ITo naHHOM AMpPEKTHBE CIEAYIONIME 32 HEW WMHCTPYKIMU SI3bIKA B COOTBETCTBHH C
Tabn. 4 WCHONB3YIOTCS I ONpEAeNiCHUsS WIW YIPaBIEHUS COACPKUMBIM aOCOITIOTHOTO
cerMeHTa. THIl ONpenensieMoro CEerMeHTa YCTAaHABIWBACTCS IO MHEMOKOIY JIUPEKTHUBBI
CIEMYIONTUM 00pa3oM:

MuemMmoxon Tun

JMPEKTUBBI | ONpeaesieMoro
cerMeHTa

CSEG CODE
XSEG XDATA
DSEG DATA
ISEG IDATA
BSEG BIT

B nmporpamMMHOM MOAylle MOKET pa3MenaTbCsi HECKOIBKO JUPEKTHB C OJUHAKOBBIMU
MHeMokosiamu. [lepBast qupekTHBa onpeaenseT Ha4albHYI0 YacTh CErMEHTa, MOCIETYIOIe
JTUPEKTUBBI OMPEEINIAIOT YaCTH MPOIOJKEHHUS 3TOTO )K€ CerMeHTa.

Konctpykius AT <aGc BBIp> HCHOIB3YeTCS ISl YCTAHOBKH COAEPKUMOTO CUETUYHKA
aZipeca Ha4yaJbHOW YaCTH WJIM YacTH MPOJIOJDKEHHUSI CETMEHTA B COCTOSIHUE, PAaBHOE 3HAYCHUIO
BBIpOKEHHS <aOC BBIP>.
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Eciu pupexktuBa ompezeneHuss HauyaldbHOW YacCTH CETMEHTa HE COACPKHUT
koHCTpykuu AT <abc BbIp>, TO CUETYHMK aJpeca CerMeHTa yCTaHABJIMBAEeTCs B HYJEBOE
COCTOSIHUE.

Eciu pupekTuBa ompeneneHuss YacTH MPOJNOJDKEHUS CETMEHTa HE COACPKHUT
koHCTpykuu AT <abc BbIp>, TO 3Ta NUPEKTHBAa BOCCTAHABIMBAET KOHEYHOE COCTOSHUE
CUeTYHKa a/ipeca, yCTaHOBJICHHOE MPEebIyIIel YacThl0 CeTMEHTA.

KoHcTpykiuu  si3plka, TNpeALIECTBYIOIIUME TEpPBOM  TUPEKTHUBE  OMpEeleTIeHUs
aOCONIOTHBIX ~ WJIM  TIEpEeMEIIaeMbIX CEerMEHTOB, CYHMTAIOTCS MPUHAMAISKAIUMU K
abcomorHOMy cermenTy tuna CODE.

[Tpumep ncnonb3zoBanus nupektussl BSEG u CSEG:

BSEG AT 70H

MODE DBIT 1

FLAG DBIT 1

CSEG

MOV C,MODE

5. upexTtuBa yrnpapienus: cueTyukom aapeca ORG

dopma 3anucu TUPEKTUBBI:

ORG <BbIp>,

rae <BpIp> - a0OCONIOTHOE WJM TIPOCTOE TEPEMECTUMOE  BBIPAKEHUE,
HecoepIKaIiee MoCIeONPEACICHHBIX TePMOB. ATPUOYT "cerMeHT" BBIPAKEHUS JOJIKEH ObITh
WJIU HEONIPEJIEIIEHEH I JTOJKEH COOTBETCTBOBATh TUITY TEKYLIErO CErMEHTA.

JlanHast AMpEKTHBA YCTAHABIMBAET CUETUHK aJjpeca TEKYyIEero cerMmenta ( <Tek_cer> )
B COCTOSIHHE, PABHOE 3HAYEHUIO BBIPAXKEHUS <BBIp>. JIOCTYIl K 3HAYEHUIO CUETUMKA aJpeca B
BBIPOKEHUH OCYIIECTBIISIETCSl Yepe3 yKaszaredb cueTduka aapeca ($). ANTOpPUTM yCTaHOBKU
aTpuOyTOB yKa3aTess cueTunka ajapeca aupektuBoit ORG:

Hay

tun($):= agpec

cer($):= cer(Tek_cer)

duxc($):= puxc(Tex_cer)

Beli($):= Ben(BoIp)

KOH

HoBoe conepxumoe cueTurka aapeca He TOJKHO MPEBBIIIATh MAaKCUMAJIBHOTO aJipeca
MPOCTPAHCTBA MAMITH, B KOTOPOM pPa3MELIAETC CErMEHT C Y4E€TOM OrpaHWYEeHUs Ha
pa3MeIIeHUe JTOr0 CEerMEHTa, OMNPEIENIEHHOTO THUIIOM IMepememnieHuss (cM. JlupekTuBy
SEGMENT). Ilocne TpaHCHsSMU OYEPETHOW HHCTPYKIIUH S3bIKA COJEPKUMOE TEKYIIETO
CUeTYMKa ajpeca CErMeHTa yBEJIMYMBAEeTCd Ha 4YHCIO OalToB OOBEKTHOTO KOJA,
TEHEPUPYEMBIX 1O 3TOM MHCTpYKUMH. [locie TpaHcHsuuu odepeHOro aprymMeHTa AUpPEKTUB
DB win DW cozpepKuMoe TEKYIIEero CYeTYMKa aJpeca CErMEHTa YBEIMYUBACTCS HA YMCIIO
0aliTOB 0OBEKTHOTO KOJa, T€HEPUPYEMBIX O 3TOMYy aprymeHTy. [Ipu ompeneneHnn HOBOTO
CEerMEeHTa COCTOSIHUE CUETYMKA aJpeca MPEeAbIAYIIEro CETMEHTa 3allOMHHAETCS U CO3LAEeTCs
HOBBII CUETUYHUK ajJpeca Ui ONPENeNsieMOro CETMEHTa CO 3HAY€HUEM, paBHbIM Hyir0. [Ipu
IIPOJIOJKEHHUH YK€ CYIIECTBYIOIIETO CETMEHTA COAEPKUMOE CUETUMKA aJ[peca 3TOr0 CErMeHTa
BOCCTaHABJIMBAETCS.

ITpumep ncnonb3zoBanusa nupektusl ORG:

ORG ($ + 10H) AND OFFFOH

ORG 100H

6. JIupeKTUBHI OIpeieTICHHs] TaHHBIX B TPOCTPAHCTBE MaMSATH MPOTrpamMm
6.1. qupextusa DB

dopma 3anucu TUPEKTUBBI:

-<meTka>:- DB <Bpip>=<ctp>-, ... -,
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Tae <METKa> - UM METKMU,
<BBIP> - a0COJIIOTHOE WIIN 00Ilee MePEMECTUMOE BhIpakeHUE, KOTOPOE MOXKET

CoAEpKaTh MOCIEONPEACIICHHbIE TepMbl co 3HaueHueM oT 0 go 255; <ctp> -

JUTEpHAas CTpPOKa.

JlanHast nupeKTHBa TeHEpUpYyeT MOCIeN0BAaTENbHOCTh 8- OUTHBIX JaHHBIX (OalTOB
JAHHBIX), OMpEAEJICHHBIX CIHHUCKOM apryMeHTOB, NpeJHa3HAYCHHBIX MJI1 pa3MeUIeHHUs B
IPOCTPAHCTBE MaMATH TporpamMMm. JIUpeKTHBa BBIMOJIHSAETCS CIEAYIOIIMM 00pa3oM.
Onpenensiercsi 3HAUYEHHWE BBIPAXKEHUS <BBIP> WM KOJ OYEPEIHOIO0 CHMBOJIA JINTEPHOU
CTPOKH <cTp>. DOTO 3HAYEHHE pacCMAaTPUBAETCS Kak OalT MaHHBIX, KOTOPHIA
MOCJIEI0BATENbHO BKIIIOYAETCSI B O0BEKTHBIM MOayb. KomndyecTBO apryMeHTOB B TUPEKTHBE
OTPaHNYEHO MAKCUMAJIbHBIM Pa3MEpPOM NPEI0OKEHHUS.

Ecnu BeIpakeHne <BbIp> SIBISETCA NEPEMEIIAEMBIM, TO OHO JTOJKHO HCIOJIb30BaThCs
B KauecTBe Tepma oneparopa LOW unu HIGH.

[Tpumep ncnonb3oBaHus TUpeKTUBHI DB:

PRIMES: DB 1,2,3,5,7,11,13,17,19,23,29,31,37,41,43, 47, 53

MSG: DB 'accembnep ASM51', 0DH, 0AH

6.2. upextuBa DW

dopma 3anucu TUPEKTUBBI:

-<meTka>:- DW <BpIp>-, ... -,

Tae <METKa> - UM METKMU,

<BBIP> - a0COJIOTHOE WJIH O0Illee MePEMECTUMOE BhIpakeHUE, KOTOPOE MOXKET

CoEpKaTh MOCJIEONPEACIICHHbIE TEPMBI CO 3HaueHrueM ot 0 10 65535

JlanHast TUpeKTHUBA TeHEePUPYET MOCIEA0BATENBHOCT 16- OUTHBIX JaHHBIX (cmoB
JAHHBIX), OMpEAEJICHHBIX CHHUCKOM apryMeHTOB, NpeJHa3HAYEHHBIX MJI1 pa3MEUIeHHUs B
IIPOCTPAHCTBE MaMSTH IPOTPaMM.

JlupekTrBa  BBIMIOJHSAETCS  CIEAYIOUIMM  00pa3oM: ONpeAeNsioTcs  3HAYeHUs
BBIPOKEHUH <BBIp>. DTH 3HAYCHHsI MOOANTHO BKIIIOYAIOTCS acceMOIepoM B OOBEKTHBIN
MOJyJb B TOPSAOKE HX OIpeneieHHs, NpUYeM CTapliuil OallT 3Ha4YeHHs BBIPAKEHUS
BKJIIOUAETCS] B OOBEKTHBIA MOJIYJIb TIEPBHIM.

KonnuecTtBo aprymMeHToB B JUPEKTHBE OrPAaHUYEHO MAaKCUMAJIbHBIM pa3MepoOM
PeIOKEHUSI.

[Tpumep ncnonib3oBaHusl TUPEKTUBBI DW:

DW §, §+2, §+4, §+6

TABLE PROC: DW PROCI, PROC2, PROC3, PROC4, PROCS, PROC6 HEX: DW
'01',23''45"'67','89','AB', 'CD', 'EF'

7. IupeKTUBBI pe3epBUPOBAHUS TTAMSITH

7.1. Jupexktusa DS

dopma 3anucu TUPEKTUBBI:

-<meTka>:- DS <BbIp> ,

Tae <METKa> - UM METKMU,

<BBIp> - aOCOJIIOTHOE BBIPAKEHUE,HE COJAEpIKalllee IOCICONpPeIEICHHbBIX

TEPMOB.

JlaHHas 1UpEeKTHBa yBEIMYMBAET COJIEPKUMOE TEKYILEro CYETYMKa aJpeca CErMEHTa
Ha BEJIIMYHUHY, PaBHYIO 3HAYECHUIO BBIPAKECHUS <BBIP~>.

HupextuBa DS ucrnosb3yercst Ajis1 pe3epBUPOBaHUS B OaliTaX MPOCTPAHCTBA MaMSITH
IporpamMM, BHEIIHEW MaMsiITH JaHHBIX, HEMOCPEICTBEHHO U KOCBEHHO aJpecyeMoil
BHYTPEHHEHN NaMATH JaHHBIX.

HoBoe conepxumoe cueTurka aapeca He TOJKHO MPEBBIIIATh MAKCUMAJIBHOTO aJipeca
COOTBETCTBYIOILIETO IPOCTPAHCTBA IMAMITH, B KOTOPOM pa3MEIIAETCS CETMEHT C y4eTOM
OTpaHWYEHUsI Ha €ro pa3MeIIeHHEe, yKa3aHHOe aTpuOyToM "TUIl TepeMemieHus" TEeKYIIeTro
cermenTa (cMm. lupextusy SEGMENT).
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[Ipumep ncnosib30BaHus TUPEKTUBBI DS:

ISEG AT 5
DS 5
I1: DS 1

7.2. Qupexktusa DBIT
dopma 3anucu TUPEKTUBBI:
-<metka>:- DBIT <BbIp>,
Tae <METKa> - UM METKHU,
<BBIp> - aOCOJIIOTHOE BBbIpAXEHHE, HE COJEprKallee IOCIeONpeIeIeHHbBIX
TEPMOB.
JlaHHas TUpEeKTHBa yBEIMYMBAET COJEPKUMOE TEKYILEro CYETUYHKa aJpeca CErMEHTa
Ha BEJMYMHY, pPABHYK 3HAUYE€HHIO BbIpaXkeHus <Bbp>. OHa HcHoib3yeTcs IS
pe3epBUpPOBaHUs B OUTaX MPOCTPAHCTBA MOOUTOBO aApecyeMoil BHYTpEHHE! MaMsATH JaHHbIX.
HoBoe conepxumMoe cueTynka ajpeca He JOJKHO peBbIaTh 127.
[Ipumep ncnonb3zoBanusa nupektussl DBIT:
BSEG AT 5
DBIT 5
Bl: DBIT 1

8. upextussl onpeaeneHus umeH-cuiHounmMoB EQU u SET
dopma 3anucu JTUPEKTUB:

<umsa_cun> EQU=SET <BbIp>=<per>,
rue <UMsI_CUH> - UJIEHTU(DUKATOP, TIPEICTABISIIOIINI UMSI-CHHOHUM,;
<BBIp> - aOCOJIIOTHOE€ WM TMPOCTOE IEPEMECTUMOE BBIPAKECHHUE, HE

coJieprKaliee rMocieonpeIeIeHHbIX TEPMOB;

<per> - UMs MPOrPaMMHO-A0CTYITHOTO 351eMeHTa OOBM.

