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BBEOEHUE

HacTtosuwee yyebHoe nocobue npegHasHa4yeHO ANs CTYOEHTOB
HanpasneHus 552800 «/HpopmaTuka N BblYUCNUTENBHAS TEXHUKa» WU
HanpasneHus 654600 «/HpopmaTuka N BblYUCNUTENBHAA TEXHUKA» MO
cneumanbHoctTn 230102 «ABTOMaTU3NPOBAHHLIE CUCTEMbI 06paboTkM
nHgopmaumn un ynpasneHus (AC)» u ucnonb3yeTca npu MU3yYeHuu
TeopeTuyecknx pasgenos ancunnnuHbl «OpraHmnsauna 9BM n cuctemy,
BbINOSIHEHUN nabopaTopHbIX paboT, a Takke npuM KypCcoBOM U
AUNAIOMHOM NpPOoeKTUpoBaHuMKM. B nocobum paccMoTpeHbl HasHadeHwue,
NPUHLUMN OENCTBUS, CTPYKTYPHbIE N PYHKLNOHASbHbIE CXEMbl OCHOBHbIX
YHKUMOHASbHbIX YCTPOMUCTB, BXOAALWNX B cocTaB OBM.
N3noxeHbl mMeToguka u npuMepbl MPOEKTUPOBAHUSA OCHOBHbIX ©10KOB
apndmMeTn4ecKoro yCTpomcTea 1 yCTPOMUCTBA yrpaBlieHUs.

1. ApuchmMeTnyecko-nornyeckoe ycTpoucTBo
ApudmeTtnyecko-norndeckoe yctponctso (AJl1Y) — 6rnok 3BM,
KOTOPbIN CIYXWUT Ana BbINOSHEHUS apUMETUYECKUX W NOrnM4YeCKnX
onepaumn.
BoinonHgemble B AJlY onepaunn MOXHO YCMOBHO pasfefniutb Ha
cneayroLwime rpynnbl:
e ornepauun OBOUYHOW apudMETUKN ONst Ynucen ¢ PUKCUpoBaHHOM
TOYKOW;
e onepauun [OBOUYHOM apuUPMETUKM ONA 4Yucen C nnasBatoLLeNn
TOYKOM;
e onepauum gecATUYHON apUPMETUKM;
e onepauum NHOEKCHOM apudMETUKM;
e ornepauuu crneunanbHOn apnPmMeTUKu;
e oOnepauuu Hag NorM4yeckMMm Kogamu;
e oOnepauuu Hag andaBUTHO-KOAOBbLIMU MNOSISAMM.

CoBpemeHHble OBM o6uwero HasHayeHna OObIMHO peanusytoT
onepauum  BCeX NPUBEOEHHbIX Bbllle rpynn, a Manble W
crneunanuavpoBaHHole OBM 4yacTto He BbLINOMHAKT onepauuM Hapg
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yMcnamum c nna.alrLEeN TOYKOW, onepaumn OeCATUYHON apudMETUKN n
onepauuu Hag andgaBUTHO-UMGPOBLIMU MNOSNIAMMN.

[Mpn HeOBXOANMOCTUN 3TK onepaunmn BbIMOSHATCA crieymarnbHbIMU
nognporpaMmmMmamu.

K apudgpmeTnyeckmm  onepauusim  OTHOCATCS  CIIOXEHWe,
BblUMTAHNE, YMHOXEHWE W [OeneHue yucen B ABOWUYHbIX U OBOWUYHO-
AECATUYHbBIX Kogax, C PUKCMPOBAHHOM TOYKOW U NfiaBatoLLLEN TOYKOWN.

[pynny nornyeckux ornepaumin COCTaBndaAlT onepauumn “nHeepcumn’
(norndeckoe HE), “amnsabioHkuun” (norundeckoe WMIN) n “koHBIOHKUMK
(nornyeckoe M) Hag MHOropaspsiaHbIMY ABOUYHBIMU KOZaMW, CpaBHEHME
KOLOB Ha paBEHCTBO.

CneumnanbHble apudmMmeTnyeckme onepauun BKN4YalT B cebd
HopManusauuio, apudmeTmyeckmn  caBur  (coBurarTcsd  TOSMbKO
umMdpoBble pa3psabl, 3HAKOBbIA pas3psi OCTaeTcd Ha MecTe),
normyecknin caBur (3HaKoBbIM paspsas cABUraeTcs BMecTe C LMdpoBbIMU
paspsigammn).

B 3aBucumoctn OT KOAOB, WUCMOSIb3yEMbIX AN NpeacTaBrieHus
onepaHgos, AJlY genaTtca Ha nocnepoBaTesnbHble M napannenbHble. B
nocriegoBaTteribHbIX Ay ornepaHabl npeacTaBnAlTCS B
nocnegoBaTenbHOM KoAe, a onepaunmn npon3BoasaTcs nocnenoBatesibHO
BO BpeMeHW Had MX oTAaenbHbiMU paspagamu. B napannenbHbix AJTY
ornepaHabl npeacTtaBfeHbl napannenbHbIMKM - KogaMu K1 onepauumn
coBepLUalTCs 0 QHOBPEMEHHO Ha BCEMU pa3psigamMmu onepaHaos.

AJlTY nocnepoBatenbHOro [OEUCTBUA B HacTosillee Bpems
NpakTUYeCKN He NPUMEHSIIOTCH U3-3a MX HU3KOro ObicTpoaencTeus. Bece
AanbHenwee nanoxeHne otHocutcs K AJTY napannensHoro 4encTeus.

Mo cnocoby npeacraeneHns Yncen pasnuyatot AJlTY:

e NS Ynces ¢ PUKCUPOBAHHOWN TOYKOM;
e 11151 YMCen C nnaBatoLlLen TOHKON;
e NS OECATUYHbBIX Ymcen.

Mo cBoum yHkunam AJlTY aBnsetcs onepauuMoHHbIM BoKoMm,
BblNOSNHALWMUM  Mukpoonepauumn (MO), obecneumBarowime npuem u3
OPYruMX yCTPOUCTB (Hanpumep, NnaMaTn) onepaHgos, nx npeobpasoBaHue
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N Bbldadvy pesynbtaTtoB rnpeobpasoBaHus B Apyrue yctponcTtea. Kaxgas
MO peanuayetca duamyeckum ynpasngwowmum curHanom  (YC).
[[eHepupyemas YCTPOMCTBOM yrnpasneHus nocnegoBaTtenbHoCcTb YC
onpenendeTca KOOOM ornepauum KoMmaHgbl.
Mo cTpykType pasnudatot AJTY:
® CXEeCTKOMW CTPYKTYypOWu;
e C rmMbkowm (MarmcTpasibHon) CTPYKTYPOW.

1.1. AJTY ¢ XeCTKON CTPYKTypom

XecTtkaa CTpykTypa OTNnu4aeTcs TeM, 4YTO CBA3M  Mexay
permctpamm M QPYHKUMOHAIbHLIMUA  y3namMu,  BbINONHAKOLWMMN
npeobpasoBaHMe WHGOPMauUUK, OAHO3HAYHO peann3oBaHbl  NpU
nsrotoeneHmn AJTY un He Moryt ObiTb W3MEHEHbI B npouecce
aKcnnyatauuu. 3TU CBA3M COOTBETCTBYIOT NOSIHOMY Habopy anropuTMoB
BbIMOMHEHUS BbIYMUCITUTENBHBIX U NTOrnMYecknx onepauunn B gaHHom AJTY.

Ha puc.1.1 npeacrasneHa ynpouweHHas (pyHKUMOHanbHas cxema
AJTY ¢ xecTtkon CTpYyKTYpon. OCHOBHbIMU (PYHKUNOHAMNbHLIMWU Yy3namu
(DY) B cxeme asnatotca Tpu peructpa PIM (1:3) n cymmartop. B pernctpel
PIr(1) n PI(2) noctynaoT U3 namatu ucxogHble onepaHabl, B PI(3)
obpasyloTca pesynbTaTbl onepauui. Kpome Toro, nobon ns pernctpos
MOXET Takxe BbINOMHATL onepaunu casura.
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CBAsn wmexgy pernctpamm M CyMMaToOpOM peanuayrTcs C
nomoubto normnyeckux cxem (J1C), CTpykTypa KOTOPbIX COOTBETCTBYET
Habopy anropuTMoB, BblINonHAeMbIX gaHHbiM AJTY. lNpoueccbl obmeHa
MHGopmaumen n ee obpaboTka OCYLLECTBNAKTCA 3a CYET MOCTYNNeHNd
ynpasnsowmnx curHanos (YC), koTopble hopMUPYHOTCA B YCTPOUCTBE
ynpasneHus (YY) B COOTBETCTBMM C BbINOSIHAEMbIM anropuTMOM.
[MpenmMyLLeCcTBOM  [OaHHOM  CTPYKTYpbl  SABNSETCA  OTHOCUTESIbHas
npocrtorta, Bcrneacteve d4Yero AJIY paHHOro Tuna MWCMNonb3ywTCcs B
OCHOBHOM NP1 NOCTPOEHUM cneumnanmnsnposaHHbix IBM.

1.2. AJ1Y c ru6Komn CTpyKTypom

Npea rmbkon cTpykTypbl cocTtouT B ToM, 4TOo B AJlY unmeetcs
HEeCKONbKO OAMHAKOBbLIX M PaBHO3HAYHbLIX PErMcTpPoB, KOTOPblE YMEIT
TONbLKO NpUHUMaTb U BblaaBaTb MHopMaumio. [Mpn aTom nbon n3 aTux
perMcTpoB MOXET yyacTBOBaTb B KaxJoW onepauuu Kak B KadecTBe
MCTOYHMKA, TaK U B Ka4eCTBe NpueMHuka.

Ha puc.1.2 npeacraeneHa ynpolleHHas (PyHKUMOHanbHaa cxema
AJTY ¢ rmbkom unu, Kak ee eLle Ha3blBalT, MarucTpanbHOW CTPYKTYPOMN.
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OgHoM K13  OTNMYUTENbHbIX OCOBEHHOCTEN 3TOWM  CTPYKTYpbI
ABMNSAETCA Hanu4ne eguHOW ABYyHanpasBSfIieHHOW Marncrpanu JaHHbIX, Mo
KOTOPOM [aHHble MOCTYynakT M3 namatn n nwoboro pernctpa, a Takke
BblgaloTCA B namatb U pernctpbl. B coctas AJlY BXOOAT HECKOSbLKO
pernctpoB PI(1:k) obwero HasHavyeHna (POH), a Takke cymmaTtop SM un
pewmnppatop DC. Kpome TOro, moxetr OblTb eOuHbIM  BNOK,
peanuaylowmnm  onepaumm caBuroB  (Ha CxemMe He  noKasaH).
dyHKumMoHupoBaHne AJlY onpepensieTtcs MUKPOUHCTPYKUMAMU, KOTOPbIe
noctynatot u3 YY Ha gewndgpatop DC. Ha Bbixoge DC nossnstoTtcsa YC,
nocTtynawwme Ha pernctpbl, 1 JIC - Ha Bxogax M BbIxode cymmartopa B
COOTBETCTBUW C BbINOSTHAEMbIM anropuTMOM.

