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PEDEPAT

Hacrosimuit kypcoBoil mpoekT "Crenuanu3upoBaHHbl Mpoieccop” MOCBSIIEH
pa3paboTke (YHKIHMOHATBHOM CXEMBbI CIEHUATU3UPOBAHHOTO MpOIECCOopa MpeIHa-
3HAYEHHOTO ISl BBHIMTOJIHEHUS apu(METUUECKOW ONepaluu CIO0XKEHHUS C IJIaBalolIeH
TOYKOM JBOMYHBIX YHCEI MPEACTABICHHBIX B MOAMGUIIMPOBAHHOM KOJIe (MCXOHBIE
omnepaHAbl U pe3yJbTaT NPEACTABICHBI B PA3JIMUYHBIX KOJAAX B COOTBETCTBUH C TEXHU-
YECKUM 3a/IaHUEM).

JlaHHAasi MOSICHUTEINbHAS 3alMCKAa K KypCOBOMY MPOEKTY conepkuT 41 crpaHu-
Iy TEKCTa ¢ WILTIOCTPAUsIMHU, TabiuiaMu U hopmysaamMu, 9 UCTOIb30BAHHBIX UCTOY-
HUKOB U 1 JHcT rpaduueckoro marepuana (GyHKIMOHAIbHAS CXeMa CIEIUaIu3upO-
BaHHOTO IIpoIeccopa).

ONEPALIMOHHBII ~ ABTOMAT,  VIIPABJIAIOUIMI  ABTOMAT,
JIOTUYECKUIM DJIEMEHT, PETMCTP, CYMMATOP, MYJbTHUIIJIEKCOP,
I[IOCTOSIHHOE  3AIIOMUHAIOIIEE  YCTPOMCTBO, TPA®-CXEMA
MUKPOITPOI'PAMMBI, MUKPOKOMAHJIA, KOJ OIIEPAHJ0OB, MHUKPO-
ITIPOTPAMMA, ®YHKIIMOHAJIBHASI CXEMA, CIIEIIUAJIM3U-POBAHHbBIN
[MTPOLECCOP.

Llens KypcoBoro npoekra — pazpadboTka CeluaIn3upoBaHHOTO MIpoIleccopa.

3agauu, pelI€HHbIE B IPOLIECCE KYPCOBOTIO MPOEKTUPOBAHUS:

e OmpenesieHa CTPYKTypa CIELpoLeccopa COCTOSIIEro U3 ONEpallMOHHOIO U
YIPaBJISIONIETO aBTOMATOB;

e paspaboTaHa CTPYKTypa ONeparlmoHHOr0 aBTOMAaTa;

e BBHIOpaHBl HEOOXOJIUMBIC JIOTMUYECKUE DJIEMEHTBI, PErUCTPhbl, CyMMAaTOPHI,
MYJIBTUILIIEKCOPHI U P., ONPEEICHBI CBI3U MEXKy HUMU;

e BbIOpaHa CTPYKTypa yNpaBISIOIIET0 aBTOMAaTa ¢ MPOTPaMMHUPYEMOI JIOTUKOM
Y NIPUHYAUTEIbHON aJipecalneil;

® OIpe/eNeHbl Pa3psIIHOCTH MOJIeH MUKPOKOMAaHILI U Pa3psiIHOCTh MUKPOKO-
MaH/]Ibl B LIEJIOM;

® OIpeeNEH MepeUeHb YIPABISIONIUX U OCBEIOMUTENIBHBIX CUTHAJIOB;

e paszpaboTaHbl rpad-cxemMa MUKPOIPOrpaMMbl U MUKPOIIPOTpaMMa BBITOJIHE-
HU 3aJJaHHOW Ollepalvy, NpeaHa3HaYeHHas s 3aHecenus B [13Y.

PazpaboTanHblii B mporiecce pabOThl HAJl KyPCOBBIM MPOEKTOM CIICIIMATU3UPO-
BaHHBIN MPOLIECCOP TMO3BOJISET BBHIMOJHATH ONEPAINI0 apUDMETHUECKOTO CIOKECHUS
C TIJIaBaroOIIel TOYKOW ABOMYHBIX YHCEN MPEACTaBICHHBIX B MOAUGUIIMPOBAHHOM KO-
Ie.
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BBEJAEHHUE

[Ipu mpoeKTUPOBAHUU PA3IUYHBIX Y3JI0B M YCTPONCTB HHU(PPOBOW BHIUUCIH-
TEJIbHOW TEXHUKHU OJHOM M3 OCHOBHBIX 3aJlay SIBJIIETCS 3a/1a4a PAllMOHAIIBHOTO KOH-
CTPYUPOBAHUS, CUHTE3a TAKUX CXEM.

B mporecce cuHTE3a CIIOAKHOIO aBTOMATa WK YCTPOMCTBA MPEICTABISIOIETO
CO0OW COBOKYIHOCTb HECKOJILKAX aBTOMATOB PEIIA0TCs Cleaytonme 3anaqun [1]:

e ompezenserca 00bEM MaMITH U YCTAaHABIMBAIOTCS T€ U3MEHEHUS COCTOSIHHIMA
NaMATH 0] BO3EHCTBHEM BXOHBIX CUTHAJIOB,;

® OCYIIECTBIISICTCS BHIOOP JTOTUUECKUX U 3alIOMUHAIOLIUX 2JIEMEHTOB;

® COCTaBJISIOTCS KAHOHMYECKUE YPaBHEHUS, CBOJAILIME OOUIYIO 3a/1ayy CUHTE3a
aBTOMAaTa K CUHTE3Y CXEM M3 JJOTUYECKUX DIIEMEHTOB;

® IIPOBOAMUTCS] KOMOWHAIIMOHHBINA CUHTE3;

e 1peoOpa3oBaHUE U JOMOJHEHHUE MOCTPOEHHBIX CXEM C LN O0ecreyeHus
HaJEXKHOCTH UX (DYHKIIMOHUPOBAHUS.

[Iponeccop LIBM wimm npyroe omepauroHHOE YCTPOWCTBO, BBINOJIHSIOLIEE
olepalyy HaJl CIOoBaMu MH(GOPMAIMM MOXHO pacCcMaTpUBaTh KaK COCTOSIIIEE M3
IBYX OJIOKOB MJIM aBTOMATOB — OMEPAIIMOHHOTO U ympasistomiero [3, 4].

[Iponieccop BBHITIONHSIET 3aJaHHOE MHOXECTBO omnepanuii F Haj BXOJAHBIMHU
cioBamu D c uensto Beiuucienus pesyiabraTtoB R. Kaknas onepanust U3 MHOKeCTBa
onepaiuii F Bo30yK1aeTcsi COOTBETCTBYIOIIEH KOMaH 101 U3 MHOXKecTBa komana K.

Jro6ass koMaHaa, onepanuss UIM MPOLENYypa, BBHIIOJHsAEMAas B ONepalu-
OHHOM aBTOMAaTE, OMMUCHIBAETCS HEKOTOPO MUKPOIIPOrpaMMOil U peanu3yercs 3a He-
CKOJIBKO TaKTOB, B K)KJIOM U3 KOTOPBIX BBIMOJHSAETCS OJHA MJIM HECKOJBbKO MUKPO-
oreparui.

WHuTepBan BpeMeHHU, OTBOJMMBIN Ha BBHIMOJHEHUE MUKPOOIEpAIiU, Ha3bIBACT-
csi pabo4YMM TAKTOM MJIM MPOCTO TAKTOM LUPPOBOro ycrpoiictBa. Ecnu Bce TakThl
UMEIOT OJIHY U TY K€ JIJIMHY, TO OHAa YCTaHABJIMBAETCS MO CaMOM MPOJOJIKUTEI b-
HOU MUKPOOTEPALUH.

[lemeBas ycTaHOBKa KypCOBOI'O INPOEKTUPOBAHUS — 3aKPEIJIEHUE OCHOBHBIX
TEOPETHUUECKUX MOJIOKEHUHN MpeaMeTa, MPUoOpEeTeHHe HaBBIKOB MPAKTUYECKOTO pe-
HIEHUS] TEXHUYECKUX 3a/1a4 JJOTUYECKOro MPOEKTUPOBaHUs y3710B U 0110koB OBM, 3a-
KpEIJIEHUE U YIIIyOJIeHHe 3HAaHUM B 4aCTU MPOECKTUPOBAHUSI KOHEYHBIX aBTOMATOB U
YCTPOMCTB Ha UX OCHOBE, a Takke (OPMUPOBAHHUE COOTBETCTBYIOIIUX MPAKTHUYECKUX
YMEHUHN U HAaBBIKOB M0 pa3pabOTKe aJITOPUTMOB BBITIOJIHEHHS apu(hMETHUECKUX OTle-
pauuii B [IBM, pa3paboTke CTpyKTypbl ONEPALMOHHBIX aBTOMATOB M YIIPABJIS FOIIUX
aBTOMATOB, PEATU3YIOIIMX AT AITOPUTMBI. 3HAHUSA, MOJYYEHHBIE MPU HU3yUYCHUHU
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qucuUIUInHbL "Teopusi aBTOMaToB" M B MPOLIECCE BBHIMOJHEHUSI TAHHOTO KYpPCOBOTO
MIPOEKTA, B JAIBHEHIIIEM SIBISIOTCS 0a30i JJIT M3YUYEHUS CHEIUATN3UPOBAHHBIX JUC-
IIUTIINH; OyIyT WCIOJIB30BAaHBI MPH KYPCOBOM W JHWIUIOMHOM IMPOCKTHPOBAHWUU Ha
CTapIInX Kypcax.

JIJ1si BEIIOJTHEHHsI KyPCOBOTO TIPOEKTa HEOOXOAMMO 3HAHHE OCHOBHBIX pa3fie-
70B ipeaMmeta "Teopust aBToMaToB".

[TocTaBneHHas 1Eab HOCTUTAETCS MYTEM CaMOCTOSTEIIbHOW pa3pabOTKHU ajiro-
PUTMOB BBITIOJTHEHUS 3aJaHHON OMEpaIuu, CTPYKTYPhl OTIEPAIIMIOHHOTO aBTOMAaTa W
YIPaBISIONIEro aBToMaTa (Crenran3upOBAHHOTO MIPOIECCOpPa).

JTucm
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1 Pa3pa6oTka onepanmoHHOI0 aBTOMAaTa CHENHATU3UPOBAHHOIO
npoueccopa.

1.1 Cnoxenne uucen ¢ IIT

Yucna, npeacrasienusie B dopme c IIT, uzoOpaxarorcss AByMs 4acTIMH —
MaHTHUCcCOM U mopsiikoMm [3, 4]. Ilpu onepanuu anredpandeckoro CIOKEeHHs JEHCT-
BUSI, BBITIOJIHSIEMBIE HAJl MAHTUCCAMH U MOPSIKAMH, PA3JTUYHBI.

Jsist Toro 4To0s! ciaokuTh ABa uncia ¢ [T, Heo0X0AUMO BBITIOJHUTH CIEIYIO-
1€ JIEeHUCTBUS.

1. TIprém uCXOAHBIX ONEPAH/IOB.

2. BeipaBHHBaHHE NOPSIKOB.

3. Cnoxenue mantucc. [lopsinok pesysibrata OyAeT paBeH Jt000My U3 MOPS -
KOB YHCEJI.

4. Hopmanu3zanuus pe3yibTaTa.

5. O6GHapy>KeHue MePEenoTHEHUS Pa3psAHON CETKU.

6. Brimaua pesynbprara onepamuu.

PaccmotpuM nogpoOHee Kax0€ U3 BhIIICTIEPEUUCICHHBIX JEHCTBUA.

Ilpuém ucxoomvix onepanoos. Onepanabl A U B 3anuchiBaloTCS BO BXOJIHBIE
peructpel OA, nmpegHa3HAYEHHBIE NI XPAaHEHUSI MAHTHUCC U TMOPSAJIKOB HCXOIHBIX
OIEPaH]I0B.