HupexktuBa EQU unu SET Ha3zHauaeT UMSA-CUHOHUM BBIPAKEHUIO <BBIP> WUJIU UMEHHU
MpOrpaMMHO-A0CTynIHOro 3jeMeHta OOBM  <per>. B mnepBom ciydyae HUMA-CHHOHUM
Ha3bIBACTCS] UYMEHEM BHYTPEHHEro 00BbeKTa MmporpaMMbl Tuma "duciio” umu "agpec” U MOXKET
MCIIOJIb30BaThCS B KAYECTBE TepMa BhIpayKEeHUs. AJITOPUTM YCTAaHOBKH aTpUOYyTOB Tepma:

Hay

TUTI(UMSI_CHH) := THTI(BBIP)

cer(uMs_CHH) := cer(BBID)

bukc(ums_cuH) := GUKC(BBIP)

Ben(MMsl_CUH) := BeJ(BBIP)

KOH

B kauecTBe TepMOB BBIpaKEHHUS <BBIp> pa3pellaeTcss HCIOIb30BaTh JApYyrue
IpeIBapUTENbHO-0NPEIeICHHbIE UMeHA-CHHOHUMBI. CChUIKH Ha MOCJIE0NpeIeIeHHbIe UMEHa-
CHHOHHMMBI TPOTPaMMHO-IOCTYIHBIX 3JIeMeHTOB ODBM 3anpeiieHsl.

Nwms-cunonuM, onpeneneHHoe aupektuBoid EQU, He MOXKeT OBITh TIEpeoTpeIeIeHO B
IPOrpaMMHOM MOJyJie KaKUM-IHO00 crnocoOoM. MMs-CHHOHMM ompeeNieHHOE JUPEKTUBOMN
SET, moxer ObITh mepeomnpenencHo mnociuenyromeit aupexktuBoir SET. Kpome storo,
nupektuBa SET nomyckaer UTepaTUBHOE ONPEACTICHUE UMEHU-CUHOHUMA.

[Tpumep ucnonb3zoBanus qupektuB EQU u SET:

ACCUM EQU A

N27 EQU 27

HERE EQU $

COUNT SET 0

COUNT SET COUNT +1
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9. JlupextuBsl onpenenenus umeH BHyTpeHHHX aapecoB CODE, XDATA, DATA,
IDATA u BIT

dopma 3anucu JTUPEKTUB:

<CHMB> <UMS_JUP-> <BBIp>
u
<cmMmB> BIT <cem>,
rIe <umsa_gup> - xiodeBoe cioBo CODE, XDATA, DATA, IDATA wunu, BIT
MPEACTABIISIIONIEE UMS JUPEKTUBBI;
<CHUMB> - UACHTUPHUKATOP, MPEACTABISAIOIIUN UM BHYTPEHHETO ajjpeca;
<BpIp> - aOCOJIOTHOE WJIM TPOCTOE TEPEMECTUMOE BBIpAKEHHUE,HE
coziepaKarlliee nocjaeonpeeIeHHbIX TEPMOB;
<cem> - CeNeKTop OuTa.

JupektuBa <uMs AUp> OOBABISIET HACHTH(PUKATOP <CHMB>, HMEHEM ajapeca
MPOCTPAHCTBA MAMATH WJIM MUMEHEM aJpeca MpOrpaMMHO-IOCTYMHOro yctpoiictBa OOBM.
Tun npoctpancTBa namsTH win ycrporctBa OOBM ompenensiercss UMEHEM JTUPEKTUBBI
CIeMYIONUM 00pa3oM:

Nwms Tun npocrpancraa
NaMSTH WU T0CTYITHOTO
ycrpoiicrea O9BM
CODE MaMsTh POrpamMM

XDATA | BHemHsd MaMITh JAaHHEIX
DATA BHYTPEHHSIS IPSMO
azpecyemasi IamsTh
JAHHBIX,

PETUCTPHI CIEMATBHBIX
byHKIIHNA

IDATA | BHyTpeHss KOCBEHHO
azpecyemasi IamsTh
JTAHHBIX

BIT BHYTPEHHsIS1 TOOUTOBO
azpecyemasi IamsTh
JAHHBIX,

TPUTTEPHI CTIeHHUaTbHBIX

byHKIIHHA

VMsi BHYTpEHHEro ajpeca MOXET HCIIOJIb30BAThCsl B KAYECTBE TE€pPMa BBIPAKEHUS.
AJNTOpPUTM yCTAaHOBKHU aTpUOYTOB TepMa:
Hay
TUTI(CUMB) := aJipec
eciu cer(BbIp) = UMsI_JTUP WIIH CET(BBIP) = HEOIPE.T
TO CeTr(CUMB) := UMS_JIUP
MHaye oInoKa
BCE
¢bukc(cumB) := HUKC(BBIP)
BeJ(CUMB) := BeJ(BBIP=CE)
KOH
OOBsABIEHHBIN JAUPEKTUBON HACHTU(GUKATOP HE MOXKET OBITH IepeonpeneicH B
MIPOTrPaMMHOM MOJIyJIe KAKUM-TTHOO CITIOCOOOM.
CenexTop 6uTa <cem> ucnoJib3yeTcs TonbKo B qupektuBe BIT mist onpenenenus:
1) agpeca OuTa B MPOCTPAHCTBE BHYTPEHHEW MaMATH AAHHBIX MO ajapecy Oaita u
HOMEpY OuTa B 3TOM OaiiTe;



30

2) azapeca TpUrrepa CHEIUAIbHON (YHKIIMU IO aJpecy perucTpa CrernuaibHON
GYHKIMHM 1 HOMEPY pa3psiia, COOTBETCTBYIOLIEMY JAHHOMY TPUTTEPY B ’TOM PETUCTPE.

®dopma 3amucH ceeKTopa oura:

<QalT>.<0uT> ,

rae <0alT> - abCONFOTHOE WIIA MPOCTOE MEPEMECTUMOE BBIPAKEHHUE;

<OUT> - a0COJIIIOTHOE BHIpAKCHHE.

AOcomoTHOE BBIpaXEHHE <O0aWT> ompeaenseT aapec OalWTa B TPOCTPAHCTBE
BHYTPEHHEH MOpa3psiiHO afipecyeMoi MaMsTH JaHHBIX WM aJipec MOpa3psIHO aJpecyeMoro
perucTpa crnenuaibHol (QyHKIUH. ATpuUOYT '"cerMeHT" ATOro BBIPAXEHHS OJDKEH OBITh
HeonpeneneHeH win uMeTh 3HaueHne DATA. IlepemectuMoe BhIpaxkeHue <OalT> MOMKET
OTIpeNIeTIATh TOJBKO aapec OaiiTa B MPOCTPAaHCTBE BHYTPEHHEW TMOPa3psAIHO aapecyeMoit
MaMATH JTaHHBIX. ATpHOYT "cerMeHT" 3TOro BBIpaKEHUS JOJDKEH MMeTh 3HaueHue DATA, a
tun nepemernienus - 3Hadenne BITADDRESSABLE (cm. upexktusy SEGMENT).

AOCoNIOTHOE BBIpAKEHHE <OWT> MPEACTaBIIICT HOMEp OuTa B OaiiTe MaMsITH WU
TPUTTEpa B PETUCTPE CHEIUATBHON (yHKIMHU. JlMana3oH 3HaUYe€HUS 3TOTO BhIpakeHus - 0-7.

[Tpumep UCHOIB30BaHUS AUPEKTUB:

INT VECO CODE 03H

BUFFER IDATA 60H

BUF _LEN EQU 20

BUF_END IDATA BUFFER + BUF LEN -1

REL TBL DATA REL START +1

CONIN DATA SBUF
RSEG XSEGI
ORG 100H

DAT: DS 5

TIME XDATA DAT +5
RSEG DATA_SEG CONTROL DS 1

B _CNTRL BIT CONTROL.O

10. IupeKkTuBbI ONIpEAEICHUS UMEH CBSI3U TPOTPAMMHBIX MOJYJICH

10.1. dupextua PUBLIC

®dopma 3anucu TUPEKTUBBI:

PUBLIC <ums>-, ... -,

rae  <ums> - UaeHTUPUKATOP, IPEICTABISIONINNA ONpeesieHHOe TAe-T1100 B
MPOTPaMMHOM MOJIyJIe MMsSI BHYTPEHHEro OObeKTa THUma '"4ucio", UMsS METKH WU HMS
BHYTpPEHHETO oOBbeKTa THma "aapec'.

Jlannast nupexTuBa oOBABISET UACHTU(DUKATOP <UMS> B Ka4eCTBE 0OIEro UMEHH IS
HECKOJIbKUX MPOrpaMMHBIX Moayiel. Ha MecTo pacnonoskeHus AUPEKTUBHI B IPOTPAMMHOM
MOJlyJie OTpaHMuYEHUs] HE HaKJIaAblBaloTCA. MaKcUMaabHOE KOJUYECTBO apryMEHTOB B
JTUPEKTHBE OTPAHMYEHO MaKCHUMAaJbHBIM pa3MepoOM MpelioxkeHus s3blka. OIUH U TOT Ke
UIECHTU(DHUKATOP HE MOXKET OBITh OOBSBIICH OOIUM MMEHEeM OoJiee 0HOTO paza. OIuH U TOT
K€ UIACHTU(DUKATOP HE MOXKET OBITh OOBSIBIICH OOIMM M BHEIIHUM MMeHeM. Eciiu mporpamma
dbopMupyeTcsi U3 HECKOJBbKUX MOJIYJei, TO Takue MOIYIH HE TOJIKHBI COJIEp)KaTh OJHMHA-
KOBBIX OOIIMX MMEH.

ITpumep ncnonb3zoBanus qupektussl PUBLIC:

PUBLIC ASC_BIN, BIN ASC

PUBLIC pa3zmep

10.2. Tnpextria EXTRN
dopma 3anucu TUPEKTUBBI:
EXTRN <gHenr>(<UI>-, ... -) -, ... -,
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I'ne <pHenr> - BcromorarenbHOoe ciaoBo NUMBER, CODE, XDATA, DATA,
IDATA wunu BIT;
<ug> - I/I,I[GHTI/I(bI/IKaTOp, npez[CTaBnﬂIomHﬁ BHEIITHEE M.

JlanHast nUpeKkTMBa Ha3HA4yaeT HAECHTU(UKATOp <HJ> MMEHEM BHEUIHEro O0beKTa
nporpaMmbl Tuna 'gyucio" wim tuna "aapec". BHemHee MM MOXXET HCIOJIb30BAaThCA B
Ka4yecTBe TepMa BbIPaKEHUSI.

AJNTOpPUTM yCTAaHOBKHU aTpUOYTOB TepMma:

Hay

eciu BHem1 = NUMBER

TO TUI(HM) := YUCII0; cer(ua) := Heompe
nHave TUI(Ua) ;= ajgpec; cer(uma) := BHEeI

BCE

bukc(um):= nepem

Ben(11):= Heompe/T

KOH

[IpocTpaHcTBO MaMATH, B KOTOPOM  HAXOJUTCA OOBEKT TUIIA "aapec', onmpeneneHHbIi
BHEIIHUM KMEHEM, YCTaHABJIMBAETCA IO JJIEMEHTY <BHEII™ JIUPEKTHBBI CIEIYIOLUIUM
obpazoM:

dieMeHT IIpocTpancTBO NAMATH
<BHeUI>
CODE MaMsTh MPOrpaMMm
XDATA BHEIIHAS NaMSITh JaHHBIX
DATA BHYTPEHHSIS PSIMO
aapecyemas namsTh
JAHHBIX
IDATA BHYTPEHHSII  KOCBEHHO-
aapecyemas namsTh
JAHHBIX
BIT BHYTPEHHSISI  IOOUTOBO
aapecyemas naMsTh
JAHHBIX

Ha 00bexThI, 00bsSIBJICHHBIE BHEITHUMH, MOKHO CCBUIATHCS B TEKYIIIEM MTPOTPaMMHOM
Moxayne. Bo BHEITHEM 0OBEKTHOM MOJYJIe 3TH OOBEKTHI JOJKHBI OBITh OOBSBICHBI OOIITUMHU.
OO01me ¥ COOTBETCTBYIOIIME MM BHEITHHWE OOBEKTHI JOKHBI HMETh OJIMHAKOBBIC aTpUOYTHI
"tun" u "cerme”T" WK OOUH U3 00BEKTOB HOJDKEH OBITH THUIIA "YUCIIO".

