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nonyyeHa 22 03 2006

AHHOTauusa

B pa6oTe onucbIBaeTCs Uepapxmyeckas Mofe/b MpPorpaMm, NocTPOEHHbIX Ha 0CHOBE aBTOMATHOI0 NoAxoAa
K MporpamMmmMupoBaHuio. MprBoAMTCS NPUMep aBTOMATHOM MOAENM CUCTEMBI YNPaB/eHNs KOheBapKOiA.

1. BsepeHue

CTaTbs MOCBsILLEHA OMWUCAHMIO MEePapXMUecKoi Mofesiv MpPorpaMM, MOCTPOEHHbIX Ha OCHOBE aBTOMATHOrO Mof-
Xofla K nporpammupoBaHuio [2, 3, 4, 5]. TexHosorusi aBToMaTHOro MpPOrpaMMUpPOBaHUA SIBMSIETCS [OCTATOY-
HO 3(h(PEKTUBHOI MPU MOCTPOEHUM MPOrPaMMHOro o6ecrneveHnss «peakTUBHbLIX» CUCTEM W CUCTEM SI0rMYECKOro
yrnpaBfieHNUsi. dTa TEXHOMOTUs, He UCK/IYas ApYrMx METOA0B MOCTPOEHUSI MPOrpaMMHOro obecreyeHUss «6e3
OLWKM6OK», CYLLEeCTBEHHO 60/lee KOHCTPYKTMBHA, TaK KakK MO3BOJISIET HauMHaTb «60pbOYy C OWIMGKamMu» elle Ha
cTagun anroputMmsaumm, Bonee Toro, aBTOMaTHbIM NOAX0A K MPOrpaMMMpoBaHMI0 C TOUKUW 3PEHNUST MOJEMpPoBa-
HWUSI U aHaM3a NPOrpPaMMHbIX CUCTEM UMEEeT Psf NPEVMYLLECTB MO CPABHEHUI C TPAAMLMOHHBLIM noaxodoMm. Mpu
MOCTPOEHMW MOAENUN ANsi NPOrpamMMbl, HanvMcaHHoW TPaAWMLMOHHBIM CMOCco60M, BO3HMKAET cepbésHasi npobrieMa
afleKBaTHOCTM 3TOl MpOrpamMMHoOli MoAenu ANs UCXOAHOW nporpaMmbl. Mofenb MOXeT He yYuUTbiBaTb psif Npo-
rpamMMHbIX CBOWCTB WM MOPOXAaTb HecyllecTByLMe cBolicTBa. Mpu aBTOMaTHOM MPOrpaMMUpPOBaHUN Takas
npo6siemMa UCK/oYeHa, NMocKosibKy' Habop B3aMMOAECTBYOLMX aBTOMATOB, OMMCbLIBAKOLLNIA JIOTMKY Mporpammsl,
y>Ke SABNSETCA afjeKBaTHOW MOZesblo, M0 KOTOPOoK (hopMasibHO U M30MOPGHO CTPOUTCS MPOrpamMmHbIii Mogysb. U
3T0 fABMsIeTCs 6ecCropHbIM MJIIOCOM aBTOMATHOM TexHoMormm. K ToMy ke CBOWCTBA NporpaMMHOi CUCTEMbI B BU-
[le aBTOMaToB (hOPMYJ/IUPYIOTCH U CNeLMpULMpyoTCs eCTECTBEHHbLIM U MOHATHLIM 06pa3oM. [poBepka CBOIACTB
OCYLLECTBJ/ISIETCA B TEPMUHAX, KOTOPbIE eCTECTBEHHO BbITEKAIOT M3 aBTOMATHOM MoAenu NporpamMmbl.

Mpy aBTOMaTHOM MOAX04E K MPOEKTMPOBAHWIO U MOCTPOEHMIO MPOrpaMM A/1sl 3a4ad JIOTMYEecKoro ynpassie-
HUsI BbIAENSATCS ABE YacTu: CUCTEMHO He3aBMCUMAs U CUCTEMHO 3aBucumasi. [epBasi yacTb peasinsyeT JIOrTUKyY
nporpamMmbl 1 3afaéTcsl CUCTEMOW B3auMOAecTBYOWMX aBToMaToB Mypa-Muan. MpoeKTUpoBaHMe KaXKAoro
aBTomMarta COCTOMT B CO34aHUUW MO C/IOBECHOMY OMUCAHWK (AeKnapaumy 0 HaMepeHUsIX) CXeMbl CBsi3eid, onu-
cbiBawOLeli ero nHTepdeiic, n rpada Nepexofos, ONPeAensioLLero ero nosegeHue, Mo 3TUM ABYM LOKyMeEHTam
thopmanbHO M M30MOPGHO MOXET 6bITb MOCTPOEH MOAY/b MPOrpamMMbl (CUCTEMHO 3aBMCUMAasi YacTb), COOTBET-
CTBYWOLLNIT aBTOMATY.