"Bvipasnuearue nopsaoxog”. JIns omnepanuu CIOXKEHUs 4uced HEO0OXOIUMBIM
YCJIOBUEM SIBJISIETCSI COOTBETCTBHE Pa3psiI0B ONEPAHIOB APYT APYTY. 3HAYUT, IPEKIE
BCET0, HY>)KHO YpaBHSThH MOPAJIKH, YTO, ECTECTBEHHO, MOBJICUYET 3a COO0 BpEeMEHHOE
HapyllleHue HOPMAJIU3AlUN OJHOTO M3 cllaraeMbiX. BripaBHUBaHUE MOPSIKOB O3HA-
YaeT, YTO MOPSIOK MEHBIIEro YUCia Hal0 YBEIUYUTh Ha BEIMUUHY Ap = | p4 - ps| .
YTO O3HAYAET CABHUI MAHTHCChl MEHBIIETO YMCIIAa BIIPABO HA KOJIUYECTBO Pa3psioB,
paBHoe A p. Ilopsmok OonbIero yuciaa yMEHBIIATh JO MEHBILIETO HENb3s, T.K. B
ATOM Cllydae MOoTpeOyeTcs CIBUT MAaHTHCCHI BIIEBO, YTO MPUBEIAET K MOSBIICHUIO I11€-
JIOM YaCTH YMCJIA.

Jlns monyuenust Ap mnopsiakoB, peacTaBiieHHbIX B OK, Bce paspsiabl mopsiaka
yucia B, BKIouYas 3HAKOBBIC, HEOOXOIUMO TPOUHBEPTUPOBATH U CIOXHUTH Ha
JCOK c nopsiakoMm yucna A. 3Hak pe3ynbrara SgA4 p yKakeT KaKol U3 MOPSAKOB
Oosbiiie, a kakoi MeHbie. Eciu SgAp =0, to p,> pp,aecnu SgAp =1, 10 pys<ps
. 3HayaIme paspsabl OyayT cogepkaTh npeactaBieHnyo B OK Benuuuny | py - pi| -

JlaHHas onepanusi TPOU3BOAUTCS IIUKIMYECKU O TE€X MOp, OKa Pa3HOCTh IO-
psaakoB He Oynet paBHa 0 (py - pp = 0).

JTucm
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Croorcenue manmucc. CnoXxeHUe MaHTUCC MPOU3BOJUTCS aHAJIOTUYHO CIIOXKE-
Huro ynceia ¢ OT.

Hopmanuzayua pesynomama. IlpoBoguTcs TpHU HapyuieHuu HOPMAIU3AyUU
YUC1a — HEBBITIOTHEHUH YCIOBUSA

gt < Imal <1. (1)

B aTom ciydae ucnosib3yercs onepanus CIBUra.

Tak kak ycioBue (1) cogepXuT qBa HEPABEHCTBA, TO MOXET OBITh HAPYLIEHO
cnpaBa wiM ciieBa. [Ipu3Hak HapylieHUs HOpMaJIM3alluu YKCia crpaBa ¥ (Korja Be-
JUYWHA pe3ysibTaTa paBHA WIH MPEBHIIAET €AUHUILY) - HAJTUYUE PA3HbIX 3HAUCHUN B
3HAKOBBIX pa3psjax CyMMaropa, T.e.

y=5¢1® Sg2,

0, HapylIeHUs HOpMaJIU3allMU HET;

1, HOpManM3anus HapylieHa.

[Tpusnak y =1 yka3biBaeT Ha HEOOXOJMMOCTb CIBUHYTh MaHTHCCY YMCJIa BIIpa-
BO Ha OJIMH pa3ps]l U CKOPPEKTUPOBATh NOPAIOK (IpUOABUTh K HEMY 1).

[Tpu3Hak HapylIeHUs HOpMaJIMU3AlMK YUCia ciaeBa o (Korjga pe3yibTar o Mo-
JyJTE0 MeHbIIe () - HaTH9re OIMHAKOBBIX KOMOHHAIMI B Pa3psiie MEPEIOMHCHNS 1
CTapuLIeM 3HaydalleM pa3psae S :

0 =S502® sy,

5= 1, HapylleHHsT HOpMaIU3allUM HET;

0, HOpMamm3anus HapyIlleHa

[Ipuznak o6 = 0 yka3piBaeT Ha HEOOXOIWMOCTH CIABUTATh MAHTHCCY YHCIIA
BJIEBO IO TEX TMOP, MOKa O He cTaHeT paBeH 1. [Topsimok gomkeH ObITh CKOPPEKTUPO-
BaH Ha YHCJIO MTPOM3BEIEHHBIX CIBUTOB, T.C. OT 3HAYCHUS TOPSJIKA CIEAYET BHIYECTh
YHCJIO TPOU3BEIEHHBIX CIIBUTOB.

Obnapyoicenue nepenonnenus paspsaonoti cemku. Ilpuznak y =1, BO3HUKIIUN
npu cioxeHnn MaHtruce yucen ¢ [IT He sABIgeTCS MPU3HAKOM TEPETOTHEHUS, T0-
CKOJIBKY TIPH HOpMAaJIM3aIlid MAaHTHCCY MOXXHO CABHHYTH KakK BIIPAaBO, TaK M BIICBO.
[Tpu HOpManm3anuu pe3yabTaTa KOPPEKTUPYETCS MOPSIOK U, CICAOBATEIIBEHO, MOXKET
BO3HUKHYTH TIEPEIIOJIHEHNE PA3PSITHON CETKHU MOPSAKA.

JTucm
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OOnapyxeHue TEepenoTHEHUST Pa3psAHON CEeTKU BCEerjJa MPOBOIUTCS MOCIe
HOpMAaJIM3alluU PE3YJbTATA, MOCKOJIBKY KOPPEKLHS MOPAJIKA MOKET IPUBECTH K €ro
IIEPEIIOJIHEHHUIO.

Buvioaua pesynemama. 3aech NMOMyYEHHbIE MaHTHCCA U MOPSAOK pe3yibTaTa
a100 cUrHaNI 0 BOZHUKHOBEHHH TEPETIOIHEHHsI BBIAAIOTCS Ha IIMHY JaHHBIX HUGPO-
BOI'O aBTOMATa.

1.2 CTpykTypa onepanmoHHOr0 aBTOMAaTa crennpouneccopa

OcCHOBBIBasICh Ha BBILIEU3IIOKEHHOM W YYUTHIBAIO TPeOOBAaHUS TEXHUYECKOTO
3aJlaHusl, peJyIaraeTcs Caeayrolasi CTpyKTypa onepaiuoHHoro apromarta (puc. 1).

Rg | IIK | Rg
MA = A1 " mA " mA2
SM1 zg > E]Ié —» mS
Rg | IIK | Rg >
mB — 81 " mB ” mB2
Rg | TIK
PA =1 bt | B
SM2 , R9 o TKL L s
. — pS pS
g
pB —> 0B

Pucynok 1 — CtpykTypHas cxema onepaiuoOHHOI0 aBTOMaTa CIelnpoleccopa

Bxoansie peructpst RgMAL, RgmB1, RgpAl u RgpB npennasnadyeHs! s 3a-
MIUCH Y XPaHECHUS B HUX UCXOHBIX OTIEpaHaoB A u B.

ITockoJIbKY KOJIbI HUCXOJHBIX ONEpaHA0B (MAaHTUCCHI A, MOpsaKa A U MAaHTUCCHI
B) otnnuaroTcs oT koma oOpabOTKH B CXeME MMEIOTCS TPU MpeoOpa3oBaTeis KOJIOB
BxoaubIX omepannoB [TKmMA, ITIKmB u IIKpB, xoTopsie o0OecreunBarOT NMEPEBO B
oOpatHbIil ko. [lomyduBmmecs: B pe3ynbrare mpeoOpa3oBaHus 0OpaTHBIE KOJa MaH-
THUCCHI YUCTa A 1 MaHTUCCHI YKcia B 3anuckiBatoTesa B peructel RgMA2 1 RgmB2, B
KOTOPBIX OHU XPAHSTCS 70 3aBEPIICHUS Ornepaluu. Takke B 3TUX JIOJDKHA PETUCTpax
MPOU3BOAUTHCS MUKPOOTIEpAIUsl CIBUTa HEOOXOIUMOTO MPHU MPOBEACHUN BhIPABHU-
BaHMUSI TIOPSIIKOB.

Usm Tuem
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Cymmatop SM1 mpegna3HadeH Jis CyMMHUPOBAHHUS MAHTHUCC MCXOJHBIX OIle-
paHnoB. Pe3ynpTaT cymMMHUpOBaHUsA MaHTHCC (MaHTHCca pe3yibTaTa MS) mocie BbI-
MIOJTHEHUS ONEpall CYMMHUPOBAHHMSI 3allMChIBAETCS] B PETHCTP MAaHTUCCHI pe3yibTaTa
RgmsS.

Cymmatop SM2 npenHa3HaueH Ui BBIYUTAHHS MOPSAKOB UCXOAHBIX OMEpaH-
JIOB B Mpollecce MX BbIpaBHUBaHUS. EJNMHBIN BHIPOBHEHHBIN MOPAIOK (MOPSAIOK pe-
3yJIbTaTa) 3alUCHIBAECTCA B PETUCTP MOPsiAKa pe3yibrara RgpS.

Peructper RgMS u RYPS noKHBI O3BOJIATH BBIMOJIHUTH HOPMAIU3AIUIO pe-
3ynbTaTta, T.e. RgMS nomkeH obecrneurnBaTh BO3MOKHOCTh BBITIOJHEHUSI MHKPOOTIE-
paruu caBura, a RgpS — obecrieunBaTh BO3MOKHOCTh KOPPEKITMH TOpsIKa Ha 1.

[Tockonbky ko7 0OpabOTKM OTJIMYEH OT KOJOB BBIAAYM pe3yjbTaTa B CXEME
IPUCYTCTBYIOT mpeoOpa3oBaTenu koaoB pesyabrata [IKmS u IIKpS, ¢ BrIx0m0B KO-
TOPBIX PE3YyJbTAT BBIINOJIHEHHON OINEpalry CIOKEHUS JBOMYHBIX YHCEIN C IUIABAIO-
el TOYKOH BBIIAETCS MOJIB30BATEIO.

1.3 Paspaborka u onucanue (PyHKIHOHAJIBHOWH CXeMbl CIleHNpPoLecCcOpa.
DJIeMeHTHI H Y3JIbl ONIEPALIMOHHOI0 ABTOMATA CIlelIpoLeccopa

B dyHKkiMoHanbHON CcXeMe OIEepalMOHHOTO aBTOMAaTa HCIOJb3YIOTCS Clie-
JYIOIINE 3JIEMEHTHI U Y3JIbI.
Peructp ManTucchl HICXOAHOTO onepaHa 4 NpeACTaBiIeH HA pUC. 2.

Rg
— o3| g |e3—

— o Q1f—

— DO Q0 p—

Pucynok 2 — Peructp MaHTHCCBHI UICXOAHOTO onepaHa A

Rgm1 npencrasisger coboit 4-pa3psaHblil mapaiiebHbIA PETUCTP.

D0-D3 — npsimbie Bxoawl peructpa (D2, D3 — 3nakoBwie paspsasi, DO, D1 —
3Havamue; npuuéM D3 — 3HakoBbIi paspsan, D2 — pazpsg nepenonnenus, D1 —
crapiuii 3Havanui paspsa, DO — mmammmii).

[Ipeana3zHaueH A 3alUCU M XpaHEHUsI MAHTUCCHI A TMOCTYMAaroUiel B crell-
IPOLIECCOP B JOTOJIHUTEIBLHOM KOJIE.

JTucm
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Nmeer npsimbie Beixoabl Q0-Q3 (Q2, Q3 — 3nakosble, Q2, Q3 — 3Hauamue;
npuuéM Q3 — 3HaKoBbIN pa3psa, Q2 — paspsa nepenonnenus, Q1 — crapuit 3Hava-
mwid paspsa, Q0 — mumammuii). B qanbHeWeM py ONMMCAaHWN OCTAIBHBIX 3JICMCHTOB
U y3JIOB ONEPAIIMOHHOTO aBTOMAaTa Ha3HAYEHHE Pa3psI0B COBMANAET C BbIIICYKa3aH-
HBIM.

Pexumbl paboTHI:

[Ipu mocTyniaeHUN Ha BXOJA S €AMHMIIBI IPOU3BOJUTHCS 3amuch ¢ BxoaoB DO-
D3 u undopmarus nosisisiercs Ha npsiMbix Beixoaax Q0-Q3.