Ha pasmemienne nupektuBbl EXTRN orpannueHusi He HakiIaabiBaroTcs. BHeliHee
UMs HE MOXKET OBITh TEPEONpPEACICHO B MPOTrPAMMHOM MOJAYJIE KaKUM-IHOO CIIOCOOOM.
PexomeHayeTcst ¢ 1ETbI0 ONTUMHU3AIMH PE3YIBTUPYIOIIETO 00OBEKTHOTO KoJia (B YaCTHOCTH,
koMmann JMP u CALL) pasmemars mupektuBy EXTRN 10 cChUIKM Ha COOTBETCTBYIOIIEE
BHEIITHEe Ms (KaK MPaBujIo, B HaYaje MpOrpaMMHOTO MOJYJISl MU IPOTPAMMHOTO CETMEHTA).

[Tpumep ncnonb3zoBanus qupektuBbl EXTRN:

EXTRN CODE(ASC BIN, BIN ASC), NUMBER(pa3mep)

11. Jupexktusa USING

dopma 3anucu TUPEKTUBBI:

USING <BBIp>,

rae  <BbIp> - aOCOJIIOTHOE BBIPAKEHHUE, HE COJEpIKallee MOCIEONpeaeTICHHBIX
TEPMOB CO 3HaY€HHUEM B mipenenax ot 0 go 3.

JlanHast TupeKTHBa yKa3blBae€T Ha TO, YTO B CIEAYIOUIMX HWHCTPYKIHUSAX MPOTPaMMBbl
OyJeT MCTOJB30BaThCsl TEKYIIUA OaHK pabOYMX PErUCTPOB C HOMEPOM, PaBHBIA 3HAUYCHUIO
BbIpaxkeHUsT <BbIp>. Ilpsmoit aapec st oOpalieHusi K perucTpaM TeKyllero 0aHka MOKET
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ObITh copmMupoBaH mocpeACTBOM KiroueBbIX cioB  ARO-AR7, mpeacraBmstonux
abcomoTHBIe anpeca paboumx peructpoB RO-R7 coorBerctBenHo. OOmacTh mamsTH,
COOTBETCTBYIOIASl YKa3aHHOMY O0aHKy paOodux perucTpoB, pe3epBUpYeTCs. 3HaueHue
KiIro4eBbIX cJI0B AR(O-AR7 3aBUCHUT OT 3HAU€HHSI BBIPAKECHHUS <BBIP> MPEAIIECCTBYIOIIEH
nupektuBbl USING. HMMmeHa-cuHOHUMBI 1iisi KitoueBbIX clioB AR(O-AR7 mpuHMMaOT #X
TEKYIIHE 3HAYCHUS, KOTOPBIE HE U3MEHSIOTCS nocienyomumu gupektusamu USING.
ITpumep ncnonb3zoBanus nupektubl USING:
USING 3
PUSH AR2 ;coxpanuth comepkumoe peructpa R2
;13 0aHKa paboOUYnX perucTpoB #3
USING 1
PUSH AR2 ;coxpanuth comepkumoe peructpa R2
;13 0aHKa pabounx perucTpon #1

12. qupexktuBa END

®dopma 3anucu TUPEKTUBBI:

END

JlanHast JupekTHBa OMpefenseT KOHel mporpammHoro wmonyis. Ilpenmoxenus,
caenyromme 3a nupektuBoil END, urnopupyrorcs.

[I. OFBEKT NCCIIEAOBAHUA, ITPUBOPHI, OFOPYIOBAHUE
[TepcoHanbHBIN KOMITBIOTED.
IV. 3AJAHUE HA PABOTY

Hamucare w oTmamuth mporpamMmbl Ha accemOnepe it MKS1, peanusyromnue
CJIeyIOIHEe BO3MOKHOCTH:

1. BemosHeHHE apu(PMETHIECKUX OTepaIiuii

- cliokeHue (orepaHabl OAJHOOAUTOBEIE, IBYX0alTOBBIC);

- BRIUMTaHUE (OTIEPAHIBI OJTHOOANTOBBIE, IBYX0AHTOBKIC);

- YMHOXXEHHE (OTnepaHabl OTHOOAWTOBEIE);

- neneHue (ormepaH bl OJHOOANTOBEIC);

2. Opranu3zanus HUKJIOB.

3. Hanucanue nporeayp
- IIpoleypa NEPEeMHOKEHHUS OnlepaHIoB (IByX0alTOBBIX ),
- Iporeypa JAeJIeHUs onepaHaoB (0AHOOAUTOBHIX ),

V. IIOPAOK BBIITOJIHEHM A PABOTHI
1. M3yuuth cuctemy KOMaH.
2. Hanucarb TEKCTBI IPOrpamMM.
VI. OOOPMJIEHUE OTYETA
OTuéT NOJKEH COIepKaTh:

* OIKCaHKE UCTIOIB3YEMBIX OTIEPATOPOB s3bIKa AccemOep;
* QITOPUTMBI U JINCTHHTHU TPOTPAMM.
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METOQUYECKHE YKA3AHUA K
JIABOPATOPHOH PABOTEN: 3

Hanuncanue u oTyaaka apaiiBepa cMJI0BOI0 npeodpazoBareisi 1Jisi MUKPOKOHTPOJLJIEpa

I. HEJIb 1 3BATAYU PABOTDI

N3yuyenne opranmzanuu wuHTepdeiica MukpoOBM 1 ympaBieHHS CHUIOBBIMH
ANEKTPONPUBOJAMH TOCTOSSHHOTO TOKa. V3yueHue ¢OTOMMIYIBCHOIO JaT4yMKa yria
noBopota. Hamucanue ppaiiBepa ans QopmupoBaHusi LHU(PPOBOro KojAa MO CUTHAJIAM
(boTOMMIYILCHOTO JaTUHKA.

II. TEOPETUYECKUE CBEAEHNA

OyHKIHOHANBHBIE CXEMbl IUGPOBBIX  BJIEKTPUUECKUX  CIEIAUIMX TPUBOJIOB
noctostHHOro Ttoka (LIDCII) Becbma pasznooOpaznbl. Omgnako o060 [[ICIT Moxer ObITh
MPEACTABICH B BUJE COBOKYITHOCTH aHAJIOTOBOM W IU(POBON yacTeil. AHAIOTOBasl 4acTh,
KaK TMpaBujo, OOBEAMHSIET CHJIOBYIO CHCTEMY IMPUBOJAa — YCHUJIMTENIb MOIIHOCTH,
WCIIOJTHUTENIbHBIN JIBUTaTeNlb, MEXaHUYECKYIO Iepenady, aHajnoroBbsle natyuku. L{udposas
yacTb B HacTosiiee BpeMsi Haumbojee 4YacTo MpeACTaBiIeHa OJHOKPHUCTAIbHBIM
MUKPOKOHTPOJJIEPOM WM  OJHOIIaTHOM  MuKpoOBM,  BeImosHeHHOW Ha  0ase
OJHOKPUCTAIIBHOTO KOHTpoJuiepa. MukpoOBM MOXKeT BBINOJHATH IO OTHOIIEHUIO K
cnensuiei cucteme GyHKIIMHM 3a/1al0IETr0, CPAaBHUBAIOLIETO U KOPPEKTUPYIOIIETO YCTPOUCTB.
ITo xapaktepy cBI3U MeXay cieasuield cucremoil 1 MUKpoOBM npunsto pazaensate LIICII
Ha aBTOHOMHbBIE M HEABTOHOMHBIE.

[Tox aBTOHOMHOM MOHUMAIOT CIEIAILYI0 CUCTEMY, B KOTOpoil DBM CiyXuT Juillb B
KayecTBE HCTOYHMKA BXOJHOM uWHGOpMAalUMU, T. €. BBINONHSIET (GYHKIMH 3aJal0LIEro
ycTpoiicTBa. Beluncienue curtana omuOKH, HMU(PpPOBas KOPPEKIUs TUHAMUYECKHX CBOWCTB
OCYILIECTBJISIETCSI IPU 3TOM JIOIIOJHUTEIBHBIM aBTOHOMHBIM BBIUHCIUTEIBHBIM YCTPOWCTBOM.

Ecnu cpaBHeHMe 3a/1aBaeMOro Kojia M KoJia CUTHaja OOpaTHOM CBSI3U MPOUCXOAUT B
camoit OBM, To Takas cucrema Ha3bIBaeTCs HeaBTOHOMHOW. [Ipm sTom 3amaua 1mudpoBoit
KOPPEKIIMU TAKXKE BO3jaraeTcsi Ha MUKpoOBM.

OynkunonanbHas cxema [[DCII ¢ MukpoOBM B KOHType ymnpaBieHUs MpPeICTaBIeHA
Ha puc.1.

IBM > IIKH ———{ VI | I = UM
A A E : ﬂ i
CIIC | ; ile
| L |
i CIIM [« ; an |
Tludposas wacts "~ Awmamorosas wactb

Puc.l.®ynknuonanenas cxema [[DCII
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CurHan paccoriiacoBanusl OCTyIaeT Ha mpeoOpa3oBaTesb Koaa B Hanpsokenne [TKH,
MIPOXOAUT YCHIIUTENb-TIpeoOpazoBarenb Y11 (yCcHauTe s MOIIHOCTH) U TI0/Iae€TCs Ha
WCTIOJHUTENbHBIN ABUratesb NI, KoTopbli epeMeniaeT uCoaHUTeNbHbIN Mexanu3m UM. C
BAJIOM JIBUTATEJIsI KaK MPaBWIIO CBs3aH AaTuuk ckopoctu JJC. Ha BeIxogHOM Bamy
WCTIOJHUTENbHOTO Mexanu3ma M yctanaBnuBaroT AaTuuk nojoxenus JI1. C moMmouisro
cxeM npeobpazoBanus curHaiaoB ckopocTt U nosoxxeHus: CIIC u CIIII ¢ natumnka cKopocTH
JC u natumka nonoxxenus /1 curaans mpeoOpa3yroTcs B TBOUYHBIE KOJIBI,
MIPOTIOPIIMOHATBHBIE CKOPOCTH BPAIICHHSI BRIXOAHOTO Bajia MPUBOJIA U YTIIOBOMY
MePEMENICHHUIO NCTIOTHUTEIBHOTO MeXaHu3Ma. JlaTuuK CKOPOCTH CO CXeMOM IpeoOpa3oBaHms
MPEACTaBISIET COOOM MO CyIIecTBY mpeodpazoraTenb ckopocTh-ko (IIKC), a naTunx
MOJIOXKEHUS — TIpeoOpazoBatens nojoxerue-koa (ITKIT).

B coBpeMeHHBIX MPUBO/IaX, KaK MPaBUIIO, B KAUECTBE NaTYMKOB MOJOKEHUS U
CKOPOCTH MCTIONB3YIOT pazinuHbie poTonMirynbcHbie qaTtunku (P ]I), obnanaromme
BBICOKOM CTaOMJIBHOCTBIO XapaKTEPUCTUK, OTCYTCTBHEM IITYMOB, BEICOKOM TOYHOCTHIO. Kpome
TOTO, UMITYJIbCHI, opmupyembie DU, BecbMa y1o0HBI 11t 00paboTkr MUKpoIBM, uTo
MO3BOJISIET CYIIECTBEHHO YIIPOCTUTH allapaTHYIO YacTh CUCTEMBI yIIPaBICHHUS.

B kauectBe [IKH ncnonbs3ytot paznuynbie cxeMbl (POPMHUPOBAHUSI IIUPOTHO-
UMIYJIbCHOTO curHana. [Ipu 3ToM, ¢ pocTOM MOIIHOCTH MUKPOKOHTPOJUIEPOB, (PYHKIIUN
npeoOpazoBanus muppororo koaa B [IIMM curnan Takxe BBIMOTHAECT MUKPOKOHTPOJLIEP.

HAIIMCAHUE JPAMBEPA JIJII ®OTOUMIIYJILCHOI'O JJATUMKA.

OUJl mpennaszHaueH sl mpeoOpa3oBaHMs yriia MOBOPOTA Bajla JBUTATENS B JIBE
MOCJIEOBATEIbHOCTH  MPSAMOYIOJBHBIX ~ UMIYJIbCOB  Si, S, KOIUYECTBO  KOTOPBIX
MPOMOPLHOHAIBHO YIIIy TIOBOPOTA, a YaCTOTa — YacTOTe BpallleHus Baja Aurarens. Kpome
TOTO, Ha Kaxapld oOopot aucka U] dopmupyercs omuH uMImmynbC S; — Ha3bIBaEMbIN
UMIyJIbCOM cOpoca. YKa3aHHBIH HUMIYJIbC HCIONB3YeTCS M OOHYJIEHHS] CUYETUUKOB,
IpUMEHsIeMbIX TIpu (OPMUPOBAHMM LU(POBOro Koja yria Mo JABYM YKa3aHHBIM BBIIIE
MOCJIEI0BATEIHHOCTSAM UMITYJIBCOB.

[TpunHuun neiicTBus GOTOMMITYJIBCHOTO JaTYMKAa OCHOBAaH HAa MOMAYJNSIIMHM CBETOBOIO
MOTOKA BPAIIAIOIIMMCS METAINTHYECKUM IHUCKOM. J[MCK CMHXpOHH3aTtopa (CM. pucC. 2) UMeeT
nBe MH(GOpMaLMOHHBIE JOPOKKH M OJHY JOPOXKKY Aisi (GOpMHUPOBaHMS MMITyJbca cOpoca.
KonuyecTBo oTBepcTii Ha WH(POPMAIMOHHBIX JOPOKKaX BapbUpyeTcss or 64 u 1o
HECKOJIbKUX ThIcs4. Jlopoxkka asist GopMUPOBaHUS UMITYJIbCa cOpOca UMEET OHO OTBEPCTHE.