[MpenmMyLLecTBOM [OaHHOW CTPYKTYpbl SBMAAETCA BO3MOXHOCTb B
npouecce OTNagKM WM 3KcnayatauMm  U3MEHSTb  anropuTMbl
BbIMNOSIHEHNA onepauMn unu [obaenAaTb HoBble. B OonblUMHCTBE
coBpeMeHHbIX ABM uncnonb3ytotca AJTY marmctpanbHOro tuna.

2. Yctpouncrteo ynpaBneHus (YY)

[MpeoHasHadeHo pana obecnevyeHns paboTbl BCex Yy3roB MU
ycTtponcts 3BM B COOTBETCTBUM C BbINOSHAEMOW NPOrpamMmMon.

OcHoBHbIe PyHKUUKN YY:

e OpraHusaumsa nycka n octaHoBkn OBM;

e onpefeneHne oyepedHoCTM BbIOOpa KOMaHL M3 onepaTUBHON
namaTy;

e doopMupoBaHME PUINYECKNX apeCcoB ornepaHaos;

e (JopmMMpOBaHME nNocCeaoBaTENbHOCTN YNpaBnAloLWMX CUrHanoB
ANA BbIMNOSIHEHUSA apUdPMETUHECKNX, NOTMYECKNX U UHbIX ornepaunn
NPV BbINOSTHEHMN NPOrPaMMBbI.

O6ecneyeHune paboTbl IBM B pasnnyHbix pexummax:

aBTOMaTN4eCKUN BbIMNMOJIHAEMasd nporpamMmmMa,

nowarosoe BblNoJiIHEHWE NporpamMmmMbl;

peXnm npepbiBaHus;

PEXMM NPSMOro AoCTyna K NamsTy;
nT.ao.
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Puc. 2.1. O6obLweHHas cTpykTypa YY

LIYY - ueHTpanbHoe YY, KOTOpPOE BbINOMHAET OCHOBHbIE (DYHKLUK
no peanusauunu NporpaMmmol.

MYY — MecTHoe YY (HaxoguTca npu Kaxaom M3 YCTPOWMCTB,
Bxoasawumx B coctaB BM). OHO peanusyeT crneundumyeckne anroputmel,
COOTBETCTBYWOLLUME  MpUHUUNAM  OEUCTBUSA  PasfNYHbIX  BHELLHWUX
YCTPOWCTB.

3apava

Anroputm

[Mporpamma

KomaHga

Mwukpoonepaumsa

Puc.2.2. epapxnyeckasi CTpyKTypa NOHATUIA Npu NoCTaHOBKe 3agay Ha OBM



[Mporpamma — kognpoBaHHas 3anmcb anropuTma.

KomaHga — koguMpoBaHHasi 3anucb BbIYUCITUTENBHOM, NOrMYeCcKom
unm nHon onepaumn. B yctponctBax OBM kKomaHpa usnyecku
BbINOSHAETCS C MOMOLLIO MUKPOOnepaLuni.

Mukpoonepauma — HeKOToOpoe npocTenee npeobpasoBaHue
AaHHbIX, Hanpumep, npuvem 6anTa [OaHHbIX B pPErucTp, WHBEpPCUs
nepemMeHHoOn 1 T.4.

2.1. CTpyKTypa KOMaHAabI
Ctpyktypa nobon KomaHObl COCTOMT W3 HECKOSbKUX Morew,

OCHOBHbIE 13 KOTOPbIX NpeacTaBneHbl B Tabn.2.1.

Tabnuuya 2.1

Koa onepauum AfQpecHas 4yacTtb Koa mogudumkaumm

Kog onepaumm (kon) ykasblBaeT, Kakas WMEHHO onepauus
(apudmeTnyeckas, normyeckas 1 T.n.) BoinonHseTcsa. Ecnn none «kon»
COCTOUT U3 «m» OBOWYHbIX pas3psaoB, TO B [JaHHOW CUCTEME KOMaHA

MOXEeT coaepXXaTbCca 00 2m pasnuyHbIX onepauun. Jltobon onepauyum
COOTBETCTBYET CBOW KoA onepauun. B agpecHom 4acTtu ykasbiBaloTCA
agpeca onepaHios.
OnepaHg — 4ucrno, KomaHga, Ko, Hag KOTOPbIMWU BbIMOSTHAETCSA
yKasaHHaga onepauus.
Koabl Moandukaumm ncnonb3yrTcs Npu BblYUCNEHUN (PU3NYECKNX
afpecoB OaHHbIX.
B 3aBMCMMOCTM OT CTPYKTYpbl agpecHOM 4acTu pasnuyaroT
cneaywouwme Buabl KOMaHA4:
e OesagpecHble (Hanpumep, OCTaHOBKA);
e OJHOaApecCHbIE;
e [ByXaOpecCHble;
e TpexagpecHble;
e MHOroagpecHsble.



PaccmoTpym Ha npuvMmepe nporpamMMpoOBaHUSA MNPOCTENLLEro
anrebpandeckoro BblpaxeHus (2.1) B3aMMOCBA3b MeXOy agpeCHOCTbHO
KOMaHAbl U CTPYKTYPOW COOTBETCTBYIOLEro pparmMeHTa nporpaMmmei.

Oavo y =a+ 3. (2.1)

[aHHble 1 pesynbTaT pasMeLlarTcs, Hanpumep, B CrieaytoLwmx
YCMOBHbIX agpecax onepaTtnBHOro 3anomMmunHatowero ycrpomcraea (O3Y).

a—> Ml
P> M2, adpeca
y —> M3

CoctaBuM doparMeHT nporpaMmmbl Ana BblpaxeHuss (2.1) npu
OQHoaapecHon CTPYKType komaHabl. Kak BuaHo ua 1abn. 2.2, doparmeHT
nporpamMmmMbl 3aHMMaET TPU SYENKM B NaMSATU.

Tabnuua 2.2
Apgpec KomaHga NoscHeHus
K yTeHne M1 a—> AIY
K+1 croxeHue M2 a+f
K+2 sanucs M3 y—M3

B Tabnuue 2.3 npeacraBneHa CTpykTypa AByxXaapecHOn KoMaHAabl.

Tabnuua 2.3

Kon M1 M2

®dparMeHT nporpaMmmbl onsa BblpaxeHus (2.1) npu gByxagpecHou
CTPYKTYpe KOMaHbl COCTOUT BCEro U3 OAHOW KOMaHab!:

Cnoxenne (M1) + (M2) — (M2). (2.2)
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Kak cnegyet un3 (2.2), pesynbTaT CIOXEHUA 3aHOCUTCSA NO agpecy
O[HOro 13 cnaraeMmsbix.
B Tabn. 2.4 npeacraBneHa CTpyKkTypa TpexaapecHon KoMaHabl.
®dparMeHT nporpammbl AN BblpaxeHusa (2.1) coctouT npwu
TpexaapecHon CTPYKType Takke BCero n3 ogHon komanabl (2.3).
Tabnuuya 2.4

Kon [ M1 M2 M3

Cnoxenne (M1) + (M2) — (M3). (2.3)

Kak BMOHO, npuv OBYX- W TpexaapecHoM CTPYKTypax KOMaHAbl
dparmeHT nporpammbl OnA BblpaxeHus (2.1) 3aHMMaeT TOSIbKO OAHY
AYEenKy NamaTu.

OpgHako ecnu  MNpUHATL, 4YTO SA4YerKka onepaTtMBHOW NaMsATU
COLEPXKUT OrpaHNYEeHHOE KONMMYEeCTBO pas3psdoB, TO NpennoyvTeHue
nMeeT ofHoadpecHas CTPYKTypa KOMaHAbl, TakK Kak npu 3TOM MOXHO
agpecoBaTb 6onbLIMn 06beEM NaMSATN.

B coBpeMeHHbIx OBM npuHATa nepemeHHaa CTpyKTypa KOMaHAbl
(3a ocHOBYy B3fiTa [OByxagpecHas) B 3aBUCUMMOCTM OT Ha3HayeHus
KOMaHAbl.

OpgHo mn3 OocCHOBHLIX dyHKUunKM LYY aBnsetca onpegeneHve
oyepegHoCTM Bblbopa KOoMaHObl MNPW  BbINOSIHEHUM MAPOrpamMmbl UK
onpegenenve cneaywuwero agpeca komaHabl (CAK). B kaxgow
nporpaMmme coepXxatcsd [Ba Tuna Y4acTKOB: JIMHEMHas 4YacTb WU
pa3BeTBlIEHME.

Ha nuHenMHom 4actu nporpaMmmbl KOMaHbl pacnosiaratoTcs Mo
nocrnegoBaTteribHbIM agpecamMm ornepatuBHon namsatu. [Npu aTom agpec
cnegywLwlen KomaHabl popMupyeTca C NOMOLLBbI cyeTymka. PparMeHT
nporpammbl B Tabnuue 2.2 aBnseTca NMUHENHOM 4acTbio MporpamMmbi.
PasBeTBrieHMss B  nporpaMmme  MNPOUCXOOAT  MPU  BbINOSIHEHUN
6e3ycnosHoro nepexoaa (bI1) n ycnosHoro nepexoaa (YI).

B komaHpgax Bl v Y[ agpec cnegywouwen kKomaHabl ykasaH B
BbIMONMHAEMON KOMaHAae.
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|
1 YT — ycnoBHbIV Nepexos,

aa agp. u3
KoMaHAbl

HeT

creq. agpec

Puc.2.3. ®parmeHT anropntMma nporpamMmbl C pa3BeTBleHNEM

Hwxe npueeneH anreGpanyeckuii npumep, Ans peLleHns KoToporo
noTpebyeTcs HanucaTb NPorpaMMy C pa3BeTBIEHNEM.

y=a+p
ecm ¥ >0, 10 o =2y;

ecrm Y0, toa=2y+p.

2.2. LleHTpanbHoe ycTponcTBo ynpaBsneHus (LIYY)

B cocta LYY (puc. 2.4) BxogaTr cregylowine OCHOBHbIE
dyHKUMOHanbHbIEe y3nbl (DY) n 6noku.

MY — nynbT ynpasBfieHUs C KnaeBuaTypoun, NOCPeacTBOM KOTOPOM
Npon3BOaAT Nyck M octaHoB OBM, 3agatoT pexumbl paboTbl, BBOOAT
nporpaMmmMmy 1 JaHHbIE.