Peructp ManTrcChl HCXOAHOTO ONEpaHIa B npeacTaBieH Ha pUc. 3.

Rg

— D1 QlfF—

— 1o QO |—

Pucynok 3 — Peructp MaHTHCCBI HCXOAHOTO oniepanaa B

RgmM2 — 4-pa3psiaHblil mapaiieabHbIA PETUCTD.

D0-D3 — npsiMble BXOABI PETUCTDA.

[IpennasnaueH ans mpueMa W XpaHEHUS MaHTHCCH onepaHaa B B momomHu-
TETHHOM KOJI€.

Nwmeet npsimbie Bexoae1 Q0-Q3.

Pexxumbl paboThI:

[Ipn mocTymieHUM Ha BXOJA S JOTUYECKOW €IWHUIBI MPOU3BOAMUTHCS 3aMHCh
uHpopmanuu ¢ BxoaoB D0-D3, koropas mosiisieTcst Ha mpsamMbIx Beixoaax Q0-Q3.

Peructp nopsinka ucxoaHoro onepanga 4 nNpeacTaBlieH Ha puc. 4.

Rg
— D3| p1 |Qf—

— b1 Q1f—

— 1o Q0 —

Pucynoxk 4 — Peructp nopsika UCX0IHOTO onepanaa 4

[/ 2m
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Rgpl — 4 pa3psaaHblil napaJyIeNbHbIA PETHCTP.

D0-D3 — npsiMbie BXOBI pETUCTPA.

[IpennasHaueH 11t mpreMa U XpaHEHUs MOpsAKa yucia A TpeaCcTaBICHHOTO B
IpsIMOM KOJIE.

Nwmeet npsimbie Bexoas1 Q0-Q3.

Pexumbl paboTHI:

[Ipu mocTymiaeHUN Ha BXOJA S JIOTMUECKON €AMHMIIBI MPOU3BOIUTHCS 3AIMUCH C
Bx0710B D0-D3 u nundopmarus nossisercs Ha npaMbix Beixogax Q0-Q3.

Peructp MaHTHCCBHI UCXOQHOTO OmnepaHna 4 mpeodpa3oBaHHOrO B Koj oOpa-
0oTKa (B 0OpaTHBIN KOJT) TOKAa3aH Ha puc. S.

Rg
— o3| ma [Q3F—
—o2| ™ |ezf—
— D1 Q1fl—
— D0 Qof—
— >
—> s

Pucynok 5 — Peructp mantucce! onepanga 4 8 OK

RgmMA mnpencrasisier coboit 4-pa3psHblid MOCIEA0BATEIbHO-TTApATIICIBHBIN
pErucTp.

D0-D3 — npsiMbie BXO/BI pETUCTPA.

[Ipeana3zHaueH A npruema, XpaHeHUsl U CIIBUra BIPaBO (B CTOPOHY MJIAIIIMX
pa3psiIoB) MAaHTUCCHI A TIPEICTaBICHHON B 0OpaTHOM KOJIE.

Nwmeet psimbie Bbxoae1 Q0-Q3.

Pexxumbl paboThI:

[Ipu nmocTymaeHUun JOTUYECKON €IUHULIBI Ha BXOJ S TIPOU3BOAUTHCS 3aIUCh C
Bx0/10B DO-D3 u undopmarius nossusiercs Ha npsMbix Beixogax Q0-Q3.

Tak kak mpu BEIPAaBHUBAHUM MOPSIIKOB HEOOXOUMO OJJHOBPEMEHHO C KOPPEK-
nUeld mops/iKa MPOU3BOJIUTH CIABUT MAHTHUCCHI, TO MPU MOCTYIJIEHUU JIOTHYECKON
CIIMHUIIBI HA BXOJ > MPOMCXOIUT MOAUDUIMPOBAHHBIA CIBUT WHPOPMAIUK XPaHSs-
mielics B peructpe (00paTHOTO KOJia MaHTHCCHI Yncia A) B CTOPOHY MIIAJIIINAX pa3psi-
JIOB.

Peructp maHTHCCBI HCXOIHOTO oOlepaHaa B mpeoOpa3zoBaHHOrO B Koj oOpa-
0oTKa (B 0OpaTHBII KOJI) TOKa3aH Ha puc. 6.

[/ 2m
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RgmMB — 4 pa3psaHblil ocaea0BaTeIbHO-IapaIEIbHbIN PETUCTD.
D0-D3 — npsiMbie BXOBI pETUCTPA.

[Ipeana3zHaueH as npuema, CABUIa BIIPABO U XpaHEHHs] MaHTUCCHI B B oOpart-

HOM KOJI€.
Nwmeet npsimbie Bexoas1 Q0-Q3.

Rg

— D1 Qlf——

—1Dpo Q0 —

Pucynok 6 — Peructp manTucce! onepanga B 8 OK

Pexxumbl paboTHI:

HpI/I IMOCTYIIJIICHUHU JIOTUYECKOM CANHHUIBI HA BXOJ, S IMPOU3BOJUTHLCS 3aITUCh C

Bx0710B DO-D3 u nndopmarnus mossisercs Ha npaMbix Berxogax Q0-Q3.

Tak kak nmpu BIpaBHUBAHUU MOPSIKOB HEOOXOAMMO OJHOBPEMEHHO C KOPPEK-
MeW Mops/iKa MPOU3BOJUTH CIBUT MAHTUCCHI, TO MPH MOCTYIJICHUM JIOTMYECKOU
CIMHUIIBI Ha BXOJI = MPOUCXOJUT MOIU(DUIIMPOBAHHBIA CABUT MH(POPMAIIUN XpaHsi-
mieiics B peructpe (00paTHOTo Koja MaHTUCCHI YUCIIa B) B CTOPOHY MITAJIIIMX pa3psi-

JIOB.

Peructp nopsnka ucxonHoro onepasga 4 npeoOpa30BaHHOrO B KOJI 00paboTKa

(B 0OpaTHBI KOM) MOKa3aH Ha puc. 7.

Rg

— D1 Q1f—

— DO Q0 f—

Pucynoxk 7 — Peructp nopsiaka onepanga 4 B OK
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ROPA — 4 pa3psiHbIil pETUCTP-CUETUHK.

D0-D3 — npsiMble BXOABI PETUCTPA.

[Ipeana3zHaueH s npueMa, XpaHeHus U npuoOasieHus 1 k nopsaky yucna A B
oOpaTHOM KOJI€.

Nwmeet nipsimbie Bexoasr Q0-Q3.

Pexumsbl paboTHI:

[Ipu mocTyniaeHUN Ha BXOJA S JOTHYECKON eAMHHIIBI IPOU3BOIUTHCS 3AIUCH C
Bx0710B D0-D3 u nundopmarus nossisercs Ha npaMbix Berxogax QO0-Q3.

Tak kak npu BbIpaBHUBAHHUH MOPSIKOB HEOOXOAMMO OJHOBPEMEHHO CO CIIBU-
TOM MaHTHCCHI TPOU3BOJIUTH KOPPEKIUIO MOPSIAKA, TO IPU MOCTYIUIEHUU Ha BXOA +1
JIOTUYECKON €AUHULbI POUCXOIUT NPUOABICHUE €IMHULIBI K COJIEpKAIIEMYCs B pe-
TUCTpPE YUCITY.

Peructp nopsnka ucxonHoro onepasga 4 npeoOpa3oBaHHOTO B KOJ 00paboTKa
(B 0OpaTHBIN KOJ) MOKa3aH Ha puUC. 8.

Rg
—— D3 pB Q30—
—{ D2 Q20—
—— D1 Qlo—
—— DO Qoo—
—p +1
—» S

Pucynok 8 — Peructp nopsinka onepanga B 8 OK

RgpB — 4 pa3psaHblil perucTp-cYeTUHK.

D0-D3 — npsiMbie BXOABI PETUCTPA.

[Ipeana3znauen st npuema, npubasieHus | u xpaHeHus nopsiaka B mocty-
NAKOILEro B CHENIpoLeccop B 00paTHOM KOJE.

Nwmeet unBepcHbie BoIxo 161 Q0-Q3.

Pexxumbl paboThI:

[Ipu nmoctynieHun Ha BXOJ S €IMHULIBI MPOU3BOJAUTHCS MapalijiesibHAas 3aluCh
¢ Bx010B D0-D3 u undopmanus nosipisieTcss Ha uHBepcHbIX Bbixoaax Q0-Q3.

Tak kak Mpu BbIpABHUBAHUM MOPSIKOB HEOOXOJIMMO OJHOBPEMEHHO CO CABH-
IOM MaHTHUCCHI TPOU3BOIUTH KOPPEKIIMIO MOPSIKA, TO IPU MOCTYIJIEHUU Ha BXoa +1
JIOTUYECKON €AUHUIBI MPOUCXOUT NPUOABICHUE €IMHULIBI K COJIepKAIIeMyCs B pe-
TUCTPE YUCITY.
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Peructp mMaHTHCCHI pe3yibTaTta S MpeAcTaBIEHHOrO B Koje o0paboTke (B 00-

paTHOM KO/Ji€) MPUBEAEH Ha puc. 9.

RgmMS — 4 paspsinHblil yHUBEpcanbHbIN peBepcuBHbIN peructp. D0-D3 — mps-

MBI€ BXOJIbl PETUCTPA.

Peructp npeanasHayeH AJig MpueMa CJBHUra BIPaBo (B CTOPOHY MIAAIIMX pa3-

PSI0OB) M BIEBO (B CTOPOHY CTapILINX Pa3psiioB), XpaHEHUS MAaHTHUCCHI S B MIPEICTaB-

JIEHHOU B 0OpaTHOM KOJE.

Rg

— D3 Q3 |—
—D2 Q2|—
—m Q1l|l—

—{po Qo f—

Pucynok 9 — Peructp mantuccsl pesynsrata S B OK

Nwmeet psimbie Bbxoae1 Q0-Q3.
Pexxumbl paboThI:

HpI/I IMOCTYIVICHHUHU Ha BXO[ S noruueckoun CAWHUILI ITPOU3BOJAUTHCA 3aIIMCh C

Bx0710B DO-D3 u nndopmarus mossisercs Ha IpaMbIX Berxogax Q0-Q3.

Bxon Sn mpennHasHaveH Ui ToJadd BABUTAeMOW WHGOpPMAIIUU TIPU CIABUTE

COJICPKMMOTO PErHCTpa BIEBO (B CTOPOHY CTapIINX Pa3psoB).

[Tpu mocTyIuIeHNH Ha BXOJ —> JOTHYECKOM CIMHMIIBI MTPOUCXOIUT MOAUPHUII-

POBaHHBIN CABUT MH(POPMAIIMHU BIPABO (B CTOPOHY MJIAAIINX Pa3psaoB).

[Tpu mocTymIeHnH Ha BXOJ € JIOTMYSCKON €AMHHIIBI MPOUCXOJUT CIABUT HH-

dbopmanuu BiIeBO (B CTOPOHY CTApIIUX Pa3psiAOB), IPU ITOM B MUK 3HAYAIINI

pa3psia BABUTAETCS 3HAKOBBIN pa3psii.

[IpsiMbIe BBIXOMBI PETUCTPA UMEIOT TPU COCTOSIHUSA. [Ipu mocTymieHnn Ha BX01

E noruueckoll eAMHUIIBI TPOUCXOIUT BblJlauya Ha MPSIMbIE BBIXOJbI perucTpa uHpop-

MAallU¥ HaxoJsiencs B perucrtpe. Eciam Ha BXo4 E MOJaH JIOTUHYECKAN HOJIb — BBIXO-

Abl pErucTpa HaxXoJATCs B TPETHEM BBICOKOMMIICJAaHCHOM COCTOSTHUU.
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Peructp nopsiaka pe3ynprata S MpeacTaBIeHHOTo B Kojie 00paboTke (B oOpaT-
HOM KOJI€) npuBeAEH Ha puc. 10.

ROpS — 4 pa3psaaHblil yHUBEpCATBHBIN pErucTp.

D0-D3 — npsiMbie BXOABI pETUCTPA.