\

N\

W8

Puc. 2. Dnement kogupytomiero nucka ®UJI ¢ horoummynscHbiMu qaTaukamu @1, G2 u 3.
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Kaxnprit  poTOMMITyIbCHBIA JaTYMK BKJIIOYAaeT B ceOs m3mydaTenb W (HOTOAMO,
PacIoJIOKEHHBIX HAIMPOTHUB APYT APYTa, C PA3IUYHBIX CTOPOH JIHCK.

Od4eBUIHO, YTO MPU MOJOOHOM PACIOJIOKEHHH (POTONMPUEMHUKOB CHUTHAIBI S; U S)
CIABUHYTHI 1O (pa3ze OTHOCUTENHHO APYT Apyra Ha 4eTBepTh nepuoaa. KonumdaecTBo UMIyIbCOB
YKa3aHHBIX CUTHAJIOB OMpPEAesIeTCs KOJIMYECTBOM OKOH Ha KOAOBOM aucke. Hampumep, mis
OUJ[ , umeer nns GopmupoBaHUs Kaxkaou nocienoBatenbHocTH 1024 okomika. Curnan Ss
BO3HHMKAET OJHAXIBl TPH TIOJHOM IIOBOPOTE KOJIUPYIOIIETO AWCKA W OCYIIECTBISET
KOPPEKIIUIO Havajla OTCUeTa.

Curnanet @UJ[ B BHAE MOCIENOBATEIBHOCTA MMITYJILCOB TIOKa3aHbl Ha pHUC.
JwnarpamMmma Ha puc.3a COOTBETCTBYET BPAIICHUIO IMUCKA IO YACOBOM CTPEJIKE; nHuarpaMma Ha
puc. 30 - BpalleHHIO TUCKa IPOTHUB YaCOBOU CTPEIIKU

S 1J L
. i

s3
6)

Puc. 3. Inarpammsl curnanos O/,

Takum 00pa3om, Kak BHJIHO W3 TMPHUBEICHHBIX auarpamm, ¢asza curfamia S2 o
OTHOIIEHWIO K S1 3aBUCHT OT HampaBJCHHWS BpalieHus (+/- dYeTBepTh NEpHoja),
CJIEIOBATEeNIbHO, PACCMATPUBAEMBI JaTYMK MOKET OBbITh HCIHOJB30BaH Ui TMOCTPOCHUS
pEeBEpCUBHBIX cucTeM. MH(opmanus o HampaBlIeHUH BpallleHHs KOIOBOIO JHCKa JOJKHA
dbopMupoBaThCA Ha OCHOBE aHajn3a (a30BOr0 CABUTA CUTHAJIOB S| U S, IPYr OTHOCUTEIBHO
Apyra.

Ecnmu mo u3MeHEeHHMIO YpPOBHS CHUTHAJOB S; W S; NPOU3BOAWTH HWHKPEMEHT WU
JIEKPEMEHT (B 3aBUCHMOCTH OT (Da30BOTO CABUTA MEXKIY S| M Sy) CYETUMKA yTia, TO TOTHOMY
ob6opoty nucka ®UJ[ 6ynyt coorBercTBoBaTh 1024 MMITyNbca, YTO COOTBETCTBYET TOUHOCTH
MPEJCTABICHUS YTJIOBOTO TOJIOKEHUS 360°1024 = 0,3510. To4YHOCTH IaTyYWKa MOXKET OBITH
MOBBILIEHA TYTEM YYETBEPEHHUs CUYETHBIX HUMIYJIbCOB. [[s Hamiero npumepa TOYHOCTh
COCTaBUT 0,08780 unu 1,5 mpan.
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Puc.4. Inarpammbl curaaiioB ®UJI mociie yueTBepeHusi CYETHBIX UMITYJIbCOB.

Curnan S; ucnonb3yercs i1 KOPPEKIMHA 3HAYEHUS CUETUMKA yria. Eciu koppekuus
MIPOU3BOJUTCS TOJIBKO (PPOHTOM CHUTHajia S3, MPU CMEHE HaIlpaBJICHUs BpallleHUs BO3HUKAET
omunoOKa, 00ycIIOBJI€HHAss CMEHOW Hayaia OTCYeTa M3-3a HEHYJIEBOM UINTEIbHOCTH UMITYJIbCa
S;. UToOBl HMCKIIOYUTH BO3HWKHOBEHHE OIIMOKHW, B MOMEHT KOPPEKIHMH HEO0OXOAMMO
OTpe/eNiATh HANpaBlIEHUE BpALIEHUS JHWCKa CHHXPOHU3aTOpa M MpPU HEOOXOAMMOCTH
U3MEHATH HACTYIUJICHHE COOBITHS KOPPEKIMHU C PpOHTA Ha Cpe3 CUrHaia Ss.

YacroTa BpalleHHs Bajla JBUTATENsl OMpEeNseTcs MO BEJIWYMHE Yrila MOBOpOTa 3a
uHTepBad BpeMeHn dt. [lomHOMY 000pOTY IMCKa CHHXpOHHM3aTopa cooTBeTcTByeT 4096
UMITYJIbCOB. TakuM 00pazom, NMpH MCIIOIB30BAaHUH KoJupyromero nucka ¢ 1024 orsepctusiMu
MO’KHO MOJIY4YUTh BO3MOXKHOCTh n3MepeHus 4096 cryneneil CKOpocTH.

CocTOsSIHUSIM CYETUMKa YIOOHO TOCTaBUTh B COOTBETCTBHE HEKOTOPBIA HU(POBOU
KoJ, (hopMHUpYEeMBIii YPOBHSIMHU CUTHAJIOB, CHUMaeMbIX ¢ natunkoB (S1 u S2). CooTBercTBUE
COCTOSTHUSI TaTYMKa U IIUPPOBOTO KOJIa TOKA3aHO HA PUC.S.

KO 10 i11 :01:00 :10; 11 {0100 {10} 11 (01 |

Puc.5. MmocTpanus nociie1oBaTeIbHOCTH CMEHBI KOJIOB Ha BBIXOJaX JIUHUHN S| U S).

Ha puc.6 mpuBemeH IUCTUHT TPOIEAYPHl Ha S3bIKE accemoiiepa, pealn3yrolIeH
dbopmupoBanue IUGPOBOro Koja yrjia MOBOpOTa Baja JaTdyMKa C y4eTOM HarpaBlIeHUS
BpallleHus1 KOJOBOT'O JAHCKa.

Kon yrma ¢popmupyercs B peructpe 12.

Peructper rl, r3 Tekymero O0aHKa PErHMCTPOB HCIOIB3YIOTCS B KadecTBE pPabodmx
PETUCTPOB JJIsi XPAaHEHUS NPEbIIyHIero KoJa COCTOSHHUS JaT4hka U IMPOMEXKYTOUHBIX
pe3yabTaToB.

st peanu3anuu 3ToM mporneaypsl Heooxoaumo Beixoabl ®UJI (muaum S1, S2, S3)
MOJKJIIOYUTH K COOTBETCTBYIOIIUM BbIBoJaM nopTta PO MuKpokoHTposuiepa.

org  0000h

Start: mov rl, 0 ;
mov 12, 0 ;
mov 13, 0 ;

: rl
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; 12

£o: mov a, 3 ;
mov rl, a ;
mov a, 90h ;
mov 13, a ;
xrl a, rl ;
cjne  a, 0, m_clear ;
jmp  go

m_clear: xrl a, 00000100b ;
cjne  a, 0, mO00 ;
clr r2 ;

m00: cjne 13, 00b, moO1 ;

cjne rl, 0lb, m_i ;
jmp m.d ;
mOl: cjne 13, 0lb, mll ;
cjne rl, I1b, m_i ;
jmp m.d ;
mll: cjne 13, 11b, ml0 ;
cjne rl, 10b, m i ;
jmp m.d ;

ml0: cjne rl, 00b, m i ;
m d: dec 12 ;

jmp  go ;
m i: inc 2 ;
jmp  go

Puc. 6. Jluctunr nporpammsl, hopmupytomiei mmndposoit koa nmo curaazam OUJI.
III. OFBEKT UCCJIEJOBAHNMA, TIPUBOPHI, OBOPY IOBAHUE

B paGore wucnonp3yercs crnenuaiu3upoBaHHBIM CTEHI, pa3paboTaHHBI Ha 0ase
MukpoOBM  MKS51, ocuumnorpad, mnepcoHanbHBIA KommbloTep. [ compspbkeHHS
MUKpOOBM # mepcoHaTbHOTO KOMIBIOTEpA HCIOJIB3YETCS  CIENUANBbHBIA  HUICHQ,
MOJIKJIFOYAEMBIH K CTaHAApTHOMY MapajieIbHOMY MOPTY MEPCOHATBHOIO KOMITBIOTEPA.

IV. 3AJAHUE HA PABOTY

N3yuuts npunnun padotsl ®UJI. PaccMoTpeTs BapuanThl opMHUpOBaHUS ITU(POBOTO
kojga c¢ wucnosbzoBanueM DOUJI. M3yuute nporpammy QopmupoBanus 1udpoBoro Koja,
MpUBEJIEHHYIO Ha puc.6. [lo mpuBeaeHHOM IpOorpaMMe HapUCOBaTh aITOPUTM (HOPMHUPOBAHHS
nudposoro koxa. Brectu mporpammy B mamsath [IK, mpoBecTn oTianky m TecTHpOBaHHUE
IpOrpaMMbl C HCIOJIb30BaHHEM cTeHJa. [IpocMoTpeTh AuarpamMmbl CUTHAJIOB Ha BBIBOJAX
®UJI c moMotipio ocrsuiorpada.

V. HHOPAJOK BBIITIOJIHEHMA PABOTBI

1.  U3yuuth QyHKIIMOHATHHYIO CXEMY MHUKPOKOHTPOJIIEPA.
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[To mpuHIMMIUATBHOW CXeMe KOHTpOJUIepa ONpeAeIuTh HAaUMEHOBAHUS MOPTOB,
HCIIONIB3YEMBIX I 0OOMeHa HH(OopMaImen.

W3yunTh Ha3BaHUS JIMHUN YIIPaBICHUS, UCIIOJIBb3YEMBIX JJISl YIIPaBICHUS OOMEHOM
uH(popMaliel BHyTpH MUKPOKOHTpPOJLIEpa.

M3yunts cnoco0® ¢GopMHpOBaHWS CUTHAJIOB  yIpaBICHUs Uil  oOMeHa
uH(popMaled MUKPOKOHTpPOJIEpa € MEePCOHATBHBIM KOMITBIOTEPOM U BHEIIHUMU
YCTPOMCTBAMH.

N3yunth pesxumbl paboTel MUKPOOBM.

CocTtaBuTh AuarpaMMbl CHUTHAJIOB, COOTBETCTBYIOIIMX peXHMaM oOMeHa
uHpopmanueii ¢ moaysimu Y CO u MukpoOIBM.

[To ykazaHuio mpernoaaBareisi COCTaBUTh (PYHKIIMOHATIBHYIO CXEMY MOJYJIS BBOJIA
CUTHAJIOB ¢ KJIaBHATyphl 4*4 wnu BeiBosa curHanoB Ha JKKU.

CocTaBuTh airoput™M oOMeHa HHQpOpMaIUeill NEepPCOHAIBHOIO KOMIIbIOTEpa U
MUKpOOBM 1ipu noMoIiu paccCMOTPEHHOTO AMYJISITOpA.

VI. OOOPMJIEHUE OTYETA

B oryere nomkHBI OBITH MPEACTABIEHBI ANTOPUTMBI MIPOTPAMM, JTUCTHHTU MPOTPAMM.
OyHKIIMOHATBHAS CXeMa MOJKIIoUeHHs ocimuiorpada k MukpoOBM, aumarpamMmma curhana,
MOJTy4yeHHas! ¢ MOMOIIBI0 ocuuiuiorpada.

1.
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METOQUYECKHE YKA3AHUA K
TIPAKTUYECKOU PABOTE Ne 4

udpoBas cucrema ynpabJieHUsI
CHJIOBOI'0 3JIEKTPUYECKOTI0 CJIe/IsIero NPUBo/a NOCTOAHHOIO TOKA.
N3yyenne pynkuuoHaabHoi cxembl YCO U NPUHUMIHAIBHBIX JIEKTPUYECKUX CXEM.

I. HEJIb 1 3BATAYU PABOTDI

1. W3ydeHue ycTpOWCTBa U MPUHIIMIIOB pabOTHI IU(PPOBOTO AIMEKTPHUIECKOTO TPUBOIA
(5CI)
2. DKCHepUMEHTAIbHOE UCCIEN0BaHNE MpolieccoB, mporekaronmx B [IDICII.

II. TEOPETUYECKHUE CBEAEHNA

Kpamkasa xapakmepucmuka cmenoa.