BEC - 6nok cvHXpoHM3auuKn, cogepxallinin reHepaTtop UMMyNbCOB,
KOTOpbIN HauynHaeT paboTaTb cpasdy MOCne BKMNKYEHUS MUTaHUSA WU
BblaaeT 6eCKOHeYHY0 nocnenoBaTenlbHOCTb CUHXPOUMNYbLCOB. 3 aTux
nmnynscos  dopmupyroTcs B YY  BCe  nocrnegoBaTenbHOCTU
ynpasnsoLmnx CcuUrHanos (YC), KOTopble obecneynBatoT
dyHKUMoHMpoBaHue IBM.
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Puc. 2.4. YnpouwieHHasa cTpyktypa LYY

CK — cyeTumk KomaHg (nMporpamMmHbIn cHeTyuK). Npu BKNOYEHUU
OBM Ha Bxog R noctynaet c [1Y curHan, KOTopbIM ycCTaHaBnvBaeT
CK:=0.

Hanee c Y B CK noctynaet agpec HavanbHon komaHabl (AHK), ¢
KOTOPOro Ha4MHaeTCs BbIMONIHEHWE HEKOTOPOW NporpamMmbl.

Mmnynbcbl Ha cyeTHbin Bxog CK noctynaiot u3 BC 4epes
nornyeckyto cxemy (JIC), n ecnu BbINONHAETCA NUHENHbLIN Y4YacTOK
nporpamMmmsbl, TO NpuM 3TOM POPMUPYETCA Crefyrwmn agpec KoMaHabl
(CAK).

PK - pernctp komaHabl, B HErO 13 ornepaTtMBHOINO 3arnoMuHatoLwero
yctponctea (O3Y) npuHumaeTca oyepefHasa KoMaHda, kotopas byaer
BbIMONHATLCA.

dopm. CAK - normyeckaa cxema, KoTopasi obecneymBaet
obpasoBaHne duanyeckoro agpeca (PA) cnegywowen KomaHabl nNpu
pas3BeTBfieHMM nporpammbl. B 9Ty noruyeckyro cxemy nocrtynaet
nHgopmauma n3 PK (agpec v kogbl Mmogndukaummn), a Takke rnormndeckme
ycnosus (J1Y) ns AJ1Y.

PA- pernctp agpeca, B Hero rnoctynaet cqopMmpoBaHHbin A
onepaTtMBHOro 3anomuHatowero yctpomctea (O3Y), no koTopomy
NPOUCXOaUT CHUTbLIBaHME KOMaHabl U npuem ee B PK.
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Kog onepaumn nonagaeTt Ha gewwudppaTop, roe onpegensiercd, kakas
MMEHHO KOMaHAa 6yaeT BbIMONHATLCS.

BOYC — 6nok dopmupoBaHus yrnpaBnawWmMx curHanos. [ns
Kaxxaon BbIMOJIHAEMON KOMaHAabl OH dopmupyet CBOI0
nocrnegoBaTenbHOCTb YNPaBsoLWMX curHanos — mukpoonepaunn (MO) ,
KOTOpble NOCTyNatT Ha pasnu4yHble yCTPONCTBa 1 yarnbl OBM.

Ha nuHenHom yyactke nporpammbl CAK obpasyetcs B CK npwu
nobaBneHnn eauHULbl K €ro cogepXXMMoMy Mocrie BbIMOSTHEHUSA KaXXaoM
KOMaHgbl.

[Mpv BbINONHEHUN KOMaHA;:

e 6GesycnosHoro (Bl1) nepexoga CAK paseH cogepXvmomy
agpecHOn YacTu B KOMaHAe;

e ycnosHoro (YI1) nepexoga CAK copmunpyetcs B 3aBUCUMOCTU OT
NOrMYEeCcKmX yCrioBUin, KOTOpble MOryT noctynatb U3 AJ1Y nnu gpyrux
YCTPOWCTB.

Ecnn J1Y =0, To CAK = CK + 1.

Ecnn JTY = 1, To CAK = <agp.>, T.e. cOOepXUMOMy agpecHOW
yacTtn kKomanabl YT1.

BPIT — ©Onok pernctpoB, KOTOPbIN COAEPXUT MPOrpaMmMHO-
OOCTYMHbIE N NPOrpaMMHO-HEeLOCTYIMHbIE PErncTpbl.

[MporpaMMHO-HEOCTYMNHbIE ~ perucTpbl  UCNOMb3yTCA AN
peanu3aunm pasnuyHbIX BbIYNCINTENBHbBIX anropuTMOB.

[MporpamMMHO-OOCTYrMHbIE  pernctpbl  ( perncTpbl  CErMeHTOB,
perucTpbl MHAMKauum n 1.4.). C nx NnoMoLLblo peanuayeTcd TOT Uiv UHOM
Tnn opranmsaummn O3Y.

2.3. brnok ¢popmmnpoBaHusa ynpaBnsitoUx CUrHanos
CyLuecTBYIOT 2 OCHOBHbIE CTPYKTYpbl BOYC:
e KecCTKas;
e MUKpOMporpaMmHas.
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2.3.1. bnok dopmMmmpoBaHua ynpaBnAOLWUX CUrHaANoOB C

XK€CTKOWN CTPYKTYpPOW

OtnnyaeTtca Tem, 4YTO popmupoBaHME nocrenoBaTeNbHOCTEN
yNpasristoWmnX CUrHanoB OCYLLECTBISETCA C MNOMOLLBbIO  JTOMMYECKUX
CXEM.

Ha puc. 2.5 npeactaBneHa ynpouleHHas dyHKUMoHanbHas cxema
BPYC c xectkom cCTpykTypon. OCHOBHbIMU DY ABNAIOTCA OBOUYHbLIN
CYEeTYMK TakToB, AewmdppaTtop TaktoB (LOC), Tpurrep ynpasnenus (TY),
dopmupoBaTtenes ynpasnatowmx curHanos (YC).

cr2|} AC | lyns y [ pw | P4
TAKTOE TRKTOR ;':',% —|
CcH 3
m A

PEX

H.on
nc. |
MY CK g C % —
R KO f'm_ Dopm. —} Ve
¥C —
R — E—

| ! |

Puc. 2.5. dyHkumoHanbHas cxema bOYC

Ha puc. 2.5 npegcrasneHa ynpouweHHas yHKUNnoHaneHaa cxema
B®PYC, B coctaB KOTOpOM BXOAAT crneayrowme dyHKUMOHaNbHbIE Y3Iibl
(DY) n norndeckume cxemsol (J1C):

'CU — reHepaTop CUHXPOMMMNYNbLCOB;

CT2 TaktoB - [OBOWYHLIA CYETYMK, KOTOPbIN MNOACHUTLIBAET
KOSIMYECTBO TaKTOB (MMMNYNbCOB), NpoLeAWnX 3a BPeMS BbIMOSIHEHUS
AAaHHOW BbIYNCITUTENBHOW NN NOrNMYECcKon onepauuu;

TY- Tpurrep ynpaBneHus, KOTOPbIN ynpasndeT fIorM4eckon cxemomn
(J1C) Ha Bxoge cyeTuunKa;
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OC TaktoB - gewwmdpatop, Ha BbIXoAax KOTOpOro obpasyetcs
CTaHOapTHas nocregoBaTefibHOCTb ynpaBnsalowmnx noteHumanos (Y1),
pacnpefeneHHblX BO BpeMeHU (MO0 HOMepaM TaKTOB) M B MPOCTPaHCTBE
(Mo HOMepaM KOHTaKTOB Ha BbixoAe Aewmndparopa);

OC KOIl — pewwundpatop Koga onepaumm ornpenensieT, Kakas
KoMaHga 6yaeT BbINOMHATLCS.

«hhhhhnnnn
| f
CT[1]

CT[2]

CT[3]

YT[3]

YI[3]

yYvyvyvyvyyvyy

Puc. 2.6. BpemeHHasa guarpamma ctaHgapTHbIX curHanos bOYC

PW — pacnpegenutens uMNynbCcoOB, KOTOPbLIM pacnpenenser
CUHXPOUMMYNbCbl B MPOCTPAHCTBE W BPEMEHW,  Hanpumep,
ynpasnsowmnn nmnynsc YW1 nossutca Ha Beixoge Ne1 B nepBOM TakTe.

Mpn BkNtoyeHUn 3BM  wunn nocne OKOHYaHUS  BbINOSHEHWUS
oyepenHon komaHabl TY:=0 n CT2:=0.

Ecnn Ha Bxopg nopaetca curHan H.OIN (Hayano onepauwn) wnu
MYCK, To TY yctaHaBnuBaeTcsa B 1, U Ha CYETYMK TaKTOB MOCTynawtoT
nmnynbecbl. [Mpn 3TOM, Kak O6bINO nNokasaHo Bbiwe, OPMUPYHOTCA OBE
CTaHOapTHbIX  MOCMeaoBaTeNbHOCTU  yNpaBnsAWMX  NOTEeHUManos
YT(1:m) n ynpaBnawwmx umnynecos ot YU(1:m), rae m - KonmyecTtso
TakToOB, HEobOXoOuMbIX ONA BbIMNOMHEHUs [aHHOW onepauuun. [anee
YI(1:m) n YWN(1:m) noctynaioT Ha dopmMmpoBaTesib YynpaBnsaoLwmx
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curHanos (®opm. YC), Ha BbIxoge KOTOpPOro obpasyeTcss HyxHas
nocregoBaTenbHOCTb YC, peanuaytowas gaHHyo onepaunto Ha 3BM.

Ons kaxgon komaHabl B coctaBe ®opm. YC cywectsyeT cBos JIC
Ans popmmnpoBaHna COOTBETCTBYHOLLEN nocrieaoBaTenbHocTn YC.

2.3.2. OcHOBHble 3Tanbl npoekTupoBaHuas BPYC xecTkoro
TMNa
1) copepxaTernbHOe pacCcMOTpeHue 3afayv, T.e. MateMaTudeckasd
NOCTaHOBKa, YNCIOBbIE NPUMEPDI;
2) nocTpoeHne 0606LLEHHON CXeMbl anropuTMa;
3) paspabotka cTpykTypbl AJlTY w©n cnucka Mukpoonepauum c
COOTBETCTBYHOLLMMU XapaKTePUCTUKaMU;
4) cocTaBrneHue KOoOMpOBaHHOM CXeMbI anroputma, T.€.
npuBa3aHHOW K paspaboTaHHoun cTpykType AJlY;
5) nocTpoeHne BpeMeHHOW anarpammbl yrnpaBnsoLWLmMX CUrHanos;
6) paspaboTka norndeckom cxemol bOYC.