Rg
— 03| ps |@3|—
| © |o2}—
— o Q1f—

— o QOf—

Pucynox 10 — Peructp mopsiaka pesynprara S B OK

Peructp npennasHaueH ais npuema, BelunTanus 1, mpubasienus 1 u xpane-
HUS TIOpsZIKA pe3yabTaTa S B 00paTHOM KOJe.

Nmeet npsimbie Bexoas1 Q0-Q3.

Pexxumbl paboThI:

[Ipu mocTynnaeHnn Ha BXOA S €AMHMIIBI TIPOU3BOIUTHCS 3amuch ¢ BXxoaoB DO-
D3 u undopmarus nosiBisieTcs Ha mpsiMbix Beixoaax Q0-Q3.

[Ipu nmoctymienun Ha Bxona +1 eAUMHUIBI TPOUCXOAUT apU(PMETHUUECKOE MPH-
OaBJIeHHE eIMHUIIBI K COJAEPIKAIIEMYCSl B PETHUCTPE YUCITY.

[Ipu noctynienun Ha BXOA -1 €AMHUIBI POUCXOJUT apU(PMETUYECKOE BbIUH-
TaHUE €IMHULBI U3 COAECPKALIETOCS B PETUCTPE YUCTIA.

[IpsiMbIe BBIXOJIBI pETUCTPa UMEIOT TpH cocTosiHUA. [Ipu moctyniennun Ha BXo
E norumdeckoil eIMHUIIBI TPOUCXOAUT BblJaya Ha MPSMbIE BBIXOAbI peructpa uHPop-
MalllU¥ HaxXoJsIencs B perucrtpe. Ecay Ha BXo4 E MOJaH JIOTUYECKUU HOJIb — BBIXO-
JIbl PETUCTPA HAXOASATCS B TPETHEM BHICOKOMMIIEJAHCHOM COCTOSIHHUH.

CymmMmaropsl SM1 u SM2 Bxondiiue B mpeoOpa3oBareiid KOJIOB MaHTHUCC HC-
XOJIHBIX OIepaHyoB A U B npuenens! Ha puc. 11.

SM1, SM2 - 4 pa3psigHbie cyMMartop.

AO0-A3 BxoxabI yncna A.

B0-B3 Bxoanb! uncia B.

C — BXOJI BXOJIHOTO MIEpEeHOCA.

JTucm
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S0-S3 BeIx0ABI CyMMBI uncen 4 u B.
P — nepeHoc B cneayromuii pa3ps.
CyMMaTopsI IpeTHa3HAYCHEBI TSI TepeBojia MaHTucC 4 1 B B 00paTHBIN KOI.

— A1 S1fb— — st b—o

— A0 SO pb— —1 A0 S0 —

— B3 — B3
— B2 — B2
— B1 — B1

— BO — BO

Pucynok 11 — Cymmaropsl mpeoOpa3oBaresield KOJJOB MAHTHUCC UCXOJHBIX OMEPAHJIOB

Pexxum paboThr:

Ha Bxonper A0-4A3 momaercs 4mcio, KOTOpOE HYKHO TEPEBECTH B OOpATHBIM

kox. Ha Bxoner BO-B3 momaercs 3Hak storo umcia. Ha Bxon C momaercs 0. Takum

06p2130M Ha 3THX CyMMaATOpax IMpPOU3BOAHUTCA BbIYMTAHUC CAMHUIBLI N3 MAHTHUCC MC-

XOOHBIX OIICPpAHAOB MOJANOMIMXCSA Ha BXOAbI CICHIIpOOECCOpa B AOIOJIHHUTCIIBHOM

koze. Ha Beixogax SO-S3 momydaercst 9nciio B 0OpaTHOM KOJIE.

Brixon P He ucnosnb3yercs.

Cymmatopsl SM3 u SM4 npegHazHadeHHBIC UII CYMMHUPOBAaHUS MAaHTHCC U

BBIUUTAHUS TOPAIKOB COOTBETCTBEHHO, ONIEPAHIOB A U B mpuBeneHbl Ha puc. 12.

— AL st |— N VY s1—

— A0 SO — — A0 S0 —
— B3 — B3
— B2 — B2

— B1 — B1

(0] el

Pucynox 12 — Cymmaropsl 00pabOTKH MaHTHUCC U MTOPSIAKOB OTIEPAHJIOB
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SMS3, SM4 - 4 pa3psiniHbIE CyMMaTOPHI.

A0-A3 u BO-B3 BXOIbI ClTaraeMbIX.

C — BX0J1 BXOJIHOT'O MIEpEeHOca.

S0-S3 BBIXO/IBI CyMMBI YHCEIT.

P — BBIXOIHOM TIEPEHOC B CICAYIOIIUN pa3psl.

Brixon P u Bxoa C coeAuHEHbI, YTOObI 00ECTEUUTh MUKIUYECKUI MEPEHOC

IIpr CJIOKCHUM.

CymMmarop SM3 nipegHazHaueH ISl CIIOKEHUS MAaHTHCC OnepaHioB A u B me-

maTopa SM3 mosydaeTcsi cyMMa MaHTHCC YMCEeT 0OpaTHOM KOJIe.

peBeAEHHBIX B KO 00paboTku, B 00paTHbIil koa. Ha Bxoasr 40-43 nomaercs nepBoe
cnaraemoe. Ha Bxoaer B0-B3 nogaercs Bropoe cinaraemoe. Ha Boixomax SO-S3 cym-

Cymmatop SM4 npenHasHaudeH JUisl BBIYUTaHUS MOPSAKOB uncen A u B mpen-

HOM KOJC.

CTaBJICHHBIX B 00paTHbIX kojax. Ha Bxonbl 40-43 momaercs mepBoe cinaraemoe. Ha
Bx0/161 B0-B3 momaercs BTopoe ciaraeMoe (MHBEPCHS BCEX Pa3psI0B MOPSIIKA YUCTa
B). Ha Beixogax S0-S3 cymmaropa SM3 mony4aercs cyMMa MaHTHCC YHCe]I B 00pat-

Cymmatopsl SM1 u SM2 Bxoasmiue B mpeoOpazoBaTein KOJOB MaHTHCCH H

NopsIKa pe3ysbTaTa MpuBeeHBI Ha puc. 13.

— A1 s1b— — 1 st b—

— A0 SO P— — A0 SO b—

— B3 — B3
— B2 — B2
—B1 — B1

— BO — BO

Pucynok 13 — Cymmaropsl mpeoOpa3oBareiieid KoJIoB MAHTUCCHI U TIOpSJIKa
pesynbTara

SM5, SM6 - 4 pa3psigHbie CyMMAaTOPBHI.
AO0-A3 u BO-B3 BXoabI cllara€MbIX.

C — BXOJI BXOJIHOTO MEpEeHOCA.

S0-S3 BBIXO/IBI CyMMBI YUCEII.
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P — BBIXOIHOM TIEPEHOC B CICAYIOIIUN pa3psl.

CyMmMatopsl TIpeHa3HaAYEHBI IS IEPEBOJIa MAHTUCCHI U TIOPSAKAa S U3 o0part-
HOTO B JIOTIOJTHUTEIHHBIA KO/I.

Pexxum paboTsL:

Ha Bxomer 40-43 momaercs 4mciio, KOTOPOE HYXHO TMEPEBECTH B JOTOJHH-
TenpHBIN Ko, Ha Bxonpt B0-B3 mogaetcs 0. Ha Bxox C momaercs 1. Ha Berxomax SO-
S3 mosry4aeTcst 9ucio B AOMOTHUTEIIHFHOM KOJIE.

Brixon P He ucnonsiyercs.

Ha puc. 14 npeacrasieH MyabTUIIEKCOD, MPETHASHAYCHHBIN TSI KOMMYTAITUU
Ha BbIX0J mH(popmaru u3 peructpa RGpA (Bxomasr A0-43) mimu ¢ cymmaropa SM4
(Bxompr SO-S3).

MX
— A3 Q3 |—
—1 A2 Q2 |—
— A1 Q1|l—
—1 A0 Q0 |—
—1s3
—s2
— s
—1s0
—> z

Pucynok 14 — MynbTuniekcop BBIpaBHUBAaHHS NOPSIIKOB

MX — mynbTHILIEKCOp 2*42>4 pa3psios.

VYnpaBneHue npou3BOAUTCS YNPABIAIONIMM CUTHAJIOM Z.

Ecmu Z=0 na Beixoa mynsTuimiekcopa Q0-Q3 moctymaroT curHansl ¢ SM4.

Ecmu Z=1 na Beixoa myastutiekcopa Q0-Q3 moctymaroT curnaist ¢ RgpA.

Takum 00pa3oM Ha BbIXOJAX MYJbTHILUIEKCOpA OyJeM HUMETh MO0 COACpPKH-
Moe peructpa RgpA, B KOTOpOM MOCIJE BbIpaBHUBAHUS MOPSAIKOB COACPKUTCS MOPS-
JIOK pe3yJbTaTa, JM00 pa3HOCTh MOPAJKOB (€CIHM Ha BBIXOJ MYJIBTHUILIIEKCOPA KOMMY-
TUPYIOTCSI Pa3psilibl ¢ BBIXOI0B cymmaropa SM4).

Ha puc. 15 npuBeaén MynbTUILIEKCOP, MPEIHA3HAYECHHBIN 11 KOMMYTAllMU Ha
BBIXOJ HOJISI.

MXpS — 2*4>4 MyabTUILIEKCOP pa3psI0B.

[Ipeana3znauen ansg npensTcTBUsA 3anucu B peructp PS umcna —0. Tak kak B
o0paTHOM KoJie UMeeTcsl JIBy3HA4YHOCTh HoJig (+0 u -0), To mpu mepeBoje Mopsiaka
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pe3ynbTara U3 00paTHOTO KOJA B JOMOJHUTEIHHBIM HEOOX0AUMO mpeodpa3oBaTh -0
B +0.

MXpS

—o1 Qlf—

— 0.0 Q0 f—

— 13
— 1.2
— 11

— 1.0

PucyHok 15 — MynbTUIIIIEKCOP MCKITIOYEHHUSI IBY3HAYHOCTH HOJIS

Ha Bxozp1 0.0-0.3 momaercs 3nadueHue PS Ha Bxoxasl 1.0-1.3 mogarorcs ‘0°.

VYrpaBieHue npoucXoIuT CUTHAIOM Z.

Z=0 na Boixoq mynsTuILiekcopa Q0-Q3 moctymnatot curnansi ¢ 0.0-0.3.

Z=1 Ha BBIXOJ MYJBTHIUIEKCOpa MOCTymnatT curHaisl ¢ 1.0-1.3 (BeiOupaetcs
+0).

[IpeoOpazoBarens nopsnka yucia 4 u3 npsmoro kojaa B ooparusiii D1 (puc.
16) mpencraBnsier coOOM NBYXpa3psAHBIA yNpPaBIISeMblid UHBEPTOP MO3BOJISIOLINN
WHBEPTHUPOBATh 3HAYAILIME pa3psiibl MOPSAKA €CIU 3HAK MOPSAKAa OTPULATEIbHBIN U
Mepearoni ux "Kak eCTh' €Clu 3HaK MOJI0KUTEIIbHBIM.

D1

T j
pA3 | pPA3
pA2 — | pA2
PAL —— pAl
PA0 —— =1 o —— pAo

| |

| |

| L [=1 |

| |

| |

_______ -

Pucynox 16 — IIpeoOGpazoBarens nopsiika unciia 4 U3 NpsSMOro Kojia B 00paTHBIN

JTucm
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[Tockonbky B 00paTHOM KOJ€ UMEETCs ABY3HAUHOCTH HYJIS, TO AJi OOHApyxe-
Hua +0 u -0 ucnosp3yercs cxema, puBeAEHHas Ha puc. 17.

\4

Pucynok 17 — Onpenenurens HOJIA B 0OpaTHOM KOJie

ITo Takoii cxeme mocTpoeHsl onpenenutenn Host D2, D3, D6, D9, ucnonb3ye-
MbI€ B (DYHKIIMOHAJIBHOM CXE€ME OMepaIlmOHHOI0 aBTOMAaTa CIeIpoIieccopa.