2. Vepapxuuyeckass mofeslb aBTOMaTHbIX MPOrpamMmmMm «peakKTUBHbIX»
CUCTEM U CUCTEM JIOTMYECKOro ynpaB/ieHUs

PaccmMoTpuUM MepapXxmnyeckyto CUCTEMY B3aMMOAENCTBYIOLLNX AeTEPMUHNPOBAHHbLIX KOHEUYHbLIX aBTOMAaToB
A = (Ac, N1y...., Aik,, =9 An\,..., JT;4n),

rae n u ki (1 < r < n) — HaTypa/ibHble uncna. ABTomMaT A0 Ha30BEM OCHOBHbIM, OCTaslbHble aBTOMaTbl —
B/IOXKEHHbIMU. Mexy BCEMU aBTOMaTaMW YCTaHOB/IEHA MepPapxusi Mo Bbi3biBaeMoe™ (BMOXKeHHOCTW). ABTOMAT
Aij MOXeT BbI3blBaTb (NepefaBaTtb yrpaB/ieHWe) CTOSWEMY HWXKE MO Mepapxuy aBTomaTy ~ B Takom cny-
Yyae aBTOMaT AL, Ha3blBAeTCs r/1aBHbIM, a N — B/IOXKEHHbIM (W11 BbI3bIBAEMbIM). Y KaXK[0ro BIOXKEHHOro
aBToMaTa CyLLecTBYeT TO/IbKO O4WH [/1aBHbI/i aBTOMAT, U3 KOTOPOro OH BbI3bIBAETCS.

CucTema aBTOMaToB A paccMaTpuBaeTcsl Kak cUcTema YrpaB/ieHUss HeKOTOpbIM 06beKTOM. CuctemMa A rmo-
JlyyaeT 0T 06bEKTA YNpaB/ieHUs coGbITUS, XapaKTepu3yloline, HaNnpuMep, U3MeHeHME ero COCTOSIHUS, a Takxke
cama 3arnpaluvBaeT TeKyLiMe napamMeTpbl 06bEKTA, YTO TAKXKE CUMTAETCSl BXOLAHLIM BO3AEACTBMEM Ha cucTemy A.
B T0 >Xe BpeMs cuUCTeMa yNpaB/ieHUsl, pearupysl Ha nocTynawlLy MHpopMaLuio, caMa 0KasbiBaeT BO3AelCTBUS
Ha 06BLEKT yMNpaB/ieHUs.
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Kpome onvcaHHOro B3aMMOAENCTBUSA C «BHELUHel cpefoli», NPOUCXOAUT aHaUIOTMYHOE B3anMogeincTeme aBTo-
MaToB MeXAy Co60li BHYTPU CUCTEMbI, NMOCPEACTBOM Mepefayn (CO CTOPOHbI FIaBHOMO aBTomMara) ynpaB/fieHusl ¢
HEKOTOPbIM COGLITUEM BJIOKEHHBLIM aBTOMaTaM W OTCMEXUBAHUEM WX TEKYLLIUX COCTOSTHUIA.

B paccmaTpuBaemMoil MofesiM coGbiTUS 0T 06bEKTA YMNPaBfeHUs MPUHUMAET M pearvpyeT Ha HUX TOJSIbKO
OCHOBHOW aBToMaT A0, BMIOXEHHbIE XKe aBTOMaThbl 06pallalnTcst K 06BLEKTY YMpaB/eHMs1 TOMbKO C 3anpocamm
COCTOSIHMA €ero napameTpoB (NMPUYEM BMIOKEHHbI aBTOMAaT MOXKET cfe/laTb 3arnpoc /Wb B TOM C/lydae, ecsiu
rNaBHbIi aBTOMAT Mepefan emMy yrpasfieHUE).