2.3.3. lMpumep noctpoeHusa dparmeHta BPYC c xecTKkom
CTPYKTYypOM AnAa onepauum «cCpaBHeHWe mMoaynenm AByX
yucen»

MaTemaTunyeckas nocTaHOBKa onepaumm

|4 <1,|B| <1,

Ecnu ‘A‘ 2 ‘B‘ , TO NpusHak D = 1,

Ecnu ‘A‘ < ‘B‘ 1o npuatak @ =0
BblumMTaHue BbinonHsietca no anroputmy M.
@ =]~ 3

a'= ‘A‘ + [_ ‘B‘]a [_ ‘B‘]a: [_ ‘B‘]o+ P .

B pesynbTate BbluMTaHMA o0OpasyeTcsl MepeHoc W3 CcTapLuero
paspsina cymmaTtopa:

ecrm Do =1,10 a'>0, |4 >|B|;
17



ecrm P =0 10 a'<0, ‘A‘<‘B‘.
Ctpoum 0600LLeHHYI0 CXeMy anroputMa.

Ha puc. 2.7 npegcraeneHa Tak HasbiBaeMasa o0600LLueHHas cxema
anroputma.

OTO 03HayvaeT, YTO AaHHbIA anropuTM MOXeT BbiTb peanmMs3oBaH Ha
nodon ctpyktype AJTY. Tw - Tpurrep, B KOTOPOM JOSMKHO 3arnoMMHaTbLCS
3Ha4YeHne npmsHaka w.

MpuHumaem, 4T1Oo cTpoum AJlY napannenbHOro OEeWcTBua C
HenocpeacTBEHHLIMU CBA3SIMM.

Hayvano anr.
CpaBH. Mof.

y

Besoa B AJTY
4418
y

41+[-|],

HET

Puc. 2.7. Ob6obLieHHasa cxema anroputma
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CooTtetcTBYytloWwmMn doparmeHT AJTY npegcrtaeneH Ha puc. 2.8. OH
COCTOMT M3 [OBYX PErncTtpoB, cymmaTopa napannenbHoro AencTaus,
Tpurrepa u asyx J1C.

B Pl Ha Bxog «O» noctynaet ns O3Y nepsbi onepaHs «Ax»
(OIM1[0:n]), KoTOpPbLIN ByAEeT NPUHAT B pernctp Mukpoonepauuen MNP PIr1.
CooteeTtctBeHHO B PI2 mukpoonepauuen [P Pr2 6ygetr npuHAT
BTOpOM onepaHa «Bx» (Or1[0:n]).

Pr
RG 0]l - ;
OM[o..n] 5 1 1”7cC SM ]
; B ;
NP Pr ' o
Ll < WY
n p o
N
Pra
0
onzo.nl | B¢ 1] T alT | T
el-niin L L = Y
. ! il
; U133
nPPr2 |, 1
n
BbId SM

Puc. 2.8. dparmenT AJTY

[anee wmukpoonepaunen Bbld SM Ha Bxogbl cymmaTopa
nogatoTca «A» B npsimoM koge n «B» B obpaTHom koge. Kpome Toro, Ha
TPeTMn BXOA4 CymMmaTopa rMocCTynaeT MUKpoonepauus «nepeHoc B
MMagLwum paspsaa».

[Mocrne atoro Ha BbIXOAe cymmartopa obpasyrTcd cymma (Ha puc.
2.8 He 0603HayeHa) 1 NnepeHoC 13 cTapLuero paspsiga cymmartopa — p0.

3atem Mukpoonepauuen [MPTw 3HadeHuMe nepeHoca «pO»
npuHMMaeTca B Tpurrep nepeHoca Tw. 3HadeHue Tw gBndeTca
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NorMyecknmM npusHakom (cnarom), KOTOpbLIM oONpedenuT nepexoq K
cneayoulen KomaHge npu pasBeTBeHUN NporpamMmbl.

Ha dpparmenTe AJTY Ha puc. 2.8 oTobpaxeHO BCero gBsa perncrpa,
MOCKONbKY AN peanu3aumn 3afaHHOro anroputMa 3Toro 4OCTaTOYHO,
Tak Kak He TpebyeTca onpefenuTb 3HadYeHue pasHOCTU MoAyren.
OpHako B peanbHoM AJTY Bcerga MmeeTcsl TpETUM PErucTp, B KOTOPbIN
NpPUHUMaeTCs pesynbTaTt onepaunn.

CTtpom  KogupoOBaHHylO  cxeMmy anroputma (puc. 2.9),
“‘NpuBasaHHy0” K oparmeHTy AJTY Ha puc. 2.8. OTa cxema anroputma
COOEPXKUT nocrefoBaTenbHOCTb  Mukpoonepaumn (MO), koTopble
Heobxoaumo nogaTb Ha AJTY, 4TOObI BbINONTHUTL 3a4aHHY0 onepauumio.

Hanomunaewm, 4to B AgencrtButenbHocTn Kaxkgas MO BbinonHaeTcsa
COOTBEeTCTBYHOLUNM husnyecknm YC.

Mpuctynum Kk noctpoeHuto JIC B coctaBe BPYC, koTopas
obecneunt doopmmpoBaHume nocriegoBatensHocTn YC ans BbINOSIHEHUSA
paccmaTpuBaemMon onepaumn.

[MpuHMMaem, 4To y Hac oHoaapecHasa CTPYKTypa KOMaHabl.

Torga nonyyaeTtcs, 4TO onepauusi «CpaBHeEHMEe Moayreny
peannayeTcs C NOMOLLbIO ABYX OAHOAAPECHbIX KOMaHA (Tabn. 2.5).

Tabnuua 2.5
YTteHne A A > Pl

CpasH. moa. B | A + [— B]o + P

n

Cuntaem, 4TO onepauust «BblMUTAHWE»  BbINOMHAETCA MO
anroputmy [1[. lNMocne BbINonHeHNA 1-M KOMaHObl onepaHg «A» yxe
Haxoautcsa B P11 B npsimom koge. Coctasnsem doparmeHT cxembl BOYC
Ans 2-1 KOMaHgbl - «CpaBHEHWE ¢ moaynem By.

B Tabnuue 2.6 npeactaBrieH nepedeHb MUKpoonepaumm C
xapaktepuctukamu. B 4-in rpacpe tabnuupbl ykasaHa gnutenoHocte MO B
Taktax, B 5-i1 rpade - N2 Takta , C KOTOPOro HaymHaeTcs gaHHaa MO.
MpuHATO, YTO YTEeHMe n3 O3Y NpomcxoauT 3a TpU TakTa.
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Havano onep.
CcpaBH. Mof.

y

YT. KOMaHObI

n3 O3y

Urt. B us
o3y

y

[Mpynem B P2

v

Bbigaya SM

I/Ipn

Mpuem Tw

KoHnel,
onepauuu

Puc. 2.9. KognpoBaHHasa cxema anroputma

Tabnuua 2.6

OnnT. Ne Kyoa
Ne MO | HanmeHoBaHune | Bug MO

(TakT) | TakTa Hanpass.
MO1 UteHne O3Y nmnynec. |1 1-1 B O3Y
MO2 |YTeHue O3Y nmnynec. | 1 4-1 B O3Y
MO3 | lprem B PI'2 nmnynec. | 1 6-1 B AIlY

Bbigava SM,

MO4 D noteHu. |4 7+10-n | B AJlY
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Mukpoonepaumn  «Bblgada  SM»

n « p n» ABJIAKOTCA

noteHunansHeiMn YC, n nx AnNuUTENbHOCTb onpenendeTca BpeMeHeM

cymmupoBanus. Myctb Iy =4 TakTa.

MO5 |rpuems 1@ umnynsc. |1 | 10-i B AIY
MOG6 [ KoHeu onepauuun |umnynsc. (1 |[11-n BYY
I:. CR. MOO.
A & |MO1
s A |4rosy
& MO2
¥4
AC & MO4
T YOz, 111 1 | Bbll SM, pn
Y42

Puc. 2.10. ®parmeHT BOYC C KecTkon CTPYKTYpomn

Ha puc. 2.10 npencraBneH pparMeHT NOrm4eckom Cxembl, KoTopas
dopmupyeT nocrnegosatenbHoctb YC ana peanusauuu onepauum
«cpaBHeHue mopayrnen». MNpnHuun noctpoeHns JIC gocTtaToyHO NPOCT U
OCHOBaH Ha XapakTepucTukax MukKpoornepawun, npencraBrieHHbIX Tabn.

2.6.
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Hanpumep, MO2 oTHOCUTCS K UMMYNbCHOMY BUAY, ONUTENbHOCTb
1 TakT, HauMHaeTca C 4-ro TakTa U CyLleCTByeT, Korfa BbIMOSIHAETCA
onepauusa «cp. wMoAa». Toroa ee @opMupoBaHMe OMUCbIBaeTCA
cneayroLmnM NorM4eCckMM BblpaKeHNEM:

MQO2:= «cp. mog» & Y4,

MO4 - noTeHumManbHaa nepemMeHHas, cyllecTByeT B Taktax (7-11):

MO4:= «cp. moa» & YI17 V YN8 V YI9 V Y10 V YI11.

JTlornyeckne BblpaxeHuss onga octasnbHbix MO MOXHO COCTaBUTb
CaMOCTOATENbLHO.

CdopmmpoBaHHaa Takum obpasom nocrnegoBatenbHocTb YC
noctynaet Ha ¢pparmeHT AJlTY (puc.2.8) n obecneymBaeT BbIMOMNHEHUE
mukpoonepaunn  MO1-MO6. Pesynbtar onepauun  cpaBHEHUS
COOTBETCTBYET COCTOSAHUIO Tpurrepa Tw.

2.3.4. bnok hopmMupoBaHUA ynpaBrfaOLWMNX CUTHANoOB

MMUKpPOMNpPOrpaMmMHOro Tuna

[MpyHUMN MUKPONPOrpamMMHOro yrnpasneHUss COCTOUT B TOM, 4YTO
anroputM  BbINOJSTHEHUS  BbLIMUCIIUTENBHOW WM WMHOM  onepaumm
KogMpyeTcsa B BUAE MUKPOMNPOrpamMmbl aHaroOrm4yHo TOMY, Kak ariroputm
BbINOMHEHNA 3a4a4M KoanpyeTcs B BUAe nporpaMmmbl.

Ha puc. 2.11. npeacraeBneHa uepapxus MOHATUM, Ha KOTOPbIX
OCHOBaH MPUHLMIMT MUKPOMNPOrpaMMHOro yrnpasrieHus.

MwukpokoMaHZa - KOOMpPOBaHHAs 3anvcb OLAHOW WM HECKOJSTbKUX
MUKpoonepaLuni.