Kpome 3Toro B cxeme UCHOJIB3YIOTCS TP ABYXBXOJIOBBIX CyMMaTOpa Mo MOAY-
o 2. Oto D4, D5 u D8, npenna3zHadeHHBIC COOTBETCTBEHHO JJII OOHAPYKEHUS Ha-
PYIICHUST HOpMaJu3alliid MAaHTUCCHI pe3ysibTaTa CIipaBa, OOHAPYKEHUS HapyIICHUs
HOpMaJIu3allii MAaHTUCCHI PE3ysibTaTa CJIeBa U OOHAPYKEHUS NIEPENOTHEHUS pa3psii-
HOM CETKH NOPSAKA pe3yJIbTaTa.

Cxema D7 npencraBnsier coboit jornueckuit anement 4U. [Ipennasnauen s
yhOpaBieHus: paboToN MyJnbTUILIEKcOpa BbiOOpa nopsanka MXpS. Ecnu nopsigok pe-
3ynbTaTa paBeH -0, TO 1aHHAs cxema OOHapyKMBAeT AaHHBIN (akT, GopmMuUpys J0ru-
YECKYI0 €IMHUITY Ha BBIXOJE. DTa UHUIIA TTOCTyNaeT Ha aApeCHbIN BX0J Z MYJIbTH-
miekcopa MXpS u Ha BeIXOJI MyJIbTUILIIEKCOpa nepenaétes +0.

Cxema D10 npencrabiisieT coboit nornueckuit snemenT 4. [Ipeanaznadyen ais
oOHapy:xenus koja "11.11" (-0 B oOpaTHOM KOZE), KOTOPBIA MOKET BOZHUKHYTh MPH
HOpMaJIU3alluy pe3ysbTara.
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2. PazpaboTka rpag-cxeMbl MUKPOIIPOIPAMMBI.
2.1 IlpeacTaBiieHne aJropuTMa B Bujae rpag-cxeMbl

Jlnis mpecTaBIeHUsl alrOpUTMOB UCTIONB3YETCs CIIEMATBHBIN Tpad-CXEeMHBIH
S3bIK, OCHOBHBIMHU 3JIEMEHTAMU KOTOPOTO SIBJSIOTCS (DYHKIIMOHAIBHBIE U BCIIOMOTA-
TeJIbHBIE OJIOKH, ONMCHIBAIOIINE ONIepauy airopurMa [3, 4, 8].

KaxoMy nelcTBHIO, OCYIIECTBISIEMOMY aIrOPUTMOM, MPUIAETCS 3HAYEHUE
Mukpoornepanuu. JIrodass MUKpoorepanusi U3MEHSET COCTOSHHE (YHKIIMOHATIBHBIX
y3JI0B pa3padaTbIBAEMOI0 YCTPOUCTBA.

I'pad-cxema muxponporpammsl (I'CM) cTpouTcs ¢ UCHONB30BaHUEM OJIOKOB
YEeTBhIPEX TUNOB (puUC. 1) M TMHUH CBA3M, CBA3BIBAIOIINX OJIOKH.

v
Omnepatop VYcnosue
v
a o 8 2

Pucynox 18 — Bepunbsl 'CM: a - HayanbHas; 6 - oniepaTopHasi; 8 - yCJIOBHAS;
2 — KOHeYHas

HavanpHbiil 670K OTMEUaeT Hayajo ajlropuTMa M MUMEET €IMHCTBEHHBIM BBI-
XO/l, U3 KOTOPOTO UCXOJUT JIMHUSI CBSI3H K TIEPBOMY BBHITIOJIHSIEMOMY OJIOKY Tpada.

OmnepaTopHbIit OJIOK OMpeAeseT NeUCTBHE — MUKPOOIIEPAIII0, COBOKYITHOCTh
COBMECTUMBIX MUKPOOTIEPALIUH.

Y ca0BHBINM OJIOK UCTIONB3YETCS ISl pa3BETBICHUS BHIYUCIUTEIBHOTO MPOoIecca
B OJTHOM M3 JIBYX BO3MOYKHBIX HAIPAaBJICHUN B 3aBUCUMOCTH OT 3HAUYECHUS MPOBEPSE-
MOT'0 JIOTHYECKOTO YCIOBHS.

Koneunsrit 6710k 0TMEYaeT KOHEI] MUKPOTIPOTPAMMBI.

I'CM cuuntaeTcsi KOpPEKTHOM, €CIIU BBITTOJIHSIOTCS CIEAYIONIUE YCIOBUS:

1) I'CM conepuT KOHEYHOE YUCIO OJIOKOB, KaXKIbI U3 KOTOPBIX MPUHAIIC-
JKUT K MIEPEUUCIICHHBIM TUIIAM;

2) uMeeT OAWH HavaJbHbBIM U OJUH KOHCUYHBIA OJIOK;

3) BBIXOJBI U BXOJIbI OJIOKOB COSTUHSIOTCS C TIOMOIIBIO TUHUM CBSI3H, HAIIPaB-
JICHHBIX OT BBIXOJa MPEIBIIYIIET0 0JIOKa KO BXOTy MOCIEAYIOIIETO;
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4) Ka)XIbIi BBIX01 OJI0KAa COCTMHEH C OJTHUM BXOOM;

5) u3 moboro 6510Ka CyIIECTBYET XOTs OBl OJIUH MyTh K KOHEYHOMY;

6) OIMH W3 BBIXOJOB YCIOBHOIO OJIOKa MOXKET COEAUHATHCA C €€ BXOJOM, UTO
HEJIOMYCTUMO JJIs1 OIEPATOPHOTO OJIOKA;

7) B KaXJOM YCJIOBHOM OJIOKE 3allMCBHIBACTCS OJMH M3 BXOJHBIX CHUTHAJIOB
YIPABIISIIONIETO aBTOMATA;

8) B KaXXJIOM OMNEPaTOPHOM OJIOKE 3aIUCBIBACTCS OrnepaTop (MUKPOKOMAaH/Ia U3
MHOKE€CTBAa MUKPOKOMAH]I).

['CM nensitcst Ha colepkaTellbHbIC U 3aK0UpoBaHHbIe [5, 6]. B comepkarens-
HOl 'CM B yCIIOBHBIX U ONEPATOPHBIX BEPIIMHAX 3aIIMCHIBAIOTCS YCIOBUA U Olepa-
Topsl. [Ipumep comepxarensroit 'CM npencrasned Ha puc. 19.

3akogupoBanHas [’ CM oTian4aeTcs OT COIEpPKATEIBHOU TEM, YTO B YCIOBHBIX
Y ONEPATOPHBIX BEpUIMHAX 3aIMMCHIBAIOTCS CUMBOIBI x1, ..., x, u y1, ... ,yyn, oOTO-
IECTBJISIEMBIE C OCBEIOMUTEIBHBIMU U YIIPABISAIOIIMMH CUTHAJIAMU Y A.

Ha puc. 20 npencraBnena 3akoaupoBanHas ['CM, moiydeHHass Ha OCHOBE CO-
nep>xatenpHoi 'CM puc. 19,

RgA: =0 yl
0 ® 1 0 1
RgA: =RgA+1 RgA: =RgA y2 y3
Pucynox 19 — ConeprxarenbHast Pucynox 20 — 3akoaupoBanHas
I'C™M I'CM

broku B anroput™Me COEAMHSIOTCS JIMHUSIMU CBSI3H, 0003HAYAIONMMHU HAIPaB-
JeHue nmoroka. Hampapienne moToka cBepxy BHHU3 U CIIPaBa HAJIEBO CUMTACTCSA CTaH-
JTAPTHBIM.

B cnydasx, korga HeoOX0oaMMO BHECTH OOJBIIYIO SCHOCTH B rpad cxemy (Ha-
npuMep, TIPU COSTUHEHUSX ), Ha JTUHUSX UCIOJIB3YIOTCS CTpenku. Ecim moTok umeet
HaIpaBJCHUE OTIUYHOE OT CTAHAAPTHOTO, CTPEIKH JOJDKHBI YKa3bIBaTh 3TO HAIpPaB-
JICHUE.
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JluauM B cxemax JOJIKHBI MOAXOAHUTH K BepiinHe (0J0Ky) 1160 cBepXy. Tub0
CJIeBa, a UCXOJUTh JUOO CHUY, JIUOO CrpaBa, MPUUYEM BapUAHT, KOT/Ia TUHUS BXOJIUT
B BEPILUVHY CBEPXY, @ BBIXOJUT CHHU3Y SABJISETCA MPEANIOYUTEIbHBIM. JINHUN TOJKHBI
OBITh HAIlPaBJIEHbI K HEHTPY CUMBOJIA.

JInHnAM CBSA3M MPOBOJSTCS NApajuIeIbHO BHEIIHUM Kpasm Jincta. [Jomyckaercs
nepeceyeHre ux Wi u3rud nox yriaom 90°. PexkomeHnayemoe paccTossHHE MExXAy Ma-
paJIIeNIbHBIMU JIMHUAMHU TIpH n300pakeHnn 'CM gaHHOTO KypcoBOTO MPOEKTa — He
MEHEE 5 MM.

B kaxnprii onepaTopHbIi 070K (BEPIIMHY) MOXKET BOWTH U BBIMTH TOJBKO IO
OJIHOM NMMHUM CBs3H. W3 yClIoBHOTO O70Ka BBIXOAAT ABE JUHHUH CBSA3H. JIMHUK MOTYT
BBIXOJIUTh U3 IIPABOT0 M JIEBOT'O YIJIOB, JINOO CHU3Y U M3 OJHOTO U3 yriaoB. Han cBs-
35IMHU, BBIXOSIIMMH U3 YCIOBHOro Osioka, muimyT cioBa "Jla", "Her", unu craBst
uugper "0", "1", npuuém "0" coorBercrByer "Het",a "1" —"la".

2.2 OcBe1OMUTEIbHBIE CUTHAJIBI X HCNOJIb3yeMble B CIielnmpoieccope

X1 Curnan o HaJIM4Kuy Ha BXoaax yuces A u B;

X2 BoixonHO# curHan cxembl oOHapykeHus Hynst; X2=0 ecnu PA He paBHa 0 u
X2=1, ecnu pA =0;

X3 BoixonHo# curHan cxeMbl oOHapyskeHust Hyns; X3=0 ecnu pB He paBna 0 u
X3=1, ecnu pB =0;

X4 [Ipu3Hak HapyIIEHNUs] HOpMAIU3alUK CIIPaBa;

X5 [Ipu3Hak HapyIIEHUs] HOPMAIU3alK CJIEBA;

X6 BrixomHoii curHan cxeMbl oOHapyskeHus Hyms; X6=0 ecnmu MS He paBHa 0 u
X6=1, ecitu mS =0;

X7 3HaK COAEPKUMOT0 PErucTpa mopsaka Rgps;

X8 [Ipu3Hak nepenoaHeHus pa3psaaHon ceTku; ecnu X8=1, To nmpownsouuio nepe-
MOJIHEHHE TTOPSIKA;

X9 BrixogHo#t curnan cxembl oOHapykeHus: Hyns; X9=0 ecnu pS He paBeH 0 u
X9=1, ecnu pS =0;

X10 BeixonHo# curnan cxembl oOHapyskenus -0; X10=0 eciu pS He paBeH -0 u
X10=1, ecnu pS =-0;
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Y1,Y2,Y3

Y4,Y6, Y12, Y13
Y5, Y7, Y9, Y11,
Y14, Y19

Y8, Y10, Y18

Y15, Y20

Y16

Y17

Y21
Y22

1.

2.3 Ynpapasiioliye CUTHAJbI Y HCMOJIb3yeMble B cIielnmpoueccope

3anuch nHGOPMAIIMHU C BXOJIOB JIAaHHBIX CIEIIPOIleccopa B
COOTBETCTBYIOIIUN PETUCTD;

MoauduimpoBaHHbIM CIBUT WUH(POPMAIIUU, COACpKaIehHcs
B COOTBETCTBYIOIIEM PETUCTpE.