Puc. 1. Mogens B3aMMogeicTBusi cuctembl A ¢ 06bEKTOM YrMpaB/ieHUs!

OnucbiBaemass mMogesb B3aMMOAEACTBUSA CUCTEMbl yrpasBrieHUs A c 06beKTOM ynpaB/ieHWs MokasaHa Ha
puc. 1. Ha pucyHke cobbiTnua 0603HaYaloTCs CMMBO/IOM €, 3amnpocbl K 06beKTY ynpasrieHus (BXO4Hble BO3AeW-
CTBUA) — X, TeKyllee COCTOSAHME HEKOTOPOro asTomMarta AL, XpaHUTCS B MepemMeHHo!™ y %), a BbIXOAHble BO3AeW-
cTBUA 0603HavalTCA Z.

MoBegeHne ni6oro aBTomata A cucTeMbl A aHaslorM4yHO MOBeAEHMI0 BCeli CUCTEMbl B TOM CMbIC/le, 4TO
aBToMaTt A pearvpyeTt Ha npovsoLlefline cobbiTUA N B 3aBUCUMOCTM OT CBOEr0 COCTOSAHMSA, COCTOSIHUS BJIOXKEH-
HbIX aBTOMAaTOB M COCTOAHMA 06beKTa ynpaB/fieHNs OKasblBaeT BO34eNCTBME Ha 06BbEKT yrnpasB/ieHUs WM XXe Ha
B/IOXKEHHble aBTOMaThbl, Nepegasasi UM yrnpas/ieHNe C HEKOTOPbIM COBbITMEM.

0O6o3Hauum Ea = {e-j.,. =., efc} MHOXXeCTBO Bcex UMEH cobbITUIA, Ha KOTOpble pearmpyeT astomat A. Onpege-
UM Ha MHoXKecTBe Ea nepeMeHHyto cobbITUlA €, B KOTOPY 6yAeT nomew,aTbCs MM MPOon30LLeLero cobbiTus
ans astomarta A. TeKyllee 3Ha4YeHUe MepemMeHHol e byaem obo3HayaTb Hpa(e).

Takxe BBeAéM MHOXKecTBO Xa = {xI1(... p)kn} 3anpocoB aBToMata A K 00beKTy ynpasneHus. Kaxablii
3anpoc pacueHWBaeTCa KakK HeKOTOpbl/i npeamkaT, UCTMHHOCTb KOTOPOro 3aBUCUT OT COCTOSHWUS MapameTpoB
06BbeKTa ynpassieHUs.

HakoHel,, BBeféM Za —{zi,... ,Zr} MHOXeCTBO BbIXOAHbIX BO34eicTBMIA aBToMaTa A. [puyém Bo3aelicTBMA
Zi paccmaTpuBalTca ABYX BUAoB. MMepBas rpynna Bo34elicTBUIA — 3TO BO3AEMCTBUSA HEMOCPEACTBEHHO Ha 06b-
eKT ynpasneHus. BosgencTBma BTOPOro Tvna — nepegava ynpas/ieHUs BIOXKEHHOMY aBTOMAaTy C HEKOTOPbIM
cobbITueM (reHepaumnsa cobbiTUSA A7 BAOXKEHHOr0 aBToMarta). B aTom cnydae BbIxofHOe Bo3feiicTBue z%mmeeT
Bua A'(e'j), rae Al — BnoXKeHHbIi aBTOMaT, a ) — CreHepMpoBaHHOe COObITUE aBTOMATOM A /151 BNOXEHHOrO0
aBToMata A’, KOTopomy nepefaérca ynpassieHne ans o06paboTKM 3TOro cobbITUS.
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Torga asTomaT A ynpasnswLweil cucteMbl aBToMatoB A npegctasniseT cobon Habop (£, Qfg>B, X, 7,6),
roe

® Q = (<0)9i) mmm Jra} *—KOHEYHO0e MHOXXECTBO COCTOSAHUI aBToMaTa A,
® [p — Haya/IbHOe COCTOSAHUE;

e E = {ai, 02,..., a*} — KOHeuHblii anhaBUT NOMETOK Ayl MEPEXOLOB;
® 5 Q X E = Q — (hyHKUMA NepexooB U3 O4HOI0 COCTOSAHUA B 4PYroe.

Kaxabli nepexoq cpabatbiBaeT no onpegesiéHHOMY npasuiy. MNpexae Yem onucbiBaTb Npaswia MNepexoios,
BBeAEM eLg psaa 0603HaYEHUIA.