Mwukponporpamma — nocneaoBaTesibHOCTb MUKPOKOMAaHL,

B OBM wMukponporpammbl 4SS BbINOSIHEHUA BCEX oOnepauni
NnoMeLLarTcsa B NOCTOAHHOM 3anomMuHatowem yctponctee (M3Y).

CTpyKTypa MuKponporpaMmmbl aHanormyHa CTPyKType nporpammbl
(ecTb NUHenHble 1 pa3BeTBIIEHHbIE y4acTku). B Tabn. 2.7 npencrasneH
doopmaT MUKPOKOMaHAbI.
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AJ'II'OpVITM BbIMOJIH.
BbIHYUCIINT. onepaunn

y

Mukponporpamma

y

MwukpokomaHaa

y

Mwukpoonepauuns

Puc. 2.11. Vlepapxms MukponporpaMmmpoBaHus

Tabnuua 2.7

MO AMK AP Y

MO — kogbl MuKpoonepauun, KOTopble AOSMKHblI BbINOMHATLCS
AaHHOWN MUKPOKOMaHOMN.

AMK - none ¢ agpecoM MWUKPOKOMaHAbl, KoTopasi [OOJSIKHa
BbINOSIHATBCA MNOCMe OaHHOW MMUKPOKOMaHObl Ha JIMHEWMHOM Yy4acTKe
MUKPOMNPOrpammei.

Y — none ynpaeneHus (koabl ynpasreHus), OHO UCNONb3yeTcs ans
opraHusaummn pasBeTBIIEHNA B MUKPOMNporpamMme.

Ecnn paHHaa MukpokoMaHga MOXeT MoBfieYb pas3BeTBIIeHUE, TO
cnegywowmn agpec mukpokomaHabl (CAMK) BbluncnseTcs Ha OCHOBaHUN
kogos AMK n kogoB ynpasnenus (Y).

AP — Kkoabl agpecoB perMcTpoB, KOTOpble WCMONb3yTCca AS
ynpasrieHnsa AJTY ¢ maructpanbHOW CTPYKTYPOW.

2.3.4.1. KoanpoaHue nonsa MO

CyLiecTBytloT ABa crnocoba KoanpoBaHUS:

e [OPU3OHTamNbHbIN;
e BepTUKamNbHbIN.
[Myctb B AJTY ecTb Habop Mukpoonepaumn:

24



1) raweHue Pl

2) T Pr2
3) LW Pr3
4) TP Pr1
5) MNP Pr2

6) KOHTPOSb Po

7) Bblgada SM.

[OpM30OHTaNbHOE KOAMPOBaHWE OTNM4YaeTcs Tem, 4YTO B none
MUKpoonepaumi OOSMKHO ObiTb MPeayCcMOTPEHO CTONbKO paspsiaos,
CKOSbKO BCEr0 MMEETCS pasnnyHbiX MMKpoonepauun (tabn.2.8).

Tabnuua 2.8
MapameTp none MO
Hanm. (gl Ll (il MNP MNP KoHTp. | BblA Bbl[
mukpoon. |PrM1 [Pr2 |Pr3 |Pr1 |Pr2 |po o3y SM
Ne pasp. 1 2 3 4 5 6 7 8
H-p 1 1 1 0 0 0 0 0
“1”  — paHHaa MuKpoonepauusi ©OyadeT BbINOMHEHaA  3TOM
MMKPOKOMaHOom

CoBmectumble MO oTnunuyaTca Tem, 4YTO OHW  MOryT OblTb
BbIMNOSTHEHbI OAHON MUKPOKOMaHAOWN.

CoBmectumble MO: 'l PIr1, rid Pr2, rw Pra.

Hecosmectumble MO — Te, KOTOpbIE HE MOTryT ObITb 3aKOANPOBaHbI
B OQHOW KOMaHAe, T.€. He OOMKHbl BbIMNONMHATLCA OAHOBPEMEHHO.

Hanpumep: 'l Pr1, MNP PIr1.

HepocTaToKk ropMsoHTanbHOro KOOMPOBaHUS COCTOUT B TOM, YTO
TpebyeTca cnvwkom Bonbwoe KonuyecTtBo paspsigoB B none MO, 4to
NPUBOANT K YBENUYEHMIO paspsagHocTu M3Y.

[MpenmyLLecTBOM 3TOro MeToAa ABNAETCA NPOCcToTa KOOMPOBAHUSA,
HarNsgHoOCTb.

25



[Opun3oHTanbHOE KOAMPOBAHWE MNPUMEHSIETCA B HECITOXHbIX
crneumnanmampoBaHHbIX LMEPOBLIX YNPaBnsoWmnX YCTPONCTBaXx.

BepTukanbHoe KogupoBaHuMe OTAMYAETCA TEeM, YTO Ko Mnoss
MUKpoonepaunn 3agaetca C MOMOLLbI0 HECKOSNbKMX MHOropaspsaHbIX
ABOWYHbIX KOOOB (puc.2.12).

[Mpn KogMpoBaHUN MUKpooNepaunn rpynnupyoT B 3aBUCMMOCTU OT
NPUHAANIEXHOCTN  PYHKUMOHanNbHLIM  y3nam  AJlY  wvnu  gpyrum
ycTponcteam. Takom crnocod ncnosnbdyeTcs B peanbHbix OBM.

Mone MO

1 2 3 4 5 6 7 B

NIVARNVARLY,

Ac MO AC MO

(]
=
Q

[ P
ruerz
CAB ne
COB N

Nl
komanas Kk P2 K SM

Puc. 2.12. CtpykTypa nona MO npu BepTUKanbHOM KOOMPOBaHUM

2.3.4.2. KogupoBaHue nona MO ana AJlY ¢ marucrtpanbHou

CTPYKTypou

B dopmate MO ans takoro AJTY oToenbHO KoaupyeTcsl Ha3BaHue
MO, n B none AP ykasblBaeTca agpec perncrpa, Ha KOTopbli OOSKHa
ObITb HanpaeneHa gaHHas MO.

Kak cnegyet u3 puc. 2.13, Ha Bbixoge [JC MO MoxXeT nosaBUTbLCS
ogHa u3 YeTbipex MO: 'l (raweHwne) - yctaHoBka Pl B Honb, [MP-npuem,
Bbll OK — Bbligada obpatHbiM kogom, Bbl K — Bblgaya npsmbiv
KOOOM.

B none AP 3akogmnpoBaHbl HoMepa peructpos PI[1:8].

Hanpumep, mukpoonepauma 'l PI'S dpopmmpyeTca Tak:

My Prs:=rwl & Prs.

26



[Tone MO [Tone AP

1 2 3 4 5 1 2 3
Ac MO AC AP
rwl o S| E PnprzH Prs
o I = I =
Wl
@' o & | ,—& |wprs
FLLIF’I"]_,

Puc. 2.13. KoguposaHue MO gns AJ1Y ¢ marnctpansHOW CTPYKTypou

PaccmoTpumMm, Kak npoucxoauT dOpMUPOBaAHME CrieayoLlero
agpeca MUKPOKOMaHbl (CAMK) npu pa3BeTBIIEHUAX B
MuKponporpamme. B atom cnyydyae poopmupoBaHne CAMK onpegensaetca

nonsamm AMK n Y.
Hanpumep, S = A = B.

Ob6o3Ha4nMm: D: =1 — BbluuTaHue, D: = 0 — cnoxeHue.
HeT ja
@ =0 w, =1
A+B S’ =A+[-B],

Puc. 2.14. ®parmeHT anroputma c pa3BeTBieHneM

Ha puc. 2.14 npegcrasneH  dparmeHT anroputMa C

pa3BETBIIEHMEM.
OueBngHo, u4to agpec CAMK onpegenderca 3HadYeHUEM

nepeHoca, T.e. NpnM3Hakom Wi.
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B obwem crnydae cnegyowmin agpec MMKPOKOMaH4bl Npu pa3BeTBAEHUN
onpegenseTca crneayrowmm JIOrMYeCcKMM BblpaXKeHNEM:
CAMK[1:Kk] := AMK[1:K] vV y1&Ww1 V Y2&W2 V ... V Yn&Wn.
k > m:
y[1:m] — kog, ynpaBneHus (none y);
w[1..m] — norn4yeckme ycnosus.
B none VYi crasutca “1”7, ecnn gaHHasi MMKpokOMaHAda onpegensetr
pas3BeTBIIEHNE MO FIOrMYECKOMY NPU3HaKY Wi.
KonnyectBo paspsgoB B nosie Y onpenensietcs Kom4yecTBOM
pa3BeTBIIEHUI, KOTOPbIE BO3MOXHbI B MUKpOMNporpaMmme.

Mpumep: AMK][1:6] = 000101;

¥Y[1:3] = 100;

w[1:3] = 110;
cneposatenoHo, CAMK][1:6 ] = 100101.

2.3.4.3. BO®YC MmukponporpammHoOro tuna

Ha puc. 2.15 npegcrasneHa ynpoulleHHasa oyHKLUMOHanbHasa cxema
BPYC mukponporpammHoro tuna. Cogepxumoe B Plkon npuHumaetcs
npu cYNTbIBaHMM KOMaHbl 13 MN3Y.

B T3Y Haxogatca  mukponporpammbl,  obecnevmBaroline
BbIMNOSIHEHME BCEW cucTteMbl kKomaHg gaHHon OBM. Ha ocHoBe kopga
onepauun B JIC opmmnpyetcss HayanbHbIn agpec MUKPOMNporpammel,
KOTOPbLIV MPUHUMAaeETCA B perucTp agpeca mukpokomanabsl (PIM AMK).

Mo oatomy apgpecy wu3s [3Y cuuTbiBaeTca MUKPOKOMaHZa W
npuHmMmaeTcsa B pernctp mukpokomanpg (Pl MK). C Beixoga PIT MK koabl
nons MO noctynatot Ha pgewwundpatop AOAC MO u panee Ha
dopmupoBaTens.

dopmmpoBaTenb Ha ocHoBe kogoB MO obpasyeT dmsnyeckue YC
3afaHHoro Tvna anutensHocTn. YC nocTtynatT Ha Bce ycTponuctsa IBM
B COOTBETCTBUN C BbIMOSTHAEMOMN KOMaHOOMN.

Kogbl nonen AMK, Y u nornyeckue npusHakm una AJlY (dnaru)
noctynatot Ha cxemy «noruka dopm. CAMK», roe u obpasyetcsa
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crnegylwmn agpec MMKpokoMaHabl. [Mpy 3aBepLleHUn BbINONTHEHWUS
AaHHon mukponporpammbl Ha Bbixoge OC MO nosendetca YC «koHey,
onepaunny», KOTOpbIn uHUUMKMPYeT BbIOOPKY w3 O3Y cnegyowen
KOMaHAbl 1, crnegoBaTenbHO, HOBOW MUKPOMNPOrpamMMbl.