3anuch MmapajyiebHOro KOJa B COOTBETCTBYIOIIUN PETUCTD;

VYBenuueHue Koja HaxXoJSIIErocs B COOTBETCTBYIOIIEM pe-
TUCTpPE HA €IMHUILY;

Brimaua pesynbratoB u3 peructpoB RgmS u RgpS Beixon
CIELITPOLIECCOPa;

Kommyranusa mynstumexcopa; ecian Y13=0 To Ha BBIXOJ
MYJIbTUIUIEKCOpa TiepeaaeTcss uHGoOpMaIus ¢ HYJIEBOTO
BX0/a, a ecyii Y13=1, To ¢ nepBoro;

ApudmMerrueckoe yMEHBIICHHE Ha €JUHUILY KOJa, COJAep-
*arerocs B RgpsS;

[lepenonHenne pa3psIHON CETKU;

Curnan o HaTUYMK Ha BRIXOJAaX PE3ysbTarTa;

2.4 I'pag-cxema MUKpPONIPOrpaMMbl

JTU3UPOBAHHOTO TPOIIECcCopa.

2.5 CiaoBecHoe onucanue rpadg-cxeMbl MUKPONIPOTPaMMbI

Y3 B cOOTBETCTBYIOIIHE perucTpsl. [lepexoaum Ha 6110k 3.

B ¢ muHbI aHHBIX B perucTp nopsaka B no curnany Y11. [lepexonum Ha 6510k 4.

Ha puc. 21 npencraBinena rpag-cxemMa MHUKPONPOrPAMMBI COCTaBIIEHHOW €
Y4E€TOM TEXHUYECKOTO 3aJlaHUsl U pa3pabOTaHHOW (PYHKIIMOHAIBHOW CXEMBI Clielra-

brnok 1. ITpoBepsieM oCBeIOMUTENbHBIN cUTHA X1, HalIU4Me BXOJHBIX YHCEI
Ha muHe gaHHbIX. Ecim X1=1, To nepexoaum Ha 010k 2. Ecin X1=0 omsts Ha 610K

biok 2. [Ipon3BoauM 3amuch OnepaHaoB C ITUHBI JaHHBIX 10 curHaizam Y1, Y2,

brok 3. IIpousBonum 3amuch NEpPeBEACHHBIX B OOpAaTHBINA KOJ OMEPaHOB IO
curHaiam Y5, Y7, YO B coorBeTcTByIOIIME perucTpshl. [IponsBoanM 3anuck nopsiaka
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biok 4. IIpon3BoauM 3anuch JAHHBIX B PECUCTP MOPSAKAa CYMMBI 10 CUTHAILY

Y19. Ilepexoaum Ha OJ0K 5.

bnok 5. Ilposepsiem ocBepomurenbHbid curHain X9. PaBenctBo 0 mopsnka

cymmbl. Eciin X9=0, To nopsiaok cymmsl He paBeH 0 u nepexoauMm Ha 0sok 6. Eciu

X9=1 To nopsinok cymmel paBeH 0 u nepexoaum Ha 0710k 13.

( Havano )

yl,y2,y3,yll

L

y5,y7,y9

=

6
y15,y20,y22

<

Pucynok 21 — I'pad cxema MUKpOTIpOTpaMMbl apu(METHUUECKON OTIEPAITUHU CIOKCHHUS

C IUIABAIOIIEH TOYKOW CIIEIUATM3UPOBAHHOTO MPOIIECCcopa
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biok 6. IIpoBepsieM 0cBeIOMHUTENBHBIN CUTHA X7. 3HaK COIEPKUMOIO PErH-
cTpa nopsaka cymmsl. Eciun X7=0, TO OpsIoK CyMMBI ITOJIOKUTENEH, IIEPEXOAUM HA
osiok 10. Ecmu X7=1, TOo NOpsAI0K CYMMBI OTPULIATEIICH, IEPEXO UM Ha OJIOK 7.

biok 7. Ilo curnany Y6 oCyliecTBIIIEM CIBUT MAaHTUCCHI B BOpaBO Ha OJUH
paspsia. [lo curnany Y10 ocymiecTBisieM yBeaudeHue nopsaka B Ha equnuily. [lepe-
XOJIMM Ha OJIOK 8.

bnok 8. IIpoBepsiem ocBemomuTenbHblii curHan X3. PaBenctso 0 mopsiaka B.
Ecnu X3=0, To nopsinok B He paBeH 0 u nepexoaum Ha 610k 4. Ecnin X3=1 To mops-
10K B paseH 0 u nepexoauM Ha 010K 9.

biok 9. 1o curnany Y10 ocymiecTBisieM yBeJIWYEHHE MOPSIKA B HA €NUHUILY.
[lepexoaum Ha 010K 4.

brok 10. ITo curnany Y4 ocyiiecTBisieM CABUT MaHTHCCHhI A BIPAaBO HAa OJWH
paspsia. Ilo curnany Y8 ocyiiecTBisieM yBelnueHue nopsigka A Ha enununy. Ilepe-
XoauM Ha 010K 11.

bnok 11. IIpoBepsiem ocBenomMuTenbHbI curHain X2. PaBenctso 0 mopsaka A.
Ecau X2=0, To nopsinok 4 e paBen 0 u nepexoaum Ha 010k 4. Eciiu X2=1 t0 nops-
oK B paBeH 0 u nepexoaum Ha 010k 12.

brok 12. 1o curnany Y8 ocyliecTBisieM yBEIMYEHHE MOPsAKA A HA €JUHULLY.
[lepexoaum Ha 010K 4.

bnok 13. Tlo curnany Y14 ocyuiecTBisieM 3aUCh JAaHHBIX B PETUCTP MAHTHCCHI
cymMmsbl. [lepexoaum Ha 6ok 14.

bnok 14. IlpoBepsiem ocBenoMuTenbHbIN curHain X6. PapeHctBo 0 MaHTHCCHI
cymmbl. Ecin X6=0, To ManTHcca cymmbl He paBHa 0 1 mepexoaum Ha 0510k 15. Ecnu
X6=1 mantucca cyMmbl paBHa 0 u nepexoaum Ha 00k 26.

brok 15. Ilo curnany Y16 ocyuiecTBiasieM KOMMYTALMIO MYJIbTHIUIEKCOPA,
yTOOBI Ha BBIXOJ MojAaBanach HHPopmanus ¢ 1 Bxona. [IponzBoauMm 3anuch JaHHBIX
B PETHCTp MOpsiiKa CyMMbl 1o curdainy Y 19. Ilepexonum Ha 6510k 16.

biok 16. IIpoBepsem ocBemomMurenbHblii curHan X4. IlpusHak HapylieHus
HOpManu3anuu crpasa. Ecnu X4=0, To HapyleHus] HOpMalM3aluy HET U MepeXoIuM
Ha 6110k 20. Ecniu X4=1 To HOpManu3aius HapylieHa U epexoauM Ha 0710k 17.

brok 17. 1o curnany Y13 ocyiiecTBisieM CIBUI MAaHTUCChI CYMMBI BIIPaBO Ha
onuH pazpsa. [lo curnany Y18 ocyiiecTBisieM yBeIUYEHUE TOPSIKAa CYMMBbI Ha €H-
Huny. [lepexoaum Ha 6ok 18.

brnok 18. IIpoBepsiem ocBenmomutTenbHbli curHan X9. PaBenctBo 0 mopsaka
cymmbl. Eciin X9=0, To nopsimok cymmsl He paBeH 0 u nepexonum Ha 0ok 20. Ecnu
X9=1 1o nopsanok cymmsl paseH 0 1 nepexoaum Ha 0110k 19.

JTucm
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brok 19. Ilo curnamy Y18 ocyiiecTBiisieM yBEIMYEHHE NOPsAIKAa CyMMBbI Ha
enunuity. [lepexoaum Ha 610K 20.

biok 20. IIposepsiem ocBemomurenbHbl curHan X5. IlpusHak HapyumeHus
HOpMayn3auuu ciesa. Ecnu X4=1, To HapylieHUs: HOpMaU3alui HET U MEPEXO0IUM
Ha 0710k 24. Ecan X4=0 To HOpManu3als HapylleHa U mepexoauM Ha 6mok 21.

brok 21. Ilo curnany Y12 ocymiecTBisieM CABAT MAaHTHCCHI CYMMBI BJIEBO Ha
onuH paspsan. [lo curnany Y17 ocylecTBisieM YMEHbIIEHUE MOPSAJIKA CYMMbI Ha €1-
Huny. [lepexonum Ha 610K 22.

biok 22. IIposepsem ocBenomutenbHbii curian X10. PaBencrso -0 nopsiaka
cymMmbl. Ecnin X10=0, To mopsiiok cymmsl He paBeH -0 u nepexoaum Ha 0110k 20. Ec-
a1 X10=1 To nopsaok cymmsl paBeH -0 u nepexoaum Ha 0ok 23.

brok 23 Ilo curnany Y17 ocyliecTBisieM yMEHBIIEHUE MOPSAKA CyMMBbI Ha
eauHuny. [lepexoaum Ha 6110k 20.

biok 24. IIpoBepsieM ocBeqOMUTENBHBIM cUTHAI X8. IIpu3HaKk nepenosHeHus
pa3psaHou ceTku. Ecim X8=1, TO MpoM301LI0 MEPENOTHEHUE MOPSAIKA, ITEPEXOAUM
Ha 010k 25. Ecu X8=0, To mepenoaHeHns HET, U IEPeXOauM Ha OJI0K 26.

bnok 25. OcymecTBisieM Boiiauy curdana Y21. Curdan o nepenoJiHeHUuu pas-
psaaHoil cetku. [lepexoaum Ha 6110k 27.

brok 26. 1o curnainy Y15 ocyiectBisieM Bblayy MH(pOpMalLuUHU ¢ perucrpa
MaHTHCCBl CyMMbl Ha IIMHY JaHHbIX. [lo curnany Y20 ocymiecTBisieM Bblayy WH-
dbopmaluu ¢ perucrpa nopsjka CyMMbl Ha IIMHY JaHHbIX. OCYIIECTBISIEM BbIIAUY
curHaia Y22. Curaan o HaJIM4Mu Ha BbIXoAax pe3yybrara. [lepexonaum Ha 610k 27.

bnok 27 Konen nmporpamMmel

2.6 Tadauna padéoThl onepalMOHHOI0 aBTOMAaTA

[Ipoepounsie uucna: A=-1; B=-3. [IpenctaBum ux B JBOMYHOM CcHCTEME
CUMCIICHUSI B MOJU(PUIIMPOBAHHOM KOJI€ C TUIaBaIOIIEld TOYKOM B KOJaX COOTBETCT-
BYIOITUX TEXHUYECKOMY 3aJJaHUIO:

[MA]ak =11.10 [pA]uk = 00.01;
[mB]ak =11.01 [pBJok = 00.10;

B tabnure paboThl onepanmoHHOTO aBTOMAaTa OTOOPAKEHO COAEPIKUMOE BCEX
PETHCTPOB ONMEPAIMOHHOTO aBTOMAaTa B KaXKJOM TaKTe €ro padOThl MPH BHITOJIHCHUH
OTIepAIINH CIIOKCHUS TTPOBEPOYHBIX YUCE.

JTucm
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Bpems 3arpaunBaeMoe Ha BBINIOJHEHUE CIIOKEHUS 33JaHHBIX MPOBEPOUYHBIX
YUCeJl COCTABIAET 19 TakTOB.

OO0 oxoH4YaHWHW PabOTHI CIEHIPOIIECCOpa MO CIOKECHHIO JIBYX YHCEN C TuIa-
BAONICH TOYKOW CUTHAJIM3UPYET HAJUYHE JIOTUUECKOW €IWHUIIBI Ha BbIXone Y22 —
CUTHAJI TOTOBHOCTH PE3yJIbTaTa.