[{udpoBoii MeKTpUUeCKui CIAeAsImUA MPUBOJ TOCTOSTHHOTO TOKA C YIPABICHUEM OT
nepconanbHoro kommbioTepa (IIK) cocTomT W3 OBYX OCHOBHBIX YacTEW: ammapaTHOW M
nporpammuoii. Koncrpyktusao IIDCII mpeacrapmsier co0oi ciaeayronme OCHOBHBIE OJIOKH:
JBUTATENb U PEIYKTOP, YCHUJIMTEIh MOIIHOCTH, OJIOK MUTaHUs, UHTep(HEHCHBIH MOIYyIb U
ycrpoiictBo ympaBnenus (IIK). VYkpymHeHHass CTpyKTypHass cxXemMa TaKoOro IPUBOJIA
npuBeaeHa Ha pucyHke 1. Harpy3koil npuBojaa gBisieTCS €ro MEXaHU4eCcKas 4acTh: PEAYKTOP
1 HaOOp JaTYUKOB.

WUHTep- N N
MK deicHas YM 201} Pepnyktop [——— Y Harpyska
nnarta Y

\

Puc. 1. Crpykryphas cxema LIOCII.

Oatuuku

[lepconanbHBI KOMIBIOTEP BbIpaOaThIBa€T HEOOXOAMMbIC CHTHAJIBI YIPABICHUS, a
TaKXe BBINOJHACT (YHKIHIO KOPPEKTHUPYIOIIEro ycTpoicTBa. IIporpamMmmHoe obecneueHue
NO3BOJISIET HAcTpauBaTh paziauuHble mapamerpsl L[JCII, Takume Kak TakT KBAaHTOBaHMUS,
kodpuuueHT mepegayn U T.A. Takke cpa3y MOXKHO OLEHUTh BIMSHHUE TEX WM HHBIX
napaMeTpoB Ha KayecTBO MEPEXOAHOT0 Tmporiecca. MMeeTcss BO3ZMOXKHOCTH HCIOJIB30BATh
pa3IMyHbIE TUIIOBBIE YIPABIISIONINE BO3ACHCTBHUS.

Nndopmanusa B IIK mpexacraBnena B nudpoBoM BUIE, a yIpaBICHUE HPOHCXOIUT
HETPEPLIBHBIM  OOBEKTOM, CIIEOBAaTENIbHO, HEOOXOAMMO COIpSAraroliee yCTPOHCTBO —
uHTepdeiicHas mnata. [IpeoOpazoBanue 1HM(POBOrO yYIPaBISAIOLIETO BO3ACHCTBUS B
aHAJIOTOBBIM BHJ, B HIMPOTHO-MOJYJIMPOBAHHBIA CHTHAJ, NPEoOpa3oOBaHHE CHTHAJIOB C
AHAJIOTOBBIX JIaTYMKOB CKOPOCTH W yriia B HU(pOBOH BuA, a Takxke NpeoOpazoBaHHE
CUTHAJIOB ¢ (POTOMMITYJILCHOTO JaTYMKa — BCE 3TO IMO3BOJSET MPOU3BOIUTH MHTepQeiicHas
riata. OHa COAEPXKUT PsiA JAOTOTHUTENBHBIX (YHKIIMOHAIBHBIX BO3MOXKHOCTEH, TaKUX Kak
HacTpoiika uactorel [IIMM, ALl u HAIL, a Taxxke BbIOOp BXOomHoro kanama ALIIT
(Mcnob3yeTcs MPU MYJIbTHILIEKCUPOBAHUH CUTHAJIOB C Pa3HBIX TATYUKOB).
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Onucanue annapammnozo obecneuenus.

B kadectBe cmioBOro mnpeoOpazoBaTeNsl HCMONb3YEeTCS HMITYJIbCHBIA YCHUIIUTENb
MOIIHOCTH ¢ cumMeTpuuHbIM [IIMM-ynpaBiennem. B kadecTBe gaTumka yriia HCHOJIb3YyeTCA
Bpamfatontuiics tpanchopmarop (BT), Bkmrouenssiii mo cxeme JIBT. Jlns cpaBHeHUS u
nojsyyeHus: Oojiee  BBICOKOW TOYHOCTH M TIOMEXO3AIIMIIEHHOCTH  HCIONb3yeTCs
dbotoumnynbcHbll  gatunk (OUJI) yrma. Hcnmonms3ys DU MOXKHO JETKO TOJYYUTH
nH(popMaIro 00 yriioBoi CKOPOCTH.

Jlns mnonydyeHuss Kojaa yrija ¢ TOMOUIbIO Bpallarolierocs TpaHcdopmaTopa
HEOOXOUMBI JTOTIOTHUTENbHBIE JJIEMEHTHl — TE€HepaTrop, AEMOIYISATOpP U (UIBTP HUZKUX
YacTOT. OTH JJIEMEHTHI PACIHOJIOKEHbI B OTIEIBHOM KOpPIyCe, TaKKe€ B 3TOM KOpITyce
pacrosaraeTcsi UMITYJIbCHBIN YCUIIUTENb.

|
| WM - [MAM MNKWAYM |
| T i 0,5 Kru .. 4 KTy |
' |
|
| Kog Peructp Kon Cxema Kon :
| > LM CcpaBHEHWUs CueTumk |
' |
[ S I
TBblﬁop | 256 Ku..4,096 My |
|
[aHHble | :
—* Peructp I Mporpammupy- |
BbIGOpa BXxoda ﬂe““Te“bT eMblil I
Homep exopa | 1 penutens || menuTens I
4acToThl | YacToThl I
Beibop : 4,008 My !
! |
Kop, or HK| |
> LAD | I
3anuce BuiGop| Oewmcppatop | A1 | |
= LIAM anpeca A2 | leHepatop |
Buixoa — | |
Lixon |
—_—__Ir——_—_____ |
Buibop l 4,006 My
Kon
JausTo Henutens
:— ALM Curtan KommyTaTop YacToThl
AN AUM Ha 32
Sanyck rrtt 128 Kry
Ananorosble BXoAbI
Strobe -5
3anpoc Cxema 1_A
npepkIBaHnA B¢ d0a
<« YYETBEPEHUA |e— —

Puc. 2. ®ynkunoHanbHasi cxema MOAYJIs BBOJA BBIBOJA.

ArnmnapaTHO MOJyJIb COCTOMT U3 CIAEAYIOIIMX OCHOBHBIX KOMIIOHEHTOB:

Kommymamop ananoroBslx curHainoB nonkitouaerT K ALl oguH u3 aHamoroBbIxX
BXO/JIOB.

ALII npeoOpa3yeT aHAJIOTOBBIA CUTHAN, MOCTYMAIOMIMKA ¢ KOMMYyTaTopa B IH(poBOi
KOJ.

LJAIT mpeoOpazyeT mudpoBoil Kom, GOpMUPYEMBIH B KOMIBIOTEPE, B aHAIOTOBBIN
CUTHAIL.

Pecucmp IIHUM xpanut unpopmanuto o ckBaxHocTtd. Kox 80h cooTBeTcTBYEeT
ckBaxHocTH Y= 0.5; kox FFh cooTBercTByet y= 1.

Cuemuux LLIFM yBenuuuBaetr cBoe 3HaueHue oT 0 no FFh 3a ogun nepuox M-
CUTHAJA.

Cxema cpasnenusi GOpMUPYET JIOTUYECKYIO €IUHUITY, €Clii 9uciio B peructpe [HINM
OoJbllIe, YeM YHCII0 Ha BBIXOJIE CUETUYMKA, MHAYE — JIOTHUECKUI HOJIb.

DHU/] u cxema yuemeepeHus CUemHbIX UMNYJIbCOB

Cxema BblJIeNIeHUS] PPOHTOB M CPE30B UMITYIILCOB € (POTOMMITYJILCHOTO IaTYUKA
cobpana Ha n1BYX snemMeHTax XOR. Curnansl A u b npeacraBisior co0oi IpSMOYTOJIbHBIE
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UMITYJIbCHI, CIBUHYTBI OTHOCUTENBLHO JIpYT apyra Ha 90 rpaxycoB (cMOTpU Juarpammy Ha
pucynke 3). [Tocne nmepBoro anemernTa XOR yacToTa cieaoBaHus UMITYJIbCOB YIBAMBAETCS
(curnan KT1). [lanee curnan KT1 uaBepTupyercs u 3aiep>KMBaeTCs Ha HECKOJIBKO
mukpocekyH (3aemenTsl DD3, DD2 u RC-1niens). B pesynbrare curnanst KT1 u KT2
MOCTYIAIT Ha BTOpoit a5ieMeHT XOR, Ha BbIX01€ KOTOPOTO (hOPMUPYIOTCS UMITYIIBCHI, CPE3
KOTOPBIX COBMAAaeT ¢ (ppoHTAMU U Cpe3aMu UMITYJIHCOB KaHaia A u B. B qannom npuBojie
9TH UMITYJIbCHI UCTIOIB3YIOTCS 1151 (JOPMUPOBAHHUS CUTHAJIA 3aMIpOca MPepbIBaHUs. DJIEMEHTHI
uenu 3anepxku DD3, R, C, DD2 onpenensitoT JJIUTENbHOCTh UMITYJIbCA 3aMpoca MPEPhIBAHUS
IRQ.

ITo kaxxOMy TpEPHIBAHUIO TPOUCXOJAUT CUYMTHIBAHHE KaHAIOB A U B B KOMIIbIOTEP.
JomyctuM mipeapiayiee coctosinue kanana A=1, a kanaia B=0 (BepxHuii Kpy>KOK Ha
pucysnke 4). [Ipu moBopoTe nmpoucxoaut cMeHa coctostHust A=1, B=1 (moBopoT B npaBo) nuiu
A=0, B=0 (rmpu moBopoTe B jieB0). Takum 00pa3om, cpaBHUBAs TPEABIAYIIIEE COCTOSTHUE
KaHaJoB A U B ¢ TekyIm cocTossHEM MOKHO CJIelaTh BHIBOJ O HANIPaBJICHUH BpaIICHUS
Basia ®MJI. Ha pucyHke 4 BHEIIHUMU CTPEIKAMHU TOKAa3aHbI IEPEXOAbl COCTOSHUH,
COOTBETCTBYIOIIUE BPAILEHUIO B IPAaBO, a BHYTPEHHUMU — BpallleHHe B JIeBO. B kommbioTepe
€CTh IepeMeHHasi, KOTopas XpaHUT 3HaYeHHe yria B Buje uncia. B o6pabdorunke
IpepbIBaHMsI aHAJTU3UPYETCS HANpaBJICHUE IBUKEHHUS, U €CJIHM ITPOU30IILIO JABIKEHUE B

IIPaBo, TO ATa ePEMEHHAsi HHKPEMEHTUPYETCSI, UHAU€ — IEKPEMEHTHPYETCS.
SP2

Llens

A (op)
B (cep)
+58
GND

]

—
¥

il
(=]

Puc. 3. Cxema yyeTBepeHus U AuarpaMmma,
MOsICHSIONIAs ee paboTy.

oo
\O

Puc. 4. JIlnarpamma cocTosiHU (POTOMMITYJIBCHOTO JTaTYUKA.

Anzopumm pabomul nPOPAMMHO20 0DecheyeHus

B mporpamme ucnonb3yercs kosbleBoil Oydep — maccuB w3 10000 s1eMeHTOB.
CymiectByeT rio0anpHas nepeMeHHas index KOoTopas COAEPKUT HOMEp TEKYIETO dJeMEHTa
MaccuBa. DJIEMEHTOM MAacCHBa SIBJISIETCS BEKTOP, COCTOSIIIMN M3 3aJarOLIEr0 BO3ACHCTBUS
(yrois), BBIXOJHOTO yIJIa, CKOPOCTH M CKBa)XHOCTU. 3allOJHEHHE MacCHUBa MPOUCXOIUT B
npouenype QuantControl. Tlporeaypa BBI3BIBAE€TCS B CTPOTO OMNPEEICHHBIE MOMEHTHI
BPEMEHH, COOTBETCTBYIOIIME TAKTY KBAHTOBAHUSI.

B Hauane kaxIoro TakTa KBAHTOBaHUS IPOMCXOAUT oOOpalieHue K ApaiBepy,
KOTOpPBII BO3BpalIaeT TEKylllee 3HaYeHHE yria U CKOPOCTU. DTU 3HAYEHUS 3aIlMCHIBAIOTCS B
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MaccHB, I[IOCJIE€ YE€ro BbI3bIBAETCS (PYHKLHSA, KOTOpas (OpMHUpPYeT CHUTHal CKBaKHOCTH.
3HayeHHEe CKBAKHOCTH MPH MOMOIIHU JpaiiBepa 3anucbiBaeTcs B mopT LIAII u B mopt LIINM,
pacroJioKeHHbIe Ha MHTep(EHCHOM 1aTe.