Pr Pr
—Kon_1n| kon .| NG A amk L
norvka Pr lo file | -
nor. ycn. bl =
¥ : thopha
=
=4 S

KOHEL
oflepanie (e ¥

Puc. 2.15 dyHkumnoHanbHasa cxema b®YC MmukponporpammMmHoro Tuna

2.3.4.4. OcHOBHbIe 3Tanbl pa3padboTkn bOYC

MUKpONporpaMmMHOro Tuna

1.  CopepxaTenbHoe paccMoTpeHune anroputma
BbIYUCITUTENBHOW Onepauum ¢ YACNOBbIMU NPUMEpPaMN.

2. CocrtaBneHne 0600LLEHHOrO  anroputmMa  BbIMOMHEHMUS
onepaumn.

3. PaspaboTka cTpykTypbl AJTY 1 cucteMbl MUKpoonepauunm

4, CocTtaBneHune KOOANPOBaHHOMN CXEeMbl anroputma,
‘npuBasaHHON” K faHHon cxeme AJ1Y.

5. PaspaboTtka hopmaTa MUKpPOKOMaHAbI, BbIOOp pas3psaHOCTU
nonen MUKPOKOMaHAabI.

6. CocraBneHne cnuMcka MUKpoonepaunn, peannsyroLmx
AaHHbIN anropuTM.

7.  KogupoBaHue MUKpPOKOMaHA (HanucaHue MUKPOMNporpamMmmsl).

8. PaspaboTtka norudeckux cxem opmumpoBaHna CAMK,
newmndgpatopa MO u pbopmunposatens YC.
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2.3.4.5. PazpaboTka MuKponporpaMmmbl Ha npMmepe onepauuu
“aeneHne B NpsAMbIX kKogax”’
MpuHMMaem, 4YTo Yncna nNpeacTaBeHbl B NPsIMbIX Kogax B hopme
c domkcmpoBaHHOU 3andaTon. MawmnHHbLIN anropuTM BbINOSTHEHNA OAHHOMN
onepauum npakTnyeckn nogobeH pyyHomy.
OcHoBHble 0COBEHHOCTMU:
e onepauusi oeneHns BbIMOSTHAETCA Ha4 MOAYyNAMWU Yucen,
e 3HaK peaynbTaTa onpeaenseTcs fnorM4eckum cnocobowm;
e B MalUMHHOM anropuTMe AenuTenb COABUraeTcs BNpaso;
e Ofnepauunsi cpaBHEHNS BbINOMNHAETCSH B NPSMbIX Kogax.
BbinonHsem 4yncnoson npumep AeneHnsa BOUYHbIX YMcen:

14 <1, |B|<1
A=- (4], =1.0011
16
p=1 [B], =0.1111
16
|4 =.0011
B =.1111
01234 — Ne paspsioa
0 TakT
0011 4,
Sl B,

.0100 ‘Ao‘_‘Bo‘

3aemz=1— ‘A0‘<‘BO‘_, C,=0

1 TakT
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0011 A4 =4,

0111  B,=B,-2"
1100
=1 — |4|<|B|] - € =0
2 TakT
0011 A4, =4,
lootl B, =B,-2"
.0000

2=0 — |4|2|B| - C, =1

3 TakT (TaKTOB AOIMKHO ObITb CTOMBKO K€, CKOJTbKO pa3pFIJJ,OB)

0000 A, =4,-B,
0001  B,=B,-2"

A111

z=1 —» (=
4 TaKkT
.0000 A,
0000 B,=B,-2"
.0000

Z=O — C4:1

C|=.0101 (zfj
16 )

3Hak C = 3Hak A @ 3Hak B = 1

[c] =1.0101 (:_EJ_

16
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Ha ocHoBe aHanu3a [OaHHOro 4YuCroBOro npumMmepa MNoCTpoeHa
cxema anroputma geneHumsa B NpsiMbiX Kogax, npeacraBfieHHasa Ha puc.
2.16.

Kak BMOHO K13 3TOro anroputma, B Hayane Kaxgoro uukna
BbINOMHAETCA CpaBHEeHMEe MoAyJien OenMMOro u genutensa ¢ noMoLlbio
BbluMTaHUS B NpaAMbIX Kogax. B cnegywowem ©Onoke aHanmsaupyetcsa
3Ha4dyeHue 3aema. Ecnn 3aem Zi =1, 10 1 npusHak Wi =1, Toraa genmmoe
He n3MeHsieTcs n ovepeaHas undpa vactHoro Ci = 0.

Ecnn xe 3aem Zi=0, To n npusHak Wi=0, Ttorga genumoe ans
cneaywoLlero Uukna onpegendeTcs Kak pasHocTb Ai = Ai -Bi. O4epenHas
umdpa vactHoro Ci=1. [lanee B obeunx BeTKax anropuMtma nNpouCXoauT
caoBur Brnpaso genutena Ha 1 paspsag. Ecnv cogepxumoe cyeTymka
LUWKIIOB HE paBHO KOMWYECTBY paspsgoB B uvicniax, TO LMK
NOBTOPSIETCS, MHAYye - onepaumsa 3akOHYeHa W pes3ynbTaT Bbl4aeTcs B
oa3Yy.

Cnepyowui atan - paspaboTtka CcTpykTypbl AJTY B COOTBETCTBUM C
anroputmMoMm Ha pwuc. 2.16. bygem ctpoute AJIY napannesnbHoro
AENCTBUA C HEMOCPEACTBEHHBIMUN CBA3SIMM.

Ha puc. 2.17 npuBegeHa cOOTBETCTBYKOLWAA QYHKUMOHANbLHadA
cxema AJlY. B PI'1 mukpoonepaumen MNP P11 npuHnmaeTtca gennumoe, B
PI'2 mukpoonepauuen MNP PI'2 npuHnmaeTca genutens. Kpome Toro, Tak
Kak genutenb B COOTBETCTBMM C aniropyutMOM B KaXOOM TakTe
casuraeTcsa Bnpaso, Ha P2 noctynatT Takke mMmnynecel casura CLOB
MpP.

Ha Bxogbl BbluMTaTeEns npu nOCTynsieHnM Mukpoornepaunn Bbl[
SUB yepes JIC nogatotca PI'1 [1:n] n nHBepcua P2 [1:n]. MNpn aTom Ha
BbIxo4e BblunTaTens obpasyetcsa pasHocTb Ai = Ai —Bi.

OTa pasHocTb MuKpoonepauunen Bbll SM PI'1 Bbigaetcs Ha BxoA
Pl npu 3HavyeHnn npusHaka Wi=0. YactHoe obpasyetca B PI'3 3a cueTt
TOr0, YTO B KaXXOM TaKTe Bbl4MTaHUA Ha BXo4 mnagwero paspaga Pr3
NocTynaeT 3HayYeHne odyepegHoro paspsiga YyactHoro Ci = Zi, HaunHas co
cTapLuero paspsiga.

32



Hauano
anroputma

'

Mpuem B AIY
AnB

=0 [4]=[4

¢

4] - 18]

z=1 @ =1
ner () = 0 !
‘AM‘ :‘Az“_‘Bi‘ Am‘ =4,
' y
_ .n-1
Bi+1‘_vBi 2 Ci :O
2
=1 ‘Bm =B, 27
Cu. C,‘U,'B. +1

@, =1

3H C =3HA @ 3uB

v

A

( KoHrel

/ Bbigaua O3Y /

33

Puc. 2.16. Cxema anroputma geneHus B NpsMbIX Kogax




Ebif SMJ-‘-* P

&
| Adl - |Bil
P [1.n] Pra
0 o
B 0 i}
1 RG 1 nc d suU E — RG |1
ono..n[ 5 =
CAE NB
: ikl ¥
P Py - " = = i
Pre nc KOHTPONG Z| & wi  BOYC
onp..n | 0
RG |, | |(1..n]]
ORECD [l ™ |
Bblfl SUB
COB 0P|, .,
.

Puc. 2.17. dyHKkumoHanbHas cxema AJTY onga onepauuu geneHuns

OpHoepemeHHo Ha PI'3 noctynatot YC COB JIB, 6narogapsa koTopbim
npu okoH4YaHun onepaummn B PI3 ycTaHaBnMBaeTcsi UICKOMOE 3HayeHue
C[1:n].

KoHTponb KonMuMyectBa COBWUIOB  BLIMOMHSAETCA C  MOMOLLbHO
cyetumka CT2, KOTOpbLIN HaxoOuUTCA B YCTPOMCTBE yrnpasneHusa (puc.
2.18). KonnyecTtBo pa3psagoB B cHETYMKE BbiOMpaeTcs No COOTHOLLEHMUIO

2" >n .

3
CHHXD. | [ i eIz |2 Cu. [1..m]#n
MBI n{:
KoHTR. cu. COB
med |f| |m L
'

Y
Puc. 2.18. Cxema popmMmpoBaHnNA 1 KOHTPOIS Yncna CABUIroB
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[Mepexoanm K COCTaBIEHNIO MUKPOMPOrpamMMbl 1 YCITIOBUMCS, YTO
NPUHUMaeM ABYXaApeCcHYH CTPYKTYpY KoMaHabl (Tabsn. 2.9).

Tabnuua 2.9
[enexne Aop. A Agp. B

3apaem cbopmat MMKpokomManabl (tabn. 2.10).

Tabnuua 2.10
MNone Y
Y1 Y2

MO AMK

PaspsigHocTb nonsa MO onpegensietcsas NOMAHbIM - KOSIMYECTBOM
MUKpoonepaunn, KoTopoe HeobxoaMmo Ana peanusauun BCcen CUCTEMbI
komaHg OBM, a Takke nMpuHATbBIM  cnocoboM  KoOAMPOBaAHUS
MuKpoonepauunn. PaspagHocTb nona AMK onpegensaeTtcs Heob6xoauMbIm
obvemom [3Y. PaspagHocTb nons Y paBHa MakCUMaribHOMY 4ucny
pas3BeTBIIEHUN B OTAENbHOM MUKPOMporpamMme.

O6bem [13Y onpegenseTcs B 3aBUMCUMOCTU OT TOrO, CKOSbKO
MUKPONporpamMm AOSHKHO B HEM HaxXOAUTLCH, U CYMMapHOW OJSIMHOW BCEX
3TUX MUKPOMNPOrpamm.

Mwukponporpamma onepaunn geneHna npeacrasneHa B tTabn. 2.11.