Ans meTku nepexoga a £ E o6o3Haumm IM.'(a) cobbiTMe, HA KOTOpPoe aBToMaT A pearmpyeTt npu cpadarbiBaHUN
nepexoga ¢ MeTKoi a.

Byaem o6o3Havatb X(a) MHOXXECTBO 3arpocoB K 06beKTYy ynpas/ieHUsA, UCTUHHOCTb KOTOPbIX TpebyeTca Ans
cpabaTbiBaHMA nepexoja ¢ NOMETKONM a

MycTb Z* — MHOXXeCTBO KOHEYHbIX MOC/1ef0BaTe/IbHOCTEN BbIXOAHbLIX BO3AelcTBUIA, Torga ansa a £ E o6o-
3Hauum Z*(a) 6 E* nocnepoBaTeNbHOCTb BbIXOAHbIX BO34eMCTBUIA, KOTOpas MPOMCXOAUT MNpu cpabaTbiBaHUK
nepexoga ¢ NMOMeTKOW a.

Tak>ke o189 NPOM3BOSILHOIO COCTOAHUA ( aBToMaTa A 0603Hauum Z*(q) £ Z* nocnefoBaTesIbHOCTb BbIXOAHbIX
BO3JENCTBMI, KOTOpas A0/IXKHA BbINOIHWUTLCA NPV nonagaHun (rnepexoge) aBToMaToMm B COCTOSIHUE Q.

W, HakoHel, nycTb ¥Y(a) — nNpeaukar, 3aBUCALLMIA OT COCTOSAHUI BJIOXKEHHbIX aBTOMAaTOB, UCTMHHOCTb KOTO-
poro Heobxogmma A1 cpabaTbiBaHWsS nepexofa ¢ MOMETKON a.

MpaBuno nepexoga M3 COCTOAHUA ¢ B COCTOSIHME ' MO METKe a MMeeT cneayowniil Bug,

g, a: ife= B(a) and (x true, V® G X(a)) and ¥ (0.) = true
then Z*(a); Z*{q")\ goto q'.

Taknm 06pa3omM, NpaBnso Nepexoja B HOBOE COCTOSIHME MOXXHO onucaTtb Tak. B obwiem cnyvae, nocse nosny-
YeHMs cobbITMA aBTOMAT B 3aBMCMMOCTM OT CBOEr0 TEeKYLLEero COCTOSHUS pearnpyeTt (UWiM HUKaK He pearupyer)
Ha cobbiTne, onpalunBaeT nMapameTpbl 00beKTa ynpaBfieHUs, YUUTbIBAeT COCTOSAHMWSA BJIOXKEHHbLIX aBTOMAaToB,
3aTeM NPOM3BOAUT MoC/ef0BaTes/IbHOCTb BbIXOA4HbLIX BO3AEACTBUIA, BK/OYAA U Te BbIXOA4HbIE BO3AEACTBUSA, KOTO-
pble He06X0A4MMO COBEPLUINTL MPW MoMNajaHuM B HOBOE COCTOSIHWE, WM TO/IbKO Mocsie 3T0ro MepeBoAgMTCA B HOBOE
cocTosiHMe (KOTOPOe MOXKET 6biTb TeM >Ke caMbiM B C/lydae neTnu).

BbixogHoe BO3feCTBME MEPBOro Tuna, Harpas/ieHHOe Ha 06beKT yMnpaBneHWs, CUMTaeTca cpasy >Ke ocy-
LLeCTBNEHHbIM MOC/e ero NpMMeHeHUs. BbixogHOe BO3[elCTBMe BTOPOro Tvna, npeacrasnsiolee coboli nepega-
4y ynpasfieHs C CO6bITMEM BJIOKEHHOMY aBTOMAaTy, CHYMTAEeTCA BbINO/IHEHHbIM TOMIbKO NULWb MOC/Ne peakumn
B/ZIOXKEHHOrO0 aBToMaTa Ha 3TOo cobbiTWe, KOTopas 3ak/loyaeTcs B TOM, YTO NM60 aBTOMAaT MEPExXoAuT B HOBOE
cocTosiHMe (cpabaTbiBaeT OAMH M3 NEPEX0A0B B/IOXKEHHOro aBToMara), IMbo cobbiTUe UTHOPUPYETCA B/IOKEHHbIM
aBToMaTom (HW OAMH M3 MepexofoB cpaboTaTb He MOXKeT). [lo Tex Nop Moka BbIXOA4HOEe BO3AelCTBME BTOPOro Tuna
He ocyLiecTBuTCA, paboTa (npouecc nepexofa B HOBOE COCTOSIHME) FNaBHOMO aBToMaTa npuocTaHaB/MBaeTCs.