N3o0pakenne ocumiorpada OOHOBIAETCS MPUOIUZUTEIBHO KaXKIbI COTHIM pa3
(3TOT mapamMeTp MOXXHO HAcTpauBaTh). B KOHIlE Ka)XIOro TaKTa OMpPENeNseTcs, HYKHO JIU
OOHOBHUTH KapTUHKY. Eciam HyXHO, TO OCHOBHOW (opMe TOCBIIAETCS COOOIIEHUE,
00paboTUHK KOTOPOTO MIPOPHUCOBBIBAET KAPTHUHKY.

procedure QuantControl(uTimerID, uMessage: UINT;
dwUser, dwl, dw2: DWORD) stdcall;

var Udv: byte;
begin
inc(Count); inc(index); /| Mnxpemenmupyem mekyuuti uHOeKc
if index>MaxData then index:=0; //IIpu HeobxoOouMOCmU €20 3aKOIbYOBbIBAEM
GetDataVec; /lTlonyuaem 3nauwenue yena u ckopocmu
Mas[0,index]:=DV.Angle*1.53398e-3; /I pi/2048 = 1.53398e-3
Mas[2,index]:=Form1.GetSpd; //3anucvieaem mexkyujee 3Havenue
cKkopocmu
Udv:=Form1.Correction,; /lTlonyuaem 3Hawenue ckeax3cHocmu
Mas[3,index]:=Udv/255; /lu 3anucviéaem e2o 6 maccus
SetShim DAC(Udv); //3anucvleaem cxeaxicHoCcms 8 nopm

if ((Count*Signall.TQuant) mod Scopel.RefTime)=0 then
PostMessage(Form1.Handle, WM_USER+100,0,Count); // Obnosnenue ocyunnocpagha
end;

Huxe npusenen gpparmMeHt npoueaypbl 00paboTKH MpepbIBaHUs, KOTOpas SIBJISIETCS YacThiO

BUPTYaJILHOI'O JpaiiBepa:

mov dx, LptStatus ;3amuceiBaeM B dx aapec mopra Status (mapasiebHBINA TOPT)
in al, dx ;UuTaeM 3Ha4YCHHE MTOPTA
mov ah, bit4 ;®U /] mogxmroueH k LPT, 3nauenne curnana A u B
coepkuTcs B 4 u 5 6urax
or ah, bit5 ;Jlajiee mpoucxXoauT BhIIETIEHUE UMEHHO ATHX OUT
and al, ah ;al:=status and (bit4 or bit5);
shr al, 4 ;al:=xxxxxx45b
mov ah, [oldStatus] ;B ah HaxoauTCs mpeapIaymiee 3HaueHne curHanoB A u B, a B al
- TeKyIIee
JF ((al==0)&&(ah==1)) || ((al==1)&&(ah==3)) || ((al==3)&&(ah==2)) || ((al==2)& & (ah==0))
dec [esi].Angle ;Onpenensercs HampaBiieHUEe BpaIeHUs C
COOTBETCTBUU C puc.4
.ELSE
inc [esi].Angle
.ENDIF ;Jtst yrporenust koga ObuT HCoab30Bad Makpoc (IF
mov [oldStatus], al ;Coxpansiem 3HaueHue cCuTHaJIOB A 1 B B mepemMeHHyto
oldStatus

OmnpeneneHre CKOPOCTH MPOUCXOIUT HECKOJIBKO ciokHee. CMBICT 3aKiII0YaeTcsl B
TOM, YTO TIOACUYUTHIBACTCS TMPOMEKYTOK BPEMEHH MEXIy TpeMsl MPephIBaHUSIMH. 3HAUCHUE
CKOpOCTM — BeIMYMHA OOpaTHas JTOMY MPOMEXYTKY BpeMmeHu. Ecim mnpepbiBaHus
MPOMCXOJIAT PEAKO (IBUTATENh MEIJICHHO BPAIAETCs), TO CKOPOCTh TOIydaeTcs HE TIIAIKOU
(pBanbii Tpaduk). il CrUIaKMBaHHUS CHTHA CKOPOCTH TMPOMYCKAIOT uepe3 MUGPOBOM
(GWIBTP HU3KKMX YacTOT. B pe3ysnprare momydaercs mpueMIIeMblid CUTHAIL.
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Humepdgpeiic npocpammnozo ovecneuenusn L{ICII na o6asze IIK (npunoscenue
Scope)

®dusnvecKu MporpaMmMHOe 00eCIedeHNEe COCTOUT U3 JIBYX YacTeH:

- CnenuanbeHbI BUPTYyaIbHBIA ApaiiBep sample.vxd. JlpaiiBep oOecrieunBaer
JOCTYIl K TIOpTaM BBOJA-BhIBOJA M OCYLIECTBIIAET MEpeXBaT MpPEephIBaHUS OT
napauiensHoro nopta I1K. B o0paGoTunke mpephiBaHus BBIYUCISIETCS KOJ yria U
3HaYeHHE CKOPOCTHU BpallleHUsI.

- IIpunoxenue Scope.exe, KOTOPOE SIBISAETCS OCHOBHOM YaCThIO MPOIPAMMHOIO
o0ecrieyeHus.

Ha pucynke 5 mpencraBieHO rjiaBHOE OKHO Mporpammbl. OCHOBHYKO 4acTh OKHa

3aHUMAaET ocumtorpad.

| ¥

H &y =@ E g
Puc. 5. 'maBHOE OKHO MpOrpaMMBbl

B HmxHel yacTh OKHa pacrioiaraeTcs aHeb yrnpapiieHus. CiieBa HalpaBo
PacroI0XKeHbl KHOIKHU:
1. «IIpocmoTp» - mo3BOIISIET OOJIEE MOAPOOHO MPOCMOTPETh PE3YIbTAT PAOOTHI
CTEeH/Ia.
2. «HacTpoiiku» - BbI3bIBA€T OKHO HacTpoeK. OHO COCTOUT U3 YEThIPEX
3aKJIaJIOK:

Ocumnorpad | EurHanI Pergnmopl Mogyns BB I

Mepurog pazsepTrM

OBHOEAEHHE KAPTHHEM |2DD MC 'l

Bug
W Bemogroiiyran [T CropocTe
¥ Broghoiiyron [ Hanpsmetue ynpasnequa

¥ Cetka

OrreHa | HDMMEHHTbl

Puc. 6. 3akmanka «Ocrumiorpady.

Ocunnorpas  CHrHaN I Pergrmopl Monuns BB I

TaKT KESHTOESHHA |2D (2 Vl

TN curHana B petaa mogenypaeanna, c

|Meatap =l s =
T1 apareTpkl SHrHAAS

Amnnuryna, mpag, 7l =

CrEa#HOCTE IH] i 'I Mepuog |2.5¢ 'I

OTreHa | I'IpmeHH'rb|

Puc. 7. 3axmanka «Curaaii.
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- 3aknaaka «Ocuuiiorpad» (pucyHok 6). [1o3BossieT HACTPOUTH AITUTEIHLHOCTh
pa3BepTKHU ociutorpada u nepruoa 0OHOBICHHUS KapTUHKH.

- 3aknaaka «CurHam» (pucyHok 7). [lo3Bonser BbIOpaTh TakT KBAaHTOBAaHUS B
CHCTEME; M3MCHUTh THII BXOJHOTO CHTHAJIa, a TAaK)X€ HACTPOUTH TapameTphl 3TOTO

CHUI'HaJ1a.

- 3aknaaka «Perymarop» (pucyHok 8). [1o3BomnsieT BEIOpaTh THIT peTyIIATOpA.
- 3aknaaka «Moayns BB» (pucyHok 9). 3mech MOKHO MPOBECTH JTHATHOCTUKY
pPErUCTPOB MOJYJsi BBOJA-BBIBOAA, M3MEHHTH dactoTy I[IIMM, a Takxke BBIOpaTh

BxoaHo# kanam ALIIL.

HacTtpohku

Dcuunorpaml Curan Perynsrop | togyne BB I

Tun perynaropa

II'I-pergnﬂTop vl K.oag. nepegaqu |15 3,

OTrieHa | I'IpHMEHuTbl

Puc. 8. 3aknanka «Perynstopy.

Deunnorpad | Currian | Perummop  Moayns BB |

PerucTp AUMN 255

Perwerp LLAMN X
06 aeTopax

Fervctp WM L

Penicrp ynpaeneHus

Yacrora ll WM

AHANOMOERIF EROQ

1500y .

O7rieHa | I'Ipmermb|

Puc. 9. 3aknanka «Moayins BBy.

nhWw

«[1yck» - BKIIIOUaeT Mporiecc yrnpaBieHHUsL.

«ABTOMACIITa0)» - aBTOMAaTHYECKH MacIITabupyeT n3o0paxeHue.
«Cromy - KHOIIKAa OCTaHABIIMBAET MPOIECC YITPABIICHHS.

6. «llay3a» - mnpuocTaHaBIMBaeT mpouecc ymnparieHus. Hcmonb3yercs mnpu

COXPAaHCHUHU JaHHBIX WX IIPHU BBI3OBE HACTPOCK.

[I. OFBEKT UCCIIEAOBAHMA, ITPUBOPBI, OGOPY/JOBAHUE

1. TlepcoHaIbHBIN KOMIOBIOTEP C MPHIOKEHUEM SCOPE.EXE;

2. IByximyueBoit ocruuiorpad;
3. Hudposoii cneasiimuii mpruBOJ MTOCTOSTHHOTO TOKA.

IV. IIOPAJJOK BBIIIOJIHEHW A PABOTDBI

1. Brxmrounts ocumumiorpad. Bxmrounts 6510k mutanus npuBoaa. Brmounts [1K.

3anmyCTUTh NPUIIOKEHUE Scope.exe.

3. Bxurounts TyMOnep +27 B Ha manenu 610ka «Y CUIUTENB, TE€HEpaTop, AEMOIYIIATODY,
IIPU 3TOM JIOJDKEH HayaTh BPaIIaThCs POTOP JBUTATEINS.
4. Tlogxmrounts ocrmiuiorpad k rHesny «IIIMM» na manenu 6;10ka «Moayias BBoa

BBIBOAa».
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11.

12.

13.

14.

15.

16.

17.
18.

19.

—
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Br13BaTh okHO «HacTpoiikn» 1 BEIOpaTh 3akinanky «Momyins BBy

3anucars B peructp [IMM HeckoJIbKO pa3IuuHbIX 3HAYEHUW, Hanpumep, 64, 128,
192. 3anectn mokazanus ocruiuiorpada B oT4eT, MpUUeM Ha dKpaHe JOIKHO
yMenaThes 2 nepuojia CUrHaia.

3anucars B peructp MM 128 u ycTaHOBUTH HECKOJIBKO pa3nuyHbiXx yacToT [IINUM,
Harpumep, 1500 I'a, 2000 I', 2600 I'ir. 3anecTn moka3anus ocuusuiorpada B OTUET,
IpUYeM Neproj1 pa3BepTKU ocuusuiorpada J0IKEeH 0CTaBaThCsd HEM3MEHHBIM.
[Toaxmounts ocrmuiorpad k rae3ny «L{AIl» Ha manenu 61oka «Moayinbs BBOJa
BBIBOJIA.

3anucars B peructp LIAIl HeCKOMBKO pa3nuyHbIX 3HAYeHUH, Hanpumep, 64, 128, 192.
3aMepuTh COOTBETCTBYIOIINE HAMPSHKEHUS U 3aHECTU MX B TaOJIUILY.

[ToaxmounTs ocrmiuiorpad k kanamy A u B Ha manenu 6;10ka «Moaynb BBoAA
BbIBOJIa». 3anmucaTh B peructp LIINM 255, 192, 0. Cnenatb BBIBOJBI O IJIUTEIBHOCTH
UMITYJIbCOB.

[ToaxmounTs ocrmuiorpad k kanamy IRQ u B Ha manenu 6;10ka «Moaynb BBOAA
BbIBOJIa». 3anucaTh B peructp LM 255. 3anectu pe3yabTaThl B OTUET.

Ha 6noke «Ycunutens, reHepaTop, A1EMOIYSTOP» OTKIIOUNTH MUTAaHUE IBUTATeNs +
27 B. B nporpamme BeIOpaTh 3aKianky «Ocumiiorpad; yCTaHOBUTH TIEPHO/T
paszBeptku 500 Mc; B rpynie «Bum» OTKIIOYNTh BCE KpOME CKBaXXKHOCTH. Ha 3akianke
«Curnan yCTaHOBUTH TaKT KBAHTOBAHUS 5 MC, TUII CUTHAJIa — CHHYC, BpEeMs
MozaenupoBanus — 2000 ¢, ammntyny curaana — 40 mpan, nepuon — 250 Mc.
[Toaxmounts ocrmiorpad k rue3ay «L{AIl». Haxars kHonky «Ilyck» riiaBHOTO OKHA
porpaMMbl. 3aHECTH B OTUYET Pe3yJIbTaThl pabOThl IPOrPaMMBbl U MTOKA3aHUS
ocrutorpada.

Br16pats 3aknanky «CUrHamy; yCTaHOBUTH TakT kBaHTOBaHUA 20 Mc. CpaBHUTH
MOJTyYeHHBIE SMIOPHI C dII0paMu Ha 5 Mc. 3aHeCcTH MoKa3aHus ocluiorpada B OTyerT.
Br16pats 3aknanky «CHrHam»; yCTAaHOBUTH TakT KBaHTOBaHUS 10 Mc. Y CTaHOBUTD THII
curnana nuna «[luna». 3aHecTu B 0TYET pe3yNbTaThl pabOThI IPOrPAMMBI.

Br16pats 3aknanky «Curaamy; ycTaHOBUTh aMIUTHTYAy 60 Mpaa. CpaBHUTH
MOJTYY€HHBIC AIIOPHI ¢ dmopamMu Ha 40 Mpajl. 3aHECTH B OTUET Pe3yIbTaThl pabOoThI
POrPaMMBI.

[ToaxmounTs ocrmiuiorpad k rae3ay «LIM».