B Tabn. 2.11 npuHaTa Hymepauus paspsgoB agpeca 3Y cnpasa,
T.e. 4321. PacctaHoBka kogoB B kornoHkax N3Y n AMK HauynHaeTtca ¢
MKS5 «koHTp. Z», nocre KOTOpOW [AOSMKHO ObiTb pa3BeTBrIeHMe.
dopmmpoBaHne CAMK npoucxogut 3a cyeT Koga ynpaeneHus Y1.
Moatomy npu w1 =0 CAMK=AMK= 1100 ocyliecTtBnserca nepexos K
MK6, npn w1 =1 CAMK=1101 ocywecTtBnsetrca nepexogq k MK7 B
COOTBETCTBUKN C anropuTMoM Ha puc. 2.16. AHanormM4Ho paccTaBnsaTCA
koobl agpecoB ansa MK8, nocne kKoTopouM Takke npoucxoaut
pas3BeTBIIEHME.
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Tabnuuya 2.11

N Anp. Mone Y
MK N3y Mepexonbl MO AMK V5 vz
1 0 rw cy 0001

2 MP Pr1

3 MP P2

4 | 1000 @ =0 | | Bugsus 1001

5 1001 KoHTp Z 1100 1
6 1100 @ =0 | Buasus->Pr1 | 1101

7 | 1101 o =11 cuB 1011

T

8 1011 Koutp CUY COB | 1000 | 1

9 1010 ,=1|  npaH 0011

10 11 Bbig O3Y 0100

11 100 KoHeL|

[anee octaetca pacctaButb koabl agpecoB AMK un T3Y Ha
NMHENHbIX y4yacTKax MWKpoNporpamMmbl, WCMONb3ys OCTaBLUMECS
KOMOMHaLMM KOOOB.

3. 3anoMuHarowme ycTpomcTea

B coctaB coBpemMeHHbIx IBM BXOOUT 3HaAUYUTENbHOE KONUYEeCTBO
pa3HoobpasHbIX 3anomMuHaroLwmx yctponcts (3Y).

OTN YCTPONCTBA KNaccnuumpyotTcs no pagy npMsHakoB:

1. Mo meToay UCNosib30BaHUA:

a) ABYCTOPOHHME, KOTOPbIE MO3BOSIAT aBTOMATUYECKN BbIMOMHATb
CUMTbIBaHWE U 3anncb MHGOpMaLmK;

6) OOHOCTOPOHHWE, KOTOpble MO3BOSIAKOT  BLINOSIHATL B
aBTOMaTUYECKOM peXxmMmMe TONMbKO CYUTbIBaHME MHGOpMaLmMK, a 3anuch -
npeaBapuTenbHaga, B rnpouecce n3rotosrneHns. VIHopmauna saHocuTcH
nmbéo MexaHu4yeckuMm, NnMbo SNEeKTPOHHbIM crnocobomM. WX HasbiBaloT
NOCTOSAHHbIE 3anomMuHatrowme yctponctea ( [13Y).

2. o Ha3HayeHuto:
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a) BHYTPeHHWe [BYyCTOpoHHMe 3Y, KoTopble B npouecce
BbIMNOJSIHEHNA NporpamMmbl  B3aUMOLEWCTBYIOT  HENOCPeACTBEHHO C
npoueccopoM. VX HasbiBalOT onepaTmBHbIE 3anoMUHaloLLME YCTPOMUCTBA
(03Y);

6) BHewHMe 3anomMuHarowme yctpomctea (B3Y), koTopble
B3aMMOAENCTBYIOT € npoueccopom 4Yeped O3Y v npegHasHayeHbl Ans
XpaHeHns1 00NbLUMX MAacCMBOB AAHHbIX U MPOrpamm.

3. B 3aBMCUMOCTM OT NpMHLMMNA CYUTbIBAHUS MHGOPMaLMK:

a) 3Y 06e3 paspyweHus uHpopmMaumum nMpu  CUYUTbIBAHUN —
cTaTnyeckue;

6) 3Y ¢ paspyweHuem wuHpopmMaumMm npuv CYUTbIBAHUN —
ANHaMmn4yeckume.

4. lNo pmnamyeckmm cBomcTBam 3anomMuHaroLLen cpenbi:

a) nonynposoaHukoBble 3Y, B KOTOpbIX OUT WMHGOpMaUnn
3anoMmHaeTcss Ha cTaTudeckoMm Tpurrepe, 3TM 3Y OTHOCATCA K
cTaTnyeckomy Tuny;

6) deppomarHuTHble 3Y, B KOTOPbIX MPMHUMM 3anoMWUHaHUSA
MHOPMAaLMN OCHOBaH Ha W3MEHEHMW MarHUTHOrO COCTOSIHUS Ha
MMKPOCKOMMYECKOM y4YacTKe HOoCUTens nHpopmauuu;

B) eMKOCTHble 3Y— B HUX BUT MHopMauun 3anoMmHaeTCcs B BUAe
BENUYUHbLI 3apsfa KoHAeHcaTopa.

deppomMarHUTHble W €EMKOCTHble 3anoMWHaloWne YCTpoucTBa
ABMAKTCA ANHAMUYECKUMM, MOCKOSIbKY MPU CYUTbIBAHMM WMHGOpMaLMS
paspyLlaeTcsa U ee Hao BOCCTaHOBUTb.

6. Mo cnocoby noucka nHopmMauuu:

a) agpecHble 3anoMuHaroLne yCTponCTBa;

6) accoumaTBHbIE 3aNOMMHAOLLME YCTPOMUCTBA, B KOTOPbIX MOMUCK
MHJOPMaLIMK BbINOSHAETCA NO HEKOTOPOMY MPU3HAKY.

OCHOBHbIE XapakKTepuctTnkn 3arnoMmmHarowmx yCTpOVICTB

1. O6bem 3anomuHaloWero YCTPOUCTBA, KOTOPbIA  MOXET
XapakTepunsoBaTbCs ABYMS BENMMYNHAMM:
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a) KONMYeCcTBOM OUT, KOTOPbIE MOTYT XPaHUTLCS B 3aNOMUHAIOLWEM
ycTpoucTee V;

6) KOnMM4YecTBOM  CfnoOB, KOTOpble  MOryT  XpaHUTbCA B
3anomuHatowem yctponctee N. Crnoso — 1 6aunT [B], Teicada 6ant (KB),
MUNMoH 6ant (MB) n T. o.

2. bbicTpogencteme 3anoMuHaloWero YCTPOUCTBa, KOTOpoe
OLleHMBaETCs ABYyMS napameTpamu:

a) BpemeHeMm obpalleHuns K 3anomuHarowemMmy YCTPOUCTBY toep —
WHTEepBasn BpeMeHU MexXay MOMEHTOM MOCTYMNSIEHNA Ha 3anoMuHalLLee
YCTPOMCTBO KOMaHAbl YTEHMSS WU MOMEHTOM, Korga BblbpaHHas
MHGopMauna ByoeT NpuUHATa B PErMCTp CroBa;

6) BpemeHeM BLIbopa ts,6 — Xapaktepuayet bbicTpogenctame 3Y B
coctaBe HekoTopon IBM. tzu6 min — MMHUMAnNbHBIN MHTEPBAST BPEMEHMU
Mexay OBYMs nocrefoBaTtesfibHbIMU KOMaH4amu obpalleHnsa K JaHHOMY
3anomMuHaroLweMy yCTpoMCTBY.

3.1. OnepaTuBHbIe 3anNOMUHaIOLLME YCTPOUCTBA

B 3aBucumMocTn OT (pPU3nYecKkMx CBOMCTB 3arnoMuHarowen cpeqbl
pasnu4yatoT oeppomarHuTHbole O3Y 1 nonynposoaHukoBblie O3Y.

®PeppomarHuTHole O3Y Ha MarHUTHbIX cepaeyYyHMKax LIMPOKO
NPUMEHANNCL BO 2-M 1 3-M nokoneHunax 9BM. 3anomuHaowmn anemeHT
npeacrtaesnaeTr cobon gepputoBoe KOMbLO, KOTOpoe obecneymBaet
3anoMmnHaHne O4HON OBOUYHON LUNAopbI.

B HacTtoswee Bpems Takme O3Y  ucnonb3ywTcAa B
crneynanuampoBaHHbix 9BM (B kocmoce).

Mpeumywiectsom deppomarHuTHbix O3Y aBndeTcsa To, YTO nNpu
BbIKNIOYEHUN MUTAHUSA UNU KOCMUYECKOM 06nyyYeHun MHgopmaumsa He
paspywaetcd. OgHako OHWM Boriee CrioXHble U JOporne, a Takke npu
noctpoeHmn O3Y Bonbnx 06 bEMOB BO3HUKAIOT TPYAHOCTN.

MonynpoBoaHukoBble O3Y B HacTosiee BpeMsi NPUMEHSIOTCS
OYeHb LUIMPOKO B KayecTBe OCHOBHOW onepaTtuBHon namsatn 3BM. OHu
jewesne, no3ponsaAlT co3gaBatb O3Y 6onbworo obbema, 6ornee
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ObICTpble, HO MPU BbIKMIOYEHUN NMUTAHUA UM KOCMUYECKOM M3MyYeHUU
MHJOpMaLma nponagaer.
B HacTosLee BpeMsi UICNOMb3YOTCA ABE CTPYKTYpPbI:
e O3Y c aBymepHomn cTpyktypou - Tvn 2D;
e O3Y c ob6bemMHon cTpykTypomn -tnn 3D.

3.1.1. O3Y co cTpykTypou tTuna 2D

. Paipanel crios N33
= .
wao— 1 — — 2 — —n —
Anpes | | PA ac f‘mm—m— =1
[0°N] AL = = '
o [TEH =N P |aapecs
LT o e e =
I : '
| 1 [=
YU1|n¥21 Y4n| ¥3n
Yt eTp YT |7 |7
30 | MYY ETE 311
aat |_ TCA I_— TCn
wi Tl s 1c | |W]' —s| Tc
R R

Puc. 3.1 Ctpyktypa O3Y Ttuna 2D

Ha puc. 3.1 npeactaBneHa ynpouweHHaa cxema O3Y ¢ niockou
cTpykTypoun tnna 2D.

OHa BknovaeT B ceba crneayowme OCHOBHble (PyHKUMOHambHbIE
y3nbl:

YY — ycunurtenb uteHus, Y3 — ycunutene 3anucu, TC — Tpurrep
cnoea, PA- peructp agpeca, OC - pewwndpatop agpeca, M33 -
MaTpuua 3anoMuHarwmnx aremeHTos, MYY — mMecTHOe YCTpPOMCTBO
yrnpaBneHus.
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Puc. 3.2. 30 — 3anomuHaroLwmim anemeHT B CTpyKType Tuna 2D

OcHoBHOMN (PyHKUMOHanNbHbIN y3en — aByxmepHada (2D) matpuua
3anomuHarowmx anemeHtos (M33). Ha puc.3.2 ykpynHeHo npeacTasreH
330 C NoaKNtYEeHHbIMU WKHaMKU. 3anucb N CYUTbIBaAHME WMHGOPMaLNn
ocyuwectenaTca nocpeactsom WA — wwuHbl agpeca, W3 — wWnHbI
3anucy u WY — wunHbl YTeHus.