Ba)kHO 0TMeTUTb, YTO MpaBuK/ia MepexofoB, a TOUHee Yc/0BMA cpabaTbiBaHWSA MepexofoB, AO/DKHbI yAoB/e-
TBOPATb YC/I0BUIO AeTEPMUHUPOBAHHOCTA (UM OPTOrOHANbLHOCTK), T.€, MPU HACTYMJIeHUN HEKOTOPOro cobbiTusA
MOXXeT 6bITb FOTOB K cpabaTbiBaHWIO He 6osiee YeM OAMH rnepexod. Ecnm HWM ogviH nepexof B TeKyliem COCTO-
AHMM NPU HAcTYNNEHNUN HEKOTOPOro cobbiTUs cpaboTaTb He MOXeT (YC/10BUA MEPEXOA0B He BbIMOHANTCS), TO
cobbITMEe NrHopupyeTcsa (NepemMeHHas cobbITUI e ANA 3TOro aBTomaTta 06Hy/seTcs).

Janee paccmMoTpuM MepapxmMyecKyld ModefNb aBTOMAaTHbIX MporpamMm Ha MNpUMeEpe CUCTEMbl YNpaB/eHUs
KOo(heBapKOIA.

3. ABTOMaTHas Mofe/fib CUCTEMbI YrpaBneHns KoeBapKoi

PaccmMoOTpMM CUCTEMHO HE3aBMCMMYK YacTb aBTOMaTHOM MporpamMmbl, KOTopasi 0TBeYaeT 3a JI0rMKyY ynpas/ieHUs
KoheBapKoii.

Mopgenb KodheBapKu npefcTtaBfieHa Ha puc. 2. KoteBapka Mo3BosisieT BblOMpaTb KONMYECTBO Mopuunii Kodge
[ONS1 BapKM C MOMOLLbIO KHOMOK «+» (YBE/IMYUTb KOMYECTBO Mopuuii Ha egnHuL}) U «—» (YMEHbLUUTb KOMU-
4YecTBO MOPUUIA Ha eAVHULLY).

B KotheBapke npefycMoTpeHa BO3MOXHOCTb WHAMKALMW OTCYTCTBMS BOAbl M OCHOBHbIX HeucnpasHocTel (Ha-
npuvmMep, He paboTaeT HarpeeaTesib UKW He UCMpPaBeH OAMH M3 KanaHoB). KonnyecTBo nopuumii nameHsietcs ot 1
[0 5. [py NonbITKe YBe/IMYUTbL MaKCMMa/lbHOe 3HaYeHre NopLumi HaXKaTUeM KHOMKU «-(-» HUYEero He NpouUcxXoauT
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Puc. 2. KoeBapka: 1-- eMKOCTb ANS BOAbl, 2 — eMKOCTb A1 KUNAYeHUa, 3 — unbTp ¢ Kohe, 4 — Konba ona
rotToBOro Hanutka, 5 — gucnnei, 6 — fgaTumkK BoAbl, 7 — BXOAHOW KnanaH (knanaH 1), 8 — BbIXOAHOW KnarnaH
(knanaH 2), 9 — HarpeBaTeflb Kuns4yeHusi Bogpl, 10 — 6orinep, 11 — KHOMKa yBe/IMYeHUS «+», 12 — KHomMka
yMeHbLIEHUA «—», 13 — KHomnka «OkK», 14 — KHonka «C» (0TMEHA).

(aHanornyHo ans 3HaveHMs nopuyuini 1 Haxxatue «—» UrHopupyetcs). OTAeNbHO BbigensieTca 06beKT «boiniep»,
KOTOPbIV COCTOUT U3 KNanaHoB 1 1 2, HarpesaTesisd U eMKOCTU A/19 KunadeHus. Aucnneid KodeBapku pasbuT Ha
YyacTu, NCNosb3ylowmecs 419 VHAWKALUMW COCTOSIHWUI KnanaHoB, HarpeBaTens n cobCcTBEHHO KodeBapKu.