Br16pats 3aknanky «Ocrumiorpady» U yCTaHOBUTH reproa pa3Beptku 5.0 c. Beibpats
3akiafiKy «CUrHa»y; TUIl CUTHAJIa — CUHYC, amIuiutyaa — 20 mpaa, nepuona — 2.0 c.
[Tomyunts Ha ocumiuiorpadge n300pakeHue 2-X MepruoaA0B. Y BEIIMUNBATh AMIUIUTYLY
curHaina ¢ 20 Mmpaj 10 OsIBJICHUSI HEIMHENHBIX UCKakKeHui ¢ marom 10 mpan.
Cnenatb BbIBOABI 0 TayonHe Moayssituu [IIMM-curnana.

3aKkpbITh MporpamMmy. BeikiitounTs 6J10K TUTaHUS MPUBOA.

V. OOOPMJIEHUE OTUETA

Ha3Banue u Homep paboThl, 11eJTh pabOTHI;
Bce smropbl ¢ MOsSICHEHUSIMU, YKa3aHHBIE B MOPSIIKE BBIIOJIHEHUS PabOThI;
BriBoapbl.

VI. KOHTPOJIBHBIE BOITPOCBI

Urto Takoe ckBaxkHOCTh? Kakoe yucio B peructpe HIMM coOoTBETCTBYET CKBaKHOCTH
0.5,0.75, 1?7

Yem 00BSICHUTD 3BYK, M3/IaBa€MbIi JBUTATEIEM Ha CKBaKHOCTH (.57

OO0BsicHUTE IPUHITUTI BBIJEICHHS (POHTOB U cpe30B curHaios ¢ U/,

Kakum 06pa3om mosydyaeTcst 3HaUe€HUE yria B kKommbioTepe? Kak onpeaenurtsb
HarnpaBjieHue cuera’?
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5. Kak BiausieT TakT KBaHTOBaHUS Ha Ka4eCTBO (popMUpyeMOro curHana?

6. Yrto Takoe HenMHEeHbIe UCKaKeHUA? OT 4ero 3aBUCUT BOSHUKHOBEHHE HEJTMHEUHBIX
HCKa)XEHUI B JaHHOU cucTeMe?

7. Yto Takoe riayouHa Moayssiiuu? OT 4ero oHa 3aBUCHUT?

VII. BUBJIMOT'PAGUYECKHUI CITMCOK

1. T'yk M. Anmapatnsie cpeactsa IBM PC. — C-ni6.: ITutep, 1996. — 212 c.

2. Ilyxanwsckuii I'. 1. HoBocenbuena T. A. [IpoekTupoBaHne TUCKPETHBIX YCTPOUCTB
Ha UHTETPaAJIbHBIX MUKpocxeMax. CipaBoyHuK. — M.: Paguo u cBs3b,
1990.- 304 c.

3. Crapmun B. B., Ypycor A.B. IIpoektupoBanre nudpoBbIX yCTPOUCTB Ha
OJHOKPHUCTAIBHBIX MUKPOKOHTpOJIIEpax. — M.: DHeproatomusaat, 1990. — 219 c.

4. Cnensmue npuBoasl: B 31. 2-e uzn., gomn. u nepepad. /Ilox pexn. b. K.
Yemonanosa. T. I: Teopus u npoexktupoBanue cnensmux npuBoaos /E. C. breii3, A. B.
3umuH, E. C. BanoB u ap. — M.: U3n-so MI'TY um. H. D. baymana, 1999. — 904 c.
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METOQUYECKHE YKA3AHUA K
JIABOPATOPHOHW PABOTEN? 5

udpoBas cucrema ynpabJieHUsI
CHJIOBOT'OT0 JIEKTPHYECKOro cJIeJsero NpuBo/ia NOCTOSIHHOT0 TOKA.
HccnenoBanue xapakrepuctuk B cpeae SimuLink.

I. IEJIb 1 3ATAYM PABOTbI

1. 3nakomcTBO ¢ makeroM Simulink, ©3ydeHue Mocie10BaTeIbHOCTH TOCTPOSHUS
MaTeMaTUYeCKONW MOJCIIN JTUHEHHON CUCTEMBI B cpejie cucTteMbl Simulink, pacuer
MEPEXOIHBIX MPOLIECCOB B CUCTEME.

2. WccnepoBaHue IpoOLECCOB, MPOTEKAIOIIUX B IUPPOBBIX CIEAANINX CUCTEMAX, IPU
MTOMOIIIX MTaKeTa MojeaupoBanus Simulink.

3. IlonmyuyeHnne ocHOBHBIX XapakTepucTuk Mmoaenu [[ICII.

II. TEOPETUYECKUE CBEAEHMA

Onucanmne Mojaeu

CrpykrypHas cxema [[OCII npuBenena Ha pucynke 1. ['omyObIM 1BETOM yKa3aHBI
3JIEMEHTBI, KOTOpbIE pean30BaHbl mporpaMMHO BHyTpH [IK. MalinHOBBIM 1IBETOM TOKa3aH
dbopmuposarens [IIMM-curnana, pacroyioKEHHBIN Ha TJIaTe€ MOJYJISA BBOJIa BBIBOAA (CMOTpPH
omucaHue crteHaa mpakT. pabd. Nel). KpacHpIM 1BETOM IOKa3aH YCHUJIUTENh MOIIHOCTH,
3€JICHbIM — HCHIOJHUTENbHBIM JBHUraTellb, CEpbIM — peaykTop. JKenTeiM LBETOM MOKa3aH
dboTouMINyIbCHBIA JaT4YMK, paboTalolUMii B peXHUME JaTdyMKa Yria, MOITOMY Ha cXeMme
M300pakeH UHTErpaTop, KOTOPBIN B peabHOM cUcTeMe He CYIECTBYET.

Al :
In1 Ot 1 —pJ_I-l_ . 1
Step Homep cvriana v =
4 M-peryn  ¥npaenewwe TakT Integ
AL i KEAHTOEIHH i Aenrarens Fegyerop
Jumn ' > ]
7]
Eanap hultiport '_,J' ‘ CrpaxHocTE CxopocTe
Switch i 2 ‘4
ﬁl‘u" Quantizer ong
2
Sin - -
M/]_ ¥ron

Puc. 1. CrpykrypHas cxema mozenu LIDCII

> )

In1 - - Out1
Quantizer Saturation

Outl

KomnapaTop

128

Muna Quantizer
Constant
Puc. 2. [loncucrema ¢popmMupoBanus Puc.3. TTogcucrema ¢popmupoBanus
CKB2)XHOCTH B BUE IU(PPOBOrO KO/ ckBaxxHoctu B Buze [IIMM-curnana.

HcnonHuTenbHBIN IBUTaTeNh MPEACTABICH MOJENbIO 3-10 nopsiaka (cMoTpu puc. 11).
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Tok Moment  ¥okopeHwe  CFOROETE

<

AAC pEMEEHMA

Puc. 4. Iloncucrema nBUraTess mMOCTOIHHOTO TOKA.

[I. OBBEKT NCCIIEAOBAHNA, ITPUBOPLI, OBOPY/IOBAHUE

[lepcoHanbHBIN KOMITBIOTEP C YCTaHOBIEHHOH cucTeMoit Matlab.

10.

11.

12.

13.

DN —

IV. IIOPA1OK BBIITOJIHEHW A PABOTBI

PeanuzoBath Mozesb, MPEACTABICHHYIO HA pUc. 3 B cpene Simulink

3amyctuth Simulink u oTKpBITH Qaiin Analiz.mdl

YcTaHoBUTH KO UIMEHT niepeadr Y M B HOJb, YCTAHOBUTH TaKT KBAaHTOBAHMS 5
MC, THII BXOJIHOTO CHTHaia — cuHyc (Homep 3 Multiport Switch), ammnutyny curnana
— 40 Mpaa. 3aHecTH B OTUET PE3YJIbTATHI SCOpE.

VYcraHoBuTh TakT kBaHTOBAaHUA 20 Mc. CpaBHUTH MOTYYEHHBIE SIIOPHI € AIMIOPAMU Ha
5 Mc. 3aHecTH NoKa3aHusl SCope OTYET.

VYcraHoBUTh TakT kBaHTOBaHUS 10 Mc. YcranoBUTh THII curHazia mmrna «llumay,
aMIuTyy curnaia — 40 Mpaz. 3aHecTd B OTUET MEePEXO0IHbIN MpolLiece Mo YIIIy.
VYcranosuts amMmmutyay 60 mpaa. CpaBHUTH OJIy4EHHBIE AIIOPHI C 31MopaMu Ha 40
MpaJl. 3aHECTH B OTYET EPEXOIHBIH MPOLIECC MO YIIIy.

YcranoBuTh ko3 puient nepeaaun YM paBHbIM 24.

Bri6parts Tun curnana 1(t) u ycraHoBUTh amriuTyny 40 Mpaj. 3alyCTHTh CUCTEMY U
3aHECTU B OTUET BUJI IEPEXOJAHOI0 IIpOLECCca U ITOKA3aTEIN KaueCcTBa. Y CTAHOBUTh
TakT kBaHToBauus 20 mc, 50 mc, 100 Mc 1 3aHECTH pe3yabTaThl B OTYET.

VYcranoButh TakT kBaHTOBaHUs 10 Mc. [Tonyunts nepexoaHblid mpoiecc Ams
HECKOJIbKMX 3HAYEHUHN aMIUIUTY/bl BXogHOTo curdana (40 mpaa, 150 mpaz, 300
mpan). [locuntaTs 1uis Kaxaoro rpaduka mokasaTeian KauecTBa. 3aHECTH PE3yJIbTaThl
B OTYET.

YcranoButs ammmutyay 150 mpan. YcranoButh K03¢. nepenayn [I-perynstopa
paBHbIM 1. 3aHecTH pe3ynbTaThl B 0TUeT. HaliTu Takoit ko3¢. mpenadn, mpu KOTOPOM
cucTeMa cTaHoBHUTCs HeycTolunBa. CoxpaHuth kodddunment Ky, 1 Bua nepexonHoro
nporuecca B OTYET.

YcranoButh ko3d. nepenaun 200. I3MepuTh 4acToTy U aMILTUTYLY aBTOKOJIeOaHHA
IIpU pa3HbIX TakTax kBaHToBaHus (5 mc, 10 mc, 20 mc, 50 mc). CoxpaHUTb
NEPEXOIHBIN MPOLIECC MO YIIIy B OTYET.

YcTaHOBUTH KOA(. IIepeauu 5, TakT KBaHTOBaHUs 10 Mc, TUIT CUTHANIA - CHHYC C
yactoToii 8 paz/c, 4 pan/c. BeraucnuTh BpeMeHHOE 1 (pa30BOe 3ama3IbIBaHue.
VYCcTaHOBUTH TUII CUTHAJIA — MeaHIp, aMruTyAa — 60 mpan. CoXpaHUTh EPEXOIHBII
IIPOLIECC MO YIUIy U IO CKOPOCTHU. Y CTaHOBUTH aMIUIUTyRy - 250 mpazn, 500 mpan.
CoxpaHuTh NEPEXOIHBIN MPOLIECC IO YIIIy U 110 CKOPOCTH.

V. OOOPMJIEHUE OTUETA

HasBanue u Homep paboTHI, IeNb padOTHI;
Bce smtopsl ¢ MOsSICHEHUIMHU, YKa3aHHBIC B TIOPSKE BHITIOTHEHHS paOOTHI,
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3. BrIBOAmnL
VI. KOHTPOJIBHBIE BOITPOCbI

1. Kakwne ocHOBHBIC ITOKa3aTENIM KauyecTBa BbI 3HaeTe?

2. Yro Takoe TakT kBaHTOBaHMA? Kak TakT KBaHTOBAaHUS BIHSICT HA OCHOBHEIC
MoKa3aTeln KauecTBa?

3. Ha uro Bausier ko3(. mepeaauu perymnstopa’?

4. Kak B cucteme ¢ orpaHHYeHUEM MOTYT BO3HHUKHYThH aBTOKoJeOanus? Kak Bnuser
TaKT KBAaHTOBAHMS Ha aMIUTHTY/y U 9acTOTY aBTOKoJieOaHU?

5. UeM 0OBSICHUTH 3aBUCUMOCTH TIEPEPETYTUPOBAHKS OT BEIMYUHBI BXOTHOTO
BO3JIEUCTBUS?

VII. BUBJIMOT'PAGUYECKHUI CITMCOK

1. CipaBo4HOE PYKOBOICTBO MO cucteme Simulink.

2. JIazapeB 10.®. MatLAB 5.x. —K.: U3narensckas rpynna BHV,2000 —384c¢. (Cepus
«bubnuoreka cTymneHTay).

3. KoHCIEKT JeKIui M0 JUHEMHON TEOPUH aBTOMATUYECKOTO YITPABIICHHUSI.

4. KOHCHEKT JIEKIIUM MO0 HEJTMHEWHOW TEOPUH aBTOMATUYECKOTO YIIPaBJICHUS.

5. Cnensmue ipuBoasl: B 3T. 2-e uzn., gom. u nepepad. /Ilox pen. b. K. Uemonanoga.
T. I: Teopus u npoexktupoBanue ciemsmmx npuBoaoB /E. C. breiis, A. B. 3umun, E. C.
NBanoB u np. — M.: U3n-so MI'TY um. H. D. baymana, 1999. — 904 c.
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METOQUYECKHE YKA3AHUA K
JIABOPATOPHOH PABOTE Ne6

udpoBas cucrema ynpabJieHUsI
CHJIOBOTI'0 JIEKTPUYECKOT0 CJIe/IsIlero NPMBo/a NOCTOHHOTO TOKA.
Cunre3 uudposoro puabtpa.