Tabnuna 1 — motakToBast paboTa ONEPaIMOHHOTO aBTOMaTa

Taxt | Rgm1 | Rgm2 | Rgpl | RgmA | RgmB | RgpA | RgpB | RgmS | RgpS

1 * * * * * * * * *

2 |11.10 | 11.01 | 00.01 * * * 100.10 * *

3 |11.10 | 11.01 | 00.01 | 11.01 | 11.00 | 00.01 | 00.10 * *

4 |11.10| 11.01 | 00.01 | 11.01 | 11.00 | 00.01 | 00.10 * 11.10
5 |11.10 | 11.01 [ 00.01 | 11.01 | 11.00 | 00.01 | 00.10 * 11.10
6 |11.10 | 11.01 [ 00.01 | 11.01 | 11.00 | 00.01 | 00.10 * 11.10
7 |11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 * 11.10
8 |11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 * 11.10
9 |11.10 | 11.01 [ 00.01 | 11.10 | 11.00 | 00.10 | 00.10 * 00.00
10 |11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 * 00.00
11 |11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 | 10.11 | 00.00
12 | 11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 | 10.11 | 00.00
13 |11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 | 10.11 | 00.10
14 | 11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 | 10.11 | 00.10
15 |11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 | 11.01 | 00.11
16 |11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 | 11.01 | 00.11
17 |11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 | 11.01 | 00.11
18 |11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 | 11.01 | 00.11
19 | 11.10 | 11.01 | 00.01 | 11.10 | 11.00 | 00.10 | 00.10 | 11.01 | 00.11

B peructpax RgmS u RgpS conepxurcs pesyapTaT B oOpatHoM koae. Ho me-
pel TeM Kak 4Yucia BbIJAIOTCS HA BBIXOJ CIEUIPOIIECCOpPa, OHU MOIAa0TCs HAa IPeoo-
paszoBareib KOJ0B (CyMMAaTOphl), KOTOPBIC MEPEBOIAT PE3YIbTAT B JOMOTHUTEIBHBIN
koJ. Ha BeIXOABI JaHHBIM cIielpoLeccopa BbIAAETCS pe3yabTaT MPEICTABICHHbBIN B
JOTOJHUTEILHOM KoJie, T.¢. [MS]ak =11.10 [pS]ak = 00.11;
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3 Pa3zpaboTka QyHKUMOHAJIBLHON CXeMbl YIIPABJIAKOIIEI0 aBTOMA-
Ta CHeUMAJIU3MPOBAHHOIO IpoLeccopa

3.1 Ynpapiasiommid aBTOMAT ¢ NMPOrpaMMHPYeMOH JIOTUKOH M NPUHYAM-
TeJbHOU aJpecanuen

[IpunynuTenbHas ajapecanyss MUKPOKOMaHJ COCTOMT B TOM, YTO B KaXJIOH
MHUKPOKOMAHJIE€ YKa3bIBAIOTCS BCE BO3MOKHBIC ajpeca CICAYIOIMMX MHUKPOKOMAH].
Anpec cnenyronieid MUKpOKOMAaHIbI MOXKET 3a71aBaThCsl 0€3YCIOBHO, T. €. HE3aBUCHMO
OT 3HAYCHUU OCBEJIOMHUTEIIPHBIX CHUTHAJIOB, WJIM BBIOMPATHCS MO YCIOBHIO, OMpEae-
JSICMOMY TEKYILIUMH 3HAYCHHSIMH OCBEOMMTEIbHBIX CUTHAJIOB [3, 4, 8].

B passerBisitoneiics 'CM coneprxkaTcs yCJIOBHBIC BEPIIMHBI, U B 3aBUCUMOCTH
OT 3HAYEHHUHN OMPAIIMBAEMBIX B HUX OCBEJOMMTEIBHBIX CUTHAIOB X aJpecC CIEAyIO-
el MUKPOKOMAH/Ibl BBIOMpAETCs U3 IBYX WIIH 00Jiee BO3MOXKHBIX aJIpECOB.

B cBs3u ¢ TeM, 4TO CTpyKTypa YA ¢ MUKPOIIPOrpaMMHBIM YNIpaBJICHUEM CTaH-
naptHa (puc. 22), ycuius pa3paboTUyMKOB HAIPaBILIIOTCS HE HA IMOJYyYCHHE CTPYK-
TYPHOM CXEMBbI, a HA COCTABJIICHUE KOJAUPOBAHHOW MHUKPOIPOTPAMMBI, KOTOpAs 3aIlu-
ceIBaeTcd B stueihiku [13Y.

C 1 RgA N, ¢ R
A
113Y
D
=t RgMK s,
\ CX : Al A0 Y
|:A MUX 0 |MUX
I 1 [
x1 0 X A
X2 1 A
Xm nX v

Pucynok 22 — Ctpykrypa YA ¢ npuHyIuTENbHON aapecanueit
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Ecny npuHATH, 4TO B KaXXA0M MUKPOKOMAHJIE ONPAIIMBAETCS TOJIBKO OJHMH OC-
BEJIOMHUTEIBHBINA CUTHAI Xj, TO (OpMaT MUKPOKOMAaH/IbI Oy/AeT BBITSACTh KaK MOKa-
3aHO Ha puc. 23.

MukpokoMaHia coaepkuT dersipe nossi: CX — moiie ynpaBieHUs BIOOpOM
OIIpaIIMBAEMOI0 BXOJHOTO OCBEJOMMTEIBHOIO curHana xj; A1 — mone appeca cie-
JyIOIel MUKPOKOMAaH/Ibl, €CJIM ONPalIMBAaEMBblii OCBEJOMUTENbHBIN curHai xj = 1; 40
— IIOJIE aJpeca CIEAYIOMEd MUKPOKOMAHJBI, €CJIM OIPAaIlMBAEMbIM OCBEIOMUTEIb-
Helid curHan xj = 0; Y — mosie onepanuoHHON 4acTH MUKPOKOMAHJIbI (I10JIe BBIXO/I-

HBIX YIPABJISIIONIUX CUTHAJIOB).

CX Al A0 Y
1 Ny |1 Nal1 Na|1 Ny

Pucynok 23 — @opmaT MUKPOKOMaH]Ibl Y A ¢ IPUHYIUTEIBbHON aJipecanneit

PaBP}IIIHOCTB ATUX MOJeH OIIpPCACIBICTCA COIJIACHO CIICAYIOIMUM COOTHOIIICHH-
M.

nx = 110gz ny.l,
rac I’lyc — YUCJI0 BXOAHBIX OCBCIOMUTCIIBHBIX CUTHAJIOB X,
Na = —I IOQZ (nyB + non) r’

rae Ngy — YUCIO ONEPAaTOPHBIX BEPINHUH, & Ny — YKCIIO YCIOBHBIX BEPUIMH
I'CM.
Yucno pazpsigoB mosst Y MpU TOPU30HTAIBLHOM KOJUPOBAHUU OTEPAI[MOHHOM
YaCTH MUKPOKOMAaH/IbI OIIPEIEIISIETCS IO CIEAYIOIIEMY COOTHOLIEHHUIO.

ny =K,

rac K — gucio BBIXO/IHBIX YITPABJIAIOMINX CUTHAJIOB.

3.2 Pa3paborka (PYHKUMOHAJIBHOH CXeMbl YHNPABJSIOIIET0 aABTOMATA
crenmponeccopa

ITockonbKy cTpykTypa YA ¢ OpUHYAMTENBHON ajpecaldeil cTaHaapTHa, Mpo-
1ecc pa3paboTKu (PYHKIIMOHAIBHONW CXEMBI 3aKJIFOYAETCS B OMPENCIICHUN Pa3psTHO-
CTel TOJIe MHUKPOKOMAaHIbI M BBIOOpPE Pa3psSAHOCTH PETUCTpa aapeca, PErucTpa
MUKPOKOMAH/I, Pa3psIAHOCTH MYJIbTUIIEKCOPOB U opranuzaiuu [13Y.
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OcHoBBIBasACh Ha pa3pabOTaHHON Ipad-cxeme MUKPOMPOrpaMMbl BBHITTOJIHEHHUS
OTiepaIy CIOXKEHUS C IJIABAIOIIEH TOUKOU OMpPeNeTuM Pa3psiAHOCTh OT/IEIBHBIX MO-
JIE MUKPOKOMAH/IbI U CAMOW MUKPOKOMAaH/IbI B LIEJIOM.

Pa3psaHocTh moss ynpaBieHHs] BBIOOPOM OMPAIIMBAEMOT0 BXOJHOTO OCBEO-
MUTEJIBHOTO CUTHANA!

ny= |log, 10 = 4.
Pa3psaHOCTL MOJIEH axpeca CIeAyIomel MUKPOKOMAH b
na= |log, 26[ =5.

Uucno paspsiaoB nodig Y Mpu FOPU30HTAIBHOM KOJHMPOBAHUU OMNEPALMOHHOU
4aCTH MUKPOKOMAaH/IbI:

Ny = 22.
Pa3psaHOCTE MUKPOKOMAaHBI B LIEJIOM COCTABIISET:
S=ny+2:ny,+ny=236.

Takum oOpaszoM, aJisi peanu3alyl yIpaBIlMIONIET0 aBTOMaTa CHeIpoieccopa
notpedyercs [13Y opranuzanmu 2°x36, 1.¢. [13Y IOIKHO HMETb 5 aJIpECHBIX BXOJIOB,
YTO IMO3BOJIIET OOpamarbes K 32 sueiikam naMatu. Pa3psaHocTh siueeKk JOJKHA CO-
CTaBJIATh 36 pa3psiioB. YcioBHOe Tpaduueckoe obo3HadeHue takoro [I3Y mpen-
CTaBJICHO Ha puc. 24.

Ha Bxox CS (BbiOOpKa KpucTasia) MOCTOSHHO T0JIaH pa3pelaoniui MOTEeHIH-
aJ ¥ MpU NOCTYIUICHUH Ha aJpECHBbIE BXOAbl HOBOTO aJipeca MPOUCXOAUT BblJaya WH-
dbopmaru U3 sYeHKN Ha BBIXO/.

B kagecTBe peructpa aapeca BbIOpaH S-pa3psaHbIi NapayieibHBIA PETUCTP C
BO3MOKHOCTBIO aCHHXPOHHOTO cOpoca. B kaxmaom Takte paboThl criermpolieccopa B
HEM XpAaHUTCA aJpec TeKylleld MUKpokoMmaH[bl. [Ipy ycTaHOBKe B perucrpe aapeca
"00000" (mpu cOpoce) MpOUCXOAUT aapecanus K HyJaeBou sueiike [13Y, B koTopoit
3aMUCHIBAETCS NIEPBAsi MUKPOKOMAaH1a MUKPOTIPOTPAMMBI.

YcnoBHoe rpaduyeckoe 0003HaAYCHHE PETUCTPA aipeca MPUBEAEHO Ha puc. 25.

PexxumMbl paboThI peructpa aapeca:

Bxon R — oOHynenne peructpa.

Bxon C — cunxponn3zanus. [Ipy nocTymieHn CUHXPOUMITYJIbCA MPOUCXOIUT
3aluUCh aJipeca CIeayouel MUKPOKOMAHIbl B PETUCTP.
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— A4 ROM Q35—
— A3 Q#f—
— A2 Qa;—
— AL QRf—
—— A0 Qalf—
Q30—

Q29—

Q28—

Qr—

Q26—

Q25—

Qaat—

Q23—

Q22—

Qaf—

Q20—

Q19—

Qi8—

Qu7f—

Q16—

Q15—

Quf—

Q13—

QR2F—

Quf—

Q10—

Qyf—

Q8 f—

Q7 —

Q6 —

Q51—

Q4—

Q3—

Q2f—

L o1b—
—cs Q0 f—

Pucynok 24 — 13V, npegna3zHaueHHOE ISl XpAaHEHUSI MUKPOIIPOTPaMMBbI BbI-
IIOJIHEHHMSI OTIEPALIUU CIIOKEHHUS C CIIELUAIIM3UPOBAHHOM IIPOLIECCOPE

Ha puc. 26. npeacraBieH MyJlbTHILIEKCOp, MPeIHA3HAYCHHBIN AJ1 BbIOOpa aj-
peca cleayrouen MUKPOKOMAaH/IbI.

MXA — myasTUILIEKCOp 2*5->5 BBIOOpA ajpeca ciaeayroneid MUKpOKOMAaH/IbI.

Bxon Z — Be160p Bx010B A0.0-40.4 mnu A1.0-41.4 u kOMMyTaIusi UX Ha BBIXO-

ne1 Q0-Q4.
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RgD

— D3 Q3t—
— D2 Q22—
—Ib1 Qlpb—

— Do Q0 f—

Pucynok 25 — Peructp azgpeca TeKyiieii MUKPOKOMaH,IblI

MXA

—n0.3 Q3f—
——0.2) Q2 f—
—no.1] Q1f—

——A0.0 QO f—

—AL4]
—AL3
—AL2]
—AL 1]

—ALQ]

Pucynox 26 — MynbsTumiekcop BeiOopa aapeca ciaeayroeid MUKPOKOMaHIbI

Jlist ynpaBieHues: BbIOOpa TEKYIIEro OMNpPAlIuBaEMOTO OCBEIOMUTEITHLHOTO
curHasia X BeiOpaH mynbturiekcop MXX, mo3Bonsroniuii KOMMYTUPOBATh Ha BBIXOJ
ovH u3 16-Tu MHGOPMAIMOHHBIX OJHOPA3PSAIHBIX curHajioB (puc. 27). [ns ynpas-
JICHUS KOMMYTAaIlMel UCTIONb3YIOTCA 4 ynpaBisomux (aapecHsix) Bxoaa Z3-Z0.