B KodheBapke BblAeNATCA YETKO BblpaXkKeHHble M0A06bEKTbI YNpaBneHus (borinep, kKnanaHbl N HarpesaTersb),
KOTOpblE MMET CBOW CO6CTBEHHbLIE MOACUCTEMBI yrpaBneHnsa. Kaxaaa nofcmucreMa yrnpasneHus npeacrassieHa
B BUAE KOHEYHbIX aBToMaTtoB Mypa-Munn, BbICTPOEHHbLIX B Mepapxuio. B pesynbTaTe norvyeckas 4yacTb CUCTe-
Mbl yrnpaBneHns KodeBapKoW MMeeT BUA CUCTEMbl B3aMMOLENCTBYOLMX aBTOMaToB. ABTOMAT, Haxogsawumiics
BbILLE MO Mepapxun, yrnpasnseT CBOMMU BIOXKEHHLIMW aBTomMaTaMu MyTem reHepaumm cobbiTUA U nepegavym nm
ynpasfieHus ¢ 3TUM cobbiTuem. Kpome Toro, aBtomart C/lefuT 3a COCTOSAHUAMMU B/IOXKEHHbIX aBTOMATOB, TakK Kak
OT HUX MOTYT 3aBUCETb €ro Co6CTBEHHbIE Mepexofbl Mo COCTOAHUAM.

Jvarpamma B3anMOoAelcTBMSA aBTOMAaTOB npefcTaBsieHa Ha puc. 3. ABTomaT AO, HasbliBaeMblli OCHOBHbIM,
nonyyaeTt OoT NaHesu ynpasneHus (nNaHesim KHOMok) cobblTuA eOr, Ha KoTopble OH pearvpyeT. CneunansHoe co-
6biTne €O, reHeprupyemMoe MOCTOAHHO CUCTEMHbIM TaliMepoM, WUCMOMb3yeTcs A4S MPOBEPKW YC/I0BUIA NepexosoB
(ycnoBuin Ha gyrax aBTOMaToB), KOTOpble He MpesycMaTpMBal0T peakumnio HA Ha 04HO 13 cobbiTuin eOr. ABTomMaT
AO B3ammogeiicTByeT ¢ aBTomaTom Al, NepefgaBas emy ynpasseHue ¢ cobbiTusamu eli n eO. Takke aBTomat AO
oTcnexkmnsaeT cocToAHUA Al 4vepe3 nepemMeHHy Y1 NMpu Takom B3aumogeicTBun aBtomaTt AO cumMTaeTcs rna.-
HbiM, @ A1l — BNOXXEHHbIM. AHaNOrMYHbLIM 06pa3oM MPONCXOANT B3aMMoAelcTBMe aBToMata Al C B/IOXKEHHbIMU
aBTomatamu A2, A31 n A32.

Puc. 3. Anarpamma B3auMOAeicTBMSI aBTOMATOB YNpas/ieHus!
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ABTomaT AO peanusyeT JIOTUKY ynpasneHUss KogeBapkoii. OH pearnpyet Ha HakaTue KHOMOK Ha MaHe-
N1 ynpaeneHus (Mpu 3ajaHuy Koan4vecTBa MopuumiA, 3anycke mpouecca Bapku, 0TMEHEe Bapku, cbpoce onbKu
M T.4.), NepeaaBasl ynpas/ieHWe Ha BPeMsi BapKu Kodie B3avMOAENCTBYIOLLEMY C HVMM aBTOMAaTy Yrnpas/ieHUsi
6oiinepom Al. VH(opMaumus 0 TEKYLLMX COCTOSTHUSIX KO(heBApPKMU 0ToGpadkaeTcsl Ha AWCHIIee.

Cxema cBsizeil 1 rpad nepexofoB aBToMaTa ynpasneHUsi KoeBapkoii AO npeAcTaBfieHbl Ha puc. 4.