I. IEJIb 1 3ATAYM PABOTbI

1. Cunte3 Z-nepenaToyHor (YHKIHH KOPPEKTUPYIOIIETO YCTPOWCTBA C TMOMOIIBIO
nakera Matlab.

2. IIporpamMmmupoBanne Z-nepenaToqHon QPyHKITUH.

3. IlosniydeHne OCHOBHBIX XapaKTepUCTUK CKOppekTupoBaHHoro [[ICII.

II. TEOPETUYECKHUE CBEAEHNA

Knaccuueckuii  crmocoOoM  cHHTE3a  SIBISIETCS. CHHTE3 METOJOM  YaCTOTHBIX
xapaktepucTuk. OnHako B cHcTeMax C HU(POBBIM BBIUYUCIHUTEIEM HEMOCPEICTBEHHO
HCIIOJIH30BaTh ATOT MPOCTONW MeToa He ynaercs. OauH U3 myTel pemeHus dTOM mpooOIeMbl —
HCIIOJIb30BaHUE Z-TIpeoOpa3oBaHusl, J1ajiee BBINOJHEHHE OWJIMHEHHOTO MpeoOpa3oBaHHs M
nepexo/l K TMCEBJOYACTOTHBIM XapaKTePUCTHKAM, IOCJIE YEro MOJIydeHHE IepeaaToOuHON
byHkun GUILTPa U OOpATHBIN MEepexo] K Z-TepenaToyHbiM (YHKIUAM. be3ycioBHO, 3TOT
NyTh SIBJSETCS MPaBWIBHBIM, HO, B TO K€ BpEeMs, JOCTaTOYHO TpyAoeMKkuM. OmHaKo, eciu
MPUHSITH HEKOTOPbIE TOMYIIEHUS, TO MOKHO 3HaYUTENIbHO YIPOCTUTH 3Ty MPOLEAYPY.

Ha pucynke 1. mpexacraBieHa CTpyKTypHasi cXeMa IPUBOJAA C HCIOIb30BAaHUEM
aHajoroBoro ¢unbsTpa. [lepenarounyro GyHKIu0 GUIBTPA TOTYUIUM, UCTIONB3YS UCXOTHYIO U

)kenaemyro JIAUX pa3oMKHYTON CHCTEMBI.
1

AHanorosbin ouneTp | BUratenn
1

W,i(s) P Wauls) (TS—'f”S

Puc. 1. YoporeHHast Mojiesib IPUBOJIA C AHAJIOTOBBIM (DHIIBTPOM.

Ucxognas JIAUX — sto JIAUX aBuraresns, KOTOPbIA NPeACTaBIEH anepHOIUYECKUM
3BeHOM W uHTerpatopoM. Ha pucynke 2 mpencraBmena JIAUX wmcxomHo (CrutomrHas) U
JKermaeMou (IITpUXOBasi) CUCTEMBI, a TAaK)Ke MOKa3aHbl YaCTOTHI BCEX M3JIOMOB (®j, M) ...).
[lepenarounass Qyukmus QuibTpa modydaeTcss myTeM BbhUMTaHUs HcxomHou JIAUX w3
JKEeIaeMo.

[Tocne Toro kak moyiyueHa nepenaToyHas (QyHKUMS QUIbTpa, MNPOU3BOAUM Z-
npeoOpa3zoBanne W monyduM Z-pyHknuio ¢ribtpa. OgHAKO HAIO TMOMHUTH 00 OJHOM
OTPaHUYEHUU: TAKT KBAHTOBAHUS B CUCTEME JOJKEH OBITh XOTs Obl B 2 paza MEHbILIE caMOi
MaJICHbKOW TOCTOSSHHOM BpemMeHHu cucteMbl. Ha pucyHke 3 mpenacraBieHa 3KBUBAJICHTHas
CXeMa CUCTEMBI, HO yXe C U(PPOBBIM (PHUIHTPOM.
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Puc. 3. Yopormiennas Moaenb npruBojia ¢ UGPOBLIM (PHUITHTPOM.

Hanee wHeoOxogumo 3amporpamMMmupoBath Z-QyHkiuto ¢uiabtpa. CymiecTByer
HECKOJIBKO CIOCOOOB BBIOOpa TEPEMEHHBIX COCTOSHUS, OyaeM HCIOJIb30BaTh MPSMOE,
napajuieIbHOE WJIH MOCiIeI0BaTeNIbHOE IPOrPaMMHUPOBAaHHE.

B pesynbraTe momydaem CTPYKTYpHYIO CXE€My, BBOJUM II€PEMEHHBIE COCTOSHUS U
3allChIBa€M B BHUJE CHUCTEMBbl PA3HOCTHBIX ypaBHeHUH. [lanee HE0OXOAMMO BBINUCATh
IJIaBHYIO Matpuity A, matpuiry-cronoerr B, matpuiry-ctpoky C u marpuny D. [lomydennsie
MaTpPHIIBI BBOJSITCS B IpOrpamMmy Scope.exe (CMOTpU PUCYHOK 4).

Bl

Hac TpoikW

Elcuwnnnrpacpl Curhan  Perunarop I tonyns BB I

Tun perynATopa

Ll MebpoEoE AR Kead. nepeaaw |10 3

Ll ubpoBoi dunsTp
T nagHaA marpuua A BerTop B
[0 [0 o
[0 [0 Io
rMarpuua-ctpoka O~ Marpuua D—
[0 [0 J1
ok | OtreHa | M prEHTE |

Puc. 4. OxHo BBO/A KOd((dULIMEHTA TIepeadn U MaTpull QUIbTPA.
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[I. OFBEKT UCCIIEAOBAHMA, ITPUBOPBI, OGOPY/JOBAHUE

[TepconanbHBIN KOMITBIOTEP C YCTAaHOBJICHHOU cucTemoii Matlab;
[Ipunoxenue Scope.exe;
[{udposoii crnensimuii MpUBO/I.

IV. IIOPAJOK BBIIOJIHEHW A PABOTDI

Ilepenarounast GyHKIUS IBUTATEIS] UMEET BHI:
Weid(s)=— 2
(19.2-10" s+ s
[To pucynky 2 He0OXOAMMO ONpPENETUTh BETUUUHY KOd(PPHUIMEHTa Meperadn
10 KOHTYpY. A 3aTeM NOoIyduTh Kodpduiment nepeaaun uiabtpa K.
ITocne storo otkpeiBaeM Mozenb Simulink ¥ BBOAMM MOJy4eHHBIH KO3(duuneHT
nepeaadu (CMOTpu pUCyHOK 5). CoxpaHseM MepexoIHbIN MPOLIECC B OTYET.

Lahl

Stepl Kz Wz Integ2

z L]

¥ronz
Puc. 5. Yopowmennas monens ¢ [1-perynastopom.

Heo6xoauMo mosyuuTh nepesaTouyHyro (QpyHKIHIO (QHUIBTpPAa BBIYUTAHUEM HCXOIHOMN
JJAYUX wu3 xenmaemol (cMOTpM pHUCYHOK 2). B pesynpraTe nOKHA MOJIy4HUTCS
nepeaaroyHasi pyHKIUS BUJIA:

W (s) = (L25+ D35+

(Tls + 1)(T4s + 1)

(1)

BBecTu momydeHHBIM aHAIOTOBBIA GUILTP B Moaenb Simulink (cMOTpu pUCYHOK 6).
CoxpaHHUTh NTEPEXOAHBIN MPOIIECC B OTYET.

T2.5+1 T2.s+1
g -
T1.s+1 Td.s+1
Step 54 Transfer Focn Transfer Fon2 |-"|,£|| Integ

z L1

[
Ll

¥ron

Puc. 6. Moaens ¢ aHamoroBeIM (PUITETPOM.

B komangHO# cTpoke Matlab co3mate mepeMeHHylO S —  omeparop
muddepermupoBanusa. s 3TOro HEOOXOIMMO BOCIIONIB30BaThesl (GyHKIMen tf
(transfer function - mepegarounas pyakmms): s= tf(‘s’)

Hanee BBoauM mnepenatounyro ¢yHKU B Buae: Ws= (T2*s+1)*(T1*s+1)/(
(T3*s+1)* (T4*s+1))

rae T1, T2 ... T4 — konkpeTHBIC ynca u3 hopmynsl (1).

Hanee mpomsBomuMm Z-mpeoOpa3oBanue ¢ mnomonisio (Gyakmuu c2d (continues to
discrete): Wz=c2d(Ws, T)

rae Ws — BBeneHHas paHee nepeMeHHasi; T — TakT KBaHToBaHus, c. [lns
COBMECTUMOCTH CO CTEHJIOM npumeM T= 5 Mc.

BBonum monydeHHbI mudpoBoi Gmibtp B Moaens Simulink (cMoTpu pucyHok 7).
CoxpaHsieM NepexoaHbIN MPOIECC B OTYET.
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24zt y
it
ezt

Step1 kA

Integ1
PHAETP na s

z L]

Yrond
Puc. 7. Monens ¢ undpoBsiM GUIBTPOM.

[
Ll

[Tocne Toro xak Tmody4YeHa BepHas Z-mepenarouHas (QyHKIUsA, HE0OXOIUMO
3arporpaMMHpoBaTh €€ OJHMM M3 YKa3aHHBIX IpENojaBaTesieM CIocoOoB (IpsMoe,
napajuleJIbHOE WJIM TOCJeIOBaTeIbHOE MPOrpaMMUpOBaHME). 3amucaTth B OTYET
MOJTyYEHHYIO CTPYKTYPHYIO CXEMY.

3anucarb CUCTEMY Pa3HOCTHBIX YPaBHEHMH W BBINHMCATh TIJIABHYIO MaTpully A,
Matpuiry-crosoen B, marpuity-crpoky C u matpuiry D.

Bxmrounts TymMOep +27 B Ha manenu 6510ka «Y CHIIMTENh, TEHEPATOpP, AEMOIYIISTOPY.
Bre3Bate okHO «HacTtpoliku», BbIOpaTh 3aknaaky «CHTrHam» M YCTAaHOBUTH TaKT
KBaHTOBaHUA 5 Mc, ammumtyny curHana 50 mpag u 120 mpan. Ha 3aknanke
«Perynsrop» BbeIOparh THO perymsatopa «lludppoBoil GuILTP», YCTAHOBUTH
MOJIYYeHHBIA K03(]. mepemaun u BBectH Martpunbl A, B, C u D. 3aduxcupoBath
M3MEHEHHUS U 3allyCTUTh yIpaBleHUEe. 3aHECTH Pe3yNbTaThl B OTYET.

Br13BaTh okHO «HacTpoiikny, BeIOpaTh 3akiaaky «CUTHAI) U YCTAHOBUTH aMIUIUTYIY
curHana 50 mpanx u 120 mpan. Ha 3aknaake «Perymsitop» BeIOpaTh THI peryisiTopa
«[I-perynsarop». 3aduKCHUpoOBaTh HM3MEHEHHS M 3allyCTUTh YIpaBlIeHUE. 3aHECTH
pe3yabTaThl B OTYET.

BbIkit09nTh 1BUTaTeNb. 3aKphITh MporpaMMmy. BIKITIOUNTE 010K TUTaHUS MPUBOAA.

V. OOOPMJIEHUE OTUETA

HasBanue u Homep paboThl, 11eJ1h pabOTHI;

JIAYX ncxomgHOM U CKOPPEKTUPOBAHHON cUCTEMBI, a Takke JIAUX ¢unbTpa.
Koaddumnuent nepenaun GpunbTpa, nepeaarounas GyHKIHS aHATOTOBOro GUILTpa, Z-
nepeaaroyHast GyHKIus uGpPoBoro GuiIbTpa,

CrpykTypHas cxema Z-nepeaaTouHoi GyHKIuu nudpoBoro GuibTpa

Cucrema pa3HOCTHBIX ypaBHeHUU U maTpulel A, B, C, D.

Bce mnepexonnbie mpoliecchl € TOKa3aTeNsIMM KauecTBa, YKa3aHHBIE B IOPSIIKE
BBITIOJTHEHHS paOOTHI;

BriBoapbl.

VI. KOHTPOJIBHBIE BOITPOCBI

Kaxk o JIAUX onpenenuts Ko3hHHUITUEHT TIEpeavu o KOHTYPY?

Kaxkoii Hakion goikHa umetb JIAUX B pailoHe 4acToThl cpe3a?

Kaxoit cioco6 nporpammupoBanus Hauoosee BeirogeH? [louemy?

[Touemy wmatpuiia B B 1maHHOW cucTeMe SIBISETCS MaTpUIIEH CTONOIOM, a He
NpsAMOYTOJIbHOM MaTpuuein? Uro takoe matpuna D?

VII. BUBJIMOTPA®UYECKHI CITUCOK

PykoBoacTBo mo cucteme Matlab.

TexHu4eckoe onmMucanme CTeH1a (CMOTpy MpakTudeckoe 3ansatue Nel).
KoHcnekT nexkuuit mo JMHEHHOW TEOPUH aBTOMATUYECKOTO YIIPaBICHUS.
KoHcnekT Jiekuuii mo AMCKPETHOM TEOPUH aBTOMATHUUECKOTO YIIPaBICHUS.