[Tockonbky B pa3zpabarsiBaeMoM crierpoieccope Bcero 10 ocBeqoMUTEIbHBIX
CUTHAJIOB MPETHA3HAYCHHBIX ISl KOMMYyTAIu1, TO HHGOpPMAIMOHHbBIE BX0AbI ¢ 11 1o
15-11 HE UCTIONB3YIOTCH.

Peructp Texymieir MukpokomMaHasl (puc. 28) mpencraBiseT co00i mapasuiesb-
HBI 36-pa3psiaabiid peructp. [lapamnensHas 3anuck uHbOpMAIUU (TEKYIEeH MUKPO-
KOMaH/1b1) ipou3BoAuTcs 1o curHany C. [lpu momaue moruueckoi eTMHUITBI HA BXOJ
R — mpousBoautcst o6HyeHne (COpOC) JAHHOTO PETUCTpA.

B 1abn. 2 mpuBeneHo pacmpeerneHrue BX0I0B MYJIbTHILUIEKCOPa BhIOOPA TEKY-
IIETO ONMPAalIBaeMOro CUuraana X.
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Tabnuma 2 — Ha3HaUEHUS AAPECHBIX BXOI0B MyJbTHILIEKcopa MXX curnana X

Hepequb OCBCAOMMUTCIIBHBIX CHUT'HAJIOB X HCIIOJIB3YIOIINXCA B pa3pa6aTHBae—

PucyHnok 27 — MynpTuIiekcop BpIOOpa TEKYILIETO OMPaIMBaeMOro

Ta6nuna 3 — [lepedyeHb OCBEIOMUTEIBHBIX CUTHATIOB X

MOM CHEIIPOIIeCCOpe MPEACTABICH B Ta0M 3.

MXX
z3

z2

Z1

Z0

Qo0

Ll

OCBCAOMMUTCIIBHOI'O CUTHAaJIa

N
w

N
N
N
[EEN
N
(@)

Curuan

P RPOOOOOOO0OOo

OO kFRFRPPFPPFPLPOOOO
O OoOoOrPOOFRPEF OO

POPFRPOPFPOPFPOPFO

X1
X2
X3
X4
X5
X6
X7
X8
X9
X10

X1 | Curgan o HAIMYUH HaA BXoAax dnucea A u B;

X2 | BbIXOJHO# CUTHAI CXeMBbl OOHAPYXKEHUS HYJIS;

X3 | BbIxogHO# curHai cxemMbl OOHApYKEHUS HYJIS;

X4 | Ilpu3Hak HapylIeHUs] HOpMaIM3alliu CIpaBa;

X5 | Ilpu3Hak HapylIeHUs] HOpMallM3alliu CJIeBa;
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X6 | BoixogHoi curHan cxembl OOHApYKEHUS HYJIS;

X7 | 3HaK comepKUMOTO peructpa nopsiaka RgpS;

X8 | [Ipu3Hak nepenosHeHUs pa3psaIHON CETKH;

X9 | BbIxogHOM cHUTHANI CXeMbl OOHAPYKEHUS HYJIS;

X10 | BerxomHo# curaai cxembl oOHapyskeHus -0;

— D35 RgMK Q35—
—— D34 Q34—
— D33 Q33—
—{b32 Q32—
—{b31 Q31—
—D30 Q30—
—{b29 Q29—
—{p28 Q28—
— D27 Q27—
—{p26 Q26—
—{p2s Q25—
— D24 Q24—
—{p23 Q23—
— D22 Q22—
—b21 Q21—
—D20 Q20—
—D19 Q19—
— D18 Q18—
—Dp17 Q17—
— D16 Q16—
—D15 Q15—
— D14 Q14—
— D13
—{pb12 Q13—
—{p11 Q12—
—{pb10 Q11—
— D9 Q10—
— D8 Q9 —
— 7
— D6 Q8 —
— D5 Q7 —
— D4 Q6 —
— D3 Q5 —
— D2 Q4 —
— D1
— Do
R Q2 —
I Q1 f—
C Qo0 —

Pucynok 28 — Peructp Tekyiiei MUKpOKOMaH/IbI
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3.3 Pa3pa®oTKka MEUKPONIPOrpaMMbl BHITIOJTHEHHS 32/IJaHHOH ollepauuu

Pazpaborannas mukpomnporpamma (tadn. 4) 3anocutcsa B [I3Y. B kaxmon
auelike 113V 3anucana oTaenbHas MUKpPOKOMaH/a. BeIonMHEHNE MUKPONPOrpaMMBbl
HAYMHACTCS ¢ MUKPOKOMAaH/IbI, pa3MEIIEHHON B HYJIEBOH sueiike (B suehke ¢ ajape-
com "00000"). 3anecenue B peructp aapeca "00000" ocymiecTBiasieTcss mogavent cur-
Hana R (puc. 22)

Ta6nuna 4 — MukpomnporpamMmma

Anpec [13Y CX Anpec A1 | Anpec A0 Y(1-22)
00000 0000 00001 00000 0000000000000000000000
00001 Fkxk 00010 00010 1110000000100000000000
00010 Fkxk 00011 00011 0000101010000000000000
00011 Fkxk 00100 00100 0000000000000000001000
00100 1000 01100 00101 0000000000000000000000
00101 0110 01001 00110 0000000000000000000000
00110 Fkxk 00111 00111 0000010001000000000000
00111 0010 01000 00011 0000000000000000000000
01000 Fkxk 00011 00011 0000000001000000000000
01001 Fkkk 01010 01010 0001000100000000000000
01010 0001 01011 00011 0000000000000000000000
01011 Fkkk 00011 00011 0000000100000000000000
01100 Fkkk 01101 01101 0000000000000100000000
01101 0101 11001 01110 0000000000000000000000
01110 Fkkk 01111 01111 0000000000000001001000
01111 0011 10000 10011 0000000000000000000000
10000 Fkkk 10001 10001 0000000000001000010000
10001 1000 10010 10011 0000000000000000000000
10010 falakalel 10011 10011 0000000000000000010000
10011 0100 10111 10100 0000000000000000000000
10100 falakalel 10101 10101 0000000000010000100000
10101 1001 10110 10011 0000000000000000000000
10110 FhxK 10011 10011 0000000000000000100000
10111 0111 11000 11001 0000000000000000000000
11000 folealele 00000 00000 0000000000000000000010
11001 folakele 00000 00000 0000000000000010000101
JTucnd
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4 YcaoBHoe rpaguyeckoe 0003HAYEHHME MHKPOCXEMBbI CIIELIIPO-

neccopa

BBIOpAHO CIIEAyIONIee YCIOBHOE rpadudeckoe 0003HaAUCHUE MUKPOCXEMBI (puc. 29).

B cootBeTcTBUU ¢ pa3zpaboTaHHON (PYHKITMOHATHHOM CXEMOU CHEIITpoIieccopa

mA3

mA2

mAl

mAOQ

CP

mS3

mS2

mS1

mS0

SO

Pucynok 29 — YcnoBHoe rpaguueckoe 0003HaU€HHE MUKPOCXEMBI CIIELITPOLIEC-

copa

Mukpocxema pa3pabOTaHHOTO CIIEHUATU3UPOBAHHOTO Mpolieccop mMeeT 29

MH(OPMAIIMOHHBIX BHIBOJOB.

3HavaIuii paspsa, MAQ — MiTaaIImii 3HAYAIHN pa3psin);

3HAYAIMi paspsia, mB0 — Mitaamui 3HavaImid pa3psn);

Ha3znadeHue BXO/I0B CHEHIIPOLIECCOpa:

e MAO-mA3 - mantrcca 4 (MA3, MA2 3HakoBbie paspsabl, MAL — crapiuit

e mMBO-mB3 - mantrcca B (mMB3, mB2 3nHakoBbie pa3psinbl, MBl — crapmuit
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e pAO0-pA3 - mopsimok A (PA3, pA2 3HakoBbie pa3psaasl, pAl — cTapuiuii 3Haya-
i paspsia, pAQ — Maaamui 3HaYaIul pa3psin);

e pBO-pB3 - nopsimox B (pB3, pB2 3HakoBbIC pa3psibl,);

e S|l — curnan o HanmuuuK Ha BXojax yucen A u B (rOTOBHOCTh MCXOJIHBIX OIle-
paHJIOB);

e (C — BXOJ CHHXPOHHU3ALINH;

e R—cOpoc.

HasznaueHnue BbIXOJIOB CIIeIIIpoIieccopa:

e mS0-mS3 - manTHCCca cyMMBI (MS3, MS2 3HaKOBBIC pa3psabl, MS1 — crapmmit
3HavaImi paspsa, MSO — Mitaamii 3HAYAIMH pa3psi);

e pSO-pS3 - mopsamok cymmel (PS3, PS2 3HakoBbIe paspsnabl, PS1 — crapumii
3Havamui paspsa, PSO — Maaamui 3HaYaIui pa3psin);

e P — curHan o BO3HUKHOBEHHH TIEPETIOTHEHUS Pa3psAIHON CETKH;

e SO — curHaj o HaJIU4YHMHU Ha BbBIXOJaX pC3yJibTaTa.
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3akirouenue

Pe3ynbTaToM BBIMOJHEHUS JAHHOTO KYpCOBOTO MpPOEKTa SIBISIETCS pa3pado-
TaHHas (YHKIMOHAJIbHAS CXeMa CIEeUAIM3UPOBAHHOTO MPOLIECCOpa COCTOSIIETO U3
JIByX aBTOMAaTOB — ONEPAIIMOHHOTO W YIPABISIONIETO W BBHIMOJHSIONIETO 33JaHHYIO
apru(pMETUYECKYIO Olepaluio (ornepanuio apuGMeTHUIecKoro CIOKEeHUsI B 00paTHOM
KOJIE IBOMYHBIX YMCEJ MPEJICTABICHHBIX B MOIU(UIIMPOBAHHOM KOJI€ C IJIaBaOIIEH
3amsTon).

[TocTaBneHHas 3aa4a penieHa noJHoCThio. Crenanu3upoBaHHbIN Mpolieccop
criocobeH 00pabarpiBaTh JTHOOBIE ABa 8-pa3psAIHBIX YHcia (4 pa3psaa MaHTUCCH U 4
paspsjia nmopsiKa 4ucia).

B kaudecTBe BapuaHTa peanu3aiii OnepalmoHHOr0 aBToMara CIelmpoieccopa
BBIOpaH BapUaHT C JIBYMs CyMMaTopaMu 0OpaTHOTO KOJia, OJIMH U3 KOTOPBIX MpeHa-
3HAuYeH I 00pabOTKU MAHTHCC MCXOJHBIX OMEPaHIOB, a IPYyroi — st o0paboTKu
nopsiikoB. HecMoTpst Ha TO, UTO MPUHSATHIA BapUAHT peau3aliu ¢ ABYMsI CyMMaTO-
paMu 1O CPaBHEHMIO C BApUAHTOM, KOTJa U MaHTHCCA U MOPSAI0K 00padaThIBalOTCs
Ha OJIHOM CyMMAaTOpe€, UMEET HECKOJIbKO OOJIbIIINE allapaTypHbIe 3aTpaThl, BpeMs
BBHITIOJIHEHUST OMEpalii CYMMHPOBAaHUS MEHbIIE 3a CUET TOr0, YTO OTCYTCTBYET
MYJIbTUIUIEKCUPOBaHUE HHGOPMAITUH T10/1aBa€MOM Ha BXOJIbI CyMMaTOpa.

Odopmiierre pabOThI BHITIOTHEHO ¢ YYETOM HOPMATUBHBIX IOKYMEHTOB [2, 9].
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