Cpefa ynpasneHust ABTOMAT YynpaB/eHusl KoheBapKoii

Q loToB Kk paboTte

e01
'z03
4
e02 e01
z03 zQ4

| +

1, Bbibop konmyectsa

nopuuii
ell &y1=0
z03 01
z05, Al(ell)
i
e0O&yl=6
4. MNpepBaHO _
pep €02 &vl 1= 7 2. BapuT kocpe 207, Al(e12)~ 3. Kodpe rotos
nosb3oBaTenem
206, Al(el2) Al(0)
7 e0&yl =7 e0O&yl!=7&yl =6
e0&yl!=0 Z?B
Al(el2)
A €02 5. HeucnpasHoCTb

703, Al (13)

Puc. 4. Cxema cBsizeli 1 rpad nepexogoB aBTomaTa ynpassieHUs Kogesapkoihi AO

ABTomart Al peanusyeT NOrMKY yrnpasfeHWs 60i/IepoM, KOTOpbIA HEMOCpeACTBEHHO OTBeYaeT 3a MnpoLecc
Bapkun Kodge.

B npouecce Bapky KOHTPOAUPYHOTCA paboTocnocobHOCTb KanaHoB, HarpeBaTesisd, a TakXXe MpoBepsieTcs
Hanuumne BoAbl. B criydyae HeucnpaBHOCTM OA4HOr0 M3 K/anaHoB WM HarpeBaTens BapkKa MnpepbiBaeTcs M Bbl-
CBEYMBAETCA Ha AMCrsiee COOTBETCTBYIOLLEe npedynpexgeHwe. B cnydae oTCyTCTBUA BOAbl B €MKOCTWM BapkKa
npuocTaHaB/MBaeTCcs, NMoka Boda He byaeT fonuTta Anbo Nosb3oBaTeslb He MPepBeT Bapky.
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ABTOMAT ynpaBsieHUs Golnepom

Puc. 5. Cxema cBA3eii 1 rpad nepexofoB aBTomaTa ynpasneHus 6oiinepom Al



Mepapxuueckas Mofesib aBTOMaTHbIX Mporpamm

ABTOMAT ynpaBneHUsa HarpesaTenem

ABTOMAT ynpaBJ/ieHUA KjaanaHoMm

Puc. 6. Cxembl cBSI3eil 1 rpadhbl NEpPexofoB aBTOMAaTOB yMnpaB/ieHUsi HarpeeatesieMm A2 u KianaHom .43
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Ecnin He npouvsowio nosioMoK, MpoLecc BapKW MOBTOPSETCA [0 TeX Mop, Nnoka He OyAeT CBapeHOo YCTaHOB-
NleHHOoe KONM4yecTBO Nopumii Kohe. OANH LMK BapKy COOTBETCTBYET OA4HOW MOPLMN.

ABTomaT Al B3aMmogencTByeT ¢ aBTomaTom ynpasneHus AO, nepegasas nocriefHemy TeKyllee COCTOSIHMe
M nony4vasd oT Hero cobbiTuda. ABTomaT Al TakKe B3ammogenicTByeT ¢ aBTomatamu A31l, A32 (oTBevdawwmmm
3a ynpasJsieHMe KnanaHamn 1 v 2) v A2 (ynpasnswowmM Harpesartesiem), rnosiyyas Ux COCTOSAHUSA U MocbIIas UM
cobbITUA.

Cxema cBs3eli 1 rpad nepexofoB aBTomMaTa ynpasseHus 6osiepom Al npeactasrnieHa Ha puvc. 5.

ABTOMAT A2 peanunsyeT JIOTUKY YNpas/ieHUs HarpesaTefibHbIM 3/ieMeHTOM. OH NoAdep>KuBaeT TemnepaTypy
HarpeBsartesis B 3apaHee 3afaHHOM AuanasoHe (4NA TemrnepaTypbl yCTaHaBAMBAKTCA A0NYCTUMblE MUHUMYM WY
Makcmym). MpegycMoTpeHa BO3MOXHOCTb YCTAHOBIEHUA HEUCMPABHOCTU BUAa «HarpesaTtesib He paboTaeT».

lMocne BKNWOYEHMS HarpeBaTens MPOUCXOAUT €ro MpPorpesB A0 HVXKHEW rpaHuubl paboyero guanasoHa. Ecnu
OH He nporpencsa 40 HeobXxo4MMOM TemnepaTypbl 3a 3aaHHOe BPeMS, TO HarpeBaTesib CUMTAETCSA HEUCNPABHbIM.
HarpeBaTesib BK/lOUaeTCsa NpU SOCTVDKEHUWN TeMMepaTypoi HWKHeR rpaHuubl paboyero MHTepBasia M BbIK/IO-
yaeTcs NpY AOCTVDKEHNN BEPXHEN rpaHuLbl.