LA nogkntodeHa ko Bcem 330 ogHoro agpeca, W3 n WY asnatoTtcs
paspagHbiMn U 06beanHAKT 33 o4HOro paspsaaa.

B pexume YT noctynaet curHan Ha cooTsetcTBytowwyto LA, npu
9TOM OiHOBPEMEHHO BblbupatoTcs 33 BCcex pa3psigoB AaHHOro agpeca u
CYMTaHHble curHasbl NOCTyNaKT Ha YY Bcex pa3psaos.

Mpun noctynneHun Ha Bce YY curHana ctp. UT Ha ux BbIxogax
noasnseTca nHpopmauus, kotopas npuHumaeTca B TC Bcex pa3psios.

Onnwem @dyHKunmoHmpoBaHne TC1 C nOMOLbIO NOrMYeCcKoro
BolpaxeHuna (3.1), roe nepemeHHas W1 —uHopmauus, KoTopad
npuHMmaeTcsa B TC1 B pexume 3anucu.

TC1 - =""ECIV' TW TO’ 0 ‘ HECITIN' W1 ‘TO’ 1 ‘'UHECIIN® YU1
‘TO’ 1 ‘MHAYE’ TC1 (3.1)

[MpenmyLiectBo CTpPyKTypbl Tuna 2D coctouT B TOM, YTO
CuMTbiBaHWE uWHopMauMm NpoOUCXOAUT MpPU MNOCTYMNSIEHUM Ha HEro
OOHOro agpecHoro curHana. 9710 obecneynBaeT 0Oonee BbICOKYHO
NOMEXOYCTONYMBOCTb 3anMoOMMUHAKOLWEro yCTpoUcTBa M Bonee BbICOKOE
ObicTpogencTBume.

3.1.2. Ctpyktypa O3Y tuna 3D
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Ctpyktypa gaHHoro O3Y (puc. 3.3) HasbliBaeTcsl 0ObeMHON, Tak
Kak B Hen cogepxxutcsa ctoribko M33, cKonbKo pa3psaoB B CroBe.
Ha ogHon maTtpuue pasmelieHbl 30 0QHOro paspsna Bcex agpecos. Bee
9T 33 nNoaKn4eHbl K ogHow paspsigHon WY v ogHom LWI3. LWA
pasgeneHa nornonam no uvuicny paspsgos. [pu aTom obpasytoTca ase
paBHbIX rpynnbl WuH: LWAx n LAy
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I pAApRN ;" . .-'f
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1 1 ' ]] I
PA |2 c [ aC
: Lﬂm o [WAx | |:|: O |
! 2 : | Eey YUz
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: : l | | h
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B oen |2
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AC WAy - i
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uT cTp MT
an BAYY cTp 2N

Puc. 3.3. O3Y no ctpyktype Tvna 3D

Ha puc. 3.4 nsobpaxeH 33 ¢ NOOKMHOYEHHLIMU K HEMY LUMHAMMW:
LY, W3, WAX, WAY.

LLi Ay LT w3

33

L Ay

Puc. 3.4. 3anomuHatowmin anemeHT B CTpykType Tvna 3D

Kaxgbin 33 Haxogutca Ha ckpeweHun LWWAx n WAy. Kaxpas ms
LA nogknioyeHa nocnegoBaTenbHO K 30 OaHHOro agpeca Ha BceX
MaTpuuax.
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Mpn onepaumax YT u 31 Ha Bcex martpuuax OLHOBPEMEHHO
BblbupatoTca 330, HaxoOswmMecss Ha CKPEeLLEeHMM OOHUX U TeX Xe LUMH
LWAx n LLAY.

CpaBHutenbHas oueHka O3Y tnna 2D n 3D

1. MocTtpoeHne OJY no cTpyktype Tuna 2D Tpebyet 6Gonblue
agpecHoro obopynoBaHus

Agp. 06.,p = N — konnyectso cnos B O3Y.

Agp. 06.5p = 2x /N

ans O3Y bonblwmnx 06eMOB UCNonNb3yeTca CTpykTypa Tvna 3D.

2. B ctpyktype TMna 3D Hanuune BGONbLIOro Konmyectea maTpul
obycnaBnunBaeT K yBeNuUYeHne OfnHblI agpeCHON LUNHbI, YTO NPUBOAUT K
konebaTtenbHbIM npoLeccam. N3-3a 3TOro orpaHuynBaeTcs
ObICTpOAEenCTBME 3arnoMMHAKLWEro yCcTpoucTBa LaHHOro Tuvna (Henb3s
nogaBaTb KOPOTKME UMIMYIILCHI).

3.1.3. MonynpoBoAHUKOBLIE 3aNOMUHaKLWMe YCTPOUCTBA

[MonynpoBOAHWKOBbIE 3anOMWHAKOLLNE YCTPOMUCTBA WUCMONb3YHT B
KayecTBe 3anoMUHAaKLINX SIEMEHTOB CTaTU4eckne Tpurrepbl TUMNOB
TTJ1, 3CJ1, MOTI. Yawe ucnoneaytotca MOI, notomy 4Tto nNoTpebnstoT
HaUMEHbLUY MOLLHOCTb.
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Puc. 3.5. lNprHumnmanbHasa cxema nonynpoBOAHNKOBOIO 33
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Puc. 3.6. BpemeHHasa gmnarpamma pabotsl 33

V3, V4 — obpasytoT Tpurrep.

V1, V2 — ux Harpyska.

V5, V6 — Bbibopka aToro 33.

Us:=1;U,:=0; U =En

Pexum 3anucm 0: Ha BHeWHUM ycunuternb cobpaHHbii Ha V7
nogaetca nonoxutenbHbin curHan “3M10”, a Ha Ua nopaetca
nonoxmtenbHoe curHan Ua, koTopbin oTKpbiBaeT V5 n V6; Ha Bbixoge
V7 nosiBnaeTca oTpuuaTtesibHbl CUrHan, Kotopbln Yyepe3 VS noctynaer
Ha 3atBop V3. Ecnu B 330 = 1, TO ecTb V3 ObIn OTKPLIT, T.K. HA 3aTBOP
V3 noctynan oTpuuaTenbHblin curdan ¢ R7, To V3 GygeT 3akpbiBaTbCA
npu aToM oTKpbIBaeTca V4 n 330 nepexoanTt B coctosHue 0.

(39 :=0).

[Mog nonoOXuTenbHbIM CcUrHanoM Ha V8 ©n  NoNoXuTenbHbIM

curHanom Ha Ua ganbHenwee npoucxoamT aHanoriyHo ans 3I10.

3.1.4. AccoumaTuBHbIe 3anoMmuHarwme yctponucrtea (A3Y)

OtnnyaloTcs TeMm, 4YTO MNOUCK MHGOpMauuM NpPoUcxoauT He Mo
agpecy, a No HEKOTOPOMY MpU3HaKy, 4YTO YCKOpsSieT Mnpouecc nowucka
HY>XHOW WH)OpMauMn; MNO3BONSET MPOBEeCTM NOUCK WHOpMaunn no
yKa3aHHOMY MNpuU3HaKky.
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Puc. 3.7. dyHKkumMoHanbHasa cxema accoumatnsHoro O3Y

ClB — cxema nopaspsgHoun BbI6opKU

ClB obecneumBaeT o4HOBPEMEHHYIO BbIOOPKY COAEPXKUMOrO BCEX
pa3psiaoB O4HOro agpeca.

PW — pernctp nnamkartop.

PWj “=" ‘ECNT" Y1 TO 1 ‘HECIIN (33j1@Tl11) v (33j2@l12) v
(839j3@rM13)... (33jn@T1n) ‘TO’ 0 ‘'UHAYE’ PW;.

B npouecce nopaspsigHoOM BbIOOPKM BO  BCeX agpecax
OOHOBPEMEHHO W MocnefoBaTefNibHO CpaBHMBaETCA cogepxumoe 33 C
npusHakom, 3agaHHbiM B PIT TIPU3HAKOB. Ecnn no kakomy-To agpecy
cogepxumoe 33 OTAeNbHbIX pas3psaoB He coBnagaeT C NPU3HaKoM, TO
Ha BbIXO4Ee CXeMbl CpaBHEHUA OAHHOro ajgpeca MnosBMSETCA CurHarn,
cbpacbiBatowmn B 0 Tpurrep cootseTcTBytowero agpeca B PU. Tonbko B
Tex agpecax, rge cogepXumoe BCex paspsgoB CoBMaro C COCTOSHUEM
Pl MPU3HAKOB, curHan Ha Bbixoge cxembl cpaBHeHusa paBeH 0.
CooteetctBeHHO Tpurrep PW, PWj octaetca B coctosHum 1, 310
O3Ha4yaeT, YTO [aHHbIN agpec COOTBETCTBYET WMCKOMOMY MPU3HaKY.
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Mocne HaxoXxgeHus agpeca CYMTbIBAHME OCYLLECTBNSETCA OObIYHbIM
afpecHbIM crnocobom. 3annck MHpopMaLUnn OCyLLLECTBNSIETCH TOSbLKO Mo
ceBoboHOMY afpecy (Npu3Hak cBOOOLHON SYEnKN).

OrMABJIEHUE

BBEOEHUE. ... ..o 3
1. ApudMeTNYECKO-TIOrM4eCcKoe YCTPOUCTBO.....uvneenenannnes 3

2. YcTponcTtBo YNPaBReHUS (YY), oo iiiiiiiiiiiiiiieeee e,
3. 3anNOMUHAIOLLNE YCTPOUCTBA. ..uueeneeeeeneeieeeneaaannennns 36

Tamapa MunHoBHa AnekcaHgpuan
KOpun KOpbeBuy Ncaes
WNropb AHapeeBny Mopo3os

OPIrAHN3ALNA 3BM N CUCTEM
Yactb 3
dPyHKUMOHarnbHbIE yCcTporcTBa OBM

YyebHoe nocobue

Pepaktop H.I1. JlanuHa
TexHuueckmin pegaktop E.K. EBcTpaTtoBa

Tem. nnan 2007 r., n. 19
MNognucaHo B nevatb dopmat 60x84/16

MeyaTb odpceTHas Ycn. ney. n. 2,8 Yy.-u3n. n 2,3
Tupax 300 ak3 3akas Llena 20 py6.
PoTtanpunt MAOW (I'TY) 125319, Mocksa JleHnHrpagckmin npocn., 64

45