ABTOomMaTt A2 B3anMoAelicTBYeT TO/IbKO INLLb C aBTOMATOM yrpasrieHus 6oriniepoMm Alwn He MMeET BNIOXKEHHbIX
aBTOMAaTOB.

ABToMaTbl A31 n A32 NONTHOCTbLIO NAEHTUYHLI. 1o aBToMaToM A3 noHMMaeTcsa Kak aBtomat A31, Tak v aB-
TomaT A32. ABToMaT A3 CNYXXUT A/ peasin3auum JIorTMkKy ynpaeseHnsa paboToll KnanaHa B peXXume «0TKpPbIThb-
naysa-3akpbiTb». ABTOMAT MMeeT YeTbipe COCTOSAHWUA W, He MMes BJIOKEHHbIX aBTOMAaTOB, B3aMMOAENCTBYET
TO/IbKO C aBTOMaroM ynpasreHus 6onniepom A1, nepegasas Mmoc/fieqHeMy CBOe COCTOSIHWE W Mosiydas 0T Hero
cobbITNA. ABTOMAaT A3 HauMHaeT LKA cBoel paboTbl Mo cobbiTuio €31 («0TKPbITh KanaH»). CHadana kianaH
OTKpbIBaeTCA, 3aTeM fenaeTca naysa A/ Habopa BoAbl MM BbiNyCKa napa, a nocsie aToro KanaH 3akpbiBaeTcs,
B cnyyae ecnu 3a onpefeneHHoe BpeMA KnanaH He 0TKpoeTca (Jinbo He 3aKpOeTCsl), OH CUMTAeTCA HEUCTNPaBHbLIM.

CxeMmbl cBA3eli 1 rpadbl NEPEX0AoB aBToMara yrnpaB/ieHUs HarpesatesieM A2 1 aBTomaTa ynpas/eHus Kra-
naHoMm A3 npeAacTaBrieHbl Ha puc. 6.

4. 3aknrwyeHwue

MpY NoCTPOeHUM aBTOMATHOWM MPOrpaMMbl B pamMKax MepapxXuyeckoii Mofenu JIorMka MporpaMMbl KOHLEHTPU-
pyeTcsl Ha OCHOBHOM aBTOMaTe, KOTOPbI pacnpefensieT ynpas/ieHWe B/IOXKEHHbIM aBToMatam B 3aBUCMMOCTU OT
noBefleHUs1 yrnpaBnsieMoro o6bekTa. Kaxkablii aBToMaT nNporpaMMbl B3aMMOAENCTBYeT TOMIbKO CO CBOMMW r/iaB-
HbIM 1 B/IOKEHHBIMW aBTOMaTamu, 4To o6ierdyaeT MOHUMaHWe NporpaMMbl. Bo Bpemsi MpoeKTUPOBaHWS WK
BEPU(MKALMM TaKoi aBTOMATHOM MporpaMMbl BO3MOXKHO PaccMOTPeHMe 4YacTu WM HeKOTOpOoro noanepesa cu-
CTeMbl aBTOMATOB B 3aBUCMMOCTU OT TOl (PYHKLUK, KOTOpas peasin3yeTcs Bble/IeHHOM NoAcUcTEMOl aBTOMATOB.
Jo6as nogcucTeMa B3aUMOAECTBYOLMX aBTOMATOB B MEpapXMyecKoil MoAesiv NpeacTaBsieT co6oii AepeBo aB-
TOMaTOB, KOTOPOE MOJIEHO paccMaTpuBaTh Kak OTAE/IbHYI CUCTEMY (Kak OTAE/IbHYI aBTOMATHYH MporpaMmy).
DT0 Mo3BOJISAET MEHATH MacluTab BCeli CUCTEMbI, 0THOCSI He MHTEPECYHOLLMEe NPOEKTUPOBLLMKA B AaHHbIA MOMEHT
BPEMEHWN aBTOMaThbl K BHELUHEN cpefie, T. €. K BHELUHEMY 06bEKTY YNpaB/IeHUs, U yAepXXMBaTb BO BHUMAHUN TO/b-
KO aHa/IM3upyemyto noacuctemy. W, HakoHel, nNpu BepudmKaLmum cneuumrKauus 1 aHan3 CBOMCTB aBTOMATHOIA
nporpamMmbl NPOBOASATCA MPOLLE MPY MOHATHOW W He CMOXHOW Mo CTPYKType BeputmLMpyemoii Moaenu.
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